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a  b  s  t  r  a  c  t

Highly  enantioselective  and  enantiospecific  resolution  processes  were  developed  for  2-(3-
methoxy-4-methyl-phenyl)-propan-1-ol  (VI),  2-(2-methoxy-5-methyl-phenyl)-propan-1-ol  (VII),
2-(3,4,5-trimethoxy-phenyl)-propan-1-ol  (VIII)  and 2-(3-hydroxy-4-methyl-phenyl)-propan-1-ol  (XII)
via  lipase-catalyzed  transesterification  and  hydrolysis  using  vinyl  propionate  as  acylating  agent.  The
general  procedure  for synthesis  and  kinetic  resolution  of  2-phenylpropan-1-ol  derivatives  would  be
eywords:
inetic resolution
ipase
esquiterpene
ransesterification
ydrolysis

beneficial  for  getting  chiral  building  block  of  bisabolane  types  of  natural  and  unnatural  sesquiterpenes.
Gallic  acid  moiety  was  diversified  with  a chiral  center  at the  benzylic  position  and  subsequent  resolution
process  gave  resolved  isomers  with  higher  enantiopurity.  Both  isomers  were  separated  with ee of at
least 95%.  Enantioselectivity,  E was  even  higher  up  to 316  during  the  process.  These  resolved  chiral
intermediates  will  facilitate  the  commercial  synthesis  of  bio-active  natural  and unnatural  xanthorrhizol,
elvirol  and  gallate  derivatives.

© 2011 Elsevier B.V. All rights reserved.
. Introduction

Phenolic sesquiterpenes of the bisabolane family were isolated
rom many different natural sources [1].  Including others xanth-
rrhizol (I), elvirol (II), curcuphenol (III) and curcuhydroquinone
IV) are bisabolane type natural sesquiterpenes containing a stere-
genic center at the benzylic position [2,3]. Gallic acid (V) and its
tructurally related compounds are found widely distributed in
ruits and plants. This is one of the main phenolic components
f black and green tea. Although gallic acid is not a member of
isabolane family but it contains tri-hydroxyl phenolic moiety.
iversified biological activity of phenolic sesqueterpenes, like anti-

ancer [4,5], anti-bacterial [6],  anti-metastatic [7], anti-oxidant
nd anti-inflammatory [8] made them promising synthetic target
ince 30 years. Different strategies were developed for total and

Abbreviations: CAL-B, Candida antarctica lipase B; PCL, Pseudomonas cepacia
ipase; PPL, Porcine pancreas lipase; AOL, Aspergillus oryzae lipase; PLE, Porcine liver
sterase; CRL, Candida rugosa lipase; LAN, lipase Aspergillus niger; Acylase, Aspergillus
p.; PFL, Pseudomonas fluorescens lipase; LAH, lipase Burkholderia cepacia; LWG,
ipase Wheat germ; t-BuOMe, tert-butyl methyl ether; E, enantioselectivity; c, con-
ersion; ee,  enantiomeric excess; IU, enzymatic international unit; C, concentration.
∗ Corresponding author at: L-2308, Biomolecular Functional Research Center,

uture Convergence Division, Korea Institute of Science and Technology, 39-1
awolgok-Dong, Wolsong-gil 5, Seongbuk-Gu, Seoul 136-791, South Korea.
el.: +82 02 958 5153; fax: +82 02 958 5189.

E-mail address: c2496@kist.re.kr (C.S. Cheong).

381-1177/$ – see front matter ©  2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.molcatb.2011.10.005
enantioselective synthesis of the phenolic sesquiterpenes. Enan-
tioselective synthesis of xanthorrhizol and other bisabolane
sesquiterpenes was reported earlier [9]. Elvirol was first synthe-
sized enantioselectively using enzyme [10]. Esters of gallic acid
have a diverse range of industrial uses, as antioxidants in food,
cosmetics and in the pharmaceutical industry. According to the US
Food and Drug Administration list, propyl gallate is used to preserve
and stabilize medicinal preparations [11]. However, antioxidants
have been proved to exert different degrees of adverse and toxic
effects upon consumption [12,13].

Interestingly all those natural products contain phenolic skele-
ton with or without benzylic chiral center (Fig. 1). We  therefore
encouraged establishing a universal and convenient method for
introducing chiral center at the benzylic position from commer-
cially available benzoates. Similarly gallic acid moiety could be
diversified. That might be useful for synthesizing chiral gallate type
sesquiterpene and ester for improved biological activity. Moreover
lipase-catalyzed kinetic resolution could be an efficient technique
[14] for synthesis of optically enriched building block for bisabolane
sesquiterpenes from synthesized chiral alcohols.

Lipase-catalyzed enantioselective access to enantiomerically
pure secondary alcohols is very efficient tools in organic synthe-
sis. However kinetic resolution of primary alcohols by the same

method is difficult to achieve. Enantioselectivity of PCL was  stud-
ied towards a series of 2-methyl-substituted primary alcohols using
vinyl acetate as acyl donor for transesterification in organic sol-
vents [15]. Reported E value was  extremely low. This is due to the

dx.doi.org/10.1016/j.molcatb.2011.10.005
http://www.sciencedirect.com/science/journal/13811177
http://www.elsevier.com/locate/molcatb
mailto:c2496@kist.re.kr
dx.doi.org/10.1016/j.molcatb.2011.10.005
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Fig. 1. Structure of phenolic sesquiterpene and gallic acid.

ow enantioselectivity of lipases towards chiral primary alcohols.
n fact moving the aryl group closer or further away from the chi-
al center resulted in low enantioselectivity [16]. To overcome this,
e thought to apply simultaneous approach to study transester-

fication first to separate enantiopure remaining alcohol followed
y hydrolysis of enriched ester. This approach worked remarkably
ell leading to improved E value as well as separated enantiomers

n optically pure state.
As a part of our research interest we synthesized chiral cen-

er containing racemic intermediates, resolved enzymatically and
eparated chiral pure intermediates. Enantiopure chiral alcohols
I–VIII (Scheme 1) would be valuable for synthesizing xanthor-
hizol, elvirol and gallate bisabolane, optically active gallate esters
nd other derivatives. Additionally enzyme screening, gram scale
esolution process, HPLC analytical conditions were also studied.

e emphasized on getting enantiopure either product or starting
aterials during kinetic resolution process [17].

. Materials and methods

.1. Materials
Enzymes CAL-B, PCL, PPL, AOL, PLE, CRL, LAN, acylase, PFL,
AH, LWG  were used with activity 120, 30, 20, 2, 40, ≥30, 12–15,
30, ≥20, 8 and 0.08 IU/mg respectively. Enzymes were collected

Where
Ez = Enzyme 
Ez1~3 = AOL, PCL and PPL respectively
E4~5 = CAL-B and  AOL respectively
VI = 2-(3-methoxy-4-methylphenyl)propan-1-ol
VII = 2-(2-methoxy-5-methylphenyl)propan-1-ol
VIII = 2-(3,4,5-Trimethoxy-phenyl)-propan-1-ol
IX = 2-(2-methoxy-5-methylphenyl)propyl propionate
X = 2-(3,4,5-trimethoxyphenyl)propyl propionate
XI = 2-(3-hydroxy-4-methylphenyl)propyl propionate
XII =  2-(3-hydroxy-4-methylphenyl)propan-1-ol

n-Hexane or t -BuOMe

250 rpm, 30 0C

R4

OH

Ez1~3

R2

R3

25

R3

R2

R1

(VI)  : R4 = OCH3, R1~2 = H, R3 = CH3
(VII) : R1 = OCH3, R2~3 = H, R4 = CH3
(VIII): R2~4 = OCH3, R1 = H

O

O

(
(
(

Scheme 1. Kinetic resolution of rac-2-pheny
 Catalysis B: Enzymatic 74 (2012) 199– 203

from Novo Nordisk (CAL-B), Aldrich (PPL), Fluka (AOL, LWG), Chi-
razyme (PLE) and Amano (PCL, CRL, LAN, acylase, PFL, and LAH).
Out of those 11 types of enzymes only CAL-B was immobilized.
Vinyl propionate, vinyl acetate, phosphate buffer pH 7.0 and other
reagents were purchase from Sigma–Aldrich and TCI with suffi-
cient purity. HPLC analytical grade solvents were collected from
J.T. Baker, USA. Shaking incubator was from Vision Scientific Co.
Ltd. The methyl protected rac-alcohols namely, 2-(3-methoxy-4-
methylphenyl)-propan-1-ol (VI), 2-(2-methoxy-5-methyl-phenyl)
propan-1-ol (VII), 2-(3,4,5-trimethoxy-phenyl)-propan-1-ol (VIII)
and 2-(3-hydroxy-4-methylphenyl)-propan-1-ol (XII) were syn-
thesized according to our patent [18]. Chiral Columns were used:
Chiralcel OD-H, Chiralpak AS-H; Manufacturer: Daicel chemical
Ind. Ltd. Japan and (R,R)-Whelk-01; Manufacturer: Regis Tech-
nologies Inc. USA. 1H and 13C NMR  were recorded by 400 and
100 MHz, respectively, with a Bruker Avance 400 instrument using
CDCl3 as solvent and TMS  as internal standard. Elemental analysis
was done with Flash 2000 (Thermo Scientific) and Fisons EA 1108
instruments. Specific optical rotation was measured in CHCl3 using
Autopol III polarimeter from Rudolph research analytical.

2.2. Enantioselective HPLC analysis

Enantioselectivity was analyzed by Younglin binary gradient
HPLC system equipped with UV detector at 230 nm. Analytical
condition details are given in (Table 1). For transesterification of
racemic alcohol enantioselectivity, E and conversion, c was  calcu-
lated from enantiomeric excess of substrate, ees and enantiomeric
excess of product, eep at different time points using the following
equation:

E = ln[(1 − c)(1 − ees)]
ln[(1 − c)(1 + ees)]

; c = ees

ees + eep
. (1)

Similarly for hydrolysis reaction as ees was more than zero so

the following equation was applied to calculation E and c [17]:

E = ln[(1 − c)(1 + eep)]
ln[(1 − c)(1 − eep)]

; c = 1 − cs

cs0
, (2)

R4

O

O

+

R4

OH

(VI) - R - (+) ee 98%
(VII) - (+) ee 99%
(VIII) - (+) ee 98%

R3

R2

R3

R2

Ez4 for (IX & X)
Ez5 for XI  
Acetone, PO4 Buffer 
pH 7.0

0 rpm, 30 0C

R4

O

O
+

R4

OH

(VII)  - (-) ee 99%
(VIII) - (-) ee 96%
(XII) : R4 = OH, R1~2 = H, 
R3 = CH 3, R- (+) ee 99%

R2

R3

R1
R1

R1 R1

IX) : R1 = OCH 3, R2~3 = H, R4 = CH 3
X)  : R2~4 = OCH3, R1 = H, 
XI) : R4 = OH, R1~2 = H, R 3 = CH 3

lpropan-1-ol derivatives using lipase.
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Table  1
Chromatographic condition for HPLC analysis of esters and alcohols.

Compound Column Dimension Mobile phase Flow rate Retention time (min)

(+) Ester (−) Ester (−) Alcohol (+) Alcohol

VI Chiralpak AS-H
250 mm × 4.6 mm,
5 �m

Hxn:IPA = 95:05
0.4 ml/min

12.0 13.4 15.0 20.1
XI

(R,R) WHELK-01
Hxn:IPA:DEA = 97:03:0.05 22.6 23.2 39.6 42.5

IX,  VII Hxn:IPA = 97:03 0.2 ml/min 19.6 23.3 44.4 47.2
X,  VIII Chiralcel OD-H Hxn:IPA = 90:10 0.4 ml/min 23.2 26.8 36.0 39.5
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Table 3
Screening of lipase catalyzed transesterificationa for rac-alcohol (VIII).

Enzyme Time (h) c (%)b eep (%)c ees (%)c Eb

CAL-B 1 0 0 0 NA
PLE  48 0 0 0 NA
PPL 48 69 46 99.8 16
CRL 24 61 15 23 1
LAN 48 55 45 55 4
acylase 48 11 8 1 1
PFL  48 27 24 9 2
LWG 48  0 0 0 NA
PCL  24 56 40 51 4
LAH 48 62 59 97 15

E, enantioselectivity; ees, enantiomeric excess of starting material; eep, enantiomeric
excess of product.

a Reaction condition: 10 mg rac-substrate (VIII), t-BuOMe, enzyme 10 mg,  vinyl
propionate (2.5 equiv.) was shaken at 30 ◦C and 250 rpm.

b Determined from Eq. (1) described in Section 2.3; NA, not applicable as ee equal
to  0.

c Determined by HPLC using Chiralcel OD-H, 250 mm × 4.6 mm,  5 �m column,
ig. 2. HPLC chromatogram of ester and alcohol for the compound (VIII) namely
-(3,4,5-trimethoxy-phenyl)-propan-1-ol.

here Cs is concentration of substrate and Cs0 is the initial con-
entration of substrate. A typical HPLC chromatogram of ester
nd alcohol for the compound (VIII) namely 2-(3,4,5-trimethoxy-
henyl)-propan-1-ol is shown in Fig. 2.

.3. Screening of lipase catalyzed transesterification reaction for
lcohol VI–VIII

10 mg  of respective alcohol (VI–VIII) was taken in one-neck flask
nd dissolved with sufficient amount of n-hexane or t-BuOMe ether
o get a solution of approximately 0.3 g mL−1. 2.5 equiv. of acyl
onor was added. Then 10 mg  enzyme was added to the reaction
ixture and continues reaction in shaking incubator at 30 ◦C and

50 rpm. 20 �L of samples was drawn at different time points. Col-
ected sample was evaporated under reduced pressure and diluted

ith 30 �L of respective mobile phase and filtered through 0.45 �m
yringe filter. 10 �L of samples was analyzed by HPLC. Screening
esults are tabulated in Tables 2 and 3, respectively.

.4. Transesterification of rac-alcohol (VII) and hydrolysis of

ac-ester (IX)

rac-2-(2-Methoxy-5-methyl-phenyl)-propan-1-ol (VII) (1 g,
.583 mM)  was taken in a one-neck flask and dissolved in 70 mL

able 2
creening of lipase catalyzed transesterificationa for rac-alcohol (VII).

Enzyme Time (h) c (%)b eep (%)c ees (%)c Eb

CAL-B 1 0 3 0 NA
PLE  24 0 0 0 NA
PPL  48 32 68 32 7
CRL  8 24 9 3 1
LAN  48 24 51 16 4
acylase 8 62 7 12 1
PFL  48 67 32 64 3
LWG  48 0 0 0 NA
PCL  48 80 25 100 9
LAH  48 27 59 21 5

, enantioselectivity; ees, enantiomeric excess of starting material; eep, enantiomeric
xcess of product.

a Reaction condition: 10 mg  rac-substrate (VII), n-hexane, enzyme 10 mg,  vinyl
ropionate (2.5 equiv.) was  shaken at 30 ◦C and 250 rpm.
b Determined from Eq. (1) described in Section 2.3; NA, not applicable as ee equal

o  0.
c Determined by HPLC using (R,R)-Whelk-01, 250 mm × 4.6 mm,  5 �m column,
obile phase: n-hexane:IPA = 97:03 (v/v) with flow rate 0.2 ml/min at RT.
mobile phase: n-hexane:IPA = 90:10 (v/v) with flow rate 0.4 ml/min at RT.

of n-hexane. Vinyl propionate (1.5 mL,  13.78 mM)  and PCL (2 g)
were added to the reaction mixture. The flask was placed in shak-
ing incubator and reaction was  continued at 30 ◦C and 250 rpm
(Scheme 1). 20 �L of sample was drawn at different time points.
Collected sample was  evaporated under reduced pressure and
diluted with 30 �L of mobile phase and filtered through 0.45 �m
syringe filter. 10 �L of the sample was injected to HPLC. After
28 h the reaction mixture was  filtered with the suction filter
and enzyme was washed with n-hexane then evaporated under
reduced pressure. Reaction mixture was purified by flash column
chromatography using n-hexane:ethyl acetate = 10:1 as eluent sys-
tem. 0.2 g of alcohol with ee 99% and 0.86 g of ester was  collected.
Enantiopure (+)-2-(2-methoxy-5-methyl-phenyl)-propan-1-ol
was analyzed by NMR  and specific optical rotation was determined
by polarimeter. Colorless liquid, 1H NMR  (400 MHz, CDCl3) � 7.00
(dd, J = 4.0, 1.7 Hz, 2H), 6.77 (d, J = 8.8 Hz, 1H), 3.79 (s, 3H), 3.74–3.65
(m,  2H), 3.43–3.35 (m,  1H) 2.28 (s, 3H), 1.24 (d, J = 7.1 Hz, 3H); 13C
NMR  (100 MHz, CDCl3) � 155.3, 131.6, 129.9, 128.1, 127.6, 110.6,
67.9, 55.6, 35.2, 20.7, 16.6. ee ≥ 99%; [˛]D

20: +6.57◦ (C 1.0%; CHCl3).
Anal. calcd. for C11H16O2: C, 73.30; H, 8.95; O, 17.75. Found: C,
72.8; H, 9.2; O, 17.5.

2-(2-Methoxy-5-methylphenyl)propyl propionate (IX), ee 43%
(0.258 g, 1.09 mM)  was taken in a one-neck flask. Acetone (2.5 mL)
and phosphate buffer pH 7.0 (10 mL)  was  added to the flask and
homogenized for 5 min using vortex mixture. CAL-B (0.5 g) was
added to the mixture and placed in shaking incubator at 30 ◦C and
250 rpm. For every 1 h time interval, 20 �L of sample was collected
in a separatory funnel and extracted 2 times with each 2 mL CH2Cl2
then filtered through anhydrous MgSO4 and evaporated in rotary
evaporator. The sample was diluted with 30 �L of mobile phase
and filtered through 0.45 �m syringe filter. 10 �L of the sample
was injected to the HPLC system. After 5 h of reaction the mixture

was extracted using CH2Cl2 and treated with anhydrous MgSO4
and evaporated to dryness. Reaction mixture was then purified to
get enantiopure alcohol with ee 99% by column chromatography



2 ecular Catalysis B: Enzymatic 74 (2012) 199– 203

u
(

2
r

4
o
2
i
2
t
u
a
w
m
w
R
u
a
(
N
C
(
(
1
+
O

(
a
a
w
a
c
2
e
o
s
v
t
t
t
r
(
w

3

m
W
d
t
c
w
r
f
w

m
s
s
a

Table 4
Transesterificationa reaction for compounds VI, VII and VIII respectively.

Enzyme Ez (wt.) Time (h) c (%)b eep (%)c ees (%)c Eb Substrate (g)

AOL 30 34 58 72 98 27 10
PCL 2 28 74 36 99 10 1
PPL 2 22 68 47 98 18 1

E, enantioselectivity; ees, enantiomeric excess of starting material; eep, enantiomeric
excess of product; Ez, Enzyme.

a Reaction condition: rac-substrate, n-hexane or t-BuOMe, vinyl propionate
(2.5 equiv.) was shaken at 30 ◦C and 250 rpm.

b Determined from Eq. (1) described in Section 2.3.
c Determined by HPLC using conditions as mentioned in Table 1.

Table 5
Hydrolysisa reaction for compounds IX, X and XI.

Enzyme Ez (wt.) Time (h) c (%)b ees (%)c eep (%)c Eb Substrate (g)

AOL 3 23 53 99 87 80 1
CAL-B 0.5 5 40 12 99 316 0.26
CAL-B 0.2 14 48 22 96 175 0.82

E, enantioselectivity; ees, enantiomeric excess of starting material; eep, enantiomeric
excess of product; Ez, Enzyme.

a Reaction condition: rac-substrate, a mixture of acetone: phosphate buffer (pH
7.0) = 1:4 (v/v), enzyme was shaken at 30 ◦C and 250 rpm.
02 A.S.M. Shafioul, C.S. Cheong / Journal of Mol

sing n-hexane:ethyl acetate = 10:1 as eluent system. 0.116 g of
−)-2-(2-methoxy-5-methyl-phenyl)-propan-1-ol was obtained.

.5. Transesterification of rac-alcohol (VIII) and hydrolysis of
ac-ester (X)

rac-2-(3,4,5-Trimethoxy-phenyl)-propan-1-ol (VIII) (1 g,
.42 mM)  was taken in a one-neck flask and dissolved in 70 mL
f t-BuOMe. Vinyl propionate (1.5 mL,  13.7 mM)  and PPL (2.

 g) were added to the reaction mixture. The flask was placed
n shaking incubator and reaction was continued at 30 ◦C and
50 rpm (Scheme 1). 20 �L of sample was drawn at every hour
ime interval for HPLC analysis. Collected sample was  evaporated
nder reduced pressure and diluted with 30 �L of mobile phase
nd filtered through 0.45 �m syringe filter. 10 �L of sample
as injected to HPLC. After 22 h at 68% conversion the reaction
ixture was filtered with the suction filter and enzyme was
ashed with t-BuOMe then evaporated under reduced pressure.
eaction mixture was purified by flash column chromatography
sing n-hexane:ethyl acetate = 4:1 as eluent system. 0.287 g of
lcohol with ee 98% and 0.823 g of ester was collected. Enantiopure
+)-2-(3,4,5-trimethoxy-phenyl)-propan-1-ol was  analyzed by
MR. Specific optical rotation was determined by polarimeter.
olorless liquid, 1H NMR  (400 MHz, CDCl3) � 6.45 (s, 2H), 3.85
s, 6H), 3.81 (s, 3H), 3.72–3.66 (m,  2H), 2.91–2.82 (m,  1H), 1.99
br s, 1H), 1.25 (d, J = 7.0 Hz, 3H); 13C NMR  (100 MHz, CDCl3) 153.3,
39.4, 136.7, 104.2, 68.6, 60.8, 56.1, 42.8, 17.7. ee ≥ 98%; [˛]D

20:
17.8◦ (C 1.0%; CHCl3). Anal. calcd. for C12H18O4: C, 63.70; H, 8.02;
, 28.28. Found: C, 63.0; H, 8.2; O, 27.8.

2-(3,4,5-Trimethoxyphenyl)propyl propionate (X), ee 47%
0.823 g, 2.98 mM)  was taken in a one-neck flask. Acetone (8.2 mL)
nd phosphate buffer pH 7.0 (32.8 mL)  were added to the flask
nd homogenized for 5 min  using vortex mixture. CAL-B (0.2 g)
as added to the mixture and placed in shaking incubator at 30 ◦C

nd 250 rpm. For every hour time interval 20 �L of sample was
ollected in a separatory funnel and extracted 2 times with each

 mL  dichloromethane then filtered through anhydrous MgSO4 and
vaporated in rotary evaporator. The sample was diluted with 30 �L
f mobile phase and filtered through 0.45 �m syringe filter. 10 �L
ample was injected to the HPLC system. After 7 h at 33% con-
ersion of reaction the mixture was extracted using CH2Cl2 and
reated with anhydrous MgSO4 and evaporated to dryness. Reac-
ion mixture was then purified to get other enantiomer of alcohol
han that of transesterification with ee 96% by column chromatog-
aphy using n-hexane:ethyl acetate = 10:1 as eluent system. 0.2 g of
−)-2-(3,4,5-trimethoxy-phenyl)-propan-1-ol and 0.233 g of ester
ith ee 1% was separated.

. Results and discussions

According to our previously reported patent [18] we  got com-
on  method for introducing chiral center at the benzylic position.
e were able to synthesize a number of 2-phenylpropan-1-ol

erivatives and studied lipase catalyzed kinetic resolution using
hose alcohols. Out of 10 different types of lipase for transesterifi-
ation of compounds VI, VII and VIII enzyme AOL, PCL, PPL and LAH
ere found selective (Tables 2 and 3). Similarly during hydrolysis

eaction CAL-B was selective to compounds IX and X as well as AOL
or XI. We  resolved the formed ester of transesterification reaction
ith CAL-B and got other enantiomer during hydrolysis process.

During our previous study [18] we obtained R-(+)-2-(3-

ethoxy-4-methylphenyl)-propan-1-ol (VI) in ≥98% enantiopure

tate using AOL enzyme for both transesterification and hydroly-
is reaction. For compounds (VI and XI), E value was 27 (Table 4)
nd 80 (Table 5), respectively, for transesterification and hydrolysis
b Determined from Eq. (2) described in Section 2.3.
c Determined by HPLC using conditions as mentioned in Table 1.

reaction. Here we  tried lipase catalyzed transesterification followed
by hydrolysis using different enzymes. Surprisingly we observed
that, for substrate (VII and IX), both enantiomers were successfully
separated, where ee ≥ 99% and E 10 (Table 4) and 316 (Table 5) for
transesterification and hydrolysis reaction respectively. PPL was
selected to resolve VIII due to its higher selectivity at lower con-
version. Similarly for (VIII and X), both enantiomers were separated
with ee 98 and 96%, where E 18 (Table 4) and 175 (Table 5) for trans-
esterification and hydrolysis reaction respectively. n-Hexane and
t-BuOMe solvent was selected for substrate VII and VIII respectively
depending on their improved solubility.

Resolution of our substrate was not reported earlier. However
2-phenylpropan-1-ol was studied for transesterification using PCL
[15], where E value for 2-phenylpropan-1-ol was  just 1.8 and ee was
not reported. Chiral acyl donor was used to resolve the same but
E was not increased much for that. Reported E value was 5.2 and
ee was 99% towards (R) isomer for 2-phenylpropan-1-ol [19,20].
Meanwhile only PCL and PPL are known to efficiently resolve pri-
mary alcohols and their esters [21]. Our strategies of using different
lipases for transesterification and hydrolysis worked well leading to
improvement in E as well as ee value. PCL shows enantio-preference
towards (S) isomer so (R) becomes slow reacting isomer [22] during
kinetic resolution of primary alcohol. That allowed us to separate
(R) isomer of VI and XI as remaining substrate with high enantiop-
urity. Similar approach for transesterification towards substrate
VII and VIII gave high ee for remaining substrate (ees). To achieve
highest ees reaction was  required to be extended at appropriate
conversion point (≥60%). Similar view was  reported by Straathof
and Jongejan [17] and Faber [22]. But during hydrolysis of methyl
protected propionate ester of substrate VI, some problems arose
because of its hydrophobic nature. This made the reaction mix-
ture inhomogeneous and reduced the reaction rate. To overcome
these problems, some additives such as surfactants were used
to increase solubility in the aqueous phase. However this mod-
ification made the enzymes inactive. To facilitate hydrolysis we
used deprotected ester XI with improved solubility in aqueous
medium. Furthermore solubility and homogeneity was increased

using acetone/phosphate buffer instead of aqueous phase alone,
which facilitated hydrolysis reaction. Other co-solvent system was
also studied but the reported conditions were found to be best
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Fig. 3. Dependence of ees and eep on percent (c) for transesterification of 2-(3,4,5-
trimethoxy-phenyl)-propan-1-ol (VIII).

Fig. 4. Dependence of ee and ee on percent (c) for hydrolysis of 2-(3,4,5-
t
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hat played crucial role for improving E during hydrolysis reac-
ions using AOL and immobilized CAL-B. Increase in E value was
eported previously for CAL-B mediated hydrolysis of 3-chloro-1-
henylmetoxy-2-propylbutanoate upon the addition of acetone to
he aqueous medium [23]. During hydrolysis of IX and X highest
e for product (eep) was achieved at c around 50%, after that eep

iminished rapidly due to racemization of product. So the reaction
as required to stop at c ≤50% [22].

E and c was determined using Eq. (2) for hydrolysis reaction
or which ees was not equal to zero [17]. Relationship of ees and
ep with c for transesterification reaction at different time points
as depicted in Fig. 3, similarly for hydrolysis reaction a relation-

hip was depicted in Fig. 4. The graph corresponds as obtained by
hen et al. [24]. This proves the correlation between the mathemat-

cal assumption and experimental results of biochemical process.
f appropriate enzyme cannot resolve isomers in one reaction then
he approach can be applied effectively to get both isomers in
ure form. Two selective enzymes can produce opposite isomer
ia transesterification and hydrolysis reaction. Rest of the substrate
ould be recycled through same process with the next batch until
esolved totally. This may  be useful for industrial application of
iochemical process. Finally chiral xanthorrhizol, elvirol, gallate
isabolane and optically active gallate esters and other deriva-

ives could be synthesized according to the process described in
18] using resolved alcohols. Diversified gallate moiety may  open
he route for future study of chiral gallate derivatives as potential
io-active molecules.

[

[
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Absolute stereochemistry of those resolved isomers of (VII and
VIII) were not determined immediately as that needs intensive
study through X-ray crystallography after getting single crystal.
Liquid state of alcohols made the process quite difficult to get sin-
gle crystal. We  will continue our study to determine that from our
resolved chiral pure alcohols as well as to synthesize improved
biologically active chiral gallate derivatives.

4. Conclusions

General procedure for synthesis and kinetic resolution of 2-
phenylpropan-1-ol derivatives are developed to get chiral building
block for bisabolane types of natural and unnatural sesquiterpenes.
The technique is useful for less enantioselective phenolic primary
alcohol towards lipase. Enantiopure chiral intermediates will play
an important role for the synthesis of valuable natural and unnat-
ural synthetic sesquiterpenes and their analogues to get more
optimized biological properties.
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