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ORGANIC PREPARATIONS AND PROCEDURES INT. 16( 5 ) ,  411-425 (1984) 

AN IMPROVED MEDIUM-SCALE PREPARATION OF DIBENZO[a,el 

CYCLOOCTEN-S(6H), ll(12H)DIONE 

J. A. Moore* and T. D. Mi t che l l+  

Department of Chemistry 
Rensse l ae r  Po ly techn ic  I n s t i t u t e  

Troy, NY 12181 

I n  connec t ion  wi th  a p r o j e c t  which produced polymers of novel  s t r u c -  

t u r e , l  w e  r equ i r ed  a r o u t e  to ten-ram q u a n t i t i e s  of d ihenzoyclooctane-  

d i o n e ,  Q, which w a s  f i r s t  p repared  i n  a p ionee r ing  e f f o r t  by Wawzonek12 and 

subsequen t ly  by Y a t e ~ . ~  W e  d e s c r i b e  h e r e  some of ou r  r e s u l t s  i n  deve loping  

a p rocess  which e n t a i l s  a 9-step s y n t h e s i s  from commerc ia l ly-ava i lab le  1 to  

4 i n  an  overall y i e l d  of 15%. - 

Scheme 1 
5 - 

Yates, Lewars and McCabe3 prepared  Q by coupl ing  d ibromide  1 to 5 ,6 ,  

1lIl2-tetrahydrodibenzo[a, e lcyc looc tene  (2) followed by brominat ion  to 

5,1l-dibromo-5,6,11 ,12-tetrahydrodibenzo[~,e~cyclooctene, (1) and then  

o x i d a t i o n  w i t h  dimethyl  s u l f o x i d e  and c o l l i d i n e  to g i v e  a mix tu re  of Q and 

dibenzo[a,e]cycloocten-5(6H)-one (5) [Scheme 11. The overall y i e l d  from 

x y l e n e  to p u r i f i e d  p roduc t  w a s  abou t  5%. Although t h e  coupl ing  of a,a'- 

dibromo-oixylene wi th  sodium i n  d ioxane  i s  r e p o r t e d  to g i v e  2 i n  3340% 
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MOORE AND MITCHELI, 

y i e l d ,  i n  o u r  hands ,  even a t  v e r y  

w e r e  12-17%. Yates and coworkers  

c a t a l y t i c a l l y  reduced  t o  t h e  corr 

h i g h  d i l u t i o n ,  

had shown t h a t  

spondinq  s a t w  

t h e  b e s t  y i e l d s  o b t a i n e d  

by-product  2 c o u l d  b e  

t e d  k e t o n e  6 i n  e s s e n t i a l -  - 
l y  q u a n t i t a t i v e  y i e l d  and t h a t  this k e t o n e  c o u l d  be c o n v e r t e d  to  2 b y  a 

Wolff-Kishner  r e d u c t i o n  ( n o  y i e l d  q i v e n ) .  Thus, i f  a process f o r  t h e  p r e -  

p a r a t i o n  and c o n v e r s i o n  of s a t u r a t e d  k e t o n e  6 t o  h y d r o c a r b o n  2 c o u l d  be 

d e v e l o p e d ,  a more e f f i c i e n t  r o u t e  to  4, which i n c l u d e d  r e c o v e r y  of s t a r t i n g  

materials and r e c y c l i n q  of a by-product ,  would he a v a i l a b l e .  

Ketone  5 w a s  o r i g i n a l l y  p r e p a r e d  by Cope and Smi th4  from p h t h a l i c  anhy- 

d r i d e  as shown i n  Scheme 2 i n  30-34% o v e r a l l  y i e l d ;  these a u t h o r s  r e p o r t  a 

75% y i e l d  f o r  t h e  Wolff-Kishner  re r l t l c t ion  of 2 t o  2. 

PhCH2C02H H I , P ,  a*?" 
N a O A c ,  d 

CH2 CH2 Ph 

n 

0 CHPh 
8 - 

CH2N2 
+ - 

H O  
3 

tBuOH 

Scheme 2 

On t h e  scale which w e  e n v i s i o n e d ,  the u s e  of t h e  r e q u i s i t e  amounts  of 

d i a z o m e t h a n e  posed a s e r i o u s  problem. An a l t e r n a t i v e  r o u t e  from a c i d  > t o  

homolog 2 was developed  as shown i n  Scheme 3 ;  compounds and 2 coul r '  

11 - 10 - 8 - 

NaCN - ___+ 

9 - 87% 

12 - 
Scheme 3 
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used w i t h o u t  p u r i f i c a t i o n .  

k e t o n e  5 u s i n q  p l y p h o s p h o r i c  a c i d  r e s u l t e d  o n l y  i n  t h e  f o r m a t i o n  of 

0 - p h e n e t h y l a c e t a m i d e  (13). When the homologous a c i d  9 was p u r i f i e d  b y  

d i s s o l u t i o n  i n  sodium b i c a r b o n a t e  s o l u t i o n  a small amount of l 0 , l l - d i h y d r o -  

5H-dihenzo[  a , e l c y c l o h e p t e n e  (14) which f a i l e d  to d i s s o l v e  c o u l d  b e  i s o l a t -  

Attempted c o n v e r s i o n  of n i t r i l e  12 d i r e c t l y  to 

ed .  Hydrocarbon 2 presumably  arose from i n t r a m o l e c u l a r  r e a c t i o n  of some 

c a t i o n i c  s p e c i e s  , p e r h a p s  d e r i v e d  from the i n t e r m e d i a t e  c h l o r o s u l f i t e ,  as  

shown i n  Scheme 4. R *  

10 - 
Scheme 4 

1 4  - 

S e v e r a l  methods h a v e  been  r e p o r t e d  t o  g i v e  h i g h  y i e l d s  i n  t h e  c o n v e r -  

s i o n  of k e t o n e s  t o  h y d r o c a r b o n s :  t h e  r e d u c t i o n  of t o s y l h y d r a z o n e s  w i t h  

l i t h i u m  aluminum h y d r i d e  i n  THF5 or sodium h o r o h y d r i d e  i n  d i o x a n e , 6  t h e  

Wolff-Kishner  r e d u c t i o n 7  i n  EMSO a t  room t e m p e r a t u r e , 8  i n  r e f l u x i n q  

t o l u e n e 9  or d i e t h y l e n e  g l y c o l ;  3,4 r e d u c t i o n  u s i n g  LiA1H4-A1C1310; o r  the 

Clemmensen r e d u c t i o n . l l  Scheme 5 i l l u s t r a t e s  a summary o f  the r e s u l t s  found 

i n  this s u r v e y .  The most r e l i a b l e  r e s u l t s  were o h t a i n e d  from the w o l f f -  

K i s h n e r  r e d u c t i o n  u s i n g  85% h y d r a z i n e  h y d r a t e  f o l l o w e d  hy  p o t a s s i u m  

t - b u t o x i d e  i n  r e f  l u x i n g  t o l u e n e 9  or p o t a s s i u m  h y d r o x i d e  i n  d i e t h y l e n e  

g l y c ~ l . ~ , ~  These methods g a v e  2 as the sole p r o d u c t  i n  y i e l d s  o f  75-85%. 

Hydrocarbon 2 w a s  c o n v e r t e d  to  d i b r o m i d e  2 u s i n g  N-bromosuccinimidel 

a c c o r d i n g  t o  t h e  method o f  Cope and Fenton13 which w a s  r e p o r t e d  to  g i v e  

from 70 t o  88% y i e l d .  L a t e r  work by  Yates et r e p o r t e d  c o n s i s t e n t  

y i e l d s  of  a h o u t  75%. I t  w a s  found i n  t h i s  work t h a t  by  a s l i g h t  m o d i f i c a -  

t i o n  of t h e  i s o l a t i o n  p r o c e d u r e ,  c o n s i s t e n t  y i e l d s  above 95% c o u l d  b e  ob- 

t a i n e d  (see E x p e r i m e n t a l ) .  F i n a l l y ,  r e a c t i o n  o f  2 a c c o r d i n g  to the method 
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MOORE AND MITCHELL 

16  - 5 - - 2 50:50 

t -BuOK 
t o l u e n e  

75 

85%'H2NNH2 
2 R 3 %  / Z , ( H g )  H C 1  / H20, E t O H  - 

2 
85% H 2 N N H 2 ,  KOH 

2 c  
- Diethylene  Glycol 

85% 

- 2 + 5  L i A 1 H 4  

90 : 10  THF 
76% 

Scheme 5 

L i A l H 4 - A l C l  
- 

E t 2 0 ,  79% 
I 

NNfITs o5 NaBH4 Dioxane - + 
3- 

No Reac t ion  

OH 

17 - 

L 

of Yates et aZ.3 gave ,  a s  r e p o r t e d ,  a mix tu re  of unreac ted  d ibromide  2, 
enone 5 ,  and t h e  d e s i r e d  d i k e t o n e  i. 
on s i l i c a  g e l  gave  t h e  p u r i f i e d  p roduc t  i n  an werall  15% y i e l d .  

Sepa ra t ion  by column chromatography 

EXPERIMENTAL. SECTION 

A l l  mel t ing  p o i n t s  are uncor rec t ed  and w e r e  determined i n  c a p i l l a r y  tubes 
wi th  a Thomas-Hoover Unimelt appa ra tus .  Nuclear magnetic resonance  (NMR) 
s p e c t r a  w e r e  ob ta ined  on Varian T-60 and CFT-20 spec t romete r s  and are re- 
ported i n  6 u n i t s  us ing  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 t anda rd .  I n f r a -  
r e d  s p e c t r a  ( I R )  w e r e  recorded  on a Perkin-Elmer model 521 spec t ropho to -  
meter wi th  t h e  fo l lowing  band i n t e n s i t y  n o t a t i o n s  being used: vs  = v e r y  
s t r o n g ,  s = s t r o n g ,  m = m e d i u m  and w = weak; for known compounds o n l y  cha r -  
a c t e r i s t i c  bands are g iven .  U l t r a v i o l e t  s p e c t r a  (W) were recorded  on a 
Cary 14 spec t rophotometer .  Mass s p e c t r a  w e r e  t aken  on a CEC 21-104 mass 
spectrometer o p e r a t i n g  a t  70 e V  and are r e p o r t e d  as m/e with  r e l a t i v e  i n -  
t e n s i t y  ( p e r c e n t  of base  peak)  i n  pa ren theses .  Microanalyses w e r e  perform- 
ed by G a l b r a i t h  L a b o r a t o r i e s ,  Knoxvi l le ,  Tenn. G a s  chromatography-mass 
spectral d a t a  (GC-MS) was  ob ta ined  on a Varian MAT 111 ins t rumen t  us ing  an 
e l e c t r o n  impact d e t e c t o r .  A 10 f o o t  g l a s s  column ( 2  mm I . D . )  packed wi th  
OV-17 on 100-120 mesh Gas Chrom Q was used. The in s t rumen t  w a s  programmed 
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DIBENZO [ a ,e ICY CLOOCTFJI-5 ( 6 H )  , 11( 12H)DIONE 

from 30° to  300° a t  20°/min us ing  Helium as t h e  carrier g a s .  Thin l a y e r  
chromatography ( n C )  ana lyses  w e r e  ob ta ined  us inq  50 nun x 100 nun s i l i c a  g e l  
coa ted  g l a s s  s l i d e s  which were purchased from VWR S c i e n t i f i c ,  Rochester 
NY. The developed TLC p l a t e s  were v i s u a l i z e d  wi th  a USvL25 Mine ra l igh t  
e m i t t i n g  s h o r t  or long wavelength u l t r a v i o l e t  l i g h t  ( U l t r a v i o l e t  Products ,  
San Gabr i e l ,  C a l i f o r n i a ) .  E x t r a c t i o n s  w e r e  u s u a l l y  completed by washing 
f i n a l l y  wi th  a s a t u r a t e d  sodium c h l o r i d e  s o l u t i o n ,  dry ing  Over anhydrous 
magnesium s u l f a t e  followed by vacuum f i l t r a t i o n  and evapora t ion  of s o l v e n t  
under vacuum on a r o t a r y  evapora to r  a t  room tempera ture  up to  looo .  

6 

o-(a-Phenethyl )benzoic  Acid ( 8 ) . -  The method of Cope and Fentonl3  w a s  used 

s t a r t i n q  wi th  222 q of b e n z a l p h t h a l i d e  ( A l d r i c h ) .  The s o l i d  ob ta ined  by 

t h i s  procedure  w a s  r e c r y s t a l l i z e d  (70% EtOH/H2O, v / v )  g i v i n g  166 q (73%)  of 

8, mp. 132-1330r l i d 3  mp. 129-130°. 

I R  ( K B r ) :  1690s (C=O) ,  913s (OH, d e f . )  and 755s c m ”  ( a r y l  H ) ;  ‘ H  NMR 

- 

(DMSO-C6): 3.06 ( m ,  4H, C H z C H z ) ,  7.10-7.50 ( m ,  QH, a r y l  CH) and 12.78 ( s ,  

lH, O H ) ;  13C NMR (DMSO-CI~): 169.17 (C=O), 126-143(12 peaks,  a romat i c )  36.42 

and 37.82 ppm (CH2CH2); mass spectrum m / e  (rel. i n t e n s i t y ) :  226 (M+, 25) .  

o-Phenethylbenzyl Alcohol ( l o ) . -  To a 5 L three-necked f l a s k  w a s  added 31.1 

(0.82 m o l )  of l i t h i u m  aluminum hydr ide  and 1.9 L of d r y  d i e t h y l  e t h e r .  

While v i g o r o u s l y  s t i r r i n g  t h e  e t h y l  e the r - l i t h ium aluminum hydr ide  mixture ,  

a s o l u t i o n  of 147.5 q (0.65 m o l l  of 0-phenethylhenzoic a c i d  (8 )  i n  750 mL 

of d r y  t e t r a h y d r o f u r a n  ( d i s t i l l e d  from sodium hydr ide )  was added dropwise. 

- 

A t  t h e  end of t h e  a d d i t i o n ,  excess  LiAlH4 w a s  des t royed  hy slow a d d i t i o n  of 

25 mL of w a t e r  followed by t h e  a d d i t i o n  of one l i t e r  of 10% H2SO4. 

l a y e r s  w e r e  s epa ra t ed  and the e t h e r  l a y e r  w a s  washed s u c c e s s i v e l y  w i t h  10% 

The 

NaHC03, s a t u r a t e d  N a C l  s o l u t i o n ,  and d i s t i l l e d  water. The e t h e r  l a y e r  w a s  

d r i e d  (mSO4) and concen t r a t ed  i n  vacuo. The r e s i d u e  c r y s t a l l i z e d  on 

s t and ing .  R e c r y s t a l l i z a t i o n  (hexane)  qave  135 g (98%) of - 10, mp. 56-5E0, 

l i t e l 4  580. 

I R  ( K B r ) ;  3325-3220s ( O H ) ,  1004s (OH d e f ) ,  and 755 s cm-l ( 4  a d j a c e n t  r i n g  

H ) ;  ’ H  NMR (CDC13): 

(s, 2H, CH2-0) and 6.96-6.47 ( m ,  9H, A r H ) ;  13C NMR (CDC13): 

6 1.60 (broad  s ,  lH, O H ) ,  2.93 ( s ,  4H, C H Z C H ~ ) ,  4.60 

122-141 (12  

415 
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MOORE AND MITCHELL 

peaks,  a r o m a t i c ) ,  62.62 (ArCH2OH)  37.59 and 34.28 ppm ( 4  CH2CH2Ar) ;  mass 

spectrum m / e  ( r e l a t i v e  i n t e n s i t y ) :  194 ( loss  of H 2 0 ,  89) ,  179 (loss of 

H+CH30H, 40) and 91 (C7H7, 100) .  

0-Phenethylbenzyl Ch lo r ide  ( l l ) . -  To one l i t e r  of benzene d r i e d  by azeo- 

t r o p i c  d i s t i l l a t i o n ,  w a s  added 107.3 q (0.83 mol) of t h i o n y l  c h l o r i d e  from 

a f r e s h l y  opened b o t t l e .  To t h i s  s o l u t i o n  i n  a 3 L f l a s k  was added one 

d r o p  of p y r i d i n e  followed by a s o l u t i o n  of 135.4 q (0.64 moll of 

0-phenethylbenzyl a l c o h o l  i n  500 mL of benzene. A t  t h e  end of t h e  addi -  

t i o n ,  t h e  r e a c t i o n  mixture  was r e f luxed  on a water  ba th  f o r  2 h r .  Benzene 

was removed by vacuum d i s t i l l a t i o n .  The r e s i d u e  w a s  r ed i s so lved  i n  d i e t h y l  

e t h e r  and washed s e q u e n t i a l l y  wi th  10% NaHC03, a s a t u r a t e d  NaCl s o l u t i o n  

and d i s t i l l e d  w a t e r .  Drying (MgSO4) and c o n c e n t r a t i o n  gave  145.8 (99%)  of 

ha locarbon 1'. The compound w a s  used wi thou t  f u r t h e r  p u r i f i c a t i o n .  

' H  NMR (CDC13): 6 2.96 ( s ,  4H, CH2CH2) ,  4.48 ( S ,  2 H ,  -CH2C1) 

and 7.0-7.66 ( m ,  9H, A r H ) .  

o-Phenethylbenzyl Cyanide ( 1 2 ) .  - To a 500 mL f l a s k  w a s  added 32.4 q (0.66 

mol) of sodium cyanide  followed by 36 q of water.  This mixture  was hea ted  

on a water  ba th  a t  85O u n t i l  t h e  sodium cyan ide  d i s so lved .  To t h i s  

s o l u t i o n  w a s  added a mixture  of 117 q (0.508 mol) of o-phenethylbenzyl 

c h l o r i d e  (11) and 120 g of e thano l  (compound M w a s  i n s o l u b l e  i n  e t h a n o l  a t  

room t empera tu re ) .  This  mixture  w a s  hea ted  a t  85O on a water  ba th  f o r  4 h r  

and then  cooled  t o  room tempera ture  and f i l t e r e d .  The s o l i d  w a s  washed 

wi th  e thano l .  The f i l t r a t e  w a s  t r a n s f e r r e d  t o  a s e p a r a t o r y  funne l ,  t h e  

bottom l a y e r  was sepa ra t ed  and the upper,  aqueous l a y e r  was e x t r a c t e d  once 

wi th  an equal  volume of d i e t h y l  e t h e r .  The bottom l a y e r  w a s  r e tu rned  t o  

t h e  funne l  wi th  t h e  e t h e r  s o l u t i o n ,  d i l u t e d  wi th  water  and e t h e r  and washed 

wi th  water u n t i l  t h e  bottom aqueous l a y e r  was n e u t r a l  to  l i t m u s  paper.  The 

e t h e r e a l  s o l u t i o n  w a s  d r i e d  (MgSO4) and concen t r a t ed  t o  y i e l d  109 9 (97%)  

o f  product ,  i d e n t i f i e d  by lH NMR and used wi 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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DIBENZO[a ,e]CYCLOOCTEN-5(6H), ll(12H)DIONE 

lH NMR (CDC13): 

6.67-7.40 ( m ,  9H, A r - H ) .  

Mhenethylphenylacetamide (13) from the a t tempted  S y n t h e s i s  of 11,12- 

Dihydrodibenzofa,e ]cycloocten-5(6H)-one (6)  f r o m  (12).- A mix tu re  of 1 .O g 

(4.5 mmol) of 0-phenethylbenzyl  cyan ide  (2) and 50 g of polyphosphor ic  

a c i d  w a s  hea ted  a t  90° and stirred f o r  4 h r .  Then 8 mL of water w a s  added 

t o  t h e  r e a c t i o n  mix tu re  caus ing  t h e  i n t e r n a l  t empera tu re  to  i n c r e a s e  to  

120°. lhis mix tu re  was  s t i r r e d  for an a d d i t i o n a l  hour ,  w a s  cooled and 

poured i n t o  300 mL of water. The p r e c i p i t a t e d  s o l i d  w a s  collected by 

f i l t r a t i o n ,  washed s u c c e s s i v e l y  wi th  wa te r ,  10% Na2C03 s o l u t i o n  and w a t e r .  

The s o l i d  w a s  d r i e d  and r e c r y s t a l l i z e d  from benzene-hexane t o  g i v e  0.93 g 

(86.5%) of w h i t e  needles .  The s o l i d  w a s  i d e n t i f i e d  as o-phenethylphenyl 

6 2.83 ( 8 ,  4H, ArCH2CH2Ar), 3.37 (9 ,  2H, ArCH2CN) and 

ace t amide  (G), mp.  124-126'. 

Anal. Calcd for C16H17NO: C, 80.4; H, 7.12; N, 5.86; 0, 6.69. - 
Found: C, 80.7: HI  7.3; N I  5.7. 

IR ( K B r ) :  3390s (amide NH) and 1660s cm'l (amide C=O); l H  NMR (CDCl3 

2.98 (9, 4H, ArCH$H2Ar), 3.61 ( s ,  2H, ArCHpC=O), 5.0-6.3 ( v e r y  broad 

7.26-7.57 (m,  9H, A r H ) ;  13C NMR (CDC13) 174.07 (C=O) ,  141.35, 140.52, 

133.14, 130.69, 129 

3715 and 34.81 ppm 

(M+, 8 2 ) ,  148 (781, 

( 2 2 ) .  

88, 128.43, 127.83, 126.75, 

Ph CH2CH2-Ar) ; mass spectrum 

131 ( l o o ) ,  105 (351, 104 (41 

: 6  

N H ) ,  

26.07, 40.68 (ArCH2C=O), 

m / e  ( rel .  i n t e n s i t y ) :  239 

, 103 ( 7 9 ) ,  91 (73 )  and 77 

o-(Phenethy1)phenylacetic A c i d  (91.- 'Ib 109 g (0.49 m o l )  of 0 - (2 -  

p h e n e t h y l )  benzyl  cyan ide  (12) i n  a one  l i t e r  f l a s k  w a s  added 200 mL each 

of d i s t i l l e d  w a t e r ,  concen t r a t ed  H2SO4, and f i n a l l y  g l a c i a l  acetic a c i d .  

Th i s  m i x t u r e  w a s  stirred and r e f l u x e d  for 2 h r .  The r e a c t i o n  mix tu re  w a s  

cooled and poured wi th  v igo rous  s t i r r i n g  i n t o  2 L of w a t e r .  Tbe p r e c i p i -  

t a t e  w a s  collected by f i l t r a t i o n ,  washed w i t h  d i l u t e  H2SO4 s o l u t i o n  and 

air-dried. I t  was  t hen  d i s s o l v e d  i n  a Na2CO3 s o l u t i o n  (212 g of Na2CO3 i n  
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MOORE AND MITCEELL 

1 L of water ) ,  s t i r r e d  f o r  2 h r  and allowed t o  s t and  ove rn igh t .  A wh i t e ,  

c r y s t a l l i n e  s o l i d  which collected a t  t h e  bottom of t h e  f l a s k  w a s  c o l l e c t e d  

by vacuum f i l t r a t i o n  and washed wi th  water u n t i l  n e u t r a l .  The s o l i d  was 

i d e n t i f i e d  as 10r11-dihydro-5 -dibenzo[a,elcycloheptene ( 1 4 1 ,  mp. 74-76O 

1 i t . 1 4  750. 

Anal. Calcd. f o r  C15H14: C,  92.7; H,  7.3. 

Found: C ,  92.5; H, 7.6. 

- 

' H  NMR (CDC13): 6 3.21 ( s ,  4H, A r C H z C H z A r ) ,  4.19 ( s ,  2 H ,  A r C H z A r ) ,  and 

7.23 ( s ,  8H, A r H ) ;  13C NMR (CDC13): 139.18, 138.90, 129.48, 128.91, 

126.52, 125.98, 40.91 ( A r C H 2 A r )  and 32.44 ppm ( A r C H 2 C H 2 A r ) ;  mass spectrum 

m / e  ( re l .  i n t e n s i t y )  194 (M', 100) .  

The f i l t r a t e  ob ta ined  a f t e r  i s o l a t i o n  of '4 was a c i d i f i e d  wi th  25% aqueous 

H2SO4. The a c i d i c  s o l u t i o n  w a s  added s lowly  t o  t h e  f i l t r a t e  cooled i n  an 

i c e  ba th .  The wh i t e  p r e c i p i t a t e  w a s  c o l l e c t e d  by vacuum f i l t r a t i o n ,  washed 

wi th  5% H2SO4 and a i r - d r i e d  ove rn igh t .  The y i e l d  of 9 was 103.4 q ,  (87.4%, 

mp. 86-8B0, lit.4 92.2-93.2O. 

lH NMR (benzene-d_6): 

7.0-7.3 ( m ,  9H, A r H )  and 11.26 ( s ,  lH, COOH). 

11,12-Dihydrodibenzo[~~~]cycloocten-5(6H)-one (6 ) . -  To a 3 L f l a s k  was 

added 86.8 g (0.36 m o l )  of 0-(2-phenethyl)phenylacetic a c i d  ( 9 )  - and 2795 q 

of  polyphosphoric ac id .  This mixture  w a s  s t i r r e d  and hea ted  on a b o i l i n q  

wa te r  ba th  f o r  3 h r  and then  cooled  t o  room tempera ture  and poured wi th  

- 

6 2.76 ( s ,  4H, A r C H 2 C H 2 + ) ,  3.31 (s ,  2H,  ArCH2COOH),  

v iqo rous  s t i r r i n q  i n t o  6 L of water. The s o l i d  which sepa ra t ed  was col- 

l e c t e d  by f i l t r a t i o n  and d i s s o l v e d  i n  200 mL of methanol. This concen- 

t r a t e d  s o l u t i o n  was poured r a p i d l y  i n t o  3.5 L of w a t e r .  The milky s o l u t i o n  

w a s  al lowed t o  s t a n d  f o r  one hour and t h e  r e s u l t i n q  wh i t e  need le s  w e r e  

vacuum f i l t e r e d  and washed wi th  water. The s o l i d  w a s  d r i e d  o v e r n i g h t  i n  a 

vacuum oven (50°/25 t o r r )  and stored i n  a d e s i c c a t o r  over  P2O5. The y i e l d  

o f  - 6 was 74.7 g (93 .5%) ,  mp. 93-95O, lit.3 92-95O. 
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DIBFXZO[a,e]CYCLOOCTEN-’j( 6 H )  ~ ll(12H)DIONE 

Anal. Calcd. f o r  C16H14O: C,  86.4; H, 6.3; 0, 7.2. 

Found: C,  86.0; H, 6.3. 

I R  ( K B r ) :  1675s cm’l ( k e t o n i c  C=O);  lH NMR (CDC13): 6 3.33 ( s ,  4H, 

ArCH2CH2Ar); 4.22 (s ,  2H, ArCH$=O) and 7.06-7.70 ( m ,  8 H ,  Ar-H) 13C NMR 

(CDC13) 204.0 (C=O) ,  - 138.35, 137.86, 133.56, 131.44, 130.81, 130.46, 

129.61, 128.35, 128.01, 127.31, 126.58, 126.49, 51.40 (ArCH2C=O), - 34.70 and 

33.62 ppm (ArsHCHZkr); mass spectrum m / e  ( re l .  i n t e n s i t y ) :  222 (M+, 100) .  

11,12-Dihydro-5(6H)-hydroxydibenzo[a,elcyclooctene ( 1 7 )  from the Attempted 

S y n t h e s i s  of 5,6 , 1 l I12-Tet rahydrodibenzo  [ a, e l cyc looc tene  ( 2 )  by LiAlHK 

A1C131° Reduction of (6) . -  A s o l u t i o n  of 0.38 g (10  mmol) of LiAlH4 i n  

1 0  mL of d i e t h y l e t h e r  WJS p l aced  i n  a 100 mL f l a s k .  A s o l u t i o n  of 1.35 

g (10  mmol) of g r a n u l a r  AlCl3 i n  10 mL of d i e t h y l  e t h e r  w a s  added r a p i d l y .  

A f t e r  f i v e  minutes a s o l u t i o n  of  1.8 q ( 8  mmol) of 11.12-dihydrodibenzo- 

[a,el-cycloocten-5(6~)-one 5 and 1.0 g (7.5 mmol) of AlCl3 i n  20 mL of  

d i e t h y l  e t h e r  w a s  added so t h a t  a g e n t l e  r e f l u x  was main ta ined .  A f t e r  

a d d i t i o n ,  t h e  r e a c t i o n  mix tu re  w a s  s t i r r e d  f o r  30 min. Water (10  mL) w a s  

added s lowly  followed by 15 mL of 6N H2SO4. The l a y e r s  w e r e  s e p a r a t e d  and 

t h e  aqueous l a y e r  w a s  washed wi th  an  equa l  volume of e t h e r .  The e t h e r  

l a y e r s  w e r e  comhined, washed s u c c e s s i v e l y  wi th  10% NaHC03, and water and 

t h e n  d r i e d  (MCJSO~). Concen t r a t ion  g a v e  1.42 g (79%) of a compound i d e n t i -  

f i e d  a s  1 l I l 2 - d i h y d r o - 5 (  6H)-hydroxydibenzo [a, e l c y c l o o c t e n e  17, mp. 11 3- 

116O, lit.3 114.2-115.5O. 

1H NMR (CDC13): 

Hz, -CH2-Cg(OH)Ar) ,  and 6.7-7.2 ( m ,  8 H ,  A r - E ) ;  13C NMR (CDC13): 

(C-4b), 139.21 (C-4a), 137.94 (C-6a), 137.53 (C-lOa), 130.02 (C-2, C-3), 

6 2.10 (s ,  lH, OH), 2.8-3.7 ( m ,  6H, ‘2%)‘ 5.13 ( t ,  lH, J=8 

141.56 

129.85 (C-8, C - 9 ) ,  127.45 (C-4), 126.95 (C- l ) ,  126.38 (C-71, 126.00 (C-lO), 

74.62 (C-5), 43.76 (C-61, 35.03 (C-12), and 33.61 ppm (C-11). 

Attempted S y n t h e s i s  of 5,6,11,12-Tetrahydrodibenzo[ a, e lcyc looc ten  ( 2 )  

by  Clemmensen Reduction11 of 6.- To a one  l i t e r  f l a s k  w a s  added 200 g of 
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MOORE AND MITCHELL 

mossy z inc  which was covered wi th  500 mL of 15% NaOH s o l u t i o n .  The mixture  

w a s  hea ted  t o  60° and s t i r r e d  f o r  2 h r .  The c a u s t i c  s o l u t i o n  was decanted 

and the z inc  was washed wi th  d i s t i l l e d  water u n t i l  n e u t r a l  t o  l i tmus .  I t  

w a s  then  covered wi th  a s o l u t i o n  of 15 g of WC12 and 10 mL of concen t r a t ed  

HC1 i n  250 mL of w a t e r .  The mixture  w a s  s t i r r e d  f o r  one  hour ,  t h e  s o l u t i o n  

was decanted  and the z inc  amalgam w a s  washed wi th  d i s t i l l e d  water .  The 

s o l i d  was covered wi th  150 mL of wa te r ,  200 mL of concen t r a t ed  HC1 and a 

h o t  s o l u t i o n  of 20 g (0.09 mol) of 5 i n  200 mL of 95% e thano l .  The mixture  

w a s  r e f luxed  f o r  5 h r  wh i l e  HC1 g a s  w a s  bubbled throuqh t h e  r e a c t i o n  mix- 

t u r e .  The h o t  s o l u t i o n  w a s  poured i n t o  an ice-water  mixture  and t h e  p a l e  

ye l low s o l i d  w a s  c o l l e c t e d  by f i l t r a t i o n  and was d i s s o l v e d  i n  d i e thy3  

e t h e r .  The e t h e r  s o l u t i o n  w a s  washed s u c c e s s i v e l y  wi th  10% NaHC03 so lu -  

t i o n ,  water ,  a s a t u r a t e d  N a C l  s o l u t i o n  and f i n a l l y  water .  The e t h e r  s o l u -  

t i o n  w a s  d r i e d  (MsSO4) and concen t r a t ed  to  g i v e  15.63 g (83.5%) of a p a l e  

ye l low s o l i d .  The s o l i d  w a s  d i s s o l v e d  i n  b o i l i n q  hexane, shaken one hour 

wi th  s i l i c a  g e l  ( 1 0  g ) ,  f i l t e r e d  and concen t r a t ed  t o  q i v e  a wh i t e  s o l i d ,  

mp. 66-A0°. 

Analys is  by t h i n  l a y e r  chromatography on s i l i ca  q e l  showed one  s p o t  when 

developed wi th  5% d ie thy le the r -95% hexane wi th  an Rf v a l u e  i d e n t i c a l  wi th  

2 (Rf = 0.68). GC-MS a n a l y s i s  showed t h e  product  t o  be  a mixture  of equal  

amounts of 2 and 2. 

Mass spectrum m / e  ( re l .  i n t e n s i t y ) :  f o r  2, 208 ( M + ,  g o ) ,  193 ( l o o ) ,  178 

( 4 2 ) ,  115 ( 4 4 )  and 104 ( 7 2 ) ,  and f o r  2, 206 (M+, g o ) ,  205 ( l o o ) ,  191 ( 2 5 ) ,  

101 ( 3 7 ) ,  100 ( 6 1 ) ,  88 (771, 76 (48 )  and 17 ( 4 3 ) .  

1 lI12-Dihydrodibenzo [a, e ]cycloocten-5( €14 )-one Tosyl hydrazone ( 1  5 )  .- 
11,12-Dihydrodibenzo[~,~]cycloocten-5(6~)-one(~), 5 g (23  mmol) and 6.03 

g (0.32 m o l )  of p-toluenesulfonylhydrazine w e r e  added t o  a f l a s k  con ta in inq  

200 mL of methanol. This s o l u t i o n  was r e f luxed  f o r  4 h r .  A yellow s o l i d  

p r e c i p i t a t e d  and was c o l l e c t e d  by f i l t r a t i o n  a f t e r  coo l inq  to  room 

- 
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t empera ture .  The f i l t r a t e  w a s  concen t r a t ed  caus ing  c r y s t a l l i z a t i o n  of a 

w h i t e  solid. The solid w a s  c o l l e c t e d  by vacuum f i l t r a t i o n  and r e c r y s t a l -  

l i z e d  from methanol to  g i v e  long need le s ,  mp. 188-190°. 

- Anal. Calcd for C23H22N2S02: C,  70.77; H, 5.64; N, 7.18; S, 8.20; 0, 8.20. 

Found: C, 7.6; H, 5.9; N, 7.4; S, 8.4. 

I R  ( K B r ) :  3280w, 3210m, 1595m, 1165vs, 768s, 673s and 541s cm-l; lH NMR 

(acetone-d-6): 6 2.51, 2.56 (2S, 3H, Ph-CH3), 2.93, 2.98 (2S, lH, N H ) :  

3.11 ( s ,  

7.25 (a, 

O=S=O) ; 

129.64, 

4H, ArCH2CH2), 4.10, 4.20 ( 2 s ,  2H, CH2 C = N - ) ,  7.03-7.40 ( A T - H ) ,  

2H, J=8 Hz, H o r t h o  t o  CH3) and 8.05 ( d ,  2H, J=8 Hz, H o r t h o  to 

3C NMR ( a c e t o n e - d s ) :  

29.54, 129.34, 128.84, 128.14, 128.06, 127.27, 126.78, 126.51, 

143.89, 138.54, 131.08, 130.42, 130.26, - 

126.13, 35.68 ( A r C H z C = N ) ,  33.28 and 32.81 (ArCHsH2Ar) and 20.82 ppm 

(ArCH3); m a s s  spectrum m / e  ( re l .  i n t e n s i t y ) :  391.8 (M+, 0.701, 235 

(C16H15N2r 100) 

The ye l low compound i s o l a t e d  a t  t h e  end of  the r e a c t i o n  w a s  shown t o  be 

t h e  a z i n e  E, mp. 243-246O. 

IR ( K B r ) :  301 w, 290Ow, 1685w, 1597m, 149Om, 1023m, 7733, 758s, 745s, 638m 

and 628111 c m - l ;  lH NMR (CDC13): 

Ar-C%-C=N)), and 7.1-7.6 ( m ,  8 H ,  A r - H ) ;  mass spectrum m / e  ( re l .  i n t e n s i t y )  

400 (M+, 1001, 335 (151, 135 (141, 222 (18 ) ,  221 ( 2 3 ) ,  220 (M+-C16H14N, 

5 6 ) ,  219 ( 2 9 ) ,  218 ( 7 3 ) ,  217 ( 1 4 ) ,  206 ( 1 2 ) ,  205 ( 4 6 ) ,  204 ( 3 6 ) ,  203 ( 1 3 ) ,  

6 3.15 ( s ,  4H, ArCHzCH2Ar), 4.03 ( s ,  2H, 

193 (18 ) ,  179 (101, 178 (161, 116 ( 1 2 ) ,  114 ( 1 4 ) ,  105 (101, 104 ( 1 2 ) ,  103 

(121, 91 (18 )  and 18 ( 1 6 ) .  

Reduction of Tosylhydrazone 1 5  with LiAlH4.- 

equipped wi th  a mechanical stirrer and a condenser  w a s  added 1.4 g (37  

m m o l )  of LiAlH4, 50 mL of d r y  t e t r a h y d r o f u r a n  and 1.0 g (2.6 mmol) of 

t o sy lhydrazone  2. 
Samples were withdrawn from the reaction mix tu re  a t  1 h r ,  4 h r  and 24 h r .  

Ana lys i s  by TLC (5% d i e t h y l  ether-95% hexane)  showed unreac ted  hydrazone 

To a 100 mL react ion vessel 

The mix tu re  w a s  stirred and r e f l u x e d  for 48 h r .  

421 
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MOORE AND MITCHELL 

( R f  = 0 )  af ter  24 h r .  C o n t i n u i n g  the r e a c t i o n  f o r  48 h r  r e s u l t e d  i n  com- 

p l e t e  d i s a p p e a r a n c e  o f  t h e  h y d r a z o n e  15 when a n a l y z e d  by TLC. 

added s l o w l y  t o  d e s t r o y  e x c e s s  LiAlH4 f o l l o w e d  by d i e t h y l  e t h e r ,  w a t e r ,  

and f i n a l l y  c o n c e n t r a t e d  H2SO4 u n t i l  t h e  m i x t u r e  w a s  a c i d i c .  The aqueous  

l a y e r  w a s  s e p a r a t e d  w h i l e  t h e  e t h e r  l a y e r  w a s  washed w i t h  w a t e r  u n t i l  

E t h a n o l  w a s  

n e u t r a l ,  d r i e d  (MqSO4) and c o n c e n t r a t e d .  The r e s i d u e ,  a clear color less  

l i q u i d  w a s  shown by TLC on s i l i c a  qel  t o  h e  d i f f e r e n t  ( R f  = 0.45) from t h e  

e x p e c t e d  p r o d u c t  5,6,11,12-tetrahydro-dihenzo[a,elcyclooctene (2) ( R f  = 

0.37 when developed  w i t h  5% d i e t h y l  e t h e r - 9 5 %  h e x a n e ) .  The p r o d u c t  w a s  

shown by GC-MS a n a l y s i s  t o  b e  m o s t l y  5,6-dihydrodihenzo[a,~]cyclooctene 

(2) c o n t a m i n a t e d  w i t h  a p p r o x i m a t e l y  10% o f  2. 

Mass spec t rum m / e  (rel. i n t e n s i t y ) :  for t h e  peak r e p r e s e n t i n g  10% o f  the 

m i x t u r e ,  208 (M+, 5 5 ) ,  193  ( loss of  CH3, 1 0 0 ) ;  and f o r  t h e  peak r e p r e s e n t -  

i n q  90% of  t h e  m i x t u r e ,  206 ( M + ,  l o o ) ,  191 ( l o s s  of CH3, 7 3 ) .  

Wolf-Kishner Reduct ion  of  1 1  , 12-Dihydrodibenzo[a,elcycloocten-5(6H)-one ( 6 )  

w i t h  Potass ium t-Butoxide9.- T o  a o n e  l i t e r  f l a s k  f i t t e d  w i t h  an e f f i c i e n t  

c o n d e n s e r  w a s  added 25 g (0 .112 m o l l  of  5, 60 q of  85% h y d r a z i n e  h y d r a t e  

and 550 mL of  e t h a n o l .  This s o l u t i o n  w a s  r e f l u x e d  f o r  24 h r  under  N2. The 

e t h a n o l  w a s  removed under  vacuum and t h e  r e s i d u e  w a s  d i s s o l v e d  i n  d i e t h y l  

e t h e r ,  washed o n c e  w i t h  a s a t u r a t e d  N a C l  s o l u t i o n  and d r i e d  (MqSOq).  Con- 

c e n t r a t i n g  the s o l u t i o n  g a v e  22.4 q ( 8 4 % )  o f  a s o l i d  r e s i d u e  shown t o  h e  

- 1 6  by  ' H  NMR: 

( b r o a d  s ,  lH, NH2) - and 7.0-7.5 ( m ,  8 H ,  ATE) .  The c r u d e  s o l i d  w a s  n o t  p u r i -  

f i e d  f u r t h e r  b u t  w a s  d i s s o l v e d  i n  200 mL of  d r y  t o l u e n e .  T h i s  s o l u t i o n  w a s  

added t o  a m i x t u r e  o f  12.5 g (0.11 m o l )  o f  p o t a s s i u m  t - b u t o x i d e  i n  600 mL 

o f  d r y  t o l u e n e .  The m i x t u r e  w a s  s t i r r e d  and r e f l u x e d  f o r  24 h r ,  t h e n  

3.15 (s ,  4H, A r C Q C 3 A r ) ,  3.88 ( s ,  2H, ArC%C=N),  5.47 

c o o l e d  and poured  i n t o  a s o l u t i o n  of 100 mL o f  c o n c e n t r a t e d  HC1 i n  2 L of  

water .  The t o l u e n e  l a y e r  w a s  s e p a r a t e d  and washed w i t h  water u n t i l  neu- 
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produc t  which w a s  d i s s o l v e d  i n  b o i l i n q  hexane, t r e a t e d  wi th  s i l i c a  g e l  (10  

g ) ,  f i l t e r e d  and concen t r a t ed  to q i v e  a s o l i d  which a f f o r d e d  13.91 g (75%) 

o f  2 when c r y s t a l l i z e d  from 95% EtOH,  mp. 109-llOo lit.17 108.5-109°. 

I R  ( K B r ) :  1485s, 1 4 4 5 ~ ~  1042m, 925m, 762vs, 75Ovs, and 54Ovs cm-l; lH NMR 

(CDC13): 

(CDC13): 140.60 (C-4ar C-6ar C-lOa, C-12a), 129.63 ((2-2, C-3, C-8, C-91, 

126.08 (C-1, C-4, C-7, C-101, and 35.15 ppm (ArCHsH2Ar); mass spectrum m / e  

( re l .  i n t e n s i t y )  208 (M+, 601, 193 ( l o o ) ,  179 ( 4 6 ) ,  178 (501, 117 (221, 116 

( 3 9 ) ,  115 ( 3 8 ) ,  104 ( 4 2 ) ,  103 ( 2 6 ) ,  91 ( 2 2 ) ,  and 78 ( 2 5 ) .  

Wolff-Kishner Reduction of 6 (KOH i n  Die thy lene  G l y c 0 1 ) ~ 1 4 . -  

f l a s k  w a s  p laced  10 q (0.18 mol) of KOH, 15 mL of 85% hydraz ine  h y d r a t e  and 

100 mL of d i e t h y l e n e  g l y c o l .  To t h i s  s t i r r e d  mix tu re  5.0 q (22.6 mmol) of 

6 w a s  added. The mix tu re  w a s  hea t ed  a t  137O for 2 h r  a f t e r  which excess 

w a t e r  and NH2MH2*H20 w e r e  d i s t i l l e d  u n t i l  t h e  t empera tu re  reached 200O. 

The s o l u t i o n  w a s  r e f l u x e d  a t  190-200° for 3 h r ,  cooled  and poured i n t o  800 

6 3.05 ( s ,  8 H ,  ArCff2CQAr) and 6.96 ( s ,  8 H ,  A r - E ) ;  13C NMR 

I n  a 250 mL 

- 

mL of w a t e r  a c i d i f i e d  wi th  30 mL of c o n c e n t r a t e d  HC1. The s o l i d  which 

formed w a s  f i l t e r e d ,  d i s s o l v e d  i n  d i e t h y l  e t h e r  and t h e  e t h e r  s o l u t i o n  w a s  

washed wi th  w a t e r  u n t i l  n e u t r a l .  The s o l u t i o n  was d r i e d  (MgSO4) and con- 

c e n t r a t e d  to  g i v e  a s o l i d  which w a s  r e d i s s o l v e d  i n  hexane and f i l t e r e d  

throuqh s i l i c a  g e l .  Recovery of  the s o l i d  and r e c r y s t a l l i z a t i o n  from 

e t h a n o l  gave  3.8 g (66%) of a wh i t e ,  c r y s t a l l i n e  s o l i d ,  m p .  108.5-109°, 

l i t . 1 3  108.5-logo. 

The lH NMR spectrum w a s  i d e n t i c a l  w i th  an  a u t h e n t i c  sample of  2. 

5,11-Dibromo-5,6,11,12-tetrahydrodibenzo[a,elcyclooctene (3) . -  The proce- 

d u r e  of Cope and Fentonl 

o c t e n e  (z), 27.5 q (0.13 m o l ) ,  and 46 q (0.26 mole) of N-bromosuccinimide 

w e r e  added t o  350 mL of CCl4. Th i s  mix tu re  w a s  stirred and r e f l u x e d  f o r  

one  hour.  The r e a c t i o n  mix tu re  was then  cooled  and f i l t e r e d .  The f i l -  

w a s  used. 5,6,llI12-Tetrahydrodibenzo [ a, e lcyc lo-  

t r a t e  w a s  concen t r a t ed  t o  q i v e  28.2 q (59%) of 3.  The s o l i d  r e s i d u e ,  - 
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MOORE AND MITCHELL 

which w a s  mos t ly  succ in imide ,  w a s  b o i l e d  i n  CCl4 and f i l t e r e d  wh i l e  h o t  to  

r ecove r  a d d i t i o n a l  product.  The f i l t r a t e  w a s  concen t r a t ed  t o  g i v e  more 

s o l i d  which w a s  washed e x t e n s i v e l y  wi th  w a t e r  and a i r - d r i e d .  The t o t a l  

amount of s o l i d  3 i s o l a t e d  w a s  47.3 g ( 9 8 % ) ,  mp. 179-183O. The s o l i d  

ob ta ined  w a s  used wi thou t  f u r t h e r  p u r i f i c a t i o n .  However, a small sample 

r e c r y s t a l l i z e d  from 95% EtOH r a i s e d  t h e  mel t ing  p o i n t  to  181-183O, lit.13 

188-189O, lit.3 185-186O. 

lH NMR (CDC13): 

2 H ,  JBA = 15 Hz, JBX = 1 1  Hz, CHCHFr), 5.63 (2d ,  2 H ,  JAX = 9 Hz, JBX = 1 1  

H z ,  CH2CgBr) and 7.27-7.53 (m, 8 H ,  A r - H ) .  

Dibenzo[ ~,e]cycloocten-5(6fl),11(l2~)-dione ( 4 )  .- The procedure  of Yates, 

L e w a r s  and McCabe3 was used. 

dibromo-5,6,11,12-tetrahydrodibenzo[a,elcyclooctene 2 and 41.6 g (0.344 

mol) of c o l l i d i n e  i n  560 mL of DMSO w a s  hea ted  and s t i r r e d  a t  130° f o r  1.3 

h r .  The r e a c t i o n  mixture  was then  cooled  and poured i n t o  2.8 L of ice 

6 3.82 (2d ,  2H,  JAB = 15 Hz, JAX = 9 Hz, CHCHBr) 4.55 (2d. - 

- 

A mixture  of 37.3 q (0.102 m o l )  of 5 , l l -  

w a t e r .  The s o l i d  which sepa ra t ed  was f i l t e r e d  and c o l l e c t e d .  The air-  

d r i e d  s o l i d  weighed 20.77 g and w a s  analyzed by TLC on s i l i c a  g e l .  D w e l -  

opment wi th  methylene c h l o r i d e  r w e a l e d  t h r e e  s p o t s ;  t h e  s t a r t i n g  compound 

- 5 (Rf = 0.80) ,  dibenzo[a,e]cyclooctene-5(6H~-one (5) (Rf  = 0.60), and 

dibenzo[~,elcyclo-octene-5(6H),ll(12H)-dione (4) ( R f  = 0.33)-  Washinq 

t h e  s o l i d  wi th  two 500 mL p o r t i o n s  of hexane removed a l l  i m p u r i t i e s  except  

t h e  enone 5 and t h e  d ione  2 ( y i e l d  17 9). GC-MS a n a l y s i s  showed t h e  d i o n e  

t o  be p r e s e n t  i n  q r e a t e r  amount (85% v s  15%) .  Mass spectrum of 5, m / e  

( re l .  i n t e n s i t y ) :  220 ( M + ,  1001, 219 ( 7 3 ) ,  192 ( 3 2 ) ,  191 ( 7 4 ) ,  189 ( 3 9 ) ,  

94 (66), 82 ( 4 9 ) ,  81 ( 2 8 ) ,  17 ( 7 4 ) ;  mass spectrum of 4: 236 (M', l o o ) ,  208 

( 7 6 ) ,  207 (641, 202 ( 3 7 ) ,  179 (601, 178 ( 4 2 ) ,  94 ( 3 5 ) ,  89 (971, 88 (891, 76 

( 3 6 ) ,  63 ( 2 8 ) .  The enone-dione mixture  w a s  s e p a r a t e d  on a column (5.5 x 

- 

200 cm) of s i l ica  gel  by e l u t i n g  wi th  CH2C12 t o  i so la te  t h e  enone (3.7 q )  

fo l lowed by CH2C12 con ta in ing  1% EtOH to  o b t a i n  t h e  d ione  (8.8 q ,  36% 
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DIBENZO[ a,e]CYCLOOCTEN-5(6H), 11( 12H)DIONE 

y i e l d ) :  mp. 202.5-204.5O, lit.2 mp. 203.5-204.5O. 

lH NMR (CDC13): 

2H, A r g ) ;  13C NMR (CDC13): 

6 '4.57 ( s ,  4H, C 9 C ) ,  7.27-7.73 ( m ,  6H, ArH,  7.87-8.13 ( m ,  - 
198.45 ( c = O ) ,  136.12, 132.89, 132.68, 131.11, 

130.06, 128.18 ( 6  peaks,  aromatic carbon atoms) and 51.91 ppm (sH2C=O). 
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