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Nucleosides. XII. A Synthesis of 
3',4'-Unsaturated Pyrimidine Nucleosides 

Sir: 

Reports from this laboratory and others1 have de­
scribed the direct introduction of 2 ' ,3 ' unsaturation 
into the carbohydrate moiety of a relatively wide spec­
trum of nucleosides via the base-catalyzed (E2) de-
cyclization of the ether linkage in both 2,3'- and 3',-
5'-anhydronucleosides. We wish now to report a 
practical synthetic approach to the previously inacces­
sible pyrimidine 2'-deoxy-3',4'-unsaturated nucleosides 
(4)2 together with evidence that favors an EIcB mecha­
nism for these reactions and the unique spectral charac­
teristics of these modified nucleosides. 

The synthesis of 4 (series A)3 commenced with the 
esterification of the readily available l-(2-deoxy-
/3-D-ery^ro-pentofuranosyluronic acid)tbymine4 (thy-
midine-5'-carboxylic acid, la) in ethanol-triethyl ortho-
formate-HCl to give lb [86% yield; mp 244-245°; 
ir (KBr) 1743 cm - 1 (CO ester)], which on treatment 
with methylsulfonyl chloride in pyridine at —20° 
afforded ethyl 3'-0-(methylsulfonyl)thymidine-5'-car-
boxylate [Ic; 87% yield; mp 130-133°; uv max 
(EtOH) 264 nm (e 13,100), min 235 nm (e 5100); ir 
(KBr) 1754 (CO ester), 1178 cm-1 (sulfonate)]. The 
interaction of Ic and either excess triethylamine or 
sodium benzoate in DMF at 100° gave ethyl 3'-deoxy-
3'-thymidinene-5'-carboxylate5 (3, 80% yield): mp 
229-231°; [a]24D -115.8° (c 0.5, CHCl3); uv max 
(EtOH) 256 nm (e 6500), min 230 nm (e 3200) [ORD 
(1st extremum) 269 nm (0 -12,000)]; ir (KBr) 1724 
cm"1 (CO, conjugated ester); nmr (CDCl3)6 6.94 (d 1, 
CH-6). Selective reduction of 3 to 2'-deoxy-3'-thy-
midinene (4)5,7 was effected with sodium bis(methoxy-
ethoxy)aluminum hydride: mp 160-165°; with a 
prior change of state at 105-110°; [a]23D -134.6° 
(c 0.5, dioxane); uv max (95% EtOH) 267 nm (e 
7500), min 234 nm (« 2200); nmr (acetone-</6) 7.29 
(d 1, CH-6). The same series of reactions applied 
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to 2'-deoxyuridine-5'-carboxylic acid8 (la, series B, 
R2 = H) and 5-fluoro-2'-deoxyuridine-5'-carboxylic 
acid9 (la, series C, R2 = F) gave the corresponding 
2',3'-dideoxy-3'-uridinene (4) in reasonably good over­
all yield. 

The intervention of a 2,3'-anhydronucleoside (2) in 
the reaction path leading (from Ic) to 3 was presumedla,c 

but could not be detected. However, a sample of 
2 [mp 227-229°; H 2 3 D -64.2° (c 0.5, H2O); uv 
max (EtOH) 244 nm (e 6200), min 219 nm (e 3700)], 
which was readily obtained (67% yield) on refluxing 
Ic in aqueous BaCO3,

10 was only partially converted 
to 3 on treatment with Et3N in DMF at 100° after 2 
hr. In fact, the same transformation in Et3N-DMSO-
o?6 at 100° showed a utl ~ 120 min as deduced from 
the rate of appearance of the CH-6 proton in the nmr 
spectrum of 3. By contrast, the conversion of Ic 
to 3 in the same base-solvent system, but at 50°, 
showed a ti/s ~ 28 min. 

The formation of 2 as an intermediate is also con-
traindicated by the following evidence: (a) methyl 
3- methyl-3'- 0-(methylsulfonyl)thymidine- 5' -carboxyl-
ate (Id) [mp 106-108°; [a]23D +30.2° (c 0.5, CHCl3); 
uv max (EtOH) 264 nm (e 7500), min 235 nm (e 2500)], 
prepared (25% overall yield) by sequential treatment 
of la with dimethylformamide dimethylacetal11 and 
methylsulfonyl chloride in pyridine, was readily con­
verted (Et3N-DMF, 100°) to the corresponding 3',4'-
unsaturated ester [5, 76% yield; mp 138-139°; 
[a]22D -105° (c 0.5, CHCl3); uv max (EtOH) 254 nm 
(e 6800), min 230 nm (e 3900); nmr 6.96 (s 1, CH-6), 
6.82 (m 1,CH-I'), 6.03 (t l ,CH-3')]; (b) the pyridinium 
salt [Ie; series A); mp 283-286°, [a]23D -49.6° (c 
0.5, H2O)], derived on refluxing Ic in dry pyridine for 
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10 hr, gave 3 in 71 % yield on treatment with sodium 
benzoate in DMF at 100°. 

On the basis of these findings, it is concluded that 
the principal route to 3 occurs by way of preliminary 
proton abstraction at C-4' of Ic to give its anionic 
conjugate base followed by unimolecular loss of mes­
ylate anion from the conjugate base. This, then, is 
the EIcB mechanism12 which is standard for the forma­
tion of a,(3-unsaturated carbonyl compounds.13 The 
same mechanistic interpretation may be applicable to 
the formation of 3 from 2 with the observed differences 
in the rate of formation of product from the correspond­
ing anionic intermediate a consequence of the relatively 
poorer leaving group character of the thyminyloxy 
residue (in 2) vis-a-vis mesylate anion. 

The introduction of 3',4' unsaturation into 3 is 
accompanied by a hypsochromic shift of ca. 10 nm 
in the ultraviolet absorption Xmax, which reverts to 
the value(s) characteristic of pyrimidine nucleosides, 
including the 2',3'-unsaturated derivatives, on (selec­
tive) reduction of the carboethoxy function to 4. More­
over, the 3',4'-unsaturated nucleosides show a negative 
Cotton effect from which it may be concluded that 
these derivatives, like the 2',3'-olefinic nucleosides,14 

but unlike the normal pyrimidine ^-nucleosides, have 
the syn conformation in aqueous solution. Molecular 
models indicate the possibility of an effective overlap 
of r orbitals comprising the 2-carbonyl of the aglycon 
and the conjugated unsaturation of the sugar where 3 
is in a syn conformation. As a consequence of orbital 
overlap, an anhydronucleoside-like structure would be 
approximated in an excited state and thereby account 
for the observed hypsochromic shift in 3. This same 
interaction, though obviously less important in 4, may 
also serve to explain the diamagnetic shift of H-6 
(70-100 Hz) observed in the nmr spectra of 3, 4, 
and 5 relative to the parent structure. 

On the other hand, there is little to suggest a steric 
barrier in the 3',4'-unsaturated nucleosides that would 
restrict rotation about the glycosyl-nitrogen bond. 
Consequently, it is possible that in the ground state 
these structures exist in the opposite conformation. 
Moreover, molecular models indicate that in the ami 
conformation H-6 lies directly above the plane of the 
3',4' double bond which would account for the ob­
served shielding effect. By contrast, a corresponding 
anisotropic effect in the pyrimidine 2',3'-unsaturated 
nucleosides is not indicated and apparently explains 
the normal chemical shift of H-6. 

The possibility that the rotameric composition of a 
nucleoside, such as 3, can differ in two low-lying 
energy states, which is suggested by the spectral data 
and which hetetofore has not been considered, has 
significant biochemical and biophysical implications. 
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Steric Control in the Reaction of Diphenylcarbene with 
Olefins. Thoughts on the Structure of 
Diphenylcarbene in Solution1 

Sir: 

The development of the chemistry of triplet carbenes 
dates from the report of Etter, Skovronek, and Skell2 

that diphenylcarbene (1) added nonstereospecifically 
to olefins. These authors suggested a structure for 1 
in which a central, sp-hybridized carbon atom was 
flanked by two perpendicular phenyl rings. Closs and 
Closs3'4 later showed that addition was largely stereo-
specific and that the olefinic products of an abstraction-
recombination process were the major compounds pro­
duced in the reaction. Nevertheless, the properties 
of diphenylcarbene have been generally regarded as 
both well known and archetypal of triplet carbenes. 
Neither is the case. Reports on the chemistry of 1 
are rare and fragmentary, and the hydrogen abstraction-
recombination process is not the path generally followed 
by triplets.5-7 

The problem of the strangeness of 1 is accentuated 
by a comparison of properties with those of the related 
fluorenylidene (2) which reacts with olefins to give 
mainly cyclopropanes.6 Abstraction-recombination is 

QUO OcO 
1 2 

always a minor process. Esr spectroscopy on 1 and 2 
initially indicated that a quite similar geometry was 
attained by both, at least at low temperature in rigid 
medium. In particular, both were bent, and 1 was 
thought to possess a structure in which the rings were 
more coplanar than perpendicular.8 The question of 
why two such structurally similar molecules should 
react so differenlty was puzzling indeed.9 
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