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trile in 0.01 M NazETDA solvent at pH 7.8 (flow rate 2 mL/min) and 
the major component was found to be identical to  isochelocard.in ac- 
cording to retention volume (26 mL). The major component could not 
be isolated in pure enough form for full characterization. 
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The synthesis and mass spectrometry of a group of structurally related nicotinoids (la-c-6a-c) have been inves- 
tigated. A detailed discussion is presented of their complex electron-induced fragmentation mechanisms, estab- 
lished with the aid of 27 site-labeled deuterium analogues, high-resolution measurements, and metastable ion stud- 
ies. 

Substantial interest in the minor tobacco alkaloids, their 
mammalian metabolites, and the physiological effects of ni- 
cotine has been noted in the recent literature.24 Further, the 
widespread occurrence of nicotine-like compounds in na- 
t ~ r e , ~ , ~  as well as the expanding interest in the trace c,ompo- 
nents of tobacco and tobacco smoke,' have led us to undertake 
an investigation of the preparation and spectral properties of 
a group of structurally related nicotinoids (la-c-6a-o). The 

C'H H CHO 
la-c 2a-c 3a-c 

I 

H 
4a-c 5a-c 6a-c 

a = 2-pyridyl; b = 3-pyridyl; c = 4-pyridyl 

results of our synthetic and mass spectrometric studies are 
reported here. 

Synthesis.8 Despite the extensive s t u d i e ~ ~ - ~ > ~ - ~ ~  reported 
on the Nicotiana alkaloids (lb-4b), their metabolites (5b and 
6b), and a host of analogues, only a limited amount of diffuse 
work has been carried out on the isomeric nicotinoids (la,c- 
6a,c).I2 I t  therefore seemed appropriate to investigate the 
applicability of newer methods of alkaloid synthesis to the 
preparation of this cohesive group of structurally related, 
isomeric nicotinoids. 

The reaction of cyclopropyl 3-pyridyl ketone (713) with 
formamide has been shown to give 3-nornicotine13 (2b; via acid 

7a-c sa-c 
a = 2-pyridyl; b = 3-pyridyl; c = 4-pyridyl 

hydrolysis of N'-formyl-3-nornicotine (3b), generated in situ). 
This method was chosen as a route to the nornicotines (2a and 
2c) and the N'-formylnornicotines (3a-c). After having first 
established that 3b could be isolated from the reaction of 7b 
with formamide, the synthesis was used to prepare 2- and 
4-nornicotine (2a and 2c) and N'-formyl-2- and "-formyl- 
4-nornicotine (3a and 3c) from the appropriate cyclopropyl 
pyridyl ketone (7a,c). 

The cotinines (5a and 5c) were prepared by treatment of 
the pyridoylpropionates (8a and 8c) with N-methylform- 
amide using an altered version of Sugasawa's method.I4 The 
prerequisite a-keto esters were obtained from the reaction of 
ethyl acrylate with 2- and 4-pyridine~arboxaldehyde,~~ a 
method which was found preferable to the published proce- 
dure.'6 

Attempts to apply the cotinine synthesis to the preparation 
of the norcotinines (6a and 6c) by substituting formamide for 
N-methylformamide were unsuccessful. However, 6a and 6c 
could be obtained by reaction of the appropriate a-keto ester 
(8a or 8c) with NH4C1 and NaBH3CN. 

During the course of our study, Huln reported an excellent 
improvement of Spath's original 3-myosmine (4b) synthesis.19 
This method,'* with some modification, was used to prepare 
the myosmines (4a-c). 

The synthesis of the deuterated nicotinoids (Table I), 
necessary for both this and NMR studies,20 proved facile ex- 
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Table I. Deuterated Analogues 

Compd a Isotopic purityb Compda Isotopic purityb Compd a Isotopic purityb 

A ’ W  

h ’ p & - -  

JH 

15 

I 
CH 

1s 

& I 

ri 
21 

I 
CDO 

24 

CDO 
27 

97% d3 

94% d 2 
5% d l  

86% d 1 

95% d 2 
5% dl 

88% d 2 

9% dl 

90% d l  

84% d l  

98% d 3 

92% d 1 

90% d l  

95% d 2 
5% dl 

89% d2 
10% dl 

97% d 1 

89% d l  

93% d 1 

89% d2 
10% d l  

97% d2 
2%dl 

94% d 1 

I 

CH, 
11 

I 
CD 

14 

D 

CH, 
17 

0l-P 
D I  
H 

20 

h & I 

& I 

A& 

H 
23 

CHO 
26 

29 

6 H  
32 

S m o  

I 
D 

35 

87% dz 
12% dl 

90% d3 

85% d2 
12% d l  

91% d l  

88% d 2 
10% dl 

83% d2 
14% d 1 

88% d2 
11% d l  

81% d2 
17% d 1 

95% d 1 

a The structure and site of labeling were validated by comparison of their lH NMR and mass spectra with those of authentic non- 
deuterated compounds. The site of labeling was further confirmed by 2H NMR spectroscopy (9-18 and 20-32). b Determined by mass 
spectral analysis (9-35) and confirmed by IH NMR spectroscopy (9-18 and 20-32). 

cept in a few cases. The 2-cotinine-4’,4’-dz (31) was synthe- 
sized by deuterium exchange of the 4’ protons of 5a by an es- 
tablished procedure.21 This method (D20 and K2CO3 a t  101 
“C for 12 days) could not be used to synthesize 4-cotinine-4:- 
4’-dz (32 from 5c) because it also caused exchange of the 2’ 
proton, giving 4-cotinine-2‘,4‘,4’-d3 (45.6% d3, 50.3% dz, and 
3.2% d2).2z If the KzC03 was replaced by KHC03 and the re- 
action time shortened, 32 was obtained. The 2-cotinine- 
methyl-d, (30) was prepared from 8a and CD3NH2-HCl via 
the method developed for the synthesis of the norcotinines. 
Reduction of the myosmines (4a and 4c) with NaBD4 yielded 

2- and 4-nornicotine-2’-dl (20 and 22). Sodium borohydride 
reduction of 2- and 4-myosmine-3’,3‘-dZ (28 and 29, obtained 
from 4a and 4c by acid-catalyzed exchange of the 3’ protons) 
gave 2- and 4-nornicotine-3‘,3’-d2 (21 and 23). The 4-nico- 
tine-2’-dl (15) was synthesized by iodomethylation of 22 be- 
cause the methylation of 22 under Clark-Eschweiler condi- 
t i o n ~ ~ ~  resulted in loss (ca. 9Wo) of the deuteron. Formylation 
of 21 with HCOzH and 2b with DCOzD afforded the “-formyl 
derivatives 26 and 27. This method could not be used to pre- 
pare N’-formyl-dl-2-nornicotine (24) from 2a or “-formyl- 
2-nornicotine-Z’-dl (25) from 20 due to the lability of the 2’ 
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Figure 1. Mass spectra 170 e\‘) of 2-nicotine (la), 3-nicotine (1 b), and 
4-nicotine (IC). 

proton (deuteron). The milder reaction conditions of 2a and 
DC02D or 20 and HC02H in the presence of dicyclohexyl- 
carbodiimide proved effective, giving 24 and 25. The :!-nor- 
nicotine-N’-dl (19) and the norcotinines-N’-dl (33-35 1 were 
prepared in the mass spectrometer from 2a and 6a-c ’by ex- 
change with D20. The remaining deuterated analogues (9-14 
and 16-18) were synthesized using the methods developed by 
Duffield et al.,23 with minor modifications. 

Mass Spectrometery. Recent studies have shown that 
during electron impact induced fragmentation the nitrogen 
atom in 2-substituted pyridines participates in unique frag- 
mentation  reaction^.^^-^^ The free-radical character of this 
nitrogen appears to be involved in bond-forming reactions,29 
which may occur in low yield, if a t  all, in 3- and 4-substituted 
pyridines. The mass spectrometry of the isomeric nicotinoids 
(la,c-6a,c) has been neglected, although several investigators 
have conducted extensive studies on the tobacco alka- 

3-Nicotine (lb). The mass spectrum of 3-nicotine (Figure 
1) has been discussed, and several mechanistic interpretations 
of the most abundant ions have appeared. The most complete 
investigation by Duffield et al.23 and a direct analysis of 
daughter ions (DADI) are combined to give the major 

loids,3a,23,.”@ 

Scheme I 

m/e 161 / I  m/e 134 

m/e 119 m/e 84 m/e I 3 3  

Scheme I1 

m/e 106 m/e 57 

fragmentation pathways illustrated in Scheme I. The spec- 
trum contains five major ions, three of which arise as a direct 
decomposition of the molecular ion (mle 162). 

The base peak in the spectrum occurs a t  mle 84 (M - 78) 
due to the loss of the pyridyl moiety via N cleavage. The hy- 
drogen atom lost to produce the M - 1 species comes 40% from 
the 2’ position, 15% from the 5’ position, and 10% from the 4‘ 
position. The remaining 35% is postulated to come from the 
C-2, C-4, andlor C-3’  position^.^^ The peak a t  mle 119 (M - 
43) is the result of the loss of the 2‘ proton with the 3’, 4’, and 
5’ carbons and their attached hydrogens. 

Formation of the mle 133 (M - 29) ion has been shown by 
DADI to be a two-stage process. Ethylene, containing C-3’ and 
C-4‘, is lost in the initial step from the molecular ion, and only 
after ring formation of mle 134 is a proton lost from the 2 
position of the pyridyl moiety. 

2-Nicotine ( la) .  The dominant peak in the mass spectrum 
of 2-nicotine (Figure 1, Scheme 11) occurs a t  mle 106 (M - 56). 
The elemental composition of this ion was determined by 
high-resolution mass spectrometry to be C.iHsN+. (M - 
CBH~N) ,  and metastable ion data indicate its formation from 
the molecular ion. The production of this ion requires the loss 
of the N’ CH3 group and the 4’ and 5‘ carbons and a hydrogen 
transfer from the leaving group to the charged moiety. The 
spectra of the deuterated analogues pinpoint the source of the 
transferred hydrogen to be 15% from the methyl, 24% from the 
4’ position, and 61% from the 5’ position. 

The reaction to form the mle 106 ion demands participation 
of the pyridine nitrogen, and this ion is shown in Scheme I1 
as a recyclization to the nitrogen. No metastable ions could 
be found to indicate its further fragmentation. The possibility 
has not been overlooked that this fragmentation could be in- 
itiated by a charge site different from that found in 3-nico- 
tine. 

A major peak in the spectrum is found a t  rnle 57 due to an 
ion having an elemental composition of C3H;N+.. This ion 
contains the 4’ and 5’ carbons and the N’ CHB group as well 
as their attached hydrogens. Other peaks found in the 2-ni- 
cotine spectrum are similar to those found in 3-nicotine. The 
abundant ion a t  mle 84 is due to the loss of the pyridyl moiety 
via a cleavage. 

4-Nicotine (IC).  The mass spectrum of 4-nicotine (Figure 
1) is, for the most part, identical with the spectrum of 3-ni- 
cotine. The only notable difference is that the a-cleavage re- 
action (M - 78) produces a higher percentage of the total ions 
formed than does this cleavage in the 3 isomer. Deuterium 
labeling, high-resolution results, and metastable data indicate 
the same mechanisms a t  work here as in the 3 isomer. 

3-Nornicotine (2b). The mass spectrum of 3-nornicotine 
(Figure 2) contains a relatively abundant molecular ion and 
a more intense M - 1 species. The M - 1 peak has been shown 
by deuterium labeling to consist of a 55% loss of hydrogen from 
the 2’ position.23 Lack of analogues deuterated in the 4‘ or 5’ 
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Figure 2. Mass spectra (70 eV) of 2-nornicotine (2a), 3-nornicotine 
(2b), and 4-nornicotine (2c). 

positions precludes recognition of the other M - 1 species. 
Similar to 3-nicotine, the 3-nornicotine spectrum contains 

an intense peak due to the loss of the pyridyl moiety producing 
the mle 70 ion via a cleavage. The loss of 28 mass units from 
the molecular ion produces a peak a t  rnle 120 (CTH~N~+. ) .  The 
available deuterated analogues indicate the formation of this 
ion by the loss of ethylene containing the 3’ and 4‘ carbons and 
their h ~ d r 0 g e n s . l ~  The base peak of 3-nornicotine occurs a t  
mle 119 (M - CZHj) due to the loss of the 3’ and 4’ CH2 groups 
and an additional hydrogen. This can occur either as a transfer 
of hydrogen to the leaving group or, by analogy to 3-nicotine, 
as the loss of hydrogen from the pyridine ring after cyclization 
of the mle 120 ion. 

2-Nornicotine (2a). The most abundant peak in the 
spectrum of 2-nornicotine (Figure 2, Scheme 111) occurs at mle 
106. This ion has the same elemental composition as the rnle 
106 ion found in 2-nicotine; in this case, however, it is due to 
the loss of C2H4N. Deuterium labeling indicates its formation 

Scheme I11 
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Figure 3. Mass spectra (70 eV) of N’-formyl-2-nornicotine (3a), N‘- 
formyl-3-nornicotine (3b), and N’-formyl-4-nornicotine ( 3 ~ ) .  

by the loss of the pyrrolidine nitrogen with the 4’ and 5’ car- 
bons, hydrogen transfer to the charged species, and recycli- 
zation. The available deuterium analogues show 38% of the 
hydrogen transferred to be from the N’ position, and one can 
postulate the remainder to come from both the 4’ and 5’ po- 
sitions, as was seen with 2-nicotine. 

The mass spectrum contains a prominent a-cleavage 
product a t  rnle 70 and a relatively abundant mle 119. A 
metastable ion indicates the formation of rnle 119 from the 
molecular ion, and deuterium analogues show its formation 
from rnle 120 via the loss of a 5’ hydrogen. 

4-Nornicotine (2c). The mass spectrum of 4-nornicotine 
(Figure 2),  as with 4-nicotine, shows that the further the 
substituent group from the pyridyl nitrogen, the more facile 
the a-cleavage. Here the a-cleavage product a t  rnle 70 has 
become the most abundant ion. No differences were found in 
the elemental compositions of the major ions from those of 
3-nornicotine. 

Nt-Formyl-3-nornicotine (3b). The electron impact in- 
duced fragmentation of N’-formyl-3-nornicotine includes 
many competing reactions (Scheme IV) which produce a 
complex spectrum (Figure 3). The most abundant ion is the 
molecular ion at mle 176, from which only two major fragment 
ions are formed. 

The first major ion is found a t  mle 147 due mainly to the 
loss of CHO via simple cleavage. Ten percent of the ion 
abundance at rnle 147 is due to the loss of CLHS., presumably 
by the same mechanisms found in 3-nicotine involving the 3’ 
and 4’ carbons. The second major molecular ion fragmentation 
is due to the anticipated cy cleavage, forming rnle 98. Loss of 
CO from rnle 98 leads to an mle 70 fragment ion. 

Large metastable ions indicate that both the expulsion of 
ethylene to form rnle 119 and the loss of C2H i* to give rnle 120 
occur from the rnle 147 ion. While no deuterium analogues 
were available, the probability appears high that the 3’ and 
4’ carbons are involved in these losses, considering the evi- 
dence found for the 2 isomer. 

N’-Formyl-2-nornicotine (3a). The mass spectrometric 
fragmentation of N’-formyl-2-nornicotine follows the same 
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mechanism that has characterized the other 2 isomers of these 
nicotinoids. The most abundant ion in the spectrum (Figure 
3) is found at  mle 106 due to the loss of C3H4N0. (Scheme V). 
Deuterium labeling shows that 25% of the hydrogen trans- 
ferred in this reaction is from the formyl proton. The re- 
maining 75% is postulated to come from both the 4' ;and 5' 
positions. A relatively abundant m / e  131 peak is present due 
to the loss of CHsNO from rnle 176. This fragmentation re- 
quires the transfer of two hydrogens to the leaving group or 
a two-stage process. Approximately 50% of the hydrogens lost 
comes from the 3' position. The remaining hydrogens may be 
lost from the 4' position or, if cyclization occurs, the pyridine 
ring. 

N'-Formyl-4-nornicotine (3c). The mass spectrum of 
N'-formyl-4-nornicotine (Figure 3) closely resembles that of 

Scheme IV 

- H C N  

m / e  1 2 0  

-cn, 

r n + H  s 

m / e  105 

m / e  98 

p o  

I 

H 
m / e  '70 

v 
m / e  131 

the 3 isomer insofar as the major peaks are concerned. As in 
other 4 isomers, the spectrum presents a marked increase in 
the a-cleavage product a t  the expense of the other ions, al- 
though the rnle 176 remains the most abundant ion. 

3-Myosmine (4b). The mass spectrum of 3-myosmine 
(Figure 4) contains only three abundant peaks; the molecular 
ion, the M - 1 species, and the base peak at  m/e 118. The loss 
of ethylene from M+ to produce the most abundant ion at m/e 
118 is due to the expulsion of C-3' and C-4' with their attached 
hydrogem23 I t  is noteworthy that cy cleavage, which would 
result in the formation of an mle 68 ion, is not a favored pro- 
cess since it would involve cleavage of a vinylic linkage. 

2-Myosmine (4a). The fragmentation of 2-myosmine 
produces a slightly more complex spectrum (Figure 4) than 
was found with the 3 and 4 isomers. The most abundant ion 
is now the molecular ion at  rnle 146 (Scheme VI). A very stable 
M - 1 ion is formed involving the loss of a proton from the 4' 
and/or 5' position. 

A large metastable ion suggests the formation of rnle 118 
via the loss of CzHr from mle 145 (M - 1). Deuterium labeling 
shows that the 3' position is always involved in this loss, and 
therefore by structural considerations the 4' position is also. 
The peak at  rnle 117 was found to be M - CH3N rather than 
the loss of hydrogen from mle 118. It was noted that ap- 
proximately 30% of the hydrogen lost here involves the 3' 
position. 

The ion at  m / e  119 is due to the loss of HCN from the mo- 
lecular ion. The loss of CHr .  indicated by a metastable ion to 
be from mle 119, results in the formation of rnle 104. The peak 
at  rnle 105 is due to the loss of the 3', 4'. and 5' carbons from 
the molecular ion, and the major peak at  mle 78 was deter- 
mined to be the pyridyl moiety. 

4-Myosmine (4c). The mass spectrum of 4-myosmine 

Scheme VI 

m / e  118 m / e  119 m / e  104 
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(Figure 4) contains the same major peaks found in the 3 isomer 
as well as the increased intensity of mle 78 found in the 2 
isomer. Clearly, the major structural influence in these three 
isomers is the vinylic linkage and not the position of pyridine 
substitution. 

(S)-(-)-S-Cotinine (5b). The mass spectrum of (SI-(-)- 
3-cotinine (Figure 5 )  is dominated by the ion a t  rnle 98, and 
few other ions exceed lo?? relative abundance. The mle 98 ion 
corresponds to the loss of the pyridyl moiety via a cleavage. 
The spectrum contains a relatively abundant molecular ion 
a t  mle 176, and the only other peaks of interest are found a t  
rnle 118 and 119. The rnle 118 ion is due to the loss of 
C2H4N0. and rnle 119 to the loss of C~HBNO,  both from the 
molecular ion. 

2-Cotinine (5a). The mass spectrum of 2-cotinine (Figure 
5 )  follows the pattern set by the other 2 isomers and demon- 
strates the influence of the pyridine nitrogen on its fragmen- 
tation mechanisms (Scheme VII). The expected peak a t  mle 
106 has the same elemental composition as found in the 2 
isomers of nicotine, nornicotine, and N'-formylnornicotine. 
In this case, the peak at rnle 106 is not the most abundant ion. 
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Figure 6. Mass spectra (70 eV) of 2-norcotinine (6a), (5')-(-)-3- 
norcotinine (6b), and 4-norcotinine (6c) .  

In 2-cotinine, the hydrogen transferred from the leaving group 
cannot come from the 5' position. In fact, deuterium labeling 
shows that 100% of the hydrogen transferred comes from the 
methyl groups. 

The a-cleavage product a t  m/e 98 remains the most abun- 
dant ion. A prominent ion a t  mle 147 is due to the loss of the 
N' CH3 group. Further fragmentation of this ion results in the 
formation of the mle 119 ion via the loss of CO and the mle 
118 ion from the loss of HCO.. 

4-Cotinine (5c). The mass spectrum of 4-cotinine (Figure 
5 )  contains the same peaks found in the 3 isomer. There is, as 
expected, an increase in the total number of ions formed by 
(Y cleavage. 

(S)-(-)-3-Norcotinine (6b). The mass spectrum of ( S ) -  
(-)-3-norcotinine (Figure 6) is an anomaly among the 3- 
substituted pyridines presented here. While appearing to have 
every reason to undergo a cleavage to produce the base peak, 
the most abundant ion is found instead a t  rnle 80 (Scheme 
VIII). High-resolution data reveal this ion to be C5HsN+, a 
protonated pyridine species. Deuterium exchange of the 
pyrrolidinone "-hydrogen shows that 100°6 of this hydrc .n 
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Scheme IX 
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is transferred in the formation of the m/e 80 ion. The second 
hydrogen could not be identified due to the lack of deuterated 
analogues. The extreme ease with which the N' proton is 
transferred to the pyridyl moiety relative to the other 3 iso- 
mers accounts for the low intensity of the a-cleavage prod- 
uct. 

The a-cleavage product appears at mle 84 and has an ele- 
mental composition of C4HcNOf. Other fragment ions of in- 
terest include m/e 134, 118, and 107. The peak a t  m/e 134 is 
due to the loss of C2H4, presumably from the molecular ion 
and involving the loss of the 3' and 4' carbons. The ion ai; mle 
1.18 (M - CH2NO.) involves the transfer of a hydrogen from 
the 3' position to the leaving group. The peak a t  m/e 107 (M 
- C3H30.) requires the transfer of a hydrogen from the leaving 
group. This proton can come from the 3' and/or 4' posi1;ion. 

2-Norcotinine (sa). The mass spectrum of 2-norcotinine 
(Figure 6) displays little indication of the expected pyridine 
nitrogen influence on the fragmentation mechanisms (Scheme 
IX). The expected formation of a C7H*N+ ion (M - C&NO) 
does not occur. The peak.at m/e 106 results from the loss of 
ethylene involving the expulsion of the 3' and 4' carbons fol- 
lowed by the loss of CO. This process appears favored over the 
loss of C2HsNO due to the stability of the neutral fragments 
generated. The major differences in this isomer relative to 
(S)-(-)-3-norcotinine are found in the marked decrease in 
intensity of mle 118, 107, and 80 ions and the promotion of 
mle 79 to become the base peak. This pyridine ion (m,'e 79, 
CjHjN+.) involves the transfer of a hydrogen, 70% of which 
was found to come from the N' position. 

4-Norcotinine (6c). The mass spectrum of 4-norcotinine 
(Figure 6) contains the same major ions as were found in the 
3 isomer. High-resolution data show them to have the same 
elemental compositions as found in 3-norcotinine. As with 
other 4 isomers, the tu-cleavage product is more pronounced. 
In this case, m/e 84 has become the most abundant ion. 

Summary 
The electron impact induced fragmentation of these 2- 

substituted pyridines shows a marked influence of the pyri- 
dine nitrogen. Where structural limitations do not prohibit 
it, as in 2-myosmine and 2-norcotinine, this influence cnani- 
fests itself in the production of an intense mle 106 ion 
(C7HsN+). The spectra of the 3 and 4 isomers are dominated 
by the a-cleavage product (M - 78), except in the case of the 
:3- and 4-myosmines and 3-norcotinine. The myosmines are 
prohibited from following the expected pathways by their 
vinylic linkage, 2-norcotinine by the stability of the neutral 
fragments formed, and (S)-(-)-3-norcotinine by the ease of 
hydrogen transfer from the pyrrolidinone. 

Experimental Section 
Melting points and tioiling points are uncorrected. The IH NMR 

spectra were determined on either a Varian A60A or XL-100 spec- 

trometer equipped with a Digilab FT accessory, with Me4Si as an 
internal standard. The 2H NMR spectra were run on the latter in- 
strument using CDC13 as an internal standard. The structures of the 
isomeric nicotinoids (la,c-6a,c) were confirmed by lH NMR spec- 
troscopy, which will be reported elsewhere20 with the 'H and 2H NMR 
analyses of the deuterated analogues. The IR spectra were run on 
either a Perkin-Elmer 621 or a Digilab FTS-14 spectrophotometer. 
The GLC and preparative GLC (PGLC) analyses were carried out 
using a Bendix 2300 instrument with 5 ft X 0.25 in stainless steel 
columns packed with 5% SE-30 on Chromosorb G-HP (80-100 mesh) 
with He carrier gas at  60 mL/min flow rate. The TLC and PTLC 
analyses were run on silica gel GF plates using CHClx/EtOH/NH40H 
(85:14:1) as the developing solvent. For PTLC purifications, after 
elution31 and evaporation in air (ca. 1 h)32 of solvent from the plates, 
the silica gel containing the desired compound was collected and 
washed with excess CHzClZ to eliminate trace impurities, care being 
taken to remove the majority of the CHzC12 without pulling much air 
through the gel. The silica gel was slurried with 10% HC1 (ca. 10 mL 
per plate used) and the acid filtered off. The acid wash was repeated 
twice. The combined filtrates at  <10 "C were basified with excess 50% 
NaOH (pH 11) and extracted with Et20. The Et20 was dried31 
(NaOH) for 2-3 h and removed to give the desired compound, from 
which trace solvent was removed in 3-6 h under vacuum (0.1 mm). 
Low-resolution mass spectra were obtained on a CEC 21-104 mass 
spectrometer at  70 eV, 10 p A ,  2000-V ion-accelerating voltage, and 
a source temperature of 250 "C. Accurate mass measurements were 
made on a CEC 21-llOB with a resolution of 12 000. The metastable 
ion measurements were made by an accelerating voltage scan method 
similar to the one used by Schulze and B ~ r l i n g a m e . ~ ~  
2-(2-Pyrrolidinyl)pyridine (2-Nornicotine; 2a). To 4.35 g (0.03 

mol) of cyclopropyl 2-pyridyl ketone34 (7a) was added 4.0 g (0.089 mol) 
of HCONH2, 1.2 g (0.0059 mol) of MgS04.6H20, and 15 mL of 2- 
ethoxyethyl ether. The stirring mixture was heated at  reflux under 
N2 for 21 h, cooled (5 "C), and acidified (pH 2) with 25 mL of con- 
centrated HC1. The solution was extracted with CHC13. The CHC13 
layers were washed with 10% HCl(20 mL). The combined acid layers, 
after removal of traces of CHC13 under reduced pressure, were heated 
a t  reflux under N2 for 16 h, cooled (5 "C), and basified with 50 mL of 
50% NaOH (pH 11). The mixture was extracted with EtZO. The Et20 
was dried (NaOH) and removed to give 1.49 g of an oil. The aqueous 
layer and insoluble solids were continuously extracted for 24 h with 
EtZO. The Et20 was dried (NaOH) and removed to give an additional 
0.11 g of oil. The oil was distilled to give 1.31 g (30%) of crude 2a: bp 
60-65 "C (1.0 mm); GLC purity >70%. The distilled 2a was dissolved 
in 100 mL of EtOH and treated with 6.1 g (0.027 mol) of picric acid. 
The mixture was stirred overnight. The picrate salt was collected, 
washed with EtOH, and air-dried. Two recrystallizations from H20 
gave 3.40 g of analytically pure dipicrate salt. mp 167-168 "C (lit.35 
mp 166 "C). 

The dipicrate salt (3.0 g) was added to 50 mL of 10% NaOH, and 
the stirring mixture was heated a t  reflux under Nz for 1.5 h. The so- 
lution was cooled (5 "C), treated with 20 mL of 50% NaOH (pH l l ) ,  
and extracted with Eta0 (4  X 40 mL). The Et20 was dried (NaOH) 
and removed to leave an oil which was distilled to give 0.65 g (88%) 
of analytically pure 2a: bp 54 "C (0.24 mm) [lit.35 bp 120 "C (12 mm)]; 
IR (neat) 3310 (NH), 2990, 2890, 1597. 1573, 1478, 1440, 780, 750 
cm-1. 
4-(2-Pyrrolidinyl)pyridine (4-nornicotine; 2c) was prepared 

in 54% crude yield from cyclopropyl4-pyridyl ketone3* (7c) by the 
procedure used for the synthesis of crude 2a:32 bp 6 W l  "C (0.02 mm); 
NMR purity, >go%. TLC showed a major component (2c), a minor 
component (4c), and two unidentified trace components. The product 
(2c) air-oxidized to 4c on standing, and this coupled with the fact that 
it codistilled with 4c, had the same GLC retention time as 4c (12 
columns), was partially oxidized to 4c during PGLC, and corecrys- 
tallized as a dipicrate salt with the picrate salt of 4c precluded the 
preparation of an analytically pure sample. However, 4c of sufficient 
purity for spectral analysis was obtained by PTLC: IR (neat) 3300 
(NH), 2970,2880,1602,1413,992,815 cm-'. 

4-[ 1 -( N-Phenylthiocarbonylimino)-2-pyrrolidinyl]pyridine. 
To 0.24 g (0.016 mmol) of freshly prepared 2c (purity >go%) in 5 mL 
of dry benzene was added 265 pL (0.032 mol) of phenyl isothiocyanate, 
and the solution was allowed to stand overnight under N2. The pre- 
cipitated crystals were collected and air-dried to yield 0.33 g (74%) 
of the phenyl isothiocyanate derivative, mp 180-183 "C. Recrystal- 
lization from EtOH and drying in vacuo over PZOS gave analytically 
pure material: mp 185.5-186.5 "C; IR (KBr) 3240 (NH), 2970,1597, 
1545,1445,1386,1290,750,690 cm-'; 'H NMR (Me2SO-d,j) 6 2.08 (m, 
4,3'- and 4'-CH2),3.87 (m,2,5'-CH2),5.66 (m, 1,2'-CH2),7.24 (m,7, 
phenyl H and 3- and 5-pyridyl H), 8.53 (m, 2, 2 -  and 6-pyridyl H), 9.04 
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(s, 1, NH). 
2 4  1-Methyl-2-pyrrolidiny1)pyridine (2-Nicotine; la). To a 

stirred solution of 1.39 g (27 mmol) of 88% HCOzH and 1.08 g (13 
mmol) of 36.9% H2CO at 5 "C was added slowly 0.77 g (5.2 mmol) of 
2a in 1 mL of HzO. The solution was heated a t  reflux under N2 for 16 
h, cooled (5 "C), and basified with 50% NaOH (pH 11). The  mixture 
was extracted with Et20 (4 X 10 mL). The Et20 was dried (NaOH) 
and removed [20 "C (15 mm)] to leave 0.76 g (90%) of l a  as an oil 
which on distillation afforded 0.69 g (82%) of analytically pure la: bp 
87-88 "C (4.2 mm) [lit.35 bp 122 "C (24 mm)]; IR (neat) 2970, 2945, 
2782, 1592, 1572,1473,1437, 1048,781,751 cm-'. 

4-( 1-Methyl-2-pyrrolidiny1)pyridine (4-Nicotine; IC) .  To a 
stirred solution of 4.17 g (0.08 mol) of 88% HCOzH and 3.24 g (0.04 
mol) of 36.9% HTCO in 4 mL of H20 a t  5 "C under Nz was added 
dropwise 2.36 g (0.016 mol) of freshly prepared 2c (purity >go%) in 
1 mL of HzO. The solution was allowed to warm to room temperature 
over 20 min and was cautiously warmed with a water bath to ca. 50 
"C, where gas evolution became quite vigorous. Heating was discon- 
tinued until after the vigorous reaction subsided and was then re- 
sumed at  reflux for 5 h. The reaction mixture was cooled (5  " C ) ,  bas- 
ified with 50% NaOH (pH I l ) ,  and extracted with Et20 (4 X 15 mL). 
The  Et20 was dried (NaOH) and removed [20 "C (15 mm)] to afford 
2.01 g of IC as an oil. Distillation gave 1.36 g (52%; >95% pure by GLC) 
of IC: bp 43-45 "C (0.006 mm) [lit.14 bp 94-95 " C  (67 mm)]. Analyti- 
cally pure IC was obtained hy PGLC: IR (neat) 2975,2950,2785,1600, 
1461, 1414, 1316, 1048.993, and 820 cm-'. 
2-(l-Formyl-2-pyrrolidinyl)pyridine (N'-Formyl-2-norni- 

cotine; 3a). To 4.25 g (0.03 mol) of cyclopropyl2-pyridyl ketone34 (7a) 
was added 4.0 g (0.089 mol) of HCONHZ, 1.2 g (0.0059 mol) of 
MgC1~6H20, and 15 mL of 2-ethoxyethyl ether. The stirring mixture 
was heated a t  reflux under Nz for 21 h. After cooling, the insoluble 
solids were broken up and the reaction was stirred with 50 mL of H20 
to give an aqueousioil mixture which was extracted with CHZC12. The 
CH2C12 was dried (NazS04) and removed to leave an oil, which was 
distilled [66-74 "C (7 mm)] to remove the 2-ethoxyethyl ether and 
volatile impurities. Distillation of the residue afforded 1.79 g (34.4%) 
of 3a: bp 99-101 " C  (0.01 mm); GLC purity >89%. Analytically pure 
3a was obtained by PGLC: IR (CHC13) 1663 (C=O), 1595,1437,1419, 
1382,750 cm-'. 

Anal. Calcd for C10H12N20: C, 68.16; H, 6.86; N, 15.90. Found: C, 
68.32; H,  7.06; N, 16.18. 

3-( 1-Formyl-2-pyrrolidiny1)pyridine ( Nf-formyl-3-nornico- 
tine; 3b) was prepared in 54.6% yield from cyclopropyl 3-pyridyl 
ketone34 (7b) by the procedure used for the synthesis of 3a: bp 
129-131 "C (0.03 mm) [lit.36 bp 206 "C (10 mm)]; GLC purity >98%. 
An analytically pure sample of 3b whose IR and NMR spectra were 
consistent with those reported3i was prepared by PGLC. 

4-( 1 -Formyl-2 -pyrrolidinyl)pyridine (N'-formyl-4-nornico- 
tine; 3c) was prepared in 52% yield from cyclopropyl4-pyridyl ke- 
t0ne3~ (7c) by the procedure used for the synthesis of 3a: bp 120-126 
" C  (0.25 mm); GLC purity >9O0%. The oil partially solidified on 
standing. Trituration of the solid with Et20 gave a crystalline product 
(35%): mp 71-76 " C ;  GLC purity >98%. Analytically pure 3c was 
prepared by suhlirnation 145-85 "C (0.02 mm)] followed by drying in 
vacuo over PzOj: rnp 74- i6  "C: IR (CHC13) 1668 (C=O), 1601,1417, 
1380 cm-'. 

Anal. Calcd for C10H12NzO: C. 68.16; H,  6.86; N, 15.90. Found: C, 
68.49; H, 6.96; N, 16.08. 
2-(3,4-Dihydra-2H-pyrrol-5-yl)pyridine (2-Myosmine, Apo- 

ferrorosamine; 4a). To a stirred solution of 22.0 g (0.2 mol) of di- 
isopropylamine in 200 mL of anhydrous Et20 at -65 "C under Nz was 
added 43.7 g (0.15 mol) of a 2.2 M solution of n-butyllithium in hex- 
ane. The solution was stirred for 15 min, followed by the addition of 
25.0 g (0.16 mol) af N-trimethylsilyl-2-pyrrolidone,'s keeping the 
reaction below -613 "C. After stirring for 15 min, 15.1 g (0.1 mol) of 
ethyl picolinate was added with the mixture maintained below -60 
" C .  The reaction mixture was stirred at  -65 "C for 15 min, allowed 
to warm to room temperature, and stirred overnight while a yellow 
solid precipitated. The mixture was cooled (5  " C )  and acidified with 
400 mL of 10% HC1 (pH 2). The Et20 layer was separated from the 
solidiaqueous acid mixture and washed with 50 mL of 10% HC1. The 
solid/aqueous acid layer and washings were combined and concen- 
trated to 150 mL. The acid solution was heated at  reflux for 18 h under 
N2, cooled (5 " C ) ,  and basified with .50% NaOH (pH 10). The mixture 
was extracted with Et20 (4  X 100 mL). The Et20 was dried (Na2S04) 
and removed to give 12.04 g of 4a as a slightly gummy solid. Recrys- 
tallization from petroleum ether (30-60 " C )  gave 10.1 g (67%) of 4a, 
mp 48-50.5 "C .  Pure 4a was prepared by sublimation, 33-45 " C  (0.02 
mm), followed by drying in vacuo over P205, mp 52-53 "C (lit.38 
46-49 "C). The IR and NMR spectra agreed with those reported?! 

4-(3,4-Dihydro-2H-pyrrol-5-yl)pyridine (4-myosmine; 4c) was 
prepared from ethyl isonicotinate using the method described for the 
synthesis of 4a with the following changes in the isolation and puri- 
fication. The  solid/aqueous layer and washing which resulted from 
the acidification of the reaction mixture were combined and heated 
at reflux under Nz for 18 h. The solution was cooled (5 " C )  and basified 
with 50% NaOH (pH 10). A solid separated, and the entire mixture 
was continuously extracted39 with Et20 for 24 h. The Et20 was re- 
moved and the residue dissolved in CHzC12. The CH2C12 was dried 
(Na2S04) and removed to give 4c (81.5%, mp 86-89.5 "C). Recrys- 
tallization from petroleum ether (90-120 " C )  o r  sublimation [40-54 
"C (0.01 mm)] and drying in vacuo over PzOj afforded pure 4c, mp 
89-90 "C (lit.lzb mp 91 "C). The IR spectrum was consistent with that 
reported.lzb As was found for 4b,lZa pure 4c is hygroscopic. 
3-(3,4-Dihydro-ZH-pyrrol-ii-yl)pyridine (3-myosmine; 4b) was 

prepared in 82% yield from ethyl nicotinate hy the method used for 
the synthesis of 4c, mp 37-43 " C .  The sample was sublimed [25-39 
" C  (0.01 mm)] and dried in vacuo over P205 to give pure 5b, mp 4 0 4 4  
" C  (lit.'g mp 44-45 " C ) .  The IR and NMR spectra were identical with 
those reported for the natural base.40 

Ethyl 3-(2-Pyridoyl)propionate (8a). To  a stirred mixture of 9.8 
g (0.2 mol) of NaCN in 200 mL of dry DMF at 15 "C was added 42.8 
g 10.48 mol) of freshly distilled 2-pyridinecarboxaldehyde over 30 min. 
A deep red solution resulted to  which, after it had warmed to room 
temperature, was added 38.8 g (0.4 mol) of freshly distilled ethyl ac- 
rylate over 1 h while keeping the reaction temperature from rising 
above 40 " C .  The mixture was allowed to cool and stir for 2 h. I t  was 
poured into 1000 mL of HzO and extracted with CHC1:3 (3 X 300 mL). 
The CHCI? was dried (NazS04) and removed to give an oil. Distillation 
(33-47 "C (7 mm)] removed the residual DMF and volatile impurities. 

,The  remaining oil precipitated a solid which was collected and dis- 
carded. The filtrate oil was distilled to afford 9.1 g (llo/o) of Sa: bp 
122-133 " C  (0.09 mm); GLC purity >92%. Redistillation gave pure 
8a: bp 97-98 " C  (0.07 mm) bp 135-140 " C  (0.2 mm)]; IR (neat) 
2990, 1740 (ester C=O). 1705 (C=Oi, 1412. 1223, 1175, 1030, 810 
cm-I; 1H NMR (CDC13) 6 1.27 (t,  3, J = 7 Hz, CH:3), 2.8 (m, 2, - C H r ) ,  
3.63 (m, 2, -COCHz-). 4.23 (d,  2, J = 7 Hz,-CO?CH*-i, 7.87 (m, 3,3-. 
4- ,  and 5-pyridyl H) ,  8.82 (m, 1,fi-pyridyl H). 

Ethyl 3-(4-pyridoyl)propionate (8c) was prepared by reaction 
of 4-pyridinecarboxaldehyde with ethyl acrylate in the presence of 
NaCN as described for the synthesis of 8a. Distillation 115-60 "C (10 
mm)] of the crude reaction oil removed the residual DMF and volatile 
impurities. The remaining oil was distilled to yield analytically pure 
8c (33%): bp 123-125 " C  (0.05 mm) [lit.14341 hp 145-147 " C  (4  mm)]; 
IR (neat) 2995,2940,1743 (ester C=O). 1710 (C-O), 1592,1443,1218, 
1165, 998,778, 762 cm-I; 'H NMR (CDC1:J 6 1.27 (t, 3. J = 7 Hz, CHs), 
2.8 (m. 2,  -CHzCO?-), 3.38 (m, 2, -COCHz-i. -1.20 id, 2,  J = 7 Hz, 
-CO*CHz-), 7.86 im, 2,  3- and 5-pyridyl H).  8.93 (m, 2,  2- and 6-pyr- 
idyl H).  

Anal. Calcd for C11H1:1NOa: C, 63.75; H, 6.32: N, 6.76. Found: C,  
63.55; H, 6.14; N,  6.87. 

l-Methyl-5-(2-pyridyl)-2-pyrrolidinone Monohydrate (2- 
Cotinine Monohydrate; 5a). To a solution of 6.21 g (0.03 mol) of 8a 
and 17.7 g (0.3 mol) of HCONHCH3 under ailhydrous conditions 
(drybox) was added 0.29 g (0.003 mol) of anhydrous MgC12. The 
stirring mixture was heated a t  reflux under N2 for 30 h. The mixture 
was cooled ( 5  " C ) ,  acidified (pH 2) with 10% HCI, and extracted with 
CHC13. The aqueous layer was cooled (5 " C ) ,  basified (pH 9) with 1Wo 
NaOH, stirred overnight, and then continuously extracted with Eta0 
for 20 h. The Et20 was removed. The residual oil was taken up in 
CH2C12 and dried (NazS04). Removal of the CHeC12 left an oil which 
was distilled to give 0.63 g (12%) of 5a: bp 112-114 " C  (0.03 mm): GLC 
purity >95O/o. PGLC afforded analytically pure 5a as a monohydrate: 
IR (neat) 3470 (OH), 2960,1787 (C-O), 1596,1478.1440.1400,1285, 
1120,996,790,755 cm-'. 

Anal. Calcd for C10HI4N2O2: C .  61.83; H,  7.26; N. 11.42. Found: C. 
61.68; H, 7.32; N, 14.61. 

l-Methyl-5-(4-pyridyl)-2-pyrrolidinone monohydrate (4-  
cotinine monohydrate; 5 ~ ) ~ ~  was prepared in 23% yield from 8c by 
the procedure used for the synthesis of 5a. The crude product was 
obtained as an oil which almost completely solidified on standing: bp 
117-119 " C  (0.02 mm); GLC purity >90%. PGIX gave analytically 
pure 5c as a monohydrate: IR (neat) 3460 (OHi, 3030, 2960. 1785 
(C=O), 1601,1417, 1400,1310,1118,994,817 cm-'. 

Anal. Calcd for C10H14Nz02: C,  61.83: H. 7.26: S. 11.42. Found: C ,  
61.78; H, 7.27; N,  14.33. 
5-(2-Pyridyl)-2-pyrrolidinone (2-Norcotinine; sa).  To a mix- 

ture of 2.42 g (0.012 mol) of 8a and 5.4 g (0.07 mol) of NH40Ac in 80 
mL of anhydrous MeOH was added 1.1 g (0.018 mol) of NaBH3CN. 
The mixture was stirred under N2 for 10 days. The reaction was cooled 
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(5 "C) and acidified with 10% HC1 (pH 2). The MeOH was removed 
and the residue basified at 5 "C with 40 mL of 15% NaOH (pH 10). 
The  mixture was stirred overnight a t  room temperature and then 
continuously extracted with Et20 for 16 h. The Et20 was dried 
(Na2S04) and removed l,o give 278 mg (15%) of 6a as a gummy riolid, 
mp 83-92 "C. Recrystallization from cyclohexane/benzene (3:l) fol- 
lowed by drying in vacuo afforded an analytical sample: mp 9G97 "C; 
IR (KBr) 3240 (NH), 3110,2985,1690 and 1670 (lactone C=O), 1595, 
1432,1345, 1280, 1086,992,780,757 cm-'. 

Anal. Calcd for C ~ H I ~ N ~ O :  C,  66.65; H, 6.22; N, 17.27. Found: C! 
66.56; H ,  6.44; N, 17.09. 
5-(4-Pyridyl)-2-pyrrolidinone (4-norcotinine; 6c) was prepared 

in 11% yield from 8c by the method used for the synthesis of 611, mp 
124-132 "C. Recrystallization from cyclohexane/benzene (2:lI and 
drying in vacuo gave analytically pure 6c: mp 134-135.5 "C; IR (KBr) 
3180 (NH), 3095, 2925, 1787 (C=O). 1603, 1156, 1068, 615, 600 
cm-I. 

Anal. Calcd for Ci~Hl,lN20: C, 66.65; H,  6.22; N, 17.27. Found: C, 
66.69; H. 6.30; N, 17.17. 

Deuterated Derivatives. All reaction apparatus were dried a t  
150-200 "C with a heat gun. All syntheses were run under Nz, The 
deuterated reagents used were as follows: D2O (Bio-Rad Labcrato- 
ries), 99.84 atom % enrichment; CH30D (Wilmad Glass Co., Inc.), 99 
atom % enrichment; CF:lCOzD (Wilmad Glass Co., Inc.), 99 at3m % 
enrichment; CH:$HzOD (Diaprep, Inc.), 99 atom % enrichment; CDaI 
(Diaprep, Inc.), 99+ atom "6 enrichment; NaBD4 (Merck Sharp & 
Dohme Canada, Limited, Isotope Division), 98 atom % enrichment; 
DCOzD (EM Laboratories, Inc.), >99 atom % enrichment; 
CD3NHrHC1 (EM Laboratories, Inc.), >99 atom % enrichment; and 
LiAID4 (Merck Sharp & Dohme Canada, Limited, Isotope Divkion). 
99 atom % enrichment. The percent deuteration for all derivatives 
is given in Table I. 

2-( 1 -Methyl-da-2-pyrrolidinyl)pyridine (2-Nico tine- 
methyl-ds; 9). T o  a stirred mixture of 202 mg (1.36 mmol) of 2.a and 
219 mg (1.59 mmol) of KzCO3 in 5 mL of pesticide grade CH&N was 
added 218 mg (1.50 mmol) of CD:$ After stirring for 18 h, the scslvent 
and unreacted CD3I were removed [20 "C (15 mm)]. The residue was 
dissolved in 5 mL of HzO, basified (pH 11) a t  5 "C with 2 mL of 50% 
NaOH, and extracted with Et20 (4 X 3 mL). The Et20 was dried 
(NaOH) and removed [20 "C (15 mm)] to give 154 mg (67%) of 9. GLC 
showed ca. 75% 9 and ca. 25% 2a. PGLC gave spectroscopically pure 
9. 
2-(l-Methyl-2-pyrrolidinyl-2-dl)pyridine (Z-Nicotine-.F'-dl; 

10). To a cooled ( S  "( tirred solution of 175 mg (3.4 mmol) of 88% 
HC02H and 141 mg (1.7 mmol) of 36.9% HzCO in 2 mL of HzO was 
added 100 mg (0.67 mmol) of 20 in 1 mL of H20. The reaction was 
heated a t  reflux for 16 h, basified (pH 11) a t  5 "C with 2 mL of 50% 
NaOH, and extracted with Et20 (4 X 5 mL). The Et20 was dried 
(NaOH) and removed [20 "C (15 mm)] to afford 57 mg (52%) of 10. 
GLC showed ca. 97% 10 and ca. 3% 20. PGLC gave spectroscopically 
pure 10. 

2-( l-Methyl-Z-pyrrolidiny1-3,3-dz)pyridine (Z-nicotine-3:- 
3'-dz; 11) was prepared from 21 in 81% yield by the procedure used 
to synthesize 10. GL,C showed ca. 97% 1 1  and ca. 3% 21. PGLCl gave 
spectroscopically pure 11. 

2-(l-Methyl-2-pyrrolidinyl-4,4-dz)pyridine (2-Nicotine-4:- 
4'-d2; 12). To a cooled (5 "C), stirred slurry of 173 mg (4.6 mmol) of 
LiAlH4 in 25 mL of anhydrous Et20 was added slowly 104 mg (0.58 
mmol) of 31. The stirred mixture was heated at  reflux for 16 h, cooled 
(5  "C), treated slowly with 0.75 mL of H20, and stirred for 1 h .  The 
insoluble salts were removed and washed with EtzO. The Et20 was 
dried (NaOH) and removed [20 "C (15 mm)] to yield 73 mg (7:'%) of 
12. GLC purity >90% I'GLC gave spectroscopically pure 12. 

2-( l-Methyl-2-pyrrolidinyl-5,.5-dz)pyridine (2-nicotine-5:- 
5'-dz; 13) was prepared in 95O/0 yield by reaction of 5a with LiAlD4 by 
the method used to obtain 12. GLC purity was >90% PGLC gave 
spectroscopically pure 13. 

4-(  1-Methyl-dr-2-pyrro1idinyl)pyridine (4-nicotine-m~thyl- 
d3; 14) was obtained from PTLC pure 2c in 36% yield by the method 
used to prepare 9. GLC showed ca. 70% 14, ca. 18% 2c, and two un- 
identified compounds. PGLC gave spectroscopically pure 14. 

4-( 1-Methyl-2-pyrrolidinyl-2-dl)pyridine (4-Nicotine-2'-dl; 
15). Treatment of 462 mg of crude 22, which was synthesized from 500 
mg (3.4 mmol) of 4c as described subsequently, with 440 mg (3.1 
mmol) of CHRI as shown for the preparation of 9 gave 166 mg of a 
solidhi1 mixture. TLC showed no 22, and GLC showed ca. 86% 15 and 
ca. 14% 4c. PGLC gave spectroscopically pure 15. 
4-( l-Methyl-2-pgrrolidinyl-3,3-dz)pyridine (4-Nicotine-S:- 

S'-dz; 16). To a cooled (0  "C), stirred solution of 841 mg (16.1 nimol) 
of 8806 HCO2H and 666 mg (8.2 mmol) of 36.9% HlCO in 5 mL of HzO 

was added dropwise over 5 min 490 mg (3.3 mmol) of 23 in 4 mL of 
HzO. The reaction mixture was allowed to warm to room temperature 
over 20 min, was heated at  50-55 "C with a water bath for 30 min, and 
then was heated a t  reflux for 5 h. The solution was cooled (5 "C), 
basified (pH 11) with 50% NaOH, and extracted with Et20 (4 X 15 
mL). The Et20 was dried (NaOH) and removed [20 "C (15 mm)] to 
give 0.486 g (88%) of 16. GLC purity was >95%. PGLC gave spectro- 
scopically pure 16. 

4-( l-Methyl-2-pyrrolidinyl-4,4-d~)pyridine (4-nicotine-4:- 
4'-dz; 17) was synthesized in 96% yield from 32 by the method used 
for the preparation of 12. GLC purity was >95%. PGLC gave spec- 
troscopically pure 17. 

4 4  l-Methyl-2-pyrrolidinyl-5,5-dz)pyridine (4-nicotine-5:- 
5'-dz; 18) was prepared in 92% yield from 5c by the method reported 
for the synthesis of 13. GLC purity was >85%. PGLC gave spectro- 
scopically pure 18. 
Z-(Z-Pyrrolidinyl-l-dl)pyridine (Z-Nornicotine-Z'-dl; 19). 

After D20 equilibration of the mass spectrometer, a D20 slurry of 2a 
was introduced into the inlet system to give 19. 
2-(2-Pyrrolidinyl-Z-dl)pyridine (2-Nornicotine-Z'-dl; 20). To 

a stirred solution of 1.0 g (6.8 mmol) of 4a in 40 mL of EtOH was 
added 421 mg (10.0 mmol) of NaBD4. The mixture was stirred a t  room 
temperature for 24 h and was then slowly acidified (pH 2) with 10% 
HC1 at 5 "C. After stirring for 30 min, the EtOH was removed. The  
residue was basified (pH 11) a t  5 "C with 5 mL of 50% NaOH and 
extracted with Et20 (4 X 20 mL). The Et20 was dried (NaOH) and 
removed to give 734 mg of 20, which TLC showed contained a minor 
amount of 4a. The 4a was removed by PTLC, giving 395 mg (39%) of 
20. PGLC gave spectroscopically pure 20. 
2-(2-Pyrrolidinyl-3,3-dz)pyridine (2-nornicotine-3; 3'-dz; 21) 

was prepared from 28 by reduction with NaBH4 in EtOD using the 
method given for the synthesis of 20. The crude 21 was shown by TLC 
to contain a trace of 4a128, which was removed by PTLC to give 170 
mg (29%) of 21. PGLC gave spectroscopically pure 21. 
4-(2-Pyrrolidinyl-2-dl)pyridine (4-nornicotine-Z'-dl; 22) was 

synthesized from 4c by the method used for the preparation of 20. 
TLC indicated that the crude 22 contained a minor amount of 4c. 
PTLC gave spectroscopically pure 22 (38%). 
4-(2-Pyrrolidinyl-3,3-dz)pyridine (4-nomicotine-3', 3'-dz; 23) 

was obtained from 29 by the method used for the preparation of 21. 
TLC showed that the product contained no 29, and after removing 
trace solvent under vacuum (0.1 mm) spectroscopically pure 23 (79%) 
was obtained. 
2-(l-Formyl-dl-2-pyrrolidinyl)pyridine (N-Formyl-dl-2- 

nornicotine; 24). To a stirred solution of 102 mg (0.69 mmol) of 2a 
and 34 mg (0.71 mmol) of DCOzD in 4 mL of CHzClz was added 153 
mg (0.74 mmol) of dicyclohexylcarbodiimide in 3 mL of CH2Clz. After 
stirring for 30 min, TLC indicated that all of the 2a had been con- 
sumed. The reaction mixture was treated with 2 mL of DzO and 
stirred for 2 h. The insoluble solid was removed. The layers were 
separated. and the aqueous layer was extracted with CHPClz (4 X 2 
mL). The CHzC12 was dried (Na2S04) and removed to leave 136 mg 
of 24, which was contaminated with dicyclohexylurea. PGLC gave 
spectroscopically pure 24. 
2-(l-Formyl-2-pyrrolidinyl-2-d~)pyridine (N'-formyl-2- 

nornicotine-2'-dl; 25) was synthesized by the reaction of 20 with 
HCO2H using the method given for the preparation of 24. The crude 
25 was contaminated with a small amount of dicyclohexylurea. PGLC 
gave spectroscopically pure 25. 

2-( l-Formyl-2-pyrrolidinyl-3,3-dz)pyridine (N-Formyl-2- 
nornicotine-3',3'-dz; 26). To 299 mg (6.5 mmol) of HC02H (>97%) 
in a 1-mL Pierce Reacti-Vial a t  5 "C was added 194 mg (0.99 mmol) 
of The closed vial was heated on a steam bath for 16 hand cooled. 
The reaction solution was dissolved in 2 mL of H20, basified with 
saturated KzC03 (pH 91, and extracted with Eta0 (4  X 2 mL). The 
Et20 was dried (NazS04) and removed to leave 147 mg (83%) of 26. 
GLC purity was >95% PGLC gave spectroscopically pure 26. 

3-(  1-Formyl-dl-2-pyrrolidiny1)pyridine (N'-formyl-dl-3- 
nornicotine; 27) was prepared in 45% yield by the reaction of 2b with 
DCO2D using the method described for the synthesis of 26. GLC 
purity was >95%. PGLC gave spectroscopically pure 27. 

2-(3,4-Dihydro-2H-pyrrol-5-yl-4,4-dz)pyridine (2-Myos- 
mine-3',3'-dz; 2S).44 A stirred solution of 1.0 g (0.0068 mol) of 4a in 
22.6 g (0.685 mol) of MeOD was treated with 50 p L  of  CF:jCOzD and 
heated for 16 h a t  40 "C. The reaction was cooled (20 " C ) ,  and 50 mg 
of Na2CO:I was added. The mixture was stirred for 2 h. followed by 
removal of the MeOD to leave an oil. The oil was taken up in CHzCIz 
and the insoluble material removed. Removal of the CH2C12 left 0.85 
g of a solid (mp 46-51 "C) which was sublimed [X-60 "C (0.035 mm)] 
and dried in vacuo over P2Oj to give 0.626 g (62%) of spectroscopically 
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pure 28, mp 51-52 "C. 
4-(3,4-Dihydro-2H-pyrrol-5-yl-4,4-dz)pyridine (4-myos- 

mine-3',3'-dz; 29) was synthesized f rom 4c by t he  method used for 
t he  preparation o f  28. T h e  d r ied  product  ( m p  88-89 "C; 92%) was of 
suff icient purity for subsequent reaction. Spectroscopically pure 29 
was obtained b y  subl imat ion [45-54 "C (0.04 m m j ]  and  d ry ing  in 
vacuo over P20~.  mp 89-90 "C. 

l-MeJhyl-d3-5-(2-pyridyl)-2-pyrrolidinone (2-Cotinine- 
methyl-ds; 30). A mix tu re  o f  826 m g  (4.0 mmol )  o f  8a and  975 m g  
(13.8 mmol)  o f  CD3NHz.HCI in 50 mL o f  M e O H  was treated w i t h  375 
m g  (6.0 mmol )  of N a B H 3 C N  and st irred for 4 days a t  room temper- 
ature. T h e  reaction m i x x r e  was acidif ied (pH 2) w i t h  2.5 mL o f  10% 
HCI and st irred for 2 h. Af ter  removal o f  the MeOH,  the mixture was 
basif ied ( p H  10) a t  5 "C w i t h  10 mL o f  10% NaOH,  s t i r red for 16 h a t  
room temperature. and then  continuously extracted w i t h  Et20 for  
16 h. The  Et20 was dried (Na2S04) and removed t o  give 124 m g  (17Oh) 
o f  30. GLC p u r i t y  was >950/,. PGLC gave spectroscopically pure 
30. 

l-Methyl-5-(2-pyridyl)-2-pyrrolidinone-3,3-d~ (2-Cotinine- 
4',4'-d2; 31). A stirred mixture o f  502 m g  (2.9 m m o l j  o f  5a and 500 m g  
(3.6 mmol )  o f  K2C03 in 10 mL (0.56 mol)  o f  D20 was heated a t  ref lux 
for 12 days. T h e  result ing solut ion was cooled and extracted w i t h  
CHzC12 (4 X 10 m L ) .  The CHzC12 was d r ied  (Na2SOd) and removed 
t o  leave 448 m g  (87%) of 31. GLC pur i t y  was >%YO. PGLC gave 
spectroscopically pure 31. 

l-Methyl-5-(4-pyridyI)-2-pyrrolidinone-3,3-dz (4-Cotinine- 
4',4'-d2; 32). A stirred mixture o f  251 m g  (1.4 mmol)  o f  5c and 200 m g  
(2.0 mmo l )  o f  KHCO:, in 7 mL (0.39 mol)  o f  D20 was heated a t  ref lux 
for 7 days. The solut ion was cooled a n d  extracted w i t h  CHzClz (4 X 
5 mL). T h e  CH2C12 was dr ied (Na2S04) and removed t o  yield 239 m g  
(96%) o f  32. GLC pur i ty  was >95% PGLC gave spectroscopically pure 
32. 
5-(2-Pyridyl)-2-pyrrolidinone- I-dl (2-norcotinine- I ' d , ;  33) 

was prepared f r o m  6a by the method used t o  synthesize 19. 
(S)-(-)-5-(3-Pyridyl)-2-pyrrolidinone- I-dl [(S)-(-)-3-nor- 

cotinine-I'-dl; 341 was synthesized f rom 6b b y  the method used t o  
ob ta in  19. 

5-(4-Pyridyl)-2-pyrrolidinone- I-dl (4-norcotinine- J'-dl; 35) 
was obtained f r o m  6c b y  the method  used t o  obta in  19. 

Acknowledgment. We are indebted to Drs. Herbert 
McKennis, Jr.,  and Edward R. Bowman of the Medical Col- 
lege of Virginia €or a gift of (S)-(-)-3-norcotinine and a pre- 
print of ref 3a, Dr. John F. DeBardeleben for a sample of 
(S)-(-)-3-cotinine, and Mr. Tom Hill for invaluable technical 
assistance. We are also grateful to Dr. J. F. Whidby, Dr. T. Phil 
Pitner, and Mr. Ronald Bassfield for lH and 2H NMR spectral 
analyses and Dr. Gary Forrest, Dr. John D. Lephardt, and Mr. 
Gunars Vilcins for IR spectral analyses. We thank Mi-. Manuel 
C. Bourlas, Professor Alfred Burger of the University of Vir- 
ginia, Professor Norman H. Cromwell of the University of 
Nebraska, Professor Edward Leete of the University of 
Minnesota, and Dr. Edward B. Sanders for stimulating dis- 
cussions. 

Registry No.--la, 23950-04-1; lb, 54-11-5; IC,  66269-72-5; 2a, 
66269-73-6; 2a dipicrate, 66269-74-7; 2b, 494-97-3; 2c, 66269-75-8; 
3a, 66269-76-9; 3b, 38840-03-8; 3c, 66269-77-0; 4a, 4593-27-5; 4b, 
,532-12-7; 4c, 66269-78-1; 5a, 66269-79-2; 5b, 486-56-6; 5c, 66269-80-5; 
6a, 66269-81-6; 6b, 5980-06-3; 6c, 66269-82-7; 7a, 57276-28-5; 7b, 
24966-13-0; 7c, 39512-48-6; 8a, 66269-83-8; 8c, 66269-84-9; 9, 
66269-85-0; 10, 66269-86-1; 11, 66269-87-2; 12, 66269-88-3; 13, 
66269-89-4; 14, 66269-90-7; 15, 66269-91-8; 16, 66269-92-9; 17, 
66269-93-0; 18, 62453-04-7; 19, 66269-94-1; 20, 66269-95-2; 21, 
66269-96-3; 22, 66269-97-4; 23, 66269-98-5; 24, 66269-99-6; 25, 
66270-00-6; 26, 66270-01-7; 27, 66270-02-8; 28, 66270-03-9; 29, 
66269-65-6; 30, 66269-66-7; 31, 66269-67-8; 32, 66269-68-9; 33, 
66269-69-0; 34, 66269-70-3; 35, 66269-71-4; HCONH2, 75-12-7; 
H C O N H C H 3 ,  123-39-7; pheny l  isothiocyanate, 103-72-0; 4-[1-(N- 
phenylthiocarbonyliminoj-2-pyrrolidinyl]pyridine, 66322-96-1; N -  
trimethylsilyl-2-pyrrolidone, 14468-90-7; ethy l  picolinate, 2524-52-9: 
e thy l  isonicotinate, 1570-45-2; e thy l  nicotinate, 614-18-6; 2-pyr i -  
dinecarboxaldehyde, 1121-60-4; ethy l  acrylate, 140-88-5; 4-pyr id i -  
necarboxaldehyde, 872-86-6. 

References and Notes 

(1) (a) Department of Chemical Engineering, University of Virginia, Char- 
lottesville, Va. 22903; (b) to whom correspondence should be ad- 
dressed. 

(2) R. W. Ryall, Neuropoisons: Their Pafhophysiol. Actions 1974, 2, Chapter 
2 (1974); K. L. Wilson, Jr., R. S. L. Change, E. R. Bowman, andH. McKennis, 
Jr.. J. Pharmacol. Exp. Ther., 196, 685 (1976). 

(3) (a) A. Pilotti, C. R. Enzell, H. McKennis, Jr., E. R .  Bowman, E. Dugva, and 
B. Holmstedt, Beitr. Tabakforsch., 8, 339 (1976); (b) T. Nguyen. L. D. 
Gruenke, and N. Castagnoli, Jr., J. Med. Chem., 19, 1168 (1976). 

(4) E. Leete and S. A. Slattery, J. Am. Chem. SOC., 98, 6326 (1976); C. R. 
Hutchinson, M-T. S. Hsia, and R. A. Carver, ibid., 96, 6006 (1976); E. Leete 
and M. R. Chedekel, Phytochemistry, 13, 1853 (1974). 

(5) L.Marion, Alkaloids(N.Y.). 1. 228(1950); ibid.. 6, 28(1960); ibid., 11,477 
(1966); V. A. Snieckus, Alkaloids (London), 5, 61 (1975), and previous 
volumes in this series. 

(6) W. R. Kim, K. N. Scott, and J. H. Duncan, Experientia, 32, 684 (1976); P. 
W. Jeffs, T. Capps, D. B. Johnson, N. H. Martin, and B. Rauckman, J. Org. 
Chem., 39, 2703 (1974); M. Pouteau-Thouvenot, J. Padikkaia, M. Barbier, 
and M. Viscontini, Helv. Chim. Acta, 56, 1067 (1973). 

(7) R. A. Lloyd et al., Tob. Sci., 20, 43 (1976); T.  Fumimori, R. Kasuga, H. 
Matsushita, H. Kaneko, and M. Noguchi, Agric. Biol. Chem., 40, 303 (1976): 
E. V. Brown and I. Ahmad, Phytochemistry, 11, 3485 (1972); A. J. Hasen, 
T. Nishida, C. R. Enzell, and M. Devreux, Acta Chem. Scand., Ser. 6, 30, 
178 (1976); E. Demole and C. Demole, Helv. Chim. Acta, 58, 1867 
(1975). 

(8) To avoid confusion, the common names and numbering system for the 
nicotine alkaloids (lb-4b) and their metabolites (5b and 6b) are used, and 
from them the isomeric nicotinoids are named and numbered. A prefix 
number is employed to indicate the position of pyridine ring substitution 
[a-nicotine (la), 3-nicotine (Ib), and 4-nicotine (IC)], Chemical Abstracts 
names and numbering system are given in the Experimental Section. 

(9) T.  C. Tso, "Physiology and Biochemistry of Tobacco Plants", Dowden, 
Hutchinson and Ross, Inc., Stroudsburg, Pa.. 1972, Chapter 23. 

(10) I. Yamamoto, Adv. Pest Control Res., 6, 231-260 (1965); T.  Fujita, M. 
Nakajima. Y. Soeda, and I. Yamamoto, Pestic. Biochem. Physioi., 1, 151 
(1971). 

(1 1) U. S. von Euler, Ed., "Tobacco Alkaloids and Related Compounds", Per- 
gamon Press, Oxford, England, 1965; R. E. Bowman, J. Med. Chem., 16, 
1177 (1973); P. S. Larson, H. B. Haag, and H. Silvette, "Tobacco: Experi- 
mental and Clinical Studies", Williams and Wilkins Co., Baltimore, Md., 
1961, and Supplements 1-3. 

(12) (a) R. V. Stevens, M. C. Ellis, and M. P. Wentiand, J. Am. Chem. SOC., 90, 
5576 (1968); (b) F. Korte and H. J. Schulze-Steinen, Chem. Ber., 95, 2444 
(1962): IC) H. Hellmann and D. Dieterich. Justus Liebigs Ann. Chem., 672, 
97 (1964); H. Erdtman, F. Haglid, I. Wellings. and UI S. von Euler, Acta 
Chem. Scand., 17, 1717 (1963). 
W. B. Edwards ill, D. F. Glenn. F. Greene, and R. H. Newman, J. Labelled 
Compd. Radiopharm., 114, 255 (1978). 
S. Sugasawa, T. Takashi, and T. Kamiya, Pharm. Bull., 2, 37 (1954). 
(a) After the completion of this work, published the reaction of 
3-pyridinecarboxaldehyde with ethyl acrylate and 0.5 equiv of sodium cy- 
anide, which afforded 6b (37%); (b) H. Stetter. M. Schrecken, and K. 
Wiemann, Chem. Ber., 109, 541 (1976). 
The reported preparations of 8a" and 8c14 were difficult to carry out and 
gave, in our hands, considerably lower yields than those reported. 
G. R .  Clemo, G. R. Ramage, and R. Raper, J. Chem. SOC., 2959 (1932). 
M. W. Hu, W. E. Bondinell. and D. Hoffmann, J. LabelledCompd., IO, 79 
(1974). 
E. Spath and L. Mamoli, Chem. Eer., 69, 757 (1936). 
J. F. Whidby, W. B. Edwards 111, and T. P. Pitner, in preparation. 
A. M. Duffieid. H. Budzikiewicz, and C. Djerassi, J. Am. Chem. SOC., 66, 
5536 (1964). 
By mass spectrometry. 
A. M. Duffield, H. Budzikiewicz. and C. Djerassi. J. Am. Chem. SOC., 87, 
2926 (1965). 
P. Chen. J. Org. Chem., 41, 2973 (1976). 
D. F. Glenn and W. B. Edwards 111, Org. Mass Spectrom., 10, 913 
(1975). 
K. B. Tomer and C. Djerassi, J. Org. Chem., 38, 4152 (1973). 
C. S. Barnes, R. J. Goldrak, E. J. Halbert, J. G. Wilson, R .  J. Lyall, and S. 
Middleton, Tetrahedron Lett., 705 (1972). 
Z.  Zaretskii, A. Ben-Basset, and D. Lavie, J. Heterocycl. Chem., 12, 837 
(1975). 
R. G. Cooks, R. N. McDonald, P. T. Cranor, H. E. Petty, and N. L. Wolfe, J. 
Org. Chem., 36, 1114 (1973). 
(a) H. Budzikiewicz, C. Djerassi, and D. H. Williams, "Interpretation of Mass 
Spectra of Organic Compounds", Holden-Day, San Francisco, Calif., 1964, 
pp 104-110; (b) J. G. Liehr, P. Schulze. and W J. Richter, Org. Mass 
Spectrom., 7, 45 (1973). 

(31) This operation was carried out under N2 for 4c and 22. 
132) The air oxidation of 2c to 4c proceeded slowly enough so that exposure 

to air for up to 1-2 h did not have any noticable effect on the 2c purity. After 
longer air exposure (1-2 days), the presence of 4c was clearly detectable 
by TLC. 

(33) P. Schulze and A .  L. Burlingame, J. Chem. Phys., 49, 83 (1968). 
(34) W. B. Edwards 111, J. Heterocycl. Chem., 12, 413 (1975). 
(35) L. C. Craig, J. Am. Chem. SOC., 56, 1144 (1934). 
(36) T. Kisaki and E. Tamaki, Nippon NogeiKagaku Kaishi, 38, 549 (1964). 
137) A .  H. Warfield. W. D. Gallowav. and A. G. Kallianos, Phytochemistry, 11, 1 ,  

3371 (1972). 

47, 2085 (1965). 
(38) M. Pouteau-Thouvenot, A. Gaudemer, and M. Borbier, Bull. SOC. Chim. Biol., 

(39) The ether in the flask of the continuous extractor should be magnetically 



2870 J .  Org. Chcm., Vol. 43, No. 14, 1978 Ruth and Bergstrom 

stirred, as in some instances 4c will begin to precipitate during tkle ex- 
traction. 

(40) IR: C. R. Eddy and A. Eisner. Anal. Chem., 26, 1428 (1954). NMR J. A. 
Pople. W. G. Schneider, and H. J. Bernstein, “High Resolution Nuclear 
Magnetic Resonance”, McGraw-Hill, New York, N.Y., 1959, p 281 

(41) Spectral data were not reported for 8c.36 The compound was characterized 

as an oxime. 

synthesis and was found by MS to be 84% d2 and 12% d, .22 

tion. 

(42) The unhydrated base has been prepared by Suga~awa. ’~ 
(43) The 21 used for this preparation was obtained from a repeat of the initial 

(44) One of us acknowledges Dr. J. I. Seeman for discussions on this reac- 

C-5 Substituted Pyrimidine Nucleosides. 1.  Synthesis 
of C-5 Allyl, Propyl, and Propenyl Uracil and Cytosine Nucleosides 

via Organopalladium Intermediates 
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Reaction of 5-chloromercuriuracil nucleosides la,b) with allyl chloride in the presence of LizPdC14 gives 5-al- 
lyluridine (2a) and 5-allyl-2’-deoxyuridine (2b), r :spectively, in good yields with minimal purification. RhC13 and 
Rh(Ph3P)sCl do not catalyze this alkylation. Hydrogenation of these 5-allyluracil nucleosides (2a,b) to s-propyluri- 
dine (3a) and 5-propyl-2’-deoxyuridine (3bj occurs readily with no reduction of the pyrimidine ring. Isomerization 
of 2b to 5-( L-propenylj-2’-deoxyuridine ( 4 )  is achieved in the presence of Rh(Ph3P)sCl. A similar reaction sequence 
with 5-chloromercuricytosine nucleosides (5a,b) gives good yields of 5-allyl- and 5-propylcytidines (6a and 7a, re- 
spectively) and 5-allyl-, 5-propyl-, and 5-(l-propenylj-2’-deoxycytidines (6b, 7b, and 8, respectively), none of which 
have been reported in the literature previously. Characterization of products includes melting point, ‘H NMR, UV, 
TLC, elemental analysis. and IR. The probable mechanism and potential biological activities are discussed brief- 
ly. 

In addition to thymidine, many naturally occurring C-5 
substituted pyrimidine nucleosides are found in the RNA and 
DNA of living although the specific function of 
the C-5 modification is unknown for most of these. As che- 
motherapeutic agents many C-5 substituted pyrimidine nu- 
cleosides have been shown to exhibit activity against HE rpes 
simplex5 and vaccinia viruses$ one of these, 5-iodo-2’-de- 
oxyuridine, is used clinicallyi against Herpes keratitis infec- 
tions. Several C-5 substituted pyrimidine nucleosides have 
been shown to act with varying specificity as inhibitors of 
certain enzymes, such as the inhibition of nucleoside ghos- 
phorylase by 5-trifluoromethyl-2’-deoxyuridines or the mild 
inhibition of deoxythymidine kinase from human acute 
myelocytic blast cells by 5-propyl-2’-deo~yuridine.~ One 
modified nucleoside, 5-fluoro-2’-deoxyuridine, is an inhibitor 
of thymidylate synthetase after in vivo 5’-monophospiiory- 
lation. Others may act as competitive substrates for enz)’mes, 
and many, such as 5-ethyl-2’-deoxyuridine in E. coli,l0 may 
be directly incorporated into DNA. 

Many C-5 alkylated uracil nucleosides, such as 5-allyl-2r- 
deoxyuridinell (2b) and 5-propyl-2’-deoxyuridine12 (3b), have 
been synthesized and assayed for biological activity. Studies 
with 5-allyl-2’-deox> uridine (2b) have shown the following: 
2b inhibits the growth of Herpes simplex virus (HSV) I and 
11, without being c y t o t o x i ~ ; ~ ~ ~  2b as its 5’-monophosphate 
exhibits only weak inhibition of deoxythymidylate synthe- 
tase;13 and it was reported that 2b also inhibits nucleoside 
pho~phorylase l~  in HeLa cells as efficiently as 5-trifluoro- 
methy1-2’-deoxy~ridine.~ (Recently it has been shown that 
2b is a competitive substrate for horse liver thymidine phos- 
phorylaselS rather than an inhibitor.) Biological assays of 
3-propyl-2’-deoxyuridine (3b) have shown that 3b weakly 
inhibits both mitochondrial and cytoplasmic deoxythymidine 
kinases of acute myelocytic blast cells.gJ6 It (3b) also inhibits 
growth of HSV I transformed HeLa cells which are deficient 
in deoxythymidine kinase, without being cytotoxic.5 When 
E coli is grown in the presence of 3b, the E. coli show much 
more resistance to damage by UV light,” presumably clue to 
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less UV-induced dimerization after incorporation of 3b into 
the DNA. 

Like the corresponding halogenated 2‘-deoxyuridines, the 
C-5 halogenated 2’-deoxycytidines show pronounced biolog- 
ical a c t i ~ i t y . ~ ~ ~ ~  With the exception of 5-ethylcytidine and 
5-ethyl-2’-deo~ycytidine,~l alkylated cytosine nucleosides 
with two or more carbons a t  C-5 have not been available for 
study, but in analogy to the alkylated uracil nucleosides the 
C-5 alkylated cytosine nucleosides may exhibit significant 
biological activity. 

In light of their known and potential biological effects, much 
recent has been directed towards the synthesis 
of C-5 substituted pyrimidine nucleosides. We have been 
particularly interested in obtaining nucleosides with carbon 
chains attached a t  C-5. Synthetic approaches to date have 
usually involved synthesis of a C-5 substituted pyrimidine and 
condensation of this with a suitably protected and activated 
sugar followed by deprotection and separation of the a and 

anomers.11,12,20-24 In order to overcome some of the draw- 
backs inherent in this procedure, we sought a general synthetic 
route beginning with the unprotected parent nucleosides. 
Recent results in this laboratory have established that py- 
rimidine nucleosides can be substituted a t  the C-5 position 
via organopalladium  intermediate^.^^^^^ The 5-chloromercu- 
ripyrimidine nucleosides la, lb, 5a, and 5b, which are readily 
available from uridine, 2’-deoxyuridine, cytidine, and 2‘- 
deoxycytidine,25S26 respectively, can react with olefins in the 
presence of Pd(I1) to give the corresponding C-5 alkylated 
nucleosides directly. Although this general coupling reaction 
is similar to the results seen with phenylmercuric chloride and 
allyl chloride in the presence of Pd(II),29 some interesting 
differences are observed. The present paper describes the 
following: (1) the reaction of allyl chloride with the 5-chlo- 
romercuripyrimidine nucleosides la, lb, 5a, and 5b and 
Li2PdC14 to form 5-allyluridine27 (2a), 5-allyl-2’-deoxyuridine 
(2b), 5-allylcytidine (6a), and 5-allyl-2’-deoxycytidine (6b), 
respectively; (2) the subsequent reduction of these 5-allyl- 
pyrimidine nucleosides to 5-propyluridine (3a), 5-propyl-2’- 
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