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PREFACE TO THE FOURTH EDITION

So much information concerning alkaloids has been published since
the third edition of this book was issued in 1989, that the preparation of
a new edition has involved re-writing a large part of the volume and
adding considerably to its bulk.

The material available has been dealt with, as in the previous edition,
primarily on the basis of a chemical classification according to nuclear
structure, but as Nature does not produce alkaloids to meet the needs of
either botanical or chemical systematists, strict observance of such a
system would in some measure obscure those biological relationships
among alkaloids which are at present attracting much attention from
research workers. Accordingly this primary chemical classification has
been modified, in cases where an extensive series, including several
chemical types, occurs in one plant, or in closely related plants. When
this results in a chemical group being dealt with in more than one place,
cross references have been provided as a convenience to the reader. .

The author is much indebted to Mr. L. G. Goodwin, B.Sc., B.Pharm.,
for reading certain of the pharmacological sections, and to Dr. S. Smith
and Dr. A. C. White for advice on various pojnts on which they are
recognised experts. He also owes grateful thahks to Mrs. Henry for
unstinted help in checking references, reading proofs and the maintenance
of an index to the literature of alkaloids. The preparation of the type-
script, and the typing of the numerous new and complicated graphic
formule, in a form suitable for photographic reproduction, was undertaken
by Miss I. Bellis, to whom the author is greatly indebted for the untiring
patience and meticulous care she has devoted to this task. He has also
to thank the publishers for the kindly and sympathetie consideration they
have given to all the technical problems raised in the course of printing
the volume. Finally, the author owes to the customary generosity of the
Wellcome Foundation Limited office accommodation and working
tacilities, without which this book could not have been prepared.

T. A. HENRY.

LoNDON,



PREFACE TO THE FIRST EDITION

Ix certain respects the plant alkaloids rank among the most interesting
of naturally occurring substances. For the most part they are of complex
structure, so that the determination of their constitution and the discovery
of methods of producing them synthetically offer attractive problems to
the chemist ; and though a great deal has been accomplished, much still
remains to be done in this direction. Their mode of origin and their
function in plants are still unknown, and these two questions, with the
more important one of correlating the structure of the alkaloids with
their physiological action, form still almost untouched fields for combined
work on the part of physiologists and chemists. Many of the alkaloids
are of great importance in medicine, and the manufacture of these alkaloids
and of products containing them constitutes an important branch of the
“ fine chemical " industry.

In compiling this volume the author has kept in view these various
aspects of the subject, and the articles on all the more important alkaloids
describe not only the properties and the chemistry of these products, but
also their occurrence, methods of estimation, and physiological action,
In most cases the original memoirs have been consulted, and references
to these are given in footnotes, but for descriptions of the physiological
action of the better-known alkaloids Professor Cushny’s “ Textbook of
Pharmacology and Therapeuties ** has been largely utilised. The chemical
nomenclature and the system of abbreviations used are, with a few
unimportant exceptions, those employed in the * Abstracts ” published
by the Chemical Society of London, with which most English-speaking
chemists are familiar.

For much laborious work in checking formule and references and in
reading proofs, the author is indebted to Mrs. Henry, B.A., B.Sc. (Lond.),
and to Miss A. Holmes, B.A. (Lond.).

vi
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PLANT ALKALOIDS
INTRODUCTION

Tue literature of alkaloids can conveniently be divided into five
sections, dealing with (1) the occurrence and distribution of these substances
in plants ; (2) biogenesis, or the methods by which alkaloids are produced
in the course of plant metabolism ; (8) analysis, ranging from the commer-
cial and industrial estimation of particular alkaloids to the separation,
purification and description of the individual components of the natural
mixture of alkaloids, which normally occurs in plants; (4) determination
of structure ; and (5) pharmacological action,

In the period that has elapsed since the third edition of this book was
published there have been additions to each of these sections, and to
some of them the new contributions have been numerous and important.

Many new alkaloids have been described and new occurrences recorded.
An interesting feature of this section of work is the operation of a number
of what may be called alkaloidal surveys, ranging from searches for
alkaloidal plants to investigations of plants of a particular botanical
order, or of a selected botanical genus, or of geographical or other variants
of a single species. In Soviet Russia, Massagetov ! has made a preliminary
examination of 118 species collected in Central Asia, out of which he has
found promising materials among lichens, mosses and liverworts, some
varieties of maize, cotton and beans, certain species of Picea and Pinus,
and a specially rich source in Dipsacus azureus belonging to the Dipsacacez,
a botanical family which like the allied Composite, has not been a frequent
source of alkaloids. In the same country, in 1939, Lazur’evskii and
Sadikov 2 examined over 200 plants collected by various expeditions in
Central Asia and recorded alkaloids in a number of species, including
Aconitum talassicum and Convolvulus hamade, the alkaloids of which have
since then been investigated in detail as described later. Mention may
also be made of the comprehensive volume on * The Poison Plants of New
South Wales,” compiled by KEvelyn Hurst under the direction of the
Poison Plants Committee of the University of Sydney. Itincludesnumerous
monographs on plants containing toxic alkaloids and should be of great
value to research workers concerned with plant chemistry.

In the course of the intensive campaign carried on in the United
States of America during the war for the discovery of effective anti-
malarial drugs, a team of workers 3 made anti-malarial tests on 600 different
plants belonging to 128 families of phanerogams and three families of
cryptogams, and it is recorded that the suppressive activity shown by

some of these plants appeared to be associated with alkaloida] fractions
of their extracts.

x



x INTRODUCTION

Of surveys with a narrower alkaloidal objective, mention may be
made of the systematic work done by E. P. White and his collaborators
in ascertaining the distribution of perloline in Lolium and allied grasses in
New Zealand, and that of the same author in the examination of over
200 leguminous species, to ascertain the nature of their alkaloidal compo-
nents and the effect of conditions on the alkaloidal content of various
organs. Manske’s work on alkaloids of Fumaraceous plants and of
Lycopodium species also needs mention in this connection ; it has not
only resulted in new and interesting additions to the list of alkaloids, but
the results, like those of White, have a bearing on the suggestion sometimes
made that the nature of the substances present in plants may usefully
be taken into account in some taxonomical problems. This suggestion is
not as novel as is sometimes supposed, and Raymond-Hamet,* in his
paper maintaining the separation of Chevalier’s genus Pseudocinchona
from Corynanthe, on the ground that Pseudocinchona africana contains
the alkaloids corynanthine and corynantheine, whereas Corynanthe
paniculata yields yohimbine, makes the following statement : ‘* Alphonse
de Candolle a affirmé que les phénomeénes de physiologie (et par conséquent
les propriétés biochimiques et notamment la composition chimique)
peuvent é&tre envisagés . . . comme caractéres d’une espéce, d’un genre,
d’une famille, d’une classe de végétaux.” 5

In this connection Manske ® has suggested that the questlon whether
Fumariacexe and Papaveracez, together forming the order Rhceadales,
should continue to be regarded as separate botanical families or be merged,
can be settled in favour of the second alternative by a consideration of
the nature of the alkaloids present in the plants, and he provides in support
an interesting summary of existing information on this point, On the
other hand, the number of cases of the occurrence of the same alkaloid in
plants, which cannot be regarded as closely related botanically, justifies
taxonomists in being cautious about freely accepting chemical evidence
of this kind, Nicotine, for example, is found not only in the Solanaceous
genera Nicotiana and Duboisia, but also in Asclepias (Asclepiadaces),
Equisetum (Equisetacee), Lycopodium (Lycopodiacex), Sedum acre
(Crassulacez) and Eclipta alba (Composite), and as further instances,
anabasine occurs both in Nicotiana glauca and Anabasis aphylla (Cheno-
podiacez), whilst ephedrine is not only present in Ephedra spp. (Ephe-
dracez), but has also been recorded from Taaus baccata (Taxacee) and
Sida rhombifolia (Malvace=z) and its near relative d-nor-y-ephedrine is the
* cathine ” of Catha edulis (Celastracez). More remarkable still is the
case of berberine, which occurs in at least sixteen genera belonging to six
different botanical families. Further, alkaloids of quite different types
may occur in the same plant, for example in the opium poppy, and in
Aconjtum Napellus, in which ephedrine and sparteine have been recorded,
as well as the typical aconite alkaloids. More information is in fact needed
of the kind provided by the surveys undertaken by White and by Manske
before chemical knowledge of plant constituents can be safely and generally
applied to problems of plant classification. In the introduction to his
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series of papers on the alkaloids of the Leguminosz, White points out that
although this order has been investigated perhaps more than any other
for alkaloids, there is still uncertainty regarding the nature and distribution
of alkaloids even in some common species, that little is known of the alka-
loid content of common European plants grown under new conditions, for
example in the Southern Hemisphere, that a large number of factors are
capable of altering the alkaloidal content in quantity and nature, and that
in much of the older European literature there is uncertainty due to
incomplete chemical investigation.

Although the number of alkaloids still in use in medicine is small,
serious difficulty was caused by the war, due to the cutting-off of the
usual sources of supply of the natural drugs which yield essential alkaloids,
such as atropine, cocaine, hyoscine, morphine, emetine and ergometrine.
Shortages were met as far as possible by new sources of supply and by
local cultivation of the opium poppy, belladonna and other necessary
drugs. This necessity provided new opportunities for the collection of
experimental data regarding the possibility of plant selection and ot the
effects of environment and of changes in cultural conditions on yield of
alkaloids. An interesting account of the kind of work this involves will
be found in the paper by W. O. James referred to below. One outcome
of this work is the observation by workers in several countries that in
solanaceous plants the tropane alkaloids are formed mainly in the roots.”
The plants generally used were belladonna, stramonium and Duboisia spp.,
and the necessary cultivation experiments were similar to those briefly
described under the alkaloids of tobacco. The problem is, however, more
complex than the results of these special observations seem to imply,
and W, O, James,8 in the course of an account of work done by the Oxford
Medicinal Plants Scheme on the biosynthesis of the belladonna alkaloids,
states that alkaloids are first formed in the meristem of the radicle and
can be detected when the radicles are 8 mm. long, but also shows that
detached belladonna leaves can be induced to increase their alkaloidal
content. He concludes that on the evidence available it is possible that the
leaf alkaloids have a dual origin : by synthesis in situ and by translocation
from the root.

A curious observation, first made by Barnard and Finnemore ? in the
course of a systematic examination of Duboisia myoporoides in the whole
range of its distribution in Australia, is that in this plant the relative
proportions of the two main alkaloids is extremely variable, hyoscine being
predominant in plants of the northern area and hyoscyamine in those of
the southern region. Hills, Trautner and Rodwell,® continuing this work,
confirmed this general result, but in the course of selection trials found
that individual trees could exhibit the same variation ; the leaves of one
specimen at Nambour, Queensland, contained in October about 3 per
cent. of almost pure hyoscyamine and in April about the same amount of
almost pure hyoscine. Trautner,! in a paper dealing with these anomalies,
and also discussing the possible modes of origin of the various amino-
alcohols, tropine, i-tropine, scopine, ete., and of the acids, tropie, benzoic,
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veratric, tiglic and isovaleric, which esterify them, suggests that in
Duboisia and other solanaceous species two systems are in operation.

The hyoscine system occurs alone in certain northern Duboisia myo-
poroides, and forms scopine, i-tropine, dihydroxytropane and, in Datura
meleloides, teloidine. Of these amino-alcohols, all the scopine is esterified
by tropic acid and the minor bases by tiglic, methylbutyric or isovaleric
acid, which contain the isoprene skeleton and are presumed to arise from
that source.

The hyoscyamine system is found alone in some adult Duboisia
Leichhardtii and possibly in some southern D, myoporoides. It produces
tropine and nortropine only, which are esterified with tropic acid, or as in
apoatropine found in belladonna, with atropic acid, and to a small extent
with the isoprene acids referred to above. Some tropine or nortropine
may occur as such. Scopine, y-tropine and dihydroxytropane are abfsent.

The hyoscine system occurs alone in all young plants and may
continue throughout life in specimens in the northern area: it may
represent the original alkaloid metabolism of the plant. The hyoscyamine
system appears only at the age of four to six months, and in the southern
area it replaces the hyoscine system almost completely ; it appears to be
an adapted system and may represent the adult alkaloid metabolism of
the plant. Usually both systems are present in varying proportions.

It may be noted that Datura Metel, in which hyoscine is usually the
predominant alkaloid, has been recorded in one instance by Libizov * as
containing hyoscyamine, but no hyoscine, and a similar difference is
mentioned for Scopolia lurida.*

In Robinson’s now well-known suggestions,? regarding the processes
by which alkaloids may be produced in plants, two main reactions are
used ; the aldol condensation and the similar condensation of carbinol-
amines, resulting from the combination of an aldehyde or ketone with
ammonia or an amine, and containing the group . C(OH) . N., with
substances in which the group . CH.CO.is present. By these reactions
it is possible to form the alkaloid skeleton, and the further necessary
changes postulated include oxidations or reductions and elimination of
water for the formation of an aromatic nucleus or of an ethylene derivative.

This theory has stimulated activity in two main directions, suggestions
for changes in detail in the steps of processes for particular alkaloids, and
work on laboratory syntheses of known alkaloids, using the reactions
specified and operated under conditions which might obtain in a plant,
i.e., under what are now described as physiological conditions. All the
results indicate that the theory is well-founded, and it seems possible that
a technique may eventually be found by which the process may be observed
in operation, directly or indirectly, in situ, say in a solanaceous plant.

After determination of the seasonal variation in alkaloidal content of
the leaves, stems and roots of belladonna and the production of evidence
that there is a considerable movement of alkaloid upwards from root to
leaves and a small transport in the opposite direction, Cromwell ¥ found
that of a large number of amines injected, with or without glucose, into
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belladonna plants, significant increases in alkaloidal content were pro-
duced only by arginine, NH,.C(NH).NH. (CH,); . CH(NH,)COOH
with glucose, putrescine, NH,.(CH,),. NH,, alone or with glucose,
hexamine with glucose, and ¢ formamol” (hexamethylenetetramine-
anhydromethylene citrate) with glucose. It is known that by bacterial
action arginine can be converted via ornithine,
NH, . (CH,); . CH(NH,) . COOH,

into putrescine, and Cromwell has been able to demonstrate the presence
of both arginine and putrescine in belladonna. He has also shown that
belladonna extracts are capable of oxidising added putrescine to ammonia
and a product, reacting with 2 : 4-dinitrophenylhydrazine as an aldehyde
and estimated colorimetrically by that means, which is assumed to be
either succinaldehyde or §-aminobutyraldehyde, or a mixture of the two,
though neither could be isolated and identified. Quite recently James and
Beevers, in a preliminary announcement, record the isolation from
belladonna leaves and roots of a polyphenolase which under specified
conditions oxidises [-ornithine to «-keto-3-aminovaleric acid. In the
simplest form of Robinson’s tropinone synthesis, as described in the
atropine section, succinaldehyde was condensed with methylamine and
acetone, so that if Cromwell’s assumption is correct that succinaldehyde is
formed in the experiment he describes, a further confirmation of Robinson’s
theory is provided and an interesting first step has been taken towards at
least indirect observation of such a synthesis in plant material.

One of the most attractive features of Robinson’s theory is that it
makes understandable, on the basis of a slight change in either a primary
material or in the metabolic process, the fact that a plant may produce
more than one type of alkaloid, or that two closely related plants may
each form alkaloids of distinct types. Thus, still keeping to the Solanaces,
which seem to be popular as material for biogenetic experiments, the two
Duboisia species D. myoporoides and D. Leichhardtii always produce
hyoscine or hyoscyamine or both, while a third species, D. Hopwoodii,
produces nicotine or nornicotine,'® or both, The two latter alkaloids are
characteristic of all the species, so far examined, of another solanaceous
genus, Nicotiana. For the biogenesis of nicotine Robinson suggested
(1917) 12 the initial formation from ornithine by the methylating and
oxidising action of formaldehyde of a pyrrolidylearbinol-amine. This by
condensation with a molecule of acetonedicarboxylic acid could furnish
a product, which with formaldehyde and ammonia could yield a y-keto-
piperidine ring. From this stage, by steps that are easy to imagine,
involving, in succession, reduction of a carbonyl to a secondary carbinol
group, elimination of water and finally dehydrogenation to pyridyl,
nicotine could be formed. In a later paper (1934) 12 Iysine,

NH(CH,), . CH(NH,) . CO,H,
the next higher homologue of ornithine, is considered as a possible source of

th.e pyridine ring, but this raises the difficulty of explaining the attachment
of the pyrrolidine nucleus in the B-position, though it is suggested that the
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NH,.CH,.CH,.CHp.CH(NH, ) .COH + CH,0 >

fz o n)
NHMe.CH,, .CH,.CH,.CHO ———> Nfe ———>
g+ gty CHz—CHy™

' CoH 60
CHz—CH \Cﬂ/ \caz. CO H car?a——'ca—co—caz

2 \
/Nue CHzO CHy0 ——> I?Me —>
Cﬁz——(mz NHs CH3 CHz CHz NH: 2
CH .
e e
HC C—CH CHz
../
HC CH NMe
Nicotine

y-ketopiperidine nucleus may be regarded as an oxidised lysine or proto-
lysine derivative.

Of the remaining types of solanaceous alkaloids, the nor- bases, such
as norhyoscyamine, could be provided for by an alternative suggestion,
based on the observation that a mixture of the ammonium salts of
aa’-diaminoadipic and citric acids could be oxidised by hydrogen peroxide
to nortropinone,

/cn(lmz).cozn /cn.on
;8 &, |
(LH C e | NH ——,
\2 ) CHz
CH(NH, ).CO CH.OH
ami ; 1 iﬂ 14 2 ?Hﬁ(fﬂz
aa ‘—Diaminocadipic a¢
e =l
CHz— CH—CH,
CH,, . COH 5+ CORH
| norTropinone
C(OH).COPH  mm» cI:o —
Cﬁz.COZH CHz.C()zﬁ

Citric acid

Teloidine, the basic hydrolytic product of meteloidine, has been
synthesised recently under physiological conditions by Schépf and
Arnold,*® on the lines of the tropinone synthesis, mesotartaric aldehyde
(CHOH . CHO),, being condensed at 25° with acetonedicarboxylic acid
and methylamine hydrochloride to teloidinone (5-keto-1 :2-dihydroxy-
tropane) which on catalytic hydrogenation yielded teloidine (1:2:5-
trihydroxytropane).
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The hygrines have until recently only been found associated with the
cocaines, which are tropane derivatives found in the Erythroxylacee of
the order Malpighiales, i.e., in a family, which is botanically remote from
the Solanacew, the typical source of the tropane group. The presence of
cuskhygrine has, however, been recorded recently in Scopolia lurida,
which seems to establish a special connection between the hygrines and
the tropane bases, and lends unusual interest to the following diagram
based on one of Robinson’s suggestions,

c]:nz—cnz———:['a.cozn CHy—CHg—CH.CO,H CH;—CHp—CHO

CHy—NH NHp, —> —_—> —_—

HN:C.NH, CH;—NH, NH, CHz—NHMe
Arginine Ornithine aminoaldehyde

e B CHg—CH—GH, CHg—CE—GHg
llnae co NMe CO NMe CIJO

|

CH;—CH, CHjz CHz—CHOH CH, CHz— CH—CHp

Hygrine Oxidation Product Tropinone

In the large group of isoquinoline alkaloids a considerable number
of transformations from one type to another are described later in the
appropriate sections ; for example, from papaverine through laudanosine
to glaucine and from the berberine to the cryptopine type, and the possi-
bility of such changes may account for the association in the same plant
of alkaloids of markedly different types. Winterstein and Trier first
suggested the possible formation of isoquinoline alkaloids from 2 mols. of
dihydroxyphenylalanine, according to the following scheme, leading to
norlaudanosine, from which laudanosine is obtainable by methylation and
papaverine by methylation and dehydrogenation.

- Q“ ¢

JZH(NHZ) +COH
HO NH, Ho HO NH
HO +CO H ? HO HO
/ 2
CHgp
CH,

norlaudanosine

Robinson 12 (19384) has elaborated this into a scheme embracing
hydrastine, berberine, epicryptopine, corydaline, sanguinarine and
honiochelidonine, though he points out that dihydroxyphenylalanine is
labile and too easily convertible into indole derivatives to be capable of
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the transformation suggested, under any ordinary conditions. It is,
however, of interest to note that a definite approach towards possible
biological conditions of synthesis of benzyltetrahydroésequinolines by
Spdth and Berger and by Hahn and Schales is described later in the
papaverine section.

The biogenesis of isoquinoline alkaloids was also discussed by the late
Prof. Barger,!” who regarded as generally accepted the view that in the
heterocyclic ring of these bases the nitrogen atom and four atoms of
carbon come from an amino-acid and the fifth carbon from an aldehyde as
illustrated in the second stage of the morlaudanosine synthesis already
referred to. Barger was of opinion that the known structure of many
isoquinoline alkaloids and the biological evidence available implies that
tyrosine (8-p-hydroxyphenyl-«-aminopropionic acid,

HO.CH,.CH,.CH(NH,) . COOH)

is the precursor of a large group of these alkaloids. For other alkaloids
of this and other groups the original papers should be consulted, but men-
tion may be made here of Robinson and Sugasawa’s synthesis of proto-
sinomenine, 2 since that is a practical outcome of an investigation based
on the view that the blocked hydroaromatic structure of the alkaloids of
the morphine group has its biogenesis in an intramolecular union of the two
aromatic nuclei of a base of the laudanosine type, concerning which two
postulates are laid down :—

(1) If the union occurs in such a’ position that loss of hydrogen with
re-formation of a true aromatic nucleus is feasible, an aporphine base will
result.

(2) If the union occurs in a position already bearing a substituent,
loss of hydrogen is impossible except by migration and a morphine type
of alkaloid is formed.

The first postulate may be illustrated by the still unrealised conversion
of laudanosine into glaucine by oxidation, resulting in the loss of one
atom of hydrogen from each aromatic nucleus and union of these as
shown by the dotted line.

The second may be illustrated by protesinomenine, for which the two
formule shown are identical but differently written, which, on suitable
oxidation, should pass into sinomenine,

MeO MeO
HO Ho
Cp iy
CH cH
Me0 e ‘ Nide
HO Cily HO A iz
cl,, . MeO
Iaudaxiosin' Identical Formulae
Glaucine protoSinomenige Sinomsnine
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These suggestions and the practical realisation of some of them in
vitro stimulated interest in this type of synthesis, and especially in the
hands of Schépf and his collaborators,'8 have resulted in a series of syntheses
simple in method and efficient in yield, which form a striking contrast to
the classical processes of the organic chemist, though it is true to say that
no synthesis of this type has yet been effected until the organic chemist
has paved the way by an accurate experimental dissection of the molecule
to be dealt with. Schopf’s successes have been due in part to his investiga-
tion of the effect of varying the hydrogen ion concentration of his reaction
mixtures. Thus Schopf and Bayerle found that an aqueous solution of
B-(8 : 4-dihydroxyphenyl)-ethylamine hydrobromide with acetaldehyde in
slight excess at a pH 8 to 5 and temperature 25° gave an 83 per cent. yield
of 1-methyl-6 : 7-dihydroxy-1: 2 : 8 : 4-tetrahydroisequinoline  hydro-
bromide, which only differs from the natural alkaloids carnegine (1 :2-
dimethyl-6 : 7-dimethoxy-1 : 2 : 8 : 4-tetrahydroisoquinoline) and salsoline
(1-methyl-6-hydroxy-7-methoxy-1: 2 : 8 : 4-tetrahydroisoquinoline) in de-
gree of methylation. It is interesting to note that the naturally-occurring
salsoline and carnegine are optically inactive in spite of the presence of a
centre of asymmetry at C!, so that this synthesis of a nor-form of these
two alkaloids makes a close approach to physiological conditions even in
this respect. In the same way these authors prepared from * epinine ”
(8 : 4-dihydroxyphenylethylmethylamine :

C,H,(OH), . CH, . CH, . NHMe)

and acetaldehyde at pH 4 and 25° 1:2-dimethyl-6:7-dihydroxy-
1:2: 3: 4-tetrahydroisoquinoline.

Schopf and Lehmann synthesised by similar methods, which are
referred to later, tropinone, y-pelletierine and lobelanine These syntheses
illustrate the dependence of yield on the pH of the reaction mixture, as the
following table for yields of lobelanine hydrochloride shows :—

M98 Glutardialdehyde, M |50 Methylamine Hydrochloride,
M [87-5 Benzoylacetic Acid, M[10 Buffer
Exp. I (40 hours)

pH. . . 2 3 4 5 7 9 18

Yield, per cent. 1 21 56 38 1 traces
Exp. II (8 days)

Yield, per cent.  1-4 15 54 40 3 traces

In a comprehensive review of this subject Schopf (1937) gave a pre-
liminary description of a number of other syntheses of this kind, including
that of teloidine, already referred to. Suggestions for other alkaloidal
syntheses were also made and the conditions under which such reactions
might take place in plants discussed.

Other examples of syntheses under physiological conditions will be
found under arecaidine, lobelia, papaverine, cusparia bark alkaloids,
harmala alkaloids, rutecarpine and yohimbine.
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In this account ornithine has been frequently referred to as a possible
primary material in the biogenesis of certain alkaloids, and it is on that
account of interest to note that the presence of acetylornithine has been
recorded by Manske in Corydalis cornuta, C. ochotensis and C. stbirica.l®

Numerous contributions have been made to the analytical section of
alkaloidal literature and, apart from descriptions of new general or special
alkaloidal reagents, or new methods of using old ones, three main trends
are noticeable, the development of micro-methods for detection and
estimation, the replacement of purely chemical processes of estimation by
colorimetric or other physical methods of measurement, and the increasing
application of chromatography, for both the estimation and the isolation
of alkaloids. There are also a considerable number of papers describing
improvements in extraction processes and a few dealing with special
titration methods, such as that of Trautner and Shaw,2? in which the
final alkaloidal residue in an assay of a drug, or a galenical preparation, is
titrated in chloroform solution with p-toluenesulphonic acid. In physical
methods of measurement special interest attaches to the papers by
Kirkpatrick 2! on a polarographic study of alkaloids, the results of which
are summarised in the last paper of the series and their practical applica-
tions, for example in certain types of pharmaceutical assays, discussed.

The first suggestion that an adsorption column might be used in
pharmaceutical analyses was made by Valentin and was successfully used
by Merz and Franck on tinctures and extracts of cinchona, belladonna
and Strychnos, the results obtained being concordant and in good agree-
ment with those given by the processes of the German Pharmacopceia
(D.A.B. VI).2 Since then chromatographic methods for the assay of
solanaceous drugs have been published by several authors, and Brownlee,?
in addition, deals with nux vomica and ergot. The results obtained are
comparable with those got by established processes, and chromatographic
methods are stated to take less time and to be easier to operate ; that of
Roberts and James 2 is designed to use only about 1 gramme dry weight
of belladonna or similar material. Special attention has been given by
Reimers, Gottlieb and Christensen 2% to the chromatographic analysis of
alkaloidal salts, and a general method has been devised which answers
with a number of alkaloids, but has to be modified for use with others
owing to slow elution of the base, incomplete adsorption of the anion, or
to difficulties of titration, In some cases these difficulties cannot be
surmounted. The quality of aluminium oxide for use as an adsorbent is
also considered and tests for its control are described. Gottlieb has
recently used partition chromatography for the separation of tropic and
atropic acids in hydrolysates of solanaceous alkaloids (1948),25

After the removal of all the alkaloids which can be isolated as such,
or as derivatives, from the total alkaloids of a plant, there usually remains
an intractable, amorphous residue, Chromatographic methods are
beginning to be applied to such materials with some success. With a
new technique of this kind it is useful to have it applied experimentally to
more- or less-known mixtures. Evans and Partridge,?® after preliminary
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experiments on a known mixture of hyoscine and hyoscyamine, to deter-
mine conditions for separation, applied a form of partition chromato-
graphy to the total alkaloids of Datura ferox, D. Stramonium and Atropa
Belladonna. In the case of the two latter plants the graph of eluate
fractions showed only two peaks corresponding to hyoscine and hyo-
scyamine, as shown by the constants of the related fractions isolated, and
the sum of the two fractions was close to the amount of total alkaloids
as previously determined. The graph for D. ferox was more complex
but the fractions corresponding to the two main peaks were proved to be
liyoscine and meteloidine respectively and the sum of the fractions repre-
senting the remaining peaks amounted to only 0-08 out of 0-610 per cent.
total alkaloids, calculated as hyoscyamine. Meteloidine had previously
been recorded only from D. meteloides. The results show that partition
chromatography provides a simple method of isolating separately hyoscine
and hyoscyamine from small quantities of solanaceous drugs. The
Datura ferox used was grown in England from seed collected in Rhodesia.
Previous analyses by Barnard and Finnemore ? of Australian-grown plants
of this species and by Libizov 27 of Crimean plants, recorded hyoscyamine
as the chief alkaloid. This seems therefore to be an addition to the
solanaceous plants referred to above, which are liable to change the
nature of their alkaloidal components,

According to Rowson,?8 polyploids of solanaceous plants, induced by
the action of colchicine, show an increased content of alkaloids, but the
relative proportions of hyoscine and hyoscyamine remain the same and
are characteristic for the species,

A notable change in methods of isolating alkaloids from plant materials
has been described by Applezweig,?® depending on the use of a suitable
ion-exchange material and capable of application on a semi-micro scale or
for industrial use. It has been applied to the preparation of the total
alkaloids of cinchona bark (totaquina) and according to Sussman, Mindler
and Wood, is also used industrially for the recovery of hyoscine.

Many alkaloids are obtained in such small quantities that it is not
possible to describe them in detail, and recourse must be had to giving
characteristics for picrates, aurichlorides and similar compounds. The
reineckates, first used by Christensen and later by Rosenthaler,3® are a
useful addition to such compounds, and have been so used recently by
Evans and Partridge 26 for the characterisation of solanaceous alkaloids,

_ Tu spite of their importance, basicity constants rarely figure in descrip-
tions of alkaloids. Figures for a series of alkaloids and related substances
were published by Kolthoff in 1925 and have been extensively used.
Recently a few more have been added by Schoorl, and Adams and Mahan
have provided figures for the whole group of necines, the amino-alcohols
resulting from the hydrolysis of the pyrrolizidine group of alkaloids.3!

For the purposes of this book, an alkaloid is regarded as a relatively
complex, organic base, occurring naturally in a plant and usually possessing
markefi pharmacological activity. This excludes simple, naturally
oceurring bases and the biological amines, which are adequately dealt with
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elsewhere.3 The purines are also omitted, as these are now well described
in text-books of organic chemistry for advanced students and recent
interest in them is centred chiefly on derivatives, which are more appro-
priately dealt with in a text-book of biochemistry than in a work on
alkaloids.

The material is arranged, as in previous editions, primarily on the basis
of nuclear structure, which it must be admitted is arbitrary, for most of
the more complex alkaloids could be dealt with under more than one
structural heading. Most of these structural groups are, however, almost
traditional in alkaloidal literature and seem to have arisen usually from
the nature of the products obtained in early, drastic degradation experi-
ments. Two new groups have been added, the components of which
formerly occupied considerable space among ‘ alkaloids of undetermined
constitution.”” The pyrrolizidine group consists so far, only of the
‘ pecylnecines,” characteristic of the genus Senecio, but also found less
extensively in other genera, The steroidal alkaloid group is so named
because there is reason to believe it consists mainly of alkaloids containing
a tetracyclic system identical with, or closely related to, that of the steroids :
it includes the extensive series of alkaloids found in Aconitum, Delphinium
and Veratrum species and the glucosidal alkaloids of Solanum spp. A
preliminary statement by Haworth et al.3® published after the section on
Holarrhena alkaloids had been passed for press, indicates that the carbon
atoms of conessine are accounted for by the allopregnane structure, but
the position of the ethylenic linkage and the points of attachment of the
three N-methyl groups are still uncertain. On this basis conessine also
belongs to the steroidal alkaloid group and as several of its associates are
convertible by simple reactions into conessine, the nature of an important
fraction of the sixteen Holarrhena alkaloids is becoming clear,

In future a third new group will be required, according to another
preliminary statement published quite recently by a team of Australian
chemists, Messrs. Hughes, Lahey, Price and Webb. They have isolated
six alkaloids from three rutaceous species of that country, five of which
have been definitely shown to be acridine derivatives. This appears to be
the first-fruits of a survey of the type referred to above, which is being
carried out on the Australian flora under the auspices of the Council for
Scientific and Industrial Research and several of the Australian Univer-
sities.

Within the alkaloidal groups there have been a considerable number
of additions, notably, as might be expected, in the already large iso-
quinoline group.

Under the heading ¢ Alkaloids of Undetermined Constitution,” have
been included bases about which a good deal of information is available,
though they cannot yet be allocated to sturctural groups, either because
sufficient, definite information is not available, or because such data are
available only about one or two members of an extensive series found in
one plant or one genus, The Dichroa bases are probably quinazolines,
Of the Erythrophleeum alkaloids some might be placed in the group of
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alkaloidal amines as they are esters of alkylamino- aleohols, but they have
several associates about which little is yet known. Similarly in the
Gelsemium bases, sempervirine is now known to be closely related to
yohimbine and there are indications that gelsemine may also be an indole
alkaloid, but there are several associates, including gelsemicine, the most
potent of the set about which there is little chemical information.

The section * Minor Alkaloids ” covers plants arranged in alphabetical
order of their botanical names, from which well-defined alkaloids have
been isolated but which have not yet been examined in detail or for some
reason do not readily fit into preceding groups. Following * Minor
Alkaloids ” is a list, also arranged alphabetically under botanical names,
of plants in which the presence of alkaloids has been recorded but from
which well-defined and recognisable alkaloids have not yet been isolated,
although in some cases names and empirical formule have been assigned to
amorphous products. Information is apt to arise rapidly and unexpectedly
in these days and too late for transfer to its appropriate section one of the
plants in this list, Talauma mexicana, has been shown to contain an
alkaloid aztequine, belonging to the bisbenzylisoquinoline series.

Comparatively few alterations have been made since 1989 in the
structures accepted for well-known alkaloids. A slight but important
change has been adopted in the formula of strychnine and contributions
to the chemistry of that alkaloid and its associates are still being made,?
though the formula seems now so well established that Woodward has
recently suggested and discussed a scheme for the biogenesis of strychnine
on which Robinson has commented favourably.3® Robinson has also
proposed a scheme for the biogenesis of emetine. This involves a modifica-
tion in the formula of that alkaloid, which is supported by Dewar’s inter-
pretation of the results of recent chemical work on emetine by Karrer
et al., by Spith and by Pailer.?”

Another alteration is the proposed 7-membered ring in the formula
of colchicine which receives substantial support from a preliminary
announcement just made by Buchanan, Cook, Loudon and MacMillan 38
that they have synthesised 9 : 12 : 18 : 14-tetramethoxy-3 : 4 : 5 : 6-dibenz-
4':3:5.5 cycloheptatriene-7-one and shown it to be identical with the
af-unsaturated ketone obtained by oxidation of deaminocolchinol methyl
ether,

The chemistry of yohimbine is also under active discussion and new
papers have appeared, or are promised, dealing with the structure and
synthesis of ketoyobyrine.3?

A modification of the formula of a-fagarine just announced establishes
its close relationship to the alkaloids of cusparia bark, which like Fagara
is derived from a rutaceous genus.%

The advent of the sulphanilamide group of drugs and the
dfevelopme'nt of the biological products known as anti-biotics, presented
biochemists and pharmacologists with many interesting problems and
In view of these and other like attractions, it is not surprising that
the pharmacology of alkaloids seems to be receiving less attention
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now than at one time it attracted. Much work has been done in
determining details of the pharmacological activity of the many new
alkaloids, such as those of the pyrrolizidine group, that have been
described in the last ten years, but the most striking development is
probably the number of synthetic replacement products for alkaloids made
available, and the remarkable variation in structure shown both as regards
the prototype to be replaced and among the substitutes themselves. As
shown in the appropriate sections, much research has been expended on
modifying the tropane and cinchona alkaloids, but in both cases effective
synthetic drugs have been found in substances structurally different from
the prototypes. There is, for example, little or no structural similarity
between quinine, mepacrine and paludrine, though all three are in use as
anti-malarial drugs. A like absence of structural similarity is found in
the new synthetic replacements for quinidine in the comntrol of auricular
fibrillation. These substances are also local anaesthetics and spasmolytics.
Similarly, as pointed out in connection with-physostigmine, a considerable
number of alkaloids and other substances share with this alkaloid the
capacity to inhibit the action of choline-esterase on acetylcholine, and it is
beginning to be suggested that the action of many chemical substances,
including alkaloids, in the body is to be accounted for by modification of,
or interference with, the production or action of potent biological amines
such as acetylcholine, histamine or epinephrine,

Burn 4 has pointed out that the grouping together of many properties
as fundamentally the same, brings into some sort of order the long list of
apparently pharmacologically unrelated alkaloids, and that the similarity
in many properties of atropine, papaverine and quinine, and of conessine
and quinine, suggests points of biochemical similarity.
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PLANT ALKALOIDS

PYRIDINE GROUP

AvtHoUGH pyridine has becn recorded as occurring in plants, the evidence
does not as a rule amount to more than a pyridine-like odour, though more
definite evidence has been provided by Goris and Larsonneau * for its
occurrence in belladonna leaves and by Kuhn and Schéfer 2 for its presence
in the roots of the same plant, 8-Methoxypyridine, b.p. 40°/1 mni.
characterised as picrate, m.p. 189°, mercurichloride, m.p. 120°, aurichloride,
m.p. 176°, and platinichloride, m.p. 194°, has been found by Manske ¢ in
Thermopsis rhombifolia (Nutt) Richards, and in Equisetum arvense L.

Piperidine has been obtained from pepper,* from Psilocaulon absimile
N.E.Br (Aizoacez) in which it occurs to the extent of 4-5 per cent.,’ and in
Petrosimonia monandra.® N-Methylpiperidine has been recorded in
Girgensohnia spp.
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Piperine (piperoylpiperidide), C,;H,,0,N. This substance occurs in
several peppers and was isolated from the fruits of Piper nigrum, which
furnish the black and the white peppers of commerce, by Oersted.* Later
it was obtained from long pepper (P. longum and P. officinarum) by
Flickiger and Hanbury,? from Ashanti black pepper (P. clusii) by
Stenhouse,? and recently Sabetay and Trabaud 3 have recorded its pre-
sence in Kissi pepper (P. farnechoni). An alkaloid-like substance has also
been found in P. marginatum by de Nunez and Johnson.* The amount of
piperine varies from 1 to 2 per cent. in long pepper, to from 5 to 9 per cent,
in the white and the black peppers of comnierce. It may be prepared by
treating the solvent-free residue from an alcoholic extract of black pepper,
with a solution of sodium hydroxide to remove resin (said to contain chavi-
cine, an isomeride of piperine) and solution of the washed, insoluble residue
in warm alcohol, from which the alkaloid crystallises on cooling. Piperine
forms monoclinic needles, m.p. 128-129-5°, is slightly soluble in water and
more 50 in alcohol, ether or chloroform : the solution in aleohol has a
pepper-like taste. It yields salts only with strong acids. The platini-
chloride B,.H,PtCl; forms orange-red needles. Iodine in potassium
iodide added to an alcoholic solution of the base in presence of a little
hydrochloric acid gives a characteristic periodide, B, . HI. I,, crystallising
in steel-blue needles, m.p. 145°,

PLANT ALK, 1 1
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Anderson ? first liydrolysed piperine by alkalis into 4 base and an acid,
which were named by Babo and Keller ¢ piperidine and piperic acid
respectively. The chemistry of these products is so well known that it
need not be discussed here. The alkaloid was synthesised by Rugheimer ?
by the action of piperoyl chloride on piperidine.

Piperovatine, C,H,O,N, isolated by Dunstan and Garnett? from
Piper ovatum, crystallises in colourless needles, m.p. 128°. It forms no
salts, Heated with water at 160°, a volatile base, probably a pyridine
derivative, is formed together with an acid and an oil having the odour of
anisole. According to Cash & piperovatine is a temporary depressant of
motor and sensory nerve fibres and of scnsory nerve terminations. It acts
as a heart poison and as a stimulant to the spinal cord in frogs, causing a
tonic spasm somewhat similar to that induced by strychnine.

Pungent Principles of Plants. It has been customary to include
piperine among the alkaloids, though it has no marked pharmacological
action and is the earliest and best known example of the pungent acid
amides, some of whicli are used in medicine as irritants or carminatives.
The group includes chavicine,? an isomeride of piperine and found with it
in pepper, capsaicin (decenovanillylamide), spilanthol * and pellitorine 2
(from Anacyclus pyrethrum), two isomerides which both yicld n-decoiso-
butylamide on hydrogenation, fagaramide,*® the isobutylamide of
piperonylacrylic acid and affinin.¥* This and other members of the
group have received some attention as insecticides.®
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Leucenol, CgH,,O,N,. This substance, first isolated from the seeds of
Leucena glauca Benth, (Leguminosz) by Mascré,* was later investigated
by Adams, Cristol, Anderson and Albert.2 It has m.p. 291° (dec. ; Maquennc
block), [a]p 4 0°, contains 50 per cent. of its nitrogen as a primary amino-
group and behaves as an a-amino-acid, Sults—B . HCI, m.p. 174:5 — 5°
(dec.); B . HBr,m.p.179-5° (dec.); B . HI, m.p. 183 —8-5° (dec.). Leucenol
cannot be acylated but the ferric chloride and Folin reactions indicate the
presence of a phenolic hydroxyl group. Heated at 220-250°/2 mm,
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Jeucenol yields a pale yellow substance, C;H,0,N, m.p. 242—4°, which
gives a violet colour with ferric cliloride. Leucenol is probably the
dl-form of mimosine (p. 4) and the constitution provisionally pro-
posed was B-N-(8-hydroxy-6-pyridone)-a-amMopropionic acid.

Leucenol was also examined by Bickel and Wibaut 3. They propose to
re-name the substance LEucaNiNE. Their specimen liad m.p. 226 —7°
and [«]p — 9° (H,0) or -+ 6-7° (dil.HCl). They provide evidence for the
empirical formula, CgH,(O,N,, and agree that the alkaloid contains a
pyridine ring with two substituents—a phenolic hydroxyl group and a
side-chain . O . CH, . CH(NH,) . COOH, the orientation of these substituents
being uncertain. On treatment with dimethyl sulphate in presence of
alkali a product, C;H,;O;N, m.p. 92-0—92-5°, is formed, which contains
one methoxyl group, gives a dibromide C,H,;0,NBr,, m.p. 168° (dec.), does
not absorb hydrogen in presence of Adams’s platinic catalyst, yields
pyridine on distillation with zinc dust and forms salts with loss of a molecule
of water, e.g., the chloride, C;H,,0,NCl, m.p. 209-210° (dec.), indicating
that it is a quaternary base with a hydroxyl group attached to nitrogen.
On oxidation with permanganate it produces methylamine and once there
was also obtained a substance, C;H,0,, m.p, 142-8°, which it is considered
may have been a mixture of trihydroxyglutaric acids,

HOOC . (CHOH), . COOH.

The chloride, C,H,O,NCI, on heating at 15 mm. pressure, yields a
sublimate, CH,0,N, m.p. 227-8° formed by loss of a molecule of methyl
chloride. This substance contains a methylimino but no methoxyl
group, gives a violet colour with ferric chloride and has the properties of a
N-methylhydroxypyridone, of which six isomerides are possible, viz., with
the orientations OH:CO = (a) 4:2; (b) 2:4; (c) 3:2; (d) 6:2;
() 5:23 (f) 8:4. The first two have been synthesised by Spith and
Tschelnitz ¢ and (c¢) and (d) were prepared by the authors. None of the
four is identical with the substance from leucenol, whicli should
therefore be either N-methyl-5-hydroxypyridone-2 or N-methyl-3-
liydroxypyridone-4. The authors tentatively prefer the latter. Leucenol
combines with only one molecule of monobasic acids but the metliyl ester
forms a dihydrochloride, C,Hy0,Ny(CO,Me), 2HCI, 0.5H,0, m.p. 175-6°.
This and results of titration experiments by the Willstiatter-Waldschmidt-
Leitz method, the formation of a characteristic copper salt and
other evidence indicate that leucenol is an «-amino-acid, viz., a
B-{hydroxypyridoxy}-a-aminopropionic acid such as I.

C-OH C-OMe C-:OMe co
Hc@c-o-cuz-cu(unz)-cozu HCZN\CO  HC C-OH  HC( \COH
-> - —
HC CH He W\ CH, HC CH HC CH
N N-Me OH ] NMe
(1) (@) (vrech g (Iv)

. In the action of dimethyl sulpliate and alkali on leucenol it is assumed
that the hydroxyl and amino- groups in (I) are methylated, and that the

1—2
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product of this action is hydrolysed by the alkali, to a hydroxymethoxy-
pyridine which adds on a molecule of methyl alcohol to form (II). This,
as the methochloride, in losing a molecule of methyl chloride must, at the
high temperature involved, undergo further rearrangement to give the
N-methylhydroxypyridone (IV) via the supposed intermediate (ILI).

This explanation has been revised recently by Bickel,5 who has shown
that the product, C,H,;O,N, first formed in this reaction, is the
monohydrate of N-methyl-8-methoxypyridone-4, MeO . C;H,ONMe, H,0,
the ¢ chloride,” C,H,,0,NClI, is the hydrochloride, MeO . C ,H,0NMe, HC]
of the same base, and the substance formed when the * chloride ” is
heated is N-methyl-3-hydroxypyridone-4. The constitution of the latter
had already been established by Wibaut and Kleipol,® who had synthesised
it by the action of methylamine on meconic acid (V) and decarboxylation
of the resulting product (VI) to the desired substance (VII = IV).

I I
(V) CO.C(OH):C(COOH). 0. C(COOH): CH —

|
(VI) CO.C(OH): C(COOH) . NMe . C(COOH) : CH —>

I |
(VII) CO.C(OH):CH .NMe. CH: CH = (IV).

The substance, C;H;O,N, which Adams et al.? obtained by the pyrolysis
of leucenol and tentatively suggested might be 2 : 5-dihydroxypyridine,
later disproved by Adams and Govindachari,® has been synthesised by
Bickel 7 and shown to be 38:4-dihydroxypyridine, and this has been
confirmed by Adams, Jones and Johnson,8

There still remains to be settled the point of attachment of the
a-aminopropionic acid side-chain in leucenol. As the latter is unaffected
by boiling hydrobromic or hydriodic acid, an ether linkage at C?2 in
8-liydroxypyridone-4 is unlikely and as the side-chain is eliminated by
either pyrolysis or the action of alkali C¢ for the location, as suggested by
Kostermanns (see mimosine below) is improbable. The balance of evidence
seems to be in favour of attachmeunt to the N-atom and additional data
supporting this view have been provided by Adams and Jones.?

Bickel and Wibaut  found in feeding experiments with rats and mice
that leucenol is probably the toxic constituent of Leucena glauca seeds,
but they did not observe with these animals the loss of hair which seems
to occur when these seeds are fed to cattle.10
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Mimosine, C4H,,0,N;, was isolated by Renz * from Mimosa pudica L.
and Leucena glauca Benth. It has m.p. 281° (dec) [¢]p?2°-21° (H,0) and
yields a copper salt, CgH,O,N,, Cu, 2IL,0. Nienburg and Taubock 2



RICININE 5

suggcsted that it might be a B-hydroxypyridylalaniuc and both Adams et al.
and Wibaut and Bickel in their work on leucenol (see above) have suggested,
that it is an optically active form of leucenol. Kostermanns? has also
investigated mimosine with results indicating that it is a derivative of
3 ; 4-dihydroxypyridine. In particular he has prepared from it, by the
process used by Wibaut for leucenol, the substance C¢H,0,N, m.p. 224°,
and confirms that this is N-methyl-8-hydroxypyridone-4, by compariscn
with a specimen of the latter synthesised by the action of methylamine
on pyromeconic acid. He points out that there are difficulties in accepting
either position 8 or 4 for the location of the side-chain and that it may be
at 1 or 6.

Feeding experiments with horses scemed to indicate that the alkaloid
caused toxic symptoms and loss of hair when large doses were administered.
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ALKALOID OF RICINUS COMMUNIS

Ricinine, C;H,0,N,, was isolated by Tuson * from castor-oil seed and
was subsequently examined by Soave? Schulze® and Evans.t It
crystallises in prisms, m.p. 201-5°, sublimes at 170-180°/20 mm., is neutral
in reaction, optically inactive, and forms no salts. It is precipitated by
solutions of iodine or mercuric chloride, but not by Mayer’s reagent,
Evaporated with nitric acid it leaves a yellow residue, which beccmes
purple on addition of ammonia solution,

Maquenne and Philippe 5 first recorded the hydrolysis of ricinine by
alkalis to methyl alcohol and ricininic acid, C,H4O,N,, brilliant, slender
needles, m.p. 296°-8° (dec.) ; the latter is decomposed by hydrochloric acid
at 150°, into ammonia, carbon dioxide and a base, C;H,0,N, which was
regarded by these authors as 1-methyl-8-hydroxy-4-pyridone. Boéttcher 6
pointed out that ricinine showed many of the reactions of glyoxaline and
found that, on heating with 50 per cent. sulphuric acid, ricininic acid
yiclded an acid, m.p. 216°, which contains a methylimino-group, gives the
reactions of a pyridinecarboxylic acid, yields a pyrrole on distillation with
lime and forms Maquenne and Philippe’s base, C{H,0,N, on hydrolysis
with hydrochloric acid at 150°. Winterstein, Keller aud Weinhagen 7 had,
in the meantime, shown that although both ricinine and ricininic acid
yield ammonia and the base, CgH,0,N, with 57 per cent. sulphuric acid
as the hydrolytic agent the same base is yielded by ricininic acid whilst
ricinine furnishes a new base, C,H,0,N. Spath and Tschelnitz 8 re-examined
both these products and showed that the base, C¢H,0,N, was 1-methyl-4-
hiydroxy-2-pyridone, or possibly 1-methyl-2-lydroxy-4-pyridonc and that
the base, C;H40,N, was the methyl ether of this substance. Both bascs
were §ynthesised. These authors, like Bottcher, at first proposed formulwe
containing a glyoxaline ring for ricinine, but these were shown to be
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untenable as a result of Spath and Koller’s ® synthesis of ricinidine,
C,HON,, which is obtained from ricinine by replacement of the methoxyl
group by hydroxyl, chlorine and hydrogen in succession. Ricinidine, on
hydrolysis, yields first an amide, C,H4O,N, and then a carboxylic acid, by

C.\OCH, C.0H CH
A\
G eon & b.on G don
Il é o i
C\E/ o} - CH Co (’{I/CO
A4
X.cH, . X.cH, X.cH, -
Ricinine Ricininic acid Ricinidine
CE CH E
AN N\ N\
él C.COOH C{I\.COOH C{I C.CONH,
[ - 0| =
CH /C.OH CH CO CE/?‘O
\N \I\{CHs N.CH,
2. Hydroxypyridine- N-methyl-2-pyridone. N-methyl-2-pyridone-
3-carbozxylic acid 3-carboxylic acid  3-carboxylic acid amide

the hydrolysis of a —CN group, so that the acid appeared to be a N-methyl-
2-pyridonecarboxylic acid. It was synthesised by the action of methyl
iodide on the di-silver salt of 2-hydroxypyridine-8-carboxylic acid and
hydrolysis of the resulting ester to N-methyl-2-pyridone-3-carboxylic acid.
The latter was then converted to the amide which, on dehydration, yielded
ricinidine. The steps in the formation of ricinidine from ricinine and by
synthesis are shown in the foregoing set of formulz.

The validity of this formula for ricinine was established by the same
authors’ synthesis 1 of the alkaloid from 4-chloroquinoline (I). The

Cl.C CH c.cl C.C1
HC/\C/ \cn HC/ \c.cocm HC// \C.COOH
H(I:\ /clzl\ /cln HC\ /c.co.mz H(I}\ /c!.on
N CH (I) N (ID) N (III)
c.Cl1 C.0 C.OCH,
HC/ \cl:.co.mz HT,/ \;21« H((f/ \cl:.?m
HC C.Cl HC C.OCHz HC co
\N/(IV) \N/(V) \Néﬂ‘_s (v1)

latter was oxidised by potassium permanganate to 4-chloropyridine-2 :
3-dicarboxylic acid, the anhydride of which on treatment with ammonia
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furnished 4-chloro-2-carbamidopyridine-3-carboxylic acid (II). Potassium
hypobromite converted this into the corresponding amine, which was
transformed by nitrous acid in sulphuric acid into 4-chloro-2-hydroxy-
pyridine-8-carboxylic acid (III). As the latter could not be methylated,
it was converted by treatment with phosphoryl and phosphoric chlorides
into the dichloro-acid chloride and this, by the action of ammonia
iuto 2 : 4-dichloropyridine-3-carboxylamide (IV), which was then
de-hydrated by phosphoryl chloride to 2 :4-dichloro-8-cyanopyridine.
The two chlorine atoms were replaced by methoxyl groups, when this
product was boiled with sodium methoxide in methyl alcohol, and the
resulting 3-cyano-2 : 4-dimethoxypyridine (V) was finally converted into
ricinine, N-methyl-8-cyano-4-methoxy-2-pyridone (VI) by heating it with
methyl iodide at 120-130° in an evacuated tube.

In a second synthesis* the same authors start with ethyl
2 : 4-dihydroxy-6-methylpyridine-3-carboxylate, and by a shorter series
of reactions reach 3-cyano-2 :4-dimethoxypyridine (V), which is then
converted into ricinine (VI) as before.

A third synthesis which has resulted in the preparation of ricinine and
a number of its derivatives is due to Schroeter, Seidler, Sulzbacher and
Kanitz,*? who found that cyanoacetyl chloride polymerises spontaneously
to 6-chloro-2 : 4-dihydroxy-8-cyano-pyridine. The di-sodium derivative
of this with methyl sulphate produces N-methyl-6-chloro-4-hydroxy-8-
cyano-2-pyridone (6-chlororicininic acid), the mono-sodium derivative of
which, with methyl bromide or sulphate, is converted into 6-chlororicinine
and the latter is reduced by zinc and sulphurie acid to ricinine. A fourth
synthesis, starting from 3-nitro-4-pyridone, is due to Reitmann,1?

Ricinine is not markedly toxic; the poisonous character of castor-oil
seeds is due to a more complex substance, ricin, the activity of which can
be destroyed by heat.
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ALKALOID OF FENUGREC

Trigonelline, C;H,O,N. This base occurs in plants belonging to a
number of botanical families. It was isolated by Jahns® from
feenugrec seeds (Trigonella Fenumgrecum) and has also been found in
garden peas,2 hemp seed,® oats,? potatoes, Stachys spp., dahlia,3
Strophanthus spp.,* coffee,5 and Dichapetalum cymosum.® Holtz, Kutscher
and Theilmann 7 have recorded its presence in a number of animals,
The fact that nicotinic acid (vitamin PP 1) is excreted as trigonelline 8 has
stimulated interest in the latter ; its development has been studied by
de Almcida,? reactions for its detcction have been suggested by Raffacle 10
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and methods for its estimation in foodstuffs and in urine by Kodicek and
Wang and other authors.*

Trigonelline crystallises as a monohydrate from alcohol in hygroscopic
prisms, m.p. 130° or 218° (dry, dec.). It is readily soluble in water
or warm alcohol, less so in cold aleohol and slightly so in chloroform
or etlier. The salts crystallise well, the hydrochloride, B . HCI, in leaflets,
m.p. 260° (dec.), sparingly soluble in dry alcohol. The picrate forms shining
prisms, m.p. 198-200°, soluble in water, but sparingly soluble in dry alcohol
or ether. The platinichloride is soluble in water, but scarcely so in
dry alcohol. The alkaloid forms several aurichlorides : the normal salt,
B . HCI . AuCl,, is precipitated when excess of gold chloride is added to the
hydrochloride, and after crystallisation from dilute hydrochloric acid
containing some gold chloride has m.p. 198°, Crystallised from water or
very dilute hydrochlorie acid, slender needles, B, . 8HAuCl,, m.p. 186°, are
obtained.?

When trigonelline is heated in closed tubes with baryta water at 120°,

it gives rise to methylamine, whilst similar treatment

/c§ with hydrochloric acid at 260° furnishes methyl chloride
¢t c.co and nicotinic acid (pyridine-8-carboxylic acid), indicating
| [ that it is the methylbetaine of nicotinic acid.

CH CH Hantzsch 1* prepared this betaine by treating nicotinic
cH\.N/ acid methiodide with silver hydroxide and Jahns 13 subse-

g N—70 quently identified trigonelline with Hantzsch’s synthetic

Trigomelline base. . L

Trigonelline appears to exert no marked physiological
action. Ackermann * first observed that nicotinic acid administered
to dogs appears in the urine as trigonelline,
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ALKALOIDS OF ARECA NUT

The areca or betel nut palm (4reca catechu) is indigenous to the Sunda
Islands, but is widely cultivated in Far Eastern tropical countries, where
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the seeds are employed as a masticatory. In India and China ground areca
nut is used as a vermifuge, and it is also so employed in Europe in veterinary
medicine, After preliminary work by Bombelon,! Jahns 2 isolated, in
addition to choline, the alkaloids arecoline, arecaidine, arecaine and
guvacine, of which the second and third are identical. Emde 3 added
arecolidine and K. Hess * guvacoline. A sixth alkaloid, whose existence
was first indicated by Jahns, was named isoguvacine by Trier,’ and was
examined by Winterstein and Weinhagen.® Methods for the isolation of
the alkaloids are given by Jahns? and by Chemnitius 7 and for their
recovery from teclinical arcea residues by von Euler et al.”

Arecoline is usually stated to be present to the extent of 0-1 per cent.,
but Chemnitius 7 gives the yield of hydrobromide as 0-35 to 0-4 per cent.
Arecaidine and guvacine occur in smaller quantities, whilst guvacoline and
arccolidine are found ouly in minute amounts. Alkaloidal assay processes
for areca nuts have been published by Bourcet,® and the National
Formulary Committee,® and Bond 8 has described a method of estimation
for arecoline liydrobromide. A microchemical test for the identification
of arecoline lias been devised by Gornyi.®

Guvacine, CgH,O,N. This, the simplest of the areca nut alkaloids,
forms small lustrous prisms, m.p. 271-2° (J.2), 208-5° (W, and W.5),
[«]p 4 0°, is neutral to litmus, and moderately soluble in water or dilute
alcohol, but almost insoluble in other solvents. The hydrochloride,
B . HCL crystallises in prisms, m.p. 316° (Freudenberg 19), sparingly soluble
in dilute hydrochloric acid; the platinichloride, B, . H,PtCl; . 4H,0,
separates from water in hexagonal prisms, m.p. 211°(J.), 233° (W. and W.),
220-1° (F.), and the aurichloride, B . HAuCl,, in broad, flattened prisms,
m.p. 197-9° (F.). The base and its salts decompose on melting.

Guvacine behaves as a secondary amine furnishing an acetyl derivative,
m.p. 189-90°, and a nitroso-derivative, m.p. 167-8°, the methyl ester of
which on treatment with liquid ammonia forms N-nitroso-4-amino-
piperidine-3-carboxylamide, m.p. 172° (von Euler et al.7). On distillation
with zinc dust guvacine yields 8-picoline (8-methylpyridine). On treatment
with sodium methoxide and potassium methyl sulphate, Jahns obtained
arzcaine (arecaidine, p. 10) and an isomeride of the latter, and since he was
unable to prove the presence of a carboxyl group, assigned to guvacine and
arccaine formule different in type from those attributed to arecaidine and
arecoline, Though Trier® first suggested that guvacine might be
4*-tetrahydropyridine-8-carboxylic acid, it was Freudenberg 1° who first
called attention to the similarity of guvacine and 43-tetrahydropyridine-
3-carboxylic acid (synthesised by Wolill and Losanitsch),!! and subsequently
demonstrated their identity. The same author showed that guvacine,
contrary to Jahn’s experience, does yield a methyl ester, which was
subsequently accepted by K. Hess 12 as identical with guvacoline (p. 10).
The latter on treatment with methyl iodide gives a mixture of arecoline
methiodide and hydriodide. Arecoline on hydrolysis furnishes arecaidine,

S0 'that this series of reactions demonstrates the rclationship of the four
chief alkaloids of areca nut.



10 PYRIDINE GROUP

Guvacine, CgHyO,N = 43-tetrahydropyridine-3-carboxylic acid
Guvacoline, C,H;;0,N = guvacinc methyl ester

Arecaidine, C,H,;;O,N = N-methylguvacine

Arecoline, CgH,;,0,N = N-methylguvacine methyl ester

Guvacoline, C;H,;0,N. K. Hess 1 assigned this name to an alkaloid,
obtained by E. Merck from areca nut, which yields a hydrobromide, short
prisms, m.p. 144-5°, that he identified with guvacine methyl ester
hydrobromide (see above). The base 1°is a colourless oil, b.p. 114°/13 mm.,
which yields a hydrochloride, m.p. 121-2°, a platinichloride, m.p. 211°,
and on methylation furnishes a mixture of arecoline methiodide and
hydriodide (p. 12).

isoGuvacine. Along with guvacine, Jahns obtained a small fraction
of another crystalline alkaloid which Trier ® named i{soguvacine and
regarded as 43-tetrahydropyridine-8-carboxylic acid. According to
Winterstein and Weinhagen,® the base has m.p. 220°, [«]p + 0°, is faintly
acid to litmus and yields crystalline salts: hydrochloride, m.p. 231°;
platinichloride, m.p. 235°; and aurichloride, m.p. 198-200°. It gives a
dimethyl derivative, the platinichloride of which melts at 252°, These
melting-points indicate that the substance may be mainly arecaidine, but
as it yields, on distillation with zinc dust, a substance giving a pyrrole
reaction, the authors suggested that it is a simple pyrrole derivative
isomeric with guvacine. '

Arecaidine (Arecaine), C,H;,0,N . H,O. This alkaloid forms colourless
four- or six-sided tablets, m.p. 222-8° (J.),? 232° (H. and L.),*? is soluble in
water, but not in most organic solvents. The hydrochloride, B . HCI, forms
slender, colourless needles, m.p. 261° (dec.), the hydrobromide has m.p.
242-3°; the platinichloride B, . H,PtCl, crystallises in octahedra, m.p.
225-6° (dec.), and the aurichloride, B . HAuCl,, in prisms, m.p. 197-8°
(dec.), from hot, dilute hydrochloric acid.

The fact that arecaidine furnishes a methyl ester (arecoline), and must
therefore contain a carboxyl group, led Jahns to attempt its synthesis by
methylating the potassium salt of nicotinic acid (pyridine-3-carboxylic
acid) and reducing, and incidentally hydrolysing, the methyl ester
methochloride so formed. The product was a mixture of arecaidine and
dihydroarecaidine, so that the former must be a 1-methyltetrahydro-
pyridine-8-carboxylic acid. Since natural arecaidine is optically inactive
and the synthetic product could not be resolved, Mayer 4 suggested that
it must be 1-methyl-43-tetrahydropyridine-8-carboxylic acid, and this
was confirmed by Wohl and Johnson’s 15 synthesis of the alkaloid from
acrolein (I).—The latter was converted into B-chloropropaldehyde
acetal (II), and this condensed with methylamine to S-methylimino-
dipropaldehyde tetraethylacetal (III), wkich on treatment with
hydrochloric acid gave 1-methyl-43-tetrahydropyridine-8-aldehyde (IV),
from the oxime of which was obtained by the action of thionyl chloride,
3-cyano-l:methyl-43-tetrahydropyridine (V). This, on hydrolysis, gave
the corresponding carboxylic acid, which is arecaidine, and this, on
esterification with methyl alcohol, yielded arecoline (see p. 12). Hess and
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Liebbrandt 2 have prepared arecaidine by bromination of methyl
N-methylpiperidine-8-carboxylate, scission of hydrogen bromide from the
resulting bromo-compound (VI) and hydrolysis of the resulting arecoline,
but Preobrachenski and Fischer ¢ were unable to confirm this observation.

Hc:0 EtO.CH.OEt CH(OEt)z (EtO) CH
R e . el v
(IE'HZ CHzCl CHz——NMe——'H [ 2 NMe-——-CH
(1) (11) (111) (IV)\L
CH CHZ CH /
N
H C/ \ .COOR HZT/ \Yﬁr.COOMe HZC/ \C.COOR HzT \?.CN
T e (R A
H, HyC /cnz, Hzc\ /cnz Hzc\ /cnz
\Nﬂ/ \NMG NMe NMe
Guvacine (R = H) (V1) Arecaidine (R = H) (v)
Guvacoline (R = Me) Arecoline (R = Me)

Mannich % has prepared arecaidine aldehyde (IV) by allowing a mixture
of formaldehyde, acetaldehyde and methylamine hydrochloride to stand
at 70° and pH 8. Some dialdehyde, MeN(CH, . CH, . CHO),, is formed
and this by loss of water produces arecaidine aldehyde. The latter is,
converted into arecoline by the Wohl and Johnson process described above,

Merck and Maeder 7 have patented the manufacture of arecaidine by
loss of water from 1-methyl-4-hydroxypiperidine-8-carboxylic acid. A
method of producing the latter has been describd by Mannich and Veit 18
and has been developed by Ugriumov 1 for the production of arecaidine
and arecoline, With the same objective, Dankova, Sidorova and
Preobrachenski?® use what is substantially McElvain’s process,}” but
start by converting ethylene oxide, via the chlorohydrin and the
cyanohydrin, into B-chloropropionic acid. The ethyl ester of this with
methylamine in benzene at 140° furnishes methylbis(2-carbethoxyethyl)
amine (I) which on refluxing with sodium or sodium iseamyloxide in xylene
yields 1-methyl-8-carbethoxy-4-piperidone (II). The latter is reduced by
sodium amalgam in dilute hydrochloric acid at 0° to 1-methyl-8-carbethoxy-
4-hydroxypiperidine (III) which on dehydration, and hydrolysis, yields
arecaidine (IV:R = H), convertible by methylation into arecoline
(IV: R = CH,).

Cfiz-——l\l(lﬂs—(lﬂ2 CHy,—NMe—CHy CHZ—-NMe—CII CHp— MMe —CHp
Et’.OZC.CH2 CHp.CO,EL CBZ—CO-——CH.COZEt CHp —CHOH.CH,CO,Et CHZ—CH—CH.COOR
1 11 111 v

Starting with N-benzoyl-di-(B-carbethoxyethyl)aniine
C¢H;.CO.N(CH,.CH, CO,Et),

(compare I), McElvain and Stork, by a similar series of reactions have
synthesised guvacine 17 (1946).
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Arecoline, CgH;;,0,N. This, the most important alkaloid of areca nut,
is an odourless, alkaline oil, b.p. 209°, volatile in steam, miscible with most
organic solvents and water, but extractable from the latter by ether in
presence of dissolved salts. The salts are crystalline, but usually
deliquescent ; the hydrobromide, B. HBr, forms slender prisms, m.p.
177-9°, from hot alcohol : the aurichloride, B . HAuCl,, is an oil, but the
platinichloride, B, . H,PtClg, m.p. 176°, crystallises from water inorange-red
rhombs. The methiodide forms glancing prisms, m.p. 173-4°,

On heating arecoline with ammonia in alcohol, addition occurs at the
ethylenic linkage followed by amination at the ester group ; the products
formed are: N-methyl-4-aminopiperidinc-8-carboxyamide, m.p. 180°;
N-methyl-4-aminopiperidiue-3-carboxylic acid, m.p. 241° (dec.) and
N-methyltetrahydronicotinamide, m.p. 148° (arccaidineamide).?!

Arecoline is hydrolysed by acids or alkalis to the corresponding acid,
arecaidine, and conversely the latter, on esterification with methyl alcoliol,
yields arecoline, and with ethyl alcohol homoarecoline. Syntheses of
arecaidine, and therefore of arecoline, arc described above,

Arecolidine, C;H;;0,N. This alkaloid, obtained by Emde,? is a wcak
base, which crystallises from dry ether in glassy needles, m.p. 105°, but
after sublimation has m.p. 110° and is hygroscopic. The hydrochloride,
B. HCl. H,0, m.p. 95-8°, hydrobromide, m.p. 268-71° (dec.), aurichloride
yellow leaflets, m.p. 219-20° (dec.), and platinichloride, thick, dark orange
needles, m.p. 222-3° (dec.), were prepared. The base gives a methiodide,
prisms, m.p. 264° (dec.), and methylarecolidine, CgH,;0,N, derived from
this, yields a normal aurichloride, m.p. 252° (dec.). Emde suggests
that arecolidine is 3 : 4-dimethoxy-1-methyl-1 : 2-dihydropyridine.

Pharmacological Action of the Areca Nut Alkaloids. Of these alkaloids
arecoline alone exhibits markedly toxic properties. It belongs to the
muscarine-pilocarpine group,?2 which show parasympathetic stimulant
action. Its central stimulant action is more powerful than that of
pilocarpine, and with large doses central paralysis may ensue. The
pharmacological action of the quaternary bases derived from arecaidine
and arecoline has been investigatcd by Kadonaga.?® Arecoline hydro-
bromide has been recognised in a number of Continental Pharmacopcias,
being used in snall doses as a sialogogue, diaphoretic and anthelmintic.
It has also been used as a miotic, but its main use is in veterinary medicine
as an anthelmintic 2¢ and bowel stinmlant, According to von Kuler et al.?
guvacine is as potent a growth factor for certain bacteria as nicotinic acid.

The cultivation aund marketing of areca nuts has been described by
Kannangara % and its use as a masticatory in the Far East is discussed by
Mercier,26
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ALKALOIDS OF HEMLOCK

The common hemlock, Conium maculatum, contains five alkaloids.
Power and Tutin found a similar mixture in fool’s parsley,* and a volatile
alkaloid resembling coniine is stated to occur in certain aroids.? According
to Svagr,? ¢ water hemlock ** (Cicuta virosa) owes its poisonous properties
to toxins and not to * cicutine,” a name sometimes used as a synonym for
coniine. The toxic propertics of hemlock juice have been known from very
early tinies ; thus it was the chief ingredient in the poison administered to
criminals by the Greeks. The leaves and the unripe fruits are the parts
used in medicine, The following are the names and formule of the
alkaloids :—

d- and [-Coniine, CgH,,N Conhydrine, CgH,,ON

d- and [-N-Methylconiine, CsH, ;N . CH, $-Conhydrine, CH,,ON

y-Conicéine, CgH, N

Madaus and Schindler 4 have investigated the changes in alkaloidal
content occurring in hemlock during the vegetative period.

Farr and Wright, who devised processes for the estimation of the total
alkaloids as hydrochlorides, give the following percentages for the various
parts of the plant : stem, 0-01-0-06 ; leaves, 0-08—0-18 ; flowers, 0-09—0-24 ;
green fruit, 0-73-0-98. The same authors quote 0-096-0-83 as the range of
variation found in commercial samples of the fruit in 1904 and 1-05-8-6 as
the range in fruits collected in England.’ The British Pharmaceutical
Codex, 1984, quotes 0-2 per cent. for the leaves and 2:5 per cent. for the
fruits. In British Columbia, where the plant has a larger habit than in
England, Clark and Offord ¢ found 0-025 per cent, in the stems and 0-92
per cent. in the fruits. An assay process for the fruits was given in the
Eighth Revision of the United States Pharmacopceia and 0-5 per cent. of
total alkaloids was specified as a minimum,

Dilling 7 has provided a scheme for distinguishing between the hemlock
bases and other alkaloids, such as sparteine, nicotine and lobeline,

Of the total alkaloids of hemlock isolated by the method of Chemnitius 8
and frac’Fionally distilled, the portion boiling up to 190° contains most of
the coniine, y-conicéine and N -methylconiine, the conhydrine and
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J-conhydrine remaining in the higher boiling residues. For the separation
of coniine from conicéine, Wolffenstein ? recommends conversion into
hydrochlorides. These are dried and extracted with acetone, which
dissolves conicéine hydrochloride, leaving the coniine salt, from which the
base may then be regenerated. For final purification the coniine is con-
verted into the d-hydrogen tartrate. It is sometimes necessary to start
crystallisation by adding a crystal of the desired salt. von Braun 10 distils
the crude mixed alkaloids until the temperature rises to 190°, benzoylates
the distillate, extracts the tertiary bases by shaking an ethereal solution
with dilute acid, pours the concentrated ethereal solution into light
petroleum to precipitate most of the benzoyl-§-aminobutyl propyl ketone
formed by the action of benzoyl chloride on conicéine, distils the solvent
from the filtrate and collects from the residue the fraction boiling at
200-10°/16 mm., which is nearly pure benzoylconiine (b.p. 208—4°/16 mm.).
From this a mixture of d- and [-coniines is obtained by hydrolysis, the
former predominating.

Coniine, C,H,,N. The alkaloid was first isolated by Giesecke,'* but
the formula was suggested by Blyth '? and definitely established by
Hofmann, 13

d-Coniine is a colourless alkaline liquid, with a penetrating odour and a
burning taste ; it boils at 166—7°, has D° 0-8626 and D19° -8438, refractive
index n2¥° 1-4505, and is dextrorotatory, [«]'S" -4 15-7°. It solidifies to a
soft crystalline mass at — 2°,

Coniine is slightly soluble (1 in 90) in cold water, but less so in hot
water, so that a clear cold solution becomes turbid when warmed. On
the other hand, the base dissolves about 25 per cent, of water at atmospheric
temperature, It mixes with alcohol in all proportions, is readily soluble
in ether and most organic solvents. Coniine slowly oxidises in the air.
The salts crystallise well and are soluble in water or alecohol. The hydro-
chloride, B. HCI, crystallises from water in thombs, m.p. 220°, [«]%° - 10-1°
(liquid ammonia); the hydrobromide, in needles, m.p. 211°, and the
d-acid tartrate, B.C,H O,. 2H,0, in rhombic crystals, m.p. 54°. The
platinichloride, (B.HCL),.PtCl,. H,O, separates from concentrated
solution as an oil, which solidifies to a mass of orange-yellow crystals,
m.p. 175° (dry). The aurichloride, B . HAuCl,, crystallises on standing,
m.p. 77°. The picrate forms small yellow needles, m.p. 75°, from hot
water., The 2 : 4-dinitrobenzoyl- and 8 : 5-dinitrobenzoyl-derivatives have
m.ps. 139-139-5° and 108-9° respectively (Spath, Kuffner and Ensfellner), 4
Coniine dissolves in carbon disulphide, forming a complex thiocarbamate, 15
It gives no coloration with sulphuric or nitric acid. The precipitate
afforded by potassium cadmium iodide solution is crystalline, m.p, 118°,
whilst that given by nicotine with this reagent is amorphous. Sodium
nitroprusside gives a deep red colour, which disappears on warming, but
reappears on cooling, and is changed to blue or violet by aldehydes.16

I-Coniine has [«]2}’ 15° and in other respects resembles its d-isomeride,
but the salts have slightly different melting points; the platinichloride has
m.p. 160° (175° L. and F.), the aurichloride m.p. 59°7
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Constitution, When coniine is distilled with zinc dust 38 or heated with
silver acetate,'® a new base, couyrine, CgH;;N, differing from coniine by
six atoms of hydrogen, is formed. This on oxidation yields pyridine-2-
carboxylic acid and, since it is not identical with 2-isopropylpyridine,2®
must be 2-propylpyridine (I). When coniine is heated with hydriodic acid
at 300° it yields n-octane (II). These and other observations due mainly
to A. W. Hofmann,?! made it clear by 1885 that coniine was probably
«-propylpiperidine (III), and this has been amply confirmed by other
reactions of the alkaloid and by syntheses. Thus, Wolffenstein showed
that on oxidation with hydrogen peroxide, coniine is converted into
amino-n-propylvaleraldehyde (IV) 22

H /\CH H c/ \CH s Tl
i | = 2 | 2 (II) n-Octane
. .C
HC /C C3H7 Hzc\ /CH 3H7
N 1 CHO. [ CB, 15+ CH( CaHy N,
(I) Conyrire (III) Coniine (IvV) Amino-N-propylvaleraldehyde

Similarly, von Braun and Schmitz 28 found that N-benzoylconiine, on
distillation with phosphorus pentachloride, underwent ring scission with
elimination of the nitrogen atom and formation of the dichlorooctane,
CH.CI. (CH,); . CHCI. CH, . CH, . CH,.

In 1884 18 Hofmann showed that conyrine (I), when heated with
hydriodic acid at 200-800°, could be reduced to coniine (IIT), but the first
complete synthesis, which was also the first synthesis of an alkaloid, was
achieved by Ladenburg in 1886.2¢ He condensed 2-methylpyridine with
paraldehyde to 2-propenylpyridine (V) and reduced the latter by sodium in
alcohol to 2-propylpiperidine (VI). This, on deracemisation by crystal-
lisation of the hydrogen d-tartrate, yielded d-coniine. The initial reaction,
which takes place at 250°, gives a poor yield and was improved by
interaction of the two reagents at 150° in sealed tubes to give methyl-2-
picolylalkine (VII), which was then heated at 185° with hydrochloric acid
for ten hours, producing a mixture of 2-propenylpyridine (V) and
2-chloropropylpyridine (VIII). This mixture was reduced to dl-coniine
by sodium in alcohol. In 1907 the process was still further improved by
reducing methyl-2-picolylalkine (VII) with phosphorus and hydriodic acid
at 125° and treating the product with zinc dust and water, the resulting
2-propylpyridine being then reduced with sodium in aleohol,2s

(l}HZ—CﬂPr v H—C—CH CH—C—CHy, CH—C—CH,p
THZ TH clm H - CHC1 c":u CEOH
CH, E iﬂ CHy | H J:H3 #H (I:113
CHp—NH CE—N CA—= CE—R

{v1i) n © (VI1I) (VII)
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In 1893 Ladenburg found that when coniine is distilled with zinc dust
there is produced along with conyrine a substance only distinguishable
from d-coniine by its higher specific rotation. This substance, ¢soconiine,
was a subject of discussion for many years,?®> It was also found in lis
synthetic coniine, the d-coniine isolated from the latter having [«], 4+ 19°,
which was reduced to that of d-couiine by heating the product at 290° for
ten hours. The modified synthetic mcthod adopted by Ladenburg in 1907
designed to avoid the possible presence of propenylpiperidine, as suggested
by Loéfiler, in the finished product also yielded a d-coniine of high rotation,
-+ 17-85°. This method, in the hands of Hess and Weltzien,? gave similar
results, but these authors found that if Ladenburg’s second process is
modified by catalytic hydrogenation of methyl-2-picolylalkine (VII) to the
corresponding piperidine derivative, which is then reduced by hydriodic
acid and phosphorus, followed by zinc and sulphuric acid, the 2-propyl-
piperidine (VI) formed is dl-coniine and yields d-coniine, [«]}" + 14-96° on
deracemisation, and they suggest that ¢ isoconiine ” is d-coniine containing
an impurity of higher optical rotation.

A number of other syntheses of coniine have been effected,?¢ of which
that of Diels and Alder is of special interest. The initial adduct of pyridine
and methyl acetylenedicarboxylate, viz., tetramethylquinolizine-1:2:3:
4-tetracarboxylate (IX) on oxidation with dilute nitric acid is converted
into methyl indolizinetricarboxylate (X). This, on hydrolysis and
decarboxylation, furnishes indolizine, the octahydro-derivative (XI) of
which, also known as octahydropyrrocoline,?” is converted by the cyanogen
bromide method (as applicd by Winterfeld and Holschneider to lupinane,
p. 128) successively into the bromocyanocamide (XII), cyanoamide (XIII)
and dl-coniine (XIV). A synthesis of the alkaloid, starting from indolizine
(pyrrocoline) is described by Ochiai and Tsuda.28

CH—CH—C .CO JMe fﬂ——C==C .CoMe THZ-—-CH—CHZ
(IlH C.CO-Me clu CHy l
C.COoMe | Cﬁz
fH f.cozm CH “ iﬂz
(|JH——H—(|J.002M9 (llH——N—C.COZMe Hp—N— Cﬂg
(1%) (%) (x1)
CH;—CB—CH, fng——-cn——clzﬂz CB5—CH—~CH,.CHy. Cllz
H, H, CH, CH, CH,
(Img (LHZBr (:JH2 (IJH3 JZBZ
CH;—N.CN CHy;—N.CN Hy—NH
(x11) (XI11) (XIV)

The preparation of [-coniinc by the reduction of B-conicéine
(I-propenylpiperidine, p. 20) by Loéftler and Friedrich 2 is interesting as a
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means of passing from couhydrine (see below) to l-coniine, Hess.and
Eicliel 3 have shown that pelletierine (p. 55), is thfa aldehyde (/_3_-2-p1per1d}'rl-
propaldehydc), corresponding to'conilne, and y}elds dl-coniine when 1’E)s
hydrazone is heated with sodium ethoxide in alcoholh at 1.56—75) .
According to these authors, d-coniine is rendered almost optically inactive
when heated with barium hydroxide and alcohol at 180-230°. Leithe ‘31
has shown by observation of the optical rotation of (—.}—)-pipecolinic acid
(piperidine-2-carboxylic acid) and certain of its derivatives under varying
conditions, 32 that it must belong to the d- series of amino-acids, and since
(-+)-conhydrine can be oxidised to (— )-pipecolinic acid, 2% and t.r'ansformed
through B-conicéine into (— )-coniine,3* it foll‘ov.vs that (—}—)-cor‘ulne{ (+4)-2-
methylpiperidine («-pipecoline) and (+-)-piperidine-2-carboxylic acid must
all have similar spatial configurations.

N-Methyl-d-Coniine, CgH,(N . CH,. This alkaloid is stated to occur
in hemlock in small quantities,35 and methods for its isolation are described
by Wolffenstein ? and by von Braun.® It was prepared by the action of
potassium methyl sulphate on coniine by Passon.*® It is a colourless, oily,
coniine-like liquid, b.p. 178-4°, D*¥ 0-8318 and [«]3** -+ 81-33° The
salts are crystalline; the hydrochloride, B . HCI, forms masses of needles,
m.p. 188°; the platinichloride, B, . H;PtClg, has m.p. 158°.

N-Methyl-l-coniine was obtained by Ahrens ** from residucs left in
the isolation of coniine as hydrobromide or by removing couiinc as the
nitroso-compound. It is a colourless, coniine-like liquid, b.p. 175-6°/
767 mm., DX, 0-8349, [«]?"-81-92°, The hydrochloride, B . HCl, crystallises
in leaflets, m.p. 191-2°; the hydrobromide, B, HBr, in leaflets, m.p.
189-90°; the platinichloride in orange crystals, m.p. 158-4°; the
aurichloride in leaflets, m.p. 77-8°, and the picrate in long needles,
m.p. 121-2°,

Hess and Eichel * have shown that d-coniine with formaldehyde and
formic acid yields an active N-methyl-d-coniine, and that methyliso-
pelletierine hydrazone (see p. 57) yields N-methyl-dl-coniine when heated
with sodium ethoxide at 150-70°,

Conhydrine, CgH,;ON. This oxygenated alkaloid was isolated by
Wertheim.®® It crystallises in colourless leaflets, has a coniinc-like
odour, can be sublimed and is strongly basic, m.p. 121°, b.p. 226°,
[a], -+ 10° Ttis soluble in aleohol or chloroform, moderately so in water
and in ether, from which it crystallises readily. The salts are crystalline ;
the aurichloride small rhombs or prisims, ni.p. 183° ; the benzoyl derivative
m,p. 132°,

_Constitution. On oxidation with chromic acid, conhydrine yields
l-piperidyl-2-carboxylic acid.® It is converted into l-coniine either by
reduction of the iodo-derivative (iodoconiine), C.H, (NI, formed by the
action of hydriodic acid and phosphorus at 180° 3 or by hydrogenation of
the mixture of conicéines produced, when it is dehydrated by phosphorus
pentoxide in toluene.®® These and other observations indicate that the
Oxygen atom must occur as a hydroxyl group, in the n-propyl side-chain
n either the «- (X V) or 8- (XVI) position, since the y-position would involve
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the production of pipzeridyl-2-propionic acid on oxidation, 2-8-Hydroxy-
propylpiperidine (X VI) suggested by Willstitter 32 seemed to be excluded,
since neither of the two forms of this product prepared by Léfller and
Tschunke 4} resembled conhydrine, and these authors suggested the
alternative (XV) as probably representing the alkaloid. Support for this
view was provided by Hess and collaborators,®® who showed that
dl-N-methylconhydrinone is N-methyl-2-piperidyl ethyl ketone (XVII),
that dil-conhydrine (m.p. 69-70°), produced by a somewhat indirect
method, is identical with the product, m.p. 69-5-71:5°, prepared by Engler
and Bauer 4 by the reduction with sodium in ethyl alcohol of 2-pyridyl
ethyl ketone, and that conhydrine on dehydrogenation over platinised or
palladised asbestos gives rise to a mixture of tetrahydropyridyl-2-ethyl
ketone and 2-a-hydroxypropylpyridine. Spith and Adler #° have shown
that conhydrine can be degraded in two stages (XIX) by exhaustive
methylation to trimethylamine and a mixture of two products, an oil,
CgH,, 0, b.p. 157-9°/744 mm., and a crystalline substance, CgH,(O,,
m.p. 75-6°. The oil, when heated withl water at 170° is converted, by
addition of a molecule of water, into the crystalline substance. The
latter contains two active hydrogen atoms (Zerewitinoff estimation), and
on exposure to hydrogen over palladised charcoal absorbs enough to
saturate one ethylenic linkage producing a new substance, m.p. 94-6°,
On oxidation with permanganate in dilute sulphuric acid, propionaldehyde
and succinic acid are produced, whilst the saturated substance, m.p. 94-6°,
is oxidised to n-valeric acid. These results indicate that the substance of
m.p. 75-6° is €/-dihydroxy-4*-n-octene (XXI), that the oil, CgH, O, is the
corresponding oxide {XX), and that the representation of conhydrine
as 2-a-hydroxypropylpiperidine (XV) accounts for their production.

CH, CH\z CHy
H,C 2 H, CH, H, clmz
H,C CH.CH(OH)Et H,C CH.CH,, . CH( OH JMe H,C CH.CO.Et
(xv) nNd (xv1) NH (XVIL) "NMe
CH CH CH
2 / 2 / \e
o T v T
H,C CH——CH.Et H_C ——CH.
N i - 1
(XIX) NMegI (xx) (Xx1)

-Conhydrine, C,;H,,ON, was isolated by Merck and cxamined by
Ladenburg and Adam.4* It closely resembles conhydrine, from which it
can be separated by crystallising the mixed hydrochlorides, that of conhy-
drine being hygroscopic, whilst the g-conhydrine salt crystallises well froin
alcohol, The base was re-examined by Loffler,*® It crystallises from
dry ether in needles, ni.p. 105-6°, b.p. 236-236-5°, [«], + 10-98°, or
from wet ether in plates, m.p. 80° (approz.), and is a strongly alkaline
base. The hydrochloride has m.p. 212-3° and the aurichloride, m.p.
183-4°; the platinichloride, m.p. 185-6°, forms golden-yellow needles.
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Constitution. The close relationship of i-conhydrine to coniine was
established by Loffler,*® who showed that it must be a hydroxyconiine,
cince it is convertible into an iodoconiine, reducible to d-coniine, Con-
lydrine, on the contrary, yields l-coniine, but the two cannot be
stereoisomerides, since they give structurally different conicéines on
dehydration, that from y-conhydrine being i-conicéine, which on hydro-
genation yields d-coniine.%® Loffler concluded that i-conhydrine must
liave the hydroxyl group in position 4 in the ring of the 2-propylpiperidine.
This formula cannot be reconciled with Willstitter’s 3 statement that
y-conhydrine on oxidation yields piperidine-2-carboxylic acid, and, as
an attempt % has failed to confirm this observation, it was possibly due
to the use of i-conhydrine containing conhydrine. Spath and
collaborators 46 have investigated the exhaustive methylation of
y-conhydrine and obtained at the end of the first stage y-conhydrine-
methine, C;oH,,ON, b.p. 101-5-103-5°/14 mm., [«]}*" 4 18-7°, which was
hydrogenated, in presence of palladised charcoal, to dihydro-i-conhydrine-
methine, C;oH,;0N, b.p. 99-100-5°/11 mm., [«]}** + 12:2°. This, in the
next stage, yields octylene-af-oxide (b.p. 60-70°/17 mn1. ; [«]}” — 12:2°)
and octane-af-diol (m.p. 35-7°; [«]l” — 4-7°), the latter being also formed
by the action of water on the oxide at 180°, Benzoyl--conhydrine,
m.p. 182-3°, [a]}” 4 23-4°, on oxidation with faintly alkaline permanganate
gives the benzoyl derivative of two amino-acids (a) C,H,;0,N and ()
CcH,,0,N. The former is y-aminoheptoic acid and was isolated as the
lactam, m.p. 45-7°; (b) proved to be B-amino-n-hexoic acid, m.p. 205-7°.
These observations confirm Lofller’s view that the hydroxyl group must
be in the piperidyl nucleus, but not as he suggested in position 4 (XXII),
and this applies equally to positions 2 and 8. Of the remaining positions 6
(XXIII) would imply that dihydro-y-conhydrinemethine is an addition
product of n-octaldehyde and dimethylamine and, as such, would be
unstable to acids. Spith et al., therefore, selected 5 as the position of
choice and represent i-conhydrine as 5-hydroxy-2-propylpiperidine
(XXIV).

CH.OH CH, CH
VAN /X /N
2> sffe B G Ho-HG  CHp
HyCe oCH.Pr®  HO.HC CH.Pr® H,C /cn.pr"

t

M (XxT1) NH (XXIII) \NH (xxIv)

This has been confirmed by Spiath and Lorenz,*® who have shown that
dihydro-i-conhydrincmethine must be a-dimethylamino-octan-g-ol,
Me,N . CH,. CHOH . CH, . (CH,), . CH,, since it is oxidised by chromic
acid in acetic acid to «-dimetliylamino-octan-g-one, which has been
synthesised from n-heptoylchloride by the action of diazomethane in ether,
and treatment of the resulting a-chloro-n-octan-g-one with dimethylamine,

y-Conicéine, C;H,;;N. This base may bz isolated by Wolffenstein’s
method (p. 14), or recovered from the benzoyl-8-aminobutyl propyl ketone,
into which it is converted in von Braun’s process, by heating with
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hydrochloric acid at 120°, It is a coniine-like oil, b.p. 171-2°/746 mm.,
D'®# 0.8740 (Bruhl), volatile in steam, almost msoluble 1n water, strongly
alkaline and optically inactive.  JIts salts are crystallme; the
hydrochloride, m.p. 143°, 1s hygroscopic ; the hydrobromide, m.p. 139°,
15 readily soluble in acetone ; the aurichloride, m.p. 69° and the picrate,
m.p. 62° are precipitated as oils, but soon become crystalline. The
platinichloride has m.p. 192°. The cadmium 1odide salt, B. HI. CdI,,
m.p. 146-7°, crystallises from water in long needles.
y-Coniceine 1s a secondary base, and on reduction yields dl-coniine, It

was prepared by Hofmann 4’ by the action of alkalis on bromceospime, and,
according to Loffler, is formed by the action of fuming hydrochloric acid
on conhydrine.** These reactions are explained by formula (I) below,
suggested by Lellman 48 and Wolffenstein.® y-Coniceine has been synthe-
sised by Gabriel by hydrolysing 8-phthalimmobutyl propy! ketone.*®

The Conicéines, CgH;;N. Six of these products have been obtained in
various ways from the two conhydrines.®® Their chief characteristics are
tabulated below. a-Coniceine 1s perhaps the least well-defined of the six ;
it is one component of the mixture resulting from the action of
hydrochloric acid on conhydrine, and is described by Léffler 51 (1904) as
stereoisomeric with e-coniceine (II).

B-Coniceine is the chief product of the action of phosphoric oxide on
conhydrine and was shown by Loffler and collaborators2 to be
2-propenylpiperidine, C;H,NH . CH : CH . CH,.

" Melting- Specific
Name Bolling polnt | point of rotation, Relatlve Amino.
surichloride {a)p density character
a Comiceine 158° 196° + 184° | 08930 at 15° | Tertiary
8 Coniceine (m1§841°) } 122 5° ~ 5299° | 08519 at 50° | Secondary
v Coniceine 171°-172° 69° mactive | 08825 at 22 5°| Secondary
l 8 Coniceine 158° 207° lzvorota- | 0 896 at 23° | Tertiary
tory
1-3-Coniceine 161° 192° mactive | 0904 at 15° | Tertiary
¢-Coniceine 150°-151° 178° + 42 34° | 08830 at 15° | Tertiary
composed of
2 methylcom. | 151°-154°| 167°-168°| + 67 4° | 0 8856 at 15° | Tertiary
dine and
1s0-2-methyl. | 143°-145°) 198°-199°} - 87 34° | 08624 at 15° | Tertiary
conidine
v Conicelne 171°-172°] (ody) + 122 6° | 08776 at 15° | Secondary

y-Coniceine (2-propyl-1:4 :5: 6-tetrahydropyridine, I), is a hemlock
alkaloid already dealt with above.

8-Coniceine (2-piperolidine), 15 prepared by the action of sulphuric acid
on bromoconine, It hasa multiplicity of names. It was first characterised
by Lellmann, who assigned to it formula (III) and was synthesised by
Loffler and Kaim% who distilled piperidylpropionic acid to obtam
piperolid-2-one (IV) and reduced this to 2-piperolidine (IIT) which proved
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to be identical with dI-8-conicéine, made from dl-coniine. The same
bicyelic nucleus was named “ pyrindole " by Angeli.> Scholtz 55 synthe-
sised the base (V) which he named pyrrocoline, though he subsequently
adopted Angeli’s name pyrindole. Later Tschitschibabin 56 prepared the
substance (VI) and called it 2-methylindolizine. Indolizine has been
accepted by Diels and Alder 5 and pyrrocoline by Clemo and Ramage.?®
$-Conicéine may therefore be called octahydroindolizine, octahydro-
pyrrocoline, or 2-piperolidine, with 1-azabicyclo-[4 : 8 : 0]-nonane as the
latest variant.5® §-Conicéine is of interest owing to the occurrence of the
same or closely related nuclei among the papilionaceous alkaloids,
e-Conicéine is made by the action of alkalis on bromo- or iodo-coniine
and has been shown by Loffler  to contain two asymmetric carbon atoms
(Formula IT) and to consist of the two forms (+, —) and (—, —) named
respectively 2-methylconidine and iso-2-methylconidine (cf. a-conicéine).
-Conicéine obtained by thie dehydration 4 of i-conhydrine (p. 18)
must be either 2-propyl-1:2:8:6- (or 1:2:38: 4-) tetrahiydropyridine.®

e

cl:Hz.cnz.cn THz.cﬁz.CH.Tﬁz ‘I’Hz_CH T
|
& D ———
CH, NH. C.Pr ‘ CH,, .CH,, N— CHMe CHj .CHp N ——CH,
(1) (11) (111)

TH : CH TH : fH Tﬂz_— (|}H2
H

(o i}{ H -==? ﬁ THz——CH CH2
| I
MeC :CH.N —CGH CH:CH— N——-CH cH2 .GO.N—-—(IH2
(VI) (v) (1IV)

Pharmacological Action of Hemlock Alkaloids. Hemlock has ceased to
be used in medicine owing to the uncertainty of action shown by its
galenical preparations.® All the hemlock alkaloids are poisonous. They
produce paralysis of the motor nerve terminations and stimulation followed
by depression of the central nervous system, though some authorities
maintain that they exert little or no central action. They cause nausea
and vomiting at an early stage of their action, Large doses cause slowing
of the heart’s action. Respiration is generally accelerated and deepened at
first, but cventually becomes slow and laboured and finally ceases, while
the heart is still strong and consciousness has just disappeared. According
fco Albaha‘ry and Lofller,%2 d- and I-coniines are identical in action, By the
introduction of a double linking as in y-conicéine, the toxicity is increased,
whilst by the substitution of a hydroxyl group, as in the conhydrines, it is
reduced. Tullock and McElvain 58 have shown that the benzoates of
N-alkyl derivatives of 2-piperidylpropyl alcohols of the types
C:H,N(R). CH,. CH,. CH,OH and C,H,N(R).CH,.CHOH.CH, (cf.
XVI, p. 18) possess local anzsthetic properties®, l
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ALKALOIDS OF LOBELIA

The prescuce of alkaloids in Lobelia inflata, Linn,, was first recorded
by Proctor.? Lobeline was prepared by Lewis 2 as a basic oil from which
Siebert * made and analysed a series of salts and proposed the formula,
C,sH,30,N. In 1921 Bohringer and Sohne ¢ protected a process for the
isolation and separation of three alkaloids, -, 8 and y-lobelines. In the
same year Wieland published the first 8 of a series of papers in which is
described the isolation of several groups of alkaloids, to most of which
constitutional formulz have been assigned and, in some cases, confirmed



LOBELIA ALKALOIDS 23

by synthesis. These alkaloids are remarkable for their close inter-relation-
ship and the fact that three of them can be synthesised ® by a variant of
Robinson’s general process which is a possible phytochemical method.

Lobelia is recognised in several pharmacopceias, but standards are not
usually prescribed for its alkaloidal content, which should be from 0-3 to
0-4 per cent,

Numerous methods for the alkaloidal assay of lobelia and its galenical
preparations have been published and two recent critical surveys, by a
special committee of the Society of Public Analysts? and by Caulkin,®
indicate that the process of Markwell 8 is satisfactory. Processes for the
isolation and separation of the various alkaloids have been protected by
patent.® Balandin ®® states that Lobelia sessiliflora contains less alkaloid
than L. inflata but yields a high-quality lobeline.

According to Wieland, the typical lobelia alkaloids so far isolated and
examined belong to three groups (Table A), all of which can be represented
by the general Formula I.

TaBLE A. Lobeline Group
norLobelanine, C,H,,0,N. R =H; R'and R? = Cji;.CO
Lobelanine. CypH,;0,N. R = Me; R'and R2 = CH;. CO
tLobeline }c H,,0,N. R=Me ; Ri=C,H,.CO; R2=C,H,.CHOH
dl-Lobeline [-2zierres THE5 BI=Lells LU BT =Letls:
norLobelanidine. C,H,,0,N. R = H; R!'and R2 = C.I;. CHOH
Lobelanidine. C,H,yO,.N. R = Me; R*and R2 = C;H; . CHOH

Lelobine Group
norLelobanidine.
C,H;,O,N. R=H; R'*=CH,.CH,.CHOH; R?=C/H,.CHOH
Lelobanidine.
C,;sHy0,N. R=Me; R*=CH,.CH,.CHOH; R2=C/H;.CHOH

Lobinine Group

Lobinine. C,gH,;0,N. R=Me; R'=CH,.CH,.CHOH; R:=C.H;. CO.

__ Ethylenic linkage from C, to C,.

tsoLobinine, C,gH,;0,N. Possibly stereoisomeric with lobinine, or with
ethylenic linkage C, to C; instead of at C, to C,, or with
R = CH,.CHOH . CH, instead of CH; . CH, . CHOH

Lobinanidine. C,H,,0,N. R =Me; R!=CH,.CH,.CHOH; R2=

) CG.H5 ..CHOH. Ethylenic linkage C, to C,.

isoLobinanidine. C,4H,,0,N. As lobinanidine for R . R.R?, but source
of difference undetermined.

'There are also present at least four subsidiary, unnamed alkaloids,
which have not been fully characterised.

Base.  C,,H,0,N,, m.p. 232° (dec.), B . HCI, m.p. 299-300° (dec.) ;
B.HI, m.p. 279°; B.HCIO,, m.p. 254-5°; B . Mel, m.p. 244° (dec.).
?gon())benzoyl derivative, m.p. 220°. Bromo-compound, m.p. 288°

ec.).

Base, C,H,,0ON, m.p. 103°; oxalate, m.p. 176° (dec.).
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Base. C,H,ON, m.p. 81°, B.HAu(Cl,, m.p. 182°; monobenzoyl
derivative, m.p., 118°. Oxidised by chromic acid to a keto-base,
C,.H,,ON, B. HCl, H,0, m.p. 109°. On more vigorous oxidation by
chromic acid, benzoic acid and an amino-acid, C,H,;0,N, m.p. 235°
are formed.

Base. C4H,,ON, m.p. 85-7°.

Taking the three groups of typical lobelia alkaloids, Table A shows that
the chief difference between the lobeline and the other two groups is the
replacement of one of the two aromatic side-chains in the former by an
aliphatic side-chain, 7.e., CgH;.CO or C¢H; . CHOH by C,H; - CO, or
C,H; - CHOH, and that the principal changes within the groups are
(1) from secondary to tertiary base, e.g., norlobelanine to lobelanine,
(2) keto-alcohol base to diketo-base, e.g., lobeline to lobelanine, or (3)
keto-alcohol base to dihydric aleohol base, e.g., lobeline to lobelanidine,
The lobinine group is exceptional in having an ethylenic linkage in the
nucleus,

The carbonyl groups in the diketo- and keto-alcohol bases are not
readily detected by the usual reagents and as these bases can be reduced
to the dihydric alcohols, it was assumed at first that lobeline and lobelanine
contained one and two ether linkages respectively and formule based
on this assuniption, and satisfying the other expcrimental evidence
then available, were put forward 1° by Wieland, Schopf and Hermsen, of
which that for lobeline (II) may be quoted as an example.

LOBELINE GROUP. The inter-relationships of the five members
of this group have been given in Table A by reference to the general
Formula I. The chief data on which this formula is based are as follows :—

All five alkaloids must have the same nuclear structure since lobeline
is convertible into lobelanidine by hydrogenation and into lobelanine by
oxidation, and norlobelanidine and norlobelanine yield lobelanidine and
Iobelanine respectively on N-methylation.

All five alkaloids yield acetophenone usually on heating dry, alone or
in presence of a catalyst. Lobelanine hydrochloride on distillation with
zine dust produces more than one molecular proportion of acetophenone,

(v Bz'CH:CH-CHy-CH,CH,-CH: CH-Bz

(Y11 Bz.CHp.CHp-CHp-CHy-CHy-Cly. CHy. Bz
1 M)
RZHZC +HC CH-CHpR™  Bz-HyC-HC CH: CHZB’ (VII) Cgls-CUOH- (CHp 17+ CHOH-CoHg

(vII1) N-CHg
caa—cpwe——c; CH, Ha
I
H,oC CH B. CHp

CH——MNile CH 2 2 £

| | HOOC - H.C +HC CH.CH,.COOH HOOC - HC CH+COOH
CH,—¢ (o) —cx, 2

(II}  CHgPh (1iry | N.CHg (Iv)  N-CHg

Bz ¢ CO-CgHa* (VIII) * Lobelenine, or with one Bz —3 CgHs.CHOH. lobeline
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Lobelanine dioxime, obtainable in poor yield, undergoes a Beckmann
transformation into the dianilide of 1-methylpiperidine-2 : 6-diacetic acid
(lobelinic acid (III)). On oxidation by chromic acid in sulphuric acid
Jobelanine furnished 1-methylpiperidine-2 : 6-dicarboxylic acid (scopolinic
acid (IV)) and benzoic acid.

From lobelanine methiodide, by the action of silver oxide,
trimethylamine was produced along with a base, which is probably
CH;.CO.CH,. CHNMe,.CH,. CH,. CH,. CH(OH). CH, . CO . CgHj,
and a neutral product (V). The latter on hydrogenation by (a) palladium
black in alcohol gave 1 :7-dibenzoyl - n - heptane (VI) or (b) palladium
black in acetic acid, 1 :9-dihydroxy-1:9-diphenyl-n-nonane ** (VII).
Formula (VIII), deduced from these results, represents lobelanine as a
B-aminoketone, and thus accounts for the ease with which it hydrolyses
with loss of methylamine and acetophenone, followed by ring closure with
the formation of fluorene (diphenylenemethane) or diphenylcarbinol, 1
The known inter-relationships of the other four alkaloids to lobelanine
(Tablc A, p. 23) allow formule to be developed for them by the following
changes in the lobelanine formula (VIII).

norLobelanine : NCH, becomes : NH.

Lobeline Oue Bz group becomes C{H, . CHOH.
Lobelanidine Both Bz groups become C¢H, . CHOH.
norLobelanidine Lobelanidine with : NCH; becoming : NH.

Syntheses of members of the lobeline group have been cffected by
Wieland and Drishaus 2 and by Scheuing and Winterhalder.13
norLobelane was prepared by the former authors by condensing 2 : 6-
dimethylpyridine with benzaldehyde to 2 :6-distyrylpyridine ¥ (IX),
which was then reduced by sodium in alcohol, giving a mixture of meso-
and trans- forms of 2 : 6-di-B-phenylethylpiperidine (norlobclane). From
this by crystallisation of the mixed hydrochlorides, meso-norlobelane was
separated, which on N-methylation yielded lobelane (X) as the methiodide,

Scheuing and Winterhalder 13 treated 2 :6-distryrylpyridine tetra-
bromide with potassium hydroxide in alcohol, so producing 2 : 6-di-g-
phenylacetylenylpyridine (XI) which by the action of 50 per cent. sulphuric
acid was converted into 2:6-diphenacylpyridine (XII), and this, on
hydrogenation in presence of platinic oxide, barium sulphate and methyl
alcohol, was reduced to 2 : 6-di-B-hydroxy-S-phenylethylpyridine, and the
hydrochloride of this, on similar catalytic hydrogenation, yielded
norlobelanidine (XIII). This can be methylated to lobelanidine, from
which in turn dl-lobeline and lobelanine can be obtained.

The N-methyl bases may be reached more directly by converting
2 : 6-di-B-phenylacetylenylpyridine (XI) metho-p-toluenesulphonate, by
treatment with slightly diluted sulphuric acid at 125° into 2:6-
diphenacylpyridine (XII) metho-p-toluenesulphonate, This, on direct
hydrogenation, gives, with 8 mols, of hydrogen, lobelanine (VIII), or, with
5 mols. of hydrogen, lobzlanidine (XIII : NH— NMe).

Wieland and Drishaus 12 effected a more fundamental synthesis by



26 PYRIDINE GROUP

condensing methyl glutarate with acetophenone in presence of sodamide,
to obtain 1 : 7-dibenzoyl-n-heptane-2 : 6-dione (XIV), which dry ammonia
at 100° converted into 2 : 6-di(benzoylmethylene)piperidine (XV). This,
on hydrogenation in presence of platinum oxide and pyridine, furnished at
40-50° a mixture of the still unsaturated glycols « (racemic)- and 8 (meso)-
norlobelanidienes, C,H,,0,N (XVI), m.p, 148° and 172° respectively.
The meso-form, on further reduction with aluminium amalgam and moist
ether, gave norlobelanidine (XIII), m.p. 120° (hydrochloride, m.p. 244°),
but the main product is an oily stereoisomeride, which on oxidation by
chromic oxide in acetic acid yielded norlobelanine, m.p. 120° (hydrochloride.
m.p. 195°). The a- form, on similar reduction and subsequent oxidation
of the product, also furnished norlobelanine (VIII: NCH,— NH). The
more important steps in these syntheses may be represented as follows :—

-c Ic coce
C.Pl PoeCH CH.Ph  Ph- (cnz)2 (cnz)z Ph

(n)l

cH
HC CH HyC
—
HyG C-CHy H,CEHC CH. cnz HC:C
Bz Bz Ph+CHOH CHOR.Ph  PheCHOH CHOH Ph

G-G

Ph-

N
(XI1) (XI1I) (xv1) T

CHp

HgC CH,
(XIV) Bz:CH,>CO:CH,:CHy+CH,CO-CH,- Bz ~——3
Bz-CH:C C.CH-Bz
Bz = .C0-CgHs
NH
(xv)

Schépf and Lehmann ¢ found that lobelanine could be synthesised by
keeping at 25° a mixture of glutardialdehyde, methylamine hydrochloride
and benzoylacetic acid in a buffered solution. The best yield was obtained
at pH 4-5, and appeared to be complete in forty hours. At pH 7 or 9,
11 or 13, the yield was very small. This synthesis under * physiological
conditions ” is represented as occurring in accordance with the following
scheme :—

oy o
COOH | CooH Ph-CO-CH,-HC CH-CH,+CO-Ph
| B,
PheCO-CH, OB SO  CHj-CO-Ph He cRy
0
cE,  CHp +2120,200;
\ pd Cﬂz
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The principal characteristics of the naturally occurring members of
the lobeline group (see also Table A, p. 23) are as follows :—

I-Lobeline, C,,H,,0.N, separates from alcohol, ether or benzene in
glistening ncedles, m.p. 180-1°, [«]}" — 42-85° (EtOH), readily soluble in
hot alcohol or benzene, sparingly in light petroleum or water. The
hydrochloride forms rosettes of needles, m.p. 182° and is soluble in
cliloroform. The sulphate, nitrate and hydrobromide are crystalline ; the
platinichloride and mercurichloride amorphous. On warming with water,
lobzline produces acetophenone, With benzoyl chloride it yields benzoyl-
lobeline hydrochloride, m.p. 155-7° (dec.) ; phosphorus trichloride converts
it into chlorolobelide hydrochloride, C,,H,;ONCLHCI, m.p. 172—4° (dec).®
On reduction with sodium amalgam in acetic acid, lobeline furnishes
lobzlanidine (sze bzlow) by reduction of the benzoyl group to . CHOH . Ph,
and is oxidised by chromic oxide in acetic acid to lobelanine (see below), by
the conversion of the Ph . CHOH group into Bz (VIII). As the lobelanine
so formed is optically inactive, the asymmetric carbon atoms in the
heterocyclic nucleus of lobeline must have the meso-configuration.1s

dl-Lobeline, Cy,H,,0,N. First isolated ® as * Iobelidine *” and assigned
the formula Cy,yH, O,N; was subsequently shown by Wieland, Koschara
and Dane 3 to be dl-lobeline. It forms stellate groups of prisms, m.p. 110°,
The hydrochloride darkens at 160° and melts at 170°; sodium tartrate
pracipitates from its aqueous solution, the sparingly soluble I-lobeline
d-tartrate,

Lobelanine, C,,H,0,N. This, after lob:line, is the most abundant
ulksloid in lobelia. It forms rosettes of needles from ether or light
petroleum, nielts at 99°, is easily soluble in alcohol, benzene or chloroform,
und gives well-crystallised salts : B,HCI, m.p. 188° (dec.); B,HBr, m.p.
188°; B,HI, m.p. 169-172°; B,HNO,, m.p. 153—4°; B,HCIO,, m.p.
173-4° It yields with difficulty a dioxime, m.p. 209° (dec.). On reduction
with sodium amalgam in acetic acid, lobelanine (VIII) produces lobela-
uidine (XIIT: NH-— NMe), the two benzoyl groups being converted into
Ph.CHOH groups,’® and is itself formed when either lobeline or
lobelanidine is oxidised with chromic oxide in acetic acid. Hydrogen
peroxide converts it into lobelanine N-oxide, m.p. 84-6°,

norLobelanine, C,H,,0,N. First isolated as isolobelanine 1 but
subsequently 15 shown to be norlobelanine (VIII : NCH,— NH). It melts
at 120-1° and gives well-crystallised salts : B,HNO,, m.p. 198° (dec.);
B,IICI, m.p. 201-2°. Ona reduction it furnishes dl-norlobeline (VIII :
F\CI}IIf—: NH and one Bz—> C,H; . CHOH) and eventually norlobelanidine

2 ).k

Lobelanidine, C,,H,,0,N. Crystalliscs from alcohol in laming, m.p. 150°,
[«]' 4 0°, distils unchanged in a vacuum and is readily soluble in acetone
or benzzne, sparingly so in ether. The hydrochloride, m.p. 185-8°, forms
needles from aleohol ; the hydrobromide has m.p. 188-190°. The dibenzoyl
deqvative melts at 109-10° and the hydrochloride of the diacetyl
derivative at 214-5°. The methiodide becomes turbid at 178-5° and clears
at 200°, Phosphorus trichloride converts the base into dichlorolobelane
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hydrochloride ,C,,H,,NCl,, m.p. 158-9°. The latter, on reduction, furnishes
lobelane (X), Cy,Hy,N, b.p. 175° (in a high vacuum) ; B,HCI, m.p. 194-5°;
B,Mel, m.p. 284-5°% On oxidation with potassium permanganate in
presence of sulphuric acid, lobelanidine (XIII: NH — NMe), yields
dl-lobeline (VIII : one Bz— C,H;. CHOH).®

norLobelanidine, C,;H;;O,N. This substance (XIII) forms long
needles, m.p. 120°; the hydrochloride, needles, m.p. 244° (dec.); the
nitrate has m.p. 179-180°. On treatment with methyl p-toluene-sulphonate
the base is converted into lobelanidine, whilst chromic oxide in acetic acid
oxidises it to norlobelanine,5

LELOBINE AND LOBININE GROUPS. These include the minor
alkaloids of lobelia isolated from factory residues accumulated during the
manufacture of lobeline.  Their isolation and separation involve
complicated processes of fractionation for which the original paper 16
should be consulted. Their inter-relationships (Table A, p. 28 and general
formula, I, p. 24) are similar to those among members of the lobeline
group, but the effect of the presence of threc or niore asymmetric carbon
atoms is more evident, thus there are already known six forms of the basic
dihydric alcohol, lelobauidine,

The methods of investigation used are the sanie in principle as those
used successfully with the diketo-base, lobelanine (p. 24) in the lobeline
series.

Ozidation by Chromic Acid. Under niild conditions, e.g., in acetic acid
at atmospheric temperature ; this converts the dihiydric aleohol or keto-
alcohol bases to diketo-bases, e.g., the lelobanidines, C,;gH,,0,N, to
lelobanines, C,gH,;0,N. Under more vigorous action the keto-aleohol and
the diketo-bases are oxidised to benzoic acid (side-chain, Ph . CO ), acetic
and propionic acids (side-chain, C,H ;. CO.) and either scopolinic acid
1-methylpiperidine-2 : 6-dicarboxylic acid (IV)) or methylgranatic acid
(1-methylpiperidine-2-carboxylic-6-acetic acid) or both, these being from
the methylpiperidine nucleus with residues of the two side-chains,

Exhaustive Methylation. As in the lobeline group it is the diketo-bases,
lelobanines (p. 80) in the lelobine scries and lobinanines (p. 381) in the
lobinine group, which give methiodides amecnable to this mode of
degradation. They are decomposed by alkali yielding an unsaturated
neutral oil, which is hydrogenated and then, if necessary, oxidised to the
saturated open chain diketone, e.g., see under lelobanine.

The chief descriptive characters and reaction products of the lelobine
series are recorded in Table B, and those of the lobinine group in Table C,
The constitutional formulx assigned to the principal members of each
group are shown on p. 32,

Lelobanidines, C,;H,,0,N (Formula XVII). Six forms of this alkaloid
are known, of which Table B deals with four, viz., the naturally occurring
dl-, 1T and 1T forms and the d- equivalent of I, obtained by resolution of
the dl- form. The remaining two are dealt with in Table C, viz., the
a- and B- forms obtained by hydrogenation of the natural alkaloids
lobinanidine and lobinine respectively.



TaBLE B. Lelobine Group

Melting point of
Natural Alkaloid Derivative 3
Base B . HCI B.HI B. HCIO,
norLelobanidine, C17H27O N — | -+ 63°F 90° 193° 190° 141°
methylated to . d-lelobanidine . o — 86° 171° 176°
oxidised to d-norlelobanine ., — 11-5°% -— 174° — —
di-Lelobanidine, C18H290 N — +0° 68° 79° 159° 152°
resolved to . d-lelobanidine L 410 — 86° 171° 176°
oxidised to dl-lelobanine, (,lstdO N. | +0° — 142° — 136°
l-Lelobanidine I, — — 41°% — 86° 171° 176°
(dihydrate)
oxidised to . | l-lelobaunine . . .1 4 20°% —_ 186° — —
. |
l-Lelobanidine 11 . — — 41°* — 102-5° 165° 158°
_ (1-5 H,0)
oxidised to ., . | l-lelobanine ., . .| 20°% — 186° — —
|

* B. HCl in alecohol ; 1 Base in alcohol.
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All forms have not been fully examined but dl-lelobanidine is probably
typical. It contains two hydroxyl groups (dibenzoyl derivative m.p. 178°)
and is a tertiary base (methiodide m.p. 162—-4°). On mild chromic acid
oxidation it yields dl-lelobanine (XVIII) and on vigorous oxidation,
benzoic (Ph.CHOH. side-chain), acetic and propionic (Et.CHOH -
side-chain) acids, while the methylpiperidine nucleus survives in the forms
of l-methylpiperidine-2 : 6-diacetic (scopolinic acid, IV, p. 24) and
1-methyl-2-carboxylic-6-acetic (methylgranatic) acids, the latter being
identical with that obtained from mesthylgranatoline (p. 59), whence it is
concluded that the configuration of di-lelobanidine and methylgranatoline
includes both c¢is-forms and that [-lelobanidine I which is oxidised to
l-lelobanine and l-methylgranatic acid is an optically active cis-form.

As I-lelobanidine II also yields I-lelobanine on oxidation the difference
between the I and IT forms must be stereochemical and lie in one of the
side-chains, in spite of the quantitative identity of their specific rotations.
The four asymmetric centres might have the following individual directional
effects I.l. d.d.and d.l.d.l. in the two forms, but the total effect
might be identical,

It should be noted that d-norlelobanidine, [«], 4+ 62-8°(EtOH), on
oxidation yields d-norlelobanine, of which the hydrochloride has
[a], — 11-5°,

Lelobanines, C, H,;0,N (Formula XVIII). These are diketo-bases
resulting from the chromic acid oxidation of the corresponding
lelobanidines. Those recorded in Table B are I- and dl-forms, derived from
I and /I, and dl forms of lelobanidine respectively, di-lelobanine is the
best known of these products. The methiodide, not isolated, on treatment
with silver oxide yields dimethylamine and a neutral, deep-yellow oil
convertible by hydrogenation into a glycol, C,;H,0,, b.p. 117-8°/0-03 mm.,
which was oxidised by chromic acid to 1-benzoyl-7-propionyl-n-heptane
(XIX), m.p. 51°, semicarbazone, m.p. 186° (dec.), the identity of which was
established by synthesis.

LoBiNINEs, C,gH,;0,N (Table C). These are keto-alcohol bases.
Lobinine, and probably isolobinine, differ from the lelobanidines (XVII)
in having (1) a side-chain, .CH,. CO . Ph in place of .CH,. CHOH . Ph,
and (2) an ethylenic linkage in the heterocyclic nucleus probably at
C3 — C¢ in lobinine (XX) and possibly at C* — C8 in {solobinine. On
mild oxidation by chromic acid they yield the diketo-bases, lobinanines,
CysH;0,N (XXIII), and are reduced by sodium amalgam in aceticacid to
lobinanidines, C,gH,,0,N (XXII). On hydrogenation they are converted
into lelobanidines (XVII).

Lobinine, C;;H,;O,N. First isolated by Wicland, Ishimasa and
Koschara 17 who, on the evidence then available, regarded it as 2-phenacyl-
1-methyl-7-B-hydroxypropylhexamethyleneimine, C, jH,,0,N (XXI), which
was modified to (XX) in 1989.1¢ It furnishes an oxime (B.HCI, m.p.
182°) and a benzoyl derivative (B . HCI, m.p. 146-7°). On reduction by
sodium in acetic acid it is converted into the unsaturated dihydrie alcohol
for which the original name *‘ lobinol ** has been changed to g-lobinanidine,



Tanre C. Lobinine Group

Melting point of

Natura:l Alkaloid Derivative [e]n
Base B . HCl B. HI B .HCIO,
Lobinine, C,gH,,0,N . — —180°% |  — 144° 130° 146°
— 106°

Reduced to B-lobinanidine, C, H,,0,N — — 180° — —

Hydrogenated to B-lelobanidine, C,H,,0,N | —89-2°} — — 181° 152°

Oxidised to lobinanine, C, H,,0,N — 65°% — 94° — 133°
Lobinanidine, C,gH,,0,N — — 120°% | 95° 169° 200° —

Hydrogenated to . a-lelobanidine., — 37°F — — 174° 142°

Oxidised ‘to . . lobinanine — 65°% — 94° — 133°
isoLobinine — — 76°% 78° 1154° (dry) — —

Reduced to B-isolobinanidine — — 161° — —

Hydrogenated to I-lelobanidine I — 41°* — 86° 171° 176°

Oxidised to isolobinanine . — 11°* — 150° — —
isoLobinanidine — — 28°% — 111° 164° 169°

Hydrogenated to l-lelobanidine I — 41°% — 86° 171° 176°

* B. HCl in alcohol ; § B.HI in alcohol ; i B.HCI in water.
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32 PYRIDINE GROUP

CysH;;0,N (XXII) (see below and Table C). On hydrogenation of lobinine
hydriodide in methyl alcohol with platinic oxide as catalyst, the product is
B-lelobanidine, C,gH,,0,N (XVII: Table C, p. 31).

On oxidation at 100° by chromic acid in dilute sulphuric acid lobinine
yields benzoic acid and lobininic acid, C,H,,0,N, m.p. 207-8°, which
absorbs 1-85 mols. of hydrogen and so might have been expected to yield
methylgranatic acid (1-methylpiperidine-2-carboxylic-6-acetic  acid,
CoH,;0,N) but no well-defined product could be isolated. Milder oxidation
of lobinine by chromic acid produces the diketo-base formerly called
¢ lobinotle ** *7 but now re-nanied LOBINANINE, C;3H,;0,N (XXIII: see
Table C). The methiodide of this substance on treatment with alkali
yields dimethylamine and a deep-yellow diketone, C,;H,0,, or possibly
C,;,H,40,, which gives a deep violet colour with alkali and is probably
Bz.CH,.CH: CH-CH: CH-CH: CH. COEt, and on hydrogenation is
converted into 1-benzoyl-7-propionyl-n-heptane (XIX) identical with that
similarly obtained from di-lelobanidine (XVII) via lelobanine (XVIII),

CHp CHp CHg
H,C CH, HoC CHp HyC CHp
Hz(f -HC CH-CHp HgCI +HC CH’(in qu-Hzc CHzoc‘iﬂz
CHOH CHOH C,O ?0 (EO (30
IEt NMe ;h £t NMe Ph Et Ph
(XVII). Lelobanidine (XVIII). Lelobanine (XI1X). 1-Benzoyl-7-
. propionyl-n-heptane
cH CH CH
HyC CH HzC CH HaC \ CH
HyG 1O cn~c:IH2 HaC - HC CR-Cil, HzCI'HC cu-CHz
HCCH HCOH CHOH co co co
| NMe | | Nie | I Nde |
Ph Ph Et Ph Et Fh
(XXI1I). Lobinanidine (XX). Lobinine (1839) (XX11I). Lobinanine
e
(|3H2 CHz
CIH2-CH CH. ()}Hz
CIO NMe ?HOH
Ph CH3

(XXI). Lobinine (1931)

isoLobinine, C,;H,;0O,N. First isolated by Thoma, this alkaloid was
tested pharmacologically by Richter as T 64, and was later investigated
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chemically by Wieland et al.®* (Table C, p. 81). Its reactions parallel
those of lobinine (see above) and give analogous products. Reduction
with sodium amalgam in acetic acid yields the unsaturated dihydric
alcohol B-isolobinanidine isomeric with g-lobinanidine (XXII) from
lobinine. On catalytic hydrogenation solobinine and B-isolobinanidine
vield I-lelobanidine I (see p. 28 and Formula XVII), whicl indicates
that they both have the cis-configuration (¢f p. 30). Oa vigorous
oxidation with chromic acid, isolobinine yields benzoic, acetic and
scopolinic acids (Thoma ), On milder oxidation with chromic acid
it is converted into ¢solobinanine (Table C), the methiodide of which on
treatment with alkali yields a diketone, C,;H,40,, isomeric and possibly
stereoisomeric with that from lobinine. It is suggested that lobinine and
isolobinine are stereoisomerides, and less probably that in éselobinine, the
cthylenic linkage may be at C* — C% instead of C3 — C* as in lobinine (XX).

LoBinaNiDINES, C, H,;0,N (XXII). Four of these substances are
known : two, lobinanidine and isolobinanidine, occur naturally and, two,
B-lobinanidine and B-isolobinanidine, are produced by the reduction of
lobinine and ¢solobinine respectively with sodium amalgam in acetic acid,
the carbonyl group (as in XX) being reduced without saturation of the
nuclear ethylenic linkage, For descriptive characters, see Table C.

Lobinanidine is oxidised by chromic acid at 70-80° to lobinanine
(XXIII). On more vigorous oxidation by this reagent benzoic acid is
formed and also lobininic acid, C,H,;0,N, identical with that obtained
from lobinine. On hydrogenation it furnishes a-lelobanidine, which closely
resembles the B-lelobanidine from lobinine (see Table C), but isnot identical
with it,

isoLobinanidine. Little is known about this base beyond the data
recorded in Table C, but it appears to be oxidised to a lelobanine which
yields a diketone resembling that from lobinine in giving a violet colour
with alkali,

Lobinaline, C,H,0N,. This alkaloid was isolated by Manske 8 from
Lobelia cardinalis, L. It crystallises with difficulty in prisms, m.p. 94-5°,
[«]5 -+ 22-3° (CHCl,), yields a hydrochloride, B . HCI, 1-5 H,0, m.p. 220°,
and on oxidation by permanganate yields benzoic acid.

. Pharmacological Action. Lobeline belongs to a pharmacologically
81m11a1: group, which includes nicotine, cytisine, gelsemine, coniine and
sparteine, These alkaloids act chiefly on the central nervous system, the
sympathetic ganglia and the myoneural junctions in voluntary muscle.
Nlootlne may be regarded as the typical alkaloid of the group. Lobeline
1S a potent, respiratory stimulant and is used in medical practice as an
aﬂalep.tlc,, e.g., in cases of collapse due to poisoning by noxious gases,
Darcotics, ete., and there is now an extensive pharmacological and clinical
literature on the drug.1®

etinm Interesting p.harma.colog.ical applicatiqn of Ilobeline is its use in

thel;:ng b_Iood clrc.ula’flon times.? Lobeline does not account for all
peutical applications of lobelia, and Richter,?! in particular, has

Investigated the spasmolytic activity of the residual lobelia alkaloids and
PLiNT ALK -
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has sought to associate these with particular features of the action of
lobelia, e.g., isolobinine is said to be responsible for the emetic
and asthma-relieving properties of the crude drug. A detailed study
of the action of 7solobinine has been made by Pannier and De Backer.22

Lobinaline, according to Unna, as quoted by Manske,® exerts none of
the actions characteristic of lobeline.

Kubota et al. have recorded the presence of a lobeline-like alkaloid in
L. sessilifolia.?® According to Mukerji and Ghosh 24 lobeline is present in
L, nicotinefolia, Heyne and Bendezu have also found it in L. decurrens.?s

Lobelan (2 : 6-B-diphenylethyl-1-methylpiperidine) may be regarded as
the parent from which the chief lobelia alkaloids are derived. Lee and
Freudenberg 26 have synthesised it and a series of related substances and
have submitted them to pharmacological tests. The most active
spasmolytic agent in this series is 2:6-di-B-p-anisylethyl-1-methylpiperidine,
whicli has a neurotropic activity one-tenth that of atropine and musculo-
tropic poteucy seven times that of papaverine ; its broncholytic activity
is about J;th that of adrenaline, The most active analeptic found is
2 : 6-di-B-p-unisylethylpiperidine, which is more active than lobeline.
Spasmolytic activity has not been recorded for Lobelia alkaloids, but it is
now shown that lobelan has a slight neurotropic and a similar musculotropic
activity.
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ALKALOIDS OF NICOTIANA SPP
The following are the names and formul of this group of alkaloids :—

Nicotine, C,;H,,N, ~ I-N-Methylanatabine, C;;H, N,
Nicotimine, C;H,,N, / Nicotyrine, C,(H;(N, — #
Anabasine, C,;H,,N, Nicotelline, C,;HN, Vg
N-Methylanabasine, C;;H, (N, 2 : 8"-Dipyridyl, C,;HN,
isoNicoteine, C,JH,N, ./ #& norNicotine, C.H N,
Anatabine, C,oH,,N, Nicotoine, CgH;N .

Until recently none of these alkaloids had been found outside the genus
Nicotiana (Solanacez), and in the mixture of alkaloids present in species of
that genus, nicotine was always predominant. In 1935 Spith, Hicks and
Zajic found d-nornicotine in Duboisia Hopwoodii (Solanaces), subsequently
shown by Bottomley et al.! to contain both nicotine and nornicotine, The
only other Duboisia sp. examined up to that time contained tropane
alkaloids (p. 65). Inthe same year C. R. Smith 2 found that the predom-
inant alkaloid in Nicotiana glauca is anabasine, first isolated by Orekhov3,
from Anabasis aphylla (Chenopodiaces), along with lupinine, aphylline and
aphyllidine, all typical leguminous bases. A close relative of anabasine is
ammodendrine (p. 139), also isolated from a leguminous plant,
Ammodendron Conollyi. Nicotine has also been found in Eclipta alba,
Hassk. (Composite) by Pal and Narasinham 4 and by Marion % in Asclepias
syriaca (Asclepiadace®) and Sedum acre of the botanical family,
Crassulaceze. These observations provide an alkaloidal connection
between five botanical families and indicate that the phytosynthesis of a
particular type of alkaloid is not a specific activity of plants of one botanical
type, though it still seems to be generally true that within one genus the
alkaloids found are structurally similar, though there are exceptions, such
as Duboisia spp., even to this narrow generalisation,

Of the alkaloids listed above, nicotoine lias only been found in the
Turkish type of tobacco ¢ ; the isonicoteine recorded at the same time has
been shown by Spath and Biniecki® to be 2 : 8’-dipyridyl. According to
Shmuk and Borozdina,” 42 Nicotiana spp. examined by them can be
arranged in four groups according to the predominant alkaloid present :
(1) nicotine (*“dipicrate,” m.p. 215-224°), (2) nornicotine (** dipicrate,”
m.p. 175-200°), (8) mixtures of (1) and (2) (* dipicrate,” m.p. 190-215°),
(4) anabasine. They describe methods for the separation and identifica-
tion of these three bases. The melting-points of the * dipicrates,” quoted
in brackets, are given by Markwood and Barthel ® as those of the mixed
dipicrates of the total alkaloids of tobacco plants, in which nicotine or
nornicotine predominates, the former being the more common,

The best source of the alkaloids is commercial “nicotine ” or the
concentrated tobacco extracts, used as horticultural insecticides. The
average alkaloidal content of tobacco leaf is about 4; and does not as a
rule exceed 6, per cent. In 1,026 parts of the total alkaloids of Kentucky
t?bacco, Pictet and Rotschy ® found “nicoteine *’ 20, nicotimine 5 and
nicotelline 1, the rest being nicotine, but, as Markwood 8 has pointedrout,

2—-2
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the selective breeding of tobacco now in progress is probably changing this
predominance of nicotine. ‘ Nicoteine ’ was subsequently shown by
Ehrenstein ¥ to be a mixture of nornicotine and l-anabasine. According
to Klein and Herndlhofer 11 the leaves and root contain most alkaloid and
only traces occur in other organs such as seeds and flowers. There are
also present in the plant a number of simple bases 2—pyrrolidine and
N-methylpyrroline were found by Pictet and Court, iscamylamine by
Ciamician and Ravenna, ammonia, trimethylamine, piperidine and
2 : 8'-dipyridyl (b.p. 292—4°; dipicrate, m.p. 167-8°) by Spiith and Zajic,
and N-methylpyrrolidine (picrate, m.p. 228-5°; aurichloride, m.p. 226°)
by Spath and Biniecki.®

Tobacco and its alkaloids have long ceased to have any therapeutic
importance, but their extensive use as insecticides and the demand for
nicotine for the manufacture of nicotinic acid have stimulated interest in
processcs of extraction 3 and methods of estimation. On the latter
subject there is a voluminous literature, of which critical résumés have
been published by various authors.* Recent work on this subject has
been specially concerned with (1) the development of micro- and semi-
micro-methods suitable for estimating nicotine in tobacco smoke and the
distribution of nicotine on sprayed garden produce, in treated soils and in
tobacco leaves,® (2) the study of conditions necessary to ensure satisfactory
results in using particular processes,® and (3) methods of separation and
estimation of nicotine, mornicotine and anabasine in mixtures of these
bases, 18 In the United States and in Russia considerable interest is
being shown in the cultivation of types of tobacco rich in nicotine, in finding
new industrial uses for tobacco and its alkaloids, and in possible by-products
from tobacco plants such as citric and malic acids.18%  Surveys of informa-
tion on tobacco alkaloids hiave been published by Jackson,¢@ Marion 6@
and Spath and Kuffner,1?

Nicotine, C,oH;N,. The pure alkaloid is a colourless oil, b.p. 246:1°/
730-5 mm,, DS 1-0180, D*% 1-00925, [«]’f — 168-66°.17 It can be purified
through the crystalline zincichloride, B,ZnCl,,2HCLH,0,® the regenerated
base being distilled under reduced pressure (2040 mm.) in presence of
nitrogen or hydrogen. It distils unchanged in a current of steam and is
readily soluble in alcohol, ether or light petroleum. The behaviour of
nicotine with water has been studied by several workers,1® It is miscible
in all proportions with water below 60° and above 210°; at intervening
temperatures soluble hydrates are not formed and miscibility is limited.
According to Kelly et al,’® an azeotrope is formed, which contains 2-45 per
cent. of nicotine and boils at 99-6°/760 mm. The salts are readily soluble
in water, do not crystallise easily and are dextrorotatory. This reversal
in direction of rotation on salt formation is not uncommon among alkaloids,
and has been the subject of some investigation.20 The hydrochloride,
B . HCl, has [«], -+ 102-2°; the sulphate, B, . H,SO,, [a], -+ 84:8°. When
an aqueous solution of either of these salts is heated in a closed vessel at
180-250° it becomes optically inactive.2l  The acid d-tartrate,
B.2H,C,H,O4 . 2H,0, m.p. 88-9° (hydrated), [a]5 -+ 26-6° (dry salt) and
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the neutral d-tartrate, m.p. 68-5° (hydrated), [« + 29-5° (dry salt), both
crystallise from alcohol on addition of ether. The dipicrate,
B. 2CH,(NO,),0H, short yellow prisms, m.p. 224°, and the tetrachlor-
iodide,22 C, H,,N,.2(HICl,), orange prisms, m.p. 150° (dec.), are
characteristic. The p-toluenesulphonamide has m.p. 212-8° and is soluble
(20 per cent.) in water. On exposure to ultra-violet light nicotine is
converted to nicotine oxide (picrate, m.p. 169°), nicotinic acid and
methylamine, 23

By the action of sodamide on nicotine Tschitschibabin 23 obtained
2-aminonicotine, m.p. 124-5° (dipicrate, m.p. 228-5°) and 6-aminonicotine,
m.p. 60°, b.p. 300° (dipicrate, m.p. 225° (dec.) ). The interaction of these
substances with alkyl halides has been investigated by Goldfarb and
Kondakova and with chloroacetone by Goldfarb and Katrenko. The
analogous 2-aminonicotyrine, C,(H,,N,, m.p. 77-8°, picrate, m.p. 189-190°
and 6-aminonicotyrine, m.p. 97-8°, monopicrate, m.p., 257° (dec.) have
been prepared by Clemo and Swan 239 by the action of sodamide on
nicotyrine and also by the dehydrogenation of the 2- and 6-aminonicotines
respectively.

Nicotine may be detected by the colourless, erystalline mercurichloride
obtained when an aqueous solution is added to a solution of mercuric
chloride, by the black precipitate formed under similar conditions with
potassium platinic iodide and the characteristic crystalline periodide,
BI,. HI, m.p. 123°, produced on‘admixture, under specified conditions,2*
of ethereal solutions of nicotine and iodine (¢f Anabasine, p. 43). A
polarographic study of nicotine has been made by Kirkpatrick.24®

norNicotine, C,H;,N,. The base was first obtained by M. and
M. Polonovski 2 and was subsequently prepared by von Braun and
Weissbach 28 along with metanicotine by the action of boiling benzoic acid
on nicotine. The isolation of l-nornicotine from tobacco by Ehrenstein 10
and of d-nornicotine from Duboisia Hopwoodii by Spath, Hicks and Zajic 1
has been referred to already. The chief constants of von Braun’s
nornicotine are given in the following table with those of the natural d- and
l-forms as first isolated.

porN{cotine from 1

Niootine Tobacco D, Hopwoodii

{von Braunm) (Ehrenetein) (Spath et ol.)

Boiling point 139-140°/12mn. | 130,5-130.3/1um| 117°/3.6 mn,

Specific Crevity B 1.0u 08> 1.073 0’ t.07m

Refractive index - n§8'5° 1508 %% 15000

Specific rotation @, - 5,5° [] g°°-17.7° [cx]g.‘o +38,3°

Melting po’nte of

Dipiorate 188-190° 191-192° 191-192°
L____ Dipiorolonate 223 - 2a8° 280-258°  252-233°
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The nicotine formed by methylation (Eschweiler’s process 27) of
d-nornicotine from D. Hopwoodii had [«]% + 48:8°. Spath and Zajic?
showed that I-nornicotine isolated from Kentucky tobacco and purified
through the diperchlorate, had [«]3 — 88-8°, gave a dipicrate, m.p. 191-2°,
and on methylation furnished pure Il-nicotine. In their second paper
Spath, Hicks and Zajic * showed that from the partially racemised
d-nornicotine obtained from D. Hopwoodii a fraction having [«] % 86-3°
could ke prepared by crystallisation of the diperchlorate and Spath and
Kesztler * (1987) found that, although the l-isomeride appears to be the
form usually found in tobacco, the dl-form could be isolated from the
mother liquors of I-nicotine diperchlorate and suggested that it may occur
preformed in tobacco. The same authors (1986) found that di-nornicotine
can be resolved by successive treatment in methyl alcohol with [- and
d-6 : 6’-dinitro-2 : 2’-diphenic acid and purification of the crude optically
active bases through their diperchlorates. norNicotine is a colourless
liquid with a faintly basic odour. With methyl iodide it yields nicotine
dimethiodide, m.p. 214-6°, which is readily racemised to the di-
dimethiodide.?* On oxidation with nitric acid it furnishes nicotinic acid.
The method of formation from nicotine already mentioned, to which may
be added the obscrvation of Spath, Marion and Zajic,* that nicotine can
be oxidised by potassiumi permanganate or silver oxide to l-nornicotine,
under carefully controlled conditions, leave no doubt of the relationship of
nornicotine [2-(3"-pyridyl)-pyrrolidine] to nicotine [1-methyl-2-(8'-pyridyl)-
pyrrolidine], and this is confirmed by the syntheses described below. A
detailed account of nornicotine has been published by Markwood.?

Constitution of Nicotine, norNicotine and Nicotyrine., The presence of a
pyridine nucleus in nicotine was established by the work of several
chemists 2 who, using various oxidising agents, obtained from the base
nicotinic acid (pyridine-3-carboxylic acid). As this acid is now a product
of conimercial importance new processes for its manufacture have been
devised.?® Lijebrecht 30 added the further evidence that hexahydronicotine
was formed by reduction of the base by sodium in amyl alcohol. The
empirical formula of mnicotine may, thercfore, be extended to
C;H,N . C,;H,(N, and the later work is chiefly concerned with the nature of
the residue C;H,N. The latter has the composition of piperidine and the
behaviour of nicotine in many reactions is explicable on the assumption
that it is 2-(8'-pyridyl)piperidine, and that view of its structure was
accepted until Laiblin 31 found that nicotine zincichloride on distillation
with lime furnished not only pyridine, but pyrrole and methylamine. This
view of its constitution was finally disposed of by Blau,32 who prepared
2 8'-dipiperidyl and showed that it was not identical with
hexahydronicotine,

The nature of the . C;H N residue became apparent from Pinner’s
investigation of the action of bromine on nicotine 33 (Formula A). So
treated in acetic acid nicotine yielded a hydrobromide perbromide,
C,0H;,ON,Br, . HBr . Br,, from ‘which, after treatment with aqueous
sulphurous acid, the free base, dibromocotinine (Formula D}, C,iH,,ON,Br,,
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colourless prisms, m.p. 125°, was recovered. This cannot be acylated and
gives neither an oxime nor a phenylhydrazone, When heated with
sulphurous and sulphuric acids at 180-140° it yields methylamine, oxalic
acid and 8-acetylpyridine (see diagram below).

By the action of bromine on nicotine in hydrobromic acid, dibro-
moticonine (Formula B), C,;;H O,N,Br,, nodular crystals, m.p. 196° is
obtained. This with zine dust in warm alkali yields methylamine and
pyridyl-B : y-dihydroxybutyric acid,

C,H,N . CHOH . CHOH . CH, . COOH,

and when heated with barium hydroxide in a sealed tube at 100°
decomposes into methylamine and malonic and nicotinic acids, probably
vid the intermediate product C.

These reactions indicate that the residue . C;H; N includes a series of
three primary carbon atoms ending in a group . NCH; thus :

. CH, . CH, . CH,. NCH,.

and, since difficulty is experienced in reducing nicotine beyond
hexahydronicotine, this residue must  be cyclie, ie., it is N-
methylpyrrolidine as in (A), On this view these serics of changes may be
represented thus :—

N N N
CH HC CH HC
CH CHp 0 CHBr ot CO——CHOHR
C—CH -—> HC C—BgC —> HC c— C-/OH
cH Nde CH, cH RMe CO cH Heti——co
l (8) cy |
N Nlootinie eclqd, C5H4N.COOH
Malonic azid, COOH“CHZ-COOH
- Methylamiae, CHzeNHs
CHp  CHEr i
20 3-Acetylpyridine, CsH4N-CO-.CH3

==—> Oxalic acid, HOOC-COOH.
Methylamine, CHz.NHz-

GH (D) We Co

The objection that Formula (A) for nicotine does not provide for the
bgnzoyl derivative of nicotine obtained by Etard 3 was overcome when
P_1n.ner % showed that in this reaction the pyrrolidine ring is opened,
gIving rise to metanicotine (isonicotine), and that the supposed
benzoylnicotine is benzoylmetanicotine,

C,H,N.CH:CH. CH,.CH,. NCH, . CO . CGH,,

from which metanicotine (b.p. 275-8°; picrate, m.p. 163° (dry) ) can be
l(';300{‘{;?1‘6(1.by heating with hydrochloric acid under pressure at 100°,
cc())rlllv mation of thls_ cc')nstit'uticfn for metqnicotine is provided by its
red ersion by hydriodic acid into 1odod:1hydrometanicotine, which is

uced by zine and hydrochloric acid to dihydrometanicotine, of which a
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series of alkyl derivatives has been described by Hromatka.% It yields a
N-bromo-derivative, and this, on treatment with sulphuric acid, furnishes
dl-nicotine.?” Pinner’s formula also explains Blau’s observation 38 that
nicotine on reduction furnishes both a hexahydro- and an octahydro-
derivative, the former being due to complete reduction of the pyridine
ring and the latter to the further action of opening the pyrrolidine ring by
the addition of two atoms of hydrogen, the octahydronicotine being in
reality octahydrometanicotine, C;H,(N . CH,. CH,. CH,.CH,. NH. CH,.3°
It also accounts for Pictet and Genequand’s 40 observation that nicotine
with methyl jodide furnishes nicotine methiodide, C,;H,N . C,H,N(CH,),I,
whilst nicotine hydriodide with this reagent gives the isomethiodide,
C;H,N(CH,I).C,H,N.CH,, which on oxidation furnishes trigonelline
(betaine of pyridine-8-carboxylic acid).

Sy~NTHESES oF NicoTINE, Pictet and Crépieux4* found that 3-
aminopyridine mucate on dry distillation yielded 1-(3-pyridyl)pyrrole (I),
and this, in accordance with the usual behaviour4? of such pyrrole
derivatives, transfers its pyridyl substituent from the 1- to the 2-position
at a red heat giving 2-(8-pyridyl)pyrrole (II), which is nornicotyrine. The
potassium derivative of this reacts with methyl iodide to form 1-methyl-2-
(8-pyridyl)-pyrrole methiodide, which is ideutical with nicotyrine
niethiodide (III), and on distillation with lime yields nicotyrine 43 (IV :
CI — CH). For a re-investigation of this synthesis see Spiath and
Kainrath.43

Nicotyrine, C;jH,(N,. This important base, the occurrence of which
in the cigar type of tobacco has been recorded by Wenusch,# and confirmed
by Spath and Kesztler,% boils at 280-1° or 150°/15 mm., has D1* 1.124
and yields a crystalline picrate, m.p. 170-1°, a platinichloride, m.p, 158°
(dec.) and a metl iodide, m.p. 211-8°, It can be prepared by oxidation of
rieotine by potassium ferricyanide (Calours and Etard),® silver oxide
(Blau) or silver acetate (Tafel). Pictet and Crepieux 4¢ were unable to
reduce it to nicotine (tetrahydronicotyrine) directly, but reached- this
objective by converting it into iodonicotyrine (IV), which proved reducible
to 4:5-dihydronicotyrine (V). This in turn was converted into the
perbromide and the latter reduced to dl-nicotine (VI). Wibaut and
Oberhoff dehydrogenated nicotine to nicotyrine by platinised asbestos at
320° % and Wibaut and Hackmann 48 found that nicotyrine could be
reduced by zinc and hydrochloric acid to nicotine (yield 12 per cent.) and a
dihydronicotyrine (V) (b.p. 244-6°; dipicrate m.p. 164°), subsequently
shown by Spiath, Wibaut and Kesztler 8 to be 4 :5-dihydronicotyrine
(N-methylmyosmine, p. 47). This could be reduced further by hydro-
genation in presence of Adams’s platinic oxide as catalyst, yielding
dihydrometanicotine (dipicrate, m.p. 161-2°) with nicotine and nicotyrine,
the regeneration of the latter being attributed to a redistribution of
hydrogen between 2 mols. of the dihydronicotyrine by the action of the
catalyst, thus: 2C,;H;,N, = C;jH;(N; 4 C;,H;4N,, the reaction being
considered analogous with the conversion of cyclohexene into benzene and
cyclohexane.# Spath and Kuffner succeeded in converting nicotyrine into
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dl-nicotine in one operation by carefully controlled hydrogenation in
presence of palladised charcoal.5°

The tetrahydronicotyrine produced by these methods is identical with
dl-nicotine, and this, by crystallisation of the d-ditartrate, was separated
into d- and I-nicotine.#? The salient steps in Pictet’s original synthesis may
be represented as follows :—

N N NeMel
C CH HC CH HC CH
H H__ CH CH__CH CH CH
HC C—XN —> HC c—c</ —> c—cG
(1) cH CH CH (11} cH N CH (I11) CH l NMe CH
N N N

HC CH HC CH HC CH

CHp CHp CHp CH _ ¢I

/3 (3 /
O C—EC «— B c—C¢r & HC c—C
' 5

(VI) CH NMe CHp (v) cm Nie CH, (Iv) cH MMe CH

Another synthesis of nicotine was effected by Spath and
Bretschneider 5% (see diagram, p. 42), beginning with the condensation of
ethyl nicotinate with 1-methyl-2-pyrrolidone in presence of sodium
ethoxide to give 8’-(1’-methylpyrrolid-2’-onyl)-3-pyridyl ketone (I), which
with hydrochloric acid at 180° is hydrolysed to 3-pyridyl y-methylamino-
n-propyl ketone (II). This, on hydrogenation in presence of palladised
charcoal, yields 38-pyridyl-y-methylamino-n-propylcarbinol (III), which
with fuming hydriodic acid at 100° furnishes a-3-pyridyl-8-methylamino-
n-butyl iodide (IV), and this in alkaline solution passes into dl-nicotine,
Since nicotine can be converted into nernicotine in various ways (p. 38),
and dl-nornicotine has been resolved by Spath and Kesztler * (1986), this
also constitutes a synthesis of d- and [-nornicotines.

Craig’s synthesis 52 of nicotine (V to VII, p. 42) proceeds via
nornicotine. Nicotinic acid nitrile reacts with the Grignard reagent
derived from ethyl y-bromopropyl ether to give 3-pyridyl-y-ethoxypropyl
ketone (V). This yields an oily oxime (VI) reducible to a-(3-pyridyl)-a-
amino-§-ethoxy-n-butane (VII), which with 48 per cent. hydrobromic acid
at 150-5° gives nomicotine, and this on methylation yields dl-nicotine.

A novel synthesis of noricotyrine has been described by Lions and
Ritchie,** who condensed ethyl nicotinylacetate hydrochloride with
o«f-dichlorodiethyl ether in presence of ammonia at — 10° to — 15° and
then at room temperature, producing mainly ethyl 2-(3'-pyridyl)furan-8-
carboxylate, but also some ethyl 2-(8’-pyridyl)pyrrole-3-carboxylate,

| |
C:H,N—C=C(CO,Et)—CH : CH . NH.
The latter on hydrolysis and decarboxylation yielded nornicotyrine
(11, abpve), rosettes of flattened needles, m.p. 98+9°, picrate, m.p. 203—4°
(dec.), in good agreement with the data of previous authors,
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CH \GO .OEt CH2 —-Cﬂz CH/CX -—Cco —CH‘-—-—-mz
LQ\K I(Is "l <LH2 — | /nn <I:o <|!Bz
/ N, AVARRVA
Ethyl niootinate 1-Methylpyrrolidone I.

|

CH cnz——c\:nz (II) CgHN.CO. (CHp) 5 NHCHy
o4 f_éa , )
clrg\ CH \n (III) CgH,N.CHOH(CHp) 5 .NHCH,
u/ clms
—— (Iv) ¢ HN.CEI.(CH,),.NACH
d1-Nicotine 54 Pl 3
Craig’s Synthesis.
CH CH,—CHp (V) CgHN.CO.CHp.CHy .CHp .0CHg
7 N\ _ L7
CH c CH CHy

l }a \NB/ (VI) CHN i «CHy 1CHy CHy.0C g
K NOH
(V1) cg{g.\%’ﬂ.mz.cnz.cnz.oczus
norNicotine NH,

In the oxidation of nicotine, the pyrrolidine ring is usually destroyed
first, leaving the pyridine ring as nicotinic acid, which when nitric acid is
the oxidising agent is accompanied by 8-nitro-5-(8’-pyridyl)pyrazole.®3
It has, however, been shown by Karrer and Widmer 3¢ that if nicotine
isomethiodide (p. 40) is oxidised with potassium ferricyanide, N-methyl-
nicotone (VIII) is obtained, and this on further oxidation by chromic acid
is converted into I-hygrinic acid (IX), C;H,,O,N . H;0, m.p. 116°, [a]p
—-80-12°, which yields the corresponding betaine, I-stachydrine, identical
with the naturally occurring base and with that prepared from natural
l-proline. It follows that nicotine, stachydrine and proline as found in
Nature have the same configuration, to which d-nornicotine in Duboisia
Hopwoodii is an exception,

HZ(I:_—_CH CH

2
. CH. HC/ \

—H c\ /uz —_ chl:——l 5 : (lm HZ?‘CH

| l
HC 0 N.CHgz HOOC.HC CHZ HC /C—HC CHZ
\Nécﬂs \Néﬂa \N/ \Néﬁa

(Vill) Methylnlcotone (1X) Hygrinic acid (X) a-Nlcotine
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a-Nicotine and Other Isomerides. This is a synthetic isomeride, which
differs from nicotine in having the methylpyrrolidine nucleus substituted in
position 2, instead of 8, in the pyridine ring (X), and the names «-nornicotine
and a-nicotyrine.have been applied to the derivatives, isomeric with the
similarly named nicotine products, a-Nicotyrine (N-methyl-2-(2'-pyridyl)-
pyrrole) is described as a liquid of peculiar odour, b.p. 149-50°/22 mm., or
273°/764 mm., yielding a dipicrate m.p. 148°, and was prepared 5 by the
Pictet and Crepieux process for the synthesis of nicotyrine (p. 40), but
starting with 2-amino- in place of 3-amino-pyridine. A synthesis of
a-nicotine was described by Wibaut and Qosterhuis 5 by the reduction of
a-nicotyrine with zinc and hydrochloric acid in presence of platinic chloride,
but the product (b.p. 120°/1 mm. : dipicrate, m.p. 179° (dec.) platinichloride,
m.p. 218-9° (dec.) ) differs a little in character from the a-nicotine (b.p.
122°/25 mm., : dipicrate, m.p. 169°), subsequently synthesised by Craig 5 vid
a-nornicotine by the process used by the same author (p. 41) for nicotine,
but starting with 2-cyano- in place of 8-cyanopyridine (nicotinic acid
nitrile). Gitsels and Wibaut 43 (1941) have described the preparation of
8-(8'-pyridyl)pyrrole and its conversion into 3 :8"-nornicotine dipicrate,
m.p. 286-7° (dec.) and dl-8 : 8'-nicotine yielding a dipicrate, m.p. 193-5°
(compare Spath and Kainrath43), They have also reduced 3-(2'-
pyridyl)pyrrole with zine and hydrochloric acid to diI-3-(2'-
pyridyl)pyrrolidine (picrate, m.p. 214-6°) and methylated this to the
corresponding nicotine (named dI-2:3'-nicotine) characterised by its
dipicrate, m.p. 175-7°.

Anabasine, C,(H;,N,. In 1929 Orekhov isolated a liquid alkaloid,
anabasine, from Anabasis aphylla, and in 1931, suggested that it was
probably [-2-(8’-pyridyl)piperidine.’® In the same year C. R. Smith 5
isolated 2-(8’-pyridyl)piperidine from the mixture of products formed by
the action of sodium on pyridine, and named it *‘ neonicotine.” In 1935,
the same author found that the chief alkaloid of Nicotiana glauca is
anabasine, no nicotine being detected. In 1931, Ehrenstein 10 stated that
Pictet’s “nicoteine ” is a mixture of Il-nomicotine and [-2-(3'-
pyridyl)piperidine, and suggested that anabasine is probably identical with
the latter, that Smith’s ¢ neonicotine ” is the di-form, and that nicotimine
(p. 45), for which Pictet tentatively suggested this constitution, is probably
a pyrogenic decomposition product of different structure. The characters
of these four products, so far as they are given in common by their authors,
are collected in the table on p. 44.

_ Comparison of these results indicates identity of the two substances
1solated independently by Orekhov and Ehrenstein, but Spath and
Kesztler 0 have suggested that Pictet’s nicoteine and Ehrenstein’s
base, consisted of impure l-anatabine (p. 46). In this connection it may
be noted that Ehrenstein’s base was leevorotatory in acid solution, whereas
salts of anabasine are dextrorotatory. These authors have themselves
ISOI‘#’ed 'l-anabasine from tobacco. The identity of synthetic 2-(8'-
Pyrld}fl)plperidine with dl-anabasine seems to have been definitely
established.$t 4nabasis aphylla is the source of the anabasine manufac-



Product described by

Orekhov Ehrenstein Smith : Pictet
Boiling point . . . . | 145-6°/14 mm. 187-5-8-5°/10-5 nim. Smith, 280-1°/775 mm.
276°/760 mm. 155°/19 mm, Pictet, 250-5°
Specific rotation . . .| — 81°* (base) — 72-9° (base) —

— 14-7° (in N-HCI) —

Specific gravity . . .1 DX 1-0455 D/ 1.0761 —
Refractive index . . . ny 1-5430 ni* 1-5423 —
Dipicrate, m.p. . . * . 200-5° 201-4° Smith, 213°
Pictet, 163°
Dipicrolonate, m.p. . .| 285-7° 238-5° —

* ‘According to Norkina e al.58 the specific rotntion varies with tt e solvent and racemisation is apt to occur during cxtraction.
Values much lower than — 81° have been given by Smith.5? The salts are dextrorotatory.

dA0dH ANIAITLd
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tured in Russia but N. glauca has been proposed as a source of supply in
the United States.®4@-

I-N-Methylanabaine, b.p. 127-8°/12 mm., D}¥ 1-008, [«] -186-9° (base)
was first prepared by Orekhov and Norkina,®* and was found in minute
quantity in tobacco by Spath and Kesztler.# The dipicrate has m.p.
237-8° (dec.), the dipicrolonate, m.p. 234-6° (dec.), and methiodide
hydriodide, m.p. 245-7°. On oxidation the base yields either anabasine
or nicotinic acid, depending on the oxidising agent used and the conditions
(Sadykov).®* Other N-alkylanabasines have been prepared by Zhdanovich
and Menshikov,®! and the combination of ethylene and propylene oxides
with the base to form N-(8-hydroxyalkyl)-anabasines has been studied by
Sadykov and Ashrapova.5l(@

On hydrogenation in presence of platinic oxide, anabasine yields a
mixture of bases including [-2: 3-dipiperidyl, m.p. 66-8°, b.p.
113-4°/5 mm., [«]% — 5° (EtOH) ; picrate, m.p. 214-5°%2 On treatment
with sodamide at 135-145° in presence of dimethylaniline, anabasine gives
a mixture of 2-(2’-amino-3’-pyridyl)piperidine, m.p. 89-5-90°; picrate,
m.p. 244-5-245° (dec.). and 2-(6’amino-3’-pyridyl)piperidine, m.p. 109°;
picrate, m.p. 233-233-5°.%% This orientation of the entering amino-group
is based on the two corresponding chloro-compounds obtained by
diazotisation, which on oxidation furnish 2- and 6-chloronicotinic acids
respectively. On oxidation under conditions similar to those adopted by
Karrer 5 for nicotine, the pyridine ring in anabasine is oxidised first, the
final product being pipecolinic acid (piperidine-2-carboxylic acid) 83 ;
on oxidation with nitric acid it yields nicotinic acid.®*® Shaikova 24
states that with Dragendorff’s reagent anabasine gives characteristic
crystals suitable for its microchemical detection and according to Katz,
unlike nicotine, it does not give Kippenberger’s periodide test. Estimation
of the alkaloid has been dealt with by Wenusch and Bilowitzki and by
Fuks.62 Spath and Mamoli # have synthesised anabasine by condensing
1-benzoylpiperidone, m.p. 110-2°, with ethyl nicotinate and submitting the
product to the action of hydrochloric acid at 180° with the formation of
42-2-(8'-pyridyl)tetrahydropyridine, which is named anabaseine, C;;H,,N,,
b.p. 110-120°/1 mm. (bath temp.); dipicrate, m.p. 174° (vac., dec.).
This on reduction gave dl-anabasine (dipicrolonate, m.p. 258-9°; dipicrate,
m.p. 213-4°) which was resolved by Spith and Kesztler 64 by the use of
I-6 : 6’-dinitro-2 : 2’-diphenic acid to separate l-anabasine, [«])¥" — 82-45°,
dipicrate, m.p. 198-199-5° (dec.), and from the mother liquors d-6 : 6'-
dinitro-2 : 2'-diphenic acid was used to isolate d-anabasine, [«]i¥* + 82-11°,
dipicrate, m.p. 198-9°. A comprehensive review of the chemistry,
production and uses of anabasine has been published by Roark.84@

_ Nicotimine, C,,H;,N,. This isomeride of nicotine was isolated by
Pictet and Rotschy ? from crude nicotine as the nitrosoamine from which
It was regenerated by boiling with hydrochloric acid. It can be purified
by fractional distillation of the benzoyl derivative (oil, b.p. above 850°).
Nicotimine is a colourless, alkaline oil, b.p. 250-5°, miscible with water
and the usual organic solvents. The hydrochloride is crystalline, but
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deliquescent ; the platinichloride forms minute yellow crystals, and begins
to decompose at 270°; the aurichloride occurs in ‘bright yellow leaflets,
m.p. 182-5° (dec.); the mercurichloride separates from hot water in
slender needles, and decomposes at 190° ; the picrate is precipitated as an
oil, and slowly solidifies to yellow prisms, m.p. 163°, According to Pictet,
nicotimine does not contain a pyrrole nucleus, but his suggestion that it is
2-(8'-pyridyl)piperidine (anabasine) is no longer tenable,

isoNicoteine, C,(H,,N,. This base, obtained by Noga % from Turkish
tobacco, is a viscous, colourless liquid, b.p. 2938° (dec.), D2° 1-0984, nZ”
1:5749, [}, - 0°, readily soluble in most organic solvents, but sparingly so
in water or light petroleum. It has been shown by Spith and Biniecki ¢
to be 2 : 8'-dipyridyl.

Nicotelline, C,;H N,. This base, isolated by Pictet and Rotschy,?
forms colourless needles, m.p. 147-8°, b.,p. above 800°; its aqueous
solution is neutral to litmus, Unlike other tobacco bases it yields a
sparingly soluble, crystalline dichromate, It does not decolorise acid
permanganate, and appears not to be a pyrrole derivative.%

Nicotoine, C;H,,N, obtained by Noga % from Turkish tobacco, is a
colourless, alkaline liquid, b.p. 208°, D2° 0-9545, n2" 1.5105, and is stated
to yield well-crystallised salts,

Anatabine, C,;H,,N,. In work on the subsidiary bases of tobacco,
Spith and Kesztler 6° examined a fraction b.p. 120—40°/1 mm., which was
further fractionated as the dihydrochloride and the products converted into
dipicrates, of which one had m.p. 195-6°, and yielded a base, [«], — 141°
This, after purification through the I-6 : 6’-dinitro-2 : 2’-diphenate (m.p.
238-238-5°), had b.p. 145-6°/10 mm., [«]’" — 177-8° (as base), gave a
monohydrochloride, [a}}’” — 61:9° (H,0) ; a dihydrochloride, [«])” — 65-4°
(H,O) ; dipicrate, m.p. 191-8° (vac., dec.), and dipicrolonate, m.p. 284-5°
(vac., dec.), and was named [-anatabine, From the mother liquors
dl-anatabine was isolated as the diperchlorate, m.p. 129-180°, and furnished
a dipicrate, m.p. 201-201-5° (vac., dec.), dipicrolonate, mp, 233-5° (vac.,
dec.), and p-nitrobenzoyl derivative, m.p. 95-6°. On dehydrogenation
l-anatabine yields 2 :8’-dipyridyl, and on hydrogenation is partially
converted into [-anabasine. The benzoyl derivative is oxidised by
permanganate to benzoic, hippuric and nicotinic acids, no scission of a ring
having occurred on benzoylation. These results indicate that the alkaloid
is a 2 : 8"-dipyridyl in which one pyridine ring is partially hydrogenated.
Taking optical activity also into account, anatabine must be either
2-(8'-pyridyl)-4% or 44 tetrahydropyridine, of which the 44-isomeride is
considered the more probable,

I-N-Methylanatabine, prepared by the action of formaldehyde and
formic acid on the alkaloid, has D}®* 1-086, [«]}*" — 167° (base), yields a
dipicrate, m,p. 207-8° and was isolated in minute quantity from tobacco
by Spiath and Kesztler,4 ’

Alkaloids of Tobacco Smoke. The following alkaloids, apart from
normal alkaloidal constituents of tobacco, have been isolated by Wenusch
and Schoeller & from tobacco smoke.
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Bases Volatile in Steam. Myosmine (see below), obeline (picrate,
m.p. 270-80°), a«-socratine (picrolonate, m.p. 104°), B-socratine
(picrolonate, m.p. 180°), and vy-socratine (picrolonate, m.p. 256°).

Bases not Volatile in Steam. Anodmine (picrolonate, m.p. 810°),
lathreine (picrolonate, m.p. 150°), and lohitam.

They are obtainable only in minute quantity, but one of them, myosmine,
has been fully investigated.

Myosmine, CoH,(N,, has m.p. 42-8° (vac., dec.), b.p. 80-100°/1 mm,
(air-bath temp.) is optically inactive and soluble in ether or light petroleum.
The dipicrate has m.p. 182-8° (vac., dec.), and the dipicrolonate m.p. 204°,
The base was examined by Spath, Wenusch and Zajic,% who found that on
dehydrogenation it yielded 2-(3'-pyridyl)-pyrrole (C,HgN) (picrate,
m.p. 200°) identical with that similarly obtained from nornicotine, It
must, therefore, be a 2-(3"-pyridyl)-dihydropyrrole and, since it is optically
inactive and with benzoic anhydride suffers ring-scission and benzoylation
to a product, C,¢H,40.N,, m.p. 118° (probably 8-y-benzamidobutyryl-
pyridine), its constitution should be 2-/8’-pyridyl)-4 : 5-dihydropyrrole,
This was confirmed by Spiath and Mamoli %8 who, using the method
of Spath and Bretschneider 5!, and starting with ethyl nicotinate and
benzoylpyrrolidone, obtained 2-(8’-pyridyl)-4 : 5-dihydropyrrole, which
proved to be identical with myosmine, It was subsequently shown by
Spath, Wibaut and Kesztler,%® that N-mcthylmyosmine is identical with
4 : 5-dihydronicotyrine (p. 40). According to Woodward, Eisner and
Haines,*®® myosmine is one of several products formed when nicotine is
dehydrogenated over prepared quartz at 570°. The same authors state
that it is readily hydrolysed in water to 8-pyridyl y-aminopropyl ketone ;
thus in aqueous solution it gives with phenylhydrazine hydrochloride,
3-pyridyl y-amino-n-propyl ketone phenylhydrazone, m.p. 201-2°,

Biological Work on Nicotine and Related Alkaloids. Much activity is
being shown in developing (a) tobacco of low nicotine and protein content
for the use of smokers, and (b) types giving high yields of nicotine,®®
needed for the manufacture of nicotinic acid and nicotinamide and for the
production of insecticides. In pursuit of these objectives three main lines
of work seem to be in operation. Reference has been made already
to the examination in Russia of 42 species of Nicotiana, A similar
investigation by H. and C. Smith 72 of 29 wild Nicotiana spp. showed that
four contained nicotine, five nornicotine, two mainly anabasine, and the
rest mixtures of nicotine and nornicotine, None of these species contained
more than 2 per cent. of alkaloids and most of them less than 0-5. In 23
species the dominant alkaloid formed 84 to 100 per cent. of the total.
The wild species, presumed to be the parents of the present day N. tabacum
and N. rustica, all had a low content of alkaloid and contained nornicotine,
so that continued cultivation seems to have increased the yield of alkaloid
and favoured the replacement. of nornicotine by nicotine. Attention is
also being given to the effects on yield and distribution of alkaloid of
change in the conditions of cultivation of tobacco plants,® and of various
cultural operations such as topping and plucking.®® Topping appears to
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have little effect on the yield of alkaloid, but does affect its distribution
in the plant. Of more fundamental interest are the effects on the nature
and distribution of alkaloid produced in grafting 7* and hybridisation 72
experiments. Dawson 7* found that when tomato plants were grafted on
tobacco, nicotine was found in the leaves, stems and fruit of the scion,
whereas in the reverse grafts no appreciable amount of nicotine appeared
in the tobacco scions. Similarly, Shmuk, Smirnov and Ilyin 7! found that
when Solanum nigrum, stramonium or tomato was grafted on N. tabacum
or N. rustica, nicotine appeared throughout stock and scion, but when
tobacco was used as the scion on the same three spceies nicotine could not
be detected in stock or scion. Shmuk, Kostov and Borozdina on the other
hand grafted N. glauca (yielding anabasine) on N. tabacum and found that
stock and scion then contained a mixture of nicotine and anabasine, the
latter predominating, and when the grafting was reversed anabasine
replaced nicotine entirely in stock and scion. In hybrids of N. rustica
(vielding nicotine) with N. glauca, the influence of the latter seemed to
predominate and the crosses contained anabasine only, but progeny of the
back cross (N. rustica X N. glauca X N. rustica) included plants in which
anabasine or nicotine might occur alone and others containing a mixture
of the two. Results of such experiments are influenced to some extent by
external factors and it is not surprising that the results of workers in
different countries do not always agree. Dawson 7' (1945), after an
interesting and comprehensive analysis of ihe accumulation patterns in
graft combinations involving N. tabacum, N. glauca, N. glutinosa and
tomato and in the hybrid N. tabacum X N. glauca, has come to the conclu-
sion that nornicotine is produced only in the leaf, and at the expense of
nicotine formed in the root. This is taken to mean that of the three major
alkaloids, nicotine, anabasine and nornicotine, only the first two are formed
by total synthesis in situ, and the third is a secondary product. Contrary
to previous findings, anabasiiie does not predominate over nicotine in the
hybrid N. tabacum X N. glauca. Nicotine is formed in the roots and
translocated to the leaves, where it is converted into nornicotine, by a
transmethylation reaction. Nicotine is produced in the roots of all three
species. Anabasine is produced in both rcot and shoot of N. glauca.
norNicotine is produced in the leaves of N. glutinosa and in the leaves of
some strains of N. glauca and N. tabacum, but always at the expense of
preformed nicotine. Either nornicotine or nicotine may be a normal
constituent of N, glauca, depending on the strain examined. Dawson has
also shown 7 that excised tobacco root tips grown in vitro in sterile culture
synthesise nicotine, which accumulates in the surrounding tissue and
synthesis in the roots seems also to be supported by results obtained in the
investigation of the distribution of alkaloid in wvarious organs of the
tobacco plant,?

Efforts are still being made to estimate that elusive notion ¢ quality in
smoking tobacco ”’ by chemical analysis % ; it does at least seem to be
clearly established that a low content of protein and of nicotine is desirable,
and in that connection the isolation by Bucherer 7 of several species of
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bacteria capable of destroying nicotine is of interest, as it is suggested
that by inoculation with such organisms the nicotine content of
unfermented tobacco leaf can be reduced by 50 per cent. in a few days.

Much work has also been done in improving the use of nicotine,
nornicotine and anabasine as insecticides. Though there are apparently
differences in the toxicity of the three alkaloids to certain irnsect pzsts,
there seems on the whole to be little to choose between them.” Beall 7@
has made the interesting observation that the larve of the tobacco moth,
Phlegethontius quinguemaculata, Haw, are unaffected by immersion for
one minute in a 25 per cent, solution of nicotine, and a few survived from
a 40 per cent. concentration of the alkaloid. The dead specimens showed
the nervous degeneration characteristic of insects killed by nicotine.
TFrank, Holley and Wikholm 78 have found that certain azo-derivatives of
3 : 2’-nicotyrine dye wool and also protect it against attacks by the black
carpet beetle (Attagenus piceus). According to Ripper 7 experience gained
in large-scale insecticidal campaigns has shown that two undesirable
results may follow : (1) the destruction of orgaunisms predatory or parasitic
on the pests and (2) the survival, and subscquent increase, of specimens of
the pest more resistant to insecticides than their forerunners. To avoid
such consequences, biological, as well as chemical, control of insecticidal
campaigns is required, and, as one example, a method is described which
takes advantage of the difference in toxicity of nicotine vapour to aphides
aud to their predators or parasites.

The useful reviews of chemical and biological work on the tobacco
alkaloids by Jackson,¢@ Roark,®® and Markwood 28 issued in the United
States have been referred to already and to these may be added that of
Holman 8 published in the United Kingdom, and the handbook of reference
tables on the biochemistry of tobacco issued by Smirnov et al.8t in Russia,

Nicotine and tobacco are no longer of direct therapeutic interest,
though both are still employed as veterinary anthelmintics.82 Nicotine,
lobeline, gelsemine, cytisine and sparteine form a group of alkaloids having
in common the property of inducing an initial and transient stimulation,
followed by depression, and finally paralysis of the autonomic ganglion.
The secondary effects are complex and it is probably on this account that
so much work has been expended on the pharmacology of nicotine, which
1s the typical representative of the group.8® This nicotine type of action
1s not restricted to the members of this group, and recently Bender, Spirtes
and Sprinson 8 have observed a nicotine-like action of carbaminocholines
and King % has isolated from the marine worm, Amphiporus lactifloreus,
a minute quantity of a base, amphiporine, resembling nicotine in pharma-
cological action. The smoking and chewing of tobacco can induce what
may be described as a chronic intoxication, and this has given rise to a
considerable literature 8 dealing with its therapeutic, social, hygienic and
even moral aspects. To this may be added some references to papers on
the action of nicotine 8 and the absorption and excretion 8 of the
alkaloid. Werle # has isolated from the lung, liver and kidney of the
rabbit and various other animals an enzyme which changes nicotine so
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that it is no longer detectable by pharmacological tests. According to
Hicks, Briicke and Huber, 9 d-nornicotine closely resembles nicotine in
action but is more toxic. Macht and Davies #* found that in both the
a- and B-nicotines and nornicotines, the I-forms are more potent than the
d- or dil-forms, but the behaviour of the two series is not parallel in all
species of animals and that is also true for the comparison of nicotines and
nornicotines, Nicotine is more toxic than a-nicotine. With the N-alkyl-
2(or 6)-dehydronicotines, the paralysing action on the respiratory centre
and the lowering of blood pressure in dogs increase with the size of the
alkyl group from methyl to butyl. The N-alkylnicotones are less toxic
than nicotine and show no pressor action,?2

The action of anabasine is similar to that of nicotine,?* When the
piperidine ring of anabasine is opened to produce 3-amino-§-3-pyridyl-n-
valeric acid the activity is reduced, and this is also true of the corresponding
lactam and the benzoyl derivative.®* According to De Eds myosmine is
less toxic than nicotine but more active on isolated guinea-pig intestine.?®
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ALKALOIDS OF ANABASIS APHYLLA

Anabasis aphylla occurs on the Russian steppes from the Caspian Sca
to Turkestan and has the reputation of a poisonous plant. The interest
cvinced in its alkaloids is due to the insecticidal properties of the principal
constituent, anabasine, described already as a constituent of tobacco
(p. 48). Methods  for the extraction of anabasine have been described
by Sokolov and by Smiruov, for its separation from associated lupinine
by Sadykov and Spasokukotski, and its oxidation to nicotinic acid by
Sadykov. The crude anabasine sulphate of commerce appears to be a
mixture of sulphates of anabasis alkaloids.2 In it Smith? found methyl-
anabasine (picrate, m.p. 222-8°, corr.), but Orekhov and Norkina ¢ were
unable to confirm this. According to Orekhov® the plant contains
23 per cent. of alkaloids separable into low-boiling (136-8:5°/12 mm.)
and high-boiling (b.p. 200°/12 mm.) fractions, of which the former consists
of anabasine, and lupinine (p. 120), whilst the high-boiling fraction
comprises, in addition to still unidentified bases, the three alkaloids
described below, which are separated by fractional precipitation of the
cryde hydrochlorides by alkali. In the purification of aphyllidine a
minute quantity of an alkaloid, m.p. 162—4°, [«]p -+ 54-5° was isolated.®

Aphyllidine, C,;H,,0N,, is purified through the perchlorate, B . HCIO,,
m.p. 210-2°; the recovered crystalline base has m.p. 112-8°, [«]2¥ 4+ 6:5°
(MeOH), and is readily soluble in aleohol or ether, sparingly in light
betroleum and slightly in water. The hydrochloride, B . HCI, has m.p.
235-7°. The picrolonate forms small yellow prisms, m.p. 235-6°, and the
methiodide, B . Mel, yellowish needles, m.p. 225-7° (dec.). With bromine
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in chloroform the base forms an unstable dibromide, which changes into
bromoaphyllidine hydrobromide, colourless needles, m.p. 210-1°, from
which bromoaphyllidine, m.p. 150-2° is readily recovered.

Aphylline, C,;H,,ON,, finally purified through the hydrochloride, is
an oil, which distils at 200°/4 mm. and then crystallises when rubbed. It
melts at 52-8°, has [«]20° + 10-3° (aqueous methyl'alcohol) and is soluble
in all ordinary organic solvents. The hydrochloride, B.HCLzH,0, has
[2]%° + 18-6° (H,0). The picrolonate forms small yellow prisms, m.p.
280-1° (dec.), and the methiodide large colourless needles, n.p, 219-221°
(dec.).

Reactions of Aphyllidine and Aphylline. The work done by Orekhov ¢
aud by Spith et al.? is interlinked, and establishes a close relationship
between aphylline and aphyllidine. According to Orekhov, aphyllidine is
hydrogenated in presence of platinic oxide to aphylline. Spith et al. did
not isolate aphylline in this reaction, but found that the oily, dihydro-base
so formed, on acid hydrolysis, followed by esterification, yielded ethyl
aphyllate, C;;H,O,N,, b.p. 150° (high vac.), monohydrate, m.p. 76-7°,
[«]l¥ + 25:3° (MeOH: ¢ = 9-96). Aphyllic acid, C,;H,;0,N,, m.p.
218-221°, prepared from this ester, and repeatedly distilled at 140-150°
(kigh vac.) yields aphylline (see above), [a]l¥ + 10-08° (MeOH: ¢ = 7-94)
from which ethyl aphyllate can also be produced directly by acid hydrolysis
followed by esterification,

According to Orekhov,® aphyllidine on acid hydrolysis and esterification
yields ethyl aphyllidate, m.p. 210-2°,

On hydrogenation at 80°, or on electrolytic reduction, aphyllidine is
converted into d-sparteine (p. 188). On exhaustive methylation one
nitrogen atom is eliminated in three stages, leaving a product, b.p. 285—
255°/11 mm., as a viscous, yellow, alkaline oil of uncertain composition.
Aphylline, on similar treatment, yields hemiaphylline, C,;H,,ON, b.p.
217-220°, as a viscous, yellow oil, not markedly basic.

These observations suggest a similarity in structure to sparteine, and
Orekhov ® has proposed for aphylline a formula identical with Clemo’s
formula for oxysparteine (p. 188 (VIII) with the change of CH, at position
10 into CO), aphyllidine having in addition an ethylenic linkage at C5— C,

Base V, C,;H,,or 540:N.. This substance is present in small quantity
(about 1-5 per cent.) in crude aphylline hydrochloride and when the base
is liberated into ether from this salt, the solution deposits Base V on
standing. It is sparingly soluble in ether or light petroleum, readily in
benzene or alcohol and erystallises from benzene-light petroleum in
colourless tablets, m.p. 187° (dec.).
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ALKALOIDS OF POMEGRANATE ROOT BARK

From the root bark of the pomegranate tree (Punica Granatum, L.)
Tanret ! isolated four alkaloids, pseudopelletierine, C,H, ;ON, pelletierine,
CgH,;ON, isopelletierine, CgH;;ON, and methylpelletierine, C,H,,ON.
To these Piccinini? added a fifth, isomethylpelletierine, which Hess and
Eichel 3 suggested was identical with Tanret’s methylpelletierine. Tanret’s
description of pelletierine and isopelletierine indicates that the only
difference between the two is that the latter is optically inactive, and as
Hess and Eichel ® could find no optically active base in the bark they
re-named isopelletierine as pelletierine. There is, however, little doubt
that I-pelletierine does occur in the bark (Tanret, 1920 ; Goodson, 1944).3
Hess and Eichel ® also found that Tanret’s niethylpelletierine is not
derived from pelletierine and on that ground re-named it methyliso-
pelleticrine. Hess eventually isolated isopelletierine from the bark,?
together with a supposed new base, a-N-methylpiperidyl-2-propan-g-one,*
C,H,,ON, which proved to be methylisopelletierine.

The minute structure of the bark has been investigated by Griffiths 3
and the distribution of alkaloids in various parts of the plant by Chaze.t
Various methods have been described by the authors already named ?
for the extraction and separation of the alkaloids. By his process Hess
obtained per kilogram of bark, pelleticrine 0-52, pseudopelletierine 1-8,
methylisopelletierine 0-2 and isopelletierine 0-01 gm. Methods for the
estimation of the total alkaloids, or of active fractions, in the bark have
been described by Ewers,? Stoder,® and in the French Codex (1926). The
British Pharmaceutical Codex (1934) states that the alkaloidal content
varies from 05 to 0-9 per cent. but in an examination of commercial
samples of bark Goodson 3 found great variation, viz., 0-074 to 0-58 per
cent. using Ewers’s method. The ¢ pelletierine tannatc” and
* pelletierine sulphate ” of commerce should consist of the mixed salts
of the active bases, excluding pseudopelletierine, but according to G. Tanret?
commercial samples are not always of this character, and this has been
confirmed by Goodson,® who found that about 50 per cent. of the total
alkaloids from good bark might rank as “ pelletierine ” for medicinal use.

Pelletierine, CoH;;ON. Hess’s dl-base is a colourless, alkaline oil,
b.p. 106°/21 mm., which readily absorbs oxygen becoming dark and
resinous ; it is soluble in water, ether or chloroform. The hydrochloride
has m.p. 143-4°; the hydrobromide melts at 140°, the picrate at 150-1°;
the picrolonate at 172-8° and the aurichloride, which crystallises in orange
leaflets, at 82-82:5°129) By slow evaporation of an aqueous solution of
Pelletierine hydrogen d-tartrate, Hess and Eichel ® have resolved the
dl-bfalse into d- and [l-forms, the latter being finally purified through the
l-acid tartrate of which the pure [-form has m.p. 129°, [«}2° — 20-94° and
the sulphate [x]l¥ — 5-89°; the constants of d-pelletierine d-acid tartrate
are m.p, 129°and [«]3" + 21°(EtOH); the d-basesulphate has [a]l¥’ - 5-86°.
i;etlletlerine was originally described as dextrorotatory and giving levoro-
. ory salts but later (1920) G. Tanret * assigned to the free base the

pecific rotation — 81-1° and described a number of levorotatory salts :
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hydrochloride, — 41-2°, sulphate, — 80-8°, hydrobromide, — 82-5°, The
N-acetyl derivative, b.p. 205-10°/40 mm., has [a], + 82:6° and the
N-benzoyl derivative, m.p. 75° (Hess), [«}, + 18-7°. The semicarbazone
hydrochloride melts at 168-170° and has [a], — 10-8°,

Methylpelletierine, C,H,,ON. Though Hess and Eichel ® were unable
to confirm the existence of Tanret’s methylpelletierine, G. Tanret 3
has re-affirmed its occurrence and described it as an oily liquid, b.p.
106-8°/45 mm., {a], -+ 27-7°, forming a hydrochioride, m.p. 168-170°,
[a], + 41-2°; hydrobromide, m.p. 165-7°, [a}, -+ 83-5°; sulphate,
[«], + 88° picrate, m.p. 157-9° and platinichloride, m.p. 206-8°4 The
N-methylpelletierine which Hess ¢ obtained by treating pelletierine with
formaldehyde and formic acid had b.p. 98-102°/14 mm., and gave a
hydrobromide m.p. 152° and a semicarbazone hydrochloride m.p. 168-9°
(dec.), (¢f. methylisopelletierine below).

Constitution. Pellctierine behaves as a sccondary amine and the
oxygen atoin of the alkaloid is present in the form of an aldehyde group,
since the base yields an oxime, convertible by the action of phosphorus
pentachloride into a nitrile, b.p. 104-6°/15 mm., which is hydrolysed by
caustic potash in alcohol to an acid, the ethyl ester of which is Loffler and
Kaim’s 1* ethyl B-2-piperidylpropionate. Pelletierine is not directly
oxidisable to thisacid. It also yields a liquid hydrazone, b.p. 150°/20 mm.,
which with sodium in alcohol at 156-70° reduces to dl-coniine, These
reactions are explained by the following formule, in which pelletierine is
represented as 8-2-piperidylpropionaldehyde,

/(2512 CH, CH,
1L,C |CH2 Via oxime HZC/\CHZ Via hydrazone HZC/\CH,
= ot e |
H,C\ CH.CH,.CH,.COOH HC\ ~CH.CH,.CH,.CHO H,C\ ,CH.CH, CH,.CH,
NH NH H
B-2-piperidylpropionic acid Pelletierine Contine

Some progress has been made towards a synthesis of pelletierine by
Wibaut and Beets?® and by Spielman, Swadesh and Mortenson. 2(®
Roth started by condcnsing a-picoline with bromoacetal with the aid
of lithium phenyl, so producing B-(2-pyridyl)-propionaldehyde acetal,
C;H,N .CH,. CH,. CH(OEt),, which Wibaut and Beets isolated as the
mercurichloride, m.p. 98-5°. From this the acetal, b.p. 85-0°/0-1 mm.,,
was recovered by the action of sodium sulphide, and hydrogenated in
glacial acetic acid with platinic oxide as catalyst. The products were
predominantly either §-conicéine (p. 20) or B-(2-piperidyl)-propion-
aldehyde acetal (pelletierine acetal), C;H,,N.CH,.CH,. CH(OELt),,
depending on the initial concentration. The second of these products
was isolated as the monoacetate, B.C,H,0,, b.p. 984°/0-33 mm., m.p.
72—4°, from which the acetal was rccovered as a liquid, b.p. 101-2°/1-3
mm., giving a picrolonate, m.p. 162-8°. In view of the production of
8-coniceine on hydrogenation, Beets 2@ has suggested that pelletierine
may exist in tautomeric forms, one of which is bicyclic.
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Spielman et al. record b.p. 128°/8 mm. and nZ> 1-5070 for the B-(2-
pyridyl)-propionaldehyde they hydrogenated using Raney nickel as
catalyst in alcohol at 150° and 170 atm. pressure. The pelletierine acetal
produced had b.p. 91-2°/1 mm. and n}*" 1-4568 and yielded a benzoyl
derivative, b.p. 177-8°, n%° 1-5229, from which by hydrolysis N-benzoyl-
pelletierine, m.p. 74-6°, was obtained; by similar procedure N-
acetylpelletierine, b.p. 174°/18 mm., n2* 1-4908, and pelletierine
cthylurethane, b.p. 119-21°/1 mm., 72 1-4771, the constants recorded
being in satisfactory accord with those given by Hess 3 for these
pelletierine derivatives. No method has yet been found of recovering
pelletierine from the acetal,

isoPelletierine, C;H,;;,ON. This name, originally applied by Tanret to
a base, now regarded as dl-pelletierine, has been adopted by K. Hess 13 for
a different alkaloid. This is an oily liquid having b.p. 102-7°/11 mm.,,
[2], &= 0°; the hydrobromide melts at 149° and the picrate at 147-8°.
isoPelletierine is also obtained by demethylation of methylisopelletierine
and is convertible into the latter by methylation. Its constitution is
discussed below.

Methylisopelletierine, C,H,,ON. This base, isolated by Piccinini 2
under the name isomethylpelletierine, was re-examined by K. Hess 13 et al.
It is an oily alkaline liquid, b.p. 114-7°/26 mm., miscible with water and
optically inactive. The hydrochloride has m.p. 156°; hydrobromide,
m.p. 151-2°; the picrate melts at 158° and the aurichloride forms orange-
yellow rosettes, m.p. 115-7°, The base can be resolved into d- and
I-forms having b.p. 109°/24 mm., and specific rotations [«]}¥* of 67° and
9-9° in dilute sulphuric and hydrochloric acids respectively. d-Methyl-
isopelletierine d-hydrogen tartrate has m.p. 188—4° and [«]?*" -+ 22-7°, and
the antipode has m.p. 182-4° and [«]l¥ — 20-88°, whilst the two
hydrochlorides have [«]}®° +4- 11-08° and — 10-64° respectively.

Constitution. The alkaloid yields a crystalline semicarbazone, m.p.
169°, a liquid hydrazone, b.p. 154-5°/29 mm., and a liquid oxime, b.p.
160°/12 mm., from which a crystalline picrate, m.p. 106°, can be prepared.
The methiodide crystallises in cubes, m.p. 156°, On oxidation with
chromic acid in sulphuric acid solution the base yields N-methylpiperdine-
2-carboxylic acid, and the hydrazone on reduction with sodium in alcohol
at 150-70° forms N-methylconiine (p. 17).

In view of these reactions methylisopelletierine must be N-
methylpiperidine with one of the following side-chains in position 2 :
(a) —CH, . CH,. CHO; (b) —CO .CH,.CH,; (c)CH,.CO.CH,. Ifthe
side-chain were (a) methylisopelletierine should be formed by
N-methylation of pelletierine, which is not the case. Decision between
() and (c) proved difficult. If the side-chain were (¢) the alkaloid should
be a-N-methylpiperidyl-2-propan-g-one  (I). This substance was
synthesised by Hess and Eichel ® and appeared not to be identical with
meth}flisopelletierine, and Hess was, therefore, led to the conclusion that
the side-chain must be (b), which would make methylisopelletierine
structurally identical with methylconhydrinone. The difficulty was
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solved by Meisenheimer and Mahler,5 who found that the synthetic product
of the earlier workers was a mixture and devised the following new
synthesis. 2-8-Hydroxy-n-propylpyridine (II) as the methosulphate was
hydrogenated, with platinum-platinum oxide as catalyst, to N-methyl-2-
B-hydroxy-n-propylpiperidine, b.p. 110-20°/22 mm., which on oxidation
with chromic anhydride in acetic acid gave methylisopelletierine (I).
Catalytic hydrogenation of 2-8-hydroxy-n-propylpyridine (II) gave
2-B-hydroxypropylpiperidine, m.p. 69-70° (not 45-7° as stated by
Ladenburg). This, on oxidation with chromic anhydride in acetic acid,
gave isopelletierine (III) (a-piperidyl-2-propan-B-one), which on
methylation by formaldehyde yielded methyisopelletierine (I).
CH
/R 7N\ %
2 (fﬂz < K H Haf (I’Hz
Hz‘\m/m.mz.co.ma HC\N/C.CHZ.CHOH.CI-I3 Hzc\m/CH’CHz’co’CHS
]

CHy
H

(1) Metvhylisopelletierine (1II) (II1) isoPelletierine

New syntheses of isopelletierine and its N-methyl derivative have been
provided by Wibaut et al®™" by an extension of the process used
for the preparation of di-pelletierine acetal. By the action of acetic
anhydride on lithium picolyl in nitrogen, an acetyl group was inserted in
the methyl group of a-picoline and the resulting «-2-pyridylpropane-g-one
(x-picolyl methyl ketone), C;HN.CH,.CO.CH,;, b.p. 92°/1:5 mm,,
characterised as the picrate, m.p. 140-140-5°, and picrolonate, m.p.
179-5-181°, was hydrogenated in acetic acid with platinic oxide as catalyst,
to dl-isopelletierine, C.H,(\N . CH,. CO . CH,, b.p. 62°/0-8 mm.,, identified
as the picrate, m.p. 147-5-148-5°, and picrolonate, m.p. 177-9°,

a-2-Pyridylpropane-g-one was converted by methyl sulphate to the
methyl methosulphate, CgH,ONMe.MeSO,, a crystalline precipi-
tate, which hydrogenated as before, yielded dl-methylisopelletierine
C;H,(NMe . CH,. CO. CH;, b.p. 48°/0-16 mm., identified as the picrate,
m.p. 157°,

pseudo-Pelletierine, C,H,;,ON (N-Methylgranatonine). This, the best
known of the pomegranate bark alkaloids, was isolated by Tanret in 1879,
It crystallises from light petroleum in prismatic tablets, m.p. 48°,
b.p. 246°, [a], -+ 0°, dissolves readily in ether, alcohol or chloroform, less
readily in light petroleum. It is a strong base and gives well-crystallised
salts ; the hydrochloride, B . HCl, forms rhombohedra ; the platini-
chloride, B, . H,PtClg, reddish needles, and the aurichloride yellow crystals,
m.p. 162°, The picrate is readily soluble in hot water and melts at
252-8° (dec.). The dipiperonylidene derivative crystallises from alcohol in
yellow, triangular microscopic plates, has m.p. 226-7°, is sparingly soluble
in most organic solvents and gives an intensely royal blue colour in strong
sulphuric acid, the colour changing to green and yellow on dilution with
water.’® y-Pelletierine in sulphuric acid solution gives an intense green
colour on addition of a trace of potassium dichromate.
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Constitution. The alkaloid behaves as a tertiary base, forming a
methiodide (colourless cubes, m.p. above 280°). It forms an oxime
(tablets, m.p. 128°) and on reduction 1s converted mto the secondary
alcohol, N-methylgranatoline, C,H,,ON, which crystallises from lLight
petioleum 1n slender needles, m.p. 100°, and b.p. 251°, It forms a benzoyl
derivative, and when heated with hydriodic acid gives N-methylgranatyl
jodide, C;H;(NT The latter, on longer heating with the reagent, loses a
miolecule of hydriodic acid and forms the unsaturated N-methylgranatenine
C H,,N. This series of changes may be represented thus 17,

N.CH N.CH N.CH /N.CH
3 Z~ B 73 C.H . ZcH O
C,H CyH CoH B ~—> CgHig
7712 oo —> CTla T T TlEN \ﬂ
oH ~1 CH
W'-Pelle tierine N-me thyl- N-methyl- N-methyl-
granatoline granatyliodide granatenine
N.CH3 /N.CH3 /N.CH3 /N.CH3
H CgH. H —>CcHg—CH
Celod ~— —> CGHIO\ A0 0L o 5HE i
co C L \
N 1 CH
Tropinone Tropine Iodotropine Tropidine

Ou comparing these reactions with those effected similarly with
tropmone (p. 74), 1t 1s evident that a close parallelism exists, suggesting
that ¢ peclletierine 1s a ring homologue of tropinone. This similarity in
behaviour 1s also shown 1n the conversion of N-methylgranatoline (IV) into
norgranatanine (V) by the prolonged action of hydriodic acid and
phosphorus, whicli parallels the change of tropine (VI) into norhydro-
tropidine (VII),’® and by the oxidation of N-methylgranatoline (IV) by
pcrmanganate to N-methylgranatic acid (VIII) just as tropine (VI) 1s
oxidised to tropime acid (IX).

(VIIT) NMe.CgH,, (COOH), (IV) NMo C,H,, CHOH (V) NH:C,H,, CHy

(IX) MMe CgHg (COOH), (V1) e C.H,, CHOH (VII) NH C K, CH,

This has led to the adoption for y-pelletierine of formule based on those
suggested at various times for tropinone 18 ; thus Piccimini found that the
alkaloid reacts with amyl nitrite to form a dusonitroso-derivative, and with
benzaldehyde to give a dibenzylidene compound (yellow prisms, m.p. 200°)1
and on that ground suggested that the alkaloid must contain two reactive
methylene groups thus : —CH, . CO . CH,—. The same author proposed
the formula finally adopted as the result of a study of the exhaustive
methylation 2 of the dimethyl ester of N -methylgranatic acid (VIII),
(methiodide, m.p. 167 °) which yielded 1n the first stage of the degradation,
dimethyl N -di-methylgranatenate, C{Hy(NMe,) : (COOMe),, an o1l yielding
a crystalline, methiodide, m.p. 148—4°, which on boiling with alkali,
fﬁoomposed into trimethylamine and homopiperylenedicarboxylic acid (X) :

€ latter on reduction furnishes suberic acid (XI). Under like conditions
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tropinic acid yields piperylenedicarboxylic acid (XII), which can be
reduced to pimelic acid (XIII).

CH,— CH CHy, —— CHp c CH
e Fe /R e
CH CH CHz CH2 CH CH CI*I2 CH2
I ! (lm EH " CH, H
o e ] | ! [ 2 2
COZH COZH cozn COzﬂ 002H Gozﬂ cocH COCH
(X) (X3) (XII) (XI11)

Piceinini, therefore, adopted formula (XIV) for i-pelletierine, whicl is
based on Willstitter’s tropinone formula (p. 77) by change from a
heptamethylene to an octamethylene ring,2!

The degradation of the alkaloid to a methylpyridine derivative can be
effected through N-methylgranatic acid (XV) and granatic acid (XVI).
The latter, when heated with mercuric acetate and acetic acid at 150°
vields 2-methylpyridinecarboxylic acid, which on distillation furnishes
2-methylpyridine,

This formula for i-pelletierine received confirmmation from the results
of the exhaustive methylation of N-methylgranatanine, produced by the

H2——CH—-—1:2 THz—TH—-—COOH H2—'CH—COOH
N D PR i A il
CHE —CH——— CKz CH2——CH.CH2oCOOH CH2_CH. CHz.COOH

(X1V) WPelletierine (XV) N-methylgranatic acid (XVI) Granatic acid

NMeB.OH
CHy—CH CHp cnz——cn————fﬂz H=CH———(I:H2
CH2 NMez.OH CH2 —%CHz H2 CH2 CH2
CHs—CH———CH, CHz—Cl===CH CH,——CH===CH
(xvII) (XV11I1) (XIX)

electrolytic reduction of the parent base.2?2 Willstatter and Veraguth 23
converted this, through the corresponding ammonium hydroxide base
(XVII), the resulting 4*-dedimethylgranatanine and the quaternary basc
(XVIII) derived from this, to a hydrocarbon, CgH,,, which was eventually
shown by Harries to be 4%:% cyclooctadiene (XIX). Later Willstatter
and Waser 2 degraded N-methylgranatenine, CgH;,NMe, m.p. 17-2-17-4°,
D2 0-961, vid the quaternary base derived from a-dimethylgranatenine,
which on distillation in racuo- decomposes into trimethylamine and
cyclooctatriene, CgH,,, b.p. 147-2-148-2°, D?, 0-925, n% 1'52810. The
dibromide of this hydrocarbon, when heated with dimethylamine, produces
dimethylaminocyclooctatriene and  tetramethyldiaminocyclooctadiene,
CgH, o(NMe,)s, b.p. 126-7°/14 mm., D? 0-944. The latter forms a methio-
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dide, m.p. 170-1° (dec.), which with silver oxide gives cyclooctatetraene

I

CH:CH.CH:CH.CH:CH—CH:CH, m.p. —27°, b.p. 42-2-42-4°
D? 0-943, n2° 1:5389. These results were confirmed later by Willstatter and
Heidelberger.2® This tetraene has evoked a considerable amount of interest
both as regards its constitution ®% and as a primary material for poly-
nierisation. It has been prepared again from pseudopelletierine by Cope
and Overberger,®“ who record m.p. —5-8 to —5-4°, n?* 1-5842, and describe
the maleic acid adduct, m.p. 166-7-168-2°, and state that the m.p.s of
the hydrocarbon and its adduct are not depressed by cyclooctatetraene
and its adduct, synthesised from acetylene, that the ultra-violet absorption
spectra of the two hydrocarbons are identical and there are no important
differences in the infra-red absorption spectra of the two.

The following synthesis of pseudopelletierine is of special interest, since
it involves only materials and conditions which could occur in plants and
is therefore a possible bio-synthesis. Menzies and Robinson * showed
that when calcium acetonedicarboxylate, glutardialdehyde and methyl-
amine are mixed in aqueous solution under specified conditions and the
niixture is kept for twenty-four hours, a product (XX) is formed, which
can be decarboxylated to i-pelletierine (XXI) and the latter isolated as
the picrate, which after recrystallisation yields the pure base (m.p. 48-5°),
the identity of which can be established by conversion to the characteristic
dipiperonylidene derivative. The course of the synthesis is represented
as follows :—

I(‘Hz.CHO Tﬂz.co .(I> Tﬂz—?ﬂ ——cI:H.co.o

cn, + NHMe + 0 Ca —> sz rlrm cl:o Ca ~—>

I |

CH,,.CEO CH,.C0.0 CH, — CH——CH.C0.0
Tﬁz—-—ca-—-crl.cozﬂ (I:HZ—CH—-CH2 HpCH, .CH——CH,
cI:HZ e J:o ——> CHy NMe WMe (O
CHy——CB—CH.CO i HZ——J:H-—-—'Cﬁz CHp.CH,.CH—CH,

(%) (xx1) (XX1I)

Note. In thiotropinone, selenotropinone and N-methylaztropinone (see below)
—CH?*—in (XXI) is replaced by —S—as in (XXIV), —Se— or —NMe—,

Blount and Robinson 24 have extended this mode of synthesis to the
preparation of N-methylhomogranatonine (XXII) by the use of
adipaldehyde,?? CHO . [CH,], . CHO. The base, on reduction with sodium
in butyl alcohol, yields N-methylkomogranatoline (XXII: CO — CHOH),
the benzoyl derivative of which possesses marked local anzsthetic action.
Similarly Blount,2® by condensing B-(o-formylphenyl)propaldehyde,
CHO.CH,.CH,.CH,.CHO, with methylamine and calcium
acetonedicarboxylate, has prepared 8:9-benz-4%:®-homogranatene-8-one
(XXIII), which was reduced to the -aleohol (cf. reduction of tropinone
to y-tropine) and the latter converted to the benzoyl-derivative (m.p. 98°),
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thus providing an analogue to tropacocaine (p. 100) and, like it, possessing
local an@sthetic properties.

The same authors 27 have made a number of analogues of i-pelletierine
in which sulphur, selenium, or a second atom of nitrogen, is introduced into

CH==CH-—C (I}H--(I:Hz (Imz._cn.._?nz
|

XI\IMe (‘JO ? II\IMe co

CH==CH—C~—CHp--CHp—CH—CHp CHz-—CH-—-(IJHz
(XXII1) (XXTIVY

the bicyclic system, e.g., thiotropinone (XXVI), was obtained by
condensing thiobisacetaldehyde,?® CHO.CH,.S.CH,.CHO, with
calcium acetonedicarboxylate and methylamine ; it crystallises in thick
six-sided plates, m.p. 126-7°, and yields a dipiperonylidene derivative,
m.p. 241°,

Schoépf and Lehmann 2° have effected syntheses on this principle under
varying conditions, Thus, using buffered solutions of glutardialdehyde,
methylamine hydrochloride and acetonedicarboxylic acid, they have
obtained yields of 60-72 per cent. of y-pelletierine working at pH 8-7, with
smaller, but still important, yields at pH 9-0-18-0.

Pharmacological Action. Pomegranate root bark is now little used in
medicine. The active constituent is believed to be pelletierine, which,
according to von Schroeder,®® is highly toxic to tapeworms and explains
the use of the bark, or a fraction of the total alkaloids in the form of
¢ pelletierine tannate ” and * pelletierine sulphate,” as anthelminties.
The *‘tannate” is official in the British Pharmacopceia, 1982, and
the *‘sulphate” in the French Codex. Some interest has been shown
in y-pelletierine and its derivatives as sources of local angsthetics. Some
of these have been mentioned alrcady, and reference may also be
made to Tanret’s 3! investigation of benzoyl and other esters of N-methyl-
granatoline, from which he draws the conclusion that the bicyclic system
of granatane is a source of more potent local anssthetics than that of
tropane. On the other hand, McElvain and Adams 32 found that ethyl
benzoylgranatolinecarboxylate, a ring homologue of norcocaine with the
positions of the ether and ester groups interchanged, is less active as a local
anzsthetic than cocaine and more toxic. A detailed study of the pharma-
cology of pelletierine and i-pelletierine has been made by Shibata.?
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TROPANE GROUP
DERIVATIVES OF TROPINE AND ALLIED AMING-ALCOHOLS

THE names, formule and structures of these alkaloids are given in the
following table, The esters of tropine or i-tropine are known as tropeines
or -tropeines respectively. The first eleven items in the table are some-
times called the “solanaceous alkaloids,” but they are not the only
alkaloids, or even the only type of alkaloid, found in the botanical family
Solanacez. They are also sometimes referred to as the ¢ mydriatic
alkaloids ** though other alkaloids also exert this action.

TABLE A
Structure
No. Nanie of Alkaloid Formula
Amino-alcohol Esterifying Acid
1 apoAtropine C,,H;,0,N ropine ‘ Atropic acid
2 Belladonnine C;,H,,0,N, Tropine B-Isatropic acid
3 Atropine C,,H;304N Tropine dl-Tropic acid
4 Hyoscyamine Cy,H, 30N Tropine I.Tropic acid
5 norAtropine C,:H,;,0,N norfropine dl-Tropic acid
6 norHyoscyamine| C,H,,0sN norTropine I-Tropic acid
7 Benzoyltropine | C,;H,,0,N Tropine Benzoic acid
8 Tropacocaine C,:H,,O,N J-Tropine Benzoic acid
9 Hyoscine C,,H,,0,N Scopine - Tropic acid
10 Meteloidine C,sH,;,0,N Teloidine Tiglic acid
11 Tigloidine C,;H,;,0,N ¢-Tropine Tiglic acid
12 Valcroidine C,:H,0,N Dihydroxy- isoValeric acid
tropane
13 Poroidine C,,H,,0,N norTropine isoValeric acid
14 isoPoroidine C,.H5,0,N norTropine d-a-Methyl-
butyric acid
15 Convolvine C,¢H;,0,N norTropine Veratric acid
16 Convolamine C,Hy, 0N Tropine Veratric acid
17 Convolvidine CyH, O N, Alkamine, Veratric acid
m.p. 274—6°
18 Convolvicine CyoH 6N, — —

The nature and percentage of total alkaloids in plants yielding bases
of this type are detailed in the following statement. Supplies of these
drugs in normal times came chiefly from central Europe and largely from
Hungary.! As the war stopped this trade, strenuous efforts were made to
organise both the collection of wild supplies and the cultivation of these
drugs, especially in Great Britain,® Australia,® New Zealand ¢ and the
United States.® Some supplies also became available from India ¢ and
Russia and in some countries, which had not previously manufactured
solanaceous alkaloids, processes for their preparation from these new

64
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sources of supply were devised, e.g., from Duboisia spp. by Ralph et al.,”
from Indian belladonna root by Srivastava and Basu® and from local
plants in Hungary by Zalav.® The extraction of hyoscyamine and its
conversion to atropine is, for some purposes, the replacement of a potent
by a less active alkaloid and also inevitably entails the loss of some valuable
alkaloid by hydrolysis. A device adopted in England to avoid these losses
was the preparation and use of the total alkaloids of Egyptian henbanc
(Hyoscyamus muticus) ® in the form of the mixed sulphates containing
80 per cent. of hyoscyamine.

Atropa acuminata Royle ex Lindl. (4. lutescens Jacquemont.) * Indian
belladonna.” Whole plant, grown from Indian seed in the United
States,? 0-32 to 0-88; large stems, 0-14, According to Corfield,
Kassner and Collins,!? the leaves and roots, as imported from India,
contain on the average 0-45 and 0-47 of non-volatile alkaloid,
respectively. Much volatile alkaloid (Markwell). Recognised in
the British Pharmacopceia 1932, Addendum V.

Atropa Belladonna Linn, Leaves, 0-4; roots, 0-5; seeds, 0-8; whole
plant, 0-2 to 1-0; hyoscyamine with some hyoscine ; atropine has
been found but may have resulted from racemisation during
extraction ; apoatropine and possibly belladonnine (Kreitmair 12),

Atropa beetica. Leaves, 0-82-1-06 ; roots, 094 ; fruit, 1-09 ; hyoscyamine
and atropine.1?

Datura alba Necs. Pericarps, leaves, stems ; hyoscine, Seeds, liyoscine
with a little hyoscyamine, 14

Datura arborea. Leaves, 0-44; seeds, 0-28; hyoscine; withh some
hyoscyamine in young stenis and roots (Kircher %), Roots, 0-16;
leaves, 0:15 ; flowers or seeds, 0-12; alkaloid described as ** datu-ine ”
(Montesinos 13) which should be atropiue.

Datura fastuosa. Variety * niger ” ; fruits, 0-2; leaves and stems, 0-12;
roots, 0-1. Variety ** flor ceerul. plen ; seeds, 0-25. Variety ¢ flor
alb, plen” ; seeds, 0:22, In all three varieties, hyoscine alone, or
with hyoscyamine,1®

Datura Metel. Fruits, 0-12; leaves, 0-2 to 0-5; roots, 0-1 to 0-2; seeds,
0-2 to 0-5. Usually mainly hyoscine ; occasionally a little atropine
or hyoscyamine.® norHyoscyamine has also been found.'” No
hyoscine (Libizov 1¢),

Datura meteloides. Whole plant, 0-4. Hyoscine, atropine, meteloidine 18 ;
norhyoscyamine.1”

D. quercifolia. Leaves, 0-42; seeds, 0-29. Hyoscine and hyoscyamine
(Kircher 15)
D. Stramonium Linn. Leaves, 02 to 0-45; seeds, 0-2 to 0-5 (chiefly
hyoscyamine 1) ; roots, 0-21 to 0-25 (hyoseyamine and hyoscine) ;

b leaves and tops, 0-6 to 0-7.5
uboim Leichh‘}rdtii von Muell. Leaves examined by Mitchell 2° yielded
yoscyamine, 1-97;  [Lhyoscine, 0-06; dl-hyoscine, 0-05;

norh i ] :
m.yosc}’amlne, 0-01 and a new alkaloid, D, 0-06 (ststOZN,sHBr,

.
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m.p. 281°). In leaf samples collected from 28 individual trees, Hills,
Trautner and Rodwell 2* found hyoscyamine usually the dominant
alkaloid though hyoscine was the chief component in five cases, and
both were present in about equal amounts in two cases, In a few
instances a tree yielding no hyoscine in one season might yield it in
the next season. The total alkaloid varied from 0-8 to 3.7,

Duboisia myoporoides. Yields of 8 per cent., mostly hyoscine, have been
mentioned,® but great variation in nature of alkaloidal content
is on record, e.g., hyoscyamine, i-hyoscyamine, hyoscine,??
Hyoscyamine and norhyoscyamine, but no hyoscine.!* Hyoscine or
hyoscyamine or both,® dl-Hyoscine, tigloidine, valeroidine, poroidine
and 7soporoidine present; hyoscyamine and norhyoscyamine
absent.??> The limits of these variations, at least as regards the two
principal alkaloids, hyoscyamine and hyoscine, have probably been
settled by Hills, Trautner and Rodwell,?* who confirmed the statement
of Barnard and Finnemore 4 that in the northern portion of the
distribution area of this plant, it yiclds mainly hyoscine and in the
southern section mainly hyoscyamine. In 54 samples of leaves from
individual trees thcy found 0-9 to 4-0 total alkaloids in those from
the northern section, with hyoscine as the chief component, and
1-0 to 2-7 from those of the southern section, with hyoscyamine
replacing hyoscine.

I yoscyamus albus. Leaves, 0-2 to 056 ; roots, 0-1 to 0-14; seeds, 0-16;
liyoscyamine and hyoscine,

Hyoscyamus muticus. Leaves, 1-4; leaves and stems, 0-6; sceds, 0-9 to
134 ; stems, 06 ; hyoscyamine,??

Hyoscyamus niger. Leaves, 0-045 to 0-08; roots, 0-16; sceds, 0-06 to 0-1;
tops, 0-07 to 0-1. Chiefly hyoscyamine with some atropine and
hyoscine : ¢f. Sievers and Lowman,® Allan.* A historical account of
this drug has been published by Hocking,*®

Hyoscyamus reticulatus. Seeds, 0-08; whole plant, 0-12 to 0-24. Alittle
hyoscyamine,2¢

Mandragora scopolie. Leaves and stems said to contain about 0-6;
chiefly hyoscyamine.

Mandragora  vernalis. Hyoscyamine,  hyoscine, $-hyoscyamine,
mandragorine (p. 83).%7

Scopolia carniolica (S. atropoides, S. Hladnikiana). Rhizomes, 0-48 to
0-51 ; hyoscyamine and hyoscine,28

Scopolia japonica. Leaves, 0-18; hyoscyamine and norhyoscyamine.?®

Scopolia lurida (Anisodus luridus). Roots, 2 to 2-8, of which about one-fifth
is hyoscine (Kreier 3°). According to Rabinovich and Konovalova,
the root contains hyoscyamine and cuscohygrine (p. 103) but no
hyoscine,30(@)

Solandra levis Hook. (S. longiflora Tussace), 0-16; norhyoscyamince,
noratropine, hyoscyamine, atropine (Petrie).®!

The plants listed above are all species of the botanical family
Solanace®. A considerable number of convolvulus species, which like
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the Solanacez belong to the natural order Solanales, were examined
for alkaloids by Lazur’evskii 3 of which he selected one for detailed
investigation, viz,

Convolvulus hamade. The roots contained 0-42, from which he isolated
hygrine and cuscohygrine (p. 108) and a third alkaloid hamadine,
still awaiting detailed description.

Convolvulus pseudocantabricus Schrenk. Seeds contain 0-5; convolvine,
convolamine, convolvidine and convolvicine (p. 91).33

The British Pharmacopceia (1932) recognises three of these solanaceous
drugs and specifies for them minimum requirements per cent. of total
alkaloids, calculated as hyoscyamine, viz.: belladonna, leaves 0-3, root
0-4; henbane, leaves and flowering tops 0-05 ; stramonium, leaves and
flowering tops 0-25. The United States Pharmacopceia, XIII, specifies
the same minimum limits for belladonna leaves and stramonium and for
henbane, 0-04,

Simple Bases. In addition to the alkaloids proper, 1:4-
TETRAMETHYLDIAMINOBUTANE, Me,N . (CH,), . NMe,, has been found in
Hyoscyamus muticus by Merck 34 and in H. reticulatus by Konovalova and
Magidson,2® It was described by Willstitter and Heubner 3 as a colourless
liquid, D** 0-7941, b.p. 169°, with a pungent, acrid taste. The
hydrochloride, CgH,oN, . HCI, m.p. 278° (dec.), forms triangular prisms ;
the platinicliloride, B, H,PtCl, . 2H,0, prisms, m.p, 234° (dec.) and the
aurichloride, m.p. 206-7°, golden yellow prisms, The dimethiodide
(hexamethyltetramethylenediammonium iodide),

Mel . NMe, . (CH,), . NMe, . Mel,

lias m.p. 805-8°, was used to prepare the quaternary picrate, m.p. 285°
(dec.), platinichloride, m.p. 279° (dec.) and aurichloride, m.p. 304-9° (dec.),
cach of which was found identical with the corresponding derivative of the
quaternary compound, resulting from the methylation of 1 : 4-diamino-
butane (putrescine). 1 : 4-Tetramethyldiaminobutane is of possible
interest in the biosynthesis of tropane alkaloids, and it may be noted that
Willstatter and Heubner found that the dimethochloride, on distillation,
vielded 1-METHYLPYRROLIDINE, one of the simple bases Goris and
Larsonneau 3 found in belladonna leaves, along with 1-METHYLPYRROLINE,
PYRIDINE, and a 1:4-diamine, which may have been tetra-
methyldiaminobutane.

In an exhaustive investigation of Bulgarian belladonna root, King and
Ware 32 found, in addition to the usual alkaloidal components, TROPINE
and a minute quantity of a new base BELLARADINE, C,H ;ON. The latter
1s an oil, giving the pyrrole pine splinter colour reaction, and furnishing a
crystalline, hygroscopic hydrochloride, a picrate, m.p. 224-5°, crystallising
In rods, an unstable aurichloride, m.p. about 189°, a methiodide, m.p. 258°,
and a methopicrate, m.p. 228°, crystallising from boiling water in long,
orange needles,

The volatile bases known to occur in Atropa acuminate (p. 65) do not
appear to have been examined.

3—2
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During the war years much more attention seems to have been given
to biological research on Solanaceous spp. than to chemical research on the
solanaceous alkaloids. With extension of the range of supply of these
drugs the attention of pharmacognosists has naturally been given to the
diagnostic characters of possible substitutes for the official drugs. George 3¢
has determined the palisade ratio values of Atropa Belladonna and its
Indian replacement product 4. acuminata and Melville 37 has made a
detailed, histological study of the roots of both species. In Hungary,
Halmai 38 has dealt with the detection of Scopolia carniolica in belladonna
leaves, The allied species, S. japonica, was the subject of histological
examination by Fujita and Higashi 3® in 1987. On the cultivation side
Prasad %0 has investigated the effects of mineral deficiency on Datura alba
Nees and Hyoscyamus niger L. and other points of cultivation interest with
regard to Datura spp. are dealt with by Ramstad and Fretheim 4! and for
belladonna by Brewer and Laurie 42 and by Sievers, Lowman and Kelly.®
Procter 43 has described a virus disease of Hyoscyamus niger in New Zealand.
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Anavyricar Meruops. Methods for the isolation of individual
solanaceous alkaloids from plants have been greatly improved and typical
cxamples will be found in the references given under the various plants
listed above. For quantitative analysis for commercial purposes, it is
usually sufficient to determine the total, non-volatile alkaloids, the results
being expressed as hyoscyamine, Methods of assay are provided in the
British Pharmacopceeia 1932, Addendum VII, and the United States
Pharmacopceia, XIII. Useful critical reviews of processes both for the
crude drugs and galenical preparations have been published by various
authors,® A colorimetric method has been described by Allport and
Wilson 2 depending on the Vitali-Morin reaction of which a study of the
nature and limits of applicability has been made by James and Roberts.?
Precipitation as silicotungstate has been proposed by Vallery,* while for
quaternary atropine compounds Reimers ® has suggested estimation of
the tropic acid produced on hydrolysis, a method extended later to tropic
acid esters of the atropine series in general. Kirkpatrick ® has investigated
the suitability of polarograpliic methods for the estimation of individual
alkaloids, and Brownlee ? has found the chromatographic process
satisfactory with preparations of solanaceous drugs. In connection with
work on the biogenesis of these alkaloids it has become necessary to
cstimate quantitatively at least the three chief solanaceous alkaloids,
hyoscine, hyoscyamine and atropine, and Rowson & has made a critical
survey of methods available for this purpose. All these processes are
chemical and some attention has been given to biological methods since
so far as total, non-volatile alkaloids are concerned, the results may
Include atropine, hyoscyamine and hyoscine of which atropine is in some
pharmacological activities less potent than either of the other two. Gunn,?
th uses as a biological test the antagonistic action of belladonna alkaloids
against the effect of carbamylcholine on isolated mammalian intestine,

has found that the alkaloids from Atropa Belladonna and from 4. acuminata
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are identical in their biological action and twice as active in the biological
test as atropine sulphate, but that is only true when the chemical process
of estimation used, eliminates the volatile alkaloids, which have no
atropine-like action, A similar biological method has been used by Levy °
for the assay of galenical preparations of belladonna and various kinds of
pharmacological tests have been used by other authors,1?

For the detection and microchemical estimation of these alkaloids, the
precipitation, crystalline form and melting-points of the perbromides,
periodides, aurichlorides or picrates and the mydriatic test have been
used,

Atropine, C,;H,,0,N. This alkaloid does not normally occur in more
than traces in solanaceous plants and in its preparation by Mein 1% and by
Geiger and Hesse,'? the hyoscyamine originally present in the plant was
probably converted into atropine in the process of extraction. The present
formula is due to Liebig, and von Planta 4 showed that atropine was
identical with ¢ daturine *’ obtained from stramonium. Commercially the
alkaloid is prepared by racemisation of [-hyoscyamine with dilute alkali or
by heating in chloroform solution. Methods for the preparation of
atropine and its salts have been described by Chemnitius !® and by Duilius.?
The alkaloid crystallises from alcohol on addition of water, or from
chloroform on addition of light petroleum, or from acetone, in long prisms,
m.p. 118°, sublimes unchanged when heated rapidly, is readily soluble in
alcohol or chloroform, less soluble in ether or hot water, sparingly so in
cold water (1 in 450 at 25°), and almost insoluble in light petroleum,
The aqueous solution is bitter to the taste and alkaline to litmus., Atropine
is optically inactive, but the commercial alkaloid may contain hyoscyamine
and be slightly levorotatory.

Atropine causes dilation of the pupil of the eye. A drop or two of an
aqueous solution, containing 1 part in 130,000 parts of water, introduced
into the eye of a cat is sufficient to produce this effect. When warmed with
sulphuric acid and a small erystal of potassium dichromate, atropine
develops a bitter almond odour. Evaporated to dryness on a water-bath
with concentrated nitric acid, it gives a residue which becomes violet on
adding a drop of sodium hydroxide solution in alcohol (Vitali’s test).
With a solution of mercuric chloride atropine gives a yellow to red
precipitate of mercuric oxide.

Of the salts of atropine the sulphate, B, . H,SO, . H,0, is that usually
employed in medicine. It occurs as a colourless, crystalline powder,
m.p. 195-6°, when dried at 130°, soluble in water (1 in 0-38) or alcohol
(1 in 8+7), and sparingly so in chloroform (1 in 620) or ether (1 in 2,140).
It can be recrystallised by adding acetone to its solution in alcohol, The
hydrobromide, B.HBr, m.p. 168-4°, forms slender needles, and the
oxalate, B, . H,C,0,, opaque warty masses of minute prisms, m.p. 198°,
The platinichloride, B, . H,PtCl,, being soluble in dilute hydrochloric acid,
is not precipitated when atropine hydrochloride is added to platinic
chloride solution containing free hydrochloric acid. On evaporation it is
obtained in monoclinic crystals, m.p. 207-8°. The aurichloride,
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B. HAuCl,, separates as an oil, but solidifies on standing and may be
recrystallised from water containing hydrochloric acid. The crystals melt
at 187-9° or below 100° when heated under water. This salt and the
picrate, rectangular plates, m.p. 175-6°, are well adapted for the
ideutification of the alkaloid. The methobromide, m.p. 228-5°, and the
niethonitrate, m.p. 166-8°, are now both used in medicine,

The constitution of atropine is discussed later (p. 72).

apoAtropine (Atropamine), C,,;H,,0,N. This anhydride of atropine, first
obtained by Pesci,'® and subsequently prepared by Merck,'? Hesse 12 (1893),
and others, by the action of dehydrating agents upon atropine or
hyoscyamine, was isolated as “atropamine ” by Hesse 8 (1891) from
belladonna root, the identity of the two being established by Merck.l” It
crystallises from ether in prisms, m.p. 60°; is slightly soluble in water,
but readily dissolves in other ordinary solvents except light petroleum.
The hydrochloride forms thin plates, m.p. 237°, and the aurichloride
needles, m.p. 110°. The base and its salts are optically inactive, and not
mydriatic. 'When apoatropine is heated alone, or evaporated with
moderately strong hydrochloric acid, it partly passes into belladonnine
(see below), and is partly decomposed into tropine and atropic acid.
Ladenburg '° prepared it by esterification of tropine with atropic acid.
apoAtropine is, therefore, atropyltropeine.

Belladonnine (C,,H,,0,N),.  This substance was obtained by
Hiibschmann 2° from henbane berries and was subsequently examined
by Kraut 2! and by Merling 22 who regarded it as isomeric with apoatropine.
According to Hesse 1 when hyoscyamine is heated at 120-130°, it changes
successively into atropine, apoatropine and belladonnine. Kussner 23 has
prepared it by heating apoatropine at 110° until the bromine titration
figure is at a minimum, usually about forty-eight hours. The base is then
purified via the hydrochloride, which permits of the removal of auy
apoatropinc salt by extraction with chloroform from aqueous solution of
the mixed hydrochlorides, and the crystalline sulphate, from which the
pure base may be recovered and dissolved in hot ethyl acetate from which
it crystallises, m.p. 129°. It does not absorb bromine and is stable to
permanganate, is easily soluble in ethyl acetate, alcohol, benzene or
chloroform, and sparingly so in water or petroleum. It gives Vitali’s
colour reaction (p. 70). Molecular weight determinations show that it is
a dimeride (C,,H,0,N),. It hydrolyses with alcoholic soda solution at
100° in a sealed tube yielding B-isatropic acid, m.p. 215-6° and tropine.
The hydrochloride forms spear-like erystals, m.p. 195-6° (dry).

M. and M. Polonovski?* have shown that Hesse’s ® (1893)
BELLATROPINE is a mixture of bases, of which chlorotropane is the chief
component,

l-H.yoscyamine, Cy7H0,N.  This, the most commonly occurring
alkaloid of the group, was obtained by Geiger and Hesse 25 from henbane,
ItS. hydrolysis into a base and an acid was observed by Héhn and
Reichardt.2¢ The accepted, empirical formula is due to Ladenburg,?? who
showed that it was a physical isomeride of atropine. Hyoscyamine
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crystallises from dilute alcohol in silky needles, m.p. 108:5°, and is
leevorotatory, [a], — 22° in 50 per cent. alcohol or — 82-4° for the basic ion
as salt in water,28 It is readily soluble in benzene, chloroform or aleohol,
less so in ether or cold water. The ordinary salts are crystalline. The
sulphate, B,.H,S0,.2H,0, m.p. 206° (dry), [a), — 27-8° (H,0),*®
crystallises in needles from alcohol, is bitter, neutral and readily soluble
in water. The hydrobromide, B . HBr . 2H,0, m.p. 151-8°, forms prisms.
The aurichloride, B.HAuCl,, m.p. 165°, crystallises in golden-yellow,
hexagonal plates from dilute hydrochloric acid; unlike atropine
aurichloride, it does not melt when heated under water. This salt is less
soluble in dilute hydrochloric acid than atropine aurichloride, from which
it may be separated by fractional crystallisation. The platinichloride,
orange-coloured prisms, m.p. 206°, is obtained by spontaneous evaporation
of solutions containing hyoscyamine liydrochloride and platinic chloride,
The picrate, m.p. 165°, crystallises in plates.

Hyoscyamine is rcadily converted into the dl-form, atropine, by
melting or by the addition of small quantities of caustic alkali to its cold
alcoholic solution. The same change is brought about by sodium
carbonate or ammonia.?®

‘When heated with acids or alkalis, hyoscyamine undergoes hydrolysis
into tropine and dl-tropic acid probably via conversion into atropine, and
it is this alkaloid which is hydrolysed. According to Gadamer,'® when
hyoscyamine is hydrolysed with cold water the products are inactive
tropine and I-tropic acid. Amenomiya 3! has shown that Ladenburg and
Hundt’s partially synthetic d- and l-atropines 3° were probably mixtures
of atropine with d- and I-hyoscyamines. He resolved di-tropic acid into
the d- and [- forms, esterified these with tropine in 5 per cent. hydrochlorie
acid, and so obtained d- and I-hyoscyamines, the latter identical with the
natural alkaloid. d- and I-Hyoscyamines have also been obtained by
Barroweliff and Tutin 32 by the resolution of atropine by means of d-
camphorsulphonic acid.

Constitution of Atropine and Hyoscyamine. Atropine is readily
hydrolysed by warming with alkalis, dilute acids, or even with water.33
By heating it with concentrated hydrochloric acid at 180° in a closed
vessel, or with baryta water at 60°, it is completely resolved into
tropine, CH,;ON, and tropic acid, CyH,(0,.3* At higher temperatures
the tropic acid first produced loses water and becomes atropic acid, C,;HO,,
accompanied by isatropic acid. M. and M. Polonovski have shown that
the tropeines as a class on prolonged heating with hydrochloric acid or
hydrobromic acid at 140° yield chlorotropane and bromotropane
respectively,24

Troric Acip. The constitution of both tropic and atropic acids is
known from syntheses by Ladenburg et al.?® from acetophenone. The
ketone (I) by treatment with phosphorus pentachloride was converted into
a-dichloroethylbenzene (II), and this, by the action of potassium cyanide
in alcohol, into ethoxycyanoethylbenzene (III), which on hydrolysis
yielded ethylatrolactic acid (IV). The latter was converted by strong
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hydrochloric acid into atropic acid (V), and this in turn on addition of
hypochlorous acid gave chlorotropiec acid (VI), which on reduction
with zine dust and iron filings m alkaline solution passed into tropic
acid (VII).

(I) Ph.CO.Me —> (II) Ph.0Clp.Me~——>(III) Ph.(CN)C(OEt) .Ne —>
(1)  Ph.(COOH)C(OEt) .Me ———> (V) Ph.(COOH)C:CH, ——>
(V1)  Ph.(COOH)CCL1.CHOH ~——> (VII) Ph. (COOH)CH.CH,0H

Other syntheses of tropic acid have been accomplished by Spiegel,3®
Muller,?” Wislhicenus and Bilhuber,>” Chambon 3 and Natarajan and
Swamina 3@ Of these, the most interesting 1s the reduction of ethyl
formylphenylacetate (VIII) CHO.CHPh.COOCH; i moist ethereal
solution by alummimum amalgam to ethyl tropate, from which the acid
(IX) HO.CH, CHPh.COOH, 1s obtainable by hydrolysis with baryta.

Mackenzie and Wood 3? obtained low yiclds by this method, which 1s
the basis of both the Muller and Wislicenus processes, and recommended
mstead the hydrolysts of acetophenonecyanohydrin (Xj mto atrolactic
acid (XI), conversion of the latter by distillation under reduced pressure
into atropic acid (XII), which was then treated in ethereal solution with
hydrochloric acid and the halogen in the resulting S-chlorohydratropic
acid replaced by hydroxyl, by boiling the acid with aqueous sodium
carbonate solution, giving tropic acid (XIIT), thus :

(X) Ph.(CH)C(CN) Me ——>  (XI) Ph,(0H)C(COOH) Me —>

(XII) Ph.C(COOH) CH, —> (XIII) Pn.CH(COOH).CHoOH.

Tropic acid crystallises mn prisms and melts at 117°. It contains an
asymmetric carbon atom and can be resolved into d- and I-forms, which,
according to King,*® melt at 128-9°, and have [a], + 81 6° and — 81 2°
(H,0) respectively.

TROPINE, C,H,;ON. This base forms rhombic tablets, m.p. 63°,
b p. 233°, 1s soluble 1n water, ether, alcohol or benzene, and crystallises
from toluene on addition of Iight petroleum. It 1s optically mactive and
In aqueous solution 1s strongly alkaline and readily absorbs carbon dioxide
from the air. The salts crystallise well, the hydrochloride 1n plates, the
picrate in golden-yellow needles, which decompose at 275°. The auri-
chloride forms golden-yellow plates, m.p. 210° (dec.), and the platinichloride
orange-coloured, monoclinic needles, m.p. 198° (dec). The base contains
a hydroxyl group and yields a series of esters called tropeines,*! some of
which have found application 1n medicine as substitutes for atropine
(dl-tropyltropeine), e.g. :—

Atrolactyltropeine (y-atropine), a-hydroxy-a-phenylpropionyltropeine,
CiiHy00N.  Needles, m.p. 119°,

o-Hydrowy-B-phenylpropionylt . Rosett 1
mp. 89_900.3/ B-phenylpropionyltropeine, C,;H,,03N. Rosettes of needles,
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Atroglyceryltropeine, C;;H,,0,N. Rectangular oblong plates, m.p.
124-5°,

Phenylglycollyltropeine (Mandelyltropeine, homatropine), C,gHyO,N.
This is largely used as a substitute for atropine. It crystallises in
prisms, m.p. 95-5-98:5°. The hydrobromide, the salt usually employed
in medicine, is a crystalline powder, m.p. 217-8° (dec.) ; the hydrochloride,
m.p. 224-5°, and the salicylate are also used. All three are freely soluble
in water. The methobromide has m.p. 192-6°. The aurichloride,
B . HAuCl,, forms prisms and is sparingly soluble in water. Homatropine,
unlike atropine, does not give the Vitali colour reaction (p. 70). Its
mydriatic effect is more rapid and transient than that of atropine.

Constitution of Tropine. Tropine readily suffers dehydration by the
action of strong sulphuric or hydrochloric acid, forming a new tertiary base,
TROPIDINE,%% CgH,,N, an oily alkaline liquid, b.p. 162°, having a coniine-like
odour, Tropidine methiodide heated with potassium hydroxide yields
TROPILENE, C,H,(0, and dimethylamine, the latter affording evidence of
the existence of the group N.CH, in tropidine, and consequently in
tropine, By the action of bromine on tropidine, Ladenburg obtained three
substances, viz., ethylene dibromide, N-methyldibromopyridine and
3 : 5-dibromopyridine, When hydriodic acid reacts with tropine at
temperatures below 150° an iodocompound, C.H,,NI, is formed in
which iodine replaces the —OH group ; by reduction of this substance
with nascent hydrogen, dihydrotropidine, CgH,;N, results, which has not
been obtained by direct reduction of tropidine. Its hydrochloride, on
distillation, loses methyl chloride and gives rise to nordikydrotropidine,
C,H,,N, and this in turn furnishes 2-ethylpyridine on distillation with zine
dust,

The results so far recorded are those upon which Ladenburg #? chiefly
based his formule representing tropine and tropidine as N-methyl-
4*-tetrahydropyridines, substituted in position 2 by the residues
. CH,. CH,OH (or . CHOH . CHj) for tropine (XIV) and . CH : CH, for
tropidine (XV) thus :

(XIV) CgH,NMe . CH, . CH,OH or C,H,NMe.CHOH.CH,.
(XV) C;H,NMe . CH : CH,.

The inadequacy of these formulz became evident when the oxidation
of tropine was studied. With potassium permanganate, in presence of
acid, or with chromic acid, tropine and tropidine give rise to a series of
oxidation products, the interrelationships of which are shown in the
scheme on p. 75.

The most important of these products are the following :

Tropinone, CJH,,ON. This substance, first prepared by Willstitter,43
crystallises in spear-shaped needles, m.p. 41°, b.p. 219-20°/714 mm.,
dissolves in ordinary solvents, is a strong base and has the properties of a
ketone, giving an oxime, m.p. 111°, and a semicarbazone, m.p. 212°. It
is a tertiary base and the methiodide is decomposed by alkalis producing
dimethylamine and 4*:¢ dihydrobenzaldehyde.#¢ When reduced by sodium
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Tropine, CgH; 0N —— by action of Hy30,
l

F }
oxidation by chromio acid Oxi{dation by potassium permangarate

Tropinoxns, cexmm Tropigenine, 071'11301!
I

d1-Tropinic aoid, CgH)s0N oxidation by chromic acid

porPropinone ; CoH) (M Tropidine, canus
1

|

Oxidation by potassium permanganate
Dihydrozytropidine, CgHs0qN

By ection of methyl iodide Oxidation by chromic acid
Tropidine metbiodide d1-Tropinic_esid; CgH) 0N
—

!
By action of potassiwm hydroxide By "exhsustive methylation”

Iropilens, C,,Hloo Tropilidens, C.,He. end trimsthylemine

amalgam, tropinone forms, not tropine, but i-tropine (p. 100), identical
with that obtained by the hydrolysis of benzoyl-J-tropine (tropacocaine),
found in coca leaves. When reduced electrolytically or by zinc dust
in hydriodic acid, a mixture of tropine and i-tropine is produced,
which can be separated by fractional precipitation of the picrates, tropine
picrate being the less soluble (046 per cent. in water at 16°). It is possible
n this way to convert y-tropine into tropine by oxidising the former to
fcroplnone and reducing the latter electrolytically.®* Some tropane (p. 87)
is also formed in this reduction.
dl—z‘ropfnic acid, CgH,,0,N. This oxidation product of tropine and
lr”'t}‘oplne, 1s a substance of great importance in this group, and its consti-
tution and relation to tropine gave rise to much discussion.%® Tt
crystallises in small needles, m.p. 248° (dec.), is soluble in water and almost
Insoluble in other media. It is a dibasic acid and yields salts, both with
PaSeS an(?. acids. Its formation by the oxidation of tropine is not explicable
I any simple manner by Ladenburg’s tropine formula, and it was this
dlﬁicult_y which led Merling to propose his formula for this base. By
crystallisation of the cinchonine salt, dl-tropinic acid can be resolved into
d- and I-forms.
po t:'s ’s‘i’P’gmim (nortropine), C7H.1301.\I. This product of the action of
from etlllll; Permanganate on tropine is a strong base, which crystallises
In colourless needles, m.p. 161°; b.p. 238° (picrate, m.p. 170-1° ;
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nitrate, m.p. 186-7°). It sublimes at 100° ¢n vacuo, absorbs carbon dioxide
from the air, and is liberated from solutions of its hydrochloride by silver
oxide, but not by caustic soda. It is a secondary base giving a nitroso-
derivative, and combines with methyl iodide to form tropine methiodide
showing that in its formation from tropine a methyl group attached to the
nitrogen atom is replaced by hydrogen.*?” When boiled with sodium
amyloxide in amyl alcohol it produces nor-y-tropine (see below).

norTropinone, C;H,;;ON. This base results from the action of chromic
acid on tropigenine and bears the same relation to the latter as tropinone
does to tropine.4® It crystallises in deliquescent needles, m.p. 69°, is readily
soluble in water or alcohol, and less so in etlier. It furnishes an oxime,
microscopic leaflets, m.p. 181°, and as a secondary amine, forms a nitroso-
derivative, crystallising in needles, m.p. 121°.  On reduction with sodium
amalgam nortropinone yields y-tropigenine, which is more appropriately
named nor-y-tropine, since it corresponds with y-tropine. The same
substance has been obtained 48 by M. and M. Polonovski’s general method
of treating N-oxides with acetic anhydride and hydrolysing the resulting
acyl derivative : in this way tropacocaine N-oxide furnishes O-benzoyl-N-
acetyl-nor-i-tropine, which can be hydrolysed to nor-y-tropine. King
and Ware have also prepared the latter by the action of sodium amyloxide
on nortropine (see abave).

The formation of these oxidation products, and, in particular, of
tropinic acid, led Merling 4* to represent tropine as a bicyclic system,
composed of a piperidine and a hexahydrobenzene ring with four carbon

Gﬂg—-CH*— CH2 CHz— (IZH — CB, CM82— ICH2
CHOH CH CEOH
I | : [
O] C
2
i fr |

(XVIa) MMe —CH — Cﬁz (Xvib) NMe —CH — CHz (XV1I) RH ——CMe,

atoms in common (XVIa or XVIb). Of these two forms Merling preferred
(XVIa) owing to its similarity to Fischer’s triacetonalkamine (XVII),*® the
mandelic ester of which exhibits mydriatic properties. Merling’s formula
remained in use until Willstatter  found that tropinone gave a
dibenzylidene derivative (yellow prisms, m.p. 152°) and a series of other
derivatives, which established clearly the presence of the chain
:C.CH;.CO.CH,.C: in tropinone and the corresponding chain
:C.CH,.CHOH.CH,.C: in tropine and y-tropine. To meet this
requirement three formulz were considered (XVIII to XX) for tropine,
of which (XX) was rejected on the grounds that it did not account for the

CHy ——<|:H— CHy Sy — cl:n —_ cl:nz /cl:n — cl:na
<l:ﬁ2 CBOH Rde CHOH Nl <I:nz CHOB
l I
(XVIII)Nie — CH—CE, (XIX)CBz— CH—— CH, (xx)\cuo— CHy

formation of 4**¢dihydrobenzaldehyde from tropinone methiodide by the
action of sodium carbonate, and the production of adipic acid on oxidation
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of tropilene ! and by the action of fused pwtash on methyl tropinate
methiodide.®? Decision between (XVIII) and (XIX) became possible on
finding that methyl tropinate methiodide was decomposed by boiling
with soda into trimethylamine, methyl alcohol and an unsaturated seven-
carbon acid, which on reduction with sodium amalgam took up four
atoms °2 of hydrogen forming pimelic acid (XXII). The unsaturated acid
was, therefore, represented by formula (XXT) and tropinic acid by (XXIII),
which establishes (XIX) for tropine and y-tropine, (XXIV) for tropinone,

CH;CH.COOH CHy .CH, .COOH CHz.CH>.000H
o
(x) CH:CH ,CH, .COCH (xx1) 032.053.052.0003 (XXI11) Cﬁz.CE.Gﬂa.GOOE

(XXYV) for tropidine and since tropilene, C,H,,0, gives a monobenzylidene
derivative and must contain a —CO-—CH,— group it is represented by
(XXVI), which was confirmed by Kétz and Rosenbusch, %2 who succeeded
in hydrogenating it to suberone,

CH— ~CB~——C CH,_-CH,,~—CH
CHgTH cl:nz CH,, ln !]H ;N H
Mde CO 1Inas (IJH To
| I
(XX3V) CHp-CH——CH, (XXV) CHp-CH——CH,  (XXVI) CH,-CH=mCH

Willstiitter’s formula for tropine was confirmed by his syntheses of
tropidine, tropinc and y-tropinc from the heptacyclic ketoue, suberone
as a starting-point.>® The lalter was converted into the oxime, which was

CHz—CO —_ (Iin CHz——CH === CH cHz—CHBr —(I!HBr
CHy CH, (Iznz
CHz——CHz-——- CH2 cHz—CHz—— CHa CHy— CHE—-— CH8
Suberone cycloHeptane cycloHeptene dibromide
N (CHS) 2
H2—CH—(“3H CH =—=CH—CH CHBr —CH ===CH
(IIH CH ] (IIHBr
CHy— CHz— cnz cHz— CHz— CH2 CHy — CHp — CH2
Dime thylamino- cycloHeptadiens cycloHeptadiens dibromide
Az-cycloheptene (Dihydrotropilidene) (Dihydrotropilidene dibromide;
T(CHS) 2
CH —~— CH===CH — — — CH—
i CH,— CHBr CH2 (:752 CH (iH
i [ i 5
08— CH,— CH CH meme CH — CE O, —r—cH
cye 10H_egta_triaﬁ.; Bromocyclobeptadiene «-Methyltropidine
Tropilidem: (Trgnilidena l_xxgobromde)
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reduced to suberylamine amd this transformed by exhaustive methylation
into cycloheptene. The latter was brominated and the cycloheptene
dibromide heated with dimethylamine in benzene, forming dimethylamino-
A2-cycloheptene, which by exhaustive methylation and subsequent distilla-
tion, yielded cycloheptadiene, identical with dihydrotropilidene, obtainable
from dihydrotropidine. The hydrocarbon was in turn converted into the
dibromide, and this, by heating with quinoline, transformed into a
cycloheptatriene identical with tropilidene, from which, on adding hydrogen
bromide in acetic acid, bromocycloheptadiene was formed. This substance
reacts with dimethylamine, forming dimethylaminocycloheptadiene,
identical with a-methyltropidine, obtained by Merling by the distillation
of tropidinemethylammonium hydroxide.4*

Hofmann had shown in 1881 that by the action of hydrochloric acid
on dinethylpiperidine, methyl chloride and methylpiperidine result ;
Merling in reinvestigating this reacticn * found that, not methylpiperidine
but the isomeric 2 : 6-dimethylpyrrolidine was formed. In the case of a
substance represented by the formula given above for a-methyltropidine,
if either of the carbon atoms 4 or 5 be chlorinated and the resulting product
distilled, such intramolecular methylation might occur with the production
of tropidine., This method of reproducing tropidine frcm a-methyltropidine
had already been employed by Merling,** but on repeating the experiment
Willstiatter was unable to obtain a pure tropidine and so had recourse to
the use of a-methyldihydrotropidine (4%-methyltropane), formed by the
reduction of a-methyltropidine with sodium in alcohol. This was converted
into the dibromide by bromine dissolved in hydrobromic acid, and the
latter warmed in ethereal solution, when it changed into bromodihydro-
tropidine methobromide (bromotropane methobromide), which when
warmed with alkali lost a molecule of hydrobromic acid, forming tropidine-
methobromide. This, by the action of potassium iodide, passed into the
corresponding methicdide, and the latter by digestion with silver chloride
gave the methochloride, which on heating furnished tropidine,

IINCHS) 2
— CH — CH, cnz——cn CH ——CH——CHz
2
"2 L 2 Gy I | I

| ] b

CHz— CH=== CH Cﬂz———— CH —— CHBr GHz——CH ——CH

ot=-Methyld ihydro- Bromodihydrotropidine Tropidine
tropidine mothobromide.

The conversion of a-methyltropidine into tropidine methiodide was
subsequently achieved in another way.’® By saturating a solution of the
base in hydrochloric acid with hydrogen chloride, the elements of the latter
were added on in the A4%-position and the product on treatment with
sodium carbonate solution yielded methyl-y-tropine. The latter was
next brominated in positions 4 and 5. The dibromide, thus formed,
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undergoes spontaneous isomerisation into, bromo-i-tropine-methyl-
ammonium bromide, and this on reduction with zinc dust and hydriodie
acid yielded, not, as was expected, tropine (or y-tropine), but, by elimina-
tion of water and bromine, tropidine methiodide, from which tropidine
can be obtained as already stated.

— — —CH —— CH_—CH

CH,— CRH(NMe,) zfﬂz CHg TE ?Hz 2| fH
sCHOH NMs _Br CHOH NMe, I CH
3 s o I 2 | z |

CHz— CHBr CHBr CHz—— CH —— CHBr cnz—CH CHz
Methyl- V- tropine Bromo- ¥/~ tropine- Tropidine methiodide

dibromide me thylammonium

bromide

This synthetic tropidine was converted into bromodihydrotropidine
by hydrogen bromide in acetic acid, and the solution heated with 10 per
cent, sulphuric acid at 200-10°, when it passed into y-tropine,’* and, since
this may be partially converted into tropine by oxidation to tropinone and
reduction of the latter by zinc dust and hydriodic acid,*> this series of
reactions affords a complete synthesis of tropine and of the tropeines.
Combining the formula given above for tropine with that of tropic acid,
atropine and hyoscyamine are represented as follows :

cng——clzn c|nz
CH,OH
N.CH ¥ c:a.o.co-—-cn/Hz
3 (L \C HS
CH;—CH H,, 6

Atropine (dl-tropyltropéine) and Hyoscyamine (I-tropyltropéine).

* In norhyoscyamine and noratropine (p. 83) this ~CH, group is replaced by ~-H.

The importance of tropinone as a possible starting-point for the
prod}lction of the therapeutically valuable alkaloids atropine, hyoscyamine,
cocaine, tropacocaine and the artificial tropeines (p. 78) led Robinson 55 to
consider the possibility of preparing this substance by a simple method.
Starting with the idea that the formula for tropinone (XXX) may be
regarded as made up of the formule of the residues of succindialdehyde
(X-XVII), methylamine (XXVIII) and acetone (XXIX), he found that a
mixture of these substances in water, when allowed to stand for thirty
minutes produced tropinone, which could be detected by means of its
;lllil;z;tcteristic dipiperonylidene derivative (bright yellow needles, m.p.

A better yield was obtained when, in place ‘of acetone, calcium
acetonedicarboxylate was used, the initial product in this case being
calcium tropinonedicarboxylate, from which the free dibasic acid is readily
lsola.b(ﬂ and can be decarboxylated by heating in acid solution, yielding
tropinone, This idea was taken up in Germany, and a number of processes
for the production of tropinone derivatives have been described, mostly in
Patent literature. According to Willstatter and Pfannenstiel,¢ a yield of
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0 clmz caé-—cﬂj;-lz—clmz cnz——c['a——clm CO,EL
R TH} 5‘?—‘9:?“*\ P

i R

CHO H CH?: CHQ—CHf-—CH‘?‘ CHz—'CH Cﬁz

(XXVII) (XXVIII) (XXIX) (xxx) (xXxxIV)

CHy .CO.CHy . COREL =C.CH, .CO,Et CHz—(I:H.Cl-Iz.COZEt

} + NHzMe —> Me —_ lIIMe

CHg.CO. CHy . COREL CH=C. CH, . CO,EY CHz~CH.CH,.CO,Et
(1) (XXXIT) (XXXIII)

about 60 per cent. of acetonedicarboxylic acid can be obtained by treating
citric acid with fuming sulphuric acid and the potassium-potassio derivative
of the ethyl ester of this acid, on electrolysis furnishes ethyl
succinyldiacetate (XXXI), which reacts with methylamine acetate to give
ethyl N-methylpyrrole-2 : 5-diacetate (XXXII), which is then reduced to
the corresponding pyrrolidine ester (XXXIII); the latter, probably a
mixture of the cis- and c¢is-frans isomerides, of which only the ¢is-form is
suitable for further ring closure, when heated in cymene solution with
scdium, is condensed to ethyl tropinone carboxylate (XXXIV), and the
latter, on boiling with 10 per cent. sulphuric acid yields tropirone (X XX),57
from which tropine and -tropire can be obtained, as already described.
The pyrrolidine ester (XXXIII) has rccently been prepared by Karrer
and Alagil 57 by a new mcthod, and van de Kamp and Sletzinger > have
found that under certain conditions tropinone can be hydrogenated to
tropine with little or no i-tropine.

Mannich and Veit 8 obtained a 60 per cent. yield of dimethy] tropinone-
2 : 4-dicarboxylate by heating together dimethyl acetonedicarboxylate,
methylamine hydrochloride and succindialdehyde, and Schopf and
Lehmann 38 have shown that the conditions under which Robinson’s
synthesis is carried out affect the yield considerably ; tlus, using suceindi-
aldehyde, methylamine hydrochloride and acetonedicarboxylic acid in
appropriately buffered solution at pH 8-11 and temperature varying from
20-25°, yields of 47-86 per cent. of tropinone can be obtained. Undcr
these conditions tropinone itself is formed, but when the pH is changed
to 18 tropinonedicarboxylic acid is produced, so that, although the direct
yield of tropinone falls to 5 per cent. or less, a further indirect yield of
about 65 per cent, is obtained after decarboxylation. Keagle and
Harting %% have investigated methods for the preparation of the primary
materials and optimal conditions for the condensation and have begun
the preparation of a series of N-homologues of tropinone by their modified
method.

Using maleic aldehyde, acetonedicarboxylic acid and methylamine
hydrochloride in aqueous solution, in presence of sodium acetate,
Preobrazhenskii, Rubtsov, Dankova and Pavlov 8 have prepared tropenone,
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CgH;;ON, m.p. 40-40-5°, giving a picrate, m.p. 191-191-5° and a dipiper-
onylidene derivative, m,p. 206-206-5°.

Though the dialdehyde-tropinone synthesis does not succeed when the
dialdehyde is replaced by a diketone, Blount and Robinson °® have shown
that 1-methyltropinone (XXXYV) can be obtained by the interaction of the
keto-aldehyde, levulinaldehyde, Me.CO.CH,.CH,.CHO, with
methylamine and caleium acetonedicarboxylate, and from this by reduction
to 1-methyl-y-tropine and benzoylation, 1-methyltropacocaine (b.p.
210°/15 mm. ; picrate, m.p. 163—4°) has been prepared.

’
G 7 fMe—CHp R .CH_TH.cozn ue.Tgulzi( Coe) CH,

¥Me ,CO NR” Me N, Co

ziihie
6 'I 6 IS :L
(xxxv) CH;—2CH—CH, (XXXVI) R’.CH—CH.COpR (XXVII)Ne.CH-C(CoMe] CH,

Connected with these syntheses is Mannich’s ¢ development of an
observation first made by Petrenko-Kritschenko and Zoneff on the con-
densation of ammonia and amines with benzaldehyde and dimethyl
acetonedicarboxylate to substituted piperidones. By the interaction of
acetaldchyde with primary amines and either methyl acetonedicarboxylate
or potassium methyl potassioacetonedicarboxylate, Mannich has prepared
a number of substituted piperidones of the type represented by (XXXVI),
in which the pyrrolidire ring of tropane is replaced by two alkyl groups to
produce “‘cpen ” tropines or ecgonines, from which corresponding
“trcpeines 7’ and ““ cocaines " have been prcpared, the former showing
mydriaite and the latter local anwsthetic action. Mannich and Veit 8
have aico produced a variant on the tropane and granatane types by
condensing mietliyl 4-kete-1:2 : 6-triniethylpiperidine-3 ; 5-dicarboxylate
with formaldehiyde aud methiylamine hydrochloride to methyl 9-keto-8 :
6 : 7 : 8-tetramethyldipidine-1 : 5-dicarboxylatc (XXXVII),
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norHyoscyamine, C, H,,0,N. Carr and Reynolds * have shown that
this alkaloid occurs in minute quantity in Scopolia japonica, Datura Metel,
D. meteloides, Duboisia myoporoides and Mandragora vernalis; and Petrie
has found it in Solandra longiflora from which he first described it under
the name ¢ solandrine.” 2

The alkaloid may be separated from accompanying hyoscyamine by
extracting most of it with ether and then crystallising the mixed oxalates
from water, that of norhyoscyamine separating first. It crystallises in
colourless prisms, m.p. 140°, [a], — 23:0° (50 per cent. EtOH), is soluble
in alcohol or chloroform, less so in ether or acetone, and sparingly in water
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(1 in 270 at 14°), and is a strongly alkaline base. The hydrochloride,
B.HCl, forms rosettes of needles, m.p. 207°; the sulphate,
B, . H,;S0, . 8H,0, silky needles, m.p. 249°; and the oxalate, B, . H,C,;0,,
long prisms, m.p. 245-6°, soluble in water (1in 20 at 15°). The aurichloride,
B . HAuCl,, forms yellow scales, m.p. 178-9°; and the platinichloride,
B, . H,PtClg . 3H,0, forms handsome, reddish-yellow prisms of indefinite
melting point. The picrate crystallises in needles, m.p. 220°, norHyoscy-
aniine yields a nitrosoamine, and is converted by methyl iodide into
hyoscyamine. In presence of alkali it undergoes racemisation to
noratropine (see below), and on hydrolysis by baryta water yields tropic
acid and mortropine already described (p. 75). )

norHyoscyamine closely resembles y-hyoscyamine isolated {rom
Duboisia myoporoides by E. Merck,? and later from Mandragora officinarum
by Hesse *; and Carr and Reynolds suggest that they are identical.

norATrOPINE, C,H, O;N. This racemisation product of norhyoscy-
amine, crystallises from dry acetone, and has m.p. 1183-4°. It is readily
soluble in aleohol, chloroform or cthyl acetate ; less so in ether, acetone
or water ; is optically inactive, and forms a monohydrate, m.p. 78°. 'The
hydrochloride, B. HCI, forms silky filaments, m.p. 198°; the sulphate
B, . H,SO,, long needles, m.p. 257°, from water ; the aurichloride occurs
in dull rosettes of opaque, yellow needles, m.p. 157°, and resembles atropine
aurichloride in melting under water. The picrate crystallises in needles,
m.p. 227°.  On treatment with methyl iodide noratropine is converted by
N-methylation into atropine. The relationship of norhyoscyamine and
noratropine to hyoscyamine may be represented as follows :—

mz“fﬂ—‘fﬂz CeHg, cna-tl:n—clmz Cefls
NH <I:H-o-co-cl:n nlme CH-0-GO-CH
' ¢

B,-CH—CH,  CH,-OH g-CH—CHy  CHy.0H

norHyoscyamine or norAtropine Hyoscyamine or Abtropine

Mandragorine. An alkaloid so named was isolated by Ahrens % from
the root of Mandragora officinarum, a plant which, in the form of * winc
of mandragora,” was probably the first anesthetic used in surgical
operations.® Thoms and Wentzel ? showed that Ahrens’s mandragorine
was a mixture of hyoscyamine and hyoscine, with perhaps a minute
quant.ity of a third alkaloid, Hesse, however, stated that this root
contains, in addition to hyoscyamine and hyoscine, i-hyoscyamine
(probably norhyoscyamine, see above), and a new mandragorine,
CsH;40,N, which forms a crystalline aurichloride, m.p. 124-6°, and on
hydrolysis yields tropic acid and a base resembling tropine.8

Me.teloidine, C,3H,,0,N, was found by Pyman and Reynolds in Datura
nwtelozdes.”. It crystallises from benzene in tabular needles, m.p. 141-2°,
Eatt]lfe :I: 0°, is readily soluble in alcoh?l or chloroform, sparingly so in water,
e (;)1- benzene. The hydrobromide, B . HBr - 2H,0, occurs in chisel-

ped needles, m.p. 250° (dry); the aurichloride, B . HAuCl, . 1H,0,
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forms short yellow needles, m.p. 149-50°; the picrate has m.p. 177-80°.
Meteloidine is physiologically inactive.

On hydrolysis by baryta the alkaloid is resolved into tiglic acid,
CH,CH : C(CH;) . COOH, and a base, TeLoIDINE, C.H, ;O,N, H,0, which
crystallises from boiling acetone diluted with a little water in chisel-shaped
needles, m.p. 168-9° (dry). It is not volatile; the hydrochloride, m.p.
above 300°, hydrobromide, m.p. 295°, and aurichloride, B . HAuCl, . {H,0,
m.p. 225°, are all crystalline. King® has suggested that tropine,
CgH, ;ON, oscine, CgH,;0,N, and teloidine, CgH,;0;N, are related to each
other in the following way :—

e 3
Hz'—fﬂ——(l}nz CH -—?H— ~CH Tﬂz_ CH H.OH (2)
N.CHS CI:HOH IIdMe (5)CH.OH lrMe
| . .
—CH —— oo GH ~——— [ -— K
Cliz CH Glilz CHOH~-CH c 5 GH.2 (%H*-CH OH®)
Tropine Oseine Teloidine (Xing)

Hyoscine (Scopolamine, Atroscine), C,;HyO,N. The name hyoscine
was first used by Héhn and Reichardt 1 for the basic hydrolytic product
of hyoscyamine, now known as tropine. It was subsequently used by
Ladenburg % for a supposed isomeride of atropine, C,;H,,0;N, isolated
from1 the mother liquors of hyoscyamine. This was found by Schmidt,
Hesse and others 3 to be identical with scopolamine, C,,H,O,N, obtained
by Schmidt from Scopolia japonica.'* The name hyoscine has priority
and is in use, but scopolamine is also employed, especially in Germany.

The alkaloid can usually be obtained from the mother liquors of
hyoseyamine, but Datura Metel, in which hyoscine is the chief constituent,
was the better primary source but may now prove less valuable than
selected Duboisia spp. (p. 66). A process of manufacture has been
described by Chemnitius,’® and a method for the recovery of I-hyoscine
from racemised base by Schukina et al.}®* A method for its estimation in
presence of opium alkaloids has been devised by Wallen and Canbiick.!3(®

The free base is a syrup, soluble in ordinary solvents, least readily in
light petroleum or benzene. It is levorotatory [«]?" — 18° (EtOH),
— 28° (H,0). The hydrobromide, B.HBr. 3H,0, m.p. 198-4° (dry),
[a], — 15-72° (EtOH), — 25-93° (anhydrous salt : H,0),'® forms rhombic
tablets, is readily soluble in water or alcohol, sparingly in chloroform,
insoluble in ether, It is bitter and acrid to the taste, and is slightly acid
to litmus. This salt is that mostly used in medicine. The aurichloride,
B.HAuCl,, m.p. 208-9° (dec.) crystallises in needle-shaped growths
serrated on both edges. The auribromide, B.HAuBr,, m.p. 191-2°
forms long, rectangular, chocolate-red leaflets from boiling 2-5 per cent.
hydrochloric acid. The picrate crystallises in slender, primrose-yellow
needles, m.p. 187-8°; but on recrystallisation from boiling water, forms
flat irregular six-sided scales, m.p. 187-5-188-5° (191-2° corr.).

Hyoscine, like hyoscyamine, is readily racemised by dilute alkalis, and
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commercial hyoseine hydrobromide not infrequently contains some
optically inactive salt. Hesse '8 isolated from snch material an optically
inactive alkaloid, isomeric with hyosc1ne, which he named ATROSCINE.
According to Schmidt,'® this substance is di-hyoscine ; and Gadamer 20
showed that Hesse’s atroscine and Schmidt’s dl-hyoscine were respectively
di- and mono-hydrates of the same alkaloid. dI-Hyoscine may be prepared
by the action of dilute sodium hydroxide solution in alcohol, on the
leevo-form at atmospheric temperature, Merck has stated that hyoscine
hydrobromide from henbane seed has a rotation of — 24° to — 25°, whilst
that from Scopolia rhizome has a rotation of — 138:47°, due to the presence
of racemic base. From such material, according to Gadamer,?? the
optically inactive alkaloid can be separated by adding sodium carbonate
to an aqueous solution and extracting with a mixture of chloroform and
cther. On rubbing the residue with alcohol and water and cooling, the
diliydrate (Hesse’s atroscinc), rosettes of needles, m.p. 37-8° (36-7°
Hesse ; prisus, 38-40° King) forms, whilst sceding with the monohydrate
(Schuiidt’s di-hyoscine) lcads to the scparation of the latter form in
monoclinic needles, m.p. 56-7°.  King 2! prepared from residues accumu-
lated in the manufacture of l-hyoscine, the dextro-form of the alkaloid,
and by combining this with an equal weight of the l&vo-isomeride, obtained
the dl-form, and was thus able to characterise the three forms of the

Derivative 1-Hyoseine gnyosctne 41 -Ryoscine
Base Charactsr Syrup Syrup Prisms containingo
28 _0, m,p, 38-40
(ca‘rr.). Anhyédrous
substanse, syrup22,
Hydrobromide Charseter Rhombie Rhombie Rhombio teblets with
tablets with |tablets with mzo, efflorescent.
35,0 3H_0
o 2 o 0
M,p. (&ry 193-194 193-194' 181-182
salt) 197-198° 197-198° | 185.186° (eorr.)
{oozr.) {oorr.)
(txln (&ry
salt in -25,9° +26,3° -
water).
Plorete Charecter Slendar Slender Neadles,
matted matted
needles, needlee, °
¥.p. 187-188° 187-188° | 173,5-174.5_ 23
191-192° - 177.5-178,5 (ocorr.)
{oorr.)23
Aurichloride Character Heedles, Needles, Needles, one edge
both edges both edgee serreted,
serrated serrated
M.p. 204-2057 204-205° | 214-215°
208-20¢ 208-20 218-219° (sorr )
{eorr.) 4 (corr.)g‘1
Aaribromide Character Chocolate- - Chocolate-red leaflets
red leaflsts
M.p. 187-188° - aos-am" 285
191-192° - 213-214° (egrr.)
(sorz.)
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alkaloid and some of their chief derivatives (see table on p. 85). The
reactions of hyoscine are for the most part similar to those of atropine and
hyoscyamine, but it gives a white precipitate with mercuric chloride. It
may best be distinguished from these alkaloids by means of its aurichloride
or picrate,

When warmed with barium hydroxide, dilute alkalis or acids, hyoscine
is hydrolysed, yielding tropic acid and a new base, CH;30,N, oscine or
scopoline. Depending on the conditions of experiment, the tropic acid
obtained may be either the pure [-form or the partially racemised acid ;
but the oscine obtained is invariably inactive,.

It appeared to follow from this that the three known forms of hyoscine
are respectively [-tropyl-dl-oscine, d-tropyl-dl-oscine and di-tropyl-dl-oscine,
the optical activity of the first two being conditioned solely by the activity
of the tropyl radicle. This subject was discussed by King,?' who confirmed

H,,-OH H,C1

2 , %
n
(1) Ph-CH-OOz-CBHRON (11) PthH-COz-CeleON (111) Ph-C-COz-CeﬂlzoN

his own results, arrived at from the resolution of dl-hyoscine by means of
d-a-bromo-7-camphorsulphonic acid, by converting I-hyoscine (I) into
B-chlorohydratropyloscine (II), and then into apohyoscine 2¢ (III) (thus
destroying the asymmetry of the tropyl radicle), and showing that the
resulting apohyoscine was not only inactive, but could not be resolved into
optically active forms. The same author has shown that oscine can be
resolved into d- and I-forms; and some years previously benzoyloscine
had been resolved by Tutin.??

OsciNg, CgH,,0,N. This substance, for which the name scopoLiNE
is in use in continental Europe, was first examinced by Hesse 28 and later by
Luboldt.?® It forms colourless, hygroscopic prismatic crystals, m.p. 109°,
from ether or light petroleum, and boils at 241-8°. dI-Oscine has been
resolved into the d- and I-forms by King 2! by crystallisation of the
d-hydrogen tartrates. The characters of the three forms of oscine and of
their picrates and hydrochlorides are tabulated on p. 87.

Up to 1915 it had been established that oscine was a tertiary base,
containing one hydroxyl group, and that the second oxygen atom was
probably present in an etheric linkage. It was also known that on oxida-
tion with chromic acid, oscine furnished scopoligenine, C,H,,0,: NH,
analogous with the tropigenine (nortropine) yielded by tropine. Schmidt
observed 3° that on heating at 180° with excess of saturated hydrobromic
acid, scopoline formed hydrobromoscopoline hydrobromide,
CgH, ,O,NBr . HBr (plates, m.p. 202°), which on reduction yielded dihydro-
scopoline, CgH,;0,N (aurichloride, m.p. 200-1°). The latter was shown
to contain two hydroxyl groups and on oxidation with chromic acid gave
a dibasic acid®! (scopolic acid, Hess), eventually identified as N-methyl-
piperidine-2 7 6-dicarboxylic acid 32 (VIII) by means of its methyl ester
methiodide, first prepared by Willstatter and Lessing,3® thus indicating
that dihydroscopoline is a dihydroxytropane (IX), which brings it into
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Derivative | Charsoteristics; 1-~Oscine d-Oscine 41~0scine
Base Crystalline Needlea Needles Needles or tablets.
form.
M.p. 109,5° 109,5° 109-130°
lp in vater -52,4° +54,8° -
Pierate Crystalline Dimorphous; Dimorphous: Flattened rhombs
form, rhambs and rhombs and
needles needles o
K.p. 237-238° 237-238° 237-238
Hydrochloride | Crystalline Frimms in Prisms in Prisms in warty
form. warty masses | warty masses | masses (anhydrous)
Deliquescent | Deliquescent | Tablets (hydrated)
H.p. 273-274° 273-274° 273-274°
281-282°
corr.)
[, (basic tom)| -24, +24,0°
in water

close relationship with tropine. Hess and his collaborators 34 obtained
and synthesised the same acid independently and drew the same conclusion
regarding dihydroscopoline, which Hess confirmed 3° by showing that, on
reduction with hydriodic acid and phosphonium iodide at 200°, it yields
TROPANE, CyH;;N (X), b.p. 167°, D'¥ 0-9259, n}’* 1-47950, platinichloride,
B, . H,PtCl,, bright orange-red needles, m.p. 219° (dec.), 229-30° (dec.
Hess), aurichloride, B . HAuCl,, small, thick prisms, m.p. 242-3° (dec.),
picrate, m.p. 281° (dec.). Tropane has been synthesised by Coleman and
Carnes®®® by the action of sulphuric acid at 65° on N-chloro-N-
methyleycloheptylamine,

In oscine, therefore, one oxygen atom must be attached to carbon atom
6 or 7 as a hydroxyl group and the second must form an oxygen bridge
between 7 or 6 and another carbon atom in the ring. Hess investigated
dl-scopoline (dl-oscine) by Hofmann’s method in the hope of determining
this point of attachment.?® Unfortunately the reactions did not proceed
smoothly : the products showed that the nitrogen bridge is not alone
affected, the oxygen bridge being ruptured and reconstituted : substances
containing two ethylenic linkages are formed and an O-methyl ether was
one of the end products. Hess suggested that the oxygen bridge must lie

?nz—clm.coon (l;ag—cl:n——cn.on Oty —CH—CHp
I |

Tnz NMe clmg Mte L CH, NMe

(VIII) CH ~CH.COOH (IX) CH;—CH-—CH.OH (%) c‘ﬁz——scﬂ-—‘f’cn2

‘I:Hz'_ (IBH 703 (Ilﬂz— CHO;CB (IZEz—-CH—— CHZ
CHy MeN 0 (I.'H/:l&e B0.CH :Ime
|
(xx) cag—-cﬁcn.on (XII) CH;—CE-—CH.0H (XIII) —Ci— CH,
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between positions 5 and 7 (XI), to account for its rupture in the first stage
of the operations. Gadamer and Hammer,3” repeating this work with the
optically active forms of oscine, found that their results could be better
explained by an oxygen bridge between positions 8 and 7 (XII), a suggestion
first made by King 2! and subsequently accepted by Hess and Wahl,3? who
provided an explanation of the course of the Hofmann degradation on this
basis, This formula makes onc attachment of ithe second oxygen atom in
scopoline similar to that of tropine (XIII).

These results left unexplained the observation that while oscine and
benzoyloscine can each be resolved into two optically active forms,
dl-hyoscine can only be resolved into two forms, the optical activities of
which are conditioned by the tropyl radicle. King suggested 2! that this
might be due to the basic residue in hycscine having a symmetrical and,
therefore, different configuration from that of oscine and capable of
yielding the latter on hydrolysis, but preferred to regard the d- and
I-hyoscines as partial racemates. Hess and Wahl 37 were unable to
synthesise either [-hyoscine (from I-tropic acid and dl-oscine) or apohyoscine
(from atropic acid and oscine), but did prepare by reduction of apohyoscine,
a deoxyhyoscine, which occurred in only one racemic form, although on
hydrolysis it furnished dl-oscine and deoxytropic acid (phenylpropionic
acid). On the other hand, they found that esterification of dl-oscine with
dl-deoxytropic acid produced two racemic alkaloids (deoxytropyl-
scopoleines) neither of which was identical with deoxyscopolamine. To
explain these facts, they adopted King’s first view that in hyoscine the
amino-aleoholis symmetrical and is converted into oscine during hydrolysis.
This idea was shown to be correct by Willstitter and Berner,3® who found
that hyoscine is slowly hydrolysed by pancreatic lipase, in presence of
ammonia-ammonium chloride as a buffer, to scoriNe, CgH,;0,N (with
partial conversion of the latter into oscine), which is the real basic com-
ponent of hyoscine. Scopine crystallises in long needles, m.p. 76°, is
optically inactive and is readily converted, by heat or by the action of
acids or especially of alkalis, into oscine. The hydrochloride crystallises
in leaflets, and the picrate in thin leaflets, m.p. 281°. Scopine is clearly
distinguished from oscine by the characters of its platinichloride and
aurichloride,

Platinichloride Aurichloride
Scopine B, .H,PtCl,. 2H,0 B.HAuCl, . $H,0
Long, domatic prisms, m.p. 219°, Small prisms, m.p. 216° (dec.).
Oscine B, . H,PtCl,. H,O B. HAu(Cl, . $H,0
Plates, m.p. 203°, Prismatic plates, m.p. 220° (dec.).

M. and M. Polonovski ?? found that when scopolamine is treated with
hydrogen peroxide, there is formed in addition to scopolamine N-oxide
[«], — 14° (H,0), [B.HBr, m.p. 153°] the quaternary base scopinium,
isolated in the form of its bromide, m.p. 209-10°. The latter is reduced
by sodium amalgam to a tertiary base, stereoisomeric with scopine and
related to the latter as y-tropine is to tropine and, therefore, named
y-scoPINE. It yields crystalline salts ; B . HCI, m.p. 257-8°, aurichloride,
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m.p. 239-40°, platinichloride, m.p.-228°, picrate, m.p. 2.34° a_uld, unl_ike
scopine, is stable to acids and alkalis. When trealed with silver cxide,
scopinium bromide is decomposed into methylumine and m-hydroxybt?nz-
aldeliyde : these two products are also formed when y-scopine is oxidised
with chromic acid, probably through scopinone as an intermediary. With
alkaline barium permanganate i-scopine is converted into nor-i-scopine..

The formula of lLiyoscine may now be written as tropylscopine
(tropylscopeine by analogy with the tropeines) and the relationship of
seopine to oscine, teloidine and tropine, the other principal hydrolytic
products of this group, are shown by the following formule.

O/CH— TH—THZ /CH——(]:H—THQ /IH—TH——Tﬂz

1‘Me (l}HD.Tr 0\ I\i’Me CHOH O\ Me!II(Br)O.CH
CH~—CH—CH, cn——cn—clnz H—cn———-lnz
Hyoscine Scopine and y/'—scopine Scopinium Bromide

(L, ——CH—CH CH.OH—CH—CH. CHE;—CH——

] Z_l AT T

IiIMe TH NMGJTH'OH IIWMe IH.OH

s & 5
CH. Ol~ CH~CHj H.0H~—CH—CHp CH5—CH—CH,
Oscine Teloidine Tropine and W—Trooine

dl-norHyoscine (dl-norScopolamine), C,H,,O,N. This alkaloid was
found in the residual liquors from the manufacture of hyoscine,4® It
forms silvery filaments, m.p. 101-8°, [a],, - 0°, is converted by methyl
bromide to hyoscine methobromide, m.p. 216-7° and hydrolyses to
dl-tropic acid and noroscine (norscopoline), the latter characterised as the
aurichloride, m.p. 242°,

ALKALOIDS OF DUBOISIA MYOPOROIDES

The variations in alkaloids recorded for this species have been stated
already (p. 66). The following account refers to four alkaloids (Barger
et al., ref, 23, p. 68) which have so far been observed only in this species
Tigloidine, C,;H,O,N. The hydrobromide of this syrupy base forms
tabular crystals, m.p. 284-5°, [a], - 0°; picrate rectangular plates,
m.p. 289° from dilute alcohol; the aurichloride, golden-yellow plates,
m.p. 213:5-214° and the methiodide, square plates, m.p. 244-5°. The
bé}se 1s unsaturated ; the hydrobromide on hydrogenation yields
dikydrotigloidine (picrate, m.p. 184-5°), and on treatment with bromine in
chloroform produces dibromodihydrotigloidine, m.p. 187° (dec.). On
h.yd‘rolysis by boiling with barium hydroxide in water, tigloidine furnishes
tlgllc.acid and y-tropine (p. 100), and this evidence that it is tiglyl-y-
tropeine, was confirmed by synthesis of the latter. Tiglyltropeine

hydrobromide, pr i ° i
» prepared for comparison, had m.p. 207°; t t
melted at 200 prep: r p P he picrate
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Valeroidine, C,;H,,0,N. This occurs in colourless, nacreous plates,
m.p. 85° [«]2% — 9:0° (¢ = 5; EtOH) or — 4° (¢ = 5; H,0). It yields
a hydrobromide, needles, m.p. 170-2°, [«]?"° + 5° (¢ = 20 ; H,0), a picrate,
m.p. 152-8°, a methiodide, m.p. 205-5°, and an acetyl-derivative of which
the hydrobromide has m.p. 197°.

Treatment of valeroidine hydrobromide with thionyl chloride in an
attempt to replace the hydroxyl group by chlorine resulted in
demethylation with the formation of norvaleroidine, a syrup yielding a
crystalline hydrobromide, C,,;H,,0,N . HBr, m.p. 270°, [«]2*" ++1° (¢ = 20;
H,0) and furnishing valeroidine methiodide on treatment with
methyl iodide. On hydrolysis, by boiling with barium hydroxide in water,
valeroidine yields ésovalerie acid and dihydroxytropane, the latter identical
with the product from coca leaves (p. 100). On oxidation with perman-
ganate in acetone valeroidine yields norvaleroidine (see above) and a new
base, C,;H;,0,N, m.p. 136°, [a]2” —16:6° (¢ = 7-4; EtOH), which on
boiling with hydrogen cliloride in alcohol is converted into norvaleroidine
and is regarded as formed by the oxidation of the methyl group attached
to nitrogen, to a carbamic acid (@), which then loses water to form an
inner urethane (b) as represented by the following partial formule :—

| . . | . .
(a) HO . CH-CH-N(COOH)-CH-CH, — (b) CH-CH-N(CO)-CH-CH,.

\ |
—0

It is suggested that in valeriodine the free hydroxyl group is at C® or C7,
as in the above partial formule, and the esterified hydroxyl group at C3,
as is usual in this series (¢f. hyoscyamine, p. 79).

Base Z, C,,H,,0,N. This name was provisionally applied to a syrupy
base which yielded a crystalline oxalate, B,.H,C,0,, m.p. 296-7°, a
hydrobromide m.p. 219-20°; [a]?” 4 2:9° (¢ = 6; H,0), a methiodide
m.p. 301°, and a picrate m,p. 172°, On hydrolysis it furnished nortropine
(tropigenine, p. 75) and a liquid acid, eventually shown to be a mixture of
isovaleric and d-a-methylbutyric acids. Base Z is therefore a mixture of
isovalerylnortropeine (which has been named poroidine) and d-a-methyl-
butyrylnortropeine (isoporoidine). Separation has not been eifected but
the two components have been synthesised and described.

Poroidine, C;;H,,0,N. The synthetic product was isolated as the
hydrobromide, colourless plates, m.p. 224-5°. A mixture (10 parts) of
this with synthetic isoporoidine hydrobromide (1 part) had m.p. 220°
which was not depressed by addition of the hydrobromide of either natural
or racemised ‘‘base Z.” The other salts prepared included oxalate,
m.p. 801-2°, picrate, m.p. 172° and methiodide, m.p. 289°,

isoPoroidine, C;,HyO,N. The natural product is the d-form but only
the synthetic di-form was described. It was isolated as the hydrobromide,
m.p. 201-2°. The picrate has m.p. 188°, the methiodide, m.p. 295° and
the oxalate B,,H,C,0,, m.p. 296-7°,
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ALKALOIDS OF CONVOLVULUS PSEUDOCANTABRICUS, Schrenk

The seeds contain about 0-5 per cent. of alkaloids, from which Orekhov
and Konovalova (p. 69, ref. 83) have isolated four components by
fractional crystallisation of the crude mixed hydrochlorides.

Convolvine, C, ;H,,0,N. This, on hydrolysis by alkalis, yields nertropine
and veratric acid, and is, therefore, veratroylnortropine. It has m.p. 115°
and yields well-crystallised salts; hydrochloride, B . HCI, m.p. 260-1°;
oxalate, m.p. 265-6° (dec.) ; nitrate, m.p. 212-8°; picrate, m.p. 261-8°;
and aurichloride, m.p. 217°. Tt has local anasthetic properties.*!

Convolamine, C,;H,,O,N. This alkaloid is hydrolysed by boiling
aleoholic potash into tropine and veratric acid, and is, therefore, veratroyl-
tropine. It has m.p. 114-5° and yields a picrate, m.p. 263—4° (dec.);
aurichloride, m.p, 201-2°; platinichloride, m.p. 216-7°, and methiodide,
m.p. 273-5°.

Convolvidine, C3H,,04N, or C;H,O¢N,. This is also a veratroyl
ester, but the alkamine (m.p. 274-6° ; picrate, m.p. 229-31°) has not been
identified. The alkaloid has m.p. 192-8°, [a], + 0°.

Convolvicine, C;oH,;,N,, b.p. 250-60°/760 mm., yields a picrate,
m.p. 260-2°,

Dioscorine, C,;H,,0,N. This alkaloid was obtained from the tubers of
Dioscorea hirsuta, Blume, by Boorsma,*? and was afterwards investigated
by Schutte 43 and by Gorter.4* It forms greenish-yellow plates, m.p. 43-5°,
distils unchanged in vacuo, is soluble in water, alecohol or chloroform, and
sparingly so iu ether or benzene. The hydrochloride, B . HCIl. 2H,0,
forms colourless needles, m.p. 204°, [«], -4 4-6°; the platinichloride,
(B . HCI),PtCl, . 8H,0, orange-yellow tablets, m.p. 199-200° (dry); the
aurichloride, B . HAuCl,, ycllow needles, m.p. 171° (dry). With sulphuric
acid and potassium iodate, dioscorine gives a blue-violet coloration and a
reddish-violet with sodium nitroprusside in presence of alkalis.

According to Gorter, it decolorises permanganate immediately and
contains a methylimino, but no hydroxyl or carbonyl group. With hot
alkali it behaves as a y-lactone. On exhaustive methylation dioscorine
gives first demethyldioscoridine, C,,H,N, and eventually trimethylamine
and a hydrocarbon, C,;H, ,, which appears to be a butenyleycloheptatriene

(XIV). On these and other grounds Gorter % assigned formula (XV) to
the alkaloid :-—

_ —CH—CH,
CH—CH; clm CHz—CH iy
CH, NMe CB-0-CO
(XIV) cg— ___.L_ — CH—CH —
CE—CH CH=Ce,, (XV) CHz— CH—CH—C=CMe,

ner‘lr)loscorine is bitter and poisonous ; it produces paralysis of the centra
a ous system, and, in general, behaves like picrotoxin, This action
Ppears to be correlated with the —CO—C = C— group, since on the
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suppression of this, as in the corresponding acid, or the reduced product,
bisdihydrodioscorine (C,;H,00,N),, the picrotoxin-like action disappears.

Dioscorine has also been found in D. hispida tubers by Zeyva and
Gutierrez.1%
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ALKALOIDS OF ERYTHROXYLON COCA

The habitat of Erythrozylon spp. is principally the western side of South
America, and although indigenous species occur in India, Africa and
Australia, they have no economic value. Two kinds of coca leaves are
available in commerce, Bolivian or Huanuco leaves derived from E. coca
Lam. and Peruvian or Truxillo leaves obtained from E. truxillense Rusby ;
both are cultivated in Java. In South America coca leaves are chewed
with lime by the Indians as a stimulant, and are exported to Europe for
use in medicine and for the preparation of cocaine, but the principal source
of coca leaves is Java. Crude cocaine is manufactured in South America
and exported for reﬁnlng and some aspects of this industry have been
discussed recently.!

The alkaloids of coca leaves belong to six groups :—
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1. Cocaines (methylacylecgonines): Cocaine (methylbenzoylecgonine) ;
cinnamylcocaine (methylcinnamoylecgonine) ;  a-truxilline (methyl-a-
truxilloylecgonine) , S-truxilline (methyl-g-truxilloylecgonine).

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

8. Acylecgonines : Benzoylecgonine,

4. Alkylecgonines : Methylecgonine, methylecgonidine,

5. Dihydrozytropane.

6. Hygrines: Hygrine, B-hygrine, cuscohygrine (cuskhygrine),
hygroline,

The alkaloidal content of coca leaves varies from 0-5 to 1:5 per cent.,
but higher percentages have been recorded by de Jong 2 for Java leaves
(season 1908, 1:0-2-5). Truxillo and Java cocas are richer in alkaloid than
Bolivian coca, but the proportion of cocaine present is said to be about
50 per cent., whereas it may be 70-80 per cent. of the total alkaloid 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. pulchrum
(South America), E. monogynum (India), E. montanum, E. laurifolium,
E. retusum, E. areolatum and E. ovatum.>™ de Jong has pointed out that
the youngest leaves arc richest in cinnaniylcocaine ; 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. Pharmacopoeia and a survey of methods
available was published by Bierling, Pape and Viehover in 1910.* More
recently processes have been described by Peyer and Gstirner ® and Goris
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-
merce is not obtained directly from the leaves, but from ecgouine got by
the hydrolysis of the secondary alkaloids and for that reason methods for
estimation of the total ecgonine obtainable from coca leaves are of
importance and have been devised by Greshoff and by de Jong.?

Cocaine, C,,H,,0,N. Cocaine is made eithcr from the crude alkaloid as
exported from South America ® or from ccgonine obtained by hydrolysis
of the total alkaloids extracted from Java coca leaves,? the ecgonine being
then methylated and benzoylated to cocaine by recognised methods.?
According to Merck the conversion of ecgonine into cocaine may be
accomplished in one operation by heating the former with methyl iodide
and benzoic anhydride under pressure.’* Einhorn and Willstitter 2 found
that the truxillines and cinnamylcocaine can be converted into ecgonine
methyl ester by boiling their solutions in methyl alcohol (6 parts) containing
sulphuric acid (2 parts) for several hours, or by passing hydrogen chloride
Into a solution of the alkaloids in methyl aleohol. The methyl ester can
then be benzoylated to cocaine.

_Cocaine crystallises from alcohol in monoclinie, four- to six-sided
Prisms, m.p. 98°, and is slowly volatile above 90°, b.p. 187-8°/0-1 mm. It
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is leevorotatory, [«], — 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 applied to the tongue
produces a characteristic numbness. The hydrochloride, B. HCI, the
salt chiefly used in medicine, crystallises from aleohol in short prisms,
m.p. 200-2° (dry), [«], — 71-95° (¢ = 2; H,0), — 67-5° (aqueous alcohol).
It is readily soluble in water (1 in 0-4 at 25°) or alcohol (1 in 2-6 at 25°).
but insoluble in ether or light petroleum. To ensure absence of
cinnamyleocaine and «-truxilline ({soatropylcocaine) a permanganate test,
and some form of Maclagan’s test are used respectively : 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 quantities of truxilline. The chromate, B. H,CrO,. H,0,
is precipitated as orange-yellow leaflets, m.p. 127°, when potassium
chromate is added to an acid solution of the hydrochloride. The
platinichloride, B, . HyPtCl,, is microcrystalline and sparingly soluble in
water. Aqueous mercuric chloride gives with a solution of cocaine
hydrochloride a bulky precipitate of the mercurichloride B . HCI. HgCl,,
which may be crystallised from alcohol. The nitrate, B, HNO, . 2H,0,
m.p. 58-63°, periodide, B. HI . I,, m.p. 161°, formate, m.p. 42°, salicylate,
which is triboluminescent and other salts, have also been used in medicine.

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

Detection. Owing to the illegitimate use of cocaine much ingenuity
has been expended in devising casy means of detecting and identifying it
alone, or in admixture with synthetic local anasthetics and other organic
materials. A useful and critical summary of tests has been given by
Evers.'® Cocaine may be detected by the numbness it produces when a
drop of a solution is applied to the tongue. In a half-saturated solution of
alum it gives a characteristic crystalline precipitate with a drop of saturated
solution of potassium permanganate.'* The alkaloid forms a colourless
solution with sulphuric acid, which on warming at 100° followed by addition
of alittle water, develops an odour of methyl benzoate and deposits crystals
of benzoic acid on cooling.

Reference may also be made to descriptions of tests, classified as
indicated in brackets, published by various authors, s ( (@) microchemical) ;
((b) distinction from y-cocaine); ((c) distinction from other local
anesthetics, especially procaine)., The series of papers by Offerhaus and
Baert (¢) may be specially mentioned as dealing exhaustively with means
of identification of drugs of this type, and especially with the detection of
small quantities of cocaine in mixtures likely to be met with in illicit
traffic in drugs. Strait, Aird and Weiss have described a method for the
isolation and spectrographic measurement of cocaine from brain tissue.l®
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d-y-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 from y-ecgonine (d-i-ecgonine) by Einhorn and
Marquardt *8 and was obtained by Willstatter and collaborators ' by the
resolution of dl-y-ccgonine miethyl ester, followed by benzoylation. It
dilfers considerably from l-cocaine in character; m.p. 45° the salts
crystallise well and are less soluble than those of l-cocaine ; B . HCI,
m.p. 205°% [a]2" + 43-0 (H,0); hydrogen d-tartrate, m.p. 189°, [M]2° 4
191°; aurichloride, B.HAuCl,, m.p. 148° The nitrate is sparingly
soluble in water.

dl--Cocaine. This was prepared by Willstitter and collaborators **
from synthetic dl-i-ecgonine. It crystallises in hexagonal plates, m.p.
81-5°, gives a hydrochloride, m.p. 208°, and differs from natural [-cocaine
in giving a sparingly soluble nitrate, ni.p. 172°. The hydrogen d-tartrate
has m.p. 164°, [M]?” -+ 89° and the d-a-bromocamphor-g-sulphonate,
m.p. 182-3°, [M]}” + 812°. The aurichloride, B. HAuCl,.2H,0 is
crystalline, m.p. 65-70° or 164-5° (dry).

Cinnamylcocaine, C,,H,,0,N. This alkaloid was isolated by Giesel 2°
from Java coca lcaves after it had been prepared by Liebermann #* 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 easily soluble in organic solvents and crystallises
from benzene or light petroleum in rosettes of needles, m.p. 121°, [«], —
4-7° (CHCl,). The hydrochloride, B, HCl. 2H,0, forms flattened needles,
nLp, 176° (dry) from water. The platinichloride, m.p. 217°, as precipitated,
is anlorplious, but crystallises on standing., The aurichloride forms yellow
ncedles, m.p, 156°. When warnied with hydrochloric acid the base is
hydrolysed, furnishing l-ecgouine, cinnamic acid and methyl alcohol.

The isomeric d-CINNAMYLCOCAINE (methylcinnamoyl-d-y-ecgonine)
prepared by Einhorn and Deckers 22 by the action of cinnamoyl chloride
at 150-60° on d-y-ccgonine methyl ester, crystallises in prisms, m.p. 68°,
[x]y + 2° (EtOH). The hydrochloride, B . HCI, forms needles, m.p. 186°;
the platinichloride, necdles, m,p. 208°, and the aurichloride orange needles,
m.p. 164°,

Truxillines, C;gH,,0,N,. In 1887 Hesse isolated from Peruvian coca
leaves an amorphous alkaloid which he named cocamine 22 ; a year later
Liebermann 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
bases, which he named «- and B-truxillines. The pure alkaloids have not
been obtained from coca leaves owing to the difficulty of separating them,
but each has been prepared synthetically,25

a-TRUXILLINE (Cocamine, y-isatropylcocaine). An amorphous white
IS";;V%FI‘, m.p. 80°, easily soluble except in light petroleum and water.
wa:ml:(ils of the base are .Iaevo.rotatory and possess a bitter taste. When

with hydrochloric acid the base undergoes hydrolysis with the

production of I-ecgonine, methyl alcohol and a-truxillic acid (CoHgO,),
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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 Il-ecgonine and
methylation of the resulting a-truxilloylecgonine.

B-TruxiLLINE (isoCocamine, §-isatropylcocaine). This base sinters at
45° and decomposes above 120°, [«], — 29-3°. It undergoes hydrolysis,
furnishing g-truxillic acid (3-isatropic acid), m.p. 206°, with ecgonine and
methyl alcohol. It also has been synthesised by Liebermann and Drory.25

Methylcocaine (Ethylbenzoylecgonine). This base was isolated by
Gunther 2 from commercial cocaine, by dissolving the latter in an alcoholic
solution of hydrogen chloride and fractional precipitation with ether, 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 froni the use of ethyl alcohol as a
solvent in the commercial preparation of cocaine from ecgonine, but it is
stated by Giinther to be isomeric, not identical, witli cocaethyline (ethyl-
benzoylecgonine) prepared synthetically by csterifying benzoylecgonine
with ethyl aleohol,??

Benzoylecgonine, CoH,;(CO . C,H;)O,N. This acyl ester of ecgonine
was isolated about the samc time by Skraup and by Merck from Peruvian
coca leaves. According to de Jong 28 it does not occur in Java coca. It
was subsequently prepared by Paul 28(® by the action of water on cocaine
and later synthesised by Liebermann and Giesel 29 by the action of benzoie
anhydride on ecgonine. It erystallises from water with 4H,0 in ncedles,
m.p. 86° or 195° (dry, dec.), [a],, — 68-83°, and dissolves readily in alkaline
liquids forming salts. When boiled with dilute liydrochloric 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 ethyl ester (cocaethyline), m.p. 108-9°,
the propyl ester (cocapropyline), m.p. 78-79-5°, and the isobutyl ester,
m.p. 61-2°, among others, have been prepared.

I-EccoNiNg, C,H,;0,N . H,O. 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 several of the alkaloids
occurring with cocaine (see above). It crystallises from dry alcohol in
monoclinic prisms, m.p. 198° (dec.), 205° (dry), [«},, — 45:4°, is soluble in
water, sparingly so in alcohol, insoluble in most organic liquids.
Ecgonine forms $alts with bases and acids ; the hydrochloride crystallises
in rhombs, m.p. 246°, [a],, — 57-1°; the aurichloride, B . HAuCl,, forms
yellow prisms, m.p. 202° (dry) and the platinichlotide, red needles, m.p. 226°
(dry). Barium-ecgonine [Ba(CgH,,0,N),] crystallises in prismatic needles,
rcadily soluble in water or alcohol,

Ecgonine is readily esterified in presence of hydrogen chloride, and in
this way various alkylecgonines have been prepared. The most important
of these is the methyl ester, b.p. 177°/15 mm., which according to de Jong 28
occurs in Java coca. It was prepared by Einhorn and Klein 10 in 1888 as
the hydrochloride crystallising, with 1 H,0, in colourless prisms, m.p. 212°
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(dec.). 'When benzoylated it furnishes cocaine. Ecgonine 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-4-EccoNINE (d-EccoNINE). 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, [a], + 21-1° (¢ = 4-8 : H,0) : the hydrochloride
forms monoclinic prisms, m.p. 236°, o, + 1:6° (¢ = 4-4: [ = 2 dem.);
the aurichloride, B. HAuCl,, has m.p. 220° (dec.). It forms esters like
those yielded by l-ecgonine, and from it d-y-cocaine (methylbenzoyl-d-i-
ecgonine) has been prepared (p. 95).

dl-y-EccoNINE. This was prepared by Willstdtter and Bode by the
reduction of tropinounecarboxylic acid.3 It forms rhombic crystals,
m.p. 251° (dec.) and yields a hydrochloride, B. HCI. }H,O crystallising
in slender needles, m.p. 149° (dry, dec.) and an aurichloride, glistening
needles, m.p. 2183°,  On benzoylation and methylation it yields di--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 -tropine has
to tropine and they renanied the d- and di-ecgonines, d-y-ecgoninc and
dl-y-ecgonine respectively, and these names liave been used throughout the
foregoing descriptions, with the derivatives benzoyl-d-y-ecgonine and
d--cocaine, ete., in their appropriate places.

Constitution of Ecgonine, CH,;0,N. The facts recorded above furnish
evidence of the existence of a hydroxyl and a carboxyl group in ecgonine.
Einhorn observed 34 that dehydrating agents remove the elements of a
molecule of water from ecgonine, forming ANHYDROECGONINE, C H,;0,N
(cegonidine), which crystallises in needles, m.p. 2385° [«], — 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 10921 ; n” 1-5040 ; [«]2”° — 54-96°; B. HBr, m.p. 147°, has been
prepared by Ugriumov.3* Ethyl 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 hydrochloric acid at 280°, anhydroecgonine loses a
molecule of carbon dioxide with the formation of tropidine (p. 7 4), whence
1t appears that anhydroecgonine is a carboxylic acid of tropidine,3®

.Th(? close relationship of ecgonine to tropine is brought out by its
oxidation products, which when chromic anhydride in acetic acid is the
agent used are 37.: tropinone, CgH,;ON (p. 74), tropinic acid, CgH,;0,N
gE'cZiZ arlld ecgoninic acid, Cz)HuO sN. The latter crystal‘lises from benzene
to urless needles, m.p. 98°, and .has b.een shown by Willstatter and Bode

_0e N-methylpyrrolidone-2-acetic acid, 3 and this was confirmed by
Willstatter and Hollander’s #° synthesis of the acid.

PLANT ALK, 4
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When ecgonine is treated with pcrmanganate in acid solution a new
base, norecgonine, CgH,;,0,N, 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 cryslallises
in iong needles, m.p. 2388°, is very soluble in water and gives a characteristic
aurichloride, m.p. 211°, crystallising in yellow needles.*® Similarly on
degradation by Hofmann’s reaction #' anhydroecgonine gives rise to
3-cycloheptatrienecarboxylic acid, C4HgO,, whilst tropidine yields the
corresponding cycloheptatriene (p. 77).

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

DEHYDRATION @
Tropine C;H,;ON — Tropidine C H, N <—
DEHYDRATION AND DECARBOXYLATION :
Ecgonine C,H,;O;N —— Anhydroecgonine C,;H,;,0,N
OxmaTiON : (a) Chromic acid
Tropine CgH,,ON __ Tropinone _~ Tropinic acid __ Ecgoninic acid
Ecgonine C H,;,0,N CgH,;,ON C:H,,0,N C,H,,0,N
(b) Permanganate
Tropine CgH,;ON —> Tropigenine C,H,;ON
Ecgonine CgH,;O,N —> nor Ecgonine C;H,;0,N
ExpAusTIVE METHYLATION :
Tropidine CgH,,N — Tropilidene C,H, (8-cyclo Heptatriene)
Anhydroecgonine CoH,;0,N —3-cycloHeptatrienecarboxylic acid C;H O,

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, Merling and Willstatter
have been suitably modified to represent ecgonine : thus Einhorn 42 at
first represented ecgonine as N-methyltetrahydropyridyl-g-hydroxy-
propionic acid, C;H,NMe . CHOH . CH, . COOH, which was modified to
(I) (after Merling) by Einhorn and Tahara,*?

There are two probable formule (II) and (IIT) for ecgonine derivable 44
from Willstatter’s representation of tropine (p. 76).

H>—CH CHp CHy—CH—CH.OH CH5— CH——CH, COOH
Lo 1
NMe CH.COOH NMe CH.OH
" |
() MeN-—J?(OOOH)—CHz (11)CHy—CE—CH, (111) CHz;—CE—CH,

The position assigned to the hydroxyl group in formula (III) explains
(1) the formation of anhydroecgonine by loss of water between the —CHOH
group and the neighbouring —CH, group ; and (2) Willstitter and Miiller’s
observation 45 that an unstable 8-ketonic acid precedes the formation of
tropinone, when ecgonine is oxidised by chromic acid. Further, when
anhydroecgonine ethyl ester is reduced by sodium in alcohol, it yields
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dihydroecgonidine (VI), a —CHOH—group in ecgonine having been
converted into —CHy— 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 either ; it follows that the amino group in the latter
amines must occupy a position different from that in isotropylamine (V)
and, therefore, from the carboxyl 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).

?Ha— CH— Hz ‘]:EB - ?H—CIA.’(!’EE CH?— \’IJH

~CH.C02H

— N.OH Hy

) b.IMe CHy 4 5
—CH—- ¥)CH— -lﬁd ~— CH G
(1V)CR;—CH—-CK, (?)cs;—CH—CH, (VY)CH,—CH 1,

L

1

NMe CH.NH
I

Cﬂz— (I}H —CH .00211 THa-—(iJH—(IJ?.(oOaH Hz——TH——{I)H.COzH
' N CH.OB v, e CH.CH oga NMe CH
| | [
IX)CH-- CH~—CE —CH— VII)CH -~
(IX) Hz‘-' CH 0}2 (VIII)CHZ. H GHZ (VII) Kz CH—CH

4

Hz—Cﬁ -—CH.CO 'OCBG
Ili'Me (iH.O .CC).('!GH5
t
(X)bﬂa———CH— Gﬁz
Cocaine (methyltenzoylecgenino}

Willstitter and Bommer %6 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 Willstitter and Bode 4” has been regarded as the dl-form of natural
ecgonine. The view taken by the former authors is that the alkali-stable
form (‘?-ecgonine) is a y-ecgonine having the same relation to natural
l-ecgonine as y-tropine (p. 101) has to tropine, whilst the inactive form is
one of four possible racemates,*8

Wﬂlstétter and Bode ¥ converted tropinone into i-ecgonine by
trea}tlng sodium tropinone with carbon dioxide and sodium, when it yielded
sodium tropinonecarboxylate. This on reduction with sodium in alcohol
gave some dl-y-ecgonine (p. 97), which on esterification with methyl
alcohol and benzoylation yielded a dl-cocaine. A simpler synthesis of
$-ecgonine was 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-

42
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tion of methyl tropinonecarboxylate to be undertaken, Willstatter, Wolfes
and Mider ®° reinvestigated the reduction of this ester and found that both
dl--ecgonine and dl-ecgonine methyl esters are formed, and from these the
corresponding dl-i-cocaine and dl-cocaine were obtained by benzoylation.
dl-Cocaine was resolved into its optically active components by
crystallisation of the hydrogen-d-tartrate to give the [-base (natural
cocaine) and of the hydrogen I-tartrate to give the d-base. dl-i-Cocaine
could not be resolved directly, but its components were obtained by
resolving dl-i-ecgouine methyl ester and benzoylating the two forms.

a-EccoNINE (XII) is the name given to a base, isomeric with ecgonine,
and prepared by Willstitter ®* by the addition of hydrocyanic acid to
tropinone (XI) and hydrolysis of the cyanohydrin so formed :

— CH— — c CH—CH,
*Hg (13}1 (iEz CH,—CH gﬂz H2 s
Nfe GO Nde € (0H).CC,T MeN (;H.OH
I | i 1
4 — 5—CH— I)CH(CH)— GH—CH,
(X1)Gi;—CH —CB,  (XII)CH;—CH-—CH, (XT1I)CE(CH) ,

It occurs in brilliant snow-white crystals, m.p. 805° (dec.) and is readily
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 anaesthetic action.

Dihydroxytropane, CgH,;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
m.p. 209-209-5°, [«]3" — 22° (EtOH), yields a hydrochloride, [«]3" 4 1-75°
(H,0), a picrate, m.p. 258° (dec.) and furnishes a dibenzoate, whose sulphate
has [«]2¥ -+ 52-1° (EtOH) and hydrochloride, B . HCI. 2H,0, m.p. 115° or
205° (dry), [«]?*° + 41-8° (dilute alcohol) and nitrate, B . HNO,, m.p. 197°.
On reduction with hydriodic acid and red phosphorus the dihydroxytropane
is converted into tropane and on treatment with phosphorus oxychloride
it yields a base, CgH,,ON, b.p. 188°/752 mm., picrate, m.p. 177° (dec.).
This dihydroxytropane is probably represented by formula (XIIT).52 The
dibenzoyl-derivative has local anssthetic properties. The isovaleryl ester
is the alkaloid valeroidine found in Duboisia myoporoides (p. 90).

Tropacocaine (Benzoyl. y-tropéine), C,;H,,0,N, was discovered by
Giesel % in Java coca leaves and has since been found in Peruvian coca.54
Its preparation from the former source has been described by Hara and
Sakamoto.5® It crystallises in needles, m.p. 49°, is insoluble in water, but
soluble in alcoliol, ether or dilute ammonia and is generally prepared by
benzoylating i-tropine, and purified as the hydrochloride. Its alcoholic
solution is alkaline and optically inactive. The hydrochloride forms
needles, m.p. 271° (dec.), and the hydrobromide leaflets. The aurichloride
separates in minute yellow needles, m.p. 208°, from hot aqueous solutions ;
the picrate has m.p. 238-9°. When heated with hydrochloric acid or
baryta water the alkaloid is hydrolysed to benzoic acid and y-tropine.58

J-TroPINE, C H;;ON. This base is a stereoisomeride of -tropine
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(p. 73)- It crystallises in colourless tablets or prisms, m.p. 108°, b.p. 240°,
is miscible with water, ether or alcohol, alkaline in reaction and optically
inactive. The hydrochloride forms hygroscopic needles ; the aurichloride
crystallises in brilliant yellow plates, m.p. 225° (dec.), apd the pi.crate_ in
long needles, m.p. 258-9° (dec.). y-Tropine esterifies with organic acids,
furnishing a series of derivatives, which from their analogy with the
tropeines have been called y-tropéines, but unlike the former exert little or
no mydriatic action.

Mandelyl-y-tropéine  (p-homatropine), C,;HyO5N, is a  thick
uncrystallisable oil.  Tropyl-y-tropéine, C,;Hy;0,N, crystallises in
colourless needles, m.p. 86°,

Tropine and y-tropine are mutually convertible as already described.
Mixtures of tropine and y-tropine can be separated by means of
the picrates, that of y-tropine being the more soluble in water *7 (1-48
per cent. in water at 16°). By the action of sodium amyloxide on tropine,
Willstatter has shown that y-tropine is produced 3% and this has been
confirmed by Barroweliff and Tutin,?? who also support Willstatter’s view
that both bases 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 © have isolated a basc (m.p. 53°, b.p.
225-30°; picrate, u.p. 287° (dec.) ) isomeric with tropine and i-tropine,
from coca leaves.

HYGRINES. This group of coca alkaloids was discovered by Losseu 82
in an ethereal extract of a slightly alkaline percolate of Peruvian coca
leaves. Liebermann and his pupils % re-investigated Lossen’s supposed
homogeneous base, and observed that by distillation under reduced
pressure it could be separated into two products, hygrine and S-hygrine.
Hygrine has also been found in Convolvulus hamade (p. 67).

Hygrine, C;H,,ON, b.p. 92-4°/20 mm., 111-3°/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°, dl-form, 149-50°. On oxidation by chromic acid hygrine
yields liygric acid, C{H,,O,N, m.p. 164°, which heated alone or with
strong sulphuric acid loses carbon dioxide, giving N-methylpyrrolidine,
CsHy,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 Willstatter by the following
method.%  Ethy] bromopropylmalonate, CH,Br . CH, . CH, . CH(CO,Et),,
obtained by condensation of trimethylene bromide with ethyl sodio-
malonate, on bromination yielded ethyl «d-dibromopropylmalonate,
{(‘E)I;‘Iz]?‘r - CH, . CH, . CBr(CO, . C,H;),. This reacts with methylamine
dicg;ltr)lg two products both derived from N-methylpyrrolidire-2 : 2-
The s oxylic acid, viz., the dlmethyla.mlde. (XIV) and the diethyl ester.
wi tCh ormer on heating with hydrochloric acid at 125°, and the diethyl ester

water at 160°, both undergo hydrolysis and partial decarboxylation
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to N-methyl-pyrrolidine-2-carboxylic acid, which proved to be di-hygric
acid (XV) (m.p. 169-170° (dry)): aurichloride (m.p. 190-5° (dec.) ).
Subsequently Karrer and Widmer 4 obtained l-hygric acid by oxidising
N-methylnicotone with chromic acid. This product as a mono-
hydrate had m.p. 116°, [«], —80-12° (H,0). Willstatter suggested that
of the two formule (XVI and XVII) available for the representation of
hygrine, (XVII) was the more probable and this was confirmed by K, Hess’s
synthesis % of dl-hygrine. The seeondary alcohols corresponding to the
ketones represented by the two formule (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 (XVIII); (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).

CH—-1de c Nde
2 \\ Hz \
/)c (co NEte) /cn.coon
\KLV)SHz— CH (XV)CH; CH
- ——Ne C e
CH “ Hs
/cﬂ.co.cnz.cn5 CH.CH,,.CO .CH
(XVI)CHz—CH, (XVII)CH CH,
CH We
(I:Hg——mie 3 \
>ca.cuoa.cn2 B, /cH.CH2 «CHOR.CHy
~  (x)c CH
(XVITI)CH; CH, “

When the final methylation of either product is effected with
formaldehyde, oxidation of the secondary alcohol group occurs
sitnultaneously 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 di-hygrine has been
effected recently by Sorm. %5

Hygroline, C;H,,ON. This alkaloid was isolated by Spith and
Kittel %@ from a fraction, b.p. 78-82°/12 mm., of the residual liquid
alkaloids of coca leaves. It has m.p. 83—4°,[«]3* — 63-2°, (c = 11-4, H,0)
is soluble in water or organic solvents and yields an oily O-benzoyl deriva-
tive, b.p. 105-10°/0-003 mm., characterised by an aurichloride, m.p.
114-5°, a platinichloride, m.p. 150-2° and a 3 : 5-dinitrobenzoate, m.p. 65°.
On oxidation by chromic acid it furnishes hygrine, which is optically
inactive, possibly due to racemisation, identified by the picrate, m.p.
158-4° and oxime, m.p. 124-5°. Hygroline is therefore regarded as the
aleohol, (XIX) corresponding to the ketone hygrine (X VII).

B-Hygrine, C, ,H,,ON,. This, the second fraction of Lossen’s hygrine,$
decomposes when distilled under atmospheric pressure, but boils at
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215°/50 mm. and has specific gravity 0-982 at 18°. It gives an aurichloride,
C, 20N, . 2HAuCl,, 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 Liebermann and Cybulski,®” was
characterised by these authors and by Hess and Bappert.®® 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 crystalline
hydrate, B . 84H,0, m.p. 40°. The alkaloid forms crystalline salts with
acids ; hydrobromide, m.p. 234°, nitrate, m.p. 209° (dec.), and yields a
niethiodide, m.p. 244°, and a crystalline oxime, m.p. 583—4°. It contains
two tertiary nitrogen atoms and, on oxidation with chromic acid, furnishes
hygric acid. Liebermann assigned to it formula (XX), which Hess and
Fink ¢ modified to (XXI) mainly on the following evidence. On long
standing in ethereal solution over potassium hydroxide, the alkaloid is
partly converted into dl-hygrine. It docs 1ot condense with benzaldehyde
as it should if it contained the chain —CH,.CO . CH,—. Cuscohygrine
yields two hydrazones, regarded as stereoisomeric, which on reduction
furnish di-N-methyl-2-pyrrolidylmethane (XXII) and a«-di-N-methyl-
pyrrolidylpropane (XXIII). On treatment with nitric oxide in presence
of sodium ethoxide,’® the alkaloid yields homohygric 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-
mcthane (XXTI). Sohl and Shriner 7* 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 been converted into substance (XXII).
The identity of the di-N-methylpyrrolidylmethane (XXII) formed in these
reactions reniains in doubt, since the synthetic product, which exists in two
stercoisomeric forms, subsequently prepared by Hess and Anselm 73
proved not to be identical with the substance derived from cuscohygrine,
Hess and Bappert % found that, although cuscohygrine could not be
cxhaustively methylated, it yielded on reduction two stereoisomeric

cnz-cnz-Tn-cnz4o-cnz-<’:n-cnz- THz c‘:ﬂz-cﬂz-cﬂ-cxi(co-cn:g-ca-cﬂe-cn2
(XX)CHz——mte Mo —CH, (m)cnz—m Nife —CH,
(|.'Hz-CH2-(|ZH-cng-(|:H-Cﬁz-GHz CHy -CH,~CH-CH (CHg ) -CH-CHp~CH,
(mI)cﬂz——m Nde— J:nz (mn)cnz———m 377 ——t|:ﬂ8
cag-cnz-ca-cbc-cnz- CHg CH ,~CH,,~CH~CH ,~COOH

&
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alcohols, which proved amenable to this process and furnished n-undecane
and m-undecan-{-ol as final products. This piece of evidence supports
Liebermann and Cybulski’s formula (XX) for cuscohygrine, for which Sohl
and Shriner 7* have also provided further evidence on several points.
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Pharmacological Action in the Tropane Series. Afropine. When
administered internally in toxic doses, atropine at first stimulates but
eventually depresses the central nervous system, giving rise to hallucina-
tions, inconsequent speech, delirium and convulsions, followed by stupor
and coma. It paralyses muscles and secretory glands to the effects of
stimulation by post-ganglionic, cholinergic, nerve fibres. It is to this
action that the dryness of throat and mouth characteristic of belladonna
poisoning is due. The kidney is but little affected ; consequently there is
little or no change in the secretion of urine. The initial, transitory,
slowing of the heart, results from stimulation of the vagus nuclei in the
medulla and the later quickening is due to paralysis of the pacemaker to
inhibitory vagal stimuli. Respiration becomes quicker and deeper, but
eventually slower and shallower, and death is due to respiratory failure.
There. is often a marked rise in temperature, Atropine affects all organs
containing unstriped muscle, lessening their movements, and is antagonistic
10 this respect to muscarine and nicotine, and in general to the action of
pilocarpine,

The alkaloid is principally used in medicine to cause dilatation of the
P‘}Pll of the eye (mydriasis), due to paralysis of the circular muscle of the
iris. The accommodation is also paralysed as a result of action on the
ciliary muscle (cycloplegia). Atropine is also used in conditions where
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paralysis of parasynmipathetic nervous activity is desired, e.g., in bronchial
or intestinal spasm. An atropine-like action has been claimed for
platyphylline of the Senecio group (p. 604).

Hyoscyamine. The natural alkaloid, l-hyoscyamine and its d-isomeride
resemble atropine (dl-hyoscyamine) qualitatively in action, but the I-form
acts more strongly on the peripheral nerves than the d- or dl-forms, though
the isomerides appear to have an equal central action.

Hyoscine. This substance has an action similar to, but more transitory
than, that of atropine on the peripheral, cholinergic, autonomic nervous
system. Its action on the central nervous system is different. Generally
it induces a feeling of fatigue and drowsiness passing into sleep. In some
cases there may be a preliminary stage of excitement, and with large doses
excitement indistinguishable from that of atropine intoxication may occur.
The respiratory centre is depressed from the start. The [l-isomeride has
the niore powerful peripheral action, although the central action of both
isomerides is the same. Hyoscine is chiefly used in medicine as a sedative
and it has been found useful in the prevention of sickness arising from
unusual motion.

A comparison of the activities of these three alkaloids has been made
by Graham and Gunn ! using their antagonism to the effects of carbamyl-
choline chloride on isolated mammalian intestine. The relative activities
found were, atropine sulphate 1; I-hyoscyamine sulphate 2-4; hyoscine
hydrobromide 1-5. The results of previous authors are discussed and
reasons suggested for some of the differences found.

A clinical comparison has been made by Vollmer ¥ of their value in
the treatment of Parkinson’s syndrome,

Cocaine. This has a bitter taste, is mydriatic, produces local
an@sthesia and is toxic. After absorption, or when taken internally, it
acts chiefly by stimulation of the central nervous system, succeeded by
depression. Since the two phases may be present in different areas
simultaneously, a mixed result may ensue. With large doses the chief
symptoms are those of medullary depression. Death is due to paralysis
of the respiratory centre. The main use of cocaine in medicine is as a local
anasthetic,

Tropacocaine (Benzoyl-i-tropine). This resembles cocaine in action,
but produces local anssthesia more rapidly and for a shorter time and
causes little or no mydriasis.

Of the other tropane alkaloids, convolvine (veratroylnortropine),
convolamine (veratroyltropine) and a number of their derivatives have
been examined. All are stated to be local anzasthetics.?

Neither tropine nor i-tropine is mydriatic, though the former is stated
to produce mydriasis in cats when injected in large doses, The pharma-
cological properties of these two bases have been compared by Hazard,%?
who points out that these cis-trans isomerides show qualitative differences
in pharmacological action, whereas among optical isomerides there are
usually only quantitative differences in activity. It has been stated that
rabbits are immune from poisoning by belladonna and, in that connection,
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it has been observed that the blood of some rabbits contains an enzyme,
atropinesterase, which hydrolyses atropine, and presumably hyoscyamine,
into the relatively harmless tropine and tropic acid.®? According to
Denys and Levy, genatropine (atropine N-oxide) is not hydrolysed by this
esterase.® A similar enzyme has been found by Bernheim and Bernheim
in guinea-pig liver.?

Effect of Change in Structure on Pharmacological Action. More effort
has been expended in attempts to correlate pharmacological action with
chemical constitution in this than in any other group of alkaloids, probably
because the types of action most characteristic of the two sub-sections of the
group, local anzwsthesia, and mydriasis, are relatively easy to observe and
can be at least roughly measured. Recently attention has also been given
to the investigation of spasmolytic action in this group.

These investigations have followed three main lines, (1) alterations in
the amino-alcohol nucleus, (2) variation in the alkyl or acyl side-chains,
(8) influence of stereoisomerism. Tropine and ecgonine, the basic com-
pouents of atropine and cocaine, lend themselves to such investigations,
but scopine, the amino-aleohol of hyoscine is so labile that systematic
modification of this alkaloid has not yet been possible.

Of the proximate derivatives of atropine, the methobromide and the
methonitrate are in use for much the same purposes as atropine, but the
methonitrate has received special attention for the treatment of pyloric
stenosis.®  apoAtropine has been found by Mancini to retain the same
type of action as atropine but to be less potent in peripheral and more
active in central nervous action.’

According to Nyman “ the pharmacological action of hyoscine is
considerably modified in the quaternary compounds of the alkaloid, e.g.,
the inhibiting action on salivary secretion is greatly increased in the
methonitrate, as is also the spasmolytic activity, but the mydriatic action
is unchanged and the central sedative activity disappears.

Whilst tropyltropine (atropine) is mydriatic, this property is of a low
order in benzoyltropine and is absent in benzoyl-y-tropine. The former
1s a weak and the latter a potent local anesthetic, This parallelism in the
influence of the tropyl and benzoyl radicals in developing mydriatic and
lqcal anasthetic action respectively, has been shown by von Braun and
hls co-workers to occur through an extensive series of hydroxyalkylamines
n addition to tropine. Considerable modification may be made in the
structure of tropine without impairing its capacity for yielding mydriatics
and local anwsthetics. Thus von Braun, Miiller and Réth ¢ found that
the tropyl- and benzoyl-esters respectively of homotropine (I) and of
N 'hydl‘ox_yalkylnortropanes (III) are comparable with atropine and
tropacocaine (derived from tropine (II) and y-tropine (II) ), respectively

CHg— <|:n —fa.cnzon CHy— <l:n———<lza y CHg~ CH clznz
IMe CH, ;]1.caa CHoH T(cﬁz)xPH Tna
(T)oHg~ CH—CH, (XI)CH;—CH——CH, (III)CH;—CH CHy
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as mydriatics and local anasthetics, while Rao ¢ found that 1-methyl-
tropacocaine (p. 81) has a general effect similar to that of tropacocaine.

In the case of the N-hydroxyalkylnortropanes (III) anwsthetic action
is at its maximum when the hydroxyl group (in the chain of n-carbon atoms
attached to the nitrogen atom) is in the y-position, whilst the B-position
is the most favoured for the development of mydriatic action, the esteri-
fying acyl group being benzoyl- and tropyl- respectively. This relationship
holds throughout a series of similar substances, prepared from aliphatic
amines, piperidine, pyrrolidine, coniine, isoquinoline and isoindole.® For
example, in the substances represented by the following formule, (IV) is
more active as a mydriatic than (V), and (V) more potent as a local
angsthetic than (IV), when the tropyl group (Tr) is replaced by benzoyl
(Bz).

Hp CHs CHp

HoC CH, HpC CHp HgC CHp

H.C CHp HoC Cilp HoC CHPr®
N(CHZ)Z.OTr N(Cllg)z.0Tr N(CHp)p.0Bz

(IV) (v) (v1)

Substitution in the a-position in the heterocyclic ring has only a slight
effect in enhancing either action, whence the couclusion is drawn that the
bicyclic system of tropane is not specific in its influence on pharmacological
action, and the second ring may be regarded as ballast. Thus the coniine
derivative (VI) corresponding to (IV) is scarcely more active than (IV)
(Bz replacing Tr) as a local anwsthetic. It is generally assumed that the
sole function of the esterifying methyl group in cocaine is to ensure
neutrality but it has been shown that when the methyl group is replaced by
benzyl, phenylethyl and certain of their hydroxy-derivatives, the
anzsthetic power is notably increased.?

Not only may tropane be extended externally, as in homotropine (I),
but a new methylene group may be inserted in the heptamethylene ring ;
thus Werner has shown that y-pelleticrine (VII), on reduction in different
ways, yields two granatolines (VIII), corresponding, no doubt, to tropine

CH:CH.C

CE—CH—CH CH;—CH—CB, H—0H,
(210 | T
CH, Mde CO CH, NMe CH.OH Nfe CH.0.Bz

| |
(vn)caz——ca*—cmz (vxlzl)CFIz—(!H—(!Ha (IX) CH: CH. C. CHp. CHp . CH —CH,

and y-tropine, one of which on esterification with tropic or mandelic acid
yields mydriatic comparable with atropine in activity.}® Tanret has found
that these aminoalcohols on esterification with benzoic acid or certain of
its derivatives yield local anzwsthetics, and it has been shown by Elphick
and Gunn '° that benzoyl-N-methylhomogranatoline (p. 61), though slower
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in action, produces local anesthesia of longer duration than tropacocaine,
and Rao? has stated that this is also true of benzoyl--8:9-benz-48:°
homogranaten-8-ol (IX). McElvain and Adams have synthesised a ring
homologue of ecgonine and esterified this with etliyl alcohol and benzoic
acid, and so produced a substance which is less anesthetic and more toxic
than cocaine, !

The results of more recent investigations by Blicke with Maxwell and
with Kaplan % covering a wide range of basic components and of acyl
residues, do not lend themselves to a simple generalisation. The basic com-
ponents were mainly dialkylamino-derivatives of aliphatic hydrocarbons
from ethane to pentane, e.g., . CH,. CH,. NMe, to . CH, . CMe, . CH, . NEt,,
and similar but shorter series of derivatives of piperidine (C;Hy,N),
morpholine, e.g., .CH,.CH,.NCH, and methyleyclohexylamine
such as . CH,.CH,.N(CH;) (C¢H;;). The acyl residues used included
mandelic, benzilic, pB-diphenylhydroxypropionic, tropic (a-phenyl-g8-
hydroxypropionic) and three isomerides of the latter, wviz., atrolactic
(a-phenyl-a-hydroxypropionic), 8-phenyl-a-hydroxypropionic and 8-phenyl-
B-hydroxypropionic : neither of the two latter isomerides gave either a
mydriatic or local anzsthetic in the series tried. The most promising of
the basic components was g-piperidinoethyl, with which, out of eighteen
acids tried, five gave * moderate " mydriatics, one, dicyclohexylglycollic
(CeHyp), . C(OH). CO . O, was “good” and that with tropic acid
“excellent,” Benzilic acid was the best of the esterifying acids and out
of thirty bases used with it there were obtained eight mydriaties classed
as ““ excellent,” four as ‘“ good,” and two as ““ moderate,” and where these
mydriatics were also tested for local anzsthetic action they were similarly
classed for that activity, In general throughout these series potent
mydriatics proved to be also potent local anesthetics, but 88-dimethyl-y-
dimethylaminopropyl a-phenyl-a-hydroxypropionate (atrolactate) classed
as a *‘good ” mydriatic was inactive as a local anzsthetic. There are also two
esters of atrolacticacid with the basic components . CH,.CH,.N(C,H,), and
.CH,.CH,.NC,H,, and three of 88-diphenyl-g-hydroxypropionic acid with
the basic components: . CH,.CH,.N(C,H,),; . CH,. CMe, . CH, . NMe,
and . CH, . CH, . CH, . NC H,,, which are classified as ‘excellent " local
anzsthetics but do not produce mydriasis.

Homatropine (mandelyltropine) being a useful mydriatic it is surprising
that of nine esters of mandelic acid tried, none showed mydriatic activity
though three were local anamsthetics, two of them being described as
“good.” Only onc of the tropic acid esters tried showed local anssthetic
action and that was * poor.”

As is not uncommon in homologous series, close homologues sometimes
showed anomalous behaviour, e.g., of the benzilic acid esters with the
following basic components :—

(1) . CH, . CH, . NMe, (3) . CH, . CH, . N(C,H,),
(2) . CH, . CH, . NEt, (4) . CH,. CH, . N(C,H,),

(1) and (2) were potent mydriatics while (3) and (4) were inactive and,
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an even more striking example, is the mydriatic activity of
.CH, . CMe, . CH,. NMe, and the inactivity of . CH,.CMe, . CH, . NEt,,
both being used as esters of atrolactic acid, CH, . C(C;H;)(OH)(COOH).

Most of the esters were given as hydrochlorides, but where
methobromides were used to ensure solubility they were in some cases less
irritant and at least as active as the usual salt.

These results indicate that in these new ester mydriatics, the structural
factors, which influence the development of this type of pharmacological
action are similar to those made evident by the chemical investigations of
Jowett and Pyman and the pharmacological work of Marshall, Dale,
Laidlaw and Cushny on the tropeines. The nature of the basic component
is obviously important since mydriasis is produced by simple bases such as
ephedrine. As regards the nature of the esterifying acid, Jowett and
Pyman 13 drew the following conclusions :—

I. Tropeines of aliphatic acids exert no mydriatic effect.

II. The replacement of the benzene residue by that of pyridine iu the
acyl group of a mydriatic tropeine does not cause the activity to vanish.

III. In tropeines containing a disubstituted benzene ring, those in
which the replacing groups occupy the para-position have the least
mydriatic action : thus o- and m-hydroxybenzoyltropeines are active, but
ot the p-isomeride,

IV. No generalisation as to the relation between the mydriatic action
and chemical constitution of the tropeines can be made which will explain
the observed facts,

To these may be added Blicke and Kaplan’s conclusion, that the nature
of the basic nucleus and the relative positions of the phenyl and hydroxyl
groups in the esterifying acid are of prime importance. These conclusions
do not provide a full explanation of the results of these investigations. It
seems clear that chemical structure alone provides an insufficient basis and
that molecular size and shape and other physical properties of the substance
play a considerable part in determining the pharmacological action.

Stereoisomerism in either the alkamine nucleus or the acyl residue
has a considerable effect on the pharmacological action of the tropeines
and cocaines. Differences in activity of tropine and i-tropine and their
benzoyl derivatives have beci1 mentioned already, and there seems to be
a consensus of opinion that the i-cocaines (alkyl- or aryl- acyl esters of
y-ecgonine) are less toxic and more potent local anasthetics than the
corresponding cocaines, derived from l-ecgonine 4

Cushny has compared the action of d- and l-hyoscyamines with that
of atropine, and of d-homatropine with that of dl-homatropine in antago-
nising the action of pilocarpine, and finds that the order of activity of the
first three is in the ratio 1:40 :20, and of the second two in the ratio
4:2-5, He drew attention also to the important influence of the acyl
radical in the tropeines, which exercises the maximum effect when it is a
hydroxyalkyl aromatic residue and is levorotatory ; and in illustration
of this point gives the following table of relative activities on the basis of
capacity to antagnonise pilocarpine in the salivary fistula dog % :—
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[-Hyoscyamine . . 600 dl-Homatropine . . 10
d-Hyoscyamine . . 15 Phenylacetyltropine .1
di-Hyoscyamine . . 800 Benzoyltropine . .1

Methylatropine . . 450 o-Hydroxybenzoyltropine, 1
d-Tartryltropine . . 0 m-Hydroxybenzoyltropine <1
I-Homatropine . . 14 p-Hydroxybenzoyltropine <}
d-Homatropine . . 7

The same author found I-hyoscine sixteen to eighteen times as active
as the d-isomeride in antagonising the action of pilocarpine ¢ on the
termination of nerves in the salivary glands, while both isomerides are
equally active on nerve ends in striated and unstriated muscle and on the
central nervous system.

The influence of the acyl group in the production of local anssthetics
has also been discussed by Jowett and Pyman,'® who point out that this
property is shown by alkamine esters of widely different structure, but
possessing the following characters :—

(1) The acyl group may be benzoyl or a substituted aromatic residue.

(2) The amino group may be sccondary or tertiary, or be associated
with simple or bridged ring complexes,

(8) The alcohol group may be primary, secondary, or tertiary, and
may separate the acyl and amino groups by a chain of two or three carbon
atoms,

Illustrations of the variation in structure associated with capacity to
produce local anzsthesia may be found among tlie numerous synthetic
alkaline esters that have been introduced and used as cocaine substitutes,
e.g., amylocaine (I), amydricaine (IT) and benzamine (III).

?H{ /O.CO.CeHs N.Mez.CH< /O.CO.CGHS CH.O.CO.CBHS
Cc C\ Hzc (IJHz
‘255 CHZ.NMez,HCI Czﬁs CHp .NMep,HCL  Me.HC CMez
(1) (I1) (III) "NH,HC1

The property of producing local anzsthesia is also shown by other
products than alkamine esters, e.g., benzyl alcohol and its homologues,
saligenin, and the esters of aminoaromatic acids; such as the ethyl and
diethylaminoethyl esters of 4-aminobenzoic acid.

Several of these cocaine substitutes contain asymmetric carbon atoms,
and King has shown 17 that in the case of benzamine (III) there is no
difference in the anwsthetic action of the d- and I- forms, but that the
I-form is twice as toxic as the d-form.

. Enterprise in the synthesis of new local anzsthetics shows no sign of
diminution and several useful reviews 1”@ dealing with the correlation
of Structure and local anwsthetic action have been published of
which that by Moore deals generally with the subject, while Gilman,
Goodman, Thomas, Hahn and Priitting discuss structure and activity in
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several series, rangingin type from alkamine esters of diphenylacetic and
allied acids to dialkylaminoalkyl benzyl ethers, and Dawes deals with
the remarkable observation that many local anszsthetics and some
spasmolytics have a quinidine-like action in auricular fibrillation. Of
general interest also is Burn’s description of various methods available
for comparison of the relative potencies of local anzsthetics, of which
cocaine, procaine, g-eucaine and nupercaine are used as examples.)”®
A series of papers dealing with the investigation of cocaine addiction
may also be noted.}*)

Spasmolytic Action. In virtue of its action in inhibiting stimulation
by the parasympathetic nervous system, atropine belongs to the
neurotropic group of spasmolytics, while papaverine which has also
become a model for the synthesis of spasmolytics is musculotropic
(myotropic) in action. Atropine has the disadvantage that it acts on so
many organs that its use as a spasmolytic is accompanied by undesirable
side actions and much work has been donc in the hope of eliminating these
side effects by modifying atropine, or making and testing esters similar in
chemical type. A second objective has been to combine in one substance
both neurotropic and musculotropic action, leading eventually to the group
of drugs known as anti-histamines, on which much synthetic work is now
being expended.

The pharmacological tests used in this work are usually measurement
of the relaxation of intestinal muscle contracted by acetylcholine as an
indication of neurotropic activity and for musculotropic action similar
observation is made on relaxation of spasm induced by histamine or
barium chloride. For promising substances these tests may be supple-
mented by in vivo tests of various kinds.'®* The chemical work has
followed much the same lines as that already described for mydriatics,
esterification of tropine by various acids, or of tropic acid by a range of
amino-alcohols, and more recently of amino-alecohols, such as diethyl-
aminoethyl alcohol and its homologues, by a range of acids. Halpern 1?
has suggested that the amino-alcohol is responsible for the nature of
spasmolytic action and the esterifying acid for its intensification and
has pointed out that while the lower amino alcohol esters are chiefly
neurotropic the esters of the higher homologues such as the aminopentanols
are mainly musculotropie.

Among the numerous compounds of this type which have been tested,
the following may be mentioned as examples :—

Benzilic and other esters of tropine and y-tropine 2 ; «-phenylvaleric,?
diphenylacetic,?® fluorene-9-carboxylic,?? tropic, and other esters of
B-diethylaminoethanol 22 ;  tropic and other ‘esters of y-diethyl-
amino-BB-dimethylpropanol (Fromherz 18); esters of morpholinoalkyl
alcohols,?3

Comparable figures for a satisfactory range of substances tested as
spasmolytics cannot be provided as authors state their results in different
ways. The following short series is taken from Burtner and Cusic’s

paper.??
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Activity in Spasm due to
Substance
Acetylcholine Histamine
1 Atropine (dl-tropyltropine) . . . 0-14 4
2 1-Methyl-4-hydroxypiperidyl diphenylacetate 1-8 0-5
3 B-Diethylaminoethyl dl-tropate . . 10 20-0
4 . a-phenyltropate 50 2-0
5 »» benzilate 0-7 0-7
6 . diphenylacetate 6-0 1-5
7 —, fluorene-9-carboxylate 1-0 1-0
8 y-Diethylaminopropyl »» . . 4-0 50
9 p-Diethylaminopropyl » » >10-0 4+5
10 B-isoButylaminoethyl »» ’e 50 2:5
11 B-Di-n-butylaminoethyl ,, " . >12-0 9-0
12 y-Diethylamino-g8-dimethylpropyl dI-tropate as
phosphate . . . . . . . 150 300

The activities are expressed as reciprocal functions and are referred
to No. 7 as unity, so that the smaller the number the greater the activity.
The results with Nos. 8 to 7 indicate that the esterifying acid Lias consider-
able influence both on the nature of the action and its intensity. None
of the amino-alcohols used matches tropine as a source of spasmolytic
action of the neurotropic type.

Reviews of recent developments in synthetic anti-spasmodics have been
published by Raymond and by Blicke, aud on the pharmacology of anti-
liistamine compounds by Loew.?* Mention may also be made of the
useful description by Henderson and Sweeten 25 of the effcet of atropine
on the gastro-intestinal canal and its glands.

In addition to producing mydriasis atropine paralyses accommodation.
This latter property seems to have reccived little systematic study in
connection with atropine substitutes, but Swan and White 2 have prepared
a series of choline derivatives of the type X,. N(Cl). CH,.CHR .0.CO.
NY,, where X may be a C, to C4alkyl group, R, Hor CH, and Y, butyl, amy]
or phenyl. In this series the most promising compound proved to be
dimethylethyl-g-hydroxyethylammonium di-n-butylcarbamate sulphate,
[(CiHy), . N. CO. 0. CH,.CH,.NMe,FEt], SO,, which is said to
produce mydriasis and ecycloplegia comparable with that due to
homatropine. Ing, Dawes and Wadja 27 have examined pharmacologically
an extensive series of benzilic esters of alkamines of the choline type, of
which the most promising compound was benzilyloxyethyldimethyl-
ethylammonium chloride, '

EtMe,N(Cl) . CH, . CH, .0 . CO . CPh, . OH.

It Tesembles atropine in its range of activity but in particular types of
action it may differ quantitatively : thus its action on the pupil is equal to
that of.atropine but shorter in duration, and that is also true of its
ﬁntagonlsrr} to the effect of acetylcholine on the isolated perfused cat’s

eart, but its activity on the salivary gland and the blood pressure of the
cat, is greater than that of atropine, while its action on smooth muscle
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equals it, Clinically it is regarded as a useful, short-acting mydriatic and
cycloplegic, which will have special utility in treating cases allergic to
atropine and belladonna.
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LUPINANE GROUP
ALKALOIDS OF THE PAPILIONACEZE

It has become customary to call the principal members of this group
“the lupin alkaloids,” but in view of their wide distribution in the
Papilionacez, a better title is that suggested above, since they appear to
be the characteristic alkaloids of this leguminous sub-family. This is not
the only type of alkaloid found in the Leguminose ; other types occur,
e.g., in Acacia (p. 681), Crotalaria (p. 601), Erythrina (p. 386), Mimosa
(p. 4) and Pentaclethra (p. 776).

The group has attracted much attention from investigators interested,
in the distribution of alkaloids in plants. Plugge @ examined a large
number of Cytisus spp., for cytisine. Klein and Farkass !® devised
microchemical tests for the detection of cytisine in plant tissues and
investigated the distribution of this alkaloid in Genista, Ulex, Sophora,
Baptisia, Euchresta, Anagyris and Thermopsis. Jaretzky and Axer 19
examined 115 papilionaceous species and found sparteine in twenty-three,
all belonging to Lupinus, Genista or Cytisus. The largest percentages were
found in the twigs and leaves of G. @tnensis (2-1-2-2) G. purgans (1-96-2-1),
C. albus (2:1-2-2), C. preecox (2-4-2-5) and C. scoparius (broom) (2-7). The
amount present in broom tops varied from 2-3 in March to 3-0 in May ;
it fell to 1-25 in June and slowly rose to 2-8 in November, then remaining
constant until February. An even more extensive investigation is in
progress in New Zealand, where E. P. White has examined the alkaloidal
contents of over 200 leguminous species, the percentage and nature of the
alkaloids present in various organs being determined, and changes in
these factors, traceable to season, locality and conditions of growth
noted.® Three alkaloids of the group, l-sparteine, methyleytisine and
Iupinine, have been found in plants of other botanical families, the first in
Chelidonium majus (Papaveraces), the second in Caulophyllum thalictroides
(Berberidacez), and the third in 4nabasis aphylla (Chenopodiacee),
which also contains aphylline and aphyllidine belonging to this group
(p. 58).

The following table gives the more important occurrences of these
alkaloids in plants.

PAPILIONACEZA

(1) Ammodendron Conollyi Bge. d-Sparteine, ammodendrine.?

(1a) Ammothamnus lehmanni Bge. d-Sparteine, sophocarpine and
AMMOTHAMNINE, C,;H,,0,N,, m.p. 199-201°, [«], -+ 0°, picrate,
m.p. 212-4° (dec.).%®

(2) Anagyris fetida L. Anagyrine, d-sparteine, cytisine.?

(8) Baptisia australis, B. tinctoria R. Br, and other species. Cytisine. A
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Canadian specimen of Baptisia australis (L) R. Br. contained
N-methylcytisine, d-sparteine, cytisine and a new base, P2, C,;H,,ON,,
m.p. 300°, forming a perchlorate, m.p. 198°, and a picrate, m.p. 238°
(Marion and Ouellet).\®
(4) Calycotome spinosa L. (Link). In seeds d-calycotomine (p. 146), with
traces of the di- form, and of a second base, calycotamine 44
(5) Cytisus and Genista spp. White '@ divides these two genera into six
groups according to the principal alkaloid present, (a) sparteine,
e.g., C. scoparius; (b) lupanine with or without some sparteine,
e.g., C. ratisbonensis* containing d-lupanine and I-sparteine, and
C. caucasicus * in which d-lupanine, d-sparteine and a third base
(needles, m.p. 120-2°) are present; (c) cytisine or allied bases,
usually without sparteine, e.g., C. linifolius having anagyrine in
the tops and cytisine in the seeds; (d) sparteine, with cytisine or
allied bases, e.g., G. cinensis with tops containing sparteine, but
cytisine in the seeds ; (e) calycotomine (cf. item 4) as in C. nigricans
var. elongatus Willd., where this is the main alkaloid, or C. proliferus
in which the tops contain ! and di-sparteine and the seeds di-
calycotomine ; (f) no alkaloids present. C. canariensis and
C. stenopetalus belong to group (c¢) and contain up to 0-4 per cent,
of alkaloids mainly cytisine and methylcytisine with traces of
anagyrine in some specimens of the second species. C. monspes-
sulanus also belongs to group (c) and contains 0-9 per cent. of
alkaloids chiefly methylcytisine with some cytisine and a new
alkaloid monspessulanine (p. 146), probably of the lupanine group, 44
(1946).
(6) Cytisus scoparius L. I-Sparteine and isomerides, *) sarothamuine
(p. 188), genisteine (p. 139); 8:4-dihydroxypheunylethylamine }/)
(7) Cytisus Laburnum L. (Laburnum vulgare Prcsl.) and FEuchresta
Horsfieldii. Cytisine, X
(8) Genista etnensis. Seeds contain cytisine ; plants contain retamine,
a little cytisine, and a trace of a cytisine-like base ; sparteine is
recorded in one sample.}(?
(8a) G. tinctoria. Cytisine, methyleytisine, anagyrine and a fourth base
(picrate, m.p. 244-6°).%
(9) Lupinus albus. d- and dl- Lupanine ; hydroxylupanine (Ueno).?
(10) L. Andersonii. Wats. Nonalupine (p. 132).4%
(11) L. angustifolius. L. d-Lupanine, hydroxylupanine.5
(12) L. barbiger S. Wats. Sparteine, dilupine, trilupine (p. 132).%
(18) L. caudatus Kel. Monolupine (p. 132).%
(14) L. corymbosis Heller. Hexalupine (p. 182).7
(14a) L. hilarianus. Hydroxylupanine."®
(15) L. Kingii Wats. d-Lupanine.®
(16) L. laxiflorus var. silvicola C. P. Smith. Auagyrine,’®)
(17) L. lazus Rydb. Sparteine, d-lupanine, trilupine (p. 132) and a fourth
base, C,gH,,0,N,, m.p. 176-7°, [«}, + 133-2° (H,0).7

(18) L. luteus and L. niger. Lupinine and l-sparteine.?
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(18a) L. macounii Rydb. Rhombinine, hydrorhombinine and base P%,
C,:H,,0N,, b.p. 120-2°/0-1 mm., m.p. 126° %@ (cf. item 38).

(19) L. palmeri Wats. Lupinine, tetralupine and pentalupine (p. 132).1°

(20) L. perennis. d-Lupanine and hydroxylupanine.

(21) L. polyphyllus Lindl. d-Lupanine, hydroxylupanine.®

(22) L. sericeus. Pursh, Spathulatine and nonalupine (p. 132),14®

(28) L. sericeus var. flexuosus. C. P. Smith., Octalupine (p. 182),1®

(24) L. spathulatus. Rydb. Spathulatine (p. 182).() (1)

(25) L. termis. dl-Lupanine,’?

(25a) Piptanthus nepalensis Sweet. Cytisine in seeds.®

(25b) Podalyria spp. Lupanine ; dl- and I- forms in P, buxifolia ; I- form
in P, calyptrata ; d- and di- forms in P. sericea X

(26) Retama spheerocarpa. Retamine (p. 189) and sparteine.

(26a) Sesbania tripeti Hort. Lupanine-like alkaloid.X®

(27) Sophora angustifolia var. flavescens. S. and Z. Matrine, sophocarpine 13
(p. 150), oxymatrine @ (p, 150).

(28) S. alopecuroides. Matriue, sophocarpine (p. 150), sophoridine (p. 150),
sophoramine (p. 150), aloperine (p. 150).14

(29) S. chrysophylla. Anagyrine, cytisine, sophochrysine (p. 150).14®

(80) S. microphylla. Cytisine, methyleytisine, matrine, sophochrysine
(p. 150) and a fifth base, m.p. 168-171°,14®)

(81) S. pachycarpa. Pachycarpine (d-sparteine), sophocarpine (p. 150),
sophocarpidine (matrine).®

(82) S. secundiflora, S. speciosa. Cytisine,

(88) S. tetraptera. Matrine, methyleytisine, sophochrysine '4¢ (p. 150).
(34) S. tomentosa. Cytisine.

(85) Spartium junceum. Sparteine®; cytisine only in New Zealand

plants, {9

(86) Thermopsis alpina (Pall). Led. T. alternifolia. Rgb. and Schm.
unspecified alkaloids.!?

(87) T. lanceolata. d-Sparteine, thermopsine (p. 150), homothermopsine
(p. 151), anagyrine, methyleytisine, cytisine,1®

(38) T. rhombifolia (Watt), Richards. Cytisine, methyleytisine,
thermopsine (p. 150), rhombifoline (p. 151), rhombinine (p. 151),
3-methoxypyridine,!?

(89) Ulex europceus. Anagyrine and a second alkaloid, C,;H,O.N,,
plates, m.p. 170.2° Cytisine in flowers and seed grown in New
Zealand M@

(89a) Virgilia capensis Lam. Virgiline (p. 147), virgilidine (p. 147), a
syrup resembling a mixture of d- and di-lupanine, and unidentified

bases. /%)

CHENOPODIACEZ
(40) Anabasis aphylla. Lupinine and other bases (p. 53).

BERBERIDACEZA
(41) Caulophyllum thalictroides. Methylcytisine (caulophylline).®
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PAPAVERACEZA
(42) Chelidonium majus. l-Sparteine ??

Smirnova and Moshkov 22 have investigated the effects of the removal
of leaves or buds and of grafting on the alkaloidal content of lupins, and
Wallebroek has studied the alkaloidal and nitrogenous metabolism of
Lupinus luteus seeds on germination,?4

Owing to the use of lupin seeds for feeding animals, much attention
has been given to the selection of species free from the more toxic alkaloids
of the group, particularly sparteine, to methods of removing alkaloids
from the seeds, a subject on which there is an extensive literature 25 and
to methods of estimating alkaloids in lupins on which a critical review
has been published by Brahm and Andresen.?
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Lupinine, C,oH,,ON. The alkaloids of yellow lupin seeds were isolated
by Cassola,* but lupinine was first obtained by Baumert,? and was charac-
terised by Schmidt and Berend  and other workers.? A process of isolation is
described by Karrer, Canal, Zohner and Widmer,® and a method of
separating lupinine and anabasine has been devised by Sadykov and
Spasokukotski.> The alkaloid crystallises from light petroleum in rhombs,
m.p. 68-5-69-2°, 70-1° (Clemo and Raper),® b.p. 255-7°, in a current of
hydrogen, [«]}7° —19°, — 25:9° (Couch); it is a strong base, liberating
ammonia from its salts, The hydrochloride, B.HCI, forms rhombic
prisms, m.p. 212-8° [a], — 14° (H,0); methiodide, m.p. 295-6°;
d-tartrate, m.p. 171°; aurichloride, B . HAuCl,, needles, m.p. 196-7°;
platinichloride, B, . H,PtCl;, yellow crystals, m.p. 168-4° and picrate,
m.p. 1836-7°.  According to Clemo and Raper, an orange-coloured precipi-
tate is formed when hydrogen sulphide is passed through a suspension of
sulphur in an ethereal solution of the base.

Constitution. Evidence of the presence of a primary alcohol group in
lupinine is provided by the benzoyl derivative (minute needles, m.p. 49-50°)
the phenylearbimide addition product, C,oH,gN .O.CONHPh (prisms,
m.p. 94-5°), the oxidation of the alkaloid to lupininic (lupinic) acid,
C,H,(N.COOH (long needles, m.p. 255°), and the dehydration to
anhydrolupinine, C,oH,,N, a colourless oil of unpleasant odour, b.p.
216-7°/726 mm.; picrate, m.p. 94°; aurichloride, B.HAuCl,, m.p.
140-1°; platinichloride, B, . H,PtCl;, m.p. 216° (dec.); and methiodide,
B. Mel, m.p. 180° (dec.). Anhydrolupinine is optically inactive, but a
leevorotatory isomeride has been obtained by Clemo and Raper,® and
named -anhydrolupinine, C,;H,,N, b.p. 63°/0:5 mm., [«]° — 85-8°
(acetone) ; picrate, m.p. 154°; platinichloride, m.p. 210° (dec.). Karrer
and Vogt ® have also prepared a levorotatory anhydrolupinine, C,oH;,N,
b.p. 86-8°/15 mm., [«]2*%° — 49-8°. These differences have not yet been
accounted for. Lupinine contains no methylimino-group and behaves as
a tertiary base. On exhaustive methylation it yields in three stages
trimethylamine and an unsaturated alcohol, C,oH,;OH. This and other
observations recorded above are due to Willstitter and Fourneau,” who
first suggested a bicyclic system as a nucleus for lupinine.

Schopf and Thoma & found that lupininic acid yielded a methyl ester
(b.p. 120-2°/10 mm.) which had [«]}, — 19-4° to -+ 5-8°in different batches,
The l-ester furnished a gummy picrate, [a]i° — 41-8°, and on hydrolysis by
hydrochloric acid gave a crystalline lupininic acid hydrochloride, m.p. 275°,
[«]2" — 18-1°, identical with that described by Willstitter and Fourneau,”
whilst the d-ester, or ester of [l-rotation below — 19-4°, furnished a
crystalline picrate, m.p. 185°, [a], + 61-8°, from which pure d-epi-ester,
b.p. 126°/11 mm., [«], 4 54-8°, was prepared, this in turn yielding
amorphous d-lupininic acid hydrochloride. The l-ester is convertible intor
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the d-ester by the action of sodium methoxide, and the l-acid, by
pliosphorus pentachloride suspended in benzoyl chloride, into an acid
chloride, which with methyl alcohol furnishes the d-methyl ester and with
ammonia yields the d-epi-amide, m.p. 228°, b.p. 250°/11 mm. (bath temp.),
[a]i® -+ 41-8°, with some d-epi-nitrile, b.p. 120°/11 mm. The two series of
derivatives were assumed to indicate the existence in lupininic acid of two
centres of asymmetry, one of which (>CH . CO,H) is (—) in the levorota-
tory series and (-+) in the d-epi-series, whilst the other is dextrorotatory
in both series.

Anhydrolupinine is oxidised by permanganate in acid solution to a
glycol, C;oH;j0,N, b.p. 165-7°/11 mm. On hydrogenation it furnishes
lupinane,® C,gH,(N, b.p. 75-7°/11 mm., separable by fractionation of the
picrate of the crude preparation into two forms, «- (picrate, m.p. 185°)
and B- (picrate, m.p. 164-5°). Karrer and Vogt’s [l-anhydrolupinine
furnished a l-lupinane, b.p. 80-1°/14 mm.,, [a]j — 0-65°, and from
chlorolupinane, obtained by the action of thionyl chloride on lupinine,
by treatment with sodium in alcohol, they prepared a more active l-lupinane,
b.p. 84-6°/15 mm., [«]* — 9-4°; these were both of the a-lupinane type,
picrate, m.p. 185° (cf. Clemo, Raper and Tenniswood ). g-Lupinane has
b.p. 85-6°/15 mm., or 76-7°/11 mm. and yields the following salts :—
B.HI.m.p. 261-2°; B, HAuCl,, m.p. 143—4°; B,, H,PtCl;, m.p. 215°;
B . Mel, 241° (Winterfeld and Kneuer ; Kondo and Saito).® It is assumed
that in the formation of the two lupinanes one asymmetric centre of
lupinine is destroyed in the production of anhydrolupinine and that in the
reduction of the latter a new asymmetric centre is formed. Throughout
these operations a second asymmetric centre of lupinine remains intact.
If this is indicated by (@) and the new centre by (b) the optical state of the
two epimeric lupinanes may be represented thus

(+a,+b; —a,—Db)and (+ a,—b; —a, 4 b).

Lupinine is isomeric with a hypothetical ethylquinuclidine carbinol
but attempts to correlate the two structures were unsuccessful,}?

Willstatter and Fourneau? found the degradation of lupinine by
exhaustive methylation complex, and Karrer, Canal, Zohner and Widmer **
cndeavoured to simplify it by hydrogenation of the unsaturated products
formed at each of the three stages necessary to eliminate the nitrogen as
trimethylamine. The intermediate products are mixtures of structural
1somerides due to more than one of the three N-linkages being broken at
one operation, and there are also components due to secondary reactions.
The final product, obtained by hydrolysis of tetrahydrodimethyllupinine
methiodide, C,oH,;ON(CH,),I, with moist silver oxide followed by distilla-
tion, is a mixture of tetrahydrodimethyllupinine (b.p. 140-8°/10-11 mm.)
and an oil boiling from 81° to 101°/10-11 mm. The latter was separated
Into two main fractions, b.p. 86-96°/10-11 mm. (48 per cent.) and b.p.
100-1°/10-11 mm. (26-5 per cent.). These had o, 4 0:385° and + 0-84°
((_)’2.5 dem, tube), and were water-bright, pleasant smelling liquids, the former
glving analytical results required by the formula, C,;Hz0. On oxidation
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first with zinc permanganate and then with chromic anhydride and
sulphuric acid, there was formed a lactone, C;H, (O, b.p. 258—5°, probably

B-hydroxymethyloctoic acid lactone, CH, . [CH,),. CH((IJHz) .CH,.CO. (I),
indicating the presence of §-hydroxymethyl-4“-nonene (I) in the mixture
of unsaturated alcohols, On reduction the latter furnished the
corresponding saturated alcohol, C,(H,,0, (II), b.p. 95-108°/10-11 mm.,
op -+ 0-82° to 4 0-39° (0-25 dem. tube). The validity of this formulation
of the main component (I) of the unsaturated alcohols was established by
the results of a series of reactions represented as follows, the residue
CH,.CH,.CH,.CH,. CH, being indicated by CgH,,. Products (I)
to (IV) were optically active, but this property disappeared in the
unsaturated hydrocarbon (V).

(I) CgHyy .CE(CH,OH) .CH,.CH:CHp, by hydrogenation — >
(11) csﬂn.cH(cHEOH) +CHp.CH,.CH5, by &ction of phosphorus pentabromide -»
(I1I} Csﬂn.cH(CIizBr).cﬁz.Cﬂz.CHs, by action of trimethylamine ———>
(IV) Csﬂn.CH(cﬂz.N(Mes)Brl,Cﬂz.cﬂe.ms, by distillation of base ———>
N 05%1.0(:CH2).CH2.CH2.CH3, by ozonisation —————>
(v1) Can.CO.CHz.Cﬁz.cHs, by oximation ————>>
(VII) CgH, .C(:NOH).CH,.CH,.CH,, by Beokmaon transformation ——>
3 by acid hydrolysis ————>
(1X) CsﬂllNBz HOOC .CHz .CH2 .CH:5

n-amylamine n-butyric acid

(VIII) Csﬂll.NH.CO.Cﬁz.Cﬁz.CH

Of the various methods of inserting a nitrogen atom in the saturated
alcohol, C,(H,,0 (II), to form lupinine, the most probable are represented
by formule (X) and (XI), of which the latter was preferred.

% o
THE—CHTTH'CHZ'OH CH"_CHZ"'TH’CH?OH THQ—CH—CH.CHZ.OH

(I}H2 THZ (I:H THZ H, CH,
H, CHy CH, i CH, H,
{11) CBz CHz (X) CHy—N——CH, (x1) CHy—N—oCH,

Although lupinine is thus a comparatively simple alkaloid its detailed
chemistry has been difficult to unravel owing (a) to the presence in its
molecule of two asymmetric carbon atoms as asterisked in (XI), and
(b) the possibility of c¢is-trans isomerism in certain of its proximate deriva-
tives. Winterfeld and Holschneider *2 have pointed out that a further
complexity arises from the presence in natural I-lupinine of a structural
isomeride, allolupinine for which formula (XII) is suggested. They also
quote Kreig’s ® observation that by the action of sodium on a benzene
solution of l-lupinine (m.p. 68-9°; [a], — 28:52°), the latter is converted
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into isolupinine (m.p. 76-8°; [«], -+ 38:17°), which is also produced by the
reduction of l-lupininic acid instead of the expected I-lupinine. They
suggested that lupinine and isolupinine are related to each other as cis- and
trans-forms respectively, the lattér being the more stable.

The same authors have investigated the degradation of lupinane (XIII),
cf. (XIV), by the cyanogen bromide process, the steps and products being
as follows :—

Lupinine CyoH) 0N — > anhydrolupinine, CyoH)sN, by bydrogenation —>
Lupinane clOHIQN’ by addition of cyanogen bromide —

Bromolupinanecyanoamide, CnElgNzBr, by hydrogenmation ~———>

Lupinenecyanoamide, 011H20N2’ by acid hydrolysis w———>

Secondary base, CyoHo N, by oxidation with silver acetate —————>»

Tertiary pyridine base, cmHlsN.

The nature of the base, CyoH,,N, varies. When produced from pure
I-lupinine, m.p. 68-9°, it furnishes on oxidation only 8-methylpyridine-2-
carboxylic acid (XV) and pyridine-2 : 8-dicarboxylic acid. If, however,
lupinine, m.p. 68-5°, is used, the resulting pyridine base on oxidation
furnishes in addition 2-n-butylpyridine-6-carboxylic acid (XVI) and
6-methylpyridine-2-carboxylic acid (XVII). The conclusion is drawn that
lupinine, m.p. 68-5°, is a mixture of I-lupinine (XI) with allolupinine (XII),
cach of these components furnishing its own lupinane (XIII and XIV),
and that these two lupinanes contribute to the final degradation product,
‘“the tertiary pyridinc base, C,oH;;N,” the two isomerides 2-n-Qutyl-8-
nethylpyridine (XVIII) and 2-n-butyl-6-methylpyridine (XIX) respec-
tively. These interrelationships are shown by the following scheme :—

THz ~CH- clmz (I:H2— cn—cl:ﬂz cI:Bz— CH~CHMe
e ‘I’Hz iH2 F2 ‘I’Hz f
2 | R ¥ | (P EREE
CHy— N — GHMe CHgp~ N — CH.CH,0H CHy~N—CHy
Lupinans allolupinine Lupinane
ex (XI1) ex

allolupinine 1-lupinine
(X17) (xI11)

l

Bu,C=CH Bu,C=CH COOH.C=CH °* COOH.C=CMe C4H9.C—WB
CH cH 73 <|i'a cln
gn - cl:n and CH w !

N Cate n-cl .COOH u—clm n-cln B~CH

(xxx) (XV1) (XV1I) (xv) (XVIII)


COOH.C-.CMe

124 LUPINANE GROUP

Confirmation of Karrer’s formula has been provided by the investigation
of special reactions of lupinine and lupininic acid % and by syntheses of
norlupinane and p-lupinane.

norLupinane, C,H,,N, is an oil, b.p. 48-5°/0-5 mm., giving a picrate,
m.p. 1934°; methiodide, m.p. 840-8° (dec.) ; and an aurichloride, m.p.
166-7°. It can be obtained by distilling lupininic acid with soda lime and
hydrogenating the partly unsaturated basic fraction of the resulting oil,
or by a Curtius degradation of lupinine hydrazide.® On the basis of
Karrer’s lupinine formula (XI), lupininic acid is represented by (XX),
anhydrolupinine by (XXI) and norlupinane, which has also been named
octahydropyridocoline,'® octahydroquinolizine, quinolizidine and 1-
azadicyclo-[0, 4, 4]-decane, by (XXII).

A process which should have produced mnorlupinane was worked
through by Clemo and Ramage.'® They condensed ethyl piperidine-2-
carboxylate with y-bromobutyronitrile and, as the resulting y-2-carbethoxy-
piperidinobutyronitrile could not be cyclised, hydrolysed it with alcoholic
hydrogen chloride to the dicarboxylic ester (XXIII), which by the
Dieckmann reaction, gave ethyl 1-ketooctaliydropyridocoline-2-carboxylate
(XXIV). This on boiling with dilute sulphuric acid furnished 1-kcto-

(Ilh'z - ch--(llH.Cogﬂ cl:}12~ca —<I: :CH, g?nz —oH —Icl.
e | o R e g g
cl:ﬂz (sz Tnz Tnz 7(|)H2 3(|JH2
CH,—N—CH, CH,—N —CH, SBa—N — CH,
(xxX) (xx1) (XX11)
CH ;— CH—CO &% CHy—CH— clzo clnz— cn—clzo
c CH,.CO,Et  CHp CH.COpEt  CHy CHy
| | * =5 | | | |
Tl ofe | B RS
CHy —N — CHy CH,— N —CHg CHy— N —CH,
(XXIIX) : (XxIV) (XxV)
cl:n==c —CH, cI;Hz—cH-— Tnz
CH CH, CHp CH,
| ® | | "> norLupinane (xx1I)
TH CHg THz ?nz

(XXV1) (¥xvII)
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octahydropyridocoline (XXV) which was reduced by the Clemmensen
method to a supposed octahydropyridocoline believed to be (XXII). It
gave a picrate, m.p. 218° (dec.), a methiodide, m.p. 283°, and an
aurichloride, m.p. 170°, all different from the corresponding .derivatives of
norlupinane (p. 124). This substance has been named norlupinane (B), that
derived from natural lupinine being norlupinane (A). (See also p. 126).

A further synthesis by Clemo, Ramage and Raper ** was more successful.
It consisted in subjecting ethyl y-2-pyridylbutyrate (XXVI) to a combined
Bouveault and nuclear reduction, followed by bromination (XXVII) and
withdrawal of hydrogen bromide. The octahydropyridocoline so formed
was identical with norlupinane (A) (XXII). In the meantime this
substance had also been synthesised by Winterfeld and Holschneider 18
and by Diels and Alder,*¢ and later on a further preparation was accom-
plished by Clemo, Morgan and Raper.!® norLupinane (A) has also been
prepared by Galinovsky and Stern, both by electrolytic reduction and by
catalytic hydrogenation of a-norlupinone (4-ketooctahydropyridocoline).
C,H, ,ON, oil, b.p. 146°/20 mm., obtained by Clemo, Ramag: and Raper "
by refluxing ethyl y-2-pyridylbutyrate (XXVI,) with hydrochloric acid.

It was also suggested that the relationship of the two forms (A) and
(B) might be that of stereoisomerides of the cis-trans decalin type and a
good deal of work was done to provide experimental evidence for this view
or the alternative that they are structural isomerides. It was also found
that of the methods used ¥? to synthesise the pyridocoline system all but
olnle gave norlupinane (A) on reduction, the exceptional formation of
norlupinane (B) being limited to reduction of the 1-keto compound by the
Clemmensen method.

Prelog and Bozicevic 2° applied to this problem a method for the
preparation of dicyclic bases of this type, which may be represented by
the following summary of generalised formulze.

EtO(CHz)x Br is condensed with ethyl malonate to ——

EtO(CHz)x -CH(COzEt)z, which by interaction with Et0O( CHZ)}' Br yields —

BL0(CHy)x

_/c(cozEt)z. This on hydrolysis and decarboxylation gives —
Et0(CHp)y

E$0(CHg)x

>CHo<302H. which by tht Curtius-Schmidt reaction®l followed by
Et0(cHz)y

treatment with hydrogen bromide yields —>
Br(CHp)x /CH\
2
Br(cu,) >CH-NH2 and this by the action of dilute alkall gives (CHylx (CHply
2
N

When # .= y = 4 the product is norlupinane (A) (XXII) and the
sub§tanc§ obtained gave a picrate, m.p. 196°, a picrolonate, m.p. 249°
aurichloride, m.p. 167-8°, and platinichloride, m.p. 333° (dec.), in good

agreement with the corresponding derivatives of norlupinane of natural
origin,
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Prelog and Seiwerth 22 also prepared the compound of this type, in
which z = 5 and y = 8, viz., 1-azadicyclo-[0, 8, 5]-decane, which proved
to be identical with morlupinane (B) yielding a picrate, m.p. 218-4°,
picrolonate, m.p. 191:5°, and methiodide, m.p. 282-5° to 283° (cf. p. 125).

In the synthesis of B-lupinane (p. 121) effected by Winterfeld and
Holschneider,?® a Grignard reagent prepared from ethyl y-bromopropyl
ether was used to convert 2-acetylpyridine (XX VIII) into 2-pyridylmethyl-
y-ethoxypropylearbinol (XXIX), which was hydrogenated to the corre-
sponding piperidine. The latter, on boiling with hydriodic acid, was
converted into S-lupinane (XXX), giving a picrate, m.p. 168°, and
aurichloride, m.p. 148-4° (¢f. p. 121). Treatment of (XXIX) with phos-
phorus pentabromide also leads to a base, resembling but not identical
with lupinane.

Tﬂ—- .C0 'CH5 (I}H:' _CI: (OH) Me THz—CH-(IJH-CHs
g cH | CHy CHy | CHp
] —_> | |7 — l
: Bm T |
clmn ¥ CH=N CH,.OEt CH,—N —CE,
A -Lupinane
(XXVIIly (XXIX) (XXX)

A further synthesis of norlupinane and a-norlupinone has been effected
by Bockelheide and Rothchild.?¥®

The results of numerous attempts to find a practicable route to the
synthesis of lupinine are recorded by Clemo and his colleagues.?4 Success
was finally achieved by condensing ethyl pyridyl-2-acetate with y-phenoxy-
n-propyl bromide to give (XXXI), which, on hydrogenation, followed by a
Bouveault reduction, yielded the corresponding e-phenoxy-g-2-piperidyl-
n-amyl alecohol, This with hydrobromic acid gave mainly the dibromide
(XXXII), which was cyclised by phosphorus pentabromide into
dl-bromolupinane (1-bromomethyloctahydropyridocoline (XXXIII), b.p.
110°/1 mm., of which the picrolonate separated into the two racemic forms,
m.p. 202° (a) and m.p. 169° (), from which the two bromo-bases were
recovered and converted by ebullition in sodium acetate solution into the
corresponding 1-octahydropyridocolylearbinols, which should be identical
with di-lupinine and dl-isolupinine (XI) (epilupinine) (p. 128) respectively.
The characters of these final products are as follows :—

(a) Picrolonate, m.p. 202°, gives a bromo-base, b,p. 107°/1 mm.,, yielding
a methiodide, m.p. 216°, a picrate, m.p. 185°, and the corresponding
carbinol, m.p. 59°, picrate, m.p. 127°, This base, m.p. 59°, on crystallisa-
tion as the d-tartrate yielded Il-lupinine d-tartrate, m.p. 170°, [«], -+ 15-5°
+ 0:5° (¢ = 1-084; EtOH) from which the recovered I-lupinine had
m.p. 69-70°, [a], — 20-85° (¢ = 5-64; EtOH) and gave a picrolonate,
m.p. 192° (cf. p. 120).
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d-Lupinine I-tartrate, m.p. 167-8°, [«], — 15-8° yielded d-lupinine base,
nL.p. 68° [a], -+ 19-9°,

(b) Picrolonate, m.p. 169°, gives a bromo-base, b.p. 107°/1 mm., yielding
a methiodide, m.p. 186°, picrate, m.p. 144°, and the corresponding carbinol,
m.p. 81°, giving a picrate, m.p. 189°, and a methodide, m.p. 248°,

i
i:z—c:ﬂ—-cn ‘I’Hz"‘m‘_‘fﬂ’ CH,Br
P
‘I’Bz

|
CB CH cH Lupinine
2 — | 2 __>| 2 | 2 — and
N (IZH sz ‘fﬂz THZ iso{.\g%nine
N\ / 2 ocmm3 Br.CH, CH,—¥—CH,
CH, - OPh

(XXXI) (XXXII) (XXXill)

dl-Lupinine has also been synthesised by Winterfeld and Cosel,?*
starting from 2-pyridyl hydroxymethyl ketone, and using a method
similar to that adopted for g-lupinane (p. 126). The product was charac-
terised as the picrolonate, m.p. 179° (dec.). Cf. Clemo’s dl-lupiniue (p. 126).
alloLupinine, the structural isomeride of lupinine referred to already
(p. 122), has becn synthesised by Winterfeld and Holschneider.?* 8-Ethoxy-

To 2Bt

l |
»-valerolactone, EtO . CH,.CH. CH,. CH,.CO. O was condensed with
ethyl pyridine-2-carboxylate to 2-pyridyl «-(8-ethoxy-y-valerolactonyl)

| |
ketone, EtO.CH,.CH.CH,.CH(CO.O0).CO.CH,N, which with
boiling hydrochloric acid furnished 2-pyridyl y-hydroxy-8-ethoxy-n-butyl
ketone, EtO . CH,. CHOH.CH,.CH,.CO.C;H,N. This was hydro-

CH, GHOH CH, CHBr Ho G
HgC H oH, HyC CHp HaC $ CHg
B | & — and —=3(X11)
2 NH (:Hz HgC . CHp HzC A CHp

Oy §HOH CHp CH.CHgOEt CHy CH.CHyOE®

CHpOEt
(ZXX1V) (XxxXV) (xxxvi)

genated to ad-dihydroxy-e-ethoxy-a-2-piperidyl-n-pentane (XXXIV) and
the latter treated with phosphorus tribromide followed by sodium ettoxide,
which produced a mixture of 1-bromo-4-ethoxymethyloctahydro- (XXXYV)
and  4-ethoxymethyl-41°-hexahydro-pyridocoline (XXXVI) converted
th)lly by hydrogenation in presence of calcium carbonate into (XXXVI)
\vhlgh was dealkylated by hydriodic acid to 4-hydroxymethyloctahydro-
pyridocoline (allolupinine (XII), p. 123). The product had m.p. 128-5°,and
gave a mercurichloride B . HgCl,, m.p. 201° (dec.), and reineckate, m.p.
152-8°: the picrate and aurichloride were oils.
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Lupanine,* C,;H,,ON,. This alkaloid occurs naturally in d-, I- and
di-forms. It may be prepared from the bluc lupin sced by the process
described by Davis,! and modified by Ranedo,* and can be purified by
distillation, b.p. 185-95°/1 mm., and finally by crystallisation from light
petroleum ; it forms colourless, prismatic plates, m.p. 98-9°, is strongly
alkaline and soluble iu all ordinary solvents. It behaves as a monoacidic
base, but does yield a deliquescent dihydrochloride, B . 2HCI (colourless
prisms, m.p. 185°). The monohydrochloride, B, HCI.2H,0, also
deliquescent, has m.p. 127-8° (hydrated) or 250-2° (dry); the hydriodide,
B.HI. 2H,0, m.p. 184-5° (dry); the aurichloride, m.p. 177-8° (dec.),
200° (Beckel) ; and the thiocyanate, m.p. 124°,

d-Lupanine. This form can be obtained from blue lupin seed,®? or
by deracemisation of the diI- base by crystallisation of the d-camphor-
sulphonate froni acetone.® It distils at 185-6°/0-08 mm. and crystallises
on standing, m.p. 40° (44° Davis); [a], 4 61-4° (acetone). The hydro-
chloride, B . HCI. 2H,0, has m.p. 127° (dry) ; the hydriodide, B. Hl. 2H,0,
forms colourless prisms, m.p. 189°, [a], 4 45-5° (H,0); the thiocyanate
softens at 148° (loss of water) and melts at 184°, The d-camphorsulphonate
crystallises in colourless prisms, m.p. 112-5°, [«], + 42-5° (H,0) and the
picrate 2 in needles, m.p. 180°.

I-Lupanine. After separation of d-lupanine from dl-lupanine (see above),
the bases are recovered from the mother liquors as lupanine hydriodide,
from which clean base is regenerated. This, on combination with I-
camphorsulphonic acid in acetone, yields I-lupanine I-camphorsulphonate.
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The base recovered via the hydriodide, B.HI. 2H,0, m.p. 190°, is a
viscous oil, b,p. 186-8°/1 mm., [a], — 61-0° (acetone). A mixture of equal
parts of d- and [-lupanines has m.p. 98° after recrystallisation from acetone.?

Constitution. Lupanine normally behaves as a monoacidic base, and
only one of the nitrogen atoms present reacts with alkylating agents ;
the methiodide forms stout prisms, m.p. 258-60° (dec.), from alcohol, and
on treatment with silver oxide, gives the corresponding methohydroxide,
which, on distillation in vacuo, regenerates lupanine and methyl alcohol.?
Clenio and Leitch 4 found that the methiodide on distillation with a mixture
of solid potash and soda yielded a mixture of a-methyllupanine (m.p. 123°)
and B-methyllupanine (oily, water-soluble base). Both these products
yield crystalline methiodides, but continuation of the degradation with
e-methyllupanine methiodide gave anomalous results. Attempts to
degrade lupanine by nieans of cyanogen bromide were made by Thoms and
Bergerhoff,? and by Winterfeld and Kneuer,* who were able to obtain
good yields of bromolupanine cyanoamide, C,;H,,0N,.CNBr (m.p. 123°,
[«]}¥ 4 82-8° (EtOH) ), its amorphous reduction product, lupaninecyano-
amide, and the hydrolytic product of the latter, the secondary base,
C,sH,(ON, which is also amorphous, but yields a crystalline benzoyl
derivative, m.p. 195°, scission of which could uot be effected by phosphorus
pentachloride or pentabromide. Hofmann degradation of the secondary
base proved unpromising owing to poor yields.

The oxidation of lupanine has been investigated by a number of
workers.® Beckel noted that d-lupanine formed a perbromide, which on
treatment  with aleohol yielded ethoxylupanine dihydrobroniide,
Cy;H,y50N, . OC,H, . 2HBr (colourless needles, m.p. 227-8°, [a]i” —
129-4°), from which a number of interesting substances were obtained in
yields too small for characterisation,

Clemo and Leitch® found that di-lupanine was oxidised by
permanganate in acetone to oxylupanine, C,;H,,0,N, (b.p. 210°/1 mm.,
m.p. 123°; platinichloride, brown prisms, m.p. 232° (dec.) ), a deliquescent
substance, neutral to litnius, having no reactive carbouyl, hydroxyl or
methylene group. The same authors found that deoxylupanine (dI-
sparteine, see below) is oxidised by permanganate to isolupanine, C, ;H,,0N,
(colourless plates, m.p. 113°, depressed to 78-80° on admixture with
lupanine ; methiodide, m.p. 208°). It was shown by Davis ! that the
oxygen atom of Jupanine is not present as hydroxyl or a reactive carbonyl
group, The fact that lupanine, though usually appearing to contain only
one basic nitrogen atom, can act as a diacidic base, does not necessarily
imply the absence of a lactam group and the possibility that lupanine may
be an oxygen derivative of sparteine led Clenio and Leitch to investigate
Its reduction. Prolonged heating with fuming hydriodic acid and red
phosphorus furnished a substance provisionally named deoxylupanine,
and which, from a study of its derivatives, was closely related to sparteine.
Identity was established when Clemo, Raper and Tenniswood ® applying
the same procedure to the optically active forms of lupanine, obtained
I-sparteine from d-lupanine and d-sparteine from Flupanine. There is a

PLANT ALE, 5
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difference of opinion as to the product of this reaction, Winterfeld and his
collaborators maintaining that the chief product is B-lupinane (p. 126).
Galinovsky and Stern®® have also found recently that d-lupanine can be
catalytically hydrogenated to l-sparteine ( [«]}¥’ — 16-08° (EtOH); picrate,
m.p. 205-6° (dec.) ). The results of Clemo and his colleagues are supported
by Ing’s ¢ discovery that anagyrine, C,;H,,ON,, can be reduced electro-
Iytically to hexahydroanagyrine, C,,;H,¢N,, which is d-sparteine, and by
catalytic hydrogenation to tetrahydroanagyrine, C,;H,,ON, (b.p. 186—
190°/1 mm, ; [«]?®° — 61-45° (acetone)), which proved to be Il-lupanine
(b.p. 186-8°/1 mm. ; [a], — 61-0° (acetone)), the close agreement of the
constants of the bases being confirmed by mixed melting-point
determinations with the two hydriodides (m.p. 190°) and the two
thiocyanates (m.p. 188-5° after softening at 124°); the perchlorate forms
prisms (m.p. 210°, with softening at 195°) from alcohol.

The first complete formula (I) suggested for lupanine was that of
Thoms and Bergerhoff,? based mainly on the formation of 2-ethylpyridine
when lupanine was distilled with zine dust, which scemed to indicate a
similarity between tropane and lupanine,

T’riz CH—CH CH,
| —CH— CH CoON=<(C
CHy CHp TH 58
l | (Imz
CH,—N-—CH CH— N—CH
C
| ] ] Iﬂz i
CHy~CHp CHp-CH—CH, CH,—N —CH,
(I) Thoms and Bergerhoft (II) Winterfeld and Kneuer

In 1931 Winterfeld and Kneuer,* as a result of their observation that
B-lupinane can be obtained from lupanine, and the formation of 2-methyl-
pyrrolidine by the oxidation of sparteine, combined these two features
in a partial formula (II) for lupanine, which could be developed in various
ways depending on the mode of attachment of the methylpyrrolidine
residue. In view, however, of Ing’s demonstration of the relationship
of anagyrine, C,;H,ON,, to [-lupanine, C,;H,;ON,, and d-sparteine,
CysHyeN,, it was clearly necessary to consider formule for lupanine
derivable from the two alternatives, which Ing ¢ had proposed for anagyrine
and which are shown below as (IIT) and (IV) with the formule for lupanine
derived from them (V) by Ing and (VI) by Clemo and Raper.” Sparteine
would be represented by (V) or (VI) with the change CO— CH,,.

Formula (VI) has received support in two ways. The investigations
of Winterfeld ® (with Ronsberg) on the oxidation of dehydrosparteine
methoacetate and of -didehydrosparteine, indicated that D was a piperidine
ring and this was finally established by Clemo, Morgan and Raper’s
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H~— C—CH —CHp CHz—CH —CH—CHyp
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synthesis of oxysparteine ® (p. 188). The existence of the piperidone ring
(A) was demonstrated by Winterfeld, Hoffmann and Holschneider’s
scission of this ring by concentrated hydrochloride acid at 150° with
formation of the imino-acid (ethyl ester platinichloride, m.p. 245° (dec.) )
in which rings (B), (C), (D) are intact and the piperidone ring (A) has been
opened as shown in partial formula (VII). In a further series of papers
Winterfeld ! et al, described the preparation and degradation of a series
of alkyl- and aryl-sparteines obtained by the action of Grignard reagents
on lupanine and subsequent treatment as indicated in the partial formule
(VIIT) to (XI) indicating the resulting changes at positions 1, 2, 8 in
formula (VI).

3 2 1
(V) .CH,.CO.N:—>(VII).CH,.COOH NH: (X1).CH,.CHR .N

(VII) . CH, . CR(OMgX).N: —> (IX) . CH, . CR(OH) . N: —> (X) .CH: CR . N :

Hydroxylupanine, C,;H,,0,N, (Nos. 9, 11, 14a; list, p. 117). This
alkaloid was first isolated by Bergh,'® and was further investigated by
Beckel.! Tt erystallises in rhombic prisms with 2H,0, m.p. 76-7° or 172—4°
(dry), [a], + 64-12°, and yields crystalline but very soluble salts, The
aurichloride, B.HAuCl,, m.p. 205-6°, forms prisms from dry alcohol,
Ueno *? has demonstrated the presence of a primary aleohol group by the
preparation of a benzoyl derivative, m.p. 199-199-5°, and oxidation of the
base to an aldehyde, C,;H,,0,N, (semicarbazone, m.p. 221-8°, and oxime,
m.p. 217-8°). The alkaloid also yields two methiodides. It is reduced to
d-lupanine by hydriodic acid * and is dehydrated by sulphuric acid to an
anhydro-base, C,;H,,0N,, which, on catalytic hydrogenation, also yields
d-lupanine.’? Couch ® suggests it is 15-hydroxylupanine (for numbering
see formula (VI)) or 10-hydroxylupanine on his alternative numbering
for the sparteine formula (p. 137 )

5—2
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Couch * has suggested that dilupine and trilupine (see below) are near
relatives of lupanine.

MiNnor ALKALOIDS OF Lupinus spp.

In the following account the numbers in brackets after the name and
formula of the alkaloid are the numbers of the plants in which it occurs as
given in the list (p. 117).

Monolupine. C,¢H,,0N,, $H,0 (No. 13). Amorphous, b.p, 257-8°/
4 mm.; n¥ 1569, [«]® — 40-8° (EtOH). Saits. B.2HCI, 2H,0,
m.p. 115-6° ; passes on drying into B , HCI, m.p. 280°. B, 2HAu(l,, 3H,0,
m,p. 167-8°. B.Mel.H,0, m.p. 259°. Monolupine may be a
C-methylanagyrine,!?

Dilupine. C,gH,,0,N, (No. 12). Oil, [a2* 4 65-6° (H,0). Deriva-
tives have one oxygen less than the base. Methiodide, C,;Hy,0N,, Mel,
m.p. 258°; hydrobromide, C,;H,;,ON,, HBr, m.p. 2383-4°, Regarded as
a C-methyllupanine N-oxide.!*

Trilupine. C,;H,,O;N,, 2H,0 (Nos, 12, 17). Needles, m.p. 127° or
252° (dry) ; [«]3%" + 68-8° (H,0). Hydrochloric acid in acetone converts
it into lupanine dihydrochloride, C,;H,,ON,, 2HCI, H,0, m.p. 163—4°,
Methyl iodide gives lupanine N-oxide methiodide, C,;H;,0,N,, Mel,
m.p. 127°, B, H,PtCl;, 4H,0, m.p. 224° (dec.); B, 2HAuCl,, 4H,0,
m.p. 188-9° (dec.). The base can be prepared by the action of calcium
peroxide on d-lupanine and is regarded as lupanine di-N-oxide.!4

Tetralupine. C,(H;,ON (No. 19). M.p. 81-83°; D%’ 1.0194; n2®
1-5128, [a]?” 4 4-63°. d-Camphorsulphonate, m.p. 164-5°. Identity
with isolupinine uncertain.!®

Pentalupine. C,gH4ON, (No. 19). B.p. 175-182°/2 mm,; n2°
1:5155; [a] 2° — 8:197.1%

Hexalupine.  C,;H,ON,, $H,0 (No. 14). M.p. 197-8°; [a]?® -+
126-1° (EtOH). Salts. B, 2HCI. 3H,0, m.p. 116°, passes into B,HCI,
m.p. 304-5°, on slow heating. The aurichloride B,, 2HAuCl,, 5H,0, melts
at 204° (dec.) and the picrate at 245-6°,1¢

Octalupine, C,;H;,;0,N, (No. 23). M.p. 167-5-169-5°; b.p. 270-
80°/6 mm.; [«] ¥ 4 52-8° (EtOH). Salts. B, 2HCI, 1-5H,0, m.p.
208-9°% [a]® -+ 36-3° (H,;0). B.HAuCl,, m.p. 208-9°; B.Mel.,
m.p. 259°. Reduced electrolytically to d-lupanine (p. 128) and l-sparteine
(p. 183) and regarded as 2 : 10-diketosparteine (formula V or VI, p. 131)
with CH, at C1*— CO .)."7

Nonalupine. C,sH,,ON,, 2H,0 (Nos. 10, 22). M.p. 91:5-92-5° or
235° (dry) ; b.p. 260-270°/18 mm. ; [«]2° — 21-8° (EtOH). Aurichloride,
m.p. 177-5-178° (dec.), picrate, m.p. 185-6°. No salts with mineral acids.
No N-oxide group. Oxidised by pcrmanganate to oxynonalupine,
Cy5H,,0;N,, m.p. 168:5-170-5° ; aurichloride, m.p. 288-9°.18

Spathulatine. CgHg,ON,, 4-5H,0 (Nos. 22, 24). M.p. 227°; [«], —
1-88° (CHCl,). The mercuriodide, B, 3HglI,;, m.p. 164°, is characteristic.
The picrate melts at 182-4° and the methiodide at 250-2°. Three oxygen
atoms are stated to be present as N-oxide groups. Boiling dilute
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hydrochloric acid converts the base into a substance, C,;H,,N, (perchlorate,
n.p. 216-7°; picrate, m.p. 214-6°), which is isomeric with spartyrine,1?
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Sparteine (Lupinidine), C,;H,(N, (Nos. 1, 2, 4, 5, 6, 12, 17, 18, 31, 35,
37, 42; list, pp. 116-8). The alkaloid may be prepared by concentrating a
dilute sulphurie acid extract of ground broom tops, adding excess of alkali
and distilling in steam. The distillate is neutralised with hydrochloric
acid, evaporated to dryness and the residue distilled over solid potash ;
the product is purified by distillation in a current of hydrogen, sodium
being used to remove traces of water. Sparteine is a colourless, alkaline
oil, D 1.0196, [«]2"" — 16-42° (EtOH), b.p. 188°/18 mm. or 825°/154 mm,
(in hydrogen). It has a bitter taste, a charactéristic odour, and is sparingly
soluble in water (1 in 828 at 22°), but readily so in aleohol, chloroform or
ether. The base is monoacidic to litmus or phenolphthalein, but diacidic
to methyl orange. The salts crystallise well; the sulphate,
B . H,S80,. 5H,0, m.p. 159-62° (dry), [«]}*" — 27° (H,0), forms columnar
crystals and is the salt used in medicine. The dihydriodide, B . 2HI, has
m.p. 257-8°, the monoperchlorate melts at 171-2°. The platinichloride,
B . H,PtCl, . 2H,0, forms rhombic prisms, m.p. 243-5° (dec.), from dilute
hydrochloric acid ; the aurichloride melts at 193:4° on precipitation, but
after recrystallisation melts at 183-4° and has the composition
B, . 4HCI. 8AuCl; (Schmidt). The picrate, m.p. 208° forms glancing
yfillow needles from boiling alcohol. According to Jorissen,® sparteine
gives a bulky red precipitate when hydrogen sulphide is passed through a
suspension of sulphur in an ethereal solution of the base. A critical review
of methods for the estimation of sparteine in galenical preparations of
broom has been published by Guillaume and Proeschel.X® The polaro-
graphic behaviour has been investigated by Kirkpatrick.®

Constitution. Both nitrogen atoms in sparteine are basic and tertiary,
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neither has a methyl group attached toit, and, since the alkaloid is
unaffected by reducing agents or permanganate, Wackernagel and
Wollffenstein suggested that it was a saturated bicyclic system based on
pyridine and pyrrolidine.2 The first insight into the constitution of
sparteine is due to Moureu and Valeur’s investigation of the ** exhaustive
methylation » of the alkaloid. It forms two monomethiodides, « — (m.p.
240° (dec.) ; [a]p — 22-75°; hydriodide [a], — 17-15°) and o' — ([a], —
47-2°; hydriodide [«], — 40-3°).3 The a-methiodide subsequently prepared
by Schépf and Braun ¢ had m.p. 243-4°, [«]}¥" — 24-8°, It yields two
methylsparteines (de-N-methylsparteines). The a«-derivative has m.p.
30-1°, b.p. 178-9°/11 mm., [a]p — 55-4° (M. and V.), 172-5-173°/10 mm.
(S. and B.); [a]p — 47-6° (8. and B.), whilst the B-isomeride is a liquid
(b.p. 180-2°/16:5 mm., [a]p 4 9:9°). Schopf and Braun obtained, in
addition to the a-base, a third methylsparteine and a base, C,sH;,ON,,
which has the composition of a methylsparteine monohydrate, whilst
Clemo and Raper got still another methylsparteine (b.p. 185-6°/1 mm. ;
[]p — 16-8° (EtOH); methiodide, m.p. 247°).* a-De-N-methylsparteine
by a variety of processes is convertible into isosparteine, a saturated,
ditertiary base containing no methylimino-group, and which in turn
furnishes two methiodides reconvertible through their methohydroxides
into a-de-N-methylsparteine.® In the subsequent stages of exhaustive
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methylation one nitrogen is eliminated as trimethylamine with the
production of a mixture, which contains hemisparteilene, CysHasN.7 A
more definite product is obtained by heating tetramethylsparteinum
dihydroxide, C,;Hz;Me,N(MeOH),, which decomposes into trimethylamine
and methylhemisparteilene,® C,;sH,;N (liquid, b.p. 160-1°/16 mm., [«}p -+
156-5° (EtOH)). Continuing the process with this material there is
obtained eventually with the elimination of the second nitrogen atom the
hydrocarbon sparteilene, C,;Hyq (b.p. 157-9°/18 mm., [a]p =4 0°).° On the
basis of these observations Moureu and Valeur suggested the formula given
on previous page for sparteine, the alternative a-linkage for the connecting
methylene group being left open for consideration. The derivation of
the various degradation products referred to above is also shown.

The French authors realised that in certain respects this symmetrical
formula, with the two equivalent nitrogen atoms, was difficult to reconcile
with certain of the properties and reactions of the alkaloid.*®

The exhaustive methylation of sparteine was reinvestigated by Karrer,
Shibata, Wettstein and Jacubowitz.!* At each stage they reduced the
unsaturated product formed and so ended up with a pentadecane, C,;Hj,
(b.p. 242°/729 mm., D137 0-7740, n}®” 1-48851). The object of this work
was to compare this substance with the pentadecanes theoretically
derivable by cxhaustive methylation from bases represented by formulee
(I) to (IV), which are based on the assumption that sparteine is derived
from lupinine by the addition of a piperidine ring, the lupinine formula
being that of Karrer, Canal, Zohner and Widmer,*2
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Substances of these formule should give rise to the following
hydrocarbons :—
I. 4-Methyl-6-propylundecane. CHj;. [CH,];. CHMe. CH,. CHPT . [CH,], . CH;.
IT. and IV, 6-Propyldodecane. CHj,. [CH,],. CHP}. [CH,]s . CH,.
ITI. 6-Methyl-7-ethyldodecane, CH,.[CH,], . CHMe .CHEt . [CH,],.CH,,

The three hydrocarbons were synthesised, but their physical constants
proved to be so similar and so like those of the pentadecane obtained from
sparteine that no definite information as to the constitution of the alkaloid
could be obtained from them.
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By oxidising sparteine sulphate with chromic acid, Willstitter and
Marx 2 obtained spartyrine, C,;HgyN, (m.p. 158—4°, [«]135° — 25:96°), which
is one of several dehydrosparteines and contains one ethylenic linkage, and
oxysparteine, CysH, ON, (m.p. 87-5°, b.p. 209°/12:5 mm., [«]}¥ — 10-04°),
already prepared by Ahrens.'* They called attention to the similarity of
oxysparteine to lupanine (p. 128) and suggested that the oxygen atom was
probably present in a bridge form as in cineole. Galinowsky and Stern
have found recently that oxysparteine cannot be catalytically hydrogenated
to sparteine.*® Schopf and Braun 'S showed that oxysparteine is con-
verted by hydrogen peroxide into oxysparteine-N-oxide (m.p. 220°;
picrate, m.p. 221° (dec.) ). On oxidation of «-de-N-methylsparteine with
permanganate they obtained a glycol, C,H;,0,N, (needles, m.p. 200°).
Clemo and Raper * also prepared oxysparteine and found it to resemble
isolupanine (p. 129) in resistance to reduction, and were able to carry out
a Hofmann degradation up to the stage of dimethyloxysparteine
methiodide, which reacted abnormally, so that it was not possible to
eliminate a nitrogen atom. Spath and Galinovsky* (1938), however,
succeeded in obtaining a hexahydrohemioxysparteilene, C,;H,,ON, by a
special form of this reaction.

Mention may also be made of Winterfeld’s use of mercuric acetate,
which furnished (a) dehydrosparteine, C,;HzN,, which was eventually
degraded to a hydrocarbon and 2-methylpyrrolidine,*” and (b) «- and
B-didehydrosparteines, each of which on catalytic hydrogenation furnished
a corresponding isosparteine, of which B-isoparteine is probably identical
with d-sparteine, Another dehydrosparteine obtained by Wolffenstein
and Reitmann 8 by the oxidation of sparteine with sodium hypobromite
is referred to later. Using more drastic conditions of oxidation,
Germain !® obtained oxalic and succinic acids and Karrer and Widmer,2°
by exhaustive oxidation with chromic acid, produced y-aminobutyric acid.

In 1931 Winterfeld and Kneuer ?* put forward formule (V) and (VI)
for sparteine based mainly on the following considerations. Lupanine
(p. 128) appears to differ from sparteine only in having a carbonyl group
replacing a methylene group, and as this base is monoacidic the carbonyl
group is probably present as a lactam. Clemo and Leitch 22 had shown
that dl-lupanine could be reduced by heating with hydriodic acid at 220°
in sealed tubes to deoxylupanine, which was believed to be dl-sparteine, a
belief confirmed later when Clemo, Raper and Tenniswood 22 reduced d-
and [-lupanines by this method to I- and d-sparteines respectively.
Winterfeld and Kneuer, however, found that with the same reagents under
different conditions B-lupinane, C,;gH (N (p. 126), is formed along with a
by-product giving the pyrrole reaction with pine wood. This reaction
could not be confirmed by Clemo and collaborators,?t and the cause of this
difference has not been elucidated. As Winterfeld and Kneuer had
already found that sparteine could be degraded to a-methylpyrrolidine
it seemed that lupanine and sparteine could be represented by formule
arrived at by combining the formule of 8-lupinane and «-methylpyrrolidine,
and this is done in (V) and (VI).



SPARTEINE 137

cluz.CHZ-clnz (in-CH—C‘H—CIH 2 élzﬂg- £H- 7(:}1—1.,(':}12 '
Il Bk Nl B e W
clmz cl:Hz ?H— CH- CHp-CHp S?Hz g(iH —ll(iH 1 ‘SHE
cI;H—cH— CIH CHy-N—7CEp LH2 -»{ --lgﬂz lgHz -l(éﬂz
cIHz (sz (VII) (VIII)
C,Hz cle 6 7 8
CHp=-N—CH,p (I:)H = CI.Cozﬁt 5(?1{2_ CH - CIH - CIH?.
o) o G | vife o
A I T il My s i
(IJHz-CHz-(IJ’Hz CH-N—CO CH=CH gHz —blz _1gH2 ]gHz _1gH3
eC N (1x) (VIIIa)
(IJH;;
?H-CH—(:JH CIHz-CH- ?HeCHon (;‘Hg-CH—- go-—?Hz
CHp CHp CHp CHy NH—CH, CHp Soon N-———CHp
432 Hp (:31{2 :CH—' JI:H (:JHz {:Hz gt::H—(::H %:Hz
CHp-N— CHp CHp-N— CO CHp—CHjp CHz-N*-—I%Hz CHp~CHg
(v1) (x) (x1)

In 19338 Ing2® showed that anagyrine (p. 140), on catalytic
hydrogenation, was converted into I-tetrahydroanagyrine, C,H,,ON,
(which proved to be identical with I-lupanine), whilst on electrolytic
reduction it furnished hexahydrodeoxyanagyrine, C,;H,,N;, identical with
d-sparteine, with the exception that it had [«]}?" -+ 10-9°, instead of 4 15-9°,
recorded by Clemo, Raper and Tenniswood. Ing therefore suggested
formula (VII) for sparteiile based on his proposed formula for anagyrine,
On this basis the pentadecane (p. 135) obtained by Karrer et al.'* from
sparteine should be 6 : 8-dimethyltridecane,

Me . (CH,), . CHMe . CH, . CHMe . (CH,),Me

and Schirm and Besendorf ** have synthesised the latter and identified it
with the sparteine hydrocarbon. Clemo and Raper 26 have modified Ing’s
formula to (VIII). The latter provides an explanation of the fact that
sparteine yields two monomethiodides, which appear to be stereoiso-
merides, but does not yield a dimethiodide. Examination of a space
model of (VIII) shows that if the two octahydropyridocoline systems are
both trans and if the C, — C, bridge is cis with respect to the hydrogen
atoms attached to C® and C the system is fairly rigid and the nitrogen
atoms are so close to each other that the formation of a dimethiodide is
impossible, Couch 2¢ has proposed a new numbering system for the
sparteine formula as shown in (VIIIa). .
Support for (VIII) has been provided by Clemo, Morgan and Raper’s
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synthesis of dl-oxysparteine (isolupanine),2® which is represented by
(VIII : CH, at 10 replaced by CO). Ethylpyridyl-2-acetate was condensed
with ethyl orthoformate to give 1-carbethoxy-4-keto-3-(2’-pyridyl)-
pyridocoline (IX), yellow prisms, m.p. 126°. This, on catalytic hydro-
genation, gave 1-carbethoxy-4-keto-3-(2'-piperidyl)-octahydropyridocoline,
an oil, b.p. 200-210°/1 mm., which, on reduction by sodium in alcohol,
gave the corresponding 1-carbinol (X) (not isolated), and this with
phosphorus pentabromide provided the corresponding 1-bromomethyl
derivative (not isolated), which, when heated in a sealed tube with
anhydrous potassium carbonate, gave dl-oxysparteine (VIII:
CH, at 10— CO), m.p. 111°, identical with the product formed by the
oxidation of deoxylupanine (dl-sparteine) with alkaline ferricyanide., The
authors point out that this synthesis establishes the ring structure of
(VIII) as fundamental for the C,; lupin alkaloids and also for anagyrine
(p. 140) and aphylline (p. 54), and that in one or other of its stereoisomeric
forms it is probably present in matrine (p. 147) and other alkaloids of
Sophcra (p. 148). Winterfeld and Schirm '8 have prepared by the method
of Wolffenstein and Reitmann,8 a dehydrosparteine, C, ;H,,N, (m.p. 172-3°
[e]p — 286° (CHCI,) or — 192° (EtOH) ; picrate, m.p. 181-2°), which had
already been shown to be reduced to a i-sparteine (b.p. 325°; [«]i¥ —
49-8°; picrate, m.p. 201°), not identical with any known isosparteine,
and have oxidised it with nitric acid to succinic acid, and with chromic
acid in sulphuric acid, to a keto-acid, C,;H,,0,N, (dihydrochloride,
m.p. 248° (dec.); diaurichloride, m.p. 211° (dec.). They represent this
dehydrosparteine by (VIII) with an ethyleuic linkage at either C7 — C*®
or C® — C9, so that Wolffenstein’s y-sparteine must be a stereoisomeride
of sparteine. They propose for spartyrine (p. 186) formula (VIII) with
an ethyleniclinkage at C* — C%, or at C® — C%, The keto-acid C,;H,,0,N,
is regarded as (XI) or (XI) with the positions of the carbonyl and carboxyl
7 8 9

10
groups altered thus: CH.COOH and . CH, . CO.

d-Sparteine. As already stated [-lupanine ?* and l-anagyrine 2% both
yield d-sparteine on reduction. This base was found in Sophora pachycarpa
by Orekhov, who continues to use the name * pachycarpine ” for it, and
with Kabatschnik and Kefeli?®® has described experiments with
*“ oxypachycarpine,” on the results of which he adopts for this substance
formula (VIII: with CH, at 10 — CO) which makes it identical with
oxysparteine. d-Sparteine has also been recorded from other plants
(Nos. 1, 2, 4, 31, list, pp. 116-8).

At least seven other bases have been mentioned as present in the
mother liquors from the manufacture of l-sparteine sulphate.2” Valeur
found two, sarothamnine and genisteine, of which Winterfeld and Nitzsche??
have confirmed genisteine and have themselves added four more, two,
thought to be structural and two, optical isomerides of sparteine, with a
fifth substance of higher boiling point.

Sarothamnine, C,;H,,N,. This base forms crystalline additive products
with solvents, e.g., with chloroform, C,;H,,N,,3CHCl;, m.p. 127°, [«], —
88-7°, and with ethyl alcohol, C,;H,,N,,3C,HOH, m.p. 99°, [a], — 25-6°.
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Genisteine, C,;H,;N,, is a volaiile base, m.p. 60-5°, b.p. 189-5-
140-5°/5 mm. ; forms a hydrate, B . H,0, m.p. 117°, [a], — 52-3° (EtOH),
a picrate, B.2CHyNO,);OH, m.p. 215°, and a platinichloride,
B . H,PtCl, . 21H,0.

Retamine, C,;H,;ON, (No. 26, table, p. 118). This alkaloid, isolated
by Battandier and Malosse,?® is isomeric with oxysparteine and gives
colour reactions suggesting relationship to sparteine, It is a strongly
alkaline diacidic base, m.p. 168°, [a,] + 43-15° (EtOH), yields crystalline
salts and derivatives of which Ribas, Sanchez and Primo %8 have prepared
the following : B . HCI, m.p. 272-8°, picrate, m.p. 165-6°; acetyl deriva-
tive, hygroscopic, m.p. 60° (approz.), phenylurethane, m.p. 190-1°. It
behaves as a tertiary alcohol on oxidation and when heated under pressure
with hydriodic acid and red phosphorus forms an isomeride. The same
authors suggest for retamine a provisional formula, which is (VIII) of
p. 187, with . C“H —. C“(OH) and they regard retamine as a hydroxy-
derivative of an isomeride of sparteine. The hydrochloride is stated to
have no action on the frog heart.

Ammodendrine, C,,H,ON,, H,O (No. 1, table, p. 116). The base has
m.p. 73—4°, becomes anhydrous at 70-80°, and then melts at 50-60°,
[«], £ 0°. The salts are amorphous and deliquescent except the hydriodide
B. HI, which forms a crystalline precipitate, m.p. 218-20°, from alcohol,
and the perchlorate, m.p. 199-200°. An amorphous N-benzoyl derivative
was obtained. With methyl iodide ammodendrine behaves as a secondary
base, yielding first N-methylammodendrine hydriodide (a crystalline
precipitate, m.p. 183-5°, from a mixture of alcohol and acetone), and at
the second stage N-methylammodendrine methiodide, m.p. 168-5°. On
hydrogenation ammodendrine furnishes a dihydro-base, which is
hydrolysed into acetic acid and 2 :8'-dipiperidyl, C;,H,oNs;, and must
be dl-N-acetyl-8-a-piperidylpiperidine, Ammodendrine should therefore
be acetyltetrahydroanabasine and is of biological interest as the first
recorded occurrence of this type of alkaloid in the Leguminosz.?®
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Anagyrine, C,;H,,ON, (Nos. 2, 8, 16, 29, 37, 39; list, pp. 116-8).
Gerrard’s alkaloid, ulexine,! from gorse (Ulex europeus) was stated by
several workers 2 to be cytisine, but Klein and Farkass ? were unable to con-
firm this, and Clemo and Raper 4 showed that the alkaloid of gorse is anagy-
rine, sometimes accompanied by a second alkaloid, C,;H,,O;N, (lustrous
plates, m.p. 170°). Anagyrine is best known as a constituent of Anagyris
fetida seeds from which it was isolated by Partheil and Spasski.5 The early
investigations are due to Klostermann ¢ and Litterscheid.” Its preparation
was described by Ing,® who isolated it as the perchlorate, which forms
colourless needles, decomposing at 270° (298-5°; Briggs and Russell ?).
The base forms a pale yellow glass, darkening on exposure to light, b.p.
210-5°/4 mm. (Ing), 260-270°/12 mm. (Couch%); [«], — 165-3° (Ing),
— 151-7° (Orekhov et al.’!), — 168° (Couch), — 146-9° (Briggs and Russell).
The hydrochloride B. HCl,3H,0 has m.p. 285-6° or 295-7° (dry); [«]%
— 124-2° (Couch) or — 142:5° (Ing). The methiodide, B . Mel, forms
colourless needles, m.p. 264° (dec.). The mercurichloride occurs in three
forms (Litterscheid) but only one, m.p, 221-4°, is usually obtained., The
picrate has nip. 242-4° according to most authors, but Couch records
-169-5°, The platinichloride forms ruby-red needles, B.2HCI. PtCl4,
1-5H,0, m.p. 250-1°, The aurichloride inelts at 167-8°,

Constitution. Anagyrine resembles cystisine in giving a red colour
with ferric chloride and in containing a * non-reactive ” oxygen atom.
Klostermann 8 showed that it was a ditertiary base and possibly a butyl-
cytisine. Litterscheid 7 prepared iso- and sec-butyleytisines, but owing to
poor yields comparison with anagyrine could not be mads. The same
‘author described anagyrine oxide, C,;0,,0,N, (silky needles, m.p. 195°,
acid to litmus), produced by oxidising the base with permanganate and
showed that the oxygen atoms were not present as hydroxyl, earbonyl or
N-oxide. This was probably anagyramide, C,;H,40,N, (colourless needles,
m.p. 201-2°) which was obtained by the action of barium permanganate on
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anagyrine and fully investigated by Ing.® It is feebly basic, yields no
methiodide, is stable to acid and alkali, but loses carbon dioxide and is
reduced when heated with red phosphorus and hydriodic acid at 285-240°
to anagyramine, C,,H,,ON, (crystals, m.p. 98-9°), which yields a mono-
acetyl- (m.p. 184-5°) and a nitroso- (plates, m.p. 127-8°) derivative, and
is therefore a secondary base. On ozonisation anagyramide furnishes a
lactam, C;;H,,O,N, (m.p. 258°), a reaction analogous with the formation
of a lactam, C,H,;ON, in Spith and Galinovsky’s ozonisation of tetra-
hydrohemicytisylene (p. 144), and therefore suggests the presence of an
a-pyridonering in anagyrine as in cytisine, The loss of carbon dioxide in

CH=C —gi —Gt =0 —CH—CH CH=C—CH—CH
SRR ] 2
cH CH, HH cH | CHy N—CH  CH TH N-—Cite
Il L] ] IR 2 |
ci CH — CHZ CIH CH—CH (I:H2 (I7H H——?}I
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CO—N — CHz CO-—N—CHz CHZ—CHZ cO—N —Cﬁz (JHz—CI:{2
{I) Cytisine (11) (111)
Anagyrine (Ing)
THz—‘CH—‘ CIH.CHZOH THz— CH — (IJH——CHZ CIHZ— CH—(.;H‘-—CH2
?Hz CIH2 (IJHZ (IY'rlz N— ?Hz (Ifﬂz THZ llw fdz
THZ CHz ?Hz ci—cCd CH2 (In'lz CH—CH CHp
| | I I
CHZ— N '—Cﬂz O0—N — C':iz CHZ_CH2 CHz— N —CH2 CHz"-CH2
(Vi) Lupinine (Karre:’ (V) Lupanine (1vV) Sparteine
{Clemo and Raper) (Clemo and Raper)

the hydrolysis of anagyramide by hydriodic acid suggests that the second
~—CO— group in the latter is in a B-position rclative to the pyridone ring
as in N-methyl-B-cytisamide (p. 145). Further, the benzenesulphonyl-
derivative of the new lactam loses carbon dioxide on melting, presumably
due to the presence of a malonyl residue., These data with others, such as
the identification of the hydrogenation products referred to below, indicate
that anagyrine and cytisine are simply related, and that a formula for
anagyrine may be derived from Ing’s representation of cytisine (I) by
building into the latter C,H, as a component of a new piperidine (II) or
methylpyrrolidine (III) ring.

On exhaustive methylation under carefully controlled conditions,
followed by catalytic hydrogenation of the unsaturated product formed at
each of the three stages, hexahydroanagyryline, C,;H,;ON (pale yellow
oil, b.p. 155-160°/4 mm.), was obtained. This on ozonisation lost C,H,,
gving alactam, C,;H,,ON (oil ; b.p. 140-150°/4 mm.), which on hydrolysis,
followed by oxidation with permanganate, gave an oily acid, C;;H,,0,,
the imide of which proved to be a-methyl-a’-n-amylglutarimide (cf.
Rydon 8), which may be compared with aa’-dimethylglutaric acid obtained
by Spéth and Galinovsky in a similar set of reactions applied to cytisine,
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From cytisine COOH . CHMe . CH, . CHMe . COOH
From anagyrine COOH . CH(C.;H,,) . CH, . CHMe . COOH

Ing also found that anagyrine, on catalytic hydrogenation above 80°,
yielded a tetrahydro-derivative, C,;H,,ON, (b.p. 186-190°/1 mm., [«]3”
— 61:45° (acetone) ), identical with [-lupanine (V) (b.p. 186-8°/1 mm.;
[«], — 61-0° (acetone) ), and on electrolytic reduction furnished hexahydro-
anagyrine, C,;H,¢N, (b.p. 130-5°/1 mm., [a]l" + 10-9°), identical with
d-sparteine (IV) (b.p. 183-5°/1 mm. ; [a]p -+ 15-9°), with the exception of a
difference in the degree of rotation. Galinovsky and Stern 2 have con-
firmed, by hydrogenation, the reduction of anagyrine to d-sparteine,
identified by oxidation to d-oxysparteine, m.p. 87°, [a]p -+ 10-27°, which
with l-oxysparteine (p. 186) gave the di-form, m.p. 112-8° (¢f. p. 188).
They also found that the catalytic hydrogenation of anagyramide led only
to the reduction of the pyridone ring the product being d-oxysparteine.

The interesting relationships between the five most important alkaloids
in this group, which have been made clear by these investigations, are
shown by formule (I) to (VI) on p. 141. The synthesis of oxysparteine
by Clemo, Morgai and Raper (p. 188) supports formula (IT) for anagyrine,
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Cytisine (Ulexine, Baptitoxine, Sophorine), C,;H,,ON, (Nos. 2, 3,7, 8, 29,
30, 82, 34, 38, list, pp. 116-8). The preparation of the alkaloid has been
described by Ing.* It forms rhombic crystals, m.p. 158°, b.p. 218°/2 mm.,
[«]i” — 119-6° (H,0), is soluble in water, alcohol or chloroform, but nearly
insoluble in ether or benzene. It is a strongly alkaline base and
forms well-crystallised, deliquescent salts ; the hydrochioride,
B . HCl. H,0, colourless prisms; the dihydrochloride, B . 2HCI. 3H,0,
yellowish needles; picrate, m.p. 277°; perchlorate, m.p. 296° (dec.);
picrolonate, m.p. 270° (dec.); aurichloride, B.HAuCl,, reddish-brown
needles, m.p. 220° (dec.), sparingly soluble in warm water ; and the nitrate,’
B.HNO, . H,0, needles or leaflets, [a]p — 81-5°. It yields crystalline,
mono-acyl derivatives : acetyl, m.p. 208°; benzoyl, m.p. 116°; nitroso,
m.p. 174°, indicating the presence of a secondary nitrogen atom.? Cytisine
can be nitrated and the aminocytisine formed by reduction can be diazotised
(Freund).® This and the characteristics of dibromocytisine ¢ indicate the
presence of an aromatic nucleus,

Constitution. On electrolytic reduction cytisine yields tetrahydrode-
oxyceytisine, C,;;HyN,, an alkaline oil, b.p. 270° yielding a crystalline
hydrochloride, B . HCl, m.p. 282°, [«]p -— 10-25°. With phosphorus and
hydriodic acid cytisine furnishcs ammonia and cytisoline, C,;H;,ON,
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needles, m.p. 199°, which is oxidised by chromic acid to cytisinolic acid.
C,;;H,05N, and is reduced by sodium in alcohol to a-cytisolidine, C,,H;;N
(platlnlchlorlde m.p. 216°) ; B-cytisolidine, produced along with cytlsolme,
gives a platinichloride, m.p. 284°.5 According to Ewins ® a-cytisolidine is
6 : 8-dimethyl-1 : 2 : 8 : 4-tetrahydroquinoline and chtlsohdlne is 6: 8-
dimethylquinoline, Spith subsequently showed that cytisoline is 2-
hydroxy-6 : 8-dimethylquinoline and synthesised this product.” Ewins
first suggested that the cytisine nucleus was formed by the fusion of three
rings, benzene, pyridine and pyrazole as in (I), and on this basis with
modifications as the result of further experimental work, formule were
subsequently put forward by Freund and Gauff ® (II) and Spath 7 (III),

CH CH, CH, CH
' cu/ C/\iCHz CHa.CH'/\C/ Nen
I
CH.OH CH, ,C. Jco
N N
¥ %X
H \ |
CH, NH—CH,
NH
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the latter stating that cytisine gives van de Mocr’s reaction with ferric
chloride and hydrogen peroxide indicating the presence of an a-pyridone
ring, that the oxygen atom in cytisine is not present as either a iydroxyl
or a normal carbouyl group, and that, as the alkaloid shows marked
resistance to reduction, the two cthylenic linkages must be present as a
conjugated pair in a single ring,

In 1931 Ing ® pointed out that formule (II) and (III) do not contain
methyl or potential methyl groups in positions 6 and 8 which they occupy
in cytisoline, Further, a partially reduced quinoline ought to oxidise
easily to a benzeuecarboxylic acid and so far the only simple oxidation,
products recorded from cytisine were ammbonia, oxalic acid and isovaleric
acid. Distillation of cytisine with zinc dust or soda-lime yields pyrrole
and pyridine, but no quinoline, On these grounds Ing suggested that
cytisine should be formulated without a quinoline nucleus, and that the
reactions which indicate the presence of an aromatic nucleus in the alkaloid
can be accounted for by an a-pyridone ring. This a-pyridone nucleus can
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be associated with the chain of carbon atoms necessary to produce, on
reduction, 6 : 8-dimethylquinoline, in two ways represented by nuclear
structures (IV) and (V), of which (V) would lead to (VI) as the formula
which Ing preferred as representing cytisine on this basis.

Partheil ® showed that the alkaloid reacts with methyl iodide to give
methyleytisine (p. 146), from which an amorphous dimethyleytisine is
obtainable, the methiodide of which when boiled with potassium hydroxide
solution liberates trimethylamine and a resinous substance, C,oH,,O,N.
On repeating this series of operations, Ing'! obtained an amorpkous
de-N-dimethyleytisine methiodide, which on conversion to base with silver
oxide in methyl aleohol, followed by ebullition in amyl alcohol until
trimethylamine ceased to be evolved, yielded a pale yellow, microcrystalline
substance, CyH,,0,N,, m.p. 800°, The formation of this bimolecular
product was held to be better accounted for by formula (VI), derivable
from type (V), than by any similar formula based on type (IV). Spith
and Galir ovsky 1 fcund that in the first stage of exhaustive methylation,
as carried out by Partheil and by Ing, polymerisation occurs, but that if
conducted in a vacuum at or below 90°, there is produced an unpolymerised
de-N-dimethyleytisine which was hydiogenated in presence of palladised
charcoal to de-N-dimcthyldihydrocytisine C,,;H,ON, (b.p. 150-60°/
0-001 mm. ; [a]?¥ — 46-94° (McOH); picrate, m.p. 174-5°). The next
step, carried out under carefully controlled conditions. gnve an ammonium
base, decomposing at 100-20°/10 mm. into trimethylamine and dihydro-
hemicytisylene, C;;H,,ON (b.p. 140° (bath temp.)/0-01 mm., [«], — 1-1°
(benzene) ) ; the latter. on hydrogenalion, gave tetrahydrohemicytisylene,
C,;H;;0N (b.p. 180—40° (bath temp.)/0-001 mm., [x]p — 0-26°), which,
on ozonisation, furnished a lactam, C;H,;ON, m.p. 70-5°, convertible by
acid hydrolysis into an acid aniide, oxidised by permanganate to a mixture
of the fumaroid and malcinoid forms of aa’-dimcthylglutaric acid,
COOH—CHMe—CH,—CHMe—COOH. This lactam must therefore be
represented by formula (VII),

Cd CH,—CH CH
Na [T

CHg .CH—CO cnz.TH—clz “ 2 Ic ﬁH
%Hz NH €&— CHp N\ /CH rlm N /cn
cna.cn—ltﬂz | | co Me.CH—CH/\CO
CH5 . CH—CH,
(vII) (VIII) (1x)

From this (VIII), based on Ing’s type formula (IV), is derivable for
tetrahydrohemicytisylene, since the latter gives the a-pyridone reaction,
but contains no N-methylquinolone complex, so that its tertiary nitrogen
atom must belong to two rings. This formula is supported by the fact
that octahydrohemicytisylene, produced by catalytic hydrogenation of the
tetrahydro-base, is oxidised by potassium permanganate to glutaric
acid, COOH—CH,—CH,—CH,—COOH, representing the chain
—CH—CH,;—CH;—CH,—CO—in the o-piperidone complex of the
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octahydro-base. Glutaric acid is also produced when cytisine is hydro-
genated to tetrahydrocytisine and the latter is oxidised by permanganate.
From (VIII) Spath and Galinowsky ¢ derived five formule for cytisine
depending upon the way in which the imino-group is fitted into the tetra-
hydrohemicytisylene formula, and of these three are eliminated by Ing’s
observation ' that when methyleytisine is oxidised with barium
permanganate it is converted into a mixture of two isomeric lactams,
C,oH 40Ny,  N-methyl-a-cytisamide (m.p. 214-5°) and N-methyl-g-
¢vtisamide (m.p. 179-80°), each of which can be hydrolysed to the
corresponding cytisamic acid, C,H,;sO;N,. In these lactams a
—CH,—NMe— group in methyleytisine has been converted into
a —CO—NMe— group. Formula (IX) for cytisine would lead to two
lactams, which would be geometrical isomerides, and (X) would give rise
to two structural isomerides, (XI) and (XII), derived from methylcytisine,
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As it is imiprobable that the two lactams are geometrical isomerides,
and as Spiath and Galinovsky had already pointed out that a substance
represented by formula (IX) should yield methylsuccinie acid on oxidation,
formula (X) becomes the most probable for eytisine, and this was confirmed
by Spith and Galinovsky’s 2 degradation of N-acetyltetrahydrodeoxy-
cytisine (XIII) by exhaustive methylation, with reduction at appropriate
stages, to N-acetyl-8-methyl-5-n-amyl-piperidine (XIV), which was then
deacetylated and dehydrogenated to the corresponding 3-methyl-5-n-amyl-
pyridine (XV), and this on oxidation furnished B-methylnicotinic acid
(XVI). These results also definitely established the point that ring (A)
in cytisine is piperidine and not methylpyrrolidine. In a later paper
(1986) Spith and Galinovsky *2 provided further support for formula (X)
by showing that tetrahydrohemicytisylene (VIII), when heated with
platinum sponge at 270-80°, first loses four atoms of liydrogen from the
Piperidine ring, giving 8-keto-2 : 4-dimethyl-y-quinolizine (4-keto-7: 9-
dimethylpyridocoline), since then synthesised by the same authors ? (1938),
and then undergoes scission and reduction to 3 : 5-dimethyl-2-propyl-
pyridine. A further degradation of cytisine starting with cytisic acid
was carried out by Lecoq and Polonowski,'®® which ended with the produc-



146 LUPINANE GROUP

tion of what was assumed to be cis-octahydropyridocoline, but which
agreed in characters with Clemo’s synthetic compound now stated to be
1-azadicyclo-[0, 8, 5]-decane or norlupinane (B) (p. 126).

Methylcytisine, C,,H,;ON,. This base, first prepared by Partheil,'3
was found in the roots of Caulophyllum thalictroides L. by Power and
Salway,** and has since then been frequently observed in other plants
(Nos. 2, 8, 80, 33, 37, 88, 41; list, pp. 116-8). It has m.p. 136-7°, [«]2" —
221° (H,0). The following salts have been described : hydrochloride,
B.2HCI. H;0, m.p. 250-5° (dec.); hydriodide, m.p. 246° (dec.);
perchlorate, m.p. 254° (dec.); aurichloride, m.p. 206° (dec.); picrate,
m.p. 2380° picrolonate, m.p. 224-5° (dec.) ; the methiodide occurs in two
forms, m.p. 248° and m.p. 267° (276°, Ing).

Calycotomine, C,(H, (OH)(OMe),(NH) (Nos. 4, 5; list, p. 117).
M.p. 139-141°, [«]2" -+ 21° (H,0). B.HCI, m.p. 198°, [«]2" + 15° (H,0).
B . HCIO,, m.p. 176-7°. The mercurichloride has m.p. 118-9°, and the
picrate, B. C;H,0,N,, H,0, m.p, 163-6°, after melting at 99-100° and
re-solidifying. The basc forms an amorphous nitrosoamine and with
methyl iodide furnishes N-methylcalycotomine hydriodide, m.p. 228-9°,
The dibenzoyl derivative has m.p. 120-2°. The base gives no phenolic
reactions, but on demethylaticn furnishes a product, which could not be
isolated but shows a blue fluorescence in solution and gives an intensc
green colour with ferric chloride, The dil-form, isolated as the
hydrochloride, m.p. 193°, occurs only iu traces.}*®

Calycotamine, C,;H,;(;;)O;N, occurs with calycotomine but only in
traces. The hydrochloride has m.p. 206° and [«]p + 20° (H,0). The
picrate is an oil; the mercurichloride crystallises in needles.*® Two
methoxyl groups are present.,

Monspessulanine, C,;H,;,ON, (No. 5; list, p. 117). The base has
m.p. 101°, [a]p — 117° (EtOH), and yields a hydrochloride, m.p. 244°,
perchlorate, m.p. 215°, and methiodide, m.p. 247°. It does not give
reactions for a carbonyl group and does not acylate., It reduces perman-
ganate and gold chloride. One nitrogen is not basic and is probably in a
lactam group. These characteristics link the alkaloid with the lupanine
series (p. 128) and it is isomeric with aphyllidine (p. 53). On catalytic
hydrogeuation, in presence of platinic oxide, it yields a dihydro-derivative,
C,sH, ON,. m.p. 99°, [a]p — 10 to — 13°, characterised by a perchlorate,
m.p. 224°,15
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Virgiline, C,;H,,0,N, (No. 89%; list, p. 118). The base melts at 248°,
has [«], — 46° (EtOH) and forms the following salts: hydrochloride,
m.p. 262°; methiodide, m.p. 176°, and picrate, m.p. 188-9°. The nitrogen
atoms are tertiary and the base is probably related to sparteine, but
contains an inert carbonyl, a hydroxyl and a C—Me group; the mono-
acetyl derivative has m.p. 174°.

Virgilidine, C,H,40N, is isomeric with lupinine, has b.p. 90°/0-01 mm.,
[«], + 12° (EtOH) and n}" 1-5128; the picrate has m.p. 208° and the
methiodide, m.p. 256-9°,

Matrine, C,;;H,,ON, (Nos. 27, 28, 80, 33; list, p. 118). Thisisomeride of
lupanine was isolated by Nagai,! and has been investigated principally by
Kondo and collaborators.? Matrine exists in four forms ; (a) flat prisms
or needles, m.p. 77°; (8) rhombs, m.p. 87°; () the freshly distilled base,
a liquid, b.p. 228°/6 mni1,, D" 1-088; (8) prisms, m.p. 84°, but only the
a-form is usually found. A solution of the S-form in light petroleum
deposits a mixturc of the a- and §-forms at 22—4°, whilst the B-form
crystallises from a solution of the a-form at 10°. It is soluble in cold
water but separates on warniing, and is optically active, [«]}*" + 89-11°.
The following salts have been prepared : hydrobromide, m.p. 272-5°,
hydriodide, m.p. 267°, aurichloride, B . HAuCl,, leaflets, m.p. 199°, the
platinichloride, B . H,PtCl;, decomposes at 229-30°. The picrate melts
indefinitely and the methiodide oceurs in two forms, m.p. 250° and m.p.
304°. The base contains no methylimino-group, The molecular refraction
(n$>* = 1-52865) indicates that it is saturated. The nitrogen atoms are
both tertiary, but only one is basic, the other being present as a lactam
group, since on hydrolysis by alcoholic potash, potassium matrinate,
CysH,50,N,K (leaflets, m.p. 289°), is formed. From an aqueous solution
of this salt, ammonium chloride precipitates matrinic acid, C,;H,;0,N,,
which is a secondary-tertiary base, rcconvertible to matrine by heat or by
the action of acyl chlorides. With methyl iodide the potassium salt is
converted into methyl N-methylmatrinate methiodide (slender silky
necdles, m.p. 217-9°), which adds on a further molecule of methyl iodide
at 100°, the resulting dimethiodide, C,;H,,Me,0,N,(CH,I);, m.p. 145-6°,
on treatment with potassium carbonate reverts to the monomethiodide,
which is convertible by silver oxide to the methohydroxide. This on
distillation at 210-2°/10 mm. loses a molecule of methyl alcohol and reverts
to methyl N-methylmatrinate.

0.0CH3 .
CHz.N.Cy4H,y %wN.OH CHz.N N)C0.0CH
2.N.Cp g Hpy <t —> Ciz (°14324) 3
On reduction with sodium in amyl alcohol deoxymatrine (CysHp,N,),,
prisms, m.p. 162°, is produced, which with red phosphorus and hydriodic
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acid at 230-60° is reduced to bismatridine (C,;H,;N,)s, needles, m.p. 160°,
On distillation of matrinic acid hydrochloride with zinc dust, a non-basic
substance giving a pyrrole reaction is formed, together with two bases.
The first of these is an oil, C,oH;gN, b.p. 87°/20 mm., yielding a crystalline
picrate, m.p. 165°, subsequently identified as B-lupinane ® (p. 126). The
second, named matridine, C,;H,sN,, m.p. 76°, furnishes a crystalline
aurichloride, B . 2HAuCl,. m.p. 126°. Distillation of potassium matrinate
with soda-lime yields two isomeric bases, a- and B-matrinidines, C,H,N,,
and a fraction, b.p. 55-90°/14 mm., which on catalytic hydrogenation yields
a more stable product, b.p. 40-70°/6 mm.,, separable into a secondary base,
a-butylpiperidine, and a tertiary base, norlupinane, C,H,,N (p. 124). The
recognition of B-lupinane, norlupinane and a-butylpiperidine among the
degradation products of potassium matrinate makes it certain that as in
other alkaloids of this group the tertiary nitrogen atom of matrine is a
component of a lupinane nucleus.

a-Matrinidine, C,,H,,N, (b.p. 180-2°/6 mm.), is a secondary-tertiary
base containing an ethylenic linkage and yielding dihydro-a-matrinidine
(m.p. 66°, b.p. 122-3°/2 mm. ; picrate, m.p. 251° (dec.) ) on reduction.
The latter has been degraded to quinolinic acid (pyridine-2 : 8-dicarboxylic
acid) according to the following scheme, in which the reactions used are
indicated in brackets,*

Acetyldihydro-g-matrinidine
012H21N2 +C0.CHy
, {CNBr eddition}

¥ v
Bromocyanide A Bromocyanide B
,Clzﬁle(CO.Cﬁs)N.Br.CN
(Hydrogenation, Pd) (Hydrogenation, Pd)
Cy 2HppN(CO.CH5 IN.CN norCyanamide
' (Bydrolysis, HC1) {Bydrolysis, HC1)
\l. A2 A l By Ba),
€y pHy oN(CO, CHy N ———————>  Cy,H,, (NH) C1oHp, (NH) Cy 2, 0Ny
12722 3 (Rydrolysis, HC1) 12722 2 2
(Dehydrogenetion, Pd) (Dehydrogenetion, Pd)
g M C ¥ N c ; N
€12MN2 €12M4M 12M18%2 12762

(Dehydro-
a-matrinidine)

l {oxidation, KMnOy)

Quinolinic aecid
(pyridine-2:3-dicerboxylic acid)

Matrine is isomeric with lupanine (p. 128), and sophocarpine (p. 150);
and in common with anagyrine (p. 140), sophocarpine and aphylline
{p. 54), may be supposed to contain a.lactam ring, though it differs from
them in the ease with which the lactam group undergoes alkaline hydrolysis
with the formation, e.g., of potassium matrinate, and in the fact that it
cannot be reduced to C,;H,¢N, (sparteine or an isomeride) except by zinc
dust distillation. Lupanine and sparteine can be dehydrogenated to the
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corresponding dehydro-bases by oxidation with mercuric acetate, whereas
matrine requires treatment with platinised asbestos at 280-310° and then
yields two bases, octadehydromatrine, C,;H,,ON,, and C,,HzN, The
former has m.p. 175-7°, shows a greenish fluorescence, gives the pyrrole
pine-shaving reaction, a reddish-violet colour with Ehrlich’s reagent and
the ferric chloride reaction characteristic of «-pyridones. It reduces gold
chloride, and does not react with methyl iodide or with the usual reagents
for carbonyl groups. The second substance is a basic oil, b.p. 138°/
0-001 mn1., and behaves as a monoacidic, ditertiary amine. The picrate
has m.p. 142°, the aurichloride, B . HAuCl,, m.p. 118°, and the methiodide,
B . Mel, m.p.129°. The methohydroxide on oxidation with pcrmanganate
vields butyric acid, which is not similarly obtainable from matrine metho-
hydroxide, so that in this degradation a propyl side-chain has been produced
from the lactam ring of matrine, which may have the structure (A) or (B).

~§—CO-CHMe —N-CO——CH,
{ | | ClOHI'IN{ |

~CH—-CH,, ~CH~CH,~CH,,

(B)

This ring is eliminated in the formation of dihydro-z-matrinidine,
which on the basis of the results summarised in the diagram (p. 148),
particularly the degradation to quinolinic acid, may be represented by (I),
in which the positions of the —NH-— and CHMe groups may be inter-
changed though their relative positions are confirmed by the formation
of a benzylidene derivative, m.p. 106-7°, from dihkydro-a-matrinidine,
assuming that in the formation of a-matrinidine no displacement of a ring
occurs. Formulx for matrine may be derived from (I) by the super-
imposition of the lactam ring (A) or (B). Kondo, Ochiai and Tsuda
(1985),5 at first preferred (A) for this purpose, but Tsuda (1936),° finding
that methyl matrinate methiodide (p. 147) on successive treatment with
silver oxide and potassium permanganate gave oxalic, succinic and
glutaric acids, but no pyruvic acid, concluded that matrine, like lupanine
(p. 128) and cytisine (p. 142), must contain an «-piperidone ring, and
therefore represents matrine by (II) or (III). An attempt to decide
between (II) and (III) by Tsuda and Murakami (1937) 3 was unsuccessful,

C1o8yo

(A)

i A I
(I:Hz (lmz THE—N—CH ?Hz—CH"'—N
CH CH CH—CH——CH CH—CH—CH
e [ 2 ! 1 |
e | m m |
o m| o om|
CHz—N——CH, CH;—N——CH,,
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Oxymatrine, C;;H,,0,N,. H,0O (No. 27; list, p. 118). This base has
m.p. 162-8° (dec.) or 208° (dry), [«]}* + 47-7° (EtOH); yields a picrate,
m.p. 215°; aurichloride, m.p. 207° (dec.); hydrobromide, m.p. 215°;
perchlorate, m.p. 240° (dec.); and methochloride aurichloride,
B. CH,CI. AuCl;, m.p. 185° (dec.). It contains one tertiary nitrogen
atom, and a lactam group. According to Ochiai and Ito ® it is matrine-N-
oxide, and may be prepared by the action of hydrogen peroxide on matrine.

Minor Alkaloids of Sophora spp. (items 27-34 ; list, p. 118). In addition
to sparteine (p. 1838), cytisine (p. 142), methyleytisine (p. 146), anagyrine
(p. 140), matrine (p. 147) and oxymatrine (sce above) the following minor
alkaloids have been recorded in this genus.

Aloperine, C;;H,N,. M.p. 78-5°, [a]p, + 859°. Salts: B, HCI,
m.p. 261-38°, [a]p + 92-4°; B, HAuCl,, 204-6°; picrate, m.p. 285° (dec.).
Contains one : NH group and yields with methyl iodide N-methylaloperine
methiodide hydriodide, m.p. 247-9°. The N-benzoyl derivative has
m.p. 161-2°.°

Sophocarpine, C,;H,,0N, . H,O (sce alsoitem 1 (a); list, p. 116). M.p.
54-5°, or 81-2° (dry), [a]p — 29-44°. Salts: B, HCI, m.p. > 300°; B,
HAuCl,, in.p. 166-70°; B,, H,PtCly, m.p. 207-12° (dec.); picrate, m.p.
155-7°; B, Mel, 200-2°. Electrolytic reduction produces a volatile,
crystalline base, C,;Hy¢Ny, b.p. 158—4°/5 mm., [«]° — 26-2° (EtOH).
B, Mel, m.p. > 300°. Degradation by the Hofmann process was
unsuccessful.”

Sophoramine, C;sHyON,.  M.p. 164-5°, [alp — 90-8°. Salis; B, HCI,
m.p. 247-8° (dec.); B, HI, m.p. 294-5°; B, HAuCl,, m.p. 1834°; B,,
H,PtCl,, 245-7° (dec.) ; picrate, m.p. 229-31°.8

Sophoridine, C;;H,,0N,. M.p. 109-110°, [a]p — 63-6° (H,0). Salts :
B, HCI, deliquesceut and very soluble. B, HAuCl,, m.p. 189-90°;
B, Mel, m.p. 284-6° Is reduced clectrolytically to an oily base,
C,;H,¢N,, b.p. 172-3°/4 mm., [a]p — 87-1° (EtOH); B, Mel, m.p. > 300°.
Hofmann degradation attempt unsuccessful.?

Sophochrysine. Formula uncertain, C,g,5H, .,40,N5, amorphous,
m.p. 284-7°; [a]}*" — 118-2° (EtOH); picrate, m,p. > 860°; picrolonate,
m.p. 265-5-7° (dec.) ; aurichloride, m.p. 190-2° (dec.)'°

Minor Alkaloids of Thermopsis spp. (items Nos. 36, 87, 38 ; list, p. 118).
In addition to sparteine (p. 183), anagyrine (p. 140), cytisine (p. 142) and
methyleytisine (p. 146), the following alkaloids have been recorded in these
plants,

Thermopsine, C;;HON,.  M.p. 205-205-5°, [«]2 — 159-6° (EtOH).
Monoacidic base. Salts: B.HI.H,0, m.p. 306-8° (dec.); picrate,
m.p. 208-9°; 262° (Manske); B.Mecl, m.p. 241-2° (dec.). Electrolytic
reduction yields a base, C,sH,,0N,, m.p. 112-8°, [a]p + 55:9° (MeOH), in
which the * indifferent ”” oxygen of thermopsine has been converted into a
hydroxy! group and the ‘ indifferent ** N-atom into a secondary nitrogen,
probably by the opening of a ring, including a : N—CO— group. On
catalytic hydrogenation thermopsine gives a tetrahydro.base, m,p. 75-6°,
[«]p — 52-2° (EtOH), isomeric with matrine and lupanine and in which the
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oxygen atom is still “ indifferent,” though the second nitrogen atom has
become basic, e.g., in the dihydriodide, B. 2HI . 3MeOH, m.p. 296-8° (dec.).
The picrate has m.p. 143-4°, the platinichloride, m.p. 241-2° (dec.), and
the methiodide, m.p. 261-2°. Thermopsine is not hydrolysed by acids
or alkalis, is unsaturated to permanganate and attempts at degradation
by the Emde, Hofmann or von Braun procedures proved unsuccessful,!*

homoThermopsine, Cy;H,,ON,. M.p. 224-5°, [a]p + 86-9° (CHCI,).
Crystallises in small needles (Orekhov et al., 1934).1*

Rhombifoline, C,5HO,N, Amorphous. Salts: Perchlorate, m.p.
242° ; picrate, m.p. 207° (Manske).

Rhombinine, C;H,,0,N, (see also item 18(a), list, p. 118). Amorphous.
Salts : Perchlorate, m.p. 318°; picrate, m.p. 253° (Manske).'*  Octahydro-
rhombinine, C,gH300,N,, has b.p. 140°/0-2 mm. and yields a perchlorate,
B, HCIO,, m.p. 213°, [«]p — 40-9° (H,0).
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PHARMACOLOGICAL ACTION OF THE LUPINANE
ALKALOQOIDS. None of these alkaloids is of much importance in medicine,
though sparteine sulphate is so used, and in Russia the use of galenical
preparations of Thermopsis lanceolata (No. 87 ; list, p. 118) as respiratory
and circulatory stimulants has been proposed.® Several of the plants
concerned are known as the cause of fatal poisoning cases notably lJaburnum
(Cytisus Laburnum) and Freise 2 has called attention to “ cocobolo ”” wood,
derived from Apuleia molaris Benth., as the origin of a chronic poisoning
case due to the presence in the wood of a small proportion of eytisine, In
this connection special interest attaches to the microchemical detection of
cytisine of which a bibliography has been published by Wagenaar,?
Reference has been made already to the * de-bittering ” of lupin seeds
for use as a feeding-stuff for cattle and for this purpose Makaro and
Kondratyeva ¢ have devised a scheme for the preparation of an alkaloid-
free lupin flour, the recovered alkaloids being used as an insecticide. This
group of alkaloids is attracting some attention in Russia for this purpose

and sophocarpine, obtained from Ammothamnus lehmanni, has been tried
for the destruction of the web mite.5
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According to Georgadze ® the three sophora alkaloids sophocarpine (a),
sophocarpidine (b) and sophoridine (¢) only differ in degree and not in
character of their pharmacological activity ; thus'on intravenous injection
each causes a rise and then a fall i1 blood pressure and their activity in
this direction is in decreasing order (a), (¢), (b). In small doses they
stimulate, and in larger doses depress, the isolated heart of either cold- or
warm-blooded animals and then their decreasing order of activity is (c),
(8), (a).

In spite of the interest displayed in recent years in the natural
distribution and the chemistry of anagyrine very little work has been done
on its pharmacology as Smith and Wilson 7 have pointed out ; its vaso-
constrictive action has been investigated by Tournade and Raymond-
Hamet.®

The lupinane group has not attracted chemists as a primary material
for modification in the hope of developing substances of possible therapeutic
interest, Liberalli® found lupanine was inactive in avian malaria and
Clemo and Swan 1° state that this is also the case for 11-(e-diethylamino-
B-pentyl)aminolupinane. Lupinine p-aminobenzoate has been investi-
gated in Russia and shown to possess marked local anssthetic action.!!

Sparteine. This alkaloid closely resembles coniine in action but is
less toxic. The lethal dose of the sulphate for the guinea-pig according
to Raymond-Hamet 2 is 68 or 74 mgm. per kilo, depending on the method
adopted for assessing the results of toxicity tests. Sparteine appears to
exert little action on the central nervous system, but paralyses the motor
nerve terminations and the sympathetic ganglia. It also causes greater
depression of heart action than coniine and has a depressant effect on the
circulation. The inhibitive action of sparteine sulphate in experimental
anaphylaxis has been examined by Bertoni,? its antagonism to metrazole
by Schnittspahn 4 and its effccts on the autonomic nervous system by
Koppanyi and Linegar.®* In stimulant action on the motility of the
isolated rabbit uterus Ligon ¢ found lupinine base about one-fifth and
Iupanine dihydrochloride and trilupine base about one fifteenth, as effective
as sparteine disulphate. The minimal lethal doses (mgm. per kilo.), on
intraperitoneal injection into guinea-pigs were : lupanine dihydrochloride,
25-29, lupinine base, 28-80, sparteine sulphate, 42-55, and trilupine base,
200-25, Zipf and Triller }* found a-isesparteine as toxic and a-didehydro-
sparteine half as toxic as sparteine ; both act like sparteine on the isolated
frog heart and have a peripheral curare-like action on the muscles of frogs
and mice. According to Jack !® neither has any contra-fibrillatory action
on frog heart though benzyl-lupanol has the same effect as sparteine in this
respect and phenyldehydrosparteine is ten to twenty times as potent as
sparteine,

Delourme-Houdé ° found that on conversion to quaternary derivatives
the capacity of sparteine to intensify and prolong the hypertensive action
of adrenaline was increased. Pratesi and Aitieri 2° have investigated the
sparteine-like activity of piperidine derivatives of the type,
CsH, (N . CH, . CHX where X is NH,, NMe,, NEt,, NMePh or a second
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piperidyl residue ; and Mercier and Mercier 2° have found that large doses
of diethylaminoethanol produce sparteine-like effects in dogs.

Cytisine. This base belongs to the same pharmacological group as
nicotine.?! It is a powerful poison causing nausea, convulsions and death
by failure of respiration. The nicotine-like action is shared by N-methyl-
cytisine but the latter, according to Scott and Chen,?? who have made a
detailed study of its action, is weaker and has about one-fortieth the toxicity
of nicotine.
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ALKALOIDS OF THE CACTACEA. Heffter! has recorded the
presence of alkaloids in a number of cacti, but only those of Anhalonium
spp. have been fully investigated. Heyl' obtained an amorphous base,
pilocereine, from Pilocereus sargentianus Ore., and Ducloux * extracted
from Gymnocalycium gibbosum. Haw., basic material which he regarded as a
mixture of the anhalonium bases, anhalonine, lophophorine and mezcaline,

Anhalonium spp. A number of plants known by the name ¢ pellote ”’
and belonging to this genus are used in Mexico to produce intoxication
in the course of religious ceremonies, The best-known product of this
kind is the flowering heads of 4. Lewinii Hennings, which have been
imported into Europe for use in medicine under the name * mescal or
mezcal buttons.” The following Anhalonium alkaloids are known :—

Hordenine (Anhaline), C,oH,;ON, in 4. fissuratum Engelm.,

Anhalamine, C,;H,;0,N, in 4, Lewinti.

Anhalidine (N-methylanhalamine), C,,H,,0,N, in 4. Lewinii.?®

Anhalinine(O-methylanhalamine), C;,H;,0,N, in 4. Lewinii,2®

Mezcaline, C,;H,,0,N, N-methylmezealine, C,;H,,0,N,%?, and
N-acetylmezcaline, C,,H,,0,N%9, in 4. Lewinii.

Anhalonidine, C,,H,,0;N, and O-methyl-d-anhalonidine, in A.
Lewinii,

Anhalonine, C,H;;0,N, in 4. Lewinii and 4. Jourdanianum Lem.

Lophophorine, C,;H,,0;N, in 4. Lewinii.

Pellotine, C;H,,0,N, in 4. Lewinii and 4. Williamsii Lem.

Processes for the extraction and separation of the alkaloids are given
by Kauder ## and Spith and Becke.2®?

Anhaline, C,(H,;ON, was isolated by Heffter * from 4. fissuratum, and
later identified by Spith as hordenine * (p. 638).

Anhalamine, C,;H,,O;N, occurs in microscopic needles, m,p. 187-8°,
The hydrochloride, B . HCl. 2H,0, forms lustrous leaflets, m.p. 256-8°
and the sulphate, B,.H,S0,, colourless prisms; the picrate has m.p.
234-6°. The base contains two methoxyl groups and one hydroxyl group.
A dibenzoyl derivative, m.p. 128-9°, and a monobenzoyl derivative,
m.p. 167:5°, are formed, the latter but not the former being soluble in
alkalis, The methyl ether of anhalamine is identical with anhalinine,
b.p. 180-40°/0-01 mm., m,p. 61-8°, and the N-methyl derivative is
anhalidine, m.p. 181-8°.

Mezcaline (Mescaline), C,;H,;04N, is a colourless alkaline oil, b.p.
180-180-5°/12 mm., which absorbs carbon dioxide from the air, forming a
crystalline carbonate, The sulphate, B,.H,S0,.2H,0, m.p. 183-6°,
forms brilliant prisms ; the hydrochloride, m.p. 181°, colourless crystals ;
picrate, m.p. 216-8°; and the platinichloride (B.HCI),.PtCl,, m.p.

154
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187-8°, bright yellow needles. The alkaloid contains three methoxyl
groups. With methyl iodide in methyl alcohol it forms a methiodide,
m.p. 174° and dimethylmezcaline methiodide, pale yellow plates, m.p.
224-5°, N-Mecthylmezcaline has been found in mescal buttons and
synthesised.®? It has b.p. 130-140°/1 mm. and yields a picrate, m.p.
177-5—178-5°. Spith and Bruck (1938) have recorded N-acetylmezcaline,
m.p. 93-4°, from the same source.*?® Benzoylmezcaline forms lustrous
needles, m.p. 120°. On oxidation mezcaline yields 8 : 4 : 5-trimethoxy-
benzoic acid. Wanag and Veinbergs 3 have condensed mezcaline with
phthalic anhydride in presence of acetic acid, to the phthalyl derivative,
(MeO), . CiH, . CH, . CH, . N(CO), . CgH,, m.p. 165°, and Hahn and
Rumpf 3®) have shown that on demethylation by hydrochloric acid at
130-50°, mezcaline yields the corresponding trihydroxyphenylethylamine,
as hydrochloride, m.p. 218-5°, which condenses with pyruvic acid under
¢ physiological conditions ”’ (atmospheric temperature and pH, 7-0) to
6 : 7 : 8-trihydroxy-1-methyl-1 : 2 : 8 : 4 :-tetrahydroisequinoline-1-
carboxylic acid (dec. 250°), and with other a-ketonic acids to give analogous
isoquinoline derivatives.

The alkaloid gives a lemon-yellow coloration with sulphuric acid,
passing into violet on warming or on adding a small fragment of sucrose
or sodium nitrate. A similar reaction is given by all the alkaloids of this
group except hordenine, Microchemical methods for the detection of
mezcaline have been described by Rosenthaler 4 and by Ducloux.*

Anhalonidine, C,,H,,0,N, crystallises in small octahedra, m.p. 160-1°,
The hydrochloride, B . HCI, forms prisms, but the platinum and gold salts
are amorphous ; the picrate has m.p. 201-8°. The alkaloid contains two
methoxyl groups, yields a monobenzoyl derivative, m.p. 189° and with
methyl iodide forms N-methylanhalonidine hydriodide (pellotine
hydriodide), yellow prisms, m.p. 125-130°.

O-Methyl-d-Anhalonidine, C,;H,,0,N. From a selected fraction of
bases in the mother liquors from the working up of ‘“‘ mescal buttons ”
Spith and Bruck %© (1989) isolated this base as the crystalline d-tartrate.
It is an oil, b.p. 140°/0-05 mm. (bath temp.), [«]}* + 20-7° (MeOH),
characterised by the 2 : 4 : 6-trinitrobenzoyl derivative, m.p. 259-260°,
[«]} + 89:7° (MeOH) and identified by comparison with the dextro-
rotatory component from the resolution of the synthetic O-methyl ether
of dl-anhalonidine, synthesised by Spath.'* The l-isomeride had [a]p
— 20-1° (MeOH) and gave a 2:4:6-trinitrobenzoyl derivative, m.p.
259-260°, [«]}¥ — 43-7° (CHCI,).

Anhalonine, C,;,H,,0,N, crystallises from light petroleum in needles,
m.p. 85:5°, [a]p — 56-3° (CHCl;). The hydrochloride, B.HCI, forms
colourless prisms, [«]}7"—41-9 (H,0); the platinichloride, (B.HCI),.PtCl,,
golden-yellow needles. Anhalonine contains one methoxyl group and a
methylenedioxy group. It is a secondary base, forms a nitroso-derivative,
and reacts with methyliodide, forming N-methylanhalonine (lophophorine)
which in turn gives a methiodide, C,;H,,0,N(CH,) . CH,l, identical with
lophophorine methiodide, m.p. 228° (dl-form m.p. 239-241°).
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Lophophorine, C,;H,,0;N, is a colourless syrup, [a}lp— 47:0° (CHCIL,),
insoluble in water, but readily soluble in organic solvents. The hydro-
chloride, B. HCI, crystallises in small colourless needles, [«]}’" — 9-47°
(H,O) ; picrate, m.p. 162-8°. The base contains one methoxyl group and
a methylenedioxy group. Methiodide (see under anhalonine above).

Pellotine, C,;H,,0,N, crystallises from alcohol in tablets, m.p. 111-2°,
The hydrochloride, B .HCl, forms rhombic prisms; the aurichloride
melts at 147-8° and the picrate at 166-8°. The alkaloid contains a
methylimino group, two methoxyl groups and a phenolic hydroxyl group.
The methiodide, B . CH,I . H,0, crystallises in small prisms, m.p. 198-9°.

Constitution of the Anhalonium Alkaloids. From Heffter’s results it
was possible to extend the formul: assigned to six of the seven anhalonium
alkaloids then known as follows :—

Anhalamine, C H,(OMe),(OH)(NH) Anhalonine, ;,H,,0,(OMc)(NH)
Mezcaline, CH,(OMe),(CH, . NHMe)(3 : 4 : 5 : 1), Lophophorine, C,,H,,C,N(OMe).
Anhalonidine, C,,Hy(OMe),(OH)(NH). Pellotine, C,,Hy(OMe),(OH)(NMe).

Mezcaline. Heffter proved tha mezcaline was not identical with the
base having the formula shown above, which he synthesised for this
purpose,® and it was not until Spith began work on thesc alkaloids that
their relationships were cleared up. In his first paper 2 this author showed
that anhaline was ideutical with hordenine (g-p-hydroxyphenylethyl-
dimethylamine, HO . CgH, . CH, . CH, . NMe,, p. 638), and described the
synthesis of mezcaline by the following scries of reactions. Galloyl chloride
(8 : 4 : 5-trimethoxybenzoyl chloride) was reduced by Rosenmund’s
method & to 8 : 4 : 5-trimethoxybenzaldehyde, which was condensed with
nitromethane to w-nitro-3 : 4 : 5-trimethoxystyrene,

CeH, . (OMe); . CH: CH. NO,.

This, on reduction with zine dust and acetic acid, y’elded the corresponding
oxime, which was further reduced by sodium amalgam to B-8:4:5-
trimethoxyphenylethylamine, CysH,(OMe),.CH,.CH,.NH,, and this
proved to be identical with mezcaline (I). Like the latter, it behaves on
analysis as if it contained the grouping —NHMe but this had already been
disproved by Heffter.®* Interest in the remarkable physiological properties
attributed to mezcaline has led to many syntheses of this alkaloid and of
its isomerides and analogues.”

Anhalamine. When mezcaline is condensed with formaldehyde it
yields 6 :7 :8-trimethoxy-1:2:38: 4.tetrahydroisoquinoline and the
quaternary iodide obtained from this is identical with dimethylanhalamine
methiodide.® It follows that O-methylanhalamine must be 6:7: 8-
trimethoxy-1: 2 : 8 ; 4-tetrahydroisoquinoline. The free hydroxyl group
was shown to be at C® by Spith and Becke,? who found that the product
(IT: R = Et), formed by O-ethylation of anhalamine, gave 4:5-
dimethoxy-8-ethoxyphthalic acid anhydride, m.p. 106-7°, on oxidation
with potassium permanganate. Anhalamine is therefore 8-hydroxy-6 : 7-
dimethoxy-1: 2 : 8 : 4-tetrahydroisoquinoline (II: R = H). Anhalidine
" is N-methylanhalamine and anhalinine the O-methyl ether (II: R = Me)
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of anhalamine.®® The structure of anhalamine had already been estab-
lished by the synthesis of the alkaloid from 5-hydroxy-8 : 4-dimethoxy.
benzaldehyde, which was converted into B-5-hydroxy-3 :4-dimethoxy-
phenylethylamine, and the latter condensed with formaldehyde, the
hydroxyl group being protected by ethylcarbonation or benzylation up to
the last stage.}?

Pellotine and Anhalonidine. The N-acetyl derivative of mezcaline
(I: NH,— NHACc), on treatment with phosphoric oxide, yields 6 : 7 : 8-
trimethoxy-1-methyl-3 : 4-dihydroisoquinoline (picrate, m.p. 181-2°),
which, on successive catalytic hydrogenation and treatment with methyl
sulphate, yields 6 :7 : 8-trimethoxy-1 : 2-dimethyl-1 : 2 : 3 : 4-tetrahydro-
isoquinoline identical with O-methylpellotine (picrate, m.p. 167-8°),
whence it appears that pellotine must be a dimethyl ether of 6:7: 8-
trihydroxy-1 : 2-dimethyl-1 : 2 : 8 ; 4-tetrahydroisoquinoline. Pellotine
and anhalonidine on complete methylation yield the same product, and as
anahalonidine is a secondary base and differs from pellotine by containing
—CH, less, it must be a dimethyl ether of 6 : 7 : 8-trihydroxy-1-methyl-
1:2:3: 4-tetrahydroisoquinoline,’* and pellotine should be N-methyl-
anahalonidine,

The position of the free hydroxyl group in these two alkaloids is either
C% or C8, since Spiath has shown that the ON-diacetyl derivative of B-5-
hydroxy-8 : 4-dimethoxyphenylethylamine, when leated in toluene
solution with phosphoric oxide, yields a product which must be either
6-acetoxy-7 : 8-dimethoxy-, or 8-acetoxy-6 :7-dimethoxy-1-methyl-3 : 4-
diliydroZsoquinoline. On reduction with tin and hydrochloric acid 't is
converted into anhalonidine, which must therefore be 6-hydroxy-7:
8-dimethoxy-  (or  8-hydroxy-6 : 7-dimethoxy-)-1-methyl-1 : 2 ; 8 : 4-
tetrahydroisoquinoline. Similarly the methiodide of the acetoxy-com-
pound on reduction yields, by loss of acetic acid and addition of two
hydrogen atoms, pellotine, proving the latter to be N-methylanhalonidine,?
The position of the free hydroxyl group was finally shown by Spiith 3 to

CH
2 CH 2 CHZ
MeO CH2 Me CHZ MeO CHZ
Med NHz MeOl NH MeO NH
MeO R CHZ H CHMe
(I) Mezcaline (II) Anhalamine (II1) Anhalonidine
TR =H] -
CH2
YeO CH MeO MeO H {
, 2~CH{OEt) 2
NeO NMe M N MeO
H HMe H e CHzPh—O CMe

(IV) Pellotine (v1) (V)
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be at C8, as in anhalamine, by converting pellotine into the O-ethyl ether,
b.p. 180-140°/1 mm., which on oxidation with potassium permanganate
yielded 4 : 5-dimethoxy-8-ethoxyphthalic acid, whence pellotine must be
(IV), and as pellotine is the N-methyl derlvatlve of anhalonidine, the latter
must be represented by (III).

This was confirmed by an independent analytical method by Spiath
and Boschan,** and by a synthesis of pellotine by Spith and Becke,!®
starting from the benzyl ether of 2-hydroxy-3 : 4-dimethoxyacetophenone,
which was converted by aminoacetal into the Schiff’s base (V). This, on
treatment with sulphuric acid (73 per cent.), followed by warm water, gave
8-hydroxy-6 : 7-dimethoxy-1-methylisoquinoline (VI), of which the
niethiodide, m.p. 188-189-5°, on reduction furnishes pellotine (IV). From
dl-pellotine so formed Spith and Kesztler,'® by a special process of frac-
tionation, isolated I-pellotine having [«])” — 15-2° (CHCl,), for which
optical homogeneity was not claimed, owing to the ease with which
racemisation occurs, slowly in aqueous solution at 15-20°, and rapidly in
alkaline solution, but less readily in presence of acid. Natural pellotine
is optically inactive, probably due to racemisation during isolation.

Anhalonine and Lophophorine, Spith and Gangl ** showed that each
of these alkaloids contains a metliylenedioxy group and that the quarter-
nary iodide prepared from dl-anhalonine is identical with lophophorine
methiodide so that lophophorine must be N-methylanhalonine. Anhalonine
was synthesised from 38 :4-methylenedioxy-5-methoxybenzaldehyde by
condensation with nitromethane, reduction of the product to the corre-
sponding B-ethylamine, the acetyl derivative (VII) of which, on treatment
with phosphoric anhydride, condensed to 6-methoxy-7 ; 8-methylenedioxy-
1-methyl-8 : 4-dihydroisoquinoline, m.p. 60-2°. This, on reduction,
furnished the corresponding tetrahydroisoquinoline, which proved to be
anhalonine (VIII), and on conversion to the quaternary methiodide the
latter was found to be lophophorine (IX) mcthiodide. The possible
alternative,  8-methoxy-6 : 7-methylenedioxy-1 : 2-dimethyl-1:2: 38 : 4-
tetrahydroisoquinoline, was prepared by Freund’s method ** and the
methiodide shown not to be identical with lophophorine methiodide.

CH, cH, CH,,
MeOK\ CH, MeO CH, MeO i,
0 NMe 0 NH o NHAc
AN | 1
HyC— Hie HyC— CHMe HyC —
(IX} Lophophorine (VIII) Anhalonine (VII)
CH, CH, CH,
Me0 CH, HO cH, o L CH,,
MeO Mo MeO N LN Nie
HMe CHMe Hz

(X) Carnegine (XI) Salsoline (XI1) Hydrohydrastinine



CACTUS ALKALOIDS 159

Confirmation of this constitution was provided by Spiath and Becke,2®
who identified 5-methoxy-8 : 4-methylenedioxy-o-phthalic acid as an
oxidation product of anhalonine. The synthetic di-anhalonine was
resolved by crystallisation of the [-tartrate from methyl alcohol, into
l-anhalonine, m,p. 85-6°, [4]%° — 56-3° (CHCl,) and its optical antipode.
I-Anhalonine was niethylated by formaldehyde and formic acid to N-
methyl-l-anhalonine, [«]3*° — 47-0 (CHCl,); picrate, m.p. 162-8°, which
proved identical with lophophorine,18

The following alkaloids are included in this section as simple isoquinoline
bases : only one of them, carnegine, has been obtained from a cactus
species (Cercus).

Carnegine, C,;H,,0,N. From Carnegia gigantea (Engelm.) Britt. and
Rose (Monimiacez), Heyl *® isolated this base as an alkaline oil, yielding
crystalline salts, It was stated to contain two methoxyl groups and to
resemble lophophorine in physiological action, These results were con-
firmed and extended by Spith,2° who showed that carnegine is 6 :7-
dimethoxy-1 : 2-dimethyl-1 : 2 : 3 ; 4-tetrahydroisoquinoline  (X) by
comparison of the followiug salts of the two bases : hydrochloride, m.p.
210-1°; picrate, m.p. 212-8° (dec.); methiodide, m.p. 210-1° (vac.).
Spith and Kuffner ?! subsequently showed that pectenine, isolated by
Heyl 22 from Cereus pecten aboriginum, is identical with carnegine.

Avxaromns of Salsola Richteri. This member of the botanical family
Chenopodiaces has been shown by Orekhov and Proskurnina 23 to contain
three alkaloids of which two are closely related to the typical cactus
alkaloids.

Salsoline, C,,H,,0,N. Thc base has m.p, 218-221°. It yields a hydro-
chloride, B.HCI. 1-5H,0, m.p. 141-152°; ON-dibenzoyl derivative,
m.p. 166-8°; N-benzoyl derivative, m.p. 172—4°. With diazomethane
it furnishes O-methylsalsoline, the I-form of which was shown to be identical
with salsolidine, which also occurs in S. Richteri in I- and dl-forms. The
O-methyl ether on treatment with formaldehyde and formic acid becomes
fully methylated to C,oH,o(OMe),(NMe), the product being carnegine (X)
(see above). On exhaustive methylation, O-methylsalsoline yields
eventually 3 :4-dimethoxy-1 : 2-divinylbenzcne, m.p. 87-9°, which is
oxidised by pcrmanganate to metahemipinic acid. The position of the
hydroxyl group in salsoline was settled by Spith, Orekhov and Kuffner,?
who synthesised 6-hydroxy-7-methoxy-1-methyl:1 : 2 : 3 : 4-tetrahydro-
isoquinoline (XT), m.p. 228-4°, and showed it to be identical with salsoline,
The latter, as isolated from the plant, is a mixture of d- and dl-forms, from
which Proskurnina and Orekhov 23 (1987) isolated, as the d-tartrate, the
d-form, m.p. 215-6°, giving a hydrochloride, m.p. 171-2°, [«]p + 40°1°
(H;0). The mother-liquors yielded the I-form (m.p. 215-6°; B.HCI,
m.p. 171-8°, [«a]p — 89-2°), convertible by diazomethane into O-methyl-I-
salsoline, identical with salsolidine, C,,H,,0,N, 2H,0, which has the
following characteristics : m.p. 60-1°, or 71-8° (dry); [alp — 52-9°;
hydrochloride, m.p. 2383-5°; [a]p — 26:5°; picrate, m.p. 194-5°;
Picrolonate, m.p. 220-1° and N-benzoyl derivative, m.p. 124-5°,
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The dl-form of this substance, 6:7-dimethoxy-1-methyl-1:2:8:4-
tetrahydroisoquinoline, which had already been synthesised by Schépf
and Bayerle,?® in the course of their biogenetic work on isequinoline
alkaloids, was prepared by Spath and Dengel 23 and resolved into the d-
and [-forms. They recorded for the di-form, m.p. 58-53-5°, and for the
I-form, m.p. 47-5°—48-5°, and [«]}® — 59-7° (EtOH), which differ somewhat
from the figures first recorded for natural l-salsolidine. Proskurnina and
Orekhov 2* (1939) explained these differences by showing that d- and
I-salsolidine each occurs in two forms, m.p. 41-5° and 71-3° (dry) produced
respectively by distillation ¢n vacuo and crystallisation from water.

The third alkaloid, salsamine, has m,p. 155-7° (dec.) ; the hydrochloride,
m.p. 255-260° (dec.) ; picrate, m.p. 213-4°; and picrolonate, m.p. 220-1°,

Corypalline, C,,H,;0,N (Corydalis spp. Nos. 9, 22 ; list, p. 170). This
phenolic base, m.p. 168°, picrate, m.p. 178°, contains one methoxyl group
and on methylation yields 2-methyl-6 : 7-dimethoxytetrahydroisoquinoline,
C.o:H;,0,N, m.p. 62°, and on ethylation, 2-methyl-6-methoxy-7-ethoxy-
tetrahydroésoquinoline, m.p. 65°, whence the free hydroxyl appears to be
at C? and this has been confirmed by the synthesis of corypalline by a
method analogous with that used by Spith, Orekhov and Kuffner.?*
Corypalline is therefore hydrohydrastinine (XII) with the methylenedioxy
group replaced by MeO at C® and . OH at C” (Manske).2%@

Other simple naturally occurring niethyltetrahydroisoquinolines are
hydrohydrastinine (XII), (p. 164) found, like corypalline, in Corydalis spp.,
and hydrocotarnine found in opium (p. 201).

Pharmacology. Interest in the anhalonium alkaloids dates from the
investigations of Lewin * and Heffter.! The general pharmacological
actions of mezcaline, anhalonine, anhalonidine and lophophorine show
certain qualitative similarities.?* In the frog mezcaline depresses the
central nervous system. This effect is also observed in mammals ; death
is due to respiratory paralysis. The effect on the blood pressure varies
with the dose and the animal. In the chloralosed dog 2¢ it is mainly
depressant ; in the decapitated cat?2? it lhas a pressor effect. 3:5-
Dimethoxy-4-ethoxyphenylethylamine and 38 :4-diethoxy-5-methoxy-
phenylethylamine hiave a similar action to mezcaline, but are more toxic.2?
A serics of methoxyphenylethylamines has been examined by Epstein,
Gunn and Virden.2® .

Anhalonine