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Abstract

Lipase-meditated separation of six hardly separable mixtures of structural isomers was carried out. It has become apparent that the hydrolysis
rate of the C(5)-acetoxyl group of methyt)-5-acetoxy-4-aryl-(E)-pentenoate possessing thrtho-substituents in the aromatic ring was
slower than that of the corresponding compound with no substituents attieeposition. The hydrolysis rate of the C(5)-acetoxyl group of
methyl ()-5-acetoxy-2-aryl-(B)-pentenoate possessing a remote reaction site fromrthe-substituents in the aromatic ring was proved
to be faster than that of methytj-5-acetoxy-4-aryl-(E)-pentenoate.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction [2]. Depending on the acyl donor employed, the slightly less

hindered E)-geraniol () was acylated faster t&}-geranyl
In recent years, the advantages of using enzymatic catal-acylate @), leaving the Z)-nerol (1) behind. Echeme }

ysis in preparative organic synthesis have become apparent, The lipase Amano PS fronPseudomonasspp. cat-

as observed in comprehensive review bodk$. Organic alyzed separation of a mixture dfans and cis-4-tert-

chemists seeking a stereoselective transformation, which will butylcyclohexane methanol8)( with an excess of vinyl

eventually lead to variety of optically active intermediates acetate intert-butylmethyl ether at room temperature was

in the synthesis of enantiomerically pure compounds, preferreported to give the acetatérgns4) and the unreacted

lipases among enzymes. The reason for this choice is that hy-alcohol €is-3) in yields of 60% and 35%, respective[]

drolytic enzymes do not require cofactor regeneration and are(Scheme L

easy to handle. Lipase-catalyzed acyl transfer has been ap- On the other hand, we reported the boron trifluoride-

plied to solve a number of different synthetic problems. The mediated reaction of methyl)-4,5-epoxy-(E)-pentenoate

majority of applications have dealt with the asymmetrization (5) with benzene derivatives to give 4-aryl-5-hydroxyej2

of prochiral andmesediols or with the kinetic resolution of ~ pentenoate (A) and 2-aryl-5-hydroxyHEBpentenoate (B) in

racemic primary and secondary alcohols, while there are nogood yields[4,5] An application of the pentenoate (A) to the

reports concerning enzymatic separation of structural iso- synthesis of bisabolane type sesquiterpenes is also reported.

mers except for some examp[@s4]so far. A stereoisomeric  [6] In this process, separation of some structural isomers

mixture of the allylic terpene alcohol&)-geraniol () and due to the substitution pattern in the aromatic ring of the

(2)-nerol (1) was separated by selective acylation withan acid pentenoates (A) and (B) was found to be difficult by means

anhydride using porcine pancreatic lipase (PPL) as catalystof conventional column chromatograpi§oheme 2 In this
paper, we describe the enzymatic separation of the hardly

* Corresponding author. Tel.: +81 47 472 1805; fax: +81 47 476 6195, Separable mixtures of the 4-aryl-5-hydroxyEfpentenoate
E-mail addressakita@phar.toho-u.ac.jp (H. Akita). (A) and 2-aryl-5-hydroxy-(B)-pentenoate (B).
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PPL / (RCO),0 / Et,0

(E)-geraniol (1 (2)-nerol (
)-trans-3 )-Cis-3 :) trans-4

a; vinyl acetate / lipase PS / tert-BuOMe

Scheme 1.

Thefollowing acetates4f)-8, (+)-9, (+)-12, (£)-13, (£)- 2.2. Materials
16, (£)-17, (£)-20, (£)-21, (£)-24, (£)-25, (£)-29, (£)-30,
and &)-31) were selected as the substrates for the compet- The substrates{{)-8, (+)-9, (£)-12, (£)-13, (+)-16, (£)-
itive hydrolysis by using lipases. The syntheses of the sub- 17, ()-20, (£)-21, (£)-24, (£)-25, (£)-29, (+)-30, and &)-
strates are shown iBcheme 3 31) for competitive hydrolysis by lipase were prepared by the
following method.

2. Material and methods 2.2.1. Methyl £)-5-acetoxy-4-(4methoxyphenyl)-2(E)-
pentenoat® and methyl £)-5-acetoxy-4-
2.1. Analytical methods (2-methoxyphenyl)-2(E)-penteno&e

A solution of @&)-6 (2.15g, 9.1 mmo([p] and AgO

'H-NMR spectra were recorded by a JEOL EX 400 spec- (2.02 g, 19.7 mmol) in pyridine (3.0 mL) was stirred for 24 h
trometer (Tokyo, Japan). Spectra were taken with 5-10% at room temperature. The reaction mixture was diluted with
(w/v) solution in CDC} with Me,4Si as an internal reference.  H,0 and extracted with ether. The organic layer was washed
The FAB mass spectra were obtained with a JEOL JMS-DX with 2 M aqueous HCI, 7% aqueous NaHg@nd saturated
303 (matrix; glycerolm-nitrobenzyl alcohol) spectrometer.  brine. After drying over MgS@, the organic layer was evapo-
IR spectra were recorded on a JASCO FT/IR-300 spectrom-rated to give a residue, which was separated by column chro-
eter. The HPLC system was composed of a detector (UV matography on silica gel (30 gi-hexane:AcOEt = 6:1) to
detector SSC-5200, Senshu), pump (SSC-3210, Senshu) angive (+)-8 (2.19g, 86% yield) as an oil)-8: IR (neat):
integrator (chromatocorder SIC 21). All evaporations were 1740 cnt!, 1H-NMR: § 2.02 (3H, s), 3.73 (3H, s), 3.78 (1H,
performed under reduced pressure. For column chromatog-br,q,J = 7.0 Hz), 3.79 (3H, s), 4.28-4.35 (2H, m), 5.86 (1H,

raphy, silica gel (Kieselgel 60) was employed. dd,J =16.0, 2.0Hz), 6.88 (2H, d| = 9.0 Hz), 7.09 (1H, dd,
ArH / BF 3 Et,0 n d
r 3ElR
T TeTE
<c')\/\coow1e Ho\)\/\coowle * HC)\/§/kcoowle
(+)-5 t (+)-A (+)-B

aromatic bisabolane skeleton

Scheme 2.
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J=16.0, 7.0Hz), 7.12 (2H, d] = 9.0Hz); FAB MSm/z.
279 (M+1)"; Anal. Found: C, 64.34; H, 6.49. Calculated for
C15H180s: C, 64.74; H, 6.52%.

A solution of &)-7 (0.331g, 1.4mmo[b] and AgO
(0.28 g, 2.74 mmol) in pyridine (1.0 mL) was stirred for 24 h

2.2.2. Methyl )-5-acetoxy-4-(2methoxy-5methyl-
phenyl)-2(E)-pentenoate? and methyl £)-5-acetoxy-
2-(2-methoxy-5methylphenyl)-3(E)-pentenoat8

A solution of &)-10 (0.99¢g, 3.91 mmo[p] and AgO
(0.93 g, 9.11 mmol) in pyridine (2.0 mL) was stirred for 24 h

at room temperature. The reaction mixture was worked up at room temperature. The reaction mixture was worked up

in the same way as fort)-8 to afford #)-9 (0.323 g, 88%
yield) as oil. &)-9: IR (neat): 1740 cm?, 'H-NMR: 3 2.02
(3H,s),3.72 (3H, s), 3.82 (3H, s), 4.23 (1H, big; 7.0 Hz),
4.33(1H,ddJ=11.0,5.0 Hz), 4.40 (1H, dd=11.0, 9.0 Hz),
5.87 (1H, ddJ)=16.0, 2.0 Hz), 6.88 (1H, dd,= 8.0, 2.0 Hz),
6.92 (1H, dtJ = 8.0, 2.0Hz), 7.11 (1H, dd} = 8.0, 2.0 Hz),
7.16 (1H, ddJ)=16.0, 7.0 Hz), 7.25 (1H, df,= 8.0, 2.0 Hz);
FAB MS mvz: 279 (M+1)"; Anal. Found: C, 64.60; H, 6.50.
Calculated for @sH1805: C, 64.74; H, 6.52%.

by the same way as forH)-8 to afford (+)-12(0.93 g, 81%
yield) as oil. &)-12: IR (neat): 1740 cm®, 'H-NMR: § 2.03
(3H, s), 2.26 (3H, s), 3.72 (3H, s), 3.80 (3H, s), 4.19 (1H,
br,q,J = 7.5Hz), 4.30 (1H, ddJ = 10.0, 6.0 Hz), 4.39 (1H,
dd,J =10.0, 9.0Hz), 5.87 (1H, dd} = 16.0, 2.0Hz), 6.78
(1H, d,J=9.0Hz), 6.90 (1H, dJ = 2.0 Hz), 7.03 (1H, dd}
=9.0, 2.0Hz), 7.15 (1H, ddl = 16.0, 7.5 Hz); FAB MSnw/z
293 (M+1)"; Anal. Found: C, 65.41; H, 7.29. Calculated for
C16H200s: C, 65.74; H, 6.90%.
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A solution of &)-11 (0.74 g, 2.96 mmol]5] and AgO 20 and &)-21(1.6149, 81% yield) as oil. This mixture was
(0.64 g, 6.27 mmol) in pyridine (3.0 mL) was stirred for 24 h shown to be a single spot by thin-layer chromatography us-
at room temperature. The reaction mixture was worked up ing several kinds of solvent systems. Characterization of the

in the same way as forH)-8 to afford #*)-13 (0.55¢g, 81%
yield) as oil. &)-13: IR (neat): 1738 cm?!, 'H-NMR: § 2.04
(3H, s), 2.28 (3H, s), 3.68 (3H, s), 3.78 (3H, s), 4.55 (2H,
d, J=6.0Hz), 4.60 (1H, dJ = 8.0Hz), 5.63 (1H, dt) =
16.0, 6.0Hz), 6.15 (1H, dd] = 16.0, 8.0Hz), 6.78 (1H, d,
J=9.0Hz), 7.00 (1H, dJ = 2.0Hz), 7.04 (1H, ddJ = 9.0,
2.0Hz); FAB MSm/z 292 (M*); Anal. Found: C, 65.52; H,
7.30. Calculated for ggH200s: C, 65.74; H, 6.90%.

2.2.3. Methyl £)-5-acetoxy-4-(34'-dimethoxy-6
methylphenyl)-2(E)-pentenoaté and methyl
(£)-5-acetoxy-2-(34 -dimethoxy-6methylphenyl)-
3(E)-pentenoaté?

Under dry ice/acetone cooling, BEtO (0.71¢,
5.0mmol) was added to a solution oft)-5 (1.92g,
15.0 mmol) and 3,4-dimethoxytoluene (1.521 g, 10 mmol) in
CHzCl> (20mL). The reaction mixture was stirred for 1 h
at —78°C, then gradually warmed te-20°C. After addi-
tion of saturated brine at20°C, the whole was extracted
with CH2Cl,. The organic layer was washed with 7% aque-
ous NaHCQ and dried over MgS@ Evaporation of CHCI»

gave an oily product, which was separated by column chro-

matography on silica gel (60 g-hexane:AcOEt = 2:1) to
give a mixture (2.202 g, 64% yield) of)-14 and &)-15

as an oil. A solution of the above-mentioned mixture (1.00 g,
3.57 mmol)and AgO (0.73 g, 7.1 mmol) in pyridine (5.0 mL)

was stirred for 3.5 h at room temperature. The reaction mix-

ture was worked up in the same way as ft){8 to afford a
mixture of @&)-16and &)-17(0.88 g, 76% yield) as oil. This
mixture was shown to be a single spot by thin-layer chro-

products was carried out after enzymatic separation followed
by chromatographic purification as described later in the
text.

2.2.5. Methyl £)-5-acetoxy-4-(6',7,8,9-
tetrahydronaphtyl)-2(E)-pentenoa?d and methyl
(£)-5-acetoxy-4-(26/,7',8,9 -tetrahydronaphtyl)-2(E)-
pentenoat@5

Under dry ice/acetone cooling, BEHLO (2.304,
16.2mmol) was added to a solution oft)}5 (2.01g,
15.7mmol) and tetralin (4.17g, 16.1mmol) in QEl»
(30 mL). The reaction mixture was stirred for 1 h-af8°C,
then gradually warmed te-20°C. After addition of satu-
rated brine at-20°C, the whole was extracted with GBlI.
The organic layer was washed with 7% aqueous NagICO
and dried over MgS@ Evaporation of CHCI» gave an oily
product, which was separated by column chromatography
on silica gel (60 gn-hexane:AcOEt = 6:1) to give a mixture
(2.43 g, 60% yield) of£)-22and @)-23as an oil. A solution
of the above-mentioned mixture (1.521g, 5.87 mmol) and
Ac20 (1.199,11.7 mmol) in pyridine (3.0 mL) was stirred for
24 h at room temperature. The reaction mixture was worked
up in the same way as fot)-8 to afford a mixture (1.57 g,
89% vyield) of &)-24 and &)-25 as oil. This mixture was
shown to be a single spot by thin-layer chromatography us-
ing several kinds of solvent systems. Characterization of the
products was carried out after enzymatic separation followed
by chromatographic purification as described later in the
text.

matography using several kinds of solvent systems. Char-2.2.6. &) Methyl &)-5-acetoxy-4-
acterization of the products was carried out after enzymatic (3'-methylphenyl)-2(E)-pentenoad® and methyl

separation followed by chromatographic purification as de-

scribed later in the text.

2.2.4. Methyl 4)-5-acetoxy-4-(1'-naphtyl)-2(E)-
pentenoat0 and methyl £)-5-acetoxy-4-
(2’-naphtyl)-2(E)-pentenoat2l

Under dry icelacetone cooling, BEHLO (2.164,
15.2mmol) was added to a solution oft)5 (2.0g,
15.6 mmol) and naphythalene (4.0 g, 31.2 mmol) ino,CH
(30 mL). The reaction mixture was stirred for 1 h-af8°C,
then gradually warmed te-20°C. After addition of satu-
rated brine at-20°C, the whole was extracted with GBlI».
The organic layer was washed with 7% aqueous NaglCO
and dried over MgS@Q Evaporation of CHCI, gave an oily

(£)-5-acetoxy-4-(2methylphenyl)-2(E)-pentenosié

Under dry icelacetone cooling, BE$LO (4.264,
30.0mmol) was added to a solution of)5 (3.85¢g,
30.0mmol) and toluene (11.06 g, 120.0 mmol) in CHp
(50 mL). The reaction mixture was stirred for 1 h-af8°C,
then gradually warmed te-20°C. After addition of satu-
rated brine at-20°C, the whole was extracted with GBlI».
The organic layer was washed with 7% aqueous NaglCO
and dried over MgS@ Evaporation of CHCl, gave an
oily product, which was separated by column chromatog-
raphy on silica gel (60 gy-hexane:AcOEt = 5:1) to give a
mixture (2.845g, 43% yield) of#)-26, ()-27 and &)-
29 as an oil. A solution of the above-mentioned mixture
(1.01 g, 4.59 mmol) and A© (0.94 g, 9.21 mmol) in pyri-

product, which was separated by column chromatography ondine (3.0 mL) was stirred for 24 h at room temperature. The

silica gel (60 g,n-hexane:AcOEt = 6:1) to give a mixture
(2.82 9, 71% yield) of £)-18 and &)-19 as an oil. A solu-

reaction mixture was worked up in the same way asfQr§
to afford a mixture (1.09 g, 90% yield) of{)-29, ()-30 and

tion of the above-mentioned mixture (1.70 g, 6.63 mmol) and (+)-31as oil. This mixture was shown to be a single spot by

Ac,0 (0.7 g, 6.8 mmol) in pyridine (3.0 mL) was stirred for

thin-layer chromatography using several kinds of solvent sys-

24 h at room temperature. The reaction mixture was worked tems. The ratio ¢£)-29:(+)-30:(1)-31) of this mixture was

up in the same way as fot)-8 to afford a mixture of £)-

found to be 2.5:1.0:1.2 based on the intensity of the aromatic
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protons at theortho-position (&)-29 (3 5.86), &)-30 (8 (pH 7.4) for 1.5h at 33C, (+)-8 was perfectly hydrolyzed
5.87), &)-31(3 5.83)), respectively. Characterization of the and &)-9 remained intact. Moreover, the hydrolyzed prod-
products was carried out after enzymatic separation followed uct (#)-6 from (+)-8 was found to be racemic by means
by chromatographic purification as described later in the of HPLC analysis as described in the next section. Ex-

text. amples illustrating the hydrolysis using the lipase Amano
P will hereinafter, be described and the results are shown
in Table 1

3. Results and discussion
3.2. Competitive hydrolysis of thirteen kinds of

As mentioned in introduction, we happened to meet dif- substrates using lipase Amano P in phosphate buffer
ficulty of the separation of the structural isomers, the pen-
tenoates (A) and (B) by means of conventional column chro- 3.2.1. Methyl )-5-hydroxy-4-(4methoxyphenyl)-
matography. Therefore, we focus on the lipase-mediated sep-2(E)-pentenoaté and methyl
aration of the structural isomer because this type separation(+)-5-acetoxy-4-(2methoxyphenyl)-2(E)-penteno&te
except for some exampl§®,3,7]is not reported so far. Then A suspension of a mixture oft)-8 (0.10g) and 4)-9
enzymatic separation using six kinds of mixtures was carried (0.10 g), lipase Amano P (0.10 g) in phosphate buffer (pH 7.4;
outin order to establish the advantage of the lipase-catalyzed] 50 mL) was stirred at 33C for 2 h. The reaction mixture was

separation of structural isomers. filtered, and the precipitate was washed with ether. The com-
bined organic layer was dried over Mg$@nd evaporated.
3.1. Screening for suitable enzyme The residue was separated by column chromatography on sil-

ica gel (10 g) to give£)-9 (0.091 g, 91% recovery) as an oil

At first, screening experiments in water-saturated diiso- (n-hexane:AcOEt=6:1) and{)-6 (0.071 g, 83% conversion)
propyl ether using thirty kinds of commercially available li- as an oil (-hexane:AcOEt = 2:1). The NMR data af)-6
pases possessing hydrolysis activity against the substrateand @)-9 were identical with those of the authentit)(6
(£)-8 and &)-9 were carried out. The following lipases such and @&)-9, respectivel\{5]. The present sample<)-6 and
as lipase Amano AY 30 fror@andida rugosaMeito lipase (£)-9 were found to be racemic by means of HPLC analysis
MY 30 from Candida rugosaMeito lipase OF 360 from  using a chiral column, respectively. The alcoh#){6 was
Candida rugosaC.C. Sigma (L-1754) fronCandida ru- subjected to HPLC (chiral column; CHIRALPAC AS, sol-
gosa Meito lipase PL 679 fromilcaligenesspp. were found  vent; n-hexane:EtOH = 10:1, flow rate; 1 mL/min) analysis
to exhibit hydrolysis activity against botht}-8 and @)-9 to afford two separated peaks (13.2 min and 16.1 min). The
based on thin-layer chromatographic analysis. When the fol- acetate £)-9 was subjected to HPLC (chiral column; CHI-
lowing lipases such as lipase Amano P fréfseudomonas  RALCEL OD, solventn-hexane:EtOH = 1000:2, flow rate;
spp., lipase Nagase P fraddseudomonaspp., GODO lipase 1 mL/min) analysis to provide two separated peaks (83.6 min
E-4 from Pseudomonaspp., Meito lipase PL 266 frorl- and 97.2 min).
caligenesspp. and Meito lipase AL fromiicaligenesspp.
were employed, hydrolysis rate of)-8 was found to be  3.2.2. Methyl £)-5-acetoxy-4-(2methoxy-5methyl-
faster than that of£)-9. Among the above-mentioned five phenyl)-2(E)-pentenoate2 and methyl 4)-5-hydroxy-2-
lipases, hydrolysis rate using lipase Amano P was found to (2-methoxy-5methylphenyl)-3(E)-pentenoaté
be the fastest against}-8, and &)-9 was obtained intact. A suspension of a mixture of{)-12 (0.104 g) and £)-
Actually, when a 1:1 mixture of%)-8 and @)-9 was ex- 13 (0.109), lipase Amano P (0.10g) in phosphate buffer
posed to the lipase Amano P in phosphate buffer solution (pH 7.4; 200 mL) was stirred at 3€ for 2 h. The reaction

Table 1

Enzymatic separation of six kinds of mixtures using lipase Amano P in phosphate buffer (pH 7.4)

Entry Substrate Time (h) Products

1 (£)-8+ (£)-9 2 (£)-6 (83% conversion) £)-9 (91% recovery)
(2:1 mixture)

2 (£)-12+ (£)-13 2 (£)-11(>99% conversion) £)-12 (>99% recovery)
(2:1 mixture)

3 (£)-16+ (£)-17 24 (£)-15(61% conversion) £)-16 (92% recovery)
(1:3 mixture)

4 (£)-20+ (£)-21 21 (#)-19 (83% conversion) £)-20(95% recovery)
(2:1 mixture)

5 (£)-24+ (£+)-25 21 (#)-23 (67% conversion) £)-24 (75% recovery)
(1:2 mixture)

6 (£)-29+ (£)-30+ (+)-31 21 (H)-26+ ()-27 (£)-31 (>99% recovery)

(2.5:1.0:1.2 mixture) (81% conversion)
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mixture was filtered, and the precipitate was washed with 3 2.03 (3H, s), 3.71 (3H, s), 4.46 (1H, dii= 10.0, 12.0 Hz),
ether. The combined organic layer was dried over MgSO 4.55 (1H, ddJ = 6.0, 12.0Hz), 4.71 (1H, br. §,= 7.0 Hz),
and evaporated. The residue was separated by column chro5.94 (1H, dd,J = 16.0, 2.0Hz), 7.26 (1H, dd] = 16.0,

matography on silica gel (10 g) to givé-}-12(0.10 g, >99%
recovery) as an oilrthexane:AcOEt = 8:1) and+)-11
(0.097 g, >99% conversion) as an oil-fiexane:AcOEt =
3:1). The NMR data of£)-11 and (&)-12 were identical
with those of the authenticH)-11 and &)-12, respectively

[5].

3.2.3. Methyl £)-5-acetoxy-4-(34'-dimethoxy-6
methylphenyl)-2(E)-pentenoaté and methyl
(£)-5-hydroxy-2-(34'-dimethoxy-6methylphenyl)-
3(E)-pentenoaté5

A suspension of a 1:3 mixture (0.200 gt-)-16; corre-
sponding to 0.05 gA)-17; corresponding to 0.15 g) ofH)-

16and (t)-17, lipase Amano P (0.10g) in phosphate buffer

(pH 7.4; 200 mL) was stirred at 3& for 24 h. The reaction

7.0Hz), 7.34 (1H, br. d) = 8.0 Hz), 7.43 (1H, tJ = 8.0 Hz),
7.49 (1H, br.tJ = 8.0Hz), 7.54 (1H, br.t) = 8.0Hz), 7.78
(1H, br.d,J = 8.0 Hz), 7.87 (1H, br.d) = 8.0 Hz), 8.08 (1H,
br.d,J=8.0Hz); FAB MSm/z 298 (M + 1)"; Anal. Found:
C, 72.33; H, 6.10. Calculated for1gH1804: C, 72.49; H,
6.08%.

Methyl (4)-5-hydroxy-4-(1-naphtyl)-2E)-pentenoaté&8
A mixture of (+)-20(1.13 g, 3.79 mmol) and ¥CO3 (0.06 g,
0.43 mmol) in MeOH (5 mL) was stirred for 3 h at room tem-
perature. The reaction mixture was diluted with saturated
brine and extracted with ether. The organic layer was dried
over MgSQ and evaporated. The residue was subjected to
column chromatography on silica gel (30ghexane:AcOEt
=5:1) to give (£)-18(0.73 g, 75% yield) as an 0ilH)-18: IR
(neat): 3429, 1715 cnt, *H-NMR:  1.88 (1H, s), 3.70 (3H,

mixture was filtered, and the precipitate was washed with s), 4.02—4.10 (2H, m), 4.54 (1H, br,&= 7.0 Hz), 5.95 (1H,

ether. The combined organic layer was dried over Mg&al

dd,J = 16.0, 2.0Hz), 7.28 (1H, dd = 16.0, 7.0Hz), 7.37

evaporated. The residue was separated by column chromatogflH, br. d,J=8.0Hz), 7.45 (1H, t)=8.0 Hz), 7.47-7.57 (2H,

raphy on silica gel (10 g) to giveH)-16(0.046 g, 92% recov-
ery) as an oil §-hexane:AcOEt = 4:1) andH)-15 (0.080 g,
61% conversion) as an oifhexane:AcOEt=2:1). The NMR
data of ()-15was identical with those of the reportett)¢
15.[5] (+)-16: IR (neat): 1710 cm?, TH-NMR: 3 2.00 (3H,

s), 2.24 (3H, s), 3.68 (3H, s), 3.78 (3H, s), 3.81 (3H, S), 3.98

(1H, dddd,J=8.0, 8.0, 7.0, 2.0 Hz), 4.26 (1H, d= 8.0 Hz),
4.30 (1H,dJ=8.0Hz),5.78 (1H, dd]) = 16.0, 2.0 Hz), 6.56
(1H, s), 6.64 (1H, s), 7.03 (1H, dd= 16.0, 7.0Hz); EI MS
(High); Anal. Found: 322.1440. Calculated fon £12206:
322.1416.

3.2.4. Methyl £)-5-acetoxy-4-(tnaphtyl)-2(E)-
pentenoat®0 and methyl £)-5-hydroxy-4-(2-naphtyl)-
2(E)-pentenoaté&9

Asuspensionofa2:1 mixture (1.77 ¢:)-20; correspond-
ingto 1.18 g, £)-21; corresponding to 0.59 g) of)-20and

(£)-21, lipase Amano P (0.50 g) in phosphate buffer (pH 7.4;

100 mL) was stirred at 33C for 21 h. The reaction mixture

m), 7.78 (1H, br. dJ = 8.0Hz), 7.88 (1H, br. d] = 8.0 Hz);
FAB MS vz 257 (M + 1)"; Anal. Found: C, 75.00; H, 6.42.
Calculated for @gH1603: C, 74.98; H, 6.29%. The structure
of (£)-18 was confirmed by the n.O.e., enhancement for the
C(4)-proton and aromatic C(2proton (19%) as shown in
Fig. 1

3.2.5. Methyl £)-5-acetoxy-4-(6',7,8,9-
tetrahydronaphtyl)-2(E)-pentenoa?d and methyl
(£)-5-hydroxy-4-(26',7,8,9 -tetrahydronaphtyl)-2(E)-
pentenoat®3

A suspension ofa1:2 mixture (0.78 g:)-24; correspond-
ing to 0.26 g, f)-25; corresponding to 0.52 g) ofH)-24 and
(£)-25, lipase Amano P (0.20 g) in phosphate buffer (pH 7.4;
40mL) was stirred at 33C for 21 h. The reaction mixture
was filtered, and the precipitate was washed with ether. The
combined organic layer was dried over Mg&sénd evapo-
rated. The residue was separated by column chromatogra-
phy on silica gel (30 g) to give#)-24 (0.20g, 76% recov-

was filtered, and the precipitate was washed with ether. Theery) as an oil i-hexane:AcOEt = 8:1) andH)-23 (0.30g,

combined organic layer was dried over Mg&sénd evapo-

67% conversion) as an oih{hexane:AcOEt = 5:1).%)-

rated. The residue was separated by column chromatography23: IR (neat): 3433, 1720 crit, 'H-NMR: & 1.76-1.82 (4H,

on silica gel (30 g) to give£)-20(1.13 g, 95% recovery) as
an oil (h-hexane:AcOEt = 10:1) andH)-19 (0.421 g, 83%
conversion) as an oilnthexane:AcOEt = 5:1).4)-19: IR
(neat): 1721 cm?, H-NMR: & 2.12 (1H, s), 3.70 (3H, s),
3.81 (1H, br,gJ = 7.0Hz), 3.95 (2H, dJ = 7.0Hz), 5.92
(1H, dd,J = 16.0, 2.0Hz), 7.22 (1H, dd} = 16.0, 7.0Hz),

7.31(1H, ddJ=8.0, 2.0 Hz), 7.42-7.50 (2H, m), 7.66 (1H, d,

J=2.0Hz), 7.76-7.83 (3H, m); FAB M&V/z 257 (M+1)*;
Anal. Found: C, 74.74; H, 6.33. Calculated fofgEl1603:
C, 74.98; H, 6.29%. The structure af)-19 was confirmed

m), 1.78 (1H, s), 2.70-2.78 (4H, m), 3.60 (3H, br.Joz
7.0Hz), 3.71 (3H, s), 3.88 (2H, d, = 7.5Hz), 5.90 (1H,
dd, J = 16.0, 2.0Hz), 6.90 (1H, br. s), 6.92 (1H, dil=
8.0, 2.0Hz), 7.03 (1H, dJ = 8.0Hz), 7.12 (1H, ddJ =
16.0, 7.5Hz); FAB MQn/z 261 (M + 1)"; Anal. Found: C,
72.34; H, 7.82. Calculated forigH2003-1/5H,0: C, 72.81;
H, 7.79%. The structure off)-23 was confirmed by the
n.O.e., enhancement for the C(4)-proton and aromati§-C(1
proton (6%) and C(3-proton (6.5%), respectively, as shown
in Fig. 1 (+)-24: IR (neat): 1732cm?, TH-NMR: & 1.72-

by the n.O.e., enhancement for the C(4)-proton and aromatic1.87 (4H, m), 2.03 (3H, s), 2.64-2.82 (4H, m), 3.72 (3H, s),

C(Y)-proton (8.4%) and C(Fproton (4.2%), respectively,
as shown irFig. 1 (4)-20: IR (neat): 1725 cm?, 1H-NMR:

3.99 (1H, br,q,J = 7.0Hz), 4.27-4.36 (4H, m), 5.83 (1H,
dd, J = 16.0, 2.0Hz), 6.95 (1H, dd] = 8.0, 2.0Hz), 6.99
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8.4% n.O.e.&

19% n.0.e.

H HO
0 ~~ > COOMe ~~ ~COOMe
(+)-18 (*)-19
10% n.O.e. \\4 _)3% n.O.e. 6% n-O-E-& )6.5% n.O.e. \_/M?, 3% n.0.
HO HO HO SN
~~ ~COOMe ~~ ~COOMe =~ ~COOMe
(x)-22 (x)-23 (+)-28
Fig. 1.

(1H, dd,J = 8.0, 2.0Hz), 7.07 (1H, dd] = 16.0, 7.0Hz),  (4)-31: IR (neat): 1732 cm?, *H-NMR: 8 2.04 (3H, s), 2.35
7.08 (1H, t,J = 8.0 Hz); FAB MSm/z 303 (M + 1)"; Anal. (3H, s), 3.73 (3H, s), 4.08 (1H, br,d,= 7.0 Hz), 4.32-4.37
Found: C, 71.60; H, 7.40. Calculated fofgEl2204: C, 71.50; (2H, m), 5.83 (1H, ddJ = 16.0, 2.0 Hz), 7.10 (1H, dd =
H, 7.33%. 16.0, 7.0 Hz), 7.12—-7.22 (4H, m); FAB M8z 263 (M+1)*;
Methyl (&)-5-hydroxy-4-(1-6',7,8 ,9-tetrahydronapht-  Anal. Found: C, 68.42; H, 7.04. Calculated for<6l1304: C,
yD)-2(E)-pentenoate22 A mixture of (£)-24 (0.20g, 68.68: H, 6.91%.
0.65 mmol) and KCO3 (0.06 g, 0.43 mmol) in MeOH (4 mL) Methyl (z)-5-hydroxy-4-(2'-methylphenyl)-H)-pente-
was stirred for 2.5 h at room temperature. The reaction mix- noate28A mixture of (+)-31(0.52 g, 1.98 mmol) and ¥COs
ture was diluted with saturated brine and extracted with ether. (0.06 g, 0.43 mmol) in MeOH (3mL) was stirred for 1 h at
The organic layer was dried over Mgg@nd evaporated.  room temperature. The reaction mixture was diluted with
The residue was subjected to column chromatography on sil-saturated brine and extracted with ether. The organic layer
ica gel (30 gn-hexane:AcOEt = 5:1) to givet)-22(0.159,  was dried over MgS@ and evaporated. The residue was
87% yield) as an oil. £)-22: IR (neat): 3431, 1719 cnt, subjected to column chromatography on silica gel (28-g,
'H-NMR: 3 1.71 (1H, s), 1.72-1.87 (4H, m), 2.64-2.83 (4H, hexane:AcOEt = 5:1) to givet)-28 (0.38 g, 87% vield) as
m), 3.72 (3H, s), 3.88-3.92 (2H, m), 3.98 (1H, br, o= an oil. ()-28: IR (neat): 3432, 1716 cnt, 'H-NMR: 8 2.10
7.0Hz), 5.85 (1H, ddJ = 16.0, 2.0 Hz), 6.98 (1H, br. d,= (1H, s), 2.33 (3H, s), 3.70 (3H, s), 3.86-3.91 (2H, m), 3.94
8.0Hz), 7.00 (1H, br. d) = 8.0Hz), 7.08 (1H, dd) = 16.0,  (1H, br, q,J = 7.0Hz), 5.84 (1H, dd) = 16.0, 2.0 Hz), 7.11
7.0Hz), 7.11 (1H, )= 8.0 Hz); FAB MSm/z 261 (M + 1)"; (1H, dd,J = 16.0, 7.0 Hz), 7.13-7.21 (4H, m); FAB M&/z
Anal Found: C, 73.61; H, 7.79. Calculated fofgfi200s: C, 221 (M+1)"; Anal Found: C, 70.61; H, 7.36. Calculated
73.82; H, 7.74%. The structure otf-22was confirmed by for Cy3H1603: C, 70.89; H, 7.32%. The structure of)-
the n.O.e., enhancement for the C(4)-proton and aromatic28 was confirmed by the n.O.e., enhancement for the C(4)-
C(3)-proton (3%) and C(9-proton (10%), respectively, as  proton and aromatic C(methyl proton (7.3%) as shown in

shown inFig. 1 Fig. 1

3.2.6. Methyl £)-5-hydroxy-4-(4methylphenyl)- 3.3. Discussion

2(E)-pentenoat@6, methyl ()-5-hydroxy-4-

(3-methylphenyl)-2(E)-penteno&2& and methyl When the reaction site of hydrolysis by lipase was lo-
(&)-5-acetoxy-4-(2methylphenyl)-2(E)-pentenozdé cated near thertho-substituents in the aromatic ring of the

A suspension of a 2.5:1.0:1.2 mixture (2.34 &;){29; substrates such as)-9, (£)-20, (£)-24, and &)-31, the
corresponding to 1.245 g+)-30; corresponding to 0.4989g rate of hydrolysis of the acetoxyl group is found to be par-
and @)-31; corresponding to 0.597 g) afH)-29, (+)-30and ticularly slower than that of the substrates;){8, (£)-21,
(+)-31, lipase Amano P (0.60 g) in phosphate buffer (pH 7.4; (£)-25, (+)-29, and &)-30with no substituent at thertho-

40 mL)was stirred at 33C for 21 h. The reaction mixturewas  position. Moreover, the rate of hydrolysis of the acetoxyl
filtered, and the precipitate was washed with ether. The com-group of the substrates}-13 and ()-17 possessing a re-
bined organic layer was dried over Mgs@nd evaporated. = mote reaction site from thertho-position was ascertained
The residue was separated by column chromatography on sil4o be particularly faster than that of the substratey12

ica gel (50 g) to give£)-31 (0.69 g, >99% recovery) as an oil and &)-16. These phenomena indicate that the less hindered
(n-hexane:AcOEt=10:1) and a mixture (1.19 g, 81% conver- acetoxyl group is hydrolyzed faster than the more hindered
sion) of (£)-26and &)-27as an oil f-hexane:AcOEt=7:1).  one.
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