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A FACILE CHEMOENZYMATIC ROUTE TO ENANTIOMERICALLY PURE 4,5-DISUBSTITUTED-2-HEXENOATE DERIVATIVES
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The reaction of 4,5-epoxy-2-hexenoate 2 and various nucleophiles in the presence of BF3.Et20
predominantly gave the (4,5)-5-hydroxy-4-substituted compounds. Among them, (+)-(4,5)-anti-
5-hydroxy-4-thiophenoxy ester 17 was enantioselectively esterified with acylating reagent in
the presence of 1ipase "PL 266" from Alcaligenes sp. to provide the (4S,5R)-5-acetoxy ester 20
and the (4R,5S)-17 quantitatively.
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In connection with our work directed towards the synthesis of optically active 2,3-disubstituted
butyrate derivatives A which were obtained by the reaction of an optically active 2,3-epoxy butyrate 1
and nucleophilic reagents in the presence of Lewis acid,]) the reaction of 4,5-epoxy-2-hexenoate B having
a vinylogous structure of 1 and various nucleophiles has aroused our interest. The reactions of B and
a1coho132) or acetoacetateéj or methylcopper reagent,4) producing the 4,5~ or/and 2,5-disubstituted N
compounds (C or D), have been reported, but regio- and stereo-selectivities have not been thoroughly studied

yet. Optically active 4,5-anti-disubstituted-2-hexenoate derivatives C are expected to be a chiral
intermediate for the synthesis of biologically active compounds such as amino sugars or their related
compounds.Z) We now report the regioselective synthesis of (x)-(4,5)-anti C and enantioselective
esterification of (4)-C with lipase in organic solvent. oH
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The Reaction of Methyl 4,5-Epoxy-2-hexenoate 2 with Various Nucleophiles The reaction of 2 (10
m mol) with p-methoxyphenol (5 m mol) in the presence of BF3.Et20 (10 m mol1) gave the 4,5-anti-4-aryl
ether (0-substituted compound) 3 (25%)5) and the 4,5-anti-4-aryl substitution products (C-substituted

compounds QA(48%)6), §_(6%)6). When p-cresol was used, the O-substituted compound 6 (17%) and the
C-substituted compound 7 (69%) were obtained.
< H-r

Me a Me Me
\<(l)\/\000Me + © L YT coome +

R HO

&

OH OH

e}

Me
Z ~COOMe <+

g

COOMe
2 R OH OH
R=OMe R=OMe 3 (25%) R=OMe 4 (48%) R=OMe 5 (6%)
R=Me R=Me 6 (17%) R=Me 7 (69%)

a; BF3.Et,0/CH,Cl, -78°C, 1 h

© 1991 Pharmaceutical Society of Japan

NII-Electronic Library Service



November 1991

3095

For the purpose of obtaining selectively the C-substituted compounds, the reaction of 2 with various

carbon nucleophiles was examined.

obtained.

9 (77%) and 14 (91%))
The yield was found to rise as the nucleophilicity of aromatic ring increased. On the other

When anisole, 1,2-dimethoxybenzene and 1,3,5-trimethoxybenzene were
employed, the 4,5-anti-4-aryl substitution products (8 (33%),

were predominantly

hand, the reaction of 2 with other polymethoxybenzenes yielded the 2,5-anti-2-carbon substituted products7)

as well as the 4,5-anti-4-carbon substituted compounds.

The reaction of 2 with thiophenol or with

acetyl chloride afforded regioselectively the 4-substituted compounds (17 (95%) or 18 (59%)), respectively.
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In the reaction of 2 with nucleophiles in the presence of BF3.Et20, the possibility of forming

oxo-m-allyl complex 19 from 2 are considered.

If the complex formation takes place, then the

nucleophilic attack from the less hindered side (anti-direction) should give the 4,5-anti-4-substituted

compounds or the 2

,b-anti-2-substitution products.

In the reaction of 2 and the methylcopper reagents,

it was reported that the harder nucleophiles attack predominantly the C4-position while the softer reagents

react predominantly at the Cz—position.4)

nucleophiles.

In the present case, it is difficult to explain the
regioselectivity quantitatively on the basis of a delicate difference in softness among the used

Enantioselective Esterification of (i)-4-Thiophenoxy Ester 17 with Lipase
and acylating reagents (isopropenyl acetate or phenylthioacetate)} with lipase "PL 266" from Alcaligenes
sp. in isopropyl ether provided quantitatively the (4S,5R)-5-acetoxy ester 20 .98-99% ee) and the

(4R,5S)-5-hydroxy ester 17 (97-99% ee).
with authentic sample (4S,5R)-17, prepared by the reaction of the known (4R,5R)—g§

Et,0.

presence of BF3. 2

The stereochemistry of (4R,5S)

The treatment of (+)-17

-17 was determined by comparison

)and thiophenol 1in the
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(£)-17 (4S,5R)-20 (4R,58)-17
Acylating
Entry substrate (mg) Lipase reagent Product (yield, %; optical purity, % ee)

1 (103) PL 266 (Alcaligenes sp.) A (4S,5R)-20 (50.2%, 98% ee)  (4R,5S)-17 (49.7%, >99% ee)

2 (97) PL 679 (Alcaligenes sp.) A (4S,5R)-20 (61.1%, 58% ee) (4R,5S)-17 (34.6%, 90% ee)

3 (107) PL 266 (Alcaligenes sp.) B  (4S,5R)-20 (49.5%, 99% ee) (4R,5S)-17 (49.8%, 97% ee)

a4 (109) PL 679 (Alcaligenes sp.) B  (4S,5R)-20 (41.5%, 95% ee) (4R,5S)-17 (57.8%, 67% ee)

A ; isopropenyl acetate B ; PhSAc

Treatment of (4R,5S)-17 with Me30+BF4_ was followed by epoxy formation with (i-Pr)ZNEt to afford the
(45,55)-2 in 58% overall yield. In this process, the isomerization to the undesired cis epoxy ester
was partly observed, but no Toss of optical purity was detected. The (4S,5R)-5-acetoxy ester 20 was
also converted into the (4R,5R)-2. These conversions mean that chiral synthesis of the 4,5-

disubstituted-2-hexenoate derivatives is achieved by applying the reaction of (t}-2 and various
nucleophiles to the reaction using the chiral 4,5-epoxy-2-hexenoate 2.
1) 25% HBr/AcOH

1) Me;0 BF; Me . ss S 2) MesO BF, Me\sy‘.n\/\
(4R,55)-17 ———— 3= ° Z ~COOMe (4S,5R)-20 — 3 o Z ~COOMe
2) (i-Pr);NEt 3) (i-Pr)oNEt
58% (4S,58)-2 51% (4R,5R)-2
(trans-epoxy : cis-epoxy = 4 : 1) ) (trans-epoxy : cis-epoxy = 4.5 : 1)
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