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Selective monoacylation of 1,n-linear diols seems to be a
simple molecular transformation, however, it is still a
challenging subject in current organic synthesis because
overacylation is usually unavoidable. High reactivity of
primary hydroxy groups at the both ends of the linear diols
makes selective monoacylation difficult. Since the steric
environments of the free OH groups in diol 1 are similar to
those of a free OH in 2 (Scheme 1), the strategy for

monoacylation based on conventional steric repulsive inter-
action is not effective, especially in the cases of long-chain
diols. In contrast, chemoselective acylation by discriminating
between 1 and 2 through molecular recognition appears to be
effective to achieve a high k1/k2 ratio. Enzymatic acylation has
been frequently used for chemoselective acylation of various
polyols.[1] Lipase-catalyzed acylation of 1,n-linear diols has
been reported to give monoacylates highly selectively, how-
ever, overacylation is again unavoidable.[2] To avoid over-
acylation, excess amounts of diol substrates have been often
employed.[3] Alternatively, highly selective monoacylation of
linear diols have been achieved by the use of solid-supported
reagents.[4] Organometallic catalysts have been developed for
selective acylation of various diols.[5] To the best of our
knowledge, however, highly selective homogeneous catalysts
for monoacylation of linear diols have never been developed.
Herein we report highly selective monoacylation of 1,n-linear
diols (n = 2–5) through substrate recognition by organocata-
lysts. The relative rate (k1/k2) for acylation of 1 and 2 (n = 5)
was estimated to be greater than 100 in the presence of the
catalyst.

We chose 1,5-pentanediol (1a) as a standard linear diol for
investigating the reaction conditions towards selective mono-
acylation (Table 1). Treatment of 1a with 1.1 equivalents of
isobutyric anhydride in the presence of 5 mol% of 4-
dimethylaminopyridine (DMAP) in CHCl3 at �60 8C gave

monoacylate 2a and diacylate 3 a in 45 % and 26% yield,
respectively, in addition to 23% recovery of 1a (monoacylate/
diacylate: 2a/3a = 1.7; entry 1). We examined catalyst 4,
which was shown to be effective for chemo- and regioselective
acylation of glycopyranoses[6] and a glycoside.[7] In the
presence of 4, 1a underwent selective monoacylation to give
2a and 3a in 92% and 3% yield, respectively (2a/3a = 31,
entry 2). We further examined catalysts 5, 6, and 7, each
possessing side chains with various degrees of steric bulk,
thereby examining whether catalysts with bulky side chains
are effective for selective monoacylation by using steric
interaction to prevent the second acylation. Selectivities (2a/
3a = 9.6–15) for the monoacylation of 1a in the presence of
catalysts 5–7 were obtained, with the lowest selectivity (2a/
3a = 9.6) being for the acylation promoted by 7, which
possesses the most-bulky side chains. These results indicate
that steric effects are not the key factors to promoting
selective monoacylation.

We next investigated the solvent effects on the ratio of
mono- and diacylation using 1.03 equivalents of isobutyric
anhydride and a substrate concentration of 0.03m (Table 2,
entries 1–3). The mono/diacylation selectivity (2 a/3 a) in the
presence of catalyst 4 was strongly dependent on the solvent.
The selectivity increases as follows: DMF (2a/3a = 1.7)

Scheme 1. Acylation of 1,n-primary diols.

Table 1: Effects of catalysts on chemoselectivity of acylation of 1,5-
pentandiol.[a]

Entry Cat. 2a [%] 3a [%] 2a/3a Recovery
of 1a [%]

1 DMAP 45 26 1.7 23
2 4 92 3 31 3
3 5 76 5 15 16
4 6 74 6 15 15
5 7 67 7 9.6 23

[a] Reactions were run at the substrate concentration of 0.07m.
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< toluene (2a/3a = 8.2)<CHCl3 (2a/3a� 71). The observed
solvent effects indicate that hydrogen-bonding interactions
between the catalyst and the substrate would be responsible
for the selective monoacylation.[6, 8, 9] Effects of the temper-
ature upon the selectivity for monoacylation were also
examined in the acylation catalyzed by 4, as well as DMAP,
at the substrate concentration of 0.07m
(entries 5–10). The selectivity (2a/3a) of the
acylation catalyzed by 4 depended strongly
upon temperature (5.8–27; entries 5–7),
whereas the temperature effects on the selec-
tivity for the DMAP-catalyzed acylation were
negligible (2.8–3.5; entries 8–10). These con-
trasting results indicate a significant contribu-
tion of the entropy term to the acylation
process catalyzed by 4, thus indicating the
importance of hydrogen-bonding interactions.
Finally, the highest selectivity (2 a/3 a� 86) was
obtained by increasing the catalyst loading to
10 mol% at a substrate concentration of 0.03m
(entry 4).

The acylation of various 1,n-linear diols
were examined under the optimized conditions
for monoacylation (see Table 2, entry 4), with
the exception that a slightly larger amount
(1.7 equiv) of collidine was used. The results
are shown in Figure 1a. For comparison,
DMAP-catalyzed acylation (Figure 1 b) was
also run under reaction conditions identical
to those used for the experiments shown in
Figure 1a. In the presence of 4, monoacylation
took place exclusively in the acylation of HO-
(CH2)n-OH (n = 2, 3, and 5) and HO-(CH2)2O-
(CH2)2-OH using 1.03 equivalents of isobutyric
anhydride to give 66–86% conversion without
overacylation (Figure 1a). 1,4-Butanediol was
exceptional, thus giving both the mono- and
diacylate in 77% and 4% yield, respectively,

(monoacylate/diacylate = 19) together with 15% of the
recovered starting material (for the recovery% in each
column, see the Supporting information). Significant amounts
of diacylates (11–15%) were obtained in the acylation of HO-
(CH2)n-OH when n� 6, even in the presence of 4 (mono-
acylate/diacylate< 7). Thus, the highly selective monoacyla-
tion catalyzed by 4 is limited to linear diols whose chain length
is equal to or shorter than five carbon atoms.[1] In sharp
contrast to the acylation catalyzed by 4, random acylation of
linear diols was observed in DMAP-catalyzed acylation,
independent of the chain length of diols (monoacylate/
diacylate = 0.6–3.1, Figure 1 b). Diacylates were the major
products in the acylation of 1,4-butanediol and 1,7-heptane-
diol even in the presence of the recovered diols (32–34 %; for
the details see the Supporting Information). The ratios of
monoacylate/diacylate observed in the DMAP-catalyzed
acylation is assumed to result from the relative intrinsic
reactivities of the linear diol and the corresponding monool
generated in the reaction medium, whereas those in the
acylation catalyzed by 4 appear to be controlled by the
catalyst independently from their intrinsic reactivities of
substrates. Acetylation of 1a with acetic anhydride under the
conditions similar to those in Figure 1a, but using acetic
anhydride instead of isobutyric anhydride, gave the mono-
and diacylate in 89% and 5% yield, respectively, together
with 3% recovery of the starting material. Similarly, benzoy-
lation and cinnamoylation of 1a gave the corresponding

Table 2: Effects of solvents and temperature upon the selective mono-
acylation of 1,5-pentandiol catalyzed by either 4 or DMAP.[a]

Entry Cat. Solvent T
[8C]

t
[h]

2a
[%]

3a
[%]

2a/3a Recovery
of 1a [%]

1 4 DMF �60 24 48 29 1.7 23
2 4 toluene �60 24 74 9 8.2 15
3 4 CHCl3 �60 24 71 �1 �71 23
4[b] 4 CHCl3 �60 24 86 �1 �86 13
5 4 CHCl3 20 18 75 13 5.8 10
6 4 CHCl3 �20 18 79 9 8.7 10
7 4 CHCl3 �60 36 82 3 27 11
8 DMAP CHCl3 20 12 49 14 3.5 37
9 DMAP CHCl3 �20 12 47 14 3.4 39
10 DMAP CHCl3 �60 12 45 16 2.8 38

[a] Reactions of entries 1–4 and 5–10 were run at the substrate
concentration of 0.03m and 0.07m, respectively. [b] 10 mol% of catalyst
4 was used.

Figure 1. Ratios of the mono- and diacylate in the acylation of various linear diols.
a) Acylation catalyzed by 4. b) Acylation catalyzed by DMAP.
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monoacylates exclusively in 64 % and 65% yield, respectively,
without the formation of the corresponding diacrylates,
together with 32 % and 30 % recovered starting material,
respectively (see the Supporting Information for graphical
data).

The results in Figure 1a suggest that the catalyst 4 might
recognize the molecular lengths of the linear diols. Therefore,
we examined the competitive acylation between two diols
with different molecular lengths (Table 3). Treatment of a 1:1

mixture of 1,4-butane diol (HO-(CH2)m-OH, m = 4) and 1,5-
pentanediol (1a ; HO-(CH2)n-OH, n = 5) with isobutyric
anhydride (0.52 equiv of the total amount of the diols) in
the presence of 10 mol% of 4 in CHCl3 at �60 8C gave
monoacylate of the former diol (m-1) and monoacylate of the
latter diol (n-1) in 37% and 60% yield, respectively, without
the formation of diacylates (m-2) and (n-2, entry 1). Chemo-
selectivity of the acylation of 1,4-butanediol versus 1 a was
determined to be 2.0 according to the equation shown in the
footnote [a] of Table 3.[10] In the presence of 4, 1,5-pentane-
diol (1a) was chemoselectively acylated by a factor of 5.2 in
the competitive acylation between 1a and its analogue that is
one carbon atom longer (entry 3). Similarly, 1a was prefer-
entially acylated 6.6 times faster than 1,7-heptanediol in a
competitive acylation reaction (entry 5). In contrast, negli-
gible chemoselectivity was observed in DMAP-catalyzed
competitive acylation of these diols (entries 2, 4, and 6).
Relatively high chemoselectivity was observed in the com-
petitive acylation between 1,5- versus 1,6-diols and 1,5- versus
1,7-diols (entries 3 and 5), whereas low chemoselectivity was
observed in the competitive acylation between 1,5- versus 1,4-
diols (entry 1). Thus, catalyst 4 appears to chemoselectively
acylate 1,n-linear diols whose chain length (n) is five carbon
atoms or less.

A hypothetical transition-state model for the acylation of
1a catalyzed by 4 is shown in Figure 2a. Hydrogen-bonding
interactions between the substrate and catalyst are suggested
based on the solvent and temperature effects upon the
monoacylation selectivity. We assume that the nonreacting
OH group would serve as the hydrogen-bond donor, and the
amide carbonyl groups at C2 and C5 of the catalyst 4 would be
the hydrogen-bond acceptors. The latter assumption was
based on the fact that the amide carbonyl groups are the
common structural subunit in catalysts 4–7, which gave the
monoacylate selectively in the acylation of 1a (Table 1,
entries 2–5). A stable conformer of the expected reactive
intermediate A[11] was generated by a molecular modeling
search (Figure 2b),[12] in which the distance between the
oxygen atom of the amide carbonyl group and the carbon
atom of the reactive acyl group is approximately 7.3 �. The
distance between the two oxygen atoms in the extended
conformation of 1a is estimated to be approximately 5.7 � by
molecular modeling (Figure 2c). The sum of the length
(8.4 �) of 5.7 � and the hydrogen-bonding distance (2.7 �)
might be the possible longest distance for hydrogen-bonding-
assisted acylation as shown in Figure 2a. This could be one of
the reasons why the selectivity of monoacylation diminishes
in the cases where the chain length of the linear diols is longer
than five (Figure 1a).[13] Although this is a merely hypo-
thetical explanation without the experimental proof, the
strong temperature effects on the selectivity observed in
Table 2 appear consistent with this hypothesis because it
suggests significant contribution of the activation entropy to

Table 3: Competitive acylation between different diols catalyzed either 4
or DMAP.

Entry m, n Cat. m-1/m-2/n-1/n-2 Fast-reacting
diol

Chemo-
selectivity[a]

1 4, 5 4 37:�0:60:�0 HO-(CH2)5-OH 2.0
2 4, 5 DMAP 17:17:23:12 – 1.0
3 5, 6 4 74:�0:23:0 HO-(CH2)5-OH 5.2
4 5, 6 DMAP 24:11:16:17 – 1.1
5 5, 7 4 66:�0:15:0 HO-(CH2)5-OH 6.6
6 5, 7 DMAP 14:15:12:21 – 1.2

[a] k(fast-reacting diol)/k(slow-reacting diol) = ln{1�conversion[1+j(m-
1+m-2)�(n-1+n-2) j /(m-1+m-2) + (n-1 +n-2)]}/ln{1-conversion[1�j
(m-1+m-2)�(n-1+n-2) j /(m-1+m-2) + (n-1+ n-2)]}. j (m-1+ m-2)�(n-
1+n-2) j indicates the absolute value of the difference between (m-1 +
m-2) and (n-1 + n-2). Conversion was calculated based on the total
amount of two diols.

Figure 2. a) A possible transition-state model for monoacylation of 1,5-
pentandiol promoted by 4. b) The assumed distance between an
oxygen atom of the amide carbonyl group and the carbon atom of the
acyl group in acylpyridinium ion A generated by a molecular modeling
search. c) The longest possible distance (8.4 �) between the oxygen
atom of the amide carbonyl group of A and the reacting OH of 1a.
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the monoacylation process through the molecular recognition
process as shown in Figure 1a.

We then examined kinetic studies for acylation of 1a and
2a catalyzed by DMAP as well as 4 at 20 8C. The relative rate
(krel 1a/2a) for acylation of 1a and 2a by DMAP catalysis was
determined to be 0.7 under the pseudo-first-order conditions
using an excess amount (10 equiv) of isobutyric anhydride
(Figure 3a). In contrast, the acylation of 1a proceeded 2.4
times faster than that of 2a in the presence of 4 at 20 8C
(Figure 3b). These contrasting results roughly accounts for
the selectivity tendency of monoacylation of 1a at 20 8C
shown in entries 5 and 8 in Table 2.[14,15]

Competitive acylation between 1 a and the monools was
then examined under reaction conditions identical to those
employed for the reactions depicted in Figure 1a, the
exceptions being the use of a smaller amount (0.70 equiv) of
the anhydride and a longer reaction time (48 h; Table 4). A
1:1 mixture of 1a and 2b was treated with isobutyric

anhydride (0.70 equiv of the total amount of 1a and 2b) in
the presence of 10 mol% of 4 in CHCl3 at �60 8C gave the
mono- and diacylate of 1a (2a and 3 a) and the acylate of 2b
(8 : R’= (CH2)5OAc), in 91 %, 8%, and 4 % yield, respectively
(entry 1). The rate of acylation of diol 1 a in the presence of 4
was estimated to be 113 times larger than that of monool 2b,
according to the equation shown in the footnote [a] in
Table 4.[10] In contrast, the monool 2b was acylated at a rate
equal to that of 1a in the presence of DMAP (entry 2). While
the intrinsic reactivity of 2b seems to be equal to that of 1a
based on the results from the DMAP-catalyzed reaction
(entry 2), catalyst 4 promotes acylation of 1a much faster than
that of monool 2 b. Catalyst 4 also promotes acylation of diol
1a 53–56 times faster than the monool such as 5-methox-
ypentan-1-ol or 2-phenylethanol (entries 3 and 4). Thus,
catalyst 4 seems to be able to recognize the structure of 1,5-
pentanediol in the presence of monools having a similar
molecular length, and promote chemoselective acylation of
1,5-pentanediol.

In conclusion, a method for the organocatalytic chemo-
selective monoacylation of linear 1,n-diols has been devel-
oped.[16] Catalyst 4 seems to be able to recognize diol structure
specifically in the presence of monools and also recognize
molecular length of linear diols, thus promoting preferential
acylation of 1,5-pentanediol in the presence of other diols and
monools.
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