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SYNTHESIS OF 6-SUBSTITUTED 3-DEUTEROBENZOCAIPYRENE 

* 
Submitted by P.  P.  Fu , M. W. Chou, L. E. Unruh, J .  P. Freeman, 
(12/23’84) D. w. M i l l e r ,  F. E. Evans and R. Roth 

Department o f  Hea l th  and Human Services 
Nat ional  Center f o r  Tox i co log i ca l  Res., Jef ferson,  AR 72079 

Midwest Research I n s t i t u t e ,  Kansas City, MO 64110 
and 

We r e p o r t  the synthes is  o f  t h e  3-deuterobenzo[a]pyrene (3-D-BaP) from 

which 6 -n i  tro-3-D-BaP ( I), 6-amino-3-D-BaP (11  1, 6-bromo-3-D-BaP ( 111 ) , 

6-formyl-3-D-BaP ( I V  1, 6-hydroxymethyl-3-D-BaP ( V  1 and 6-methyl-3-D-BaP 

( V I )  were obtained. 

BaP, [G-  H l -6-n i  tro-BaP ( V I  I )  and [7-14C]-6-ni tro-BaP were a1 so prepared. 

For  q u a n t i t a t i o n  o f  t h e  metabol ic  s tud ies  o f  6 - n i t r o -  

3 

N i t r a t i o n  o f  3-D-BaP by fuming n i t r i c  a c i d  i n  ace t i c  anhydride a t  0’ 

y i e l d e d  I w i t h  a t r a c e  o f  t he  1- and 3-nitro-BaP and dini t ro-BaP. ’  Reduc- 

t i o n  o f  I w i t h  hydrazine and pal lad ium on carbon a f fo rded  11. Compound 111 

was synthesized d i r e c t l y  by brominat ion o f  3-D-BaP w i t h  N-bromosuccinimide 

( N B S )  i n  carbon t e t r a c h l o r i d e  (Scheme 1). 

3D-BaP 

NBS I CCl4 

NO2 
I 

NHINH, I PdlC 

I 

Br 

m 
Scheme 1 
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Vi lsmeier-Haack r e a c t i o n  o f  3-D-BaP p rov ided  I V  (Scheme 21. Reduct ion 2 

o f  I V  w i t h  sodium borohydr ide  i n  methanol gave V i n  h i g h  y i e l d .  

V I  was syn thes ized by a Wol f f -K ishner  reduc t i on .  The s t r u c t u r e  and t h e  

Compound 

Cno 
Ip 

NH2NH2 

n-Amy1 Alcohol 

C H ~ O H  

P 

PI 
Scheme 2 

deuter ium c o n t e n t  o f  each compound ( I - V I )  was determined by t h e  a n a l y s i s  o f  

t h e  500 MHz p r o t o n  NMR spec t ra .  The assigned 500 MHz p r o t o n  NMR spec t ra  o f  

6-N02-BaP and compound I are  shown i n  F i g .  2. 

3 14 N i t r a t i o n  o f  [ G -  HI-BaP and [7- C]-BaP under s i m i l a r  c o n d i t i o n s  as 

desc r ibed  f o r  compound I gave t h e  r a d i o a c t i v e  V I I  and [7- l4C1-6-ni t ro-BaP, 

r e s p e c t i v e l y .  The a v a i l a b i l i t y  o f  compound V I I  enabled q u a n t i f i c a t i o n  o f  

r a t  l i v e r  microsomal metabol ism o f  6 - n i t r 0 - B a P . ~  

prepared, t h e  ma jo r  metabol i t e  of 6-n i  tro-BaP, 3-hydroxy-6-ni  tro-BaP, was 

found t o  be formed - v i a  rearrangement o f  an uns tab le  2,3-epoxide in te rme-  

d i a t e .  

Because compound I was 

4 

EXPERIMENTAL SECTION 

NaBD, (98% atom) and NaBHt, were purchased f rom ICN Corp., I r v i n e ,  CA.  
NBS, phosphorus oxychl  o r i  de, and N-methyl formani 1 i de were purchased f rom 
A l d r i c h  Chemical Co., Milwaukee, W I .  The ketone, 1,6,10b,l1,12,12b-hexa- 
hydro-BaP-3(2H)-one, was syn thes ized accord ing  t o  t h e  method o f  Cook 
e t . a l  . 5  [7-14C]-BaP (8.56 m C i / m )  was purchased f rom P a t h f i n d e r  Labora- 
t o r i e s  Inc . ,  St. Lou is ,  MO. 1H NMR spec t ra  were recorded w i t h  a Bruker  

DDQ, 

-7 
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WM-500 spectrometer. Acetone- D 6  was employed as the so lvent  and chemical 
s h i f t s  were repor ted downf ie ld  from the  i n t e r n a l  standard tetramethyl  s i -  
lane. Mass spectra were obtained on a Finnigan 4023 GCIMSldata system a t  
70eV w i t h  a s o l i d  probe. The r a d i o a c t i v i t y  was determined on a Tracor 
Ana ly t i c  Mark I 1 1  l i q u i d  s c i n t i l l a t i o n  spectrometer system. 

Figure 1 2 
11 

I 7 0 s  

I 

9.0 8.5 

Chemical Shift, PPM 
8 .O 

9.0 8.5 8 .O 

Chemical Shift, PPM 

3-DeuterobenzoCalpyrene (3-D-BaP) .- This  compound was synthesized as pre- 

v ious l y  d e ~ c r i b e d , ~  except a l a r g e r  sca le r e a c t i o n  was c a r r i e d  out,  and the 

product  (75% y i e l d )  was analyzed by h i g h  r e s o l u t i o n  ‘H NMR spectroscopy; mp 

178-179’, lit.5 178-179O; mass spectrum: m/e 253 (M+); NMR (F ig .  1): 7.83 
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OPPI BRIEFS vo 

(dd, 1, Hg), 7.89 (dd, 1, H8), 8.03 (d, 1, H4), 8.04 

1, J4,5 = 9.2 Hz, H5), 8.34 (d ,  1, J = 7.7 Hz, H1 

8.1 Hz, H7),  8.45 (d ,  1, H12), 8.67 ( s ,  1, H6), 9.20 

Hlo) and 9.22 ppm (d ,  1, JllYl2 = 9.1 Hz, Hll). NMR 

1,2 

me 16, No. 3-4 (1984) 

(d ,  1, H2), 8.11 (d ,  

, 8.39 (d,  1, J = 

(d ,  1, Jgyl0 = 8.2 Hz, 

s p e c t r a l  a n a l y s i s  

7 Y8 

i n d i c a t e d  t h a t  t h e  p roduc t  con ta ined 92 atom % deuter ium. 

3-Deutero-6-ni  t robenzo[a lpyrene ( I )  .- Sodium n i t r a t e  (170 mg, 2 mmol 1 i n  50 

m l  of  t r i f l u o r o a c e t i c  a c i d  was added t o  a benzene (50  m l l  s o l u t i o n  o f  3-D- 

BaP (506 mg, 2 mmol) and s t i r r e d  6 h r s  under n i t r o g e n  a t  0'. The r e a c t i o n  

m i x t u r e  was p a r t i t i o n e d  between benzene and water.  The o rgan ic  l a y e r  was 

separated, d r i e d  ove r  MgS04, and t h e  s o l v e n t  was removed under reduced 

pressure .  The res idue  was chromatographed on F l o r i s i l  and e l u t e d  w i t h  

benzene. R e c r y s t a l l i z a t i o n  f rom benzene gave I (360 mg, 60x1, mp. 251-253'; 

mass spectrum: m/e 300 (M'); NMR: 7.93 (d ,  1, H5), 8.06-8.02 ( m y  2, HsY9),  

8.16 ( m y  1, H7),  8.19 (d ,  1, HE), 8.34 (d ,  1, J = 7.2 Hz, H4), 8.55 (d ,  

1, J1,2 = 8.1 Hz, H1), 8.65 (d ,  1, H12), 9.35 (d ,  1, J11,12 = 9.2 Hz, Hll) 

and 9.37 ppm ( m y  1, Hlo). 

[ 7 -  

a c t i v i t y  8.56 mCi/mmol), a c e t i c  a c i d  (10  m l ) ,  a c e t i c  anhydr ide  (10  m l l  and 

fuming n i t r i c  a c i d  (34  mmol) was s t i r r e d  a t  4' under n i t r o g e n  ove rn igh t .  

A f t e r  convent iona l  workup, c rude [ 7 -  C l -6 -n i t ro -BaP was ob ta ined.  Upon 

p u r i f i c a t i o n  by HPLC (Zorbax SIL 6.2 X 250 mml e l u t e d  w i t h  3% THF i n  hexane 

a t  2 ml/min,  pure  [7-14C]6-nitro-BaP was ob ta ined  (2.2 mg, s p e c i f i c  

a c t i v i t y  10.8 mCi/mmol). 

CG- HI-6-ni t ro-BaP.-  A s o l u t i o n  o f  r e d  fuming n i t r i c  a c i d  ( d  = 1.6, 1.7 m l )  

i n  i c e - c o l d  water  (2 .8  m l )  was added r a p i d l y  w i t h  s t i r r i n g  t o  a s o l u t i o n  o f  

[G-3H]-BaP (Amersham) (699 mg, 2.77 m o l e s ,  333 mCi) i n  doxane (50  m 1 ) .  

A f t e r  s t i r r i n g  f o r  30 min, t h e  ye l low-orange 

washed w i t h  10 m l  of  d ioxane. 

4Y5 

14 C1-6-Nitrobenzo[alpyrene.- A s o l u t i o n  o f  [7-14C]-BaP (8.5 mg, s p e c i f i c  

14 

3 

p r e c i p i t a t e  was c o l l e c t e d  and 

T h i s  c rude p r o d u c t  was c r y s t a l l i z e d  t w i c e  
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3 from h o t  benzene t o  y i e l d  270 mg o f  pure [G- H]-6-nitrobenzo(a)pyrene. The 

so l ven t  was evaporated from t h e  mother l i q u o r s ,  and the  res idue was chroma- 

tographed on a column o f  s i l i c a  gel  60 (2 .5  x 30 cm) e l u t i n g  w i t h  hexane, 

g radua l l y  changing t o  hexane:benzene, 3 : l .  

and the  recovered s o l i d  was c r y s t a l l i z e d  from h o t  benzene t o  y i e l d  150 mg 

o f  [G- H1-6-nitrobenzo(a)pyrene, w i t h  a s p e c i f i c  a c t i v i t y  o f  93.2 

mCi/mmole. 

3-Deutero-6-aminobenzo[a]pyrene ( I I ) . -  Compound I (150 mg, 0.5 mmol) i n  95% 

ethanol  (30 m l ) ,  5% Pd/C ( 5  mg) and 99% hydrazine (0.5 m l )  were heated a t  

r e f l u x  f o r  1.5 hrs.  

Na2S04 and f i l t e r e d  through C e l i t e .  

m l  under reduced pressure. The concentrated s o l u t i o n  was chromatographed 

over neu t ra l  alumina by e l u t i n g  w i t h  benzene a f f o r d i n g  11, 116 mg ( 8 6 % ) ,  

mp. 236-238' (benzene); mass spectrum: m/e 268 (M'); NMR: 6.33 (bs, 2, 

NH2), 7.76-7.80 (m, 2, H 1, 7.84 (d,  1, J 

Pure f r a c t i o n s  were combined 

3 

The cooled r e a c t i o n  m ix tu re  was poured onto anhydrous 

The f i l t r a t e  was concentrated t o  e. 5 

= 7.3 Hz, H21, 7.85 (dd, 1, 
4 38 1 9 2  

= 9.0 Hz, Hg),  8.00 (d,  1, J11,12 = 9.0 Hz, H12), 8.05 (d,  1, H1), J9,lO 

8.29 (d,  1, J 
4,5 

Hll) and 9.12 ppm (d, 1, Hlo). 

3-Deutero-6-bromobenzo[a]pyrene (111) .- A m ix tu re  o f  3-D-BaP (200 mg, 0.75 

mnol) and NBS (135 mg, 0.75 mnol) i n  CC14 (15  ml)  was heated a t  r e f l u x  f o r  

2 hrs .  The p r e c i p i t a t e  (succ in imide)  was removed by f i l t r a t i o n .  Chromato- 

graphy o f  t he  f i l t r a t e  on F l o r i s i l  w i t h  benzene as the  e l u a n t  a f fo rded  I 1 1  

(220 mg), mp. 223-224' (benzene); mass spectrum: m/e 331 (M'); NMR: 7.93- 

8.00 (m, 2 ,  H 1, 8.08 (d,  1, H4),  8.18 (d,  1, H4), 8.39 (d,  1, J1,2 = 7.7 

Hz, H1), 8.48 (d, 1, H12), 8.54 (d, 1, J4,5 = 9.5 Hz, H5), 8.85 (m, 1, H 7 ) ,  

= 9.5 Hz, H5), 8.63 (d,  1, J7,8 = 8.2 Hz, H7), 8.96 (d,  1, 

8.9 

= 9.5 Hz, HI1) and 9.23 (m, 1, H 9 -21  (d, 1, J11,12 

3-Deutero-6-formyl benzo[alpyrene ( I V )  .- A m ix tu re  of N-methyl formani 1 

(0.28 m l )  and phosphorus oxychlor ide (0.18 m l )  was s t i r r e d  a t  ambient 

1. 
10 

de 
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temperature under n i t r o g e n  u n t i l  t h e  fo rmy l  reagent  formed as a s o l i d  cake. 

Compound I (253 mg, 1.0 mnol) and 2 m l  o f  d imethyl formamide were added and 

t h e  m i x t u r e  was heated a t  70' f o r  6 h r s .  The r e a c t i o n  p roduc ts  were p a r t i -  

t i o n e d  between e t h y l  ace ta te  and water.  

d r i e d  over  MgSO4 and t h e  s o l v e n t  was removed under reduced pressure.  

Chromatography o f  t h e  res idue  on F l o r i s i l  w i t h  hexane as t h e  e l u a n t  gave 

t h e  recovered 3-D-BaP (36 mg). E l u t i o n  w i t h  benzene-ethyl  ace ta te  ( 4 : l )  

gave I V  (172 mg), mp. 201-203' (ace tone) ;  mass spectrum: m/e 281 (M'); NMR: 

132 
7.94- 7.98 (m,  2 ,  H 1, 8.16 (d ,  1, HE), 8.32 (d ,  1, Ha), 8.50 (d ,  1, J 

= 7.9 Hz, H1), 8.65 (d ,  1, J11,12 = 9.2 Hz, H12), 9.08 (d ,  1, J4,5 = 9.6 

Hz, H5), 9.30-9.35 (m,  3, H7,10,11 and 11.69 ppm ( s ,  1, CHO). 

3-Deutero-6-hydroxymethylbenzo[alpyrene ( V l . -  A s o l u t i o n  o f  V I  (56 mg, 0.2 

mmol 1 i n  THF (15 m l  

(30 m l )  f o r  1 h r  a t  ambient temperature.  

The o rgan ic  l a y e r  was separated, 

899 

was s t i r r e d  w i t h  NaBH4 (38 mg, 1 .D mmol ) i n  methanol 

The s o l u t i o n  was concen t ra ted  t o  

- ca. 5 m l  under reduced pressure,  chromatographed on F l o r i s i l ,  and e l u t i o n  

w i t h  benzene y i e l d e d  50 mg o f  V ;  mp. 270-271' (benzene); mass spectrum: m/e 

283 (M'); NMR: 5.77 ( 5 ,  2, CH2), 7.86-7.90 (m, 2, H8,9), 8.04 (d,  1, H2), 

8.09 (d ,  1, H4) ,  8.29 (d ,  1, J 

1, J4,5 = 9.6 Hz, H5), 8.86 ( m ,  1, H7), 9.24 (d,  1, J11,12 = 9.6 Hz, H1) 

and 9.26 ppm ( m ,  1, Hlo). 

3-Deutero-6-methylbenzo[a]pyrene ( V I )  .- A s o l u t i o n  o f  V I  (113 mg, 0.4 

mmol 1 , - n-amyl a l coho l  (30 m l  

r e f l u x  f o r  24 hrs .  

= 7.9 Hz, Hl), 8.43 (d ,  1, H12), 8.59 (d ,  
132 

and 99% hydraz ine  (0.8 m l  1 was heated a t  

A f t e r  c o o l i n g ,  KOH p e l l e t s  (220 mg) were added and t h e  

r e a c t i o n  m i x t u r e  was r e f l u x e d  f o r  24 h r s .  The r e a c t i o n  m i x t u r e  was p a r t i -  

t i o n e d  between e t h y l  e t h e r  and water .  

d r i e d  and t h e  s o l v e n t  removed under reduced pressure .  

was chromatographed on F l o r i s i l  and e l u t i o n  w i t h  hexane y i e l d e d  I V  (98 mg), 

mp. 217-219' (benzene); mass spectrum: m/e 267 (M'); NMR: 3.26 ( s ,  3, CH3), 

The o rgan ic  l a y e r  was separated, 

The r e s u l t i n g  s o l i d  
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7.86-7.90 ( m y  2, H 

= 9.0 Hz, ti1), 8.35 (d,  1, Hl21, 8.43 (d,  1, J 

1, H7), 9.19 ( d ,  1, J11,12 = 9.0 Hz, Hll) and 9.23 ppm (m, 1, Hlo). 

I ,  8.00 ( d ,  1, H2),  8.04 (d ,  1, H 4 ) ,  8.29 ( d ,  1, J 1 , 2  

495 

BY9 
= 9.0 Hz, H5) ,  8.65 (m, 
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