SYNTHETIC STUDIES BASED ON NICUTINZ

A Thesis for the Degree of Doctor of Philosophy submitted to the

Board of the Faculty of Physical Sciences, Oxford University

by

N. M. SINCLAIR, B.A.

Pembroke College, Department of Biochewiszry,

Oxford. : University of Oxford

August 1672.

< DEPOSITED o)
5 THESIS
> ”



ACKL. QWL UuCEM TS
The author would like to extend his thanis and gratituce
to the following:-

r. d. Il. Lchcson, who, never tiring, provided constant cncouripcment

and enthusiacm throughout this investigution.

The Imverial Tobacco Group oif (reat Britain whose generous fin .:c.al

sunnort allowed tic author to pursue an enjoyable and intercsting
‘ .
reccarch project.

Imonerial Cucomical Industrics Limited who tested uy compounds for cctivity

and offered useful discucsion and opinions.
Jre. i. R, Handg, who accepted responsibility for my actions auring my

su~ervisor's absence.

Dr. &. ap:in, for allowing me to uce his mass spectrometers and wao

oprovided interesting discussion.

JT. e lie Micnards, for recording the 100 .inz and spin decounled specira

and offering advice on their interoretation.

irs. A. Colicutt whose nimble fingers typed this manuscript.




Intiroduction
I.iscussion
sSection 1

Section 2

Scction 3

Section 4

Section 5

Section 6

Lxperimental
Scction 1
Section 2
Scction 3
Section 4

Section 5

Table of NIl Spectra

leferences

Abstract

NNTIT AT
(,um AL N LD

Alkyl Derivatives of Nicotine

The Oxidation of Nicotine und the ileactions of some
Oxidation r’roducts

Soume Ileactions of the Auinonicotines
Nlecactions of some Nicotinium salts

Reactions of Dimethyl Acetylenedicarboxylate with
Nicotine Derivatives

Biological Lvaluation

69

102

113
215
122
132
140

143

1lsc



INTRODUCTION



Since the middle of the eighteenth century L-nicotine (1), an a.xaloid
from tobacco leaves has been used as a broad spectrum insecticide. Ilowever,
high mammalian toxicity has resulted in its substitution by otiher insecticidal
types e.ge polychlorinated hydrocarbons, organo-phosphates.

Slight structural changes in biologically active compounds oftca cause
large variations in physiological activity; thus modifications to L-nicotine
might reduce harmful mammalian effects and retain or increase its useiul
properties. The preparation of potentially valuable new compounds from
nicotine, for biological screening, is described in this thesis.

Occurrence

At least fifteen species of Nicotiana (family Solanaceae) produce

appreciable quantities of nicotine and the cultivated varieties N. tabrcum

and N. rustica contain between 2-5% and 5-14% respectively by weight in the

98

leaves from where it is obtained by steam distillation or solvent extraction.
Dawson7’8’9 has shown that nicotine is formed in the roots and transmigrates

to the leaves and the average nicotine distribution in Nicotiana to be,

flowers (5%), stems (18%), roots (13%) and leaves (64%). Some related

nicotinoids found in Nicotiana are shown in Scheme 1.

Structure and Synthesis of Nicotine

Nicotine (1) was first observed in 1809 and isolated in 1828.2 The

Syl

empirical formula was determined in 1843 and the molecular weight

obtained in 1847.5 Nicotine is a colourless oil, which discolours in air,

it is very hygroscopic and has a boiling point of 246,1-246.2° at 760mm. ;
6

its physical properties have been listed.

Nicotine gives nicotinic acid (10) by vigorous oxidation with chromic

10,11,12,15 potassium permanganate,l2 hydrogen peroxide15

21

and sulphuric acid,

11,19,20

nitric acid, and also by anodic oxidation.
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N (10)

Distillation of nicotine with lime water gives pyrrole and

methylamine22 and with ethyl iodide nicotine behaves as a di-tertiary

23,84

base. These facts indicate an N-methylpyrrolidine ring although

concentrated hydrochloric acidga or hydroiodic acid25 fail to remove a
methyl group.

The nature of the CSHION residue was finally determined by Pinnerz7
who oxidised nicotine with bromine in acetic acid and obtained
dibromocotinine (11) and dibromoticonine (1da). The latter with hot
barium hydroxide gave nicotinic acid, malonic acid and methylamine. Tae

former with sulphurous and sulphuric acids gave methylamine, oxalic ac:.d

and methyl 3-pyridyl ketone. Pinner rationalised these reactions thus:

Br (1) Qe___Br
“ ~ (11a)

)
O~ QLT
Br Br
N N

h |
Me Me

(11

H, 50, Ba (OH),
H,S0,

COOH HOOC—CH,

|

<:> COMe <:>
< ?OOH N~ HOOC

COOH

MeNH, - MeNH,



Djerassi 95 has shown (11) to have the 3,3-dibromo struciaie 12.)

the structure of (1lla)has not been investigated.

Br

Br

(12)
~0

O
N Me

Attempting to prove its structure Pictet138 first synthesised nicotine,
but two steps in his synthesis involve high temperaturesand possible
rearrangeument. Spgths synthesisl39 (Scheme 2) is a wmore satisfactory
structure proof. Ethyl nicotinate was condensed with N-methylpyrrolidone
and the product hydrolysed to the amino~ketone which reduced to the
alcohol. The hydroxyl group was replaced by iodide, then alkali induced
ring closure gave D,L-nicotine.

Craig121’137 began by reacting j-cyanopyridine with\S—ethoxypropylmagnesiux
bromide (Scheme 3). The oxime of the produced ketone was reduced to X~
(3=-pyridyl )~ X-amino- 8 -ethoxy-n-butane which cyclized in hydrobromic acid
to D,L-nornicotine and methylation gave D,L-nicotine.

The preferred conformation has been deduced from n.m.r. and dipole
moments,29 and the n.m.r. spectrum has been fully documented.14’36

Correlation with L—proline99 has given the absolute configuration of

natural nicotine.

More recent syntheses of nicotine have been reported.lOI-IOA

The biosynthesis of the pyrrolidine ring of nicotine has been studied
30 51

by administering labelled acetate,30 glutamate, carbon dioxide,

orn:i‘(:hine32 and X~ and e-l_\l_-methylomithine32 to N.rustica and N.tabceum,
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33)34 .

D~-zl.ceraldehyde is incorporated into tihe pyridine ring of
nicotine, as is quinolinic acid,35 nicotinic acid,35 nicotinamide adciine
: L3 . .30 P {
dl:mucleo“r,ldc,’5 aspartic acid’® and malic acid.’

-

Chuermicel Reactions of Nicodino

Catalytic dcehydrogenation of nicotine with palladium charcoal or

7

palladium asbestos gives nicotyrine (3),1

85,806,131

reduction of which gives

dihydronicotyrine (5). Oxidation by bromine in acetic acid gives

18,27,%48,127-130

dibromocotinine (12) and bromine in hydrobromic acid gives

127-130 151

dibromoticonine (11d). Hydrogen peroxide or m~-chloroperbenzoic acidl)'4
oxiCises nicotine to nicotine mono-N-oxide (13) or nicotine di-N-oxide (1%)

depending on conditions,

O

N e O

O N O] X
[f M
0]

(13) (14)




Nitric acid oxidation gives nicotinic acid and a 7% yield of 5=(3—nyricyl)-

3=-aitropyrazole (15).63-60 Potassium ferricyanide has no action on

67 : : RS . 70 . e, 20,72
but calciun ferricyanide, ~ siiver acctiate, silver oxide

3

nicotine,

or clectrolysis’” all give smail quantities of nicotyrine (3).

Pyrolysis of nicotine at 450° gives myosmine (6),7l which can bc

74,75

hydrogenatel to nornicotine (2). ihie latter is also obtained in low

76

yield by reaction of nicotine with hydrocinnamic acid,

77

potassiun
: .. 76 . . _.a. 18
permanganate, silver oxide’ or selenium dioxide.

Reduction with sodium in alcohol or hydrogenation with Adams cataiyst

28 , 205
gives a mixture of hexahydronicotine (16) and octahydronicotine (17).“&’ 0-53

N
| NHMe
N Me

(16) (17)

Amination with sodamide in xylene yields a mixture of 2- (18) and

6—aminonicotine (19).67’88

R

(for key see over pegc)
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Alkylation 90,94 with methyl lithium gives 6-methylnicotine (20) and a

little 4-methylnicotine (21), arylation91’92’93

mixture of equal quantities o: 2-phenyl- (22) and 6-phenylnicotine (23).

Nicotine is oxidised by and couples with sulphur in refluxing toluene

to give dithiodinicotyrine (24).97 (see discussion)

(24)

Siclosicel Properties of Nicotine

Numerous reports on nicotine toxicity to mammals and insects show

37

large discrepancies, Negherbon, provides a comprehensive review and

105

fetcalfe and O'BrienIO6 short discussions,

Nicotine shows large species variations in toxicity (7cble 1), the
median lethal concentration (MLC) in mg./kg. for aphids, thrips and
silkworms is 0,003 to 0.008 but 0.28 for the Japanese beetle and 0.145

. . 106 .. . . . .-
for ithe Mexican bean beetle. Nicotine kills insects rapidiy, trociors

are followed by convulsions, paralysis and death.

with phenyl lithium gives a



¥

Table 1., Toxicity of Nicotine to some Insects.106 LD50 ng./kg. when base

applicd topically.

American cockroach 650
Squash bug 350
Milkweed bug 190
Japanese bectle 650
Yellow mealworm 3200
DBombyx silkworm 4
Honey bee 315

It is agreed that nicotine acts primarily on insect ganglia (central

’39’2‘0

nervous system)38 but at very high concentrations it can also

stimulate neuro-muscu1a£ junctions.41 Attack of an insect's central
nervous system (CNS) is in coantrast to mammalian attack, where the primary
target is the peripheral nervous systen.

The synapses of an insect's CNS and a mammal's peripheral nervous
system are both cholinergic, acetylcholine (25) being the chemical

transmitter conveying a nerve impulse from the axon across the symaptic

cleft to the receptor, which may be another axon or muscle.

@) Me
I ®/
CH,C—OCH,CH,N—Me

\\hde

(25)

Histochemica1,42 enzymological43 and physiologica144 evidence show that
the peripheral nervous sysitem in insects is not cholinergic (the identity of

the transmitier is not known) and thus appears to be unaffected by nicotine.
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After exciting the receptor, acetylcholine is rewoved quiciily by

cholineslerase, freeing tlhe receptor for the next impulse. Itemoval of

cholinesterase from e CNS causes death,l07?1%%

In 1939 Gause and Smaragdova109 proposed that nicotine minics

acetylcnoline at the receptor site, causing initially acute nervous
excitement and then (because nicotine is not removed by cholinesterace
from the receptor) blockage of the nerve, paralysis and death. This

inability of cholinergic receptors to distinguish between acelylcholine and
. . . . . . . . 110
nicotine 1s now recognised as the cause of nicotine poisoning.

It is surprising that only recently has this knowledge been utilised as

54

a basis for the synthesis of new nicotine analogues. Von Euler”  and

55-61

""" have synthesised and quantified the activity of some

45

Yamamoto
analogues and Yamamoto “ has reviewed the electronic and stereochemical
parameters which appear necessary for production of cholinergic effects on
insect ganglia, He concludes that:
(i) A pyridine ring must be present and
(ii) must be substituted in the 3 position.
(iii) The other nitrogen atom mu§t bave a pfa between 8 and 9 and
(iv) should be about 4.2 £ from the pyridine nitrogen.
(v) The basic nitrogen must not possess a hydrogen atom.
(vi) If either nitrogen atom is quaternised, activity ceases.
Points (iii) and (vi) merit further discussion. Cationic species such as
quaternised nitrogen compounds only slowly penetrate insect cuticles and are
totally unable to pass through the ion barrier into the synaptic region.
However, acetylcholine (produced inside the ion barrier) possesses a
cationic head which reacts with the anionic receptor. Hence the need for
the basic nitrogen which is protonated when nicotine arrives in the
synaptic medium which has a pH of about 7,

The similarity between acetyicholine and nicotine has been

45 a

represented 8=
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It is not yet clear why the receptor appears to find the 3-pyridyl anc the

acetoxy groups so similar,

Metabniism of Nicotine in Insects

The majority of insects quickly metabolise nicotine to the nom-toxic
cotinine,51 but many which are insensitive to nicotine, e.g. toLacco bud
worums or cabbage loopers, do not metabolise nicotine but have extremely
rapid excretory mechanisms. Tobacco hornworms can excrete 83% of a
nicotine dose only fifteen minutes after ingestion.53

Thus chemical modifications could also increase toxicity by

interfering with the metabolic process or reducing the excretory rate.

Yetabolism and Bffects of Nicotine in Mammals

Nicotine is metabolised in the liver by mammals to 5'-hydroxynicotine
(26) which is rapidly oxidised to cotinine (8), and in turn partially
hydrolysed to §$-(3—pyridy1)-YS-methylaminobutyric acid (27).48’49
Nornicotine (2), demethylcotinine (28), 3-pyridylacetic acid (29) and
50

nicotine mono~N-oxide (13) have been isolated from rabbit liver microsomes.
Keviews on the action of nicotine in mammals have appeared,117’118’ll9’120
experimental results are conflicting in many cases and much further work is
required.,

Generally small doses stimulate the central nervous system and large
doses cause suppression but correlations between the produced actions and
the central levels have not been established. Mammalian studies indicate
conditioned reflexes may be inhibited, it seems nicotine abolishes the
relationship between stimulus strength and response. In acute and chronic
experiments nicotine appears to reduce performance of rats in a 1abyrinth,120

however these effects can be explained simply in terms of the ill health of

the animals, there is no conclusive evidence that nicotine inhibits learning
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@c H,C OO.H
N

(29)
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in man or animals,

Studies oz brain potentials have shown tiat nicotine abolishes visual
action potentials in the optic lobes. Very large nicotine doses cause
'orand mal' seizure patterns in electroencephalograms, smaller doses give
rise to prolonged cesynchronization, tonic and clonic contractions and
mauscular fibrillation.

No reliable data exist concerning nicotine action on the brain siem,

cerebellum or spinal chord, it is believed120 that the spinal depressant

o

bl

action of nicotine has becn consigerably overestimated.

Acute nicotine poisoning in man (forty mg./kg or more) can cause
death, symptoms reported include extreme nausea, vomiiing, evacuation of
bowel and bladder, mental confusion, convulsions and finally death due to
respiratory paralysis. Experimentsl2? in mammals have shown small nicotine
doses to be emetic but larger doses suppress vomiting and may be anti-cmetic,
central and peripheral factors are involved, the former being the central
medullary mechanism.122

Nicotine stimulates the chemoreceptors of the carotid and aortic bodies
causing an increase in the rate and depth of breathing, vasoconstriction
mingled with vasodilation, cardiac acceleration and increase of blood
pressure. Low nicotine concentrations activate sensory receptors in the
pulmonary and coronary circulation.

The ;ells of the supraopticnucleus are stimulated by nicotine, causing
impulses to pass to the posterior lobe of the pituitary and a discharge oI
vasopressin results, producing a reduction of coromary flow.111 Nicotine:
also causes release of catecholamines, notably adrenalin (ephinephrine) and
noradrenalin (norephinephrine) by stimalation of the stellate ganglia.
Vasopressin produces a reduction in coronary circulation whilst cateclolonine
causes a dilation of the coronary vessels thus increasing blood circulatiocn.,

Nicotine has been shown to produce release of 5-hydroxytryptamine irci

-

rabbit~blood platelets,lL} probably by increasing the permeability of <l

al

platelet membrone, the mechanism ol action is not known.
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It is still uncertain as to whether inhalation of tobacco smoke
causes gastric acid secretion, divergent eéffects have been obtained
in fasting human beings and tobacco smoke has never initiated acid
secretion in fasting dOgs.l16 However, mucosal application of
acetylcholine in the antrum has produced gasiric acid secretion in dogs,
caused , in all probability, by the release from the antrum of the
secretory hormone gastrin. Recent1y166 it has been definitely established
that nicotine applied to the antrum also p}oduces gastric secretion,
almost certainly by stimulating gastrin release. Very high nicotine
concentrations prevent gastric acid release, probably by blocking the

ganglia responsible for gastrin release.

Nicoftine is "biologically soft", being rapidly degradéd in the
soil and leaves no harmful residues. Insects develop resistance to
nicotine very slowly. These are important advantages, both commgrcially
and socially, thus a nicotinoid which is more toxic than nicotine but
has similar biodegradable properties would have considerable potential
as an insecticide. Much scope exists for further research in nicotine

chemisiry.
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Section 1. Alkyl Derivatives of Nicotine

Binlor cal Iimnlications
)y 5.—)-61 ) : 1*5 4 1 ! 1 ‘
Papers™: and a review “ by Yamamoto have attempicd <o show the

eiectronic and stereochemical requirements for toxicity in the nicotine
wolecule. By correlatinyg toxicity studies from many workers he hus
obtained an indication of the parameters necessary to produce biological
activity similar in character and strength to nicotine.

The term "toxicity" is not defined by Yamamoto; as no attempts have
been made to standardise activity testing, precise correlations are not
possible and the term is best considered as a general indication of the

effectiveness of a compound against a representative number of insects,

Metcalf!Y? has reviewed the nicotine cnalogues studied to 1954 and in
no case has nicotine like activity been observed. Only anabasine (7),
nornicotine (2) and dihydronicotyrine (5) had activity comparable to

nicotine.
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Yamamoto assumed that all nicotinoids would affect the same receptor site
and because no direct way exists of obtaining structure-activity
relationships directly at the receptor, he used insecticidal toxicity as
an approximate value of target effeétiveness.

Because (1), (2), (5) and (7) were all highly toxic Yamamoto decided
that the ﬁresence or absence of an N-methyl group on the pyrrolidine ring
and .the presence of four or five carbon,atoms in the ring connected to
the 3 position of the pyridine ring had no significance.

A combination of two rings seems necessary for toxicity as the

separate ring systems all show very low activity. (Table 2)

The relative toxicities shown in Tables 2,3,4,5 and 6 are weight
ratios. The compounds were applied as a spray, usually in dilute aqueous
solution.

The tables were compiled by Yamamoto from data published by various

authors.
Table 2. Relative Toxicities of Simple Ring Systems’”
Compound Insect

Aphis rumicis Tribolium confusum
L-nicotine 1.00 1.00
Pyridine 0.008 0.0009
Pyrrolidine 0.05 0.028
N-liethylpyrrolidine - 0,003
Piperidine 0.04 -
Pyrrole 0.04 -
oK -Picoline 0.015
Lutidine 0.04
Quinoline 0.1

Isoquinoline 0.067
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LTable 3. Relative Toxicities of 2=-Substituted N-—Methylpyrrolidines45
Substituent ) Aphis rumicis

3-Pyridyl (L-nicotine) 1.00

Phenyl 0.03

n-Butyl 0.02

n-Propyl 0.01

Ethyl 0.008

Methyl 0.006

Table 4. Relative Toxicities of Pyridyipx;rolidines and Pyridylpiperidines45
Compound Aphis rumicis -
L-nicotine 1.00
l1-lethyl=-2~(2=pyridyl)pyrrolidine 0.03
2-(2-Pyridyl)pyrrolidine 0.03
3~(3=Pyridyl)piperidine ' 0.02
3-(2-Pyridyl)piperidine 0.02
2—(2-Pyridyl)piperidine 0.01

Table 5.Relative Toxicity and Basicity of some Nicotinoids.

Compound Basicity’” Bagicity Toxicityt”
p'lggl pggz pK.1 PK 2
Nornicotine (2) 3.3 9.0 2.0
Dihydronicotyrine (5) 2.9 T.4 7.07 2.0
5'-Methylnornicotine (30) 3.4 8.9 1.0
L-Nicotine (1) 3.1 7.9 3.12  8.02 1.00
Anabaseine (31) 2.8 6.7 0.3
Cotinine (8) 2.7 4.5 0.1
Nicotyrine (3) 2.2 4.7 4.35 0.1

Myosmine (6) 2.8 5.5 5.26 0.03

% "Disgociation Constants of Organic Bases", published by The, International

Union of Pure and Applied Chemistry, (1965).

N N
O 1 Ve Oor ™
N .

(30) (31)



Q2

[}%e pX_ values for compounds (1), (2), (5) and (30) are in general

agreement with those of l-methylpyrrolidine (10.4) and pyridine (5.2).

The first proton added will attack the more basic centre and the
addition of the second proton to the charged species will be inhibited
as compared with the protonation of pyridine itself.

The more basic centres of nicotyrine (3) and cotinine (8) will be
the pyridine rings, so a pga of about 5 is expected. Addition of a

45

second proton as suggested by Yamamoto seems very unlikely as pyrrole

and N-methylpyrrolid-2-one have pga values of about40.4* and +0.,2%
Tespectively. Professor A. H. BecQZtt has confirmed this idea by showing
(personal communication) that nicotyrine and cotinine in water form only
mono-cations with pga values of 4.9 and 4.2 respectively.

The pKa values given by Yamamoto45 for myosmine (6) and anabaseine (31)

may also be incorrect. .
¥ "Dissociation Constants of Organic Bases", published by The International
Union of Pure and Applied Chemistry, (1965).

¥ R.L.Aldehan, J. Org. Chem. , 25, 551 (1960).:]

A pyridine ring must be at the 2 position of the pyrrolidine ring,
other substituents cause low activity (Table 3).

Only those compounds containing a 3-2' linkage show high toxicity,
similar ring systems connected by 2-3' , 2-2' or 3-3' linkages have low
toxicity (Table 4).

The minimum distance between the nitrogen atoms in nicotine and
other 3-2' systems is approximately 4.2 K, if this is changed activity

falls.



However, if tiis distance is held constant, but the basicities
of the two nitrogens are changed, activity again falls (Table 5). Tue

pyridine nitrogcen should liuve a nii of betwecen 2,5 and 3.0 and the
-

pyrrolidine nitrogen should have a p of ubout 8.5 for maximum activity,

Yamamoto reasoned {rom the above requirements that the essential

moiety foy activity could be rcduced to (32).

R,
|

/R
C—N

| N

ORI

(32)

iie found that if R, = R, = H and R3 = R, = Me then activity comparable to

1 2

nicotine results and that increasing the size of the alkyl groups R3 and

R, increased activity still further (Table 6).

4
k5

Tobile 6o  Relative Toxicities of Pyridylmethylamines

Compound (Rl = R2 = H) Yzsca domestica
» R3 = Rl* = Me 1,1
;‘13 = R'l* = bt 200
= = n-7v °
R3 =R, =n 502
113 = le = _.'E._-PI‘ 4,3
Ry = R, = n-Bu 4,0

L~nicotine 1,0
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[lowever if either R3 and R& are hydrogens uctivity falls. Yauiuowo does

not record the consequences of having either Rl = alkyl, 1., = Lydrogen or
s

Rl = RZ = ailiyio
54 ., . .. . .
Von Lulesr invessicated a similar series of co.:scuands and obtain:d
o i

2 conflicting set of rcsults. However Yamamoto deteriined activity oy
using relative insect toxicitics i.e., in vive ganglionic attaclk, von ialer
has recorded that activity induced in isolated biological prej.rations

(Table 7).

//h4E? //"l'-!:Dr

| CH.N
O N O] " Nis
Me S 0r

N N
(32¢ R=R=H, R=R =Me) (32; R=Rz=H, R=R-i-Pr)

For the above compound (32; R1 = R2 = ii, R3 = RA = Me) Yamamoto
reported activity similar to nicotine, von Euler however obtuined oniy 0.l
the activity of nicotine. For (32; Ry =%, =H, Ry = R, = i-Pr) Yamamoto
obtained four times the activity of nicotine but von Luler states that wien
Rl = R2 = I, R3 = e, Rh = i-Ur activity has dropped to omnly 0.001 of that
of nicotine,

The pyridylalkylamines may possess insecticidal properties other than
those shown by nicotine, thus causing the high toxicities observed by
Yamamoto. <ile divergent results obtained by von Euler and Yamamoto:serve

to emphasise the impossibility of attempting to correlate biolojical

activity resulis obtained by Ai&%eveﬂ¥' methods,
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Table 7, P isiocieai Activily of ILvridylmctl:vlaminos?k
Comno:d Iabbit Tinea 23 Cat Lin~d Fro:-
je junum ileunm nroriinTe nmuscle

(A) L-nicotine 1 1 1 1
(3:1)111,112,}:.).,::,_‘=H 0,004 0.001 - 0
(3&)1;1,11 3 =H; Iul*_Me 0 0 - 0
\3&)21,112=n; 113,R4=Me 0,11 0.10 0,08 0,02
(33.)111,112-;}1; Ii3=l-ie; L,=Et 0,06 0,02 - 0,05
(22).1. ﬂ{ =11} RB,R4=Et 0,002 0 0,004 0
(3;DR1,RZ=H, H)_re; u&-grPr 0,001 0,003 - | 0
Q5:)R1=H; RQ,Rszﬁe; Ruzﬁt 0,003 0,002 - 0
(33)E1=H; R2=Et; RB’RH=MQ 0 0 - 0
\3&)R1=H; RQ=Q—Pr;-R3,R4;ﬁe 0 0 - 0

Neither Yamamotopor von Luler have prepared compounds of type:—

33) Ry=Me; Ry—R.=H
(3w) R)=Rs=H; Rg=R

=Me

7

(35) R =Il; Ry=Me; Ry~R.=H

where I, to R7 can be either hydrogen or an alkyl group.
123

Hankins has reported the preparatiion of (3L9 vy treating cotinine
(8) with a five molar excess of methyl magnesium iodide. He does not

characterise the free base but gives melting points for a dihydrochloride

and a dipicvate. The latter value (210-212°) is not im azreement with the



)
g~

value outuined by ]‘Losna.tii”ui 25.226°) who reports the synthesis of ‘34
from 3-pyridyl lithiwm and 5,5-dimethyl-l-pyrroline-l-oxide (36). Neither

report gives data on the insccticidal activity of (3%),

l | @ o
| Me

O

(36) (37) R=H
(38) R=Me

Rapoyort126 has shown l-methyl-i-pyrrolinium chloride (37) to be an
efficient precursor of the pyrrolidine ring of nicotine when administered

to Nicotiana and more recently125 by feceding 1,3~-dimethyl-l-pyrrolinium

culoride (38) to Nicotian- he has obtained 3'-methyl nicotine (35), but

again no biological evaluation has beer reported,
Castagnoliléo has synthesised tiars -~ (35) from N-3-pyridyiicenci.iliyvi-
amine and succinic anhydride and shown it to be identical with the metabolite

obtained by Lapoport.

Thus scope exists for further work, in particular replaccment of
hydrogen atoms on carbon atoms 2' and 4' of nicotine by alkyl groups would

lead to interesting compounds,

Attempted Preparation of 2'-=lethylnicotine

Increase in steric crowding in a biologically active compound oftcn
causes an increase in the specificity of ilie activity. liolecular models show

that (33) would be crowded at carbon atom 2' and rotation between the rings



.~ o . . s . o ! ) 5
could be considcrably restricted. Tiius the syntiesis ol \33) was atienpted,
. 141 . P .
brown has shown that the &lyl hydrogesn utoms of 3-picoline cre
sufiiciencly acidic to be repluced by «lkyi groups on treatuwent wiih

soduvide in ounmonia, followed by addition of an alkyl halide.

CH,R

CH
O™ s, (OF"

N RI N

By analogy the 2' hydrogen atom of nicotine would be expected to be
replaceable under similar conditions. However nicotine failed to react and
it seems likely that the adjacent electron rich pyrrolidine niirogen atom
causes a reduction in acidity of the 2' hydrogen.

iittempted synthesis of (33) first involved reaction of S-ucetylpyridine
with 3-ethoxypropylmagnesium bromide to give 1—methy1-1—(3-pyridyl)—4—

ethoxybutanol (39).

Me

(39)
Q OH OEt

N

It was hoped that hydrolysis of the ether and alcohol functions with
concentrated hydrobromic acid would give the dibromo comnound which could

cyclize with methylamine to the required alkylnicotine,
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However, the above procedure gave, along with a large quantity of tar,
a compound whose structure was assigned as (40) on the basis of analytical

and spectral evidence,

Me

O O (40)

The mass spectrum (Fig. 1) shows a molecular ion at m/e 163 (1%).
Peaks at m/e 162 (1%), m/e 148 (100%), m/e 106 (89%) and m/e 78 (40%) can
be rationalised as shown in Scheme 4.

The n.m.r. spectrum (Fig. 2)\shows the aromatic signals expected for a
3=-pyridyl group. The & protons of the tetrahydrofuran appear as a complex
mltiplet at T 6,15 (tetrahydrofuran shows absorP¥i0n at T 6.25156). The
aliphatic C-methyl group is at T 8,56,

The nem.r. spectrum of the reaction product before distillation
contains, besides the signals for (44», a triplet furthér split at T 4.3
and a singlet at 7T 8.00; ‘the aliphatic region is also more complex but

the aromatic region unchanged. These signals can be rationalised by the

presence of (41) in the reaction product. The vinyl hydrogen being at

O b e
N |

H

9



Scheme 5

Me Me

| |

[i;?j/af? . [izi]/C::NMe

MeNH,

J EtO(CH,)MgBr

Me - Me
@M LHBr @/f/——\\o;t
N

LNJ [\i/ie ij. Base NHMe
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T 4.3 and the vinyl methyl group at T 8.00. Analysis of the integral truce
cives the ratio of (1) to (kO) as 3:1. Upon distillation (k1) almost
certainly loses hydrogen bromide from the terminal carbons and polymeirization
results. Hence the low yield of (&0O).

Thus the synthetic scheme, although not giving the required alkyl
nicotine gave the oxygen analogue.

Preliminary screening results indicate interesting activity for this
compound, further strengthening the belief that 2'-methylnicotine will be
interesting biologically,

Another attempted synthesis is shown in Scheme 5.

Although 3-acetylpyridine readily condensed with methylamine to zive
the required imine s, reaction with the Grignard reagent gave ethyl
n-propyl ether as the only isolable product. |

Myosmine (6), a naturally occuring cyclic imine surprisingly gave

(6) (42)

L—methylmyosmine when reacted with methyl magnesium iodide., The mass
spectrum of the product (Fig. 3) gives the molecular weight as 160. Loss

of H* readily occurs to give



=N
Q N m/e 159 (90°%)
N

and a peak at w/e 132 (48%) can be assigned to

M
.e ] @

Or N
N

Me
® _P_
N—CH, O C=N=CH,
—>
N

l

The mass spectrum readily correlates with that for myosmine (Fige 4) as

95

interpreted by Djerassi.
A peak at m/g 131 has no corresponding peak in the spectruu oi
myosmine and may result from the fragmentation below,although this is by

no means a satisfactory explanation.
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Nem.r Spectra of liyosmine (6) and the aromatic region
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N.m.r. spectral comparison of (42) with myosmine (Fig. 5) shows tue
)\ ' pyrrolenine proton resonances(776-8)to be almost identical in shipe and
position. The aromatic region now shows only three resonances. 4ae proton
at C-5 having moved upfield by 0,15 ppm and the proton at c-6 by 0016 ppite
These shifts and the observed coupling constants are in agreecment wiui the

substitution of a methyl group at C-4 in pyridine and nicotine.

T Values

2-H 3-H 5-H 611
Pyridine 1,50 2,94
4—-Methy1pyridine157 1,66 3,02
Nicotine . 2,89 1.58
4-Nethy1nicotine90 ' 2,94 1,62
Myosmine 2,79 1,40
- h-Methyluyosmine 2,94 1,62

The aromatic methyl group is observed at ( 6.98.

158,159,160

Grignard addition to imines has been investigatecd and the

reaction found to proceed in a manner analogous to Grignard addition 1o
carbonyl compounds. Thus it is surprising that the imine function in
myosmine is inert to Grignard reagents. Undoubtedly the imino double bond
is stabilised by conjugation wifh the pyridine ring; attack at C-k
maintaining this stabilization. Formation of a bulky magnesium complex at
the pyridine nitrogen may prevent attack at C-2 and 0-6.

Castagn011140 reacted N=3-pyridylidenemethylamine and succinic
anhydride to give (4+3) which he then reduced by a number of steps to trans -

(35), Attempts to react imine (44) in a similar manner gave only tar. It

seems probable that the required product (45) would be too crowded at C-2'

and was thus not obtained.

COOH

o'y O
e
43) 35

Me
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Me Me

|

<::::> C=N—Me <::::> N
|
N

N

(b4 ) (45)

The synthesis of (33) has not been further investigated.

Preparation of 4-ilkvl- and AgéLDialkyl nicotines

Replacement of the 4' hydrogen atoms of nicotine was accomplished
without difficulty.

Cotinine contains two activated hydrogen atoms qdjacent to the amidic
carbonyl group. These were successively removed and replaced by alkyi groups
on treatment with a three molar excess of sodamide in ammonia followed by
addition of alkyl halide. A molar equivalent of cotinine, sodamide and
methyl iodide gave the mono-alkyl derivative.

The structures readily follow from analytical and spectral data.

The mass spectra for (kb) and (k8) (Figs 6 and 8) correlate well with

95

cotinine (Fig. 9) as reported by Djerassi.

"
=<}

R | (% b) Iy o = Me

N %O (%) Ry o = Et
O | (w8 R, = H;j B, = Me

i
—
o



N . -~ \ ~y .
Thus (hb; shows a molecular ion «t g/g 204 ()hﬁ). The base peak at

/e 120 can be assigned to fragment (u)o

Me Me

vikewise a poak at E/E 112 in the mass spectrum of (#8) results irom fraguent
(v).

3',3'-Diethylcotinine (47) shows un entirely different fra_ mcutwtion
pattern (iig. 7). The molecular ion is observed at m/e 232; peaks ut ./e
231 and a swnull peak at g/g 154 (8%) correspond to fragments (c¢) and (d)

rcspectivelye.

lowever it seems probable from the observed spectrum that the .ain

fragmentation pathway is as in Scheme 0.



Scheme 6

N Me
m/_g 204 (100°)

(e)



Thus ‘raaient (e) arises by a liclaiferty rearrangement of the nolecul. 1oa.

vracaent (e) appears to break down in two ways, tie most favouravle being

loss of eMe.

Oy
N

which underpgoes a second Mclaiferty rearrangement to give

Q 1M mje 176 (3%
N

Jurther fraguentation cannol be traced.
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1o mass spectra (figs 14, 15 and 16) all correlate with that for

95

nicotine (¥ig. 17) «s reporied and analysed by D jerassi. Uy oreparing

- - f o~ -y . . - |
and recorcing the mass srecwra of 4',h'~uidcuteronicotine and 595" =

dideuteronicotine Djerassi believes nicotine to Iragment in e solicwing

Ot

Me

o O O

N
|
Me

anners

()
400/0 ‘150/0 100/0
The percentages given record the relative probability of each loss, the

remainder being due to hydrogen loss at C-3', C-k and C-2.

The peak at ;/g 133 Djerassi assigns to the three fragments below.

%
O b (W &

—Me

e Me \N

3



Ho

Ve peal at r/e 119 is believed to bLe

e

and the base peak at :/e 84 has been ascribed to:

@
H\N

l
Me

It is now believed that considerable scrambling of deuteriua ana 130 labels
way occur in the mass spectrometer prior to fragmentation thus reudering
the precise conclusions by Djerassi saspect. The total randomization of all
seven carbon atoms and all ei ht hydrogen atoms prior to the fragientation
- . 220

of toluence being a well studied example.

Coumpound (49) (Fig. 14) fragments by initial loss of U giving a
fra_uent of typei-

Me Me

\@J Me %// Me
Q [TJ or Q |

N Me N Me



|

Il'o losc of 15 mass unitc from the molecular ion is observed, chouins

~

that fragment (o) is not formed,

O

N Me (9)

—,

(formation of () would be expected to be a more favourable DT OCCSS
hon the formation of (f). Thus the existcnce of (f) is suspcct.

» neak at /e 133 is undoubtedly identical to that obscrved in
nicotine anc interpreted by Djerassi95 as logs of C=3' and C-4%, The
abscncec{ peaks in the spectrun of (49) corresponding to m/e 133+14
and ry/c 133+20 supports this ascunption.

.5 with nicotine , the base veak arises by loss of a 3-pyridyl

radical to give fragment (h).

(h)

e

ithe moss spectrun of (34) would help to clarify the loss o
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.Fig. 1l9a Frecuency cweep 100OkkHz n.m.r. spectrum of
4,4-Dimethylnicotine. (78 — 8+6¥ region whilst
irradiating triplet at 6047,

86

8 L

8-2




(b)

—
Fig. 1Gb Frequency sweep 100MHz n.m.r. Spectrum of
444-Dimethylnicotine. (2:47 region whilst
irradiating triplet at 6-847.

(a) before irradiation

(b) whilst irradiating




A—Me
(O] 1 Nwe @a
~N Me

the mass spectrum ¢f (§0) (Fig. 15) follows from that of (#9). Iowever
the base peak now corresponds to the fragment with g/g 133. This pathway
may be favoured by increased stability of the expelled fragment arising from
alkyl substitution at C-4',
4'~iiethylnicotine (51) (Fig. 16) fragments in a cowpletely analogous
manner.
| The n.m.r, spectra of (QQ), (So) and (51) lend further support to the

29 93

analysis by Craig”” and Crain’” of the n.m.r. spectrum of nicotine (Fiy. 18
and 18a). Craig believes the multiplet at T6.8 to be due to the superim-

position of a triplet (2'-H) and a multiplet (5'-H) , the 3'-H 4'-H2 and

01
remaining 5'-H resonating between T 7.5 = 8.5,

L',4'-Dimethylnicotine (I'ig. 19) has a much simpler spectrur then
nicotine. The wultiplet at T 6.8 has now become a broad triplet and a
doublet which can be assigned respectively to the 2'proton ( T 6.8%) and
the 5' proton (’( 7.13). The remaining 5' proton appears as a doublet at
"t 7.87 and the 3' protons become a series of sharp peaks with the N-ucthyl
and two C—methyllpeaks superimposed.

Irradiation at T 6.8% caused the complex pattern between T 8-9 o
collapse to two doublets (Fig. 19a) arising from coupling of the 3'-protons

(J 11 Hz) , the highfield 5'-proton at U 7.87 remaining unaffected.



-

-

om— \
_tff L
i

Fig. 20 N.m.r. Spectrum of 4§4LDiethylnicotine (50)

(aromatic region net included)




—_ S ‘—/
e — O
) > — @
\% ]
o e———

,l

iy h ] /
fig., 21 ii.m.r. opectrum of 4--I-Ionomethylnicotino (51)



3

The 4'-proton appears as a doublet of triplets, as expectcd, but further
splitting (4 0.45 liz) is clearly observed at 60 Rz, At 100 :llz (Fic. 19D)
the splitting is less well resolved but irradiation of the 2'-;roton { T 6,0)
produces considerable siarpening of the triplets, indicating long ran_c
coupling between the 4- and 2'-protons.

Yor 4',4'—diethy1nicotiqe (so) (rig. 26) the 2' proton appears as a
quartet (g,9.6 Hz and 7.5 Hz) indicating that the 3'-protons are not seen
to be equivalent by the 2'-proton. The low field 5' proton again appears as
a doublet (Q 9.2 Hz). The T 8-9.5 region is complicated by resonances cue
to the methylene protons of the ethyl groups.

The monomethyl derivative (51) (Fig. 21) shows increased complexity,
probably due to virtual coupling of the 2'-proton and the 4'-proton and
increased splitting of the 3'-protons by the 4'-proton., Although at GO}MHz
the. 6~7recion can be rationalized as a quartet and a triplev, at 100 liliz
the resonance form is far more complex,

Molecular analysis of the bases or picrates and the i.r. spectra of
compounds (&6) to (51) are‘in full agreement with the proposed structures.

Compounds (#6) to (51) and {42) were submitted for biological evaluation,

the results of which are in section 6.
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Section 2 he Uxidation of N o~27 ~ ant “he teacvions of Somr: Oxidation

I'roducts

Cotinine (8)

N Me N Me

(8) (52)

The brouwine/acetic acid oxidation of nicotine to the lactam colinine

(8) has been well documented, more recent work18’48’49

clarifying the earl;-
wvork of Pinner.

Section 1 shows the preparation of 5',3'~-dialkyi- and 3'-alkyl- cotinines
from cotinine. Using similar experimental conditions it was hoped to prepare
5'=dialicylaminoalkyl cotinines (52) (and tience by reduction 4'—dialliylaminoallk:
ricotines) which would be potential antihistamines; the exocyclic terﬁiary

221
amino funciion being common to wany antihistamines.”

A
l I = ,
\ CHJ;—-Ph hCHszlCHZCHLNMel
Ph

antazole Antergan

MeO CH, NCH,CH,NMe,

N

@)
| |

mepyramine N



%S

Me
| /
N—CH,CH N\ tripelenramine
N Me

- -

iovever 1o compmounds coula be isolated iromr the glues obtiincd.

coviun Tetrashicnvlboron adduects

o

Sodiunm tetraphenylboron has been shown to nreeinitate mony crniacs
[ A : - : . : . - . 163 m -

or guiricicent basiclity in acid colution. The adcduct from

J—aetiyloyrrolid—2-one (53) comnorcs favourably with cetyl-yriciaiun

183

chioride in zctivity agoinst gram +ve bacteria and fungi.

Cotinine end sodiun tetraphenylboron guve & non-stoicniouctric
nrrcinitote which became a glue on attempted crystalliczation.
cucntitotive prceipitation could not be obtainced and it is »robable
thot crouvdin~ ot tae 5! position(&y'Uuazwqddinc ring)hindcr:
anwroach of the bulky tetraphenylboron cnion.A similir reison
hes boen oronoscd to ex»lain why S-ncthyloyrrolic-Z-one gives no

: - 103
srecinitate ot ~ll with sodium tetraphenylboron.



Jiological evaluation oi the non-s*oichiowctric adduct showed sone
activity but because of cuaracterization difficulties the reaction w.: nowv

further investicated,

. . e ..
Soinoation ol Cotinnne
O. LoLinrle

Atteints to wuinote cotinine with sddamide by methods «ppiicable to

. . O . . ‘s ..
nicotine 7 cave tar, the vigorous reaction conditions almost certaln.y

reioving the protons K to the carbonyl group with consequen® polyuerizctione

aevlati-n of Cotinine

Acylation of curbonyl compounds containing active hydrogen atoms 1s

vl oxalate in the presence 0i

164

readily accompiished with dimeiayl or dievh

‘base. Thus cyclohexunone and diethyl oxalate give (SH).

I.

(54)

.

Cotinine with dimethyl oxalate or diethyl oxalate in the presence of

sodium ethoxide or sodium hydride gave only glues frow which o acylated

products could be obtained,
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The '=uvid~.: of Nicotine

O

< —

e

N N
O O] "0 e
N

O+—Z

(55) (56)

Depending on the reaction conditions nicotine mono-N-oxidve (13) wud

nicotine di-N-oxide (14) have both been prepared from nicotine and hydrogen

131,132,165 132

peroxide, nicotinc and perlauric acid, and nicotine and

grchloroperbenzoic acid.62 Reduction of (14) with sulphur dioxide Las given

a compound believed to have structure (55). The melting point of the

; 131 - 152 165
dipicrate las been reporicc as 147-148° 2%, 155-156° *7 and 161° 192 1.t

) 132 :
o other data ..ave been obtained. Johnson 5 nos attempted to nitrate and

, C oy . .. 10 L.
mercurate (SS) by the usual methods for pyridine N-oxice 0 but withoul

succesg,

I+ was hoped to obtain t_substituted nicotines Ly preparing 4-substituted

N—oxides and rewoving the oxide canctions. Thus a schewe giving 4-i.tio- and

L—suinonicotine can be visualized as:



-

Unfortunately treatment of (14) with the usual nitrating mixtures’

gave only tars and the scheme was abandoned.

o iethvl=5-(3~pyridyl Ytetrahydrooxazine (S6)

Pyrolysis of (13) sives (56),135 the structure being established by

degradation (Scheme 7) and by analogy with similar rearrangewents. Tuus
methylarﬁﬂuniline N-oxide on pyrolysis gives methyl O-allyl-phenylhydroxyi-

167

ailne,
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Scneme 7

O
]

Me 2 HCl
N

56)
Zn/AcOH
?H Te we
@CH(CHQ_)aNH @\(CH:—CH<CHJ)1NH
. 2\
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Fig. 22 Mass Spectrum of 2-licthyl-6-(3-pyridyl)tetrahydro-
1,2-oxazine (5¢)



Me—3—0 Me—N-—OCH—CH=CH,

)

The moss spcetrum of (56) (Mig. 22) gives the cxpected woleculnw
weirnt (176).
The first major loss gives a peak at m/e  11€ (¢5,:) onc con be

rotionalized as beloir.
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Pig. 23 N.m.r. Spectrum of 2-I‘Iethy1"6"(3"Dyridy1)tetrahydro-

l,2-0xazine (56)



S1

The base peak at m/e 60 arises by protonation of the N-oxide by an

unidentified proton donor to give (i).

Me CH
‘\\3:>4;;f 2

N :
| (i)
OH

The n.m.r. spectrum (Fig. 23) shows the resonances expected for a
3 substituted pyridine. A quartet at T 5.31 can be assigned to the 6
proton with vicinal splitting from the two 5' protons. (J 10 Hz and 2.8 Hz).
The 3', 4' and 5' protons give a complex pattern between T°7=9.
Reaction of (56) with dimethyl acetylenedicarboxylate is reported

in section 5.

Nicotyrine (3)

Catalytic dehydrogenation of nicotine with palladium/asbestos is
85,168

reported to give nicotyrine.

(3)

No dehydrogenation occurred with the literature catalyst but palladium

charcoal effected smooth dehydrogenation to (3); the reported by=-products were



fig. 24 N.m.r. Spectrum of Diazo-compound (§7)
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obtained (see experimental)s.

The coupling of nicoiyrine with diazonium salts has been

17

investigated,
169,170

coupling at the 5' position being assumed by analogy with

pyrrole. The compounds shown below were obtained17 and sligut «ctivity

against black beetle carpet larvae demonstrated.

R = 2_c63[coon‘(5?)

n~-C if ,50_Na

= 04 3
IR

m-\lb;;4i (Jz |

2-06H4H02 (58)

20 CL0l

@-010H7

To obtain more complete activity screening (58) was prepared and
submitted for evaluation along with a new compound (57). No useful activity
was found so further derivatives were not prepared.

The n.m.r. spectrum of (§7) (Fig. 2%) clearly shows two olefinic protons
matually coupled (i 4,5 llz) readily assignable as the nicotyrine 3' and &'
protons (c.f. Dithiodinicotyrine, Fig. 31).

Pyrrole is very reactive in the Iriedel Crafts reaction, giving
2-acetylpyrrole with acetic anhydride in the absence of catalyst. Nicotyrine
however gave only tars under a variety of acylation conditions, no
characterizable compounds being obtained,

Reduction of nicotyrine (3) to dihydronicotyrine (5) according to

Eisner85 gave, along with (5), 20% nicotine as contaminant, Confusion

concerning the structure of (5) wvas abolished in 1963 by n.m.r. spectral
analysisoe
Usmium tetroxide catalysed sodium chlorate oxidation of the isolated

171,172 failed, starting

double bond of (5) according to established methods
material being recovered. The expected diol (54) would contain the

stereochemical and electronic parameters believed necessary for activity



OH OH

(59)

S3

(section 1) and e functionalik3 at positions 3' and 4' could be uscd to

give new biologically inleresting compounds.

“he preparation of (SQ) merits further consideration.

sttempted 'm-1-_ cthylations of Nicowine

LY

N—-Substituted nicotines can readily be prepared from nornicotine (2).

>

(2)

The compounds below have all been obtained and in souwe cases biological

187

activity demonstrated.

R =Bt 00
allyl1
acetyl

aiiino

foruyl

73
173
175

174



In order to obtain more compocads of this type frou nicoiine & facl.e
Je-N—methylation procedure was needec as nornicotine is not as easily
obtained as nicotine.

. 101 : : : : . . C e :
Craig l.as investigated the oxidative dxuetiuylution ol nlcovine 14

vive and in vivro and believes nicotine N'—oxide to be involved ag an
intermediate , 0Oxy vi micration to curboa beiny followed by loss of

formaldeiiyie to give nornicotine.

/ N\

The in vitro reaction studied Ly Craig involved a g.l.c. deterninaiion

of the alkaloid products obtained when nicotine N'-—oxide wus ireated with

[P S

an iron III tartaric acid system at pll 6.3, and is oi no preparav.ve

value.

76

Very low yields of nornicotine from nicotine and hycrocinrnonic acid,

silver xide77 and potassiui perwanganate’’ have becn reported.

SH
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v : : .. : i o : )

Nicotine and selenium dioxide in dioxan at 150" (autocluv: not nentioned )

' : o ! . 58 ‘4 . :
have been rcported to give 50% nornicotine. Itepetition using digxanc at
o : 0 : .

100" and diphenyl ether at 150" (both at atuospheric pressure) ~ave oniy
starting material,

Thus the following methods were attcupted. Chloroformate esters wre
useful demethylating reagents. Thus ethyl chloroformate gives nortropine

e 176 . , ,,

from +tropine in 16% yield. Phenyl chloroformate has Leen shown to Le

preferable in many cases to ethyl chloroformate as loss of carbon dioxice

from the reagent is suppressed. Phenyl chloroformate gives phenyf piperidine

v

EtOﬁ—Cl EtCl + CO,

O

N-carboxylate from N-umethyl piperidine in 92% yield.177 Nicotine and plenyl
chloroformate under identical conditions gave (60) the structure being

assigned on the basis of analytical and spectral data.
I
Q N=C—OPh  (g0)

The mass spectrum (Fig. 25) gives the molecular weight us 282, loss
of *OPh from the molecular ion is indicated by a peak at E/g 189 (IBQ)O

The base peak is at n/e 77 showing that a major fragmentation uode is:



—M

Fig, 26 L.m.r. Spectrum of AA'-l-hethyl
(3-pyridyl)butylamine (60)

/ /

—l-phenoxycarbonyl-5-
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-+
OPh ——  'N—C—0

<l

N |
N vie Me

i peak at g/g 214 corresponds to loss of 68 mass units I{rom the
molecular ion. This loss cannot be satisfactorily explained und is quite
probably prcceded by moleculur rearrangeuwent,

Tie n.mere specirwa (ig. 26) is in full accord with the siructure, the
viarl protons giving a multiplet between T 3.0 - 3.8,

Similar pyrrolidine ring opening reactions of nicotine are well

. 212 . e e o . . 147
characterized, benzoyl chloride giving N-uenzoyl metanicotine, loss

— te . : R
of the €3p‘oton leadingz to ring rupiure,

H
- 1
® )
uN\
e IC::O N Me/ \C:o
Ph

Z
v
Z

The reactions of cyanogen bromide with tertiary amines were firss

n ¢
178 and by Scholl and Norr.17)

investigated by von Lraun Thus N-ucthyl
piperidine has given N—cyano siperidine and N,N-dimethyl piperidiniwi

bromide. ilore recentily Seinetiuyl=2'—me thoxy—2-cthyl=06,7-benuciorphan on



57

treatment with cyanogen bromide followed by hydrochloric acid has given

~ -
o 0

5—ethyl-2"-uethoxy=-6,7-benzomorphan, ~*~

Me | H
/

O @?)

Me

Nicotine however gave only tars, no characterizable compounds being
obtained,
By bubbling oxygen through an ethanolic solution of N-methyl

8,16-imiro 2.2 metacyclophane (below) , Boekelheide'>" has obtained 705

yield of the corresponding de—methyl.compound.

Likewise platinum catalysed oxidation of N-methyl piperidine has given
N-formyl pipcridine.181 Unfortunately in both cases very dilute solutions
were used and eqﬁal quantities (by weight) of catalyst employed. As the
reaction would be of no large scale synthetic value attempts were made to
effect dencthylation of nicotine with true éatalytic amounts of platinum

black and palladium on carbon but with no success, nicotine being rccuvered

unchanged,



5SS

Leud tetraacetate has found use as o deuwcthylating recgent, a nicler ol

. . . . . . 1 182
ajmaline derivatives giving the corresponding l-demethyl-ll cornciidg,

OAcC

No identifiable compounds were obtained from nicotine and lead tetraaceiate.

In alkaline solution potassium ferricyanide functions as a complex

67

electron abstracting ion and Perrine ' has obtained nortropine from trojine
with this reagent. Attempts to induce nicotine to react failed, in uireement
with Perrine who also obtained no demethylnicotine but observed that the

ferricyanide was rapidly reduced. Perrine believes that if the N-methyl group

is attached to one or two primary carbon atoms the reaction fails,

-

183

Hehbest has shown active manganese dioxide to give N-formyl coripounds

from N-methyl compounds; thus tri-n-alkylamines are oxidised to N-formyl-

R, R, N Me — R, R,NCHO

dihlkylamines}8

Nicotine under similar conditions was unaffected by the reagent.,

B-Nitro-5-(3-nyridyl )pyrazole

In 1931 a crystalline solid was isolated as by-product when nicotine

131

was oxidised by nitric acid to nicotinic acid. Its structure was wosigned



I I

T 1 i | 3

——
—
—

Fig. 27 N.m.r. Spectrum of 3-Nitro-5-(3-pyridyl)pyrazole (15)
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99

h-nitro-5-(3-pyridyl)pyrazole and a bromo derivative as 3-Lromo-k-uitiro-5-(3-

05

pyridyl)pyrazele. Lund ” later suggested ilic struciure may be J-nitro-5-{(5-

pyridyl)pyrazole and this was proved by Cleuwo and Holme366 wvhen tihey prepared
J—amino-5-(3-pyridyl)pyrazole from the known 5-(3-pyridyl)pyrazoie=3- |
.carboxylate and showed it to be identical with the amino compound produced
by reduction of the nitro pyrazole obtained from anicotine,
3-Nitro-5-(3-pyridy1)pyrazole and the 4-bromo derivative (to which

structures (15) and (b1) have been given6 ) were prepared and subjectcd to

spectral analysis.

| |
N N
(15) (61)

The n.m.r. spectrum of (15) (rig. 27) shows signals expected for the
3-pyridyl group. The 4 proton appears as two quartets and not two triplets as
usually observed for nicotine derivatives, showing a substanticl diflerence
in electronic environment for the 2- and O-protons; the former being at
unusually low field ( T 0.91). The olefinic proton appears as a singlet at

T 2.38, solvent exchange lZ?DB)ng] rendering the N-H proton unobsérved.

The mass spectrum (Fig. 28) shows the molecular ion at w/e 190 (103),

a peak at g/g 160 probably indicates loss of °NO, the nitro group isci.erizing
to nitrite before fraguentation.

The i.r. spectrum (recorded in nujol) shows a(very sharp) N=H stretch

at 3122 cmfl, indicative of hydrogen bonding and structure 62),
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©62)

Uromocornound (b1 ) shows a (road) N-I stretching absorpiion at higher

e -1y .. . . . ,
wavenumber (3543 cm ) zadicating no hydrogen bonding. (uite probabiy the
nitro group is being forced out of the pyrazole ring plane by the odjacent

bulky bromince atom, thus preventing formation of a hydrogen bond.

fhe rass spectrum (rig. 29) gives the molecular ion as buse peak at

- L] - 1 . .
/e 270, 268, Loss of 17 mass units frow tiie molecular ion, can be assigned

o

to loss of a hydroxyl xadical, the scheme below offeirs a possilile explunation,

O

' .
Br t:>\\c)

z\)z
/
)

Loss of 30 mass units from the nolccular ion is also ovserved cnd can



&l

be rationalised as nitro-nitrite isomerization followed Ly loss of 20,

m /e 240,238

Farther loss of 28 mass units is probably due to loss of carbon

‘wmonoxide with subsequent ring contraction giving (j).

Br
WAL
e

e
—

[

N ()

O

Dithiodinicotyrine

In 1880 Cahours and Etard69 obtained a yellow‘solid from nicotiue

and sulphur vhich they called thiotetrapyridine. Later Morton and horwitz) |
obtained the same compound by refluxing nicotine and sulphur in toluen«,
which they recnamed thiodinicotyrine but gave no structure. Obtaining the

molecular weightlas 303 and 314 by boiling point elevations in benzene tley

suggested the molecule contained one atom of sulpbur and two substituted

nicotyrine units (v 346).

Repetition of the literature method97 gave a compound of identical
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melting point. Analysis showed two atoms of sulphur and two su.stitutod
nicotyrine units giving a wmolecular welght of 378. lass specticuciry .o

a molecular ion aﬁ g/g 378 (28%) (Fig. 30). The base peak at‘;Kg PRSI TO ALY
certainly arising by cleavage of the sulphur——sulphur bond.

The n.m.r. spectrﬁm (Fig. 31) shows the resonances expeciced for &

5 substituted pyridine ring, a computer simulation of which was succcosiul
.(Figo 31 and n.m.r. table). Two doublets at T3.32 and 7°3.68 (c 3 1z)
being assignable to the 3' and 4'-protons of a nicotyrine unii. 4he oniy
other peak (T 6.43) corresponds to an N-methyl group.

The ne.m.r. spectrum of nicotyrine shows a singlet at T 3.35 (1) and
a multiplet at T 3.85 (24), being assigned to the 3'H and superiuposca
L and 5'-H,

Desulphurization with Raney nickel gave nicotyrihe in good yield
confirming the integrity of the nicotyrine unit,

Thus the structure Jbelow is proposed.

(24)

Neduction of (2%) with zinc and acetic acid gave only tars,
Disulphide (24) was submitted for testing as a number of importc:it
active compounds'contain disulphide linkages, thus nitrophenicde is an

219

anticoccidal,



&3

NO,

nitrophenide

Selenium would not couple with or dehydrogenate nicotine, even unuer

forcing conditions,

[

Vicotine with sodium

Pyridine when treated with sodiwu sand and the product added to water in

: : . . 185
alr,couples to give bipyridyls.

A nuaver of dipyridyl ammoniwm salts are used as systewdic lierbicides,
[

/7 N\__/ N\ NIV
<::7:§——§1_;:> Me—%%i:;>h—<<::§& Ve
__/

diquat paraquat

219,

el



bt

Nicotine w«wiid sodium under identical conditions gave scue tar alon; wiz.

recovered niicotine, no coupling nroducts bels;; obtained,

N=-Trornsuccinimide

Wicotine and N-Lrowcsuccinluide in carbonm telraciileride Lave rod | Wil

I{ was honed to cuchiange the 2'=hydrosen for bromine by tils jprocliure it

1y, -
ethol hvdro-en oton in S-nicoline arye konown to e acids 141 o
wenaly Lo Ca aoids In U= NLCOoLlilie aXrl «LLoVh O e 4CluacCe. La.loe

NS

s : : 86 : ,
{indincs ure in a_reement with VWaters who obuained red sums Jrom
N-bromosuccinimide and N-methylosiperidine and waich he beiiéved to be

R -
nerbro.Lides,
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Fig. 32 N.m.r. Spcctrum of 2=Aminonicotine (18)
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Fig. 33 l.m.r. Spectrum of 6-Aminonicotine (19)
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Section 3. Some leactions of 2- and G-‘nincnicotine
ot : v s . 87 . . T v e .,
In 1924% Tschitsciibabin ° reacted nicotine with sodanide and oLtalacd
two isomeric aminonicotines to which he gave structures (13) cii (17, u.e

.

former being insoluble in water and readily separable Irum the latoor.

(18) (19)

Ne.m.r. and mass spectral data for (18) and (19), prepared accoriin? to

87

Tschitschibabin, confirm the structures,

The n.m.r. spectruA of (18) (Fig. 32) shows the G-proton as a quartet
(J 5 Hz and 2 Hz) at T2.16. The 5-proton is a quartet at ¥ 5.63 \J 7D Lz
and 5 Hz) and the 4-proton a quartet at T 2.93 (J 7.5 Hz and = iiz).

The N-H absorption is at T4.29. The wmultiplet centred w«t Tf6.97 is
alwost certainly due to the 2'- and one of the 5'-protons, as observed in
nicotine,

The n.m.r. spectrum of (19) (Fig. 33) shows the 2-proton as « doublet
at T 2.12, the 4-proton as a quartet at T 2.60 and the 5-proton as a woublev
at T 3.60 (there is no observed splitting between the 2- and 5—protons}. e
N-iI absorption is at T5.26., The multiplet observed at T 6,97 in ti.e n.ideXe
spectrum of (l8)'now appears as two triplets, centred at 1'6.97, in wil
probability this line shape is fortuitous.

The mass spectrum of (19) (rig. 34) is very similar to it of nicotine

as would Le expected since aromatic amino-groups are quite stable to



\Qo

|
|
so 4 |
%
i ,IHh Inlhﬂll I , IJI ”l JI : U -
Owo 60 20 100 mlg 120 . iwo

#ig. 34 Mass Spectrum of 6-Aminonicotine (19)

|
180

50 4

&

o Ll vy gLl Tuu“ il “\1 ‘ J il
k-0 o g0 100 20 IO [ e

Fig. 35 liass Spectrum of 2-Aminonicotine (18)

138



66

fragientation, The molecular ion loses a hydrogen radicil to rlive eitrex

| |
oY oy
H,N NS Me HzN/LN/‘ Me

_!”_f'\_/_@_ 176 (790/0)

Peaks at g/g 148 (75%) and m e 134 (24%) arise from

\ @
LN C=N—Me
Of e O
HJJ N and FkN N |

s second decomposition pathway giving the base peak at g/g oh arises bLy

fission of the 3-2' bona, as 1s observed in the mass spectrum of nicouine.

4
Z®
N\

Me

The mass spectrum of (18) (Fig. 35) shows along with the Iracmentation
pathways observed fof (19) a peak at m/e 162, which arises by loss of a
methyl radical from the molecular ion. . possible pathway invoives
participation by the non-bonded electrons of the amino group and is shown
in Schewme 3.

‘“he i.r. spectrum of (18) in carbon tetrachloride shows « sharp Leidd

- - l N . ‘ N .
at 3492 cn 1 and a broad band at 3408 cu ~, broadening probably beiny ciuced

Ly hydrogen bonding between the awmino hydrogen and the pyrrolidine nitrogeu.



677
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|

The i.v. shectrum of (19) shows twe suarp Ne-ll stredchin
Q . I ‘) —1 . . . . N - . v e
3506 and 3420 cm 1n agreement with the i.r. spectrum of Z-uuinojyridine

Lad ‘] [ l —l
(3509 and 3411 cm ),
The hydrochloride salt obtained frexm O-aminonicotine hod ideanticu!

o7

melting point to that obtained by Tschitschivabin, but, whereas
Tschitschibubin reports the salt to be a dihydrochloride, rigorous elewentul
analysis shows it to be CIOH15N3° 2 IIC1. 13 H2O. The sult only crysta.lized
from ethanol if water was present, use of anhydrous ethanol as recomended

by Tschitschibabin gave no precipitate. The preparation of O-uminonicotine,
uncontauinated with 2—aminonicotine, has been reported86 by heating nicotine,
and sodanide in an auto?lave. llepetition gave a low yleld of an approxiaately
equally proportioned mixture of (18), (19) and unreacted nicotine. The wctlicd

offered no preparative advanitages over that of Tschitschibabin and was not

further investigated,

Ureas and Thioureas

3 / \
A number of ureas and thioureas were prepared from (18) and (19 as
biological activity is often associated with this type of structure.

Some ureas havediuretic properties and cause reduction oi imurcciiiidl

and intraocular pressure. Many ureas are weuk Lypnotics but can be useial

as sedatives e.g. carbomal



N Me
a
=0
Cl l (67)
HN—R HN—Ph
(63) R=Ph

(64) R= o-chlorophenyl

(65) R=m-chlorophenyl

n—

(66) R=p-—chlorophenyl HIT
T3 8
HN—Ph
= I T ‘\\O
~
HT N Me
O
H (70)

Cl




69

Thioureas @re used in hyperthyroidisii, congcesiive liciry Toilore c.ac¢ i

healing ulcers.,
Thiocarbanidin is wsed in treating tuberculosis. aid

T N
HN—C —N

OCH, CH(CH,),

()19

A number of thiosemicarbazones have anti-viral properties,”™ 7 e.g.

thiacetuzone.

T
CH; CONH CH=N—N—C—NH,

6-fiminonicotine gave the expected ureas with phenyl isocyanate, o-ciloronhenyl,
zi-chilorophenyl and n—chlorophenyl isocyanate and the expected thiovurcs with
~ phenyl isothiocyanate. iweaction with allyl isothiocyanate gave only tars.
vonversely o-aminonicotine and allyl isothiocyanate gave the correspondiug
thiourea, liltewise with phenyl isothiocyanate. However 2-aminonicotine

would not react with phenyl isocyanate, diphenyl urea being obtained.

All spectral data obtained for the ureas and thioureas wevein fuli

accord with the expected structures.

2- and 6-Aminocotinine

Oxidution of the pyrrolidine ring of G-aminonicotine (19)and 2—minonicotis

V(18) with bromine and acetic acid, under conditions similur to those us:i. for
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'ig. 36 N.m.r. Spectrum of 6-Aminocotinine (71 )
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Fig. 37 W.m.r. Spectrum of 2-Amino-5-bromocotinine (72)
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tiie oxidution of nicotine to ~otinine gave luctuus (11, aud (78 respectivels,
- o

in vhe latter case briouinetion nars to the aiino group hiviays ilen place,

(71 72

rs

/ [ - . . . .. )
+1e Neuere spectrum of \71) V15 )6) is virtaally identical to thav

for (19) (rig. 34) iz the aromutic region., . naltipliet cenured at T5.64 can
be ussigned to the 5'-proton.

[ARRY

' ~ / . po .
(e nemer. specivia of (72) (Vi 37) however shows only tvo arc..vic
signals, « doublet at T2.05 (7 2 1lz) for the G-proton and a doublet at
T 2.85 (J 2 HUz) for the L-proton. The 5'-oroton wultiplet is coentred at
T 5.42, The: trum of (7 'ige 33) shows the moleculur ion as
He42, Yhic mass spectiun of 1 M. 3 shows the olecalax I

vase peax av /e 191. Loss of a hydrogen radical gives a

190 (30%) the resultant fragment most probavly being (k)o

1\
4

@
Z M

& ~

Resonance stabilization of (k) as shown ray exploin why ihis {rapunent is
. . . LR “, T*** »
vl wore significaat than in the mass spectroi. of coiinine (ige 9,0 Los: of

~

s : AN N N N PR ¢ St Aty < G505
25 mass units Srom m/e 150 pives a peax at /e 162 (107) wihich wien toses
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carbon monoxide to give

/*\IQ/) . ED/Q 134 (34”&

M ! I M .o . » \ . — . ) .
A peok av /e 99 (e base pewi Tor cotinine (8)) is only 35/ uind arises Uy

expulsion of a Z-awinopyridyl radical.

|

ONTT TN
K\J/‘ : e
H, k

Sor cotinine the expulsion of & 3-pyridyl radical is muckh .iore higaly
favoured tiwn expulsion of a hydrogen radical, but for O-uwinocotinine cach
pathway is wpproxiuately equally faveured. Ilesonance stabilizition in iru.nent
k) ir all probability ciu.ing the observed difference.

ran

’ . - . . .
e wass  spectyum - of \72) (xlg; )9) slhiows a quite diilerent

fragmentation from that of (71). The first wajor loss is 15 ness units, .o
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ao-~boncded electrons of the ciinmo group aliost cerininly pariicipatin’ in a

e

g Pt Y e RN SN, B S T < - I e s
apner similar to thav proposed lox Qeiginonicotliie (ﬁ¢;. 55 ) e

P

L] . ~ ‘ ; k 4 4 .
Pealis o L/g 242, 240 (1&&) and /e 228, 22¢ gl?ﬂ) secw: Lost explained

. - R It B R S 2 SRR S N & U
Yy loss ox <.t , «ill u,}-;.li \Vidy T Ve ) ke Ve (~) Sxvaid
e — - [od

Br

-

\
\
I/ s S

M
-
A
T

AN
-

. 3 - = 4 A I3 - Lo
as observed for cotinine. TLere is no peail correspolLing to loss ol Il iruw

] \ s - \
the moleculur icn, a favouruble process in the frigaentation oi (4},

. . / A Y3 : R EL T RN v ®
- R N \ 27 RSO a1 Sl (AN 1
Such racaentwtion i\ d, weuliG give oin 1ou 0l sTruciure!
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Although (73) gave a very accurate elemental analysis the mass spectrum
could not be rationalised.
Reduction of the nitro group to give a p-aminobenzenesulphonamide would
vive a compound of great biological interest as many antibacterial drugs
o

contain this grouping.”

e.g. sulphapyridine

O

N NHSO, NH

and sulphamethazine.
N NHSO NH
Y . >

Furthermore reduction of the lactam to a pyrrolidine ring would give the

sulphonamide derived from 6~aminonicotine, another biologically interesting

molecule,

Paucity of material prevented these reductions being investigated, this

area merits further investigation.

2- and 6-Nitronicotine

Auinopyridines can readily be oxidised by sulphuric acid and hydrogen

peroxide to nitropyridines.189’190 Many important biologically active

. . 219
compounds contain nitro groupse.



Chlorwaphenicol is a broad spectrum antibiotic,

'CHO
O,N
NHCHCI,
CH—CH

| |
OH  CH,OH

active apainst gram positive and gram negative bacteria.

Azowycin is an antibiotic nitrobenzimidazole.

|
4o

, 2

o=-Nitrobiphenyl is a fungicide

NO,

and dinitrofgrcresol a versatile weed killer,

Uxidation of 2-aminonicotine (18) and 6-aminonicotine (19) to the

79

corresponding nitronicotines (75) and (7%) was successfully accomplished with

hydrogen peroxide and concentrated sulphuric acid and the products

characterized by spectral and analytical evidence,
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Fig. 40 N.m.r., Spectrum of 6-Nitronicotine (7%)
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Fig. 41 N.m.r. Spectrum of 2-Nitronicotine (75)
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O,N N~ “Np, Me

(74) (75)

The n.r.r. spectrum of (7%) (Fig. 40) shows the 2-proton as a fairly
broad singlet with some further splitting at ¥ 1.59. The 4-proton and
5-proton are somewhat superimposed but it 1is possible to assign the quartet
centred at T 2.11 to the L4-proton (J 8 Hz and 2.1 Hz) and the quartet at
T1.90 to the H5-proton (Q_B Hz and 1,2 Hz). It is interesting to note that
whereas in G-aminonicotine (Fig. 33) no splitting was observed hetween the
o-H and 5-H, for (7%) the splitting is 1.2 Mz. A multiplet at T6.77 alwost
certainly corresponds to the 2'- and one of the 5'-protons.

The n.m.r. spectrum of (75) (Fig. 41) is less precise. The 5-proton is
seen clearly as a quartet of doublets at T 2.52 (g,7.7 Hz, 4.5 Hz and 0.5 Hz),
the coupling probably being with the 2'-proton. The 5-H and 6-1 form a
complex pattern between T1l.7 and T1.9. The 2'-Il 5'-Il multiplet is seen
at T 6.80.,

The mass spectrum of (1) (rig. k3) shows the molecular ion at g/g
207 (19%). Loss of a hydrogen radical gives a peak at m/e 206 (15%), The

base peak arises by expulsion of the 6-nitro-pyridyl radical to give GT\)at
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Atdenpts to repeat a number of diazotization reactions of (18) and (19)
us described by Tschitschibabin87 failed. Thus bLoth (18) and (19) were
diazotized87 with sodium nitrite and sulphuric acid to the pyridones,
repetition pove only startigg materials. Diazotization of (18) and (19)
in concentrated hydrochloric acid is reported to give the respective
chloronicotine, repetition again gave starting material,

G—Aminonicotine, concentrated sulphuric acid, sodium nitrite and
ethanol gove none of the expected 6—ethoxynicotine,203 starting aminc was
recovered in good yield,

Use of iso-amyl nitrite in concentrated sulphuric acid likewise gave only

starting anine.

Auinopyridines condense with @-keto esters and %-and Y-diketones to
give heterocyclic products. Thus 2-aminopyridine and ethyl benzoylacetate

give 2-oxo-k-phenylpyrido [1,2-a] pyrimidine, 199

|
N~ SN
Ph&/lko

2-Aminopyridine and diethyl malonate give anhydro(2-hydroxy—4eoxopyrido[i,Q-é]
' 200,201

X

pyrimid-l-inium hydroxide.

2~Auminopyridine and 2,5~hexanedione gives

95

1
1—(2—pyridy1)-2,5-dimethy1pyrroleo

However only tars were obtained when 2- (18) or G-aminonicotine (19) were

reacted with diethyl malonate, 2,5-hexanedione or acetylacetone under



]0

similar conditions.

Ilowever « numbef of early liussian paper3191’192’193’202 deseribe
reactions of (18) and (19) and their hydrochloride sa1£s with X -halolzetonea
and keto-esters. Thus 6-aminonicotine &nd bromopyruvic ester are rejorted
to give 5—(1—mcthy1—2—pyrrolidy1)—2(or 3 )carbethoxypyrimidazole, 2-amino-
nicotine and acetoacetic ester are u11e3ed to give 1,2—[1'—(1-methy1-2-
pyrrolidyl.)-divinylené]—6-methyl-h-pyrimidone or 4-methyl-6-pyrimidone and
chloroacetone with 2- and G-aminonicotine are reported to give 7-(N-uethyl-«-
pyrrolidyl)—Q (or 3)methy1pyrimidazole and 5-(N—methy1—«-pyrrolidy1)—2— (or 3)
methylpyrinidazole respectively.

‘However reaction of (18) or (19) with either 2-chloroacetone or

acetoucetic ester under the published conditions has given only tars.
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fig. 44 si.m.r. Spectrum of Nicotine iso-methiodide (77)
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Section &, Preparation and Reunctions of Some Nicotiniua Salta

e ea e . . . .
Nicotine, containing two basic nitrogen atoms forms two lsomcric

nonomethiodides  (76) and (77) and one dimethio&ilaq, (78).

AN @

/N\ 21
z Me Me

©

—Z®

Me
(78 )

Their preparation has been reported,127 (16) is obtained simply by the
addition of nicotine (1.mole) to methyl iodide (1 wole) in methanol (ether
as solvent is rcported to give a mixture of all three salts). Dimethiodide
(78 ) is prepared by adding a three molar excess of methyl iodide to nicotine

in methanol. Iso-methiodide (17) requires a more complex reaction sequence

which is shown in Scheme 9.
The n.w.r. spectrum of (77) (Fig. 44) shows the superimposed 2~ «nd
6-H at quite low field ( T 0,8) as would be expected with a positive charge

on the adjacent nitrogen atom. The 4 proton is a doublet of triplets T 1.49
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(4 8.7 and 1.5 Hz) and the 5 proton a quartet at T1.93 (J 7.9 and 6.5).
The singlet at T5.50 is assigned to the pyridine N-metlhyl groap; the
pyrrolidine N-methyl is at T7.76. The nmultiplet usually found bLetween
T0.5 - 7.0 in nicotine derivatives and assignable to the 2'-proton und one
of the 5'-protons now appears to have separated into a triplet at T (.42
(d 7 Hz) and a complex multiplet at I.‘G.?S. The 2'-proton being closer to
.the positively charged pyridinium cation has, it seems, been pulled downfield
relative to the 5'-proton.
99,204

harrex

(79).

has shown that potassitim ferricyanide oxidises (77) to

(79) (80)

Conversion to the corresponding chlorocompound with phosphorus
pentachloride followed by oxidation to the known 2-chloronicotinicacid
serves to disprove structure (80).

Karrer has also investigated the reaction of (77) with methyl, ethyl

205

n-propyl and n-butyl magnesium iodide," and has obtained very low yields

of compounds the structures of which he believes to be either (81 ) or (82).

= I [\Ij I X N
H N Me N H f\lAe
S R
Me Me

(81 ) \ | (82)
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Repetition of Grignard reaction with methyl wagnesium iodide :ave only turs,

insolubility of the methiodide (77) in the usual solvents most probably

causing unsatisfactory reaction.

Biological Implications

Quaternization of the pyrrolidine ring of nicotine appears to slightly
diminish the stimulant properties but increases the nerve impulse blocking
properties.

A number of compounds very similar to quaternised nicotines have useful
biological activity.

In 1948 Barlow and Ing223 showed that decamethoniwm iodide strongly

inhibits the passage of nerve impulses at the synapses by acting as an

acetylcholine analogue.

® ® ©
Me,N(CH,) ,NMe, 21

LY

@—(3-1’yridy1)ethyl-trimethylammonium salts are more active than

nicotine in stimulating chick biventer cervicis muscles.

O S

O (CHLN(CH,), X

N

e dimethiodide of dithiodinicotyrine (2%), the dimethiodide of

0-methyl—6-(3-pyridyl) tetrahydro-1,2-oxazine (56) and the dimethiodide of



N

1—methyl~3—(l-methy}—pyrrolid—Q-yl)-l,2,S,G—tetruhydropyridine (87) (:ee below)

were prepared from their respective bases and submitted for testing.

leduction of Nicotine iso-methiodide

The ganglion blocking agent pempidine contains a completely reduced

C s .2 . . : : , | : :
pyridine ring, ? thus reduction of the pyridine ringof nicotine was investicated.

Me
M N
Me | Me
Me

pempidine

Catalytic reduction of nicotine gives hexahydro~(16) and octaliydronicotine
oOrs -
(17);“)’§0 83 these reactions are well documented and were not further

considered.

(16) (17)

1-lMethylpyridinium iodide is reduced by alkaline sodium borehydride to
0
give a 1,2,5,G—tetrahydropyridine,"o7 the mechanism of which has been

investigated using the model compound 1,4-dimethyl-2- phenylpyridiniuu iodide

(83 ).208,209



Me Me
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(83 ) (84 )

Intermediate (8%) was isolated and its structure verified. Iurther
reduction then talres place by nucleophilic attack at C-3 to give 85 ), the

structure of which has been proved by n.m.r. spectroscopy; attack at C-5

Me Me
H .

= H =

i
D

H ~
Me : Me

v

(85 )

would have siven (86).

Me

Me Me

(86 ) - (87)
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1,2,5,6=tetrahydropyridine (87)
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Nicotine iso-mecthiodide and sodium borohydride gave (87), the
appeurunce of only one olefinic proton in the n.m.r. spectrun (Lig. 55)
serving to exclude (88).

e nuss spectrum of (87) (Fig. 46) shows the molecular ion at 1/e

180 (14:), Loss of a hydrogen radical (/e 179, 13%) giving frageent (n),

(88) (n) (0)

m

the only other significant pealk  is the base peak at g/g 34 correspoﬁding to
fraguent (@),

Sodium hydrosulphite has been used extensively for the reduction of
nyridiniun salts to l,h—dihydropyridinesglo, the reaction being similar to
the enzymatic reduction of dihydrophosphopyridine nucleotide (DLN)+ and
triphosphopyridine nucleotide. Thus the methylammonium salt of nicotinamide
gives the 1,4 dihydronicotinamide.Qlo

Nicotine iso-methiodide and sodium hydrosulphite gave a complex »nroduct
mixture frou all reaction attempts. l-Methyl-1l,4~dihydropyridine is unstable
in air, stability being conferred by electron withdrawing groups at positions
> or 5,

Pyridine and tertiary amines react with @-propiolactone to give

)
betainesc“l1



C—CH,—C= =
() + #e—ene=o 7]
N O— N

|
0 —C=0

®
RN + CH—CH R,NCH,CH,c00®

HCl
H,O

2

L 4

R,NCH,CH,COOH R3I\IICH2CH2COOH
Cl OH

Atteiits to induce nicotine and nicotine iso-methiodide to react with
@-1unpiolactone ¢ave glues which could not Le characterised,
likewise glues were obtained when nicotine and cetyl bromide were

heated, no crystalline quaternary cetylaumonium salts were obtained,



Section 5, licactions of Dimethyl Acetylenedicarboxvlate with Micontine

Derivatives

lHistorical Introduction

Ll : : : .
Acheson1 has reviewed the reactions of dimethyl acetylenedicurlaoiylate
with nitrogen containing heterocycles.

!
Dielsl™®?

first isolated two adducts from pyridine and dimethyl
acetylenedicarboxylate in ether and termed them "labile" and Qstable“. The
labile adduct has been obtained only once since;QIA it rapidly lisomerizes to
the stable adduct which is known to have structure (89).

However quinolizines (90 ), (41 ) and (92 ) have been obtained from
3—methyipyridine and dimethyl acetylenedicarboxylate.

Stable adduct (90 ) can also be obktained by thermal isomerizatién of
labile adduct (41 ), the mechanism and kinetics of the isomerization for the

155 and the following data

7-aethyl derivative of (41 ) have, beep studied
obtained,

(i) When carried out in 2[ﬁ]ethanol deuterium is not incorporated at
the 4 position.

(ii) The activation energy and activation entropy for the isomerization

of the 7,9-dimethyl-9ali-quinolizine were determined as 24,8 kcal/hol and

4
8.6 + 2,6 e.u, respectively.15)

(iii) Tetramethyl 7,9—dimethy1-9aﬁr[§,9a- 23;} quinolizine-1,2,3,%4-
tetracorboxylate showed a kinetic isotope effect of 5.98 + 0.05 for

isomerization to the 4 H isomer.

. . 154 .
These facts are all characteristic of 1,5-hydrogen shifts 5 permitted

for concerted suprafacial thermal reactions according to the VWoodward-

155

Hoffmann rules.

The mechanism of the addition of dimethyl acetylenedicarboxylate to

pyridines is believed to be a stepwise MNichael type addition of two nwulecules
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of the diester (Scheme 10).

A winor product sometimes isolated from the reaction of pyridines with
dimethyl acetylenedicarboxylate is the ishimoto compound. ‘“oodward ond

41\'ornfeld have shown the structure to be (q3). Two possible pathways 1or

COOMe

//// //// (:()()hAEE
(93) |
X N C—COOMe

I
O
144

its formation are described by Acheson.

Biological Implications and Results

Increasing the degree of crowding in a biologically active molecule
which has reluatively free rotation often leads to an increase in the specificity
or-strength of the biological response caused by the compound.

Addition of a 5-, 6~ or 7-membered ring to the pyridine ring of nicotine
could probably lead to useful modifications of its biological activity, by
interfering with rotation between the rings, especially so if the Y-substituted
quinolizines were obtain;d. |

It was hoped that nicotine would react with dimethyl acetylenedicirboxy-
late to give the adducts expected for a 3-substituted pyridine; however no
solid products were obtained,

1t scems likely that nucleophilic attack by the highly basic pyrrolidine
nitrogen at the ester tgiple bond is being followed by abstraction of
pyrrolidine protons leading to ring opened products wvhich polymerize (scheme 11)

Triethylamine has been shown to react with dimethyl acetylenedicurboxy-

late in the presence of a proton source (triethylamine hydrobromide) to give



9a-H

Fig. 47 Nen
g 1 Ner.3pectrum of Tetramethyl 9—(1-methy1nyrrol-2-°y1)‘
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13t ,NC == CHCOOMe
CoOHe
r)15

in quantitative yield.” In the absence of a proton source polyueric
products are obtained,

No attempts were made to react nicotine with the ester in the presence
of & proton source.

Thus reduction of the basicity of the pyrrolidine nitrogen could lead

to preferential reaction at the pyridine nitrogen and the production of the

expected ¢uinolizines.

Nicotyrine with Dimethyl acetylenedicarboxvlate

Nicotyrine, which is readily available from nicotine, contains on
N-methylpyrrole ring, the plga of the l'-nitrogen bems sma\\ (nicotine~8.0)
and gave the expected 9all quinolizine with dimethyl acetylenedicarboxylate

Qi ), no (95) being isolated.

—\ .
N—Me (94

, COOMe
//// AN COOMe

X Ns”

COOMe
COOMe

The structure follows from comparison of the n.m.r. spectrum (Figs. 47

147,152

and 48) with that of the 9-methyl-9all-quinolizine (91), obtained fromn

3-methylpyridine;the relevant assignments are shown in Table o.
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The n.ue.r. spectrum of (Q4) is complicated by superimposition ol the
pyrrole protons, thus the quartet at T3.39 is assigned to 5'-il (£&|,5' 2.6;'
QS',5' 1.6 1iz), quartet et T 3.93 to 4'-I! (£'3',4' 3.9 liz) and the quartet
at T4.05 to 3'-H. The 9a proton at T5.35 is coupled to the U proton
(J 1.8 1iz).

.The nass spectrum is in full agreement with the stfucture, the nmolecular
ion being at m/e 442 (24%). A peak at 2/2 541 (12%) is due to loss of the

9a proton as a hydrogen radical to give the corresponding quinolizinium calion

(p).

The isomeric 4H-quinolizines show no loss of +H, thus this peak serves

rd

to.readily distinguish the two compounds.

The bese peak in the mass spectrum of (%) is at g/g 383 and corresponds
to loss.of methoxycarbonyl group.

Thermal isomerization of the 9all-isomer gave the A4Il isomer (95). The
N.n.r. spectrum (Table 8) being in cood agreement with that of the G-1zcthyl
4]l-quindlizine (90).

The mass spectrum showed the molecular ion at g/g 542 (8%), the base
peak at g/g 333 almost certainly arising by loss of the L-methoxycarbonyl
group giving the quinolizinium cation (q).

.



]

Q)

' . ’ v
The u.v. spectra of both isomers are as expected and compare fuvourably

with the 9-methyl analogues (Table 9).

Cotinine with Dimethyl Acetylenedicarboxvlate

Cotinine (8) which contains a lactam function reacted with
dimethyl acetylenedicarboxylate to give a 9all-quinolizine. The only solid
compound isolated was formed by cyclization in the opposite sense to the
nicotyrine adducts to give tetraméthyl 7—(l—metﬁylpyrrolid-2-one—5—y1)—9aﬂr

guinolizine-l1,2,3,4-tetracarboxylate (96), no 4H-quinolizine was observed.

COOMG COOMG
COOMm OOMG

N N // C
COOMe y COOMOOMe
COOMe <

Me
(96) (97)

The n.w.r. spectrum was in full agreement with the proposed structure «ud the

Me

relevant values aré shown in Table 8.



Tﬂblc 90

(9 )
(a7)
(aa )37

(101)

(102)

280(1.57)
c51(1.24)
259(1.40)
262(0.74)
280(1.30)
2355(1.10)
263(0.91)
236(1.66)

264(1.01)

U.v, Spectral Data or Yall and 4

531(1.62)
555(0.50)
327(1.02)
311(1.00)
330(0,40)
309(1.80)
507(1.44)
©92(1,064)

308(1.56)

462(0.57)
420{0,6)

551(1.34)
360(1,30)
435(0.4k4)
352(1.06)
347(1.16)
442(0.66)

351(1.21)

. o T
I uwinolizires (107 ¢ in Lrackets

%61(1.69)

439{0.97)

552(1.0%)

545(1.10)

145(1.17)



Thermal isomerization of (Qb) ruve the L isomer (47). The n.m.r.
spectrum (Table 8) compares favourably with that for the corres onding
7-wethyl 4il-quinolizine (42 )., The mass spectrun shows the wolccular ion at

v

m/e 460 (59), no loss of a hydrogen radical being observed. Tie Lase peak

91

at g/g 401 corresponds to the expected loss of a methoxycarbonyl .roup. Tablle

Y contuins the u.v. absorption data.

Jrown and Heimlso have shown that diborane is an excellent reducing

£
agent for aiiides and more recently Kornetl)1 has shown that ethyl
l-benzylpyrrolid-2-one—4~carboxylate (48 ) is reduced specifically to ethyl

l-benzylpyrrolidine-3=-carboxylate (QQ ) by diborane.

COOEH | COOE

i |

CH, Ph CH, Ph

(98) (99 )

It was hoped to reduce the lactam function of (q7) to the pyrrolidine, thus
giving the 7-substituted 4l-quinolizine adduct theoretically obtainable from
nicotine and dimethylacetylenedicarboxylate. Unfortunately the lactam proved

LY

inert to diborane and was recovered unchanged.

(56 )
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¥ig. 49 L.m.r. Upectrum (100 1Hz) of liethyl 1,2~dimethoxycarbonyl-
7-(2-nmethyltetrahydrooxazin=6-yl)=—4—oxoquinolizine~

3-glyoxalate (100)
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Q-Mcthvl-G-(j-nyridyl)tetrahydro—l,ﬁ-oxnzine with Dimethyl Aceirlenedicarto—

late

Q—Hcthy1-6-(3-pyridyl)tetrahydro-l,2—oxazine (56) obtained by pyrciysis
135

of nicotine 1'-oxide gave one isolable cdduct with dimethyl acetylenedicar-
boxylate.

islemental and spectral analysis showed it to have the structure of a
Kashimoto compound, metbLyl 1,2—dimethoxycurb0nyl-7-(2;methy10xazine-6—yl)—
.h—oxoquinolizine-B-glyoxalate (loo). The nem.r. spectrum (Fig. 49) shows the'
G-proton at T0.62 (J; g 1.0), the B-proton as a quartet at ¥ 2.03 (g 4 V.
Hz), and the Y-proton (doublet) at T 1.23. Three ester group resonances are
observed {two of which are superimposed at T 6,08, the other being at T06.lk).
The 6'-proton appears as a broad doublet at T 5.05.

The mass snectrum gives the molecular ion at g/g 446 (L425) being sixteen
mass units lower than expected for the 9all or 4H quinolizine. A peak at m/e
428 (5%) corresponds to loss of water and is also observed in the mass
spectrum of the starting oxazine. The base peak (g/g 387) arises by loss of

a nethoxycarbonyl group from the molecular ion.

COOMe COOMe
COOMe

H
//// AN COOMe //// ////

1-Bu” Xy N~ F n-Bu” Xx~ N COOMe
- COOMe

(:()()bAEP . , ' H COOMe
(101) (102

S=n=Butylpyridine with Dimethyl Acetylenedicarboxylate

Whereas J-ncthylpyridine gives the O-methyl-9all and 4l-quinolizincs also

. N 146 llib‘ - . - Joon : T,
wvith some 7-methyl-4l-quinolizine , ’ 3-n~butylpyridine (obtained 1y

ld

dehydrogenation of nicotine 1)6) cave tetramethyl 7-n-butyl-vil-cuinclizine-

[ I R S |
L E

~y R . . . 3 S, 1 ) - —
;= tetracarboxvlate (KN) and /—:—butL.—hzfquxnoikzlnc-l,2,),h
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#1g. 50 L.m.r. Spectrum of Tetramethyl T-n-butyl-9al—quinolizine-
1,2,3,4=tetracarboxylate (101)
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iz 51 L.m.r. Spectrum of Letramethyl 7—n-butyl—~4ﬁ—quinolizine—

1,2,3,4-tetracarboxylate (1oa)
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tetracarboxylate (103). No Y-n-butylquinolizines were isolaicd or detected.
Their struciures follow by cowparison of their n.m.r. sapeectra ('igs 50 cnd 51
and Table 8) with those of the corresponding pyridine and J-metiylhvridine
adducts, Compound (\O\) could readily be isomerized to (lod) in refluxing

benzene.

The mass spectrum of (kn) gives the moleculer ion at m/e 419, loss of

a

a hydrogen radical giving the base peak at g/g 4518, Also of 1007 intensizy

is the peak at m/e 360 which corresponds to loss of the methoxycarbonyl ;roup

>from the molecular ion.

-~

The mass spectrum of (I02) shows the molecular ion at m e 419 (4:) and
the base peak at g/ﬁ 560 as the only significant peaks.
The u.v. spectrum of adduct (102 (Table 9) is in full agreement with that

reported for the corresponding 7-methyl-4l-quinolizine (aa).

Attenpted Teactions with Dimethyl Acetvlenedicarboxylate

Myosmine (6), 2-aminonicotine (18) and 2-amino-5-bromocotinine (72) all

gave tars with dimethyl acetylenedicarboxylate.
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Section 0. Biological Evaluation of Comnounds Prepared

The testing was conducted by Imperial Chemical Industries apd the resulis
can conveniently be divided into threc sections, each bei:g obulained fro- a
separate division of I.C.T.

Plant Irotection Limited at Bracknell provided the bulk of the
Insecticidal Screening, Table 10 shows a representative sample of the results
~obtained and gives an inaication of the tests conducﬁed. Compounds not in
the table showed no activity.

The majority of the tests involve spraying an aqueous solution (wien
water solubie) or an oil dispersion either directly onto thc species or ¢nto
its food, the latter usually being the plant on which it feeds.

Although activity was observed in a number of cases, this was not
considered to be of a useful kind,

The Pharmaceutical Division at Alderley Park provided the tésting
outlined in Table 11, Again activity was found for a number of compounds Lut
did not prove significant. A blank indicates that the compound was not
testéd.

The Central Nervous System screen merits further discussion.

Sub-heading T is for temperature, the body temperature of the species
(usually mouse or rat) is recorded Lefore and at periods after injection of
the test compound. Any unusual variance with a control animal is notad.

Ag refers to the agility test. A number of mice are each placed on
long wetal rods, some of which have received a dose of the test cowpound.

The length of time each animal rémainé on the rod is recorded and any
variance betweenkcontrols and test animals noted. The test examines those
areas of the CNS which affect balance.

Ax 1is the Anorexia spaghetti test. A number of rats and mice are

allowved to feed for seven days on measured rods of dry spaghetii only, scme
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animals having received the test compound. Tihe food intike each day is

simply obtnined DLy measuring the length of spachetti resaining. Taus

[P

o

affect a coupound smay have on the feeding habits or hunger drive of wi
animal is obtained,

An refers to analgesias The study wnimal is injected with a staminod
amount of a known compound which causcs it to feel pain and thus quir.. The
degree of sjuirming in control animals is cowmpared with those wl'o have received
an'injection of the test comnound previoﬁs to the squirm inducing drug. Uhe
test gives an indication‘of the ability of a compound to reduce pain.

LY neans electroinduced pain and is of a similar nature. In this test
the pain is produced by administering swall electric shocks to the anisials.

NIN 1s the Reserpine Hypothermia Antagonism test. The lowering of Lody
temperature is a well known effect on administration of reserpine, the degree
to which the test compound augments or diminishes this effect shows the
Aamount of synergism or antagonism to reSerpinised mice.

LAR is the locomotor activity ratio. The caged aﬁimal is automaticully
mwonitored for general movement before and after drug administration, thus the
desree to- which the drug affects the liveliness of the animal can be ireadily
obtained.

The final series of tests were conducted at The Industrialllygicne Research
Laboratories at Alderley Park, the results are in Table 12. This test is at
present being evaluated as to its ability for giving results of a qualitative
nature,

The test animal and control are observed for a number of days prior to
drug administration and their behaviour noted. This will include (&) nwnber
of times drink is taken per day; (b) amount of food eaten and how much at
each session; (c) general activity, waking and sleeping periods, amount of
wvallking and exploringo

The test animal is then given the drug and both it and the control are

: ' . . : o3 ] rue aNliiia
placed in new cages, Their behaviour is again noted and the uxggged Glidiada
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compared with -he control.

The test does not give quantitative results but it is hoped tuat it oy
nrovide « spcecy, efficient and inexpensive method for exposing activi - of
almost ony Liund,  Activii, found in this test will naturally rceocuire o full
and compleve iavestigetion but lack of activity at this situge may encbie many

time conswiing and cxpeunsive tests to be dispensed with,
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Table 11, Testing esults from Thariiceuticals Divieion

Insecticide
Virus
Coccidiosis
Aantibacterial
Fungicidal
Aantiseptic
Antidiabetic
Antidepressant
Analgesic
Antihelminth
Liver fluke

Sedative

Central Nervous

Systen
T
J!l g
Ax
Ac

An

(18) ()

¥*¥

100

100

(12)

(aw)

(aw)  (4s)

(43)

*H%

9



Insecticide
Virus
Coccidioxis
Antibacterial
Fangicidal
Antiseptic
Antidiabetic
antidenressant
Analgesic
Antiheluiinth
Liver iluke
Scdative
Central Nervous

System

T
Fa WIS

\:5-0)

*H

(51)

(56)

(sez

oy T
)
P2y Ae¢

(57)

loR

'58)
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(b0)  (2) (ev) (5) (&) (67) (48) (s3) (%)

lnsecticide - - - - - - -
YVires - - - - - - -
Coccidiosis - - - - - - - - -
Antibacterial - - - - - - - - *

Mnciciaal

Antiseptic - - - - - - - - -
Antidiabetic -
Antidepressant ** -
Analgesic ** -
Antihelminth -

Liver flilie

Sedative - - - - - - -

Central Nervous

Systen

T 010 0100 - - 0100 - -
48 - Y90 T~ - Y0 T -
$X - - - Y0 - -
Ac 030 - - - - - -
An 030 . - - - - - -
LI - - - - - - -
LAR ) i ) ) )



(71)
Insecticide -
Virus
Coccidlosis -
‘mtibacterial -
fungicidal -
Antiseptic -
.
Antidiavetic -
Mntidepressant
Analgesic
Antihelicinth
Liver fluke
Sedative
Central Nervous
Systein
A
e
AX
AC
AN
JIREAN
IAR
EP
*¥*
0

(va) (1) (v5) (87 (87)

Activity,

Not active ut level shown but active above Th

Not active

AMe T

but not of useful ‘kind.

ito

is level
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Tuble 12, Vvaloretion=thirst Activiter,

tvelininarv Screenino at Industrial Eveiene Nesecrch Iatovaters

Latency Letivivy Ciher C75
buy Loy effects
1 2 1 D
(15) - - - - -
(18) - - - - -
(19) - - - _ Y
(a%) - - 0 0, -
(wb) - - - - _
) - - - - -
(we)
(%) - - % 12 - o
(50)
(51)
(50)
(56)dirciniodide * 25 - - x 05 -
(s7) - - - - -
(58) - - 0y 0
(0)
(63) - - - - -
(o) - * 95 - - -
(05) - - - - -
(k) - - - - -
(e7) - - - * 20 -
(68)
(b9) % 25 % 25 - - -

(10)



(71)
(9a)
(%)
(75)
(87)

(87) 2AMeT

*x*

Latency : Letivity Uiher O
Day Day effecte
1 2 1 2
- * 05 - - -
* 0 0 - **
5 5
0_ - 05 - **
* 25 - - - -

Not active

Active at level shown (mg./kg.)

Not active at level shown but active above this level
Toxic at concentrations tested

octivity but not of a useful kind.

Vi d,
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Melting points were recorded on a Xofler hot stage and are uncorrected.
I.r. specira were recorded on a Perkin-Iilmer 257 Infracord with polystyréne
film as standard. U.v. spectra were recorded inl'cm cells on a Perkin—Ilumer
137-UV machine fitted with a deuterium lamp. Methanol was used as solvent,
being distilled slowly from magnesium methoxide before use. NelleIs spiectra
were recorded on Perkin~Elmer Rl4 and (by the author) R12 spectrometers, with
tetramethylsilane as internal standard (T = 10)., Coupling constants {’) are
given in llz and the abbreviations 8, singlet; d, doublet; q,quartet and m,
multiplet employed. Mass spectra.were recorded by the author on A.E.I.

MS - 9 and Varian-Atlas Cti-7 machines (ionizing potential 70 eV)., Micro-
analyses were by Dr. Strauss at Oxford.

Spence grade H alumina was used for chromdtography (100-200 mesh),
deactivated with water (5% v/v) to give deactivated basic alumina (pH 10),
and with 10% acetic acid aq. (5% 2/#) for deactivated neutral alumina.,
Deactivation involved shaking for 2 hours and standing for 12 hours before
‘use. Thin layer chromatographic plates used for routine monitoring were
MN Polygram Sil N-HR/UV 254 (Machery-Nagel and Co., Duren) containing a
254 nm fluorescent indicator and inspected by a UV lamp.

Petrol refers to that fractggn of boiling point 60-800, unless
otherwise stated.

Nicotine was supplied by British Nicotine Ltd. and slowly distilled
at 118—1200/17 mn under a nitrogen atmosphere before use.

Myosmine was supplied by the Imperial Tobacco Group of Great Britain

and purified by recrystallization from petrol (b.p. 80-100°).
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Experimental for Section 1. Alkyl Derivativesof Nicotine

Cotinine dibromide hydrobromide perbromide. - This salt was pres.red

according to Ink:Kixmis."8 Bromine'(198 ml, 5.76 mol) in acetic acid (o0,
480 ml) was added to L-nicotine (88 g, 0.538 mol) in acetic acid (80,
400 ml) over 2 h with stirring. Water (1800 ml) was added and the two
phase system ~vigoro;sly stirred and heated to 80° when homogeneity
resulted. After 30 min at 80° cooling whilst stirring gave orange

needles of cotinine dibromide hydrobromide perbromide, C, . H N_0Br,.HDr,.

100972°772
Br,, (174 g, 73%) m.p. 141-145" (1it.”" 141-144°),

1—Methxl—5—(3-pxridxl)pyrrolid—2—one (8)e - Zinc dust (125 g) was added

over 3 h to & mixture of cotinine hydrobromide dibromide perbromide

(100 g, 0.174 mol), acetic acid (50%, 1250 wl) and concentrated hydrochloric
acid (65 ml) following lVlc:Kinm'.s"'8 to give cotinine (30.4 g, 0.172 mol, 98%)
b.p. 145—15O°/b97 min. Cotinine is very hygroscopic and would not give a
reliable analysis. Methiodide (prepared in and recrystallized from
acetonitrile) m.p. 147-148°. (Found: C, 41.9; H, 4.9; N, 8.6. Calc. for

011H15N2013 C, 41.5; H, 4.7; N, 8.8%),

1,3,3=-Trinethyl=~5-(3-pyridyl)pyrrolid-2-one (4#6). - Cotinine (8.8 g,

0.05 mol) in ether (50 ml, sodium dried) was slowly added to sodamide
(from 4.6 ¢ sodium) in liquid ammonia (150 ml). Methyl iodide (28 g,
0.2 mol) in ether (50 ml) was slowly added to the resulting rusty brown

solution which became dark green. Ammonia was allowed to evaporate and

water (50 ml) and chloroform (50 ml) were added. The organic layer was
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separated, dried (magnesium sulphate) and the solvent removed to sive «
light yellow 0il, Trituration with petrol gave a white solid wlich
recrystallized frow petrol as fine white needles (8.2 g, 80%). Sublimation
(90—1000/20 m) gave an analytical sample, mep. 95—970 (Found: €, 70.5;

H, 7.7; N, 13.7. C H,N,0 requires: C, 70,65 H, 7.8; N, 13.7:) V _
(nujol) 1678s, 1592w, 1578w, 1393s, 1076s, 1025s, 919m, 885w, 819m, 75ua,
739m and 721s —_— /e (%) 20u(34, M), 203(10,M%-1), 189(3, }'-15), |
175(k, M*=29), 161(1, M*-43), 146(6, M*-58), 132(28, M"-72), 126(100, :i"-78),

119(19, M*-85), 117(17, M"-87).

3,3-Diethyl-l-methyl-5-(3-pyridyl )pyrrolid-2-one (#7). - Ethyl bromide

instead of methyl iodide as in the previous reaction gave the title

compound as a yellow oil (9.0 g, 77.5%) b.p. 130-134°/1.0 mn (Found: C, 72.2;
H, 8.6; N, 11.9. 014H26N20 requires: C, 72.5; H, 8,65 N, 12.1%) ~ max

(liquid film) 2984s, 2970w, 294lm, 1679s, 1591w, 1578m, 750s, 714m, and

661m cm. > m/fe (%) 232(8, M'), 231(10, M'-1), 217(2, M*-15), 204(100, M*-28),

189(80, M*-43), 176(13, M"-56), 154(8, M'-78).

1,3—Dimethzl-5-(3-pyridyl)pyrrolid—2—one (%8). = Cotinine (8.8 g, 0.05 mol)

in ether (50 ml, sodium dried) was added with vigorous stirring to socamide
(from 1.15 g sodium) in liquid ammonia (100 ml). Methyl iodide (8.0 g,

0.06 mol) was added immediately, the ammonia was allowed to evaporate, water.
(50 ml) added and the mixture chloroform extracted (2 x 50 ml). Drying
(magnesium sulphate), sglvent removal and distillation of the resulting

* yellow oil (b.p..123-130ﬁ/1.0 mm) gave colourless viscous oil (5.5 &, 55%)e

A satisfactory analysis could not be obtained, V A (1iquid f£ilm) 3035w,

29855, 2968s, 2939m, 1690s, 1591m, 1576m, 1395s, 1023m, 812u and 716s ca.

w/e (%) 190(17, M*), 189(7, M'-1), 186(7, M*-4), 166(1, M'-24), 161(4.5, }'-29),
130(30, M*-60), 119(19, M*-71), 118(20, mt-72), 112(87, M'-78), 98(29, n-92),

58(31, M*-132), 43(100, M'-17).
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XY
1,4, h=trinethyl-0=(5-pyridyl Jpyrrolidine (%), - 1,313-'1'1‘1;3(:“5!:;’7’”/"(3"

pyridyl)pyvrolid=2-one (2.0 g, 0,01 101) in ether (50 ni, sodiwa dried) was
slowly added to lithiwm aluminiwm hydride (4,75 g) in. ether (20 u1), o
miiintalning a gentle reflux by spontaneous reaction; heating tlen wiint.ined
reflux for 3 h. After cooling excess hydride was destroyed by couscentive -
addition of wet ether, ekhyl acetate and water. Lther extraction drying

~ {wagnesiun sulphate) and solvent evaporation gave a yellow oil which

distilled at 128-130°/13 mm to give 1,4, 4=trincthyl-2~(3-syridyl)vvreolidine

(%) (1.5 2, 0.0079 mol, 79%) as a colourless oil. An accurate analysis was
not obtained. §U17 150325 v (liquid film) 3040w, 2960s, 2910w, 2875m,
2842n, 2780é, 26§Ow, 1592w, 1580m, 1430m, 1368m, 1050m, 1027u, 80lm und

719s cm._l:k,max 215, 258 (shoulder), 263, 268 (shoulder) nm. /e (%)

190(28, n¥), 189(17, M™-1), 175(4, MN'-15), 173(%, M*-17), 133(00, M'-57),
112(100, M*'-78). Dipicrate (prepared in and recrystallized from methaiol)

m.pe 195-1980 (decomp.) (Found: C, 44.,5; 1, 3.8; N, 17.2. 024H24N8014 requires:

C, 44.5; 1, 3.7; N, 17.3%).

&,Q—Diethyl-l-methy1—2—(3—pyridyl)pyrrolidine (50). = Meduction of

l-methyl-j,j—diethyl-S—(B—pyridyl)pyrrolid-Q—one with lithium alwainiwa

hydride as in the previous experiment gave 4 h=diethyl-l-mothv1-2-{3~

. , 0 /y- o
pyridyl)pvrrolidine (50) as a colourless oil, b.p. 168-170 /1) ma (GO yield).

(Found: ¢, 76.9; 1I, 10.6; N, 12.7. 012&H22N2 requires: C, 77.0; H,.IO.i;

N, 12.8%). 2 17 1.5109; v __ (liquid £ilm) 3090w, 3039w, 2970s, 2945s,

ar

~ -1
2885w, 2875w, 2840w, 2780m, 1591w, 1578m, 1020m, 955m, 810m and 719 ciu.

‘ ~ N
A 211, 258 (shoulder), 265, 268 nm. m/e (%) 218(19, M+), 017(23, 1 -1),
max

203(8, :"-15), 190(6, M*-28), 189(12, MY-29), 175(4, M'=15), 159(4, '=59),

158(4, MT=60), 146(17, u*=72), 1a0(72 x*-78), 133(100, NT-85),
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1,4-Dimethyl=2~(3~pyridyl)pyrrolidine (541). - Reduciion of 1,3~

- dimethyl-5-(3-pyridyl)pyrrolid«=2-me with lithium aluminium hydride s in

the above experiment gave, 1,4-dimethxl-2-(3—pyridyl)pyrrolidine (1.5 «

(€S ]

'6k%) bep. 115-1192/13 mn-as a colourless oil, An accurate analysis was not
obtained, vV (liquid film) 3039w, 2960s, 2875m, 2840m, 2780s, 1592w,
1578m, 1430m, 1316m, 102%m, 806m and 716 cm;‘l n/e (&) 176(18.5, M),
175(14, M'-1), 162(4, M*-14), 161(&, M'-15), 1u4(4, M*=32), 133(43, :-43),
119(10, M"=57), 118(7, M*-58), 117(5, M*-59), 98(100, M*-78), 84(21, 1*-92),
2.5 Picrate (prepared in and recrystallized from methaﬁol) m.p.‘205-207°
(decomp.) {Found: C, 41,7; H, 3.2; N, 17.6. 052H45N19035 requires:lc, 41.8;

H, 3.1; N, 17.8%).

Attempted reduction of 1,3,3-Trimethy1—5—(3—pyridy1)pyrrolid42-one with

Sodium dihvéro-bis(2-methoxyethoxv)aluminate. -~ The pyrrolidone-2 (%9)

(1.0 g, 0,005 mol) in toluene (20 ml) was added to sodium dihydro-bis{2-
methoxyethoxy )aluminate (3.0 g, 0,010 mol) in toluene~ (40 ml) and the
temperature maintained gt 110° for 6 h. Cooling, addition of base, removal
and drying of the organic phase (magnesium sulphate) gave only starting
pyrrolidone-2 (49) as a white solid after solvent removal. Characterised

by ioro and nomoro

Attempted Reaction of Nicotine with Sodamide in Ammonia. - Nicotine

(16.2 g, 0.1 mol) in ether (20 ml, sodium dried) was slowly added to
sodamide (from 4.6 g sodium) in ammonia (150 ml) at =50 to -60°. After
addition methyl iodide (28.4 g, 0.2 mol) in ether (40 ml) was added to tiie
resulting yellow mixture which was vigorously stirred (12 h). Addition of
water (50 ml), ether extraction, drying and solvent removal gave nicotine

b.p. 120—1250/13 mm (13.9 g) (i.r., n.m.r.). Lithium amide under the alove

conditions gave only nicotine (12.1 g)e



BQEthoxyDyova Bromide. - 3-Ethoxypropanol (135,0 g, prepared froa

1,3=-propone diol by the method of Noyes,ljj)in carbon tetrachloride (200 wl)
was treated over 1 h with phosphorus tribromide (55 pl) in chloroform
(200 ml) during which time the temperature was allowed to rise 1o 40°, ...
mixture was poured into water (1L ), the chloroform layer separate&, cried
(magnesium sulphate) and' evaporated to leave crude 3-ethoxypropyl broumide.

- Distillation at 45-492/13 mm gave the pure bromide as a water white mobile

liquid (180 g, 79.7%).

BﬁAcebﬂpyridine with 3-Lthoxvpnropyl m~onesium Bromide, = 3-Ethoxypropy1-
magnesium bromide (0.2 mol, from 4.6 g magnesium énd 33.4 g 3-ethoxypropyl
bromide) in ether (100 ml, sodium dried) was added over 30 min to
3-acetylpyridine (12.1 g, 0.1 mol) stirred in ether (100 ml, sodium dried),
A yellow precipitate formed immediatelly. After 1 h:- the mixture was poured
into cold 10% ammonium chloride aq., the ether layer separated, water
washed, dried (magnesiunm sulphate) and solvent removed to give a light
| yellow oil. Distillation gave two fractions, (i) 50-552/100 mn shown by
n.m.r and refractive index to be n-propyl ethyl ether (10.0 g) and (ii)
127-133?/1.0 mm shown by n.m.r., mass spectra and analysis to be l-methyl-

1=(3=-pyridyli~ethoxybutan-1-0l (39) (12.% g, 58.5%) (Found: C, 69.1;

s . I 19 5073
H, 9.0; N, 6.6. 012H19N02 requires: C, 69.0; H, 9.1; N, 6.7%). 92 1.5073;
\>max (1iquid f£ilm) 3300b, 2980m, 2865m, 1595w, 1580w, 1480w, 1420m, 1379m,
1114bs, 8lkm and 720s cmo ™Y n/e (%) 209(0.6, M), 195(0.6, MT-14),

194(3.0, M'-15), 148(9.5, M*=61), 122(100, }¥*-87), 106(15, M'-103).
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2-}'.(‘1'..1.)']—2—(3—1)\'ri(!y1)totl‘ilhy(lroflx1‘:tn ('I-}O) : - 1-2lcthyl—l—-(j-pyri@;/1)_Ji_
ethoxybutan-1-cl (2.9 &) and hydrobromic acid (50 ml, %Y%) were stirred ot
1&5“ for 10 win. The solution was neutralised with saturated sodium
bicarbonate (350 ml), the organic phase chloroform extracted (2 x 50 wly,
dried (iagnesiwa sulpliate) und‘solvent removed to give dark brown oil.

. . 0
Distillution at 133f132 /13 o rave 2—methv}-2—(3-pyridy1)tvtrn%ydrof

(0.46 z) as a colourless oil (Found: Cy 73.35 Ity 7:9; N, 8.9. C10H17 Y

lae\;uires C, 7306; ]I 8. 0 N’ 8 6 ) n,l-2 1.5199; ' nwd (11( uid fllm) 0(}735
-1

1720s, 16955, 1588m, 1574u, 1475m, 1415s, 1270m, 1105m, 1086w and 718s cm.

wle (&) 162(1, %), 161(1, M'-1), 148(100, M™-4), 106(89, M*-56), 78(40, stash),

4-}ethyl myosmine (42). - Myoswine (1.2 g) in ether (50 ml) was added

over 1 h to methyl magnesium iodide (from l.4 g magnesium and 8.3 g wethyl
iodide) in ether (40 ml). The resulting dark green solution was stirred at
18° for 30 min, poured into ammonium chloride (10, 200 ml), the ether layer
removed and the aqueous layer chloroform extracted. The orgunic extracts were
combined, dried (magnesium sulphate) and evaporated to leave a brown oil
which distilled at 132-138°/13 um to give A-uethvl myosmine as a light

20

yellow oil (0.40 g), an accurate analysis could not be obtained. n 1.5435;

DR

}=—3

(liquid film) 2960b, 2865m, 1610s, 159lm, 1552w, 1432m, 1329m, 1220w,

rmax
10395, 988m, 964m, 831, 802w aund 733 cm. ._/e (%) 160(100, MY, 159(95, ¥T-1),
145(10, 17-15), 152(48, d*-28), 131(37, M'-29), 130(8, M'-30), 120(13, :I'-31).
Dipicrate (prepared in and recrystallized from methanol) m.p. 176-178°

(decomp.) (Found: C, 42.06; H, 3.0; N, 18.2, CQ2H18N8014 requires C, 12.7;

I, 3.0; 3, 18.1%).
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N-ltiethyl Nicotinamide. = Methyl nicotinoate (50 g) and methylamin.
(100 ml of a 33% ethanolic solution) were heated at :00° for %4 h in a
stainless steel autoclave. Ethanol was evaporated from the light green
resulting solution to give a white solid which recrystallizédfromlbenzene
as colourless ncedles of N;methyl nicotinamide (43 g) mep. 103-104°

154

(1it., 7" 104-105%),

N-liethyl Nicotinamide with Methylmasnesium Jodide, = Methyl magnesiun

iodide (0.2 mol, prepared from 4.8 g of magnesium and 28.4 g methyl iodide)
in ether (100 ml) was added (1 h) to a vigorously stirred slurry of
N-methyl nicotinamide (13.6 g, 0.1 mol) in toluene (500 ml). The resulting
light-yellow slurry was warmed to 100° and maintained for 3 h. Cooling to
50, addition of ammonium chloride (200 ml, 10%) and chloroform extraction
gave, after solvent removal, starting amide (1.2 g). Basification of the
ammonium chloride solution with potassium hydroxide and chloroform
extraction gave more starting amide (0.6 g). No other identifiable

compounds were obtained.

1-(3-Pyridyl Jethylidenemethylewine. — Methylamine (100 ml of a 33%

ethanolic solution) and 3-acetylpyridine (60 g) were stirred in benzene
(200 ml) containing molecular sieve (SA, 150 g) for 48 h. Filtration and

solvent removal gave an amber liquid which distilled at 116—118%/13 nm

to give 1-(3-pvridyl)ethylidenemethylamine (54.2 g, 85%)s (Found: C, 71.3;
H, 7.6; N, 20.3.‘ CSHION2 requires: C, 71.5; H, 7.5; N, 20.1%) 2;0 1,54584,
\Y nax (liquid film) 1691w, 1640s, 1585m, 1572w, 1415s, 1378m, 1594m, 1195w,
1020m, 809 broad m, 709s cm.'17\.max 237(1.0), 267 (0.%4)nm. m/e (%)

134(51, M%), 133(34, M*-1), 118(100, M*-16), 105(6, ¥'-29), 103(8, x"-31),

92(10, M*-42), 78(40, M*-56), 56(55, M'~78).
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Attenntoed reaction of 1-(3—Byridy1)ethylidenm.}e“{:.hyl:;:"ine it T

- Ethoxypropyl, Mamicaiim Drovifde — 3-Ethoxypropylmagnesium broice ({rca 5.2 :

magnesium and 37.6 g 3-ethoxypropyl bromide in 200 ml ether) was trea:.u wiih
1-(5-pyridyl)ethylidenemethylamine (15.01 g) in ether (200 ml) under
nitrogen with comnstant stirring. The resulting yellow solid was added to
ammonium chloride solution (10%, 200 ml) and the ether layer remwoved. lie
aqueous solution was basified and chloroform extracted (3 x 100 ml), the
organic extracts combined, dried (magnesium sulphate) and the solvent
removed., Distillation of the residue at 0.1 mm gave only ethyl n-propyl

ether (1.8 g). Much tar remained and no other products were identified or

isolated,

Attempted reaction of 1—(3-Pvridy1)ethylidenemethzlamine with Succinic

Anhvdride., — The title imine (26.8 g) and succinic anhydride (20.0 g) were

refiuxed in xylene (25 ml) for 24 h. The reaction gave only tar, no
products could be isolated by a number of work—up procedures.
Nepetition using toluene as solvent likewise gave tar but at a slower

rate,

Experimental for Section 2. The Oxidation of Nicotine and Reactions of

some Oxidation Products

Cotinine (8) with Sodium Tetraphenylborcn. — Cotinine (0.352 g,

0,002 mol) in water (160 ml,pll 2 by addn of IC1 aq) was treated with a

1% aqueous solution of sodium tetraphenylboron (140 ml, 0.00% mol) at 50°,
A white precipitate which imnediately formed was fillered with difficulty
and dried over phosphorous pentoxide (1.15 o) meP, 95-98° (resolidifies
and decomp. 120-2000). The solid was insoluble in the usual solvents
becoming a glue above 70° in solution. ELlemental analysis showed nou-
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Cotinine with N,N-Diethyl-2-chlorccthyvlamine, - Cotininc (4.4 g, 0,025 1.1

in ether (75 ml, sodium dried) was slowly added to sodamide ({rom 2.3 g
sodium) in ammonia (150 ml) at -50°, N,N-Diethyl-2-chloroethylamine
(15.5 g, 0.01 mol), obtained from the hydrochloride immediately prior to
use, was then slowly added in petrol (75 ml) and the resulting dark rec
mixture vigorously stirred for 12 h, allowing ammonia to evaporate; Water
was added to the residue and the ether/petrol layer removed. Solveit
evaporation and distillation of the residue gave cotinine (0.1 g)_(i.ra,
n.mere., and t.l.c.). Chloroform extraction of the aqueous phase, drying
(magnesiun sulphate), filtering and solvent removal gave a dark red glue,
which would not crystallize or distil under reduced pressure. T.l.c. of
the chloroform extract showed a little cotinine and much immobile material

(1 ¢ 9 methanol: chloroform).

Attempted Hydrolysis of Cotinine (8). - Cotinine (1.76 g, 0.01 mol)

and potassium hydroxide (0,62 g, 0.011 mol) in 15% aqueous ethanol were
refluxed for 16 h. Ither extraction gave cotinine (1.54 g) (i.r., n.m.r.

and t.lOCO)O *

Cotinine (8) with Sodamide. - Cotinine (bok g) sodamide (1.2 g) and

dimethylaniline (15 ml) were heated at 150°, Vigorous bubbling ceased alter
15 min and the resulting brown glue was poured into water (100 ml) and
ether extracted. Drying (potassium carbonate) and solvent evaporation gave

dimethylaniline (i.r. and n.m.r.). Chloroform extracts from the aqueous

phase contained only cotinine (1.4 g, 32%) (i.re, nom.r. and Ef).
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Cotinine (8) with Dimethyl Oxalate, — Sodium metal (0.25 g} wis added

to cotinine (1.76 ¢, 0.01 mol) in benzene (10 ml) containing <lueth/i
oxalate (1.18 g, 0,0l mol). After stirring at 20° for 1 h solvent was
removed and the yellow oil acidified with 5/ sulphuric acid. Busifying
with 30% «nawonium hydroxide, chloroform extraction, drying (potassiws
carbonate) and solvent removal pave cotinine (1.2 g, 68%) (i.r. and n.u.r.).
- Temperature increase reduced cotinine recovery giving no other products.

Diethyl oxalate and sodium hydride also oniy gave cotinine.

1-Methv1-2—(3—pyridy1)pyrrolidine l-oxide (13). - Nicotine mono N-oxide

132

was prepared according to Taylor. Thus nicotine (32.4 g) gave l-me<iyl-

2-(3-pyridy1)pyrrolidine l-oxide (30.2 g, 85%) as a colourless viscous oil.

Picrate (ethanol) m.p. 168-169° (lit.}32 mep. 168-169°).

24Methzl-6-(3-pyridy1)tetrahydro-l,2—oxazine (5%). - Nicot%ne mono—=N=-—
135

oxide (17.8 g) was pyrolysed according to Rayburn et al. to zive the
title oxazine (56) (16.9 g, 95%); Egs 1.5254; \>max (liquid film) 3085w,
3030w, 2990w, 2940s, 2865m, 2735w, 1595w, 1578w, 1480m, 1425s and 712s.
em”L m/e (%) 178(14,:7), 160(2, MN*-18), 159(3, ¥'-19), 119(95, M'-59),
118(60, M*-60), 78(16, M'-100), 60(100, M'~118). Picrate (prepared in
and recrystallized from ethanol) m.p. 183-184° (li‘to,l}5 mep. 184%),
Dimethiodide (prepared in acetonitrile and recrystallized from ethanol)

MePe 141-144° (Found: C, 31.3; H, 4.4; N, 6.1; I, 54.7. Calc. for

CléH20N2OIé: C, 31.3; H, 4.4; N, 6.1; I. 55,0%)



1-tiothyl=2-(3-pyridyl l-oxide)pyrrolidine 1-oxide(14). = Vizotine
’ 131

di-N-oxide was prepared according to Johnson, Thus nicotine (32.5 ;)

gave the di-N-oxide (35.0 g, 90%) as a clear yellow viscous hygroscopic

0il. Picrate meDe 245-246° (lit.,l31 m.p. 245-2460).

Atteripted Nitration of Nicotine di-N-oxide., - Nicotine di-N-oxide

(10.0 g) dissolved in conc. sulphuric acid (90 ml) was treated porticuise
with potassium nitrate (16 g). The mix was heated to 90° and maintained
for 16 h, On cooling the acid solution was poured into ice water (900 ml)
and 10 N potassium hydroxide slowly added till the solution became basic.
Chloroform extraction, d?ying (magnesiuﬁ sulphate) and solvent removal
gave a dark brown oil (1.3 g). Purification by standard proceddres
failed. OSpectroscopic examination of the impure oil (i.r. and nem.r.) did
not aid identification,

The aqueous phase from the chloroform extraction was evaporated to
dryness and the resulting solid of potassium sulphate was extracted with
hot chloroform. Drying (magnesium sulphate) and solvent evaporation gave
further dark brown oil (0.9 g) which likewise could not be purified. I.r.
and n.m.r. examination failed to aid identification. No other compounds
were obtained or identified from the reaction.

Addition of a nitration mixture of comc. sulphuric acid (30 ml) and

fuming nitric acid (12 ml) to nicotine di-N-oxide (10 g) produced an

imnediate tar. The reaétion was not further investigated,
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l-Hethvl—Q—(j—pyridyl)pyrrole (3). —~ Nicotine (76 &) was oxidiscd Ly

the method of Frank17 to give (a) colourlcss oil (12 g) Dee 4d~50i/2,5 Lo,
(b) light yellow oil (20.0 g) b.p. 96-108°/2,5 wa and (¢) dark yellow oil
(15 g) bep. 190-200°/2,5 mm. Frank and Weatherbee136 have shown (a) to e
J-n~butylpyridine. Johnson131 has shown (c) to be methyl di-l-(3-
pyridyl)butylaﬁine. Fractional distillation of (b) gave pure nicotyrine
(17.5 g, 23.6%) bep. 98-102°/2,5 mm. Picrate (ethanol) m.p. 168-169°

(1it.17 168.5-169°).

2—(4-Nitrophenyl-azo)-1~methyl-5-(3—pyridy1)pyrrole (58). - According

to Frankl7 p-nitrobenzenediazonium chloride (6.9 g) and nicotyrine (7.0 g)
were coupled to give the title azo compound as dark red crystals from
ethanol (14.3 g, 77.6%), m.p. 195-198° (lit.’’ 195-197°) (Found: C, 63.4;

H, 4.3; N, 23.1. Calc. for C;X : C, 62.5; H, 4.3; N, 22.8%).

135%

2-(1-l{ethyl=5-(3-pyridyl )pyrrol-2-yl-azo )-benzoic acid (57), -

Anthranilic acid (8.2 g, 0,06 mol) in water (500 wml) containing concentrated
hydroechloric acid (32 ml, 0.024 mol) was cooled to 0° and sodium nitrite
(5.5 g, 0,08 mol) in water (500 ml) added dropwise with constant stirring.
This solution was added with stirring to mnicotyrine (7.1 g, 0.04% mol) and
sodium acetate (10 g) dissolved in water (500 ml) and ethanol (50 ml) at

0% over 1 h., The resulting red solid recrystallized (ethanol) to give

2—(1-methy1-5-(3—pyridyl)pyrrol-zﬁzlrazo)-benzoic acid (12.2 g, 0,041 mol,

69%) mep. 174=175° (Found: C, 65.6; H, 4.6; N, 19.k. CHy N, 00t Tequires:
Cy, 65.3; H, 4.6; N, 19.4%); Yooy (nujol) 1710s, 1598w, 1580w, 1510w,

1075s, 1042s, 899m, 783m, 765m and 696m cm.-l;jk-max 409nm.,
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Nicotly~ine with Acetic Anhvdride, - Nicotywine (1.58 g), acetic

/Y

anhydride (2,2 ul) and benzene (5 ml) were heated to reflux for 2 L with
orthophosphoric acid ( 1 drop). The resulting durk red solutioun was
cooled and red tar deposited. This was taken up in waten/benzene (50 1.1

of 50:50) and the aqueous layer basified (sodium carbohate). ihe Lenzene
layer was scpurated, dried (magnesium sulphate) and evaporated to leave
dark yeliow oil. Distillation gave nicotyrine (1.2 g) as the only 1isoiuble
product.

Use of zinc chloride or aluminium trichloride as catalyst uvave only

intractable tars.

2,5-ihydro-l-methyl=2-(3-pyridyl)pyrrole (5). - Nicotyrine (15.0 g)

was reduced to the title compound (dihydronicotyrine) by the method of
Haines and Lisner 85 (7.2 &, 42%) b.p. 114—1242/11 nm. Ne.doTe (CCIQ)
showed 20% nicotine as impurity (l—mgthyl resonances), Trial reactions

were conducted without further purification.

Dihvdronicotyrine with Comiuwn Tetroxide and Sodium Chlorate, - A

mixture of dihydronicotyrine (15 g, containing 20% nicotine), sodium
chlorate (12.6 g, 0,12 mol) and osmium tetroxide (0.2 g) was stirred for

48 h at 20°. Water (250 ml) was added, the mixture saturated with sodium
carbonate, chloroform extracted, dried (potassium carbonate) and the solvent
removed %o give a dark brown viscous oil (10.3 g, 31%) b.p. 110-1300/11 mms, ,
shown (n.m.r,) to contain nicotine (30%) and dihydronicotyrine (70%).

Repetition at 40° and pH 4 gave identical results.
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Nicotine with Phenyl Chloroformate. — Nicotine (16.0 Ty 0.1 nol) ond

pi«ti 4 chloroformate (15,6 5y 0ol mol) in dichloromethane (80 1) were
refluxed for 3 h, the solvent removed and the resulting derk rcd wviscous
0il twice distilled at 220—2300/195 mn giving colourless ZXB-Nﬁyethyl-

N-phenoxyearbonyl=b=(3-pyridyl )butylamine (60) (18.4 g, 05%) (i'ound:

Cy, 71.8; H, 6.3; N, 10.2. Cl7H18N202 requires: C, 72.4; H, 6.4; N, 10.0)).
v (liquic film) 5030m, 2935m, 1719s, 1592m, 1568m, 75lm, 708m and
689m cm._l}\ max 247, 282 (shoulder). m/e (%) 282(27, X¥), 214(90, NT-68),
189(13, M"-93), 170(18, M*-112), 164(28, M*-118), 107(%0, M*-175),
84 (46, M'-198), 77(100, M*-205), 55(90, MT-227),

The base would not form a crystailine methiodide, picrate or platinic

chloride,

Nicotine with Cyanogen Dromide. = Nicotine (8.1 gy, 0,05 mol) in

dichloromethane {100 ml) was added over 1 h to a stirred solution of
cyznogen bromide (16,0 gy, 0015 mol) in dichloromethane (50 ml) under
nitrogen. The solution immediately became dark red and remained so during
3 h reflux. After cooling and solvent removal the 0il was refluxed with
6% hydrochloric acid (100 ml) for 24 h. Cooling, neutralizing with 33%
ammohium hydroxide, chloroform extraction, drying and solvent evaporation
gave a dark yellow oil. Distillation (120-125é/13 my) gave nicotine

(6.3 g), characterised by i.r. and n.m.r. No other products were detected.

Nicotine with Palladium and Oxygen. — Nicotine (50 g), palladium

catalyst (0.1 g) and ethanol (100 ml) were refluxed with vigorous stirring
under a stream of oxygen for 48 h. Cooling, filtering and solvent rci.oval
gave black oil. Distillation at 90—95°/b.5 mm gave nicotine (41 g, &27)
as the only isolable product (i.r., n.m.r. and t.lec.). Platinum end, ov

(

platinum oxide with methanol gave increased recovery of nicotine (Y0

2\
C}.
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Micotine wvith lead Tetroncetates— Wicotine (}.Q g\, and leod

- .oy v 33 ey .l . - h .
tetreacetnte {(17.8 g) were stirred togethes in benzene V100 wl). A s
quantity ol tarry solid was filtered, and the filtrate evaporuied to give
: o ) 0 . : /
& brown oil. Distillation at (68=74 /2.0 mm gave nicotine (2.9 g)

characterised by i.r. and neas.rs No other products were isolated,

Nicntine with Potassium Ferricvanide. — Nicotine was treated with

67

potassium ferricyanide according to Perrine. Vork up gave nicotine (64%;

67

characterised by i.r. and n.u.r. in agreement with Perrine.

Micotine with Manranese Dioxide. — Nicotine (16.0 g) and active

‘nanganese dioxide (300 g) were stirred at 16° for 48 h in chloroform (500 ml).
I'iltering, solvent evaporation and distillation of the resulting brown oil
cave nicotine (15.1 g) b.p. 118-1200/17 mm. No other products could be

detected by t.l.c., 1.Ts Or n.m,r.

53 tro=5—(3-pyridyl)pvrazole (15). - Nicotine (210 g) was oxidised

with concentrated nitric.acid (2800 ml) according to Gough and King63.to

give B;nitro-S—(B-pyridyl)pyrazole (11.9 g, 5.1%). Recrystallization Iiuw
ethunol (charcoal), glacial acetic acid and sublimation (200u2300/13 I )

gave an analytical sample, m.p. 031-282° (lit.,G3 280-2810) (Fognd: C, 50.3;

i, 3.1; N, 29.3. Cale for CgH.N,0,: C, 50.5; I, 3.15 N, 29.1%); v (mjol)
3122m, 1524s, 1336s, 1300m, 826m, Slhm, 760m, 703m and 042 cm.-'1 7\nmx 251 nm.

w/e (%) 190(100, M%), 174(1, N*-16), 160(3.5, N'=30), 149(1.5, 1t onl),

132(3.5, 1F-58), 129(2, M™-61), 117(17, ¥'-73), 115(18, MT-75).
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h=wero=3-nitro=5={3=-pyridyl )pyrazole (b1). = 5-Nitro-5-{%-i rid; 1)
pyrazole and bromine gave the title compound accordings to Gough and lingcj
as a white solid (83% yield). Sublimation gave un apalytical sample LeDe
oy o-0nh° (1it..63 HleDoe 2&0—2&20) (Found, C, 35.4; I, 2,05 X, 20.8; Br, 30.35..
Cole. for CUHSNAOQ Br: C, 35.0; 1, 1.9; N, 20.8; Br, 29.77). \)méx (ninl)
3540b, 1010w, 1575w, 1549s, 1530s, 1395s, 1335w, 1042w, 965m and 83L: cm.—l

n/e () 270, 268(100, M), 253, 251(15, M*=17), 240, 238(5, ¥'-30),

005, 2012, M'-47), 212, 210(2, MT-58), 197, 195(15, N*-73).

Lig=l=pothy]l- )-()-pyrldv])pyxrol—ﬁﬁx_ disulphide (za) - Nicotine (30 g)
97

and sulphur (16 g) refluxed in toluene for 16 h according to }orton Tave

o
=3

the title compound as golden yellow spangles (8.1 g, 9. lp) m.p. 153-153.5

1ite 27 wun. 153-156°) (Found: C, 63.5; H, 485 ¥, 15,05 8, 17.0. C, il g%, 5

requires: C, 63.5; I, 4.79; N, 1%.8; S, 16.9;;);\>max (nujol) 3100m, )os@n,

' - -y
1700w, 1592m, 1572s, 1500s, 1460s, 1420s, 1312s and 1184 cm. 1 7&max (107 "g)

019(1.08), 250(0.93), 290(0.64, shoulder). m/e (%) 378(28, M"), 189(100, 156,
175(20, 189-15), 169(189-20), 156(3, 189-33), 148(15, 189-41).

.. Cpos o
Direthiodid= (acetonltrlle) m.p. 223-225

(Found: C, 4C.2; H, 3.8; N, 8.8;
S, 9.7; I, 30.8. C,ol NS I, requires: C, 40.6; 1, 3.8; N, 8.6; S, U.b;
I, 57.2).

}«iorton()7 reported the title compound to be a monosulphide, the mcss

spectrum and elemental analysis indicate a symmetrical disulphide.
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Dithaiodinicotyrine \24) ith Danev Nicltel, - Dithiodinicotryrine (0.37 )
- [

was refluxed in methanol (20 nl) with Iianer nickel (1.0 3} Jox 1 L, e
mixture was cooled, filtered and the solvent evaporatcd to give o yellow oil

which distillied at 98—1040/2.5 mn giving nicotyrine (0.31 g) (i.r., Nelioie

and mixed m.p. of picrate).

Dithiodinicotyrine (24) with Zinc ond .cetic Acid. Zinc (50 g) was

added over 2 h to dithiodinicotyrine (3.7 g) in acetic acid (50 g). Yellow
amorphous solid was precipitated over 12 h and was filtered but tarred
rapidly on exposure to air and could not be characterised., Dasification of

the filtrate gave only zinc hydrdxide.

Nicotine with Selenium. — Nicotine (3.2 g), selenium powder (5.0 g)

and diphenyl ether (100 ml) were refiuxed for 48 h. Selenium was filtered
from the dark brown liquid which was extracted with dilute hydrochloric
acid. 7The exiracts were basified and ether extracted. Solvent removal

. s . . \ ) . . , .
and distillation of residue (80-85 /é.5 mm) gave nicotine only (1.5 &, 479%),

characterised by i.r. and n.m.r.

Nicotine with Sodium Sand. — Nicotine (80 g) in ether (50 ml) was

added to sodium sand (11.0 g) freshly prepared under xylene (200 ml).

After 24‘h stirring at 18% the dark green organic phase was decanted {rom
sodium remaining in the flask and evaporated to rive a glue. This was
taken up in chloroform and water washed. The chloroform solution was dried

(magnesium sulphate) and evaporated to give a dark brown oil. Vacuun

distillation gave nicotine (45 g) as the only isolable material.
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Nicotins with N-Dromosuccinizide. — Nicotine (1.62 z) and *
bromosuccinimide (1.7 g) in carbon tetrachloride (20 ml)were troazed -iisn

A i

a little benzoyl peroxide and warmed. Solid }-Lromosucecinimide becr.e dails

orange, then red giving a viscous tar. No identifiable compounds could e

isolated frcu & number of work-up procedures.

Lxperimental for Section 3. DReactions of Aminonicotines

2- and‘6—Aminonicotine (18) and (19). =~ Nicotine was aminated by the

87

method of Tschitschibabin and Kirssanow ‘ (iving 2-aminonicotine (224) wnd
§-auinonicotine (23%). The former (18) had mep. 124-125° (1it. 87 wepe 155°)
(Found: C, 68.0; H, 8.4; N, 23.8, Calc for CygH Nz C, 67.8, H, 8.5;
N, 25.7%); ¥ (mujol) 3330s, 3167s, 1630s, 1583s, 1477s, 14558 and 7755
cm."l;x_max 937, 300 nm. n/e (%) 177(48, M), 162(100, M'-15), 159(17, "-18),
148(28, M*-29), 147(27, M™-30), 134(21, M*-43), 121(47, M*-56), 119(25, M'-58),
84 (64, M"=93). |

The latter amine (19) had b.p. 160-165°/1.0 mm (Found: C, 67.9; I, 8.4;
N, 23.6. Calc for Crofly 552 € 67.8; H, 8.5; N, 23.7%); AU (nujol) 3470m,

-

3320s, 31858, 2785s, 16258, 1575w, 1506s, 1458m, 1415s and 1358s em. A Cax
208, 241, 305 nm. m/e (%) 177(85, M%), 176(79, M'-1), 162(9, N'-15),

148(75, t-29), 134(2k, M'-k3), 121(7, K*-56), 120(8, M'-57), 119(7, 1t-58),
107(13, MY-=70), 84(100, M'-93).

Hydrochloride (ethanol, trace of water) mep. 136-1380 (lit.‘87 zop. 136°).
Tschitschibabin87 reported this salt to be a dihydrochloride; analysis gives
(6-Aminonicotine),. 4 HCl. 3H,0 (Found: C, 4325 I, 7.4; N, 15.2; Cl, 25.9.
requires: C, 43.4; H, 7.3; N, 15.25 Cl, 25.8%)

C NGCI

oot oNeCly 0%
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Nicotine with Sodamide in Autoclave. - Nicotine (90.0 c) and sodaiide

(50.0 g, Fluka) were heated to 160° for 12 &L in an autoclave. ..fter
cooling, addition of water, chloroform extraction zud drying (votassium
carbonate) the organic exiracts, solvent removal gave brown viscous oil.
Distillation (80-120°/2.5 mm) gave light yellow oil (30.1 g) shown by t.l.c.
to contain approximately equal portions of nicotine, 2-aminonicotine und

6-aminonicotine.

6-Aminonicotine with Phenyl Isocyanate (63). - Phenyl isocyanate

(1.2 g, 0.01 mol) in dry ether (75 ml) was added dropwise to 6-aminonicotine
(1.7 g, 0.01 mol) in ether (50 ml). After 30 min some white precipitate
was filtered. Lvaporation of filtvele gave a colourless solid which

recrystallized (acetonitrile) as colourless needles of N~G-nicotinyl-N'-

phenyl urea (2.7 g, 93%), m.p. 171-173° (¥ound: C, 68.6; H, 6.8; N, 18.8,

C17H20N40 requires: C, 68.8; H, 6.8; N,‘18.9;z;);-\)mx (nujol) 1700s, 748m

~and 687m cm.’l'k.max 209, 250, 289 nm. m/e (%) 296(43, M"), 268(4, M'-u8),

267(7, M*-29), 253,(3, M"=43), 212(2, M+-84), o0u (8, M™-92), 203(9, 1'-93),

202(9, M"-94), 177(30, M"-119), 176(29, M'-120), 93(37, M'-203), s4(100, u™-212;
Dichloromethane as solvent gave diphenyl urea. 2-Auiinonicotine trcated

as ahove gave only starting material; reflux with acetonitriie (48 L) save

only diphenyl urea.
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O—inminonicotine with o-, n—- and n-calorophenylisocyanate ~zve the
expected ureas wuen treated similarly.

li~6=Nicotinyl-ii'=o=chioronhenyl urea(6#). — Yicld $3., m.D.

o .
197-199" (¥ound: C, 61.6; H, 5.7; i, 16.8; C1, 1l.2. Clvﬁﬂ -, 001

( C"
- =

requires: C, 61l.6; H, 5.7; N,16.9; Cl, 10.&.) Vv . (nujoli,
1700s, 1585s, 1493m, 1330s, 1080m, 104lm amd 848w cmo® e ()

332, 330(12, 33, i)

li=6-lLiicotinyl-li'—-m—chlorophenyl urea (b5). — Yield U1.5.,

m.n. 109-172° (Found: ¢, 61.9; H, 5.7; 1, 16.9; Cl, 11.1)
Y% s (nujol) 1700s, 1609, 1585s, 1495n, l472m, 13S5w,l>Tow,
1348w, 1076w, 994w, &79m, o4onm, T6Tm andb76 cm.-—l n/e (,.) 332,330

(13, 41, 1)

H=f=iiicotinvl-li'—=p—chlorovhenyl urce (bb)., = Yield Y, , M.D.

163-197° (Pound: C, 6l.&; i, 5.7; I, 16.9; €1, 11.2.); Vv (aujol)

i700s, 1613s, 1565s, 149ls, 1330s, 1089m, 1041w, 1009w, tditw, 822w,

c04n, 77w and 738m om. "t m/e (~) 332, 330 (20, 50, i.')

o—and 6-iAminonicotine with Phenyl Isotniocyanate. — O=imino-—

nicotine (0.85 g, 0.05 mol) in acetonitrile (i50 ml) and saenyl

isothiocyanate (1.73 g, 0.13 mol) were refluxed for 4 n, cooled and
. - .0 .

solvent removed to give brown oil. Trituration (60=~80" metrol, drop

oI ether gave il-6-nicotinyi-li'-phenyl thiourea (69, recerysiallized

- c ., .
(acetonitrile)as winite needles (1.2 g, T7%), m.p. 173=-17/7 (+ound:

PP S o a T3 vires: 55.6 1. 6.4
C,65.6; i, 6.43 U, 17.9; S, lO.5.Cl7d20N4S rcouires: C, 05.6 I, 6.4;

-1

1,17.9; 8, 10.3x).V ___ 1189m, 831m,602m, 657m, om. N___ 209, 269,
304nm. m/e (%) 312(80, ¥7), 279(&, 17 -33), 220(20, 1. =92), 177(41,
1t -135), 176(35, 1t-136), 149(20, 1'-163), 145(30, =164), 84 (

100, H'-228). =



Similarly 2-aminonicotinc zave Nefmnicotinyvl=N'=plionvl thicurca (68,

(70) mep. 130-133° (acetonitrile) (Found: C, 65.3; I, 6.%; N, 19.595 S, 9.9.
€Al gy S requires: C, 65.6; i, 6.4; N, 19.9; S, 10.3%) 'Vnit(nujol) L1085,
s ouc (s om. T m/e () 312(106, ), 297(7, 1T-15), 279(25, 1=500.
256(13, 17-56), 254(19, M'-58), 228(17, Mtoes), 222(27, MT-90), 220(34, nwT-92),

204(59, 17-108).

o-aminonicotine with Allyl Isothiocyanate, = 2-Aminonicotiné (3.4 g,

0,02 wmol) and allyl isothiocyanate (2.0 g, 0.02 mol) were refluxed in

acetonitrile for 24 h. Cooling gave colourless crystals of N=-2-nicotinyl-=N'=

allyl thiourea (69) (4.1 g, 76%), recrystallized from acetonitrile m;p.

120-122° (Found: C, 60.6; I, 7.3; N, 20.2; S, 11.3¢ Gy HogN,S requires

c, 60.9; H, 7.3; Ny 20015 S, 11.6%). V___(nujol) 16kkw, 1595s, 1558s, 1520s

and 770s om. "L, m/e (%) 276(100, "), 262(5, M'-14), 261(3, MT-15), 24510,
\{+

Mt-31), 243(12, M'-33), 230(4, 1u*-46), 220(60, M'-56), 218(28, i -58),

ook (45, M'-72), 192(18, M*_8k), 186(25, M'=90), 175(15, Mt-101), 163(35, n'-113),

6-Aminonicotine and allyl isothiocyanate treated similarly gave no

jsolable productse

G6-Aminocotinine with o-Chlorophenyl isocyanate. - 6-Aminocotinine

1.9 g, 0.01 mol) and gfchlorophenyl isocyanate (2.0 g, 0.012 mol) were
stirred in a mixture of ether (200 ml) and acetonitrile (50 ml). Filtering
and evaporation of filtrate gave the urea (70) (965%) as brown solid wliich
recrystallized ffom acetonitrile (charcogl) MePe 200-2040 (Found: C, 3Y.93

H, 4%.9; N, 16,1; €1, 10.5. C17H17N40102 requires: C, 59.3; I, 4,9k; N, 10.3;
Cl, 10.3%). \Dmax(nujol) 5040 broad w, 3160 broad W, 1690s, 1670s, 1619a,
1586, 14k3w, 1397m, 1312m, 1297m, 12702, 1234m, 1148w, 1110w, 1058w, 1650w,
949w, 838m, 769s, 7588 and 667w onLs w/e () 336, 338(Lik, 3T)y w5 250(1,

5.5, Msh), 2u5(5, MP-91, 93), 218(5, ¥ -118, 120), 2i7(29, 1'-119, 1),
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216(20, M =120, 118), 192(4, M -1n4, 142), 191(27, NS P T

o ) A - : X
190(19, 27-146, 144), 189(9, 2"=147, 145), las(on, ¥ -148, 2i6), 152, 160(17,
20, MT-174)5 155, 153(9, 30, ¥'-151), 129, 127(30, 100, HT—207), 6s(i5, 1 or5s

236).,

“—3“4““—3-(1—Hﬂi\vinvrrolid—Q—nne—S—xl)nvridine (711 ). = Tromine (40 01)

in 80% wcetic acid (50 ml) was added over 4 h to a stirred solution o7
O—uninonicotine (20.0 g) in 80Zacetic acid (250 wl). ~After I & at 20% water
(500 1l) was added, the wuixtare stirred and heated to 850 for 17 win. ‘hen
cool 80? acetic acid (100 ml), concentrated hydrochloric acid (&U ml) and
zine dust (70 g) were added and the mixture stirred (20 h). a{ier filtering
the solution was basified with 0.88 ammonia, chloroform extracted, tue
extracts dried (magnesium sulphate) filtered and evaporated to sive yoliow

0il, whiclh erystallised from benzene as the title cowpound (10.0 g, 44%)

o 3 g ) ¢ \ ¢ A5 WD
moI)o 14&—11‘16 (1’0und: (l’ 6209; II; 6.8; }\’, ‘220 . 10 13N30 I‘O(HLILQS. C, \)J.\,!,
6.8; N, 22,04) V. J420s, 3330s, 3200m, 2950, 16758, 1621s, 156um and 1504

n et "X.U%Y 242, 304 nm. m/e (%) 191(100, M+), 190(30, 17-1), 162(10, 7=29),

154 (5%, H=57), 98(35, M'=93).

Q-Amino-S—bromo—B—(l-methylpyrro1id—2—one-5fxl)pyridine (712). = 2-‘nino-

nicotine was oxidised to the title compound in similar wmanner to O-anino
nicotine (obove) giving white microcrystals from benzene (15.6 7, 51) reDe

179-1810 (Ffound: C, 4h.7; I, h.4; N, 15.8; ir, 29.2. Cloﬁl” ~0Br requires:

C, bh.hs H, h.h; N, 15.65 Br 29.6%); ¥ (nujol) 3320b, 32000, 16850, 1507,
and 753s e TN 242, 310 ma. p/e () 271, 269(75, 75, X' ), 236, 25:(40,

51, MT-15), 242,'240(14,v15, Mt-09), wu8, 226(18, 18, M'-43), 98(100, :T-173,

171)(
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O-iinncotinine with p=iiitroboenzenesulphonyl Chloride, - u=/w:iinocotininc

2.% g, 0.0125 mol) in pyridine (200 ml) wes treated with p-uivrodvenzenc—
sulphonyl chloride (4.0 gy 0.018 mol), stirred for 45 h «t 18° una\thc
pyridine removed. The resulting oi. was taken up in chlorofor: (50 ml),
water washed (5 x 50 ml) and the organic pauase evaporated to leave « wiise
solid. Recrystallization (ethanol) gave the required sulphonamide,m.p.
160-162° (Found: C, 51.2; H, 4.3; N, 14.8; S, 8.2. C) gy ¥, 055 Tequizus:

C, 51.1; H, 4.3; N, 14,9; S, 8.5%).‘9nmx(nujol) 1681s, 1646s, 1610.1,

1521s, 1453w, 1380 broad s, 1360s, 1350s, 1291m, 1273s, 1145s, 10YZ2s &nd
982 cm.—l /2 (%) molecular ion not observed, 311(%, 1"-65), 288(50, ..*-88),
273(9, M'-103), 271(7, M*-105), 270(27, M"-106), 260(11, MT-116), 245(10,

N'-131), 179(16, M*-197), 178(40, M*-198), 149(25, M -227), 110(100, 1T-266).

6-Nitronicotine (74). ~ 6-Aminonicotine (4.0 g, 0,0226 mol) was added

to concentrated sulphuric acid (10 ml), cooled and 30% hydrogen peroxide
(70 ml) in 30% fuming sulphuric acid (50 ml) added. The mixture was cooled
(0°) for 3 h, stirred at 20° (48 h), poured into water (300 ml) and basified
(50% caustic soda solution). White solid thus precipitated was filtered;

dried and recrystallized from petrol at -20° to give 6-nitronicotine

(3.6 g, 77%) mops 73=75° (Found: C, 57.9; H, 6.4; N, 20.2. Cy oy 550y
requires: C, 58.0; I, 6.3; N, 20.3%). V___(nujol) 2770m, 1534s (ArX0,),
1455m, 1360 (AxNO,), 1515m, 1015m, 859s and 693m em. ™3 N 213, 248, 275
nm. wle (%) 207(19, XF), 206(15, M'-1), 177(7.5, M*=30), 160(7, M*-17),

133(19, M"=74), 84(100, M'-123).
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2-Nitreunicotine (75). = 2-Awinonicotine treated as for O—u.inonicoti.e

cave 2-nitronicotine (49%) MePe 34-350 (Found: C, 57.7; H, 6.3; N, 20.0,
C10H13N302 requires: C, 58.0; I, 6.3; N, 20.%%) 'Vmax(nujol) 2318w, 2yoln,
15400 (ArNUQ), 1455m, 1429m, 1415w, 1378s, 1357s (ArNu,), 1043s, Gu2s, o5hs,

=1 , _
815s and 6Y5u cue /e (%) 207(2.5, ¥7), 190(23, ="=17), 159(1u0, .i*-4s)
8u(35, M'-123),

6-iminonicotine and Benzoic Acid with Dicyclohexylcajbediimidco -

6-Aninonicotine (1.7 g) and benzoic acid (1.2 g) in dichloromethane (Yu wl)
were treated with dicyclohexylcaxbo diimide (2.06 g) in dichloroumethuie
(20 ml). N,N-dicyclohexylurea was filtered after 2 h stirring. Filtri.ic

evaporation gave a white powder which recrystallized (ethanol) as N-Lenzoyl-

1

42 .
N,N'-dicyclohexylurea (1.2 g) m.p. 166-167° (1lit. 164-165°) (Found:

C, 72.8; H, 8.4; N, 8,6, Calc for 028H28N202: C, 73.2; H, 8.5; N, 8.5:).
MW 328 (mass spec.).

Use of tetrahydrofuran or dioxane as solvent gave a similar result.

'6-Aminonicotine with Acetyl Acetone. — O-Aminonicotine (3.5 g) and

acetyl acetlone (2.2 g) were refluxed for 2% h in toluene (10 ml) containing
a drop of concentrated hydrochloric acid.

T.l.c. showed only stérting materials to be present. Solvent removal
and distillation of the tarry residue gave G-aminonicotine (2.0 g) 160-170°%/
3.0 rum.

9-iminonicotine subjected to similar conditions gave starting auine

. . 0
(2.3 g) after solvent removal and extraction with hot petrol (80-100" ;.



Attomted preparation of 6-Utlioxv nicotine o = Sodiww nitrite (2.5 g)

was slowly acded to a stirred solution of O-aminonicotine diliydioclhiloride in
ethanol (20 ml) and concentrated hydrochloric acid (lO'ml). The mix v
warmed to 60° and stirred (12 h), during which time gas evolution occurrad
and the solution darkened. Neutralization with sodiwum carbonate, solvent
rewmoval, addition of water (100 ml) and basification with 2 N caustic soda
(50 ml) gave a white precipitate which extracted into chloroforai. Drying
(magnesium sulphate) and solvent removal gave O-aminonicotine (1.6 g) (i.r.;

n.m.r. and toloCo)o

Attempted Iodination of 2-Aminonicotine. - 2-Aminonicotine (1.77 g,

0,01 mol), sublimed iodine (1.3 g, 0.0l moi), sodium carbonate (10.0 g) and

~ water (100 ml) were refluxed (5 h) with stirring, cooled, chloroform
extracted and the chloroform removed to give a white solid. Liecrystallization
(acetonitrile) gave 2-aminonicotine (1.2 g), characterised by i.r. and n.m.r.

Dioxane/water as solvent and caustic soda as base also gave starting material,

G—iuinonicotine with Nitrous ncid. — Sodium nitrite (16.6 g, 0.2% mol) in

water (20 ml) was added over 3 h to 6-aminonicotine (1.7 &, 0,01 mol) in

5% sulphuric acid (20 ml). The mix was slowly raised to 800, waintained for
1 h, allowed to cool, neutralised with sodium carbonate and extrgcted with
petrol (80-100°)° Solvent evaporation and distillation of the residue
(159-164°/0.2 um) gave 6-aminonicotine (1.3 g).

O~Aminonicotine, under similar conditions also failed to react.
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O-nminonicotine with iso=Yurvl Nitrite., - G-iuinonicotine (1.6

b
0,01 mol), iso—amyl nitrite (247 ml, 0,062 mol) and sodiun ctioxice

(0.02 mol, from 0,46 g of sodium in 20 nl absolute ethanol) were reflusea
for 4 h, poured into 1IN sulphuric acid (20 m1) and heated %o 50° (1 ).
Cooling, basifying (0.5N caustic soda), chloroform extraction, dryin;
(potdssium carbonate) and solvent evaporation gave yellow oil {1.2 ;) =hich

solidified. I.r. and n.m.r. showed it to Le starting matcrial,

2-Aminonicotine, similarly treated, failed to react.

G-luzivonicotine with p-Nitrobenzenesulphonyl Chloride. = O-iuiinonicotine

(1.7 g, 0.0 mol) in pyridine (50 ml) was treated with p-nitrobenzenesulphonyl
chloride (2.21 g, 0.01 mol) at 18° for 30 min then 500 for 1 h., Cooling ana
pouring into water gave a non-characterisable glue.

Benzene or acetone as solvent (with and without base present) also gave
non-characterisable glues.

p-Toluenesulphonyl chloride similarly gave glues, as did acetyl ciilorice

"and benzoyl chloride.

Experimental for Ssction 4, Reactions of Nicotinium Salts

Nicotine iso-methiodide (17). - Nicotine (162 g) reacted according to

Pinner84 gave nicotine iso-methiodide (2u6 g, 90%) as microcrystals from
lf 0 ) ~ - -
ethanol/ ether, m.p. 164-1650 (1it. 8 De]e 164 ) (Yound, C, 43.5; H, 5.0;

N, 9.4. Calc. for anMN2 : C, 43.5; H, 5.6; Ny 9.20).
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1-teihvl=3=(1-ncthy? marrolidin =2 '1'-1,_, gO=tet e i e nidina (87).

i}

RO ey . ‘ : .
Sodiwn bovohydride (8,0 ¢y 0.21 rol) in water (50 1l ) was added, «ll ¢t ance,
to nicotiznie isn—petliodi
iltcotine Jso-methiodide (24,0 ¢, 0.127 wol) stirred in 1IN caistic goda
“) - - )
(200 ml). After immediate eflervescence (5 min), the solution was w.r o0 4o
(175 miu), cooled, chloroform extracted and the extricts ¢ricd (i nesios
o 1 o~y TR A ) ] Y * x
sulphate) and evaporated giving « yellow oil, bL.v. 1:1-1&0”/:u Hitst o

co4s . . 0/.
Redistillation at 120—122‘/20 mnm gave l-methv1—3—(l—nethv] VT i el

1,2,5,0-tetrabydropyridine (8.4 g, 37%) as colourless oil. (ound: C, 72.7;

‘ = . \¢ . — 12
ll, 11')’ I\" 15000 Clll ,-)O re‘iulreS: C, 7‘)011; II’ 1101; N, 15.5:;); ’_l_,‘.-() Xojl")::h.
o (liquid film) 2665w, 2938s, 2540w, 2775s and 1450s cia. TN 25T i

S TP . _ .
Ui ethiodide » Drepared in acetonitrile and recrystallized from

acetonitrilie/iicthanol had We]e 201-204° (Found: Cy 3275 Hy 573 N, 5.9;

’ i

I, 54.6. C Cy5lloegNol, requires: €, 33.7; 1, 5.6;5 N, 6.0; I, 54.8:).

Nicotine iso-lethiodide with Sodium liithionite. = Sodium dithionite

(3.5 g, 0.02 wol) was added over 5 min to a solution of nicotine iso-
methiodide (6.0 g, 0.02 mol) and sodiuz carbonate (15.0 g) in water (50 ml).
The temperature was raised to 500 for 15 min and then the mixiture allowed

to cqol. Basification with caustic soda (pH 12), chloroforu extractien,
drying the extracts (magnesiwa sulphate) and solvent rewoval pave duri
vellow 0il (3.5 g) which decomposed on distillation and could not be
chromatopgraphically purified. Spectrescopic investigation ol the crude

product showed it tobe-aiulticomponent mixiture.
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Nicotinoe 1so-methiodide with @—;u(r;‘-l oloctone, = Q-Proplolz;cton\; (1.5 S)

and nicotine jso-methiodide (6.0 o) in water (20 ml) Suve,after 24 h ut lb%
only glue on solvent removal, which would not crystallize,

Cotinine similarly gave a glue. .

Hicotine with Q-ﬂﬂﬂwﬁolactone. - Nicotine (8.1 g, 0.05 wol) in wauer
(10 ml) was added to Q-propiolactone (3.85 g, 0.05 mol) and the wix alliswed
to stand for 24 h. Solvent removal and drying over phosphorvs pentoxide
gave a non-characterisable glue. The following conditions gave similur glues.
(i) ratdo o 2 moles@-propiolactone to 1 mole of niéotine, (ii) methanol us

solvent and (iii) refluxing (methanol or water) for 2% h,

Nicotine with Cetyl Bromide. — Nicotine (1.62 g, 0.01 mol) and qetyl
bromide (6.05 g, 0.02 mol) were refluxed in acetonitrile (50 ml) for 6 l.
The derk brown solution so produced could not be induced to crystallize.
Solvent removal gave a dark brown non-characterisable oil,

Use of nicotine (1 mol) and cetyl bromide (1 mole) similarly gave
a non-characterisable oil,

Treatment of cotinine with cetyl bromide in acetonitrile ulso gave a

non-characterisable oil.
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with Nicotine Derivativeg

Nicotine with Dimeli-l ~cetylenedicorhoxylate. - Dimetlyl acetylene~

dicarboxylate (40 g) in ether (200 ml) was added over 4 h to nicotine 2.6 g)
in ether (100 ml) at —300. After 1 h stirring the mixture wus filteros to
remove dark brown solid (tarred on exposure to air), the filtrate evaporaied,
the residpal oil taken up in benzene and passed through basic alumina (500 g).
Denzene elution gaye yellow oil, b.p. 2—74%/2.5133.’t(CClq,lOuxﬂz) Se501,8);
6.19, 6.29, 0.39(31, singlets, ester methyls),

Benzene: chloroform (90 : 10 to 70 : 30) eluted vellow oil which jave
crystals from ethanol (250 mg) MePo 190—1910.'t'(0014)'6.09(3, ester methyl).
Mixed mop. with hexamethyl hexamelitaté was undepressed,

Benzene: chloroform (60 : 40 to 10 : 90) eluted red oil which denosited
an amorphous red solid from carbon tetrachloride. N.m.r. showed compiox
ester methyl resonances T 6-7 but no aromatic signals,

Changes oi reaction solvent, temperatﬁre, moicr ratio and time siuilurly
gave no isolable products,

Use of methyl propiolate likewise gave rno isolable products.

Nicotyrine with Dimethyl Aceﬁylenedicarhoxylate. ~ Dimethyl

acetylenedicarboxylate (17.1 g, 0.12 mol) in acetonitrile (50 ml) was wided
over 3 h to nicotyrine (9.5 g, 0.06 mol) in acetonitrile (50 ml), stiired ot
0°, After 3 h a£ 0° the mixture was allowed to warm to 180, tie solvent
removed and the resulting red oil chromatographed on alumina (900 ¢, ncutral)
prepared in benzene., Pure benzene eluted dimethylfumarate, recrystallized
from methanol (mixed MePeo undepréssed). Benzene chloroform (90 : 10) eluied
red non characterizable oil. Denzene: chloroform (80 : 20 to 10 : 90) eiuted

red oil which gave dark red crystalis from methanol of tetrave:l' i 9-(1-




methvinvieyrs]l=92- - —r 1 , . -
X_) 9‘{ “no’ J/lne—l,..,_),. Lonrnenruoxyiota (qu.) (3,37 £,

6.3!%) m.p. 109-110° (Found: Cy 59.4; I, 5.0; N, 6.1. CS;HLZNZUB requirces:
C, r9°7§ , 5.0; N, 6-3%); \)max(ﬁujol) 1749s, 17306a, 17CG4s cu “;Nﬂ:hr:
(10~ 5 ) 235(2 .18), 283(1.57), 333(1.95), 466(0.54) ni: (no change witil o drops
of perciloric acid). m/c (%) uh2(ok, ), u41{ie, M t-1), 411(7.5, M=),
383(100, 7-59), 370(2, Mf-?Q), 323(10, N7-119),

The above adduct (1.0 g) was warmed to 60° in benzene (20 nl) Zoz 5 N

Chromatography (30 g neutral alumina,column prepared in benzene) and

recrystallization of the resulting yellow oil (methanol) gave tetramet 1 9-(1-

- 7, REtAakaTa Y PN N - . d o E o Y Yo g "O
methvi pyrral-2 Xl)-QH—guLnollz1ne-l,_,),k—tecracarboxvlate (95} Lops 135-133

(Found: C, 59.9; I, 5.0; N, 6.1. Cooll, 0N, O requires: C, 5.7; H, 5.U;

N, 6°3ﬁ); \> (nujol) 1746s, 1674s and 1622w cm.‘l‘x. _(10‘45_) 260(:1.41),
325(1.02), 38 2(1034), 466(1.09). Addition of 2 drops perchloric acid 7u

x .

308 nm. m/e 442(8, M), 4112, M*-31), 383(100, MY-59), ,51(5, M =91)

323(9, »'=119),

Cotinine with Dimethyl Acetylenedicarboxylate, - Dimethyl ccetylcenedicarb-
oxylate (7.1 g, 0,050 mol) in acetonitrile (50 ml) was added {over 3 1) to
cotinine (4.& g, 0.025 mol) in acetonitrile (50 ml) at 0°. After &4 h, solvent
was removed and the resulting red oil talten up in benzene and chromatio; raplind
on AIumina (300 g, neutral, prepared in benzene)o. Gradient elution (benzene
to chloroform, 10 steps each of 200 ml) eluted on1y one compound (jud. ed
by t.lec.) which gave crystals from methanol (0.2 g, 1.7%) of tetramethyl

7-(l—methvlpyrro1id—2-one-5fxl)-9aﬂ-ﬂuin0liZine”l’2:314't9trﬂ0“7°”1“1“te (q6)

mep. 124-125° (slight decomp. at 112°) (Found: C, 57.5; M, 5.1; N, 5.u,

022H24N209 requires: C, 57.4; H, 5.2; N, 6.15), 1Dmax(nujol) 1725-1765 (troad

_ -1 -4 P
C=0's), 1700 (broad C=0), 1634m, 1589w, 1525m cm. ;').max (1077€ ) 4356(0,4%)
- ‘1 ' s \ + =0 (r
nm., (no change with 2 drops perchloric acid). 1/e (%) 460(5, M )y LUk,

1-1), 419(6, N*-41), 401(100, M'=59), 385(2k, N'=72), 373(2, ¥'-57),



- 7:’~ ‘.+ . — o+ - - . S . N
37130, 1'=89), 570(4, N"=90), 357(9, ¥7-163), 343(1k, xT-117), 530(10, 17-1207,

98 (46, 11 -362),
The above adduct (1.0 g) was heated at 500 in benzene (50 ml) for G h..

Chrowatograrhy (30 ¢ neutral clumina prepared in benzene) rave fetrr ~tn:

e

— - ':"‘ ‘) LRSS L 3 LY . . . — . \
7 (1 mevyriyrrelid-2-one~5-y1 j-All-quinolizine~1,2,3,4~tetracarboxvinte (47

(0.2 g, 20%) wmep. 112-115° (iethanol) 'V (nugol) 1742s, 1693s, 16055, 1040w,

15755, 1535w, 1494s and 1023m cm.‘l‘),max (10” E.) 265(1.11), 3u9(1.307,

352(1.06), 449(1.09), nm. Addition of 2 drops perchloric acid gave \

TN

Lavads

,» 310, 448 mm. m/c (%) 460(4, MY), 429(7, N*-31), 401(100, NT=59),

304(7, M'=156), 284(4, 1¥-176), 226(4, }"-234).

Tetromethvil 7—(1—methy1p‘rro1id-2—one-5le)-kﬂ—quinolizine—l,2,39h~

tetracerboxvlote wivh Diborane. — Diborane prepared according to ilie

143

literature was passed through a solution of the title adduct (1.0 ) in
tetrahydrofuran for 2 h at reflux. Cooling, addition ol water, chlorolorm

extraction and chromatography (alumina, basic, 30 g) gave the starting

adduct (0.65 g) as the only isolable product.

2—30%hv1-6—(3—pyridy1)tetrahydro-l,Q—oxazine with Dimethwl Acet

dicarboxylate. — Dimethyl acetylenedicarboxylate (5.7 g, 0.04 mol) in

ether (50 ml) was added over 4 h to the oxazine (3.6 g, 0.02 mol) in cther
(50 ml) at 0°. After 4 h at 0° solvent rcumoval gave red oil which was
chromatographed on alumina (200 g, neutral, prepared in benzenc). Grodicat
elution (benzene to chloroform) gave one compound (t.lec.) as red oil, wiich
was treated with methanol and cooled to ~-10°. Light yellow crystals waich
precipitated over 6 months recrystallized (Aethanol)tangeme vl 1,2-

methovyCdrbony1-7-(2—methyloxaz1ne-6fz_)—4—oxonu1 wlizine=3="1voxslate HOO)




Ik

(0.75 &, 8.1%) mep, 158-=160° (Found, C, 56.7; H, L.7; N, 6.2. Cq_xﬂuguog

requires: C, 50.7; I, 4,9, N, 6,3%) ‘9 a (nuiol) 1734s, 1687:, 1655m (Lrowd),

1640m, 1565w, 1530w em.” 5 . (107 “e ) 273(1.49), 344(0.75), 436(2.55) nis.

(no change with 2 drops perchloric acid). m/e () u46(42, M+), L26{5, 17 -18),
415(12, ¥'-31), 414(11, N'=32), 387(100, :*-59), 370(17, '=76), 355(15, :T-y1),

3&0(8,VM+—106), 328(20, M'-118), 295(36, M*-151),

J=-n-Butylprridine with Dimethyl Acetylenedicarboxylate. — Dimethyl

acetylenedicurboxylate (14.2 g, 0.1 mol) in acetonitrile (30 wl) was added
over 2 h to 3-p-butylpyridine (6.8 g, 0.05 mol) in acetonitrile (50 mi) at 0°.
After 4 h, evaporation of solvent gave red o0il, which was chrowatographed
(400 g, neutral alumina, prepared in benzene). Benzene: chloroform (i00 : 0

‘to 80 : 20) gave red oil which deposited orange crystals of tetramethyl 7-n-

o

butyl-Yail-quinelizine-1,2,3,4~tetracarboxylate (\o\) from methanol (1.2 7, 3.4%)

WeDo 88-89° {Found; C, 60.0; 1I, 5.9; N, 3.k. CO,H25\08 requires: C, 60.0;

H, 6.0; N, 3.3%) ‘Qmax(nujol) 2960s, 2695s, 28062s, 1745s, 1730s, 1712s, 1623s,
15233, 1468s, 1448s, 1379s, 1035m, 996m, 93%m, 85%9m, 784m and 726um cu.—lﬁh.max

(10” E ) 236(1 67), 292(1.64), 442(0.66) (no change with 2 drops perchloric
acid). w/e (%) 419(34, M"), 418(100, 1), 415(3.5, 1= &), 360(23, MT-31),
387(20, w -32), 386(12, M*-33), 372(20, M'-47), 362(26, X *-57),360(i00, x¥-59),

300(27, M-119).
Benzene: chloroform (70 : 30 to 10 : 90) gave red oil wiich deposited

yellow crystals from methanol of fetrcoibvl 7-n-rutvi-bll-cuinolizine-1,:2,3 4~

’ 1/ 0 . ‘ [ b
tetracarbexyvlate Ooa) (0.21 S 0o57%) m.p. 104-167 (Found: C, 59.7; I, Gfl,

Ny 3ok C,l L,5N0g requires: C, 60,0; H, 6.05 N, 3.357%) ‘Qmax(nujol) 17508,
- -l ) _ .
1690s, 1615s, 1572s and 1502s cm. I'R.maY (1077 ) 266(1.01), 310(1.57),
553(1.21), 466(1.17; nm. Addition of 2 drops perchloric acid: 'xma.x
' + ~ £t ey
261 (shoulder), 315, 333 (shoulder) nm. m/e (/) 519(100, M), 388(&, 17-31),

s74(2, MY=45), 360(100, 3T=59).



L7

Nl M | :
0B e Vit LYethtl Aectal o ads A, *
= cethi] Acetylerodicarboxylate. - wineihyl aceilel: -

dicarboxylaie (2,84 o 0 . ‘- . .
ylaie (.84 ¢, 0,02 1i0l) in ether (100 5al, sodiwy dried) wias added

over 1 h to wmyosiii . 1() : Cay
myositine (1,46 gy 0.0 mol) in ether (100 »}, sodiwn Lried),
After 2 i at 0% the sbluti 1 0 :
¢ Solutllon was allowed to warm Fo 18 y the solvent reinoved
aind the rcsultlng red oil chromatorraphed on alunina (120 {5y basic), vrencred
1 Ny Faa 3 - . L .
in toluecne. fruction 1-3 (60 nml cach 10/ chloroform in toluene) veve cloir,

fraction 4-15 (60 ml each,20% chloroform in toluene to 50% chlorofor.: in

toluene showed two spots on t.l.c. (E{ 0.5 and 0.7, silica, 10 methanol in

P

chloroforii). fraction 16-21 (66 ml each, 60% chloroform in toluene o o0
chloroforn in toluene) gave one spot on t.l.c. Lp 0.7). Fractions h-15 and
16~-21 were separately combined and the solvent ;;noved to leave in cicli cuse
a dark red tarry oil, Attenpts to induce crystallization over 4 weelz fauiled
and subsequent t.l.c. analysis showed both fractions to confuin only +tiv

(1. 0 to 0.2),

2-fvdnonicotine with Dimethyl icetylenedicarboxviate, — Dimethyl

acetylenedicarboxylate (7.1 <y 0.05 mol) in ether (750 1) was added over

Wl

h to 2-aminonicotine (4.4 sz, 0.025 201) in ether (59 wl) and acetonitrile
0 - . ..

(80 ml) at -5 . After Jh the dark red solution containing pach tar was

stripped of solvent. Chromatography on alumina gave no characterisable

products.

2-‘nmino=5-=Lromocotinipe with Dimethvl Acetvlenedicarboxvlate., - 2=\ iio-

5-bromocotinine (2.7 g, 0.01 mol) in acetonitrile (250 ml) was treated with

. . ) - : ; U feay a1 )
ditiethyl acetylenedicarboxylate (2.8 g, 0.02 nol) in acetonitrile (50 11} ut

-10°, ifter 4 h the dark red solution was stripped of solvent and tlhe
resulting oil containing solid tar chronntographed on alwiinu. Gradient

elution (benzene, chloroform and finally methunol) gave no churacterizable

products,



‘%2



(8)

(15)

(18)

(19)
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\ > . - ~
N.m.r. spectra (T values; .7 in llz; Me, Si as internal standard) |

Compound

(8)

(15)

(18)

(19)

Solvent

CDCl3

(cnj)Qso

0014

CCIA

(100 MHz)

1.34 (21, d, Pyridine 1-iI); .46 (14, 1, DPyridine

6-11); 2.25 (2, m, Pyridine 4-I and 5-1); 3 s 245
’

5.42 (1H, =, Pyrrolidone 5'-H); 7.43-8.27 (XI5, m,

Pyrrolidone 3'-H, and A'-Hy); 7.35 (5, s, 1'-Cii)

0.99 (I, q, Pyridine 2-H); 1.54 (1H, ¢, Pyridine 6-H);
1.7% (1H, dq, Pyridine &-H); 2.47(1H, dg, Pyridine
5-1); DI 2.4 4 5 0.95 4y 5 7.95 4y ¢ 2,43

_'-15’6 4,8
2.38 (1H, s, Pyrazole 4'=11)

2.16 (i, q, Pyridine 6-li); 2493 (1H, q, Pyridine &=H);
3.63 (14, q, Pyridine 5-H); 4.29 (2H, broad s,

Pyridine 2TNH2); 3,5 755 dy ¢ 2.0; Jy g 540

0e7=7e4 (23, m; Pyrrolidine 2'-11 and 5'-3); 7.86

(3H, s, 1'-033); 2.8-8.4 (5d, m, Pyrrolidine 3'-i,,

4'-H, and 5'=H)

2,12 (1H, d, Pyridine 2-I); 2.60 (1H, g, Pyridine
ym); 3.60 (1, d, Pyridine 5-); 5.26 (2H, broad s,
Pyridine 6—NH2); 9o 2.6 Iy 5 8.6

6.97 (2, m, Pyrrolidine 2'-i and 5'-01); 7.91 (3d, s,

y-CH.); 7.6-8.7 (51, m, Pyrrolidine 3'-i, y'-ti and
J



(24)

L. s

N
N7 (40)
©p




iSO

(22) Cu013 1.0 (1H, «, Tyricine &-1I); l.04 (1., q, -yridiue
2-i1); 2./¢ (1H, ¢t, ryridine 4-i); 2.086 (li, ¢n,

Yyridine 5-); iy 2.0; J, 5 J.Y; J. - Ce3;
A ? :

.‘l,ﬁ 6 1'7; 4'7

.

J

=5,0

5.41 (I, ¢, Iyrrole 3'-i;; 3.70 (1., @, Pyrrolc
1 — - A S ' LT - - )

AV=t); 6.43 (3, s, 1'=CH ), J3, fr3ed

The pyricine region was sinulatecd to 0.1z

accuracy by use of the r'ollouing nariicyuers:

1.431 (2-1), 1.045 (o=-2), 2.500 (4=.), 2.711 (5=i)

’ r
- el

J 1.0 J l.o J- - r.C‘ J j.\ L_‘
—'27/: 71 —275 ! _‘/%15 77 —'{.10 te —510

(39) CCl. 1..7 (1, broad d, Pyridine 2-i1); 1.73 (1%, a,
Fyridine 6-10); 2.25 (X, d of t, Pyridine 2-._);

[ AT \ 0 . ’:".: .. _'r* . ~ . . [a3
2.69 (uI, ~ of d, Pyridine 5-1); £2,¢4'é’ £4,5 C.0

£4 6 l.us _51 4.6

5.00% (14, s, C(LH3)G£); 6.7u (41, q,cgzoc;2023);
J 14 and T

.53 (3L, <, c(ch)OH); 6.0 (2H, t, OCL,CE
§.0=-C.2 (4il, broad n, ChL. U

» pDinapoecars on wddition of DZU

(+0) ccl 1./¢ (1%, @, Pyridine 2-d); l.o5 (1, ¢, {yridinc
6-i); 2.3 (1E, 4 or q, Pyridine /-ij; 2.92 (li,
o o1 4, Pyridinc 5-ii); o 2 o3 Jn = Vebs 2 ¢
147 ~y/ I

CYs J l.cs o LD
7 Ji ___11:’0 1___570 b

0.15 (2, m, wetranyerofuran 5'=7 )5 T.l=weD (aiy

—

@, Tetralydcrciurin 31— aund 4'-H2); Conu (:E,s,

/

tetrahydrofurin 2'—053)



Me

(42)

(44)

:t._ @)
O .r._..._ \\
// )
] S
Z—2=

(47)



\S\

(72) ¢ccl 1.1 (11, brozd =

-

Fyridine 6-i); 2.94 (1li, d, byridine 5-7);
0.00 (2., { of %, Iyrroline E5'-2_); T.12 {2/, =

ESINEAN ~ 1A N . v ’E -r I
Fyrroline 3'—.*2), LeJ2 (21, q wity:

I’l N ~ \ - [ < . " - ¢ [ [ T e
\ e vel, J.9% (1, o, Pyridine 2-I); 1.45 (L, o, vyridiac c=1I)j
2.00 (1, « of ¢, Pyridine /-i;; 2.4 (1., g of 4,
Pyridine 5-1); J 2.5 J 0.C5 J vel; J 1.C3
- A -2, N A A - Y Lo Moty Lo e
244 2,5 Ly D ‘v
‘Tr— / /Z'tj
T
7T i3 i 3! Yo K YT NYT . C
Oa\/\) (34;1 P’ -~—J-.3), "7.SL (JAA’ q’ C—\IILB); -J_ OQ;’
(26 9y 1.57 (1, ¢, ryridine o=1j; 1.5 (L, &, Pyricince 2-1I);

2.26 (14, dt, Pyridine Z-—_j; 1.77 (1%, da, :yricine

i

a. 2.1 d.b; & )
T e ’ —-15 '-75 40

un
I
r
S
-3
L ]
c.
ey

un
)

un
(@)

(1, ¢, ryrrolidone 5'-I); T.45 (3, =, 1'=Cl,);

T.0¢ (11, q, Pyrrolidome 4'—=if); <.32 (1, a, -yrrolidonc

41=1); 8.03 (3, s, Lyrrolicone 3'-=CH_j; .07 (32, ©,
Pyrrolicone 3'—(:}1 ) JZJ it 13; J. 5 7.2
R | 9 ?

(£7) CC1 ., ., Pyridine u—-); 1.5¢ (1, 4, ryricine 2-1:)j

|
.
s
|
Vel
-1
-
3
~
2

RN

A7 (1Y, ot, .Pyridine 4-iI); 2.75 (1li, dg, Yyridine 5-.;

s , o) P . T ; .
7/ - . . “.
f 1 J \) Oy T — PR O J / .l d SN
o 4 T -2, * .‘.‘.4’9 e —/ 4 «0 =~5,0C

(1H, t, yrrclidone 5'-H); 7.46 (53U, s, 1'-C

(e

1
L ]
(@)
=

: iz S O Tye % ( 177 ‘ Demama Vi S oy
7.73 (1, q, Pyrrolicdone 4'-l); 0.3 (lL, ¢, Fyrro.iconc
Ar—)s .11 (31, t. Zyrrolidone 3'-CII_Ci,); S.13 (3H
_i_ —J.A;.), e o (J*J_’ § 4 P _) ¢-2 ;3 ’ Vi '



(50)




(We)

(+a)

(50)

CCl

CcCl

s,

1.50 (i, q, Pyridine 6-H); 1.58 (IH, &, Zyri-n-

’

- ’—‘( ~ - + = » " - -
o-i1); 2,49 (11, at, Pyridine 4-il); 2.77 (1, dq,

Pyricine 5=ii); J. 2.,1; J 0.3 J TeCy o
it y L [ . — ® . 7~
29k 2,5 T =D St

)
195 Iy o kb
5.6 (1H, %, Pysrolidene 5'-i); 7.37 (I, s, r-c;a);
7.4-3.1 (2H, u, Pyrrolidone 4'-i); 7.85 (IH, d,

Pyrroiidone 3'-X); 8.85 (3H, d, Pyrrolidone 3'-—«‘;‘.133};

5.6; J 6.6

Iy ’9 =3,3-MNe

1.58 (1H, broad d, Pyridine 2-H); 1.62 (il, g,
Pyridine 6-iI); 2.40 (1H, &td, Pyridine k-il); 2.91
(1, gq, Pyridine 5-H); _J_Q’I1 2.6 _{2’5 0.9; ;_T,‘.;,s 773

24,6 1.8 S HIEY 0.45

L5,6 5"
6.8% (1H, t, Pyrrolidine 2 2'-H); 7.13 (i, d, Pyrrolidine
§'-1); 7.87 (1H, d, Pyrrolidine §'-H); 7.91 (3i, s,
1LCH3); 2.90-8.55 (2, m, Pyrrolidine 3'-l); 8.51

(51, s, Pyrrolidine 4'-033); 8.93 (3H, s, Pyrrolidine

I‘D""CH")’ 5 7 89 '-{2 2 8 3

1.58 (1H, broad &, Pyridine 2-H); 1.62 (1H, q, Pyridine
6-i1); 2.40 (1H, dt, Pyridine 4-i); 2.92 (18, &g,
Pyridine 5-H); 5y 2.6; 9.5 0.9; I, 5 7.7;::

1.8; ;5 ¢ 45

5'-H); 7.85-8.,90 (71, m, Pyrrolidine S5'-H and 3 '~y ,
Pyrrolidine 4'~CH,CH); 7.98 (3H, s, 1'-CH.); 9.16
(6H, broad t, Pyrrolidine 4'-CH cn3), dy 5 GO, 7453

0
do,0 9+*



Me

O o
N (56)

O
Q T C—OPh
N Me

(60)

Ph (63)



(51)

(56)

(60)

(6

-

3)

(Co

~1

v

CC1 .
/

Cl

CuCl

3

(@Y}

)250

/i~ D T, S . NP e A, S - 7o
1.63 (L-, ~fota d, Yrridine -3 1.7 (L, &,

I N, ) s - . P . - -
FILLLlnd o=il); 2.45 (Ln, at, Crriciuc £-1); 2,03

( I‘—;' d(‘, ;yri(.li:ﬂc‘ L_)"VI‘)' J 2 C‘;f J V] C- s J ‘ 2'
. -= " * i fod . _ y L4 1
’ 271‘ 27) ‘-75
J, - 1.8. J ZL
_.‘,rl’(- ? 5’/': ’5

6.1b (U, q, .vyrrolidinc 2'=1)5 0.0 (1, 4,

Pyrrolidine 5'—j; Te5~C.5 (4izy, 1, iyrrolidine 5%-1,

X PR v ~ y - IO ~ TR .
3 .1oand Z ._“)’ 7v,\/'3 (310, S, 1v-Cil_)s Uo_k/'S' \31’17 G,

Pyrrolidine 4'=Cih_): J

3 24,5 7Y Ly o

1.5¢ (1H, ¢, Pyricine 2-E); 1l.03 (1 ¢, Prridize ¢-.);

2.50 (14, ¢t Fyridine 4—.); 2.94 1L, ¢, Jyridine 5-H);

< el 2.0 J

, ; N ;s J. . £.6
=2,4 ’ e D ’ —'*'-16 =5,6

~e

5.3 (14, q, Oxazine 6'-ij; Te0=¢. @ (01, n, Cxazinc

3

"—J(.i- A% 17 " | R - = "z S ot i;— .
3 2’4‘ and 5 ~‘2)7 70JO (3¢ ’ ’ 2 C 13)’ -—5’6

1.46 (13, d, Pyridinc 2=1); 1.60 (1, @, Yyridine o-ij;
2.42 {Li, d%, iyridine 4-<j; 2.6-3.1 (Cl, n, Yyridine
5-H and Prenyl H.); 3.6-3.7 (2, a, Olefinic H); 6.56
(2H, m, allyl —CH2); 7.05 (3, s, N-CH3); 7.66 (Z2H, m,

N-CHZ); 22’4 l.0; ié;5 Te7; £4,6 1.6;5 i5,6 40

-J.57% (1H, s, ryridine O6—H)5 0.59% (L, s, raenyl LE);
1.65 (14, 4, ryridine 2-1); 2.2-3.2 (7i, wm, rhenyl K5
ana Pyricine /-H and 5-1); J 2

6.7=7.3 (2II, m, Pyrrolidine 2'-f and 5'-1,; T7.S5

(3, s, 1'=CH_j; 7.7-0.0 (54, m, ‘yrrolidine 3'-.

3

*Disappears on addition oi QQO



(67)

©
L

(0))
<9
~—r’




(67) Lo ) g - (1H *
Vs - ; 7 ~ a1 LT - 2 Be 1 -
\ ) :VV J.\‘J 1&1, K Aj&‘()\.l.nc U".‘c._&), -00 s / PO P 5' - aeny .
\rr\" - . ~ -y
LR | 1OUU \~eey &A’ P:/LLMA‘.V Q-AL); 2.2—200 ( LI; Ll’
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The thesis consists of on Introdaciion, a Uiscussion (dividced irto

—

s 1

. . \ . B A . ~ . / . o Is ~

0 scections; snd an Muperinental chapler {for scetions 1 wo 5 ol e
N s A\

ul;-bdbSlO‘..‘/o

e Introcdaction contains the justificalion sor this work, wue aini of
wialch is to »vepore new potentially valuscble biologicilly wetive coopeunnds

el

from the readily available but Lighly toxic alkaloild nicotine (1). due

[

cacuistry, ntiological wciivity wud metabolism of nicotine in L.inp and aulnals
is desceribed.
Section 1 of the Discussion reports the synthesis ol alkylnlcotines,
the aims (a) to obtain new compounds DLuv preserve whe
3 PR & R m e < s A i - PR
electronic wud stereochawical purameters considered” necessary for nicotine-
. . . . . ;. . !/ ] L ]
like imsccticidul activity, and {b) to preveat or reduce the rute of
metebolic oxidutive degradation of nicotine to the noun-toxic nicotinic wcid

¢na cotiniune (2).

R, R,

(1) py =", =1 (2) n =1, =1
3) o = B, = e (&) Dy o= i, = e
(5) Ty =l =Lt (6) Py =1, = Lt
(7) Ry =135, =Ne (8) my =1y =l

Nicotiae analogues (3), (5) and g7) have bcen preparec iy reduciion

. . ATy o e . 3 \ AT 1y »
ol the corvespondins carbonyl colporius (h), \6) and (8,, wailcii were

synthesised iIrow nicotine,



the neler, srectra of (3) to (8) arc dizcussed und corrolorite Croig's

PSR - S R, s o S RN . D AP L RO .
assigments for the neau.r. spectrws of nieotince, a «coable Irradicviion nealero
~ e I £ N B ST - 3 e cram 2 e

snectriuy of () sapporvin,; thesc Gssignmenis,

Y Ay =3 S ’ 3 N O B HE-ae - PRI
The moos spectra of T3} to (8) have been recorced ind iaiterpret ! wiih

regard to the fropaentation swodes For nicotine (1) and cotin.me (2) in
digcussed Ly DjC"QSSi.B Compound (6) undergoes a doulle llciaflerty
rearraugemnens in the wass spectirocweters

The 1'=oxo anzlogue (V) of 2'-ucthyluicotine has been pronarel by

cyclization oi (10) with hydrolro.ic acide

Me Me

(9) (10)

lyosuine {11) and methyl wagnesiwe iodide have given h~iucilylijoswiae
(12) end its mass spectram and n.m.r. spectrum are interproted in terus ol

those obtained for {11).

(11) (12)

Ly o : -\ L . R
1_(}—Pyri¢yl}etnylldencmethylanlne (1), Gus bocn prepared foon

S



S—acelylvyridine and methylaine, Lat attemnis to convert it to 2'-nctly -

nicotine failed,

[\‘Ae
C=NMe

(15)
(16) R=p-0,NC,H,N,

~HOOCC, H, N
(13) ‘

Section 2 deals withi oxidised nicotines,

4 . . . .
Nicotyrine {14) has been counled with the diazoaniwu conpounds obicined
. 'l \
from wntlhiranilic acid and frow p-nitroaniline to give {15) and (16
iy L : ,
respectively. Although (16) appears to be active against black carret
beetle lurvae neither (15) nor (16 showed useful activity in our screens.
Wicotine with phenyl chiloroforrate gave Zl)-l—@ﬂ*Hvl-L-ﬂhe‘OLJCu““onyl—

-

_(g—pyr;L/l)butylauine (17).

(17)

The structure of nvrazoleb’ \15) obtained from nicotine and niiric acid

Fo) :
is discussed with reference to its uiiss specirum and i.r. spectrum, tle
latter showing a strongly hydrogen bonded N-i stretching ebsorpiion imnlying

structure (15u) and not {la) as earlier supposed.



Yonobreiio conpound 119) Lis lilewise been investigoted.

. . - . - . ’ . /.- .
AN 2 - L T e s ST AT - )
Vicotine end salniiur rousct to Live dithiodinicoiyrine \LO\ >4

/ and nei
thiodinicotryrine as alleged carliers L satisfuctory compuier

i A SR A
siuzlesion of

3 . . 0 N\ N . SR

tie pyridine protons ol (20 ..os vecn performeds
- . . . » . . s v . - - . . R /9y
Jesulphurzzation ol (20) with Ieney Miciiel Las given nicotyrine (14).

o

| (S5 —5—

O

N Me

/_____._

L —XZ

O

-—

(20)

[}
N . » I4 7 : e . © s ~ PN L e -
"he rcacticus ol 2= \21) and G-amincnicotine (22) are considered in

. - . D:
soethion e
2CCvr O

O | NI/
\ | L\‘/ie o 'A ] /l MC'
N NHR r<ﬁN N

(for oy sce over DL )



{3y o v e} os
=Ly =1 20 R o= 1T
(’. ';) I" . > T‘“”‘(“ ,/(\‘7' \ N THV S TTY L
\ =~ v 2= Ll llvaaow W=ty o= 11‘1-.1‘1’.";3
{ ¢ L_\ Ay o -
(25) % = allylhvmg: 26 L= 0=Cai, Mol
- Uy
- \ YT OANTT (P
o ,} ; B o= - Jhy NSRS
- Voo
(28) 1t = ~=C Sk, -C
[ N T YTy
\:)) L= ZRNTIOC
48 3010 ureas have diurvetic properties and cause reductioa of intra-
YTV Y : - PN 3 e ' “ e s -- . /- / ~ 3
cranicl and intraocul.y pressure coupounds (27)to (2Y) 2 3Inth sed from
Iy . ¢ Too I U N U, . LY .
(.31) ALl \..2...) with Tthe JOroD 'J.C.te lso0cyanades and 2800 0CYLLUTCL e
Ty A f i3l Yeanms A n . D ms - : T AT
S0 widne \21) with broi:ine ia ccetic weid has ven AoV whiise Ll
under e sume conditlions his siven (31).
] f :
i : : |
- { i |
B; ; ; |
N 0 | . l 0O
| | * |
! : Me /\ ) M
N N H RN N =
2 Fiy N
(30) (31
R - g 1 . - ) -
Compoun.. (J1) was converied to the urea with o—-chloroy..enyi lsocyantiie ¢ha
to the exnected wiide witii ~-uiitrobeuzenesualvhonyl chloride.
Viercas the mass spectiwa oi (02 is similar to that of nicotine” <le
wass sneciran of {21) shows 1¢ss o & wedi.’l radical ascerived o
verticipavic { the nonuonuca X Z i CIOUde  willewise dlle
verticipavien of the nonbon electrons ol the awino groun s

o

-

87 U o
“

AW
~

P

W 88

£ N R
of (Z0, shows lous of

) . -
(1) is o roposed.

th;‘;t O.f
The

and concentrated sa

. R
18 Si.,1187%

a metay) rudicai, a sinilax {

. . L R
aiainonicotites 21) aad

to whct of

fragi-vnietion mechea

/
o
favs
\

) hive beon oxidised by Lyarogen pe

) . : T PR 2
ivhuric acid to \)J>uuu \33) respectively

. L
RNV}

roxicde



(32) (23)

The noss spectrum of {37) is very sinilar to thot of nicotine nat the
ress spectrwa of {52) is puch wore comnle,

Section 4 describes atiteudis to obiein cownounds of similar ctracture and
electronic constizution to known wcety:icholine idwiciis,

.. . . - - . ¢ - S < g w 4 . y « 5
Nicotine iso-ucthiodide’ (UL, hes beea reduced with sediwa Lorak dride

U . . . s -
to (,g) and 1vs diucthiodlle prejaxrad.

(34) (35)

"he reactiocus of nicotine derivietives with dinethyl ccetylenedicorbexylute

are described in Seodion 5,

.
. . , - . - ""} RS | 4 - h) 3
Diiethyl acevylenedicurbvoxylate”  with nicotine zuve only turs B with

~

: ) : e 4 5 R R PPN (9] N7 I T y N -~
nicotyrine teirwactayil 9—( I—zethylpyirol-0-yl)=vali-cainolizine~1,2,73," -

[
’

- " e 3 s Yo e FYT 3 A R T
tetracovhorylute ()6) was obtuincd and isomerized vo the Ll-isuuer (J7)

LS

Leating.



.. /. . <. D~
Cotinine (b) withe the ester in countrust _cve the 7-sibstituter-y. i~

. . - - . 5 . - - v - ’.,, N
cuinolizine (Jo) which iseierized on heating to (D).

!

, COOMe CCCve
A CO0Me N~ CC0Me
A

/
Z —
\
O
O
O
<
M
Z ————
>8;
O
<
D

~ ~
(Z8) (39)
6—{J—roiiyl)-2-methyltetralivire—1,2~0xazine, outained Ly prolrsis ox

o .11 . . . -
nicotine 1l‘-oxide, ~ rewcts with the ester to give methyl 1,0-vcthox;corhoisri-

N . 5 - A . . . —~ 7 N
7-(2-scthyltetoanydro-i, 2=oxazine~C-y1 }~i—oxoquinolizine~3-gl:roxalate (40

P

PSR T . e s (o g 4 AN RN R L. S . o s ey dys ot
as the ouly erystalline procact, identified Irowm 1Us nemer. spectrun vhich

“

includes the very low ficid S-proion.



s c .12 : : .
oo -atslyeidine T resets with the ester to give telvanietiyl —n-n tyl-val -

. - . - A « v . e
quinolivine=1,2,5,=tetrocerbounylate (41 wnd the Li-ircaex (19},

COCwVe COOMe
//\I/\/COOMe /\// /COUM@

|

D"BU A N = COOMe n—Bu/\/ NX\COODAG
COOMe 4 CoOMe
(41) 4L2)

‘oeticn O contains the Lioclozicul evaluwbion results obtained Ly o erizl

Chemical Iidustries. No significant activity hus veen found.
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