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Letters
A novel and efficient method for inside selective esterification of
terminal vic-diols
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Abstract—A novel and highly efficient procedure for inside selective esterification of terminal vic-diols has been achieved in one-pot
via Yb(OTf)3-catalyzed formation and partial hydrolysis of cyclic orthoesters. This method offers several advantages including wide
compatibility with acid labile functional groups, and good to high regioselectivity and yields.
� 2003 Elsevier Ltd. All rights reserved.
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Regioselective transformation of vic-diols, which are
important structural units or synthetic building blocks
for many biologically active compounds, is a significant
subject in organic synthesis (Scheme 1).1 In fact, a
variety of techniques has been developed for regio-
selective protection of a sterically less hindered hydroxy
group (outside hydroxy group).2;3 However, monopro-
tection of a more hindered one (inside hydroxy group) is
considerably difficult, and generally requires multistep
transformations;4 accordingly, the development of a
simple and convenient method for regioselective pro-
tection of the inside hydroxy group is greatly desirable.
For this reason, several methods for inside selective
etherification such as benzylation,5 tert-butylation,6

methoxymethylation,7 and silylation8 have been
reported. However, in spite of the highly potent syn-
thetic utility of 2-acyloxy-1-alkanols,9 there have been
few studies concerning inside selective esterification of
terminal vic-diols.10 As a novel strategy for the regio-
selective preparation of 2-acyloxy-1-alkanols, we
focused on the hydrolytic cleavage of cyclic orthoesters.
This is a general method for esterification of polyols,
particularly in the field of carbohydrate syntheses,11 but
the generality of this reaction including the regioselec-
tivity for cleavage is not fully established.12 In particu-
lar, to the best of our knowledge, there has been no
report about inside selective esterification of terminal
vic-diols via the cyclic orthoesters. In this paper, we wish
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to report an effective one-pot procedure for inside
selective acetylation and benzoylation of terminal vic-
diols by hydrolysis of the corresponding cyclic ortho-
esters.

Under several acidic conditions, at the outset, we
investigated the transformation of 1,2-butanediol (1) to
cyclic orthoacetate 2 and the following hydrolysis by a
one-pot operation in order to establish the best reac-
tion conditions (Scheme 2).13 Some of our results are
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Table 2. Inside selective esterification of various vic-diolsa

Entry vic-Diol Methodb Product Ratio (a:b)c Yield (%)d

1 Ph
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HO

4
A Ph
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12a
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HO

12b
17:83 96
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HO
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3 6 : R¼MPM A 14a 14b 16:84 99

4 7 : R¼MOM A 15a 15b 19:81 90

5 8 : R¼TBS A 16a 16b 15:85 98

6 9 : R¼Tr A 17a 17b 15:85 95
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12:88 76
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HO
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23b
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a Typical reaction procedures for methods A and B are described in the text.
bMethod A: 3 equiv of MeC(OMe)3, 5mol% of Yb(OTf)3, MeCN, room temperature, 10min, and then H2O, )40 to 0 �C, 1–2 h. Method B: 3 equiv

of PhC(OMe)3, 5mol% of Yb(OTf)3, MeCN, room temperature, 4–12 h, and then H2O, )40 to 0 �C, 3–6 h.
c The ratio was determined from 1H NMR spectra.
d Total yield of a and b.

Table 1. Acetylation of 1,2-butanediol via orthoacetate 2a

Entry Acid Temperature (�C) Ratio (3a:3b)b Yield (%)c

1 CSA 0 47:53 88

2 Yb(OTf)3 0 23:77 84

3 Yb(OTf)3 )40 to 0 18:82 85

4 Y(OTf)3 )40 to 0 25:75 86

5 Eu(OTf)3 )40 to 0 30:70 86

6 La(OTf)3 )40 to 0 41:59 83

7 Yb(OTf)3 )40 to 0 19:81 83

aA typical reaction procedure is described in the text. Reaction time for entries 1–6 was 1 h, and that for entry 7 was 5 h (1 h at )40 to 0 �C and then

4 h at 0 �C).
b The ratio was determined from 1H NMR spectra.
c Total yield of 3a and 3b.
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summarized in Table 1. Although the desired secondary
acetate 3b was not regioselectively obtained using
camphorsulfonic acid (CSA) as a Brønsted acid (entry
1),14 the use of various lanthanide triflates [i.e.,
Yb(OTf)3, Y(OTf)3, and Eu(OTf)3] as a Lewis acid gave
3b in good regioselectivity and high yields (entries 2–
5).15 Unexpectedly, an attempt with La(OTf)3 led to
poor regioselectivity (entry 6). Above all, the treatment
of Yb(OTf)3 at low temperature ()40 to 0 �C) afforded
the best result (entry 3). In addition, acyl migration
between two hydroxyl groups under these conditions,
was hardly observed even after prolonged treatment
(entry 7).

Encouraged by the results described above, we next
examined the reaction with various vic-diols 4–11 under
the optimized conditions of entry 3 in Table 1, and the
results are summarized at entries 1–8 in Table 2. In all
cases, the acetylation proceeded smoothly to give the
desired secondary acetates 12–19b in good regioselec-
tivity and high yields. This method was successfully
applicable to substrates 7–9 containing a variety of acid-
sensitive protecting groups such as MOM ether, TBS
ether, and Tr ether (entries 4–6). In addition, this system
allowed not only acetylation but also benzoylation,
which is one of the most popular and useful protecting
groups in organic synthesis, by using PhC(OMe)3
instead of MeC(OMe)3 (entries 9–12). In each case, the
regioselectivity was rather higher than the correspond-
ing regioselectivity of acetylation (entry 3 in Table 1 vs
entry 9 in Table 2, entries 2, 5, and 8 vs entries 10–12).

Although the details, including the relation between the
regioselective cleavage and stereochemistry of the cyclic
orthoester, are unclear, a possible reaction mechanism is
proposed in Scheme 3. It appears that Yb(OTf)3 would
coordinate with the outside oxygen more preferably
than the inside oxygen because of steric interaction,16

which would lead to regioselective cleavage of the out-
side C–O bond.

In conclusion, we have developed a novel and highly
efficient procedure using Yb(OTf)3 as a catalyst for
inside selective acetylation and benzoylation of terminal
vic-diols. This method offers several advantages such as
a one-pot operation, mild reaction conditions, experi-
mental simplicity, wide compatibility with other func-
tional groups, and good to high regioselectivity and
yields.17 We believe that the present study would
be greatly helpful in the transformation of vic-diols to
2-acyloxy-1-alkanols, which are commonly employed as
building blocks in organic synthesis.9
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Typical experimental procedure for acetylation (method
A: entry 2 in Table 2):18 To a stirred solution of vic-diol 5
(100mg, 0.85mmol) in anhydrous acetonitrile (2.5mL)
were added MeC(OMe)3 (324 lL, 2.54mmol) and
Yb(OTf)3 (26mg, 5mol%) at room temperature. After
the starting material disappeared on TLC (ca. 10min),
H2O (250 lL) was added dropwise to the reaction mix-
ture at under )40 �C, which was gradually warmed to
0 �C for 1 h. The reaction mixture was diluted with H2O
and extracted with EtOAc. The combined organic phase
was washed with H2O and brine, dried over Na2SO4, and
concentrated under reduced pressure to give an almost
pure mixture of acetates 14a and 14b (14a:14b¼ 11:89,
128mg, 94%) without further purification.

For benzoylation (method B: entry 11 in Table 2):18 To
a stirred solution of vic-diol 5 (56mg, 0.47mmol) in
anhydrous acetonitrile (1.4mL) were added PhC(OMe)3
(244 lL, 1.42mmol) and Yb(OTf)3 (15mg, 5mol%) at
room temperature. After stirring at room temperature
for 12 h, H2O (280 lL) was added dropwise to the
reaction mixture at under )40 �C, which was gradually
warmed to 0 �C for 1 h and stirred for 1 h at 0 �C
additionally. The reaction mixture was diluted with
H2O and extracted with EtOAc. The combined organic
phase was washed with H2O and brine, dried over
Na2SO4, and concentrated under reduced pressure. The
resultant residue was purified by silica gel column
chromatography (EtOAc/hexane¼ 1:6 to 1:4) to give a
mixture of benzoates 23a and 23b (23a:23b¼ 7:93,
99mg, 94%).
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