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ABSTRACT

OAc
R hydrogen-donor (:)Ac
R or (acyl-donor for ketones) RN R
0 lipase 80-100%
J\/ R’ Ru(ll) catalyst 79-99% ee
R

Enol acetates or ketones asymmetrically transformed to chiral acetates in high yields with high optical purities through multistep reactions
catalyzed by a lipase and a ruthenium complex. 2,6-Dimethylheptan-4-ol was chosen as a suitable hydrogen donor, and 4-chlorophenyl acetate
was used as an acyl donor for the conversion of ketones.

Asymmetric catalysis is one of the most fascinating topics tions consisting of lipase-catalyzed steps and ruthenium-
in synthetic chemistry.Many asymmetric transformations catalyzed ones.

have been developed by employing either enzymatic reac- The conversion of enol acetatk to chiral acetated

tions or chiral metal complex catalyzed reactions. However, proceeds through a five-step process, as shown in Scheme
the combined uses of enzyme and achiral metal catalyst havel: deacetylation of enol acetatdo give the corresponding
rarely been reported for asymmetric transformatirsa
few examples with lipases and transition-metal catalysts wer
found by dynamic kinetic resolution (DKR) of alcohols, allyl
acetates, and an amihéelerein we report novel and versatile of Enol Acetates to Chiral Acetates
processes that convert achiral enol acetates ketones? oAc oA
asymmetrically to chiral acetatdsthrough concerted reac . R . (/Hh/

Scheme 1. Concerted Catalytic Reactions for the Conversion
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enol and the acetylated lipase, ketnol tautomerization || N

for the formation of keton&, reduction of ketone to the Table 1. Conversion of Ketones to Chiral Acetates
racemic mixture of alcohol$)-3 and §-3, enantioselective

acetylation of R)-3 with the acetylated lipase to produce entry substrate alcohol (%)°  acetate (%)° ¢ ee”
chiral acetateR)-4, and reversible transformation between o
(S)-3and (R)-3. The ruthenium-catalyzed steps, reduction 2a 0 97 08
of ketone2 and reversible transformation betwe&)-8 and Ej o
(R)-3, are common to the ketone-conversion process, which
requires independent acyl donors (Scheme 2). The common 2 y O,lij)k 2b 0 94 99
€
| X
) . . 3 O)k 2¢ 0 97 99
Scheme 2. Concerted Catalytic Reactions for the Conversion Cl
of Ketones to Chiral Acetates 0
o 4 @é 2d 0 94 99
6 W 4-chlorophenyl
. acetate
2 (513 + (A3 ——= (A4 5 o 2 13 82 90
Ru complex 5 lipase o
6 @/\/u\ 2f 0 100 99
steps constitute a catalytic transfer-hydrogenation reaction Q 1 / [
of ketone, with alcohol acting as a hydrogen dohor. 7 O)J\ 2g 0 98" 99"
Therefore, both processes need a proper catalyst for the 0 / } [
transfer-hydrogenation reaction and a hydrogen donor com- 8 C(,Hl;)k 2h 0" 95¢ 95°

patible with lipase-catalyzed acyl-transfer reactions.

i i aThe reactions were carried out on a 0.25 mmol scale with 2 mol % of
We surveyed many trans[t|on-metal complexes used in 5, 7.5 mg of Novozym 435, 1.5 equiv of 2,6-dimethylheptan-4-ol, and 3
transfer-hydrogenation reactions and found complas an equiv of 4-chlorophenyl acetate in 0.8 mL of toluene at°@for 44 h
excellent procata|yst for our processes. In fact Comﬁex under an argon atmosphefeThe yields_ were estimated Biyi NMR. C_The )

. . . . . % ee values of acetates were determined by HPLC carried out with a chiral
has been used in many catalytic reactions, including transfer-cojmn ((R,R) Whelk-01, Mercky The yields and optical purities were
hydrogenation reactions and DKR of alcoh®ts?? For a geltir'mm;ad rl;))y GC carried out with a chiral capillary column (Chiraldex
hydrogen donor compatible with the lipase-catalyzed acyl- = ~€¢:
transfer reactions, 2,6-dimethylheptan-4-®) (vas chosen,

since it is a poor substrate against lipases and is commerciall
available P g P yacetatesF@)-4 were produced in high yields (94.00%) with

: . . high enantioselectivities (9999% ee) not only from aromatic
The scope of the ketone-conversion process was investi- ) .
: . . ketones but also from aliphatic on®dn all cases ketones
gated with ketonea—h by using complex5, an im-

i 0
mobilized lipasé, hydrogen dono, and 4-chlorophenyl 2 were left only in less than a 5% amount, regardless of

: : their oxidation potential&t Moreover, intermediate alcohols
acetate as an acyl donor in toluene af@QTable 1)? Chiral . U ) .
Y A y 3 were not detected in all but the reaction2sf, in which a

considerable amount &k (13% yield) remained, and chiral
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donoré6 is crucial to increase the yields of chiral acetades potential of ketone is an apparent factor for the production
(Table 2)!3 With the same amount of lipase as in Table 1, of ketones2b (16%) and2d (13%) in large amount¥. In
general, high enantioselectivities (999% ee) were observed
I | 0 reactions of aliphatic enol acetates as well as in those of
Table 2. Conversion of Enol Acetaes to Chiral Acetdtes aromatic ones. It is notable that the results of entrie$ 5
were obtained from mixtures of terminal enol acetate and
geometric isomers of internal enol acet&®leanwhile, the

time Kketone alcohol acetate

entry substrate b b b % ee h . )
) %) (%) (%) reaction ofLlewas much less enantioselective (79% ee), due
OAc to the slow racemization of the corresponding alcol3al) (
1 ©x§ la 42 10 189 (85 98 and low specificity of the employed lipase fde!*
OAc The ketone conversion process is an efficient way around
the undesirable ketone production in the DKR of racemic
2 b 4 16 4 80 (70) 98 e . )
MeO alcohols?* It takes advantage of ketone involvement in the
OAc racemization of alcohols, which is necessary but deteriorates
3 e 4 5 4 0l &) 97 the yields of chiral chtates in the DKR of a!coh%ﬁﬂ'.hus,
al the ketone-conversion process produces chiral aceRies (
OAc in much higher yields with comparable enantioselectivities
4 O‘ d 72 13 0 87 (&) 99 in comparison with the DKR of alcohols. In the meantime,
the enol acetate conversion process demonstrates a highly
X . : atom-economical transformation that is a practical alternative
5 1e¢ 110 1 9 90 (89) 79¢ o
OAc to the processes using independent acyl donors. Furthermore,
OAc » more optically pure chiral acetates can be obtained from enol
6 ©/""/\ 1 48 3 5092 89 o4t acetates by this process than by asymmetric catalytic
OAc hydrogenation reactiort§, particularly from acyclic enol
F o . . .
7 1g¢ 38 4" 3 94" (90) 99" acetates and simple species without secondary donor groups.
OAc Competitive acyl-transfer reactions are, however, obvious
8 CsHip A 1n¢ 68/ ot 3 9sh (89) 91t weak points of our process. To overcome the side reactions,

an investigation into other hydrogen donors and catalysts is

aTh ti ied out 0.25 | scale with 2 mol% of now in progress.
e reactions were carried out on a 0.25 mmol scale with 2 mol% o . -
5, 7 mg of Novozym 435, and 1.5 equiv of 2,6-dimethylheptan-4-ol in0.8 N Summary, we have developed new and highly efficient

mL of toluene at 70°C under an argon atmosphePélhe yields were one-pot processes for asymmetric transformations of ketones

estimated by'H NMR. ¢ The values in parentheses are the isolated yields or enol acetates to chiral acetates. A Iipase and an achiral
from 1.0 mmol scale reactiondThe % ee values of acetates were .

determined by HPLC carried out with a chiral column ((R,R) Whelk-01, transition-metal complex catalyze the asymmetric transfor-
Merck). ¢ Ratios of internal enol acetates to terminal enol acetaes:61: mations proceeding through at least four different reactions
39; 1f, 52:48; 1g, 80:20;1h, 86:14.f The amount of Novozym 435 was . .

reduced to 2 mg? The % ee values were determined by HPLC carried out concerted in one reaction vessel.
with a chiral column (Chiralcel OD) after hydrolysis to alcohdl¥.ields . .
and optical purities were determined by GC carried out with a chiral capillary ~ Acknowledgment. We thank the financial support by
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