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RADIOACTIVELY LABELLED EPOXIDES. PART V.* 

BENZOCal PY RENE AND D I B ENZ [UIANTHRACEN E 
TRIT IUM LABELLED K-REGION OXIDES AND TRANS-DIHYDRODIOLS OF PYRENE, 

§ Frans Set iabudi ,  Frartz Oesch, and Kar l  L. P l a t t  
I n s t i t u t e  of Toxicology, U n i v e r s i t y  o f  Mainz, Obere Zahlbacher 
StraBe 67, D-6500 Mainz, FRG 

SUMMARY 

T r i t i u m  labe l  l e d  K-region oxides o f  pyrene, benzoCalpyrene and 
d ibenz [G ]an th racene  have been prepared by cyc l  i z a t i o n  o f  the 

corresponding t rans -d ihyd rod io l s  which were obta ined by reduc t i on  
o f  K-region quinones w i t h  sodium b o r o t r i t i d e  i n  the  presence o f  

oxygen. This  syn the t i c  pathway n o t  on l y  y i e l d s  two m e t a b o l i c a l l y  
important r a d i o a c t i v e l y  l a b e l l e d  d e r i v a t i v e s  o f  p o l y c y c l i c  aroma- 
t i c  hydrocarbons i n  a simple and e f f i c i e n t  manner, b u t  a l s o  r e -  
qu i res  a r a t h e r  inexpensive source o f  t r i t i u m .  

Key Words: Arene oxides, Dihydrodio ls ,  Pyrene, Benzo[alpyrene, Dibenz- 

[ U l a n t h r a c e n e ,  Sodium b o r o t r i t i d e  

INTRODUCTION 

Enzymatic a t tack  o f  cytochrome P-450 dependent monooxygenases a t  t he  K-region 

o f  p o l y c y c l i c  aromatic hydrocarbons (PAH) r e s u l t s  i n  the  format ion o f  arene ox- 

ides (1-3). These could be f u r t h e r  transformed by epoxide hydrolases ( 4 )  t o  =- 
dihydrod io l s  (5,6) and/or by g l u t a t h i o n e  t ransferases ( 7 )  t o  g l u t a t h i o n e  conju- 

gates (8-10). K-Region t rans -d ihyd rod io l s  could serve as subst rates f o r  d ihydro-  

d i o l  dehydrogenase (11,12), o r  be converted t o  glucuronides (9,13) o r  s u l f a t e s  

(9,14). I n  order  t o  study the r o l e  o f  these enzymes i n  the  metabol ic  processing 

o f  K-region d e r i v a t i v e s  o f  PAH, a simple and e f f i c i e n t  rad iosynthes is  o f  t r i t i u m  

* P a r t  I V :  Oesch F., Sparrow A.J. and P l a t t  K.L: 
- J .  Label. Comp. Radiopharm. 20: 1297 (1983). 
To whom correspondence should be addressed. 

0362-4803/87/080979-08$05.00 
@ 1987 by John Wiley & Sons, Ltd. 

Received January 5, 1987 



980 F. Setiabudi, F. Oesch and K .  L. Plan 

l a b e l l e d  K-region oxides and t rans -d ihyd rod io l s  i s  requi red.  

K-Region arene oxides have been prepared from PAH by (a )  d i r e c t  ox ida t i on  

(15-19) o r  (b )  c y c l i z a t i o n  o f  trans-bromohydrin acetates (ZO), ( c )  dialdehydes 

(21,22), (d)  a - d i h y d r o d i o l s  (23,24) and (e )  t rans -d ihyd rod io l s  (25-27). App l i -  

c a t i o n  o f  syn the t i c  routes (a) - (d)  f o r  the p repara t i on  o f  t r i t i u m  l a b e l l e d  arene 

oxides requ i res  t r i t i u m  l a b e l l e d  PAH w h i l e  i n  case o f  t he  r o u t e  (e)  t r i t i u m  can 

be in t roduced v i a  reduc t i on  o f  un labe l l ed  2-quinones o f  PAH (28,29) by complex 
3 metal t r i t i d e s ,  e.g. l i t h i u m  aluminum [ H lhyd r ide  (27) ,  sodium o r  potassium boro- 

c3H1hydride (30,31) y i e l d i n g  t r i t i u m  l a b e l l e d  t rans -d ihyd rod io l s .  Th i s  furn ishes 

bo th  r a d i o a c t i v e l y  l a b e l l e d  m e t a b o l i c a l l y  r e l e v a n t  K-region d e r i v a t i v e s  o f  PAH by 

the same r e a c t i o n  sequence. 

Since i t  has been shown t h a t  p q u i n o n e s  o f  PAH can e f f i c i e n t l y  be reduced w i t h  

sodium borohydride i n  t h e  presence o f  oxygen t o  the corresponding t rans -d ihyd ro -  

d i o l s  (28,32,33) syn the t i c  rou te  (e) ( c f .  SCHEME) was fo l l owed  t o  prepare the 

SCHEME 

a )  Pyrene 
b) Bento [9] pyrene 
c )  Dibenzra-h] anthracene 

K-region t rans -d ihyd rod io l s  and arene oxides o f  pyrene, benzo[a]pyrene and dibenz- 

[GI ant  h racene . 

RESULTS AND DISCUSSION 

For e f f i c i e n t  i n t r o d u c t i o n  o f  t r i t i u m  i n t o  s u i t a b l e  subst rates by [ Hlboro- 

hyd r ide  isopropanol has been found t o  be the  so l ven t  o f  choice (27) as i t  does 

n o t  e x h i b i t  undesired t r i t ium-hydrogen exchange as i n  the case o f  methanol o r  

e thanol .  Un fo r tuna te l y  the s o l u b i l i t y  o f  4,5-pyrenequinone, la, 4,5-bentoCa-l- 

3 
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pyrenequinone, g, and 5,6-dibenzCa,hlanthracenequinone, &, in isopropanol is 
very poor. Since K-region quinones are quite soluble in tetrahydrofurane (THF) a 

mixture of dry THF and isopropanol (5:3, v/v) was used for the reduction of m. 
In the case of unlabelled 1 sodium borohydride is applied in ten molar excess 

t o  achieve complete conversion to 2 (28). We observed that satisfying yields of 2 
can also be obtained if borohydride is used in 1.5-3 molar excess as compared to 

- 1. A specific activity of 1.0-1.2 GBq/mnol was reached when the reduction of la-c 
was started by the addition of about 10 % of the final amount of borohydride as 

boroC’Hlhydride followed by the remaining 90 L as unlabelled borohydride. However, 

when in the case of & the addition of boroC Hlhydride was preceded by one fifth 
of the amount of unlabelled borohydride in order to remove traces of moisture in 

the reaction mixture the specific activity decreased to 0.3 GBq/mnol. These re- 

sults indicate that the major part o f  3 is formed directly from & and not via 
the corresponding pdiphenol and its reoxidation to &, as it has been postulated 
(28,33). 

3 

The cyclization of 2 to 3 with 1-tosylimidazole (34) worked well with trans- 
9,10-dihydroxy-C9,10- Hldihydrophenanthrene (27) and unlabelled 3 but proved un- 
successful with tritium labelled & for reasons not yet determined. 2a-c were 
finally transformed to 3a-c with N,lj-dimethylformalr,ide dimethylacetai (WF- 

DMA) (25,26) in high yields and with almost complete retention of the label. 

3 

EXPERIMENTAL 
3 Sodium boroC Hlhydride was obtained in sealed glass tubes from Amersham Buchler 

(Braunschweig, FRG) or in screw-cap bottles by New England Nuclear (Dreieich, 

FRG). In the latter case the shipping container could directly be used for per- 

forming the reaction which proved to be quite convenient. 

DMF-DMA was supplied by Aldrich (Steinheim, FRG). Neutral alumina (typ 90, 

activity 11-111) for column chromatography was from Merck (Darmstadt, FRG). Thin- 

layer chromatography (TLC) was performed on ALF sheets (Riedel-de-Haer8, Seelze, 

FRG) with chloroform-methanol (99:1, v/v) as mobile phase. 

The chemical and radiochemical purity of 3a-c was determined by high-perfor- 

mance chromatography with UV-detection (28C nm) using LiChroscrb RP-18 (5pm; 4 x 
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250 mm; Perck, Darmstadt, FRC) as s t a t i o n a r y  and methanol- 0.1 % aqueous t r i e t h y l -  

amine (2: 65/35; 2: 75/25; &: 90/10, v / v )  a s  mobile phase a t  a flow r a t e  of 

1 ml/min; the t o t a l  e l u a t e  of one chromatographic run was co l lec ted  i n  0.5 ml 

f r a c t i o n s ,  which were r ixed  with Lumagel SB (LKB, Grafe l f ing ,  FRG) and counted i n  

a l i q u i d  s c i n t i l l a t i o n  ccuhter .  The radiochemical pur i ty  i s  given a s  t h e  percent- 

ave of t o t a l  r a o i o a c t i v i t y  t h a t  i s  e l u t e d  w i t h i n  the same e l u t i o n  volume a s  the 

pure unlabel led corrpcund. 

'H-NMR spec t ra  were recorded i n  CDC1; on a Bruker k H  90 spectrometer a t  90 Ktiz 

using te t ramethyls i lznc  a s  in te rna l  standard. 

3 trans-4,5-Dihydrcxy-C4,5- Hldihydropyrene , 2 

A suspensicn of 4,5-pyrenequinone (28)  (110.4 mg, 0.48 mmol) i n  a mixture of 
3 3 ml dry isopropanol and 5 ml dry THF was added t o  0.925 GBq sodium boro[ Hlhydri- 

de (spec.  a c t .  12.6 GBq/mmol) and s t i r r e d  a t  room temperature under a i r  and exclu- 

sion G f  moisture. Af te r  30 min unlabel led sodium borohydride (24 mg, 0.63 m o l )  

was added and s t i r r i n g  was continued f c r  5C h .  After  removal o f  the  solvent  under 

reduced pressure and addi t ion of water (20 ml) the  reac t icn  product was i s o l a t e d  

by ex t rac t ion  with chlcroform ( 3  x 75 ml). Weshing of the combined organic  phases 

with water (2  x 75 ml), drying over anhydrous F?gS04 and evaporation under reduced 

pressure yielded crude & which was p u r i f i e d  by column chromatography on neutral 

alumina with chloroform-methanol (95:5, v/v). Pure 2 (27.6 ng, 25 % )  was ob- 

ta ined as a white s o l i d  (spec.  a c t .  1 .2  GBq/mnol) and proved t o  be ident ica l  w i t h  

au thent ic  unlabel led & (28) a s  judged by TLC. 

3 trans-4,5-Di hydroxy-[4,5- H]dihydrobenzo[g]pyrene, 0 

4,5-Benzo[a-]pyrenequinone (28) (134 mg, 0.48 mmol) was transformed t o  2 with 

1.85 G B q  sodium boro[ Hlhydride (spec.  a c t .  12.6 GBq/mmol) and unlabel led sodium 

borohydride (48 mg, 1.27 mmol) i n  the same manner a s  descr ibed f o r  the synthes is  

o f  a. Pure g (97 my, 71 %) was obtained a s  a white s o l i d  (spec.  a c t .  0.96 G B q / -  

mmol) and proved t o  be ident ica l  with au thent ic  unlabel led g (28) a s  judged by 

TLC. 

3 
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trans-5,6-Di hydroxy-C5,6- Hldi hydrodibenzC3,hlanthracene, & 3 

983 

5,6-Dibenz[a,h]anthracenequinone (28) (146.5 mg, 0.48 mmol) was transformed to 
3 - 2c with 0.925 GBq sodium borol: tilhydride (spec. act. 16.7 GBq/mnol) and unla- 

belled sodium borohydride (25 mg, 0.66 mniol) in the same manner as described for 

the synthesis a. Pure C (49.3 mg, 33 % )  was obtained as a white solid (spec. 

act. 1.1 GBq/mmol) and proved to be identical with authentic unlabelled & (28) 
as judged by TLC. 

When the amount of unlabelled sodium borohydride was split, one portion (5 mg) 

being added before and the other portion (20 mg) being added after the addition 

o f  sodium boro[’H]hydride to the solution of g the yield of & was somewhat im- 
proved (40 %) yet the specific activity decreased to 0.32 GBq/mol. 

3 [4,5- HlPyrene 4,5-oxideY 3 

A solution of a (27.6 mg, 0.12 mmol; spec. act. 1.2 GBq/mmol) in a mixture of 
6 ml CHC13 and 2 ml dry tj,tj-dimethylformamide was treated with DMF-DMA (37 ul, 
0.28 rnrnol) and stirred under reflux for 2.5 h. The solvent was removed under re- 

duced pressure and the residue was washed with water and dried. Purification by 

column chromatography on neutral alumina with methylene chloride-triethylamine 

(99:1, v/v) yielded 2 (21.2 mg, 83 % )  as an off-white solid; ’H-NMR (CDC13) 

6 4.75 (s,2, H4,5), 7.3-8.0 ( m y  8, ArH); radiochemical purity: 96 %; spec. act. 

0.96 GBq/mnol. 

3 [4,5- H I  BenzoC~lpyrene 4,5-oxideY 2 

- 2a (93.9 my, 0.33 mmol; spec. act. 0.96 GBq/mmol) was transformed with DMF-DMA 

(155 v l ,  1.17 rnrnol) to 

- 3a. g (78.7 mg, 89 %) was obtairied as an off-white solid. ’H-NMR (CDC13) 6 4.71 

(d, 1, H4 or H5, J4,5 = 4.0 Hz),  4.79 (d, 1, H4 or H5, J4,5 = 4.0 Hz), 7.4 - 8.8 
( m y  10, ArH); radiochemical purity: 96 %; spec. act. 0.87 GBq/nunol. 

in the same manner as described for the synthesis of 
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[5,6-’HI Dibenz[a,hlanthracene 5,6-oxide, C 

- 2C (54.1 mg, 0.17 m o l ;  spec. act .  0.32 GBq/mol) was transformed w i t h  DMF-DMA 

(47 c11, 0.35 mnol) t o  & i n  t h e  same manner as described f o r  t he  synthes is  o f  &. 
- 3c (41 mg, 80 %) was obta ined as an of f -whi te  s o l i d .  ’H-NMR (CDC13) 6 4.63 (d, 1, H5, 

5 5 , ~  = 4.1 Hz), 4.81 (d, 1, H6, J5,6 = .4 .1  Hz), 7.2 - 9.0 (m, 12, ArH); rad io -  

chemical p u r i t y :  99 %; spec. act. 0.28 GBq/mol. 
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