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PREFACE

IN certain respects the plant alkaloids rank among the most interest-
ing of naturally occurring substances. For the most part they are
of very 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 physio-
logical 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 important
branches 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
foot-notes, but for descriptions of the physiological action of the
better-known alkaloids Professor Cushny’s * Textbook of Pharma-

cology and Therapeutics ”” has been largely utilised. The chemical
v .
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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 formulse 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.).
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D) INTRODUCTION

THE word alkaloid was at first used to describe all organic bases,
including the natural alkali-like substances which occur in plants.
At the time this name was introduced comparatively few of these
latter substances were known, and these were all alike in possessing
basic properties and in exhibiting physiological activity. These
two characteristics, in conjunction with their complex structure,
have made it possible until recently to regard the natural alkaloids
as forming a well-differentiated group of chemical compounds, but
recent work has tended to render indistinct the border lines between
this and other groups. On the one hand such simple basic sub-
stances as ammonia and methylamine, and on the other substances
that contain nitrogen and are yet acidic rather than basic, have been
found in plants. And, again, complex substances closely related to
typical alkaloids and which must be regarded as belonging to the
class of alkaloids, though they have no marked physiological action,
cre known. Konigs proposed to avoid this difficulty by confining
thc name alkaloid to naturally occurring pyridine derivatives,
but this rules out such important substances as the purine
and glyoxaline derivatives, and for that reason can hardly be
accepte] as a satisfactory use of the name. The term alkaloid is,
however, generally understood as meaning a relatively complex
basic substance, occurring naturally, and possessing some physio-
logical action, and it will be understood in that sense in this volume,
though the definition cannot be rigidly applied.

Certain of the alkaloids are common to plants and animals,
and there is no logical ground for the separate treatment of * vege-
table alkaloids”” and “ animal alkaloids.” Most of the animal
alkaloids are different in type from the majority of the vegetable
alkaloids, and they are even more difficult to isolate in a pure

state and to investigate. Further, the literature relating to animal
1 1



2 'f PLANT ALKALOIDS

has developed in many ways on special lines, so that for practical
purposes they can be dealt with most conveniently as a separate
class, and in this volume only alkaloids found in plants will be
considered.

A number of comparatively simple amino-substances, such as
asparagine (aminosuccinamic acid), have been recorded in recent
years as occurring in plant seedlings. Most of these substances
can scarcely be classed as alkaloids, and they are fully dealt
with, as a rule, in the larger text-books on organic chemistry,
and for these reasons they are not described in detail in this
volume.

Classification of Alkaloids

The chemistry of this group of compounds dates from 1817, when
Sertiirner announced his discovery of a crystalline, salt-forming,
physiologically active substance (morphine) in opium. This was
followed by Robiquet’s discover'y of narcotine in the same year,
and in the next year by Pelletier and Caventou’s isolation of strych-
nine. Since then a large number of such substances have been
isolated from plants and characterised. A good deal is now known
regarding the molecular structure of many of the more important
alkaloids, and syntheses have been effected of a considerable number
of them. It is possible, therefore, to classify many of the alkaloids
according to their nuclear structure. Any system of classification
is, however, liable to become obsolete soon after its introduction, as
the result of the great activity now being shown in the investigation
of alkaloids. Further, methods of investigation are now so delicate,
and the chemistry of cyclic compounds is becoming so much better
understood, that far-reaching deductions regarding the structure .
of compounds can be drawn from relatively few and simple
reactions and observations, so that for purposes of hard-and-
fast classification the chemistry of alkaloids is in a very unstable
condition.

The vegetable alkaloids can, however, be arranged at present
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in the following groups, according to the nature of the bases from
which they are derived.

Nature of Nucleus Ezamples
~ Group 1. Pyrrole Hygrine, Stachydrine
4 Group 2. Pyridine Coniine

Group 3. Diheterocyclic, with a Atropine, Sparteine
common nitrogen atom

- Group 4. Quinoline Strychnine

{Group 5. soQuinoline Papaverine
Group 6. Glyoxaline . Pilocarpine
Group 7. Purine Caffeine

Group 8. Cyclic or acyclic derivatives  Choline, Arginine
of aliphatic amines
Group 9. Alkaloids of unknown constitution

Certain of the alkaloids belong to more than one of these groups ;
thus, nicotine contains both a pyridine and a pyrrolidine nucleus,
whilst quinine has two heterocyclic nuclei, one belonging to Group 3
and the other to Group 4. '

Apart from the difficulties just referred to, it is inconvenient to
arrange the alkaloids for discussion according to their chemical
constitution, since this separates alkaloids which occur in the
same plant and which for practical purposes it is desirable should
be dealt with together. In this volume, therefore, while the scheme
of arrangement referred to above will be adopted, it will be modified
by a sub-classification according to source, and all the alkaloids
from the same plant will be dealt with together. In Group 9 the
alkaloids will be taken for the most part in the alphabetical order
of the botanical names of the plants yielding them. There are
obvious disadvantages about using a botanical basis for arranging
alkaloids, since chemists rarely devote sufficient attention to
ensuring that the plants they work with really bear the botanical
names assigned to them, and there is the further difficulty that the
same scientific name may have been given to different plants by
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different botanists ; but, on the whole, this system seems to be that
best adapted to bring together alkaloids which are of similar consti-
tution or which, from the mode of their occurrence, are natura
associates.

Physical Properties of Alkaloids

The great majority of the alkaloids are colourless, crystalline
substances containing carbon, hydrogen, oxygen, and nitrogen, but
a few are liquid, and these are generally free from oxygen and are
more or less readily volatile.

. Comparatively few of the alkaloids are coloured, but berberine

and certain of the corydalis alkaloids are notable exceptions, since
in these cases the more unsaturated members are in some cases
yellow, but become colourless on reduction ; berberine and dehydro-
corydaline being yellow, but furnishing on reduction colourless
tetrahydrides. A few of the alkaloids are themselves colourless,
but yield coloured salts; thus the colourless sanguinarine gives
red salts.

Most of the alkaloids show characteristic absorption spectra,
and this property has been successfully used by Professor Dobbie
and hig collaborators in settling various knotty points in the con-
stitution of some of the more complex alkaloids. A very large
proportion of the alkaloids are optically active, and in a few cases,
e.g. the aconitines and narcotine, the salts show an optical activity
opposite to that of the free alkaloid. The optically active alkaloids
have frequently been used in deracemising optically inactive
acids produced synthetically, since they often form sparingly soluble
salts, which are readily separated into their optical antipodes by
fractional crystallisation.

Chemical Properties of Alkaloids
In order to obtain a satisfactory idea of the chemical properties
of the alkaloids as a class, it would be necessary to discuss in some

detail a typical member of each of the first eight groups referred
to in the scheme of classification already given, and as this is done
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in the special sections relating to these groups it need not be repeated
here. It is necessary, however, to refer in a general way to the
chemical characteristics of the alkaloids in so far as these affect
their isolation, purification, detection, and estimation. For a
full general discussion of these subjects, which are of special import-
ance in analytical work connected with alkaloids, the introductory
article on alkaloids in Allen’s “ Organic Analysis,” 4th edition,
vol. vi. p. 167, should be consulted.

Preparation. In isolating the plant alkaloids advantage is taken
of the fact that they generally occur in the form of salts, which —
are soluble in alcohol or in water. In the comparatively rare cases
in which alkaloids occur in the free state they may also, as a rule,
be extracted by alcohol, or by chloroform, or ether, or in some cases —
by light petroleum. Where they occur in the form of salts, insoluble
in alcohol, they may be obtained by mixing the ground plant with
lime or magnesia and then extracting with alcohol, chloroform,
ether, or petroleum. In such cases, extraction with alcohol slightly
acidulated may also be resorted to. Extraction in presence of
even mild alkalis, such as lime or magnesia, or by means of dilute
mineral acids in alcoholic or aqueous solution should not be resorted
to unless no other means is available, as many alkaloids suffer decom-
position under such treatment. For the concentration of extraction
liquors containing alkaloids, evaporation of the neutral liquid n
vacuo should always be resorted to in order to avoid risk of decom-
* posing the alkaloid. From the concentrated liquors fat, resin, and
other matters are generally removed by adding water, or, if necessary,
very dilute acid to keep the alkaloid in solution. This aqueous or
acid solution may then be shaken with an indifferent, immiscible
solvent to remove colouring matter, &c., but care must be taken
that the alkaloid is not also removed by the solvents used, since
some of the weakly basic alkaloids can be removed even from acid
solution by indifferent solvents. The purified concentrated liquid
is then made alkaline, a weak alkali such as dilute ammonia, sodium
carbonate or sodium hydrogen carbonate solution being used in
preference to solutions of alkali hydroxides for this purpose. Most
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of the alkaloids are precipitated by this treatment, and may then
be separated by shaking out with an immiscible solvent such as
chloroform or ether. A few alkaloids, which contain phenolic
hydroxyl groups (e.g. morphine), are dissolved by alkali hydroxide
solutions, but, as a ‘rule, these are precipitated by ammonia or
alkali carbonate solutions. Certain alkaloids are miscible with
water in all proportions, and are not removed from water by indif-
ferent immiscible solvents. In such cases precipitation with one of
the alkaloidal precipitants mentioned below may be resorted to and
the alkaloid recovered from the washed precipitate. Examples of
these and other methods of preparation will be found in the
special sections of this volume, but refercnce may be made more
especially to the methods described under aconitine (p. 340),
solanaceous alkaloids (p. 50), strychnine (p. 183), and the
opium alkaloids (p. 207). For the isolation of volatile alkaloids
the sections on nicotine (p. 39) and coniine (p. 26) should be
consulted.
The “total alkaloid ” having been isolated from a plant, it is neces-
sary to ascertain that it consists of a single substance, or, if it is a
* mixture, to separate it into its constituents. For this purpose frac-
tional crystallisation of the free alkaloid, or mixture of alkaloids, from
suitable solvents must be resorted to, the usual method being to
_Aissolve the material in a suitable solvent, and then add drop by
drop a second medium in which the alkaloid is insoluble or only
sparingly soluble, until the liquid becomes cloudy. On standing,
crystals may be deposited ; if not, the clear liquid is poured off
and the treatment repeated. To avoid change in the composition
of the mixed solvent this process should be conducted in stoppered
bottles or corked flasks. The purification of an alkaloid is often
greatly facilitated by converting it into a salt. For this purpose
the haloid salts are generally better suited than the sulphates or
nitrates. Other useful salts for this purpose are the oxalates,
picrolonates, picrates, and especially the aurichlorides. The
latter may generally be recrystallised from alcohol or water con-
taining a little hydrochloric acid. The method of fractionation
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referred to above is also applicable to alkaloidal salts, the dry
substance being dissolved in dry alcohol and dry ether added, drop
by drop, till a faint cloudiness appears.

For the identification of an alkaloid the usual means adopted
for organic compounds, viz. determination of the melting-point
or some other physical constant for the free alkaloid and for one or
more of its derivatives, should be resorted to. Colour reactions, _
which are so often used for this purpose, are unsatisfactory, and when
they have to be used should be applied side by side to the substance—
under examination and to a pure specimen of the same alkaloid.

Estimation of Alkaloids in Plants. The estimation of alkaloids
in plants involves their complete extraction on the lines just de-
scribed and their separation in a form in which they can be weighed
or titrated. Typical methods of estimation are described under
opium (p. 200), cinchona (p. 131), coca (p. 92), and solanaceous
drugs (p. 52).

It should be remembered that in titrating alkaloids and their
salts, some of them are indifferent to indicators so that their salts
react like a corresponding quantity of free acid, others are monacidic
to one indicator and diacidic to another, whilst still others give
unsatisfactory end reactions with some indicators.

Alkaloidal Precipitants

One of the most characteristic properties of alkaloids is that of
forming complex double salts with certain metallic haloids. These
double salts are generally nearly insoluble in water, so that mere
traces of alkaloids can be detected by their formation. The fol-
lowing are a few of the most useful precipitants of this kind.

Auric Chloride. A solution of auric chloride gives yellow or
orange-coloured precipitates (the aurichlorides) with many alkaloids.
The latter should be dissolved in a very slight excess of dilute
hydrochloric acid. As a rule, the precipitates can be recrystallised
from alcohol, or water, containing a little hydrochloric acid. They
have the general composition, B.HCl.AuCls, but compounds of
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the type, B.AuCl;, are also sometimes produced, and under certain
conditions aurichlor-derivatives of the alkaloids, containing the
group AuCl, in place of a hydrogen atom of the alkaloid, are formed.
Examples of such compounds are referred to under japaconitine
(p- 349) and caffeine (p. 314). The aurichlorides of the solanaceous
alkaloids are especially useful in separating and characterising the
members of this group.

Platinic Chloride. Similar compounds, the platinichlorides,
(B.HCl),.PtCl; or B.H,PtClg, in the case of diacidic alkaloids,
are formed with platinic chloride, but as a rule these are more
soluble than the aurichlorides, especially in dilute hydrochloric
acid.

Mercuric Chloride. With solutions of this salt many of the
alkaloids give characteristic, crystalline mercurichlorides of the
general composition, B.HCl.HgCl,.

Among other precipitants of this class may be mentioned
ferric chloride, lead tetrachloride, telluric chloride, and thallic
chloride.

Solutions of certain double metallic haloids form the best known
group of alkaloidal precipitants and include the reagents most
commonly used for detecting their presence. Among these are the
following.

Potassium Mercuric Iodide (Mayer's Reagent). This is best
prepared by adding 6-8 grm. of mercuric chloride, dissolved in
water, to 25 grm. of potassium iodide, dissolved in water, and
diluting to 1000 c.c. This solution gives white, curdy precipitates
with minute traces of alkaloids in solutions slightly acidified with
hydrochloric or sulphuric acid. The precipitates vary in composi-
tion with the conditions of precipitation. The alkaloids may be
recovered from these precipitates by suspending them in water
and passing a current of sulphuretted hydrogen, when the alkaloidal
hydriodide is formed and ma)" be recovered by concentrating the
filtrate.

Similar precipitates are afforded by solutions of potassium
bismuth iodide (Dragendorfi’s reagent), potassium cadmium
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jiodide (Marmé’s reagent), iodine in potassium iodide (Wagner’s
reagent), and other like solutions.

In addition to the foregoing precipitants, which give insoluble
complex double salts with the alkaloids, a number of acids form
insoluble alkaloidal salts and therefore act as precipitants.

Gallotannic Acid. A solution of gallotannic acid gives precipi-
tates of the corresponding tannates with most alkaloids in neutral
solution. These precipitates are generally soluble in ammonia and
sometimes in dilute acids.

Picric Acid (Hager's Reagent). The picrates of most of the
alkaloids are sparingly soluble in water or dilute acids and are
precipitated when a cold, saturated, aqueous solution of picric
acid is added to a solution of an alkaloidal salt. They can usually
be recrystallised from alcohol and are often characteristic.

Phosphomolybdic Acid (Sonnenschein’s Reagent). A solution of
this substance gives amorphous yellow precipitates with many
alkaloids, and may be used for separating them from associated
non-alkaloidal organic matter, since the alkaloids may be regenerated
by treating the precipitates with sodium carbonate and extracting
rapidly with alcohol.

Phosphotungstic acid and metatungstic acid have been also used
as alkaloidal precipitants.

Biological Significance of Alkaloids
Alkaloids have so far been found in comparatively few natural

orders of plants: the Ranunculacem, Rubiace®, Papaveracew,
Fumariacese, Solanaces, Leguminosem, and Apocynace® are

typically rich in these constituents; the Rosacesw, Graminaces,

and Labiat® are typically poor in alkaloids ; whilst the Composite
occupy an intermediate position.

The alkaloids found in a natural order and especially in any one
genus are ususlly somewhat closely related; thus the various
aconitines form a closely related group, found only in members of
the genus Aconitum. In some cases a single alkaloid is almost

—
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characteristic of an order, e.g. protopine occurs in many plants of
the natural order Papaveracem and of the closely related order,
Fumariaces. The purine alkaloids, on the contrary, furnish an
instance of closely related alkaloids occurring in plants belonging to
different orders.

The phanerogams or flowering plants are richer in alkaloids than
the cryptogams or so-called flowerless plants, and of the former
class the sub-class dicotyledons is richer in alkaloids thau the
monocotyledons.

In comparatively few cases have investigations been made of all
parts of a plant for alkaloids, but where this has been done, as in the
cases of hemlock, poppy, and some of the solanaceous plants, it has
been found that alkaloids usually occur in all parts of the plant.
It is gencrally impossible to say with certainty that one particular
“part of a plant is always richer than another in alkaloids, since the

richness of each part varies with the season and with the condition
of the plant. Thus in the case of belladonna the amounts
of ““total alkaloid” recorded vary from 0-15 to 0-60 per cent.
in the roots and from 0-05 to 0-64 per cent. in the leaves. The
quantity of alkaloid can be greatly increased by special cultivation
and especially by selection for richness in alkaloid ; thus the average
quinine content in Java cinchona bark is steadily rising as a result
of these two processes. Chevalier has also shown recently that the-
alkaloidal content of solanaceous plants can be increased by
manuring.

A great deal of discussion has taken place regarding the mode of
formation and the function of alkaloids in plants. The discussion
on both questions has been mostly speculative, and there are com-
paratively few experimental data availableton either. Many of
the simpler substances which are now included among the alkaloids
are undoubtedly products of the decomposition of proteins, and this
is now generally admitted to be one of the methods by which the
vegetable alkaloids are produced in nature. Kerbosch, for example,
has recently brought forward evidence of the formation of narcotine
from protein in the germination of poppy seeds.
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It has also been pointed out that pyridine derivatives are pro-
duced by the action of ammonia on pyrones and that organic
acids and aldehydes, which are either pyrone derivatives or can be
converted into such substances, are of common occurrence in plants;
and that by the action of ammonia these substances might be
converted into pyridine compounds in nature.

A more acceptable hypothesis is that of Pictet, who suggested
that the mother substances of alkaloids are the nitrogenous decom-
position products of more complex substances, such as proteins,
chlorophyll, &c., arising in the ordinary processes of metabolism.
These decomposition products he supposes are rendered harmless
by the plant in various ways, but more especially by methylation,
by the action of formaldehyde. On this view alkaloids containing
the pyrrole or indole group are probably protein decomposition
products, whilst those containing & pyridine nucleus are probably
produced by the further change of an alkylated pyrrole into pyridine.
The possibility of such a change Pictet had previously demonstrated
by showing that l-methylpyrrole, l-methylindole, and methyl-
phthalimidine can be converted respectively into pyridine, quinoline,
and ¢soquinoline by the action of heat. In support of this theory
Pictet and Court have since shown that tobacco, pepper, carrot
leaves, coca, and parsley all yield volatile pyrrole bases, probably
derived from proteins. Winterstein and Trier! have critically
examined Pictet’s hypothesis and have themselves suggested that
such decomposition products of the proteins as lysine and arginine
are raw materials for alkaloidal syntheses in plants, and their views
receive some support from Ciamician and Ravenna’s experiments,
which show that whilst inoculation of plants with pyridine or
pyrrolidine derivatives produces scarcely any increase in alkaloidal
content, similar application of dextrose or asparagine causes a
considerable increase.

As regards the function of alkaloids in plants three views have
been held : (1) That they are nutritive materials used by the plant
in metabolism ; (2) that they act as protective materials against

! Die dlkaloide, Berlin, 1910.
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attack of the plants by animals ; (3) that they are end products of
metabolism, rendered harmless to the plant and stored for the most
part in special cells where they are not readily re-absorbed into the
active plant tissues.

The third view is that now generally held, though recent work
on the subject also affords some support to the view that certain
of the alkaloids are plastic materials used in plant metabolism.

Physiological Action of Alkaloids

The commercial importance of alkaloids depends wholly on
their physiological action, and certain of them, such as quinine and
morphine, are, and have long been, among the most commonly used
drugs in medicine. In recent years a good deal of attention has
been given to the possibility of correlating the chemical constitution
of alkaloids with their physiological action, but this subject is so
full of difficulties on both the chemical and physiological sides
that comparatively little progress has been made. As an example
of the difficulties encountered even in a comparatively simple case,
the investigations of Jowett and Pyman on the mydriatic effects
of a whole series of tropéines may be quoted (p. 88), as a result
of which they concluded that no generalisation as to the relation
between the mydriatic action and chemical constitution of the
tropéines can be made, which will explain the results they obtained.

In spite of these difficulties a large number of important and
useful observations on this subject have been made, and references
to these are made in the special sections of this volume. '



I. PYRROLE GROUP

" ALKALOID OF DIOSCOREA HIRSUTA

Dioscorine, C,;H,,0,N, was obtained from the stems of the _
Javanese plant Dioscorea hirsuta, Blume, by Boorsma,' and was
afterwards investigated by Schutte? and by Gorter.® It forms
greenish-yellow plates, m.p. 43-5°, distils unchanged n vacuo, is ~
soluble in water, alcohol, or chloroform and sparingly so in ether or
benzene. The hydrochloride, B.HCl.2H 0, forms colourless needles,
m.p. 204°, [a], + 4° 40’, from alcohol ; the platinichloride, (B.HCI),.
PtCl,.3H,0, orange-yellow tablets, m.p. 199°-200° (dry); the
aurichloride, B.HAuCl,.}H,0, yellow needles, m.p. 171° (dry).

With sulphuric acid and potassium iodate dioscorine gives a _
blue-violet coloration and a reddish-violet with sodium nitro-
prusside in presence of alkalis.

According to Gorter, dioscorine contains a : NCH,, but no —OH -
group. When heated with potash it yields a salt from which acids
regenerate the alkaloid, so that the latter is probably a lactone.
Heated with silver oxide dioscorine methiodide gives demethyl-
dioscoridine, C,3H,,N, and the methiodide of this when heated
with silver oxide gives trimethylamine and a hydrocarbon, C;;H,,,
which appears to be a butenyleycloheptatriene. On these grounds
Gorter * assigns the following formula to dioscorine :

CH,—CH—CH,
[
NMe CH.O.CO

[
CH,—CH—CH—C: CMe,

The alkaloid is bitter and poisonous ; it produces paralysis of the-
central nervous system and in general behaves like picrotoxin. This

' Meded. ust ’s Lands Plantentuin, 1894, p. 13.
2 Chem. Centr. 1897, ii. 130.
3 Ann. Jard. Bot. Bust. 1909, ii. ; Suppl. 3, 385.
¢ Rec. Trav. Chim. 1911, 30, 161.
13
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action appears to be correlated with the —CO.C : ¢ — group, since
on the disappearance of this, as in the corresponding acid, the
toxicity disappears.

[ ]

ALKALOID OF STACHYS TUBERIFERA

Stachydrine, C,H,,0,N.H,0, was obtained from the roots of
Stachys tuberifera (8. Sieboldii, Miq.) by von Planta and Schulze,' and
was examined later by Jahns,? who also prepared it from orange
leaves. It forms deliquescent crystals, m.p. 210° (dry), soluble in
alcohol or water, insoluble in ether or chloroform ; the hydrochloride,
B.HCI, crystallises in prisms, m.p. 235° and the aurichloride,
B.HAuCl,, in leaflets, m.p. 225°, which melt when warmed in water.
The methyl cster is unstable and is hydrolysed into stachydrine and
methyl alcohol by cold water. When heated with strong potash
solution, stachydrine yields dimethylamine. According to Schulze
and Trier, it yields methyl hygrinate when distilled alone, and the
same authors have synthesised it by treating ethyl hygrinate
methiodide with silver oxide. On these grounds they have assigned
the following formula to stachydrine :®

CH,.CH—CO CH,.CH.COOCHj,
om >
CH,.N(CH,), CH,.N.CH,
Stachydrine Methyl hygrinate

Indole, C;H,N. This substance, m.p. 52°, which is one of
the products of putrefaction of protein, was found by A. Hesse in
jasmine flower oil and subsequently in orange flower oil (neroli
oil).4

B-Methylindole. This occurs along with its lower homologue
indole in the putrefaction of protein, and was found by Dunstan
in the wood of Celtss reticulosa, Miq., which is so far the only record of
its occurrence in a plant. It forms colourless leaflets, m.p. 95°.%

! Berichte, 1890, 23, 1699 ; 1893, 26, 939.  * Ibid. 1896, £9, 2065.

3 Zeits. physiol. Chem. 1909, 59, 233 ; Berichte, 1909, 42, 4654. Compare

Engeland, Arch. Pharm. 1909, 247, 463.
¢ Berichte, 1899, 32, 2611. 8 Proc. Roy. Soc. 1890, 46, 211.
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These two substances have the following formuls :

CH
T T
CH\ O\ %1 \/C\/

CH NH

Indole Skatole (;3omethylmdole)

ALKALOID OF ERYTHRINA HYPAPHORUS

The seeds of this plant, which is grown as a shade tree in Java,
were examined by Greshoff! and found to contain a crystalline
alkaloid, hypaphorine, which has been further examined by van
Romburgh and Barger.?

Hypaphorine, C, H,;0,N,, crystallises with 1H,0, m.p. 255°,
[a], + 91° to + 93°, and yields a sparingly soluble nitrate, m.p.
215°-220°. When heated with aqueous potassium hydroxide it
yields trimethylamine and indole.

When trytophan (3-indole-a-aminopropionic acid) is methy-
lated with methyl alcohol in presence of sodium hydroxide, and the
resulting product heated at 100° for a few minutes with dilute
sodium hydroxide solution, hypaphorine is formed. The latter is
regarded therefore as a-trimethyl-3-indolepropiobetaine.

For other alkaloids containing a pyrrole or reduced pyrrole
nucleus, see under carrot leaves (p. 398), coca (p. 108), tobacco (p. 39).

! Meded. uit >s Lands Plant. 1890, 7, 29.
2 Proc. K. Akad. Weten. Amst: 1911, 18,1177 ; Trans. Chem. Soc. 1911,

99, 2068.



II. PYRIDINE GROUP

ALKALOID OF TRIGONELLA FENUM-GRECUM

Trigonelline, C,H,0,N. This alkaloid was isolated by Jahns'
from the seeds of Trigonella Feenum-greecum, a leguminous annual
extensively cultivated in India and Egypt for the sake of its seeds,
which when ground are used to a small extent in the preparation
of curries, but more especially for the manufacture of cattle foods.
Trigonelline has also been detected by Schulze and Frankfort 2 in
the seeds of Pisum sativum, whilst Strophanthus hispidus and
Strophanthus Kombe contain it in small quantity.® According to
Gorter 4 it is also present in coffee, whence it was isolated under
the name * coffearine *’ by Palladino.®

Jahns obtained the alkaloid by exhausting ground feenugrec
seeds with 70 per cent. alcohol. The residue left after removal of
the greater part of the solvent by distillation was freed from colour-
ing matter by lead acetate, and from soluble proteins by concentra-
tion to a syrup and addition of strong alcohol. An aqueous solu-
tion of potassium-bismuth iodide was then added and the mixture
set aside for some weeks. The precipitate was treated with solution
of caustic soda and the filtrate from this exactly neutralised by
sulphuric acid. Sufficient mercuric chloride was then added to
form sodium-mercuric iodide, which under these conditions pre-
cipitates the small amount of choline present. Trigonelline mer-
curic iodide crystallises from the filtrate on addition of an acid,
and from this the pure alkaloid may be regenerated by any of the
ordinary methods.

Trigonelline crystallises from alcohol in hygroscopic prisms

3 Berichte, 1885, 18, 2518. ! Ibid. 1894, 27, 769.

s Thoms, ibid. 1898, 81, 271, 404. ¢ Annalen, 1910, 872, 237.

8 Chem. Soc. Abstr. 1894, i. 214 ; 1895, i. 629, Compare Graf, tbid. 1904,
i. 915. 16
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containing one molecule of water, m.p. 130° or 218° (dry, decomp.).
It is very soluble in water, less so in cold alcohol, and slightly so in
ether or chloroform.

The salts crystallise well, the hydrochloride, B. HC], in anhydrous
leaflets, and the platinichloride in yellow prisms. The alkaloid
forms several aurichlorides: the normal salt, B.HCl.AuCl,, is
precipitated when excess of gold chloride is added to trigonelline
hydrochloride. It can be recrystallised from dilute hydrochloric
acid and then forms flattened prisms, m.p. 198°. Crystallised from
very dilute hydrochloric acid fine needles, B,.3HAuCl,, are obtained.

When trigonelline is heated in closed tubes with baryta water
at 120° it gives rise to methylamine, indicating the existence in its
molecule of a methyl group attached to a nitrogen atom. Hydro-
chloric acid at 260° furnishes methyl chloride and nicotinic acid.!
This reaction, which may be represented by the equation

C;H,0,N + HCl = CgH;0,N + CH,Cl
Trigonelline [3-Pyridinecarboxylic acid
indicates that the alkaloid is a methyl betéine of nicotinic acid.

CH/ \C—CO

)|CH

N ———0
Tngonellme

Hantzsch prepared trigonelline synthetically in 18862 by hydro-
lysing nicotinic acid methiodide with silver hydroxide, and Jahns
subsequently identified trigonelline with Hantzsch’s synthetic
betiine.3

ALKALOIDS OF ARECA NUT (Areca Catechu)
The areca or betel-nut palm (Areca Catechu) is indigenous to the _

Sunda Islands, but is now widely cultivated in tropical countries of
the Far East, where the seeds are employed mixed with lime and betel

1 3-pyridinecarboxylic acid, Jahns, Berichte, 1887, 20, 2840,
* Berickte, 1886, 19, 31. 3 Loc. cil.
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~ pepper leaves (Piper Betle L.) as a masticatory by the natives.

In China and India the ground areca nut is used as a vermifuge,
and it is also employed in this way in Europe in veterinary
medicine.

The seeds were first examined by Bombelon® and later by
Jahns,? who isolated from this source the following group of alka-
loids, together with choline :

Arecaldine, C;H;,0;N.H,0 Arecoline, CgH, 30N
Arecaine, C;H;;O;N.H,;0 Guvacine, CgHgO;N
by digesting the ground seeds three times with water containing
2 grm. of sulphuric acid per kilogramme of seeds, and precipitating
the extract so obtained with potassium-bismuth iodide solution ;
from the precipitate the alkaloids were regenerated by boiling
with water containing barium carbonate, when they dissolved in
the water. The aqueous solution on concentration and addition
of barium hydroxide gave up to ether, arecoline. The residual
solution was neutralised with sulphuric acid and treated succes-
sively with silver sulphate, barium hydroxide, and carbon dioxide,
and the final filtrate evaporated to dryness and extracted with
dry alcohol or chloroform, which left arecaine undissolved, arecai-
dine and guvacine passing into solution. Arecaine is purified by
repeated crystallisation from 60 per cent. alcohol and finally by
treating the crude product with methyl alcohol and hydrogen
chloride, which converts arecaidine into arecoline, but leaves arecaine
unaffected. Guvacine replaces arecaine in part sometimes in the
seeds, and is separated from arecaine and arecaidine by taking
advantage of its smaller solubility in water or dilute alcohol.
Guvacine, like arecaine, is unaffected by treatment with methyl
alcohol and hydrogen chloride, and may in this way be purified
from the last traces of arecaidine. Arecoline is present to the
extent of 0-07 to 0-1 and arecaine to about O-1 per cent. Arecaidine
and guvacine occur in smaller quantities.

1 Pharm. Zeit. 1886, p. 146.

3 Berichte, 1888, 21, 3404 ; 1890, 23, 2972 ; 1891, 24, 2615 ; Arch. Pharm.
1892, 229, 669.
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Arecaidine, C,H,,0,N.H,0. This alkaloid forms colourless
four- or six-sided tablets, m.p. 222-223° (dry), is readily soluble in
water, but practically insoluble in all organic solvents, including
dry alcohol. The platinichloride, B,H,PtClg, forms octahedra,
m.p. 208°-209° (225°-226°, Wohl and Johnson), and the auri-
chloride, B.HAuCl,, prisms, m.p. 197°-198°, from dilute hydro-
chloric acid. The base and its salts are not poisonous, whilst the
methyl ester (arecoline) is highly toxic. When methylated, areco-
line is produced.

Constitution. Since arecaine furnishes a methyl ester (arecoline)
it must contain a carboxyl group, and its formula may therefore be
written C4H,(COOH)N, which is that of a tetrahydromethylpyri-
dinecarboxylic acid. This consideration led Jahns to attempt the
synthesis of arecaidine by methylating the potassium salt of
nicotinic acid and reducing the methyl ester methiodide so formed,
with tin and hydrochloric acid, with the result that a base identical
with arecaidine was obtained along with some dihydroarecaidine.
From the fact that arecaidine, whether isolated from areca nuts or
synthesised as already described, is optically inactive and cannot
be resolved into two optical isomerides, Meyer concludes that it is
N-methyl-A3-tetrahydronicotinic acid,' and this has been con-
firmed by Wohl and Johnson’s complete synthesis of the alkaloid
from acrolein as a starting-point.?

m_coox /Wooocn, CH, \c COOH
CH,
CHa_N_I N CH;
Potassium Methyl nicotinate Arecadiine
nicolinate methiodide (Jahns and Meyer)

Arecaine, C,H,,0,NH,0. This base is colourless and
crystalline, and melts at 213° after drying at 100°. It furnishes
crystalline salts which are sparingly soluble in aleohol ; the auri-

1 Monatshefte, 1902, 23, 22.
3 Berichte, 1907, 40, 4712 ; see under Arecoline, p. 20.
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chloride, B.HAuCl,, yellow prismatic crystals, m.p. 186°-187°, and
the platinichloride, [B.HCl],.PtCl,, m.p. 213°-214°, orange octa-
hedra, are both characteristic.

It is formed from guvacine (see below) when that alkaloid is
treated with sodium methoxide and potassium methyl sulphate, and
is probably N-methylguvacine. It is physiologically inactive.

Arecoline, C;H,;0,N, is a colourless strongly alkaline liquid,
b.p. 220°, miscible with water and most organic solvents in all
proportions. It is extracted from water by ether only in presence
of salts in solution. It furnishes crystalline, but usually deliques-
cent salts ; the hydrobromide, B.HBr, forms slender prisms, m.p.
167°-168° from alcohol; the aurichloride, B.HAuCl,, is an oil,
but the platinichloride, [B.HCl],.PtCl,, m.p. 176° crystallises
from water in orange-red rhombs. The methiodide forms glancing
prisms, m.p. 173°-174°.

Arecoline and its salts are highly toxic. According to Meier
it belongs to the nicotine-pilocarpine group and acts on the central
and peripheral parts of the nervous system, producing paralysis,
which may be preceded by convulsions. With nicotine the central
action is the more marked, and with pilocarpine the peripheral.
With arecoline the two are about equal! Arecoline hydro-
bromide is recognised in several Continental pharmacopceias, being
used as a sialogogue and diaphoretic. It has also been used like
physostigmine to produce myosis.

When heated with hydrochloric or hydriodic acid, or by the
action of alkalis, arecoline yields arecaidine and methyl chloride,
iodide or hydroxide, depending on the hydrolytic agent used.
Further, on esterification with methyl alcohol arecaidine yields
arecoline, 5o that the latter must be the methyl ester of arecaidine
(see above). The ethyl ester has been prepared and is known as
homoarecoline ; it closely resembles arecoline, and, like it, is
poisonous.

The partial synthesis of arecaidine from potassium nicotinate
a8 a starting-point has been described already. A complete syn-

! Bio-Chem. Zest. 1907, 2, 416.
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thesis of arecaidine, and consequently of arecoline, has been
effected by Wohl and Johnson.! Acroléin (1) was converted into
[3-chloropropaldehyde [acetal (11) by_the action of alcoholTand
hydrogen chloride, and this was condensed with methylamine,
giving [3-methyliminodipropaldehyde tetraethylacetal (1rr). This
on treatment with cold strong hydrochloric acid gave N-methyl-A3-
tetrahydropyridine-3-aldehyde (1v), which yielded an oxime from
which thionyl chloride abstracted the elements of water, yielding
3-cyano-N-methyl-A3-tetrahydropyridine hydrochloride, and this
on hydrolysis gave arecaidine, from which arecoline may be pre-
pared by methylation in the usual way.

OEt OEt OEt
HC: 0 HC< HC< >CH
| MOEt | “OEt OEt” |
CH — CH, — fﬂg (I:H2 CH,—CH= C.CHO
I — | R
CH, CHC CH;——NMe——CH,  CH,—NMo —CH,
() (1) (1) (1v)
CH, CH CH; CH
ciy/  Sccood  cH  DccooM
2 \_/ — 2\._./ ¢
NMe CH, HCLNMe CH,
Arecaidine Arecoline hydrochloride

Guvacine, C,H,0,N. This alkaloid was isolated by Jahns ?
from commercial arecaine. It forms small lustrous needles, m.p.
271°-272°, and is moderately soluble in water or dilute alcohol.
The hydrochloride, B.HCI, crystallises in prisms and is sparingly
soluble in dilute hydrochloric acid; the platinichloride forms
yellow tablets, m.p. 210° (decomp.), and the aurichloride, flattened
prisms, m.p. 194°-195°. It is physiologically inactive.

Constitution. The alkaloid reacts like a secondary amine,
furnishing a nitroso derivative and an acetyl compound, whilst on
distillation with zinc dust it gives [3-picoline. From a consideration
of these reactions Jahns has assigned to it the following formula (1)
with the suggestion that it may also act in the sense of the tautomeric
structure (11), which is necessary in view of the phenolic character

1 Loc. cit, 8 Berichte, 1891, 24, 2615.
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Cco C.OH

\lcn.cu, oor N
cH e, CH,\
NHE

CH.CH,

N
(™ ()
Guvacine (Jahns)
of some of its reactions. On methylation with potassium methyl
sulphate guvacine yields two monomethyl derivatives, one of which
is identical with arecaine (see above). The second methyl derivative,
unlike arecaine, yields methyl iodide when heated with hydriodic
acid, and is therefore believed to be a 4-methyl cther derived from
the tautomeric form of guvacine (see formula 11 above). Arecaine
and its isomeride may therefore be represented thus :

Cco C.OCH,
co/” \lcu.CH, cor \ICH.CH,,
CHz\ /CH, CHZ\ /CI-Iz
N.CH, N
Arecaine Methyl ether of Guvacine (¢cnol-form)

ALKALOID OF CHRYSANTHEMUM CINERARIZFOLIUM

Chrysanthemine, C, H;,0,N,. This alkaloid was isolated in
1890 by Marino-Zuco ! from the flowers of Chrysanthemum cinerarie-
folium (Dalmatian insect flowers) used for the destruction of insect
pests. It was prepared by decolorising an aqueous decoction of the
flowers with lead acetate and precipitating the liquor so obtained
with bismuth-potassium iodide solution. The alkaloidal hydriodide
was regenerated from this precipitate by the action of hydrogen
sulphide and the free base obtained by the addition of silver
hydroxide and evaporation of the solution of the free alkaloid in
vacuo.

Chrysanthemine crystallises in radiating masses of colourless
needles, dissolves readily in water or alcohol, but is insoluble
in ether or chloroform, is optically inactive and strongly alkaline.

1 Chem, Soc, Abstr. 1891, 80, 333 ; 1892, 62, 84,
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The salts crystallise well, are readily soluble in water and are
those of a diacidic base; the aurichloride, B(HAuCl,);, forms
golden-yellow prisms, sparingly soluble in water, and the platini-
chloride, B.H,PtCl,, orange-yellow prisms. The alkaloid is only
slightly active physiologically.

Chrysanthemine combines with two molecules of methyl iodide.
When heated with concentrated -potassium hydroxide solution,
trimethylamine is formed together with y-hydroxybutyric acid
and piperidinecarboxylic acid as shown by the following equation :

Ci1H,50;N; + 4KOH + H,0 = K,CO; + 4H, + N(CHy); +

Chrysanthemine Trimethylamine

C,H,0,K + C,H,NH.COOK

Potassium y-hydrozybutyrate Polassium piperidinecarboxylate
When oxidised with bromine and an alkali, the base is converted
into oxychrysanthemine, C,,H,,0,N,, which, when heated with
alkali, loses carbon dioxide and hydrogen, and is at the same time
completely decomposed into trimethylamine and piperidine-
carboxylic and succinic acids. These reactions led Marino-Zuco to
assign to the base and its oxidation product the following formuls :

(CH3))N—O —— CO——Cs;HgNH (CH;3);N—O ——— CO——CzHgNH
CH,.CH(CH,.CH,OH).CH, CH,.CH.(CH,.COOH).CH,
Chrysanthemine Ozxychrysanthemine

ALKALOIDS OF CONIUM MACULATUM (HEMLOCK)

The common hemlock, Conium maculatum, contains a series of
six alkaloids. Power and Tutin have found that a similar mixture
of alkaloids probably occurs in fool’s parsley.! A volatile alkaloid
resembling coniine also occurs in certain aroids.? The toxic pro-
perties of hemlock juice have been known from very early times ;
thus it was the chief ingredient in the poison administered to
criminals by the Greeks, and several references to the poisonous
nature of hemlock extracts occur in classical literature. The value

1 Ethusa Cynapsum. Journ. Amer. Chem. Svc. 1905, 27, 1461.
2 Hébert and Heim, Bull. Soc. chim. 1898 [iii], 17, 664.
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of hemlock as a medicine was recognised by the Anglo-Saxons, but
its modern employment is due to the recommendations of Storck
in 1760 and Harley in 1867, although it has to some extent fallen
into disrepute owing to the uncertainty of action shown by galenical
preparations made from it.! The leaves and the unripe fruits
are the parts of the plant used in medicine. Altogether six different
but closely related alkaloids have been isolated from hemlock and
named as follows :

Coniine, CgH,,N. v-Conicéine, CgH 5 N.
N-Methyl-d-coniine, CgH (N .CH;. Conhydrine, C;H,;ON.
N-Methyl-1-coniine, CgH, N .CH;. * J-Conhydrine, C¢H,,ON.

Estimation of the Total Alkaloids of Hemlock. The following
method is prescribed in the United States Pharmacopceia (8th
Revision) for the estimation of  coniine ”’ (really the total alkaloids)
in hemlock fruits.

Ten grammes of the’ fruits in No. 60 powder are mixed with
100 c.c. of a mixture of ether 98 parts, alcohol 8 parts, and
ammonia water (sp. gr. 0-958 at 25°) 3 parts, and allowed to
stand with occasional shaking during four hours. Fifty c.c. of
the clear liquid (= 5 grm. of the fruits) are decanted into a beaker,
sufficient N-sulphuric acid added to give an acid reaction, and the
ether evaporated ; 15 c.c. of alcohol are then added, and the mixture
set aside during two hours to allow ammonium sulphate to deposit.
The liquid is filtered off, the filter and residue being washed with a
little alcohol and the washings added to the filtrate, to which
sodium carbonate solution is added until it remains faintly acid.
The filtrate is then evaporated on the water-bath to 3 c.c., its own
volume of water added, and 2 drops of N-sulphuric acid. This is
then washed twice, using 15 c.c. of ether each time, transferred to
a separator, sodium carbonate solution added until the liquid is
slightly alkaline, and the alkaloids extracted by shaking successively
with 15, 15, and 10 c.c. of ether. The combined ether solutions
are run into a tared beaker, 5 per cent. hydrochloric acid added

v Phurmacographia, London, 1879, 209,
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drop by drop until the reaction is acid, and the ether evaporated
on the water-bath. The residue is evaporated twice with 3 c.c. of
alcohol to remove excess of acid and finally dried at a temperature
not exceeding 60° and weighed. This weight multiplied by 0-777 X 20
gives the percentage of total alkaloids in the fruits. The United
States Pharmacopeeia requires that it should not be less than
(-5 per cent.

Fluid Extract of Hemlock Fruits. For this preparation the
United States Pharmacopeia prescribes the following process.
Ten c.c. of the extract are placed in an evaporating dish con-
taining a little clean sand, and evaporated to dryness. The
residue is then placed in a flask with 100 c.c. of a mixture of
ether 100 c.c., alcohol 7 c.c., and ammonia water (sp. gr. 0-958
at 25°) 3 c.c., the solvent being first used in portions to wash out
the dish. After standing one hour with occasional agitation
50 c.c. of the clear liquid in the flask are decanted, and the process
continued as described above for hemlock fruits. The fluid extract
should contain 0-45 grm. of total alkaloids in 100 c.c.

An alternative method of estimating the alkaloidal constituents
of hemlock is that devised by Cripps ! and improved by Farr and
Wright.?2 Five grammes of the finely powdered fruits are mixed
with sand and exhausted by percolation with a mixture of 95 per cent.
alcohol 25 c.c., chloroform 15 c.c., and chloroform saturated with
hydrogen chloride 10 c.c. The extract is shaken twice with 25 c.c.
of distilled water, the latter clarified by shaking once with a few cubic
centimetres of chloroform, made alkaline by addition of caustic
soda solution, and the liberated bases extracted by agitation with
chloroform, the latter being then run into excess of a saturated
solution of hydrogen chloride in chloroform. The solvent is
distilled off, and the residue of hydrochlorides dried at 90° in a cur-
rent of air and weighed. Farr and Wright 2 have shown that this
process gives good results with galenical preparations of the drug.

The alkaloidal values (expressed as total hydrochlorides) of

' Pharm. Journ. 1887-8 [iii], 18, 13, 511.
2 Ibid. 1891 [iii], 21, 857, 936. s Loc. cil,
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the various parts of the plant have been investigated by Farr and
Wright,! who find that the stem contains 0-01 to 0-06, leaves
0-03 to 0-18, flowers 0-086 to 0-236, and green fruit 0-725 to 0-975
per cent. The fruit, which is the part mostly used in medicine,
appears to contain most alkaloid when from three-fourths to full
grown. An examination of many commercial samples of the drug
as imported into the United Kingdom in 1904 2 showed that these
contained percentages of alkaloid varying from 0-096 to 0-832,
whereas English fruits collected by the authors yielded 1-05 to
3-57 per cent.

Coniine, C,H,,N. This alkaloid was first isolated by
Giesecke in 1827. For many years its formula was thought to
be CgH 4N, and its true composition was first demonstrated by
Hofmann.?

Coniine is most readily obtained from crushed hemlock fruits
by allowing these to stand with dilute sodium carbonate solution
and steam-distilling the mixture. The distillate contains the
mixed volatile alkaloids with ammonia. It is neutralised with
hydrochloric acid, evaporated to dryness, and the dry residue
extracted with alcohol, which dissolves the alkaloidal hydrochlorides
and some ammonium chloride. The latter is removed by adding
dry ether to the alcoholic solution. The residue left on evaporation
of the alcohol-ether solution is dissolved in cold water, ether added,
and the bases liberated by the addition of potash, and the whole
shaken. The ethereal solution is dried with potassium carbonate
and the ether distilled off at a low temperature, when the mixed
alkaloids remain as an oily liquid. Thesc may be scparated to a
certain extent by fractional distillation in a current of hydrogen,
conhydrine being left as a residuc if the temperature does not
exceed 190°; the coniine and y-conicéine passing over together in
the first fractions. For the separation of coniine from conicéine
Wolffenstein * recommends the conversion of the mixed bases into
hydrochlorides. These are dried and extracted with acetone,

1 Pharm. Journ. 1895-6 [iv], 1, 89. * Loc. cit. 1904 [iv], 18, 185.
3 Berichte, 1851, 14, 705. i 1bid. 1894, 27, 2615.
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which dissolves conicéine hydrochloride, leaving the coniine salt, -
from which the base may then be regenerated.

For final purification the coniine should be converted into the
d-hydrogen tartrate by dissolving 135-6 grm. of the product
in a solution of 160 grm. of d-tartaric acid in 450 grm. of water,
kept cool. It is sometimes necessary to start crystallisation by
adding a crystal of the desired salt. von Braun 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-4-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°-210° under 16 mm. pressure, which is
nearly pure benzoylconiine. From this a mixture of d- and l-coniines
is obtained by hydrolysis.!

Coniine when pure is a colourless, strongly alkaline liquid,
having a peculiar penetrating odour and a burning taste ; it boils
at 166°-167°, has D° 0-8626 and D' 0-8438, refractive index np
1-4505, and is dextrorotatory, [a]l? = + 15-7°. When cooled to
— 2° it solidifies to a soft crystalline mass.

Coniine is slightly soluble (1 in 90) in cold water, but is less
soluble 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, but
much less so in chloroform. Coniine slowly oxidises in the air.
The ordinary salts crystallise well and are soluble in water or
alcohol. The hydrochloride, B.HCI, crystallises from water in
large rhombs, m.p. 220°, and the d-acid tartrate, B.C,H04.2H,0,
in large rhombic crystals, m.p. 54°. The platinichloride,
(B.HC),.PtCl,.H,0, 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°.

1 Berichte, 1905, 38, 3108.
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The picrate forms small yellow needles, m.p. 75°. Coniine dissolves
in carbon disulphide, forming a complex thiocarbamate.! It gives
no coloration with sulphuric acid. The precipitate afforded
by potassium cadmium iodide solution is crystalline, whilst that
given by nicotine with this reagent is amorphous. Sodium nitro-
prusside gives a deep red colour which disappears on warming,
but reappears on cooling, and is changed to blue or violet by alde-
hydes.?

Constitution. When coniine hydrochloride is distilled with
zine dust a new base, conyrine, is produced, which has all the pro-
perties of a propylpyridine, and which Ladenburg ® proved to be
a-propylpyridine. At a later date Ladenburg showed that the
distillate from coniine hydrochloride and zinc dust contained in
addition to conyrine a stereoisomeride of d-coniine, which differs
from the latter mainly in having a higher dextrorotation, and which
he called isoconiine.* According to Wolffenstein ® isoconiine is a
mixture of d-coniine with ¢-coniine, but according to Ladenburg
this is impossible, since isoconiine has a higher rotation than
d-coniine, and he finds that on reducing methylpicolylalkine,
C:H,N.CH,.CHOH.CH;, with phosphorus and hydriodic acid,
treating the product with zinc dust and water, and reducing the
propylpyridine so formed with sodium and alcohol, the pro-
pylpiperidine so produced has [a]}*® +17-85° and is identical with
tsoconiine.® Hofmann? reduced conyrine by means of phosphorus
and hydriodic acid to coniine, which, however, was optically inactive.

These and other reactions indicated that coniine is a-propyl-
piperidine. Ladenburg confirmed this by synthesising coniine by
reducing q-allylpyridine with sodium in alcohol.® The product
was optically inactive, but was resolved into d- and l-coniines, the
former identical with the natural alkaloid, by fractional crystalli-

! Melzer, Arch. Pharm. 1898, 238, 701.

2 Gabutti, Chem. Soc. Abstr. 1906, ii, 711.

3 Berichte, 1884, 17, 772, 1121, 1676 ; 1885, 18, 1587.

¢ Ibid. 1893, 26, 854 ; 1894, 27, 853, 859 ; 1896, 29, 2706.
5 Ibid. 1894, 27, 2615 ; 1896, 29, 1956.

¢ Ibid. 1907, 40, 3734. 7 Ibid. 1884, 17, 831.

8 lbid. 1886, 19, 439, 2682 ; 1889, 22, 1403,
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sation of the l-hydrogen tartrates. More recently Ladenburg has
stated that synthetic d-coniine so obtained has a higher rotation
than the natural alkaloid, probably due to the presence of iso-
coniine (see above), but that the rotation can be reduced to that of
the natural alkaloid by long-continued heating at 290°.!

N-Methyl-d-coniine, C;H,,N.CH,. This alkaloid is stated to
occur in hemlock in minute quantities.? According to Wolffenstein
it remains with y-conicéine, when the latter is separated from
coniine by the fractional crystallisation of the acid tartrates. von
Braun separates the tertiary bases (methylconiines) from crude
coniine by benzoylating the latter, dissolving the product in ether,
and extracting the tertiary bases with dilute acid.® It has been
obtained synthetically by heating coniine with potassium methyl
sulphate.* It is a colourless oily coniine-like liquid, b.p. 173°-174°,
D243 0-8318 and [a]2*2 4 81°33°. The ordinary salts are crystal-
line ; the hydrochloride, B. HCI, forms masses of needles, m.p. 188°;
the platinichloride, B,. H,PtCls, has m.p. 158°.

N-Methyl-/-coniine was obtained by Ahrens ® from residues
left in the preparation of coniine by crystallisation of the
hydrobromides, that of d-coniine being much less soluble in water,
or by converting coniine into the nitroso-compound. It is a
colourless, coniine-like liquid, b.p. 175:6°/767 mm., D® 0-8349,
[a]?® —81:92°. The hydrochloride, B.HCI, forms needles, m.p.
191°-192°, the hydrobromide, B.HBr, crystallises in leaflets, m.p.
189°-190°, the platinichloride in orange crystals, m.p. 153°-154°,
and the aurichloride in brilliant leaflets, m.p. 77°-78°.

The relationship of von Braun’s methylconiine ® to the foregoing
has not yet been settled. A series of alkylconiines has been
prepared and described by Scholtz.?

Conhydrine, C;H,,ON. This oxygenated alkaloid was first
found in hemlock by Wertheim.® In the extraction of coniine from

! Berichte, 1908, 39, 2486.
t Planta and Kekulé, Annalen, 1854, 89, 150.
3 Berichte, 1905, 38, 3108. ¢ Passon, Berichte, 1891, 24, 1678.

8 Berichte, 1902, 85, 1330. ¢ Loc. cif.
7 Berichte, 1904, 87, 3627 ; 1906, 38, 595. 8 Annalen, 1856, 100, 1329,
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hemlock (p. 26) conhydrine is also removed and may be separated
by dissolving the two alkaloids in a little ether and freezing out
the conhydrine, or by distilling the crude coniine, when conhydrine
remains behind in the retort if the temperature is kept below 190°.
It may be recrystallised from ether. ‘

Conhydrine is a solid, crystalline, strongly basic substance,
m.p. 121°, b.p. 226°, [a]p + 10°, which closely resembles coniine
in its chief properties. It forms crystalline salts ; the aurichloride
forms small rhombs or prisms, m.p. 133°.

Constitution. Conhydrine yields a benzoyl derivative, m.p. 132°,
When heated with hydrochloric acid, conhydrine yields a mixture
of a-, (3, and y-conicéines with some isoallylpiperidine. (3-conicéine
on reduction by sodium in alcohol yields I-coniine, so that in this
way conhydrine may be converted into l-coniine. On oxidation
with chromic acid it is converted into l-piperidine-2-carboxylic
acid, which indicates that the hydroxyl group of the alkaloid is in
the side-chain, whence Willstiitter ! suggested formula (1) for con-
hydrine. The substance corresponding to this formula has, however,
been synthesised recently by Loffler and Tschunke 2 and ghown not
to be identical with conhydrine, and on this ground these authors
have revived the alternative formula (11), first suggested by Engler
and Baur.?

NH NH

CH .
CH, CH.CH,.CH< ’ cHy \lcn.cnon.cn,.CH,
OH
CH:\ CHQ N CHQ\ 2
CH,
(1) (m)
Conhydrine (Willstiitter) Conhydrine (Engler and Baur)

y=Conhydrine, C;H,,0ON, was found in hemlock by Merck
and was examined by Ladenburg and Adam.* It closely resembles
its isomeride conhydrine, with which it occurs as a residue after the
removal of the liquid alkaloids by distillation (see p. 26) and from
which it can be separated by crystallising the mixed hydrochlorides,

1 Berichte, 1901, 84, 3166. 1 Ibid. 1909, 42, 929.
3 Ibid. 1894, 27, 1777. ¢ Ibid. 1891, 24, 1671.
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that of conhydrine separating first from alcohol. The base has be.n
re-examined recently by Loffler,! and many of the data previously
recorded regarding it shown to be inaccurate. It crystallises from
dry ether in slender needles, m.p. 105°-106°, b.p. 236°-236-5°, [a],
+ 10-98° to + 11-06°, or from wet ether in plates, m.p. 80° (approz.),
and is a strongly alkaline base. The hydrochloride, m.p. 212°-213,
crystallises from alcohol ; the aurichloride, B.HAuCl,, m.p. 133°-
134°, is not identical with conhydrine aurichloride as was formerly
supposed : the platinichloride, m.p. 185°-186°, forms slender golden-
yellow needles.

y-Conhydrine is a hydroxyconiine since on treatment with
hydriodic acid it yields iodoconiine, which on reduction yields
d-coniine. With phosphoric oxide it yields y-conicéine, CgH ;N
(see p. 33). y-Conhydrine is not stereoisomeric with conhydrine,
but according to Loffler probably contains the hydroxyl group in
the <y-position thus :

NH
CHy” \CH.CH,.CH,.CH,

CH,

/CH,
CHOH
¥-Conhydrine (Lofler)

but this is difficult to reconcile with Willstatter’s statement 2 that
y-conhydrine, like conhydrine, yields piperidine-2-carboxylic acid
on oxidation.

y=Coniceine, C;H,,N. This base was isolated by Wolffenstein
from commercial coniine by the method already described.?
In using von Braun’s method of separation the +y-conicéine on
benzoylation passes into benzoyl-4-aminobutyl propyl ketone,
COPh.NH.CH,.CH,.CH,.CH,.CO.C;H,, which remains with the
benzoylconiine after extraction of the tertiary bases, and can be
partly separated from it by concentrating the ethereal solution and
pouring into light petroleum, in which it is insoluble. The rest

1 Berichte, 1909, 42, 116. 3 Ibid. 1901, 34, 3166.
3 Ibid. 1895, 28, 302.
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remains in the flask, from which the benzoylconiine is distilled.
It yields conicéine on hydrolysis by hydrochloric acid.

v-Conicéine is a coniine-like oil, b.p. 171°-172°/746 mm.,
D#'s (-8825, almost insoluble in water, strongly alkaline and
optically inactive. Its salts are crystalline; the hydrochloride,
m.p. 143°, is hygroscopic ; the hydrobromide, m.p. 139°, is readily
soluble in acetone ; the aurichloride, m.p. 69°, and the picrate,
m.p. 72° are precipitated as oils, but soon become -crystalline.
The platinichloride has m.p. 192°. The cadmium iodide salt,
B.HI.CdI,, m.p. 146°-147°, crystallises from water in long needles.

v-Conicéine is a secondary base, and on reduction yields -
coniine. It was prepared by Hofmann by the action of alkalis on
bromoconiine, and according to Loffler is formed by the action of
fuming hydrochloric acid on conhydrine (p. 29). These reactions
are explained by the following constitution suggested by Lellmann
and Wolffenstein :

CH,
cHy \lcn
CH, )acn,.cu,.ca,

N\
NH

y-Conicéine

v-Conicéine has been synthesised by Gabriel by hydrolysing
3-phthaliminobutyl propyl ketone.!

The Coniceines. Six of these products have been obtained
in various ways from coniine, conhydrine, and Y-conhydrine ;
their names and chief characters are as follows :

a-, [3-, and y-Conicéines, produced simultaneously by the action
of fuming hydrochloric acid at 220° on conhydrine. With phos-
phoric oxide [3-conicéine is the chief product and no a-conicéine is
formed.®* Loffler assigns the following formula to a-conicéine : 4

1 Berichte, 1909, 42, 4059. .

259' ?;;mann, Berichte, 1885, 18, 16, 27, 112 ; Lellmann, 4Annalen, 1890,

3 Loffler, Berichte, 1905, 88, 3326,
¢ Berichte, 1904, 87 .1879.
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CH,
g

CH. H.CH.
2\/C L
N-——CHMe¢

a-Conicéine

According to Loffler and Friedrich ! 3-conicéine is l-a-allylpiperidine.
On reduction with sodium in alcohol it yields l-coniine.

The constitution of y-conicéine has been discussed already (see
p. 32).

8-Conicéine is formed by the action of sulphuric acid on bromo-
coniine. The following constitution was assigned by Lellmann?
to &-conicéine, and this has been confirmed by synthesis of the
inactive form of this base by Léffler’s collaborators® by reducing
2-piperolidine, obtained by distilling piperidylpropionic acid :

CH,.CH,.CH.CH,
s,
CH,.CH,.N—CH,
8.Conicéine
e-Conicéine is formed by the action of alkalis on iodo- or bromo-
coniine. Lellmann’s e-conicéine has been shown by Léffler? to
be a mixture of two stereoisomeric bases having the formula

CH,.CH,.CH.CH,
CH,.CH,.N—CH.CH,

e-Conicéine

e-Conicéine contains two asymmetric carbon atoms, and the
two stereoisomerides consist of the (— —) and (4 —) forms and
may be separated by crystallisation of the d-tartrates. This dicyclic
system has been named conidine by Léffler, and the two isomerides
are called 2-methylconidine and iso-2-methylconidine.

y-Conicéine is obtained by dehydrating -conhydrine with
phosphoric oxide.® ’

1 Berichte, 1909, 42, 107. 3 Loc. cit. 3 Berichte, 1909, 42, 94, 3420.
¢ Ibid. 1909, 42, 948. s Loffler, thid. 1909, 42, 116.
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The principal properties of these isomerides are shown in the
following table :

Melting- Specific .
Relative Amino-
Name Boiling-point | point of rotation,
aurichloride lalo density character
a-Conicéine 158: 196° + 18-4° | 0-8930 at 15° | Tertiary
B-Conictine  |{(m ogre) |} 122:5° | - 52:09° | 0-8519 at 50°. | Secondary
v-Conicéine 171°-172° 69° inactive | 0-8825 at 22-5°| Sccondary
1-3-Conicéine 158° 207° leevorota- | 0-896 at 23° | Tertiary
to
1-8-Conicéine 161° 192° inacgvo 0-904 at 15° | Tertiary
e-Conicéine 150°-151° 178° + 42-34° | 0-8836 at 15° | Tertiary
composed of
2-methylconi- | 151°-154°( 167°-168°| + 67-4° | 0-8856 at 16° | Tertiary
dine and
120-2-methyl- | 143°-145°| 198°-199°| - 87-34° | 0-8624 at 15° | Tertiary
conidine
¢-Conicéine 171°-172°} (oily) + 122:6° | 0-8776 at 15° | Secondary

PHYSIOLOGICAL ACTION OF HEMLOCK ALKALOIDS

All the alkaloids contained in hemlock 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.
In frogs they have a curare-like action on motor nerve terminations,
but in mammals this is exhibited to a much less extent. Large
doses cause slowing of the heart’s action. Respiration is gencrally
accelerated and deepened at first, but eventually becomes slow and
laboured and finally ceases, while the heart is still strong and con-
sciousness has just disappeared. According to Albahary and
Loffler d- and l-coniines are identical in physiological activity. By
the introduction of a double linking, as in +-conicéine, the
toxicity is greatly increased, whilst by the insertion of a hydroxyl
group, as in the conhydrines, it is reduced.
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ALKALOID OF PIPER SPP.

Piperine, C,,H,,0,N. This alkaloid occurs in several plants
belonging to the natural order Piperacese. It was isolated in 1819 -
by Oersted from the fruits of Piper nigrum, which constitute the
black and white peppers of commerce. In 1879 Fliickiger and-
Hanbury * showed that it was also contained in the two varieties of
long pepper derived from Piper longum and Piper officinarum, whilst
in 1881 Stenhouse obtained it from Ashantee black pepper, which
consists of the fruits of Piper Clusii. Piperine is also said to occur in
the berries of Schinus Molle.

The amount of piperine contained in commercial pepper is of _
importance as affording an indication of the freedom of the spice
from adulterants.

It may be estimated by mixing a weighed quantity of the pepper
with slaked lime, adding enough water to form a stiff paste, which
is then dried at 100° and exhausted in a Soxhlet extractor with
hot ether contained in a tared flask. The ether is distilled off, the
residue dried at 100° and weighed as piperine.

The following table shows the amount of alkaloid contained in
some typical commercial varieties of pepper :

Piperine cale. on dry matcrial, per cent.
Origin of ) Moisture
PegPPer Variety per cent. i '
Stevenson | Blyth | Heisch f:fg:‘ﬁ;gl

Sumatra black 10-1-14 7-14 4-7 — 81
Singapore black — — — 7-14 7-15
. white — — 56 G-14 915
Penang black 9-53 — 557 6-04 5-24

Siam white — — — 513 —

v long 14 1-16 1-8 1-71 —

Trang black 11-6-14 6-62 46 . 4-05 —

The alkaloid may be prepared by a process similar to that
described above for its estimation, but more economically by
exhausting the finely powdered fruits with 95 per cent. alcohol, the ~

1 Plarmacographsa, p. 584.
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. solvent being removed by distillation, and the extract so obtained
shaken with solution of; soda for the removal of resin. The
insoluble residue is dissolved by boiling with 95 per cent. alcohol,
and from this solution piperine crystallises out on cooling and can be
purified by a second crystallisation from alcohol.

The pure alkaloid crystallises from alcohol in long monoclinic
needles, m.p. 128°-129-5°, [a], 0°. It is slightly soluble in water,
more 80 in alcohol, ether, or chloroform. The alcoholic solution
has a pepper-like taste. Its solutions are not alkaline, and it
forms salts only with strong acids ; the platinichloride, B,. H,Pt€Cl,,
forms orange-red needles. Strong sulphuric acid gives a dark red
solution with piperine, and nitric acid, on warming, a resin which
dissolves in aqueous potash with a deep red colour. 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 lustrous, steel-blue needles, m.p. 145°,
slightly soluble in alcohol, easily so in chloroform. Piperine is
_rarely employed in medicine ; it exerts an action similar to that
of quinine, but is much less active and rather uncertain in effect.

“Pepper is used in medicine only as a carminative.

Constitution. The action of hydrolytic agents on piperine was
first investigated by Anderson,! who observed that when boiled with
alkalis it was decomposed with the formation of a base and an acid.
Some years later Babo and Keller * effected the same decomposition
by means of alcoholic potash and named the products piperidine and
piperic acid respectively.

C17Hig03N + HgO = CHyN + CioHiOq
Piperine Piperidine Psiperic acid

The basic decomposition product had already been obtained
by Wertheim and Rochleider,® but its constitution was not ascer-
tained with certainty until its synthesis was effected by Ladenburg
from pentamethylenediamine, and by the reduction of pyridine,
showing it to be hexahydropyridine.

i Annalcn, 1850, 75, 82 ; 84, 345. 2 Journ. Prakt, Chem. 1857, 72, 55.
3 dnunalen, 1845, 54, 2565.
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Piperic acid, C,,H,40,, is obtained by the hydrolysis of piperine
with alcoholic potash in the form of its potassium salt, which
crystallises in shining prisms. The free acid is insoluble in water
and crystallises from alcohol in long needles, m.p. 217°. Its salts
are usually iftsoluble in water. The acid is unsaturated and
readily takes up four atoms of bromine or hydrogen. Potassium
permanganate oxidises it with the formation of piperonal, whilst on
fusion with potash it furnishes protocatechuic, acetic, and oxalic
acids. These and other reactions led Fittig® to assign to the acid
the formula given below, which represents it as a substituted
methylenic ether of protocatechuic acid. The validity of this
formula was finally proved by Ladenburg and Scholz? who suc-
ceeded in synthesising the acid by the following series of reactions.
_ Protocatechuicaldehyde was treated with methylene iodide in
presence of alcoholic potash, giving piperonal ; the latter by con-
densation with acetaldehyde in presence of caustic soda was con-
verted into piperylacrolein, which in its turn with acetic anhydride
(Perkin’s reaction) gave the corresponding unsaturated acid
identical with piperic acid.

C.CHO C.CHO
VAN /\
CH CH CH CH —
| I +CHI, — | | + CH,CHO
CH COH CH C—-O\
N/ N/ CH,
C.OH c—
Protocatechuicaldehyde Piperonal
C.CH:CH.CHO C.CH:CH.CH:CH.COOH
VAN 7N\
CH CH CH CH
|l - |
CH C—O\ CH C—0O
N/ CH, N/ CH,
Cc— C——O/
Piperylacrolesn Piperic acid

Finally, as had already been shown by Rugheimer,? piperidine, when
treated with piperoyl chloride in benzene solution, furnished piperine.

' Annalen, 1885, 227, 31. 2 Berichte, 1894, 27, 2958.
® [bid. 1882, 185, 1390.
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According to Madan, piperine heated at 180° during sixty
minutes passes into a colloidal form possessing a high refractivity
uu,= 1:810. and coefficient of dispersion yg,~uy, = 0-142.}

ALKALOID OF PIPER OVATUN

Piperovatine, C,;H,,0,N, was isolated by Dunstan and
Garnett 2 from the stem and leaves of this West Indian plant,
by percolating the ground plant with ether, distilling off the
solvent and the volatile oil removed by the solvent, and extracting
the residue with hot, dilute alcohol ; on cooling, the filtrate deposits
rosettes of colourless needles, m.p. 123°, soluble in alcohol, acetone,
or chloroform, but sparingly so in dry ether. The alkaloid forms
no salts. When heated with water at 160° a volatile base, which
is probably a pyridine derivative, is formed, together with an acid
and an oil having the odour of anisole.

The base is a temporary depressant of motor and sensory nerve
fibres, and of sensory nerve terminations ; it depresses the heart’s
action, and in frogs induces tetanic convulsions of the same nature
as those produced by strychnine.

ALKALOIDS OF NICOTIANA SPP.

Members of this group of alkaloids have until recently only been
found in species of Nicotiana, of which N.tabacum, the plant yielding
commercial tobacco, exists in a large number of cultural varieties.
It has been stated that the chief alkaloid of the group, nicotine,
occurs in Indian hemp,® but as this product when prepared for
smoking is frequently mixed with tobacco, it is probable that the
nicotine in this instance was derived from admixed tobacco. It has
long been suspected that the alkaloid piturine, which Liversedge
obtained from the Australian plant Duboisia Hopwoodii,* was
identical with nicotine, and this was proved to be correct by
Rothera.?

1 Trans. Chem. Soc. 1901, 79, 926.

® Ibid. 1895, 87, 94 ; cf. Dunstan and Carr, Proc. Chem. Soc. 1895, p. 177.
3 Preobrachensky, Pharm. Zeit. 1876, p. 705.

¢ Chem. News, 1881, 43, 124, 8 Bio-Chem. Journ. 1910, 5, 193.
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Altogether four alkaloids have been isolated from tobacco :

Nicotine, C,,H,N,. Nicotimine, C;oH,N,.
Nicoteine, C,oH,,N,. Nicotelline, C, ;H,N,.

According to Pictet and Court pyrrolidine and 1-methylpyrroline
also occur in tobacco. The quantity of total alkaloids shows great
variation, but does not as a rule exceed 6 per cent. in commercial
tobacco, and averages about 4 per cent. In 1000 parts of total
alkaloid Pictet and Rotschy found 20 of nicoteine, 5 of nicotimine,
and 1 of nicotelline.! -

For the isolation of the total alkaloids (commercial nicotine)
the finely powdered tobacco leaves are exhausted with warm water
and the extract concentrated, made alkaline by addition of a slight
excess of lime or caustic soda, and steam-distilled. The distillate is
neutralised, evaporated to a small bulk, made alkaline, and the
liberated alkaloid shaken out with ether. The residue left after
removal of the ether by distillation is dried in a current of hydrogen.?

Commercial nicotine is generally made from midribs of tobacco
leaves which are removed in preparing tobacco for smoking. For
use as an insecticide large quantities of *“ tobacco extract,” which is
merely an aqueous extract of waste tobacco, are manufactured, and
this material is a convenient source of tobacco alkaloids.

Estimation. Tobacco is no longer employed therapeutically, but
its content of * nicotine > (total alkaloids) is important in ascer-
taining the suitability of raw tobacco for the preparation of smoking
tobacco, although this constituent is less important from this point
of view than are the readiness with which the leaves burn, their
aroma, content of moisture, &c. This estimation has also acquired
great importance recently in view of the use of tobacco and tobacco
extracts as agricultural insecticides. The Department of Agricul-
ture of the United States of America some years ago instituted an
inquiry into methods for the estimation of nicotine in tobacco, with
the result that the process devised by Kissling ® was recommended

1 Berichte, 1901, 34, 696. 2 Laiblin, Annalen, 1879, 198, 130.
3 Zeit. Anal. Chem. 1882, 21, 64, 383 ; 1895, 34, 413; 1896, 85, 309, 731.
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for adoption, although there are certain objections to it as regards
concordance of the results obtained by different chemists using the
same material. Thus in the case of a tobacco powder the deter-
mination of nicotine by five different chemists gave amounts varying
from 0-53 to 0-81 per cent., and for the same tobacco extract per-
centages varying from 2-2 to 4241 This method is, however, that
most commonly employed in practice, and is carried out in the
following way :

The finely powdered tobacco is dried at a temperature not
greater than 60°, and 20 grm. of the dry material are mixed with
10 c.c. of alcoholic soda made by dissolving 6 grm. of sodium
hydroxide in 40 c.c. of water and diluting to 100 c.c. with 90 per
cent. alcohol. This mass is extracted in a Soxhlet apparatus for
five hours with ether, the solvent distilled off, and the residue mixed
with 50 c.c. of 04 per cent. soda solution and steam-distilled. The
distillate is titrated with N-sulphuric acid, using cochineal or
phenacetolin as indicator.

In the case of tobacco extracts 5 grm. of the extract are mixed
with 10 c.c. of alcoholic soda as above and enough pure ground
calcium carbonate added to form a moist mass free from lumps.
This is then packed in a Soxhlet apparatus and the rest of the process
carried out as above. The question has been investigated recently by
R. M. Chapin, of the U.S. Department of Agriculture, who suggests an
improved form of Bertrand and Javillier’s process,? which, from the
point of view of the examination of tobacco extracts, has the merit of
not including in the ‘“ nicotine ”” pyridine bases, should these have
been added to the extract. The process is equally applicable to
tobacco, the alkaloids having been extracted by Kissling’s method.
The directions given by Chapin * may be summarised thus. Enough
extract to contain 1 to 2 grm. of nicotine is weighed out, and washed
into a 500 c.c. round-bottomed flask, 1 to 1-5 grm. of solid paraffin,
one or two pieces of pumice-stone, and excess of caustic soda solu-

1 U.S. Dept. Ag., Chem. Div., Bull. No. 101 of 1910,

* Bull. Sci. pharmacol. 1909, 16, 7.
® Bull. 133, Bur. Anim. Ind., U.S. Dept. Agric., 1011,
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tion added. This mixture is distilled in a current of steam and the
distillate collected in 10 c.c. of dilute (1 to 4) hydrochloric acid,
the flask containing the mixture being heated to keep the contents
to a low volume without allowing the separation of solid matter.
Distillation is continued until the distillate gives no opalescence
with a drop of silicotungstic acid solution in presence of a drop of
dilute hydrochloric acid, care being taken that the mixture in the
flask remains strongly alkaline to the end. The distillate, which
should still be acid, is diluted to a convenient known volume,
thoroughly mixed, and then filtered, the first portion being rejected.
An aliquot portion containing about 0-1 grm. nicotine is mixed with
3 c.c. of dilute (1 to 4) hydrochloric acid for each 100 c.c. of liquid,
and 1 c.c. of a 12 per cent. solution of silicotungstic acid added for
each 0-01 grm. of nicotine supposed to be present, and the mixture
stirred thoroughly and set aside eighteen hours. The precipitate
should then be completely crystalline, and when stirred should
settle rapidly, indicating absence of pyridine bases. It is filtered
and washed with cold water containing 1 c.c. of strong hydrochloric
acid per litre, until the washings give no precipitate with a dilute
aqueous solution of nicotine. The wet paper and precipitate are
transferred to a platinum crucible, dried at a gentle heat, then
carbonised, and finally ignited, this being completed by exposure
during 5 to 10 minutes in the flame of a Teclu burner or blow-pipe.
The weight of the residue multiplied by 0-114 gives the weight of
nicotine in the aliquot part taken for analysis. If greater accuracy
i8 required the nicotine silicotungstate may be collected in a Gooch
crucible, washed as described, dried at 125°, and weighed ; this salt
when anhydrous contains 10-12 per cent. of nicotine ; it is deliques-
cent, and the crucible containing it should be enclosed in a stoppered
weighing bottle during cooling and weighing.

Nicotine, C,)H,,N,. The alkaloid when pure is a colourless oil,
b.p. 246-1°/730-56 mm. (decomp.), D'? 10180, [a]** —166-39°, with
a pyridine-like odour and unpleasant burning taste ; it may be dis-
tilled unchanged with steam, in hydrogen, or under reduced pressure.

1 0f. Ratz, Monats.\1905, 26, 1241.
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Nicotine is miscible with water in all proportions below 60° and
above 210°.! On admixture of water with nicotine heat is evolved,
and a dihydrate formed.? The salts are dextrorotatory, easily
" soluble in water, and do not crystallise easily ; the hydrochloride,
B.HCI, has [a], + 102-2°; the sulphate, B,.H,SO,, [a], + 84-8°,
and acetate, [q], + 110-29°.

When aqueous solutions of nicotine hydrochloride or sulphate
are heated in sealed tubes at 180°-250° they become optically
inactive.® The platinichloride is a yellow microcrystalline sub-
stance of indefinite melting-point. The picrate, B.2C;H,(NO,);0H,
forms short prisms, m.p. 218°, and is characteristic.

Nicotine may be detected by the formation with aqueous solutions
of mercuric chloride of a white crystalline precipitate, by the
black precipitate formed under similar conditions with potassium
platinic iodide, and the crystalline periodide formed when solutions
of the base in ether are mixed with iodine dissolved in ether. The
appearance and melting-point of the picrate are characteristic.
These reactions are of importance as distinguishing nicotine from
coniine, with which base the tobacco alkaloid is likely to be con-
founded.

Constitution. The presence of a pyridine nucleus in nicotine
was established by Huber,® Weidel,® and Laiblin,®* who, using
different oxidising agents, obtained from the base nicotinic acid
(j3-pyridinecarboxylic acid). - Further evidence of this was afforded
by the recady formation of a hexahydronicotine by reduction of
the base by sodium and amyl alcohol.” The empirical formuia of
nicotine may therefore be extended thus, C;H,N.C;H (N, and most
of the recent work has been devoted to the determination of the
nature of the C;H,N residue. The empirical composition of this
group is identical with that of piperidine, and the behaviour of

! Hudson, Zeit. phys. Chem. 1904, 47, 113.

2 Tsakalotos, Bull. Soc. chim. 1909 [iv], 5, 397.
3 Pictet and Rotschy, Berichte, 1900, 33, 2353.
¢ Annalen, 1867, 141, 271.

& Ibid. 1873, 165, 328.

¢ Berichte, 18717, 10, 2136.

7 Liebricht, 1bid. 1886, 19, 2587,



PYRIDINE GROUP 43

nicotine in certain reactions is well explained if it be assumed to be
an a-piperidyl-3-pyridine, thus :

CH,
CH CHy \CH,
cr{ \C—CH, |CH
I N
CH CH NH
/S
N

and for a long time this view of its structure was commonly accepted.
Laiblin,! however, found that zinc nicotine chloride when distilled
with lime gave a mixture of pyridine, methylamine, and pyrrole : the
formation of the two latter substances from a partially reduced
dipyridyl is inexplicable. Later Blau and Herzig and Meyer
observed that nicotine when heated with hydriodic acid at 300°
gave off a molecule of methylamine, so furnishing evidence of the
existence of the groug: N.CH,, and the dipyridyl formula was finally
disposed of by Bla‘&ho prepared a : (3-dipiperidyl and showed
that it was not identical with hexahydronicotine? The reaction
which has afforded most information regarding the structure of
the side-chain of nicotine is that of bromine on the base, which has
been investigated by Pinner.? The derivatives obtained in this
reaction may be grouped as follows :

In acetic acid. In hydrobromic acid at 100°.
! !
Dibromoxydehydronicotine. Dibromodioxydehydronicotine.

|
Dibromocotinine, C,,H,;,Br,ON,. Dibromoticonine, C,,HBr,0,N,.
Dibromocotinine when warmed with alkalis furnished methyl-
amine, oxalic acid. and [3-methylpyridyl ketone.
CH
/\ :
CH (i‘.CO.CT*Ia
Il
CH CH
N/
N
1 Annalen, 1879, 198, 172.  * Berichte, 1891, 24, 326 ; 1893, 28, 628, 1029.
3 Ibid. 1892, 25, 2816 ; 1893, 28, 292, 769.
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Dibromoticonine when warmed with baryta water at 100° gave
methylamine, malonic acid, and (3-pyridinecarboxylic acid.

These decomposition products showed that in all probability
the side-chains of nicotine, dibromocotinine, and dibromoticonine
consist of a series of three primary carbon atoms ending in a group
: N.CH,, and the difficulty experienced in reducing nicotine further
than the hexahydro derivative makes it probable that the side-chain
is closed, #.e. that it is a N-methylpyrrolidine, as represented in the
formula given below. On this view of the structure of nicotine the.
formation of these decomposition products may be represented
thus :?

/CHQ_—("HQ /CO——CHBI' First action
C;H,N.CH Q | — CJI..N.CBr\ | of baryta
NMe— CH, NMc—CO
Nicotine (Pinner) Dibromoliconine
AN ,COOH.CHOH
/CO—CHOH |
CSH.N.C(OH)\ | +2H.0 Cy,H/N.COOH l N
NMe—CO NH?\CHO
' \
Intermediate product l Me \\
1

! AN

The product COOH.CHOH.CHO by intramolecular change
gives rise to malonic acid, COOH.CH,.COOH.

Etard? observed that when benzoyl chloride reacted with nicotine
a benzoyl derivative was formed which he regarded as formed by
the replacement of an imino hydrogen atom by benzoyl. Pinner,
however, showed that Etard’s substance was derived from an
isomeride of nicotine, which he named metanicotine (Zsonicotine), and
whose formation he explained in the following way :

/CHZ—CH;
C3H,N.CH | — CsH,N.CHCL.CH,.CH. CHy NMe.COCo Hy—
NMe.

CH,
Nicotine Benzoyl chloride addition product
CsH‘N-CH . CH-CHz.CHg-NMC.CO-CQHB.
Benzoylmetanicotine (;3- Pyridyl-N-methylbutyleneamsine)

! Pinner, loc. cit. * Compt. rend. 1893, 117, 170, 278.
Berichte, 1894, 27, 1056, 2861.
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Loffler and Kober ! have shown that metanicotine can be recon-
verted into nicotine.

Pinner’s formula explains equally well Blau’s observation?
that nicotine furnishes on reduction both a hexahydride and
an octohydride, the latter being formed by the opening and reduc-
tion of the pyrrolidine ring. It also accounts for Pictet and Gene-
quand’s observation ® that nicotine itself with methyl iodide forms
nicotine methiodide, whilst nicotine hydriodide with this reagent
gives isonicotine methiodide, and that the latter on oxidation yields
trigonelline (see p. 16).

/Tmalidity of Pinner’s nicotine formula has been established
by the synthesis of this alkaloid, accomplished by Pictet and
collaborators.* Pictet and Crepieux found that when the pyridine
amide of mucic acid is distilled it yields N-{3-pyridylpyrrole, and
the vapour of this at a red heat undergoes intramolecular change,
yielding a : {3-pyridylpyrrole, thus :

cH <N CH>C,N <CH (|3H_‘ CH <N—CH>C,C <CH (ﬁH
CH=CH CH=CH CH=CH NH—CH
N-j3-Pyridylpyrrole a-3-Pyridylpyrrole
The latter yields a potassium derivative, which reacts with methyl
iodide, giving N-methyl-a : 3-pyridylpyrrolemethiodide (1), which
is identical with nicotyrine methiodide. Nicotyrine (11) can be
obtained from nicotine by gently oxidising the latter with silver
oxide or alkaline ferricyanides. Pictet and Rotschy found that
nicotyrine methiodide on distillation with lime yielded nicotyrine.
The latter is very difficult to reduce to nicotine :

C/CH.CH /CH—CH
GHNC || — cHNMenc || —
NH.CH NMe.CH
. a-{3-Pyridylpyrrole Nicotyrinemethiodide (1)
CH—CH ' CH,.CH,
CsH‘N -C< " - CsH‘N-CH< l
NMe.CH NMe.CH,
() Nicotyrine Nicotine
1 Berichte, 1909, 42, 3431. 3 Loc. cit. 3 Berichte, 1897, 30, 2117.

¢ Ibsd. 1805, 28, 1911 ; 1898, 31, 2018 ; 1900, 33, 2355 ; 1904, 37, 1225.
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but this was eventually effected by Pictet and Rotschy with the
formation of tetrahydronicotyrine, which proved to be identical
with inactive nicotine, obtained by heating solutions of natural
nicotine hydrochloride or sulphate in sealed tubes at 180°-250°.
The synthetic base was resolved into the optical antipodes by
fractional crystallisation of the d-ditartrate, and in this way
l-nicotine identical with the natural alkaloid was obtained. The
d-nicotine simultaneously prepared had b.p. 245-5°-246-5° /729 mm.
D{° 1-0171 and [o]® 4 163-17°.

Nicotimine, C,;H,,N,. This isomeride of nicotine was isolated
by Pictet and Rotschy ! from crude nicotine by treating the latter
with nitrous acid, which converts nicotimine into the crystalline -
nitroso-compound, from which the alkaloid was regenerated as a
colourless alkaline oil, b.p. 250°-255°, soluble in water. The
hydrochloride, platinichloride, aurichloride, and mercurichloride
are crystalline; the picrate forms thick prisms, m.p. 163°.
Pictet 2 has suggested that nicotimine contains two pyridine
nuclei, and is represented by the following formula :

CH:CH.C—CH.CH,.CH,

(gH :N—CH NH.CH,.CH,
Nicotimine (Pictet) .

Nicoteine, C,,H,,N,. In addition to the foregoing, tobacco
contains two alkaloids which are not volatile in steam and remain
in the aqueous tobacco extract when this is steam-distilled, viz.
nicoteine and nicotelline.®* The former, separated by extraction
with ecther, is a colourless alkaline liquid, b.p. 266°-267°, D{*®
1:0718, [a], — 46° 41’, miscible with water or ether, and furnishes
well-crystallised levorotatory salts: the picrate has m.p. 165°.
Nicoteine forms a dimethiodide, is oxidised by nitric acid to nicotinic
acid, and reacts as a pyrrole derivative, whence Pictet has suggested
that it has the following constitution (1),4 since on heating with
silver oxide in water it yields dihydronicotyrine (11).

1 Berichte, 1901, 34, 696. * Arch. Pharm. 1906, 244, 375.

3 Piotet and Rotschy, Berichée, 1901, 34, 696.
¢ Arch, Pharm. 1906, 244, 375.
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CH CH,—CH CH CH=CH
N N ]
CH C—CH CH CH C—CH CH,
I N/ | I I g
CH CH N.CH, CH CH N.CH,
\/ \/

- N N
(1) Nicoteine (1) Dihydronscotyrine

When reduced with sodium in alcohol no nicotine is formed.

Nicotelline, C,,HN,. This base, after the removal of
nicoteine, is extracted from the aqueous liquid by chloroform, and
on adding light petroleum to the latter crystallises out in colourless
needles, m.p. 147°-148° b.p. above 300°; its aqueous solution
is neutral to litmus. The alkaloid yields a sparingly soluble
di-chromate, does not decolorise acid permanganate, and appears
not to be a pyrrole derivative.

Physiological. Action of Tobacco Alkaloids

Nicotine is highly toxic. According to Mayor! the lmvo-
modification (natural nicotine) is twice as toxic as the d-form, and
the physiological effects produced are also somewhat different.
Nicotine affects both the central and peripheral nerves, increases the
activity of the secreting glands, and causes constriction of the
blood-vessels. It at first raises and then causes a fall in blood-
pressure. It induces contraction of the stomach-walls, causing
nausea and vomiting. The respiration is at first rapid and shallow,
then somewhat deeper, but eventually becomes slower, and if
not interrupted by convulsions gradually becomes weaker, death
resulting finally from paralysis of the respiration.

Nicoteine appears to be more poisonous than l-nicotine.

The use of tobacco in medicine has ceased, but in recent years
nicotine has been recommended for hypodermic injection in tetanus,
and the salicylate as a remedy for certain skin affections.

1 Berichie, 1904, 37, 1233.



II1. ALKALOIDS WITH DIHETEROCYCLIC .
NUCLEI

ALKALOIDS OF THE SOLANACEA

TuE name “solanaceous alkaloids ”” should, strictly speaking, be
applied to all the alkaloids obtained from solanaceous plants, but
it has long been the practice to restrict it to the group of alkaloids
dealt with in this section.

In this restricted sense the ‘‘solanaceous alkaloids ” include
nine members, and possibly one or two others not yet fully charac-
terised. The names and formul® assigned to these alkaloids are
as follows :

Apoatropine and Belladonnine, C,,H,,0,N.

Atropine and Hyoscyamine, C,,H4305N.

nor-Hyoscyamine, C1¢H ,,0,N.

pseudo- Hyoscyamane, C,,;H ,50,N.

Metelordine, CygH 3,0 N.

Scopolamine (Hyoscine), C,,H,,0,N.

T'ropacocaine, CysH,g0,N.  (Sec under Coca, p. 109.)

The members of the group present several features in common ;
thus they are all esters of tropic, atropic, tiglic, or benzoic acid,
yielding on hydrolysis one of these acids together with a basic
alcohol such as tropine, pseudo-tropine, nor-tropine, scopoline, or
teloidine. The alkaloids all yield characteristic and usually well-
crystallised aurichlorides, which are extremely useful in defining
and distinguishing the various members of the group. Their most
characteristic property is, however, their mydriatic action ; that is,
the power of producing dilatation of the pupil of the eye when their
aqueous solutions are applied to the conjunctiva. Only three of
these alkaloids, atropine, hyoscyamine, and scopolamine, are used
to any considerable extent in medicine.

The quantities of total alkaloids in the chief plants of this

group are given in the following table :
48
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Part Total
Name of plant of alkaloids Constituents References
plant per cent.
Atropa Belludonna Leaves 0'1560;%0 Chietly hyoscyamine —_
av. 0
Roots 0°1-07 ' ”» Old roots may con-
av. 0°50 tain a little atro-
pine (Gadamer)
Seeds 0°831 " 1 —
Whole plant | 0'23-1:08 v " —
Datura spp.
D. arborea Leaves 044 Chietly scopolamine, | Kircher,drch.Pharm.
Sceds — some hyoscyamine 1905, 243, 309;
Stems 023 in young stcms, 1906, 244, 66
and roots
D. fastuosa Fruits —_ Andrews, Trans.
Var. niger Leaves and Scopolamine alone Chem. Soc. 1911,
branches or with hyoscya- 99, 1876
fo Roots mine
var. flor Sceds " " i
carul. plen. Sth,mldt. Arch.
! Pharm. 1906,
var. flor Sceds " . 244, €6
alb. plen. 4 X
D. Metel * Fruits Usually chiefly Kircher, loc. cil.;
Leaves scopolamine ; Andrews, loc. cil.;
Roots occasionally a Schuidt,  Arch.
Seeds little hyoscyamine |  Pharm, 1910, 248,
or atropine 641
D. meteloides* | Whole plant 04 Scopolamine, 0°'13; | Pyman & Reynolds,
atropine, 0°03 ; T'rans. Chem. Soc.
metcloidine, 007 1908, 98, 2077
D. quercifolia Leaves 042 Scopolamine and Kircher, loc. cit,
. Secds 029 hyoscyamine
D. Stramonium Leaves 02 —045 | Chietly hyoscyamine | Feldhaus, Arch.
Roots 0'21-0'25 | Hyoscyamine and Pharm. 1905, 243,
scopolamine 328 .
Sceds 02 -0'48 | Chiely hyoscyamine | Andrews, loc. cit.
Umney, Pharm.
Journ. 1903 [iv],
sporvides Roots e S
myoporoides oots — Hyoscyamine, Merck, Journ. Soc.
scopolaine, Chem. Ind. 1897,
Hyoscyamus spp. ; 02156 y-hyoscyamine 16, 515
H. albus Bf:)‘t:s 0.'1‘1_0,‘1’4 \ Hyoscyamine and
Seeds 0'16 scopolamine
H. muticus Leaves 14 Hyoscyamine Dunstan & Brown,
Leaves 06 » T'rans. Chem,
and stems Soc. 1809 75,
Se 0'87-1'34 . 72; 1901,79, 71
Stems 06 » Gadamer, Arch.
Pharm. 1808,
236, 704
H. niger Leaves 0'045-0°08 Chlcﬂir hyoscyamine | Umney, loc. ei.
Roots 0°15-0°17 with some scopola-
Seeds 0'06-0°10 mine and atropine
Tops 007-0'10
H. reticulatus Secds 0'082 Hyoscyamine and Bull. Imp. Inst.
Whole plant | 0°'116-0-240 l?l:lihllc.‘l other 1011, 9, 115
alkaloids
Scopolia carnio- Rhizomes 0°43-0'51 Hyoscyamine, with | Dunstan & Chaston,
@ lica possilily n} trace of fsl;mi..” 2.601%11.
. ammda. scopolamine il], 20,
8. Hladnikiana) Ransom, tbid. p. 462
8. japonica * Leaves 018 , Schmidt and
Henschke, Arch.
Pharm, 1888 (iii},
£8, 185

Wuh’mbe, Abat.
Chem. Soc. 1911,
i1, 427

also M

Carr and Beynolds (T'rans. Chem. Soc. 1912, 101, 946) have shown that these plants and
andragora vernalis contain norhyoscyamine (p. 80).
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The foregoing list is not exhaustive, but it includes all the plants
which are or may be employed in the manufacture of these alkaloids ;
it may, however, be mentioned that traces of hyoscyamine or a
similar substance have been observed in the lettuce * and the potato
plant.

Atropine rarely, if ever, occurs as such in plants. This
alkaloid is generally made from hyoscyamine, and therefore the
plants richest in hyoscyamine and free from other alkaloids form
the best sources of this substance. One of the best raw materials is
Hyoscyamus muticus, which contains hyoscyamine only.? Much
atropine is also stated to be made from hyoscyamine obtained
from Scopolia rhizome. Scopolamine is usually obtained from one
of the species of Scopolia, although a considerable quantity is doubt-
less also prepared from the residual liquors obtained in the prepara-
tion of hyoscyamine for atropine manufacture from other sola-
naceous plants. The mother liquors of atropine extraction from
belladonna do not furnish scopolamine (L. Merck).

Preparation. The process employed for extracting these alka-
loids depends to some extent on the material used, but the following
method given by Guareschi is with slight modification generally
applicable :

The material, reduced to a fine powder, is percolated with cold
90 per cent. alcohol (the ““ ordinary ”’ methylated spirit supplied
duty free in the United Kingdom, freed from excess of water by
treatment with quicklime, answers well), the percolate being con-
centrated by distilling off the solvent, preferably under reduced
pressure. The residual liquid is treated with a little chalk to neu-
tralise the free acids, the mixture being allowed to stand for twenty-
four hours. It is then filtered, made slightly acid by the admixture
of dilute (0-5 per cent.) sulphuric acid, and shaken out with light
petroleum or ether to remove fat, resin, &c. The clarified liquid is
made just cloudy by addition of ammonia solution and again set
aside for twenty-four hours, whereby a certain amount of a resinous

H

1 Dymond, Journ. Chem. Soc. 1892, 61, 90.
* Dunstan and Brown, Journ. Chem. Soc. 1899, 75, 72, and 1901, 79, 71
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impurity is removed. The liquid may now be made distinctly
alkaline with ammonia solution, when the mixed alkaloids will be
precipitated as a white, amorphous powder, which, after washing
with a little distilled water, may be dried by pressure, dissolved in
alcohol, decolorised with animal charcoal, if necessary, and the
alkaloids fractionally crystallised by the addition of water to the
alcoholic solution, when they separate in the following order :
atropine (if present), hyoscyamine, scopolamine. The fractions
so obtained should then be recrystallised in like manner until they
approximate in melting-point to the pure alkaloid.

For the isolation of the alkaloids on a small scale for purposes
of investigation the following method gives good results: The
finely ground material is exhausted by percolation with cold alcohol
and the solvent distilled off under reduced pressure until practically
the whole has been removed. The semi-solid extract is agitated
with several small quantities of warm water and finally with 0-5
per cent. sulphuric acid. These aqueous and acid extracts, which
now contain the whole of the alkaloids, are mixed and filtered,
and the filtrate shaken with ether to remove oil, resin, and non-
alkaloidal impurities. The clarified aqueous liquid is made distinctly
alkaline with ammonia solution and shaken out with successive
portions of chloroform until all the alkaloids have passed into that
solvent. The total chloroform extract is now washed once with a
little water, dried over anhydrous sodium sulphate, and the solvent
finally distilled off under reduced pressure at a temperature not
exceeding 40°. The residue obtained is usually gummy, and when
hyoscyamine is the predominant constituent, as in Hyoscyamus
muticus, this residue, on solution in chloroform and addition of a few
drops of light petroleum, deposits impurities containing a little
alkaloid, and on further addition of petroleum deposits crystals of
hyoscyamine. In any case, by dissolving the residue in a slight
excess of very dilute sulphuric acid, filtering and shaking out once
with ether, small further quantities of impurities are removed. On
adding to this solution ammonia solution in slight excess and
shaking out several times with ether and then with chloroform, a
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partial separation of the alkaloids is effected ; purification may
be completed by fractional crystallisation of the aurichlorides. For
this purpose the two portions are dissolved separately in a slight
excess of dilute hydrochloric acid, and the aurichlorides precipitated
in fractions by adding solution of gold chloride. These fractions are
recrystallised from hot water containing a little hydrochloric acid
and the process repeated until fractions of constant melting-point
are obtained. Atropine aurichloride separates as an oil, but be-
comes crystalline on standing, and on recrystallisation melts at
136°. It liquefies when heated in water. Hyoscyamine auri-
chloride is usually precipitated in crystalline form, and when pure
melts at 162°. [-Scopolamine aurichloride is also precipitated as
a rule in crystals, and when recrystallised till pure melts at 198°.!

Estimation of the Total Alkaloids of Solanaceous Plants

As already indicated, the solanaceous plants yielding hyoscya-
mine and scopolamine are of great importance as drugs, or as
sources of atropine and the other alkaloids of this group. Certain
members of this group of plants are recognised in the various
national pharmacopeeias, and in most cases the official galenical
preparations made from them are “standardised,” i.e. at certain
stages in their manufacture the preparations are assayed for
alkaloids by prescribed processes and then concentrated or diluted
until their alkaloidal contents agree with prescribed standards.
Some of the principal official assay processes for these drugs and
their preparations are as follow :

The crude drugs of this class recognised in the British Pharma-
copeia are henbane leaves (Hyoscyamus niger),belladonna leaves and
roots (Atropa Belladonna), and stramonium leaves and seeds (Datura
Stramonium). The Pharmacopoia does not prescribe methods for
the assay of the crude drugs. The following processes devised by

1 For further information on the isolation, purification, and identification
of these alkaloids, see Dunstan and Chaston, Pharm. Journ. 1889 [iii], 20, 461 ;
Dunstan and Brown, T'rans. Chem. Soc. 1899, 76, 72 ; 1901, 79, 71 ; Andrews,
+bid. 1911, 99, 1871 ; Carr and Reynolds, sbid. 1912, 101, 957.
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Dunstan and Ransom,! and subsequently slightly modified? give
good results with all solanaceous plants containing alkaloids of this
group :

Roots. Twenty grammes of the finely ground roots are exhausted -
in a Soxhlet extractor or similar apparatus with a mixture of
chloroform and dry alcohol in equal parts. The solution is shaken
with water (25 c.c.), when the natural alkaloidal salts pass into the
water, which is run into a second separator. The agitation with
water (25 c.c.) is repeated, and the separated aqueous liquid added
to the first quantity. The 50 c.c. of aqueous solution are shaken
once with a little chloroform and the latter discarded. Ammonia
solution in slight excess is now added, and the liberated alkaloids
extracted by shaking with several portions of chloroform, each
portion after use being run into a tared flask. From the combined
chloroform liquors the solvent is distilled off and the residue dried at
100° and weighed.

Leaves, stems, frust capsules, fruits, or seeds. Twenty grammes of
the finely powdered material are exhausted by dry alcohol and the
solvent distilled off under reduced pressure, leaving a semi-solid
residue. The latter is washed several times with small quantities
of warm water, and finally with dilute (0-1 per cent.) sulphuric
acid, and the aqueous and acid washings decanted and filtered into
a separating funnel, where they are washed with ether to remove
non-alkaloidal impurities. The purified, slightly acid liquid is
now rendered slightly alkaline with ammonia solution, and the
alkaloids extracted by shaking several times with chloroform. The
total chloroform solution is washed with a little water, dried
over fused, anhydrous sodium sulphate, the solvent distilled off
under reduced pressure, and the residue dried in & vacuous desiccator
and weighed.

Pharmacopeeial methods. The following solanaceous drugs are
recognised in the Pharmacopceia of the United States (8th Revision):

1 Pharm. Journ. 1883-84 [iii], 14, 623 ; 1885 [iii], 16, 237, 238, 777.
? Dunstan and Brown, Trans. Chem. Soc. 1899, 76, 72 ; 1901, 79, 7]
Andrews, ibid. 1911, 99, 1871.
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belladonna leaves and roots, henbane leaves and flowering tops,
Scopolia carniolica rhizomes, and stramonium leaves. For all these
the same method of assay is prescribed by the United States Pharma-
copeeia, with the exception that in the case of henbane 25 grm. of
drug are taken for assay in place of the 10 grm. prescribed in the
other four cases.

Ten grammes of the drug (25 grm. in the case of henbane)
in No. 60 powder are mixed with 50 c.c. of a mixture of
chloroform (1 volume) and ether (4 volumes), and set aside ten
minutes in a stoppered Erlenmeyer flask. Two cubic centimetres
of ammonia solution (sp. gr. 0-958 at 25°) and 3 c.c. of dis-
tilled water are then added and the flask shaken at frequent
intervals during one hour. The contents of the flask are then
transferred to a small percolator having its lower end obstructed
by a plug of cotton-wool, and the liquid which passes through
is collected in a separating funnel containing 6 c.c. of normal
sulphuric acid diluted with 20 c.c. of distilled water. The ground
drug remaining in the percolator is packed in firmly with a glass
rod and the percolation continued by washing out the flask with
first 10 and then 5 c.c. portions of the chloroform-ether mixture,
and adding the washings to the percolator until in all 50 c.c. have
been used. The separator is then shaken well during one minute,
and the acid liquid run off into a second separator. The extrac-
tion is repeated twice, using each time 10 c.c. of the diluted sul-
phuric acid. The combined acid liquids are made distinctly
alkaline with ammonia solution (sp. gr. 0-958) and the liberated
alkaloids extracted by shaking with 15, 15, and 5 c.c. portions of
chloroform in turn, each portion of chloroform as used being run
into a beaker, which is then heated on a water-bath till the solvent
has disappeared. The residue is dissolved in 3 c.c. of ether, which
is allowed to evaporate completely. The residue is dissolved in
3 c.c. of N /10 sulphuric acid, five drops of cochineal or iodeosin
test solution added, and the number (n) of c.c. of N /50 potassium
hydroxide solution required to neutralise the excess of acid noted.
The percentage of alkaloids present is given by the formula
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(3 —n/5) X 0-287. The United States Pharmacopeeia stipulates
that the drugs named shall contain the following minimum per-
centages of total alkaloids when assayed by the above process :
belladonna roots, 0-45 per cent.; belladonna leaves, 0-3 per cent. ;
henbane leaves and tops, 0-08 per cent. ; scopolia rhizome, 0-5 per
cent. ; stramonium leaves, 0-25 per cent.

The drugs of this class recognised in the German Pharmacopceia
V. are stramonium leaves, henbane herb, and belladonna leaves.
For belladonna leaves the following method of assay is prescribed :
Twenty grammes of finely powdered leaves are placed in a medicine
bottle with 120 grm. of ether, and, after shaking, 5 grm.of 15 per
cent. sodium hydroxide solution and 5 grm. of water are added,
and the whole frequently shaken during one hour. The ethereal
layer is filtered off and two-thirds of the ether distilled from 60 grm.
»of the filtrate. The cold concentrated solution is placed in a sepa-
rating funnel, the flask washed out three times, using 5 c.c. of ether
each time, and finally with 10 c.c. of dilute hydrochloric acid (1 : 49
of water), all these washings being added to the separator, which
is then shaken during two minutes. The acid liquid is run into a
second separator and the extraction repeated twice, using 5 c.c. of
diluted hydrochloric acid each time. The combined acid liquids are
made distinctly alkaline with sodium carbonate solution, and the
alkaloids extracted by shaking during two minutes with 5 c.c. of
chloroform, and repeating this operation three times, the chloro-
form solutions (in all 20 c.c.) being run into a separator to which
20 c.c. of N/100 hydrochloric acid are added and sufficient ether to
make the ether-chloroform mixture float on the acid. The funnel
is shaken during two minutes, and the acid liquid filtered into a
200 c.c. flask, the extraction being repeated three times in the same
way, using 10 c.c. of distilled water each time, these being also
filtered into the flask. The filter is washed until the total filtrate
measures 100 c.c. To this enough ether to form a layer 1 cm.
deep, and 10 drops of iodeosin solution are added, and N /100 potas-
sium hydroxide solution is run in with continual agitation until the
watery layer acquires a distinct bright red colour. At least 96 c.c. of
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N /100 potassium hydroxide solution should be required for bella-
donna leaves corresponding to 0-3 per cent. of total alkaloid.
For henbane leaves 10 c.c. of N/100 hydrochloric acid are used in
the final extraction, and 7-6 c.c. of N /100 potassium hydroxide
solution should be required to neutralise the excess of acid, corre-
sponding to 0-07 per cent. of total alkaloid. No assay process is
given for stramonium leaves.

Assay of Galenical Preparations

The British Pharmacopceia, 1898, gives the following process for
liquid extract of belladonna: Ten cubic centimetres of the extract
are mixed in a separator with 10 c.c. of chloroform, 50 c.c. of water,
and a distinct excess of ammonia solution (sp. gr. 0-959), and the
whole shaken. The chloroformic solution is withdrawn and the
extraction with chloroform repeated twice. The mixed chloroformic
solutions are then extracted twice, using on each occasion 5 c.c. of
diluted sulphuric acid (sp. gr. 1094) mixed with 10 c.c. of warm
water. The mixed acid solutions are shaken once with 3 c.c. of
chloroform, and then made distinctly alkaline with ammonia solu-
tion, and the alkaloids extracted by shaking three times with
chloroform, using 10 c.c. each time. The mixed chloroformic
solutions are shaken once with 5 c.c. of water containing a drop of
ammonia solution, and are then run into a tared dish, the solvent
allowed to evaporate, and the residue dried below 100° and weighed.
The residue is then dissolved in 10 c.c. of N /10 hydrochloric acid
and the number of c.c. (n) of N/100 sodium hydroxide solution
required to neutralise the excess of acid, in presence of tincture of
cochineal as indicator, determined. The percentage of alkaloids
present is given by the formula (100 — n) X 0-0287. The liquid
extract should contain 0'75 grm. of alkaloids in 100 c.c. The
alcoholic extract of belladonna of the British Pharmacopceia, and
also the tincture, are made from the liquid extract and may be
assayed in like manner. The former should contain 1 per cent. and
the latter 0-048 to 0-052 grm. of alkaloid in 100 c.c. No assay

e
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process is prescribed for the green extract of belladonna, or henbane,
or stramonium extract.

The United States Pharmacopeeia (8th. Rev.) gives the following
processes for (1) extracts, (2) liquid extracts, and (3) tinctures
prepared from belladonna, henbane, scopolia, and stramonium :

(1) Extracts. Five grammes of the extract (2 grm. in the case of
scopolia extract, or 10 grm. in the case of henbane extract) are dis-
solved in & mixture of distilled water 10 c.c., alcohol 5 c.c., am-
monia solution (sp. gr. 0-958 at 25°) 2 c.c., and chloroform 20 c.c.,
and transferred to a separator, a little alcohol being used for washing
out the beaker. The separator is shaken during thirty seconds, the
chloroform withdrawn, and the extraction repeated twice, using
10 c.c. of chloroform each time. The mixed chloroformic solutions
are extracted first with 5 c.c. of N-sulphuric acid mixed with 10 c.c.
of distilled water, and then with 1 c.c. of N-sulphuric acid diluted
with 10 c.c. of water. The combined acid liquids are filtered into
a separator through cotton-wool, about 10 c.c. of distilled water
being used for washing; they are made alkaline with ammonia
solution and the alkaloids extracted by shaking three times with
15, 10, and 10 c.c. of chloroform, evaporating the chloroformic
solution to dryness on the water-bath, dissolving the residue in
3 c.c. of ether, and again evaporating to dryness. This final residue
is then dissolved in 5 c.c. of N /10 sulphuric acid and titrated back
with n c.c. of N /50 potassium hydroxide solution, using cochineal or
iodeosin test solution as indicator. The percentage of alkaloids
is given by the formula (5 — n/5) X 0-0287 X 100/w, where w is
the weight of extract used.

The United States Pharmacopceia prescribes the following per-
centages of alkaloids in the extracts named :

Extract of belladonna leaves, 1-4 per cent.
Extract of henbane leaves, 0-3 per cent.
Extract of scopolia, 2-0 per cent.

Extract of stramonium, 1-0 per cent.

(2) Fluid Extracts. In principle the method is that of the British
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Pharmacopceia, but differs in details. Ten cubic centimetres of fluid
extract (50 c.c. in the case of fluid extract of henbane) are mixed with
10 c.c. of distilled water, 2 c.c. of ammonia solution (sp. gr. 0-958
at 25°), and 20 c.c. of chloroform, and shaken during one minute.
The chloroformic solution is withdrawn into a second separator (II)
and the extraction repeated twice, using 10 c.c. of chloroform each
time. The combined chloroformic solutions in separator II are
now extracted with 8 c.c: of N-sulphuric acid mixed with 20 c.c.
of distilled water by shaking together for one minute. The acid
layer is filtered into a clean separator (III), 10 c.c. of distilled water
being used to wash separator II and the filter, the washings being
added to separator ITII. To the latter 4 c.c. of ammonia solution
(sp. gr. 0-958 at 25°) are added and the alkaloids extracted by
shaking for several minutes, first with 20 c.c. of chloroform and then
twice, using 10 c.c. of chloroform each time. The combined chloro-
formic solutions are run into a beaker and the solvent evaporated
on the water-bath until the residue is quite dry. The latter is
dissolved in 5 c.c. of N/10 sulphuric acid, five drops of cochineal or
iodeosin test solution added as indicator, and the excess of acid
determined by titration with n c.c. of N /50 potassium hydroxide
solution. The percentage of alkaloids is given by the formula
(5 — ny) x 2087 X 100

metres of extract used.

The fluid extracts of this group in the United States Pharma-
copeeia should contain the following quantities of total alkaloids
expressed in grammes per 100 c.c.: belladonna, 0-4; henbane,
0-075 ; scopolia, 0-5 ; stramonium, 0-25.

(3) Tinctures. For these products the process described in the
preceding paragraphs for fluid cxtracts is used, 100 c.c. of the tinc-
ture being first evaporated on the water-bath to 10 c.c. In this
case the formula for calculating the percentage of alkaloids becomes
(5 — n/5) X 0-0287, n” being 100. The tinctures of this group in
the United States Pharmacopceia contain the following quantities
of alkaloids expressed in grammes per 100 c.c. : belladonna, 0-03 ;
henbane, 0:007 ; stramonium, 0-025.

, where n’ is the number of cubic centi-
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The German Pharmacopwia (6th Edit.) gives the following
method for belladonna and henbane extracts: Three grammes of
extract are mixed with 5 grm. of water, 5 grm. of dry alcohol, and
when solution is complete 70 grm. of ether and 5 c.c. of sodium car-
bonate solution are added, and the whole shaken occasionally during
one hour. The ethereal solution is filtered, 50 grm. collected, and
two-thirds of the ether distilled off. The concentrated ethereal
solution, when cold, is put into a separator, together with (a) 5 c.c.
of ether and (b) 10 c.c. of 1 per cent. hydrochloric acid, both used
first to wash out the distilling flask, and the whole shaken during
two minutes. The acid solution is run into a second separator (II)
and the extraction repeated twice, taking 5 c.c. each time of the
diluted hydrochloric acid. The combined acid liquids are mixed
with 5 c.c. of chloroform, made alkaline with sodium carbonate
solution, and the whole shaken during two minutes, and the extrac-
tion repeated three times, using 5 c.c. of chloroform each time. To
the combined chloroform solutions 20 c.c. N /100 hydrochloric acid
are added (10 c.c. in the case of henbane extract) and sufficient
ether to make the chloroform-ether mixture float on the acid, and
the whole shaken during two minutes. The acid liquid is filtered
into a 200 c.c. flask and the extraction repeated three times, using
10 c.c. of distilled water each time, and each quantity of water
being filtered into the flask. The filter is washed with distilled
water till the filtrate measures 100 c.c. To this enough ether is
added to form a layer 1 cm. deep, then 10 drops of iodeosin test
solution, and the excess of acid titrated with N /100 potassium
hydroxide solution. The percentage of alkaloids is given by the
formula n X 0-1445, where % is the number of c.c. of N /100 potas-
sium hydroxide solution used. For belladonna extract n should
be equal to 9-6 (= 1-5 per cent. of alkaloids), and for henbane extract
n should be 6-5 (= 0-5 per cent. total alkaloids).

Atropine, C,,H;,0,N. It is probable that this alkaloid never
occurs in more than traces in solanaceous plants, and its isolation
from stramonium seeds by Mein ! and later by Geiger and Hesse 2
was probably due to the fact that the hyoscyamine present was

1 4nnalen, 1833, 8, 67. * Ibid. 1833, 5, 43 ; 6, 44 ; 7, 260,
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converted into atropine by the agents used in the process of extrac-
tion. Commercially the alkaloid is obtained by treating hyoscya-
mine, extracted from the plants by a process such as that already
described (p. 50), with dilute alkali, when it undergoes isomerisa-
tion to atropine.! Atropine is best crystallised by adding water
to its solution in alcohol. It was subsequently investigated by
Liebig, who assigned to it its present formula, and was later shown by
von Planta 2 to be identical with daturine obtained from stramonium
fruits.®

The alkaloid crystallises in colourless, elongated prisms, m.p.
115-5°, sublimes unchanged when heated rapidly, is readily soluble
in alcohol (1 in 1-46 at 25°) or chloroform (1 in 1:56 at 25°), less
soluble in ether (1 in 166 at 25°) or hot water (1 in 86-7 at 80°), and
sparingly so in cold water (1 in 450 at 25°). The aqueous solution
is bitter to the taste, alkaline to litmus, and oxidises, depositing
resinous decomposition products, on exposure to air.

Atropine is optically inactive when pure, but the commercial
alkaloid is usually slightly levorotatory, owing to the presence of
hyoscyamine.

Atropine causes dilatation of the pupil of the eye like other
alkaloids of this group ; hence the term ‘ mydriatic alkaloids.” A
drop or two of an aqueous solution, containing 1 part of atropine
in 130,000 parts of water, when introduced into the eye of a cat is
sufficient to produce this effect. This property may be used for the
detection of atropine, but the test should be applied with very great
care. When warmed with sulphuric acid and a small crystal of -
potassium dichromate, atropine develops a bitter-almond odour.
Evaporated to dryness on the water-bath with concentrated nitric
acid, it gives a residue which becomes violet on adding a drop or
two of sodium hydroxide solution in alcohol. Atropine does not
form a mercurichloride, but with a solution of mercuric chloride
gives a yellow to red precipitate of mercuric oxide. A crystal of

1 Will and Bredig, Berichte, 1888, 21, 2797 ; cf. Gadamer, Arch. Pharm.

1901, 239, 294. 2 Ibid. 1850, 74, 245.
3 Cf. Pesci, Gazzeita, 1882, 12, 59.
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atropine with a few drops of sulphuric acid and 1 drop of cresol
gives a pink colour, whilst hyoscyamine gives a brown colour
and scopolamine remains colourless.! The aurichloride (see below)
affords the most certain method of identifying the alkaloid.

The salts of atropine are mostly crystalline and soluble in
water. The sulphate, B,.H,S0,.H,0, occurs in commerce a8 a
colourless crystalline powder, m.p. 189-9° (188° when free from
hyoscyamine), soluble in water (1 in 0-38) or alcohol (1 in 3-7), and
sparingly so in chloroform (1 in 620) or ether (1 in 2140), in each
case at 25°. This salt is that usually employed in medicine. The
platinichloride, B,.H PtCls, is readily soluble in dilute hydro-
chloric acid and consequently 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°-208°. The aurichloride, B.HAuCl,, separates
as an oil, and solidifies while still hot to a crystalline mass, which may
be rapidly recrystallised from water containing hydrochloric acid.
The crystals melt at 136°, or below 100° when heated under watér.
This salt and the picrate, m.p. 175°-176°, are well adapted for
the identification of the alkaloid, since the aurichlorides and
picrates of the other alkaloids of this group melt at different tem-
peratures. .

The reactions and constitution of atropine are discussed later
(p. 67).

Apoatropine (d4tropamine), C,,;H;,0,N. This anhydride of
atropine was first obtained by Pesci? as a product of the action of
nitric acid on atropine and was subsequently prepared by Merck,3
Hesse,* and others through the action of various dehydrating
agents upon atropine or hyoscyamine. It was also isolated under
the name atropamine by Hesse ® from belladonna root and regarded
by him as isomeric with Pesci’s base, the identity of the two being

1 For other reactions, see Reichard, Chem. Zeit. 1904, 28, 1048,

8 Gazzetta, 1881, 11, 538 ; 1882, 12, 60.

3 Arch. Pharm. 1891, 229, 134 ; 1893, 231, 110.

¢ Annalen, 1892, 271, 124 ; 1893, 277, 2960, 8 Annalen, 1891, 261, 87
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finally established by Merck.! Apoatropine crystallises in prisms,
m.p. 60°; it is slightly soluble in water, but readily dissolves in
the ordinary solvents. The salts crystallise well, but are unstable
in sunlight, the hydrochloride in thin plates, m.p. 237°, and the
aurichloride in needles, m.p. 110°. The base and its salts are
optically inactive and are not mydriatic. When apoatropine is
heated alone, or evaporated with strong hydrochloric acid, &c.,
it partly passes into the isomeric belladonnine (sec below),
and is partly decomposed into tropine (p. 66) and atropic acid
(p. 65).

A partial synthesis of apoatropine has been brought about
by Ladenburg® through the esterification of tropine by atropic
acid in the usual manner. Apoatropine is therefore atropyl-
tropéine.

Belladonnine, C,;H,,0,N. This isomeride of apoatropine
was first obtained by Hiibschmann? from henbane berries (Hyoscya-
mus niger). It was examined in a purer condition by Kraut and
later by Merling,* who assigned to it the formula given above, which
was confirmed by Hesse,® who stated further that on heating at
120° to 130° hyoscyamine passes into atropine, then into apoatropine,
and finally into belladonnine. On heating apoatropine with hydro-
chloric acid at 85°-100° during eight hours in sealed tubes, bella-
donnine and some tropine are formed ; whilst on heating at 140°
during sixteen hours, BELLATROPINE, CgH ,;0,N, colourless prisms, is
produced. On allowing a solution of atropine or hyoscyamine in
sulphuric acid to stand for a short time, belladonnine is formed.®
Hesse therefore regards belladonnine as produced by isomerisation
of the tropine portion of the apoatropine molecule, the tropine
residue being converted into the isomeric bellatropine, so that bella-
donnine is atropylbellatropéine.

. Belladonnine is an uncrystallisable, resinous base insoluble in

1 Loc. cit. ? Annalen, 1883, 217, 102.
3 Jahresberichte, 1858, p. 376. ¢ Berichte, 1884, 17, 381.

s Annalen, 1891, 261, 87 ; 1892, 271, 128 ; 1893, 277, 295

¢ Hesse loc. cit.
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water, but easily soluble in alcohol, ether, or chloroform. The platini-
chloride, m.p. 229°, and the aurichloride, m.p. 120°, are both
amorphous.

Hyoscyamine, C,,H,;0,N. This, the most commonly occurring
alkaloid of the group, is an isomeride of atropine, and is the chief
alkaloidal constituent of Atropa Belladonna, Datura Stramonium,
Hyoscyamus spp., &c. The best source is Hyoscyamus muticus
(see Table, p. 49). The preparation has been described already.
It was first obtained by Geiger and Hesse! from henbane
(Hyoscyamus niger), and its hydrolysis into a base and an acid was
first observed by Hohn and Reichardt.2 The formula now accepted
for the alkaloid was first given by Ladenburg,® who also showed
that it was a physical isomeride of atropine.

Hyoscyamine crystallises from dilute alcohol in long silky needles,
m.p. 1085° and is lmvorotatory in solution, [a], — 20-75°
— 22° in 50 per cent. alcohol ; * it is readily soluble in benzene,
chloroform, or alcohol, less so in ether or cold water.

The ordinary salts of hyoscyamine are crystalline. The sulphate,
B,;.H,SO,, m.p. 206° (dry), crystallises in needles from alcohol,
is bitter to the taste, neutral, and readily soluble in water. Accord-
ing to the United States Pharmacopeeia, the anhydrous salt melts
at 198-9°. The hydrobromide, B.HBr, m.p. 151-8°, forms prisms ;
both these salts are deliquescent. The aurichloride, B.HAuCl,,
m.p. 162°, crystallises in golden-yellow leaflets from dilute hydro-
chloric acid; unlike atropine aurichloride, it does not melt when
heated under water. This salt is less soluble in water containing
hydrochloric acid than atropine aurichloride, from which it may be
separated by fractional crystallisation. The platinichloride, m.p.
206°, is somewhat soluble in dilute hydrochloric acid, and is obtained
by spontaneous evaporation of solutions of hyoscyamine hydro-
chloride and platinic chloride; it forms orange prisms. The
picrate, m.p. 161°-163°, is crystalline.

' dnnalen, 1833, 7, 270. 2 Ibid. 1871, 157, 9s.

3 Ibid. 1880, 206, 282.
¢ Carr and Reynolds, Trans. Chem. Suc. 1910, 97, 1329,
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Hyoscyamine and its salts cause dilatation of the pupil of the eye
like atropine, and its colour reactions are almost identical with those
of the latter alkaloid. Hyoscyamine is readily converted into the
racemic modification, atropine, by melting or by the addition of
small quantities of alkali to an alcoholic solution. This method is
said to be that generally employed in the manufacture of atropine
from hyoscyamine. The same change is brought about by sodium
carbonate and slowly by ammonia.!

When heated with acids or alkalis, hyoscyamine undergoes
hydrolysis into tropine and tropic acid. It is probable that the
hyoscyamine is in the first place converted by these reagents into
atropine, and that it is really this alkaloid which is hydrolysed.
According to Gadamer,2 when hyoscyamine is hydrolysed with cold
water the products are inactive tropine and l@vorotatory tropic
acid, a substance which has been shown to racemise with great
rapidity. Ladenburg and Hundt 3 found that by the esterification
of ¢nactive tropine by levotropic acid a l-atropine not identical with
hyoscyamine was produced, but Amenomiya has shown! that
Ladenburg and Hundt’s d- and l-atropines were probably mixtures
of atropine with d- and l-hyoscyamines. He separated dl-tropic
acid into the d- and I- forms by crystallisation of the quinine salt
and then esterified these with tropine in 5 per cent. hydrochloric -
acid, and in this way obtained d- and l-hyoscyamines having the
following properties :

M.p. of [alp of hydro- | M.p. of

aurichloride ° chloride alkaloid
Natural I-hyoscyamine 158°-159° | — 25-07° 108°
Synthetic I-hyoscyamine 158°-159° | —23-15° 103°

Synthetic d-hyoscyamine 158°-159° | 4 24-12° 106°

! Will, Berichte, 1888, 21, 1717 ; Gadamer, ibid. p. 1829 ; Will and Bredig,
sbid, p. 2797. * Arch. Pharm. 1901, 239, 294,
3 Berichte, 1889, 22, 2590. ¢ Arch. Pharm. 1902, 240, 498.
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Constitution of Atropine and Hyoscyamine

Atropine is readily hydrolysed when warmed with alkalis or
dilute acids or even with water.! By heating it with concentrated
hydrochloric acid in a closed tube at 130°, or with baryta water
at 60°, it is completely resolved into the base tropine, CsH,;ON,
and tropic acid, according to the following equation :2

C7Hp03N + H,0 = CgHyON + CpH,o0s
Atropine Tropine  Tropic acid
At higher temperatures the tropic acid first produced loses a
molecule of water, forming atropic acid, CgH4O,.

Atropic acid, C;H,0;. The constitution of atropic acid has
been determined by Ladenburg and Rugheimer’s synthesis of this
acid from acetophenone.® The ketone was first converted into
a-dichloroethylbenzene by treatment with phosphorus penta-
chloride, and this product, by the action of potassium cyanide in
alcohol, into ethoxycyanoethylbenzene, which on hydrolysis gave
ethylatrolactic acid. By the action of strong hydrochloric acid
this substance furnished atropic acid, melting, like that derived
from the solanaceous alkaloids, at 106-5°, and boiling at 267°
with some decomposition. This series of changes may be repre-
sented as follows :

CeHs CeHs CeHj OC.Hy

o = S e

CH, CH, CH, CN
Acetophenone  a-Dichloroethylbenzene  Ethoxycyanoethylbenzene

CgH, OC;H, CgH,
8 5>C< CoHy . 8 5>C.COOH

CH; COOH CH,
Ethylatrolactic acid Atropic acid

Tropic acid, C;H,,0;. By the action of hypochlorous acid

! Gadamer, Arck. Pharm. 1901, 239, 294.

3 Kraut, Annalen, 1863, 128, 280 ; 1865, 133, 87 ; 1868, 148,236 ; Lossen,
ibid. 1864, 181, 43 ; 1866, 138, 230.

3 Berichte, 1880, 13, 376, 2041. I3
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atropic acid furnishes a chlorohydratropic acid, which when warmed
in aqueous solution passes into tropic acid, thus :

CeHy * CoH, H CeH, H
>C.COOH —~ N - N

CH, CH, 1" \COOH CH,0H” “\COOH

Atropic acid Chlorohydratropic acid Tropic acid

The acid crystallises in prisms and melts at 117°. The dl-acid
thus obtained can be separated into the optically active forms
by crystallisation of the quinine salts.!

Tropine, C;H,;,ON. This base, which is produced as already
described, by the hydrolysis of several of the solanaceous alkaloids,
forms colourless plates, m.p. 63°, b.p. 233°, soluble in water, ether,
alcohol, or benzene. Its aqueous solution is strongly alkaline,
and readily absorbs carbon dioxide from the air. The salts crystallise
well ; the hydrochloride in plates, the picrate in yellow needles.
The aurichloride forms golden-yellow needles, m.p. 210° (decomp.),
whilst the platinichloride forms orange-coloured monoclinic needles,
m.p. 198°.

The base contains a hydroxyl group, and readily undergoes
esterification with organic acids in the ordinary way. The esters so
formed are, after the suggestion of Ladenburg, called tropéines.
A considerable number of these have becn prepared,? and a few of
them have found application in medicine in place of atropine and
hyoscyamine. The following are the more important :

Tropyltropéines, C,;Hy30,N. Three of these have been pre-
pared by the combination respectively of inactive, dextro-, and
levo-tropic acids with inactive tropine ; the first is identical with
atropine, the two latter are the d- and I-hyoscyamines, pre-
pared by Amenomiya (see p. 64). The first and third synthetic
alkaloids correspond in character and behaviour with the natural
alkaloids, and, like them, exert a strong mydriatic action. I-Hyos-
cyamine is the most active and d-hyoscyamine the least active of
the three (see p. 89).

! Ladenburg and Hundt, Berichte, 1889, 22, 2590.
2 See especially Jowett and Pyman, Trans. Chem. Soc. 1909, 95, 1020.
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Atrolactyltropéine  (pseudoatropine), a-Hydroxy-a-phenylpro-
pionyltropéine, C,;Hy0;N. Considerable interest attaches to
this substance since atrolactic acid is isomeric with tropic acid.
It forms brilliant needles, m.p. 119°, and is more strongly mydriatic
than homatropine (see below).

a-Hydroxy-[3-phenylpropionyltropéine, C,,H,,0,N, isomeric with
the foregoing, crystallises in rosettes of ncedles, m.p. 89°-90°. It
is more strongly mydriatic than homatropine (see below).

Atroglyceryltropéine, C,;Hy30,N, crystallises in rectangular
oblong plates, m.p. 124°-125°, is less mydriatic than the foregoing
alkaloids, but more active than homatropine.

Benzoyltropéine, C,;H,,0,N, crystallises in shining plates,
m.p. 58°, and is mydriatic, but less so than homatropine.

Phenylglycollyltropéine (Homatropine), C,¢H;,0,N. This is the
most important of the artificial tropéines and is largely used in medi-
cine in the form of its salts as a substitute for atropine. It
crystallises in transparent prisms, m.p. 95-5° to 98:5°. The hydro-
bromide, colourless crystalline powder, m.p. 213-8°, the hydro-
chloride, and the salicylate are used in medicine. They are freely
soluble in water. The aurichloride, B.HAuCl,, forms prisms,
and is sparingly soluble in water. Homatropine is a powerful
mydriatic, but its effect is more transient than that of atropine.
It is also less toxic.

Homatropine is distinguished from atropine by not giving the
violet coloration on treatment with nitric acid, followed by alcoholic
potassium hydroxide.

CoNsTITUTION OF TROPINE. The problem of assigning to this
base a constitution capable of affording a satisfactory explanation
of its many and diverse reactions is one of great difficulty, and has
only been successfully solved by the long-continued investigations
of many chemists, prominent among whom are Ladenburg, Merling,
and Willstitter. The complexity of the problem may be better
understood when it is recalled that in some reactions tropine
behaves as a comparatively simple pyridine derivative, yielding
such substances as dibromopyridine and ethylpyridine ; in others
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as an aromatic compound, e.g. when it gives rise to benzyl bromide.
It is impossible within reasonable limits to give an exhaustive
historical account of the various investigations, results of which
have gradually led up to our present knowledge of the constitution
of tropine ; attention will, therefore, be principally directed to those
reactions which form the basis upon which the now generally
accepted formula of Willstitter rests.

Tropine readily suffers dehydration by the action of strong
sulphuric or hydrochloric acid, forming a new base,! TROPIDINE, -
CgH 5N, an oily, strongly alkaline liquid, b.p. 162°, having a coniine-
like odour. It combines with two atoms of bromine, and with
one molecule of each of the halogen acids, but is not reduced by
nascent hydrogen. Like tropine, it is a tertiary base. The meth-
iodide when heated with potassium hydroxide yields TROPILENE,
C,H,,0, and dimethylamine, the latter affording evidence of the
existence of the group =N.CHj in tropidine and consequently in
tropine.

By the action of bromine on tropidine Ladenburg 2 found that
two substances could be produced, viz. methyldibromopyridine and
[3B3-dibromopyridine.

When hydriodic acid reacts with tropine at temperatures above
150° tropidine results, but at lower temperatures an intermedjate
iodo-compound, CgH,NI.HI, is formed, which is the hydriodide of
a base in which an atom of iodine replaces the —OH group of tropine ;
by the reduction of this substance with nascent hydrogen, dihydro-
tropidine results, which, as already mentioned, cannot be obtained
directly from tropidine. This reduced product is of interest,
since, on distillation, its hydrochloride loses a molecule of methyl
chloride and gives rise to norhydrotropidine, C,HsN, and this
in turn furnishes a-ethylpyridine by distillation with zinc
dust.? .

The results so far recorded are those upon which Ladenburg
chiefly founded his formul® representing tropine and tropidine : 4

1 Ladenburg, Annalen, 1883, 217, 117. * Ibid. p. 144.
3 Ladenburg, Berichte, 1887, 20, 1647. ¢ Loc. cst.
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CH,
CH/WCHz \CH2
Cﬂl /CH.CH2.CH20H or CH'l )CH CHOH.CH;,
N.CHg N CH;
Tropine (Ladenburg)
CH,
| L
CH 'H.CH : CH
N/ *
N.CH,
Tropidine (Ladenburg)

The inadequacy of these formul® became evident when the
oxidation products of tropine were examined.
When acted upon by acidified potassium permanganate, or
chromic acid, tropine and tropidine give rise to a series of oxidation
-products the interrelationships of which are shown in the following
scheme, which also gives briefly a view of the effects of  exhaustive
methylation "’ on tropidine :

Tropine, CgH,;0N—by action of H,SO,

Oxidation by chromic acid Oxidation by potassium permanganate
Tropinone, CgH,;ON Tropigenine, C;H,30N

|
i-Tropinic acid, CgH,30,4N Oxidation by chromic acid

norT'ropinone, C;H;;ON Tropidine, CgH, 3N

I
Oxidation by potassium permanganate
Dihydroxytropidine, CgH,30,N
By action of methyl iodide Oxidation Ly chromic acid

!
Tropidine methiodide i-Tropinic acid, CgH,30,N

By action of potassium hydroxide ° By *‘ exhaustive methylation
i |

|
Tropilene, C;H,,0 Tropilideng, C;Hg, and trimethylamine
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The most important of these products are the following :

Tropinone, CgH,;ON. This substance, first prepared by
Willstétter, crystallises in spear-shaped needles, m.p. 41°, b.p.
219°-220° under 714 mm. pressure, dissolves in the ordinary
solvents, and is a strong base, liberating ammonia from its salts.
It has the properties of a ketone, giving an oxime, m.p. 111°, and
a semicarbazone, m.p. 212°. It is a tertiary base ; the methiodide
reacts violently with potassium hydroxide, producing dimethyl-
amine, and a substance which Merling regarded as a dihydro-
benzaldehyde.? When reduced by sodium amalgam, tropinone
forms, not tropine, but pseudotropine, identical with that obtained
by the hydrolysis of benzoylpseudotropine (tropacocaine), occurring
naturally in coca leaves (p. 109). When reduced electrolytically
or by zinc dust in hydriodic acid, a mixture of tropine and pseudo-
tropine is produced, so that it is possible to convert pseudotropine
into tropine by oxidising to tropinone and then reducing.?

i-Tropinic acid, CgH,30,N. This oxidation product of tropine
and its derivatives, as well as of pseudotropine, is a substance of
great importance in this group, and the questions of its constitution
and its relation to tropine have given rise to much discussion.® It
crystallises in small needles, m.p. 248° (decomp.), is soluble in water,
insoluble in alcohol, and almost insoluble in other media. It is
a dibasic acid and yields salts, which are usually well crystallised,
both with bases and acids. The formation of this dibasic acid
by the oxidation of tropine is not explicable in any simple manner
by Ladenburg’s formula for tropine, and it was this difficulty
which led Merling to proposc the formula to be presently dis-
cussed (p. 71). By crystallisation of the cinchonine salt, 4-tropinic
acid can be resolved into the d- and I- forms. The first of these is
produced by the oxidation of ecgonine (p. 103).

Tropigenine, C;H;;ON. This intermediate product of the

1 Berichte, 1896, 29, 396. * (f. Willstiitter, Berichte, 1898, 31, 1548.

3 Willstitter and Iglauer, Berichte, 1900, 33, 1170,

¢ Merling, Annalen, 1883, 216, 348 ; Willstitter, Berichie, 1896, 29, 398
1897 30, 2679.
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action of potassium permanganate on tropine is a strong base,
which crystallises from ether in colourless needles, m.p. 161°. It
sublimes when heated to 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. Its relation to tropine
is clearly established by the fact that it is a secondary base giving a
nitroso-derivative, and that it combines with a molecule of methyl
iodide to form tropine methiodide, showing that in its formation
the methyl group attached to the nitrogen atom of tropine is
replaced by hydrogen.!

norT'ropinone, C,H,,ON. This base bears the same relation to
tropigenine as tropinone does to tropine, and results from the
oxidising action of chromic acid on tropigenine.? It crystallises
in long, thin deliquescent needles, m.p. 69° is readily soluble in
water or alcohol, and less so in ether. On reduction with sodium
amalgam it forms pseudotropigenine, which corresponds with
pseudotropine. It furnishes an oxime, microscopic leaflets, m.p.
181°. Asasecondary amine, nortropinone combines with nitric oxide,
forming nitrosonortropinone, crystallising in needles, m.p. 121°.

The formation of these oxidation products and, in particular,
of the dibasic tropinic acid led Merling 2 to propose a formula for
tropine which represented it as a dicyclic system composed of a
reduced pyridine and a reduced benzene ring having four atoms
of carbon in common.

CH;—CH CH, CH,—CH—CH,
J)HOH (I)H2
(|3H2 or CHOH
CH,.N. CH——CH, CH;. N CH—CH,
Tropine (Merling)

No very conclusive evidence was forthcoming to decide between
these two formuls, but the first was preferred by Merling on account
1 Merling, A nnalen, 1883, 216, 343 ; Willstitter, Berichte, 1896, 28, 1579,

1637.
? Willstatter, Berichte, 1896, 29, 1581, 1638. 3 Berichte, 1891, 24, 3108.
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of its similarity in structure to Fischer’s triacetonamine, which in
its phenylglycollic ester exhibits mydriatic action; to this base
Fischer has assigned the following formula :?

(CHa)’ : C'_CH’

HN CHOH

(CHy)g: (|3_(|3Hs
Triacetonamine (Fischer)

On comparing the two formule it will be seen that the hydroxyl
group is in both cases in the para position to the nitrogen atom.
Merling’s formula for tropine satisfactorily explains many of its
typical reactions. Thus the formation of tropinone and tropinic
acid by the oxidation of tropine is represented as follows :

CH,—CH—CH, CH,—CH—CH, CH;—CH—CH,
(I)HOH AO AOOH
(gH, ('!‘H, COOH
CH,.N—(I&I—CH, CH;.N—!)H—CH, CH,.N (|)H—CH,
Tropine — Tropinone — Tropinic acid

and in a similar manner may be shown the production of tropigenine
and nortropinone by oxidation of tropine with potassium perman-
ganate :

CH,—CH—CH, CH,—CH—CH,
| I
CHOH CHOH
CH, CH,

| I
CH; N——CH—CH, HN CH—CH,
Tropine — Tropigenine —
CH;—CH—-CH,

(00
CH,
I
HN CH—CH,
norTropinone

1 Berichte, 1883, 16, 1604.
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Although Merling’s formula satisfactorily accounted for many
of the reactions of tropine and its derivatives which at that time
had been observed, new facts not in harmony with it were soon

' brought forward. If Merling’s formula for tropinone be com-
pared with those of camphor and menthone it will be seen that
the carbonyl group is similarly situated in all three cases, being
next to a —CH,— group. It should, therefore, confer reactivity

CH,—CH—CH, CH,———=CH
| /
_(IJO ‘|30 C(CH,3).
CH, cé
l
CH;.N——CH—CH, CH;———— CH,
Tropinone (Merling) Camphor
?H,—CH.CH,
Cco
|
(CH;), : CH.CH
|
CH’—C}Iz
Menthone

upon the hydrogen atoms of this group, and it was to be expected
that tropinone should condense with benzaldehyde to yield a
monobenzylidene derivative of the formula :

CH,———CH—CH,

T
CeH;.CH.CH

CH,.N CH—CH,
Benzylidenetropinone (Merling)

It was found, however, that in this reaction a dibenzylidene-
tropinone ! was formed, and similarly, by condensation of tropinone
with ethyl oxalate in presence of sodium ethoxide, a diethyltropinone
dioxalate was produced, whilst by the interaction of tropinone

! Willstatter, Berichte, 1897, 30, 731, 2679.
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with amyl nitrite a dioximinotropinone was obtained. These
reactions afford strong evidence of the presence of two methylenic
groups contiguous to the carbonyl, <.e. that the keto-base,
tropinone, must contain the grouping —CH,;—CO—CH,—, while
tropine must contain the related group —CHy—CHOH—CH;—.

On the basis of these observations, Willstatter suggested three
possible formul® for tropine, thus :

CH,—CH—CH, CH,—CH___CH,
b, | L, &
CH, CHOH N.CH; CHOH

CHyN—CH—CH, CH,—CH—CH,
(1) (11)
CH—CH,

|
CH,.N CH, CHOH

cr{a.<|:—éu2
(111)
Tropine (Willstitter)

To obtain definite evidence for one of these formulae Willstatter
applied Hofmann’s reaction, * exhaustive methylation,” to
methyltropinate methiodide, when, in addition to trimethylamine
and methyl alcohol, he obtained an unsaturated, dibasic, seven-
carbon acid, which on reduction took up four atoms of hydrogen,
forming pimelic acid. The unsaturated acid must, therefore, be
represented by the following formula :

COOH—CH =CH—CH=CH—CH,—COOH —
Piperylenecarboxylic acid
COOH—CH,—CH,—CH,—CH,—CH;—COOH
Pimelic acid

Of the three tropine formul® given above, only one (11) fulfils
this condition and is capable of yielding a seven-carbon open-
chain acid of this formula, and this, therefore, is to be pre-
ferred as representing the constitution of tropine. The formula

' Berichte, 1898, 31, 1535, 2498.
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of the chief tropine derivatives must, therefore, be written as
follows :

CHz—CH—(IJHz CH;—CH——CH
| |
N.CH; CHOH N.CH, éH
| | |
CH,—CH——CH, CH,—CH: CH,
Tropine Tropidine
Cﬂg—?H—CHz CH,—CH——COOH
I l
II‘I.CH3 Co N.CHg
CHz—CH—i)Hz CH;—CH——CH,.COOH
Tropinone Tropinic acid

Tropilidene and tropilene (see p. 69), produced by (1) exhaus-
tive methylation of tropidinemethiodide and (2) the action of
potassium hydroxide on the methiodide, respectively, were regarded
by Merling as methylenedihydrobenzene and tetrahydrobenzal-
dehyde respectively. They are regarded by Willstatter as hepta-
cyclic derivatives of the following formuls :

CH,
/O /%

CH CH CH, CH
I I | I
CH CH CH, CH

l | |
CH CH CH,—CH,
Tropilidene Tropilene

Tropilene readily gives with benzaldehyde a benzylidene
derivative and an oxymethylene compound, reactions which
clearly establish the existence in its molecule of a —CH,—CO—
group. i

Willstitter’s view of the constitution of tropine was confirmed
by his synthesis of tropidine, tropine, and pseudotropine ! from the
heptacyclic ketone, suberone, as a starting-point. Suberone is a
liquid with an odour resembling that of peppermint, obtained by
the distillation of the calcium salt of suberic acid, the latter being

1 Berichte, 1901, 34, 129, 3163 ; Annalen, 1901, 317, 204, 267, 307 ; 1903,
328, 1, 23.
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the chief product of the action of nitric acid upon a large number
of naturally occuning substances, such as cork, coco-nut oil, paraffin,
stearic and oleic acids. Suberic acid is produced by the electro-
lytic reduction of glutaric acid,! and several syntheses of glutaric
acid are on record,? so that this is a complete synthesis of tropine
and, consequently, of the alkaloids, atropine, hyoscyamine, and their
relatives.

The suberone was converted into its oxime, and the latter reduced
to suberylamine, which was converted by * exhaustive methylation
into cycloheptene :

CH,—CO——CH, CH;—CH=CH
|

(I}H2 (fl*l2

CHz_CHg'— CHg CHz_CHg—CH 2
Suberone cycloHepéene

The latter was then brominated and the cycloheptene dibromide
heated with dimethylamine in benzene, forming dimethylamino-
A?-cycloheptene. This was converted by exhaustive methylation
and subsequent distillation into the cycloheptadiene identical with

N(CHj;).
CH,—CHBr—CHBr CH,—CH——CH
, by
CH,—CH;, (I)H, CH2—CH2——-(I)H2
cycloHeptene dibromide Dimethylamino-A *-cyclohepéene

the dihydrotropilidene, obtainable from dihydrotropidine. The latter
hydrocarbon was in turn converted into the dibromide and this,

CH=—=CH—-CH CHBr—CH=—=CH
I J}
CH 'HBr
| |
CH,—CH,—CH, CH,—/8—CH,—CH,
cycloHeptadiene cycloHeptadiene dibromide
(Dihydrotropilidene) (Dikydrotropilidene dibromsde)

Crum Brown and Walker, 4nnalen, 1891, 261, 119.
! e.g. Bottomley and Perkin, Trans. Chem. Soc. 1900, 77, 300.
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by heating with quinoline, was transformed into a cycloheptatriene
identical with tropilidene (see p. 75).

CH—CH =CH CH,—CHBr—CH,
I -
CH CH
él I
CH—CH,—CH CH=CH——CH
cycloHeptatriene Bromocycloheptadiene
(T'ropilidene) (T'ropilidene hydrobromide)

On adding hydrogen bromide to a solution of tropilidene 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.! To this
compound, therefore, the following formula must be ascribed :

N(CH,),

CH,—CH—CH
7 1 2|
3CH
6 5 4]
CH,—CH=CH

a-Methyltropidine

It had been shown by Hofmann? that by the action of hydro-
chloric acid on dimethylpiperidine, methyl chloride and methyl-
piperidine result ; Merling in re-investigating this reaction ® found
that, not methylpiperidine, but aa-dimethylpyrrolidine was formed,
a substance with the same composition as Hofmann’s supposed
base. On the same principle is based Gabriel’s synthesis of pyrroli-
dine from §-chlorobutylamine and of piperidine from e-chloro-
amylamine. The same reaction was applied by Merling when he
converted a-methyltropidine into tropidine. It appears, therefore,
that, asin the reaction of an alkyl haloid with a primary base, the
haloid hydrocarbon residue in a molecule may enter into reaction
with the basic residue in the same molecule, i.e. intramolecular

! Berichte, 1891, 24, 3108. ? Ibid. 1881, 14, 494, 659.
3 Annalen, 1891, 264, 310.
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methylation may occur. Therefore, 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, *“ intramolecular methylation ” may be expected
to occur with the production of tropidine. This method of repro-
ducing tropidine from a-methyltropidine had already been employed
by Merling,' but on repeating the experiment Willstitter was
unable to obtain a pure tropidine, and so had recourse to the use of
A*.dimethylaminocycloheptene, which is formed by the reduction
of a-methyltropidine with sodium in alcohol.

N(CHy),
CH,—CH—CH,
CH,
CHz—CH=LH

A *-Dimethylaminocycloheptene (a-Methyldihydrotropidine)

This was converted into the dibromide by bromine dissolved
in hydrobromic acid, and the latter warmed in ethereal solution,
when it changed into bromodihydrotropidine methobromide, which

CHg CH—CHQ CHz—CH CHz
o, |
Br.N< CH, N.CH; CH
o |
CHy;——CH——CHBr CHy—— CH——CH
Bromodihydrotropidine Tropidine
methobromide

when warmed with alkali lost a molecule of hydrobromic acid,
forming tropidinemethobromide. This by the action of potassium
iodide passed into the corresponding methiodide, and the latter
by digestion with silver chloride gave the methochloride, which
on heating furnished tropidine, identical with that obtained from
tropine.

This synthetic tropidine was converted into the hydrobromide

1 Berichte, 1891, 24, 3110,
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(bromodihydrotropidine) and the solution heated with six times
the quantity of 10 per cent. sulphuric acid at 200°-210°, when it
passed into pseudotropine,! identical with the natural base derived
from tropacocaine (p. 109), and since the latter may be converted
into tropine by oxidation to tropinone and reduction of the latter
by zinc dust and hydriodic acid, this complicated series of reactions
affords a complete synthesis of tropine. As tropine had already
been converted into atropine and hyoscyamine (p. 66), the com-
plete synthetical production of these naturally occurring alkaloids
may also be regarded as accomplished.

Combining the formula given above for tropine with that of
tropic acid, it is seen that atropine and hyoscyamine must be
represented as follows :

CH,

CH__CHg
| | _CH,OH
*N.CH, CH.0.00—CH{

CHz‘_—CH CH2
Atropine and Hyoscyamine
(dl-tropyltropéine) (1-tropyltropéine)

whilst apoatropine and belladonnine must be written *

LT
CH,
‘ N.CH, CH.O.CO—C<
| CeH,
CH,——CH——CH,

Apoatropine and Belladonnine (dl-atropyltropéines)

The nomenclature of tropine and its derivatives has recently
been revised both by Ciamician and Silber and by Willstitter, and
for convenience in referring to the papers of these authors the fol-
lowing table showing their systems, together with the names in
common use, has been compiled :

! Willstatter, Berichte, 1901, 34, 3163. Cf. Ladenburg, ibid. 1902, 35,
1159.

* In norhyoscyamine (p. 80) this —CHj group is replaced by —H.
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Common names

System of Ciamician
and Silber

System of Willstétter

Dihydrotropidine N.methyltropamine Tropan
Tropidine N.methyltropenine Tropen
Tropine N.methyltropoline Tropanol
Tropigenine Tropoline Nortropanol
Norhydrotropidine Tropanine Nortropan
Tropinone N.methyltroponine Tropanone

norHyoseyamine, C,;H,,0,N. Carr and Reynolds have shown ?
that this alkaloid occurs in minute quantity in Scopolia japonica,
Datura Metel, D. meteloides, Duborsia myoporoides, and Mandragora
vernalis. Its constitution is established by the following facts :
(1) Tt contains no =N.CH, group ; (2) it forms a nitrosoamine,
and therefore contains a =NH group; (3) methyl iodide con-
verts it into hyoscyamine; (4) on hydrolysis it yields tropic
acid and nortropine (nortropanol). It is levorotatory and is
racemised to norATROPINE by dilute alkalis. Both norhyoscyamine
and noratropine are mydriatic. It is probable that Merck’s
¢-hyoscyamine (see below) is identical with norhyoscyamine (see
also Appendix. p. 449).

pseudoHyoscyamine, C,,H,;O;N. This alkaloid, isomeric
with atropine and hyoscyamine, was isolated by E. Merck ? from
Duboisia myoporoides, and has also been found by Hesse in Mandra-
gora officinarum roots (see p. 81). It crystallises from a mixture
of chloroform and ether in needles, m.p. 133°-134°. It is levo-
rotatory in solution, [q], —21°. The platinichloride and the
picrate were prepared ; the latter is crystalline and melts at 220°.
When heated with baryta water pseudohyoscyamine is readily
hydrolysed into tropic acid and a base, CgH,;ON, which is neither
tropine nor pseudotropine.® According to Carr and Reynolds ¢
¥-hyoscyamine is identical with norhyoscyamine (see above).

Hyoscine (see Scopolamine, p. 82). The name hyoscine has

! Trans. Chem. Soc. 1912, 101, 946.  * Arch. Pharm. 1893, 231, 117.
% Loc. cst. ¢ Loc. oit.
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been applied to two distinct substances. It was first used by Hohn
and Reichard ! for the basic hydrolytic product of hyoscyamine,
which is now known as tropine. It was subsequently used by
Ladenburg * for a new amorphous alkaloid stated to be an isomeride
of atropine, C,,H30;N, isolated from the mother liquors of hyoscya-
mine. This was found subsequently by Schmidt,® Hesse,' and
others to be identical with the alkaloid scopolamine, C,,H,O,N,
obtained by the first-mentioned chemist from the rhizomes of
Scopolia japonica.® Unfortunately the name hyoscine has passed
into current commercial use for scopolamine, though the latter
name is now adopted in scientific literature. At first hyoscine was
used commercially for scopolamine obtained from Hyoscyamus spp.,®
but this is no longer the case; thus the British and United
States Pharmacopeias describe “ hyoscine” as contained in
Hyoscyamus and other solanaceous plants. L. Merck has pointed
out ? that, with the exception of pseudohyoscyamine (see p. 80),
no alkaloid of the composition C,;H ;03N occurs in the secondary
alkaloids of solanaceous plants, so that the existence of hyoscine
having the formula C,,H,;0;N is still unconfirmed.

Mandragorine, C,,H,;0,N. An alkaloid to which this name
and formula were assigned was isolated by Ahrens® from the root
of Mandragora officinarum, a plant whose sedative properties were
well known to the ancients, and which, in the form of ‘‘ wine of
mandragora,” was probably the first anamsthetic used in surgical
operations.” The more recent investigations of Thoms and Wentzel 1
have shown, however, that mandragorine is merely a mixture of
hyoscyamine and scopolamine with perhaps a minute quantity of a
third alkaloid. Hesse has recently asserted that this root contains,
in addition to hyoscyamine and scopolamine, pseudohyoscyamine
(see p. 80) and a new alkaloid also called mandragorine. This has

! Annalen, 1871, 157, 98. 2 Ibid. 1880, 208, 299.

3 drch. Pharm. 1892, 230, 207 ; 1894, 232, 409.

¢ Annalen, 1892, 271, 120 ; 1893, 276, 84.

8 Arch. Pharm. 1890, 228, 139, 435. ¢ Journ. Soc. Chem. Ind. 1897, 18, 515.

7 Cf. L. Merck, loc. cit. 8 Berichte, 1889, 22, 2159.
® Asclepiad, June 1838, 10 Berichte, 1901, 34, 1023.
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the composition C,;H,,0,N, and furnishes a crystalline aurichloride,
m.p. 124°-126°; on hydrolysis, tropic acid and a base resembling
tropine are formed.!

Meteloidine, C,;H,,0,N, occurs, along with atropine and
scopolamine, in Datura meteloides (see Table on p. 49).2 An alcoholic
extract of the plant, concentrated almost to dryness, was extracted
with 1 per cent. hydrochloric acid, the acid solution made alkaline
with ammonia, shaken out with chloroform, and the latter solution
fractionally extracted with successive portions of dilute hydro-
bromic acid. Meteloidine hydrobromide was obtained in the first
fraction.

Meteloidine crystallises from benzene, in tabular needles, m.p.
141°-142°, [a], 0° is readily soluble in alcohol or chloroform,
sparingly so in water, ether, or benzene. The hydrobromide,
B.HBr.2H,0, forms chisel-shaped needles, m.p. 250° (dry);
the aurichloride, B.HAuCl,.3H,0, m.p. 149°-150°, forms short
yellow needles from dilute alcohol ; the picrate has m.p. 177°-
180° and forms hexagonal plates. Meteloidine is physiologically
inactive.

On hydrolysis by baryta the alkaloid is resolved into tiglic acid,
CH;.CH : C(CH,;).COOH, and a new base, TELOIDINE, CgH,;O,N,
which crystallises from boiling acetone diluted with a little water
in chisel-shaped needles containing 1H,0, m.p. 168°-169° (dry). It
is not volatile ; the hydrochloride, m.p. above 300°, hydrobromide,
m.p. 295°, and aurichloride, m.p. 225°, are all crystalline.

[-Scopolamine (Hyoscine), C,;H,,0,N. This alkaloid was first
isolated and described under this name by E. Schmidt,® who
obtained it from the rhizome of Scopolia japonica and subsequently
from that of Scopolia carniolica.’ As already mentioned in the
note on hyoscine (p. 80), the same alkaloid had been obtained
under the latter name from Hyoscyamus niger by Ladenburg, who
regarded the new base as isomeric with atropine. It has, however,

1 Journ. prakt. Chem. 1901 [ii], 64, 274,

2 Pyman and Reynolds, T'rans. Chem. Soc. 1908, 93, 2077.

3 Arch. Pharm. 1890, 228, 139, 435.

¢ (f. bowever, Dunstan and Chaston, Pharm. Journ. 1889 [iii), 20, 461.
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been shown by Hesse,! Schmidt,? and L. Merck 3 that it is extremely
improbable that any alkaloid, isomeric with atropine or hyoscya-
mine, is obtainable from Hyoscyamus niger. Therefore Ladenburg’s
hyoscine must have been impure scopolamine.

The occurrence of scopolamine in solanaceous plants is shown
in the Table on p. 49. The alkaloid is usually obtained by working
up the mother liquors from the preparation of hyoscyamine (see
p- 50), but Datura Metel, which contains scopolamine as its chief
constituent, would appear to be a particularly satisfactory material
from which to prepare this alkaloid.

The free base crystallises with 1H,0 in transparent prisms, m.p.
59°, is soluble in the ordinary solvents and slightly so in water. It
is lavorotatory, [a]ﬁ’ — 18° in alcohol, — 28° in water. The
salts crystallise well: the hydrobromide, B.HBr.3H 0, m.p.
193°-194° (dry), [a], — 15-72° in alcohol, — 24° to — 25° in
water (Gadamer),* crystallises in rhombic tablets, is readily soluble
in water (1 in 1'5 at 25°) or alcohol (1 in 16 at 25°), sparingly
in chloroform (1 in 750 at 25°), 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. 198°,
crystallises in yellow prisms, and is sparingly soluble in water con-
taining hydrochloric acid (1 in 510 at 50° for a solution containing
10 c.c. of hydrochloric acid, sp. gr. 119, in 1000 c.c. of water). The
picrate has m.p. 180°-181°.

~Scopolamine (Atroscine). Scopolamine, like hyoscyamine, is
readily transformed by the action of dilute alkalis into an optical
isomeride, -scopolamine, the same change being brought about in its
salts even by very gentle heating, and for this reason commercial
scopolamine hydrobromide invariably contains some of the inactive
salt.

Hesse ® isolated from the scopolamine hydrobromide of commerce

! Annalen, 1892, 271, 120 ; 1893, 276, 84.
3 Arch. Pharm. 1892, 230, 207 ; 1894, 232, 409.
3 Journ. Soc. Chem. Ind. 1897, 16, 515.

¢ Cf. Carr and Reynolds, Trans. Chem. Soc. 1919, 87, 1330.
8 Berichte, 1896, 20, 1776.
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an optically inactive alkaloid isomeric with scopolamine, which he
named ATROSCINE. According to Schmidt! this substance was
merely i-scopolamine, but Gadamer 2 showed that Hesse’s atroscine
and Schmidt’s i-scopolamine were respectively di- and mono-
hydrates of the same alkaloid.?

i-Scopolamine may be prepared by the action of moist silver
oxide, or a very dilute sodium hydroxide solution in alcohol, on
l-scopclamine, at atmospheric temperature. L. Merck* has
pointed out that scopolamine hydrobromide from henbane seed
has as a rule a rotation of — 24° to — 25°, whilst that from Scopolia
rhizome has a rotation of — 13-47°, so that Scopolia rhizome appears
always to contain some tnactive scopolamine.® From such scopola-
mine hydrobromide,according toGadamer,® the inactive alkaloid can
be separated by adding sodium carbonate to the aqueous solution,
and extracting with a mixture of chloroform and ether. On rubbing
the residue with alcohol and water and cooling, the dihydrate
(Hesse’s atroscine), rosettes of needles, m.p. 37°-38° (36°-37°, Hesse),
forms, whilst “seeding” with the monohydrate (Schmidt’s t¢-
scopolamine) leads to the separation of the latter form, monoclinic
needles, m.p. 56°-57°. The separation of either form can be induced
at will by adding a crystal of the desired form to a solution of the
alkaloid in alcohol, to which water sufficient to produce cloudiness
has been added. The anhydrous alkaloid melts at 82°-83°. The
aurichloride has m.p. 208° (decomp.); the hydrobromide forms
monoclinic crystals, m.p. 180° (dry), and gives hydrates with
3H 0, rhombic tablets, and with 3H,0, rhombic crystals.

Scopolamine is mydriatic to about the same extent as hyoscya-
mine. Its reactions are for the most part like 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, m.p. 193°.

When warmed with barium hydroxide,scopolamine is hydrolysed,

1 Arch. Pharm. 1898, 236, 9, 17. * Ibid. 1898, 236, 382.

3 Cf. Hesse, Annalen, 1899, 309, 756 ; Journ. prakt. Chem. 1901 [ii]. 64,
353; 1902 [ii], 66, 194. ¢ Loc. ctt. 5 Cf. Schmidt, Arch. Pharm. 1898, 238, 54.

¢ Arch. Pharm. 1898, 236, 352. (f. Hesse, Annalen, 1899, 309, 75.
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yielding tropic acid and a new base, C{H,;0,N, which has been
variously named ‘ pseudotropine,” * oxytropine,” “ oscine,” and
‘“ scopoline,” the last name being that now generally adopted.
According to Gadamer ! I-scopolamine is slowly hydrolysed by dilute
alkalis, yielding scopoline and l-tropic acid, whence it would appear
to be l-tropylscopoléine, i-scopolamine (atroscine) being i-tropylscopo-
léine.

The constitution of tropic acid has been discussed already
(p- 65).

- ScoroLINE, CgH;50,N. This substance was probably first
obtained by Ladenburg by the hydrolysis of hyoscine. It was pre-
pared by Hesse,2 who named it * oscine ” and assigned to it the fore-
going formula. It was subsequently examined by Luboldt.® It
forms colourless, hygroscopic, prismatic crystals, m.p. 109°, from
ether or light petroleum, and hoils at 241°-243°. The salts crystal-
lise well.

Like tropine, scopoline contains a hydroxyl group and is readily
esterified by acids, forming a series of esters, the scopoléines.* When
scopoline is esterified with tropic acid, scopolamine is not formed.
The product is an amorphous alkaloid, C,,;H,,03N, which on
solution in acids takes up the elements of a molecule of water,
forming amorphous salts of a base, not known in the free state,
isomorphous with scopolamihe. This base is mydriatic, but less so
than scopolamine. None of the artificial scopoléines have been
used in medicine.

The constitution of scopoline is still unknown. It is a tertiary
amine containing an : NCH, group, and on oxidation with chromic
anhydride in sulphuric acid yields scopoligenine, C,H,0;: NH
(analogous with tropigenine, similarly obtained from tropine, p. 70),
pyridinemethosulphate, methylamine, and carbon dioxide. Scopo-
ligenine forms prismatic crystals, m.p. 205°-206°, sublimes at
120°, and is reconverted to scopoline by the action of methyl iodide.

RN {1

1 Arch. Pharm. 1901, 239, 294.
t Annalen, 1892, 271, 114 ; 1893, 276, 84. 3 Arch. Pharm. 1898, 236, 11.
¢ Merck’s Report, 1894, p. 15 ; Luboldt, loc. cit. p. 33.
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Scopoline yields a monoacetyl derivative (acetylscopoléine, m.p. 53°)
and a benzoyl derivative (benzoylscopoléine, m.p. 68°-70°), both of
which are crystalline. The alkaloid contains no carbonyl group. On
heating with excess of saturated hydrobromic acid at 130°, it yields
hydrobromoscopoline hydrobromide, C4H,,0,NBr.HBr, plates,
m.p. 202°, and this on reduction furnishes dihydroscopoline,
CgH,;0,N (aurichloride, m.p. 200°-201°), which contains two
hydroxyl groups and on oxidation with chromic acid yields a
dibasic acid provisionally regarded as a N-methylpiperidine—
aa’-dicarboxylic acid.

On the basis of these results Luboldt,! Schmidt and
collaborators 2 conclude that scopoline must contain a pyridine
nucleus, that the hydroxyl group must lie outside this nucleus, and
that this also applies to the second oxygen atom ; the latter appears

C=
to be present in the form of an ether group, O< |  which by the
C=

HO.C =
action of hydrobromic acid is converted into |
Br.C=
Tetramethylaminobutane, N(CH,),.CH,.CH,.CH ,.CH,.N(CH,),.
This diamine was isolated in 1907 by E. Merck from the
secondary bases of Hyoscyamus muticus, and was investigated by
Willstiatter and Heubner.> It is a colourless liquid, D® 0-7941,
b.p. 169°, miscible in all proportions with water, strongly alkaline
in reaction, optically inactive, and possesses a pungent acrid taste.
The hydrochloride, CgHy,N,.2HCI, forms triangular prisms, m.p.
273° (decomp.), the platinichloride, B.HyPtClg.2H 0, prisms, m.p.
234° (decomp.), and the aurichloride, golden-yellow prisms, m.p. 206°-
207° (decomp.), from hot water. The substance is not poisonous to
frogs or rabbits in moderate doses. It absorbs two molecules of
methyl iodide, forming hexamethyltetramethylenediammonium
odide, MeI.NMe,.CH,.CH,.CH,.CH,.NMe,.Mel, which on dis-
1 Loc. cit. (cf. Willstitter and Hug, Zest. physiol. Chem. 1912, 79, 146).

t Apoth. Zeit. 1902, 17, 592 ; Arch. Pharm. 1905, 248, 559 ; 1909, 247, 79.
3 Berichte, 1907, 40, 3869.
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tillation with silver oxide yields butadiene and trimethylamine,
Hexamethyltetramethylenediammonium chloride, identical in all
respects with that obtainable from the iodide mentioned above, was
prepared by methylating putrescine (1 : 4-diaminobutane), and this
on distillation furnished N-methylpyrrolidine methochloride. These
reactions show that the base from H. muticus must be tetramethyl-
diaminobutane : its occurrence is of interest from the fact that by
distillation of its dimethochloride it can so readily be converted
into a pyrrolidine derivative, and that hyoscyamine, the chief
alkaloid of H. muticus, contains a pyrrolidine ring in its nucleus.

Physiological Action of Atropine and the Allied Alkaloids

Atropine. This alkaloid exhibits a very complex physiological
action when administered internally. It at first stimulates and
eventually depresses the central nervous system, giving rise to
hallucinations, a feeling of exaltation, inconsequent and garrulous
+ speech, delirium and convulsions followed by stupor and coma.
Death eventually results from asphyxia. As little as 0-1 grm. has
proved a fatal dose. Atropine paralyses the peripheral nerve
endings and in this way affects the secretory glands, the heart, and
organs containing unstriped muscle.

Most of the secretions are decreased by atropine owing to
paralysis of the nerve ends. It is to this feature of its action that
the dryness of the throat and mouth characteristic of poisoning
by atropine is due, and it is for this reason that the alkaloid is used
in the later stages of phthisis as a preventive of night-sweating.
The kidney is but little affected by atropine and consequently there
is little or no change in the secretion of urine after its administra-
tion. Atropine paralyses the inhibitory terminations of the vagus
in the heart. The heart is sometimes slowed and weakened at
first, but is generally quickened as a result of paralysis of the
inhibitory fibres in the heart. Respiration becomes quicker and
deeper, but eventually slower and shallower, and respiratory
failure is the cause of death from large doses. There is often a
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marked rise in temperature. Atropine affects all organs containing
unstriped muscle, lessening their movements, and consequently is
antagonistic in this respect to muscarine and nicotine.

Atropine is principally used in medicine owing to its property
of causing dilatation of the pupil of the eye (mydriasis). The dilata-
tion may be induced by internal administration or by application of
atropine solutions to the eye. It is due to paralysis of the motor
nerve terminations in the circular muscle of the iris. At the same
time the accommodation is paralysed as a result of the action of the
alkaloid on the nerve endings in the ciliary muscle. This property
of atropine and the allied alkaloids has been the subject of many
investigations, some of which are of special interest owing to their
bearing on the correlation of the constitution of these alkaloids with
their physiological action. Mydriasis is caused by atropine, hyoscya-
mine, scopolamine, ephedrine, and pseudoephedrine among the natu-
rally occurring alkaloids, and by ac-tetrahydro-[3-naphthylamine,
and in view of the great differences in structure shown among these
substances, it is at present impossible to say that the property is
due to any particular nuclear structure in the active substances.
In the case of the atropine group of alkaloids, it appears to be
inherent in the tropine residue,since, although tropine does not cause
mydriasis when applied directly to the eye, it induces it when
administered internally in large doses to a cat. The influence of
side-chains in increasing or reducing the mydriatic effect has been
thoroughly investigated by Jowett and collaborators, who have pre-
pared and tested about forty tropéines containing very varied acid
radicles. The preparation and properties of these tropéines are
described in the following papers : Jowett and Hann, Trans. Chem.
Soc. 1906, 89, 357 ; Jowett and Pyman, sbid. 1907, 91, 92 ; 1909, 95,
1020 ; and the correlation of their structure and mydriatic effect
is discussed by Jowett and Pyman in a paper contributed to the
London Congress of Applied Chemistry, 1909.! These authors
compared the effect of solutions of the various tropéines by instilla-
tion into the conjunctival sacs of cats. The solutions used were

1 Proc. 1th Int. Cong. Appl. Chem. London, 1909.
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equivalent in tropine content to 1 per cent. solution of homatro-
pine hydrobromide. As a result of this work theyv draw the follow-
ing conclusions, for the conditions specified :

I. Tropéines of aliphatic acids exert no mydriatic effect.

I1. The replacement of the benzene residue by that of pyridine
in the acyl group of a mydriatic tropéine does not cause the activity
to vanish.

ITI. In tropéines containing a disubstituted benzene ring, those
in which the replacing groups occupy the para position have the
least mydriatic action ; thus o- and m-hydroxybenzoyl-tropéines are
active, but not the p-isomeride.

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

. Hyoscyamine. The natural alkaloid l-hyoscyamine and its
d-isomeride resemble atropine qualitatively in action, but the
former acts much more strongly on the peripheral nerve endings than
atropine. d-Hyoscyamine (see p. 64) has about one-hundredth the
mydriatic power of l-hyoscyamine and about one-twenty-fifth
its power of paralysing the nerve terminations in the heart. It
appears likely that the intermediate action on peripheral nerve
endings shown by atropine is due to the fact that this, the racemic
form of hyoscyamine, is separated in the body into its optical
isomerides, and that only the l&vo form acts on the nerve terminals.!

Meteloidine. This alkaloid has no marked physiological action.?

Scopolamine (Hyoscine). This substance resembles atropine
in its action on the peripheral nerve terminals ; it produces mydria-
sis and paralysis of accommodation more quickly than atropine, but
the effect is of shorter duration. Its effects on the central nervous
system are quite different from those of atropine; as a rule it
induces a feeling of fatigue and drowsiness, though in many cases
there is a short stage of excitement, with giddiness and indistinct

1 Cushny, Proc. Amer. Physiol. Soc. 1903, xiv ; J. Physiol. 1904, 30, 176 ;

Laidlaw, Trans. Chem. Soc. 1909, 95, 1969.
* Pyman and Reynolds, Trans. Chem. Soc. 1908, 93, 2077.



90 PLANT ALKALOIDS

speech, especially when large doses are used. According to Hug
the I- form is more active than the i- form and is more stable in
aqueous solution.

ALKALOIDS OF ERYTHROXYLON COCA

The genus Erythrozylon, to which the distribution of this group
of alkaloids is confined, comprises about eighty species, of which only
four or five have been subjected to complete examination. The
habitat of these plants is principally the western side of South
America, and although several indigenous species occur in India,
Africa, and Australia, the latter have at present no economic value,
and the attention of coca cultivators is chiefly devoted to three or
four kinds derived originally from Bolivia and Peru, viz. :

Erythrozylon Coca, Lam. (Bolivian or Huanuco coca).

Erythrozylon Coca var. Novo-granatense (E. Carthagense, Jacq).

Erythrozylon Truzillense, Rusby (Peruvian or Truxillo leaves).

This classification of the botanical sources of coca leaves is due
to Rusby,! and has been fully discussed by Holmes,? who adopts
it with certain minor modifications.

Commercially, four kinds of coca leaves are known in the London
market :

(1) Huanuco or Bolivian. (3) Java.

(2) Truxillo or Peruvian. (4) Ceylon.

According to Rusby, (1) is from E. Coca, Lam., (2) and (3) are
from E. Truzillense, Rusby, and (4) is from E. Carthagense, Jacq.
Rusby’s classification of these leaves, however, is placed in some
doubt by the fact that the Peruvian leaves contain a large proportion
of cocaine, whilst the Java leaves are stated to contain little or
none.® It is improbable, therefore, that these two varieties are
derived from the same species. Further, commercial consignments
of Ceylon leaves are often described as either of “ Truxillo character ”’
or ‘“ Huanuco character,” and samples examined by Professor

! Druggists’ Circular and Chemists’ Gazette, November 1900, pp. 220-223.

Pharm. Journ. January 5, 1901, p. 4, and Jenuary 26, 1901, p. 81.
* Cf. however, de Jong, Chem. Weekbl. 1908, 5, 666.
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Greenish recently were indistinguishable from Truxillo leaves,
and the same samples examined chemically at the Imperial Institute
proved to contain a large proportion of cocaine. It seems likely,
therefore, that Ceylon leaves are of the same botanical origin as
Peruvian leaves,! whilst those of Java are from a distinct species,
or at least from a well-marked variety of E. Truxillense.

In South America coca leaves are chewed with lime as a stimulant
by the natives of that continent, and are largely exported to
Europe for use in medicine and for the preparation of cocaine.
Crude cocaine is also manufactured in Peru and exported chiefly
to Hamburg to be refined. The coca leaves of international trade
come principally from Peru and Java, with small quantities from
Ceylon.

A large number of alkaloids have been obtained from coca
leaves ; they fall naturally into four groups, as follows :

(1) The cocaines, which on hydrolysis yield ecgonine, benzoic,
cinnamic, or truxillic acid, and methyl alcohol.

Cocaine : Methylbenzoylecgonine.
Cinnamylcocaine : Methylcinnamoylecgonine.
a-Truxilline : Methyl-a-truxilloylecgonine.
[3-Truxilline : Methyl-(3-truxilloylecgonine.

(2) The pseudotropéines are closely related to the tropéines
(p. 66), and are easily hydrolysed into an acid and the basic alcohol
pseudotropine, a stereoisomeride of tropine.

Tropacocaine : Benzoylpseudotropéine.

(3) The acylecgonines are acyl esters of ecgonine and by hydro-
lysis furnish this base and an acid.

Benzoylecgonine.

(4) The hygrines are volatile alkaloids of simpler structure than
the foregoing. They have not been thoroughly investigated.
Hygrine (low boiling).
{guscohygﬁne.
-Hygrine (high boiling).
' Bull. Imp. Inst. 1912, 10, 37.
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The occurrence of these alkaloids in coca leaves from various
sources is as follows (the percentages of total alkaloids given are
very uncertain, since the methods of estimation are in most cases

different, and some of them are of doubtful accuracy):

Commercial Coca Leaves

Geo hical Total alkaloids Chief
s‘gu‘r’;o per cent. constituent Reference
Java 1-0-2-5 Cinnamyl- de Jong, Teysmannia,
[ (season 1908) cocnine 1910, 21, 201
! 0-6-2-4 Hartwich, Arch. Pharm,
(reason 1909) 1903, 241, 617
1-22
Ceylon 0-7-1-6 Cocaine Bull. Imp. Inst. 1912,
10. 37; and Hart-
wich, loc. cit.
Bolivia 0:7-0-9 Cocaine Hartwich, loc. cit.
Peru Up to 1-:00 Cocaine Hartwich, loc. cit.

Coca leaves grown experimentally in India and examined by
Howard ? contained 0-4 to 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 nature of the alkaloids in coca
leaves varies with the age of the leaves, the youngest leaves being
richest in cinnamylcocaine, whilst in the older leaves this is re-
placed by cocaine or truxilline.?

Estimation of Total Alkaloids. TFor the estimation of the total
alkaloids of coca leaves the United States Pharmacopceia (8th Rev.)
gives the following process :

Ten grammes of powdered leaves are mixed with 50 c.c. of a
mixture of ether (4 vols.) with chloroform (1 vol.), and after ten
minutes 2 c.c. of ammonia solution (sp. gr. 0-958 at 25°) are added
mixed with 3 c.c. of water, and the whole shaken frequently during
one hour. The contents of the flask are now transferred to a small
glass percolator plugged at the lower end with cotton-wool and

! Kew Bulletin, 1889, p. 8. 2 Loc. cst. *® Rec. Trav. Chim. 1908, 25, 233.
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inserted in a separator containing 6 c.c. of N-sulphuric acid mixed
with 20 c.c. of distilled water. When all the liquid has passed
through, the powder in the percolator is packed in firmly with a
glass rod and the flask is rinsed out into the percolator with 10 c.c. of
the ether-chloroform mixture, followed by other small portions of the
same menstruum, using 50 c.c. in all. The separator is now shaken
for one minute, the acid layer drawn off, and the extraction with
diluted sulphuric acid (6 c.c. N-acid with 20 c.c. of water) repeated
twice, using 10 c.c. each time. The combined acid liquids collected
in a second separator are made alkaline with ammonia solution and
shaken out with ether, using in succession 25, 20, and 15 c.c. The
combined ethereal solutions are collected in a beaker and the solvent
allowed to evaporate completely over warm water. The residue
is dissolved in 3 c.c. of ether, which is also allowed to evaporate.
The residue is then dissolved in 4 c.c. of N /10 sulphuric acid and
titrated back with N /50 potassium hydroxide solution, using
cochineal or iodeosin as indicator. The percentage of ether-
soluble alkaloids in the leaves is given by the formula (4 — n/5)0-3,
where n is the number of c.c. of N /50 alkali used. The percentage
should be not less than 0°5.

A critical survey of methods for conducting the assay of coca
leaves is given by Bierling, Pape, and Viehover.!

For the assayof fluid extract of coca the following process is given
in the U.S. Pharmacopeeia: Ten cubic centimetres of the extract
are mixed with 25 c.c. of ether and 2 c.c. of ammonia solution
(sp. gr. 0-958 at 25°) and shaken for one minute. The aqueous layer is
drawn off and again shaken with 20 c.c. of ether for one minute.
The combined ethereal liquids are shaken first with 5 c.c. of N-
sulphuric acid diluted with 5 c.c. of water and then with 1 c.c.
of N-acid diluted with 9 c.c. of water, the acid liquids being in
each case run into a second separator, where they are made alkaline
with ammonia solution and extracted three times in succession with
20, 15, and 15 c.c. of ether. The residue from the combined ethereal
solutions is dissolved in 5 c.c. of N/10 sulphuric acid and titrated

2 Arch. Pharm. 1910, 248, 303,
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back with n c.c. of N/60 potassium hydroxide solution, using
cochineal or iodeosin as indicator. The percentage of alkaloids
in the fluid extract is given by the formula (5 — n/5)0-3. It
should be not less than 0-5 grm. per 100 c.c.

The amount of cocaine in coca leaves cannot at present be
accurately determined, but various methods are available by which
an approximate estimation of the richness in cocaine of the total
alkaloid obtained by the above method of estimation may be
obtained.!

Estimation of Ecyonine. In view of the fact that much of the
cocaine of commerce is not obtained directly from the leaves but
from ecgonine obtained by the hydrolysis of the secondary alkaloids
in the leaves (see p. 98), a method for the estimation of ecgonine
is of importance. Greshoff recommernided the following process :
The total alkaloids from 15 grm. of leaves are boiled for one hour
in a reflux apparatus with thirty times their weight of dilute hydro-
chloric acid and an equal volume of water. When cold the solution
is filtered and extracted twice in succession with its own volume
of ether. The aqueous solution is then evaporated to dryness
and the residual ecgonine hydrochloride weighed, after drying at
90°-95°.2

Cocaine, C,,H,,0O,N. This alkaloid is believed to be largely
prepared by a process devised by Bignon.? The finely powdered
coca leaves are extracted with a mixture of aqueous sodium carbo-
nate and petroleum, the mixture being gently warmed and con-
tinuously agitatcd, whereby the liberated alkaloids pass into solution
in the petroleum. The latter is then drawn off and the remainder
pressed from the residue. Dilute hydrochloric acid is added to
the filtrate and the crystalline precipitate of crude cocaine hydro-
chloride filteted off, pressed, and dried. A small quantity of the

1 For such processes, see Grandval and Lajoux, Journ. Pharm. 1893 [5],
28, 102 ; Garsed, Pharm. Journ. 1903 [iv], 17, 784. Cf. de Jong, Rec. T'rav.
Chim. 1906, 25, 1.

3 Pharm. Weekbl. 1907, 44, 961. Cf.de Jong, Rec. Trav. Chim. 1906, 25, 1,
and Pharm. Weekbl. 1908, 45, 42.

* Guareschi, Einfiithrung in das Studsum der Alkaloide, p. 267, or Jahres-
berichte, 1885, 1714. Cf. de Jong, Rec. Trav. Chim. 1906, 25, 311.
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alkaloid still remains in the mother liquor, and may}beJobtained
by evaporation of the latter. The crude salt so prepared generally
contains from 80 to 90 per cent. of cocaine hydrochloride. It is
purified by liberating the free base and dissolving this in alcoholic
hydrochloric acid, the hydrochloride so precipitated being recrys-
tallised. The mother liquors contain the amorphous alkaloids,
which have as such no economic value, and these are converted into
cocaine in the following way: The solutions are concentrated
by evaporation and heated to the boiling-point with hydrochloric
acid during one hour. The reaction mixture is poured into excess
of water to precipitate the insoluble truxillic and other acids
produced by the hydrolysis, and the filtrate evaporated until
ecgonine hydrochloride separates out, this process being facilitated
by addition of alcohol and ether. The ecgonine is set free in the
usual manner, dried, and digested in molecular quantity with
benzoic anhydride for one hour. The excess of benzoic anhydride
and the benzoic acid produced are removed by ether, the benzoyl-
ecgonine remaining undissolved together with unattacked ecgonine,
which should not amount to more than 20 per cent. of the quantity
taken. The two bases are scparated by washing with a small
amount of water, in which ecgonine is very soluble. The purified
benzoylecgonine is now mixed with methyl iodide and a solution
of potassium hydroxide and methyl alcohol, and the whole boiled
for several hours, when cocaine is quantitatively formed, and may
be purified as already described.! According to Merck the con-
version of ecgonine into cocaine may be accomplished in one
operation by heating the former with methyl iodide and benzoic
anhydride under pressure.?

A very large proportion of the cocaine now made is obtained
from Java leaves in which the chief alkaloid is cinnamylcocaine,
not cocaine itself. In this case the total alkaloids are treated by
the process just described for the preparation of cocaine from the

secondary bases.

1 Liebermann and Giesel, Berichte, 1888, 21, 3196. Cf. Einhorn and
Klein, ibid. p. 3335. * Berichte, 1885, 18, 2953,
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The crude cocaine exported from Peru is prepared by extracting
the finely ground leaves with dilute sulphuric acid. The acid
extract is made alkaline with sodium carbonate, and the liberated
alkaloids dissolved out by petroleum. From the latter they arc
re-extracted by dilute sulphuric acid and finally precipitated with
sodium carbonate solution, the precipitate being washed with
water, pressed, and dried for export. This material contains
from 83 to 97 per cent. of cocaine. About 6000 kilogrammes of
this product are exported per annum.! }

Cocaine crystallises from alcohol in monoclinic four- to six-sided
prisms, m.p. 98°, and is volatile above 90°. It is laevorotatory,
[a], —15-8°, slightly soluble in cold water (1 in 600 at 25°),
more soluble in hot water (1 in 260 at 80°), readily soluble in alcohol
(1 in 5 at 25°), 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
ordinary salts of cocaine are crystalline. The hydrochloride, the
salt chiefly used in medicine, crystallises anhydrous from alcohol,
in short prisms, m.p. 186° [q], — 71:95° (in 2 per cent. aqueous
solution), — 67-5° (in 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. The chromate, B.H,CrO,.H,0, is
sparingly soluble in water and is precipitated as orange-yellow
leaflets, m.p. 127°, when potassium chromate is added to an acid
solution of the hydrochloride. The platinichloride, B,.H,PtClq,
is crystalline 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, periodide, B.HI.I,,
m.p. 161°, formate, m.p. 42°, and salicylate, which is tribolumi-
nescent, have also been used in medicine.

Detection. Cocaine may be detected by the peculiar sensation
of numbness which it produces on the tongue, by the characteristics
of the derivatives already recorded, and by the decomposition

1 Chemist and Druggist, 1912, 80, 51.
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products resulting from the action of acids and alkalis (see
below). ,

The following qualitative reactions are also useful: The
alkaloid forms a colourless solution with sulphuric acid, which
gives off benzoic acid on warming. A cubic centimetre of a 3
per cent. solution of potassium permanganate gives a crystalline
.(rectangular plates), violet precipitate with 0-01 grm. of the hydro-
chloride dissolved in two drops of water.! The hydrochloride,
heated with a little alcoholic potash, gives off an odour of methyl
benzoate. The purity of the hydrochloride may, according to
Merck,? be roughly gauged by Maclagan’s test. (The figures in
brackets in the following description are those prescribed in the
United States Pharmacopceia for this test.) It consists in dis-
solving 0°06 grm. (0°1 grm.) of the salt in 60 grm. of water (85 c.c.),
adding two drops of 10 per cent. ammonia (four drops of
ammonia solution, sp. gr. 0'958 at 25°), and stirring vigorously.
After fifteen minutes the mixture should deposit a crystalline pre-
cipitate of free cocaine ; a milky appearance indicates the presence
of amorphous alkaloids. If 0'1 grm. of the salt is dissolved in 5 c.c.
of water containing three drops of dilute sulphuric acid (sp. gr.
1067 at 25°), the addition of three drops of N /10 potassium per-
manganate should produce a violet colour lasting at least thirty
minutes, indicating the presence of traces only of cinnamylcocaine.?

d-CocAINE (isoCocaine). A dextrorotatory isomeride of I-cocaine
was obtained from coca leaves by Liebermann and Giesel,* but is
now generally believed to have been produced by the action of alkalis
on the l-cocaine contained in the leaves. It crystallises in colourless
prisms, m.p. 46°, and has a specific rotation [a], + 4-5° in water.
The nitrate is sparingly soluble in water (1-5 in 100 at 20°). This base
has since been prepared synthetically from d-ecgonine (p. 103).%

dl-CocaNe. This was prepared by Willstatter and Bode ®

1 Cf. Seiter, Amer. Journ. Pharm. 1911, 83, 195, 265.

1 Cf. Giinther, Ber. Pharm. Ges. 1899, 9, 38.

3 Cf. Hankin, Analyst, 1911, 35, 2. 4 Berichte, 1890, 23, 508, 926.
s Einhorn and Marquardt, ibid. 1890, 23, 468, 981.

¢ Berichte, 1901, 34, 1457.
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from synthetic dl-ecgonine. It crystallises from light petroleum
in hexagonal plates, m.p. 80° yields a hydrochloride, m.p. 206°,
and differs from the natural l-cocaine in giving a sparingly
soluble nitrate, m.p. 172°, in which respect it resembles d-cocaine.
The aurichloride, B.HAuC,.2H,0, is crystalline, m.p. 65°-70° or
164°-165° (dry).

When heated with mineral acids cocaine is hydrolysed into a
new base ecgonine (see p. 103), benzoic acid, and methyl alcohol,!
and a similar change takes place with baryta water. If the alkaloid
is boiled with water, methyl alcohol alone is split off and a new base,
benzoylecgonine, is produced,? thus :

Ci7Hg 04N + H;0 = CH30H + G;¢Hyo0,N.
Cocaine Benzoylecgonine
Benzoylecgonine occurs in coca leaves (p. 101). On hydrolysis
by acids or alkalis it yields ecgonine and benzoic acid, thus :

CieHioON + Hy0 = CoH;;05N + CoH,.COOH.
Benzoylecgonine Ecgonine
Cocaine is, therefore, methylbenzoylecgonine.

I-Cinnamylcocaine, C,,H,,0,N. This alkaloid was isolated by
Giesel ® from Java coca leaves, in which it is the chief alkaloid, and
soon afterwards was prepared synthetically by him.

It is practically insoluble in water, but easily soluble in organic
solvents. It crystallises best from benzene or light petroleum
in rosettes of needles, m.p. 121°, [¢] — 4'7° in chloroform. The
hydrochloride, B.HCl.2H;0, forms long, shining, somewhat
flattened needles, m.p. 176° (dry), from water. The platini-
chloride, m.p. 217°, i