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Chemo-, regio- and stereoselective Mitsunobu reaction of
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Abstract—Unprotected pyrimidine bases were used in Mitsunobu reaction to afford in high yield new substituted pyrrolidines.
The reaction is chemo-, regio- and stereoselective affording exclusively N-1 alkylated derivatives of (3S)-N-benzyl-3-hydroxy-
pyrrolidine and (3S,4S)-N-benzyl-3,4-dihydroxypyrrolidine. © 2002 Elsevier Science Ltd. All rights reserved.

In the course of our ongoing research aimed at the
exploitation of hydroxypyrrolidines1 in organic synthe-
sis we envisaged their use as possible scaffolds to pro-
duce, after proper substitution, nucleoside analogues.2

The introduction of a nucleobase on the hydroxypyrro-
lidine ring and the optimisation of this process was then
considered as the crucial step. Various syntheses of
pyrrolidine derivatives3 bearing a nucleobase have been
published, which used as a key step both a nucleosida-
tion reaction4 or the final closure of the pyrimidine
ring.5

Mitsunobu reaction6 represents a useful alternative for
the stereoselective synthesis of nucleosides. This reac-
tion has been previously used to insert both purine and
pyrimidine bases onto complex molecular structures.7

The Mitsunobu reaction conditions require the use of
suitably protected form of the nucleobases: purine
derivatives are obtained from 6-chloro purine, while the
insertion of uracil (1) or thymine (2) is commonly
obtained through the use of N-3-benzoylated reagents 3
and 4.8

N-3-Benzoyl thymine was recently used to introduce
thymine on 4-hydroxyproline under standard Mit-
sunobu conditions (Ph3P and DIAD at rt).9 A major
drawback of this reaction is its low chemoselectivity.
Actually, the high reactivity of the C-2 carbonyl group
is responsible for the formation of relevant amounts of
O-alkylated products, which decreases the overall yield
of the reaction. With a judicious choice of the solvent,
switching from THF to a mixture of dioxane and
DMF, Chu et al.10 reduced the amount of the O-alkyl-
ated byproducts 5. Unprotected bases were used, occa-
sionally affording a mixture of O-alkylated and N,N �-
dialkylated compounds and low yield of the products.11

We can now demonstrate that the synthesis of pyrro-
lidine derivatives 7–8 and 10–11 (Scheme 1) can be
achieved with high regio- and chemoselectivity by using
unprotected pyrimidine bases.

In our experiments, when N-benzoylated pyrimidine
bases were used with pyrrolidine 6,12 no reaction took
place at room temperature, although the starting mate-
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Scheme 1.

NOE effects, as observed in similar systems,15 can be
assumed as proof of the lack of O-alkylation products.
A comparison between chemical shifts of C3 (�=53.1
ppm for 7, and �=53.5 ppm for 8) with literature
data10 confirmed this result, since the value is shifted
highfield with respect to analogous O-alkylated prod-
ucts. The optical purity of product 8 was ascertained by
its transformation into a Mosher amide, which attested
the complete stereoselectivity of the Mitsunobu
reaction.

The optimised reaction conditions were applied also to
dihydroxylated pyrrolidine 916 which, after monopro-
tection with TBDMSCl, afforded compounds 12 and 13
(Scheme 1) in 48 and 39% overall yields, respectively,
after deprotection with TBAF. Again we could detect
neither any O-alkylated derivatives nor the N-3 alkyl-
ated isomer in the reaction mixtures, once more indicat-
ing the good efficiency of the reaction without the need
of any protection.

A straightforward approach made possible to synthe-
sise pyrrolidine derivatives substituted with a uracil or
thymine group in a chemo-, regio- and stereoselective
process. The use of non-protected pyrimidine deriva-
tives, besides obeying an ‘atom economy’17 and ‘green
chemistry’ principle, makes the overall process more
efficient. Study to generalise this approach towards the
synthesis of other heterocyclic systems bearing a nucle-
obase is currently in progress in our laboratories
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