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groups
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Abstract—The preparation of the 2%,3%-O-[di-(p-anisyl)methylene]uridine 10, 2%,3%-O-(xanthen-9-ylidene)uridine 12a and 2%,3%-O-
(2,7-dimethylxanthen-9-ylidene)uridine 12b is described. The rates of hydrolysis of these three compounds are compared with that
of 2%,3%-O-isopropylideneuridine 6a in trifluoroacetic acid–water–methanol (1:2:7 v/v) at 30°C. © 2001 Elsevier Science Ltd. All
rights reserved.

In the 1960s, in connection with our earlier studies1

on the solution phase synthesis of oligoribonucle-
otides, we required a protecting group for the 2%,3%-
cis-diol system of a ribonucleoside that was
considerably more acid-labile than the conventional
isopropylidene group (as in 1). Despite the fact that it
was chiral, we decided to use the methoxymethylene
group2 (as in 2), which is some two orders of magni-
tude more labile to acidic hydrolysis than the iso-
propylidene group. Much more recently, in connection
with our work on the synthesis of phosphatidylinosi-
tol-3,4,5-trisphosphate [PtdIns(3,4,5)P3],3 we prepared4

1-O-stearoyl-sn-glycerol 4; R=C17H35 from its 2,3-O-
isopropylidene derivative 3; R=C17H35. As the acidic
conditions required for the removal of the isopropyli-
dene group were relatively drastic,4 it would have
been desirable to have used a more acid-labile pro-
tecting group and thereby to have ensured that abso-
lutely no concomitant acyl migration and hence
racemisation could have occurred. In this, and no
doubt in a number of other studies, a chiral protect-
ing group such as methoxymethylene would have been
unsuitable as its use would almost certainly have led
to an undesirable mixture of diastereoisomers.
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Scheme 1. Reagents and conditions : i. (±)-camphor-10-sulfonic acid, MeCN, room temp., 2–4 h.

We therefore set out to identify an achiral protecting
group that was at least one order of magnitude more
acid-labile than the isopropylidene group. Acetal
groups derived from certain alicyclic ketones have been
reported5 to be more acid-labile than the isopropylidene
group. For example, 2%,3%-O-cyclopentylidene-, -cyclo-
heptylidene- and -cyclooctylidene-uridines (5a, 5b and
5c, respectively) undergo acid-catalysed hydrolysis, in
0.01 mol dm−3 hydrochloric acid at 26°C, ca. 5, 7 and 8
times more rapidly5 than 2%,3%-O-isopropylideneuridine
6a. On the other hand, acetal groups derived from
higher molecular weight aliphatic ketones are generally
less susceptible to acidic hydrolysis than corresponding
isopropylidene derivatives. For example, 2%,3%-O-(pent-
3-ylidene)-5 and 2%,3%-O-(2,4-dimethylpent-3-ylidene)-6

uridine (6b and 6c, respectively), have been found to be
2 and 7 times more stable to acidic hydrolysis than
2%,3%-O-isopropylideneuridine 6a. The same is appar-
ently generally true of acetal groups derived from aro-
matic ketones. Thus, 2,2-diphenyl-1,3-dioxalane 7b is
ca. 20 times more stable to acidic hydrolysis7 than the
corresponding 2,2-dimethyl derivative 7a. However,
acetal protecting groups derived from aromatic ketones
have a distinct advantage over those derived from
alicylic or aliphatic ketones in that their stabilities can
easily be adjusted by the introduction of appropriate
substituents.

As in the case of substituted trityl protecting groups,8

para-methoxy substituents would be expected to facili-
tate the acid-catalysed hydrolysis of 2,2-diphenyl-1,3-
dioxalane 7b and its derivatives. A similar comparison
can be made between 9-phenylxanthen-9-yl9 and xan-
then-9-ylidene (as in 12a; Scheme 1b) protecting
groups. The preparation of 2%,3%-O-[di-(p-ani-
syl)methylene]uridine 10 was undertaken first. This
compound was readily prepared (Scheme 1a) by react-
ing uridine 8 with di-(p-anisyl)-dimethoxymethane10 9
in the presence of a catalytic quantity of camphor-10-
sulfonic acid in acetonitrile solution; it was isolated as a
colourless crystalline solid11 in 95% yield. Under the

same conditions, uridine 8 reacted with 9,9-
dimethoxyxanthene12 11a (Scheme 1b) to give its 2%,3%-
O-(xanthen-9-ylidene) derivative 12a, which was
isolated as a colourless crystalline solid14 in 88% yield.
Similarly, 2%,3%-O-(2,7-dimethylxanthen-9-ylidene)-
uridine 12b (Scheme 1b) was prepared from uridine 8
and 9,9-dimethoxy-2,7-dimethylxanthene15 11b and was
isolated as a colourless crystalline solid18 in 70% yield.

Hydrolysis studies19 were carried out on compounds 6a,
10, 12a and 12b under the conditions indicated in Table
1 (footnote a). In each case, pseudo first order kinetics
was observed and good straight lines were obtained by
plotting log10 (% remaining substrate) against time. It
can be seen from Table 1 that all of the new protecting
groups (entries 2–4) are more acid-labile than the iso-
propylidene group (entry 1). It is particularly notewor-
thy that the 2,7-dimethylxanthen-9-ylidene group meets
our original lability criterion in that compound 12b
(entry 4) undergoes hydrolysis at a rate just over 20
times faster than that of 2%,3%-O-isopropylideneuridine
6a in trifluoroacetic acid–water–methanol (1:2:7 v/v) at
30°C. Clearly, by an appropriate choice of substituents
an even more labile xanthen-9-ylidene protecting group
could be designed. The main limiting factor would be

Table 1. Acidic hydrolysis of 2%,3%-protected uridine
derivativesa

Substrate Half-timeEntry
(t1/2) min

2%,3%-O-Isopropylideneuridine 6a 1781
56.72%,3%-O-[Di-(p-anisyl)methylene]uridine 102

2%,3%-O(Xanthen-9-ylidene)uridine 12a3 31.7
4 8.62%,3%-O-(2,7-Dimethylxanthen-9-ylidene)-

uridine 12b

a Hydrolysis studies were carried out in trifluoroacetic acid–water–
methanol (1:2:7 v/v) solution at 30(±0.1)°C.



C. B. Reese et al. / Tetrahedron Letters 42 (2001) 1789–1791 1791

the ready availability of the corresponding xanthen-9-
ones. Finally, from an analytical point of view, xan-
then-9-ylidene groups have an advantage over the
isopropylidene group in that they absorb in the ultravi-
olet. This may not be of importance in nucleoside and
nucleotide chemistry but it might very well prove to be
so in lipid and carbohydrate chemistry.
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