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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- 
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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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deoxyuridine (3b), 5-propylcytidine (7a), and 5-propyl-2'- 
deoxycytidine (7b), respectively; and (3) the conversion of the 
5-allylpyrimidine nucleosides 2b and 6b to 5-( 1-propenyl)- 
2'-deoxyuridine (4) and 5-( l-propenyl)-2'-deoxycytidine (8), 
respectively. This constitutes the first synthesis of 5-(l-pro- 
penyl)-2'-deoxyuridine (4) and 5-allyl-, 5-propyl-, and 5-(1- 
propeny1)cytosine nucleosides (6-8) reported in the literature 
to  date. 

Results and Discussion 
Reactions of C-5 Mercurated Nucleosides with Allyl 

Chloride. Our initial focal point was the investigation of the 
reactions of the mercuri nucleosides la,b and 5a,b with allyl 
chloride in the presence of palladium(I1). When 5-chloro- 
mercuri-2'-deoxyuridine (lb) was suspended in methanol and 
allyl chloride and LizPdC14 were added, the insoluble mercuri 
nucleoside ( lb)  rapidly d i ~ a p p e a r e d . ~ ~  In this and related 
reactions the product was purified by precipitation of the 
metals as sulfides followed by column chromatography of the 
crude product on silica gel. The purified product was identi- 
fied as 5-allyl-2'-deoxyuridine (2b) on the basis of 'H NMR, 
melting point, IR, UV, elemental analysis, and comparison 
of these with the literature.'' This and subsequent repetitions 
have given yields of 72-92% after column chromatography of 
the crude product.31 The reaction of 5-chloromercuriuridine 
( la)  with allyl chloride in the presence of Li2PdC14 goes with 
equal facility,27 giving 5-allyluridine (2a) in 78-84% yields.31 
(See Scheme I.) 

Due to the potential toxicity of the mercuri nucleosides and 
to further simplify the preparation of the 5-allyl nucleosides 
from the parent uracil nucleosides, we attempted to develop 

a "one-pot" procedure whereby uridine, for example, could 
be mercurated and then treated with allyl chloride and 
Li2PdC14 to give 2a directly. In pursuit of this goal, uridine and 
mercuric acetate were warmed in water for several hours, 
giving a thick white suspension of C-5 mercurated uridine.26 
Direct addition of allyl chloride and Li2PdC14 in methanol a t  
room temperature gave 2a in 44% overall yield after purifi- 
cation by column chromatography, with 30% recovery of uri- 
dine. This method resulted in a lower overall yield of 2a from 
uridine (44% vs. over 60% for the first method32), but it had 
the advantage of minimizing handling of the mercuriuridine 
necessary in the first method. This second, or "one-pot", 
method has also been applied in the synthesis of 2b with an 
overall yield of 34% from 2'-deoxyuridine, again with recovery 
of substantial amounts of the parent nucleoside, 2'-deoxy- 
uridine (ca. 20%). A repetition of this "one-pot'' method with 
uridine in methanol rather than water as solvent resulted in 
less than 20% yield of 2a with 75% of the material recovered 
as uridine. This is in agreement with earlier results which had 
suggested that the mercuration step proceeds much less effi- 
ciently in methanol than in 

The general pathway involved may be similar to that sug- 
gested for the reaction of phenylmercuric chloride with allyl 
chloride in the presence of Pd(II).29 As indicated in Scheme 
111, the metal-metal exchange of Pd(1I) for Hg(I1) is appar- 
ently crucial for coupling of the allyl chloride to the mercuri 
nucleoside,35 although the actual Pd(I1) species reacting to 
form 10 may include a uridylyl species as a ligand(s). Binding 
studies have shown that Pd(I1) can bind well to N-3 of thy- 
midine or uridine in ratios of 1:2 at  a pH well below that nec- 
essary for d e p r o t ~ n a t i o n , ~ ~  and consequently any uridylyl 
species present may be serving as a ligand(s) for the Pd(II)."S 
When la  was stirred with allyl chloride in methanol and no 
Pd(I1) species were present, the insoluble3o la had not dis- 
appeared after 48 h at  room temperature and an additional 
72 h at  reflux. Isolation of the white solid by filtration gave 
better than 94% recovery of a solid identified as la by IR and 
NMR spectroscopy. With the exclusion of allyl chloride but 
in the presence of 1.1 equiv of LizPdCl4, the insoluble3o la  
disappeared, but more slowly than in the presence of allyl 
chloride. Apparently the inclusion of an olefin in the reaction 
mixture is not necessary for the metal exchange, although its 
presence may increase the rate. 

Activation of the C-5 position of uridine to increase the 
effective electron density is necessary to achieve olefin cou- 
pling, either by conversion to la or a C-5 halogenated uridine. 
Reaction of la  or 5-iodouridine with methyl acrylate in the 
presence of Pd(I1) has been shown27328 to give good yields (57 
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and 53%, respectively) of methyl 3-(5-uridylyl)propenoate. 
However, when uridine was stirred in methanol with an excess 
of methyl acrylate and 1.1 equiv of palladium acetate, the 
major product isolated after 40 h a t  room temperature was 
uridine in better than 75% recovery. No trace of the methyl 
3-(5-~ridylyl)propenoate was observed. 

As indicated in Scheme 111, the overall allylic coupling re- 
action is theoretically catalytic with respect to Pd(I1). Ex- 
perimentally, levels below 0.2 equiv of LizPdC14 per equiv of 
mercuri nucleoside result in decreased yields, even after ex- 
tended periods of time. This has been noted in other similar 
 reaction^.^^ There appears to be a t  least two factors which 
might account for this partially catalytic behavior. (1) Ptl(I1) 
and allyl chloride can form inactive a-allyl complexes 36,37 
indeed, the formation of these complexes may be catalyzed 
by amines.s7 Although these a-allyl Pd(I1) complexes are 
apparently not formed in anhydrous methan01,~~ enough may 
be formed due to trace water or the presence of mercury 
species, for example, to account for the less than catalytic 
behavior of the Pd(I1) seen experimentally. (2) The other 
factor may be partial inactivation of Pd(I1) due to binding a t  
N-3 of the  nucleoside^,^^ although the pH of the reaction 
mixture is such that this effect should be weak. However, even 
if bound to N-3 of the nucleoside, the Pd(I1) may still be able 
to catalyze the coupling reaction, as discussed earlier. Levels 
of Pd(I1) as low as 0.02 equiv of LizPdC14 per equiv of me rcuri 
nucleoside have been used with success if an excess of cupric 
chloride was included in the reaction mixture. Although Cu(I1) 
apparently does not promote the allylation directly, it may 
minimke these and other factors limiting the catalytic be- 
havior of Pd(I1) by (1) serving as a one-electron acceptor for 
the reoxidation of any Pd(0) formed during the reaction or (2) 
by displacing any Pd(I1) bound a t  N-3 of the nuc1eosidt:s by 
competition and/or concentration effects since C U ( I I ) , ~ ~  as 
well as other metals,39 has been shown to bind weakly at N-3 
of uridine and thymidine. For example, when la  was reacted 
with allyl chloride in the presence of 0.02 equiv of LizPdC14 
and 2.2 equiv of CuC12, purification gave a product identical 
with 2a by 1H NMR spectroscopy, TLC, and melting point in 
64% yield. The reaction may also proceed satisfactorily with 
less than 1 equiv of cupric chloride. Although the inclusion of 
Cu(I1) experimentally enhances the catalytic potential of 
Pd(I1) in this reaction, the exact nature of the interaction has 
not been studied.40 

Although most reactions of the mercuri nucleosides with 
olefins27%2s have given products analogous to those obtained 
with phenylmercuric chloride and olefins,29,41~42,45 one in- 
teresting exception is the reaction of 5-mercuriuridinezf (9a) 
with allyl alcohol in the presence of Li2PdC14.3-(5-Urid)lyl)- 
propionaldehyde was expected to be the major product by 
HPdX elimination from the intermediate analogous to 11 .33,47 

Little 5-allyluridine was expected. When 5 -mer~ur iu r id ine~~  
was reacted with 10 equiv of allyl alcohol in the presence of 
excess LizPdC14 in methanol, the only product recovered in 
greater than 60% yield after column chromatography on Se- 
phadex G-25 was identical with 5-allyluridine (2a) by lH 
NMR spectroscopy and TLC in systems A, B, and C (sets Ex- 
perimental Section). None of the expected 3-(5-uridylyl)- 
propionaldehyde was detected. The 5-allyluridine (2a) may 
be formed by either elimination of HOPdX from the inter- 
mediate analogous to 11 to form 2a directly or by formation 
of allyl chloride from the alcohol in situ and subsequent ad- 
dition to form 2a.43 

Of even more interest synthetically is the reaction between 
5-chloromercuricytidine~~ (5a) or 5-chloromercuri-2’-cleox- 
ycytidine26 (5b) and allyl chloride. When 5b was stirred in 
methanol with allyl chloride for 2.5 h in the presence of 0.24 
equiv of LiZPdC14 and 1.2 equiv of CuC12, the only product 
observed after purification was a white solid identified as 5- 

allyl-2’-deoxycytidine (6b) on the basis of melting point, lH 
NMR, IR, UV, and elemental analysis in 77% yield. This and 
subsequent repetitions have shown yields of 6b to be 65-80%. 
Similarly, the reaction between 5a and allyl chloride gave 
5-allylcytidine (6a) in 70% yield. (See Scheme 11.) 

The synthesis of 6b can also be accomplished directly from 
2’-deoxycytidine (or its HC1 salt) in a procedure similar to the 
“one-pot’’ method for synthesis of 2a or 2b, without isolating 
intermediates. The HC1 salt of 2’-deoxycytidine was warmed 
with mercuric acetate in water and cooled, the solvent was 
removed to near dryness, and allyl chloride, LiZPdC14, and 
CuC12 were added. Purification of the product gave a solid 
identified as 6b on the basis of lH NMR spectroscopy and 
TLC in 53% yield after column chromatography. As noted 
earlier for uridine analogues, this “one-pot” method has the 
advantage of minimizing the handling of the presumably toxic 
mercuri nucleoside, but it results in lower overall yields from 
2’-deoxycytidine (53% vs. 67% for the first method44). 

Thus, the reactions of 5a or 5b with allyl chloride to form 
6a or 6b, respectively, appear to proceed with a facility equal 
to that of the uridine series. These results are in contrast to 
those seen in the arylmercuric salt series.45 When strong 
coordinating substituents such as amino groups are present 
when attempting to couple olefins to arylmercuric salts in the 
presence of Pd(II), the reaction does not proceed due to for- 
mation of an unreactive ~ o m p l e x . ~ ~ , ~ ~  However, the exocyclic 
amino group of 5a or 5b does not appear to inhibit the ally- 
lation reaction, a t  least in the presence of excess cupric chlo- 
ride. This may be due to direct competition of the copper 
species with Pd(I1) for binding sites since Cu(I1) has been 
shown to bind to N-3 and the C-2 exocyclic oxygen of cytidine 
simultaneously.3s This competition would presumably free 
the Pd(I1) from its unreactive complex and allow allylation 
to proceed. This supposition is borne out by the reaction of 
5-acetoxymer~uricytidine~~ with 10 equiv of allyl chloride and 
1.1 equiv of LizPdC14 in methanol. With no copper species 
present, this reaction gave the desired 6a in only 33% yield. 
When 1.1 equiv of cupric chloride is included and only 0.05 
equiv of LizPdCl4 is present, 6a can be isolated in 60% yield. 
Apparently the inclusion of an excess of cupric chloride cir- 
cumvents the inactivation of the Pd(II), allowing the palla- 
dium to regain its ability to catalyze the coupling reaction, 
even though ca. 0.2 equiv of LizPdCl4 must still be used to 
maximize yields even in the presence of excess cupric chlo- 
ride. 

The choice of solvent and initial Pd(I1) complex may also 
be important in obtaining 6a or 6b in reasonable yields. When 
5-chloromercuri-2’-deoxycytidine (5b) was stirred in 40 mL 
of methanol a t  room temperature with 10 equiv of allyl chlo- 
ride and 1.2 equiv of cupric chloride, the use of 15 mL of 0.1 
N NazPdCl4 (0.3 equiv) in water gave only a 26% yield of 6b. 
Other results have shown that, although sodium salts are more 
easily removed from the product by column chromatography 
on silica gel than lithium salts, yields may be lower and reac- 
tion rates slower when using Na2PdC14 as a catalyst rather 
than LizPdCl4. The inclusion of water alone apparently causes 
a decrease in yields as well, perhaps due to the formation of 
inactive x-allyl complexes formed in aqueous solutions.36 

Reduction of 5-Allylpyrimidine Nucleosides to the 
5-Propyl Derivatives. The hydrogenation of 5-allyl nucle- 
osides (2a,b and 6a,b) under a hydrogen atmosphere using an 
active metal catalyst easily affords the 5-propyl nucleosides 
(3a,b and 7a,b, respectively) in good purity and high yields 
(Table I). Crude unchromatogrammed 5-allyl nucleosides are 
resistant to reduction, apparently due to poisoning of the 
catalyst by residual sulfides; however, products which have 
undergone chromatography on silica gel or recrystallization 
reduce quickly with mild  condition^.^^ (See Schemes I and 
11.) 
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-- Table I. Physical Properties and Yields of C-5 Substituted Pyrimidine Nucleosides 

UV” TLC 
H+ Stock solution OH- Rf  in TLC system: Yield, 

Compd Registry no. Mp, “C Xmax ( 6 )  Xmin (0 Amax (€1 Xmin ( e )  Amax (€1 Amin ( 6 )  A B C D %  
2a 

2b 

3a 

3b 

4 

6a 

6b 

7a 
7b 

8 

59240-49-2 

73-39-2 

38971 -54-9 

27826-14-0 

66270-29-9 

66270-30-2 

66270-31-3 

66270-32-4 
66270-33-5 

175.5 

126 

197 

164 

178 

176 

180 

118d 
183 

1 5 i d  

267 
(9700) 
267 
(9490) 
267 
(8960) 
267 
(8970) 
237 
(1 2490), 
293 
(7920) 
288 
(11860) 
288 
(12010) 
288 
288 
(12160) 
233 
(1 18201, 
298 
(6610) 

234 
(2600) 
235 
(2440) 
235 
(1790) 
235 
(2310) 
267 
(4440) 

248 
(1270) 
247 
(1140) 
245 
245 
(1070) 
268 
(2910) 

267 
(9700) 
267 
(9540) 
267 
(9090) 
267 
(8960) 
237 
(12540), 
293 
(7950) 
278 
(8110) 
278 
(8180) 
278 
218 
(8360) 
233 sh 
( 13230), 
288 
(5100) 

234 
(2500) 
235 
(2470) 
235 
(1850) 
235 
(2270) 
267 
(4450) 

2 54 
(5090) 
254 
(4860) 
256 
254 
(4710) 
271 
(4120) 

266 
(7500) 
266 
(7400) 
266 
(6840) 
266 
(7160) 
237 sh 
(14100), 
288 
(6590) 
278 
(8190) 
278 
(8350) 
278 
278 
(8540) 
233 sh 
( 13230), 
288 
(5470) 

247 
(4900) 
247 
(5000) 
247 
(4090) 
246 
(4670) 
273 
(5620) 

255 
(6270) 
254 
(4960) 
256 
254 
(4700) 
272 
(4530) 

0.43 

0.54 

0.43 

0.54 

0.55 

0.16 

0.28 

0.18 
0.26 

0.29 

0.57 

0.69 

0.60 

0.68 

0.72 

0.50 

0.59 

0.52 
0.61 

0.64 

0.39 

0.46 

0.38 

0.45 

0.47 

0.06 

0.64 78 

0.68 72 

0.66 78‘ 

0.63 84c 

0.69 87‘ 

0.40 70 

0.51 77 

0.41 92‘ 
0.51 94‘ 

0.54 4OC 

UV spectra were obtained in aqueous solution at neutral pH, in dilute HC1 (pH L2), and in dilute NaOH (pH 12.6); wavelengths 
are reported in nanometers. Thin-layer chromatography (TLC) was accomplished on E. Merck precoated silica gel G60 F-254 (0.25 
mm) plastic support TIL sheets (3 X 10 cm); elution was in 5 X 5 X 12 cm chambers lined with filter paper. Solvent systems: A, 
CH3OH/CHCl3 (1:3 v/v); B, n-BuOH/CH30H/concentrated NH40H/H20 (60:20:1:20 v/v); C, CH30H/EtOAc (3:17 v/v); D, CH30H/ 
EtOAc (3:2 v/v). Showed anomalous melting behavior (see Experimental Section for de- 
tails). 

Yield from respective 5-allyl nucleoside. 

Isomerization of 5-Allylpyrimidine Nucleosides to the  
5-( 1-Propenyl) Derivatives. Palladium(I1) is known to 
catalyze the isomerization of allylbenzenes to propenylben- 
z e n e ~ . ~ ~  In general, PdlII), particularly PdC1d2-, is a very ef- 
fective catalyst for the isomerization of terminal to internal 
olefins,4* especially when conjugation energy is gained. 
However, in the synthesis of 2b or 6b from l b  or 5b, respec- 
tively, no traces of 5-( l-propenyl)-2’-deoxyuridine (4) or 5- 
(l-propenyl)-2’-deoxycytidine (8) are observed even after 72 
h at reflux in the presence of Li2PdC14. Since some success had 
been reported in the isomerization of allylbenzenes,49 
Pd(CH3CN)ZC12 was tried as a catalyst for the isomerization 
of 5-allyluridine (2a) to 5-(l-propenyl)uridine. When 2a was 
refluxed in acetonitrile with 0.1 equiv of Pd(CH&N)2C12 and 
the reaction monitered by UV spectroscopy, the Amax of 2a at  
266 nm had not shifted after 24 h, and IH NMR spectroscopy 
after purification showed the sole product to be recovered 
2a. 

Some success has been reported using Wilkinson’s catalyst 
[Rh(Ph3P)sC1] as a reagent for the isomerization of allyl ethers 
to propenyl ethers.50 When 5-allyl-2’-deoxyuridine (2b) was 
refluxed in 95% ethanol in the presence of 0.06 equiv of 
Rh(Ph3P)3Cl and the reaction monitored by UV spectroscopy, 
the Amax slowly shifted from the 267-nm peak of 2b to 293 nm 
after 8 h. Evaporation, extraction of the residue with 10% 
aqueous ethanol, and column chromatography on Sephadex 
G-10 gave one major product, which was later identified as 
solely trans-5-( l-propenyl)-2’-deoxyuridine (4) on the basis 
of lH NMR, UV, IR, melting point, and elemental analysis in 
87% yield. The results from IH NMR, UV, and TLC in sys- 
tems A and B were identical with material identified as 4 
which was prepared by the reaction of propene with l b  in the 
presence of Li2PdC14.28 

The isomerization of 5-allyl-2’-deoxycytidine (6b) to 5- 
(1-propenyl)-2’-deoxycytidine (8) occurs as well, but with 

somewhat less facility. When 6b was refluxed in ethanol with 
0.2 equiv of Rh(Ph3P)3C1 for 30 h, extraction and column 
chromatography on silica gel yielded an off-white solid. Re- 
crystallization gave a white solid identified as 8 on the basis 
of IH NMR, UV, melting point, and elemental analysis. 
However, the yield before recrystallization was only 40%, 
perhaps due to inhibition of the reaction by the binding of 
rhodium a t  other sites, presumably a t  N-3 and the C-2 exo- 
cyclic oxygen similarly to other meta ls .38~~~ Close scrutiny of 
the IH NMR spectrum of 8 appears to indicate that the 
product may be a 1:3 mixture of cis and trans isomers. The lH 
NMR spectrum of the model compound propenylbenzene 
shows the -CH3 of the propenyl moiety to be a doublet a t  6 
1.80 with J = 5.5 Hz for trans isomer,bl while the cis-pro- 
penylbenzene gives a doublet a t  6 1.72.52 The lH NMR spec- 
trum of 8 shows two doublets, one at  6 1.85 ( J  = 5 Hz) inte- 
grating for 2.25 protons and one a t  6 1.74 integrating for 0.75 
protons, which have been assigned to the propenyl -CH3 
protons of the trans and cis isomers, respectively. The C-6 
proton of 8 apparently also exhibits a shift as a result of 
magnetic differentiation, being split into two unequal singlets 
a t  6 7.95 (0.75 protons) and 7.72 (0.25 protons). The com- 
plexity of signals between 6 5.9 and 6.3 precludes any first- 
order analysis of the chemical shift for the vinylic pro t0ns5~8~~ 
in assigning cis or trans stereochemistry. 

Some effort has been directed toward developing a more 
direct synthesis of 4 or 8 from l b  or 5b, respectively. Pre- 
sumably, coupling of allyl chloride with l b  to give 2b in the 
presence of a reagent able to catalyze the isomerization would 
result in the isolation of 4 directly. Palladium(I1) is apparently 
not an efficient catalyst for the isomerization. Although rho- 
dium(1) as Wilkinson’s catalyst can catalyze the isomerization, 
neither rhodium(1) nor -(III) can accomplish the coupling 
reaction of allyl chloride to the mercuri nucleoside; both ap- 
pear to catalyze the demercuration of la or l b  to uridine or 
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2'-deoxyuridine, respectively. These results agree with earlier 
observations; when lb is reacted with Rh(CH3)12(Ph31')2 in 
an attempt to methylate53 l b  and obtain thymidine, tht: only 
isolable nucleoside product is 2'-deoxyuridine. Thesf? and 
other appro ache^^^ to obtain the 5-(l-propenyl)pyrimidine 
nucleosides directly from the 5-mercuri nucleosides have not 
been pursued further at this time. 

Conclusion 
From the unprotected pyrimidine nucleosides, the mercu- 

ration and subsequent alkylation by coupling of the mwcuri 
nucleoside to allyl chloride offer a facile method for the syn- 
thesis of the C-5 substituted uracil and cytosine nucleosides, 
most of which have not been reported elsewhere. The syn- 
thetic routes described in this paper have several advarkages 
over any methods appearing in the literature to date: (1) 
coupling of allyl chloride to the nucleoside gives regiospecific 
addition a t  the olefin terminus to form only the C-5 allyl nu- 
cleoside (no isopropenyl isomers are observed); (2) tht: cou- 
pling reaction is nearly catalytic in Pd(I1) rather than re- 
quiring equimolar amounts as with the coupling of ole- 
fins,28.41,42%45 thus minimizing cost; (3) the isolation and pu- 
rification of the alkylated nucleosides (particularly 4 and 8) 
are much easier than when separating products obtained from 
reaction of the mercuri nucleosides with propylene and 
Pd(II),2b and yields by this method are higher; (4) the iillylic 
coupling reaction has potential use in the synthesis of longer 
and more complex substituents a t  C-5 of the pyrimidine nu- 
cleosides, particularly since the coupling reaction can tolerate 
many other functional g r o ~ p s ; ~ ~ , ~ ~ , ~ ~ , ~ ~  and (5) the idlylic 
coupling reaction gives 5-alkylated pyrimidine nucleosides 
in good yields after two or three steps, as opposed to many 
steps involved with consequent low yields for most of the 
approaches reported to date.11~12~20-24 In addition, one of the 
major advantages of the alkylation method discussed in this 
paper over most prior syntheses is its ability to utilize the in- 
tact unprotected pyrimidine nucleosides as starting materials. 
This not only eliminates the protection-deprotection steps 
necessary otherwise, but also allows the use of the usually 
desired 6 anomer directly, circumventing the mixture of 
anomers obtained in many reactions. Consequently, this ap- 
proach should be very useful synthetically in the introdiiction 
and elaboration of substituents a t  C-5 of uracil and cytosine 
nucleosides. 

The reactions of 5-mercuripyrimidine nucleosides, with 
more complex allylic halides in the presence of metala have 
been investigated and will be reported elsewhere. 

Experimental Section 
General. Melting points were determined on a Buchi 510 nielting 

point appzratus and are uncorrected. The 'H NMR spectra were re- 
corded on a Varian EM-360 spectrometer in DzO, and values reported 
are in ppm downfield from sodium 2,2,3,3-tetradeuterio-3-tr.meth- 
ylsilylpropionate as an internal standard. Quantitative UV spectra 
were recorded on a Cary 17 spectrophotometer in H20, and the pH 
indicated was obtained by diluting 20.00 mL of stock solution to 23.00 
mL with 1.0 N HCI or 1.0 N NaOH (final pH approximately 1.2 or 
12.6, respectively). IR spectra were recorded on a Beckman IR-8 in 
solid KBr using polystyrene for calibration. Elemental analyses were 
determined by Chemalytics, Inc., Tempe, Ariz. Thin-layer chroma- 
tography (TLC) was carried out using 3 X 10 cm E. Merck 6OF-254 
chromatogram sheets (0.25 mm silica gel) in 5 X 5 X 1 2  cm chambers 
lined with filter paper and four different TLC systems (relati-ie pro- 
portions are v/v): system A, CH30HKHC13 (1:3); system B, n- 
BuOH/CH30H/concentrated NH4OH/HzO (60:20:1:20); sys tem C, 
CH30H/EtOAc (3:IT); and system D, CH30H/EtOAc (3:2).  Column 
chromatography was generally accomplished using Woelm activity 
I silica gel from ICN Pharmaceuticals (70-230 mesh) packed in 2-cm 
( id , )  columns, and the column eluate was monitored using .I LBK 
8300 Unicord II I 3  detector. Hydrogenations were carried out at  
room temperature under a hydrogen atmosphere using 10% Pd/C from 

MCB as a catalyst. Evaporations were accomplished using Rinco ro- 
tating evaporators under an aspirator or a mechanical oil pump vac- 
uum at 40 "C or lower. Final drying of products was done at  65 "C for 
24 h over PzO5 at  less than 0.1 mmHg. Low-resolution mass spectra 
consistent with the indicated structures have been obtained for 
compounds 2-4.j" 

The mercuri nucleosides (la,b and 5a,b) were prepared by methods 
described elsewhere26 from nucleosides purchased from Sigma and 
mercuric acetate purchased from Mallinckrodt. The allyl chloride was 
obtained from Aldrich (98% pure), the palladium(I1) chloride from 
Matthey Bishop, and the tris(triphenylphosphinekh1ororhodium 
from Eastman. Starting materials were used without further purifi- 
cation. 

Data included in the table (UV spectroscopy and TLC) are not 
included in the Experimental Section. 

General Allylation Procedure. The mercuri nucleoside to be 
allylated was weighed into a recovery flask, a designated volume of 
CH30H was added, and the solution was stirred a t  room temperature 
with a magnetic stirrer, with the insoluble mercuri nucleoside forming 
a thick white suspension. (If CuClz was to he included, the designated 
amount was added a t  this point.) An exess of allyl chloride (usually 
10-12 equiv) was pipetted in, followed by the addition of the indicated 
volume of 0.10 N LizPdC14 in CHSOH (usually 0.2--0.3 equiv). The 
suspension was stirred for the designated time a t  room temperature, 
with all solid usually disappearing within the first 0.5 h. Hydrogen 
sulfide gas was bubbled through for less than 1 min, and the reaction 
mixture was vacuum filtered through Celite to remove the precipi- 
tated metal sulfides. The yellow filtrate was rotary evaporated to 
dryness, leaving an off-white solid. 

Column chromatography was accomplished using a 2-cm (i.d.1 
column packed with the indicated amount of silica gel in CHC13. The 
product was added and eluted with a column volume of 5 vol % of 
CH30H in CHC13 (followed by a column volume of 10 vol% of CH30H 
in CHC13 for cytosine nucleosides). The column was then eluted with 
increasing vol % mixtures of CHsOH in CHC13 in 1% increments. Each 
increment was about one-half the column volume, and the range of 
increments is indicated in the specific procedure. The eluate was 
collected in 7-mL fractions and monitored by absorhance at  254 nm. 
Fractions containing the major peak were combined, and the solvent 
was removed by rotary evaporation to leave the product as a white 
solid. The solid was then dried for 18-24 h at  65 "C at  less than 0.1 
mmHg pressure and weighed. Recrystallization was accomplished 
from the indicated solvent, and the product was washed with ether 
and dried. If the product did not recrystallize, the silica gel column 
treatment was repeated to remove residual impurities, and the 
product was dried and recrystallized as indicated. 

5-Allyluridine (2a). Method A. A 3.29-g (6.87 mmol) sample of 
5-chloromercuriuridine ( la) was stirred in 50 mL of CH30H and 
treated with 5.0 mL (61 mmol) of allyl chloride and 15 mL of 0.1 N 
Li2PdCI4 in CHBOH (1.5 mmol) as described in the general allylation 
procedure. The reaction mixture was stirred overnight, treated with 
HzS, and chromatographed on a column of 150 g of silica gel using 
increments of E-18 vol% of CH30H in CHC13. The dried product was 
a white solid (1.52 g, 78%). Recrystallization from acetone or aceto- 
nitrile gave 2a as white crystals: mp 175.5-176 "C (lit.z2 mp 175-176 
"C); IR (KBr) 3405,1703,1655,1460,1270,1100,1040,915 cm-l; lH 
NMR (DzO) 6 7.74 (s, l),  5.94 (d, l ,J  = 4Hz1, 5.90 (m, l ) ,  5.21 (dm, 
1, J = 11 Hz), 5.19 (dm, 1, J = 17 Hz), 4.25 (m, 3), 3.88 (narrow m, 2), 
3.07 (d, 2 ,  J = 6 Hz). 

Anal. Calcd for ClzH16Nz06: C, 50.70; H,  5.67; N. 9.85. Found: C, 
50.59; H,  5.51; N, 9.82. 

Method B. A 1.21-g (4.96 mmol) sample of uridine was dissolved 
in 5 mL of H20. A solution of 1.74 g (5.46 mmol) of mercuric acetate 
in 20 mL of H2O was added, and the clear solution was stirred a t  50 
"C for 4 h. Sodium acetate (0.98 g, 7.2 mmol) was added. After 16 h, 
the solution cooled to room temperature, and 4.0 mL (50 mmol) of 
allyl chloride and 5.0 mL of 0.1 N LizPdC4 in CH30H (0.5 mmol) were 
added followed by the addition of 0.4 g (0.3 mmol) of CuCIz. After 6 
h, the grey suspension was treated with HzS, filtered, and chroma- 
tographed on a column of 70 g of silica gel similar to method A. The 
dried product was a white solid (620 mg, 44% from uridine). Recrys- 
tallization from CH3CN gave white crystals identical with product 
2a of method A by 'H NMR spectroscopy, TLC, and melting point 
(370 mg of uridine (30%) was recovered from the column). 

Method C. A 980-mg (2.0 rnmol) portion of la and 590 mg (4.4 
mmol) of CuClz were stirred in 15 mL of CH30H at room temperature. 
Then 0.5 mL of 0.1 N LizPdC14 in CHsOH (0.05 mmol) and 1.7 mL 
(21 mmol) of allyl chloride were added. After 8 h, the solution was 
treated with H2S and filtered, the solvent was removed from the fil- 
trate, and the crude product was chromatographed on a column of 60 
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g of silica gel eluting with EtOAc/EtOH ( 4 1  v/v). The major product 
was an off-white solid (370 mg, 64%) identical with 2a by 'H NMR 
spectroscopy, TLC, and melting point. 

5-Allyl-2'-deoxyuridine (2b). A 5.99-g (12.9 mmol) portion of 
5-chloromercuri-2'-deoxyuridine ( lb )  was stirred in 125 mL of 
CH30H, 10.0 mL (123 mmol) of allyl chloride and 30 mL of 0.1 N 
LizPdC14 in CH3OH (3.0 mmol) were added, and the solution was 
stirred for 3 h. Treatment with H2S and chromatography on a column 
of 225 g of silica gel as outlined in the general allylation procedure 
using 8--18 vol % of CH30H in CHC13 gave a white solid (2.49 g, 72%) 
after drying. Recrystallization from CH3CN yielded 2b (1.9 g) as white 
crystals: mp 125.5-127.0 "C (lit." mp 126-128 "C); IR (KBr) 3460, 
1670, 1460, 1280, 1092, 760 cm-'; 'H NMR (DzO) 6 7.70 (s, l), 6.29 (t, 
1, J = 6.5 Hz), 5.9 (complex m, l) ,  5.15 (dm, 1, J = 11 Hz), 5.08 (dm, 
1, J = 17 Hz), 4.48 (m, 1). 4.03 (m, l),  3.84 (narrowm, 2), 3.07 (d, 2 , J  

Anal. Calcd for ClzH16NzOj: C, 53.73; H, 6.01; N, 10.44. Found: C, 
53.87; H, 5.93; N, 10.51. 

&Propyluridine (3a). A solution of 302 mg (1.06 mmol) of 5-al- 
lyluridine (2a) in 10 mL of CH3OH was pipetted into a 500-mL hy- 
drogenation flask over 50 mg of 10% Pd/C and washed in with 15 mL 
of CH30H, and the system was sealed, evacuated with an aspirator, 
repressurized with 20 psig Hz, and stirred a t  room temperature for 
1.5 h. The system was reevacuated, and the solution was gravity fil- 
tered to remove PdIC. The solvent was removed from the clear filtrate 
by rotary evaporation and dried to leave a white solid (236 mg, 78%). 
Recrystallization from CHsCN gave 3a as white crystals: mp 197-198 
"C; IR (KBr) 3540,3440,1660,1470,1274,1100,1055 cm-l; 'H NMR 
(D2O) 6 7.79 (s, l), 5.96 (narrow m, l), 4.3 (complex m, 3), 3.91 (narrow 
ni, a ) ,  2.30 (t,  2, J = 7 Hz),  1.5 (m, 2), 0.90 (t,  3, J = 6 Hz). 

Anal. Calcd for C12H18NzOG: C, 50.35; H, 6.34; N, 9.79. Found: C, 
50.27; H, 6.19; N, 9.80. 
5-Propyl-2'-deoxyuridine (3b). A solution of 890 mg (3.3 mmol) 

of 5-allyl-2'-deoxyuridine (2b) in 30 mL of CH30H was put into a 
hydrogenation flask over 100 mg of 10% Pd/C. The system was sealed, 
evacuated, repressurized with 30 psig Hz, and stirred at room tem- 
perature for 6 h. The system was evacuated, the solution gravity fil- 
tered, and the solvent removed from the clear filtrate by rotary 
evaporation. The dried product was a white solid (760 mg, 84%). Re- 
crystallization from CH3CN or H20 yielded 3b as white crystals: mp 
164.0--164.5 "C (lit.lz 162 "C); 'H NMR (DzO) 6 7.70 (s, 1),6.29 (t, 1, 
J=6.5Hz),4.52(m,1),4.08(m,1),3.84~narrowm,2),2.33(m,4),1.5 
(m, 2),  0.90 (t, 3, J = 6 Hz). 

Anal. Calcd for (!12H18NzOj: C, 53.33; H, 6.71; N, 10.36. Found: C, 
53.03; H, 6.47; N, 10.06. 

5- (  l-Propenyl)-2'-deoxyuridine (4). A solution of 1.30 g (4.86 
mmol) of 5-allyl-2'-deoxyuridine (2b) in 50 mL of 95% EtOH was 
stirred, Rh(PhsP)3(:1(278 mg, 0.3 mmol) was poured in slowly, a reflux 
condenser was added to the flask, and the mixture was heated to reflux 
in an oil bath. The reaction was monitored by UV adsorption, and 
after 8 h a t  reflux the A,,, had shifted from 266 to 293 nm. After 12 
h a t  reflux, the mixture was cooled, concentrated to ca. 5 mL, and 
extracted four times with 20-mL portions of 10% EtOH. The 80 mL 
of 10% EtOH extract was concentrated to ca. 10 mL, giving a tan 
suspension. This suspension was chromatographed on a column (2 
X 40 cm) of Sephadex G-10 eluting with 10% EtOH, and the eluate 
was monitored by lW spectroscopy a t  254 nm, resulting in one major 
peak. Fractions contained in the peak were analyzed by TLC in system 
A, and fractions showing only one spot a t  Rf 0.54 were combined. The 
solvent was removed by rotary evaporation, leaving the dried product 
as a white solid (1.11 g, 87%). Recrystallization from CH3CN yielded 
4 as white crystals: mp 178.0-178.5 "C dec; IR (KBr) 3490,3390,3220, 
1697,1674,1480,1~180,1280,1090,1030,978 cm-'; 'H NMR (DzO) 
6 8.24 (s, l), 6.56 (t ,  1, J = 6.5 Hz), 6.4 (broad m, 1),6.3 (d, 1, J = 17 
Hz, indicating trans stereochemistry), 4.69 (m, l ) ,  4.20 (m, 11, 3.98 
(narrowm,2),2.43kdd, 'L,J,  = 5 . 5 H z , J 2 = 7 H z ) , l . 8 5 ( d , 3 , J = 5 . 5  
Hz). 

Anal. Calcd for C L ~ H ~ ~ N Z ~ $  C, 53.73; H, 6.01; N, 10.44. Found: C, 
53.88; H, 5.95; N, 10.67. 

5-Allylcytidine (sa).  A 1.22-g (2.55 mmol) sample of 5-chloro- 
mercuricytidine (5a) was stirred in 40 mL of CH30H. As described 
in the general allylation procedure, 410 mg (3.1 mmol) of CuClZ, 2.2 
mI, (27 mmol) of allyl chloride, and 6.0 mL of 0.1 N LizPdCla in 
CH30H 10.6 mmol) were added consecutively, and the mixture was 
stirred for 7 h at room temperature. Treatment with H2S and filtration 
were followed by neutralization with saturated NaHC03 solution. 
Chromatography on a column of 70 g of silica gel using increments of 
18- 28 vu1 % of CH30H in CHC13 followed by rotary evaporation gave 
the product as a white crystalline solid (510 mg, 70%). Recrystalliza- 
tion from CH3CN yielded 6a as white crystals: mp 176.0-176.5 "C dec; 

= 6 Hz),  2.41 (dd, 2, J1 = 5.5 Hz, J 2  = 7 Hz). 

IR (KBr) 3400,3220,1655,1600,1480,1295,1105,1055,790 cm-'; 'H 
NMR (D2O) 6 7.77 (s, l ) ,  6.0 (broad m, 1),5.92 (narrow m, l ) ,  5.20 (dm, 
1, J = 10 Hz), 5.12 (dm, 1, J = 18 Hz), 4.2 (complex m, 3),3.88 (narrow 
m, 2), 3.11 (d, 2, J = 6 Hz). 

50.97; H. 5.71: N, 14.65. 
Anal. Calcd for C12H17N306: C, 50.88; H, 6.05; N, 14.83. Found: C, 

5-Allyl-2'-deoxycytidine (6b). Method A. A 2.84-g (6.14 mmol) 
portion of 5-chloromercuri-2'-deoxycytidine (5b) was stirred in 65 
mL of CH30H. Cupric chloride (1.0 g, 7.4 mmol), 5.0 mL (61 mmol) 
of allyl chloride, and 15.0 mL of 0.1 N LizPdCld in CH3OH (1.5 mmol) 
were added consecutively as per the general allylation procedure. The 
mixture was stirred a t  room temperature for 2.5 h and then treated 
with H2S, filtered, and chromatographed on a column of 82 g of silica 
gel using 18-28 vol % of CH3OH in CHC13. The dried product was a 
white solid (1.26 g, 77%). Recrystallization from CH3CN yielded 6b 
as white crystals: mp 180.0-180.5 "C dec; IR (KBr) 3490,3330,1650, 
1597, 1460, 1430, 1290, 1198, 1098, 1070, 1055, 1012, 920 cm-I; 'H 
NMR (DzO) 6 7.77 (s, 1),6.32 (t, 1,J = 6.5 Hz), 5.9 (broadm, l), 5.23 
(dm,1,J=10Hz),5.17(dm,1,J=18Hz),4.49(m,1),4.06(m,1),3.85 
(narrow m, 2), 3.14 (d, 2, J = 6 Hz), 2.35 (m, 2). 

Anal. Calcd for C12H17N304: C, 53.92; H, 6.41; N, 15.72. Found: C, 
53.87; H, 6.65; N, 15.42. 

Method B. A 1.34-g (5.09 mmol) sample of 2'-deoxycytidine.HCl 
was dissolved in 10 mL of HzO. Mercuric acetate (1.78 g, 5.4 mmol) 
was poured in slowly and washed in with 5 mL of Hz0, and the clear 
solution was heated to 75 "C in an oil bath. After 4.5 h, ca. three- 
fourths of the solvent was removed by rotary evaporation, and 25 mL 
of CH30H was added. Allyl chloride (4.5 mL, 55 mmol), 820 mg (6.1 
mmol) of CuC12, and 12.8 mL of 0.1 N Li2PdCld in CHsOH (1.28 
mmol) were added consecutively while stirring a t  room temperature. 
After 4.0 h, the red solution was treated with HzS, filtered, and 
chromatographed on a column of 80 g of silica gel eluting with incre- 
ments of 18-28 vol % of CH30H in CHC13. The dried product is an 
off-white solid (720 mg, 53%). Repetition of the silica gel column 
treatment gave 360 mg (27% from 2'-deoxycytidineHCI) of white solid 
identical with the product of method A (6b) by 'H NMR spectroscopy, 
melting point and TLC in systems A and B. 

5-Propylcytidine (7a). A solution of 104 mg (0.367 mmol) of 5- 
allylcytidine (6a) in 10 mL of CH30H was put into a 250-mL hydro- 
genation flask, and 25 mg of 10% Pd/C was added. The system was 
evacuated and repressurized with 20 psig Ha. It was stirred a t  room 
temperature for 3.0 h and filtered, and the solvent was removed by 
rotary evaporation. The dried product was a white solid (96 mg, 92%). 
Recrystallization from CH3CN yielded 7a as a white solid: upon 
heating, it gives off gas a t  125-130 "C and chars at 178-182 "C; 'H 
NMR (D2O) 6 7.72 (s, l), 5.95 (narrow m, l ) ,  4.3 (m, 3), 3.92 (narrow 
m, 2), 2.27 (t, 2, J = 7 Hz), 1.5 (m, 2), 0.92 (t, 3, J = 6.5 Hz). 

Anal. Calcd for C12H19N30~0.25H20: C, 49.69; H, 6.78; N, 14.48. 
Found: C, 49.61; H, 6.44; N, 14.07. 
5-Propyl-2'-deoxycytidine (7b). A solution of 720 mg (2.7 mmol) 

of 5-allyl-2'-deoxycytidine (6b) in 10 mL of CH30H was pipetted into 
a hydrogenation flask over 50 mg of 10% PdlC, and the flask was 
sealed. I t  was evacuated, repressurized with 20 psig HZ, stirred at room 
temperature for 2.0 h, and filtered, and the solvent was removed by 
rotary evaporation. The dried product was a white solid (680 mg, 94%). 
Recrystallization from EtOH gave 7b as white crystals: mp 182.5- 
184.0 "C dec; 'H NMR (DzO) 6 7.75 (s, l), 6.29 (t, 1, J = 6.5 Hz), 4.45 
(m, 1). 4.09 (m, l), 3.85 (narrow m, 2), 2.36 (m, 4), 7.53 (m, 2, J = 7 Hz), 
0.91 (t, 3, J = 7 Hz). 

53.45; H. 6.81; N, 15.90. 
Anal. Calcd for Cl2HI9N304: C, 53.52; H, 7.11; N, 15.60. Found: C, 

5-(l-Propenyl)-2'-deoxycytidine (8). A 637-mg (2.38 mmol) 
portion of 5-allyl-2'-deoxycytidine (6b) was dissolved in 20 mL of 
EtOH and stirred. Solid Rh(Ph3P)3CI (420 mg, 0.45 mmol) was slowly 
poured in and washed in well with 5 mL of EtOH, and the reaction 
mixture was brought to reflux. After 4 h a t  reflux, the A,, had shifted 
from 278 to 291 nm. After 30 h a t  reflux, the reaction mixture was 
concentrated by rotary evaporation to 2-3 mL and extracted four 
times with 20-mL portions of hot HzO, and the H2O extract was 
centrifuged. The H20 portions were combined, concentrated to leave 
an oil, and chromatographed on a column of 85 g of silica gel as de- 
scribed in the general procedure using increments of 18-26 vol % of 
CH30H in CHC13. The dried product was an off-white solid (252 mg, 
40%). Recrystallization from 3% H20 in acetonitrile gave 8 as white 
crystals which soften upon heating and slowly decompose above 157 
"C: 'H NMR (DzO) 6 7.95 (s, 0.75, C-6 proton of trans isomer), 7.72 
(s, 0.25, C-6 proton of cis isomer), 6.31 (t, 1, J = 6.5 Hz), 6.1 (narrow 
m, 2),s1 4.48 (m, I) ,  4.08 (m, I), 3.87 (narrow m, 2),  2.35 (m, 2), 1.85 (d, 
2.25, -CH3 of trans-propenyl isomer, J = 5 H z ) , ~ '  1.74 (d, 0.75, -CH3 
of cis-propenyl isomer, J = 5 Hd.52 
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Anal. Calcd for C12H17N304: C, 53.92; H, 6.41; N, 15.72. Found: C, 
53.84; H, 6.18; N, 16.02. 
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