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ABSTRACT

COOCH, COOH COOCH,
SCOCH, esterase )\/SCOCHa + /?\/SCOCH3
(R,S)-1 ($)-2 (R)-1
SCOCH, SH SCOCH,
cooch, _SSerase A _-C00CH; + /‘\/COOCH3
(R,S)-3 S)-4 (R)-3

The isomeric compounds 1 and 3, which differ only in the position of a
catalyzed hydrolysis reaction. The esterase was chemoselective for the ox
was observed for both 1 and 3.

methyl substituent, give opposite chemoselectivities in an esterase-
oester in 1, but for the thiol ester group in 3. A high enantioselectivity

The catalytic use of enzymes in the hydrolysis of compounds use in pharmaceutical and other applicatibs.general

containing both thiol ester and oxoester functional groups
has been the subject of recent studigisprimarily because

of the interest in the preparation of optically purg)3-
acetylsulfanyl-2-methylpropanoic acig)( a key intermediate
for! the antihypertensive drug captogriln addition, both
the enantiomers of 2-sulfanylpropanoic adi lave found

knowledge of the effect of structure on the relative rates of
hydrolysis of thiol esters and oxoesters, however, is not
available. Bianchi and Cesti, for instance, studied several
lipases for the hydrolysis of methyl 3-acetylsulfanyl-2-

methylpropanoatelj. In all the cases, both ester groups were
hydrolyzed, but the thiol ester group appeared to be more
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Table 1. Esterase-Catalyzed Hydrolysis $fAcetyl Sulfanylalkanoates

Entry Substrate  Conversion(%) Hydrolyzed Product Yield(%) ee(%) Recovered Ester Yield(%) ee(%)?
(Time; hr)
; COOCH, 50 COOH COOCH,
. 50 99
)\/SCOCH3 (0.3 SCOCH, 48 99 /\/SCOCHS
! (5)-2 (F)-1
SCOCH,
SCOCH SH
COOCH : .
> 3 _A_~ COOCH; -
(8)-a
COOEt
H COOH z
COOEt 90 ?00 . 80 6 7% : 5 ;
: )\ ®9 A 67=4 T:21% " \sCOCH,
SCOCH, SH SCOCH,
5 (R)-6 (8)-7 (R-5
COOCH, 100 COOH COOH 95 ) )
6.0 + 9/10 =10 ) )
4 k/scocH3 €0 k/s"' k/SCOCHs
8 9 10

aDetermined as described in the tekfbsolute configuration not determined; the assignment of configuration is tentative.

reactive? In enzymatic hydrolysis experiments with ethyl evidenced by the drop in pH. The pH of the reaction mixture
2-acetylsulfanyl propanoate)( as the substrate, PPL or was maintained by the addition of 0.1 N NaOH. The reaction
Pseudomonasp. lipase preferably hydrolyzed the thiol ester was stopped when there was no further drop in pH. The
group? whereas pig liver esterase preferred the oxoester workup® followed by flash chromatography (silica gel; 1:1
group? CH.Cl./ethyl acetate) gave the hydrolyzed produ@} &nd
Recently, we have isolated a new esterase fRseudomo-  unreacted estefl). The'H NMR spectral data o2 revealed
nas fluorescen®TCC B0015% We studied this esterase for a peak atd 2.35, indicating that the thiol ester group has
the hydrolysis of variousSacetyl sulfanylalkanotes, viz., remained intact, whereas the resonance peak due to the
methyl 3-acetylsulfanyl-2-methylpropanoate),(methyl 3- methyl ester group was absent. Its optical rotation cor-
acetylsulfanylbutyrate (3), ethyl 2-acetylsulfanylpropanoate responded with that of th& enantiomer. The e.e. was
(5), and methyl 3-acetylsulfanylpropanoa8. We observed  determined to be 99% on the basis of HPLC and NMR
a strong dependence of chemoselectivity on the presence ofinalysis of its derivative prepared by the condensation with
an a-methyl substituent. The esterase was found to have (R)-(+)-1-(1-naphthyl)ethylamin&.The e.e. of unreacted
opposite chemoselectivities for isomeric compoutdmnd ester was determined to be 99% by th@ satellite/Eu(hfc)
3; it was selective for the oxoester groupdrbut for the method!!
thiol ester group in3. A high enantioselectivity was also Next, we studied the hydrolysis 8f(entry 2 in Table 1)
observed for both of these substrates. However, a very poorunder the above reaction conditions. Again, a rapid reaction
chemo- as well as enantioselectivity was obtained in the casewas observed as indicated by the drop in pH. The reaction
of 5. Here, we report the results of these investigations.  was stopped when there was no further drop in pH. The
We started our investigations by studying the esterase-workup followed by flash chromatography (silica gel; 1:10
catalyzed hydrolysfd®of 1 (entry 1 in Table 1) iAphosphate  ethyl acetate/hexane) gave methyl 3-sulfanylbutyrd) (
buffer at pH 6.8 and 37C. A rapid reaction occurred as

(10) Compoundg, 2, 5—7, 9, and10 are known compounds?3 H NMR
(8) Preparation of esterase will be published elsewhere. for compound3 (300 MHz, CDC}): 6 1.36 (d, 3H,J = 7.5 Hz), 2.30 (s,
(9) Representative Experiment A suspension ol (0.440 g, 2.5 mM) 3H), 2.54 (dd, 1HJ = 7.5, 15.9 Hz), 2.68 (dd, 1H,= 6.0, 15.9 Hz), 3.69

in phosphate buffer (pH 7.00, 50 mL) was purged with a steam of nitrogen (s, 3H), 3.90 (m, 1H)!H NMR for compound4 (300 MHz, CDC}): &

for 5 min, esterase (150 IU) was added, and the contents were stirred1.40 (d, 3H,J = 6.8 Hz), 1.44 (d, 1HJ = 7.3 Hz), 2.54 (dd, 1HJ = 8.3,

vigorously; the pH of the solution was kept at 7.00 by continuos addition 15.9 Hz), 2.92 (dd, 1H) = 6.1, 15.9 Hz), 3.51 (m, 1H), 3.70 (s, 1HH

of 0.1 N aqueous NaOH. After 0.3 h, when there was no further drop in NMR for compound8 (300 MHz, CDC}): ¢ 2.37 (s, 3H), 2.64 and 3.12

pH, the reaction mixture after acidification to pH 2.00 with dilute HCl was (each t, each 3H] = 6.9 Hz), 3.68 (s, 3H).

extracted with ether (% 10 mL). The organic extracts were washed with (11) Strijtveen, B.; Kellogg, R. MJ. Org. Chem1986 51, 3664-3671,

brine, dried (sodium sulfate), and then evaporated to give a mixture of acid and references therein.

2 and the unchanged esterThe separation of acid and ester was effected (12) Thiol 4 was found to be very unstable and is rapidly converted into

by flash chromatography. disulfide. It must therefore be isolated with care.
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Table 2. Esterase-Catalyzed Hydrolysis of 2-Sulfanylpropanoates

Entry Substrate Conversion (%) Time (hr) Product Yield (%) ee(%)?
1. (RS)-5 30 0.7 S)-6+(5)-7 94b; 6/7 =4 6,10; 7, 32
ﬁOE‘ COOH
2. 100 2.0 )\ 99 Y
SH SH
(RS -1 (RS)-6
COOH
s 0 20 NO REACTION - -
' SCOCH,
(RS)-7
4. (R-5 100 3.0 (R -6+(R)-7 95;6/7 = 5.4 6,967, 98
5. (S)-5 100 2.4 (5)-6+(5)-7 95;6/7 = 2.4 6, 95;7, 97

aDetermined by comparison of optical rotatioAdased on recovered ester, which was enriched irRleaantiomer.

as the faster moving compound. Its enantiomeric excess waswvhen pure $)-5was used as the substrate (entry 5 in Table
determined to be 99% on the basis of t#e NMR method! 2) indicated that the thiol ester reacts faster than oxoester.
The slower moving compound was unreacted ester. Its(v) The hydrolysis follows the pathway shown in Scheme
enantiomeric excess was determined to be 100% on the basi4. 2-Acetylsulfanylpropanoic acid (7) produced initially by
of the 13C satellite/Eu(hfe) method!!

In light of the opposite chemoselectivity observed for _

isomeric substrated and 3, we thought it would be

. - . . Sch 1

interesting to study the hydrolysis &f(entry 3 in Table 1) cheme coon

in which a methyl group ist to both the thiol ester and the §O0%H panii SOOCH,

oxoester group. The reaction was stopped when there was SCOCH o > sH
3

no further drop in pH. The workup followed by flash

chromatography (silica gel; 1:3 ethyl acetate/hexane) gave path i

two compounds. The faster moving compound was identified

as 2-sulfanylpropanoic acids). Its optical rotation cor- cooH COOH
responded with theR enantiomer (7% ee). The slower )\
moving compound was identified as 2-acetylsulfanyl- )\soocm SH
propanoic acid¥). Its optical rotation corresponded with the
S enantiomer (21% ee).

A set of experiments was conducted to obtain sbme o ompetitive hydrolysis of oxoester (path i) remains intact
understanding of the chemo- and enantioselectivity of the 5,4 is not converted further into 2-sulfanylpropanoic acid

esterase-catalyzed hydrolysis for this substrate. The results(G)_ All the 2-sulfanylpropanoic acidéj produced in the

of these experiments are summarized in Table 2. The reaction therefore comes via path ii.

following conclusions may be drawn from_these results. (i) Finally, we studied the hydrolysis @ (entry 4 in Table
The esterase has a preference for antiomer for both 1), in which both the thiol ester and the oxoester lacked the

thiol ester and oxoester as is evident in the enantiomeric a-methyl substituent. As expected, the hydrolysis of this

excess of the products obtained, when the reaction was .
. . - .compound occurred at a relatively reduced rate. Both the
stopped at 30% conversion (entry 1 in Table 2). (ii) Racemic . .
ester groups were hydrolyzed to give 3-sulfanylpropanoic

ethyl 2-sulfanylpropanoatel{) gave racemi®, indicating . i .
a lack of any enantioselectivity for this substrate (entry 2 in acid (9) and 3-acetylsulfanylpropanoic aciDj.

Table 2). (iii) Racemic 2-acetylsulfanylpropanoic aci) (

was not hydrolyzed under the reaction conditions (entry 3
in Table 2). (iv) A product ratio of 1:5.4 obtained when pure
(R)-5was used as the substrate (entry 4 in Table 2) and 1:2.40L990544+
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