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PREFACE.

SINCE the appearance in 1897 of the second edition of Prof.
Amé Pictet’s work, ‘‘ La Constitution Chimique des Alcaloides
Végétaux,” marked advances have been made in our knowledge
of the alkaloids.

The chemistry of xanthine, caffeine, theobromine, etc., has
attained a certain completeness of development in the recognition
of their common relation to purine and in the synthesis of the
latter. The constitution of nicotine has been established by its
synthesis and three new alkaloids have been isolated from the
tobacco-plant (Pictet). Our conceptions regarding the jaborandi
alkaloids have been completely revolutionized. The extensive in-
vestigations of Ladenburg, Merling, and Willstitter have been
brought to a brilliant conclusion in the complete synthesis of
atropine, atropamine, belladonnine, inactive cocaine, and tropa-
cocaine. Our knowledge regarding the constitution of morphine
and codeine has been so far increased that probably within a
short time the synthesis of these two alkaloids will be realized.

These advances have precluded a simple translation of the
French edition and have necessitated the complete rewriting of
several chapters and the revision of the entire work. It is believed
that the present English edition fairly sets forth the latest con-
ceptions regarding the constitution of the more important veg-
etable alkaloids.

It may be noted that Prof. Pictet’s work on the alkaloids was
rendered into German in 19oo by Wolffenstein and that a Russian
edition is in process of preparation.

H. C. BipDLE.
BERKELEY, CaLrr,, Dec. 22, 1903.
: i






CONTENTS.

INTRODUCTION. . ... e e te e te ettt e ettt et et eaas 1

FIRST PART.
ARTIFICIAL BASES CLOSELY RELATED TO THE NATURAL

ALKALOIDS.
L PYRIDINE. .. ..oitiintiennnneennneeannnannneens e 10
II. HOMOLOGUES OF PYRIDINE.. .. ..o0tuintnennnneennnneennnnnns 32
A. The Picolimes. . .........cooiuiiiiiiiiiiinneiiinnnnnnns 32
B. The Lutidines . ...........coiiiiiiiiiiiiieiennnennnnnn 37
C. The Collidines............cootitiiieiiiiiiiiieieinnnn 40
Alcamines of the Pyridine Series ........................... 49
II1. CARBOXYLIC ACIDS OF PYRIDINE. . ... 0. oviiiiiniinennnenn 55
A. The Monocarboxylic Acids of Pyridine. . ................. 55
B. The Dicarboxylic Acids of Pyridine. . . ................... 61
C. The Tricarboxylic Acids of Pyridine. . . .................. 66
D. The Tetracarboxylic Acids of Pyridine. . ................. 72
E. Pyridine Pentacarboxylic Acid.......................... 73
TV, DIPYRIDYLS. & o0ttt ittt ittt ie it teaeeaareaannene s 76
V. QUINOLINE. . . .t ttttnttnunannnnnnainnanenenenns 79
VI. METHYLQUINOLINES. ... .cvvuereennnnseecncnaancnseaaeestan. 89
VII. PHENYLQUINOLINES. . ..ottt etensenneeaneennsianeenaennns 96
VIII. MONOCARBOXYLIC ACIDS OF QUINOLINE.. ... ..uuvenvevnennnnsns 102
IX. ISOQUINOLINE. « oottt teetteeeeeenenaienensasoenanonnanns 107

SECOND PART.
THE NATURAL ALKALOIDS.
X. DISTRIBUTION AND GENERAL PROPERTIES OF THE NATURAL

ALKALOIDS . .ot i teeteannnenenennoneneeonaneasnnnonannenns 114

XI. ALKALOIDS OF THE HEMLOCK.. .. .......oiiiiiiiniiien .. 126

XIL PIPERINE. . . tttutunineeennunneeeenneaeeensanneesnnnaanas 143

XII1. TRIGONELLINE . 4\« et vtenrtseesennnnneessaannnnseaanneennns 149

XIV. ALKALOIDS OF THE BETEL-NUT PALM (ARECA CATECHU).......... 152

XV. CITRAZINIC ACID. e evee o enee.n .. e, 157
4 v



vi CONTENTS.
PAGE
XVI. THE TOBACCO ALEKALOIDS. ......c0vvuvnen Ceeececesenann . 159
XVII. THE JABORANDI ALKALOIDS. . . c.ovvenvnnnsncnsonasnnncas 171
XVIIL CYTISINE . ..uitirennerenneneeonsesasenasnsoeasesnnas 179
XIX. SPARTEINE. .. .. .0uuvtureennnennnnnsnnneonanonnsonsanns 182
XX. THE LUPINE ALKALOIDS. .« covvvuvneeeronnenasannnnnanes 184
XXI. THE SOLANUM ALKALOIDS. « « v.vvereeereenroeanansannons 188
XXII. THE COCA ALKALOIDS. .. .vvuenenenennnnnnacasacesacanns 232
XXIII. THE ALKALOIDS OF THE POMEGRANATE-TREE . . ........... 258
XXIV. THE OPIUM ALKALOIDS. « .t vveireeeaneneronesonseannns 264
XXYV. ALKALOIDS FROM HYDRASTIS CANADENSIS . ¢ . vvvveennnnnns 315
XXVI. ALKALOIDS FROM CORYDALIS CAVA. . «..vvvvivnenennnnnnns 331
XXVII. THE CINCHONA ALKALOIDS. «. ... euennennnan e 337
XXVIII. THE STRYCHNOS ALKALOIDS. o0\ oot ernennnnnnneeennnn 382
XXIX. ALKALOIDS FROM PEGANUM HARMALA. . . . ...c.vvennnennns 395
XXX. ALKALOIDS OF THE ACONITE GROUP. . . t...covivunernnnens 399
XXXI. THE VERATRUM ALKALOIDS. ... tvvrernannnnnnnnnnsennnes 409
XXXII. COLCHICINE. . ........... e i 417
XXXIII. THE XANTHINE GROUP. . . .0viiieiennnonnrnnnscennnnens 421
XXXIV., ALLANTOIN. ¢ t.eviietereroneneennannassonnnonnnensanas 448
XXXV. THE ASPARAGINE GROUP. . . . ...cvuiivnnnnornnnnnnocnns 450
XXXVI. THE CHOLINE GROUP. . .. .. et erernenerennsnnenonaensens 470
XXXVII. THE ALKALOIDS OF MUSTARD-SEED. . .+ cc0vveereronncenns 479
XXXVIIL TRIMETHYLAMINE. (. ..00uveveenancaacsssnsnsonnsocnnnas 484
XXXIX. ALKALOIDS OF UNKNOWN CONSTITUTION. . ¢ cvvvvenncrennns 486



ABBREVIATIONS.

A..c.cieveeeees.. Liebig’s Annalen der Chemie und Pharmacie.
A.ch............. Annales de chimie et de physique.

Am. Chem. Jour.... American Chemical Journal.

A. Pharm......... Archiv der Pharmacie.

B.....ceceeeeesss. Berichte der deutschen chemischen Gesellschaft.
BL.....covsesoo.. Bulletin de la Société chimique de Paris.
Cf.coeeeeessse.. Comptes rendus des séances de I’Académie des Sciences.
G.ccovsvescoanas. Gazzetta chimica Italiana.

Joeeeeeseeaaneees. Jahresbericht iiber die Fortschritte der Chemie.
J. Pr. eeceeeeecese Journal far praktische Chemie.
M...ccc0000eeees. Monatshefte far Chemie.

Proc. S0C. ceeeeese. Proceedings of the Chemical Society.
R.cceceesececesss Recueil des travaux chimiques des Pays-Bas.
S0C..ccceeeeeeeses Journal of the Chemical Society.

Ztschr. anorg. Chem. Zeitschrift far anorganische Chemie.
: vil






THE VEGETABLE ALKALOIDS.

INTRODUCTION.

TAKEN in its etymological sense the word alkaloids may
serve to designate all organic substances which possess basic
properties; some authors, indeed, have thus used the term. In
general, however, its application is limited to those organic bases
which are formed in the organism of the plant. A distinction
is in this way drawn between basic compounds which we find
in nature and those which are prepared solely in the laboratory.
The alkaloids, then, do not form a well-defined group in a rational
classification of organic compounds, since such a classification
would be based on chemical constitution and not upon the source
from which they were derived.

An attempt was made by Konigs in 1880 to develop a rational
classification of the bases found in plants. Investigations on
the constitution of these substances showed that, if not all, at least
a large number of them yielded pyridine as the ultimate product
of their decomposition. It was natural, then, to infer that they
were derivatives of this base, just as the aromatic compounds
are derivatives of benzol.

Konigs suggested that the term alkaloxds be reserved for
those natural bases which are pyridine derivatives.

The proposal at first met the hearty approval of chemists;
it afforded a strictly scientific classification of an important group
of organic substances, and this advantage appeared at the time
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to afford compensation for the necessity of excluding from the
group such bases as caffeine, choline, betaine, sinapine, musca-
rine, etc., which do not contain the pyridine nucleus.

Through later numerous and important investigations on
the natural bases, however, the number of those which are not
derivatives of pyridine has been greatly increasel. Most im-
portant among those to which the classification of K&nigs would
deny the name of alkaloid is morphine, the first substance,
indeed, which received this name. Further investigation has shown,
moreover, that of the basic derivatives of the same plant some
may be derivatives of pyridine and others not. Finally, the
natural bases of complicated structure, whose constitution is not
yet fully known, appear to be only in part derivatives of pyridine.

It seems necessary, therefore, to return to the original signifi-
cance of the word alkaloid and to apply it without distinction
to all natural organic bases, whatever may be their constitution.

We shall then consider that the expressions vegetable alka-
loids and vegetable bases are identical in meaning and that they
include all those substances which are directly obtained from
the plant and which are able to unite with acids to form salts.

The history of alkaloidal chemistry begins with the early
part of the last century. In 1803 Derosne in Paris obtained
from opium a crystalline substance which he called opium-salt,
and which must have been a mixture of morphine and narcotine.
The basic properties of this opium-salt he ascribed to an im-
purity arising from the alkali used in the purification.

The following year Seguin likewise examined morphine,
but attached no significance to the observed alkaline reaction
of his preparation.

The honor of discovering the first vegetable base and of
recognizing its basic character rests with Sertiirner, an apothe-
cary of Hanover. Without knowing of the work of Derosne
and Seguin, he in 1806 announced that he had obtained from
opium a crystalline body which was of basic character, united
with acids to form salts, and in the opium was in combination
with a special acid.
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The discovery of Sertiirner remained at first almost unnoticed.
It was at that time believed that plants were able to produce
only acids, or bodies of neutral reaction. A second publication
was required to attract the attention of chemists to this new
subject. This publication appeared in 1817 and bore the title
“Ueber das Morphium, eine neuc salzfihige Grundlage und
die Mekonsiure als Hauptbestandtheile des Opiums.”

In this article Sertiirner definitely characterizes morphium as
a vegetable alkali and compares its behavior with that of ammonia.

These exact results awakened interest; it was thought that
other plants which possessed marked physiological activity
might contain, as active principle, substances analogous to mor-
phium. Many investigations were instituted, with the result
that during the years 1817-1835 the most important alkaloids
were isolated.

The following is a chronological list of their discovery:

1817. Narcotine, by Robiquet
“ Emetine, » ¢ Pelletier and Magendie.

1818. Veratrine, “ Meissner.

“ Strychnine,  “ Pelletier and Caventou.
1819. Brucine, “ “ “ a

“ Piperine, “ Oersted.

1820. Caffeine, “ Runge.

“ Cinchonine  “ Pelletier and Caventou.
{3 Quinine’ 43 « € [

“ Solanine, “ Desfosses.

1825. Sinapine, Henry and Garot.
1826. Corydaline, *“ Wackenroder.

“ Berberine, “ Chevallier and Pelletan
1828. Nicotine, “ Posselt and Reimann.
1829. Aricine, Pelletier and Corriol.

“ Sanguinarine, ‘ Dana.

1830. Curarine, Roulin and Boussingauit.
1831. Conine. Geiger.
“  Atropine, ‘“ Geiger and Hesse.
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1832. Codeine, by Robiquet.

Narceine, “ Pelletier.
1833. Quinidine, “ Henry and Delondre.
“ Aconitine, “ Geiger and Hesse.
[{3 Colchicine’ €« €« [ [
{3 Hyoscyamine, € 43 {3 €
1835. Thebaine, “ Pelletier and Thiboumery.

The composition of these substances was established by
numerous analyses, the most of which we owe to Liebig, Ger-
hardt, Regnault, and Laurent.

Since 1835 the number of newly discovered alkaloids has
increased year by year; to-day we have more than two hundred
vegetable bases, which have been fully purified, carefully de-
scribed and analyzed. In the case of a large number we have
learned much regarding the structure of the molecule, and in
many instances ‘have succeeded, indeed, in effecting the com-
plete synthesis of the base—the best test of the accuracy of
our present conceptions regarding the constitution of the
alkaloids.

The complicated structure of the alkaloids first discovered
rendered a study of their constitution very difficult. Berzelius
explained their basic character by assuming that they held
ammonia attached to an indifferent group—to a hydrocarbon
or an organic oxide. Others, again, supposed that the nitro-
gen was united with oxygen, or that it occurred in a form like
that of cyanogen.

It remained for Liebig to afford the correct solution. He
considered these bases as ammonia in which a hydrogen atom
was replaced by an organic radical.

The classical investigations of Wurtz and of Hofmann,
which led (1848) to the discovery of the artificial organic bases,
fully confirm this view. It was recognized that the artificial
as well as the natural bases were partly or completely substituted
ammonias. Application to the alkaloids was now made of
the reactions, through which Hofmann had learned to distinguish
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the four classes of organic bases, and it was found that almost
all the alkaloids are tertiary bases.

These. investigations found strong support and extension
from an unexpected quarter.

In 1834 Runge obtained from coal-tar a basic substance,
C.,H;N, which he named Jleucol. Some years later (1846-1851)
Anderson discovered in ‘‘Dippel’s oil,” which results from the
dry distillation of bones, a homologous series of volatile bases,
of which the first member, of the formula C,H,N, received the
name pyridine. At about the same time it was shown that coal-
tar also contained this series of pyridine bases in addition to
leucol and a higher homologue of the latter, iridoline.

All these substances closely resembled one another; they
appeared to constitute a distinct group of organic bases, which
were clearly different from the amines of the fatty and of the
aromatic series.

We should scarcely expect to find any relation between these
bases of pyrogenetic origin and the vegetable alkaloids. The
very first investigations, however, which were instituted to deter-
mine the constitution of the latter led to this result.

As early as 1842 Gerhardt from the distillation of cinchonine
with caustic potash had obtained a peculiar base, which he
named gquinoline; later (1855) Williams found that in this re-
action still other basic substances were formed, and among these
one of the formula C,H,N, lepidine. Closer study of these
bases now showed that quinoline was identical with leucol, and
lepidine with iridoline.

This observation regarding the relation of the alkaloids to
the pyridine bases was soon followed by others. Huber (1867),
Wilm and Caventou (1873), Weidel (1874), and more recently
Vongerichten, Bernheimer, and Goldschmiedt have shown that
by the oxidation of nicotine, cinchonine, quinine, berberine,
narcotine, sparteine, and papaverine there are formed acids
which on distillation with lime yield pyridine. Furthermore,
piperidine, a decomposition-product of piperine, was recognized
by Kénigs (1879) to be the reduction-product of pyridine. Norhy-
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drotropidine (from atropine), nicotine, sparteine, and the chief
alkaloids of the cinchona-barks, when distilled with lime or
zinc-dust, gave rise to homologues of pyridine, some of which
were identified with certain members from Anderson’s series.

The simple relation subsisting between the pyridine and quino-
line bases was established, partly by the synthesis of these bases
(Konigs, 1879), partly by the direct transformation of quinoline
into pyridine (Hoogewerff and van Dorp).

Thus from various sides and in different ways it was shown
that the greater number of the alkaloids were derivatives of
pyridine. At the same time it was recognized that this relation
was not universal, but that there were many alkaloids which
could not be correlated with this base. Caffeine and theobromine,
already at that time subjects of important investigations, possessed
a constitution which was in no way related to pyridine, but
which appeared to classify them with the derivatives of uric acid.
Betaine and muscarine together with choline and sinapine formed
a special group of quaternary bases, which were closely related
to the amines of the fatty scries. Further, the weak bases,
leucine and glutamine, which had already been noted as decom-
position-products of albuminoid matter and which had been
found in numerous plants, belonged undoubtedly to the amido-
acids of the fatty series, the asparagine group.

Although, as we see, not all the alkaloids belong to the pyri-
dine series, yet the number falling under such classification was
sufficiently large to confer particular interest upon the study
of the pyridine bases obtained from coal-tar. This study was
undertaken with enthusiasm and led to most important results.

At the time when, under the influence of the stimulating
benzol hypothesis of Kekulé, the chemistry of the aromatic
derivatives had received a powerful impetus for advancement,
Korner (1869) offered a similar conception for the pyridine series.

According to this, pyridine is a benzol in which one of the
CH groups is replaced by the triatomic nitrogen atom and the
structure of the pyridine nucleus is in all points comparable with
that of the benzol nucleus. In the same way, quinoline is to be
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regarded as a naphthalene one of whose rings has experienced
a like modification.

This hypothesis of Kérner was the starting-point for further
investigations in the pyridine series. Great numbers of pyridine
and quinoline derivatives were prepared, their constitution es-
tablished, their position in homologous series and their isomeric
relations determined; new processes of synthesis were elabo-
rated. } :

The discovery of acridine by Graebe and Caro in 1870 and
that of isoquinoline by Hoogewerff and van Dorp in 1885 brought
to a certain completeness these investigations in the pyridine
series. Thus within a few years (1870-188s), in addition to the
fatty and the aromatic series, there had arisen a third great class
of organic substances.

As the investigations in the domain of the artificial pyridine
bases were extended, the relations existing between these deriva-
tives and the natural alkaloids became ever clearer. The work
of Hofmann and Ladenburg on conine, of Jahns on trigonelline
and on the bases of the betel-nut palm, that of Goldschmiedt,
of Freund, of Roser, of Perkin on papaverine, hydrastine, narco-
tine, and berberine, established the constitution of all these bases
and at the same time determined their position in the system of
pyridine derivatives.

Still other nitrogenous rings have been found in the alkaloids;
the oxazine ring in morphine (Knorr), the pyrrolidine ring in
hygrine (Liebe mann) and in nicotine (Pinner), and the glyoxa-
line ring in pilocarpine and isopilocarpine (Jowett, Pinner).

An interesting ring system, resulting from the union of a
reduced pyridine with a pyrrolidine nucleus, is found in cocaine
and atropine. The synthesis of this system has been recently
effected by the brilliant investigations of Willstitter.

Further research in the chemistry of the alkaloids will doubt-
less reveal nitrogenous rings of still different types..

One of the great aims which is constantly held in view in
studying the constitution of the alkaloids is their synthesis; this,
indeed, is the crucial test of the correctness of our views regarding
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their structure. Also in this direction considerable success has
been attained. If we disregard the two bases, choline and betaine,
which belong to the group of the fatty amines and whose synthesis
was effected by Wurtz (1857) and Liebreich (1869), and con-
sider only the alkaloids of cyclical structure, then the honor rests
with Ladenburg of having first effected the complete synthesis
of such an alkaloid; in 1886 he succeeded in building up from
the elements conine, the chief alkaloid of the hemlock.

The same year Hantzsch prepared the methyl-betaine of
nicotinic acid, and this was shown by Jahns to be identical with
trigonelline. Since then still other alkaloids have been synthe-
sized: arecaidine and arecoline by Jahns (1891); piperine by
Ladenburg and Scholtz (1894); the bases of the xanthine group,
xanthine, caffeine, theobromine, and adenine by Fischer (1895-
1898); atropine, atropamine, belladonine, and inactive cocaine
by Willstitter (1901, 1902); and nicotine by Pictet (1903).

This work is divided into two parts. The first part gives a
rapid review of the artificial derivatives of pyridine.

The chief data which we have in regard to the constitution
of a large number of alkaloids rest upon investigations concerning
the constitution of simple pyridine derivatives, into which these
alkaloids are converted by their decomposition. Consequently
it seems to us best to discuss first the structure of these derivatives
and to indicate the methods which have been employed in deter-
mining their constitution. In this first part, however, we shall
not lose sight of our chief object, the study of the constitution
of the vegetable alkaloids, and we shall therefore consider only
those artificial derivatives which in their mode of formation, in
their molecular structure, or in any other important way are
closely related to the natural bases.

In the second part we shall seek to gather together system-
atically the experimental results which have thus far been
derived from the study of the chemical constitution of the natural
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alkaloids, and to discuss the theoretical conclusions which have
been drawn from these results. No attempt will be made to present
a complete monograph of the vegetable alkaloids; we shall not
consider in detail either their physiological or physical properties,
nor shall we present the specific tests employed in detecting the
natural bases. Attention will be fixed rather on the purely chemi-
cal behavior of the alkaloids and the bearing of this on their
chemical constitution.



FIRST PART.

ARTIFICIAL BASES CLOSELY RELATED TO THE
NATURAL ALKALOIDS.

CHAPTER 1.

PYRIDINE.

PyRIDINE was discovered by Anderson ! in 1851 in bone-oil.
It is found here accompanied by a number of its homologues.
In addition to its production by the dry distillation of bones,
it is also formed in the distillation of bituminous coal,? lignite,
peat, wood, and various bituminous shales.® It has been found
further in the ammoniacal liquor of gas-works, in fusel-oil, in
crude petroleum, and in yellow paraffine oil. At present it is
obtained chiefly from coal-tar.

Pyridine is also formed from a number of the alkaloids as
nicotine, trigonelline, sparteine, cinchonine, pseudopelletierine,
and derivatives of narcotine when these are highly heated,
treated with alkalies, or distilled with zinc-dust. Of theoretical
importance is its preparation from piperidine by oxidation. It
is obtained, lastly, by the distillation of the calcium salts of various
pyridine carboxylic acids, which form the oxidation-products
of quinoline, isoquinoline, and a large number of the natural
alkaloids.

! Anderson, Transactions of the Royal Society of Edinburgh, 20, 251.
3 Thenius, J., 1861, 500. :
3 Williams, J., 1854, 492.

10



PYRIDINE. I

Pyridine, C;H;N, is a colorless liquid of penetrating odor. It
is miscible in all proportions with water, alcohol, and ether.
The boiling-point of pyridine is 114°.5, and its density is a little
less than that of water.

It is a tertiary base, which when reduced with sodium is
converted quantitatively into the secondary base, piperidine.
When strongly heated with hydriodic acid it is decomposed into
ammonia and normal pentane:*

C;H,N + 1oH—-NH,+ C,H,,.

Towards oxidizing agents pyridine exhibits remarkable
stability. Chromic acid, potassium permanganate, and nitric
acid do not affect the base at any temperature; concentrated
sulphuric acid begins to act only at about 300° with the forma-
tion of a pyridine sulphonic acid; the halogens yield substitution-
products with the greatest difficulty. : R

Constitution of Pyridine.—The great stability of pyﬂéme,
further the analogy which appeared between its derivatives and
the corresponding derivatives of the benzol series, particularly
in the cases of isomerism, led Kérner ® in 1869 and shortly after-
wards also Dewar ® to assign to the base a constitution similar to
that of benzol. They considered the molecular structure to be
that of a closed ring composed of five atoms of carbon and one
of nitrogen.

According to this assumption pyridine appears as a benzol in
which the triatomic CH group is replaced by an atom of nitrogen:

'(/ 'O

Benzol Pyridine

4 Hofmann, B. 16, 586.
$ Kémer, Giornale dell’ Academia di Palermo, 186g.
¢ Dewar, Zeitschrift fur Chemie, 1871, 117.
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Korner’s hypothesis found much support in a large number
of the syntheses in the pyridine series, particularly in the synthesis
of pyridine itself, and it is to-day quite generally accepted. This
formula for pyridine explains in a thoroughly satisfactory way
the reactions of the pyridine series as well as a plane formula
can do.

Pyridine is an unsaturated compound. The nitrogen and
each of the five carbon atoms possess a free valence. These
six free valences unless otherwise attached must mutually com-
pensate one another just as in the benzol ring. To represent
these relations many formule have from time to time been pro-
posed, of which, however, to-day only the formule of Kekulé
and Claus need be taken into account. To these, in the case of
pyridine, is to be added a third formula of Riedel’s,” which can-
not be considered for the entirely symmetrical benzol ring.

CH CH
HC/ |CH HC CH
Benzol l I '
HC, CH HC CH
N/
CH CH

HC
CH HC ¢ CH HC CH
s || <
HC CH HC ‘ CH HC CH
AN
Kekulé Claus Riedel

It is not our intention here to discuss these three formule,
for and against which much may be said. In the succeeding
chapters the scheme following will be used to represent the

pyridine nucleus:

N

7 Riedel, B. 16, 1609.
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Syntheses of Pyridine.—Pyridine may be synthesized in
many ways, among which the following are mentioned:

1. By the distillation of ethylallylamine over lead oxide
heated to 400°-500°:®

CH,—CH,—NH—CH,—CH = CH, + 30—C,H,N+ 30H,.

2. By conducting a mixture of acetylene and hydrocyanic
acid through a red-hot tube:®

2C,H,4+ CNH—-CH;N.

This synthesis is analogous to the preparation of benzol from
acetylene by Berthelot.

3. By passing a mixture of ammonia and alcohol vapor
through a brightly glowing hot tube.'

4. From yrrol by heating this base with methylene iodide
and sodium methylate to 200°: "

CHN+ CH,I,+ 2NaOCHy—C;H,N + 2Nal+ 2CH,OH.

5. By heating glycerine with ammonium sulphate.?

Some syntheses of pyridine in which it occurs as a side-product
in other reactions will be considered with these reactions.

All the known syntheses of pyridine, however, give but poor
yields, so that the only source from which it can be obtained
in quantity is coal-tar. From this it is readily separated, together
with its homologues, by treatment with sulphuric acid. The
pyridine bases are freed from the acid solution by the action
of an alkali, dried, and finally purified by repeated fractional
distillation.

Any aniline present is converted by oxidation into aniline
black and in this way removed from the pyridine derivatives.

® Konigs, B. 12, 2344.

® Ramsay, B. 10, 736; Phil. Mag., 1876, 270; 1877, 241.
19 Monari, J. 1884, 924.

" Dennstedt and Zimmermann, B. 18, 3316.

3 Stoehr, J. pr. 43, 153.
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Substitution-products of Pyridine.—By replacing any one
of the five hydrogen atoms in the pyridine ring with another
monatomic atom or radical are formed the substitution-products
of pyridine. The study of these derivatives has done much
to confirm the hypothesis of Kérner.

It is fully established by experiment, indeed, that the place-
isomerism which is found in the pyridine series is exactly analo-
gous to that in the benzol series.

In representing this isomerism of the pyridine ring the pre-
fixes ortho, meta, and para are not used as in the case of similar
aromatic derivatives. In their place are employed the first
letters of the Greek alphabet, «, 3, and r:

62}

C
(mc/\cw)
(a)C VC(a)

N

Pyridine

Less frequently numbers are used as follows:

c
- cs e
. 6
c$ , Jc
N

In the pyridine, as distinguished from the benzol series, there
are possible three monosubstitution-products (a, 8, r). By the
entrance of several substituents of the same kind the following
isomers may be obtained:

6 Disubstitution products (af, ar, af’, aa’, By, B3')-

6 Trisubstitution ¢ (aBr, afB, apd’, ayf’, ara, Byf).
3 Tetrasubstitution ~ ‘* (BB, ayfa, apf'a’).

1 Pentasubstitution product (afrf'e’).
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When the entering groups are unlike the number of isomers
increases rapidly. With four different substituents, for example,
there are theoretically possible 120 isomeric derivatives.

The nitro-, sulpho-, and halogen-derivatives of pyridine are
formed by direct substitution with difficulty or not at all. These
derivatives also have not attained such importance as have the
corresponding members in the benzol series. This is due in
part, at least, to the fact that the pyridine ring lacks the valuable
chromophorous properties which distinguish the benzol ring.
Since further these substitution-products of pyridine are only
remotely connected with the natural alkaloids, we will discuss
them here but briefly.

Chlorpyridines.—The three monochlorpyridines theoretically
possible are all known. Two, the a- and p-derivatives, are ob-
tained by the action of phosphorus pentachloride on the corre-
sponding oxypyridines. The third, (-chlorpyridine, is formed
on treating potassium pyrrol with chloroform, or carbon tetra-
chloride: **

C,H,NK + CHCl,—C,H,CIN+ KCl+HCL

Di- and tri-chlorpyridines are also known.

Brompyridines.—Of the three isomers only one is as yet
known, f-brompyridine. It is produced by heating pyridine
hydrochloride with bromine to 200°'¢ The position of the
bromine atom in this compound has been determined by Weidel
and Blau.®® By treating the brompyridine with alcoholic potash
they converted it into ethoxypyridine, which when saponified with
hydriodic acid yielded B-oxypyridine.

The same brompyridine is formed also from potassmm pyrrol
and bromoform.!*

B Ciamician and Dennstedt, B. 14, 1153; 18, 1172,
14 Hofmann, B. 12, 998.

¥ Weidel and Blau, M. 6, 651.

¥ Ciamician and Dennstedt, B. 14, 1153; 18, 1172,
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In this reaction consequently the carbon atom of the bromo-
form enters between the a- and fB-carbon atoms of the pyrrol:

CH

HC [T—Jj CH(g)
| e
HC CH(a) HCR
N N

| CBr | KBr+HBr.
CH

K

This synthesis, which presents a very interesting transition
from the pyrrol to the pyridine series, can be generalized. We
saw above that in the same way by using chloroform we could
obtain chlorpyridine, and by employing methylene iodide we
could synthesize pyridine itself.

B-Brompyridine is a colorless liquid, of specific gravity 1.64,
boiling-point 169°-170°.

A dibrompyridine is formed at the same time with §-brom-
pyridine when the hydrochlorides of pyridine or piperidine'” are
treated with bromine. Further, it is formed from the hydro-
bromide of tropidine !* under the action of bromine and from
dibromapophylline (a decomposition-product of narcotine) when
this is heated with concentrated hydrochloric acid to 210°.*
In this dibrompyridine the two bromine atoms are in the S3
position. This is shown in its formation from symmetrical
trimethylpyridine dicarboxylic acid:

CH,

HOOC OOH
H,C —CH,
N

by treating this substance with bromine in neutral solution.
Both carboxyl groups are replaced by bromine. The dibrom-

17 Schotten, B. 18, 427.
18 Ladenburg, B. 15, 1140; A. 217, 74.
19 Vongerichten, B. 14, 2834; A. 210, 79.
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trimethylpyridine thus obtained is then oxidized with potassium
permanganate to dibrompyridine tricarboxylic acid, which is
finally converted into dibrompyridine by heating with lime
(elimination of carbon dioxide).*

Dibrompyridine is a solid, well-crystallized substance, melting-
point 110° boiling-point 222°.

A tribrompyridine of unknown constitution melting-point
167-168°, is formed, according to Willstitter, when tropinone
is oxidized with bromine.*

Iodpyridine.—y-Iodpyridine is formed by heating p-chlor-
pyridine with excess of hydriodic acid for eighteen hours at 145°.
Its melting-point is about 100°.%

Amidopyridines.—The three isomers have recently been
prepared from the amides of the corresponding pyridine mono-
carboxylic acids by the action of bromine and potassium hy-
droxide according to the reaction of Hofmann Further, they
are formed from the amidopyridine monocarboxylic acids when
the carbon dioxide is eliminated by heat.

According to Curtius and Mohr, f-amidopyridine can also
be obtained from the hydrazide of nicotinic acid,

C.H,N—CONHNH,.*

a-Amidopyridine melts at 56° and boils at 204°.

ﬂ_ (13 (X3 “ 40 (X1 ¢ ¢ 250_2520.

7- “ has not as yet been obtained pure in the
free condition.

The amidopyridines are easily soluble in water; physiologi-
cally they behave as strong poisons.

In general the amidopyridines in their chemical properties
resemble the amines of the fatty series; B-amidopyridine alone

can be diazotized and converted into azo-dyestuffs. B-pyridyl-

20 Pfeiffer, B. 20, 1343.

n Willstatter, B. 29, 2228.

B Haitinger and Lieben, M. 6, 319.
B Curtius and Mohr, B. 31, 2493.
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hydrazine is formed by the reduction of B-diazopyridine,* while
a- and r-pyridylhydrazine are produced by the action of hydra-
zine on a- and y-chlorpyridine.

The Sulphonic Acids of Pyridine.—Pyridine is not affected
by fuming sulphuric acid at ordinary temperatures; at about
300° however, it is converted into J3-pyridine sulphonic acid;®*
at the same time there is formed a disulphonic acid (probably
8.

The sulphonation is aided by the addition of anhydrous
aluminum sulphate.” The [B-position of the group SO,H is
shown by fusing the pyridine monosulphonic acid with potassium
cyanide. The acid nitrile obtained is converted by saponifica-
tion into B-pyridine carboxylic acid (nicotinic acid). The sul-
phonic acids of pyridine closely resemble the corresponding
aromatic derivatives.

Oxypyridines.—A number of derivatives of pyridine are
known in which one or more of the atoms of hydrogen are re-
placed by the hydroxyl group. These may be prepared either
by distilling the oxy-acids of pyridine or by the metho s commonly
employed in the synthesis of alcohols and phenols (fusion of the
sulphonic acids with potassium hydroxide, diazotizing the amines,
action of alcoholic potash on the halogen derivatives).

We will consider here only the three monoxypyridines:

B-Oxypyridine O—OH crystallizes in needles melting at

N

124°.5; it can be distilled without decomposition and gives with
ferric chloride a red coloration.
The a- and r-oxypyridines present a striking example of tau-

# Mohr, B. 31, 2495.

3 0. Fischer, B. 15, 62; 16, 1183; 17, 763. Konigs, B. 12, 2342; 16, 735;
17, 592, 1832.

* Konigs and Geigy, B. 17, 592.

¥ Weidel and Wurman, M. 16, 751.
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tomerism. While the B-oxypyridine, as is shown by all its re-
actions, evidently possesses a hydroxyl structure, the isomeric
a- and y-forms behave sometimes as true hydroxides and some-
times as ketones, assuming, in the latter case, the character of
secondary bases (pyridones). It is necessary to consider in
these derivatives that one hydrogen atom is highly mobile, attach-
ing itself at one time to the oxygen atom and at another to the
nitrogen:

CH CH
HC "/ \CH HC "/ \\\CH
HC COH HC CO

{ X

AN
N
H
a-Oxypyridine a-Pyridone
C—O—H CcO
HC I( \" CH HC m CH
HC CH HC CH
N NH
r-Oxypyridine r-Pyridone

This tautomerism appears clearly in the preparation of the
esters of the oxypyridines. There are obtained according to the
conditions of the experiment either the ordinary ethers with the
group —O—R, or nitrogen derivatives with the group =N—R.*

a-Pyridone crystallizes in small colorless needles which melt
at 107° and distil at 280-281°. With iron chloride it gives a red
coloration.

7r-Pyridone forms hexagonal plates which contain one mole-
cule of water. It melts in the anhydrous condition at 148°.5 and
boils above 350°; by iron chloride it is colored yellow.

The three oxypyridines are easily soluble in water; they
possess only weakly basic properties; on distillation with zinc-
dust they are reduced to pyridine.

It is necessary to call particular attention to a method of
forming the pyridones from the pyrone derivatives, since it throws

3 von Pechmann, B. 24, 3144; 28, 1624.
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some light on the formation of the alkaloids in the organism of
the plant.

By the name pyrone is indicated a special class of unsaturated
ketone-like derivatives, which contain a closed chain of five
carbon atoms and one oxgyen atom.

According to the position of this latter to the ketone group
are distinguished the a- and y-pyrones:

CH CO
HC | \l CH HC CH
HC Cco HC CH
o o

a-Pyrone r-Pyrone

The close relation between the pyrones and the pyridones
appears clearly in comparing their structure. By the action of
cold ammonia, indeed, the pyrones are converted into the pyri-
dones, an oxygen atom being here replaced by the divalent NH
group:

C{-I\ C\Ii
N N\
o o G e
o/ \ré
a-Pyrone a-Pyridone

When we recall that plants store up nitrogen in the form of
ammonia and when we note this ready conversion of pyrones into
pyridones, it would seem that the reaction may play some part
in the formation of the alkaloids in the tissues of plants.

Numerous derivatives of the pyrones are known. Those
which occur in the vegetable kingdom particularly interest us,
such as meconic acid, which is derived from opium, and chelidonic
acid, which is found in the herb celandine and in the roots of
the white hellebore:

co Cco
HC ' COH HC CH
HOOC—C C—COOH HOOC—C C—COOH
O (0

Meconic acid Chelidonic acid
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Coumalic acid (a-pyrone carboxylic acid) forms, when
treated with ammonia, oxynicotinic acid (a-pyridone-3-carboxylic
acid), which is changed by heat into a-pyridone: *

CH ' CH CH
HC( \“ C—OOOH+NHHHCK | C—COOH . HCI/ \" CH,
oc CH oc cH oc cH *
N o N
Coumalic acid Oxynicotinic acid a-Pyridone

From chelidonic acid (y-pyrone dicarboxylic acid) there is
formed, by like treatment with ammonia, chelidamic acid (-
pyridone dicarboxylic acid):*

Co Co
HC I I CH +NH HC CH o
—
HOOC—C C—COOH * "HOOC—C C—COOH+ H,
o) NH

Chelidonic acid Chelidamic acid

By loss of carbon dioxide chelidonic acid may be converted
into comanic acid (r-pyrone monocarboxylic acid). This also
with ammonia yields the corresponding pyridone derivative,
oxypicolinic acid: *

co co
HC CH _ HC(\ CH
acll | c—coon"'NH'_'Hc\/I c—coomn O
Comanic acid Oxypicljli}:{ic acid

Meconic acid (oxy-y-pyrone dicarboxylic acid) has not as
yet been converted into a pyridine derivative. The closely
related comenic acid (oxy-y-pyrone monocarboxylic acid), how-
ever, gives with ammonia comenamic acid (dioxypicolinic acid).

Both chelidamic and oxypicolinic acids, when heated above

" yvon Pechmann, B. 17, 936, 2384; 18, 317.
%0 Lieben and Haitinger, M. 4, 275; 6, 279.
3 Ost, J. pr. 27, 257; 29, 57, 378.



22 THE VEGETABLE ALKALOIDS.

their melting-points, are decomposed into carbon dioxide and
7-pyridone

The formation of citrazinic acid (the pyridine acid which is
sometimes met in the sugar-beet, see page 157) depends upon a
reaction very similar to those just considered.

Addition-products of Pyridine.—Pyridine yields two kinds
of addition-products.

1. Like similar tertiary derivatives of nitrogen, the base is
able to add alkyl chlorides, bromides, or iodides, thereby, forming
compounds of the ammonium type, viz.,

()
N N
VAN

CH, 1
When these quaternary salts are heated to about 300° they
undergo a molecular rearrangement similar to that observed by
Hofmann in the case of the alkylated anilines.
The radical attached to the nitrogen migrates to one of the

carbon atoms of the ring and there is formed a homologous

salt of pyridine. Thus pyridine methiodide, C,H5N<ICH’, is

converted into methylpyridine hydriodide, CH,—CSH,N<}'I .

This reaction, discovered by Ladenburg, has proved very
efficient in synthesizing many of the homologues of pyridine.

2. Another type of addition-product is derived from saturating
the double bonds which are found within the ring itsclf. Like
an unsaturated hydrocarbon, pyridine adds one, two, or three
molecules of chlorine, bromine, or hydrogen. The halogen
derivatives are in general unstable and as yet little investigated;
much more important are the hydrogen addition-products.

Whatever constitutional formula may be assigned to pyridine,
it is evident that-there should be several isomeric di- and tetra-
hydro-derivatives, while the hexahydro-derivative can exist in
only one form. No dihydropyridine has yet been prepared in
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the pure condition; the tetrahydropyridines (piperideines) have
been only imperfectly studied; hexahydropyridine (pxpendmc)
has, however, been most thoroughly investigated.

Piperideines.—No one has as yet succeeded in preparing a
piperideine by the partial reduction of pyridine. Whatever reagent
is employed, it inevitably leads to the completely reduced
piperidine. By the reverse process, however, the removal of
two atoms of hydrogen from piperidine, a piperideine has been
prepared.®

When piperidine is treated with bleaching-powder, there is
formed a chlorpiperidine in which the chlorine atom has re-
placed the hydrogen atom attached to the nitrogen. If this
chlor-derivative is now treated with alcoholic potash, hydrogen
chloride is split off and there is formed a piperidcine. Since this
piperideine is a secondary base, Lellmann and Schwaderer assume
in explanation of the reaction that the chlorine first migrates to
the a-carbon atom:

e

Chlorpxpendme lntermedmte Pnpendelne
product

A piperideine probably identical with the above has been
synthesized by distilling d-amidovaleraldehyde with caustic
potash.® The aldehyde is produced from the oxidation of
piperidine with hydrogen peroxide. This piperideine is also a
secondary base, and its formation may be expressed as follows:

H, H,
C C
me( NG _me YO
AN N

H, H

% Lellmann and Schwaderer, B. 22, 1318, 1328.
8 Wolffenstein, B. 25, 2777.
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The piperideine obtained by either of the above processes is
a liquid, easily soluble in water and possessing a stronger basic
character than pyridine. It is difficult to determine further its
properties with any degree of certainty, since it polymerizes with
the greatest ease to a dipiperideine (C;H,N),, which probably has
the constitution

CH, CH,
H,C CH—HC CH,
H,C len—nc CH,
N N
H H

Certain homologues of the piperideines have been more
thoroughly studied than the piperideines themselves, particu-
larly the pipecoleines and the coniceines, which will be con-
sidered later (see pages 35, 135).

Piperidine.—Piperidine was first obtained by Wertheim
and Rochleder * in 1848 from the distillation of piperine with
soda-lime, but they mistook the new substance for aniline. Some
years later Anderson * and Cahours,® working independently
of each other, established the formula of the new base as C;H,N,
and the latter gave to it the name which it bears to-day.

Piperidine is also formed when piperine is saponified with
alcoholic potash (see Piperine):

CuHNO,+ H,0—CH, N+ C,H 0,

Piperine Piperidine  Piperic acid

Johnstone *” found piperidine occurring in small quantities
with piperine in pepper.

Piperidine is a colorless liquid of ammoniacal odor; it is
soluble in all proportions in water, alcohol, ether, and benzene.
It boils at 105°, and solidifies at —17°; its specific gravity is

¥ Wertheim and Rochleder, A. 54, 255; 70, 58.
$ Anderson, A. 75, 82; 84, 345.

% Cahours, A. ch. (3) 38, 76.

% Johnstone, Chemical News, 58, 23s.
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0.88 at o°; it is a very strong base, readily withdrawing carbon
dioxide from the air.

As a secondary base the imide hydrogen atom can be re-
placed by various groups (alkyl-, amide-, organic, and inorganic
acid-radicals, etc.). In this way there may be prepared a large
number of interesting derivatives which we are unable to consider
here in detail.

The constitution of piperidine remained for a long time
unknown. In 1871, Kraut, on treating with moist silver oxide
the salts formed by the interaction of the base and chloracetic
acid, found that pyridine was produced in small quantities.
In 1879, Hofmann,® by the action of bromine and water on
piperidine at 200-220° obtained a dibromoxypyridine.

In the same year Konigs® succeeded in establishing the
relation between the two bases by converting piperidine directly
into pyridine on heating the former with concentrated sulphuric
acd to 300°% At this high temperature the acid acts as an
oxidizing agent, and is itself reduced to sulphurous acid:

CH,,N +30-CH,N +3H,0.
Piperidine Pyridine

According to later experiments the oxidation of piperidine to
pyridine can be effected by heating it with nitrobenzol at 250°,%
with silver acetate at 180°%* or with arsenious acid at 300°.4
The amount of pyridine formed is, however, small. o

The view that piperidine was hexahydropyridine was soon
further confirmed by the reduction of pyridine to piperidine.
This was accomplished by Konigs,* in 1881, by heating pyridine
with tin and hydrochloric acid:

CH,N +6H—CH,,N.

Pyridine Piperidine

3 Hofmann, B. 13, ¢85.

® Kénigs, B. 12, 2341.

# Lellmann and Geller, B. a1, 1921,
4@ Tafel, B. 25, 1619.

@ Kénigs, B. 30, 1336.

© Kénigs, B. 14, 1856.
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Ladenburg * showed later that, by the use of sodium and ab-
solute alcohol, the reaction became almost quanti.a_ive.

According to Ahrens * piperidine may also be pr:pared by the
electrolytic reduction of pyridine in dilute sulphuric acid. Later
experiments, however, do not seem to confirm this view.*

We know to-day several direct syntheses of piperidine. These
all have this in common that they depend on the closing of an
open chain of the general form

x“—CHz—CHz_CHz-'CHz—CHZ_NH_y,

by elimination of the elements x and y. The reactions afford
additional proof of the constitution.

1. The first of these syntheses was effected by Ladenburg 7 in
1885 in the following way:

Trimethylene cyanide is reduced by the action of sodium upon
its alcoholic solution to pentamethylene diamine:

/CH,—CN /CH,—CH,—NH,
CH, +8H — CH,
\\.CH,—CN \.CH,—CH,—NH,

When the hydrochloride of this base is heated rapidly it is
decomposed, giving a mixture of ammonium chloride and piper-
idine hydrochloride:

/CH,—CH,—NH,HCI = /CH,—CH,
CH, — CH, NH.HCl+NH,CL.
\\CH,—CH,—NH,.HCl  \ CH,—CH,

2. Normal w-chloramylamine and w-bromamylamine yield
piperidine on being heated with an alkali: ¢

/CH,—CH,—Cl //CH—CH,
CH, +KOH—CH, ONHAKCI+H,0.
\\CH,—CH,—NH, \.CH,—CH;

4 Ladenburg, B. 17, 156, 388, 513; A. 247, 1.
# Ahrens, Zeitschrift fiir Eloktrochemie, 2, 577.
# Pincussohn, Ztschr. anorg. Chem., 14, 379.
47 Ladenburg, B. 18, 2956, 3100.

4 Gabriel, B. 25, 421. Blank, B. 15, 3040.
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3. 0-Amidovaleraldehyde, which, it is true, has thus far been
obtained only from the oxidation of piperidine, is reconverted
into this base when it is reduced with zinc and hydrochloric acid: *

_/CH,—CHO //CH—CH,
CH, +2H-CH, ONH+H,0.
\CHz—CH"—NHz \CHz_CH,

There is undoubtedly intermediate formation of amidoamyl
alcohol which spontaneously loses a molecule of water.

On the other hand, the piperidine ring is somewhat easily
broken between the nitrogen and one of the adjacent carbon
atoms. Thus, as Wolffenstein has shown, when hydrogen per-
oxide acts upon the base there is formed among other products
d-amidovaleraldehyde:

c
HC) ICH, +0 HC /\
,c \/ CH, H,C K

H

CHO

This rupture of the ring is effected still more easily in the case
of nitrogen-acyl derivatives of piperidine on oxidation with potas-
sium permanganate. Thus benzoylpiperidine, C,H,,N(C,H,CO),
yields d-benzamido-valeric acid; * sulphopiperidine, (C;H,,N),SO,,
d-sulphamido-valeric acid;®' and cyanacetylpiperidine, C;H,,N-
(COCH,CN), d-oxalylamido-valeric acid.®

The urethane of piperidine behaves somewhat differently
toward oxidizing agents. On successive treatment with nitric
and hydrochloric acids it is converted into an acid of the formula
CH,NO,. This acid has been synthesized by Gabriel,** who has
shown it to be y-amidobutyric acid, NH,—CH,—CH,—CH,—
CO,H. 1t is necessary, then, to assume in the oxidation of

® Wolffenstein, B, 25, 2777; 26, 2991.

% Schotten, B. 16, 643; 17, 2545; 21, 2235.
8 Tshl and Framm, B. 27, 2012.

@ Guareschi, B. 26, Ref. 92.

® Gabriel, B. 23, 1767.
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piperyl-urethane that not only the piperidine ring is broken, but
also one of its CH, groups is eliminated.

Both d-amidovaleric acid and y-amidobutyric acid as obtained
above show a strong tendency to form an inner anhydride by loss
of water, thus again assuming a ring structure. When amido-
valeric acid is heated it yields a ketone of piperidine (a-piperidone):

cH, CH,

H,CK COOH H,C CO
NH, NH

d-Amidovaleric acid a-Piperidone

a-Amidobutyric acid with the same treatment gives the corre-
sponding pyrrol derivative, a-pyrrolidone: *

HC——CH,  HC—CH,
| - ‘ +H,0.
H,C COH HC co
NH, NH
r-Amidobutyric acid a-Pyrrolidone

d-Amidovaleric acid and y-amidobutyric acid are without any
special physiological action; piperidone and pyrrolidone are,
however, strong poisons. We have here an interesting connection
between chemical constitution and physiological action. Mani-
festly there exists a close relationship between the ring structure,
which is that of almost all the alkaloids, and the action which
these bodies have upon the animal organism.

We shall describe finally a method of breaking the piperidine
ring which takes place with the simultaneous elimination of
nitrogen and which has been used, as we shall see, in deter-
mining the constitution of many of the natural alkaloids. This
reaction, which we owe to Hofmann, depends upon the following
facts:

When piperidine is heated with methyl iodide, the methyl
group is substituted for the imide hydrogen and there is formed
methylpiperidine, C;H,,N—CH,. This, as a tertiary base, can

84 Gabriel, B. 23, 1767.
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now add a second molecule of methyl iodide, thus forming a deriv-
ative of the ammonium type. This salt, C;H,,N—CH,.CH,l,
is not decomposed by alkalies, but is converted by moist silver
oxide into the corresponding hydroxide:

CJHN,o(CH,).I CJH,N(CH,),0H
eyt N,

Shortly after his discovery of the organic compounds of the
ammonium type, Hofmann® observed that their hydroxides
were decomposed by the action of heat into water, a tertiary
amine, and an unsaturated hydrocarbon. Example:

Csz\ /C,H, C,H,\
(C::I}‘]I::7N\ OH g:g:7N +C,H,+H,0.

Tetraethyl ammonium Triethylamine. Ethylen
heroxids 4 yiene.

It was noticed further that if there were one or more methyl
groups in the hydroxide, these remained attached to the nitrogen
in the tertiary amine.

In 1881 Hofmann * applied this reaction to the quaternary
derivatives of piperidine and found that their decomposition did
not take place according to the general rule which he had estab-
lished.

Methylpiperidine methyl hydroxide, for example, when
subjected to dry distillation yielded no hydrocarbon but only
water and a base of the formula C,.H,N, which he named di-
methylpiperidine:

CH,,NCH,.CH,OH —» CH,N(CH,),+H,O.
MR, Db

% Hofmann, A. 78, 263.
“ Hofmann, B. 14, 494, 659.
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This dimethylpiperidine proved to be a tertiary base. Its
addition-product with methyl iodide, on treatment with moist
silver oxide, gave a new hydroxide, C;H,N(CH,);OH. When
this hydroxide was subjected to dry distillation, the resulting
decomposition conformed with Hofmann’s rule. There were
formed water, trimethylamine, and an unsaturated hydrocarbon
of the formula C;H,, piperylene:

C,H,N(CH,),0H — H,0 +N(CH,), + C,H,.

Piperylene is a liquid boiling at 42°; as an unsaturated com-
pound, it readily adds four atoms of bromine.

Ladenburg * appears to have found the true interpretation
of these reactions. He considers that the ring of the methyl-
piperidine is broken in the distillation of its methyl hydroxide.
The two successive phases of the reaction may be represented
by the following equations:

CH:
,O mmo

/\

OH CH CH, CH, C
Methylpiperidine Dtrnethylpwendme
methyl hydroxide

CH,
HC CH, CH,
H,C | /|CH, HC(\CH /T\
cH—N—oH H,c| 'ICH, * o, cu,om, T O
Piperylene Trimethylamine
CcH, CH,

Tetnyt hydroxide.
Dimethylpiperidine is of considerable importance in that it
affords a transition to pyrrolidine-derivatives.®
On treatment with hydrogen chloride, there is formed
hydrochlordimethylpiperidine (8-chloramyl- dlmethylammc),

% Ladenburg, B. 14, 1346; 15, 1024; 16, 2057; A. 279, 344.
% Roser, A. 247, 62. Merling, A. 264, 310. Ladenburg, A. 279, 344.
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CH,—CHCI—CH,—CH,—CH,—N(CH,),. When this is warmed
it undergoes molecular rearrangement to #-a-dimethylpyrrolidine
CH,—CH(CH, )—

methyl chloride, | N(CH ).CL. At a still
CH—CH,—

higher temperature the chloride suffers decomposition into
CH,—C(CH,)
n-methyl-a-methylpyrrolidine, . \NCH, and methyl

chloride.



CHAPTER II.
HOMOLOGUES OF PYRIDINE

THE homologues of pyridine are derived from this body by
the replacement of one or more hydrogen atoms with alkyl
radicals. The position of the radical is determined, as in the
aromatic series, by oxidation. Side-chains are thus converted
into carboxyl groups, while the pyridine ring remains intact.
We obtain in this way an acid with one or more carboxyl groups.
From the constitution of this acid are determined both the
number and the position of the alkyl substituents in the original
base.

The homologues of pyridine are found with pyridine in hone-
oil and in coal-tar. Anderson® (1846-1851) obtained from the
distillation of bones the following bases:

Pyridine....ccviueiviiiiiiiiiaiiiaae, CH,N
Picoline...coovineniniiiiiiaail., CH,N
Lutidine........ f e C,H,N
Collidine.....cccoiiineiaiinniaaaanan. CH,N
Parvuline.........cooiiiiiiiiiia.n.. CH, N

and other higher homologues.

A. THE PICOLINES (Methylpyridines), C,H,N.

Anderson described the picoline from bone-oil as a liquid
boiling at 130°-140° not solidifying at — 18°, soluble in all pro-
portions in water and in all its properties resembling pyridine.

! Anderson, Transactions of the Royal Society of Edinburgh, 16, 123, 463;
20, 247; 31, 2I9.
3
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In 1879 Weidel? and later Ost® and Lange* showed that
the picoline of Anderson’s was not a homogeneous product but
a mixture of three isomeric bases. They separated the three
derivatives from one another through their platinum salts and
established their constitution by converting them into the three
monocarboxylic acids of pyridine:

—CH,
—CH,
N N

a-Picoline B-Picoline r-Picoline
B.P, 129° is converted B.P. 142°-143°; is con- B.P. 144°-145° is con-
y oxidation into picolinic verted by oxidation into verted by oxidation into
nicotinic acid. isonicotinic acid.

CH,

1. a-Picoline.—This with other pyridine bases is formed
in the distillation of the sulphate of sparteine over zinc-dust.®

It was synthesized by Bottinger® in the following manner:
When pyruvic acid, CH,COCOOH, is treated with al oholic
ammonia there is formed a dibasic acid, CHN(COOH),, the
- so-called wvitonic acid. According to its constitution, as estab-
lished by Altar,” this substance is a-picoline-ya’-dicarboxylic
acid. Its formation by the condensation of ammonia with
pyruvic acid may be represented thus:

(|:OOH COOH
CO /
HC CH
HC \cn, | + 3H,0+CO,.

= HOOC—C \/ C—CH,

COOH
HOOC—CO €O ¢y,
N

Uvitonic acid
H,

3 Weidel, B. 13, 1989; M. 1, 46.

3 Ost, J. pr. 27, 286.

¢ Lange, B. 18, 3436.

§ Ahrens, B. 26, 303s.

¢ Bottinger, B. 10, 362; 13, 2032; A. 188, 330; 208, 122.
7 Altar, A. 237, 182.
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On distillation with lime, uvitonic acid loses carbon dioxide and
is converted into a-picoline.

a-Picoline is also formed in the general synthesis of Ladenburg
by heating pyridine methiodide to 300°.%

a-Picoline is distinguished from both its isomers by the ease
with which it reacts with ketones and aldehydes.

According to the conditions of the experiment, it forms either
hydroxy-derivatives, the so-called alcamines (see p. 49), by simply
adding itself to the ketone or aldehyde, or compounds with an
unsaturated side-chain by subsequent loss of a molecule of water:

CHN—CH, + CH,O — CHNCH.—CH,OH.

a-Picoline Formaldehyde a-Picoly! alcamine
C,HN—CH,+ OCH—CH, — C,HN—CH=CH—CH,+ H,0.
a-Picoline Acetaldehyde a-Allylpyridine

This reaction is common to all pyridine and quinoline deriva-
tives which have a methyl group in the a-position.

2. [(-Picoline.—f-Picoline is obtained in the decomposition
of several of the alkaloids. It is formed when strychnine and
brucine are heated with lime® and when guvacine is distilled
with zinc-dust.? It is produced also by the pyrogenetic de-
composition of nicotine and is found with other pyridine bases
in tobacco-smoke."

Several syntheses of (-picoline are known.

It was first obtained by Baeyer '* in 1870 from the distilla-
tion of acrolein-ammonia. This last substance, formed by the
interaction of acrolein and ammonia, possesses very probably
the following constitution:

CH,—CH—CH=N—CH(OH)—CH=CH,

Under the action of heat, water is eliminated and the chain

® Lange, B. 18, 3436.

9 Stoehr, B. 20, 810, 2727; J. pr. 42, 399, 41§.

19 Jahns, A. Pharm. 229, 669.

1 Vohl and Eulenburg, A. Pharm. 147, 130. Kissling, Dingler’s polytech~
nisches Journal, 244, 64, 234.

12 Baeyer, A. 155, 281.
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closed with a simultaneous change in the attachment of one of
the hydrogen atoms:

CH, CH
HC/ ICH:CH, - HC/ \" C—CH, +HO
HC\N CHOH HC\N / CH

Acrolein-ammonia B-Picoline

B-Picoline is also formed when gylcerine is heated with acet-
amide,'® or ammonium sulphate or phosphate,'*in the presence
of phosphoric anhydride.

In all these modes of formation it is probable that the glycerine
is first converted by loss of water into acrolein, which then con-
denses with ammonia to form the pyridine ring.

3. r-Picoline.—r-Picoline has been obtained by heating cin-
choloiponic acid with dilute sulphuric acid to 260-270°* Cin-
choloiponic acid is an oxidation-product of the cinchona alkaloids.
r-Picoline is formed, further, in large quantities, together with
the a-derivative, by the transposition of the methyl group when
pyridine methiodide is heated.”® It has also been prepared by
Hantzsch'” from symmetrical trimethylpyridine (see page 45) by
eliminating through oxidation the two methyl groups in the
aa’-position.

Pipecoleines (Tetrahydropicolines), C,H,,N.—We possess a
good method for preparing one of the several pipecoleines theo-
retically possible.

a-Pipecoleine is formed by the action of alcoholic ammonia
on w-brombutyl methyl ketone:'*

CH, "

CH,
co c CH
| + NH, — H, | + H,0 + HBr
(CHy), H,C C—CH,
NH
CH,BI‘ af
«-Brombutyl methyl ketone 4 -Tetrahydropicoline

B Zanoni, Annali di chimica, 74, 13; Hesekiel, B. 18, g10, 3001.

Y Stoehr, J. pr. 43, 153; Schwarz, B. 24, 1676; Storch, B. 19, 2456.
8 Skraup, M. 17, 365. 8 Lange, B. 18, 3436.

17 Hantzsch, A. 215, 61. 18 Lipp, A. 289, 173.
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In this reaction there is probably first produced the unstable
intermediate product w-amidobutyl methyl ketone,

CH,
HC /\I CH,
H,CK CO—CH,
NH,

which by loss of water is converted into tetrahydropicoline.

Tetrahydropicoline is a secondary base; it boils at 131-132°
(716 mm.).

It has been a special object of study because of its close rela-
tion to tropine (page 202).

Pipecolines (Methylpiperidines, Hexahydropicolines), C;H,;N.
—The pipecolines are prepared either by reduction of the three
picolines with sodium and alcohol,” or by synthetic processes
directly analogous to those used in obtaining piperidine.*

a-Pipecoline boils at 118-119%, B-pipecoline at 124°, and
r-pipecoline at 127-129°. The boiling-points rise in about the
same way in the isomeric pipecolines as in the corresponding pico-
lines.

a- and f-Pipecoline possess an asymmetric carbon atom.
These are the first bodies of this class which we have as yet met
in this rapid survey of the pyridine derivatives:

CH, CH,

n,cl/>l CH, H,C@HC—CH,

H,C CH—CH, HC CH,
Y4 X
a-Pipecoline B-Pipecoline

According to the theory of Le Bel and van’t Hoff these pipeco-
lines should present the phenomena of stereoisomerism and should
consequently be separable into their optical isomers. Such a

19 Ladenburg, B. 17, 388; 18, 47, 910; 20, 288; A. 247, 1.
20 Granger, B. 30, 1060.
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separation has been actually accomplished by a fractional crystal-
lization of their bitartrates.”

B. THE LuTiDINES, C,H,N.

There are theoretically possible nine isomeric lutidines, of
which three are ethylpyridines and six dimethylpyridines. Of
these the three ethyl and five dimethyl derivatives are known.

a- and y-Ethylpyridine are formed simultaneously when pyri-
dine ethiodide is heated to 290°: #

C.H,
—C,H,
N
a-Ethylpyridine r-Ethylpyridine
B.P, 148°5; is converted by oxidation  B.P. 164-1606°; is converted by oxidation
into picolinic acid. into isonicotinic acid.

The a-derivative is also formed by the distillation of norhydro-
tropidine ** (a product of the decomposition of tropine) and of
ecgonine * over zinc-dust.

B-Ethylpyridine is of considerable importance, since it can be
obtained as a decomposition-product from several of the alkaloids.
It was found in 1855 by Williams * in the distillation of cinchonine
and quinine with potassium hydroxide; this observation was
later confirmed by Wischnegradsky * and Oechsner.?” Konigs
noted its formation in the distillation of meroquinine with zinc-
dust. Other investigators® have obtained the base by subject-
ing cincholoipone to the same treatment.

3 Ladenburg, B. 26, 854, 1069; 27, 75, 853, 1409; A. 279, 344.
2 [adenburg, B. 16, 1410, 2059; 18, 2961; A. 247, 1.

B Ladenburg, B. 20, 1647.

M Stoehr, B. 22, 1126.

*# Williams, Chemical News, 44, 307; J. 1855, 504; 1864, 437.
* Wischnegradsky, B. 11, 1253; 12, 1480.

3 Qechsner, C. r. 91, 296; 92, 413.

3 Konigs, B. 27, goo.

 Weidel and Hazura, M. 3, 770. Skraup, M. 7, 517; 9, 783.
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B-Lutidine may also be derived from strychnine and brucine
when these alkaloids are heated with lime or caustic potash.®
It is formed when the vapor of nicotine is conducted through a
tube heated to redness,® and it is found further in tobacco-smoke.*?

A simple method for the synthesis of §-ethylpyridine is not
as yet known. Stoehr ** states that it is formed in small quantities
when glycerine is heated with ammonium phosphate or sulphate.

B-Lutidine is a liquid which boils at 166° Its constitution
is shown by its conversion on oxidation into nicotinic acid:

—C,H,

N

By the reduction of f-lutidine with sodium and alcohol there
is formed B-ethylpiperidine or S-lupetidine.*

This same derivative of piperidine may be prepared by a
method first suggested by Gabriel,* viz., by heating (-ethyl-e-
chloramylamine with an alkali:

CH, CH,
H,C CH—C,H C CH:
2 208 H, _C:H| + HCL
CIH,C CH, H,C CH,
NH, NH

a- and r-Piperidine have also been obtained from the reduc-
tion of the corresponding lutidines:
a-Piperidine, boiling-point 142-145°.%

g ‘O 1541550
7 X 66 155—1580.“

3 Oechsner, C. r. 95, 208; 96, 200, 437. Stoehr, J. pr. 43, 399, 415.

% Cahours and Etard, C. r. 9o, 275.

% Vohl and Eulenburg, A. Pharm. 147, 130.

¥ Stoehr, J. pr. 43, 153; 4S5, 20. .

* A nomenclature which has been suggested for the reduced pyridine bases
is formed by inserting “pe’’ between the first and second syllables in the name of
the unreduced base: pyridine—piperidine; lutidine—lupetidine, etc.

¥ Giinther, B. 31, 2134.

% Ladenburg, B. 17, 388; 18, 296r1.
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a- and B-Piperidine have been separated through the bitar-
trates into their optical isomers.*

The five dimethylpyridines at present known are found
together in the fraction of bone-oil to which Anderson gave
the name of lutidine. They have also been obtained from coal-
tar.

The separation of these five isomers and the determination
of their constitution has particularly engaged the attention of
a number of investigators, as Weidel and Herzig, Weidel and
Hazura, Ladenburg and Roth, Schulze, Ahrens, Lunge and
Rosenberg.”

The following constitutional formule may now wit1 certainty
be assigned these lutidines:

CH,
/\ CH,—
CH,—\)—CH, —CH, —CH,
N N
aa’- Dnmethylpyndme ar-Dxmethylpyndme ag’-Dlmethylpyndme
P. 142°-143: is con- B.P. 156-157°; is con- P. 162-167°; is con-
verted by oxidation into verted by oxidation into verted by oxidation into
dipicolinic acid. lutidinic acid. isocinchomeronic acid.
?“'
CH,— —CH, <>—CH,
N
Bﬁ' Dimethylpyridine Br- Dlmethylpyndme
B.P. 169-170°; is converted by oxidation B.P. 164°: is converted by oxidation into
into dinicotinic acid. cinchomeronic acid.

A large number of syntheses for these bases are known. We
shall, however, refrain from enumerating them, since none of the
dimethylpyridines has as yet attained any importance in the
study of the constitution of the alkaloids.

% Ladenburg, A. 247, 1. Ginther, B. 31, 2134.

3 Weidel and Herzig, M. 1, 1. Weidel and Hazura, M. 5, 656. Ladenburg and
Roth, B. 18, 913, 1590. Lunge and Rosenberg, B. 20, 127. Ahrens, B. 29, 2996.
Schulze, B. 20, 411.
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C. THE CoLLIDINES, C,H,,N.

The number of collidines theoretically possible amounts to
twenty-two; of these but ten are known:
Theoretically Actually
ible. known.

possi
Propylpyridines (normal) ..... 3 2
Isopropylpyridines. . ......... 3 2
Methylethylpyridines......... 10 4
Trimethylpyridines.. .. ....... 6 2

1. a-Propylpyridine.

O—cn,—cn,—cn.
N

This base was also called conyrine by Hofmann,® who ob-

tained it by distilling conine hydrochloride with zinc-dust:
C.H,,N — C,H,,N+6H.
Conine Conyrine

Ciamician and Silber ® found that granatanine hydrochloride
subjected to the same treatment also gave conyrine. It is like-
wise formed when conine is heated to 180° with silver acetate
in a solution of acetic acid.®

Conyrine is a colorless liquid, boiling at 166-168°. On
oxidation it yields picolinic acid; it consequently possesses only
one side-chain, and this is in the a-position. Further, since co-
nyrine is not identical with the a-isopropylpyridine synthesized
by Ladenburg, it must be regarded as the normal propyl deriva-
tive.

When heated with hydriodic acid to 280-300° conyrine is
reduced to a-propylpiperidine, a liquid boiling at 166-167°.

3 Hofmann, B. 17, 825; 18, 109.

# Ciamician and Silber, B. 27, 2850.

4 Tafel, B. 25, 1619.

4 Ladenburg, B. 19, 439, 2578; A. 247, 1.



HOMOLOGUES OF PYRIDINE. 41

This latter base has also been obtained by the reduction of
a-allylpyridine, of a-propionylpyridine,” and of j-coniceine.*®
It constitutes, as we shall see later (p. 126), the racemic form of
conine.

2. [(-Propylpyridine.

O—CH,—CH,—CH,
N

This collidine (boiling-point 170°) is obtained by conducting
nicotine through a tube heated to redness.* Its constitution
is shown by its conversion on oxidation into nicotinic acid.

A collidine probably identical with this f-derivative is found,
according to Le Bon and Noél ¢ and Eulenburg,® in tobacco-
smoke.

3. a-Isopropylpyridine. 4. y-Isopropylpyridine.

CH
O—CH CH,
N

These two bases are formed simultaneously when a mixture
of pyridine and isopropyl iodide is heated to 2go°® (Ladenburg ).
a-Isopropylpyridine boils at 158-159° and is converted by oxida-
tion into picolinic acid; p-isopropylpyridine boils at 177-178°
and on oxidation yields isonicotinic acid.

By the action of normal propyl iodide on pyridine at 290°,
Ladenburg obtained collidines identical with the preceding in-

CH
cH e

9 Engler and Bauer, B. 24, 2530; 27, 1775.

# Lellmann and Miiller, B. 23, 68o.

# Cahours and Etard, C. r. 92, 1079; 96, 275; 97, 1218.
#Le Bon and No#l, C. r. 9o, 1538.

#Vohl and Eulenburg, A. Pharm. 147, 130.

4 Ladenburg, B. 17, 772, 1121, 1676; 18, 1587; A. 247, I.
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stead of normal propylpyridines, which should apparently be
formed. At the temperature of the reaction the propyl radical
is converted into the isopropyl. Normal propylpyridines can-
not, then, be formed by this general synthesis of Ladenburg.

5. a-Collidine. 6. B-Collidine.

CH,
| Gt
CH—\_ /—CH, )
N N

By the fusion of cinchonine with caustic potash there are
formed two isomeric collidines which have received the names
of a- and S-collidine respectively, and which are to be considered
as methylethylpyridines.® Brucine with similar treatment gives
rise to the same two bases.

a-Collidine (boiling-point 179-180°) is reduced by hydriodic
acid to normal octane, and is oxidized by potassium perman-
ganate to dipicolinic acid. From these reactions is determined
its constitution.

B-Collidine (boiling-point 195-196°) on oxidation yields suc-
cessively homonicotinic acid (y-methyl-3-pyridine carboxylic acid)
and cinchomeronic acid (By-pyridine dlcarboxyhc acid). Whence
its constitution is as noted above.

B-Collidine has also been obtained by heating meroquinene
with hydrochloric acid to 240°.

7. a-Methyl-r-ethylpyridine.

|C2H|
o=

4 Williams, J.1885. 550. Oechsner, C. r. 91, 296; 95, 298; 98, 1438; 100, 806.
4 Kénigs, B. 27, 1501.
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This base (boiling-point 169-174°) was prepared by Schultz %
by heating a-picoline with ethyl iodide to 280—300°. Its constitu-
tion is shown by its oxidation to lutidinic acid (pyridine-aj-
dicarboxylic acid). In the synthesis of a-methyl-r-ethylpyridine
there is formed also an isomeric base which is probably a-collidine,
although there seems to be considerable difference between their
boiling-points. On oxidation this isomer is converted into
dipicolinic acid.

8. Aldehydine, or Aldehyde Collidine.

CH—
—CH,

N

This collidine (boiling-point 173-174°) Ador and Baeyer *
prepared in 1870 by heating an alcoholic solution of aldehyde-
ammonia to 120°:

4C,H;NO — C,H,,N +4H,0 + 3NH,.

Its constitution was determined by Diirkopf in 1885 as
a-methyl-f’-ethylpyridine. With potassium permanganate it is
converted first into a-picoline--carboxylic acid and then into
isocinchomeronic acid (pyridine-af'-dicarboxylic acid).

The formation of aldehydine in the above reaction may be
explained as follows:

The aldehyde-ammonia doubtless dissociates into its two
constituents. The aldehyde thus set at liberty condenses with
a second molecule to crotonaldehyde:.

CH,—CH=CH—CHO.

The latter then reacts with the ammonia with the elimination

% Schultz, B. 20, 2720.
! Ador and Baever, A. 155, 294.
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of two molecules of water and the migration of a hydrogen atom,
as in the formation of 8-picoline (see p. 34):

cHO /CH
4
CH,—CH=CH CH IR s U + aH,0
HC C—CH,
CHO CH—CH, \N/
NH,

Since the work of Ador and Baeyer, a large number of other
methods for synthesizing aldehydine have become known. The
most of these depend on a condensation similar to that just con-
sidered. The following may be mentioned as the most impor-
tant:

The action of ammonia on ethylidene bromide or chloride: *

4C,H Br,+ NH,—»CH,,N+ 8HBr.

The action of ammonium chloride on glycol ® or on paralde-
hyde:
4C,H,0,+ NH,Cl-C,H,,NHCl+ 8H,0.

The distillation of aldol-ammonia: %
2CH,O,NH,—~C,H, N+ 4H,0+ NH,.

The action of phosphoric anhydride on a mixture of paralde-
hyde and acetamide.®

The condensation of aldehyde-ammonia with paraldehyde.*

The base is best purified by the method given by Knudsen.®®

When aldehydine is reduced with sodium and alcohol there
are formed two stereoisomeric methylethylpiperidines (copellidine
and isocopellidine). Each of these inactive copellidines can be

9 Krimer, B. 3, 262. Tawildarow, A. 176, 15.
¥ Hofmann, B. 17. 1905.

% Plschl, B. 20, 722.

% Wurtz, C. r. 95, 263.

© Hesekiel, B. 18, 3091.

¥ Diirkopf, B. 20, 444.

8 Knudsen, B. 28, 1759.
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separated into two optically active forms by crystallization of
their bitartrates, so that, in all, six forms appear to exist, four
optically active, two inactive.*® This isomerism is to be explained
by the respective positions (cis and trans) of the two side-chains
with regard to the plane of the piperidine ring.

9. Symmetrical Trimethylpyridine.

CH,
CH,—O—CH,
N
This base (boiling-point 171-172°) is found in coal-tar.®® It
may be synthesized by heating acetone with ammonium chloride,
urea,*® or aldehyde-ammonia.®
The most important method of preparing symmetrical tri-
methylpyridine, however, was developed by Hantzsch® in the
course of his study of the condensation-products resulting from
the interaction of aceto-acetic ester, aldehyde, and ammonia.
His study led to a general synthetic method which has proved of
the highest value in determining the constitution of many deriva-
tives of the pyridine series.
In 1882 Hantzsch observed that aceto-acetic ester and alde-

hyde-ammonia easily react with each other at the temperature of
the water-bath: :

2CH, 0, + CH,NO-C,H,NO, + 3H,O.

Aceto-acetic ester  Aldehyde-ammonia

A study of the product, C,;H,,NO,, showed it to be a pyridine
derivative, indeed, the ethyl ester of a dihydrocollidine dicarboxylic

¥ Levy and Wolffenstein, B. 28, 2270; 129, 1959.
% Mohler, B. 21, 1006. Ahrens, B. 28, 795.

¢ Riehm, A. 238, 1.

@ Diurkopf, B. 21, 2713.

® Hantzsch, B. 15, 2914; A. 32185, I.
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acid. When this was gently oxidized, it lost two atoms of hydro-
gen and was converted into an ethyl ester of a collidine dicar-
boxylic acid, which proved to be trimethylpyridine dicarboxylic
acid:

C,H,,NO,+ O—CN(CH,),(COOC,H;),+ H,0.

&

c,H.ooc-/ \—cooc,s,

This ester
’ CH.—\ —CH,
N

, was then saponified

and, by heating with lime, converted into symmetrical trimethyl-
pyridine (aya’):
CH,

CH,— —CH,
N

On further study Hantzsch found that the above reaction was
a general one and that not only acetaldehyde but all aldehydes
would condense with aceto-acetic ester and ammonia to form
derivatives of pyridine.

The condensation with benzaldehyde proved particularly in-
structive in affording an insight into the mechanism of the reac-
tion and in determining the position of the side-chains in the
derivatives formed.* ,

Benzaldehyde, aceto-acetic ester, and ammonia react according
to the following equation:

2CH,—CO—CH,—COOC,H,+ C,H,—CHO+NH,— .
CH,N(C,H;)(CH,),(COOC;H;), + 3H,0.

When this reaction-product is oxidized there is formed the ester

# Hantzsch, B. 17, 1512, 2903.
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of phenyllutidine dicarboxylic acid, C;N(CH,)(CH,),(COOC,H,),.
This ester is saponified and then oxidized with potassium perman-
ganate, whereby it is converted into the tetracarboxylic acid of a
phenylpyridine, C,N(CH,;)(COOH),. The calcium salt of this
acid on distillation yields a phenylpyridine, C;H N (CH;).

Now, this phenylpyridine by the action of stronger oxidizing
agents is converted into isonicotinic acid; it is consequently
7-phenylpyridine.

From this Hantzsch concluded that the condensation of benz-
aldehyde with ammonia and aceto-acetic ester takes place in such
a way that the radical of the aldehyde occupies the y-position with
respect to the nitrogen atom. The reaction leading to the
formation of the ester of phenyllutidine dicarboxylic acid he
accordingly represents as follows:

(l:cHo
CHO
CH,0—CO—CH, CH,—CO—OCH,
+ 0 =
CH,—CO _ CO—CH,
NH,
CoHy

The general formula for the condensation-product of any
aldehyde, X—CHO, may consequently be thus represented:

X

C,H,00C—| —COOG,H,
CH,— —CH,

By condensation with propionaldehyde, isobutyraldehyde,
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valeraldehyde and cinnamic aldehyde, Hantzsch and his students®
have prepared numerous derivatives in which X of the general
formula is replaced by the radicals C,H;, C,H,, CH,, CH,.

These condensations can naturally be extended in various
ways and the products of condensation may, by partial or com-
plete oxidation of the side-chains, by the elimination of carboxyl
groups, etc., give rise to a multiplicity of pyridine derivatives.
A discussion of these, however, lies beyond the province of this
work.

According to the investigations of Beyer ® and later those of
Knoevenagel,* the foregoing condensation of Hantzsch may
take place in the following phases:

The aldehyde-ammonia acts upon the aceto-acetic ester to
form ethylidene-aceto-acetic ester:

CH,CO—CH,COOC,H, + CH,CH gg'_. cn.co—ﬁ—cooc,n. +NH,

CH—CH,
Ethylidene-aceto-acetic ester

The ammonia thus liberated reacts in turn with aceto-acetic
ester, giving rise to S-amidocrotonic ester:

CH,C=CH-COOC,H,+ NH, —» CH,C=CHCOOC,H;+ H,0.
on N,
A-Amidocrotonic ester
Lastly, the ester of dihydro-collidine dicarboxylic acid is
produced by the condensation of ethylidene-aceto-acetic ester
. and B-amidocrotonic ester:

C—cn
—CH, -
/ C—CH,
C,H,00C—C cn—cooc,u._. C,H,00C—HC |/ C—COOCH, _
CH,—CO C—CH, CH—CO ,/C—CH,
NH,
H,

® Michael, A. 225, 121. Voigt, A. 228, 29. Engelmann, A. 231, 1. Epstein,
A. 231, 137. Weiss, B. 19, 284, 1305.

® Beyer, B. 24, 1662.

¢ Knoevenagel, B. 31, 738.
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H
C—CH,
c,H.ooc—c:I | C—COOC,H,
CH,—C C—CH,

NH
Ester of dihydro-collidine dicarboxylic acid

10. ayf’-Trimethylpyridine.

CH,

s

N N)—cn,

This base is found in coal-tar;®® it boils at 165-168°. Its
constitution is shown by its conversion to berberonic acid when
oxidized with potassium permanganate.

ALCAMINES, OR ALKINES.

With these names Ladenburg designates compounds which
contain both an alcoholic hydroxyl and an amide group. In
the pyridine series in particular are thus indicated the derivatives
having a hydroxyl in a side-chain.

These bodies are of considerable interest in their relation
to the alkaloids, since among the latter are found certain alc-
amines, ¢s conhydrine and further tropine, a decomposition-
product of atropine. A number of attempts have been made to
synthesize such alcamines in order that by comparison we might
attain a fuller knowledge of the natural alkaloids. In most
cases, however, only isomeric derivatives have been obtained.
These attempts have, nevertheless, afforded some very interest-
ing contributions to the chemistry of the alkaloids, consequently
they are worthy of consideration.

8 Ahrens, B. 29, 2996.
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Two processes have thus far been employed to obtain the
pyridine alcamines.

The first depends upon the condensation of aldehydes with
homologues of pyridine. The reaction takes place, however,
only in the case of the a-substituted products, and generally in
such a way as to give rise to an unsaturated compound, the oxygen
of the aldehyde being eliminated with two hydrogen atoms from
the side-chain of the pyridine derivative. In this way a-picoline
and acetaldehyde form a-allylpyridine:

C,HN—CH,+ OCHCH, — C,;H,N—CH:CH—CH,+ H,0.
a-Picoline Acetaldehyde a-Allylpyridine

This reaction, however, takes place really in two successive
stages. In the first there is a simple addition of the two molecules
to form an alcamine:

CH N—CH,+ OCHCH, — C;H N—CH,—CHOH—CH,.
a-Picoline Acetaldehyde a-Picolyl methyl alcamine
But this substance, being unstable, loses a molecule of water
and is converted into the unsaturated derivative:

C,HN—CH,—CHOH—CH, — C,H,N—CH=CH—CH, + H,0.

By using certain precautions Ladenburg succeeded in arrest-
ing this reaction in its first phase. He accomplished this by
effecting the condensation of the aldehyde with the base in the
presence of water and at a temperature of 150-170°

The second process which has been employed in preparing
the alcamines is the reduction of the corresponding ketones by
means of sodium amalgam:*

CsH‘N—CO—C’H"'l" zH - CGH‘N—CHOH_C’H‘.
Propionylpyridine Pyridyl ethyl alcamine

The alcamines of pyridine are in part solids, in part liquids,
which, in general, can be distilled without decomposition only

® Engler, B. 24, 2530, 2536; 27, 1775.
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under diminished pressure. They are soluble in water and in
alcohol, insoluble or little soluble in ether. Under the influence
of heat or dehydrating agents they readily lose a molecule of
water. Treated in alcoholic solution with sodium, they add
hydrogen and are converted into alcamines of piperidine. '

Of the many alcamines which have been prepared we will
mention only those which bear an isomeric relation to some of
the natural alkaloids.

1. a-Picolyl Alcamine, C,H,NO.—This body was obtained
by Ladenburg ™ by the condensation of a-picoline with formal-

dehyde:
I +CHO — I
N\ —CH, —CH,—CH,OH.
N

N
a-Picoline Formaldehyde a-Picolyl alcamine

It forms a non-crystallizing, sirupy liquid which boils at
179° under a pressure of 25 mm. On reduction with sodium
and alcohol, it is converted into a-pipecolyl alcamine (melting-
point 31-32°% boiling-point 234°.5). As a secondary base this
latter reacts with potassium methyl sulphate, the imide hydro-
gen being exchanged for the methyl group. There is thus formed
n-methyl pipecolyl alcamine:

CH,
H’C(\ CH,
H,c\)cn—cn,—cn,on
N
dn,

a liquid boiling at 225-226°.

The relation which this last substance bears to tropine,
CH,NO, a saponification-product of atropine, gives it par-
ticular interest. In composition it differs from tropine only by
the addition of two hydrogen atoms, and in its chemical and

79 Ladenburg, B. 23, 2583; 324, 1619; 26, 1060,
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physiological behavior it so closely resembles this alkaloid that
Ladenburg was led to name it hydrotropine. All attempts to
convert it into tropine, however, proved fruitless. When it
is gently oxidized with potassium ferricyanide or hydrogen
peroxide, hydrotropine loses two atoms of hydrogen and there
are formed two isomeric bases, paratropine and a-tropine,™
which bear the same empirical formula (C,H,,NO) as tropine.

2. n-Methyl a-Pipecoline $-Alcamine.—Another alcamine iso-
meric with atropine has been synthesized by Lipp ’* from the
condensation of formaldehyde with #-methyltetrahydro-a-picoline.
Lipp assigned to the base which he obtained the following
constitution:

CH,

(\”c—cn,—cn.orl

\/
éa,

This tetrahydro-alcamine can be reduced to the hexahydro-
derivative, and the latter by elimination of one molecule of water
is converted into a substance which Lipp considered to be a
n-methylvinyl paperidine.

Frcm the investigations of Ladenburg™ it appears that
Lipp’s base is to be regarded as a 8- and not an a-alcamine.
Ladenburg found that when reduced it yields n-methyl-B-ethyi-
piperidine:

H,C/ CH—CH,—CH,
H.C\ CH,

I
CH,

M Ladenburg, B. 23, 2583; 23, 2709.

™ Lipp, B. 25, 2190, 2197; 31, 589; A. 289, 173; 204, 135.
™ Ladenburg, B. 31, 286; A. 301, r17.
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Distilled over zinc-dust, this derivative of piperidine gave
B-ethylpyridine, whose constitution was further confirmed by
its oxidation to nicotinic acid.

Ladenburg consequently formulates Lipp’s reaction as
follows:

CH, CH, :
H,C CH HCHO H,c(\lc—cn,on
e\ Jc—cm, t - H,C\)C—CH,

N N
| |
CH, CH,
n-Methyl-a-pipecoleine n-Methyl a-pipecoleine g-alcamine

Reduction converts the pipecoleine into the corresponding
pipecoline which, when water is eliminated, is 1egarded as
forming not a vinyl- but an ethylene-piperidine:

CH, CH, '
H,C(\CH—CH,OH B8,C/ \ CH—CH,
- |  + HO
H,C CH—CH, H,C CH—CH,
N N
d,
n-Methyl a-pipecoline g-alcamine n-Methyl-af-ethylene-piperidine

3. a-Lutidyl Alcamine.— This derivative was prepared by
Ladenburg and Adam™ by heating a-ethylpyridine with an aque-
ous solution of formaldehyde to 160° It is a liquid which boils
at 138-141° under a pressure of 17 mm. By reduction it is
converted into a-lupetidyl alcamine (boiling-point 232-234°):

e N

H,C\ CH—CH,—CH,—CH,OH

4. a-Picolyl Methyl Alcamine.—This was obtained by Laden-

™ Ladenburg and Adam, B. 24, 1671.
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burg 7 from the condensation of acetaldehyde with a-picoline. It
crystallizes in prisms melting at 32°. On reduction it forms
a-pipecolyl methyl alcamine (melting-point 45-47°):

CH,
o
H,C\_, CH—CH,—CHOH—CH,
N

H

5. a-Ethyl Pyridyl Alcamine.—This alkine results from the
reduction of a-propionylpyridine,” which is prepared by dis-
tilling a mixture of the calcium salts of picolinic and propionic
acids. It boils at 213-218° under atmospheric pressure. On
reduction with sodium, the alcamine 1s converted into two stereo-
isomeric ethyl piperidyl alcamines. One of these melts at gg—100°;
the other at 70-71°:
CH,

H:C|/\CH:

HC\ , H—CHOH—CH,—CH,
N

H

" Ladenburg, B. 22, 2583; 23, 2709.
™ Engler and Bauer, B. 24, 2530; 27, 1775.



CHAPTER III

CARBOXYLIC ACIDS OF PYRIDINE.

THE carboxylic acids of pyridine are derived from that base
by introducing the carboxyl group, —COOH, in place of one or
more atoms of hydrogen. All the acids here theoretically possi-
ble are known and their constitution has been definitely deter- °
mined. They are formed in general by the oxidation of pyridine
derivatives which possess a side-chain or side-chains A knowl-
edge of their constitution is consequently of the highest importance
in the chemistry of the alkaloids, since it enables us to determine
the number and the position of these side-chains, as we have
already seen in the preceding chapter.

These acids are solids, exhibiting at the same time an acid and
a basic character. With an increase in the number of carboxyl
radicals, the basicity naturally decreases. On distillation with
lime they are all decomposed into pyridine and carbon dioxide.
This decomposition is brought about in some cases by the action
of heat alone. Polycarboxylic acids, heated above their melting-
point, are generally converted into monocarboxylic acids. Under
these conditions it is usually the carboxyl in the a-position that is
eliminated first.

As a further distinction from the other carboxylic acids of
pyridine, the a-derivatives give a color-reaction with ferrous
sulphate.

A. THE MONOCARBOXYLIC ACIDS OF PYRIDINE,
CHNO,—C;HN(COOH).

Theoretically there are three monocarboxylic acids of pyri-
dine; all of these are known. They may be formed either by
55
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oxidizing a pyridine derivative having one side-chain, or by heat-
ing a polycarboxylic acid.
1. Picolinic acid (a-pyridine carboxylic acid):

(>—COOH
\N

Picolinic acid may be formed:

1. By oxidizing many of the a-substitution derivatives of pyri-
dine.

2. By the action of boiling acetic acid on dipicolinic acid
(page 65)."

3. From the treatment of dichlorpicolinic acid with hydriodic
acid; dichlorpicolinic acid results from the action of phosphorus
pentachloride on comenamic acid (page 21).?

Picolinic acid crystallizes in prismatic needles, which melt at
137°; it is easily soluble in water and alcohol, almost insoluble in
ether; with ferrous sulphate it gives a yellow coloration, and with
copper acetate a violet precipitate.

When the acid is heated with lime or alcoholic potash it is
decomposed into pyridine and carbon dioxide.

The position of the carboxyl in picolinic acid was deﬁmtely
determined by Skraup and Cobenzl® in the following way:

a-Naphthylamine,

NH,

on condensation with glycerine according to the general process

! Hantzsch, B. 18, 1744.
?Ost, J. pr. 27, 257.
? Skraup and Cobenzl, M. 4, 436.




CARBOXYLIC ACIDS OF PYRIDINE. 57

of Skraup (see page 82), yields a-naphthoquinoline,

/N
N
whose constitution is established by its mode of formation.

When a-naphthoquinoline is oxidized it is converted by rupture
of the inner ring into a-phenylpyridine dicarboxylic acid:

COOH

TOOH
AN
N

On distillation of this acid with lime, carbon dioxide is elimi-
nated and there is formed a phenylpyridine in which the phenyl
group must occupy the a-position:

e

From this phenylpyridine by energetic oxidation, picolinic
acid is obtained, whence the acid must needs be an a-derivative
of pyridine:

COOH

N

2. Nicotinic acid (8-pyridine carboxylic acid):

O—coon
N
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Modes of formation:

a. By the oxidation of nicotine.*

b. By the oxidation of pilocarpine.®

c. By the oxidation of hydrastine.®

d. By the oxidation of berberine.”

e. By the oxidation of a large number of artificial pyridine
derivatives.

J. By the action of hydrochloric acid on trigonelline.®

g- By fusion of @-pyridine sulphonic acid with potassium
cyanide and saponification of the nitrile thus formed.®

h. From oxynicotinic acid by treating it successively with
phosphorus oxychloride and hydriodic acid. The oxynicotinic
acid is formed by the action of ammonia on coumalic acid (page
21).1°

i. By the action of heat on the following di- and tri-carboxylic
acids: quinolinic acid, cinchomeronic acid, isocinchomeronic
acid, dinicotinic acid, and berberonic acid (see page 61 et seq.).

The constitution of nicotinic acid is shown from its formation
when quinolinic acid is heated.! Since the latter is an af}-car-
boxyl derivative of pyridine, the acid which is obtained by the
elimination of one molecule of carbon dioxide must have its
carboxyl group either in the a- or 3-position. But, as has been
indicated, the a-derivative is picolinic acid, consequently the
isomer, nicotinic acid, must be the §-acid.

The constitution of nicotinic acid may also be derived from
that of @-naphthoquinoline by a series of reactions analogous
to those employed in determining the constitution of picolinic
acid.”

¢ Huber, A. 141, 277. Weidel, A. 165, 330. Laiblin, A. 196, 134.
$ Hardy and Calmels, C. r. 102, 1562.

¢ Schmidt and Wilhelm, A. Pharm. 226, 329.

7 Schilbach, J. 1886, 172a.

¥ Jahns, B. 20, 2840.

® O. Fischer, B. 18, 63.

1% yon Pechmann and Welsh, B. 17, 2384.

1 Hoogewerff and van Dorp, R. 1, 1, 107.

12 Skraup and Vortmann, M. 4, 569.
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COOH
8-Naphthylamine 8- Naphthoqmnolme ﬁ-Phenylpyndma
dicarboxylic acid
HOOC
oy O
B-Phenylpyridine Nicotinic acid

Nicotinic. acid crystallizes in needles (melting-point 229°)
which are insoluble in ether, little soluble in cold water, but:
readily soluble in alcohol and in boiling water. Its solution
on the addition of copper acetate gives a light-blue precipitate
of the copper salt.

3. Isonicotinic acid (y-pyridine carboxylic acid):

COOH

N\
N

Modes of formation:

a. By the oxidation of a large number of y-derivatives of
pyridine.

b. By the partial decomposition of a number of di-and tri-
carboxylic acids: lutidinic acid, cinchomeronic acid, carbocin-
chomeronic acid, carbolutidinic acid, and berberonic acid (page
61 et seq.).

¢. By the successive action of phosphorus pentachloride
and hydriodic acid on citrazinic acid, C,H,(OH),NCOOH (see

page 157)."*

U Behrmann and Hofmann, B. 17, 2681.
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Isonicotinic acid forms needles which melt at 306°; it is
very difficultly soluble in water, alcohol, and ether; its copper salt
is green.

The position’ of the carboxyl group in isonicotinic acid is
shown indirectly.  The proof in general depends upon the
exclusion of the other possibilities. In picolinic and nicotinic
acids the carboxyl occupies respectively the a- and S-positions,
consequently the third form theoretically possible must have the
carboxyl in the r-position.

Hydrated Monocarboxylic Acids of Pyridine.—Like pyridine
itself, the carboxylic acids of pyridine readily add hydrogen.
As yet, however, no dihydro-derivative has been prepared.

Of the fetrahydro-derivatives, we may mention here n-methyl-
letrahydronicotinic acid :

Hcﬂ{\|c—coon

e ' cH
T
CH,

Jahns * obtained this acid together with the hexahydro-
derivative by the reduction of nicotinic acid methyl chloride with
tin and hydrochloric acid. The body is identical with a natural
alkaloid, arecaidine (see p. 152).

The three theoretically possible hexahydro-pyridine mono-
carboxylic acids, or piperidine momocarboxylic acids, are formed
by the reduction of the three pyridine monocarboxylic acids with
sodium and alcohol.®® They are well-crystallized bodies, easily
soluble in water; they possess partly a basic, partly an acid
character; with nitrous acid they form, like other secondary
bases, nitrosamines:

a-Piperidine carboxylic acid, or pipecolinic acid, melting-
point 258°.

14 Jahns, A. Pharm. 229, 669.
18 Ladenburg, B. 24, 640; 25, 2768.
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B-Piperidine carboxylic acid, or mipecotinic acid, melting-
point 249-250°.

r-Piperidine carboxylic acid, or isonipecotinic acid, melting-
point above 320°.

B. THE DICARBOXYLIC ACIDS OF PYRIDINE,
C7H§NO‘_C5H3N(COOH)’.

The six pyridine dicarboxylic acids theoretically possible
are all known. They are formed in general by the oxidation
of pyridine derivatives having two side-chains.

Distilled with lime, they are converted into pyridine; heated
alone, they ordinarily lose one molecule of carbon dioxide and
yield monocarboxylic acids.

For a long time the constitution of these acids was hidden
in obscurity; to-day this question may be regarded as solved,
thanks to the work of Hantzsch and his students.

1. Quinolinic acid (aS-pyridine dicarboxylic acid):

N —COOH
—COOH

N

This acid crystallizes in anhydrous prisms which melt with
decomposition at 192° and are thereby converted into nicotinic
acid. It is little soluble in water, alcohol, and ether; its aqueous
solution is colored orange by iron sulphate.

The acid is formed by the oxidation of quinoline itself,’® or
of quinoline derivatives in which the side-chains are attached
to the benzol nucleus. It is most advantageously prepared by
the oxidation of alizarin-indigo-blue with nitric acid.

8 Hoogewerff and van Dorp, R. 1, 1, 107; B. 12, 747; A. 204, 117.
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The position of the carboxyl groups in quinolinic acid follows
directly from its formafion from quinoline (see p. 79):

COOH

Q-

COOH
Ouuwhmc acid
This acid is then the direct analogue in the pyridine series
of phthalic acid in the benzol series. When heated, however,
it does not form an anhydride, but, owing to the instability of the
&-carboxyl, is decomposed into carbon dioxide and nicotinic acid.
The anhydride of quinolinic acid may nevertheless be ob-
tained by treating the acid with acetic anhydride."” It forms
prisms melting at 134°.5 and shows all the reactions characteristic
of phthalic anhydride (formation of fluorescein, condensation
with aromatic hydrocarbons in the presence of aluminum chlo-

ride, etc.).
2. Cinchomeronic acid (8r-pyridine dicarboxylic acid):
COOH
<>—coou
N

Cinchomeronic acid is obtained quite frequently as a decom-
position-product of various cinchona alkaloids; from the action
of nitric acid on quinine, cinchonidine, cinchonine, and apoqui-
nine;'* from the oxidation of cinchoninic acid, which is derived
from cinchonine by the action of chromic acid;"® and from the
oxidation of B-collidine, which can be prepared from mero-
quinene.”

Other sources from which cinchomeronic acid may be ob-
tained are:

17 Bernthsen and Mettegang, B. 20, 1208.

18 Weidel, A. 173, 96; B. 12, 1146. Konigs, B. 30, 1326.
1 Skraup, B. 12, 1107. ’
30 Kénigs, B. 27, 1501. Oechsner, Bl. 42, 100; 43, 106.
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a. The oxidation of lepidine.™

b. The oxidation of isoquinoline and of dimethoxyisoquin-
oline.”

¢. The action of hydrochloric acid on apophyllenic acid, an
oxidation-product of cotarnine.*

d. The decomposition by heat of a-carbocinchomeronic acid,
of p-carbocinchomeronic acid, and of berberonic acid (page 67
et seq.).

Cinchomeronic acid crystallizes in prisms, little soluble in
water, insoluble in ether. The aqueous solution is not colored red
by ferrous sulphate.

The crystals melt with decomposition at 258-259°; the resi-
due contains a mixture of nicotinic and isonicotinic acids. This
shows that the two carboxyls in cinchomeronic acid occupy the
same positions as those in nicotinic and isonicotinic acids, viz.,
the 8- and r-positions. :

Cinchomeronic acid like quinolinic acid is accordingly an ortho-
pyridine dicarboxylic acid and forms an anhydride when it is
heated with acetic anhydride.” This anhydride crystallizes in
plates which melt at 77-78°. Like its isomer, it gives the same
general reactions as phthalic anhydride.

While the pyridine ring is in general quite stable, Weidel ? suc-
ceeded by a very simple reaction in eliminating the nitrogen atom
in cinchomeronic acid. When the acid is treated with sodium
amalgam it is converted into cinchonic acid:

(|:OOH COOH
C CH
C<\"C—COOH - H,C ( \| CH—COOH
C C ocC CH,
AN / \/ :
N o
Cinchomeronic acid Cinchonic acid

M Hoogewerfl and van Dorp, R. 2, 1.

B Hoogewerfl and van Dorp, R. 4, 28s.
3 Vongerichten, B. 13, 1635; A. 210, 79.
* Goldschmidt and Strache, M. 10, 156.
® Weidel, B. 13, 1146; M. 13, 578.
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By the reduction of cinchomeronic acid with sodium and alco-
hol and subsequent heating at 19o® with potassium hydroxide for
several hours, Konigs obtained hexahydrocinchomeronic acid, which
he later identified with inactive loiponic acid, an oxidation-product
of cinchonine.

3. Lutidinic acid (ay-pyridine dicarboxylic acid):

This acid has been obtained by oxidizing a lutidine from coal-
tar, also by oxidizing several other ap-derivatives. It is little
soluble in water, easily soluble in alcohol, insoluble in ether; sul-
phate of iron colors its solution yellowish orange.

The acid crystallizes in leaflets with one molecule of water.
In the anhydrous condition it melts at 239° at the same time
decomposing into carbon dioxide and isonicotinic acid. This
proves that one carboxyl occupies the r-position; the other must
be in the a-position, since it has just been shown that the
7B-isomer is cinchomeronic acid.

4. Dinicotinic acid (3f'-pyridine dicarboxylic acid):

HOOC—|/\|—COOH
A4
X

This acid forms crystals which are little soluble in water and
ether; it melts at 323° with decomposition into carbon dioxide
and nicotinic acid.

Dinicotinic acid may be formed by heating carbodinicotinic
acid to 150° (page 70):*

® Hantzsch and Weiss, B. 19, 284.
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According to this mode of synthesis the acid must be either
an af'- or a Bf’-derivative, since the remaining possibility, af-
pyridine dicarboxylic acid, is quinolinic acid. In view of the fact
that the a-carboxyl is always the more easily eliminated, it is safe
to consider such to be the decomposition here. Dinicotinic acid
is consequently a Bf’-derivative.

The acid is also formed by heating afa’#’-pyridine tetracar-

boxylic acid:
HOOC— —COOH
HOOC— —COOH
N

5. Isocinchomeronic acid (af’-pyridine dicarboxylic acid):

HOOC—
—COOH
N

Isocinchomeronic acid arises as an oxidation-product of alde-
hydine,” also of a lutidine from coal-tar; # it is further obtained
by heating carboisocinchomeronic acid.® It is little soluble in
alcohol, almost insoluble in cold water, and insoluble in ether;
with ferrous sulphate a red coloration is produced. It crystallizes
with one molecule of water in leaflets, melting at 236-237°; at
higher temperatures ensues decomposition into carbon dioxide and
nicotinic acid. One carboxyl group stands consequently in the
B-position. The other must occupy the a’-position, since the three
remaining possible positions have been assigned to the acids quino-
linic («f), cinchomeronic (87), and dinicotinic (8§’).

6. Dipicolinic acid (aa’-pyridine dicarboxylic acid):

HOOC—Q—COOH

% Dtirkopf and Schlangk, B. 20, 1660; 21, 204.
7 Weidel and Herzig, M. 1, 4; 6, 976.
» Weiss, B. 19, 1311.




66 THE VEGETABLE ALKALOIDS.

The sixth and last pyridine dicarboxylic acid is formed by
the oxidation of a lutidine in coal-tar,® of a-collidine,”* and of
some other aa’-derivatives. It occurs in needles®which contain
1-14 molecules of water of crystallization and which when dried
melt with decomposition at 236°. It is little soluble in water,
alcohol, and ether, and is colored red by the addition of ferrous
sulphate.

The constitutions of the five preceding acids having been
established, there remains for dipicolinic acid only one possible
position for the two carboxyl groups, viz., the aa’. This indirect
proof is further supported by the fact that, when the acid is
heated, pyridine is formed immediately without the intermediate
separation of a monocarboxylic acid, as in the case of the other
dicarboxylic acids of pyridine.

It may be noted furthermore that Hantzsch® by the action
of acetic acid on dipicolinic acid has obtained picolinic acid in
small quantities.

C. THE TRICARBOXYLIC ACIDS OF PYRIDINE,
C,H,NO,—C,H,N(COOH),.

According to theory there should be six isomeric pyridine
tricarboxylic acids; all these are known. Their constitution
has been established as in the case of the dicarboxylic acids by
the work of Hantzsch and his students. Of these acids two,
a-carbocinchomeronic acid and berberonic acid, result as oxida-
tion-products of natural alkaloids; the others have been synthesized.

3 Tunge and Rosenberg, B. 20, 127.
% Qechsner, Bl. 42, 100. Schultz, B. 20, 2720.
B Hantzsch, B. 18, 1744.
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1. a-Carbocinchomeronic acid (afr-pyridine tricarboxylic
acid): )
COOH

—COOH
—COOH

This acid was first obtained in 1874 by oxidizing cinchonine
with nitric acid.®® Later it was prepared by the oxidation of
several other cinchona alkaloids (quinine, quinidine, cinchoni-
dine)® and their derivatives, cinchoninic and quininic acids.®
It is also formed by the action of potassium permanganate on
papaverine *® and on lepidine.¥”

The last method of formation establishes the position of the
carboxyl groups in a-carbocinchomeronic acid. Since lepidine
is y-methylquinoline, the acid resulting from its oxidation must
be afyr-pyridine tricarboxylic acid:

COOH
i : i :COOH
COOH
Lep:dme a-Cubounchomeromc acid

a-Carbocinchomeronic acid crystallizes in plates with 1}
molecules of water. The anhydrous acid melts at 249-250°
and is at the same time converted into cinchomeronic acid by
loss of the a-carboxyl group.

B Weidel, A. 173, 101; B. 12, 415.

¥ Hoogewerff and van Dorp, A. 204, 84; B. 12, 158, 1287; 13, 152. Ramsay
and Dobbie, Soc. 35, 189.

$ Skraup, M. 1, 184; 2, 600; A. 201, 308.

% Goldschmiedt, M. 6, 372, 954.

3 Hoogewerfl and van Dorp, B. 13, 1640.
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2. f-Carbocinchomeronic acid (8rf’-pyridine tricarboxylic
acid):
‘COOH

HOOC —COOH

N

Weber ®# prepared this acid by heating to 220° the di-potas-
sium salt of pyridine pentacarboxylic acid:

COOH
HOOC —COOH
HOOC —COOH
N

The two molecules of carbon dioxide which are thus eliminated
come undoubtedly from the carboxyls which occupy the aa’-posi-
tions. From this it follows that the acid is a Byf'-derivative of
pyridine.

Carbocinchomeronic acid crystallizes in leaflets with three
molecules of water. It is little soluble in cold water; the anhy-
drous acid melts at 261° with decomposition into cinchomeronic
acid.

3. Carboisocinchomeronic acid (afa’-pyridine tricarboxylic

acid):
OOH
HOOCO_—EOOH

N

This isomer is obtained by oxidizing aa’-dimethylnicotinic
acid with potassium permanganate.®

aa’-Dimethylnicotinic acid is synthesized in the following
way:

38 Weber, A. 241, 1.
¥ Weiss, B. 19, 1305.
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By the condensation of aceto-acetic ester with isobutyralde-
hyde and ammonia there is formed, in accordance with the
synthesis of Hantzsch (see p. 45), the ester of hydroisopropyl-
lutidine dicarboxylic acid :

H  CH(CHp,

N
¢
c,H,o—co—CIOIC—co—oc,H.
C—CH,
N
H

CH,—C

This substance, which is a derivative of dihydropyridine,
loses by the oxidizing action of nitrous acid, both additional
hydrogen atoms and the isopropyl group in the y-position and
there is formed an ester of lutidine dicarboxylic acid :

c,H,ooc—l/ N —COOC,H,
CH,— —CH,
\N

This ester can be saponified to the free lutidine dicarboxylic
acid, which loses carbon dioxide when heated.

The monobasic acid obtained by this treatment must conse-
quently have the following constitution:

—COOH
CH,— —CH,

N
aa’-Dimethylnicotinic acid

As we have seen, this aa’-dimethylnicotinic acid is oxidized
by the action of potassium permanganate to carboisocincho-
meronic acid, which must accordingly be afa’-pyridine iri-
carboxylic acid.

In another way von Miller ° reached the same conclusion

49 von Miller, B. 24, 1900.
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regarding the constitution of carboisocinchomeronic acid. He
obtained the acid by oxidizing quinaldic acid with potassium
permanganate:

/\ COOH
HOOC—Q) - HOOC—(X
N ) N COOH
Quinaldic acid Carboisocinchomeronic acid

Carboisocinchomeronic acid forms small leaflets, which con-
tain two molecules of water of crystallization. Of all the tri-
carboxylic acids of pyridine it is the only one easily soluble in
water; in alcohol and ether it is almost insoluble. It shows no
definite melting-point, since when heated it gradually undergoes
decomposition with the elimination of carbon dioxide.

4. Carbodinicotinic acid (af-pyridine tricarboxylic acid),

HOOC— —COOH
—COOH
N
is formed by the oxidation of S-quinoline carboxylic acid with

potassium permanganate.* Its constitution follows from its
mode of formation:

COOH
HOOC— N HOOC—U
—_
N \COOH
B-Quinoline carboxylic acid Carbodinicotinic acid

It has also been obtained by oxidation from a-picoline-34’-
dicarboxylic acid, and from aff’-dimethylethylpyridine.*

The acid crystallizes in needles with two molecules of water;
it is somewhat difficultly soluble in water and alcohol. It possesses

4 Riedel, B. 16, 1609.
2 Weber, A. 241, 1.
¢ Darkopf and Schlangk, B. a1, 832, 2707.
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no definite melting-point, but when heated above 150° is slowly
decomposed into dinicotinic acid.
5. Carbolutidinic acid (aya’-pyridine tricarboxylic acid),

COOH

HOOC—O—COOH
N

results as an oxidation-product of symmetrical trimethylpyridine
(p- 45)-** This reaction naturally establishes the constitution
of the acid. It is further obtained by the oxidation of uvitonic
acid (p. 33) with potassium permanganate.*

Carbolutidinic acid forms needle-like crystals containing two
molecules of water. The acid is little soluble in water, alcohol,
and ether. In the anhydrous condition it melts at 227° with
decomposition into isonicotinic acid.

6. Berberonic acid (ay-pyridine tricarboxylic acid):

This acid is formed as the chief product of the oxidation of
berberine by means of nitric acid.®® It has also been prepared
by oxidizing one of the trimethylpyridines from coal-tar. Its
constitution must be represented by the above formula, since
the constitutions of its five possible isomers have already been
determined. In full accord with this formula is also its gen-
eral behavior. Boiled with glacial acetic acid it loses carbon

# Voigt, A. 228, 29.
# Bottinger, B. 13, 2048; A. 229, 248.
% Weidel, B. 12, 410. Furth, M. 2, 416.
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dioxide and is converted into cinchomeronic acid; at its melting-
point (243°) it decomposes into a mixture of nicotinic and isonico-
tinic acids; the a-position of a carboxyl group is indicated by its
giving a red coloration with ferrous sulphate.

Berberonic acid crystallizes in prisms which contain two mole-
cules of water and which are little soluble in alcohol and water.

D. PYRIDINE PETRACARBOXYLIC ACIDS,
C,H,NO,—C,HN(COOH),.

All three tetracarboxylic acids of pyridine are known and their
constitution has been established. They have not as yet been
derived from the natural alkaloids, but are obtained as oxidation-
products of synthesized derivatives of pyridine.

1. af¥-Dicarbocinchomeronic acid (afyB’-pyridine tetracar-
boxylic acid),

is prepared by the oxidation of ay-dimethyldinicotinic acid. 1t
forms transparent prisms containing water of crystallization, and
on being heated to 160° is decomposed into 8-carbocinchomeronic

acid.
2. Unsymmetrical tetracarboxylic acid (ayf’a’-pyridine tetra-

carboxylic acid),
COOH
HOOC—,

HOOC— —COOH
N

47 Weber, A. 241, 1.
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is formed by oxidizing the potassium salt of aya’-trimethylnico-
tinic acid,® also by oxidizing flavenol, an artificial derivative of
quinoline.® It crystallizes in fine needles with two molecules of
water; the anhydrous acids melt at 227°.

3. aa’-Dicarbodinicotinic acid (afa’-pyridine tetracarboxylic
acid):

HOOC— —COOH

HOOC—\ )-—COOH
N

This acid is obtained from aa’-dimcthyldinicotinic acid by
treatment with potassium permanganate.®® It crystallizes with
two molecules of water in glittering needles which when heated
are converted into dinicotinic acid.

E. PYRIDINE PENTACARBOXYLIC ACID,
C,;H,NO,—C,N(COOH),.

The one acid of this formula capable of existence is pre-
pared by oxidizing with potassium permanganate the potas-
sium salt of collidine dicarboxylic acid.®* It crystallizes with
varying quantities of water in microscopic needles which on being
heated decompose into carbon dioxide and S-carbocinchomeronic
acid.

BETAINES OF THE ACIDS IN THE PYRIDINE SERIES.

The acids of pyridine yield derivatives whose constitution is
of the same nature as that of betaine. As is known, betaine, which
occurs in sugar-beets and other plants (see Betaine), is the inner

4 Michael, A. 225, 121.

4 Fischer, B. 19, 1036.

% Hantzsch and Weiss, B. 19, 284.
¥ Hantzsch, A. 215, 62.
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anhydride of the methyl hydroxide derivative of dimethylamido-
acetic acid:

CH,—COOH CH,—COOH CH,—CO
(CHy),—N (CH),—N—OH (CH),—N 10}
Dimethylamido-acetic acid  Methyl hydroxide of dimethyl- Betalne

amido-acetic acid

The carboxylic acids of pyridine behave in the same way as
dimethylamido-acetic acid. Their alkyl hydroxides are unstable
and are converted spontaneously, by loss of one molecule of water,
into betaines:

C,H,—COOH rler.— co
CH,—N—OH CH,—N o
Methyl hydroxide of pyridine Methyl betalne of pyridine

monocarboxylic acids monocarboxylic acids

Hantzsch % prepared the betaines of nicotinic, picolinic, and
collidine carboxylic acids by heating the potassium salt of these
acids with methyl iodide and subsequently treating the addition-
product with silver oxide.

With nicotinic acid, for example, the reaction is as follows:

/ \—COOK —COOCH,
K | +2CHJI — +KI
"N

/

N
Potassium salt of
onicot?nni'c acido /\
cu] 1

Methyl iodide of nicotinic
acid methyl ester

—COOCH, \—co .
+ AgOH—» | , + Agl+CH,0H
{ \N/ )
AN

|
H, 1 CH,

Methyl betalne of
nicotinic acid

® Hantzsch, B. 19, 31.

-
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This betaine is obtaincd more simply by the direct treatment
of nicotinic acid methiodide with silver oxide.*

Roser * secured the methyl betaine of cinchomeronic acid by
heating this acid with methyl iodide to 100°. Its constitution
must be represented by one of the two following formulze:

COOH
N CoO—
B /" —coon
N—O K)
] 0—N
CH, |
CH,

The betaines of the pyridine acids invite particular attention
because of their close relation to some of the natural alkaloids.
The methyl betaine of nicotinic acid is shown to be identical with
trigonelline (see page 149).%

The methyl betaine of cinchomeronic acid, on the other hand,
has been identified with apophyllenic acid, which Wohler ob-
tained by the oxidation of cotarnine (page 298) and which is also
formed, according to Freund, from hydrastinine (page 317).

 Pictet and Stussdorff, unpublished investigation.
8 Roser, A. 234, 116.
¥ Jahns, B. 20, 2840.



CHAPTER 1IV.
DIPYRIDYLS, CyH,N,—(C;HN—C,H,N).

THE dipyridyls bear the same relation to pyridine that
diphenyl bears to benzol. They are to be considered as resulting
from the union of two molecules of pyridine with the elimina-
tion of a hydrogen atom from each molecule. According to
the point of juncture, there are theoretically possible six isomeric
dipyridyls (aa, 88, 7, aB, ar, Br). Of these but four are as yet
well known.

The first dipyridyl was obtained in 1870 by Anderson® and
later by Weidel and Russo ? by the action of sodium on pyridine
at the ordinary temperature. On oxidation this dipyridyl is
converted into isonicotinic acid; it is consequently rr-dipyridyl:

o= On

It crystallizes from hot water in needles melting at 111-112°;
it boils without decomposition at 305°.

The constitution of two other dipyridyls, prepared by Skraup
and Vortmann,® follows directly from their synthesis. From
phenylene diamine there is formed, by the quinoline synthesis of
Skraup (page 82), the so-called phenanthroline:

! Anderson, A. 154, 270.
3 Weidel and Russo, M. 3, 8s1.
3 Skraup and Vortmann, M. 3, 599; 4, 591.
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ol Jom o

m-Phenylene diamine p-Phenylene diamine
N . N
N
N
Phenanthroline Pseudo-phenanthroline

On oxidation these two bases are converted into the following
acids:

HOOC
HOOC I/\
AN

"/
N( N HOOC
N HOOC/\N

af-Dipyridyl dicarboxylic acid BB-Dipyridyl dicarboxylic acid

Subjected to distillation, the calcium salts of these acids are
decomposed, with elimination of carbon dioxide, into af- and

pBp-dipyridyl respectively:

N N
Vo
N
ap-Dipyridyl 88-Dipyridyl
af-Dipyridyl is a liquid boiling at 296° (uncorrected 287°);
it is converted by oxidation into nicotinic acid.
BB-Dipyridyl is a solid which melts at 68° and boils at 296°

(uncorrected 287°); on oxidation it also yields nicotinic acid.
A fourth isomeric dipyridyl was obtained by Blau* on dis-

4 Blau, M. 10, 375; 13, 330; B. 24, 326.
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tilling the copper salt of picolinic acid. It melts at 69°.5 and
boils at 272°.5. Oxidation converts it into picolinic acid; it is
consequently aa-dipyridyl.

Roth ® obtained a dipyridyl by leading the vapor of pyridine
through a red-hot tube; it is a liquid boiling at 280-282°. Whether
this is a fifth isomer, or is identical with one of the four dipyridyls
already noted, has not been determined.

The dipyridyls readily add hydrogen and thereby form accord-
ing to the conditions of the experiment two kinds of derivatives.
On being reduced with tin and hydrochloric acid only one-half
the molecule is affected and there is formed a pyridylpiperidine;
by the stronger reducing action of sodium and alcohol both the
pyridine rings are attacked and there results a dipiperidyi.

Of the pyridylpiperidines, C;HN-CH,,N, only those from
BB- and yr-dipyridyl have been prepared. These derivatives
are isomeric with nicotine and in their physical and physiological
behavior show a close resemblance to this alkaloid.

BB-Pyridylpiperidine (nicotidine) is a liquid boiling at 287-
289°, quite soluble in water, and very poisonous.

rr-Pyridylpiperidine (isonicoline) is a solid crystallizing in
needles which melt at 78°. Its boiling-point lies above 260°.
It is easily soluble in water, is less poisonous than nicotine, and
on oxidation forms isonicotinic acid.

The dipiperidyls, (C;H,,N),, have the same composition as
hexahydronicotine, but none of them is identical with this sub-
stance. This shows that nicotine is not, as was once supposed,
a derivative of a dipyridyl.

aa-Dipiperidyl is a liquid boiling at 259°.

af-Dipiperidyl melts at 68-69° and boils at 267-268°.

rr-Dipiperidyl forms needles which melt near 160°.

$ Roth, B. 19, 360.



CHAPTER V.
QUINOLINE.

IN the year 1834 Runge ! extracted from coal-tar a base of
the formula C,H,N, which he named leucol, or leucoline. A
few years later (1842) Gerhardt? obtained, by the distillation
of cinchonine with caustic potash, a basc of the same composi-
tion which he called guinoleine. These substances were for a
Jong time regarded as isomers, since they appeared to give different
color reactions. It was shown later, however, that this difference
was due to impurities ® and that leucol and quinoleine are identical.

Quinoleine, or guinoline, as it is now known, is a colorless,
oily liquid which solidifies at —19°5 and boils at 240° Its
odor reminds one of benzaldehyde or nitrobenzol. Its specific
gravity at 20° is 1.0947. It is almost insoluble in water; on
the other hand it is soluble in all proportions in alcohol, ether,
and most organic solvents.

Quinoline is a tertiary base; in its chemical behavior it closely
resembles pyridine. Korner in 1869 advanced the hypothesis
that the relation between the two bases is the same as that between
naphthalene and benzol and that consequently quinoline is to
be considered as a naphthalene in which one of the a-CH groups
is replaced by an atom of nitrogen: .

! Runge, Poggendorf’s Ann. der Phys. und Chem., 31, 68.
3 Gerhardt, A. 42, 310; 44, 279. .
! Hofmann, A. 47, 31; 74, 15. Hoogewerff and van Dorp, R.1, 1, 107; 2, 41.
Jacobsen and Reimer, B. 16, 513, 1082.
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: R 3
7 N\ \ /

HC C CH HC C CH
L L W
N\, C/ \C/\ /
H H H

Naphthalene Quinoline

The molecule of quinoline results, then, from the union of a
benzol and a pyridine ring.

This hypothesis has been verified by all the syntheses of
quinoline and by its behavior towards oxidizing agents.

Treated with potassium permanganate, quinoline yields oxalic
acid and the dibasic acid, quinolinic acid (page 61). On dis-
tillation with lime the latter is converted into carbon dioxide and
pyridine : '

\ /\ HOOC HOOC
I + 80 = HOOCI +
N
{ HOOC N
Quinoline Oxalic acid Quinolinic acid

While in the above case the pyridine ring shows the greater
stability, somewhat different results are obtained when the per-
manganate acts not upon quinoline but upon the addition-product
which the base forms with benzyl chloride. It is the pyridine
ring which is now destroyed, since it is rendered less resistant
by the pentavalent condition of the nitrogen atom. There is
thus obtained a mixture of benzylanthranilic and formylbenzyl-
anthranilic acids:*

—CH=CH —COOH H
(\ | . | /CHO - —CO0O0
N -—N=CH —N —NH—C,H,

NCH,
Cl C,H, .
Benzyl chloride Formylbenzylanthra- Benzylanthranilic acid
of quinoline nilic acid

¢ Claus and Glykhen, B. 16, 1283.
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Synthesis of Quinoline.—A large number of synthetic pro-
cesses are known; only the more important of these, however,
will be here considered.

1. The first synthesis of quinoline was made by Konigs® in
1879 by passing the vapor of allylaniline over lead oxide heated
to redness.

CH
/ \
HC | lCH \CH 20 Y + 2HO0
\/ \/
H H
Allylaniline anohne

2. In the same year Baeyer ® succeeded in converting hydro-
carbostyril, the inner anhydride of o-amidohydrocinnamic acid,

CH,—CH
CH s ’ CO, into quinoline by treating it successively
'\NH—:

with phosphorus pentachloride and hydriodic acid:

H, H

< \
(X)gg, bt - COgg + mosama
AN - /

N N

Hydrocarbostyril af-Dichlorquinoline
H
C
/Y \CCI |/ Ncr
+ 4HI — + aHCl1 4 41
1 H
Quinoline

 Konigs, B. 12, 453.
¢ Baeyer, B. 12, 460, 1320.
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3- In 1880 Konigs ” obtained smal. quantitics of quinoline by
heating the condensation-product of anilin: and acrolein, so
also when he heated nitrobenzol (or aniline) with glyccrine and
sulphuric acid at 180-190°.

This latter mode o formation, which was, indecd, incited
by the work of Graebe® on alizarine-blue, was soon worked
out by Skraup ® as an excellent method for the synthesis of quino-
line. By employing not as Konigs had done, cither aniline or
nitrobenzol, but a mixturc of both these substances with glycerine
and sulphuric acid, he obtained a 60% yield of quinolinc.

We thus have a simple and practical method for the synthesis
of quinoline, nor is the method limited to the synthesis of this
base, but it may be generalized and thereby extended to the prepa-
ration of many of the derivatives of quinoline.

The mechanism of the reaction of Skraup is most probably
to be explained as follows: By the dehydrating action of the sul-
phuric acid the glycerine is converted into acrolein; this unites
with the aniline, and the condensation-product thus formed is
oxidized by a part of the nitrobenzol, whereby the pyridine ring
is closed.

I. CH,OH—CHOH—CH,0H — CH,=CH—CHO+ 2H,0
Glycerine Acrolgln

II. CH,NH,+ OCH—CH=CH, — C,H,N=CH—CH=CH,+H,0

Aniline Acroleln Acroleln-aniline
II1. CH
\CH \CH
+ 0O — + HO
/\ CH /CH
N
Acroleln-nmlmc Quinoline

It was first thought that the nitrobenzol shared in the forma-
tion of the benzol nucleus in quinoline; but this is not the case;

T Kénigs, B. 13, or11.
* Grache, B. 12, 1416; A. 201, 333.
® Skraup, M. 1, 316; 3, 141.
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it acts only as an oxidizing agent. This was shown by the fact
that the nitrobenzol could be replaced by nitrophenols without
the formation of oxyquinolines, also by picric acid or arsenic
acid.”

4. In 1883, Friedlinder and Gohring synthesized quinoline
by the condensation of o-amidobenzaldehyde with acetaldehyde.
The condensation is effected simply by the addition of a few drops
of caustic soda:

CHO H,CH ' /CH\
t oo O CH. 4 .mo.
H
N\, \/°
o-Amidobenzaldehyde Acetaldehyde N .

Quinoline

5. Baeyer and Drewsen '* have prepared quinoline by the re-
duction of o-nitrocinnamic aldehyde,

CH—CH
cH \CHO

\r~o,

6. Riigheimer'® effected its synthesis by the action of phos-
phorus pentachloride on malonanilic acid, C;HNH—COCH,-
COOH, and the reduction of the resulting chlorquinoline with
hydriodic acid.

7. Another investigator!* states that quinoline is formed by
the action of glyoxal on orthotoluidine at 150°.

In general the base is obtained by the distillation of quinoline
carboxylic acids over lime and by the reduction of oxyquinolines
with zinc-dust.

1° Kniippel, B. 29, 703.

! Friedlinder and Gohring, B. 15, 2572; 16, 1833.
2 Baeyer and Drewsen, B. 16, 2207.

B Riigheimer, B. 17, 737; 18, 2973.

¥ Kulisch, M. 15, 276.



84 THE VEGETABLE ALKALOIDS.

Addition-products of Quinoline.

As an unsaturated compound, quinoline forms addition-prod-
ucts with bromine, iodine, etc. These elements add themselves
easily to the pyridine ring, less readily to the benzol. Nascent
hydrogen also readily acts upon quinoline. If the base is treated
with reducing agents such as zinc and hydrochloric acid, sodium
and alcohol, ctc., four atoms of hydrogen are added and there is
formed telrahydroguinoline, C;H,,N, a secondary base (boiling-

point 244°):
CH,
o0
M¥a

By oxidizing agents this is reconverted into quinoline.®®

Another tetrahydroquinoline was prepared by Oechsner'®
from the product obtained by distilling cinchonine and brucine
with caustic potash. It possesses the comparatively low boiling-
point of 215° It is consequently not identical with the preceding,
and the benzol ring must be regarded as the one reduced.

By heating tetrahydroquinoline at 230° with hydriodic acid
and phosphorus there have been obtained a hexahydroguinoline
(boiling-point 226° at 720 mm.) and a dekahydroguinoline, which
crystallizes in needles melting at 48°.5 and boils at 204°.""

CH, CH,

HC CH,

LN CH,
CH, NH

1 Wischnegradsky, B. 12, 1481; 13, 2312, 2400. Lellmann .and Reusch,
B. 22, 1389.

1 Oechsner, C. . 94, 87; 99, 1077.

17 Bamberger and Lengfeld, B. 23, 1138.
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Substitution-products of Quinoline.

Theoretically seven isomeric monosubstitution-products are to
be expected. Of the polysubstituted derivatives with like sub-
stituents there are the following possibilities:

Disubstitution-products............... 21 isomers
Trisubstitution-products . ............. 33
Tetrasubstitution-products ............ 35 ¢
Pentasubstitution-products. ........... 21 ¢
Hexasubstitution-products............. 7 ¢
Heptasubstitution-products . ........... ¢

To designate the positions in the quinoline molecule there are
generally employed for the pyridine nucleus the Greek letters
a, B, r; for the benzol nucleus the prefixes ortho, meta, para,
and ana, as follows:

a 7
p/ 8
m a

o N

The positions in the quinoline molecule may also be desig-
nated by numbers. In this case the abbreviations Bz and Py
are used to indicate the ring referred to:

4
3 B, Phs
2 2
Y

Quinolines substituted in the benzol ring can be obtained
by the synthesis of Skraup; we need only replace the aniline
by one of its substitution-products. The position of the sub-
stituent remains the same in the derivative of quinoline as in
that of the aniline; ortho and para substituted anilines yield
ortho- and para-quinolines. In the case of meta substituted
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anilines, a glance at the following formule will show that we
may here obtain both mecta- and ana-derivatives:

Meta substituted aniline Meta substituted quinoline
X X
. )e
Meta substituted aniline Ana substituted quinoline

Ordinarily the two isomers are formed in the same reaction.

Of the many substitution-products of quinoline known, the
hydroxyl derivatives have attained considerable importance in
the determination of the constitution of the natural alkaloids.

Oxyquinolines, C,H,(OH)N.

Of the seven monoxyquinolines theoretically possible six
are known.

The four isomers which have the hydroxyl group in the benzol
ring and which sometimes receive the name of gquinophenols
may be prepared from the amidophenols by the synthesis of
Skraup,”® or by fusing quinoline monosulphonic acids with
potassium - hydroxide,” or, lastly, by diazotizing the amido-
quinolines.” .

The quinophenols possess both the properties of a phenol an
of a base. On oxidation they, like quinoline itself, are con-
verted into quinolinic acid; on reduction they yield tetrahydro-
quinoline.

18 Skraup, M. 3, 536.
19 O. Fischer, B. 14, 443, 1366; 15, 1979; 16, 450, 721. Happ, B. 17, 193.
30 Skraup, M. 5, 532. Claus and Massau, J. pr. 48, 170.
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0-Oxyquinoline crystallizes in needles which melt at 75-76°;
its boiling-point is 266°.

m-Oxyquinoline forms needles melting at 235-238°.

a-Oxyquinoline crystallizes either in needles or leaflets; it
mclts at 224°.

p-Oxyquinoline yields prismatic csystals;. it melts at 193°
and boils above 360° This derivative is formed by heating
xanthoquininic acid. a decomposition-product of quinine (p. 105).*

The methyl ether of p-oxyquinoline has been known since
1879, at which time Butlerow and Wischnegradsky,” by melting
quinine with caustic potash, obtained an oily base of the formula
C,H,NO (boiling-point 304-305°), which they named gquinolidine.
In 1885 Skraup * showed that this base was p-methoxyquinoline:

N

This derivative may be formed further by treating p-quino-
phenol with methyl iodide and potassium hydroxide, or directly
by the method of Skraup fro 1 p-amidoanisol (p-anisidine).

Of the monoxyquinolines which have the hydroxyl group in
the pyridine ring, two are known, carbostyril (a-oxyquinoline) and
kynurine (r-oxyquinoline). These, like the corresponding oxy-
pyridines (p. 18), occur in two tautomeric forms, the hydroxyl-
and the ketone-form. :

C H OH 0

H C C C
l / \CH ﬁCH \\"CH \"CH
\ /COH CO /CH /CH

N N N N

H H
a—Oxyquinoli%e“ bo“yﬁiz-ouinolone r-Oxyquinolim;{ ynm_imr-Quinolone

# Skraup, M. 4, 695.
¥ Butlerow and Wischnegradsky, B. 12, 2094.
# Skraup, M. 3, 557; 6, 760.
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Carbostyril was first obtained in 1852 by Chiozza®® from the
reduction of o-nitrocinnamic acid and it is conscquently the
inner anhydride of o-amidocinnamic acid:

CH=CH CH=CH CH=CH
c.n,< | — c.u,< | or CH | 4 HO
NH, COOH N==COH NH—CO

It is also easily formed by the direct oxidation of quinoline
with hypochlorous acid, or “chloride of lime”;? it is further
produced by heating a-chlorquinoline and a-bromquinoline with
water to 120°% The base crystallizes in prisms with one mole-
cule of water; in the anhydrous condition it melts at 199—200°.

Kynurine was prepared in 1872 by Schmiedeberg and Schult-
zen ¥ by distilling kynurenic acid—an acid discovered by Liebig
in 1853 in the urine of the dog.

It is also formed by the oxidation of cinchonine, of cinchoni-
dine, and of cinchoninic acid with chromic acid.?

It has been synthesized further by Claus and Howitz * from
the amide of cinchoninic acid. On treatment with sodium
hypobromite (Hofmann’s reaction) this is converted into p-
amidoquinoline, which when diazotized yields kynurine:

CONH
Amide of cmchonlmc acid Amxdoqumolme Kynunne

Kynurine crystallizes with three molecules of water in prisms
which melt at 201°.

* Chiozza, A. 83, 118.

# Einhorn and Lauch, B. 19, 53; A. 243, 342. Erlenmeyer and Rosenhek,
B. 18, 3295; 19, 489.

* Friedlinder and Ostermaier, B. 15, 335. Claus and Pollitz, J. pr. 41, 41.

7 Schmiedeberg and Schultzen, A. 164, 158.

¥ Skraup, M. 7, 517; 9, 783; 10, 726.

# Claus and Howitz, J. pr. so, 232.
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METHYLQUINOLINES, C,,H,N—C,H,N(CH,).

THE seven methylquinolines theoretically ’possible are all
known. Four of these isomeric bases which have the methyl
group in the benzol ring of the quinoline are commonly known
as loluguinolines.

The toluquinolines were prepared by Skraup ' by replacing,
in his well-known synthesis, the aniline with the three toluidines.
The methylquinolines resulting are liquids which in odor and
in other properties in general resemble quinoline itself. On
oxidation there are formed first the quinoline monocarboxylic
acids and then quinolinic acid.

1. o-Toluquinoline boils at 248°.

2. p-Toluguinoline boils at 257-258°.

3. m-Toluquinoline boils at 250°.

The last base forms the chief product of the reaction between
glycerine and m-toluidine. Skraup established the m-position
of the methyl group in this derivative by oxidizing it to m-quino-
line carboxylic acid (page 102).

4. The fourth ftoluguinoline, boiling at 250° is formed as a
side-product in the synthesis of m-toluquinoline. Since this
base is not identical with any of the other toluquinolines, it must
be the ana-derivative.

To this indirect proof Gattermann and Kaiser ? have added
a direct one. They subjected p-chlor-m-toluidine to the reaction

! Skraup, M. 3, 153; 3, 381; 7, 139.
? Gattermann and Kaiser, B. 18, 2602, 3245. Lellmann and Alt, A. 237, 307.
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of Skraup. The quinoline base thus obtained must be o-chlor-
a-toluquinoline:

CH, CH,
-—p
—NH,
| - N
Cl Cl
p-Chlor-m-toluidine o-Chlor-a-toluquinoline

On reduction of this latter substance with hydriodic acid,
the chlorine atom is replaced by hydrogen and a base is obtained
which is identical with the a-toluquinoline obtained above by
Skraup.

"~ The following methylquinolines have the alkyl group in the
pyridine ring:

5. Quinaldine (a-methylquinoline):

O

Quinaldine is found with quinoline in coal-tar.® It is a liquid
which boils at 247°.

Doebner and von Miller* synthesized it in 1881 by employing
a modification of Skraup’s synthesis, in which they replaced
the glycerine with glycol. They soon found, however, that the
glycol could be advantageously exchanged for acetaldehyde,
that further the addition of nitrobenzol was superfluous, since
the oxygen nccessary for the reaction was afforded by a third
molecule of the acetaldehyde. In fact, the most effective method
for the synthesis of quinaldine appeared to be the warming on
the water-bath ‘of a mixture of aniline, paraldehyde, and con-
centrated hydrochloric acid.

% Jacobsen and Reimer, B. 16, 1082.
¢ Doebner and von Miller, B. 14, 2812; 15, 3075; 16, 2464; 17, 1698; 18,
1646; 24, 1720; 28, 2073.
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The mechanism of this reaction has not, as yet, been made
entirely clear; it is probably analogous to that in the synthesis
of Skraup. Under the dehydrating influence of the concentrated
hydrochloric acid two molecules of aldehyde condense to croton-
aldehyde. The latter then unites with the aniline to form
crotonylene-aniline, which by loss of two hydrogen atoms gives
rise to quinaldine:

1. 2CH—CHO — CH,CH=CHCHO +H,0.

Acetaldehyde Crotonaldehyde

1I. CH\NH,+ CHO—CH=CH—CH,—

Aniline Crotonaldehyde
CHN—=CH—CH—CH—CH,+ H,0.
- Crotonylene-aniline.
H
CH C
\ cH "\ cr
II1. + O + H,0
O\ ”cn-cn, - /”C—-CH.
~ N N
Crotonylene-aniline Quinaldine

Skraup,® indeed, succeeded in synthesizing quinaldine by heat-
ing together aniline, crotonaldehyde, nitrobenzol, and sulphuric
acid. '

The synthesis of Doebner and von Miller like that of Skraup
is of general application. If the aniline is replaced by other aro-
matic amines, or the aldehyde by other aldehydes or ketones, a
large number of quinoline derivatives may be obtained.

Quinaldine may be prepared by a number of other synthetic
processes, of which we may mention the following as among the
most important:

a. By heating lactic acid with aniline and zinc chloride, or with
a mixture of aniline, nitrobenzol, and sulphuric acid.® This reac-
tion is a modification of the synthesis of Doebner and Miller,

8 Skraup, B. 185, 897.
* Wallach and Wiisten, B. 16, 2007. Pictet and Duparc, B. 20, 3415.
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since the lactic acid here decomposes into aldehyde and formic
acid.
b. By the condensation of 0-amidobenzaldehyde with acetone:?

CHO
CH,
| + | - —cn, + #H:0s
COCH,
H, N

¢. By reducing o-nitrobenzylidene-acetone, (NO,)C,H,—CH—
CH—CO—CH,, a condensation-product of o-nitrobenzaldehyde
and acetone.®

d. By heating ethylacetanilide with zinc chloride to 250°.°

e. By heating a-methylindol with bromoform and sodium
alcoholate and treating the 8-bromquinaldine thus obtained with
hydriodic acid and phosphorus.*

The constitution of quinaldine is established by its conversion
to acetylanthranilic acid on oxidation with potassium perman-
ganate:

COOH

-—
@ —CH, q
X NH—CO—CH,

Quinaldine Acetylanthranilic acid

Chromic acid acts on the base somewhat differently; there is
formed quinaldic acid (a-quinoline carboxylic acid).*

Like all pyridine derivatives having a methyl group in the
a-position, quinaldine reacts easily with aldehydes and ketones
to form unsaturated derivatives:

7 Friedlinder and Gohring, B. 16, 1833.

® Drewsen, B. 16, 1953.

? Pictet and Bunzl, B. 22, 1847.

19 Magnanini, B. 20, 2608; 21, 1940.

% Doebner and von Miller, B. 15, 3075; 16, 2472.

B Jacobsen and Reimer, B. 16, 513, 1082, 1892, 2602, 2942. Wallach and
Wisten, B. 16, 2co7.
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NN
<><> e, T O L cmcu—cp, T
—uils e s

Quinaldine Benzaldehyde Benzylidene-quinaldine
6. B-Methylquinoline:

—CH

N

B-Methylquinoline was synthesized by Doebner and von Miller 1*
in 1884. If, in their general synthetic process for quinaldine, the
acetaldehyde is exchanged for propionaldehyde, there is formed
B-methyl-a-ethylquinoline:

‘—CH.
—C,H,
N

On oxidation of this compound, the ethyl group which is first
attacked is changed to the carboxyl group. When the calcium salt
of the acid thus obtained is subjected to dry distillation it yiclds
anew base. This is undoubtedly 8-methylquinoline, since on oxi-
dation it is converted into §-quinoline carboxylic acid (page 104).

von Miller and Kinkelin'* later prepared the same base
directly by heating a mixture of aniline, propionaldehyde, and
formaldehyde with hydrochloric acid.

B-Methylquinoline crystallizes in prisms which melt at 10-14°;
its boiling-point is 250°.

7. Lepidine (r-Methylquinoline):

CH,

Q

This base was isolated by Williams in 1855 from the product
resulting from the distillation of cinchonine with potassium hy-

13 Do_c;\er and von Miller, B 17, 1712; 18, 1640.
“von Miller and Kinkelin, B. 20, 1916.
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droxide. The year following, the same investigator * found in
coal-tar a base of the same composition, which he regarded as an
isomer of lepidine and which he named iridoline. Later it was
shown that the two bodies were identical. '

Lepidine has further been obtained:

a. By distilling cinchonine with lead oxide.!

b. By heating cinchene and dihydrocinchene, decomposition-
products of cinchonine, with acetic acid to 200° or with a solu-
tion of phosphoric acid to 180°."7

¢. By distilling over zinc-dust tetrahydrocinchoninic acid,
a reduction-product of cinchonimc acid.'®

d. By the distillation over zinc-dust of a-oxylepidine, a body
obtained by the condensation of aniline with aceto-acetic ester.!”

e. By the condensation of o-amido-acetophenone and paralde-
hyde in the presence of caustic soda.*

J. By the condensation of aniline, acetone, and formalde-
hyde by means of hydrochloric acid.*

The constitution of lepidine follows from its oxidation by
chromic acid to cinchoninic acid (y-quinoline carboxylic acid,
p- 104). When, however, the base is oxidized with potassium
permanganate it is not the methyl group which is first attacked,
but the benzol ring, and there are formed successively lepidinic
acid (r-methylquinolinic acid), a-carbocinchomeronic acid, and
cinchomeronic acid:

CH, CH, COOH COOH
\ COOH COOH /C OOH
COOH COOH /
N N, N N
Lepidine Lepidinic acid a-Carbocinchomeronic Cinchomeronic
acid acid

% Williams, J. 1855, 550; 1856, §36; 1863, 431.
1 Hoogewerff and van Dorp, R. 3, 1; B. 13, 1639; 16, 1381.
17 Kdnigs, B. 23, 2669; 27, 9oo, 1501, 2290.
18 Weidel, M. 3, 7s.
19 Knorr, B. 16, 2593; A. 236, 69.
20, Fischer, J 1885, 1013.
© % Beyer, J. pr. 32, 125; 33, 393.
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Lepidine is a liquid which boils at 255°.

A tribromoxylepidine of unknown constitution has been
obtained by Comstock and Konigs # from the action of bromine
on the sirupy oxidation-products of cinchonine and cinchene.

p-Methoxylepidine,

CH,

CH,

N

forms one of the decomposition-products of quinine. It was
obtained by Kdnigs® by treating quinine with potassium hy-
droxide and by heating quinene to 180° with phosphoric acid.
It crystallizes with one molecule of water in needles which melt
at 50-52°.

B Comstock and Konigs, B. 17, 1984.
® Konigs, B. 33, 2669; 37, 9oo.



CHAPTER VII.
PHENYLQUINOLINES, C,H,N—CHN(CH,).

OF the seven monophenylquinolines theoretically possible
five are now known. Two of these have the phenyl group in
the benzol ring and three have this group in the pyridine ring.

1, 2. 0-Phenylquinoline and p-phenylquinoline,

/> mc._<XN>

N
C.H,
o-Phenylquinoline p-Phenylquinoline

have been prepared by the method of Skraup from o- and -
amidodiphenyl respectively.! The o-derivative is a liquid which
boils at 270-276° under 80 mm. pressure; the p-derivative
crystallizes in leaflets which melt at 110-111°; it boils under
ordinary pressure at 360°.

3. a-Phenylquinoline,

CQn
{

1 La Coste and Sorger, B. 18, 562; A. 230, 1.
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may be synthesized by several methods analogous to those which
are employed in the preparation of quinoline and quinaldine:

a. The condensation of aniline with cinnamic aldchyde and
nitrobenzol by means of sulphuric acid ? or of hydrochloric acid.?

b. The condensation of acetophenone with o-amidobenzalde-
hyde ¢ or with formanilide.®

¢. The reduction of o-nitrobenzylidene-acetophenone.*

a-Phenylquinoline crystallizes from alcohol in needles which
melt at 84°. By oxidation it is converted into benzoylanthranilic
acid.

4. [-Phenylgquinoline,

C.H,
N

is formed by the condensation of o-amidobenzaldehyde with
phenylacetaldehyde by means of caustic soda.

It is an oil which has as yet been little studied.

5. r-Phenylquinoline,

CeHly

N

Presents greater interest for us than its isomers, since, according
to Konigs, it forms the mother-substance of the cinchona-alka-
loids. Its physiological action, in fact, somewhat resembles
that of quinine.” It forms needles of melting-point 61-62°.

? Grimaux, C. r. 96, 584.

3 Doebner and von Miller, B. 16, 1664; 19, 1194.
4 Friedlinder and Gohring, B. 16, 1833.

§ Pictet and Barbier, Bl. [3] 13, 26.

* Goldschmidt, B. 28, g86.

¥ Tappeiner, Munchener med. Wochenschrift, 43, 1.
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7-Phenylquinoline is prepared by heating r-phenylquinaldic
acid,
. C.H‘

—COOH
N

above its melting-point (171°). By this treatment the carboxyl
group is eliminated.
r-Phenylquinaldic acid is in turn obtained by the oxidation

of r-phenylquinaldine:
C.H,
oo
N

The synthesis of the last derivative is easily effected by a
number of methods analogous to those employed in the prepara-
tion of quinaldine:

a. The action of alcoholic potash on a mixture of o-amido-
benzophenone and acetone :®

C.Hg CH,

o CH, \—d—cn
| NH, + lco—CH - N—l:—ca + 250
4 \/— = 3

b. The condensation of aniline with acetophenone and paral-
dehyde by means of hydrochloric acid:*®

?'H' |C0H1
co ¢
|/\| e /\ICH + 3H,0
bl O —
" \ CHO—CH, * U\ /C—CH. 3
NH, N

® Konigs and Geigy, B. 18, 2400.
® Bever, J. pr. 33, 393.
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¢. The action of sulphuric acid on the anilide of benzoylace-
tonc: ¥ :

CH,’ CJH,

Lo Lo

Ncx, s,
OO

CeH,

O

Phenylquinaldine crystallizes in tablets melting at 100°. By
the action of chromic acid it is, as indicated above, oxidized to
7-phenylquinaldic acid (7-phenylquinoline-a-carboxylic acid).

Oxyphenylquinolines, or. Quinoline Phenols —By the dry
distillation of the silver salt of ethylhomoapocinchenic acid (a
decomposition-product of cinchonine) Kénigs * in 1893 obtained
a derivative of the formula C,;H,;NO (melting-point 8c-81°).
The behavior of this substance indicated that it was the ethyl
ether of a phenol. Heated with hydrobromic acid, it was
decomposed into ethyl bromide and a substance, C,;H,,NO
(melting-point 208°), which possessed all the properties of a

phenol.
Oxidation of this last body gave rise to cinchoninic acid

(r-quinoline carboxylic acid).

From these observations it follows that the two substances
in question are respectively the ethoxyl and hydroxyl derivatives
of r-phenylquinoline, and further that both the substituting
groups are in the phenyl radical and not in the quinoline nucleus.
Konigs accordingly assigned them the following formule and

10 Beyer, B. 20, 1767.
1 Kénigs, B. 26, 713.
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gave them the names y-quinoline phenetol and r-quinoline
phenal (r-phenol quinoline):

CH,—OCH, C;H,—OH

The constitution of both these derivatives remained for a long
time incompletely determined, for corresponding to each of the
above formulz three isomers are possible according to the position
of the —OC,H,, or —OH group, with reference to the y-carbon
atom of the quinoline.

A mixture of these threc isomers was, indeed, obtained by
Konigs and Nef,'® when they attempted to synthesize phenol
quinoline from phenylquinoline by introducing in the latter the
nitro group and subsequently replacing this with hydroxyl. One
of these isomers proved identical with the phenol quinoline
derived from cinchonine. But this synthesis, while it confirmed
the accuracy of the results previously obtained, threw no light
upon the position of the hydroxyl group.

The question, however, was solved shortly afterwards by
a synthesis of phenol quinoline which was effected by Besthorn
and Jaeglé.®® These investigators employed the process of
Beyer (c, page 99) and replaced the benzoylacetone with ortho-,
meta-, and para-oxybenzoylacetone. The phenol quinoline’ thus
prepared from o-oxybenzoylacetone proved to be identical with
the decomposition-product of cinchonine; the other two isomers
from m- and p-oxybenzoylacetone were identical with the two
remaining phenol quinolines which had been obtained by Kénigs
and Nef.

13 Kdnigs and Nef, B. 19, 2427; 20, 623.
18 Besthorn and Jaeglé, B. 27, 907, 3035; 28, Ref. 400.
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The phenol quinoline from cinchonine has, accordingly,
the following constitution:



CHAPTER VIIIL

MONOCARBOXYLIC ACIDS OF QUINOLINE,
CyoH,NO,—C,H,N(COOH).

THE seven quinoline monocarboxylic acids theoretically
possible are all known.

Those acids which have the carboxyl group in the benzol
ring are known as the quinoline benzocarboxylic acids. Three
of these latter are prepared by treating the three amidobenzoic
acids with glycerine and sulphuric acid.! They are further
obtained by converting the three amidobenzol sulphonic acids
into the quinoline sulphonic acids, then distilling these with
potassium cyanide, and finally saponifying the cyanquinolines
thus formed.?

1. 0-Quinoline carboxylic acid forms needles which melt at
187°.

2. m-Quinoline carboxylic acid also uccurs in needles which
melt at 248-249°. It was prepared by Skraup and Brunner?*
by oxidizing m-toluquinoline with chromic acid. It is also formed
by oxidizing B-diquinolyl (C,H,N),.*

3. p-Quinoline carboxylic acid crystallizes in leaflets and
melts at 291-292°

4. a-Quinoline carboxylic acid occurs as a powder which
melts at 357° It is prepared from m-amidobenzoic acid and
from m-aniline sulphonic acid. - According to its mode of forma-

1 Schlosser and Skraup, M. 2, 519
2 Bedall and O. Fischer, B. 14, 2574; 15, 683. O. Fischer and Willmack,
B. 17, 440. O. Fischer and K&mer, B. 17, 765. La Coste, B. 15, 196.
3 Skraup and Brunner, M. 7, 139.
¢ Fischer and van Loo, B. 17, 1899; 19, 2471.
102



MONOCARBOXYLIC ACIDS OF QUINOLINE. 103

tion, the carboxyl group may stand either in the meta- or the

ana- position. This position has been very ingeniously deter-

mined in the following manner by Skraup and Brunner:?*
When amidoterephthalic acid is treated with glycerine and

sulphuric acid it forms a quinoline dicarboxylic acid which
must be an ortho-ana-derivative:

COOH COOH
—
NH, N
COOH COOH
Amidoterephthalic 0-a-Quinokine
acid dicarboxylic acid

Now this acid, on being heated to 270° loses carbon dioxide
and gives rise to two quinoline monocarboxylic acids. One of
these is the ortho-acid; the other is identical with that acid which
is obtained from meta-amidobenzoic acid. This latter must
consequently be ana-quinoline carboxylic acid.

The three remaining quinoline monocarboxylic acids have
the carboxyl group attached to the pyridine nucleus.

5. Quinaldic acid (a-quinoline carboxylic acid):

@—coon
N

Doebner and von Miller ¢ prepared quinaldic acid by oxidizing
quinaldine with chromic acid. This mode of formation establishes
the position of the carboxyl group. The acid is further formed
by the oxidation of a-ethylquinoline.®

It crystallizes with two molecules of water in needles which
melt at 156° and at a higher temperature decompose into quinoline
and carbon dioxide. On oxidation with potassium permanganate,
quinaldic acid yields carboisocinchomeronic acid (page 68).

$ Doebner and von Miller, B. 16, 2472; 24, 1900.
¢ Reher, B. 19, 2995.
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6. B-Quinoline carboxylic acid:

<>©—coon
N

In 1880 Graebe and Caro? by the oxidation of acridine with
potassium permanganate obtained a dicarboxylic acid of quino-
line which they called acridic acid:

COOH
<>/\|/\| /Y\(
KN/\/ K/\N/\coon
Acridine Acridic acid

If now this is heated to 120-130°, it loses a molecule of carbon
dioxide and forms a monobasic acid which melts at 273° and
which must be either a- or $-quinoline monocarboxylic acid.
Since we have already identified quinaldic acid as the a-deriva-
tive, the acid of Graebe and Caro is consequently 3-quinoline car-
boxylic acid.

This acid is further formed by oxidizing with chromic acid
p-methylquinoline® and $-ethylquinoline.®

Treated with potassium permanganate, 8-quinoline carboxylic
acid yields carbodinicotinic acid (page 70).

7. Cinchoninic acid (r-quinoline carboxylic acid):

COOH

N

Cinchoninic acid was found in 1870 by Caventou and Willm!®
in the products resulting from the oxidation of cinchonine with

7 Graebe and Caro, B. 13, 100.

® Docbner and von Miller, B. 18, 1640.
? Riedel, B. 16, 1609.

19 Caventou and Willm, A. Supl. 7, 247.
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potassium permanganate. Weidel ** and Konigs !? obtained it also
by treating the same alkaloid with nitric or chromic acid.

It is formed further by the oxidation of several other cinchona-
alkaloids, by the oxidation of lepidine,** and of y-ethylquinoline.'®

Cinchoninic acid crystailizes with one molecule of water in
needles, or with two in prisms; its melting-point is 253-254°.
Heated with lime it is converted into quinoline. Potassium per-
manganate oxidizes it to a-carbocinchomeronic acid (page 67),
nitric acid to cinchomeronic acid (page 62), and chromic acid to
kynurine (page 87).

The carboxyl group in cinchoninic acid must occupy the r-posi-
tion, since the other positions possible are taken by the six isomeric
acids already discussed.

In 1879 Skraup® obtaincd a derivative of y-quinoline carboxylic
acid by oxidizing quinine with chromic acid. There is thus
formed a monobasic acid of the formula C,,H,NO, which he
named quininic acid. This acid crystallizes in prisms which melt
with decomposition at 280°. Heated with hydrochloric acid to
220-230°, quininic acid loses a methyl group and is converted
into xanthoquininic acid: .

C,,H,NO,+ HCl —» C,H,NO,+ CH,C]

Quininic acid Xanthoquininic
aci

The latter acid melts with decomposition at 310°. At this tem-
perature the carboxyl group is lost and there is formed a deriva-
tive, C,H,NO, which is identical with p-oxyquinoline (page 87).

Xanthoquininic acid is accordingly the carboxyl derivative of
p-oxyquinoline, and quininic acid that of p-methoxyquinoline.
The position of the carboxyl group in both these acids is shown

" Weidel, A. 173, 76.

12 Konigs, B. 12, 97.

13 Skraup, B. 12, 230; M. 10, 220. Forst and Béhringer, B. 14, 436; 15, 519.
Konigs, B. 17, 1984; 26, 713; 27, goo. Claus and Weller, B. 14, 1921. Freund
and Rosenstein, A. 277, 277. Schniderschitsch, M. 10, 51. Strache, M. 10, 642.

" Weidel, M. 3, 79. Hoogewerff and van Dorp, R. 2, 1.

18 Reher, B. 19, 2995.

18 Skraup, M. 2, 589; 4, 695; B. 12, 1106; 16, 2684.
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by the fact that quininic acid is oxidized by potassium perman-
ganate to a-carbocinchomeronic acid (page 67).

COOH COOH
OH— cn,o-@
N N

Xanthoquininic acid Quininic acid



CHAPTER IX.
ISOQUINOLINE.

Is0QUINOLINE was discovered in 1885 by Hoogewerff and van
Dorp ! in coal-tar, where it is found in small quantities with its
isomer, quinoline. The separation of the two bases is effected
through their sulphates, that of isoquinoline being much less solu-
ble than that of quinoline.

Isoquinoline is a colorless liquid (boiling-point 240°) of quino-
line-like odor; indeed, in almost all its properties it closely
resembles its isomer. It differs from quinoline most markedly
in its high melting-point, which lies at +22°; in the solid condi-
tion it forms well-defined, white, tabular crystals.

Isoquinoline, like quinoline, results from the union of a pyridine
ring with a benzol ring. While in the case of quinoline the benzol
nucleus is attached to the af-carbon atoms of pyridine, in the
case of isoquinoline the points of attachment are the Sy-carbon
atoms.

H H H H
C c C C c C
HC/ \"/ \\ICH HC( I \CH
H H
/NS AN AN
C N C C
H H H
Quinoline ) Isoquinoline

We may then regard isoquinoline as a naphthalene in which
one of the CH-groups in the B-position has been replaced by a

! Hoogewerff and van Dorp, R. 4, 125; §, 305.
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nitrogen atom. A synthesis of isoquinoline from naphthalene has,
indeed, been effected.?

Isoquinoline is of partieular interest, since it has been shown
that from it are derived several of the important alkaloids, as
papaverine, narcotine, and hydrastine.

The constitution of isoquinoline follows from its characteristic
behavior on oxidation.

Treated with an alkaline solution of potassium permanganate,
there is obtained a mixture of phthalic and cinchomeronic acids:*

COOH HOOC
- (X )
\/K/N \)\COOH I-IOOC/K/N

Isoquinoline Phthalic acid Cinchomeronic acid

Here, unlike the action in the case of quinoline, the benzol and
pyridine nuclei are attacked at the same time by the oxidizing
agent. If, however, a neutral solution of potassium permanganate
is employed, the benzol nucleus remains intact and there is formed
phthalimide.*

The constitutional formula assigned to isoquinoline is further
supported by the various syntheses of the base. The following
are the most important of these given in their chronological order:

1. Schwanert ® observed in 1859 that hippuric acid is con-
verted by the action of phosphorus pentachloride into a body
of the formula C;H,CLNO. In 1886 Riigheimer® showed that
this was an oxydichlorisoquinoline; on reducing this derivative
with hydriodic acid, he obtained isoquinoline:

COOH CH
cncn AVAN:

Ok~ O - OCX

Hlppunc acid r-Oxyd.xchlonsoqumohne Isoquinoline

? Bamberger and Lodter, B. 26, 1833.
3 Hoogewerff and van Dorp, R. 4, 285.
¢ Goldschmiedt, M. 9, 675.

8 Schwanert, A. 112, 59.

¢ Riigheimer, B. 19, 1169; 21, 332I.
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2. The same year Gabriel 7 discovered a much better method
for the synthesis of isoquinoline. The ammonium salt of homo-
phthalic acid on distillation yields homophthalimide. Phosphorus
oxychloride converts this into dichlorisoquinoline, which is re-
duced by hydriodic acid to isoquinoline:

—CH,—COOH /"\—cH,—co
—COOH - \ ) —CO—NH -
Homophthalic acid Homophthalimide
—CH—CCl —CH—CH
—CCI=N - —CH=N
Dichlorisoquinoline Isoquinoline

Homophthalimide is also converted into isoquinoline by
distillation over zinc-dust.®

3. In 1892 Pictet and Popovici® succeeded in synthesizing
isoquinoline directly by passing the vapor of benzylidene-ethyl-
amine through a tube heated to redness:

CH, CH

\CH, \CH
WlN B N T

/ /7

CH CH
Benzylidene-ethylamine Isoquinoline

4. An interesting method of preparing isoquinoline from
naphthalene was discovered in the same year by Bamberger and
Kitschelt,” and almost at the same time by Zincke.!

On treatment with hypochlorous acid, p-naphthoquinone

7 Gabriel, B. 19, 1655, 2355.

* Le Blanc, B. 21, 2299.

* Pictet and Popovici, B. 25, 733.

19 Bamberger and Kitschelt, B. 25, 1138.
W Zincke, B. 25, 1493.
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undergoes oxidation and molecular rearrangement to isocoumarin
‘carboxylic acid:
C

o]

CH

I/\/ N\cu (\/ N\c—coon
CO (0]
CO Cco
BA-Naphthoquinone Isocoumarin carboxylic acid

This acid contains a pyrone ring (page 20) and consequently
easily exchanges its oxygen for the NH-group, thus forming
isocarbostyril carboxylic acid. On being heated this latter acid
loses its carboxyl group and is converted into isocarbostyril
which can be reduced to isoquinoline by distillation with zinc-

dust:
CH ) CH
/}c—coon \\c—coou
— | —
o NH
¢o &o

Isocoumann carboxylic acid Isocarbostyril carboxylic acid
CH CH
\CH \CH
—_
NH /N
co CH
Isocarbostyril Isoquinoline

5. Isoquinoline is further formed by the action of concentrated
sulphuric acid on benzylamidoacetaldehyde,'” or on benzylidene-
amidoacetal, C,;H;,—CH=N—CH,—CH(OC,Hj),:"*

CHO CH
\CH, N\ cn
|NH +0 - |N -+ 2H,0
/ /
CH, CH
Benzylamidoacetaldehyde Isoquinoline

1 E. Fischer, B. 26, 764.
3 Pomeranz, M. 14, 116; 15, 299.
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6. Bamberger and Goldschmidt ! obtained isoquinoline by
heating with phosphoric anhydride both the isomeric oximes
of cinnamic aldehyde, C,H,CH=—CH—CH=—NOH. In this
case a molecular rearrangement must occur similar to that of
Beckmann.

Substitution-products of Isoquinoline.

Of the numerous substitution-products of isoquinoline we
shall mention here only those which are obtained as products
of decomposition of the natural alkaloids.

1. m-p-Dimethoxylisoqguinoline is formed by fusing papaverine
with caustic potash.®® Its constitution is shown by the products
of its oxidation with potassium permanganate. There is thus
obtained a mixture of metahemipinic (page 288) and cinchomer-
onic acids (page 62):

COOH HOOC
CH,o—l/\/\l CH,0—
CH,0— N CH,0— N
NN COOH HOO
m-p-Dimethoxylisoquinoline ‘Metahemipinic acid Cinchomeronic acid

2. A carboxyl derivative of the above base is formed by the
oxidation of papaverine with potassium permanganate; this is
m- p-dimethoxylisoquinoline-a-carboxylic acid: '*

CH,0— |
CH,0— N

COOH

Its constitution is shown by its yielding, on more energetic
oxidation, metahemipinic and a-carbocinchomeronic acids.
3. A methylisoquinoline has been prepared by Krauss ' by

14 Bamberger and Goldschmidt, B. 27, 1954, 2795.
18 Goldschmiedt, M. 7, 485; 9, 327.

16 Goldschmiedt, M. 6, 954; 8, 510.

7 Krauss, M. 11, 350.
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distilling over zinc-dust papaveroline, a product of the decom-
position of papaverine (page 286). It probably possesses the
formula,

N

CH,

although in the properties of its salts it differs somewhat from
the base of the same constitution, which was synthesized by
Pomeranz ** by the action of concentrated sulphuric acid on a
mixture of amido-acetal and acetophenone:

CH(OC,H,),
\ CH,
+ - + 2CH,OH+H,0
NH, N
co Amido-acetal
CH, CH
Acetophenone a-Methylisoquinoline

4. Fritsch® has synthesized a methylene-dioxyisoquinoline
by condensation of piperonal (page 145) with amido-acetal and
treatment of the resulting product with sulphuric acid:

CH(OC,Hy), CH(OC,Hy),
00— O—
C/H, \CH’ — C/H, CH, +H,0—
\O— NH, \O— N
CHO CH
Piperonal Amido-acetal Piperonal-acetalamin
CH
&o- VAVA N
H, + 2CH,OH
\0— /N
CH
Methylene-dioxyisoquinoline

1* Pomeranz, M. 18, 299.
1% Fritsch, A. 286, 1.
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When the methyl iodide of this last base is reduced with tin
and hydrochloric acid, there is obtained a methylene-dioxy-
methyltelrahydroisoquinoline, which is identical with hydrohydras-
tinine (page 317):

CH,
/ \CH CH,

*/l CH, + 4H — CH /ﬁH.
< \ N‘(I
CH,

Methylene-dxoxv: umolma Hydrohydrastinine hydriodide
e



SECOND PART.

THE NATURAL ALKALOIDS.

CHAPTER X.

DISTRIBUTION AND GENERAL PROPERTIES OF THE NATURAL
ALKALOIDS.

Occurrence.—The alkaloids are found distributed throughout
the vegetable kingdom in almost all the different plant families.
Some families, indeed, are marked by the large number of alkaloids
which they produce; such, for example, are the Rubiace=,
Apocynace®, Solanace®, Papaveracez, and Leguminosz. In
others equally important, however, as the Labiate, Rosacez, and
Orchidace=, no alkaloids have as yet been found.

The alkaloids occurring in any case in the same plant generally
bear the closest chemical relation to one another. Often they
form a homologous series, frequently they are isomers, or even
stercoisomers. In other cases the only difference between these
bodies is the amount of hydrogen or oxygen which they con-
tain, so that by reduction or oxidation they can be converted
into one another. There seems to be thus an intimate con-
nection between the properties on which the classification of
plants is based and those which should naturally determine the
classification of the alkaloids. The interpretation of such rela-
tions will be much simpler, however, when the molecular
structures of a much larger number of the plant bases are

definitely known. The same alkaloid is rarely met in different
114



THE NATURAL ALKALOIDS. 115

families, but not infrequently an alkaloid is characteristic of a
family, or even of a species.

There is, however, a small number of weak bases of no par-
ticular physiological activity which are found in various plants
bearing no botanical relation to one another. These bases may
be divided according to their chemical constitution into three
different groups, of which the representative members are xan-
thine, choline, and asparagine. They differ from the remaining
alkaloids, however, in that they appear to be not assimilation-
products of the plant organism, but decomposition- products of
more complicated derivatives. '

The alkaloids are rarely found in the free condition in nature,
but usually in combination with such acids as commonly occur
in plants, as, for example, malic, citric, oxalic, succinic, or tan-
nic acid. In some cases certain alkaloids are associated with
characteristic acids. Thus with the cinchona alkaloids is found
quinic acid; with opium, meconic acid; with aconitine, aconitic
acid.

Physical Properties.

By far the greater number of the plant bases are solids, chiefly
crystalline in character, though some are amorphous; a few are
liquids at the ordinary temperature.

The solubility of the alkaloids in, the ordinary solvents is
quite variable. The most are insoluble or little soluble in cold
water; some others, on the other hand, are easily soluble in this
liquid. In general they dissolve readily in alcohol, somewhat
less readily in ether, chloroform, and benzol, and still less readily
in ligroin.

* The free alkaloids as well as their simple salts are in the pure
condition almost all colorless. Among the few which are dis-
tinctly colored are berberine, sinapine, harmaline (yellow), and
sanguinarine (red). The phenomenon of fluorescence is shown
by some, particularly by quinine.

The solutions of the free alkaloids or their salts are in general
bitter to the taste, or sharp and burning. The most of the alka-
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loids show an alkaline reaction toward litmus. In some cases
the presence of acid groups, such as carboxyl or hydroxyl, pro-
duces a neutral or even a slightly acid reaction.

Almost all the plant bases are optically active, although a
few are indifferent in their behavior toward polarized light.
Of these latter, some owe their optical inactivity to the absence
of an asymmetric carbon atom in the molecule (compare piperine,
papaverine, narceine, etc.); others, as atropine and lupinine, are
racemic mixtures and can be separated into their optically active
const tuents. :

General Chemical Reactions.

The investigations which aim to determine the constitution
of any organic compound take two distinct directions. They
must in the first place establish the chemical nature of the com-
pound in question by ascertaining the function of every atom in
the molecule. In the second place they must transform the
compound into simpler derivatives of known constitution. This
double aim can be attained in the case of the natural alkaloids
in various ways. There are, however, certain general methods
of investigation which have been successfully employed in study-
ing these bases and certain characteristic reactions which are
common to the different representatives of this class of bodies.
We will first briefly consider these before discussing in detail
the results which have been obtained for the individual alkaloids.

Oxygen.—Of the alkaloids known, fourteen only do not
contain oxygen. These are: conine, methylconine, y-coniceine,
nicotine, nicotimine, nicoteine, nicotelline, sparteine, lupinidine,
curarine, conessine, aribine, adenine, and hymenodictine.

All the others contain this element. Consequently it is of
the utmost importance to determine the function of the oxygen
in the various alkaloids. A

1. The oxygen is often present in a hydroxyl group. In this
case by the action of acetic anhydride, acetyl or benzoyl chloride,
there are prepared acetyl or benzoyl derivatives, whose analysis
enables us to determine the number of hydroxyl groups in the
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original substance. It has thus been shown, for example, that
cinchonine contains one, morphine two, aconitine three, and
solanine six hydroxyl groups.

These hydroxyl groups are generally alcoholic in character,
although not infrequently they are of the phenol type. Thus
morphine and cupreine are true phenols; they dissolve in alkalies
and are reprecipitated by carbonic acid; in alkaline solution
they are converted by the alkyl iodides into esters, etc.

The most of the alkaloids containing hydroxyl readily lose
the elements of water and pass into unsaturated derivatives,
when they are acted upon by dehydrating agents (concentrated
hydrochloric acid at 150-200°, sulphuric acid, phosphoric anhy-
dride, zinc chloride, etc.). Thus, for example, ecgonine, C,H,;NO;,
is converted into anhydroecgonine, C,H,,NO,; morphine,
C,;H,;;NO,, into apomorphine, C,;H,;NO,, etc.

A hydroxyl group is frequently eliminated by first substituting
for it a halogen atom and then treating the resulting halogen
derivative with an alkali. Cinchonine and cinchonidine,
C,.H,,N,(OH), with phosphorus pentachloride give the isomeric
derivatives C,,H,,N,Cl, which on further treatment with alcoholic
potash are converted into cinchene; quinine and quinidine,
C,H,\N,0,, in a similar manner give rise to quinene, C,,H,,N,O.

Conhydrine, C,H,,N(OH), with hydriodic acid gives the
iodide C,H,,NI, which is converted by alkalies into e-coniceine,
C.H,.N.

2. The oxygen of the alkaloid may occur in a methoxyl group,
OCH; (neither the ethoxyl, OC,H;, nor any other homologous
group has as yet been met in a natural alkaloid). At a tempera-
ture of about 150° hydrochloric, or hydriodic acid, will act upon
such a derivative, eliminating the methyl as methyl chloride, or
iodide, and forming a hydroxyl derivative, which contains just as
many hydroxyl as the original substance possessed methoxyl
groups.

Zeisel ' has developed a general method for determining the

1 Zeisel, M. 6, 98q.
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methoxyl groups in organic compounds, which is based on this
reaction. The method consists in boiling the substance (o.2-
0.3 g.) with hydriodic acid of specific gravity 1.68 (10 c.cm.)
and passing the methyl iodide thus formed into a receiver con-
taining a solution of silver nitrate. The methyl iodide is hereby
decomposed with the formation of silver iodide. From the
weight of the latter the number of methoxyl groups is determined,
since one molecule of silver iodide corresponds with one methoxyl
group.

Among other important alkaloids, the methoxyl group is
found in the following:

One in quinine, codeine; two in hydrastine, brucine; three
in narcotine; four in papaverine, aconitine; and six in pseud-
aconitine.

A group containing oxygen which is met with among a number

of the alkaloids is the diatomic one, CH,<8:‘ (compare

piperine, narcotine, narceine, hydrastine, and berberine).

3. Oxygen is found further in the molecule of the alkaloids
in the form of the carbonyl group, CO, as ketonic oxygen. The
occurrence of this group is, however, rare. It has been shown to
be present, indeed, in only three alkaloids, pseudopelletierine,
hygrine, and narceine. These bases form both oximes and
hydrazones.

A carbonyl between two nitrogen atoms, —=N—CO—N=—,
is characteristic of the alkaloids of the xanthine group (caffcine,
theobromine, etc.), which in their constitution are closely related
to uric acid.

4. A certain number of the alkaloids are acid in character,
and have a part, or all of their oxygen, in the form of carboxyl
oxygen, COOH. This group is recognized by the ability, which
it gives to the substance containing it, to form an ester with
alcohol in the presence of a mineral acid.

Thus benzoylecgonine, narceine, citrazinic acid, and all the
derivatives of asparagine contain the carboxyl group.

Often the acid and basic groups in the same molecule mutually
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compensate each other in the free base and derivatives of the
betaine type are formed (betaine, trigonelline, arecaidine, etc.)
Sometimes, from the interaction of an acid radical and a hydroxyl
group, lactones are formed (narcotine, hydrastine).

5. Lastly a large number of the alkaloids are esters and con-
tain the group R—CO—O—R’. These can readily be decom-
posed by hydrolysis into the acid and the alcohol. The saponifying
agents usually employed are waler at 100-150° the mineral
acids, baryta-water, and the caustic alkalies. In this way, for
example, atropine is decomposed into tropic acid and tropine;
cocaine into benzoic acid, ecgonine, and methyl alcohol.

In certain cases the non-acid product of the saponification
is a sugar; solanine is, for example, a nitrogenous glucoside.

Nitrogen.—The natural alkaloids contain in the molecule
one or two atoms of nitrogen, rarely three; only the bases of the
xanthine group possess a higher number (four or five).

A certain number of the plant bases whose molecules contain
several nitrogen atoms are, nevertheless, monacid bases, i.e., they
can unite with only one molecule of a monobasic acid. Such,
for example, is the case with strychnine, brucine, and the most
of the alkaloids of the xanthine group.

The general reactions of organic bases with alkyl iodides,
acid anhydrides, nitrous acid, etc., indicate also, in the case of
the alkaloids, to what class a base belongs.

Primary bases have been observed as yet only in the aspara-
gine group and in the case of adenine, a derivative of xanthine.
Only a few secondary bases are known (conine, anhydrine,
chrysanthemine, carpaine, guvacine, ephedrine, pseudephedrine).
By far the greater number of the alkaloids are tertiary bases.
In some instances, lasily, the nitrogen functionates as a penta-
valent element. The derivatives here fall either into the class
of the betaines (betaine, trigonelline, pilocarpine) or into that
of the ammonium hydroxides (choline group).

The nitrogen atom is tightly bound in the molecule of the
alkaloid and is removed only with difficulty by simple reactions
at the ordinary temperature.
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With the primary bases, however, it is quite different, since
by the action of nitrous acid the nitrogen is eliminated as such
and the base is converted into the corresponding hydroxyl deriva-
tive.

It may also be mentioned here, as an example of the ease
with which nitrogen is in some cases split off, that certain alka-
loids of the ammonium type (choline, pilocarpine) are decomposed
by boiling water into hydroxyl derivatives (glycol, pyridine-
lactic acid) and trimethylamine.

The cases indicated, however, are exceptional ones and relate
only to alkaloids of certain structures. In general the plant
bases are characterized by the firmness with which the nitrogen
atom is bound to the remainder of the molecular complex. This
is to be explained by the fact that the nitrogen atom in the alkaloids
does not stand in an open chain, but in connection with several
carbon atoms forms a closed chain, or ring. Consequently, in
the elimination of the nitrogen the entire molecule at the same
time suffers decomposition; but this can only be brought about
by violent reactions, such as distillation over zinc-dust or
lime, melting with caustic potash, the action of powerful oxidizing
agents, or sometimes strong heating with the halogen acids.

These deep-seated decompositions of the molecule often
afford valuable indications regarding its structure. In particular
they enable us to determine the nature and the number of the
alkyl groups attached to the nitrogen. Thus several alkaloids
yield methylamine when they are heated with caustic potash
or distilled with lime; others under the same conditions give
dimethylamine. From these results we naturally conclude that
the former contain the group N-CH, and the latter the group
N(CH,),. Still other alkaloids afford trimethylamine; these
accordingly belong to the group of the quaternary ammonium
bases.

In the decomposition of the natural alkaloids, no amines
other than those just mentioned have ever been obtained. Con-
sequently methyl is apparently the only alcoholic radical which
occurs attached to the nitrogen in these bodies.
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Many alkaloids, as citrazinic acid, conine, papaverine, etc.,
yield only ammonia when they are treated with caustic potash
or strong oxidizing agents. These bases accordingly have no
alkyl group attached to the nitrogen.

Methyl groups bound to the nitrogen are eliminated as methyl
iodide and are replaced by an equal number of hydrogen atoms,
when the hydriodic acid salt of the base is subjected to dry distilla-
tion. -

From this reaction Herzig and Meyer ? have worked out a
method for determining the methyl groups which is analogous to
that of Zeisel for determining methoxyl groups. The hydriodide
of the base is heated either alone or with ammonium iodide, and
a small amount of hydriodic acid, and the methyl iodide evolved
is led into a solution of silver nitrate.

In this way there have been found three methyl groups in
chrysanthemine and caffeine; two in cuscohygrine, narceine,
and theobromine; one in trigonelline, arecoline, methylconine,
nicotine, hygrine, pseudopelletierine, atropine, cocaine, morphine,
codeine, narcotine, and eserine; and none in lupinine, lupanine,
cinchonine, and harmaline.

It was shown above that it is difficult to eliminate the nitrogen
atom from the molecule of an alkaloid, since in general this
atom forms a constituent part of the ring. The stability of this
ring, at least of the pyridine ring, which is o frequently met,
continues only as long as the nitrogen retains its trivalent condi-
tion. If, however, the five affinities of the atom are satisfied, for
example, by the addition of an alkyl iodide, a salt of a quaternary
base being thus formed, the stability of the ring is greatly de-
creased. An instance of this has already been noted in the oxida-
tion of quinoline.

Hofmann has made use of this peculiarity to eliminate the
nitrogen from a cyclic derivative. His method consists in sub-
jecting the hydroxide of the quaternary base to the action of
heat or of alkalies. By successively forming and decomposing

2 Herzig and Meyer, B. 27, 319; M. 15, 613; 16, 509.
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these quaternary bases, the nitrogen is generally finally eliminated
as a tertiary amine and there is left an unsaturated hydrocarbon
the study of whose constitution has often thrown light on the
constitution of the original base. The mechanism of this reaction
has already been discussed in studying the decomposition of
piperidine (page 28).

This process of Hofmann has been employed with advantage
in the case of a number of the natural alkaloids or their deriva-
tives, as conine, tropine, tropic acid, anhydroecgonine, pseudo-
pelletierine, cinchonine, codeine, thebaine, cotarnine, hydrastinine,
cytisine, and cholchicine.

Reduction.—Many of the alkaloids are unsaturated bodies
and are consequently easily acted on by reducing agents, such
as sodium amalgam, sodium and alcohol, hydriodic acid, tin
and hydrochloric acid, zinc and hydrochloric acid, etc. In this
way a-coniceine, C,H;N, is converted into conine, C,H,,N;
hydrastinine, C,,H,,NO,, into hydrohydrastinine, C,,H,,NO,;
papaverine, C,,H,;,NO,, into tetrahydropapaverine, C,H,NO,;
cinchonine, quinine, and their isomers into di- and tetrahydrogen
derivatives.

Not infrequently the reducing action produces a decomposition
of the molecule, the nitrogen being eliminated as ammonia or
as methylamine. Thus when tropidine and conine are heated
strongly with hydriodic acid, the former gives a heptane, the
latter normal octane. In a similar way on reduction with tin
and hydrochloric acid, citrazinic acid forms tricarballylic acid.

The alkaloids which can add hydrogen just as readily unite
with the halogens, the hydrogen halides, hypochlorous acid, etc.

Oxidation —Of all the reactions to which the alkaloids have
been subjected those of oxidation have afforded the most valuable
data for the determination of constitution.

The activity of the different oxidizing agents is quite variable,
so that it is often possible so to choose these agents as to obtain
from the same alkaloid a series of products representing different
degrees of oxidation.

A weak oxidizing action is shown by potassium ferricyanide
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in alkaline solution, iodine in alcohol, hydrogen peroxide, ¢ chloride
of lime,” oxygen of the air, ozone, and the salts of gold, silver,
mercury, platinum, and iron.

These either tend simply to remove from the alkaloid a part
of its hydrogen, as in the conversion of nicotine, C,,HN,, to nico-
tyrine, C,,H,,N,; morphine, C,;H,[NO,, to pseudomorphine,
(C,;H;;NO,),; and harmaline, C,,H,,N,O, to harmine, C,,H,,N,O;
or they cause an addition of one or more atoms of oxygen, as
in the oxidation of strychnine, C,H;N,0,, to oxystrychnine,
C,,H,,N,0O;; nicotine, C,,H,\N,, to oxynicotine, C, H,N,O.

These-products of mild oxidation are often found to be identical
with other alkaloids occurring in the plant.

By stronger oxidation an atom of carbon is expelled from
the molecule of some alkaloids in the form of carbon dioxide or
formaldehyde. Thus with potassium permanganate in alkaline
solution, tropine, pseudotropine, scopoline, methylgranatoline,
and ecgonine lose a methyl group attached to nitrogen and are
converted into secondary bases. So with permanganate in
sulphuric acid solution, the cinchona alkaloids yield weak mono-
basic acids by the oxidation of the group —CH=—CH, to carboxyl.

By still more energetic oxidation, as when the oxidizing agents
are chromic acid, nitric acid, or manganese dioxide and sulphuric
acid, a larger number of carbon atoms are oxidized away, giving
rise to formic, acetic, oxalic, or carbonic acids; other carbon
complexes are not separated from the molecule, but are changed
to carboxyl groups and remain attached either to the aromatic
or the nitrogenous nucleus, the most stable parts of the molecule.
There are thus obtained the mono- and poly-carboxylic acids of
benzol, pyridine, quinoline, isoquinoline, and pyrrolidine.

Several alkaloids such as cytisine, veratrine, aconitine, and
emetine are completely destroyed by oxidizing agents. There
is then a veritable combustion, the products of which are ammonia,
methylamine, carbon dioxide, and oxalic acid.

Action of Alkalies at a High Temperature.—By fusion with
caustic alkalies, or by distillation over lime, soda-lime, or baryta,
the most of the alkaloids suffer a deep-seated decomposition,
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which often affords valuable indications regarding the constitution
of these natural bases. Here as in the case of oxidation the
less resistant parts of the molecule, the side-chains, are affected
and only the stable complexes, as the pyridine and aromatic
rings, remain intact. Consequently the end-products of the
reaction are comparatively simple derivatives, which in many
cases are to be regarded as mother-substances of the alkaloids
in question.

It is necessary, however, to avoid drawing too hasty con-
clusions from this mode of decomposition, since the high tem-
peratures required for the reaction may give rise to such con-
densation-products as are formed in pyrogenetic processes.
Accordingly the results obtained are always to be critically com-
pared with those secured from other modes of decomposition.
Such a comparison is further essential since the action of the
caustic alkali may cause the nitrogen to be driven out as ammonia,
and the complex remaining would then easily undergo condensa-
tion at the high temperature.

Distillation with Zinc-dust.—The distillation of the alkaloids
over zinc-dust frequently gives rise to the same products of de-
composition as are formed by fusion with caustic alkalies.

In general, however, the action takes one of the two following
directions:

In the case of alkaloids containing oxygen the zinc plays
its customary rdle as a reducing agent and the oxygen is removed.

Alkaloids free from oxygen experience, on the contrary, an
oxidation, a certain number of hydrogen atoms being eliminated.
This latter reaction undoubtedly depends on the fact that zinc-
dust ordinarily contains large quantities of zinc oxide.

Classification of the Alkaloids.—As we indicated in the in-
troduction, the alkaloids, in the senset in which we have used
this word, are far from forming a homogeneous and well-defined
class of compounds. What we know concerning the constitution
of some of them would place these in different series of organic
chemistry, but for the greater part the data necessary for a rational
classification are wanting. All that can be done in a study such
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as this is to arrange the alkaloids in a small number of groups,
which are based on similarities in constitution or, where this is
necessary, on the common origin of those within a group.

In the scheme which follows the alkaloids are classified largely
according to their likeness in constitution, but it has not been
deemed advisable to separate alkaloids occurring in the same
plant, even though the constitutional differences are great.

1. Alkaloids derived from pyridine (alkaloids of the hemlock,
piperine, trigonelline, alkaloids of the betel-nut palm, citrazinic
acid, the tobacco alkaloids, the jaborandi alkaloids, cytisine,
sparteine, the lupine alkaloids).

2. Alkaloids derived from pyrrolidine (the solanum alkaloids,
the coca alkaloids, the alkaloids of the pomegranate-tree).

3. Alkaloids derived from quinoline (the cinchona alkaloids).

4. Alkaloids derived from isoquinoline (the opium alkaloids,
alkaloids from Hydrastis canadensis and from Corydalis cava).

5. Alkaloids which probably contain the pyridine nucleus,
but in a condition of condensation as yet unknown (the strychmos
alkaloids, alkaloids of Peganum harmala, alkaloids of the aconite
group, the veratrum alkaloids).

6. Alkaloids which contain no pyridine nucleus (colchicine,
the xanthine group, allantoin, the asparagine group, the choline
group, the alkaloids of mustard-seed, trimethylamine).

7. Alkaloids of unknown constitution.

I



CHAPTER XI.
ALKALOIDS OF THE HEMLOCK.

THE hemlock (Conium maculatum L., family of the Umbel-
liferee) contains three principal alkaloids:
Conine, C,H,,N,
r-Coniceine, C,;H N,
Conhydrine, C,H,,NO.
In smaller quantities there are also found the bases:
Pseudoconhydrine, C,H,,NO,
Methylconine, C;H,,N.

These alkaloids in the plant are in combination with malic
and caffeic acids.!

They are found in all parts of the plant, but particularly in
the fruit before it has fully ripened. This latter contains accord-
ing to Wertheim? about 1 per cent. conine and o.or per cent.
conhydrine. From the fresh leaves Dragendorff obtained only
about o.09 per cent. conine, and from the ripe, dry seed Geiger®
secured about o.7 per cent.

1. CONIRE.

Conine was noticed as early as 1827 by Giesecke * as the
active principle in the hemlock, and was separated by him as an
impure sulphate. Geiger® in 1831 first isolated the free basc
and recognized its alkaloid character. Liebig® assigned to it

1 Hofmann, B. 17, 1922.
? Wertheim, A. 100, 328.
3 Geiger, Magazin [ir Pharmacie, 35, 72, 259.
¢ Giesecke, A. Pharm. [1] 20, 97.
$ Liebig, Magazin fur Pharmacie, 36, 159.
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the formula CH,NO, but it is probable that the substance
which he analyzed was impure or imperfectly dried, since all
later investigations have shown that conine does not contain
oxygen.

The formula C;H,N proposed later by Gerhardt ® was accepted
until 1881. At this time Hofmann 7 began a series of investiga-
tions which have afforded us the principal data regarding the
constitution of the base, and in the course of which he showed
that it possessed two more hydrogen atoms than the generally
accepted formula indicated. The composition of conine is
accordingly C,H,,N.

Conine is an oily, colorless liquid, of specific gravity o.845
at 20°; it distils without decomposition at 166° under a pressure
of one atmosphere. It is rather difficultly soluble in cold water
(about 1 part in 100) and still less soluble in hot water, so that
a cold, saturated solution becomes turbid on being warmed.
It dissolves in about six parts of ether, and in alcohol in all pro-
portions. All its solutions are dextrorotatory. It is burning
to the taste and it acts as a violent poison; in the pure condition
its odor is penetrating, but not disagreeable. The alkaloid is a
strong base and precipitates the most of the metals from their
salt solutions.

Conine is the first alkaloid that was synthesized, and this
eminent result we owe to Ladenburg® The constitution of
the base had, however, already been well established by the im-
portant work of Hofmann. An observation made by the latter
investigator in 1884 proved of the highest value in directing the
course of his investigation. On distilling conine hydrochloride
over zinc-dust he unexpectedly obtained a large quantity of
hydrogen and a base of the formula CgH,,N, to which he gave
the name of conyrine (page 40):

¢ Gerhardt, C. r. 1849, 373.

7 Hofmann, B. 14, 705; 15, 2313; 16, 558; 17, 825; 18, 5, 109.

 Ladenburg, B. 14, 2409; 17, 1676; 18, 1587; 10, 439, 2578; 22, 1403, 2583;
26, 854; 27, 3062; 28, 163, 1991; A. 247, 1; 279, 344.
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CH,,N — C,H, N+ 3H,.
Conine Conyrine
Zinc chloride was found to produce the same result as zinc-dust.

According to a later observation of Tafel,® conine is also
converted into conyrine when it is heated to 180° with silver
acetate in a solution of glacial acetic acid.

These experiments show that conine is the hexa-hydrogen
derivative of conyrine; between the two bases exists the same
relation as that between piperidine and pyridine. Indeed,
Hofmann apparently succeeded in reconverting conyrine into
conine by heating the base with concentrated hydriodic acid
to 280-300°. The base thus obtained possessed the same compo-
sition as conine and appeared to differ in no way from the natural
alkaloid. Later, however, Ladenburg showed that the synthe-
sized conine was optically inactive; it accordingly constitutes
the optically inactive modification of the natural product.

The formula of conyrine is that of a homologue of pyridine
(collidine). By oxidation Hofmann converted it into picolinic
acid. Since this is a monobasic acid, conyrine itself can have
only one side-chain; it must accordingly be either a-propylpyridine
or a-isopropylpyridine.

Now this latter base has been synthesized by Ladenburg
(page 41), and it is not identical with conyrine. Furthermore,
according to an observation of Hofmann there results from the
action of hydriodic acid on conine at 300° normal octane, a
product which could not have been formed if conine contained
an isopropyl group.

Conyrine must accordingly be a-propylpyridine, and conine
the dextrorotatory modification of a-propylpiperidine:

CH,

H,C Icn,
H,C CH—CH,—CH,—CH,

NH

Conine

¢ Tafel, B. 25, 1619.
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According to the above formula conine is a secondary base,
one of the few representatives of this class among the alkaloids.
All its reactions, indeed, indicate the presence of the imide group
in the molecule. Acetic anhydride, benzoyl chloride in the
presence of an alkali, form with it the acetyl and benzoyl deriva-
tives respectively; with methyl iodide or potassium methyl
sulphate it gives methylconine, a tertiary base;!® nitrous acid
produces a nitroso-derivative, chlorcarbonic ester a urethane;
sodium hypobromite and ‘‘chloride of lime” convert it respect-
ively into brom- and chlor-conine," in which the halogen atom is
attached to the nitrogen.

Oxidation of Conine.—Conine is easily oxidized. Under the
action of bromine-water, platinum chloride, nitric acid, or chromic
acid it yields ammonia and normal butyric acid.® Wischne-
gradsky ** states that under these conditions he obtained a mono-
carboxylic acid of pyridine, but the observation has not been
confirmed. Later Wolffenstein'* oxidized conine with hydrogen
peroxide and secured from it a coniceine, C,H,;N (page 135),
acetic acid, butyrylbutyric acid,

and amido- propylvaleraldehyde,

CH,

H,C CH,

OHC )CHC,H,
KH,

This last derivative is reconverted into conine by the action
of zinc and hydrochloric acid, while on treatment with solid

10 Passon, B. 24, 1678.

1 Lellmann, B. 22, 1000.

13 Blyth, A. 70, 73. Griinzweig, A. 162, 217; 168, 1:8.
B Wischnegradsky, B. 13, 2316.

4 Wolffenstein, B. 28, 1459.
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alkalics it gives rise to a mixture of conine and coniceine.
By oxidation, accordingly, the pyridine ring is opened between
the nitrogen and one of the neighboring carbon atoms, and the
open chain thus formed is again closed by the action of reducing
or dehydrating agents. These reactions are strictly comparable
with those which have already been discussed in the case of
piperidine (page 27).

Similar results which show the easy rupture of the conine
ring by oxidizing agents have been obtained by Schotten and
Baum *® in the oxidation of two derivatives of conine, conyl-
urethane,

CH,
H,C( \cH,
H,C\)CHC,H,
N
COOC,H,
and benzoylconine,
CH,

H,c” \CH,
H,C CHCH,
N
COCH,

Conylene.—Wertheim ' observed in 1862 that by the action
of nitrous acid conine is converted into a yellow oil of the formula
CH,,N,0, which is difficultly soluble in water, acids, and alkalies,
and which boils at 150-160° Since at that time C;H,,N was
regarded as the formula for conine, the close relation between
this alkaloid and the body CgH,N,O escaped the attention of
Wertheim. He, indeed, considered the latter to be a derivative
of conhydrine, C;H,,NO, and named it consequently azocon-
hydrine. 1t is, however, nothing other than nitrosoconine,
C.H,N—NO. It gives the characteristic reactions of a nitros-

% Schotten and Baum, B. 15, 1947; 16, 643; 17, 2548; 19, 500.
18 Wertheim, A. 123, 157; 130, 269.
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amine; on treatment with an ethereal solution of hydrogen chloride,
or on reduction with zinc and hydrochloric acid, it is reconverted
into conine.

Wertheim observed, further, an interesting decomposition
of nitrosoconine produced by the action of phosphoric anhydride.
When these two substances are heated together to 80—9o° the
nitrogen is eliminated and there is formed a hydrocarbon of the
formula C,H,,, conylene:

CHN,O — CH,+N,+H,O.

Nitrosoconine Conylene

Conylene is a colorless liquid which boils at 126°. As an
unsaturated body, it forms an addition-product with bromine;
it is insoluble in water and has no poisonous properties.

The same hydrocarbon is also produced by the decomposition
of conine according to the method of Hofmann (pages 29, 122).
As a secondary base conine can react with two molecules of
methyl iodide.

The product thus formed, the methyl iodide of methylconine,
yields with moist silver oxide a hydroxide which on dry distillation
loses water and forms a new tertiary base, dimethylconine (a
dextrorotatory liquid, boiling-point 182°):

CH, CH,

C H,._N/ OH — C,H,— N< +H,0.
CH

\CH

Meg;{}l‘)hlzgxxde of Dimethylconine
If now the dimethylconine is subjected to the same treatment
as th. preceding, i.e., its methyl hydroxide is formed and heated,
there results a second decomposition into trimethylamine and
conylene:

_/CH,
< CH, ,/
C‘HIS—N—CH i COHIC + h CH + H O
s \CH,
OH s
Methyl hydroxide of Conylene Trimethylamine
dimethylconine
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As we see, all these reactions are completely analogous to
those which piperidine gives under the same treatment. Conylene
must accordingly be regarded as a propylpiperylene:

CH,
HC /\ CH

nell  llcacs,

Synthesis of Conine.—The comparatively simple composition
of conine early incited a number " of investigators to attempt
the synthesis of the alkaloid. It was not until 1886, however,
that Ladenburg *® succeeded in effecting the synthesis.

This investigator sought first to prepare a-propylpyridine
and then to change this by reduction into a-propylpiperidine.
He wished to use for this purpose the process which he had already
employed in obtaining a number of the a-substitution-products
of pyridine and which consisted in heating to 300° the addition-
products of this base with the alkyl iodides. We have already
seen (page 41) that this process does not in this particular case
give the desired result, since the propyl group at the temperature
required undergoes rearrangement to the isopropyl group. There
is consequently formed a mixture of a- and y-isopropylpyridine.

Since this general method of preparation could not be employed
in the synthesis of conine, Ladenburg sought another way to
attain this end. He applied successfully to pyridine derivatives
a reaction which Jacobsen and Reimer had used in the quinoline
series (p.92). As these investigators show, quinaldine (a-methyl-
quinoline) reacts with aldehydes so that two atoms of hydrogen
from the group CH, are eliminated with the oxygen of the alde-
hyde group as water and there is thus formed a derivative with
an unsaturated side-chain:

4+ OCH—R — + HO
—CH, —CH=CH-—R

N N

17 Schiff, A. 187, 352; 166, 88. Michael and Grundelach, Am. Chem. Jour.,
2, 172.
1% Ladenburg, B. 19, 439, 2578; 23, 1403; 27, 3062; 28, 163, 1991; 30, 485.
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In the same way Ladenburg succeeded in condensing a-picoline
(a-methylpyridine) with acetaldehyde to allylpyridine:

+ OCH—CH, — + H,0
—CH, Acetaldehyde —CH=CH—CH,
N

a-Picoline a-Allylpyridine

By reduction the allylpyridine was converted into a-propyl-
piperidine:

/CH CH,
HCI/\IICH +8H — H,C( \CH:
HC \ / C—CH—CH—CH, H,C CH—CH,—CH,—CH,
N
a-Allylpyridine #Propylpiperidine

.

The actual carrying out of the synthesis was, however, some-
what troublesome. Paraldehyde condenses with a-picoline only
at a temperature above 250° and even then the reaction is incom-
pletc. From 380 g. of a-picoline were obtained only 45 g. of
allylpyridine. This is a liquid which boils at 188-192°; its
constitution follows from its conversion by oxidation into picolinic
acid.

The base obtained by the reduction of the allylpyridine with
sodium and alcohol must be a-propylpiperidine. It showed
the closest resemblance to the natural conine. Its odor, its
specific gravity, its boiling-point, its physiological properties were
exactly the same. On distillation with zinc-dust, there was
formed a body which was fully identified with conyrine. In
one point, however, the synthesized base differed from the natural
alkaloid. It was optically inactive. This inactivity was un-
doubtedly due to the formation of the racemic modification of
conine—a result which was indeed to be expected, since in such
a synthesis there is equal possibility of the production of dextro-
and levo-forms.

This explanation of the inactivity was verified by Ladenburg
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in the separation of the two forms by the fractional crystallization
of their bitartrates. To a saturated solution of the inactive
propylpiperidine bitartrate was added a crystal of the natural
bitartrate. The crystalline precipitate which gradually formed
was carefully freed from the mother-liquor. These crystals were
the bitartrate of dextro-a-propylpiperidine. The base obtained
from them by trcatment with an alkali was in all its chemical,
physical, and physiological properties exactly identical with the
natural conine.

From the mother-liquor Ladenburg obtained a conine which
differed from the natural product only in its optical activity;
this was the hitherto unknown lavo-conine.

In 1891 Engler and Bauer * effected a second synthesis
of conine in the following way: An equimolecular mixture
of the calcium salts of propionic and picolinic acids, when
subjected to dry dlstllla.tlon, forms a-ethyl .pynd}l ketome:

AN
—CO—CH,—CH,
N

On reduction with sodium and alcohol this is converted into
a-ethyl piperidyl alcamine (page 54) and optically inactive
a-propylpiperidine, which can be separated into its active forms
by fractional crystallization of the bitartrate.

More recently Ladenburg * states that on distilling conine
hydrochloride over zinc-dust he obtained a base stereoisomeric
with dextro-conine, the so-called isoconine, whose occurrence is
considered as due to the asymmetry of the nitrogen atom. This
isoccnine is, however, only a mixture of inactive conine with
dextro-conine.* '

% Engler and Bauer, B. 24, 2530; 27, 1775.
¥ Ladenburg, B. 26, 854; 27, 853, 859; 29, 2706; 34, 3416.
# Wolffenstein, B. 27, 2615; 29, 1956.
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2. METHYLCONIRE.

This alkaloid, which Kekulé and von Planta ? mention as
early as 1854, was first prepared in the pure condition by Wolf-
fenstein 2 in 1894 from the alkaloids of the hemlock. It is a
colorless, levorotatory liquid, of specific gravity 0.8318 at 24°
and of boiling-point 173-174°.

It possesses the constitution

H,C CH,

HC\ /CH—CH;
riz
CH

It is thus a nitrogen-methylated conine and may accordingly be
prepared by heating conine with an aqueous solution of methyl
potassium sulphate to 100°.% ’

3. CONICEINES.

Between conyrine, C;H,,N, and conine, C;H,,N, we should
according to the theory expect intermediate products of the
formule C,;H,N and CH,N. These derivatives may occur
in several isomeric forms in which spme will be tertiary, others
secondary bases. No derivative of the composition C;H,\N is
as yet known; on the other hand, there are five isomers of the
formula C,H,N whose preparation we owe to Hofmann and
Lellmann.®

These so-called coniceines (tetrahydroconyrines or a-propyl-
piperideines) have been synthesized in part from conine, in part
from conhydrine.

2 Kekule and von Planta, A. 89, 120.

2 Wolffenstein, B. 27, 2611.

# Passon, B. 24, 1678.

* Hofmann, B. 18, 5, 109; 16, 558. Lellmann, B. 22, 1000; 23, 680, 2141;
A. 259, 193.
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a-Coniceine.—This was obtained by Hofmann by heating
conhydrine with concentrated hydrochloric acid to 220°:

C,H,,NO — C,H,N+H,0.

Conhydrine a-Coni.elne

It is a liquid which boils at 158° and is little soluble in water;
it is a tertiary base and is more poisonous than conine. It is not
reduced by sodium amalgam, but hydriodic acid at a high tempera-
ture (220°) converts it into conine.

The behavior of a-coniceine has been insufficiently studied to
establish its constitution.

It is not impossible that it may be a stereoisomer of 8- and
e-coniceine (see below).

B-Conicelne—This was also prepared by Hofmann from
conhydrine, in part directly by treating it with phosphoric anhy-
dride, in part by distilling with lime iodoconine which results
from the action of hydriodic acid on conhydrine:

CH,;NO+HI = C,H,IN+H,0.

Conhydrine Iodoconine

CH,IN - C,H,;N+HI

Iodoconine B-Conicelne

B-Coniceine is a solid crystallizing in needles which melt
at 41°; it boils at 168°. It is little soluble in water, but quite
soluble in alcohol and in ether. It acts as a strong, secondary
base; its poisonous character is less pronounced than that of
conine.

In accordance with our present views concerning the constitu-
tion of conhydrine, we may assign to 3-coniceine one of the two
following formule:

CH CH
nc|/ \ICH’ H,C|/\|CH

or
H,C\N _/CH—CJH, HC\ N/cn—c,n,

H H
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7-Conicelne.—r-Coniceine is formed by the action of alkalies
on chlor- or bromconine (page 129):

C,H,CIN — C,H,N+HCL

Chlorconine r-Conicelne

According to Wolffenstein * y-coniceine occurs also in the
crude conine of commerce.

.t is a liquid little soluble in water. It boils at 171-172°,
possesses a very strong alkaline reaction, and is one of the most
active poisons, being about seventeen times moie poisonous
than conine itself.

r-Coniceine is a secondary base, optically inactive. It is
easily reducsd either by tin and hydrochloric acid or by sodium
and alcohol, and is thereby converted into inactive conine. On
distillation with zinc-dust, conyrine is formed.

From these various properties its constitution is established.

Its optical inactivity is only explained by the absence of
a hydrogen atom from the carbon atom, which in conine is
asymmetric. Its ease of reduction indicates the presence of a
double bond. This must lie between the asymmetric carbon
atom and the neighboring carbon atom and not the nitrogen, since
7-coniceine ‘as a secondary base contains the group NH.

Consequently we have the following formula:

CH,
H,C |/\HCH

HC\_/ C—CiHy
N

H
r-Conicelne

The above formation of y-coniceine from chlorconine must
be explained in the same way as the formation of piperideine

26 Wolffenstein, B. 28, 302; 29, 1956.
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from chlorpiperidine (page 23). Here also we are to assume a
migration of the halogcn from the nitrogen to the a-carbon atom.

7-Coniceine has less tendency to polymerize than piperideine.
This is undoubtedly due to the presence of the propyl group.

d-Coniceine.—Lellmann obtained this base by treating brom-
conine with sulphuric acid. It is a tertiary base, of boiling-
point 158°, levorotatory, not reducible by sodium and alcohol.

This last property indicates the absence of a double bond
in the molecule of d-coniceine. It is quite probable, then, that
in its formation the bromine attached to the nitrogen is eliminated
with the r-hydrogen atom and that J-coniceine has accordingly
the following formula:

CH

AN
i)

N

e-Conicelne.—This base is formed by the action of alkalies
on iodoconine (formed from conhydrine). In its properties
it is quite similar to its isomer d-coniceine; it is probably stereoiso-
meric with this base. It boils at 150-151°. It is a tertiary base,
dextrorotatory, irreducible by sodium and alcohol.

4. CONHYDRINE.

Conhydrine was discovered by Wertheim?¥ in the hemlock
in 1856. The alkaloid occurs in the plant in small quantities.
It possesses the formula C,H,;NO; it crystallizes from ether
in colorless leaflets which melt at 118°. It may be sublimed,
and distils without decomposition at 225-226°. In odor it resembles
conine; in poisonous character it is but slightly less active than
this base. It is somewhat soluble in water, easily so in alcohol
and ether.

3 Wertheim, A. 100, 328.
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Like conine, conhydrine is a secondary base and turns the
plane of polarization to the right.

The oxygen atom in the alkaloid forms part of a hydroxyl
group. When conhydrine is heated with concentrated hydriodic
acid to 150° the hydroxyl is easily replaced by an atom of iodine:

C,H,o(OH)N+ HI — C,H,JIN+H,0.#

The same hydroxyl is eliminated with an atom of hydrogen
when conhydrine is treated with dehydrating agents (fuming
hydrochloric acid at 220°, phosphoric anhydride, etc.). There is
thus formed a mixture of a- and S-coniceine:®

C,H,(OH)N — C,H,N+H,0.
Conhydrine Conicelne

The relation existing between conhydrine and conine is shown
by the fact that the iodo-derivative mentioned above, C,H N,
is reduced to conine by tin and hydrochloric acid. Conhydrine
is accordingly a hydroxylated conine, and in establishing its
constitution it remains only to determine the position.of the
hydroxyl group.

The hydroxyl cannot be in the side-chain, since the three
alcamines theoretically possible and of the formula,

H,
C

H,C \ICH’ |

HC\_/CH—C/H,(0H)

N
H

3 Hofmann, B. 18, s. .
* ] ellmann, B. 23, 2141; A. 3259, 193.
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have all been synthesized (page 53) and none of them is identical
with conhydrine. '

When conhydrine is dehydrated by means of hydrochloric
acid, a-coniceine is formed, and when iodoconine (obtained from
conhydrine, page 136) is treated with alkalies, e-coniceine is
obtained. These two coniceines are tertiary bases; in their
formation, consequently, the imide hydrogen of the conhydrine
is eliminated with the hydroxyl group, or with the iodine atom
which replaces the hydroxyl in the iodoconine. Such a reaction,
however, can only take place when the hydroxyl or the atom
of iodine occupies the a-, &’-, or r-position.

Now, e-coniceine is optically active (levorotatory); accord-
ingly in.iodoconine the iodine atom is not attached to the asym-
metric carbon atom, since otherwise on its expulsion the asym-
metry would be destroyed.

Further, e-coniceine cannot be reduced by sodium and alcohol;
it, consequently, contains no double bond. For this reason
the iodine atom also does not occupy the a’-position, since in
this case its elimination with the imide hydrogen would have
produced a double bond.

We are thus led to the conclusion that iodoconine is a y-deriva-
tive and that consequently conhydrine possesses the following
constitution:

H OH

N/

C
H,c/ N CH,

H,cl\ ) CH—CH,—CH,—CH,
N
H

This constitution is disputed by Willstitter.® By the
oxidation of conhydrine, as also of pseudoconhydrine, with
chromic acid, he states that he obtains I-pipecolinic acid (melt-
ing-point 264-265°):

» Willstitter, B. 34, 3166.
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CH,

H.CK\CH.

H,C \) CH—COH
N
H

I-Pipecolinic acid
This would indicate that the hydroxyl group is in the side-chain.
Willstitter considers that conhydrine is probably structurally
identical with the pipecolyl methyl alcamine of Ladenburg (page
53), since both possess the same boiling-point:

CH,
H,C CH,
H,C ()cn—cu,—cnon—cn.
N
H

a-Pipecolyl methyl alcamine

5. PSEUDOCONHYDRINE.

This alkaloid was discovered in the hemlock in 1891 by
Merck,™ and has since that time been studied by several inves-
tigators.® It is isomeric with conhydrine and possesses quite
similar properties.

The base forms a crystalline, deliquescent powder, easily
soluble in water and in the leading organic solvents. Its melting-
point is 101-102° its boiling-point 229-231°. Like conhydrine
it is a secondary, dextrorotatory base.

Pseudoconhydrine is probably a stereoisomer of conhydrine.
If the former is converted into its gold salt and this is then de-
composed, the original alkaloid is not obtained, but instead of it
conhydrine.

Even by warming for a few hours with ligroin, pseudoconhy-
drine is converted into conhydrine.

31 Merck, B. 24, 1671.
32 Ladenburg and Adam, #bidem. Engler and Kronstein, B. 27, 1779. Engler
and Bauer, B. 27, 1775.
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Engler and Kronstein have observed, further, that when
pseudoconhydrine is crystallized from different solvents (ligroin,
toluol, etc.) it changes to a third form, which is characterized
both by its lower melting-point (52-69°) and by its retransforma-
tion to the original base when heated.



CHAPTER XIIL

PIPERINE.

THE fruits of Piper nigrum L. (black and white pepper)
and those of Piper longum L. (family of the Piperacc®) con-
tain in addition to a terpene a considerable quantity (5-9%)
of an alkaloid called piperine. This was isolated by Oersted !
in 1819. The first analyses made by a large number of chemists
gave rather discordant results. The formula C,;H,,NO, which
Regnault ? found has, however, been confirmed by all subsequent
investigators.

Piperine crystallizes in prisms which melt at 128-129°. It
is almost insoluble in cold water, but easily soluble in alcohol
and ether. The alcoholic solution has a very sharp taste and
is without action on polarized light.

Piperine is a weak base; it does not react alkaline, nor does
it dissolve in dilute acids. Only with concentrated mineral acids
does it form salts, but even these are readily dissociated by
water.

The first observation of importance concerning the constitu-
tion of this alkaloid was made by Wertheim and Rochleder s
in 1848. On distilling piperine with lime, these investigators
obtained a volatile base. A little later Anderson * and Cahours ®
gave to this base the formula C;H,,N and named it piperidine.

Some years later von Babo and Keller ® completed this obser-

1 Qersted, Schweigger’s Journal [ir Chemie und Physik, 29, 8o.
? Regnault, A. 24, 315.
3 Wertheim and Rochleder, A. 54, 255; 70, 58.
¢ Anderson, A. 75, 82; 84, 345.
$ Cahours, A. ch. [3] 38, 76.
¢ von Babo and Keller, J. pr. 72, 53.
143
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vation and showed that alcoholic potash decomposes piperine
into the base, piperidine, and a monobasic acid which they called
piperic acid:

C,;H,,NO;+H,0 — CH;,N+C,H,0,.

Piperine Piperidine Piperic acid

This reaction shows that piperine is to be considered as a
piperidine in which an atom of hydrogen is replaced by the radical
of piperic acid:

C,H, N—CO—C,,H,0,.

We have already discussed the constitution of piperidine
(page 25); it remains for us to show how that of piperic acid is
established.

Piperic Acid, C,H, O,—This acid crystallizes from alcohol
in needles which melt at 216-217° and may be sublimed with
partial decomposition; it is almost insoluble in water, little
soluble in alcohol and ether.

The constitution of the acid has been especially studied by
Fittig 7 and his students.

Piperic acid is an unsaturated body which in a solution of
carbon bisulphide absorbs four atoms of bromine; on reduction
it adds four hydrogen atoms and is thus converted into a saturated
acid, hydropiperic acid, of the formula C,,H,O.

On oxidation with potassium permanganate piperic acid
is converted successively into piperonal, C¢H,O,, and piperonylic
acid, C;H,O,.

The study of these two oxidation-products has contributed
much to explain the constitution of piperic acid.

Piperonylic Acid is a saturated, monobasic acid. It melts
at 228°. With hydrochloric acid at 170° or water at 210°, it is
decomposed into protocatechuic acid and carbon:

C,HO, —» CHO, + C.

Piperonylic acid Protocatechuic

T Fittig, A. 152, 35, 56; 150, 129; 168, 94; 216, 171; 227, 31.
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Fittig and Remsen effected the synthesis of piperonylic
acid by heating a mixture of protocatechuic acid, potassium
hydroxide, and methylene iodide:

C,H,0,+ CH,I,+ 2KOH — C,H,O,+ 2KI+ 2H,0.

This mode of formation makes piperonylic acid the methylene
ether of protocatechuic acid:

HO— yo—/
T
HO— —COOH \ —COOH
Protocatechuic acid Piperonylic acid

Piperonal forms prisms which melt at 37°; it distils at 263°
and possesses a very agreeable odor of heliotrope. It is the
aldehyde of piperonylic acid; it gives all the characteristic
reactions of benzaldehyde; with potassium permanganate it is
oxidized to piperonylic acid. Its synthesis was effected by
Wegscheider * by heating protocatechuic aldehyde in alkaline
solution with methylene iodide:

no-/\ + CH,I,+ zKOH — c/n?_|/\| +3KI+3H,0.
HO—\ /—CHO \o__\ /_CHQ

Protocatechuic aldehyde Piperonal

The reaction is entirely analogous to the formation above
of piperonylic acid.

Now piperic acid differs from piperonylic acid by the presence
of the additional group C,H,. This group can only be intro-
duced in the formula of piperonylic acid between the benzol ring
and the carboxyl. If it stood in any other position in the mole-
cule, it would on oxidation give rise to a second carboxyl. The
constitution of this group has been established almost beyond
doubt by the investigations of Fittig and Weinstein on hydro-

® Wegscheider, M. 14, 382.
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piperic acid. According to these authors piperic acid bears the
formula

/o—q
C\]-%—|\/—CH=-CH—-CH—CH—COOH.

The correctness of this formula is further confirmed by an
observation of Doebner ® that piperic acid oxidized with a solu-
tion of cold potassium permanganate forms racemic acid and
piperonal:

/ O—
¢ 4+ HO0+40 —
\[6_ —CH=CH—CH=CH—COOH

Piperic acid
{o—/\
H, ' | + COOH—CHOH—CHOH—COOH
\\O— —CHO Racemic acid
Piperonal

On the basis of the above constitution for piperic acid, Laden-
burg and Scholtz ** in 1894 succeeded in effecting its synthesis.
They started with piperonal and caused this to condense with
acetaldehyde by the action of dilute soda solution (Claisen’s
reaction). There was thus first formed piperonylacrolein (yellow
leaflets, melting-point 70°):

CH,0,—C,H,—CHO + CH,—CHO —

Piperonal Acetaldehyde

CH,0,—C,H,—CH—CH—CHO + H,0.

Piperonylacroleln

This derivative was now heated with sodium acetate and

* Doebner, B. 23, 2375.
19 Ladenburg and Scholtz, B. 27, 2958.
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acetic anhydride (Perkin’s reaction). The product of the reac-
tion proved to be identical with piperic acid:

CH,0,—CH,—CH—CH—CHO+ CH,—COOH —

Piperonylacroleln

CH,0,—=C,H,—CH—CH—CH=CH—COOH + H,0.

Piperic acid

According to Scholtz * piperic acid may also be obtained
by the condensation of piperonylacrolein with malonic acid.
There is first formed piperonylene-malonic acid:

CH,0,—C,H,—CH=CH—CH=C(COOH),.

When this is heated above its melting-point a molecule of caroon
dioxide is lost and piperic acid results.

Constitution and Synthesis of Piperine.—The synthesis of
piperine from its products of decomposition, piperidine and
piperic acid, was effected by Riigheimer ** as early as 1882, at
a time, indeed, when neither piperidine nor piperic acid had
been synthesized.

Riigheimer prepared first the chloride of piperic acid by the
action of phosphorus pentachloride on the acid and then heated
this chloride with piperidine in a benzol solution. Piperine is
thus formed with the elimination of hydrogen chloride:

C,H,0,—COCl+CH,,N — (C,H,,N)—CO—C,,H,0,+ HCL

Piperyl chloride Piperidine Piperine

In this reaction, from the nature of piperidine as a secondary
base, it is undoubtedly the imide hydrogen atom which has

1 Scholtz, B. 28, 1187.
13 Riigheimer, B. 185, 1390.
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reacted with the chlorine of the acid chloride. Piperine must
accordingly possess the following constitution:

H,C / \CH

R

Following Riigheimer’s synthesis, Scholtz has effected con-
densation between piperidine and the homologues of piperic
acid, thus obtaining the higher homologues of piperine.



CHAPTER XIII.

TRIGONELLINE.

THis alkaloid was discovered in 1885 by Jahns ! in the seeds
of Trigonella fenum grecum L. (family of the Leguminose).
It occurs here in quite small quantity (0.13%) together with an
essential oil, a Dbitter substance, and traces of choline. Later
Schulze ? found trigonelline also in flax (Canabis sativa L.),
in peas (Pisum sativum L.), and in oats (Avema sativa L.).
Thoms ® has noted its occurrence in the seeds of Strophantus
hispidus and Strophantus Kombé Oliv.

In composition it corresponds with the formula C,H,NO,.
It crystallizes from alcohol in colorless prisms containing a mole-
cule of water. On being heated, it shows no definite melting-
point, but darkens and undergoes decomposition.

Trigonelline is very soluble in water, somewhat less soluble
in alcohol, and insoluble in ether. Its solutions react ncutral
toward litmus. It possesses no marked physiological propertics.

Soon after the discovery of trigonelline, Hantzsch * undertook
the study of the betaines of the pyridine carboxylic acids (page 73).
He prepared and described among others the methyl betaines
of picolinic and nicotinic acids. These two derivatives possess
the same empirical formula as trigonelline; Hantzsch called
attention to the isomerism, but did not study the matter further.

In the following year Jahns,® having prepared and purified

! Jahns, B. 18, 2518.
?Schulze, B. 27, 769; 29, Ref. 34.
3 Thoms, B. 31, 271, 408.
¢ Hantzsch, B. 19, 3I.
$ Jahns, B. 20, 2840.
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a large quantity of trigonelline, continued his study of the base.
By the action of barium hydroxide on it he split off methylamine.
When trigonelline was heated with concentrated hydrochloric
acid to 260-270°, it suffered decomposition into methyl chloride
and nicotinic acid:

C,H,NO,+HCl — CH,Cl+ CH,NO,.

Further comparative study of the base proved beyond doubt
its identity with the methyl betaine of nicotinic acid. The
constitution of trigonelline is accordingly expressed by the follow-
ing formula:

/\—co

\¢ |

N—O

CH
Trigonelline

As we have seen (page 75), trigonelline, according to the ex-
periments of Hantzsch, is formed by heating the potassium salt.
of nicotinic acid with methyl iodide to 150° and by treating the
iodide thus resulting with moist silver oxide:

O—coox + 2CHI — O—coocn, + KI
AN
N N

CH, I
Potassium salt of Methyl 1od1de of nicotinic
nicotinic acid acid methy) ester

O_COOCH' + AgOH — o—(l:o + Agl+CH,0OH -
N N—o0

i) b,

Trigonelline
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Pictet and Genequand ® have converted nicotine into trigonel-
line in an interesting way by oxidizing a methyl hydroxide of
nicotine with potassium permanganate:

HioN . O—coon . (\—co
v ;T\
4\ by

AN

CH, OH 'CH, OH
Methy] hydroxide Methyl hydroxide Trigonelline
of nicotine of nicotinic acid

¢ Pictet and Genequand, B. 30, 2117.



CHAPTER XIV.
ALKALOIDS OF THE BETEL-NUT PALM

IN 1888-1891 Jahns! isolated from areca- or betel-nuts, the
fruit of the Areca catechu (family of the Palm), the following
four alkaloids, which together with a small quantity of choline
are found in the nuts in combination with tannic acid:

Arecaidine, C,;H;,NO,;
Arecoline, C;H,,NO,;
Guvacine, CH,NO,;
Arecaine, C,H,,NO,.

1. ARECAIDINE.

Arecaidine occurs in small quantities in the betel-nut. The
alkaloid crystallizes in plates containing one molecule of water;
dehydrated, these melt with decomposition at 223-224°. It
is easily soluble in water, difficultly soluble in absolute alcohol,
and insoluble in ether, chloroform, and benzol. It is without
action on the animal organism.

The alkaloid forms salts with both acids and bases; its aqueous
solution reacts weakly acid. The acid character is due to the
presence of a carboxyl group, since the alkaloid is converted
into its ester by the action of alcohol and hydrochloric acid.

Arecaidine possesses a methyl group attached to the nitrogen
atom. On treatment with concentrated hydrochloric acid at
240°, methyl chloride is formed; on being heated with lime or

! Jahns, B. 21, 3404; 23, 2072; 24, 2615; A. Pharm. 2329, 669.
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baryta, methylamine is split off. Its formula may accordingly
be represented as follows:

CHs_N:C5H7_CO OH.

Arecaidine is an unsaturated body. If it is reduced with
sodium and alcohol, it adds two atoms of hydrogen and is thereby
converted into dihydroarecaidine:

CH;—N—C,H,—COOH.

This forms hygroscopic crystals which contain one molecule
of water and which fuse in the anhydrous condition at 162-163°.
It is very soluble in water, alcohol, and chloroform; insoluble
in ether; and in reaction is neutral.

The rough formule of arecaidine and its reduction-product
cause one to suspect that these substances are carboxylic deriva-
tives of a methylpiperideine and a methylpiperidine respect-
ively. Such is in fact the case; arecaidine is methyltetrahydro-
nicotinic acid, and dihydroarecaidine is methylnipecotinic acid.
This was shown by Jahns in the synthesis of these alkaloids.
He obtained them both at one time by reducing with tin and
hydrochloric acid the methyl chloride of nicotinic acid:

AN H
‘ )—COOH + 4H - (;m —COO0. + H al
N\
/N\ T
CH, Cl CH,
Methyl chloride of nicotinic acid Arecaldine
CH,
—COOH + 6H — H,C CH—COOH
H,C CH,
A i
CH, Cl ' CH,

Methyl chloride of nicotinic acid Dihydroarecaldine
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The position of the double bond in arecaidine is as yet unde-
termined; the optical inactivity of the alkaloid, however, favors
the position given in the formula following.?

The constitution of the two alkaloids should probably be
expressed as follows:

3C \C—CO ( \CH—CO
)CH ...C \ )CH

CH H CH H

Arecaldine Dihydroarecaldine

According to this view, they are the tetra- and hexa-hydro-deriva-
tives of trigonelline.

2. ARECOLINE.

Arecoline is the chief alkaloid in the betel-nut. It occurs
there in quantity nearly equal to that of the three other bases
taken together, or about o.1 per cent. It is an oily liquid, in-
odorous and colorless, volatile with steam, and boiling at 209°.
It is soluble in all proportions in water, alcohol, ether, and chloro-
form. Its reaction is strongly alkaline.

Alone among the alkaloids of the betel-nut, arecoline possesses
pronounced physiological activity. It is to this alkaloid, indeed,
that the betel-nut owes its anthelminthic action.

Arecoline is the methyl ester of arecaidine:

H,C ( \\c—coocn,

zC\/CHz

I
CH,

On being heated with acids or bases, arecoline is saponified

? Meyer, M. 23, 22.
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with the formation of arecaidine. Conversely, by treating arecai-
dine with methyl alcohol and hydrochloric acid, arecoline is formed.

If the methyl alcohol is replaced by ethyl alcohol, the corre-
sponding ester, homarecoline, CH,;NO,, is obtained. This is a
liquid quite similar in its physical and physiological properties
to arecoline.

Arecoline forms with methyl iodide a well-defined crystalline
addition-product (the methiodide).?

3. GUVACINE.

This alkaloid, which receives its name from the old Indian
designation of the betel-nut palm, ‘‘guvaca,” crystallizes from .
alcohol in shining crystals, which melt with decomposition at
271-272° It is insoluble in alcohol, ether, chloroform, and
benzol, easily soluble in water, acids, and alkalies. Its reaction
is neutral. ‘

The constitution of guvacine has not been definitely established
as has that of arecaidine and arecoline.

It contains apparently no carboxyl group, since it cannot be
converted into an ester with alcohol in the presence of hydrochloric
acid.

It forms a nitrosamine on treatment with nitrous acid; heated
with sodium acetate and acetic anhydride, it is converted into an
acetyl derivative. These facts indicate that it is a secondary base.

On distilling guvacine over zinc-dust, Jahns obtained a
pyridine base of the formula C,H,N, which he believed to
be B-picoline. When the alkaloid was heated with barium
hydroxide, ammonia was given off.

From these reactions Jahns assigned to guvacine the consti-
tution

3 Willstitter B. 30, 729.
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or the tautomeric form
C(OH)
oc/” | \cu—cs,
H:CI\ CH,
N

In favor of these tautomeric forms it may be noted that
guvacine shows the reactions of a phenol, and also that two
isomeric methyl derivatives may be obtained.

Further data, however, will be required to confirm these
formule.

4. ARECAINE.

Arecaine crystallizes with one molecule of water. The
crystals lose their water at 100° and melt with decomposition
at 213-214°. The alkaloid is easily soluble in water, but little
soluble in absolute alcohol, and insoluble in ether, chloroform,
and benzol. In reaction it is neutral.

Arecaine is n-methylguvacine and is consequently a tertiary
base. Jahns obtained the base by treating guvacine, dissolved
in methyl alcohol, with sodium and subsequently heating the
product to 140-150° with potassium methyl sulphate.



CHAPTER XV.

CITRAZINIC ACID. '

THIs substance, which bears the formula CHNO,, was ex-
tracted by von Lippmann ! in 1893 from beet-root (Beta vulgaris
L., family of the Chenopodiacez).

It is not basic in action, but is, on the contrary, quite strongly
acid. It is insoluble in neutral solvents and is not readily crys-
tallized except from concentrated hydrochloric acid. The crystals
are microscopic in size; on being heated above 300° they are
decomposed without melting.

Citrazinic acid had already been synthesized before Lipp-
mann noted its occurrence in the beet. In 1884 Behrmann
and Hofmann ? prepared the acid by the action of sulphuric or
hydrochloric acid on the amides of citric acid:

CHO,NH,); — CHNO,+2NH,
Triamide of citric acid Citrazinic acid
C,H,0,(OH)(NH,), — C,H,NO,+ NH,+ H,0
Diamide of citric acid
C,H,0,(OH),(NH,) — CH,NO,+ 2H,O

Monamide of citric acid

It is also formed when the trimethyl ester of aconitic acid is
treated with aqueous or alcoholic ammonia:?

C,H,0,(CH,),+ NH,+ H,0 — C,H,NO,+ 3CH,OH.

Trimethyl estgé' of aconitic Citrazinic acid
: aci

! von Lippmann, B. 26, 3061.
? Behrmann and Hofmann, B. 17, 2681.
3 Ruhemann, B. 20, 799, 3366; 31, 1247; 23, 831; 2%, 1271. Schneider,
B. a1, 670.
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This reaction may be reversed. If citrazinic acid is heated
to 180° with hydrochloric acid, it is decomposed into ammonia
and aconitic acid.* By reduction with tin and hydrochloric
acid, it is converted into tricarballylic acid and ammonia:

CH,—COOH
CHNO,+2H,0+2H — CH—COOH + NH,
Citrazinic acid |

CH,—COOH

Tricarballylic acid

By treating citrazinic acid with phosphorus pentachloride
Behrmann and Hofmann obtained an acid, C,H,CI,NO,, which
when heated with hydriodic acid was converted into isonico-
tinic acid. From this it follows that citrazinic acid is a dioxyiso-
nicotinic acid; its constitution must then be represented by one
of the two following formule:

COOH COOH
C

HC | \ch,
HOC
N

CH H,c/
| con ocK
N

Jeo

The aa’-position of the hydroxyl groups (or the carbonyl
groups) is naturally derived from the above formation of
citrazinic acid from citric and aconitic acids:

COOH (IZOOH
I\ ' AN
H,C| OHlCH’ - H,C CH, + 2H,0
OC\ COOH oC CO
H, N
Citramide Citrazinic acid

This position is further confirmed by investigations of Sell
and Dootson.®

¢ Guthzeit and Dressel, A. 262, 89.
8 Sell and Dootson, Soc. 77, 233.



CHAPTER XVI.
THE TOBACCO ALKALOIDS.

For many years it was supposed that the leaves of the tobacco-
plant (Nicotiana tabaccum L., family of the Solanacez) con-
tained but one alkaloid, nicotine. In 1go1, however, Pictet and
Rotschy ! showed that there are present in tobacco, as in most
alkaloid-bearing plants, several organic bases.

Thus far the following four alkaloids have been isolated:

Nicotine....coeeeeeeeiannnn.. C,H,N,
Nicotimine. . eccvvvneenna ... C,H,\N,
Nicoteine. ...ooveeennnannn... C, H;;N,
Nicotelline........coeeena.... C,Hs N,

These alkaloids are found in the aqueous extract from tobacco;
in their separation advantage may be taken of the fact that the
first two are volatile with steam. The last three have been
separated in very small quantities as compared with nicotine;
of the entire alkaloidal content of the aqueous extract, nicoteine
forms possibly 29, nicotimine 3%, and nicotelline {%.

In the plant these alkaloids are in combination chiefly with
malic and citric acids, to a less extent with oxalic, tartaric, and
succinic acids.

1. NICOTINE.

Nicotine was isolated from the leaves of the tobacco-plant
by Posselt and Reimann ? in 1828. The quantity found in the

! Pictet and Rotschy, B. 34, 696.
? Posselt and Reimann, Magazin fur Pharmacie, 24, 138.
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plant varies considerably (0.6-87%,); in general the better grades
of tobacco contain the smaller amounts of the alkaloid.

The empirical formula of nicotine, C, H,,N,, was established
by Melsens ® in 1843.

Nicotine is a colorless liquid which boils without decomposi-
tion at 245° but does not solidify at —30°; its specific gravity
is 1.01 at 20°. In the pure condition it is almost odorless and
acquires the odor peculiar to tobacco only after standing for
some time in contact with the air. Its taste is sharp and burning.
It is very hygroscopic and dissolves readily in water and the
ordinary organic solvents. The free alkaloid is strongly levo-
rotatory; its salts, on the contrary, are dextrorotatory.

Nicotine is one of the most active poisons with which we
have to deal; the inhalation of its vapor even in small quantities
occasions difficulty in breathing.

It is a diacid base and forms salts with one or two equivalents
of acid. It unites with two molecules of an alkyl iodide.* With
methyl iodide it forms two isomeric methiodides: the first is
obtained by directly mixing equimolecular quantities of the two
substances; the second by treating the monohydriodide of nicotine
with an excess of methyl iodide and afterwards eliminating the
hydriodic acid by means of sodium carbonate.®

These results indicate that nicotine is a bitertiary base. In
apparent contradiction to them, however, is an observation of
Etard ° that the alkaloid with acetyl and benzoyl chloride yields
an acetyl and a benzoyl derivative.

But, as Pinner 7 has shown, this contradiction is only apparent.
If the acetyl- or benzoyl-nicotine of Etard is saponified, nicotine
is not again obtained, but an isomeric base, which has received
the name metanicotine. This is an oily liquid which is optically
inactive and boils at 275-278°. It- forms a secondary base;

3 Melsens, A. ch. [3] 9, 465.

¢ Kekulé and von Planta, A. 87, 2. Stahlschmidt, A. go, 222.

§ Pictet and Genequand, Chemiker-Zeitung, 21, 246.-

¢ Etard, C. r. 97, 1218; 117, 170, 278; Bl [2] 43, 297; [3] 14, 342.
? Pinner, B. 27, 1053, 2861; 38, 456.
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treated with acetic anhydride or benzoyl chloride, it yields
the acetyl or benzoyl derivative from which it was obtained.
From this Pinner concludes that these are not derivatives of
nicotine itself, but of metanicotine, and that in the reaction in
which they are formed tertiary nicotine is probably transformed
to secondary metanicotine. We shall return to this reaction
later on.

Nicotine is an unsaturated body. When heated to 260°
with hydriodic acid and red phosphorus it is reduced to dihy-
dronicotine, C,;H,(N,, a levorotatory liquid boiling at 263-264°.
On treatment with sodium and alcohol it adds six or eight atoms
of hydrogen and yields hexahydronicotine and octohydronicotine.

Hexahydronicotine, C,H,,N,, first obtained by Liebrecht,®
has been studied chiefly by Blau.® It is a solid which melts
near 30° and boils at 245°.5. It dissolves readily in water, alcohol,
and ether, and closely resembles piperidine in odor. It isa diacid
base of secondary-tertiary character (mononitroso-derivative).

Octohydronicotine, C, H,,N,, is a liquid which boils at 259~
260°. It yields with nitrous acid a dinitroso-derivative and
it is consequently a bi-secondary base.

On passing the vapor of nicotine through a tube heated to
redness, Cahours and Etard ° obtained hydrogen, ammonia,
hydrocyanic acid, methane, ethane, ethylene, propylene, and
pyridine bases.

Among these last they isolated 8-propylpyridine, a lutidine,
a picoline, and pyridine. The presence of these bases has also
been determined in tobacco-smoke."

Oxidation of Nicotine.—Nicotine is readily oxidized; on
exposure to the air it absorbs oxygen, turning brown in color.
Under the action of oxidizing agents it yields different products
whose study has thrown much light on the constitution of the
alkaloid.

¢ Liebrecht, B. 18, 2969; 19, 2587.

? Blau, B. 24, 326; 26, 628, 1029; 27, 2535; M. 13, 330.

10 Cahours and Etard, C. r. 88, 999; 90, 275; 92, 1079; Bl.[2] 33, 951; 34, 449.

" Vohl and Eulenberg, A. Pharm. 147, 130. Kissling, Dingler’s polytech-
wisches Journal, 244, 64, 234. Le Bon and Noel, C. r. 90, 1538.
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By the action of chromic acid on nicotine, Huber !* in 1867
obtained an acid of the formula C,HNO,, which he named
nicotinic acid. Later the same result was attained by Wcidel '*
and Laiblin* by using nitric acid or potassium permanganate.
Now nicotinic acid we found to be B-pyridine carboxylic acid
(page 57); nicotine is accordingly a pyridine derivative having
in the B-position the group —C,H,)N:

O—coon O—C,H,.N
N N

Nicotinic acid Nicotine

The oxidation of the quaternary derivatives of nicotine leads
to a like result. We have seen that nicotine yields two mono-
methiodides. One of these is formed by treating the monohy-
driodide of the alkaloid with methyl iodide. In this derivative,
then, the methyl iodide is attached to that nitrogen atom which
is less strongly basic.

On changing this methiodide to the hydroxide and oxidizing
it with potassium permanganate, Pictet and Genequand ** obtained
irigonelline (the methyl betaine of nicotinic acid):

O—c,ﬂwN | co

N—OH N—O

| : |
CH, CH,
Nicotine monomethyl Trigonelline
hydroxide

This result seems to indicate that the nitrogen atom of the
pyridine nucleus is less basic than the other, and that in the

1 Huber, A. 141, 271; B. 3, 849.

3 Weidel, A. 165, 328.

1 Laiblin, A. 196, 129; B. 10, 2136; 13, 1212, 1996.
18 Pictet and Genequand, B. 30, 2117.
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monacid salts of the alkaloid the acid is attached to the nitrogen
of the group C;H,,N.

With weaker oxidizing agents nicotine yields other oxidation-
products. Heating it with mercuric oxide to 240° gives rise
to oxytrinicotine, CyH,,N,O,. Hydrogen peroxide oxidizes nico-
tine to a base, oxymicotine (micotine oxide), C,H,N,0.!"

Under the action of potassium ferricyanide in alkaline solu-
tion, of silver oxide, or of silver acetate, nicotine loses four atoms
of hydrogen and is converted into a base, nicotyrine, C,,H,,N,.
Cahours and Etard, who first obtained this substance, gave it
the name isodipyridine. When, however, it was shown that
nicotine is not a dipyridyl derivative, as it had been supposed
to be, Blau proposed that the name be changed to nicotyrine.

Nicotyrine is a colorless, oily liquid which boils at 280-281°.
It is little soluble in water; its odor is characteristic. Unlike
nicotine, nicotyrine is optically inactive.

Action of Bromine on Nicotine.—This action has been studied
by Pinner.”” When a solution of nicotine in acetic acid is treated
at the ordinary temperature with bromine there is formed a
perbromide, C,,H,,BrN;O. Boiling water, ammonia, or sul-
phurous acid serve to convert the latter into dibromcotinine,
C.HN—CHBr,NO (prisms melting at 125°). On oxidation
dibromcotinine yields nicotinic acid—a reaction which indi-
cates that the pyridine nucleus of the molecule has not been
affected by the bromine. On reduction with zinc-dust and
dilute hydrochloric acid, it is converted into cotinine, C,,H,,N,O.
Cotinine forms a mass of radiating crystals which melt at 50°;
it boils at 336°. Both dibromcotinine and cotinine are monacid
bases. :

If nicotine is heated to 100° with bromine in a solution of
hydrobromic acid, it yields the hydrobromide of dibromticonine,
C,HN—CH,Br,NO,.HBr. The free dibromticonine forms
granular crystals which melt at 196°. It is likewise a monacid

¢ Pinner and Wolffenstein, B. 24, 61, 1378; 25, 1428. Auerbach and Wolffen«
stein, B. 34, 2411.
17 Pinner, B. 25, 2807; 26, 292, 765; 37, 2861; 28, 18, 1932.
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base, and on oxidation yields nicotinic acid. Reduction with
zinc-dust in alkaline solution gives rise to monobromticonine,
C:H N—CH,BrNO,.

When heated with baryta-water to 100° dibromticonine is
decomposed into nicotinic acid, malonic acid, and methylamine.
This decomposition indicates that nicotine contains the atomic

groups
O—C—C—C—C— —NCH,

N

Inactive Nicotine.—Nicotine possesses a high specific rotatory
power ([a];°= —166°.33). The conversion of the active alkaloid

into the inactive form is effected by heating an aqueous solution
of the monochloride or sulphate for some time at about 200°.
Pictet ** thus reduced the specific rotation to — 3°.95, which repre-
sents a conversion into inactive nicotine to the extent of 97.7%.

In nearly all its properties, save optical activity, #-nicotine
appears to be identical with the active form. From this Pictet
concludes that the former does not constitute a distinct racemic
derivative, but is simply a mixture of d- and /-nicotine.

The separation of i-nicotine into its active constituents has
been partly effected recently by Pictet and Rotschy.® By re-
peatedly recrystallizing the salt formed with d-tartaric acid, a
tartrate is obtained whose melting-point, rotatory power, and
other properties correspond with those of the salt resulting from
the interaction of the same acid and /-nicotine. The /-nicotine
derived from this salt is in all respects identical with the natural
alkaloid.

Constitution of Nicotine.—From the oxidation of nicotine to
nicotinic acid it is clear that the alkaloid is a pyridine in which
a f-hydrogen is replaced by the group C;H,N. It remains
then to determine the constitution of this group.

18 Pictet, B. 33, 2355.
1 Pictet, C. r. 137, 860.
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For a long time this complex was regarded as a piperidine
ring. What seemed to add particular weight to this opinion
was the close resemblance between nicotine and two piperidyl-
pyridines which Skraup and Vortmann also Weidel and Russo
had prepared by the partial reduction of the dipyridyls (page 76).

Nicotine was accordingly considered to be a piperidyl-pyridine
of the following constitution:

.

H,

C

H H,C /\|CH,

Hc"/\ C—HC\/CH
\/ H

It was soon shown, however, that such a constitution was
inadmissible, particularly in the light of the following considera-
tions:

1. Blau* as also Herzig and Meyer * found that nicotine pos-
sesses a m-methyl group, since its hydriodide on decomposition
yields the calculated amount of methyl iodide. The formula of
the alkaloid may then be written

(CHN)—CH,—N—CH,,

which excludes all possibility of the existence of a piperidine
nucleus in the molecule.
2. By the reduction of af-dipyridyl with sodium and amyl
alcohol, Blau obtained af-dipiperidyl (page 78):
H,
- C
c’ H,C/\CHz

H,C|/\ICH—HC\ /CH,
N

H,C N / CH, H
N
H

* See note g, p. 161.
3 Herzig and Meyer, B. 27, 319; M. 15, 613.
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This derivative was, however, not identical with hexahydro-
nicotine.

3. The piperidylpyridine formula for nicotine represents
the alkaloid as a secondary-tertiary base. The behavior of
nicotine towards alkyl iodides is, however, that of a tertiary
base, as has been shown by a number of investigators.

The group C,H,,N is, accordingly, not the piperidine complex.
It is furthermore not an open chain, since it contains no double
bond.*

From such considerations Pinner concluded that this group
probably contained a pentatomic ring and he accordingly assigned
to nicotine the constitution of a f-pyridyl-a-n-methylpyrrolidine:

H,CI——|CH,
-
| I HC\ /CH,
N
N CIH,
Nicotine

This formula accounts for all the properties and decomposi-
tions of nicotine; it explains the constant occurrence of pyrrol
derivatives in the dry distillation of salts of the alkaloid; and
it has recently been fully established by Pictet  in the complete
synthesis of #-nicotine.

Synthesis of i-Nicotine.—From the investigations of Ciami-
cian ® we know that derivatives of pyrrol containing a n-alkyl
on being strongly heated undergo a molecular rearrangement,
in which the radical shifts from the nitrogen to the a-carbon

atom:

N

l
R

i
=d

# Willstitter, B. 28, 2277.

3 Pictet and Crépieux, B. 28, 1904; 31, 2018. Pictet and Rotschy, B. 33,
2353. Pictet, B. 33, 2355.

3 Ciamician, B. 18, 1828; 20, 698; 32, 659, 2518.
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By subjecting to dry distillation the mucate of f-amidopyridine
(page 17) Pictet and Crépieux* prepared n-g-pyridylpyrrol
(a liquid boiling at 251°). This reaction is perfectly analogous
to that in which pyrrol itself results from the distillation of am-

_monium mucate:

CHOH—CHOH—COONH,

—)
(IZHOH—CHOH—COONH‘
Ammonium mucate
CH—CH\
/NH+ NH,+ 4H,0+2CO,
CH—CH
Pyrrol

On passing the vapors of #-3-pyridylpyrrol through a tube heated
to dull redness, these investigators obtained a solid (melting-
point 72°), which from the reaction of Ciamician must be re-

garded as an af-pyridylpyrrol:

QA
O -07Y

#n-A-Pyridylpyrrol ap-Pyridylpyrrol

This derivative possesses both basic and acid properties.
It reacts with potassium, hydrogen being evolved, and forms
a salt in which the hydrogen attached to the nitrogen of the
pyrrol nucleus is replaced by the metal. When this salt is warmed
with methyl iodide not only does a methyl group take the place
of the atom of potassium, but a molecule of the alkyl iodide
is also added to the nitrogen of the pyridine nucleus. We thus
obtain the methiodide of n-methyl-aB-pyridylpyrrol:

34 Pictet and Crépieux, B. 28, 1904; 31, 2018.
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Q\/HCH,HQ\/N

Ha

This methiodide is identical with that of nicotyrine and is

changed into the free base on distillation over lime.

The nico-

tyrine thus obtained is in all respects identical with the oxidation-
product of nicotine.

Its iodo-derivative reduced with tin and hydrochloric acid
yields a dihydronicotyrine, possibly:

HC——CH,

CH,

This with bromine forms a perbromide, C,,H,,N,Br,, which
on reduction with tin and hydrochloric acid is converted into
i-nicotine.

The formation of metanicotine (page 160) and of octohy-
dronicotine (page 161) is to be accounted for by a rupture of
the pyrrolidine nucleus between the nitrogen and the neighboring
asymmetric carbon atom. This explains the secondary nature

and optical inactivity of the two bases:

9

N

Nicotine

CH,—CH,

_i /CH,
|

CH,

CH—CH,

Ay

J ¢
N /N

H CH,
Metanicotine

o

CH,—CH,
H,C CH—CH, CH,
H,C CH, N

N H ¢H,

Octohydronicotine
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2. NICOTIMINE.

This alkaloid is a colorless liquid which boils at 250-255°
(uncorrected). It is readily soluble in cold water and all the
ordinary organic solvents. Its odor is sharper than that of nicotine
and more disagreeable. It is apparently a secondary base,
since it yields a nitroso- and a benzoyl-derivative. The alkaloid
differs from metanicotine not only in boiling-point, but also in
the properties of its salts.

3. NICOTEINRE.

Nicoteine forms a colorless liquid which boils at 266-267°
(uncorrected). Its odor somewhat resembles that of pyrrol,
but is quite unlike that of nicotine. The taste of a dilute aqueous
solution is sharp and intensely bitter.

Nicoteine like nicotine is levorotatory, but its specific rota-
tion is only about one-fourth that of the latter alkaloid.

The salts of nicoteine like the free base are levorotatory.

Nicoteine is a diacid, bitertiary base. In physiological action
it resembles nicotine, but its toxicity is apparently greater. Oxi-
dation of the alkaloid with concentrated nitric acid gives rise
to nicotinic acid.

The alkaloid closely resembles its isomer, dihydronicotyrine,
and it is probable that it possesses a similar constitution. Possibly
its constitution may be formulated as follows:

CH==CH

Ok
N |
CH,

Nicotelne

4. NICOTELLINE.

Of the four alkaloids from the tobacco-plant, this alone is a
solid at the ordinary temperature.
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Crystallized from alcohol or water, nicotelline forms white,
prismatic needles which melt at 147-148°. It is little soluble
in cold water, but dissolves with considerable readiness in hot.
Unlike the other alkaloids of this group, its aqueous solution
is neutral toward litmus.

Many of the reactions of nicotelline seem to indicate that
its constitution differs fundamentally from that of nicotine and
of nicotelline. Too little, however, is as yet known regarding
the alkaloid to lead to any definite conclusion.



CHAPTER XVII.

THE JABORANDI ALKALOIDS.

THE leaves of the Jaborandi (Pilocarpus pennatifolius
Lemaire, family of the Rutacez) contain three, possibly four
alkaloids:

Pilocarpine................. C,,H,N,O0,
Isopilocarpine. ............. «

Pilocarpidine. . ............. C,oH,N,0,
Jaborine. .. ....iiiiilll.. C,;H,N,O,

In the leaves of related species occur still other alkaloids,
which closely resemble those just named.® Thus in Aracati
jaborandi and Pilocarpus spinatus are found the so-called pseudo-
pilocarpine and pseudojaborine,® and in the false Jaborandi jabo-
randine.® ‘

1. PILOCARPINE.

~ This alkaloid was discovered by Hardy in 1875. Since then
it has been the subject of numerous investigations,* but unfortu-
nately some of these are not as satisfactory as one might wish.

! Paul and Cownley, Pharm. Jour. and Trans. 57, 1.

? Petit and Polonovski, J. de Pharm. Chim. [6] 5, 369, 430; 6, 8; Bl 17, 553,
702.

! Parodi, Revista Pharmaceuta 1875, 3.

¢ Hardy and Calmels, Bl [2] 46, 479; 48, 220; C.r. 1032, 1116, 1251, 1562;
103, 277; 105, 68. Chastaing, C. r. 94, 223, 968; 97, 1435; 100, 1593; IOI,
so7. Harnack and Meyer, A. 204, 67. Knudsen, B. 25, 2985; 28, 1762. Jowett,
Soc. 77, 473, 851; 79, 580, 1331; 83, 438, 464; Proc. Soc. 16, 50, 123; 17, 56,
198; 19, 54; B. 33, 2892. Pinner and Kohlhammer, B. 33, 1424, 2357; 34, 727.
Pinner and Schwarz, B. 35, 192, 2441.
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As ordinarily obtained pilocarpine is an oily sirup which
when quite pure crystallizes; it is, however, very hygroscopic. It
dissolves readily in both water and alcohol, somewhat less readily
in ether. Both the free base and its salts are dextrorotatory.®

In its physiological action pilocarpine excites the secretion
of the perspiration and of the saliva; it acts upon the eye caus-
ing, unlike atropine, a contraction of the pupil (myosis). It is
interesting to note that pilocarpidine, which is frequently found
as an impurity in the pilocarpine commonly obtained, produces
like atropine a dilation of the pupil. Administered in larger
quantities, pilocarpine is a strong poison whose action resembles
that of nicotine.

The alkaloid is a monacid base and has a methyl group
attached to one of its two nitrogen atoms. It is soluble in caustic
alkalies, and this solubility is made use of in separating pilocar-
pine from other related alkaloids which do not possess this
property.

Pilocarpine is readily converted into its isomer, ésopilocar pine.
To effect this change it is sufficient to heat the hydrochloride of
the alkaloid for half an hour at a temperature a few degrees
above its melting-point (204-205°), or to distil the free base
in vacuo. A mixture of the two alkaloids is thus obtained, from
which isopilocarpine may be separated.

From the oxidation of pilocarpine with potassium permangan-
ate there result ammonia, methylamine, small quantities of acetic
and propionic acids, pilopic acia, C,H,,0,, and homopilopic acid,
C,H,,0,. The last two are lactone acids. When fused with
caustic potash the first yields normal butyric acid, the second
under the same treatment at a lower temperature forms a-ethyl-
tricarballylic acid, C,H,,O,. Jowett, accordingly, represents
these acids by the following formule:

C,H,,—?H—'CH—COOH C,H—CH—CH—CH,—COOH
|
OCO—CH, OCO—CH,

Pilopic acid Homopilopic acid

* Herzig and Meyer, M. 15, 613; 16, 599.
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On oxidation with chromic acid at the temperature of the
water-bath pilocarpine is converted into a dibasic acid, pilocarpoic
acid, C;;H,(N,O;. On further oxidation of this acid with potas-
sium permanganate there is formed a finely crystalline acid,
C,H,,O;, of unknown constitution.

On treatment with bromine pilocarpine yields a perbromide,
C,;H,\N,O,Br,,HBr.Br,, By the action of ammonia this per-
bromide is converted into dibrompilocarpine, C, H,N,O,Br,
(colorless prisms, melting-point 95°). Reduction of the di-
bromide gives rise again to pilocarpine. By the action of bro-
mine on pilocarpine at higher temperatures, bromcarpinic acid,
C,oH,;N,O,Br (prisms, melting-point 209°), is obtained.

2. ISOPILOCARPINE,

The occurrence of this alkaloid in Jaborandi-leaves was
noted by Jowett ® in 19oo. Its formation from pilocarpine has
already been mentioned (page 172).

Isopilocarpine is an oily liquid which boils at 261° at a pressure
of 10 mm. It closely resembles its isomer, pilocarpine. The
specific rotatory power of the two alkaloids and the different
properties of their salts show clearly, however, that the two
substances are different:

Pilocarpine, Isopilocarpine.
[a]D = +100°%5§ [a]D -4 42°8
Pilocarpine nitrate, M. P. 178° Isopilocarpine nitrate, M. P. 159°
“ hydrochloride, M. P. 204-5° “ hydrochloride, M.P. 127°
“ hydrobromide, M. P. 185° “ hydrobromide, M.P. 147°

" methiodide, an oil “ methiodide, M. P. 114°.

Like pilocarpine, isopilocarpine is a monacid base, is soluble
in alkalies, and possesses a #-methyl. Oxidized with potassium

¢ Jowett, Soc. 77, 473.
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permanganate it yields the same products as does its isomer.
Oxidation with chromic acid, however, does not lead to pilo-
carpoic acid, but apparently occasions a general disruption of
the molecule.’

On treatment with bromine, isopilocarpine yields a perbromide,
C, H,N,O,Br,HB.Br,, which can be readily converted into
dibromisopilocarpine, C,,;H, N,O,Br, (prisms, melting-point 135°).
If the dibromide is reduced, isopilocarpine is again formed.
If the dibromide is oxidized with potassium permanganatc, there
are formed ammonia, methylamine, pilopic acid, C,H,,0,, and
a new acid, pilopinic acid, CH,,NO, (melting-point g¢8°).

When bromine acts upon isopilocarpine at a higher tem-
perature the two chief products formed are dibromisopilocar-
pinic acid, C,H,,N,O,Br,, and monobromisopilocarpinic acid,
C,;H;N,OBr. The first acid crystallizes in well-dcfincd rect-
angular prisms which melt with decomposition at 235°.

Constitution of Pilocarpine and Isopilocarpine.—From thcir
investigations Hardy and Calmels decided that the constituticn
of pilocarpine was to be represented by the formula

CH,

|
—C—N(CH,),
O

N

The account of their work, however, is unsatisfactory and
incomplete and, as later investigations have shown, unreli-
able.

Our knowledge regarding the constitution of these alkaloids
we owe chiefly to the recent work of the two investigators Jowett
and Pinner.

Since both pilocarpine and isopilocarpine on oxidation with
potassium permanganate yield the potassium salt of a hydroxy-
acid, C,H,,0;, of which homopilopic acid, C,H,,0, (page 172),
is the lactone acid, and since the hydroxy-acid has been deter-



THE JABORANDI ALKALOIDS. 175

mined with a high degree of probability to be
C,H—CH(CO,H)—CH(CH,0H)—CH,(CO,H),

we may assume that the alkaloids contain one of the following
complexes:

C,H—CH—CH—CH,—CO C,H,—CH—CH—CH,—C—
or
CH,——O CO CH,

C
l O

From certain analogies found to exist between pilocarpine
derivatives and glyoxaline Pinner and Schwarz concluded that
the alkaloids probably contained the glyoxaline ring:

(IZIH—NH >
s 1 2 CH
ci—n”

Glyoxaline

Jowett then called attention to the close resemblance in behavior
between isopilocarpine and dimethylglyoxaline.

The probable presence of a glyoxaline nucleus in the molecule
received conclusive proof, as shown by the latter investigator, from
the formation of various glyoxaline derivatives by the distillation
of isopilocarpine with soda-lime. The crude product obtained
from this distillation was found to contain 1-methylglyoxaline,
1,4- (or 1,5-) dimethylglyoxaline, 1,4- (or 1,5-) methylamylglyoxa-
line, and probably 1,4- (or 1,5-) methylamyleneglyoxaline, together
with ammonia and methylamine.

The formation of these derivatives is readily explained by
supposing that the CH,OH group is oxidized to carboxyl with
subsequent elimination of carbon dioxide, yielding methylamyl-
glyoxaline.

Assuming the following formula for isopilocarpine, the change
might be thus represented:
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C,H,—CH——CH—CH,—C—N(CH,)
CO CH, CH— N7 o=
N

C,H,—CH—CH—CH,—C—N(CH,)

COH COH CH—N7 -

CH,—CH,—CH,—CH,—C—N(CH)\

D

CH
Methylamylglyoxaline

The other glyoxalines, as well as ammonia and methylamine,
are produced by further disruption of the molecule and final
fission of the glyoxaline ring itself.

It seems evident, then, that isopilocarpine must be regarded
as a glyoxaline derivative. It rcmains to determine (a) the
point of attachment of the glyoxaline and homopilopic complexes,
and (b) the appropriate formula for the homopilopic residue.

Since 1,4- (or 1,5-) dimethylglyoxaline is formed in the dis-
tillation with soda-lime, one of the following complexes must
exist in isopilocarpine:

—C—C—N(CH,) —C—C———Ny
CH oOr CH
(!H——N> !H—N(CH,)/

Inasmuch as it is at present impossible to decide between
these formule, we may arbitrarily assume that isopilocarpine is a
1,5-glyoxaline derivative.

From the two possible homopilopic complexes, isopilocarpine
will then be :

C,H,—CH—CH—CH,—CO C,H,—CH—CH—CH,—C—N(CH,)

CH
CH=C CH—O . CO CH, CH,—nN7
| ] ANV 4
N N—CH, o)
N/
CH
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The determination of the constitution of the methylamyl-
glyoxaline formed above renders it possible to decide between
these two formule. From the reactions probably involved in its
formation (page 175) this glyoxaline derivative, according as it is
derived from formula I or II, will have the following constitution:

C.H—CH—CH,
CH=C CH,—CH,—CH,—CH,—C—N(CH)\
or CH
rlq I!I—CH, CH—nN/
N\
CH
III v

These compounds on oxidation would yield either (III)
diethylacetic acid or (IV) normal hexoic acid. On oxidation
normal hexoic acid was obtained, consequently IV represents the
methylamylglyoxaline formed. The constitution of isopilocarpine
may then be regarded as established with a fair degree of cer-
tainty as

CJH;—CH—CH—CH,—C—N(CH)\

CH
CO CH, CcH— N7
/

(0]

Isopilocarpine

Jowett considers that pilocarpine is a stereoisomer of isopilo-
carpine and is consequently to be represented by the same struc-
tural formula.

3. PILOCARPIDINE.

This alkaloid was discovered by Harnack ® in 1887. The
base forms a deliquescent, crystalline mass of strongly alkaline
reaction. It is somewhat soluble in water, easily soluble in
alcohol and chloroform, and but little soluble in ether and benzol.
Both the base and its salts are optically active.

¢ Harnack, A. 238, 228.
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Pilocarpidine is a monacid base; it possesses at the same time
acid properties, however, and unites with alkalies to form salts
which have the general formula C, H,,N,O,M, and which are
readily decomposed by carbonic acid.

Heated with potassium hydroxide to 200°, the alkaloid gives
off dimethylamine.’

According to Herzig and Meyer® pilocarpidine contains
no n-methyl. When an acid solution of the base is evaporated
it is stated that a new alkaloid, jaboridine, C,;H,,)N,0,, is formed.

4. JABORINE.

In 1880 Harnack and Meyer ° isolated from the leaves of the
Jaborandi a base which they supposed to be an isomer of pilo-
carpine and to which they gave the name of jaborine. They
describe the alkaloid as an amorphous substance soluble in
alcohol and ether.

From the work of Jowett ' it seems not improbable that
jaborine is a mixture of pilocarpidine, isopilocarpine, and possibly
a trace of pilocarpine.

7 Merck, Bericht fur 1896.

® Herzig and Meyer, M. 18, 379; 19, §6.
* Harnack and Meyer, A. 204, 67.

19 Jowett, Soc. 77, 492.
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CYTISINE.

CyTISINE was discovered in 1865 by Husemann and Marmé?!
in the seeds of Cytisus laburnum L. It has been found further-
more in various species of Cytisus, Ulex, Genista, Sophora, Bap-
tisia, and Euchresta. All these plants belong to the pulse family
(Leguminose).

The formula of cytisine is C,,H,,N,O. It crystallizes from
alcohol in prisms which melt at 152-153° and which can be sub-
limed in wvacuo without decomposition. The alkaloid is quite
soluble in water, alcohol, and chloroform, difficultly soluble in
ether and benzol, and insoluble in ligroin.

Cytisine is a diacid base; it is strongly alkaline in its reaction;
it expels ammonia from ammonium salts and precipitates the
oxides of the heavy metals from their salt solutions. Its taste
is both bitter and caustic and it acts as a violent poison. It
turns the plane of polarized light to the left.

The alkaloid has been studied with reference to its chem-
ical properties and constitution by a number ? of investigators.
Through their work the following points have been established:

Cytisine is both a secondary and a tertiary base; it yields a
nitrosamine (needles, melting-point 174°) and a monacetyl
derivative (melting-point 208°). No methyl group is attached
to either nitrogen atom.* With methyl iodide it forms a biter-

! Husemann and Marme, Zeitschrift fiir Chemie, 1865, 161; 1869, 677.

? Plugge, A. Pharm. 229, 48, 561; 232, 444; 233, 294, 430, 441. Partheil,
B. 23, 3201; 24, 634; A. Pharm. 231, 448; 233, 161, 486; Apotheker-Zeitung,
10, 9o3. Buchka and Magahaes, B. 24, 253, 674. Rauwerda, A. Pharm. 238,
477. Freund and Friedmann, B. 34, 615.

3 Herzig and Meyer, M. 18, 379.
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tiary methylcytisine, (C,,H,;NO)=NCH, (melting-point 134°),
which may further be converted into the monomethiodide,
(C,;H,;)NO)=N(CH,),I. When this last is heated with caustic
potash, there is obtained a ncw tertiary base, dimethylcytisine:

(C,,H,NO)N(CH,),I + KOH—(C,,H,,NO)N(CH,),+ KI+ H,0.

Methiodide of methylcytisine Dimethylcytisine

Dimethylcytisine in turn will add methyl iodide and the
addition-product on treatment with caustic potash is decomposed
into trimethylamine, formaldehyde, and an amorphous base
of the composition C,,H,,NO,, whose constitution, however, has
not yet been determined :

(C,,H,,NO)N(CH,),] + KOH +
H,0 — C,,H,,NO,+ (CH,);N+ CH,0+KI.

In the action of methyl iodide on cytisine, it follows that only
the secondary nitrogen atom is affected.

Hydrogen peroxide oxidizes cytisine to an oxycytisine,
C,,;H,\N,O,, which possesses the properties of a hydroxylamine
derivative. Oxycytisine, C,,H,;O(N—OH), melts with decom-
position at 223-226°; it reduces an ammoniacal silver solution,
but is otherwise quite stable in the presence of alkalies or
acids. It is basic and at the same time weakly acid.

Bromine acts upon the alkaloid, giving a dibromcytisine,
C,,H,Br,N,O (melting-point 63°). Cytisine contains no methoxy
group; distilled over zinc-dust or soda-lime it forms pyrrol
and pyridine bases. On oxidation with potassium permanganate
it is converted into oxalic acid and ammonia.

According to van de Moer * cytisine is formed from pilocarpine
hydrochloride when the latter in a solution of chlorine-water is
exposed to the action of direct sunlight. Pilocarpine, C,,H,,N,O,,
indeed, differs from cytisine, C,,H,N,O, in composition only
by an additional molecule of water, yet this rather strange obser-

¢ van de Moer, Berichte der deutschen pharmaceutischen Gesellschaft, s, 257.
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vation of van de Moer’s needs to be confirmed. An apparently
insuperable objection to any such reaction is the fact that cytisine,
unlike pilocarpine, possesses no methyl group attached to nitrogen.

Cytisine has proved to be identical with several alkaloids
to which formerly different names were applied, as wulexine®
(Ulex europaeus), baptitoxine (Baptisia tinctoria), and sophorine
(Sophora tomentosa).

§ Gerraro, Pharm. Journal and Trans. 1886 [3), XIII, ror.
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SPARTEINE.

SPARTEINE, C,;H,N,, was discovered by Stenhouse! in 1851
in Spartium scoparium L. (family of the Leguminosz). The
alkaloid is an oily liquid which distils without decomposition
at 288° (311° according to Bamberger ?); it possesses a faint
odor, somewhat resembling that of aniline, and a very bitter taste;
it is poisonous, its action being that of a narcotic.

Sparteine is readily soluble in alcohol, ether, and chloroform;
it is, however, insoluble in benzol and ligroin and very little
soluble in water. Its density is somewhat greater than that of
water. It is optically active, turning the plane of polarization to
the left.

As yet we know little in regard to the constitution of this
alkaloid. Certain facts have, however, been established. It
is a diacid, bitertiary base® and contains a pyridine ring. By
distilling sparteine over lime or by passing its vapor through a
tube heated to redness, Ahrens* obtained pyridine, 7-picoline,
ammonia, prussic acid, ethylene, propylene, and other hydrocar-
bons. By heating sparteine sulphate with zinc-dust, the same
investigator got pyridine, a-picoline, a trimethylpyridine (possibly
afia’), methyldiethylamine, etc.

On oxidation with potassium permanganate, the base yields,
according to Bernheimer,® a pyridine carboxylic acid, together
with a large quantity of oxalic and formic acids. When sparteine

! Stenhouse, Philosophical Transactions, 1851 [2]), 422; A. 78, 1s.
? Bamberger, A. 235, 368.
$ Mills, A. 125, 71.
¢ Ahrens, B. 20, 2218; 21, 825; 24, 10c95; 35, 3607; 26, 3035; 30, 195.
$ Bernheimer, G. 13, 451.
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is heated with silver oxide to 170-180°, it is decomposed, forming
pyridine and carbon dioxide.®

Ahrens claims that by heating sparteine with hydriodic acid
to 200°, methyl iodide is split off and a secondary base, C,H,N,,
is formed. Herzig and Meyer,” as also Moureu and Valeur,®
have, however, been unable to detect the presence of any methyl
group attached to nitrogen.

Sparteine is an unsaturated body; with tin and hydrochloric
acid it is reduced to dihydrosparteine, C ;H,,N,. This is a heavy
liquid, which boils at 281-284°. It is a secondary base, little
soluble in water.

Sparteine is very easily affected by oxidizing agents. By
the action of a number of these, such as “chloride of lime,”
hydrogen peroxide, lead peroxide, silver oxide, etc., Ahrens
obtained a series of oxidation-products. These have, however,
contributed nothing further to our knowledge of the constitution
of the alkaloid. The chief of these oxidation-products are:

a. Delvydrosparteine, C,;H,N,, a liquid which boils at 314-315°.

b. Oxysparteine, C ;H,N,O (C,;H,N,(COH)?), needles melt-
ing at 83-84°, a diacid base possessing the properties of an alde-
hyde. Phosphorus oxychloride causes the elimination of a
molecule of water with the formation of a volatile base, C,;H,,N,.

¢. Two isomeric bases of the composition C,;H,,N,O. These
are oily liquids.

d. Dioxysparteine, C,H,N,O, (C,;H,N,(OH),?), prisms
melting at 128-129°. Heated with concentrated hydrochloric
acid it is converted into dehydrosparteine.

e. Trioxysparteine, C ;H,N,O,, a monacid base, crystalline,
but quite deliquescent.

'Peméoner, G. 23, s555.
" Herzig and Meyer, M. 15, 613; 16, 599.
® Moureu and Valeur, C. r. 137, 194.



CHAPTER XX.
THE LUPINE ALKALOIDS.

THE seeds of the yellow lupine (Lupinus luteus L., family of
the Leguminos®) contain before or after their germination a
large number of substances: albuminous matter (as high as 49%),
a glucoside of the formula C,;H,,0,, acids (malic, citric, oxalic),
and an entire series of basic derivatives, which are mostly de-
composition-products of albuminous bodies: asparagine (17-
19%), leucine, phenylalanine, tyrosine, arginine, choline, xan-
thine, hypoxanthine, lupinine, lupinidine, etc. We will consider
here only the two last alkaloids, which are quite distinct from
the others and are alone characteristic of the yellow lupine.

These alkaloids are found only in the yellow and black lupine
(Lupinus niger);' the seeds of the white lupine (Lupinus albus L.)
contain two other alkaloids, dextro-lupanine and inactive lupanine.
Dextro-lupanine is also obtained from the seeds of the blue lupine

(Lupinus angustifolius L.) and from those of the wild lupine
(Lupinus perennis L.).2

1. LUPININE.

Lupinine was discovered by Cassola ® in 1835. It has been
studied in a more or less impure condition by a number of investi-
gators. In 188r it received from Baumert* the formula
C,H,N,0,, which was generally accepted. The recent work

! Schmidt and Behrend, A. Pharm. 235, 262.

?Schmidt and Davis, A. Pharm. 238, 192, 218, 229.

3 Cassola, A. 13, 308.

¢ Baumert, B. 14, 1150, 1321, 1880, 1882; 18, 631, 1951; A. 214, 361; 224, 313.
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of Willstitter and Fourneau,® however, indicates that the com-
position of the alkaloid must be represented by the simpler
formula C,H,,NO.

Lupinine is a crystalline substance which melts at 68-69°
and distils without decomposition at 255-257° in an atmosphere
of hydrogen. It possesses an agreeable fruit-like odor, a very
bitter taste, and is only weakly poisonous. It is readily soluble
in water, alcohol, and ether, and is volatile with steam.

The alkaloid is a tertiary base, in optical activity strongly
levorotatory; it contains a hydroxyl group. When subjected
to exhaustive methylation it yields trimethylamine and a non-
nitrogenous, unsaturated body possessing the properties of an
alcohol. The successive reactions may be represented as follows:

(CioHO)=NC St — H,0+ (CioH,,0)=N—CH,
(CmHuO)—N/C — H,0+(C,oH,,0)—N S
H 3

(CNHHO)—Il\I<gH — H,0+N(CH,),+C,,H,;(OH)?
OH

On oxidation with chromic acid lupinine yields a mono-
carboxylic acid, lupinic acid, (C,H,,N)CO,H, which crystallizes
in prisms (from acetone) and melts at 255°. With dehydrating
agents the alkaloid loses a molecule of water and is converted
into anhydrolupinine, C,,H,,N.

2. LUPINIDINE.

Lupinidine, C,H,N, was also studied by Baumert.® It is
an oily, easily oxidizable base of tertiary character, heavier than

* Willstitter and Fourneau, B. 35, 1910; A. Pharm. 240, 335.
¢ Baumert, A. 224, 321; 225, 365; 237, 207.
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water and volatile with steam. In cold water it is more readily
soluble than in hot; in alcohol and ether it is quite soluble.
In odor it resembles conine, in taste it is bitter. It is weakly
poisonous. The salts of lupinidine like those of lupinine are
levorotatory.

3. DEXTRO-LUPANINE.

This alkaloid, C,;H,,N,O, was discovered in 1885 by Hagen ?
in the seeds of the blue lupine; it is also found in those of the

white and of the wild lupine.

It has been studied by Soldaini,® Schmidt and Siebert,”
and Schmidt and Davis. The first of these investigators de-
scribed the alkaloid as a yellow, sirupy substance. Schmidt
and Davis, however, succeeded in obtaining dextro-lupanine, by
crystallization from ligroin, in the form of small needles which
melt at 44°. It is easily soluble in cold water, but separates
from the solution when the latter is heated; it is also readily
soluble in alcohol, ether, chloroform, and ligroin. It cannot
be distilled. The free base and its salts are dextrorotatory.
In taste it is bitter, and in physiological action poisonous.

Lupanine is a strong, monacid, tertiary base; it contains
apparently no methoxyl, carbonyl, hydroxyl, ketone, or aldehyde
group; no methyl group is attached to the nitrogen. Treated
with sodium and alcohol, it is said to add four and six atoms
of hydrogen; this is, however, disputed by Callsen.

By the prolonged action of an alkali it is decomposed with
the formation of ammonia, a hydrocarbon, and a base, C;H,N,
which is probably a dimethylpyridine. Also on distillation over
soda-lime therc are formed ammonia and a pyridine base.

7 Hagen, A. 230, 367.

% Soldaini, A. Pharm. 230, 61; 231, 321, 481; G. 23, [1] 143; 25, [1] 352;
27, [2] 191; 32, [1] 389; 33, [1] 428; Boll. Chim. Farm. 41, 37; 43, 113.

* Schmidt and Siebert, A. Pharm. 229, 531.

10 Callsen, Inaugural-Dissertation 1898, Marburg.
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When lupanine is warmed with bromine in an alcoholic
solution it is decomposed according to the following equation:

C,H,.N,0+H,0 — C,H,NO+C,H,,NO.

Of the two bases thus obtained, the former has been the
bétter studied; it is isomeric with tropine, possesses the nature
of a tertiary base and by the action of hydrochloric acid loses
a molecule of water, there being formed the base C;H,,N. Both
the bases resulting from the decomposition of lupanine contain
a hydroxyl group. This is shown by the formation of their
acetyl derivatives. Since dextro-lupanine itself contains no
hydroxyl, its general formula may be thus expressed:

(I:sHuN
|
C.H,N.

4. INACTIVE LUPANINE

This alkaloid was discovered by Soldaini in 1892 and has
been studied by Schmidt and Davis. It crystallizes from ligroin
in needles which melt at gg°; it is easily soluble in water, alcohol,
ether, chloroform, and ligroin. It is a monacid, tertiary base,
in reaction strongly alkaline. On being heated, it emits the
odor of pyridine.

Inactive lupanine is a racemic mixture, being composed of
equal parts of dextro- and levo-lupanine.

- On preparing its sulphocyanate, Schmidt and Davis obtained
two sorts of hemimorphic crystals which melt at 188°. These
were separated and decomposed by an alkali. The two bases
thus prepared differed only in the sign of their optical activity.
The dextro-modification proved to be identical with the dextro-
lupanine already studied.



CHAPTER XXI.

THE SOLANUM ALKALOIDS.

SEVERAL plants from the family of the Solanace® are charac-
terized by the presence in their tissues of some very poisonous
alkaloids which in their chemical properties and constitution
closely resemble one another. These plants are:

the belladonna (Atropa Belladonna L.),

the henbane (Hyoscyamus niger L. and H. albus L.),
the common stramonium (Datura Stramonium L.),
the Duboisia myoporoides R. Br.,

and different species of the genus Scopolia.

The solanum alkaloids are found in all parts of the plant,
but particularly in the seeds and roots; the quantity of alkaloid
found, however, is incon<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>