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Synthesis of 3H-Labeled Environmental Carcinogens: 
Cyclopenta [32] pyrene-G-3H 

Cyclopenta[c,d]pyrene (CPP) is a highly mutagenic' polycyclic aromatic 

hydrocarbon found in automobile exhaust,' carbon black,3y4 and a variety of 

soots. The widespread environmental distribution of this compound necessitates 

exhaustive in vivo and in vitro studies of CPP and its metabolites. Therefore, 

the synthesis of radiolabeled CPP was undertaken. 

An initial attempt for the direct tritiation of CPP via a previously 

developed procedur e5 using e thylaluminum d ichlor ide (EADC) catalyst and t r i t iat ed 

water (THO) gave mostly dimeric products. This is not surprising, in view of the 

reactivity of the 3,4-exocyclic double bond4 and the reported sensitivity of CPP 

to acidic conditions. Therefore, a new synthetic route employing 3,4-dihydro- 

cyclopenta[c,d]pyrene 1 was chosen. 

@ ____* 1) EADC 3H@) 

0 2)  THO 0 
3 - 2 - 1 - 

Treatment of 1. with EADC, followed by quenching the resulting complex 

with 10 Ci of tritiated water (specific activity of 50 Ci/ml) gave 2 with a spe- 

cific activity of 547 mCi/mmole. 

terial, the tritiated 3,4-dihydrocyclopenta[c ,d]pyrene (2) was converted to the 

final product by treatment with excess 2,3-dichloro-5,6-dicyano-1,4-benzoquinone 

(DDQ).  

Further, after dilution with pure unlabeled ma- 

The chemical and radiochemical purity of the final product was 2 98% after 
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p u r i f i c a t i o n  v i a  column chromatography, a f f o r d i n g  a 57% y i e l d  o f  3 ( s p e c i f i c  ac- 

t i v i t y  293 mCi/mmole). I t  should  b e  no ted  t h a t  a product  w i t h  s i g n i f i c a n t l y  

h ighe r  s p e c i f i c  a c t i v i t y  cou ld  b e  o b t a i n e d  by u s i n g  t r i t i a t e d  water w i t h  a spe- 

c i f i c  a c t i v i t y  of 500 C i / m l .  

Exper imei% 

Nonrad ioac t ive  CPP w a s  p repa red  in t h i s  l a b o r a t o r y  acco rd ing  t o  a pre-  

Hydrogenat ion4  o f  an  e t h a n o l i c  s o l u t i o n  of CPP on v i o u s l y  pub l i shed  procedure .  

10% Pd /C  c a t a l y s t ,  fo l lowed by p u r i f i c a t i o n  v i a  t h e  p i c r a t e  and subsequent  column 

chromatography, gave 3 ,4 -d ihydrocyc lopen ta l c ,d ]pyrene  1 i n  61% y i e l d .  E thyl -  

aluminum d i c h l o r i d e  w a s  purchased  from E t h y l  Corpora t ion ,  Baton Rouge, Lou i s i ana .  

The t r i t i a t e d  wa te r  w a s  purchased  from Amersham Corpora t ion ,  A r l i n g t o n  He igh t s ,  

I l l i n o i s .  The UV s p e c t r a  were r eco rded  u s i n g  a Var i an  Superscan  3 spectrophotom- 

e t e r .  R a d i o a c t i v i t y  w a s  de te rmined  w i t h  a Packard Tri-Carb-2425 l i q u i d  s c i n t i l l a -  

t i o n  spec t romete r  u s i n g  s o l u t i o n s  of Liqui f . luorQ (New England Nuclear )  and PCS@ 

(Amersham Chemical Corpora t ion ) .  

ography and scann ing  of t h e  TLC p l a t e s  u s i n g  a Packard  Model 7201 rad iochromato-  

gram scanne r .  

by comparison wi th  known s t a n d a r d s .  S i l i c a  g e l  p l a t e s  (Brinkman 60F-254) were 

used f o r  TLC and U l t r a f i l m  3H (LKB) f i l m  was used  f o r  t h e  au to rad iog raphy .  

3,4-Dihydrocyclopenta [c.d]pyrene-G-3H (2) 

Radiochemica l  p u r i t y  w a s  de te rmined  by a u t o r a d i -  

The p u r i t y  and i d e n t i t y  o f  t h e  3H-labeled compounds were confirmed 

The t r i t i a t i o n  of 1 u s i n g  EADC and THO w a s  c a r r i e d  o u t  i n  a s p e c i a l l y  

des igned  high vacuum r e a c t i o n  v e s s e l '  s u i t a b l e  f o r  hand l ing  10  t o  100 C i  amounts 

o f  t r i t i a t e d  wa te r  of  r e l a t i v e l y  h i g h  s p e c i f i c  a c t i v i t y  (50 t o  500 Ci /ml)  w i thou t  

exposure  t o  t h e  a tmosphere .  Thus,  t o  13 mg (0.057 mmole) of 1, EADC (100 ~ 1 ,  

0.10 mmole) w a s  added through a septum and under  a n i t r o g e n  atmosphere.  A f t e r  

s t i r r i n g  f o r  5 min, THO (10 C i ,  0 .2  ml) was added t o  quench t h e  red-colored  com- 

p l ex .  The removal of l a b i l e  t r i t i u m  was ach ieved  by a z e t r o p i c  d i s t i l l a t i o n  
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-- in vacuo using 10 x 2 ml methanol. 

benzene (25 ml) and dried over Na2SO4. 

was purified by chromatography on a silica gel column (15 nun x 150 mm) using 

The labile-free crude product was dissolved in 

After removal of the solvent, the residue 

cyclohexane-benzene (1:l) as the eluant. A yield of 8.65 mg (20.8 mCi, 547 mCi/ 

mmole) of pure 2 was obtained. 

2 98% as determined by TLC (silica gel/cyclohexane, Rf = 0.18) and by UV analysis. 

Cyclopenta [c,d] ~yrene-G-~H (2) 

The chemical and radiochemical purity of 2 was 

The sample of 2 was first diluted with an equal weight of 1. Next, 

17.3 mg (0.076 mmole) of  3 ,4-dihydrocyclopenta[c ,dlpyrene in 40 ml benzene was 

heated to reflux (under argon), and then 40 mg of DDQ (0.176 mole) in 10 ml of 

benzene was added. The mixture was allowed to reflux for 1 hr, cooled to room 

temperature, and then diluted with 50 ml of benzene and 100 ml of ether. The or- 

ganic phase was washed with 3 x 20 ml of saturated sodium sulfite solution, 20 ml 

of sodium chloride solution, and dried over Na2S04. 

the residue was purified by chromatography on a column (10 mm x 100 mm) of 

After removal of the solvent, 

Activity I Basic Alumina using benzene-cyclohexane (1:l) as the eluant. The de- 

sired compound appeared as an orange band (nonfluorescent with UV light). 

of the solvent gave 9.8 mg (57% yield) of 2 (12.7 mCi, 293 mCi/mole). 

Removal 

The chem- 

ical and radiochemical purity was determined by TLC (silica gel/benzene, Rf = 

0.59) and by comparison of the ultraviolet spectrum of 2 to that of a pure sample 

of CPP. 

Acknowledgment 

We gratefully acknowledge the support of this work by the National 

Cancer Institute, Contract No. N01-CP-33387. 

P. H. Ruehle, A. B. Sushn, and J. C. Wiley, Jr. 

Midwest Research Institute, 425 Volker Boulevard 

Kansas City, Missouri 64110 



610 P. H .  Ruehle, A .  B. Susan and J .  C. Wilcy, J r .  

Refe rences  ____- 

1. C i s e n s t a d t ,  E. and  Gold,  A. - Proc .  Nat l .  Acad. S c i .  USA, 2: 1667 (1978).  

2a.  Grimmer, G .  - IARC S c i .  Publ .  ( A i r  P o l l u t .  Cancer Man. P r o c . ,  2nd Hanover I n t .  

Carcinog. Meet . ) ,  16: 29 (1977).  

b.  Brune, H.F.K. - IARC S c i .  Pub l .  ( A i r  P o l l u t .  Cancer Man. P roc . ,  2nd Hanover 

I n t .  Ca rc inog .  Mee t . ) ,  2: 41 (1977) .  

3 .  Neal, J. and T r i e f f ,  N.M. - H e a l t h  Lab. S c i . ,  2(1): 3 2  (1972) .  

ha .  Gold,  A. - Anal.  Chem., 47: 1469 (1975) .  

b.  Wallcave, L . ,  Nagel,  D.L., Smi th ,  J.W.,and Winiska ,  R .D.  - Environ .  S c i .  

Technol . ,  9 ( 2 ) :  143  (1975) .  

5. Duncan, W.P., O g i l v i e ,  E . J .  11, and Engel ,  J .F .  - J. Label .  Compounds a n  

Radiopharm., 111: 461 (1975) .  

6.  I t t a h ,  Y .  and J e r i n a ,  D.M. - Tet rahedron  L e t t . ,  4495 (1978) .  

7. Ruehle ,  P.H., F i s c h e r ,  D.L.,  and Wiley ,  J . C .  Jr. - J. C .  S. Chem. Corn . ,  

302 (1979) .  

8. Susbn, A . B . ,  Kwoka, W . ,  Wiley,  J . C .  Jr . ,  and  Duncan, W.P. - Chem. and Ind .  

( i n  p r e s s ) .  


