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SUMMARY 

trans-7,8-Dihydrobeneo[=]pyrene -7 , 8 -dio 1-7 -I4C (VI and 
(2) -7a,8$-dihydroxy-9~,10g-epoxy-7,8,9,10-tetrahydrobenzo[~]- 
pyrene-7-I4C (VII) were prepared a t  a s p e c i f i c  a c t i v i t y  of  53.9 
mCi/mnole by a mul t i - s tep  synthe t ic  sequence using K14CN a s  t h e  
labe led  precursor. The o v e r a l l  radiochemical y i e l d s  f o r  ( V I )  and 
(VII)  were 18 and 7 k s  respect ively.  

Key Words : trans- 7,8 - D i  hyd r obenz o [a] pyr e ne - 7 ,8 -d i o  1 - 7 - I 4 C ,  (2) - ~ I Y  ,8$ - D i  - 
hydroxy-9p, lO~-epo~y-7,8,9,lO-tetrahydrobenzo~]pyrene-7-~~C, 
Carbon-14, 3 -( 1-Pyrenyl) -1-bromopropane, Polycycl ic  aromatic 
hydrocarbons , Metabol i tes  

INTRODUCTION 

Recent s t u d i e s  concerning t h e  metabol ic  a c t i v a t i o n  of  t h e  carcinogen benzo- 

[alpyrene (BP) have ind ica ted  t h a t  ~-7,8-dihydrobeno[~]pyrene-7,8-diol (VI) 

i s  produced i n i t i a l l y  by formation of  t h e  r e q u i s i t e  arene oxide followed by en- 

zymatic r i n g  opening [l-51. Subsequent epoxidation of  t h e  d i o l  a t  t h e  i s o l a t e d  

9,lO double-bond by t h e  microsomal mono-oxygenase g i v e s  a diol-epoxide [S] which 

has  been suggested t o  be in t imate ly  involved i n  t h e  mechanism of carcinogenesis  

by BP [3,5,6]. 

To f a c i l i t a t e  f u r t h e r  i n v e s t i g a t i o n s  regarding t h e  importance of t h e  r o l e  

of t h e s e  metabol i tes  i n  t h e  metabolic a c t i v a t i o n . o f  BP, we now r e p o r t  t h e  syn- 

t h e s i s  of t h e  t i t l e  compounds, V I  and V I I .  The synthes is  and physicochemical 

charac te r iza t ion  of  V I  and V I I  [7]  have been reported [3,6,8]. The mul t i - s tep  
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pathway, depicted i n  Scheme I, i s  der ived from t h e  procedures reported recent ly  

f o r  t h e  preparat ion of  7-hydroxyben~ok]pyrene-7-~~C [9] and unlabeled V I  and 

V I I  [8]. Thus, 3-( 1-pyrenyl) -1-bromopropane w a s  converted t o  9 ,lo-dihydrobenzo- 

k]pyrene-7(8H) -one-7-I4C (I) i n  an o v e r a l l  radiochemical y i e l d  of  63.5% using 

KI4CN as t h e  labe led  s t a r t i n g  mater ia l .  Sodium borohydride reduct ion of  I f o l -  

lowed by dehydration of  t h e  intermediate  a lcohol  gave a 91% y i e l d  of  t h e  cor- 

responding o l e f i n  (II), which i n  t u r n  was converted t o  t h e  dibenzoate (111) i n  

74% yield. Bromination of  I11 with N-bromosuccinimide and subsequent dehydro- 

bromination of  t h e  r e s u l t i n g  bromodibenzoate ( I V )  i n  b o i l i n g  xylene afforded ( V ) ,  

which was  saponif ied t o  y i e l d  trans-7,8-dihydrobenzok]pyrene-7,8-di01-7-~~C ( V I )  

i n  an o v e r a l l  radiochemical y i e l d  of 1877 (based on KI4CN). Treatment of  V I  wi th  

excess g-chloroperbenzoic a c i d  gave (~)-7U,8@-dihydroxy-98,10B-epox~-7,8,9,10- 

t e t  rahydrobenzo[a]pyrene-7 - I4C i n  4W7 yield.  

SCHEME I 
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a NaBH ,EtOH,reflux;H O;HOAc/HCl,reflux. bAgOBz,I ,benzene,reflux. 4 2 2 

CNBS,CClk,Bz 2 2  0 ,reflux. dBoiling xylene. eNaOCH3,MeOH/THF. fg-Chloroperbenzoic 

acid,THP. 
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EXPERIMENTAL 

P o t a s s i m  cyanide-14C w a s  obtained from New England Nuclear, Boston, 

Massachusetts, a t  a s p e c i f i c  a c t i v i t y  of  54.2 mCi/mole. I R  spec t ra  w e r e  d e t e r -  

mined with a Beckman Acculab I, using Nujol. UV spec t ra  were recorded w i t h  a 

Cary 118 spectrophotometer. Radioac t iv i ty  w a s  determined in a Packard Model 3003 

l i q u i d  s c i n t i l l a t i o n  counter  using Econofluor 

counting medium. Radiochemical p u r i t y  was determined in a Packard Model 7201 

TM 
(New England Nuclear) a s  t h e  

radiochromatogram scanner. A l l  experimental opera t ions  were conducted under a 

n i t rogen  atmosphere. 

9,1O-Dihydrobenzo[a]pyrene-7(8H) -one-7-14C (I) 

This  compound was synthesized from 3-( 1-pyrenyl) -1-bromopropane using t h e  

procedure previously descr ibed f o r  t h e  preparat ion of t h e  carbon-13 labe led  mate- 

r i a l  [9]. Thus, from 300 mg (4.54 m l e )  of  KI4CN was obtained 780 mg (63.5%) 

o f  I, s p e c i f i c  a c t i v i t y  54.2 mCi/mole, a s  yellow-brown needles;  TLC, Rf 0.57 

s i l ica  gellcyc1ohexane:dioxane (3:2). 

t rans-7,8-Dihydro benzo[a]pyrene -7,8-dio 1-7 -I4C (VI) 

To a suspension of  780 mg (2.89 m o l e )  of I i n  20 m l  of  e thanol  was added 

1 g (27 m o l e )  of  sodium borohydride and t h e  mixture was heated a t  g e n t l e  r e f l u x  

f o r  10 min. Water was added dropwise t o  t h e  c l e a r  s o l u t i o n  with continued hea t -  

ing and s t i r r i n g  u n t i l  t h e  g m y  deposi t  of  inorganic  sal ts  redissolved. An ad- 

d i t i o n a l  40 m l  of  water was then added t o  completely p r e c i p i t a t e  t h e  product 

which w a s  c o l l e c t e d  by f i l t r a t i o n  and washed with a minimum amount of  methanol 

and b r i e f l y  a i r - d r i e d  on t h e  f i l t e r .  The crude alcohol  was then dissolved i n  

about 15 ml of hot  g l a c i a l  a c e t i c  a c i d  and t h e  s o l u t i o n  heated t o  boi l ing.  Con- 

cent ra ted  hydrochlor ic  a c i d  was added t o  t h e  hot  s o l u t i o n  and t h e  mixture  was 

he ld  a t  r e f l u x  f o r  5 min.  Water, 30 m l ,  was added t o  t h e  cooled r e a c t i o n  mixture  

and t h e  r e s u l t i n g  crude o l e f i n  was c o l l e c t e d  by f i l t r a t i o n  and dissolved i n  25 

m l  of benzene. A f t e r  drying (Na SO 

a 2 cm x 8 cm column of  n e u t r a l  A1 0 

and K CO ) t h e  s o l u t i o n  was percola ted  through 2 4  2 3  

(Woelm, Act iv i ty  I). The column was eluted 2 3  
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with an a d d i t i o n a l  50 m l  of  benzene and t h e  combined e l u a t e s  evaporated ( i n  vacuo) 

t o  g ive  670 mg (91%) of 11. 

To 670 mg (2.64 mmole) of I1 disso lved  i n  50 m l  of  benzene was added 1.2 g 

(5.28 mole) of f r e s h l y  prepared s i l v e r  benzoate. 

heated t o  r e f l u x  and a s o l u t i o n  of 670 mg (2.64 mmole) of iodine i n  40 ml of ben- 

zene was added a l l  a t  once. The reac t ion  mixture  was ref luxed f o r  8 hr ,  a f t e r  

which t h e  suspended s i l v e r  iodide was removed by f i l t r a t i o n  through c e l i t e .  The 

f i l t r a t e  was evaporated ( i n  vacuo) and t h e  res idue  was t r i t u r a t e d  with 5 m l  of 

acetone. The r e s u l t i n g  s o l i d  (dibenzoate) w a s  c o l l e c t e d  by f i l t r a t i o n ,  washed 

with 5 m l  of acetone and subjected t o  column chromatography on s i l i c a  gel (E. 

Merck), 2 c m  x 1 2  cm, e l u t i n g  with 70 m l  benzene. The c h a r a c t e r i s t i c  yellow-green 

f luorescent  product band was c o l l e c t e d  and t h e  solvent  evaporated a t  t h e  boi l ing  

point  u n t i l  a volume of 20 m l  was a t ta ined .  To t h i s  so lu t ion  was added 60 m l  of 

hexane and t h e  whole w a s  c h i l l e d  ( i c e )  f o r  15 min. The r e s u l t i n g  c r y s t a l l i n e  

s o l i d  was c o l l e c t e d  by f i l t r a t i o n  y ie ld ing  965 mg (74%) of  111 a s  pink needles. 

The r e s u l t i n g  suspension w a s  

To a so lu t ion  of 965 mg (1.90 mmole) of  111 i n  100 m l  of bo i l ing  carbon t e t -  

rachlor ide  w a s  added 350 mg (1.90 mole )  of N-bromosuccinimide and 10 mg of  

benzoyl peroxide. The s t i r r e d  mixture  was ref luxed f o r  1 hr ,  cooled, and t h e  

succinimide removed by f i l t r a t i o n .  The f i l t r a t e  w a s  evaporated t o  dryness (& 

- vacuo) and t h e  res idue  was dissolved i n  30 m l  of hot xylene. The r e s u l t i n g  solu-  

t i o n  was heated t o  bo i l ing  (n i t rogen  sweep) f o r  20 min, cooled, and concentrated 

( i n  vacuo) t o  a volume of  10 m l .  Acetone, 15 m l ,  was added and t h e  mixture w a s  

c h i l l e d  ( i c e )  f o r  1 h r  y i e l d i n g  crude c r y s t a l l i n e  V which was c o l l e c t e d  by f i l -  

t r a t i o n ,  washed with cold acetone and d isso lved  i n  20 ml of te t rahydrofuran (THF). 

To t h i s  so lu t ion  was added 20 m l  of methanol and 2 m l  of 1 M sodium methoxide 

i n  methanol (2.00 mmoles). The mixture was heated f o r  5 min a t  60°, 1 m l  of water 

was added and t h e  s o l u t i o n  was concentrated t o  20 ml. Addit ional  water (40 ml) 

was added and the  mixture was c h i l l e d  ( i c e )  t o  p r e c i p i t a t e  t h e  product completely. 

The p r e c i p i t a t e  of crude V I  was c o l l e c t e d  by f i l t r a t i o n  and d isso lved  i n  30 m l  
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of hot  THF. This  s o l u t i o n  was passed through a 2 cm x 2 cm column of charcoal  

and ce l i te  (1:9). The column was e l u t e d  with an a d d i t i o n a l  30 m l  of e thanol  and 

t h e  combined e l u a t e s  evaporated ( i n  vacuo) t o  dryness. The residue was c r y s t a l -  

l i z e d  from 30 m l  o f  2% pyr id ine  i n  ethanol y ie ld ing  233 mg (42%, based on 111) 

of  V I  a s  l i g h t  yellow p l a t e s ,  s p e c i f i c  a c t i v i t y  53.9 mCi/mole; TLC, Rf 0.40 

s i l i c a  gel/benzene:l-propanol ( 4 : l ) .  No de tec tab le  impur i t ies  were observed by 

TLC and a radiochromatogram scan ind ica ted  t h a t  t h e  radiochemical p u r i t y  was 

2 987.7. 

(k) -7cy,8@ -Dihydroxy-9B, log -epoxy-7,8,9,10-tetrahydrobenzo[a]pyrene -7 -14C (VII) 

To a s o l u t i o n  of 117 mg (0.41 m o l e )  of V I  i n  25 m l  o f  THF was added 700 mg 

of g-chloroperbenzoic acid. Af te r  s tanding a t  room temperature f o r  1 h r ,  75 mL 

of e t h e r  was added t o  t h e  mixture and t h e  r e s u l t i n g  so lu t ion  was ex t rac ted  with 

3 x 25 m l  of cold 10% NaOH and 25 m l  of water. The organic  layer  was d r i e d  

( K  CO ), evaporated t o  dryness ( i n  vacuo), and t h e  residue dissolved i n  25 m l  

of THF and t r ie thylamine  (19:l). This  so lu t ion  was subjected t o  column chroma- 

tography on s i l i c a  g e l  (E.  Merck), 1.5 cm x 10 cm (packed using THF:triethyl- 

amine, 19:l) , e l u t i n g  with a d d i t i o n a l  THF:triethylamine (19:l). The f i r s t  10-ml 

2 3  

f r a c t i o n  was discarded.  To t h e  following 30-ml f r a c t i o n ,  which contained t h e  

product, was added 10 m l  o f  dioxane and t h e  mixture was evaporated a t  40-50' i n  

a n i t rogen  stream t o  a volume o f  5 ml a t  which poin t  c r y s t a l l i z a t i o n  occurred. 

Col lec t ion  of t h e  product by f i l t r a t i o n  gave 50 mg (40%, based on VI) of VII a s  

white  p r i s m s ,  s p e c i f i c  a c t i v i t y  53.9 mCi/mmole; TLC, R 0.50 s i l i c a  gel/THF:tri- 

ethylamine (19:l). The chemical and radiochemical p u r i t y  was 98%, see t h e  

f 

Figure below. 

Figure - 
Radiochromatogram Scan of VII 

SOLVENT FRONT ORIGIN I 
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