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RADIOACTIVELY LABELLED EPOXIDES. PART I V . *  

TRITIUM LABELLED a- AND B-METHYL STYRENE O X I D E S  

Franz Oesch, A lan  J .  Sparrow, and K a r l  L .  P l a t t  
I n s t i t u t e  o f  Pharmacology, S e c t i o n  on B iochemica l  Pharmacology, 
U n i v e r s i t y  o f  Mainz,  0-6500 Mainz,  FRG. 

SUMMARY 

T r i t i u m  l a b e l l e d  a-methyl  s t y r e n e  o x i d e  (2-methyl-2-phenyloxirane) and 

__ c i s -  and --&methyl s t y r e n e  ox ides  ( Z -  a n d  E-2-methyl-3-phenyl  

o x i r a n e )  have been prepared u s i n g  t r i t i a t e d  wa te r  as t h e  i nexpens ive  

source  o f  t r i t i u m .  The two geomet r i ca l  isomers o f  B-methyl s t y r e n e  ox ide  

were syn thes i zed  by a sequence o f  r e a c t i o n s  which l e d  t o  s te reochemi -  

c a l l y  pu re  p roduc ts ,  and o b v i a t e d  any need t o  separa te  t h e  isomers.  
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INTRODUCTION 

Alkene and arene ox ides  can be e n z y m a t i c a l l y  t rans fo rmed  t o  d i h y d r o d i o l s  by 

epox ide  hyd ro lase  (1). Epoxide hyd ro lase  i s  l o c a l i z e d  i n  t h e  endoplasmic r e t i -  

culum where i t  seems t o  e x i s t  i n  m u l t i p l e  forms ( 2 - 4 )  as w e l l  as i n  t h e  c y t o -  

s o l i c  and m i tochondr ia1  f r a c t i o n  o f  t h e  c e l l  ( 5 - 7 ) .  Fo r  t h e  b iochemica l  charac-  

t e r i z a t i o n  o f  t h e  v a r i o u s  forms o f  epox ide  hyd ro lase  i t s  s p e c i f i c i t y  towards 

c h e m i c a l l y  c l o s e l y  r e l a t e d  s u b s t r a t e s ,  e.g. i s o m e r i c  a lkene ox ides ,  i s  of spe- 

c i a l  i n t e r e s t .  

We, t h e r e f o r e ,  syn thes i zed  t h e  t h r e e  i s o m e r i c  monomethyl s t y rene  ox ides  

r a d i o a c t i v e l y  l a b e l l e d  w i t h  t r i t i u m  i n  t h e  a l k y l  s i d e  cha in  u s i n g  t r i t i a t e d  

wa te r  as t h e  i nexpens ive  source  o f  t r i t i u m .  

* P a r t  111: Sparrow A.J., B i n d e l  U. and Oesch F. - J .  Labe l .  Comp. Radio- 
pharm. 17: 649 (1980).  
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RESULTS AND D I S C U S S I O N  

T r i t i a t e d  a-methyl  s t y r e n e  o x i d e  (1) was prepared i n  one s t e p  from aceto-  

phenone and m e t h y l t r i p h e n y l a r s o n i u m  i o d i d e  by  t h e  two-phase aqueous base-cata- 

l y z e d  f o r m a t i o n  o f  t h e  y l i d e  (2) and i t s  r e a c t i o n  w i t h  t h e  ke tone (Scheme I ) .  

SCHEME I 
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T h i s  procedure takes  advantage o f  t h e  l i q u i d - l i q u i d  phase- t rans fe r  p r o p e r t i e s  o f  

t h e  arsonium s a l t  f i r s t l y  t o  produce t h e  y l i d e  (Scheme I ,  a)  (8 )  and second ly  t o  

b r i n g  about  hydrogen exchange on t h e  me thy l  g roup of acetophenone (Scheme I ,  b )  

( 9 ) .  I n  a d d i t i o n ,  exchange o f  t h e  hydrogens on t h e  methylene group o f  t h e  

arsonium y l i d e  a l s o  occurs  (Scheme I ,  a ) ,  and t h e  a-methyl  s t y r e n e  ox ide  (1) 
produced i s  l a b e l l e d  b o t h  on t h e  o x i r a n e  r i n g  and on t h e  methy l  group. 

U t i l i z i n g  t h e  exchange o f  hydrogen atoms on a carbon atom i n  @ - p o s i t i o n  t o  

t h e  h e t e r o  atom i n  d i f f e r e n t  y l i d e  spec ies  (phosphorus, s u l f u r ,  a r s e n i c )  i n  

aqueous base, v a r i o u s  l a b e l l e d  o l e f i n s  o r  epoxides can be prepared by a one-step 

r e a c t i o n ,  e.g. t r a n s - s t i l b e n e  o x i d e  f r o m  b e n z y l t r i p h e n y i a r s o n i u m  bromide and 

benzaldehyde (10) .  

U n f o r t u n a t e l y ,  t h i s  u s e f u l  method o f  i n t r o d u c i n g  t r i t i u m  c o u l d  n o t  be a p p l i e d  

t o  t h e  s t e r e o s p e c i f i c  syn thes i s  o f  t h e  t r i t i a t e d  B-methyl s t y r e n e  ox ides .  The r e -  
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a c t i o n  between b e n z y l t r i p h e n y l a r s o n i u m  bromide and aceta ldehyde under c o n d i t i o n s  

s i m i l a r  t o  those used f o r  t h e  p r e p a r a t i o n  o f  1 y i e l d e d  a m i x t u r e  o f  cis- and 

t rans-0-methy l  s t y r e n e  o x i d e  (85  % )  t o g e t h e r  w i t h  cis- and m - b - m e t h y l  

s t y rene  ( 1 5  %).  Fo r  t h e  s y n t h e s i s  of t h e  two isomers of B-methyl s t y rene  o x i d e  

~ 

SCHEME II 

1 NaH 
2 N- tosylnidazole 

(4 and 5, Scheme 11) t h e  s t e r e o s p e c i f i c  h y d r o l y s i s  (11) o f  t h e  r e a c t i o n  p roduc t  

o f  methy lpheny l  ace ty lene  and l i t h i u m  aluminum h y d r i d e  w i t h  t r i t i a t e d  wa te r  was 

used, which y i e l d e d  [a- 3 H] - t rans -D-methy l s t y rene  (E-1-methyl-2-phenyl  [ Z -  3 H I -  

E p o x i d a t i o n  o f  6 w i t h  m-ch lo roperbenzo ic  a c i d  l e d  t o  [a- 3 HI - t rans-B-methy l  

e t h y l e n e )  6 (Scheme 11) as t h e  common p r e c u r s o r  o f  4 and 5. - 
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3 s tyrene oxide (E-3-methyl-2-phenyl [2- H] oxirane)  5. For t h e  synthes is  of the 

isomeric methyl s tyrene oxide 6 was cis-hydroxylated t o  1,2-di hydroxy-l-phenyl- 

propane 1 using osmium(VII1)-oxide in c a t a l y t i c  amount and  N-methylmorpholine 

N-oxide as  the  oxidant ( 1 2 ) .  F ina l ly ,  L was s t e r e o s p e c i f i c a l l y  cycl ized t o  

[c- H] -*-B-methyl s tyrene oxide (Z-3-methyl-2-phenyl [2- H] oxirane)  5 by 

treatment with excess sodium hydride and N-tosylimidazole in  dry dimethyl- 

forrnamide (13 ,14) .  The present  study demonstrates t h a t  t r i t i a t e d  water can be 

successful ly  used a s  the  r e l a t i v e l y  inexpensive source of t r i t i u m  f o r  the  

synthesis  of the  three  possible  C- and D-methyl s tyrene  oxides in  very good 

chemical y i e l d  a n d  radiochemical pur i ty .  The radiosynthesis  of the remaining 

three  dimethyl and the trimethyl s tyrene  oxides i s  under way in  our laboratory.  

3 3 

EXPERIMENTAL 

The 'H-NMR spec t ra  were recorded on a Varian EM 360 a t  60 MHz i n  carbon 

t e t r a c h l o r i d e  using tetramethyl s i l a n e  as  t h e  in te rna l  s tandard.  The radio- 

chemical pur i ty  of the  methyl s tyrene  oxides was determined by high-performance 

l.iquid chromatography with UV-detection using LiChrosorb RP18 ( 7  vm)  as  s t a -  

t;onary a n d  ace toni t r i le -water  (80/20 v / v )  as  mobile phase a t  a flow r a t e  of 0.8 

mijmin; the t o t a l  e l u a t e  was co l lec ted  in  240 p1 f r a c t i o n s ,  which were mixed 

on 

0 -  

ed 

w i t h  Unisolve I (Z insser ,  Frankfurt,FRG), a n d  counted i n  a l i q u i d  s c i n t i l l a t  

counter. The radiochemical pur i ty  i s  given a s  t h e  percentage of t o t a l  r a d  

a c t i v i t y  t h a t  i s  e lu ted  within the  same e l u t i o n  volume a s  the  pure unlabel 

compound. 
[2- 3 Hlmethyl-2-phenyl r3- 3 Hloxirane 1 

580 mg (1.28 niniol)  methyl triphenylarsonium iodide (15)  arid 130 p1 ( 1 . 0 4  rnmol) 

acetophenone i n  6 ml dichloromethane a r e  vigorously s t i r r e d  w i t h  400 rng sodium 

hydroxide in 400 v l  water containing 100 mCi (3.7 G B q )  [ HI-water (spec.  a c t .  90 3 

mCi/rnrnol (3 .3  GEq/mmol)). Progress of t h e  reac t ion  can be followed b y  ' H - N M R  

spectroscopy on the  supernatant  organic phase. The react ion ceases a f t e r  10-14 

days with about 20 % of the  acetophenone s t i l l  present .  The aqueous phase i s  

extracted twice with dichloromethane ( 2  x 4 ml) ,  the  combined organic phase i s  

wdshed twice with water, dr ied (MgS04) arid the  solvent  d i s t i l l e d  o f f .  The 



RadioactiveZy Labelled Eporcides 1341 

unreacted acetophenone i s  transformed t o  L by treatment with trimethylsulfonium 

iodide (16)  in dimethyl sulfoxide in the presence of sodium hydride. D i s t i l l a -  

t i o n  of the  crude product y i e l d s  1 (118 mg, 85 %) as a co lor less  o 1 ,  b . p .  86 

"C/18 torr ;  'H-NMR: 6 1.63 (s,3,niethyl-H), 2.53 ( d , l , O - H ) ,  2 .77  ( d , l  O - H ) ,  7 .17 

( s , 5 ,  arom.-H); radiochemical pur i ty :  98 %; spec. a c t .  5.44 mCi/ mmol 0.20 G B q / -  

rnmol ) .  

E-2-Methyl-1-phenyl [l- Hlethylene 6 
1 . 2  ml (10 mrnol) methyl phenyl acetylene ( 1 7 )  a n d  800 mg ( 2 1  rnmol) l i thium 

aluminum hydride a r e  heated in 40 ml dry te t rahydrofuran a t  70 "C f o r  16 h .  A 2 

ml-sample i s  taken and added dropwise t o  100 ~1 water in  1 ml te t rahydrofuran.  

The r e s u l t i n g  mixture i s  d i lu ted  with 10 % aqueous potassium hydrogen s u l f a t e  

a n d  extracted with petroleum e t h e r .  The organic  phase i s  washed with water, 

dr ied (MgS04) and evaporated t o  dryness. The remaining o i l  i s  checked by H-NMR 

spectroscopy f o r  completion of the  reac t ion .  I f  s t a r t i n g  material i s  s t i l l  

p resent ,  f u r t h e r  l i thium aluminum hydride i s  added and heat ing resumed. When a l l  

the  acetylene has been reduced a f r a c t i o n  of t h e  so lu t ion  i s  taken corresponding 

t o  2 mmol trans-0-methyl s tyrene and added dropwise t o  an ice-  cold so lu t ion  o f  

400 v1 water containing 100 mCi (3.7 G B q )  [ HI-water (spec.  a c t .  90 mCi/ mmol 

(3 .3  GBq/mmol)) in  10 ml te t rahydrofuran.  The r e s u l t i n g  mixture i s  t rea ted  i n  

the  same way a s  were the  samples which were taken during the  reac t ion .  After  

3 

1 

3 

removal of the  solvent  6 (217 mg, 92 %) i s  obtained as a yellowish o i l ;  ' H - N M R :  

6 1.87 (d,3,methyl-H), 5.70-6.53 (m,2,u-  and 8-H), 7 .17  (br.s,5,arom.-H); spec. 

a c t .  0.81 mCi/mmol (30.0 MBq/mmol). 

E-3-Methyl-2-phenyl [2- Hloxirane 5 3 
~~ ~ 

160 11 (1.29 mmol) of 5 i s  added t o  an ice-cold so lu t ion  of 223 mg (1.29 mmol) 

- rn-chloroperbenzoic acid in 10 nil dichloromethane. The mixture i s  then s t i r r e d  

allowing t o  warm t o  room-temperature overnight ,  then f i l t e r e d  i n t o  2 % aqueous 

sodium hydroxide. After  separat ion the  organic phase i s  washed twice with water ,  

dr ied (MgS04) and d i s t i l l e d .  5 (154 mg, 89 % )  i s  obtained as  a c o l o r l e s s  o i l ,  

b . p .  97 "C/23 t o r r ;  ' H - N M R :  6 1.38 (d,3,methyl-H), 2.65-2.98 (m,l,O-H), 3.38 

(d, l ,a-H),  7.18 (s,S,arom.-H); radiochemical pur i ty :  97 %; spec. a c t .  0.76 mCi/- 

mmol (28.1 MBq/mmol ) . 
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3 1 ,2-Di hydroxy-1-phenyl  [l- Hlpropane L 
To a s o l u t i o n  o f  160 mg (1.37 mmol) N-methylmorpholine-N-oxide ( 1 2 )  i n  1.2 m l  o f  

50 v01.-% aqueous acetone i s  added 1.2 mg (0.005 mmol) osrn ium(VI I1 ) -ox ide  i n  120 

p1 =.-butan01 and 160 u l  (1.29 mmol) 6 under  n i t r o g e n  a t  0 " C .  The r e s u l t i n g  

m i x t u r e  i s  s t i r r e d  a t  room-temperature f o r  16 h by wh ich  t i m e  i t  i s  homogeneous. 

Then 160 mg magnesol and 16 mg sodium d i t h i o n i t e  i n  1 m l  wa te r  a r e  added. A f t e r  

s t i r r i n g  f o r  2 h, t h e  suspensior: i s  f i l t e r e d  and t h e  r e s i d u e  washed w i t h  methanol 

and e t h e r .  Then t h e  f i l t r a t e  i s  evapora ted  t o  dryness l e a v i n g  an o i l  which i s  

d i s t r i b u t e d  between e t h e r  and 0.1 N HC1 s a t u r a t e d  w i t h  sodium c h l o r i d e .  The 

aqueous phase i s  e x t r a c t e d  t w i c e  w i t h  e t h e r ,  t h e  combined o rgan ic  phase d r i e d  

(MgS04) and evapora ted  t o  an o i l .  The o i l  i s  chromatographed on s i l i c a  ge l  ( 7 5  x 

1 cm), e l u t i n g  w i t h  dichloromethane-methanol (19  : 1 ) .  The f r a c t i o n s  c o n t a i n i n g  

- 7 a r e  combined, f r e e d  f r o m  methanol by  coevapora t i on  w i t h  benzene a n d  used 

d i r e c t l y  f o r  t h e  t r a n s f o r m a t i o n  t o  5. 
Z-3-Methyl-2-phenyl  12- H l o x i r a n e  5 3 

120 mg ( 4  mmol) 80 % sodium h y d r i d e  i n  m i n e r a l  o i l  i s  washed t w i c e  w i t h  pentane, 

then suspended i n  10 m l  d r y  d imethy l fo rmamide under  n i t r o g e n .  The t o t a l  y i e l d  o f  

- 7 i s  added and t h e  m i x t u r e  i s  s t i r r e d  f o r  1 h. Then 260 mg (1.17 mmol) N - t o s y l -  

im idazo le  (13 )  i s  added and t h e  m i x t u r e  i s  s t i r r e d  o v e r n i g h t .  The suspension i s  

d i l u t e d  w i t h  e t h e r  and t r e a t e d  c a u t i o u s l y  w i t h  wa te r  t o  d e s t r o y  un reac ted  sodium 

hyd r ide .  The aqueous phase i s  e x t r a c t e d  w i t h  e t h e r ,  t hen  t h e  combined o r g a n i c  

phase i s  washed f o u r  t imes  w i t h  water ,  d r i e d  (MgS04) and d i s t i l l e d  y i e l d i n g  5 
(107 mg, 62 % f rom 5)  as a c o l o r l e s s  o i l ,  b.p. 89 " C / 2 1  t o r r ;  'H-NMR: 6 1.01 

(d,3,methyl-H), 2.95-3.34 (m,l,O-H), 3.86 (d, l ,a-H),  7.20 (s,5,arom.-H); r a d i o -  

chemical  p u r i t y :  98 %; spec. a c t .  0.80 mCi/mmol (29.6 MBq/mmol). 
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