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Summary: Procedures for the preparation of XAD-8 immobilized lipoprotein lipase and the resolution of
secondary alcohols of synthetic value in organic solvents using this immobilized enzyme have been developed.

Lipase-catalyzed reaction in organic solvents is becoming increasingly important in enantioselective
synthetic chemistry?. Certain reactions which are sensitive to water can be effectively carried out in organic
media. Recently, we have used this procedure to prepare several chiral compounds which are not optically
stable in water2. There are several advantages of performing biocatalytic reaction in organic media: 1) Most
organic substrates have better solubility in organic solvents than in water, making the reaction proceed
smoothly; 2) Compounds which are sensitive to water may be prepared via this process; 3) Undesired
hydrolysis reaction of substrates containing ester group(s) or other groups sensitive to enzymatic hydrolysis
can be reduced3 ; 4) Recovery of products is easier; 5) Enzymes can be easily recovered for reuse, and 6) The
enantioselectivity in organic solvents is often higher than that of the corresponding hydrolytic reaction in
waterla '

In spite of the advantages of enzymatic reaction in organic solvents, there are some disadvantages. Two of
the potential drawbacks in these processes are the slow reaction rate and the decrease of optical purity of the
desired product due to the reversible nature of the reaction. To overcome the latter problem, we have developed
an irreversible procedure for the resolution of alcohol compounds using enol esters as acylating reagents and
lipase as catalyst?® . This process has proven to be more effective and more enantioselective than other
transesterification processes. On the other hand, the former problem remains unsolved. In our previous
experiment, we found that the ratio of reaction rate in organic solvent to that in water was about 1 : >1002b,
Furthermore, the reaction rate of the transesterification of seconary alcohols in organic solvets was extremely
slow . For example, the conversions of alcohols 1a, 4a, Sa, and 6a, were only 2%, 3%, 7%, and <1% ,
respectively, after a 5-day reaction in organic solvents using vinyl acetate as acylating reagent and lipoprotein
lipase as catalyst (substrate (mmol) : lipoprotein lipase (mg) = 1 : 25). This slow reaction rate limited the
application of this process for the resolution of seconary alcohols.

Recently, we reported that the reaction rate of XAD-8 immobilized enzyme catalyzed hydrolysis of 6b was
2.4 time faster than that of soluble enzyme in aqueous media4, We then used this XAD-8 immobilized enzyme
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as catalyst to examine the resolution of bulky secondary alcohol 6a using vinyl acetate as acylating reagent in
tert-butyl methyl ether. Surprisingly, the reaction rate was found to be >200 times faster than that of
unimmobilized enzyme. This immobilized enzyme was then used as catalyst to perform the resolution of
several secondary alcohols of synthetic value in organic media using vinyl acetate as acylating reagent. Here we
report the results.

The XAD-8 immobilized enzyme was prepared as following: 1 g of lipoprotein lipase from Pseudomonas
species (LPL, from Amano company) was dissolved in 100 mL of 0.05M, pH 7.0, phosphate buffer. 100 g
of XAD-8 (from Sigma) was then added and the resulting suspension was stirred for 16 h at 8 °C. Most of the
buffer was removed by pipet, the residue was dried over vacuum pump (rt 24 h) to give 40.4 g of dried XAD-8
immobilized enzyme.
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Table 1 Eantioselective transesterification of secondary alcohols 1a-9a catalyzed by
XAD-8 immobilized lipoprotein lipase from Pseudomonas species

Reaction Extent of Optical Purity (%)  Stereochemical

Compound Time, h Conversion, % Acetate  Alcohol Preference E€ Ref.

1a 8 49 93 88 R 7% 5

2a 57 41 90 63 ) 37 6

3a 0.7 68 98 s 7

4a 50 29 94 S 45

4a 144 56 >98 S

Sa 40 48 >98 89 S 188 2c

5a 52 51 94 >08 S 2

6a 106 52 90 >08 R 77 4

7a 7 56 76 95 S 27

8a 129 53 82 93 S 31

9a 14 52 89 9 R 73

a: The ratio of reaction rate of immobilized and unimmobilized enzyme was determined to be 1 : 20->200.
b : For the determination of optical purity see ref. 13.
¢ : E is the ratio of the specificity constants of the two enantiomers !4,



To perform the resolution of alcohols 1a~9a, the solution of substrate (4 mmol) and vinyl acetate (16
mmol) in 16 mL of tert-butyl methyl ether or dichloromethane was mixed with 4.0 g of XAD-8 immobilized
enzyme. The resulting suspension was stirred gentlely at 28 ©C. The immobilized enzyme was then filtered off
and the products were purified and analyzed. The resuits were summarized in Table 1. As shown in table 1,
this enzyme showed high enantioselectivity to compounds 1a-9a and the reaction rate of XAD-8 immobilized
enzyme was 20~>200 times faster than that of the unimmobilized. The reasons for higher reaction rate of the
XAD-8 immobilized enzyme may be the following : 1)The enzyme participated in the transesterification reaction
was much more than that in the unimmobilized condition due to its homogeneous distribution on the surface of
XAD-8 ; 2) XAD-8 itself may absorb the substrate to increase the contact with enzyme, thereby increase the
reaction rate.

The cyanohydrin acetate (S)-2b has the appropriate stereochemistry for the synthesis of fenvalerate Aqg, 10,
which is an insecticide with outstanding insecticidal activity, moderate mammalian toxicity and adequate
stability in the field 8. (S)-2b (ee=90%) was transformed to 10 by hydrolysis with the same enzyme first
(conversion=82%), the resulting alcohol (ee=96%) was then reacted with (S)-2-(4-chlorophenyl)-3-methyl -
butanoyl chloride? in the presence of pyridine. Chiral (R)-4a is useful for the synthesis of 8 -adrenergic
blocking agentsi® such as (S)-propranolol ,11. Chiral (R)-5a is useful for the synthesis of Angiotensin-
converting enzyme inhibitors such as enalepril ,12, for the treatment of hypertension and congestine heart
failure.1! The synthesis of (S)-propranolol was achieved by treatment of R-da(ee >98%) with sodium
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hydroxide in ethanol followed by reaction of the resulted epoxide with excess isopropylamine. A single
recrystallization of (S)-propranolol as its hydrochloride from methanol-ethyl acetate gave optically pure (S)-
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propranolol hydrochloride; [ o], -25.8° (c=1.0, EtOH). [ 1it0 [ o] -25.5° (c=1.01, EtOH)).The antipodes
(S)-4b and (S)-5b were also obtained in high optical purity by terminating the reaction in 29% and 48%
conversion, respectively. (S)-4b and (S)-5b were inverted to the desired (R)-4a and (R)-5a, respectively, by
reaction with a catalytic amount of sodium ethoxide in ethanol followed by treatment of the resulting alcohols
with diethy! azodicarboxylate, triphenylphosphine, and formic acid 12 and hydrolysis of the formate ester
intermediate.

In summary, the high reaction rate makes this XAD-8 immobilized enzyme as a useful catalyst for the
preparation of chiral secondary alcohols or esters which are difficult to prepare based on the unimmobilized
enzyme.
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