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Introduction

Lipases (triacylglycerol ester hydrolases, EC 3.1.1.3) atensisting of an aqueous buffer and an organic solvent.
found in most organisms and are known to catalyze tlesterification is accomplished in an organic solvent with
hydrolysis of triglycerides in vivé? They are some of the an irreversible acyl dondrsuch as the enol ester vinyl
most studied and used biocatalysts in organic synthesisagetate. The enzyme is conveniently removed by filtration
day. The versatility and popularity of lipases is attributeduring work-up. The inherent chirality of the enzyme
to their high catalytic efficiency on a broad range of sulalictates a stereopreference of the reactions which can be
strates, combined with high regioselectivity and chiraxploited for asymmetric synthesis.
recognition? their high stability in organic solvents and at 0
elevated temperaturésthe reversibility of their mode of lipase, acyl donor, organic solvent _/<
action into ester synthesié their non-toxic and environ- HO‘/ o , — o~/

. X . ipase, organic solvent / aqueous buffer %
mentally friendly naturé and finally, their low cost. ’

Lipases from many different species have been isolat&gheme IPrinciple reactions in synthesis catalyzed by lipases.

and are commercially available in different preparations

such as crude powders, lyophilisates, or immobilized drhe applications of lipases in synthesis are diverse, and
solid particles or resins. Many are of microbial origin, anfhclude resolution of racematedyybrid metal-enzyme
advances in biotechnology have allowed production ghtalyzed dynamic kinetic resolutiéalesymmetrizations
lipases on a multi-ton scale using recombinant Hosts. of prochiral omeso substratesand regioselective protec-

In practice, lipases are very easy to handle and use. TH& group manipulation¥:®
principal reactions catalyzed by the enzymes are ester

hydrolysis or synthesis, typically of acetates (Scheme 1).

Hydrolysis is usually performed in a biphasic system

Abstracts

(A) Kinetic resolution of racemates is the most common applic

L . L . . S OH S o)
tion for lipases in organic synthesis, and there are countless ex CALB (\ H C
o SJ\/\/CI N, SJ\N

ples of successful attempts to separate enantiomers with a

. g . 9 o,
hydroxyl residing not too fay frc_)m the stereogenic c_e?ﬂl’ehe ee S QH 0" + igéf% ee K,CO, 81%
values are short of astonishing in many cases, and lipases are tt )\X/m hexane / CH,Cl,
fore very useful in the preparation of chiral synthtfnEnantio- toluene 9:1 (\S OAC ——> S o
mers of G building blocks featuring a dithiane and an oxirane we 30°C, 24h )\/k/cn )\/Q
constructed by Sundby et al., with a lipase-catalyzed kine S 45% 69%

I = i ica li 10
resolution as a key Stéb. CALB = Candida antractica lipase B >99% ee
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(B) Integration of lipase-catalyzed kinetic resolution into a rea iNaBH,  Naph Naph OH

tion sequence may be a rewarding solution in cases where ste moist ALO, |\)\/0| o

selective synthesis is unavailable or fails. Kamal et al. ha ii. BCL > Y
95%

developed a one-pot synthesis of enantiopure secondary alco i I e NaOH (54 9%
. 0 0
from carbonyl compounds by tandem reduction—resoldfforhe OO o o + HéoNH

-Pr >

method was applied in a chemoenzymatic synthesis of both er (HPr);0, 40 °C naoh

tiomers of thel-adrenoreceptor blocker propranolt) (n excel- O\)K/ o 177" onc i-PrOH l|\laph o
lent yields and optical puriti¢g? , O AAC! O AN
BCL = qukholder/a 47% 95% Y
cepacia lipase™ >09% e (R-1 oo ee
(C) Yamagishi et al. reported a lipase-catalyzed kinetic resoluti OAC o/.\c
of u-hydroxy-H-phosphinate’s. With two chiral centers, one on ” \H
phosphorus and one on the adjacent carbon, the substrate « PH gﬁgﬁ;ﬁ;&‘ﬁf’\é’r /@A
prised a mixture of diastereomers. The lipase hydrolyzed the a OEt 25°C, 4 h OEt

tate of only one diastereomer in the mixture stereoselectively Wy, - guikholderia cepacialipase™® (R.Sp) 14%, >09% e 39%, 2.0:1 de
very high preference, yielding one enantiomer in excellent ee.

(D) Lipases have become important tools for regio- and sterea oy OCOCH, OCOC H,

lective protection and deprotection of carbohydrétas study on  HO 2 HO

regioselective acylation of pyranoses, Gongalves et al. unvei O CALB /\)Lo/\ O + O oBn

enzymatic means for the resolutioncofnd g-anomers of galac- o o ogn THF.60°C,7.50  HO™ |4 HO -

tose derivative$! Both anomers were acylated in position 6, whil _ - () 46% (B) 23% o
CALB = Candida antractica lipase B1° ° °

the B-anomer reacted also on position 2.

(E) While kinetic resolution offers a maximum yield of 50% of on
enantiomer, dynamic kinetic resolution (DKR) may realize high

Ph
OH %h o J\ OAc
. ' . . CALB, KOt-Bu, Na,CO,, : i
yields of the desired enantiopure compound by constant racem©/{\ ’ 4 N8 Ya e SRuBr )J\o
A

Ph

tion of the substrate in sifuProtocols for chemoenzymatic DKR &

of different substrates employing a metal catalyst for racemizati toluene, rt, 3 h 09%
and an immobilized lipase have been developed by Backvall ¢ ca) g = candida antractica lipase B >99% ee
co-workers’ Recently, a highly efficient method for DKR of alco-

hols was reportet?.

>

optically active compounds in high yields since all of the substre
can be utilized in a symmetry-breaking reacfiom.pursuit of ax-

ially chiral biaryls, Matsumoto et al. applied lipases to stereoselt o
tively hydrolyzes-symmetric biaryl diacetates.

(F) Lipase-catalyzed enantioselective desymmetrization can affi I
Me

BCL Me

‘ OAc phosphate buffer pH 7 / acetone (3:2), AcO N OH

30°C, 3d | ) 86%
BCL = Burkholderia cepacia lipase™® 99% ee
(G) Desymmetrization of prochiral diols affords enantiomericall o o
enriched mono-esters. 2-Functionalized 1,3-propanediols are t NH
ful starting materials for asymmetric acetylation with lipase O\)ijm PPL )LO/\ HoﬁzAC_)SOCIZ O>\>\/OAC
yielding products that can be further transformed with chem 30°C, 2h THF, A,
. . - R 69%, >99% ee 5h 72%, >98% ee
selectivity. Neri and Williams used lipases to desymmetNze ppy = pig pancreatic lipase'
Boc-serinol, and converted the product further into chiral Evans
auxiliariest’
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