
SYNTHETIC STUDIES BASED ON NICGTIN2

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

Board of the Faculty of Physical Sciences, Oxford University

N. M. SINCLAIR, B.A.

Pembroke College,

Oxford.

Department of Biochemistry, 

University of Oxford

August 1912,



The author would like to extend his thanks and gratituo.e 

to the following:  

 £  ii* !:  Acheson, v;ho, never tiring, proviaed constant encouragement

and enthusiasm throughout this investigation. 

The Imperial Tobacco Group oi' Great Britain ivhose generous fin ,/;c;.ai

support allowed the author to pursue an enjoyable ana interesting

research project. 

Imperial Cuor.tical Industries Limited who tested i.iy compounds for activity

and offered useful discussion and opinions. 

Jr. A. R". Hands, who accepted responsibility for my actions during my

supervisor's absence. 

Dr. R. Ap_.'._in t for ailov/ing rne to use his mass spectrometers and wno

provided interesting discussion. 

'••'IT. ±. la. Iiic:iards T for recording the 100 ;-.na and spin decoupled spectra

and offering advice on their interpretation. 

Lrs. A. Goij-cutt whose nimble fingers typed this manuscript.



\Trn-

Introduction

l.'iscussion

Section 1 Alkyl Derivatives of Nicotine

Section 2 The Oxidation of Nicotine and the Ueactions of some 
Oxidation Products

Section 3 Some Ueactions of the Auiinonicotines 

Section 4 Ueactions of some Nicotinium salts

Section 5 Reactions of Dimethyl Acetylenedicarboxylate vith 
Nicotine Derivatives

Section 6 13iolo,iical Evaluation

19

05 

bl

102

Experimental

Section 1 

Section 2 

Section 3 

Section 4 

Section 5

113

115

122

132

140

143

Table of N131 Spectra 140

Keferences
159

Abstract



INTRODUCTION



Since the middle of the eighteenth century L-nicotine (l), an alkaloid 

from tobacco leaves has been used as a broad spectrum insecticide. Ilovcvor, 

high mammalian toxicity has resulted in its substitution by other insecticidal 

types e.g. polychlorinated hydrocarbons, organo-phosphateo.

Slight structural changes in biologically active compounds oftc.i cause 

large variations in physiological activity; thus modifications to L-nicotine 

might reduce harmful mammalian effects and retain or increase its useful 

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. tab."'cum

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.

789 Dawson has shown that nicotine is formed in the roots and transmigrates

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

flowers (5/0, stems (18$), roots (13$) and leaves (64$). Some related 

nicotinoids found in Nicotiana are shown in Scheme 1«

Structure and Synthesis of Nicotine

/ \ 1 2 Nicotine (1) was first observed in 1809 and isolated in 1828. The

3 4 empirical formula was determined in 1843 ' and the molecular weight

5 obtained in 184?. Nicotine is a colourless oil, which discolour® in air,

it is very hygroscopic and has a boiling point of 246.1-246.2° at 760mm.; 

its physical properties have been listed.

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

T u   •* 10,11,12,13 4. 4. 12 , , .15 and sulphuric acid, ' potassium permanganate, hydrogen peroxide

nitric acid, ' ' and also by anodic oxidation.
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COOH

(10)

Distillation of nicotine with lirae water gives pyrrole and

22 
methylaiuine and with ethyl iodide nicotine behaves as a di-tertiary

base. ' These facts indicate an N-methylpyrrolidine ring although

2'* "' 25* 
concentrated hydrochloric acid"' or hydroiodic acid fail to remove a

.27
methyl group.

The nature of^ the Cp-H, QN residue was finally determined by Pinner 

who oxidised nicotine with bromine in acetic acid and obtained 

dibromocotinine (ll) and dibromoticonine (lla). The latter with hot 

barium hydroxide gave nicotinic acid, malonic acid and methylar.ine. The 

former with sulphurous and sulphuric acids gave methylamine, oxalic acid 

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

(1)

•^HiSOj

(lla)

Ba(OH)i

COMe 
COOH

COOH

HOOC CH.

HOOC

MeNHx



Djerassi has shown (ll) to have the 3,3-dibromo structure (12.) 

the structure of (lla)has not been investigated.

(12)

1 «TQ

Attempting to prove its structure Pictet first synthesised nicotine, 

but two steps in his synthesis involve high temperatures and possi
ble

1 *^Q
rearrangement, Spaths synthesis (Scheme 2) is a more satisfactory 

structure proof. Ethyl nicotinate vas condensed with N-iaethylpyrrolidone 

and the product hydrolysed to the amino-ketone which reduced to t
he 

alcohol. The hydroxyl group was replaced by iodide, then alkali induced 

ring closure gave D,L-nicotine.

Craig ' began by reacting 3-cyanopyridine with o-ethoxypropylmagnesiui 

bromide (Scheme 3)» The oxime of the produced ketone was reduced toCX,- 

(3-pyridyl)-(X-amino-6-ethoxy-n-butane which cyclized in hydrobro
mic acid 

to D,L-nornicotine and methylation gave D,L-nicotine,

The preferred conformation has been deduced from n,m,r, and dipol
e

29 14 36 
moments, and the n,m,r, spectrum has been fully documented.

* 99 
Correlation with L-proline has given the absolute configuration of

natural nicotine.

More recent syntheses of nicotine have been reported.
101-104

The biosynthesis of the pyrrolidine ring of nicotine has been stu
died

^f\ *" 1

by administering labelled acetate, glutaniate, carbon dioxide,

.32 32
ornithine and Ctf- and 6 -N-methylornithine to N.rustica and



Scheme 2

NaOEt

Zn

NHMe
Alk.EtOH

HI

HC1

\\
0 NHMe

Alk.

NHxMe
(1) (D,L)



Scheme 3

O
N

N
EiO(CH a ),MgBr O-—

N

0

NH aOH

NH Z

HBr

(D,L)



D-slvceraldehyde ' is incorporated into the pyridine ring of

35 35 nicotine, a.s is quinolinic acid, nicotinic acid, nicotinamide adcr.ine
*" r CT *Z /" *Z. £.

dinucleotide,^ aspartic acid and malic acid.

ChoHcrl Reactions of Nicotine

Catalytic dehydrogcnation of nicotine with palladium charcoal or

17 
palladium asbestos gives nicotyrine (3)> reduction of which gives

dihydronicotyrine (5)» ' Oxidation by bromine in acetic acid gives

1 8 97 i' S 1 C*7  1 *^0
dibromocotinine (li) »'» '» '"" and bromine in hydrobroniic acid gives 

dibromoticonine (lit)* Hydrogen peroxide or m-chloroperbenzoic acid ^

oxidises nicotine to nicotine mono-N-oxide (13) or nicotine di-N-oxide (14) 

depending on conditions.

(13)

(15)



Nitric acid oxidation gives nicotinic acid and a 7/» yield of 5-(3-vyi."i<lyl)-
s _ f r

5-nitropyrazole (l5)» Potassium ferricyanide has no action on

  j.- 67 ,. , . - . . . 69 . - ^ 4. 70 ., ., 26,72 nicotine, but calciun ferricyanide, silver acetate, silver oxide '

or electrolysis all give small quantities of nicotyrine (3)»
^7 "*

Pyro lysis of nicotine at 450 gives inyosuiine (6), A which can be 

hydrogenated to nornicotine (2). ' The latter is also obtained in low 

yield by reaction of nicotine with hydro cinnamic acid, potassium 

permanganate, silver oxide or selenium dioxide.

Reduction with sodium in alcohol or hydrogenation with Adams catalyst i
OQ -Q

gives a mixture of hexahydronicotine (l6) and octahydronicotine (17)»" *°

N 

H

N 

Me N 

H

NHMe

(16) (17)

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

6-aiainonicotine (l9)»

(for key see over



lo

(18)

(19)

(20)

(21)

(22)

(23)
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Alkylation ' with methyl lithium gives 6-methylnicotine (20) and a 

little 4-raethylnicotine (21), arylation ' ' with phenyl lithium gives a 

mixture of equal quantities o2 2-paenyl- (22) and 6-phenylnicotine (23).

Nicotine is oxidised by and couples with sulphur in refluxin^ toluene 

to give dithiodinicotyrine (24), (see discussion)

(2A)

TJioloffice-1. Properties of Nicotine

Numerous reports on nicotine toxicity to mammals and insects sliov

37 large discrepancies, Negherbon, provides a comprehensive review and

Metcalfe and O'Briea short discussions,

Nicotine shows large species variations in toxicity (Table l), 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 0,14p 

for the Mexican bean beetle. Nicotine kills insects rapidly, tremors 

are followed by convulsions, paralysis and death.



It

Table 1. Toxicity of Nicotine to some Insects. LD^Q mg./kg. when base

applied topically. 

American cockroach 650 

Squash bug 350 

Milkweed bug 190 

Japanese beetle 650 

Yellow mealworm 3200 

Boinbyx silkworm 4 

Honey bee 315
0

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

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

' 41 stimulate neuro-muscular junctions. Attack of an insect's.central

nervous system (CNS) is in contrast to mammalian attack, where the primary 

target is the peripheral nervous system.

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 synaptic 

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

0 Me

CH,C  OCKCH^N    Me
\ Me

(25)

42 43 44 Kistochemical, enzymological and physiological evidence show that

the peripheral nervous system in insects is not cholinergic (the identity of 

the transmitter is not known) and thus appears to be unaffected by nicotine.



After exciting the receptor, acetylcholine is reiaoved quickly by 

ckolinesterase, freeing the receptor for the next impulse. Removal of

107 1 OH
cholinesterase from the CNS causes death, '

109 In 1939 Gause and Smaragdova proposed that nicotine minics

acetylcholine at the receptor site, causing initially acute nervous 

excitement and then (because nicotine is not removed by cholinesteraoe 

from the receptor) blockage of the nerve, paralysis and death. This 

inability of cholinergic receptors to distinguish between acetylcholine and 

nicotine is 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 Yamamoto have synthesised and quantified the activity of some

45 analogues and Yamamoto has reviewed the electronic and stereochemico.1

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 must have a pKa between 8 and 9 and
\

(iv) should be about 4«2 A 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 baoic 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 
represented as:-
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is not yet clear why the receptor appears to find the 3-pyridyl and the

acetoxy groups so similar,

«

Metabolism of Nicotine in Insects

The majority of insects quickly metabolise nicotine to the non-toxic

51 cotinine, but many which are insensitive to nicotine, e.g. tobacco bad

worms or cabbage loopers, do not metabolise nicotine but have extremely

rapid excretory mechanisms. Tobacco hornworms can excrete 83$ of a

53 nicotine dose only fifteen minutes after ingestion.

Thus chemical modifications could also increase toxicity by 

interfering with the metabolic process or reducing the excretory rate.

Metabolism and Effects 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-pyridyl)-^-methylaminobutyric acid (2?)o ' 

Nornicotine (2), demethylcotinine (28), 3-pyridylacetic acid (29) and 

nicotinemono-N-oxide (13) have been isolated from rabbit liver microsomes,

Reviews on the action of nicotine in mammals have appeared, ' ' ' 

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

1 Of)

experiments nicotine appears to reduce performance of rats in a labyrinth,
\

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



Me

(26)

\

(28)

COOH
NHMe

(27)

CHaCOO.H

(29)



in man or animals.

Studies on brain potentials have shown tiiat nicotine abolishes visual 

action potentials in the optic lobes* Very large nicotine doseii cause 

'^rand mal 1 seizure patterns in electroencephalograms, smaller doses give 

rise to prolonged ^synchronization, tonic and clonic contractions and 

muscular fibrillation.

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

120 
cerebellum or spinal chord, it is believed that the spinal depressant

action of nicotine has bee;} considerably overestimated.

Acute nicotine poisoning in man (forty mg./kg or more) can cause 

death, symptoms reported include extreme nausea, vomiting, evacuation of

bovel and bladder, mental confusion, convulsions and finally death due to

122 
respiratory paralysis. Experiments . in mammals have shown small nicotine

doses to be emetic but larger doses suppress vomiting and may be anti-emetic,

central and peripheral factors are involved, the former being the central

122 
medullary mechanism*

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 cells of the supraopticnucleus are stimulated by nicotine, causing 

impulses to pass to the posterior lobe of the pituitary and a discharge of 

vasopressin results, producing a reduction of coronary flow. Nicotine 

also causes release of catecholamines, notably adrenalin (ephinephrine) and 

noradrenalin (norephinephrine) by stimulation of the stellate ganglia. 

Vasopressin produces a reduction in coronary circulation whilst catceliolaniine 

causes a dilation of the coronary vessels thus increasing blood circulation.

Nicotine has been shown to produce release of 5-hydroxytryptaaine ^rcu

1 11. 
rabbit-blood platelets, LJ probably by increasing the permeability of \,l:e

platelet membrane, the mechanism oT action is not known.



It is still uncertain as to whether inhalation of tobacco smoke 

causes gastric acid secretion, divergent effects have been obtained 

in fasting human beings and tobacco smoke has never initiated acid 

secretion in fasting dogs. However, mucosal application of 

acetylcholine in the antrum has produced gastric acid secretion in dogs, 

caused , in all probability, by the release from the antrum of the 

secretory hormone gastrin. Recently it has been definitely established

f

that nicotine applied to the antrum also produces 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.

Nicotine is "biologically soft", being rapidly degraded in the 

soil and leaves no harmful residues. Insects develop resistance to 

nicotine very slowly. These are important advantages, both commercially 

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 

chemistry.





Section 1. Alkyl Derivatives of Xicotine

Bio 1 o : ~ cal Implications

53 6l * 
Tapers > and a review by Yamainoto have attempted ~lo &how the

electronic and stereochemical requirements for toxicity in the nicotine 

luolecule. By correlating toxicity studies from many workers he has 

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 insectso

105 Metcalf has reviewed the nicotine analogues studied to 195^* and in

no case has nicotine like activity been observed. Only anabasine (?)> 

nornicotine (2) and dihydronicotyrine (5) had activity comparable to 

nicotine.

H

(1) ' (2)

(5) (7)



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 effectiveness.

Because (l), (2), (5) and (7) were all highly toxic Yamamoto decided 

that the presence 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
r

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

The relative toxicities shown in Tables 2,3»4»5 an(i 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-Methylpyrrolidine - 0.003 

Piperidine 0.04 - 

Pyrrole 0.04 

tt-Picoline 0.015 

Lutidine 0.04 

Quinoline 0.1 

Isoquinoline 0.067



3. Relative Toxicities of 2-Substituted N-Methylpyrrolidines
45

Substituent

3-Pyridyl (L-nicotine)

Phenyl

n-Butyl

a-Propyl

Ethyl

Methyl

Aphis rumicis

1.00

0.03

0.02

0.01

0.008

0.006

Table 4« Relative Toxicities of Pyridylpyrrolidines and Pyridylpi
peridines 

Compound

45

L-nicotine

1-Methyl-2-(2-pyridyl)pyrrolidine

2-(2-Pyridyl)pyrrolidine

3-(3-Pyridyl)piperidine 

3-(2-Pyridyl)piperidine 

2-(2-Pyridyl)piperidine

Aphis rumicis 

1.00

0.03

0.03

0.02

0.02

6.01

Table 5.Relative Toxicity and Basicity of some Nicotinoids,

Compound Basicity'.45

Nornicotine (2) 3.3

Dihydronicotyrine (5) 2.9 

5 f -Methylnornicotine (30) 3.4

L-Nicotine (l) 3.1

Anabaseine (3l) 2.8

Cotinine (8) 2.7

Nicotyrine (3) 2.2

Myosmine (6) 2.8"

pK 2
a.

9.0 

7.4 

8.9 

7.9

6.7 

4.5

4»7 

5.5

Basicity 

pK 1

Toxicity,45

pK 2
3,

7-07

3.12 8.0^

4.35

5.26

2.0 

2.0 

1.0 

1.00

0.3 

0.1

0.1 

0.03

* "Dissociation Constants of Organic Bases", published by The, Interna
tional 

Union of Pure and Applied Chemistry, (1965).

(30) (31)



JjThe pK values for compounds (l), (2), (5) and (30) are in general 

agreement with those of 1-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 pK of about 5 is expected. Addition of a *a  

second proton as suggested by Yamamoto ^ seems very unlikely as pyrrole

* *and N-methylpyrrolid-2-one have pK values of about40.4 and +0.2
 § £>

*
values of about40. L a

respectively. Professor A. H. Beckett has confirmed this idea by showing

(personal communication) that nicotyrine and cotinine in water form only

mono-cations with pK values of 4«9 and 4«2 respectively.~~a

The pK values given by Yamamoto ^ for myosmine (6) and anabaseine (3l) a 

may also be incorrect.

* "Dissociation Constants of Organic Bases", published by The International 

Union of Pure and Applied Chemistry, (1965).

* R.L.Aldeman, J. Org. Chem. , 2^, 55! (1960).~J

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 1 linkage show high toxicity, 

similar ring systems connected by 2-3* » 2-2 f or 3-3' linkages have low 

toxicity (Table 4).

The minimum distance between the nitrogen atoms in nicotine and 

other 3-2 1 systems is approximately 4.2 X, if this is changed activity 

falls.



However, if this distance is held constant, but the 

of the two nitrogens arc changed, activity again falls (Table 5)* The 

pyridine nitrogen should have a pV^ of between 2,5 and 3»0 and the 

pyrrolidine nitrogen should have a p^_ of about 8,5 for maximum activity,

Yamamoto reasoned from the above requirements that the essential 

nioiety for activity could be reduced to (32) o

(32)

lie found that if R, = R~ = H and Rr = R, = Me then activity comparable to 

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

R, increased activity still further (Table 6),

Table 6« Relative Toxicities of Pyridylniethylamines

Compound (R, = R «» H) domestica

R- = R4 =

ii- = R, =

R_ = R

Me 

Et

ri-Pr

lol

2.0

- R4 =

= n-Bu

L-nicotine

4,3

4.0

UO



However if either IL. and R^ are hydrogens activity falls. Yauia^ooO docs

not record the consequences of having either R, = a.lkyl, I.0 = hydrogen or
1 <-

H = ?s> = all;ylo
X 4^

54 Von EulGr investigated a similar series of co./:-cunds and obtained

a conflicting sex, of results* However Yamamoto determined activity by 

using relative insect toxicitics i*e« in vivo ganglionic attack, von i^ 

has recorded that activity induced in isolated biological preparations 

(Table 7).

i-Pr

I-Pr

(32t R=R=H, RfR^ (32;

For the above compound (32; R1 = R0 = II, IU = R, »  Me) Yaaamoto 

reported activity similar to nicotine, von Euler however obtained only 0 0 1 

the activity of nicotine. For (32; R, = R = H, R_ = R, = i.-ljr) Yaniaraoto 

obtained four times the activity of nicotine but von L\iler states that when 

R = R a II, R B Me, R, = i-?r activity has dropped to only 0.001 of that 

of nicotineo

The pyridylalkylamines may possess insecticidal properties other than 

those shown by nicotine, thus causing the high toxicities observed by 

Yamamoto. The divergent results obtained by von Euler and Yamamoto.serve

to emphasise the impossibility of attempting to correlate biological

i f r ' 
activity results obtained by d»y\rc.vetf\v methods*



Table 7« ^lyv  ? al Act'ivity of Pyridy line thy laminos'

C o rap or', f 1 Rabb i t

je.iunura

L-nicotine 1

11 ,H0 ,]Lri Il ( .=H Oo004

I,,,Ilof}^=H; R. =Me 0
j.' 2' } 4

?M ,I10=1I; ll_,R.=Me Oai
i tL j ft

RlfR2«H; IU=Me; R4=Et 0 0 06

;;,,110=11; II ,R4=Et 0 0 002

R,,?.^!!; lu=He; 11, =n-Pr 0 0 001
1*2^ 4  

H n =II; R0 ,IU=Me; R4=Eo 0,003

1^=11; R0=Et; R3?R4=Me 0
*

R,=H; Ii rt=r.-Pr;.R,,R,.*Me 0

^-,   *, -,   /-* j i ** i
v;'\in a a A IT Cat biood

ilc;m r>ror: are

1 1

0.001

0

0.10 0 0 08

0 0 02

0 0.004

0.003

O e 002

0

0

Fro;^

muscle

i

0

0

0.02

0 0 G3

0

0

0

0

0

Neither Yamamotonor von Euler have prepared compounds of type: 

(33) R1

(3H-) Rj^

(35) R1=H; R2=Me; ILj-I^-

where R, to R? can be either hydrogen or an alkyl group,

Plankins has reported the preparation of (3 1*) by 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 dip^cvate* The latter value (210-212 ) is not in agreement with the



^ Ol t

value obtained by llosnati *~ * (225-226 ) who reports the synthesis of '3 1*-} 

from 3-pyridyl lithium and 5>5-diinethyl-l-pyrroline-l-oxide (3k). Neither 

report gives data on the insccticidal activity of (34-)<>

I 
o

(36)

Me Me

Cl

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

126
Uapoport hcis shown 1-me thy 1-1 pyrrol iniuia chloride (37) to be an

efficient precursor of the pyrrolidine ring of nicotine when administered

125 to Nicotiana and more recently by feeding 1,3 dimethyl 1 pyrrolinium

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

again no biological evaluation has been reportedo

Castagnoli has synthesised trans - (35) from N-3-pyridyIidenci.,otl iyl- 

amine and succinic anhydride and shown it to be identical with the metabolite 

obtained by Rapoport,

Thus scope exists for further work, in particular replacement of 

hydrogen atoms on carbon atoms 2'^ and 4' of nicotine by alkyl groups would 

lead to interesting compoundso

Attempted Preparation of 2'-Metbylnicotine

Increase in steric crowding in a biologically active compound of'^en 

causes an increase in the specificity of the activity, Molecular models show 

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



could be considerably restricted. Thus the synthesis of (33) was attempted.

141 
Drovu has yhown that the ai :yl hydroger, atoms of 3-picoline are

sufficiently acidic to be replaced by groups on treatment with

in ai.^ionia, followed by addition of an alkyl halide.

NaNH,/NH 3 

RI

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 nitrogen atom 

causes a reduction in acidity of the 2* hydrogen.

Attempted synthesis of (33) first involved reaction of 3-^-etyipyridine 

with 3-ethoxypropylmagnesiuin bromide to give l-methyl-l-(3-pyridyl) 4- 

e thoxybutano1

(39)
OEt

It was hoped that hydrolysis of the ether and alcohol functions with 

concentrated hydrobromic acid would give the dibromo compound which could 

cyclize with methylamine to the required alkylnicotine<>
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Pig.l Mass Spectrum of 2-IIethyl-2-(3-pyridyl)tetrahydrofuran
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Sch erne A

m/e 163

-Me

m/e 162 m/e. 1 A 8

m/e 106

rn/e_ 78



However, the above procedure gave, along with a large quantity of tar, 

a compound whose structure was assigned as (*f-0) on the basis of analytical 

and spectral evidence 0

(40)

The mass spectrum (Fig, l) shows a molecular ion at ra/e 163 

Peaks at m/e 162 (l#), m/e 148 (lOO#), m/e 106 (89#) and m/e ?8 (40£) can 

be rationalised as shown in Scheme 4«

The n.ra.ro spectrum (Fig. 2) shows the aromatic signals expected for a
%

3  pyridyl group. The ex protons of the tetrahydrofuran appear as a complex 

multiplet at T60 15 (tetrahydrofuran shows absorpVicm at ~C 6.25 )  The 

aliphatic C-inethyl group is at T8<>56,

The n.m<,r« spectrum of the reaction product before distillation 

contains, besides the signals for (**-0), a triplet further split at T *u3

and a singlet at ~C 8.00; the aliphatic region is also more complex but 

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

presence of (4-l) in the reaction product. The vinyl hydrogen being at



Scheme 5

Me Me

0

N MeNH 2

NMe

EtOCCHjLMgBr

Me

i.HBr
ii. Base

'OEt

N
NHMe
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7T 4.3 and the vinyl methyl group at f 8.00. Analysis of the integral trace 

gives the ratio of (Ifl) to (to) as 3s !  Upon distillation (Ifl) almost

certainly loses hydrogen bromide from the terminal carbons and polymerization 

results. Hence the low yield of (*fO).

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

the required imine , reaction with the Grignard reagent gave ethyl

ii-propyl ether as the only isolable product.

Myosmine 6, a naturally occuring cyclic imine surprisingly gave

(6) (42)

4-methylmyosmine when reacted with methyl magnesium iodide. The mass 

spectrum of the product (Fig. 3) gives the molecular weight as 160. Loss 

of II* readily occurs to give



m/e 159 (90°/o)

and a peak at m/e_ 132 (48/o) can be assigned to

Me

= N—CH

N

©

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

95 interpreted by Djerassi.

A peak at rn/e 131 has no corresponding peak in the spectrn:;i 01 

myosmine and may result from the fragmentation below^although this is by 

no means a satisfactory explanation.

= CH.



— GO

5 K.m.r Spectra of Myosmine (6) and the aromatic region 

of 4-Methylmyosmine (42)



N.m.r. spectral comparison of (42) with myosciine (Fig 0 5) shows the 

' pyrrolenine proton resonances (T6-8)to be almost identical in sh^pe and 

position. The aromatic region now shows only three resonances. Tlie proton 

at C-5 having moved upfield by 0 0 15 ppm and the proton at C-6 by 0«l6 p;>c:, 

These shifts and the observed coupling constants are in agreement with the 

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

"f Values

2-H >H 5-H 6-11 

Pyridine 1,50 2.9k 

4-Methylpyridine157 1 0 66 3.02

Nicotine 2,89 1,53 

4-Methylnicotine90 2.94 1.62

Myosmine 2,79 1 

4-Methylmyosiaine 2*9^ 1,62

The aromatic methyl group is observed at ?*6.98.

_ . . ,..,. ... u v • 4.- x ,158,159,160 , ,, 
Grignard addition to imines has been investigated ' ' and the

reaction found to proceed in a manner analogous to Grignard addition to 

carbonyl compounds. Thus it is surprising that the imine function in 

myosmine is inert to Grianard reagents. Undoubtedly the imino double bond 

is stabilised by conjugation with the pyridine ring; attack at C— 4 

maintaining this stabilization. Formation of a bulky magnesium complex at

the pyridine nitrogen may prevent attack at C— 2 and 0-6.

140 
Castagnoli reacted N— 3-pyridylidenemethylamine and succinic

anhydride to give W which he then reduced by a number of steps to trans
«

(35)o Attempts to react imine ( lv lf) in a similar manner gave only tar. It 

seems probable that the required product (M-5) would be too crowded at C-2 1 

and was thus not obtained.

COOH

(A3) (35
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Fig. 8 Mass Spectrum of 3-i-Ionomethylcotinine ((f8)
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9 Mass Spectrum of Cotinine (8)



N—Me

Me

(44) (45)

The synthesis of has not been further investigated.

Preparation of 4-Alkyl- and 4,4-Dialkyl nicotines

Replacement of the 4' hydrogen atoms of nicotine was accomplished 

without difficulty.

Cotinine contains two activated hydrogen atoms adjacent to the arnidic%

carbonyl group. These were successively removed and replaced by alkyl 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 inono-alkyl derivative.

The structures readily follow from analytical and spectral data. 

The mass spectra for (l»-t) arid (M&) (i'igs 6 and 8) correlate well with 

cotinine (Fig. 9) as reported by Djerassi.

frD

(8)

= R2 = Me 

= lln = Et

= H; R2 = Me 

- R2 - H



Thus (U-b) shows a molecular ion f.t m/e_ 204 (3 /4 /«) • f̂ ^c base r,eak u- 

1126 can be assigned to fragment (u) 0

(a) (b)

Likewise a pe.i'v at i^/e^ 112 in the mass spectrum of (^8) results irora fra^aent

3 1 o'-^iethylcotinine k-7 shows an entirely different fragmentation 

pattern (^igo ?)• The molecular ion is observed at w/e 232; peaks ut ^/e_ 

231 and a biaiill peak at ra/e 154 (8>) correspond to fragments (c) and (d) 

respectively.

(c) (d)

However it seems probable from the observed spectrum that the 

fragmentation pathway is as in Scheme 6 0



31,

Scheme 6

(48)

N " Me 
m/e 232

Et

OH
•

Me 
m/e 204 (100°/o)

(e)



Thus Irajjuent (e) arises by a llcLa.:Tf erty rearrangement OA the i.-olccul.. r ion, 

r'ra^aent (e) appears to break dov.T. in two ways, the most favournDie beir.£ 

loss of -Me.

(e)

However it seeias (e) also veou«r-rcx.«\aes Vo
<J

Me

189 (80°/o)

which undergoes a second McLai'ferty rearrangement to give :

m/e 176 (13°/o)

further fragiaentation cannot be traced
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10 ii.m.r. Spectrum of 3',3-Dimethylcotinine
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11 H.».r. Spectrum of 3',3-Diethylcotinine (Ifj)
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Fig. 12 N.ra.r. Spectrum of 3-Monomethylcotinine
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Fig. 13 N.m.r. Spectrum of Cotinine (8)
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Fig. 15 Mass Spectrum of 4,4-Diethylnicotine (50)
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Pig. 16 Mass Spectrum of 4-Monomethylnicotine
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Pig. 17 Mass Spectrum of Nicotine (l)



The muss spectra (^igs 14, 15 and 16) all correlate with that for

\ 95 
nicotine i/'ig. 1?) ^s reported and analysed by Djerassi. iJy preparing

and recording the i.ass ;,« ecCra of }i ' ,4 '-uiucuteronicotine and 5'»5'- 

dideuteronicotine Djerassi believes nicotine to fragment in the rolicwin

N N

(f)

AO°/< 15 10°/c

The percentages given record the relative probability of each loss, the 

remainder being due to hydrogen loss at C-3'» C-4 and C-2.

The peak at n/e 133 Djerassi assigns to the three fragments belo-



/fo

Xlilie peal; at vi/e 119 is believed to be ;

N—Me

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

Me

It is nov believed that considerable scrambling of deuterium and C labels

may occur in the mass spectrometer prior to fragmentation thus renuerin

the precise conclusions by Djerassi suspect. The total randomization of all

seven carbon atoms and all ei^ht hydrogen atoms prior to the fragmentation

220 
of toluence being a well studied example.

Compound (I*4}) (Fig. 14) fragments by initial loss of »H giving a 

fra0ucnt of type:-

Me



if-1

IJo lose of 15 macs unite: fror;; the molecular ion is observed., sho-.;i:;.' 

that fragment (r) is not formed^

Me

(g)

(formation of (g) v;ould be expected to be a more favourable process 

than the formation of (f). Thus the existence of (f) is suspect.

A peak at my'js 133 is undoubtedly identical to that observed in

95 nicotine and intepppeted by Djerassi as loss of C— 3 f and C-4 : . The

absence of peaks in the spectrum of (49) corresponding to m/e_ 133-rl^i 

and nye_ 133-r2b supports this accurp.pt ion.

^s with nicotine , the base peak arises by loss of a 3-pyridyl

radical to /jive fragment (h).

/ Me 

Me

H
N x

I 
Me

(h)

The .T.ass spectrum of (34) v/ould help to clarify the loss of 

either C-3 1 and C-4 1 or C-/T ' and C-5 T as discrete units, (page 25)



18 N.m.r. Spectrum of Nicotine (l)



Fig. 18a 1-I.m.r. Spectrum of Nicotine, Expansion of Aromatic 

Region,
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Pig. 19 N.m.r. Spectrum of 4',4-Mroethylnicotine



00

oo

•ob

— 00

Pig. I9a Frequency E:veep lOOr.IHz n.m.r. spectrum of

4,4-Dimethylnicotine. (7.5 - b*6t region whilst 
irradiating triplet at 6«b47T»



Fig. 19"b Frequency sweep lOOIfflz n.m.r. Spectrum of 
4,4-Dimethylnicotine. (2'4f region whilst 
irradiating triplet at 6-84"£".
(a) beYore irradiation

(b) whilst irradiating



(34)
Me

The mass spectrum o'f (?o) (Fig. 15) follows from that of (^f). However 

the base peak now corresponds to the fragment with m/e 133• This pathway 

may be favoured by increased stability of the expelled fragment arising from 

alkyl substitution at C-4' 0

4'-Methylnicotine (5l) (Fig. 16) fragments in a completely analogous 

manner.

The n.m.r, spectra of (*f^), (5o) and (Si) lend further support to the

29 . 93 analysis by Craig and Grain of the n.rn.ro spectrum of nicotine (Fi;j, 18

and 18a). Craig believes the multiplet at "£6.8 to be due to the superim- 

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

remaining 5'-H resonating between f 1*5 - 8.5»

4 1 ,4'-Dimethylnicotine (Fig, 19) has a much simpler spectrum than 

nicotine. The multiplet at "f 6.8 has now become a broad triplet and a 

doublet which can be assigned respectively to the 2'proton ( f 6.84) and 

the 5' proton ( T 7»13)» ?ne remaining 5 1 proton appears as a doublet at 

t 7.8? and the 3' protons become a series of sharp peaks with the N-u;etiiyl 

and two C-methyl peaks superimposed.

Irradiation at T6.84 caused the complex pattern between T 8-9 to 

collapse to two doublets (Fig. 19a) arising from coupling of the 3'-protons 

(J 11 Hz) the highfield 5'-proton at T7.87 remaining unaffected.



Fig. 20 N.m.r. Spectrum of 4',4-Diethylnicotine (5o) 
(aromatic region not included)
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Fig. 21 I/.m.r. Spectrum of 4-Monoraethylnicotinc (51)



The 4'-proton appears as a doublet of triplets, as expected i but farther 

splitting (^ 0.45 Hz) is clearly observed at 60 Jfllz. At 100 I-JIz (Fi^. I9b) 

the splitting is less veil resolved but irradiation of the 2'-proton ( ~C 6.0) 

produces considerable sharpening of the triplets, indicating long ran^jo 

coupling between the 4- and 2'-protons.

For 4*,4'-diethylnicotine (So) (Fig. 20) the 2 1 proton appears as a 

quartet (j 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 (^J 9«2 Hz). The f 8-9*5 region is complicated by resonances due 

to the methylene protons of the ethyl groups.

The raonomethyl derivative (5l) (Fig. 2l) 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 60 >3Iz 

the 6—7region can be rationalized as a quartet and a triplet, at 100 MIIz 

the resonance form is far more complexo

Molecular analysis of the bases or picrates and the i.r. spectra of 

compounds (**-b) to (Si) are in full agreement with the proposed structures.

Compounds (M>) to (51) and (42) were submitted for biological evaluation,
\

the results of which are in section 6«



Section 2 The Oxidation of X'' o a:v

I'roducts

s of So:.^; Oxidation

Cotinine (b)

Me

(CH) NR

(8) (52)

The bromine/acetic acid oxidation of nicotine to the lactara cotinine 

(8) has been well documented, more recent work ' ' clarifying the carl.

work of

Section 1 shows the preparation of 3',3'-dialkyl- and 3 l -alkyl- cotinines 

from cotinine. Using similar experimental conditions it was hoped to prepare 

3 l -dialkylaiiiinoalkyl cotinines (52.) (and thence by reduction 4 '-clialkylaminoalk;
«

nicotines) which would be potential antihistamines; the exocyclic tertiary 

amino function being coupon to many antihistamines.
00"

H

N CH,—N —Ph

N CH— Ph 

antazole
Ph 

Antergan

MeO

mepyramne



tripelennamine

iio-.:evcr no compounds coula be isolated from the glues obtained.

L ::ouiu::i T e t r a ••>!]. o ny lb or on ad ducts

Sodium tctrapheiiylboron has been shown to precipitate in an

16 ^> 
01 rjiifficiont bacicity in acid colution. The adc'.uct from

y

M~.:iethylr)yrrolid-2-onc ( favourably v;ith

chloride in emotivity a^ainct ^ram -i-ve bacteria and fungi.

r..iacs

(53)
B(ph)

Cotinine and sodium tctraphenylboron gave a non-Gtoichiometric 

precipitate vihich became a glue on attempted crystallization. 

Quantitative precipitation could not be obtained and it is probable

hat crowding at the 5 1 position (b;/ the pyridinc ring^hinderc 

ch of the bullcy tetraphcnylboron an ion. A similar reason

hr: s been proposed to explain why 5-:nc ^ylpyrrol:U'.-2-one gives no 

precipitate at all with, sodium tetraphcnylboron.



Biological evaluation of the non-stoichioiuetric auduct shoved some 

activity but because of characterization difficulties the reaction v^s no'c 

further investigated.

A' i ir»otion o

Attempts to oi.iinc.te cotinine with sbtdaiiiide by methods applicable to 

K7
nicotine gave tar, the vigorous reaction conditions almost certainly 

removing the protons cK to the carbonyl group with consequent polymerization.

Ac vrlat: n of Cotinine

Acylation of carbonyl compounds containing active hydrogen atoms is 

readily accomplished with dimethyl or diethy1 oxalate iri the presence of 

base. Thus cyclohexanone and diethyl oxalate give (5H1)*

(5A)

Cotinine with dimethyl oxalate or diethyl oxalate in the presence of 

sodium ethoxide or sodium hydride gave only glues frou which no acylated 

products could be obtained,.



The :-"-t;vicl°. of Nicotine

(13)

(55) (56)

Depending on the reaction conditions nicotine mono-N-oxiue (13) «-a 'd

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

131 132 165 . 132 
peroxide, •'»-'» .-/ nicotine and perlauric acid, and nicotine and

m-chloroperbenzoic acid. Reduction of (14) with sulphur dioxide has given 

a compound believed to have structure (S5)«, The melting point of the 

dipicrate l>as been reported as 147-148 J , 155-156 J" and l6l ° bat

uo other data r.ave been obtained. Johnson131 !-,as attempted to nitrate an

166
mercurate (5s) by the usual methods for pyridine N-oxide but vithou

success,

It was hoped to obtain 4-substituted nicotines by preparing 4-substituted 

NT-o::idcs and removing the oxide functions. Thus a scheme giving 4-.,.tro- and

4-;^>iinonicotine can be" visualized as:



Me

Unfortunately treatment of (14) with the usual nitrating mixtures 

gave only tars and the scheme was abandoned.

156

2-Methyl-3-(3-pyridyl ) tetrahydrooxazine

Pyro lysis of (13) gives (5G), the structure being established by 

degradation (Scheme ?) and by analogy with similar rearrangements. Thus 

aiiiline N-oxide on pyrolysis gives methyl O-allyl-phenylhydroxyi-

unine. 167



S c n e m e 7

N

0
N HCl

Me

0
II

(CH.) NHMe
<• i

2 HCl

(56)

Zn/AcOH

OH Me

N
P2 05 O

Me

CH=CH(CHi)2_NH
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22 Mass Spectrum of 2-Methyl-6-(3-pyridyl)tetrahydro- 
1,2-oxazine
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23 N.m.r. Spectrum of 2-41ethyl-6-(3-pyridyl)tetrahydro- 
1,2-oxazine



The base peak at m/e_ 60 arises by protonation of the U-oxide "by an
*

unidentified proton donor to give (i).

Me CH

N
I 
OH

(i)

The n.m.r. spectrum (Pig. 23) shows the resonances expected for a

3 substituted pyridine. A quartet at "C'5-31 can te assigned to the 6 1 

proton with vicinal splitting from the two 5 1 protons. (J 10 Hz and 2»8 Hz) 

The 3'» 4 1 and 5 1 protons give a complex pattern between f7-9»

Reaction of (56) with dimethyl acetylenedicarboxylate is reported 

in section 5-

Nicotyrine (3)

Catalytic dehydrogenation of nicotine with palladium/asbestos is
4. * * • • * • 85,168 reported to give nicotyrine. T

(3)

No dehydrogenation occurred with the literature catalyst but palladium 

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



Fig. 24 N.ra.r. Spectrum of Diazo-compound (Si)



sa.

obtained (sec experimental).

The coupling of nicotyrine with diazoaium salts haa been

17 
investigated, coupling at the 5' position being assumed by analogy v:ith

pyrrole, ' The compounds shovm below were obtained and slight activity 

against black beetle carpet larvae demonstrated.

R = o-C,II.COOI-r (57; - o i-r
2-0.11,30 Na

N=N-R

Me 4 
1 icr TD-C,ITCOOH- 6 4

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.in.r. spectrum of (57) (Fig, 24) clearly shows two olefinic protons 

mutually coupled (jJ 4«5 Hz) readily assignable as the nicotyrine "5 1 and 4 1 

protons (c.f, Dithiodinicotyrine, Fig. 3l)«

Pyrrole is very reactive in the Friedel 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 obtainedo

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

Eisner gave, along with (5)> 20$ nicotine as contaminant. Confusion 

concerning the structure of (5) was abolished in 1963 by n.m.r. spectral

i • 86 analysis*)

Osmium tetroxide catalysed sodium chlorate oxidation of the isolated

171 172 
double bond of (5) according to established methods ' failed, starting

material being recovered. The expected diol (5^) would contain the 

stereochemical and electronic parameters believed necessary for activity



S3

OH

(59)

(section l) and the functionality at positions 3' and 4' could be used to 

give new biologically interesting compounds,

The preparation of (5*0 merits further consideration,

Attempted i*••-:.• -I %-,.'cthy 1 at ions of Nicotine

N-Suostituted nicotines can readily be prepared from nornicotine (2)

(2)

H

The compounds belov have all been obtained and in some cases biological

13?
activity demonstrated.

K =

allyl1
73

acetyl

ai ano

173

175

f -, for;:iyl



In order to obtain more conr>o\i<ids of this type frou nicotine a facile 

de-N-nethylution procedure was needed as norn
icotine is not us easily

obtained as nicotine.

Craig uas investigated the oxidative di-iactliylation oi' nicotine in 

vivo and in viv.ro and believes nicotine N^-ox
ide to be involved as an 

intermediate , oxygen migration to carbon bein^ followed by 
loss of 

fonaaldehyde to ^ive nornicotine 0

Me 0

CH2 OH H

The in vi-cro reaction studied by Craig involv
ed a g.l.c. determination 

of the alkaloid products obtained when nicoti
ne N 1 -oxide was treated with 

an iron III tartaric acid system at pll 6*3» and 
is oi no preparative

value.

Very low yields of nornicotine from nicotine 
and hydrocinaai-ic acid,

t * 76

77 ,-•; ,1^ • « ^v> J
77

silver oxide and potassium permanganate have been reported
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25 Lass Iipcctrum of A^-l-Methyl-l-pheno^carbonyl^-C3- 
pyridyl)butylamine (fco)



Nicotine and selenium dioxide in dioxan at 150 (autoclave not i^eriti

58 have been reported to give 50,o nornicotine. Repetition using dioxanc at

100 and diphenyl ether at 150 (both at atmospheric pressure) ;Dave only 

starting material«

Tims the following methods were attempted. Chloroforrnate esters are 

useful deiuethylating reagents. Thus ethyl chloroformate gives nortropine 

from tropine in l6fo yield, Phenyl chloroi'orraatc has been shown to L»e 

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

from the reagent is suppressed. Phenyl chloroformate gives phenyl pipc-ridine

EtOC-C! 

0

EtCl +

N-carboxylate from N-methyl piperidine in 92^ yield 177 Nicotine and phenyl

chloroformate under identical conditions gave the structure bein

assigned on the basis of analytical and spectral data.

—OPh
(60)

Me

The mass spectrum (Fig. 25) gives the molecular weight as 282. Loss 

of «OPh from the molecular ion is indicated by a peak at m/e 189 (l3/0<> 

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



—00

in "cb

26 H.m.r. Spectrum of A4-l-nethyl-l-phenoxycarbonyl-5- 

(3-pyridyl)butylamine



0II .N—C—0
I 
Me

Ph

A peak at in/j? 214 corresponds to loss of 68 mass units from the 

molecular ion. This loss cannot be satisfactorily explained and is quite 

probably preceded by molecular rearrangement*

The :i.ra.r» spectrum (~J*£* 26) is in full accord with the structure, the 

vinyl protons giving a niultiplet between 1 3«6 - 3<>8.

pyrrolidine ring opening reactions of nicotine are veil

212 147 
characterized, benzoyl chloride giving N-benzoyl inetanicotine, loss

of the fl proton leading to ring rupture*

t

H

The reactions of cyanogen bromide with tertiary amines were firsi, 

investigated by von Braun and by Scholl and No'rr. Thus N-«.cthyl 

piperidine has given N-cyano pipcridine and N,N-dimethyi piperidiniuu 

bromide. More recently 5-i.:ot:iyl-2 1 -nethoxy-2-;.:cthyl-6,7-ben:-Gi.:orphan on



treatment with cyanogen bromide followed by hydrochloric acid has given

5-ethyl-2'-uethoxy-6,7-benzomorphan 213

Et Et

Nicotine however gave only tars, no characterizable compounds being 

obtainedo

By bubbling oxygen through an ethanolic solution of N-methyl
i sn 

8,16-imino |5o2] nietacyclophane ("below) , Boekelheide has obtained 7^

yield of the corresponding de-methyl compound*

Likewise platinum catalysed oxidation of N-methyl piperidine has ^iven

1 ft!
N-formyl piperidine. Unfortunately in both cases very dilute solutions 

were used and equal quantities (by weight) of catalyst employed. As the 

reaction would be of no large scale synthetic value attempts vere made to 

Effect dei.icthylation of nicotine with true catalytic amounts of platinum 

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

unchanged.



Loiui tetraacetatc has found use as a. deuethylating reagent, a r.-uJ 

ajmalinc derivatives giving the corresponding 1-d erne thy 1 - A co

OAc

No identifiable compounds were obtained from nicotine and lead tetraacetate*

In alkaline solution potassium ferricyanide functions as a complex 

electron abstracting ion and Perrine has obtained nortropine from tro^.ir.e 

with this reagent. Attempts to induce nicotine to react failed, in agreement 

with Perrine who also obtained no demethylnicotine but observed that the 

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

is attached to one or two primary carbon atoms the reaction fails*,
•I o-r

Ilenbest has shown active manganese dioxide to give N-forrnyl compounds 

from N-methyl compounds; thus tri-ja-alkylamines are oxidised to N-fonayl-

, R2 N Me Ra R, NCHO

dialkylamines.
184

Nicotine under similar conditions was unaffected by the reagent,

3-Nitro-5- ( 3-T)yridyl )pyrazole

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

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



1

Fig. 2? N.m.r. Spectrum of 3-Nitro-5-(3-pyridyl)pyrazole (15)
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Fig. 28 Mass Spectrum of 3-Nrfcro-5-(3-pyridyl)pyrazole (15)



-4-nitro-5-(3-pyridyl)pyrazole arid a broino derivative as 3-bi-omo-4-:iitro-5-(3 

pyridyl)pyrazole. Lund later suggested the structure may bo 3-^itro-3-(^- 

pyridyl)pyrazole and this was proved by Clcino and jlolmes when they prepare 

3-ainino-5-(3-pyridyl)pyrazole from the known 5-(3-pyridyl)pyrazoie-3- 

carboxylate and showed it to be identical with the ainino compound produced 

by reduction of the nitro pyrazole obtained from nicotine,
•

3-Nitro-5-(3-pyridyl)pyrazole and the 4-bromo derivative (to wlii c.i

66 v
structures (15) and (tl) have been given ) were prepared and subjected to 

spectral analysis.

H

(15) (61)

The n.uur. spectrum of (15) (l?ig» 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 substantial difTerence 

in electronic environment for the 2- and 6-protons; the former being at 

unusually low field ( t 0<>9l)o The olefinic proton appears as a singlet at 

f 2.38, solvent exchange [(CD-) 2SOJ rendering the N-H proton unobserved.

The mass spectrum (Fig. 28) shows the molecular ion at m/e 190 (luO;'), 

a peak at w/e 160 probably indicates loss of -NO, the nitro group isouerizing 

to nitrite before fragmentation.

The i.r. spectrum (recorded in nujol) shows a £rery sharp) N-H stretch 

at 3122 cm , indicative of hydrogen bonding and structure (W.).
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H

(62)

llroiuocoj..pound (bl ) shows a (broad) X-II stretching absorption at higher 

wavcr.uiiibor (35^3 cm ) indicating no hydrogen bonding, (^uite probably the 

nitro group is being forced out of the pyrazole ring p^ne by the i>djaceno 

bulky brojuine atom, tlius preventing formation of a hydrogen bond.

Tiie Mass spectrum (i''ig. -9) gives the molecular ion as bd.se peak at

.4

ny_e_ 27C, 268. Loss of 17 mass units fro:u the raolecular ion, can be assigned 

to loss of a hydroxyl radical, tlie scheme below offers a possible explanation.

H

Loss ol 30 mass units from the molecular ion is also observed and can



be rationalised as nitro-nitrite isoiaerization followed by loss of •!'(),

N H

m/e 240, 238

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

monoxide with subsequent ring contraction givi
ng (j).

Dithiodinicotyrine

69 
In 1880 Cahours and Etard obtained a yellow solid from nicotine

97 
and sulphur which they called thiotetrapyridin

e. Later Morton and horvitz

obtained the same compound by refluxing nicoti
ne and sulphur in toluene, 

which they renamed thiodinicotyrine but gave n
o structure. Obtaining the 

molecular weight as 303 and 31^ by boiling poi
nt elevations in benzene they 

suggested the molecule contained one atom of s
ulphur and two substituted

nicotyrine units (>iV
97

Repetition of the literature method gave a compound of identical
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Fig. 30 Mass Spectrum of Dithiodinicotyrine (24)
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ium.r. Spectrum of Dithiodinicotyrine (24) 100MHz.



31a Experimental (upper) and Computed n.m.r. Spectrum 

of the aromatic region of Dithiodinicotyrine (24)



melting point. Analysis showed two atoms of sulphur and two su^ot,itut.jcl 

nicotyrine units giving a molecular weight of 378- Masa spectro.,;eory L::.ve 

a molecular ion at rn/e_ 378 (28^) (Fig. 30). The base peak at r/e lo>- ui:.o; 

certainly arising by cleavage of the sulphur—sulphur bond.

The n.m0 r. spectrum (Fig. 3l) shows the resonances expected for a 

3 substituted pyridine ring, a computer simulation of which was succc^si'ui 

(Figo 31 and n.m.r. table). Two doublets at r3.32 and VJ.68 (j 3 II^) 

being assignable to the 3 1 and 4'-protons of a nicotyrine unit. The only 

other peak ( T 6.43) corresponds to an N-methyl group.

The n.m.r, spectrum of nicotyrine shows a singlet at f3»35 (lK) and 

a multiplet at "f 3«85 (2\H), being assigned to the 3'H and superiuposed 

4'-II and 5'-H.
•

Desulphurization with Ilaney nickel gave nicotyrine in good yielu 

confirming the integrity of the nicotyrine unit. 

Thus the structure .below is proposed.

S—5

(24)

Reduction of (24) with zinc and acetic acid gave only tars. 

Bisulphide (24) was submitted for testing as a number of importer.!, 

active compounds contain disulphide linkages, thus nitrophenide is an

anticoccidal 219



ns-
,W/
/

NO.

nitrophenide

Selenium would not couple with or dehydrogenate nicotine, even unuer 

f or ci;-,.': co^uitions 0

Vicotine with sodium

Pvriuine when treated with sodium sand and the product auaea to water in 

air, couples to £ive bipyridyls. J

-
* N '

N N

A nuuoer of dipyridyl ammonium salts are used as systemic herbicides 219,21

\
© ©N

diquat paraquat



Nicotine aad sodium under identical conditions </ave sc.r.e tar uion 

recovered nicotine, no coupling products bein;j obtained.

X- T> r o r. o su c c i n i < :\ i d e

Nicotine and N-Lrou:osucciniuide in carbon tetracliioride ;,avo rod ,,t.u.i3

Io was hoped to exchange the 2'— hytiro^jn for bromine by t'.ils procedure as

141 iiiothyl hydrogen atoms in j-picolinc are kr»ovn to be acidic." TLc^e

iindin^^ -'re in agreement with V7aters \vho obtained red ^uuio irom 

N-brornosuccinimide and N-methylpiperidine and v/aich he believed to be
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Fig. 32 W.m.r. Spectrum of 2-Aminonicotine (18)
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33 li.ra.r. Spectrum of 6-Aminonicotine (19)



Section 3« Some -'captions of 2- and 6-Ai..inonicotinc

In Iv^'i Tschitschibabin reacted nicotine with sodai.iidc and »i;t.v 

two isouieric aminonicotines to which he gave structures ^lo) c.;vi (I';), 

former bcin£ insoluble in water and readily separable fro:a the- lut^r.

(18) (19)

N.m.r. and mass spectral data for (is) and (l9)» prepared accoruin^ to

87 
Tschitschibabin, confirm the structures.

«

The n.m.r. spectrum of (18) (l?ig. 32) shows the 6-proton as a quartet 

(tl 5 Hz and 2 Hz) at T2.16. The 5-proton is a quartet at "£3»63 (J 7*5 Hz 

and 5 Hz) and the 4-proton a quartet at 7T2.93 (J 7*5 Hz and 2 IIz).

The N-H absorption is at T4.29. The multiplet centred at "t6.97 is 

almost certainly due to the 2'- and one of the 5'-protons, as observed in 

nicotine.

The ri.ia.r. spectrum of (19) (Fig* 33) shows the 2-proton as a doublet 

at t 2.12, the 4-proton as a quartet at T2.60 and the 5-proton as a uoublet 

at 7T3«60 (there is no observed splitting between the 2- and 5-protons). The 

N-II absorption is at f5.26. The multiplet observed at 7T6.97 in tLe n.u.r. 

spectrum of (18)'now appears as two triplets, centred at f 6.97, in all 

probability this line shape is fortuitous.

The mass spectrum of (19) (Fig. 34) is very similar to thut of nicotine 

as would be expected since aromatic amino-groups are quite stable to
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. The molecular ion loses a hydrogen radical to give either

or

Me

m/e 176 (79%)

Peaks at n/e 148 (75/0 a^d ri/e 134 (24#) arise from

and

= N— Me

A second decomposition pathway giving the base peak at ,£/£_ b4 arises by 

fission of the 3-2' bona, as is observed in the mass spectrum of nicotine.

Me H
Me

The mass spectrum of (18) (Fig. 35) shows along with the frajpi;ei:'o^tion 

pathways observed for (19) a peak at m/e 162, which arises by loss of a 

methyl radical from the molecular ion. A possible pathway involves 

participation by the non-bonded electrons of the amino group and is sh^.a: 

in Scheme 8.

The i.r. spectrum of (18) in carbon tetrachloride shows ci sharp l^ii.I 

at 3492 ca" and a broad band at 3^08 c;u~" , broadening probably bein 

by hydrogen bonding between the amino hydrogen and the pyrrolidine r.



Scheme 8

(18)

V

m/e 162



The i.r. spectrum of (19) shows owe sharp N-II streocldu^ absoiv^ 1-
—1 

3508 and 3^20 cm in agreement with the i.r. spectrum of 2-a.:iino:iyrieini

(3509 and 3411 cm"1 ).

The hydrochloride salt obtained fro~ 6-aminonicotir.e had identical 

melting point to that obtained by Tschitschibabin, 0 but, whereas 

Tschitschibabin reports the salt to be a dihydrochloride, rigorous 

analysis shows it to be C, 0H, rN^. 2 IIC1. l£ H20. The salt only crystallized 

from ethanol if water was present, use of anhydrous ethanol as recommended 

by Tschitschibabin gave no precipitate. The preparation of 6-aiuinonicotine, 

uncontauiinated with 2-aminonicotine, has been reported by heating nicotine, 

and sodanide in an autoclave. Repetition gave a low yield of an approximately 

equally proportioned mixture of (18), (19) and unreacted nicotine. The me 

offered no preparative advantages over that of Tschitschibabin and was not 

further investigated.

Ureas and Thioureas

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' inii\,cr;:;.i..i 

and intraocular pressure. Many ureas are weal: hypnotics but can be useful

as sedatives e.g. carbomal

,- C — 
|
Br



(63) R= Ph

R= o-chlorophenyl

(65) R=m-chlorophenyl

(66) R=p-chlorophenyl

(69)

HN 

C

N Me

(67)
HN—Ph

N

Me
HN

(68)
HN— Ph

(70)



Thioureas are used in hyperthyroidisir., congestive hear* i> il^rc c..if: ir. 

healing ulcers.

Thiocarbiuiidin is used in treating tuberculosis.~

OCHa CH(CH

A number of thiosemicarbazones have anti-viral properties,"" e.g, 

thiacetazone.

,——^ H S
II

CH, CONH—\C ))—CH—N—N—C—NH,v-v
6-Aminonicotine gave the expected ureas with phenyl isocyanate, o^ciilorophenyl, 

^-clilorophenyl and r>-chlorophenyl isocyanate and the expected thiourc^ with 

phenyl isothiocyanate. Reaction with allyl isothiocyanate gave only tars. 

Conversely 2-aininonicotine and allyl isothiocyanate gave the corrcspor.Jiiig 

thiourea, likewise 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 mere.in full 

accord with the expected structures*

2- and 6~Amnocotinine

Oxidation of the pyrrolidine* ring of 6-aminonicotine (l9.)ond 2-ijnir.ouifeQ.tii 

(IB) with bromine and acetic acid, under conditions similar to those us;V for
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Pie. 36 N.m.r. Spectrum of 6-Ar.iinocotinine (71)
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37 N.m.r. Spectrum of 2-Amino-5-brornocotinine (7Z)
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the oxidation of nicotine to ootinine gave lactaias ("71; aa<: (7^ re:,nectivel-- 

in the latter case brouination parr to the u^ino group having t;-i:en nl;u;e,

(71 ;

The n.ia.r. spectrum of ^~7l) (lpig. 36) is virtually identical to tha'c 

for (19) •(l'iy. 3^) i- the aroj.u.tic region. A laultiplet centred at t5-6'i can 

be assigned to the 5'-proton.

TiiG n.ra.r. snectriua of (75.) (-(1 io» 3?) however shows only tv.o ar*;...atic 

signals, u doublet at ^2,05 ^ 2 Hz) for the 6-proton and a doublet at 

2.85 (J 2 Hz) Tor the 4-proton. The 5'-proton uultiplet is centred at 

~C 5.42. The laass spectra^ of (?l) (l''i£« 3^) shows the n:oleco.lar ioa as 

base peak cit __/e 191. Loss of a hydrogen radical ^ives a pea!: at tr/V 

190 (30^) the resultant fragment cost probably being (k)»

N Me Me

(k)

Resonance stabilization of (k) tis sliovn i -ay explain vay this i'ragjaent is

;.uca L:oro significant than in the i^ass spectra, of cotinine (rig. 9y Lose of

2o mass units Trom ^{e 190 gives a peak at ^^e 162 (10;.^) wliicr. then lo
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carbon monoxide to give

162

m/e 134 (34%)

A peak at n/e 9o (the base peak for cotinine (8)) is only 35^ «r,d arises by 

expulsion of a 2-auiinopyriuyl radical 0

H
'0

M e

I'or cotinine the expulsion of a 3-pyi'^y^- radical is mucL iiore highly 

favoured tlii!.n expulsion of a hydrogen radical, but for 6-auinocotinine each 

pathway 13 approxiniately equally favoured. Ilesonance stabiliziv'uion in irr.^ 

(k) in all probability ca-^jin^ the observed difference.

The iaass spectrum of (7A) (l-i&* 39) shows a quite different 

fragmentation froiu that of (7l). The first ;^jor loss is 15 i^ss units, c..



no::~bonded electrons of the a:uino group almost certainly parli'jipatir.-- in a 

manner si::;ilar to t;ia L proposed for 2-auxnonicotiiie (^i^, 35)•

0

(1)

Peaks at i/o 242, 240 (i4^) and ^/^ 228, 220 (l7fO sew: Lc^t explained 

oy loss of Oli., and C.^II, (OlI.^ 4- CII0 ) fro^ (l) ^ivii;^

^nd

The base peak is at r/^ 9$ and corresponds to

Me

as observed for cotinine. There is no peal: corresponding to loos of »H 

the molecular ion, a favourable process in the ira^uer.tation 
of 

Such Tra^entation in (^ vcuid sive an ion of structure:



"73

-ve

The necessary plar.arity oT the bonds shown as chick lines would lc..d to

considerable crowding aiid hence destauilization. ti;us

f r to.t i on 0

i-'ti ^>:is and S u 1 ] ~>h o ny 1 a tic ns of tlie 2— and 6-. .': In

At.tc::>jt3 to react acev/1 chloride or acetic tiiihyux-ide -,/iLh either 2- or 

>>-ur;inoaicoti';>^ javo 'ours, thu reaction <-ii..oat certain Ly boii: 0' co:. 1.;)Iic.ited 

by attack at "one basic pyrroliclir.e nitrogen atom to £ive rinj o;.ene<I prouuct3_, 

as observed -.rlth nicotine.

However,reactiv;r» of (7l) witli jQ^iitrGhenzeneaulphor.yl clilc/ricle in acetone 

or caiioti- sorla ^avc starting auiine and _^_—i.itrobciizene:>i-Llohonic d.cic. '.ihea 

the reaction was carried out in a large excess of pyriuine the expected 

jjhor.a^icie ,*73) was obtair.CvI but in very low yield.

O..N

(73:



Although ("73) gave a very accurate elemental analysis the mass ancctrum 

could not be rationalised.

Reduction of the nitro group to give a jv-aminobenzeneaulphonarnide would

give a compound of great biological interest as many antibacterial drugs

221 
contain this grouping,

e.g. sulphapyridine

NHSO*

and sulphamethazine.

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

sulphonauaide derived from 6-aniinonicotine, another biologically interesting

molecule,

Paucity of material prevented these reductions being investigated, this

area merits further investigation*,

2- and 6-Nitronicotine

Aiainopyridines can readily be oxidised by sulphuric acid and hydrogen

189,190
peroxide to nitropyridines 

compounds contain nitro groups«

Many important biologically active

219



Chlonu:ii>henicol is u broad spectrum antibiotic,

•CHO

NHCHCI

Ch^OH

active against gram positive and grain negative bacteria. 

Azoipycin is an antibiotic nitrobenzimidazole«

cv-Nitrobiphenyl is a fungicide

and dinitro-£-cresol a versatile weed killer.

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

corresponding uitronicotines ("76) and (^^f) ^^as successfully accomplished with

hydrogen peroxide and concentrated sulphuric acid and the products 

characterized by spectral and analytical evidence.
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Fig. 41 IJ.m.r. Spectrum of 2-Nitronicotine (7$)
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(7A) (75)

The n.n.r 0 spectrum of (7^) (Fig. 40 ) shows the 2-proton as a fairly 

broad singlet with some further splitting at Y 1.59« The 4-proton and 

5-proton are somewhat superimposed but it is possible to assign the quartet 

centred at T2.ll to the 4-proton (j 8 Hz and 2.1 Hz) and the quartet at 

"X Io90 to the 5-proton («J 8 Hz and 1.2 Hz). It is interesting to note that 

whereas in 6-aminonicotine (Fig. 33) no splitting was observed between the 

2-H and 5-H, for (7») the splitting is 1.2 Hz. A rnultiplet at t6.7? almost

certainly corresponds to the 2'- and one of the 5 '-pro tons.

The n.m.r. spectrum of ("75) (Fig* 4l) is less precise. The 5-proton is 

seen clearly as a quartet of doublets at f 2»52 (j ?•? Hz, 4.5 Hz arid 0»5 

the coupling probably being with the 2 '-proton. The 5-H and 6-II form a 

complex pattern between f 1-7 and "fl.9« T^e 2'-H 5'-H multiplet is seen 

at t 6.80.

The mass spectrum of (l^-) (Fig. **3) shows the molecular ion at ru/e 

20? (19$). Loss of a hydrogen radical gives a peak at m/e 206 (l5#)« The 

base peak arises by expulsion of the 6-nitro-pyridyl radical to give (m) at

(m)

Me
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Attenpts to repeat a number of diazotization reactions of (18) arid (19)
87 as described by Tschitschibabin failed. Tims both (l8) and (19) were

S7 diazotized^ with sodium nitrite and sulphuric acid to the pyridones,
j »

repetition {\ave only starting materials. Diazotization of (18) and (19) 

in concentrated hydrochloric acid is reported to give the respective 

chloronicotine, repetition again gave starting material.

6-Auinonicotine, concentrated sulphuric acid, sodium nitrite and

203 ethanol gave none of the expected 6—ethoxynicotine, starting aminc was

recovered in good yield.

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

starting ainine.

Aminopyridines condense with S-keto esters and fi-and O'diketones to 

give heterocyclic products. Thus 2-aininopyridine and ethyl benzoylacetate 

give 2-oxo-4-phenylpyrido [1,2-a]pyrimidine.

2-Ajninopyridine and diethyl malonate give anhydro(2-hydroxy-4-oxopyrido [1,2-a]

pyrimid-1-inium hydroxide. ' 2-Aininopyridine and 2,5-hexanedione gives
195 l-(2-pyridyl)-2,5-dimethylpyrrole«

Me

However only tars were obtained when 2- (is) or 6-aininonicotine (19) vere 

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



similar conditions,

191 192 193 202 
However a number of early Russian papers ' ' ' *" fk-scribe

reactions of (18) and (19) ftnd their hydrochloride salts vith <X-haloketoneH 

and keto-estcrs. Thus 6-aiainonicotine and bromopyruvic ester are reported 

to £ive 5-(l-Ki<->thyl-2-pyrrolidyl)-2(or 3)carbethoxypyrimidazole, 2-aiaino- 

nicotine and acetoacetic ester are alleae<\ to &ive 1,2-jl'-(l-jiiethyl-2- 

pyrrolidyl ) -divinylene]-6-iaethyl-4-pyriniidone or 4-methy 1-6-pyriinidone and 

chloroacetone vith 2- and 6-aminonicotine are reported to give 7-(N-iiiethyl-cc- 

pyrrolidyl)-2 (or 3)raethylpyrimidazole and 5-(N-methyl-0(-pyrrolidyl)-2- (or 3)
•

inethylpyriniidazole respectively.

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

acetoacetic ester under 4the published conditions has given only tars.
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44 ij.m.r. Spectrum of Nicotine iso-methiodide (7*7)



Section '*. Preparation and Reactions of Some Nicotiniuni Salts

Nicotine, containing two basic nitrogen atoms forms two isomcric
 

monomethio&i^es (7fc) and (")")) und one diinethiodd^s.

N

N 

/\
Me Me

•^

(76)

N x

N

Me

Me
(77)

N
I 
Me

l\ 2I
Me Me

(78 )

1 27
Their preparation has been reported, (it) is obtained sinply by the , 

addition of nicotine (l mole) to methyl iodide (l icole) in methanol (ether 

as solvent is reported to give a mixture of all three salts). Dim
ethiouide 

("?B ) is prepared by adding a three molar excess of methyl iodide to ni
cotine 

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

which is shown in Scheme 9»

The n.w.r. spectrum of (7l) (Fig. 4Z0 shows the superimposed 2-H -nd 

6-H at quite low field ( "f Oo8) as would be expected with a positive charge 

on the adjacent nitrogen atom. The 4 proton is a doublet of triplets t Ui9



a a.

Scheme 9

2 HI
/\ 21

Me H

H

Nicotine

21' Mel
/\ ' 

Me H

(77)



vJ t>,7 and 1.5.Hz) and the 5 proton a quartet at T1.93 (j 7.9 and 6.5). 

The singlet at f 5.36 is assigned to the pyridine N-inet)iyl {iroup; the 

pyrrolidine N-methyl is at 7T7o76. The raultiplet usually found between

T6.5 - 7.0 in nicotine derivatives and assignable to the 2'-proton and one 

of the 5'-protons now appears to have separated into a triplet at 7T6.';2 

(<! 7 Hz) and a complex raultiplet at T6.75- The 2'-proton being closer to 

the positively charged pyridiniun cation has, it seems, been pulled downfield 

relative to the 5'-proton.

Karrer ' has shovn that potassium 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 (8O) C

Karrer has also investigated the reaction of (77) with methyl, ethyl
205 ii-propyl and ri-butyl magnesium iodide, and has obtained very low yields

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

H

R Me 

(81 )

N ' 

Me

(8'2)



Repetition of Grignard reaction with methyl magnesium iodide ^ave only turs, 

insolubility of the methiodide (17) 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 

propertieso

A number of compounds very similar to quaternised nicotines have useful

biological activity.

223 In 1948 Barlow and Ing showed that decaiae^honium iodide strongly

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

acetylcholine analogue.

Me3 ^(CH z ) 10 NMe 21

Q-(3_Pyridyl)ethyl-triinethylaffliaoniuiri salts are more active than 

nicotine in stimulating chick biventer cervicis muscles.

The diinethiodide of dithiodinicotyrine (24), the dimethiodide of 

2-methyl-6-(3-pyridyl)tetrahydro-l,2-oxazine (5^) and the dimethiodide of



l-methyl-3-(l-met)iyl-pyrrolid-2-yl)--l,2,5,6-tetrahydroi)yridine (87) (zee below) 

were prepared from their respective bases and submitted for testing.

Reduction of Nicotine iso-niethiodide

The ganglion blocking agent peinpidine contains a completely reduced

219 
pyridine ring, thus reduction of the pyri dine ring of nicotine was investigated.

M 
Me

Me

Me 

Me
pempjdine

Catalytic reduction of nicotine gives hexahydro-(l6) and octallydronicotine
f)f- SO—S"^ 

(17); these reactions are well documented and were not further

considered.

N 

H

N

Me N 

H
(16)

HN

Me

(17)

1-Methylpyridiniuiu iodide is reduced by alkaline sodium borohydride to

207 
give a 1,2,5,6-tetrahydropyridine, the mechanism of which has been

investigated using the model compound l,4-dimethyl-2- phenylpyridiniuja iodide

(«3).208 ' 209



Me Me

^N" 

Me

(83 )

H
H

N ' 

Me

(04)

Ph

Intermediate (8 1!-) -was isolated and its structure verified. Further 

redaction then calces place by nucleophilic attack at C-3 to ^ive (85), the 

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

H
H

Me

N " 

Me

vould have j^iven

H

H

Ph

Me

N

Me
Ph

N ' 

Me

N x 

Me

(86 ) (87)
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Nicotine iso-methiodide and sodium borohydride gave (87), the 

appearance of only one olefinic proton in the n.nur. spectrum (/ig. 45 

serving to exclude (88).

i'hc mass spectrum of (87) (Fig. '46) shows the molecular ion at i_/e 

180 (14>), loss of a hydrogen radical (n/e 179, 13/») giving fragment (n).

Me Me

(88) (n) (o)

The only other significant peak is the base peak at m/je 84 corresponding to 

fragment (o) 0

Sodiuia hydrosulphite has been used extensively for the reduction of
01 Q

pyridiniuia salts to 1,4-dihydropyridines^ , the reaction being similar to

the enzymatic reduction of dihydrophosphopyridinc nucleotide f«nd

triphosphopyridine nucleotide. Thus the methylaimaonium salt of nicotinamide
210 gives the 1,4 dihydronicotinaraide.

Nicotine iso-methiodide and sodium hydrosulphite gave a complex product 

mixture from all reaction attempts. i-Methyl-l,4-dihydropyridine is unstable 

in air, stability being conferred by electron withdrawing groups at positions

3 or 5.

Pyridine and tertiary amines react with 0-propiolactone to give

betaines,
o 11



H£ CH,— C=0

0 Cf)N "

CH.

CH^COO

-f CH R 3 NCH2 CHiCOO

R3 NCH,CH,COOH•<•

Cl OH

Atteupts to induce nicotine and nicotine iso-methiodide to react with 

-propiolactone ^ave glues vhich could not be characterised.

Likewise glues were obtained when nicotine and cetyl bromide were

heated, no crystalline quaternary cetylaimnonium salts were obtained,



Section 5» 1 Reactions of Dimethyl Accty 1 cnedic arboxy1 ate vi th ricoti ne 

Derivatives

Historical Introduction

144 
Acheson has revieAired the reactions of dimethyl acetylenedicurloxylate

with nitrogen containing heterocycles.

145 
Diels first isolated two adducts from pyridine and dimethyl

acetyleneclicarboxylate in ether and termed them "labile" and "stable"* The

214 labile adduct has been obtained only once since; it rapidly isomerizes to

the stable adduct which is known to have structure (8*1).

However quinolizines (So ), (Si ) and (12.) have been obtained from 

3-methylpyridine and dimethyl acetylenedicarboxylate.

Stable adduct (lo) can also be obtained by thermal isomerization of 

labile adduct (5Hl ), the mechanism and kinetics of the isomerization for the
1 R*^

7-iaethyl derivative of (Rl ) have^ been studied and the following data

obtainedo

(i) When carried out in [ll] ethanol deuterium is not incorporated at

the 4 position.

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

of the 7,9-diiuethyl-9aH-quinolizine were determined as 24.8 kcal/mol and

153 
-8.6 -H 2.6 e.u<> respectively.

(iii) Tetramethyl 7,9-dirnethyl-9aH- ki,9a- ^J quinolizine-1,2,3,4- 

tetracorboxylate showed a kinetic isotope effect of 5»98 i 0.05 for

isomerization to the 4 H isomer.
154 These facts are all characteristic of 1,5-hydrogen shifts permitted

for concerted suprafacial thermal reactions according to the Woodward- 

155 
V-loffmann rules.

« 
The mechanism of the addition of dimethyl acetylenedicarboxylate to

pyridines is believed to be a stepwise Michael type addition of two molecules



COOMe

COOMe

H COOMe

COOMe

N COOMe

H COOMe 

(90)

Me COOMe

COOMe

COOMe

COOMe

XCOOMe

N
COOMe 

H COOMe

(91 ) (92)



Scheme 10
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Scheme 11

^C-COOMe

^-C-COOMe
COOMe 

COOMe

COOMe 

COOMe

C-COOMe
11 

HC-COOMe



of the diestcr (Scheme 10).

A minor product sometimes isolated from the reaction of pyridines with 

dimethyl acetylenedicarboxylate is the Kushimoto compound. Woodward c> 

Kornfeld have shown the structure to be

COOMe

Two possible pathways iV,r

(93)
COOMe

•COOMe

its formation are described by Acheson. 144

Biological Itapli cat ions and Results

Increasing the degree of crowding in a biologically active molecule 

which has relatively 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-niembered ring to the pyridine ring of nicotine 

could probably lead to useful modifications of its biological activity, by
t

interfering with rotation between the rings, especially so if the ^-substituted
« 

quinolizines were obtained.

It was hoped that nicotine would react with dimethyl acetylenedicarboxy­ 

late to £ive the adducts expected for a 3-substituted pyridine; however no 

solid products were obtained.

It seems likely that nucleophilic attack by the highly basic pyrrolidine 

nitrogen at the ester triple bond is being followed by abstraction of 

pyrrolidine protons leading to ring opened products which polymerize (:icheae 11)

Triethylamine has been shown to react with dimethyl acetylenedicarboxy­ 

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



9a-H

Fig. 47 N.m.r.Spectrum of Tetramethyl 9-(l-methylpyrrol-2-yl) 

9aH-quinoli7J ine-l,2,3,4-tetracarboxylate
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Et0NC==CIICOOMe

215

COOMe

In the absence of a proton source polymericin quantitative yield, 

products are obtained.

No attempts were made to react nicotine with the ester in the presence 

of u 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 quinolizines.

Nicotyrine vith Dimethyl ncetylenedicarboxylate

Nicotyrine, which is readily available from nicotine, contains on

N-methylpyrrole ring, the pK of the 1'-nitrogen b«.\v\o sw\oA\ (nicotine-8.0)
~li O

and gave the expected 9aH quinolizine with dimethyl acetylenedicarboxylate 

, no (95) being isolated.

•\
N-

H

Me 
COOMe

COOMe

N COOMe

COOMe

(95)

H COOMe

The structure follows from comparison of the n.m.r. spectrum (Fi;;s. 47

' "
and 4fa) with that of the 9-methyl-9aH-quinolizine 

3-methylpyridinejthe relevant assignments are shown in Table 8

obtained from
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The n.iu.r. spectrum of (14-) is complicated by super-imposition oi the

pyrrole protons, thus the quartet at T3.39 is assigned to 5'-II (j r , 2.6; '
* > ^

Jv r . 1.6 Hz), quartet tat T 3.93 to 4'-I! (j 3.9 Kz) and the quartet
J 1J ~" j jH

at T4.05 to 3 I -I1. The 9a proton at T5.35 is coupled to the o proton 

(J 1.8 Hz).

The mass spectrum is in full agreement with the structure, the molecular 

ion being at ra/e 442 (24$). A peak at in/e 441 (l2#) is due to loss of the 

9a proton as a hydrogen radical to give the corresponding quinoliz
irvvom co.V\ot\ 

(p).

Me
COOMe

Me

COOMe

COOMe

OMe

COOMe

Me

COOMe (P) COOMe

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

to readily distinguish the two compounds.

The base peak in the mass spectrum of (^Ifr) is at m/e 383 and corresponds 

to loss of methoxycarbonyl group.

Thermal isomerization of the 9aH-isoiner gave the 4H isomer (S5). 
The 

n.m.r, spectrum (Table 8) being in good agreement with that of the
 9-nethyl 

4n-(iuindlizine (.So).

The mass spectrum showed the molecular ion at m/e 442 (8>), the base 

peak at m/e 383 almost certainly arising by loss of the 4-methoxyc
arbonyl 

group giving the quinolizinium cation



Me 
COOMe

COOMe

N—'Me

COOMe
COOMe

COOMe H

(q)
The u.v. spectra of both isomers are as expected and compare favourably 

with the 9-^icthyl analogues (Table 9)»

Cotinine vith Dimethyl Acetylenedicsrboxylate

Cotinine (8) which contains a lactam function reacted v;ith

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 tetrarnethyl 7-(l-niethylpyrrolid-2-one-5-yl)-9aH- 

quinolizine-l,2,3»^-tetracarboxylate (*H>)i no 4H-quinolizine was observed.

COOMe
COOMe

COOMe
COOMe

(96)

COOMe

/COOMe

COOMe 
COOMe

(97)
The n.iu.r. spectrum was in full agreement with the proposed structure ,.nJ the 

relevant values are shown in Table 8.



/ -4 
Table 9. U.Vj. Spectral Data 01 9all ami 4ll '.uinoliy..\nr;M (10 E in brf.ckot.s)

1280(1.57) 331(1.92) 462(0.57)

420(0.6)

15) 259(1.40) 3^7(1.02) 3»l(l-3^) 461(1. oy) 

26i2(o.74) 311(1.00) 360(1.30) 439(0.97)

(%) 280(1. 30) 330(0.40) 435(0.44)

265(1.10) 309(1.80) 352(1.06) 442(1. OH)

17 263(0.91) 307(1.44) 3^7(1-16) 445(1.10)

(10 1) 236(1.66) 292(1.64) 442(0.66)

(103) 264(1.01) 308(1.56) 351(1.21) 445(1.17)



Thermal isomcrization of (9b) gave the 4H isoiner (17). The n.m.r. 

spectrum (Table 8) compares favourably with that for the corresponding 

7-iuethyl 4jl-quinolizine (93l). The mass spectrum shows the laoiccular ion at 

nj/e 460 (5/0» no loss of a hydrogen radical bein^ observed. The base nonf­ 

at iu/c 401 corresponds to the expected loss of a methoxycarbonyl ^roup. Table

9 contains the u.v. absorption data.

150 Urown and Helm have shown that diborane is an excellent reducing
151 agent for abides and more recently Kornot has shown that ethyl

l-benzylpyrrolid-2-one-4-carboxylate ( 9g ) is reduced specifically to ethyl 

l-benzylpyrrolidine-3-carboxylate (99 ) by diborane»

COOEt

N

COOEt

CHjPh

(98)

CH^Ph

(99)
It was hoped to reduce the lactam function of (97) to the pyrrolidine, thus 

giving the 7-substituted 4H-quinolizine adduct theoretically obtainable from 

nicotine and dimethylacetylenedicarboxylate. Unfortunately the lactam proved
\

inert to diborane and was recovered unchanged.

COOMe
COOMe

(56)

C-C-OMe 

0 00

(100)
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49 iJ.ia.r. Spectrum (100 i-jHz) of Licthyl 1,2-dimethoxycarbonyl- 

7-(2-methyltetrahydrooxazin-6-yl)-4-oxoquinolizine- 

3-Giyoxalate (100)



Ito

2-Methyl-6-(3-pyridyl)tetrahydro-l t 2-oxnzine with Dimethyl

late

2-Methyl-6-(3-pyridyl)tetrahydro-l,2-oxazine (£fe) obtained by pyrolysis

135 of nicotine 1 '-oxide gave one isolable c-dduct with dimethyl acetylenedicar

boxylate.

Elemental and spectral analysis showed it to have the structure of a 

Kashimoto compound, methyl l,2-diiuethoxycarbonyl-7-(2-methyloxazine-6-yl)- 

4-oxoquinolizine-3-glyoxalate (loo). The n.m.r. spectrum (Fig. 49) shows the

6-proton at TO. 62 (j^ Q 1.0), the 8-proton as a quartet at r 2.03 (j 0 9.25 

Hz), and the 9-proton (doublet) at t: 1.23. Three ester group resonances are 

observed (two of which are superimposed at t^oOB, the other being at f6.14). 

The 6 '-pro ton appears as a broad doublet at t5»05.

The mass spectrum gives the molecular ion at ra/e 446 (42^) being sixteen 

mass units lower than expected for the 9aH or 4H quinolizine. A peak at m/e 

428 (5/0 corresponds to loss of water and is also observed in the mass 

spectrum of the starting oxazine. The base peak (m/e 38?) arises by loss of 

a methoxycarbonyl group from the molecular ion.

COOMe

COOMe

n-
COOMe 

COOMe

(101)

COOMe
COOMe

COOMe 

COOMe

(102
3-n-Butylnyridine with Dimethyl Acetylenedicarboxylate

Wiereas 3~nethylpyridine [;ives the 9-methyl-9a!I and 4IT-quinolizincs also 

v.ith sonic 7-2nethyl-4H-quinolizine , * ' 3-n-butylpyridine ^obtained l-y 

dehydrogenation of nicotine ) gave tetramethyl V-n- 

S° ,",-'••- totracnrbo::ylate (/Ol) and 7-^-b:it7l -.'^-f.uanol
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(01

tetracarboxylate 0°a)- No 9-,n-butylquinolizincs were isolated or detected. 

Their structures follow by comparison of their n.m.r. spectra (i'ig* l>'> < i"i 

and Table 8) with those of the corresponding pyridine and 3-aetiiylpyri(!ine 

adducts. Compound (lO\) could readily be isomerized to (loa) in refluxir.^ 

benzene,

The mass spectrum of (loi) gives the molecular ion at m/e 419 f lo?s of 

a hydrogen radical giving the base peak at m/e 418. Also of 10(K intensity
\

is the peak at ijj/.e 3^0 which corresponds to loss of the methoxycarbonyl 

from the molecular ion.
s

The mass spectrum of (roa) shows the molecular ion at rn/jj 419 (4; .) and

the base peak at rn/e 3^0 as the only significant peaks.

The u.v. spectrum of adduct (lOJ^) (Table 9) is in full agreement with that

reported for the corresponding 7-aethyl-4H-quinolizine

Attempted Reactions wi th Dimethyl Acetylenedicarboxylate

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

ave tars with dimethyl acetylenedicarboxylate«

(6)
(18)

(72)



.Section 6. Biological Evaluation of Compounds Prepared

The testing was conducted by Imperial Chemical Industries aivi the result 

can conveniently be divided into three sections, each bei:.^ obtained fr.;,- a 

separate division of I.C.I*

Plant Protection Limited at Bracknell provided the bulk of the 

Insecticidal Screening, Table 10 shows a representative sample of the results 

obtained and gives an indication of the tests conducted. Compounds not in 

the table showed no activity.

The majority of the tests involve spraying an aqueous solution (vhen 

water soluble) or an oil dispersion either directly onto the species or onto 

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 testing 

outlined in Table 11. Again activity was found for a number of compounds but 

did not prove significant. A blank indicates that the compound was not 

tested.

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 before and at periods after injection of 

the test compound. Any unusual variance with a control animal is noted.

Ag refers to the agility test. A number of mice are each placed on 

long metal rods, some of which have received a dose of the test compound. 

The length of time each animal remains on the rod is recorded and any 

variance between controls and test animals noted. The test examines those 

areas of the CNS which affect balance.

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

allowed to feed for seven days on measured rods of dry spaghetti only, sone



animals having received the test compound. The food intake eoch clay is 

simply obtained by measuring the length of spaghetti regaining. T.ma ..:\\- 

affect a compound may have on the feeding habits or hunger drive of an 

animal is obtuinedo

An refers to analgesia-. The study animal is injected with a stum:^rfl 

amount of a known compound which causes it to feel pain arid thus quiiv . The 

degree of squirming in control animals is compared with those vho have received 

an injection of the test compound previous to the squirm inducing drug. The 

test gives an indication of the ability of a compound to reduce pain,

EP iieans electroinduced pain and is of a similar nature. In this test 

the pain is produced by administering small electric shocks to the animals,

PJLV is the Iteserpine Hypothermia Antagonism test. The lowering of body 

temperature is a well known effect on administration of reserpine, the degree 

to which the test compound augments or diminishes this effect shows the 

amount of synergism or antagonism to reserpinised mice.

lAR is the locoiaotor activity ratio. The caged animal is automatically 

monitored for general;movement before and after drug administration, thus the 

degree to which the drug affects the liveliness of the animal can be readily 

obtained.

The final series of tests were conducted at The IndustrialHygiens 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 (a) number 

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

walking and exploring*•
The test animal is then given the drug and both it and the control are 

placed in new cages. Their behaviour is again noted and the drugged an



compared with vhe control.

The lost does not :;ive quantitative results but it is liope^ that it i:;,y 

provide u spcer.y, efficient and inexpensive method for exposing activi ,y of 

.iliaost . ny I.ind. Activity found in this test will naturally require «; fill] 

and complete investigation but lack of activity at this stuge i/.ay cn.'.ble nuny 

time consiu;iing and expensive tests to be 'Jispensed with.



for 'joc/cion 6 vjL.ich c.re not inc.lu; Tc/ble o:;'

' i.' P• i . 9 :.<. 149)*

COOH

(37)

(64) R — o-chlorophenyl
/r-\ •— \ __.

M (66) R= p—chlorophenyl

N 0

(70)
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Table 11 0 Testing Results from rimr^;. ccuticals i)ivi.?ion

Insecticide

Vi rus

Coccidioais

Antibacterial

Fungicida1

Antiseptic

Antidiabetic

Antidepressant

Analgesic

Antihelminth

Liver fluke

Sedative

Central Nervous

System

Ax 

Ac

An

1AR 

EP

2MeI

**

**

**

**

n U100

°100 °100

030



(5>)

Insecticide - 

Virus

Coecidiosig — — 

Antibacterial - 

Pun^icidal

Antiseptic — - 

Antidiabetic 

Antidepressant

Analgesic - - 

AntihelLiinth

Liver £luke — 

Sedative ** 

Central Nervous 

System

Ac

LAll

El5



(60) 

Insecticide

Virus

Coccidiosis

Antibacterial

Antiseptic

Antidiabetic 

Antldepressant 

Analgesic 

Antilxelminth 

Liver fl.ike 

Sedative 

Central Nervous 

System

/i.C

o100

°ioo ~ " °ioo
" °100

°30

PJIA.

EP



Uo

Insecticid;

Virus

Coccidiosis

Antibacterial

I'\m<;icidal 

Antiseptic

Antidiabetic

^ ntidepressant 

Analgesic

Antihcli-inth

Liver

Sedative

Central Nervous

Systesn

AX

Ac 

An

ULV 

LUl 

EP

(-71) (8*7) (8?)

** Activity, but not of useful kind.

0
Not active at level shown but active above this level

Not active



m

Tuble 1'J. "^jorntion--r''Uirnt Activity.

rroliiai.no.ry Screen:! TV; at Industrial Hygiene Re search I " •' '-rat cry

Latency Activity Other C
Day L-ay effects

2 12

(18) -

(ll) - - **

(**)
- * 12

(50) 

(50

(50

(5b)di:-ot;-.iodide * 25

(5S) " °1 °1

(fco)

(C3) - -

(b*) - * 25

(bS) - "

(bb) -

- - ~ -20

(W)

* 25 * 25



i.j.

Latency • Activity other (
Day effect

2 12

25

0_D

°5 °5

(8-7) -

* 25

**

**

* Not active

* Active at level shown (mg 0/ltg.)

0 Not active at level shown but active above this level

* Toxic at concentrations tested

** Activity but not of a useful kind.



EXPERIMENTAL



MM-

Melting points were recorded on a Kofler hot stage and are uncorrectea. 

I.r. spectra were recorded on a Perkin-Elwcr 257 Infracord with polystyrene 

film as standard. U-v. spectra were recorded inl'cm cells on a Perkin-^lwer 

137-UV machine fitted with a deuterium lamp, Methanol was used as solvent, 

being distilled slowly from magnesium methoxide before use. N.ia.r. spectra 

were recorded on Perkin-Elmer 1114 and (by the author) R12 spectrometers, with 

tetramethylsilane as internal standard (f = 10)» Coupling constants Q) are 

given in Hz and the abbreviations s, 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 CK-7 machines (ionizing potential 70 eV). Micro- 

analyses were by Dr. Strauss at Oxford.

Spence grade H alumina was used for chromdltography (100-200 mesh), 

deactivated with water (5$ v/v) to give deactivated basic alumina (pH 10), 

and with 10$ acetic acid aq. (5$ v/v) 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 fraction of boiling point 60-80°, unless 

otherwise stated.

Nicotine was supplied by British Nicotine Ltd. and slowly distilled 

at 118-120°/17 E™ 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 ).



Experimental for Section 1. Alkyl Derivative?of Nicotine

Cotinine dibromide hydrobroraide perbromide. - This salt was prep, Ted 
according to McKinnis. Bromine (198 ml, 5»?6 inol) in acetic acid (oO^, 
480 ml) was added to L-nicotine (88 g, 0.538 mol) in acetic acid (80;*, 
400 ml) over 2 h with stirringo Water (1800 ml) was added and the two

•

phase system vigorously 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,QlOJ 
*2Br0 (174 g, 73£) m.p. 141-145° (lit.18 141-144°).

l-Methyl-5-(3-pyridyl)pyrrolid-2-one (8) .-Zinc dust (125 g) was added 
over 3 h to a mixture of cotinine hydrobromide dibromide perbromide 
(100 g, 0.174 mol), acetic acid (50$, 1250 ml) and concentrated hydrochloric 
acid (65 ml) following McKinnis'1' to give cotinine (30*4 g, 0.172 mol, 
b.p. 145-150°/0o7 &&• 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

C11H15N2OI: C> 41 * 5; H '

1.5.3-Triaethyl-5-(3-pyridyl)pyrrolid-2-one (^.fe). - Cotinine (8.8 g,
0.05 inol) in ether (50 ml, sodium dried) was slowly added to sodamide

• , (from 4.6 g 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 nil) and chloroform (50 ml) were added. The organic layer was



lib

separated, dried (magnesium sulphate) and the solvent removed to ^ive ;-. 

light yellow oil. Trituration with petrol gave a white solid viiich 

recrystallizcd from petrol as fine white needles (8.2 g, 80#). Sublimation 

(90-100 /20 ma) gave an analytical sample, ro.p. 95-97° (Found: C, 70.5; 

H, 7-7; N, 13.7. C H rN 0 requires: C, 70*6; H, 7.8; N, 13.7/0 "0
\.& XU A. CiiiX

(nujol) 1678s, 1592w, 1578w, 1393s, 1076s, 1025s, 919m, 885w, 819m, 75^, 

739m and 721s cm.""1 r/e (%) 204(34, M+), 203(lO,M+-l) , 189(3, K+-15), 

175(4, 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«5-I)iethyl-l-methyl-5-(3-py*'idyl)pyrrolid-2-one (HO). - 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»° ram (Found: C, 72.2;

H, 8.6; N, 11.9. C,.HOAN00 requires: C, 72«5; H, 8.6; N, 12.l£) >)
i.i <L\J £ max

(liquid film) 2984s, 2970w, 2941m, l6?9s, 1591v, 1578m, 750s, 714m, and

66lm cm."1 mfe (%) 232(8, M*), 23l(lO, M^-l), 217(2, M*-15), 204(100, M*-28) f

189(80, M+-43), 176(13, M^-56), 154(8, M+-78).

1.3-Dimethyl-5-(3-pyridyl)pyrrolid-2-one (H-S). - Cotinine (8.8 g, 0.05 mol) 

in ether (50 ml, sodium dried) was added with vigorous stirring to sodamide 

(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), solvent removal and distillation of the resulting

yellow oil (b.p. 123-130°/UO mm) gave colourless viscous oil (5.5 g, 59/0» 

A satisfactory analysis could not be obtained. >J max (liquid film) 3035v, 

2985s, 2968s, 2939m, l690s, 1591m, 1576m, 1395s, 1023m, 812m and 7l6s cn.~" 

aZe (?) 190(17, M+ ), 189(7, M*-l), 186(7, M*-4), l66(l f M*-24), l6l(4.5, K*-29), 

130(30, M+-60), 119(19, M+^71), 118(20, M*-72), 112(87, M+-78), 98(20, 1^- 

58(31, M+-L32), 43(100, M^-



^ 
l > 4 > A~Trinothyl~l>~(3-pyridyl) 1 )yrroUfline (VI). - 1, 3, 3-Trinet!,^ <-/-(>

pyridyl)pyrrolid-2-onc (2.0 g, 0 0 01 iaol) in ether (50 ul , sodiu;.i dried) van 

slowly added to litliiuiu aluminium hydride (</ 0 75 g) in. ether (':0 ..il), :- o 

maintaining a gentle reflux by spontaneous reaction; heating then i;,;>ir.t. lined

reflux for 3 h. After cooling excess hydride was destroyed by consecutive -
• 

addition of vet ether, ethyl acetate and water, lather extraction drying

{magnesium sulphate) and solvent evaporation gave a yellow oil which 

distilled at 128-130°/13 mm to give l,4 1 4-triuethyl-2-(3-pyridyl)pyrroli' >.inc 

(VI ) (l<>5 g, 0.0079 mol, 79/0 as a colourless oil. An accurate analysis was 

not obtained, n 7 1 0 5032; » ^ (liquid film) 3040w, 2960s, 2910w, 2875m,
>. ' l«ici-JL

2842m, 2780s, 2680w, 1592w, 1580m, 1430m, 1368m, 1050m, 1027ra, 801m iind 

719s cm."1 \ 215, 258 (shoulder), 263, 268 (shoulder) nm. n/e (£•

190(28, n*) f 189(17, M+-l), 175(4, M+-15), 173(4, M+-17), 133(90, M+-57), 

112(100, M -78). Dipicrate (prepared in and recrystallized from methai;ol) 

m.p. 195-193° (decomp.) (Found: C, 44.5; II, 3.8; N, 17.2. C^H^NgO^ requires: 

C, 44.5; H, 3.7; N, 17-3?).

4 t 4-?.N iethyl-l-nicthyl-2-(3-pyridyl)nyrrolidine (50). - Itedviction of 

l-iaethyl-3,3-diethyl-5-(3-pyridyl)pyrrolid-2-one v/ith lithium aluminium 

hydride as in the previous experiment gave 4,4-diethyl-l-iuethy1-2-(3- 

pyridyl)pyrrolidine (5o) as a colourless oil, b.p. 168-170 /I3 mm (60;. yield).

(Found: C, 76.9; H, 10.6; N, 12o7. C 14II22N2 re(iuires: c » 77 » 0; H » 10 * i;

X, 12.8^). n,, 17 1.5109; V (liquid film) 3090w, 3039w, 2970s, 2945s, ' *T^ max

2885w, 2875w, 2840w, 2780m, 1591w, 1578m, 1026m, 955m, 810m and 719 wi."

"X 211, 258 (shoulder), 265, 268 nm. ro/e (ft 218(19, M+ ), 217(23, >: +-l), 
max ' x '

203(8, M+-15), 190(6, M+-28), 189(12, M+-29), 173(4, M*-45), 159(4, Ii+-59), 

158(4, M+-60), 146(17, M+-72), 140(72 M+-73), 133(100, M+-



l,4-Dimethyl-2-(3-pyridyl)pyrrolidine (5"l). - Reduction of 1,3- 

diraethyl-5-(3-pyridyl)pyrrolid~2~cne with lithium aluminium hydride us in 

the above experiment gave, l t 4-dirnethyl-2-(3-pyridyl)pyrrolidine (1.3 ^, 

64^) b 0 p. 115-119 /13 mm as a colourless oi! 0 An accurate analysis was not 

obtained. \) (liquid film) 3039w, 2960s, 2875m, 2840m, 2780s, 1592v,
Aili.Uv

1578m, 1430m, 13l6m, 1024m, 806m and 716 ecu"1 m/e f£) 176(18.5, M+ ), 

175(14, M+-1), 162(4, M+-14), l6l(4, M+-15), 144(4, M+-32), 133(43, M+-43), 

119(10, M+-57), 118(7, M+-58), 117(5, M+-59), 98(100, M+-78), 84(21, M+-92). 

2.5 Picrate (prepared in and recrystallized from methanol) m.p. 205-207° 

(decomp.) (Found: C, 41 0 7; H, 3.2; N, 17o6. C^^ Q - requires: C, 41.8; 

H, 3.1; N,

Attempted reduction of 1,313-Trimethyl-5-(3-P.yridyl)pyrro1id-2-one vith 

Sodium dihydro-bis(2-methoxyethoxy)aluminate. - The pyrrolidone-2 (H-1?) 

(l.O g, 0<>005 mol) in toluene (20 ml) was added to sodium dihydro-bis(2- 

methoxyethoxy)aluminate (3.0 g, OoOlO mol) in toluene' (40 ml) and the 

temperature maintained a/t 110° for 6 h. Cooling, addition of base, removal 

and drying of the organic phase (magnesium sulphate) gave only starting 

pyrrolidone-2 (k-^) as a white solid after solvent removal. Characterised 

by i.r. and n 0m.re

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 0 4 g, 0.2 nidi) 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. 120-125°/13 mza (13.9 g) (i.r., n.ni.r.). Lithium amide under the aiove 

conditions gave only nicotine (12»1 g)o



3-EtUoxypropyl Bromide. - 3-Ethoxypropanol (l35oO g, prepared frr,.u 

1,3-propane diol by the method of Noyes, 55) in carbon tetrachloride (200 

was treated over 1 h with phosphorus tribromide (55 ml) in chloroform
•

(200 ml) during which time the temperature was allowed to rise to 40°, .,.0 

mixture was poured into water (ll ), the chloroform layer separated, <lried 

(magnesium sulphate) and' evaporated to leave crude 3-ethoxypropyl bromide. 

Distillation at 45-49 /13 mm gave the pure bromide as a water white mobile 

liquid (180 g, 79.7#)»

3-Ac etylpyr i dine wi th 3-Sthoxypropyl magnesium Bromide. - 3-Ethoxypropyl- 

magnesium bromide (0.2 mol, from 4.6 g magnesium and 33.4 g 3-ethoxypropyl 

bromide) in ether (100 ml, sodium dried) was added over 30 min to 

3-acetylpyridine (l2 0 l g, 0.1 mol) stirred in ether (100 ml, sodium dried). 

A yellow precipitate formed immediately. After 1 h? the mixture was poured 

into cold 10$ ammonium chloride aq., the ether layer separated, water 

washed, dried (magnesium sulphate) and solvent removed to give a light 

yellow oil. Distillation gave two fractions, (i) 50-55 /1«0 mm shown by 

n.m.r and refractive index to be n-propyl ethyl ether (lO.O g) and (ii) 

127-133°/1.0 mm shown by n.m.ro, mass spectra and analysis to be 1-mothyl- 

l-.(3-pyridyl)-4-ethoxybutan-l-ol (3?) (12.4 g, 58.5/0(Found: C, 69.1; 

H, 9.0; N, 6.6. C12H19N02 requires: C, 69.0; II, 9.1; N, 6.7^)- % 1.5033;

\) (liquid film) 3300b, 2980m, 2865m, 1595v, 1580w, 1480w, 1420m, 1379m, 
max

1114bs, 814m and 720s cmo"1 m/e (%) 209(0<,6, M+ ), 195(0*6, M^-14), 

194(3oO, M+-15), 148(9.5, M+-6l), 122(100, M+-87), 106(15, M*-i



\ao

2~i": pt.l.yl-2-(3-pyri(!yl)tctrahy(lrofui-: t n (k-6), - l-Mcthyl-l-(3-pyrii.: vl}-4- 

ethoxybutan-l-el (2.9 g) and hydrobromic acid (50 ml, k%'••} were stirred ;.t 

145 i'or 10 join. The solution was neutralised with saturated sodium 

bicarbonate (350 ml), the organic'phase chloroform extracted (2 x 50 ml), 

dried (i.mgnosiuia sulphate) and solvent removed to give dark brown oil. 

Distillation at lli«-13i>°/13 mm gave 2-:.ietliv'3.-2-(3-pyridyl)tr-tr.''-y'!ro /' 

(0.46 g) as a colourless oil (Found: C, 73.3; II, 7*9; N, 8.9. C IQH Xl; 

requires C, 73.6; II, 8.0; N, 8.6#). IL 19 1.5199; V , . (liquid film) 2975s,
ii lllcl A.

1720s, 1695s, 1588m, 1574ia, 1475m, 1415s, 1270ci, 1105m, 1086ru and 718s cm." 1 

m/e CO 162(1, M+), 161(1, M+-l), 148(100, M+-4), 106(89, M+-56), 78(40, :;+-84),

4— ilethyl myosmine (42). - Myosmine (l.2 g) in ether (50 ml) vas added 

over 1 h to methyl ciagnesiura iodide (from 1.4 ^ magnesium and 8.3 g Methyl 

iodide) in ether (40 ml). The resulting dark green solution was stirred at 

18° for 30 niin, poured into ammonium chloride (10XC, 200 ml), the ether layer 

removed and the aqueous layer chloroform extracted. The organic extracts were 

combined, dried (magnesium sulphate) and evaporated to leave a brown oil

which distilled at 132-138°/1 3 mm to give 4-nethyl myosmine as a light

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

•N) (liquid film) 2960b, 2865m, l6lOs, 1591m, 1552w, 1432m, 1329m, 1220w, 
max

" 1
1039s, 988m, 964m, 831, 802in and 73B cm." rn/e (>) l6o(lOO, H+ ), 159(95, M+- 

145(10, M+-15), 132(48, M+-28), 131(37, ^-29), 130(8, M+-30), 129(15, :i+-3l). 

Dipicrate (prepared in and recrystallized from methanol) m.p. 176-178 

(decomp.) (Found: C, 42.6; II, 3.0; N, 18.2. C^H^NgO^ requires C, 42.7; 

II, 3.0; N, 18.i



N-Methyl Nicotinamido. - Methyl nicotinoate (50 g) and methylamino 

(100 ml of a 33^ ethanolic solution) were heated at 100° for 24 h in a 

stainless steel autoclave. Ethanol was evaporated from the li^ht green 

resulting solution to give a white solid which recrystallizedfroia benzene 

as colourless needles of N-methyl nicotinamide (43 g) m.p. 103-104° 

104-105°).

N-Mothyl Nicotinamide with Methylmagnesium Iodide. - Methyl magn 

iodide (0.2 mol y prepared from 4.8 g of magnesium and 28.4 g methyl iodide) 

in ether (100 ml) was added (l h) to a vigorously stirred slurry of 

N-inethyl nicotinamide (l3«6 g, 0.1 inol) in toluene (500 ml). The resulting 

light yellow slurry was warmed to 100 and maintained for 3 h. Cooling to 

5 , addition of ammonium chloride (200 ml, 10/b) and chloroform extraction 

gave, after solvent removal, starting amide (l.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*

l-(3-Pyridyl)ethylidenemothylainine. - Methylamine (100 ml of a 35/> 

ethanolic solution) and 3-acetylpyridine (60 g) were stirred in benzene 

(200 ml) containing molecular sieve (5A, 150 g) for 48 h. Filtration and 

solvent removal gave an amber liquid which distilled at 116-118 /13 mm 

to give l-(3-pyridyl)ethvlidenemethvlamine (54.2 g, 85$). (Found: C, 71-3;
OQ

H, 7.6; N, 20.3. CQlll(̂ 2 requires: C, 71.5; H, 7.5; N, 20.1$) nj 1.5*89.

^ (liquid film) 1691«*, l640s, 1585m, 1572w, 1415s, 1378m, 1294m, 1195", max

1020m, 809 broad m, 709s cm.^X ̂  237(1.0), 26? (0.4)nm. in^e (f) 

134(41, M4"), 133(34, M*-l), 118(100, M+-l6), 105(6, M+-29), 103(8, M+-3l), 

92(10, M+-42), 78(40, M+-56), 56(55, H"1"--



Attc;r.r)tf d reaction of l-(3-Pyridyl)ethylidoncncthyl;.ii inc -.--itb 3- 

Ethoxypropyl, Mg/vnoflxnru nro?:ii>*o - 3-Ethoxypropylmagnesium bromide (x'r&.s ^.2 £ 

magnesium and 37«6 g 3-ethoxypropyl bromide in 200 ml ether) was trea".;,u vith 

l-(3-pyridyl)ethylidenemcthylainine (15.01 g) in ether (200 ml) under 

nitrogen with constant stirring. The resulting yellow solid was added to 

ammonium chloride solution (lO/£, ,400 ml) and the ether layer removed, r^e 

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 ji-propyl 

ether (l 0 8 g). Much tar remained and no other products were identified or 

isolated.

Attempted reaction of l~(3-Pyridyl)ethylideneraethylaraine with Succinic 

Anhydride. - The title imine (26,8 g) and succinic anhydride (20.0 g) were 

refluxed in xylene (25 ml) for 24 h. The reaction gave only tar, no 

products could be isolated by a number of work-up procedures.

Repetition using toluene as solvent likewise gave tar but at a slower 

rateo

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

some Oxidation Products

Cotinine (8) with Sodium Tetraphenylboron. - Cotinine (0.352 g, 

0.002 mol) in water (l60 ml,pll 2 by addn of HC1 aq) was treated with a 

1% aqueous solution of sodium tetraphenylboron (140 ml, 0.004 mol) at 50°. 

A white precipitate which immediately formed was filtered with difficulty 

and dried over phosphorous pentoxide (1.15 g) ni.p. 95-98 (resolidifies 

and decomp. 120-200°). The solid was insoluble in the usual solvents 

becoming a glue above 70° in solution. Elemental analysis shoved non- 

nct- the reaction -^ -nt fr.rth.cr inve:<t:.;:atc-I.



Cotinine with N«N-Diethyl~2-chlorocthylttmine. - Cotininc (4.4 g, 0 0 025 i..ol 

in ether (75 ml, sodium dried) vas slowly added to sodaiaide (irom 2.3 g 

sodium) in ammonia (150 ml) at -50°. N,N-Diethyl-2-chloroethylamine 

(l3»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 red 

mixture vigorously stirred for 12 h, allowing ammonia to evaporate^ Water 

was added to the residue and the ether/petrol layer removed. Solvent 

evaporation and distillation of the residue gave cotinine (0,1 g) (i.r<>, 

n.m.r., and t.l.c.). Chloroform extraction of the aqueous phase, drying 

(magnesium 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 

(l : 9 methanol: chloroform).

Attempted Hydrolysis of Cotinine (8). - Cotinine (l*?6 g, 0.01 inol) 

and potassium hydroxide (0.62 g, 0.011 mol) in 15# aqueous ethanol were 

refluxed for 16 h. Ether extraction gave cotinine (l.54 g) (i»r», n.m.r. 

and t.loC.).

Cotinine (8) with Sodamide. - Cotinine (4.4 g) sodamide (l.2 g) and 

dimethylaniline (15 ml) were heated at 150°. Vigorous bubbling ceased after 

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,ro). Chloroform extracts from the aqueous 

phase contained only cotinine (1.4 g, 32$) (i.r., n»m.r. and Rf ).



Cotlnine (8) with Dimethyl. Oxulate. - Sodium metal (0.25 s) vns added 

to cotinine (l.76 c, 0 0 01 mol) in benzene (10 ml) containing cii;.-.eth/i 

oxalate (1.18 g, 0.01 mol). After stirring at 20° for 1 h oolvcat was 

removed and the yellow oil acidified with 5/» sulphuric acid. Unifying 

with 30/o ivr.uuonium hydroxide, chloroform extraction, drying (potassium 

carbonate) and solvent removal gave cotinine (l 0 2 g, 6QC/*) (i.r. and n.n.r.). 

Temperature increase reduced cotinine recovery giving no other products. 

Diethyl oxalate and sodium hydride also only gave cotinine.

1—Methyl—2—(3—pyridyl)pyrrolidine 1-oxide (l3)» — Nicotine mono N-oxide

1T2 
was prepared according to Taylor. Thus nicotine (32.4 g) gave 1-me-chyl-

2-(3-pyridyl)pyrrolidine 1-oxide (30.2 g, 85/») as a colourless viscous oil. 

Picrate (ethanol) m.p 0 168-169° (lit.,132 cup. 168-169°).

2-Hethyl-6-(3-pyridyl)tetra.hydro-1,2-oxazine (5k), - Nicotine inono-N-

135 
oxide (17.8 g) was pyrolysed according to Kayburn et al. to £ive the

title oxazine (56) (l6.9 g, 95^)J n^5 1.5254; ^max (liquid film) 3085v,
e:

3030w, 299(h^, 2940s, 2865m, 2785w, 1593w, 1578w, 1480m, 1425s and 712s. 

cm."1 m/e (f) 178(l4,M+ ), l6o(2, M+-13), 159(3, M+-19), 119(95, M*-59), 

118(60, M+-60), 78(16, M+-100), 6o(lOO, M*-118). Picrate (prepared in
T *5 C

and recrystallized from ethanol) m.p. 183-184 (lito, in.p. 184 ). 

Dimethiodide (prepared in acetonitrile and recrystallized from ethanol) 

m.p. 141-144° (Found: C, 31.3; H, 4,4; N, 6.1; I, 54.7. Calc. for 

C12H20N2OI2 : C, 31.3;*H, 4.4; N, 6.1; I.



!-• icthyl-2-(3-pyridyl l-oxide)pyrroIi s\i ne l-oxidc(l4). - Nicotine

131 di-N-oxide was prepared according to Johnson 0 Thus nicotine (32»5 c)

gave the di-N-oxide (35-0 g, 90>) as a clear yellow viscous hyaroscopic 

oil. Picrate m.p. 245-246° (lit*,131 m.p. 245-246°).

Attcriptcd Nitration of Nicotine di-N-oxide. - Nicotine di-N-oxide 

(10.0 g) dissolved in cone, sulphuric acid (90 ml) was treated portioir/ise 

with potassium nitrate (l6 g). The mix was heated to 90° and maintained 

for 16 h. On cooling the acid solution was poured inio ice water (900 ml) 

and 10 N potassium hydroxide slowly added till the solution became basic. 

Chloroform extraction, drying (magnesium sulphate) and solvent removal 

gave a dark brown oil (1*3 g)« Purification by standard proceddres 

failed. Spectroscopic examination of the impure oil (i.r. and n.m.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 0 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 cone, sulphuric acid (30 ml) and 

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

immediate tar. The reaction was not further investigated.



1-lie thy 1-2-(3-pyridyl) pyrrole (3). - Nicotine (?6 -) was oxidised by
17 the method of Frank to give (a) colourless oil (12 g) b.p. 4a-50°/2.5 ir^

(b) light yellow oil (20.0 g) b.p. 96-108%«5 ^ and (c) dark yellow oil

(15 g) b.p. 190-200°/2o5 mm. Frank .and Weatherbee1 -5 have shown (a) to b
l^Sl

3-n-butylpyridine. Johnson J has shown (c) to be methyl di-4-( 3-­ 

pyridyl )butyiauine. Fractional distillation of (b) gave pure nicotyrine 

(17*5 g, 23.6$) bop. 98-102°/2.5 nan. Picrate (ethanol) m.p. 168-169° 

(lit.,17 !68.5-l69°)o

2-(4-NitropheDyl-azo)~l~methyl~5-(3~pyridyl)pyrrole (58). - According
17 to Frank ]>-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. 17 195-197°) (Found: C, 63.4; 

H, 4.3; N, 23.1. Calc. for C-HN: C, 62*5; H, 4.3; N, 22.8$).

2~( l-Mothyl-5-(~3-py*'idyl')pyrrol-2--yl-azo)-benzoic acid (SI ). - 

Anthranilic acid (8.2 g, 0.06 mol) in water (500 ml) containing concentrated 

hydrochloric 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 nicotyrine (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-(l-inethyl-5-(3-pyridyl)pyrrol-2r-yl-azo)-benzoic acid (12.2 g, 0.041 mol, 

69$) m.p. 174-175° (Found: C, 65*6; H, 4.6; N, 19.4. C^H^N^: requires:

C, 65.3; H, 4,6; N, 19.4$); V v (nujol) 1710s, 1598w, 1580w, 1510w,max

10753, 1042s, 899m, 783m, 765m and 696m cm." ;"X



ISO

Nicoty\ino with Acetic Anhydride, - Nicoty*«ine (1.53 g), acetic 

anhydride (2.2 ml) and benzene (5 ml) were heated to reflur: for 2 h with 

orthophosphoric acid ( 1 drop). The resulting dark reel solution was 

cooled and red tar deposited. This was taken up in water/benzene (50 nl 

of 50:50) and the aqueous layer basificd (sodium carbonate). The benzen 

layer was separated, dried (magnesium sulphate) and evaporated to leave 

dark yellow oil. Distillation gave nicotyrine (l<>2 g) as the only iooia 

product.

Use of zinc chloride or aluminium trichloride as catalyst gave 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 Eisner 85 (l.2 g, 42?*) b.p. 114-124°/11 mm. N.m.r. (CC14 ) 

showed 20$ nicotine as impurity (l-methyl resonances)» Trial reactions 

were conducted without further purification.

Dihydronicotyrine with Osaium 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 souiuin 

carbonate, chloroform extracted, dried (potassium carbonate) and the solvent 

removed to give a dark brown viscous oil (10.3 g, 31/S) b.p. 110-130 /ll mm., 

shown(n.ra.r.) to contain nicotine (Wp) a"d dihydronicotyrine 

Repetition at 40° and pH 4 gave identical results.



Nicotine with'Phony! Chloroformate. - Nicotine (l6 0 0 g, 0.1 >.,ol) ; ;ui 

pi'-^i chloroforuiate (l5.6 g, 0 0 1 mol) in dichloromethane (80 ;;;l) were 

refluxed for 3 h, the solvent removed and the resulting dark red viscous 

oil twice distilled at 220-230°/lo5 mm giving colourless A "^-N--1 ethyl- 

N-phcnoxycari>onvl-4-(3-pyridyl)Lutyln»nine (60) (18.4 g, 65^) (i-'ouad:

C, 71.8; H, 6o3; N, 10.2. C^H^N^ requires: C, 72,4; H, 6.4; N, 10,G>).
• 

V max ( li(luid film) 3030m, 2935m, 1719s, 1592m, 1568m, 751m, 708m and

689m cm."1 }, jaax 247, 282 (shoulder), n/je (£) 282(27, M+ ), 214(90, M+-68), 

189(13, M+-93), 170(18, M+-112), 164(28, M+-118), 107(40, M+-175), 

84(46, M+-198), 77(100, M+-2Q5), 55(90, H+-227).

The base would not form a crystalline raethiodide, picrate or platinic 

chloride*

Nicotine with Cyanogen Bromide. - Nicotine (8,1 g, 0,05 mol) in 

dichloromethane (lOO ml) was added over 1 h to a stirred solution of 

cyanogen bromide (l6,0 g, 0,15 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 oil was refluxed with 

6^ hydrochloric acid (lOO ml) for 24 h. Cooling, neutralizing with 33/0 

ammonium hydroxide, chloroform extraction, drying and solvent evaporation 

gave a dark yellow oil. Distillation (120-125 /13 mm) 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 0 1 g) and ethanol (lOO ml) were refluxed with vigorous stirring 

under a stream of oxygen for 48 h. Cooling, filtering and solvent removal 

gave black oil. Distillation at 90-95°/2 «5 mm gave nicotine (41 g, 82;0 

as the only isolable product (i.r., n.ia.r. and t.l.c.). Platinum r.nd/o" 

platinum oxide with methanol gave increased recovery of nicotine (90^).



Nicut• jno vith l.or.d Totrrtacetate.- Nicotine (3.2 g) and Ici.d 

tetraacot-ito (17.8 g) were stirred together in benzene (100 ml). A &.,;•..}]. 

^uantity oT tarry solid was filtered, und the filtrate evaporated to give 

a brown oil. Distillation at 68-74°/2.0 mm gave nicotine (2.9 g) 

characterised by i.r. and n.m.r. No other products were isolated.

Mi entin? with Potassiam Perricyanide. - Nicotine was treated with 

potassium ferricyanide according to Perrine. Vork up gave nicotine (64^) 

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

Nicotine wi th Nnn^anese Dioxide. - Nicotine (l6.0 g) and active 

manganese dioxide (300 g) were stirred at 16 for 48 h in chloroform (j'JQ .vu). 

Filtering, solvent evaporation and distillation of the resulting brown oil 

gave nicotine (15.1 g) b.p. 118-120 /17 mm. No other products could be 

detected by t.l.c., i.r. or n.m.r,

3-Nitr0-5-(3-pyridyl)pyrazo1e (15). - Nicotine (210 g) was oxidised 

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

give 3-nitro-5-(3-pyridyl)pyrazole (11.9 g, 5-1/0- Uccrystalli/ation Tr^i 

ethanol (charcoal), glacial acetic acid and sublimation (200-230 /I3 rw) 

gave an analytical sample, m.p. 281-282° (lit., 3 280-281°) (Pound: C, 50.8; 

II, 3.1; N, 29.3. Caic for CgH^Og: C, 50.5; II, 3-1; N, 29.1?); ^max (nujol) 

3122m, 1524s, 1336s, 1300m, 826ia, 814m, 760m, 703m and 642 cm." Xraax 251 nra. 

12/c. (/O 190(100, M+), 174(1, M+-16), 160(3.5, H+-30), 149(1.5, M+-4l), 

132(3.5, K+-58), 129(2, M+-6l), 117(17, M+-73), 115(18, M+-75).



pyrnxole and bromine «;ave the title compound according to Gough und -i;^ 

as a white solid (83$ yield). Sublimation <;avc an analytical .-ample r,.p. 

242-244° (lit.. 63 w .p. 240-242°) (Found, C, 35.4; II, 2.0; :;, 20.8; ]]r, 50.3.. 

Cole, for CJI^O^ Br: C, 35.6; II, 1.9; N, 20.8; Br, 2<).7;'). V ^ (nujol) 

3540b, 161'Jw, 1575w, 1549s, 1530s, 1395s, 1335m, 1042»i, 965™ and 834: c^." 1 

B/e &) 270, 268(100, M*), 253, 25l(l5, M*-!?), 240, 238(5, M+-30), 

223, 221(2, M+-47), 212, 210(2, M^-58), 197, 195(15, M+-73).

L.i8-l-]:otl'.yl-2-(3--pyridyl)pyrrol-5--yl dirulphide (24). - Nicotine (')() g

O7
and sulphur (l6 g) refluxed in toluene for 16 h according to horton ;rave 

the title compound as golden yellow spangles (8.1 g, 9.1/0 m.p. 153-J-53.5 

lit.. 97 ;...!>. 153-154°) (Found: C, 63.5; H, 4.8; N, 15.0; S, 17-0. C0( ,H 18N4S 0 

rofiiiires: C, 63.5; II, 4.79; N, 14.8; S, 16.9£); S) n (nujol) 3100m, 3050jn,
illci .A.

1700w, 1592m, 1572s, 1500s, 1460s, 1420s, 1312s and 1184 era." 1 "X r (lO'^Enicix

219(1.08), 250(0.93), 290(0.64, shoulder). n]/e (ji) 378(28, M+ ), 189(100, ;i+ 

174(20, 189-15), 169(189-20), 156(3, 189-33), 148(15, 189-41). 

Dir.-.othiodido (acetonitrile) ni.p. 223-225° (Found: C, 40.2; H, 3.8; N, 8.8; 

S, 9.7; I, 36.8. C r>2H24N4S2I2 requires: C, 40.6; II, 3.8; N, 8.6; S, y.ti;

I, 37.2^)-

Morton reported the title compound to be a nonosulphide, the moss

spectrum and elemental analysis indicate a symmetrical disulphide.



Dithiodinicotyrine (24) vith Ilancy Xickal. - Dithiodinicotyrine (Oo7 0 

was refluxed in inethanol (20 ml) with Ilaney nickel (l.O ~) xor 1 h, ohe 

mixture was cooled, filtered and the solvent evaporated to £ive ^ yellov oil 

which distilled at 98-104 /2.5 ^ giving nicotyrine (0.31 s) (i.r., n.u,r, 

and mixed m.p. of picrate).

Dithiodinicotyrine (24) with Zinc and Acetic Acid. Zinc (50 g) VT.S 

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. Basification of 

the filtrate gave only zinc hydroxide.

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

and diphenyl ether (100 ml) were refluxed for 48 h. Selenium was filtered 

from the dark brown liquid which was extracted with dilute hydrochloric 

acid. The extracts were basified and ether extracted. Solvent removal 

and distillation of residue (80-85°/2«5 mm) gave nicotine only (1.5 g, 

characterised by i.r. and n

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

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

After 24 h stirring at 18° the dark green organic phase was decanted from 

sodium remaining in the flask and evaporated to give 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. Vacuum 

distillation gave nicotine (45 g) as the only isolable material.



Nicot.in_o vith N-Broreosuccin i :r.ide. - Nicotine (l.62 g) and "- 

bromosuccir.inide (l.7 g) in carbon tetrachloride (20 ial)vere treated vith 

a little benzoyl peroxide and warmed. Solid N-^romosuccinimiue became da:-:: 

orange, then red giving a viscous tar. No identifiable compounds co,;lc oe 

isolated frcui a number of work-up proceduTes,*

Experimental for Section 3* Reactions of Aminonicotines

2- and 6-Aiainonicotine (18) and (l9)» - Nicotine was aminated by the

87 
method of Tschitschibabin and Kirssanow giving 2-aminonicotine (22^) and

6-aminonicotine (23^)• The former (18) had m 0 p. 124-125° (lit. 7 ui.p. 125°)

(Found: C, 68.0; H, 8.4; N, 23.8. Calc for C-^-N,: C, 67.8, H, 8.5;

N, 23.7/cO; ^ (nujol) 3330s, 3l67s, 1630s, 1583s, 1477s, 1455s and 775s
iQctJ*k

cm.^X 237, 300 nm. nj/e (jS) 177(48, M*), 162(100, M+-15), 159(17, i-^-lS),
if 4 ̂ 4- /S

148(28, M*-29), 147(27, M*-30), 134(21, K+-43), 12l(47, M+-56), 119(^, M+-58), 

84(64, M+-93)»

The latter amine (19) had b.p. l60-l65°/l«° ran (Found: C, 67.9; II, 8.4; 

N, 23o6. Calc for C^H^: C, 67.8; H, 8.5; N, 23.7^); S>max (nujol) 3470m, 

3320s, 3185s, 2785s, 1625s, 1575w, 1506s, 1458m, 1415s and 1358s cm."1 \ 

208, 241, 303 nm. m/e (f.) 177(85, H+ ), 1?6(79, M^-l), 162(9, M+-15), 

148(75, ir-29), 134(24, M*-43), 121(7, M^-56), 120(6, M+-57), 119(7, K+- 

107(13, M*-70) f 84(100, M+-93).

Ilydrochloride (ethanol, trace of water) m.p, 136-138 (lit. n.p. 136 ). 

Tschitschibabin87 reported this salt to be a dihydrochloride, analysis gives 

(6-Aminonicotine) 2 . 4 HC1. 3^0 (Found: C, 43.2; II, 7*4; N, 15.2; Cl, 25.9.

C20H40N6C14°3 re(iuires: c »



Nicotine with Sodamide in Autoclave, - Nicotine (90.0 g) a^d soclar.idc 

(50.0 g, Fluka) were heated to 160 for 12 h in an autoclave. After 

cooling, addition of water, chloroform extraction and drying (potassium 

carbonate) the organic extracts, 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-aiuinonicotine and 

6-aminonicotine.

6—Aminonicotine with Phenyl Isocyanate (63)• - Phenyl isocyanate 

(1.2 g, 0.01 mol) in dry ether (75 Eil) vas added dropwise to 6-auiinonicotine 

(l,7 g, 0.01 mol) in ether (50 ml). After 30 min some white precipitate 

was filtered. livaporation of filt-r^l-te, gave a colourless solid wliich 

recrystallized (acetonitrile) as colourless needles of N-6-nicotinyl-N'- 

phenyl urea (2 0 7 g, 93/0» m.p. 171-173° (Found: C, 63,6; II, 6.8; N, 18.8,

C17PI20N4° re(luires: c ' 68o8 5 H » 6 ' 8 » N » 18 -9#); N) max (nujol) 1700s, 748in

and 687m cm."1 X 209, 250, 289 nm. m/e (%) 296(43, if), 268(4, M+-28),max

267(7, M+-29), 253,(3, M+-43), 212(2, M+-84), 204(8, H+-92), 203(9, M+-93), 

202(9, H+-94), 177(30, M*-119), 176(29, M+-120), 93(37, M*-2Q3), 64(100, i-f-

Dichloromethane as solvent gave diphenyl urea. 2-Abiinonicotine treated 

as above gave only starting material; reflux with acetonitrile (48 h) ;; 

only diphenyl urea*



6-Aminonicotine with o-, n- and 2~c^lorophenylisocyana-ce -ave the 

expected ureas when treated similarly.

li-6-Nicot inyl-ri' -o-chj.oronhenyl ureajfefr ). -Yield 95;.. m.-o. 

197-199° (Found: C, 61.6; H, 5.7; N, 16.8; Cl, 11.2. C £ I^OCl 

requires: C, 61.6; H, 5.7; N,l6.9; Cl, 10.6^) V r _ (nujoi; 

1700s, 1565s, 1493m, 1330s, 1060m, 1041m amd 646w cmT1 ^e_ (;.*) 

332, 330(12, 33, if)

Ij-6-i/icot inyl-N f -m-chlorophenyl urea (bs). - Yield 91.5>.,

m 0
.p. Io9-172 (Found: C, 61.9; H, 5.7; II, 16.9; Cl, 11. r:)

max , 1609s , 15653, 14 95°, 1472m, i

1346w, 1076w, 994w, b79m, b4bm, 767m and676 crn."1 ii/e (,,~) 332,330 

(13, 41, if

IT-6-l/icot inyl-li' T -p-chlorophenyl urea (t>t>). - Yield S'4/ j ra.p. 

193-197 0 (Found: C, 61.6; ii, 5.7; N, 16.9; Cl, 11.2/0; V „_ (nujol)
i . 1 ^_1,.A.

1700s, 1613s, 1565s, 1491s, 1330s, 1069m, 10/ilw, 1009;-:, £J4bw, 622w, 

c04m, 776w and 736m cm.""1 m/e (>) 332, 330 (20, 50, L ' }

2 -and 6-Aminonicotine with Phenyl I s ot hi o cyanat e . - 6-Amino- 

nicotine (0.65 g, 0.05 mol) in acetonitrile U5° ml) ancL p.ienyi 

isothiocyanate (1.73 g, 0.13 mol) were refluxed for 4 h, cooled and 

solvent removed to give brown oil. Ttlturation (60-60 petrol, drop 

01 ether gave H-6-nicot inyl-li ' -phenyl thiourea (b1;,1 , re-crystallized 

(acetonitriie)as v;hite needles (1.2 g, 77/0 » m.p. 173-174 C Found: 

C,65.6; H, 6.4; H, 17-9; S, 10.5.C 17H 2()N4S requires: C, 05.6 II, 6.4;

11,17.9; S, 10. 3/0- V 1169m, 631m,662ni, 657m, cm."1 ^ 209, 269,

304nm. m/e (>0 312(60, H+ ) f 279(S, K+-33) , 220(25, 1-92), 177U1, 

1^-135), 176(35, M+-136), 149(20, M+-163) , 146(30, i-i -164) , 64 ( 

100, M*-226). -



Siiuilarly 2-aminonicotine gave N^-ni

(70;0 m.p. 130-133° (acetonitrile) (Found: C, 65.3; H, 6.3; N, 17.9; -, 9.9. 

C17II,, 0N,S requires: C, 65.6; II, 6.4; N, i9»9; S, 10.3^) V_.(nu;ol) - o0::?
• *— 

J*. ,fc*v

741s and C91s cm."1 m/e (£) 312(100, M*), 297(7, M""-15), 279(25, ^-33)*. 

256(13, M*-56), 254(19, M*-58), 228(17, M+-84), 222(27, M+-90), 220(34, M+-92) , 

204(59, I-*-108).

2-Aininonicotine wi th Al lyl Isothiocyanate. - 2-
Aminonicotine (3.4 g, 

0.02 rnoi) and allyl isothiocyanate (2.0 g, 0.02
 mol) were refluxed in 

acetonitrile for 24 h. CoDlins gave colourless crystals of N-2-nicotin
yl-N 1 

allyl thiourea (b^) (4 0 1 g, 76/0 » recrystallized from acetonitrile m.p
. 

120-122° (Found: C, 60.6; II, 7.3; N, 20.2; S, 11.3. C14H2QN4S requires 

C, 60.9; H, 7.3; N, 20 0 1; S, 11. 6£). ^,_nX^Jol) l644w, 1595s, 1558s, 1520s
4J>AVt.*t

and 770s era."1 , m/e (ji) 276(100, M+), 262(5, M*-14), 26l(3, M+-15), 245'V 10,

M*-3l)t 243(12, M*-33), 230(4, M'f-46), 220(60, M+-56), 218(28, M+-58),

204(45, M+-72), 192(18, M+-84), 186(25, M*-90), 175(15, M+-10l), 163(35, K+-

6-Aiainonicotine and allyl isothiocyanate treated similarly gave no
v

isolable productso

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

1.9 g, 0.01 mol) and £-chlorophenyl isocyanate 
(2.0 g, 0,012 mol) were 

stirred in a mixture of ether (200 ml) and acet
onitrile (50 ml). Filtering 

and evaporation of filtrate gave the urea (^o) 
(96^) as brown solid which 

recrystallized from acetonitrile (charcoal) m.p
. 200-204 (Found: C, 59«9;

H, 4.9; N, 16.1; Cl, 10.5. l̂ififlQ2 re(luiresl C ' 59 ' 5; H ' 4 ' 94; N » l6 ' 3; 

Cl, 10.3^). V , (nujol) 3240 broad w, 3160 broad w, 1690s, 1670s, I6l9a, 

1586s, 1443m, 1397m, 1312m, -1297m, 1270m, 1234m, 1148w, lllOw, 1058w } K^Ow, 

949w, 838m, 7o9s, 758s and 66?w cm."1 ; rj/e. CO 336, 332±(M» >i+ )> ---» 280(1, 

3.5, M*-34), 245(5, M^jl, 93), 218(5, M+-118, 120), 217(29, ;*-119, 121),



21(>(20, M^-lt'O, 118), 192(4, M+-144, 142), 19l(2?, M+-145, 14;; \

190(19, ?:+~146, 144), 189(9, ^-147, 145), 1^(24, >r-148, v',6). 16^ : 60(1

20, MT-174); 135, 153(9, 30, M+-l«l), 129, 127(30, loo, M+-i>07), 9?i(^, :: J -

yi'jflir-!e (7|. ) . - Bromine (4<) M

in 80,f3 acetic acid (50 nil) was added .over 4 h to a stirred solution of 

6-ai.unonicotine (20.0 g) in 80£acetic acid (250 ul). After 1 h at 2<<° water 

(oOO nl) was added, the mixture stirred and heated to 85° for 13 hiin. l.lien 

cool 80^ acetic acid (100 ml), concentrated hydrochloric acid (40 ml) and 

zinc dust (70 g) were added and the mixture stirred (20 h). ^.fter filtering 

the solution v/as basif ied. with 0.88 ammonia, chloroforin extracted, the 

extracts dried (magnesiuin sulphate) filtered and evaporated to ^ive yellow 

oil, which crystallised from benzene as the title compound (10.0 £, 44

m.p. 144-146° (Found: C, 62.9; H, 6.8; N, 22.1. C^l^JJ 0 requires: C, 62.0;

II, 6.8; N, 22.0,'c) V 3420s, 3330s, 3200ra, 2950m, 1675s, l621s, 1568:n and 150'jmax

ni cm.""1 "X^ , 242, 304 nm. ni/e ('/a) 191(100, M+ ), 190(30, M+-l), 162(10, M+-29),j.iax "**

134(34, M+-57), 98(35., M*-

2-Ar;.ino-5-bi-omo-3-(l-mcthylT)yrrolid-2-one-5-yl)pyridine ("7^). - 2-At.:ino- 

nicotine was oxidised to the title compound in similar manner to 6-anino 

nicotine (above) giving white micro crystals from benzene (13.6 5, 51)0 ^«P« 

179-181° (Found: C, 44.7; II, 4.4; N, 15.8; ttr, 29.2. C^H^N^Br requires: 

C, 44.4; H, 4.4; N, 15-6; Br 29.6?); S) Iirlv (nujol) 3320b, 3200b, l685o, 1593s,
jlllcfcJV

and 753s cu.~l\ 242, 310 run. m/e (?) 271, 269(75, 75, M+ ), 256, --•i(40,
nax

41, M+-15), 242/240(14, 15, H+-29), 228, 226(18, 18, M+-43), 98(100, A+-173, 

171).



6-\nin~cotiniiu> with p-Mltrobcny.onesulphonyl Chlorido. - C-A, :inocoti:;i;ic

(2.4 g, 0.0125 mol) in pyridine (200 ml) was treated with £-111^00011^0-
-\ 

suiphonyl chloride (4.0 g, 0.018 mol), stirred for 40 h at 18° and the

pyridine removed. The resulting oil was taken up in chloroform (^0 ml),

water wished (^ x 50 ml) and the organic phase evaporated to leave a. white

solid. Kecrystallization (ethanoi) gave the required sulphonamide, m.p.

160-162° (Found: C, 51.2; H, 4.3; N, 14.8; S, 8.2. CHNj S requires:

C, 51.1; H, 4.3; N, 14 0 9; S, 8.5?). N , (nujol) i681s, l646s, I6l0.;i,max
1521s, 1453-, 1380 broad s, 1360s, 1350s, 1291m, 12?3s, 1145s, 1092s and 

982m cm." in/o. 00 molecular ion not observed, 311 (4, M+-65), 288(50, ^"- 

273(9, >i*-103), 271(7, M+-105), 270(27, M+-106), 26o(ll, M+-ll6), 245(lu, 

, 179(16, M+-197), 178(40, MH"-198), 149(25, M+-227), 110(100, ;:""-

6-Nitronicotine ("7l»-). - 6-Ajninonieotine (4,0 g, 0.0226 mol) was added 

to concentrated sulphuric acid (10 ml), cooled and 30/* hydrogen peroxide 

(70 ml) in 30/<j 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?) m.p. 73-75° (Found: C, 57o9; H, 6.4; N, 20.2. C^H

requires: C, 58.0; II, 6.3; N, 20 0 3#). ^max (nuJ o1 ) 277°m » 1534s

2
1455m, 1360 (ArN0), 1315m, 1015m, S59s and 693m cm.""1 ; "X^ 213, 248, 275

urn. m/e (£) 207(19, H+ ), 206(15, M*-l), 177(7-5, ^-30), 160(7, M+-i7), 

133(19, M*-74), 84(100, M+-123).



2-Xitro-aicotinc ("7s)» - 2-Awinonicotino treated as for G-a..:inoil icoti.ie

gave 2-nitronicotinc (k<)$) m.p. 34-35° (tfound: C, 57.7; H, 6.3; N, 20.0.

C 10II 13N5°2 rc(luires: c > 58 »°» H» 6.3; N, 20.3>) V .(nujol) 2aiOw, 'Sj;,---i,
^ *^ JJlCt^W

1540b (ArN02 ), 1455m, 1429m, 1415m, 1378s, 1357s (ArNO,,), 1043s, </02s, o^4s, 

ai5s and 695^ cm."1 ; n/e (>) 207(2.5, M+ ), 190(23, ^+-17), 159(luO, .-i^ 

84(35, M*-123).

6-Arai nonicotine and Benzole Acid yith Dicyclohexyl

6-Arainonicotine (l.7 g) and benzoic acid (l.2 g) in dichlorometbane (2o ul) 

were treated with dicyclohexylca.xbo diimide (2.06 g) in dichloroiaethane 

(20 ral). N,N-ciicyclohexylurea was filtered after 2 h stirring. Filtrate 

evaporation gave a white powder which recrystallized (ethanol) as N-benzoyl- 

N,N'-dicyclohexylurea (l.2 g) m.p. 166-167° (lit. 142 164-165°) (Found: 

C, 72.8; H, 8.4; N, 8.6. Calc for C^H^N^: C, 73<>2; H, 8.5; N, 8.5x). 

MW 328 (miiss spec.).

Use of tetrahydrofuran or dioxane as solvent gave a similar result.

6-Arainonicotine with Acetyl Acetone. - 6-Aminonicotine (3.5 g) and 

acetyl acetone (2.2 g) were refluxed for 24 h in toluene (lO ml) containing 

a drop of concentrated hydrochloric acid.

T.l.c. showed only starting materials to be present. Solvent removal 

and distillation of the tarry residue gave 6-arainonicotine (2.0 g) 160-170 /

3.0 mm.

2-Aminonicotine subjected to similar conditions gave starting a.dne 

(2.3 g) after solvent removal and extraction with hot petrol (80-100 ).



Attempted preparation of 6-lilthoxy nicotine . - Sodium nitrite ;12.5 y 

was slowly added to a stirred solution of 6-aminonicotine uihyili-ochioride in 

ethanol ('20 ml) and concentrated hydrochloric acid (10 ml). The mix v..3 

warmed to 60 and stirred (12 h), during which time gas evolution occurred 

and the solution darkened. Neutralization with sodium carbonate, solvent 

removal, addition of water (100 nil) and basification with 2 N caustic soda 

(50 ml) gave a white precipitate which extracted into chloroform. Dryir.j 

(magnesium sulphate) and solvent removal gave 6-aminonicotine (l,6 g) (i.r., 

n.m.r. and t.l.c.).

Attempted lodination of 2-Ajminona.cotine. - 2-Aminonicotine (l»77 £»
«

0.01 mol), sublimed iodine (l»3 g> 0.01 moi), sodium carbonate (lO.O g) and 

water (100 ml) were refluxed (5 h) with stirring, cooled, chloroform 

extracted and the chloroform removed to give a white solid. Uecrystallization 

(acetonitrile) gave 2-aminonicotine (l.2 g), characterised by i.r. and rum.r. 

Bioxane/water as solvent and caustic soda as base also gave starting material.

6-Aroinonicotine with Nitrous Acid. - Sodium nitrite (l6.6 g, 0,24 nol) in 

water (20 ml) was added over 3 h to 6-arninonicotine (1.7 g» 0»01 wol) in 

5^ sulphuric acid (20 ml). The mix was slowly raised to 80 , maintained for 

1 h, allowed to cool, neutralise^ with sodium carbonate and extracted with 

petrol (80-100°) 0 Solvent evaporation and distillation of the residue 

(159-164°/0«2 mm) gave 6-aminonicotine (l*3 g).

2-Aminonicotine, under similar conditions also failed to react.



6-yitidnonicotine with iso^j:?yl Nitrite. - 6-A^inonicotine (1.6 r, 

0.01 inol), jLso-ainyl nitrite (2.7 ml, 0 0 G2 mol) and sodium cthoxide 

(0.02 mol, from 0 0 46 g of sodium in 20 ml absolute ethanol) were reflu;;ea 

for 4 h, poured into IN sulphuric acid (20 ml) and heated to 90° (l h}. 

Cooling, basifying (0.5N caustic soda), chloroform extraction, drying 

(potassium carbonate) and solvent evaporation gave yellow oil (l 0 2 ^) viiich 

solidified. I.r. and n.m.r. showed it to l>o starting material«

2-Aminonicotine, similarly treated, failed to react.

G-Aninonlcotine vith p—Nitrobenzenesulphonyl Chloride. — o-Amnonicotine 

(lo? &t 0.01 mol) in pyridine (50 ml) was treated with £-nitrobenzenesuiphonyi 

chloride (2.21 g, 0.01 mol) at 18° for 30 min then 50° for 1 h. Cooling and 

pouring into water gave a non-characterisable glue.

Benzene or acetone as solvent (with and without base present) also gave 

non-characterisable glues.

js-Toluenesulphonyl chloride similarly gave glues, as did acetyl chloride

and benzoyl chloride.

Experimental for gactlon 4. Reactions of Nicotinium Salts

Nicotine iso-nethiodide (T7). - Nicotine (l62 g) reacted according to 

Pinner84 gave nicotine is£-methiodide (246 g, yo;«) as microcrystals from 

ethanol/ ether, m.p. 164-165° (lit. 84 m.p. 164°) (Found, C, 43.5; H, 5.6; 

N, 9.4. Calc. for CIs C, 43.5; H, 5.6; N, 9.2JS).



m-i

l-^lhyI-3-(l-.'::pthyI pyrrol id.in -2-^1 )-l ,2,3, (>-±-_^_^ r- -ri^i^ (37). _ 

ijoiiiur.i borohydride (8.0 g, 0.21 nol) in water (^0 wl) va.s added, all «t o; ;C e, 

to nicotine j_s^-ncthiodide (2k.0 g, 0.12? wol) stirred in IX cfi-istic .soda 

(200 nil). After ii-uncdiate effervescence (5 rain), the solution was v.:r ,-,; to 

60 (lf> mil), cooled, chloroform extracted and the extracts driod (;;;;. ; ;csi.:... 

.sulphate) and evaporated giving a yellow oil, b.p. I21-140°/~ (i '•-'• 

Iledistiliation at 120-122°/20 mm gave l-:.!etMyl~3-(l-r;ethyl : )yvr^; ; -h' --::-;•! }-

I,2,3,6~tctrabydropyridine (8.4 g, 37^) as colourless oil. (i-'ound: C, 72.?;

II, 11.3; N, 15.0. C 1]LJI20N2 re<iuires: C, 73.^; IT, 11.1; N, 15.5:0; -l-'^ ^'W1** 

^ i,,ax ( U ^uid film) 2965w, 293Ss, 2^iOiu, 2775s and 1450s cui." 1 ; "\ J57 

l>i; ethiodMto , prepared in acetonitrile and recrystallized from 

acetonitriie/ncthanol had m.p. 221-224° (Found: C, 33.7; II, 5.7; N, 5.9; 

I, 54.6. C,,HofiN0 I0 requires: C, 33-7; H, 5.6; N, 6.0; I, 54.8^)-
-L ^ t.W «- <^

Nicotine iso-Hethiodide vith Sodium Iiithionite. - Sodium dithionite

(3.5 g» 0.02 mol) was added over 5 win to a solution of nicotine iso- 

nethiodide (6.0 £, 0.02 nol) and sodium carbonate (l5»0 g) in v/ater (-"0 nil), 

The temperature Avas raised to 5^ for 15 rain and then the mixture allowed 

to cool. Basification with caustic soda (pH 12), chloroforu extraction, 

drying the extracts (magnesium sulphate) and solvent reuoval gave d.iric 

yelloA/ oil (3.5 g) which decomposed on distillation and could not be 

chroraatographically purified. Spectroscopic investigation of the crude 

product showed it to be a iuulti component mixture.



Xicotina iso-motliio;lj^o vith Q -pro ;>i o ) acton c. - G -Propiolactor.>, (1.5 g) 

and nicotine i^-meth iodide (6.0 g) in water (20 ml) ^ave,after 24 h at K, 0, 

only gluo on solvent removal, which voulvl not crystallize.

Cotinine similarly gave a glue. •

Nicotine vita a -propiolactone. - Nicotine (8.1 g, 0.05 i^ol) in wat^r 

(10 ml) \vas added to 0-propiolactone (3»S5 g» 0.05 iaol) and the mix a 1 loved 

to stand for 24 h. Solvent removal and drying over phosphorus pentoxide 

gave a non-characterisable glue. The following conditions gave similar glues, 

(i) ratdo oi' 1^ uioles R-propiolactone to 1 mole of nicotine, (ii) uiethanol as 

solvent and (iii) refluxing (methanol or water) for 24 h0

Nicotine with Cetyl Bromide. - Nicotine (l,62 g, 0.01 mol) and cetyl 

bromide (6.05 g, 0.02 mol) were refluxed in acetonitrile (50 ml) for 6 h. 

The dark brown solution so produced could not be induced to crystallize. 

Solvent removal gave a dark brown non-characterisable oil.

Use of nicotine (l mol) and cetyl bromide (l mole) similarly gave 

a non-characterisable oil*

Treatment of cotinine with cetyl bromide in acetonitrile also gave a 

non-characterisabie oil.



rixncrii.'.ont.-U for. Section 5. Reaction's of Dinethy1 Acetyic^dicKri.-ox^:;. r., : 

with Nicotine Derivatives

Nicotine with Dir.iethyl AcetylencdJ carboxylate. - Dimethyl acetylene- 

dicarboxylate (40 g) in ether (200 ml) was added over 4 h to nicotine (22.6 g) 

in ether (100 ml) at -30°. After 1 h stirring the mixture was filtered to 

remove dark brown solid (tarred on exposure to air), the filtrate evaporated, 

the residual oil taken up in benzene and passed through basic alumina (500 g). 

Benzene elution gave yellow oil, b.p. 72-74°/2.5 uni. t (CCl^, lOOMIfz) 3.9(111,s); 

6.19, 6.29, 6.39(31-1, singlets, ester methyls).

Benzene: chloroform (90 : 10 to 70 : 30) eluted yellow oil which t;ave 

crystals from ethanol (250 mg) m.p 0 190-191°. T(CCl^) -6.09(3, ester methyl). 

Mixed m0 p. with hexamethyl hexamelitate was undepressed.

Benzene: chloroform (60 : 40 to 10 : 90) eluted red oil which deposited 

an amorphous red solid from carbon tetrachloride. N.m0 r 0 showed complex 

ester methyl resonances "C 6-7 but no aromatic signals 0

Changes of reaction solvent, temperature, molar ratio and time similarly 

gave no isolable products.

Use of methyl propiolate likewise gave no isolable products.

Nicotyrine vith Dimethyl Acetylenedicerboxylate. - Dimethyl 

acetylenedicarboxylate (l?.l g, 0.12 mol) in acetonitrile (50 ml) was added 

over 3 h to nicotyrine (9.5 g, 0.06 mol) in acetonitrile (50 ml), stirred at 

0°. After 3 h at 0° the mixture was allowed to warm to IS , the solvent 

removed and the resulting red oil chromatographed on alumina (900 g, neutral) 

prepared in benzene. § Pure benzene eluted dimethylfumarate, recrystallized 

from methanol (mixed m.p. undepressed). Benzene chloroform (90 : 10) eluted 

red non characteriaable oil. Benzene: chloroform (80 : 20 to 10 : 9^-') eiutcd 

red oil which gave dark red crystals from methanol of tetrav.;o-:.'.-yl 9-(l-



.o.-. ;i tolr.ic.vrao^Vto (l*) (3.37 g,

requres:6.3;:-) m.p. 109-110° (Found: C, 59.4; II, 5.0; N, 6.1. C0,JI,,^

C, 59.7; II, 5.0; N, 6.3>); \) riMlx (nujol) 1749s, 1730^, 17&4 a C1,~';

(10"*£ ) 235(2.18), 283(lo57), 333(1.95), 466(0.54) na (r.o change with 2 drops

of perchloric acid), n/r- (<i) 442(24, M+ ), 44l(i2, M*-l), 411(7.5, ^-Sl),

383(100, lf-59), 370(2, M+-72), 323(10, W+-119).

The above adduct (l 0 0 g) was warmed to 60° in benzene (20 nl) Tor 5 h. 

Chromatography (30 g neutral alumina,column prepared in benzene) and 

recrystallizatioa of the resulting yellow oil (aiethanol) gave totranefr-yl 9-(l- 

methyl ^yzz^LJ--2-yl).-4H-( 1uinolizine-l t 2 > 3t^-tetracarboxyUite (^5; u.p. 135-133° 

(Found: C, 59,9; II, 5.0; N, 6.1. C20H22N0G requires: C, 59.7; H, 5.0;
II

N, 6c3/0;, *^ max (nu«3 o1 ) 1746s, l6?4s and l622w cm. \ ,(l° t ) 260(i.4l), 

325(1.02), 382(lo34), 466(1.09). Addition of 2 drops perchloric acid "X, 

308 mn. in/e 442(8, M+ ), 41l(2, M+-3l), 383(100, M+-59), 351(5, M+-9l), 

323(9, >i+-3

raax

Cotinine with Dimethyl Acetylencdicarboxylate. - Diiuethyl cicetylcncuicarb- 

oxylate (7.1 g, 0 0 050 mol) in acetonitrile (50 nil) was added (over 3 h) to 

cotinine (4.4 g, 0.025 mol) in acetonitrile (50 ml) at 0 . After 4 h, solvent 

was removed and the resulting red oil taken up in benzene and chromato[;ra])hoI 

on alumina (300 g, neutral, prepared in benzene) 0 Gradient elution (benzene 

to chloroform, 10 steps each of 200 ml) eluted only one compound (judged 

by t.l.c.) which gave crystals from methanol (0.2 g, 1.7/0 of tetraniothyl 

7-(l-mothvIpvrrolid-2-one-5-yl)-9aII-nuinolizine-l,2,3,4-tetracarbo::ylate (U)

.p. 124-125° (slight decomp. at 112°) (Found: C, 57.5; H, 5.1; N, 5*^* 

C22H24N2°9 re(luiress c > 57.4; H, 5-2; N, 6.1;0, ^ raax ( nuJ° 1 ) 1725-17&? (brood 

C=0's), 1700 (broad C=0), 1634m, 1589w, 1525m cia."1;^^ (lO~ £ ) 4:6(0.44)

m

nm., (no change with 2 drops perchloric acid), rc/e ('°) 460\,5, M ), ^5Vv4, 

M+-l), 419(6, M*-4l), 401(100, M+-59), 380(24, K^-72), 373(2, >^-o7),



371(3, n+-39), 370(4, M+-90), 357(9, ^+-1G3), 343(14, M*-li7), -^ r

98(46, :i+-362).

The above adduct (l.O g) was heated at 50° in benzene (50 iul) for 6 h.. 

Chroma to gra;>ay (30 g neutral alumina preuareu in benzene) -ave 4.o^; ^,n---: 

7-( 1-!"2iliZiI!^Z£2l^ , 12,3,4-tetracar1)ovyln.to (11; 

(0.2 .5, 20;,) iu.p. 112-115° (uethanol) V ,.(nujol) l?42s, l693s s 16603, l643
Li a.."..

15733, 1535v, 1494s,and 1023m cm.'1 "X , r (lO"4 t ) 265(l.ll), 3-9(l.-0),
IlicXjk

352(l 0 06), 449(l 0 09), nm. Addition of 2 drops perchloric acid ^ave "X 

261, 310, 448 nm. in/c (^) 46o(4, M+ ), 429(7, M+-3l), 40l(lOO, M+-59), 

304(7, M+-156), 234(4, l-;*-176), 226(4, M*-234).

Tetramethyl 7~(l-methylpyrrolid-2~one~5'*yl)-4ll~nuinolizine~l, 2,3 ? 4- 

tetrr.CPrboxylatg vith Diborane, - Diborane prepared according to the
"1 7 *"Z

literature was passed through a solution of the title adduct (l.O ^) in 

tetrahydrofuran for 2 h at reflux. Cooling, addition of water, chloroform 

extraction and chrornatography (alumina, basic, 30 g) gave the starting 

adduct (0.65 g) as the only isolable product.

2~Mothyl"6-(3-pyridyl)tetrahydro-l,2-oxazine with Dinethy1 Acetylene- 

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 ether 

(50 ml) at 0°. After 4 h at 0° solvent removal gave red oil which was 

chromato^raphed on alumina (200 g, neutral, prepared in benzene). Gradient 

elution (benzene to chloroform) gave one compound (t.l.c.) as red oil, which 

was treated with methanol and cooled to -10°. Light yellow crystals v.v.ich 

precipitated over 6 months recrystallized (methanol)taffircmethyl 1,2-



(o.75 c, 8.i;0 a.p. 158-160° (Found, c, 56»7; H, 4.?; x, 6.2. C 0 .::0 .;;, > 0 1
4— .A, ^.*— A. y

requires: C, 56.7; II, 4.9, N, 6.#) S> ,. (nujol) 1734s, 168-., 1635* (Lroud
ItivLvC

1640m, 1565v, 1530v sou"1 ; V.._ (i(T4£ ) 273(1.49), 3^4(0.75), 436(i>oG) r,,.
4-il<^b^

(no change vi-th 2 drops perchloric acid), r^/e CO 446(42, M+ ), 426(5, ::"-!«),

415(12, M+-31), 414(11, M+-32), 387(100, M+-59), 370(17, if-76), 355(15, ^-yi),

340(8, M+-106), 328(20, M^lis), 295(36, 5^-

3-n-Butyl nyrid ine with Dimetliyl Acetylenedicarboxylate. - Dimethyl 

ncetylenedicarboxylate (14.2 -, 0.1 mol) in acetonitrile (30 ml) vas added 

over 2 h to 3-n-butyipyridine (6 0 8 c» 0.05 iaol) in acetonitriie (50 mi) at 0°. 

After 4 h, evaporation of solvent gave red oil, -which was chrouatographed 

(400 g, neutral alumina, prepared in benzene). Benzene: chloroform (lOO : 0 

to 80 : 20) gave red oil which deposited orange crystals of tetramethyl 7-n- 

batyl-9all-quinolizine-l s 2»3«4-tetracarboxylate (lot) from methanol (l.2 r t 3*4/0

m.p. 88-89° (Poundj C, 60<,0; K, 5*9; N, 3.4. C0,H25N08 requires: C, 60.0;

H, 6.0; N, 3.3?) V (nujol) 2960s, 2695s, 2862s, 1745s, 1730s, 1712s, 1623s,
IHcL^w

1523s, 1468s, 1448s, 1379s, 1035^, 996m, 93 l>, 859m, 784m and 726iu ca." 1^ max

(10 £ ) 236(1.67), 292(1.64), 442(0.66) (no change with 2 drops perchloric 

acid), m/e CO 419(3^, M+ ), 418(100, M+-l), 415(3-5, if- 4), 360(23, M+-3l), 

387(20, !i+-32), 386(12, M+-33), 372(20, M+-4?), 362(26, M+-57),36o(lOO, M+-59),

300(27, M+-119).

Benzene: chloroform (70 : 30 to 10 : 90) gave red oil which deposited 

yellow crystals from methanol of tetr^otliyl. 7-n-butyl-4:i-f!ui

tetracarboxylate (loa) (0.21 -, Oo57^) m.p. 164-167° (Found: C, 59.7? II, 6.1; 

N, 3.4. C211I25N08 requires: C, 60.0; H, 6.0; N, 3-3;0 ^max ( nu^ 01 ) lV :-^s, 

1690s, 1615s, 1572s and 1502s cm.""1 'X max (10"*£ ) 266(l.0l), 310(lo7), 

353(1.21), 466(1.17) nm. Addition of 2 drops perchloric acid: "X^^

261 (shoulder), 315, 333 (shoulder) nm. m/e CO 419(100, H+ ) , 388(6, ::'-3l), 

374(2, M*-45), 360(100, M*-



dicarboxyl;;io (-.84 g, 0.02 ,,ol) in ether (lOO ;.,!, so.liur., <;ried) vas added 

over 1 h to liiyosninc (l.46 g f 0.01 mol) in ether (lOO i:,l, sodiu;.; -.iricd). 

After 2 h at 0 the solution was allowed to warm h> 18°, the solvent remove..; 

and the resulting red oil chroma to <;raphcd on alumina (120 >;, basic), pre;K red 

in toluene. Inaction 1-3 (60 ul each ,10;' chloroform in toluene) re re clo.-.r. 

fraction 4-15 (60 ml each,20^ chloroform in toluene to 50^ clilorofoiv, in 

toluene allowed two spots on t.l.c. (Rf 0.5 and 0.?, silica, 10> me thymol in 

chloroform). Fraction 16-21 (60 ml each, 60;,' cliloroforci in toluene io bO;,' 

chloroform in toluene) gave one spot on t.l.c. i' 0.?). Fractions 4-15 i«nd 

16-21 vere separately cor.bincd and the solvent rcr.oved to leave in c; c!, case 

a dark red tarry oil. Attempts to induce crystallization over 4 week? failed 

and subsequent t.l.c. analysis showed both fractions to contain only tar 

llr 0 to 0.2).

2-Ar. i i n o n i c o tin c witli Diinothyl vcotylenedicarboxylate. - Dimethyl 

acetylenedicarboxylate (7-1 15> 0.05 mol) in ether (?50 ^l) ^^s added over 

3 li to 2-aininonicotine (4.4 g, 0.025 mol) in ether (50 ml) and acetonitrile 

(80 ml) at -5°. After Jh the dark red solution containing much tar vus 

stripped of solvent. Chroiaatography on alumina 2iive no cliaracteri^able 

products.

3>.e v.ith Dimethyl Acety 1 enedicarboxy 1 ate. - 2-A: ; .!».••- 

5-brornocotinine (2.7 g, 0.01 mol) in acetonitrile (250 ml) vas treated with 

dimethyl acetylenedicarboxylate (2.8 g, 0.012 mol) in acetonitrile (50 ;il) at 

-10°. After 4 h the dark red solution was stripped of solvent and t.he 

resulting oil containing solid tar chromatographed on alumina, Gradient 

elation (benzene, chloroform and finally laethunol) gave no characterisaJ!P 

products.
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Me

(8)

/ N0 1

H
(15)

Me
(18)

(19)



M •. 7 •. ' --I i ~r
-.wtU^iib J.3

N.in.r. spectra (T value.; J in II2 ; Me. Si as internal standard)Li

Compound Solvent

(8) CDC1 1.34 (in, d, Pyridiae 1-Ii); 1.46 (iH, ia, Pyridine

6-11); 2.25 (211, m, Pyridine 4-II and 5-II); OL 2.5*-»2

5.42 (IH, E, Pyrrolidone 5'-H); 7-43-8.27 

Pyrrolidone 3'-H2 and £'-H2); 7.35 (3H, s, I'-CII.)

(15) (CD5 )2SO 0.99 (HI, q, Pyridine 2-H); 1.44 (in, ciS Pyridine 6-Ii);

1.74 (IH, dq, Pyridine 4-II); 2.47(lH, do, Pyridine 

5-H); JL , 2.4; JL _ 0.9; J,. K 7.9; J. , 2.4J

2.38 (IH, s, Pyrazole 4'-n)

(18) CC14 2.16 (ill, q, Pyridine 6-il); 2.93 (iH, q, Pyridinc 4-H);

3.63 (IH, q, Pyridine 5-H); 4.29 (2H, broad s, 

Pyridine 2-NH2 ); J^ 5 7.5; 4 6 2.0; J^^ 5.0
\

6.7-7.4 (2H, m, Pyrrolidine 2'-H and 5'-n); 7.86 

(3H, s, I'-CEj); 7.8-8.4 (5H, a, Pyrrolidine 3'-H2> 

4'-H2 and 5'-H)

(19) CC14 2.12 (IH, d, Pyridine 2-Il); 2.60 (IH, q, Pyridine

(100 MHz) 4-H); 3.60 (ill, d, Pyridine 5-H); 5.26 (2H, broad s, 

Pyridine 6-NK2 ); J^ 4 2.6; 0^^- 8.6 

6.97 (211, m, Pyrroiidine 2'-II and 5'-n)» 7.91 'V 3H, s, 

; 7.6-8.7 (5K, *> Pyrrolidine 3'-H2 , 4'-^ and

5'-n)
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(24) G.uGl3 1.40 (1H, o, Pyridine 6-II; ; 1.64 (H-, q, .-yr

2-11 ;; 2./G (1H, dt, i-yridinc <-h; ; 2. 06 U-, dl

Pyridine 5-II) ; J 2.0; J J.y ; J. c.3;
-2,4 "2,5 -^.-,5

^.e 1-^^ 4 - 7
3.41 (HI, a, Pyrrole 3 ! -H;j 3-?0 ( i:. , a, Pyrrol-

• 4'-ri); 6.43 (3ri, s, I'-CH ); J j.j
j j i v

Tiie pyridine region v;as simulated to O.lIIz 

accuracy by use of the following parameters: 

1.^:31 (2-li), 1.0/5 (o-i-ij, 2.5^0 (/5-i.), 2.711 15

-. »

(39) CC1,. I./ 7 (HI, broad d, Fyridine 2-II) ; i.73 (1:1, Q.,
t '

Pyridine 6-II;; 2.25 (1I-I, d of t , Pyridine /.:-:.; ;

2.69 (III, ^ of d, Pyridine 5-11) ; J .2.4; J, _ C.O
—^ » H 4 T ^

J. ,- l.u: J c . 4.6 -4,6 ' -5 7 ^

5.66- (1I-I, s, C(ul3 )Gu); 6.7o (/K, q,CH2OG.I2GE3 );

J 14 and 7

6.53 (3Ii, s, C(C!I3 ;OI£); o.SO (3H, t , GCl^CII^ ; J 7

6.0-S.2 (4H, broad m, GH 9 (;:i c Cii Qo

'A' i)ir;apv)ears on addition of D^O

(/:0) OC1, 1.49 (1H, n, Pyridine 2-H); I.o5 (Hi, c, Pyridine

6-ii); 2.3t> (.IE, d 01 q, Pyridine /-:-}; 2.S'2 (ll'l,

c; of d. Pyridine 5-li)', o , 2.4- £0 .-
7 ~"^J^r -»

7-b; I, ., i - c ? is o 4.6-':»-> P » u 

0.15 (2H, m, Tetrahyo-rofuran 5'--T .J; 7. ̂ ---5 U:-

iii, Tctraliydrofuran 3'---; ^nd 4'-H 2 ); coo (3E,G, 

Tctrahydrofurc n 2 ' -C.HI _ )
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N x
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Me

(48)

(49)

(50)



CCl^ 1.50 (ill, q, Pyriuine 6-Il); 1.58 (ill, d, P/ri . -r.o 

2-il); 2.49 (ill, dt, Pyridino 4-II); 2.77 (LI, dq, 

Pyridiae 5-H); J0 . 2.1; J0 0.8; J, 7.0; S ,
"9* ~»3 ""'<•» 2 """ J » G

1.9; J- - 4,6-D,o 

5. 46. (Ill, t, Pyrrolidone 5'-Il); 7.37 (3H, s, l-Cll-);

7.4-8.1 (2H, a, Pyrrolidone 4 f -Il); 7.85 (IH, d, 

Pyrrolidone 3 f -H); 8 0 85 (3H, d, Pyrrolidone 3'-c:u};

^4,5 5 * 6; %,3-Me 6 ' 6

CC14 1.58 (IH, broad d, Pyridiae 2-H) ; 1.62 (ill, q,

Pyridine 6-II); 2.40 (iH, dtd, Pyridine 4-Il); 2.91 

(IH, gq, Pyridiae 5-H); J 2.6; J 0.9; £,. 7.7;

4,6 U8; %,6 4 - 5 ' 4,5' °

6.84 (IH, t, Pyrrolidine i'-H); 7.13 (in, d, Pyrrolid^ne 

^'-II); 7.87 (IH, d, Pyrrolidine S'-H); 7.91 ('£-, s, 

I'-CHL); 7.90-8,55 (211, m, Pyrrolidine 3' -H); 8.81 

(3H, s, Pyrrolidine I^'-CH,); 8.93 (3H, s, Pyrrolidine

7.8; J 8.8

CC14 Io58 (IH, broad d, Pyridine 2-H); 1.62 (IH, q, Pyridine 

6-II); 2.40 (IH, dt, l^yridine 4-II); 2.92 (iH, do, 

Pyridine 5-H); J^ 4 2.6; Jg 5 0.9; J±^ 7 * 7; 4,6 

1.8; JL 6 4.5^,u

6o91 (IH, q, Pyrrolidine *'-!!); 7.06 (iH, d, Pyrrolidine 

5 f -H); 7.85-8.90 (7H, m, Pyrrolidine 5' -H andB'-l^, 

Pyrroiidine V-CH^CI^); 7.98 (3H, s, I'-CHj); 9.16 

(6H, broad t, Pyrrolidine If'-CF^CI^); ^ 5 V.6, 7.5; 

J 9.2
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(71 )

(72)

OaN" ^ N

(7O

N /

N /\ Me 
NO,

(75)



(II) -j.;CI,r 2.13 (IH, <-, Pyi-i-Alr.c 2-!l); 2.?-: (ill, q, PyricJine

3.51 (ill, d, P/ridilne 3-Il); 5.31 (-1, broad s, i'yr

< M-.~ N . T -Z . -' Q
O~iWxo y, ^.-f J. j), ^ ,- y

5.64 (ill, a, Pyrrolidone 5'-i:)j 7.40 (3::, s, I'-CIL 

7.4-3.5 (til, broad a, Pyrrolidone 3'-H2 i-.-.c! 4.f -;i,J

2.05 (lH, d, Pyridine 6-H); 2.85 (lH, d, Pyridino 4 

4.67 (ill*, broad s, Pyridine 2-NIi0 ); J, < 2
4b* ^ A W

5.42 (HI, broad m, Pyrrolidone 5'-H); 7-31 (3-» ^, 

I-CH,); 7.4-8.3 (4H, m, Pyrrolidone 3'-H9 and 4'-nr
•^ ^^ ^

Partial cxclicur'e with solvent

CC12, • 1.59 (IH, s, Pyridine 2-ll); 1.90 (lH, q, Pyridine [ 

2.11 (ill, q, Pyridine 4-H); J^ 4 2.1; ^ i.O; ^ 

8.0

6.77 (211, broad m, Pyrrolidine 2'-H and 5'-H); 7.81 

(3H, s, I'-CII^); 7.4-3.6 (5H, m, Pyrrolidine 3'-M0 

4«-H2 and 5 f -K)

06) CC14 1.65-1.90 (2H, m, Pyridine 4-H and 6-H); 2.54 (ill,

Pyridine 5-H); J. - 7.7; J. t 4.5
-^i,P ^,0

6.6-7.0 (2H, m, Pyrrolidine 2'-H and 5'-H); 7.5-S. 

(5H, m, Pyrrolidine 3'-H2 , 4'-H2 and 5Ml); 7.89 (

s, 1-CIlJ
* 
This signal further split by 0«5 Hz.



(77)

(87)

(87) 
2MeI

\N—Me 
COOMe

COOMe (94)

COOMe

COOMe



(ll) Do° 1.15 (1H, d, Pyridi-o 2-Ii); l.lo (ill, q ; Pyridi:-<3 6-JI ; ;

1*J3 (l", dt y Pyi'idine 4-Il); l.cj? (in, q, Pyridir.c 5-H)

5*54 -,3-Ij c, Pyridinc 1-CII-); «J.~, ^ Io5» J. r ^J :_». r

1.5; iL 6 6.0
6.0—7.0 •' r'' r ~ ra VJ: '"-ro" "'di" • ol — ''• r^d ^'— '• '.I—R "

"* *—— T~i_ -, i. T • f , * ~-* -I a <r r 1 tT' 9 -.- -/• \ *^ ^ -^r 
^V^ '"^^"7"^*"^ *"' " "!' ' "^ ~" e"t •> 5-' £, • ,_T_ '- ^ -i- -' s t, i __ J * / / "j

AM &«

(^IIj s, Pyrroliclino 1-CIi-)

•."•,"t i
>-/oi. ,

2-K0 , i)~IIr,, 6-Zoa 2'-II ? 3'-no , 4'-II

Pyrro lidine 1' -GIL.)

T) A rr -ZQ /i-r r , n ...-•-...-,•»,,,„?-,, r ,^-^-.^ f~~r> v—-\' 6 Tifj ^x:j d 1/f-jO J * JJ \*-lL 1 ***9 •"•" Uik '^•iv*•*•*• °o. y* -*>-i -t ^-'> {-- •* i*/ > U.uu ^vJii, 3,
•I*

Tetr-hyJropyridiae 1-(CIL^) 2 ); 6.82 (311, s, Pyrrolidine 

1-CILj); 7.06 (311, s, Pyrrolidine 1-CIL-); 5.90-C.10

CDC13 3.39 (HI, q, Pyrrole 5'-Il); 3.65 (lH, q, Quii^li^i

6-H); 5«87 (HI, q of d, uiiaoliziae S-Il); 3.99 (in, q, 

Quinolizine 7-^); 4.01 (il-I, q, Pyrrole 4'-.l); 4.10 (ill,

c , , d, Quinolicine 9^1l) > 6.14,

6.21, 6o32, 6.33 (511 each, s, ester GIL,,); 6.74 (3H» s, 

Pyrrole I'-CHj); 4>? 7.2; J,^ 0.5; J?f3 6.2; 

1*7; £v, r, 3.9; J,, ., 1.7; 4, c, 2.6
^,^ J 9 J * 9 *>
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(101; C'DUl.
3 3. {t, (Hi, d, Quinoliaine 9-^Ji 4.1-4.3 (2.,, r.;,

(100 li.i'J Quinolisine 6-M and C-L); 5.13 (1^» -> -iUinoli::i

C'-r „„.• ' \ » /- /^ C , '"^O — / "- rV . O' ( "^ "^" /r»*i/"*"S '"• /"• ^' "f" *~ "."*
S ** x / ? v> * v^ •' ' ^~t • V../ , <• V^ • '" * w/ e *_ \ J-i- •*• ^^ *-* vx j. x • «-J 7 *^' »-' u V-* «b * I s i f i — *7 -^ » ~^ * *

)j 9.10 U^, u, C:1 0 C:1 0 C:.I c;:: 0 ;r J u

CJC1 1.36 UI-M cl-. Quir.'-3.:.:;iue S-H) ; 2./-2-7 U-^i -;

(100 HKc) '"-.ui

/; ~L j ; 6.07 :, o. 22 j -. 24, 6. 27 (31'- eacli, s ; e:r^er- 

Cli ? G j ; 7*3^ (2I'I, ^pT);:.ron1: t, CK CI: 0 0:i GH,.,) ; 6.6
3 , ~> ^- *- '-

/ill, brood ra, CK.CH^CR.,CII 0 ) ;

-, - r • 7 - /-\ T r /^ •*, '-. _ Tai G, 0-,. : J
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A B S T i: A C T



The thesis consists of an Introduction, a Discussion (divided ii to 

6 section:-;; pnd an j^xperii.cntai chapter (for sections 1 to 5 oT t',e

'i'u; Introduction contains the justification j.'or this work, the ai.vj of 

vhich is to prepare new potentially valuable biologically active coupon:', do 

froiu the readily available but highly toxic alkaloid nicotine (l). j~'ho 

chciuistry, biological activity and metabolism of nicotine in :..:.n and anima

^ described.

Section 1 of the Discussion reports the synthesis 01 alkyJnicotine«, 

prepared vith tlio aims (a) to obtain nev/ compounds bat preserve the 

electronic and stereochcuiical parameters considered necessary for nicotine- 

like insccticidal activity, and (b) to prevent or reduce the rate of 

metabolic oxidative degradation of nicotine to the non-toxic nicotinic acid 

and cotinine (2)»

(1)
(3) 

(5) r., = T'
-"o

= e

= JO u

(7) Kj -

v »; ^ . -2 = ,.e

(8) II = ?T : " =\°/ JUJ ' > '-9

Nicotine analogues (3), (5)

oT the corresponding carbonyl coi 
«

synthesised froii nicotine.

d (?) have been prepared i,y reduction 

s (4), (6) and (8), v/hich were



The ii.r.i.r. spectra of (3) to (8) are ci.-;c;;sseu and corroborate Craijj'ri 

atisifj^incnto for the n.m.r. spectrui: of nicotine, a aoablo irradiation n.:i 0 r< 

spectra:.; of (3) supportir.,^ these assignments 0

T/;o r.K'.cs spectra of (3) to (3) have been recorded <. nd interpret • vith 

regard to the fra^.;ientatiou uodcs for nicotine (l) and cotin...;:e (2) an 

discussed 1-y Djera^si. Compound (6) undergoes a double licLafferty 

rearrangement in the ica.ss spectrciJieter*

Tlie I'-oxo un;.\losuc (y) of 2 l -2.iethyliucotine has been prepared by 

cyclis.ition of (10) with hydrobro.uic acido

Me

(9) (10)

OEt

(ll) and methyl Lia^ncsimu iodide have <jiven ^i-.-.othyli/yos^d.i 

(12) and its mass spectrum and rum.r. spectrum are interpreted in terr.:s o

those obtained for ^

(11) (12)

l_(^,_?yridyl)etliylideneaethyiaLiine (13) h"i bocii prepared fro;.



5-acetyl^yridine and methyla^ine, but att'i-pts to convert it to 2 l -..iothy 

nicotine failed*

(13)

NMe

(14) R = H
(15) R=Q-HOOCC C H|F N;
(16) R =

f.oction 2 deals with oxidised nicotines.

Xicotyrine has been coupled with the diazoniuiu co; ipounds obtained 

from iiiitliranilic acid and fron j^-nitroaniline to k'ive 1.15) and (l6) 

respectively. Although (l6) appears to be active against black cr.ryet 

beetle larvae neither (15) nor (l6) showed useful activity in our screens.

Nicotine with plienyl chlorofor;vo,te gave A -l-;uethyl-l-pher.oxyc<'.rbonyl— 

utyla-ine ( 1?) •

(17)
Me

0 
II 
C—OPh

The structure of pyrazole obtained from nicotine and nitric acid

is discussed with reference to its uiass spectrum and i.r. spectrum, the 

latter showing a strongly hydrogen bonded N-H stretching f.bsorption iinp 

structure (i&b) and not (l^a) as earlier supposed.



R

(19a) R-Br

8b) R = H

(19b) R =

yonobrcr.0 compound ',19; ^--= likewise been investigated,,

Nicotine and ^al;>hur react to ^ive ditlii edifice tyrine (20) anu not

7 
tliiodinicotyrine as alleged earlier* A satisfactory computer si^u.Ia.tion of

tlie pyridiiio protons oi' (20) ^«.^ been performed.

of (20) with Ilaney Nickel l^s ^iven nicotyrine (14),

s-s

Me Me

(20)

The reactioua 01 2- (21) and 6-amincnicotine (22)° are considered in

ooction '•?•

r-> ' |fy!r<nN

(for i:c ncc over



fni\ - _ ^T v _u. j , , — i*

= panics
(25) (26) >—c/ N" "Jj s^v^^ 0

._ i"_.(j,.v "\j-ICO

.xs 301,10 ureas have diuretic properties and cause reduction of intra- 

cranial and intraocular pressure compounds (ij^)to ( (2'j) vero synthesised fron: 

(~l) anu' ^22) v/ith the appropriate isocytu-iutes r.iid isothiocyar.utcu*

i'he u.) iino v^i) ^-"ith bromine in acetic acid has Oiven (>0; viiilot (^-) 

under the suide conditions Lac ^iven

(30) (31)

Coii)ouri' t converted to the urea vith ^o-chioropaenyi isocyanate

to the expected u.i.jide vith _-nitrobenz;enesiiIphonyI chloride.

'..liereas the /iiass spectruiu oi' (22j is similar to tli<it 01 nicotine tLe 

i^ass spoctrujii of (2l) shows less of a uetuyl radical ascribed to 

participation of the nonbor.uect electrons oi? the andno croup. ^i:;evise the 

r.iitss scctru;.: of (3l is si-'il'ir to that of cotininv) Lut the nia

of (30) shows !O.JG of a methyl radical, a iiriilar fra^.-jntrtion raechai ij^i to 

th.it of (2l) is proposedo

Tiie cvi-iiiioiiicoti-nes {-l) and (22) have bean oxidised by ]jydrogen peroxide 

and concentrated sulphuric acid to ^32)anu (33)



(32) (23)

The :.::.ss spectrum of (2^} is very sii.ilar to thot of nicotine ..at, the 

nass spectrum of (j-) is nuch uiore complex, 

Section 4 describes attempts to oLtain compounds of Giuilar structure ;md

electronic constitution to kno^\?n ucetyicholino j'.dnjickso

V / N ' 
Xicobine iso-iae thi o di de J L̂  ~^z- been reduced with sodium l/orohdride

to \j~j) and its di^iethiodide prepares,

Me
(3A)

Tlie reactions of nicotine derivatives vith dimethyl acotyienedic,-r;jexylate 

are described in Sootier. 5«

^acetyleviedicarboxylate^ vit'i nicotine ^ve only tars h \t

nicotyrine totra; 9-( I-i-1.ctliylpyrrol-2-yl)-9a:^-rairJolizinc~l , 2 ; ^ , •'•- 

vas obtained and isoiucrized to the -.]T-iG^Mer (^7)

her. tin;-;.



N

COO Me
COOMe H COOMe

(36)

Cotinine (b) v.-ith the ester in contrast

^ r7 >o /;

the 7-S'-bstitutcc',-V J T-

i sooner izeo. on heatin to

COOMe

COOMe 
COOXe

)OMe

cooy.e
H COOMe

0

(33) (39)
— 2-methyltetr;-J;yclro-l,2— oxi.izine, obtained ^y py;*o lysis o^ 

nicotine 1 '-oxide, reacts vith the ester to j^ive iietl/3'I l,f:-r.cth'~ixycarbo;i 

7-(2— .!otliyltetra]iydro-1 , 2-oxazinc-6-yi ;~':-oxoquinolizine-3-lh;iyoxalate (40)

as the only crystalline protaict, i<-.e::tif iocl i'roui its n.in.r. spectra:.} vhich 

includes the very low field 6-protoiio

COOMe

COOMe

C-C-OMe
il 

0 0

(AD;



reacts wit': the ew tctraneti.yl /-_:.-., .tyl-'.h-./-

th

COOM,

COOMe

COOMe

COO«Ve

COOMe

H COOMe

(42)

; oc^'m 6 contains the biological evaluation results obtained -L^ eriai

Ohei.iical industries. Xo significant activity has been found.
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