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NOTES 

TRITIUM LABELLING OF CARCINOGENIC CYCLOPENTA[a]PHENANTHRENES 

AT VERY HIGH SPECIFIC ACTIVITY 

SUMMARY 

Plat inum metal  c a t a l y s e d  exchange i n  C3H]acetic a c i d  i s  a 

s a t i s f a c t o r y  method f o r  g e n e r a l l y  l a b e l l i n g  cyclopenta[aj-  

phenanthrenes a t  very h igh  s p e c i f i c  a c t i v i t y .  

Key words : cyc lopen ta[ a l p  henan threne s , t r i t i u m  exchange, 3H-n. m. r . 

C o r r e c t  p o s i t i o n a l  methyl s u b s t i t u t i o n  i n  15,16-dihydro-cyclopenta[a]- 

phenanthren-17-one ( I a )  g i v e s  r ise  t o  homologues, some of which a r e  

ca rc inogens  ( 1 2 ) .  I n  o r d e r  t o  f a c i l i t a t e  s t u d i e s  on metabolism which i s  

involved i n  t h e i r  b i o l o g i c a l  a c t i v a t i o n ,  s e v e r a l  have been l a b e l l e d  wi th  

I 4 C  and H. 

s u c c i n a t e  i n  Stobbe r e a c t i o n s  ( 3 ) ,  wh i l e  [ H- and 14C-methyl]derivatives 

of I b  were prepared by r e a c t i o n  of the oxoketal  I1 w i t h  the  a p p r o p r i a t e l y  

l a b e l l e d  Grignard r eagen t  (3 ,4 ) .  Reduction of I1 w i t h  NaB H fol lowed 

by a c i d - c a t a l y s e d  dehydra t ion  and dehydrogenation gave ill- H ] I a  ( 5 ) .  

3 Thus [15,16-14C]ketones were ob ta ined  us ing  d i e t h y l  [2,3-14C] - 
3 

3 

3 
4 

P r o j e c t e d  experiments  on the  i n t e r a c t i o n  of t hese  compounds wi th  DNA 

-- i n  v ivo  r e q u i r e d  a c t i v i t i e s  i n  excess  of 1 Ci/mmol. 

achieved conven ien t ly  us ing  t r i t i u m  gas ,  b u t  s u i t a b l e  a r y l  bromo d e r i v a -  

t i v e s  which could a c t  a s  s u b s t r a t e s  f o r  one-step r e d u c t i v e  t r i t i a t i o n  

were unava i l ab le  because e l e c t r o p h i l i c  brominat ion of  I a  o r  I b  y i e l d e d  

e x c l u s i v e l y  15-bromo-(III)  and 15,15-dibromo-ketones (IV) (6). 

T h i s  cou ld  be 
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It ma,R=H J.Y~ ,R=H 
b a R=CH, b , R=C H, 

Reduct ion  of I I I a  d i s s o l v e d  i n  methanol w i t h  pa l lad ium-on-ca lc ium 

ca rbona te  c a t a l y s t  i n  t r i t i um/hydrogen  g a s  a t  normal tempera ture  and p r e s s u r e  

f o r  18 h r .  r e a d i l y  gave [ l 5 -  H]Ia wi th  the  r e q u i r e d  s p e c i f i c  a c t i v i t y  (5.2 

Ci/mmol) i n  b e t t e r  than  90% chemica l  y i e l d .  S p e c i f i c i t y  of l a b e l l i n g  was 

i n v e s t i g a t e d  by r eb romina t ion  t o  IVa which r e s u l t e d  i n  loss  of 94% of the  

t r i t i u m .  i n  

t h i s  c a s e  r eb romina t ion  l e d  t o  l o s s  of 85% of the  i s o t o p e ,  i n d i c a t i n g  t h a t  

some 15% w a s  a t  p o s i t i o n s  o t h e r  than  C-15. 

were n o t  i d e a l  f o r  i n  v i v o  expe r imen t s  because h y d r o x y l a t i o n  a t  C-15 i s  an  

impor t an t  me tabo l i c  pathway i n  t h i s  s e r i e s .  T h i s  r e s u l t s  i n  loss of h a l f  

the  t r i t i u m  a t  t h i s  p o s i t i o n  ( 7 ) ,  presumably a s  t r i t i a t e d  wa te r  which i s  

subsequent ly  i n c o r p o r a t e d  i n t o  b i o l o g i c a l  macromolecules,  i n c l u d i n g  DNA. 

I t  was hoped t h a t  t h i s  problem would be l e s sened  by employing g e n e r a l l y  

l a b e l l e d  compounds. 

3 

3 S i m i l a r  r e d u c t i o n  of I I I b  a f f o r d e d  1 1 5 -  H]Ib, 2 . 2  Ci/mmol; 

However, t h e s e  [15-3H]-ketones 

P la t inum meta l  c a t a l y s e d  exchange i n  a c e t i c  a c i d  ( 8 )  was  c a r r i e d  o u t  

on the  non-carc inogenic  p a r e n t  ke tone  I a  a s  fo l lows : -  t h e  ke tone  (100 mg) 

was hea ted  i n  a s e a l e d  tube w i t h  reduced  Adams' c a t a l y s t  i n  70% [3H]acetic 

a c i d  (1 m l  c o n t a i n i n g  approx. 400 C i )  a t  15OoC f o r  16 h r .  

of  r e a d i l y  l a b i l e  t r i t i u m  by e q u i l i b r a t i o n  wi th  e t h a n o l ,  t h e  p roduc t  was 

p u r i f i e d  by column chromatography on s i l i c a  g e l ,  e l u t i n g  w i t h  d ich lorometh-  

ane t o  g i v e  [G-3H] Ia ,  s p e c i f i c  a c t i v i t y  5.81 Ci/mmol, i n  abou t  60% chemica l  

y i e l d .  

265, 284, 296, 334, 359, 367 nm) ( 3 ) ,  t h i n  l a y e r  chromatography ( s i n g l e  

A f t e r  removal 

P u r i t y  was e s t a b l i s h e d  by u l t r a v i o l e t  l i g h t  spec t roscopy  (1 max 



3 Tr i t i a t ed  Cyclopenta [a] ,nhenanthrenes or  [ HJ CycZopenta [a] phenanthrenes 

s p o t ,  RF 0.87 on a i r - d r i e d  s i l i c a  g e l  p l a t e s  e l u t e d  w i t h  to luene ,  e t h y l  

a c e t a t e ,  methanol (15:5:1 by volume),  and h igh  p r e s s u r e  l i q u i d  chromatography 

( s i n g l e ,  c o i n c i d e n t ,  r a d i o a c t i v e  and u l t r a v i o l e t  l i g h t  abso rb ing  peak e l u t e d  

a t  76 minutes  from a Whatman P a r t i s i l  M9 10/50 ODS column w i t h  a g r a d i e n t  of 

i n i t i a l l y  15% methanol i n  w a t e r  changing t o  methanol a l o n e  a t  l%/minute ,  

f l ow r a t e  120 ml /hour) .  T h i s  m a t e r i a l  was submi t ted  t o  v igo rous  a c i d  

t r ea tmen t  i n  o r d e r  t o  remove a c i d - l a b i l e  t r i t i u m .  

hea ted  under r e f l u x  w i t h  a c e t i c  ac id-conc .  H C 1  (270  m l ,  4 : l  v / v ) ,  250 m l  was 

d i s t i l l e d  o f f ,  and the  whole p rocess  w a s  r e p e a t e d  t h r e e  times more; l i t t l e  

t r i t i u m  was found i n  t h e  t h i r d  and f o u r t h  d i s t i l l a t e s .  The f i n a l ,  r a t h e r  

da rk  s o l u t i o n  w a s  d i l u t e d  wi th  wa te r ,  t h e  mix tu re  was  e x t r a c t e d  w i t h  

d ich loromethane ,  and chromatographed a s  be fo re .  The p roduc t ,  d e s i g n a t e d  

[aryl- H]Ia, had s p e c i f i c  a c t i v i t y  3.12 Ci/mmol; 

reduced t h i s  t o  2.48 C i / m o l .  Thus a c i d  removes 46% of the  o r i g i n a l  

t r i t i u m ,  b u t  abou t  12% s t i l l  remains a t  C-15. 

The [G-3H]ketone was  

3 
brominat ion  t o  IVa 

The p o s i t i o n  of l a b e l l i n g  w a s  i n v e s t i g a t e d  i n  d e t a i l  i n  t h e  ca rc inogen  

3 
[ G -  H]Ib which was o b t a i n e d  by the  exchange procedure  a s  d e s c r i b e d  ( 8 ) .  

A f t e r  p u r i f i c a t i o n  the  [G-3H]ketone (hmax 264, 288, 301, 342, 358, 370 nm 

( 3 ) ;  % 0.90 ( 7 ) ;  

Ci/mmol; 

13.9 Ci/mmol, showing a l o s s  of 24% a c i d - l a b i l e  t r i t i u m .  Samples of 

t h e s e  k e t o n e s  i n  CDCl w e r e  examined by t r i t i u m  n.m.r. spec t roscopy  ( 8 )  

a s  shown i n  the  t a b l e  and f i g u r e ,  A s  expec ted  a c i d  removed t r i t i u m  a l p h a  

t o  the  ke tone  q u a n t i t a t i v e l y ,  and t r i t i u m  a t  b e n z y l i c  hydrogen p o s i t i o n s  

much l e s s  e f f e c t i v e l y .  

l o s s  of 29% of t h e  t r i t i u m ,  i n  r easonab le  agreement w i t h  t h a t  expec ted  

(19  + 14.8 = 33.8%) from the  n.m.r. da t a .  E v i d e n t l y  e l e c t r o p h i l i c  bromin- 

a t i o n  removes t r i t i u m  from C-16, a s  w e l l  a s  C-15, owing t o  t h e  a c i d  c o n d i t i -  

ons gene ra t ed  by the  l i b e r a t i o n  of H B r .  

e l u t i o n  t i m e  80 minu tes )  had s p e c i f i c  a c t i v i t y  18.3 

t r ea tmen t  of a p o r t i o n  w i t h  a c i d  gave the  [a- H] ke tone  a t  3 

3 

3 Bromination of [G-3H]Ib t o  [G- H]IVb r e s u l t e d  i n  
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TRITIUM n.m.r. SPECTRA OF [G-3H]Ib AND [aryl-3H]Ib 

L ine  p o s i t i o n  R e l a t i v e  l a b e l l i n g  

A s s  ignmen t [G-3H] "[ .ary-3H]" D i f f e r e n c e  'Ha d T b  T 
19.0 0.0 -19.0 2 

3 

2.84 2.84 7.16 16-CH 

3.17 3.17 6.83 1 1 - C H  23.1 19.4 -3.7 

3.46 3.46 6 .54  15-CH2 14.8 12.5 -2 .3  

7.67 7.72 2.28 2,3-H 17.4 17.9 +O. 5 

7.79 7.86 2.14 12-H 1.9 2.7 +0.8 

2.07 6-H 
7.90 

8.7 6.2 -2.5 

c 7 . 9 9  2.01 7 - H  3.2 3.4 +o. 2 

7.98 8.03 1.97 4- H 11.9 13.8 +1.9 

8.95 1 - H  0.0 0.0 - 
- a From TMS a t  90 MHz ( u n l a b e l l e d  sample)  

- b 

- c Al lowing  f o r  the  observed  l o s s  of 24% of t r i t i u m  

FrornSTMS x 1.06663975 a t  96 MHz 



3 Tr i t i a t ed  CycZopenta [a]phenmthrenes or  [ H] 3eZopenta [a]phenanthrenes 

I t  is  i n t e r e s t i n g  t h a t  a l l  p o s i t i o n s  a r e  l a b e l l e d  i n  the  [G-3H)ketone w i t h  

the  excep t ion  of C - 1 ,  which i s  presumably s t e r i c a l l y  hindered by the  11-methyl 

group from approaching the  c a t a l y s t  su r f ace .  Also l a b e l l i n g  a t  the  p a r t i a l l y  

h inde red  6-7 and C - 1 2  p o s i t i o n s  i s  lower than t h a t  a t  t he  unhindered C-2, -3,  

-4,  and 6- p o s i t i o n s ;  t h e  11-methyl group i s  p a r t i c u l a r l y  h e a v i l y  l a b e l l e d .  

Th i s  p a t t e r n  i s  s imi la r  t o  t h a t  found f o r  3-methylcholanthrene and 7-methyl- 

benz[a]anthracene l a b e l l e d  by t h i s  procedure (8). 

3 Th i s  method of p repa r ing  “[a- HI”-ketones has  now been a p p l i e d  t o  

f i v e  compounds ( I a ,  I b ,  and 6-,  7- and 12-methylIa) ;  s p e c i f i c  a c t i v i t i e s  

f a l l  i n  the  range 3-30 Ci/mmol. These compounds are now being used i n  

b i o l o g i c a l  experiments ,  the r e s u l t s  of which w i l l  be pub l i shed  elsewhere.  
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