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SUMMARY 
13 The synthesls of benzo[a]pyrene-4.5-oxlde-4- C and benzo[a]- 

13 pyrene-4.5-oxlde-5- 

dlhydrobenzo[a]-pyrene-4.5-dlones I s  descrlbed. Reductlon of the 

qulnone wlth potassium borohydrlde In freshly dlstllled peroxlde-free 

2-propanol gave the trans-dlol whlch was directly cycllzed to the 

oxlde by refluxlng wlth DMF-DMA In chloroform/DHF. The overall yleld 

of the oxlde was 48 53% for the two steps. The requlslte qulnones 

were avallable ln f ve steps from 1,2-dlhydrochrysen-4(3H)-one as 

descrlbed In an ear ler paper. Overall yleld of the oxlde from the 

chrysenone was 27%. 13C NMR of the labeled oxldes In CDC13 gave 

chernlcal shlfts o f  56.80 for C 5  and 56.20 for C4 ( b C  from 

TMS) of benzo[a]pyrene-4,5-oxlde. 

C from the correspondlng 13C labeled 4.5- 

Key Words: arene oxldes, benzo[a]pyrene-4.5-oxlde. carbon-13, carclnogenlc 
hydrocarbons. 

INTRODUCTION 

As part of a program deslgned to syntheslze benzo[a]pyrene and lts derlva- 

tlves labeled wlth 13C (90%) at each of the perlpheral carbon atoms of the 

rlng system, w e  have prepared benzo[a]pyrene-4 ,5-oxlde-4-13C and benzo[a]- 

pyrene-4.5-oxlde-5- C for use In studles of nucleophlllc addltlons to the 

oxlde and of I t s  acld catalyzed rearrangement (NIH shlft) uslng 13C NMR as 

13 

a 

1121 

structural probe (1). 
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DISCUSSION 

The r e a c t l o n  o f  1,2-dlhydrochrysen-4(3H)-one ( 1 )  Y w l t h  t h e  l l t h l o e n o l a t e  o f  

13 e t h y l  ace ta te - l -13C ( o r  2- 

hydroxyes ter  2 ( o r  2b) I n  82% y l e l d  ( 2 ) .  

-- 2a ( o r  2b) was accompl lshed by h e a t l n g  w l t h  10% Pd/C I n  1-methy lnaphtha lene 

c o n t a l n l n g  1 , l -d lpheny le thene  a t  250-260°C f o r  t h r e e  hours .  I s o l a t l o n  o f  t h e  

e s t e r  2 ( o r  L b )  f o l l o w e d  by h y d r o l y s l s  gave 4-chryseneacet lc  ac ld -1-  C (a) 
( o r  -2-13C, 9)  I n  69% o v e r a l l  y l e l d  f rom t h e  hyd roxyes te r  2 ( o r  2) .  The 

a r y l a c e t l c  a c l d  9 ( o r  L b )  was r e a d l l y  c y c l l z e d  by warmlng ( 5 0 O C )  w l t h  methane- 

s u l f o n l c  a c l d  t o  g l v e  t h e  phenol  L a  ( o r  k b )  wh lch  was d l r e c t l y  o x l d l z e d  w l t h  

d lpo tass lum n l t r o s o d l s u l f o n a t e  (Fremy 's  s a l t )  I n  b u f f e r e d  aqueous acetone t o  

t h e  l a b e l e d  qulnone La ( o r  a b ) .  

t h e  a c i d L a  ( o r  L b )  was 71-74%. 

C )  a t  -78°C I n  anhydrous THF a f f o r d e d  t h e  

Dehydra t l on  and dehydrogenat lon  o f  

13 

O v e r a l l  y l e l d  o f  t h e  qu lnone L a  ( o r  a b )  f rom 

I n l t l a l  s t u d i e s  on t h e  r e d u c t l o n  o f  t h e  q u l n o n e j  t o  t h e  t r a n s - d l h y d r o d l o l  

- 7 were c a r r l e d  o u t  on un labe led  j. 

e t h y l  e t h e r  or  a m l x t u r e  o f  ether/THF (3.4) p roved u n s a t l s f a c t o r y ,  because, l n  

a d d l t l o n  t o  Incomple te  r e a c t l o n  even a f t e r  l o n g  r e f l u x  p e r l o d s ,  t h e  d e s l r e d  

- -d lhyd rod lo l_7  was ob ta lned  I n  poor  y l e l d  and was contamlnated  w l t h  unre-  

ac ted  qulnone and benzo[a ]pyrene-4 ,5-d lo l  ( j ) .  Upon workup, t h e  d l o l  ,9 read- 

l l y  formed t h e  q u l n o n e j  i n  t h e  presence o f  a l r .  

- 6 w l t h  po tass lum bo rohydr lde  was a t tempted I n  a b s o l u t e  e t h a n o l  ( 5 ) ,  methanol  

( a ) ,  and THF. I n  each case, u n s a t l s f a c t o r y  r e s u l t s  were ob ta lned ;  however, 

t h e  use o f  f r e s h l y  d l s t l l l e d  2-propanol  as s o l v e n t  a t  room tempera ture  a f f o r d e d  

e x c e l l e n t  y l e l d s  o f  t h e  t r a n s - d l h y d r o d l o l  7. As w l t h  t h e  LAH r e d u c t i o n  I n  

e t h e r ,  a s l g n l f l c a n t  amount o f  t h e  d l o l  9 c o u l d  be I s o l a t e d  when t h e  r e a c t l o n  

and workup procedures were per fo rmed I n  an I n e r t  atmosphere ( N 2 ) .  

duc ted  l n  t h e  presence o f  a i r ,  t h e  r e d u c t l o n  went t o  comple t lon ,  and no d l o l  9 

was de tec ted .  

r e d u c t l o n  I s  o x l d l z e d  by a l r  back t o  t h e  qu lnone 6 whlch. I n  t u r n ,  I s  reduced 

t o  t h e  t r a n s - d t h y d r o d l o l  7. 

v e r t e d  t o  t h e  t r a n s - d l h y d r o d l o l  7a ( o r  2) I n  86-91% y l e l d .  

The use o f  l l t h l u m  alumlnum h y d r l d e  I n  

The r e d u c t l o n  o f  t h e  qulnone 

- 

When con- 

- 
Apparen t l y ,  any benzo[a ]pyrene-4 ,5-d lo l  (2) formed d u r l n g  t h e  

- 
I n  t h t s  manner, t h e  qu lnone 2 ( o r  bb) was con- - - 

-, 
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Thls behavlor Is not wlthout precedence, slnce prevlous studles wlth phen- 

anthrene-9,lO-dlol have demonstrated that a rapld oxldatlon to 9.10-dlhydro- 

phenanthrene-9.10-dlone takes place In the presence of alr (7). The forrnatlon 

of such catechol type lntermedlates in the LAH reductlon of 4,5-dlhydrobenzo- 

[a]pyrene-4,5-dlone has been observed prevlously (4). 

SCHEME 
13 * Series a from ethyl acetate-1- C (CH3COOEt) - 
13 * Serles b from ethyl acetate-2- C (CH3COOEt) - 

4 R=H 
.n 

O H  6 0 7 6 H  - 'LI u 

8, 

(a) L1CH2COOEt, THF. -78°C; (b) HC1, THF, -78OC; (c) Pd/C. 1-Me-naphthalene, 

$ J ~ C = C H ~ ,  25OOC + 3; (d) KOH, EtOH + 4; (e) MeS03H, 5OOC; (f) Fremy's salt, 

acetone/H20, buffer; (9) K8H4, lPrOH, air; (h) O2 (alr); (1 )  DHF-DMA. CHC13/0MF, 

reflux. 

- - 

The dlol 7a (or 7b) was directly cycllzed to the labeled benzo[a]pyrene- - - 
13 13 4.5-oxlde-5- C (8a) (or -4- C, 8b) by refluxlng wlth DMF-DMA In chloroform/ 

D M F  solutlon for seven hours. The oxlde 8a (or 8b) was Isolated In 48-53% yleld 

after purlflcatlon by treatment of a benzene solutlon of the crude product wlth 

actlvated charcoal, flltratlon. removal of the benzene, and crystalllzatlon of 

the resldue from hexane/benzene. 

- - 
- - 
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EXPERIRENTAL 

M a t e r l a l r  and Methods- -He l t lng  p o l n t s  were ob ta lned  on a Thomas-Hoover c a p l l l a r y  

m e l t t n g  p o l n t  appara tus  and a r e  unco r rec ted .  13C NMR s p e c t r a  were de termlned on 

a pu lse  F o u r l e r  t r a n s f o r m  Var lan  FT-80 o r  Va r lan  CFT-20 spec t rometer  u s l n g  CD- 

C13, acetone-d6, o r  CD C1 

re fe renced  t o  s o l v e n t  CDC13 (76 .9  ppm), acetone-d6 (29 .2  ppm), o r  C D Z C l 2  (53.6 

ppm), and a r e  r e p o r t e d  r e l a t i v e  t o  THS. Produc t  p u r l t y  and r e a c t l o n  progress  

were d e t e c t e d  w l t h  a n a l y t l c a l  t h l n - l a y e r  chromatography u s l n g  5.0 x 10 cm Anal-  

t e c h  p l a t e s  coated  w l t h  s l l l c a  g e l  GF. Sodlum aceta te-1-  C and -2-  C were 

s u p p l l e d  by t h e  S t a b l e  I s o t o p e  Resource (LASL/NIH/ERDA) and were conver ted  I n t o  

t h e  e t h y l  e s t e r s  as desc r lbed  I n  an e a r l l e r  paper ( 2 ) .  

s o l u t l o n s  o f  t h e  l a b e l e d  compounds. Peaks were 
2 2  

13 13 

13 E t h y l  4-Hydroxy-1.2.3,4-tetrahydro-4-chryseneacetate-l- C (2a) - -To  a m l x -  -- - 
t u r e  o f  2.33 g (16 .5  mnol)  o f  N-lsopropylcyclohexylamlne and 10 m l  o f  anhydrous 

THF. coo led  t o  -78OC and under a N2 atmosphere, was added 10.62 m l  o f  1.6 I4 n- 
b u t y l l l t h l u m  (16.5 nunol) I n  hexane. T h i s  m l x t u r e  was coo led  a g a i n  t o  -7E°C, and 

13 1.34 g (15.0 mmol) o f  e t h y l  ace ta te -1 -  C I n  10 m l  o f  anhydrous THF was added 

dropwlse  a t  such a r a t e  t o  m a l n t a i n  t h e  tempera tu re  o f  t h e  r e a c t l o n  m l x t u r e  

below -75OC. A f t e r  t h e  a d d l t l o n  was complete,  s t l r r l n g  was con t inued  f o r  15 mln 

a f t e r  wh lch  t l m e  3.69 g (15 .0  m o l )  o f  l,Z-dlhydrochrysen-4(3H)-one ( 1 ) .  mp 124- 

125OC, d l s s o l v e d  I n  40 m l  o f  anhydrous THF was added a t  a r a t e  wh lch  ma ln ta lned  

t h e  tempera ture  be low -75°C. A f t e r  t h e  a d d t t l o n  was comple te  ( 1  h ) ,  s t l r r l n g  a t  

-78OC was con t inued  f o r  1 h. The y e l l o w  r e a c t l o n  m l x t u r e  was hyd ro l yzed  by t h e  

droowlse a d d l t l o n  o f  10 m l  o f  2.4 R HC1 I n  THF a t  such a r a t e  as t o  m a l n t a l n  t h e  

- 

tempera ture  of t h e  r e a c t l o n  m l x t u r e  be low -7OOC. The m l x t u r e  was a l l owed  t o  warm 

t o  room tempera ture ,  and water  and e t h e r  were added. The l a y e r s  were separated, 

and t h e  e t h e r  l a y e r  was e x t r a c t e d  w l t h  two 25 m l  p o r t l o n s  o f  5% HC1. then w l t h  

two 25 m l  p o r t l o n s  o f  water .  The aqueous l a y e r  was e x t r a c t e d  w l t h  an a d d l t l o n a l  

25 m l  o f  e t h e r ,  and t h e  comblned e t h e r  e x t r a c t s  were d r l e d  over  anhydrous HgS04. 

Removal o f  t h e  e t h e r  a f f o r d e d  a p a l e  y e l l o w  011 (8 )  wh lch  s o l l d l f l e d  on t r l t u r a -  

t l o n  w l t h  95% e thano l .  C r y s t a l l l z a t l o n  o f  t h l s  s o l l d  f r o m  95% e thano l  gave 

3.67 g (73% y l e l d )  o f  c o l o r l e s s  e t h y l  4-hydroxy-1,2,3,4- tetrahydrochrysene-  
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13 acetate-1- C, mp 77-8loC, whlch was shown by TLC to contaln trace amounts of 

startlng ketone. The mother llquor whlch contained addltlonal amounts of the 

hydroxy ester 2a and traces of startlng ketone was later dehydrated and dehy- 

drogenated to glve addltlonal acld 4a ( 8 ) .  

13C NMR (CDCl3) of Za: 

- 
* -  

176.06 (-COOEt). - 
13 Ethyl 4-Hydroxy-1,2,3.4-tetrahydro-4-chryseneacetate-2- C (2b)--Same proce- -- 

dure as for 2a gave 3.80 g (77% yleld) of 2b as colorless crystalllne materlal. 

mp 74-78°C. Hydroxy ester 2b remalnlng In mother llquor was also converted to 

4b (8). 

- - 
- 

- * 
NHR (CDCl3) of 2b: 

Ethyl 4-Chryseneacetate-1- C (3a) and 4-Chryseneacetlc Acld-1- C (4a)--In 

43.06 (-CHzCOOEt). - 
13 13 - - yw____- - 

a dehydrogenatlon system fltted wlth a ground glass cold flnger condenser and gas 

Inlet and outlet tubes was placed 2 . 5  g (7.5 mnol) of ethyl 4-hydroxy-1,2,3.4- 

tetrahydro-4-chryseneacetate-1- C (2a). mp. 77-8loC, 0.25 g of 10% Pd/C, 1.5 g 

(8.2 mnol) of 1.1-dlphenylethene. and 25  mL of 1-methylnaphthalene (9). The 

reactlon mlxture was heated to 250-260OC (Woods metal bath) for 3 h whlle steam 

13 - 

was passed through the condenser and wlth malntenance of a 

cooled reactlon mlxture was dlluted wlth benzene, flltered 

washed wlth benzene. After removal of the benzene (rotary 

methylnaphthalene, 1,l-dlphenylethane. and unreacted 1,l-d 

removed under reduced pressure (55OC. 0.05 torr) on a Kuge 

slow flow of N 2 .  The 

and the catalyst was 

evaporator), the 1- 

phenylethene were 

-Rohr. The resultlng 

brown olly resldue (8) was crystalllzed from 95% EtOH affordlng 1.47 g (62% 

yleld) of ethyl 4 - c h r ~ s e n e a c e t a t e - l - ~ ~ C  (3a) as colorless prlsms, mp 60.5- 

62.OoC. 
- 

The resldue In the mother llquor from the crystalllzatlon of 3a was heated - 
with 0 . 4  g of KOH In 25 mL of 95% ethanol for 3h. The ethanol was removed, the 

resldue was dlssolved tn water, flltered through fllter-cel, and acldlfled to 

glve crude 4-chryseneacetlc acld-1- C. Recrystalllzatlon from toluene afforded 

0.44 g (20% yleld) of colorless needles of 4-chryseneacetlc acld-1- C (4a). mp 

13 

13 - 
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204-206OC. 

thus  amounted t o  82% ( 8 ) .  

l3C NMR (acetone-dg) o f  3a: 

l3C NMR (ace tone-d6)  o f  4a: 

The t o t a l  y l e l d  o f  dehydra ted  and dehydrogenated p roduc t  f rom 2 

* 
171.67 ppm (-COOEt). 

172.64 ppm (-COOH). 
- * 
- 

13 
E t h y l  4-Chryseneacetate-2-13C (3b )  and 4-Chryseneacet lc Acld-2- C ( 4 b ) - - I n  - --- 

l i k e  manner t o  t h a t  desc r ibed  above f o r  3a and 4a t h e  e s t e r  3b was ob ta lned  I n  

73% y l e l d  (mp 64-65.5'C) and t h e  a c l d  4b was ob ta lned  I n  8% y l e l d  (mp 205- 

2Ob.5"C) f o r  a t o t a l  y l e l d  o f  dehydra ted  and dehydrogenated m a t e r l a l  o f  81% ( 8 ) .  

1 3 C  NMR (ace tone-d6)  o f  3b: 43.85 ppm (-CH2-COOEt). 

13C NMR (ace tone-d6)  o f  4b: 43.46 ppm (-CH$OOH). 

- - - 
- 

* 
-_ 
Y 

4,5-Dl hydrobenzo[ a ]pyrene- r l t5 -d l  one-5-13C (6a)--A s o l u t  l o n  o f  0.58 g (2 .0  
[- 

13 mmol) of 4-ch ryseneace t l c  ac ld -1 -  C, mp 205-207"C, i n  35 mL o f  me thanesu l fon l c  

a c l d  under a N2 atmosphere was s t I r r e d  f o r  30 mln a t  50°C. The deep r e d  complex 

was hyd ro l yzed  by p o u r i n g  I n t o  200 g o f  wa te r  and I c e ,  and t h e  ye l l ow-g reen  pre-  

c l p l t a t e  o f  b e n z o [ a ] p y r e n - 5 - 0 1 - 5 - ~ ~ C  (5a )  wh lch  was c o l l e c t e d  was d l r e c t l y  d l s -  

so lved I n  100 mC o f  ace tone and added t o  a s o l u t l o n  o f  1.30 g (4 .8  mno l )  o f  

d lpo tass ium n l t r o s o d l s u l f o n a t e  (Fremy 's  s a l t )  I n  80 mL o f  wa te r  b u f f e r e d  u l t h  

20 mL o f  0.167M KH2P04. 

hyd rogena t lon  b o t t l e  on a Par r  shaker f o r  1 h a f t e r  wh lch  t i m e  t h e  r e a c t l o n  m l x -  

t u r e  was red  I n  c o l o r .  The red-brown p r e c l p l t a t e  wh ich  formed d u r i n g  t h e  reac-  

t i o n  was c o l l e c t e d  and heated w l t h  5x aqueous Na2C03 r e l e a s i n g  t h e  b r l g h t  

orange-red qu lnone ba. T h i s  c rude p roduc t  was c o l l e c t e d ,  d r i e d ,  and d l s s o l v e d  

I n  CHC13 and a p p l l e d  t o  a s l l l c a  g e l  column; t h e  qu lnone was e l u t e d  w l t h  CHC13. 

A f t e r  removal o f  t h e  s o l v e n t ,  t h e  da rk  r e d  s o l l d  was d l s s o l v e d  l n  h o t  CHC13, t h e  

s o l u t l o n  reduced i n  volume and EtOAc was added t o  f a c l l l t a t e  c r y s t a l l l z a t l o n ,  

a f f o r d l n g  400 mg (71% y l e l d )  o f  4,5-dlhydrobenzo[a]pyrene-4,5-dlone-5-  C (6a )  

as red-orange c r y s t a l s ,  mp 257.5-259'C, r e p o r t e d  ( 4 )  mp 255256°C. 

13C NMR (CD2C12): 

u 

The p u r p l e  s o l u t i o n  was shaken I n  a s toppered Pyrex 

- 

13 - 

180.94 ppm (Cg) .  

13 4 , 5 - D l h y d r o b e n z o [ a ] p y r e n e - 4 , 5 - d l o n e - 5 - ~  ( E ) - - I n  l l k e  manner t o  t h a t  

desc r tbed  f o r  ba, 0.58 g o f  4b y l e l d e d  420 mg (74% y l e l d )  o f  bb, mp 257-258°C 

13C NMR (C02C12): 
- - - 

180.65 ppm (C4) .  
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13 Eenzo[a]pyrene-4,5-oxlde-5- C (8a ) - -F resh ly  d l s t l l  

p ropano l  (35  mL) was added t o  100 mg (0.35 mmol) o f  4,5 

IIIyuIIII^_.-y^Iy^^-yyII 

ed p e r o x i d e - f r e e  2- 

d lhydrobenzo[a ]pyrene-  

13 4,s-dlone-5- C (6a ) ,  mp 254-255.5"C, In a 125 mL Erlenmeyer f l a s k  equlpped w l t h  

a C l a l s e n  head and d r y l n g  tube.  The orange suspenslon was p laced  I n  a v l b r a s o n l c  

b a t h  f o r  2 mln.  The r e s u l t l n g  f l n e  suspenslon o f  t h e  qu lnone 6a was s t l r r e d  

r a p l d l y  a t  wh lch  t l m e  1.00 g o f  po tass lum bo rohydr lde  was added. The r e a c t l o n  

m l x t u r e  was s t l r r e d  f o r  17 h a t  RT I n  t h e  da rk  under a l r .  The b r l g h t  y e l l o w  

s o l u t l o n  was then coo led  I n  an I c e  b a t h  and hyd ro l yzed  by t h e  dropwlse  a d d l t l o n  

o f  20 mL o f  c o l d  2M HC1. The l l b e r a t e d  t r a n s - d l o l  7a was taken  up I n  150 mL o f  

c o l d  peroxide-free e t h e r .  The e t h e r  phase was washed s e v e r a l  t lmes  w l t h  5% HC1 

and water  and then  d r l e d  over  MgS04. 

removal o f  t h e  e t h e r  ( r o t o - e v a p o r a t o r )  y l e l d e d  92 mg o f  p a l e  y e l l o w  t r a n s - d l o l  

7a, mp 211-213"C, r e p o r t e d  mp 211.5-213°C ( 4 ) ,  ( R f  = 0.23 benzene/EtOAc, 1 : l ) .  

The t r a n s - d l o l  7a was n o t  f u r t h e r  p u r l f l e d  b u t  was c y c l l z e d  d l r e c t l y  t o  t h e  

o x l d e  8a by t h e  f o l l o w i n g  procedure .  

- 

- 

- 

Removal o f  t h e  d r y l n g  agent f o l l o w e d  by  

I 

Y 

- 
13 Crude trans-4.5-dlhydro-4,5-dlhydroxybenzo[a]pyrene-5- C (La) ( 9 2  mg, 0.32 

mmol) was suspended I n  4.6 mL o f  f r e s h l y  d l s t l l l e d  CHC13 and 1.55 mL o f  DMF was 

I n j e c t e d  I n t o  t h e  s t l r r e d  suspenslon. Complete s o l u t l o n  occu r red  upon f l n a l  

a d d l t l o n  o f  0.09 mL (0.64 m o l )  o f  dtmethylformamlde-dlmethylacetal (DHF-DMA) 

t o  g l v e  a p a l e  orange s o l u t i o n .  The s o l u t l o n  m l x t u r e  was a l l o w e d  t o  r e f l u x  w l t h  

s t l r r l n g  I n  t h e  da rk  f o r  7 h. The r e a c t l o n  m l x t u r e  was worked up by add lng  

25 mL o f  c o l d  water  f o l l o w e d  by 75 mL o f  c o l d  p e r o x l d e - f r e e  e t h e r .  The p a l e  r e d  

e t h e r  l a y e r  was washed w l t h  water  ( 3  x 50 mL) and was d r l e d  over  MgSO,,. 

removal o f  t h e  d r y l n g  agent ,  t h e  e t h e r  was removed ( r o t o - e v a p o r a t o r )  under 

reduced p ressu re  I n  t h e  c o l d .  The p a l e  r e d  s o l l d  res ldue  was d l s s o l v e d  I n  12 mL 

o f  d r y  benzene, a c t i v a t e d  cha rcoa l  ( N o r l t )  was added, and t h e  m l x t u r e  was 

s t i r r e d  f o r  10 mln. The cha rcoa l  was removed by  f i l t r a t t o n  y l e l d l n g  a benzene 

s o l u t l o n  w l t h  a p a l e  green t l n t .  The benzene s o l u t l o n  was concen t ra ted  ( c o l d )  

t o  1 .5  mL and 15 mL o f  hexanes was added t o  Induce c r y s t a l l l z a t l o n  o f  8a. The 

A f t e r  

- 
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c r y s t a l l l n e  arene o x l d e  & was separa ted  f r o m  t h e  mother l l q u o r  by c e n t r l f u g a -  

t l o n ,  was washed w l t h  3 mL o f  hexanes, and d r l e d  t o  a f f o r d  50 mg (53% y l e l d )  o f  

- 8a as p a l e  y e l l o w  need les ,  mp 150-152°C (ps  130°C) r e p o r t e d  ( 4 ) ,  mp 150°C. 

1% NHR (acetone-d6)  o f  d l o l  7a: 

13C NMR (CDCl3) o f  ox tde  /- 8a (10) :  

13 

* 
74.33 ppm (C5) .  - 

56.80 ppm ( C 5 ) .  

Benzo[a ]pyrene-4 ,5 -ox lde -4 -  C ( 8 b ) - - I n  l i k e  manner t o  t h a t  desc r lbed  

above f o r  8a, 100 mg (0.35 nnnol o f  t h e  d lone  6b, mp 257-258°C. was reduced t o  

t h e  d l o l  7b wh lch  was f u r t h e r  c y c l l z e d  t o  t h e  arene o x l d e  8b (45  mg, 48% 

yield), mp 150-151°C (ps  130°C). 

I 3 C  NHR (acetone-d6) o f  d l o l  7b: 

l3C NMR (COCl3) o f  o x l d e  8b ( 1 0 ) :  

___*-. yIyÎ I---vI.I -. 

- - 
- - 

73.77 ppm (C4).  - * 
56.20 ppm (C4) .  -- 
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