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‘ALKALOIDS OF ERYTHROXYLON COCA

The habitat of Erythroaylon spp. is principally the western side of South
America, and although indigenous species veeur in India, Africa and
Australia, they have no cconomic value, Two kinds of coca leaves are
available in commerce, Bolivian or Huanuco leaves derived from I, coca
Lam. and Peruvian or Truxillo leaves obtained from I, trucillense Rusby ;
both are cultivated in Java. In South Amcrica coca leaves are chewed
with lime by the Indiaus as a stiulant, and arc exported to Kurope for
use in medicine and for the preparation of cocuine. hut the principal source
of eoca leaves is Juva. Crude cocaine is manufactured in South America
and exported for refining and soue aspeets of this industry have been
discussed recently,!

The alkaloids of coca leaves belong to six groups :—
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1. Cocalnes (methylacylecgonines): Cocuaine (n1ethyll‘)el'1zoylccgUHlne);
cinnamylcocaine  (methylcinnamoylecgonine) ;. a-truxilline (methyl-a-
truxilloyleegonine), B-truxilline (mcthyl-ﬂ-truxilonlc('gomng).

2. Tropeines or y-tropeines : Benzoyltropine ; tropacocaine (benzoyl-
P-tropeine). '

8. Acylecgonines : Benzoylecgonine. o

4. Alkylecgonines : Mcthylecgonine, methylecgonidine.

5. Dihydroxytropane.

6. Hygrines: Mygrine,
hygroline.

The alkaloidal content of coca leaves varies from 0-5 to 1-5 per cent.,
but higher percentages have been recorded by de Jc?ng 2 for Java‘ leaves
(season 1908, 1-0-2:5). Truxillo and Java cocas are rlcber in alkaloid than
Bolivian ceca, but the proportion of cocaine present is said to be about
50 per cent., whereas it may be 70-80 per cent. of the tlotal alkaloxq in
Bolivian leaves. Coca leaves grown experimentally in India and examined
by Howard contained 0-4-0-8 per cent. of alkaloid, largely cocaine, Small
quantities of alkaloids have also been found in the leaves of E. pzltlch‘rum
(South America), E. monogynum (India), K. montanum, E laurifolium,
E. retusum, E. areolatum and E. ovatum.*" de Jong has pointed out that
the youngest leaves are richest in cinnamyleocaine ; in the older leaves
this is replaced by cocaine or truxilline.? . _ ‘

A process of estimation for the total alkaloids was given in the
8th Revision of the U.S. Pharmacopwia and a survey of methods
available was published by Bierling, Pape and Viehover.in 1910.4 Moxje
recently processes have heen described by Peyer and Gstm'ler 5 and ans
and Chalmeta,’ who provide a critical review of methods. The proportion
of cocaine in the total alkaloids is important and various methods are
available by which this may be estimated.® Most of the cocaine of com-
meree is not obtained directly from the leaves, but from ecgonine got by
the hydrolysis of the sccondary alkaloids and for that reason methods for
estimation of the total ccgonine obtainable from coca leaves are of
importance and have been devised by Greshoff and by de Jong.” ‘

Cocaine, C,11,;0,N. Cocaine is made eitherA from thfz crude alkaloid as
exported from South .dmerica ® or from ecgonine obtained by h.ydrol){sxs
of the total alkaloids extracted from Java coca leaves,® the ecgonine being
then mecthylated and benzoylated to cocaine })y I:ecognised. methods. !0
According to Merek the conversion of ecgonine into cocaine may .be
accomplished in one operation by heating ?:he former Wth r{lethyllzl(‘)dule
and benzoie anhydride under pressure.!?  Kinliorn and Wl]lstgtter found
that the truxillines and cinnamyleocaine can be converted into cegonine
methyl ester by boiling their solutions in methyl ﬁ](‘Oh.()] (6 parts) containing
sulphuric acid (2 purts) for several hours, or by passing hydrogen chloride
into a solution of the alkaloids in methyl alcohol.  The methyl ester can
then be benzoylated to cocaine, S o

Cocaine crystallises from aleohol in monoglmut, lour-o to six-sided
prisms, m.p. 98°, and is slowly volatile above 90°, b.p. 187-8°/0-1 mm, It

S,

B-hygrine, cuscohygrine (cuskhygrine),



04 TROPANE GROUL

is lzevorotatory, [a], — 15-8°, slightly soluble in cold water, readily soluble
in alcohol, ether, benzene or light petroleum. The aqueous solution is
alkaline to litmus, has a slightly bitter taste and when upplied to the tongue
produces a characteristic numbness,  The hydrochloride, B, 1, the
salt chiefly used in medicine, erystallises from alcohol in short prisins,
m.p. 200-2° (dry), [x], — 71:95° (¢ = 2; H,0), — 67-5° (aqucous alcohol).
It is readily soluble in watcr (1 in 0-4 at 25%) or alcohol (1 in 26 at 25°),
but insoluble in ether or light petroleum. To cnsure absence of
cinnamylcocaine and «-truxilline (isoatropylcocaine) a permanganate test,
and some form of Maclagan’s test are used respeetively @ the latter depends
on the fact that on adding ammonia to a solution of cocaine hydrochloride
a wholly crystalline precipitate is formed if the salt is not contaminated
with appreciable quantitics of truxilline, The chromate, B, 1L,Cr0O, . 11,0,
is precipitated as orange-ycllow lcaflets, m.p. 127° when p()lussi;lm
chromate is added to an acid solution of the hydrochloride.  The
platinichloride, B, . H,PtCl,, is microerystalline and sparingly soluble in
water.  Aqueous mercuric chloride gives with a solution of cocaine
hydrochloride a bulky precipitate of the mercurichloride B . IICI . HoCl

which may be crystallised from alcohol. The nitrate, I3, IINO, . ‘.’lh[,()z,
m.p. 58-63°, periodide, B . HI. I,, m.p. 161°, formate, n.p. 42°, sulicylu-tc,
which is triboluminescent and other salts, have also been used in mcdicinet

When heated with mineral acids I-cocaine is hydrolysed into l-cegonine
(p- 96), benzoic acid and methyl alcohol and a like chunge takes place with
baryta water. If the alkaloid is boiled with watcr, methyl aleohol is split
off and a new base, benzoyl-l-ecgonine is formed, which in turn can be
hydrolysed by acids or alkalis into I-ecgonine and benzoie acid,  Cocaine
is, therefore, methylbenzoyl-I-ecgonine,

Detection.  Owing to the illegitimate use of cocaine much ingenuity
has been expended in devising easy means of detecting and identifying it
alone,’or in admixture with synthetic local anwsthetics and other organice
n‘laterlals. A useful and critical summary of tests has been givo: by
Evers.’3 Cocaine may he detected by the numbness it produces when a
drop of a solution is applied to the tongue. In a half-saturated solution of
alumllt gives a characteristic erystalline precipitate with a drop of saturated
so]ut,on of potassium permanganate.® The alkaloid forms a colourless
solutpn with sulphuric acid, which on warming at 100° followed by addition
of a little water, develops an odour of methyl benzoate and deposits (-l'ysmls
of benzoie acid on cooling. o
. Rcf'crcpce may also be nade to descriptions of tests, classified as
decaFed- in brackets, published by various authors, 15 ( (a) microchemical) ;
((b) dlStl'ﬂCtiOIl from y-cocaine); ((c) distinction from other I()CZli
anwxsthetics, especially procaine). The series of papers by Offerhaus and
Bru.(gt;. (¢) .rflay be specially mentioned as dealing exhaustively with means
of identification of drugs of this type, and especially with the detection of
smaU quuntities of cocaine in mixtures likely to be mct with in illicit
.tratllq in drugs. Strait, Aird and Weiss have deseribed a method for the
isolation and spectrographic measurcment of cocaine from brain tissue,8

COCAINE 95

d-f-Cocaine (isoCocaine, d-Cocaine). This substance was isolated
from coca leaves by Liebermann and Giesel,}? but is believed to have been
produced by the action of alkali on l-cocaine in the process of extraction.
It was synthesised (rom y-ccgonine (d-g-ccgonine) by Kinhorn and
Marquardt *® and was obtained by Willstitter and collaborators '* by the
resolution of dl-y-cegonine methyl ester, followed by benzoylation. It
differs considerably from l-cocaine in character; .p. 45°, the salts
crystallise well and are less soluble than those of l-cocaine; B.1IC,
nLp. 205° [« -+ 48:0 (1,0); hydrogen d-tartrate, m.p. 189°, [ M]3 4-
191°; aurichloride, B.IIAuCl,, m.p. 148°. The nitrate is sparingly
soluble in water.

dl-y-Cocaine. This was prepared by Willstatter and collaborators *°
from synthetic dl-g-cegonine. It crystallises in hexagonal plates, m.p.
81-5°, gives a hydrochloride, m.p. 208°, and differs from natural l-cocaine
in giving a sparingly soluble nitrate, m.p. 172°,  The hydrogen d-tartrate
has mup. 164°, M2 - 89° and the d-a-bromocamphor-g-sulphonate,
m.p. 182-8°, [M]2" 4 812°.  The aurichloride, B.ITAuCl,.2H,0 is
crystalline, m.p. 65-70° or 164-5° (dry).

Cinnamylcocaine, C;,11,,0,N. This alkaloid was isolated by Giescl 20
from Java coca leaves after it had been prepared by Liebermann 2! by
heating ecgonine at 100° with cinnamic anhydride and methylating the
resulting cinnamoylecgonine (colourless needles, m.p. 216°). It is almost
insoluble in water, but casily soluble in organic solvents and crystallises
from benzene or light petroleum in rosettes of needles, m.p. 121° [a],, —
4-7° (CIIC1,). The hydrochloride, B . HCI . 2IL,0, forms flattened needles, -
m.p. 176° (dry) from water.  The platinichloride, m.p. 217°, as precipitated,
is amorphous, but crystallises on standing. The aurichloride forms yellow
needles, m.p. 156°. When warmed with hydrochloric acid the base is
hydrolysed, furnishing [-ccgonine, cinnamic acid and methyl alcohol.

The isomceric  d-cINNaMYLcocaInt  (methyleinnamoyl-d-¢-ecgonine)
preparcd by Linhorn and Deckers 22 by the action of cinnamoyl chloride
at 150-60° on d--cegonine methyl ester, crystallises in prisms, m.p. 68°,
(a], 4 2° (1tOTI). The hydrochloride, B . HCI, forms ncedles, m.p. 186°;
the platinichloride, needles, m.p. 208°, and the aurichloride orange needles,
n.p. 164°

Truxillines, C,,I1,,0,N,. In 1887 Hessc isolated from Peruvian coca
leaves an amorphous alkaloid which he named cocamine 23 ; a year later
Lichermann 24 examined this material, and by fractionation of its solutions
by addition of petroleum proved it to be a mixture of at least two isomeric
hases, which he named a- and -truxillines,  The pure alkaloids have not
been obtained from coca leaves owing to the dilliculty of separating them,
but each has been prepared synthetically.?s

a’I'rvUXILLINE (Cocamine, y-isatropylecocaine). An amorphous white
powder, n.p. 80°, casily soluble except in light petroleum and water.
Solutions of the base are lwevorotatory and possess a bitter taste,  When
warmed with hydrocliloric acid the base undergoes hydrolysis with the
production ol l-ccgonine, methyl alcohol and e-truxillic acid (CgHyO,),
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(y-isatropic acid), m.p. 228°  The synthesis of the alkaloid was
accomplished by the action of a-truxillic anhydride on l-ecgonine and
methylation of the resulting a-truxilloylecgonine.

B-TrUXILLINE (isoCocamine, 8-isatropylcocaine). This base sinters at
45° and decomposes above 120°, [a], — 29-8°. It undergoes hydrolysis,
furnishing g-truxillic acid (8-isatropic acid), m.p. 206°, with ccgonine and
methyl alcohol. It also has been synthesised by Liebermann and Drory, 28

Methylcocaine (FEthylbenzoylecgonine). 'This base was isolated by
Giinther 28 from commercial cocaine, by dissolving the latter in an aleoholic
solution of hydrogen chloride and f{ractional precipitation with cther, the
new alkaloidal hydrochloride being precipitated last. The base melts at
110°, possesses the same physiological properties as cocaine and yields an
aurichloride and a platinichloride closely resembling the corresponding
salts of that base. It probably results from the use of ethyl uleohol as a
solvent in the commercial preparation of cocaine from ecgonine, but it is
stated by Giinther to be isomerie, not identicul, with cocucthyline (ethyl-
benzoylecgonine) prepared synthetically by csterifying benzoyleegonine
with ethyl alcohol.??

Benzoylecgonine, C,H,,(CO . C H;)O,N. This acyl ester of cegonine
was isolated about the same time by Skraup and by Merck from Peruvian
coca leaves. According to de Jong 28 it does not occur in Java coca. Tt
was subsequently prepared by Paul 2@ by the action of water on cocaine
and later synthesised by Liebermann and Giescl ¥ by the action of benzoie
anhydride on ecgonine. It crystallises from wuter with 41,0 in needles,
m.p. 86° or 195° (dry, dec.), [a], — 63:8°, and dissolves readily in alkaline
liquids forming salts. When boiled with dilute hydrochlorie acid, it is
hydrolysed into ecgonine and benzoic acid, and on esterification with
methyl alcohol furnishes cocaine, and with other aliphatic alcohols yields
homologues of cocaine : of these the cthyl ester (cocacthyline), m.p. 108-9°,
the propyl ester (cocapropyline), mn.p. 78-79-5°, and the isobutyl ester,
m.p. 61-2°, among others, have been prepared.

l-KceoNing, CgH,;0;N . H,0. This substance was first obtained by
Lossen 3.as the final basic hydrolytic product of the action of acids on
cocaine, and is obtainable in like manner from scveral of the alkaloids
occurring with cocaine (see above). It erystallises from dry alcohol in
onoclinie prisms, m.p. 198° (dec.), 205° (dry), [«];, — 45-4°, is soluble in
water, sparingly so in alcohol, insoluble in most organic liquids.
Ecgonine forms salts with bascs and acids ; the hydrochloride crystallises
in rhombs, m.p. 246°, [«], — 57-1°; the aurichloride, B . HAuCl,, forms
yellow prisms, m.p. 202° (dry) and the platinichloride, red needles, m.p. 226°
(dry).  Barium-ecgonine [Ba(CylI,,0,N),] crystallises in prismatic needles,
readily soluble in water or aleohol,

Eegonine is readily esterified in presence of hydrogen chloride, and in
t]?ls way various alkylecgonines have been prepared.  The most important
of tvhescj Is the methyl ester, b.p. 177415 mm., which according to de Joug 28
Oceurs in Java coca. It was prepared by Kinhorn and Klein 10 in 1888 as
the hydrochloride crystallising, with 1 IL0, in colourless prisms, ni.p. 212°

g ol

COCAINE 07

(dec.). When benzoylated it furnishes cocaine,  Icegonine also reacts with
acid chlorides and anhydrides to form acyl derivatives and in addition to
benzoylecgonine, cinnamoyl-, isovaleroyl-, anisoyl- and truxilloyl-ecgonines
have been prepared ; these, in turn, by esterification with methyl alcohol
furnish the corresponding cocaines,

d-y-EccoNINE (d-IiceoNiNg), This isomeride of ecgonine was prepared
by Einhorn and Marquardt 3! by the action of potassium hydroxide solution
on ecgonine and is formed when the cocaines are hydrolysed by alkalis.
It crystallises from dry alcohol in tablets, for which m.p. 254°, 257° and
264° have been recorded, (o], + 21-1° (¢ = 4-8 : 1,0): the hydrochloride
forms monoclinic prisms, m.p. 236° a), -+ 1:6° (¢ = 44: I =2 dem.);
the aurichloride, 13 . HAuCI,, has m.p. 220° (dec.). It forms esters like
those yielded by l-ecgonine, and from it d-y-cocaine (methylbenzoyl-d-y-
ecgonine) has been prepared (p. 95).

di-f-EccoNiNe,  This was prepared by Willstitter and Bode by the
reduction of tropinonecarboxylic acid.®? It forms rhombic crystals,
m.p. 251° (dec.) and yields a hydrochloride, B . HCl. $H,0 crystallising
in slender needles, m.p. 149° (dry, dec.) and an aurichloride, glistening
needles, m.p. 213°.  On benzoylation and methylation it yields dl-y-cocaine
(p. 95). According to Willstitter and Bommer,3? the d-ecgonine of the
carlier workers has the same relation to natural l-ecgonine as y-tropine has
to tropine and they renamed the d- and dl-ecgonines, d-f-ecgonine and
dl-y-ecgonine respectively, and these names have been used throughout the

.foregoing descriptions, with the derivatives benzoyl-d-y-ecgonine and

d-y-cocaine, etc., in their appropriate places.

Constitution of Licgonine, CylI;;O,N. The facts recorded above furnish
evidence of the cxistence of a hydroxyl and a carboxyl group in ecgonine.
Einhorn observed 3! that dehydrating agents remove the elements of a
molecule of water from ecgonine, forming ANHYDROECGONINE, CoH,,0,N
(ecgonidine), which crystallises in needles, m.p. 235° [«], — 84:6° is
unsaturated, combining with two atoms of bromine, and still contains the
—COOH group of the parent base, since it esterifies alcohols. The methyl
ester, D20 1-0921 ; n¥° 1:5040 ; [«]%*° — 54-96°; B . HBr, m.p. 147°, has been
prepared by Ugriumov.3* Kthyl anhydroecgonine has been found in residues
obtained in working up the secondary alkaloids of coca leaves 3% and may
be formed in this process, but Matchett and Levine 3¢ have isolated the
methyl ester (methylecgonidine) from both Java and Peruvian coca seeds.
When heated with hydrochlorie acid at 280°, anhydroecgonine loses a
molecule of carbon dioxide with the formation of tropidine (p. 74), whence
it appears that anhydroecgonine is a carboxylic acid of tropidine.3®

The close relationship of ecgonine to tropine is brought out by its
oxidation products, which when chromic anhydride in acetic acid is the
agent used arc 37: tropinone, C;H,;ON (p. 74), tropinie acid, CgII,;,0,N
(p- 75) and ecgoninic acid, C,H;0;N. The latter crystallises from benzene
in colourless needles, nip. 98°, and has been shown by Willstatter and Bode
to be N-mcthylpyrrolidone-2-acetic acid, *® and this was confirmed by
Willstitter and Hollander’s 3 synthesis of the acid.

PLANT ALK, 4
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When ccgonine is treated with pamanganate in acid solution a new
base, norecgonine, CgH 05N, is the principal product. It stands in the
same relation to ecgonine as the similarly produced tropigenine (nortropine)
does to tropine (p. 75) and, like its analogue, is a secondary base produced
by the oxidation of a methyl group attached to nitrogen. It crysiallises
in iong ncedles, m.p. 2388°, is very soluble in water and gives a characteristie
aurichloride, m.p. 211°, crystallising in yellow needles,4®  Similarly on
degradation by Hofmann’s rcaction ¢ anhydroecgonine gives rise 1o
8-cycloheptatrienecarboxylic acid, C,H 0, whilst tropidine yields the
corresponding cycloheptatriene (p. 77).

The close relationship existing between ecgonine and tropine is evident
from the following diagrammatic sununary of the results of reactions :—

DEHYDRATION @
Tropine CgH ; ON —> Tropidine CgH, N <
DEHYDRATION AND DECARBOXYLATION @
Ecgonine CCH,;O;N  ——  dnhydroecgonine C 1 ;O,N
OxipaTtioN : (a) Chromic acid
Tropine C HuON Tropinone Tropinic ucid Iicgoninic acid
Ecgonine CyH;;0,N 7 C,H,,ON — C,H, ,ON 7 ¢, H,0,N
(b) Permanganate
Tropine CgH,,ON —> Tropigenine C,H,;ON
Ecgonine CoHy;O;N —> norEcgonine L.HnO N
EXHAUSTIVE METHVLATION :
Tropidine CgH N —> Tropilidene C,H, (8-cyclo Ieptatriene)
Anhydroecgonine C;H;0,N —>8-cycloHeptatricnccarboeylic acid CgH 0,

It will be seen that ecgonine and its derivatives differ from tropine
and its derivatives throughout by CO,, so that the former probably stands
to the latter in the relation of a carboxylic acid, and hence the formule
assigned at various times to tropine by Ladenburg, Mcrling and Willstitter
have been suitably modified to represent ecgonine : thus Einhorn %2 at
first represented ecgonine as N-methyltetrahydropyridyl-8-hydroxy-
propionic acid, C;H,NMe . CHOH . CH, . COOH, which was modified to
(I) (after Merling) by Einhorn and Tahara.43

There are two probahle formule (1I) and (III) for ecgonine derivable 44 .

from Willstattex’s representation of tropine (p. 76).

Hy~CH——~CH, CHy—CH——CH.OH CHs~— CH—CH.COOK
H.0H
NMe CH.COOH NMe CH.OH
2

(I) MeN——C(COOH)—CH, (II)CHy;—CE—CH, (1I1) CHy—CH~—CH,

The position assigned to the hydroxyl group in formula (ILI) explains
(1) the formation of anhydroccgonine by loss of water between the —CHOII
group and the neighbouring —CH, group ; and (2) Willstitter and Maller's
observation 46 that an unstable B-ketonic acid precedes the formation of
tropinone, when ecgonine is oxidiscd by chromic acid. Further, when
anhydroecgonine ethyl ester is reduced by sodium in aleohol, it yields

e

o
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dihydroecgonidine (VI), a —CIHOH—group in ecgonine having been
converted into —C1I,— and the amide corresponding to this on oxidation
with sodium hypobromite yields isotropylamine, isomeric with tropylamine
(or y-tropylamine (IV)) obtained by the reduction of tropinoneoxime, but
not identical with cither; it follows that the amino group in the latter
amines must occupy a position different from that in isotropylamine (V)
and, therefore, from the carboxy! group in dihydroecgonidine (VI) and in
ecgonine.

Accepting this view of the constitution of ecgonine, the formule of its
derivatives and of cocaine may be written as follows : anhydroecgonine
(VII), ecgonine (VIII), norecgonine (IX) and cocaine (X).

CHZ‘“C[H**—'THZ 'H ;o (TH—CL ti'H,=2 CHz—CB -——-CS.COEH
NMe CH.NH NMe CH e N .Cl-l:5 H&

(VI )Gﬂz—CH——-Cﬂz

f
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) (IV)GHa'-—-CY;I-—--CH2 V)CH-—-CH H

— CH—CH.,
CH > C'H H.00 H

NH CH.OH w—. | NMde CH.OB g NMe CH
l |

I
e — { — — v, ———
(I)C)CH2 CH C“?. lVIII)CHa CH (II‘I8 (,"II)CH2 CE—<CH
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Hé_ CH —?H.OO 'OCHS
t’me c':B.O .Co .ceﬂs
(x)cil‘,}——-(:ﬂ-—vt::li2
Cocaine (methyltenzoylecgening)

Willstiatter and Bommer 4¢ made it clear that the synthesis of ecgonine
and consequently of cocaine had not been effected, a point on which there
had been some confusion owing to the fact that the alkali labile natural
ecgonine had been regarded as the optical antipode of the alkali-stable
so-called d-ecgonine, whilst the optically inactive isomeride synthesised
by Willstatter and Bode 47 has been regarded as the dl-form of natural
ecgonine, The view taken by the former authors is that the alkali-stable
form (d-ecgonine) is a f-ecgonine having the same relation to natural
l-ecgonine as ifi-tropine (p. 101) has to tropine, whilst the inactive form is
one of four possible racenates,*8

Willstatter and Bode *® converted tropinone into y-ecgonine by
treating sodium tropinone with carbon dioxide and sodium, when it yielded
sodium tropinonecarboxylate. This on reduction with sodium in alcohol
gave some dl-yr-ccgonine (p. 97), which on esterification with methyl
aleohol and benzoylation yielded a dl-cocaine. A simpler synthesis of
J-ecgonine wus achieved by Willstitter and Bommer,® and reference is
made on p. 80 to this and other processes, some of which have been
protected by patents. These improvements having enabled the prepara-

4—2
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tion of methyl tropinonecarboxylate to be undertaken, Willstitter, Wolfes
and Mider 89 reinvestigated the reduction of this ester and found that hoth
(11.1/;-0('g0ninc and dl-ecgonine methyl esters are formed, and from these the
corresponding dl-y-cocaine and dl-cocaine were obtained by benzoylation.
dl-Cocaine was resolved into its optically  active components by
erystallisation of the hydrogen-d-tartrate to give the I-base (natural
cocuine) and of the hydrogen I-tartrate to give the d-base. dl-y-Cocaine
could not be resolved directly, but its components were obtained by
resolving dl--ecgonine methyl ester and benzoylating the two forms,
a-EcaoNINE (X]I) is the name given to a base, isomeric with ccgonine,
and prepared by Willstatter 8 by the addition of hydrocyanic acid to
tropinone (XI) and hydrolysis of the ¢yanohydrin so formed :
TBZ~€H—T52

— ——CH—CH,
Sz TR PR s A Ch

|
NMe CO Re G (OH).CO,H MeN  CH.OH

|

: [
(x1)CB,—CE —CH (X111)CH(cH)—CH—CH,

!
a (XIT)CH—CH-—CH,

It occurs in brilliant snow-white crystals, m.p. 805° (dec.) and is rcadily
soluble in water or aqueous alcohol. The benzoyl derivative, m.p. 209°,
is crystalline and on methylation gives a-cocaine, a base crystallising in
prisms, m.p. 87°, and yielding an aurichloride, m.p. 222° (dec.), crystallising
in leaflets. It is bitter to the taste but has no local anwsthetic action,

Dihydroxytropane, C;H,;O,N. This base was isolated from the mixture
of hydrolysed bases obtained in working up the alkaloids of Java coca ; it
occurs in the fraction less soluble in ether than tropine and y-tropine, has
n.p. 209-209-5°, [«]27" — 22° (KtOH), yields a hydrochloride, [«]37° + 1-75°
(11,0), a picrate, m.p. 258° (dec.) and furnishes a dibenzoate, whose sulphate
has [«]2% 4 52-1° (EtOH) and hydrochloride, B . 1ICL . 2FL,0, mn.p. 115° or
205° (dry), [«]E + 41-8° (dilute alcohol) and nitrate, I3 . IINOg, m.p. 197°.
On reduction with hydriodic acid and red phosphorus the dihydroxytropane
is converted into tropane and on treatment with phosphorus oxychloride
it yiclds a base, CgH,;ON, b.p.. 188°/752 mm., picrate, m.p. 177° (dec.).
This dihydroxytropane is probably represented by formula (XIII).?* The
dibenzoyl-derivative has local anzxsthetic properties, The isovaleryl ester
is the alkaloid valeroidine found in Duboisia myoporoides (p. 90).

Tropacocaine (Benzoyl-i-tropéine), C,;H,;,0,N, was discovered by
Gicsel 88 in Java coca leaves and has since been found in Peruvian coca,?
Its preparation from the former source has been deseribed by Iara and
Sukamoto.5 It crystallises in necdles, m.p. 49°, is insoluble in water, but
soluble in alcohol, ether or dilute ammonia and is generally prepared by
benzoylating y-tropine, and purified as the hydrochloride, Its alcoholic
solution is alkaline and optically inactive. The hydrochloride forms
ncedles, m.p. 271° (dec.), and the hydrobromide leaflets, The aurichloride
scparates in minute yellow needles, m.p. 208°, from hot aqueous solutions ;
the picrate has m.p. 288-9°. When heated with hydrochloric acid or
baryta water the alkaloid is hydrolysed to benzoic acid and y-tropine .5

-TropriNg, CgH,;ON. This base is a stercoisomeride, of tropine
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(p. 78). It crystallises in colourless tablets or prisis, nup. 108°, b.p. 240°,
is miscible with water, cther or alcohol, alkaline in reaction and optically
inactive. The hydrochloride forms hygroscopic needles ; the aurichloride
crystallises in brilliant yellow plates, m.p. 225° (dec.), and the picrate in
long needles, m.p. 258-9° (dec.). -Tropine esterifies with organic acids,
furnishing a series of derivatives, which from their analogy with the
tropeines have been called ¢i-tropéines, but unlike the former exert little or
no mydriatic action.

Mandelyl-J-tropéine  (Yp-homatropine), C,II,,O,N, is a thick
uncrystallisable  oil.  Tropyl-y-tropéine, C;;11,,0,N, crystallises in
colourless needles, m.p. 86°,

Tropine and y-tropine are mutually convertible as already described.
Mixtures of tropine and i-tropine can be separated by means of
the picrates, that of y-tropine being the more soluble in water 57 (1-48
per cent. in watcr at 16°). By the action of sodium amyloxide on tropine,
Willstatter has shown that i-tropine is produced ®8 and this has been
confirmed by Barrowclilf and Tutin,?® who also support Willstiitter’s view
that both bascs are internally compensated, the relation being that of
cis-trans-isomerism. % The synthesis of i-tropine has been described
already (p. 77).

Troger and Schwarzenberg 81 have isolated a base (m.p. 53°, b.p.
225-80°; picrate, nup. 287° (dec.) ) isomeric with tropine and y-tropine,
from coca leaves.

HYGRINES. This group of coca alkaloids was discovered by Lossen 62
in an ethereal extract of a slightly alkaline percolate of Peruvian coca
leaves., Licbermann and his pupils 83 re-investigated Lossen’s supposed
homogeneous base, and observed that by distillation under reduced
pressure it could be separated into two products, hygrine and B-hygrine.
Hygrine has also been found in Convolvulus kamade (p. 67).

Hygrine, C,H,ON, b.p. 92-4°/20 mm., 111-8°/50 mm. or 193-5°/
760 mm., D! 0940, [«], — 1:8° is a colourless, strongly alkaline liquid
which absorbs carbon dioxide from the air and decomposes on exposure to
light. It forms an aurichloride and a characteristic picrate, yellow needles,
m.p. 158°, dil-form, 149-50°. On oxidation by chromic acid hygrine
yields hygrie acid, CgI;O,N, m.p. 164°, which heated alonc or with
strong sulphuric acid loses carbon dioxide, giving N-methylpyrrolidine,
C;H;;N. Both hygric acid and hygrine are tertiary amines and hygrine
gives a crystalline oxime, m.p. 116-20° (dl-form, m.p. 125°).

. Hygric acid was synthesised by Willstitter by the following
method. % Kthyl bromopropylmalonate, CH,Br . CH, . CH, . C1I{CO,lt),,
obtained by condensation of trimethylene bromide with ethyl sodio-
malonate, on  bromination yielded ethyl ad-dibromopropylmalonate,
CHLBr . CH, . ClI,. CBr(CO, . C,H;),. This reacts with methylamine
forming two products both derived from N-methylpyrrolidii e-2 : 2-
dicarboxylic acid, viz., the dimethylamide (XIV) and the diethyl ester.
The former on heating with hydrochloric acid at 125°, and the dicthyl ester
with water at 160°, both undergo hydrolysis and partial decarboxylation
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to N-methyl-pyrrolidine-2-carboxylic acid, which proved to be dl-hygric
acid (XV) (m.p. 169-170° (dry)): aurichloridc (m.p. 100-5° (dec.) ).
Subsequently Karrer and Widmer ® obtained I-hygric acid by oxidising
N-methylnicotone with chromic acid.  This product as a mono-
h.ydrate had m.p. 116°, [«], —80-12° (IL,0). Willstatter suggested that
of th‘c two formule (XVI and XVII) available for the representation of
hygrine, (XVII) was the more probable and this was confirmed by K. Iess’s
synthesis ¢ of dl-hygrine. The secondary alcohols corresponding to the
ketones represented by the two formulie (XVI and XVII) were prepared
(1) by treating magnesium pyrryl bromide with propionyl chloride,
reducing the 2-propionylpyrrole so formed and methylating the product
to (X.VIII) i (2) by the addition of propylene oxide to magnesium pyrryl
bromide, hydrogenation of the product in presence of spongy platinum
and methylation of the resulting pyrrolidylisopropyl alcohol, giving (XIX).

cBy—Nale N
>c (Co NEMe) , ! /cu.coou
(X V) Ot CH (XV)CHz——CH;
CH. ——Ne c Mo
2 .
. >cu.co.cuz i ’ /ca.mz.co.cus
(XVI)CB;—CE] (VLT ) OB ;—— CH]
CHg——le cuz—-—mae\
‘ >¢a.cuou.cxa.caa ’ /ca.cuz.caoa.ws
(XVI11)CB,—CEH, (X X)CH;——CE]

When the final methylation of cither product is effected with
formaldehyde, oxidation of the sccondary alcohol group oceurs
simultaneously in each case, and of the two resulting ketones that from
product (XIX) proved to be dl-hygrine, which must therefore have
formula (XVII) given above. Another synthesis of dl-hygrine has been
clfected recently by Sorm.%8

Hygroline, CgH,,ON. This alkaloid was isolated by Spith and
Kittel @ from a fraction, b.p. 78-82°/12 mm., of the residual liquid
alkuloids of coca leaves. It has m.p. 33-4°, [«]2 — 63-2°, (¢ = 11-4, H,0)
is soluble in water or organic solvents and yields an oily O-benzoyl deriva-
tive, b.p. 105-10°/0-008 mun., characterised by an aurichloride, m.p.
114--5°, a platinichloride, m.p. 150-2° and a 3 ; 5-dinitrobenzoate, nv.p. 65°,
On oxidation by chromic acid it furnishes hygrine, which is optically
inuctive, possibly due to raccmisation, identificd by the picrate, m.p.
153-4° and oxime, m.p. 124-5° Ilygroline is therefore regarded as the
aleohol, (XIX) corresponding to the ketone hygrine (XVI I).

p-Hygrine, C;;H, ON,. This, the second fraction of Lossen’s hygrine, %8
decomposes when distilled under almospheric pressure, but hboils at
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215°/50 mm. and has specific gravity 0-982 at 18°, It gives an aurichloride,
C,4I1,,0N, . 2I1AuCl,, and forms a colourless crystalline dimethiodide.
When oxidised by chromic acid, it yields a small quantity of hygric acid.
Cuscohygrine, C,,H,,ON, (Cuskhygrine). This third hygrine, first
recognised in ‘“‘cusco’ leaves by Liecbermann and Cybulski,®? was
characterised by these authors and by Iless and Bappert.$8 It has now
been found in Convolvulus hamade. It boils at 169-70°/23 mm., has
specific gravity 0:9767 at 17°, is optically inactive, absorbs carbon dioxide
forming an unstable carbonate, is miscible with water and gives a erystalline
hydrate, B, 8411,0, ni.p. 40°. The alkaloid forms crystalline salts with
acids ; hydrobromide, m.p. 234°, nitrate, m.p. 209° (dec.), and yields a
methiodide, m.p. 244°, and a crystalline oxime, m.p. 58-4°. It contains
two tertiary nitrogen atoms and, on oxidation with chromic acid, furnishes
hygric acid, Licbermann assigned to it formula (XX), which Hess and
Fink ¢ modilicd to (XXI) mainly on the following evidence. On long
standing in ethercal solution over potassium hydroxide, the alkaloid is
partly converted into dl-hygrine. It docs not condense with benzaldehyde
as it should if it contained the chain —CH,.CO.CH,—. Cuscohygrine
yields two hydrazones, regarded as stereoisomcrie, which on reduction
furnish  di-N-methyl-2-pyrrolidylmethane (XXII) and ax-di-N-methyl-
pyrrolidylpropane (XXIII). On treatment with nitric oxide in presence
of sodium ethoxide,”® the alkaloid yiclds homohygrie acid (N-methyl-2-
pyrrolidylacetic acid (XXV)) and a mixture of bases believed to be of the
type (XXIV), since on reduction they furnish di-N-methyl-2-pyrrolidyl-
methane (XXITI). Soll and Shriner 7t have confirmed the formation of
N-methyl-2-pyrrolidylacetic acid from cuscohygrine and have synthesised’
the acid. The latter has also been prepared by King, Clifton and Open-
shaw 72 but the acid has not yet heen converted into substance (XXII),
The identity of the di-N-methylpyrrolidylmethane (XXII) formed in these
reactions remains in doubt, since the synthetic product, which exists in two
stereoisomeric forms, subsequently prepared by Hess and Anselm 73
proved not to be identical with the substance derived from cuscohygrine,
Hess and Bappert ¢8 found that, although cuscohygrine could not be
exhaustively methylated, it yiclded on reduction two stereoisomeric

CBZ-CHQ-CH- CHZ—CO-CHZ-CH-C’Ha-CHZ CH,-CHp-CH~CH (CO-CHQ-CH—CHz-Cﬂa
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alcohols, which proved amncnable to this process and furnished n-undecanc
and n-undecan-g-ol as final products. This picce of cvidence supports
Licbermann and Cybulski’s formula (XX) for cuscohygrine, for which Sohl
and Shriner 7! have also provided further evidence on several points,

REFERENCES

(1) Luzio, Agronomia, 1938, 3, No. 15, 4.t (Chemn. Abstr., 19390, 33, 3073) ; BINDA
/f('tas Y trabajos congr. peruano quim., 1043, 2, I, 8375 (Chem. Abstr., 1915 3,9 :3(329)’
(2) Teysmannia, 1910, 21, 201 ; Harrwicu, Arch, Pharm., 1003, 241, 617 -’fur,(ieyl()x;
u{ld Mal?yan leaves see Bull. Imp. Inst., 1912, 10, 87 ; for Russian lcuvct.f see Tanan
Farmatsiya, 1040, No. 6, 28 (Chem. Abstr., 1041, 35, 2678). (2a) Keav Bulletin, 1889:
2‘;3 CII(;PRA and GuosH, Arch. Pharm., 1038, 276, 840. (8) Rec. trav. Chim., 1906, 25,
;; . (4) Arch. Pharm., 1910, 248, 303. (5) Pharm. Zeit, 1981, 76, 1440 ; Bull. Sci.

.harmacol., 1932, 39, 69; cf. CuarmrtTa and CuALMETA, thid., 1933, 40, 193, 641.
(p) GraNbvaL and Lasoux, J. Pharm., 1893, [v], 28, 102 ; Gagrskp, Pharm. J. ’l!J():S
[iv], 17, 784 ; ¢f. pE JONG, Rec, trav. Chim., 1906, 25, 1, For a review of this s,ubjccé
and a process, see Bull. Health Org. League of Nations, 1938, 7, 429 and ¢f. v JoNG
Rec, trav, Chim., 1988, 57, 1218 ; 1040, 59, 27 ; vAN Irarvie, Pharm. Weekbl. 1038’
7?, 909 ; vaN HuLssgN, Berg cultures, 1040, 14, 1444 (Chem. Abstr., 1941, 35 3;035)i
Epen and RUCKSTURL, Pharm. Acta Helo., 1043, 18, 687. (7) Pharm. Weekbl., 1907,
44, 961 ; pE JoNa, ibid., 1008, 45, 42; Rec. trav. Chim., 1906, 25, 1; 1011, 30, 204 :
]‘923, 42, 980 ; 1040, 59, 687 ; Indische Mercuur, 1928, 46, 305 ; Goms’ CHAL;IET'A zmci
CHALMETA ?; ToRrrICELLI, Miltt. Lebensm. Hyg., 1988, 29, 48, l)etcc’tion of ecgonine
see AME‘LINI{, Pharm. Weekbl., 1938, 75, 861, (8) Luzio?!; Binpal; ne Rosmon’r’
Bull. Sci. Pharmacol., 1920, 27, 359 (Chem. and Drugg., 1920, 394). C}’IEMNITIUS J pr’
Chem., 1927, [ii], 1!6, 276 ; Squiss, J. Soc. Chem. Ind., 1899, 8, 724, 1013. ,(9)' mg
JoxNg, Rec. trav. Chim., 1906, 25, 311 ; 1923, 42, 980 ; DuiLius, Chem. Zeit., 1930, 54
:.il‘. (10) LieBERMANN and GieseLn, Ber,, 1888, 21, 8196, ¢f. EINnorN m;(l I\’I,EI‘J'
ibid., 3835 ; DE JONG, Rec. trav. Chim., 1940, 59, 27; 1042, 61, 51; 1917' 6A6’
St (11) Ibid,, 1885, 18, 2053. (12) Ibid., 1894, 27, 1523, (1’3) ALLENS
)(Lommerc_lal Orgamc.Aualysis," 5th Edition, Vol.7,p. 518, London, J. and A. Churchill :
{hnladelphla, P, Blakiston’s Sons & Co. Inc.; cf. Pesez, J. Pharm. Chim., 1939, |viii]
30, 200; MarTINI and Gnrar, Mikrochemie, 1939, 26, 233. (14) SErTER ‘-11;w>r J’
Phaml., 1911, 83, 195, 265; HANKIN, Analyst, 1911, 35, 2; CECCONI ;inn CI;im.
Applic.,1936, 26, 218 ; GAUTIER, Ann. Chim, Anal., 10438, 25,172, (15) (a’) \\'A;;ENAA1;
P{mrm. Weekbl., 1930, 67, 229 ; MarriNi, Mikrochem., 1032, 12, 111 ; vaN Zup, Pharm
" Fekbl.‘, 19338, 70, 606 ; (b) RosuNruaLER, Mikrochem., 1924, 2, IZi ; FuunAl:Is IIuII.
chim. Farm., 1827, 66, 577 ; (c) Weiss, Apoth. Zeit., 1980, 45, 724 ; Envk, Chem. Zeil.
1981,55, 537 ; PASSARELLI, Boll, Chim. Farm., 1931, 70, 891 ; FuLTON Ame’r J I’IImrm.,
1933, 105, 826; OFFerBAUS and Baenr, Pharm. Weekbl., 1933—’]935'. N.Icuoms"
Analyst, 1936, 61, 155 ; Baccui et al., Ind. Med. Gaz., 1939, 74, 29 ; BE’IHSS(I Che:n’
Abstr., 1942, 36, 870 ; MivLos, Amer. J. Pharm., 1940, 112, 403 ; l:‘L()R’EN’I‘lN an(l’]h-‘nos'
(:‘hcm. Abstr., 1943, 37, 5550 ; Bru~NING, Zeit. Unters. Lebens., 1040, 79, 093 4(1(;)
SrraIT, Amp and WEiss, J. Pharmacol. Exp. Ther., 1941, 73, 363. (’17) 'Ber : 1890
23, 508, 926. (18) EINHORN and MarqQuarptr, ibid., 1890, Zé 468, 981 (15) Ber’
1901, 34, 1457 ; Annalen, 1003, 326, 42; 1023, 434, 111 ; Minch. med. Woch., 1924,
71, 849; E. Merck, Brit. Pat. 210,050, (20) Pharm. Zeit., 1889, 34, 516; cf. Pavr.,
Pharm. J., 1889 [iii], 20, 166, (21) Ber., 1888, 21, 8372 ; 1889, 22, 2661, (22) Ibid.,
1891, 24, 7. (28) Pharm. Zeit., 1887, 407, 668; Der., 1889, 22, 665. (24) Ibid.,
1888, 21, 2342, (25) LIEBERMANN and Drony, ibid., 1889, 22, 682’. (26) Chem Sm;’
Abstr., 1899, [i], 993.; ¢f. LizsrrmaNN and Gieser, Ber., 1890, 23, 508 und/EIN.uom;
and MARQUARDT, ibid., 970. (27) Mugck, ibid., 1885, 18, 2954 ; EINIIO,RN, ibid., 1888
21, 48. (28) DE JON.(?,’ Rec. Trav, chim., 1939, 58, 107 ; 1940, 59, 687. (28a) ’I’AUL’
I‘_/mrm. J.,1887-88, [iii], 18, 781. (29) Ber., 1888, 21, 8196, (30) Annalen, 1865 133’
351, ('31.) Ber.,1890,23, 468, 081 ; «f. LiguriryasN and Griser, 511 and I)E’JUNG, Rec’

trav. Chim., 1947, 66, 99. (32) Ibid., 1001, 34, 1457. (33) Annalen, 1921,,422:

L e Y o

PHARMACOLOGICAL ACTION 105

15. (34) Ber., 1887, 20, 1221; Uocniuxov, J. Gen. Chem. Russ., 1044, 14, 997,
(85) LieBurMANN, ibid., 1007, 40, 83602 ; Marcucrr and LeviNg, J. dmer. Chem,
Soc., 1941, 63, 2444. (36) EiNnuorn, ibid., 1890, 23, 1338. (87) LIEBERMANN,
ibid., 1800, 23, 25318; 1891, 24, 606; Wru.rsrArrer and MULLER, 1898, 31,
178. (38) [bid., 1901, 34, 519. (89) Ibid., 1818; see also RueeLr and
Makper, Helv, Chim. Acta, 1942, 25, 936, (10) Emnonx, ibid., 1888, 21, 3031, (41)
EmnuorN and FRIEDLANDER, ibid., 1893, 26, 1482 ; ¢f. WiLLsTATTER and MULLER, ibid.,
1898, 31, 2498, 2655 ; Gapamur and Joun, Arch. Pharm., 1921, 259, 227 ; bE JONG,
Rec. trav, Chim., 1937, 56, 186, 108, 678, (42) Ibid., 1887, 20, 1221. (43) Ibid., 1893,
26, 824, (44) WiLLsTATTER, Tbid., 1897, 30, 2679 ; 1808, 31, 1534, 2655. (43) 1bid,,
1898, 31, 1212, 2655. (46) Annalen, 1921, 422, 1, 15, (47) Ibid., 1903, 326, 42.  (18)
Compare, however, Gapayer and JoiiN, Arch. Pharm., 1921, 259, 227, 241, (49) Ber,,
1901, 34, 1457 ; fur conversion into ethyl tropinonecarboxylate, see PREOBRASHENSKI,
ScurscHUKINA and LariNa, ibid., 1936, 69, 1615, (50) Annalen, 1023, 434, 111 cf.
Brit. Pat. 214,017, (51) Ber., 1896, 29, 2216, (52) WoLFEs and HroMaTka, Merck’s
Jahresb., 193+, 47, 45 ; Krerrmaig, ibid., 54 ; see also Scuo6rr et al., Angcw. Chemg,
1937, 50, 785. (53) Ber., 1891, 24, 2336. (5t) Hessk, J. pr. Chem., 1902, [ii], 66, 401.
(55) J. Pharm. Soc. Japan, 1024, No. 504, 89 ; ¢f. bt JoNG, Rec. trav, Chim., 1923, 42,
980. (56) LiEBERMANN, Ber,, 1891, 24, 2338. (57) WILLSTATTER, ¢bid., 1000, 33, 1167.
1170 ; ¢f. Labensurg, ibid., 1902, 35, 1159. (58) Ibid., 1896, 29, 936. (59) J. Chem.
Soc., 1909, 95, 1970. (60) Cf. WILLSTATTER, Annalen, 1901, 317, 204 ; 1903, 326, 1;
1921, 422, 15. (61) Arch. Pharm., 1921, 259, 207. (62) Annalen, 1862, 121, 374.
(63) Ber., 1889, 22, 675 ; 1891, 24, 407 ; 1893, 26, 851 ; 1895, 28, 578 ; 1896, 29, 2050 ;
1897, 30, 1113, (6+) Ibid., 1900, 33, 1160 ; Annalen, 1003, 326, 91 ; cf. KARRER and
WinMer, Helv, Chim. Acta, 1925, 8, 364 ; Iess, Ber., 1918, 46, 8114, (footnote) Hess,
RicHEL and UIBRIG, ibid., 1917, 50, 355. (63) Ibid., 1913, 46, 8113, 4104 ; SoRM, Coll,
Czechoslov. Chem. Comm., 1947, 12, 245 (Chem. AAbstr., 1948, 42, 558). (65a) Ber.,
1943, 76, 942. (66) Ibid., 1889, 22, 675 ; 1895, 28, 580. (67) Ibid., 1893, 28, 578 ;
1896, 29, 2050. (68) cnnalen, 1923, 441, 137. (69) Ber., 1920, 53, 78L. (70)
TRAUBE, Annalen, 1898, 300, 81. (71) J. Amer. Chem. Soc., 1933, 55, 3828, (72)
J. Chem. Soc., 1042, 422, (73) Ber., 1921, 54, 2310.

armacological Action in the Tropane Series. Atropine. Whe
ered internally in toxic doses, atropine at first stimulates
depresses the central nervous system, giving rise to haljdeina-
tions, inconsdquent speech, delirium and convulsions, followed stupor
and coma. It paralyses muscles and sccretory glands to jHe effects of
stimulation by podganglionic, cholinergic, nerve fibrese” It is to this
action that the dryned of throat and mouth charactg fStic of belladonna
poisoning is due.” The kidgey is but little affected s consequently there is
little or no change in the\gecretion of uring/” The initial, transitory,
slowing of the heart, results {Psqn stimulatipff of the vagus nuclei in the
medulla and the later quickeningNg due #6 paralysis of the pacemaker to
inhibitory vagal stimuli. Respiratiyg”becomes quicker and deeper, but
eventually slower and shallower, pfd ¢ ath is due to respiratory failure.
There is often a marked rise ip/feniperathxe. Atropine affects all organs
containing unstriped musclggfessening their myements, and is antagonistic
in this respect to muscgzfne and nicotine, and ¥x_general to the action of
pilocarpine.

The alkaloid j&principally used in medicine to ¢
pupil of the ex€ (mydriasis), due to paralysis of the cire
iris. TheAccommodation is also paralysed as a result of
quscle (eyeloplegia). Atropine is also used in condit1o
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