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RADIOACTIVELY LABELLED EPOXIDES. PART VI.* 

TRITIUM-LABELLED MONO- AND DIMETHYL SUBSTITUTED 
PHENYL OXIRANES (STYRENE OXIDES) 

0 Frans Setiabudi, Franz Oesch, and Kar l  L. P l a t t  
I n s t i t u t e  o f  Toxicology, U n i v e r s i t y  o f  Mainz, Obere Zahlbacher 
StraSe 67, D-6500 Mainz, FRG 

SUMMARY 

Tr i t ium- labe l led  (E)- and (1)-2,3-dimethyl-Z-phenyl oxi rane Q, (E)- and 
(Z)-Z-methyl-3-phenyl o x i  rane I and 2.2-dimethyl -3-phenyl o x i  Pane 11 have 
been prepared by reduct ion o f  t h e  corresponding bromoketones w i t h  sodium 
b o r o t r i t i d e  t o  the  corresponding bromohydrins fo l lowed by c y c l i z a t i o n  t o  
the oxiranes. These oxiranes were successfu l ly  used as d iagnost ic  sub- 
s t r a t e s  t o  d i s t i n g u i s h  between d i f f e r e n t  forms o f  epoxide hydrolase and 
g lu ta th ione t ransferase.  
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INTRODUCTION 

Epoxides can be formed i n  v i v o  by the  metabolic conversion o f  o l e f i n i c  o r  

aromatic precursors by mammalian monooxygenases (1-3). Due t o  t h e i r  e lec t roph i -  

l i c  r e a c t i v i t y ,  epoxides can e x e r t  cy to tox ic ,  mutagenic and/or carcinogenic 

e f f e c t s  and thus be de le te r ious  t o  l i v i n g  organisms. Therefore, enzymes t h a t  

convert the  e l e c t r o p h i l i c  epoxides t o  less  reac t ive  compounds are o f  i n t e r e s t .  

Epoxides are hydrolyzed by epoxide hydrolases t o  v i c i n a l  d ihydrod io ls  (3,4) o r  

metabolized t o  g lu ta th ione conjugates as catalyzed by g lu ta th ione t ransferase 
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(5,6). These enzymes e x i s t  i n  d i f f e r e n t  organs and i n  m u l t i p l e  forms. I n  order  

t o  d i s t i n g u i s h  between d i f f e r e n t  forms o f  epoxide hydrolase and g lu ta th ione 

transferase, epoxides t h a t  a re  s e l e c t i v e l y  converted by these isozymes are 

needed as d iagnost ic  substrates. 

Phenyl oxirane (s tyrene ox ide)  i s  converted r a t h e r  u n s p e c i f i c a l l y  by various 

epoxide hydrolases (7)  and g lu ta th ione t ransferases (8). A small s t e r i c  a l t e r a -  

t i o n  o f  phenyl ox i rane by i n t r o d u c t i o n  o f  methyl groups i n  the  2- and/or 3-posi- 

t i o n  o f  the ox i rane r i n g  changed the  conversion by microsomal epoxide hydrolase 

d r a s t i c a l l y  (9)  and thus should prov ide the  des i red subst rate s p e c i f i c i t y  f o r  

d i f f e r e n t  isozymes o f  epoxide hydrolase and o f  g lu ta th ione transferase. We, 

therefore, prepared f i v e  t r i t i u m - l a b e l l e d  mono- and dimethyl subs t i tu ted  phenyl 

o x i  ranes. 

RESULTS AND DISCUSSION 

I n  an e a r l i e r  r e p o r t  ( l o ) ,  we described t h e  synthesis o f  t r i t i u m - l a b e l l e d  

( I ) -  and (E)-2-methyl-3-phenyl oxiranes us ing t r i t i a t e d  water as the  source o f  

t r i t i u m .  It requi red a h igh  amount o f  r a d i o a c t i v i t y  (3.7 GBq) o f  t r i t i a t e d  water 

y e t  resu l ted  i n  on ly  low s p e c i f i c  r a d i o a c t i v i t y  (30 M B q / m l ) .  

I n  view o f  these disadvantages we have developed a v e r s a t i l e  and convenient 

syn the t ic  pathway prepar ing f i v e  t r i t i u m - l a b e l l e d  methyl subs t i tu ted  s tyrene 

oxides ( c f .  Scheme I ,  11, 111). 

In t roduc t ion  o f  t r i t i u m  w i t h  sodium b o r o t r i t i d e  appeared t o  be the method o f  

choice considering i t s  p r i c e  and i t s  convenience o f  handling. 

Bromoketones genera l ly  reac t  r e a d i l y  w i t h  sodium borohydride t o  y i e l d  bromo- 

hydrins which are i n  t u r n  e a s i l y  converted t o  the  ox i rane on treatment with 

base. There are a number o f  methods t o  prepare bromoketones. The photo-ca ta ly t i c  

bromination (11) o f  2.3-dimethyl-2-phenyl ox i rane 2 nevertheless d i d  not  y i e l d  

the  des i red product; however, the  treatment o f  2 (Scheme I )  w i t h  bromodimethyl- 

su l  foniumbromide (12) gave 2-bromo-2-phenyl -butan-3-one 2, the  key compound f o r  

t h e  synthesis o f  (L)-2,3-dimethyl-Z-phenyl oxi rane and (L)-2,3-dimethyl-2- 

phenyloxirane a. Reduction o f  the  bromoketone 3 w i t h  sodium b o r o t r i t i d e  
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SCHEME l a  

"( 
5 

a(,) m-CPBA , (b) bromodimethylsulfoniumbromide . (c) , 

(d) NaOH 

fo l lowed by treatment w i t h  base furn ished a mix tu re  o f  ( I ) -  and (!)-2,3-dime- 

thyl-2-phenyl [3-3Hloxiranes and 4JEJ i n  61 X o v e r a l l  y i e l d  and these could 

be separated by HPLC. The r a t i o  o f  the  diastereomers 4(Z)/4(E) was 55/45. 

For t h e  preparat ion o f  2. 2-phenyl-2-butene 1 (13) was epoxidized wi th 

3-chloroperoxybenzoic a c i d  (mCPBA) (14) y i e l d i n g  the  isomeric mix tu re  o f  (2)- 
and (k)-2 ,3-dimethyl-2-phenyl ox i rane a and 2JJ, the  precursor  o f  the  

bromoketone 3. The epoxidat ion o f  (2)-2-phenyl-Z-butene I(El (13) w l t h  m-CPBA 

(14)  gave s p e c i f i c a l l y  (Z)-2.3-dimethyl-Z-phenyl oxi rane a which was con- 

firmed by H-NMR. ZJZJ was requi red f o r  assigning the  s t r u c t u r e  o f  the t r i t i u m -  

l a b e l l e d  isomers 4JJ and * by HPLC. 

1 

There are two d i f f e r e n t  pathways f o r  the preparat ion o f  t r i t i u m - l a b e l l e d  ( I ) -  
and (E)-Z-methyl-3-phenyl oxiranes 5 o r  (Scheme 11), ( i ) ;  reduct ion o f  comner- 

c i a l l y  a v a i l a b l e  a-bromopropiophenone 3 w i t h  sodium b o r o t r i t i d e  t o  t h e  bromo- 

hydr in  and treatment o f  t h i s  with base af forded a mixture o f  (z)- and (E)-Z-me- 
thyl-3-phenyl 13-3Hloxiranes f3JZJ and i n  65 X o v e r a l l  y i e l d  w i t h  the  

isomers 6(Z) /6 (E)  i n  a r a t i o  of 90/10 and ( i i ) ;  s t a r t i n g  w i t h  the  bromoketone 



1212 

SCHEME 11" 

F. Setiabudi, F. Oesch and K. L. Plat  

NaBh, .(b) NaOH 

- 8 (15) 
isomeric mixture of ( I ) -  and (L)-Z-methyl-3-phenyl 12- Hloxiranes and 

in 93 % overall yield with the diastereomers 7 ( Z ) / 7 ( E )  in a ratio of 60/40. Both 

diastereomers of 1 were separated by HPLC. Epoxidation of the commercially 

available ( I ) -  or (E)-1-phenyl-1-propene with mCPBA (14) yielded the correspond- 

ing unlabelled ( 2 ) -  or (E)-2-methyl-3-phenyl oxiranes which were required for 

assigning the structure of the tritium-labelled isomers isolated from the 

mixture of 

and proceeding in essentially the same way as in (i), resulted in an 
3 

and 1. by comparing their chromatographic properties on HPLC. 
Reduction o f  a-brcmoisobutyrophenone lo with sodium borotritide followed by 

SCHEME IIIa 

NaB 3 H ~ ,  (b) NaOH 
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treatment o f  the  bromohydrin w i t h  base gave the t r i t i u m - l a b e l l e d  2,t-dimethyl- 

3-phenyl C3- Hlox i rane 11 i n  81 % o v e r a l l  y i e l d  (Scheme 111). 3 

These f i v e  phenyl ox i rane der iva t ives  indeed showed d i s t i n c t  s p e c i f i c i t y  t o -  

ward d i f f e r e n t  epoxide hydrolases and g lu ta th ione transferases. They were suc- 

c e s s f u l l y  used ( i )  t o  d i s t i n g u i s h  r a t  l i v e r  c y t o s o l i c  form from the microsomal 

epoxide hydrolase (16) and (ii) as d iagnos t ic  substrates t o  d i f f e r e n t i a t e  g lu ta -  

th ione t ransferases o f  the  8- and C-group (17). 

EXPERIMENTAL 

3-Chloroperoxybenzoic a c i d  (85 %)  (mCPBA) , a-bromopropiophenone, a-bromo- 

isobutyrophenone and un labe l led  sodium borohydride were suppl ied by A l d r i c h  

(Steinheim, FRG), poly-(4-vinylpyridine-hydrobromide-perbromide) r e s i n  by Fluka 

(Neu-Ulm, FRG). 
3 Sodium boro[ Hlhydr ide was obtained i n  screw-cap b o t t l e s  by New England 

Nuclear (Dreieich, FRG). The sh ipp ing conta iner  was used f o r  performing t h e  

react ion.  

Neutral alumina ( type 90, a c t i v i t y  11-111) f o r  column chromatography was from 

Merck (Oarmstadt, FRG). 

Separation o f  the diastereomeric mix tu re  5 and L as w e l l  as determinations o f  

the chemical and radiochemical p u r i t y  o f  and m, L(I1 and and .lJ 

were c a r r i e d  ou t  on a Spectra Physics SP 87001 8750 LC system, an LKB 2140 diode 

array de tec t ion  u n i t  and a s i l i c a  ge l  column (Macherey 8 Nagel, Po lygos i l  60, 

5 um, 8 x 250 mn o r  4 x 250 mm). The f low r a t e  f o r  the  preparat ive separation 

was 3.2 mL/min and f o r  the  a n a l y t i c a l  purpose 0.8 mL/min. 

For determination o f  radiochemical p u r i t i e s  the t o t a l  e lua te  o f  one chroma- 

tographic run was c o l l e c t e d  i n  0.5 mL f rac t ions ,  and these were mixed w i t h  

Lumagel SB (LKB, Grafe l f ing ,  FRG) and counted i n  a l i q u i d  s c i n t i l l a t i o n  counter. 

The radiochemical p u r i t y  i s  given as the  percentage o f  t o t a l  r a d i o a c t i v i t y  t h a t  

i s  e lu ted  w i t h i n  the same e l u t i o n  volume as the pure un labe l led  compound. 

H-NMR spectra were recorded i n  CC14 on a Varian EM60 spectrometer a t  60 MHz 1 

using te t ramethy ls i lane as i n t e r n a l  standard. 
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General method f o r  the preparation o f  tr i t ium labelled methyl substituted 

phenyl oxiranes: 

To a solution of the corresponding bromoketone ( i  .e. : 2-bromo-2-phenyl-butan- 

3-one 3, a-bromopropiophenone 5, a-bromo-a-phenylacetone 8, a-bromoi sobutyro- 

phenone lo) i n  2 mL absolute ethanol was added 0.5 mg sodium borohydride a t  

0 "C. After s t i r r i n g  fo r  8 min, the en t i r e  reaction mixture was transferred t o  a 

bottle containing sodium borohydride and sodium borotri t ide in required amounts. 

The mixture was s t i r r ed  f o r  30 min a t  0 " C ,  then 2 h a t  room temperature. 

The resulting reaction mixture containing the bromohydrin was treated w i t h  

0.5 mL 1 N aqueous sodium hydroxide f o r  20 min  a t  room temperature and a fur ther  

20 min  a t  50 "C,  diluted w i t h  10 mL water and extracted three times each w i t h  

10 mL n-hexane. The organic phase was washed w i t h  brine and dried over anhydrous 

magnesium sulfate.  After evaporation of the solvent under reduced pressure the 

crude product was purified by column chromatography on neutral alumina eluting 

w i t h  n-hexane/ triethylamine (99.5:0.5, v / v ) .  The ( I )  and (E) diastereomers were 

separated by HPLC on s i l i c a  gel; the de t a i l s  of the individual cases are des- 

cri bed below. 

2,3-Dimethyl-Z-phenyl oxirane, 2: 
To a stirred solution of 5.0 g (37.8 mnol) of 1-phenyl-1-butene 1. (13) i n  

125 mL dichloromethane and 400 mL sodium phosphate buffer of pH 8 was added 

6.5 g (32 m l )  m-CPBA (85 %) i n  small portions over a 20 min-period a t  0 O C .  

After s t i r r ing  f o r  5 h a t  room temperature, 6.5 g (32 ml) m-CPBA (85 %) was 

added i n  small portions a t  0 "C over a second 20 min-period. The mixture was 

s t i r r ed  a t  room temperature fo r  1.5 h and the organic layer was then separated, 

washed w i t h  saturated sodium thiosulfate then water and then dr ied  over anhy- 

drous magnesium sulfate.  2 was obtained a f t e r  evaporation of the solvent a t  

reduced pressure as a colourless o i l  (5.5 g, 98 %). The diastereomer was 

prepared i n  89 % yield by the above method, s ta r t ing  w i t h  (I)-1-phenyl-1-butene 

- 1 (13). Purification by column chromatography on neutral alumina eluting with 

n-hexane/triethylamine (99.5:0.5, v / v )  gave ZJZJ as a colourless o i l  : 'H-NMR 

6 0.85 (d, 3, 3-CH3, J = 6 H Z ) ,  1.50 (S, 3 ,  2-CH3) ,  3.00 ( 4 ,  1, 3-H, J 6 H z ) ,  

7.10-7.25 (m, 5, arom. H ) .  
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2-Bromo-2-phenyl butan-3-one, 2: 
To a s t i r r e d  s o l u t i o n  o f  16.8 g (75.7 m l )  bromodimethylsulfoniumbromide 

(12) i n  150 mL o f  d ry  dichloromethane a t  0 O C  was added 11.5 g (77.6 ml) 2 i n  

75 mL dry  dichloromethane. The reac t ion  mix tu re  was s t i r r e d  a t  room temperature 

f o r  2 h and then cooled t o  0 O C .  A s o l u t i o n  o f  10.7 mL dry  t r ie thy lamine i n  

37 mL dry dichloromethane was then added t o  t h e  reac t ion  mixture, the  i c e  bath 

was removed and s t i r r i n g  continued f o r  20 min. The reac t ion  mix tu re  was d i l u t e d  

with 150 mL water, the  organic l a y e r  was separated and the  aqueous l a y e r  was 

ext racted w i t h  dichloromethane (2 x 100 mL). The organic phase were combined and 

washed w i t h  water (2 x 200 mL) fo l lowed by 50 m l  b r i n e  and d r i e d  over anhydrous 

magnesium su l fa te .  A f t e r  removal o f  the  so lvent  the  crude product was p u r i f i e d  

by d i s t i l l a t i o n ,  y i e l d i n g  11.0 g (62 X )  o f  a l i g h t  ye l low o i l ,  b.p. o f  80-83 "C/ 

0.025 Torr. Column chromatography on neut ra l  alumina e l u t i n g  w i t h  n-hexane/di- 

chloromethane (5:1, v /v)  furn ished a pure sample o f  3: 'H-NMR 6 2.05 (s, 3, 

CH3), 2.20 (s, 3, CH3), 7.2-7.5 (m, 5, arom. H). 

3 

3 
(I)-2,3-dimethyl-2-phenyl [3- Hloxirane, a: 
(E)-2,3-dimethyl-2-phenyl C3- Hjoxirane, w: 

These were prepared as an isomeric mix ture i n  61 % y i e l d  (63.8 mg) by the  

above general method, s t a r t i n g  w i t h  160 mg (0.71 mnol) 2-bromo-2-phenylbutan-3- 

one 1, 2.64 mg (0.07 mnol) sodium b o r o t r i t i d e  ( s p e c i f i c  a c t i v i t y  13.32 GBq/mnol) 

and 17.4 mg (0.46 mmol) sodium borohydride. Separation o f  the diastereomers by 

HPLC e l u t i n g  w i t h  n-hexane/diethylether (99.5:0.5, v/v) showed the crude product 

as a 55/45 mix tu re  o f  and fi. The f i r s t  diastereomer t o  be e lu ted  from 

the  column was whose s t r u c t u r e  was assigned by co-chromatography w i t h  the 

authent ic  compound prepared by epoxidat ion o f  (Z)-Z-phenyl-Z-butene 1 (13) w i t h  

ni-CPBA (14). and are co lour less l i q u i d s  w i t h  s p e c i f i c  a c t i v i t i e s  o f  

133 MBq/miol and proved t o  be i d e n t i c a l  w i t h  the authent ic  un labe l led  compound 2 
as judged by HPLC and UV-spectroscopy. Radiochemical p u r i t y  o f  was 99 % and 

o f  97 %. 
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(L)-Z-Methyl-3-phenyl C2- Hloxirane, 7JZJ: 3 
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(EI-Z-Methyl-3-phenyl [2-3Hloxirane, 7JEJ.: 

These were prepared as an isomeric mix tu re  i n  93 % y i e l d  (100 mg) by the 

above general method, s t a r t i n g  w i t h  170 mg (0.8 mnol) a-bromo-a-phenylacetone fi 
obtained from the bromination o f  phenylacetone w i t h  poly-(4-vinylpyridine-hydro- 

bromide-perbromide) r e s i n  (15), 1.7 mg (0.045 m l )  sodium b o r o t r i t i d e  ( s p e c i f i c  

a c t i v i t y  18.5 GBq/ mnol) and 14 mg (0.37 mnol) sodium borohydride. Separation o f  

both diastereomers by HPLC e l u t i n g  w i t h  n-hexane/dichloromethane (85:15, v /v)  

showed the  crude product be ing a 60/40 mix tu re  o f  7JZJ and m. The f i r s t  

diastereomer t o  be e l u t e d  from the column was 7JZJ whose s t r u c t u r e  was assigned 

by co-chromatography w i t h  the  authent ic  compound prepared by epoxidation o f  the 

comnercial ly a v a i l a b l e  (2)-1-phenyl-1-propene with m-CPBA (14). 7JZJ and m 
are co lour less l i q u i d s  w i t h  s p e c i f i c  a c t i v i t i e s  o f  148 MBq/mnol and proved t o  be 

i d e n t i c a l  w i t h  the  authent ic  un label led compound (14) as judged by HPLC and 

UV-spectroscopy. Radiochemical p u r i t y  o f  7JZJ was 99 % and o f  97 %. 'H-NMR 

of un label led (L)-Z-methy1-3-phenyl oxirane: 6 1.00 (d, 3, 2-CH3, J = 8 Hz), 

3.15 (m, 1. 2-H), 3.90 (d, 1, 3-H, J = 4 Hz), 7.15-7.35 (m, 5, arom. H) and o f  

(E)-Z-methyl-3-phenyl oxirane: 6 1.35 (d, 3, 2-CH3, J = 5 Hz), 2.85 (m, 1, 2-H), 

3.40 (d, 1, 3-H, J = 1.8 Hz), 7.10-7.25 (m, 5, arom. H). 

3 2,2-Oimethyl-3-phenyl C3- Hlox i rane 11: 

This was prepared i n  81 % y i e l d  (52 mg) by the  above general method, s t a r t i n g  

w i t h  99 mg (0.436 mnol) a-bromoisobutyrophenone lo, 3.12 mg (0.082 mnol) sodium 

b o r o t r i t i d e  ( s p e c i f i c  a c t i v i t y  11.25 GBq/mnol) and 6.1 mg (0.16 mnol) sodium 

borohydride. P u r i f i c a t i o n  by column chromatography gave a co lour less l i q u i d  w i t h  

s p e c i f i c  a c t i v i t y  o f  2.04 GBq/mnol and proved t o  be i d e n t i c a l  w i t h  the authent ic  

un labe l led  compound as judged by HPLC e l u t i n g  w i t h  n-hexaneldiethylether (99.5: 

0.5, v/v) and UV-spectroscopy. Radiochemical p u r i t y  o f  2 was 99 %. 'H-NMR o f  

the unlabel led 2,2-dimethyl-3-phenyl oxirane: 6 1.00 (s, 3, 2-CH3), 1.40 (s, 3, 

2-CH3), 3.73 (s, 1, 3-H), 7.2-7.3 (m, 5, arom. H). 
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