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PREFACE-

HIS volume is intended to form the sequel to Dr A. E,
Duustan’s “First Year Organic Chemistry,” and to

Mr F. B. Thole’s “Second Year Oiganic Chemistry »

Dr Dnnstan’s work deals with the aliphatic gf¥oup of organic
,compounds, ani ° necessarrly to some extent el mentary, whilst
the Second Year course embraces tne carbueyclic oy bennene
group. The present book ‘completes the series Iy a survey of
the heterocycllc co*npounds followed by a study of certain
groups of aliphatic nd carbécyclic substances, which, by reason
of their complexity, are omitted fyom detailed consideration
by students in the earlier periods of ghewr course. These
inude, o the aliphat’z side, the sugars and the polypep-
tides, and, on the other hand, the terpenes or hydroaromatic
compounds.

I have made free use of tie standard authoritics on the
various subjects emwunerated, uotably Richter’s *‘Organische
Chemie,” Wedeki. d’s handbook on the heterocyclic series, ana
Lippmann’s “Chemie der Zuckerarten”; wlilst my etiorts to
bring the volume as far as possible up to date have heon assisted
especially by the Chemical Society’s “Annual Reports,” by
Dr A. W. Stewait’s “ Recent Advances in Organic Chemistry,”
and by the lectures delivered on Advanced Organic Chemistry at
University College, Londor, by Assistant Professor Smiles, 1.Se

Muct kind assittance in” the arrangement of the numerous
block-formule has bcen a‘forded hy Messrs F. Fox and
H. Christopher, B.Se., and in proof-reading and indexing by the
latver, Dr A. E. Durstan. atd my wife, to all.of whom I-offer
my gratefu! thanks. \\ T.P. I.

GRA.Q’ENUA LI
v
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CHAPTER I
HETEROCYCLIC COMPOUNDS
. .
‘.(lm'l{onvc'ronv 10 CriertERs JI-X)

HEN one commences the study of orgagic ehemistry or,
. to give that scjerce its alternative name, the chemistry®of
carbon =ofmpounds, one leanfs® i the first place, of the pecultar
capacity posses.ad by the atoms of carbon for linking up together
in long chains, so that we mayhave as many as sixty carbon
atoms united to each othe. in this manner. Although the vast
majority of urganic compounds are not so complex us this; it is
frequent fo find any number of carbon atoms from two to twelve
serving as a nucleus for the attachment of other elements such as
oxygen, hydrogen, or nifrogen, and thus we may gather from a
smvey of these aliphatic compoupds (in which the carbon atoms®
are arrapged in long, gmpleyot branched cheins, withou! any
ring formations) that the characteri®tic chemical property of
carbon is its habit of uniting’wi.,hﬂih;elf or with other non-metallic
elements to form ~ompounds of all possibie degmea of complexity
(or simplicity). TRis hehayiour is no doubt connected in some
way with the pacition of cagbon in the periodic system of tha
elefments, where it falls in the centre of the first period (elements
of leagt stomic weiéht), and possesses, accm'cgflg to Abegg'’s
views, an equal number of “hormad” (pesitive) and “confra”
(negative) valencies—four inegach case. *

TEe chief types of cgrbon cdmpounds (hydrocarbons, alcollols,
ethers, ketonds, acids, tc.) having been thus encountyred in*the
%l_i_phat,ic. serick, one usually proceeds to consider the nature of

enzene ar<d its many derivatives, and finds that a new slizstem
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of carbon-atom combmataon must Y& ussumed ir ‘nhese .series,

namely, the presence of a closed chain or ring-system of six carbon

atoms. In much smaller number one meets with .rings of five,
“four, seven, or eight carbon atoms (as, for example, in the:
respective cases of inderne (I), tetramethylene (II)’subarone (11I),

or cyclooctane (IV)).

&

Camr 1
R T i o o SRR N
CH, Hs=CHs=~CH, Hi~CHr~CHs~CH
H peerCH, v
¥ . :

A S | S I v v :
On¢ finds also that two or more »f these ring-systems may be
jeined together.in a very intimate way ; taking the case of two
pl‘enyl groups, these may he waited as i dlphenyL £V), which
is simply a benzenoid hydrocarbon, or, again, they may be so
“condensed ” together as to form naphthalene (VI), the parent
substance of an §ntlrely fresh series of compounds.

C,
(o] H H [ M
T : |
-]
CH tH H
v VI

Ring-systems such as that of naphthzlene are said to:be made
up of “condensed,” ““conjugated,” or (better) *anncaled” benzene
nuclei; it is also evident tlist when mote than two benzene
nuclei are thus combined, there is a possibility of two kinds of
annealation—linewr, as in anthracenv (VII) and angular, as in
'phenanthrene (VIII).

LY 1Y
SNV o T

, v . vIII i
N t
Wé see, therefore, that besides the simple open-chain or

[]

-
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. . .
aliphadic cnﬁlpounc?s thér8*are many others deitved from closeil
carb® chains-- carbocyelic or fomoeyelic compounds.

Now the, #liphatic syhstances may be  sul - divided as,

» follows : — . . N

(a) Comfonr®ls confgining an un.l»rokerf chain of carbon atoms,
We may take normal pentane, CH, .CH,.CH,.CH,.CH,, as a case
in pdint ; this is said to he a homacatenic compound,

(by Compounds eontaining a chain of carbon atoms <with other mon-
melallic elements also in the chain. Any of the methylenc
groups ( - CH, - ) in pentane Jnay be replaced by either of the
following™: e

- Wi, 0. w
Thus we have . W
op U CHo NHLOH, CH CR,.CH..0.CH,.CH,,
* and (‘})‘Q.UI.J.S.'(:}I._,.(‘II,-,-.

Such compounds are distinguished as heferoruteyir,

1t is found, however, that a similar state of affairs persists in
thy' homocyelie, as well as the aliphatic, scri%s. Here we meet
with the fol}owing substitutions :—

Homocyelic. @ ].Taternrg/ﬂic.
(@) -CH,~ -0~ 8- -NH-
© -cH= -0=  -§=  -N-

Tn serics (h), corresponding to the avtual henzenoid derivatives,
there are formed, on replacément.«gs above, compounds contain-
ing quadrivalent oxygen or sulphdr, and tervalent nitrogen, all
of which groups are strongly hasic in charabter. It is natural,
therefore, that in such cagss the chemical character of the
benzenoid radicle should be entirely altered.

At thi. same tim, the heferocyelic complexed obtained has in
& great many cases guih as strongean imdividuality as that of
benzene, and the heterocycliq ring-system, together witl? its main
chefaical characteristigs, persist unchanged through a vhole
sories of derMvativhs ob the pdrent substance. Mo&ver, many
of these hetétocyclic derivatives are of great integet, since a
Ml;rgc number occur naturally as vegetabls or animal products,



g THIRD YEAT ORGANIC CHEMIS’fRY

others are valuable ar tmcml colouring*’ futters, 411(1 %ome, .Lg'nn
are eqmlly important synthetic megicines. °e

It is consequently appropriate to jmake a sepurpte®stuy of
this branch of prganit (,hemlstry, wnd to this end the first part s
of the present troatise is devoted ¢ ¢

At the outset, howevgr, we nust deline somewhae carefully
the limits of the subject. From a general standpoint, substunces
such as harium oxalate or potassium boro-tartrate haye every

* right to be regardod as heteroeydiic compouuds

o=¢c M- H.co,ox
a HO.

o—"!! Lukcorok
*a

Compounds of thls kind, which¥being salts, are “at once re-
solved into opeh-chmn compounds by mild reactions of double
decomposition, are not of the \;albdcfmed heterocyslic, natyre
which characterizes those alrgady mentioned.

Again, other sibstances, such, as ethylene ox1de or y-butyro-

lactone,
L3

I >
. -
JAre intermediate, in stability to hydratipg agents, between salts
such «is barium oxalate and a well-defined heterocyclic com-
pound such as futfurane (p. & 5). 'Ou the one hand, thep may be

resolved by suitable reagents into open- chaln derivatives, e.g.,
Yy

]‘uOH IS i“"cn ,«OH
Ha Ot HECO, ONa
.

whilst at the same time well- deh‘m-{l homologom series of each
type exist. Thus we have:

T$° c"c“’ﬁp - (CHg)y *
. @ 3 «
- ! M . CHy)y

¢ Ethylene oxide. Epuhlmhydnu Totrumethylethylone owle
. COOH, ‘coou CH., &
"F" A

- y-Butyrolactone. Paraconic acid. Terebie wcid,
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Hatce m; Strict defiflition of & heterocyelic ¢ompoung can be
formed tg include substances in which a definite heterocyclic
nuclaus persists unchanged throughont . given scries, and aty

" the same tipo o exclude unfable hetergeytlic naclei ;,for there
is no well defined bouhdary betwean the two classes.

For the purposes of this bdok, how'ever, we may proceed as
follows: (i) We shall only consider the heterocyclic compounds
derived ofrom substitution of garbon by orygen, s¥lphur, om nit-
rogen. (ii) We shall confine our attention to the better-defined '
hgtoroéyc]ic ringsocoutainiug *tliree, four, five, or ¥z atoms in the
nucleus. . . . .

A definitidn of the following nature may therefore be arriwed at :

A heterocyelic compound (pareut substance) és Sac hich gives eise
to ¢ well-dafincd series®of honml‘q/‘oux or substifuted derivatives, mgn-
tuans ifs distinctive nature throughout sech series, and is derived from
the corresponding homocyclic comphunid (containi?g a carbon atoms
in the ring-systemy by substitution of not sore than n -1 rarbon
atonls by 2 - 1uboms of owygen, sulphur, or nitroden.

It is significant that nitroger is by far the most frequent ring-
"component in heterocyclig systems, sulphur and oxygen follow-
ing; for in the realm of inorganic evmpounds, nitrogen is
equally remarkable foi*iis tendehcy to ring formation, as im
hydrazoic acid and other derjvalives, whilst again, sulphir and
oxygen ach exist in pdlymolecular foygns (S,, O,), very probably
possessing a cyclic structures Thg parallelism between inorganic
cyclic compounds and the heterocyelic compoupds of these three
elements is indeed of a quantitative rather tkan a qualitative or
superficial order. ¢ o °

‘The chief types of heteﬁ'ocyc]ic compounds must now be
classified -in accordance with the above defigiion. The most
convenient system of classification iy to gonsider separately the -
three-, four-, five-, and®%io-mempered rings, and to subdivide these
acco~ding to the number and nature of the heterogencous at®ms.
Whére the latter 8re of more®than one kind, we Must define a

method ?f reference such as the following :—

) M

®
1f a substahce contains oxygeu and sulphur as ring componegts, it will be
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’ ’
considered as a xuﬁ}:hur ring-substituent of .tl.ne‘corrcspondﬂxg Yayyeht ’ring-

system, e.g.,
=0 R
¢ and . R s’:t‘ ¢
- ° £

. v
whilst substances containingssulphur (or oxygen) and nitregen® as ring-com-
pouents will be considered as witroyen ring-substitdents of the €dcresponding
sulphur (or oxygen) complex »* ¢

[J H CH—
:ﬂ ﬂu aml' ‘ CUH

THREEMEMBERED RING SYSTEMS. (11D
€

LY 2 &
¢ Nearest carbocyclic analogue: Cidopropane, o
LI
J . ' (.‘ "
Hc}cru-Atmlw : © ¢
- Ozyyen (0). Sulp'ed (3). Nitrogen ¥R ).

1.

Ethylene oxidé, p. 19. Tolane sulphidc’. I 22, Ethyieneim'de, pr21.
9

p - - Do

¢ Diazomethane, p. 22,

¢
FOUR-MEMBERED "I.{ING SYSTEMS. (1V)
[ "~ . s
Nearost carbbeyclic analogues : CYrlobutagee, E:j:‘ .
L 2 2 2
Heterv-Atoms : Ovyyen (O). Sulphug: (8). Nitrogen (N).
U .
H, : v1° )
I - R
Trimethylene oxide, p. 19. \ N Truf.ethylene imide, p. 21.
. \
H, .
1 ; - — d
() _E?L . i
B-Lactones, p. 30. .
- ‘' *
2 ’\(l) z i 2 —
.
/s Thetines, p. 31. '

( b{ . gm.a
» Betaines, p. 36.
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HEYEROCYCLIC COMPGUNDS
o S . o
. FIVE-MEMBERYD RING SYSTEMS® (V) ,

[ . CHo—GH, \
Nérost eurbocylic anajogue : Cyclopentaye, o ! :ﬁn.
Hetero-Alomsg Ogyyen (O). * Sulphur (8w ° Mtrogens(N),
( 'Y c].—o;?: . CHr—Cla
1 @) — H
'Y CHa—CH, i % CIT_c}:
Tetramethylene oxide, p. 20. Pyrrolidine, p. 53.

L] CH, Hy ® CH: L H, .
®) l ' - p: >4u
Sl o CH; o

.
*, y-Lactongs, ja 25. & ° v-Lactams, pp. 29, 54.

Cee By LIS B

Furfurane, p. 45. Thiopheng, p. 49. :’yrrrn. P .

Isoxazoles, p. 64. Isothiazoles, p. 6.; ?ymmles, p- 64.

Oxazoles, p. 71.  Thiazoles, p. 71. Glyuxalmes, P72
* c o
—_— . —
© ¢ ND“
.

Cytclic urcides, p. 194,

e J2pe "Q =

Azoxazoles, p. 7D. T'olo(aa,):i.lazoles, p. 76. Osotriazoles, p. 77.
CH=N, CHL .G
= i S
Azo.\imeg, p. 76. .A7 ssulphimes, p. 76. Triazoles, p. 78.

S e T e S

Diazooxides, p. 76. Dw-vosu]pludes, B 76 Azimides, p. 79.

s o 53 c e = .

* Oxpbiazotes, 1)277. "T18odiazoles, p.77. Triazoles, p. 78.

. CHI——

Tetrazolgs, p. 79.
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« SIX-MEMBERED RING SY.sTEM (vt)

Nearest carboeyclic @nalogues :

® ¢ —Cg, - H—GH
(!yclo/u'.n"rmc ¢l H, and Bclgrm: g.i' :%u
éh1—£ 4.

Uetero-Atoms : Ocygen (0). o Su€phaur (S). Nitroyen (N).'
Clz Ha CHa~—CH.
J (@ -°~< > o
[+ 2 ! CHy~——CH;
l’(~utanwl,l|yleno oxide, p. 19, ePiperidine, p. 121,
- Cha
e cu?l M{ H
czh chy®—-do
, . 6'.;41-40"(,5, p- 27. d-Lactams, p. 29.
(}H:—_—_c ¢ C = {0
I <) ¢ [ e
R N, N
a-l’yrorieb, 1.) 82. . a-Pyridones, p. 107

1 W c{:} ‘c-'<s=-ﬂ' ) c%izc%n .

v-Pyrones, p. $1.  (Thivxanthones, p. Y8.) y-Pyridones, p. 1

CH —
¢ — - W&
Lo ' A

. . i Pyridine, p. 102,

C! H; ¢
2 (@) <‘ —Q « . [ ] _ .
¢ '—-dl'h . ¢
Diethylene .(lioxide, . 168 ¢
— —=CH
2 o £_ % Loy o« -
e=d Al
(Phenoxthines, p. 168.) (Thianthirenss, p. 168.)

. () {i} ¢ . "{'_-_—_:/\". : “\%_c/ﬁ"

170,

[ 4
. L. & "o
< 0-Oxazines, p. 176, o-Thiazines, p. 176.  o-Diazines, p. 170.,

P ¢ N—q X . Py

(W) _(): ‘i_) ‘{ ,
li ey .

m-Oxuzines, p, 176, m-Thiuzines, p. 176. si-Diaziwes, p. 17
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Hetero- Athns : ’O.wayun (0). * Sulphur (S). Niwogrn (1\)
' L]
2 () 3 - é{ S
. v, . b
* ” . b}(ho ugeides, )3 194,

'Y e
N '«;} o
- p Oxazines, p. 177.  p-Thiazines, p. 178. p- Ihazmes, p. 172

? e

38 @ - ,§=>,
» *y .
. ,9 -Teazines, p 1\1
-
- 3 (") — t€
) o »" (;yaunlmcs, ™ 1‘35.
B () - . . . g_ } .
M e a-Tyiazines, p. 187.

A

%0sotefrazines, p. 188.

CH=—=N,
4 o _ _* s W
. v LN

Tetrazines, p. 188.

s
Most of these numereus typcs are also found annealed with
one or more benzengid residues, and indeed in many cases the
benzg-derivatives, as they are willed, are more stable than the
simple heterocyclic compound:.  Examples of anncaled benzene-
heterocyelis nuclei are:  * o’

v o »
Bemo -a-pyrone.  Benfopyrrol., Dibenzo-p-thiazine, Benzopygidine,

O Q-0 @O

Coumarir. Indol, Thiediphenylamine. Qumolme

-
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Less frcquently the fusion of two lfeterocyche rfng ¢istems i
to be'noticod, as in the following cases :

m-Diazine and G)_yomlme ?yrldme and Qu!nolme.
. /)’%
\\ - %!\4\
I’m ine. Phﬁmnthrolmc

® For pulposes of reference, if may be well to recast tlle system’
of heterocychc nuclei given abqve in the ouler in whtch it wnll
be treated in .suc(,eedmv Chapters :

«

l‘uge .(.quple Rlng-aystuns Types of llet.crnryclﬂ Compound.
18 I s n“d 4-membored, Aﬂcylcne oxides (I1I, O, 1; 1V, O, lay
. e e . V, 0,1a; ¥1_0, 1a), sulphides (111, 8, 1),

- imigles (III, N, 1; IV, Ny*1:); atiphatic
e azocompounds (I1I, N, 2).
25 Il 4., 5-‘, 6-membered. B-, v-, and &-Lactones (IV, O, 1b;

. v, O, 1b; VI, O, 1b), thetines (IV, S,
R 2a), undtbetames(IV N Zh). .
41 v 5H-membered. Furfurane (V, O, 1¢), ‘:hmpl\cno (V, S,

1c¢), pyrrol (V, N, lc), pxrrohdme(v N,
1a), and their mono- and di-benzo-
¢ analogues.

62 v 5-membered.,  The azqles : («) Isoxazoles (V, O, Za),
Jsothiazoles (V, S, 2a), pyrazoles (V, N,
2u)¢ (b) Oxazoles (V, O, 213, thiazules
(v, S, 21).), glyoxalines , N, 2b);
(¢) Awpxazoles (V, O, 3a), azoximes (V,

0, 38L), diasd-c..ides (V, O, 3¢c), oxy-
diazolines (V, O, 3d), thio(aa;)diazoles

(Vi 8,4 3a), az su]plumes (V, 8, 3b),

diaXgulphides (V, 8, 3¢), thiodiazolines

(v, 8d); (d) Osotl'uuoles (V, N; 3a),

-« Mumdes (V, &N, 3c), and .triazoles (V,

¢ N, 8b and 3d) ; () Tetrazolds (¥, N, 4).
81 vi 6-mtnberel. a- and %-Pyrones (VI, O, lc and 14),
. chromones and xanthones (mono- and

LN di-benzo-y- wroncs), tluounthondi (VI,

. € S, 14d). [ . ’

8 VU 6-membered. Pyridine (VI N, 1¢). pip* ridine v,

e N, 1a), and their mono- arld di- benzo-
analogues.
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. -
] [ ]
J'uge. Chapter. \Hng-syntcms. o %? Types of Heterocyelle @ompound.
3 v — The alkaloids (mainly derived ®from
. ¢ pyridine, quinoline, and iso-quinolinc).

16§ 1IN, 8.mombered.  ° Diethylene diofe (VI, O, 2a), phenox-
thifles (VI, O, 215, thianthrenes (VI,

" 8, 20), pyridazines (VI, N, 2¢), pyri-
midings (VI, &, 2d), pyrazines, quin-
oxalines, phenazines (VI, N, 2f), oxazines
(VI, O, 2¢, 2d, 2f), thiazines (VI, S, 2c,
2d#2f), triazines (VI, N, 3a.%3b, 3¢c), ayl
tetrazines (VI, N, 4a, 4b).

189 X .- 9-nwml:!recd. The purines (derived from an anncaled
. ¢ ) . pyrimidine glyoraline nucleus) (VI, N, 2d
¢ « and V, N, £h); and cyaic.ure"i'dcs (Vg

. Ne2c; VI, N, 2e). ' a

o Characteristics and Lelgtite Stability of different H cﬁ;ro‘z'yclic Ringd
.s'ysteme.—l"l"gpite of the variety gnd howildering abundance oft
the heterocyclic systems revealed ifi the above tables, it is
possible at once to point out a number of charabteristics which
are commor ta.the whole group. .

Taking first of all the nuinber of atoms composing the different
ring-systems, it is evident that the five- and six-membered rings
are hy far the most commor. Hence it appears that the atoms,
other than carbon, present in the ring ‘complex are closely
related, so far as their afomic sizp and spacial arrangement is
coucerned, to a carbocyclic caiboti atom ; or, ateall events,*the
heterogeneous atoms would seem to have accommodated them-
selves in some way to the labitsswf their carbun neighbours,
since, as is well known, she most stable carbocyctic systems com-
prise rings of five pr six arhon atoms. Aécordingly, if we
assume Baeyer’s Strain Theory/as an explanation of the rolative
stability or instability of carbocyclic rings, clearly the same
hypothegis upplies to the heterocyclic series, se tilat, even if an
absolute tetrahedral grrengemént of. the woxygen, sulphur, or
nitrogen atoms in these substances is nol assumed, it 1aust be
suppgged that the dirgetion of their valencies (operative®in
forming the cyblic chainpis much the same as that of similarly
combinedl carbdn. 0’

° Again, the three- and four-membered ring compounds, like
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[} €

their carbocgelic analogues, are extéedingly romfily rgrarranged

into bpen-chain derivatives. 4 '
Another most important influenge is the nafure of thg hetero-

cyclic ring substétuents. In sny givon scries, for “examyle,

Surfurdne, thiophene, and pyrrol, tho natusg of tht h’q..rocyclic sub-

stance is scen to be jnﬂuénce;d to some extent by the electro-

chemical nature of the hetero-atom. y

Thus furlurane and thiophenes cbutaining respectively the relatively
inert bivalent oxygen and sulplur, are neither acjdic nor Lasic in character,
whilst pyrrol is a well-defined bases iy virtug of the tervgbﬁt nitrogen
present,

.

¢ @ .

A\ the same time, a marked reYex intluence of the carboeyelic

e . .
part of the naclus upon the hetero-atoms is noticeable. .
. ‘- .
. et - .

The oxygen in furfurane iy nof in the least cthereal in nalure; tho
sulphur in thiophene differs from that in an alkyl sulphide, both in physical
characteristics, suh ag atomic refrfetivity, and algo in chemical behaviour,
for it 18 perfectly iudiﬂ‘erent to oxidizingegents whicl,=quld convprt the
latter compound toa sulphone ; finally, th. nitrogen in pyrrol is acidic, as
woll as basie, and the imino-hydrogen can be directly mulaced by certain

metals.
[ ]

This behaviour is teminisgent of thaf of an imino-group situated
between two unsaturated groups(for example - CO — NII - CO - );
and’indeed thefactor which i causingthe anomalousbehaviour
of the hetero-atoms is clearly the residual affinity of the unsatu-
rated carbocyclic nucleus, fopif this is hydeogenized, the resulting
products are emtirely analogous in chemical behaviour to alkyl
compounds of sinlilar type.

As instances of this, it may be stated tﬂ,ut tetralydrofurfurane (tetranféthy-
lenc oxide) reacts: ag an ordinary alipathic gther, @and that tetzahydropyrrol
(pyrrolidine) is indistinguishable in jts general bebaviour from &ny other
dialkylami'e, Leing an éxceedi%gly strong ordunig base. :

. .

Returning, however, to the specificeinflucnces of nitfogen,
[ [ W 8 0
sulphur, and oxygen as hetero-atomsg it was $tated (page 5)
that the parallelism between the inorganic and th% orgaric cyslic -
derivatives of these elements was more than superfictal. )
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Nitrogew is ms'ked in its inonyg#nit compounds by its abiligy to form ring
‘ahplexeegﬁosscss'mg well-defiued propertics: nitrogen is found as & ring
component of by far tlm greater numbér of the more stable and well-charac-
terized hetnrucyclw systems Moreover, just as the kasic nature of ammionia
and hydrazine gwcs place to the-acidid®explosive compo‘hnds of the azoimide
and related tmas, &0 the bptic nature and great' stability of thé mono-
nitrogenous heterocyclic substances (pyrldme pyzxrol, pyrazole, etc.) gradu-
al]y falls off as moro unsaturated nitrogen atomy are accumulated in the
ring, un{il compounds such as the triazoles, tetrazoles, and tetrazines
(contammg remiducs of the type --N= N— N=N -) are found tooe unstable,

" é&xplosive, and usually acidic,

Sulphur, again, shows ® tendency in inorganic compounds to form com-
plex &noleculht derivativgs, Such a. the polysulphides of the metals, the
polythxome acids, or the polymeric forms of #he elemeut ttself, althougl
in many cases tf‘e products are not so well defined ag ‘the inorganic njtro-
gen complexes. A similar behaviour is seen in many katerpeyelic com-
peunds of sulphur; these gre srequently of a very stable jiature, biit are
. usually mneh ‘Nsy reactive than the analogous nitrogen derivatives. Fre-,
quently, too, heterocyclic sulphur complc\ew f quite abummal types have
heen met with ; these are apparently in many cases produced by a kind of
polymerization of a simpleg ring containing sulphur.

Finally, oxyzare‘qrms less stahle and less definite heterocyclic series than
cither sulphur or aitrogen.

If, -‘however, the oxygen,or sulphur atom, instead of being
bivalent, is quadrivalent (and therefore of un order of basicity
approaching that of nitroken), the case is entirely altered, and
heterocyclic compounds contalmng qfiadrivalent gtoms of these
clements are as well defined as any of tha nitrogen series. We
may quote the pyroues (quadrivalept oxygen) and many of the
“guphur dyestuffs” in support of thi§ statement.

There are thus at least threc main churacteristi s of any hetero-
cyclie nucleus, namely,

(i) “The total number of aloms in the ring.

(ii) The s.ecific naturt of the heterocyelic afoms,

(iii) The specific effect of the purely carbocyclic portion of Ilae
heterocyclic residue. -

To hese a fourth inflyence, of an external nature, must e
added-—me tffecs of esternal substivuents on ring stubility. -

. It may be stated that, as a rough general rule, electro-negatlve
or acidic substituonts tend to ring stability, and convefzely.
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A fow exanples o.f this may be Yhwen.
[ ]

Ha
(«) Ethylear oride, i)o is not % very wcll-marked. heterocyclic com-
o, . 4
pound, since &ts rin.g sgstem may o ruptured by gthegaction of warm
aqueous potash. On tho ofher hand, edclilorohiydrigéis much more
stable, whilst tetramethylphylene ogide, containing the more electro-positive
methyl in place of hydrogen, is so unstable that it unites at once %ith cold
water, the Iing-system being split up. a

«n
(b) Similarly, diuzoacetic ester, [[encooe, , is more stable than diazo-
N

encthane, bﬂ.
°

(c.) The igllueygse of substituents og the stability of five- and six-mem-
&here® rings is natnrally nolgso prominent,® l)*lt it is well to recall thpt
. certain members of these classes exigt enly in the form of t$8ighydigxyl or .
carboxyl derivatives. Thus dhe ﬁarcnt substanco (1) of y-pyrone (II) and

dehydracetic uciq (I1I) is unknown ;

. M= . =
‘éuﬁ . é’ } . é—‘ﬂ:__ﬁl?cocn,.
e "'d—f’o' '
I II III - )
(@) Quite a number of other six-memlered ring-systems (chiefly of the
(less stable) oxygen and sulphur series) are only Ynown in the form of their

dibenzo-derivatives, the two acidic phenylers residues apparently promoting

stability ; for ex‘ample: .t .

L]
on 5 c':s M s\c
[l g . | CuH JGuHs
H CH x/c (o g ow \s/
. Fhenoxthn ® e Thiantheene.
(Unknuwn) . . (Unknown).
)
a Vo
H H N
oo LI o
H CH ® . - «
henoxazine. Thdipheffylamise

(Vatnowa) . . t (Ur'nonn) .

< Symhetic Formation of Heterocyckc fmm.Open-chain Compounds.—
It is' obviously impossible to give genesal methods of preghration
for so vas a range of series a8 thoseswhich hate begn outlined
in the prgceding tables; but it will be well to®indicate at:this:
point a very few of the moans which, whilst embotlying similar
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S L - .
[orinciples may* bg applied & the production of widely different
»COzapoungh, °
1. Pyrogendbic Fgactions. — Cettain heterocyclic compounds
resplt when vapours of non-heferocyclic bodies are heated to
redness (in g ssimilar manner to the prbduction ®of benzene

from acetyle.€) :— . T e,
(@) Pyridine is thus produced from acetylene and prussic acid :
=l
2CsH,+ HC CrH;N.
o * (43 w2 + I(/N-? nily.

(b) Cagbazole results fgom diphenylamine at a red heat :
- ° L] H
00:11!‘.{-Nu — °o'é.ﬂo . [

(c) Pyrimi(h:'nrs are formed from $olymerization of nitrlles:.

. Rom ° - :N;%}a

L
I1. Reduction Reactions.—Mainly from the reduction of o-substi-
tuted nitro-benzenes ; othus we have':

L -
(a)‘[ml«;a"‘iloﬁ: o*nitrophenylacetaldehyde.
pheny y

- . O.ﬂ.c"'ono > C.H} H ‘
. NNOs o

(6) Benzoxazoles from bcnzozl-o-nitroph‘enols.
~~0.LCO00Hs *
CiH, ¥ -.:.»Q-c.n.
° . .\NO. Y *
{¢) Reduced quinoxalines from r‘-nitt‘opheny]’a-nminoa.eids.
4 % H—CH,
e ee “onl 1" o
oleOn Oe
> !

[y
L. Oridution Reactions.—These are not so common as the pre-
cedink, the chief are: e

»
(1) Phenazines from o-diamines and phenols. ¢

B) [ )
Hs » o
B 4 Con e c.n.(; Rson

L]
°
h) *Quinclinesfrom afomgtic amiifks and glycerol.
L}

L ]
4 . CeHgNH; + OHSCHLOHO Dein o.@
. {Acroletn, from ¥lycerol)
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o ™
. Condegsation Rewctions.—Thesceare by far e mgst nume.
rous? and may be grouped as follows
A. From a-dikelones.
(a) quoaalnus uwn:la ammonia agd uldehydes

» RG =0 .R [ ]
8 8 ® NH, B> "
am?onmrg . RL.e=—
(b) Qugnoralines, with o-diamines.
- L Jd
NH, OGR N
cq{\-m: + T > G 7 —f-ﬂ
N oo-'ﬁ e ® =cr .

[ ]
' B. Frou p-diketenes.
%) Pyrldin.es. with aldehyde amRonia.
[ ]

' [ ]
(HOMGR' & . .
COOE:.CH, H,.CO0EL ®  cook.edncoots
+ + e’ b o L4 .
R.CO 0.R R.C C.R
Ha

.
(b) Quinolines, fom anilides Of B-keto-acids. o
. R.CO-CHa i RC==CH wheq ¢
(X1 | B> CqH, ! .
\NH~CO SN==CoH

C. From y-dikctones.

.
(n) Furfuranes., e
RCO~cCH, * RL—cH
- 0 P>
RcO—CH, ©* Ra..".:c
(h) Purrols, with amufonia.
HxCO-R ¢ cp—
. f =G Nl-l Dol E NH
.
e CHyCO-R ch==ck
D. From o-diamincs,
(«) Phenaviues, with o-(uinones,
e
.
e | rd
cH ™ e °'"\n} roHe
. N\ nup o LI
. .
S|, From o-aminophenols. .
o () Bertic czoles, with futty acid. . . .

-

]
~~OH
™ ci. |+ RCOOH »—» C.H.

“NH,
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» \
F. Frog antinocgids, '
(@) Pyridines, from glutaconami, acids.
N

s B /oH—cn c:c—cq\"
0 , 72 * o
. %‘"' OOKH c%n—co‘m
cv onypynidine)
(b) Acridines, from diphenylacidartides. ™
N\

- C-{ »l CaHy B> cu’(ny?oﬂa

) . ¢

G. From hjdut:mc .
(@) Pyrasoles, fromlhydmzmes and B- dlketon(s

» R.co NH, —un.®
T + “NHR [ ’
CH ==CroNIR" H=—CR' =

“ [
(?) T'riaseles, from acid hydrazides and amides.
R'Io NU{ R :N\
+  _oNn > "
Hy CoR' N==Cch'

H. ¥rom ugs'so. ylamine.
(n) Isoquindline, from cinnamaldoxime.

4
PGy ;H::CH ”—-T:‘
3 o C, o C."(
CoHLCH:CHCHINON 3> <"'"g-c '!‘

v

1. Alkaline condensation or decon vositios.
(«) Isatin, from o-nitrophenylpropiolic acid and .a,lks.ll

cﬁno’ c.H) ccoo.- c"’(:t'fo + ¢o,
AN cic.cooH / v

(b) Ethylene oxide, Trom chlorohylrin and alkali.
° My OH s
N ’—b
- L.-Ol T\o
' (¢) Diazomethane, from mtroaomethyluuthane. and alkali.

COOEtNCH,
g Lop—— e +Pq+5.ou s



CEATTER II

THREE- AND FOUR-MEMBERED RINGS: ALKYLENE
OXIDES, SULPHIDES 'AND IMIDES; AL(PHATIC
DIAZOCOMPOUNDS .

ROM what bas alrcady been said rospecbing the wlau ¢
' mstalnhty of tri- and tetra-a‘omic ring complexes, it will be
sirmired thathe heterocvelic derivatives of these types are notu
very numcrous. As a matteg of fact, attemptls fo propare
different compounds of this Kind have frequently resulted in
polymeric prodrets containing more stable ring systems. For

example, ethyleue sulphide, s(f"', has nevexr Le~n isolated,
Ha

. y
formation of the six-membered dicth,lene disulphide, Sf:"‘_c z ,

always taking place; and similarly, diazoacetic ester polymerizes

ao s - y - HCOOE:
very readily into tridiazoacetic ester,”cooe.cf = W, , which

—CH.COOE:
may contain either a six-membered or a nize-membered ring.
Consequently we need refer here merely to a few typical
classes of these smaller ring systems, in -shich the individual
members (with the exception of the aliphatic diazoderivatives)
are of little general interest. We may classify these compounds
as follows :— '
(a) Alkylene oxides
. (b)) Alkylene sulphides and imides.
(¢) Cyclic oxime derivatives.
(d) Aliphatic diazocompounds.

(u) Alkylene Oxideg-These bodies are internal ethers of the
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)
%:ycols;,and ins many caes ’closely resemble ordtnary ajiphatic
others® ']‘\l.lus tetramethylene oxide and pentaumethylene ovide (which
may be includod here, although not belonging to the ring
systems<nder discussion) are tobile, low:-bofling Jjquids, formed
respectivelyqirom the ’élycols HO.[CH,],0H and HO[CH,],0H
upon heating the latter withs sulphusic acid.  This ready
elimination of water recalls the ease with which acids such
as succinic, phthalic, or camphoric yield cyclic .anhydridgs,
and is no doubt due to the same cause, namely, the spacial
proximity of the hyd®roxyl groyps, for it is found that the lower.
mémbers of the glycof series do not furnish theiy, corvesponding
ethers by th#s means. However, it is possible to prepare effylene
gxide or trimethylene oxide frdm the monohalogen ¢sters of the
,glycols by the action of eaustic alkulies : ‘ *°

HgeCt H:‘
I + KOH = _| O + KCit+hno,
1, .

. .
Ethyle';i: otide is an ethereal liquid, boiling at 13° C., and pos-
sessing a superficial chemical resemblance to its isumer acetal-
dehyde, CH,.ClIO. Tk is due to the_fact that, whilst the
residual affinity of the carhonyl graup causes aldehyde to unite
with (for example) ammonia .orv_hxdrocyaniu acid, yielding the

. -~ Ol ° g
respective addition produts .CH 2CH \NII, and CH 5.CH/\ gg’

the “strain ” in the tl‘iayomic riné .‘\mmplex progluces a state of

affairs very similar to unsatujation, and awy opportunity to

form open-chain adlition products is eagerly seized. Conse-

quegtly ammonia, hydrocyanic acid, and various other reagents

react with ethylene exide, the products in the first-mentioned
* CH,.OH

iistances being ozethglafnine, | ;‘{ , ‘and hydracrylje a¥¥d
2* 2 [ 4
« CH,.OH . * .
witrile, é VAL Sintilarly, it is gradually decomposed by
[ HTCN L 4

water to rd-form glycol, and, although neutral to litmus, will
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slowly precipitate some metallic oxndes from soJuubns of theu' o
salts. For instance, . o

ZnCl, + 2C, T, + 2H,0 = 2C). CH,.CH,.OH + Zn(O}] )

It is ixiteresting to notice that, in accordance withithe goneral
rule that acid substitvénts condnce to ring stability, and con-
versely, tetramethylethyline oxide (which possesses no free hyarogen
atoms attashed to the cyclic carbon chain) unites vigorously
with water, the product being pinacone ;

ICH;y

L +UH,0 == (CH;1,CIOHICIOHNCH,;
- (CH3) ». !

* The only other alkylene oxides which necd to be mentioned
are the epihalo-hydrins and the ¢'yeides. 1 we alt’ pn ¢ither
«- or B-dichlorohydrin witlf caustic potash, thore results epichloro-
hydrin, a mobily, heavy liquid, boiling at 117° and resembling

chloroform in smell and in its cxccllcnt solvent powers.
[Sh g g

HpOH CHgeVil
o
CHOH + MGl P> CHOH + KOH
Hy OH Ha2CL
Giveerolt - adichlombydrin ¢,
CH,Cy
H
) Y
L2
Ha
Epichlorohyd

® .

CHy . H,.C1 “w

uu + ©, »= CHOI & koH
AN

IN, oH Hg OH

Al devhol A-dichlorohydem

Epibromohydrin is similarly formed from the dibremohydrins,
vhilst epiiodohydrin nay b~ produced from epichlorohydrin and
potassium iodide.

Epichlorobydrin resembles ethylene cxide in many of jis re-
actions, but does not suffer rupture of its triatomic ring system
8o readily; on the other hand, when heated With anhydrous .
potassium acetate, it exchuiges its chlorine for the dcetyl group,
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.
and thy gl¥cido acelnte sb'f'ormed may then he®hydrolysed to
glycidedor gpihydrin aleokol :

E,c, * 7§ CHsOCOCH, Tn,on
[ ] . q

+cv£oon»—> W o d [2)
o, s

L[] 3
e

If, however, an alcoholic solution of potassium acetate is used,

, Dolymerization o a more stablg ring system take¢ place, and
diglycide acetate is formed, which by saponification furnishes
diglycide, probably _ .

A »
CH; CH.CH,.0H

uo.eu,!n !
. o/cu, R
LX)

o ..
(2) .Al'kylene Sulphides and *Imjdes.—Speaking in general
terms, sulphur in organic compounds is more bgsic than oxygen,

and nitrogen more %o thay either. It is thérefore not surprising
- -t a L]

to learn that neither ethylene sulphide, [\:s’ , nor ethylene imide,
. [ ]

°
®

E';H , is sufficiently stalfle to exjst ; these compounds are poly-°
- ¥R + o » .
merized at the moment of their formation to diethylene disulphide

|

" (1]

and piperazine,* ,( "Tc\",;" , respectively. The tetra-atomic
’ ‘CHy=CH, ' .
' L]

trishethylene imide, f(;m , is,however, fairly stuble, and of course
Y P, Yy

2 * [ ]
. * I C—

«* 1t is worthy of notg that, altilongh gethyleme diamine hydrochloride=
yields only piperazine as stated above, Marckwald believes thad ethylene
tmid2is obtained from bromethylamine and silver oxide, since the pr&iuct
of thfs reagtiong(hitherto '}erulatcﬂ as *vinylamine, CH,:C#H.NH.) gives a
henzenesulphony] derivative which is insoluble in alkalies, whereas all ofher
compounds o'f the structure R.NH.S50..Cgll; dissolve in aq®eous alkalies
owing to tbe acidity of the hydrogen in the group — NH.80; .
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the hlg,her homolugues pyrrolidine and Piperidine ere %vo-llﬁeﬁued
organic bases (¢f. pp. 53, 121). Mqreover, if the other sgbsts‘tuenfs
of the he'erocyclic atpms are suﬂicieutlv acidic €n ndture, stable
derivatives of the thiatpmic systers are somemmes ence’.ntered?,

thus folane sulphide, ,qéch.u. , is foun amongst %}?e products
of the action of heat on dlbenzyl sulphide, C;H,.CH,.S.CH} C s

CHeCHIG
whilst certatn compounds of the type MD:O , a8 well as the
R.C

dimide of oxalic acid, may possibly. he rrlaled to the class, of
alkylene imidey. .
(¢) Cyelice Oxnné Denva,tlves —It should be noted that t,he

nfirogén alkyl' ctllers of the syn-aldoximes "'i: , are supposed,
. Hooome 4,

¢ R.CH
by Hantzsch and Werner to possess the structure [:° s hC
H . Alky

4

1] CHy o' ’

are devived from the hypothetical system, P"" : Baeyer’s
H

. .
. . co X
Jsutogenic ester, O:"?r:oo,;. , formed by the action of strong
0 o
»

sulphuric acid' upon o—nit%ol')hex'lylpr(‘piolic ester, is. anothér
example of this class. *
(d) Ahphatlc Diazo-comp¢fénds. —-Wc some finally to the

derivatives of the unknown /tyrhmz-*ne/luuw |;=H-. There are a

few unimportant carhoxylic (lenv.ltwes of this substance, which
are barely capablg of existence in the free state, hut by far the

138t mterestmg meinors ¢ this group’ ure diazomethane, 'i‘bc"”
4
and its substitution products. e .
fiazomethane was first prepared in 184 by von “Pechmann by
distilling n{srosomethylurethane with alcoholic potash: - *
CH,, NIL £O,Et—>CH;. N(N 0).COzRt —>CH,N; -+ CO: + EtOH.
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It may %0 lae made by feducing methylmtroamme
- NO, H,0 2H ¢

CH‘; QOoEt—-—>CH N(NOg)ACOgEt——>CH;, NH.NO,~->CH,N,.

It is a pale yellow gps,*remarkable for its poisonous nature
and its ca, itysfor actipg as a methylatmg agent by ehmma.tlon
of nitrogen %it will be remembered shat primary aliphatic diazo-
niums, salts similarly give up® their ‘aitrogen spontaneously,
althowgh aromatic diazocompounds are usually isolable). Thus
it yields methyl alcohol with watgr, methyl esters with carboxgllc
" acids, and methyl derivatives with phenols or primary and
sesondarytammes . . .
"o Its dz.snlp'homr atid is produced as 4the pot&sgum salt wljen
potassium nitrite acts upon pojassium a.mmomethanoélsu!pl;onate,
NH,.CH(SO,K),. ’

' ’Hle aotlpn of nitrcas acxd upon gﬂycocollester hydrochlorlde

leads to the formation of tlwf.oacetw estér, Pencoce, (Curtius, 1883).

The freq acid decomposes at once into glycolhc acid and
mtroge‘h, b itd salts, esters, and amide are failly stable, although
somewhat explosive. Its reactivity is similar to that of diazo-
methane ; some typical decompositions are shown in the follow-

ing equations :— ’
CHN,.CO,Et - MCl = CH.,(.CO.Et + N, %
. CHN,.CO,Et + CH, NH o, H, NH.CH,. COEL+N, ,

*  CHN.. Co, ,Et® R,CHO=R.CO. (JH CO»FH N,

With ethylenic esters, j:ymvolme carbo ylic esters are formed,
and on heating these nitrogen is S $iminated angl the correspond-

ing trimethylenc cwr bw ylic esters pre left : s
COOELCH " COOEL,CH-! CH.COOEL
: vfl ¥ !!“cncoo& > HCOOE:
CHCOOE. » COOE.CH.CHCOOE: HCOOE,

By he‘tl,mg dmzoa.cetlc ester with strong atkalies, the alkaline
‘diazoacetates formedes.t pol merizad to sults of tridiazoncetic agd
which yields hydrazine salts, N,H,, 11X, on digestion with mmeral

»acids (Curtms, 1894), hnd from the latter azoimidg or hydrazow

L]
acid, . [Pv , flay be obt-amed with nitrous acid. -~
L
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Dimroth hag recent.l:y prepared altplistic diazoimi(fs ‘pppounds
from alkyl azoimides by means of the Grignard reu'b%:xu thefs
are exceedingly soluble, unstable substances, ang the# formation
may be compared with that of dip.zoani{dobenzene frogg.pheny}-
azoimides )

. Mo .
{c.n,([! + CoHuMgt' 3> ! CHuNHNSNDHe  + Mg IOH)

N H0
c,,,_N:'u‘ + CHyMsi == CHuNHNENCH, + MgI(OH)

-~ ]
The corresponding diazo-csters of propionic, succinic, ete.,
. L3

‘acids are also known, ‘ o ) ¢

4t is of intertst here to"compare the series of known triatomic

. Ld -
ring cumpounds of carbon and of iktrogen :
L4
’

] s - “ *
=
l)o T>;=‘. I)m-‘
- Pl =L‘ =
Alkylenc oxides Irimthyiene Lthylene imude
¢ .
N
'lbo lﬂﬁa . ibmc
«N N «
Niteous ouide Miphane azacompounds Azamide <

Reading from left to right, it is evident that the instability
increases in the same order in cach sBrios, whilst the chemical
Freactivity increases pr?»gressiv‘cly.

«



CHAPTER INI
‘LACTONES, THETINES, AND BETAINES
L. GENjirAL

Y - [ «
IT is conven?ent next to descrjbe a somewhat” impo*ant*grqup

- of compounds, many of which occur in natuf, and which
ane made up of tetra-, penta’, hexa-, or hepta-heterocyclic systems.
- They !rmy a1l he regarded as tile’ internal anhydrides (or salts)
of oxycarboxylic acids, and may be typlcally formula.ted as
follows :— .

- ~
jR LCIL. [CH_]:;\(,O (l) {Rn.?-rCH;}] n.CO.(l) IR,; .N.[CH,]n.CO.0
|

?

-

"Chetines. ) l Betumes
N

[. La(.tou« S

It will thus be seen that the metlwlene group CH,- in lactones is
repraced by basic qu'uluvglcnt Julpicar in thetines, “and by hakic
quinquevalent nitrogen in betaines ; movoover, as will be more
fully emphasized in thg follow?ng xces, the most stable luctone
rings contain five or six.atoms (“n”! 2 or 3), wltilst (except in
the aromatic thetinesy and botairhs) the two 13tter classes are
usually derived from a four-membered heterocyclic system
(l( n ”. ] )

) " * -

ol%. LACTONES»
»

In 879 Fiutig prepawed a mobile llquul of the moleculﬁr
formula C;1,,05, which dissolved slowly in cold aqueous alkas
lies,-and .was re recipitated by acids: it appeared toybe some
kind of a,nhydnde, but its properties did not permlt ot‘ its
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forn;ulatlonf- as an ordmary acld &nhydrides (R Q) 0, or

L
dilactide of the type &ffo . :‘}ccordufgly,'li was supposec
v N 7] - ¢ ,ﬂ' -

e

P
CaH7.CH-

to be T dnd thig new type of internal anhydride or
L-lo yP y

gester war christened “lacfone.” In confirmation of this view
Flmg proved that by addition of hydrogen bromide to pyrb- -
terebic acid, (CH,),C: CH. CH,.COOH, anfl subsequent® treabment -
ith sodlun; carhonate, the same compounil was obtained.

Jn ¢he -.ullowmg year, however, Erlenmeyer atfempted to pre-
 pare a smiiur lactone from B-bromo-@-phenylpropionic agid,
¢ C,H,.CHBr.CH, ,COOH,* but only olftained styrolene. He was
thus led to suggest that the same conditions whivh favoured:
anhydude formation of the ordinary type (i.e. a five-membered
ring as in suctinie anhydride) were necessary for lactone forma-

tion. Fittig’s z.~ocapmlarl(me, thercfore, became $* I \I

this view was supported by its fo.mation in the oxidation of
isocaproic acid (nccordmg to the *Markownikow rule,” the
carbon atom poorest in hydmgen would be first attacked) :

ICH, o cn-cu,cn,coon :—» (CHE,CAOHICH, CH.COOH ¢ e

Ha
bH.,rK Hay
o....j:o
Similarly, rediiction of laevurinicacid, C{1,CO.CIH,.CI1,.COOL,
led to the production of y-wdlero-lactone, and directly afterwards

Bredt showed that the product of xeducuon of suceinyl chloride
(already studicl by Saytzew m 1813) was y-butyro-Mctape :

CH~C6ClL . cH.-oud' cu,—cq.

- = L) |

¢ H,—COC) Hecho | m—co

or more fsrobably, e "
CHz-CL1, CH3—QH,
¢! o

Ha—
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Lactonés (rﬁny he obtnﬂwd by the followmg ‘general, re-
*actions :—@

1.4 Eliminf ion of water from ,he—conespmlding O)Q:y'-acédv:

» »

> -
CH,.CH(OH)'"H,.CH,COOH _-  GHCIL.CH.CH.C0.0 {11,0.
\ <o !
This" may be accomplished by heat, but frequently takes plme on
liberation of the acid from itsesalts; in such cases there is ane
eqylllbrmm set up Letween acid and lactone (as shown in the equa-
o tion)s the proportion of lactone usnally greatly prepouderating.
.. L) »
2, From unsativated acids :
(o) By boiling with water, c.y.'

a ™

©11,),0:(T.CH,.COOH - (CH.,0.C11..C11,.C0.0
L)y : :

(4) By addition of hydrogen broniide and trentment of the produet
with alkaline carbonate ; this is a very gengral reaction, and
emdy ad Yo the fullowing products :—

R.ClJ,.CH,.CHeCI1.CH,.COOH -~ ]1{.01]2.CI’!Q-CII-C]‘[Q-CIL_:7'[“0!07“’.
' -

l |
R.CH..CIL:CH.CIHLCH,.COOlI -> I Q@———-CO
R.CH:CH.CIL.ClI5CH,COOY -  R.Cil,CH.CHa.CIL,.CIL,

.
» - . v 70 -£O 3-luect

(r) By boiling with 50 per Jent. dxlute qu]phunc acid, By- and 43-

unsaturated aci% gn ey lactoncs (LW:N .

CH,.CH,.CH:CILCINCOON -—>* CH,.Cl1,.C1L.OH,.CH,.C0.0

.1 By-Hydrosorbic acid.

]
. v

Caprolactone.
A

0y

’
() By careful oxidation with Cilute 'perm.wganate, the same acids

give oxy- ]actoncg', thus—- .

CH,.Clie, CH:CH1. CH,.COOH 3> (C1{..C1l,..CH(OH).CII(OH).CH,,.COO11
: ? .
CHy GH, OH—CH(OH)
0—CO.ClI,
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(¢) By isomerization of a few unsaturated oxy au(fs Ql,hcatmg H fo:
instance, o

Cysll5. CH:CH.C1:/O11}.COOH->C;I1;,.CQ. "Ig.Cll-,w,.COOIF?CnHa.C:CH.CH,,

a-oxy-y-phenylisociotonic acid. ~ 8-L uzoylfropionic acid. 2 v |
0—CO

.md CH:.CO. CH .CH;.COO1I -> CH;C(OH): (‘fl CH,.COOH

»
CI,. ('3.CH. C}IgCO. 0
|

a-angelica lactone.

| CHg. (llllg.ClI :CH.CO.0.

3-anyelica lactone.
‘
4 By reanction of ketonic acids with sodium amalgam :

* R.(CO.CH..CII,,COOH - R.CH.CH,.CH,.CO.0,

O . - b4

L}
i By rednction of acid chlarides (¢/ p. 26) or anhydrides :

O - (s,

Fhthahe sahydnde Phthatule

5. By condensation of aldehydes with sodinm succmate in prcsencc of

acctic anhydrids.
These products, known a. paraconic, tcids, will he discussed shortly in

greater detail. v

: L.COOH
R.CHO B IH;COO Na (CH5 COI,O R-CH THa

>
H,.COONa ® 0 o)

Most of the aliphatic lactoues are mobije liquids of fairly low
boiling-point, readily miscible with most organic solvents. We
may take the y-lactones (the most, stable membcrs of the class) as
typical of the _‘hmmcal hehaviour of these derivatives, and may
further consider three general kinds of reaction :

. L. Opening of the Lactone Riny.: .
“On boiling with wafer, the condit’ons of egmhbrmm represented by
* lactone + H,0 2_": oxy-acid

are alteren, more frec acid being formed, but it is except‘ion{ll for-more’ than
20 per cent. of lactone to b. decomposed, even at 100”. Aqucous sodiuym
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? .
warbonale reag nomewhat more cddlly, but it is necessury ts usc aquoous
elka’s hydrgr Ag s in order convenienfly to obtain the theoretical amouht of
[

oxy-acid. g ¢ ethoxide, on the other®and, will, under certain conditions,
produce the e\{;hyl ather®of the co; espondmg oxy-acid,e /
* \; *R. CH(o',gﬁﬁ)CHJ CH,.COONa

Ammonic alw.xys forms lactams from Juctones,"md is never known to

mpture thé ring-system :
2 Ha
a.cﬁc{cn. NH, "Dz\eﬂz
L_‘lo Bp I

H—Co

- . « [

These uompounds,w]m.h are also readily oblainablle fronyy- oi3- nmmn-fatty
acids, are violent poisons. h »
Finally, potasstum cyanide ves ;uts with lactouw to form thesmdno-nifriles
of -dibasig acids., It was in s way that Haller transformed campho]ule
~to lmnﬂ)cntmlﬂlorlu acid, the calciud® al o[' which yiclds camphor on
distillation :

1
.
CH3CO = 4u 0  “ken 00K
’ ~~COQH
E'cn { CHa' 1y . ’—» * CoHl, / >  CiHue > CyHiy
o b—co “\CHx-CN CH,/COOH
Camnpl hmk anhydrde Y Campl holulc Homueanphone acnd

IIaloyen acids (especially HC1) react slmllally, and produce chloro-fatty

acids or esters. 3
-

1i. Ozidadion.—Thé bebaviour of lactonos updn oxidation
varies according to the manney of substifution of the lactone

ring. Thus we may clssify lactones‘as follows: ,

CH,,CH,.CH,.C0.0 ,R.?H.cnrcﬁe.oo.(lx Rg.tlz.cuz.cn.,co.cl).

‘Primary. Secondary. Tertiary.
e

.

=

o« v L]
Of these, the tertiary group i§ most stable,“and oxidizing
agents merely attack one. the substituents,'R.

N

”n

(cﬁ;),c.cn,rgﬂ,co.? ° >, cxra.(Iz(coon).cnz.cp,.co.?.”
0

Prin;ar y and secondary lactones are usually completely b?oken up.

-

~.

i
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L} L} ( ‘ ‘

II1. Reds ction.—Simple lactones’ctn be reduged tiygeneral only’
by phosphorus and hydriodic acid, the products beifig ¢he sifnple
fatty acids. }:olyl‘lydroxylate& lagtn?%es, howevepywill sometimes

.

reduce in alkasne media to eorresjonding oxy-ald#iydes, and
this kas dometimes proved useful In synthetigdwork on the
sugars. U

There are a few individual lactones of special interést which

we will now describe.
§

Inaccordance with the general ai»plicutions of Baeyer's Strain Theory, thére ®

are very few 8- or e-lactones sufficiently stable t4 exist, whilst tie 3-lactones
(six-membered rings) are more casily decotupoo:d than {he ~y-mEmbers, ’
+ There are indeed only four 8-lactones kunown—the three fortho-, mncte-§ and
payr-) lactéens prepared by Einhowy from the witro-g-phenyl-g-bromopro-
ptonic  acig's, “1109,.Cuﬂ +CHBr.CH,,.COOH, and one aliphatic member,

¢ obtained by Baeyer from brdmo-wnsym-dimAhyl succinic acigl—; . .
.0 :
‘CHyy progem- Aga0 ccu,)i- co
PR B 1
CHBrCOOH COOH CH-0

* [
The latter chemidc has also prepared,a few E-laclones hy the action of
¢ Caro’s acid ”’ (HD.0.80,. H) on cyclic ketones; ¢.g., / s, !

HCH)), ?&'CH;],
p &
CHa TH, cu’fqv\ﬂ,
& /o

Q:f‘“ c;:;“gco
14 ! 1 ZN,

Campholide, which may he nimilarlyiobtaiued from camphor, and also by
reduction of camphoric anhydrids, (p. 29), may bp regarded as either a &- or
an c-lactone. vt .

Amongst unsatuznted lactones we:nay hotice th?‘two angelica lactoncs from
levulinic acid (¢f. p. 28): purusvrbic acid, CH;,.(i:H.CH._,.CH :CH.CO.0, of

which coumarin (p. 83) is a benlo-{lerivative, and mesitenic lastone,
< «

éc °‘>.cu,, obtaingd by Hantzsch in thggeduction of acetoacetic oster.
CHJ) H N 4 "

The last two compounds are a-pyrones (cf. p. 82). ‘

A series .of somewhat impdrtaud lactone:acids (whigh have Been very
Ahoroughly investigated by Fittig) may be oltained, aﬁalreafdy explained,
by an extqusion of Perkin's reaction, a mixture of an aldeljyde and sddium
succinate being heated for so1 6 hours with acetic anhydride. The formation
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’
f the nmpleg! ’zbmbe; of this grau}?, paraconic acid, wxll serve Jo explam the

sest :o . oom

H.CHO », IH}.GOON‘ / OH,(O oon,‘ O:f\f"’

n

, o__co
b

H2GOONa 2C00 Ny

Al
N
¥ These acids llnaergo a variety of tmnsformatlops by the appllcatwn of
* heat, alkalies or other reagents, and are thb more interesting since dimethyl-
paraconic or terebic acid is one of the oxidation products of many terpenes.
. The following scheme illustrates the further decomposition of this compound,

. arxl will sorve to give some idea of the gendral nature of Fitlig’s researches. 2

CH
©Hype” “CHy

O—ub
Terebic acid
"7 (wator NaQOCgHy)
. * 3 ‘ L3N " v .
™ (cHa0fccooficHacoon miad © co 4+ oMy He
Dimethylitaconic acid - o
cH, 1 (NaOH) [ ] N {socaprolactone
0~GHICOOIN.CH,COOH *
CHy/ . s
Dlmelhﬂ‘hmmt acih
[{
cu.\ Brg)
CGrﬁH(GOOH)CH,COON
c”:
. 0, *
(reduction and then treatmeat with NagGOy c{'a *9 O\c
wN, - .L L
»>» OH HrOOOH

cH»cw—Ich.coon and alo ca.ai:—Q:g
K Hy )
O—c%e

1) adel lanlone

Isoparacome  acid B

Phthalides and Phiha’eins.—Ti will be recollected that v-lactones
can often be obtained by reduction of corresponding acid
anhydiides; the substance , thus prepared from phthalic

2 2

anhydride,- phthalide, °-'*{.§° ' is 'of especial importance, both

from atheoretical point of view anq from its rolatlonshlp to
numerous * important dyestuffs. ~ Theoretically speaking, its
derivatives form 4 kind of transition stage between the anhiydride-
like aliphatic lactones and the salt-resembling thetines or
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botaines. ¢The “basic” nature dfsthe ahplwtié"i&bon atom~
in triphenylmethane is well kuown, and if the hydrogen afoms
of the methylene radicle in phthall are replaced by aromatic
residues, the bauclt of the caxbon ‘%.om concemedw s0 mach
strengthertbd that “the oxy-acid 1C,H,),C(0F#.C,H, .COOH *

exists only in the fot.'n of salts, which when acxdlﬁed rovert: at
L]

0
once to dzpkmylphtkalzde, O.Q . This compound can be
{ .H;)

synthesmed by oxidizing t.nphonylmethauc-o -carboxylic acid, and
also by allowing aluminium chloride &) act upon w mlxture of
«benzene ang phthahc ¢hloride or anhydride :

« ¢ i

N '{c{; -'lC,HS
s ] T Gl >

\:c:, ' ._(
P ! ;‘ \kéﬂ.),
gy’ 00H €% Y Gt ny tpluhalnde
'c";% "o
o-Benroylbenzon acwd *
If the intermediate product (o-bcnzoylbcnzc‘;ic afiid) in the latter
reaction is heated with phenol and stannic chloride, phenyl
@

phenolphthalide, é;% « , is fopmed, whilst, finally, if the

C HeQY " R
¢ % « .

methyleno hydrogen, atoms are rephcod by phcnohc groups,
members of the phthalemn sayies are formed Thus by heating the
requisite proportions of povhalic anhyylrlde and phenol with zinc

chloride the cort:;pounds AN '

v *henolphthalein Fluorane

~

are ior;led, the former :reponderating; the second compound
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X
mll be o’!scussed more iui'ly with the pyrones in TUhapter VIII,
(six-mewmtered ring systems). -
Phenolphthalein is aan)a* colourless, but sor:é of its salts are
of a vivll red colour ; hehice its'use as an ndwa.tor The change
in colour ha\ been explamed in twq ways : one theory assumes

00—
that, vyhllst the lactone is colourless, the acid ion, o.u/\.:( OuHLOMzON

'is coloured (it is only the solutlons in dilute alkali which are
colqured, the la.ctone itself (ncnionized) and solutions in strong’
aqueous alkali (which would diminish the amount of iorie
dissociation of the alkaline salt) are colourless). ;

-The other view is that the colour i is due to a ql,.manmd strug-
ture in one vart of the moleculo, thus

<oloured

If resorcinol is substituted for phenol in the above preparatlon,
resorcinol-phthalein or fluorescein, a ye]lowish-red compound soluble
in strong aqueous alialies to a dar'e red solutior, results. This
substance is strongly fluorescent :n all solvents, and its structnre
has been proved to be:

In other words, this compound is also a derivative of dibenzo-
3 B
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pyrone.  The Huoresceut nature of the fluoresceins hasdeen ex-

plained by R. Mej *r oh the hypothesis tl*at the system m
AN av\c’ )

isa jluowphow i.e. is capabls of showing fluorescence in presence
of favourable substituehts ( ﬁuorogene)—m this case the adjoining
aromatic nuclei.  On the other hand. Hewitt supposes thai such
substances owe their fluorescencs to the capacity of the molecule
to oxhibit ¢ double symmetric tautomerism,” Thus it is argued
that the fluorescence of the above wwmpound, is due to the vﬂola.-
tiun of the mo,cuulﬂ through the following phases :

_ACH0H cooH
Cells_ - CeHa )7 = ﬁ

QX000 A0

Neither phenolphthalein nor fluoreseein are dyostntfs, but the following
tetrasubstituted fluoresecins are vivid dyes, not so much hed at present
as formerly, owing to their somewhat crude shades: rusin (tetrabromo-),
erythrosin (tet1aiodo-), and safionm (hibromdinitro-).

Mention must also be made of the shadamlpes, which are fluorescent dyes
derived from me.mino-phenols {inslead of mydioxylenzenes) and phihals
anhydiide,

ML, ThHeriNes -

The thetines (thio-befaines) may he regard~d as thio-8-lactones
of the geueral formula 1{27.(3112.0().({. It appears that the
strongly basic nsture of the quadrivalenv sulphur aiom is suffi-
cient in this instance to overcome the usual reluctanco of a tetra-
atomic chain to form a ri?lg -sytera, or, in other words, whilst
the' lactones are internal e:apers, the thetines and betaines (for
exactly the same considerations’ apply “o the nitvogen atoms in
the latter rlass) are internal salts.

The aliphatic thetines were first prepared by Letts and Crum
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Brown 1!‘, 1‘878 »from alk}vf suphldos and haloveﬂ fatty acids.
Dﬁ'nethyl sulphide, although 'not a base in the strict sense of the
word, is sufficiently basic fo, unite with alkyl h-tides (especially
m-preserﬁ,o of mercuric icflide) pielding su%phomum 1od1des

N (CH)S+RI=(CH)RS.L -

Similarly, from bromacetic acid and *glimethylsulphide, the
compound (CH:,) ,-S(Br)CHL,.COOH (a sulphonium Ubromide) is
produced, and is transformed by silver oxide to dimethyl thetzne,
(CH,),. ?()U CO(I) a deliquescent body crystalhnng with ong
moleculc of water, bt neutral to litmus, and possessmg all thp
charactemstxc’propertles of an internal salt, et stil] sufficigntly
basic to yield normal sulphonium,salts with strong .ac]_ds

It should be remembeved that by* means of the thétined
sulp}nu' has *becn obtained in® she optically active state, for,
starting from methylethyl sulphide, ‘inethylethyl thetine was
prepared and resolved into its opfically active donstituents by
meang of (Lb‘romo -camphorfulphonic acid. A, better method,
howevers is te coldense the same sulphide \nth w-hromaceto-
phenone, and, to resolve the resulting methyl elhyl phenacyl-
sulphouinm bmmuip, (CH,) (X, 1,)(C,11,.CO.CH,)S. Br, which con-
tains no free carboxyl group, and is consequcntly a somewhat
stronger base. -

“A few aromatic thetings lm.\e heen prepared 8y Smiles*by
condensing aromatic sulphoxidgs with salieylic acid by means of

cold concentrated sulphuric acid.  »*

o °% on ’
o .
(CH ,) SO —> (ol O,
80,1 “coon

—
(o.;m)., 5. (JOsH). Ot (QH). (FOOH)— > (G;Hy) T Qﬁn{,(on) co. (I)

2

IV. BYrAINES .
It follows from the pweceding section that the betaines are
.  J .

. -
~

. . ~—CH, .
derived from ¢he system R’Z __3:: . The parent substan®e derives
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its name front' Bela vtdgans (common Deetroot),sin whl h it was
discovered by Scheibler in 1869. In the same year Isiebreich
synthesized it “ay a. reaction similar {0 that used-later in the

preparat:lon of thetines, namely *— o ! ¢
. /cng.coon’ AgO
(CHy)3. N +C1.CHz. CQUH—-x (CH,),N la =
L ]
(CH,);N.CH,.C0.0. .

He also prepared it by the oxndatlon of cholme (p. 39).

Hofmann showed that tertiary @mines and chloroacetic ¥ster
readllv, react; and. that' the products when treated with silver
oxidé yield I;elumes and that thede are also the result of exhaus-
tave dlkylatioh of glycocoil : .

2 [
"u ..

RI
NH, CH,COOH —=> R/N. (l) OH, coon 2&5 R.. 1}1 .CH,. coc|>

Like the corrtsponding thetines, the beta.xms am .weak-bases
forming characteristic salts, with mineral acids,’ chloroplatlmc
acid, picric acid, etc. They ‘are usually crystalline, and sometimes
contain a molecule of water, which is expelled on heating to 100" ;
in these cases it is difficuls to say pith certainty whether the
crygtallized compound is the {rée base-acid, R;N(OH).CH, COOH
or whether it is merely a case of watdr of crystalhzaﬁon

Many of the aliphatic betaine durivatives occur in nature. A
few of these ar= discussed in {Be concludmgn section of this chapter

(p 39) [% . . "

A few aromatic betaines have been synthesized, notably by methllutmg .
anthranilic acid derivatives :

) {+]

_COOW «cu,n _COOH el

e > ‘O & B O ;2‘
“\NHa MCH g (CHa), .

] . L3 .

. L]
A triphenyl, wosphorbetaine is produced by *the action of alkalies on the
ddition pitduct of triphenylphosphine, (CgHy),P, and chﬁ)r‘cetm geid. ¢
Pyridine betaines are also of some importance ; the simplest member was
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prepared b’ ‘ongepchton by ¢hb addltlon of chlomootlc &id to pyridine
(P-dOS)

»
I' Y ‘
. @ + cwu.coou( > g @ :—”:’ ' O
: B

*
L N P
¢l W.copH /

Hantzsch showed that similar products could be obtained by methylntlon
of pyridinecarboxylic acids. For example : .

«cu.l +KOH! 4 (A.,or
[ ]
coocHs o0eHa| o
Prcolinic acid (I O‘ .

Some of ths» compounds a!lso ocety' in p]nntl (cf. p. 40).

V. NATURALLY OCCURRING LA(‘TONES AND BETAINES

The members of thése classes which are found in nature (most
frequéntly in*the »egetable kingdom) may best be classified for
the present purpose according to the complexity of their structure.

(i) Stmple Lactones —The twd most lmportant members, parasorbic acid,

CHq.(l}H .CH..CH:CH. CO(') (occurring in rowan Bhrries), and coumarin,
»

. (in  waodruffy melil?;t, and other plants,® are discussed

»
CeHe
. |n elsewhere (pp. 30, 83). .

(il) Complex Lactones.—-The constltutxhls of santonine, C;;H,,0; {from
the buds of forelgn specxes of the wormwood plant), afld of sedanolide,
C1uHx03 (found in oil of celery), have fmly been ascerfained comparatively
recently, and are therefore of some inte: est.

The Jformer compound was first isolated in 1830, but its structure was
unknown until worked out bx Cannizmro and Andreocci some fjfteen years ago:

It is an sxedssively poisonous drug, is optxcally actife, and is useful in
medicine. On exposure to light, howevtr, it is changed into photosantomm,
which possesses no marked therapeusic propefties. The main points Jn the
proof of its structure are :

(a) Idcontains a carbonyl group =00.

(8) With’ alkalies, salts of dantoninic acid, C;;Hy,0,, are produced The.
acid rever{s to sanfonine on heating.

Santonine is therefore a keto-lactone.
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(c) Oxidatiortand reduction reactions shdw it to bega recg:cli dimethyl-
naphthalene derivative. . .

(d) By rcductio.n with phosphorus® and l‘ydriodic acid, a phenol-acid is
produced, which mag bef further changed iﬂtn&al dimethyl-g-naphthel.

(¢) By distillation of Santonemine’ hydrocMoride (from the. reduction# of
santonine* oxime). a substance, hyposenlonine, is formed, fhich yields a
dimethyl-phthalic acid, \vllich in'turp may be converted to p-aylene.

.
. NH. 01 reduc K
Si:.ntomne (__.;.-Q xime (roduce) Santonamine (_I.{Cl Qz};&)
Cy;H,0; Cp;H)04N.Of1) C,;H1pO,. NH, (heated)
.
o imethal u-l.l“l\d: acd £ Nylne
L ]
 qs o
(oxidjze) ¢ s ) o
) I"Iy];(‘)sm'ftouilw .__J_> ’9 coon "M um"!:‘,-o .
158 M2 L3 ICOOH
. ~ 4 .
s R CHa
s ! ’ cH
The dimethyl-g-naphthol o “Sercfore : 2
) . OH
CHa

(1) Since hyposiatonine (still eontaining a hydronaplithalene ring) can be
transformed to a naphthalene derivative whish is optically 4ctive, the source
of optical activity lies #1 a side chain, and not in the redueed naphthalene
group. . - .

(9) Since a phthalic acid, and ne& & tetracarhoxylic acid, is produced by
oxiflation of sakitonine, the lavtone ring mustghe att&ched to thgt part ofehe
naphthalene nucleus whicls does not contain methyl groups.

(h) By consideration of the (‘qupmlnﬁs formed by the action of light on
santonine, it ha; heen showne ghat the carbony® group forms part of the
reduced dimethylnaphthalene ringa and that’the most probable formula is
accordingly— ‘ '

™
/g\ s
o N’ Tan- o

o
H, | . /lcu—o’c
Y\
Ha .

. €. Tt
The constitution of sedwunolide is mtch more simple. Qn gentle okidation

O—0,

L4
v

c ¢
it gives n-&ttyl phthalide, c.q’gc:}t;c"! whilst alkalies transfprm it. to salts of
o
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sedanolic M, an oxy-acid whioh contains two atoms of hxdrogen. less than
a_ketonic acid, dfdanonic acid, which is always found with sedanolide.
ow, dfce both these acids furnish by reduction the same fully-reduced
rleohol acid, it follows that® the structure of sedanoni8 acid will give the
glne to®hat of sedanolide.. Whef the oximegof the latter acid is sub-
mitted to t‘e"‘ﬁeckmarm rearrangcement,” * the -mono®-bufylamide of

.
A%tetyahydrophthalic acid, CONHGH, | ®, is formed.
cooH
.
é"edanolir{c is therefone , T{Q'i,,,._ HEH o
Y, i
» -
* (iii) Compounds velated to Betwine. 1t has already beey, pginted ont that
betajne itsglf occurs in begtibots. A number of its reduction products®are
uls8 found®in nature, and some of ®hsse, although not true betaines, may Le
mentijoned here. oo~
For example, the alcohol whick corresponds to betaine, choline
(CHg);N(OH).CH,.CH,(OH), sccurs in nerve tissue, yolk of egg, ete., in tha

forn? of leaithins ( qmplex glycerides of higher fatty®acids and phosphoric’
acid). It was'synthesized by its discoverer (Strecker, 1862):

(CHY),N + Cl. CH,. GH.. OH->(CH,),N(C).CH,.CH,.OH->
(CH,},N(OH)C1L,.CH,. (OF).
\

Boiling haryta dehydrates choline and forms the poi-onous neurine®
JCH,),N(OH).CH:CTJ,, which is &m’scnt in decaying meat. @mlil‘w and
betaine afle, however, non-}’nisonons.) Nenvine is also formed when silver
oxide acts upon the addition sproduct of 2rimethylamine and ethylene
dibromide (Cl{ﬂ)_.,N(Br)bCH.,,. CHa.Br. +*

Again, the aldchyde , iutermediats ®between clifine and betaiue,
(CIl,);N(OH).CH,.CHO, is propably Identical with wuscarine, which occurs
in certain plants,

*The ¢ Beckann rearrangement " is the term given to the transformation
undergong, iy many oxindes in presence of sulphuric geid or phosphorus oxy-
chloride, whereby derivatives of acid amides are formed :

R.C.R' * /r.cou
" B ! B RCQONHR'
NSH 2

R.C.A 0.08
| > E > RNHCOR'
HON R

3
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. ] s

Finally: a very important animal producty tgurine, known s; 1824, and

synthesized by Kolbe in 1862 by the action of ammodhia on chlorethy)-
sulphonio acid, C1.CHa. CHq.SO;H, is a s1lphonio acid analogue of bétaine :

. ‘e Y
] \ M.
€T 1
T#rme « Betalne
' [

(iv) Pyridine Betaines.— Triyonelline, occurring in goat's-horn, 2 plant
nearly allied {p clover, has been synthetically shown to be methyinicotinic
[4

. —co
betaine, .

' .
[] ‘ Hy « \
£ pophylicnictacil does not ocqr free, but is one of the ‘oxidation products

of the opium alkaloid narcotine ; since it is obtaired by the acﬁ(:a of c'}ver

00H
oxide on the product of methylation of cinchomeronic acid, @:oou ,itis
. <

L] . - .
also a pyridine betaine. .
Arecoline and arecaidine, found in betel-nuts, are respectively the methyl
L]
P ,
. COOH
Jfster and the free acid dovived from (N-methyl tetrahydro-
T
pyridine-g-carboxylic acid).

Pilocarpine, C11H0:Ny, which iy found* in Jaborandi leaves, was at one
time thought to bea pyridine betpi;&, but more recently has been shown to
be a lactonic derivative of glyvwaline, gnder whieh latter heading it will be
described (p. 74). ¢ . [



CHAPTER, IV

FIVE- MEMBERED RINGS: MONOHETEROCYCLIC
» SYSTEMS (FURFURANE, THIOPHENE, PYRROL
AND ALLIED COMPOUNDS)

I. GENERAL

* E have to deal in thls chapter with a more distinctively

heterocychc series of compounds “than those just dis-
cussed ; that is to say,>whereas the lactones and related com-
pounds all pai}ake in_some measure of the nature of anhydrides,
and their r!ng—syatem's\cnn be opened and closed by more or less re-

» ~ c—C c—¢
versible reactions, the heterocyclic systems (';I ol‘ ' !—,! '.l L'
’ ‘s’ ;) NH
» —— ~

each‘persist through an entire series of chemical changes, each
system behaving as a chemical’entity, and if the heterocyclic
ring is once broken, it cahnot be readllv-teformed .
Moreover, the heterqeyclic eleme.it—~0 S, or WH—in these
compounds is entirely abnormal in its behaviour : the oxygen is
neither sthereal, ketonic, nor lactonic ; the sulphur is chemically
1uact1ve, and, although apparently blvalent, is quits as stable
%2s when in 2 sexavalent condition J{i.e. as the sulphones) ; the
secondary a.mmo-group is hardly basic at*all, and even functions
as a ‘“phenol,” the imino hydrogen being replaced by metals,
Finally, the, physisal proper;xes of ‘these elements whicl: can be
numerjcally estimated (e.g. refractive power or heat of com-

bustion) are also abnormal here, and it has been variously
i
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thought that the systems in queshon may hest 1)‘ represente&
either as:

A .
. °|“\— SH CH-oom

—CH 4
k{ oH cH\o/ cr{olc ow 'IC"()\GN

Some of these derivatives have heen known for many years
pyrrol was discovered in coal-tar by Rungo in 1834, pyromnclc
acid by Scheele in 1780, and furfural” by Débeweiner ip 1831,
However, ,pbm mutwal relationships, touethcr with those qf the
ceulnarones, mdwo carbazolg, etc., were not’ recognized till
vgry much later, the greater’ part of thls work of systematization s
being carried out, notably by Baeyer, V. ’\Jeyex, a.ud Knorr,
between 1880 and 1890. °

There arg a few general methods of synthesis applicable to
members of each series. Thus, y-diketones (R.CO.CH,.CH,.CO.R), ,
and mucic and saccharic acids, COOII }CII G)I{],‘ CGOH all

undergo the following trcmsfoxmatlous

. CH=—CH
() Distilled yith P,0;, furfurane derivatives, | Yo result.
CH==cH
L
- GH==CH
b) ' s PSg thiophene LI ‘ | [
CH=c{
- Lt . CH==CH
(c) ) T} JN-H:l: ;’y"’"’l LY ' \NH 3
. ch=ch

. [§

The reactions (b) and (c) also oceur thh the anhydrides of the
succinic a¢id geries.

Many of the corresponding compounds in all three series show
a remarkable chemical” (and oeccasionally physical) resemblance
to each other, and alsg to the corresponding henzemvid com-
pounds,s as is shown in the table below. o All thrée series,
too, hgve their distinctive colour-reactions. e« Thus, with isatin
or phenanthraquinone and concentrated sulphuric’ acids, the
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following }:)’lours.are produted on addition of a com;)ound

*of - »
Furfurane . I . Vinlet.
Thidhene . . ? 2 . " Intense blue.
Pyrrol v . . L I_ndigo,b]ue;.
Again, if a pine-shaving moistened witit, hydrochloric acid is
placed in the vapours of these substances, it assumes the

followin.g colours : “

Furfurane compoung present . . ireen.
oPyrrol » oy P oW . Brilliant red.

‘- Y ’
It will havé been noticed that, according the' formula,‘tion

—CH( 8) * [}

cH .
. 4
A!{ L.m vy two mono-sr.bétitut‘ion products (« and ;3) should’
4 hd AL
[}

exist, and this isomerism has begn definitely olserved iu the
pyrrol and ipdol seric; with some of the furfuranes and thio-
phgt_xss', bowever, the difference in properties between the « and
B-isomers is so Very slight that doubt has heen expressed as to
their distinct ¥xistence ; arxd in view of this and of the above-
mentioned abnormal character of the hetesocyclic atoms, the
symmetrical formula IV. (p+42) has been put forward, but the
point is not. yet definitely ettled. ® - .
The following table shows the similarjty of benzenoid, fur-
furane, thiophene, and pyrrol® comppunds, and emphasises the
especially close coindddence betwesn thiophene and henzene

derivatives :— ' . '
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IL\UERIVATIVES OF FURFURANE ci cu

The forfurane group is perhaps less important than either of
* the others, but is nevertheless very interesting by reason of its »

close connexion with both the aliphatic and aromatic series.
. Thus »when the o-disubstitutod” furfuranes are heated with
aqueous hydrgchloric acid under pressure, those »7-diketones'

from which they are formed by (’ehydratlon are regenerated®

]
, CHa COR P30y * cH=—CH [ Hc» CH,CO.R ’
? >

» oy b o
CH-CO-.R CH=—=C.R . H,.CO.R

The parent member, furfurane, was first prepared' by Limpricht
in 1879 by djstilling barium pyromucate (C,H,C.CO,),Ba ; this
is "Suclogbus tosthe formation of benzene on distilling calcium
benzoate, (C;H,,CO,),Ca.

It is also formed when pine-shavings are distilled? and is a low-boiling
liquid with a characteristic smell ; the oxygen therein cannot be recognized by
any of the reactions usun]ly shown by &t element when presept in organic
radidles, , 3

Tetraphenylfurfurane is interestingbecause of its formation from benzoin

on treatment with hydrochlpric acid in sealad tubes : — )
5 .

M ”

\J » 9 §
C HO'C,\OL‘ Hs
CH(OH) o g
3 Gt > + CMsCO.CO.CeH; + i M0
°CeH,.CO CeMalC—C.CHy .
,

se " 3
The only other furfurane derivatives we need mention are
a-furfuraldehyde and a few of the carboaylic acids.

The }ormer substance qccurs in the products of destructlve
distillation of wood, sugars, or bran (the group-name is derived
from. the_ latter® method of formation : Latin furfury bran).
Pentoses ~are ‘quantitatively converted to furfuraldehyde by
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¢
distillation Yith hydrochloric acid, find are eften e‘timatcd in
this way :

[ ]
CH (OH).CHY OH N CcH=—CH
l - B, e
H(OH).CH (OH).CHO cH=c.&Ho ¢
- L]

Furfuraldehyde possesses a clase chemical resemblance to henzaldehyde ; it
forms exactly similar addition compounds (oximes, cyanhydrin, ®te.), and
eits cther ®reactions are also exackly parallel with those of the aromatic

compound, as the following examples show :--
L

L[]
(«) With concentrated potash, a mixfare of_'/'m;ﬁuryl aleohol and pdPassium
pyromucate is groduged. * . .’

o .
o B Aleohglig potassium cyanide catalytically condenses it to furoin
(mlaTogue of benzoin), from ¥hich furil reslts by oxidation :
o ©® ¢ ..
- KCN 0
CiH;0.GHO § CHO.C,11,0 —>C,1,0.CII(OH).C0.C,11,0->
C,H;0.00.00,C,11,0s
e L]
(¢) It condenses with fatly acid salts in presepe of ‘aﬂetic.:u.x'lm_lll"'h-
(Perkin’s reaction): ‘
(CH,.COL0 o ¢ .
C,H;0.CI{O 4 CH,. 900Na ———— > 0.CH:CIL.COOTI (fursuracru-
lic wcud),
3
°*The best-known furfurane acid is pyromutic acid, discovereds by
Scheele in 1780, in tke distillatigu of mucic acid. Its structure
and relation to furfuraldelfpde were detegmined by Baeyer. Its
constitution Jollows from Lhat of the. latter substance (which is
. . 9. . . e .
known by its indirect trausformation intd acetone diacetic acid),
since it may be produced therefrom by simple oxidation or from

its mitrile, which can he obtainedsin the usual way by dehydration

of furfu raldirinte. *en
L]

Sope of the a-d[all.wlfm;mﬂme carBurylic acids are also of great interest,
since they are frequently formed in the dis.tilla.t,ion of tartaric and other
aliphatic polyoxy-acids. For examjfe, pyrolritartaric acid (aa-dinfethylfar-
furane-B-carbc .ylic acid) is thus obtained from tartaric acid, and may be
synthesiz®1 from acetonylacetoacetic ester, as well as’ Ly eligpination of
€0g from some other synthetic acids; whilst it may be decomposed aga in
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[ ] ' . .
under suitableSconditicns, either *nlo a diketone or into a firfurane, as
shown Below »

' ’
.
N (- Hg$ cog\‘} , “
N 3CLHeO . »—» ¥ 3 CH,COCCOH AN
Tarlanc acid Pyruo ad
CHy CQGCH COOE: CNOEUC=—7,CH, .0,
(] > __~OH
CICHACOCH, H==C(OH). CH,
. Acctony lacetoaretie ester
cn“coiH‘coog‘ (CH;COY%0 ",OOFLIC—-CoC”a ‘_:(iia
CHyCOCH.COOE; COOHCZ=CGH,
Crbapyrotitartanic acd
“ Dudcetasuca be uster . k) d)g
(CH COYO =
* GM.COONs,, HOGCH, ~ ° 2 COOHC=GgH, o
! c==c cu SooH g
H . GHa
» ?
H2.COONa COOE: : Methmonee 2, 3
’ L ”
N ., cH,.CQCH,
] » + CO,
oo H.L0CH, .
\\'\') ,/’ lkclouyu«.wnc
v
CH=CCH,
.. o,
¢ COOHC=—CCH, /»{-
m R $orvtritaSara ac
CHZZGCH,
. | © 4+ co,
. 1 CH=CICH,
Drncthyitutfarine ,
. CHa—-CH.,
So
Finally, we come to telrahydrofurfuns € tetrametlylene oxide l.. 2t
" - . * L] & .

(p. 19), waich Las not yet, however, bean prepared (’lircctly from furfurane ;
and to the Zelolctrakydrofwrfuranes, some o1 which, like butyrolactone
v &£ L

Fa
CH~CH, . OH:—CO 4
o
el and succinic anhydride, 5H=_cc , are quite wc]l known aliphatic
. g
LY
? CO—CH, ~

'
unnpounds. The isomeric diketo comppund, l{ is also known

/°
Hz—OO ’

“
.

having besn synthesized from dil))romacetoaceti}: ester :—
L]

o R
ce ) B
CO.CH, Bry (heated) ©Q—CH, (sodwm amalgam) O—CI;I,
. > No > )0 2
HBr.COOE: CHBr—CO Hg-CO
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The meth}1 derivative of this body sl known earlier, all had receivotf
the name tetrinic acid, owing to its salt-forming properties. ¢ It k4d been
prepared by asomewhat similar method :

L4

§ co.cH,p, A {KOEV CcO—CH, P
e j — o ‘
H.CQOE: CHucH—CO ¢
¥-Bromo- a-methwlacetoaceho ester.  Tetrinic acid. p

Accordingly, the former compound was called tetronic acid, &lthough its
lactonic®structure had in the meantime become apparent. The metallic salts
of these derivatives are usually represented by means of the corresponding
di-enolic formula. ‘. . « -

[J
L]
[
/The monobenzofurfuranes, }, are more usually called coumarones,
0O

a name given to them by Fittig, ®who obtained them if* 1883 from the'
corresponding coumarins Bix-membered a-pyrones, p. 83).

This conversion of a six-membered into a five-membered
system is of ‘interest from the point of }.\ew of* ring-stability ;
we have already seen that many three-membered syst.ems
rearrange themselves to the corresponding sit-membered ones
with the utmost rase, and other examples of this kind which will
be found in succeedmg pages show that the most stable compound
jn apx ~igen case is not neceésanly that in which_there ig least
mechanical “strain,” but that rmg-stablhty in the heterocyclic
series is also consxderably affecfed by the chemical nature of the
substituting groups. The mechanism *of the present reaction
probably involyes intermediate formation of the o-oxy-cinnamic
acids of which the coumarins are the lactones :—

=C Br LOOK
oH=CH® ,CH=CBr (.u.mlu Kou!l CH=C Br 00
>— H.

H.
c'"\ ‘! : ‘\8—;0 T ook .
'0——CO
«-Tiromacouniarin ¢ f'otassium  o-bromo-goryunnamate
Covmann .
3
L] CH
. 0N
CeHS §
"o -
“ Coumarl) Counmrune
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Two other synthegw methodye? formation of the coumarsnes (the parent
mexgber of which is a liquid somewhat similar to furfurane, and boiling at
169°) may be deseribed :— , N

(n) frdw 0-oxy-w-chlorostyrolene anﬂ caustic nlkali :

o Vs
EY _-CH=CHOI CoHe \dﬁﬂ
(6) from phenols and a-chloracetoacetic esters (Hantzsch) :

HO.C.R R

lJona ™ c1C.COOEL COOE

With polyhydric phenols, benzopolyfurfurane derivistives thay be producf'd
as, for example, from phloroglucinol =

COOEy ¢
CH. /
[1 3PN >
" -CHs
+ 3 SH3CO.CHCL,COOE: =t o
ed ,€.CO0E,
GH;\.C

Sho ‘jarposes of classification, the phthalides and phthalic anhydrides
are sometimes vegarded as derived from a reduced **isobenzofurfurane,”

cH, s
;o , but it may be pointed o;lt that this is only true if we adopt a

modified centric formula for furfur:am, since isvbensofurfurane cannot be
formulated on the Kekulé hy pothous K

0= T2

We have seen that benzopolys urfurancs ave formed synthetncally from
polyhydric h#uols, and smnlsuly we have dibenzofurf.rane, more usually
termed diphenylencoaide, which is produced when diphenyl ether is passed
through a red-hot tube, and is synt’.esized (vom o, o-didiazo-diphenyl salts:

{ayqueous

acids)
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. [

() [ ]
CH‘TH €
TII. DERIVATIVES OF TmiorkkNk, || |
' ‘ e

\

Thiophene compou‘nds are obtained instead<of iurfuranes'in
nearly all the reactiors in which the latter are produced by
destructive distillation, if the operation is conducted in presence
of phosphorus tri-sulphide, P,S;. Thus mucic acid yields thio-
phene carboxylic acid when heated with P,S ;, instead of pyromucic
acid, as on p. 46. .

Two other methods of formation are 3l$o used':— ' ¢

‘(@) 7y-ketoniq, nuds heated with phosphorus pentasulyhide give oxy-
Uhioples tbes

€ ~So ,-CO.R ¢ 3 vu ca . fodum amalgam)  CH==(
+ P8 B é . ¥
CH,.COOH Ha :com

() Many cthylenic and ‘aéetylenic compounds form thiophenc derivatives

when heated with*sulphur. For instance, .

o

COoaH. .COOH  (heyeyy  COOH. 1-—0- coon ¢
s b A .

COOHQ G- COOH COOH.C_ C GobH

s *

CaHa.CH CHCHy (eued) é‘“ﬁcm.
and I, = " c.mL , t1Hs3
' SO

CoHuCH CH.CoHy Ha
F N
Thelattor Bompound, thioncssal, was firkt obtfined fronp stilbene by

Laurent in 1844, but was a0t recoguizgd as a thiophene until nearly fifty
years later. .

As o matter of fact, the Lgtory of the thiophene compounds
as such dates only from about 1883, whén V. Meyer showed
that benzenes prepared from coal-tar contain traces of the
correspoudmg thiophene compounds, which resemble "them
remarkably clostly in nearly all physlca'l propertie§,“even as far
as smell and boiling-point, Thus benzene and thiophene both
boil at about 80° and cannot bé separated by physical means
(advantage is taken of the morg rapid salphonatlon of thmpheno
in order tc remove it from commercialtbenzene). ¢ Thtophene wag
in consequence so completely overlooked that its, blue, coldura-
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tion with isatin ,and str@ng sulphuric acid pasSed as a test
for*bensene until Meyer, found that benzenc prepared from
benzoicgacid never gave the reaction, and, was thus led to the
disgovery of the thiophenes and their reldtion to furfuranc and
pyrrol. o

The table already given (p. 44) *emphasizes tbe physical resem-
blance of the thiophenes to the benzenes : it must be added here
that, bymeans of the samge reactions which are used for the synthesis
of aromatic compounds (halogenation, sulphonation, the Friedel”
Crafts and Fjttig syntheses of alky] benzenes, preparation of benzoic
acids; etc.), the eorres*pondmg fhiophene dgrivatives may always ke
obtained. Usually, however, substltumon proceeds’ more regdily
in the thiophene series. On the’ather hand, although thlo}g;en'e
is thus mofe reactive thansbenzene, the” sulphur atom present 1s
far leds reacsive than in corresporeding dialkylsulphides, and can
be converted from the bivalent to the qiifidrivalent or sexavalent
condition neither by gxidation nor by addition of alkyl iodides.
Moregver, Bgihl has shown Ehat the refractive pewer of thiophene
e mnrl edly lgss than that cxpected of a body containing a’
con]ugated unsaturated system such as CH:CH.S.CH:CH, and

l

evidently the nature of the intramolecular stfucture of this ring-
system (as well as those of furfyrine and pyrrol) is at prescnt by
nosmeans thoroughly undérstuod.

Derivatives of selmwphanc, y Ll hawd becn prepared Dy the action of

phosphorus selenide on ‘y.dlketones
A fow bcn.olhwphmes are known, of which the parent member, tluonnplc-

thene, ceMe \‘c.-.. , and o.::yt'/:.t‘onaplz?lwnc, uo.c.ug\cu ,e8re~the most im-
‘s’

portant ; the latter has been synthes;zed from thiophenaldehyde and succinic
acid : <

@ CHO* K..coon «cn,.cOhO ﬂ nou.j .COQH
+
« #CHLCOOH HnCOOH
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These compo:mds closely resemble napht’hl'leno and a-vaphthol respectively

(sce also thioindigo, p. 61). PS
Dithiophene ot thinphthene is producml‘ Sy distilling citric aud with
P,Sg:— ‘ A
O0H o
, r Ha,C! 59 ¢H=cvs L]

(OH»-COONF , >
. ,S
Hy . COOH CH=CH

and dibenzgfhiophene (diphenylenr sulphide) is formed similarly to dlphenylene
“oxide, namely, by the action of a ved heat upon diphenylsulphide. The
sulphur in dibenzothiophene may be oxidized te a sulphono, although, as
stated above, no thiophene sulphone is'keown. * .

IS
s

H

IV. DerivaTives of, Pvkwor, QN'
4 QH

"=

Just as the sulphur and’ oxygen uato'ms in thiophene and
furfurane are Yuite abuormal in chemical behwviour, co the
imino-group in pyrrol, instead of resemblifig these in OMinary
secondary amines, is very weakly hpsic indeed, znd frequently
acts more like a phenolic group with an acidic hydrogen atom.

The pyrrols are obtained by the action of ammonia on

y-fliketonigrompounds, and, 1kt the furfuranes, revert to thcse

under special conditions. Thus we have—
.

GHa£0.CH, NH, CH, NH,Of  CHxC CHy =NOH
> NH p Seteg I

H2G0.CHay, Hs H4C 'CH3) =N.OH

A tenylacctone Dimethylpys rof Acctonylacetone dioxime

Pyrrol itself is a pleasant-smelling oil which occurs to #. small
extent in ti2 distillates from coal- tar, bune oil, or pegf. It may
be synthesized by distilling tke ammonium salt of mueic acid, by
the reduqtlon of succlmm'xdc witl. zine or sodium, and by passm«r

acetylene and ammonia through a red-hot tube, N

Pyrrol fprms salts with strong acids, at Lhe samn tuge undclg,omg poly-
merization to solid #ripyrrol, which, when heated, yields benzopytrol (iudol),
pyrrol, and ammounia.
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’. NH *
. h) > i 4o
a2

A . v’

Potassium (but not sodium) replaces the imide Jiydrogen in pynol forming
crystallipe potassivm-pyrrol, CGGHLNK ; this compound reacts with a large
number of organic halogen compounds, and thus produces N-derivatives of
pyrrol.

A (lnd0|)

For instance : *
[ J
CH.NK +CH,I o7 CHg N.ClL, (N-Ethyl pyrrol).
Gl NK+CH;COCl — CH, N.CO.CH; ¢N-Acetyl p YT ol). .

C,H,.NK +CLOOEt —> C;H,N.CO.Et  (Pyr®l N-cirboxylip gster).

o .
The C-alkyl pyrrols are madg by the usual $ynthetic metols. Mu‘h’y o
the ha®gen ('(oxivutives of the’pyrrolparg unstable, but tetraiodopyrrol (iodol),
C,I.NII, which is produced by the action of alkaline iodine solutions upon
pyrrol, resembles iodoform in appearance, and in antiseptic .propcrties.

Thg (mbowhc acids of pyfrol are interesting, hoth from their
<chemiral l'esemb]aric to phenol carboxylic aclds and also as
intermediate products in the synthesis of pyrrols, which usually
result from them by the application of heat.

They may he obtained as follows: -

.
d. Methods similar to $he pr:'mrm‘io’n of phenol acids :— 4 v
(@) By the action of CO, ou potasginm pyrrols o
C;H.NK & co, > .(‘,H 4(COOK). NH

() By the action of (,('l, wpon_ pynu)/iu prresence of alkalus (Reimer’s
reaction) :

21,0
e  GHLNI+CCL —% CH,(COOH). NI + 411CL

m ®
2. Other methods i~

(@) Action of aleoholic amines on®-diketobarboxylic esters:
D)

') .
* . , COOELCHCOCH, L COOE: CoHy
.
4 NHaR 2 DR

M,
. copfuéncoc, CO0E: G
Dibenzoylguccinic ester
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) Reduction of & mixture of a p-ke(tﬁnic ester und its isbnitroso-
compound : . 5 « 7

L)
rRco ‘. H, GOOEy R COOE:
v ‘ * COOE ¢
' COQE: CiNoH O.R ¢ qe

¢ . " NH

. ‘

By gentle reduction of pyrrol (zinc-dust in acetic geid) a
dihydropyrrol, pyrroline, is formed, and on more energetic
feduction (phosphorus and hydriodic acid) the remaining double
bond is eliminated and tetramethglenelmzd(: or pyrroliline regults.
Both reduction productg are strong bases. ' Pyrrolidine is also
formed, by hed'ving g utrescine h ydrochloride, NH, ,Cl[CH,],.NH, HCI
(formed by, reductxon of succmomtrlle), axd by reducmg suc-
cSnimiide with sodium in alcohol (cf. pyrrol, p. 52). v

. ¢ - [

.-

It aflords anothev interesting case of relative ring-stability, since piperidine
on methylation furnishes a (uaternary ammoniam 'hydronde which readily

rearranges to a deritative of methylpyrrolidine : “, e
L -~ )
OH,—CH, (HC)  CMa— c": .
0{1 S N:CHa JON > O N(Onal [} .
CH,-'Q/Ha Hn-étcl-h

Pyrrolidine itself is finally convestad fo an unsaturated hydrocarbon,

divinylT LTS ubmitted to exhaustive meth)lltlon ‘ . .
’ s
CHa~CH, \CHa'  CHa—CMHy ¢ cH,-cH. (disuly
N\
| ")Wv | ®GHn1 J:' MN.CH) OH  2—m
CH,—CH, Cra_ ] . CHy—ch,
' . ]

CHrCHaN(CHy), (CH3h CNrCH,,N‘cH,)’on (disul) H= CM,

> L., ‘.
CH=CH, o CH=CH, hd CH= CH,

L4 Divinyy ¢ -

"

Substances like butyrolactameor succirimide are of course derived from

ketopz rrolidine. '
) . [ .
< .0
Benzopyrrol or indol, , is ‘an important compound

NH
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which is frequently foun(’ in decaying albumen, and which is,
morsover, very closely reluted te the 1mportant dye-stuff indigo.

Itis :utamed . 'y
hx) Pyroge,pt‘\zilly, by heating many alkylanilines (2.g. «cumidine,
CyHp(CHs);NH,) to redness in glass tpbee; by distilling indigo and its
derivatives with zine dust ; and by fusing albumehs with potash.
_~CHaCH C1

(b) F‘rom o-aminochlorostyrolene, 0-"{"‘" » by eliminatign of HCL.

(¢} By rednctlon of o- mtrocmnamlc acid.

>

It1s a solid with a characteristid smell closely rosemb]mg pyrrol in chemx-
¢#l behaviour. ,
General synthetic methods for the productlon of mdols ihelude :

(a,) Ring-formation from o- gmmoa.romatxc Jdompounds : *

s ®
® e cH
CHz. CO R
c{ Landi WA
NH, \,‘,

(b) The ac.tion of heat®on pllonylhydlazones in presence of HCl ovZnCl;:
*

» R
CaHs, .N:(: - o H/ \
s H . . .\>on + M,

- h}
In this reaction pyrazoles (p. 66) are also frequently produced.
There arc three possiblg modes of alkyl substitution of the®s

indol nucleus : . . i -
C [ ] R
L]
> JR
NR f,"' 4
N-alkyhdol g e-alkyl sudols 8aalkvi indela

The most important alkyl derivative is skafole (8-methyl indol),
which occurs with indol iy mammalian feeces. The indol car-
boxylic aeigds are obtained by exactly similar,mcthods to those
used in the preparation of the pyrrol acids; the remaining im-
portant indol compounds owse thelrnnterest to their connexion
with*indigo, and will be discussed ip the next section. s

Dibenzopyrrel, ” ], or carbazole, as it is uspplly called,

/N
NH
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is found in the anthracene fraction f the preducts of coal-tar
distillation, and is extracted therefropr commercially by fvfion
with potash, when the potassmm detivative (as usually } .ppens
in the pyrrol series) i§ formed. ‘1t is a very fegble jbase, and, is
of some technical value as the source of sewral'djes It may

be synthesized - — | .

(«¢) By leading diphenylamine through red-hot tubes.
« (1) Byneating thiodiphenylamine with copper powder.
(¢) By warming the diazo-derivative of o-aminodiphenylamine :

f NH
& 9, /
B R t+ H,0
NINOH ! P

V.—INDIGG; ‘

By far the most 1mport.a nt member of the sroup, of compoundS'
now heing deseribed is the dye-stuff mdzr/r) whlch is found in
certain plants (notably in wndigofera @mil and in woad, iatis

- tinetoria) in the form of a glucoside indican. When the plants are
submitted to the action of a speeific forment present (indimulsin)
by erd3hing them with water in basind exposed to the air, tho
glucoside is decomposed and indigo-blue, together with some
inferior colouring matters whose nature has only recently become
fully understood, is precipitased. It is hest purified by reduc-
tion with alkaline glucose solutions or with chleium hyposulphite,
when the dye is converted to colourless soluble indigo-white, the
by-products ucmg mamly insoluble. The filtered solution is
left exposed fo thy air, and indigo-blue is then reprecimtated.

Although indigo has been used both by civilized and savage
races since a remote period; no idéas of its real nature existed
until within the past eighty years. Indeed, up to the clase of
the phlogistic period of chemical history, it was usually regarded
as a “minccal.”  Its empirical composition (C;H,ON) was estab-
lished about 1830-1840, anu soon afterwards Fritzsch distilled
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it with caistic potash and obt?med an oil, identical with « cyanol ”
from © &altar or from the weduction of nitrobenzene, to which
he gave™he name aniline. S'omewhat later the oxidation pro-
educt Jrom 1nckgo with nitric acid, C,H,0,N, was characterized
and designate® sSafin. There matters remalned until Baeyer
commencgd the systematic investigation of,the decomposition-
products of indigo about 1865, and having elucidated its struc-
s4ure, proceeded to devise synthetic methods for its production
(1880-1890).

The %road outlines of’B"meyer“s ‘work are as follows :—

(]) He reduced Indigo successively to indoxyl and indel.
(@) As we have already seen, he syuuﬁletlwlly proved indol to be bef¥zo-
pyuol indigo was transformed to indol by heatwmg with zinc-Gls?. =y
%) [ndo*(yl (J§H~ON was oltained by fusing indigo with caustic potash
in ahsence of airy as an unstable oil. ‘Sifce it yieldod a nitroso-compound,
it evidently contained an imino-group, and was condequently regarded as an
oxy-indol. This view was, conﬁrmed by *Baeyer’s synthesis from o-nitro-

pheny]proplohwtct

C!C.COOE; tacid huud}
NOa ummomum sulphide) COOE:

lndv‘yhc =sm lndoxyl

Tfe indoxylil ester first *formefl ywlds the acid on saponificatifil, and"tha
loses CO, on heating. . .

(2) e next examined the oxidation-prodncl isatin, CyH,0,N, from which
by reduction with zine- dust and acid he vob’tamed dioxindol, CgH;O,N,
which by further reductionwith sodium .una]gam gave o«indol, CsH,ON.

(@) Oxindol veadily rcoxidizes to diorindol, and the latter substance to
isatin, »~ \

(b) With nitroas anhydride,' oxindol yiclds an {so-nifrosncomponnd identi-
cal with an oxzime obtainable from dsatin, -Cousequently, assuming tho indol
nucleus present throughout, we have :» '

2 ¥
* NgOg)
v
(GaHNH)LC HO > (c.’u.m,<fm" “—€ (C4H.NHI.C O,
‘4 co B

buindot ¥ Isataxime Isatin
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v co
Therefore it is probable that isktin is« ., >co , and since iioxyl is
.. R ¢ Wh ’
. o
el \c,. J oxindol must be °-l‘o oo .
. . un
. L 3

(¢) This was established independently by the synthesis of oxindol from
o-nitropbenylacetic acid :

.
.
CH.LOo0H H,C00H\ « CH,
o > b o ]
Twand HCH NHa
D
O™
(3
’
v e H (OH)
(d) Dioxindol was next.shown to be
co
s
f

(3) Baeyer foulid that ésatin, although apparently posseséi:ng twofcarbonyl
groups, yielded only a monoxime (isatoxeme), wiZist byr the action of Pél,,
upon isatin a chloro-derivative was prodnce’d, indicative of the presence of a

co
hydroxylic group. Fie therefore snggested that isatin was °-H; (‘c‘.ou , and

[3
ac,
thiserasbewne out by the following facts :—y . . -
t )'_'N-OH
(«) Isatoxzime (which becomes c.n,'(‘c,gu) , yields, with ethyl iodide, a
p !
L}

L
mono- and a di-cthyl ether, bothbf which revert t» isatin on hydrolysis.

(b) Nitrousacid reacts with indoxylic ester (see above), forming an moiseric
isatoximne (y-isaloriine); this also furnishes smono- and di-ethyl ctlwra, but
here only th” mono-ethyl ether reverts to isatifi : -

co
" [ 0-"2"%&«0 Et > c.n?f.ou
/ooH N3O, / [
a"-:}.coos. = Col ;l-‘N.OH R 8 [E]

Indoayhic ester < IO\O ¢ v ,co
CoH\‘ LCNOE: 03> CeHe ):O
€ NE . *\WE

{N-Ethyl-g-154tin)
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»
The striicture of these der atlves was now estabhsfled

@O@"@D Oz (U

Dioxindol ~ * Sxindol (¢-Isatin).

and that,of indigo itself followed, since the dyestuﬂ' resulted from
simple oxidation of éndoxyl or from reduction of isatin chloride :

(Zine dust and acwd)
I -
] ,$:C)

tadoxyl In 4'¢\' {satm chionds.

The dgtermination of the vapour denswy of indigo agreed with
this formula.

N

It remains to describe tho complete syntheses of indigo effébted hy Baeyer,
starting from o—?}itrocinnmﬂic acid :— .

.(a) By oxidation gf this-~ubstance o-nitrobenzaldehyde was prepared ; this
condenses in the nsual mannéy wi\th acetone to an ‘‘aldol” derivative which
can be hydrolysed by alkalies, when one of the products of saponification is

indigo-blue : .
(uo. KMnO, ¥ -2 _~NOa 2CH, COCH,
2S{H, . 2CaHs > Lam
"~ CH=CHCOOH TSCHo  Wiuteaikay '
L3
NO,
g . — c,u. °-c< c.n.
S\ CHOHL.CH; S CH,
v

() o-Nitrophenylpropiolic acid is obtained from o-mtrodlbromcinm.mic
acid, and’ then either— )

(i) Directly veduced to indigo by & mild alkaline re-agert: -

NO, NS .

o, - cm.\ /0 \COOH B c.u. {' =d ‘c.u.
C=sC. COOH co .

~Nitrophienylpropiolic acid Ysatogenic acid + Indiga

or (ii) Corverted: %o o-dinitrodiphenyldiacetylene throngh o-ni‘Yophenyl-
acetylene, the latter compound then being reduced :
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L] ° -
NO2 03 ' o NO.
Ny ' N L ®
q > 5 c\u. ° >y  CiH, oHe
C-S00H GaCH cec-cuc” ]
[ ]
. . R
L
é( CHe  3—m c.u. , -0/ c.u. v
A © v v

. Indigo

Various commercial processes for synthesizing indigo have
also béBn devised, but until recently none of these were remark-
ably successful.

The earliest suggestions in ‘tMis du'ectlon were' for the fusion
of compouns, sych a% w-bromacetanilide or ethylene anthraiilic
achl, with caustic alkali ; a move promising starting material has

¥5%n fouhd in phenylfycocoll, or better, its o-carboxylic " acid,
which is conveniently madg §rom &uthranilic and ch¥qracetic

COH

acids. The product, d , is then submitted to potash

SSNH.€H;. COOH

fusion, when_ indoxyl is produted and rapiMy converted
to indigo by atmospherlc oxygen. .This methdd, known as
Heumann’s process, is not yet pcrfcci d4, the latest procedures
being to reduce the phenylglycocoll *with magnesinm powder in
presence of a mifture of fused sodium, potassium and barium
hydroxides, and to conduct jghe ®peration at 200-230° under
redecedpressure.  R0-90 per cend of «indigo may them he
obtained.

A still better procedurq has been devised by Sandmeyer,
starting from crude afilige and carbch disulphide. When
heated together® these form thiocarbanilitle (T), which is boiled
in an autoclave with water containing lead carbonate and
potassium cyanide. The thiocarbanilide reacts in the tautbmeric
form (IT),/md éhe mercaptyl "roup is replaced Iysthe cyanide
radicle (1II). This product is reduced in the usual manuner by
ammonium sulphide, the correshonding thio-amide (IV) being
forfued. On heating the *latter with estrong sulphuric agid the
following 1eactions occur : . & e

@ Condensation to an indol derivative V). .
(ii) Replacement of vhe sulphur present by oxygen (VI)
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, .

(iii) " Elimination of thfl fnilido radicle with fétmation of
® indigo (VII). 0

(i Sulphonation of the indigo to tbe indigo-carmine

apld (§ee below). 7

\ (Y]
M ’
CeHs-Ni L] ) CH
o 30' o CoHe CoHaN c‘.’mm{ . oHz NH
N.CoHs C=NCHs oHa
1® HS NC NH; S
I 111 v
”
4N M M Ny

e N H H .C s
; ‘\cécz'u'c. * ' ‘1;‘ -\csf": sHs cu“n‘ SC =G\ >°l"l
" o co

v

Maono- and di-sulphonic acids o7 ndigo are frequentl used” in_
place of indigo itself, sedium indigdtin<lisulphonate heng’
*
techuitally krown as indigo-carn ne.; indigo-red and indigo-brown
(indirubin) are two bodies isomeric with [ndigo and occurring
with it in nature, but are not so valuable tinctorially as indigo
itself. | Indirebin has been proved to be ,

Very recently, the correspondmg derivatives of benzothiophnee,
00 c -
00‘-/\3,"’ °\ v have been synthesized, and under tLo names of
S

thioindigo, thioindirubin, etc., aTe hndmg considerable technical
application. ° "

Thioindigo, which is eep red in colour, is prepared by alkaline
condensation of thiosalicylic and chloracetic acids and subsequent
alkaling fusion :— !

»t sn ( Ahale N »
B c;{. 4+ aCH;CLCOOW —
~~cooH

N

i

CHaCOOH  ialy fusion . CO C

/ o Q
2

’c:(‘s‘OOH B, c.H.\ / = \S/G‘H‘
L]



CHAPTER V

FIVE-MEMBERED POLYHETEROATOMIC RINGS: THE,

A20LES (OR RING - SUBSTITUTED NITROGEN

DERIVATIVES OF E‘QRFU\R){NE, THIOPHENE,

AND PYRROLy ' o

o v

¢ ™ e«
L]

HE preceding chapter wasconcefned with the .heteﬁrocyclic

ring systems containing four carbon atoms and one other

(oxygen, sulphur, or nitrogex) and we haye now to consider the

numerous series derivable from éach of theso bge substituting

one or more mtrogen atoms for one or, more &f the =CH-

groups therein. Taking as our examp! ‘the sfbstituted pyrrol

compounds (which are the most infportant), it is scen at once

that there are two ways of replacing one methine group hy

[ ]
. I. GENERAL

pitrogen : - *
« ® “lcp:cr:;‘:') CH— . n:Cﬁ -«
(gICH==cCfi(a) e dia=c” on ‘!," = cz’""
Pymot ® o Pyrro{armonazole . Pyrro-{brmonazole.

. S ¢ .
The number*of isomeric ringsystem® increases when two
methine groups are replaced by nitrogen atoms, and a rational
generic nomenclature becomes essantial to ready compretrension

of thesc-®arieus types. Unfortunately, but aasurally, the .

different series of the group were not all worked out contem-

poraneously or on a settled plah, and so different group-names

hafe been proposed from bime bo timee Richter has put forward

a better system, starting from the general designation azole for

any deraratlve of furfurane, thiophene, or pyrrot which, possesses

nitrogen in place of the rig = CH- groups. The ‘humber of such
62 ¢
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prefix
from w

mtroéen a,toms introduced ~js» suggested by the adpropriate
o -, or iri-, and thi

nature of the original ring-system

that in question 15, derived is shown by:the further
prefix furo-, thio-, or pyrro-. Finally, the methine groups of the
Yyrrolyete., nuélex are termed a, a,, b, b, as shown_above, and a
simple but obvious nomenclature results. Thus in the subjoined
. table will be found a list of all the types of compounds discussed
in this clapter, in which the formule and generic name of the
pyrrol compounds are used as typical of the rest, whifst in
addition the common names of each correspondlng system
(oxygen; sulphur, and. ‘thitrogad) are given in successive
_columns :—

L4 u:N'" Pyrro(s) ,
. L___ GZ‘ - yﬂo(:l monazole

N=
= ?2‘" Pyrro(b)monazole

CH...

ST

L )m Pyrrogaa;)diazole

GH=N

'|‘= czu Pyrro(ab,)diazole

=N, .
« o NR Pyrr (ab)diazole
CH=CH

i NH Pyrro(bb;)diazole,
N=—CH

N=—N
| ONH  Dyrro(aa,b) triazole
OHZ=N _,

’EJT‘"

Pyrro(abb, )triazole

@ n
Furo-a:dles  Thio-azules  Pyrro-azoles '

aIsoxazole  Isothiazole  Pyrazole

Oxazole Thiazole Glyoxaline or
» Imidazole

Azoazoles — Osotriazole

JAzoxime Azosulphime  Triazole

Diazo-oxides Diazosulphides Azimides
»
Oxybiazole . ,[hiobiazole Triazole
Tetrazole_

Tetrazole

The momenclature of the external sutstituents in these various
series hds glgo begn rather lacking in general system. Some
indications of thoﬂm‘erent methods adopted may be given here:
the simplest method is to number the atoms, beginning at the
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original (‘.urfura.ne, thiophene, *op pyrro])‘ heterocychc atom,'
proceeding in the direction of| the nearest nitroge cp ring-
substituent:

(31 eHNg ) . P —cn(
0(') r‘:n
s H=cH(l) )
l““‘fu ' v Glyonaline

Frequently, however, in the case of (a)-monazoles, the carbon
atomsg, are designated «, 8, 7, commencing from the original
heterocyeclic member,

L]
€r) u:u‘m‘ L ¢ . N_cm,“
o w8 or=elay 7] An:cﬁ ")
Pyrazle [y Glyoxaline
¢thilst the intermediate methine group in (b)-monazoles is called "
. In simple substitution products df the more compleXadiazole *
rings it is often sufficient merely to refer to the substituents as

C- or N- alkyl derivatives, as the case mpy be.

II. TsoxazoLks AND Pxflazorgs
h :

‘
We will discuss, in the first place, the (a)-mouoazosubstituents,
which are also t‘iw most 1mportant in the whole group, and are
derived from:

¢ - . ~
u_:N‘ CH=N c N,
. lo_ s "
”=°“ . CH=0H cu:cd‘
Isoxazole . ! lsothinzole, . Pyrazale

]

Very few imthiazole compounds are known, but isozazoles or
pznazolos may respectively be formed by dehydration of the
monoximes or monophenylhydraviones of B-diketones: *

.

Y 4
CH,CO-R! CH,C R’
I »CO-R'| l oH fﬂ:cﬁl
/ R.C:NAH v \R.CiN.OH a.c:n’o
Ison#ole
R.COCH CO-R' _ ¢ . bt

~
GMZC- R' .
In.can- — < L o ) cﬁao.u.
...N .
R. CiN.NH.CqHs R.C:N.NH.CoH ] s Pynmle.
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If the oximes or* phenyl (szones of B-di- ketomc esters are
“used, '«ktd's of the correspchdingscarboxylic acid derivatives are
product¥, from which the acitls themselves gey be isolated :

L
h » ¢ HG:0 N GuH
CiHe£0.CHpCOCO0E: »—s PO v ey T “ﬁ
. CH, . G.COOE: . OH-0.c008,
1Y «-Phenyl-ycarbethaxyl isoxazole

Jsoxazole itself has not been prepared, but various alkylisoxaz%les are
known, and these are, as a rule, well characterized substances. Under
, certain scircumstances, hov‘over, the xring-system may be rendered unstable ;
thug, if the 'ycarbon atom is unsubstituted, whilst elsewhere in the ring
there are acidic' radicles, an open- cham ketonie cyaitide miay reacily be

formed : . . va .

o »
s Catds.C. .OH
‘3'-"0 l . < "u OH.{" .) t = C4Hs.CO,CH,..C N

CH—CH

o—,
t

. . »
Aromatic 1soxazoles (benvisoxazoles) are also known, and “have been syn-

thesized from ssbstituted o-halogen acetophenones : >
v
-
Co.R C(RXN.OH kil CeR
. \o— }\qi(\c cofa )
. \Ql ) o
Compare p. 48; .
]
CHACH.C) | e 4
» . A N b CeHs "~
& i
' (oumaronc)

Here again the stability of the five-mempired ring is influenced hy the
nature of the aromatic gidup; and accordimgly the unsubstituted benz-
isoxazole (the parent member) “does, not exist, but at once rearranges to
salicylienitrile :

o1 /IH=N.OH CcN
CHe ‘N >—> CiHa > CgH.
0 ~on Son

The corresponding isothiuzole and ,its alky] derivatives Lave not leen
isolated, but the first member of its aromatic series, benzisothiazole, is an oil
formed by reducing o-nitrobenz;Imercaptan :

EES Fl .
CHa..S H CHy- S H cH
. °< SR - el 3
\uc N

NO»
5
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By far the most interesting mémvers of tLe class we are now
studying, however, are the pyra-oles, ¥ hich have proved important”
both to organic theory and to the technical side of the/science.
Their systematic ihvestigation was commenced . by Knorr in
1888 ; she first part of his work dealt with detivatives of a re-

CH=N .
duced pyrazole (pyrazoline), JH'__G“:" , of which the simglest was

CH=N
pyrazolone, L, W .
It will e seen that the relationship of pyrazoldne to pyrazole
is slmllar to, that of butyrolactone to furfurane (p. 47).
“The mmp]est method of formatior of pymzolone is the con-
densation of hydrazine with forthylacetic ester in yiresence'of an
acid-condensing agent :

a

0:CH,CH,.COOE CH.CH,;.COOE, HCH ” , .
N.NH
H. N, NH <Nl o
a2 ° * oA A -2 WH

Substituted pyrazolones are equally readily formed by ‘acting
on other B-ketonic esters with hydrazine or monoalkylhydrazines,
and in this way Knorr prepared .V-phenyl-3-methylpyrazolone
frows acetoacetic ester and phenylhydrazing:

CHC. CHCOOEL CHz. C —CH, .
b
NeNH, CaHp o
CoHs

«w u
On treabmg this compound w.t.h methyl iodide at 100° a
methyl] group is attached to the second nitrogen atom, ar intra-
molecular »earrangement being presumud to take nlace :

GHs. C—CH, OH;.C:‘%N CHyl CHs, C==CH *
! > R > ?
o N%/CO CHa.N .0
rﬂ%.n- CaMe N.GuHe

The new compound, 1-phenyl-2, 3-dzmatkylpymwlone is a .basic
substance with strong mtlpyret.lc properties, and has found
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. (] . *

® jmmense. use in medicine airtler the name of anfpyrine. Tts
'structproshas been confirmfd by, its synthesis from acetoacetic
ester a¥1 symmetrical mﬁthﬂphentyi-hydrazi.qe :*

. - » CH,. H
LY I3 CH3.CO.CH, .
B -
CH3NH .ﬁn.c.n. + Z 00E,s © ° ChN, ,!: o

N.CeHs

Returhing to phenylmethylpyrazolone, whose chemical be-
"haviour is typical of the other pyrazoloues, it may he remarked
that that substance is,both feebly basic and acidic, in virtue
-respectively of the tertiary ditrogen atoms and of the group
=CH.CO-. +The presence of the latter group also leads to a
number of condensation reactiofs with aldehydes, nitrous a?cig‘»
etc., similar to those undergone by othef ketones confaining the®
system® — cH »CO —, accompanised by other unsaturated radicles,
Again, phenylmethylpyrazolone is easily oxidized to a deep

blue dye-stuft very similar to indigoblue (pyrazole Wue) :

L ]

- (]
N=2CCH: »  CH,C==N N==C.CH; CHs, C==N
L]
CyHa N H o ke uCH c p! l N.CoHs
. > 2. . of H =
{ 12 \c,o ,! \”{‘ 'R. oFise \"4 c6 (1
NH Pa H N\u
O.b\(. ‘én, + CH\, /C. L] '. > cc’\'l).\c = O@Ccm
P4
co - o CO o o (]

When pyrazolones are distilled with zinc dust, the corresponding
pyrazoles are formed ; ¢he pyrazoles thomselves are also produced
in the following reactions :*— . o

(a) Condensation of mono-hydm','mcs or mono-alkylhydrazones of 8-dike-
tones (p: 17, 65). .
[J
(b) Condensati®n of hydrazines with epichlorohydrin %y nfeans of rine
chloride, oxidation taking place at the same time :
.
-2H  , ow—cH
\ M
WR

cu.;cn. CHy Gt
. NH, NHR
L

(c) The :;tion of heat an pyrazole carborylic acids.
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The latter compounds are formed by condensation of B-ketonic
ester hydrazones, and also by th¢ combination oft djazome-
thane or dlazoacetlc ester wlth unsatyrated dicarboxyVe esters
(p- 23).

me azole itself is a weak base melting at 70°" I¢ forms ¢értain
metallic derivatives jn consequence of the presence of an imino
group surrounded by unsaturated (negative) radicles :

) CH_.cl-l(s)
SNH(1 )
(2) CHE=N(a) 1

! 3
" *

Strictly speaking, howcver, this structural formiia for pyrazole
[feils (in much the same way as ‘the ordinary benzene formula) to
express all the known facts. For it is obvious that the_carbon
atoms are in relatively differeftt positions with respect to the
atoms — N - and - NH -, whilst it has been found in practice
that 3- and 5- substituted pyrazoles are ilentical. Thus Knorr
synthesized 1-phenyl-3-methyl and 1-phenyl-5-methyi-pyrazples as
follows :— » '

1-Fhenyl-8-methylpyrazole, m.p. 37° by ‘reducties: of phenylmethylpyra-

zolone (p. 66). .
1-Phenyl-5-methylpyrazole, b.p. 255%, from oxymethyleneacetone and

phenylhydrazine :
-

. ¢ .

0:CH.CH,CO.CHa . CH.CH3C0,CH,y CH—CH

H,N. NHCHs ' N- NH. CeHs  cHy
N.’c.n.

oy .

The N-phenyl" group was then*split off by oxidation, and in
each case the same meth jlpymzole ivas obtained. Consequently it
is supposed that the grouping = N'- NH - exhibits tautdnterism,
the hydrdgen okcillating between the tio nitrogeoratoms.

Other alkyl pma:olo.s of this kind have been prepared .from
hydramc and various B-Giketongs, whilst N-alkyl pyrazoles have
been ohtained, either by® me:\ns of the action of alkyl iodides
upon pyrazole silver (the analogue of potassism py-rol) or by
condenging B-diketones with alkyl-hydrazines. ‘Pyrazoles can be
halogenated, nitrated, or sulphonated as readily as benzene, and
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0
the substltuted protucts uniiergo the same general reactivns as

the co;respondm g aromatic Jenva‘blves
On Teduction with sodiuh in_alcohol, Wm:oh)w.s (dibydro.
pyra@los) are formed these readily reoxidize to pygazoles, or
may he furthdr reduced to tetrahydrqpyrazoles -or pyrafolidines,
which are still more susceptible to *oxidaticn. These respective
stages qorrespond to the pyrrols, pyrrolines, and pyrrolidines
(p- 53).
The keto-derivatives of the pyrazolidines ure obt.amed when
3-bromoaliphmtic acids Peact with hydrazine:
’
H,—CH Br—CHACOOH OHy.C¥—CH,

Ha NoNH, . NH CO o0g

These pyrazolidoncs readily oxidize to pyrazolones.  Conse-
quently we may tabulate thc redugtion-products qf pyrazole as
follows :—

(hulation

Irasolone

reduction
[ ]

yentle ovidation
i
H

gentle uvdation

CH,— co

Ln...&“ ‘;;,—a/'(l"-— A

_Vyratohigne Pyrazoldone Py

The condensed arvmatic-py ’a.aole derivatives (len:opyrazoles or
indazoles, corresponding to the judols in the pyrrol scnes) are
not so important as the pyrazoles themselves. ® They may be

obtained as follows :—

(@) By heating o-hydrazinocjpnamic acids :* .
chacn.éodn  fino, SHCH.COOH s _sorencoon SH
o . . . = C{. o J cutd
°<NH. * O{Nﬂl [ \N“u"": bt W

~Amidocinnamic acid sDiazocmnamic acid | o Hydrazmocinnanue aci Indaccle
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(It will be remembered  (p. 5:) ttnut 0- ammophenyluwtlc acid,
LA

c 3
'\M‘. , . , ' \ﬂ

(oxindolf’; in the presen. case, h?wcver, the reaction invdives the l(gs of a

molecule of acetic acid, rather than ihe formation of the unstable seven-

membeted ring which cyelic ammonium salt-formation requires.)

H, . COOH* X L. CH,
» onlyeexists as its intéfnal ammonium salt, B4, Noo

(b) B, reduction of o-nitrobenzylaniline :

cH
CHzNM. CaH, CHsNH.CoHyp )+ , Y
c& (o — o
< ) N
'NO>
. . 2
.{¢) From pyliazotoluene derivatiyes :
€
CH, ‘v eH
7/
o = o ow
N:N.NH. C4Ha CH- a
Drazoamigoo-toluene .
o

L
If, however, o-eminoketoxinies are digested with acetic antiydride, we also
get indazole derivatives, but different from those above in that the nitrogen
atom adjacent to the benzene nuclens must noy be subsj'tuted :
;-

vzl .
/c (R1N.OH facetic anhydnde) 0\
cih. B Celts N
Lo NcocH,
N [
.
- \

' Similarly, a plenglindazolc isomeric with that ﬁmduced above by reducing
o-nitrobenzylaniline is formed by coitlensing salicylaldehyde phenylhydra-
zone :— ‘

’ '

/v,C":N.NH +CeHs , JC\P%‘
CeHe > CeHa !
.\on 4 N.coH,

.

Conseeuently these latter compounds, mistermeq * isindazoles,”

CH
possess the real benzopyrazole:structure, e+ 3 , whilst the

. ' > Ha
so-called induzoles must be formulated as above:, c.nf\I)m . Both

classes of substances are feeble bases, usually crystalline.
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III. OxjzoLes, THIAZOLE , AND IMIDAZOLES (GLYOXALINES)
L

Of the three serios of (b)-leonagolos,

1]
[
. N=S%cu® N——GH . N==CH.
l o L :9. ® o ® | {‘H
CHZ—CMH H=—CRh ° CH==C] ’

Ouarc'e Thiazole, Glyenatin

L)
the last are the most important, and we may briefly degl with
the first two at the same time, since their general synthetic
methqds of production’are paralel :

‘e .
(1) From w-chloroacetones and amides or thicamidese: .

[ [ J
NF, € RO NTTCR' CNH GRS .y N=c.R'
R.COgM, 01 © n o= o'-? 0.CH, Ci R !7 CH
. ) T=CH;g R.CO- s
OeMxC » An ovazole L4 R. : a thiazole

Oxazoles are also fornied by condensing benzoin with acid nitriles in pre-
sence of strons sulphuric &cid, whilst thiazoles result from £he decomposition

of p-arginothi .zole (which may be produced from thioureass above):
L]

NH,. CammpzS NG, HNOg N==c@iNcl) Yt N—e@'
. - .. :S A ,S >—> ]
R.CO ©OH, Ci R-s=ch -C==CH Ron RG=0H
.

The corresponding bengUeriuatives are readily prepared by
h¥ating o-ahinophenbls or o-aminothiophenols with carboXylic

acids : ° i
»
W HO e o % o su wo > »
° crR »> cH. GR; R > OCofl CR
CeHs / 0 \“// . CeHe V
\NH_ o TSWH & bencothiazole

« veneurace
.

Al *these substances are feebly basic, crystalline compounds,
not quite soestable as the average heterocyclig ringecompound
(hat mineral acids, for example, break them up); they give rise
to thtz usual series of substitut®d derivatives, none of which ].mve
any especial interest with the e.xcep'tion of a few dyes dewved
from the benzo-geries in each case.

Thus, certait aminophenyl derivatives of benzoxazgle, when
diazotized and coupled with naphthol, give pink or red substan-

. |
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tive cottol dyes, whilst from* £-p-aminophenyltoluthiazole,

. .

cu,c.ﬂ\.'/:c.c.n.'-m, (obtained commercjally as ¢ dehydrothiololtidine "
N 0\. .

by heating thiop-toluidine * with sulphur), the im;:orta.nt yollow

dyes thioflavin and pritnulix ave manufactured as follows :—

Thioflavin cn,e,ﬁ;/:c.o.u,u «Ha 01, by exhaustive methylution.

-

Primulin, cu,.c.@.o.uf\}.c.n'.h‘m,, by heating with excess of
thiop-toluidine angd sulphur. : '

(}.yoxalme was discovered by Debus in 1868, and received
$ts name ffom its producvion from ammonia and glyoxal. Much
later, general methods of syptkesis were derivedy and & :more
definite knowledge of the nature of the compound and its allied
derivatives was obtained. Tke chief synthetic methods for the
preparation of glyoxalines or imidazoles are : .

il

(@) Condensation of a-diketones and aldehydes with ammonia :
NH, HMCOR’ ,‘,=‘~«
. NH, -— | ONH
R. CO-COR’ R e=ch

5
(b> The action of heat on “hydrobenzan;}des,’ﬁ formed by, the action,of

amionia on aromatic aldebydes :
Y 2]

NH, CHO. C.H. ' N—CH, CeHs heat N,,_c,:..c."*
NH, f S ' L H ?—p SNH
CoHs OHO CHO,CyHs * CiHs. »-04. CeHs CeHp. C===C' CeHs
\d Hydrobenzatude L4 Tnatyldihydroglyoxatine.
\ u N—G&Cn“n

>~ b=
¢ CeHas C— u“l

Ry, . ' ‘ Trarylglyoxaline

The glyoxalines are wel]- déﬁned bases, but the imino-group is
stil] sufficiently acidic to yield a silver salt, and to form N alkyl-
glyoxalines with alkyl lodules cThese W-alkylglyoxaljnes readily

* Diamfoditolyl sulphide (NH,, (CH,,) (JsH )2 8, formedﬁ:y heating p-tolui-
dine and sulphur with lead ¢ :ide.
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‘add on another molecule oftelty! iodide to the secorfd nitrogen

atom, andethe product is ¢.mpletely broken down by alkalies

into a iaixture of primary atnines, formaldehyde, etc. On the

cother hand, the N-alkyl glyoxalides are 1s«fy erized to m-alkyl
£ ]

'derivatives by dicat : ¢
. L4 -
.'1.=m"ucn, B R®NHs + CHaNHs c
_ ® H=cfs
T SnoHs
oH=cH aa u_c- CHy
- P
o ouz:cn

The glyoxalines, unlike pyrazole, cannot be raduced to hydro-
derivatives, but the latter compotinds may be prepared in ofher
ways, notably by heating, diacylethyltnodiamines *(usually a*
mixtusé of etlsylenedlamufe hydsoghloride, and the sodium salt
of an acid is heated instead of xsolatmg the diacylcompound) ;
thus: . .

hd .
CH, . NH;gH G Na OOC.CH. CH.
T . ' = ‘-&c CH; + 32 NaCl + CHyCOOH +

H, .NHa HC) NaOOC.CH, Ln,_,{“

Thig particular cuv.."ound, ,u.methylglyoxahdme or lysidine is
frequently prescribed for gout.
. Benzoglyozalines are fornrd in, very similar fashion to the
simple imidazole conspounds from acylpheuylenediamines*as

~hown helow. « .
L]
H.COR  rduc _ANH.CO.R N
cf.“ — e.\n.m ‘A ﬁ./’
“NO: [ . 2 . N
*Nitrcacylamiline Monoarylp Alkyibensogty
. *CH.R gentle oxidation
o . > c.{.\;ca
,/ K N e
/NN| wAlkylbenzoglyosaline
p(. + R.CHO
NH,

¢ \N/.cn,.a -

¢ wAlkyl-N-albylbenzoglyovaline «

N e L
[ 4
e

LI L] ™
These compoyfids are less basic and more acidic than the

alkyl glyoxalines, and are frequoutly soluble in cold aqueous
N .
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(
alkalies ; by oxidation with potadsifm permanganate they yield
glyoxaline dicarborylic acids :—. °

¢
L}
N «  COOHC—N,
¢ er 3 I Y.
b COOHC— pf4

L] ¢ '

A somewhat iml;ortant alkaloid, pilocurpine, which occurs in
Jaborandi leaves, and is a poison similar to nicotine in physio-
logical effect, is a glyoxaline derivative, although formerly it was
held to be a pyridine betaine of the styueture:

GHs
—’c
« CO >Lcu
. ‘o .

« @ ‘

Pinner and Jowett showed, however, that it formed a
methiodide which, by the action of alkalies, gave a mixture of
aliphatic amiges; moreover, wheil pilocarpine is <istilled with «
lime, an alkyl glyoxaline is produced. On the Gther fumd, it
was found to give the characteristic_tgaction of a lactone, and
upon oxidation with potassium [)ermangap"\z’gve a paraconic acid

L]
(which must contain the syste:ns ."I:j'cm" or °°°"'c°__&i ),
L4

L d

HaCOON
whilst potash fusion yéelded ethybtricarballylicacid, n. coon
. CaHs. &H- COOH

[
o ® ] l * . .
Summarizing all these facts, and yememRering its dual nature of
lactone and glyoxaline derivativc‘ pilocarpine appears to he:

ﬁ-—cﬂ ?ﬁ?\?o .
CH &.CH;CH=—CH.CaHs
. CH, @

It is important to reme'mbe; that wic acid and the pu‘rincs are
also gly ,xaline derivatives, but as these al®o pdrtake of the
naturesof pyrimidines, they will be discusscl after, the latter
compounds have been described.
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IV. Furo- K.ND BH10-DIAZOLES

Having uoy completed the description of Phe more important
monagole derigatives, in which one methine (=CH - group of
the furfurane, thiophene, or pyrrols ring is*replaced by nitrogen
(=N-), we must proceed to classify the numerous derivatives
which, though of no great intrinsic interest, have heen referred
"to systems in which two (and, in the next scctions, thrée and
four) of the := CH - groups are replaced by =N-. We have

thus te consider four possible isdmeric seri:as of diazoles :
‘e

M *
9 P .
1 2 » 3 4
CH=N_ H=N, e N =.|\ Syl OH\
pr=it® £ b e
Fr=w N=¢ CH=CH N=CH
®Furo (aa ) diaroil® Furo (ab,) duazole ® furolab) d.ole Furo (Lby) diazole,
c:u:N\s cF N‘s N=— .? =cy
) 1* S | \s __ s
CH=N"e N=CH CH=cH . N=—CH
o (adi) draz@le *Thio (aby) dia-ole hio (ah) diazole Thio (bly) diazole

None of the parent me=hers of this group are yet known, hut
a nuniber of heterocydiic substances obtained by various reactions
belong to one or other of the above four types.
L]
. fHZN\ * ' * H=N,

o
Ao— or cH=N"

Dioximes of «-dikétones yield ri‘:g‘compounds when boiled
with alkalies which refemble the isoxazoles in cMemical behaviour
and have heen called azoxazole’ :

R.CaN.OH « R.C=N

Dt ' N
R.CaN.OH . R.c_—..u'p

If owe of the methine groups‘ is unsnbstituted a rearrangement
to an acid nitrile readily &ccurs, as with the similar isoxazoles:
.« .

b J R.C=NOH
< R.G=N.OH
RGN, !
? o ""( >

"E=N" H C=N.OH GN
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Only benzo-derivatives of thio(ud, )diazole vare known ; these
are formed from o-phenylenediaminds and sulphur dioxide :
[

‘s NHa
c.)ﬂ . 4+ S da R G.H¢s ]
LN}

* NNH,
HN N,
2. r or f >s ,
N==ci N=—ch

These result when amidoximes (from the addition of hydro-.
xylamine to acid nitriles) are treated .-\wth carboxylic acids or

carbon disulphide. .
' [y R' =
® _c)o
. ) o© . > C}P R
N “ / {uzoumes)
RCN +NH;0H H‘ .'!.C N.o". -
\R.f:ﬂ
¢ ° . % ¢ N=chH
. (asosulphimes).
<
3, N=N N-—N

o
<.I:u=-c|$ - i};t .

Practically only. the benzo-compounds of this group are known ;
these are really cyclic diazo-wxidds{and sulphides, formed by
dYazotizing subst.ltuted a.mmophenols and thiophenols : '

ou . Pad
RO+ N0, s .n.c.q:‘,)d

NH, o 1
'3 0 . L} /s\
SH
R.Cifa 4+ HNOs ‘ > R.CeHs /N
“NNHa .

A few simple this(ab)dinzoles have also beer® prepared by the addition of
diazomethane or diazoacetic ester 0 alkylisothivoyanates:

L}
RN:c:S  + N c-COOE: »—>  COOE:,CT=CW\NHR .
. S

s

s . . N=N
4. u:og NZ=CH ¢
. s
N==cH or cH
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Derivatives of this ggoup have Jls¢ been obtained from a-dikdbonedioximes
by the Beckmann rearrangement :
*

na.:ic.u. PCly ( ctc.m\.on) Jon,  NOGHIP. Ao, 'lc_—'-ogg.m
HOND.GeHs N0 (CeHiLOH CICHII O N=com,

Keto derivatives of dihydrofuro- and 'thiz.x-(bb,.)Qiazoles (oxy and thio-
biazolines) are readily formed by condensation of aromatic hydrazines,
semicarbazides, and thiosemicarbazides with carbonyl chloride, carbon

“Qisulphide, or aromatic aldehydes: ’
R-NH ., RN—CQ
@ ® | & ©CoCi, '3 Fo(:
. NH-CO-R iRybiazaline)
R-NH RN—0@Q
(b) . l + COCiy »—> N'_O'i?."
NH-CO-NH, S e aybareing ?
. *  RNH 2 R‘N—CO
] 2 >
(e) ' I yocoon e — o
H-CS*NH, .."E.I.T.ﬁn'.'.f.; ?
ANH RN—C-R'
) L A CHOR' | S
H-CS*NH, uh;l;:whuc) 'l
' AN RIN—CS
() | " CSa - N=—CcN
NH'CS:NH, _ oty

V. PYRRODIAZOLES (so-called TRIAZOLES)
L

Nore again we have four fifferent classes :—

*  Anmides L) Tnazoles

Usotnazoles. Trasles maw
H=— CH==N, —cH
c' —S"‘ ol WH l .J:e.?'" l" 2“"

CH=N N=ch c h—c

v Pytro (sa) diasoles I‘Pyrrofah)dnﬂ’:ks 3 Pyrro(ab) diaroles Py (bb) diazoles

B HZ ZN,
1. ‘i ),
,  oHSN .
»
The osotriazoles are produced when odiketonediphenylhydrazones are
heated with hydrochloric acid, > »
. ?
RC=NNH R' LTV N,
Al i 1
) o;"-Nu.n- - M=N’m + RINHG,

and are stn!;le oils, feebly acidic in character.
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. 0 . . ‘
Their benAderivatives are formed when ’ -ummoaquenzenes are oxidized :

e . ) Ceiic >
. .—r‘ , c.".‘pm i '\‘ Ool'l‘& |>NR

N:NR
¢ HO R'

The four-membered Heterocyclic comnound dimethylaziethane, c"’Iz
QHic—

from Kydrazine and diacetyl, is an analogue of the osotriazoles,

=N, g
S eI '

T iazoles may he obtamed by coﬁdenqmg hydrazine with excess of acid
«amides, ¢ .

« «
R.CO.NH, + NHaNHi g s ¢ R (NHadannHs
R.co NHLN=CR a.c =N,
* |~
NHa NH, NM.. C‘N
.

or by acting upoh aldehydes or ketones with dicyanpheny¥hydrazihe (frop
phenylhydrazine and eyanogen).

- /N“y f
CaN3 + CeHyNH-NH B=>  CeHyNH-N=C; + RCHO »
- CN
N=CHR =, eu.fr_
- c.n.-NH.n:c\‘ b= ,):c""

They are very weak —bases‘ usunliy well-crystallized, and the imino
hydrogen is replaceable by ths kali metals and osilver. Numerous triazole
derivatives are known, and it appears that the sigaple triazole molecule may

alternate between \
.
CH=N, CH=N,
- ¢ LN and T .
NH_CH N=CH

Thus triazole itself, a white uyshzllme body melting at 121°, and $repared
from formamide and hydrazine, is supposed t8 be an e uilibrium mixtare of
the two forr.s. On the other hand, when the iminohydrogen' it replaced by
alkyl gropps, the two isomerides appear according to the® particular methods
of synthesis used.
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The urazeles are acidig derivati Ys 3f dihydrotriazole or triazd¥ing, and are
eyelic hydrazides of urea derivativis.

O—N, ;
gm , 1;rom urea or gpinret, and guanazole,
—c

i
»

Thus we have urazole,

° 3
»

NH:C—N
5"“ , from dicyandiamide.
H—GINH

CH=ci}

, The Ignzo-defivatives nf tde azimiles are formed when o-phenylene-
diargjnes are diazotized. »

NH, NH; T ‘e
c;“:un, N (c‘EN‘“‘ .o:o) - c'u/‘,;/" "
.
P » ' L
When these compounds, which can be distilled undecomposed, are
oxidized by strong permanganate solutions, pyrro(ab)divzole dicarborylic
acid is formed, and on applicatiop of heat this leaves pyito(ab)diazole or
® «zle, thg paren? member of the group, which boils at 200, +
-

®
COOH: H NN

N
c.’(vﬁ” > cosme N - Lu:cz‘"

/ L]

These compounds are also produced when diazobenzeneimide reacts with

diethyl acetylenedicarboxylate : ? »
[ , » "
4. ﬁcoo& K
c.mN\'! + ¥ cooe, > ;;:‘s'. :=1coozg
.
» . »
)
» VI. PYRROTRIAZOLES (TETRAZOLES)
v ’ ' eH=N
This group of substances may be formulated either as E_')...

]
'

or as E_N, but in many casqs, owing to lack of data and

means of deﬁmtoly synthezxsmg one or other form, it is not
known to which system the tetrazoles really belong. They are,
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. ¢
however, very interesting, becausd they irtvolve the" structural \
chemistry of nitrogen rather than  carbon, the ratio’of nitrogen
to carbon ring atoms being 4 : 1. ‘They may be synthesized :

(«) Fror- dicyanphenylhydrazine and nitrous acid: »

eﬂ-fWJ"l :
* + HNO, '—."'r

NH, N.CgMg *

“ .
(b)'Trom nitrous acid and the amidines (from acid amides and hydre-
chloric acid) :

2R.CO.NH,~>R.COOII + R.S(NIL):NH .
Miﬂ" + 'mo; > a"j:: o mduced RO
NH, ) uh= NoH/ T —r

This ring-system is almost,as stable as that of pyrzole or .
triazole, and may be nitrated or sulphonated just like an aromatic
hydrocarbon. '

Its metallic imino-salts, howe.er, are violently explosive,
whilst certain derivatives of tetrazole still richer in nitrugen are
amongst the most explosive substances known.

This guanidine, by the action of nitrous acid, yields diazo-
guanidine, which with more nitrous acid forms aminotetrazole.
'This is quite stable (m.p. 203°), but by further action of nitrous
arid another dlazocompound is pmduced diazotetrazole, which
explodes even in cold aqueous solution :

NHa  HNO, NEING, m-c..f:tf\m HNO, N=— “(u
= b  NH= — ) > CN—
e (nn. -‘\NN. HNO, NN N==N’

Guandine Diazoguanidine mitrate



CHAPTER VI

SIX-MEMBERED MONOHETEROCYCLIC RINGS: ,PY-
RONES, CHROMONES, AND XANTHONES, AND
. THEIR SULPHYR' ANAROGUES

- [

I. GEN#RAL
* "
Al .
sk come 30w to the six-memlered analogues of furfurane,
thiophene, and pyrrol, which are also the monoheterocyclie
compounds corresponding to benzene. Thus in. the similar
*formule, '

* we, see that,I and IV rC’present the well-known classes of
benzene and pyridine compounds, respectlvely We shall return
to the study of pyridine and its derivatives'in the next chapter ;

for the present we ar+ concerned wlb.the classes II and IIL
These, it may be said a$ once, r}o not exist as snch; indeed, the
only known members of the parent series II are the aanthenes

k]

(p- 90), c.n.’o‘c.n. , andvit is certain from analogy with thio-

zanthene (p. 9;) that the subst‘&nce is ,as here formulated, and
not in the oxonium (II) fgrm. Similarly, a few derivatives af
the simple panthiophene series (III)'have been prepared, but exist

. 3 HE=CH
undoubtedly in the form "énq" .
A ' a1

~
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The most numerous and wel!-deffned series are related, how-
ever, to o.vderivatives of the'simp!: ring-systems, and are known

as pyrones,
H—CO
z (e) and C6° "E:OH

)
‘cu:cn . \cu_ / b

Benzo- and dibenzo-pyrones of each series are known, and
these include many naturally occurung products of interest:
they are reviewed in some detail in the succeeding pages,
together with the corresponding sulphur analogues, when these
are of sufficient importance.

We nced only mdd at this point that the pyrones have been
proved to contain oxygen in"the quadrivalent state, whilst in
the simple pyrones there is no evidence of a frec carhonyl group.
Consequently Collie has forn.uiated the pyrones and théir salts
as (V) and (VI), and has also pointed out the analogy already
referred to between the hypothetical reduced pyrones and
pyridine, and, has suggested the name ovene as ® generic title
for the parent compound (VII) : ’

o on 'f c/m 7
(,L{l’u,., J:n\’,,cn ‘»( I/ ﬁ

’
vi vm

If. «-PYRONES

We have already met with reduced derivatives of a-pyrones
ander the heading of &-lactones (for example, 8-valerolacivne (letra-

Ha- OHI

hydro-e-pip one), tf 00 , and parasorbic acid (a-dikydro-a-gyrone),

§"=\° ),and now proceed to describe the simplest «-pyrones,

GHaOH—
formed by heating their mono-carboxylic acids, which are in
turn produced by the undensatlon of aliphatic oxyacids, The
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» [
best known are «-pifrone itse‘f (aoumalz'n) and dimethyl-a-pyrone,

obtained as Tollows :— -~
CH.CH (OH).COOH — ”“
L .« »»
* cooy o 0 HaSO¢ .,
Malic acd Coumae acwd “wPyrone
CH=3C(QMICH) on.coos. ® u H.
coOH -
cooe: NG.:.GHS (conc M, SO.I —odc '.°6Ha
° Acetoucetic ester Isodchydracetic and 2, 4-Dimethyls- wfm'

The a-pyroges are fajrly readily broken down by alkalies,
whllst with ammonia they at once yield lagtams («-pyridones;

of. pb. & 105): . "

L)
HoCH H==C
g e X
L H=CH
“® . .? ®
The benzo-a-pyrones are important substances of the gencral

structure, c.r(.c“ =ci", much usgd in artificial perfulmery. The

[ ]
parent cBmpouut], conmarin, occurs in woodruff, melilot, and the
Tonka bean, together with its corresponding oxy-acid, o-coumaric

. /cmu .COOH ¢
acid, 3 o

This acld has been synthest8d sy the Perkin reaction fror g
salidylic aldehyde, sodiuh acetatc, and acetic a.nhydndc,

°"=°H"i°°“ uscucoou
_-CHo (CH3CON%O0 o/

C CHa ,COON, b )
.H‘\on + a r’ \0.0 09": - "

and by diazotizing o-ammocmna,’mc acid.

On boiling with acetic anhydiide, or by heating the acetyl
derivative first formed in the abyve reaction, wummu: is pro-
duced, but reverls to the acid on prolonged boiling with alkalics.

Two syntheses of coumarin derivatives are pamllc] to those of
the simple «-pyrones : ’

{(a) From phenol and maMc acidein presence of concentrated
sulphuric acid*  °®

o ’_‘,‘féoon,on ©OH) eu
CiH. + > + HCOOH
H OOOM. l"‘ a
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=\
(8) From phenols and B-Retonio“eTers: :
v wotm [ '

c(" + ' s 0, nj“

\Ou COOE#OH o Ly
Vartious substitutzd coumarins have thus been prepared, and
it has been found that the oxy-coumarins are in some cases

identical with naturally occurring products. Thus umdelliferone,
founnd in laurels and certain resins, has been synthesized from

resorcinol and malic acid :

- (O ) OH o
oH . - Q
¥ OOOM. 1!
'. ¢ °
COOH, C!
@ou o

3

o
Umbelhifcrone
’

It will be remembered that the coumarin ring, 0-\-°_r,
o

i

can be “degraded” into that of cowmarone, 92.@.“ that is,

the six-membered pyrone system; becomes a five-membered
furfurane derivative (p. 48). ’

Isocoumarins of the type ‘c.‘z. .| are also known, bhut are
co= :

E]

not very important.

fII. 7-PYRONEY

The parentf members of this group are prepared, like the
a-pyrones, by the action of heat on their carboxylic acids, when
carbon dioxide is eliminated., A number of these acids occur in
plants (notabiy chelidonic acid in celandine, and meconic acid i
poppies). Chelidonic acid may be synthesized from acetone and
diethyl oxalate, which'.condense to the ester of acefope-diozalic
“or zanthochelidonic acid (the latter name suggested by the yellow
colour of the salts of this acid), from wlhich ¢kelidonic acid
(pyrone aal-dicarboxylic acid) results by thé action of - strong
sulphuric acid. The !atter acid is broken up by boiling aqueous
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f alkalies into acetone and oxal® ati¢l, whilst on reductio.n it yields
acetonediacet?c and finally pimilic aggd. Ammonia chayges it to

an orycarboxylic acid of pyridine’: .
»
ScooE; . CO.
o CHs coos-.. 5 weor, - /¥ C0.COOE, OH=F
o ¥ f - CQC . B c\c 41
CHs GOOE:.COOE,; Hy .00, SOOR: H=g
Xanthochelidonic ester L rPyrone
* cone I"'ns"c
. g hot alkahiey CHI=C.COOH  hent c/cl'l=etl
0 +Q2woon, - oé > _ -
Ha CH=0C/cooH CH=clcoor
» ° .. A4 Chghdonic acid - Comanic acid
. ndlueI \.
H
oﬂc HaiGHaEO0N, reduce cgOHeCHICOOH @ OH-GCOOH,
. NoHs.oMaco0n “ “of..cnucoon W,
Pimelx acid N . Acetone diacersc and Cheld L4 scid

The structuresof meconic arid follws from its similar conversion
by ammonia to a pyridine derivative and its behaviour on treat-
ment with hot alkalies, * . .

* An importaft alkyl-y-pyrone is dimeflylpyrone, which may be
oBtained from (fiacetylacetoue by boiling with hydrochloric acid,
or by similar treatment of dJehydracetic arid, which is formed
on boiling ethylacetoacetate, and which is form.ulated in either

of the two ways shown helow :
L X o

8 4
. . cn,.io. (io.cu, Ha.C \rc

e
o b

Ha
% 0
™ na.) lacetone TumetYyIpy ‘-me
[} N
CH,CO.CH, COOE..CH, co-'a,,co“cu,.cx 0 *
heat
b o
COOE!  OH,CO L c"o‘
* of
Acetoacetic ester @ ®  Debydracenc actd (Callhe) "i'_f"" l' ﬁc"’
. (L1,
. 04
+C.OH COOE: et A e “cp o6
I L L > .:ﬁ l Dimethylpyrose.
H Hg.00.CH, ° . %I H.CO.CHy
COOE: , - o o )

Acetoacetic ester L] Dehydracetic acid (Feist)

The typical reactions of the y-pyrones are very interesting ; as
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usual, c(?ld alkalies resolve, thenf into §-triketones, and hot\
alkalies hreak them up entirely 1nto acetone and" fatty acids,
whilst ammonia replaces the oxygen by the imino-group to form
7-pyridones (y-oxypyridines, p. 105). They «mll give deep
colournfions with (alcoho]ic ferric chloride sohwiion, whilst the
cathonyl group in the’sinple y-pyrones never yields oximes
with hydroxylamine, although that in the dibenzo,y-pyrones
(xanthones) does.

'his behaviour finds an exact parallel in the case of thlophene,
the sulphur atom in which cannot be oxidized.to a sulphone,
whereas diphenyleng-o- sulphlde may be ..ransformed to dlphenyl-
ene-o—sulphone (w. 51).

Aga.m, all »- pyrones give fluorescent solutions in .strong,
sulphunc acid, a phcnomenon which Hewitt has .explamed by
the presence of double symtaduric tautomerism in the salts which *
he assumes are formed :

;o, H, so. 5°n"'
l%‘
j = U = 0]
L
(W) an (1)

) ’ ‘, e .
-- On the other hand, Collie and Ildglc have shown that the
7-pyrones arc hases and yield well-defined mono-acid salts, to
which they give the strpoture

'
e
U

the fres pyropes heing either

cﬂ%cu ! b om

Yol = T

o] V , .,c( CH

or an equilibrium mixture of both. This proof of the capacity
of oxygen to form & lts by virtue of its potential quadrivalent
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condition is very igportantein ¥iew of other already known, but
prevmusly,unexplamed insteinces of a similar nature, notably the
“ molecular compounds” foriaed By ethers and acidSor metallic

. CaH, []
' salts; for exampley e, . Such cases are thusteyplained

on the supposition that oxonium compounds are formed, thus
brmgmg oxygen more into line with its analogue sulphur i in the
‘periodic system, and also accounting for the somewhat “non-
saturated nature of mapy oxygen compounds

* [ ]

IV. CHROMONES AND XANTHONES (DBENZO- AND
. Dwzmo-y—f’\moups)

Sope nﬁpormnt naturyl yellpw and brown dyes are ncfu'ly
related to the bcnro-y-pyrones these will be enumerated in the
next section, whilst i in the present division we shall deal with
the theoretigally interesting members of these classes. The
Jarent substances, corresponding to y-pyrone, are usaally

known as chiomone, CI } , and xanthone, q ]O , Te-
co

spectively.  Commencing ®th she first-mentioned compounds
(the monahenZo-y- p;mmcs), we may observe that syntheses of thed
have been effected along two ganeml lmos -(¢) by Kostanecki;
() by Ruhemann :

(@) The condensation ofv ovyaoc‘ophmones (from phenolethers and acetyl
chloride by the Fricdel-Crafts reaciion, when a mixture of o- and p-alkoxy-
acetophenones are produced, the Jatter (which are mnot here required)
prepondetating) :

c.H. OR + cu,. coc ::’; cé:n
QCHa  + COOER'

el [0 (°-é:".ja\ -l

«-Alkylchromone
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(L) The cohdemuhon of phenyloxyfumari: acids by sulplmuc acid :

¢.  GOOH.CH 9 O{=C.COOH H,S0, —cooH
RiCHeONa > Rrodr "
't C.COOH dooH.
[}

e
Chromgnt itself is obtained by heating the carboxylic scid from sodium
phenate and chlorfumarte acid above its melting-point.  All the simple
chromones are colourless solids, dissolving to yellow or hrown solutions in
strong sulphuric acid, with fluorescence. They are resolved byealcoholio
alkalj_into o-oxyacetophenones and formie acid.

0.

H
The corresponding chromene, o.{ . , inot known, hat fully reduced
Hy—CH 4 «
L ‘

W Ha ¥ . o s
chrodiane, o, i , results when vy-chloropropyl-o-aminobenzene is dia-
N % gH~CHa N «
zotized and boiled with alkalies. %, R

. -

The most notable chromone derivatives are the ea-phenyl-
chiomones or Jlurones. It is the oxyderivatives of these which
occur naturally as dycq Flavones may be synthesized similarly
to the chromones, using aromatic instead of ahphatlc osters:  °

oR N-OE« (on ! H --T.c.u.
W

=
Cahe . o

COLH, + COOE(.C.H, co.cu. +CO.CoH, 0—CH

“o\
athey may he prepared from oxyhenzelacetophehones, when
coloured bye-products (coumacone derivatives) are usually

encountered : :
. (A
Flavo
N ;\ ! /o—-c.e H
{1al)
CuHl u
B H ‘e
oH ra KOEs 0—CH
c:{. t Céo >
~SCOCH=CH,CuH, CO.CH Br.GH
. A 0.CH Br.GHBr CuHy qu( Ne=chowm,
Oxyacctuphenone . cO .

N Coumarone dernative «

,The fluvones are dlstmctly acid in character, but at th'e same
time they readily form oxoninfa salts ; alkalies (lecompose them
in two ways, forming either oxyacetophenones end benzoic acid
(compare the chromones above), or else salicylic adids and benzo-
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?
phenones For comvenientdrelrence in connexion with the
flavone dyes described a few paggs later, it may be mpentioned
that substituted flavones are numbered as follo.ws

»
- * A o o' o
s 2 A ‘c_@..
“ a' s'
CH
co

1

The wanthones or dilenzo-y-pyrones resemble the anthraquinones
in wany wayssand are derivatives of :

Q)

® » .
Xanlhone, which is an almost coldurless body yielding yellow
and fluorescent solutions in sulphuric acid, is formed by heating
salol (phenylsahcylate) .

&

OH/.OH ' P o c.n/.o. Cette p——. c.n{%.u, ,
\co.o e .\ coon o
and by digesting salicyclic amd with acetic anhydride :

* '°-H/.° e > ‘c:.r/° ¥.n. »> co, + C-H-/}.n..
e

'COOH

Similarly, salicyclic acid yields sub;t,ituted xanthones when
hoiled with substituted phepolsyand acetic anhydyide :

H
/
" eten c.u:>.
OOM C

On reduction of xanthone, mnlhenm is produced, a secondary

alcohol which easily loses water and forms an oxide:

CeHe CeHa b

[ ]
. i -’o‘c.n. ™ ‘0“'°-°”/\o
©OH) CaHa c}.‘(

L]
Xanthoae Xaathenol Xantheny? axrde
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Lo . . (
By more vigorous reduction, Xanfhone is eonverted to ranthene,

o . o ]
e e, the parent substance of a number of dyes produced
e, «

by the cbndensation of formaldehyde or methyleme chloride with'
m-dioxy- or m-ammophcfhol%

CH, O

HgS0, Ha
CuHe CeHy >
HO.CeHa  CeHaOH
wd on  ué  bm * N >
Resorainol . A M
A ~
> Y=c.H HyOH
e
Tlugrages_ ¢
. .
HaS0, / /Lr' .« un
o v
" oHa > M-.nc.ue JCeHiNMe, | 23 u.,.x;c.?q\f}.nmm
oH. He Q
M‘,f BH Holc. m"': Pyronine
Dimethyl-m-an¥dopherol . .

The pyronine dyes were formerly much used s hoth deries of
compounds are pink fluorescent bodies, mucn resembling fluor-
escein (p. 33) in colonr and chemical structure. Indeed, a
convenient nomenclature for these derivatives has heen hased
upon their relation to ﬂuorane angl ﬂuoresecin. Thus we bave :

c.Hf\o c""‘

050 X0 10, AL0

0 1 luarone
LT 1 luorlme oF pyfonine «

< ¥

V. NATURALLY OCCURKING FLAVONES AND XANTHONES

» Many oxyderivativestof flavone and xanthone occut in the
form of ¢lucosides in the vegésable kingdom, and have been used
a8 dyes for many years; their nature has, showever, become
known only recently, mainly owing to the reséarches of A. G.
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Perkin, who attached the robtem from an ana.lyt.ical'standpoint,
and of Kestanecki, who has synghesized numerous members of
the group.

Tt will be gufficient to describe in somo detail the means used
to determine thesconstitution of one member of each ¥lass, since
all the chemical methods are based on® the same principle.

We will commence with quercetin, a yellow dye-stuff occurring
in onions, oaks, and horse-chestnut buds, in the form of a

" glucoside guercetrin, and the most important natural dye-stuff
known, with, the excepgipn of 1nd1go and alizarin.

Jt was found to be of a phenolu, naturg, and on methylation
gave a letramethyl derivative which could still be acetylated,
yielding a monoacetylictramethylyhercetin.  This proyed th¥ pre-
sence of ﬁye free hydroxyl groups, ard indicated “that one JF
these Was in the benzene nuclers adjacent to the carbonyl group
of the pyrone ring, since hydroxylin this 1)0%iti0n cannot usually
be methylated. Tho.mext step was to examine the products of
fusion with caustic potash ; these were found to hg phloroglncinol,

» protocatechult agid, and glycollic acid :

: wo” \ou * 19
C II,,0; > HO{ dcoon mal CH.OH.COOHL.
on ¥
* Remembering that ¢here are five hydroxyl groups in quercetid},
the following formula was then®suggested ¢

oL
\ ﬁ—-@ou '
.OH

n3 o.s' 4" l'euum:yaavone.

This was cnfirmed later by a synthesis hy I\ostaneckl, which
proeeeded from phloroglucingl and protocatechuic aldehyde.
The latter compound may be synthesized from catechol by
Reimer’s rea,ctlon and thtn methylated :

b HO CHY MeO
H ®  (kan 3 ﬂ
c:«? + gHCl, Ho mcuo »—n MeO cHO .
~S.0H . ~ms

Catechol Protocatechur aldehyde.
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[}
whilst the f)hlorogluciuol is first ‘vonwerted t» an acetophenone
derivative ;, .

CoHy(OH), > (UH;(OMe),(OH) > (,IT,(OMe)y(OH).CO.CH,.
These Q\"oducts are then united as follows :— ':

.

Me O

OH , OMa
NeOMa
MeO OH OMe A CO/CH=CH C>°M~
co.cn.+cno C>°"‘ oMe
« v Benzalacetopheyane “"“‘“"

N .NOH
co amyi minte .
MeO o ¢ MeO . ‘e
A dibydrofiavane An nomitrosodihydrofiavone
‘o OH
(T
d.luuwd COM
. HO
I'ﬂnmr(hquumﬂm Quercetin

The following natural oxyflavones kave thus been worked out

2d also synthesized : . . .
Source, Products of potash fusion. Position of
i OH groups,

Chrysin,  C;;H;0; Poplar buds. I’hloroglucm benzoie 1.3.
‘ and ac'tlc acids.

Apigenine, Cy;H;,0% Parsley, 'Phlm'oglucm, p-0Xy- 1.3.4%
acetophenone,
Luteoline, C,;H,,0 Well. Phloroglnein, proto- 1.8.3%.4%
. .  categchuicand acetic
. acids. *

Fisetine, C;H,0; Yellow cedar. . Resinous substances. 3.a.3%.4%
Morine,  C;;H,0;  Yellow ywoad. Phloroglucin, oxalic 1.3.a.21.4!
an;l B-resorcylie *

¢ acids.
Quercetin, L,;H;,0. Oaks, chestnuts. Phloreglucin, proto 'L3.a.8041,
catechuic and gly- :
collic acids,

L4
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The rhost interdsting xdntlone dye is eummkon; or Indian
yellow, C,;H;0,, which occurs as the magnesium salt of, euzanthinic
acid. This acid, when hydrolysed with dilute mineral acids,
gives euxantione and d-glucuronié acid, CHO,[CH.OH],.COOH.
The mode of* extraction of the dye is somewhat §naint; it
consists of feeding cows on mango leates, aqd then evapora.tmg
their urine until a thick yellow precipitate of ‘the magnesium
.salt separates. This primitive process is carried on in Bengal.

Euxanthone has beer synthesized by Ullmann from 2.6-dinitrotoluenc
. (I). whigh was*converted suiocessively into 2-nitro-6-chlorotoluene (1I) and
2-ppethoxy-6-chloroe-toluerfe (1II), the latter compound being next oxidized
to 2-methoxy-6-chlorobenzoic acid (IV). This was digested with the
pot&ssxum salt of hydroquinone mono-rethyl ether and copper powdefwwhen
KCl was eliminated and the product finully candensed to a dimethoxyxarg
thone (y ) \fhu.h furnished 1. 7 dzo.r,panlhmm, identical with cucanthone

(vn:*

(Iﬁ@« (Ifl

MOO.

The chief xanthone dyes smdled up to the present are
enumerated below: s
B Number o  Position of Sub-

Source. (CH,0) stituents.

. Groups. ol1 OCH;
Euxanthone, C;3H30,4 Mango leaves —_ 1.7 —_
Gentisine, Gy H100; * Gentian 1, L7°* 3
Datiscetine, C;;H120¢ Datisca - 2 1.2 3.4

Thege remain two closely: related colouring matters belonging
to the flavone series, and occugring respectively in brazilwcod
and logwood. They are known as brazilein and hemaiein, and
their constitutidns have been unravelled by W. H. Perkin, jun,,
within the last few years. We cannot adequately describe here
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\

all the experimental work involved, But it mdy be said that both
brazilein, €,;H,,0;, and hematein, C,H,,0;, pass easily by
reduction into colpurless brazilin, C,;H,,0; and kematorylin,
C;H,,0,, which by methylatidn yield trmwtkyllnazﬁm and lefra-
methylluewatorylin, .

These products have béen' oxidized under various conditions,
and the structure of most of the resulting oxidation-products
has been synthetically proved. Thus trimethylbrazilin, treated,
with potassium permanganate, gives the following four acids:

¢ ¢ <
COOH ] COooH o
MeO 0.CH, COOH, ° O Mo ¢ “* .
H OMe o
o coomn * CO0! N COOMHCH, Mo

. ‘:"Hﬂﬂ'ﬂ'"‘ aad Homo-m-bemipinic scsd
Me 0 2 ‘ 3 ¢ [
L] [
(OH\LCH,,COOH
&
Branhc acd. « .

From a conSideration of all the oxidation products of hoth
alkylized derivatives, the following structurc, for brazilin (1)
and hematorylin have been built up; exit of hydrogen, from
these produces the quinonoid braz cilein (I1) and hemutein :

Hzcmatoxylm and hamatein are almost identical with 1 and
II respectively,s but contain another *hydroxyl *group in the
lenzo part of the chromone ging, adjacent to the pyrone

oxygen. .
. The Colour of the Flayone and Xanthone Dyes.

It will L.ave been noticed that whilst the 6zzyde'rintives of

'

the ring-system, <c~—-q'°=°’ are usually brilliantly- colc;ured, the
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pyrones themselves dre colodrless, although in strong sulphuric
acid they give yellow and fluorescent solutions. It will also be
remembered that the similar sudden appearange of colour in the
.phthalems (p.83) has heen explalﬁed hoth on the basxs of an
ionic and a quinodoid theory. It is usefulat this point, there-
fore, to devote a few words to the geneml theqries Me nature

of colours

. The oldest and most comprehensive hypothesis is really mgwe
of a classification of the facts than an aitempt to explain them.
It was ﬁrst yut forward by Witt in 1876, who showed that
cologr in organic compdunds was frequently accompanied by a

definite structure of part of the molecule. .
Thus the nitro group, —NO,, the azo group — N ~ N - Lhc .
N - ge—c %
p- and vYuinonrftl nuclei, ={ __ Je=wand < ) , are examples

of groups which give rise to colourcd compounds. Such systems
avere termed~chromogens. It was realized later that many com-
pounds, ®although chromouens, were not coloured, whilst others
were coloured but were not dye-stufls,

A chromogen was then defized as a molecular system in which
the colour potentially due to a definite group {the chromophore)
,ag, developed by means of,a salt-forming group (an auxo-
chrome). .

Thus, for example, we havc . .
CHNO, NO,, OH | GH(OH)NO)
Chromogen. Chror wphow v Auxochrome.  Qoloured.
or, Flavone. Pyrone ring. OH Oxyflavones.

Chrowogen. Clnonwplwre Auxochrome.  Dyes.

This classifigition has ‘proved\ very useful, Jecause it has
appeared verijm'nly that most,of the colour-producing groups
contain geveral contiguous unsaturated ‘atoms. This, taken in
conjunction with the fact that ¢ colpur” is, after all, synonymous®
with the absorptfbn by a molecule of light of a wave-length
which can be appYeciated by the human eye, leads to the idea
that absolute’ (as,’dzstmgb‘ from physiological) colour (or selective
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absorptlon of light) may be condftioned ih some way by the
nature of the unsaturation in-a molecule.

The alternative “quinonoid” theory of colour, which has
been already mentioned (p.*33), leads to a simi#ar conclusion,
for Arm3trong, in eytending this view from the ‘aromatic to the
aliphatic ‘§¢-ies, assumed that unsaturated atoms, if present in
sufficient numbers, can act as “light-ubsorbing centres,” whose
‘“~n-operation ” produces colour.

VI. Tuic DERIVATIVES OF THE PYRONES

But fev derivatives of thio-a-pyrone or monobenzuthio-a-
pyroue are yct known, almost the cnly vne being the so-called

Ha
B-methylpenthiophene, eoé:e} , which has been synthesized
H=—=C

from «-methyiglutaric acid and phosphorus sulphlde, and is not
very stable :
on ,cmeu,)-coou ’-P;’-i. &c&

L 9
CHCOOH .~°"'—°"

"

The thivcanthones, however, are a well-defined :lass, prep.ared

by the action of strgng sulphuric acid upon phenylthiosalicyclic
acids:

H Cu  powder / SO.H.J! /S
CeMa < + Br:CaHa.R P— \GO " > 0-"-\c>¢cﬂsﬂ
ooH heat 0 (]

A better method has been recently devised by Smiles, who
«imply heats thiosalicyclic aciC and a:. aromatic, derivative with
strong sulphuric acid. . o

This reaction undoubtedly depends on the pm wary oxidation
of the thiosalicyclic acid to a sulphoxylic (R.S.0OH) derivative.
which t'.en condenses :

SH  HgS0, ( /SoH - S\
- »—e [owH, + CHR | pa ', oM JoHaR
He' \GOON ) ‘ \oéc. 3
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’
Thioxanthone ise reduced Wy alkaline reducing agents to

* ’ »
thioxumthenol, °°"')>°-"', which, like the xanthenols, readily yields
H(OH) a

£ ]

Y o »

ide, s oo ond .
an oxide, Jewo-cil 3s ; further reductlon. ngo:mnthene,
aHe CeHe

A -
i o{"“‘ , which, unlike thiophene or thioxene derivatives, gives

- SO
a sulphone, °-“\ /c.n. upon oxidaion.
» . »

The lmpoﬂ:ank thuﬁ)yronme dyes, analogous to the fluorimes
or pyronines, are related ‘to thioxanthene, and are prepared
commercially by digesting the condensation product of formal-
dehyde and dlalkylammomz-p}bnols with sulphur alfd lead oxide

in water under pressurc

Hoy St HQ! Y
RN c.(o &n..na S > _(R, N&g.H,\s):.H. N n) > R, m.c.n-«\,s CHuNR
L[]



CHAPTER VII

SIX-MEMBERED MONOHETEROCYCLIC RINGS:
“~  PYRIDINES, QUINOLINES, ACRIDINES, AND
THEIR REDUCED ANALOGUES

) I. GENERAL

PYRIDINL‘ and its derivatives are probably the most im-
portant of all hcterocycuc compour-~, and this for several
reasons. From a general poin! of view, so niu; valuab'e. drugs
belong to this series, so many important dyes are derived from
its benzo-derivatives (especially from the acridine group), and so
many naturally occurring basic principles contain this ring-
system as the basis of their generally very complex mblecular
structure, that it deserves considerable attenvion. On the other
hand, from a chemical standpoint, although thiophene .deriva-
tives show a morv striking correspondence with purely aromatic
compounds in their physical proper!ies, and the members of the
.~ furfurane series a closer chemical resemblance to the correspond-
ing benzenes in chemical beh.xv;our yet pyridine is, of all of the
heterocyclic series, the most nearly related to benzene, being
derived therefrom simply by replacmg a methine group by
mtrugen

H—
&8
eH=c! Mon=c s
v’ b P Benzene ¢ Fadine -
1

And when due allowance js made for the " fact that the
resence of a tertiary rmitrogen atom must, by ligs basic pro-
‘perties, nlter the fundamental charscter of the riny-system, it
will appear that the pyridine series is qult.e'as similar to the
purely aromatic compounds as, for example; is the furfurane

_group.
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In support of thi8 stateméht We may choose the following typical

reactions :—»
(e) Alkyl pyridines are oxidized by pota,ssmm permn.nganato to pyridine

carboxylic aclds o
JG:H,N). GH,.-> (CsH,N).COOH ; (C.;H,, CHy > CH. GOOH)

(b) Aminopyridines can be obtained from the amiges of dene acids hy
treatment with bromine and caustic potash: .

(CsHN).CO.NH, - (C;H,;N).NH,
CsHs CO.NH: 2> CsHj NH..

{c) Arginopy?idines, on tr8atmentewith nitrous acil and warming, give
the corresponding oxypynﬂmes, just as anilines giwe phenols.
n the other hand, other decompositions illustrate the close pur*ehsm
between pyndme and pyrrol: °
(@) Pyridine is readllv ‘rgduced to piptridife, just as pyrrof passes int8

rrolidjne : ®
pyriold a5H N > o’H,,N ;O HN > CHN.

(b) N-alkylpyridiniumn halides can be rearranged by heat into a- alkyl-

pyridines:
‘a0 C;H,.NCH;I —> CsH(CH,).N.HI

CGIILNCI, > CIT(CH,).N (p. 52).
(¢) Oxypyridines behave more like lactams than phenols. although re-
actions* characteristic of bothe types of compound are shown by each

oxypyridine : d
C;H,(O1). ¥ == (C,.CO).NH.
v

(@) Oxypyricines are cnmemblo to chloropyridines Dby phosphorne
chlorides.

The structure of pyridine was dlsuussed by Kérner in 1869 ;
following the lines of ¥ ekulé’s benzene t.heory, ut forward two
or three years earlier, he showed that pyridine could be repre-
sented excellently by formula I below. Much later Bamberger
applied the Baeycr-Armstrong “centric” representagjop_ of
benzene to pypidine, resdlting in formula II. Either of these
formulee reprffsent the transposigions of pyrldme and its analogy

to benzgne.
f T l%f

QQ/? l“cn cu

N
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A third formula, that of Riedel (III): differs from %hese in posculating a
para- union ketween nitrogen and cagbon ; but, in addition to the fact that
this formula does not correctly illustrate the equivalence of the hydrogen
atoms in pyridine, it ‘was shown Ly Kekulé that, for example, aal-dioxy-
pyridine resembles more closely the imide of glutaconic acid %han the imide
of B-amido¥Intaric acid+(as would be necessitated by Riedel’s formula).
Consequently tiie.shoica of formulee rests between I and IL

‘o Ko 9"
e o en HSCH=CH, (Glutaconmide ?n:c
I 0
HO-O\\('(! OH k /co ron COOH OOH
NM
Riedel : on
l=°| WI
'- ¢ H" H uamdogluunmlde c’ocu l 'COOM )
el M
Mocl oo ' co w from y
- .
s Amd [ 1]
ae Dmvymhm L < ' ™ ?“m .,

Either the Korner or the Bamberger formula accounts perfectly
well for the position isomerism found in pyridine derivatives.
The orientatior of the different substituents was worked out by
Korner between 1869 and 1877 ; we shall ref~:“to the preexse.
method, based upon the structure of the three pyridine mono-
carboxylic acids, when discussing the latter compounds.: For
the present it witl suffice to point out the two methods in use
for naming pyridine substitugnts,- tomparing these with t}‘m

Lorresponding benzene position isomeridas, a
M v aorthe
r 3mela
2 [ e oy .
N .
‘ Pyudine p,-,.':,.,

Just s the simplest alkyl benzenes (toluene, xylene, etc.) have
;8l3ived distinetive names, so ‘the methyl, dimethyl, etc., pyri-
dines are known by the following terms (the hexahyro-pyridines
are similarly designated by msertmg “ _pe-" af&er the first
#yllable of the name): c

Pyridine, CsHsN Methylpyndw:es, (.a,E MeN

Pyridine Picolines .
Piperidine Pipecolines
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Didethylpyridifes, C;H B e,N®  Trimethylpyridines, CsH,Me,N
Lutidines -~ Collidines .

Lupetidines Copellidin.es

Finally, wg mgy illustrate the correspondence beéween the
condensed benzene and the benzopyridine,® etc senr* ¢

0

O

Renzene .",u{me

. L ]
N’Pﬁ'-': Qu.olm: I'oquineline
.
w .
Saye,
- R N N
Anthrapy ndine

Antbracene. Acnidine
.

Phenanthrene Fherant! tdine

More complicated Wstems‘ are also kuown, such as those
derived from the annealing of a naphthalene with a quinoline,
or a phenanthrene with an acridine nucleus.

The pos1tlon-nomencla§ure gengrally used in the quinolings an(}‘

acridines is a 4ollows : .
. [ )
. 7 » . WO 4
o? 3 . 4 3
: N . 2
] e . 1
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.. IL PYRIDINE ANp ITS DERIVATIVES -

Pyrldme and some of its simpler homologues are formed in
the distillation of coal; a certain quantity of the!o substances
always comes over durmg the manufacture of coal-gas, ahd is
collected aloity, with ammonia in the ‘gas-liquor,” but the
greater proportidu -emains in the coal tar, and is obtained in the
arfsMation of the latter. Similarly, on distilling a variety of.
nitrogenous _animal and vegetable products, members of this
series are found in the distillate they 4re present, ‘for example, .
in marked quantity 11 bone-oil, whence t"hey were first isolated
by Agderson in 1846.

, Various, iyntheses of pyrldme and 1ts derivatives have ‘been
eﬁectcd at different times, mamly with avis ~to, illustrating its
relationship to the aliphatic’ séries; 'the followfng hal}-8ozen
examples aro the most interesting :

n

(«) On passing a mixture of uctylene ‘and hydrogen cyanide through a |
red-hot tube, pyridine is formed in small amount (Rumsg,y) (compfare the
polymerization of acelylene alone to benzene) : -

2 (,H,+ HCN —; G,H;N
o 2 CoHy G, —— G

(b) Piperidine and its derivatives (p. '12“) are oxidized by coucentmged'
sulphurlc acid at 250-300° to the corrtsponding pyndmcs (Kopigs) :

Gl N —> GoH N +§ H.

(¢) Pyrrol potassium, when heated with aliphatic polyhalogen compounds,

gives rise to pyridiue derivati.es: J
.
1
’ ' [~}
CH=—CH /c—cH
SNK  +  CHCI, 3 ¢ Sw
CH=CH cH=CH .
cH=c /j""c"'
" S.mc + CH iy > N
CH=CH . Nen=cH

(d) Pyridones (p. 105) are produced 'by the action of amm%lia ul')on'a- I

v pyrones : . .
€ '3.CO.CHs HCI w—c CHa NH, =c{c|-h
% — o’c > g
\CHxCO.CHa CN—-&GH: H-c.cn,
Dunethylo-pyrone -ﬁ-Dtm& *yl-y-pyridone

Diacetylacetone
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(e) Ald(:hyde ammofia compdind® condense to! pyridines when heated
alone ; for example :

CHxgl o HO-CY.CHs o cH i
CH3 OH “NHa ° OH 'NHa /C==CCH, s
> OCH
H—?OH’ * éH'CH: ‘.\\Q"— " + 3 “.1 £ + 4 MO
thdal]
Ha NH, [

(f) Pyridines are also formed by condensation of acetoacetic ester with
aldehydes and gmmonia (Haytzsch) : rd
. o . .

QOE: cooEr . ® GOOE:
CHa, coCH, F==cHs ¢  C==otH §
RCHO W 3 (RoH] @ Dne | 3 RGN
CHx.COCH; ;1@ C—=9-CH, ?—“cn,
L] o OOE
° cogz' 5 ~ C. : COOE!

Pyridine itself is a coloumdess liquid, quite soluble in water,
with aspecuffar pungent odour somewhat reminiscent of ammonia.
*Its general prop~riies may be taken as typical of those of its
homologues. It is a strong base, and forms well-defined salts,
many of which are, however, deliquescent. Its platinichloride,
aurichloride, or mercurichloride are characteristic insoluble com- e
“pdunds.  Two of the reactions of pyridine serve as reminders of
the presencein its molc gle of a tertiary nitrogen atom : it readilys,, ,
combines with «-halogen aliphatic acids, producing pyridine-
betaines,

[ ] [
[ *
° ~C L O\
CeHsN + Ci1,CHa.COOH Wi CsHa. N > c.H..N\ co
NCH2.CO0H oft,

and, similarlyy it formsequatermary halides wigh alky“feasd:=,,
The, resultixg pyridinium qulg’dc's (1) show a tendeney intra-
moleclllarly to rearrange themsclveg Thus, when strongly
heated, a!yz)gen acid is gliminated, and alkyl pyridines (I1I) sge
produced _(usuadly substituted in the a-position), and when
treated w{t.h silver oxide, pyridiniwm hydroxides (IV) are formed,
and these sulﬁt.anoes tend to change rapidly into a-hydroxy-N-
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alkyl-dihydropyridines (V), whith readily okidize to N—alk;yl-u-
pyridones (VI): ‘

[

H—CH GH =G/ thean) H—CR
cl?o )\ VR — o \\l{" = 4 £ W
Nen=ch You=cH H=C PUE
' ¢ 1 um ¢ ! .

* I‘uw
" gH=cH on cu-cu o PH—cQ
- ' °§:u=c:’\“ c\c“_“ = 'c‘:“i:"“
g w 1

Pyridine\is much more readily reduclble than benzene, and
passes into piperidine when boiled with s6tlium and hmylalcohol.-
When it (or its homelogues) is heated with hydriodic acid, ali-
phat,ifr hydrocarbofls and ammqnia are produced. This reaction
ig readily puderstood when the similar dacomposmon of amines
by “exhaustive methylation” is recolkcted .-,

SHN —> GH,N —> C,H,N, HI —> ¢ H,, Mt2 > C,Hy. NH,I

—> CHy,+NI,L
RCH, CHy NH; —> R.CHy.CH, N(CHg,I == RCIL:CH, + N(CH,), L.

It differs also from benzene in its susceptibility_to substﬂsubmg
agents, for whilst the latter compounds can be rea(flly halogenated,
sulphonated, or nitrated, pyridine and its homologues cannot,
except under certajn special conditions regarding the nature and
" position of substituents (of a salt-foyming nature), which myst
be previously present in the *mofecule. Ha]ogen-substltu}ﬂ‘
~“yridines are, in fact, only obtamabl’a by special syntheses
(compare method (c) doove), or from phosphorus halides and the
pyridones.

On the other hand, a general simllant‘_,' exists in many cases
hetween the benzene and pyridine series; thus alkyl benzenes
and alkyl pyridines are oxidized equally readlly to carboxylic
agids. n&theu‘ respectlve series,, whilst ammo-pyrldmes may be

.nfethylaniline are transformed ‘on hea.fx'ng with, acid B a high
temperature into homologues of aniline : ° \
350°

b %y NH.CL,, HI —> CH,C;H, NH,HI"
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The more importatit bases® ard enumerated in the following

table : ' .
Pyridine, . ., - GHN . B 17
Slcthylpyridines, o . CyH,(CIL)N a-Picoline.  B.p. 180°. Ogidized by
. ¢ . o KMnO, to. picolinic
* qeid.
” B-Picoline. B.p. 1'3°. Ocewrs in

dfsﬁllate from cin.
chonine, strychniiie,
etc., whengdteated with
lime. Oxidized tonico-

v o finic acid.
“ v-Dicoline.  B.pg144°. Oxidized to
. isonicotinic acid, *

Dimethy.l Pyridines, C;HofC}l.):N Lutidiftes. ¢ The b possifle isomers «
. L]

o -« 7 are known,
Trimeths'l Pyridines, C,,H.)(CH;J.,N Colfldfies. Some occur in decom-
position produets of
alkaloids ; others ob-

. - ¢ tained synthetically.
Ethyl Pyfidines, . CGIL(GILN aand . By heating pyridinium
ethiodide,
» B8 From brucine, on boiling
. with potash.

and zine dust.

Propyl Pyridines, . CGH{C3H)N a-n-Propyl.  Conyrine, from econiine
.
.a-isﬂ-l‘ropyl. Synthetically from pyri-

Pa— 4

"

dinium isopropiodide. *

®
Allyl Pyridines, . (5H,(CHN e-R10yL By heating a-picoline
and paraldchyde.
., . .
A few words must be given to the importdut orypyridines
( pyridones) and pyridinecarbozylic ucids. )
The oxypyridines are amphoteric compounds, possessing both
basic nitrogen amd acidic (henolic} hydroxyl groups.
They are obtained by three geperal methods:

- (a) The int.lraction of ammonia with & or y-pyrones.

PRI
* R IS

o

(%) By heating oxypyridx’ue carBoxylic acids (from ammonia

and py:rone.éarboqlic acids or their aliphatic generators).
(¢) By fusion:%f pyridine sulphonic acids with potash.
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As already indicated, the pyfidofies may*be consldcred accord-
ing to eisher of two formulwme

. LCH=CH
o Pyridones. c‘7 > or cn s

SeH=c’on “eng-doe
. H~CH
\ CH==C,
v-Pytidones. %H N c§ ;H
CH=CH
RS “cH=cH

\Theu- reactions point to the fact that these substances behave:
sometime) as oxypyridines and sometimes as pyridones ; in other
words, they are tautomenc I'h the frow state they belfave mote
as oxypyridines ghan as lactams (pyridones), giving, for exathple,
chaﬂacbemst.lc colours to ferrie chloride solution, The nature of

the tautsierism will b g gathered fronw.wmg reactions of

ypyridone (1) :— .
When this is heated with methyl iodide, N methyl mm"wlonc

(II) is formed ; but if the phenohc silver salt (III) is first pre-
pared and then allowed to react with methyl iodidg, there resultg
y-methoxypiy idine (TV), identical with the subsfance obtlined by
heating y-chloropyridine (V) with sodium methylate.

,LCH=cy  (CH, W -
in chu-—- H ;—a> cécn °$',GHJ (1I)
=ch o® cH=ch

(g0 a
nogr  Ae ﬁ CD(N

. \\
G & Qe
. . Ilcn.n
¢ ~CH
oy S emon) PR, V)
(V) -cha—bcHaQ\c —ch
w{ & chief omypyridines are? )
1-Oxypyridine. a-Pyriddne. ¢  CU(OH)N. M.p.106°. From a-
. » pkrone .(coumalm)
. . ar ammonia.
2-Oxypyridine. pB-Pyridone. * n ¢ M.p.12F. Frompy-
ridife B-sulphonic

‘md «.and" fused
epotash,



.srx-MEniBmEl_) MONOHETEROCYOLIC R‘IN’S 107

3-Oxypyridine. v-Dwridone. ® © CyH,(OH)N M.p. 148°. From v-
. pyrone and am-
monia.
2.4-Dimethyl-3- y-Lutidone. CHo(CH,): M.p.225°. From de-
° oxypyridond. ‘(OH)N. hydracetic  acid
L | and amm8&nin

¢ .
1.5-Dioxypyridine.  Glutaconimide. C,t,(OH),N. Of theoretical in-
* terest (compare
‘ #4. 100),
1.3.5-Trioxypyridine, Triketopiporidine. C;H,(OH),N. Analogue of phlor *

glucim?

[ .

"The gréht importance of the py;'idine carboxylic acids lies in
the fact that they aro the most readily obtained Jerivatives from
many cqmplicated products of pyridline (such as the alkaloifts),
and * :nce arg useful forathe deterniinatfon of the position of ¢
substituemts. ¢ " ¢ e

The orientation of the three monocarboxylic acids of pyridine
~~-picolinic, nicotinic, and disonicolinic acids—is therefore of funda-
»}ental importgnce, and is thus derived : .

«Quinofine (T) «nd isoquinoline (II) each yield pyridine dicar-
boaylic acids upon oxidation :

Y COOH .z ( - COOH

e, 1 - Z)

\N/coomn . N, COOH
[ ]

»
Quinolinic acid.

Cinchomeronic acid.
These must therefores espectively be the 1.2- and 2.3-dicarbo-
aylic acids of pyridine, and, when heated, they both lose carbon
dioxide and form monocarboxylic acids.
Cinchomeronic acid (from isoquinoline) gives a mixture of
nicotinic and iscmicotinic acids, sosthat these two are eithei vie
*3- or ;- acids respectively. Quinolinic acid, however, gives
only one acid, nicotinic; and as this is algo one of the products
from cinc‘:pmcronic acid, it pecessarily follows that nécotbhic deid
is the 2- or B-pyridine carboxylic acid. Huafite tsonicotinic acid
is 3- or 7-pl§idine carboxylic acid, and Mmaining isomer,
picalinic acid, mglt be the 1- or a-acid.
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In addition to serving in®gerferal fore the detennination of
substityent positions in complex pyridine derivatives, these acids
were also employed originally to determine the configuration of
the simple substitution preducts; thus the orientation of the
picolints or methy]pyrldmes was establishedeby vhe fact that they
can be oxidized to the ¢orresponding pyridine carboxylic acids.

The di- and ¢ri-carbox ylic acids of pyndme bave been prientated
«upon somewhat similar lines, but it is not necessary to consider

these in detail.

These carboxylic acids are obtained, thm, by the %ollowgjng general

reactious : .
(a) Oxidation ef alkylpyridines.
) W, alkaloids sﬂch as quininc,

<hrychnine, ote. ®

cinchoniue, « brucine, o

(¢) (Monocurbouylic acids.) | Ry heatfgg the Wﬂ\o'(yhc apigs.

They are crystalline, amphoteric compounds of fairly high melting-point,
and, except for their feebly basic as well as acidic nature, resemble the ben-
zene carboxylic acids very closely. A 8haracteristic test for all a-carboxyljv
acids of pyridifie is the reddish-yellow colour with ferrous fulphate,

The following table gives the more important pynd]fo acids :

Monocarboxylic. a-or 1-  Picolinic acid.

B-or 2-  Nicotinic atid.
L]
.
. ®
)
v- 00 8- Tsonilotinic acid.
Dicarboxylic. L2 Quinolijic acid.
. L]
2.8- Cinchomeronic acid.
. . ¢
L]
. 1.8, .
L3- | N Lutidinic acid.
1.5- Dipicolinic o,gid.
2.4- Dintotinic acid.

v

M.p.135-136".
M.p.228-229°. From
oxidation of nico-
tine ; its methyl
ebetaine i iri-
gonelline (p. 40).
M.p.304”. Fromecin-
chomeronic acid.
M.p.190°. Fromoxi-
dation of quino-
line.
M. p.26€°. From oxi-
dation of cincho-
N nine or isoguino-
line. .
M.p. 235°
2257,

o M.p.314° Fromoxi-

dagion of corre-
sponding®  luti-
o dines.
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]
Polycarboxylie. 1.2.3- ®  Carbdlinclfomeronic acid. M.p.250° From oxi-
. * dation of quinine

°
or cinchonine.
1.3.4- Berberonic acid, &1.p.285°, From oxi-
] X
dation of ber-
* s e  Dberine.

1.2.8.5- (A tetmcarboxyﬁm'a.cxd ) M p. 227°,
1.2.8.4.5- (A pentacarboxylic acid.) M. p. 220°

Oxycarboxy.lic. 1-Oxy-4- Oxynicotinic acid, »1 fom ammonia and
coumaie acid.
3-Oxy-1-  Oxypicolinic acid. From ampponia and
4 . coma\#c:cid.
3-Oxy-1.5 Uhehdamlc acid. From ammonia and
‘ chelidonic acid.

»
.o IIL T INOLINESAND TS, DERIVATIVES

We have already seen that there are two series of benzo-

<Ivridines which correspond to faphthalene just as pyridine does

tq benzefle, namely, one in which the «-, and the other in which

the 3-, methine group of the naphthalene nuclens is replaced by

_ nitrogen ; these series are respectively called guinoline (I) and
tsoquinoline (1I). .

0 - W

Both arg found in the same circumstances as the simple pyridine
bases, in bone-oﬂ coal-tar, and as docomposlblon products from
various alkaloidepas will & showa in the next ghapter. e

* shall confine ourselves for the moment to the quinolines, or
a-benzopyrjdines, returning to the discusgion of the remaining
class a little later. .

The constjtutiort assigned to qumolme and its derivatives,
already dis ssed 8n p. 101, rests mainly upon the variety of
synthetic ev1deq:e which has gradually been collected.
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¢

{
Some typical quinoline synfhesds are asfollows : —

.
() B'y. passing the vapours of allyl aniline over heated lead oxide :

C|

4
" .
2 H
Now an N ¢
c L. T b
. 2
nA 7
LS

(4

(h) Fro\n: o-aminociunamic aldehyde (or ketones) by dehydration :

s (]
CH © %
A\ H
. L ] I B I
@ R
1y COR /
< H, e
{e-Alkylquinoline., or gurnaldines)
. N ¢ [ 4
. -
cH . @ cH
\Y
Nen Nen
(i) =
COOH *C.OH
. Ha o N//
. {wOsyqeinohine or furdostys i}
CHa Hy c»{
\Tu, Norye POl \r r)
(iii) codn | o o
H, N, 11

o-Ammno-g phenylpropionic acd

TydrocYoustyrid
(unstatile}

af-Dichloroquinolese
L]

L3
.
H
S«I;..
N4
Quinulime

Baeyer used the lasi resction as*proof of the structure of the quinoline

1ing-system.
. L]

v
(¢) From o-an§nobenzaldehyde or o-aminol:enzoketones by condensation
with ketones, ketonic esters, or other compounds containing the — CH,.CO -

group :

\RI

L]
éO CHr;'
.o —
'I
CO.R
NN, O

e

<

N

Thus acetone and o-aminobenzaldehyde give a-metﬁ.quuin line, o-amino-
acetopheno» 2 aud acetoacetic ester give a dimethquuino]{;e ca¥hoxylic ester,

anthranilic acid and acetaldehyde yield y-oxyquinoline, e

2. obe.
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L
(d) From ?a.niline and i$s homologues ay several means:
(i) Condensation with aldehydes and ketones in presence of mineral acid,

oxidation taking place at the same time (I¥sbner-Miller) :

-
+ CHOR 33> +  CHxCOR'  »—a
L] » »
Ha N:CH-R ’ .-

(ii) Condensation with B-ketonic esters ; this is posgilv in two ways:

«An apilide may be formed by heating the ester with aniline, the conden
sation to an oxyquinoline being then effected with strong symric acid
(Knorr): . ’ s .

* con .

Q" ; o\&" .
d /Lo ! ;
® A N// o

or, by xﬂl:wing the first condenbation th fxke place in the cold, the car-
bonyl group of the ester will be attacked in preference to the carbethoxyl;
the action of heat on the nrsatmated anilide derivative thus produced leads
« %0 the formation of oxyquinolines isomeric with those produ.ced by Knorr’s

method : ®

COOE,

e, LM

R.CO.CH,, COOEt + C,H,NTE, > | . b
R

N//"' . y P

R .
(iii} Condensaton with glycerol *in %arm sulphuric acid solutien in
presence of a wenk oxidizing aent, usually nitrobenzene (Skraup); this is
probably the most widely applied quindline synthesjs, its mechanism heing
s indicated helow :
CUOH).CH(OHACHL(ON) - Clf,: CILCHO.

4

Glycerol. » Acrolein?
cH oH
! Sen Nen
» » l:u én
NH, + GCHO.CHz=CH, M// ’ V74
. L]

[ ]
(¢) Justas pyrrol may Le converted to pyridige, so indols are ultimately
transformed to quinolines by tlxe,exhaustixe action of alkyl iodides.

. E ]
The_mainjcharagteristics of the quinoline bases are the same
a8 those of the B jridine series; they are, however, somewhat less
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basic as a rule, and also lese soluble ine water. 'I'hey ywld
betaines with halo-fatty agids, and iodalkylates. with alkyl
iodides.  With respect to substitution, they combine the
characteristics of ‘both benzene and pyridine ; thus the benzenoid
part of she quinoline nucleus is as readily supsti¢uted by, various
groups as is benzene itself, whilst the nitrogenous ring is much
less readily attacked. The various position isomerides are
designated as folly, s :—

O W O X®

orthu meta- prara-

N N
R .
a- B r R
The «-, 3, or y-haloquinolines are best prepared from the oxy-
derivatives by the action of phosphorus halides. It is note-
worthy that the substituents in e- or y- substituted quinolines
are abnormally reactive. For example, quinaldine or a—methyl

quinoline condenses like a ketore with aldehydes or kebones in
presence of alcoholic alkalies :

(CoHN).CHy4 RCTO > (C4H,N).CLI:CIL R.

Similarly, aniline and «- or y-chl roquincline react with
elimination of hydrogen chloride :

(CeHN).C1+ Cltl;, NH, > (C,HyN).NH.CyH,.

The following are the most intcresting quinoline com-

pounds :—
Synthesized from
Quinoline C H,N B.p. 239°. Methio- Aniline
dide, m.p. 72’ .
Dichromate, 1. L —
165°
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a-!\lethy]quinc;lme

v ]

gg Chenylquinoline
[

a-Oxyquinoline

v ’”

01y =, and p- Oxy-
quinoline

a-{'hlovoquinoline ,
. »

ﬂ. d "

s ”

a-Aminoqainoline

L]
CyHN(CIL)

CyHgN(CIIL,)
CyHgN(Cqll5)

[}
ColI,N(O1)

»»

TN (O,
[ ]

”
CHN(NL)

d-Quinoline carbgxy- CyH/N((*30l ‘l)

lic acid® .

e AR "

tey M-, amd p- car-
boxylic acid

«3 Quinoline dicar- (‘,,II-,N((‘OOII)._, Aeridinie

- 'bg'xyliv acid

»
Quinaldine,
247
Lepidine, b.p. 257,
M.p. 8¢

L.p.

Curbostyr i,
199°
Kynurin, m, p.}f}‘

L]
m.p.
»

3

M,p. 38 b.p. 267
B.p. 2557 ’
M.p, 34° *

My 47,

foninaldic acid, m.p.

66%

Cuchoninie  weid,
m.p. 231° From
cinchonine by
oxidation  with
potassium  per-
manguanate

aeid,
1.p.130 . From
acridine and
oJCMRO,

Synthesized from
Aniline and  par-

aldehyde.
Aniline and einnam-

alideh$de.

_Sce below,

- 1=, and p- amino-

phenpls.
Cur‘,ﬂﬁn-nl

ICl;.
Quinoline and SCl,.
¥-Oxyquinolfne.
a-Chligoquinoline,
Quinaldine by oxi-

dation,
Lepidine by oni-

dation.
Ll

and

0-, mi-, and p-amino-
benzoic acids,

One or two of these componnds merit 2 little fyrther attention.

a-Oayquinoline, carbostyri’y in addition to being obtained from a-chloro-
(uincline on boiling with water, snay be directly synthesized by the reduction
of o-nitrocinnamic ethyl ester, since it iy the lectam (p. 29) of o-aminocin-

namic acid !

BH=CH.CO.0 CoH, CH==CH.CO-0 :Hs
. P
) NO» [0 -
0
.
» R
. -~ 1 ‘4 QM OH
*OH
Z
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Like the pyridones, the a- and y-oxyduinolines' yield both Q-alkyl cthers
(from the silver salts and alkyl ipdides, and front a- or —y-t,hloroqumolmos
and sodium alkylates) and N-alkyl ethers (from the action of alkyl iodide in
presence of aqueous a'kali).

The productmn of acrilinic Gcid from acridine 1: smnln,r to thn.t of
guinolinie’ arid from qmuol ine :

COOH coor
COOH COOH

and, just 2 *he latter acid on heating lores carbon diuxide and forms
aicotinic acid, so acridinic acid forms B-quinolint carboxylic acid when heat«d
to its pmnt of fuslon

\
GNOH . C'OOW COOH COOH
\ > - By
g COOH N . COOH ‘X‘

O )

IV. ISOQUINOLINE AND 1TS DERIVATIVES

The structure assigned to isoquinoline,

"

N

is confirmed by the following synthes.s :——

(@) Of fsuyninoline on passing bensylidene-ethylamine throngh red-hot
tubes :—

. 1
c{‘é v
A
Ha ew

c/ﬁN 4H (H/L .

* . . 1 . . 0
(b) OF methyl®isoquinoline from l)enzyhdonea(‘otoxmu; upon heating with
phosphoric anhydride (by meahs of th Beckmanu 1'earrangement) :

¢
cH
New iqc'! \\c,,
t o
ZN- OH NH
A ¢

CH,
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(¢) Of isoguinaline from B-naphshoquimone,
() Of dsoquénoline by distilling homoppthulimide and zinc dust ;—

CHa H,
Nco Nen
| > vlu
. » AN
V4 N )

The correctness of this view is further borne out by.the oxidizing action of
potassium permanganate upon isoquinoline, when bot}. phthalic and cincho-
meronic acids are formed.

coom of cooH
& >
COOH N coonl n°®
L ]

[ 4
Chemically speaking, Iisoquinoli:m (mep. 23°, and R.p. 240°),
is exactly #&imjlar in be a.'viour to quinoline itself. It forms
analogous derivatives (betaines, aﬂ(ibdides, etc.), and its substi-
tution products are produced by the same methods, and react
in precisely the same manne? as the correspondihg quinoline
"compounds. °For example, isocarhostyril, *

QQ!CH
' yl’e]ds N-all:yl, ethers with alk¥liodides and alkalies, or O-alkyl
ethers, with alkyl iodides sad its silver salt, thus exhibiting the
usual tautomerism. .
The following are thg chief derivativesg—
. .
a Methylisoquinoline, CylI,N(CH,). See synthesis abowe.

af8-Dichloroisoquinoline, (YH_NCL. From homophthalimide and phos-

phorus chleride,
a-Oxyisoquinoline, C4HgN(OLI). Sce above.
L

L

: .
V.,ACRIDINE AND OTHER COMPLEX BENZOPYRIDINE
GoMPOUYNDS .

[
Many ring syséems can be built up from annealed benzene,
quinoline, and jsoquinoline nuclei, and quite a number have been
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met with, either as coal-tar products or by synthetic, processes.
Only twp, however, are.of especial importince, namely, acridine
(T) and phenanthridine (1I).

(IY) %

1”)

Acridine may be r.pgardod either as a symmctrxcal benzoqqmo-
line,-or as bearing to anthracene the same relation that pyridine
does to benzene. The following syutheses are typical of those
*used in the preparation of acridine d,f-rfvatnes — e

¢ e
(n,) (0ndcnutum of Nac 3ldlphenylmnmcs by hcatmg with zine

o - Q”)()

(0) Condensalion of eyclohexanones with u-nminom‘yl ketones :

Ha GH:
c‘f\ Ma R.CO OH{ 9 mu PbO
. ! L + >
H. NH, CH,
\.41 .
(c) Condensntion of mbthylene lalides ¢#'th aromatic aminocom-
pounds :

00 {0 000

(d) Condensation of aullmes with o'chiloroarylketones by meuns of ceopyier
powder: 4

+  HaN:GeHeeR' Nu-an..R' . A
COo-R CO.R ' X
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Acridine is less basic than duinoline or pyridine, and in
physical contrast to these is a solid of fairly high meltiag-point,
with exceedingly irritating action on the skin,and eyes. Solu-

otions of its salts are fluorescent (bluBh-green). 1t is oxidized by
permanganate o sridinic acid (quinoline 3 dicarboxylic acid)
and «Bal8t-pyridinetotracarboxylic acid? It forms alkyliodides of
the fornwla

and these, .by treatmens with silver dxide, furnish®sunstablee
ammongwn bases (1), which,Spontangously rearrange themselves
t0 ~b-hases of the structure 11 below.

000 = 00~

In presence of strong mmewl acids, the «y-bas: s are transformed

intq salts of the ammonium (of acaidininm) type.
Hantzsch studied thesg , Jlenomena quantitatively by means of *
electrical conductivity measur cments Dased upon ms-phenyl

acridine methiodide :— . .
c..u. ., o,,
cu. ] , JH,

L
The ms-onyucridines or amvidones gre somewhat similar in their,
tautomeric béhavfour to carbostyril and the pyridones, but are
more definitely kétonic in their general behaviour. The simplest
member, acridove, may be produced :
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(@) From phenylanthranilic acid and squhuric &(?l.d :

.
NH-CeHy NH

s/ e
. Ncooy > c.n.\(oc.n.

d .
() As ihe N-methyl derivativg, from methyl acridiium®iodide inepresenc
of silver oxide and a mpild oxitlizing agent :
.
SH CH H (OH) 0
V
°‘"‘\/\/\°'”‘ > °-N-'§>c.m > c.H.;\,c.u. PR c.n./c Nets
NN Y W
NS N\ | d
CH, CH, OH . " ,CH, . e
L]

'

It is a very stable substanice, melting at 354°, and yield:
Ld

4 [} L -
ms - chloroacridine, °"‘<>.°°:“ , by, the action, of" phpsphoru:

trichloride, whilst acridine is formed when it is distilled witl

zine dust. '
The chief acridine compounds are : ’ .
Acridine. C)IN. M.p. 110.
ms-Methylacridine. N, M.p. 114% From acetyldipheuyl
. ’ amine.
2.7-Dimethylacridine, ¢ 1N, M.p. 1717 From p-toluidine an
. ¢ methylene jodide,
ms-Phenylacridine. CpfsN. M.p. 181 Fromenzoyldiphényl
. . amine,
Acridone. ¢+ Ol ON. M.p. 354"
N-Mecthylacridone. 4 H ON. M.p. 203",
. . 0
CH N, M BYLES an .
) N e 2157 From phloroglucino
Quinacridine, 'c.u/ .H./ CeHa . and anthranilic acic
M with zine dust.

.The isomeride of acrid.inc, Phenanthridine, may be regardec
either as an*unsymmetrical” benzo-{uinoline ‘or as a benzo.
isoquinoline, and as being related to phenanthrene in the’ samc

way that acridine is to gnthracene. .

It may be synthesizod : ¢ !

(e) By pas ing benzalaniline thrcugh red-hot tubes -.:

CoHy CH=N-CoH, >—> c‘r_ f‘"‘
CH=N
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(b) By heating acyl-oaminodiphenyle:

. cun /clNl ° C.H..— oM,
\uu-coa N=E“

»
LPhengnthridone, .muiri;"' s res«:mb]es acridone clonely, and

is produced by mild oxidation of phenanthn(}me (into which it
repasses on distillation with zinc dust) and by synthesis from the
monamide of diphenic acid :

Cutte H. B c.c..._/c.n. CeHemcCoH, #
. O-NHy  COOH #KOH  MHx GOOH HN—

By means of Skraup’s reaction or tife methylene iodide
synthesis, a number of more corgplex acridifie-like compgunds
have been obtained, of which the foliowing arc the chief, types :—s

I
II.
11L
1v.

(X4 V.

V1.

VIL

Fophthucridines. Froh naplhghylamines uud methylene jodide.
Anthrapyridines. From N-benzoylpyridine acids.
Naphthoquinolines. From naphthylamines hy Skraup’s reaction.
Anthraquinolines. From emincanthracenes by Skraup’s reaction.
Plhgnanthrolines. From m- and p- phenylenediargines by Skranp’s
reaction.
Pheranthraquinolines. lnom aminophenanthrenes by Skraup’s reaction.
Phenanthracridines. lOlll aminophenanthrencs and methylene
lC. id c.

L0+ 000-000

0 %% Byt

vy
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VI QUINOLINE AND A(,Rmmr Dyes |

Certain derivatives of the rmg systems discussed in the three
preceding sections’ have fourd application as dyes, although at
the pres:nt day the cost of their productionsinhibitg their
extended use. The followmg are the mostmotable :—

4. From qumolme : ¢

(@) Quinoline yellow:, formed by fusing quinaldine with phthalic anhydride,
and sulphogated before use as a dye.

Ve W)

) ) Quuwlme red, formed in asmulal manner to muluclnte gleen by fusing
quinaldine and isoquinoline with 2int ¢hloride,
(¢} Flaraniline, a bright yellow dye, from the zinc (,hlnudo condensation
of a mixture of o- aud p- nmiuoacetophemmcs,
cu.

to
' TH: >
CO-CcH4 *NHa ,c CuH,- NHs
Ha

() Alizarin blue, Wlisarin green, ali- ﬂ?“tﬂ mdl_/o, ete.,

Different sulphonic acids and polyoxydyr iVatives of tlle substance producela
from aminoalizarin by the Skraup synthesn these dyes are dasily reduced to
“1euco-conipounds, which leadlly re-oxiglize inThe air:--

890 (I%

B. From acrwline :—

(w) Aeridine yellow, produeed by cendensation of methylene dichloride
with m-toluylenediamine s ' .
CHy CHs LN, CH,

Hy
VAN - N v 4
Dby
HsNU  INH,  HaNL N NH, el A =
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(b) Chrysaniline, a fine® yellow d%e, offars in commerce as phosphine, and
is a bye-produot in the nfauufacture of pararosaniline. It is chiefly used in
polishes, and is probably formed as follows :—

®
CHar CoHa = NH2 » c,c.n.- NH,
[}
* >— -
NH2 NHa
NHa N
I

ViI. 1MPERIDINES*I'ETRAMY DROQUINOLINE, «&ND
DINYDROACRIDINE  »

Pyridine is very similar to pyrsol in its behaviour towards
alkaline reducing agents ;eobviously *it ¢hn be reducedsin three ®
stagespamd deriwatives of eagh of thege arc known:

CH,
¢l L
AT S
N
. © CHa CH Ha CH CHy CHs
%«ﬁ" \’Nf “nh <uﬁ )
Pyudine D Py Te pynd Piperidine

As may frequently be noticgd in similar series of compounds,
it is only the extreme members which are stable &nd well defined.
The dihydropyridines reo.\'idl.ze.exqeedingl y readily to pyridines,
although the tétrahydro-compounds are more stable. The only .
important derivatives of “he lattdr class, however, are the kefo-
tetrahydropyridines ; these are, as a mattor of faet, identical with
the dioxypyridines if thtelatter exist in tHe ketonic form. Thus
acl-dioxypyridine (I), 1.5-djiketotetrahydropyridilte (I1), and the
imide of glutaconic acid (IT1) are different names for the same
substance :

(% » cd .
& ‘Iclu ¢ ‘tl:u. . CHa=CH—CH,
| .
co co
NOvL\\ -OH C\O /CO ~~NH -~ -
. N ’
»

W an » (an .
. .

The ultimpate refluction product, .piperidim, is very important.
It occurs in nature combined with piperic acid, as piperine (in
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pepper), and h.zs been prep'u%d s&nthetlcilly by the following
methode :—

(a) Distillation of pentamethylene diamine hydrochloride:
[ 4

CH~CHy— R+ HOL - ze"'"g q o
> NHCI + CH, NH ‘HC)
\oua-cn.«-m-c MO\ ¢ YoH,—CH3

L]
(b) The action of.hot dilute caustic potash on s-chloroamy-
lamine

Y . ‘v . .
CHa~CHy~NH, [y CHi~CH,
0( . >
S CH:“O"’PCI CH%H cfta H €
gt

L} L}
. .

Pipers line is a stronigly basic liquids readily soluple in water,
b.p. 105°. It reacts as a gypical. secondary .cliphatéccamine,
yielding N-alkyl and N-acyl derivatives in the usual way. It is
strange to find, however, that not only alkyl jodides, but also
aryl hahdeq Feact with plperldme (forming A~ nrylplperldlnes)

This abnormal behaviour ceases, however, as soon a$ subsu-
tuents are introduced into the piperidine ring. 'Whilst N-substi-
tuted plpendmes are thus obtained by methods characteristic for
compounds containing the group — CH, - NII - CH, - ,the C-sub-
stituted derivatives (alkyl, oxy-, .,arboxy- ete., etc) are hest
prepared by the reduction of the corresponding pyridine
compounds by sodium and amyl alediio’.

The production of a ketopiperidine compound by the con-
densation of acetone w'th ammoria is nofeworthy :

cu CH,. CO:CH3 ' CH:.CO-CH,
/(‘O * fS—— |CH,',C
CH, NH, NH; +  CO(CHy,
fH -CO . (8 A
(CHa cu,
NH—ClCH ‘ .

Remembering that pgperidine is caaverted on the one hand to
pyridine bv mild oxidation, i is instructive fo observe that on
the other 1t may be broken down into various afiphatie open-chain
compounds as follows : — .
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(2) By exhaustive meth'ylation, ih the fustomm-y manner, and according to
the following stheme :— ° . .

;H,—C"h H5~CHa ,cu 2
m CHay 'NH »>—» CH, «CH3 i CHa “CHp ! >
Z N, sc / ’

» H—chs o o CH,~CH, Ha =
/cH'_cH. CHa~CH2
CH (mc""' on > Cia N (CH,),
Ha~CH, 'CH=CH,
Hog-CH,-N(C !
CHe-gHa® 4 L CHa-N(ClL), o
wo, * wenn, =, ~
e CH==CHa 2 »
OH5~CHa N (CH, ), OH foH==C
GH’ : CHg » (Ppegilenct
on=cHs '® CH==CH,
Qe )

1t will be recollected that pyrrolidine sutfers a similar change ; whilst by

interrupting the reaction at the end of stage (i), and allowing the un-

saturated ammoninm base to interact with hydrogen chloride, a condensation
>

foa methgl-pyrrolidine takes place.
L

() By oxidation with hydrogen dioxide ; this reaction takes place in two

directions : .

CH,=CO -CH’—C';‘" /CH,-‘)HO
NH >  CH, NH
- . of NH <« cff . A
. CH-~ CO CHA-CH» 2~CHz
Glutanimude - Pipcndine &Anndavaleraldehyde
- [

»

(") By reduction with hygr'iodic acjd in sealed fubes :

CHz—CH2 SPH=—cCH, .
cHa NH B cn;g + NH,
. H.—CH. Ha—CH3
(-1 entane)
. Py » ’

The reduction products of quipoline and of isoquinoline may
be profitably discussed together. Similarly to the corresponding
pyridine derivatives, the dz’hydro—qz.binolinés and -isoquinolines are ,
very unstable bodies, readily reverting to the aromatic state;
but it. must be rémembered that just as the mono-oxypyridines
frequently behave as ketodihydropyridines (I), so, for example,



124 'THIRD YEAR ORGANIC CHEMISTRY -

carbostyril and lsocarbostynl may often e regarded respectively
as ketodlbydroqumolme (II)%and ketodihydroisoquinoline (III).

Q.00

un ur

When either quin«h‘ne or isoquinoline is heated with sodiura
and amM aleohol, four atoms of hydrogen are absorbed, and the
yndme utleus is fully hydroysenizedshut the benzenoid residue
remains unattackeds
Tpe resulting Lases, tetralydroquinoline (IV) and tehahl/drmso-
« quinolineXV), are strongly husic liquids with peuetrating smells.
They arc both sccondary amlnes,. and furnist AN:nitroso,,
N-benzoyl-, and N-alkyl-derivitives in the manner characteristic
of such substances. A glauce at their respective formule shows,
however, that, whilst tetrahydroquinoline corresponds, for
example, in fome degree to methylaniline, tetrahydroisoguinoline
is more like methylbenzylamine :- -

CH;—CHa CHa=CH,
& 4 l o
NH—CH, “eH,—NH
i v oW . -
GyHoNH.CHy | CeHiCH, NH.CH, o -

and this anticipatiop proves cbrrcct,"fo'r tetrahydroisoquinoline,
like the benzylamines, iy an cxceedingly strong base forming a
stable carbonate, whilst tetrahydtoquinsifue, although markedly
basic, partakes‘more of the nature of thylaniline in its chemical
behaviour. .

Most of the important quinoling bases ayd their sulstituted derivatives

have been reduced to the cvnespondmg tetrahydro-compounds, and in some
of these, naturally, an asymmetric carbon atom results by this process :

/5,..=c" . CH.~CH.
CoHq [§ —— .H{
W= Nri-CH-RY

.

L J
In a few cases (uotably tetrahydroquinaldine, CyH, )N.CH,; the racemic
compounds obtained on reduction have been resolved into their d- and /- con-
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stituents by fractional crystallizatio® of tl:ifir salts thh an optlcally active acid
(mrtanc or B-bromocamphorsulphonic).
N-methyltetrahydroquinoline finds appTlC&thll as n febufuge uhder the

name of kairvline.
o It may be recollected, finally, that the ladfams of o-amine-g-phenylpropio-

uic acids gre ketotétrahgdroquinolines (or dlhydmx.a.rl;ostyuh) i

'

CHz CHZCOOH [~ CHe-OH2COOH ) * oHi—cH,
o.H, »— | O B> C,He

“wo, Ha / ., wu—Co

«

It appears possible, Ly careful application of st{mg reducing agats such
us plmsphon.ls and hydriodie acjd, to obtgin hydroquinolines ;! logemmd in
both ring-systems, the final piduct being deca-hydyr ur/uumhm,

[ ]

The reduction of acridine and phenanthridine (either by sodium
and aleohol, or by tin and hydtrochloric acid) only Ieads to the
Troductien of ¥ikydro-compounds, hydrogen being allded to the

“N-CH -~ system :—

SOGHENON

NH

[] CH‘

These substances are coiourless, nou-bnsic, non-fluorescent
bodies, which re-oxidizé$ #n presence of afmospheric oxygen, to
the respective aromatic compounds ; they also r&luce ammoni-
acal silver solution, forming the same products. As usual it is
possible to regard the ms-oxyderivatives of the aromatic com-
pounds (acridones and ph«nanthridones) as keto-glerivatives of
the dikydro-reduction produets: ,

04,
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VIIL SOME StirLe NATURALLY-OCCUHRING DEntvATIVES
. OF P YRIDINE

The intimate relation of pyridine, quinoline, and 1soqu.mohne
to the important complicatéd nitrogen bases occurrmg in many
plants, and classifed ag the “alkaloids® has already been
emphasized. The complex nature and molecular magnitude of
most alkaloids makes it necessary to devote a separatu chapter
to the special methotky in use for the elucidation of their stryc-
ture ; there are, however, a few alkaloids which are relatively
SImple in cbastitution and very closely, allied to ‘pyridine or its
reduction product, plpendme In order, therefore, to preserve
thessequence followed in othm chaptors of the part of this hook
deafmg evith heterocyclic gompounds, we will describe the most
mterestmv of these simpler alkaloid® by way of concluding this
section. Some of them, Indced, hive already’been théntioned
with the hetaines (chap. iii,, p. 40); thesc include arecoline,
arecardine, biigonelline, and apophyllenic acid. ‘'Three others are of
especial intevest, namely, piperine, coniine, and nicosine. -

Piperine, C,;H 4O,N, is a white solid occurring (about 7-9 per
cent.) in pepper. It harely shows basic properties, but is
decomposed by hot alcoholic alkali into the salt of piperic acid,
C..H,,0,, and the strong base ngemlme (p. 122). Cold alkali
does not decompose it, however,und it therefore appears to Ve,
not the piperidine salt, but the pip. eridide, of piperic acid. ‘The
analytical and synthetic evide'nce of the structure of the acidic
and basic parts of the  compound confirm this view and demon-
strate the ultlmnte structure of the coMpound.

A. (a) We lmve secn that plpoxme may te decomposed into equimolecular
proportions of piperidine and piperic acid.

() The analytical proof of the structure of piperidine is giv en on p. 123,

(c) Piperic acjil absorbs four atymic propprtions of lwomine, and thereforo
may be supposed to congain t“o cthenoid bonds ~CH=CH- and
~CH=CH -

(d) The ncld is oxidised by cold dllute permanganate to a.mixture of
racemic acid and piperonal ; .

CH (OH) COOH

N 0
I and cHIO c“"‘
CH «QH..COOH R0
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(¢) Fusion of the acid ®ith potalh yieids a mixture of acetic, oxalic, and
protocatechnic acids: - o R

(0O0H HO! GOOH
| ancy
CH COOH COOH, HO )

Beaung in mmd the molecular formula, this leads to the
following structure for piperic acid :—

- CH=CH. cH=°H.coy'(
CH, .

. ° L l -

This has been confirmed by synthesis as foljows :—

B. («) Pyrocatechol (1) was converted to profocatech dic aldehyde (ll) by
heating with chloroform and caustic potdsh (Reimer's reaction) -, thi§” was
then treated wigh methylene iocide and silvef oxide, producing the .acthylene
ether ofgtly aldehgde, piperonal (iIT). 1y condensation with acetaldchyde
in presence of dilute alkali, this yielded piperonylacrolein (IV), which gave
piperic acid (V) (by Perkin's l‘e'\ction) on heating with sodium acetate and
acetic anhydride. .

e (b) The synthasls nfpzprruluzc (\'I) has been given on page 122,

o (2) The%hloride ot piperic acid (VIL), when heated with piperidine, gave
pipesine, identical with the natural alkaloid, which {herefore possesses
formula VIII,

cHo
nc.aa
»

(,,, any

3
»

,0 CH=CH .CHO CH=cHe
H=CH.COOH
CH"O » , eu’/o 3
"~
rd
ty "
cu,—cm
CH. H 4 C1.COCH=CH.CHz=CH =N
ScH,.~ch® o . /cn. —
[
wvh Wwin
. ’
F
cﬂ.-cﬂ,
°’Q' JOO H=CH:CH==CH = AN
CN 'CHa
2

vin PIPERINE
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Coniine, C;H,;N, is an optidally sctive liyuid, boiling at 167°,
which occurs in hemlock, an@ imparts to that plant its character-
istic heavy odour and poisonous, stupefying properties. The
natural product ‘s dextrovatatory, but Ladenburg synthesized
both vacemic, lrvo- aud dertro- forms in 1886 (tke first gomplete
laboratory synthesis of a.nralkaloid).

The probable composition of coniine is shown by the following
typical decompositioys :

(@) Reduction with phosehorus and hydriodic acid gives normal oclune,
Cyllyy, and aygimouia. - - s

(b) Distillation with zine dust yields a p.pyl pyridine (““ a-conyrine™),
which reverts to conilne by alkaline reduction, but by further oxidation
givey picolindc aci? (p. 108).  The propyl group is, therefore, in the
e-positiow to the nitrogen atom, and, from reaction (a), is probally a
normal propyl radicle, CHyCH.CHa—. Thie view is copfirmed by the
synthetic produetion of a-propyl.pyridine, identical wit) a-con rise,

{r) Oxidation by hydrogen dioxide gives 8-amido-n-octyl wldehyde,

CHO.CH,.CHL.CITy CH(N H.). CTL, CHa. CH,.

() “Exhastive methylation ” (comptare pp. 53, 123) leads to the production

of conylene, amtunsaturated n-propylamylene of the structuso .
CHy: CILCHL CHECILC, 1,

Conime is accordingly most probably to be formulated as
d-c-n-propylypiperidine.
L UHCHAC 12.CH,
Cl. CHs
N

Ladenburg’s synthesis confirms this view :

(«) Weo may presuppose the synthesis of pyridine from its clements by the
intermediate stages of carbon disulphide, alctic acid, acetome, glycerol,
trimethylene bromide and cyanide, pentamethylene diamine, and piperidine.

(b) By methylation aud subscquently leating at 300°, pyridine yi‘elds
a-methylpyridine (I) (a-picoline, p. 105), which, being an a-substituted
alkylpyridine, condenses with acetaldehyde to a-propenylpyridine (IT). This
substauce on reduction at a high temperature passes into racemic condine (I11).

(¢) By fractional crystallization ¢’ the d-tartrates of (d4-)-conime, the

optical antipodes may be separated. “
AY
c,/f C.OHs ci‘}“'tic;q:cu.cu, 7.4. OHCHa.CHaCH,
Ln l CH CH CHs CH,
H
\\g} \}:"‘ He

Il an u
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Nicotine, .C,gH, Nyy*is a liquid dkaloid, boiling at 247°, and
licvo-rotatory, and occurs in tobacco-leaves to the extent of
between onc and eight per cent., the better to.baccos containing
least nicotine. It is a ditertiary bass, and is usually present in
the toba.cccrp]unb ag malate or citrate. It js miscible 1 most
proportions with water, possesses a puagent smell, and is very
poisonoug. Although discovered in 1828, its constitution was
not cleared up till about 1891-1895, when Pinner showed it to be

a3 pyridyl-N-methylpyrrolidine. ra

Oﬁﬂ cn, CN:
ke l

u cu.

cﬂ,

(‘onhrmat(ﬂ'y synthetic {vidence for t}us formula was arrived
at by Xi¢ Picfet and his Studends “in 1904, after ten years’
preliminary work on the subject.

'l‘he following are the chiefl decompdsition reactions of nic otule

* (@) Ttisa diteftiary base, and forms two isomeric non- identical wethiodides,
® () Distillation with zine-dust gives both pyrrol and puridine,

(¢) Reduction by sodium and alcohol gives Imcal:,r/(lmn1'cnh'nr Ciollyy N,

(+7) Mild oxidation (silver oxide) produces a hase wicofyrue, CgH, N,.

() Strouger oxidation (nitric or chromic acids, or per nu.n-mnat(-) gives only
nwolinie weil (pyndun.'-ﬁ -carboxylig acidy. v«

* (/; Bromine water gives two dibrcho- :o,\nldhon products, one of which,
+hen hydrolysed by alkali, forms mcllzJ/amnu and osalic aeid, and the other
by similar treatment is dccomposcd in® aicolinic aru/, methylamine, and
melonie acid.

"This evidence has beeu applipd as fallows:—

(i) Reactions (b) and (c) indicate the presence of a pyridis riny sustem.

(ii) Reaction (¢) suggests that ghe remnainder of the molecule is attached to
the pyridingnucleus by means of an «ll yl group in the 8-position.

(iii) Reaction (/) shows that the non-pyridine: nitrogen atom must b
united to a wmethyl group, and that the substiluent group,in the pyridine
nuclens Inust contain the skeletons -C - L and C C-L-, so that we have :

o (CsH,N)-C—C - (,— + = N CH,.

(iv) Remembering that reactiot (b) indicates the presence of a pyrrol system,
we may combine thesd facts as in the abpve formula for nicotine, where it
appears that the pyrml residue is hydrogenized, a fact which explains the
production of basic nicotyrine by mild oxidation (d).

9
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The synthesis of uicotine was®ucconlished iy the following series of
rcactiong — . . .

(@) The amide of nicotinic acid (I) was converted to B-amino-pyridine (11)
by Hofmann’s reaction.

() The latter compound whs distilled with mucic acid, leading (as ow
1. 42) t§ the formatiog of N-B.pyridylpyrrol (111) ; en plssing this through
red-hot tubes it was rearranged {compare alkyl-pyrrolium halides, p, 53)
to a-B-pyridylpyrrol (IV).

() This was ticated with methyl iodide, when a compound idéntical with
nicotyrine methiodide re&lted, from which nicotyrine (V) was obtained by
the action of potash, thtws showing that substance to be a-8-pyridyl-N-
w ethylpyrroly (V). A . . .

() The last step in the synthesis is the Yeduction of the pyrrol residue
without simultancoushlteration of the pyridine part of the molecule.s This
is ifjuossible by thé usual method of heating with sodium in alcohol, since
reductiowr takes place tlnrqughgu!, and hexahydronicotine is produced. If,
however,” nicotyrine is treated with iodine,fn monoiodonicolgrine is formed,
which is reducible by tin and dn}drochlo'!ic acid to dihgdronicosyine (V1).
The latter compoand absorbs two atoms of Lromine, and the resulting product
is again reduced by tin and hydrochloric acid, when inactive nicotine (V1I) is
formed. Picfet, having pursued the®synthesis thus far, completed it by
desolviny the fuactive base into its - and - forms by meaits of the d-tartai®.

acid salt. .
N N
o{fK H 4 tH ﬁ i""' fa TN ru—cu
e L L= LI
%’c gc.co«u, 0\"\'0 ﬁcmc. . S o cHz=ch {%f ~ {,°
L] an an vy R
4
LY .
IH |H ﬁH-cu ¢ T{/N\ICIH c|u—cu, Tﬁ’“ ‘ﬁu CHCH,
°\'3~cf °\~fu“ Y f‘_“‘,\‘ﬁ"a M= °“\\c,:-—9»{u,cm
‘CH3 gH.. WID nicorine én,

i



CHAPTER VI.II
THE ALKALOIDS

I. GENERAL |

IT wilt be "best, hofese describing tho remaindug classes of
beterocyelic compounds, to deal at tifis point with the
extensive group of naturally oceygring derivatives of pygUine,
quinoline, pyrrol, etc., which have.come to be known as the
“ alky)oigds "or_plant basos, :

T hcse substances occur i varidus phntﬁ, and, as a rule, the
same alkaloid is found to occur ouly in closcly allied plants:
thus nicotine is found only in®Nicofiona species, ]nl)erlne only in
the secals of® different varieties of pepper, and 'so on. The
physiological effect of diftorent plants or plant-juices (for example,
the poison in hemlock, the medicinal utility of cinchoua bark, or
tho hypnotic influence of opiwm) has been knoyn in some cases
for hundreds of years, hut {he e~vges of these phenomena were
nog, traced until towards thc'closo of the eighteenth century,
when Hoffmann stated that e h rul ohtained erystals from cinchona
bark. A few years later, about 18710, Sequin wvestigated a similar
erystalline product from gpium, and, apparently during the next
decade or so, these dlscoveues reccived consid 1able atiention,
for within this period the following alkaloids were isolated in a
more or less pure state : —

Alkaloid. Sowrer, Isolated by
1817.  Morphine. Gpium.  * Seturnei®
1818, Strychuine. Nux vqnica. Pelletier and Caventou.
1819. . Brucine. ' . "
1819°  Piperine. Pepper Oersted.
1820. Quining. Chuchona Wark. Pellaticr and Caventou.
1821, Cinchonino. e 3y ” "
1827. , Coniir®. Hemlock. Giesecke.,

1828, Nicotine. Tobacco. Posselt and Reiman,
. 131
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L]

The empirical formule of* most of th¥se compounds were
worked out, mainly by Liebas and his students, between 1825
and 1850, together with some of their chief chemical decom-
positions. Tt was thus obServed that many members of the
group ghve, by destructive distillation, pyridin® or quigoline—
bases which were receiving considerable attention at about this
period (1850). Hence the alkaloids were defined ase compler
naturally occurring pyrgdine bascs.

Latereresearch sho&.ﬂ that a number of other hcterocycllc
ring-systems_ entered iuto the\uompmg\mn of muny alkaloids,
and therefore this definition could not*be maintained. At the
present time, il i§ usual to refer any cyelic nitrogenous compound
foun®in yuture to the class of #ikaloids, so that the term embraces
*not only* the complicated Pyridine, ofc., bases, hug also bases
such as creatine (p. 193) or celleine (ps193), and other cormpbunds,
such as pilocarpine (p. 74) and uric acid (p. 196).

In this chypter, however, we sball confine our attention to the
complex basig alkaloids derived from the heterogyclic systcms.
already discussed, and leave substances of the type of éreatine,
caffeine, and uric acid to a succeeding chapter (X.).

Stractural formule for the alkaloids now under consideration
are of comparatively recent datg,“indeed, in a few cases these
are still uncertain. The f"r&n “to _b& definitely settled were two
of the simplest, piperine and coniwee. The structure of the latter
was confirmed by a synthesis shy [&desburg in 1886, and this
represents the first Synthetical evidence on the subject.

Greater progress hassbeen made sinch ebout 1895 with regard
to the ultimatesitructure of alkaloids, both from the synthetical
and analytical sides; and we may summarize the position at the
present date (1911) as follows :—

Alkalowls completely syathesizeds Pipering, conime,® nicotine, atropine,
cocaine, meconine, narcotinc,,narceine. papaverine, and hydrastine. -

Alkulvids whose structure is known with tolerable certainty : Bcrberinc,
quinine, cinchonine, cinchoridine, and conchmlne

Alkaloids of wicertain struclured, Morplum- codulue, thebaine ; strych-

njne, brucine, <parteine, aconitine. .
.

It is obvious that these substances may be classified according
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to the heterocyclic ri_'ng-systems from which they are ultimately
derived ; but inasmuch as a consiflerable number posséss more
than one type of ring-system in the moleculs this method is of
little use as a practical guide. We" shall thercfore diseuss the
few typical membets which space peranits aceording to the plant
families to which each group (as indicated above) is peculiar, and
for our purpose we may make a rough classification as follows :—

Plant Familics.
Piper (Pepper).
Conium {Hemdock).
Nicotiuna (Tobaceo).
SHanum (Nightshade).
Paporver (Poppy).

Berl.rd (Barhery ).
Cinchonn,

Strychnos (Nux Vomica).

o Alkaloids.
an. " | (sce chapter vif, pp- 126-
‘ounlne '
oun 130)w
Nicotine

Atropine, hyofine (cocaine).

Me¢conine ; narcBtine, narceinc"papa.

vetine § morphine, thel:ine, code,
me.

Hydeastine, berberine.

Quinine, cinchonine, cinchonidine,
eonchinine

Strychnine, brucine.

We will next indicate the different ringsystems embodied in

these alkaloids, and herc we must distinguish between the
presence of isolated ring-systems and those composed of fused or
“unnealed” nuclei (just as suinoline is madeyup of a henzene
residue “annealed to” a pywduie groyp).

°

[ ]
A. ISOLA;I‘EI" RING-SYSTEMS
[ ] L ]

(@) Pyridine.

(b) Pyrrol.

(r) Quinoline.
(d) Iso-Quinoline.

(¢) Lacione.
. L]

Piperine, conyne, nicotine.
Nicotine.

Quiniue, &nchonine,

Papaverine, narco®ae, hydrastine,
Pilocarpine,

B, ANNEALED RING-SYSTEMS
-»

(&) Betaine. Trigofelline, arkeoline, strychnind) brucine,
(b) ‘Pyridine. Trigonellines arecoline, atropine, cocaine, guinine,

(¢) Pyrvol. Atropipe, cocaine. ]

(2) Quinoline. o Strychnine, brudine.

(¢) Carbazole. . Strychnine, brutine.

(f) Phenanthrene.  Morphine, thebaine, codeine.
(¢) Oxazine (pora-). Morphine, thebaine, codeine.
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In many cases the above }}etero:zyclic n.l_xclei are present in
the reduced state; thus thd’ pyridine group is represented as
piperidine in pipcrine coniine, atropine, and quinine, and the
pyrrol residue is similarly f)’reﬂent in the form of a pyrwlulma
ring in' nicotine amd atrepine, whilst isogtinoline appears in

narcotine as a substituted fefrah ydroisoquinoline.

A fow words must be added on the general physical and
chemical characteristice of the alkaloids.

In the first place, it Y ~~orally believed that the alkaloxds
are formed & the plant tissues (usuakly in the fruit or sup) as
by-products in they decowposition of still more complicated
plOd’JCLS of the organism, just as uric acid is sccreted hy
carmvorauq, and hippurje au(f by herbivorous, mammalia:

It is dlso suppo-ed that what we*term alkaloids are really
derivatives of slightly more sﬁnplc c‘ompounds, the lattbr being
the real by-products referred to in the last sentence. It is well
known that, for example, benzaklehyde cyauhydrin (mandelo-
nitrile) is notvdeposited as such in the alwond, but rea¢ts with™
glucose present in the juice to form a glucoside. In the same:
way a very few alkaloids are found in the form of glucosides,
but the maymby appear to lmve condensed with other con-
stituents of the' “plant Julcc in.? .r,nel of the two following
ways i — -

1
(i) With an organic acid to producg an e¥er. ,{Atropine or piperine.)
(ii) With jormaldchyde yielding a :/UUI‘l ether.  (Narcotine, quinine,
brucine, cocaine, ot( ., ete.) -

It is significaps that tho only all\yl ethe s found in alkaloids
are as a matter of fact wmelhyl ethers) whi'st progressive stages
of methylation may often be noticed in alkaloids which occur
together in one plant. A few 'cxamphzs are:—.

Brueine (dimethoxy-stwrchnine).,
Quinine (methoxy-cinchonine).

Codeine (methylmorp¥ine, and thebaige (dunothylmorplnne)
4

Turning to general physua.l propérties, we find that, with the
exception of a few high-boiling liquids (coniine, Ricotine, arecoline),
the alkaloids arc colourless erystalline solids of fairly high
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melting-point. The _;olid alkaloids are, as a rule, insoluble in
water, and sparingly so in ether 8r cold aleohol, but WQissolve
more readily in hot alcohol or in chloroforms Most alkaloids
show the phenowmenon of optical actgvity; a few, however, are
. O . L 4 . .
inactives (atropine,® papaverine, pipesine, berberine). Of the
optically active members, the majority are l«vo-rotatory, but a
few (cohiine, narcotine, cinchonine, quinine) possess rotatory
power in the opposite sense.

.
Owing to thejr therapeuticyimporte.ice, the detection of alkaloids bas
received mich atlention, Qhlitatively, they may be recenized by their
meltipg-point, optical rotatory power, and by vaviensslistinetive colour tests
(notably with sulphuric or nitric acids). Quantitatively, they are uswally
estimateds in the form of one or othei® of the following insolyhle®alts:
chloroplatinates, (from chloropfutinic acid,® ILJ’LC]«), chloroaurstes (from®
AuCl)apgrates (from picric acpl), phoglp-molyldates, periodides (from a
solution of iodine in potassinm io?lidc, K1, Bourhardat's rcagent), or mereyr-
indudes (solution of potassiuin mercurie indide, KoITgl(, Muyer's reagent).

.« The followjng table affords a summary of a :fow typical
charactdristics of the alkaloids : —
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The fo]lowmg are the general features of tbe chemical behaviour

o the alkaldids ; from these reactfons the gencral nature of a

given alkaloid may frequently be ascermned, ag will be gathered
’ ﬁ om the speclﬁc e\tamples cited.

. -
A. Destructive dlstlllatlon (either afone, or in presence of
zine dusé or of lime).

“ Nicotine yields pyridine and pyrrol.
Quinine " quinoling
* Brucine * pyridiies, indol, and skatolr.
Morphinp 1y Phendnthrene. .
° ®

. . o
L. Hydrolytic agents (potash, 5C per cent. sulphuric_acil, or
(occasionally) dilate hydroghloric aciid). * .. -
% Ltropincyields tropine \'{mse) a1 ropic acid.
Cocaine W ecgonine, benzoie acid, and methyl «lcohol,
Narcotine ,, hydromfam.ine (base) and opianie acid.
A
e ° , . » —
. U Altylution or henzoylation (determination of the number of
free hydrocyl groups).
Number of (OH) groups.
1 in atropine, cin h. nine, quinine, codeite.
2 in morphine. * .
. L
»
D. Action of hydriodig acidy(sp. gr. 1.8) at 130° (determination
of the number of methoryl /groups) .
Number of (OCH,} ¢ Youps. » -
1 in cocaine, quinine, codeine.
2 in thebajne, brucine, berberine.
. 3 in narcotine.
4 in papaverine.
L
E. . Action of concentratel hydr orhlor zr\aud (in soalod tubes at
150°).

(1) Water (H O) is frequently eliminafed : .

_Tropine, CgHgON —>  Tropidine, C,1I;;N.
" Ecgonine, Cng,O,.N -> Anhydroecgonine, CyH;30:N.
Morphine, CyHwON = Apomorphine, Cr[I;0.N,
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(i) If the dwv_/nwtkylene “(piperomyl) gronp is present it is
usually.decomposed under tHese conditions:—

. H
R\ >cn.+ 2HC) a’e +2He1 + ¢ (deposit of carbon).
¢ > H .
Ld
. Y L]
The piperonyl. group is found in papaverine, narcotme,
berberine, and other alkaloids.

K

F. MId ovidation (hy.!regan dioxide, strong sulphuric acid,

cold dilute njtric acid, etc.).o ) R ‘L
(i) Loss of hydrdgen may take place :

« Coniine, C,H;;N > Conyrine, CgH;N. .
Njeotine, Cioll,N, ¢« ->  Njcotyrine, CjollyyN,,.
Cinchonine, G, ON >  Linchoninone, ('.‘H.ﬂmo P

. Q Iy ‘

(ii) Addition of oxygen may occur :

Nicotine, U,o11,,N, - Oxynicotine, C,jH; 0N,
Strychnine, CHpO,N ->  Strychuonic acid, (11, 05N o
- [ ]

@. ITigorous oridation (concentrated nitrie acid, acid perman-
ganate, ctc.).

In this case acjds of the ammaftjﬁ and pyridine scries are often
obtained.

Altkaloid, PYridine veid. Aromatic acid.*
Nicotine - Nicptinice, —
‘ Carhocine: nmeronic
Cinchonine - {Cmc]mmcro —
¢ Quinofinie .
Papaverine £ > Carbocinchomeronic  Metahemipinic
Hydrastine - Apophyllente Opianic

1. Ty SOLANUM OR* NIGHTSIADE ALKALOIDS

~ ¢
A number of alkaloids found in plants of certain genega of the
order Solanacex, notgbly ip Solaxum and Atropa species
(nlghtshade or belladonna), form a closely related group together
with cocaine and other bases occurring in the 18aves of the cocoa
plant. All these substances are snmple derivatives of a base
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known as {ropine, w}:ich has been proved to possess the

constitution ° . .

CHy=CHegH,

NMe CHIOH)

-
CH,—CH—CH,

This co.mpouud may he regarded as derived from cyclohepta-
niethylene with a “bridged-nitrogen” ring-system inserted, or,
perhaps more simply, as a,combir.ution of the pyrrohdlne and

v

piperidine huclei :— .

° 1

Ha~CHa oM s
H
CH:—O{h \‘!"“é"‘n.
. i
"This tfnesof annesled hetero-ringdystem ngpears in its simplest form in some
of the hemlock alkaloids, derivatives of conitne, which we have already seen
is a-n-propylpiperidine. Coniine is always accompanied by a number of other
alkaloids, the coniceines, and it has resently heen shown thai certain of the
iftter are giperide-pyrrolidine or piperidine-trimethyleneimict derivatives_
“hus we have—

Hi~CH.CH2.CH2.CH  CHy=CHLCHLCH=CH, cH.'—GH"cH: CHiy GH™"CH,
] l T o
Ha  NH CHy NH M2 N—CH A Ha M
I l l I Ha
; CHy=CHa CH,~CH2 CH,—CH, CHa=CH,
Connre a-Lontere B-Coanen e o{ onene
»

This sevies illustrates how iw M’s’sil'lc it is to classif; the alkaloids accord-
ing to the chemical naturs of theil heterocyeld groups, except in the
broadest possible manner, ~

’

The tropine alkaloids may be divided into two sub-groups :

(i) Tropeines or ropeides;of aromatic oxy-acids.

(il) Derivatives of tropine carborylic acid. \

(i) The #r opeines, which age in genoml siructure comparable to
aliphatic esters, include all the balladonna alkaloids, and are

distinguished therspeutically by their deadly poisonous nature
and their fiydriatic action (dilatation of the pupil of the eye).
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The chief of these are—
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Atropiife, CH O,N. ~ Optically inactive. M.p. 115° Occurs
N in helladonna. Tropeide of tropic
* acid. ¢
Hyoseyumine, . I-rotatory. M.pe109. Oceurs in bella-
donna. Tropeide of tropic acid,
lyoscine, C, Isomeric with the first two., M.p. 56°
Occurs in belladonna. Tropeide of
tropic acid. o
Apoatrgpine, CyH, QN M.p. 62°. A synthetic product. Txo
peide d{atropm acid.? '
Homoatropind,®  C H,ON.  M.p. 97 A synthetic produet. Tro-
L]

peide of mandelic acid. ¢

() The cocaine alkaoids are derivatives of tropine darboxylic
acid, ahd are very usefu] local apcsthetws Tht hest, known
are—

1-Ecgonine,
1-Cocaine,

m. o @
+ Tiopa-cocnine,

Col150,N.
Cn‘lmO‘N.
Cy5T0y0:N.

M.p. 205°.

Tropine cathoxylic acid.
M.p. 983,

Benzoyleegonine methyl gster.
Benzoyl-y-tropine,  M.p. 49 ¢

In order to obtain some idea of the structure of these
substances, we,will consider the following questions in some

detail :— . &

PR ]
(4) The decompositions and Synthcsis of atropine.

(D) The structure of the a.clds COn amul in the most common
tropeines. . . \

(C) The cofversion of tropines to gocaines.

(A) The decompositions and synthesis of tropine.—TRis basé is
obtained when a tropeine is dlgested with haryta solution; in

the case of atbopine,
L]

20,7140 ;\*+I 2a(011), = 2C, 0N + (CyH,04)Ba,
q
. [}
Its chief reactions are— ) .

(@) Heated with lime, methylamine is evolved, lmhcatmg thg presence of
the methylimino group »N.CH,.
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1] L]
() A ketone, tropinone,®is form@l when tropine is oxidized Ly chromic
acid. By further oxidation an acid, tropigic acid, is produced, which on
reduction at a high temperature yields #-adipic acid. *

¢ CH,;ON -> CH,ON -> CH,NOS > OO.:H(CH.J,COOIL
Tropine. Fropjpone.  Tropinic acid. n-Adipic acid.»
(] Y *

lence wo may infer the presence of (i) 'a secondury aleohol group
- CH(OU) %, and (ii) a chain of the type >CH.CH, - CHy~ CH, - CH2.CH <.
{¢) Dehydrating agents convert tropine to ¢ropidine, which by reduction
and"distillation of the product with zine dust yields a-ethylpyridine fjLaden-
burg) :— . . »
T o
CgHisON 3~  CghsN  »—» | M

CH==C-CH,CH, .

.  Tropne Tropdine Y ol thylpyridine n—ﬁ
- -

' (1) Exhaustiv® methylation of 't;oi)idine leads finally to the prodt’xction of
a very wnSafurated Rydrocarhon, Lbpilidens, C;l1y, which forms a dibromide.
This dibromide, on heating at 100", evolves LIBr aud produces benzul bromide,
Gl CHyBr (Merling).  The formula of tropilidene might accordingly be

A
/OH:CH:IH _PH—g=CH, CHiocH  * Avima

3y
CH, or \ c{i Cl ,c/:H
NCH=CcH Iu c@}:”_c/ﬁc“ o NE_&

All these facts may be combined in two or, three possible
formule for tropine; the tyo most probable are those put
forward by Merling (1) and by Willetitter (I1) :—

CH el ?  CHy—gy~—CH,

2 2
e
CH~CHz—CH, 10t »=—CH , NV CHIOH)
o
CH, N Me CH;—CH—CHs %

(1)) s’ un
. L]

Synthetic evidence confirms the second formula.
3 ’ i\

The main outlines of the sylftheaist' which is due to Willstatter, are as
follows : — \

(w) Synthesis of cycloheptatrienc.—Caleium suherate (1) is convorted to
suberone (1), which by reduction’ and delwdration gives cycloheptene (III).
The dibromide of this {lV) is converted by, methylamine to a dimethylamino-
cycloheptene ()'), whifh by the exhaustive methylation process is changed to
cycloheptadiene (VI). Two atomic proportions of bromine are added to the
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. ’
latter compound, and the addition groduct ("II), when, distilled with
quinoline, yields cycloheptatriene (VIII). ' .

-

CH;CHCH;-COO: CHa=CHy—C, CHy—CH,~CH
s \c- ~ SZO , \:CH
CHzCH,cH. .'000/ CHa~CHy~CH, CHy~CH;-CH,
. &
u,-cHrcKoar CHyCHi—GHNHCH,  CHi~Ch=cy
/CH Br / H 3 H 3y
Hy~CHy~CH, CH,—CHxCH °“=-°“r‘-(“
[GY) ™ v
H Q zcH-
CHacH a.»c\\cm ‘Ife‘_ CH"CH .
. CH,—CHa-c{i Br CH,.CH=CH

(VI

(ls'u‘awerslun of «'!/rluln-plu,‘rir.;m‘ to tropidine. —Oue molecular proportion
of hydrbbromic acid is added to cyclohe}lfutriene, forming‘the mquohydro-
bromide (1) ; this is treated Witk dimethylamine, whel a-methyltropidine
(I1) is produced, and on reduction passes into a-methyl tropane (I11).

The dibromide of this substance (IV) suffers intramolecular rearrangement
on heating, dud oue of the (-.ompound'ﬁ (V) is formed. Hydrobromic acid, is

«hminated fr8m this, and tropidine methylhromide (V1) remaing, which on
distillation gives tropidine (VII).

CHsCHB~CH P et W Me
- N
. e CHi—CH=CH, .cu;—%n-::u,
" CH CH2
. . cn,
CH,~CHZ=CH CH~C} =CH S Ha-CH==CH
N an CH,CHgpHBr
aw
o,
_ X CHz— CH—CH, CHs—CH=CH,
cu.-TH- Ha 9’:""" ' ' : |1
$eN-Me, CH NMs CH
BralMs, CHe BroNMe, CH, ) L 1l | |
CH, .CHBCH y CHa—CH=CH CH,~CH—CH

GHy—CH—CH Br

(¢) ('onversioy of tropidine lo trgpine.—Vghen tropidine is warmed with an
acetic acid solution of hydrobromic acid, aduition of ITBr to the double bond
in tropidine occurs, and ov% of the shbstances In or Ib is formed. This is
converted to an isomer of tropine by heating with dilute sulphtuie acid at
200°. This isomeride is Known as y-tropirfe (IIa or 1Ib).

By oxidation of y-tropine the ketone tropinone (I1fa or 111b) is produced ;
this is identical with the tropinone formed from mftural tropine, and is
characterized by forming s di-isonitroso compound and a dibenzaltro-
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pmone by the Claisen cdhdensatidn. It thewfon'e, contams the grouping
- CH,-CO - CH,, , and-so must be fommlated as I1la and not 111b. By
reduction of tropinone with zinc dust and acid, tropine itself*(IV) is
produced »

o The isomerism of tropine and y-tropine ploverl puzzling for a time, but it
was eventually established that thcy are geonwtucal (cis-trans) isctnerides,
and, as in®many other cases, one isomer is moresstable thian the other. In
this case :/‘ tropine is the stable and tropive the labile drm ; in accordance
with the general rule that in any reaction the less stable form tends to
saparate fivst, tropine itself therefore results by reduction of tropinone under

" the mild cmldmons described.  In the former case, however, the temsperature
of reaction 4(200% ensures ths' couversion of the product to the stable

y-tropine. ¢ ”~
"GH7—CH—CH, CH3—CH—CH, CH;"CHCH, gu.-tlzu—cu,
Mo CHER NMs CHiOH) SNMe CO NMe °“‘Q.§ﬂ
CHa-CH —@H, CH,_CH —C3, CHy~CH~CH, cn,—OH—ONJ
') T (i12) WiTa) » )
CHy=CH—CH, QHrTH- CH, GHa=CH— CH,
N-Me CH, N.Me CH, NMo OH,

.
—CH-CH#r  CHa=CH—CHION, cu,——!:n—-co

0
1y > B
L] my

(B) The structure of the acids in the tropeines, alropine and apoalre-
pine.—It has been stated that these alkaloids contain, in combina-
Ltion with tropine, {ropic and a/ropic acids respectivély. These two

sl uls have been synthesized ff rom «lcel:ophenuno () as follows :—

Acctophenone Lyanh_ydun (1), w’lu.n treated with cold concentrated
hydrochloric acid, is hydrolysed tu,a-phenyllactic or atrdlactinie acid (III);
if the latter is boiled with the say(/reagent, water is el auinated and a-phenyl-
acrylie or atropic acid (IV) .esultss  Additiop of anhydrous hydrogen
chloride to atropic acid produces g-chloro-a- phenylplo[-wn}( acid (V), which
passes into tropic acid (a- phenylh yidraerylic acid VI) on boiling with aqueous

alkali carbonates :
OH

oH 0 o
CoHiGOCH 3 WOaHa.C-CHy1 Sl vy
&N o, ‘S00H ttey
m an - @n (
CoHs- GCH, €1 CaHs . 6.CHa+ OH
éoom * n Soo

™
Tropic acid maysbe resolved into'its optically active forms by
fractional crystallization of the quinine salts.

. -
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From cither tropic: atropic, atrofactinicor mandelic acids, the
tropeines may be prodnced by the following methods :—

(a) Esterification in the usual way by heating tropine and one of the acids
with 3 per cent. of &nhydrousdHCl. .

(b) Agetylation of the acid, conversion of the acctyl-acil so produced to its
chloride, and condensation of the latter with tropine liydrochloride. The
resulting acetyltropeine is siponitied by allowing it to remain in contact with
water for some time. This method leads ‘o a much better yield of the tropeine
than the former, )

(C) .The conversion of tropines to cocarnes.—When tropiue’ is
oxidized to tropinone, and the sodiu‘m salt of the latter (I) is
suspended i ether and saturated with a stream of carbon
dioxide, a mixtulj& of the sodium salts of two carboxylic acids is
formad( 1la, b), since the sedium tropinone reacts partly in the
ketonicy(Ia), and partly ii7 the enolic/Ib), form.

The ketonic isomer is puoduced i least amount, but.-when this
is reduced, a tropine carborylic acid (I1T) results which proves to
be racemic ergonine. )

Now l-ecgt;,l;giue is produced when ordinary /-cocaine is digested with dilute

~asffl

mu'yl& water, together with methyl aleohol and benzoic acid :
C,;H, 0N A CH 0N + CMH,CO0H 4+ CH.OH
Cocame Kegonine Benzoie acid Methyl alcohol
Consequently cocaine (V) appears to be the methyl ester of
benzoylH-tropine carboxylic acid, und this has been proved by
benzoylating eegonine, and estenfying the benzoylecgonine (IV)

with methyl alcohol : -

CHy=CH—(CH Na cH.—cl:H—cH.ooc?k,'N_. cu,-Tu_cH .COOH

LM. ql:o NMe !IDO NMe CH (OH?

|

CH,~CH—=CH» CH;~CH—CHa CH,.;cp:_cua

L) (I1a) 111!
CH;—CH—CH = CH;=CH—CH

N'M,y C-ONa ‘Me C-0:002N, "

3 y
CHa—CH=~CH, CHa -CH Er

(1) = am .
CHa= w—fu-coou.r oa.—;‘ln—c‘-u:qom
I I.M- CHOCOCHs NMe CH(O.COLeHs

L)
GH,-LH— Ha CH;—CH~—CHa
o

(8
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As might be foreseen fibm this synthetic evidence, ccgonine can be trans-
formed to tropidine. When boiled with phosphatus oxychloride, ecgonine (1)
passes into anhydroecgonine (II), which loses “carbon dioxide on™ heating
under pressure with hydrochloric acid, forming tropidins (III).

) cm—TH-icn.c,oou qu.—tl:u—c.coon CHy—CH—CH
L AMe cHION: = l NMe CH ° a NMe CH
@ CHz =GH=CH, YHa=-GH—CH, EHy=CH~CHs

I 1 I1I

.
kgﬁin, by nveans of the cyanhydrin of tropmone (I), a-tropine carboxylic
acid (II), isgmerie with ecgonins, may be synthesized.
By benzoylation and esterifichtion this gives rise to a-coge (IT1), isomeric
with erdinary cocaine, but not occurring in nature, afd possessing no anes-
2

thetic properties : 5

—CH — m CH;™ CH~—CH rﬁf
CHa—CH —TH’OH ?H' EH QHa o:' R t‘ |}°'Cf':clﬂa
«Me C. N
O N c\ ™ I-ﬁo °< T ]\coom,
I \en \ | Ncoon CHamb—CH
CHa~CH—CH, CH,;.CH~——CH, @ 2

i
. v d

. . . > . R
Finally tropn-cocaine, which somefimes accompanies cocaine in the cocoa
.lﬁant, is #he benzoy! derivative of y-tropine, since hydrolytic agents Lréak*it
down into that substance and benzoic acid :
CH—CH—CH,
fMe CH:0:COLC Hs

CH, = QA—CH.

I1I. Tur OviuM Pl Rorry ALKALOIDS

Most members of the ‘boppy family are tolerably rich in
alkaloids, but the opinia poppy (Papaver somniferum) is especi-
ally noteworthy in this respect, and the milk-like juice from the
unripe seed heads of thid specios constitutes the drug opium
when dried.

The therapeutially interesting ~ompounds prerent in opium
may bt divided into three classes:

(@) Nen-vitrogenous substances.  About 4 'par cent. Meconic acid,

meconine, ete. “
(b) Iso-quinoline &lkwloids. About 8 per cent. Narcotine, papaverine,
o

ete.
(¢) Oxazine alkuloids. About 10 per cent. Morphine, ete.

I0 '
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(@) Aon—mh ogenous wubstances —ﬁAlthough these are, strictly
speakitg, not alkaloidé. we *will review their struc¢ture because
they are frequently found as decomposmou products of the iso-
qmnolme alkaloids, as well' as accompanymg the true alkaloids in

poppy- ]ulcc - " R

Meconic acid, (51404, 8}120, occurs as morphine salt in opium, and has
been shown (compare chap. vi., p. 85) to be a dioxy-y-pyrone dfearboxylie
acid of the formula :

Meqpine, (),JI..,@, welting at #02°, is, on the other hand, a benzu-luctone

< or phthalide (chap, iii., p. 51). Tt is derived from meconinie acid, C;oHj,0;,

which exists, however, only in thc form of metallic salts, wlnch ravert to
meconine when acidified. !

Meconine itself is of importance owing to its formation from nareotine
(p- 147) on bailing the latter alkaloid with water; at the same time a closely
related com[m\md opianic acid, C,,11,,0;, is also produced.

Opianic acid is changed to sodium meconinate by the action of sodium
amalgam, and on aclduymg the product meconine is oblained ; again, when
heated with strong aqueous potash, opianic acid furnishes a mixture of
meconine and hemipinic acid :

2 CyHyO; = Cully + Gyl Oy
Opianic acid. Mec onme Hemipinie acid,
1

This reaction is analogons to the decoy position of benzaldehyde by caustic

. alkali: N
2 CJL.CHO 4 1.0 == CIL.CH.OU + CH; COOH,
[}

and so, since hevupinie acid is known to have the structure given below, it
is teasonable to suppose that the structures et npianic acid and econine are
somewhat as follows :--

Me O Me O
M -
Me O OOH 'Y} 00 CO
cooy’ cHo
Hemipiue acd ¢ .Opﬂm: acid Mecnnmg
The preci-» oriontation of the earboxyl and aldehyde gnoups in opianic

acid is finally established by tho fact that on distillation with soda-lime it
yields vanillin methyl ether (IIT), which may be synthetically prepared from
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.
pyrocatechol (1) by Reimer's reactlon, the prodl t, protocatcchmcaldehyde
(IT) being then methylated :

@ 20 10

nrn

(%) Isogui'noline Alkaloids.—The chief members of this group,
and the only,ones which we shall consider, are narcofine, ngreeine,
and papavgrine.e Each of these, by the action of violent chemicai
reagents, such as heated zihe dusteor fused potagk; gives rise to
simple derivatives of isoquinoline ; none of cﬂlem possess very
marked physiological propertics.

Narcotine, Gy, H,;0,N, melting at 17€s, i% the most aburiﬁ’nt of e
the thmegand fporms someti?‘.es as .Iq,uch as 6 per cent. 'of the
dried juice of the poppy. It is a very complicated alkaloid, and
its structure has only recently been placed heyond doubt ; at the
present time, however, the syntfletu, cvidence (whlch is usually
necessar to decide the precise constitution of these conipiex *
hodies) has been supplicd almost completely, although there still
remain a few missing links in the chain.

Narcotine, when heated with water at 140°, gives a mixture
of opianic acid and a substance, hydrocolnynine,

CuMlyON  + 0 e COlN0;  +  Cpll 0N,

Narcotine. o Opianic acid. Hydrocotarnine.

whilst by gentle reductica, mu'onmra and *hydrocolarnine are.
produced. . i

The iatter compound is oxidized by mild reagents (such as
hydrogen dioxide) to cotarmsne, C,,H ,0,N ; and since the formula
for narcotine depends on the structure of cotarnine, we must
discuss in a few wards the nature of this pro«luct

The chief decompositions of tgfm "LiTg? are
(i) Nitri~ acid oxidation produces apophyllenic deirl,
° SH—oedbH ¢
Mo ifon  NB.cooH
H=C

(ii) Mcthylation gives rise to cotarnomethine methyl iodide (I), which,
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‘
when heated w1th alkali, {ivlds tnmethyﬁa)nme ahd cotarnong (II). Oxida-
tion of cotarnone leads to{a lactvne (I1I), and then to cotarnic acid (IV),
which, when reduced in scaled tubes with phosphorus and hydriodic acid,
gives gallic acid (V¥: < .
Cm]’] I5OJN ‘} Cn‘"’u(s.‘N h[(’][ '+ (Jl]H]IiO.‘ "> (‘]1 H]&Oa‘} 01011307.+ 07}1(, 63
Cotarnine. 1 11 11 iv Yy
L)

Now, cotarnic acid is dibasic and readily forms an anhydride ; moreover,,it

contains o methoxyl and a methylene-ether group. Henze, sines gallic

acid is .
Ho “
-
HO
b
- HO
. H cooH
cotarnicsacid is most probably . ;
1 Me O
;0 COooH
CH,
No cooH

and working lack from this, we arvive at the comstitutions of thé
intermediate ]nrmlucta I-11:

)
o CHO
cn, pH, c&,/\
M"’ on N-cn, ° CHaCHa: N My
m

(48] o

so that, finally, eatvriine must be

Vas NHM
cH
Lok Ha

This might nuncumbl) he o kind of tautSheric substance, and react either

as an aromatic alphylamine or a reduced isoquinoline :
.

MeQ  cHO o » 8% H(os-n SeHa

X on
NH Ma « o Z° ' cv; N.ON’
> 2 l ) 2
%o ﬁm’ No Hy No (:n.
2
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It has been shown apectﬂ)scopicaﬂ y by Dobbie gnd co-workers that some’
such chango does occur, ore form or the osher pfledominating accorgling to
the solvent and other external conditions ; and tNis hypothesis also renders
explicable the formation of the pyridine-betaingflike apofhyllcnic acid.
® AVe will now s;umnarize a receut syuthesis of cotarnine by .Sn.'.way
(1910) :— . . -

Cnmmen‘cing with myristicin (which had bcautynthegized previously), the
allyl groupgpresent was isomerized to the propenyl radicld by hot alkali, and
oxidation of the product produced myristulilehyde, which was condensed
with ethyl acetate by means of sodium ethoxide, when hydrolysis and
alkaline reductfon produced B-3-mathory-4.5-methylencdioryphenylyapionss
acid. « .

The amide of this acid was treated with potassinm lgwuromite, and the
resultitg amine heated with the chloride of phenylacetic acid, when phenyl-
weet yl-B-3-methory-4. 5-methylenediocyphewylethylamine wWhs obtained,

On heating this with phosphoric anhydride fp wiling xylene the L‘ﬁﬂvonyl .
group present (r rather its ci®lic form) condensed with the }¥nzenoid
nucleus 18 oth of #he oriko-positiahs to the thylamine radicle, so that two
isomerice dibydroisoquinoline derivatives were produced.

Oue of these, possessing the formula below (as proved by the preceding
analytical evidence), yielded a methfflchloride, which, when feduced, gave
bePzylhydrgeotarntue, and the lutter compound yivlded colarain on oxidhtion -
with manganese dioxide and dilute su!phuric acid ;

O CH, - OCH,; OCH,

70| 70 /
CH2 > cH, »=> CH, >
\o CH_.CH=CHa 8, CHO \o CHa.0H,.Co0n
[ ]

.
Mynsuan A3-Muhovyd Seme thy Jen~-

e
Myristildehyde drory plion, ! ropfon.c aod

[ ’,,
OCH; COICH:.CoHs . 9CH,
(¢}

NH QGHaCoHs H/CHaCoH,
o o N
CH{ l — CH: 'i' ’.—> CH,/ ° }rcm
Mo CHa \ CH 0 cH
C’/‘, c{‘. 2 /H 2
'a

Fhenylacetyl-a3-mcthoxy 4, S-metly e

103y phenyleth] lamine. Dy droncoundne duen e

Benzylhydrocotarmine

A little later Perkin and Robinsop (1911) showgd that cofar-
nine condenses with mecogine in, boiling alcoholic solution and
forins gnoscopine, an alkaloid isomeric with warcotine, and, indeed,
its racemic form.  Gnoscapine is,convested to the optically
active narcotittes By fractional crystallization of its d-bromo-
camphorsulphonate? and is also formed by boiling natural
narcotine with alcohol, when racemization sets in.



N\
150

¢

to be- . .
CH 0
OH; 0 cQ W CH;0 cQ
/0 (meconin) J /0
CH3 ¢) H
b >
*
CH; 0
CHa Q  cHiom iy H ‘
/0 rrOHa 40 Hy
CH, {cotarmire) c"{
\o CH, 0 Vails
a J « [+4] R
[y . A NAR(OTINE

Ntseine, C\SH 250N, wlnch accompamcs narcotine ‘in opium
to a sufall extent, was known mucHf earlier (1890) to be, closely
related to the latter alkaldid. It i¢ produced, ih fact, accordmg
to the following scheme when narcotine methiodide is distilled

with alkalie:

(g

R0 ,coom cdon
(CH; 07,04 H,\ (CH10 v C.H.l t CHJO{O-H .
P Nc.om Nea
CH —
] ll T
A sy, ."CHy
(CH, 0,)(CH, 0 ).c,u f (CHg o,ucu,m c.H (CH;04)(CH10)1,CeH
CH2.CH, H 'CH;
CH;— . . 20CHaN (CHy), }‘H:
Narcotine methiodide. ! NARC N (CHa)
N '
~

é

Papaccring, CoHuO,N, is shown by the Zeisel method to
contain four shethoyxl groups, so th.\t all the oxygen atoms are

combined as - O - CH,

When fused with alkali, an z.sorpunolzne and « Iwnw-(atedwl

derivative anpe

follows :-

r .
CHs
’ .
oM .
CaoHs 0N > f *
CH,0 N [ ] 'OCH,
.
i CRTS o “
Fapaverine. Dimethuxyisoquinaline. Dlmtha-vhngn:m.hnl

produced ; the stmc\mc of Yhe products is as
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Oxidatiop with potassiull permangafite decomposes papa-
verine into a-carbocinchomeronic acide

COOH

- cooW
COOH &
Mainly from these data it was believed thdt papaverine pos-
gessed the structure

CH, O
cf o '/u
CH,
L
» o::u,
s cd,
and this constitution has been recently confirmed by a somewhat
comphcatated synthesis, due te Pictet (1909). .

* The followIng is a diagrammatic outline of this spnthosie :—
(1) Synthesis of aminoacetoceratrone.

cu.o cn,cou CHa 0 co.cu,
cu, AICI;, om0 nc5u,lnguo,

Catechnl \cratrol Acetoreratrune.
CH; 0 co. cH.,N-OH j{ CO.CH, ¥H2
CH, © . 0 ®

Tsomitioso compound Aminoacctoveraticne, L]

(i) 8 _/nllw.cis qf homovcfilrie acid.

CHy 0 H 1OH)«CN  HI
- 9
. CH, O HCN c (hcated)
Ha

Vanilhn methy! ether P30,
]
‘ m xylene
Ho, Ha.COOH 4
H
CH; 0 CHaCOOH
Ho CHs0
lomoprotocatechuic acid.

Homoveratric acig
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(iii) Combination of these rompomuls :

.. o . cq‘;om

CHs 0 CHa 1 . CHs O cH- CH; 0
Nu“

CHs O CH3 O GH;O

f. sminosceroverstrone , o O
Ha t 0 N aHa
B
O CHy| OCH; O CH, .
p ’

. OCH; OCH» s OCH, #
Homoveratroy! chloride ) R
] CH; O
' CH; O
“ o ? c/
P30, t‘:u,
e .
m xylene
OCH,
’ L4
. OCH, N .
[N N ]

PAPA\ LRINE

(¢) Ozazine Alkaloids.—These are worphine, codeine, and thebaine,
and are the poisbnous hypnotic constituents of opium. They
differ from most alkaloids in contafumg no pyridine or pyrrol
residues, but include, on the dthér hand, the orasine (chap. 1x.,
p.- 176) and phenanthirene ring sgstems. 'lhvy are tertiary
bases of a closely «eluted nature, differing in their degree of

methylation : . )
{ Morphine, C.,H 1¥O,N.  fCodeine, C 11, 0,N, {Thebaine, CiyHO,N.
¢, H,;(OH).ON. LC i OH)(OCH T )JON. L\ H,4(OCTI,),ON.

The following summary indicates the chief poinm. of our at present
imperfect knowlefige of the coustitution of th} group :

(«) Morphine, which by methylation tvith di2 zomethane gives codeine, is a
weak base and at the same ¥ime a dihydric phenol. ’

Since it is excessively cyiily oxigized, ant, on the other hand, profocate-

OH (1)
chuic acid c.Haﬁ-on @ is obtained from it by fusioh with potash, it is
COOH4)
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reasonable to suppose thaf the phénolic groups fré in the ortho position to
each other. . . "

(b) Vongerichten and Schritter showed in 1881 that the morphine alka.
loids, when distilled with zine dust, gave p'#nanthrefe, but no pyridine
lerivatives : .

' CH=CH o
O.H.-&nﬂa
NG] Yongerichten and Knorr found that codeine methiodide (I), when heated
undemdpressure with concentrated hydrochloric acid, was converted, into a
mixture of two sudstances, one ¢f the formula (411;ON (11I), and the othor
a dihydric phenol morphol (IV}#

(&) @n the other hand, Knorr showed that codeiie met.. wd:dc is transformed
by boiling with aqueous potash into a series of isomenic Lases, the mdti%l-
morphimethines (I1), Methylmorphimethirde, tlcgted as before witl-Strong
hydmchlonc acidl, gives morphol V) and the substance C;[1;,0N ( I8).

(¢) Mnrpm;l Ci 110y, gives phmanlhte!c vn distillation with zinc dust,
aud a mixture of phthalic .md pratoecaterhuic @ ids on oxidation with perman-
ganate. It is therefore probably a dioxyphenanthrene of foxmnla Iv.

47) The substguce, C,H; ON (III)’ by addition of meth)]‘wdldo, forms
(choline dodide (V), and is possibly ownethyldimethylomine (VI), Such a
compound Dby intramolecular reairangement and simultaneous oxidation
could give rise to the reduced wvruzine or merpholine (VII) (¢f. chap. ix.,
p. 177).

(9) Methylmorphimethine, boiled, with acetic anhydudc Las been shown
by Knorr to yield «e r(m1/melhruuplmumthrnw (VIID) and e ctowyethyl-
dimethylamine (1X). .

(h) Morphol has been synt#hesized sy Mchorr from adtrocanillin (X), which
hy condensation with phenyl~cetic ﬂ (Perkin's re:stion) yields the acid
XI, and this by reduction, dmmh/athn. and dispillation of the diazonium
hydvate yields dimathyl morphol (X11), which is converted by hydriodie acid
to morphol (1V).

These reacjions are representedl on the next page :

)
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No further synthetit evidence has yeb ljeen obt.ai;led, however,
with regard:to the mode of unioh of ¢the phenanthrers and
oxazine nuclei, and it can only be ssi that morphine is a

esubstance of the composition

s »
» .

HO O
>°-.H'..‘cu= .
Ho L —du,
CH,

v »
IV. TuE BARBERRY ALKALOIDS
' 4

W.e will next consider some alkaloids, glosely relatedein
structure to narcotine, which occw® in sgme plants of t,]‘.,'order‘
Ranupculacere. The chief f these are hydrastine (fouud in the
anhsh Yarberty and somerallied NOrth American genera) and
bnbw ine, which also oceurs in the barberry shrub.

Hidrastine, C, H, 0N, a basic snbstance melting at 132°,
resemblgs nazcotine in the first place in its helaviour.with

= hydrolytic agents, when opianic acid and a compourd Aydro-
hydrastinine result :

(g 1, OsN + 11,0 - Ciull0; -+ ¢, H,,0.N
Iydrastine. 3 Opianie acid. Hydrohydrastinine.

By mild oxidation ll_l/droh;(lrris/inine becomes  hydrastinine,
€, H,,O,N, which res¢mbles .2lj#nine very closcly. If we now
compare the formule for x{’fl‘cotine, cotarnine, and hydro-
cotarnine with those of hydrastine, hylrastinine, and hydro-
hydrastinine, we sec that the hydrastine derivatives contain
a methoxyl group lesy than the corresponding narcctine

compounds : " -
Narcotine, Cyplly,O;N ‘Cotarnine, C,MH,,0,N
Hydrastine, (.,,IH,_‘%N o« Hydrastinine, C;H,,0;N
e Hydrocotarnine,  C;,H,;;0,N

HydrohyUrastinire, C;,11,40,N
L ]

The further studly of the reactions of hydrastinine shows that
these alkaloids possess structures parallel in all respects- to
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those of the narcotin group, excc.pt that they contain one less
methoxy] radicle.

(@) Isoquinoline is'producehwhen hydrastinine is distilled with zine dust. ,

(b) derastinine, like cotarnine, contains both a basigand an aldehydic
group. . . ¢ .

(c) Apophyllenic acid is formed when hydrastinine is oxidized with
nitric acid. .

The synthesis of hydrastinine by Fritsch in 1895 proved,_that
this compound only differed, indeed, from cotarnir », strujturally
as well as empjgically, by the absenc® of the methoxyl radicle,

— OCII,, which is§ound in the latter compound. .
-
e
The waeration proceeds fipt of ati by a general method of isoyninoline-ring
Synthesisqlready nientioned if®chap. vii. (pa114): .

Piperonul (1) and aminoceclul 1) yieldoy condensation-yroducty whlich, in
presence ot concentrated sulphuric acid, loses two molecules of aleohol and
forms methylene-divryismquinoline (111).  Reduction of the methiodide of this
base (IV) leads to the production of ledrohydrastinine (V), which may he
oxidizgd to hysrastinine (VIa, b, ¢, d). The latter substance, like cotarnine
(p. 148), hehaves under varying conditions as (e) an aldehyde, (b) 2 carbinol
base, or {¢) an ammonium basc; its salts () also helong to the ammonium

type.

-

’ ]
° Mt onl’ J ol I<u
2
° CH, %, GH ‘o H

E10 4 c{a c{':
(Ev ),
w VM . v
cH, CHO CH. (OH)
“NCH, o 4 o “ncH
,° P70 NH.CH, CH. ’
CH, ° CH, a 3
o 8 CH, \o ,éu, N\o CHa
" CHa CHs . CHa
™ (V1a) (Vib)
ChH CH Ch:
N o o N
4 e /o \
CH\z i I OH CH‘ Ci
o CHs o R
CH, / CH;
(Vi) (Vid)
' -

Hence, since the alkaloid it;self, hydrastine, Breaks down into
opianic acid and hydrastinine, just as narcotine yields opianic
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acid and cotarnine, ii; i% reasonable to sup %0 that the remainder
of the hydrastinine molecule is peffectl?)analogous to that of

narcotine, so that its formula becomes :

CH; 0
CHyo¢

The other alkaloid which is found in barberyies, berberine, as
not yet been synthesized, but by meays of its decompasition
products a formula has besn evolved Tor it by Perkins(1910),
accordmg 1o which this s¥bstancs resembles hydrastine and
narcotine in the isoquinoline half of its molecule ; moreover, the
mode of union of the rest of the molecule with the first-mentioned
part is very similar to that in either of the other tvio alkaloids. .

8 .
* The proposed formula is as follows :—
CH, 0
CHs 0 cHO

¥
CH
!l
(&)

\

4

H
CH,

/O
o

X

. V. Tug, ZINCHONA ALKALOIDS
o

NG —

Hs

X

<~

The next group‘df"ﬁe alkaloids which must be considered are
usually known as the quanoline alkaloids, siuce by zinc dust
distillation they yield quiholine and its simple derivatives.

The campounds in questjon occur chicp\y in different varieties
of cinchona bark,eand instead of f)ossessl‘lg poisonous qualities
in common with most alkaloids, they are exceedingly valuable
drugs (quinine). As we shall see shortly, however, a very
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simple intramolecula] rearrangement converts each of the
cinchona alkaloids int} violent poisons. ‘

Although knoyn to Wie Indians and Spaniards some centuries
ago as an cxcellent medicine, cinchona bark was not minutely®
studied until about, 1820 (Pelletier and Caventdu). It has since
been found to contain® 1n addition to certain aromatic acids
(especially tannic acid, C,,H,,0,,, nd the optically active quinir
acid, C;H.(OH),.COOH), the following four alkaloids :— .

Cinch8nine, C,,1,,0N,. Cinchonidine, C,,} L.0R,, o -
(Quinine, C._,,%I‘INO.QNT Couchinite (Quinidine), CyH,,0,N,. .

Jt is best to ?(msi(lcr the structure of these hases in the
following order:— =«

A. General reactions of Tl four basem

B. The structure of cinchosioe. %

C. The structure of quinine.

D. The ridation of ‘cinchonidine § cinchonine, and of conchinine to

quinige. e . . .

A. Qeneral Reactins.—The following reactions are characteristic
of each of the four alkaloids :

() When distillpd with zine dust, quinoline is formed.

(b)) Rach forms u dimethiodide.

.
(¢) Each yields a monoacetyl and a yronobenzoyl derivative.
(d) (i) These alkaloids can each a'bsosb one molecular proportion of bromine

.

or of halogen acid. - R
(ii) By oxidation wigh cold permn.}'mte, formic acid, and an acid contuin-
ing one carbon atom less than the originai alkaloid, is produced.
L]

Hence we ma#y at once make the following deduetions :—

(a) These alkaloids contain a quinol§ne nucleus. .

(%) They contain two fertiary nitrogen . *ms.

() They pgssess one alcohglic or phenolic Bydroxyl group.
(d) They also contain the viny] mdi‘o - CH:CH,.

Two further gonera) reactions may also be mentioned:

(¢) By gentle oxidatiof with ehromic fcid, Icctangs of the same carbon
content as th: original alkaloids result; cinchonine and cinchonidine both
farnish the same ketone, cinchoninone, and similarly, (ﬁlinine and conchinine
both yield the isomerie quininone (Rabe).
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(f) When heatel wnth Qilute acetlc acid, 1somenc bases are produced,
evidently by intramoleculat rearrangement ® the new bases (einchotorines) are
violent poisons, and instead of possessing two tewsiary nitrogen atoms and a
\ydroxyl group, are now found {o contain orrAcrHury’and one secondary

*imino) nitrogen atom an:l a carbonyl group (von Miller and Rihde). .

Al

We mdy accordingly conclude : ’ -
(¢) That all four bases are exceedingly closely related, and
that in all four there is a secondary aleohol radicle >CH(OH).
(T)=That a group of the nature >C(OH)- N < in the original
alkalouls tas been broken dywn by isomerization into the mdlcles
*>C: 0 and HN < "

B. 7 he Structure of C’inchmtinc.—quay now proceed to discuss
the more precise nature of thesc hasesp »nd this may be done »
most profitably by confining ourselves for the moment to one of
them—-cinchonine.

We must, however, look to some further decompositions of
cinchonine before we can makc any definite conclusions. The
chlef of these are:

() Owidation,

(i) By chromie weid in presence of sulphuric avid (Konigs). This produces
cinchoninic acid (quinoline y-carboxylie acid, p. 113), and a base mero-
qianene :

* (‘IIDH:.‘.'ONtl - C]o[ll OJN ' |- CQHJBO.JN
Cinchonine. Cinchoniaic acid. Meroyuinene.
-
OOH
N

(u) Ly potassium permangan:te (Konigs). In this instance, formic acid
and a compound mulmtcnm; \eontaining & hylroxyl and a carboryl group)
result, By further oxi Xion cincholenine yields cinchoninic acid, so that it
must still contain the quinoline nuclens of cinchonine : b

gH»,0N, —>  aC,H,U,;N, + H.COOH
(CinchoXiue. Cinchotenine. \ Yormic acid.
(CoH N0l N(GOOH)(GH)

Moreover, since rmdmtemm, in contradistinction to cinchonine, cannot
take up a molecular proportion of halogen acid, it is plain that the vinyl
group present in cinchonine has been oxidized to formic acid.
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Heunce we may wiite cinchonino as— .
" CaHia N(OH) (CH=CHa)

(b) Dehydration of cinchouine by means of phosphorus pentachloride removes

a molecule of water and produces cinchene, which, by treatment with not too

concentrated aqueous phosphoric acid, absorbs two molecules of water, and is

brokep down into lepidine (y-methyl-quinoline) and meroquinene (/spnku\'e) :
C]gI[-_qONg -> 019] rzoNg -> C")"“N + C”ILmOzN

Cinchonine, Cinchenca- Tiepidine, Meroquinene. .

Taking this in conjunction with the formation of cinchoninic
acid and meroquinene from cinchonine by oxidation, it is plain
that, the qninoline nucleus must be united to the meroquineno
part of the molecule through a carbon atom attached to the
y-quinoline carbon atom, so that we may further formulate
chinchonine as:

~[CyH1.N] (OH (CH=CH, )

N —~
\,

(r) Meroquinene, iy which, by “1\ ay, the winyl yroup - CH:CH, still
persists, is oxidized by »cid permanganate solution at 0° to cincholviponic
acid, which by the same reagent at higher temperatures yields loiponic acid.
The Iatter avid, ‘when warmed with concentrated sulphuric acid, gives eincho-
meronie ocid, awl hy analogy with the M‘Ql'“ oxidation of piperidine to

pyridine, is a hewaloyd rocivchomeronic qeid. .
Y
Cll;:0,N ¢ > CH.ON - (H,,O\N - CH,0ON
Meroquinene. Cincholoiponic a id. ﬂ‘lpoxm acid. Cinchomeronic
« acid,
Hy, s COoOH COO0H
oty ‘o Coom coaH
©

0(: ,cu.
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So much was knows by alfout 1897 ; the work up till then had
becn carried-on mainly by two German' chemists, Konigs and
von Miller. These agreed readlly as sto the constitution of
loiponic acid, but a difference of opinion was manifested as to the
manner of inseriongof the extra methylene (—CH, - ) gwouping
presentin cincholoiponic acid, Konigs 1egarding it as a substituted
acetic argd, whilst von Miller and Réhde considered it to be a
methy! hownolegue of loiponic acid.

Th:\d.’{;ercnf\fmctures thus appearing may be best represented Pogether
a little later, and before glvmg.them we will discuss the evidence for the
posmon of the hydroxyl group in the cInchonine moluenl. .

As alxea.dy mentioned, von Miller and Rohdo showed (in 1894) that
cinchoning may be isomerized into an imgnoketone, (facholovine, and cou-
cluded that tlle non-quinolinic_fertiary nitn%y® atom of cmdlomne wae
adjaceyt to the alcoholic % Jdroa::ﬁ radicle : .

>COH1.N<

' L]
o This was accopnted for by assuming that across the piperidgne nucleus (of
meroquiif®ne) there existed (in cinchonine) a ¢ bridged-ring” system of the

general type :
g—C—c¢

A
. mN—E .
® o

Now, whatever formula bg‘,adopted for meroguinene, it is
certain that the quinoline resiue in cinchonine must bo united
to the Lydroxylic carbon atorll "therein (fQr ot onierwise the known
decompositions of cinchonine and meroquinens_ could not be
explamcd) Consequently this hydroxylic carbon atom must be
tertiary, i.e. possesses no '.ydrogen atom attached to it.

On the other k..d, Rabe has recently shown (1908) that
cinchgunine may be oxldued to a ketone, cinchonifone, with the
same number of carbon aéoms #hd only differing from cinchonine
by the 16ss of two hydrogen atoms (cf. 4 (3), p. 1568) ; this proves
beyond doubt that, the alcoflolic radtle is 0ja secondary, and not a
tertiary, nature, agd so this worker has modified the conception
of the cinchonine formula as shown below. :

3
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We can now 1llust1’ate the views of thése three scientists by
developing their respeclive formule for cinchonine: from that of
loiponic acid :

Konigs. vou Miller, Rabe.
fOOH
s ,c"
Loiponic acid.  COOH-: CH “CHs N ¢
Same Same
CH. CM, v
Wi
CH; COOH
GHa-COOH s 900 .o
- .
Cincholoiponic Cl S\ e ~
acid. coon.ch ch. COOH.Ch . CH, ¢
- Same as Konigs ¢
CHa' CH, CHa ,oHn .
W WA
GHs COOH .
zn.-coov .
H
Meroquinene. Cuﬁcﬂ-cﬂ oM, CHz=CH. fi\cu, .
Same as Konigs
CHa ,CHs Ha CH,
7
W W
: ' CH, v) L)
) . CHERH. CH—CH—
Ciachonine!  cHizLA, H—?"—Cﬂa CHFCH .cn—t—cn, he s QHe -
. CH HO-C ( Jl
HO.C——
CHag —N
curl cﬂ CHg—p-——CH3
CHs Ha (g 'cmor
¢ .
N . N

It will be observed vhat Rabe’s [‘ormu';i} whilst accounting for the formation

of cinchoniuone, does not iterfere with the proGaction of an iminoketone by
intramolecular rewirangement, the transformation presumably taking place’
ag follows :— )

-
« <|:n——c (OH! 3= | CH(OH)—CH(OH) | p—> CH===\ (QH) > LH--——C(
\\/ r N\ g ‘
W e e N
H H H

C. The Structure of: Quinine.—When quinipe is oxidized by
. chromic acid and suiphuric acid, an equimolecular mixture of
. meroquinene and an acid, C;;H,0,N (quininic acid), is formed.
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Again, quinine (CQ,',H.HO.M,IQZ) contains the atoms CH,O more
than cinchorrine (C,,H,,0N,), and, horeover, quinine is found hy
Zeisel's method to contain one methor 1 grqup, whereas cin-
chonine possesses none. Hence it is obvious that a hydrogen
atom in cinchorfine és replaced by methoxyl (OCH,) in qutnine.

The bxidation experiment shows that this extra radicle is
presentein the quinoline nucleus, and, as a matler of fact, guininic
acid has "been synthetically shown to be p-mefhozyquinoline-y-
carivenlic acid : ™

OOH
CH, 0O

Accaraingly: the formula“bf qnin.m:: is known at once, if that
of cinchonine be assumed. '

It may he remarked here that there is at preseht hut little
synthetje evitlence of the constitution of this gloup &f the
alkaloids.

D. The Relation of Cinchonidine to Cinchonine, und of Conchinine
(Quinidine) to Quinine.—There remain the respdetive isomers of
cinchonine and of quinine. *hese havo been supposed for many
years to be stercoisomerides, adhd *Rabe has recently proved the
truth of this contention (191'%2® All four bases are of course
optically active, but in varyj; g degree; nows if Rabe’s formula
for cinchonine (p. 162) be examined, it®* will be seen that the
carbon atoms numbered 1, 2, 3, and 4 are all asframetric.

It will W remembered tha', einchonine and cinchonidine both yield one
and the same cinchoniner Uy oxidation, and rinchotvrine by isomerization,
{’inchoninone has been proved to exist ]m-ﬂy in the cnolje form, so that
here, ag well as in cinchotoxing, the asymmetry of the carbon atoms 3 and 4
is destroyed. [Ilenco the diffedencs htween cinchonine and cinchonidine les
in the diffurent spacial configurations of the groups,about the atoms 3 and 4,
those about 1 and 2 being the sate in each alkalo’d.

Similarly, sinco guinine and conchinine give the Yame guininone and guino-
toxine, the isomerisn®of these two alkaloids is alsq due to the configuration
about the corresponding asymmetric dtoms 3 and 4. .
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Further stnl] 1t has lfeen found that %oth mﬁ-hmmmnc and quininone,
when acted on by amyl nitrite, give a suhstance of the strncture

x Crd g,y
H4=CH(CH ~CH —CH,

7

NOH|

CHa"N—

and, whether cinchonine, cinchonidine, quinine, or quinidine is used as
starting material, the resulting product is optically the same in each case:
Conseq« ntly the same asymmetrical configuration persists Ihrough,out the
four membeys of these naturally occurring mhst&uces, so {ar ashe atoms
above numbered 1 and 2 are concerned.

VI. ToE Nux: Vomica ALRALOIDS

The geeds of various species of Strjehnos {nuz vomita) have long
been known to contain somb ‘very potsonous alkaldids. “He chief
of these, strychnine and lrucine, weve definitely isolated by Pelletier
and Caventeu at about the samg period as qumme (1819), but
their structare is still unknown, ‘

Both are quite strong bases, and react alkaline to lltmus, they
are lmvorotatory, and exert the same paralytic kind of toxic
effect, strychmne being more powerful in this respect.

The few definite facts known as to their decompositions are as
follows : — : .

(a) Struchwine has the emplrlcal formula, CquOZI\ and brucine,
Coy 1O, N,.

(b) Brucine containsi two methoxyl ‘gonps, and strychnine none at all.
Since their difference in empirical composition js C.II,0., and from their
cxceedmg]y close smulanty in general properties, it is very probable that
brueine is a dimethor ystryhnine.

(¢) Distilled with zine dust, hoth alkaloids yi(-ld indole, skatole and various
pyridines.

(Z) Both nlka.louls can take up a molecu]ar Proportion of bromine,
indicating the presence of a ¢ double bond.”

(¢) Various complicated reactions ledd to th production of the following
substances :—

Strychnic acid.—An 1);nnocarlpx,)hc acid, mdu.atmg the grouping,

> N.CO-.

Nitro-, and aulphonufu n products indicating the ;ﬁ'esence of a benzenvid

- residue.
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Meth yLutryc{minc.—Ana‘ogous to a quinoline betaine.
An acid, C;;H,;0,N;.COOH, which giv8s carba:o/c when heated with zine
dust.
A Ketoniv acid, strychninonic actd, Cy, T, 06Ny, of the %anie caibon coutent
! as strychuine, so tyat strychnine probally contains tne group -CH( -
Brucing can be convePted into a derivative (still centaining two methoxyl
groups) which by oxidation loses both of these add forms a pura-quinone, so
that the ¢CH,0) radicles doubtless occupy para-positions to each other in a
benzene ring,

Perkin has,combined all these facts into a structural fdfmula,
which, whilst at prescht wnsupported by direct experimental
evidence, gives a good representation of the ¢!.emical behaviour
of these alkaloids; the formula below is dhat assigned “To
strychnine, that for brucine differing®nlyey the presence of twq

®

methoxy-groups in position %a) and .(I;) :
o9 L ] .. L]

(&)

CHa CH
|
( CH  cH
S ' e

CO N——GH GH.
Neh,  Ncfiow



~CIIAPTER 1X

SIX - MEMBLERED POLYHETEROATOMIC  RING-
T SYSTEMS: TIHE AZINES AND AI,_’;IE]; COM-
POUNDS . 4

I. GENERAL
’ L
L

6 (9
AT the close of our stugly of tie furfurane, ¢hiopheré, and
pyrrol series, it was nccessary to add a chapter showing
how, by replacement of methine (‘CH) groups in these substances
by oxygen, §ulphur, or imino-nitrogen, other heterogyeclic systems
were produced.
We have now to apply the same principle to the pyrones,
thiopyrones, and pyridines discussed in chaps. vi. and vii. ; the
groups to which we need pay more particular attention may be

classified as follows :—
[

Compounds containiny two orydes=w sulpher utoms :
4 N

o:Zi:)o Dioxene#! (Diethylene dioxide ; glycollide.)
C=— -

o:°=:;5 Thioxines. (Diethoxythioxane.)

' c:-_c:s (Thianthrenes.) Thianthrene “and parathianthrene
o=¢ (dlet.hyleuedlsu]plude)

Compounds confuinin j two uzlrm/m utoms :

The first group . ily possoss hetemcychc atoms in para-
positions; .n the present instance, derivatives of the corre-
sponding ortho- and niefa- series are also known :

) 166

t
¢ L4
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[}
N=N Olthodlazmes Pyrldaaues, cmnolmes, and
‘o==c¢’ ° phthalazines.

c:;:} Metadiazines. Pyrimidines, quintzolines.

£==9, Par adhames Pyrazines (piperazines), quinodalines,

N and phenazines, ~ °*

. L]
Componnds containing one nitrogen and one oxyyen (or sulphur)
lovi :

N P .. NN .
G Orthoxazinese =Y #  Orthothiazines.
G 3 Come=C
. N——C, ..
c,° Metoxazines. 4 ;s AMetathiazines.
C__ Se—c

c—c oo
N, 0 °Paroxazines. ® (Morpholines) phenoxazines.
CvQ . K [
° T\ Parathiazines. Phenthiazines (thiodiphenylamines).

NG
.

L. s .
» Compounds eonlaining more than two nitrogen afoms: o .
}=0H ._cu foH=CcH pH=
Y {\ ZoH \‘ ?N Nl N ':;N
N—c — N CH~GA N— N’ N—cH
Tuornnes o
cyamdiaes.

There are also a number ®f importapt dyes derived from the
dibenzoparoxazines, thinzines, and iasines, such as resorufin, methylene
blue, the indulines, and,the sufraimes, which have been presented
together in a separate sectlon’. . .

. °
II. DioxENES, THIOXENES, AND THIANTYURENES
\ 2 i PN O=C =\ an
The three ring-systems, o o ‘(c—- L and (’ o are at

present but scantily represented. Indwd the only degivatives of the
hypotketical divwene (which would cor respund to ovene, the unknown parent
of the y-pyrones) are fully Csatura.fcd substances such as the anhydrides

CHR
(ethers) of ethylene glycols, % ‘ , and the glycollides or lactides
M-

CO—CH-R
of a-hydroxyacids °’ .
yoroxyacis \c..w?
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Again, the only simple thioxene compoundq known belong also Lo the fully
: Ctts

saturated series. Such are ‘‘diethylene oxide sulphone,” O so. , and
GH:-OH.

. oxane, e
diethoxfthioxane, s , the second of ‘whish i¢ formed when the
cu.&be:»-cﬁ. .

transposntlon product of chloroacotal (2 mols.) and sodium sulphidg (1 mol.)
is heated with alcoholic hydrochlovic ecid; it is a stable white compound
which very readily sublimes. '
A few,derivatives of dibenzothivrene or phenoathine have heen prepared” by
the dehydrating action of concentiuted sulphuric acid ofr o-oxyaromatic
. OH HO, * HyS04 ’ oL
_sul ides : «Cal CoHuR R.CeH oHyeR |
sulphoxides:  r.ca¥s o’ HsR »>—> x<560 s .

¢ Other dehydrating agcnts,,.sugh as phosphorns oxyehloride or thionyl-
chloride,%sually fail, however, to bring abdut the eliminatiout of water.

"The dithio-group is belter défined. *Here also th c"fully saturated
GH.‘OH:

simple ring is represented by “digthylenc dlmlphlde, 3,

a=CHa

" from ethyleno mercaptan, ethylene bromide, and alcoholiL alkn.l'i.
In the dibenzo-series of this group we tind derivatives of the true

hetero-cyclic ring, °'"‘\,°‘H~. These compounds, the thian-
threnes (tliplw'nylanc-o-dzsu[phidcs), mdy De prepared :

(@) By heating the diczosulphides .‘jo*med by the action of nitrous acid on

o-aminothiophenols :
1y

MNHa ./ s
» O.H\.s“ ‘ t—» '0-"{:5," > c:"(qs>Can + gNa .

(b) By the action of sulphur or sulphur dichloride on benzene‘in presence
of aluminium chloride : .

¢ s » AICY, /
CeH
eHo s CoHg - C;H.\ /O.H. .

(c) By heating aromafic meregptans of rhsulphules with a.lumlmum
¢+ chloride or concentrated y‘llphuuc acid :

SH " 180, S L
[ CeoHa L o O.H‘ ’c.u.
[ . 's

( . ®

}
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. [} ™ P
It is generally recog?xized at the present’ time that the two
last reactions ‘depend on the transifory formation of unstable

sulplwz ylic acid derivatives, R.S.0H, which immediately condense
“Yurther as shown. Also by these two methods of preparatlon, the
sthianthrenes or diphenylene-o-disulphides (I) are usually ascom-
panied by large quantities of insolubla isomeric substances,
which have been proved to contain a ringsydtem at present
unique in the hetcrocyclic series, the two sulphur atoms being
united to pwa-positions in the benzene nuclei. These hydies
are, therefore, parat/uantlucms or diphenylene-p-disulphides (11).

L ‘ .
Gonfirmation of this structure is provided by the fact that aropatic

D id .. n . . oy
wercaptans or sulphinic acids in which the pusition pare- to the sulphur
atom is unsubstituted (but not otherwise) readily suffer iutramolecular
condensation in cold concentrated sulphuric acid to parathianthrenes or

parathianthrene dioxides :

It may be mentioned here that the tnpolymerldvs of the
simple aldehydes and thioaldehydes, such as #rioxymethylene,

SOOHe T

CH,

M- &H. 4 A
°'&°_'°Ef , paraldelyde, ’:(3 . ° o:cn-cm , or trithioformaldehyde,
—_ \
,e 9 GE

, possess suc-membercd hcterucycm\t- systems containing

e

three oxygen or sulphur atoms.
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I1§. DiazINES

N==
A. Orthodiazines, C’% '}c (Pyridazines).—The  dibydropyridazines”
]
result whcn hy(lmmu‘wndm)'ses with - dlkLtOll(‘S,‘alld these oxidize ea.sﬂy
to pyridazines :

L}
NH, -nu SR-N
sLon N\ — o
Cl + NH. \ I - N
c coR J CH q{l H=ch .

’
T\\'u series of beazorthodiuzines arc derivo}lo from pyridazine and members

CH

=cH .
of both are known, n-unely, the cinnolines, Cehg L , and the phthdliczines,

]
H= ‘o,
o.u. T Oxycinnoline is formed frofa o- ammuphenylproplohc acid hy
‘OH-- LY L]
.
diazotization :
(OH) OH
/CRO.CO0M iy, CEC.CO0H  Hpo S==C.COOH ,C==CH
CaH, « ™ CsH l i C;Hxn_ P> CyuH. J
™ W=N.OH heat =N heat . NN

whilst phthalazine may le obtained fiom w-tetrabromo-o-xyleno and
hydrazine:

. CHBry  NH, SCH=N
¢ CoM > c.l-h |
NcuBe, NH, ] New=N

Dibenorthodiazine or pheaazont i{ genetically related to phenanthrene,
and is formed when di-o-nitrodiphex gleis reduced, with sodinm and alcohol ;
it may be regarded as an intcrnal azobenzene, and, in addition to being
produced by an amt.ouous reaction th "“lLe reduction of nitrobeuzene, is u
yellow t.rystalhuc substan(e like azobenzene: °

L

ANOa NOay N==N,
CeH. CeHa 3> Cl"l/ \C-HA *

An opportunity may be made here to compare the mesn-azo substituents in
phenanthrene #ad anthracene respectively:

CH -—CH f“".—. N t N=N.
/ \
CH, CaMa CaHa \c oHa CoHammmmen"aHq
Phenanthrene, 4 Plenanthdine; Vhenazone
[}
. £

c'"‘:f‘"‘ l cing, Fote
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’

By oxidation with permtfngnnatc, phenazone bcoomes Iu/mda.mr tetra-
carbowylic acid, and this readily loses varbonedioxide on warming, and gives
pyridazine ltself an oil resembling pyridine, and boiling at 208°:

., ;_
N— NN
N=N v \Y
. 7 cu H
9"!'4"&."0  COOR N COOH  »—> « CHTCH
OoH GOOH ¢ _,
-

L] .
All the ortho- and monvbenzorthodiazines are strongly hasic compounds
of scharacteristic odour, much resembling both the corresponding pyridines
and qumolmes or isoquinolines physxcal]y and chemically. -

e B Meta.diazines, c:/ \‘ (Pysimidines).- --These are formed
c=—=

in the polymerization of alkyl cyanides whon heated with’
sodium, . ‘.-

-
°
L] € 3RCHi.CN T m\c_
=C/m, '

and by condensation of amldmcss with S-dikctones or, -ketonic
esters : . .
Wher: NH
l N— ]
+ LR S cupo& g
cm.c‘%n.-co.a Huf ‘cu:cg
The pyrimidines are, like’ the orthodiazines, str8ng bases; the
monoketoderivatives of reduced pyrimidines are the cyclic
ureides, whilst a conjugated pyrimidine-glyoxaline nucleus is
the basis of the purincs’ or #riC-acid derivatives, which are
described at length in the nex} chapter. “
There is only one series of benwwmeladiasines, °~H' * = , which are
==

usually kuown as quinazolines, and are produced by the action of ammonia
upon o-acylaminobenzaldehydes :

cHO v CH—n
CyM, < L NHyg B—» .M, ; |
NH, COWR” N—==C.R

n
- Ammobenmaldehydv and nrek react signilarly toform a-Letudibydroquin-
aline,

.
H, NHa.Co \'H_ o
CiH, * =  C.H; c‘

\cHO NH, ‘Y =
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\ \
whilst o- mnmoaoylbenzy]ammes and o- ammo~acylbcnzamldes readlly condense
in presence of acids, giving nspectively dihydroquinazoknes and B-kelo
dihydroguinazolines :

NH, N N— NH, *
—c.R 2 =—=c.R¢
CoHe > g ] >—> N= c
NCHaNH.CO.R . A% ‘ c‘“\c
bl ’ . CH;—NH 5 O.NHL:0.R o._nn .

e

. L=c .
C. Paradiazines, ”:\c_ c/}' (Pyrazines).—This is the ‘most im-

porf'mt group of diazines, by virtue of its relationship to'the
various series of dye-stuffs unumemwl in the following section.
The general methods for the prcpd.ratlon of the slmple pura-
diazines involve the condensation of «aminoketones, *either
intermolecularly*(«¢) or by ammonia (b). Thus, if the mono-
lsomtr.osodlketoues arc* veduced apd then oxidized gently, we

have : ‘e . . st
R-CO -CR'
((,,) 2 l > ( > ’?R 3 :
v R“C=N-OH R'-CHINH, G‘R"cﬂ' ’

N . N

PR
and when «-hromoketones are boiled with aleoholic ammonia,

RCO R.Co c.a-c
(l’) s | & 2 NHy B J ‘ > IQ
RLCH C) R.§ H\NH;

The parent substance pz/;mir'w (aldine} is simil.uly produced
when a-aminoacetal (from chlorqmgctal and ammonia) is oxidized
or further treated with ammonia :

//un-cn

2C) OH.:CN.(OEI‘, >— 3 NH,,CHa.CH (OE)
»
R

It is a solid which sublimes very readily and smells like
heliotrope (plperonal) ‘

The pyrazines are not so strdugly Basic as the ortho- or 'meta-
diazines, and upon ;eductlon yield, dihydro-, tetl.zhydro- and
finally hexahydropyrp.zines.

These svbstancesfare some of the hetemcychc compounds
which are most eghily obtainable from the simple aliphatic
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¢ . ’
series; thus substituted’ ethylene diamines readily yield either
of the first tWo series by condensdtion with «-diketones or

w-bromoacetophenones : .
CHz.NH, CO.R CH~N=C.R
+ l b o .
chnH Co.R CH-N=C.R ’
. .
. CHa NH-R + sr.?ﬂz O’fsan-n—cu
) CHz=NH R CO.R CH—N &R

On the other hand, the heuhydroderivatives, usually known
as pzpem*mes, result when ethylcne bromide is digested with

nmlnes %
CHa By NHa.R B .CHa CH,~N.R=CHa
B

' 4
CH,.Br NHa R BreCH, CHa=N.R=CH,
Diperazine itself may be thus ohtained from ammonia and

ethylene‘bgomldq or from di- p-mtrosophenvlplperaune on bbiling
with alkalies :

[OH#=CH, HNO,
2 CaHuBra + 2 CuHgNH, =% CoH, N NCeHy =
L) - ¢ CHy—~CH, . .~
CH~CH, (alkabes) L NOH c"n-cl‘l.
4 v)&c.ﬂ. NO »—» 26.".( + 'Q{ } n
*CHr—cH, No CHy~cH,

It is a strongly alkaline liquid, very similar to piperidine, and

reverts to pyrazine when distihed over ziyc dust.
.

. - H .
It will be remembered that efiylene imide, m{f ', is never
. CH,

formed in the ahove reaction, (¢. 21), doubtless owing to the
inferior stability of the triatomic ring. .
N . .

D, Benqua,ra,dia,zines, c.uf‘u_j: (Quinoxalines). — Quin-
oxalines are synthesized by the condensation of o-phenylene-
diamines with (@) «-dicarbonyl compounds (ketopes, ketonic
acids, ot oxalic acid), and (b) cyagogen :

NH, OR' =—G.R'
: Ll
(@ c Swm, OR \M—IR"

y %en =¢'3-NN: \ ‘d"'""““" e .“:""'—"QOH
® ® °"<::. + tfu e, =—=CNH. | ‘N_—Lon

'



174 THIRD YEAR ORGANIC CHEMISTRY

L
They are weak “bases, readily reducible to hydrobenzopara-
diazines. N ‘ “
The dihydroquinozalines may also be prepared from o-pheny-
lenediamines iy condensation with «-ketoalcohols, such as

bensoin : ) . ,
R
. o NH, . ?og.q. . N:N —Ol-c.l-h
*ANH, CHIOHICuHa 'NH_CHE.H,

Bihydroquinoxalines” are usually crystalline, and, if the imino
hydrogen is unsubstituted, are eadily oxidized to quinoxalines.;
when, however, this is replaced by an alkyl group, oyidation

bt - .
leads to the prodluction of unsaturated alkylammonium bases:
LN - ‘ :
. N==cH Y w==cn
c.n.( Y — c.m/N .
N R.CHR W_=CR

/R OH

¥ (alkyl stilbazohum hydrowde)

'I"inally‘, the tetrahydrocompounds are also icnowﬂ‘; “and’ are
usually prepared from catechol and ethylenediamines :

/oM NHaCH <R —CH.R
t %

. c.H\OH + NHy CH-R . c.“:ﬂ—-JH.R

From the point of view of Mewitt’s theory of fluorescence, it
is very suggestive that whilst quinoyalines and tetrahydro-
quinoxalines are not fluorescent, the dihydroquinoxalines (the
only series of the thiee which, having due regard to the disposi-
tion of the vakencies in the benzonucleus, can display “double °
symmetric tautomerism ”) are all fluorescent : .

W0 =00= 0

Quimoxahine

roquinovatine

m‘ .
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(] . v

E. Dibenz‘pa.radiaziﬁes, e e (Phehazines).—The pre-

paration of these compounds from ¢-phenylenedigmines may be
%ax rried out along several lines.

® For instagcee, the latter componnds readily gondens!-, with o- qumones as
follows :— i

NH32 O-CeH. NTZCTTTCH,
C.H./ ? 1 =+ C.H,
NH, CO~CeHs NZ=CeuCeH.

On the other hand, o-«lioxyl;en'/:mes, which are the quinols corresponding
th o-quinones (these being frequently, hdwever, unknown), give phenazines
when hedted with diamines, oxidation simultaneously taking place:

.

o NH HO\| oy
CeHa + CiH, 3= )
NwH:  * wos . Ohs N"“‘) - c‘"&""ﬂ
g

. o9 L] .-
Finally, with more complicated phenols such as the naphthols, it is only
necessary to employ the monohydric phenol :
L[]

.
NH, HO

, \ PN
CoHa + CioHs == CuHE, ,CreHe
iy W “w°

If, in any of these condensalions, mono-alkyl-e- p)leuqune diamines are
used, the product is found to be 1ot a phenazine, hut a substituted amnionium
hase similar to the stillazonium derivatives produced by analogous methods in

the monobenzoparadiazine series : : *
.
2 L]
NH, HO [y o ,/N\
CoHa + He = |€Hs  CeHe| pv  CMLL CeMe
“NHR Ho”/ ° N
/e Yon

N-Phenylphenazchun hydroxide

The phenhzines are bright yellow crystalline bodies of high
nielting-point, and fluoresce in solution.

Phenazine itself melts at 171°, ard, in addition t8 the above
general ‘methods, may bo synthesized :

(«) By passing aniline through red-hot tubes.
(b) By boiling a solutlon of o-ph8nylamin8azoben:. ei}ﬂ with mineral acids :

W.ﬂ. " 3
g, bang c.m@ﬁ.u. +  CoHecliH,
\NHEH, .
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[ NH
It is easily reducible Jto dihydrophenazine, f"( s , but
. NH

this, in common with other dihydrophcnazines and the corre-
sponding dihyd‘roacridines, passes back exceedingly readily to the”
oxidized condition. i

IV. OXA7ZINES AND THIAZINES

L]

.
s in the case of the diazines, there are three possible series
of orazines and thiazines to be consislered :

- — —C,
AT <% YD
\c__,‘/. ¢ Ne—¢ N

Met aung:
N s\c' . d,“~7\s '( .\;
c\c—— “o—c” L

Ortiuthiazine Aletinhaane Puarathiazine
»

Similafly to the diazines, also, it is the para- tompqunds 4and
especially the dibenzopara - derivatives) which are the most
important.

A. Ortho- and neta-oxazines and -thiazines.

There are hut few derivatives knowneot' these four systems, and in most
cases the members which Nave lgeng, prepared are referred to the reduction
products of the hypothetical ving Jdareuts and do not corrcspond to the fully
unsaturated ring systems. * ¢

No derivatives of orthothinzine, redyced or otherwise, have yet been mrt
with, whilst tho only ¢representatives of the correspouding oxarines are

anhydride-like dgrivatives obtained from the oximes of y-ketonic acids : .
.
CH2,CHy COOH FHa~CQ .
i »—r H\. 0
R, C=N.OM RIC===N

[
These are very similar to the k’etodihydrois:m.ru:ulcs (p. 65), and, if suitable
substituents ave present, they are readily de¢omposed in analogous fashion to
these compounds : ‘

. .

cof/- cooH PN
recf l",. Y Y ¢ s §° I°
\eﬂn-é’ \OH..ON R,cLJ.. Ha

A lnodlhydrornhunzlne A mitnle acd An acid 1imide
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Partially reduced metoxa.ma nnd memthmzmcs (known as pen!oa.cuohnc.s
and pentlnaznlu&s, just as derivatives of the%ix-membered ring homologue of
thiophene (p. 96) are called penthiuphenes) have becn propared by the action

3, of trimethylene bromide on acid amides or thiamides: @
A |
’ _GHa B

c"'\:u. ar /c o & r">

M, Br NH CHa—
CH{} + >O-R B CH\, NQGR
CHa Br Y GHyg”

The corresponding beazometa-oeazines and -tiiazines gre produced respec-
tively from weid anhydrides and thiamides inepresgquee of w-bromo-o-toluidine :
] [ ]

»

L4 »
OH, Br SFHi—o
CAN. + (RCO),0 P c‘"‘ W=
NH, °
L]
L]
CH,—Br CH,-§
c.n.’ + s*ca >— C.lf\.
\wH, wel, N==CR
»
. S, , X
* 1. Paroxazines, i > ~—IHere, again, there are no com-
G—C C o

L)
" . o * .
pounds known corres’pon(hug ‘LO the true azine structure,

' 2 ]
CH=CH . . ®
pra . The tetrahydro derivatives are, hogever, of some
L]

“cH=CH
importance,. and correspond to the piperazines (p. 173). There
is reason to believe that this reduced ring system oceurs in the
molecules of the morphine group of alkaloids, and it% compounds
have a«ccordingly received ghe natne of morpholines.
en. ~CHe

EN", is formed by heat-

CXHymchy |
[}

The parent member, mor pholine, &

[ )
ing ozyethylamine with mineral acids or bases. The latter
12 '
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¢
substance is prepamd from ammonia and etbylene oxide or

chlorhydrin : .
Ha +O1 HasOH
>
CHa.C) + NH, IH:-NH; ,OHa-c:h
B > O
c'i" + N, »> Ha.0H \°N=-O£H
O’.)’ . ‘! Ha \NH, Morpholine

ke morpholines and henzomorpholines are generally viscous
liquids which can be distilled undecgmposed.

The phenorazines or dibenzoparorazines are noticeable in virtue
of their relationship to some valuable dyes, and it may be pointed
out at this juncture that phenoxazine (or phenthiazine) and
phena.vmc are not strictly parallel mmpounds Tke discrepancy
is due to the fact that whilst oxygen is an clemert of even
valeney (two or four), nitrogen is an odd-valeut element. Thus

the +truc” phenoxazine would he c.u.fo Soeha 5 OF conversely .the
N

actual phenoxazine corresponds more neatly to dikydrophenazine :

e S a NH
VAR VAN

c.u.f Tum CuHe Lt CaHl JCuH,
N . N Wi

4
Phenosaines ave formed if, m the prepatation of pheunwzines by heating
togeiher o-dioxybenzenes and  o-pl enylencdiamines, o-aminophenols are
substituted for the latter gompounds :

0
3.’./0“ + " >.u. > c_.,.:::c.n. .

WMy o 1

e—,
. Paratliazines, °<c v .—There are no important, simple
—C
[ ]

or monobenzo-compounds of this group, but as usual the dibenzo-
series a*c of mteres'u, The parent substance, dibenzoparathiazine
or phenthiazine, is ; hsually known under thewiame of thiodiphenyl-
amine, and may be formed according to the general method by
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'
heatmg catechol with ¢*aminothiophenol, bt is usua.lly made by
heating diphehylamine-with sulphur %t a fairly high temperature
(200-300°). The corresponding thioditolylamipes, thiodinaph-
thylamines, etc., have also been prepared. All are colourless,
,high-melting, soltd sbstances. ‘ i

V. THE AZINE DyYEs

Tt has been hinted that phenazine, phenoxazine, and pfen-
thiazine are closely related £o numerous important dyes, and we
‘shall rev1e\v these in the present section. Al of these colourmg
matters are oxy- or amino-derivatives of the dibenzo-azines; in
other words, the trinuclear ring-systems dealt with .are of ae
strongly chromogenic naturc, and the introduction of the auzo-
chromes, *or saltforming HO-eand Nilj- groups, causes the pro-
duction of intense eolom At the same time it must he noted
that in each case removal of twe hydro;.,en atoms (one from the
“ ayxgchrome ™and one from the ring-imino group) oceurs Mefore -
colour appears, the simple oxy- or amlnophcna/mcs being colour-
less (leuco bases) Consequently the development of colour in
this series is always comﬂ(lent with the possibility of a (para-)
quinonoid structure appea,rmg in the molecule.

The nature of the dp-¢s in questlon may bo grasped most easily
by dividing them inio two main Slagsos:

kd

L .. ,l
A. Derivatives of simple pheng:zines, O-H@: ,‘SM .

B. Derivadives of phenazonium, C.n( SCaHa

a"c.

C. Conjuguted phenazine nucles.

Colourmg matters are fopmed from the first two of these classes
in all three series—phenaziye, pheqotazme or phenthiazine—
by the introduction of the following groups :

(a) H; ydmzyl, OP

(b) Amino’or alkylamino, -NH,, -NHR, or - NR
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-

The thn-d class are coloured even in the absence of these
groups. We thus havo the'following general possibilities : —

] N
4. () oo’ sHe o Soume e, JouHe
: g P )
Resorufis cs. Thionols N FLurhodols
4. (b
( ) leﬂ\?}c.ﬂ‘ NH:O.\;’GQ“I NH:O.?Z He
“ Naphthal blues Thiomnes. Eurhodines
£B.\w) N,
a c‘g’;cl"l OIC.é:\OMo O cc‘\"-‘:ﬁo"l
A . X* N
R KO .
num Indones and Safranols
B (b NN N
o B0 /uu-.c.(\(,,\c.n.)‘ ch.’é:‘ M NHGHfG, o
X ., Yoo
(\CI R C
— Phenazothiontum Indyhines and Safranines
c
) ‘ Mo N »— SN
., ol /cd\{:‘ GeHa - c.uf\u Dol o .
.-
Tuphendioxannes Tuonndenes

Most of these compounds are genet,ic.zlly related to certain
other dyes of the nonheterocyelic series, from which they may
sometimes actually he formed l>y,chc,m1c.zl introduction of the
second heterocyclic ring-member. These homocyclic colouring
matters are the p-oxy-and p-ipno- derivatives f diphenylamine,

O<CAHaNCWHLOH  O'CuHFUCHINHy  HNICIHIN-CoHuH,

Indophenols ' lnduumhu\l Indanunes

We will row review the individual classes, the most impor-
taut members in which are indicated above under their typical
formulze.

A. (a) oxyfhenazines.—The dycs of the phenorazine series are produced
rom c-aminophenols by heating wih oxy-o-quinones (or oxy-o-dihydric

henols; compare . 178), bul more usually by the action of nifrosophenols
{qinone monoximes), ?r of nitrops acid, won polyhydric phenols :

[] .
OCHMQH + OiHy OH, »—» ow.@vm.ou
Ni T Al

Pacan o
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[ ]
The corresponding sulphur dyes (the thionols) are forined from the thivnines
(sce below) when these are heated with :ﬁkalies, whilst the eunrhordols ave
similarly obtained from the aminophenazines (ewrhodines) ov from o-pheny-
*. lenedismines and oxy-o-quinones. *
The following tabjp ingludcs the most important members of this grgup:
L

Resofin 0:C 11 .[NOJ*.C H,(01f)> * Rose-red.
Gallocyanine 0:C;H(OH)(COON).{NO].C,11 (NMey)  Violet.
Eurhodol 0:CGeH..[N.H].C;H,. Scarlet,

L)

4. (b) Aminophenazines.— Wlen p-nitrosoanilines and a- or ﬁ-naphthoT are
gondensed, dyes of the aminophorazine group (naphthol blue, Nile blue,
etc.) are produced. °

Agaifl, when p-phenylencdiamines are warmed with aqueons hydrogen
sulphide and ferric chloride, the importgut thivnine or wncthylene hlue

compounds result : . " .
L)

‘oo NH) M ¢
4
NH,,CoH, }IH.-NH. >— HN;Q.H?}.H;-NH: '

s g

[} L]
These are alsq made by treating thiodiphenylamine with girong nitric
acid)” ¥ia & mivture of isomerio dinitrodiphenylamine solphoxides is

formed :
NH NH NO2
m and Q D °
e ¥ SOA/ 0 e SO
o e
I

4
iid
L

. .
These are easily separated, and whilit the former yields fhionine by redue-
tion and subsequent atmospheriv oidation, the latter yiglds a less important
dye, dsothionine, by the same procedure. Methylstion of thivnine produces
wmethylene blur, which iy also made according to the #rst method from
p-dimethylaminoaniline, and on the Jarge scale from p-nitrosodimethyl
aniline and sodium thiosulphate,
Finally, the eurhodines result when amino-u-diamines are heated with
u-quinones, ur if p-nitrosodimethylaniline vondenses with pga- substitated  *
L]

anilines.:
)

NO HQ N
(Cidy), n,c.u’ + }.u,-a > :cu,;,ucn:c.u,f ﬁt’-‘.Ma.lr
H NH, N
| J °

*Le °°°-"¢-Ha N
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The followmg have plo\ul of commercial ‘lmpm tance at one time or
another :—

Naphthol blue ’ Me,NCL:CyH . [NO) Cyol, Violet blne.
Nile blue Me. .N(,] C3H . [NOj.Cy L. N Blue.
Cyandmine e MeNCLCH..[NOL.C, 5 N1 C‘,H- Blue. !
Thionine (Lauth’s violet) e MK :(, . [NS].C, .. N1, Vriolet Llue.
Methylene blue Me.NCL:C,T, [NS).C H NMe L5eep blue.
Eurhodine HN:CH . [N.H].CH, Scarlet.
Tnl:xylcne red Me.NCI:C . [No1].CIL. N1T, Scarlet xed.

B. (a) and (b). Phenvoniumn Di/ﬂs.——No‘ derivatives of phenazooxonium
have yet been prepared, but a series of S-phenylphenazothionium compounds,
although of no commercial value, is interesting from analogy with the indu-
lines and safvanines. When ,the abave-mentioned dinitrodiphenylamine

* sulphoxides are condensed” wth phenols in strong sulphuric acid solution,
green toloured salts of the following structure (I) are fonned wht ch give
purple-red anhydrobases with alkali nII) ]

s
~o;-c.m< ):.u,.uo, r NO..CuH, (s;c.u,.no,
S 1 e
R/\CI R
N
HN :w-.( N,
On reduction, $hese give deep blue dyes of the formula S

o il R/\c,

The éndulines and safranines alle c-\cccdllw.'v important colour-
ing matters, some of which ite been l'uown 16: a very long
while. Both are derived from“umino- N -phenylphenazonivm, mdw-
lines being mono-, and. sufranines the symmetrical di-amino com-
pounds. It.i¥ necessary to remark here that Aalphylphen-
azonium compounds are not, generally speaking,. dyes; the
presence of an aromatic substituent secems necessary for the
production of intense colour.

L]
Indulines are made hy heating pmmino.azobonzcnes and anilines with
acids : -

. " "’ /N\
o .c.H./ﬁ’ £+ NHpCeMs 3> Hu‘c.u,f L+ NH,

N.CeH. Hs

and by condensing phenyl-c Jiamines with amino-o-quinones.
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Safranines are formed when p-phenylonediamines end anilines are oxidized
together by chfomio acid or bleaching pofder ; in practice the exact pre-
liminary amounts of each constituent are ensured by preparing the mixture
by the reduction of the appropriate aminoazo-compound

* 0
NH3.Cotin. NIN+CeHs  NHaCuHNHy + NHaO Ha .'. N3 CoHaNH S oHeNH,
. )
b o
. HZCHENSHANM,  + CoHohHy ch.t-l';"\c.u..nnl
Indunune N )

*CeHy
.

They are also made on a slmllar primciple from a-aminodiphenylamines
and p-phenylenediamines when a mixture of these is oxidized :

L ]
NH, [] o«
NH3. CoHa CeHa-NH.Coby 32— Hugc,H,{ CoHa:NH.CoH; -
. \WH.CoH, Y ®
LY 4 . uHs

As will be seen from the appended summary, some of these
derivatives were the earliest khown ‘‘aniline dyes™ % it is im-
possitle here to enter into the details of the research®s involved
in establishing their constitution, and it can only be said that, as
soon as the structure of the triphenylinethane dyes (also produced
in the oxidation of anilines) was settled, the presqnt problem was
attacked hy E. and O msc&er, Nietzki, Caro, Bernthsen, and
many others. Wh ig.?t" the main putlines of the question are now
known with csrcunty, the dggails of the constitution of the
difterent salts obtainaBle rrom cpch compound (for, accordmg to
the amount of acid presenty several well-defined series of red,
green, or blue salts are produced) are still l)@ng debated by
l\chrma,nu and others.

Indulines.

°
Aposafranine, HN:CyHa (N, *(‘.,]l; Red.
Naphthyl violet, TIN:(!; HRA(N,( uﬁ,) Gl NILCGIT,  Deep violet.

N
AR

e MN:C;(C: /CeHa
NGeHy
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Safranines. .

TFuchsia, Me,NCI:CylL:(NuCsHj). Gyl NMe, Reddish purple.
Amethyst, Et,N€L:C, (N, H:). CHNEt, Purple.
Safranine, HN:C;H,Me:(N.C:H;).CsH,Me. NH, Orange-red.
Matvine, ITN:( ‘al{;,-(NoU‘-,H ).CH NHLC i ¢ Purple (Perkin,

v 1856).
Indazine, Mc,NGL:C,IT; (N Cot).CoHa NTLC I, Purpler
Magdala red, HN:C Hy(NatH;). Cy H, N Hy Crimson.

Tagdones and safranols are made, like the thionole (p. 181), by heating the
corresponding induline or safranine with mmeral acids. They are not now
of great commercial value.

C. Comjuguted Phenazines. —Tlese are produced by heating the hydro-
chloric acid salts of,-aminophenols and o-phenylenediamines rcspectlvely H

. their formation is due to infermeccular oxidation and condensation :

/0" ‘u OH € NH, nphendmun-e)
i
(o M Whe °‘"‘>°"’<NH * ~H-= c.(:;c.u. CaHa
/NHa NH, un, N{a
’ “+ c.u. = Cofle ¥.u4' SaHe c.u.\n’
' . ”H M N Hra lHnon

These are deep green, stable compounds, with a brilliant red fluorescencs,
but aro not much used in dyeing. It should be remembered that the
tinctorial value of all indulines and safranjues is much inereased by their
beautiful fluorescence, which varies, ace ot{lm-r.:u the compound, from greeu
to violet. ..

I r
VI. TRIAZINES I\ND TRTRAZINES

We have, in conclusion, to consider the derivatives of pyridine
in which two, of three of the ring methine groups are replaced by
nitrogen atoms, and which are known as triazines and tetrazines
according to the total numher of nitrogen atoms present,

Obviously, there are threc possiblo ring-systems in each class :

—CH

. c‘}‘ cH cn’ ﬁ'" N\}e
Triazines : n=ci SN==N’ NCH=CH
Cyanhines ¢, Tranncs € #-Trazines

CH=CH Mpuzu CH=N,

Tetrazines : . /'("_'/)‘ Wecf? ('&c“_‘u'é'

Tetrazings
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The only series of ahy importance is the first of these, the
cyanidines or symmelvical-triazines, which are very closely related to
hydrocyanic acid and its polymers. We shall deal at some

'length with these compounds, and then hrieﬂy review the
oremaining group® e .

Symge'bnca.l Triazines.—It is well kucsvn that derivatives of

prussic atid exist corresponding to both structures :

N (i) ILC:N (i) HN:iC;

Hydrocyanic acid. 4 Isohydroeyanic acid.
.

that whilst the alkyl compounds’ of (i) are non-poisonous, the
free acid and the alkyl esters of (ii) are qxceedintrly toxic.
Moreover, if we consider the more®oxidized cyanic and thio- o
cyanic,acids, we ag'un encoutier %0 sebs of compounds ia eac¢ B
series: *® . *

(i) R.0.C : N and (iv) RN:CO ; (v) R.8.C : Nand (vi) RN : CS.

( 3almte » Isocyanates. ’[‘noq ‘anates. Isorlumymutes

By the action of halogens on prussic acid or its salts in the
cold, the cyanogen hnhdes CNC], CNBr, and CNI are formed ;
these are poisonous, irritating compounds, which all melt and
hoil below 60°. 1f thev .:re heated under prefsure, or if the
balogens react with prw,su acid at higher temperatures, polymers
of t,hca(, compound.s»msult. in wlhel® three molecules of eyanogen

halide are catidensed together. 4 §t will appear shortly that the
puiymerides, which are lmolulnc solids of high melting point,
are really trihalotriazines : for fexample :

N—"C
cﬁl \
‘W—rclo

Tricklmots vne

L]
Now, when a mixture gf an asid nitrile and an acid chloride
is treated with aluminium chloride, alkylic derivatives of the
triazines are formed : . .

RcOOl /}‘_ %M \
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They are "also fowmed when amidines’ of the aromatic series
are heated with acid halidef or anhydrides ; for example :

<€
s NHa o%c CaMHeo. (" _c\\:
c'""q\m-u + HaN- ca}.‘u.,—. e=d,p,

T'riphenyltriazene (Irzphmll/lrymidine or ryanphenine) was thus
prepared more than fifty years ago.

In this reaction carbonyl (-hlorlde may be used instead of an
organic acid chloride, and then an Dvtrizine is formed ; whilst,

if urea and carbonyl chloride are similarly heated together, @

trinzytriazine must be produced : ¢
L]
sNA, ooc., coH
. 'Kun HNe o'f:" Ho- M"\'/N“‘ et

As a matter of fact, the compound formed proves to be
identical With cyanurie acid, obtgined in the distillation of urie
acid * (Sclitele, 1780), by polymerization of cyanic acid,=sT by
heating the tricyanogoen halides with alkalies. Cyanuric acid
may also be converted to tricyanogen chloride by treatment
with phosphogns pentachloride. Thjs establishes the structure
of the tricyanic or cyanuric acid dcriv':h.‘vcs as oxytriazines.

Diaminotriazines are similarly “l og‘nce(l by distillav -2, of guanidine salts
with organie acids: 1 °

\

NH < NHa ocn ! N=—CR
2. NH O" »=> NH: »
L NNH 4+ NH NH, hc\\u-—c?m.

Alylowytraazines of two kinds are known: the first are estérs of eyenuric
acid, formed from its halides and sodium alkyloxides.

1f, however, an alkyl halide is heated with silver cyanurate, niixture of
these esters with higher melting isomeric products is produced, the latter
bemg derived from hypothotlcal isoryafuric agid, which is related to cyanuric,

a8 iso-cyanic is to cyanic acid : p
(3
N—CoR R—C
HOWCEN rRoc? \Qu HN=CO 0)‘
W==C6R . \m—co
Cyamec acd - Cyanuates 1s0cyanic acid Isocyanurates
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(] [ ]
Corresponding to these we have thiocywnuric acid, ormed from tricyanogen
chloride and potassium hydeosulphide, KSH, aud its esters, similarly formed
from potassium mercaptides, K.S.R., and by polymerization of alkyl thio-
¢ cyanates; whilst a second series of isowmeric esters (from the unknown
isuthiveyanuric @ id} rosglt when the alkyl isothiocyanates (mustard oils)

'polymeri'/.e.: i .- 4
—CsR e NR—CS
\ HS-CAN nsg‘f‘ \}4 HN=CS cige R
N=C$ R—C%
b Thiocyanic acd i

-

Finally, the amiles of cyamlﬁ(i acid must be mentioned ; the mono., di-,

and tri-amides (and esters of the corregponding imides of isoryanuric acid)
are all known :

.
—C.OH N=—C:QH N—C:NH, ,N—C:NH,
v/ X V/ N\ £33
¢ N NHpd” w& &N NH, S
SN=c6H NN =C:OHy “N2zCOH N==CKH,
)
e yngrcad & Ammehide 4mmehine Melamine
Trunytriazime Amidodiotytnantf D duotytsi 1 ds
NR— CINH N.R—C.NH
NR—CO _c\o By 4 o
do “nR HNE NR .ﬁn.c\ NR HNIC w R
o Sp—db NR—Co NR—CO R—GnNH o
1soovanurates Melieuratr, feoamhnes Tsomel e =

Mclumine is made from cyannrie chloride and ammonia, or by polymeriza-
tion of cyanamide, CN.N1l,; ny boiling with water it fggms a mixture of
ammeline, ammelide, and cp aric ucid.  Alkyl melamines, ammelines, and

*smmelides are produced 14 the action of amines on the trieyanogen halides,
and the isomerie @l.i isomelamined afe formed when slkyleyanamides,
CN.NHR, polpuicize. .

Melamine and more complicated products (formed hy elimination of
ammonia from two or more molgules of melamine, aed known as melam,
melem, and mellun) are produced when ammoniunt thioe yanate, NH .8, (:N,
13 destructively distilled. -

a- and B-Teivzines.. Simple a-tviaziues have been synthesized from seri-
carbazide by condensation with a-diketones :

R.CO N—GR
. Ll 7 .
'&c.on % Ho{  Nca s

R.co NHaHNT Y NN

]
and monobenzo-derivatives of tis systegn result from the reduction of
o-nitrophenylacythydrazines :

L4 }‘0:

N—=
CeHy - ) ."’ N

SNH.NH. COR N=w
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€ < N
These are stablo, cryséalline, yellow compounds, as also are their colourless
dihudrodericatives, produced frofn o-aminoazocomgpounds and aldehydes :

N+ cHo.R , NSCHR MN=cr
CeHa t cuH\ > c.rl{"
© \NSN.CeHs N=NGeHe - H=N.CsHs '

4
i
LY 3

Analogous dihydrobenzo-B-triazines are formed from u-aminobeﬁzylamines
and nitrous acid. These are less stable than the a-triazines.

Q NHz HNO, N:NOH =N
c.n.< > c.u.< : >  CgHs <N |

P
CHa NHR CHa N IR CHz2-N‘R

LCH=

Tetrazines.—No hcrivatives of the system 3y, N/,°" have apparently
N —

CH—CH* \
been ohtained ; the osotetrazin:s ,(/ \y are represented by their dihydro-
N=—N’

compounds (osoletrazoies). which are made from a-diketonediphenylhydra-
zones, and readily pass into triazoles (y. 78).

. [ -
R.C=N,NHCHs R//c-—cg HOI “-Ic-'ca
»— N N I+ coms A,
R-C=N. NHLH; CuHIN—NGH: hut NN
Hey
«

. . y .
The symmetrical letrazines, N7 SN, ‘are mok nvmerous, and are formed
N=C,

by the gontle (atmospherie) oxidatiop f the correspondii
ohtained by condensation of hydrazin® with iminiethers :

NH + NH, .« NH- \

Be= . RGN, go=n,
oR: NH, > NH N >
I A4 "Q,._JZ

NH
NH, -t alo—gn

Frow the deep red colour and fluorescent nature of these tetrazines, it

may well he thit their formula is,really '?c ="\“ .
. «  WN=cf
Diketotetrahypd rotetrazines (iruzines) are urea derivatives, farmed from
hydrazine carbamate and hydrazin: : .

- — “(.::

“(;/M-cc;.m —-ch



CHAPTER X, .

.

J‘HE PURINES AND OTHER CYCLIC DERIVATIVES
OF UREA -

[ J
»
o 1. TuE ProTeINS

()

HE tissues of animal bodies are com ;)ose(f to a large extent

of a numerous class of vgry comphe.l. ed organic compounds !
termed gyoteinse 'The molecular magmtu:lo and the gcneral
chemical structure of these *substances is at present but im-
perfectly known, but the products into which they break down
hy means of feymentation or chemical hydrolysis have been very
carctilly studicd during the past thirty years by various
workers, and most notably by Emil Fischer. It is found that
the proteins may be classified in four main divisions according
to the decomposition produ :ts which they thus fuenish :

o D

' i 7 Main Products of Decompuosition.
Nucleo-proteids . o7 . Proteids, phosphoric acid, and purines.
Nucleo-ulbume" . ,,“l' phosphoric acid, and polypeptides.
Glyco-proteins . . . ’ phosphoric acid, and sugars.
" Lecith-albumens . . . L and lecighing*imixed glycerides of
phosphoric, .#eanc, and palmitic
acids).

The nature of the profeids which are also formed in each case
is still uncertain ; they are very complex mtrogenous bodies, to
which the polypeptldes are probably nearly related.*

Our pyrpose, howevery is to discuss the simpler products
formed, and in succeeding chapters we shall deal with the
polypeptides and the sugars, whilst we now proceed to give some
account of the purifle or uric ucid group.

Fischer has shown that these compounds (klany of which are

189 .
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frequently met with in products of the animal metabolism,
whilst some.are also found, but less often; in certain plants) may
all be considered as denved from a substance, purine (I), which
is to be looked upon as a ““condensed ” heterocyclic system made

up «f a pyrimidipe (metadiazine) and a.glyuxaline ring (II),,
just as, for example, quinoline is a *“condensed” ring-system
from benzene and pyridine. If now we imagine a trioxypurine
system (III) to be broken up by the addition of four molecules
of -vater, it is easy to see that the resulting products (IV) are
tautomeric forms of urea and oxycarboxylic acids (V).

CHa
oon
r/ Gr =M1, H CHNH » T._.
20 l ~/<€Ho . ” lL /> ' b.on
\u — Ho.C \ c—n’
2
L}
m v oy 1"‘! . '
N CQOH
- COOH [ o HIOHY  NH,
Nn, bon N | + I . \’c o
4C-OH ‘Q O0H ' -
OH HQODN NW/ NH, NHy
Nww ™

am

A glimpse itto the mode of union of the purines with other
protein constituents is afforded ny thig knowledge of their
general structure. It is known that glytvalines and purines
which possess the free imidoigroup coydense“with aromatic
diazocompounds and form coloured diazoimino derivatives ¢on-
tammg the grouping: — NH - N=X.C;H,, but on the contrary
purines whep ‘combined with phosphoric acid in a protein do
not doso. Consequently it is assumed that they form, phosphoryl
compounds of the type =N -PO(OR),. Moreover, the nucleo-
proteins break down much more readily in presence of mineral
acids than of alkalies, and«a similar behaviour is shown by
synthetic phosphoryl derivatives'of a.m.'ues, R.NH.PO(OH).R.

Returmng to the discussion of the purines themselvis, we see
that, in ~ddition to what may be ‘called the heterocyclic con-
ception of their structure, they may also b regarded as con-
densation produc"s of two molecules of urea with an oxy-acid.
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As a matter of fact, the bulk of t.ho e;cperiment;l work on
purines has been conducted from this standpoint, and therefore,
before describing the naturally-occurring memberg of the group,
we will refer to the analogous compounds derived from urea
and its congener? by® the action of differcos types of organic

acids. - * .

*II. SiMrLE CONDENSATIONS OF THE AMIDES AND IMII)ES'
or  CARBAMIC Acip

3
® It is assumed that the reader is* already well acquainted with
the nature of the amide, CO(NH,), (uren), the thioamide.
CS(NH,), (thivurce), and the imide, MN:G(N l]‘._,).z (yuanidine), of
the unknown carbamic acidy N'll._,.(,‘-OY()][, and the reagtions
now G be desctibed are only those braring on the subject of
this chapter. Tt will accordingly suffice to deal with the alkyl-,
and alkylene , and acyl-ureas, thivwyeas, and guenidines.
L]

Al Dcrirldi;cs. —These are produced by heating isocyani(-..or is:)thio-

cyanic esters, or cyanamide, with amines:

CO:NEt +  HN.R >  KNILCO.NHEL
CS:NEt F H.2NR >  R.NILCS.NIIEL
HN:G:NII  +  %,NR -~  RNILCGNH)LNIL,

The urea compounds are also fornful *when chilorourea (wrea chloride,
CLCO. N1, mage from ammonia aud g, ¢®ss of carbonyl chloride) acts upou
amines. Simple alkyl ureas arc very dumilar to urea itself; they are well
crystallized, and yield monobasic g5lts with strong acids,

Alkylene Derivatives.—These are more interestthg than the former class
(which they closely resemble in ordinary properties) by reasor,of their cyeliv
character ; alkylene guanidines, however, have not been synthesized. The
members of the other two series result when alkylenediamines are heated
with carbonic or thiocarbonic esters, or carbon disulphide:

P NHa CH, * NH—GH,
R * e ? Q. |
a Ee NHs.CHy —CH, ;
. .
.
NHz GHy NH=—CH,
cs® + > cf

1
NH; CH, “NH ~GCHy
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Moreover, urea unites with aldehydes in the cold to similar, but tetratomic,
ring-systems,

NH,
‘ c/o + CHOR 6 N
Lk c ,On.n
- e

It will be uotlcetl that dhe five-membered rings are ket\:teig'xhydro-
glyoralinrs. “

It must not be forgotten that all three amide derivatives ‘of
carbamic acid can react in two forms, for example, NH,.CO.NH,
(urea) and HN:C(OHL).NH, (4- mea) and appear frequcntlv
to display the latter (-onstltutlon in the more complicated
transformations ¢f the purine group.

Isomeric alkylene ureas and thioureas of the y-series are well known, and
are formed when w bromoalk, lamines act on cyanates or vhiocyaw: tes :

OK 8r—CH, O—CHa
N — acd |
NHAGH, “\NH—CH,

Aeyl Derivatives.—In the case of urea, these are known as ureides, and
some of these are very closely related to urie acid and the other purines.
They have beeyy prepared by simply hmtmg urea or thiourea with acid
chlorides : -

N1, CO.N1l:4 R.CO.Cl S NH..CO.NH.CO.R.

The same acylthiourea is formedy cithor by this methwd or by heating
cyanamide and thioaliphatic acids :

R.CO.SH+NC.NI, = ' R.CO.S.(HN:)C.NH,,
[e]

and it is theretore believed that thie acylthioureas, af all events, exist in the

pseudo-form.
Amino-aliphatic acids and cyanamide give analogous products, the

guancides, for example, ¢lycocy Jmunw (guanidoacetic acid) :

NHg.CN‘i-NH._,.CH._..VO.OII =%  NIL.C(:NH).NH.CH,-CO.0H.

Certain of these compounds merit individual mention.

Urei "es from Carbonic Acid.—These are interesting, since urea
itself is the diamide of carbonic acid, and because they are formed
from urea by pyrocondensation, and so help to illustrate the
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manner in which thé more complex condensations of that
substance and its allies may taxe pld.ce

.

When cyanic acid is warmed with aleohols, osters of the unstable
allophanis acid, NH.CQyNH.CO.0l, are produced, . - .

CO:I%#CO:NH +R.OH->-CO:NH + NH,.C0O:CR->NH..CO.NH.CO.OR,
and these are also the product of the action of thionyl chloride on carbamic
eltegs (wrethanes),

NH..CO.OR 4 8OCls + N H,,. CO.OR->N11,.CO.N11.CO.OR -+ 8O, -
R.Cl JICL .

The esters are stable, high-melting solids, which, by ghe action of ammonia,
yield the amide of allophanic acid or hiwret galso gnade by heating urea, mul
1eco«rm70d by its purple copper sa}) : ¢

Nre cO.NH.CO.0R + N1y NII,.CO.NH.CO.NH,  R.OH,
NH .CO.NH.+ NH,.CO.NH, = NH,.CO.NH.CO.Nl,+ N1I,.

Finally, by heating urea and cartfnyl ehloride under prewue at 100%,
rarbmllrl dinrea,"whic h is probably also produced to some extent whon uren
is hicated slone, vesults :

NII,.CO.NIL, -+ C1.CO.Cl14-NH,.CO.NH,.- NH..CO.NH.CO.Nf1.CO.NH,
4 HCI .

Some of the yuuneides are alsotof especial interest, owing to their occur-
rence in animal juices, notably ereatife, X11,.(11IN)-(.N.(C11,,).C11,COOH,
from meat extyects, whie h has been sxntﬂcsmd {rom cyanamide and methyl
glyeacoll (compare gluron ylmine abovel :

CL.CH..COOH +CH,. NH»——-) CH,NH.CH, C‘OOIH CN.NH, —>
NH..(HN):C. N(bH ;).CH,. COO1I. .

It is a nedtral substance which passes into a betsine-like derivative on
heating to 100”:

NH3 (HN): C ,N(CH3).CHy ,COOH
Ne——CH,
CHa

. °
This compound; rreatinine, is strongly basic ; with weak alkalies the imino-
group is replaced by exygen, yielding wmethylhydantoin (se¢ Lelow), It is
found in mammalian excreta,

13



194' THIRD YEAR ORGANIC CHEMISTRY

Ureides and guanexdes are resolved into their constituents by
boiling with aqueous potash or soda; thus:

' NH,.CO.NH.CO.R —>
NH..CO.NH;+R.COOH ; NH,.(HN):C.N(CH;)CH,.COOL—->
Nik. co.ML +CH, NH.ClL..cbon,

III. Cyoric URkmES oF OXYACIDS AND OF DiBASIC AcIps

The cyclic condensation products of urea and guanidine with
dibasic acids are of much importance from the standpoint of
purine chemistry, bocause certain of them, especially parabanic
acid, alloxan, and hydautoin, are so frequently produced when
uric agid or other purines are oxidized.

! . @u
General methods for their synthesis are :
(@) The interaction of wiea and suitable ketonic esters.

‘ NH, HO. Hs N
o~ Lt
c< ?::n > co c\@on'
NH: Et0.CO NH-—CO
Urea Acetoacetic ester Methy Luraalt

(b) The actidu of mmmonia on bromaeyl nreas.
’

NH—CHa

/NH: +  NH, , /

\° - °9N |+ waee
NH -CO.CHa. Br v H~-co .
Bromuoacetylurea ' Hydanto

(¢) The action of phwsphorus oxychlhride upon a mixture of urea or
guanidine wmd dibasic acids.
e

/NHs QoH MNH—CQ
co\ + He s co cu,
L NH, doom N

Malonic aud B

The cyelic ureides are fairly' stabln crystalline compounds,
with mrkedly acidic functlons, as would be antlcxpated“from the
pregen- o of several contiguous calbonyl -imino systems. The
folfowing table includes the chief ureides which have proved
useful in elucidat/ng the structure of the purines.
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NH—CH9 o Generators, For%ﬂmm
Hydantein  Glycollylurea” &b | ’ Urea and glyeollic  Reduction of
—Co acid allantoin
. ) ,NH-cn.quh .

Allantoin G]yoxx}dllltux co | H, Urea and glyoxylic Oxidatiou of
- "“—2: o ® uric acid
NH-CH

Uracil ™, * Oxymethylene- ¢ oW~ (Hypothetical)
acetylurea "”'Gé’“
NH -CCHs
Methyl uracil  Acetoacetylurca do c\gu Urea and aceloacetic
NH—C ester »
Parabanic acid Oxalylurea b - ‘io Urea and oxalic  Oxidation of
acid alloxan
Malonylguani- — Mg uanidine and -
dine Kuu— 6«: majonie acid
Barbituric acid Malonylurea } * Urea and malonie  From #lox-
NH -0 acid o antin
—co
Dialuric acid ~ Tartionylurca ' m ‘u , Urea and turtronic  Reduction of
Y SHOH
‘NN- acid alloxan
Alloxan Mesoxalylurea {,‘H CQ Trea and mes:p:ahc Oxidation of
. H—co acid urie aci
Violuric acid Allo}_:an mon- N“. c}_“ on (See below)
oxime
| Diliturie acid  Nitrobaibituric co"" %6 anos (ew Urlol)
acid “NH -ch
-
1 Ubanil Aminobarbitaric céw :.N" (See helow)
vacid . “i-*co

The transformations of the last half- du/cn compounds are

especially important with *refevence to purme syntheses, and
their mutnal relations are indicated in the followu;g diagram : -
NH =C

T4

N

NH-CO \:’0
Bacbiturn and

An-tg ® NH—CO
o G0 sHom o gnaos
o “WH-co - ! KNO, \Nu_co

’NH- *haluric .m’ "VO'
%, 0 I reducto® [ ] \ I reduction

“NH--

Mgy,
Parabanic sciy tioy -CO -
S o "M 6 bsmon €O buAM

“NH-cd NH--C —0
Alloxan Violunicaid & Urannt
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Boiling alkalies break the gyclic ureidcs'up into yrea and the
respective acids, but if baryta is used, only a partial hydrolysis
occurs, and a monocarbo*cylic acid is formed which is at the same
time basic owing to the presence of the resylting amino hydro-
gen it the group, NII,,CO.NH-. Thus we have ozaluric acid,
NH,.CO.NH.CO. COOH from parabanic acid; alloranig~icid,
NH .CO.N11.CO.CO.COOH, from alloxan; and glycoluric acid,
NH .CO.NH.CI{,.COOH, from hydantoin. .

VP hen allocan is reduced by mild reagents, a substance, allozan-
tin, results, which may also be obtained by gentle oxidation of
uric acid, and which probably holds a somewhat similar relatlon
to alloxan as that of azoxybenzene to nitrobenzene.

©
)‘H—OQ CO—‘H

NH—CO O _CO—NH
[ 4
S0 + 00 \00 B c/o A (. “co
NM —d Nco-ni WhH_cd co_pG®

# CoHse NO2 4+ NO2.CeH, g»—» CuHs .ufi\n.c.n.
.

. € ’

Oxalantin is similarly produced from parabanic acid.

v 1V. Uric Aco

Uric acid is an insoluble "\.vlh'te granular powder, normally
present in the excreta of animalg, birds, and snakes,*and also in
the juices of flesh-cating mammalia, ~ Owing to its spdrmgly
soluble nature, any tentporary cxcess of uric aud in the organism
tends to he deposited, either in the joints or in the form of small
nodules (“ gmvel " ‘““stone,” etc.). Its separation is attended by
considerable pain (gout, rheumatism, etc.); to allay this, it is
frequently soughb to remove the acid by an appropriate basic
medicine; the sodium or atamonium salts are also sparingly
soluble, but those of lithium G6r of certain orgamc bases
(especially piperazine (p. 173) and lysidine (p. 73)) are freely
goluble.

Uric acid was first characterized by Schéele in 1776. He
found it to be the/zhxef constituent of the “stones’” sometimes
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[ [ ]
formed in the bla,dder: proved it wgs an acid, and discovered a
characteristic test for'it, the murexide reactior.

L]
If uric acid is evaporgted to dryness with nitric acid, a yellow substance is
left which, with u,.hmo’m, gives a violet salt (muregide). .
,nge forty years later, Prout isolatel mgerer ide (the ammonium salt of
purpirie acid) more definitely, and much later still it was shown to possess
the formula CgH;sO;N,;, H;0, and to be formed nlso when alloxan and
suramil were mixed in ammoniacal sotution. The frec purpuric acid is, how-
ever, unstable, .

Prout also showed that, by oxidation of uric acid, alloxan was
formed ; whilst about the same time Wahler noted that upon
dry distillation uric acid gave ammgnia, carbdn d10x1de, cyanuric
acid, and urea. These prehmmary observations were completeﬂ
when [ jebig and Mitscherlich determined the empirical formula,
C,H,N,0,, and obtained by*oxidation under different conditions,
allantoin, urea, and alloxan. .

The next gontribution to thd problem was by Bagyer and his
students (1860-1870). He is mainly responsible for the know-
Jedge of the mutual relations of the cyclic ureides discussed in
the preceding section, and he also found that—

[ ]
(a) Urie acid, heated with hydrochloric acid at 170°, gives
ammonia, carbon dioxide, and, glycocoll.

(b) Urie acid, oxidized Lye chlorine water, breaks up into

alloxan and urea.
[ ]

[
About 1870 Medicus discussed some t:venty possible formule
for uric acid, and summed up in favour of : *

9
L
I

]

I\ o’X

[ ] [ ]
In the meantime Baeyer tried to apply the knowledge he had
gained to a synth8sis of uric acid, but only succeeded in obtaining
a pseudo-uric acid, containing an extra molecyle of water, which
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he could not ehmmute. The followmg are the steps of his
synthesis :

-~
COOH
/ NH, \G POCI, /NH-co KNO, ,NH "CO reduction
OQ ot /Ha )I—b é Ha 3> 1 COf ONOH >
NH, COOH em-l—(w —ct
Urea Malonic acd ¢ Y Bt aod Violur and " o~
C
-co /
/‘H NH QOH""ND\‘I
cq\‘ GN NH: 4+ CO:NH »—n | | co
cpam e co &
Urnnul yanuric acd Nl" 2
eUndiad

[

Horhaczewski next effectxl syntheses of uric acid .itself (of
little theoretical interest} by fusing up urea with glycocoll or
substituted amino-acids. ' A more, satisfactory synthr&ls was
achieved in 1888 by Behrend and Roosen, who started from

methyl uracy] : .
L g
‘Ho.q.cH H= OH HN ‘
NH, : ) [o}
g c\ > c‘N o\ >
\ nH, E. o.co H-—co
Urea Acetoacetic ester Methy! uracit
[}
NH—GCOOH . NH=GH NH~CH HNO,
06 }_NQ, ’:-l» c(/) Ne.no, ';”—»r C(O \:O.NH. >
WH_c WH-c6 « ¢ NH—CO
]
NH-CH H—C:OH DKy H,$0,
c’O b brotmine :aur d \, on + ,00 . NH " ‘
H—C0 . “NH-CO NH, a7
Osyuracil 1yndialniic aud Urea \N

l"’lc aad

At about thls time E. Fischer turned his attention to the
purine group,‘as he termed tkem (p. 190), and showed that their
constitution could be determined hy pxidation (with chlorine
water), and methylation, and confirmed by synthesis. ¢

He fou.d, for example, that by methylation of the lead or
potassium salts of uric acid with methyl iodide, five mono-, six
di-, four tri-, and gne tetra-methyluric acids could be prepared,
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in accordange with theory. He established the constitution of
all these methylated "acids by oxidation into different methyl
alloxans'and methyl ureas, and further supplied the last step in
Baeyer’s uric acid s;tlthesis in 1896, when he found that ~}-uric
or ~y-methyluric acids gave up one moletule of water ®when
héated With anhydrous oxalic or hydrbehloric acids, yielding the
corresponding uric acids. '

co ¢ HO,
A C—NH
NH “CH—NH N1 et.‘.—lwtt w I o
I o0 > Il €O hoc c-—n//
e L0 Nh, ‘\3 SS— N %,{
NH NH
wUnie acd Uinaad | Urz acd 11

L ]

Moreover, whilst the meshyl derivitives were shown_in all
cases tosbe Nethers, he suggested that the acidic -and hetero-
cyclic nature of uric acid was better illustrated by the tautomeric
structure II. R N

More receitly (1901) W. Tfaube has furnished anothar kind
of uric acid synthesis :

COOH NH—CQ NaOH NH—CO

POC, p
/ NH, 'CH,; ’-P’ 06 ﬁ"’ >— co \CH
xR * ’ N o\ V4
NHa c( Ha cN NH =GR,
W Cyanacetc aad . Cyanacetyl urea Anunouraal
ea
NH= reduction {,NH®CQ
— 0’3 c/€°"° - °§o CNH, + CWCOOE:
©® “NH—C NH, O NH=-CNH,
Nitrosoannnouracil Diaminouracl Chlntcarbonic €ster
Ci
. / 0
NeOH Jip—co [ gc_"t'
c§  oNmcooNa 3 | E sco
’ NH — C'NH. SC—nNG e
° ) it
Unic acd

V. OTHER PURINE COMPOUNDS
[ ]

It renfains to describe the natuge of the remaining naturally
occurring purines, and to this end we will consider three
individual membds, which are typical of the rest, namely,
caffeine, zanihine, and guanine,
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It may first be mentioned,that Fischer employed the following
general methods of analysis and synthesis :

I. Analysis. \

L
€
(i) When not p'revious‘ly known, he determined the numl}}t, of '
N-methyl groups‘by the Zicrel method.
(ii) He exaniined the substituted alloxan and wrea formed by the
action of chlorine water on the purine compound. .
«(iii) He noted simpler (amino-acid) derivatives ocenrring in more pro-
found decomposition of the purine ring-system.

II. Synthesis, .

(i) He had prev’iously,,obta&ned all the methylurie acids synthetically.
(i) By the action of +phosphorus oxychloride or pentachloride on
@ these he replaced opc or more hydroxyl groups Ly chlorine:
(iii) e next replaced the chlorine bytother groups, or,
(iv) He reduced the chloropurines (replacement of Cl by H).

[

.

Thus, with cafeine, CyH,,0,N,, a drug occurring' in coffee, toa,
and kola nuts, which erystallizes in slender needles, melting and
subliming at 235°, he carried out the following series of experi-
ments :—

(i) It was shown to possess three méih yl groups.
(ii) Mild oxidation yielded dinct’yl alloran (I) and methyl wrea (II).
(iii) More vigorous decompoaition furnished mrlhg/lyl‘llcomll (1),
wmethyl hydantoin (IV), and’dimeth al ortemide (V).

' A
[ 4 ﬁH,
ﬁ?—q\o‘ NHCH,  NH-CHy /N—CH,  GO.NHCH,
co ‘o o CH, Ny
N "'\NH Loon NH—CO  COWRLCH;
p 2
Otts an o avy [\

(]
‘. M . .
From the first four products, caffeine appears to be either
]
o HE « 0
cu,.N/c\ —8 cH,.u/c\ ——NH

o o 1N ¢
S -

C—t}
Qez/ CH,
f GH3 Ha
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The fifth compound, d;methyloxamide, p:)ints deﬁn'itely to the
first of these, and this has been confirmed synthetically :

’ °9 3"-
| N\ O B N " *_cH
CO 2—> g | J 7
g0 N’:" Hel 0\0'( NH  pgy, cQN ) cgN Lo—N
&H, CHs CH, GHs
&, 7-Trimethyl--uric aod 1 3. 7-Trimethyluric acid. Chlorocaffe Caffeine

Xanthine, C;H,O,N,, resembles uric acid in many respects, both
(’hemlcally and w1th regard to its occurrence in nature, but is
both fetbly basic and acidic. It contains no methyl groups, hut
by methylation yields caffeine and thepbroyiine {see table below).
Its oxidation products are notgbly urea, alloxan, and glycocoll.

Now, when utic acid (hzou‘pmme) is boiled with phosphorus
oxychloride, a dichloro-oxypurine is produced, which on methyla-
tion yxelds 7.9-dimethyluric acid ; consequently the dichlgro deriva-
tive is 2.6-dichboro-8-oxypurine. > From this synthetic Qompound
zanthine has heen synthesized as follows :—

C:C1 E

N e !

'I(/ 'cl: NH\co N1OE¢ lN/ LENE , e N e—n "
o ‘c Q¢|3 |—N// '

,

Ci1C ,C——nNA

A\

1, 2, 6-diovypu

Guanine, EH.ON,, which occurs in guano, the pancreas, clover,
beetroots, etc., is nearly related to xanthine, and the nature of
its relationship may be guessed by comparing the fo:mulaa:

05[{;0N4:0 aM C;;II.|0N_|:NH
" Xanthine, Guanine.
L ] ®
Moreover, since by the action of nitrous acid guanine is con-
verted to xanthine,’the supposition that guanine is the guanidine

derivative corresponding to xanthine (from ure:‘) is confirmed.
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Now ma‘lonylguanidine,(p. 195) condenses with urea to oxy-
guanine (I), and therefore guanine must be represented by II:

NH C— NH C N
ik © c ~\°° N ° , -‘
ot W
(U] an
W. Traube has effected syntheses of the purines on lines
ahalogous to those followed by him in the case of uric acid.
Caffeine.—¥rom sym-dimethylurea and cyanacetic acid :

_NHGH,  GQOH
cot + Hy
u\un.cn. ‘.{
. as
co- NH; ,CO-CNH.CHO
*NH: HCOOH »—» CHaN C:NHy + CHy!
GO. 2}7 ’ . ‘CO—N’ 2 3
] CH, .
CO—C.N (CH3) -CHO cH N/: Qo—ﬁ"’
N (CH3) - £y
POC!
T — | b
\CO / co /
_2,,.,; W
qHs
. . ! . .
Xanthine.—From urca and,cyanacetic acid :
I
o
NHa - CQOp Nﬁ\c.m., + H.COOH
Cuot o= V]
1
NH,
. CN Ko'{c.m-a,
- N
co Co
7
r{i I—"NQ 'NH \|CI:—NH
CHO 3 H
GO _Cwen, co b
Y4 T

Guanine was similarly prcp’trcri froit guanidine and cyanacetlc

acid. . [}

The parent substance of the whole series® purine, has not yet
been found in nature, bt Fischer has prepared it artificially by
/
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converting urig acid (I} into frichligropuring (I1), "which by
successive reduction with cold hydriodic acid and zinc dust in
 acetic acid furnishes diiodopurine (I11) and purige (1V).  On
boiling the diiodopgrim‘with hydrogen chloride, zanthine (V) is

. psoduced. -
<o L]

) ®.
H c—""\‘c fv H = “//c"c— .
. !:o h ° cug Ic' Vi L, L_}S’“
N W
(4] an / am
A ’ \/ o
'l‘ Z_ " TN *—Ngc
/QH
C’(NJ _rﬁ Q0 C N7
™ . e N
° - i

e
The table on the next page. gives a summary of the more

important natural compounds of tllis group : .
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CHAPTER XI .,
THE POLYPEPTIDES

L. GENERAL

HErdivision of proteins into four main classes, according to
the nature of their hydrolytic decgmpolition products,
was referred to in the last chgpter (p. 189), and attention was
then fofussgd upen the nucleoproteins, which, when hydrolyfed,
yield phospBoric acid and purifes. We must now take up the
study of another of these classes, the nucleoalbumens, from which
“ phosphoric acid and many differen} amino-acids are prodyceq by

similar hydrating agents.
The hydrolytic decomposition of the nucleoalbumens is distin-
“guished in several ways from that of the nucleoproteins, and it
may be well to compare the two reactions befores proceeding

further.

Nucleoprofein, Nucleoalbumen., *
L 4
*
17
Nucleie acid (amide-derivative of phos- Parargecled® (ester of phos-
- I phoric acid). « phorie acid).
Acid \l/lnydrolysis. Alkali | hydrdysis.
Lhosphoric acid, suyars, and purine. Phosphoric acid, sugars, and

«amino-acids.

Whilst, then, the nucleoproteins arecbuilt up from tife purines,
and so contain a heterocydic ring-system, the nucleoalbumens
are derived from «-amino-acigs, the,latter, with one or two
exceptions detailed in the next section, being purely aliphatic
compounds. *

We must next consider the stages in the hy(\irolysia of the

206
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nucleoalbumens, It is now fairly certain that the amino-acids
are not the direct decomposition products of the nucleoalbumen,
but that an intermediate substance, belonginc to the class of
“ paranucleins,” always intervenes. detection and charac-
térization of thig intermediate phase W;L by no means a simple -
task, owing to the difficulty of checking the hydrolytic a¢Tion at
the desired stage.

Now it will be recalled that the nucleoproteins break down
drst of all into a similar (and yet quite different) intermediate
compound—a “ nucleic acid.”

The nucleic acids and paranucleins resemble each other 'in
being derivatives of phosphoric acid, but whereas the former are
readlly further broken up by acid hydrolysis (and are amides of
phosphoric acid, compare chap. . p. 190), the latter are much
more stable to m,xds than to alkalies, and are probakly ostef of
phosphoric acid.

The sepmatmn and punﬁcfttlon of the different aminoacids
fror a. given nucleoalbumen . another difficult operation. We
may illusbrate this by Fischer's directions for the isolation of
aminoacids from casein or milk albumen :

Half a kilogram of casein is first digested in the cold with one and a half
litres of concentrated hydrochloric acig for an hour and a half. It is then
heated at 100° for six hours, and saturated meanwhile with gaseous hydrogen
chloride. ® After cooling, an oqlul volume of ice-cold alcohol is added, whereby
a number of impurities are pree ipity ted.  The ﬁltered solut{on now contains
the aminoacids, formed by hydrolysis of the’casein, in the form of the
hydrochlorides of ¢heir esters.

The solution ig evaporated down in vacuo at 100" o a syrupy consistensy,
then l‘cdl&s(._‘ved in one and a half litres of absolute alcoliol, and heated
in a current of dry hydrogen chloride on the water-bath «to complete the
esterification,

After further purification the amino-acid esters are hydrolysed by exceed-
ingly carefu} addition of alkali. aud the free acids are hn.llly extracted with
ether. The ethereal extract i then fractionally distilled in vacuo and the

different amino-acids finally puritied ?Jy repsated fractionation.
9

The products so obtained are ‘optically active, but may be
racemized by heating with baryta for some time. In this way
amino-acids identical wvith the * polypeptides” synthetically

/
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produced in the laborator’y by Fischer (as degeribed in sections
III and IV) have sometimes been isolated.

v Proliminary work of the above type rendered it obvious
that the ultimate formgof the amino-acids present in the nucleo-
albumens was a edmphx condensation produet -formed frone a
nunrsar of eamino-acid radicles by successive elimination, of the
elements of water between the amino and hyelroxyl groups

present. For example:

R.CH(N1I,)CO.N1IL.CII(R).CO.NH.CH(R). COONH ; <
afid Fischer then took up the detaided study of the synthesis of
derivatives of this type, to which he gave the name polypeptide.
The latter term, explicitly defined, rgfers to fhose substances
formed by condensation of ar, amino wéth a hydroxyl group
from two,,or more amino-acids. Similarly, a condensation
product froln two amino-acids®is tormed a dipeplide, from three,
a tripeptide, and so on. .

Befare proceeding to an accoulit of the more notable,protein
amind-acids, and of Fischer’s synthetic production of polypep-
tides therefrom, we will glance at some attempts which are being
" made to determine the constitution of the proteins by analytic,

rather than synthetic, means. .

This side of the work is chi¢fly in the hands of Abderhalden
(the synthetic methods, on the o*her hand, being duc almost
exclusively tg Ilischer and Curtiys)® Abderhalden endeavours
to arrive at the structure of the nucleoalbumens by studying the
products of partial hydrolysis. By scparatngeand examining
the intermediate products, it is possible to deduc® the structure
of the origingl complex by finding the manner in which the
ultimate residues are linked in pairs or trios. Thus, edestin, a
complex nucleoalbumen, gave three polypeptides on partial
bydrolysis, one of which contained glutaric acid, tr}ptophane,
and leucine, and the third tyrosiue, glycine, and leucine.

Another dnteresting suggestion in this direction is the applica-
tion of physical chemistry to the prob’em by Mathieu.

If the rate of ebydrolysis of a protein by an acid is
measured in the usual way, it is found that the speed of the

%
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reaction dbes not al'wa,ys change regullarly in accordance with
the law of mass action. ‘The abrupt changes Of the rate of
hydrolysis, found for example in the case of gelatine, are
considered to mark definite stages of the hydrolysis,

Cinally, although there is nothing bul a daperficial chemical
connection between the,two classes, it may be mentioned &bat a
series of naturally occurring oxygen analogues of the poly-
peptides has recently come to light. The substances in question
are natural vegetable acids, occurring in some of the Conifer,
and have been given the generic name of “etholides” ; they are
derived from condensed hydroxy- (instead of amino-) acids, amd
possess the general structure : .

£
R.CH(OH).[CH,,.€0.®.CHR.[CH,].C0.0. HR.[C11,],.COOH.

IT. Tue Mork COMMON A‘\HN() AcIps oce URRN(. N
. PorypEpTIiDES

(SN * . i

It has just been stated that the nltimate products obtained
from the proteins are in general a numher of different amino-
acids; the separation and purification of these is extremely
ditticult, owing to their close mutual chemical resemblance.
However, the thorough investiga%ions of the past twenty years
have shown that most poly})cptldes are built up from the amino-
acids enumerated below. It will bo obsgrved tha all these are
a-amino-acids, and that nearly all contain asymmetric carbon
atoms, thus acunsing for the opfiical activity displayed by 80

many natural polyp:,ptldos
The ultimate amino-acids may he classitied as follows :

Monobasic aliphatic arids.

Qlyeocoll Aminoacetic geid CHy(NH,).COOH
Alanine Methylglycocoll CH3 CH(NH,).COOH
Serine B-Iydroxyalanine CI1,(OM). CH(N11,).CO0U
Cystine a-Dithioalaniye 8o ((CH;)(NH,)COOH),
Phenylalanine CgH5. Cly, CYI(N1L,). COOH
T'yrosine p-Oxyphenylalanine HO.Cpil,. CHy CH(NH,).COOH
Leucine a-Aminoisorapronicacid (CHj)z CHL Cllo, CH(NH,).COOH

/
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Dibaeic aliphatic amd: .
Asparagine Aminosuécinamic acid NH,.CO.CH.. CH(NH,).COOH
Aspartic acid Aminosuccinic acid (COOH.CH..CH(NH,).COOH
Glutaminic arid  o-Amingglutaric acid  COOH.CH,.CH,. CH(NH,).COOH
1 .-
Heterocyclir acids. °
Proline ° Pyrrolidinea-carboxylic . | -
acid CH,—CH, COOH
7'/:1/ptrt1)hann B-B-Indol-a-amino- ,°"" gHiNH2.C00K
propionic acid CeHa N?GH

Soveral of the above acids are quite simple in structure;
the synthetic production of the more complex members may
be recalled here :

e
. . . . .
Laucmr feom isovaleraldehyde amd ammonium cyanide :
)

NH;, NHC
(L i) (‘"( H., (‘HO—-—?((_IJ r) ¢H.UH,. CH(OH}(N11,) —'——>
11
Z( H:),. CHLC llz CH{N H (CON)=—>(CT1)...CH.CTL,. CH(N H, )LOOI[

Phenplalanine and {yrosine, from phenylacetaldehyde :

Ul CHo CTL, > CHLCHLCHO > G CHe CHNIL)LCN -
Phenylethane. Phenylacetaldéhyde.
CylHl, CHo. CH(NT,). COOIL.
l’henylal Anine.

] J e

CyH,. CHy, CH(NIL). L‘001|-——>(p)\o Cylly vu ('II(\'H)LOOH—--%
Phcuylﬂ].mme
* NHy.CyH,CH, CH(NH,). (‘0011 ——>HO.Us . ( E, v?jmu_) coou.
HNN, Tyrosine.

Aspartic weid and asparagine, from oxulacetic ester.

Oxalacetic ester (I), from the Claisen condensation of ethgl acetate and
oxalate, yields an oxime (diethyl oximinosfccinate, II), which by reduction
and semihydrolysis yields the §wo mono-ethyl esters of aminosuccinic acid
(IIIe and ITI5).

I1la, on complete hydlolysls, 31(.1d~1 ((l-l N aspartie arid (1V), or, with
ammonia (d +7), asparagine (V). On the other-hand, the ester-acid 1115 is
also obtainable by reduction of monoethyl oximino-succinie acid (VI), which
also gives the oxime of pyruvic ester (VII) when heated. Consequently the

14
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orientations of asparticacid and;asparagine must be assigned as in formule IV
and V (from Ulx),

A ¢ [ cooe. COOH . CH, . GH (NH,ACOOH
av
& m IH' /F{u 1y
. HaNHy N .

CONH_. CH,. cH(NH, .G,
c‘:oos. Ioez. Coou ar T £R0TL000H
on, ", J AR m
A > | >
clto tl:-u.ou COOH Coon
COOE, GOOE. M, {"". CH,

1 am -
CH(NH ) °‘“-°, H C=NOH
¢ J| COOE: COOE: OOE;
I v v

Proline and tryptophane are two pyrrol derivatives found in
the hydrolytic products of certain proteins, and were discovered
mucl more recently than the re.t of the amino-a.ids, nanicly, in
1899 (Fischer) and 1896 (Kossel) respectively.

Proline has heen synthesized by Lischer as follows : N-Denzoyl-piperidine
(I) is oxidized ~wrefully by permanganate, wherchy 8-benroylamino-x-valeric
acid (II) results; on bromination this hecomes a-hromo-8-benzoylamino-n-
valeric acid (III), which is converted by boiling with hydrochloric acd to
r-proline (IV). v

L CH3 CHa\NH,CO.CuH, 'L
CH.-OH, >
cn, ™ cocms, >
Iy H
e @ H21CH;, COO
, an
CH21CH2 NHCO CuHs CH, -CH. :
/NH
;—CH-
CHz.CH . Br.COOH c"’lv' coon
Iy

o

r-Tryptophanc, the indol acid. was synthetically produced as follows by
Ellinger in 1907 : <

Indol (I) is first heated with chlorolorm and caustic potash (Reimer’s
reaction), whereby indol g aldely de (TI) is for med This is condensed with
hippuric acid in presence of dilute alkali, when the deeply coloured aub-
stance III, an ‘(‘aJactu'nf, is produced in accordance with the wusunal
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°
behaviour of hippuric acid to aromatic aldqhydos? .Az]actonzs, however, are
decomposed by hot alkali, with rupture of the lactone ring and saponification
of the benzoyl group. The substance III in question is accordingly, by
this treatmont, convertet‘to the open-chain acid (IV), which may be reduced

to the acid V, ideniical »,ith racemic tryptophane. . .
- C:CHO * ® & CH=—=C— GO
Pai c H/ N CeH! Nan | \
H: pH = CdMy CH »— sHe ScH | 0 a
W ) W b,
[49] @an (111)
C{CH=C - COOH CCHa. CH(NH1).COOH
M ScH CeHe CH
Y . NH

° av)

I11. FiscnEr’s SYNTHETIC METnoi)s. FOR THE PRODUCTION
or POLYPEPTIDES > .

‘e .

In the course of the classical work which is still being prose-
cuted by Emil Fischer, in accordance with the plan qutlined in
Segtien I (p. £07) of this chapter, that chemist has slaborated
five distinct methods for preparing polypeptide derivatives. We
will describe these in the chronological order in which Fischer
devised them, and at the same time compare the applicability
and fertility of each type. *

First Method. —Elimination of 1lcohol hetween two molecules

of amino-acid esters. Ve

This is ell'e::ted by heattng the mixtdre of esters (T) in sealed tubes at 170 ,
when a heterocylic compound (g reduced derivative of pyrazine, p. 172)is
formed (1I). By careful treatment of this product‘witﬁ hydrochlorie acid,
one molecular proportion of water is added, and a d[peptzﬁc (I}I) results.

L]
.CH.R. LR,
GHR-COOEL cHR—CQ NH,.CH. co.:m.cu coou
H, »>—> H B an
T e Neo—ciR! NH,.CH.R"CO.NH.CH.R, COOH
4
EtO.CO—CHR! "y
an L]

U} “w

L]

Second Method.—The first, methog permits the interaction of
the amino groups in cach of the amino-esters, but, if the com-
position of the en# product is to be governed with certainty, it
is necessary to coutrol the reaction so that only a specific and
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chosen amino-group- may he free to condense. Fischer’s subse-
quent methods, therefore, were concerned' with artifices to secure
this end, and with improvements in the yield of the final pro-
ducts. His second method does not aﬂon‘ very good yields of
the “polypeptides, But is useful as a method of controllmg thg.
synthesis. ’

[

An amino-ester (I) is first treated with ethyl chlorcarbonate, whereby the
substance (II) is produced, and the amino group presert in (I) ¢“protected”
against further condensation. The product II is then heated as before with
another amino-ester (I1I) in sealed tubes for two or three days, and the
product (IV) carefully hydrolysed, when a dipeptide again results. Or, thé
process may be repeated indefinitely with the polypeptide ester (IV); leading
to tri-, tetra-, or pcm’.q)qlti:iax (X).

NH_.CHR.COOEt —> C(OOEt NH.¢HR.COOEL{ NH, CHR.COOKS
I : I, ©IIR
- COOEt.NH.CHR. CO.NI1.CIIR!.COOEL.
1v
OGBS, NH.CHR.CO. N1 CIITA, COOT + NH,, C11, RiLCOOR: -
v 111

- COOEt.NH.CHR.CO.NH.CIIR.C'O.NTI.CHIR™.COOEt.
v

Hence, whereas the first methud only gives dipeptides, the
above can give derivatives ¢i kigher polypeptides of known and
pre-determined constitution. Tlowever, the final products are
not true polypeptides, but contain in addition the carbethoxyl-
imino group CGOE4NH-, which tannot be removed without
breaking down the whole wolccule. :

Third Method.—The next modification also gives carbethoxyl
derivatives of the polypeptides, but the yields are much
improved, owing to the final condensation being carried out
between an‘acid chloride ard an amino-group ; so that hydrogen
chloride, instead of aleohol, is elitiinated.

The amino-ester in which the &mino-grbup is not desired to suffer conden-
sation (I), is “*protecied " as before by treatment wi%]n ethyl chlorcarbonate,
forming the carbethoxyl derivative (1I). On adding one molecular propor-

§ tion .of thionyl chloride to this cster, only the carbethoxyl group of the
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terminal radlcle -NH.CH,, COOEt is converted to-nn acid oh]onde (III),
which is then heated with tha required amino-ester (IV):—

NHCIl=.CO.NH, OH».("OOEt - COOEt.NH.CH,.C®.NH.CH..COOEt
I, 11

> coom NH.CH,.CO.NH.CH..COCl + N¥.. CH,.COOEt
111 .. v
> COOEt. N11.CH,. CO.NH.CH,.CO. NH.CH3. COOLL.

Fourth Method.—Fischer’s next improvement was a simnle
device by means of which true polypeptides of any desired
configuration could be obtained ;o the preliminary condensation
was eflected between an amino-ester and bromacetyl bromide,
and subsequently the bromacyl group wasg, convorted to the glycyl
residue by interaction with agmonia. e

Thus, ~mrting Yrom bromacetyl bromide (D) and glycocoll ester (II), the
ester (III) 1s obt.uned and, on trealment with alcoholic ammonia, passes
readily into glyeylglycine ester (IV), which can be lxydwlysed to glycyl-
clycing (V). .

L ] e
PBr.CH,.CO.Br+ NH,.CHa. COOEt  —»  Br.CH, CO.NILCIL, COOEt
. 1 1I 111
- NH..CH..CO.NIIL.CIT, COOKt -> NTI,.CH..CO.NH.CII;.COOH.
1v V e

On the other hand, the brotno estor (III} may be warmed with a mole-
cular proportion of thionyl chloride (a5 m'the third method), the resulting
acid chloridg, (VI) condenscd lunther.\nth a fresh amino-ester (VII), and
then treated with alcohoile ammonia :

Br.CH»CO.NH.CH:.COOB: —> Br.CH..('Q.N#.CH,.COCl +
III VI »
NH,.CHR.COOKt - Br.CH, CO.NI.CH,.CO.NI1.CHR.COOEt
VIL
- NH..CH,.CO.NH.CH,.CO.NH.CHR.COOE.
VIII .
L[]
Or, again, the polypeptide esfers (V) or (VIII), when obtained, may be re-
submitted to the action of bromo-acetyl bromide, and fresh condensations
effected at the * amino-end ” of the molecifle :

Br.CH,, C@Br + NI CH..CO.NH.CHR.COOEt >
Br.CH,.C0. NH.CH,.CO. NH.CHR.COOEt ->
NHa.CH,.CO.NH.CH,.CO.NH.CHR,COOEL.

. ¢



214 THIRD YEAR ORGANIC CHEMISTRY

As might be expected, sthis method has proved the most
fruitful of all, and the most complex synthetic polypeptide yet
prepared (an ockrdecapeptide containing fifteen glycyl and three
leucyl residues) was obtained by repea.te\‘l application of this
methiod. ¢ -~

Fifth Method.—There Yemains one other type of ‘synthesis
worthy of notice, but of less extended application than the
preceding.

Certain amino-acids, on careful application of a mixture of acetyl chlo-
ride with some phosphorus pentaclrloride, yield the hydro-cliloride of the
amino-acid chloride ; this can in twrn be directly condensed with other

amino-acids. .
' 3

NH..CHR.COOH ->- H'CI,NH._.CHG!..COCI-I-Nlig.CHR‘.COOH ->
HCL, NI, .CHR.CO.NH.CHR. COOH. w

IV. Tie SYNTHESIS oF OPTICALLY ACTIVE POLYPEITIDES

The compounds formed according to the above schemes re-
semble the ndtural protein derivatives in their physical appear-
ance, their bitter taste, and their ¢hemical reactions (formation
of biuret on heating, and of* churacteristic precipitates, with the
usual albumen reagents, such,as phosphotungstic .acids). If,
however, racemic amino-esters have heen employed throughout,
the products are bf esurse optically“inactive, and it remains to
give some indication of the methods employed in the prepara’
tion of those polypeptides which carry their resemblance to
the natural substances, even to the extent of showing optical
activity.

Such compounds have most frequently been synthesized from
optically active amino-acids, the #:tual, resolution of the racemic
form of the molecule beiug thus eflected before the. synthetic
process commenced. The reason for this course is that a poly-
peptide contains in general as many asymmtetric carbon atoms
as there are peptide groups; hence, if from two racemic amino-

{’ : ) o



THE POLYPEPTIDES 215

acids, A and B, we build up the dipeptide AB, we encounter the
possibility of the following four acids in the product :

dA4-dB
dA 1B
1A +dB
1A +1B.

Similarly, in synthesizing a tripeptide ABC trom the racemic
amino-acids A, I, and C, we should ohtain a mixture of eighf
optical isomerides as follows:

! dA +dB1dC
A +dB 1 dC
dA FIB+dC
dA+dB+10°
IA {dB+10
dA+1B +1¢
1A +1B 4 10

[ ] L}

And, in gefleral terms, a polypeptide possessing »® peptide
groups and synthesized from = different amino-acids will contain
2* different optical isomers,

Resolution of so complicated a mixture by fractjonal crystal-
lization of the salts of the ragemic peptide with some optically
active hase is obviously hopeless; and, indeed, this method,
sufficiently tedious under the happiest of circumstances, is further
invalidatedin this case by the exdvedingly feebly acidic character
of the polypeptides. R .

« Fischer therefore confined his efforts to Shtaiging the simple
amino-acids themselves in the ~ptically purc state,end to this
end employel hoth the fermentation and the fractional crystalliza-
tion methods :

(@) Treatment of « ravenic amino-ocid with an emm)w.—When certain
racemic amino-acids are subjecfod & the action of the pancreatic or other
enzyme, ong active form is frequently destroyed in preference to the other,
in accordance with the usual bheh#viour of 'enzymes to asymmetric systems.
The action of the enzyme, however, is very largely conditioned by the nature
of the groups snrrounding the asymmetric carbon atom, and therefore cannot
be depended upon.
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(8) Practional r-rysta{liz‘ation & the salls qf‘ﬂw racemic amino-acid with
brucine or strychnine.—As already mentioned, this plan also presents difli-
culties, owing to the fecble capacity for salt formation of the amphoteric
amino-acid radicle® :

Fischier overcame this obstacle, however, by incyeasing; the acidity of the
amifo-acid through atylation. The acid was first of all transformed tp
its N-benzoyl, N-benzenesulplonyl, or N-naphthalenesulphonyl &erivative :

R.CH(NHL).COOH - R. CH(NH.CO.CeH;).COOH.

‘The latter compounds readily yiold salts with brucine or strychnine, and
by fractional crystallization the salts were separated into those of the pure
optical autipodes.

The acids recovered from the optically active pure salts were
then employed by Fisgher, in the synthetic processes to which
* attention has already been paid.



CHAPTER XII

THE CARBOHYDRATES : GENERAL CHARACTERISTICS
. AND REACTIONS

I. CLASSIFICATION AND NOMENCLATURE
.
E have been concerned in the past chapters with naturally
oceurring organic substances of a nifrogenous nature,
bolonging to both closed-chaing(heterocytc) and open-chain series; ¢
with the Qresent chapter we commences a review of the eqlally=
lmportanb class of compound§ grouped under the term “carbo-
hydrates.” These contain only the elements of carbon, hydrogen,
and caygen, and are essentially®aliphatic, non-cyelic (?Qmpounds
(except in a few cases, considered separately in chap. xiv. ; and in
certain lactone-like moditications, which will likewise receive notice
later). The empirical composition of all carbohydrates, further-
more, is very simple and uniform, and may be r8presented as
Cu(H,0),e .

Numerous representatives of otlns class ocenr in hoth the
animal andethe vegetable w orlds, cspu,mlly in the latter ; typical
examples are glucose or grape-sugar, Gyt ,04, found in honey and
in many fruits ; cane-sugar, €,H,,0,;, from gugar cane and beet ;
stareh [C,11 1005]‘ ; and cellulose or wood-fibre [C,,M,,0 ol

The numerical relations found to exist between the atomic
proportions of carbon and of water in a carbohydrate molecule
has led to a means of classification for the whole series. Thus
we see that glucose is C4(H,0), cane-sugar, C,o(H0),, starch,
[Co(H,0)],, and ccllulosg [(,\H,0),)),, the exact molecular
complexity of the two last bging unfnown, but very considerable,

The simplest of the above compounds is therefore glucose, in
which the number 8f carbon atoms and of (H,0) groups is equal ;

this fact serves as the basis of the general classification of the
ae :
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carbohydrates, and such compounds are' termed monosaccharides,
the appellation saccharide denoting a carbohydrate.
In the next place, cane-sugur contains one molecule of water

less than two molecules of glucose : ¢
o
v ' 2C:H 1206 - 11,0 =C2H0)y, 7
Y "

and this furnishes a means of correlating the more complicated
members of the group.

« The complete fundamental nomencliture assigned to the
carbohydrates is thus as follows:—-

MONOSACCHARIDES 1 Curlohydrates of the general formula,
C (1,0 .

DISACCUARTDES :  Cwrlohydrafes of the gemeral formula,

¢ Cyu(H,0),m- ; +these may be regarded, for the, moment,
as derived from two mlolecules of the same or of
ditferent sonosacchar uIas by elimination of one molecule

., Of water. . ~

TRISACCHARIDES : Cuarbolydrates  of the yeneral formula,
Cyn(H,0),,, .. ; by elimination of two molceules of water
from three monosaceharides.

TETRASACCHARIDES : Ciolwhydrales of the yeneral formula,
Cnu(HzO)J.-n-:; L ete. )

PoLysaccuarmnes : Comylex polymen/ed bodies of the
general formula (;,,.( HL0).] 5 practically speaking, it
may be said that in all cases =6 and n=75.

¥ 4

-0

To the latter tiass helong the starches and gums found in the
vegetable kingdem, and also cellulose, whilst the former classes
comprise what are more generally tcrmed the “ sugars.”

We shall be restricted almost entirely to the discussion of the
sugars, and Rere, as in the polysaccharides, the most important
natural compounds possess the fom uul.g C,(H,0),, or are conden-
sation products from two or more Cyll,.0,; (monosaccharide)
molecul .

There are, however, a number of interesting substances of the
general formule, C,H",, C,1,0, CH,O, C.I,0, CHO,
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C,H,,0, and CH 0, and we have ngw to extend tHe classifica-
tion in detail so as to differentiate betweeun these.

Such compounds .are, by the preceding definition, mono-
saccharides, and they ate distinguished dccordmg to the number

carbon atoms each posscsses, a prefix indioating this number
being added to the generic termination ese.*

Finally, as will be shown below, some monosaccharides are
aldehydic, others kefonic, in nature; and again, in a few cases,
homologous methyl derivatives of the sugars are known. This is
allowed for in the nomenclature by a further prefix indicating
the type of the monosaccharideein question. For example,
glucoseis an aldohexose, fructose a kefohervse, and rhamnohexose
a methylherose. 'These subdivisions wil] be,best hppreciated if we
draw up a classified table of he carbohydrates which will be
described ¢n this and the following chapsers : —

MONOSACCHARIDES, C(1f20)m »  (Monoscs, CH,0) . (Formaldehyde).
Diosgs, C,H, 0, . Glycollic,aldehyde,

I'ricses, Cyllg0, e o
Aldotriose . . Glycerose.
Ketotriose . . Dioxyacctone.
Methyltriose . Methylglycerose.

Tetroses, 150, .
o<1 0dutet roses . Erythrose  and

threose.
Pentoons 0;]‘[100;,
Aldopentoses . Arabinose,  xylose,
. lyxose, and ribose.
Methytpentoses {hammnose and iso-

- :1‘-lmmnose.
Iervses, CyH L0,

Aldohexroses . Glucose: 1LANN0seE,
galactose,

Ketohexoscs . Fructose, sorbinose,
formoic.

* The suffix -os¢ was formerly (and is somotimes at present) used indis-
criminately Tor the *“ condensed " sugars (d%-, tri-, ete., saccharides), as well
as for the individual monosaccharides. 'This tends to confusion, however,
s;nce by this system moflose, diose, and trivse (at least) refer to two different
classes,
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[}
«  Methylhexvses . Rhamnohexose.
Heptuses, C;Hy,0;
Aldoheptoses . Glucoheptose and
. mannoheptose.
Ketoheptoses ~ . o 'ructoheptose.
- Methiylheptoses . Rhamnnoheptose. @
DisAcCHARIDES, Com(H.OMr. 1 Pentose derivatives .  Arabiose?
. Hewose dericatives . Cane-sugar, maltose,
lactose, and mgli-
biose. 2
TRISACCHARIDES, Cyun(11:0)m-2 Pentose derivatives . Rhamninose.
Hexose derivatives . Raftinose. .
Porysaccuarives, [Cn(H.0)p) ¢ Starch, dextrin, gum
arabic, ccllulose.

* IL 'GENERAL CHEMICAR BEHAVIQUR OF THE CARBOX.YDRATES

The carbohydrates are sharply divided into two classes from
the pping'of view of their chemfgal reactions :— - .

(i) 'The monvsucharides.

(ii) The rest of the saccharides. .

The distinctive feature of the second class is that they are,
more or less readily, broken down hydrolytically by various
agents iuto mixtures of monosaccBarides.

Thus the starches and gums, when boiled with dilute acids,
furnish the simpler succhurid‘es. aceording to the cquation:

(CeH10;] + «ll.OgaCyll;,0
®

or, more gencrdily,
L]

[Con(E150)n Js + iy 10 = 2Cp(1L:0)m,
where

n=m-y.
L]

The di- and trisaccharides b&have similarly, and as a rule
these and the polysaccharides are glso susceptible to®the action
of various ferments, living or unorganized (enzymes). The
ferments are, however, selective in their {ttack; a given di-
sactharide, for example, will respond to the action of invertase,
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but not to that of emulsin. The rujes governing the selective
propensities of the various ferments are referred to later
(chap. xv., p. 289).

Further roference %o the specific behaviour of the poly-
saccharides is unnecessary, since the suhsequent reactions ere
invariablys those of the monosaccharides.formed by hydrolysis,
except in the casc of violent reagents, which behave with the

polysaccharides similarly to their deportment with the mono-
saccharides. Thus strong sulphuric acid exerts a charring effecs
upon all carbohydrates, carbon, oxides of carbon, water, acrolein,
#nd"various other simple products resulting; and concentrated
nitric ficid oxidizes all the members of the class, firstly to
oxydicarboxylic acids corresponding tQ th¢ motosaccharides, and
ultimately to oxalic acid and carbon dioxide.

Unfier guitakle conditions, however, sthe starches and gfmse
can be nitrated, and the polynftrocompounds (or rather nitrates)
so formed are explosives of much technical importance (¢f. p. 311).

Theanonosaccharides, on the otfler hand, are characteriged, by a
series of reactions which are of the utmost importaunce, not only
for their detection and estimation, but also in obtaining a know-
ledge of their mutual relations and individual structure.

Taking first of all those memuvers in which an aldghydic group
oceurs (the alduses), we arc fuet Ly the following varieties of
reactions :— ,®

L. Reductiav. . . )

(@} In presence of sodium amalgam, the aldoses arc converted into normal
hz walydric alcohols of the generaldformula, H, [(./H(Oﬂ)],a

II Quidation. .

(a) Mild oxidizing agents, such as bromine water (nascent hypobromous
acid) or Fehling's solution (an alkaline solution of copper sulphate and
Rochelle sult—potassium sodium tartrate), convert the aldoses to monobasic
acids, the aldehyde group undergoing oxidation.

() With stronger oxidanis, d:ba.m actls are ploduced, an alcoholic
residue suffering oxidation as gell as the aldehyde part of the molecule.

UL Rewdiions of the aldehyde grgup. 2

(a) With hydroxylamine, oximes are produced.

(b) With prussic acid® the usual addilion componnds (nitriles of oxy-acids,
characteristic of aldchydes) are formed.
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(¢) With imheuylhydrt:zine, the first produ(;t is & phenylhydrazone of the
usual type, R.CH:N.NH.Cg¢Hs; in presence of oxcess of the warm
reagent, however, a further change takes place, and an aleoholic group
—CIH(OH)—is okydized to carbonyl, which at once ~ondenses with more
phenylhydrazine to produce a compound of the gercralformula, .

C NN .CeHs

CH ! N\NH.CeHs

-
which is known as an usazone.

The complete process in the case of an aldohexose is thus :
.

CH,206+4 3CH;. NH.NH. = ((,H,0,). C:N. NH. (4H,;). CH{:N.NK.C H;)
. 1-2H,0 4 NH;+ Cgll;. NH,.
. e «
The osazones, which ate much hptter crystallized than the phenyl-
h'ycﬂw:nnrs of the sngars, yhld the unstable osones, R.(6.CHO, whe boiled
with dilute acids, and the latter compdtinds are readily mlucilﬁc to Aetoses,

R.CO.CH,(OH).

1v, Ix'sa'dious of the aleohnlic yrvu,ﬁ{. . -

(@) Boiling avetic anhydride leads to the formation of pulyacetyl deriva-
tives, each free hydroxyl group being acetylated.

(6) Similarly, benzoylchloride reacts with monosaccharides to give puly-
benzoyl derivatives.

(¢) Ethercal substunces are readily produced by interaction with other
aleohols, other monasaccharides, acils, 8r other classes of compounds.

The condensation products wéthgother monosaccharides are the di-, #re-,
etc., swecharides, whilst the rémaining compounds form the group of
glucosides (chap. xvi., p. 297), botl®synthetic andeweturally oc¥erring.

(d) Salt-like compuunds are produced from aldoses in presence of calcium
and strontium hydYoxides. ¢ .
-

- L]

The ketoses resemble the aldoses in chemical hehaviour for the
most part, but in certain important points are dissimilar:

L. Redwtign,

(o) As with the aldoses, alkaline reduction leads to the formation of
normal hexahydric alcolols.

11. Oxidation.

(@) Her. the ketoses ave differeutiated from the aldoses, for two acids are
always formed upon oxidation, the molecule being® broken at the carbonyl

group.
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)
(It will be observed that this is merelgethe cl.lauct.cristic. behaviour of
simpla aldeitydes and ketones upon oxidation ; aldehydes yield acids with
tho same number of carbon atoms ; ketones yield a mixture of two acids, the
sum of the earbon atomsgn which is equal to the numBer present in the
molecule of the origPial ketone.)

MII. Reaclions of the ketiic group, and

IV. Reactions of the ulcoholic group. »
These are analogous, generally speaking, to the transformations of the
aldoses. .

Thus, ketoses yicld wwimes, owynitriles, phenyllydreazones, and osuzones
respeetively with hydroxylamine, hydrogyanic ucid, and phenylhydrazine ;
whilst the alcholic groups lead to acefyl- and benzoyl-compounds, cthers
(qlurcosides or polysaccharidesy and sufts (with lime or Stl:)llﬂ&) as ahove.

® L

The reactions of methyi alduses and of “metlyl-ketoses correspond
strl(,tly with tifbse of the simple aldoses®and ketoses. y

The following more individual reactions of the monosaccharides

are also nomble : . .
. . . A o o
On prolonged boiling of a /ecose with a dilute mineral acid, Ievalinic
wejid, CHy CO.CH,. CH,. COOH, is always found in the reaction mixture.
On the other hand, distillation of a peatnse with concentrated hydvo-
chlovic neid, always produees fvrurdddehyde (p. 45) in quantigative yield :

0. O35 CTH0 81,0,
[ ]

Pritoses may be recuguized qnali(ali\'e’y Ly hoiling thehr dilute aqueous
solution with a few dropsvof suong hydochlorie acid, and then cooling the
solution, 1 phlorugluinol is ngw added, a cherry-red colour appears on
varming ; whilst il orcinol be substituted for phlmeglicinol, the colour is
lirst red, Lthen violet, and finally bluish-green.  This test dvpom]s, of course,
on the intermediate formation of furfuraldehyde.

A general reaction for sugars, siarches, glucosides, and similar compounds
is “Molisil's Test” : this cousists in adding two drops of an alcohelie solu-
tion of a-naphthol and then cxcess of concentrated sulphuric acid to the
solution of the carbohydrate. On warwing and shaking, a reddish-violet
colouration is produced, and yhen’the muxture is poured into water, a
bluish-viole§ precipitate results, which dlssol\'cs in alkalies, alcohol, or
cther to a yellow solution. *

It may be also recgllected that the wswzoacs, when condensed with
aromatic orthodiamines, yield compounds of the guinvwnline series (chap, ix.,

p. 178),
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ITI. THE GENERAL CHEMICAL NATURE OF THE

- MONOSACCIARIDES
- oa

1n the preceding section it was more or less tacitly assume-d
that the sugars were of an alcohol-aldehyde or alcohol-ketone
nature ; it will be helpful, perhaps, to indicate from a historical
point of view how this knowledge of their general type of
‘structure was acquired.

The structural chemistry of the sugar group dates,. not
unnaturally, only from the period when the capacity of carbon,
not ouly to behave as a quadrivalent element, but to form

. compounds containing coniplex chains of carbon atoms, was first

~Waintained by Kekulé in 18575 and again, ,at that neriod
almost the only individual sugars definitely recogrized were
cane-sugar, G;,H,,0,,, and its two products of hydrolytic decom-
position, glucose, CyH 0y, and fructuse, Gy, 0,

W will consider the case of glucose somewhat in detail. In
1860, Berthelot drew attention to its capacity for forming
ether-like derivatives (the glucosides, which yield glucose and
other products by a simple hydrolytic process), and he suggested
that it was a hexahydric alcoho] C,H(OH),, in view of the
production of what he believed to he glucose hexacetate (or
hexa-acetylglucose). L

Carcful analytical examinstion showed that the last-named
substance only possessed five acetyl groups, so that the com-
position of glued=e~was C,H,0(OH);, corresponding to a penta-
hydric aleohol.

It was soon scen that this conception implied‘a residue of
one atom each of carbon, hydrogen, and oxygen being left,
after allowance was made for a saturated pentahydric alcohol
chain: ‘

CH,(OH).CH(OH) CH(OH).CH(O11).CH(OB) —
( = C.',HMQ.,)-

. The reducing proper*ies of glucose towards alkaline silver and
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] . .
copper solutions supported the natural conclusion that these
) H
atoms were combinod‘as an aldehyde group —C :\/ , and in
0

1862 Berthelot ‘deﬁhitely asserted that glitcose was a (peata-
IPdric) alcohol-aldehyde. Other chemists were loth to accept
this view, on the grounds that certain reactions characteristic
of aldehydes were not shown by glucose; in particular it did
not unite additively with sodium bisulphite. Zincke, wha
had investigated ketone-alcohols containing the grouping
@ 00.CH(OH) —, remarked that ¢hese were strongly reducing
bodies {in contrast to ordinary kctones), whilst they did not
yield sodium bisulphite compounds, and guggdhted that glucose
was more nearly analogous tg these then to an aldehyde, and "
that i was, in fact, a (pentahydric) alcolol-ketone. .

Others disputed whether th® six carbon atoms present were
cyclic, or formed a normal or a branched chain, and the subject
was atfacked ,by many workefs until, in 1870, thé ppesent
accepted formula for glucose was put forward independently
by Baeyer and by Iittig :—

CH,(OLL).CTI(OL).CIT(OH).CL(011).CH(OH),CHU.

The main cxperimental bascs eon which this formula rested was as
follows :— .

{a) By alkaline reduction, glucose yieh##l the hexahydrie alcohol sorbitol,
C;Hy(OH);, wiich, by redqetion with foging hydriodic acid, formed normal
secondary hewyl iodide, CH;.CHL,. CIL. CIT,.CIIT.CH,, of known constitution.
The carbon chain in glucose wasstherefore non-cycljc azd normal, and the
formula of sorbitol was: -

CHy(NH).CH(OH).CH(OL).CH(OH).CH(OH).CHy(0M).

{0) Gentle oxidation of glucose gave gluconic acid, C;HyOH),.COOH,
which, on ultimate reduction with hydriodic acid, produced n-hecoic acid,
CH,.[CHg],.COOH. . L

(c) More violent oxidation of glrpose, or further oxidation of gluconic
acid, produced a dibasic acid® sa~charic weid, COOLL[CH.(OII)),. COOH,
which by ullimate reduction gave g-auipic &id, COOH.[CH.],, COOH.

These reactions #how that the six-membered normal carbon
chain persists undivided throughout the course of oxidatiop, so

15
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that the carbonyl .group present must be in the form of an
aldelyde, — CHO.

Accordingly the Baeyer-Fittig formula becomes obvious.

On the other hand, frucfose does mnol .yie'd an acid con-
taifiing six carbon’ atoms when oxidized, but a mixture of
a four carbon-atom amd' a two carbon-atom acid (fréivxybusyric
acid, CH,(OH:CH(OH).CH(OH).COOH, and glyeollic acid,
CH,(OH).COOH). Nevertheless, by reduction of fructose,
sirbitol and an isomeric normal-chain alcohol mannitol are formed,
so that this sugar also possesses the normal six-membered chain
of carbon atoms.

These facts led Kruseman (1876), Kiliani (1881), and "Zincke
(188‘3) to the view thet fyuctose was of a ketonic nature, and
smce, as was pointed Gut by Kiliani, the addition.product of
prussic acid and fructose can be _hydrolysed to'an agid which
reduces ultimately to methyl-n-butylacetic acid,

CH,.CH,.CH,.CH CH(LOOH) CH,,

it follows that fructose is
CH,(OH).CH(OH).CH(OH).CH(OIT).CO.CH,(OH).

The manner in which glucose and fructose are condensed to
produce cane-sugar was not definitely settled until comparatively
recently, and we will leave further discussion of the problem to
an ensuing chapter. '

Scveral monosaccharides other than glu-~osc or frultose were
soon discovered or added to those already known, some of which
were found to prrsess the formula CjH, O, (i.e. were penfoses),
whilst others were hexvses of an aluehydic nature.

Now, at about this period (1860-1875) the nature of optical
activity in carbon compounds was attracting much notice, and
in 1873 Le tBel and van’t Hoff published their well-known theories
connecting this property with the presence in a molecule of one
or more “ asymmetric carbon atoms.” The formula of glucose,

CH,(OH). CH(OL1). CH(OH). C41(OH). CH(OH). CHO

demands the presence of four asymmetricecarbon atoms, and
accordingly this would explain the existence of a number of
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compounds isomeric ancf almost idengical in, chemical behaviour
with glucose, but possessing different physical properties and
widely varying rotatory powers. R

The work on the ;sl?gars, therefore, subsequent to about 1875,
is largely devoted to solving the intricale problem of #the
Pirticulas molecular configuration ecorresponding to cach
monosaccharide. .

It is necessary to devote a separate chapter to a full descrip-
tion of the means whereby the desired end has beon satisfas-
torily attained, and, beyond mentioning that, as in the cases
of the purines (chap. x) and the polypeptides (chap. xi) the
accomplishment of this somewhat appalling task is very largely
due to kmil Fischer, we shall not in thissectidn proceed beyond
an enumeration of the gencra] methods adopted. ¢

It is well tosappreciate the fact, in passing, that the constr®:
tional formnle of the aldohex®ses and ketohexoses were proved
simply by meaus of the above-mentioned reactions of reduction
and oridation, gentle and vigorSus. -

Subsequent to the date when these structures were scttled, a
number of the other important reactions were worked out, which
proved cssential to the further attack upon the molecular con-
figuration of the mcmbers of the various classes®of optically-
active monosaccharidex, o

The chief of these ave :—- '

(i) The® condensation of the tarbonyl group —-CO- with
phenylhydrazine, producing phenylhydrazones (¥, Fischer, 1877).
(ii) The extension of this rasctlon in the cascs of sugars to the
production f osazones (p. 222 ; E. Fischer, 1884).
(iii) The interaction of the carbonyl group -CO- with
hydroxylamine, yielding oximes (Victor Meyer, 18822.
(iv) Transition from one series of monosuccharides to the next higher
(e.9. from a pentose to a heose).
-
This was first carried out by Kiliani in 1885-1886, by means of the

addition -product of an¥Mdoss with hydrogen cyanide. Using P- to represent
the residue CHy(OH).[CH(OH)l;- in a pentose, we see that the oxy-acid )
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'
resulting from ilydrolysia of the above product will be produced according to
the scheme ; .

P.CHO + IICN->P.CH(OHI).CN->P. 0);1( OH).COOH.

The acid so formed ~eadily yields a lactone with tfie hydroxyl group
attuched to the y-carbon atom in the chain, and alkaline reductlon of this
lactone produces a new oxy-£laehyde, P. CH(OH).CHO.

It will be seen tllat another asymmetric carbon atom has now been added,
and, as a matter of fact, in many cases two physically different oxy-acids,
P,CH(OH).COOH, are produced by this reaction.

(v) Transition from one series of monosaccharides to the next lower
{e.g. from a hexose to a pentose).

Two methods are axailable here -
s (@) Wohl's P-asting ""dé} *The oxime of an aldose is boiled with acetic

anhydrue, when the pel _/meti/l derfvaliee of a nitrile (formed by dehydra-
“Hion "of the — CH:N(OH) grBup) is produced ; when thi is hpdrolysed,
prussic acid is climinated, and simultaneously the acetyl groups are
saponitied :
NH.,0H 4 AcO « H0
P.CH(0OH).CI{v - P.CIL(OH).CH:N{OH) == P.CH(O. co. CH,).CN >
L.CHO -+ 1ION + CU3.COO0IL,

(h) RufP’s Reactivn (1898).—By gentle oxidation au aldose is converted to
the correspondir g monobasic acid ; for example, g/ucose (1) yields gluconic
acid (II). By further oxidation, ecither with hromine in presence of Jead
carbonate, or with hydrogen dioxide in presence of basic iron acetate, this
acid evolves carbon dioxide and Jrter, and becomes arabinose (III), the
corresponding sugar in the next lowe:-' monosaccharide series:

P.CH(OH).CHO -» P.CH(OH).COOH -> P.CHO+CO,+H.0.

(I) (1L (11 .
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CHAPTER XIIJ

THE CARBOHYDRATES : CONFIGURATIONS OF
THE MONOSACCHARIDES .

e I. THE POSSIBLE ISOMERS QF THE VARIOUS ALDOSES

WHEN we examine the constitutional fermule of the aldo-
dioses to aldo-hexoses ‘inclusiv%), we find that asymmetric
carhon atoms, exist in all of them gxcept the dioses, ~Tlae
formulec are as follows:— =

CH,(OH) CH,(OH) CH(OH) CHo(OH) » CHo(OH)
CIIO. CH(OII) el (o11) CH(OH) le( Oll)
(IDH 0 CII(OH) CH(OH) CH(OH)
CHO CH(OH) CH(OH)
(.llHO CH(OH)
“e CHO
Divse, T'riosg. Tetr gse, Pentose. Hexose.

. Hence there is only e pgssible dimswfaccording to the
accepted theorics), and in pofat of fact, glycollic aldghyde, which
is the only tliose known, is only found to exist in one form.

The formula for a friose, however, possesses onc asymmetric
carbon atom, so that there are two possible active forms of this'
compound (dexztro- and luro-), and, of course, a third (racemic)
modification resulting frog tht presence of each optical isomeride
in equal amounts in a mixtyre of the two.

With the higher monosaccharides complications ensue, owing
to the presence & more than one asymmetric carbon atom.

Ewmploying the #elroses (I) by way of example, it is seen that
229
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either asymmetnc earbon &tom (a) or (b) may be dextro- or leevo-
rotatory, so that we have the following combinations :—

(@) dextro-

(a) Levo-

1.- (b) dextro-;
+ (&) dexiro-;

CHo(OW)e
(¢) CH(OH)
(%) CH(OH)

CHO
(I

(a) deftro- +
(«) lmvo’ ‘.

(ljoou
(¢) CH(OII)
() CH(OU)

coon
(II)

(b) l®vo-;
(&) lwevo-.

It must be o‘(pla.inq;l here that, if the last group at each end of the mole-
goule is the sanie, as in tartatic scid (II), the number of active formns is less,
*for in such a case the contribhtions of the.asymmetric carbon atoms next to
~tiivse groups to the molecularsasymmetry are exactly equal~ P

Consequently the forms (¢) dextro- +#(b) lavo- and («) levo- + (b) dextro-
are identical, and are mpreﬁonted by the inactive meso- form produced by
this ‘‘interral compensation.™

This face is important in connec tmnu\ ith the configuration of tfie poly-
hydrie alcolols and dibasic oxy-acids closely related to the monosaccharides,

Procceding to the pentoses, it will be found by similar procedure
to the above ghat eight active forms (four deafro- and four lwvo-)

are here possible.

A less cumbergome method of determining

the number of possible isomers of the various sugars is due to
van’t Hoff, who showed that % asymmetric atoms are present
in the molecule, the total numheor of active forms will be 2.
Hence the number of optical isomerides in the different classes
is as follows :—

Monvsarchu ridis.

Dioses.
Trioses.
Tetroses.
Pentoses.
Hexoses.
Heptoses.

Now of asymmelric atoms.

.

-~

ST NS~

No. gf isomer Lrles

20== 1
2= Y
22- 4
28= 8
« 24:=16
25=32 M

We will n-xt enumerate in a scnes of tables th?"fiéﬁ'erent
configurations corresponding to the ¢ri-, tetra’, pent-, and hex-oses,
.and their correlated polyhydric alcohols and dibasic oxy-acids.
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This will be facilitated by the use of a vepy gerferal convertional formula-
tion, in which the asymmetric carbon atoms are tepresented by dots, an
atom asymmetric in one sense (with respect to the adjacent groups) by
writing the H atom to the right of the OH group, and oge in the other sense
by the H atom beigg tq the left of the OH group. Thus the above formule
for the forms (a) dextrv- (b) laxvo- of a tetrose (I3 and tartaric acide(II)
ecome : )

1) L
CH(OH) coon,
() HO.H (a) HO.1L
(b) HO.H* (h) HO.II*
CHO COOH
() (L1, internally compensated)

1n this way the different contiguratidns of each series resolve themselves
into anur ber of enantiomorphously-related pairs, to which the d- and -
forms of the actual different sugars correspond., It i, of conrse, impossible
10 say that, of any pairs of configurations, ohe,corresponds to the d-, and the
other to the /-, sugar ; but it is Merely necessary arbitrarily to assign ope
formulat#on to Tepresent one form of the actual sugars, and conversely.

In the ensuing tables, the arbitrary ¢ dertro- ” forms are given in the first,
aud the corresponding ‘‘ /&vo- " in the second columns.

° -
e gt m g = n = e e O e i e =

LI

* At first sight it seems that the ’asymmctric atom (b) has also becn written
as a dextro- component, but it must be always borne in mind that tho space-
‘formulw in this chapter are given only in the form of projections on a plane
surface (the leaf of the hook) ; hence care must be exercised as to the point
of view from which the atoms are regarded.

The simplest method of ensufing accuracy is mentally to consider cach
individual group in corresponding pogjtiens ; in this way we may write (in
the above formula), a dextro- atom atta¥hed to the (CH,0H) residuc as:

L]

»
Cl1(OH)
HO.H - ®
L. '

The lavo-,form of the remaining part of the molecule is thirefore

I
CHO Ho.n
1.011, or, when inverted, SHO
|

o
Thus the form («) dectro- o+ (b) leero- is:
©

e cHJMoH)
HO.B



232 THIRD YEAR ORGANIC [CHEMISTRY

Etrk TRIOSEN

Possible active isomers: 2.  Corresponding active alcohols or dibasic acids : 0.

CH,0H)  ‘CH,OII) cHyon) 6 COOH
0. H.0}) CH(OH) ¢CH(OH)
*CHO CII0 CH,(0H) cood
(1d) (1 (The asymmetric carbon atomn ‘disappears)

Tnr TETROSES

»
Possible active forms: 4. Corresponding active wleohols or dibasic acids : 8.

CLL(OIl)  CH,(OH) COOI1 cool
HO.1T T.OH HO.1L .01
H.OH 110.11e 1I.OH HO.H
CHO cno ¢ COOH coonr’
old?) (1) (n * (1)
CH,OH)  ClI,01) COO0TI COOH
HO.H 1n.ou HO.TL H.OH
HO.H * 1LOiL HO.1F 0 0M .
CHO * cao CoGH C00IL
(2d) (2/) (2¢) (Identical with 2¢)

These formule represent respectively the d-,
-, and i-(meso-) forms of tartaric acid.

Tuw PgNTOSES
t

Possible active forms : 8. Correspoygding active aleghols or dibasy: avids : 4.

CHLOH)  CIIOM) COOHT | ('00H
HO.H HOY e HO.H ILOTI
HO. 11 m.oft Tio. xLl\ .ot
HO.HL ¢ ILOH HO.H : H.OIT 4
CHO CHO coolr :oon
(1d) (17) (1 (Identical with 14)
cH 01 ' ermgon) © cool] COOH
HO.H 1.OIL no.11 ‘ 11011
HO,H H.OH noH mom ¢
H.OH  HO.H n.ou HO.H
CHO CHO COOH o COOH

(2d) (28) (2¢) (20)
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THE, PENTOSES—Continued

CH,(OH) CHQ(OH‘ COOH GOOH
H.OH  HO.§ | 11.0H 110, X
HO.II H.01l 110.H * 1LOI
$LOH  HO.H H.0H .., HOH
CHO CHO coor coon
(8d) (37) (37) (Tdentical with 3:)
CH,OU)  CH,(OH) COOH COOH
H.OH  HO.H H.0lI HO.H
HOH 1L.OH HO.H . H.on
HO.H . H.0II HO.I H.OU
CHO clo COOH «('O01
(4d) (42) (Identical with ) ® (Identical with 2q)

There aré'thus‘:tmly JSour distinet fgrms of the trioxyglutarie acids. In
these acids the central carbon atom has lost its asymmetric nature (Leing
united to two -~ CH(OH).COOH radicles), whilst of the xemaunmg two, in
acids 1Z agl 3/, ene is deatro- and llm %ther lwvo-, the awmmetry of each
bemg the same. Hence meso-acids refult.

The acids from sugars 4« and 47 ave respectively the same as those from 2/
and 2d.

Tur JIExoses

Pussible aclive forms : 16. (,'arrc.ymnd/'og‘l?cti ve alrohols or dibasis acids : 10.

CH,(O4])  CIT,QII) , coou (001
110.H H.0ll 1Ho. Y H.OH
HO.H - 1L.on . HO.H ..t HoOH
HO.H ILOllI , o H.0H
0.1 , wou Ho.1t 1H:OH

CHO CHO COOH COOH
(1d) (1) (17) (Identical with 1{)

CHyoln  cl0n) coon don
HO.H H.0lL e TIO.H H.ol
1o.n H.OIi . 110.H H.Ol
HOH * H.OH o 11OMMI H.OH
IL.OH HO.H H.OH HO.H

CHO CHO COOH COOH

(24) (22) (2d) (22)
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CH,(OI1)

110.1H
HO.H
H.0l
10.H .
CHO
(3d)

CH,(OT])
H.of
HO.H
.01
H.o1
clo

(4d)

CH,(OH)
HOMI
1n.on
H.Ol
H.01
cloe
(5e)

CH,(OH)
110.11
110.11

H.OII
H.oll
cné

(64)

CHfOH)
Ho.1
H.OH
H.OH
HO.H
CHO

(7d)

Tur Hexosks—continaed

CH,(01I)
H.0H
H.bIL
TO.H , «
II.OH
CHO

(81)

CH,(OII)
HO.H

H.OH

HOH o

HO.II «
CHO

(42)

Cl,(011)
.01
110.H
HO.I
HO.H
CHO

(50)

CII,(OH)
H.OH
H.0lI

pasl
HO.11
cno

(60)

CH,(OH)
H.OH
HO.H
HO.H
H.01
CHO

(77)

cogpi
Ho. Ilq
HO.H
H.0n
110.H
COOH

(3d)

COOH
H.OH
HO.II
n.on
H.0!1
CO0IL

[4
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COOH
H.OH
HL.OH

HQH e
H.OH
COOH

(30)

COOH
HO.H
1ot
HO.H
10, H
coow

widentical with 8/) (Idcnt{cal with 3/)

coou
HO.H
H.on
H.on
H.OH
(010} 3]

ool
H.CH
1no.H
1O.H
0.9
cooll

(Ilentical with 2d4) (Identical with 27)

coon
HO.H «
HO. I
¢ H.oH
11.OH
Q0

(67)

coor
HO.H
@1.0H
. ILOH
HO.H
COO1»

(79)

o011
H.0H
H.OH

HO.H
HO.1
. COOH

(67)

coon
H.OH
HO.H
Ho.H
H.OH
COOH

(Identical with 77)
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THE HEXOSES-—continued

CH,(OH)  CII,(Of) © cooH e COOH
H.OH TQH , H.OH HO.H
HO.1I H.0n HO.H * . H.OH
»H.OH , HO.II H.0O{ , Ho.I1
HO.H H.OH HO.IL , H.OH
CHO CHO COOH COOH
(8) (8%) (8d) (87

Hence, there should be len tetraoxyadipic acids—two weso-, four deatro-,
aml ®ur /eevo- forms. .

The number of active forms of the sugars thus demanded by
stereo-chemical theory is known to b® gatisfied by the facts as .
regards the trigses (2), tetroses{4), and pgntoses (8), thre numbers,
in brackef indicating the mem*ars actually discovered up to the
present in each scries.

Again, only two or three of the possible aldohexoses remain
to be accounted for, but in the fiigher classes very few nfelnbers
are yet known. It is thus unnecessary to enter into details of
the configurations of the heptoses, octoses, or nonoses.

It should be distinctly understood that, in addition to the choice of the
above enantiomorphous formule b&ing purely arbitrary, it happons not in-
frequently that by chemical means a substance such as d-glucose is con-
verted into a closcly-related derivative whose optical rotatory power is of
quite opposie sign; and that, 1n such eases, in order to preserve the above
system, the derivative so produced would still be referred to as a dextro-
coppound, in spite of its actual Mevo-rotation. -,

We shall pow describe hO\;, in the more important cases, the
determination of the configuration of particular sugars has been
achieved. This problem can be attacked from several points,
one of the simplest being to commnence with the consideration of
the individual pentoses. *
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{
II. CONFIGURATION-DETERMINATION OF THE ALDOPENTOSES

As shown on p. 232, there are elght'posslhlhtles to be con-
silered; these arrange themselves in four pairs of optical
enantiomorphs, 80 thas -ve need only consider the four dexiro! (or
the four lwvo-) forms—for example, those corresponding to con-
figurations 1d, 2d, 3d, and 4d.

Fight aldopentoses are already known, namely, d- and
I-‘uabmoqc, d- and [-ribose, d- and I-xylose, and d- and - lyxose

The problem is very easily solved in this case :—

.

(i) Of these sugars, arabinose und r:bose give the same osazone.
(ii) On oxidation, arabiness gives an optically active dibasic acid; ribose
gives an optically 1nactive dihnsic acid; wylose gives an optlcally
— inactive dibasic acid. . .

(iii) When submitted to Kiliani’s“teaction (p. 227), and suhequently
oxidized to a dibasic acid, arubinose gives a mixture of two acids,
both optically active ; {yrose gives a mixture of two :Lculs, one active

wnd one inaclive. .

Let us consider what these reactions imply.
(i) It is known that an osazone is formed by the oxidation of
a — CH(OR) - group adjacent to the carbonyl radicle. Thus
L}

R.CH(OH).CHO —> R.C(:N.NIIPh).CH(:N.NHPh),

so that the asymmetry of flle catrbon atom next to_the group
~ CHO is destroyed. !

If, then, two cugars give the same osazone, their configurations
must be identica‘rge.xcept as regards the carbon atom next to the
- CHO gronp.

Hence, arabinose and ribose mnust be cither (1 and 2) or (3 and 4).

(ii) Pentoses 1 and 3 give optically inactive dibasic acids.

Pentoses 2 and ¢ give optically active dibasic acids.

Hence, arabinose is cither 2 or 4s, vibose and xylose are (1 and 3).

So that lyzose must be either 4 or 2

(iii) By Kiliani’s reaction, a new asymmetnc carbon atom is
formed in the molecule :— .

R.CHO —> R.Ci"(OH).CN —> R.CH(OH).COOH.
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Applying this, after oxidation of the new gugar t§ a dibasic
acid, to the pentoses 1 d- 4d, we have :—

| ]
CH,(OII) e CQOll CooIT
HO.H Ho.n 110.H .
HOMI —35> HO.H and HO.H (both optically active)
HO.H 1HO.H HO.H .
CHO H.0H HO.H
' cooll COoOTI
(1) wetive artive
Y
CH,(OH} (‘OOH (00U
HO.H HO.H 11011
[HIOOH —— 1101l and HO.H ( hogh aptically active)
H.Oll H.OTI H.OH .
cio . NOH nd.ar .
* cooll cpoll
(2d) uebive active
» . L4
UHL(OH) cooll ceooll
H.01l .ol H:0H
HO.H —> HO.H and HO.H (both optically active;
.01 ILOIT IT.OH
CHo .01 110.H .
(‘OO o COOH
(3d) active uclive .
. 0a
CH,OH) ° ol COGLI
H.0H H.OH H.OH
HOyH ~—> [O.H{ and *HO.IL (ome acid- : Mactive, the other
Ho.u HO. 11 HH.IL is active)
CIO . H.01 I[0.H
COOH COOH
(4d) active tive

Now, from (ii), .
. arabinose and lyxose forp (2 and 4).
But lyzose gives an inactive and an active acid by Kiliani's reaction.

Therefore Iyzose mustwbe 4. .
So that arabinose is 2.
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) U
Hence, by 4i), . '« .
since arubinose and ribose are (1 and 2) or (3 and 4)
arglinose being 2, ribose corres;wonds to 1.

Thus finally, . e

©  d- and [-Ribode correspond to configurations 1d and 1/

d- and I-Arabinoses ,, ” ’ 2d and 21
d- and l-Lyxose ” " ” 4d and 41

and so, by elimination,
. d- and I-Xylose ’ . ' 3d and 31

1II. CONFIGURATION-DETERMINATION OF GLUCOSE, MANNOSE,
AND GULACTOSE (ALDOHEXOSES)

&
~ (a) Glucose and Manmose. .

»

The configuration of glucos; can be determined, from due
consideration of the various chemical relationships between the
hexoses, on lines similar to thase developed fof the pentoses ;
but it is very much more simple to determine in the first place
the configuration of the latter class, and thus, knowing that' of
arabinose, to use this in discovering that of glucose.

We need then quote only two reactions of glucose and mannose
in order definitely to assign the appropriate stereochemical
structure to each :— Tt

(i) By Kiliani’s reaction, /arabinose yie'ds a mixture of two
hexoses, l-glucose”and l-mannose.

(ii) The dibasfé acid formed when glucose is oxidized, saccharie
acid, is alto produced when another hexose, yulos¢, is similarly

treated.
The following deductions therefore ensue :—

(i) Since the de.ctro- and lrg- forms of a compound are identical except in
the sign of their rotation, we may make the (non-essential, but for the
present purpose simplifying) assumption that d-arabinose, will give the
dextro-hexoses of which the levS-compouxds from Z-arabinose are the optical
antipodes. .

As shown above, d-arabinose is pentose 2d, so Phat the hexoses formed
from it by Kiliani's reaction will be represented thus:
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d-Arabinose d-Qlugose dnd d-Mundlose
CHy(OH) CH:(OH)  CI,(OH)
HO.H 110.H HO.H
‘HO.H 0.1 , HOH
H.OIT H.OtL sH.OH
CHO HO.II H.OU
cuo® * CcHO
2d (Pentose) 3d (Hexose) 6d (Hexose)

These svugars correspond with confignrations 3d and 64 in the table of
possible active aldohexoses (pp. 233-35).

, (i) When two different sugars give the optically identical dibasic acid by
oxidation, it is plainly implied that tho eonfigurations of each of the four
asymmetific carbon atoms are the same in each molecule (for otherwise an
optically different acid will be produced in one case tosthat formed in the
other). Hence the only distinction in the sug®rs can be that their primary
alcoliol, (CH.OH —-) and aldehydic®(— C1I0) groups are, so to speak,
interchanged. 7~ ’

Let us seo, then, what ha
hexoses 3d and 6d :

s when we interchange these groups in

cuof)y T coon CHO G1R,(OH)
HO.H HO.M 110.H H.OH
HO.U HO.I HO.H | equivalentto HO.YT }
HOH —> ILOH  <— 1n.on . H.OH
HO.H HO.1 110.1L s H.OH
CHO COOH CH,(OH) CHO
3d . (difterent from 8d)
L4 o
CH,Ol) | COOH %tHo CH,(OH)
HO.H 10.41 HO.H HO. 11
HO.H HO.H HO.H | equivalent to HO.H
ILOH HOl %-— H.OlI £, 1.0H
1L.OH 1.on H.OH H.OH
CHO . COOH CIHOH) * CHO
6d (identical with 6d)

In other words, the dibasic acid from 64 can only result from this one
sugar, whereas that from 3¢ can be formed b}: the oxidation of edther of two

sugars. .
Now, saccharic acid can be predi.ed by the oxidation of either ylucose or

gulose, so that, since glucose is eithgr 3 or 68, it must be 3d.

Hence, d- and I-Glweose correspond to configurations 3d and 3J,
and therefore, d- and I-Munnose ,, » " 6d and 6.
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In confifination, of this view, and more particularly of the
evidence afforded by Kiliani’s reaction when a new asymmetric
carbon atom was introduced, we find that glucose and mannose
yield the same osazone (i.e. their configuratirns are identical
except as regards that of the carbon atom next to the aldehydic
group). e a !

(b) Galactose.

(i) On oxidation to a dibasic acid, galarfose yields an optically

“inactive product.

(ii) By Kiliani's reaction, and subsequent oxidation,. twn
optically active acids are produced.

Hence, (i) from the table of hexoses, we se¢ that the only
sugars giving inactive acids are 1d (11) and 7d (7I).

We have now to invgstigate the acids formed from sugrrs 14
and 7d hy the oxidation of the gproduct of Kiliani’s redcetion :—

CH,(O1I) CH,(OIT) CHy(OIT) cootul CooII
HO.IL . HO.H HOJT Mo.1e *« HO.H
HO.H HO.H1 ITO. 1 HO.H HO.H
HO.H —> HO.II and HTO.U ~--» HO.H and HO.H
HO.H HO. Il HO. U HO.I HO.H

CHO , [HO. 1L 11011 110.11 H.OH

Cl10 CI10 coon COOH
1d ! nactive active

CH,(OH) CH,OH) ' CII(OH) COOTI coorr
HO.IT 1HO.11 0.1 . HO.H 1O0.H

H.OH H.OH [1.ou H.0H H.OH
HOH —> - J.0OH and HOH --> H.OlIl and H.OH
110.11 HO.H -U0.1 HO.1T HO.H
CHO N 110.H 1.0R HO.H | H.OH
cHo CHO COOH COOH
7d artive active

The firs acid formulated from hexose 1d is a meso-compound,
its central carbon atom having become non-asymmetric, whilst
those on either side are res,nectivelx liero- and dezxtro-.

Hence mly 7d gives two active acids, and therefore galactose
corresponds to this configuration. Q

Maintaining the convention as to dexfro- and levo- configura-
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tions which was mentioned on page 281, we have, therefore, the
following stereoformule for the three most important of the

aldohexoses :— \ .
(3™ . (64) ' 7d)
CH,(OH) CH.(OH) CH,(0H)
30.H HO.I e ¢+ HOI
1IO.H HO.I1 H.@I1
1L.OH ILOH H.OI
HO.H H.011 HO.H
JHO CHO CHO
{-Glucose «-Mannose d-Galactose

IV. CONFIGURATION-IDETERMINATION OF TIW ALDOTETROSEN
AND TIE TAmAmc’ Acips .

(a)’ Thg ttroses. .
The table of aldotetroses on P. 232 shows that only two pairs

of enantiomorphous sugars have to be discussed, namely, d- and

l-erythroe, and~l- and lthreose, [* .

Now, it has been found that Lrylose (pentose 31), by * degrada-
tien” to a tetrose according to Wohl's reaction (page 228)
furnishes I-threose.

Therefore, since l-wylose is replesented by :—

‘o, A(0L)
HO.1l o q
1.on
m.on
CHO .

{-threose must correspond to :—e

C11,(01)
HO.1I
H.OII (tetrose 1d)
CHO ,

80 that d-threose is :—
o cH,01%)

H.on
HOH (tetrose 17)
CHO .

16
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Correspokdingly, d- and lerythrose are represented stereo-
chemically respectively as :—

CH,(0H) fH,(OH)
HO.1 H.OH L
-~ HOH*  (tetrose 2d) and  1H.OH (tetrose 27)
Clto Clo ’

(0) The lurteric acids and malic acids.
The configurations of the various tartaric acids and malic acids
,can also be derived in accordance with the notation employed
for the sugars.

Thus, l-hrevse when oxidized to a dibasic acid by the custon:-
ary means is found to give l-fartaric avid, which therefore corre-
sponds to configu.ation I below

On the other hand, d tarfuric acid is produced when d-saccharic
wrid (from d-glucose) is further oxldlle.d and pos-osses thé con-
figuration IT below :—

C1I,(OH) coou
HO. 11 HUD.H . ¥
‘11011 e 1 COOH
H.OH - H.OH - H.OH
HO.H f10.H HO.H
CHO ool cooIlr
d-Glu ose -Succharic acid d-Tartaric acid

The configurations of /-, d-, and i- (imeso-) tartaric acids are thus

respectively :—
coon COOll cooH COOH~
Ho0.t H.OIT H.01I 1HO0.H
H.0U1 « Ho.H and 1r.ou identi- [O.H
coou COOH COOIT \ calwith  COOIL
1 11 v 111

with respect to the configuration of d-ylucosc assigned as above,

Finally, since d- and larturic acids ave respectively reduced to
d- and l-mglic acids by the action of hydriodic acid, the optically
active malic acids will be 1epresented by :—

cool = cooll

¢l . ‘“ cH
1no.u and 1I'QH

COOH oIl

d-Malis i-Malic
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L]
V. CONFIGURATION-DETERMINATION OF FRUCTOSE AND
SO‘(BINOSE (KETOHEXOSES) |

It is very casY toassign the appropriate configurations to the
kqtohexoses which contain the carbonyl group adjacent to the
terminal dlcoholic residue : *—

. CI1,(OH).CH(OH).CIT(OH). C11{OH).CO.CHOH).

As already mentioned (p. 226), it is known that fructose (and
21sq sorbiuose) belong to this type of compound. Furthermore,
the ketoses possess onc asymmetric carbon atom less than the
corresponding aldoses. N

Now, in the formation of osa:m.zs:from aldohexoses, thes
asymmetry o.f the carbon atoth adjacent to the aldehyde group
is destrdyed (compare p. 236); and again - fructosazone” is
identicul with d-glucosazone, whilst the vsazone of d-gvlose (which,
as we found on p. 239, correspoyds to d-glucose with the positions
of the CH,(OH) - and - CHG groups interchanged) is fdentical
with that obtained when d-sorlinose is treated with excess of

phenylhydrazine.
These relations determine the configuration of both ketoses :—

CLL(OI1) o CHsOH)

1o 1H0.H o

o ° o

o [I.OI1I T > 1O - — d-Frwtose

110.14 CENUNHLGH )
clo e HO(EN.NILCAL)e

- Glucnse d-Qlurngozone

L4 L]

*CH(OH) cl(olt)

CHLOH 1.0

HO.H 1HO.H
H.0I} ——> H,0ll <~ - rbinnse
1H.0H ¢  CUN.NH.C.H;)

CHO » HC(:N.NH.C,H,)
d-G'uluse o d-Unlode.one

* As a matter of fwﬁ&etoses with the - CO - group in other positions with
respect to the ~ CH,(OH) radicle are not known with certainty.
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The conﬁéura.tions &f d- £nd I-Fructose and of d- and I-Sorbinose
are consequently as follows :—

CH,(0H) ¢ CH,(OH) CH,(OHY CH,(01)
HO.H H.0l H.0H . f10.H
Lo.ir H.oH 110.H H.OH

LL.OHI HO. I, Inmon Ho.11

co . (0] CO co

CH,(011) CHy(OI1) CH,(0H) CH,(OH)
d-Fructose I-Fructose d-Sorbinose /-Svurhinose

DiagrAM oF THE CHEF RELATIONS BETWEEN J-GLUCOSE,
A-FRUCTOSE, AND d-MANNOSE

CF,(0H), CooH
HO.IT . ¢ HO.H
P HO. ' #xidation s HO.H
. ~ HOH
‘ HOH
coon
d-Saccharic acid
CH,(('ilis oxt’duion '
HO.H Kiliaur’s CH,(OH)
HO.H reacti d-Sarbitol
H.ol
cHo CN.NH C.H
“1 CHLOH) HC N.NH C,H, CH (OH)
T+ARABINOSE 4-FRUCTOSE,, /4-GLUCOSAZONE HO.H
md"cflo HO.H
n H.OH
CH,(OH) HOGH cooH
HO.H CH,(OH) , HOH
HO.H A Mannitol HO.H
HOH D cxidaugn o1
CHO COOH'

dMANNOSE . d-Mannosaccharic acid



CHAPTER XIVv*

*“THE CARBOHYDRATES: MONOSACCHARIDES AND
CYCLIC SUGARS AND THEIR DERIVATIVES »

I. Tre Diosks

ROM the point of view of our origifal definition of a monosy

_saccharide as a compouinl of the founula. Cn H,, Oy, it is
obvious *tha®l the first term of, the series will be Jormaldehyde,
CH,0; we have, 1ndeed, included it in the classification of
carbohydrates given in the conrge of chapter xii. (p. 219).

Bearifig in ‘mind, however, the further chavacteristics*of these
substances which have been developed in the two preceding
chapters, it will be seen that other conditions hesides the pos-
session "of an empirical formula {CH,0],, must be fulfilled by a
monosaccharide : —

(i) It must possess a carbonyl group, either aldehydic or
ketonic, and also bne or more alcbhohc groups.

(ii) Towevery carhon atom in the molecule other than that of
the carbonyl residue, must be attached a hydroxyl group.

. These restrictions exclude formaldehyde froifi consideration as
a “ saccharide,” and leave agfirst member of the serigs the mono-
aldehyde of §lycol, C,H,0, or CH, (OH)CHO.

This division is not entirely mechanical, for there cxist well-
marked physical distinctions between fornmldehyde and the
monosaccharides. The latter substances are syrupy, viscous
liquids or crystalline solidg, With very sweet taste, but no smell ;
formaldeliyde, CH,0, is a gag, with & pungent, choking smell and
acrid taste.

Tt is true that tffe polymeric forms of formaldehyde are both

liquid and solid, but these substances (wiich possess the formula
2' 3
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[} )
(CH,,0),, » bling greater thin 1) are more closely connected with
the higher monosaccharides than with formaldehyde itself, and
indeed, it is possible to polymerise formaldgayde into compounds
of the formula (CH,0),, which have been found tb belong to the
heXkoses.

We will return to this point in the next chapter (p. £86) whén
dealing with the synthetic production of the hexoses, and now
proceed briefly to describe the simplest class of true mono-
saccharides, the dioses, C,H,0,, which includes only the com-
pound already mentioned, qucollw aldehyde.

Glycollic aldehyde or glycolése CH,(OH).CHO, was obtalned
originally in aqueous solution by the careful treatment of ‘mono-
bromacetaldehyde, CH,3rHO, with baryta water, or from its
acetal (from bromoa.cetal and silver oxide) when this compound

-

was treated with aqueous hydrochloric acid :— !

CH..CH(OEt).>CH.Br.CH(OEt),~~CH,(OH).CH(OEt).>CH,(OH).CHO.
Acgtpl Bromoacetal ¢ (ilycolacetal « Glycelose.

It was first prepared pure by Fenton in 1894 by the action of

warm water on diozymaleic acid (p. 274) :—
[ 4]

C(OH).CO0H (cu(ou)s CH.(0H)

(1} +2C0,——= |
C(OH).COOH K01 « CHO

Glycolose separates from its concenltrated aqueous Xolution after prolonged
standing in a vacuum in the form of large colourless crystals which melt
at 95°. Like the higher sugars, it is readily solublo in water, less so™m
cold alcohol,,and only sparingly in ether. Tt readily rcduces Fehling’s
solution, being thereby transformed to glyoxylie, and bventually to
oxalic acid. It responds to tho various qualitative colour, efc., tests
for the sugars (cf. p. 223), and with phenylhydrazine yields an osazone,
CH(:N.NH.C,4;).CH(:N.NH.C:H) ,which, as would be expected, is identical
with the diphenylhydrazone of fiyoznal, CHO.CHO, and melts at 177°,

On the other hand, glycolose resembles’ fonnaldohyde in its condensations
to members of the tetrose and horzose serigs in presence of diluteslkalies.
. By addition of ammonium cyanide to glycolose, and subsequent careful
saponification, serin (chap. xi. p. 208) is produced :—e

CH,(OH).CHO>CH,(0H). CB{NH,).CN--CHy(OH).CH(NH,).COOH.
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)
)
IT. Tur TriosEs

When glycerol is deated with bromine water or hydrogen
dioxide, a mixt¥re of two primary oxidatiqn products results,
and this is known as crude glycerose. Its constituents are glyceric
aldehyde ot glycerose (I) and dioxyacetoné (T).

(I)Hz(OH) CH,(OH) CH.(OH)
CH(OH) ——> CH(OH) ——> CO
CH.(OH) CHO (l)H._.( OH)
. )] (1)

This mixture is a syrupy liquid, which posseSses the character-
istic taste and reducing reactipns of a fugar, and which, when®
treafed withwold dilute alkali, passes into*a bimolecular condensa-
tion product, C,H,,0,, which is & mixture of various hexoses (see
chap. xv, p. 287).

The saparadion of the constittients of crude glycerosc has not
yet been eflected, but each has'been prepated in a pure condition
within the last few years by synthegic processes.

A. AvLporriosrs. Glycerose was first obtained pure by Wohl
in 1898 ; by means of a complicated process he prephred it from
acroloin, CH,:CH.CHO. Mofe recently it has been produced
in very good yicld by warming djly®macrolein with water.

CHy:CH.€HQ ——> CH.Br.CHBr.CHO -—-> CH(OH).CH(OH).CHO.

It is a orystalline solid melting at 137°, and in aqueous solution exists
beoh in bi- and in mono-molefular forms, The bimdtecular modification
has been supposed to be lactide-l‘i}e (p- 167) or a kind of lnctc\.ne,

i CH,(OH), OHIOH).GH—c{uoH)

,CH (oH
H(OH .

Glycerose is the lowest sugar whigh contains an ﬁsymmetr'ic
carbon atom, but its optically active forms are not yet known in

the pure state. o .

L Glycerose has reiulted, together with other fermentation products,
from the bacterial action of certain specific organisms on higher sacoharides
such agstarch or cane-sugar.
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(. .

B. KrroTe1osEs., Diorhacetone has been obtained pure by
several methods : — .

(i) Biochemically, by the action of Bacterium :(‘ﬂinum qn dilute aqueous

glycerol. o
€ii) Bioshemically, by the action of Bacterium roseus on glucose.
(iii) Chemically, from dibremacetone and alkali :— , [

CH;Br.CO.CH;Br —> CH(OH).CO.CH,(OH).

(iv) Chemically, from glycerol in presence of ozonized oxygen (Htm'ies').
© (v) Chemically, from glycerine by oxidation with quinone in sunlight
(Ciamician and Silber).

£ t

Diozyacelone exists in both ‘crystalline and amorphous.states,
and very readily polymerises to hexoses, ete.

« C. METHYLTRIOSES. S¢veral homologues of glycerose are
known, such as methylglycerose afid trimethylglyccrose. .

Methylglycerose, CH,.CH(OH).CH(OH).CHO, was obtained by Wohl in
1902 from crotonic aldehyde, CH, .CH:CH.CHO, in the same manner as

that by which acrolein was conver tcd o glycerose.

Trimtihylglycerose, (CH,)s.((OH).CH/OH).CO.CH,. was prepared by
Harries by carcful oxidation of mesityl oxide, (CH.),.C:CH.CO.CH;, with
ice-cold permanganatc.

ITI. Ter TErROSES

In the same way that gly'curol gives crude glycerose (glyceric
aldehyde and dioxyacetone) when oxidized, the normal tesrahydric
alcohol erythritol (see p. 267) yields a mixture of aldo- and keto-
tetroses on oxidation with hydrogen dioxide, sodium hypobromit.,
or quinone (in presence of sunlighty.; and it has not yet been
found practicable to separate the components of tht somewhat
complex mixture of tetroses formed. Three of the aldotetroses

" have, however been prepared from the corresponding pentoses
by Wohl’s or Ruff’s degradation r(.actlons (p. 228).

ALDOTETROSES. d-Eryihrose, l-erythroae, a15d I-threose have been obtained
by the above-mentioned processes‘respectivzly from d-arabinose, I-arabinose,
and l-xylose. All three sugars are syrups which show the general physical
and chemical characteristics of the class, and the?e, together with the
configuration of each (as git .n on p, 232) may be given in tabular form ;—
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M.p.0 Weduchioy  Oxidition product.
Ref.onp. 232 Confign. omzomf product‘ (dibasic acid).

d-Erythrose  2d HO.H 166°  -Erythritol. ¢ Tartaric acid,

HY.H .
1-Erythrose 21\ ,HOH 164° i-Erythritol. ¢-Tartaric acid.
* H.OH : .
d-TRreose , 1d Hglgﬂ 191°  [I-Fgyshritol.  I-Tartario acid.

d-Erythrose is levo-rotatory, whilst l-erythrose and I-threose
are dexiro-rotatory ; this is a natural consequence of the notation
weedq which (as already pointed out on p. 235) has reference to the
genetic .configurational relationships running through the whole
of the monosaccharide «geries, and not to the pecessary mgn of
the actual rotatory power of any one sgar.

Racenuc(d- + l-) erythrose cannot bg prepared by degradation of racemie
arabinose, for on erystallization of the product one or other active form
always separales out first (just as racemic tartrates can in gencral only be
obtained within ecertain limits of tewmiperature). It has, howevcr been
prepa.red by mixing equal quantitie} of the dextro- and levo- suga.rs, and
gived an optically inactive osazone, melting at 161°, (d- + I-) erythritol (by
reduction), m.p. 727 (cf. p. 268), and (d- -+ [-)tartaric acid (on oxidation).

v
KEero- and METnYL-TETROSES are known, but are not of
. . [ . . .
sufficient interest to warrant a detailed description here.

1V. Tur PENTOSES
)

42 *

So far as is at preseut knoym, the dioses, trioses, and tetroses
do not occu? naturally, have only been obtained in the
laboratory ; some of the ‘z:ntoses, on the other hand, are found
fairly plentifully in nature, a fact which conduces to the interest
of their study. *

In addition to all the usual ‘reactlons of the monosaccharides,
they are distinguished by two,_ peculiazities :—

(i) They are not fermentabfp‘;)y the enzymes present in yeast
(in contrast to most ¥f the hexoses).

(i) They condense extremely readily to*furfurane derivatives

L
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(by distillation with ldilutb mineral acid). So complete is this
change that it is commonly utilized for the quani:*ative determina-
tion of pentosgs, and also as a qualitative test by means of
the colour reaction given by furfuraldehydc wéh certain poly-
Kydric phenols such as orcinol or phloroglucitol (p. 223) :—

CHIOH).CH , (OH) =C
+ 3H.C

CH(OH).CH(OH).CHO

Reduction of the pentoses furnishes the corresponding penta-
hydric alcohols, some of which also occur in plants; oxidstion
leads firstly to m-tetraoxyvaleric acids, and then to netrioxy-
glutaric acids. * )

The ketopentoses are adt very definitely known, but we must
consider some of the mere important aldo- and metd;1-pentoscs.

.

A. ALDOPENTOSES.

(i) Arabinose. This is known in all three forms, dextro-, levo-
and reecmic. d-Arabinose has nqb yet been found’in nature,. but
was prepared from d-glucose by Wohl in 1893. I-drabinose,
however, is found in the form of glucosides or of pentacelluloses
(p- 312) in gertain gums (notably in cherry gam and gum arabic
as arabinic acid, Llo"EI,,O,l) a.nd also in carnivorous urine.
(d- +1-) Arabinose occurs m urine In certain discases and is pre-
pared chemically by crystalicing equal amoints of the active
forms together from alcohol. _ .

Reduction of the arabinoses gives the ar alntole and oxidation,
the monobasic atabonic, and the dibesic trioxyglutaric acids. «.

(i) Xylose is also known in its ghree optical modifications, of
which the levo-antipode occurs in verjous vegetable and animal
nucleo-proteids (e.g., in pepsin, urine} and beechwood gum).
d- and (d-+1-) Xyloses have only been artificially prepared, the
former by*oxidation of d-gulonic lactone (Ruff’s reaction, from
d-gulose, p. 239), the latter {rom bqual quantities of the active
forms. - ¢

The xyloses are transformed to zylitols, steremsomenc with
the arabitols, by reduction ; oxidation lealts to xylonic (mono-

basic) and to triozyghfiar @.ibasic) acids.
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(iif) Lyzose is only lnown in its dextro-fotm, p:emred from d-galactose
by either Wohl’s or #iff’s reactions.

Its reductions producesyd-arabitol.

(iv) I-Ribose been obtained from {-riboniv acid, the corresponding
monobasioc acid, ich wresults by intramolecular jrearrangement when
{-arabonio acid is heatéd with quinoline. } id

By warming with alkalies it is transformed nt® an equilibrium mixture
of l-arabinose and I-ribose (l-arabinose of course behaves similarly).

JRacemic ribose has been prepared in analogous fashion by warming
(d- + I-) arabinose with dilute aqueous alkali.

Reduction of [-ribose gives 1-(meso-)adonilol, an alcohol which occurs
in the plant Adonis vernalis or Pheasant’s Eye (n. 269).

& signs of the actwal optical activitg of these various sugars are as
follows :-+-

d-Arabinose — #* {-Avabinose 4

d-Xylose -- I-Xylo-e " +
o d-Lyzose - ’ —

e ™ I-Ribose ¢+

B. METHYLPENTOSES. :

Rhamngse (also known as isodulcite) is a methyl homolog.:{ue of
the pentoses found in many ghicosides, very frequently in com-
bination with the flavone dyes (chap. vi. p. 90). Thus it is
combined with quercetin in quercitrin, CyH,,0;,, with fisetin in
fisetin-glucoside, C,H,0,, with d-glegose and heaperetin in
hesperidin, C,,H; 0., etc. cte. s

It is a dextrorotatcry sugar, existing én the hydmted'(.+H._,0) as well as
in the anhydrous state, whilst in the latter- condition there is reagon to
believe that at least thro isomeric or tautomeric modifications may exist.

On reduction it passes into rigmnitol (p. 269), whilst the monobasic acid
formed from it by oxidation is known as rhamnonic acid? further oxidation
produces (dibasic) I-trioxyglularity (so that here the methyl| group has
disappeared). *

Distillation with dildte sulphuric acid produces «-methyl-
furfuraldehyde, so that. since rhamnose is an aldose, its formula
must be . .

. CH;,.C'H(OH).C'mOH).O'H(OF).OH(OH).CHO.
[ ]

When rhamnonic acid is heated with quinoline, isorhammonic
acid is formed, and Peduction of the lactone of this acid gives an
isomeric methylpentose known as dsophamosc.
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Isorhamnoee and rhgm.nose yield the same ozasonc, with phenylhydrazine,

Since thel-triozyglutaric acid from rhamnose is identxio] with that obtained
when l-arabinose is oxidized (p. 250), and since, x8 shown above, l-arabonic
acid yields I-ribohic acid with quinoline, it is vi ry like}s that rhamnose is
3 methyl-l-arabinose, and isorhamnose o melhyl-l-rihose £~

CH(OHy , CH,(OH)
H.OH H.OH
H.OH H.OH

HO.H H.OH
CHO CHO
{-Arabinose. {-Ribose.
CH,CH(OH) *  C(CH,;.CH(OH)
H.OH H.OR
H.O0% . H.OR’
HO.H ! H.OH
CHO . ¢ CHO
Rhamnose. . Isorhamnose

The following table summarizes tho chief properties of the a.bove
pentoggs :— -
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V. Tae HExosEs

1

Although mbre numerous as a class thgn the 4sreceding mono-
saccharides the various space-isomerides irr the hexose series are
not so important for the configuration-determination processes as
those of the lower series. Heuce they will not be discussed so
fully, except in the cases of those sugars which owe their interest
to their extremely wide distribution in nature.

It is also unnecessary again to describe the characteristic
behaviour of the hexoses, as this subject has already regeived
due attention (chap. xii. pp. 24-228 ; (,ha,p xiil. pp. 238-244),

A. ALvouzxosks. A

Glucose is by far the, most important aldohexose;,owing to the
fact of the abundant occurrenes: of its deztro- form in plants and
animals.

d-Glucose (dextrose, grape sugar) is found in the free condition
in mdiiy ripe fruits (e.g. grapes o (tpples) and in honey ; it exists
still more abundantly in combination in the following classes of
substances : —

(i) Di- ete., -saccharidr-s. It is allied with d-fructose in canc-
sugar, with d-galuctose in lactose, whilst mallose is lormed from two
molecules of d-glucose.

(i) Polysaccharides. Most ol the starches and cellulosey
contain d-glucose in the combined state, and yield this substance
when hydrolyzed by dilute sulphuric acid.

(il) Glucosides (sce also p. 297). d-Glucose also occurs in uhion
with a variety of organic compouns in the numerous glucosides
found in plants. A few common inst.aces are

Amygdulin (d-glucose, benzaldehyde, and prussic acid).

Indican ¢1-glucose and indoxyl; the indigo plant glucoside.)
Myronic acid (d-glucose, allyt mustars! oil and potassium bisulphate).
Arbutin (d-glucose and hydroquinone). .

Salicin (d-glucose nnd salicyl aleohol)e

d—G’lm:oae may be prepared in the laboratéry by the action of a
. mixture of 909, alcohol m% 10Y% fuming hydrochloric acid on as
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much powdered cajle-sugar as it will ﬂissol‘ve.. On standing for
a few days at oom temperature, crystals of d-glucose com-
mence to separate. 3§

On a comm3gial scale, it is made by heatmg starch with
boﬂmg dilute sulphuric acid for some hours; the resulting pr--
du® is by,no means pure d-glucose, but-z'my be recrystallized
from methyl or ethyl alcohol containing a few drops of strong
hydrochloric acid.

Crude glucose may also be purified by means of its compounds
with lime or baryta—which are of the type of metallic alcoholates
R.M,Ca, ete. .

Prepaired in the above : manner, d-qlucoas crystallizes from water
with one molecule of Witer of cr ysta.lhzaf,lon and the * d-glucose
hydrate” so formed melts at 86°. ‘

BY crygtaldization from absolute alcolial anky ydrous d-glucose is
obtained, and this forms hard taiflets, which melt at 146°.

d-Glucosazone, which is also produued when phcnylhydrazine
reagts wigh either d-fructose or (,-mcmnose, melts ut 210°, and is
lavo-rotatory.

The oxidation of d-glucose leads fixstly to d-gluconic acid,
CH,(OM).[CIL(OI)],.COOH, and then to d-saccharic acid,
COOH.[CH(OL1)},COOI. When the iogtone of this-latter acid
is reduced carelully, an aldehyde-acid intermediate between
gluconic and saccharic, and l\nwm us  d-glucuronic acid,
LTIO [CH(OH)],.C00N, is produéed (see pp. 275, 278).

Reduction of d-gluvose produces d-sorbitol (p. 270) and traces of
other alcohols, whilst alkaljes tend to transform it to d-mannose
and d-fructose.

Like most gugars, d-g Jluco.g‘,:»xeru»os a selective actiont to various
ferments ; some, such as,zymase (in yeast) convert it to alcohol
and carbon dinxide, others do not attack it.

When first dissolved in water, d-glucose possesses, a specitic
rotatory power [a,] = + 104°, hut this’soon commences to fall off,
and after the lapse of a few hours, becomes constant at [a,] =
+b20. ° °

This phenomenom is knowu as mutarotalion, and is much
hastened by warming the solution. “Mutgtotation has also been

(4
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observed with many othér sugars, but has{been most carefully
studied in the case of d-glucose, and we w111 tgﬂ:a this opportunity
to discuss it.

At one time it was supposed that the altezZtion in rotatmn

a8 due to Iormathn or decomposition of polymeric or of *
sociated ” glucose mvlesules; Raoult, however, measured” the
molecular magnitude of glucose solutions of varying specific
rotatory power, and found in all cases that the molecular weight
agreed with the molecular formula (CH, O),.

It was therefore necessary to suppose that d-glucose exmted
in a number of isomeric or tantomeric modifications. -

Now, Tanret (1895) succeeded in nrepa.rmg three "distinct
forms of anhydrous d-plucose as follows *—

(i) a-d-Glucose. 'This is the form usually obtained as In/dmfe by crystal-
lization from water below 80°% From boiling alcohol, ag ctated adready,
it separates anhydrous, molts at 14€°, and has [a,] == -+ 106°. '

(ii) B-d-Qlucose. 'This was prepared by ovaporating an agqueous solution
of a-d-glucose nearly to dryness on a water-hath, with constant stirring,
when microscopic cerystals separated, which possessed [a,,) =+ £2.5°

B-d-Glucovse slowly forms a certain®amount of a-d-glucose when mixed
with water, or with alcohol, an equilibrium mirture of the a- und B-d- forms
being produced,

(iii) vy-d-Glucose. The thivd form of d-glucose was obtained by heating
the a-form to 105-110° (w¥crcas the B-form results if the temperature is

below 100°).

The production of the y-d-g ucose is not complete for some hours, but
finally a product posscssing [a,] = + 22.5° is produéed, which in contact
with water gradually passes into the g-variety, [a.] = + 52.5°"

We have therefore to account for at least three i isomeric forms
of d-glucose.

Now th= acid obtained from d-ghcose by oxidation, d-gluconic
acid, and also most of the known fwlyoxycarboxylic acids of
this type, have been found to exist in the form of their y-lactones ;

for example—

CH,(OH) - . CH,(OH)
HO.H HO.H
HO.H e . H

H.OH ~ H.OH

HO.H HO.
COOH \ Hb

d-Gluconio ack’ . d-Gluconic lactone.
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For this and Ot.bbl reasons, it is vuy likely that t]m hexoses
themselves freqlifnt]y exist in a y-lactonic form, such as:
CH, ,(Ql{) C’H(‘OH) C”H CH(OH). CH(OH). QH(OH)

It us then consider the possible izm.crides resulting from
d-glucose and its hydrate :

. CH,(OH) CH,(0OH)
HO.H HO.H
HO.X HO.H
H.0H H.0H
e ™ HO.H HO.H
: CHO CH(OI),

d-Glucose s d-Gluco=e hydrate
(@) Enolization of the carbonyl group in 1-glucose.

¢ CH(W) cri(on) CH,(OH)
o.r® -H.O HOH - -H,0 HO.H
HO.H - --—> HOH —_ HO.H
H.OH H.OH H.OH
HO.He HO.H con) ,
1} {
(‘11{() CH(OH), (I:H(ou)
« d-Glucose Hydraded form Ewolie form,

The enolic [orm can now pass back to either of three carbonylic
varieties, according to the manner in thich water is split off
and the new conﬁgumtmn of that carbon atom which, rendered
non-asymmetric in *he process of cmwolization, has again become

asymmelric. :— )
CH,(OH) CH(0O11) CH.(OH)
e HO.H _— T10.H HOH
HO.H <m — HO.H HO.H
H.0H J-0H or H.OH
C(OH) , A0.H H'.OH
. bt
(IJIH(OH) y (!‘H(()H)._. CH(OH),
Enolic form.
CHL(OH) CH.(OH)
HOH HOH
N 110.H JO.H
HoH H.OIl
. HO.H H.OH
CHO CHO
(d-Glucose) (d-Mapnose)

17
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The thi.rd possible ketonic form is d—fn(‘:’o;se, which results
from elimination of water (in a different m#imer) from either
of the new hydrated forms:

CH,(OH) . CH,(OH) . ‘%H o(OH)
HO.H % FOH Ho.H
HO.H " "HO.H HO.H .

H.OH H.OH H.OH

CH(OH) C(OH) co

l I |

CH(OH), CH(OH) CH,(OH)
Either hydrated form  Enolic form (d-Fruclose)

These enol-keto transformations, then, do not throw any
further light on ‘the three forms of d-qlucose itself, but explain,
incidentally, the prodaction of fl-mallllose and d-fructose from
d-glucose in presence of alkalies (p 255), which are krown torcause
enolizing effects.

We must therefore turn to :

»
2.

. . 1
(b)"%-Lactone formation from d-glucose.

CH,(OH) CH,(OH) CH;(OI{)
HO.H HO.H HO.1
HOH, JHou

HON T2 & HOH T~ o

0. HO.H

HO.H HO.H : ~ (H(OH)

CHO » CH(OH),

LK1 .

d-Glucose Hydrated form v-Luctone form

Now it will be seen that the lactonic form containg a new
asymmetric carbon atom (that formlerly in the aldehydic gruup).
Consequantly two optical isomerides of this form can exist :—
“qy

C}L,»(OH) (‘*H,(OH)
H H. 0.1 :
. WK
o’ .08 and o/ H.OH
' HO.H
(HO\ C(H) ' . (H)C(OH)

(5
These, together with the snmp]e aldehyde formula of d-;,lucosc,
furnish in all three possible forms of that si¥bstance,
It is not, howevef, coggidered very probuble thut these cor-



E CARBOHYDRATES 259

respond respective] }r to the known m-., B-, .and 7—d-gl'ucoses, but,
in tke opinions, ¥T Kmil Fischer and Lobry de Bruyn, that «-d-
glucose and S3- _glucosh correspond to cither of the lactonic forms
above, whilst 7‘-dylycose is an cquilibrium, mixture of the a-
am} [-varieties. - -

L]

1-Glucose has not yet been found in nature, but has been prepared by
reduction of Il-gluconic lactone (from /-arabinose by Kiliani’s reaction).
It melts at 143° and, when dissolved in water, gives a specific rotatory
power [a), = —95°6° which rapidly decreases to [a], = —51°. Its osazone®
melts at 208°.
" (@+1-)Glucose results when equal guantities of d- and I-glucose are
crystallized from water, or xhcn racemic gluconic acid lactone is reduced.
It is a syrup which furnis = (d- -+1-) glucosazong, mel@ng at 218°,
.

L]

As is well known, glucose isﬂestimuted:in general by its reduc-
ing action on Fehling’s solution, ghe solution being made of such
a strength (3465 gms. CuS0, : 200 gms. Rochelle salt: 600 c.c.
NaOHaq. (20 per cent.) made up to one litre) that 200 c.c. are
equivalett to 1 gm. of glucose gf other hexose. oo

If no other optically active material is present, glucose may
also be estimated polarimetrically.

d-GQlucosamine, C H, 0, (NH,), is a Sypstance closdly allied to
glucose, oceurring in the shells of many crustacea (lobsters and
crabs), and also in mucus and othggflbuminous matter.

It exist.s in the shell as a cellulose chitin, and treatment of the
latter with dilute actds gives the salts of glucosamine,

"Lhe free base melts at 105-'1]0" with decompositidn; it contains an
aliphatic amino-group, which is readily replaced in the usua} manner by
hydroxyl on treatment with nij#ous acid :

CoH, Ox(NEYS +HNO, =H,0 + N, { CHy,0,.

The product is a hexose known as chitose.

d-Glucosamine and phenylhydrazine react to form d-glucosazone,
the amina-group disappearing. This indicates that the amino-
group has replaced, an hydroxyl radicle attached to the atom
next to the ald.ehydﬁ group.

This view is supported by E. Ejjghertind Leuchs’ synthesis
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(] 1
of d-glucosamine from d-a;.rabinose by addition of ammonium
cyanide and subsequent hydrolysis of the nitrlé:oroup (compare
the synthesis ofeserin from glycolose, p. 246f. Y,

CH,(OH) "H (()ﬂ) CH,OH) " \ CH,(OH)
HO.H HON £- HO.H HO.H f
HO.H , HOH HO.H HO.H

H.OH H.OH H.OH H.OH

CHO CH(NH.) CH(NH,) CH(NH,)

CN COOH CHO
d-Arabinose d-(Glucosaminic acid  d-Glucosamine

The configuration of the new asymmetric atom is not known ;

if it were dextro-, ¢-glucose should result’r.; treatment of d-gluco-

«samine with nitrous acid,‘nd if levo-, d-mannose. Since neither

is formed, but a new hexose chitdse, Fischer has suggested that
d-glucosamine and chitose respectively are possibly — *

cu (on) CHL(OH)
"y .H ‘- H L4
HO.H and " HO.H
HN H.OH 0_ H.OH
T —CH T~ .(H
CHO CHO,

the formule C/II,0,N (d-.glucosafmine) and C;H,0; (chitose)
representing added moleculese { water of crystallization.
d-Mannose oceurs in many plants, but is by no means so widely
distributed as grape sugar. It occasionally a.ccompames the
latter in small quuntities, whilst in thé combined state it is fownd
in certain classes of the celluloses, known [rom this fact as
mannoso-celluloses. . S ' )

It is best prepared by the action oflilute sulphuric acid on
the mannoso-celluloses, and has also been obtained, in small
yield and hixed with d-fructose as well as other products, when
natural d-mannitol (p. 270) is carefully oxidized.

d-Mannose melts at 13¢°; with°phenylhydrazine, it gives
d-glucosuzone (m.p. 210°). Reduction of d-mannose gives d-
mannitol, and oxidation, the monobasic d-mdhnonic acid (p. 277),
and dibasic d—mannosafwhu": acid (p. 281).



AHE CARBOHYDRATES 261

- Mannose resemblt; :’d-n.mnnose in all msg)ects gm\ge tho sigﬁ of itsoptical
activity, but has on,l,,loeen prepared by reduction of synthetic !-mannonic

lactone. ¢ 3

(d- +1-)Mannoy, formed by mixing the two compon®nts, by reduction
of synthetic racemic mgnnonic acid, or by oxidutien of racemic mannitol,
molts at 132°, and fofms (d- +1-)glucosnzone (m.p./ls“). -

[ . L]

d-Galactose is believed to occur free in nature ire some kinds of
Loney, whilst combined with other bodies it is found---

(i) In o fow glucosides, such as digitalin and vicin.

(ii), In the disaccharide lnclose (with d-glucosc).

(idd) In certain gums and celluloses (called therefrom galactunes).
L]

®

It may be convenienly prepared from lactos® or the galactanes
by digestion with dilute sulphuric acid ¢ and, synthetically, by®
reductioy ¢f d-galactonic lactone., .

d-Galactose melts at 160°, and its oswzone at 193°. Reduction
converts it to i-duleitol (p. 271), and oxidation to d-galactonic
(p. 277) and %-mucic acids (p. 289). .

L]

l-Oalactose was synthesized by the reduction of I-galactoniclactone. 1t
melts at 163°, and its osazone at 195° (with decomposition).

(d- +1-)fulactose, also, is only known as a synthetic product; it mells
at 144°, whilst its osezonc is a yellow powderghich melts and decomposes
at 206°, .

L]

The remaindereol the aldohex88s have only been prepared
from theélr corresponding monobasic acid lactones. 1t will
therefore suffice to tabulate them, with reference to their con-
figurations and the acids from. which they have %een produced.

shef. on pp. 233-285.  From. M.p. (sd%ome m.p.

(Glucose d-and I-) 3 (d- &] ) (Secubove, p. 254) 146° 210°
Gulose (d- and I-) 4 (d- d‘l-) d- or {-Qulonie  Syrup 1566°
acid
Talose (d) b (d) LTalonic acid — Syrup (gives®d-Galacl-
- osazone)

(Mannose d- and i-) 6 (d- & I-P (See abovg) 134° (give lucozaz-

' e ones)
{Galactose d-and -} 7 [d- &1-) (See above) 160° 103°

Idose (d-andl-) = 8(d- &1-) d- orl-Idonic . Syrup (give Gulosuzones)

M:id*'
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B. KETOHEXOSES.

d-Fructose (fruit-sugar, laevulose), the mosN miliar member

of this group, aisually accompanies d-glukose in nature, when
occurring uncombingd with other substances. It 1 also, of course,
¢ombined with d-gliose itself in the w1dely)‘ uistributed cane-
sugar (p. 308). Morcovef d-fructose is a constituent eof varibus
complex nitrdgenous compounds which are stored in the
roots of many tuberous plants (notably in the Solanacee,
«Composite, I}zhaccw, and [friduce—potatoes, dahlias, chicory,
hyacinths, narcissi, ete.), and are present therein in exceptional
abundance during the winter months. These bodies® afe
termed snulins, and d-fructose results fgom them by trehtment
thh dilute acids.® This spgar also occurs'in the urine of various
* carnivora.

d-Fructose may he produced by a bio-chemical process irf the
fermentation of d-mannitol with Bacterium rylinum, and chemi-
cally by hydrolysis (*“inversion ™) ol cane-sugar as well as of
inulingeand by reduction of d- ylumsmw the ket6-aldehyde of
which d-qlm-osazom' is the diphenylhydrazone.

d-Fructose is a crystalline solid, not, quite so soluble in water
or alcohol as d-glucose, and melting at about 100°.  Like d-
glucose, it Torms a 1110le vdrate, and also exhibits wularotation,
its specifie rotation falling [rom e, - - 106° to [«],~ - 93" alter
some little time.

With phenylhydrazine it ywldq (I-nlucusazono and this proves
its configurational relationship to the ald@ohexoses, especially
d-glucose and d-wgannose. For this roason, too, the levo-rotatory
fructose is termed d-fructose, in accordance with the convention
maintained throughout. .

Reduction of d-fructosc gives d-m\nnitol. whilst oxidation
produces a variety of acids, none of which «contain more
than foure carbon atoms. Amongst these are formic, oxalic,
pyruvic, glycollic, tartaric, d- (-rythmnu, (pp. 273, 274), and trioxy-
butyric acids.

Two re.ctions of dfructose may serve again to emphasxze
the chemical distinctions between the aldohexoses and keto-
hexoses :-—
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(i) Heated with d(’lydratmg agents, sulh as%xalic or stlphuric acids,
a certain quantity ni a-methyl-p‘-oxy[nrfuruldehvde is formed,

\ $ g B,
Csili2 Oy (Tructose) > JH 0 4+
HO. Q.—-_c‘. CHO

/° ) _
.
(ii) Proldhged boiling of fructose with diluf® mineral acids yields lavulinic
acid in quantity : B

CgH,,04 (fructore) ——> CH,.C0O.CH,.CH..COOH + CH.0 1 H.0.

d-Fructose is fermentable by yeast ; it forms alcoholates w1th
the alka]me earth and a few of tlee heavy metals.

1-Fructose (which is nut fe: mentable by y%.i.st) wnd racemic or (d- +1-)
Fruclose have only been prepared syntheticglly, and will be mentioneg
agoin in the next chapter (p. 286)®

®

d-Sorbinose occurs in the barr'f::: of thc mountain-ash or rowan
tree, and has also been prepared artificially by the bacterial
oxidation (bacterium vylinum)eof d-sorbitol (p. 270), and from
d-gulosone (corresponding to d-gulosazone, p. 261).

It forms rhombiz crystals which melt at 157°, and has [a], = circa — 40°,

Reduction leads to d-sorbitol, and oxidajion to oxalic, pymuc, tartaric,
and trioxybutyric, amongst other, acids. '

It is not fermentable hy yeas®,

1-Sorbinose and racemic (d- -+1-)Sorbin8sc have been obtained artificially
from thei.r osazones, (I- and (d- +I-)gulosuzones).

Formose is a sy.nthetic ketohexose obtained by condensation
ot formaldehyde ; it will be dealt with in chapter xv. (p. 286).

C. METEYLHEXOSES. ,* *

a- and B- Rhamneneroses, CHJCH(OH)],.CHO, have been

prepared by Kiliani’s reaction from the methylpentose rhamnose, ~
which we found on p. 252 most probably to possess the sonfiguration

£H,.CH(OH)
JLOH ?
H.0H
HO.H -

CHO |
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When rhbmnose is treatdd with prussic acfl and the product
hydrolysed, two acids arc formed which by ted crystalliza-
tion of their brucine salts can be scparatpd, and correspond to
the two formulew :

CH..CH (()]\ ’ CH,.CH(Ol
H OH H.OH
H.OH H.OH

HO.H and HO.H
HO.H H.0H
COOH COOH

The lactone of one acid (deSignated «-) possesses [«],= +86°,
that of the other (B -) acid has [«],== + 3%
., The «-lactone is reddciple to a-Rhamnohexose, which melts at
180°, and has [«],= - 61 °. its osmzene melting at 200°. .
The B-lactone %ann‘ly furnisyes 3-Rhamnohexose, onlv' isolated
in the form of its osazone, which dicomposes at about 200°,

D. FgrvenrtatioNn oF THE HExosEes. ‘e

’ -

The hexoses are susceptible to the action of numerous ferments,
organized and unorganized (enzymes) ; the various fermentations
are generally classified aceording to the products produced :—

.

(i) Aleoholic Fermentation. —/—-'lhi> is propagated most effectively by yeact
(contammg the ferment zymase), and alzo by the fungi known as Mycoderma,
yeeles, and Saccharomyces’* The action procceds most rapidly
between 30° and 35° C., higher temperatures dcstroymﬁ the fermens..  Whilst
the presence of nitrogenous bodies is necessary to the life of the ferment,
other substances (such as various inorganicesalts) act inhibitingly, owing
to their toxic effect on the organisms.
The main rraction in this fermentation Is the production of aleohol and
carbonic acid,

C;H,,0, ——-> 2C,H (OH)4 Y70

but many other products are also formed (although in much smaller
amount). Such aro formic acid, acctic ugid, aldehyde, glycerol,and most
of the alcohols from propyl to hexyl, together with furfuraldehyde and
traces of the higher aliphatic esters and acigs. .

All hexoses are not fermentable by yeast ¢ indeed, tho only
members of this series suacent iglc to zymase wppear to be d-glucose,
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d-fructose, d-manncle, gnd d—galactose.’ This,and other striking

cases of selective iermentation by various ferments (compare the

synthetic glucosides, chap. xvi., p. 301) have led Jimil Fischer to

the suggestion that a ferment and a sugar coryespond roughly to a

key and a lock, the’key only responging to «drtain types of lock.»
. ‘e 7

(if) Lactic’ Acid Fermentation.—Certain bocteria preseyt in sour milk,
stale cheese, the mucus of the teeth, ete., exert a very different action on
the hexoses to that of zymase and its co-workers. The chicf outcome of
the lactic acid ferment is the formation of two molecules of lactic acid from ,
each hexose molecule :—

g CyH,;05 —--2CH,.CGH(OH).COOH.

ce s
According to the specific fature of the forment aet.ing, dexiro-, leevo-, or
L ]

racemic lactic acid may be formed. . .
Propionie, valerianic, and other qcids are sithultaneously formed, but in

muck less quantity. :

(iii) B»ufyric Acid Fcrﬂncnlaiion.TV1' en the lactic acid fermentation has
procecded for a long time, other kinds of bacteria are propagated, which
produce butyrip acid as the main product of fermentation of glucose :—

' QHLO0,— >CHAC00H +200, +2H.. "

(iv) Mucous Fermeniation.——Yinally, there remain another class of bacteria
(ircluding the Bacterieediphiherie, preumonie croupose, Sircplococcus, and
tumescens) which convert the suears into gunmy material (i‘,pparcntly of
the usual polysaccharide formula [CHu0;) ' also producing mannitol,

lactic acid, carboun dioxide, and hysdrogen.
»

P »e

b . VI i'ug Heproses

No heptose has yet heert found in nature, but as members of
this series, as well as the octoses and nonoses, have beep prepared
by means of the Kiliani syrnthesis, it is of interest to give a brief
account of a few memby:s of this class.

4. ALDOHEPTOSES. ’

Two stereoisomeric acids 1sult when d-glucose cyanhydrin is
saponified, and are known fbspectively as «- and $3- d-glucoheptonic
acids. They may be scpuraged by crystallization from suitable
solvents, or hetter b§ erystallization of their brucine salts, which
show greater differences in solubilit? .

Lg'
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The lactones of theae acl‘ds are reducib}e t§ the corresponding
aldoheptoses, a-d-glucoheptose and B-d-glucoheplosg.
a-d-Glucoheplpse melts at 180-190°, &nd is Il@vo-rotatory
([«)u=: ~20°) ; its osazonme melts at 193-195°.
@ B-d-Qlucoheplose N not hgen obtained cryﬂtallme a8 might
be expected in view of its configurational relationship With
a-d-glucoheptoge, its osazone is identical with that from the latter
sugar. a
e« Tho corresponding luctone from d-mannose, that of d-manno-heptonic acid,
furnishes d-mannoheptose by reduction with sodium amalgam. This sugar
forms crystalline needles, melting,at 134°. and with [a], = + 85° (¢ ui¥t,
afterwards decreasing to + 69°).  The osazone melts at 200°. '
The l-mannoheplog: has u,lso been prepared Trom l-mannoheptonic lactone
(in the form of a dextro-rot: atery qyrup, and giving an osazone which melts
at 203°.
The above sugars are rediiced by gdmm to the corresponding heptaliydric
aleohols, a- and B-glucoheplitols, and gd- and I-mannoheptitols. Qxidation
leads to the monobasic a- and B-glucokeptonic ucids and the d- and

l-mannoheplonic acids, and later 1g the dibasic /pent/lozymmelw aﬂdv
COOHYCH(OH)},.CO0H. .

B. Krrouerroses.—These are not yet definitely known, but
would he somewhat exceptional, owing to the presence of a
branched earbon chain pe the (synthetic) sugar molecule. For
cxample, fructoheptose {from fructpse) would possess the formula

. CHO

(‘Ho(OH).CH(OH).CH(OH).CH(OH).C(OH)

. . N\ .

CH,(OR)

L
(!. METHYLOEPTOSES.— Rhcninoheplose has been prepared from
rhamnohexose in the usual manner; iNiy o sypup with weak
dextro-rotgtory power, and forms an osazone which melts at 200,

.
VII. ALCOHOLS RELATED®TO THE Bi-, Tri-, AND TrTR-08ES

. Tt is unnecessary to go further than to®mention that glycol,
CH,(OH).CH,(OH), attl nlyyrol, CH,(OH).CH(OH).CH,(OH), are
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the alcohols which }orsgspond respect.wely %o,the D10s1~.. glycolose
and to the TR;QSES glycerose and diozyacetone. The properties
and reactions of glycoltand glycerol are familiar, agd are described
in elementary text-books of organic chem1§try (¢f. this series,
part i., pp. 63, 116). - -
The alcohols related to the TETROSLS([? 248) are three in number,
and are known as erythritols, CH,(OH).CH(OH).CII(OH).CH,(OH).
" As shown on page 232, the three forms of erythritol are the dextro-,
levo-, and internally compensated or meso-varicties : —

» CH,(OH) CH,(OH) CH,(OH)
HQ.H H.0H ’ HO.H
H.0OH H®H HO.H

CH,(OH) CH.(OH) , TH,(011)

(1d) (1) *  (2/ or mesn-)

Of these, the optically active va.rf;ﬁes have only been obtained by
alkaline reduction of I-threose (whivh gives l-erythritol, mo.p. 88° and [a], =
+4°) and of d-erythrulose (a ketose which yields d-erythritol, m.p 88° and
[a]y=-49). - H
o »

The inactive sneso-form (produced by reduction of d- or I-
erythrose) occurs, however, in nature in many mosses and lichens
as the ester of orsellinic acil, C;H,0,. .

It melts at 126°, and giveg a tdmcemtc, m.p. 85°. Like most
of the polyhydric alcohols, its tetranitrate, * nitroerythritol” (which
is a solid, m.p. 6%°), explodes wheAf struck or suddenly heated.

L]

Both internally and‘externally compensated erythritols have been synthe-
sized by Griner (1893) from the hydrocarbon divinyl ‘I), CH.:CH.CH:CH,,.
'This yields two stercoisomeric dibromides (II) with bromine, which
reacts additively with the cog]ugntod diethenoid system #n the usaal
manner and conformably with Thiele’s theory. By oxidation with ice-
cold permanganate solution, hydroxyl groups are added on to each un-
saturated carbun atom. find the compounds (III) result. By treatments
with aqueous alkali, one of these, which melts at 135°, gives i-erythritol,
and the othor, melting at 86°, gbves racensic (d- +1-) erythritol, as would be
expeetod from the fact that [TTa is known to be the *“ ¢is- ” and IIIb the
““ trans- " isomeride.
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_ CH.Br CH,(OH)
11——(‘-—(.1-1 4Br H——(L——OH « H—C—OH

~ | e |
/ H—— (f-~( H,Br H—C—OH * H—C—OH

| . I
- ) ) CHBr N CH,(OR)
CH:CH, , lIn. v ITTa (m.p. 135°) 1V (meso9
L‘H:( H, CH.Br CHy(OH)
H--(—CH,Br H—é—on H—C—OH
! > !
CH,Br—C--H HO-—C—H H()_4| —H
. I
CH.,Br SHo (OH)
1p HIL (m$ 86°) 1Vb (d- + I-)
.

®
The synthetic s-erythritol’ melts at 126°, and is in all respects identical
with the naturally occurring ulcohz‘ the racemic compound melgs at ' 1°,

VIIL. ALCOHOLS RELATED 10 THE PENTOSES
“©
.

The stereoisemeric normal pentahydric alcohols of the formula
CH,(OH).[CH(OH)],.CH,(OH) are four in number (compare p.
232), and cqmprise two mego-, one dextro-, and one levo- variety.
They each contain only two asymmetric carbon atoms, the
central carbon atom in the ;noleoul'e being united to two chemi-

cally identical groups : - ) .
CH,(OH).¢H{OH)-CH(OH)-CH(OH ).CH(OH).

Although this esntral group is nonfasymmetric, il one of the
two asymunjetric aloms is of opposm* configuration to the other,

it is possible for the hydrogen and® hyd.wx)l attathed to the
central atom to occupy either of two pogjtions relative to those

of the rom.umng groups, thus :

'n._.((m) ‘ CLL(OH)
Ho.H HO.H
H.OH find HO.H
HG.H HO.H

CH,(0H) CH,(0H)

16 (p. 232). 3i (p. 233).
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Accordingly there are fwo meso- forms 1;ossible and two are
, also known : i-glonitol, found in the alkaline reduction of the
’ riboses, and corresponding to formula 17, and z-:w/htol similarly
produced from elthﬂ of the zyloses, and plqssessmg the struc-

ture 3. - -
The remmining varieties of these afcohols are theoretically
capable of existence in optically active forms : — *
CH(OH) CH,(OH)
HO.H and H.OH .
HO.H H.OH
H.OH HO.I
. CH,(OH) ’ CHL(OH)
2d (p. 232) °° 20 (p. 232)

These are known as (the d- and I- formg of) arabitol, from their o
conyexion with the best-known® perfose, arabinose.

The cotmon reduction product:#t d-arabinose and of I-lyzose is
d-urabitol (formula 2d), whilst }-arabitol (formula 2/) is produced
from l-arabmose or d-lyzose.

All these alcohols are o\clu.swely artificial in origin, *®xcept
t-adonitol, which is found in the plant pheasant’s eye (A4donis
vernalis).

Finally, reduction of the naturally. occurring (glugoside con-
stituent) d-rhamnose yields a methylpentidol, d-rhamnitol, which is
probably a methyl homologue of d-azabitol.

These alcohols are quite similar#h behaviour to the erythritols
or hexitols, and are gharacterized as usual by the explosive nature
of their penta.nitratcs A few of their physlca.] constants are
givén in the ensuing table.’

Ref. on pp. 232,233, M.1a [a]  M.p. of dibenzal conpound *

1-Adonitol <18 102° — 165°

d-Arabitol . 2d A03° +7° -—

1-Arabitol ‘o 102° —5° 152° (monobenzal-compound)
1-Xylitol 31 Syrup — 176° )
&Rhamni,tol ? 121° ., 11° ¢ 203°

*The polyydric -wlc ohols of the gexpra.lform?d& CH.,(OH) [G H( OH )]n CH,OH
condense readily with benzaldehyde to clmmctenstlc well-crystallized deriva-
tives of the structure ; ®

CyH;.CH:C(OH).[CH(OH )Jnf(OH)!?H.( (5118



270 THIRD YEAR ORGANIC CHYMISTRY

3 r
IX. ALCOHOLS RELATED TO THE Hzirosns

As already shown in chapter xiii. ( pp. 33-235), there are ten
possible stereoisomegic modifications of the &nzzahydric alcohols :

CH,(OH).CH(OH).¢H(OH).CH (OH).CH(OH).CH,QH). ¢

We shall or;ly mention in detail three of these, namely, those.
produced in the reduction of glucose, fructose, mannose, and
® galactose.
Alkaline reduction of d-glucose produces for the greatep »oxt
d-sorbitol, which must therefore have the configuration. given

below :— . .

CH,(OH) "¢ CH,(OH) CHO
HO.H HO.&‘_! ] HO.H
HO.H ' HOaL HOH .

HOH  —>  HOH, <— H.OH

HO.H HO.H HO.H

CHO CIHL{O1) CH(OH)
d-lhucose d-Sorbitol d-Qulose

Since it will be rcealled that d-gulose (p. 239) differs from d-glucose
merely in the relative positions of its alcoholiec (CH,(OH)-) and aldehydic
(-CHO) grougw, it is natural that reduction of this sugar should also yield

d-sorbitol. ’
- .

. . . - .
d-Sorbitol occurs in mountai-ash berries, angl is also rroduced
when d-fructose is reduced. In the latter case, however, reduc-
tion is accompanied by the formation of a new asymmetric carbon

atom from the ketonic radicle :— « .
. R-CO-R ——-> R CH(OH)-R.

Consequently a second optically activg aleohol is produded in
equal amount at the same time : d-mannatol. :
I-Sorbitdl has been produced by reduction of I-glucose or l-gulose.
L]

d- Mannilol, alrcady mentione.d as met with in the reduction of‘;l-frucme,
is similarly formed from d-mannose, ang also occurs somewhat'plentifully
in the vegetable kingdom, especially in ‘the manng-ash (Frazinus ornus).
Its formation from d-mannose and d-fructose (together with that of d-
sorbitol from tho ketose) i iltustgpted by the following diagram :—



[ ]
THE CARBOHYDRATES - 271

0

B 4
CH,(OH) CR.(OH) ch_,(mf) . ON,(0OH)
HO.U HO.H HO.H HO.H
HO.H ® HO.H HO.H HO.H
HOH > . HOH < HOH - *HOH
H.OH JLOH (3} HO.H
CHO “uyoB)  LcHfoH - CH,OH)
d-Minnose o d-Mannitol d-Fru®ose d-Sorbitol
1- Mannitol is produced when I-mannose is reduced. .

S Rucemic (d- I-) Mannilol is important hecause of its connexion with the
synthetic production of the sugars from formaldehyde, and it will accord-
ingly receive further notice in the next chapter (pp. 286). .
oZigally, reduction of d- or of l-gulactose produces the meso-
alcohel dulcitol, which also occurs in certain plants (notably
Madagascar manna). 1ts configuration, mus§ therefore be as

follows :— ', *

(‘'Hy(OH) CHOH) * ) CHO, / - CH,(OH)
HOH o HO.H ~fo.H H.OH
H.OH H.OH H.0H HO.H
H.OH - HOH <  L.OH (i€, HO.H)
HOH HO.H ) HOH H.0H

CHO CH,(OH) CH,(OH) ¢ho
d-Galactose 1-Dulcitol {-Galactose

"The sorbitols, mannitols, and dulcitols are sweet, well-crystal-
lized compounds, quite soli:ble in water and aleohol, yielding the
usual (hexa-)acetyl and -benzqyl derivatiVes, dibenzal compounds,
and explosive hexanitrates ; their chief constants are given in the

table below :— * ” )
Aef.on pp. . , M.p. of M.p.of dihenzal-
233-235. #L.p. La]™ hexacetate.  compound
d-Serbitol  3d 110°  wgakly d- Syrup 162°
I-Rorbitol 3/ 110° “ - Syrup 162°
d-Mannitol 64 165° #22° (with borax) 119° » 213°
. . (present)

I-Mannitol | 61 165° - 22° 119° 213°
(d- 1-I-) Man- c

nitol — 168° -— ? Vv 192°
i-Duleitol. 72 148° — 171° 215°

X. Moiggmsm AND DiBasic Acin§ RELATED 10 THE DIOSES,
' Trioses® axp TrTROSES

A. Diose.—The ¥irst oxids.tion ‘product of glycolose, glycollic

acid, CH,(OH).COOLL, is vell knowggas tRe lowest member of the
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aliphatic oxyacids.. It occurs in ivy-lea¥es and in unripe grape
juice, and is found in the oxidation of not only glycolose, but also
of ethylene glycol and alcohol with nitrictacid.

It may be synthgsized from acetic acid by, boiling monochlor-
e.cetic acid with dih‘fc alkali (Kekulé, 1858), or merely by heatlng
silver monochlor.n.cot.xfc with water :—

()Hﬁ(JL(J()OAg =H,y0 = CH,(0H).COOH + AgCL

+ It was discovered by Strecker in 1848, in the action of nitrous
acid on glycocoll. o
The corrospondmw dibasic deid. o:mlw' acid, is too well known

to require further remark.

.

B. Trioses.—ly JC@)OS‘F )w](ls qlycerie acid, CH,(OH).CH(OH).
COOH, as its first product offixidation ; this acid is also formed
when glycerol is carelully oxidizee. with mercuric oxide or silver
oxide, or when silver oxide acts on S-chlorlactic acid, CIL,CLCIL
(O] N.CNOOH. TIf alcoholic potast: is substituted for sﬂver oxide
in the last case, an ether acid con(,s*)ondm{, to (,plchlorhydrm
and glveide (chap. ii. p. 21) is produced :--

. SILver OXmu
’ >
CH, G * CHaz H,. OH)
Al KC‘)H" |> H,0
CH (O P o D CH.(of,)
v
COOH loou CodH

B-Chlonactic aod Glyodic avd Giyeer acd
[
«

Glyceric acid 18 a syrupy liquid, which cen be obtained in its
optically active forms by the adtion of different ferments
(Penicillium glaucum, for example, destroys the d-form and leaves
the l-acid). The esters of the active acits have teceived much
attention ¥rom the point of view of quantitative relations in
optical activity. .

Diozyacetone furnishes mesoxalic gmﬂ, COOH.CO.COQT{ , when
carefully oxidized. The acid is also formed from alloxan (p. 195)
and boiling baryta water, from dibrommalbnic acid and silver
oxide. or from glyceroPty. qgidation with nitric acid in presence
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]
of bismuth oxynitrate (which forms insoluble bismuth Tesoxalate
and so removes the acid from possible further oxidation).
>  Mesoxalic acud is a deliquescent solid, and crystallizes with a
molecule of water, which is very intimately combined, and is
probably aitached so » the carbonyl ggoup — COOH.C(OH),.COOH.4
Peduction of mesoxalic acid with sddium amalgam produces
Startronic acid, COOH.CH(OH).COOM, the dibasie acid corre-
®portding to glycerose.
The relations between these various compounds are shown

collectively in the next diagram :---

* cu. _' .
. o KM,0| o
o _ il.HNO, o |
I v e
I CHL(OH) » CIp(0H) COOH
[} N ' )
0
, Fonow . dlflomy . cHOW)
l ’ |
! CHO COOH (‘OOH
N ycerose (ilyeerie neid Tartronie acid
CHOHP / K -
!
(!H(OH)---/ (oxidation) , (reduction)
CHOH) - v
Glycerol . ‘H LOH) CH0) coort
i |
' \ (o ((‘0 > )
i |
} (‘H LO11) (80" COOH
. Dio, wgacelone (Oxypyruvie acid)  Mesoxalic acid
HNO £ BIO(NO:)

L3
C. TETROSES. 'l‘he ﬁrst *oxidation products Of the erythioses
and threoses are the trioxybutyric acids of the general formuia

S -CH._.(()H).(IH(()II).LTI{(()H).CO()![.

Thesc are syrups, which readily pass into crystalline ¢ luclones
of the strilcture v
Tigy
Mco

L

({17}

18
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Their configurations correspond to those of their parent tetroses
and are thus as follows :—

-
CHy(OH)  CHLOH) CH,(OH) CH.,(OH)
HO.H . H.OR HOH -
HOH  HOW Ho.H ? H OH .
COOIL cool COOH " COOH
‘1d u 2d 2
Aeid :— I-Threonic  d-Threonic  d-Frythronic  [-Erythrorfic
Lactone :—  M.p.: 103° 104°
[al, -3 1720

The dibasic acids corresponding to these are the three forms
(d-, I-, and 1- or meso-) of tartaric acid, which again are too commou
to need a detailed desetiption here. I-Threose, which reduces to
l-erythritol, also gives ltm/u ic-ucid by oxidation, whilst d- or
l-erythrose gives i-tartaric «c™ on oxidation, and i-erythritol on

reduction. '
The stereochemical connection between the erythr ztol.s and the
tartaiic acids is thus made clear® :

We may refer again here to Fenton’s work on the oxidation and other
products of tartaric acid.

Turiaric acid (1), when oxidized by hydrogen dioaide in sunlight in
presence of a ferve salt, is converted to diovymalcic acid (ID), which by
further oxidation yields dioxyiartaric acid (F1), the sodium yalt of which
iy s0 insoluble that it finds use iffUhe quantitative est*mation of that metal.

Reduction of dioxrymalere aeid produces racene tartarie acid and suecinic
acid ; whilst on heating to 60° (L in aqueous sottion (p. 246), glycolnse
(V) is formed almost quantitatively :—

Wb 7 e ((un('uu 200,
V)

H,0 )  oxidation

-,

CH(OH).CO0H , C(OH).CO0H > ((nu)umu ((OH),C00H
(,H(OH)IU)OH \cnqou.coon COH). ('()()l—l 7 (om, (OOH
(§9)

reduct,on | (1) (11)

("H(OH).COOH CHLCOOH
i reduetion

[ S—
C}i(OH).CO()-?l CH..COOH
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'XI. MoNOBASIC ACIDS RELATED TO THE PENTOSES AND
HExosrs

The first oxidatjol products of_the alddbentoses and aldo-,
hexeses arg respectively the opticallys active modifications of
tetraoxy-n-valeric and of pentaoxy-n-hexoic acids e—
>
~ v

CHo(OH).CH(OH .CH(OH).C'H(OT1).CO0H and
CHy(OH).CH(OH).CH(OH).CH(OH).CH(OH).COO1L.

Int:ix.lsical.ly these are of the sli¥htest interest, except for the
fact that they are the very important intermedjate phases in the
transition from tetroses to pentoses, anddom pentoses to hexoses.
Nong of them occur in natur®, mi!d they have been obtained
exclusivedy from the monosaccharifes or from other saccharide
acids. ]

The whole of the stages of oxidation of u typical sugar aleohol
are tabulgted below :— K o

CHO
A (g CH(OH)j
V(RO

(Dialdehydey

CHLOH) CH (OH) | . J (HO COONn
JCHOHY ] JOR{OH), [CHON), < [CHOH)],
CH,(OH) —> (1O /1 OOl COOH
Alcohol  _ Monosaceharide Aldehyde aer Dibasicacid
CCHLOLT
[CH(O)],
COOH

Monobasic acid

« [ustances of‘all these products ate familiar with the exception
of the dialdehydes shoan in brackets. These have never been
prepared, and, indeed, it is probable that they are 1o® unstable
to exist ix‘s such, in view of rthe possibilities of intramolecular
rearrangdment, and of the Jenown readiness with which groupings
of the type — CH(OH).CHO sif¥fer intramolecular change. Hence
it is most likely thatpif the polyhydric dialdehydes result in any
reaction, they at once-pass into t*e lactones of the isomeric
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A . \
monobasic acids. + Even these, as a matter of fact, are extremely

unstable in the free state, and pass into the corresponding

y-lactones. ' -
CH(OH, CH-;(GH)
CH(OH) i CH--
C('H(OH) b ("H(?}_‘I[ ) o
(H(OIT) ('H( )
COOH )/
Tetraoxy-n-valeric acid ™ io.\y-n-vnlorolactonc -

The preparation of these acids from aldopeninses and aldoheroses has
been achicved on the following lines :— Can e

(i) Osidation of the respeelive monosaccharides with bromine water.

(ii) Reduction of the lactones of the corresponding dibasic acids.

(iii) By Kiliani’s u,.lcﬂurl from (respectively) an aldotetrose or an aldo-
pentose (the cyanhydring of thes : lat{er snears being hydrolysed by hydro-
chlorie acid, when the laciones ¢f the monobasie -lC'ld'-‘. are producod}:

t

o

Since the general synuuetry® of the molecule has not been
(theled sach aldose s ropu'smuted by a corvesponding poly-
ovym«mm.nlm\vh( acid, and the latter can therefore bxist in the
same number of stereoisomeric varieties as the parent sugars.

Asg already indicated, the free acids are unstable and pass into
y-lactones, which are optically active, crystalline compounds.

The lactones are redacible to the sanie aldoses from which the
acids are formed by oxidation.  The reduction is effected in
weakly acid solution by stlium amalgam (Fischer); if more
violent. reagents (phosphorus and hydriodi¢ acid) are employed,
all the free hydroxyl radicles disappear and y-n-valerolactone or
y-n-caprolactoné (as the case may be) is produced. '

An important stereochemical change takes place on heating
the acids with strong aromatic bases (pyridine of quinoline) st
130°-140°.  In this reaction the configuration of the.asymmetric

carbon ptom next to the carboxyl group is affected, and an
equilibrium mixture of tno qtvromsomcrlc acids results. Thus, if
d-gluconic acid, conmsponqu10:1—:/1110031,, or tl-m,cmnonzv actd, cor-
respor.ding to d-mannose? is tle.@d with uinoline a% 140°, the
same equilibrinm-mixture of hoth acids i is formed :—
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E
CH,(OH) o CHJ{OH)
HO.H HOH
HO.H > HOH
H.0H Quinoline at 140° H.OH
HO.R i e o H.OH
COOH Y . COOH
d-&',luconio.ncid . d-Mannonic acid

2 Since a mixture of these acids can be separated” by fractional
crystallization of their salts with brucine (or other optically active
bases), this reaction has proved of great utility, in the hands of ,
Kmil Fischer, in connection with the synthesis of various sugars.

Appended is a list of the acids of bhoth pentose and hexose
series, together with thei® lactones; since the physwal proper-
ties of correspondmg d- and [-forms are 1‘1€ntlcaf it is unnecessary |
to refer to both of the optical aatlpndes in each case.

Tctraozy-n-udemc acids (from *the ALDOPENT OSFS)
Acids. Ref. on pp. 232,233, By Kiliuni's re- Lactone. Reduction pro

. » action frym M.p. [a]s  duct of lagone.
Ribonic 1 Erythrode. 76° +£18°  Riboso.
Arabonic. 2 Erythrose. 99° +74°  Arabinose,
Xylonic 3 Threose. 92° +83°  Xylosc.
Lyzonice 4 Threose. 114° £82°  Lyxpsc.

Pentaozxy-n-hezxoic acids& from the A L.I)OI'I EXOSES)
Acids. Ref.onpp. 233-235. By Kiliani’sp%- Laclone. Reduction pro-

action from M.p. [a],  duct of lactone.
Gluconic 3 *  Arabhinose 135° +68°  (incose.
Gulonic. 4 Xylose 180° +56°  Gulose.
Talonic. 5 Lywose * Talose.
Mannonic. 6 Arabigose. 153° +54°  Manngpse.
Galactonie 7 Lyxose. 92° (lalactose.
Sdonic. 8§ Xylose. Idose.

Other monobasic acids connected with d-glucose.

d-Glucosaminic acid (d-Chitaminic acid), .
H-,(OH).OH(OH).GH('(SH) CH(OH).CH(NH,).COOH,
is the oxidation product of d-jlugosamine{p. 259), and, as already shown,
has also been synthesized by E“ﬁ:cher from d-arabinose by addition to
that pentose of ammoniam cyanide, and subsequent hydrolysis.
It is a orystalline solid which chars at 2§0° withput melting. It is weakly
lwvo-rotatory, and forms a crystalline ladtone, vwhich by reduction gives
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d-glucoswmmine. The nitrile of the acid is formed by heating d-glucosamine
oxime with acotic anhydride, and appears in the form of its penfacelate
(Wohl’s reaction), *

¢
Reduction of the acid by phosphorus and hydriodic acid at high tomper-
atures produces d-a-ua no-n-hexoic acid (leucine, chap. xi. p. 209).

d-Glucuronic acid, CHO.[C'I(OH)),.COOB, may be taken ,as typichl of
the aldehyde acids (mentioned earlier in this section, p. 275), which stand
between the monobasic acid and dibasie acid oxidation products of -4hgl”
aldohexoses. (Other acids of a similar nature have been prepared from
galactose and idnsc.)

d-Glucuronic acid may be prepared by very cautious reduction of d-
saccharolacione (p. 281) ; and it is also formed in the oxidation of Elucose
by mercuric oxide. It interest. however, lies in the fact that it-appears
to find use as & kind ,of * carrier” for various organic materials of the most

¢diverse types in their pa?;xsego through the digestive organs. Thus, if
such substances as terpene derivptives (menthol, camphor, cte.), phenols,
aromatic amines, certain’aldehydes, (c.g. chloral) and othey carbonyl
derivatives aro administered intefnally to animals, thoy are excreted as
condensation products of d-glycuronic acid : the condensation scems to be
effected at the aldehydic radicle in the acid.

This ‘geculiarvity is adapted to comMereial ends in the case of'the pyrone
dyestuff cuxanthome (chap. vi. p. 93), which is isolated from Indian
Mango leaves by means of the condensation produet with d-glucuropic
acid (euzunthinic acid) which is formed on digestion of the leaves by cows.

Kuxanthire acid is readily resolved into euxanthone and d-glucuronice
acid by heating with 29, su'phuric acid at 100°.

d-Glucuronic acid is a sweet syrup, which readily forms tho usual
y-laclone, glucurone, melting at 1785 and with (a),, = 19

The laclonc is reducible to d-gluconic acid and d-glucose, whilst oxidation
yields d-saccharic acid. When distilled with aquious hydrochloric acid,
o considorable amount of furfuraidehyde is formed, and when submitted to
the bacterin preserit in decaying flesh, glucurone is converted almost
quantitativpely to l-aylose.

¢

XII. Dipasic Acips RELATED TO THE PyNrosks. AND HEXOSES

With the appearance of, two carboxyl groups in place of the
radicles CH,(OH) - and - CHO of the aldose molecule, the asym-
metry of the molecule becdmes of ghe same general type as that
in the polyhydric alcohols already described, in which the neces-
sarily non-asymmetric carbon atoms are contained in the two
primary alcohol residues C‘EE(OH) - and - CH,(OH).
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Consequently the nwmber of asymmetric forms of Eﬁc dibasie
acids resultlng‘ from the aldopentoses (4) and from the aldo-
*® hexoses (10) is the same as in the corrcspondm,g normal penta-
hydric and homhydnc alcohols. Therefore jt is unnccessary to
recount the various individual configurations of these compounds,
whith may be gathered from a consideration of the respective
- alcohols to which they ave related through the aldeses (sec chap.
"&ill>pp. 232-235; this chapter, pp- 268 and 270).

The dibasic acids under review are the various forms of
triozyglutaric acid, COOIL[CH(OH)],.COOH, (from the aldo-
pentdtes), and tetraoryadipic acid, COOH.[("H(OH)] +COOH (from
the aldohexoses). They are formed by oxidation, by means of
dilute nitric acid, of either the respective mohosaccharides, the
monobasic acids of the latter, g th pofyhydric alcohols to which®
they corgespond. They ure frequenély cr¥stalline, although some
members of the class have only betn obtained as syrupy liquids.
They readily pass into 7-lactonic acids of the respective formulie

. COOH.CH.CHROH).CH(OH).CO
o/
and COOHL.CH(OH).CH.CH(OH).CHI(OH).CO .
. ~ _.\\0 . N

Continuous reduction of th®® lactones yiclds the corre-
sponding® aldehyds- and alcohol-monobasic acids, and finally
the corresponding monos%chaudes and their alcohols, whereas
the acids themsclves, by v1gorous hydrogemition with phos-
phorus and hydriodic acid, give respectively n-glutaric acid,

. COOH. [C'[-l_]3 COOH, and n-adipic acid, COOH.[CH,],.COOH.

The dibasic acids of the aldoherose scries are distinguished by
their transformation (in varying degrees of rea.diness) to
Jurfurane-aal -dicarbozylic agid when heated under pressure with
aqueoud hydrochloric acid, :—

‘ ! SH=G,COOH
CH( CH (OHCOOH — 4+ 3HO

. '°"=°{coou

Lmom OH (OH) COOH



280 THIRD YEAR ORGANIC CHEMISTRY

The characteristics of the varieties of tmoxyglutaric acid are as

follows :~—
Acid, Ref on pp.  M.p. [a], Luctonic  Correspond- Corresponding
232, 233 .;!ctd.- ingAlcohol.  Penlose.
¢ = - . ‘
Ribotrioxyglutaric. 1 (Onlg as lactone). 170° i-Adonitol. d-&d-Ribose.
d-Trioxyglutaric, .24 128° +23° ? d-Arabitol. d-Arabinose.
l-L;xos'c:."
d-Rhamnose,
I-Trioxyglutaric. 2 127° - 28° H 1-Arabitol. 1-Arabinose,
d-Lyxose.
Xylotrioxyglutarie. 3¢ 162° - Amorphous. i-Xylitol. de&l-Xylose.

It will be noted,that oxidation of d- Rhamnose leads to the pro-
«duction of d-moxyglutam acid, the methyl group disappearing.

As in the case of the coriespdndmg alcohols, we shall enly
mention the dibasic acids connected with d-glucose, d-fructose,
d-mannose, and d-galactose, in the \livision of the hexose acids.

d-Saccharic acid, corresponding to d-glucose, is also produced in
the ox'Mation of dextrin, cane- sﬁpar, maltose, and many ofher
carbohydrates. It has been oxidized to d-lartaric acid (together
with oxalic acid as a by- pmdnct)

d-Mannoeaccharic acid is the dibasic acid corresponding to
d-mannose. Racemic tastaric acid has been obtained from it by
oxidation. The racemic mannosaccharic acid is important in
connection with the synthesi of glucose, fructese, and mannose
from formald(.hyde (sce chap. xv. p. 291). ¢

Mucic acid is produced when galactose lactose, d-rhamnose
carboxyhc acid fd-rhamnohexonic adid), and many naturally
occurring gums are oxidized. .

Tt is remarkable for the ease with which it is transformed into,

. derivatives of the furfurane series in accordance with the general.

reaction mentioned earlier in this section (p. 279).

Whilst it yields the fmjfuran'e ant-dicafoxylic acid with hydrigdic acid,
when distilled alone pyromucic agid (furfurane-a-carboxylic acid) is’produced,
and carbon dioxide eliminated; on th® other hand, when heated with
qnlphides of the alkaline carths or alkali metalg, thiophene-a-carboxylic
ucid is tho main producf, and destructive distillation of ammonium
mucate results in the producti L pyrrol.
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[J
Aeid. Ref. on pp. o Mp. [a]"  Lacioni? Corresfond- Corresponding
933285, Acid.  * ing Alcohol.  Hexoses.
. . M.p. [a]n
d-Saccharic. 3d 8 100° +22° 130° +42°  -Sorbitol. d-Glucose.
d-Gulose.
d-Mannosaccharic. 64  °* Syrup. +1° 192° +284°  d-Manuitol.d-Mannose.
(d- + 1) Mpnnosae- - Syrup. -~ *185% - (d-+4 1) (d- +1) MPhuse,
chaie. ¢ . Mannitol.
1-Mu ic.\ T 225° - Syrap - 4-Dulcitol. d-&I-Galactose,

When d-glucosamine (ov d-glucosaminic acid) is oxidized, a dioxyletra-
k Jdmfurfurane dicarbozylic acid known as isosaccharic acid (m.p. 185° o*
[a], =9+ 46°). is formed (and not a tetraoxyadipic acid, as in the case of

glucose and the other aldohexoses) :—
.

CH(OH).CH(NH.).CHO // CH(OH). CH(NH;:).COOH.\ (H(OH).CH-COOH
! ., Nt
s | ) |- (6] -P.NH:;

C’H(OH).CH(OI?I).UHA,(OH) COH(OH).CH(OH).COOH /  (TI(OH).CH.COOH

s XIII. Tue chr,ogs or Cyvcuic HEXOSES ¢

The molecular formula C;H,,0,, which is possessed by so many
possible aliphatic isomerides of a pentahydroxy-aldehyde or
pcntahydroxy -ketone-like nature is shared by soms of a cyclic
structure, namely, that of kesghydrokezadzybenzene (Ilexaoxyeyclo-
hexane) :—

CH mm—cumm
CQJOH' HAOHJ
CHIOHTCHIOH)

As a matter of fact, certaip naturally oceurring subsfances have
been provedl to possess this structure, and it is interesting to add
that these compounds are also sweet tasting and in some cases
optically active, thu§ closely resembling the ahphatlc or true’
monosaccharides,

The three cyclic sugars Waich are known to possess the above
cyclic frrmula are termed inggites ; ene of them is dextro-, a second
lwvo—rotatory, and the third inactive.

Now it is obvious that compounds of tlus type do not possess
molecular asymmetry of the usual ¥ind ; *but if the steric formula
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C.H 6(OI-I)\'be examined, it will be seen that the hydroxyl groups
may lie on either side of the plane of the carbon rmg-system
For example we may have :- ¢

H H

|
n/on °k\n H a\°"‘ oH/OH , on~tH
\ o c\on oyu and " W w/om
oM

OH : oH o™’

" (1) (eer)
@

Tlere (i) is a symmetrically arranged molecule, i.e. it is idefftical
with its mirror image ; but (ii) and (jii) «re mirror-images dof each
other, and non- superpoqable (although this does not appear
Clearly from a plane ﬂlustr'l.tlon)

We may summarize the pessible forms, thcn, by coygsidefing
the number of hydroxyl groups on the “upper” side of the
carbon-ring plane in diasgrams similar to the above : —

No. of hydroxyl groups. Y No. of forms.
(1) 0 1 Optically inactive.
(b) 1 I Optically active.
(e . 2 3 Optically inactive.

23 Optically inactive.

(d) 3
(e) 1 € '3 Opfecally inactive. [identical with
(e)].
f) 5 { Optically active [the optxca.l antipode
of (b)1. .
(9) 6 1 Optlcal.ly inactive [1dentwal thh
. (a)).

There are thus seven distinet possibilities of optically inactive

(anti- or meso-) forms, and two of enantiomorphic optically active
* varieties. .

Evidently, then, the d- and I-forms of inosite correspond to
conﬁ;.,urations (i) and (iii) in the alsove d.iagram (or to fb) and
() in the table; but, although inactive inosite is known %o be a
non-resolva"le or meso-compound, it%s not really known to which
of the classes (a), (c), or (d), it belongs ; 1t 18 g8nerally represented
in the simplest possible tnanndr, i.e. as in formula (i) above.
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i-Inosite is found in unrfpe seeds of various Ley;ma'nosw (pe;s' and beans),
and occasionally occurs in abnormal secrotions of animal muscles, It
melts at 225°, afd is oxi"izcd by nitric acid or other reagent to a mixture
of oxyquinones. ¢

d-Inosile ocours in the juices of certain tropicalgpines and rubbe. trees
in the form of a monemethyl ether, pinste, C,H,(OH),(OCH,) ; it is isolatedem
by heating gvith hydriodic acid as in the uSual Zoisel reaction, It melts
at 247° and sublimes ; it possesses the specific rotatory puwer [a], = + 6A°

wiy{nosite i3 found similarly, as a monomethyl ether, quchbrachite, in the

bark of the quobrachu trec. It melts at 247, and sublimes shortly after ;
its specific rotatory power is [a], = - 65°.

A few other modifications of hexaoxyherahydrobenzene have alto heen
found®n nature, and also some of the loyer polyocyhexahydrobenzenes.

The anore important of thage arc :—

Formuln. M.p. o |el.® Source.
Quercito CH;(OH), 235 ®e 424 Acorna.
Quigic acid GH(OH),CO0R e, Cinchona bark.
Phlorogl#cite CH(OH), 184° Synthetic.
Quinito GiH,(OH), , 144 - Synthotic.
Hexahydrophenol CyH, ,(OH) 15> (b.p.164°)  Synthetic.

"there are 18 possible conﬁgumtu"ls of quercite (6 pairs of enantjpmorphs,
and 4 mego-forms), but it is not‘b( own to which the natural product should
be assigned. It is unattacked by zymase, and is oxidized by nitric acid
to, amongst other products, mucic acid and (d- +I-) trioxyglutario acid.

Quinie acid, which is found associated with cinchonine gnd quinine in
cinchona bark, is a carboxylic derivative of the gext lower eyclose CoHy(OH),.
It yields several common aromati®compounds on distillation, such as phonol,
salicylic aldehyde, and henzoic acid.  Iijis oxidized to quinone by manganese
dioxide and sulpléuric acid, and reddced to benzoic acid by phosphorus
and hydrtodio acid.

The remaining membcrs of this class have only been prepared artificially.

Phloroglucite results when phloroglucinol is reduced gvith sodium amalgam.

Quinite (IV) was synthesized by Baeyer by slkaline reduction of p-
diketohexamgthylene (ILI), which he had previously obtaintd from ethyl
succinosuccinate (II) by the action of concentrated sulphuric acid. The
latter compound is produced by the Claisen condensation from diethyl-

succinate (I) gnd sodinm ethoxide :---
0OH®

ER%  onetn
cgnro‘;‘lco"h .._> /:"r g co"r 3: o
k¥ ook Ronec ScH iy

COOR: CH;—CH, L& coos. COOH
un

= | .(f"r“-..m.
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\
Finally, h::cahydrophem‘)l is most readily produced by the reduction of

phenol vapour with hydrogen in presence of finely-divided nickel at 200°
(Sabatier and Senderens). Cyclohexanone is prodrccd at e same time :— ¢
¢

SHan ,CH;~CHe H—CH,
Y 20" > CH, 50 ¢ (CHOH
'CH=C ‘cu,-cuz and "GH;—CHy .
.

If the crude product is re-hydrogenated in presence of nickel at 170°, #
pure cyclohexanol, a viscous liquid boiling at 164°, results, whilst if’he
mixture is passed (in the form of vapour, and without addition of hydrogen)
“over copper turnings at 320°, the wholo is converted to cycloheranone, a

more mobile liquid, b.p. 156°



CHAPTER %V

THE CARBOHYDRATES :
SYNTHESES IN THE MONOSACCHARIDE SERIES

I. GENERAL

* )

HE fermentation by yeast of ordinary cane-sugar (or rather

the mixture of grape sugar awd fhtit sugar obtained from &
by*hydgolysis) was exhaustively studied by Lavoisier, who at-
tempted to recombine the products of fermentation "(carbon
dioxide and alcohol) and reproduce the sugar. Kver since this
period, mumerous attempts have been made from time to time to
solve this attractive problcg-,ﬁ’)ub since its extraovdinary :iifﬁculty
was not realized until 4 much later date, the carlier essays at
sugar synthesis were of a haphazard nature. and were practically
all without result. '

Tt is nevertheless interesting to remark that, according to van’t
Hoff, Lavoisier’s synthesis should...f rom a theoretical and physico-
chemicu'l standfoint., be [rasible’; it has, however, not yet heen
carricd out suceessfully. Van’t Uoff assumed that ferment
action was n catalytic chauge of a reversible nature, and that its
usual course (leading to complete decomposition of the sugar)
was followed as a result of’the jemoval of the (gasebus) carbon
diokide fromi the reaction system. Consequently, by the law of
mass-action,if the eonstituents could he maintained in a homo-e
geneous system (i.c. both in the liquid state) in ypresence of
zymase, sugars should resu't. .

We heed not refer to the various incflective, although interest-
ing, attempts to achieve thé%ynthesis in question (from hydrogen,
carhon dioxide, methane, etc.—and ' in divers of which the

auxiliary aid of ferments, electro*ais, or the silent electric dis-
- 285
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K
charge was invoked), but will pass on to the successful syntheses,
in all of which an aldchyde (most often formaldehyde or acrolein)
hasserved asa s};arting point. The chief of these afe as follows :— ¢

(i) Butlerow (1861) teated trioxymethylene (a tripolymeride of formalde-
®hyde) with milk of lime, and produced a formentablé syrup, resemblipg a
sugar, which he termed ** methylencitan,” and showed to posses the formula
(,.,H] xOu N
(ii) Loew (1885) used formaldehyde itself with milk of lime, and obt£fhic cd
a similar fermentable sugar-like syrup, known ag formose.
= (iii) Using magnesin in place of lime, Loew (1889) produced a third
syrup of similar nature to the preceding, which he called methose.y Both
of Loew’s products corresponded t¢ the molecular composition CgH,,04.
(iv) Emil Fischer showed in 1887, that & ude glycerose is transformed
almost completely to a syrpp of the ‘composition (4H,04 in presence of
dilute alkalies.  This syrup . termed a-rcrose,
(v) Fischer also obtaincgl a-aerose $rom acrolein dibromide and ,cold
dilute aqueous baryta water :— ° ¢

20H.Br.CHBr.CHO i 2Ba(OH), = Ughp,0, + 2BaBr,.

He produced evidence, moreovs.. to prove that a-acrose was
one of the constituents of the carlier synthetic products (meth Jl-
eneitan and formose).

Now a-acrose was found to give (d--}-I-) mannilol on reduction,
whilst fermentation with yeast resulted in an almost fifty per
cent. yield of Ifructose. Since it 1s a well-known fact that a
ferment usually consumes ofily one optical astipode from a
racemic mixture, it is evident that w-ucrose is simply' racemic

Jructose.

1ts productmu ir, therelore, the result of a series of aldol
condensatipns ” :—- .

(i) From formaldehyde - - ' ,

(¢) H.CHO FILCHO => CH(OH).CHO.
(b) IL.CHO +CH (OH).CHO == CH(OH.CH(OH).CHO or
H.CHO 4 CH{OH).CHQ == CH{O41).C0.CH,(OH).

(i) From erude glycerose —©

CH,(OH).CH(OH).CHO +CH,(OII).C'O.CH (OH)
—->CHx(OH)EH(OH).CH(OH ).CH(UH).CO.CHy(OH).
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’

It is obvious, thercore, that either gljcerose or dioxyacetone

may be formed by the aldol condensation of formaldehyde ; these
» condense furt®er to a member of the hexose series. Similaxly,

crude glycerose, which (p. 247) is also a mixture of glycerose and

dioxyacetone, ylelds the same product, d-+ l.fuictosc

a-Acrose has thius come to serve ussthe starting point for the
syntheses of all the hexoses, pentoscs, and tetroses so far carried

“otts This work is pre-eminently due to Emil Fischer, who spent.
many years on the problem before proceeding to the study of the
purines and polypeptides (already outlined in chapters x. and xi.)."'
Othee names of importance in this field, which has been assidu-
ously «cultivated from 1887 onwards, arc those of Tafel, Leuchs,
Lobry de Bruyn, Kiliani, Wohl: Ruff, and Fenéou.

We will review the general methgds #sed in the transformatiof
of w-acrose into the different fadividual monosaccharides, before
describihg the syntheses of each separate class.  We may in some
measure classify the experiméntal methods involved by grouping
them as follows :— .

L. Transformation. from onegeluss of monosaccharides to* the next
(!zi_qker or lower) :— '

(1) Degradation of a (primarily syunthetic) monosaccharide to the corre-
sponding sugar of the next lowor series by Wohl's or Ruff’s processes (p. 228)
constitutes @ synthesis of the lmw] sugar whigh is formed.

(b) Elevation of a (prmnmb synthetic) sugar to the corresponding
members of the next higher series hyeKiliani’s reaction (p. 227) has also
been of tu quent Prviee.

Whereas, howeies, the deg yradation method gives a definite sterco-
chgmical synthesis in all cases (xince no fresh asymmetric contres are intro-
ducud), the Kiliani method tnvolves the production®of a new asymmetric

carbon atom, which will possess in general both possible cgnfigurations,
so that an equal quantity of two stercoisomerie sugars is the net result :—

P P
. & I |
() CH(OH) <= (‘HO
|
110 :

B r '( Y 2
[ .
©) CHO -—=> GHOB) | ok HUOH  and HOC.H
|
cao [ o cHo CHO
N BN
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i

1f, however, the configuration of one of the latter produets is

known by an independent synthesls, that of the other follows;
otherwise the Kiliani synthesis is stereochemlcnll) incomplete.

II. Transformation from an aldose to a kelose of the same seres.
This has always been achizved “by producing the ‘osuzone of the aldose
(I), and converting it by reduction of the corresponding esorle (1T) to the
ketose (III) :— .
A
P.OH(OH).CHO > P.CENNH.CHL).CHEN.NHLGH,)
n

n

P.CO.CH,(OH). -~ (P.CO.CHO)
( m -

. . 3 o .
111, T'ransformatipn from one aldose to another of the same series.

* This has been carried out by utilizing either of two methods :—

(i) Starting with a synthetic sugar, tais is oxidised to the corresponding
dibasic acid. Reduction of this (in the form of its lactone) 1 oduces a
mixture of the original sugar and a new one, related to the other in that its
CH.(OH) - and -CHO groups are in an inverse position to those
(CHO - and - CHL(O1)), of the onginal synthetie sugar,

Thus, ?akm;, synthetie d-glugose (1), . his may be oxidized to d- succharie
acid (LI), the lactone of which reduces w an cquimnlecular mixture of
d-glucose (111) and d-gulose (IV). d-Gulose is thus proved to have the

configuration shown in formula IV :—

CH.(OH) cocd CH(OH) CHO
HO.H HO.H HoH HO.H
HO.IL Ho.1 . hHom HO.H

Hof —-> HOH ——--» 1.0HI and» H.0OI
HO.4 Ho.ul Ho.H HO.H .
JHO COOH CHO CH,(OH)
(I (L) ain (IV)

(ii) A synshetic aldose may be oxidized to the cotresponding monobasie
acid. It is known (p. 276) that the latter acid. when heatea at 130°-140°
with quinoline, will suffer partial racemisation of the asymmetric carbon
atom adjucent to the carboxyl group, an equilibriz w mixtw s of the original
acid with o @ew stercoisomeric agid being produced.  The mixture may
be separated by methods described helow. and the new acid reduced to its
gcotresponding aldose, which is thus synthetically prepared,

l'(};u‘ example, synthetic d-arabicose (1) iy oxidized to d-arabonic.2eid (11),
whxch, heated with quinoline at 180°-140°, gives a certain proportion of
d-ribonic wcid (11I): 1eduction of the l.a.ttm when freed from the accom-

panying d-arabonic acid, gices d--yhose (IV) :—
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CH,(OH) CR.(OH) CHz(OH\ CH(OH)
HO.H HO.H HO.H
HO.H -— HOH  — H() H _— HOH

® H.OH HO§ < HOH HO.W
CHO COOH COOH o CHO
I ) . am (Iv)
1V. Resolution of inactive synthetic sugars. .

“NDe racemic products obtained in the first instance from
formaldehyde, etc., have heen resolved into their components by
the followmg methods —

(i) chhemtcal —The synthetic sugass, as such, aro submitied to the
action of given enzymes or f¢tments, somo of which destroy one optical
form, and others the opposite varioty, of the sugar. Tfe action of different
ferments is excessively sclective, as has bgen #lready pointed out (p. 265) ; ®
but &> definite rule has yot been dftcoveged by which the fermentability
of & sugar 8f given configuration may be predicted.

Roughly speaking, the d-hexosgs (d-glucose, d-maunose, d-galactose,
d-fructose) are destroyed by yeast ferment, whilst the l-stercoisomers are
unattacked,

(ii) Chemical.—Th~ acid oxidaticei products of the sugars may ')e com-
bined with an optically active base, and the resulting mixturo of two
optically hetcrogeneous salts submitted to fractional crystallization.

Here, again, little is known of the rules governing the solubility of salts
of acids of enantiomorphous conhgura,tlon As a qualitative rule which
has but few exceptions, however, sit is found that an acid in which the
asymmetric atom next to the carboxyhc radicle has the configuration I
yields sparingly solygble salts with qmmhe, strychnine, or brucine ; whilst
that in which the adjacent asymmetric carbon atom has the epantiomorphic
disposition IL, generally gives sparingly soluble salts of cinchonine or

cinchanidine : . -
COOH - COOH
H.OH HO.H
|
II.

V. Synthesis of the alcohols and acids genetically connected with
the monosgcchamdes.

Since the sugars can be redffced to the corresponding alcobols
by sodium amalgam, #hilst aldoses yield the corresponding mono-
and di-basic acids by suitable oxidatgen, awd since either kind of

19 . b
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c
acid can be reduced to the corresponding aldoses or alcohols, as
well as (in the case of dibasic acids) to the aldehyde acids, it fol-
lows that, onee a sugar or a corresponding monobasic acid or a*
corresponding dibas‘c acid has been synthesized, the synthesis of
> the complete series of derivatives ensues as a matter of course.

We will now examine in some detail the application.of the fore-
going methods to the synthesis of the more important individual _
hexoses. -

II. SYNTHESES OF THE HEXOSES

4. Grucosk, FrucTose, AND MANMOSE. :
¢ (i) d- (and I-) M annog;, As already stated, reduction of syn-
thetic a-acrose produces racemiz mannitol, which, when'_ re-
oxidized, furnishes firstly (d- +1I-) mannose (a synthesis of this
substance), and secondly (d- 4-1-) mannonic acid,, The latter acid
is separated into its active modifications by fractional crystalliza-
tion of the brucine salts, and redugtion of these leads respectively

~

to d- (and I-) mannose. -

(ii) d- (or I-) Glucose. The active d- or I- mannonic acids
undergo partial racemization of one asymmetric carbon atom in
the manner described above (p. 288), when heated with quinoline
to 140°. The resulting acids are“respectively d- and I-gluconic
acids, and reduction of the l#ctones of the latter furnishes d- and
l-glucose. ' .

(iii) d- (or I-) Fructose. d-Mannose and d-glucose both yield
d-glucosazome when treated with excess of phenylhydrazine, and
the d-glugosonc resulting from this,compound by treatment with
dilute aqueous sulphuric acid is reduced by sodium amalgam to
d-fructose. )

I-Fructose is similarly synthesized frot the osuzone of either
l-glucose 8r l-mannose, and also results directly when a-acrose is
fermented with yeast. '

B. JULOSE AND Sonnmt)sm.
(i) d- (or I-) Qulose. d- (or I-) Gluconic acids (by intramolecular
rearrangement of syn ﬁleti_c 8- (or I-) mannonic acids respectively,
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_or by oxidation of synthetic d- (or I-) glucdse) are oxidized further
to the dibasic d- (or I-) saccharic acids. Reduction of these pro-

. duces an eq&i-moleglar mixture respectively f d-gluconic and
d-gulonic aceds, or of [-gluconic and l-gulonig acids. The mixture
of two acids may be separated in the usual way, and the pure,
ds(or I-) gulonic acid reduced to d- (ot I-) gulose.

(ii) d- (or l-) Sorbinose. d- (or I-) Gulosazone yields the unstable

“qlafor I-) gulosone by acid hydrolysis, and the latter can then be
reduced to d- (or I-) sorbinose.

The racemic forms of these diflerent sugars can be synthemzed
simply by crystallization of cqual quantitics of the synthetic
dextre- and levo- forms. o

The accompanying table illustrates the sywthesis of the sugars
of the mannose and glucose sones (t& which correspond resped-
tively the alcohols mannitol and serbitols and the mannosaccharic
and saccharic acids).

.

Dibromacrolein or Formaldehyde or Crude Glycerose
" o ~~ N @, . /
a-ACROSE
+  (d- +I-) Mannitol
(d- +1-) Mfnnose
o« (@41 MANNOﬁl.c Acio

L]
I-Chuconic—I: Mammonic d-Mannonic—>d-(iluconic d-Gulonio

acid < acid acid < apid | acid
l l o ‘d-Succburic l

“’o “’ ‘l‘ acid
1-GLucosE  I-MANNOSE d-MANNOSE d-GLUCOSE d-GiuLosk

v
1-Glucosazone d-Glucosazone d-G;qu.mzonc
N Y

{-FRUCTOSE w-FRUCTOSE  d-SORBINOSE

C. G!ALAcrosm, Ipose, a¥D TaAL8sE.

The syntheses ofsthe remaining.hexoses depend on a somewhat
more complicated series of reactians; #his is owing to the fact
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that whilst the glucose and mannose series ciffer stereochemically
only as regards the asymmetric atoms next to the aldehyde group,
galactose differs fyom either of the former types in fne configura-
tion of the third asymmetric atom (countmg from the aldehydic

sadicle). N .
CH,(OH) CH,(OH) CH,(0OHy
HO.H' HO.H HO.H
HO.H HO.H H.OH
H.0H H.OH H.OH
HO.H H.OH HO.H
CHO CHO CHO
d-Glucose d-Mannose d-Galactose

The syntheses allestart,, therefore, from the gulonic acids, which
pussess an *“ inverted ”’ conﬁgumtlon to those of the gluconic acids,
and thus have the two agsymmetric dtoms adjacent to the alcoholic
group in the configuration necessary for the galactoses. Thus :

"

CH,(OH) CH,(OH) CH,(OH)
+d10.H H.OH . H.OH
HO.H HO.R N HO.H
H.OH H.OH HO.H
HO.H H.OH H.OH
CO0H COOH CHO
d-Gluconic acid d«Gulonic acid l-Galactose

(i) d- (or I-) Galactose. To ¢onvert the remaining two asym-
metric atoms in the gulonic acids to the desired relative con-
figurations it is necessary to degrade these cbmpounds to the
corresponding penteses (thereby destroying one undesired atomic
centre of asymmetry). The resulting monobasic pentose acid
is then heated with quinoline to 140°, and thereby partly changed
to an isomeric acid, in which the threc asymmetric atoms are of

* guitable configuration for our purpose. . .
For exambple :
CH,(OH) ‘ +  CH,OH)
H.OH quinoline H.OH
HO.H > e HOH
H.OH at 140° HO.H
COOH ' cobH

(from d-gulonic 2id)



THE CARBOHYDRATES : 293

[ ]
Kiliani’s reaction is then applied to the*pentose obtained by
reduction of the lactone of the now acid, and two sugars result,
* one of which has all Jour asymmetric carbon atoms in the assumed
configuration for l-galactose (if d-gulonic acid has been the original

acid used). . .
L[] .

L)

Thus, in the synthesis of d-galacfose, Fischer commenced with I-gulonic
* aseig, degraded this by Wohl's reaction to I-xylose (the corresponding pentose),
and oxidized the latter to l-xylonic acid, which was hieated with quinoline
at 140°. Reference to the table of pentose-configurations (chap. xiiie
p- 232) will show that by ““optical inversion” of the asymmetiic atom
next®o the carboxyl group in l-xylguic acid, a slercoisomer whose con-

figuradion corresponds to d-yronic acid is formed,

Tho mixture of I-zylonic and d-lyzonic acids was sgparated by crystalliza-
tion of their strychnine salts, and the correspppding d-Ty.conic lactone reduced
to d-lyxose. s ° R

On applying Kiliani’s reaction to d-lyxose, a mixture of d-galaclonic and
d-talonic acids (configurations 7d and 5d on p. 234) was obtuined, and sepa-
rated by crystallization of the eddmium salts.

Reduction of d-galactonic lactone yielded synthetic d-galaciose.

Startidg from d-gulonic gcid, ; similar process led to the sghthesis of
l-galactose. ‘

The syntheses of the galactoses imply the synthetic production

of t-dulcitol antl of ¢-mucic acid.
. [ ]

']
(ii) d- (or I-) Talose. Reduction of the talonic acids obtained together
with the galactm.lic acids in the tranfference from the pentoso d- (or I-)
Iyzose to,the hexoses has furnished the synthetic taloses (configurations &d
and 51, p, 234). °
fiii) d- (or {-) Idose. Whgn d- (or I-) yulonic acid is subjected to intra-
molecular rearrangement by quinoline, the isomeride produced is d- (or I-)
idonic wcid. Reduction of the dactene of the latter acid (when purified)
yields d- or®.-) idose (configurations 84 and 8, p. 235).
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These results are summarized in tabular form below :

d-ldonic

; | acid <

d-Tvuse

. a-ACROSE

P (8

. Yoo
V' (d- 41-) Mannitol

(- -+1*) Mannonie acid

d-Mannonic acid <---> [-Mannonic acid

d-Gluconic acid<—---

d-Saccharic acid - -

-,»d (Iulwyr urul <

. G
d-Xylose

*

L\

I-Gluconice acid < |

I-Saccharic acid—;

oo
d-Xylonic acid
l-Liyxonic acid

1-Lyxose

I-Tulonic ucid <——|-—> [-Glactonic ucid .
| | d-Guluclonic ecid  <—|——» d-Talonic

1. TALOSE

1T

l-GALAcTOSE d-GAT.ACTOSE

v
, -Xylonic aeid
d-Lyxonic acid

~-Lyrose ——-

NYNTHESES ()F THE PENTOSES *

l(.ulmuc acid .<_.' l. Idomc
— > | acid
< —
© -Xylose l-Inosk
4

acid
d-TALOSE

The four aldopentoses have been synthesized from the hexoses
by Wohl's or Ruff's sugar-degradation ‘processes, three of them
directly, th¢ other (ribose) by intramolecular rearrangement of the
arabonic acid formed in the synthesis of arabinose. _*

(A direct synthesis of ribose would neeessitate degradation, of the hexoses,

CH,(OH
oS

HO.H

HO.H

HO.H
# ~ CHO

(1)

CH,{OI1) CH,(OH)
HO.H HO.H
MO.H . ( —_— HO.H)
HO, H. HOCIEO 6

S‘ ‘H() . ¢

(2d) ¢ d-Ribose,

and neither of these particwlar suggrs have thus for been isolated in either

d- or l-form.)

%
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The syntheses may be thus summarized *

(a) Direet.
d- (orl.) Gl&cose ~—> d- (orl-) ARARINSSE.
d- (orl-) Gulose —> d- (orl-) Xyeose.
d- (or ls) Galactose ——>4- (or 1-) LYX0SE.

[ ]
(b) Indiréet.
“%- (qr I-) Glucose—>d- (or I-) Arabouic acid->d- (orl-) Ribonic acid->d- (orl-)
RIBOSE.
d- (or I-) Gulose->d- (or I-) Xylonic acid >I- (or d-) Lyxonic acid->I- (or d-) ,
TLyxosr. ®
[ ]
IV. SyNTHESES oF THE TEIROSES
o o
d- and I-Erythrose, und I-tjreose, hiVe been obtained from &-
and l-arabinose and from Il-xylose redpectively, by means of
Wohl’s reaction. Since the arabinoses and l-rylose have been
synthesized in the manner *indicated in the last section, the
tetroses resulting from them by degradation are ulso coppletely
synthetic products, no new. Ssymmetric carbon atom of undeter-

mined configuration having been added.

The synthesesemay be illustrated by that of d-erythrose from d-ura-

binose:— °* .

.
CH.(OH) CH,(OH) CH.(0Ac) CH,(OH)
HOH wnon MO Acctic #0H 5, HOH
HOH o« "> HOH —» AcOH -5 HOH+HCN+
H.OH KOH anhydride H.OAc CHO
CHO CH:N.OH CN 4CH,.COOH
d-Arabinoss  d-Arabinose oxime 'Tetracetyl-d-afhonic d-Erythrose
. nitrile R
V. SynTH#SES OF THE DrosEs AND TRriosks .

In contrast to the elabrrate and .connected serios of synthetic
methals outlined in the precedmg.swtwus, and employed in the
syntheses of the tetroscs, fentoses, and hexoses, those members
of the two lowest sigars which have hitherto been produced from
their elements in the laboratoryskhave deen obtained by means

i P
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of a variety of quite independent reactions. Most of these
syntheses have already been described in dealing with the indi-
vidual sugars in question ; but it will be, well t¢ collect in onee
place the processes tnvolved

. Drosk. Gl‘ycoloﬁe, CH,(OIf).CHO.’ .
(1) The oxidation of glycol is n synthetic method, since the lattbr compound
can bo synthesiZed from ethylene. -

(ii) Similarly, the preparation of glycolose from monobromacetal (irom
acctaldehyde and aleohol) is synthetic.
¢ (ili) Fentons synthesis from divxymaleie acid (p. 274) is, however, the
most complete, since it gives the maximum yield and purest products The
dioxymaleic acid is a synthetic compound, \mcc it is produced from tartaric
acid, which has heen synthesized in various wayq (for exawnple, from sy -
dibromsuccinic acid, ¥hich ix produced from succinic acid, obtainable in its
turn from the transposition® frodvct of potassium cyanide and ethylene
dibromide). . R .

Trioses.  (ycerose, CH{OH).C1L(OH).CHO.
The only cunclusive synthesis of this sugar is due to Lobry de Bruyn

¢

and Adngm who prepared it from d»brumucrolem — ¢ s '
CH,(OM).CH(OH).CHy(Ol{) =~ CH.:CH. CHO - CH,Br.CHBr.CHO
Glycerol (synthetic) Acrolein Dibromacrolein {

CH,,(OH).CH(OH).CHO(.
Glycerose (95 %, yield).

Dioxyacetdhe, CIL{OH).£0.Cl,(OH).

This, the lowest member of tho lq-toses, was synthesized by Piloty from
Sormaldehyde (I) and nitromethane (ll) These condon@o in prosence of
aqueous ealcium hydroxide to “ nitroisobutylglycerine ¥ (ITI), which loses
a molecule of formic acid by oxidation in presence of aqueous mercuric
oxide, und becomes dieryaceloxime (IV). The'action of lime on the latter
compound replaces the oximino group by, oxygen, thus furnishing diozy-

acelone (V) : * .
Ca(OH)0q HgOug.
. 3CHO+ CH,NO, —- ((/H.,OH) .C(NO,).CH,(OH) ——~
(I) . (H) (I H)

CH,(OH).C(:N.OH).CH.(OH) — > {'H,(OH).CO.CH,(OH).
(Iv) (V)



CHAPTER XYI

THE CARBOHYDRATES:
GLUCOSIDES, SYNTHETIC AND NATURAL

HE monosaccharides, which form the simplest types of the

cprbohydrates, have, now len reviewed collectively and
individually ; there remain to be described thg various ether-like
derivatives of these simpler sugars, which have already beery
clagsified (chap. xii. p. 217), but may fer the present purpose
be rearrdnged as follows : —

A. Grucosinis.—BEther-like compounds of & monosaccharide
with a ndn8hydroxylic compound of more or less simple yature.
(i) Synthetic : Compounds® with methyl or ethyl alcohol,

phenol, etc.
(ii) Natural : .Substanceu such as amygdalin, indican, cte.

B. PoLvsaccHArIDES.—HKther-like cofapounds formed from
two or more monosaccharides wit].u.elimination of water.

(i) D'i-. (and #ri-) saccharides. Derived from two (or three)
monosaccharide movlecules.

(#) Polysaccharides. (The starches and celluloses.) Derived
from an indefinitely lurge number of monosaccharide molecules.

In- this ch.a.pter we shall deal with the first of these divisions,
namely, the simpler ethereal condensation-products of the mono-
saccharides, both synthetic and natural.

1. SYN'm)garm GLWCOSIDES

Fisoher discoverediin 1893 that glucose could be esterified (as
it were) by methyl or ethyl alcohol i presence of a small quantity
: 207
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of anhydrous hydrdehloric or sulphuric ‘acid. For instance,
methyl alcohol and d-glucose reacted to form an ester-like deriva-
tive with elimination of a molecular amoupt of water :

CyH,,0 + CHY.OH —> G0 CH, + H,0

The resulting substanct was found to be very similar in pro- ,
perties to the glucosides found in many plants, and was named by
Fischer methyl-glucoside. ¢

We will use the derivatives thus obtained by Fischer from -
methyl alcokol and d-glucose as typical illustrations of the com-
pounds which have come to be known as the *syithetic
glucosides.” . ‘

In 1895, Fischer pubkished details of a method which gave him
‘much hetter yields of ** huethyl-gjucoside * than previously, and
he was thereby enabled to show that the product was npt homo-
geneous, but consisted of two isomeric compounds which he
termed respectively «- and B-methyl-d-glucoside.

He ,heated pure d-glucose with the purest obtaimuble methyl
alcohol in presence of 025 per vent. of anhydrous hydrogen
chloride for an hour under a reflux condenser. On cooling,.a
45 per cent. yicld of a-methyl-d-glucoside scparated out, and the
filtrates from this were again heated with moré of the methyl-
alcoholic hydrogen chibride for asday. In this way a further
35 per cent. yield of the a-gympound was produced, whilst the
mother-hquors were found to contain a small amount of the
isomeric  B-methyl-d-glucoside, which is mote wadlly soluble
and also melts at a much lower temperature than the former
derivative. .

By thig8 process Fischer succeeded in converting 400 parts of
d-glucose to 80 parts of «-methyl-d-glucoside and 10 parts of -
B-methyl-d-glucoside. He also found that, instead of d-glucose,
polysaccharides such as starch, cane-sugar, maltose, ete. (which
yield d-glucose by hydrolysis) could exqually well be employed.

It was observed later thyt the B-derivative passes ing) the a-
derivative in presence of alcoholic®hydrogen chloride, an equi-
librium mixture being set up between the tW%o isomerides which,
even at ordinary températurds, is largely composed of the a-form.
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Another method of p{'ef)amtion of the compounds, which leads
to the productlon of cither form as desired, was worked out
Pmewhat later® (aboutW900) by Fischer and K. JF. Armstrong,
and also by Kom&s apd Knorr. ’

The first pair of chemists showed that by the action of acetyl
chlofide (ov bromide) on d-glucose pentacetate, compounds
known as accto-chloro- (or -brumo-) d-glucose were produced.
Now the pentacetates corresponding to the «-, 8-, and 7-forms of d-
glucose (chap. xiv. p. 258) had each been isolated, and it wus
found that cach of the first two of these varieties of d-glucose gave
rise to & corresponding «- or B-aceloghloro-d-glucose.  Then Kinigs
and Kiforr proved that, by®llowing either form of the acctochloro-
compounds to stand covered with aunhydrous 1ethyl alcohol for
some time, the corresponding a-,or Fmehyl-d-glucoside tetracetates'
resulted jn excellent yield, and from these by hydrolysis the
individual «- or B-varietics themselves followed.

Turning now to the constitution of the methyl-d-glucosides, we
may observe in the first place that, like similar derivativeg from
other hexoses or from the alMopentoses, these (ompounds are
well-crystallized substances which may be recovered in the
crystalline state from hot alcohol, water, or acetic acid ; they are
optically active,®stable towards aqueous alkalies, but are hydro-
lysed more or less readily to the componeht sugar and alcohol by
aqueous mineral acids. o

As regards tHoir structure, the most obvious explanation is
that oune of the many hyvdroxyl groups in the d-glucose molecule
is 80 influenced by its position in the moloculc as to become
acidic, so that the formatioy of these glucosides w111 be repre-
sented as: *

CsHy(OE);.CHO § CH;. OH =C;Ho(OH)(OCH;).CHO + H0.

This view is at once invalidaied by the fpllowing facts :

(i) Th methylglucosides possess no properties characteristic of the alde-
hyde group. L4

(ii) The relations hetween the acelochloroglucoscs (whose structure is
known by their relations io a- and g- z‘glucqsg) and the melhylglucosides
cannot thus be accounted fo. R
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The first objection suggests that it is the ‘aldehydic group which
has been in some way “ esterified,” and this is borno out by the
evidence of the acetochloro-compounds, Waich proves directly th®
structure of the a4 and B-methylglucosides, and shows them to be
stereochemical isomerides of the type which has become )
familiar in the preceding’ pages. o

We have seen (chap. xiv. p. 268) that a- and 8-glucose are go
be represented as: ‘

CH,(OH) CH,(OH(
HO.H HO.H .
N . H
H.OH .« - Hom ¢
0 HOM and 0 _HO.I
{(HO)CH * * . HeoH)

s0 that (representing the group -(}().Ul[3 by Ac-) their gentatetyl
derivatives arve :

<

CIL(0.A¢c) CHOAc) .
“  AcO.lL . Aco. I-l"' A
/H OAc and - H ()Ac
O AO.H 0 AcOH
(AcO) ™ CH \IIC’(OAc)

The acetochloro-compbunds are kelieved to correspond in the

following manuer :— .
(]
L]

CH,(OAc) . CH,(0Ab)
AcO.H AcOH
H H .
-~ H.OAS and ¢ H.0A¢
L0 Ac() H . 0. AcO.H
* CI0H ~H(CI *

Hence, finally, the «- and pS-methyl-d-gucosides come to be
representeg as :

CHAOH) CH,(0H)y
v 0.{{{ L * HO.% «
- “H.0H and « H.0H
o HOH  , 0 _HOH
(CH,;0)CH HC'(OCH;)
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The chief synthetlc’glucosldes are enumerated in the following
table, and attention is there drawn to their behaviour with the
wmzymes zymas® and egudsin,  In certain cases, the glucosides
are hydrolysed by these wunorganized feun(-nh. and it will he
noticed that : ~

(i)#The only glucosides attacked ane those (,ontmumg the
asymmetric conﬁguratlon common to d-glucose and d-galactose.

(i) yThe «-glucosides are attacked by zymase, not by emulsin ;
whilst the B-compounds sye hydrolysed by emulsin, but not by
zymase. (In certain cases only one isomer of the glucosides is
known®and it is uncertain with whlch form («- or f3-) these should

be classed). v

> .
PENTOSIDES. M.p. [a], $1clitm of 2mase. Action of emulsin,
a-l\[et’\yl-l-){yloside 92° +153° None * None
B- s ey 156° - 66° None None
Methyl-l-arabinoside 176° 2 None None
M(ﬁhylrh;:nu:oside 109°  —62° None None
» '...
GLUCOSINES.
a-Methyl-d-glucoside  166° +158° Hydrolysed None
g , d , , 1U0° -3 None Hydrolysed
a- 4 -l- ., 166° —157° None None
B- 4 - . 110°  +3% None * None
a-Ethyl-d-glucoside 114° +151° Slo;v hydrolysis None
B- , -d- » #» NSyrup -30° None Hydrolysed
Methyl-d*mannoside, 191° {-82° None Slight hydrolysis
-Mothyl d-g dactoside 110° -+179° None None
B- . d- ' 176° o +3° None N Hydrolysed
a-Ethyl-d-galactogide  136° 4179° Noune None
B- 4 -d- 'y 156° -4 None Hydrolgsed

Some of the related acetochloro-monosacchurides are given in the
next table.

a-Variety. B-Vuriely.
o . M.y [a], M.p. [a],
Acetochloro-l-arabinose. — 152° —225°
Acetochloro-d-glucose? 64° +147° 74° +166°

Acetochloro-d-galactose. » 82° +212°
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11. NarturaLn GLUCOSIDES

The numerous gthereal compounds of glucose which are found
in nature are probably constituted very sinfilarly to the synthetic
derivatives which have been discussed above, but the substances
which have guffered condensation with glucose in the tissues of
plants are usually more complicated than those in the synthefic
glucosides (7.c. methyl or ethyl alcoheis, hydrogen chloride, or
hydrogen bromide). Several different types of organic compounds
(mostly of the aromatic serics) are found, in fact, combintd with
the sugar molecule, notably «ldehydes, phenols, and esters.

On the other hend, sygars other than d-glucose are occasionally

+ met with in natural glueosides ; the chief of these is d-rhamnose,
the methyl-pentose described on p. 251, Derivatives of rhanmose
are often termed ‘ pentosides ” in distinction to the “ glﬁcosides,”
but, since most frequently these substances which contain
rhamnose contain also a molecule of d-glucose, this ,seemg an
unnecéssary distinction, and it is better to refer to the whole class
as glucosides, defining the latter term as substances conlaining
organic compounds of various types united in the form of a condensa-
tion product with d-glucose, rhamnose, or other menosaccharides.

Similarly, the glucosides are oftgn subdivided according to the
number of molecules of monosaccharide which they furnish upon
hydrolysis ; this again is too ‘artificial a method to be of much
service, and it is more profitable to group them accordihg to the
nature of their non-carbohydrate products. .

As a class, the glucosides are solids, usually crystalline, but
occasionadly wmorphous. They pus%ss optical activity as a
general rule, and are fairly stable except in presence of hydrolytlc-
reagents.

Their susceptibility to hydrolysis varies grcatly ; some (but
not most] glucosides are Adecompoged by boiling water or by
dilute alkalies; the majority, however, are readily bgoken up
only by the application of aqueoms hydrochloric or Silphurie
acids. Lhe natural glucosides, like the synthetic compounds,
are also hydrolysed hy cerfain enzymes; very frequently an
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enzyme which is esp€tially adapted to the hydrolysis of a given
glucoside exists in the plant in which the lutter ovcurs.

® As regards the constifution of the natural glucosides, it will be
inferred that the most favoured view is that thg non-carbohydrate
constituent (which m"ay be represented as R.OH)-is united to the
sugar molecule, as is methyl alcohol in the methylglucosides ;
that is, the glucosides of d-glucose may be represented as:

“ (‘.HZ(OH)

’ “HC(OR)

Moreover, there is zeason to believe*that the more common?
gludosidgs, at any rate, are to e considbred as SB-glucosides, in
view of the following facts :—

(i) Like the synthetic B-d-glucosides, most of the naturally
ocaurring members are hydrolysed by the enzyme emulsm but
not, (except in rare instances) :by zymase.

. (ii) The few naturally occurring glucosides which have also
been synthesized in the laberatory belong to the B-type.

Thus helicin® (salicylaldehyde-d-glucoside, which results by
oxidation of the natural prpduct salicin, showing incidentally
that the latter is a condensation product of salicyl aleohol and
d—glucase, and tleat the condensation must take place through the
phenolic’ hydroxy radicle of salicyl alcohol) has been synthesized
byscondensation of B-acefochloro-d-glucose (p. 299) with salieylic
aldchyde, and careful hydrolysis of the resulting kelicin tetracetate.

The propﬂrtles of a few of the more important natural glucosides
are énumerated in the following table (the numbers indicate the
molecular proportions of the monosaccharide und the non- .
carbohydrate products of hydrolysis). ,
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CHAPTER® XVII

THE CARBOHYDRATES:
DI-, TRI-, AND POLY-SACCHARIDES

I. THE DIsAcCHARIDES
. ’
HE disaccharides, of which we shall espegially notice only
arabiose, cane-sugar, lactose, mefibiceg, and maltose, arc com-o
posed of two molecules of a modosacgharide (with the climination
between these of a molecule of water).

The most important and abundant of all the natural sugars,
cane-sugar, is a disaccharide which when hydrolysed yields a
mofbcule tach of d-glucose and d-fructose. In spite ol this, it is
quite unnecessary to devote any considerable space to the descrip-
tidn of this substance and its congeners, for chemically speaking
their only charagteristic property is their hydrolysis, and their
chemical behaviour is summed up in these of their hydrolytic
fission products. ®

Nevertheless, we may glance at™the general question of the
structures of the d’isaccharides. The products of hydrolysis of
the compounds which we shall mention are as follows :—

]
Arabiose  yiclds l-arabinose 4 [-arabinosc.
Cane-sugur ,, d-glucose +d-fructose.
Lactose »»  d-glucose +d-galactose.
Melibiose »  d-glucose +d-galactose.

Maltose © ,, d-glucose +d-glucose.

"

From these facts it is plaia that areabiose and maltose are more
or less gimilarly constituted, being fprmed from two molecules
of the same aldopentose or®aldohexose, ‘and also that lactose
and melibiose are sterecisomeric forms of one and the same
disaccharide. ¢ e

20

3056
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Again, it is found’ that, of these sugzir;:‘ cane-sugar docs not
reduce Fehling’s solution until after it is hydrolysed, whereas
arabiose, lactose, melibiose, and maltose ¢educe 1% immediately?
Similarly, cane-sughr does not exhibit polarimetric mutarotation,
whilst the specific rotation ofcthe others alters in each case until
a constant value is finally attained (as with d-glucose, p. 256).

Moreover, canc-sugar does uot react with phenylhydrazine,
although the others form monophenylhydrazones and mono-osezones
just like the monosaccharides. re

All these facts point to the existence in the disaccharides other
than canc-sugar ol a free aldehyde group, whilst in cane-sugar
the carbonylic radicles of hoth d-glucose and d-fructose have
disappeared. y

In other words, in flle cise of canc-sugar, the union of the
two constituent monosaccharides is cfiected by condopsatlon of
the hydroxylic forms of the c.ubun)l group in each mono-
saccharide ; but in the other disaccharides, the condensation
must hav. taken place between the (hydroxylic) aldehsde graup
of one sugar and an alcoholic hydioxyl radicle from the other.

Finﬂ.]ly, all the hexose disaceharides yield octacetyl-derivatives,
so that they must be formulated as (‘,.IT, 0,(0H),.  Of the
remaining oxygen atoms, one is utilized in forhing the ethereal
Iink betwecn the cons‘utucnt monses ; the other two must be
supposcd to oceur in internal anhydride or lactide-like formations.

It is nevertheless impossible from the abover data to define «
stercochemical formula for each of the disaccharides, since there
is a super-abundance of {ree hydroxyl groups which may ocuter
into the ethercal or anhydride-like structures.

Based *on various (usually involved) specific reactions of each
sugar, different constitutional formulx have froni time to time
been put forward for the above disacchagides. Many of these,
however,eare conflicting, and it is still uncertain as to which of
the numerous guesses is lil:ely finally to prove correct.

We may give two formyle each for «.1.:-sugar and for lactose,

. proposed by Tollens ‘and by Em® Fischer, two of the foremost
authorities on the carbohydrates : .

L
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e / L4 Al .l
.~CH, CH.(OH) CH3(OH) CH,(OH)
HO.H H— HO.H H
0. HOH , HO.H 0 R HOH .0
. H.OH ° 1H.OH H.OH e H.OH ~
HO.H C 07 HO.Y. /c/
. CH——0 “CH(0H) CH—O0 CH.{OH)
o Tolkens. . K. -Fischer.
T e CANE-SUGAR,
CH.(OH) |- —-Cl, CH(OR) * (‘Hy(OH)
e« HOH i HO.H HOH —l
~H. AT 1L / HO.H
H.0oll VR | .oy 7 H.OH .
o7 __non | Ho. oo /  HOH
FT(ll—0 CHO - CH——0 CHO
- Latose,

Many attempts have been made to synthesize one or other of
the disaccharides by condensation of®arious derivatives of the
two moposaccharides concerned.  Neatly all of these have proved
quite [ruitless, except in the case of two, cane-sugar and melibiosc
(and it is not certain even in’ these cases that the resulting sugar
ie completuly identical in all respeets with the natural coyypound) :

(i) Marchlewski (1899) submfled polassium d-fructosate (a compound
analogous to those of glucose with baryta or lime, cte.) to the action of an
aleoholie solution of acetochloro-d-glucose (p. 299) and obtained o wmixture
of disaccharides which was believed to contain canc-sugar.

(ii) Fisclrer and Armstrong (1901) similagly oblained melibiose from
d-glucose and B-acelochloro-d-galfctose,

The hydrolysis ol the disaccarides, which is best effected
chemically by hgating with dilute sulphuric acid, is also caused
by numerous enzymes, some of which go further and decompose
certain of the resulting monosaccharides intd aleohol and carbon
dioxide (or other products), whilst others only promote the
Lydrolytic change. ’

Emulst:n, divstuse, ap zymase belong to the first class, whilst inverfusé
(in yeast), ptyalin (in saliva), and pepsin (pancroas) belong go the purely
hydrolytic enzymes. .

The disaccharides : #*zh contain p free aldehyde group can be
oxidizéd by chlorine watdl® to correspbnding monocarboxylic
acids: L3
CyHy0,(0H),CHO ——#  (,,,0,(OH),.COOH.
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¢ AN cr g
These are termed «bionic acids, and, when neated with dilute

sulphuric acid, they yield a mixture of a monosaccharide and a
monosaccharide xionocarboxylic acid. & !
.

For example, maliose oxidizes to maltobionic acidl, yhich can be hydro-
lysed to d-glucose and d-glucon’ic acid: lactose and melibiose Tvo rise ire-
spoctively to lactobionic and melibionic acids, both of which yicld d-gluconic
acid and d-galuctose npon hydrolysis, showing that in each of these sugars
it is tho d-glucose half of the molecule which contains the aldehydic restduo.

The fullowing table gives the chief characteriStics of the disaccharides :

Oclucclale. Razone:

A.p, . el M.p.  Mp.
Arabivse ), HiwOq Amorphous 1200° - -
Cane-sugar G, H,0,, 160~ 4 665 67°
Maltose CoH00,,H,0 AYhorphous +i37° 156° 206
Lactoso CH,0,, 1,0 " 205 o9 to+ B2 Hog 200°
Meclibiose  Cj2H,,0,, Amorphous + 100" to - 143°  171° "~ 179°

The osuzones of the bivses interact with benzaldehyde, so that benzalde-
hyde phapylhydrazone is formed, together with the corresponding,osonc ;

(CH u).CEN. NHLG ). CHGENNILG, H,) 1 2CH5.CHO
=2U|;H5.UH.:N.NH.CGH:, +(CwI{mOn).C()-CIlO. v

Cane-suy yar (or succharose) oceurs abundantly il the, American
sugar-cane, in the sap of many otler trees, and also in many
ve;,etablcs, notably the sugar-Iset, in which it was first found by
Marggraf in 1747. At the present time the beet‘sugar industry
competes successfully with the older cane-sugar plantation
method. It is carried on mainly on the:Continent, although the
sugar-beet is beginning to be cultivated now in England.

Cane-sugar is of prime importance for the alcohol and spirit
industry, in addition to finding enormous use 4s & sweetening
principle in culinary operations. The detadds of ity purification
for the lat#sr purpose, and of its conversion by fermentation to
spirit of various kinds, are given in diementary and other text-
books, and do not concern ug so much here as does its ahemical
behaviou», which will accordingly fceive the greater share of

attention.
When canc-sugar is hydrofysed the specific rotatory power
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changes from [«}¢f=4-665° to the meafl ¢f those of d-glucose
(+52'5°) and d-fructose (- 93°), i.c. [«], = - 21°.

The resulting equlmolc(,ulm- mixture of d- ylucose and d fructose
is called “ immrl-suga’r owing originally to.the fact that the sign
of the rotatory pow?fer has ch:mgcd

oIt may be noticed in p‘lssm,(_, #hat inveri-sugar frequently ™
accompanies cane-sugar in nature in many fruit-juices, especially
in fhe over-ripe condition.

This change in rot‘xtlon on hydrolysis (or inversion, as it is
usually termed in the case of cane- sugar) can be applied to the
estimation of canc-sugar, either alone or in the presence of other
sugars whose rotatory spowers® remain constant (i.e. of mono-
saccharides).

The rate of hydrolysis of sugar csoluhons has served as a
f..vourlt(- theme for research® bearing on the law of mass-action,
or upon the relative effects of different acids in promoting
hydrolysis (Wilhelmy, Ostwald, ctc.).

. .

Maltose (or malt-sugar) does not oceur as such in nhture, but
is obtained in the fermentation of starch by malt.

Lactose (or milk-sugar), on the other hand, is found in the milk
of nearly all mammals, Lut does not occur to any extent in the
vegetable kingdom. Tt is gne of the obdest known sugars, atten-
tion having been called to it as garly as 1615.

Finally, melibivse is an artifi®ial disaccharide, in so far as it is
a partlally hydwlysed form of the naturally occurring trisaccharide
raffinose ; and arabiose, the pentose disaccharide, like its hexose
analogue mallose (cf. p. ‘il I), is found as u fefmentation product or
acid hydrolysis product of arabinic acid, a polysaccharide or starch
of the pentose series (p. 312).

II. Tur TRISACCHARIDES

[ J
THe most important trisecharide is Miffinose, a sugar occurring
in cotton-seed flour and in certain varieties of manna; it pos-
sesses the formula CyH,,0,,, and%ipon kydrolysis yields d-fructose
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and melibiose, the latter by prolonged hydvoltic action decom-
posing into d-glucose and d-galactose, as already shown.

Raffinosc crystallizes with five molecules ok water of crystalliza-
tion, and in aqueous golution has [«],=+105°. Tt does not form
phenvlhydl azone, but yields a dodecacetute, C,sH,,0,.(0.CO.CH, J), 2
"which is a low melting solid of [a],,_-+100°

Rhamminose, ¢, T1,,0,,, is a pentose trisaccharide, found in the
glucoside zanthorkamnin, which melts at 140° and has the spegjfic
,Totatory power [«],= -41°. On hydmlws it gives one molecule
"of d-glucose and two molecules of rhamnose. It is not casily at-
tacked by ferments; it forms an oclacetate, m.p. 95°, and a ‘ery
soluble osazone. ' ¢ '

By gentle oxidation ‘it forms rhamninolrionic acid, C,qH ,,0,., which is
of interest becauso it i a trisaccharide mopobuste acid cxactly corresponding
to the disaccharide monobasic ladiobionic or maltobionic acids, or the
monosaccharide monobasic acids such ag d-gluconie acid.

TIL. Tar PorLySACHARIDES

The palysaccharides are not so closely connected with the lower
saccharides as the latter ave with each other.  They are colloidal
compounds of great molecular weight, belonging to both the
pentose and hexose series. Nothing is known of their internal
structure, and the difliculty ol wnravelling even the outlines of
their structure is increased by the fact that all of them, péntose
derivatives as well as hexose derivativey, possess the empirica!
formula C,IT,,0..

On hboiling with water or dilute ‘acids, the polysaccliarides
break down into monosaccharides, and as a general rule only one
simple sugar is produced Dby the hydmlvqlq ol .any "given
polysaccharide.

¢ We must restrict our attenfion, then, to the classification of
the polysaccharides by means of their decomposition proﬂucfs,
and it may be noticed that thé most @rominent workers in' this

t field have so far been Tollens, ’Sullivan, and especially Cross
and Bevan.

-
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There are three mein elasses of polysacch&rides—starches, gums,
and celluloses. -

¢ The starches occur in vu'gcta.ble and animal cells in grent quantity, The
various starches which gan be distinguished individ@ally do not, however,
» possess all the chargcteristics of a trye homogeneous compound. Thus
mo#t «t.n'ches are partly soluble in and partly insoluble in water, and it is
not dchmtvly known whether these two parts represent distinet chemieal
individuals or whether the soluble (granulose) and insolubls (starch cellulose)
portidns correspSiMsimply, to the soluble (Aydrosol) and insoluble (hydrogel)
forms of the same colloid. -

The molecular magnitude of the starches is also uncertain, but it is
probaMy well over 30,000.

Both the granuloses and sgrch ceRuloses form characteristic dark bluo
colouring matters with iodine.

Most starches are fecrmentable by varieties of tife enzyme dinstase io
disaccharides, amongst which maligse olcurs Most. frequently.

OUn the other hand, prolonged heating with tater produces first a gum,
and then this substance is further hydrolysed to monosaccharides,

The gums, besides being intermediate products in starch hydrolysis,
oreur inmaoure themselves, chiefly in the vegetable kingdom. either in
the plant-sap, or in the form of exudations on the «wrface of*the stem,
leaves, or llowers.

The gums are colloidal compounds which dissolve easily in water, but
are insoluble in aleohol.  They are fermentable by dinstase, but. not by
zymase, invertase, or emulsin,  Like the starches, they show optical activity,
but presumably contuin no free gldehydie growp, since they exert no reduc-
ing action on ammoniacal silver or copJ)cr solutions,

The cglluloses wre slightly more dcfmlic in character, and yu]d various
decivatives of o neore or less workable character. They oceur in nature
as tho chief constituents of the walls of the ant cells, and are amorphous,
but not so gelatinous as the starches or gums, .

They yield heracetyl dervivatises, so that their moleculawr formula must
be a multipfe of at least k0,0 ratler than Go1T,0..

The hexacctates are thus ¢, H,,0,(0.CO.CH. )

The esters of celluloge and nitrig acid are very important technically. o

Gun-collon is esseutially cellulose hexanitrate, WwH L O(O0.NQOL), and
thiy, when fused with camphor, yiclds the inflammable w1 eaceedingly
dangerous horn substitute termed cdlulo?d.

Collp®on is o solution of celludose gtetranitiate, CIT,00(0.NO,), in
ether-alcohol, and finds applicd®ion in the cov8ring of photographic films.

"T'he celluloses are fot, so readily hydrolysed as the starches, but, like the
latter, ultimately break down into doxrine, agd then into monosaccharides.

-
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We may therefore Uepict the relationswolNthe polysaccharides
to the monosaccharides somewhat as follows :—

STARCHES - CRLLULOSES
(CnHmOs)“\ (C1oHgOy0)m

~ * . x» . R

DEXTRINES __ '
(C»H l(»( ):.)‘(
< N

MALTOSES 5 —> #UNosaccHarbES
CI2H'E())] P4 C, ng(' or CEH)u()E

We may illustrate the further detailed clussification of the
polysaccharides by quoting a very ‘few of the best-known
individual members.

POLYSACCNIARIDES

A. Penlose Derivatives 1,
<, .

1. Starches. Not well know.

11. Celluloses (Furoids). Derived from
Cereal-celluloses Tn cereals. Arabifiose and xylose.
Ligno-celluloses. In woud-fibre. | Arabinose and xylose.

I11. Qums (Pentosanes). % ,
Pectinic (Arabinic) acid.  Apple and cherry-juice. I-Arpbinose. ¢
Beechwood gum. Beeches, I-Xylose.
Cherry-gum. « Cherry-trees. 4 l-Arabinose,

.
L4

B. Hexose Dertvatives
W 1. Starches.

Starch. Most plant-cells, :I-Glucose.
o Glycogen Most animal-cells,, d-Glucose.
Lichenin, Mosses and lichens. d-Glucose.
Inulin. Dahlia,gotatoes,and  d-Fructose,
many Solanacéee and
Composite. v

Mannin. Yeast, % d-Mannose,



THE CARBOHYDRATES 313

II. Qums (Glucosaneg). o

L]

Dextrine. Many plants, glue, ete. d-Glucose.
SGum arabic. » Various plants, d-Galactose,
Mannancs. ®Yeast, sunflowers, dan-  d-MAnnose.

delions, chicory, ete. @
Galactancs. Lucern, lupiys, and other d-Galactose.
] Leguminosce. *
Fructosanes® Sugar-beet, ete. d-Fructose.

b . .
Many gum: dexesheen found to give mixtures of two or more monosac-
charides on hydrolysis, aﬁd,’ure therefore classed as, for example, gluco-
mannanes, galactomannanes, mannofructosanes, ete., cte.

1117 Celluloses.
Glucoeelluloses. d-Glucose.
Mannocelluloses. Plant and wood fibre,  g-Mannose,
Fructocelluloses, d-Fructose, | °

ete., ete. ete.,ete.



CHAPTER XVIII

THE TERPENES:
GENERAL CLASSIFICATION ANI) C,[]ARA('I ERISI‘ICS

HE latter half of the present book gives some account of
various classes of organi¢ compounds met with in the
vegetable and animml kingdoms ; we have in tnrn reviewed :
* (i) The alkwloids fmmd' in p]ant juices, and derived for the
most part from heteroe yclu, nitrogén bases.

(n) The purines, or uric acid series, which oceur both j in plants
and in animal tissues, and contain’ the heterocyclic pyrimidine
nuelens (or may he viewed alternatively as condensation.pr ducts
of urc.t) ®

(iti) The proteins, which are mainly animal produets, and are
complex condensed aliphatic aminoaculs.

(iv) The sugars and starches, found in both anémal and vege-

table realms, and composed of polylyvdric aleohol-aldehydes and
-ketones.

This series of naturally ocounnnr substances remains to be
completed by o description of the importanteclass of* Aydro-
aromatic com: poumls known as the terpengs.

The generic namé of these bodwq is due to the fact that the
oils [u)m most of the pines and firs ((Cosifere) are largely made up
of mixtures (turpentine) of varions hydroaromatic hydr ocarbons
el the formula C) T, .

Many otfier plants, however, contain notalle quantitics either
of these hydrocarbons as sucl, or of thoir oxygenated derivatives
(aleohols, aldehydes, and ketoues) ; this is especially trug of the
Citrus or lemon species, and of the great bomnical orders of
Composite, Labial@, and Lauracee.

A variety of methodsere alied for the te(,hmcal preparation
314
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from the plants of tle « bssentml oils,” as th¥y are termed, which
form the concentrated extract of terpenes and other compounds.
Ia some cases,esuch as tha.t of turpentine, the oil 3ts«=ll' is exuded
from the bark of the tres containing it, especiadly upon incision at
suitable stages of the growth ; generally, however, the plants or
shrubs are macerfs%ed and then eithe heated in a current of
steam, or pressed by hydraulic or other power, whegreby the oils
are sqpitut~d,Jro J}...ﬂ"' cellulose and other constituents of the
plant fibre.

Different oils, too, are frequently found concentrated in different
parts Jf a plant; thus turpentine, as already stated, is found in
the bask of pines, firs, larches, ete. ; citral, the chief constituent
of oil of lemon, is derived mainly from the %ind of the fruit;
the cssential oils of thyme, Javendey, chamomile, and many othert
Commposites and Labiates occur Thiefly in the leaves and stems of
the plant$ ; and orris oil, containing the essence of violet perfume,
is most profitably obtained from the rhizome or tuberous root of
the violet, Ldant.

f'rom a chemical staudpomt, it is to be observed that Most of
these naturally occurring compounds are derived from or ave
themselves hydrocarbons of the composition 11, Muny of
them-—indeed, practically «ll the Zydrocarbon members—are
liquids, a simaller proportion {of the oxygenated derivatives) are
solids ; all the terpenes are charagterized by distinet and, as a
general rule, pleasant odours, and therefore they find wide applica-
tion in ptriume ‘yoof all kinds.

The terpenc hydrocarbgns usually boil at a.bout 160-180° C.,
and, although hydroa.rom'xtl(, derivatives, aré usually not fu]ly
hydrogenated. They arc thus canable of adding on two mono-
valent groups ; for example, they unite with :

(i) Bromine yielding eompounds such as €, ;H;,Br., or ¢, H cBr,.
(ii) Hydrogen bromide ., » » CoH  HBr: or @,H,,2HDBr
(iii) Nitrosyl chloride ., " » * CH,,NOCL
(iv) Nibmgen trioxdde . wn  CioHipNaOa
» 4 %

In general, too, these l:ydroéarbons are very readily oxidized,
thereby producing a number of Wy diverse alcohols, ketones,
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and more or less pofplicated acids. Many of the terpenes can *
be ultimately oxidized to terephihalic acid, a reaction which bears
out their intimate relation to the benzene series A still moze
general reaction which proves the same fact is the transformation
of many terpenes, by suitable reagents, to’ the aromatic hydro-,
carbons, p-cymene and sn-cjmmc (C,oH,,); ot to the phenols
thymol and cqrvacrol (C,,I1,;.0H, both derived from p-cymene).

On the other hand, whilst many terpenes undowbésuly con-
nected directly with the cymenes are ¥idently simply derived
from the partially reduced aromatic hydrocarbons, others (equally
readily transformed to these aromatic compounds) contsin two
hydrocarbon rirge fused ot “anueslad ” together, in much the
sawme tashion that naphthalene is composed of two annealed

sbenzene nuclei; and, again, another class of terpenes do not
possess a cyclic structure ud all although frequently these also
may be easily converted to hoth monoeyelic terpenes afd to true
aromutic compounds. .

Mm'oowr the terpenes derived from the hydrocauhgns Cp\H,,
are not the only members of the, group. Certain related sib-
stances of the formula C).1L,, are also known, and also one or two
of the composition CyIl,,, whilst the important class of natural
substances known as the resins or aromatic gums are related to
the “true™ terpenesein somewhat analogous fashion to the
relation of the starches and cglluloses to the sugars (¢f. chap. xvii.
p- 310).  In other words, whilst we have the simpler hydrocarbons
corrcsponding to molecular formuke (C.H),, (C/H,), and (CT),,
the resins are expressed as (CgHy),, thou‘ molecular magnitude
being unknown, biit certainly very great.

All the terpenes may thus be regarded, for purposes of classifi-
cation, as polymerides of a simple hydrocarbon of the formula .

«.C;ll;.  (The hydrocarhon in question is termed #soprene, and is
dealt with on p. 354.) The usual system o? classification of the
terpene h;droc:u'bons is therefore as follows :—

<
HemrererNes, C,H,.  Not found in nature. ¢
TrrrENEs (G H,,)Q -(,u,Hm The largest class of natural

terpenes,
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Subdivided into :®

Momocyclie terpenes (containing only onc car bon ring).

Dicyclic terbenes (Gontaining two annealed hydrocarbon
. .  Ting-systems). .

Olefinic terpencs,  (open-chain compounds).

SESQUITBRPENES (CHy)y=C\;H,,. Less numerous.

Drrievagpys (%)4=C20H32. Very little known at present.

PoLyTERPENES (C;Hy),. Resins and indiarubber.

Mafy of the transformations of the different monoeyelic terpene
compoeunds related to the aymencs are so intricate that it is especi-
ally important in this case to have the assistance of o clear and
concise system of nomenclature.  The generally accepted plan ie
to ®onsider all these terpenes his unsaturated derivatives of the
hexahydfocymenes or menthanes, as they have been termed.
The specific relationship to - or m-cymene is then indicated

the ysmal prefix (p- or m-), and the degree of unsaturation
(and also. if necessary, sny, substituent radicle) is dendted in
accordance with the * Geneva ” nowenclature. Thus we have,
for instance :—
»

Ha-CH2 »
GHy=CH  JCH GHIGH,), c..,_c’c c-cu(z:u.)2
'CH{-CH, . ¢? NcH—CHa
#-Meniéane One of the p-Menthadienes

® (Hexahydro- p ¢y mene )
'The position u[ the unsaturated linkings or of substituents is

indicated by prefixed numbers referring to the carbon atom of
the menthape nucleus in accordance with the following scheme :—

(3)
0101, ($)(8),C

O K

0 (L

Thlfs'the above unsatursted hydrocasbon is termed A*-p-
menthadiene, it being generally sufficient to specify ouly one
carbon atom in each double union® o
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The constitutions of the terpenes have ‘recd.ved much attention
during the past thirty years, the bulk of the work done relating
to their decomposition under a most extgnded vériety of condf
tions. The chief eworkers from this point of view have been
Baeyer, Wallach, Wagner, Semmler, and Tiemann, though nume-'
rous other names might well be included here.

We may irvdicate very cursonly some of the main types of
reactions which Lave been utilized in cluu«LW' swructare of

the terpenes.

L. Oxidution. o " B

The behaviour of the torpenes to oxidizing agents has probably proved
aore useful than any 094101 chemical reaction. The chief oxidants
employed have been: | .

(i) Ozone. Harries has shown that an cthylenic union absprbs omue
with the formation of ** nzonides,” which on treatment with alkali or other
suitable rcagent break down into a mixture of acids :

‘ o 0O0OH COOH
o50m 2o
b D cgalcu P e \R/

(it) Hydrogen diveide or ice-cold aqueous 1 per eent. solption of potassium
permanganale introduces two hydroxyl groups into an ethenoid system :

~CH=CH~ 36, ~GH(OH)~CH(OH—

(i) More concentrated aqueous potassium  permanganate usually
ruptures the ethenoide bond and produces a.dicarboxylic acid, a ketonio
acid, or other products of the same or loss carbon content as the original
unsaturated subsatnee, according to the nature of tho grou}N adjacent to
the double linking.

Jix) Nifric acid gonerally (but not by any means invatiably) excrts a
more disruptive effcct than permanganate, and cut ses » terpene molecule
to break down into a number of simpler aliphatic or aromatic acids,

11. Addition reactions. o '

The ad ation products of unsaturated tgrpcnes with halogens or nitrosyl
ohloride have frequently proved ‘;l%ful in determining the relationships

between the terpenes. ©



THE TERPENES 319
. .
(i) Halogen additioryproducts. >,
() The added halogen may somelimes be removed by the action of
apotash or aromedic bases, wich s aniline or quinoline, lcn.ding to compounds
of different, constitutions 2~ .

—CH.CH.5> —CH.-CH,-CHRr-CH, —» CIL,-CH,-CIH{ =CH —
- Qi CH =~CH-CH2 _ Gy CitTir- CHBr- @31, 2> - CiL = CH-CIT =CH —
»
(b) Queasionally the halogen may be removed by treltment with zine
dust end aehiby 3¢, e total cffect heing to saturate the original ethylenie
unjon :

Zn
~CH _«H =CH-CH, —-> -C11,-CIL-CH Br-CH, —> -Cll,-C11,-CH,.-CH,, -

(¢) In deciding the constitation of*a mouohalide addition product, the
** Markownikow rule ” has often proved very useful. This statos that in
such cases the halogen atom attaches itself Jo the carbon atom, which js
alrcady directly united with fowests by rogen ajoms.  Thus—

CHpS ®--CHp  CH Gl .
c-¢ - CBr-CH..CHI; not ( CH-CHBr.CH
(o8 : N | | CH, ° WEH ‘
[#]
a(ii) N il?osyl chloride addition producis. o’

Nitrosyl chloride unites additfvely with an ethenoid boud, forming a
compound of the formula illustrated below : this compound usually exists,
however, not as a aitroso-, but, as an isonitroso-derivative, as shown, By
suitable treatmenp (reduction, o1 elimination as hydrogen ehloride by means
of a base), tho chlorine atom is removed or replaced by hydrogen, und there
remains the oxime of a ketone :-#-

»
\ s O
U =&I0 > ~CHCLCH.NO -5 - CHCLUGEN.OMT) — » —CH.-C(:N.OH )
~ .  Cloronitroso Chloroisonitroso Oaime
L. compound, compound. —CH.-CO -
. 2

Kelone.
.

It may be .remarked that the oximes of the terpenc ketones have been
found exceptionally serviceable in constitution-determination, since they
are markedly reactive, and undergo numcrous iransformations, as WrH
appear from tho specific examples cited in the following chapters.

[}
3

II1. Dehydration.

(i) Mﬁxy oxygenated oyclic terpenes &re reayranged, with 1-ss of one or
more molecules of wates, to arorthatic compounds, by the action of dehi-4rat-
ing agents such as phosphorus pentoxide, potassium hydrogen sulphate,
zinc chloride, or glacial acetic acid and‘ulphuﬁc acid.
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(ii) Similarly, the mjilder of the dehydrating agegts mentioned convert
some of the oxygenated olefinic or non-oyolic terpenes to derivatives of the
monocyclic series.

- <
-

a
IV. Physical characwristics.

Of late years the advance in oyr knowledge of the relations between
chemical structure and such ptoperties as molecular refractivity, magiotic
rotatory power, absorption spectra, and heats of combustion has been so
great that these are becoming of frequent assistance as subsidiar; *aids to
chemical proofs of the constitution of the terpene e WEIES of many' ‘other
types of organic compound.

It may also be mentioned here that nearly all the natural terpenes
contain asymmetric carbon atoms in their anolecules, and so are frejuently
found to exist in optically active for.ns,  As a general rule, only one form
(dexlro- or leevo-rotatory) is found in nature, but there are several (xcsptions
to this, such as limonene, CyoH,¢ (which occurs in dezfro-, leevo-, and racemic
varietios, the latter being known as dipentene), and camphor, whwh is also
found (in different plants) in bo.h optically active forms, as ig also its
reduction product, the alcohol borneol.

Synthetlc reactions have also been applied to the terpenes, the
first sevious efforts being due .lpp.xrcntly to Baeyer. Later,
Haller, Klages, and Komppa. succceded in synthesizing a fow
terpene derivatives such as menthone and camphor, but until a
few years ago it was difficult synthetically to prepare compounds
of the hydroaromatic series containing such a relatively complex
group as the isopropyl residue present. in the cymenes.

Two new reactions, howevet, have come to light which are of
the utmost value in this connexion :—

(i) The direct hydrogenation method of Sabaticr and Senderens,
whereby an aromatic derivative may bs reduced to the hydto-
aromatic condition by passing its vspour, mixed w1th hydrogen,
over reduced nickel at 250°.

(i) The synthetic application of the * (mgnard reagent ”’
o N
(magnesiunf mxylhalides, Mg/ ), by means of which alkyl radicles

\

WX
such as methyl or isopropyl may be isbroduced at will mto practi-
caﬂy any compound containing a ketonic, aldehydic, or carboxylic
group at a suitable posision in%he molecule.
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The last method 4s proving exceptionally ffuitful in the hands

of Prof. W. H. Perkin and his co-workers at the Universities of

Manchester and Oxford.
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CHAPTER XIX .

MONOCYCLIC TERPENES (DERIVED FROM |
pMENTHANE OR FROM m-MENTHANE)

I. SoME SATURATED OXYDERIVATIVES OF p-MENTHANE

.
.

¢
HE constitufion of the unsaturated hydrocarbons of the
p-menthane series which, form so large a proportion of the
naturally occurring turpentine oils and resins has been determined
mainly by means of the properties and transpositions®of their
numerous oxidation products, of which the alcohols and ketones
are the simplest and most nearly related compounis to the
terpenes themselves ; it is therefore well to consider these first.
Tke two simplest: of various monohydroxy p-menthanes dan
be represented as follows :—

CH, gu. iﬂa
é q PRy
t‘m. 'u, CHa Crs ;:H. “cHeom
|
CHa ‘0"0 ‘<|>Ha CHIOH) CHa_CHa
1]
Neh ch
CH,. CH.CH, CH,.EH.CHs €H,.CH.CH,
Menthane (hexahydro-p-cymenc) (A). m N
] .

Now l-menthol, C, H,,0, which iz found plentifully in various
species of mint (especially pepper- and horse-mints),'has a com-
poqlhon corresponding to that of a monozymenthane, and, more-
over, it can be transformed by a series of reartions vo thymol, the

phenol of #he composxtwn—
L

'Y

ﬁu\\iu e
Supem
1)
CH,.CH.OH,

324
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When oxidized py chromic acid, I-menfhol yields I-menthone,
which also occurs in the oil from peppermint, and the constitu-
Jdion of whish has :aeen definitely shown by the following

reactions :— ’

L]

N &i) When oxidizedsby permanganate; 8-mgihyladipic acid (1) is produced,
and this acjd could only result if the methyl- and isopropyl-radicles in
mentlone wero in para-positions to each other. .

(ii}y When brominated in chloroform solution, a dibrommenthone is formed,
and this wpon heating with quinoline loses two molecules of HBr and
beeomes thymol (IT). .

(iii) Syntheticaily, it was shown in 1905 that distillation of the calcium salt
of (synthetic) ﬁ-methyl-a.‘-isopropyl[limelic acid (111.) produced menthone,
which® must, therefore receive®he formula 1V. :

?H:

. L J
Hs [ ] Hy, © My
/! ¢ . "
cfi.ecoon PN ,gt X
] IH ziu GHa CH..CO0H CHa CHa
CHa J
L] CH.
AN CH, GH //c(om ot /coou P
1 g CH g“
caon CHa. CH- CH, CHy CHeCH, CH3.CH.€H,

Since menthol is produced by alkaline reduction of menthone,
the constitutio®t of menthol must correspond to formula (A) on
p. 324, so that the compoungl is hexahydrothymol.

The isomeric substance of formmla (B) is also known, and is
called tetrahydgocarveol ; it is an “ily liquid which we shall meet
again later (p. 349) when dealing with the ketone carvone. I-Menithol
is a crystalline solid, melting at 42°, and posgessing a very char-
acteristic smell. It forms crystalline esters with numerous
organic acids ; we may mention the benzoate, m.p. 55°,

It will be noticed that whilst menthol contains three atomic
centres of asymmetry, its oxidation product, menthone, possesses
only two. Conseqliently, whilst -mnenthol, [«], = 48°, when
oxidized yields l-menthone, [«],= - 28° the reduction of the
latter qpmpound produces two optically isomeric menthols,
owing 'to the production of she levo- and® dextro- forms of a new
* asymmetric carbon atom.” )

Moreover, the asymmetric atom®in menthol and menthone, as
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in many other bodies'of the hydroaromatic group, appear to be *
very labile, so that it is often difficult to preserve the optical
homogeneity of, these compounds in many of thair reactions
Thus the l-menthos.e formed by oxidatioh of l-menthol-is com-
pletely ““ inverted ” by cold sylphuric acid to d-menthone, [«],=
+28°, whilst when phosphorus pentachloride is warmed with -
l-menthol, a mixture of at lcast three optically isometic menth yl
chlorides results.

When the oxime of menthone is reduced, a "mixture of two
optically isomeric menthylamines is formed. The bases, which
can be separated by fractional crystallization of their acyl deriva-
tives, are strongly alkaline liquids.  « ’

We have drawn. attention to menthol and its nearly allied
compounds not so much fer their intrinsic importance, as because
they form a more sclf-contained ‘group of derivatives than <he
majority of the terpene bodies, whilst in our dealings With the
latter we shall repeatedly encounter reactions of a precisely
similar character to those described in this and the«following
section, which is given to a description of some monoethylenic
derivatives of p-menthane. Before proceeding thereto, we will
illustrate diagrammatically the connexion between p-cymene, the
above-mentioned menthol-derivatives, and the rclosely related
isomeric series—the t(tr/xhaldrocanveol type—whose constitntions
cannot be explicitly determined without, reference to a number
of other more complex terpenes Ycf. pp. 335 e seq.) :—

»
H = (0“) CHy—~CH(OH) /cH:‘ co H {(NH2)
CH3. c:/: c\f CaH? OH'QQ H.CaH» CHzCH ¢ ,‘gu CaMHr cH.cH ChGaH,
=c “cHi—cHa Ha—CH, “oHa-CHa
Thymol Menthol, ¢ Mnthone ,, Menthylamues.
H~CH, PHa—CHa
cﬁr‘-f. -\c-Cdir' ON’C\H O\CH-Osrh
==="GH=CH oH—CHa . '
#-Cymene. evahydro-p-cy micne
[ 4 A-Menthan,
[
«:? ~—CH (OH)CH —CH, ' o—c{-h (NH),CH—CHa
L 0CaHr  Crach cHegarr  OHac] “GHOsHr  CHuCHe )u Cah»
= Tt cﬂ- »§ CHy~CHa GH.‘
orlama . Caispmentho} Carvomenthone . Carvomeathylamine,
Tetrahydrocarveol Tetrahyd y ¥
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’

.II. Somz p-MENTHENE DERIVATIVES
- . .
There are a nun;be:' of possible isomeric frms for the mono-
ethenoid hydrocgrbons, C, His, eorresponding -to p-menthane ;
ont of thege unsaturated hydrocarbons, menthene, is formed when
menghol is carefully dehydrated. Knowing the «constitution of
memthol (I), we see that menthene may be formulated either as

IIa or IIb. We can decide between these formul:e as follows :—
[ ]

.

(i) Permanganate oxidation of menthene leads finally to g-methyladipic
acid (111a), so that menther® must®be 1la, since oxidation of ITb would
produce a-methyl-al-isopropyladipic acid (II1b).

(ii) This structure is confirmed by the reagtion of menihene with hydriagic
ac’d, when an todomenthane is prluced whiclein presence of silver acetato
furnishes an ozymenthane, identical neither with menthol itsclf (1) nor with
tetrahydrocarveol (1Vb), which is the only likely alternative from the
isomeride ITb. The new alcoh®l must therefore be represented as IVa,
and is kgown as ftertiary menthol.
[

[
SH; 8“: T g:’
P By 72N
° CHa CH, CH; TH: CHa CH,
|
CH, ,CH - CH, CH,
CH, N o Cltg OOK
COOH C(OH)
/‘QQ aks ° i 8aHy
ch. (Llﬂa (ha) a i avy
H, H, ™ CH.
Ctts CHOH) & /&’ ,9.1’
H ® c’u, H CH; COOH CHa CH(OH)
iH !3. In oeH H
w 2 f - c\! \n ‘cu.
ch o cH c
E'H, E:H-
(11b) (1)

(iii) Menthene wif synthesized from p-cresol by Wallach in 1906 ; the
vapour of p-cresol, when reduced by hydrogen in presence of nickel, yields
a mixture of 1.4-methyleyclohexanol gnd 1,4-methyleycloboxanone ; thdt *
latter substance condenses with ethyl a-bromoisobutyrate in presence of
zine 'dust to the ester of an agid whicll, by lass of CO, on heating becomes
tertiary menthol ; this compound reverts to menthene when heacd witle
sulphuric acid :— »-
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o

Al

¢ ' CH, s
M, b ’

y /g"l Qc 5‘-"{0 4
AW cf th, cH. M, Oha BH, - g
iy o~ L= b b b
CH CHg CHa cﬂa cu, € CH; CHoF L ;
Séor 6 \ ‘

(CHy)—¢" OH (CHa, € O aH7
ACresol 1 4Methykyclohexannne. Sqow Menthene, =
Tertiary nenthol .
« Aw ¢

<
Just as tetrshydrocarveol is a position-isomeride of mer.chol,
8o it furnishes by dehydration a carvomenthene, Wwhich by sithilar
« reasoning to that used in the case of menthene is shown to be

* constituted as follows :-- .
M a
SH.~gH O ‘eHa—cu
CHa Gt CHC.H? —> cu.é \\..c,n,
CHy CH:\.‘ CH:"CN:
(OH) CH—CHa _CH—CH,
GHuGt  CHCaHr 3= oy,? \cu CaHy
“oni—ch, 'CHa—GHs

Fetral vehoocanseol Cary anenthope

III. TrreiNeEOL AND ALLIED COoMPOUNDS

(1]

We must now pass on to a number of compounds move nearly
connected with the hydroc'u'bon conktituents of the turpentine
oils, which latter possess in general the composmon CH,H“,,
corresponding to menthadienes, rather than ﬁwnthenes, ané thus
containing two ethylenic linkings in the hydrocarbon molecule.

There are two ozycdmpounds upon the ‘constitutions of which,
more than of any other terpenc derivatives, depend the structural
formulic which are assigned to the p-menthadienes (we Jeavo the
m-menthane derivatives out of consideration for the present);
the substances in question are the alcohol terpingol and the ketone
JJartone, We shall therefore devote the present section to a brief
ﬁtudy of terpincol and other altoholic derivatives of the p-mentha-
dienes, whilst the next wijll be given to a descnptlon of cdrvone
rand sofne sther ketonic compounds of ‘interest in the chemistry

of the terpenes.
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Terpineol, CmH w0, occufs m nature assoom.tot) with the terpene hydro-
carbons, and is also f8rnied when a solid compound’termed ferpin hydrale,
CyHy 0, HpO (which results when turpentine oil is shaken with cold
end very. dilut® aqueous witric acid), is dehydrated bw means of boiling
dilute acids ; terpineol it3clf is also produced by Qm.kmg pinepe or tur-
pentine oil with very dWute sulphuric amd Tt is & low-melting solid with

a pleasant smell, is aptlca]ly inactive, &nd i readily shown to be a mono
hydric alcohpl.

It;z;great theogetical importance lies in the fact that a number
of the natural terpencs can be obtained from it by simple dehy-
dration under varying conditions. When it is heated with
potasflum hydrogen sulphate, there results dipentene (which, as
will be seen later, is clos@ly reldted to the two limonenes); and
again, if anhydrous oxalic acid is employed instead of potassium
bisulphate, terpinolene, another natursl p-menthadiene, is prd®
duced and this can be further ifomesized fo lerpinene.

The constitution of terpineol is fixed with certainty by means
of its oxidation reactions, but in addition it has receutly been
obtained, Synthetically by Prof. W. H. Perkin of Manghester,
who has succeeded within the past few ycars in applying the
Geignard reaction to the synthetic production of many nafural
as well as purely laboratory terpene compounds.

The study of ¢he oxidation of the terpenes will be found much
simplified if it is always borpe in mind that the first product of
oxidation of an ethylenic lint'ing ig the result of the attachment
of an hydroxyl group to each carBon atom :

L]

[ )
* :‘}cst(:: o« > :?c(om-e(:cfm
Further oxidation consists of the rupture of the remaining
union betwegn what have now become two adjacent alcoholic.
radicles. @
The intermediate hydroxy-compounds are frequéhtly non-
isolable, but in the case of terpineol, ‘when carefully oxidized by

dilute p&rmanganate or hyd’;ogen dioxidg, the first product in
this case a trihydroxy-p-menthane, can be isolated, and is known

as triozyhexahydro-p-cymene (V).
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Further oxidation® of terpineol leads in succession to the-
following substances :— ¢

Homoterpenylic methyl ketone, C3,H,,0, (IV); terpenylic acid,
C,H,,0, (IT); andgterebic acid, C;H,,0, (%).

Now we found in chapter i m p- 31, that terebic acid is dzmethyl
paraconic acid, and so possesses the constitution .

CH(COOH)
(CH,L CH,

|
o—Co

Terebic acid has been synthegized ]rzv Fittig in connexion with
his work on the pa.raconic acids (loc. cit.). but we may adduce a
Jecent application’ of the Grignard reastion by Simonsen (1907)
to the synthesis, not only of terckic but of terpenylic and homo-
terpenylic acids. «

The syntheses consist in the treatment of appropriate g-acetyl-esters of
the norma,l succinic-acid series with magnesium methyl lodu‘e, thus we

bave :— .
] L}
) CH5.CO-GH. COOEL /oM (CH3)5=C-CH. COOEL
+ Mg\ = [Me >
COOELCH, ] COOEy

(CHy)5~ H-CTIH
,o/c I +  Mgrof
()

\
CO—CH;y u
L]
. [
(i) CHa.CO.CH. CHz . GOOE: oH, (GH;);O—}:ocH'CHrCOOEt
+ wl > Im
COOE:-CHa . N\ COOE-CHa
L3
(CHy) /G—CH-OH'COON
% + Mg 1 (OH)
0-CHa
.
(1)) CH3COL4HCHCH,-COOE: CH, ¢(CHals o(c-cu.cu.cu..cooz.
+ “‘< .—-b 1 Mg! a
COOE1.CH, ) coos._cu,
o :-c— HeCHzCHy: COOH »
+ Mgt (OH)

\co-cm

-« &
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The Iactonic acigs obtained in the first®wo cases are respec-
tively identical with the terebic acid and terpenylic ucid formed in
$he oxidatiom of terpiyeol, and we may nccordingly reconstruct

a formula for terpineoP as follows :— .
L
o °* COOH © coon
o | L e Fo
°°Q:‘.°"' e ta ,cu.\o
CHy C“CH, 3 CH,-C7CH,
) Terebre ed Q1) Terpenylec acut a1y Wamoterpens b acd

The methyl kelone of this acid, which results from oxidation of
a tridxyhexahydro-p-cym&ne, will therefore be :

L]
3

(':H, ° ° ?N:
co L4 SCoH
ch. c°\ * G Ghon
I o
ot pre 2o o
vl 9
. ., "CH,-C7CH, CH3.C.CH,
[ ) IV Momoterpeuyh Letone 6H
L) i\

Hence it follows that the trioxy-compound will most probably
have the three®hydroxyl groups arranged as in formula (V), and
the position of the doublg bond > in derpincol is indicated by
the position in this formula of the adjecent hydroxyl groups, so
that tc.rpineol. is *

127
»
# e
CHa .
Neh
GH;3.6 ©OHNCH,

Perkin’s syntlmsis(fully contirms this view :

Two molecules of p-iodoprppionic ester (1) are condensed®n prerence of
sodium ethylate with one molecule of ethyl cyanacetate (I1), in which the
methyl® hydrogen groups are yeplaceable by sodium as readily as those
in, for example, diethyl malofhte, owing to fhe influence of the adjacent
unsaturated nitrile and carbethoxyl radicles. The condensation product
is y-oyanopentane-aye-iricarboxylic Wer (IM), which on hydrolysis and
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.
subsequent distillation With acetic anhydride &ieldi. firstly, pentane-ayye-
tetracarboxylio acid, then pentane-aye-tricarboxylic acid by loss of CO,,
next the anhydride of this acid, and, finally, 'y-carboxy-e-l}atooyolohexnne‘.
more simply termed 5-ketohezahydrobenzoic acid JV). :

On treatment of tHe ester of this acid with a nolecular proportion of
magnesium methyl iodide, the caronyl group is attacked, and &-oxyheza-
hydro-p-toluic ester (V) resultst Replacement of thé hydroxyl groupy by
bromine and climination of HBr by warming with pyridine‘leads to the
production of At-tetrahydro-p-toluic ester (VI), which by further appHeation
of magnesium methyl iodide is transformed to ferpintol (VII), idéntical
with the natural racemic substance.

Later, the A3-tetrahydro-p-toluic acid from (VI), which contains an asym-
metric carbon atom in the same position as that present in terpindol, was
resolved into its optical antipodes; nnd whon the synthesis of terpineol
from tho active acids was completed, the corresponding d- and [/-terpineols,

which are also found In certain essential oils, were obtained.
« . o

- (%
COOE.CHaCHa.) CN ¢ COOEL.CH,.CH, N .
+ Ol{a pr—— x >

COOE:.CH,.CHal Ncook. COOEw-CHacH!  NcooE,
M (n - i
CHi—CH, _SHa—CHe
] CH.COOH cua.iz'm “CH.CcOOE:
c"n-cf‘: :—c‘a
CHs=CH2 ¢ SFHa—CH, Ha
oned HCOOE: 3= Ly c{‘::_u{om
(s L . 'CH. 2 Ha
) o

The compound terpin hydrate, from which terpineol results on
dehydration, can be reproduced from the latter compound by
boiling with dilute sulphuric acid. In this reaction two. molecules
of water are added to one of terpineol, but the produét, which is
a white crystalline solid melting at 117°, loses'onc of these when
heated at itg melting-point for some time. The substance terpin,
which contains only one molecule of witer more than terpineol,
is then produced ; this is also & solid body, which uniteg some-
what yigoro sly with waser $o re-fo%he hydrate, and whiclt pos-
sesses two hydroxylic groups,.but is not otherwise unsaturated.
Evidently thercfore a msolecul8 of water has united with the
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“ double bond ” pregent in terpineol ; and since it is a very general
rule that in such addition reactions the non-hydrogen part of the
feacting- substance becpmes united to the carbom atom which is
already in union with least hydrogen atoms {Markownikow, see
»p. 319), it is prohable that the formation of ferpin may be thus
lrepl'esented. : '

CHa—CHE  CH, HClls  CHs
cu.c:\ wcGom  + WO >  CHilom X.clow
- oM, CH~CH,  CH,

Terpincol ,

This conception is supported by the fact that the same opti-
cally inactive terpin is formed from d-¢ I-, or racemic terpineo,
and by .Perkin’s synthesis of Yerpin from &-ketohezahydrobenzoic
ester (I), the former terpineol synthesis being modified in that
excess of magnesium methyl dodide is allowed to react with that
compouyg, whereby a dihydroxy-derivative (II), identicoaal with

t#pin, is produced :

CHa=CHs HamCH,
o JOHJOOE,  +  aMiCHai > cnq’gm zcu-oéow
CHa=CH, CHz-CH, CHa

(U]

[ ]

In virtue of*its alcoholic nature, ferpin forms terpin dibromide
when esterified® with hydrobromic acid; this compound is of
great importance by redson of its connexioa with dipentene and
other of the p-menthadienes {compare pp. 346, 349).

When' tho dibromide is treated with silver acetate, the corresponding
diacetate is produced;,-but when this is hydrolysed with alcoholic alkali, a
new (stereoisomeric) ferpin results, which gives a different dgbromide from
that obtained from the origlial terpin. There is much reason to belicve
that thejsomerism is due to tho different arrangement in space of the sub.
stituent groups about the central oyclbhexage plane, so that it may be
explained similarly to that of tho reduced benzoic acids (Baeyer), of the
fumaric and maleic acid series, or of the syn- and anti-oximes of Hantzsch,

For several reasons, such as th her Melting-point of the second
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.«
mentioned terpin, andco; certain chemical reactions¢of the former terpin,
it is supposed that the first named is the cfs- and the other the #ans-form :

°
SR oL o
HO' Ha=Cfly "\ (CHal, oH cn oHrecfr. \NCHY, OH
o

en-Terpin, 11 p 10g° " trans-Terpn, mp 158"
.
<

When the ordinary or cis-terpin is boiled with dilute mineral
acids a variety of dehydration products result, notably terpineol,
dipentene, terpinolene, and a peculiar compound, cineol, C,J,,0,
isomeric with terpineol,” which ts fourd in many ethereal oils
such as those of cyjeput, rosemary, and eucalyptus, and which,
possessing neither hydroxylic nor ketoiic oxygen, would appear
to be an internal oxide ‘or ether: * .

CH CHy~CH X CH,’
P g Yoo
HO' Ha—CHs GICH,) 'CHo~CHs 'C (ONy),
o °
1s-1erpin

Anhydrous hydrobromic acid converts cineol to cis-terpindi-
bromide, as we might anticipate if the'annexed formula is correct ;
whilst, like terpineol and terpin, it can be transformed to p-
cymene by violent reagents, such as phosphorus halides or
pentoxide. "

The oxidation of cineol is instructive for two reasons :

(i) It demonstrates the superior stability of the peptamethy-
lene oxide ring-system compared with that of the cyclohexane
nnclewa. R

(ii) It affords a connexion between the mbnocyclic terpenes
under discussion and the open-chain olefinic terpenes with which

’ we shall meet in the next chapter.

. e ) ‘ ¢
" The action of aqueous potassium perman;.mte on cineol (I) is to rupture
the cyclohexane ring-system_and :groduco the dibasio eineolic acid (II);
the latter readily yields an an(hydridc (1LI), which on destructive distillation
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farnishes the unsaturgted ahphatlo ketone, met’»yt heptenone (IV; see
p. 366). ¢

1
. L J
—Olts " ‘i°°“' ('!.\ou
CHad POHGCHs) 3 OHC.OHi-CHi—GH-G-(CHy), s
‘CHs—=CHa : ;
®

co O—co
CH3.C-CHaerCHs—CH-C, (CH3),

L

i

»
co + co, 4+ 8 GH,.CO.CHa.CH,.CH=C(CHa),
L ]

1y

l%
IV. KETONES OF THE p-MENTHANE SERIES
.

There are a number of ketones of the monocyclic terpene series
corresponding €o p-menthane, the p-menthenes, and the p-
menthadiénes ; the more lmportant of these may be classified
with reference to their parent hyd;ocarbons

* Hydrourbon. Ketones.
C.0H,, p-Menthane. » C;oH},0. Menthone, tetrahydrocarvone,
CyoH,3 p-Menthenes. (4.,1-[“,0 Dihydrocarvone, carvenone, carone,

N . thujone, pulegone.
C,;H;6 p-Menthadienes. CyoH40. Carvone.

We will deal first with the mnportant compound cazgone. This
occurs as dextro-isomer irf the oils of dill and of cumin, and as
leevo-fongn in spearmint sud a few rarer oils. The precise con-
stitution of carvone can onl, bearrived at by a careful consjdera
tion of its chemical behaviour under a number of different
conditiond.
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(i) When warmed with dilute aqueous potash, it,is rearranged into the
isomeric phenolic compound carvacrol, CiyH;40, or

(OH)

0"'«0 . %&H(OH.),
cH

It is most unlikely that such a relatively mild reagent would cause the
migration of oxygen, methyl, or isopropyl from one earbon atom to another,
30 that we may assume that carvone posscsses the skeleton formula:

<,

(i) Carvone unites with brorfine to form the compounds C.,H,,0Br,
and C,,)H, ,OBr,. It thus contains two ethylenic linkings.

(iii) It yiclds o well-defined oxime, th> optically active oximes melting
at 72° the racemic form at 93°. On the other hand, it does no! react with
sodium b.sulphite. - )

(iv) It may bo obtained from terpineol by a simple series of reactions,

It will be recollected that nitrosyl chloride, NOCI, unites additively with
ethylenic substances (I), forming ‘ nitrosochlorides ™ (II), which, like
most nitroso-derivatives, tend to assume the isonitros,- or oxime form
(III):

R,CH = CHR, > R,CH(NO).CHCIR, - R,.C(:N.OH).CHCIR,
(D) (1) 0,

Now, when terpineol mononitrosochloride, ¢ H,sNOC, is treated with
aleoholic potash, the oxime, CyH;O(:N.OH), of a ketone is produced ,
this. by loss of water on heating with dilute mineral acid, becomes carvone
(the oxime group being simultancously hydrolysed). .

Thig confirms our supposition that ihe carbonyl group in- carvone is
ad)acont to the methyl-substituted carbon atom, and.. .1so fixes the position
of one of the double bonds in that ketone. since the series of reactions must
bo depicted as follows:

CHa=OH, i) ‘ct'l My
Cita ‘%ﬂ ‘\EN OH) Db 0"3- OM)
~CH, Hy 3”- 'CH,

. .
Terpineol, ¢ e erpin
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. .
Ha=CHey  CH, SH—clr  OHy
co ch-clionr 3> CHsc”/ P L—
CHa —-G‘n 'CHa \9——0{“ Ha
H J NOH
Duame for hd Vxime of the oxy Qetor
I/QN—O!: " 2 / H—CHs Ha
CHyC; 0==C.(CHa) or CHa,, =t
v \co-ch, ' Roo—diis o

(v) Since carvone can possess optical activity, its formula must be the
socondyof the above, there being no asymmetric carbon atom in the alterna-
tive one; it is, however, possible that isomerization has accompanied the
removal of H,0 in the action Jf dilit€ acid, and so more conclusive evidence
as to the position of the remaining ethylenic bond wenld be welcome.

This may be obtained frénf'a study of some yeduction products of carvor®.

(vi) When carvone is reduced in Mkaling med?s the ketonio group follows
the usual eustom and becomes transformed to a secondary aleoholic radicle,
but in addition one of the ethenoid bonds is reduced, the resulting product,
dihydrocarvéol, C,yH,,0, being stiil unsaturated but now only capable of
uniting wity onc molecular proportion of bromine or of a halogen geid.

Dilydroca¥eol can be oxidized by means of very dilute aqueous potassium
pePmanganate to a irioxyhexahydro-p-cymene, C,H,0, (which ise not,
however, identical with the compound of similar nature obtained as the
first product of the oxidation of terpeneol, p. 329).

One of the thred hydroxyl groups present in this compound can be fixed,
since it must be the secondary alcoholic radigle originally formed in the
redaction of carvone; the pesitions of the remaining two are at once
1evealed by further oxidation, which produces a compound containing
lwo oxygen atonss, one alcoholie, the other ketonic, and also containing
one carbon atom lese than before.  This kefonic alcokol has the comporition
Cy¥,,0.,, and can be further,oxidized to an aeid, (H,,0,, which gives an
oxy-p-loluic acid, CH,0, when heated at 190° with hromine in sealed
tubes, . . *

From what we already know of the constitution of carvone (compare (i)
abovwe), it is evident that the hydroxyl group in the luxt product of oxidation
will be in the ortho-position to the methyl radicle, so that the acid, C;H,,0,
(from which the aromatic acid bas been produced by removal pf six atoms

of hydrogen), is : @

. Hy=Cll> :
OHye ,CH.COOH
H—Cilyg .

22
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Al
We are now able deﬁnit:ely to fix the position of the second ethenoid bond
in carvone, for the ketonic alcohol which gives rise to the acid, CgH,,0;,
contains one carbon atom more than the latter compound, pnd is therefore
. [ 3

almost certainly ' ‘o

’OH.‘-Q{‘.
Qna'ﬂrgu—c‘?wﬂcua
H

If we refer Lack, in the next place, to the trioxyhexalkydro-p-cymene, we
find that in turn it possesses onc carbon atom more than the ketonic
alcohol, C,H;0,; and, remembering that by its method of formation the
presence of two adjacent alcoholic groups is postulated in the trioxs-com-
pound, it is evident that the only pogsible formula tor it which expresses

all these facts is :
L}

Y
4 CHrfl2 0w

Oﬂa-c{ic . ﬁﬂ! (ﬁgm
Hs

OH

» 3
Accordingly, dihydrocarveol, whose oxidation prodjiced the

last-namied substance, must be . .
t
/c“a‘-ce: CHy
('rl,,cb fﬂ—c
CH—CH, Ha
OH

¥ . . -
which confirms our original viey that' carvone itsell is

!
H—CHa CHa
ol o]
4

co—CHa c"::

From a theoretical standpoint, it is not without interest that
on reduction of carvone it is the ethylenic linking in' the hydro-
dromatic ting which disuppears, and not the second “(purely
aliphatic) houd, as might have been cxpcctc(T. This bchaviour
is readily explained if the dispusitions & the “ residual affinities ”
in the grouping —CH =C(CH,) _(f — are considered. .

Id . . . )
0
It will be remembered tha® Thicle showed that this system,
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like the simple giethenoid group, —CH2CH-CH=CH —, is
abnormal in many of its reactions ; for example, sodium bisulphite

» reacts with tmsaturafed ketones of this typg either not at all (as
in.the case of carvgne) or else with formation of a hydroaromatlc
sulphonu. acid ag follows :— o |

—CH =CH.00- +NaH50, - - CH(SO,Na) s CH,.CO-

(cf. the normal reaction :
-CHy.CH,.CO - +NaHS0O; —» -CH,CH,C(OH)(SO,Na)-)
[v)
Again, hydroxylamine alsg,reacts in two ways with such
ketones, yielding either the normal oxime (I) ¢ a hydroxylanino-

derivative of the ketome{II) :—
»

»
Le -CH.CH,CO- +NH,OH -> -CH,CH.C(:N.OH)~
I -CH=CHCO-+ NH,OH > -CH(NH.OH)CH:CO-

. Thieke'gexplanation of these and other similar cases is as
fyllows : he considers that in any ethenoid system —CH-=CH —
.the “ affinitics ” of the unsaturated carbon atoms are not com-
pletely occupied in maintaining the double union, and that there
is therefore a rbsidue of free excess affinity at each carbon atom.
He represents this state of gffairs by depicting a simple ethylenic
bond as
- UH —CH—.

the dotted lines, which denote the excess or residual a.ffuuty
possessed by each carbon atom, being termed ** partial valencies.”
When two such groups are adjacent to cach other, it is likel
that there will be a mutual cffect between the partial valencies
concerned, which may be represcntcd thus : °

~CH—Cg—CH—CH- > —CH—CH-—CH.—-CH- ~CH—CH—CH—CH-

N -t
T

The final effect is to produce a s;;t".embf carbon atoms in which
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practically all the reactivity is concentrated in the two extreme
members.

This hypothesic, which has proved very. useful iy helping to«
explain the behaviodr of many unsaturated aliphatic wmpounds,
and also the stability and indiriduality of the aromatic series,
is not without apphcatmn to the terpenes, and’of the latter the
reduction of cawvone is a case in point.

There exists in that ketone the typical ““ conjugated ” system

- CH =C(CH,)-C -
I
(0]
.- ® .
which, when represented according to the Thicle method, becomes
¢ .

¢ ~
—UH—-&‘(CHJ"; C- 1

(4

) .

L
The Vualnerable points of this system are thus sn' to be
the oi.ygen atom and the carbon atom, to which a free partisl
valency remains attached. Hence we may suppose that reduc-

tion takes place as follows :— .
“CH—((CH,)~ €~ - —Cf, - ((CHy) = - = - CH,-CH(CH;)-CO~,
o OH '
¢ . *

and thut the tendency towards addition of hydrogen is assisted
by the readiness of oxygen to form the enolic hydroxytic radicle,

L4
‘hereas in the group >0H—- thu(, is no a
whereas 1 ‘\: gyygert presont to

promote t.hc reduction. .

We pass on to describe the ketones dihky ydrocarvone ang carvo-
4 .nucelome, which bear <he same relption to p-menthene’ that
carvone does to p- menthadlene, and so possess the molecular
formula C, H ;0.
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Dihydrocarvone is formed in small yield wh.eu, carvone is reduced by
zinc dust and acetic %cid, and is also produced to some extent when dihydro-
carveol is oxidized carefully with anhydrous chromic acid in acetic acid
solutior. Dihydrocarvgfle is a pleasant smelling, liduid, gives carvacrol
when boiled with aqpeous ferric chloride, and upon oxidation with per-
manganate, yields first a kefone alcojol containing two-hydroxyl groups,
and then a diketone which has been showf to be l-methyl-4-acetyleycloheza-
none. Thi diketone corresponds in structure with the ketoniec alcohol
obtiined from dihydrocarveol (p. 337), and shows that fhe constitution of
dihyldrocarvone fhust be represented as below :

greoy o
] —
CHa. G\CO—CDI‘?N 'GHy 20 'n acetse aaud
‘\‘ [V ]
! .
e
CH'—O{': /CHI CrOg 1n acetic aud cﬁ": ~C] Hy
CH CH > Chjp.CH
“ cotcfi, CH
QH-.—Cﬁ: CH, 2 N
(©OH) Dihydrocarvone
Diliydragarveol 1
CHa—CH3 Ha(OH) C-
7/ a
CH.cH “CH—COH' > CHa 4 Venco ons
“Nco—cha N\cH, '\:o_‘:

1 Mthyl-g acetyley: luhex inone

L]

When :lihydr;carwnu iy treated with dilute sulphuric acid, it is partially
isomerized to another ketong known as cirvotanacetone, which is also
obtained by boiling the irioxyhecahydro-p-cymene from terpineol (p. 329)
with dilute sulphuric acid, p-cymen® being also produced in the latter case.
The naw ketohe is also produced when the monohydrobromide of carvone
is reduced withZinc dust. [f hydrogen bromide had attached itself to the
ethylenic bond adjacent®to the carbonyl growp in carvone, the ketone
produced by reduction would have been dikydrocartone; since it is the
isomeridesof the lafler ketone which has, as a mattier of fact, resulted, it
follows that tho hydrobromic acid must have attacked the other ethylenic
linking, so that carvolanacetone should be : -

/cH-OH»

s M CH (CH3)
- (<co—c ¢
° ) ' L4 . 2
The physical properties of these two isomeric ketones bear ou?
this conclusion. We will illuftrate #his by reference to their
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molecular refractivities, refraction being the physical character-
istic which thus far has found greatest application as a physical
method, supplemgntary to chemical evndence of distinguishing «
between the constitutions of different compounds *

It is well known that the moledular refraction, Ma, of 4 compound, caleg
ated from the refractive index » by the Lorentz-Lerenz formulay

(ny~1) x Mol. Wt
Ma = (0,4 2) x density,

sgives values closely in agreoment with thoese additively derived by sum-
mation of the refractions of the various constituent atoms.

For example, the atomic refraction & carben for the “c” line in. the
hydrogen speetrum is 2:365 ; for hydrogen for the same line, 1-103 ; and for
ketonic oxygen, 2-328. flence the calculated molea .o refractivity of acetone,
CHY.CO.CH, is— o .

«

(3 % 2:365) 4 (6 x 1103) -+(1 x 2:328) =1604

1

whilst. that found cxperimentally is 76:05. On the other hand, when

strongly unsaturated groups occur in a compound, the differepge; hetween

oxperimental and theoretical values becomes relatively large, and thiy

oplicnl wnomaly, as it is called, is exceptionally well marked in the case o

substances containing adjacent or “conjugated ” unsaturated radicloes.
. Henee it is frequently possible to predict the presenco of con,ubated unsat-

uration from the molecular 1ctr.u,hnty of a compound.

In the case of the two compowlds under discussion, the values
are as follows :—

Mo | Anomaly.

”l"c 2 Hy " ) .
OHzcu :}:u-{ 45'84 +003

DMihydrocarvone (non-conjugated).

S
e / H- CHa 2
\O-cﬂn Ha f
Caryatanacetone (conjugated) .
CioH ;0 (calewfiated °
for / CO group, and
7 ethenoid bongl)  *®45-81

4684 o +1'03
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When dihydrocg/rvon'e is treated with & mpolecular quantity of
hydrogen bromide, addition takes place in accordance with the
» Markownikaw rule alrgady quoted in this chapter (p. 319) :

[ ] [
L] CHyg CHa Ha f"'l"QQ* “_{:‘:
VA r
Che u%_,{ic_ﬂ—{m r .cm'wco—c{: o
. Dihydrocarvone Dibydrocarvane hydrobromide

1J the latter compound is treated with alcoholic potash, a
ketone C,)H,;0 is produced which is an isomeride of, and not_
identical with, dihydrocarvone.

The new ketone, carone, belongs stmctly speaking to the class
of dicyclic terpenes discassef.vm chapter xxi., but it may be more
conveniently descrlbed at this point. On.ondatlon it breaks
down somewhat coxﬁpléte]y, and )ields 1, l-dimethyl-2, 3dri-
neethy Jlene carboxylic acid (ca"omc eatcid). This acid exists in cis-
and trans-modifications, like most of the trimethylene derivatives,
and on°treatment with hydrobromic acid it passes into terebic
acid :,

b
E] cm—c
® COOH.GH OHs CHa. COOH .}
‘ >—> pBr _q.‘ CHy),
) COOH
COOH-CH COOH.CH:.C(CHa)s Terebic acid,
Caronic acid > .

The Yormation of earone from dihydrocarvone hydrobromide
must accordingly take plate in que of the following ways :

L4 H—Cila
.
CHy.C| CH
-%O—CQ.«CN, )
CH2=CHjy / - .
CH;y. cﬁ .CBr (CH,), . .,
H
c a . \ cn.—c"‘?‘ CHi),
. CR,.C{Q 7~
- CO—CH,y

Chemical ovider:c tends to support the first of the above formulaz,.n.nd
this is supplemented by the molecular refractivity of @rone, which %
Ma =4526. The calculatcll value is Ma = 44-11, so that there is an anomal
of + §l5 units. Now it has been fouhd that physico-chemically the tri-
meshylene ring-system behayes very like an, ethylenic group as rega.rds its
general unsaturated nature.* Hence the optical anomaly argues in fa
of the conjugation of the trimethylgna group with the carbonyl radiole in
carone. ‘--- 4
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A nearly related isonter of carone is tlm;one or tanacetone, found
in the oils of wormwood absinthe, and chathomile. There is
every reason to believe that thujone also oqntams a trimethylene ,
ring, whilst on oxidasion it yields in successiof: (i) an acidg C\ \H,,0,,
(i) a diketone, C;H;,0, and (iii) & dzmethyllwwlmw aczd
(CH,),CH.CO. OHz.CH .COOH.

The diketone is therefore (CH,),CH.CO.CH,.CH, GO%CH,,,
and so most probably the acid first formed is , .

(CH),
T Np~GH.CHaCO - CHy

COOH!

On the other hand, thajone can be tr ansformed L Lo ~arvacrol, and thercfore
belengs to the same general tyge of ketone as “carvone and 1ts congeners ;
moreover, the evidence of oXidation shos that a point of attachment of
the trimethylene ring is the carbon atom adjacent to the isopropyl group.

CH CH, \
Hence {hujone must be omsch \ﬁc—cmcw,;, the trisecth; lene

o—ch,
Ll

system' and the carbonyl group being non-conjugated, as is
. indicated by the molecular rcfr.tctmty, Mo = 44°78 (calculated
* Ma= 4411, anomaly +-0°67, as compared with an anomaly of
+1°15 in the conjugated itomer caronos.

We will now tabulate the coripounds so far described which

belong to the carvacrol or carvomenthene type : { .
Hydrocarbons ‘ Alcohols *xadation Kelones
p-Menthane, CyyHy, o™ Tetrahydrorarveo) ’tl'emhydrocuvone
- CullinOH Loy Ciolli®
p-Menthenes, CyoH,y (Canomen Lieue) Dihydrocerveol, or, Car;‘(??anawwne.()ml{..ﬂ
‘ CuHyr.OH W

Dihydrocarvons,
redus.ion CuwHi0

w .
p-Meuthadienes, C;oH,q (see section V) ! (Carone and thujgne)
Carvone, C,H,0
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The th¥mol type of ket;one is found in menthone (p. 325) and in
another common cdnstituent of oils of pennyroyal and certain
wints, pulegawe, C,,H, 0. Its composition angd chemical be-
haviour indjcate that %t contains one ethenoX bond, whilst on
,reduction pulegone is converted tq menthone. It-may therefore
"be @epresented in * skeleton ” as °

T3

The carbonyl residue present | in pulegone does not react nor-
mally with sodium bisulplite ndr with hydroxylamine (compare
p- 339), whilst its refrwetivity suggests the pres®nce of con]ugated
unsaturation. »

Moreoyer, when heated in sealed %ubes with water it yields an

equimolecular mixture of acetone and 1, 3-methylcyclohexanone
(Wallach). This result can ohly be explained by assigning the
appended stgncture to pulegone : o

i)

Ha—co

Ha~CH, OHy H,_c
cn.gé‘ >°=<¢ + H,0 »>> cﬂsc)% q‘2Na + O<
Wv=CO o Hy

[ ]
V. Tae p MENTHADIENES

We shall conflne our study of the monocyclic terpene hydro-
carbons of the composit!on CH,; to those®members which are
found in nature, especially in the oil+ of the Coniferm and Cyper-
acecs, and may commence by a summary of the structure, optical
nature, and occurrence of the compounds in question. -,
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Itydrocarbon.  Optieds form.  Structure. Chief Occurretce.
¢
Limonene, d-andl-. AL, B(9)-p- |d-Form, in lemon and
orange ginds, and mayy
' Menthadiene «_vegetable oils. °

l-Form, int pine - noedles

and fir-cones, and in
specrmin oils, ete. ‘
Dipentene. Racemic. ; A1.8(9)-p- In pine-needlo oil and oils
Menthadiene. ! of citron, cibebs, pepper,
amphor, nutmeg, and
many' others, .

Terpinolene. Inactive. A 1,8 (4)-p- Not yot found in nature.
Menthadiene,

Terpinene, Inactive. A1, 3-p- ‘T cordamom  angd mar-
Menthadiene. ' joram oils.

o-Phellandrene,  d-andl-. A 1,¢4- o Together in oils of fennel

. Mcnth.uht ‘ne. (d ) and in eucalyptus,
ﬁ-Phe'llandrcne. d-and?-. A 1(7),5- .vinc-ncedle, and  stor-
o Ment hadt'e anise (I-).

When equal parts of d- and l-limonene are mixed, the resulting
racemic mixture is found to be identical with the terpme dipentene,
and therefore we need only discuss the cvidence forshe-chemical
congtitution of the latter. Whereas, however, either of #he
limonenes have only heen hitherto prepared directly from tho
essential oils in which they occur, the racemic variety, dipentene,
can be prepared from various other terpene compaunds. Its
chief methods of formation may be classified as follows : —

(1) From the hemi-terpene %soprene, C;Hy, by polymerization

(i) By intramolecular rearrangement of the i 1scmenc Jerpenes
phellandrene and pinene.

(iii) By distillatien of the complex'polyterpenes present in
rubber. “

(iv) By dehydration of the olefinic oxyterpene linalbol (p. 361).

(v). By dehydration of many monocyclic oxyterpenes such as
terpineol, terpin hydrate. and cineol. .

Dipentese forms two series of addition compounds, the one
including monohydrogen-brgmides and -chlorides, nitrosochlorides,
and nitrosites, the other being composed of dihydroger halides,

~tetrabrommides, dlmtroséchlondes, an@ “ nitrosite-nitrosates.”
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Dipentene d;hydrobromtde i found to be identical w1§h cis-ter pin dibromide,
which, as we saw on p® 333, must be formnlated as .

OH--%. /Ot

°“'°\;h_ Nﬂ.

Agsain, whin dipentene mononitrosochloride is treated ,with alcoholic
potash, the ozime of carvone is formed (dipentene yields in this manner
r-carvoxime, the d- and l-limonenes giving respectively d- and l-carroximes).

We have proved (p. 338) that carvone has the constitution :

on.o\/. c{%u- g

co~—cfi, CHs

so that its oxime will be:

e CH:
.\iﬂ c%u—é(c )
~—CH, e
“OM)
Xccordingly, the mitrosochloride of dipentene must be répre-
sented as:

,CH."OHa Y/

cHa-"&OI CH=Cy
Hy ®
O—CH, CH»
(NO) ®

[ ]
whence We arriva at the following structure for dipentene itself :
L]

CH,
p~Clhs 112
Oﬂuclc 4

Non—cils

This structure is%onfirmed by the synthesis of dipentene from
terpineol when the latter. is héated with potassium®hydrogen
sulphate

.

W {"Z"“' .

- Dlpmne (Limoncne),
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It will be noticed that, in virtue of Perkin’s synthesis of ter-
pineol from its elements, that of dipentene and the limonenes also
becomes complete. v L

If, when terpheol is dehydrated, alcohohc 81 lphunc acid
replaces potassium hydrogen sulphate as desxccatmg agent,
dipentene is not produced, but in its place a very unstable terpene,
terpinolene, ig obtained.

Now it will have been observed above that the slmple de-
hydration of terpineol did not suffice to determine the structure
of dipentene, and for this reason, that water may be abstracted
from the terpineol molecule in two, and only two, ways:

cu,_c{c, St CHa-CH, un
cu;.c% <& CH,, c\ 5 CH—c4OH
CH— H *\¢ “CH
CH, 3 e . Y CH, 1
¢ upt
L]
on ,CH;-CH, /CH;
3 =
“% Ha

Sinct it is known from other independent reasons tﬂat formrala
(1) vepresents dipentene, it follows that (L) is the structure of
terpinolene.

[}

Terpinolene is a most; unstable hydrocarbon, and in presence of
traces of acids is rearrang,ed to yel another terpene, tcrpme'ne ;
this probably accounts for the non-occurrence of torpmolene in
nature.

Terpinene, on the other hand, is the most stable of all the
known p-menthmhenes, and in view of this, and of its formation
from terpinolene, it is at present feld most probably to possess
one of the two following formulse :—

.
OH,-G"-

o

"g:_ﬁ-c:‘ CHy),

‘l. [ 3
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The syRtmetrical character of the second'st‘ructure is a point
in its favour, but %n the other hand the conjugated dieth-
egoid system present in the first would tend toyards stability,
and, indeed, the refrac#ve anomaly of terpinere, which is fairly
hlgh (4098 units),” points to the correctness of this latter
repmsentatlon. . ’

TerPinene is a.lso produced when alcoholic sulphuric acid acts upon pinene,
dipentene, phelland¥ene, or terpin, and from linalool by the action of
anhydrous formic acid.

The dast pair of p-menthadiencs to which we shall refer, the
phellandrenes, were regardegd as a,single terpene for many years,
but Semmler showed i in 1903 that the supposed ] hydrocarbon was
a mixture of at least Lwo #somers, and .suocccded in effecting g
partial separation of these two Bodieg. Two or three years later,
syntheses? from carvone of each form of phellandrene were pub-
lished, due, respectively to Harries and to Kondakow.

l{arncq‘smﬂleus of the a-phellandrene is as follows :

@arvone (T) “forms a monohydrobromide, in which the hromme can be
replaced by hydrogen on reduction with zine, giving a p-menthene ilone,
(1Ia or LIb). The product is identical with curvotanacetone (p. 341), and
therefore possesses the constitutiva (11b).  Thiy reacts in the enolic con-
dition with phosphorus pentachlovide, whereby the chloro-derivative (IIT)
ie formed, and this by reduction gith zinc dust gives a-phellandrene (1V).

On the other hand, Kondakow reducgd rarvone (I) to dihydrocarveol (V),
and thence to tetrahydrocarvcol (VI). swhich by dehydration gives carvo-
menthened VIL., | 328).  Carvomenthene dibromide (VIII) gives B-phellan-
drgne (1X) when wirmed with alcoholic alkali.
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CH ~CH, ,ou,

on,c’/ \q
A Nco—ch, ‘cH, a
L
(U] !
r gu—cn, (M c,/cn ,cu,Eou, CH,
omyc ,gu—cu(eu,). or ~ongch cu,c{o _'E“{
CO—0H, co-cn cn, CH s “CHy”
) ™ r
yoH—cH, 7 " CHg-CHy v
cH ,-c\ JGH=CH{CH, ), CHyCH JEH~CH:(CHy);
coi=ch H—CH,
(OH)
an I [\L] ' x
GH~—CH, ,CH;=CHy
N4 gH—cu-‘ou, e [OHIOY, JGH-CH(CHy),
on=c Sen—cH,
) av vy
’eu,-ou=
CHiCBr  CH=CH/(CH,),
Soncf,
Vi
L
CH,~CH, 3
cﬂ,ﬂ( cn—cu-(ou, )a
cH=cH

VI. THE nr MENTHADIENES

There are two menthadienes of the meta-series (i.e. connected
with m-cymene rather than with p-cymene) which must receive
mention. Both possess the same constitution, but whilst one
(carvestrene) is racemic, the other (sylvestrene) is dextro-rotatory.
They occur in somewhat small amount in German and Swedish
pine-ieedle oil, and also occasionally in Finnish turpentine.

Carvestrem can be produced mdmactly from ‘the p-menthadiene
dipentene &5 follows : — <

Dipentene is first converted to carvone (p. 347), and the latter
]gptone then transformerd to carone ag described on p. 343. The
ozime of carone ylelds an amine, carylamine, when reduced and
it the latter amine is heated %ith ajcoholic hydrogen chloride,
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the trimebhylene ring (of carone) is rupturéd, and an isomeride
results. The new amine, known as vestrylamine, is not, how-
eyer, identicak with the, reduction product of dipydrocarvoxime
(dihydrocarvggamine), attd must therefore be {8rmulated as a m-
.menthane derivative. Its hydrochloride, when distilled, decom-
poses into ammonitim chloride and carvestrene :

L]

) . -
)]
Ha=CHa _CH, ,co—cu: ,CH,
CH,, c{ ); > cu.'c\ o c/ B>
Nou-ch, CHs cH_cfy, CH,
Dipentene Carvone

Ha
R » ® o C(CHjy)
’co_qt?(cu,). }H—CH'I ),

N\
CHagH B~s  CHs.GH H >
’e\cﬂg— Ha - c\GH,“" 2 *
Carone » ° c"yhﬂily-
»
. 0:\1\;{2& cu\vcn,
NH, on-d
o .c’:N "::u,. — o S"""
3 -
\w‘_dh CHy~CHa

T Vestrylami Carvestic

Both carvestrene and sylvestrene have recently been prepared
synthetically by Perkin in a manner entirely analogous to his

complete Bynthesis ol dipentene. .
*

.
m-Oxybenzoic acid (1) was reduced® by sodium in alcoholic solution to
hezahyds o-m-ozybenzoic acid (11), which by careful oxidation gave y-ketoheza-
hydrobenzoic acid {III). ‘Treated with a molecular quantity of magnesium
pethyl iodide, the latter #bid gave y-oxyhexakydv-m-toluic lactone (IV);
hydrogen bromide reacted additiyely with this lactone, yielding the bromo-
derivative §V) which’ by warming with pyridine was transformed to
A3-tetrahydro-m-toluic acid (V1). 'The methyl cster of this acid was again
treated with the above Grignard reagent (exactly as in the corresponding
terpineol synthesis),@nd the unsaturated alcohol (VII) obtained was heated
in presence of potassium hydrogen sulphate, when water wgs eliminated,
and carvesirene (V1LI) resultéd. N
By regolution of the Al-telrahydro-moluic acid, the deztro-form was
isolated, and this, when submifted to the seqgence of reactions (VII) and
(VIII), yielded a m-terpene idehtical in all respeots with sylvestrene. N
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i tos e
QH
(OH) \ ,gu.-cu, ‘/co—a;.qc, R
H.COOH
O D COOH 2~ ok hane
oo %) g™
] . ‘
an P (1) *
f{;
cch 0{‘5{30"' qH.
v N !
c{ac ueo > 0#-&0” {H-coon B c‘ qen.qoou '—>
H.-c . “cH.-
LY ™ [\ .
CHs
}— yoon c‘b—-cp {
.o Liow o
u.—o‘ﬁ 'CHs °"-cu=
vin oy
e . o
-

’ '
i

VII. MurvaL RLLAI[O\'S BETWEEN THE MoNocy(LIC
TERPENES -

Of recent years many other synthetic menthadi®ies of both
series have been prepared, notably in the Manchester laboratoriés ;
indced, the number obtained is fast approaching that of the iso-
merides demanded by theory. Since these compounds, however,
are of purely theorctical interest, they will not be further dealt
with in the present volime. '

One curious feature of all the.natural ter penes may be pointed
out, namely, that one of the cthenoid bonds is invariably found
at the carbon atom united with the methyl group, most usually
in the system :

fyCH —
CH,-C,
. N CHp—

- “ . .
, but occasionally also in a methylenic form :
«

CNp— G

o,
.0 He=—

C [
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"It may be found convenient if we conclude this chapter by a
table illustrating *the more striking connexions between the
Juonocyclic terpene compounds; in the first cglumn is given a
“ gkeleton fprmula ” Uy which the degree of finsaturation of the
related compounds may be seen af a glance. -

Hydrocarbons Alcakols, ete *  Ketones
® Ciolly C,o,,0H CyoH,,0
(7 Meutbane) hyd -@Tetrabydrocarvone
/&Imﬂml <+ —«Menthone <
Couom, |
», / 0" - " 105 )
™ WOH | 1 G H,0”
r@l)mrwmnlhun é » » Car o <«
Mentbeue » ' s / -
[)lhydmhal —&Dikydrocarvone 4

- Pulegone »)-

\ :
) Clon 'c H,,Ow

o
e

\p
Limonene

TBorpinolen

Terpjnene ¥ < '
a~ MV

Ph
oP ene!

£l
— 3 Phellaodrenay;

]
] /
' Carvestrene

- (Sylvul.rene
i

D 0090070000 - 01

23



CHAPTER XX '

LJ

‘NON-CYCLIC (OR OLEFINI() TERPENES ."
1. IsorrEnE, C,H,

HE first compound of the vpen-¢hain series which we must
*vonsider is npt a true terpene, but a Iw;v _.erpene, its formula
keing C,H,, and not (ml{, « The subStance in questum woprene,
is nevertholoss most important, fdr, although it is never four.d in
nature, it is most probably the original substance {from Which the
many isomerides of the formulx C,on and C,;H,, ave directly
derived. N

The intimate connexion of isoprene with the natltral terpenes
is cttiphasized by the fact that many of them, especially india-
rubber and the different turpentine oils, break down into this
compound when heated at a temperature of 500- 700° C.

Again, when isopr ene, which is a mobile liquid boiling at 37°,
is heated to 300°, it is polymgrlzcd %o a bimolecular compound,
CyH,;, which possesses mosteof the properties of dipentene,
whilst on standing in bright sunlight {or a long périod it is con-
verted into a gummy elastic hody which very closely resembles
rubber.

At the present time, ** artificial ‘rubber * is manufactured in
Germany to some extent by decomposing crude turpentine oil
ito iSoprene, and subsequently repolymeri 1zmgD it at,the ordinary
temporature

Isoprend is a very unsaturated hydwcarbon, and yields a di-
and a tetra-bromide by addition of bromine at » low temperature.

. On the other hand, there is no dvidence that isoprene is an

eetylemc compound, and indeed, ite%onstitution as a con;ugated
B&%henoxd hydrocarbon has Ben made clear by two syntheses :
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. L]
(i) In'i897, Ipatiew prepared isoprene from tl.xe,isomorio dimethylallene,
the latter kgdrocarb®n being itself synthesized in the following manner :
Diethyl sucoinate and acetone condense in presence of sodium ethylate,
[ ]

eforming the es¥er of dimefylitaconic acid :—
]
m’m.co % cH.cO00E. , (CHy),C: €.cO0E:
° D=l
CHa.COOE: CHa.COOE:

.
When the potassium salt of this acid is electrolysed, dimethylallene is

prodficed (just »delectrolysis of potassium succinate yields ethylene) :

‘ R ++
J5H3) ;C=6.CO0K (CHy);C=¢C .
. b g + a co’ L 3 t K
. CH, |
CHxCOOK LA a
Dimethylaliene |
e -, " P ; P aed
N K - .
In.coo . - ﬁ.. + 3m...,, ik @
Ha.COOK o CHa

.
Dimethylallene yields o dikydrobromide addition product which, in
acoordance with the Markowniko¥ rule, may be formulated as :

CH,\c
Br,CH 8rLCH3 PY
oH”

and when the latter is treated with alcoholic potash, ssoprene results:

[ )
i CHa
® Sc-cH==CH, °
v/,
enf [
. .

(ii) In 1898, Yuler obtained ¢soprene by the “ exhaustive methylation®
of B-methylpyrroltdine, itself produced synthetically from methylsuceinio
(pyrotartaric) acid (compa® pyrrol syntheses, ché®p. iv. p. 42).

. CHy : H=CH H—CHa cH
A | H B ! ENM > —
eu,.on_c§ CHpC==C cH, N .

fvro&rhm imide £-Methy Ipyicol &-Mcthylpyrrolidine

1

CH,—CH, oM H==OH

\ 2
V| e - I .
CHyCH—GH, - CHy*CH=CH = N-(CH, ),
v
. ®© N
. CH,l H=CH, ° KOH HE=CH, “

b o b and + (CHy)y N-H}

CH3 CH—OHa——N (CH, )1, 5 C==0N3 -
LY lygprene
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The polymenzatmn of isoprene to dlpentene can Gasily be
represented as follows :—

I R ¢ =

On the other hand, it is easy to see how other isonaerides, of
the composition C;oH,; might equally readily he formed ; ‘for
instance :—

(i) A m-menthadiene :

4

SH=cn, 8
CH,.C\ i > t“a(’ .%N
é@‘h 'CHy~
L3
. -
g ! . CHy Hy
o) oM , ¢
(ii) A non-cyclic terpene : . .
OHnm oz cm s,
=CHz _ - N = A
ond? s+ CH;==CICH ) CH=CH, >—r .)/: cu,cu_cu.cu(t.. 4 SH=GH
CH3' Py
. ()
cl‘kc Cl'{.\ 5
-CH=CH, + CHi=CHC (CHy'aCH, >— ,/c-cu:OH CH=CH ,c(cu_’ '=0M,
¢ c"u CH; 3
+

. 4
1I. ME’I‘HYL'HEP'I‘ENONE

We will approach the real olefinic terpenes by considerasion of
a nearly related compound of the formula CH,,0, which occurs
agsociated with the former bodies in various essential oils, such
as those of geranium, lemon, rose, ete. It “is an ursaturated
ketonc known as methylheptenone, and its constitution'is at once
gﬂthered from its oxidation products, which are acetorie and
levulinic acid in molecular proportions. This fact enables us

to build np':a formula for the ketone as ®llows :—

v
. L1
« CN [4 ° 0“< .
R o 4 COOH.CHasGHy: QO-C\"‘ -— - p:cn.on.ou.no.cu s
2 ’

Ko ‘ '
“me R G a - Methyl heplenone
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. This structure res.d.lly explains the productlon of methyl
heptenone from cineolic acid anhydride (p. 335) :

() . &o . » ° [ ]
on O  (OH, 0=
(CHs ). 3 '426:CZOH.CH., CH, SO H + 00 + co
CHA-CH * 2 a
Mghyl heprenone
. * *

Cmcol:. anhydride.
and also renders obvious the production of dikydrd-m-wylene when
the ketone is tfeated with 75 per cent. sulphuric acid :

Ha=O M
- Y go-ou 2 — g- ;&n.
CH 4
iu, [
'-&thl heptenone Dlhy‘co-mlyla'

»  Finally, we may quote & qynthesm of mcih‘yl heptenone by Bnrbler end
Bc avedult (1896) :

Fsounylenedibromide (1I1), pwpumd by addition of bromine to the
m;amylene (II), obtained from 7soamyl bromide (I), is condensed with the
monosodmm salt of «cefylacetone YIV) (from the Claisen condensation of ace-
tone *'lu ethyl aceate). The product (V) is boiled with alcohohc potash,
when methyl ’Zeplenone (VI) and acetic acxd are produced. Tt will be seen
that this process is simply a variant of an “ acetoacetic ester " synshesis,

(CH); Tu (CH,); CH (CH, CH
CHa >p cH > HBr
CH,B ¢ '!""- * CH, B
o4
(l"' " @n hd (m)' $
CH N COOE: + f"‘ [ ] OH;CO. CHs fra——
.
® To >
4 [
CH
0“ £
. mp
(CH,). (0"‘)'7'
H JN
Mg
{ ° |
CH +CO. CH R CHy
co. ]
|o * f
OH H
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The importance of methyl heptenone lles i its capnblllty of
transformation into the olefinic terpenes of the citral type, to
which we now pass.

III. Tae CitraL Grour

The most abundant of the naturally occurring olewws wrpous
* derivatives is the aldehyde citral, an optically inactive compound
‘found to the extent of about 70-80 per cent. in oil of lemon grass,
and also in the oils of oranges, n‘angi'ans, verbena, balm, bay,
and mgny other shrubs. Citral is readily mol.;,tm' in the.pure
condltlon from any of th(,se essential oily by shaking with sodium
bishlphite, and, after separatmg the well-defined addition com-
pound, regenerating the aldehyde by gentle warming with alkali
carbonate.

Citral possesses the formula C, H,,0, and its constxtuhon is
rendered evident by the change it undergoes when Loiled with'
strong godium carbonate solution ; under these conditions a kind'
of hydrolysis takes place, a molecule of water being added, and a
mixture of methyl heptenone and acetaldehyde resltlting :

. v

3 3
eH ), c=cu.cn,,cn..io + CA.cHO' >  (CH), acu.cuﬁcu.tlcu.cuo
Methyl licplenone Acctaldebyde 'Cllﬂl

L3
P

Citral has been synthesia>d from an acid, geranic acid, by Tiemann (1898) H
geranic acid in turn was synthetically prepared from methyl heptenone in
1896 by Barbier and Bouveault

Methyl hepleno'ne (I) is treated with wdoatetw esler (II) in presence of
poydered zinc, when a similar reaction to the “ Grignard > process takes
place at the carbonyl group, and the double metn.llo.'yrgamo derivative
{ITI) is formeg. By the action of watpr and subsequent, hydrolysls the
acid (IV) is produced, which by heating with adbtic anhydnde gives geranic

®cid (Va or Vb). Since boiling alyali carbonate resolves geranio acid into
methy! heptenone and acetic acid, it is plain that the acid has the Jongtitu-
ption '(Va). When its caloium su.lt is distille® with calcium formate, citra}
results, just as acetaldechyde resyjts when a mixture of calcium acetate

and x‘y‘mate is submitted to ¢y distillation ; @
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., .
«cu,‘.cl:l . (CH, ), ¢
T .
tiH. * > o Ha S
CH: § . Ha
| .
. CHyCO 4  1CH, COOE: CH, .C(®Zn1).CH, COOE:
a t
o n )
a L]
iy . (CHy C (CH, )30
L] hd ,H l"
.\‘ CHa > CH, (nr CHa
" CHy H, l
: o~ ] i
(o -Tlel,)) H CH,.C=CH. COOH CH,.c _-eu.. .GOOH
.
v - (Va) (Geranic acd) ° b
.
. .
(CH, \ [¢] ]
'Il
b ® CH,

CH, .C,CMa CHO
vVl Cural

Citral is transformed to p-cymene by loss of water when boiled
with acetic acid :

° L ]
[ ]
CHO—CYy (HORCH=CH
(CH,).C8RH ?.cn = | (CHJ;CH-C .CH, > c.H@cH
i &cuﬂc s @ : i %H-( ?
Citral ° ° #-Cymena,

The citral found, in natureshas been proved to be a mixture of
two stereo -isomers. Since there is no possibility of the existence
of optlcally active forms of the compound, it seems likely that the
isomerism 18 of ths geometrical type, and from investigation of the
related alcohols geraniol and narol (which are described below), it ©
appears that the two forms of citral may be represented as “ cis- ¢
trams ”’ isomerides correspondmg to the formulw

(CHa)g.(‘rOH CEg.Cﬂ-;—O—GH,, &,"(CHQ)Q-C-CH-CHEOCHQ_-O"CH;]
ah
H ‘CHO . CH H.
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Aleohols related to citral. Three isomeric alcohols, C,,H,..OH,
which are found widely distributed in nature, each yield the
aldehyde citral when submitted to acid.oxidatiort These are
geraniol, nerol, and linalool. The two formcr are believed to.be
stereoisomeric varieties of the same alcohol whilst linalool
diflers slightly from these in chernical constitution. '

Geraniol is found chiefly in the oils of g g,erarﬁum, ditron, end
lemongrass ; merol occurs associated with lt in vhose of nerol,
lavender, spike, and others.

The acelates, valerianates, and tiglates of both are also frequently
present with the alcohols themselves. .

"Both geraniol and nerol arc ¢btdindd when citral is reduced
with ¥odium amakam, and the aldehyde isthmilariy produced
by their oxidation with the thegretical amount of chromic acid.

When heated under pressur with water, geraniol or nerol yzeld
methyl heptenone and ethyl alcohol, whilst by oxidation with
acid permanganate. acetone. lievuliiic acid, and oxalic* acid are
produced .~

Tt is therefore assumed that the two alcohols are geometrlc?l
isometides corresponding to the stereoisomeric citrals :

(CH;)e.C:CH.CH.. CH—C—CH, (CH.,)_,.cx:H.crL,aHz—(l;f—CHa
I
H—Ce—CH. (on) . (HO)CH,—C—H.

This conclusion accords also with the above hydrolyt;c and
oxidation reactions :

¢ .

ACH, Iy c=?u (CH, 13C=CH | )
CHa Ha0 at150°C éH, oxidition
- >t

GH'
) Lowsmon™
3HWCO 4 M,y CHaOH CH,,C=CH.EH,OH)
.
[ 3

10H,),C0  +, GOOH

OH,.t.ﬁ +  (COOH)N;
.
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. When heated w1th “dilute sulphuric acld., both geraniol and
nerol yield terpin (hydmte) the latter very much more readily
othan the former. Noy it will be scen from fhe appended {ormula
that one of the geonttrical isomerides is muth more adapted to
form the cyclohexane ring-system th.m the other :-

HatOH
MNomcHeiom:
.cn.n( Lok, c""qeu.-c KOO,

CHa=CHa (OH) o e&‘om ‘
(cﬂ:\..f OH) ﬁc“' - CIOH'(CH, ), CHy, @l CHa.C (om(cﬂ r

[ ]
\ R
.
(HOUCHy= CH,
\ H
e CH~CH, Hy
Terpin

Nerol 18 theretore assigned the structure (a) and geragiol the
configuration (b) ; moreover, the relative quantities of the two
forms of citrgl formed by oxidation of geraniol and nerol are ,
differertt, and consequently that preponderating in the oxidation
of nerol is given the structure shown bdlow, and is known as nero-
citral or meral; whilst the othey formed in greater amount from
geraniol, is 'represented as the geometrical isomeride of neral,

.and designated geramo -citral or qeranml

(CH-.)Q.C CH.CH..CH,, .——C—CH (CH,),.C: CH CHZ.CE,r—(l".‘i—-Cﬂa
H—C—CH, o(OH) H—C--CHO

Geraniol. Ceranial (Geranio-citml).
Cﬁ3)2.C:€H.CH._.{)H...—(I}—-(‘-H:, ((}‘H,,)._,.C:CH.CH;,.CH.J——(IT;—CH;
| .
(HO).CH—C -H ° CR0—C—H
Nerol. Neral (Nero-citral). o )

* Kinalool, on the other hand, occurs in optically active forms,
and is widely distribut®d in the oﬂs of coriander, bergamot,‘
neroli, petitgrain, thyme, lavédier, apd others. Linalyl o
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propwnate butyrate,, and valerianate frequently accompa.ny the.
alcohol in small quantmes

Racemic linalog) is formed to a certain extent wiien geraniole
or nerol are heated to 200° C. with water irf an autocl ve, whilst,
on the other hand, the natural optically active linalools give a
mixture of geranyl and neryl acetates when boiled w1th acetic .
anhydride containing acetic acid.

The only isolable products of the oxidation of lmalool- are
acetone and levulinic acid; and from this' fact, taken in con-
,Junction with the mtelconvertlblhty of linalool and geraujol-
‘nerol, it is argued that linalool is a tertiary alcohol of' the

formula : . e
e © CiH:l .- n
¢ (CH;,)_..Q:CH.CH,_.CI;T +.C.CH:CH.. .
« OH .

An apparent argument against this formula. is the conversion ofil-linalool
to d-terpin Yhydrate) by the action of dilute gulphuric acid ; for, since the
d-terpin can be dehydrated to d-ferpineol, in which the asymwetno%&:bon
atom of I-lnalool has disappeared (although it is true that a now (pls.nslbl{
racemic @) one has been introduced), it is difficult to understand the optica
activity of the terpineol produced :

Ha—CH OH
F(‘\" A c \ 7 .
¢CH, ),C"iu c\/col‘ B (CH, )G, (OH»- H P> >
CHa—~CH, & Hy=CHa H,
#Lipaloo) . #lerpin
.
.
:—-cu\. N .
(CH3 ', CAOH' €H C.CH, .
. Hy—C’ [
&-Terpincod
.
The matter is not yet cleared up. * .

Dipentene, terpinene, aud other products of the ionooyclic
terpene series are also obtainable under different ®onditions from
the three algohols described above,*but the formation of these
meoducts depends on the primary production of ferpin hydrate,
and therefore need not be further enlarged upon. .

.

Jydrocarbona related lo citral, ,Dejy.dratlon of gerantol by potassium
hyd;aen sulpht\.te at 170° pr~duces among% other substances a hydro-
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. . o ®
oprbon of the formula C,oH;;, known as a,nhydrog:,rqniol. This compound
contains three ethenofl bonds, and is therefore an olefinic terpene, but its
formula is unce‘t&in. Tsomeric with it is myreene, also a triolefinic com-
pbund, which is found in qjis of bay and of laurel. ¢ *

A dioléﬁnit‘ hydrocgrbon of unknown structure, linaloolene, C),H s,

. results from the reduction and subsequeat dehydration of linalool.

e . )

1V. Some Cycric DErIvATIVES oF CITRAL

Citral is the Toot-substance of certain cyelic compounds which
aze, nevertheless, not monoeyclic terpenes but are derived from
1-metRyl-3-gem *-dimethyltetrakydrobenzene, and contain in a side-
chain attached to the nuclgeg an, aldehydic or ketonic group.

The «implgaatynes of these intramolecularly condensed citrals
are the a- and SB-cyclocitrals, which are readily f6rmed by Warming
citral with aniline or cyanacetig ester. *The first product is prd-
duced by the usual condensation : *

(CH,)o.C:CHL. CH,,. CH,.. C(CH,):CH.CHO + NH,.C;H,~>
(CH;),.C:CH.CH..CH,.C(CH.):CH.CH:N.C;H;, or  *

CN.
(C§fs)e. C:CH.CH,.CH, C(CH,:CH.CHO + H.C. > (CH,)LCiCH.CH,.
~COOEt .

N
CH..C(CH,):CH.CH:C ~
COOEt.

The ring-system is then glosed by addition and re-elimination
{in two possible ways) of two molfeules of water, and the mixture
of the anils gr cyanacetyl derivatives of the two isomerides
yields the free eyclocitrals by treatment with dilute mineral acid :

) ), . on),
fia \GH.CHIN.CaHy g Guon0
2 ,,lcu,» > c{«fou)
My, . g v . .c:ﬁm'

/‘cwlMN‘CQH. CH: CH; CHIN.CeHs .
f ! iy ©orh *
L pioKy 0{"‘?‘“:" gH), (u,)‘
CH, - Cl ,
4 CCHIN.CoHs 0.CHO
> &

CH} &
H] .

AW~

of
* The profix * gem-" denotes the attachmenty, ™ Q&{‘
two similar radicles to one carborPatom, . A #Cvdoctnt.
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By further condensation with acetone in Jpresence "of baryta
water, each of the cyclocitrals yields the corresponding «- and
B-tonones, whicheare commercially valuable as a substitute for ol
of violets in perfuthery : ’ .

. ¢
L]
(QHyY, e (&i,),-
dHa tirwuo + CH CO.CHg o 'OH=CHCa CH,
' — & Jon |
o o
oCyclocitral. T
(g:, ) ‘(&np'
o © =
Tfa. OCHO  + CH;COCH, « % ' s ﬁﬁﬂ OH.CO0H
“ ” c ""‘ ', .
. CHa CH, » . ?:3 ﬁﬂ.ﬂ"f
;Cyclon:nl " A-lonone,

The actual constituent of oil of violets and orris oil which gives
rise to the characteristic perfume iy irone, C;,H,,0, isonferic with
the above, and represented by the formula : Yo o

«
(©cHy,
&H > cHchioHco. ok,

cH, CHecHY
CH,

V. TuE CrTRONELLAL GROUP .

The aldehyde citronellal, C,J1,,0, is an optically active sub-
stance which occurs (as the dextro-rotatory vatiety) in eucalyptus
oil, balm oil, and lemon oils. i

« By careful oxidation it yields the corresponding acie; éitronejlic
acid, and by reduction, citronellol, C,,H,o(OHJ; an unsaturated
monohydri® alcohol, which is found (uswlly in the levo-form) in

® oil of geranium and oil of rose. B Lo

It might }: supposed that these compounds eorrespon& respec-
tively to the dibydro-reduction prod?lcts of citral, geranic acid,
and geraniol; but geranjc aci®,’ when reduced, yields an acid,



» NON:CYCLIC TERPENES 3656

shodinio deid, CyoH,,0,, which by further teatment gives the
corresponding aldehyde, rhodinal, C\H,,0, and alcohol, rhodinol,
GuoHio(OH), and these products are apparently not identical,
nor even stereoisomeri¢, with the citronellal cofnpounds.
. -Since citrdl is represented as (CH,),.C:CH.CH,.CH,.C(CH,):CH.
‘CRO, rhodinal would most probably b® (CHy),.C:CH.CH,.CH,.CH
+"(CH,).CH,LCHO, whereas citroncllal appears from its reactions
. to be R

CH,_
" C.CH, CH, CH. CH(CH). G, CHO.,

27

The ;egctiom}in question arg a8 follows :

(i) When ureated with acetic anhydride, citronellad is convertvd %o the
acetate of isopulegol ; the latt8r cyclic aleohql can be oxidized to a ketonp,
ssopalegone, which by simple isomdrizalign is tfansformed into pulegone :

E LI Q:a
"‘: a c{\cn.
c,c 0 - én, lo
A4
c"; <CH, Gﬂs acn'
Pulcgone,, . Rsopulegonn.

Tsopulegol must thercfore be formulated as helow, and this leads to tho
appended formula for the isomeric citronellal : .

& 5
chy cina t':ﬁ‘:{‘cn:
s 2 GH(GH on, éno
M ¥“l
CH CICH, CHyg CiCH,
‘Bsopulegol, CitronelLaL

(ii) The suggested formvfa i dontirmed by the careful ®oxidation of
citronellal by potassium permanganate in cold aqueous acetone: the first
-product ¥s a dioxy-citronellal, which & next transformed to & keto-
aldehjde containing one carhgn atom less than the original citroneMal.
We have met this characteristic reaction, of the methylene radiclo>C:CH,
in connexion with terpincol ang othe'l’%ompoxnds of the monoecyclic sories,
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and it is ovident that the ‘Production of the keto-a,ldchyde is readity ace ounted
for by the above constitution :

CH; .
e C.CH,,CH,*CH..CH(CH,).CH..CHO
Citronellal. o« A

CH,_
. - C(OH).CH.CH,.CH.CH(CH,). on..c‘ﬂo

CH. (()H) .
The Dioxy-compound. “x .

CH;.CO.CH,.CH,.CH,.CH(CH,). CH-}CHO
The Keto-aldehyde. .

. o~ .
b -

VI RI‘LATIONS BH{WEEN THE *OLEFINIC TERPENES

We append a table showmg thc chiel connexions betwe(,n the
various .compounds of the non-cyclic terpene series.  «

.
N Monocthylemc Drothylene Triethyleny e A
1yt ocarbons Cyolly C,H,, CH}, 7 :
- Linaloolene Anhydrogeramo)
Aleoliols CollOH) | | ol (OH) '
Rhodiol ? alool<——/1 € -
Citronello} Gerantl ;Mel.hyl h
Nerol + ethyl  aloohol
. .
Aldehgdes Cyoll,,0 1ot 0 h .
+ [ Rbodinat Y Catral ‘-
Citronellal 2 nr Methy! heptenone
Cull,0 . 4 acetaldehyde
(Ionones) .
.
* Ands Cpoll, 0, CyoH0, A Bl
Rhodinic acid ||¥Y G acid, = yMethyl hept
®| Citronellic aci g — > catio acid
¢ . ¢ .



CHAPTER XXI
¢
l’()I_,YCYCLIC. TERPENES: DERIVATIVES OF PINENE
CAMPHOR, AND) FENCHONE; AND THE SESQUL
»}‘ERPENES
I. Dexfvirtdes or Pivene
A. THE CONSTITUTION OF Pivgne. s,
L4 .
HR most abundant of the naturally occurring dicyclic ter-
perres (and, indeed, of ll the terpene derivativeg) is the
hygltpcrwbon pinene, G Hg, which is the chief constituent ol
t§‘pentme dils. The dextrorotatory form of pinene, sdmetimes
ned australene, is found in the oils exuded from Rassian
*Am¥rican, German, and .Swedish pines, and also in cypress.
star-anise, laurgl, fennel, coriander, myrtle, eucalyptus, and many
other oils. [-Pinene, or terebenthene, occurs in French pine oils
and in pine-needle, hemlatk, cajeput, *valerian, thyme, spear
mint, parsley, and a number of uther vils.

Theeoptically active forms can only be purified by 1'epeated
fractionation under diminished pressure, whilst inactive pinene
is readily obtained pure by treating the alcoholic soltition of the
nitrosochlpride of cither active variet,y with aniline.

Pinene .is unsaturated, but only forms a monohydrochloride
and a dikromo-addition product, and a mononitrosochloride.
The inference is' that only one ethenoid bond is present, and
therefore, in view of its formula C, 1, it is certain hat pinene
must pgssess a double or dicyclic ring-system.

Pinerle is very readlly oxidized, and even by simply standing in
presence of moist air it & converted to an unsaturated glycol
known as sobrerol. At the.samta‘\:lme gmall quantltles of hydro-
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gen dioxide are produced and the emulsion of air-oxidided pinene
and water consequently finds application, dnder the name of
“ Sanitas,” as a,pleasant smelling antlseptlc and disinfectant.

Pinene hydrochldride is a solid crystalling compound, very much
resemblmg camphor (p. 373) i m appearance dnd smé.l, and often _
sold as * artificial camplfor.” When heated with anhydreus.
sodium acetate, this ('ompound is converted to a hydrocarbon,’
C,oH;; which, "however, is not pinene, but an isomeride known as
camphene (p. 384). Morcover, when pikene hydrochlonde is
treated with a solution of silver acetate, silver chloride is removed
and the resultmg product is the acetate of an alcohol, isobornicol, of
the camphor series, and when oxidized with nitric acid, camphoric
and cther acids of the camphor series result. - <®=-

¢ The pinene and camphor gr oups of the dicyclic terpenes are
thus very intimat.ly related.,

On the other hand, by various processes pinenc can be readily
transpoged to p-cymene, carvacrol (p. 336), or a numbar of the
p-menthadienes. Tt is thercfore plain that in pinene there cgist
the elensents, at all events, of a methyl and of an isopropyl group,
which are separated on either hand by a chain of two car’ un
atoms : '

™

L™

9§

We must next study some of the oxidation products of pinenc,
and from these we shall be able to deduce a very probable formula
which represents satisfactorily its pgeneral behaviovr. (As a
matter of fact, the choice of suitable formulre is much more
difficult in the dloyohc than in the monocyclic terpene series,
and in the case of pinene and several other meémbers thereof, a
number oférival formulx still contend for the representation of
'these substances; we shall, as a gene'al rule, restrict our dis-
cugsion in cach case to the structurc whlch appears to meet with
most general support from the authorfties in this field. )

Tl:: oxxdatlon of pineny take§ place.in two main stages :
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) Atmoa;rhenc oxidation produues the unsa.tumted glycol, sobrerol,
Gy H4(OH), ; this, byathe action of dilute acids, losés a molecule of water
and forms pinol, C,,H;60, an unsaturated compound in which the oxygen,
Igke that.in cin2ol ( P 334),, is of ether-like or oxide typd, and not alcoholic
nor carbonylic.

(ii) When y¥nol is cdrcfully oxidized at 0° with 1 per cent. aqueous per-
mgpganate, and subsequently with a mors concentrated solution of the
-same reugent at the ordinary tomperature, the followmg products are

sucaesslvely %btained :
3

Pinol,C.&H,,,O > Pinal dlycol, CnH gO(OH); > Sobrerythrite, C\yH i OH)4

(Monocthenoid (A saturated dioxy- (A saturated tetrahydric
her.) ether.) aleohol.)

> Terpenylic acid, ©uH,,0, > Terebic acid, C;H,,0,.

(iii) When pinene itself is oxndued hy potassmm permanganate, the
prodycts formed in the first place a~e :

Pmene, CHys > Pinonic acid, C\H,,0; Pinic acid, C4H,,0,,
(A saturated ketonic acid.) (A saturated dibasig acid.)

-]
'Wotion (ii)> shows a connexion between pinene and lerpenglic acid,
qu\Ie already know that the latter compound is constituted as follows :—

The lactonic oxygen atom in the latior acid corresponds almost certainly
with thesethereal oxygen of pinol, and, omitting the parts of the terpenylic
agid molecule Whlch are obviously due to oxldutlon, we are left with the
following skeleton of the mdlecule of pinol as that part whigj¢ has escaped
oxidation : «

/|

cqi ,cn.\o tie CgHy,0)
\:H
OHt: C. CHy *

Since Ml has the composition €,0H,{0, we have now to account for
(C;Hj),out of which residue we ygust allow for a group (CH—C)in a ** para >
position to the isopropyl (or rathels in this caso, the gem-dimethyl)
residue. '

24
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This reduces the nur'nb'er of possiblo formuls'for pinol to twoy némely :

4
GH, CH,
. O\ ’
e 1,(." CH c’n%.o\ '
@ | or w !l "
CH: CH, . OQ. CHy O
\?“/o °‘ '
CH, cHsd ' -«
TACH, T6%em,

- [

Let us now construct the corresponding formule for the saturated glycc
and the saturated tetrahydrio alcohol derived from pinol, in accordanc
with each of the above suggested structures for the latter compound :

CH, CH,

‘¢,
,é\(omt J o\(oH,
©OH TH T\ r“: 0(%
Pk Sl @) GH, CHy .Y om ")H\ o
. ///" \EV
.
¢
He -
c ,E . ondll
CH, . CH»
C_(OH) LCom
(OH)CH CH (OM) CH, CO
soterytirive. @ || @ | ¢
cr\u, 1‘:“’ cH./OH,
” X
CH’ C (OH) OHQ CHJ -C (OchHa

Evidently, then, the structure (5) would not yield a €etrahydric alcoho
at all, but a dioxyketone, and thus it is argued that (a) is the true formuls
for pinol. This harmonizes withe the fact that sobrerythritc is a sweot
somewhat sugar-like compound, sirce in the sobrerythrile (a) formula w¢
find three adjacent alcoholic radicles, and it is well knowa that apecumula-
tion of such groups is frgquontly accompanied by sugar-like propertics. |

Y .

Wagner"who is responsible for most of the experimental work
and theoretical conclusions in connexion with the abdve formula
for pinol, infers that pinene itself is

M,
¢ §
N ”'
4 CH CH=C~——CH
é"’ lq‘. or, 2 it f miorc wsually writfen, - / ©

aIv(}l-l
CHy~CH
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We ar® now able to denve the structures of the two acids
‘ormed by oxidati®h of pinene :—

o* GHa
.mom—clo GCOOH _ 007 H
-ﬁ n-—o:( , Oy 7oK, Lasd
H=—=CH, (,H,-—— CHy——CH———CH,
Piacoe, OpyH,q Pnomcm'd CyoH1a0s
.. .
¢ cooH /cu.coon
CH;O-OH N
CHg == CHemee CH,
Wescd G0,

- -

B. RELATIONS BETWEEN RINEINE AND. THE p-MenTrADIEXE
LRIES®

The fellowing are the chief reactions by which it is 8§ present

wible to pass between the pinene and the monocychc p-terpene
)mpouhds

W Formation of pinene dgrivatives from the monocyclic compmmds

(@) Wa%llach showed that when terpineol dibromide is o

treited with sodium ethylate, pmol is formed amongst the
products of the reactidn.

L »

(ii) ﬂonversion of pinene derivatives to the monocyclic compounds,

(@) Pinepe, with dilute hydrochlorig acid, yields dipentene.

(b) Pinenc, with aleoholic sulphuric acid, yields terpinene.

(c). Pinene, with dilute aqueous sulphuric acid, yields
terpin hydrate.

+/ - (&) Pinene, warmed with a mixture of acetic and sal-
phuric acids, yields terpineol. .

(e) Pinonic acid, warnled with a mixture of®acetic and

sul huric acids, yields homoterpenyhc methyl ketone.

* f) Pinene nitrosochloride, with Qﬂute hydrochloric acid,
ylelds hydrochlorocardbzime, whxch is transposed by dilute «
alcohohc potash to gargone. ®

.
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The productlon of d@pentenc, terpmene, and terpin h’ydrate as
formed in the above reactions is natural if we grant that terpineol’

is produced in the first place. The remammg trapsformatlona
may be structurally illustrated as follows :%- <

¢ e
CH,

‘ gé\tu\omﬁ ?i:%;;".' Lo] '
2 :/ K o{ H

©H;67CH, h
Purol Terpmeoldibromide

H
ﬁ'f C{i/g\;"l . (

v
H % -
! « o e £ %,
> A
GHa pmétomcu
¢ cH
c/“:\c,_, Tegpiteol éo’
‘ 0 OHy
LN: H2 / f
s A Pk
oS NN
2 . CHY H
pmre N\ Yoo,
b ‘\Q Homoterpenylic
CH, / methyl ketone.,
Go .
NOCI ctl)o‘;\D
CHa ‘GHQ ¢
" cHCTCH P
2 £}
Puwonic acd  *
. 'y
HO.N'C QGH uo-u:c \cu
L e . L« H, "
Clta ,CHs Hel cu on
v /\8\»4
CH;CCH, CH; ecu.cu' + CHZ "
Pinene hiorld Hydrochl ox Carvone

II. DERIVATIVES*OF CAMPHOR

A. Tar ProperTIES OF OaMPHOR, C, H,;0.

é'am&)hor is the most abundant of the somewhat num;arous
natural ketones of the Ocompﬁsition. ToH0 5 it is ‘optically
L “

-
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active, and in nagpure the dextrorotatory fdrm is the more fre-

quently found, notably in camphor oil and leaves, cinnamon
woot, sassafrhs Jpaves,sand rosemary. I-Camgplor has only been
noticed hitﬁerto in, tﬁe oils of feverfew and of tansy. Camphor
fs a crystalline gompound with % very refreshing and pleasant
" odour; it melts at 175° and boils at 204°, but even at the
ordinary %emperature it sublimes with great eage. Its specific
rotatory powet is [a], =+44'2°.

Its chief chemical reactions are as follows :—

~ 1. Conversion to Aromatic Compgunds ,

(i) When distilled with phﬁsphorus_ pentexige or zinc chloride, camghor
yic:ds abundance of p-cymene ; ths is'simply a case of dehydration :
[ )

C](.H]QO —_ GH:‘.CQH.‘. UuH’; -+ HZ()'
Camphor. * p-Cymenc,
[ 4
[ ]
(il) When treated with iodine, camphor is converted by mild oxidation
& carvacrol : .

v

CoHyO+ L = CHL.CH,(OH).CH, +2HL
. Camjdior. Carvacrol.

Heonce, like pin.ne, camph8r contgins mcﬂlyl and isopropyl residues in
¢ pura- ”’ positions to one another, gnd the relative position of the ketonio
group to thesg is shown by the reaction with iodine ; camphor thus pos-
seses the following * skeleton * of ecarbon atoms :—

. .

0—10?—&9-03

1§. Addation Reactions

 Camphor does not unite additively with the halogen acids, the hs,logens..
or nitrosyl chloride; we mav thercfore asgume that no ethylenic bond
is present, so that, as o sati¥fated mongeychic ketono of the hexhydro-pe
oymene series possesses tly,.‘ formul CH,,0 (camphor being yH,50),
we may argue that the camiphr nucleus mud be of a dicyclic nature.
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II1. Substitution Reactions
L .

Camphor is sufficiently stable to undergo slf'bsgitu'tion when - treated
under suitable conditions with chlorine, bromine, sulphuﬁc acid, and
certain other reagents. Two isofneric series of chloro- axd bromo-campha,
and of camphorsulphonic acids, have thus been prepared ; thg isomerism
is one of positiort, and not due to steric influences, and the two series ure
known respectively as the - (or a-) and g-substituted cathphors, ¢

IV. Reactions of the Kefgnic Group

(@) *Gexeral.  «
{i) Camphor does not unife With sodiun bisvphite. .

(ii) Camphor yields an ozime (m.p. 118°) with hydroxylaminesa liquid
phenylhydrazone with phenylhydrazine, and a semicarbazone (m.p. 236°)
with semiqarbazide, NH,.COONH.NH. *

Camphorozime, when reduced by sodiumeamalgam, gives a méxture nf
amines (the bornylamines, p. 383) of the formula G, ,H,.NH,. ¢ -

(iii) Camphor reacts with sodium, forming a monosodium derivative,
CmHl,,O}\Ta; the latter, by interaction with benzoyl chloride, prodyces
benzoyleamphor, CpyH,;0.(CO.CsH,). Evidently, then, a hydroxylic (i.e.
enolic) form of camphor can exist, so that we must accept §he presence of a
ketomethylene grouping, -CH,.CO-, in the formula of the ketone, and we

may thus portray it as ‘ . ¢

%"loi:

‘(b) Reactions of the kelomethylene group, -CII,.CO-, in cqmphor.

« (i) When amyl nitrite and alcohelic sodium ethylate fct upon camphor,
an isonitrosogompound is produced. .

o lsonitrosocamphor (I) is converted to aminocamphor (II) by reduction ;
to camphorouinone (III) by the aetion of nitrous acid or sulphuraus acid;
and,to fwo stereoisomeric mmphordiozime‘ (IV) by interaction with a

t molecular quantity of hydroxylamine. Aminocamphor, in presence of
nitrous acid, yields azocum, hor (Vff ‘Whicj \‘n heating passcs into azo-
tamphﬂrme (VI) and nitrogeﬁ : ‘
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c'u"ﬁc:.uu.s_. CuHs \E > c.ﬁ..Lmugho.n.. + N,

» . oy m
o Aminocanghor &0 Azocamphor. A“""'
hHu@ ’ "-. c'M“\
SN.OH n° .
o Clln( i i L
somtmsoc:mplm\ NOH phorquinone
b."u r

Clmphwdloxlmu [

(). When camphor is treated with ethyl formate in presence of sodium,
ozymdtylenemmphor is prodeced, and this latter eompound reacts with
hydroxqumme to give cyarﬁtamphor

QO 0 NH,OH o
N,‘\ B CuHqu ccn"iu<T
¢H: e+. HCOOE: -cmom e Ch: GHN OH

Oxymethylemcamplm

)...e.w.fi°

Cyanocal
° y rphot
.

. »4iii) Hodiug camphor (the wodium salt of enolic eamphor), when heated
to 288° fn xylene (to protect it from atmospheric oxyg(,n), yields campholic
&cid, C,H;,COOH (p. 380), but, if carbon dioxide is present, oamplwr-
carhozylic acid is formed at a much lower temperature :

v _ C4H, COOH ‘
e - Camphole g1d
sH: L]
\‘lﬂ Na \:
- % , qo
CaH.{
HCOOH

Camphoreartoxylic acid

_ (iv) Camphor can’be condensed with aromatic aldehydos, and oumphor-
quinone. yith amines, when benzal-compounds and anils result :

. 50
G-H'd + ' CeHsCHO  —m cHl| ®
C=CH.CuHs
e ? (Benzalcamphor)
S50 PY b4 0
cuﬂu\L +  CuHuNH, — OeHis '
o | / e, 'C=N.CeH,s

fi o L0 (et



376 THIRD YEAR ORGANIC CHEMIS'].‘RY
1 0
Compounds suoh as benzakamhor, phenyltmmocamphor, a,nd azocamph-
anone, which contain a conjugated system of unsatufated groups adjacent
to the carbonyl ra,dxcle, are distinguished by enormous opticgl activity, and
also possess extrao ry refractive anomalies (¢f, p. 342).

V' Reduction N

By alkaline reduction, camphor yields a number of stereoisomeric secdn-
dary alcohols, the borneols. We shall return to, these' and their 8orre-
sponding hydrocarbons later. ’

V1. Ozidationy

When cgmphor is boiled with dilute nitric aecid, the dibasic ca;)iphon'c
acid is produced ; this may bepxxdued furthér to camphanic and camphor-
onic acids : . « K

o

CoH, 0 > CH,(COOH), - CH;0,CO0H > CgH, (COOH),

Camphor ¢ Camphoric acid Camphanic acid Camphoronic ucid
(saturated (saturated dibasic (saturated lac- (saturateds trie
ketone). , acid). tonic mono- basic avid).
basic acid). .

B. THE STRUCTURE OF, SOME Acms. RELATED TO CAMPHOR

Belore we can attack the pr obl‘em of the ultunate constitution
of camphor itself, we must elucidate those of some of the"acids
which have been encountered above. Wa shall censider in suc-
cession camphoronw caraphoric, camphamc, apocamphorw, and
campholic acids. .

1. Camphoronic 4cid, C;H,,(COOHJ,
L]

This trica.rboxylic acid, which is the fihal oxidation product
8 camphor, camphoric acid, and camphanic acid, breaksydown
on destructive distillation into carbom, dioxide, water, carbon,
and a nfimber of aliphatic acids; ghief argong which are isobutyric
and trimethylguccinic acids ¢ ‘\
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T
(CH,),GH.CH.,.CQOH COOH.C(CHy),.CH(CH,).COOH
Isobutyric acid. Trimethylsuccinic acid,

* Evidently®s group & C(CH,)- has disappewrdd in the produc-
tion of the former aci&, and, similarly, a longer carbon chain has

n destroyed in the case of trimétkylsuccinic acid. It therefore
seems probable that the three carboxyl groups in the above two
acids represent the three individual acid radicles of camphoronic
acid? but the fotal carbon content of the alkyl groups in the two
acids is* C,, whereas that in camphoronic acid is only G, We
hawe, therefore to fuse these two alkyl residues together, so to
speak, so as to form a clbain containing in all siz carbon atoms.
This ggn-~nly be done in one way :

"l
b s0em
OHzotH,
COOH  COOH

e synthe‘s.is of camphoranic acid by Perkin and Thor;)e (1897)
confirm8 this structure (which had previously been suggested by
Bredt in 1893) -

In presence of purified zfhc dust, ethyl a-bromoisobutyrate (I) and
othyl acetoacetpto (II) condense to B-oxy-aaB-trimethylglutaric ester
(III), which is converted by phorphorus pentachloride to the trichloride
of the corresponding B-chloro-#cid (IV). The®%ster of the latter acid reacts
with alcoholic potassium cyanide, 219, chlorine radicle being replaced by
the nitrile group -CN (V); saponification of this yields aag-trimethyl-g-
carboxgglutaric gcid (VL ; aaB-trimethylearballylic acid), which was found

‘to be identical with campyoronic acid : .
CHy © oMy
cooks-Cnsto COOEL.CHyiom
m . Zn o
Br PSS 's
CHs C.cHy CH,, G, CHy
! COOE, - OOE:
m .
' an
’ Hy Hy ?“s
O CHIBO GOOEVGH;%:M cu'__—.I;cooﬂ
eu,ioﬂ. =+ @ CH:GCH ¢ > , LT
Kol bl ' “
c /, Of+ Coon  COOI

ow b hd ™M 1-«0 o«
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I1. €amphoric Acid, C;H,,(COQH),

The following points are important in finding the constltutwn

of camphoric acid ¥ «
(i) It very readily (e.g. by sipple distillation) formg camphoric

anhydride,
. c.nQo

(i) It is oxidized to camphoronic acid, therbby losing ong carbon
atom entirely, whilst another is transformed to a carboxyl grpup.

(iii) By fusion with caustic potash, it yields isopropylsybeinic
(and other) acids, COOH.CH(C,Hs).CHY.COOH. )

The ready formgtion of an anhydride indicates that camphonc
aqid is a substituted sucginic or glutaric acid, whilst the above
structure of camphoromc aeid proves almost beyond doubt “hat
camphoric acid is derived from glutaric rather than from succinic
acid. ¢ only constitution which,will harmonize this fact with
the production of isopropylsuccinic agid on fusion of camphqxlc
acid witk potash is

(% GHs
CHj ———— COUH’
CH;C.CH,
Ch-3 H e C€ OH
.

Camphoric acid was synthesiztd by Gustav Komppa in 1903 ;
it may be mentioned that recently (1910) Blang and Yhorpe
disputed the correctness of part of the.experimental work in-
volved in Komppa’s syuthesis. The criticism, however, appears
to have been somewhat premature, for it was later entirely
withdrawn.

*The main features of the synthesis are as folloys - *

Ozalic estg (I) and BB- drmethy Iglutavic esteg (II, sce below) are con-
densed by sodium ethylate to the ester of 1, l-dimeihyl-3, 4-diketo-cyclo-
peniane-2,6-dicarboxylic ucid (I113. 'Thig compound forms a monpsodiym
deriyative, which by treatmgnt with methyl iodide furnishes the methylated
odmpou’.xd (IV); reduction of (IV) in preseﬁce of a very weak acid (CO;)
produces a di-secondary alcrhol (V),’whxch t\x prolonged treatment with
phosphorus asd boiling hydtiodic acid flknfhes the elhylenic ester (VIa
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or VIb). Hydrogen jromide is united additively with the latter unsatu-

Jated’ hydrocarbon, and reduction of the resulting bromo-derivative with
inc dust and goetic acid yields racemic diethyd te (VII).

zjn t an 1. .);1 r ethy campbgn (VII)

. The racergic camphoric acid obtained from the ester is com-
.Dlgfely identical in properties with am equimolecular mixture of
“the d- and l-camphoric acids from natural d- and I-camphor, and
the structure of camphoric acid is thus placed beyond doubt by

Komppa.’s brilliant synthesis.

CO®E: CH,. COOE: CO———CH. COOE: A
°
+ CH,;CCH,3 6» . ‘ CH,C-CH, >—
Ny >
coorme OH - COOE: CO-———CH.COOE,
m an . i °
(leemvuamphpric ester)
L]
. »
* oGHs ? GQHy
co . COOE: H(OH) — C—~COOE:
®
CH,.C.CH, > » CH,. C.CH, >—
1
. . ]
* co——-.lH.cbOE: CH (OH)—CH,COOE,
av) V)
®  (Diketocamphoric ester) (Doxycamphoric ester)
h ¢ GH,
C e &2 COOE:L CH——C&—=COOE: Hr— -2 co0E:
L
Ci CHy or OH,.0.0H, P e d CH, 3Ha
[} »
H CH~COOE: H———=C—800E, CHz——CH—COOE:
Vig) * (Vibe (vI1)
. Camphonc ester
]

» It may be m%pbioned that g3-dimethylglutari¢ ester has been syntheti-
cally produced from acetohe (I) and ethyl acctate (IT). These condense
in presence of sodium to dimethylacrylic cster (ITI), which by condensation
with malotic ester and subsequent saponification and loss of CO, becomes
the required substituted glutaric ester (IV):

¢ .

[ ]
>
(CHy)rcO  + CH3. (?OOE; e®=>  (CH):CICH. cOOEl. B
@ on (D)

Py L]

CH, ;- OH,TORE: (¥ CH; cooe,
H(COOI) r B ‘ .

«, W mne COOE:
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III. Camphanic actd, C,.HMOA.COOH, is a lactor}m acid denved from
camphoric acid by oxidation, and passing by further oxidation to camphor-
onic acid. In vigw of the constitutions of the two lattq~ acids, that of

camphanic acid must be e ’

LV. Apocamphoric Acid, C;H;o(COOH ). ‘
We saw above that by condensatipn of gxalic ester with gg- dlmethyl-
glutaric ester there was formed an ester of the formula ® L.

~—+-CHq «COOEL
v
H,y. CCM,

. t':o-—c':u—boos.

. «,

If, msten.d of roplacmg one of the hydrogen atoms in this ester by the
methy‘ radicle, the remaining stages of the camphoric acid synthesis are
directly proceeded with, the next lower h8mologue of camphoric acid is
finally obtained in place of the latter. 'The acid in gqugstion is known as
apocamphoric acid, and must accordingly be formulated as

L)

o
H~~—Qhi~——COOH
CH, CCH,
GH pmeme CHemee GOOH *

V. Campholic acid, C,H,;.COUH. '
« We have already mentioned that when sodium is heated wuh wmpflor
to 280° in an inert ntmospherc, and the reaction preduct subsequently
treated with water, campholic acid, possessmg the composition C,oH,50,

(s.e. C,.,Hm(f+H.O), is produced.
' The structure of this acid is mpde clear by its synthesis from og.mphoric

s.cld whicii was Mcomphshcd in 1900 by Haller and Blane.

myhoric unhydride (1) ‘can be reduce by sodium amalgam to cam-
(11), in the same way tha® phthalp anhydride yields phthalide

by reductiou.(cf. chap. iii. @. 31). The®aqone campholide unitrs with
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hydro‘g‘e'n Iromide to produte a bromo-acid (HI) Avhich by reduction with
mnc dust and acetic agid leads to campholic acid (IVY:

’?H _st_i__K m,—qi'—-co\ o Hy— SL‘COON
> [ ]
* * D> OH,.%’:H. ’

'CH,. O.OH, > CH_GCH,
B OH e GH GHym— GH——CH, Br
an
7 SLﬂm .
o~ | cu,Jscn,
CHg————Clp——CH,

av)

C: Ta#. ConstirutioN oF CAMPHOR (compare p. 373).

The following points, brought out in the preceding ssections,
are sufficient basis upon W'hlcl} to assq,n W structural formula. o
campho; itself :—

() Iti is oxidized to camphoric amd C;H,(COOH),, in the course
of wlﬁch process no carhon wtoms have been removed from the

m‘blecule. » .

.(ii) It is a ketone of the type o.u.qo .
e © H,

(iii) [t unites (o all intents and purposes) with a molecular
proportion of water to forip campholic agid.

(iv) It is easily transformed to &arvacrol (p. 373).

Arguing mainly from the prdbable constitution of camphoric
acid, Breds showed in 1893 that there must exist in camphor a
d.lcycllo ring-system. Previous formulm vor camphor such gs
those of Kekule $187‘3) and, Kanor:nikow (1483), had been con-
ceived orf a monogyclic basis. As indicated above, Bredt sug-
gested the formula for camphoric acid which was confirmed ten
years latér by Komppa’s synthesis, and he further put forwatd
a corresponding structure for gamphor :

.
M2 _cooH -2 _co _
CH, . O.cHy CHy . ‘:"0";
our—-lu-oo ' ln—-— CH, ¢ L]
Canphone acid. /. - Camphor

i

8 "
.
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This structural formula for camphor is supported, not only by
reactions (i) and (iti) cited above, but also by its synthesis froni
camphoric acid apd campholide by Haller in 1896 : '

Campholide unites additively with potassium éya.mde and forms a nitrile
salt (II), which is saponified to komoramphoric acid (III) Ualcium homo-
camphorale yields camphor (IV) when distilled in & current of carSun’
dioxide :

H;
cH— &2 __co cH— S .cook
CHy. CCHy >o CHpG.CHy
oHy—gH—ch, CHy— CH——CH, CN

(0] ' NI

Cria H.
GHz——C———GOOH, eHy —F2—co

CH;.C.CHy » CHy. {:-c Hy
Homm OH =———CH, ,COOH CHz —gH- =CHa
«m (v

D.,RevuctioNn Propucts oF CAMPHOR,

L Alcohols

When camphor is reduced in alkaline media, the corresponding
secondary alcohol, borneol, is produced, together with a certain
amount of an isomeric alcohol, icoborneol.

Borneol, which is therefore represented as N ¢

CH,
A== G—— G H(OH

21l

" occurs in nature in both d- and l-vhrieties

o d-Bo:neol is found in the oils of spike, rogemary, and cardamom,
and I-Borneol (which is the rfore abundant) in chamomilé, tandy,
. citfonglla, valerian, sace, and thyme. @ Frequently these alcohols
are present as esters, especially $§a m@&f and isovalerianate.
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"Botheol resembles camphor to a certaid extent in volatility
and in smell, and is often termed ‘ Borsleo camphor.” On
oxidation it reverts to camphor in the first place, and then
Raturally gwes camphgeric acid and the other dxidation products
of camphordtself .

\;['he structure qf ésoborneol is not dehmtely proved at present,
but it is eyident that the isomerism is structural, and not simply
ge{)zqetrical. . ‘

TI. Amines

Wilen camphoroxime is reduced (compare p. 374), a mixture
of bornylagmine (of the dppended structure) and neobornylamine

(which’ possibly corresponds to isoborneol) is produced. , »
.”'éun NH,
cu,.écu,
H,——CH=—GCH,
R III. Hydrocarbons ’

When borngol (T) is converted to bornyl iodide (IT), and the
latter ‘treated with alcoholic potash, bornylene (III), Cleb,
slowly formed ; on the oher hand, if bornyl iodide (1I) is care-
fully reduced with zine dust, thesaturated hydrocarbon camphane
CyyHya (IV), which is the parent substance of the camphor series,

*results : .

- a ~d
e 4
cH,— Bt o] 1}
CHyC.CHy
CH,— 3 __cuiomr | CHym__ch PR TS W W
1 C‘B i i
. : M
CH,C:CH.: > CH3e cA
e o ® U 3 (,. ®
cn,———-cn- CH, CHy——CH——CH, _"g"-'
" an @ CHyGCH,
CH; H——CH 9
(v
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If, however, the cofresponding bomyl'c'hloride or borngl bromide
is boiled with alcoholic potash, bornylene is 1ot formed, but an
isomeric hydvocarbon, camphene, C,,H,4, which is fognd in nature
in the oils of gingey, spike, valerian, and ssme turpentines, and &
characterized by being the only solid unsaturated terpene hydio-
carbon yet observed. It melts at 50°, and when heated Wik
glacial acetic acid and a few drops of concentrated sulphuric acld
passes into 1sobornyl acetate. . o

Camphene is also produced

(i) When soborneol is heated with dilute sulphunc acid ;

(ii) When pmene hydrochloride (p. 368) is warmed with sod.'lum
acetate and acetic acid.

The constitution of camphene is not well understoot ;<swhen
carefully ‘oxidized*it first produces camphene glycol, C, H,4(OH),,
arM then (with nitric acidy campheic acid, C,;H, (COOH),. This
acid loses a molecular proporfion of carbon d10x1de whem hbated
above its melting-point (196°), and epocamphoric acid yemains.
This bekaviour is represented by the fo]lowmg, structural

foruml«e .
GOOH ®
¢ Moo G GOOH H——COOH
GHZ T . l ‘
CioH\y > QH <
Camphene. lﬂ—'., ('-, H ~——=COOH OH—, cu——-cobu
Camibior acid, . L Apocamphor

The following formule have Deen tentatively put forwg,l‘d at
different times for camphene, but, as already stated there is a,
<" larl- of evidepce which‘would permit of a Hefinite ‘decision of the
question at present:  * . .

¢ CH-2~CH—C:CH ﬁ CHg—
J
H, E- l CHy . %cna/o:on.
cH,—-Llf— CHzly e H—GJOH’) YoM, ——cH
(Wagner (890) {Aschan 1910 ) (Semmler 10001

. Tht:lfslations of the tWo borneols bg these dlﬁerent hydro-
carbond are schematically repres&nted ow

.

« %
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"’ ——--—)‘ C'amphane, C,oHys
¢ }%- Bornyl iodide

—_ Bornegh, ¢, H,».OH l~-> » "Bornylene, CyoHyq

Camphor, Cy'},,0 ® ->  Bornyl chloride
e > lsobornedl, €, H;7.OH * —  Camphence, G Hyg

“ . * . Piuene hydrochloride, CiyH ;Cl |
.
J

I1I. Derivarives or FENCHONE

F Y »

Fene®vce is an isomeride of cumplior which is present in pil of
fennel (m. dexiro-variety) ,aud as lmvo-{orm (with thujone a.nd
pingue) in thuja oil. PR :

Witilat, however, camphor aud pinene belong to the p-menthane
series, fgnchom is related to the mete-series; at the same time, +
fenchone is a “ saturated ” compound in so far that it*does not
t8act additively with bromine or mtrosyl chloride, and, hence it
ity doubtless a dicyelic or ““ bridged-ring > terpene.

The following reactions of fcnckmw are of interest from the light
tlu,y shed upoi its constitution.

(i) When itds distilled with phosphoric anhydride, n-cymene is

«

produced : o ’
L
. cH
R . S—on
' CioFee0 3> 10 + @ Nucw(cHy),
CH==
* -

Fenchone m-Cyn;m: ©

s .

(iD) I'crwhone ddes not’ form an oxymethylcne derivative by
condenszulwn with [omuo cster in presende of sodium dthylate,
nor an isonitfbso- compound with amyl nitrite and sodium.
cthylate. ° o

Hence it mdy be assumed that fenchone does not contain the
ketomethylene groupm_q -CH,.CO-. *

(ii) Fenchone is remarjably stable With respect to ogldlzmg.
agents, but the mtenswe actlon o? ooneentrated aqueous potassium

25
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permanganate oxidizes it to a variety of ‘acids, amongst which is
found apocamphoric acid :

~COOH
°“1.1"°"3
N

- GH—— COOH

Fenchone is therefore related in some degrce $o camphor, in
that it contains the residue

— G2
cNg— Hl Q_‘
CH; CCHy

N cu’_..cu._.og

Qq . @

L -
We have o correlate this fact with the above data ‘that no
-CH,.CO_ group is present, and that the carbon atoms sttached

to the groups CII- and CHy C -CH, ‘are in the 1,2- (op mcm'-),

position to each other. This can be done in two ways, each bf
which has been put forward as a satisfactory representation of the
chemical deportment of fenchone :

. H3
—l ) ——
Hg=(3) CH———CO CHZ ’ 0
CHgCCH, l ‘Wallah 18gg) TH (Selmglev 1905)
-
CHi- ~CH—t ICHTH 5 GN;—(»G ugy,),

Fenchone is a liquid ketone, but resembles camphor somewhat
in its smell. When attacked by alkaline ieducing agents it
yields fénchyl alcohol (ol opposite rotatory Qowm to th.o.ongmal

«ketone employed ): o

QH,-— H—?H.cOH' PHOH
OM‘ GOH] l or
) |
—bn—tiicHg, &, Otig—bu—diony),
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-, 4
Fenchyl*chloride results dpon esterification of the alcohol with hydrogen
schloride, and this eséer, when warmed with anilin, yields a hydrocarbon
Jencllene, which by addition of water yields a new alcohol, 1sofenchyl alcohol.

$his is. exactty analogogs to tho behaviour of i similar camphor
“oympounds:— & @ .

Ca_ﬁf‘ol;or -> aomeol - Bornyl chl;rida - Camphene -> Isobornec
Fenchone —> Fenchyl alcohol ->Fenchyl chloride -~ Fenchene - Isofenchyl aleohe
- CyHx0 «CpH,;.OH CHCle CoH,s C,,H;7.0H
. - ¢
The kehaviour of fenchene upon oxidation appears to indicate
the, presence of a group, >C:CH,, and accordingly it has been ,’
fomfg}ated by Wallsch as : ’

CHy —CH——CH,
.
CH; C.CH [ ]
L SH

-LH =CicH,

JHydrogenation of [cnc‘l‘leﬁe produces the suturatel parent
- o .
hydrocarbof of the fenchone series, fenchane : .
CHy—CH——CH,

le )
CH;. C.CH,,

GHym—mm CH==eGH,C14
) é

Iv. R%;.A'rmnsulmnvsmv 1HE Digvcrie TERPENES Cam.

We proceed tq, colleet inetabular form the chief relations be-
tween the dicyclic terpene derivatives, including the compounds
citrone gud thujone, dealt with in chapter'xix. in connexion wjth
the monocyclic-ketche carvone.
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RELATIONS BETWEEN THE Dicycrio TERPENES ¢

(g (g

« [
Reng-systems Ilydrocarbons Aleohels | Ketoues Acids
.
- Trimethylone Cyoll ¢ C,H,.OH C,H,s0 (o
hexamethylene . Caroneppy—-Caronic acid, PR 208
(related to both p- and || Thujene _'&ujy.l nleohgl _@m C,H(COOH),
m-cymone) R .
. s
L | £y .
Tetramothylene CoHyo C,oH,,(OH), ’
hexamethylene Pineng ————-Pigol 3 Pinoni¢ae:d,
(related to p-cymene) SoEryt.hriml, C,,,ll,,()? ¢ ¢
¢ CyoHii(OH), Pime acd, H,,0,
« 7 .
Pentamethylene Camphene, CuHN_  CpoH ;. OH Cut,0 e
hexamothylone Bornylene, C,J1 :éimwwl Ca | Gampholie ueid,
}"— 0,
(r®ated to p-cymene) C-lmphnncfd.',,llf./ Tgoborgieol NCa CMH'”u’ud.,
n . g,“, ), e
. Apocampbonc acid,
— 3/ O,
. ° V-
H€& G, H,,.09 C,oH1Q * v.
{related to m cymeue) || Fenchene, C,,H,, | Fonchyl aleohol) | Fenchoné e .
M ¥ sofonchy) ,, }“__‘
. Foachaue. C, H,, .

V. THE SESQUITERPENES
¢ [

There are a numberf hydrocarbons of,the com[;osition C;H, !
“Toiind in certain essential oils, and known as sequiterpenes. Very
little is yet known as to their constitution, and although Wallach,
Harries, and other well-known investigators ‘n this branch afe
n6w dévoting attention to this problem,, sufficiensly ~definite
e1esults have not been announced up to the present for thid class

of compoutds to be described here in any”detail. _
¢ We may mention, however, that whilst the hemalerpene iso-
prene, C;H... boils at 375 and the majority of the true ferpenes,
Cy,H,,, at 170-180°, the sesquiterpends are thick oils of much
higher’ boiling-point (269-280‘f‘ Mgst of the latter scem to



POLYCYCLI(‘ TERPEN ES 389

- ]

.contain two ethylenic lmkmgs, and are the!efore probably of a
dicyelic nature. The chief members of the group are :
-] [ ]
)

O’admcne, w1delY§lwtﬁbuted-m oils of cade, German and Swedish pines,
cedarwood, abebs, wormwood, and betelnut.
S Jaryophyllene, found in oil of cloves. *

Humulene, from oil of hops.

Patchoultne, from Patchouli camphor.

. .

A few diterpcncs (C,OH3 ,) have also been from time to time .
reported to exist in nature, but at present little deﬁmte knowledge ¢

exists concerning them. _



APPENDIX TO CHAPTERS XVIIT-XXI
e . .
TABLES SHOWING THE €HIEF RELATIONSHIPS BE-
TWEEN THE MONOCYCLIC, DICYCLIC, AND OIfE
FINIC TERPENES, AND THE AROMATIC SERIES

L]
I. AromaTic ComPoUNDS AND TERPENES *

.
¢ (a) THE para-SERIES .,‘
| ¢ Terpenes
Type Aromatic sertes ,—. }‘” o e *
. Monwcyche Dicyclic Oltfhuic
Hdrocarbons || p-Cymene, C\gH, %6 Inpenten, ('J!.,H,,,' Pf}e. CuH, | (Isuprene, Cyfl;)
v °
MeMthene, C,,) . .
Aleohols p Cresol, yOH ‘
(Phenol) @ || Carvacrol, C,,H, Terpineol, Cygll,; OH
. .
o | Thymol, €,;H,; 0 AT
Aldehyded Citral, CpoH 4
. D
Ketones , ‘arwne, Cy H}3 Camphor, GioH “O
E Menthone, C,;H,,0% Thujone, C,
‘ [
' L
Acvds p-Oxéberumc acid, .
H,(OH).coon
¢ .
)
dase li B-Methylpyrrohidig. v .
Rpasus..c-SN S AN S _ [ B
v = o o ——
(b) THE 1mneta-SE. LIRS N (]
Type Aromatu serws mecvrhc ter;mm Du'yrlw leum:es
T T e = —— B i
Hydmcmbaus in Cymene, C, 5 | Sylvestrene, Cll,, . .
. . \\%{;:s\lmne,((,,ﬁ,n
rtone: Fencfihe, C,,H,,0
p 3 T -
Acuds I ‘xyben oic acid, £
" H(OH).C( YOH LS
l L b .
390
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Ile MONOCYCLIC AND DICYCLIC TERPENES

. Type Monocyrlic Doy e
- -+ s P - -
N (] (1 (Tetramethylense) | (Fentumethylentc)
H g vcarblng ) Dipentene, C\ H < Inene, G, | Camphene,
Y 5 CiHus
(p) Terpinene, C,oH, 4]
I (m) Carvestrene, C,H, L]
.- . :>< l A
Aleohold’ Terpineol, C,,H,;.0 sobornegl,
@ o . & ¢, H,on
* (9) Terpin bydrate, * .
. H,(OH),H,0
K ’ (p) Carvons, C H, 0 Cal c i;.h.
elones 3 (p) Caroue, amphor,
. B amry NN Culi0
. [ ]
. e = » e e el s e
L 11 MONOCYCLIC AND OLEFINIC TERPENES
“ Ml d[awqdu ] chﬁnic (Related to olefinu)
llydmurbmu Amum c iy umpr‘“ ene, C,H,)
Tarplnena. C, H ,\
(Dihydro-m-xylene&- ry
(CHY, CHY\\ |
Avoh® wie. | S, Terpn hydrate, b( Geransal, G, H,, OH
CuHy(OH),H,0 K Nero, CoHunDH . _ :_.
neol, C,H,,0 Linalool, Gy, H,,. O . : :
Aldehydss ) ¢ itronellal, G, H,,0 L
"y - .
Kotoneg Pulefone, C H, 0 (""“' cm“l 9,_____&!"“?“"0"‘- O.H“Q

T, v

<






INBPEX OF SUBSTANCES

@

(Refer nees in Romgg type Indicate general
Hfitics give the JEELN wheie particul
found.)

ACHYNACETYLUREA, /95
Acetobvomoglucoses, 219
Acetocliloroarabinose, 50/ .
Acetochl~rogalactose, 01, 307 I
Acetqcliloroglucoses, 1, S0, 01, 303,

Acetochloromonosaccharides, 301
Acetone dincetice acid, 46, hh
Acetceaclioxalic Mid, 84
Acotonﬁ acotoacetic ester, 46
Acetonylacetone, 46, 52
Acctoveratrone, /41
Acetyltropeines, 144
"Aconiting, 13

Aecridine, 17, 98, 101, 114, /13718, 120,

v

, 17
Acridine yellow, 120
Acydinic ueid, 713, 114, 117 @
Acndinium compounds, 777, 118
Acridoge, /17, 18, 819, 125
Acrolein, NG
@ Acrose, 28G, 287200, 20, )
Acylguanidines, 101, 12
Acylthionreas, 1191, 112
Acylureas, 191 /912
Adeniffe, 4 ",
Adipic acid, 141, 225, 270
Adonitol, 257, 258, 2, 250
Alanine, 2008
Albumnens, H4, 206, 211
Aldine, I7!
Aldodioseg, 229
Alllohopggses, 220, 265, 200
Aldohexoses, 219 202, £27, 220,
SI8%4 L, 248, 204-261, 262, 275,
278, 279, 281, 305 . °
Aldopentoses, Y =208, 2at), 251,
275, 276, 279, 294, 209, 305
Aldosesy 219-223, 227-329, 243, 251, 276,
278, 279, 288, 289

0ag,
276,

Aldotetroses, 2199 241, 242, 248249, 276
Aldotrioser, 219, 247 [

o

Alizarin, 91, 304

Alizarin blue, 720 .

or passing mention of a'mmpmmd; those in
ar characterlstics of the substance will be

Alizaxin green, 7.0
Alizarin indigo, 72
Alkylmmnmehdes, 787
Alkylammelines, /87
Alkylhenzoglyoxalines, 73
Alkylchromonos® 87
Alkylgyanamides, /87
Alkylglyoxalines, 73, 74
AMkylguanidines, 7147
Alkylindols, 55

. Alkylisomelamines, /87

" Alkylisothiocyanates, /\7 ¢

© Alkylisoxazoles, 65

i Alkylmelamines, /&/

" Alkyloxytriazines, 781,

i Alkylpipoeridines, /22

+ Alkylpyrazoles, 63 s

* Alkylpyridines, 90-101, frl-/05,108
Alkylpyrrols, 52, 130

+ Alkyl stilbazolimin hydroxide, 7.}

! Alkylthiocyanates, I8/

« Alkylthioureas,” 9/

® Alkyltriazines, 787
Alkylureas, 701

{ Alkylencguanidines, 797

i Alkylene imides, 10, 18, 21

! Alkyleno gxides, 10, 18, 24

¢ Alkylene Xulphides, 30, 18, 2L a-

' Alkylens thuofbeas, /47, 102 % ¢

| All-ylone ureas, 197, 192

i Allantoin, /9.5, 197

i Allophanic aeid, 792

Allonan, .04, /95, 196, 197, 200, 201,
272

Alloxan monoxime, 7147

Alloxanic acid, 74/

Alloxantin, 795, 7

Allylpyridine, 1035

Apaethyst, 784

Amingyeetal, 156

Amindacetic acid, Y8

Aminoacetoveratrone, 751, 162 L

" Amino-ucids, 198, 200, 205-207; 268-210,
211£16, #14 .

>

ane
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Aminobarbituric acid, 195

Aminocamphor, 374, 75

Aminoglutaric acid, ¥

Aminotsocapronic ackd 28, 278

Aminooxypurine, 20/}

Aminooxytriazine, /N7

Aminophenazines, 18/

Aminophenoxazine, 15/ .

Aminopurine, /4

Aminopyridines, 99, 104

Aminoquinoline, 47./

Aminosuccinamie acid, 24/

Aminosuecinie acid, 2/

Aminotetrazole, St

Aminothiazoles, //

Aminouracil, J9¥, 199

Aminovaleraldel£;de, 123

Ammelide, 187

Ammeline, 757

Amyglialin, 254, 207, Jiuj

Anethol, 383

Amgrelica Jactones, 8, 40

Anhydroeegonine, 137, 145

Anhydrogeraniol, ..., S

Arl\;iline. 06, 59, 113, 114, 175, 319, 363
387

Anthracend 101, 116, 118, 170

Anthrapyridines, 101, 119

Ant.hraquiqolincn, 119

Apigenine, !

Apoatropine, 241, (4.}

Ap{oramphuric acid, 70, SN 08, SN
EANS

Apomorphine, 137

Apophyllenie acid, 4, 126, 138, W7
149, 156

Aposafranine, /5.; ¢
Arabinic arid, 24/, 309, 31
Arabinose, 2/, 228, 245200, 244, 24N-

28, 209, 260, 269. 277, 250, 288, 294,
205, 505, 312
®rabiose, 220, 03, 0, S, 404
T2, 2P, L gii, 230
Arabonic acid, #2548, 277, 888, 201,
205
Arhutin, 274, g1}
Avrecaidine, 4, 126
Arecoline, %), 12, 133, 134
Asparagine, 2, 210
Aspartic dbid, 200, 210
Atrolactinic agid, /43, 144
Atropic acid, 744, 144
Australene, 47
Azimides, 7, 10, 77, 79
Azineg, 166, 177 179
Azlaetones, 210, 211
Azocamphanono, 374, 375, 570
Agzocampirw, 374 475
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Azoimide, 23, 24

Azolor, 10, 62, %
Azoxazoles, 7, 10, 79
Azoximes, 7, 10, 63, 7G¢
Avosulphiifigs, 7,9, 63, 76

BARBITURIC acid, 794, 145, 198
Benzalcamphor, 473, 476 .-
Benzazimides, 79
Penzene, 44, 81, 98-103, 109, 115, 116,
133, 164, 168, 190, 316
Benzisothiazole, 6J * .
Bonzisoxazolek, 65
Benzo- o -diazines, 170, 17’7
Benzo- m-diazines, 1;1
Renzo- p-diazines, 173, 175
Benzofurfurane, 47
Bonzof#. odiazoles, 76
Benzoglyoxalines, 73
. Benzoisoquinoline, 118
Benzolactones, 30, 31, 83, 146 .
' B‘-nzomnrpho]ines, s
Benzo-m-oxazines, [V
. Benzoxazole, 15, 16, 71
: Benzopoly furfuranes, 48, 49
- Bepzopyrazoles, 69, 70 ¢
Renzopyridines, 101, 109, /75-719  «
Benmiuyrones. 82, 84, 85y ¢
i Benzopyrrol, 52, 74 .
" Benzoquinoline, 116, 118
. Benzosotriazoles, 98
i Benzo-ig-thiazines, /.7
. Benzo- f}-thiﬂzinéﬂ, 1S
I Benzothiazole, /1
| Benzothiodinzoles, 76 ¢ .
! Benzothiophones, 51, 60
' Bonzoyleamphor, 7
! Benzoylecgonine, 140, 144
i *Benzoy Ipiperidine, 2/0
Benzoyl-y-tropine, 74/ .
Benzayltropine carboxglic acid, 144
Benzyl brogide, 141 4
Benzylhydrocotarnine, 749
Berbprine, 132, 133, 135, 145, 137, 138.
1403, 157 "
Berberonie acid,*109
Botaines, 6, 10, 25, 32, 34, 35, 30, &1,
41,103, 112,115, 126, 133,193
Bionie acids, sy @
Biyret, /143, 214
Borneo cam@hor, 383
Borneol, 320, 321,683, 376, 382-385,
487, 358

€

Bornylawines, 374, 353 e .
Bornyl ghloride, 384, &8?. 387
o, 353 385,

&)rnyl
rnyl iodide, 883, 3856 .
Brazilein, 44, %



INDEX OF 8

Brazilic acld 9%
Brazllm.

?camphor, ST}

oeamphorml »homc acid, 125, 149
Bruulne, 108, 13 dans 1.37, 164,
"wp5 216, 264, 265 7, 459, 290

lphthn lifle, 39
gﬂ c acid ferment, 205
! mlactam 54
1-ButwoMonq 426, 47, 66
CAmmnx, 3214328, 389
Cafféine, 132, J19-212, 2%
Camphane 3:(*1 385, b8y
Campha ﬁamd 26, 30
Ca‘;nr 13(1:)10, 821, 323 J68, 484, 385, 387, i

Camphene glycol, 454

Camplaeic acid, 384

Campholic acui 376, 3706, 380, 381, 388

Campholide, 29 30, 380, a5z

Camphor, 371, ’320. 328, 366, M8, 47 2.
Sy, ?78&8‘?, At

Campliowarboxylic tcid, 475

Camphor dioximes, 474, 373

Camphorke acid, 29, 368, 3.6, 378353,
P

¢amphot ic anlydride, 29, 778, 1%/

Camphorenic acid, #76-#7'8, 350 i

Wnphoronme, 37 74y S84 !

bamphorphonylhydmzones, 34

Camphorquinones, 374, 475

Camphorsulphonic acids, 44

('ane sugar, 217, 218,220, “‘“/ 2,247,
254, %55, 262, hso 85, 208, A5t

Carbazole, 17, 4.., 5, ]JS 185

Carbocinchonteronic acid, /19, ¥38, 1561

Carbohydrates, 217-313

Carbonyldiurea, /9.

Carbopyrotritagaric acid, 4

(,arbos!n) 110, 773, 124

Carone, 33.;, ?4# .f//,, 347, Jan, 31,
387, 3&' 39

Caronic c.cld .:é} EAR

Carvacrol, }16, S2Gy Ay 341, .;4./, BUAN
313, 381, 3K

Cnrvenono, 835

Carvestrene, J6U, 351, 3a3, 390, 391

Carvorpenthene, .i Y, 340 .f"i 854

Carvomenthol, 32

Ctrvomenthone. 326

Larvomenthylamms, S

393, 325, 398, 935341, 344,

847, i.)-351 953 A .‘Y/I are, 387, 39,

cmomnmtow..ue 349, 853 .'

A J

[}
‘t

Carvoxime, 336

Lsrylamme, 350, 861 »

a
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[ ]

Caryoph: llene 389
Costin, 306+
(,ollulose, 217, 218, 220, 254, 259, 260,

261, 297, 4114 l, 315, 316
Cellulose hexans ate, J11
Collulose totranitrate, 5.1/
@ereal-celluloses, 312
Chelidamie acid, &3, 109
Chelidonic acid, &4, 83
Chitaminic acid, Erea
Chitin, 259
Chitoso, 259, 260
Chloroacridine, /1%
Chlorocaffeine, /1
Chlorocamphors, 74
(‘hloroqumohnes, .I].i 114

Choline, 36, 39,1 .
Chromane, 58
Cln‘omene, 88
Chromones, 10, &', ~8, 94
| Chrysaniline, I3 fl ¢
Chr sihey {2
| € u,hene, i)
(" mcholmpomc acid, 760-162
Lu;chomorom-. n(‘ld 107, /4, 115, 138,

Gl
Cmchomdmo, 132, 133, 7./4, 738, 163,

280

Cmchonme, 108, 131-133, 135, L, 137,
138, 158, 161, 162, 163, 163, 243, 289

(,mchommc n.ud 113, I.:'l i

! Cinchoninone, n8 ]hl-lb 18
finchotenine, 759

(‘inchotoxine, 159, 161, 1

Cfincol, 322, 323, Hi, Mh, Ju? 369, 397
Cineolio acld Sy i

C'ineolic m)hydnde, dddy 3T

PCinnamaldchyde, 322

Cinnolines, 167, 1/

Citral, 315, 321, 392, 455-400, 353, 590,
01

Citronella® 322, #64-301i, 347

Citronellic acidg 364,97t

Citronelal, 464, 86

Cocaine, 132, 133, 134, 7.4, 137, 138,
1o, 154

a-Cocaine. 745

Codeine, 132-134, /.26, 137, 15?

Codeine mc.tlnodulc, 152

Collidines, 101, 105

Comanic acid, 85

Conchinine, 132, 133, 14 138, 163

Coniceines, 1.5

Ccmme, 126, 128, 181-185, 13,138, 139

Conyle{ze 138

Lonyngo, 105, 728, 138

{opellidines, 101

Cotarmo acid, 14‘

-

. TI &
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»
Cotarnine, 147-149, 150, 155-157
(Cotarnomethine methiodide, 247
Cotarnone, 148
Coumalie acid, &
Conwalin, 83, 7ix’
Coumaric acid, 84

Diazo-oxi.des, 7,10, 76
Diazo-sulphidess?, 10, 76
Diazotetrazolo, SO

Dibenzodiazines, 167, 00, 175
| DibenzofuCyranos, 49 : .
i Dibem.o-p~o§a.zin , 167, 178 ”~

.

Coumarin, 9, 87, 47, 83, 84 « Dibenzo-p-thiaZines, 176¢7/8 i
Conmarones, 42, 47, 48, 65, 84, 88, { Dibenzopyrones, 33, 34,82, 86, 87-90,
(‘veatine, 132, 793 s M (4
Creatinine, 72 ; Dibenzopyrrol, 65 ¢

('resol, <127, 528, 490 . Dibenzothiazines, 167 M v

Cumaraldehyde, 322

Cumidine, b$

Cyanacetic acid, 799, 202

Clyanacetyluren, 19

Cyanamide, 787, 190, 192

Cyuanamine, 15.@

Cyanic acid, 180, 193

Cyanidines, 9, 167, 184, /85

Cyanceamphor, S5

Cyanphenifte, 180

Cygnuric acid, 78, 187, 197, 103

Cyanuric chloride, /57

Cyclocitrals, 3.2, .06

Cycloheptadiene, 15/

Cyuloheptamethylene, 139

Cyelobeptagriene, {4/, 14

Cyclohepteue, 77/

Cyclohexannl, 284

CyclohexaBones, ¥4

Cyclohegoses, N71-254

CUycloses, 2817-28}

m-U'ymene, 316, 317, 320, 350, 2850 SN,
SN

320, 8238, .00, 00

p-Cymene, 316, 317, :
i

P, 5N, SN, SSS, .
Cystine, ¥/

)

DATISCETINE, /1)
Decahydroquinoline, 127
Dohydracetic acid, /4, &
chydrothiotoluidine, 72
wiandiiin g’ 1/, 2808111 B8]
Dextroso, 27}
Diacetozuceinic acid, 4
Dialurie acid, /9
Diaminooxytriazine, 187
DigminotMazine, /80
Diaminouracil, /9
Qiastase, ¥, S/
o-Diazines, 8,267, 170, 1; 1, Y72
m-Diazines, 8,°10, 167, /71,172, 190
Y-Dinzinus, 9, 167, 172
Dinzoacetic ester, 14, /8, 23
Di;:q-oompum s, aliphatic,

[

¢
10 18, 22,

‘Diazoimides, aliphatic, 24
Diadomethane, 6, /4, 17, 22

I Dibenzothiophene, /A’ ¥
. Dibenzothioxene, /68 |
Dichloro-oxypurine, 207 .
Diothoxythioxane, 166, 16S *
Diothylenedioxide, 8, 11, 166
Diethylenedisulphide, 738, 2/, 1¢6, 168
giethyyne oxide sulphone, 70§
igitalin, 261, 04 A
Dig‘itogenin. S0}
Diglygjde, 2/
Dihydroacridine, 121, 725, 176
Mhydrobenzo-p-diazines, 174
Dihydrobenzo-a-trifzines, 7854
Dihydrobenzo-B-triazines, 788
Dihydrocarbostyril, 125 .
Dihydrocarveol, 4477, 538, 341, 3449, 357
Dihydocarvone, 5.5, 3§0-7.,a360, 368
Dihydroearvoxime, .t/ .
Dihydrocarvylamine, 557
Dihydroisoquinolines, /2.2, 144
Diliydrp-osotetrazines, 785
Dihydrophenanthridines, /25
Dihydrophenazine, /76, 175
l)ihydrop_vmziucs,“ e
Dihydropyridazines, 770
Dihydfopyrithnes, 7.27
Dihydroquinazolines, /7!
| Dibydroquinolines, .25
Inhydroquinoxalines, /¢4
Dihydrotetrazines, 8%
Dibydro-mgaylene, 370, 301
Diiodopurine, 45
Diisatogen, 59
Dikdtoapocamphoric ester, 570
Diketocamphoriw oster, 479
Diketohexamethylene, 2838
v-Diketones, 42, 45
Diketotetrahyfrotet azines,
biliturie acid, 295
Dfnethovylsumocatechol, 150
Dimecthoxyisoquinogiea, 150
Dimethoxystrychnine, 164
Dimethylallene, 455
Dimethylalloxan, %
Dimet#ylaticonic aoi
imethylaziethane, 78
Dimgthyldioxypurines, 204

L]
[ 4

-

18,

31



Dimethylfurfurano, 46
*Dimethylglutaric acidg3/8-350
Dimethylitaconic acid, 31, 355
Dimlhyllmvul' ic acid, $44
Dimethylmorpl!cl)l, 153 .

Pimethyloxamide, 2w @
Mylp&m mic acids 3.30
‘Dimethylpyrofes, 83, 85, 102
imothylsulphide, 3
Iﬁmethylthetiu&, 35
Digethylurea, 302 *

Dimeghyluric acide 207
Dinicotinic aciff, 108 4
Dinitrodiphen§lamine sulphoxides, /54,
(A L
DioSes, 219, 220, 230, 245, 246, 249, 206,
268 971, 205, 20
Dioxctics, 166, 167
Diex-wlel, 57, 45, . .
Dioxyubotone, 211, 247, 248, 267, 272,
253, 287, 2
Dioxycamphoric ester, 47
Dioxycitronellal, 4635, .66
Diuxyan;}yoic acid™yi, 274, 2
Dioxyphenauthrene, 1563
Dioxypugines, 211, 204
Dioxypyridines, 100, 107, 121
3|oxytm;laric acid, 274
ipcutetic, 328, 331, 822, 229, sy, 344,
A4, 30451, S53, 854, 856, Sl 4il,
-y 300, 391
Dipentene dihydrobromide, 347
Di). :ptides, 207, 211, 212, 215 @
Diphenylene-o-disulphide, 768, 060
1)iphcn_ylene-p-déqul’hidc, 100
Diphenylene oxide, 19
Diphenylene sulphide, 47, 86
Diphenylphthalide, 32
Dipicolinie acid, /18
Disaccharides, 218-220, 222, 254, 261,
297, &15-30¢),811
Ditergfenes, 317 357
Dithiophene, 7/ o
Divin q, 51, 267
Dulcitol,” 251, 2i 1, 281, 2

-

»
L 4

®
3LCGONINE, 130, 137, 141, 144, 15
Edestin, 21/
Emulging 221, 401, 304, b, 02, 311
Enzymes, 215, 220, 249, 264, 289, 302-
3234, 307 .

Eosin, 34 . b
Epichlorhydrin, ¥4, 20, 272
Erythritol, 248, 249, 467, %S, 269, 274
rythronic acids, 252, 274
hrose, 21%,)1, 242,248, Y9, 213,
74, €77, 29 e
Erythrosin, 34

.

IND.EX' OF SUBSTANCES
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Erythruloso, 267
Et{olides, 208
Ethylene glycols, 167, 272
Ethylene imide, 6921, <4, 173
Ethylone oxide 84, 6, 74, 17, 11
Ethylene sulphide, 78, 2/
dthylgalactosides, 07
thylglucosides, 407
EthFlpyridines, /15, 15/
Ethyltricarballylic acid, 74
Fugenol, 322 N
Burhodines, /80-782
Furhodolx, 780, 181
Kuxanthiuie aeid, /44, 278
Kuxanthone, /4, 278

FENCHANE, 487, 4S8 .

Fenchene, 87, 588

Fenchone, 322, 467 AN5-088, e

Fenehyt alcohol, 81588 .

Fenchyl chlorid® 387

Fisctiye, 92, 251

Jlavauiling, /20

JRavones, 8, K02, 95, 25)

Fluorane, .2, 90

Fluorcscein, ., .24, 90

Fluories, /1, 97

Fluorindencs, 780, I8}

Fluorones, )

Formaldchyde, 219, 243, 28, 2., 971,
280, 280G, 287, 289, 201, 2K

Formose, 219, Xii, NG e

Fructocelluloses, 2./

Fructoheptose, 220, 2t

Fructosanes, /1.3

Fructosazone, 245

Fructoge, 209, 225, 20, 2408 445, 25}
5, B8, 260, i, i, e, o, a0
271, 280, 286G, 287, 989, 20, 200 i,
A, S0, 312, 313

Fruit sugar, 262, 285

;“uc:')sia, l4 o L -,
urfuracrylic acid, 4

Fu fured, %, 48, 75, 203, 250065 26T

Fuvfurane, 4, 7,10, 72,16, 42-44, 47, 49
62, 66, 81, 98, 166, 249, 263, 378, 280

Furfuranc carboxylic acids, 4J, 279-481

Furfuryl 8lcohol, 4 R

Furil, 46

Kyroazoles, 63

¥ urodiaz%m, )

Furoids, 472

Furoin, 46

daLa ANES, 27, 313
Galactémannanes, 1.7 M
Galactonic acid, 967, 2,7, 293, 293
*Galactonic lactone, ¥61, 293 §
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Galactoso, 229, 238, 240, 231, 951, 254, ' Glycollids, 166, 167 ’
261, 265, 270, 271, 277+ 278, 280, 281, Glyoolose, 246, 360, 267, 271, 272, 274y
289, 201.294, 295, 301, 304, 305, 308, 296 -

310, 318 . .' Glyeolurea, 195 .
Gallic acid, 148 - ! Glycoluric acid, 196 '
(mllocyumne, 81 Glycalglycirfs, 21&
Gelatine, 208 , | Glyco-proteinsg 189
Gentisine, /. Glyoxal, 246 .
Gerunial, 46/ (-lyomlme carboxylic acid, 74° o
Geranic neid, 458, 350, Ji4, 36 e yoxalinos, 7, 10,'11, 16, 0, 63,64, 71,
Goranio-citral, 57 I %273, 171, 190 { ,

. Geraniol, 321-323,7350-36:2, 364, %56, 391 . Glyoxyldmrou, (47N
Gorany] alcohol, 72 | Gnoscopine, J40 ‘.
Glucoct.lluloscs, 413 ! Gmnuloso, 311
Glucoheptitols, it (napc sugar, 217, 254, 260, 9285

 Glucoheptonic acids, 2.7, 26 ! Guanazole, 7 '
Glucoheptonic lactones, 264 ' Guaneides, 19.-19}

Glucoheptose, 2.0, 2t Guanidine, 80, 186, 1/, 194, 195 '201 202
Glucomannanes, .#/:2 Guaniduacetic acid, 192
Glueovice acid, 225, 228, 233, 236, 2i0, Guanine, [0, 21, 202, 24 '
277, 208,00, 201, 202, 204, 408, 310 Gulonic m,ld, 261 207, 21204
lncomc I.wtone, .’»h, ..’.';9 ")U Gulonic lactone, 260) ‘
Glicosamine, 439, 251, 2 2/6, 287 Gmlosazone, 243
(lucosaminie acid, .26, ..’/ /, 287 ©  Guloso, 248, 24, 24 250, 261, 219, 277,
Glucosanes, -$/.¢ 281, 288, ”‘W ""’1 295
Glucosazone, 243, 2/ 4, 253, 269-261, 2.2, (.'ulosone, .363 f.”"
200, 21 Gum arabie, .-'.’4’/, 290, 313
Glucose. 5, 217, 218, 279, 224-228, 2%, (xumx.(‘zls 220, 221, 250 261, 265 209
238-244, 248 2»0 251, u-'bl 2()2 311-313
261, 2704;2/6-2/8 280, z%l 288, 289,
*'m 21, 292, 29.;, p 0, 310, 312, HaMATELN, 93, 94 .
313 o Mematoxylin, /)4
Glucosidos, 90, 91, 134, 222-224, 250, [elicir, A, )
251, 254, 261, 265, .3'9/-,,!/, Hemipinic acid, 1}

) Glucosone, %.,, 20 Hemiterpenes, JII 354, I8N
Glucurone, 278 Heptoses, 220, 230 285, 263, 66
Glucuronic acid, 93, 253, 278 Hespeypdin, 251, Jﬂ,;

Glutaconimide, 100, £7, 121 Hesperetin, 251, .40}
Glutaminic acid, 24 ' Heteroxanthine, /4
Glutaric acid, 297, 279, 378 ‘Hexahydric alcohols, 121 222, 224
Glutarimide, 123 200, 271, 279
Glyceric acid, 272, 27+ Ilaxahydrocmchomeromc acid,
“Ulyceric nldehyde. 247, 248 Hexahydrosymenes, 317, 324, 3%‘ 373
*\alyeeridus, 189 € Hexahydro-m-oxyhenzoic acldi 351
*Glycerol, 247, 248, 264, 206, w67, 272, ITexahydronicotine, 129, 130
273, 200 Hexahydrophenol, 253, 4"{4
.Glycerose, 219, 2 247, 248, 267, 272, 273, Hexahydropyrazines, I/..’, 73
456, 287 201, 25 Hexahydrothymol, 525 ‘
Glyclde. ..’(7 272 Hexnoxyhex%g;drobgmenea, ISE2S4
Glycidic id, 472 Hexoic acid,
slycine, 477, 2 /. Hexoic estars, 321
Glycocoll, 19711198 201, 2087213, 272 Hexoses, 215, 220, 223, 226-230, 233-235,
lycocyamme, 192, 193 238241, 246-240%454-265, 210, 275,
m, 312 . 278, 280, 287, 289 290- 294, 2?5, 299,
col. 246, 917, 261, 296, 367 4 306, $09, 310, 312 '

) Glycc‘aceta.l 4* Hexyl jpdide, 225 vi‘
uGlygollic acid, 91, 195, 296, 262, 271 L{lpp c acid, 210 G
Glycolhc,-aldehyde, 7’15' 229 246 {omoatropine, 147
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Homocamploric acid, 352

gomoostuchol, 160
omometahemipinic a#d, 94

Homgprotocatochuic acid, 151

ﬁomot rpeuy}i«’aoid, .’)’-’i(), t;:.i'/ p
'omoterponylic methyl ketgfle, so0), .00,
7, 3T N

b.)’
HonMwgratric geid, 757, 152
 ®lumulerts, 48
Hy®&antoin, /94, 195, 196
Hydrastine, J92y134, 13, 135, 133, 13

Hydrmstinine, $5,%75;
Hydrazimethaigp, 22 .
Hydrocotrning, 137, 747, 155
Hydgohy®astinine, /5.5, 156
Hyoseine, 14t/

Hyos: smine, 7§ -

Ilypoxan}hino, 204 . .
. ]
* |
Tvoxic acid, 261, 27, 205, 24 i
Tdowe, 25/, 977, 278, 201, 1.1, 214 i
Imidazole, 63, 71 - |

Inda®yines, 750, /

ln«{u:i‘r%:tl,fl-\'ﬁ o

Indazole, £

Indican, 33, 274, 297, J0} .
Inflio, 42, 54, &5, 60, 58, 59, 60, 67, 91,
+9.0), » 4

Indigo brdwn (indirnbin), 60
igo carmine, 60

Indigo red, 60

Indimulsin, 543, 30} P

Indoanilines, 78U A

Indol, 9, 15, 43, 52, 7 56, 111, 137, 161,

200, 210

Indol carboxylic acids, 55

Irdones, 78, 184

Indophenols, /80

Indoxyl, 56, 48, 59, 23, 1}

Indoxyjjc ester,ei6, J&

, Indulises, 167, i%2-184
Inosites, 287-283
Inulins, 262, 412
Invertase, 220, su71, J11
Invert-sngar, 309  *®
lodal, 52 o
?Iodopropionic cstor, 3.3/

onones, 64, 360 .

Irone, ¢34 v

“Isatin, 77, 42, 50, 56, 57, 5¢
Isatin chloride, 5% '
Isatogonic acid, #5

ey

! Isopmlegone, A7,
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Isobornool, G5, 382-3, 487, 488, 301
Isobornyl acotudte, .54
Isocaprolactone, 20, .47
Isocarbostyril, 115, 124
Isoconie acid, /. b
Isocoumarins, 81
Isocyanic acid, /8%, 161
Idcyanuric acid, /86
1sodehydracctic acid, &3
Tsodialuric acid, /08
Isodulcito, 257
Isofenchyl alcoliol, J&v, 88
Isomoelamines, /87
Isonicotinic acid, 107, 104
Isonitrosocamyhor, 404, .57
Isoparaconic acid, .//
Isoprene, 316, o340, $34-430, 88, 20,
307 L}

" Isopropylsuccinic acid, 358

lsopulegol, /. .

[soquineline, 11, 77, 101, 104., w9, 714,
715,999, 124, 126, 133, 134, 115-138,

S 300, 156, 157, 171

Isorhamnouic acid, 23/, 252

Isorhamnose, 2010, 251-25.3

Isosaccharie acid, 28/

I[sothiazoles, 7, 10, 63, 64, ;%

Isothioeyunic acid, /v7, 191

Isothiocyanuric acid, 187

1sothionine, /8/

Isovaleraldchyde, 2/ .

Tsoxazoles, 7, 10, 63, 04, G5, 75

KAIRoLINE, 125
Ketoalcohols, 225
Ketodihydroacridine, 727
Kctodil#ydroisoquinoline, 121
Ketodihydroisoxazoles, 65, 176
Ketodihydrophenanthridines, 725
Ketodihydro-o-oxazine, 176
Ketodihydropyridines, 123
a-Ketodih¥lroquinazoline, 4./
B-Ketodihydroguinadlkne, 77#
Kotodih®droquinoline, 124
Ketoheptoses, 220, 266
v-Ketohexahydrobenzoic acid. 45/
8-Ketohextuydrobenzoic acid, 332, 4
Ketohexoses, 219, 227, 243, 244, 262, 263
»

thopontcses. 290 2
Ketopipegdine, 122
Ketoses, 222, 223, 243, 288, 296

Ketotetrahydroglyoxalines, 792

lé;totetrahydropyridinos, 121

Ke:ote hydroquino(l)inos, 125
eto

08, 248, 24
Ketotrioses, 219,

248
Kynurin, 715
-~



400

y-Lacrams, 7, 105 20, 83, 99, 106

§-lactams, 8, 113, 125 «

Lactic acid, 265

Lactic acid ferment,, 265

Lactides, /67, 247, 30¢

Lactobionic acid, 30y, 310
ctones, 25, 27, .20, 37, 40, 41, 74, §,
133, 148, 217, 228, 247, 205, 263, 27v-
279, 380, 381 ¢

B-Lactones, 6, 10, ./

y-Lactones, 8 |

8-Lactones, 7, 10, 2/, 25,

e-lactones,

Lactose, 220, 23}, 251, 280, 005008, S8

Lavvulinic acid, 223, 263, 356, 360, d6:2

Lwevulose, 262

Lauvie acid, 322/

Lauth's violet, /82

Lecith-albumens, /89

LouitRins, 39, /89

Lepidino, Y15 1t

Lugicine, 207-200, 214, 2 S

Lichenin, .1/

Lignocelluloses, 1.0

Limonene, 320-323..020, £ ji-3 8, 450

Linalool, 321-323, 346, .70, Ju0), J6l,
363, 106,491

Linaloolene, -7, Jit)

Linalyl acctate, .4/, Ji.2

Linalyl est®rs, .52

Loiponig acid, /6-11;2

Lupetidines, 101

Luteoline, /.2

- Lutidines, 101, 713

Latidinic acid,

Lutidones, 17

Lysidine, /3

Liyxonie acid, 200, 207, 208, 24, 205

Lyxose, 27, 2005- 248, 251, L33, 269, 277,
250, 990, 204, 205

2566-259

<

ra
'
<

‘RaupaLa red, 154

vXMalie ace l, 242, 0 B

+ Malonylguanuline, /143, 202y
Malonylurea, /1)
Maltobionic acid. .8, 310

Maltose, 220, 255, 250, 20% 305, .0,
woS, ks, 811, 312
Mandelic aeid, L/, 144 o

“Mandeloffitrile, 134
Mannanes, 3. /
Mannin, 3/2

Mannitol. 226, 244, 260-262, 265,

271, 281, 29", B0), 891, 994
Mannofructosanes. 414 £

, Mamoheptitol, 266

Mannoheptonic acid, 26

201,
<
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Mannohéptose, 220, 266 »

Mannonic acid, gu0, 21, 276, 277, 290,
291, 294 .

Mannonic lactone, 2/ ;

Mannosaccharic acid, 64, 260, 280, 28,

201

Manfiose, 979, SIR.241, 944, 255, 957,
958, 200-263, 255, My 270, 2276,
277, 280, 981, 45292, 312, 818"

Mannosocelluloses, 267, 313
Mauvine, /84 . IG N

Meceonic acid, &4, 85, 145, 740 r
J\leté?)ninu, 132, 133, 144, 145, 147, 149,

15

Meconinie acid, /4 ¢
Mclam, 4857 " ,
Melamino, /87 '
Melanurie as a1, /87 »
Meleme N7

Melibionic acid, .y
Melibiose, 220, 35001, 310
Mellow, /87 .
m-Menthadiones, 50, 45/, 306
)" Menthadienes, 317 2328, 335, 2.4 34-
AP, 850, 5.2, B6R, 371 v
w-Menthane, 321, 328, 385
~-Menthane, 317, 324, .5.25, 327, 335, 353,
385 »
Mentimnes, 317+
! 1;-Me;lthuncn, RENEAN
o

885, 440, 353,
L4
Menthol, 323, .£24-.128, 353
Mm}tlwnc, ot 320-828, 325, 326, 380,
3, Bk SN

l Menthylamines, .5 26

" Menthyl chlorides, #.273
Mcrogninene, 759- 4.2
Mexittic lactone, S0

. Mesityl oxide, 248

F Mesoxalic acid, 195, 272, 22,
Mcsoxalylurea, 5
Metahemipinic acid, 94, 138
Mcthoso, 4V R
Mothronic acid, 44
Metlnyl:1cch¥lcyclohoxmmuc, N7
Methylacridines, ¥ 75 .

B-Mothyladipic weid, 223, 5.2

Mothylaldoses, 223

Mothylulloxans, /9, 200 s .

Methylarabinbse, 25,

Mcthylarabinosides, ./

MethylbutsZucetic acid, 226

Mothyleyclohexanaefjsds?

Methylgyclohexanone, 427, 328, 345

Methyfgox urine, 204 ¢ .

Methylene blue, 167 781, 182

Methyrenedioxyisoqu. -pline, 156

o

. ¥Methyleneitan, 25¢
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‘Methylfurfural, 23/ o Nareotine, 40 132-135. 146, 137, 138,
Methylgalactosides. .71 145, 146, 747, 149, 150, 155, 138, 157
Methylglucosidgs, 218-301, o * Narcotine methiodide, 25/
Mothylaglycerose, 219, 2i8 o Naringenin, <047
Methylglycocoll, 193 MH1,"2058 o Naringin, 0} .
»-Nodhylgly oxaligline, 75 ?}ohomylmuinu, A
slcthyiimptendne, 400, L3350, Neral, s01, 351
A0, 3 . Nerd-citral, 47
Methylhoptosesg 220, 207 Nerol, 50032, 005, 391
lle‘hylhexu.ﬁ-.s:‘lgf 220, 24, .20 Neryl acetate, .42
Meghiglhydantogn, d43, 2 Necurine, 39 s
Methylketose< 223 ° Nicotine. 71, 126, /9. L, 131-134,
Methyhnannoddes, 30/ 10, 137, 133
Methylnwephimethines, £5.% Nieotinie acid, 707, 108. 114, 129, 1.0
Muﬂglpm\tusm, 21Y, 250, 231, L2, 263, 138
T . . Nieotyrine, 129, 130, ]:éS
Meth) Ipyrrolitine, 5.4, 1255 355,40 Nile blue, /N2, 182
Mothylgwinolines, 1144, [t Nitrobarbiturie acid, £14;
Mecth#rbamnosides, .47 Nitroerythritol, 267 i
Methylribose, 272 o-Nitrophenylpropiolic acid, 22, 50,
Methylstrychnine, 747 * Nitrosgaqinonraeil, 17
Meothyltetrahydroquinolines, /25 o | Yitrouracil, 749 !
Mothydtegroscs, J# &‘?trnuﬂ oxide, 24
Methyltrioses, 219, 28 Nitrovamliin, 153
Methyltrgpane, /)2 Nonoses, 233, 265 ‘
Methyltropidine, /4. » Nucleie acid, 200, 206
.'\*etllyln;acil. [0, 103 1N \ Nucleo-albumens, 787, 2.5, 301,‘. QN
Methylungas, r, 2o Nucleo-proteids, /99, 190, 205, 206, 250
Methgluric acids, 299, 200 }
WRuyl-Y-uric acids, 19, 200 OvTant, 128
Methylxylosides, 0/ Octodecapeptide, 1) .
Monazoles, 61, 75 'y o Octoses, 230, 26
Monosaccharides, 2/8-220. 226240, 245 Opianie acid, 137, 138, 154, 147, 155- .
N1, 285404, 305398, 310313 157
Muonoses, 219, 306 Oreellinic aeid, 267

33, 227, 236, 240, 248,

Morine, 1.2 Osaroney, 222, 2.
254, 261, 266, 288

3
Morphine, 131-13%, Z#7, 137, 140, 118 b 246, 219, 25

152-155 Osones, 222, 288
Morplio, 13.3 Osoletrarines, 9, 167, 188
Morphgtine, /58 167. 1;7 Usotetrazanes, 788
Mucie teid, 42, 30, 48,52, 180, 261, 250, Owotriazolls, 7. 10, 63, 37, 78, 154 a

287, 983, M e ? Oxalacetie sster, 24/, R -
Maicus feyment, i Oxalautiy, 7 ‘ N
Murexido, 707 ) . Oxaluvie acid, 7145
Muscarine, 39 Oxalylurea, /i
Mustard oils, /87, 254 o Oxarines, 8, 11, 167, L1
Myreene, 322, 4.8 m-Oxazines, 8, 11, 167, 16, 17} )
Myvicin, 404 ° p-Oxazines, 9, 11, 133, 145, 152, 1563,
Myristaldebyas, 759 ) 155, 167, 198, [57 " ».
Myristicin, 744 , » »  Oxazoles, \ 10, 63, /'L
Myronic acid, .’?Julﬁ Oxcne, 82, 167

. Kol . Oximes, c!clic, 18, 22 s

NaPHTHY CrIDIN: 'S, 119 Ogindol, 57, 58,70
Naphthalene, 101. 109, 316 Oxgaclzgines, 117, 118 .
Naphthol blue, #7582 ° m-Oxybenzoic acid, 34/ -
Naphthdguinoli#®s, 119 . p-OxybBenzoic acid, 3N/ '
Naphthyl violet, 783 *  Oxybiazolines, /7 . Fl

Narceine, 132, 138, 150, 147, 23 © Oxycingolines, /7
?
26
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Oxycoumarins, 84 ¢ Phenanthridone; 77/, 125
Oxydiazoles, 7, 10, 63 Phenanthrolines, /(/, 119
Oxy cthyldlmethylmunt.. 153 l’henanthroplmnanne, la
Oxyflavones, 91, 92,95 Phenazines 11, 15,.16, 167, 1/0 h.t,
Oxyguanine, 27 178, 179, X, e .
Oxyisoquinoline, /.7 l’hennloue 170, 1l o
Oxymethylenecamphor, -4/ Phena.zoniluu, 179, /82 @ / .
Oxynicotine, 148 ' Phenazo-oxoniuny; /8.2 !
Oxynicotinic acid, #4 Phenazothioninm, 180, 18!
Oxyphenazine, 5 Phenolphthalein, .27, :f 4
Oxy picolinic acid, /4 Phenoxazine, 74, 163, 1 «\ 1{9 1y 0
Oxypurine, 2/} Phenoxthine, 8,11, /4, Ve
Uxypyridines, Sb Y9, o, 1oni, 13 Phenthiazines, 181. 48, 179
Oxyquinolines, 110, 114 l’honylncridinc, 117, s
Oxyquinonos, 283 Phenylalanine, 208, 2 '
Oxytluomphtht.ne, al a- Phcn_ylchro)none@, &8 <
Oxythiophenes,’ 49 Q’heny};).ycdco]l a )
Oxy-p-toluic acid, 457 *henyliminocamphor, 73, /¢
Oxytriazines, /8G Phenylindazole, /1
' Phenylmethylpyrazoles, 68
Paryrric acid, 189 Phenylmethylpyrazoloues, fifi, 67
P#\mvcrms, 1‘3 H 3, 180, 141, 147, ld\,, K .wnylphcnamnmm lnydroxnlc, i
145, 147, Li0-1 Phenyl phenolphtlediie, 22
Parabanic acid, 194 )5, 196 Phenylquinoline, {7/
Paraconic acid, 7, 28. )’l 74, 330  Phloretin, %
Paraldehygde, 70 Ploriduin, -#}
Paranuclein, ., 20 l'blor-\;glucinol, ) ,
Pararusaniline, 121 ‘h]oroglucltc, Lot !
Parasorbiq acid, 0, 47, 82 Phosphine, 2./
Parathianthrenc, 166, 7 Phosphoric acid, 189, 190. 205, 206 ¢
Paraxaifthine, 204 Phthalazines, 167, 170
Patchoulene, 48 Phthakins, & ],.m
. Pectinic acid, 472 + Phthalic .mhy:lude, .48, u.., 48, 380
Pentacelluloses, 250 _ Phthalide, 2%, /18,1 .
Pentahydric aleohols, 224, 225, 250, * Picolines, 100, (45, 168
205, 260, 279 + Picoliyic neid. IW l(l.\' l"S
Pontamcthvlenu oxide, 8, 7, J34 v Pilocarpine, #, 74, M 183
Pentane, 123 olimelic acid, 85
l‘entaoxyhc‘(uu acidy, 275, 277 Pinacone, P
Pentaoxypimelic acirls, 261 Pincne, 321-323, .2, L, i -n{d, 38,
antapeptides, 212 ! 88, S0, 01 :
._'Pentosan s, a1 Pinene h)hrnch]mnlg.. SN, A8, S8
Puntoses, 15, 219, 228, ... 220 230, Pinie acid, #6071, 8N R
© T o80) o8, hi5igy, 241, 248 240204 Pinite. 28 .
26% 275, 278, 280, 281, 292, 2"3 204, Pinol, 08301, 502, S8 ¢
"iﬂ 309, 310, 312 " Dinol glyeol, .#it, 470 L.
I’qptuudcu S, 02 ¢ Pinonic acid, Wl Aily Sidy 088
Penthiazolines, oy l’lp«.cohnw, 0
cPenthiophienc, 81, %;. 17§ . Piperazine, 47, 167, 1 ?"177 LI
Pontoxazolmes, 37 Piperie aci 'lzl l%, 12}
Pepsin, 250, 877 Piperidine®, 10, ms 99, 100, 102, &
34 139, 160,

Phellandrenes, 821-323, S5, Sy b 104 IZI-IM)’
henanthruinolines, 119 . 16
Phenanthiaquinone, 175 Piperine, 121, l“’b 177, 1181135,
lem\nthrene, 101, 118, 133, ;“)7, l.;..-, 13 6 .
¢ 158, 156, 170 ‘,I poroml 126,127, 3,17 *
'lmnauihlﬁlme, 101, 116, M 1/01 Plperylenc 123
| Polfpeptides, 189, 205-216, 227, 287
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Po 2Slmm'.lmndes, 218, 220, 221 223, 254,
305, 809, l)-

l;olyterpenes, é]:,

opyfin, )

I!-En?lhn, 72

Preline,.200, 210 [ ]

Pro‘,"{plpendl e, 128, 139

ropyl , 105, 1#.5

Profeids,

Prgatemn, ]BQ 205 207, 210, 214,

4

Pmtoq.tochmzpmd' 91,137, 152, 153

Protosatechuicfildehydo,e127, 147

Ptyalin, 304, 547

Pule;one,d#a, 345, 953, 365, 391

o
L]

Pu 10, 74, 171 189205, 205,

Purpuric uﬂd 97
Putrescire, 5
Pyrazite, 11, 167,
Pyrazole blue, 7
Pymzole carboxylic acids, 67, 68°
Pyra'm.es 1 10, 13, 17, 54, 63 G4, 0o,
6/, mq )
Pym)mnume 69
Pymoh(bne, 69
; .o}me, 68, 19 tie agid 23
yrazolige carboxylic ggid, 23
Pyrarolone, n(;ko ey
Pyridazines, 11 167, 170, 1.1
¥yPidazine totracarbox lic acid, 137
Pyridine, 8, 10, 11, 13, 15-1°, 81, 82,
98109 ll] 116 l 74 121, 1‘2 l”'6
128, 199, 131134, 187, 152, 153, 160,
164, 66, 171, ]34,(90
Pyndme betaines. S0, 40, 74 13,149
Pyridine carbu)hc acids, lﬂlﬂ 105,
100-109, 117
Pyridine, naturally occurring deriva-4
tn:los of, 12 13 ) id, 85, 101
Pyridigs oxyes oxylic acids, )
P{ n«hgmm {on‘?ounds, 103, Ill’
a-Pynclox 33, 8, 83 102, 104' 11!5 1,

-y-Pyndones, 8, 86, 102, 104, 103, JiK,

P}mdy]plppndme, 120 "130
l’yndylryrrols,
["yrum( incs, 31, 15, 74,a67, {77, 190,

mucle acid, 42 /J, 4(‘,49 250 o
Pyrone curboxyl ~pids, 8
a-Pyrones. 8, 10,30, 47, :S~-.S'4, 166
rons:’,s -10, 13 14, 82, 84-87, 95,
1 6i1 QD
roniny
Py o wi s 366

Pyroterobm acld 26
26*

Ty

A ) e

2, 173, 211

403

Pyrotntarttmc acid, 46
Pyrro-azoles, @
Py rro-? )dmzole, 68, i

T

Pyrro-(ab,) diazglef 63, 77
Pyrro-(ab dlazo:e. 63, 7:,
Pyrro-tbb,) diazole, 63, 77
RYrro-(a)-monazole, 62

Pyrro-sb) -monazole, 62 63

il

yrro-(aa;b) triazole, 63 79
Pyrro-(abb,) triazole, 63 79
Pyrrol, 7, 10 12, 18, ]6 4~-44 51, 52,

55, 62, 6, 86, 99, 102, 111, 121, %2,

131 13‘3 134 137, 139 152 166 210

280, 355
Pyrrol carboxylic acids, .)3 209
Pyrrohdmo, 7} 10, 12, 22, 43, 89, 99, e
123, 1 'S

Pyrrolme, 53, 69

Pyruvic acid, 46, 262

vINaZoLINES, 187, 771 °

Juebraghite, 8.3

uercetin, 917, 92, 251, 304

lfercetrln "1, 251, 304

ucrcite, 283

uinacridine, 718

uinaldic acid, /47 »

uinaldines, 110, /12, 17}, 120

winic acid, ldb‘, 285

Juinidino, It;R 153

umme, 108, 181- 185, 736, 137 J43, 157-

4, 283, 289

ulmmc a.cul 162

uininone, 158, 03, 10}

Juinite, 48.4

umolme, 9, 10, 11, 15, 16, 101, 107,

J00-1%, 114, ]]5 1]7 120 124, 126,

® 131-133, 137 ]57 158, 160 161, 171,
190, 251 252 276, 277, 288 290 392,
203, 319 325

Qumolmeﬁ»otamos, 112, 165

ano]me rboxyhc acids, 113, It

159, 1

umohm red ”(I

ninoline yellow, 120

uinolinie acid, 107 108, 114, 138

p-Qumone“lﬁb 248

Quinotoxine, /i) L4

Quinoxalinus, 11, 15, 16, 167 1:3 1"4,
903 N .

a
[ ]

vy
.

L0

RAFFINOSE, 220, 309, 210®
Resorcinolphthalein, "33
Ragorufin, 167, 18U, 181

Rhamniose, £20, 310
R.hamm otnomc amd 310
nitol, £5.,

noheptose, ,‘?.‘.’l). % *
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L3
Rhamnohexonic acid,
Rbamnohexoses, 219,
Rhamnonic acid, 251, 253
Rhamnose, 219, 251853, 263, 280, 312
304, 310 ¢
Rhodamines, 34
Rhodinal, 365, 366 8
Rhodinic acid, 364, 466 .
Rhodinol, 366, 366
Ribonic acid, 251-253, 217, 288, 295
Ribose, 219, 26, i’.’ls, 251-253, 269, 277,
280, 288, 294, 205
Ribotrioxyglutaric acids, 280
Ruberythric acid, 304
SACCHARIC acid, 42, 225, 238, 2.0, 242,
244, 955, 218, 480, U1, 288, 201 M
Saccharides, 218, 220
Saccharolactone, 28, 288
Saccharose, 308
Safranines,r167, .53,“.’-11-4

Safranols, 180, 18} 3
sﬁgl, 322 ¢

Safrosin, 34
Salicin, 254, 303, 304
Salicyl alcohol, 2h4, 803, 30
Salicylaldefyde-d-glucoside, 5.3
Santonin, 37, 38
Sedanolide, 37, 38, 39
Selenophege, 9/
Serine, 208, 246, 260
Sesquitetpenes, 317, 367, 58S
Skatole, 53, 137, 164
«Sobrerol, 367, I6Y
Sobrerythrite, 369, 477, 358
Sodium camphor, 76
Sorbinose, 21, 243, 244, 263, 240, 291
Sorbitol, 225, 226, 244,
271, 281,201
Sparteine, 132
Starch, 217, 218, 270, 221, 223, 247,254,
$ 955, 297, 298, 309, 311, 314 314, 316
Starch-ceJlulose, 477
« Stearic acid, 185
Stilbazolium hydroxide, 774, 7%
Strychnic acid, 704
Strychnine, 108,
5, 216, 289, 293
Strychninonic acid, 765
€Strychndhic acid, 13§, #
Suberone, 741
Succinic anhfdride, 47
oSuceinic imide, 62-64
Suocinosucrinic ester,
Su

¢ Sulphinic acids, aromatic, 169
Sulphox"des, mpmatic, 3h, 16¢

.

;-

a
131-133, 13, 138, 164,

283
80, 45, 189, 205, 217-%3, a4,

! Sulphox;lic acids, 769

<
;%, 263, 264, 266 . Sulphur dyestufts, 13, 72

: Sylvestrone, 321, 450, 351, 353, 390

Tt
. 2 %
TALUNIC aail, 261, 277, 293, 204 o
Talose, 261,7277,€291, 293, 294 . .
Tanacetone, 344
Tannie acid, 158 e

Tartaric acid, 46, 125, 125, 130, £3(
83, 241, 91, 21, 29, 285, 4, 38
[y » -

Tartronic acid, 195, €'
Tartronylurea, 195
Taurine, 4

’ Terebenthene, 367 €

I Terebic acid, 4, 37, 340, 331, 845560
Terephthalic pcid, 316 e
*erpe e deid, 430, 331, 369

erpin, $39-334, 349, 463, 861, S0

'I‘elg-l)indibromides. 338, 334, 4%, 37

s
Terpifene, 321, 329, 346, 348, 349, 35.
362, 371, 379, 391 o
Terpineol, 322, s2%44, 3386, 380, 34
348, 363, 6%, 365, 371, 512, 40, 59)
Terpineol nitrosochlorides, Jdy
’l‘c:;ein hydrate, 329, 432, 345, 501, S
371372, 391
Terpinolene, 725: 93, 346, 34§, 953
Tertiary menthol, 327, 348
Tetrahydrocarveol, 325.328, 349, 353
"Tetrahydrocarvone, 326, 335, 354
Tetrah§ drocarvglamines, 320 "
Tetrahydroisoquinoline, 124, 134
Totrahydro-p-oxasineg, 177 ‘
Tetrahydropyrazines, 17
Tetrahgrdropyridines, 121

263, 2/08 Tetrahydroquinaldine, 724

‘I'etrahydroquinoline, 121, 724, 125
Tetrahydroquinoxalines, 774
Tetrahydro-m-toluic adtd, 35/ ¢,
Totrahydro-p-toluic a:.X, 332
‘TetramethYlene oxidwe, 7, 72, 19, 47
‘I'etramethylethylene oxide, 4, 14, #i.
"Petramethyluric qeids, 748, 1%
'etraoxyadipic acids, 235, £9, 281
"Totraoxyvaleric acids, 260, 2,4-2/7 #
':‘otrap;aptidﬁs, 212 p
‘Tetraphenylfgrfurane; 4
"P'etrasnccharides, 2?8'-“" ¢
'l‘otmzines,&‘_, 11, 13, 167, 184,48
Tetrazoles, ¢, 10, 1&%8, 7, Su

Tetrinic acid, 47

Tetrenic acid, 47 2 .

Tetroses, 219, 230, 232, 235,241, 244
246,648, 249, 266,%7, o€, 213, 27t

"Phebaine, 132-134, 136, 187, 152
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" Theine, 204 .
Theobromine, 2//, 2/
Theophylline, 2/
Theg'nes, 6, 11 25, 31, .44, 0
‘Whfinthrenes, 8, B, 74, 1€5, 167, /68,

69 . s v
o-Ti qzines, 8, 11, 167, /76
ot-Thin%irgs, 11, 167, 106, 177

* p-Thiazincsy 9, 11, 169, 176, 178
Thiazolos, 7, 10g 63, 77
Thiobiazolirtes,

Thiveganic acié/, 147

Thiocyanuric acid, /87 «
Thiodiazales, s, 10, 63, 75, /6, 77
Thigdinaphthylaminoe, £/
Thi8giphenylamine, 9, 14, 167, /¥,

Thioditolylamines, 79
Thioflavin, 74 :
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