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SUMMARY 

The syntheses  of ~ - 7 , 8 - d i h y d r o b e n z o b ] p y r e n e - 7 , 8 - d i o l -  
G- 3H (V) and C+)- 7cr, 8 B-di hydroxy -98, lop- epoxy-7,8,9,10- t e t r a  hydro- 
ben~ol$]pyrene-C-~H (VI) are descr ibed.  The s p e c i f i c  a c t i v i t i e s  of 
V and V I  were 158 mCi/mmole and 220 mCi/mole, respec t ive ly .  The 
key i n t e n n e d i a t  e, --7,8,9, LO- tetrahydrobenzoblpyrene- 7,8-diol- 
G-38 dibenzoate  (1111, was prepared by c a t a l y t i c  dehalogenat ion 
w i t h  t r i t i i u a  gas. 

Key Words: ~ - 7 , 8 - M h y d r o b e n z o ~ ] p y r e n e - 7 , 8 - d i o l - G -  3 H, C+)-7a, 8B- 
Mhydroxy-9BI lO$-epoxy-7,8,9,10-tetrahydrobenzo~]pyrene- 
G-3H, Tritium, Polycycl ic  aromatic hydrocarbons, metabol i tes  

INTRODUCTION 

Among t h e  major metabol i tes  of benzob]pyrene (BP), tran.p7,8-dihydrobenzo- 

L]pyrene-7,8-diol (BP-7,b-diol) i s  unique i n  t h a t ,  a f t e r  incubat ion  wi th  hamster 

l iver  microsomes, it was  observed t o  bind t o  DNA t o  an e x t e n t  10-fold g r e a t e r  than 

benzohlpyrene  i t s e l f  when subjec ted  t o  similar metabol ic  a c t i v a t i o n  [I]. The s ig-  

n i f i c a n c e  of t h i s  f i n d i n g  w a s  revealed by t h e  work of Sims and co-workers [2] 

which ind ica ted  t h a t  t h e  BP7,8-diol  formed in a primary metabol ic  s t e p  i s  sub- 

sequent ly  oxidized (microsomes) t o  a diol-epoxide which is t h e  s p e c i e s  respons ib le  

f o r  t h e  binding of t h e  BP moiety t o  DNA. In p a r t i c u l a r ,  t h i s  w a s  supported by t h e  

f a c t  t h a t  BP7,8-diol ,  a f t e r  t reatment  with;-chloroperbenzoic ac id ,  reac ted  
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v i t r o  with i s o l a t e d  DNA t o  a f f o r d  t h e  same nucleoside-hydrocarbon conjugates  a s  

those  obtained from BP7,b-diol  which was reac ted  a f t e r  microsomal metabol ic  activa- 

t ion .  Moreover t h e s e  nucleoside-hydrocarbon products  were chromatographically in-  

d i s t i n g u i s h a b l e  from those  formed i n  v ivo  by whole c e l l s  t r e a t e d  with e i t h e r  BP o r  

BP7,8-diol .  

The product of t h e  B P 7 , 8 - d i o l r c h l o r o p e r b e n z o i c  ac id  r e a c t i o n  has been iso- 

l a t e d  and charac te r ized  a s  a 7,8-diol-9,10-epoxide [3]. Its s tereochemistry was 

es tab l i shed  when an isomeric diol-epoxide w a s  prepared (by c l o s u r e  of a 9,lO-bromcr 

hydrin)  apd on t h e  b a s i s  of NMR spectrum, found t o  have t h e  7c~,88,%,1Oa, or ien ta-  

t i o n  [O] . The per  ac id  product i s t h e r e f o r e  7a, 86-di hydroxy-96, 106- epoxy-7,8,9 , 10- 
t e t rahydroben zo b ] p y r  ene. 

The %,l&-isomer was markedly more r e a c t i v e  toward nuc leophi les  i n  accord- 

ance with t h e  expec ta t ion  of Hulbert [s]. However, t h e  chemically less r e a c t i v e  

98,108-isomer shows higher  i n d i c e s  of b i o l o g i c a l  a c t i v i t y  i n  terms of mutagenic 

power [63. Furthermore, incubat ion  of t h e  7,8-diol with ra t  l i v e r  microsomes a f f o r d s  

products  c h a r a c t e r i s t i c  of t h o s e  r e s u l t i n g  from hydra t ion  of s y n t h e t i c  9B, 108-diol 

epoxide and d i f f e r e n t  from those  der ived from t h e  %,l&-isomer [6l. 

The above f a c t s  a r e  c o n s i s t e n t  w i t h  t h e  i d e n t i f i c a t i o n  of 7~1,86-dihydroxy- 

98, 108- epoxy-7,8,9,10- t etrahydrobenzo b l p y r e n e  as t h e  u l t i m a t e  carcinogenic  metabol i te  

of BP. To a id  i n  e s t a b l i s h i n g  f u r t h e r  t h e  r o l e  of BP-7,8-diol and t h e  98,106-diol 

epoxide i n  BP carcinogenesis ,  t h e  t i t l e  compounds were synthesized by methods re-  

ported herein. 

The route ,  depicted i n  Scheme I used, i n  p a r t ,  t h e  r e a c t i o n  sequence o r i g i n a l l y  

reported f o r  t h e  prepara t ion  of unlabeled V and V I  [3]. Tri t ium was introduced by 

c a t a l y t i c  hydrogenolysis of a nuclear  monobrominated in te rmedia te  11. This  product, 

which r e s u l t e d  from t h e  t reatment  of I wi th  t h e  mild brominating agent--phenyltri- 

rnethylamnonium tr ibromide (FTT), w a s  separable  (HPLC, c r y s t a l l i z a t i o n )  i n t o  two 

compounds, On t h e  b a s i s  of bromine analyses ,  t h e s e  were charac te r ized  as isomeric  

monobrominated d e r i v a t i v e s  [;I]. However, f o r  t h e  present  purpose, t h e  isomer mix- 
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t o r e  was  used direct1y.Hydrogenolysis of 11 was conducted with Fd ca ta lys t  i n  dioxane 

so lu t ion  using an equimolar amount of t r i e t h y l d n e  a s  promoter. 

SCHEME I 

I I11 

I C 

VI V IV 

C 
PTT, HQAc/THF. DioxanefEtjN, %I2, Pd black. NBS, ccl4, Bz202, r e f l w ;  

boi l ing  zylene. d NaOCH3, MeCRfTHF. e g-Chloroperbenzoic ac id ,  THF. 

EXPERIMENTAL 

T r i t i u m  gas was obtained from Union Carbide Corporation, Nuclear Division, 

Oak Ridge National Laboratory, Oak Ridge, Tennessee. Palladium black was purchased 

from Fisher Sc ien t i f i c  Company, St. Louis, Missouri. IR spec t ra  were determined 

with a Beclanan Acculab I, using Nujol. UV spec t ra  were recorded with a Cary 118 

spectrophotometer. Radioactivity was determined i n  a Packard Model 3003 l iqu id  

s c i n t i l l a t i o n  counter using Econofluor'" (New England Nuclear) a s  the  counting medium. 

Radiochemical purity was determined i n  a Packard Model 7201 radiochromatogram scanner. 

A l l  experimental operations involving t r i t i a t e d  compounds were conducted under a 
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nitrogen atmosphere. High pressure l i qu id  chromatography was performed with a 

Spectra-Physics 3500B using hexane--methylene ch lor ide  on a 3 mm x 250 mm Spherisorb 

s i l i c a  column. 

Monobr0mo-~-7,8,9,10-Tetrahydrobenzo~]pyrene-7,8-dio~ d i o l  dibenzoate (11) 

To a warm (40') mixture of 1.0 g (2.0 m o l e )  of I [s] i n  100 ml of ace t i c  

acid:tetrahydrofuran. (3:2)  was added 2.0 g (5.3 m o l e )  ox phenyltrimethylmonium 

tribromide (PTT) i n  1 m l  of THF. After s t i r r i n g  a t  room temperature f o r  4 h r  an 

addi t iona l  2.0 g of PTT was added. The r e su l t i ng  mixture w a s  s t i r r e d  f o r  44 hr a f t e  

which the  excess PTT w a s  decomposed by addition of saturated NaHS03 so lu t ion  u n t i l  

a negative t e s t  f o r  bromine was obtained with potassium iodide-starch paper. Gradua 

addition of water (500 m l )  prec ip i ta ted  the  product which was washed thoroughly w i t  

water. After drying (in vacuo) a t  50' f o r  4 hr,  970 mg of 11 was obtained a s  a l i g h  

orange so l id ,  m.p. 179-184'; TLC, Rf 0.44 s i l i c a  gel/cyclohexane:acetone (3:2). 

Analysis by HPLC showed t h i s  product t o  contain 5% unreacted I with the  remainder 

cons is t ing  of two brominated products present i n  t h e  r a t i o  of approximately 2:l .  

Crystals of each compound were deposited from an acetone solution of t h e  product 

mixture. These were separated manually and used as seed f o r  s e l ec t ive  c rys t a l l i za -  

tion. Compound I I a  was obtained a s  white prisms, m.p. 240-241'. && Calcd f o r  

C34H23Br04: B r ,  13.89. Found: Br ,  13.92. 

Compound I I b  was co l lec ted  a s  pa le  orange needles, m.p. 204-205'. &&. Calcd. 

f o r  C34H23Br04: Br ,  13.89. Found: Br ,  14.06. 

trans- 7,8,9,lO-Tetrahydrobenzok]pyrene-7,8-di0l-G-~H dibenzoat e (111) 

The procedure described below exemplifies a typ ica l  t r i t i a t i o n  run u t i l i z e d  

f o r  t he  preparation of 111. 

To a suspension of 5 mg of palladium black i n  2 m l  of dioxane [8] containing 

7.2 k1 of tr iethylamine w a s  added 23.7 mg of 11. The f l a s k  containing the'above 

mixture was attached t o  a vacuum manifold, frozen with l iqu id  nitrogen, and the  

e n t i r e  system evacuated t o  30 p. The reac t ion  mixture was then exposed to 50 C i  of 

t r i t i u m  gas, a f t e r  which it was thawed and the  r e su l t i ng  suspension s t i r r e d  f o r  
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2 h r  whi le  t h e  uptake of tritium gas  was monitored manometrically. A f t e r  t h e  reac- 

t i o n ,  t h e  mixture  was again f rozen  wi th  l i q u i d  n i t rogen  and t h e  unreacted tritium 

t r a n s f e r r e d  t o  a uranium t r a p  reservoi r .  The r e a c t i o n  v e s s e l  w a s  then removed from 

t h e  vacuum manifold and t h e  conten ts  t r a n s f e r r e d  t o  a f l a s k  conta in ing  340 mg of 

I i n  40 m l  of dioxane. 

Water (60 m l )  was added t o  t h e  s o l u t i o n  and t h e  r e s u l t i n g  s o l i d  removed by 

f i l t r a t i o n .  The s o l i d  was d isso lved  in 75 m l  of b o i l i n g  acetone, f i l t e r e d ,  and t h e  

f i l t r a t e  evaporated, a t  t h e  b o i l i n g  poin t  t o  30 m l .  After c h i l l i n g  in an ice  b a t h  

f o r  30 min, t h e  product w a s  c o l l e c t e d  by f i l t r a t i o n ,  d i sso lved  in 25 m l  of b o i l i n g  

benzene, and this s o l u t i o n  d i l u t e d  w i t h  90 ml of hexane. After cool ing  i n  ice f o r  

30 min, t h e  product was c o l l e c t e d  by f i l t r a t i o n  y i e l d i n g  229 mg (63%) of I11 as 

whi te  needles ,  s p e c i f i c  a c t i v i t y  176.5 mCi/mmole. 

Extension of t h e  r e a c t i o n  t i m e  t o  4-6 h r  gave material wi th  s p e c i f i c  a c t i v i t i e s  

i n  t h e  400-500 mCi/mole range. 

- t rans-  7,8-Di hydrobenzo Llpyrene-7 , 8-diol-G3H (V) 

To a suspension of 229 mg (0.46 m o l e )  of I V  (176.5 mCi/mole)  in 30 m l  of 

CC14 was added 82 mg (0.46 m o l e )  of  N-bromosuccinimide. The mixture  was heated 

under N2 wi th  s t i r r i n g  a t  85" (ba th  temperature). Mbenzoyl peroxide ( l o  mg) w a s  

added t o  i n i t i a t e  t h e  r e a c t i o n  which was allowed t o  proceed f o r  1 hr. On cool ing,  

t h e  p r e c i p i t a t e d  succinimide was removed by f i l t r a t i o n  and t h e  f i l t r a t e  evaporated 

Cin vacuo). Xylene (25 m l )  w a s  added t o  t h e  r e s i d u e  and t h e  r e s u l t i n g  s o l u t i o n  was 

heated a t  t h e  b o i l i n g  poin t  under a g e n t l e  stream of N2 f o r  20 min. The r e a c t i o n  

mixture  was evaporated (in vacuo) u n t i l  solid began t o  appear. Di lu t ion  wi th  acetone 

(10 m l ) ,  followed by cool ing  i n  an i c e  bath, p r e c i p i t a t e d  t h e  d ihydrodio l  d ibenza te  

I V  which w a s  separated by f i l t r a t i o n .  Dark i m p u r i t i e s  were removed by washing t h e  

product with 5 m l  of acetone, a f t e r  which i t  was d isso lved  i n  10 m l  THF. An equal 

volume of methanol was added followed by 1 m l  of 1 M sodium methoxide i n  methanol. 

The r e a c t i o n  mixture  was heated a t  r e f l u x  under N2 f o r  1 min. Water (1 m l )  was added 

and t h e  mixture  concentrated (in vacuo) t o  one-half volume. Crude V, which was pre- 
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c i p i t a t e d  by a d d i t i o n  of 30 m l  water, w a s  removed by f i l t r a t i o n .  The product w a s  

dissolved i n  20 m l  of hot THF and t h e  s o l u t i o n  percola ted  through a 15 m x 15 m 

column of charcoal  and C e l i t e  (1:9). The column was  e lu ted  with 15 m i  of e thanol  

and t h e  combined e l u a t e s  evaporated t o  dryness  ( i n  vacuo). The r e s u l t i n g  s o l i d  res idue  

was r e c r y s t a l l i z e d  from pyridine-ethanol  (1:19) y i e l d i n g  45 ng (34%) of V a s  pa le  

yellow p l a t e s ,  s p e c i f i c  a c t i v i t y  158 mCi/mnole; TLC, Rf 0.40, s i l i c a  gel/benzene:l- 

propanol (4:l). 

J r a n s  -7cu,8~-Dihydroxy-98,108-epoxy-7,8,9,10-tetrahydrobenz0~]pyrene-G-~H (VI) 

A s o l u t i o n  of 143 mg (0.50 m o l e )  of V (230 mCi/mnole) i n  50 rnl  of THF w a s  

t r e a t e d  with 860 mg (5.0 m o l e )  of p u r i f i e d  p c h l o r o p e r b e n z o i c  acid and t h e  reac- 

t i o n  allowed t o  proceed a t  room temperature  f o r  1 hr. Ether (50 ml)  was edded t o  

t h e  r e a c t i o n  mixture  and t h e  whole ex t rac ted  with co ld  10% aqueous NaOH ( 3  x 50 

ml) and water (1 x 50 m l ) .  A f t e r  drying (K2C03), t h e  s o l v e n t s  :?ere removed (in 

vacuo) and t h e  r e s i d u e  d isso lved  i n  25 m l  of THF-triethylamine (19:l). The solu- 

t i o n  w a s  placed on a 15 mn x 120 m column of Si02 and t h e  column e lu ted  with 40 

m l  of THF-triethylamine (19:l). Pur i f ied  dioxane (10 ml) was added t o  t h e  e l u a t e  

and t h e  s o l u t i o n  evaporated a t  50-600 under a N2 s t ream t o  a volume of 3-5 m l .  The 

product, which separa ted  by c r y s t a l l i z a t i o n ,  w a s  removed by f i l t r a t i o n .  There w a s  

obtained 31 mg (21%) of V I  as white c r y s t a l s ,  s p e c i f i c  a c t i v i t y  220 mCi/mnole; TLc, 

Rf 0.50, s i l i c a  gel/THF:triethylamine (19:l). 
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