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A benzyloxy group migration under Mitsunobu reaction conditions

Yoann Marsac,a Arnaud Nourry,a Stéphanie Legoupy,a,* Muriel Pipelier,b

Didier Dubreuilb and François Hueta,*
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Abstract—When compounds 3a and 3b were subjected to a Mitsunobu reaction with benzoylthymine, the expected substitution
products were formed together with the regioisomers corresponding to benzyloxy group migrations.
� 2004 Elsevier Ltd. All rights reserved.
A recent paper of Saksena et al.1 shows that an unusual
acetonide group migration occurs in the reaction of a
nucleic base with a mesylate. We report here our results
on a benzyloxy group migration during the introduction
of a pyrimidine base.

In the course of our research programme on carbocyclic
nucleoside analogues,2 we intended to synthesize the di-
hydroxylated cyclobutane compounds 1a and 1b (Fig.
1).

In our laboratory, good results were previously obtained
by introducing purine and pyrimidine bases under Mitsu-
nobu reaction conditions from hydroxymethyl cyclo-
butenic2a and dienic3 compounds. We then envisaged
to use this method to prepare 1a and 1b from benzoyl-
thymine and compounds 3a and 3b (Scheme 1).
0040-4039/$ - see front matter � 2004 Elsevier Ltd. All rights reserved.
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Figure 1.
Precursors 3a and 3b were obtained in four steps, start-
ing from alcohol 44 (Scheme 2). The hydroboration/oxi-
dation step of protected cyclobutene 5 provided four
regioisomers. As it was expected, the trans regioisomers
were predominant in the mixture and can be separated
by column chromatography.

Surprisingly, when each isolated precursor 3a and 3b
was subjected to reaction with a protected thymine
under Mitsunobu conditions, a mixture of two regioiso-
mers 2a5 and 2b6 was formed. They were separable by
column chromatography. In both cases the product of
direct substitution was predominant. However the
amount of the other product was not negligible (Scheme
3).

Regiochemistry was deduced from the HMBC experi-
ment for the compound 2b. The long range correlations
between H-7 0/C-6 0, H-3 0/C-1 0 and H-1 0/C-6 showed that
thymine was fixed on the methylene group close to the
acetoxy group (Fig. 2).

Unexpectedly under similar Mitsunobu conditions with
other nucleophiles such as adenine, thiophenol and ben-
zoic acid, precursor 3b yielded only one regioisomer 7b,
8b and 9b in 70%, 40% and 95% yield, respectively
(Scheme 4). No benzyloxy group migrations were
observed in these cases.

Benzyloxy group migrations have already been observed
via an intermediate oxonium ion.7 In the case of
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Scheme 2. Reagents and conditions: (a) t-BuPh2SiCl, imidazole, CH2Cl2, 12h; (b) (1) BH3ÆTHF, 20�C, THF, 1day; (2) NaOH, H2O2, 50�C, 2h;
(c) Ac2O, pyridine, 20�C, 1day; (d) TBAF, AcOH, THF, 20�C, 12h.
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Scheme 3. Reagents and conditions: (a) N-3-benzoylthymine, DIAD,

PPh3, THF, 2days, 20�C.
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reactions between compounds 3a and 3b and benzoyl-
thymine, the mechanism probably involves a competi-
tive formation of such an intermediate A (Fig. 3)
besides the normal Mitsunobu displacement. As this
intermediate may be attacked on both sides, the partial
[1,4]-benzyloxy group migration is thus explained.
Involvement of five-membered ring intermediate cations
has already been postulated to explain unusual results in
the conditions of Mitsunobu reaction.8 A partial contri-
bution of the transition state B is another possibility
equally coherent with our results.

Finally, the desired nucleoside precursor 12b was
obtained under the same experimental conditions but
using a silylated precursor 11b. In this case, no migra-
tion was observed (Scheme 5).
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Scheme 5. Reagents and conditions: (a) Pd(OH)2/C 20%, cyclohexene, EtOH, reflux, 38h; (b) N-3-benzoylthymine, DIAD, PPh3, THF, 2days, 20�C.
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These results show that the choice of the protecting
group in these experiments may be important.
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L.; Huet, F. Tetrahedron 1997, 53, 5797–5812; (g) Gourdel-
Martin, M.-E.; Huet, F. J. Org. Chem. 1997, 62, 2166–2172.

3. Hubert, C.; Alexandre, C.; Aubertin, A.-M.; Huet, F.
Tetrahedron 2003, 59, 3127–3130.
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