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presence of 100 w/w % of porcine pancreas lipase (PPL) Type IL

© 2008 Elsevier Ltd. All rights reserved.

1. Introduction

Regioselective protection of allylic diols by acetyl group is not
much known except Takabe’s method.! The corresponding Z-
monoacetates were afforded only in moderate yields (24-52%)
because the corresponding diols and E-monoacetates were
obtained as by-products in all cases. We have reported preparation
of 3-substituted (E)-hydroxymethyl-2-propenyl acetates by regio-
specific acetylation of 2-alkylidene-1,3-propanediols containing
substituted benzene ring,?® polycyclic or heterocyclic aromatic
rirlg2b with vinyl acetate using porcine pancreas lipase (PPL) Type
11.3 Furthermore, we have developed preparation of 3-substituted
(Z)-hydroxymethyl-2-propenyl acetates* by highly regioselective
hydrolysis of 2-alkylidene-1,3-propylene diacetates using PPL Type
II. Herein, we describe the detail for preparation of Z-monoacetates
by highly regioselective hydrolysis of 2-alkylidene-1,3-propylene
diacetates 1 using 100 w/w % of PPL Type IL

2. Results and discussion

2-Alkylidene-1,3-propylene diacetates 1 were easily prepared
from 2-alkylidene-1,3-propanediols 22 and acetic anhydride in
pyridine in 82% to quantitative yields. In a preliminary in-
vestigation, the reaction of 2-benzylidene-1,3-propylene diacetate
(1a) in the presence of 100 w/w % of PPL in a 1:1 mixture of DMSO
(dimethyl sulfoxide)-PB (1/15 M phosphate buffer, pH 7.0) afforded
the corresponding Z-isomer 3a in 98% yield as indicated in entry 6
of Table 1. In the case of using methanol as a solvent, no reaction
was observed (see entry 1). Ethanol and 2-propanol work as
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a solvent for solvolysis of 1a to afford poorer yields as shown in
entries 2 and 3, respectively. Hydrolysis of 1a proceeded in PB to
give 59% yield of the corresponding Z-acetate with 19% yield of 2-
benzylidenepropane-1,3-diol (2a) (see entry 4). It is suggested that
DMSO effectively controls the activity of PPL and solubility of the
starting material. The E-isomer was not detected from 'H NMR
analysis of the crude products as shown in all entries of Table 1,
which presents the solvent effect.

Next, the amount of PPL was optimized at rt for 25 h in the
reaction of 1a and the results are summarized in Table 2. Increasing
the amount of PPL from 10 w/w % to 100 w/w % in the hydrolysis of
1a afforded higher yield of the Z-isomer 3a and either the E-isomer
or the diol 2a was not observed in any cases. The use of 100 w/w %
of PPL afforded an enough result on both of the yield and
regioselectivity as shown in entry 4.

Table 1
Solvent effect for E-hydrolysis of 2-benzylidenepropyl 1,3-diacetate 1a in the

presence of PPL*
Ph/\COAC PPL Ph/\COH Ph/\COH
rt +

OAc OAc OH
1a 3a 2a

Entry Solvent Reaction time Yield 3a (%) Yield 2a (%) Recovery 1a (%)

1 MeOH 5d Trace N.D.€ 99
2 EtOH 5d 35 N.D. 55
3 i-PrOH 5d 24 N.D. 67
4 PBP 23h 59 19 13
5 DMSO-PB® (1:4) 21h 61 16 16
6 DMSO-PB® (1:1) 25h 98 Trace N.D.

@ All reactions were carried out with 1 equiv of 2-benzylidenepropyl 1,3-diacetate
1a and 100 w/w % of PPL in 3 mL of solvent at rt.

b phosphate buffer (1/15 M, pH 7.0).

¢ Not detected.


mailto:nimai@cis.ac.jp
www.sciencedirect.com/science/journal/00404020
http://www.elsevier.com/locate/tet

9306 T. Miura et al. / Tetrahedron 64 (2008) 9305-9308

Table 2
Amount effect for E-hydrolysis of 2-benzylidenepropyl 1,3-diacetate 1a in the
presence of PPL*

Ph™ OAc PPL  pp"Xx OH PhX OH
DMSO-PB +

AC (111 OAc OH
1a rt 3a 2a
Entry Amount Reaction Yield 3a (%) Yield 2a (%) Recovery 1a (%)
of PPL (w/w %) time (h)

1 10 25 65 N.D.° 31
2 20 25 81 N.D. 15
3 50 25 92 N.D. 5.8
4 100 25 98 Trace N.D.

2 All reactions were carried out with 1 equiv of 2-benzylidenepropyl 1,3-diacetate
1aand PPLin 3 mL of a 1:1 mixture of DMSO-PB [phosphate buffer (1/15 M, pH 7.0)]
at rt.

b Not detected.

Then, the regioselective hydrolysis of 2-benzylidene-1,3-pro-
pylene diacetates substituted on the benzene ring by electron-do-
nating or electron-withdrawing groups was examined: the results
from hydrolysis of various substituted 2-benzylidene-1,3-pro-
pylene diacetates 1b-1h and 2-alkylidene-1,3-propylene diacetate
1i in the presence of 100 w/w % of PPLin a 1:1 mixture of DMSO-PB
are collected in Table 3. We selected methoxy and methyl sub-
stituents as representative electron-donating groups (see entries 2
and 5-8), trifluoromethyl and chloro substituents as electron-
withdrawing groups (see entries 3 and 4), and 2-(3-phenyl-
propylidene)-1,3-propylene diacetate (1i) for an aliphatic species
(see entry 9). Fortunately, all monosubstituted 2-benzylidene-1,3-
propylene diacetates 1b-1g reacted in the presence of 100 w/w % of
PPL in a 1:1 mixture of DMSO-PB to afford the corresponding
Z-monoacetylated products in excellent yields with high regiose-
lectivities. 2-(2,4,6-Trimethylbenzylidene)-1,3-propylene diacetate
(1h) was a poor substrate for hydrolysis using PPL probably due
to its steric hindrance by ortho-substituents on the benzene ring
and the corresponding Z-monoacetate 3h was obtained in 17%
yield. The reaction of the 2-(3-phenylpropylidene)-1,3-propylene
diacetate (1i in entry 9) afforded Z-monoacetate in lower regiose-
lectivity than ones of substituted 2-benzylidene-1,3-propylene
diacetates 1a-1h. Although the corresponding Z-isomer 3i*® was
obtained in 67% yield, the diol 2i was produced as a by-product in

Table 3
E-Hydrolysis of substituted 2-benzylidenepropyl 1,3-diacetates 1a-1h and 2-alky-
lidenepropyl 1,3-diacetate 1i in the presence of PPL?

R“\COAC PPL RA\COH R“\COH
DMSO-PB +

1 OAc (1:1) 3 OAc ) OH
rt
Entry 1 R Reaction Yield 3 (%) Yield 2 (%) Recovery 1 (%)
time (h)
1 1a Ph 25 98 Trace N.DP
2 1b  4-MeOCgHy 20 95 N.D. 17
3 1c  4-CF3CgHa 24 92 N.D. 17
4 1d 4-ClCgH4 4 84 N.D. 3.7
5 le 4-MeCgHy 18 85 N.D. 1.6
6 1f  3-MeCgH4 27 95 N.D. 23
7 1g 2-MeCgH4 21 92 N.D. 0.4
8 1h 2,4,6-Me3Ce¢H, 48 17 N.D. 66
9 1i  PhCH,CH, 19 67%° 13 8.1
10 1j  2-Naphthyl 24 89 19 71
11 1k  2-Furyl 22 67 N.D. 15
12 11 2-Thienyl 18 85 1.7 Trace
13 1m 3-Thienyl 18 90 N.D. 0.9

@ All reactions were carried out with 1 equiv of substituted 2-benzylidenepropyl
1,3-diacetates 1 and 100 w/w % of PPL in 3 mL of a 1:1 mixture of DMSO-PB at rt.
b Not detected.

3b
NOESY

MeO E/H‘H OAc

Figure 1. Determination of the structure of 3b.

13% yield and the starting material 1i was recovered in 8.1% yield.
Furthermore, 2-naphthylidene-1,3-propylene diacetate 1j contain-
ing a polycyclic ring was easily converted to the corresponding
Z-isomer 3j in 89% yield with high regioselectivity. In the case of the
diacetates 1k-1m substituted a heterocyclic ring as a furyl or thienyl
group, the regioselective hydrolysis effectively proceeded to afford
the corresponding Z-isomers 3k-3m in 67-90% yield. The E-isomers
were not detected from the crude products as shown in all entries of
Table 3.

The structure of monoacetate 3b was determined to be the
Z-isomer by NOESY analysis as shown in Figure 1. The NOESY
correlationships were observed between the aromatic and the
methylene protons adjacent to the acetate group. All other mono-
acetates (3a, 3c-3m) were also determined to be Z-isomer by
NOESY analysis.

It is proposed that both acetylation and hydrolysis proceed at
the E-positioned hydroxymethyl group of the substituent on the
alkylidene part, which effects sterical hindrance on the Z-posi-
tioned one.

3. Conclusions

In summary, it was found that the hydrolysis of 2-alkylidene-
1,3-propylene diacetate in the presence of porcine pancreas lipase
(PPL) efficiently works to afford the corresponding Z-monoacetates
in good to high yields with high regioselectivities. PPL Type II is
much better choice for the hydrolysis of 2-alkylidene-1,3-propylene
diacetate because it is cheaper than lipase AK, AY, and PS-D.!
Monoacetates of 2-alkylidene-1,3-propanediols are potentially
useful intermediates in organic synthesis and may be used as
building blocks in syntheses of natural products.’

4. Experimental
4.1. General

The 'H NMR spectra were measured with a Bruker Ultrashield™
400 Plus (400 MHz) spectrometer. The chemical shifts are
expressed in parts per million downfield from tetramethylsilane
(0=0.00) as an internal standard. Splitting patterns are indicated as
s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet; br, broad
signal. The high-resolution mass spectra (HRMS) of the compounds
with a high molecular weight were recorded using a Waters LCT
Premier (ESI-TOF-MS) spectrometer. For thin layer chromato-
graphic (TLC) analyses, Merck precoated TLC plates (silica gel 60
Fy54, Art 5715) were used.

4.2. Typical procedure for preparation of 2-benzylidene-
1,3-propylene diacetate 1a

To a colorless solution of 301 mg (1.84 mmol, 1 equiv) of 2-
benzylidene-1,3-propanediol 2a® in 1.0 mL of pyridine was added at
rt 0.70 mL (7.34 mmol, 4 equiv) of acetic anhydride. The mixture
was stirred at rt for 10 h, and quenched with 3 mL of MeOH at 0 °C.
To the reaction mixture was added toluene, and evaporated. The
crude product was chromatographed on silica gel with a 1:7 mix-
ture of ethyl acetate and hexane to afford 452 mg (99% yield) of 1a.
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4.2.1. 2-(4-Methoxybenzylidene)-1,3-propylene diacetate, 1b

Colorless oil; 'H NMR (400 MHz, CDCl3): 6=2.10 (s, 3H, COCH3),
2.11 (s, 3H, COCH3), 3.82 (s, 3H, OCH3), 4.73 (s, 2H, CH,0Ac), 4.80 (s,
2H, CH,0Ac), 6.79 (s, 1H, =CH), 6.89 (d, J=8.8 Hz, 2H, ArH-3), 7.20
(d, J=8.8 Hz, 2H, ArH-2); 13C NMR (100 MHz, CDCls): 6=20.9, 21.0,
55.3, 60.8, 66.8, 113.9, 127.8, 129.3, 130.2, 134.5, 159.3, 170.8, 170.9;
HRMS (ESI-TOF): calcd for C;sH1g05Na (M+Na)™: 301.1046, found:
301.1066.

4.2.2. 2-(4-Trifluoromethylbenzylidene)-1,3-propylene diacetate, 1c¢

Colorless oil; 'H NMR (400 MHz, CDCl3): 6=2.09 (s, 3H, COCH3),
2.13 (s, 3H, COCH3), 4.75 (s, 2H, CH,0Ac), 4.77 (s, 2H, CH,0Ac), 6.85
(s, TH, =CH), 7.37 (d, J=8.1 Hz, 2H, ArH-2), 7.62 (d, J=8.1 Hz, 2H,
ArH-3); 3C NMR (100 MHz, CDCl3): 6=20.8, 20.9, 60.4, 65.8, 124.0
(q, Yep=272 Hz), 125.4 (q, 3Jc_,=3.7 Hz), 129.1, 129.8 (q, YJc_r=
32.7 Hz), 132.3, 133.2, 139.0, 170.6, 170.7; HRMS (ESI-TOF): calcd
for C15sHq5F304Na (M+Na)': 339.0815, found: 339.0838.

4.2.3. 2-(4-Chlorobenzylidene)-1,3-propylene diacetate, 1d
Colorless oil; 'TH NMR (400 MHz, CDCl3): 6=2.09 (s, 3H, COCH3),
2.12 (s, 3H, COCH3), 4.74 (s, 2H, CH20Ac), 4.75 (s, 2H, CH,0Ac), 6.78
(s, 1H, =CH), 7.19 (d, J=8.4 Hz, 2H, ArH-2), 7.33 (d, J=8.4 Hz, 2H,
ArH-3); 13C NMR (100 MHz, CDCl3): 6=20.86, 20.94, 60.5, 66.1,
128.7,130.1, 131.8, 132.9, 133.7, 133.8, 170.6, 170.7; HRMS (ESI-TOF):
calcd for C14H15Cl04Na (M+Na)*: 305.0551, found: 305.0544.

4.2.4. 2-(4-Methylbenzylidene)-1,3-propylene diacetate, 1e

Colorless oil; 'H NMR (400 MHz, CDCl3): 6=2.09 (s, 3H, COCH3),
2.11 (s, 3H, COCHs), 2.35 (s, 3H, CH3), 4.74 (s, 2H, CH,0Ac), 4.79 (s,
2H, CH,0Ac), 6.81 (s, 1H, =CH), 7.14 (d, J=8.4 Hz, 2H, ArH), 7.17 (d,
J=8.4 Hz, 2H, ArH); 13C NMR (100 MHz, CDCl3): §=20.9, 21.0, 21.2,
60.8, 66.5,128.7,129.2,130.2,132.4, 134.5,137.8, 170.7,170.8; HRMS
(ESI-TOF): caled for CysHigO4Na (M+Na)*™: 285.1097, found:
285.1073.

4.2.5. 2-(3-Methylbenzylidene)-1,3-propylene diacetate, 1f

Colorless oil; 'TH NMR (400 MHz, CDCl3): 6=2.09 (s, 3H, COCH3),
2.11 (s, 3H, COCH3), 2.35 (s, 3H, CH3), 4.75 (s, 2H, CH,0Ac), 4.79 (s,
2H, CH,0Ac), 6.82 (s, 1H, =CH), 7.05 (m, 2H, ArH), 7.11 (d, J=7.8 Hz,
1H, ArH), 7.25 (t, J=7.8 Hz, 1H, ArH-5); 13C NMR (100 MHz, CDCls):
0=20.9, 21.0, 21.4, 60.7, 66.4, 125.8, 128.3, 128.6, 129.5, 130.8, 134.5,
135.3, 138.0, 170.7, 170.8; HRMS (ESI-TOF): calcd for Ci5H1g04Na
(M+Na)*: 285.1097, found: 285.1112.

4.2.6. 2-(2-Methylbenzylidene)-1,3-propylene diacetate, 1g

Colorless oil; 'H NMR (400 MHz, CDCl3): 6=2.06 (s, 3H, COCH3),
2.12 (s, 3H, COCHs), 2.25 (s, 3H, CH3), 4.67 (s, 2H, CH,0Ac), 4.77 (s,
2H, CH,0AC), 6.84 (s, 1H, =CH), 7.09-7.23 (m, 4H, ArH); >C NMR
(100 MHz, CDCl3): 6=19.9, 20.9, 21.0, 60.8, 65.9, 125.7, 128.0, 128.9,
130.0, 131.3, 1334, 134.5, 136.5, 170.70, 170.74; HRMS (ESI-TOF):
calcd for Ci5sH1g04Na (M+Na)™: 285.1097, found: 285.1073.

4.2.7. 2-(2,4,6-Trimethylbenzylidene)-1,3-propylene diacetate, 1h

Colorless oil; '"H NMR (400 MHz, CDCl3): 6=1.99 (s, 3H, COCH3),
2.11 (s, 6H, CH3x2), 2.12 (s, 3H, COCH3), 2.27 (s, 3H, CH3), 4.40 (s, 2H,
CH,0ACc), 4.78 (s, 2H, CH,0Ac), 6.62 (s, 1H, =CH), 6.85 (s, 2H, ArH-
3); 13C NMR (100 MHz, CDCl3): 6=20.1, 20.7, 21.0, 61.0, 65.3, 128.1,
1314, 132.2, 132.3, 135.7, 136.9, 170.8; HRMS (ESI-TOF): calcd for
C17H2204Na (M+Na)™: 313.1410, found: 313.1383.

4.2.8. 3-Phenyl-2-propylidene-1,3-propylene diacetate, 1i

Colorless oil; 'H NMR (400 MHz, CDCl3): 6=2.03 (s, 3H, COCH3),
2.06 (s, 3H, COCH3), 2.48 (m, 2H, CH,CH=), 2.70 (t, J=7.3 Hz, 2H,
CH,Ph), 4.55 (s, 4H, CH,0Acx2),5.81 (t,J=7.5 Hz, 1H, =CH), 7.18 (m,
3H, ArH), 7.28 (m, 2H, ArH); '3C NMR (100 MHz, CDCl3): 6=20.9,
21.0, 29.6, 354, 59.7, 66.5, 126.1, 128.4, 128.5, 129.8, 135.2, 141.0,

170.7, 170.8; HRMS (ESI-TOF): calcd for CigHp004Na (M+Na)™:
299.1254, found: 299.1215.

4.2.9. 2-(2-Naphthylidene)-1,3-propylene diacetate, 1j

Colorless powder; mp 33-34°C; 'H NMR (400 MHz, CDCls3):
0=2.11 (s, 3H, COCH3), 2.14 (s, 3H, COCH3), 4.81 (s, 2H, CH,0Ac), 4.88
(s, 2H, CH20Ac), 7.00 (s, 1H, =CH), 7.37 (dd, J=1.7, 8.5 Hz, 1H, ArH),
7.49 (m, 2H, ArH), 7.71 (s, 1H, ArH-1), 7.82 (m, 3H, ArH); >C NMR
(100 MHz, CDCl3): 6=20.9, 21.0, 60.8, 66.4, 126.40, 126.42, 126.6,
127.7, 128.05, 128.09, 128.14, 131.3, 132.7, 132.8, 133.1, 134.4, 170.7,
170.8; HRMS (ESI-TOF): calcd for C1gH1g04Na (M+Na)™: 321.1097,
found: 321.1100.

4.2.10. 2-(2-Furylidene)-1,3-propylene diacetate, 1k

Pale yellow oil; 'H NMR (400 MHz, CDCl3): 6=2.09 (s, 3H,
COCH3), 2.10 (s, 3H, COCH3), 4.73 (s, 2H, CH20Ac), 5.10 (s, 2H,
CH,0Ac), 6.40 (d, J=3.4 Hz, 1H, ArH-3), 6.42 (dd, J=1.8, 3.4 Hz, 1H,
ArH-4), 6.49 (s, 1H, =—CH), 7.45 (d, J=1.8 Hz, 1H, ArH-5); '3C NMR
(100 MHz, CDCl3): 6=20.9, 21.0, 61.4, 66.4, 111.5, 112.4, 120.9, 128.0,
143.2, 150.8, 170.7, 171.0; HRMS (ESI-TOF): calcd for Ci12H1405Na
(M+Na)*: 261.0733, found: 261.0727.

4.2.11. 2-(2-Thienylidene)-1,3-propylene diacetate, 11

Colorless oil; "TH NMR (400 MHz, CDCl3): 6=2.10 (s, 3H, COCH3),
2.11 (s, 3H, COCHs), 4.75 (s, 2H, CH20Ac), 4.95 (s, 2H, CH,0Ac), 6.88
(s, 1H, =CH), 7.04 (dd, J=3.6, 5.0 Hz, 1H, ArH-4), 7.08 (d, J=3.6 Hz,
1H, ArH-3), 7.35 (d, J=5.0Hz, 1H, ArH-5); 3C NMR (100 MHz,
CDCl3): 6=20.9, 21.0, 61.1,66.8,126.9,127.2,127.3,128.9,129.3,137.7,
170.7, 170.9; HRMS (ESI-TOF): calcd for Ci3H1404SNa (M+Na)':
277.0505, found: 277.0532.

4.2.12. 2-(3-Thienylidene)-1,3-propylene diacetate, Tm

Colorless oil; 'H NMR (400 MHz, CDCl3): 6=2.11 (s, 6H,
COCH3x2), 4.74 (s, 2H, CH,0Ac), 4.85 (s, 2H, CH,0Ac), 6.76 (s, 1H,
—CH), 7.08 (dd, J=1.2, 5.0 Hz, 1H, ArH-4), 7.26 (m, 1H, ArH-2), 7.32
(dd, J=3.0, 5.0 Hz, 1H, ArH-5); *C NMR (100 MHz, CDCl3): §=20.9,
21.0, 61.0, 66.7, 124.8, 125.9, 128.3, 128/7, 130.1, 136.3, 170.7, 170.9;
HRMS (ESI-TOF): calcd for C1pH1404SNa (M+Na)*: 277.0505, found:
277.0500.

4.3. Typical procedure for hydrolysis using PPL

To a pale yellow suspension of 124 mg (0.500 mmol, 1 equiv) of
2-benzylidene-1,3-propylene diacetate 1a and 124 mg (100 w/w %)
of PPL in 3 mL of a 1:1 mixture of DMSO-1/15 M phosphate buffer
(pH 7.0) was stirred at rt for 25 h. The reaction mixture was filtered
on Celite, and washed with AcOEt. The filtrate was added to water,
and then extracted three times with AcOEt. The combined AcOEt
layers were washed with brine, and dried over anhydrous MgSO4.
The mixture was filtered, and the filtrate was evaporated. The crude
product was chromatographed on silica gel with a 2:3 mixture of
AcOEt and hexane to afford 101 mg (98% yield) of 3a.

4.3.1. (Z)-2-Hydroxymethyl-3-phenyl-2-propenyl acetate, 3a

Colorless oil; 'TH NMR (400 MHz, CDCl3): $=2.08 (s, 3H, COCH3),
2.64 (brs, 1H, OH), 4.28 (s, 2H, CH,0H), 4.82 (s, 2H, CH,0Ac), 6.81 (s,
1H, =CH), 7.23-7.36 (m, 5H, ArH); 3C NMR (100 MHz, CDCls):
0=20.9, 60.9, 65.3, 127.5, 128.4, 128.8, 131.5, 135.6, 135.8, 171.5;
HRMS (ESI-TOF): calcd for C12H1403Na (M+Na)™: 229.0835, found:
229.0806.

4.3.2. (Z)-2-Hydroxymethyl-3-(4-methoxy)phenyl-
2-propenyl acetate, 3b

Colorless oil; 'TH NMR (400 MHz, CDCl3): 6=2.10 (s, 3H, COCH3),
2.57 (br s, 1H, OH), 3.80 (s, 3H, OCH3), 4.26 (s, 2H, CH,0H), 4.83 (s,
2H, CH,0Ac), 6.74 (s, 1H, =CH), 6.88 (d, J=8.8 Hz, 2H, ArH-3), 7.19
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(d, J=8.8 Hz, 2H, ArH-2); 13C NMR (100 MHz, CDCl5): 6=21.0, 55.3,
61.1, 65.7, 113.9, 128.3, 130.1, 131.5, 134.0, 159.1, 171.5; HRMS (ESI-
TOF): caled for C13H1604Na (M+Na)': 259.0941, found: 259.0913.

4.3.3. (Z)-2-Hydroxymethyl-3-(4-trifluoromethyl)phenyl-
2-propenyl acetate, 3¢

Colorless oil; "TH NMR (400 MHz, CDCl3): 6=2.10 (s, 3H, COCH3),
2.33(brs, 1H, OH), 4.31 (s, 2H, CH,0H), 4.78 (s, 2H, CH,0Ac), 6.84 (s,
1H, =CH), 7.37 (d, J=8.4 Hz, 2H, ArH-2), 7.61 (d, J=8.4 Hz, 2H, ArH-
3); 13C NMR (100 MHz, CDCl3): 6=20.9, 60.5, 65.1, 124.1 (q, Yc_r=
272 Hz), 1254 (q, 3Jc_p=3.7 Hz), 129.0, 129.5 (q, %Jc_;=32.6 Hz),
129.8, 137.7, 139.5, 171.3; HRMS (ESI-TOF): calcd for Ci3H13F303Na
(M+Na)*: 297.0709, found: 297.0679.

4.3.4. (Z)-2-Hydroxymethyl-3-(4-chloro)phenyl-
2-propenyl acetate, 3d

Colorless oil; "TH NMR (400 MHz, CDCl3): 6=2.11 (s, 3H, COCH3),
2.22 (brs, 1H, OH), 4.28 (s, 2H, CH,0H), 4.79 (s, 2H, CH20Ac), 6.76 (s,
1H, =CH), 7.19 (d, J=8.4 Hz, 2H, ArH-2), 7.33 (d, J=8.4 Hz, 2H, ArH-
3); 13C NMR (100 MHz, CDCl3): 6=20.9, 60.6, 65.3, 128.6, 130.1,
130.3, 133.5, 134.2, 136.3, 171.3; HRMS (ESI-TOF): calcd for
C12H1303CINa (M+Na)*: 263.0445, found: 263.0441.

4.3.5. (Z)-2-Hydroxymethyl-3-(4-methyl)phenyl-
2-propenyl acetate, 3e

Colorless oil; TH NMR (400 MHz, CDCl3): 6=2.10 (s, 3H, COCH3),
2.23(brs, 1H, OH), 2.35 (s, 3H, CH3), 4.28 (s, 2H, CH,0H), 4.84 (s, 2H,
CH,0Ac), 6.78 (s, 1H, =CH), 7.15 (s, 4H, ArH); *C NMR (100 MHz,
CDCl3): 6=21.0,21.2,61.0,65.7,128.7,129.1,131.9, 132.9, 134.9, 137.5,
171.5; HRMS (ESI-TOF): calcd for C13H1603Na (M+Na)*: 243.0992,
found: 243.0969.

4.3.6. (Z)-2-Hydroxymethyl-3-(3-methyl)phenyl-
2-propenyl acetate, 3f

Colorless oil; 'H NMR (400 MHz, CDCl5): 6=2.10 (s, 3H, COCH3),
2.27 (t, J=5.9 Hz, 1H, OH), 2.35 (s, 3H, CH3), 4.28 (d, J=5.9 Hz, 2H,
CH,0H), 4.83 (s, 2H, CH>0Ac), 6.78 (s, 1H, =CH), 7.05 (m, 2H, ArH),
7.10 (d, J=7.7 Hz, 1H, ArH), 7.24 (t, J=7.7 Hz, 1H, ArH-5); 13C NMR
(100 MHz, CDCl3): 6=21.0, 21.4, 61.0, 65.5, 125.8, 128.30, 128.33,
129.5, 131.9, 1354, 135.7, 138.0, 171.4; HRMS (ESI-TOF): calcd for
C13H1705 (M4+-H)*: 221.1172, found: 221.1139.

4.3.7. (Z)-2-Hydroxymethyl-3-(2-methyl)phenyl-
2-propenyl acetate, 3g

Colorless oil; 'H NMR (400 MHz, CDCl3): §=2.05 (s, 3H, COCH3),
2.24(s, 3H, CH3), 2.73 (br s, 1H, OH), 4.29 (s, 2H, CH,0H), 4.70 (s, 2H,
CH,0Ac), 6.80 (s, 1H, =CH), 7.09-7.21 (m, 4H, ArH); 3C NMR
(100 MHz, CDCl3): 6=19.9, 20.9, 61.1, 64.9, 125.7,127.7,129.0, 129.9,
130.5, 1351, 135.8, 136.5, 171.5; HRMS (ESI-TOF): calcd for
C13H1603Na (M+Na)*: 243.0992, found: 243.0969.

4.3.8. (Z)-2-Hydroxymethyl-3-(2,4,6-trimethyl)phenyl-
2-propenyl acetate, 3h

Colorless oil; '"H NMR (400 MHz, CDCl3): 6=2.01 (s, 3H, COCH3),
213 (s, 6H, CH3x2), 2.22 (br s, 1H, OH), 2.27 (s, 3H, CH3), 4.30 (s, 2H,
CH,0H), 4.47 (s, 2H, CH,0Ac), 6.57 (s, 1H, =CH), 6.85 (s, 2H, ArH-3);
13C NMR (100 MHz, CDCl3): 6=20.3, 20.8, 21.0, 61.3, 64.5, 128.1,
129.7,131.9, 135.8, 136.67, 136.71, 171.4; HRMS (ESI-TOF): calcd for
C15H2003Na (M+Na)*t: 271.1305, found: 271.1293.

4.3.9. (Z)-2-Hydroxymethyl-5-phenyl-2-pentenyl acetate, 3i%h
Colorless oil; 'TH NMR (400 MHz, CDCl3): 6=2.04 (s, 3H, COCH3),
2.19 (brs, 1H, OH), 2.46 (q,]J=7.4 Hz, 2H, CH,CH=), 2.69 (t, ]=7.4 Hz,

2H, CHoPh), 4.07 (s, 2H, CH,0H), 4.61 (s, 2H, CH,0Ac), 5.74 (t,
J=7.4Hz, 1H, =CH), 718 (m, 3H, ArH), 7.28 (m, 2H, ArH); 3C NMR
(100 MHz, CDCl3): 6=20.9, 29.5, 35.6, 60.1, 65.6, 126.0, 128.38,
128.44, 1322, 134.3, 141.3, 171.3; HRMS (ESI-TOF): calcd for
C14H1g03Na (M+Na)*: 257.1148, found: 257.1107.

4.3.10. (Z)-2-Hydroxymethyl-3-(2-naphthyl)-2-propenyl acetate, 3j

Colorless powder; mp 65-66°C; 'H NMR (400 MHz, CDCl3):
6=2.11 (s, 3H, COCHs), 2.42 (br s, 1H, OH), 4.33 (s, 2H, CH,0H), 4.91
(s, 2H, CH,0Ac), 6.95 (s, 1H, =CH), 7.37 (dd, J=1.7, 8.5 Hz, 1H, ArH),
7.47 (m, 2H, ArH), 7.70 (s, 1H, ArH-1), 7.81 (m, 3H, ArH); °C NMR
(100 MHz, CDCl3): 6=21.0, 61.0, 65.5,126.2,126.3,126.7,127.6,127.9,
128.0,128.1,131.6, 132.6, 133.2, 133.3, 136.0, 171.4; HRMS (ESI-TOF):
calcd for CigH1603Na (M+Na)™: 279.0992, found: 279.1013.

4.3.11. (Z)-2-Hydroxymethyl-3-(2-furyl)-2-propenyl acetate, 3k

Colorless oil; 'H NMR (400 MHz, CDCl3): 6=2.09 (s, 3H, COCH3),
2.60 (brs, 1H, OH), 4.26 (s, 2H, CH,0H), 5.10 (s, 2H, CH,0Ac), 6.37 (d,
J=3.3 Hz, 1H, ArH-3), 6.41 (dd, J=1.8, 3.3 Hz, 1H, ArH-4), 6.48 (s,
1H, =CH), 7.43 (d, J=1.8 Hz, 1H, ArH-5); 13C NMR (100 MHz, CDCl3):
0=21.0, 61.7, 65.4, 111.39, 111.44, 118.3, 133.0, 142.8, 151.3, 171.5;
HRMS (ESI-TOF): calcd for C1oH1204Na (M+Na)*: 219.0628, found:
219.0602.

4.3.12. (Z)-2-Hydroxymethyl-3-(2-thienyl)-2-propenyl acetate, 31

Colorless oil; "TH NMR (400 MHz, CDCl3): 6=2.11 (s, 3H, COCH3),
2.27 (brs, 1H, OH), 4.29 (s, 2H, CH,0H), 4.96 (s, 2H, CH20ACc), 6.85 (s,
1H, =CH), 7.03 (dd, J=3.6, 5.0 Hz, 1H, ArH-4), 7.05 (m, 1H, ArH-3),
732 (dd, J=12, 5.0 Hz, 1H, ArH-5); *C NMR (100 MHz, CDCl5):
0=20.9, 61.3, 65.9, 124.1, 126.7, 127.3, 128.6, 133.8, 138.2, 1714;
HRMS (ESI-TOF): calcd for C1gH1203SNa (M+Na)™: 235.0399, found:
235.0360.

4.3.13. (Z)-2-Hydroxymethyl-3-(3-thienyl)-2-propenyl acetate, 3m
Colorless oil; 'H NMR (400 MHz, CDCl5): 6=2.11 (s, 3H, COCH3),
2.37 (brs, 1H, OH), 4.27 (s, 2H, CH,0H), 4.87 (s, 2H, CH,0Ac), 6.72 (s,
1H, =CH), 7.08 (d, J=5.0 Hz, 1H, ArH-4), 7.25 (m, 1H, ArH-2), 7.31
(dd, J=2.9, 5.0 Hz, 1H, ArH-5); 13C NMR (100 MHz, CDCl3): 6=21.0,
61.2, 65.8,124.2,125.7,126.0, 128.4, 134.8, 136.7, 171.5; HRMS (ESI-
TOF): calcd for C1gH1203SNa (M+Na)™: 235.0399, found: 235.0399.
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