
Journal of Labelled Compounds and Radiopharmaceuticals-Vol. XXI, No. 8 781 

A FACILE MICROSYNTHESIS OF 14C-LABELLED PICENE 

D i e t e r  Beermann', P e t e r  Pet rov ic* * ,  A1 b r e c h t  Se ide l  and Franz Oesch* 
I n s t i t u t e  of  Tox i co logy ,  U n i v e r s i t y  o f  Mainz, D-6500 Mainz, FRG 

SUMMARY 

M i c r o s c a l e  W i t t i g  o l e f i n a t i o n  o f  commerc ia l l y  a v a i l a b l e  

c 7 -  Cl-benzaldehyde o f  h i g h  s p e c i f i c  r a d i o a c t i v i t y  w i t h  a r y l  

bromomethyl phosphonium s a l t  and subsequent o x i d a t i v e  photo-  

c y c l i s a t i o n  a f f o r d s  pure  l 4 C - l a b e l l e d  p i cene  i n  e f f i c i e n t  

y i e l d .  
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INTRODUCTION 

14C-label  l e d  p o l y c y c l  i c  a romat i c  hydrocarbons (PAHs) a r e  r e q u i r e d  f o r  s tudy -  

i n g  t h e  b i o l o g i c a l  a c t i o n  o f  these compounds. Some o f  t h e  PAHs have been shown t o  

e x e r t  c o n s i d e r a b l e  ca rc inogen ic ,  mutagenic and/or  c y t o t o x i c  e f f e c t s  (1-5),  whereas 

o t h e r s  seem t o  have no o r  o n l y  marg ina l  b i o l o g i c a l  a c t i v i t y .  A PAH be long ing  t o  

t h e  second c l a s s  i s  p i cene  - a c o n s t i t u e n t  o f  l i g n i t e  t a r  and a p o l l u t a n t  f r o m  

combust ion processes (6-9).  A l though p i cene  has been r e p o r t e d  t o  be non-carc ino-  

gen ic  ( 1 0 , l l )  i t  appeared t o  be a weak p a p i l l o m a  i n i t i a t o r  (12) .  I n  o r d e r  t o  s tudy  

i t s  metabo l ism (13 )  l 4 C - l a b e l l e d  p i cene  was needed. 

RESULTS AND DISCUSSION 

U n l a b e l l e d  p i cene  1 has been p repared  by  p h o t o c y c l i s a t i o n  (14) o f  1,2-di-  

(1 -naphthy1) -e thy lene 2 ( 1 5 ) .  I n  t h e  course  o f  t h i s  r e a c t i o n  t h e  c e n t r a l  phen- 

an th rene  u n i t  o f  p i cene  i s  formed. An a l t e r n a t i v e  photochemical  approach t o  
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p icene  would i n v o l v e  t h e  p e r i p h e r a l  phenanthrene u n i t  and s t a r t  f r o m  l - p h e n y l -  

2-(l-phenanthryl)-ethylene 3 (Scheme 1). T h i s  l a t t e r  r e a c t i o n  has o n l y  been t h e  

t h e  s u b j e c t  o f  t h e o r e t i c a l  c o n s i d e r a t i o n s  by  Laarhoven ( 1 6 ) .  N e i t h e r  o f  these 

p h o t o c y c l i s a t i o n s  have been employed for  t h e  s y n t h e s i s  o f  p i cene  d e r i v a t i v e s ,  

a l t hough  p h o t o c y c l i s a t i o n  i s  a w e l l  known approach t o  v a r i o u s  o t h e r  PAHs (17-19) 

As C7-14Cl-benzaldehyde o f  v e r y  h i g h  s p e c i f i c  a c t i v i t y  (57  C i /mo l )  was commer- 

c i a l l y  a v a i l a b l e ,  3 was syn thes i zed  v i a  W i t t i g  o l e f i n a t i o n  o f  benzaldehyde w i t h  

Scheme 1 

(1-phenanthry l  )methy l  t r i p h e n y l  phosphonium bromide 5 f o l l owed  by i r r a d i a t i o n  t o  

y i e l d  p icene.  

Phosphonium s a l t 5 w a s  prepared i n  41 % t o t a l  y i e l d  on a 0.1 mol s c a l e  by 

r e a c t i o n  o f  o - t o l y l a l d e h y d e  w i t h  benzy l  t r i p h e n y l  phosphonium bromide, o x i d a t i v e  

p h o t o c y c l i s a t i o n  o f  t h e  r e s u l t i n g  2 - m e t h y l s t i l b e n e  t o  1-methylphenanthrene 4, 
bromina t ion  of 4 w i t h  N-bromosuccinimide and r e a c t i o n  o f  t h e  r e s u l t i n g  bromide 

w i t h  t r i p h e n y l  phosphine (Scheme 2 ) .  D u r i n g  t h e  s y n t h e s i s  o f  v a r i o u s  p o t e n t i a l  

Scheme 2 

m e t a b o l i t e s  o f  p icene,  5 proved t o  be  a v a l u a b l e  syn thon (20). Reac t ion  o f  5 
w i t h  u n l a b e l l e d  benzaldehyde i n  t h e  presence o f  l i t h i u m  e t h o x i d e  produced 3 i n  

7 5  % y i e l d  ( c i s / t r a n s  r a t i o  3 : 2 ) .  Pure t r a n s - 3  was o b t a i n e d  by t rea tmen t  w i t h  
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i o d i n e  and was c h a r a c t e r i z e d  by i t s  m e l t i n g  p o i n t ,  'H-nmr and uv spec t ra .  

P h o t o c y c l i s a t i o n  o f  3 was ach ieved by  i r r a d i a t i o n  o f  a 0.003 mo la r  s o l u t i o n  i n  

benzene w i t h  a h i g h  p ressu re  mercury  lamp (150 W )  i n  t h e  presence o f  i o d i n e .  

A f t e r  chromatograph ic  f i l t r a t i o n  o f  t h e  c rude  p r o d u c t  t h rough  a lumina and r e c r y -  

s t a l l i s a t i o n  f rom h o t  xy lene,  pure  1. was i s o l a t e d  i n  60 % y i e l d .  M e l t i n g  p o i n t  

(364 " C )  and uv spectrum 

agreement w i t h  p u b l i s h e d  da ta  (21 ) .  

283, l o g  E 5.03) o f  t h i s  p roduc t  were i n  good 

The m i c r o s c a l e  s y n t h e s i s  o f  [5-14C]-picene 2 (Scheme 3)  s t a r t e d  f rom 35 pmol 

[7-14C]-benzaldehyde 5 (2  mCi) .  A f t e r  r e a c t i o n  w i t h  5, t h e  c rude o l e f i n s  7 and 8 
were sub jec ted  t o  p h o t o c y c l i s a t i o n  w i t h o u t  p r i o r  p u r i f i c a t i o n .  A f t e r  comp le t i on  

o f  t h e  p h o t o r e a c t i o n  t h e  c rude p roduc t  was adsorbed o n t o  a lumina wh ich  was f i r s t  

e x t e n s i v e l y  e l u t e d  w i t h  pentane and t h e n  w i th  benzene. GLC and HPLC ana lyses  o f  

Scheme 3 

14 t h e  benzene f r a c t i o n  showed [5- 

t h e  uv a b s o r p t i o n  o f  t h e  s o l u t i o n  t h e  o v e r a l l  y i e l d  of  t h e  two s t e p  m ic rosyn the -  

ses was c a l c u l a t e d  t o  be 54 % (based on [7 -  

a c t i v i t y  o f  t h e  p roduc t  was de termined by l i q u i d  s c i n t i l l a t i o n  c o u n t i n g  t o  be 

57 Ci/mol . 

C1-picene t o  be t h e  o n l y  p roduc t  p resen t .  From 

14 C]-benzaldehyde). The s p e c i f i c  r a d i o -  

EXPERIMENTAL 

14  [7 -  C1-benzaldehyde was purchased f r o m  Amersham Radiochemical  Cent re  and 

had chemical  and rad iochemica l  p u r i t i e s  o f  98 % each, w i t h  a s p e c i f i c  a c t i v i t y  o f  

57 Ci /mol.  A l l  o t h e r  chemica ls  were p roduc ts  o f  Merck (Darmstadt,  FRG). The 
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'H-nmr spec t ra  were run  on a Var ian  EM-360 a t  60 MHz w i t h  deu te ro -ch lo ro fo rm as 

s o l v e n t  u s i n g  t e t r a m e t h y l s i l a n e  as an i n t e r n a l  s tandard .  Chemical s h i f t s  a r e  r e -  

p o r t e d  i n  6 (ppm). UV spec t ra  were recorded on a Beckman Model 25 photometer.  GLC 

analyses were r u n  on a Packard 427 i n s t r u m e n t  equ ipped w i t h  a F I D  and a 6 ft. 

OV-17 column ( 3  % on chromosorb W-AW-DMCS, 80-100 mesh). N i t r o g e n  a t  a f l o w  r a t e  

o f  30 ml /min  was used as t h e  c a r r i e r  gas.Each a n a l y s i s  was r u n  w i t h  a programmed 

tempera ture  g r a d i e n t  (250-330 " C  a t  8 "C/min).  Fo r  p u r i t y  d e t e r m i n a t i o n s ,  a 

Spect ra  Phys ics  SP 8700 HPLC system w i t h  a DuPont Zorbax column (4.6 mm x 25 cm) 

and a DuPont UV-detec tor  a t  280 nm was used, a p p l y i n g  a g r a d i e n t  o f  50 % t o  100 % 

methanol i n  wa te r  o v e r  50 m in  w i t h  1 min  d e l a y  t i m e  and a f l o w  r a t e  o f  1.0 ml/min. 

Samples were counted  on a Packard TRI-CARB 300C s c i n t i l l a t i o n  coun te r  u s i n g  

Un iso l ve  I ( Z i n s s e r ,  F r a n k f u r t ,  FRG) as t h e  c o u n t i n g  medium. 

(1 -phenanthry l  )methy l  t r i p h e n y l  phosphonium bromide 5: 
9.6 g (50  m m o l )  1-Methylphenanthrene were heated  a t  r e f l u x  w i t h  7.2 g ( 5 1  mmol) 

N-bromosuccinimide i n  d r y  carbon t e t r a c h l o r i d e  (170 m l )  u s i n g  20 mg A I B N  as 

r a d i c a l  source. T h i r t y  min were r e q u i r e d  t o  comple te  t h e  r e a c t i o n .  The usua l  work 

up, f o l l o w e d  by r e c r y s t a l l i s a t i o n  f rom methano l /pentane ( 2  : 1, v / v )  p rov ided  

pure  1-bromomethyl-phenanthrene a s  p a l e  y e l l o w  c r y s t a l s  (11.4 g, 84 % ) ,  m.p. 

95 " C  ( l i t .  (22)  mp. 95-96 "C); 'H-nmr (CC14): 6 4.90 ( s ,  ZH), 7.43-8.16 (m, 7H), 

8.43-8.80 (m, 2H). 

10.8 g (40  mmol) 1-Bromomethyl-phenanthrene were r e a c t e d  w i t h  10.7 g ( 4 1  

mmol) t r i p h e n y l p h o s p h i n e  i n  t o l u e n e  f o r  6 h under  g e n t l e  r e f l u x .  A f t e r  t h e  reac-  

t i o n  m i x t u r e  was coo led ,  t h e  phosphonium s a l t  5 was c o l l e c t e d  by s u c t i o n  f i l t r a -  

t i o n ,  washed w i t h  c o l d  t o l u e n e  and d r i e d  under  vacuum a t  0 .1  t o r r  (20.2 g, 95 % ) ,  

m.p. 276-277 "C; 'H-nmr: 6 5.78 (d ,  ZH), 6.93-7.90 (m, 7H), 8.10-8.56 (m, 2H). 

c i  s / t rans-1-pheny l -2 - (  1 -phenanthry l  ) e t h y l e n e  3: 
To a s t i r r e d  s o l u t i o n  o f  7.5 g (14  mmol) of  5 and 1.5 g (14  mmol) benzaldehyde i n  

200 m l  f r e s h l y  d i s t i l l e d  DMF, a t  60 "C, was added dropwise  o v e r  a 45 min  pe r iod ,  

a s o l u t i o n  of l i t h i u m  e t h o x i d e  prepared from l i t h i u m  (0.12 g, 17 mmol) i n  abso- 

l u t e  e thano l  (60  m l ) .  A f t e r  2 h t h e  m i x t u r e  was coo led  and poured i n t o  H20, 

e x t r a c t e d  w i t h  e t h e r ,  washed w i t h  H20 , d r i e d  (Ma2S04), and concen t ra ted  t o  g i v e  

a res idue  of  t h e  o l e f i n s  ( c i s / t r a n s - r a t i o  3 : 2; de termined by GLC) wh ich  was 
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f u r t h e r  p u r i f i e d  by  seve ra l  r e c r y s t a l l i s a t i o n s  f r o m  methanol a f f o r d i n g  a m i x t u r e  

of c i s / t r a n s - 3  (2.95 g, 74 %). 

The pu re  t rans - i somer  3 was o b t a i n e d  by  t r e a t m e n t  o f  an a n a l y t i c a l  sample o f  

t h e  c i s / t r a n s - m i x t u r e  i n  h o t  benzene c o n t a i n i n g  a smal l  amount o f  i o d i n e .  The 

i s o m e r i s a t i o n  was f o l l o w e d  by  GLC u n t i l  t h e  r e a c t i o n  was e s s e n t i a l l y  complete.  

The i o d i n e  was removed by  pass ing  t h e  benzene s o l u t i o n  th rough  a s h o r t  column o f  

a lumina. R e c r y s t a l l i s a t i o n  f r o m  methanol  gave s h i n y ,  c o l o u r l e s s  c r y s t a l s ,  m.p. 

196 " C  'H-nmr: 6 7.20-8.20 (my 12H, a romat ic ;  2H, o l e f i n i c ) ,  8.50-8.75 (m, 2H, 

a romat i c ) ;  uv (EtOH): Amax (nm) 227, 263, 318. 

Picene 1: 
1 g (3.5 mmol) o f  c i s / t r a n s - 3  was i r r a d i a t e d  w i t h  a wa te r -coo led  h i g h  p ressu re  

mercury lamp (Hanau, 150 W )  i n  960 m l  o f  a M s o l u t i o n  o f  i o d i n e  i n  benzene 

u n t i l  GLC m o n i t o r i n g  i n d i c a t e d  t h a t  more than  97 % o f  t h e  s t a r t i n g  m a t e r i a l  had 

reac ted .  The r e a c t i o n  m i x t u r e  was concen t ra ted  and p u r i f i e d  by  chromatography on 

alumina. E l u t i o n  w i t h  benzene f o l l o w e d  by r e c r y s t a l l i s a t i o n  f r o m  xy lene  gave pure  

- 1 (0.6 g, 60 %);  m.p. 364 " C  ( l i t .  ( 20 )  m.p. 364 "C); uv (EtOH), Amax (nm): 227, 

255, 273, 283 ( l o g  E 5.03), 300, 325. 

M i c r o s y n t h e s i s  o f  15- C l -p i cene  2: 
To a s t i r r e d  s o l u t i o n  o f  3.7 mg (3.5 x mol )  C7- Cl-benzaldehyde ( 2  mCi) and 

21.5 mg ( 4  x 

d ropwise  o v e r  a 45 min p e r i o d ,  a s o l u t i o n  o f  l i t h i u m  e t h o x i d e  ( 5  x 

0.75 ml a b s o l u t e  e thano l .  A f t e r  30 min  t h e  m i x t u r e  was coo led  and d i l u t e d  w i t h  

10 m l  H20, e x t r a c t e d  w i t h  e t h e r  and d r i e d  o v e r  Na2S04. Removal o f  t h e  s o l v e n t  

f u rn i shed  a c rude m i x t u r e  o f  I and 8 as a y e l l o w  o i l ,  wh ich  was d i s s o l v e d  i n  

160 m l  benzene c o n t a i n i n g  mol i o d i n e .  I r r a d i a t i o n  of  t h i s  s o l u t i o n  w i t h  a 

wa te r -coo led  h i g h  p ressu re  mercury lamp (Hanau, 150 W )  f o r  1 h produced [5 -  

p i cene  9. which was p u r i f i e d  a f t e r  evapora t i on  o f  t h e  s o l v e n t  by  chromatography 

on a l u m i n i a  w i t h  benzene as  e l u e n t .  The f r a c t i o n  c o n t a i n i n g  [5 -  

ana lyzed by GLC and HPLC, b o t h  o f  wh ich  showed one s i n g l e  peak w i t h  a r e t e n t i o n  

t i m e  i d e n t i c a l  w i t h  t h a t  o f  a u t h e n t i c  p icene.  From t h e  uv a b s o r p t i o n  o f  t h e  

s o l u t i o n  t h e  o v e r a l l  y i e l d  o f  t h e  two s t e p  m i c r o s y n t h e s i s  was c a l c u l a t e d  t o  

be  54 %. The s p e c i f i c  r a d i o a c t i v i t y  o f  t h e  p r o d u c t  was de termined by  l i q u i d  

14 

14 

mo l )  3 i n  2.5 m l  f r e s h l y  d i s t i l l e d  DMF, a t  60 "C, was added 

mo l )  i n  

14 C I -  

14 C]-picene was 
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14 s c i n t i l l a t i o n  c o u n t i n g  t o  be  t h e  same as t h a t  o f  t h e  s t a r t i n g  m a t e r i a l  [ 7 -  

benzaldehyde, i .e .  57 C i /mo l .  

CI- 

CONCLUSION 

S t a r t i n g  f rom commerc ia l l y  a v a i l a b l e  [7 -  14 Cl-benzaldehyde v a r i o u s  o t h e r  1 4 C -  

l a b e l l e d  PAHs (e.g. phenanthrene, chrysene, benzoCc1phenanthrene) - can be prepared 

b y  t h e  s imp le  two s t e p  s y n t h e s i s  desc r ibed .  The advantages o f  t h i s  method are :  

( a )  t h e  p r o d u c t i o n  o f  t h e  d e s i r e d  14C- labe l l ed  PAH f r e e  of  any i s o m e r i c  i m p u r i -  

t i e s ,  ( b )  t h e  a d a p t a b i l i t y  o f  t h e  r e a c t i o n  sequence t o  m i c r o s c a l e  p r e p a r a t i o n  and 

( c )  t h e  h i g h  chemica l  and rad iochemica l  y i e l d .  The f u l l  scope and l i m i t a t i o n s  o f  

t h e  method desc r ibed  above f o r  t h e  s y n t h e s i s  o f  p i cene  d e r i v a t i v e s  i s  c u r r e n t l y  

under i n v e s t i g a t i o n .  
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