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S 1fM M A  R Y 

Benzene o x i d e  -[I!-l'C1 was p repa red  from benzene - E l l - 1 4 C 3  
by m o d i f i c a t i o n s  o f  methods d e s c r i b e d  f o r  t h e  i n a c t i v e  
c om p o u n  d.. 

Benzene oxide-C3,6-'HI was p repa red  by decompos i t ion  o f  
3.6- b i  s- tr ime thy1 s i  l y l  - 1,4-cyc l  ohexad i e n e  w i t h  t r  i t  i a  t e d  
w a t e r ,  h r o w i n a t i o n  of t h e  1,4-cy~lohexadiene-C?,6-~Hl so 
o b t a i n e d ,  e p o x i d a t i o n  and dehydrohromina t ion .  

pa red  a t  a much lower c o s t  and h i g h e r  s p e c i f i c  a c t i v i t y  
than  benzene  ox i  cle- [11-14C 1. 

3 W i t h  t h e  l a t t e r  method benzene  ox ide - [3 ,6 -  H I  can  be pre-  
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INTRODllCTION 

The microsomal enzyme epox ide  h y d r a t a s e  i s  r e s p o n s i b l e  f o r  t h e  

h y d r a t i o n  of  e p o x i d e s  produced f r o v  a r o K a t i c  and o l e f i n i c  compounds 

by t h e  monooxygenases ( 1 . 2 ) .  Such e p o x i d e s  a r e  t h o u g h t  t o  be t h e  

r e a c t i v e  metabol i t e s  of po lycyc l  i c  hydroca rbons  ( 2 ) .  

Sorre e v i d e n c e  s u g g e s t e d  t h a t  microsomal merbranes  c o n t a i n  a t  

l e a s t  two e p o x i d e  h y d r a t a s e s ,  one w i t h  a very  hroad s u b s t r a t e  spe -  

c i f i c i t y  a n d  one wore s p e c i f i c  f o r  benzene  o x i d e  ( 3 ) .  

C l a r i f i c a t i o n  of  t h i s  p o i n t  require? a s e n s i t i v e  and r a p i d  e n -  

zyme a s s a y .  

The development  o f  a r a d i o m e t r i c  a s s a y  i n  our l a h o r a t o r y  u s i n g  

r a d i o l a b e l l e d  benzepe o x i d e  as  s u b s t r a t e  f u l l  f i l l e d  t h e s e  r e -  

q u i r e s e v t s  ( 4 ) .  
0 1977 by John WiZey & Sons, Ltd.  
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Rr 2 

The r o u t e s  used f o r  t h e  s y n t h e s i s  o f  [ ldCl a r d  [?HI  l a h e l l e d  

bevzene o x i d e  ( 5 )  a r e  shown i n  Scheme 1. 

0 NH3 N a n M e o H  ( l i q . )  -0 

3 - 

+ Me3SiOSiMe3 0 

S i f 4  e, SiMe, 

Scheme 1 
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RESULTS A N D  DISC!lSSION 

4 7 3  

Benzene ~ x i d e - [ t l - ~ ~ C ]  2 was p r e p a r e d  a c c o r d i n g  t o  t h e  ne thod  

f i r s t  d e s c r i b e d  by VOGEL e t  a l .  ( 6 )  s t a r t i n g  w i t h  b e n ~ e n e - C U - ~ ~ C I .  

which was r educed  acco rd ing  t o  RIRCH (7) t o  1 .4 -cyc lohexad iene -  

[u-14c3 2. 
U s i n g  p a r t i c u l a r  e x p e r i m e n t a l  c o n d i t i o n s  a n  a lmos t  comple t e  

c o n v e r s i o n  o f  benzene was a c h i e v e d  and 2 o b t a i n e d  O f  e x c e l l e n t  

p u r i t y  ( F i g .  1) a n d  i n  good y i e l d .  

Fig.1 

'H-NMR spectrum of 2 
(CCI, , TMS 1 
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The b r o m i n a t i o n  of 2 had t o  be c a r r i e d  o u t  under  anhydrous  

co ndi t io  ns o t he rwi  s e  t h  e y i e Id of 4.5-d i h r  omocy c l  o hexene-C U- 1 4 C ]  

- 3 was reduced  hy f o r m a t i o n  of t h e  t e t r a b r o m i d e  ( 8 ) .  

4.5-dibromocycl ohexene oxide- l l l - ldC1 4 was p repa red  a c c o r d i n g  

t o  ( 9 )  i n  e x c e l l e n t  y i e l d  and very  good p u r i t y  w i t h o u t  r e c r y s t a l -  

1 i z a t i o n .  

T h e  p r e p a r a t i o n  of benzene  oxide-[!J-14C1 fo l lowed  a s  d e s c r i b e d  

(6). The r e a c t i o n  t ime o f  5 min recommended i n  ( 6 )  a l w a y s  l e d  t o  
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a v e r y  l o w  y i e l d  ( 1 5  - 20 % )  a n d  4 was r e c o v e r e d  unchanged .  The 

r e a c t i o n  t i m e  was t h e r e f o r e  i n c r e a s e d  t o  3 0  s i p  when a y i e l d  o f  

6 0  % hepzene  ~ x i d e - C U - ~ ~ C l  was o b t a i n e d .  

The o v e r a l l  y i e l d  o f  h e n z e n e  o ~ i r J e - [ ~ ~ - ~ ~ t l  w a s  30 % and t h e  

s p e c i f i c  a c t i v i t y  s t a r t i n g  w i t h  1 m C i  b e n ~ e n e - l l r - ~ ~ C I  was 7.4 

n f i / m o l .  

The h i g h  c o s t  o f  b e n ~ e n e - [ U - ~ ~ C l  and  t h e  r e q u i r e m e n t  f o r  a 

h i g h e r  s p e c i f i c  a c t i v i t y  o f  b e n z e n e  o x i d e  f o r c e d  us  t o  f i n d  a n -  

o t h e r  me thod  t o  p r e p a r e  r a d i o a c t i v e  h e n z e n e  o x i d e .  

S i n c e  'H may be i n t r o d u c e d  i n t o  a c o s p o u n d  more  e a s i l y  t h a r  

3 1 4 C  we p r e p a r e d  l W l a b e l l e d  b e n z e n e  o x i d e .  

F o r  t h i s  p u r p o s e  t h e  d e c o r n p o s i t i o p  o f  3 , 6 - h i s - t r i s e t h y l s i l y l -  

1 , d - c y c l o h e x a d i e n e  2 ( p r e p a r e d  a c c o r d i n g  t o  D V N D G I ! E S  e t  a l .  ( l o ) ) ,  
w i t h  t r i t i a t e c '  w a t e r  was u t i l i s e d .  

The d e c o I P p o s i t i o n  p r o d u c t  c o n s i s t e d  o f  a F i x t u r e  o f  1 , 4 - c y c l o -  

h e ~ a d i e n e - [ 3 , 6 - ~ H ]  2,  benzene- [  l , 4 -3H1 ,  o r i g i n a t i n g  f r o v  1 . 4 - b i s -  

t r i m e t h y l s i l y l - b e n z e n e  I f o r m e d  d u r i n g  t h e  s i l y l a t i o n  r e a c t i o n  

( F i g .  2 ) .  a r d  b i s - t r i m e t h y l s i l y l e t h e r  8. 

Fig.2 

'H-NMR spectrum of 5-1 
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S i n c e  t h e  t h r e e  compounds have  s i m i l a r  b o i l  ng p o i n t s  s e p a r a -  

t i o n  o f  t h e  m i x t u r e  b y  s i m p l e  d i s t i l l a t i o n  was n o t  v e r y  e f f i c i e n t .  

The m i x t u r e  was d i s t i l l e d  o n l y  once ,  t h e  amoun o f  3 d e t e r m i n e d  

b y  ’H-VhfR a n d  t h e  m i x t u r e  used  f o r  t h e  b r o m i n a t i o n .  W o r k i n g  up l e d  

t o  3 w i t h o u t  any t r a c e  o f  t h e  5 i s - t r i m e t h y l s i l y l e t h e r  2 ( F i g .  3 ) .  

The e p o x i d a t i o n  and t h e  d e h y d r o b r o K i n a t i o n  w e r e  c o n d u c t e d  a s  des -  

c r i b e d  above.  

Fig. 3 

‘H-NMR spectrum of 3 
(CCI,, no TMS) 
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The d e h y d r o h r o r i n a  t i o n  o f  4 , 5 - d i b r o a o c y c l o h e x e n e  o x i d e - [ 3  , 6 - 3 H 3  

3 t o  b e n z e n e  ox ide -C3 ,6 -  HI was a c c o m p a n i e d  by  o n l y  a s l i g h t  i n t r a -  

m o l e c u l a r  i s o t o p i c  e f f e c t .  

The o v e r a l l  y i e l d  o f  b e n z e n e  0 x i d e - [ 3 , f i - ~ H I  was 22  X a i d  t h e  

s p e c i f i c  a c t i v i t y  s t a r t i n g  w i t h  25 m C i  o f  t r i t i a t e d  w a t e r  was 

18.0 mCi /mo l .  

A l t h o u g h  b o t h  t h e  y i e l d  o f  b e n z e n e  0 x i d e - C 3 , F - ~ H I  and t h e  r a d i o -  

a c t i v e  c o n v e r s i o n  a r e  l o w e r  t h a n  i n  t h e  c a s e  o f  b e n z e n e  o x i d e -  

[ l f -14C1  t h e  s y n t h e s i s  o f  h e n z e n e  0 x i d e - C 3 , 6 - ~ Y I  a s  d e s c r i b e d  o f -  

f e r s  s e v e r a l  a d v a n t a g e s :  
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1. I t  i s  e a s i e r  t o  p r e p a r e  5 t h r o u g h  d e c o m p o s i t i o n  o f  5 t h a n  b y  

t h e  R I R C H  r e d u c t i o n  o f  b e n z e n e .  

2. T r i t i a t e d  w a t e r  i s  c h e a p  and r e a d i l y  a v a i l a b l e  i n  h i g h  s p e c i -  

f i c  a c t i v i t i e s .  Thus  b e n z e n e  0 x i d e - [ 3 , 5 - ~ Y I  c a n  he p r e p a r e d  w i t h  

a s p e c i f i c  a c t i v i t y  more  t h a n  100 t i m e s  h i g h e r  t h a n  i n  t h e  c a s e  

o f  benzene  o ~ i d e - C ~ I - ~ ' C l  a t  t h e  same c o s t .  

3 .  The d e s c r i b e d  s i l y l a t i o n  r e a c t i o n  ( 1 0 )  i s  n o t  o n l y  a p p l i c a b l e  

t o  benzene  and a l k y l  b e n z e n e s  h u t  a l s o  t o  P O l Y c Y c l i c  a r o m a t i c  

h y d r o c a r b o n s  (11) , t h e r e f o r e  t h e  d e c o r p o s i t i o n  of t h o s e  s i l y l  a t e d  

compounds w i t h  t r i t i a t e d  w a t e r  c a n  b e  u s e d  a s  a s o u r c e  o f  d i t r i -  

t i o  d e r i v a t i v e s  o f  p o l y c y c l  i c  h y d r o c a r b o n s .  

FX PERIflENTAL 

1 The H-HMR s p e c t r a  w e r e  r e c o r d e d  on  a V A R I A N  EM 360 S p e c t r o -  

m e t e r .  M e l t i n g  a n d  b o i l i n g  p o i n t s  a r e  u n c o r r e c t e d .  

1 , 4 - C y ~ l o h e x a d i e n e - C 1 1 - ~ ~ C  1 2 
A m i x t u r e  o f  10.15 g dry b e n t e v e  c o n t a i n i n g  1 m C i  o f  b e n z e n e -  

I I I - 1 4 C l  ( T h e  R a d i o c h e v i c a l  C e n t r e ,  Amershas,  E n g l a n d )  and  12.43 g 

d r y  m e t h a n o l  was d r o p p e d  w i t h  v i g o r o u s  s t i r r i n g  i n  t h e  c o u r s e  o f  

70  min a t  -65' C t o  t h e  deep  b l u e  s o l u t i o n  o f  7 . 4 8  g s o d i u s  i n  

700 rr1 o f  a n h y d r o u s  l i q u i d  amwonia.  S t i r r i n g  was c o n t i n u e d  f o r  

16 h when d i s c o l o r a t i o n  t o  a g r a y  s u s p e n s i o n  had  o c c u r e d .  The 

ammonia was t h e n  a l l o w e d  t o  e v a p o r a t e  o v e r  a p e r i o d  of 1 2  h. The 

r e s i d u e  was decomposed a t  0-5' C w i t h  K O  g i c e .  The  o r g a n i c  p h a s e  

was washed w i t h  10 m l  i c e - w a t e r ,  10 rr.1 i c e - c o l d  2 w t .  % s u l f u r i c  

a c i d ,  10 m l  i c e - w a t e r  a g a i n ,  and  f i n a l l y  d r i e d  o v e r  magnes ium 

s u l f a t e .  D i s t i l l a t i o n  o v e r  s o d i u m  y i e l d e d  6.77 g ( 6 5  4 )  1 , 4 - c y c l O -  

h e ~ a d i e n t ? - C 1 1 - ~ ~ C l ,  b.p. 89.0' C ,  w i t h  s p e c i f i c  a c t i v i t y  7 . 6  w C i /  

m o l .  lH-VMR ( F i g .  1) showed 2 c o n t a i n i n g  0.38 w t .  S; b e n z e n e .  

3 , F - B i s - t r i m e t h y l  silyl-1,4-cyclohexadiene 5 was p r e p a r e d  f ron i  

11.90 g d r y  benzene ,  3 .20 g f i n e l y  c h o p p e d  l i t h i u m ,  66.40 g 
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c h l o r o t r i m e t h y l s i l a n e  and  40 rril dry THF a c c o r d i n g  t o  ( 1 0 ) .  

T h e  raw p r o d u c t  was r e c r y s t a l l i z e d  f rom s e t h a p o l  y i e l d i n g  

21.73 g o f  w h i t e  p l a t e l e t s  (m.p. 50-52' C )  c o n s i s t i n g  a c c o r d i n g  

t o  H - N M R  ( F i g .  2 )  o f  a m i x t u r e  o f  91.3 w t .  % 5 and 8.7 w t .  % 

- 7. Yield of 2 : 58 %. 

1 

1,4-Cyclohexadiene-[3,~- 3 H I  

To a m i x t u r e  of 6 .90  g po ta s s ium hydrox ide  and 8 m l  w a t e r  con-  
3 t a i n i n g  25 m C i  o f [  H lwa te r  (New England Nuc lea r  Corp . ,  Bos ton .  

U S A )  18.60 g of t h e  mixture of 5 and 7 i n  45 m l  o f  2 -e thaxy-  

e t h a n o l  was added a t  0-7' C o v e r  90 m i n  w i t h  v i g o r o u s  s t i r r i n g .  

The r e s u l t i n g  s u s p e n s i o n  was t h e n  s t i r r e d  f o r  3 h a t  5' C a n d  

14 h a t  24' C .  

The v o l a t i l e  components o f  the r e a c t i o n  m i x t u r e  were i s o l a t e d  

by d i s t i l l a t i o n  under  reduced  pressure. The f r a c t i o n  b .P .  30-35' 

C/25 mm was washed t w i c e  w i t h  20 m l  i c e  w a t e r ,  dr ied o v e r  magne- 

s i u s  s u l f a t e  and d i s t i l l e d  o v e r  a 26 cni VIGREUX column. 

The f r a c t i o n  b . p .  89-81' C ( 17 .0  g )  was c o l l e c t e d .  I t  c o n t a i -  

ned 30 w t .  X 1 .4 -cyc lohexad iene  accorc ' ing  t o  'H-MMR and o n l y  

t r a c e s  of  benzene .  Yield of 1.4-cyclohexadie~e-t3.6-3H3 was 

5.10 g (84 X )  and the s p e c i f i c  a c t i v i t y  33 .1  IrCi/trol. 

4.5-Dibromocycl ohexene-Cl!-14C I / [  3 .6-3!-l 3 3 
A mixture o f  8.70 9 d r y  bromine i n  25 m l  o f  t 'ry c h l o r o f o r n  

was added  w i t h  s t i r r i ng  a t  -70' C t o  a r i x t u r e  of 6.36 g 1.4- 

c y c l o h ~ x a d i e n e - C ~ ~ - ~ ~ C l / ~ ~ . 6 - ~ H 3  and 25 rl o f  d r y  c h l o r o f o r m  i n  

the  c o u r s e  o f  30 m i n .  

The s o l v e n t  was removed by d i s t i l l a t i o n  and t h e  r e s i d u e  f r a c  

t i o  na t e  d.  

Y i e l d  of pure 4 ,5 -d ihron!ocyc lohexene-~ l~ -14Cl / t  3,6-3H3 was 

10.18 g ( 7 6  $ ) ,  b.p.  111' C / l ?  IPF, F.P. 36-37' C .  

4,5-Dibromocyclohexene o ~ i d e - C V - ~ ~ C l / [  3rF-3H1 - 4 was p r e p a r e d  a c -  
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c o r d i n g  t o  ( 9 ) .  

S t a r t i n g  w i t h  10.08 g 4 , 5 - d i b r o 1 ~ o c y c l o h e x e n e - ~ ~ ~ - ~ ~ C I / ~  3,6-3H1 

10.43 g ( 9 7  X )  4 , 5 - d i b r o m o c y c l o h e x e n e  o ~ i d e - C I l - ~ ~ C 1 / [ 3 , 6 -  3 HI 

was o b t a i n e d .  T h i s  was p u r e  enough  (m.p. 67-68' C ,  l i t .  ( 9 )  

65-68 '  C )  t o  use w i t h o u t  r e c r y s t a l  1 i z a t i o n .  

Benzene ~ x i d e - l l r - ~ ~ C l  J, was p r e p a r e d  a c c o r d i n g  t o  ( 6 )  w i t h  t h e  

e x c e p t i o n  t h a t  t h e  r e a c t i o n  t i m e  o f  t h e  d e h y d r o b r o n i n a t i o n  was 

30 w i n .  

S t a r t i n g  w i t h  10.24 g 4 , 5 - d i ~ r o n . o c y c l o h e x e n e  0 x i d e - f U - ~ ~ C 3  

o f  s p e c i f i c  a c t i v i t y  7.5 mCi /mol  2.26 g ( 6 0  % )  o f  benzene  o x i d e -  

d 4 C 3  was o b t a i n e d  as a n  o r a n g e  l i q u i d ,  b.p. 28' C / 1 5  mm ( l i t .  

( 6 )  27' C/14 m m ) ,  w i t h  a s p e c i f i c  a c t i v i t y  o f  7.4 m C i / m o l .  

Renzene o ~ i d e - C 3 , t i - ~ H ]  - 1 was p r e p a r e d  a s  d e s c r i h e d  a b o v e .  The 

s p e c i f i c  a c t i v i t y  o f  4 , 5 - d i b r o m o c y c l o h e x e n e  ox ide -C3 ,6 - "H1  was 

32.7 m C i / r o l  a n d  d r o p p e d  t o  18.0 mCi /mo l  in t h e  case  o f  benzene  

ox ide -C3 ,6 - 'P I .  

T h i s  work was s u p p o r t e d  b y  t h e  D e u t s c h e  F o r s c h u n g s g e m e i n s c h a f t .  
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