
Regioselective Acetylation of 2-Aryl-2-butene-1,4-diols and Hydrolysis
of Their Diacetates Using Porcine Pancreas Lipase

Naka Koyata,1 Takuya Nagai,1 Masashi Kawasaki,2 Takuya Noguchi,3 Masayuki Kirihara,3 and Nobuyuki Imai�1
1Faculty of Pharmacy, Chiba Institute of Science, 15-8 Shiomi-cho, Choshi 288-0025

2Faculty of Engineering, Toyama Prefectural University, 5180 Kurokawa, Imizu 939-0398
3Department of Materials and Life Science, Shizuoka Institute of Science and Technology,

2200-2 Toyosawa, Fukuroi 437-8555

(Received June 29, 2009; CL-090615; E-mail: nimai@cis.ac.jp)

Acetylation of 2-aryl-2-butene-1,4-diols with 10 equivalents
of vinyl acetate in the presence of 50wt% of porcine pancreas
lipase (PPL) Type II regioselectively proceeded to afford the
corresponding 3-aryl-4-hydroxy-2-butenyl acetates in 83–93%
yields. Hydrolysis of 2-aryl-2-butene-1,4-diyl diacetates in the
presence of 100wt% of PPL Type II regioselectively afforded
the corresponding 2-aryl-4-hydroxy-2-butenyl acetates in 68–
95% yields.

Substituted 2-butene-1,4-diols are potentially useful inter-
mediates in organic synthesis.1 Regioselective protection of sub-
stituted 2-butene-1,4-diols by acetyl group using lipase PS-D has
been reported only by Takabe and co-workers.2 In this method,
acetylation and hydrolysis of 2-methyl-2-butene-1,4-diols and
their acetates afforded the corresponding monoacetates in mod-
erate yields (27–63%) because undesirable by-products were ob-
tained in all cases. We have recently reported preparation of
3-substituted (E)-2-hydroxymethyl-2-propenyl acetates by re-
giospecific acetylation3 of 2-alkylidene-1,3-propanediols con-
taining substituted benzene, polycyclic, or heterocyclic aromatic
rings with vinyl acetate using porcine pancreas lipase (PPL)
Type II. Furthermore, we have developed preparation of 3-sub-
stituted (Z)-2-hydroxymethyl-2-propenyl acetates by highly re-
gioselective hydrolysis4 of 2-alkylidenepropane-1,3-diyl diace-
tates using PPL Type II. Our method has been found to be con-
venient for the preparation of the monoacetates of substituted 2-
butene-1,4-diols. In this paper, we describe both of a regioselec-
tive acetylation of 2-aryl-2-butene-1,4-diols 1a–1g with vinyl
acetate using 50wt% of PPL Type II and a regioselective hy-
drolysis of 2-aryl-2-butene-1,4-diyl diacetates 2a–2g in the pres-
ence of 100wt% of PPL Type II.

The diacetates 2a–2g were easily prepared from arylboronic
acid and 2-butyne-1,4-diyl diacetates by the Suzuki reaction in
20–73% yields.5 Then, the diols 1a–1g were obtained by hydrol-
ysis of 2a–2g in 72–97% yields.

In a preliminary investigation, the reaction of 2-phenyl-2-
butene-1,4-diol (1a) with vinyl acetate in the presence of
50wt% of PPL Type II in 1,4-dioxane afforded 3-phenyl-4-
hydroxy-2-butenyl acetate (3a)6 in 91% yield as indicated in
Entry 1 of Table 1. The diacetate 2a was produced as a by-prod-
uct in 3.1% yield, and the starting material 1a and 2-phenyl-4-
hydroxy-2-butenyl acetate (4a) were not detected from 1HNMR
analysis of the crude product. The regioselective acetylation of
2-aryl-2-butene-1,4-diols substituted on the benzene ring by
electron-donating or electron-withdrawing groups was then ex-
amined: the results from the acetylation of various 2-aryl-2-bu-
tene-1,4-diols 1b–1g with vinyl acetate in the presence of

50wt% of PPL in 1,4-dioxane are shown in Table 1. We select-
ed methoxy and methyl substituents as representative electron-
donating groups (Entries 2, 3, 6, and 7) or fluoro and chloro sub-
stituents as electron-withdrawing groups (Entries 4 and 5). For-
tunately, all 2-aryl-2-butene-1,4-diols 1b–1g reacted with vinyl
acetate in the presence of 50wt% of PPL in 1,4-dioxane to
afford the corresponding 3-aryl-4-hydroxy-2-butenyl acetates
3b–3g in excellent yields with high regioselectivities. The 2-aryl
monoacetates 4b–4g were not detected from the crude products
in all entries of Table 1.

Next, the reaction of 2-phenyl-2-butene-1,4-diyl diacetate
(2a) in the presence of 100wt% of PPL in a 1:1 mixture of
DMSO (dimethyl sulfoxide)–PB (1/15M phosphate buffer,
pH 7.0) afforded the corresponding 2-phenyl monoacetate 4a7

in 89% yield as indicated in Entry 1 of Table 2. The diol 1a
was produced as a by-product in 1.2% yield and the starting ma-
terial 2awas recovered in 1.2% yield. The 3-phenyl monoacetate
3a was not detected from 1HNMR analysis of the crude product.
The regioselective hydrolysis of 2-aryl-2-butene-1,4-diyl diace-
tates substituted on the benzene ring by electron-donating or
electron-withdrawing groups was examined: the results from hy-
drolysis of various substituted 2-aryl-2-butene-1,4-diyl diace-
tates 2b–2g in the presence of 100wt% of PPL in a 1:1 mixture
of DMSO–PB are shown in Table 2. We selected methoxy and
methyl substituents as representative electron-donating groups
(Entries 2, 3, 6, and 7) or fluoro and chloro substituents as elec-
tron-withdrawing groups (Entries 4 and 5). Fortunately, all 2-
aryl-2-butene-1,4-diyl diacetates 2b–2g reacted in the presence
of 100wt% of PPL in a 1:1 mixture of DMSO–PB to afford
the corresponding 2-aryl monoacetates in good to excellent yields
with high regioselectivities. The 3-aryl monoacetates 3b–3gwere
not detected from the crude products in all entries of Table 2.

In summary, porcine pancreas lipase (PPL) Type II effi-
ciently works as a catalyst both in acetylation of 2-aryl-2-bu-
tene-1,4-diols 1 and in hydrolysis of 2-aryl-2-butene-1,4-diyl di-
acetates 2. In our procedure, it is possible to prepare various 2- or
3-aryl-4-hydroxy-2-butenyl acetates. The products are useful
synthetic intermediates and we have already succeeded the total
synthesis of racemic milnacipran,8 which is a commercially
available medicine as a serotonin noradrenaline reuptake inhib-
itor (SNRI). We are still working on asymmetric synthesis of
milnacipran.
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Table 1. Acetylation of 2-aryl-2-butene-1,4-diols 1a–1g in the presence of PPLa

1 3

vinyl acetate, PPL

in 1,4-dioxane
83-93%

OHHO

Ar

OAcHO

Ar

OAcAcO

Ar

2

+

Entry 1 Ar 3/% Recovery 1/% Diacetate 2/%

1 1a Ph 91 N.D.b 3.1
2 1b 4-MeOC6H4 89 2.8 trace
3 1c 4-MeC6H4 91 N.D. N.D.
4 1d 4-FC6H4 93 N.D. 4.1
5 1e 4-ClC6H4 83 N.D. 2.9
6 1f 3-MeC6H4 90 N.D. 2.7
7 1g 2-MeC6H4 88 3.7 trace

aAll reactions were carried out with 1mmol of 2-aryl-2-butene-1,4-diol 1, 10mmol of vinyl acetate, and 50wt% of PPL in 3mL
of 1,4-dioxane at rt for 24 h. bNot detected.

Table 2. Hydrolysis of 2-aryl-2-butene-1,4-diyl diacetates 2a–2g in the presence of PPLa

PPL

DMSO-PB
(1:1)OAcAcO

Ar

OHAcO

Ar

68-95%2 4 1

OHHO

Ar

+

Entry 2 Ar 4/% Recovery 2/% Diol 1/%

1 2a Ph 89 1.2 1.2
2 2b 4-MeOC6H4 78 7.2 1.8
3 2c 4-MeC6H4 77 13 6.6
4 2d 4-FC6H4 94 N.D.b 4.9
5 2e 4-ClC6H4 68 22 6.5
6 2f 3-MeC6H4 74 11 5.5
7 2g 2-MeC6H4 95 N.D. N.D.

aAll reactions were carried out with 1mmol of 2-aryl-2-butene-1,4-diyl diacetate 2 and 100wt% of PPL in 6mL of a 1:1 mixure of
DMSO–PB at rt for 48 h. bNot detected.
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