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Abstract
Attenpts Towards the Synthesis of
Substituted Pyrrolines

by
Vendi magegn Hanm 00

Advi sor Dr. Erm as Dagne

In this project, the reactions of several functionalized
conpounds possessing the nicotine skel eton have been

i nvestigated. Studies also have been conducted on

the cycl oaddition reactions of Cpyridyl-h-methylnitrone
with three ol efinic conpounds nanely, allyl chloride,

allyl bromde and allyl alcohol. Plausible nechanisns

have been suggested for the formati on of nicotine and nicoty-
rine by the reduction of 5-nethoxycotinine and related

conpounds with lithiumal unm num hydri de.

In the course of this work four new conpounds, nanelp
4-hydr oxyni cotine, 4-chloronicotine, 4-hydray~l-nmethyl
-2-pheny|pyrro|idine and 4- net hoxy- 1| - net hyl - 2-phenyl pyrr o-
| i di ne, have been synthesized and their structures

est abl i shed.
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CHAPTER |

Nicotine(6) is the principal alkaloid of tobacco,
occuring throughout the plant and especially in the
| eaves of the well known plant nicotinia Lgpqggmklsg
Nicotine is said to be named after Jean Nicot, the
French anbassador to Portugal who first sent tobacco
seeds to Paris in 1550 .

Nicotine (6) was first observed by Vauquelin in 18J9
and was isolated in a pure form nineteen years |ater
by Posselt and Pei mann. > The correct enpirical for-
mul a was established in 1843 by Ml sens and the struc-
tural fornula was préposed by Pinner in 1895.% The
first laboratory synthesis was repofted by Pictet in
19043 and unequi vocal proof of the structure of nico-
tine was established by total synthesis by Spath and
Bretschnei der in 19284

Ni cotine in the formof tobacco is used extensively -
i n modern society. Pharmacologically it belongs to
a group of al kal oi ds whi ch possessesthe common pro-
perty of inducing an initial and transient stimla-
tion followed by depression and finally paralysis,1
The pure alkaloid is highly toxic.® It is used as

an insecticide and a veterinary verm’fuge.l’5
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a review of the literature concerning the syntohetda and
characterization of 1 and 2 is given in the follow ng

section.

Structure Assignments of |i-ilethyl myosni ne and Di hydr o-

—— ke A e e i S

ni cotyrine.

N Met hyl myosmi ne ( 1) and di hydroni cotyrine (2) were
first reported in the literature over eighty years ago.
However, considerabl e confusion concerning their Struc-

t ures have persisted.

Di hydroni cotyrine is strongly insecticidal. 3 |ts insec-

ticial properties are even stronger than those of nico-

tine. N when injected into oncopeltus fascistus, it was

found * to be three tines nore toxic than ni cotine(@Y\

It al so showed a higher toxicity that nicotine to house

flies 12
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Nicotine is actively netabolised both in the intact
growing plant and during the processing of the |eaf ,,/\
During the fernentati on of tobacco, nicotine is degraded
t o N-met hyl ni cotinani de ( 7) and nicoti nani de (Q. presu-
mably via the internediate N nethyl nyosnine (1), 2> 1%
The hydrated formof 1 is converted to 3-pynidyl pro-

pyl ketone (9Q) which is degraded further with the forna-
tion of 3-acetylpyridine(10) and nicotinic aci d( hi).
Support that H nethylnyosrnine( 1) is an internmediate in
t he degradation of nicotine was obtained from oxidation

reactions carried out in vitro. Thus treatnment of N ne-

t hyl myosmine (J) wi th hydrogen peroxide afforded N methy-
Inicotinaraide (7) , nicotinam de 08, 3-pyridyl propyl ke-
tone (Q), 3-acetylpyridine(10) and nicotinic acid (1D .
These sane conpounds were obtained as m nor conponents
along with the major formation of nicotine N-oxide( 12
and cotinine( 13) when nicotine itself was treated with

hydr ogen per oxi de. 14
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Figure | Degradation of nicotine during fernmentation

As early as 1898, Pictet reported the first synthesis

of a dehydroni cotine( or dihydronicotyrine) by the
reduction of iodonicotyrine(4) wth zinc and hydrochl o--
ric acid. 2 'this reaction was a mpjor step in the first
total synthesis of nicotine(6). AN b hydr oni cotyrine was
assigned structure 1 which Pictet later altered to 2



in 1952; Wibaut and Hackmannl5 prepared a;dihydronico~
tyrine of uncertain structure by the veduction of nico-
tyrine (5) with a large excess of 20% hydrochloric
acid and zinc dust. The catalytic hydrogenstion of
‘the dihydronicotyrine with platinum oxide as a catalyst

gave nicotine (§), nicotyrine (5) and dihydrometanico-

tine (€G). For the formation of the dihydrometanicotine(g6),

the opening of the 5S5-nmembered ring was assumed while the
formation of nicotyrine (5) was explained by a dispro-
vortionation of a pyrroline derivative into a pyrrole
and a pyrrolidine derivativeol5 The disproportionation
vas also brought sbout by Pt and acetic acid with the

formation of nicotine (©6) snd nicotyrine (5).
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Dihydronicotyrine was considered to NosSsess any one

of the structures 1, 2, or 3.

Cf the three possible structures suggested by Wibaut

15

and Hackman, only compound 1 is not resolvable into
optical antipodes. DBoth 2 and 3 retain the chiral
center present in nicotine and should be vesolvable
into their corresponding enantiomers. Osheriuis and

Wibaut(1.936) 10

attenpted to resolve dihydronicotyrine,
prepared by the partial reduction of nicotyrine (5), with
bromocamphorsulfonic acid and obtained a materisl with
only Qeak optical rotatory power. fThey concluded, how-
ever, that dihydronicotyrine is a racemic mixture and
therefore proposed 2 or 3 as the structure of this com-
pound. Later(1938) Opath and co-workersl’ repeated

the resolution experiment with 4,6,4',6'~tetranitro-2,
2'-diphenic acid, but again, the free base obtained
showed a very small opbical activity (hﬁD - 1.4),

When the inactive dihydronicotyrine was converted into
its picrate, it was observed that the melting range

was rather broad (110 - 140°C). Tractional crystalli-
zation from methanol yielded nicotine dipicrate and
nicotyrine picrate. Thus the dihydronicotyrine, which
was originally pure, had disproportionated into nicotine (6)
and nicotyrine (5). This result deprived the resolukion

experiments of all wvalue in establishing the structure

of dihydronicotyrine.



Spath and co»workers17 proposed structure 1 for dihydro-
nicotyrine on the basis that 2-methylaminopropanoic acid (14)
was formed when dihydronicotyrine, freshly prepared
according to the method of Wibaut and ﬂackmann,15 was
oxidized with potassium permanganate in dilute sulfuric
acid. loreover, these workers reported that dihydroni-
cotyrine was obtained by repeated distillation of 3-pyridyl-
5mmethyiaminopropylketone (15) under high vacuum.

CH 5NH- Cit 5

()/- Co( CH2 ) BNH CH 3
~ L 1
\ 15

According to Spath and co~w0rkers,l7 the dihydronico-

-GH B—COOH

tyrine prepared by Fictet through reduction of iodoni~
cotyrine (4) and by Wibaut and Hackman15 by the partial
reduction of nicotyrine (5) are identical with N-methyl-

myosmine (1).

Tn 1949 Swain and co-—workersl8 on the basis of UV-
spectropcopic measurements, showed that there is no
conjugation of the pyridine ring with the dehydro-
genated pyrrolidine ring of dihydronicotyrine ("N-methyl-
myosmine"). 4 spectral curve similar to that of

whose structure was proposed as 1 by bpath and

v €



17

co--workers, Houwever an absorption curve ecasentially
identical with that of nicotine (6) was obtained. Dpectral
evidence for the presence of an unconjugnted double bond
in dihydronicotyrine wasg indicated by the heiphtened

end absorption in the neighbourhood of 210 nm which is
not present in the spectrum of nicotine. The:observed

absorption characteristics could be explained if dihydro-

nicotyrine possesses structure 2 or

oY
-]

li-tethylmyosmine and the dihydronicotyrine, vrepared by
the partial reduction of nicotyrine (3), were shown to
be different by Haines and Eisner in 1950. H-Tethyl-
myosmine (1) was prepared by cyclization of J-pyridyl-
Z-methylaminopronylketone obtained by treatment of the
dihydrochloride salt (15) with base. Attempted disti-
llation of 1 caused polymerization of the product. A
wixture of If-methylmyosmine picihate (m.p. l58w16000)
with dihydronicotyrine picrate (m.p. 159-161°C) had a
melting, point of 140 - 14500 thus indicating that
these two picrates are not identical. loreover,
i-Methylmyosmine underwent ready polywerization on

standing whereas dihydronicotyrine did not.

If the double bond of dihydronicotyrine were located
in the 4,5-position of the pyrroline ring, i=cile hydro-

lysis to an aminoaldehyde and subsequent reaction with

2, 4-dinitrophenylhydrazine would be expectednlg Haines
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and kisgner E did not obtain a 2y 4=dinitrophenylhydrazone
unon treatment of dihydronicotyrine with this reagent
and therefore concluded that the double bond is in

the 3,4-position of the pyrroline Ting.

oH WHCH.
CO(LHE)B\

_ . 3
HCl N _ HeL
A N | 12
N
- BC1
: OH™

0 (T CQ(CHE)EI'-IHCHE
]
~ C Y
f P "HEO J [1{,)0
\N i O ol

In an attempt to deternine if isomerisation of dihydro-—
nicotyrine into li-methylmyosmine (1) could be ahserved,
laines and Eisnerlg subjected these compounds to sevelral
treatments with acid and alkali. A solution of dihydro-
nicotyrine in dilute aqueous alkali rewmained unchanged
aftgr a nonth at room temperature but refluxing the
dihydronicotyrine with a snlution of sodium Lydroxide

in ethylene glycol produced a crude materal from which

nicotine (6) picrate could be isolated. The formation
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of nicotine (§) was thousht to be due to the disuro-
portionation of dihydronicotyrine. after heating
dihydronicotyrine with concentrated HBr for 12 hours
followed by treatment of the resulting reaction wmixture
with picric acid, a mixture of products were obtaiﬁed
melting at 150 - 17500 which could not be purified by
crystallization. “whese workers could find no clear cut
evidence of igsomerization of dihydronicobyrine into

H-nethylmyosmine (1).

4 comparative study on dihydronicotyrine, S--allylpyridine (06)
and 3-vinylpyridine (17) was carvied out by Wibaut and

20 | . . .
Beyermnan in 1951 in their attempts to cgtablish the

H - CH o= SH=C
7 I CHCH == CH, _ CH=CiL,,
Ny 16 Ny } 17

N N e

structure of the dihydronicotyrine obtained by the
partial reduction of nicotyrine (5). Cxidation of di-
hydronicotyrine with ozone and further with 3% 150,

gave nicotinic acid (LL) whereas the oxidabion of
S~allylpyridine gave Z-pyridylacetic acid (18).Compound 1}
seemed to be the favoured structure based on the
ozonolysis experiments however, this conclusion was
incompatiblé with the ultra violet spectra of the three

compounds wnich indicate that the double bond is not

CooH CH?COOH

18

e
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in conjugation with the pyridine ring.

Amin  Amax
3-allylpyridine 2%7-8 256 261
dihydronicotyrine 230 257 263
j-vinylpyridine 266 238 278

Thus -vinylpyridine hasla strong absorption peak at

278 nm while 3-allylpyridine has maxima at 257 and 263nm
and dihydronicotyrine has no peak in the 278 nm region,
although it has maxima at 256 and 26) nm. The marked
resemblence of the dihydronicotyrine and 5mallyipyridine A5)
spectra sugpgested that 2 was the wmore 1likely structure

for dihydronicotyrine. The misleading ozonolysis experi-
ment was thought to be due to an abnormal reaction which

27
probably proceeds as shown below,””

The synthesis of N-methylmyosmine (1) by the condensation

of Z-pyridyllithium 19 with H-methylpyrrolidone 20 was
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reported by Lukes and Cervinkagq in 196l1. The workers
regarded their product to be identical with the dihydro-
nicotyrine prepared by the partial reduction of nicotyrine (5)
according to Wibaut and Hackmann}S However, spcctroscopic
examination of dihydronicotyrine prepared by earlier |

18,20

workers showed no evidence of a double bond in

conjugation with the pyriding ring.

Q"N
. : 20
B Li e 22
- Buli ~ 8 Me
- I - ...._} “ ) SE— :.;
3 ' N
19
Korte and Schulze—Steinen28

reported the preparation of
Néﬁethylmyosmine (1) by the rearrangeuent of Z-nicotinoyl-
H-methyl-2-pyrrolidinone (21) with concentrated hydro-
chloric soid in a sealed tube at 130-140°C., The product
was characterized by elemental analysis, UV and II
spectroscopy and was shown to be_ different from the

product obtained by the partial reduction of nicotyrine Q2)

with zine and hydrochloric acid.

O

i
NP O™ Celer™-te I, o

Me e

conc . iCl gealed
tube 13%0-1400C

¢ 1© E

1

—
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Iin 1963, lechoulam and Gaoni23 proposed that 2 is the
favoured structure of the reduction product of nicatyrine@@)
based on LI spectroscopic grounds. The ik spectra of
nicotine (6) and dihydronicotyrine are identical in the
aromatic proton region below 7.0 ppm but are different

in the other regions. The FIMR spectrum of dihydronico-
tyrine shows complex patterns centered at $= 5.75 and

6.06 ppm which are due to two definic protonsg. The
presence of twoclefinic protons is incompatible with struc-
ture 1. The chemical shiffs of the two olefinic protons

are not sufficiently different to make structure 3 acce-~

ptable since in the latter structure one of fthe two olefinic

protons is o to the amine nitrogen and subject to deshielding.

Very recently, a group of Japanese workersg}:1L reported
the synthesis of !-methylmyosmine (1) by a cycloconden-
sation reaction of pseudooxynicotine dihydrochloride (15)
with ¥NaOH. 'The product was found to be very unstable
and was hydrolyzed to 22 by acid, This method of syn-
thegis is essentislly identical with that reported by

e e 19 ., ‘ ) 2
Haines and Eisner 9 in 18950, The =same workersL5 have

/CO(CH ) BHCH _ co( CH_ ) NHC
s \ 2 5ﬁ01 3 = ‘ ( 2)51\1}{6}13
~ : ' ~
N SN

15 22

P S

HCL
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studied the oH induced structural forms of 1. At pHL4
and pH > 5 the molecular species in aqueous solution

) ' .y , ;
are 22 and 1 , respectively. Nicotine-l-iminiumn ion(23%)

exists in equilibrium with 1 and 22 at pl 2-9.5.

Tt is apparent from the above discussion covering the
literature up to 1981, that little systematic work

has been done in the attempts to establish the struc-
tures of 1 and 2. 4 considerable amount of effort has
been directed at elucidating the structure cof the
reduction product of nicotyrine (5), however, unequivocal
proof of the structure by an independent synthesis has
not been reported up to this time. rioreover no reponrted
synthesis of compound 3 is available in the literature.
Tnorder to solve the problem of the structures of the
pyrrolines (;,g,é,), the need for a more systemabic work

is obvious.

This project was undertaken with the view of synthesizing
each of the pyrrolines 1, 2 and 3 by independent synthetic
routes and providing unequivocal proofs of.their strouc-
tures. The results obtained in the course of this work

are discussed in the following section.



CHAPIER II

RESULTS AND DISCUGSSLION

1. Attempts to dehydrohalogenate_(Skléhé:gibyomocotiqiggdQgil

The oxidative bromination of nicotine (6) with bromine
and acetic acid yields (8)-3,3~-dibromocotinine (g&)27
which has found interesting applications in the gsynthesis
of the major nicotine metabolite cotinine (15§7 and

>
28,29 a secondary metabolite

5-hydroxycotinine (27),
A

of nicotine. LoLindblom)o has sugpested the plausible

mechanism shown in Figure II for the formation of 24

from nicotine.

| R Brr_ TN - ‘ .
PY”C@ ng’wH w;'/é,?,é% <

@ff *‘B@ Py
: - gr
s Br-Br : /Br Q
e S Van S Waw- o
PY {?!/ PY I? F’y f?l@
;
——i-Rr
=0
24

Figure II. lossible mechanism(s) for the formation
of (8)-3%,3~dibronocotinine from nicotine.

16
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"he synthesis of 5-hydroxycotinine (§Z§K%rom (8)-

%, 5=dibromocotinine (gi) involved several steps. 1In
methanolic KOH 24 undergoes a series of reactions to

yield l-methyl-5-methoxy-5-(3'-pyridyl)=-2-pyrrolinone(25).
The OmCH3 bond in 25 was cleaved in hydrobromic acid.
Catalytic hydrogenation of 1=methy1=5mhydroxy=5=(§’m
pyridyl)-2-pyrrolinone (26) afforded S5-hydroxycotinine (27)

as a white crystalline sgolid.

H(:’.} 4 ol
S " : ~f2
2 "’Z”““'Sw MetH . b N jp \Ey -
Py n-%0 KoM | TIPSO T YIS0
ol ¢ Meth
RaaLi i '.“"3
j_‘fu i
e :_'.:‘\ _ ﬂHBf ;\-f\ ) .-.m--‘i— i ~7(_h
" N>“’§J o AN TR N)*o
Med oy | MG groan RO
22 26 27
By |t
N

Figure TII. Synthetic scheme for the synthesis of
5-hydroxycotinine(27)

With the aim of synthesizing suitable intermediates

that may lead to the pyrrolines 1,2 and 3, we first

sought to examine the reactions of (8)-3%,3-dibromo-

cotinine (24) with sowme reagents that are known to

effect dehydrohalogenation.
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Certain weak bases in dipolar aprotic solvents are

. . . 2 .
effective reagents for dehydrohalog;enat;r.ono5 Among
those most often used for synthetic purposes are LiCl,

L12005 and LigGO5 - LiBr in dimethyl formamide°51’52

4.2, Holysa”? found TiCl in dimethyl formemide to be

an efféctive reagent for the ¢limination 4f the .
elements of hydrogen bromide from 4 -bromedihydrocor-
tisone-21~acetate (28). The reaction yielded cortisone-

2l-acetate (29) in a 73% vield.

Ly

Li2005 in refluxing dimethylformamide was nsed by
H.O0. House and RowoBasheBB to effect dehydrobromination

of the bromoketone (30) to give the product (31).

g

Pr 135005

DMy

20
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after purification by preverative lc. : -
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There are numerous references in the lidverature where
potassium t-butoxide in different solvent systems was

used to effect dehydrohalogenationso56?58 Several attempts
were made to remove the elements of HBr from 24 inorder

to obtain the pyrrolinone 32 by using pobassium t-butoxide.
The reactions of 24 with KOg-Bu were studied in four

solvent systems viz, L~butyl alcohol, diglyme, tetrahy-

]

drofuran, and DIMSO.

22
4 mixture consisting of af least four components was
obtained when the reaction of 24 with KOt-Bu was con-
ducted in rTefluxing t-butyl alechol. Lo indication of
olefin formation was shown. by the NMR spectrum of the

crude product. Compound 24 was recovered unchanged

when the same reaction was performed at room temperature.

The reaction of 24 with KOt~Bu in both diglyme and
»tetrahydrofuran gave back the unreacted starting
material. On the contrary, a complex wixture was
obtained when the resaction was conducted at clevated

temperature using D0 as the reaction solvent.
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2. Attempts to Dehydrate S-llydroxycotinine :

In an attempt to synthesize the_pyrrolinone 55 from
S5-hydrovycotinine (27) by dehydration, the reactions
of 27 with some dehydrating agents were studied. In
one approach using phosphorous oxycloride (POClB) and

59,40

pyridine, a nmixture consisting of at lcast five
components was obtained. The NIMR spectrum of the
crude product showed signals in the olefinic region.
Attempts to separate the mixture by silica gel column

chromatography were unsvccessful.

N7 553

L

Another attempt to dehydrate 27 using tThionyl chloride
!
and pyridineyl yvielded a mixture consisting of at least

gix components.

Y. Amiel et al e have reported the use of avhydrous
oxalic acid as a dehydrﬁting agent for the preparation
of 35 from the alcohol 34. The reaction was conducted
in toluene with a continuous removal of water by azeo-

tropic distillation.



- lj 9 toluene
Bt Teflux

Following similar procedure to that givenmby Amiel

et g&?g the dehydration of 27 was attempted. A solid
product which had a very broad melting range (132-145%)
was obtained. Attempts to purify this product by cry-
stallization proved unsuccessful. Nxamination of the
M spectrum of the product proved that it was not the
pyrrolinone 3%. Identifieation of this conpound was

not possible based on its IR and NMR spectra,

the ileduction of O-Hethoxycotinine and Related Compounds

with LiAlH,

The reduction of cyclic amides (lactams) containing

a tertiary nitrogen atom by lithium aluminum hydride (Ladd)
has been extensively studied and in most cases the
cyclic anines were formedoqa- However, various N-sub-
stituted amides can undergo a reductive cleavage to

give the corresponding aldehyde as well as the amine.

In peneral, reduction with a large excess of LAl glves

)
the corresponding amine‘,%’Jr4

Nguyen Th14 reported a 55 % yield of (8)-nicotine-5',
5'—d2 (36) by reduction of (8)-cotinine (13) with

lithium aluminum deuteride in tetrahydrofuran.
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The second major componenf of the mixture had a GC-
rovention time of 0.46 nin (10% carbowax on 100/120
Gasohrom § OV, 200°C). The comparison of the gas chro-
matogram of the wmixture with that of an authentic

sawple of nicotine revealed that the retention time of
this major component was identical with that of nicotine.

loreover, it was also evident from the PR spectrum of

the mixture that this major component was nicotine (6).

From a comparison of the GC-peak areas of‘nicotine
and nicotyrine and from the integrations in the NMR
spectrum of the mixture, it could be observed that
nicotine and nicotyrine were formed in the ratioc of

approximately 1:3%.

Ldentification of the other Three minor products was not

possible since they could not be obtained in pure forms.

S-inethoxy-l~methyl-5-(%"'-pyridyl)-2-pyrrolidinone
(S-methoxycotinine, 37) was prepared from 25 by catalytic
hydrogenation in ethyl acetate using 5% 1’d on carbon as

a catalyst. The NIMR spectrum (¥ig IX) displayed the
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disappearance of the olefiniec protons of 2% and
the appearance of a multiplet centered at 2.5 ppm dve to
the newly introduced protons at C-3 and C-4, The white

crystalline product had a melting point of 65m6500,

The reduction of 27 with lithium aluminun hydride in
refluxing THF overnight yielded a mixture of products
which was shown by GC (Figure X) to contain five
components. Attempt was made to separate the mixture
by preparative TLC, It was only possible to obtain
two of the components with GC~retention times of 1.5

min and 5.8 min in pure forns.

The compound with a GC-retention btime of 1.5 min was
identified to be ff-nicotyrine (5) based on its NMR
spectrum and a comparison of its GC-retention time

with that of an authentic sample of f~nicotyrine.

The second pure compound (th 5.8 min) had an NMR
spectrun (Figure X1) that displayed a multiplet betveen
1.4 and 1.87 ppm, a singlet at 2.2 ppm, a broad peak

at 5.2 ppm exchangeable with D20, a muitiplet at 3.57
ppm and the signals due to the pyridine ring protons
below 7.0 ppm. A high resolution mass spectral ana-
lysis (Figure XII) gave an empirical formula of

C..H N,0 with a molecular ion peak at m/e 192

11716
(5.84%) and a base peak at m/e 121 (100%). The
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Figure X. The GC tracings (10% Carbowax 20M on 100/120 Gaschrom Q
OV 200 isothermsl) of (A) the product mixture obtained
after the reduction of S-methoxycotinine (37) with
LiAlH,, (B) nicotine(§), (C) nicotyrine(5)’



expected structure for this compound was 28, however,
the NIMR spectrum did not show the sharp singlet for

an uOCH5 group helow 3.0 ppnm.

Unambiguous structural asgignmnent was not possible based

on the spectral data available for the cowmpound.

The major product (Rt 0.46 min) was idenbtified as nico-
tine based on its Be (O.445 silica gel, benzene ebhanol

8:2) on a fluorescent plate and its GC-retention time.

ficotine and Vﬁunicotyrine were the two major products
of the reduction of 37 with LAH. The relative ratio
of nicotine to [j~nicotyrine was estimated from the GC-

peak aress, to be approximately 3:2,

L result essentially similar to the above two cases

was obtained when the reduction of 5-hydroxy-l-methyl-
5-(3' -pyridyl)-2-pyrrolinone (26) with lithuim aluminum
hydride was studied. A mixture consisting of more than
five components was obtaihed where two of the conponents
were major and the others were formed in trace amounts.

The two major components of the mixbure were identified
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as nicotine and L ~nicotyrine based on their Rf values
GC-retention times and MR spectra, The relative ratio-
of L}mnicotyrine to nicotine was approximately 1:8 based

on the integrations in the NMR spectrum ¢f the mixture.

1t was surprising to observe that in all the three cases
investinmated, nicotine and [ -nicotyrine were major
products, together with smaller quantities of other
compoundsi. It can be concluded therefore that the
mechanism of the formation of nicotine and £ -nicotyrine
may follow the same pathways with 25 and 26 where as

with 37 a different mechanism may be operating.

The mechanism of the formation of nicotine from 25 and
26 (Figyre XITI) may involve 1,4-additisn of hydride
to the & f-unsaturated lactam upon treatment with

LAH o give the enol form of the corresponding reduced
form. FElimination of the group at the 5-position fo-
llowed by reduction of the resulting iminium ion nay
give the adduct 69 which may be readily converted to
the eto form 70 which can be further reduced by LAH

to the methylene group.
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Figure XTI Probable mechanism for the formation of
nicotine from 25 and 26

The formation of f{-nicotyrine may involve an initial
1,4-sddition to the & [, -unsaturated lactam followed
by an L[-2 type elimination of the group at the 5-
position. The adduct 39 may rearrange to the keto

form (40) which may be further reduced to the iminium
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ion 42 via the adduct 4l. The iminium ion may then

lose a proton to give [i-nicotyrine.
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?ig KIV, Irobable mechanism for the formation of

fi~nicotyrine from 25 and 26,

In the case of the reduction of S-methoxycotinine (37)
to nicotine, the mechanism of the resction may involve
elimination of the OOH5 group and reduction of the
lactam carbonyl to a methylene grdup (Fig #V). ’'The
formation of [-nicotyrine probably proceceds by
addition. to the carbonyl group of the lactam (1,2-

addition) to give the adduct 4% which may lose a molecule
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of methanol and eliminate the —Oﬁlﬁ5 to form the iminiun
salt 44 which probably is transformed to [J~nicotyrine

by a hydride ion.
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Fig XV. Probable mechanism for the formation of

nicotine (§) from 37.
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Studies _on Isoxazolidines for the pynthesis of

4-Hydroxynicotine (47)
aroxynicotvine \4/)

Mitrones are well known to behave. as 1,3-dipolar
reagents in thermal cycloaddition reactions°47 A
L, 3--dipdar rcagent is a compound which undergoes
1,%-cycloadditons and is described by a zwitterionic

octet structure°48

v,_.ﬁc{ , . A tf
]JQ*" “ G R N

G

\rz' Sas
L N Y4
N%?/“ ‘xwl ?f t
i < d 13

O maimes ve an /Or@ W’?’l

1,3-Dipolar cycloadditions of nitrones have been
reported with a variety of dipolarophiles and have
been widely used in the construction of a variety of
five membered heterocyclic ring systems°47 However,
the cycloadducts are not stable in all cases and

. . . . 4
sometimes undergo interesting transformations. /

in the addition of an unsymmetrical dipolarophile

.
to a nitrone, two orienbations of addition are possibleek) o2



Both steric and electronic factorsere important and in
general the more hindered end of the dipolarophile adds

i
to the nitrone oxygenn¥9

in the attempts to synthesize suitably substituted
nicotine analogs that may iead to the pyrrolines 1,

2, and 3, the reactions of C-pyridy ~H-methylnitrone (45)
with three olefinic compounds, viz allyl chloride,

allyl bromide and allyl alcohol, were investigated.

The wain focus in this investigation was the synthesis
of A4-hydroxynicotine (59) which was hoped to be a
suitable intermediate that could dehydrate to yield the
pyrroline 2 or 3. The s&nthetic plan (Fig XXVII) invo--
lved thermal cyclization of the nitrone 45 with the
olefinic compound to form the isoxazolidine 46, cleavage
of the -0 bond of the isoxazolidine by catalytic hydro-

genation and cyclization of the resulting open chain

compound .
’ CH,-X
H\c ,_ N?D \
SNy CHp sOB-GHpRX N
E& o o Txooneeen 2 |l WY >
I Y ¥ \_:NA“ '
‘e om

fig XVIT. OGynthetic plan for the synthesis of 59
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The reaction of the nitrone 45 with allyl chloride in
refluxing benzene was carried out and the progress of the

reaction was monitored by TLC.

As the reaction procecded, a brownish solid (compound I)
began to precipitate. The formation of a second conmpound
(compound II) with a greafer R, than the strating mate-
rial also was detected. The reaction was stopped at the
end of 72 hours and couwpound [ was separated by filtration.
Distillation of the filtrate under reduced pressure
afforded a yellow oil which consisted of compound II and
gome unreacted nitrone., Separation of the nitrone and
compound II was achieved by means of silica gel column
chrounatographys. Compound II was obtained in a pure fomrm

as a light yellow oil.

Compound IT had an WIMR spectrum consistent with the iso-
xazolidine 48. The NIk spectrum (Fig ¥VII1) displayed

in addition to the ghracteristic signals of the protons

of a 3-substituted pyridine (7.0 to 2.0 ppm) a complex
pattern centered at 2.1 ppm integrating for one proton

Hb or HG), a singlet at 2.5 ppm integrating for three
ﬁ;otongﬁ(ﬁuﬁﬂa), a multiplet at 3.0 ppm integrating for

one proton (Hb or HC), a complex pattern at 5.6 inteprating
for three prégons (;éwand uUH2~01) and a multinlet at 4.3%3%

e [EEPAE

ppm integrating for one proton (Hd).
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Hey Hy

Hy, HZL—“\M— CH Cl

K,

N~
48
identification of compound I was not possible on the
basis of its IR and NMR spectra. It was however sus-
pected to be a pyridinium salt bssed on the observation
that it was extremely hygroucoplc, insoluble in most organic

solvents and soluble in water,

Catalytic hydrogenation of the isoxazolidine 48 in ethyl
acetate over W-2 laney Nickel”? catalyst at a hydrogen
pressure of 30 1b/in2 for 20 hours gave back the unchanpged
starting material. On the contrarv, a complex mixture

of products was obtained when the hydrogenation of 48

was carried out in absolute ethanol over 5% ¥d on carbon.

As opposed to the case of the allyl chloride-nitrone
reaction, the reaction of the nitrone 45 with allyl
bromide in refluxing benzene resulted in only one product,
This product separated as a browvn solid as the reaction

proceeded.

It was extremely hygroscopic and turned into dark red
oil when exposed to air. The IR spectrum showed a broad

peak at 3400 em™ and other major paaks. at 1600, 1500,

]

- + - -~
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1420 and 1190 em™t, ‘he HMR spectrum (D0 ~ DSS) displayed
a singlet at 5.37 ppm a triplet at 4.47 ppm, a doublet

at 3.4 ppm, a multiplet between 1.4 and 2.0 ppm,adoublet

at 1.17 ppmn and a triplet at 0.87 opm. It was obvious
from the NMR spectrum that the product obtained was not

the isoxazolidine 49. Identification of this compound

vas not however possible on the basis of the gveilable -

informaticn,.

. 0}1231‘
!
,¢§%T¢/”\wzb
‘ﬁV’J CH5
49

Contrary to the above two cases, the cyclization
of the nitrone 45 with allyl alcohol mave rise to the
isoxazolidine 50 which was identified by its IR and WlR

spectra.

The cyclization was conducted in excess boiling allyl

alchol and the progress of the reaction was monitored

by TLC. The reaction was complete after'heating under
reflux for 50 hours and 2 vellow oil (Rf 0.4, benzene-
ethanol 8:2) was obtained whose KMR spectrum (Fig XIX)
was vonsistent with the isoxazolidine 50. The HIHR

spectrun displayed a one proton wmultiplet between 1.83
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and 2.4 ppm (§, or ﬂc), a three ptoron singlet at

2.5% ppn (N~C§5), a one proton multiplet between 2.67
and %.17 ppm (gb or ﬂc), a three proton multiplet
between 3.4% and %.9 ppnm (mCQQOH and ya), a one pro-
ton multiplet between 4.1% and 4.5 ppm (Ea), a broad
peak at 4.6 ppm (~0l) and the typical 3-substituted
prydine pattern between 7.0 and 3.6 ppm integrating for

four protons. H, Hy

The catalytic hydrogenation of the isoxazolidine 50 n
absolute ethanol over freshlj prepared V-2 Haney Ni&kél
catalyst afforded an oil which had a lower Rg (0,15,
benzene: ethanol 8:2) than the starting material. The
IR spectrum showed a very broad -OH absorption band
(3700-2400 on~1) and broad absorption at 1100 - 1040 cm™
(doublet) consistent with a glycol. The HNMR spectrum
(Figure XX) displayed in addition to the pyridine ring
protons below 7.0 ppm, a triplet at 1.83 pom integrating
for two protons, a singlet at 2.17 ppm integrating fox

three protong, a multiplet between Z.4 and 4,0 ppm

integrating for four protons and a broad peak at 4.2 ppn.
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Based on the Nt and TR spectra, structure 51 was

assigned to this compound.

i
O.Vlichterle and l‘iu‘\ﬂ'-aLvruskaS!r reported the cyclization
of the amino alcohol 52 to the pyrroline 5% with 33%

H5P04° A 35% yield of the pjrrolinolii was reported.

™ NG o1 FO T

‘ -G H O 537 O, 3 { );\, - C HOH
Ol A ~/
52 22

in analogous reaction of compound 51 with %A% H3P04
at 70 - 80°¢ overnight did not effect the anticipated
cyclization; the strating material was recovered

unchanged.

The reaction of compound 51 with thionyl chloride
afforded a mixture consisting of at least three products.
The TLC of the mixture suggested that the components
with Rf 0,57 and 0.45 were the major products. The
component with Rf 0.45 was obtained in a pure form as

a solid (m.p 165 - 166%) when the mixture was taken

up in cethanol hexane. ITdentification of this
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corwound was not however nossible on the basls of its

MR and IR spectra.

The second major component (Rf 0.57) was geparated in

a pure form by preparative TLC (silica gel, benzene:
ethanol 8:2). The NMR spectrum of this compound displaved
a doublet at 2.17 ppm, a series of multiplets between 2.27
and 3.8% ppm, a multiplet at 4.4 ppm and the signals due
to the pyridine ring protons below 7.0 ppm. It was
observed, however, that the proton D on the pyridine ring
was sSplit into three triplets rather than the normally
expacted splitting into two triplets. This behavior was

difficult to rationalize.

BNS

fhe snlitting of the N’-—CH5 signal at 2.17 ppm into a
doublet is supgestive of a secondary amine structure where
the methyl protons couple with the proton on the nitrogen

1

atom. The absorption band at %400 cm ~ in the IR spectrum

of the compound may be due to an N-H stretching vibration.

The unknown compound gave a positive Beilestein's test
and showed in its IR spectrum absorption bands at 1280
and 720 cm"1 suggesting the presence of chlorine. The
number of chlorine atoms present, however, could not

be determined.,
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An unequivocal structurael assignment was not possible
based on the available informations. However, 54 was
thournt to bé the most probable structure based on

NMR and IR spectroscopic grounds.

The reaction of compound Qi with p-toluenesulfonyl.
chloride in triethyl amine afforded a mixture of products
which was shown by TLC to contain one major component.
Separation of the major product was effected by vprepara-

tive TLC (eilica gel, 2 mm plate, benzene: ethanol $:2),

1t was obtained in a pure form and displayed in its IR
spectrun (Figure XX1) the proseﬁce of two methyl sipnals
at 2.5% and 2.57 ppm and signals due to phenyl ring
protons at 7.5 and 7.1 ppm in addition to the sipnals
due to the pyridine ring protons. The incorporation

of only one tosyl group could be deduced from the inte-
grations in the NMR spectrum. The IR spectrum showed a
broad absorption band at 3700 - 2500 co ™t and other

strong absorption bands at 1340 and 1160 om L.

The unknown compound was found to be very stable to both
acid (HC1) and alkali (WaOH) treatments at high temperass

tures. 1t was therefore rationalized that this compound
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should be a sulfonamide (reaction at N) rather than

a btosylate (reaction at 0)., If the compound were a
tosylate, hydrolysis back to the starting material
should have taken place upon treatment with acid and
base. Wdince the compound was stable to these forcing

conditions  this possibility was discarded.

bulfonamides are generally not hydrolyzed by alkali
treatment, not even with hot concentrated aliali, but
acids Iydrolyze them, though less readily than they do
sul.fonate esters,55 The stability of the unknown compound
to both acid and alkali was therefore infavor of a sulfo-
namide. DBased on these grounds, structure 55 was assigned
to the major product of the reaction of 51 with tosyl
chloride in triethyl amine. Both the IR and MR spectral

data were consistent with this assignment.

Lrotons —  &ppm
Ha, 5.%% (m)
Hb & Hc 1.67-2-13% (m)
Hd &
cH
Cii,, ~ OH 3.1-3.5 (m)
I~T~-CH5 2.6 (8)
5
o Ph--CII 2.33 (g)

5
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A gimilar result was obtained when the reaction of 51

with tosyl chloride was perfomed in pyridinc.

411 the above reactions were done in view of cffecting
a cycliszation of 51 to give 4-hydroxynicotine (59).

Howevor, it was not possible to obtain the desived product.

Studies on *-hydroxycotinine and its phenyl analog -

3-Hydroxycotinine 57 was prepared following the method
previously employed by E.Dagne and N,Castagnolio56 Treat-
ment of 4-pyridinecarboxaldenyde (2@) with Nemethylhydro=
xylamine hydrochloride in absolute ethanol gave the
“hydrochloride of the nitrone 45 as a white solid. The
hydrochloride was dissolved in water saturated with

K2005 and extracted with CHCl5 exhausfively, Removal

of the solvent under reduced pressure yielded the nitrone
45. The NMR spectrum displayed a singlet at %.87 ppm
(NmCHa) a multiplet at 7.23 pom, a doublet at 8.23 ppn
and a multiplet at 8.8% ppm, slightly different from

what was reported earlier.

‘ihe nitrone 45 was heated under reflux in excess methyl
acrylate for 2 hours and the crude mixture that resulted
was hydrogenated in absolute ethanol over freshly pre-
pared W--2 Raney Nickél catalyst.  Separation of the catalyst
and removal of the solvent under reduced pressure yielded

a yellowish oil which was taken up in acetone and cooled



59

to pive %--hydroxycotinine (22) as a white crystaﬂine

solid (mp 146m148005 lit56mp 149—157OC)°

- H . )
) O \ Y,
i —_— - 1.EtOH CueN H,=CH-CO, e X
by .ﬂCl "*;"“-‘-M’% -~ A - e
AI‘ /C\ I—{ 5 r? 201‘2005/ AI\// \::Ha
H,0
56,Ar = 3-Pyridyl 45, Ar = 3-Fyridyl
67, Ar= Yhenyl 63, Ar = rhenyl
9 - [ L
_AJCOgﬂe o JOH _MM/OH
- [ ;\) “Ha—m—?” f"('ﬁ" : >\\l
Az altd 7| MTTONT 00N TR TN O
Lan - it \. , )
' H { 0 {
CH . | i
3 H5 | ;

57, Ar = Z-Lyridyl
58, Ar FPhenyl

]

Figure XXTI. Synthetic scheme for the preparatbion of
j-hydroxycotinine (57) and its phenyl

analog (58)

The reduction of 3-hydroxycotinine (57) with lithium aluminum
hydride in refluxing tebtrahydrofuran yielded a mixture
consisting of four components. Distillation of the

mixture under high vacuum gave a light yellow oil which
displayed in its IR spectrum a broad -0 abgorption

band at 3450 em™t and the absence of fhe carbonyl

1

absorption band that appeared at 1700 cm™ ™ in the



58

starting material épectrﬁmo The BMR spechbrum (Flvure XLITT)
showed in addition to the.signals due to the pyridine ring
protons, a three proton siﬁglet at 2.1% ppm, a serics of
multiplets bctween 2.5 and 3.3 ppw integrating for four
protons, a one proton multiplet at 3.6 ppm and a broad peak
at 4.37 ppm that exchanged with DEOO Buried under the brosad
peak at 4,37 ppm was a multiplet integrating for one ﬁrotono
The mass spectrum of this compound gave a molecular ion
peak at m/e 178 (100%) and other prominent peaks at w/e

177 (47%), 164 (16%), 134(7%), 105 (14.3%) and 80 (7.5%)
Based on the IR, NMR and mass spectral data, structure 59

was assigned for this compound.

oM

Q \'i‘;

mm;'

oM@ spectrum (Table 1) confirmed this structure.

The
hAssignment of the pyridine carbors wasg straight forward since
the chemical shifts were nearly the same as in nicotine
(g)@57 The downfield shift of the sipnal due to the
C-f'~carbon atom (69,7 ppn) as compared to that in nicotine
(22.61 ppm) is clearly a consquence of the hydroxyl group at
the 4'-position. The assignments for all the other carbon
atoms are in agreement with the known assignments for the
carbon atoms in nicotineo58 The lBCmohemical shifts and

the corresponding 1Hmchemical shifts along with the

assignments are give in Table T.
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4~

Carbon  &-ppm Carbon  f-ppm = Eroton Sppn
2 149,55 2 149.2  Ha' & Hb'  8.%% (n)
] 138,79 5 137.% Ha! 7.6-7 .83
(two triplets)
A 134.75 4 135.3%
5 123,47 5 124.2  He! 7.17 (m)
6 148,60 6 149,05 Hd & ~0H 4,37 (b)
2! 68.81 2! 68.% Ha 3.6 ()
3! 35,27 5! 39,7  He & He 2.7-%.%(m)
B 22,61 ! 69.7 Ib & He 2.%-3,7(n)
51 . 56.95 5! €5.7  H=0ily 2.13 (s)
N-CH, 40,31, N-CH, 45,5

fable 1. L3¢ and }H HIMR data for nicotine and 4-hydroxy-

nicotine (59)
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multiplet between 4.2 and 4.6 ppm (lla and Hd). The IR
spectrum showed an -OH absorption band at 3300 et
and a strong carbonyl absorption band at 1690 cm“l, iden-

tical with what was reported carlier.

feduction of 58 with Li4lH, in refluxing THF afforded
l-nethyl-4-hydroxy-2-phenylpyrrolidine (61)which wad iden-

tified by its IR, MMR and mass spectra.

The IR spectrum showed a broad -0il absorption band at

3300 em™t, The NHR spectrum (Figure XAVI) displayed an
H-methyl signal at 2.07 ppm, a one proton rmultiplet between
l.7 and 2.0 ppm, a series of multiplefs between 2.2 and

.27 ppm, a broad peak at 3,97 ppm which exchanged with

DEO’ a one probton multiplet at 4.2% ppm and the Ssignals

due to the phenyl ring protons at 7.2 ppm. Based on the
known assignments for the pyrrolidinyl protons of nicotine,55
the multiplets between 1.7 and 2.0 Ppm were assigned to
Hb, the multiplets between 2.2 and 2.9 ppm were assigned

e

to He, He and Hfa

—

was assigned to Ha, and the multiplet at 4.2% ppn was

the multiplet between 2.97 and %.27 ppm

assigned to Hf.



ihe mass gpectrun (Migure XXVID) displayed a molecular
ion peak at m/e 177, a base peak at n/e 132 and other
Tragments at m/e 176, 159, 133, 100, 91, 77, 44. ihe
fragment at m/e 159 could arise by a loss of H,0 (11*-18)
from the molecular ion and the prominent peak at m/e 100
could be explained as a loss of phenyl wadical from the

molecular ion,

‘'he base peak at w/e 132 corresponds to a loss of 45
mass units from the molecular ion. This nay'be rationa-
lized by the mechanism shown in Figure XXV . The
fragment ion éssignments are shown in PFigure XXVIII.

OH O

S N

OH
G0 , LN |
& W 5 Yo+
| T Gy LN
CHy o
N e 134
Fipure XAV, Possible mechanism for the formation

of the base peak from the ¥t peak of
compound 61.
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ROH + B0,Cl oo R

wy RO 0§9
’\ {;§=O e RC1 o+ 50,
(1

#--chloro-l~methyl~2-phenylpyrrolidine (62) was syunthesized
by heating 6l under reflux in thionyl chloride for 4 hours.
Compound 62 gave a positive RBeilestein's test and showed
no -0 absorption band in its IR spectrum. The NMR
spectrum (Figure XXIX) showed a threeo protoﬁ singlet

at 2.17 ppm (NWCHB), a two proton multiplet betpeen 2,27
and 2.9 ppm (Hb and He), a three proton multiplet between
5.53 and 3.83 ppm (Ha, He and Hp)y a one proton quintet

centered at 4.4 ppm (Hd), and the signal due to the phenyl

ring protons at 7.17 ppm.

Fhosphorous tribromide and HBr are reagents commmly used
to convert aleohols to alkyl bromideso6g In an attenpt
to SynthesizeHmbromOw1ameﬁhyl—2mphenylpyrrolidine (63)
the reactions of 61 with I"Br5 and HBr were studied.

The reaction of 61 with PBr5(prepared from red phosporous
and bromine)6;n pyridine at 0°C afforded a complex

mixture of product, whereas, the reaction of 61
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—3

with 48% HBr at reflux overnisht gave bacl the unchanged

starting material.

Several attempts were made to introduce a double bond
1nto the pyrrolidine ring by dehydrating 61 and dehydro-
chlorinating 62 using some of the conmonly used methods

for effecting dehydrations and dehydrohalogenations.

Treatment of compound 41 with 89% .10, at 100°C

for 2 hours gave back the unreacted starting material.

in another attempt using phosporous oxychloride and
pyridine, a brown oil wasg obtaihed which showed no signals
corresponding to olefinic protons in its NMR spectrum,

The WMR spectrum was, however, identical to that of

the compound previously identified as “4-chloro-l-methyl-
2~phenylpyrrolidine'(m6;§,)o AlY other attempts to dehydrate

&l using thionyl chloride and: pyridine, p-toluenesulfonic

acid,64 trifluoroacatic acid and P20565 were unsuccessful,

Attempts to dehydrochlorinate 62 using KOH in methanol
and KOLBu in £-BuOH proved unsuccessful. Compound 62 ‘
was recovered unchenged after treatment with KOtBu in
refluxing t-~3BuOH overnight and the starting material

was isolated after 4 hours refluxing in wmethanolic KOH,
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Hd in the product spectrum clearly support the above

PEE -

assionment,

Yhe reaction of the mesylate G4 with NaOlle in refluxing
methanol afforded an oil whose NMR spectrum (Figure JEXT)
displayed two methyl signals at 2.1 and %.23 ppm, a
wltiplet between 2.27 and 2.77 ppn integrating for

2 protons, another naltiplet between 3.2% and 4.07 ppn
integrating for 3 protons and the signals due to the
phenyl ring protons at ?;i? ppm. The appearance of the
three proton singlet dowﬁfield from the S»CH5 singlet
clearly indicated that the methanesulfonyl group was
substituted by an OCH5 group. liorcover, the signals for
ﬁ& appeared at 5.1 ppm in the starting material spectrum@

i
whereas , in the product spectrum the signals for Hd

appeared at about 3.8 ppm.  This -upfield shift could
be explained if the more electronegative mesyl group
was substituted by the less electronegative EOCHg

group. Based on these prounds, structure 65 was ‘

assigned for the product,
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CONCLUSION

1n the course of this project, the reactions of several
functionalized compounds possessing the nicotine basic
skeleton have been investigated. Studies have also been
conducted on the cycloaddition reactions of O—pyridylm
H-methylnitrone (45) on three olefinic compounds, namely
allyi chloride, allyl bromide and allyl alcohol. Even-
though our original goal of synthesizing the pyrrolines
1,2 and 3 is not yet accomplished, several interesting

and important results have been achieved.

During our attempts to reduce the lactam carbonyl

group of compounds 25, 26 _ and 37 with LiA1H4, we have
encountered the known tobacco alkaloid nicotyrine (5)
arising from all three laétamso An interdsting mechanisn
for the formation of nicotyrine (5) and nicotine (&)

has been proposed. A Survey of the literature on the
synthesis of nicotyrine (5) reveals that it has been
prepared either fron nicotine (&) dirccetly by dehydro-
cenation” 67-69 Or by coupling the pyridine and the
H-methylpyrrole units chemically7o or photochemically7l°
Mo reports are available on the synthesis of nicotyrine
(5) from functionalized pyridyl-pyrrolidines (or pyridyl--
pyrrolines) aAnother reported route to nicotyrine (5),

1
accordlng to Wibaut and Hackman,fzﬂ the disproportionation

76



77

of dibydronicotyrine to nicotine (6)and nicotyrinc (5)

upon catelytic hydrogenation with platinum oxide as a
catalyst, |

Anong the major achievements of this project are the
synthesis of four new compounds namely 4=hydroxynicotine(2§%
4-chloronicotine (60), 4ahydroxymlmmethy1~2=pheny1pyrr0w
lidine (61) and #-methoxy-1l-methyl-2-phenylpyrrol idine (62,
The structures of these compounds have been uneguivocally
established by spectral analysis although their stereo-
chemistry have not beeh taken into account. “The prepara-
tion of these compounds may be an important addition to

the existing nicotine analogs. lioreover, we believe

that a test of the physiological activities of these

Hew compounds may be of paramount importance considering

the interesting pharmacological properties of nicotine.



TIT. EXFERIMNENTAL

General.

telting points were determined by Thomas- Hoover

apillary welting point apparatus and are uncorrected.
Infrared (ir) spectra were tsken on a ferkin Elmer 72713
spectrophotometer. A Varian T-60A inetrument was used

to obtain nuclear magnubic resonance (nmr) spectra.
Chemical shifts are given in parts per million (ppm)

cown field from internal tetramethylsilane (TFS) in
CDClga Bpin multiplicity is given as (s) singlet, (d)
doublet, () triplet, (q) quartet, (m) multiplet, (1)
broad. Gas chromatograms were taken on a Hewlett-iackard
ras chromatograph with a flame ionization detector using
nitrogen as the carrier gas. 156=nmr was taken st Che-
mistry Department Boston University by Dr Berharu abepaz.
itass gpectra were taken by Dr.i'asscher of Iiicroanalytisches
Laboratorium, W.Germany and by Dr.iobert Vernkam, at

turdue University.

78
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e = PEN——

5, 5-Dibromocotinine hydrohwomlde perbromide
Q

4. HBr Rre)

L' solution of bromine (12.8 ml, 0.3%8 mol), in aqueous
acetic acid (80% v/v, 56 ml) was introduced dropwise
into a 1 ©. flask containing a stirred solution of
nicotine (8.8 ml, 0.054 mol) in aqueous acetic acid
(80% V/yy 400 ml), Temperature was maiﬁtained between
25 and 43°C and the reaction was complete in 2 hr.
Stirring was continued for 1 hr. and then water (100ml)
was added. The dark red solution and the viscous bottom
layer were heated to 60 - 7000 until_the phases become
miscible. The mixture was allowed %o cool to room
temperature slowly where upon reddish orsange crystals
separated which were collected by suction filteration.
Yield of the air dried material was 24 g, ?7% mp 142 ~

26

143°C (1it.Cmp 140 - 150°C).

%, 3-Dibromocotinine (24)

To 3,3-dibromocotinine hydrobromide perbromide (24g)

in water (100 ml) was added NaESO3 gradually with
stirring until the bromine color disappeared. A slightly
yellowish'homogeneous solution resulted which was
neutralized by the addition of Na2005 in small portions.
The resulting solid was filtered by suction and washed

with water and recrystallized from aqueous ethanol
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yielding 533mdibromocotiﬁine (11g) as white neecdles,

mp 123 - 125°C (11677 mp 125°¢) nmr'(cbc15, TS )

§ 2.73 (8,3,0-CH,), 3.0 (24,1H, ¢,)s 3.5(24,1H,¢,),

4.6 (24, 1H, 05), 7.0-9.0 (a typical 3-substituted pyridine

pattern); ir (Pellet XBr) 1700 cm™t (lactam C=0).

1-HMethyl-5-methoxy-5-(3"-pyridyl) -3-pyrrolin-

:én one (25)

To ice cold methanol (%0 ml) was added %, 3=dibromoco-
tinine (24, 4 g, 12 mmol) and KOH (.7 g, 30 mnol)

with stirring. When all the KOH had dissolved, the
mixture was allowed to warm to roonm temperature. After
2 hr the KBr precititate was removed by filteration and
the methanol was removed by rotary evaporation at
reduced pressure. Po the residue was added CHCl5 (85ml)
and the insoluble AKBr was separated by filtration:, The
‘HCl5 solution wes washed once with water, decolorized
with activated charcoal dried over molecular sieves and
evaporated to give 25 as a light yellow oil (1.7 e,

70% 11478 90%): 1r(neat) 1700 en™l (5, ¢-0)

I-lMethyl-5-hydroxy-5-(3'pyridyl)-3~pyrrolin -

2:one (26)

Compound 25 (2.0 g, 9.8 mmol) in 15% aqueous IIBr
(15.3 ml) was heated at 95°C for 2 hr. The reaction

mixXture was then cooled, neutralized with NaHCO5,



81

and extracted with CHaClgn The combined extracts

were decolorized on charcoal and the solvent was re-
moved by rotary evaporation. A light yellow oil (1.2g,
&.5%) was obtained which solidified on standing in the

28

fridge: mp 14% - 145°C (1it mp 145 - 146°C); ir 3600 -

2400 cmnl (broad, OH), 1700 cm™t (lactam C=0)

1-Methyl-5~-hydroxy-5~(3'-pyridyl)-2- pyrrolidinone

(5-Hydroxycotinine 27)

Compound 26 (1.5 g, 7.9 mmol) dissolved in ZtOi (100ml)

was reduced with HE (20 1b/in2) using 5% Pa/C (500 gm)

as catalyst. At the end of 25 hr the mixture was filtered.
Upon removal of the LtOLC a white crystalline solid

(1.0 g, 66%) was obtained mp 120 - 12500(1it?8 mp

126 - 127°C); nmr (09015, TS) § 2.3 —~ 3.0 (a complex
~multiplet and an intense singlet{‘?ﬂ9 05, 04 and Nucg5),

5.8% (broad S, 0-H), 7.1 - 9.0 (4H, a typical 3-substi--

tuted pyridine pattern)

l-liethyl-5~nethoxy-5-(3'-pyridyl) -2~
pyrrolidinone (37)

Compound 25 (0.74 g, 3.6 mmol) dissolved in EtOhc

(30 ml) was reduced with H, (25 lb/inz) using 5% Fd/C
200ng) as a catalyst. At the end of 22 hr. the mixture
was filtered. Upon removal of the solvent a crystalline
solid (0.7g, O4%) was obtained: mp 63 ~ 65°C; ir,

1700 em™" (lactam C=0; nmr (CDCL,, THS) §2.0 - 2.9

5?

(a complex multiplet and a sharp singlet, 7, I\EmOH5
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c5 and C,), 3%.23 (B,3H, 0055), 7.0 = 9.0 (4, a typical

S-substituted pyridine pattern).

Attempts to dehydrohalogenate 3,3-dibromocoti-

P e ORI, Ty

nine (24)

beveral attemps were made to convert 5, 5=dibromocotinine

to the pyrrolinone pra

a) 3,3-dibromocotine (0.5g, 1.5 mmol) and Ligco3
(l.11g, 15 mmol) in DMF (15 ml) was fefluxed
under nitrogen atmospherc for 3% hr. 'The mixture
was cooled and filtered to remove the L12C05=
Yo the filtrate, water (20 ml) was sdded and was
wased with ether (2 x 25 nl) followed by exhaustive
extraction with CH015° The CHCl5 extracts were
coﬁbined, decolorized with charcoal, dried over
N32804 and the solved was rTemoved under reduced
pressure to yield a yellow oil (0.273 g). The product
was a mixture consisting of two major and other

minor components.

The nmr spectrum of the crude product showed signals
due to olefinic protons at N 6.07 (d) and 6.9 (d).
Attempts to separate the olefinic compound by pre-
parative TLC (silica gel 2.0 mn thick; benzene -

ethanol 8:2) 4did not give a pure compound.



b) & wmixture of products was isolated from the reaction

c)

d)

e)

£

£)

of %,3-dibromocotinine (24) with 1iCl in DMF at
1009C for 2 hr. fhe NMR spectfum of the crude
product showd signals due to olefinic protons at
$6.07 (d) and 6,87 ppr. Attempt was not made to
separate the mixture since the olefinic compound

was a minor product.

Cnly starting material was isolated from a reaction
nixture containing KOE-Bu and 3,3-dibromocotinine
(24) in diglyme (stirred at room temperature over-

night),

treatment of 24 with LO§-Bu in §-BuCH at room temp-
erature gave back the unchanged starting material.

A mixture consisting of more than four components
was obtained when the reaction of 24 with KOt-Bu

in refluxing {-BuCH was performed. The NMR spectrum
of the product mixture showed no signals due to

olefinic protons.

A mixture consisting of wore than five components
was isolated when the reaction of 2% with KO0t~Bu

in DMSO was conducted at 100°C for 2 hr,

Yhe unreacted starting material was recovered after
treatment of 3,3-dibromocotinine (24) with KOg-Bu

in TUF both at room temperature and under reflux.
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httemptq to dehydrnte 5. hydfoxycotlnlne (27)

to thecpzyrollnone ()5)

S5-ilydroxycotinine (22, 300ug) was dissolved in
pyridine (2m1) at 0°C and POL15 (0.1 ml) was added
dropwise. After the addition was complete, the
mixtbure was stirred for 1 hr and poured into a
beaker containing cracked ice. Neubtralization of
the mixture with HaHCO5 followed by extraction with
CH,Cl, yielded a dark brown gummy product (07e)
consisting of more than five components. Atvenpt
at separating the nixture by silica gel column
chromatography using benzene and ethanol in diffe-

rent proportions as eluent was unsuccessful.,

To a stirred solution of  S5-hydroxycotinine (27,
200 mg) in pyridine (2ml) at 0°C was added dropwise,
a solution of thionyl chloride (C.1 ml) in pyridine
(2ml). "The mixture was stirred under nitrogen for
L hr and was poured into a beaker containing ibe
cold water and allowed to stand for 2 hr. Neutra-

lization with NaHCQ and exhaustive exXtroaction with

5
OHEGl vielded a yellow oil (0.1% g) which consisted

of more than six componentsa,
Attempt to dehydrate 27 with anhydrous oxalic acid

in toluene following the procedure given by Y.amiel

et a1*? d4id not give the pyrrolinone 33,



85

An unidentified solid compound (mp 132 - 145°C) was

obtained.,

Reductlon of k-methyl-S5-methoxy-5-(%! -pyridyl)-2-

Dyrrolldlnone (37) with LlAlHQ

In a 100 ml 3-necked flask equipped with a reflux
condenser, a pressure equalizing dropping funnel and

a magnetic stirrer was suspended LiAlH4 (200 ng 5.% mmol)
in 10 nl of freshly distilled THF. The reaction flask
was cooled in a water bath while compound 37 (1.1 g,

5.3 mmol) in 2 ml of THF was introduced slowly dropwise.
When the addition was complete; the reaction mixture

was stirred under reflux overnight. The reaction mixture was
chilled in an ice bath, then 0.2 ml of water was added
followed by 0.2 ml of 15% WaOH and finally 1 ml of water
was added slowly. The resulting mixture was stirred
until white salts were formed. T+t was then filtered

and dried over molecular sieves. The solvent was removed
under reduced pressure to yield a vellow oil (0.75g)
congisting of five components (GC. 10% carbowax 20 M

on 100/120 Gaschrom § OV 200°¢ isothermal)o Attempts

to separate the mixture by preparative TLC (silica gel

2 mn thick, benzene-ethanol 8:2) gave only two of

The components with GC retention tines of 1.5 min

and 5.8 min in pure forms. The major product had

a GC retention time of O0.46 min and was identified as



&6

nicotine (&), by comparison with an autentic sample

of nicotine. ITdentification of the compdund with Rt
5.8 min was not possible based on its nmr, ir and mass
spectra (see text). “The compound with Ry 1.5 was
identified as nicotyrine (5): nup (CDCl5 TIS)YS 5.6

(bJH,Hm(ﬂja), 6.17 (m,2H,C, and 04)3696’7(1;,1&05)

5
7.0 - 9.0 (41, a typical %-substituted pyridine pattern) ;
ms w/e (relative intensity) M* 158(100%), 157 (43%),

130 (19%), 117 (9%), 116 (10%), 105 (6%), 91 (5% 5)

89(8.6%), 77(10%).

Heductlon of l-methyl--5- methoxym5 (3" pyridyl)-3-

pvrrolln—2=one (25) with Llth4

Cdmpound 22 wasg reduced in the same manner described
for the reduction of 57 above. 4 yellow o0il consisting
of five components was obtained (GC 10% carbowax 20 M
on 100/120 Gaschrom , OV 200°C). Attecmpts to separate
the mixture by preparative 7LC (8ilica gel 2 mm thick
benzene-ethanol 8:2) gave only the component with Rt
1.5 min in a pure form. %his compound was identified
as nicotyrine (5) based on its nmr and mass spectra.
Nicotine (Rt = 0.46) was identified hy comparison with

an authentic sample,



87

Reduction of 1-methyl-5-hydroxy—5-(3'-pyridyl)e

3-pyrrolin-2-one (26) with LiAlH,

This compound was reduced in the same manner described
for the reduction of compound 37. A mixture consisting
of more than five compounents was obtained. Nicotine (8)
and nicotyrine (2) were identified as the two major
components based on their GC retention times and the

NMR spectrum.

. 3=-Hydroxycotinine (57)

This compound was synthesized according to the procedure.

of E.Dagne and N,Castagnoli56o

i) @e3-Pyridyl-N-methylnitrone (25)

A solution of pyridine-3-carboxaldehyde (56) (12.8g,
120 mmol) and N-methylhydroxylamine hydrochloride
(10.0g, 120 mmol) in abs. EtOH (100 ml) was stirred

18 hr at room temperature.

The solid which formed (16.14 g,lit56 15.6 g) was
collected and combined with an additional 3.55¢g
obtained by concentrating the mother liquor. The total
nitrone. HC1 (19.69 g, 86.6%, 1it56 81%) was dissolved
in water saturated with K,004. ixhaustive extraction
with CHCl, gave 13.2 g (81%, 1it”° 69%) of the free
vase: mp 72 - 75°C (1it°Cmp 74-76°C); nor (CDC1;m18)
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slowly followed by 0.2 ml 15% NaOH.-and finally 1 ml

of water. Ghe mi?tﬁre was stirred until white salts
vere formed. 1% was then filtered, and dried over
E32804° Removal ofzthe solvent under reducced pressure
yielded a yellow oil (600 mg) which was shown by TLC
(silica gel, benzene-ecthanol 8:2) to cousist of four
producte. Distilliation of the crude product under
high vacuum (150°C, 0.5 atm) yielded a faint yellow

0il (300 mg, 36%): nur (CDCL iMs, figure XXTI1) & 013

5
(5, 30, NCQB) 2.5 - 2.7 (m,2H, H, and gc), 2.7 - 3.3

(m, 2", He and gf), 3.6 (m,1H, Ha), 4.3%7(b,dd and 0il),

7.0 -~ 9.0 (4H, a typical 3-substitubed pyridine pattern);
ns m/e (relative intensity) MT 178 (1L00%), 177 (47%)

164 (16%), 134 (7%), 105 14.3%), 80(7.5%).

4--Chloronicotine (60)

el b e e et e

To 4mhydroxyﬂicotine (59, 140 mg, 0.79 mmol) dissolved
in pyridine (0.2 nl) was added dropwise PGCl5 (0.2 ml)
at room temperature. The mixture was stirred for
2 hr and was poured into ice--cold water. It was basi-
fied with 15% NaOH and extracted with CH01§° The

CHC1l, extracts were dried (molecular sieves) and

5
removal of the solvent under reduced pressure yielded
a yellow oil (10O mg, 61%): nnr (CD013THS 32.2

(5, 3H, m~qg5), 2.3 - 2.9 (m,2H, 0 and H,) 3.3 - 3.9

(m,3H, Ha, He and H.) 4.4 (m,1, Hd ) 7.0 - 9.0 (4,
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typical 3-substituted pyridine pattern).

d-liethyl-3-hydroxy-5-phenyl-2-pyrrolidinone (58)

This compound was synthesized following the procedure

29

of L.Dagne .

i) C-Fhenyl-l-methylnitrone (66)

4 solution of benzaldehyde (5 g, 47.2 mmol) and
N-methylhydroxylamine hydrochloride (%.94 g, 47.2 mmol. )
in abg.=t0HA40 ml) was stirred 18 hr at room temperature.
demoval of the solvent gave a white crystalline solid.

1t was dissolved in walter saturated with K2005 and
exhaustively extracted with CHGIBO Rxmoval of the
solvent gave 5.24 g (82%) of the frec base 66: wmp
77-82°C.,

ii) Y-tethyl-3-hydroxy~5-phenyl-2-pyrrolidinone (58)

solution of C-phenyl-l-methylnitrone (66, 5.24 g,
39 mmol) in methyl acerylate (30 g, 349 mnol) was
heated under reflux for 2 hr. ALfter removal of the
solvent, a yellowish oil (7.97 &) was obtained which
was hydrogenated (35 lb/ing) in abs.»t0d(75 ml) over
W-2 Haney HNickel for 20 hr. The catalyst was separated
by filteration and the solvent was removed under
reduced pressure, The resulting'oil was taken up in
acetone and upon cooling a white crystalline solid
(2.19 g, 32%) separated which was collected by

filteration., mwp 140 - 142°C (1it77mp 148-149°0);
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1 (0H) 1690 et (lactam C = 0); nnr

ir 3%00 cm
(CDClB TH3) & 2.0 (m,1H, Ho ), 2.6(8,31, N"Cgﬁ) 2.93
3-06 (m, 149, H ) 4.2 - 4.6 (m,2H, Ha and Hd) 7.17 (5,

sromatic protons)

1-Hethyl-4-hydroxy~2-phenylpyrrolidine (61)

""his compound was prepared by the reduction of 58
with LiAlH4 in the same nmanner described for the nre-
paration of compound 59. 4 slightly yellowish oil
was obtained in a vield of 86%: ir 3300 cm™t (OH)
nnr (0D015 THS) R 2,07 (8,7, ﬁggB), 1.7 = 2.0 {(m,

M, Hp) 2.2 - 2.9 (m,%H, He, He and He)y 2,97 = 3,27
(m,3H, Ha) 4.25(w,1H Hd), 7.2(50, Arometic protons);

m.s m/e M 177, 176, 159, 1%3, 132 (100%), 100, 91,

77y s

Attempts to dehydrate l-methyl-l-hydroxy-2-nhenyl-

)

pyrrolidine (61)

a) A sclution of 61, in 89Y% ,P0, was heated at 100°C
for 2 hr., After work - up the unreacted starting

material was obtained.

b) Compound 6l was recovered unchanged after treatment

with P205 in refluxing benzene overnight.

¢c) Distillation of compound,ggloverI505 under high

vacuum. gave back the unchanged starting mabterial
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4-Chloro-l-methyl-2-phenylprrolidine (62)

l-methyl-4-hydroxy-2-phenylpyrrolidine (61 4 600 ng,

5o% mnol) in BOCL, (3.28 g, 27.6 mmol) was heated under -
reflux for 4 hr. 'The excess 5001é was reunoved under reduced
pressure and the residue was neutralized with 10% Pa 3
and extracted with CH015, The GHC]_5 extract was decolorized
on charcoal and the solvent was removed under reduced
pressure to yield an oil (610 mg, 929 ; nov (CDUl TMS)

& 2.17 (v, an,nqua) 2.29-2.,9 (m,EH,HE and ﬁg) 5°35 ~ 3,83
(m, 21, Ha, He and Hedy 4.44 (m, 1M, Hd), 7.17 (5H, aro-

—

natic protons).

uttempts to dehvdrohalogenate f—chloro-l-methyl-

e e —

2-phenylpyrrolidine (6&)

Compaund 62 (300 mg) and KO4-Bu (300 mg) in t-BuQH
(10 wl) was stirred and refluved overnight, ‘ork-up gave

back the unchanged starting material.

The starting msterial was recovered unchanged after

treatment of 62 with KOH in relluxing lieOH for 4hr.

¢) Compound 62 was recovered unchanged after refluxing

in triethylamine overnight.

4-lesyloxy-1-methyl-2-phenylpyerolidine (64)

To 4-hydroxy-l-methyl-2-phenylpyrrolidine (6l , 300 ng,

1.7 mmol) and triethylanine (260 Mg, 2.6 mwmol) in dichlorome-—

thane (15 ml) at 0°C was added mesyl chloride (300 mg, 3.4

mnol) dropwise over a period of 10 min. The reaction
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mixture wa.s stirred for 30 min longer at 0°C. It was
then transferred into a separatory funnel with the aig
of more CH2012 and washed with water and 10% HaQCOB,
The organic layer was dried over molecular sieves and
removal of the solvent under reduced ﬁressure vielded
the mesylate 64 (350 mg, 73%) as a yellbw oil: nmr
(CDOl5 MiB) §2.1 {5, 24, Hq£5)’ 2.5 (m, 2, Hb and Hc),

2.9% (5, 3H, 8-CiL,) 3.25(n,3H, lla, He and H.), 5.1

(m,1H, Hd) , 7.2 (5i, phenyl ring protons).

f-methoxy-1-methyl-2-phenylypyrrolidine (65)

The mesylate &4 (200 mg, 0.7 mmol) and NaOble
(100 mg, 4.2 mnol) in HeOH (11 nl) was heated under
reflux for 4 hr. The solvent was removed under re-
duced pressure and the residue was dissolved in water
and. exhaustively extracted with CHCl5° The CHC]_5 ext—--
racts were combined and dried over molecular sieves,
itemoval of thedsolvent vielded 65 (100 mg, 755 as

a yellow oil: nmr (01)015 Ts) $2.1 (B, 3H, N-CH

30
3.2 (&, 31, 0-CH;), 1.8 - 2.8 (m,3H, iy, Hys HD,

3.3 = 4.07 (m, 3H, Ha, Hd and He), 7.17 (5, phenylring

protons).,

Reaction of C-pyridyl-l-methyloitrone (45)

with allyl chloride

The nitrone 45 (2 g, 14.7 mnol ) and allyl chloride

(10 g, 131 mmol) in benzene (20 m1 was heated under
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reflux following the progress of the recaction by TLC
(benzene-ethanol §:2). is the reaction proceeded,

a brown solid began to separate. The formation of a
second compound (Rf 0.6) was detected by TLC. 4t the

end of 72 hr the reaction was stopped and the brown

s0lid was separated by filtration. .The filtrate was
distilled under reduced pressure to give a yellowish

0il (1.29 g) which consisted of the unreacted nitrone

and the product. The oil (1.29 £) was applied to a column
packed with silica zel (30¢) and was eluted with benzene-
ethanol (8:2). TFractions 5 and 4 contained the desired
product (0.8 g 34%) which was identified to bhe the

isoxozolidine 48: nur (CDClBTMS) & 2.1(m,1H, Hb or HC)

2.5(8, 31, qugﬁ), 3.0 (m,1H, Hy ox HC), 3.6 (m,3H, Ha

Lan_)

and Qﬂgﬁﬁ C1), 4.33(wm,1i, Hd) 7.0 - 9.0 (4H, a typical

3-substituted pyridine pattern).

tudraxymethy ?wmethyl j (B’hpyrldyl) 1squ?olld1n@ ( )

———

“he nitrone 45 (500 1R, 5.67 unol) in allyl alcohol (10g,

172.4 mmol) was heated under reflux following the prosress
of the reaction by T1.¢ (benzene-ethsnol 8:2). At the

end of 50 hr all the starting material had disappeared.
The excess allyl alcohol was removed under reduced
pressure to yield an oil (600 Mg, 84.5%3ir 3700--24.00 cmhl

(~0H); nmr (CDCL TIS) 81.83 -~ 2.4 (m, 1H, Hy or H ),

3 _b
2.53 (5, 3H, N-CHyz)y 2.67-3.17 (m, 1, iy, or H ), 3.43 « 3.9

~
y - -
-



(m, 34, Ha and Cuq“OH), b1 = 4.5 (o, 1H, Ha ), 4.6
(b, 1H, OH), 7.0 - 9.0 (4, typical 3-substituted

pyridine pattern).

atalytlc hydrogenatlon of A-hydroxymethyl- 2_methy1m
§r£5' pyridyl) isoxazolidine (50)

Compound 50 (600 mp, 3 mmol) dissolved in abs wtOH

(35 ml) was hydrogenated (3% lb/ing) over freshly

prepared W-2 Raney Nickel for 13 hr. The mixturew.s
filtered and the solvent removed under reduced pressure

to yield 51 as an oil (510 ng, 83.6%): ir 3700 - 2400 om *
(0); nmr (01)013 MMsS) §1.83 (&, 2H, H, and Hc)g 2.17

(3, 3, H«QEB), Solt = 4.0 (m,4iH, Ha, dd, and CH,- OH),

7.0 -~ 9.0 ( 4i, pyridine ring protons).

Heaotion of compound 51 with thionyl chloride

Compound 53 , (1.6g) in thionyl chloride (16g)

was heated at 6O~7OOC for 2 hr. The extess thionyl
chloride was removed under reduced pressure and %o

the residue was added H20 (10 ml) and was neutralized
with hag 3 It was then extracted with CHClB, dried
over molecular sieves and removal of the solvent yielded
a dark red oil (1.26 g). The resulting oil was taken

up in ethanol hexane to give a white solid (mp 165 -
166°C, compound I) which was separated by filtration.
The filtrate was concentrated and the resulting oil

was applied on a 2 mm silica gel plate and eluted with
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