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SUMMARY 

The synthes is  o f  ben~o[a]pyrene-6- ’~C i s  described. Per i -  

naphthane was converted t o  6-benzoyl -carbony1 -l 3C-perinaphthane 

which was c y c l  i zed  t o  2,3-dihydrobenzo[a]pyren-6(1H)-one-6- C. 

Subsequent reduc t i on  o f  t he  ketone fo l l owed  by dehydrat ion and 

dehydrogenation gave benzo[a]pyrene-6-13C i n  29% o v e r a l l  y i e l d .  

13 
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INTRODUCTION 

We have been c a r r y i n g  ou t  the synthes is  o f  benzo[a]pyrenes l abe led  w i t h  

13C (90%) a t  each o f  the pe r iphe ra l  carbon atoms o f  the r i n g  system f o r  use i n  

metabolism s tud ies  and eva lua t i on  o f  t he  a p p l i c a t i o n  o f  I 3 C  nmr i n  such s tud ies .  

The synthes is  o f  b e n ~ o [ a ] p y r e n e - 6 - ~ ~ C  i s  descr ibed herewith. 

D I S C U S S I O N  
13 The synthes is  o f  benzo[a]pyrene-6- C (1) was accomplished by a modi f ica-  

t i o n  o f  t he  procedure o r i g i n a l l y  descr ibed by F ieser  and Hershberg (1 )  and 

subsequently used by Heidelberger ( 2 )  i n  the synthes is  o f  ben~o[a]pyrene-6- ’~C 

as shown i n  Scheme I. 
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Scheme I 

Perinaphthane (2) (3) was a1 lowed to react with benz~yl-carbonyl-~~C 
chloride (3) in the presence of aluminum chloride in carbon disulfide afford- 

ing 6-benzoyl-carbonyl-13C-perinaphthane (%) in 79% yield. Cyclization of % 

to 2,3-dihydrobenzo[a]pyren-6(1H)-one-6- 

for five hours with sodium aluminum chloride ( 1 )  at 13O-15O0C. 

ketone 5 was reduced with lithium aluminum hydride in refluxing ether-benzene 
solution to give 1,2,3,6-tetrahydrobenzo[a]pyren-6-01-6-~3C which was directly 

dehydrated and dehydrogenated over Pd/C at 250°C to benzo[a]pyrene-6- 

The overall yield of 1 from benzoic-carboxyl- C acid was 29%. 

13 C (5) was accomplished by heating 
The crude 

13 
C (1). 

13 

The I3C NMR spectrum of 1 showed that the correct chemical shift for C6 
of BaP is 124.59 (6c from TMS) and not 125.38 as assigned by Buchanan and 

Ozubko (4). 

EXPERIMENTAL 

Materials and Methods -- Benzoic-carboxyl -13C acid was supplied by the Stable 
Isotopes Resource (LASL/NIH/ERDA) through Group H-11 , Los Alamos Scientific 

Laboratory. 

point apparatus and are uncorrected. 13C NMR spectra were obtained in CDC13 

on a pulse Fourier transform Varian CFT-20 or FT-80A spectrometer. 

Melting points were obtained on a Thomas-Hoover capillary melting 

Peaks 
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were referenced t o  CDC13 (76.9 ppm) and are repor ted r e l a t i v e  t o  TMS. 

p u r i t y  and r e a c t i o n  progress were detected w i t h  a n a l y t i c a l  t h i n - l a y e r  chromatog- 

raphy us ing 2.5 x 10 cm Analtech p l a t e s  coated w i t h  s i l i c a  gel GF. 

Product 

13 Benzoyl-carbonyl- C Chlor ide ( 3 ) .  A 50 m l  round-bottom f l a s k  equipped 

w i t h  a r e f l u x  condenser and CaC12 d ry ing  tube was charged w i t h  3.07 g (24.9 

mmol) o f  benzoic ~ a r b o x y l - ~ ~ C  ac id,  5.0 g S0Cl2, and 3 drops o f  anhydrous DMF 

( 5 ) .  The m ix tu re  was r e f l u x e d  f o r  2 h, a f t e r  which t ime the  e v o l u t i o n  o f  HC1 

had ceased. 

and excess S0Cl2 removed on a r o t a r y  evaporator. 

t he  res idue a t  reduced pressure a f fo rded  3.39 g (96%) of b e n z o y l - ~ a r b o n y l - ~ ~ C  

c h l o r i d e  (3J, f r a c t i o n  c o l l e c t e d  from 72-83°C a t  10 t o r r .  

d i a t e l y  i n  the next  step. 

The s o l u t i o n  was d i l u t e d  w i t h  anhydrous benzene and the  benzene 

D i s t i l l a t i o n  (Kugel-Rohr) o f  

This was used imne- 

6-Ben~oyl-carbonyl-~~C-perinaphthane (4 ) .  A 250 m l  Erlenmeyer f l a s k  

f i t t e d  w i t h  a r e f l u x  condenser, a d d i t i o n  funnel ,  CaC12 d ry ing  tube, and mag- 

n e t i c  s t i r r e r  was charged w i t h  3.23 g (24.2 mmol) o f  anhydrous A1C13 and 75 m l  

o f  anhydrous CS2. 

(2) (3.39 g, 24.0 mmol) and perinaphthane (2 ) (3 ) (4 .0  g, 23.8 mmol) i n  30 m l  o f  

anhydrous CS2 was added dropwise over  15 min. 

gen t le  r e f l u x  du r ing  the  a d d i t i o n  and turned blood red.  

w h i l e  being heated a t  r e f l u x  f o r  an a d d i t i o n a l  30 min, a f t e r  which i t  was poured 

over 200 g o f  i c e  and 25 m l  o f  5% HC1. 

and H20. 

g i v e  a dark brown o i l .  This was ex t rac ted  i n t o  ether  (2  x 75 m l )  and the  com- 

b ined ether  e x t r a c t s  were washed once w i t h  5% Na2C03 (50 m l )  and once w i t h  H20 

(75 m l ) .  

moved on a r o t a r y  evaporator t o  g i v e  6.21 g o f  a brown o i l  (major spot  on TLC 

i n  benzene gave Rf = 0.43). 

t he  major f r a c t i o n  5.1 g (79%) o f  5 as a viscous l i g h t  orange o i l  a t  160-205°C 

a t  0.05 t o r r ,  repor ted,  bp 160-180°C a t  0.01 t o r r  (2) .  13CNMR (CDC13): 197.88 

(c=O). 

13 A s o l u t i o n  o f  f r e s h l y  prepared benzoyl-carbonyl- C c h l o r i d e  

The r e a c t i o n  m ix tu re  warmed t o  

I t  darkened somewhat 

The r e a c t i o n  f l a s k  was r i n s e d  w i t h  CS2 

A f t e r  standing overn ight ,  t he  CS2 was removed by gen t le  b o i l i n g  t o  

The ether  l a y e r  was d r i e d  over anhydrous MgS04, and the e the r  was r e -  

D i s t i l l a t i o n  o f  t he  o i l  i n  a Kugel-Rohr gave as 

This was used i n  the  next  s tep w i thou t  f u r t h e r  p u r i f i c a t i o n .  
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13 Benzo[a]pyrene-6- C ( 1 ) .  A 125 m l  Er lenmeyer f l a s k  was charged w i t h  7.6 g 

(130 mmol) o f  anhydrous NaCl and 26.4 g (198 mmol) o f  anhydrous A1C13. 

m i x t u r e  was heated w i t h  a Bunsen bu rne r  u n t i l  a m e l t  was produced (1 ,2 ) .  

f l a s k  was immedia te ly  p laced  i n  an o i l  b a t h  a t  135-140°C, and 4.80 g (17.6 mmol) 

o f  5 prewarmed t o  110°C was added. The r e a c t i o n  f l a s k  was l o o s e l y  s toppered 

w i t h  a p l u g  o f  g l a s s  wool and s t i r r e d  w i t h  a g l a s s  r o d  eve ry  10-15 min w h i l e  

h e a t i n g  a t  135°C f o r  3 h .  

became more v i scous .  Heat ing  was con t inued  f o r  an a d d i t i o n a l  2 h a t  145°C. A t  

t h e  end o f  t h i s  t i m e  crushed i c e  was added t o  t h e  f l a s k  t o  b r i n g  t h e  con ten ts  t o  

a volume o f  100 m l .  The f l a s k  was then  p laced  i n  a s o n i c a t o r  b a t h  f o r  1 h du r -  

i n g  which t i m e  t h e  s t i r r i n g  r o d  was used t o  h e l p  b reak  up  t h e  v e r y  v i scous  com- 

p l e x .  

wa te r  were added t o  t h e  f l a s k  t o  comple te  t h e  h y d r o l y s i s .  

m l  c o n t a i n i n g  a brown mushy p roduc t  was f i n a l l y  ob ta ined .  

e x t r a c t e d  t h r e e  t imes w i t h  135 m l  p o r t i o n s  o f  benzene, and t h e  combined benzene 

l a y e r s  were washed once w i t h  wa te r .  

anhydrous MgS04 f o r  4 h b e f o r e  i t  was f i l t e r e d  and was used immedia te ly  i n  t h e  

n e x t  s tep .  

and 0.68. Comparison o f  t h e  chemica l  s h i f t  f o r  t h e  I 3 C  labe l (183.69  ppm, CDC13) 

i n  t h e  c rude p roduc t  w i t h  t h a t  f o r  t h e  ca rbony l  group (183.57 ppm, CDC13) i n  

benzanthrone e s t a b l i s h e d  t h e  f a c t  t h a t  t h i s  c rude  p roduc t  con ta ined  2,3-dihy- 

drobenzo[a]pyren-6( 1 H)-one-6-l3C (5) as t h e  m a j o r  component. 

T h i s  

The 

Dur ing  t h i s  t i m e  t h e  r e a c t i o n  m i x t u r e  darkened and 

The con ten ts  o f  t h e  f l a s k  were poured i n t o  a beaker and f r e s h  p o r t i o n s  o f  

A wate r  l a y e r  o f  250 

The aqueous s l u r r y w a s  

The da rk  brown benzene l a y e r  was d r i e d  over  

TLC (benzene) showed a t  l e a s t  7 spo ts  w i t h  m a j o r  spo ts  a t  Rf  0.18 

A one l i t e r  Er lenmeyer f l a s k  equipped w i t h  a r e f l u x  condenser,  a d d i t i o n  

funne l ,  and magnet ic  s t i r r e r  was charged w i th  3.7 g (98 m o l )  o f  LiA1H4 and 

200 m l  of anhydrous e t h e r  under  N2. 

was added dropwise  o v e r  a p e r i o d  o f  40 min,  and t h e  m i x t u r e  was heated  a t  r e f l u x  

w i t h  s t i r r i n g  f o r  12 h. The r e a c t i o n  m i x t u r e  was coo led  ( i c e  b a t h ) ,  and 20 m l  

o f  e thano l  was added s l o w l y  t o  decompose t h e  excess LiA1H4. The r e a c t i o n  m ix -  

t u r e  was poured i n t o  350 m l  o f  2% HC1, t h e  o r g a n i c  l a y e r  was separa ted ,  and t h e  

aqueous l a y e r  was washed w i t h  150 m l  o f  benzene. 

The d r i e d  benzene s o l u t i o n  o f  t h e  ke tone 5 

The o rgan ic  l a y e r s  were com- 
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bined and washed tw ice  w i t h  50 m l  po r t i ons  o f  s a t ' d  s a l t  s o l u t i o n  and once w i t h  

50 m l  o f  water. 

were evaporated under reduced pressure t o  g i v e  4.25 g (89% recovery o f  organic  

m a t e r i a l )  of orange o i l .  This m a t e r i a l  contained 6 and/or i t s  dehydrat ion pro- 

duct .  TLC (benzene) showed a major spot a t  R f  0.69 p lus  4-5 minor spots. This 

m a t e r i a l  was d i r e c t l y  dehydrogenated by hea t ing  w i t h  0.45 g o f  10% Pd/C, 6.30 g 

(34.9 mnol) o f  1, l-diphenylethene, and 45 m l  o f  1-methylnaphthalene a t  245-255°C 

f o r  7 h under a slow stream o f  N2. 

w i t h  50 m l  o f  benzene. 

was removed on a r o t a r y  evaporator. The 1-methylnaphthalene, 1, l-diphenylethane, 

and unreacted 1, l-diphenylethene were removed i n  a Kugel-Rohr a t  40-80°C and 

0.05-0.1 t o r r .  The r e s u l t i n g  dark res idue  (4.38 g )  d i sso l ved  s low ly  i n  20 m l  o f  

benzene w i t h  warming on a steam bath. The dark r e d  s o l u t i o n  was app l i ed  t o  a 36 

x 290 mm column o f  neu t ra l  Woelm alumina, and the  column was e lu ted  w i t h  benzene. 

The f i r s t  100 m l  o f  e luan t  contained 0.9 g o f  m a t e r i a l  which d i d  n o t  con ta in  any 

- 1 (TLC). 

shown by TLC t o  con ta in  considerable amounts o f  1. 
benzene and added t o  1.9 g o f  p i c r i c  a c i d  d i sso l ved  i n  42 m l  o f  benzene. The 

r e s u l t i n g  dark s o l u t i o n  was concentrated t o  40 m l  and al lowed t o  cool  t o  room 

temperature. 

by chromatography on Woelm neu t ra l  alumina. 

concentrat ion and a d d i t i o n  o f  methanol gave a t o t a l  o f  1.55 g o f  benzo[a]pyrene- 

6-13C (1) i n  t h ree  crops: 1.2 g, mp 175.5-177"C, y e l l o w  needles: 0.25 g, mp 175- 

178"C, ye l l ow  needles; 0.1 g, mp 172-176.5"C, ye l l ow  powder; repor ted (6 ) ,  mp 

176-177OC. 13C NMR (CDC13) gave the  chemical s h i f t  f o r  C 6  o f  1 as 124.59 ppm 

i n  disagreement w i t h  the  value assigned by Buchanan and Ozubko (4 )  and corres-  

ponds t o  t h e i r  assignment f o r  C1. 

used, the o v e r a l l  y i e l d  was 29%. 

The orange organic l a y e r  was d r i e d  over MgS04, and the so lvents  

The r e a c t i o n  m ix tu re  was cooled and d i l u t e d  

The c a l a l y s t  was removed by f i l t r a t i o n ,  and the  benzene 

The next  350-450 m l  a f fo rded  2.1 g o f  s o l i d ,  mp 145-175"C, which was 

This s o l i d  was d isso lved i n  

The p i c r a t e  was i s o l a t e d  (41% o v e r a l l  from 5) and converted t o  1 
E l u t i o n  w i t h  benzene fo l l owed  by 

13 Based on 3.07 g o f  benzoic-carboxyl- C a c i d  
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