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Introduction to enzyme catalysis
Dynamic kinetic resolution of secondary monoalcohols
Dynamic kinetic resolution of secondary diols

Dynamic kinetic resolution of ether'substrates

Classification of enzymes

Oxidoreductases

Transferases

Hydrolases lipases, esterases
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Isomerases
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Stereoinversion

The non-reacting isomer is inverted (e.g. Mitsunobu reaction)
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With this principle 100% of the racemate can be used.
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OH 2 mol % RuCl,(PPhy), OH
cat. NaOH

1 equiv. 2-methyr-
cyclohexanone

t-BuOH '
80°C,14h cis:trans = 46:54

Ruthenium-catalyzed racemization of (+)-(R)-3

Reaction conditions: 2 mol% of 1, 10 mol% of NaOH, 4h’
or 2 mol% of 2, 45h

OH Ru-catalyst OH
: 1 equiv. of acetophenone
/\ o
Ph tBuoH Ph
(+HR)'3 Argon, 70°C rac-3
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Dynamic Enzymatic Resoution of Alcohols (Novozym 435: Candida
antarctica component B lipase)

OH 2 mol% of Ru-complex 2 OAc
Novozym 435, ROAc z
[3 - - PN
1 equiv. of acetophenone
rac3 'BuOH, Argon, 70°C (R4

ROAc (equiv.) Time(h) %conv.to(R)-4 % ee of (R4

‘65 17 50 >99.5

)‘0“ 2% 7 >99.5

OAc
/@’ G 10 88 >99.5
Cl
OAc
@/@ 3 g7 100 >99.5
92% isol. yield of

(R4
A.L.E. Larsson, B. A. Persson, J. E. Bickvall, Angew. Chem. Int. Ed. Engl. 1997, 36, 1211
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Also without additionof corresonding ketone (in toluene)

OH 2 mol% of Ru-cat 2 OAc
Novozym 435 K -
p-CH-CeH,OAC Novozym 435 = Candida
Antarctica Lipase
toluene, 70 °C
racemate 80% (>99% ee)

Other substrates

OH OH OH
@* oD @ e
Br
78% (>99% e¢) 77% (>99% ee) 88% (>99% ee)
OH OH
‘“ “*OO O* e
79% (>99% ee) 79% (>99% ee) 80% (>99% ee)

B.A. Persson, A.L.E. Larsson, M. Le Ray, J.E. Backvall, J. Am. Chem. Soc. 1999, 121, 1645

Dynamic Kinetic Resolution of Isomeric Diols
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Dynamic kinetic resolution involving two stereocenters
HO HO
Ru H Ru H?
H OH OH
RR) (meso, R,S) 8.8)
° e l i(unreactive
;OK/Y R H?
enzyme | fast
% unreactive
AcO .
/k/\( meso-diacetate
Ac
R, R-diacetate
4 mol% Ru-cat
/o{;fi Novozym 435 OAc QAc OAc OAc
— H
n p-CCgH,OAC /kM;\ )\(V):k
(dUmeso ~50/50)  toluene, 70 °C RR

meso

Yield of diacetate | R, R/meso | %ee (of R.R)
n=1 90% 38/62 >99
n=2 63% 86/14 >99
n=3 63% 90/10 >99




Formation of meso-compound by intramolecular acyl transfer

OH OH forn=1,2,3 OAc OAc (meso)
—————v—
R '"s R s
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Application to enantioselective synthesis of
C,-symmetric 2,6-substituted piperidine

OH OH  enzyme OAc OAc
R 4 a, b, [+
A/\A ___.U-C&t /k/\;\ —_— e

ArOAc 1
d,l/meso ~1:1 Bn
>97% ee

a) K2CO;, MeOH-H;0, 1t., 16 h, 82%; b) MsCl, NEt;, CH;Cl,, -15°C , 72%
¢) BnNHj, rt, 74%.




Preparatlon of enantlomerlcally pure

OH oH Candida Antarctica ~ §AC OAc
Ru-catalyst A
p-Cl-CeH,OAc

e —————————
toluene, 24h, 70 °C
meso:dl ~1:1
76% (>99%ee)
Candida Antarctica Ac OAC
Ru-catalyst
O p-Cl-CgH,OAC
toluene, 24h, 70 °C
meso:dl ~
78% (>99%ee)

No meso diacetate formed

B. A. Persson, F. F. Huerta, and J. E. Bickvall, J. Org. Chem. 1999, 64, 5237

Dynamic kinetic resolution of hydroxy acids

OH 2 moit% Ru-catalyst OAC
Pseudomanas cepacia lipase H
CO.Me 4-CIC¢H,OAc - COMe
Cyclohexane, 60 °C ,(@A
racemate X=H;, 80%(94%
X=H, OMe, B¢ X-OMe 76%((94%::))
X=Br;, 69% (98%ee)
OH : QAc
O/Loozm 25 ove O/-\OOAM
——
racemate 80% (98% ee)

F.F.Huerta, Y. R. S. Laxmi, J. E. Bickvall, Organic Lett. 2000, 2, 1037
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 One Pot Asymmetric Aldol Adducts
via Dynamic Kinetic Resolution

PS-C = lipase of Pseudomonas
Species type C

1) LDA/THF
2) NH4Cl sat. 2 equiv
1 3) TBME OAc O
*+ R'CHO 1
4)PS-C Rl OR
Ru-cat, 6 mol%
p-C|CsH40AC
60 °C R? yield
Ph 73% 95%ee
pMeO-Ph 6%% 99% ee
PhCH, 75%  96% ee
Cy 1% 70%ee

F. Huerta, unpublished resuits

One Pot Asymmetric Aldol Adducts via
Dynamic Kinetic Resolution

Mechanism:
Enzyme
_ C:)X o} Acyl donor
R OR' Fast
(o] (0).4 "
)L + )\ C-C bond u'-catalyzed
R” "H OR' “formation racemization
X= Si, Li, Na, K, ...
OoX O
L Slow
R OR'
Enzyme
Acyl donor

OAc O

Minor

1T



Conclusions

Efficient deracemization of alcohols

A:

enzyme
OH Ru-catalyst QAc
————— -
Rf” "Ry acy! donor R R,
racemate
OH  enzyme OAc OA
OH Ru-catalyst H ¢
/\_)\ —_— /k_/\
acyl donor
racemate + meso
enzyme
Ru-catalyst
a- and B-hydroxy esters ————— - and B-acetoxy esters
acyl donor . .
racemate enantiomericaly pure

Enantiomerically pure products obtained with
efficient use of all the starting material
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