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Abstract

Porcine liver esterase (PLE)- or rabbit liver esterase (RLE)-catalyzed hydrolysis of the pro-S ester group
of diethyl a-alkyl-o-(benzyloxycarbonylamino)malonates 2a-c  afforded  (R)-ethyl a-alkyl-a
-(benzyloxycarbonylamino)malonates 3a-c each in excellent enantiomeric excess. Enantiodivergent reductions
of these acid esters 3a-c readily furnished both the corresponding enantiomeric o.-substituted serines (R)- and
(S)-5a-c. © 1998 Elsevier Science Ltd. All rights reserved.
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a-Substituted o-amino acids moietics have been Iounu in natural products, and
number of synthetic methods for them have been developed.' Particularly, the synthesis of
a-substituted serines has been of major interest in recent years. Natural products such as
ISP-1,2* (+)-lactacystin,** and (+)-conagenin®’ bearing the chiral o-substituted serine moiety
have attracted our attention because of their biological activities. As part of our own
contribution to this area, we achieved an asymmetric total synthesis of ISP-I (a potent

immunosuppressive principle in the Isaria sinclairii metabolite) in 1995.%°
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construction of chiral g-substituted scri.“.':,q as shown in Scheme 1. ©-Symmetric prochiral
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diethyl o-aminomalonate 1 was protected by treatment with benzyloxycarbonyl (Z)
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[Sigma, suspension in 3.2 M (NH,),SO, solution, pH 8] or rabbit liver esterase (RLE)
{Sigma, crystaiiine suspension in 3.2 M (NH, )2504, 0.01 M Tris, pH 8.5] were underiaken
as foliows. The diesters Za-d were dissolved in 1/15M phosphate buffer soiution (pH 7.0)
and MeCN (10 : 1). After adding enzyme (PLE or RLE), the mixture was stirred at room
temperature (ca. 23 °C) for the required time. The reaction mixture was treated with 5%
HCI and then extracted with AcOEt. After evaporation of the extract in vacuo, the residue
was purified on a silica gel column with CH,Cl,-MeOH as the cluent to give the
corresponding carboxylic acid esters 3a-c as a colorless oil. The enantiomeric excess (ee)
values of 3a-¢ were determined to be 97, 95, and 90%, respectively, by exploiting HPLC
equipped with a chiral column after methylation of 3a-c¢ with diazomethane (Table 1,
entries 1, 3, and 6). Unfortunately, the enzymatic hydrolysis of 2d only gave a trace

amount of acid ester 3d employing PLE or RLE. All results are summarized in Table 1.
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Scheme 2 a) Z-Ci/ NaHCOg3 / Hx0 - Et0 / rt, b) NaH / RBr or Ri / THF / vt or 50 °C,

¢) esterase / 1/15M phosphate buffer (pH 7.0) - MeCN / rt
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conversion to the known compound™ and in comparison of the specific rotation with the
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aeoenzyloxycaroonylduon to obtain (§)-o-methylserine {{0],” +5.4 (¢ 0.85, H0), lit.

[o], > +6.5 (¢ 1.01, H,0)}, a fragment of (+)-conagenin.*’” The absolute configurations of

acid esters 3b,c were similarly determined to be R by their chemical conversions to the
known compounds.”” These enantioselectivities in the PLE-catalyzed hydrolysis may be
explained in accordance with the Jones active-site model by regarding the Z-amino group as
accommodating to a large hydrophobic pocket of the PLE active-site.'™"
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Esterase-catalyzed hydrolysis of diethyl o-alkyl-o(Z-amino)malonates 2a-d
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a) HPLC analysis (CHIRALCEL OD or CHIRALPAK AD). b) 27 °C. c) 25 °C.
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Enantiomeric excess and specific rotation of Z-a-alkylserine ethyl esters 5a-c

OH
Table 2

a) PLE: porcine liver esterase, RLE: rabbit liver esterase. b) HPLC analysis (CHIRALCEL

OD) after methylation of acid esters 3a-¢ with diazomethane. ¢) Not determined.

5a [from (R)-3a (96% ee)]
5c [from (A)-3¢ (90% ee)]
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Enantiodivergent transformation of (R)-3a-c¢ to (R)- or (S)-a-alkylserine derivatives

-¢ was nerforme

Z-HN. CO.Et

~

a
74% yields, respectively. The ee values of (R)- and (S)-5a-¢ were confirmed to be almost

the same as thos€ oI the corresponding acid esters
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Among chiral a-substituted serines 5a-c¢, Z-a-allylserine ethyl ester S¢ can be useful
for the further o-substituted serine svntheses based on the chemical modification of the
for the turther substituted serine synineses bascd on tne chemical modiiication of €

double bond Scheme 4 illustrates
R\
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(A)-5¢ (R)-6 (R-7 COzMe
Scheme 4  a) AcCl/ pyridine / CHaClp / 0 °C, b) O3 /CH»Cly -MeOH / nt, (Ry-8
c) NaH / (CF3CH20),POCH,COoMe / THF / 1t
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