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2,5-DIACYL-1,4-DIMETHYLBENZENES - EXAMPLES OF BISPHOTOENOL EQUIVALENTS 

Michael A. Meador 
National Aeronautics and Space Administration 

Lewis Research Center 
Cleveland, Ohio 44135 

INTRODUCTION 

In 1961 Yang and Rivas (ref. 1 )  reported that photolysis of 
o-methylbenzophenone afforded a hydroxy-o-quinodimethane which could be trapped 
with dimethyl acetylenedicarboxylate to provide the corresponding tetralin 
diester. Since then,the photoenolization of o-methylphenyl ketones has been 
studied from both mechanistic (ref. 2) and synthetic (ref. 3) perspectives. 

This reaction occurs from the triplet manifold and involves abstraction 
of an o-methyl hydrogen by the carbonyl oxygen to afford a triplet 1,4- 
biradical (Scheme 1). Decay of this triplet biradical (via intersystem cross- 
ing) yields two isomeric photoenols, designated k- and 2--corresponding to the 
relative positions of the hydroxyl and methylene groups. The hydroxyl group 
in the Z-photoenol is properly aligned to permit reabstraction of the hydroxyl 
hydroge; by the exo-methylene carbon, via a six-centered transition state. 
this reason the Z-photoenol is extremely short-lived (ref. 4 )  (a nanosecond or 
less). 
long-lived (on the order of a few microseconds in some savents). 

For 

Since thTs reabstraction is not possible in the E-isomer It is fairly 

This long lifetime permits the E-photoenol to participate in common ground 
state chemical reactions. In particclar, since the photoenol is a conjugated 
diene, it can undergo Diels Alder cycloadditions to yield fused ring systems. 

A number of examples of Diels-Alder cycloadditions of various photoenols 
with a variety of dieneophiles have been published (ref. 3). However, all o f  
the work to date has concentrated on the chemistry of compounds capable of 
forming only one photoenol per molecule (photoenol equivalents). The research 
described in this paper was concerned with whether the same chemistry could be 
applied to compounds having two enolizable sites per molecule (bisphotoenol 
equivalents). Furthermore, the Dlels-Alder trapping of these photoenols could 
be applied to the synthesis of highly substituted anthracenes which might be 
difficult or imposslble to prepare by other means. 
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C u r r e n t l y ,  t h e  b e s t  approaches t o  h i g h l y  s u b s t i t u t e d  anthracenes i n v o l v e  
some t ype  o f  D ie l s -A lde r  c y c l o a d d i t i o n  fo l l owed  by a romat i za t i on .  The o v e r a l l  
y i e l d s  f o r  these methods a r e  q u i t e  good, and a number o f  d i f f e r e n t  D ie l s -A lde r  
schemes a r e  a v a i l a b l e  p r o v i d i n g  a v a r i e t y  o f  s u b s t i t u t e d  anthracenes 
(Scheme 2 ) .  

S u b s t l t u t e d  fu rans  and p y r r o l e s  have been reac ted  w i t h  b i s a r y n e  equlva-  
l e n t s  t o  p r o v i d e  t h e  corresponding 1,4,5,8-tetrahydroanthracene-l, 4,5,8- 
b isepox ides  and -b is lm ines  ( r e f .  5 ) .  Removal o f  t h e  oxygen b r i d g e  o f  the 
b isepox ides  i s  t y p i c a l l y  accomplished w i t h  low-va len t  meta l  spec ies such as 
i r o n  ( r e f .  6 )  o r  t i t a n i u m  ( r e f .  7 ) .  The n i t r o g e n  b r i d g e  o f  t h e  b i s i m l n e s  i s  
u s u a l l y  removed by p y r o l y s i s  under vacuum ( r e f .  5 ) .  Whi le  t h i s  method prov ides  
a number o f  h i g h l y  s u b s t i t u t e d  anthracenes i n  good o v e r a l l  y i e l d  I t  does have 
i t s  l i m i t a t i o n s .  I n  p a r t i c u l a r  the method i n  which t h e  aryne I s  generated 
s t r o n g l y  d i c t a t e s  t h e  types o f  fu rans  o r  p y r r o l e s  t h a t  can be used. 
example, g e n e r a t i o n  o f  t h e  aryne by t rea tment  o f  a te t raha lobenzene w i th  an 
o r g a n o l i t h i u m  reagent  l i m i t s  t h e  cho ice  o f  f u r a n  o r  p y r r o l e  t o  those compat ib le  
w i t h  o r g a n o l i t h i u m  reagents.  
d ia ryne  equ iva len ts ,  b u t  many o f  these a r e  d i f f i c u l t  t o  syn thes ize  ( r e f .  8) .  

For 

Th is  problem can be avoided by t h e  use o f  o t h e r  

Another D i e l s - A l d e r  approach i n v o l v e s  t h e  c y c l o a d d i t i o n  o f  a s u b s t i t u t e d  

Whi le  t h i s  method avoids t h e  problems assoc ia ted  w i t h  t h e  b i sa ryne  
1,5-diphenylisobenzofuran w i t h  an oxabicyclo-[2.2.1]-5-heptene d e r i v a t i v e  
( r e f .  9 ) .  
approach, t h e  o v e r a l l  syn thes is  i s  q u i t e  lengthy .  

EXPERIMENTAL 

2,5-Dibromo-1,4-dlmethylbenzene,phenylmagnesium bromide, and a l l  d ieno- 
p h i l e s  were ob ta ined f rom A l d r i c h  Chemical Co. and used as rece ived.  Benzene 
( h p l c  grade) was ob ta ined f r o m  F ishe r  S c i e n t i f i c  and used as rece ived.  
s u l f a t e  was used as t h e  d r y i n g  agent f o r  a l l  r e a c t i o n s .  

Sodium 

M e l t i n g  p o i n t s  were measured on a Thomas Hoover apparatus and a r e  uncor-  
rec ted .  
spectrometer.  

1H NMR were recorded on e i t h e r  a Var ian  FT-80A o r  a Var ian  XL-200 
1% NMR spec t ra  were recorded on a Var ian XL200 spectrometer.  
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Unless o t h e r w l s e  I n d l c a t e d ,  CDC13 was used as a s o l v e n t  w i t h  t e t r a m e t h y l -  
s i l a n e  ( I M S )  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  p a r t s  
pe r  m i l l i o n  ( 6 )  r e l a t i v e  t o  TMS. 

2.5-Dicyano-l,4-dimethylbenzene-(l~)~. - A m i x t u r e  o f  26.2 g o f  2,5-Dibromo- 
1,4-d imethy lbenzene (0.10 mol )  and 1'8.9 g o f  CuCN (0 .22  mol )  i n  300 mL 
d imethy l fo rmamide was r e f l u x e d  under n i t r o g e n  f o r  6 h r .  The m i x t u r e  was then  
poured h o t  i n t o  a s t i r r e d  s o l u t i o n  o f  20 g FeC13.6H20 and 50 mL concen- 
t r a t e d  HC1 I n  250 mL d i s t i l l e d  wa te r .  The r e s u l t i n g  l i m e  green suspension was 
s t i r r e d  a t  60 "C f o r  20 min.  I t  was then  coo led  t o  room tempera tu re  and 
e x t r a c t e d  t h r e e  t imes  w i t h  150 mL p o r t i o n s  o f  benzene. The benzene e x t r a c t s  
were combined and n e u t r a l i z e d  w i t h  400 mL o f  a s a t u r a t e d  aqueous NaHC03 s o l u -  
t i o n .  The o r g a n i c  phase was d r i e d  and t h e  s o l v e n t  removed under vacuum t o  
a f f o r d  a cream c o l o r e d  s o l i d .  R e c r y s t a l l i z a t i o n  o f  t h i s  s o l i d  f r o m  e t h a n o l  
a f f o r d e d  1 5 . 4  g o f  1 as  o f f - w h i t e  need les  (98.7 p e r c e n t ) ,  mp 190-192 O C .  

lH -NMR 6 2 . 5 5  ( 5 ,  6E),  7.56 ( 5 ,  2H); 13C-NMR 6 19.81, 116.9, 133.8, 139.9. 

2,5-Dibenzoyl-1,4-dimethylbenzene~ . - To a s t i r r e d  s o l u t i o n  o f  16.0 g u 1 
(0.103 mol )  I n  400 mL f r e s h l y  d i s t i l l e d  under n i t r o g e n  was 
added dropwise  75 mL o f  a 3.0 M s o l u t i o n  o f  phenylmagneslum bromide-(0.226 mol )  
i n  d i e t h y l  e t h e r .  The r e s u l t i n g  m i x t u r e  was r e f l u x e d  under n i t r o g e n  f o r  18  h r .  
The r e a c t i o n  m i x t u r e  was then  a l l o w e d  t o  c o o l  t o  room tempera tu re  and poured 
i n t o  400 mL o f  a s a t u r a t e d  aqueous s o l u t i o n  o f  NH4C1. 
separa ted  and t h e  aqueous phase e x t r a c t e d  t w i c e  w i t h  150 mL p o r t i o n s  o f  d i e t h y l  
e t h e r .  The o r g a n i c  e x t r a c t s  were combined and d r i e d .  The s o l v e n t  was removed 
under vacuum t o  a f f o r d  a ye l l ow-g reen  o i l .  This o i l  was d i s s o l v e d  i n  a s o l u -  
t i o n  o f  200 mL concen t ra ted  HC1 i n  200 mL d i s t i l l e d  water  and r e f l u x e d  f o r  
18  h r  under n i t r o g e n .  The r e a c t i o n  m i x t u r e  was t h e n  coo led  t o  room tempera tu re  
and e x t r a c t e d  t h r e e  t imes  w i t h  150 mL p o r t i o n s  o f  d i e t h y l  e t h e r .  The e t h e r  
e x t r a c t s  were combined and washed t w i c e  w i t h  200 mL p o r t i o n s  o f  a 5 p e r c e n t  
aqueous NaOH s o l u t i o n .  The e t h e r  s o l u t i o n  was d r i e d  and t h e  s o l v e n t  removed 
under vacuum t o  a f f o r d  25.0 g of.2J77 p e r c e n t )  as an o f f - w h i t e  s o l i d .  
R e c r y s t a l l i z a t i o n  o f  t h i s  s o l i d  f r o m  h o t  e t h a n o l  a f f o r d e d  pu re  2 as cream 
c o l o r e d  need les ,  mp 162-163 O C .  

13C-NMR 6 19.33, 128.6, 130.1, 130.4, 133.5, 137.2, 140.4, 198.2. 

The two phases were 

lH-NMR 6 2.27 ( 5 ,  6H), 7.91-7.22 (m, 12H); 

General  Procedure f o r  t h e  P h o t o a d d i t i o n .  - T y p i c a l l y  500 mL o f  a benzene 
s o l u t i o n  o f  2 and d i e n o p h i l e  was v i g o r o u s l y  degassed under n i t r o g e n  f o r  1 h r .  
The s t i r r e d  y o l u t i o n  was t h e n  i r r a d i a t e d  under n i t r o g e n  f o r  18  h r  u s i n g  a 450 W 
medium p r e s s u r e  Hg lamp (Hanovia)  equipped w i t h  a u ran ium g l a s s  f i l t e r .  The 
benzene was removed under vacuum t o  a f f o r d  c rude  photoadduct .  

Tetramethyl-1,5-dihydroxy-l,5-diphenyl-l,4,5,8-tetrahydroanthracene- 
. - A 250 rnL benzene s o l u t i o n  o f  0.79 g & 
g d i m e t h y l  a c e t y l e n e d i c a r b o x y l a t e  (25 .0  m o l ,  

0.1 M) was i r r a d i a t e d  f o r  18  h .  The s o l v e n t  was removed under vacuum t o  a f f o r d  
a y e l l o w  o i l  wh ich  was d i s s o l v e d  i n  10  mL benzene and p u r i f i e d  by f l a s h  chroma- 
tography  (Baker  S i l i c a  Gel ,  40 pm, e t h y l  ace ta te /cyc lohexane  1:4) t o  a f f o r d  

7H-NMR 6 1 .'56 ( b r  s ,  l H ) ,  3.76 ( 5 ,  3H), 3.8 ( 5 ,  3H,), 3.60-4.11 ( A B  q u a r t e t ,  
J=Hz), 7.2-7.4 (m, 6H,); 13C-NMR 6 30.67, 52.59, 52.42, 74.06, 125.5, 126.2, 
127.4,  128.0, 128.3,  129.5,  132.2, 138.6, 144.6, 166.9,  167.8. 

u r e  0.8 g 3 ( 5 3  p e r c e n t )  as a cream c o l o r e d  s o l i d ,  mp 268-270 O C  ( d e c ) .  

Te t ramethy l  2 .3 -D ihydroxy-2 ,3 -d ipheny l - l , 2 ,3 .4 ,5 .6 .7 ,8 -  
octahydroanthracene-2 ,3 ,5 ,7 - t e tracarboxy la te  (3. - A 500 m l  benzene s o l u t i o n  

*., 
-. 
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01 ? ( 2 . 0  (4, 0 . 4  mriol, 0.013 M) and 2.03 g d l m e t h y l  fumara te  (14 .1  mmol, 
O.OYf3 M) wa5 l r r a d l a t e d  under n l t r o g c n  f o r  20 h r .  The s o l v e n t  was removed and 
t h e  r e s u l t i n g  y e l l o w  r e s i d u e  r e c r y s t a l l i z e d  f r o m  methanol  t o  a f f o r d  3.1 g o f  5 
(80.4 p e r c e n t )  as a cream c o l o r e d  s o l i d ,  mp 294-295 " C ;  1 H  NMR d 2.83-3.66 
( m ,  8H), 3.39 ( 5 ,  6H), 3.66 ( 5 ,  6H), 7.36-7.27 ( m ,  10H); 1 3 C  NMR d 31.95, 
39.59, 51.96, 52.18, 54.29, 126.4, 127 .4 ,  127.9, 129.6, 132.5, 139.6, 144.3, 
173.8, 174.8. 

D ime thy l  1,5-Dihydroxy-1 ,5-d iphenyl -1 ,2 ,3 ,4 ,5~6,7 ,8-octahydroanthracene-  
- 2 , 6 - d i c a r b o x y l a t e  (5J. - A 500 mL benzene s o l u t i o n  o f  2 ( 4 . 0  g, 12.8 m o l ,  
0.013 M) and 2.6 mL o f  m e t h y l  a c r y l a t e  (28 .0  mmol, 0.056 M )  was i r r a d i a t e d  
under n i t r o g e n  f o r  6 h r .  
i n g  w h i t e  r e s i d u e  t r i t u r a t e d  w i t h  methanol  t o  a f f o r d  1.5 g o f  a w h i t e  powder 
( i somer  G, 25 p e r c e n t ) ,  mp 295-296 " C .  The methanol  was removed f r o m  t h e  
mother l i q u o r  and t h e  r e s i d u e  r e c r y s t a l l i z e d  f r o m  e t h a n o l  t o  a f f o r d  3.3 g o f  
isomer 5b ( 5 6  p e r c e n t ) ,  mp 130-132 " C .  lH-NMR d 1.98-1.59 (m, 2H), 
2 . 4 0 - 2 . n  (m, 2H), 2.77-2.57 (m, 4H) ,  3.10, 3.16 ( d ,  J=2.8Hz, 2H), 3.52 
( 5 ,  6H), 5.01 ( 5 ,  2H), 6.68 ( 5 ,  2H), 7.25-7.31 (m, 10H); 13C-NMR d 23.00, 
28.32, 51.87, 52.04, 75.17, 126.6, 126.9, 127.8, 129.4, 133.8, 139.9, 146.3, 
176.2. 5b l H - N M R  d 1.70-2.00 (m, 2H), 2.10-2.40 (m, 2H), 2.75-2.81 (m, 4H), 
3.11, 3 . E  ( d ,  J=3.0Hz, 2H), 3.54 ( 5 ,  6H), 4.82 ( 5 ,  2H, O H ) ,  6.79 ( 5 ,  2H), 
7.25-7.36 ( m ,  10H). 

The benzene was removed under vacuum and t h e  r e s u l t -  

D ime thy l  4-Hydroxy-4-phenyl-6-methyl-7-benzoyl- 1.2,3,4- 
tetrahydronaphthalene-2,3-dlcarboxylate ( 6 ) .  - A 250 m l  benzene s o l u t i o n  of & 
( 2 . 6  g, 8.33 mmol, 0.033 M) and 1.2 g d i m e t h y l  fumara te  (8 .33  mmol, 0.033 M )  
was i r r a d i a t e d  under n i t r o g e n  f o r  23 h r .  The s o l v e n t  was removed under vacuum 
and t h e  r e s i d u e  r e c r y s t a l l i z e d  f r o m  methanol  t o  a f f o r d  1.3 g 5 ( 3 4  p e r c e n t )  as 
a cream c o l o r e d  s o l i d ,  mp 176-178 " C .  
( 5 ,  3H), 3.72 (5, 3H), 4 . 5 5  ( 5 ,  1H, -OH) ,  6.73 ( s , l H ) ,  7.14 ( 5 ,  l H ) ,  7.27-7.83 
( m ,  10H); 1 3 C  NMR 19.52, 31.80, 39.64, 51.97, 52.24, 54.44, 75.85, 126.3,  
127.4, 128.0, 128.4, 128.5, 128.6, 130.1, 130.9, 131.9, 133.3, 135.1, 137.4, 
138.8, 141.3, 144.3, 173.9, 174.5. 

l H  NMR d 3.18-3.75 (m, 4 H ) ,  3.43 

- ~ . -  T r i m e t h y l  1 , 5 - D i h ~ r o x y - 1 , 5 - d i p h e n y l - l , 2 ~ ~ , 4 , 5 , 6 , 7 , 8 - o c t a h y d r o a n t h r a c e n e -  
2 , 3 , 6 - t r i c a r b o x y l a t e  (3. - A 250 mL benzene s o l u t i o n  o f  0.87 g o f  & 
(1 .90  mmol, 0.0076 M) and 0.26 mL me thy l  a c r y l a t e  (2.89 m o l ,  0.012 M)  was 
i r r a d l a t e d  under n i t r o g e n  f o r  23 h r .  l h e  s o l v e n t  was removed under vacuum t o  
a f f o r d  1.0 g o f  7 ( 9 3  p e r c e n t )  as a p a l e  y e l l o w  s o l i d .  R e c r y s t a l l i z a t i o n  f r o m  
h o t  e t h a n o l  a f f o r d e d  p u r e  1 as l o n g  w h i t e  needles,mp 155-156.5 "C .  
1.88-3.39 (m, 9H), 3.39 ( 5 ,  3H), 3.53 ( 5 ,  3H), 3.66 ( 5 ,  3H , 4.43 ( 5 ,  l H ) ,  5.05 
( 5 ,  l H ) ,  6.57 (5, 1H)  6.72 ( 5 ,  l H ) ,  7.27-7.36 (m, 10H); NMR d 22.91, 
28.33, 32.04, 39.70, 51.90, 52.15, 54.52, 75.08, 76.00, 126.5, 126.6, 127.1, 
127.3, 127.8, 129.5, 129.6,  132.0, 134.3, 138.9, 140.5, 144.6, 146.1, 174.0, 
174.9, 176.1. 

l H  NMR d 

Te t ramethy l  1,5-Diphenyl-3,4,7,8-tetrahydroanthracene-2,3,6,7- 
t e t r a c a r b o x y l a t e - ( 8 ) .  - A s o l u t i o n  o f  0.25 g 4 (0 .42  mmol) and 1.0 mL concen- 
t r a t e d  HC1 i n  50 mL benzene was r e f l u x e d  undey n i t r o g e n  f o r  24 h r .  
s o l u t i o n  was coo led  t o  room tempera tu re  and n e u t r a l i z e d  w i t h  300 mL s a t u r a t e d  
aqueous NaHC03. 
s o l v e n t  was removed under vacuum t o  a f f o r d  0.23 g o f  8 (100  p e r c e n t ) ,  mp 
216-218 " C .  lH -NMH d 3.07-3.04 (d ,  J=6.5Hz, 4H), 3.44, 3.63 s ,  12H), 

The 

The l a y e r s  were separa ted  and t h e  o r g a n i c  phase d r i e d .  The 

3.86-3.92 ( t ,  J=6.5Hz, 2H) ,  6.59 ( s ,  2H), 7.51-7.19 (m, 10H); 1 3C-NMR d 
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31.16, 41.64, 51.54, 52.30, 125.8, 127.5, 127.6, 128.1, 128.3, 128.6, 132.8, 
135.2, 138.3, 146.4, 168.0, 173.3. 

D imethy l  1,5-D1phenyl-3,4,7,8-tetrahydroanthracene-2,6-dlcarboxylate ( 9 ) .  
- A s o l u t i o n  o f  0.3 g z ( O . 6 2  mmol) and 1 .0  mL c o n c e n t r a t e d  HC1 i n  50 mL be?- 
zene was r e f l u x e d  under n i t r o g e n  f o r  24 h r .  The s o l u t i o n  was t h e n  c o o l e d  t o  
room tempera tu re  and e x t r a c t e d  w i t h  300 mL s a t u r a t e d  aqueous NaHC03. 
o r g a n i c  phase was d r i e d  and t h e  s o l v e n t  removed under vacuum t o  a f f o r d  0.28 g 2 
as a w h i t e  powder, mp 246.5-247.5 O C .  

( 5 ,  6H), 6.58 ( 5 ,  2H), 7.00-7.25 (m, 4H), 7.35-7.49 (m, 6H); 13C NMR 
25.41, 27.67, 51.30, 126.8, 127.4, 128.1, 128.3, 128.7, 135.1, 135.5, 139.0, 
144.6, 169.3. 

The 

l H  NMR d 2.66 ( b r  s i n g  8H), 3.45 
d 

Trimethyl-1,5-diphenyl-3,4,7,8-tetrahydroanthracene-2,3,6-trlcarboxylate 
1%. - A s o l u t i o n  o f  1 . 4  g i  (2 .57  mmol) i n  25 mL a c e t i c  a n h y d r i d e  and 2 mL 
conc. HC1 was r e f l u x e d  under n i t r o g e n  f o r  2 h r .  The s o l u t i o n  was t h e n  poured 
over  200 mL c rushed i c e  and t h e  t a n  s o l i d  removed by f i l t r a t i o n  once t h e  i c e  
had me l ted .  T h i s  s o l i d  was r e c r y s t a l l i z e d  f r o m  methanol  t o  a f f o r d  0.85 g )$ 
(65  p e r c e n t )  as a cream c o l o r e d  s o l i d ,  mp 163-164 " C .  
( b r  s ,  4H), 3.06 (d ,  J=6Hz, 2H), 3.42, 3.43, 3.63 ( 5 ' 5 ,  9H), 3.88 ( t ,  J=6Hz, 
l H ) ,  6.58 ( 5 ,  2H), 7.07-7.46 (m, 10H); 13C-NMR d 25.34, 27.65, 31.15, 41.61, 
51.33, 51.51, 52.29, 125.3, 126.9, 127.36, 127.4, 127.6, 128.0, 128.1, 128.6, 
128.7, 132.4, 134.6, 135.5, 136.1, 138.6, 138.8, 144.3, 168.0, 169.2, 173.4. 

1H-NMR d 2.65 

Tetramethyl-1,5-Diphenylanthracene-2.3,6,7-tetracarboxylate 
Method A. A s o l u t i o n  o f  2.0 g 3J3.34 mmol) and 5 mL c o n c e n t r a t e  
a c e t i c  a n h y d r i d e  was r e f l u x e d  under n i t r o g e n  f o r  20 h r .  
c o o l e d  t o  room tempera tu re  and poured i n t o  250 m l  d i s t i l l e d  wa te r .  The r e s u l t -  
a n t  y e l l o w  p r e c i p i t a t e  was f i l t e r e d  and r e c r y s t a l l i z e d  f r o m  e t h a n o l  t o  a f f o r d  
1.5 g o f  11 ( 8 0  p e r c e n t )  as a b r i g h t  y e l l o w  s o l i d ,  mp 334-335 O C .  

3.60, 3 . 9 T ( s ,  12H), 7.25-7.55 (m, lOH),  8.27, 8.63 ( 5 ,  4H); l3C-NMR d 52.24, 
52.69, 125.3, 128.3, 128.4, 129.0, 130.2, 130.8, 131.6, 132.3, 133.0, 136.1, 
139.0, 165.9, 168.9. 

The s o l u t i o n  was t h e n  

lH-NMR d 

Method 8. A s o l u t i o n  o f  1.0 g 8 (1 .77  m o l )  and 1.0 g o f  s u l f u r  (31 .3  g- 
atom) i n  10  mL d i p h e n y l  e t h e r  was reT luxed  f o r  4 h r  ( u n t i l  e v o l u t i o n  o f  hydro-  
gen s u l f i d e  had ceased.) The s o l u t i o n  was then  a l l o w e d  t o  c o o l  t o  room 
tempera tu re .  Methy lene c h l o r i d e  (200 mL) was added and t h e  m i x t u r e  f i l t e r e d  
t o  remove excess s u l f u r .  The methy lene c h l o r i d e  was removed under vacuum, and 
200 mL d i e t h y l  e t h e r  was added t o  t h e  brown r e s i d u e .  
p r e c i p i t a t e  formed wh ich  was f i l t e r e d  t o  p r o v i d e  0.8 g o f A  ( 8 0  p e r c e n t ) .  
m e l t i n g  p o i n t  and 1H-NMR spec t rum were i d e n t i c a l  t o  t h a t  o f  t h e  m a t e r i a l  p r e -  
pa red  by method A. 

Immed ia te l y  an orange 
The 

Dimethyl-1,5-Diphenylanthracene-2,6-dlcarboxylate ( 1 2 ) .  - A suspens ion  o f  
2.0 g 2 ( 4 . 4 4  mmol) and 2.0 g s u l f u r  (62.5 g-atom) I n  1CmL d i p h e n y l  e t h e r  was 
r e f l u x e d  f o r  4 h r  ( u n t i l  no f u r t h e r  e v o l u t i o n  o f  hydrogen s u l f i d e  was 
observed) .  T h i s  m i x t u r e  was t h e n  c o o l e d  t o  room tempera tu re ,  200 mL methy lene 
c h l o r i d e  added, and t h e  s o l u t i o n  f i l t e r e d .  The methy lene c h l o r i d e  was removed 
under vacuum and 100 mL methanol  added. T h i s  s o l u t i o n  was c o o l e d  i n  an i c e  
b a t h  and f i l t e r e d  t o  a f f o r d  1.7 g (86 .6  p e r c e n t )  as b r i g h t  y e l l o w  need les ,  

Y!C-NMR d 52.00, 124.8, 127.6, 128.1, 128.2, 128.7, 128.9, 129.5, 129.6, 
132.4, 138.7, 141.7, 168.5. 

210-212 " C .  lH-NMR d 3.62 ( s ,  6H), 7.2-7.9 (m, l O H ) ,  8.19 ( 5 ,  2H); 
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l r l m e t h y l  1 . 5 - d l p h ~ n ~ y l a n t h r a c e n e - 2 , 3 , 6 - t r l c a r b o x y l a t e  (5). - A suspension 
o f  0.5 g E (0 .98 mmol) and 0.5 g s u l f u r  (0.015 g-atom) i n  5 m l  d i p h e n y l  e t h e r  
was r e f l u x e d  f o r  2 h r  u n t i l  no f u r t h e r  e v o l u t i o n  o f  hydrogen s u l f i d e  was 
observed. The r e a c t i o n  m i x t u r e  was cooled t o  room temperature and methanol 
added t o  a f f o r d  0.25 g ( 5 0  p e r c e n t )  as orange-yel low needles,  mp 206-208 " C .  
lH-NMR d 3.61, 3.63, 3.92 ( 5 ,  9H), 7.25-7.57 (m, l O H ) ,  7.89 ( 5 ,  2H), 8.14, 
8.33, 8.63 ( 5 ,  3H); 13C-NMR d 52.07, 52.17,  52.59, 124.3, 126.0, 126.5, 
127.8, 128.2, 128.5, 129.6, 130.3, 130.7, 131.8, 132.3, 133.4, 133.9, 136.5, 
138.4, 138.6, 142.1, 166.1, 168.3, 169.1. 

RESULlS AND DISCUSSION 

l h e  y i e l d s  f o r  a l l  p roduc ts  and r e a c t i o n s  a r e  r e p o r t e d  i n  t a b l e  1. I n  
genera l ,  t h e  D i e l s - A l d e r  t r a p p i n g  o f  b o t h  photenols  d e r i v e d  f rom 2 proceeded 
i n  f a i r  t o  good y i e l d s  (31 t o  93 pe rcen t . )  I n  a l l  b u t  one case, a n e a r l y  
s t o i c h i o m e t r i c  amount of d i e n o p h i l e  (2 .2  e q u i v a l e n t s )  was used. However, i n  
t h e  case of b isadduc t  3, a l a r g e  excess o f  d i m e t h y l  a c e t y l e n e d i c a r b o x y l a t e  was 
r e q u i r e d  s i n c e  b o t h  i t-and t h e  photoproduct ,  which I s  a l s o  a good d i e n o p h i l e ,  
a r e  i n  c o m p e t i t i o n  f o r  photoenols .  Trapping o f  photoenols  d e r i v e d  f r o m  2 w i t h  
b i sadduc t  2 would r e s u l t  i n  p o l y m e r i z a t i o n .  I n  f a c t ,  i f  d i m e t h y l  a c e t y l h e d i -  
c a r b o x y l a t e  i s  n o t  used i n  l a r g e  excess ( t e n  e q u l v a l e n t s )  t h e  y i e l d s  o f  9 a r e  
s i g n i f i c a n t l y  lower than 53 pe rcen t .  For example, i f  f o u r  e q u i v a l e n t s  a r e  
used, t h e  b i s  adduct i s  formed i n  o n l y  13 y i e l d  ( t h e  o t h e r  p roduc ts  a r e  
26 pe rcen t  monoadduct, and 61 pe rcen t  polymer.)  No b isadduc t  i s  formed i f  two 
e q u l v a l e n t s  o f  d i m e t h y l  a c e t y l e n e d i c a r b o x y l a t e  a r e  used. 

Format ion o f  b i sadduc t  i s  a s t e p - w i s e  process proceeding th rough  an i n i -  
t i a l l y  formed monoadduct as d e p i c t e d  i n  Scheme 3. Th is  i s  con f i rmed  by the 
p h o t o l y s i s  o f  2 i n  t h e  presence o f  o n l y  one e q u i v a l e n t  o f  d i m e t h y l  fumarate t o  
a f f o r d  monoadduct 5 i n  34 pe rcen t  y i e l d ,  i n  c l o s e  agreement w i t h  t h e  s t a t i s -  
t i c a l l y  p r e d i c t e d  y i e l d .  Monoadduct can a l s o  be used t o  p repare  unsymmetri-  
c a l l y  s u b s t i t u t e d  b l sadduc ts ,  such as t r i e s t e r  1. 

Photoadduct f o r m a t i o n  i s  r e g i o s p e c i f i c .  For example, p h o t o l y s i s  o f  and 
methy l  a c r y l a t e  a f f o r d s  o n l y  2, where t h e  OH and C02CH3 a r e  on a d j a c e n t  
carbons. 
t i o n  o f  2 produced o n l y  2 and conf i rmed t h e  s t r u c t u r e  o f  octahydroanthracene 2. 
Th is  r e g i o c h e m i s t r y  i s  i n  agreement w i t h  t h e  r e s u l t s  r e p o r t e d  f o r  t r a p p i n g  
o t h e r  photoenols  ( r e f s .  3(b)  t o  ( d )  I n  which t h e  OH d i r e c t s  t h e  e s t e r  a t o  
i t s e l f .  T h i s  d i r e c t i n g  e f f e c t  should a l s o  r e s u l t  i n  a c i s  o r i e n t a t i o n  o f  t h e  
h y d r o x y l  and carbomethoxy groups ( r e f .  3 ( c ) ,  a l t hough  i t  i s  n o t  c l e a r  f rom 
s imp le  l H  NMH t h a t  t h i s  o r i e n t a t i o n  i s  ob ta ined  i n  t h e  b i sadduc ts  r e p o r t e d  
here.  

Wh i le  s t r u c t u r a l  assignment based on l H  NMR was d i f f i c u l t ,  dehydra- 

S ince t h i s  r e a c t i o n  i s  s t e p w i s e , i t s  o v e r a l l  s te reochemis t r y  i s  comp l i ca ted  
by t h e  f a c t  t h a t  t h e r e  a r e  two independent r e a c t i o n  s l t e s  on 2. Assuming t h e  
p r i m a r y  s te reochemis t r y  as d iscussed above, a p a i r  o f  d iastereomers should be 
formed f o r  each photoadduct-one w i t h  hyd roxy l  groups syn and one w i t h  them 
a n t i .  Th i s  I s  i n  f a c t  t h e  case. For example, i r r a d i a t i o n  of 2 w i t h  s l i g h t l y  
more than two e q u i v a l e n t s  o f  me thy l  a c r y l a t e  produced two isoGers o f  t h e  
d e s i r e d  b i sadduc t  1. 
be t h e  a n t i  isomer on t h e  b a s i s  o f  i t s  m e l t i n g  p o i n t  r e l a t i v e  t o  t h a t  o f  t h e  
l e s s  symmetric syn isomer 2 .  However, exac t  s t r u c t u r a l  c o n f i r m a t i o n  i s  n o t  
p o s s i b l e  f rom t h e  da ta  ob ta lned  t o  da te .  

Isomer 5_a i s  formed i n  t h e  lower y i e l d  and i s  presumed t o  
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HO Ph 5b 

A l l  o f  t h e  photoadducts smoothly dehydrated t o  t h e  corresponding t e t r a -  
hydroanthracenes u s i n g  h y d r o c h l o r i c  a c i d  i n  r e f l u x i n g  a c e t i c  anhydr ide  o r  
benzene. However, a r o m a t i z a t i o n  o f  these te t rahyd roan th racenes  proved t o  be 
somewhat d e l i c a t e .  Dehydrogenat ion w i t h  2,3-dichloro-5,6-dlcyano-l,4- 
benzoquinone (DOQ) would o n l y  proceed i n  r e f l u x i n g  d ioxane s a t u r a t e d  w i t h  HC1 
gas t o  promote dehydrogenat ion through t h e  enol  o f  t h e  e s t e r  ( r e f .  1 0 ) .  Unfor-  
t u n a t e l y  some h y d r o l y s i s  o f  t h e  e s t e r  a l s o  occurred g i v i n g  r i s e  t o  c a r b o x y l i c  
a c i d s  which were d i f f i c u l t  t o  separate f rom t h e  hydroquinone o f  OOQ. Y i e l d s  
f r o m  OOQ dehydrogenat ions were 25 pe rcen t  a t  b e s t  f o r  any o f  t h e  b i sadduc ts .  
I ns tead ,  t h e  use o f  s u l f u r  .in r e f l u x i n g  d i p h e n y l  e t h e r  p r o v i d e d  t h e  d e s i r e d  
anthracenes i n  r o u g h l y  80 pe rcen t  y i e l d s .  

Th is  c y c l o a d d i t i o n  was a l s o  at tempted w i t h  2,5-diacetyl-1,4- 
dimethylbenzene,!, i n  an e f f o r t  t o  t e s t  t h e  g e n e r a l i t y  o f  t h i s  method w i t h  
o t h e r  d lacy l -p -xy lenes .  U n f o r t u n a t e l y ,  i r r a d i a t i o n  o f  i n  t h e  presence o f  
any o f  t h e  d i e n o p h i l e s  used w i t h 2  d i d  n o t  g i v e  any photoproducts .  
o f  a CD3OD s o l u t i o n  o f  14 i n  an NMR tube r e s u l t e d  i n  deu te r ium i n c o r p o r a t i o n  
i n  b o t h  o-methyl g r o u p s y n d  conf i rmed t h a t  l i  was undergoing p h o t o e n o l i z a t i o n .  
Pfau and coworkers ( r e f .  11) have r e p o r t e d  s i m l l a r  d i f f l c u l t y  I n  t h e  t r a p p l n g  
o f  o-methylacetophenone photoenol  w j t h  a number o f  d i e n o p h i l e s .  R l v a s  
( r e f .  12 ) ,  however, has r e p o r t e d  t h e  t r a p p i n g  o f  t h i s  photoenol  w i t h  d i m e t h y l  
a c e t y l e n e d i c a r b o x y l a t e  i n  30 y i e l d .  

I r r a d i a t i o n  

Recent ly ,  C h a r l t o n  and Durs t  ( r e f .  13)  p u b l i s h e d  a s e r i e s  o f  a r t i c l e s  
d e a l i n g  w i t h  t h e  t r a p p i n g  o f  photoenols  f rom o-methylphenyl  ketones and 
benzaldehydes w i t h  s u l f u r  d i o x i d e  (Scheme 4 ) .  E the rs  and a c e t a t e s  o f  t h e  
a -hyd roxysu l fone  photoadducts can be p y r o l y z e d  ( a t  150-220 " C )  t o  t h e  c o r r e -  
sponding l-hydroxy-o-quinodimethanes (ground s t a t e  pho toeno ls ) .  A l t e r n a t i v e l y ,  
these a-hydroxysul fones can be reduced w i t h  sodium bo rohydr ide  and t r e a t e d  w i t h  
h y d r o c h l o r l c  a c i d  t o  produce c y c l i c  s u l f i n a t e  e s t e r s  ( s u l t i n e s )  which decompose 
t o  o-quinodimethanes i n  r e f l u x i n g  cyclohexane. The au tho rs  have s u c c e s s f u l l y  
t rapped these o-quinodimethanes w i t h  d i e n o p h l l e s  t o  a f f o r d  s u b s t i t u t e d  
te t rahyd ronaph tha lenes .  
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P h o t o l y s l s  o f  4 j n  benzene s a t u r a t e d  w l t h  s u l f u r  d l o x l d e  a f f o r d e d  t h e  

t r a p p l n g  o f  o-qulnodimethanes genera ted  f r o m , l L a n d  I t s  d e r l v a t l v e s  I s  c u r -  
r e n t l y  under l n v e s t l g a t l o n .  

a f f o r d s  a number o f  s u b s t l t u t e d  an thracenes i n  h l g h  y l e l d .  I n  a d d l t l o n  t o  
t h l s ,  d l k e t o n e s  such as L a r e  e a s l l y  p repared f r o m  Gr igna rd  r e a c t i o n s .  
t h l s  method p r o v i d e s  an a t t r a c t l v e  approach t o  t h e  s y n t h e s l s  o f  s u b s t i t u t e d  
an thracene p r e c u r s o r s ,  w l t h  some l i m i t a t i o n s  as d i scussed  e a r l l e r .  
I s  b e l n g  extended t o  o t h e r  2,5-dlaroyl-1,4-dlmethylbenzenes and t h e  p r e p a r a t l o n  
o f  more h l g h l y  s u b s t l t u t e d  an thracenes.  

d e s l r e d  b l s - ( a - h y d r  h y s u l f o n e ) , E ,  'in good y l e l d  ( r e f .  14 )  ( 6 0  p e r c e n t ) .  The 

The use o f  2,5-dlbenzoyl-1,4-dlmethylbenzene as a b l s p h o t o e n o l  e q u l v a l e n t  

Hence, 

T h l s  work 
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