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Product Enantioselectivity of the Microsomal and Cytosolic Epoxide 
Hydrolase catalysed Hydrolysis of meso Epoxides 
Giuseppe Bellucci,* Isabella Capitani, Cinzia Chiappe, and Franco Marioni 
lstituto di Chimica Organica, Facolta di Farmacia, Universita di Pisa, Via Bonanno 33, 56100-Pisa, Italy 

1,Z-Epoxycycloalkanes from C5 to C8 and cis-stil bene oxide are respectively hydrolysed to the corresponding 
(-)-(R,R)-trans-diols and to (+)-(R,R)-1,2-diphenylethane-l ,Z-diol by both the microsomal and the cytosolic epoxide 
hydrolase of rabbit liver, the former enzyme being more active and giving higher enantiomeric excesses. 

Epoxide hydrolases are important enzymes involved in the 
metabolism of the often mutagenic and carcinogenic epoxides 
and arene oxides formed by oxidation of alkene and aromatic 
xenobiotic compounds by the cytochrome P-450 dependent 
mono-oxygenases .1-3 Microsomal and cytosolic forms of 
epoxide hydrolase (mEH and cEH) have been clearly 
differentiated,2>3 in particular with regard to their distinct 
substrate specificities.4 mEH has also been systematically 
investigated for its product and substrate enantioselectivity,s 
and found, with a few exceptions,6 to catalyse ring opening 
preferentially at (S) oxirane carbons. No information about 
the enantioselectivity of the cEH promoted hydrolyses has 
been available so far. We now report on a comparative 
investigation of the rates and the product enantioselectivity of 
the rabbit liver mEH and cEH promoted hydrolyses of meso 
epoxides, including 1,2-epoxycycloalkanes from Cs to Cs and 
cis-stilbene oxide. A report on 1,2-epoxycycloalkanes as 
substrates and inhibitors of mouse liver mEH and cEH, but 
with no mention of enantioselectivity, has appeared very 
recently.7 

All enzymatic reactions were carried out with microsomal 
and cytosolic preparations6b containing 15 mg proteidml at 
37°C and pH 7.4. None of the epoxides examined was 
significantly hydrolysed at the 0.1 M concentrations used when 
inactivated preparations were used, except the c6 epoxide 
(lb), for which the non-enzymatic hydrolysis was minimized 
by working at a 0.02 M concentration. Only the trans diols (2) 
were obtained from all epoxides (1), and diol(6) from epoxide 
(59, both in the microsomal and in the cytosolic incubations. 
The saturation velocities, determined by g.1.c. [for (2)] or 
h.p.1.c. [for (6)] quantitation of the diols obtained in reactions 
carried out with the same microsomal or cytosolic prepar- 
ation, are given in Table 1. All epoxycycloalkanes except Cs 
(la) were much better substrates for the rabbit than for the 
mouse liver mEH,7 being at least as good substrates as 

cis-stilbene oxide for the former enzyme. The Cs, c6, and C7 
epoxides (la-c) were also hydrolysed by the rabbit liver cEH, 
although at much lower Vs, whereas the C8 epoxide did not 
react appreciably. This is in contrast to the mouse liver cEH, 
which is reported to show no activity with the Cg, c6, and C7 
and a small activity with the C8 epoxide.7 10,ll-Dihydro- 
10,l l-epoxy-5H-dibenzo[a,d]cycloheptene, a poor substrate 
for mEH giving a 52% enantiomeric excess (e.e.) of the ( S , S )  
diol,6c was not hydrolysed by cEH. 

Diols (2) were isolated by column chromatography from 
larger scale incubations for times during which non-enzymatic 
hydrolysis was unimportant. The slowest cEH reactions of 
(la) and ( lc)  were carried out with repeated addition of fresh 
cytosolic preparation. All cycloalkane-trans-l,2-diols 
obtained were laevorotatory. Their enantiomeric ratios 

OMe ( 2 )  

a j n = l  
b ; n = 2  

( 3 )  R = PhC(CF3) I 

(4) R = p-MeOC6H4 

c ; n = 3  
d; n = 4  

Ph Ph OH 

Table 1. Formation rates, enantiomer ratios, and absolute configurations of diols in mEH and cEH catalysed hydrolysis of rneso epoxides. 

hmol min-l Enantiomer [a]#a 
mg-l protein ratio (MeOH) 

(la) 23.0 k 0.2 95 : 5 - 24" 
(lb) 14.5 k 1 88: 12b - 28" 
(1c) 31.5 k 0.5 70 : 30 - 6" 
( 1 4  1.1 k 0.1 85 : 15 - 10" 
(5) 17.0 t- 1 94 : 6d + 80°d 

mEH cEH 

VS 
Benzoate c.d. (MeCN) Abs. hmol  min-1 Enantiomer Abs. 

Unm (A E) config. mg-l protein ratio config. 

263 (-22.3),246(+8.6) R,R 0.45 k 0.1 80 : 20 R ,R 
263 (-29.9),246(+19.5) R,R 1.0 k 0.1 60 : 40 R,R 
263 (-16.2),246(+9.3) R ,R 0.65 k 0.1 65 : 35 R,R 
263 (-22.3),246(+14.2) R,R 

R ,R 1.0 * 0.1 85 : 15e  R ,R 
-C - - 

- 

a Diols ( l a - d )  were isolated by column chromatography and not recrystallized, in order to avoid enantiomeric enrichment; specific rotations 
therefore have only an indicative value. b A 70% optical purity, based on optical rotation measurements, was previously reported (G. Bellucci, 
G. Berti, G. Ingrosso, and E. Mastrorilli, J .  Org. Chern., 1980, 45, 299. C No hydrolysis was detected. d Data taken from ref. 6c. 

Optical purity (70%) determined on the basis of the reported maximum optical rotation [aID25 +92" (see: T. Watabe and K. Akamatsu, 
Biochim. Biophys. Acta, 1972,279, 297. 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
89

. D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ita

t P
ol

itè
cn

ic
a 

de
 V

al
èn

ci
a 

on
 2

6/
10

/2
01

4 
15

:3
4:

28
. 

View Article Online / Journal Homepage / Table of Contents for this issue

http://dx.doi.org/10.1039/c39890001170
http://pubs.rsc.org/en/journals/journal/C3
http://pubs.rsc.org/en/journals/journal/C3?issueid=C31989_0_16


J. CHEM. SOC. ,  CHEM. COMMUN., I989 

(Table 1) were determined by h.p.1.c. analysis of the 
diastereoisomeric bis(MTPA) esters (3a-d) obtained by 
reaction with (S) - (  +)-a-methoxy-a-(trifluoromethy1)phenyl- 
acetyl (MTPA) chloride.8 As expected for meso substrates, 
the e.e. did not change with the incubation times and diol 
yields. The absolute configurations of these diols were 
checked by the c.d. spectra of their bis(p-methoxybenzoates) 
(4a-d)  using the dibenzoate chirality rule.9 All compounds 
(4) exhibited large negative Cotton effects at 263 nm and 
positive ones at 246 nm, indicating gauche dibenzoate groups 
with a left-handed screw, and therefore (R,R) absolute 
configurations for all parent diols (-)-(2). 

The mEH reactions generally yielded fair to high e.e. of 
(R,R)  diols, thus providing potentially useful, simple prepar- 
ative routes to these chiral compounds. The cEH reactions led 
also to (R,R)  diols, although with lower e.e.,  particularly for 
the C6 substrate (lb). Thus, in spite of their very different 
activity towards 1,2-epoxycycloalkanes and cis-stilbene oxide , 
mEH and cEH exhibit in all examined cases a qualitatively 
similar product enantioselectivity , suggesting similar mechan- 
isms and similar, although less strict, steric requirements of 
their active sites. Comparative enantioselectivity studies of 
the mEH and cEH catalysed hydrolysis of other, chiral 
substrates are in progress, in order to clarify these points. 

We thank Dr. C. Rosini for c.d. measurements, and the 
Minister0 della Pubblica Istruzione and Consiglio Nazionale 
delle Richerche for financial support. 

Received, 31st January 1989; Com. 9100501 C 

1171 

References 
(a) F. Oesch, Xenobiotica, 1973,3,305; (b) F. Oesch, in ‘Mises au 
Point de Biochimie Pharmacologique,’ eds. G. Siest and C. 
Heusghem, Masson, Paris, 1977, p. 128. 
J. Seidegard and J. W. DePierre, Biochim. Biophys. Acta, 1983, 
695, 251. 
J. Meijer and J. W. DePierre, Chem.-Biol. Interactions, 1988, 64, 
207. 
(a) B. D. Hammock and L. S. Hasagawa, Biochem. Pharmac., 
1983, 32, 1155; (b) P. Wang, J. Meijer, and F. P. Guengerich, 
Biochemistry, 1982, 21, 5769. 
(a) D. R. Boyd and D. M. Jerina, in ‘The Chemistry of Heterocyclic 
Compounds. Small Ring Heterocycles,’ Part 3,  ch. 11, ed. A. 
Hassner, Wiley, New York, 1985, pp. 197-282; (b) R. B. 
Westkaemper and R. P. Hanzlik, Arch. Biochem. Biophys., 1981, 
208, 195; (c) T. Watabe, W. Ozawa, and K. Yoshikawa, Biochem. 
Pharmacol., 1981,30, 1695; (d) D. Witsuba and V. Shurig, Angew. 
Chem., Int. Ed. Engl., 1986,25, 1032; (e) G .  Bellucci, M. Ferretti, 
A. Lippi, and F. Marioni, J. Chem. SOC., Perkin Trans. 1, 1988, 
2715, and references cited therein. 
(a) R. N. Armstrong, B. Kedzierski, W. Levin, and D. M. Jerina, 
J. Biol. Chem., 1981, 256, 4726; (b) G. Bellucci, G.  Berti, C. 
Chiappe, A. Lippi, and F. Marioni, J. Med. Chem., 1987, 30, 768 
(c) G .  Bellucci, G. Berti, C. Chiappe, F. Fabri, and F. Marioni, 
J. Org. Chem., 1989, 54, 968. 
J. Magdalou and B. D .  Hammock, Biochem. Pharmacol., 1988,37, 
2717. 
J. A. Dale, D. L. Dull, and H. S.  Mosher, .I. Org. Chem., 1969,34, 
2543. 
N. Harada and K. Nakanishi, ‘Circular Dichroic Spectroscopy. 
Exciton Coupling in Organic Stereochemistry,’ Oxford University 
Press, London, 1983. 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
89

. D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ita

t P
ol

itè
cn

ic
a 

de
 V

al
èn

ci
a 

on
 2

6/
10

/2
01

4 
15

:3
4:

28
. 

View Article Online

http://dx.doi.org/10.1039/c39890001170



