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Desilylation of 1-[4-benzenesulfonyl-3-O-(tert-butyldimethylsilyl)-2-deoxy-5-O-methanesulfonyl-a-L-
threo-pentofuranosyl]thymine (4) with Bu4NF/THF, when carried out at room temperature, gave four
products. Among these, there were 1-[3-O-acetyl-4-benzenesulfonyl-2-deoxy-5-O-methanesulfonyl-a-
L-threo-pentofuranosyl]thymine (7) and thymine. A possible reaction mechanism is proposed, which sug-
gests the origin of 30-O-acetyl group of 7 and thymine as well as structures of the other two products (9a
and 9b).

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction ature for 1 h, complete disappearance of 4 was confirmed by TLC
We have recently reported a method for the preparation of 2,1

having a benzenesulfonyl leaving group at the 40-position, from
thymidine-50-aldehyde (1).1,2 Compound 2, after 50-O-silylation,
undergoes stereoselective nucleophilic substitution with organo-
silicon reagents in the presence of SnCl4, as exemplified in Scheme
1 for the preparation of 40-allyl-30,50-bis-O-(tert-butyldimethylsi-
lyl)thymidine (3).1

To apply this chemistry to the synthesis of 40-carbon-substi-
tuted analogues of 20,30-didehydro-30-deoxythymidine (d4T), we
were in need of 6, and thought that desilylation of the 50-O-meth-
anesulfonyl derivative 4 with Bu4NF would lead to the formation of
the oxetane derivative 5 that is anticipated to undergo base-cata-
lyzed elimination to yield 6, as reported in the preparation of
d4T.3 However, upon reacting 4 with Bu4NF in THF at room temper-
ature, an unexpected reaction took place, which is the subject of
the present communication.

2. Results and discussion

Compound 2, 1-[4-benzenesulfonyl-3-O-(tert-butyldimethylsi-
lyl)-2-deoxy-a-L-threo-pentofuranosyl]thymine, was mesylated in
a conventional manner to give the 50-O-mesylate (4) in 82% yield.
When 4 was reacted with Bu4NF (1.2 equiv) in THF at room temper-
ll rights reserved.

Tanaka).
(hexane/EtOAc = 1:3). After reaction overnight, careful TLC analysis
of the reaction mixture in an alternative solvent system (CH2Cl2/
MeOH = 10:1) revealed that, in addition to three products, thymine
was also formed as a polar product. This was ascertained by 1H
NMR spectroscopy after short column chromatography (CH2Cl2/
MeOH = 10:1) of the reaction mixture, but the actual yield of thy-
mine could not be determined due to contamination by tetrabutyl-
ammonium salts. A mixture of the three other products was
subjected to HPLC separation (CHCl3/MeOH = 25:1).

The 1H NMR spectrum of the fastest running product (tR

7.4 min) in CDCl3 showed that it has one acetyl group (d 2.18,
3H, singlet) with the 50-O-mesyl group remaining intact. Also, its
H-30 resonance appeared at a lower field (d 6.23) when compared
with that of 4 (d 5.29). These data suggest the structure of this
product to be the 30-O-acetyl derivative 7,4 which was also sup-
ported by FAB-MS (m/z 503, M++H). The isolated yield of 7 was
29%. Where has the 30-O-acetyl group of 7 come from? We would
like to propose a possible reaction mechanism as shown in Scheme
2, which also suggests the structures of the other two products.
O

NH

N

O

O

Me

AcO

MsO

7

S
Ph

O
O

http://dx.doi.org/10.1016/j.tetlet.2010.06.039
mailto:hirotnk@pharm.showa-u.ac.jp
http://dx.doi.org/10.1016/j.tetlet.2010.06.039
http://www.sciencedirect.com/science/journal/00404039
http://www.elsevier.com/locate/tetlet


O

NH

N

O

O

Me

O

TBSO

O

NH

N

O

O

Me

TBSO

HO

S
O-silylation

SiMe3

SnCl4

O

NH

N

O

O

Me

TBSO

TBSO

O

NH

N

O

O

Me

TBSO

MsO

O

NH

N

O

O

Me

O

O

NH

N

O

O

Me

HO

1 32

654

Ph

O
O

S
Ph

O
O

S
Ph

O
O S

Ph

O
O

Scheme 1.

4254 H. Shimada et al. / Tetrahedron Letters 51 (2010) 4253–4255
Desilylation of 4 gives rise to the 30-alkoxide A, which under-
goes furanose ring opening leading to B or, through subsequent

elimination of the mesyloxy group, to C. Upon deprotonation of
the a-hydrogen of the formyl group in C, there could be two possi-
ble elimination pathways. In route-a, the thymine moiety serves as
a leaving group (the formation of thymine was actually observed as
mentioned the above). On the other hand, when elimination takes
place through route-b, acetyl phenyl sulfone (8) as well as 9 should
result. Since 8 is expected to serve as an acetylating reagent,5 its
reaction with A would lead to the formation of 7.

To obtain convincing evidence for the proposed mechanism
regarding the formation of 7, the 50-monodeuterated 4 (4-D, a mix-
ture of two diastereomers with a ratio of 2:3, isotopic purity >99%)
was prepared from 1.6 When 4-D was reacted with Bu4NF in THF at
room temperature overnight, 7-D was isolated in 33% yield by
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HPLC. That 7-D contains the 30-O-monodeuterated acetyl group be-
came clear from its 1H NMR spectrum measured in CDCl3, in which
the characteristic splitting due to the presence of deuterium (JH,D)
was present: d 2.17 (2H, triplet, JH,D = 2.0 Hz, COCH2D).
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As regard to 9, which was found to be a mixture of two com-
pounds, we initially thought that these were geometrical isomers,

since these compounds after HPLC separation gave identical M++H
(m/z 181) by FAB-MS and their 1H NMR spectra measured in
DMSO-d6 showed for each the presence of the thymine moiety, an
aldehyde proton and two vinylic protons. The 1H NMR data of the
faster running product (9a)7 (tR 8.8 min, obtained in 15% yield) were
found to be in full agreement with those reported for (E)-3-(thymin-
1-yl)propenal.8,9 However, the slower running product (tR 10.3 min,
obtained in 7% yield) gave a slightly larger vinylic coupling constant
(J = 14.8 Hz) than that of 9a (J = 14.6 Hz), which is certainly inconsis-
tent with the (Z)-configuration. Unambiguous structure determina-
tion that the slower running product is (E)-3-(thymin-3-yl)propenal
(9b) came from a HMBC experiment: multiple bond connectivity
was observed between H-3 (d 8.18) of the propenal portion and both
C-2 (d 149.88) and C-4 (d 162.73) carbonyl carbons of the thymine
moiety.10 At the present time, we have no evidence to explain the
mechanism for the formation of 9b.11,12
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Finally, it should be mentioned that the formation of 7, 9a, 9b
and thymine from 4 can be avoided by conducting the reaction

at �78 �C. Thus, after reaction at this temperature for 6 h, 4 gave
the desilylated product in 72% yield. Anticipated formation of the
oxetane 5 (Scheme 1) was not observed.
3. Conclusion

An attempted desilylation of 4 with Bu4NF in THF at room tem-
perature gave unexpected products 7, 9a, 9b and thymine. Their
structures were speculated based on a possible reaction mecha-
nism shown in Scheme 2. Convincing mechanistic evidence for
the formation of 7 was obtained by employing the 50-monodeuter-
ated 4 (4-D).
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