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S W R Y  

The potent carcinogen benzo[a]pyrene specifically tritiated in the 
6-position was synthesized through hydrogenation of 6-bromobenzo[u]pyrene with 
tritium gas. 
benzo[u]pyrene-6-t 4,5-oxide of high specific activity vka the corresponding Cis- 
diol, quinone and WnA-diol. Also, BaP-6-d and BaP-G-2 were employed in the 
synthesis of the corresponding K-region oxidized derivatives (&A- and . i h n 6 -  
diols, quinones, and oxides). Loss of the isotopic label was generally minimal 
except in the transformations involving the high specific activity BaP-6-2 
compounds. 

The benzo[a]pyrene-6-t was then employed in the synthesis of 

INTRODUCTION 

Recent evidence suggests that carcinogenic polycyclic hydrocarbons are 
activated metabolically (1.2). However, the nature of the active metabolite(s) 
and the positions in the hydrocarbon molecule involved in binding to cellular 
macromolecules are still unknown. 
the use of radioactivity, and hydrocarbons randomly labelled with tritium have 
been employed in studies of metabolism and binding (3-7). 

The low level of h V ~ O  binding requires 

This study is directed towards synthesis of high specific activity tri- 
tiated benzo[a]pyrene 4,5-oxide required for studies on the involvement of this 
intermediate in the binding of BaP to DNA h V ~ V O  (8). 
parent hydrocarbon, BaP', specifically labelled in the 6-position through 
reaction of the corresponding Grignard reagent with tritiated water was recently 
described (9). However, the level of radioactivity was too low to provide 
accurate data at the low levels of binding generally encountered in in V ~ V O  

studies ( 3 ) .  Accordingly, an alternative method capable of providing much 
higher specific activities was sought. 

The preparation of the 

'Abbreviations: BaP, benzo[u]pyrene; THF, tetrahydrofuran; DMF, dimethyl- 
formamide; TNF, 2,4,7-trinitrofluorenone. 

0 1976 bg John Witeg & Sons, Ltd .  
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EXPERIMENTAL 
6-Bromo-BaP was synthesized from BaP by the Mat- and rne-thods: 

published procedure ( l o ) ,  chromatographed on neutral alumina, and recrystallized 
from benzene (mp 222-223'). 
and the BaP-6-t (synthesized from 6-Br-BaP according to the procedure described 
in the paper) were purchased from Amersham-Searle Corp. 
freshly distilled. 
spectrometers. 
Packard Permafluor per liter toluene on a Packard Tricarb liquid scintillation 
spectrometer, Model 3330. All reactions were conducted under a nitrogen 
atmosphere, and precautions were taken to maintain anhydrous conditions. 

BaP was purchased from Koch-Light. The BaP-G-t 

All solvents were 
Nmr spectra were obtained on Varian T-60 and Bruker HX 270 

The radioactive samples were counted in a solution of 40 ml 

Benzo[a]pq/rene-6-d: 6-Br-BaP (1.3 g, 4.2 mol) partially dissolved in 
DMF (150 ml) and triethylamine (30 ml) was stirred for 18 hr at ambient 
temperature in the presence of a 10% palladium/charcoal catalyst in an atmo- 
sphere of deuterium gas. 
Cel, washed with 30 ml CHC13 and the filtrate and washings concentrated to 
dryness i n  VUCUO. 

and reconcentrated to give 800 mg (75%) of BaP-6-d. 
benzene-hexane (2:l) developed with TNF gave a greenish-black spot (Rf 0.55) 
for BaP-6-d (I) with only a trace of the corresponding 4,s-dihydro-BaP-6-d 
(11) (Rf 0.58, orange; nmr, benzylic 6 3.43). 

The catalyst was removed by filtration through Filter- 

The residue was taken up in 50 ml dry benzene, filtered, 
Tlc on silica gel in 

The 270 MHz nmr spectrum was 

I I1 

essentially that of BaP except for the absence of the characteristic singlet 
at 6 8.42 for the 6-proton. 
and recrystallization from benzene-hexane afforded pure BaP-6-d as yellow 
needles, mp 179.5-180'. 

Chromatography on Florisil eluted with hexane 

Substitution of other solvents for DMF-trimethylamine afforded a higher 
proportion of 11; in benzene or ethyl acetate the latter became the predomi- 
nant product. Regioselective hydrogenation of BaP in the 4,s-bond is somewhat 
surprising in view of the report that hydrogenation over a Pt catalyst affords 

7,8,9,10-tetrahydro-BaP as the principal product (11). 

Benzo[a]pqkene-d-t: Reaction of 6-Br-BaP (80 mg, 0.24.mmol) according to 
the above procedure appropriately scaled down afforded BaP-6-2 which was diluted 
with cold BaP (580 mg) and taken up in 60 ml of pure benzene. This material 



Benzo f al ppene-6-t 262 

( t o t a l  a c t i v i t y  = 5 C i ;  s p e c i f i c  a c t i v i t y  = 1.97 Ci/mmol) was employed without 

f u r t h e r  p u r i f i c a t i o n  i n  subsequent experiments. However, i f  BaP-6-$ i s  i tself  

t o  be employed i n  b io logica l  experiments, f u r t h e r  p u r i f i c a t i o n  by t h e  chromo- 

tographic  method descr ibed f o r  BaP-6-d i s  recommended. Chromatography on 45% 

ace ty la ted  c e l l u l o s e  using ethanol  - methylene d ich lor ide  ( 2 : l )  has  a l s o  been 

found t o  be e f f e c t i v e  (12). 

cib-4, 5-fJ&&.obenzo [a]ptj&&1-4,5-dioL-6-t: The procedure was adapted from 

t h a t  descr ibed f o r  t h e  prepara t ion  of  t h e  unlabel led cib-diol  (method B) (13) 
with appropr ia te  modif icat ion and precaut ions f o r  handling t h e  rad ioac t ive  mate- 
rials. 
BaP t o  lg)  with Os04 ( l g )  i n  14 m l  pyr id ine  over 5 days furnished t h e  osmate 

e s t e r .  

furnished t h e  crude c ib-d io l .  

t h e  d i a c e t a t e  which was dissolved i n  20 m l  o f  benzene and chromatographed on 

F l o r i s i l  (15 g) i n  hexane. Pure d - d i o l  d i a c e t a t e  (460 mg) was obtained as a 
white s o l i d  on e l u t i o n  with 1200 m l  of  benzene. 

acetate-benzene (1:9) gave a s i n g l e  f luorescent  spot .  Spec i f ic  a c t i v i t y  was 

1.77 Ci/mmol. 

Reaction of  t h e  s o l u t i o n  of  BaP-64 (56.8 m l  p l u s  cold BaP t o  br ing  t o t a l  

Decomposition with sodium b i s u l f i t e  and p r e c i p i t a t i o n  with water (125 ml) 

P u r i f i c a t i o n  of t h e  lat ter was accomplished v h  

T l c  on s i l i c a  g e l  i n  e t h y l  

Conversion t o  t h e  c ib-d io l  took p lace  smoothly on bubbling ammonia i n t o  a 

s o l u t i o n  of  t h e  d i a c e t a t e  i n  methanol (200 ml) f o r  2 h r  at 0'. 
water (300 ml) gave a white p r e c i p i t a t e  which was separated by f i l t r a t i o n  and 

d r i e d  t o  a f f o r d  t h e  pure &A-diol  (289 mg). 
benzene (1:9) gave a s i n g l e  spot  whose Rf matched t h a t  of  t h e  &-dio l  of  BaP. 

Addition of  ice-  

T l c  on s i l i ca  g e l  i n  e t h y l  acetate- 

Benzo[a]py&en-4,5-dione-6-t: To t h e  pme d r y  c ib-d io l  was added conse- 

c u t i v e l y  t r ie thylamine  (2 ml), DMSO (16 ml), and pyridine-S03 (1.6 g) ,  and t h e  

r e s u l t i n g  s o l u t i o n  s t i r r e d  a t  room temperature f o r  30 min. 
(30 ml) p r e c i p i t a t e d  t h e  t r i t i a t e d  quinone (284 mg). 

acetate-benzene (1:9) gave a s i n g l e  red spot  whose Rf matched t h a t  of  BaP 

4,s-dione. 

Addition of  icewater 

T l c  on s i l i c a  g e l  i n  e t h y l  

T&av16-4, 5-Vihydnabenzo [a]py&en-4,5-diae-6-t: The BaP-6-t 4,s-dione d i l u t e d  

with twice t h e  weight (568 mg) of  cold quinone was ex t rac ted  i n  a Soxhlet appara- 

t u s  i n t o  a s o l u t i o n  of  LiA1H4 (1  g) i n  re f lux ing  anhydrous e t h e r  (400 ml) over 

2 days. 

Workup by t h e  conventional procedure (13) gave t h e  crude M - d i o l  which, l i k e  

t h e  A - d i o l ,  was p u r i f i e d  through formation o f  t h e  d i a c e t a t e  and chromatography 
on F l o r i s i l .  The pure tAun6-diol d i a c e t a t e  (816 mg) was obtained as white  s o l i d  

on e l u t i o n  with benzene (200 ml) and e t h e r  (800 ml). 

by i t s  60 M z  nmr spectrum and t l c  on s i l i c a  g e l  i n  comparison with t h e  pure 

unlabel led d i a c e t a t e .  

In some experiments longer times were required f o r  complete ex t rac t ion .  

The p u r i t y  was confirmed 

Spec i f ic  a c t i v i t y  was 524 mCi/mmole. 

Conversion t o  t h e  r n n b - d i o l  was ef fec ted  by ammonolysis i n  methanol essen- 
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t i a l l y  according t o  t h e  procedure f o r  t h e  &-isomer. 

as a p a l e  pink s o l i d  (566 mg). T l c  on s i l i c a  g e l  i n  e t h y l  acetate-benzene (1:9) 

gave a s i n g l e  spot .  

The ahmh-dio l  was obtained 

4,5-Epoxy-4,5-dihydhobenzo[u]pyhene-6-,t: Reaction of  t h e  ahmh-dio l  (566 mg) 

with t h e  dimethylacetal  of  DMF (450 mg) i n  DMF (4.2 ml) and THF (7 ml) a t  r e f l u x  

f o r  7 hr ,  followed by workup according t o  t h e  procedure descr ibed (13) gave t h e  

pure BaP-6-2 4,S-oxide (232 mg). 

acetate-benzene (1:9) gave a s i n g l e  spot  with Rf corresponding t o  t h a t  of  t h e  

pure 4,s-oxide. 

T lc  on low a c t i v i t y  n e u t r a l  alumina i n  e thyl  

S p e c i f i c  a c t i v i t y  was 400 mCi/mmole. 

4,5-Epoxg-4, 5-dihydhobenzo [u]pyhene-6-d: The BaP-6-d was transformed through 

t h e  &5-4,5-dihydrodiol ,  t h e  4,5-dione, and t h e  Wn6-4,S-dihydrodiol  t o  BaP-6-d 

4,s-oxide following t h e  methods employed f o r  t h e  synthes is  of  t h e  analogous tri- 

t i a t e d  d e r i v a t i v e s .  
ponded c lose ly  with those of t h e  unlabe l led  K-region oxidized d e r i v a t i v e s  of BaP, 

except f o r  t h e  v i r t u a l  absence of t h e  s i n g l e t  peak corresponding t o  t h e  proton 

i n  t h e  6-posi t ion.  

of t h e  deuterium l a b e l  was <6%. 

The 270 MHz nmr s p e c t r a  of each o f  t h e s e  products cor res -  

Within t h e  limits of  t h e  a n a l y t i c a l  method t h e  o v e r a l l  l o s s  

4,5-Epoxq-4,5-dihydhccbenzo[a]py~~ene-G-t: Cold BaP ( Ig)  was added t o  a solu-  

t i o n  of BaP-G-k ( s p e c i f i c  a c t i v i t y  25 Ci/mmol, 5 m C i  i n  1 m l  benzene) labe l led  

by a conventional exchange procedure. This  s o l u t i o n  was then employed i n  t h e  

synthes is  of  BaP-G-t 4 ,s-oxide v i a  t h e  same sequence of  reac t ions  u t i l i z e d  i n  

t h e  synthes is  of  t h e  s p e c i f i c a l l y  t r i t i a t e d  and deuterated analogs. Dilut ion 

was made a t  t h e  quinone s tage  by addi t ion  of an equal weight (420 mg) of  cold 

BaP-4,S-dione. 

mCi/mmol, and t h e  o v e r a l l  percentage loss of r a d i a c t i v i t y  was only 6.3%. 

The s p e c i f i c  a c t i v i t y  of  t h e  pure B a P - G - t  4,s-oxide was 0.59 

DISCUSSION 

Synthesis  o f  BaP-6-2 of high s p e c i f i c  a c t i v i t y  and i t s  t ransformation i n t o  

BaP-6-2 4,s-oxide v k  t h e  corresponding &- and W n A - d i o l s  and quinone was 

conveniently achieved by t h e  procedures descr ibed.  

The s p e c i f i c i t y  of  tritium incorpora t ion  i n  t h e  6-posi t ion of BaP-6-2 

is  o f  some importance f o r  subsequent b i o l o g i c a l  experiments. 

chemical means, e.g. iod ina t ion  (9) ,  requi res  assumptions regarding reg io-  
s p e c i f i c i t y  and e f f i c i e n c y  of reac t ion  which may not  be 

The 270 MHz nmr s p e c t r a l  ana lys i s  of  t h e  BaP-6-d obtained i n  t h e  p a r a l l e l  experi-  

ment with deuterium i n  p lace  of t r i t i u m  gas provides a more accura te  d i r e c t  

experimental measurement. 
i s o t o p i c  labe l  i s  present  i n  t h e  6-posi t ion.  
a l s o  been performed on a sample of  BaP-6-t synthesized by t h e  method described 

Determination by 

e n t i r e l y  j u s t i f i e d .  

On t h i s  b a s i s ,  it is  est imated t h a t  94-96% of t h e  
Direct  t r i t i u m  nmr analys is  has 



herein;  t h e r e  were two s i g n a l s  i n  t h e  tritium spectrum which ind ica ted  t h a t  96% 

o f  t h e  tritium was i n  t h e  6-posi t ion with t h e  remaining 4% i n  t h e  1-pos i t ion .  

The small discrepancy between t h e  two a n a l y t i c a l  methods probably r e f l e c t s  experi-  

mental v a r i a t i o n ,  e.g. d i f fe rences  i n  c a t a l y s t  a c t i v i t y ,  p ressure ,  temperature, 

time, s e l e c t i v e  enrichment during p u r i f i c a t i o n ,  e t c .  

In  p r i n c i p l e ,  BaP-6-t d e r i v a t i v e s  of  considerably higher  s p e c i f i c  a c t i v i t y  

than descr ibed here in  are a t t a i n a b l e ,  s i n c e  a 20 f o l d  d i l u t i o n  was made a t  t h e  

BaP-6-t s t a g e  and an a d d i t i o n a l  3-fold d i l u t i o n  at t h e  quinone s tage .  

of t h e  l a b e l l e d  compounds under t h e  condi t ions employed may, of  course,  be expected 

t o  provide a p r a c t i c a l  l i m i t a t i o n .  

benzene s o l u t i o n  s tored  under n i t rogen  i n  a f r e e z e r  exhibi ted l i t t l e  s i g n i f i c a n t  

decomposition over severa l  weeks it is  l i k e l y  t h a t  considerably higher  l e v e l s  of  

tritium are poss ib le .  

The o v e r a l l  l o s s  of  38% o f  t h e  r a d i o a c t i v i t y  i n  t h e  high spec. a c t i v i t y  

The s t a b i l i t y  

Since t h e  BaP-6-t 4,5-oxide, 400 mCi/mmole, i n  

BaP-6-t series c o n t r a s t s  with t h e  minimal l o s s  of t h e  i s o t o p i c  l a b e l  observed i n  

t h e  analogous BaP-6-d and BaP-G- t  s e r i e s .  

assoc ia ted  with t h e  BaP-6-t s e r i e s  appears more a funct ion o f  t h e i r  high spec i -  

f i c  a c t i v i t y  than an inherent  f e a t u r e  o f  t h e  chemical t ransformation involved. 

While it was impract ical  t o  assess  t h e  change i n  a c t i v i t y  a t  a l l  s tages ,  due 

t o  t h e  low s o l u b i l i t y  o f  t h e  f r e e  d i o l s  and t h e  quinones i n  t h e  counting solu-  

t i o n ,  it appears t h a t  t h e  p r i n c i p a l  losses  occured during operat ions involving 

prolonged hea t ing  and/or s t rongly  b a s i c  media. 

s t a b i l i t y  o f  the BaP-64 d e r i v a t i v e s  i s  unl ike ly  t o  pose any s e r i o u s  problems i n  

biochemical experiments conducted under mild condi t ions.  

Thus, t h e  decrease i n  a c t i v i t y  

Tenta t ive ly ,  w e  assume t h a t  t h e  

Studies  i n  progress  on t h e  binding of  BaP-6-t 4,s-oxide t o  nuc le ic  ac ids  

and on t h e  metabolism and binding of  BaP-6-t i n  c e l l s  i n  c u l t u r e  (14) appear t o  
confirm t h i s  assumption. 
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