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S U M M A E Y.

£he work presented in  th is  th e s is  i s  concerned 

with the synthesis and spectral study of polyeyclic  

aromatic hydrocarbons with a view to explaining the 

properties and constitution  of these compounds.

1 .2 -3 .4 -7 #8-tribenzotetracene ( l )  was prepared 

to  demonstrate the importance of benzenoid rings in  

the s ta b ilisa tio n  of aromatic hydrocarbons. Examin­
ation  of the ser ies  of isomeric hydrocarbons having 

seven rings, indicates that s ta b ility  increases with 

the number of benzenoid rings.

Ihe synthesis of 6.7~benzopentaph@ne (XI) was 

undertaken to  Investigate the conjugation of molecules 

having three branches. Spectral study of pentaphene,



(ii)

6.7-benzopentaphene and t  rinaphthylene (I II )  suggests 

that conjugation can only take plaee in  two branches 
of the molecule simultaneously. A new hypothesis fo r  

the d istribution  of 7\-electrons in  benzene i s  advanced, 
and an improved synthesis of trinaphthylene (I II )  i s  

recorded.

Two previously unknown lin ea r  pyrenes, 1*2- 

benzo**naphtho-[2,f, 3"-7# 8 ]-pyrene (IV) smd 1,2-benzo- 

anthraceno-[2 •%3,f-7 .8 J-pyren© (V) were synthesised  

and the ideas in  the la s t  paragraph were found to  be 

fu lly  applicable to these.

The fu lly  benzenoid hydrocarbon, 1 .1 2 -2 .3- 6 .7 -8 .9 -  
tetrabenzanthanthrene (VI) was prepared. This exh ib its  

a l l  the ch aracteristics of these extremely stable com­

pounds* Thus i t  i s  insoluble in  concentrated sulphuric

IV



sa id | g ives an orange phosphorescence of long l i f e  In 

so lid  solution  at low temperature, and i s  very stable  

thermally* the absorption spectrum was strongly  

sh ifted  to the vio let*  the I*B* spectrum was recorded 

as a v er ifica tio n  of the hydrocarbon's structure.

the two hitherto unknown hydrocarbons, 1*2-3 .4-5 .6  

tribensocoronen© (VII) and 1 * 12-o-phenylene- 2*3-10*11 -  

dibenaoperylen© (VIII) were made* these proved to be 

s te r io a lly  strained* In the ©ours© of these syntheses, 
two quino-dlmethidea (IX) and (X) were obtained* these  

are both quite stable*

Various attempts to prepare l*2-!>f6~9*10~tribenzo- 

ooronene are recorded* Hone of these was su ccessfu l, but 
a material which i s  thought to be a  mixture of 7 .8-benso-



(iv)

n ap h th o -[l1 ♦ 3 -anthrene (XI) and 2* 3~be»2SQ--naphtho~

[ l^ '^ S l^ s n th r e n e  (XII) was obtained*

xi xu

Preliminary investigations in to  the synthesis of 

l*2~5*6~Dihens5ova!ene (XIII) are described and the 

quinone (XIV) was iso la ted  and characterised*
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S U M M A R Y .

The work  p r e s e n t e d  i n  t h i s  T h e s i s  i s  c o n c e r n e d  

w i t h  t h e  s y n t h e s i s  and  s p e c t r a l  s t u d y  o f  p o l y c y c l i c  

a r o m a t i c  h y d r o c a r b o n s  w i t h  a  v i e w  t o  e x p l a i n i n g  t h e  

p r o p e r t i e s  a n d  c o n s t i t u t i o n  o f  t h e s e  com pounds .

1 . 2 - 3 . 4 - 7 . 8 - T r i b e n z o t e t r a c e n e  ( I )  was p r e p a r e d  

t o  d e m o n s t r a t e  t h e  i m p o r t a n c e  o f  b e n z e n o i d  r i n g s  i n  

t h e  s t a b i l i s a t i o n  o f  a r o m a t i c  h y d r o c a r b o n s .  E x am in ­

a t i o n  o f  t h e  s e r i e s  o f  i s o m e r i c  h y d r o c a r b o n s  h a v i n g  

s e v e n  r i n g s ,  i n d i c a t e s  t h a t  s t a b i l i t y  i n c r e a s e s  w i t h  

t h e  num ber  o f  b e n z e n o i d  r i n g s .

I

The s y n t h e s i s  o f  6 . 7 - b e n z o p e n t a p h e n e  ( I I )  was 

u n d e r t a k e n  t o  i n v e s t i g a t e  t h e  c o n j u g a t i o n  o f  m o l e c u l e s  

h a v i n g  t h r e e  b r a n c h e s .  S p e c t r a l  s t u d y  o f  p e n t a p h e n e ,



(ii)

6 . 7 - b e n z o p e n t a p h e n e  and  t r i n a p h t h y l e n e  ( I I I )  s u g g e s t s  

t h a t  c o n j u g a t i o n  c a n  o n l y  t a k e  p l a c e  i n  two b r a n c h e s  o f  

t h e  m o l e c u l e  s i m u l t a n e o u s l y .  A new h y p o t h e s i s  f o r  t h e  

d i s t r i b u t i o n  o f  7 T - e l e c t r o n s  i n  b e n z e n e  i s  a d v a n c e d ,  

an d  a n  i m p r o v e d  s y n t h e s i s  o f  t r i n a p h t h y l e n e  ( I I I )  i s  

r e c o r d e d .

Two p r e v i o u s l y  unknown l i n e a r  p y r e n e s ,  1 . 2 -  

b e n z o - n a p h t h o -  [2 3 !' - 7 . 8]  - p y r e n e  ( IV )  a n d  1 . 2 - b e n z o -

and  t h e  i d e a s  I n  t h e  l a s t  p a r a g r a p h  w ere  f o u n d  t o  b e  

f u l l y  a p p l i c a b l e  t o  t h e s e .

The f u l l y  b e n z e n o i d  h y d r o c a r b o n ,  1 . 1 2 - 2 . 3 - 6 . 7 - 8 . 9 -

t e t r a b e n z a n t h a n t h r e n e  (V I )  was p r e p a r e d .  T h i s  e x h i b i t s

a l l  t h e  c h a r a c t e r i s t i c s  o f  t h e s e  e x t r e m e l y  s t a b l e  com­

p o u n d s .  Thus  i t  i s  i n s o l u b l e  i n  c o n c e n t r a t e d  s u l p h u r i c

a n t h r a c e n o -  \_2,r. 3 ,r- 7 . 8]- - p y r e n e  (V) w e re  s y n t h e s i s e d  

IF T



(iii)

a c i d ,  g i v e s  a n  o r a n g e  p h o s p h o r e s c e n c e  o f  l o n g  l i f e  i n  

s o l i d  s o l u t i o n  a t  l o w  t e m p e r a t u r e ,  and  i s  v e r y  s t a b l e  

t h e r m a l l y .  The a b s o r p t i o n  s p e c t r u m  was s t r o n g l y  

s h i f t e d  t o  t h e  v i o l e t .  The I . E .  s p e c t r u m  was r e c o r d e d  

a s  a  v e r i f i c a t i o n  o f  t h e  h y d r o c a r b o n 1s s t r u c t u r e .

The two h i t h e r t o  unknown h y d r o c a r b o n s , 1 . 2 - 3 . 4 - 5 . 6 -  

t r i b e n z o c o r o n e n e  ( V I I )  an d  1 . 1 2 - £ - p h e n y l e n e -  2 . 3 - 1 0 . 1 1  -  

d i b e n z o p e r y l e n e  ( V I I I )  w e re  made.  T h e s e  p r o v e d  t o  b e  

s t e r i c a l l y  s t r a i n e d .  I n  t h e  c o u r s e  o f  t h e s e  s y n t h e s e s ,  

two q u i n o - d l m e t h i d e s  ( IX )  and  (X) w e re  o b t a i n e d .  T h e s e  

a r e  b o t h  q u i t e  s t a b l e .

YT

V a r i o u s  a t t e m p t s  t o  p r e p a r e  1 . 2 - 5 . 6 - 9 . 1 0 - t r i b e n z o -  

c o r o n e n e  a r e  r e c o r d e d .  Nonw o f  t h e s e  was s u c c e s s f u l ,  b u t

a  m a t e r i a l  w h i c h  i s  t h o u g h t  t o  b e  a  m i x t u r e  o f  7 . 8 - b e n z o -



(iv)

n a p h t h o - [ l 1. 3 1 - 1  • 9] - a n t h r e n e  ( X I ) and  2 . 3 - b e n z o - n a p h t h o -  

[ l 1. 3' * - 1 . 9 ]  - a n t h r e n e  ( X I I )  was o b t a i n e d .

XL XU
P r e l i m i n a r y  i n v e s t i g a t i o n s  i n t o  t h e  s y n t h e s i s  o f

1 . 2 - 5 * 6 - D i b e n z o v a l e n e  ( X I I I )  a r e  d e s c r i b e d  a n d  t h e  

q u i n o n e  (XIV) was i s o l a t e d  a n d  c h a r a c t e r i s e d .

z z z z
oOo



C H A P T E R  I .

( 1 )1 . 2 - 3 . 4 - 7 . 8-TRIBEHZOTETRACEHE.

I

INTRODUCTION: The p r e v i o u s l y  unknown h y d r o c a r b o n ,

t r i b e n z o t e t r a c e n e  ( I ) ,  was p r e p a r e d  

i n  o r d e r  t o  d e m o n s t r a t e  t h e  i m p o r t ­

a n c e  o f  t h e  b e n z e n o i d  r i n g  f o r  t h e  s t a b i l i s a t i o n  o f

a r o m a t i c  h y d r o c a r b o n s .  I n  a d d i t i o n ,  f u r t h e r  c o n f i r m -
. ( 2 )

a t i o n  o f  CLAR’S g e n e r a l  r u l e  t h a t  a n n e l l a t i o n  t o  

a l r e a d y  f i x e d  d o u b l e  b o n d s  p r o d u c e s  o n l y  s m a l l  s h i f t s  

i n y 6 - b a n d  w a v e l e n g t h s  was p r o v i d e d  b y  t h e  a b s o r p t i o n  

s p e c t r u m  o f  t h e  h y d r o c a r b o n .



- 2 -

THEORETICAL DISCUSSION: A b e n z e n o i d  r i n g  i n  a  p o l y -

c y c l i c  a r o m a t i c  H y d r o c a r b o n

may b e  s i m p l y  d e f i n e d  a s  a

r i n g  whicH p o s s e s s e s  t h r e e  c o n j u g a t e d  d o u b l e  b o n d s ,

i . e .  t h r e e  p a i r s  o f 7 T - e l e c t r o n s  i n  a n  a r o m a t i c  s e x -  
( 3 )

t e t .  The c o n v e n t i o n ,  i n t r o d u c e d  b y  S i r  R o b e r t  
( 4 )

ROBIHSOH, o f  r e p r e s e n t i n g  t h e s e  a r o m a t i c  s e x t e t s  

b y  c i r c l e s  w i l l  be  u s e d  t h r o u g h o u t  t h i s  w o rk .  I t  i s  

t h e n  o b v i o u s  t h a t  t r i p h e n y l e n e  ( I I )  c o n t a i n s  t h r e e  

b e n z e n o i d  r i n g s  a n d  may be  w r i t t e n  -

IT

T h ese  a r e  known a s  i n h e r e n t  b e n z e n o i d  r i n g s  s i n c e  

e a c h  s e t  o f  s i x  T f - e l e c t r o n s  i s  p o s s e s s e d  e x c l u s i v e l y  

b y  one r i n g .

A b r i e f  d i g r e s s i o n  w i l l  now b e  n e c e s s a r y  f o r  

c o n s i d e r a t i o n  o f  t h e  e l e c t r o n i c  s t r u c t u r e  o f  t h e  

b e n z e n o i d  r i n g .  I f  two d i p h e n y l  u n i t s  a r e  s u c c e s s -



- 3 -

i v e l y  a n n e l l a t e d  t o  b e n z e n e ,  t h e  f o l l o w i n g  s e r i e s  i s  

o b t a i n e d :

2570
o

+ 355\  = 1819

Xg = 42 .65  'l'&0jr>  50 .70  +3-40,.̂ . 5 4 . 1 0  J°Vs

/°The a b o v e  s h i f t s  a r e  p r e f e r a b l y  r e c o r d e d  i n  v  A
( 5 )

w h i c h  i s  a  s c a l e  f o r  r e c i p r o c a l  n u c l e a r  c h a r g e s .

A

The s e c o n d  s h i f t  i s  u n e x p e c t e d l y  s m a l l  and  c o n ­

s t i t u t e s  a n  a s y m m e t r i c  a n n e l l a t i o n .  The phenom enon
/ °i s  e x p l a i n e d  b y  s u b t r a c t i n g  t h e  s e c o n d  s h i f t  ( 3 . 4 0 V A )

f r o m  t h e  /3-band o f  t r i p h e n y l e n e  ( 5 0 . 7 0 ^ / A ) .  The 
' /  o o

r e s u l t  i s  a  ^3 - b a n d  a t  4 7 . 3 0 V  A o r  2237A w h i c h  i s

p r a c t i c a l l y  i d e n t i c a l  w i t h  t h e  w a v e l e n g t h  o f  t h e
o

^3 - b a n d  o f  n a p h t h a l e n e  (2210A I n  a l c o h o l i c  s o l u t i o n ) .  

Thus t h e  c o n j u g a t i o n  o f  t h e  c e n t r a l  u n i t  o f  t e t r a -  

b e n z a n t h r a c e n e  i s  e q u i v a l e n t  t o  t h a t  o f  n a p h t h a l e n e  

an d  h e n c e  one o f  t h e  c e n t r a l  r i n g s  m u s t  be  i n c a p a b l e  

o f  c o n t r i b u t i n g  t o  c o n j u g a t i o n .  T h i s  i n d i c a t e s  t h a t  

one r i n g  (E) o f  t h e  c e n t r a l  u n i t  p o s s e s s e s  no e l e c t ­
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r o n s  w h i l e  t h e  o t h e r  h a s ,  h y  v i r t u e  o f  t h e  t r a n s f e r  o f  

7T - e l e c t r o n s  f r o m  a d j a c e n t  r i n g s ,  a t t a i n e d  a r o m a t i c -  

i t y .  I t  m u s t  t h e r e f o r e  he  c o n c l u d e d  t h a t  e a c h  i n h e r ­

e n t  "benzeno id  r i n g  c a n  t r a n s f e r  o n l y  two 7 7 - e l e c t r o n s  

t o  a d j a c e n t  r i n g s .  Thus i n  t e t r a h e n z a n t h r a c e n e  ( V I I )

Bz

t h e r e  m u s t  h e  a  new h e n z e n o i d  r i n g  f o r m e d  h y  d o n a t i o n

o f  two 7 1 - e l e c t r o n s  f r o m  e a c h  o f  t h e  n e i g h b o u r i n g

i n h e r e n t  s e x t e t s .  T h i s  new r i n g  i s  t e r m e d  a n  i n d u c e d
( 5 ) ( 6 ) 

h e n z e n o i d  r i n g  ( B z ) .

T h i s  l i n e  o f  r e a s o n i n g  i n d i c a t e s  t h a t  o f  t h e  s i x

7T - e l e c t r o n s  i n  a  h e n z e n o i d  r i n g ,  two a r e  a t  a  h i g h e r

e l e c t r o n i c  l e v e l  t h a n  t h e  o t h e r s ,  and  a r e  c a p a b l e  o f

m i g r a t i o n ,  w h i l e  t h e  r e m a i n i n g  f o u r  - e l e c t r o n s  a r e
(7 )

c o n f i n e d  t o  t h e  r i n g .  The HUCKEL Term Scheme a l s o  

p r e d i c t s  two e l e c t r o n i c  l e v e l s  h u t  h e r e  t h e  l o w e r  l e v e l  

i s  o c c u p i e d  h y  tw o ,  and  t h e  n e x t  h i g h e r  h y  f o u r  

Tf - e l e c t r o n s .

I t  i s  a p p a r e n t  t h a t  a n  a c e n e  c a n  h a v e  o n l y  one 

h e n z e n o i d  r i n g ,  t h e  o t h e r  r i n g s  o f  t h e  s y s t e m  h e i n g  

o -qL u inono id .  H ow ever ,  two 7 1 - e l e c t r o n s  f r o m  t h e
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s e x t e t  may m i g r a t e  t h r o u g h  t h e  s y s t e m  and  h e n c e  c o n f e r  

a  f r a c t i o n a l  a r o m a t i c  c h a r a c t e r  t o  e a c h  i n d i v i d u a l  

r i n g  o f  t h e  m o l e c u l e .  I n  t e t r a c e n e ,  f o r  e x a m p le ,  f o u r  

p o s s i b i l i t i e s  a r i s e : -

T h i s  may b e  more c o n v e n i e n t l y  w r i t t e n  w i t h  a n  

a r r o w  t o  s y m b o l i s e  t h e  movement o f  t h e  two d e l o c a l i s e d  

7 T - e l e c t r o n s .  Thus  -

T h i s  t r e a t m e n t  o f  a c e n e s  a c c o u n t s  w e l l  f o r  t h e  

o b s e r v e d  g r a d a t i o n s  i n  r e a c t i v i t y ,  s p e c t r a ,  c o l o r ,  

s t a b i l i t y ,  e t c .  f r o m  t h e  v e r y  s t a b l e  b e n z e n e  t o  t h e  

e x t r e m e l y  r e a c t i v e  h e p t a c e n e  w h ic h  h a s  i t s  a r o m a t i c  

s e x t e t  d i s t r i b u t e d  o v e r  s e v e n  r i n g s .  O b v i o u s l y  a n  

a c e n e  w i t h  a n  i n f i n i t e  num ber  o f  r i n g s  w o u ld  p o s s e s s  

no a r o m a t i c  c h a r a c t e r  b u t  w ou ld  be  m e r e l y  a  c y c l i c
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p o l y e n e .  Thus h e n z e n o i d  r i n g s  s e r v e  t o  s t a b i l i s e  t h e

a c e n e s ,  and  i t  i s  o f  i n t e r e s t  t o  e n q u i r e  i f  t h i s  i s  a

g e n e r a l  o c c u r r e n c e .  T h a t  i t  i s  may b e s t  b e  shown b y  a

c o n s i d e r a t i o n  o f  i s o m e r i c  h y d r o c a r b o n s  a l l  h a v i n g

s e v e n  r i n g s ,  ( s e e  F i g u r e  1 ) .

H e p t a c e n e  ( I I I ) ,  h a v i n g  s e v e n  l i n e a r l y  a n n e l l a t -

ed  r i n g s  i s  d a r k  g r e e n  a n d  so r e a c t i v e  t h a t  i t  h a s  n o t
( 8 )

y e t  b e e n  o b t a i n e d  i n  a  p u r e  s t a t e .  The a n g u l a r  a r r ­

a n g e m e n t  o f  a  r i n g  a d d s  a n  e x t r a  s e x t e t  i n  1 . 2 - b e n z o -  

h e x a c e n e  ( I V ^  w h ic h  i s  b l u e - g r e e n  and  o b t a i n a b l e  i n  

a  p u r e  s t a t e .  C o r r e s p o n d i n g l y , t h e  a n g u l a r  a n n e l l a t ­

i o n  o f  f u r t h e r  r i n g s  e n h a n c e s  t h e  s t a b i l i t y  o f  t h e  

s y s t e m  and  h e n c e  we come t o  t h e  r e d  1 . 2- 8 . 9 - d i b e n z o -

p e n t a c e n e  ( V ) ,  and  t h e  v i o l e t - r e d  1 . 2 - 3 . 4 - d i b e n z o p e n -  
(10)

t a c e n e  ( Y I ) .  T h ese  h y d r o c a r b o n s  d i f f e r  l i t t l e

s p e c t r a l l y ,  b u t  b o t h  a r e  v e r y  d i f f e r e n t  f r o m  ( I Y ) ,

an d  t h e r e  i s  a  l a r g e  s h i f t  t o  t h e  v i o l e t  f r o m  t h e

s p e c t r u m  o f  ( IY)  t o  t h o s e  o f  (V) o r  ( Y I ) .  F u r t h e r

l a r g e  v i o l e t  s h i f t s  a r e  o b s e r v e d  i n  t h e  t r a n s i t i o n  t o
( i )

t h e  y e l l o w .  1 . 2 , 3 . 4 , 7 . 8- t r i b e n z o t e t r a c e n e  ( I )  

w h ic h  r e a c t s  more s l o w l y  w i t h  m a l e i c  a n h y d r i d e  t h a n  

m o s t  b e n z o t e t r a c e n e s .  A s m a l l e r  v i o l e t  s h i f t  i s  ob­

s e r v e d  i n  t h e  f i n a l  a n n e l l a t i o n  t o  1 . 2 , 3 . 4 , 5 • 6 , 7 . 8-  

t e t r a b e n z o a n t h r a c e n e  ( Y I I ) .  T h i s  l a t t e r  i s  a  c o l o r ­



- 7 -

(11)
l e s s  compound w h ic h  i s  e x t r e m e l y  s t a b l e .

E x a m i n a t i o n  o f  t h i s  s e r i e s  o f  h y d r o c a r b o n s  

shows c l e a r l y  t h a t  t h e  p r o p e r t i e s  o f  t h e  c o n s t i t u e n t  

members a r e  d e p e n d e n t  u p o n  t h e  number  o f  b e n z e n o i d  

r i n g s  p o s s e s s e d  b y  e a c h  m o l e c u l e .

S i n c e  b e n z e n o i d  r i n g s  o b v i o u s l y  e n h a n c e  t h e  

s t a b i l i t y  o f  h y d r o c a r b o n s , i t  i s  e v i d e n t  t h a t  s y s t e m s  

c o n t a i n i n g  o n l y  b e n z e n o i d  r i n g s  m us t  be  u n u s u a l l y  

s t a b l e .  T h ese  a r e  known a s  f u l l y  b e n z e n o i d  h y d r o c a r ­

b o n s  o r  a l t e r n a t e l y  a s  c o n d e n s e d  p o l y p h e n y l s ,  and  t h e y  

w i l l  be  more f u l l y  d i s c u s s e d  i n  C h a p t e r  IY .

A t t e m p t s  h av e  r e c e n t l y  b e e n  made t o  e x t e n d
( 1 2 )

HUCKEL'S r u l e  t o  p o l y  c y c l i c  h y d r o c a r b o n s .  The

r u l e  s t a t e s  t h a t  a r o m a t i c  s t a b i l i t y  i s  c o n f e r r e d  on

c y c l i c  s y s t e m s  w h ic h  p o s s e s s  (2  + 4n) T f - e l e c t r o n s ,
(13 )

n  b e i n g  a n  i n t e g e r .  A p p l i c a t i o n  o f  t h i s  t o  t h e  a c e n e  

s e r i e s  I n d i c a t e s  t h a t  t h e r e  would  be  no d i f f e r e n t i a t ­

i o n  b e t w e e n  t h e  s t a b l e  b e n z e n e  w i t h  ( 2 + 4 ) 7 f - e l e c t ~  

r o n s  an d  t h e  v e r y  r e a c t i v e  h e p t a c e n e  w i t h  (2  + 2 8 )

7T - e l e c t r o n s .  E v en  t h e  h i g h e r  members o f  t h e  a c e n e  

s e r i e s  -  w h ic h  a r e  so u n s t a b l e  a s  t o  b e  i n c a p a b l e  o f  

i s o l a t i o n  -  w o u ld  a p p e a r  t o  h av e  a  s t a b i l i t y  commen­

s u r a t e  w i t h  t h a t  o f  b e n z e n e .  I n  a d d i t i o n ,  t h e  v e r y  

s t a b l e  f u l l y  b e n z e n o i d  h y d r o c a r b o n s  h a v e  6 n T T - e i e c t -
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r o n s  and i n  c o n s e q u e n c e , h a l f  o f  t h e s e  c a n n o t  he  

a ccom m odated  h y  t h e  r u l e .  Thus i t  i s  o b v i o u s  t h a t
* i

HUCKEL’S r u l e  i s  n o t  a p p l i c a b l e  t o  p o l y c y c l i c  h y d r o ­

c a r b o n s .

I n  t h e  a n n e l l a t i o n  s e r i e s ,  d i b e n z o t e t r a c e n e

( V I I I ) ,  t r i b e n z o t e t r a c e n e  ( I )  and  t e t r a b e n z o t e t r a c e n e

( I X)  o n l y  s m a l l  s h i f t s  o f  t h e  fb - b a n d s  o c c u r :

1m
0

\ , =  —  —  4140 A
o

A? = 4375 — 4250  — > - 3900  A
o

A.= 3255  1— + 3 g - >  3280  ------- -------------- 3280  A

T h i s  e f f e c t  may b e  e x p l a i n e d  i f  d i b e n z o t e t r a -
( 1 4 )

c e n e  i s  g i v e n  t h e  maximum number o f  b e n z e n o i d  r i n g s .  

T h en  t h e  two t e r m i n a l  d o u b l e  b o n d s  i n  t h e  c e n t r a l  t e t — 

r a c e n e  u n i t  a p p e a r  t o  be  f i x e d ,  and e x p e r i e n c e  h a s  

shown t h a t  a n n e l l a t i o n  t o  f i x e d  d o u b le  b o n d s  p r o d u c e s  

o n l y  s m a l l  s h i f t s  o f  fb - b a n d s .  F u r t h e r  e x a m p le s  o f  

t h i s  phenom enon  a r e  n u m e ro u s ,  and  w i l l  be  d e a l t  w i t h  

i n  l a t e r  C h a p t e r s  o f  t h i s  work .
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EXPERIMENTAL PISOUSSIOH: Numerous P r i e d e l - G r a f t s

r e a c t i o n s  have  b e e n  c o n d u c t ­

ed w i t h  t r i p h e n y l e n e  ( I I )  

an d  i t  h a s  b e e n  f o u n d  t h a t  r e a c t i o n  o c c u r s  e x c l u s i v e l y

a t  t h e  2 - p o s i t i o n s ,  no i n s t a n c e  b e i n g  r e c o r d e d  o f
(15 )

a t t a c k  a t  t h e  1 - p o s i t i o n s .  T h i s  l a c k  o f  r e a c t i v i t y  

o f  t h e  1 - p o s i t i o n s  i s  p r o b a b l y  due t o  t h e  s t e r i c a l l y  

o v e r c r o w d e d  h y d r o g e n  a tom s a t  t h e s e  p o i n t s  w h ic h  h i n d e r  

t h e  a p p r o a c h  o f  a t t a c k i n g  e n t i t i e s .  T h i s  same r e s i s t ­

a n c e  t o  a t t a c k  may a l s o  be  o b s e r v e d  i n  t h e  4 - p o s i t i o n s  

o f  p h e n a n t h r e n e  (X) where  t h e  e n v i r o n m e n t  i s  t h e  same.

JT
I n  a c c o r d  w i t h  t h i s ,  2 - m e t h y l - l - n a p h t h o y l - 2 ' - t r i p h e n y -

l e n e  k e t o n e  (X I)  was p r e p a r e d  i n  good  y i e l d  b y  t h e
( 1 6 )

r e a c t i o n  o f  2 - m e t h y l - 1 - n a p h t h o y l  c h l o r i d e  w i t h  t r i ­

p h e n y l  ene  i n  t h e  p r e s e n c e  o f  a lu m in iu m  c h l o r i d e .  T h i s
o

k e t o n e  was t h e n  p y r o l i s e d  a t  4 0 0 -4 2 0  u n d e r  t h e  p r o ­

t e c t i o n  o f  c a r b o n  d i o x i d e .  S u b l i m a t i o n  o f  t h e  d a r k  

r e s i d u e  o b t a i n e d  y i e l d e d  a  y e l l o w  m a t e r i a l  w h ic h  on
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c r y s t a l l i s a t i o n  f r o m  x y l e n e  p r o v e d  t o  Id ©  n o n —u n i f o r m .  

F u r t h e r  p u r i f i c a t i o n  c o n s i s t e d  o f  f o r m i n g  t h e

XI i

t r i h e n z o t e t r a c e n e  a d d u c t  w i t h  m a l e i c  a n h y d r i d e  and  

e x t r a c t i n g  t h i s  f r o m  t h e  m i x t u r e  w i t h  d i l u t e  a l k a l i ,  

when a  w h i t e  i n s o l u b l e  m a t e r i a l  r e m a i n e d .  A c i d i f i ­

c a t i o n  o f  t h e  a l k a l i  s o l u t i o n s  gave  t h e  w h i t e  a d d u c t  

w h i c h  s u b l i m e d  f r o m  s o d a - l i m e  a s  y e l l o w  n e e d l e s  o f  

t r i b e n z o t e t r a c e n e  ( I ) .  T h i s  c r y s t a l l i s e d  f ro m  x y l e n e  

i n  two f o r m s  -  on s lo w  c o o l i n g  o f  t h e  s o l u t i o n ,  

l o n g  y e l l o w  n e e d l e s ,  b u t  on f a s t e r  c o o l i n g ,  s m a l l  

y e l l o w  b a l l s .  T h ese  h a d  i d e n t i c a l  m e l t i n g  p o i n t s  an d  

s p e c t r a .  The s p e c t r u m  o f  1 . 2 - 3 .  4—7 . 8- t r i b e n z o t e t r a ­

ce  ne i s  g i v e n  i n  F i g u r e  2.

T r i b e n z o t e t r a c e n e - m a l e i c  a n h y d r i d e  a d d u c t  ( X I I )  

was o b t a i n e d  b y  r e f l u x i n g  t h e  p u r e  h y d r o c a r b o n  w i t h  

m a l e i c  a n h y d r i d e .  The a b s o r p t i o n  s p e c t r u m  o f  t h e  d i ­

so d iu m  s a l t  o f  t h i s  a d d u c t  i s  g i v e n  i n  F i g u r e  3* I t
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i s  c o n s i s t e n t  w i t h  t h e  s p e c t r u m  o f  a  9 . 1 0 - d i s u b s t i -  

t u t e d  p h e n a n t h r e n e  and h e n c e  a d d i t i o n  o f  m a l e i c

CW.CO 

CW, CO
o

a n h y d r i d e  t o  t r i b e n z o t e t r a c e n e  m ust  t a k e  p l a c e  i n  t h e

5 . 1 2 - p o s i t i o n s .

oOo
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E X P E R T  M E N T A L .

2-ME1H YL- 1  -NAPHTH0YL- 2  ' -TRIPHENYLENYL-KEIONE ( X I ) .

To t r i p h e n y l e n e  ( 7 g )  and  2 - m e t h y l - l - n a p h t h o y l  
( 1 6 )

c h l o r i d e  ( 7 g )  i n  c h l o r o b e n z e n e  (20m l)  o r  i n  h e n z e n e  

(5 0 m l)  p o w d e r e d  a lu m in iu m  c h l o r i d e  (1 2 g )  was a d d e d .  

A f t e r  s l i g h t  warming t h e  r e a c t i o n  b e g a n  and  t h e  t r i ­

p h e n y l e n e  w e n t  i n t o  s o l u t i o n .  The d a r k  r e d d i s h -
o

y e l l o w  m i x t u t e  was h e a t e d  t o  50 f o r  a  f e w  m i n u t e s

u n t i l  t h e  e v o l u t i o n  o f  h y d r o g e n  c h l o r i d e  c e a s e d .

A f t e r  d e c o m p o s i t i o n  w i t h  d i l u t e  h y d r o c h l o r i c  a c i d ,

t h e  s o l v e n t  was rem oved  b y  s t e a m  d i s t i l l a t i o n .  The

r e s i n o u s  r e s i d u e  c r y s t a l l i s e d  when t r e a t e d  w i t h  e t h e r .

Tiie k e t o n e  (X I)  was r e c r y s t a l l i s e d  f i r s t  f r o m  x y l e n e

a n d  t h e n  f r o m  a c e t i c  a c i d .  I t  f o rm ed  v e r y  p a l e  y e l l o w
o

n e e d l e s ,  m .p .  2 1 4 - 2 1 6 , w h ic h  d i s s o l v e d  i n  c o n c e n t r a t e d  

s u l p h u r i c  a c i d  t o  f o r m  a  r e d  s o l u t i o n .

Found:  C, 9 0 . 6  ; H, 4 . 9

C^H^O r e q u i r e s :  0 ,  9 0 . 9  ; H, 5 -1 $
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1 . 2 - 3 . 4 - 7 . 8-TBIBBHZOTBTBACEEB ( I ) .

0
The k e t o n e  ( lO g )  was h e a t e d  t o  4 0 0 -4 2 0  u n d e r

t h e  p r o t e c t i o n  o f  a  c u r r e n t  o f  c a r b o n  d i o x i d e .  The

f o r m a t i o n  o f  w a t e r  was c o m p l e t e d  a f t e r  -g- h o u r .  The
o

r e s i d u e  was s u b l i m e d  a t  270 / imm. T r i p h e n y l e n e  ( 0 . 7 7 g )

was f i r s t  o b t a i n e d ,  f o l l o w e d  b y  t h e  y e l l o w  h y d r o c a r b o n  
o

a t  350 / im m . The c ru d e  h y d r o c a r b o n  was r e c r y s t a l l i s e d  

f r o m  x y l e n e  and  was f o u n d  t o  be  n o n - u n i f o r m  ( l , 9 7 g ) .

F o r  f u r t h e r  p u r i f i c a t i o n  i t  was t r a n s f o r m e d  i n t o  t h e  

a d d u c t  ( X I I )  w i t h  b o i l i n g  m a l e i c  a n h y d r i d e .  The e x ­

c e s s  o f  m a l e i c  a n h y d r i d e  w i t h  b o i l i n g  w a t e r  and  t h e  

r e s i d u e  s e v e r a l  t i m e s  e x t r a c t e d  w i t h  sod ium  h y d r o x i d e  

i n  a q u e o u s  a l c o h o l i c  s o l u t i o n .  T h i s  l e f t  a  c o l o r l e s s  

b y - p r o d u c t  u n d i s s o l v e d  w h ic h  was f i l t e r e d  o f f .  The 

u n i t e d  f i l t r a t e s  were  a c i d i f i e d  w i t h  h y d r o c h l o r i c  

a c i d  an d  t h e  w h i t e  p r e c i p i t a t e  ( l . l g )  w ash ed  w i t h

w a t e r  and  d r i e d .

The a d d u c t  was m ixed  w i t h  s o d a  l i m e  ( l . 5 g )  an d  
o

s u b l i m e d  a t  300 / o . l m m .  The t r i b e n z o t e t r a c e n e  w h i c h  

f o r m e d  y e l l o w  n e e d l e s  was r e p e a t e d l y  r e c r y s t a l l i s e d  

f r o m  x y l e n e .  When t h e  s o l u t i o n  was q u i c k l y  c o o l e d  i t  

y i e l d e d  y e l l o w  w a r t —l i k e  c o n g l o m e r a t e s ,  and  on  s lo w
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c r y s t a l l i s a t i o n  l o n g  n e e d l e s .  The h y d r o c a r b o n

d i s s o l v e d  i n  c o n c e n t r a t e d  s u l p h u r i c  a c i d  w i t h  a
o'

b l u e  c o l o r  ( a b s o r p t i o n  b a n d  a b o u t  6200 A) w h i c h

s o o n  c h a n g e d  t o  g r e e n  and  t h e n  t o  y e l l o w .  B o th
o

f o r m s  h a v e  m .p .  2 7 7 - 2 7 8 .

Pound:  C, 9 5 . 3  ; H, 4 . 5

C^H,, r e  q u i r e s :  C, 9 5 . 2  ; H, 4 . 8 $

1 .  2 - 3 .  4 - 7 .  8-TRIBENZ0TETHACEKE-MLEIC-AKHyi)RII)E

ADDUCT ( X I I ) .

T h i s  a d d u c t  was o b t a i n e d  b y  b o i l i n g  p u r e  t r i -  

b e n z o t e t r a c e n e  w i t h  e x c e s s  m a l e i c  a n h y d r i d e .  A f t e r  

r e m o v i n g  t h e  e x c e s s  m a l e i c  a n h y d r i d e  t h e  a d d u c t  was 

d i s s o l v e d  i n  a q u e o u s - a l c o h o l i c  sod ium  h y d r o x i d e  

f i l t e r e d  and  t h e  f r e e  a c i d  p r e c i p i t a t e d  w i t h  h y d r o ­

c h l o r i c  a c i d .  I t  fo rm e d  a  w h i t e  p o w d e r  w h ic h  decom-
o

p o s e d  a t  1 9 0 - 1 9 2 .

Pound:  C, 8 2 .6  ; H, 4 . 8

C34Haa04 r e  q u i r e  s : C , 82.  6 ; H , 4 .  5$
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0 H A P I E  R I I .

( D
6 . 7 -BENZOPENTAHffiNE.

INTRODUCTION: The f i r s t  s y n t h e s i s  o f  a  6 . 7 - b e n z o -

p e n t a p h e n e  d e r i v a t i v e  was r e c o r d e d  i n

1 9 2 5 ,  when 2 . 1 1 - d i m e t h v l - 6 . 7 - b e n z o p e n -
(2  )

t a p h e n e  ( I I I )  was d e s c r i b e d  i n  p a t e n t .  I t  i s  p r o b a b l e

(Ac
>

I
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t h a t  t h i s  was o b t a i n e d  b y  t h e  p y r o l y s i s  o f  1 . 4 - d i - m -  

x y l o y l n a p h t h a l e n e  ( I I ) .  How ever ,  r e a r r a n g e m e n t s  f r e ­

q u e n t l y  o c c u r  i n  t h e  p y r o l y s e s  o f  compounds o f  t h i s

t y p e ,  and  t h e  u n e x p e c t e d l y  lo w  m e l t i n g  p o i n t  o f  t h e
o

h y d r o c a r b o n ,  1 8 8 ,  s u g g e s t s  r a t h e r  t h a t  a  m e t h y l  t e t r a -

p h e n e  was o b t a i n e d  b y  f i s s i o n .  6 . 7 - b e n z o p e n t a p h e n e

d i q u i n o n e  (V I)  was p r e p a r e d  by  RA1ULESGU and  
( 3 )

BAEBULESCU b y  t h e  c o n d e n s a t i o n  o f  £ - x y l y l e n e  b r o m id e  

w i t h  t h e  p o t a s s i u m  s a l t  o f  b i s k e t o - h y d r i n d e n e  and 

t r e a t m e n t  o f  t h e  r e s u l t i n g  compound ( I V )  w i t h  so d iu m  

e t h o x i d e .  T h i s  g av e  t h e  t e t r a h y d r o x y  compound (V) 

w h i c h  o x i d i s e d  t o  t h e  d i q u i n o n e  i n  t h e  a t m o s p h e r e .

OU

on
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T h e s e  a u t h o r s  a l s o  r e p o r t e d  t h a t  on r e d u c t i v e  a c e t y l -  

a t i o n  o f  t h i s  d i q u i n o n e ,  t h e  d i a c e t y l  compound ( V I I )  

i s  f o r m e d  a n d  on  z i n c  d u s t  d i s t i l l a t i o n  t h e  oxy com­

p o u n d  ( V I I I ) .

yul

0 Ac

m
I n  a  more r e c e n t  p u b l i c a t i o n , ZINKE and  OTT 

h a v e  d e s c r i b e d  a  d e g r a d a t i v e  p r e p a r a t i o n  o f  6 . 7 - b e n z o -  

p e n t a p h e n e .  The o x i d a t i o n  o f  1 . 2 - 4 . 5 - 8 » 9 - t r i b e n z o -  

p y r e n e  ( IX )  w i t h  d i c h r o m a t e  and a c e t i c  a c i d  g a v e ,

>

YJJX

X
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a l o n g  w i t h  t h e  e x p e c t e d  q u in o n e  (X) , a  s m a l l  amount  o f  

a  compound w h ic h  p r o v e d  t o  he  i d e n t i c a l  w i t h  t h e  p r e ­

v i o u s l y  m e n t i o n e d  d i q u i n o n e  ( V I ) .  T h i s  c o u l d  h e  

o b t a i n e d  a s  t h e  m a j o r  p r o d u c t  u n d e r  more d r a s t i c  c o n ­

d i t i o n s .

H o w eve r ,  c o n t r a r y  t o  t h e  f i n d i n g  o f  BARBULESCU 

and  RADULESCU, t h e s e  a u t h o r s  f o u n d  t h a t  r e d u c t i v e  

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

d e r i v a t i v e  ( X I ) ' a n d  t h a t  on z i n c  d u s t  d i s t i l l a t i o n ,

6 . 7 - b e n z o p e n t a p h e n e  ( I )  was o b t a i n e d .  I n  a d d i t i o n ,  

t h e  d i q u i n o n e  r e a d i l y  fo rm e d  t h e  a z i n e  ( X I I ) ,  t h u s

c o n f i r m i n g  i t s  s t r u c t u r e .

OAc
OAc

OAc

M
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EXPERIMENTAL DISCUSSION: The p r e s e n t ;  work d e s c r i b e s

The r e a c t i o n  o f  t e t r a p h e n e  w i t h  a c e t i c  a n h y d r i d e  i n  t h e  

p r e s e n c e  o f  a lu m in iu m  c h l o r i d e  was f o u n d  b y  COOK and

HEWETT t o  g i v e  a  m i x t u r e  o f  f i v e  m o n o - a c e t y l  i s o m e r s .  

H o w ev e r ,  i t  was c o n s i d e r e d  l i k e l y  t h a t  a  F r i e d e l -  

C r a f t s  r e a c t i o n  w i t h  t o l o y l  c h l o r i d e ,  f o l l o w e d  b y  p y r ­

o l y s i s  w o u ld  y i e l d  6 . 7 - b e n z o p e n t a p h e n e  p r e f e r e n t i a l l y ;  

a l s o ,  s i n c e  t h e  h y d r o c a r b o n s  o b t a i n a b l e  f ro m  t h e  u n ­

w a n t e d  k e t o - i s o m e r s  would be  r e l a t i v e l y  r e a c t i v e  t h e y  

w o u ld  b e  e a s i l y  rem oved  by  c h r o m a to g r a p h y .  A c c o r d i n g l y ,  

t h i s  F r i e d e l - C r a f t s  r e a c t i o n  was c o n d u c t e d  i n  m e t h y l e n e  

c h l o r i d e  s o l u t i o n ,  a n d ,  a f t e r  d e c o m p o s i t i o n  and  chrom ­

a t o g r a p h y ,  p a l e  y e l l o w  n e e d l e s  were  o b t a i n e d .  T h e s e  

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

a n d  p e r h a p s  ( X I I I c ) ,  s i n c e  a f t e r  p y r o l y s i s  f o l l o w e d  b y

a  more d i r e c t  s y n t h e t i c  

r o u t e  t o  6 . 7 - b e n z o p e n t a p h e n e .

( 5 )

XUTo JM b XHTc
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FIGURE 4 .  A b s o r p t i o n  m ax . (A j  and  l o g  ( i n  p a r e n ­
t h e s i s ) .  N a p h t h o - [ 2 ' . 3 f- 6 . 7 J - p e n t a p h e n e  (XXX) i n  
b e n z e n e ,  OC :38 0 0  ( 3 * 3 2 ) ,  3700 ( 3 * 5 2 ) ;  p : 3 4 0 0  ( 4 . 4 8 )  
/ 3 :3 1 50  ( 4 . 9 6 ) ,  3000 ( 5 - 1 5 ) ,  2880 ( 4 . 9 9 ) ;  / 3 : 2 5 3 0  
/ ( 4 . 8 4 ) ,  2390 ( 4 . 8 6 ) .  From 2800 i n  c y c l o h e x a n e .
6 . 7 -  B e n z o p e n ta o h e n e  ( I )  i n  c y c l o h e x a n e .  (X :39 4 0  
( 2 . 2 0 ) ,  3860 ( 2 t 5 8 ) .  3740 ( 2 . 8 0 ) ,  3660 ( 2 . 8 1 ) ,  3520 
( 3 . 6 6 ) ;  p : 3390 ( 4 . 3 8 ) ;  / 3 : 3 1 4 0  ( 4 . 6 9 ) ,  3040 ( 4 . 6 3 ) ,  
/ 3 ; :2 8 4 0  ( 5 . 0 7 ) ,  2740 ( 4 . 9 4 ) ; / S " : 2460 ( 4 . 6 6 ) ,  2300
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c h r o m a t o g r a p h y , s u b l i m a t i o n  and  r e p e a t e d  c r y s t a l l i s -
o

a t i o n  f r o m  x y l e n e ,  6 . 7 - b e n z o p e n t a p h e n e , m .p .  25 0 -2 5 1

was o b t a i n e d .  H ow ever ,  s i n c e  t h e  p r o d u c t  d e s c r i b e d  b y
o

ZIHKE h a d  m .p .  2 3 9 - 2 4 0 , o u r  h y d r o c a r b o n  was o x i d i s e d  

w i t h  chromium t r i o x i d e  i n  a c e t i c  a c i d  and t h e  a z i n e  

( X I I )  p r e p a r e d  f ro m  t h e  r e s u l t i n g  d i q u i n o n e .  B o t h  

t h e s e  compounds p r o v e d  i d e n t i c a l  t o  t h o s e  o b t a i n e d  by  

ZINEE. I t  would  t h e r e f o r e  a p p e a r  t h a t  t h e  6 . 7 - b e n z o ­

p e n t a p h e n e  p r e v i o u s l y  d e s c r i b e d  may h av e  c o n t a i n e d  

some o f  t h e  ox id o -co m p o u n d  ( V I I I )  r e p o r t e d  by  

BARBULESCU and  RADULESCU.

Q u i t e  d i f f e r e n t  r e s u l t s  were  o b t a i n e d  when t h e  

F r i e d e l - C r a f t s  r e a c t i o n  was c o n d u c t e d  i n  b e n z e n e  s o l ­

u t i o n .  A f t e r  p y r o l y s i s  t h e  m ain  p r o d u c t s  w e re  t h e n  

t e t r a p h e n e ,  c h r y s e n e  (XIV) and 1 . 2 - 3 . 4 - d i b e n z o p y r e n e  

(XV).

ZFZZF
The p r e s e n c e  o f  t h e  l a t t e r  h y d r o c a r b o n  c a n  be  

e x p l a i n e d  b y  t h e  p r e f e r e n t i a l  r e a c t i o n  o f  t h e  s o l v e n t  

b e n z e n e  w i t h  t e t r a p h e n e .  ZANDER p r e p a r e d  t h i s  h y d r o -
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c a r b o n  b y  t h e  c o n d e n s a t i o n  o f  b e n z e n e  with, t e t r a p h e n e  

i n  t h e  p r e s e n c e  o f  a lu m in iu m  c h l o r i d e .  H ow ever ,  i t  i s  

r e m a r k a b l e  t h a t  i n  o u r  c a s e  t h i s  c o n d e n s a t i o n  c o m p e te s  

w i t h  t h e  n o rm a l  F r i e d e l - C r a f t s  r e a c t i o n  so s u c c e s s f u l l y  

t h a t  no 6 . 7 - b e n z o p e n t a p h e n e  i s  o b t a i n e d .

The p r e s e n c e  o f  c h r y s e n e  c a n  be  e x p l a i n e d  o n l y  b y  

t h e  o c c u r r e n c e  o f  some t y p e  o f  r e a r r a n g e m e n t  i n  t h e  

c o u r s e  o f  t h e  r e a c t i o n .  R e a r r a n g e m e n t s  o f  t h e  t e t r a ­

p h e n e  m o l e c u l e  a r e  by  no means uncommon. T h u s ,  t h e  

c y c l i s a t i o n  o f  1 2 - p h e n y l t e t r a p h e n e  (XVI) g i v e s  2 . 3 - 6 . 7 -  

d i b e n z o f l u o r a n t h e n e  (X V II I )  a l o n g  w i t h  t h e  e x p e c t e d

1 .  2 - 3 * 4 - d i b e n z o p y r e n e  (X V II ) .

XYE

ZE7
ZZZZ7

The f o r m a t i o n  o f  t h e  d i b e n z o f l u o r a n t h e n e  may be  

e x p l a i n e d  b y  t h e  h y d r o g e n a t i o n  o f  t h e  p h e n y l t e t r a p h e n e  

t o  t h e  compound (XIX) t h e  h y d r o g e n  b e i n g  p r o v i d e d  b y
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t h e  “b a s i c  r i n g - c l o s u r e  t o  d i b e n z o p y r e n e . S u b s e q u e n t  

r i n g  f i s s i o n  a n d  r e c y c l i s a t i o n  g i v e  t h e  r e a r r a n g e d  

p r o d u c t .

H.'a

XIX

S i m i l a r l y ,  8 . 9 - b e n z o t e t r a p h e n e  (XX) on t r e a t m e n t

w i t h  b e n z e n e  and  a lu m in iu m  c h l o r i d e  y i e l d s  1 . 2 - 4 . 5 - 8 . 9 -
( 8 )

t r i b e n z o p y r e n e  (X X I) .

XX7
I t  i s  p r o b a b l e  t h a t  t h e  c o u r s e  o f  t h i s  r e a r r a n g e m e n t  

i s  s i m i l a r  t o  t h e  a b o v e ,  i . e .  t h e  f o r m a t i o n  o f  t h e  

p h e n y l  d ih y d r o - c o m p o u n d  ( X X I I ) ,  r e a r r a n g e m e n t  t o  

( X X I I I ) ,  and  r i n g  c l o s u r e  f o l l o w e d  b y  d d h y d r o g e n a t i o n  -



(9)
BUU-HOI and  LAYIT-LAMY r e c e n t l y  o b t a i n e d  2 -  

m e t h y l  c h r y s e n e  (XXIV) b y  t h e  i s o m e r i s a t i o n  o f  

7 - m e t h y l  t e t r a p h e n e  (XXIVa) u n d e r  t h e  c a t a l y t i c  

i n f l u e n c e  o f  a lu m in iu m  c h l o r i d e  i n  b e n z e n e .  T hese  

a u t h o r s ,  who c o n s i d e r  t h i s  r e a r r a n g e m e n t  t o  b e  

" t h e  f i r s t  d i r e c t l y  d e m o n s t r a b l e  exam ple  o f  t h e  c o n ­

v e r s i o n  o f  a n  a n t h r a c e n o  -  t o  a  p h e n a n t h r e n o - h y d r o ­

c a r b o n " ,  p o s t u l a t e  t h e  f i s s i o n  o f  a  r i n g  0 f o l l o w e d  

b y  a  r e c y c l i s a t i o n .

XXLYo XXIY



H o w ev e r ,  "brie f i s s i o n  o f  a n  a r o m a t i c  0 - 0  b o n d  i s  r a t  lie  r

u n l i k e l y  an d  i t  m ust  lie r e  a g a i n  be  i n f e r r e d  t h a t  t h e

f i r s t  s t e p  i s  h y d r o g e n a t i o n  f o l l o w e d  b y  f i s s i o n .

A n o t h e r  exam ple  o f  t h i s  t y p e  o f  r e a r r a n g e m e n t  i s  

t h e  e q u i l i b r i u m  m i x t u r e  o f  o c t  ahy  d r  o a n t  h r  ae  e ne and  

o c t  a h y  d r o p  he  n a n t h r e ne f o rm e d  when o c t a h y d r o a n t h r a c e n e
( 10)

i s  t r e a t e d  w i t h  a lu m in iu m  c h l o r i d e  i n  b e n z e n e  s o l u t i o n .

I t  i s  o f  i n t e r e s t  t o  n o t e  t h a t  a l l  o f  t h e s e  r e ­

a r r a n g e m e n t s  t a k e  p l a c e  i n  b e n z e n e  s o l u t i o n  and i t  may

b e  t h a t  t h e  b e n z e n e  f o r m s  some t y p e  o f  i n t e r m e d i a t e  

a d d u c t  w i t h  t h e  r e a c t i n g ;  h y d r o c a r b o n .  The f a c t  t h a t  no 

c h r y s e n e  was o b t a i n e d  when o u r  r e a c t i o n  was c o n d u c t e d  

I n  m e t h y l e n e  c h l o r i d e  would  a p p e a r  t o  l e n d  w e i g h t  t o  

t h i s  i d e a .

I n  t h e  c o u r s e  o f  t h i s  w o rk ,  a n  Im p ro v e d  m ethod  

o f  r e d u c i n g  t h e  r e a d i l y  a v a i l a b l e  t r i p h t h a l o y l  b e n z e n e

JXF TYVT



(11)
(XXV) -to t r i n a p h t h y l e n e  (XXVI) was f o u n d .  T h i s

c o n s i s t e d  o f  h e a t i n g  t r i p h t h a l o y l  "benzene,  z i n c  d u s t
o

and  a  f e w  d r o p s  o f  w a t e r  i n  a  s e a l e d  t u b e  a t  300 f o r  

two d a y s .  The z i n c  was d i s s o l v e d  i n  c o n c e n t r a t e d  

h y d r o c h l o r i c  a c i d  and t h e  r e m a i n i n g  b l a c k  m a t e r i a l  

s u b l i m e d  t o  g i v e  c o l o r l e s s  n e e d l e s  o f  t r i n a p h t h y l e n e .

THEORETICAL DISCUSSION: As was s t a t e d  i n  C h a p t e r  I

( p . 4 ) ,  t h e r e  a r e  a ssu m ed  t o  

be  two m o b i l e  and  f o u r  r i n g -  

l o c a l i s e d  7 T - e l e c t r o n s  i n  a n  a r o m a t i c  s e x t e t .  I t  i s  

t h e  m o b i l i t y  o f  t h e s e  two t r a n s f e r a b l e  l - e l e c t r o n s  

w h ic h  e x p l a i n  t h e  r e g u l a r  s p e c t r a l  s h i f t s  i n  t h e  a c e n e ,

t o  b e n z e n e  g i v e  t h e  f o l l o w i n g  s y m m e t r i c a l  s h i f t s  -

p h e n e ,  e t c .  s e r i e s .  Thus t h e  l i n e a r  f u s i o n  o f  r i n g s
( 1 2 )

T h a t  i s  t o  s a y ,  t h e  l i n e a r  a n n e l l a t i o n  o f  b u t a d i e n e  

u n i t s  t o  b e n z e n e  l e a d s  t o  a  r e g u l a r  i n c r e m e n t  i n  wave—



l e n g t h  p r e f e r a b l y  m e a s u re d  i n  V a , a  s c a l e  f o r  r e c i p ­

r o c a l  n u c l e a r  c h a r g e s .

As h a s  a l r e a d y  b e e n  shown i n  O h a p t e r  I , an  

a s y m m e t r i c  a n n e l l a t i o n  e f f e c t  i s  o b s e r v e d  i n  t h e  

f o l l o w i n g  t y p e  o f  s e r i e s :

I t  i s  a p p a r e n t  t h a t  i n  t e t r a b e n z o t e t r a c e n e , 

t h e  f o r m a t i o n  o f  t h e  i n d u c e d  7 T - e l e c t r o n  s e x t e t  i s  

p r e f e r r e d  t o  a  s y m m e t r i c  d i s t r i b u t i o n  o f  e l e c t r o n s  

a s  i s  r e q u i r e d  b y  r e s o n a n c e  t h e o r y .

A n o t h e r  t y p e  o f  a s y m m e t r i c  a n n e l l a t i o n  i s  ob ­

s e r v e d  i n  t h e  f o l l o w i n g  t r i g o n a l  a n n e l l a t i o n  w h ic h  

s h o u l d  be  f o r m a l l y  s y m m e t r i c : -

xxm
+ J O O + 6 0 o

i /«= 1852 2210 >  2510
- 8 5

>  2570 A
0

X p =  2068 + 7 8 2 > 2850 >- 2925 >  2840 A
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I n  p a s s i n g  f ro m  "benzene t o  n a p h t h a l e n e  a n d  p h e r a n -

a c e n e  s e r i e s .  How ever ,  o n ly  a  s m a l l  s h i f t  i s  observed i n  

g o i n g  f r o m  p h e n a n t h r e n e  t o  t r i p h e n y l e n e .

The f o r m u l a t i o n  o f  p h e n a n t h r e n e  w i t h  t h e  maximum 

n um b er  o f  a r o m a t i c  s e x t e t s  l e a d s  t o  (XXYIX) i n  w h ic h  

t h e r e  i s  a  f i x e d  d o u b le  bond  i n  t h e  9:10 ' p o s i t i o n .  The 

a n n e l l a t i o n  o f  a  b u t a d i e n e  u n i t  t o  t h i s  p r o d u c e s  a  new 

r i n g  w i t h  t h r e e  f o r m a l  d o u b le  b o n d s  and t h i s  w o u ld  n o r ­

m a l l y  b e  r e p r e s e n t e d  b y  a  c i r c l e  f o r  t h e  e l e c t r o n i c  

s e x t e t .  I t  was p r e v i o u s l y  t h o u g h t  t h a t  t h e  s m a l l  ob­

s e r v e d  s h i f t  i n  w a v e l e n g t h  was c a u s e d  b y  t h e  f o r m a t i o n  

o f  t h i s  new s e x t e t .  How ever ,  I f  t h i s  were  t h e  c a s e  

t h e r e  c o u l d  b e  no o t h e r  s m a l l  r e d  o r  v i o l e t  s h i f t  on  

f u r t h e r  l i n e a r  a n n e l l a t i o n  s i n c e  no new s e x t e t  could  b e  

f o r m e d .  I n  f a c t ,  a  f u l l  l i n e a r  a n n e l l a t i o n  e f f e c t

t h r e n e  t h e  / 3 - b a n d s  s h i f t  i n  much t h e  same: way a s  i n  t h e

xxvm

2570 + J -°— >  2870
—  20 >  3120  A

i ? = 2840 6 S - - 1 0 0  >  3390
- 2 0 >  3370 A>  3490
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(+300  an d  +270A r e s p e c t i v e l y )  i s  r e c o r d e d  i n  p a s s i n g  

f r o m  t r i p h e n y l e n e  (XXVIH) t o  1 . 2 - 3 . 4 - d i d e n z a n t h r a c e n e

(XXIX) a n d  6 . 7 - b e n z o p e n t a p h e n e  ( I ) .  How ever ,  f u r t h e r  

a n n e l l a t i o n  t o  2 . 3 - t r i n a p h t h y l e n e  (XXX) g i v e s  a  

s m a l l  v i o l e t  s h i f t .

T h i s  a b n o r m a l  a n n e l l a t i o n  e f f e c t  f o r  t h e  t h i r d  

b r a n c h  o f  t h e  m o l e c u l e  i s  e v e n  more n o t i c a b l e  i f  t h e  

f o l l o w i n g  s e r i e s  i s  e x a m in e d : -

XXXI ZZZ

X =  1852 + 6 6 J  > 2515 + 6 J 0  > 3145

2068 3745 >  3560
- 1 9 0

>  3120

>  3370

o
A
o
A

I n  p a s s i n g  f r o m  b e n z e n e  t o  a n t h r a c e n e  and  p e n t a p h e n e
o

(XXXI) t h e  f b - b a n d s  s h i f t  by  +663 and +630A r e s p e c t ­

i v e l y ,  w h i l e  t h e  t h i r d  a n n e l l a t i o n  t o  t r i n a p h t h y l e n e
o

(XXX) g i v e s  a  s h i f t  o f  o n l y  -25A.

O b v i o u s l y  t h e s e  u n u s u a l l y  s m a l l  s h i f t s  a r e  c a u s e d ,  

n o t  b y  t h e  f o r m a t i o n  o f  a  new s e x t e t ,  b u t  by  t h e  f i x a t ­

i o n  o f  t h e  c e n t r a l  d o u b le  b o n d s  i n  p h e n a n t h r e n e  and  

p e n t a p h e n e .  I f  t h e s e  d o u b le  b o n d s  a r e  u t i l i s e d  i n  t h e
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f o r m a t i o n  o f  a n  i n d u c e d  s e x t e t  ( a s  m arked  by  a r r o w s )  

t h e n  t h e y  a r e  n o t  a v a i l a b l e  f o r  p a r t i c i p a t i o n  i n  a  

new s e x t e r  w h i c h ,  m i g r a t i n g  t h r o u g h  t h e  t h i r d  b r a n c h  

c o u l d  p r o d u c e  a n  a r o m a t i c  c o u p l i n g  o f  t h e  whole  

s y s t e m .  I t  t h e r e f o r e  a p p e a r s  t h a t  t h e  d o u b le  b o n d s  

i n  t h e  c e n t r a l  r i n g s  c u t  o f f  t h e  t h i r d  b r a n c h  of  t h e  

m o l e c u l e s  f r o m  a r o m a t i c  c o n j u g a t i o n  and a l l o w  o n l y  

t h e  s i m u l t a n e o u s  c o u p l i n g  o f  two b r a n c h e s .  Thus a  

f o r m a l l y  s y m m e t r i c a l  m o le c u l e  l i k e  t r i n a p h t h a l e n e  a t  

an y  i n s t a n t  o f  t im e  m ust  be  e l e c t r o n i c a l l y  a s y m m e t r i c  

A c c o r d i n g l y ,  i n  t h e  s e r i e s  p e n t a p h e n e  ( xaX I ) , 6. *7 “" 

b e n z o p e n t a p h e n e  ( I )  and  t r i n a p h t h y l e n e  (XXX) t h e r e  

s h o u l d  b e  l i t t l e  s h i f t  i n  t h e  [ $ - b a n d s  s i n c e  t h e  

b a s i c  a r o m a t i c  m o l e c u l e  i s ,  i n  e a c h  c a s e ,  p e n t a p h e n e ,  

t o  w h i c h  h a s  b e e n  a n n e l l a t e d  u n i t s  w h ic h  do n o t  

a f f e c t  t h e  - b a n d s .

XXzz

v
V

3145

3560

- 5

- 1 7 0
-> 3140 

->  3390

- 2 0

-20

XXX

o
>  3120 

-> 3370

A
o
A
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T h i s  i s  shown t o  b e  t h e  c a s e ,  t h e  a n n e l l a t i o n  o f  

s u c c e s s i v e  b u t a d i e n e  u n i t s  c a u s i n g ,  i n  f a c t ,  s m a l l  

v i o l e t  s h i f t s .

I n  a n  a s y m m e t r i c  h y d r o c a r b o n  l i k e  6 . 7 - b e n z o -  

p e n t a p h e n e  i t  i s  a p p a r e n t  t h a t  t h e r e  a r e  two p o s s i b ­

i l i t i e s  f o r  c o n j u g a t i o n :

( a )  t h a t  t h e  two l o n g  b r a n c h e s  a r e  c o n j u g a t e d .

o r  ( b )  t h a t  a  l o n g  and  a  s h o r t  b r a n c h  a r e  con ­
j u g a t e d .

Thus  t h e  s p e c t r u m  o f  t h e  h y d r o c a r b o n  s h o u l d  r e p r e s e n t

a  s u p e r  p o s i t i o n  o f  t h e  s p e c t r a  o f  p e n t a p h e n e  f o r

c a s e  ( a )  a n d  t e t r a p h e n e  f o r  ( b ) .  As h a s  b e e n  n o t e d
o

t h e  / 3 - b a n d  o f  6 . 7 - b e n z o p e n t a p h e n e  i s  a t  3140A .

w h ic h  i s  a l m o s t  i d e n t i c a l  w i t h  t h a t  o f  p e n t a p h e n e  
o

(3 1 4 5 A ) .  A r o m a t i c  c o n j u g a t i o n  o f  a  l o n g  and a  s h o r t

b r a n c h  s h o u l d  p r o d u c e  a  ^/3-band a t  s h o r t e r  w a v e l e n g t h ,

a n d  i n  a c c o r d a n c e  w i t h  t h i s ,  6 . 7 - b e n z o p e n t a p h e n e  h a s
o

a  - b a n d  a t  2840A w h ic h  i s  much t h e  same a s  t h e

y # - b a n d  o f  t e t r a p h e n e  ( a t  2870A).

I t  may b e  n o t e d  t h a t  t h e  p - b a n d s  (X p) show t h e

f u l l  a n n e l l a t i o n  s h i f t s  o n l y  on t h e  e l o n g a t i o n  o f  t h e

l o n g e r  l i n e a r  b r a n c h e s  and e x h i b i t  s m a l l ,  m a i n l y

v i o l e t  s h i f t s  on t h e  e x t e n s i o n  o f  t h e  s h o r t e r  o n e s .

T h i s  i s  b e l i e v e d  t o  be  due t o  t h e  l o c a l i s a t i o n  o f  two
d 4 )

Ij —e l e c t r o n s  i n  t h e  meso—p o s i t i o n s  o f  t h e  m o l e c u l e s .
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The c o n c l u s i o n  m ust he  r e a c h e d  from  t h e  p r e c e d ­

i n g  a rg u m en t t h a t ,  o f  t h e  f o u r  l o c a l i s e d  n - e l e c t r o n s  

p o s s e s s e d  b y  a  b e n z e n o id  r i n g ,  two m ust be c a p a b le  o f  

m o b i l i t y  w i t h i n  t h e  r i n g  w h i l e  t h e  r e m a in in g  two a r e  

c o n f i n e d  t o  a  d o u b le  b on d . Thus t h r e e  e l e c t r o n i c  

l e v e l s  a r e  p r e s e n t  i n  an a c e n e .  The h i g h e s t  o f  t h e s e  

i s  o c c u p i e d  b y  tw o T T -e le c tr o n s  w h ich  can  m ig r a te  

t h r o u g h  t h e  e n t i r e  s y s t e m  and i s  r e p r e s e n t e d  b y -----

16R where R i s  t h e  R ydberg
Da

c o n s t a n t  and D i s  t h e  

number o f  r i n g s  p l u s  f i v e .

The n e x t  l o w e r  l e v e l  c o n t a i n s  two r i n g - l o c a l i s e d  

l\ - e l e c t r o n s  and i s  r e p r e s e n t e d  b y -----

where K i s  h a l f  t h e  number  

o f  r i n g s  p l u s  s e v e n .

The l o w e s t  l e v e l  i s  f i l l e d  w i t h  t h e  two / \ - e l e c t r o n s  

c o n f i n e d  t o  t h e  d o u b le  bond  and i s  r e p r e s e n t e d  b y

4^R
Ka



~ 32 -

B o t h  D and K a r e  r e c i p r o c a l  n u c l e a r  c h a r g e s  a c t i n g  on  

t h e s e  t h r e e  l e v e l s  and a r e  r e l a t e d  b y  th e  f u n c t i o n :

D = 2K -9

The t r a n s i t i o n  o f  e l e c t r o n s  from  th e  s e c o n d  t o  

t h e  f i r s t  l e v e l ,  20R/K2'p ro d u ces  th e  ec -b a n d s  w h i l e  

t h e  t r a n s i t i o n  fro m  th e  t h i r d  t o  t h e  f i r s t ,  27R/K*' 

p r o d u c e s  t h e  f&- b a n d s .  The p -b a n d s  c o r r e s p o n d  t o  

16R/D*

Thus i n  any  b e n z e n o id  r i n g ,  t h e r e  a r e  t h r e e  

t y p e s  o f  7 T - e l e c t r o n s :

( a )  a  c o m p l e t e l y  m o b ile  p a i r  c a p a b le  o f  
m i g r a t i o n  o u t  o f  t h e  r i n g .

( b )  a  p a i r  c o m p le t e l y  d e l o c a l i s e d  w i t h i n  
t h e  r i n g .

and  ( c )  a  p a i r  c o n f i n e d  t o  a d o u b le  bond  
w i t h i n  t h e  r i n g .

0O0
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E I P E H I M E H f  A L.

o - TOLOYL-TETRAPHEHE ( m i ) .

A lu m in iu m  c h l o r i d e  ( I 5 g )  was s l o w l y  added t o  

a  s o l u t i o n  o f  t e t r a p h e n e  ( 2 0 g )  and o - t o l o y l  c h l o r i d e  

( l 5 g )  i n  m e t h y le n e  c h l o r i d e  ( 1 0 0 m l ) ,  th e  c o l o r  

i m m e d i a t e l y  b e c o m in g  d eep  r e d  w i t h  t h e  e v o l u t i o n  o f  

much h y d r o g e n  c h l o r i d e .  The m ix tu r e  was p e r m i t t e d  

t o  s t a n d  a t  room te m p e r a tu r e  f o r  10  m in u te s  and 

t h e n  d e c o m p o se d  w i t h  d i l u t e  h y d r o c h l o r i c  a c i d .  The 

o r g a n i c  l a y e r  w as t h o r o u g h ly  e x t r a c t e d  w i t h  a q u eo u s  

am m onia, and t h e  m e th y le n e  c h l o r i d e  rem oved b y  

s te a m  d i s t i l l a t i o n ,  a  red -b ro w n  r e s i n  (2 8 g )  b e i n g  

o b t a i n e d .  A sa m p le  o f  t h i s  was ch rom atograp h ed  i n  

b e n z e n e  u s i n g  g r a d e  "0" a lu m in a  and t h e  r e s u l t i n g

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 s e d  from  p e t r o le u m  a s
o

p a l e  y e l l o w  n e e d l e s ,  m .p .  1 5 0 -1 5 1  • T hese
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d i s s o l v e d  i n  c o n c e n t r a t e d  s u l p h u r i c  a c i d  t o  g i v e  a  

v i o l e t - r e d  h e c o m in g  o r a n g e  s o l u t i o n .

Found: C, 8 9 . 6  ; H, 5 . 6  

Cg6H,60 r e q u i r e s :  0 ,  9 0 . 1  ; H, 5 . 2 #

6.7-BENZ0PENTAPHEEE ( I ) .

The c r u d e  k e t o n e  w as d i s s o l v e d  i n  x y l e n e ,

f i l t e r e d  and t h e  x y l e n e  r e m o v ed . I t  w as  t h e n  p y r -
o

o l i s e d  f o r  20 m in u t e s  a t  4 3 0 - 4 4 0  , t h e  maximum
o

t e m p e r a t u r e  r e a c h e d  h e i n g  500 , and t h e  dark  s o l i d  

o b t a i n e d  c h r o m a to g r a p h e d  i n  b e n z e n e / l i g h t  p e t r o l e u m .  

The m a jo r  p r o d u c t  o f  t h e  e l u a t e  w as a  y e l l o w  s o l i d  

w h ic h ,  a f t e r  s u b l i m a t i o n  and r e p e a t e d  c r y s t a l l i s a t ­

i o n  fro m  x y l e n e ,  g a v e  v e r y  p a l e  y e l l o w  n e e d l e s  o f
o o 4

6 . 7 - b e n z o p e n t a p h e n e , m .p . 2 5 0 - 2 5 1  , ( l i t .  2 4 0  ) .

The compound w as i n s o l u b l e  i n  c o n c e n t r a t e d  s u l p h u r i c  

a c i d .

Found: C, 9 5 . 2  ; H, 4 . 9  

Ca6Hl6 r e  q u i r e s :  c ,  9 5 . 1  ; H, 4 . 9 #
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6 . 7-BEEZ0PE:NTAPHEEE-5. 1 4 - 8 . 13-DIQUINONE ( V I ) .

P u re  b e n z o p e n t a p h e n e  ( 0 . 1 2 g )  was s u s p e n d e d  i n  

b o i l i n g  a c e t i c  a c i d  (1 2 m l)  and a  s o l u t i o n  o f  chromium  

t r i o x i d e  ( 0 . 2 g )  i n  a c e t i c  a c i d  (8 m l)  s l o w l y  a d d ed .

The c o l o r  im m e d ia t e ly  d a r k e n e d .  R e f l u x i n g  w as c o n t i n ­

u e d  f o r  1 2  h o u r s  and w a t e r  ad d ed  d r o p w is e ,  t h e  y e l l o w

s o l i d  o b t a i n e d  c r y s t a l l i s i n g  from  x y l e n e  a s  b r i g h t
o

y e l l o w  n e e d l e s  o f  t h e  d i q u i n o n e , m .p .  2 8 5 - 2 8 6 . 
o 4

( L i t .  2 8 6 - 2 8 7  ) . The compound g a v e  a  y e l l o w - r e d  s o l ­

u t i o n  w i t h  c o n c e n t r a t e d  s u l p h u r i c  a c i d  and an o r a n g e -  

r e d  v a t  w i t h  a l k a l i n e  d i t h i o n a t e .

Found: C, 8 0 . 7  ; H, 3 . 5  

C26H(204 r e q u i r e s :  C, 8 0 . 4  ; H, 3 . 1 $

AZIHE FROM ABOVE ( X I I ) .

A b o i l i n g  s o l u t i o n  o f  t h e  d iq u in o n e  (32m g) i n  

p y r i d i n e  (2 m l)  was t r e a t e d  w i t h  h y d r a z in e  h y d r a t e  

(6  d r o p s )  and t h e  v i o l e t  s o l u t i o n  r e f l u x e d  f o r  1  h o u r .  

I t  w as t h e n  a c i d i f i e d  w i t h  d i l u t e  h y d r o c h l o r i c  a c i d  

and t h e  b l u i s h  s o l i d  p u r i f i e d  b y  v a t - f o r m a t i o n .  The

r e d  f l a k e s  o f  a z i n e  w ere  r e c r y s t a l l i s e d  from  x y l e n e  a s
o o 4

d e e p  r e d  n e e d l e s ,  m .p .  3 0 7 - 3 0 8  ( L i t .  310  ) w i t h  d e ­

c o m p o s i t i o n  w h ic h  g a v e  a  v i o l e t  c o l o r a t i o n  w i t h  c o n -
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c e n t r a t e d  s u l p h u r i c  a c i d .

Found: N, 7 . 4

Ca6Ha Oa Na r e q u i r e s :  N, 7 . 3 $

REACTION IN BENZENE.

T e tr a p h e n e  ( 3 4 g )  and £ - t o l o y l  c h l o r i d e  ( 2 5 g )
o

w ere  d i s s o l v e d  i n  "benzene (1 5 0 m l)  a t  0 and a lu m in iu m

c h l o r i d e  ( 2 5 g )  a d d e d .  The c o l o r  o f  th e  m ix t u r e  immed­

i a t e l y  "became c l a r e t ,  "but a f t e r  a b o u t  1 0  m in u t e s  w as  

o r a n g e - r e d .  I t  was d eco m p o sed  i n  d i l u t e  h y d r o c h l o r i c  

a c i d  and t h e  b e n z e n e  rem oved  b y  s te a m  d i s t i l l a t i o n .

The b e i g e  s o l i d  ( 5 5 g )  o b t a i n e d  was t h o r o u g h l y  w a sh ed  

w i t h  w a t e r  and a q u e o u s  am monia, d i s s o l v e d  i n  x y l e n e  

and f i l t e r e d .  The s o l u t i o n  was c o n c e n t r a t e d  and t h e  

s o l i d  o b t a i n e d  w as p y r o l i s e d  f o r  55 m in u t e s .

A f t e r  s u b l i m a t i o n  and c h r o m a to g r a p h y , o n ly
o o

c h r y s e n e , m .p . 2 5 4 - 2 5 5  ( L i t .  2 5 5 - 2 5 6  ) and 1 . 2 - 3 . 4 -
o o 4

d i b e n z o p y r e n e , m .p .  225 ( L i t .  2 2 4 - 2 2 6  ) c o u l d  b e

i s o l a t e d .  T h e se  w ere  i d e n t i f i e d  b y  t h e i r  UV a b s o r p ­

t i o n  s p e c t r a .
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2.3-TRIMPHTHY1ENB (XXVI).

T r i p h t h a l o y l  b e n z e n e  ( 2 g )  was g r o u n d  w i t h  z i n c

d u s t  (1 5 g )  and  p l a c e d  i n  a  C a r i u s  t u b e  w i t h  3 d r o p s

o f  w a t e r .  The t u b e  w as e v a c u a t e d  and s e a l e d  and t h e n  
o

h e a t e d  a t  300  f o r  48 h o u r s .  The m ix t u r e  was t r e a t e d  

w i t h  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  and t h e  r e s u l t i n g  

d ark  pow der ( 1 . 85g )  f i l t e r e d  o f f  and w a sh ed  w i t h
o

ammonia and w a t e r .  T h i s  w as t h e n  s u b l im e d  a t  300  
- 2

and 1 0  mm when cream  n e e d l e s  w ere  o b t a i n e d .  T h e s e

c r y s t a l l i s e d  fro m  x y l e n e  a s  l o n g  c o l o r l e s s  n e e d l e s
o o 11

( 0 . 8 g ) ,  m .p .  3 9 0 -3 9 1  ( l i t .  392 ) .
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C H A P I  E E I I I .

1 . 2-BENZO-HAPHTHO- [2  ». 3 " - 7 .8 ]  -PYBEHE and 1 . 2-BENZO- 

AHIHBAOEKO- [2  3 " - 7 . 8] -FYBEKE.

I H

INTRODUCTION: W h ile  many b e n z o l o g u e s  o f  p y r e n e  a r e

know n, f e w  o f  t h e s e  a r e  a n n e l l a t e d  i n
( 1 ) ( 2 ) ( 3 )

t h e  1 . 2  and 7 . 8  p o s i t i o n s .  A c c o r d ­

i n g l y  t h e  s y s t e m a t i c  s y n t h e s i s  o f  t h e s e  l i n e a r  p y r e n e s  

h a s  now b e e n  i n i t i a t e d ,  and t h e  p r e p a r a t i o n  o f  b e n z o -  

n a p h th o p y r e n e  ( I )  and b e n z o - a n t h r a c e n o p y r e n e  ( I I )  i s  

p a r t  o f  t h i s  w ork . B o th  o f  t h e s e  h y d r o c a r b o n s  a r e
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r e a d i l y  a v a i l a b l e  fro m  t h e  h i t h e r t o  unknown 3 , 4 , 5 , 8 , 9 ,  

1 0 , 1 ' , 2 1 , 3 1 , 4 ' - d e c a h y d r o - 1 , 2 - b e n z o p y r e n e  ( I I I ) .

I H

THEORETICAL DISCUSSION: The i d e a s  o u t l i n e d  i n

C h a p te r s  I  and I I  may b e  

a p p l i e d  t o  t h e  l i n e a r  

p y r e n e  s e r i e s .  C o n s id e r in g  p y r e n e  ( I V)  i t s e l f ,  i t  

i s  o b v i o u s  t h a t  i n  t h e  c e n t r a l  n a p h t h a le n e  u n i t  

t h e r e  c a n  b e  o n l y  one I n d u c e d  b e n z e n o i d  r i n g  fo rm ed

o b

W

a t  any  one moment b y  t h e  d o n a t i o n  o f  7 t - e l e c t r o n s  from  

t h e  a d j a c e n t  r i n g s .  Thus t h e  s i t u a t i o n s  i n  IV a and  

IVb a r e  p o s s i b l e .  T h at t h i s  d i s t r i b u t i o n  o f  7 p - e le c -
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t r o n s  i s  a c t u a l l y  p r e s e n t  i n  p y r e n e  may b e  shown b y  

c o n s i d e r a t i o n  o f  t h e  a n n e l l a t i o n  o f  e t h y l e n e  u n i t s  t o  

d i p h e n y l :

k -

2100 +  4  JO

4  47  
4 5 . 8 3  ■ -   >

>• 2 530

5 0 .3 0

o
^  2 7 4 0  A

2.05
52 .3 5  Va

The s e c o n d  s h i f t  i s  a s y m m e tr ic  and h e n c e  one

o f  t h e  c e n t r a l  r i n g s  m ust b e  em pty  w h i l e  t h e  o t h e r
( 4 )

h a s  in d u c e d  b e n z e n o i d  c h a r a c t e r .

The b o n d s  i n  t h e  1 . 2  and 6 . 7  p o s i t i o n s  may b e  

shown t o  p o s s e s s  much d o u b le  b on d  c h a r a c t e r  s i n c e  

p y r e n e  r e a c t s  w i t h  e t h y l e n i c  r e a g e n t s  i n  t h e s e  p o s ­

i t i o n s .  Thus w i t h  d i a z o a c e t i c  e s t e r  t h e  compound  
( 5 ) ( 6 )

(V) i s  fo r m e d ;  w i t h  o z o n e  , t h e  compound ( VI )
( 7 )  / > and w i t h  osmium t e t r o x i d e ,  t h e  compound ( V I I ) .

Y

CHO

COH
Os

YL YTT
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I n  c o n t r a s t  t o  t h i s ,  i n  t h e  F r i e d e l - C r a f t s  r e a c t i o n
+ +

and w i t h  i o n i c  r e a g e n t s  s u c h  a s  B r  and N0a , p y r e n e

r e a c t s  a t  t h e  3 ,  5 and 1 0  p o s i t i o n s .  H o w ev er ,  t h i s

r e a c t i v i t y  o r i g i n a t e s  fro m  t h e  l o c a l i s a t i o n  o f

7T - e l e c t r o n s  a t  t h e s e  p o i n t s  -  a  f a c t  w h ic h  i s  a l s o
( 9 )

r e s p o n s i b l e  f o r  t h e  p -b a n d  a b s o r p t i o n .

The e l e c t r o n i c  s t r u c t u r e  a s s i g n e d  t o  p y r e n e  

may b e  e x t e n d e d  t o  t h e  o t h e r  members o f  t h e  s e r i e s .  

Thus 1 . 2 - b e n z o p y r e n e  ( V I I I )  and 1 . 2 - 6 . 7 - d i b e n z o -  

p y r e n e  ( I X)  w o u ld  b e  r e p r e s e n t e d  b y  -

JZYEL
That t h e s e  s t r u c t u r e s  a r e  c o r r e c t  may b e  s e e n  b y

c o n s i d e r a t i o n  o f  t h e  s e r i e s ,  d i p h e n y l ,  t r i p h e n y l e n e
(10)

(X) and d ib e n z o p y r e n e  ( I X ) :

2100



4 2

(11)
an d  a l s o  o f  t h e  s e r i e s :

17777 JX

\ 2740 +• 170 -20 0
^  2910 ----- — ---- >  2890 A

52.35 + /.5P

B o t h  o f  t h e s e  s e c o n d  s h i f t s  a r e  s m a l l  and  

o b v i o u s l y  t h e y  c o n s t i t u t e  a s y m m e t r i c  a n n e l l a t i o n s .  

Hence  t h e  s t r u c t u r e s  o f  b e n z o p y r e n e  an d  d i b e n z o -  

p y r e n e  w o u ld  a p p e a r  t o  be  a s  s t a t e d .

By t h e  s i m p l e  t r e a t m e n t  d e s c r i b e d  i n  C h a p t e r  I ,  

t h e  s m a l l  s h i f t  i n  t h e  / 3 - b a n d  on  g o i n g  f r o m  ( V I I I )  

t o  ( IX )  w o u ld  b e  a s c r i b e d  t o  t h e  u s u a l  m i n o r  e f f e c t  

o b t a i n e d  on a n n e l l a t i o n  o f  a  b u t a d i e n e  u n i t  t o  t h e  

f o r m a l l y  f i x e d  d o u b l e  b o n d  i n  b e n z o p y r e n e  ( V I I I ) .  

H o w eve r ,  t h e  more  r e f i n e d  t h e o r y  o f  C h a p t e r  I I  p r o ­

v i d e s  more i n f o r m a t i o n  on t h e  u n d e r l y i n g  e l e c t r o n i c  

m ovem en ts .  The s i t u a t i o n  i n  1 . 2 - n a p h t h o p y r e n e  (X I)  

i s  i n  f a c t  v e r y  s i m i l a r  t o  t h a t  i n  6 . 7 - b e n z o p e n t a -  

p h e n e  ( X I I ) .
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Hence i t  i s  o b v i o u s  t h a t  h e r e  a g a i n  o n l y  t w o -  

b r a n c h  c o n j u g a t i o n  c a n  o c c u r  a t  any  moment. Thus 

d i b e n z o p y r e n e  an d  b e n z o p y r e n e  w o u ld  b e  w r i t t e n :

YUT J X

I t  may be  s e e n  t h a t  t h e  maximum p o s s i b l e  c o n j u g a t i o n  

i n  e a c h  o f  t h e s e  i s  e q u i v a l e n t  t o  t h a t  o f  p h e n a n t h r e n e  

and  h e n c e  t h e  c l o s e  a g r e e m e n t  o f  t h e  ^ 3 - b a n d s .

C o n s i d e r i n g  d i b e n z o p y r e n e  ( IX )  i n  more d e t a i l :

I X
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Two T T - e l e c t r o n s  a r e  d o n a t e d  b y  each, o f  t h e  b e n z e n o i d  

r i n g s  1 an d  3 t o  t h e  r i n g  2.  T h e s e ,  t o g e t h e r  w i t h  

t h e  two l o w e s t  l e v e l  T f - e l e c t r o n s  p r o v i d e d  b y  r i n g  2 ,  

c o n f e r  i n d u c e d  b e n z e n o i d  c h a r a c t e r  u p o n  r i n g  2. 

H e n c e ,  s i n c e  r i n g  4 h a s  l o s t  t h e s e  ’’b a s e "  e l e c t r o n s ,  

i t  i s  c u t  o f f  f r o m  c o n j u g a t i o n  w i t h  t h e  r e s t  o f  t h e  

u n i t .  R in g  5 ,  s i n c e  i t  i s  e m p ty ,  c u t s  o f f  t h e  r e ­

m a i n i n g  p a r t  o f  t h e  m o l e c u l e .  Hence t h e  m o l e c u l e  

s h o u l d  h a v e  t h e  a p p r o x i m a t e  c o n j u g a t i o n  o f  p h e n a n -  

t h r e n e  c o n n e c t e d  w i t h  s i n g l e  b o n d s .

T h a t  t h i s  i s  t h e  c a s e  may be  f u r t h e r  shown b y  

t h e  c o m p a r i s o n  o f  n a p h t h o p y r e n e  ( X I ) ,  b e n z o n a p h t h o -  

p y r e n e  ( X I I I )  a n d  d i n a p h t h o p y r e n e  (X IV ) :

-V n - 2 0  - 2 0  o
= 3180 ---------------- »• 3160  *> 3140 A

H e r e  a g a i n  t h e  b a s i c  c o n j u g a t i v e  u n i t  i s  t h e  sam e,  

and  t h e  f t - b a n d s  a r e  c o r r e s p o n d i n g l y  s i m i l a r .
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A n o t h e r  s e r i e s  o f  t h e  same t y p e  shows t h e  

same s t r i k i n g  c o r r e s p o n d e n c e  o f  t h e  y 3 - h a n d s :

-  -7 5  -4 0
Ay* = 3555  ► 3480  ► 3440

H e n c e ,  t h i s  C h a p t e r  c o n f i r m s  t h e  c o n c l u s i o n s  

r e a c h e d  i n  C h a p t e r  I I  t h a t  t h e  s i x  7 T - e l e c t r o n s  i n  

a  "benzene r i n g  a r e  i n d e e d  d i s t r i b u t e d  i n  p a i r s  i n  

t h e  d i s c r e t e  e n e r g y  l e v e l s .

oOo

o
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EXPERIMENTAL DISCUSSION: U n d e r  t h e  c o n d i t i o n s  o f  t h e

F r i e d e l - C r a f t s  r e a c t i o n ,

3 , 4  , 5 , 8 , 9 , 1 0 - h e x a h y d r o p y r e n e  

r e a c t s  a s  a n  a l k y l a t e d  n a p h t h a l e n e .  H e n c e ,  w i t h  s u c c i n ­

i c  a n h y d r i d e ,  t h e  k e t o - a c i d  (XV) was o b t a i n e d  i n  good  

y i e l d .  T h i s  c a n n o t  b e  d i r e c t l y  r i n g - c l o s e d  t o  t h e  

q u i n o n e , i n  c o n t r a s t  t o  t h e  f a c i l e  c y c l i s a t i o n  o f  t h e  

p h t h a l i c  d e r i v a t i v e  ( X V I) ,  ( v i d e  C h a p t e r  V p .  86)

The e x p l a n a t i o n  o f  t h i s  f a i l u r e  i s  p r e s u m a b l y  t h a t  i n  

( X V I) ,  t h e  b e n z e n e  r i n g  o f  t h e  c a r b o x y b e n z o y l  g r o u p  

a c t s  a s  a n  e l e c t r o n  s i n k  and  h e n c e  t h e  d e a c t i v a t i n g  

e f f e c t  o f  t h e  c a r b o n y l  g r o u p  i s  m i n i m i s e d .  T h u s :

X Z 7

The k e t o - a c i d  (XV) was a c c o r d i n g l y  r e d u c e d  

b e f o r e  c y c l i s a t i o n .  Two m e th o d s  o f  r e d u c t i o n  were  

u s e d  -  C lemmensen r e d u c t i o n  an d  H u a n g - M in io n  r e d u c t ­

i o n ,  b u t  t h e  f o r m e r  was f o u n d  t o  p r o v i d e  s l i g h t l y  

b e t t e r  y i e l d s  o f  t h e  ^ - p y r e n y l  b u t y r i c  a c i d  ( X V I I ) .
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3 > 4 , 5 , 8 , 9 , 1 0 - H e x a h y d r o p y r e n e  i n  h e p t a n e ,  /O ;2 2 5 0 (4 .7 1 )  , 
2 3 5 0 ( 5 . 0 5 ) ;  p : 2 8 7 5 ( 3 . 8 5 ) , 2 9 7 5 ( 3 . 9 5 ) ,  3 0 2 5 ( 3 . 8 6 ) ,  
3 1 0 0 ( 3 . 8 0 ) ,  3 1 5 0 ( 3 . 7 1 ) ;  (X 23240 ( 3 . 2 1 ) ,  3 3 0 0 ( 3 . 4 0 ) .
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FIGUBE V I I . A b s o r p t i o n  max. (A) and l o g  ( i n  p a r e n ­
t h e s e s )  . 1 .  2 - B e n z o - n a p h t h o - [ 2 " . 3 " - 7 .  8] - p y r e n e  ( I )  i n  
b e n z e n e ,  a  : 4050 ( 2 . 1 3 ) ,  3955 ( 2 . 7 0 ) ,  2840 ( 2 . 8 4 ) ,  
2750 ( 2 . 9 0 ) ;  p : 3520 ( 3 . 9 0 ) ,  3420 ( 4 . 1 8 ) ;  & :317 0  
( 4 . 7 0 ) ,  3040 ( 4 . 6 8 ) ;  / S i  2840 ( 4 . 7 3 ) ,  2730 ' ( 4 . 6 7 ) ;
/Si  2520,  ( 4 . 9 1 ) ,  2450 ( 4 . 9 0 ) .

N a p h t h o - [2 ' .  3 ' - 1 .  2 j - p y r e n e  i n  b e n z e n e ,  a  :4075  ( 3 . 2 6 ) ,  
3960 ( 2 . 7 4 ) ,  3860 t 3 . 2 0 ) ,  3750 ( 2 . 8 0 ) ,  3670 ( 3 . 0 8 ) ;  
p : 3450 ( 4 . 5 2 ) ;  & i  3280 ( 4 . 8 5 ) ,  3210 ( 4 . 8 5 ) , 3 0 9 0  
( 4 . 7 4 ) ,  2970 ( 4 . 5 3 ) .
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FIG-URE V I I I . A b s o r p t i o n  max. (A) and  l o g £  ( i n  p a r e n -  
t h e s e s j .  1 . 2 - E e n z o - a n t h r a c e n o - [ 2 " . 3 " - 7 . 8 ]  - p y r e n e  ( I I )  
i n  b e n z e n e ,  p : 4370 ( 3 * 6 3 ) ,  4150 ( 3 . 9 1 ) ,  3920 ( 3 * 8 4 ) ,  
3720 ( 3 . 7 2 :  A :  3480 ( 4 . 8 2 ) , a 3310 ( 4 . 7 2 ) ,  3160 ( 4 . 5 9 ) ;

/3 : 2700 ( 5 . 1 8 ) .  From 2800A i n  c y c l o h e x a n e .  
A n th ra c e n o - [_ 2  1. 3 ' - 1 .  2 [ - p y r e n e  i n  b e n z e n e ,  p : 4410 
( 3 . 6 5 ) ,  4150  ( 3 . 9 2 ) ,  3920 ( 3 - 9 0 ) .  3700 ( 3 . 85)5  
3555 ( ( 4 . 9 3 ) ,  3380 ( 4 . 7 7 ) ,  3210  ( 4 . 6 3 ) ,  3070 ( 4 ' . 4 7 ) ,  
2930 ( 4 . 3 6 ) ;  2700 ( 5 . 1 5 ) .  From 2800A i n  c y c l o ­
b e x a n e .  '
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R in g  c l o s u r e  o f  t h i s  ^ - p y r e n y l  b u t y r i c  a c i d  w i t h  a n ­

h y d r o u s  h y d r o g e n  f l u o r i d e  l e d  t o  t h e  d o d e c a h y d r o t r i -  

p h e n y l e n e  k e t o n e  ( X V I I I ) ,  an d  Clemniensen r e d u c t i o n  

o f  t h i s  t o  t h e  p r e v i o u s l y  unknown h y d r o c a r b o n  d e c a -  

h y d r o - 1 . 2- b e n z o p y r e n e  (X I X ) ,  t h e  a b s o r p t i o n  s p e c t r u m  

o f  w h ic h  i s  shown i n  F i g u r e  VI.

;

The f i r s t  t h r e e  s t e p s  o f  t h i s  s y n t h e s i s  h a v e
( 1 2 )

a l r e a d y  b e e n  d e s c r i b e d  by  COOK an d  HEWETT b u t  

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

g e n e r a l  im p r o v e m e n t  i n  y i e l d s .

The two k e t o - a c i d s  (XX) and  (XXI) w ere  o b t a i n e d  

b y  F r i e d e l - C r a f t s  r e a c t i o n  o f  d e c a h y d r o b e n z o p y r e n e  

w i the  p h t h a l i c  a n h y d r i d e  and  n a p h t h a l e n e  d i c a r b o x y l i c  

a c i d  a n h y d r i d e  r e s p e c t i v e l y .  A z i n c  c h i o r i d e / s o d i u m  

c h l o r i d e  m e l t  on e a c h  o f  t h e s e  g a v e  r e a d i l y  t h e  

c o l o r l e s s  b e n z o n a p h t h o p y r e n e  ( I )  and  t h e  o r a n g e -  

y e l l o w  b e n z o - a n t h r a c e n o p y r e n e  ( I I ) ,  t h e  a b s o r p t i o n  

s p e c t r a  o f  w h i c h  a r e  g i v e n  i n  F i g u r e s  V II  a n d  V I I I .
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FIGURE IX.

C o m p a r i s o n  b e t w e e n  t h e  1 . 2 - b e n z o - n a p h t h o -  *
[ 2  "• 3 " - 7 . 8 J  - p y r e n e  o b t a i n e d  i n  t h e  p r e s ­
e n t  s y n t h e s i s  and  t h a t  o b t a i n e d  by  CLAR 
and ZANDER ( 1 3 ) .
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X X  I

xXXL
1 . 2 - b e n z o - j 2 ,f. 3 " - 7 .  8 j - n a p h th o p y r e n e  ( I ) h a s

( 1 3 )
r e c e n t l y  b e e n  o b t a i n e d  b y  CLAR and  ZANDER a s  

a  b y - p r o d u c t  i n  t h e  p y r o l y s i s  o f  t h e  k e t o n e  (X X II)  

w h i c h  was o b t a i n e d  b y  t h e  t r e a t m e n t  o f  1 . 2 - b e n z o -  

p y r e n e  w i t h  o - t o l o y l  c h l o r i d e  i n  t h e  p r e s e n c e  o f  

a lu m i n iu m  c h l o r i d e .  A c o m p a r i s o n  o f  t h e  s p e c t r a  

o f  t h i s  compound w i t h  t h e  m a t e r i a l  o b t a i n e d  i n  t h e  

p r e s e n t  s y n t h e s i s  i s  shown i n  F i g u r e  IX .  I t  i s  

o b v i o u s  t h a t  t h e y  a r e  p r a c t i c a l l y  i d e n t i c a l .

XXE
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E X P E  E l  M E N T A L .

/& - 3.4-. 5 . 8 , 9 .  lO-HEXAHYDEO-PYEENOYL PROPIONIC ACID (XV).

H e x a h y d r o p y r e n e  ( 4 1 . 6g)  and  s u c c i n i c  a n h y d r i d e  

(2 0 g )  w ere  d i s s o l v e d  i n  b e n z e n e  (1 0 0 m l)  an d  a lu m i n iu m  

c h l o r i d e  ( 5 0 g )  a d d e d .  The c a r m in e  m i x t u r e  was a g i t a t e d  

f o r  2 h o u r s  a t  room t e m p e r a t u r e  and  d ecom posed  w i t h  

d i l u t e  h y d r o c h l o r i c  a c i d  a n d  i c e .  The p a l e  b ro w n  

s o l i d  o b t a i n e d  was d i s s o l v e d  i n  d i l u t e  p o t a s s i u m  

h y d r o x i d e  a n d  t h e  h o t ,  f i l t e r e d  s o l u t i o n  on a c i d i f i ­

c a t i o n  y i e l d e d  a  b ro w n  m a t e r i a l  ( 52g )  w h ic h  c r y s t a l l -  
^  o

i s e d  f r o m  x y l e n e  a s  c o l o r l e s s  n e e d l e s ,  m .p .  1 7 8 - 1 7 9 . 5  
o 12

( L i t .  1 7 3 . 5  ) • T h e s e  d i s s o l v e d  i n  c o n c e n t r a t e d

s u l p h u r i c  a c i d  t o  g i v e  v i o l e t  b e c o m in g  b l u e  s o l u t i o n  

w h i c h  w e n t  r e d  on  s t a n d i n g .
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- 3 « 4 , 5 . 8 , 9 » 10-HEXAHYDHQ-PYRENYL BUTYRIC ACID ( X V I I ) .

14
Clem m ensen  R e d u c t i o n *

Am algam ated  z i n c  wool  ( 5 0 g )  was c o v e r e d  w i t h  

c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  ( 3 0 m l ) ,  a c e t i c  a c i d  

(3 0 m l)  and  x y l e n e  ( 2 5 m l ) .  The p u r e  k e t o - a c i d  ( 5 g )  

was a d d e d  t o  t h e  x y l e n e  l a y e r  a n d  t h e  m i x t u r e  r e f l u x ­

e d  f o r  6 h o u r s ,  two 1 0 m l .  a l i q u o t s  o f  c o n c e n t r a t e d  

h y d r o c h l o r i c  a c i d  b e i n g  a d d e d  a t  i n t e r v a l s .  The 

x y l e n e  l a y e r  was r em ov ed  and  d i s t i l l e d  t o  d r y n e s s ,

t h e  w h i t e  m a t e r i a l  ( 4 . 6 g )  o b t a i n e d  c r y s t a l l i s i n g
o

f r o m  b e n z e n e  a s  c o l o r l e s s  n e e d l e s ,  m .p .  1 3 1 - 1 3 2  
o 12

( L i t .  1 3 3 - 1 3 4  ) . T h e s e  d i s s o l v e d  i n  c o n c e n t r a t e d  

s u l p h u r i c  a c i d  t o  g i v e  a  v i o l e t - r e d  b e c o m in g  r e d -  

b ro w n  s o l u t i o n .

H u a n g - M in io n  R e d u c t i o n .

A S o l u t i o n  o f  t h e  k e t o - a c i d  ( 6 g )  a n d  1 0 0 $

h y d r a z i n e  h y d r a t e  (3 « 5 g )  i n  d i e t h y l e n e  g l y c o l  (1 0 0 m l)
o

was r e f l u x e d  a t  19 0  f o r  6 h o u r s  w i t h  p o t a s s i u m  h y d ­

r o x i d e  ( 4 g ) .  A f t e r  d i l u t i o n  and  a c i d i f i c a t i o n ,  a  

w h i t e  p r e c i p i t a t e  ( 5 » l g )  o f  t h e  a c i d  was o b t a i n e d .
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A f t e r  c r y s t a l l i s a t i o n  f r o m  b e n z e n e ,  t h i s  p r o v e d  i d e n t i ­

c a l  w i t h  t h e  p r o d u c t  o b t a i n e d  i n  t h e  p r e v i o u s  r e a c t i o n .

l f - K E T 0 - 3 , 4 , 5 , 8 , 9 , 1 0 , l f , 2 ' , 3 f ,4  *-DEOAHYDRO-

1.2-BENZOPYREKB ( X V I I I ) .

The abo ve  b u t y r i c  a c i d  ( 5 g )  was a d d e d  t o  a n ­

h y d r o u s  h y d r o g e n  f l u o r i d e  ( 2 0 0 m l ) .  A f t e r  3 h o u r s ,  

t h e  r e d - v i o l e t  s o l u t i o n  was d eco m p o sed  w i t h  i c e - w a t e r  

a n d  t h e  r e s u l t i n g  y e l l o w  m a t e r i a l  was c r y s t a l l i s e d

f r o m  m e t h a n o l  t o  g i v e  l o n g  c o l o r l e s s  n e e d l e s  (3 »9 g )>  
o o 12

m .p .  1 4 5 - 1 4 5 . 5  ( l i t .  1 4 7 - 1 4 8  ) . The compound w i t h

c o n c e n t r a t e d  s u l p h u r i c  a c i d  g a v e  a  v i o l e t - r e d  s o l ­

u t i o n .

I 1 , 2 f , 3 f A '  . 3 . 4 . 5  . 8 , 9  . 10-DEC AH Y1R0-1« 2--BENZO­

PYRENE ( X I X ) .

C o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  ( 3 0 m l ) ,  a c e t i c  

a c i d  ( 3 0 m l ) ,  an d  x y l e n e  ( 25m l)  w ere  a d d e d  t o  a m a l ­

g a m a te d  z i n c  w oo l  ( 5 0 g ) .  The abo v e  k e t o n e  ( 5 g )  was 

a d d e d  t o  t h e  x y l e n e  l a y e r  an d  t h e  m i x t u r e  r e f l u x e d  

f o r  6 h o u r s ,  two lO m l .  p o r t i o n s  o f  c o n c e n t r a t e d  

h y d r o c h l o r i c  a c i d  b e i n g  a d d e d  d u r i n g  t h i s  p e r i o d .

The x y l e n e  was rem o v e d  an d  c o n c e n t r a t e d .  The r e -
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s u i t i n g  w h i t e  m a t e r i a l  ( 4 . 6 g )  c r y s t a l l i s e d  f r o m  c y c l o -
o

h e x a n e  a s  v e r y  l a r g e ,  c o l o r l e s s  r o d s ,  m .p .  1 9 6 - 1 9 7 . 

T h e s e  were  i n s o l u b l e  i n  c o n c e n t r a t e d  s u l p h u r i c  a c i d  

an d  g a v e  no c o l o r a t i o n  on p r o l o n g e d  s t a n d i n g ,  t h e  

c r y s t a l  s u r f a c e  b e c o m in g  b ro w n .

Fo u n d :  C, 9 1 . 3 5  ; H, 8 . 8 2

C20Haar e q u i r e s :  C, 9 1 . 5 5  ; H, 8.45f*

6-o-OABBOXYBENZOYL-DEOAHYDRO-l, 2-BENZOPYBEKB (XX).

3 , 4 , 5 , 8 , 9 , 1 0 , 1 1, 2 ’ , 3 ’ , 4 ' - F e c a h y d r o - 1 . 2 - b e n z o -

p y r e n e  ( 4 . 4 g )  a n d  p h t h a l i c  a n h y d r i d e  ( 2 . 2 g )  were

d i s s o l v e d  i n  b e n z e n e  (6 0 m l)  w i t h  s l i g h t  w a rm in g .

The a d d i t i o n  o f  a lu m in iu m  c h l o r i d e  ( l 6 g )  c a u s e d  t h e

c o l o r  t o  become d e e p  c l a r e t  a n d  h y d r o g e n  c h l o r i d e
o

was e v o l v e d .  A f t e r  a g i t a t i o n  f o r  1 h o u r  a t  40 , t h e  

m i x t u r e  was deco m p o sed  w i t h  d i l u t e  h y d r o c h l o r i c  a c i d  

a n d  a  b e i g e  s o l i d  o b t a i n e d .  T h i s  was d i s s o l v e d  i n  

d i l u t e  ammonium h y d r o x i d e  and  t h e  h o t ,  f i l t e r e d  s o l ­

u t i o n  t r e a t e d  w i t h  h y d r o c h l o r i c  a c i d .  The r e s u l t i n g

d a r k  y e l l o w  m a t e r i a l  c r y s t a l l i s e d  f r o m  b e n z e n e  a s
o

s m a l l  y e l l o w  b l a d e s ,  m .p .  2 3 7 -2 3 8  a n d  d i s s o l v e d  i n
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c o n c e n t r a t e d  s u l p h u r i c  a c i d  t o  g i v e  a  r e d - v i o l e t  g o i n g  

t o  r e d - h r o w n  c o l o r a t i o n .

F o u nd :  C, 8 2 . 1 3  ; H, 6 . 4 7  

^2&uPa r e q u i r e s :  C, 8 1 . 9 2  ; H , 6 . 3 9 $

1 .  2-BENZ0-NAPHTH0- [2 «. 3 f,- 7 .8 ]  -PYRENE ( I ) . ‘

The abo v e  k e t o - a c i d  ( i g )  was g r o u n d  w i t h  sod ium

c h l o r i d e  ( i g )  a n d  z i n c  c h l o r i d e  ( 5 g )  and  h e a t e d  a t  
o

310 f o r  2 m i n u t e s ,  t h e  c o l o r  b e c o m in g  d a r k  r e d .  The

m i x t u r e  was deco m po sed  w i t h  w a t e r  and  t h e  r e s u l t i n g

b l a c k  s o l i d  g r o u n d  w i t h  c o p p e r  p o w d e r  an d  s u b l i m e d  a t  
o - 2

350 and 10  mm. The d a r k  y e l l o w  o i l  o b t a i n e d  was 

d i s s o l v e d  i n  b e n z e n e  an d  t h e  s o l u t i o n  was r e p e a t e d l y  

e x t r a c t e d  w i t h  c o n c e n t r a t e d  s u l p h u r i c  a c i d .  The s o l ­

u t i o n  was t h e n  t h o r o u g h l y  w a sh e d  w i t h  w a t e r ,  w i t h  

ammonia a n d  a g a i n  w i t h  w a t e r ,  and  t h e  b e n z e n e  s o l u t i o n

was c o n c e n t r a t e d  t o  g i v e  l o n g  c o l o r l e s s  n e e d l e s  o f
o o 13

b e n z o - n a p h t h o - p y r e n e , m .p .  3 1 6 -3 1 7  ( L i t .  3 0 0 - 3 0 1  ) .

T h ese  were  i n s o l u b l e  i n  c o n c e n t r a t e d  s u l p h u r i c  a c i d .

Fo un d :  C, 95*1  ; H, 4 . 5  

C^H(6 r e  q u i r e s :  C, 95*4- ; H, 4 . 6 $
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6-CAIffiOXYNAPHTHOYX-EECAHYPRO-l. 2-BENZOPYRERE (XXI) .

3 , 4 , 5  , 8 , 9  , 1 0 , 1 1 , 2 1 ,3  1 , 4 1 - D e c a h y d r o - 1 .  2 - b e n z o -  

p y r e n e  ( 3 . 9 g )  an d  n a p h t h a l e n e  d i c a r b o x y l i c  a c i d  a n ­

h y d r i d e  ( 3 g )  w ere  s u s p e n d e d  i n  b e n z e n e  an d  a lu m in iu m  

c h l o r i d e  (1 2 g )  a d d e d .  The c o l o r  became v i o l e t - r e d

a n d  h y d r o g e n  c h l o r i d e  was e v o l v e d .  A f t e r  a g i t a t i o n  
o

a t  70  f o r  l i  h o u r s  t h e  m i x t u r e  was decom po sed  w i t h

d i l u t e  h y d r o c h l o r i c  a c i d .  The y e l l o w  r e s i n  o b t a i n e d

was d i s s o l v e d  i n  d i l u t e  so d iu m  h y d r o x i d e  and  t h e  h o t

f i l t e r e d  s o l u t i o n  a c i d i f i e d  w i t h  h y d r o c h l o r i c  a c i d .

The r e s u l t i n g  b e i g e  s o l i d  ( 4 . 5 g )  c r y s t a l l i s e d  f r o m
o

a c e t i c  a c i d  a s  s m a l l  y e l l o w  b l a d e s ,  m .p .  2 4 0 -2 4 2  

and  d i s s o l v e d  i n  c o n c e n t r a t e d  s u l p h u r i c  a c i d  t o  g i v e  

a  v i o l e t - r e d  s o l u t i o n .

Fo u n d :  C, 8 4 . 2 0  ; H, 6 . 2 1

CMHa 0̂3 r e q u i r e s :  0 ,  8 3 . 4 5  ; H, 6 . 1 3 $

1 . 2-BEHZ0-AMTHHACEM0- [2 » . 3 " - 7 . 8l—PYEEHE ( I I ) .

The a b ov e  k e t o - a c i d  ( I g )  was g r o u n d  w i t h  sod ium

c h l o r i d e  ( I g )  a n d  z i n c  c h l o r i d e  ( 5 g )  and  h e a t e d  a t  
o

320  f o r  3 m i n u t e s  t h e  c o l o r  b e c o m in g  y e l l o w - b r o w n .  

The m i x t u r e  was d eco m po sed  w i t h  d i l u t e  a c e t i c  a c i d  

and  t h e  r e s u l t i n g  dark ,  b ro w n  s o l i d  g r o u n d  w i t h  c o p p e r
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o - 2

p o w d e r  and  s u b l i m e d  a t  350 an d  1 0  mm. The y e l l o w

m a t e r i a l  o b t a i n e d  c r y s t a l l i s e d  f r o m  t r i c h l o r o b e n z , e n e
o

a s  o r a n g e  y e l l o w  n e e d l e s ,  m .p .  3 7 2 -3 7 3  , a n d  s l o w l y

d i s s o l v e d  i n  c o n c e n t r a t e d  s u l p h u r i c  a c i d  t o  g i v e  a  

b ro w n  s o l u t i o n  w h ic h  o v e r n i g h t  became g r e e n .

Pound: C, 9 5 . 5 9  ; H,  4 . 3 8  

C3aH ^ r e q u ir e a :  C, 9 5 . 4 9  ; H,  4 . 5 1 $

oOo
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C H A P T E  K 17.

. (1 )
1 . 1 2 - 2 .  3 - 6 . 7 - 8 . 9 -TETRABENZANTHANTHRENE.

INTRODUCTION: As was m e n t i o n e d  i n  C h a p t e r  I ,

h y d r o c a r b o n s  w h ic h  c a n  b e  w r i t t e n

a s  c o n t a i n i n g  e x c l u s i v e l y  a r o m a t i c

s e x t e t s  a r e  known a s  f u l l y  b e n z e n o i d  h y d r o c a r b o n s

o r  a l t e r n a t i v e l y  a s  c o n d e n s e d  p o l y p h e n y l s .  T e t r a -

b e n z a n t h a n t h r e n e  ( I )  b e l o n g s  t o  t h i s  i m p o r t a n t

c l a s s  o f  com pounds ,  and  c o n s e q u e n t l y  e x h i b i t s  a l l
( 2 )

t h e i r  e x p e c t e d  p r o p e r t i e s .
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THEORETICAL DISCUSSION: The c o n d e n s e d  p o l y p h e n y l s

show g r e a t  s i m i l a r i t i e s  i n  

t h e i r  c h e m i c a l  an d  p h y s i c a l  

p r o p e r t i e s  and  a r e  r e a d i l y  d i s t i n g u i s h a b l e  f ro m  i s o m ­

e r i c  h y d r o c a r b o n s  n o t  h a v i n g  t h e i r  c o n s t r u c t i o n  

p r i n c i p l e .  They t h e r e f o r e  r e p r e s e n t  a  c h a r a c t e r i s t i c  

s e r i e s  o f  h y d r o c a r b o n s  j u s t  a s  do t h e  a c e n e s ,  p h e n e s ,  

r y l e n e s ,  e t c .

A l l  o f  t h e s e  h y d r o c a r b o n s  a r e  m ark e d  b y  v e r y  

l o w  r e a c t i v i t y  and  h i g h  s t a b i l i t y ,  and  t h e y  do n o t  

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

i o n s  o f  t h e  p r o t o n a t e d  m o l e c u l e s .  They show v e r y  

s t r o n g  p h o s p h o r e s c e n c e  o f  l o n g  l i f e  i n  s o l i d  s o l u t i o n  

a t  l o w  t e m p e r a t u r e ,  and  t h e i r  a b s o r p t i o n  s p e c t r a  a r e  

t h e  m o s t  s t r o n g l y  s h i f t e d  t o  t h e  v i o l e t  o f  a l l  t h e i r  

i s o m e r s ,  e x c e p t  f o r  t h e  c o r r e s p o n d i n g  p o l y p h e n y l s .

The p r e c e d i n g  f a c t s  i n d i c a t e  t h a t  a  p a r t i c u l a r l y  

s t a b l e  e l e c t r o n i c  s y s t e m  m u s t  be  p r e s e n t  i n  t h e s e  

f u l l y  b e n z e n o i d  h y d r o c a r b o n s  and  t h e  h y p o t h e s i s  t h a t  

a l l  t h e  T T - e l e c t r o n s  c a n  b e  c o n s i d e r e d  a s  m a i n l y  c o n ­

f i n e d  t o  c e r t a i n  r i n g s  i n  i n h e r e n t  s e x t e t s  a c c o u n t s  

w e l l  f o r  t h e i r  o b s e r v e d  p r o p e r t i e s .

T h i s  l o c a l i s a t i o n  o f  t h e  / \ - e l e c t r o n s  i s  a t  

v a r i a n c e  w i t h  t h e  quan tum  m e c h a n i c a l  c o n c e p t  o f  com-



TABLE 1.

H y d r o c a r b o n
A v e rag e  7T -o rb i ta l  

r a d i u s
0
A

L e n g t h
0
A

0 1 . 4 4 2 . 4 3

00 1*57 4 . 8 5

oco 1 . 6 5 7 . 2 7

occo 1 . 6 9 9 . 7 1

occco 1 . 7 1 1 2 . 1 4

1 . 9 4 7 . 2 7

2 . 1 2 9 . 7 1
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p l e t e  d e l o c a l i s a t i o n  o f  t h e  7 T - e l e c t r o n s  i n  m o l e c u l a r  

o r b i t a l s .  H ow eve r ,  m a g n e t i c  a n i s o t r o p y  m e a s u r e m e n t s  

i n d i c a t e  t h a t  t h e r e  i s ,  i n  f a c t ,  c o n s i d e r a b l e  l o c a l i s ­

a t i o n  o f  t h e  T T - e l e c t r o n s  i n  p o l y c y c l i c  s y s t e m s .  Thus
( 3 )

i n  t h e  a c e n e  s e r i e s ,  AKAMATU and MATSUNAGrA h a v e  shown

t h a t  l o c a l i s a t i o n  i n c r e a s e s  w i t h  t h e  num ber  o f  l i n e a r l y
o

c o n d e n s e d  r i n g s ,  and  t h a t  p e n t a c e n e  w h ic h  i s  1 2 .1 4 A
_ _ _  o

l o n g  h a s  an  a v e r a g e  7 l - o r b i t a l  r a d i u s  o f  o n l y  1 .7 1 A .

T a b l e  1 shows t h e  c o m p a r i s o n  o f  T T - o r b i t a l  r a d i i  w i t h  

m o l e c u l a r  l e n g t h  f o r  a  f e w  h y d r o c a r b o n s .

S i g n i f i c a n t l y  h i g h e r  v a l u e s  a r e  o b t a i n e d  f o r  t h e  

r a d i i  o f  c o r o n e n e  and o v a l e n e , a s  i n  t h e s e ,  t h e  p r e s ­

e n c e  o f  s e v e r a l  s e x t e t s  f a c i l i t a t e s  t h e  m i g r a t i o n  o f  

7f - e l e c t r o n s .

( 4 )
PAUNCZ and  COHEN h a v e  r e c e n t l y  e x am in e d  s e v e r a l  

o f  t h e s e  f u l l y  b e n z e n o i d  compounds f r o m  t h e  m o l e c u l a r  

o r b i t a l  s t a n d - p o i n t  and  t h e i r  f i n d i n g s  a p p e a r  t o  c o n ­

f i r m  t h e  e x i s t e n c e  o f  i n h e r e n t  s e x t e t s  l i n k e d  by 

q u a s i - s i n g l e  b o n d s .

S t u d i e s  o f  t h e  b o n d - l e n g t h s  o f  p o l y c y c l i c  h y d r o ­

c a r b o n s  l e n d  w e i g h t  t o  t h i s  p i c t u r e  o f  i n c o m p l e t e  

d e l o c a l i s a t i o n .  Thus  t h e  1 - r a y  a n a l y s i s  o f  q u a t e r r y -
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( 5 )

l e n e  p r o v i d e d  t h e  v a l u e s  shown b e l o w : -

1.417

,543

The b o n d s  b e t w e e n  t h e  n a p h t h a l e n e  u n i t s  h a v e  a n
o

a v e r a g e  l e n g t h  o f  1 .5 2 7 A  and i t  i s  o b v i o u s  t h a t  t h e s e  

a r e  a l m o s t  p u r e  s i n g l e  b o n d s .  Thus t h e r e  c a n  be  

l i t t l e  d e l o c a l i s a t i o n  i n  t h i s  m o l e c u l e  e x c e p t  b e t w e e n  

t h e  i n d i v i d u a l  r i n g s  o f  t h e  n a p h t h a l e n e  u n i t s .

T h ese  f a c t s  t e n d  t o  c o n f i r m  t h a t  t h e  c o n d e n s e d  

p o l y p h e n y l s  c o n s i s t  o f  b e n z e n o i d  r i n g s  l i n k e d  by  

q u a s i - s i n g l e  b o n d s .  Thus  t e t r a b e n z a n t h a n t h r e n e  may 

b e  w r i t t e n  -



5

4

3

40003000

Wavelength ( aJ
o

FIG-UHE X . A b s o r p t i o n  max. (A) an d  l o g  
( i n  p a r e n t h e s e s ) .  1 . 1 2 - 2 . 3 - 6 . 7 - 8 . 9 -
T e t r a b e n z a n t h a n t h r e n e  ( I )  i n  t r i c h i o r o -  
b e n z e n e ,  /5  : 3090 ( 4 . 8 8 ) ,  3240 ( 4 . 8 9 ) ;  
p :  3620 ( ' 4 . 3 5 ) ,  3800  ( 4 . 6 9 ) ,  4040 ( 4 . 8 6 ) .
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T e t r a b e n z a n t h a n t h r e n e  ( I )  may be  t a k e n  a s  r e ­

p r e s e n t a t i v e  o f  t h e  c o n d e n s e d  p o l y p h e n y l s .  I t  i s  a  

p a l e  y e l l o w  h y d r o c a r b o n  w h ic h  d o e s  n o t  d i s s o l v e  i n  

c o n c e n t r a t e d  s u l p h u r i c  a c i d  an d  w h ic h  shows a n  o r a n g e  

p h o s p h o r e s c e n c e  o f  v e r y  l o n g  l i f e  i n  s o l i d  s o l u t i o n

a t  l o w  t e m p e r a t u r e .  I t  may b e  s u b l i m e d  r e p e a t e d l y  a t  
o

450 w i t h o u t  d e c o m p o s i t i o n ,  and  i t s  a b s o r p t i o n  s p e c t r u m  

a s  shown i n  F i g u r e  X i s  s e e n  t o  be  s t r o n g l y  s h i f t e d  

t o  t h e  v i o l e t .

The p r i n c i p l e  o f  f o r m u l a t i n g  c o n d e n s e d  p o l y ­

p h e n y l s  w i t h  t h e  maximum num ber  o f  s e x t e t s  may be  

e x t e n d e d  t o  p o l y c y c l i c  s y s t e m s  i n  g e n e r a l .  An a r o ­

m a t i c  h y d r o c a r b o n  w i l l ,  o f  c o u r s e ,  t e n d  t o  e x i s t  i n  t h e  

s t a t e  o f  l o w e s t  e n e r g y  a n d  t h i s  i s  t h e  s t a t e  w h ic h  

c o n t a i n s  t h e  maximum num ber  o f  b e n z e n o i d  r i n g s .  I t  

may b e  shown t h a t  w h i l e  t h i s  mode o f  f o r m u l a t i o n  d o e s  

n o t  r e p r e s e n t  a l l  p o s s i b l e  a r r a n g e m e n t s  o f  t h e  c o n ­

s t i t u e n t  d o u b l e  b o n d s  o f  a  m o l e c u l e ,  i t  c e r t a i n l y

e m b ra c e d  t h e  m a j o r i t y  o f  t h e  K e k u le  s t r u c t u r e s .
( 6 )

T h u s ,  f o r m u l a t i n g  t h e  d i b e n z o p e r y l e n e  ( I I )  w i t h  

t h e  maximum num ber  o f  b e n z e n o i d  r i n g s ,  i t  i s  a p p a r e n t  

t h a t  t h e r e  i s  a  b u t a d i e n e  u n i t  i n  t h e  m o l e c u l e .

Hence t h e  r e a c t i o n  o f  ( I I )  w i t h  d i e n o p h i l e s  would  be  

e x p e c t e d .  I n  f a c t ,  d i b e n z o p e r y l e n e  ( I I )  r e a c t s  w i t h
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m a l e i c  a n h y d r i d e  t o  g i v e  t h e  a d d u c t  ( I I I )  q u a n t i t ­

a t i v e l y .

The p r i n c i p l e  may a l s o  h e  e m ployed  t o  p r e d i c t  

t h e  r e a c t i v e  p o s i t i o n s  i n  m o l e c u l e s  and  t h e i r  s t a b i l ­

i t y .  T h u s ,  i f  t h e  two i s o m e r i c  t r i b e n z o p e r y l e n e s
( 7 ) ( 6 )

( IV )  and (V) a r e  c o n s i d e r e d ,  i t  i s  o b v i o u s  t h a t  

( IV )  c o n t a i n s  a  s t y r e n e  u n i t  and  h e n c e  w o u ld  b e  e x ­

p e c t e d  t o  r e a c t  w i t h  d i e n o p h i l e s  w h i l e  (V) i s  s e e n  t o  

b e  f u l l y  b e n z e n o i d  an d  c o n s e q u e n t l y  c h e m i c a l l y  i n e r t .  

T h e s e  p r e d i c t i o n s  a r e  b o r n e  o u t  e x p e r i m e n t a l l y ,  ( IV )

JT M



C o m p a r i s o n  o f  t h e  /S -b a n d s  o f  f u l l y  b e n z e n o i d  h y d r o c a r b o n s .

S h i f tP o s i t i o n
H y d r o c a r b o n

1819

161

1980 4 4 . 5 0

6 . 20590

5 0 . 7 02570

280 2 .6 9

2850 5 3 .3 9

1 . 3 8150

5 4 .7 73000

5 7 . 3 2

277 2 .4 7

3277
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Y

g i v i n g  t h e  a n h y d r i d e  (V I )  w i t h  m a l e i c  a n h y d r i d e /  

c h l o r a n i l  w h i l e  (V) d o e s  n o t  r e a c t  e v e n  a f t e r  p r o ­

l o n g e d  t r e a t m e n t .

F o r  t h e  t r i b e n z o p e r y l e n e  (V) t o  r e a c t  i n  a  

d i e n e  s y n t h e s i s  w o u ld  i n v o l v e  t h e  s a c r i f i c e  o f  t h r e e  

b e n z e n o i d  r i n g s  t o  g i v e  ( V a ) ,  and  t h i s  i s  e n e r g e t i ­

c a l l y  m o s t  u n f a v o r a b l e .

F i g u r e  XI shows t h e  i n c r e a s e  i n  t h e  w a v e l e n g t h s  

o f  t h e  ^ 6 - b a n d s  o f  t h e  f u l l y  b e n z e n o i d  s e r i e s  w h ic h  

i s  o b t a i n e d  b y  t h e  s u c c e s s i v e  a n n e l l a t i o n  o f  b e n z e n ­

o i d  r i n g s  t o  b e n z e n e .  The two i s o m e r i c  t e t r a b e n z a n -

Y o



t h a n t h r e n e s  ( I )  a n d  ( V I I )  d i f f e r  l i t t l e  i n  t h e i r  wave­

l e n g t h s  a s  may h e  s e e n  b e l o w : -

'X /i =v 3240

m

3620

3340

3 650

T h ese  m i n o r  s p e c t r a l  d i f f e r e n c e s  a r e  common 

f o r  i s o m e r i c  h y d r o c a r b o n s  w h ic h  h a v e  t h e  same num ber  

o f  s e x t e t s .  They may b e  t e r m e d  " s e x t e t  i s o m e r s " .

The d o u b l e  a n n e l l a t i o n  o f  b u t a d i e n e  u n i t s  t o  

t h e  f o r m a l l y  f i x e d  d o u b l e  b o n d s  o f  t h e  compound ( V I I I )  

t o  g i v e  t e t r a b e n z a n t h a n t h r e n e  ( I )  p r o d u c e s  a s  e x p e c t e d ,  

o n l y  a  s l i g h t  s h i f t  i n  t h e  ^ - b a n d s  a n d  p - b a n d s .



0 0 
H y d r o c a r b o n s  - b a n d s  (A) p - b a n d s  (A)

( S i

( o j
2510 2570 

i n  a l c o h o l

2925 2840 

i n  a l c o h o l

2890 2850 

a l c o h o l  h e x a n e

3315 3257 

a l c o h o l  h e x a n e

3030 3000 

b e n z e n e  a l c o h o l

3875 3690 

b e n z e n e  b e n z e n e

3245 3240

d i o x a n  t r i c h l o r o -  
b e n z e n e

4100  4040

d i o x a n  t r i c h l o r o -  
b e n z e n e



- 64 -

F u r t h e r  e x a m p le s  a r e  g i v e n  i n  T a b l e  o p p o s i t e .  

T h i s  a g a i n  f o l l o w s  t h e  g e n e r a l  r u l e  w h i c h  h a s  p r e v ­

i o u s l y  b e e n  d i s c u s s e d  i n  C h a p t e r s  I I  a n d  I I I .

 — 0O0-------------

EXPERIMENTAL DISCUSSION: The f i r s t  t h r e e  s t a g e s  o f

t h e  s e r i e s  o f  r e a c t i o n s  to 

b e  d e s c r i b e d  h a v e  already
( 8 )

b e e n  r e p o r t e d .  H o w ev e r ,  we h a v e  m o d i f i e d  a n d  i m p r o v e d  

a l l  o f  t h e s e ,  a n d  a c c o r d i n g l y  t h e y  w i l l  b e  g i v e n  b r i e f  

c o n s i d e r a t i o n .

1 . 2 - 3 . 4 - 5 . 6 - 7 . 8 - 0 c t a h y d r o p h e n a n t h r e n e  r e a c t e d  

s m o o t h l y  w i t h  s u c c i n i c  a n h y d r i d e  i n  b e n z e n e  i n  the
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p r e s e n c e  o f  a lu m i n iu m  c h l o r i d e  t o  g i v e  l a r g e  c o l o r ­

l e s s  b l a d e s  o f / 6 - ( o c t a h y d r o p h e n a n t h r o y l ) - p r o p i o n i c  

a c i d  ( I X ) .  C lemmensen r e d u c t i o n  o f  t h i s  k e t o - a c i d  

g a v e  ^ - ( 9 - o c t a h y d r o p h e n a n t h r y l ) - b u t y r i c  a c i d  (X) 

i n  g o o d  y i e l d  and  on r i n g  c l o s u r e  o f  t h i s  w i t h  a n ­

h y d r o u s  h y d r o g e n  f l u o r i d e ,  1 - k e t o - d o d e c a h y d r o t r i -  

p h e n y l e n e  (X I )  was o b t a i n e d .

->

CO^H

IX

XT

T h i s  k e t o n e  w as  r e d u c e d  w i t h  a m a lg a m a te d  a lu m i n iu m
( 9 )

f o i l  a n d  e t h a n o l  i n  b e n z e n e  t o  g i v e  t h e  d i o l  ( X I I )  

w h ic h  was r e a d i l y  d e h y d r a t e d  t o  t h e  h y d r o c a r b o n  

( X I I I )  on  r e f l u x i n g  w i t h  a c e t i c  a c i d / a c e t i c  a n h y d r i d e .
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2
2000 3000

Wavelength (A)

o
FIGURE X I I . A b s o r p t i o n  max. (A) a n d  l o g  
( i n  p a r e n t h e s e s ) . 1 , 1  f- D i - ( O c t a h y d r o t r i -
p h e n y l e n y l ) ( V I I I ) i n  c y c l o h e x a n e ,  2850 
( 4 . 0 7 ) .  3 , 4 , 3 1 , 4 ’- l e t r a h y d r o - 1 . 1 ’- d i n a p h -
t h y l  i n  95$  e t h a n o l ,  2580 ( 4 . 2 4 ) .
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H \H0 >

3n m .i

The s p e c t r u m  o f  t h i s  d i m e r  ( X I I I )  i s  shown i n  

F i g u r e  X I I .  The s h i f t  i n  w a v e l e n g t h  f r o m  b i s - d i a l i n  

i s  due t o  t h e  nu m b er  o f  a l k y l  g r o u p s  on e a c h  b e n z e n e  

r i n g .

(10 )
A s i m i l a r  d i m e r  was o b t a i n e d  b y  BERG-MANN a s  

a  b y - p r o d u c t  on Clemmensen r e d u c t i o n  o f  1 . 2 . 3 . 4 - t e t -  

r a h y d r o t r i p h e n y l e n e - l - k e t o n e  (X IV ) .  B ergm ann  t h o u g h t  

t h i s  t o  h a v e  t h e  s t r u c t u r e  (XV) b u t  by  a n a l o g y  w i t h

■>

xnr 3Y
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t h e  p r e s e n t  s y n t h e s i s  i t  i s  more p r o b a b l e  t h a t  t h e  

s t r u c t u r e  i s  (X V I) .

ZEZ

On p y r o l y s i s  u n d e r  c a r b o n  d i o x i d e  w i t h  c o p p e r  
o

p o w d e r  a t  4 2 0 ,  o u r  d i m e r  ( X I I I )  u n d e r w e n t  e y c l o -  

d e h y d r o g e n a t i o n  t o  g i v e  t e t r a b e n z a n t h a n t h r e n e  ( I ) ,  

t h e  a b s o r p t i o n  s p e c t r u m  o f  w h ic h  i s  g i v e n  i n  F i g u r e  X.

Ix m

A l t h o u g h  t h e  p r o p e r t i e s ,  a n a l y s i s ,  e t c .  o f  t h e  

compound make i t  f a i r l y  c e r t a i n  t h a t  c y c l i s a t i o n  

w e n t  a s  i n d i c a t e d ,  c o n f i r m a t i o n  was s o u g h t  f ro m  t h e
( i d

i n f r a - r e d  s p e c t r u m .  OROEF/ifEG-E h a s  shown t h a t  t h e
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I n f r a - r e d  s p e c t r a .

H y d r o c a r b o n
- i

0 -  H V i b r a t i o n s  (cm )

s o l o

9 0 0 - 8 6 0

duo

8 6 0 - 8 0 0

t r i o

8 1 0 - 7 5 0

q u a r t e t

7 7 0 - 7 3 5

- — 801 744

^ T i o )
870 - - 749

871
863

- 795 746

—
858
828
821

800 748
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- 1
^ - v i b r a t i o n s  o f  t h e  C -  H b o n d s  (7 3 5 -9 0 0 cm )  c a n  b e  

u s e d  t o  e s t a b l i s h  t h e  s t r u c t u r e  o f  p o l y c y c l i c  h y d r o ­

c a r b o n s .  The p r e s e n c e  o f  o n e ,  tw o ,  t h r e e  o r  f o u r  

h y d r o g e n  a to m s  on one s i x - m e m b e r e d  r i n g  g i v e s  r i s e  t o  

s t r o n g  a b s o r p t i o n s  i n  t h e  f r e q u e n c y  r a n g e s  o f  9 0 0 -

860 ( s o l o ) ,  8 6 0 - 8 0 0  ( d u o ) ,  8 1 0 - 7 5 0  ( t r i o )  an d  7 7 0 -  
- 1  , ( 1 2 )

735cm ( q u a r t e t ) .  ZANDER h a s  u s e d  t h i s  m e th o d  t o

c o n f i r m  t h e  s t r u c t u r e  o f  t e t r a b e n z o t e t r a c e n e  (X V II)
( 1 3 )

an d  CLAR and  FELL f o r  t e t r a b e n z o h e p t a c e n e  ( X V I I I ) .

Hence  t e t r a b e n z a n t h a n t h r e n e  s h o u l d  h a v e  t h e  

s t r u c t u r e :

i . e .  t h e r e  s h o u l d  be  no s o l o  a b s o r p t i o n .  The i n f r a ­

r e d  s p e c t r u m  o f  t e t r a b e n z a n t h a n t h r e n e  ( I )  i s  g i v e n  

I n  F i g u r e  X I I I ,  and  a  c o m p a r i s o n  w i t h  some o t h e r  c o n ­

d e n s e d  p o l y c y c l i c s  i n  T a b l e  2 .  T h i s  w o u ld  a p p e a r  t o  

c o n f i r m  t h e  s t r u c t u r e  a s s i g n e d  ( I ) .

oOo
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E X P  E_B I  M E  N T  A 1 .

f t -  9 - ( i  , 2 , 3 , 4 , 5 . 6 , 7 , 8 , -OCTAHYDROPHENANTHROYL) -  

PROPIONIC ACID ( I X ) .

P o w dered  A lum in ium  c h l o r i d e  ( 4 0 g )  was a d d e d  t o

a  s o l u t i o n  o f  o c t a h y d r o p h e n a n t h r e n e  ( 3 0 g )  a n d  s u c c i n i c

a n h y d r i d e  (2 0 g )  i n  h e n x e n e  ( 1 0 0 m l ) .  A f t e r  a g i t a t i o n

f o r  2-g- h o u r s  a t  room t e m p e r a t u r e ,  t h e  r e d  m i x t u r e  was

deco m p o sed  w i t h  d i l u t e  h y d r o c h l o r i c  a c i d  an d  i c e ,  and

t h e  p a l e  g r e e n  s o l i d  i s o l a t e d .  I t  was d i s s o l v e d  i n

d i l u t e  p o t a s s i u m  h y d r o x i d e  s o l u t i o n  and  t h e  h o t ,

f i l t e r e d  s o l u t i o n  a c i d i f i e d  t o  g i v e  t h e  k e t o - a c i d

( 4 1 g ) .  I t  c r y s t a l l i s e d  f ro m  x y l e n e  t o  y i e l d  l a r g e
o 0 8

w h i t e  b l a d e s  ( 3 8 g ) ,  m .p .  1 4 2 - 1 4 3  ( L i t .  1 4 3 - 1 4 4  )

w h i c h  d i s s o l v e d  i n  c o n c e n t r a t e d  s u l p h u r i c  a c i d  t o

fo r m  a  y e l l o w  s o l u t i o n .
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y -  9 - ( l , 2 , 3 , 4 , 5 , 6  ,7 , 8-0CTAHYUR0PHENANIHRYL) -

BUTYRIC ACID ( X ) .

The a b o v e  a c i d  ( 2 0 g )  was a d d e d  t o  c o n c e n t r a t e d  

h y d r o c h l o r i c  a c i d  ( 1 2 0 m l ) ,  g l a c i a l  a c e t i c  a c i d  ( 1 2 0 m l ) ,  

x y l e n e  ( 1 0 0 m l)  an d  z i n c  wool  ( 2 0 0 g ) .  The m i x t u r e  was 

r e f l u x e d  f o r  6 h o u r s ,  two 40m l.  p o r t i o n s  o f  c o n c e n ­

t r a t e d  h y d r o c h l o r i c  a c i d  b e i n g  a d d e d  d u r i n g  t h i s  

p e r i o d .  The x y l e n e  l a y e r  was rem oved  an d  c o n c e n t r a t e d ,  

an d  t h e  r e s u l t i n g  c o l o r l e s s  a c i d  c r y s t a l l i s e d  f r o m

c y c l o h e x a n e . I t  f o r m e d  w h i t e  n e e d l e s  ( 1 4 . 8 g ) ,  m .p .
o o 8

1 2 7 - 1 2 8  ( L i t .  1 2 8 - 1 2 9  ) and  g a v e  a  y e l l o w  s o l u t i o n

w i t h  c o n c e n t r a t e d  s u l p h u r i c  a c i d .

1 - K E T 0 - 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 1 0 , 1 1 ,12-D0DCEAHYI)R0-  

TRIPHENYLENE ( X I ) .

The a b o ve  a c i d  ( l O g )  was a d d e d  t o  a n h y d r o u s  

h y d r o g e n  f l u o r i d e  ( 1 5 0 m l ) ,  a  y e l l o w  c o l o r a t i o n  d e v e l ­

o p i n g .  A f t e r  3 h o u r s ,  t h e  s o l u t i o n  was deco m p o sed  

w i t h  i c e - w a t e r  a n d  t h e  w h i t e  s o l i d  o b t a i n e d  f i l t e r e d

o f f .  T h i s  c r y s t a l l i s e d  f r o m  50$ e t h a n o l / b e n z e n e  i n
o

l o n g  w h i t e  n e e d l e s ,  ( 7 . 9 g ) »  m .p .  2 2 2 -2 2 3  ( L i t .  2 2 2 -  
o 8

2 2 2 .5  ) w h i c h  d i s s o l v e d  i n  c o n c e n t r a t e d  s u l p h u r i c  

a c i d  t o  g i v e  a  g r e e n  s o l u t i o n .
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1 , 1 1 - D I - (  3 , 4 , 5 , 6 , 7 , 8 , 9 , 1 0 , 1 1 ,12-OCTAHYDROTRIPHBISrYL-

ENYh) ( X I I I ) .

A b s o l u t e  e t h a n o l  ( l o m l )  was a d d e d  t o  d r y  b e n z e n e

( 1 2 0 m l)  a n d  a b o u t  15ml o f  t h e  r e s u l t i n g  s o l u t i o n  was

d i s t i l l e d  o f f .  F r e s h l y  s c r a t c h e d  t h i n  a lu m in iu m  f o i l

( 4 g ) ,  m e r c u r i c  c h l o r i d e  ( 0 . 6 g ) ,  a n d  f i n a l l y  t h e  a b o v e

k e t o n e  ( l 2 g )  w e re  a d d e d  i n  r a p i d  s u c c e s s i o n .  The

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

l i q u i d  d e c a n t e d  f r o m  t h e  m e t a l .  On c o o l i n g ,  t h e

s o l u t i o n  d e p o s i t e d  c r y s t a l s  o f  u n r e a c t e d  k e t o n e  a n d

t h e s e  w e re  f i l t e r e d  o f f  a n d  t h e  s o l v e n t s  rem ov ed .

The w h i t e  r e s i d u e  was r e f l u x e d  f o r  3 h o u r s  w i t h  a  1 : 1

m i x t u r e  o f  a c e t i c  a n h y d r i d e  and  a c e t i c  a c i d .  W hite

p r i s m a t i c  c r y s t a l s  ( 1 . 3 g )  p r e c i p i t a t e d  f r o m  s o l u t i o n

a t  t h e  b e g i n n i n g  o f  e b u l l i t i o n .  T h ese  w ere  r e c r y s t a l l -
o

i s e d  f r o m  b e n z e n e ,  h a d  m .p .  2 36 -2 3 7  and  d i s s o l v e d  i n  

c o n c e n t r a t e d  s u l p h u r i c  a c i d  t o  g i v e  a  r u b y - r e d  s o l ­

u t i o n .

F o u n d :  C, 91 >1 ; H, 8 . 9  

C ^ H ^ r e q u i r e s :  C, 91*3 ; H, 8 . 9 $
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1 , 1 2 : 2 , 3 : 6 , 7 : 8 , 9-TETBABENZANTHANTHBEME ( I ) .

The abov e  h y d r o c a r b o n  ( X I I I )  was d e h y d r o g e n a t e d
o

w i t h  c o p p e r  p o w d e r  u n d e r  c a r b o n  d i o x i d e  a t  420 f o r
o

70  m i n u t e s .  S u b l i m a t i o n  o f  t h e  m i x t u r e  a t  400 and  
- 2

10  mm y i e l d e d  y e l l o w  p l a t e s  (15 m g) .  T h ese  w ere  

e x t r a c t e d  w i t h  b o i l i n g  t r i c h l o r o b e n z e n e  and  t h e
o

r e s i d u e  r e s u b l i m e d .  The p a l e  y e l l o w  p l a t e s ,  m .p .  530 , 

d i d  n o t  d i s s o l v e  i n  c o n c e n t r a t e d  s u l p h u r i c  a c i d  an d  

show ed  a n  o r a n g e  p h o s p h o r e s c e n c e  o f  v e r y  l o n g  l i f e  i n  

s o l i d  s o l u t i o n  i n  1 . 2 4 4 - t r i c h l o r o b e n z e n e , c o o l e d  i n  

l i q u i d  a i r .

F o u n d :  C, 9 5 . 7  ; H, 4 . 2  

C ^ H ^ r e q u i r e s :  C,  9 6 . 0  ; H, 4 . 0 $

oOo
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C H A P  T E E  V.

1 . 2 - 3 . 4 - 5 . 6-TRIBENZOCORONENE a n d  1 .12-o-PHENIDENE- 

[2. 3 - 1 0 .  I l l  -DIBENZOPERYLENE. .

I H

INTRODUCTION: 1 . 2 - 3 . 4 - 5 . 6 - T r i b e n z o c o r o n e n e  ( I )

was s y n t h e s i s e d  f o r  s p e c t r a l  com' 

p a r i s o n  w i t h  t h e  f u l l y  b e n z e n o i d

1 . 2 - 5 . 6 - 9 . 1 0 - t r i h e n z o c o r o n e n e  ( I I I ) .  H o w ev e r ,  

a t t e m p t s  t o  p r e p a r e  t h i s  l a t t e r  w ere  u n s u c c e s s f u l  

( v i d e  A p p e n d ix  I ) .
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JLI

1 . 1 2 - o - P h e n y l e n e - [ 2 . 3 - 1 0 . 1 l ] - d i b e n z o p e r y l e n e  ( I I ) 

was a l s o  p r e p a r e d  b y  a  m e th od  v e r y  s i m i l a r  t o  

t h a t  o f  ( I ).

THEORETICAL DISCUSSION: C o n s i d e r a t i o n  o f  t h e

s t r u c t u r e s  o f  b o t h  t r i ­

b e  n z o c o r o n e  ( I )  and  

o - p h e n y l e n e - d i b e n z o p e r y l e n e  ( I I )  makes i t  c l e a r  t h a t  

t h e r e  i s  c o n s i d e r a b l e  s t e r i c  o v e r c r o w d i n g  i n  t h e  

m o l e c u l e s .

l o  JTo
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O b v i o u s l y  t h e s e  m o l e c u l e s  c a n n o t  b e  u n i p l a n a r  b u t  

m us t  be  s l i g h t l y  t w i s t e d  i n  o r d e r  t o  a c c o m o d a te  t h e  

h y d r o g e n  a to m s  m ark e d  i n  ( l a )  a nd  ( H a ) .  The chem­

i s t r y  o f  b o t h  t r i b e n z o c o r o n e n e  and o - p h e n y l e n e -  

d i b e n z o p e r y l e n e  i s  t h e n  f u n d a m e n t a l l y  t h e  c h e m i s t r y  

p o s s e s s e d  by  t h e s e  s t e r i c a l l y  o v e r c r o w d e d  m o l e c u l e s .  

R e f e r e n c e  h a s  a l r e a d y  b e e n  made ( C h a p t e r  I )  t o  t h e  

s t e r i c  i n h i b i t i o n  c a u s e d  b y  t h e  h y d r o g e n  a to m s  i n  

t r i p h e n y l e n e  ( I V)  and  p h e n a n t h r e n e .  O t h e r  m o l e c u l e s  

e x h i b i t  e v e n  s t r o n g e r  i n t r a m o l e c u l a r  o v e r c r o w d i n g

e f f e c t s .  Among t h e s e  may be  m e n t i o n e d  d i b e n z o p h e n -
( 1 ) ( 2 ) 

a n t h r e n e  ( VI )  and  h e x a h e l i c e n e  ( V I I ) .

JY ZZ" ZZZT

T h i s  l a t t e r  h y d r o c a r b o n  -  so  c a l l e d  b e c a u s e  o f  i t s

h e l i c a l  s h a p e  -  i s  p r o b a b l y  t h e  c l a s s i c  e x am p le  o f

i n t r a m o l e c u l a r  o v e r c r o w d i n g .  I t  h a s  b e e n  r e s o l v e d
( 2 )

i n t o  i t s  s t e r e o - i s o m e r s .
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T h ese  o v e r c r o w d e d  m o l e c u l e s  h a v e ,  i n  g e n e r a l ,  

r a t h e r  i n d i s t i n c t  m e l t i n g  p o i n t s  and  t h e i r  s o l u b i l i t ­

i e s  a r e  somewhat  h i g h e r  t h a n  a  c o n s i d e r a t i o n  o f  t h e i r  

m o l e c u l a r  w e i g h t  w ou ld  s u g g e s t .  T h ese  f a c t s  a r e  

r e a d i l y  e x p l i c a b l e  i n  t e r m s  o f  t h e  r a c e m i c  m i x t u r e s  

o f  w h ic h  t h e y  a r e  com posed .

The a b s o r p t i o n  s p e c t r a  o f  m o l e c u l e s  e x h i b i t i n g  

i n t r a m o l e c u l a r  o v e r c r o w d i n g  m u s t  h e r e  b e  m e n t i o n e d .  

T h e s e  s p e c t r a  t e n d  t o  be  r a t h e r  d i f f u s e  and  more 

s t r o n g l y  s h i f t e d  t o  t h e  r e d  t h a n  w ou ld  b e  e x p e c t e d  

f r o m  t h e  p r e d i c t i o n s  o f  t h e  a n n e l l a t i o n  p r i n c i p l e .  

Thus  i n  t e t r a b e n z o n a p h t h a l e n e  ( V I I I ) ,  t h e  / 3 - b a n d
7 0 ( 3 )

m u s t  b e  c o r r e c t e d  b y  a  v a l u e  a s  l a r g e  a s  -140A .

V77T

The e x p l a n a t i o n  f o r  t h i s  i s  t h a t  t h e  m o l e c u l e s  

a r e  t w i s t e d  f r o m  t h e  p l a n e  and  s i n c e  i n t e r a c t i o n  o r  

d e l o c a l i s a t i o n  r e q u i r e s  t h e  m o l e c u l e  t o  be u n i p l a n a r ,  

t h i s  n a t u r a l l y  c a u s e s  c o n s i d e r a b l e  d i f f e r e n c e s  o f  

s p e c t r a .  T h i s  may be  d e m o n s t r a t e d  i n  t h e  c a s e  o f  

d i p h e n y l  ( IX )  w h ic h  h a s  b e e n  shown t o  h a v e  some d o u b le
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(4)

b o n d  c h a r a c t e r  i n  t h e  l ' . l ' - b o n d .  H ow eve r ,  when b u l k y  

s u b s t i t u e n t s  a r e  p r e s e n t  i n  t h e  2 -  and  2 ' - p o s i t i o n s  

t h e  two b e n z e n e  r i n g s  c a n n o t  a t t a i n  p l a n a r i t y  and 

h e n c e  t h e r e  c a n  be  no c o n j u g a t i o n  c h a r a c t e r  i n  t h e  

c e n t r a l  b o n d .  The c o n s e q u e n t  r e s t r i c t i o n  o f  r o t a t i o n  

a b o u t  t h e  c e n t r a l  b o n d  i s  m a n i f e s t  i n  t h e  s p e c t r a  o f  

compounds o f  t h i s  t y p e :

J X

B e f o r e  f u r t h e r  s t u d y  o f  s p e c t r a  i s  p o s s i b l e ,  i t  w i l l  be

n e c e s s a r y  t o  c o n s i d e r  t h e  e l e c t r o n i c  t r a n s i t i o n s  u n d e r -
( 5 )

l y i n g  t h e  s p e c t r a  o f  a r o m a t i c  h y d r o c a r b o n s  i n  g e n e r a l .

The v a r i o u s  e l e c t r o n i c  t r a n s i t i o n s  (<x  ̂ -  and

p -  ) may be  r e p r e s e n t e d  by  e q u a t i o n s  o f  t h e  t y p e :

s> =
_ R where  \> i s  t h e  f r e q u e n c y  o f  t h e

t r a n s i t i o n ,  R i s  t h e  R y d b e rg  Con­

s t a n t  an d  K i s  a  v a r i a b l e  c o n s t a n t  

( O r d e r  Humber) w h ic h  i n c r e a s e s  b y  a  c o n s t a n t  amount 

f o r  t h e  a n n e l l a t i o n  o f  r i n g s ,  a n d  w h ic h  i s  a  s i m p l e  

f u n c t i o n  o f  t h e  num ber  o f  T T - e l e c t r o n s .
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The a - b a n d s  o f  a n  a r o m a t i c  h y d r o c a r b o n  a r e  

r e p r e s e n t e d  b y  t h e  e q u a t i o n :

2 .

o r  X = K2 
*  M S

-w h i le  t h e  ^ - b a n d s  may b e  r e p r e s ­

e n t e d  b y :

■0, = 1 2 ZR ( 1  1 \
A ET “ TV

o r  X  = K f
V  27S

I t  may b e  s e e n  t h a t  t h e  f r e q u e n c i e s  a n d  VJg a r e  

i n  t h e  r a t i o :

1 :  1 . 3 5

o r  X X  = K2 . K 2
a A M S * 27S

1 . 3 5  : 1
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Thus i n  an y  a r o m a t ic  h y d r o c a r b o n  t h e  w a v e le n g th  o f  

t h e  c * -b a n d  s h o u ld  b e  1 . 3 5  t im e s  t h a t  o f  t h e  /3 - b a n d .  

T h is  r a t i o  i s  o b s e r v e d  e x p e r im e n t a l ly .

I n  n o n - p l a n a r  m o l e c u l e s ,  h o w e v e r ,  t h i s  r a t i o  

d e c r e a s e s  b y  a m o u n ts  d e p e n d i n g  u p o n  t h e  d e f o r m a t i o n  

p r e s e n t  i n  t h e  m o l e c u l e .

T y p i c a l  v a l u e s  a r e  a s  f o l l o w s :

HYDROCARBON * //«
( 6 )

T r i p h e n y l e n e
O o ( 7 )1 . 2 - 7 .  8 - D i b e n z o n a p h t h a l e n e

(8 )
1 . 2 ^ 5 . 6 - 7 . 8 - 1 1 . 1 2 - T e t r a -  

b e n z o c o r o n e n e
( 3 )  .

1 . 2 - 3 . 4 - 5 • 6 - 7 . 8 - T e t r a -  
b e nz  o - n a p h t h a l e  ne

1 . 2 - 3 . 4 - 5 - 6 - I r i b e n z o c o r o n -  
en e  ( I )

1 . 1 2 - o - P h e n y l e n e -  2 . 3 - 1 0 . 1 1  -  
d i b e n z o p e r y l e n e  ( I I )

1 : 1 . 3 0

1 : 1 . 3 2

1 : 1 . 2 9  

1 : 1 . 2 5  

1 : 1 . 3 1  

1 : 1 . 3 1

The f o l l o w i n g  s h i f t s  i n  t h e  w a v e l e n g t h s  o f  t h e

& - b a n d s  a r e  o b s e r v e d  i n  p a s s i n g  f r o m  1 . 2 - 5 - 6 -  
/  ( 9 )
d i b e n z o c o r o n e n e  (X) t o  1 . 2 - 3 . 4 - 5 . 6 - t r i b e n z o c o r o n e n e  ( I )

(10)
and  f r o m  1 . 1 2 - 2 .  3 - 1 0 . 1 1 - t r i b e n z o p e r y l e n e  ( X I ) t o

1 . 1 2 - o - p h e n y l e n e -  2 . 3 - 1 0 . 1 1  - d i b e n z o p e r y l e n e  ( I I ) :
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XL
-t- 2 6 0

/* 3000

X

3260
o
A

T h e s e  s h i f t s  a r e  much a s  e x p e c t e d  f o r  t h e  a n n e l l a t i o n  

o f  b u t a d i e n e  u n i t s  i n  t h e  a c e n e  s e r i e s ,  a n d  i t  i s  

o b v i o u s  t h a t  i n  n e i t h e r  c a s e  i s  t h e r e  a  new b e n z e n o i d  

r i n g  f o r m e d  a s  t h e r e  w o u ld  b e  i n  a  s i t u a t i o n  s u c h  a s :
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(11)
I f  b e n z o c o r o n e n e  e x i s t s  e x c l u s i v e l y  i n  t h e  f o rm

, x ( 1 2 )( X I I )  and  £ - p h e n y l e n e - p e r y l e n e  i n  t h e  f o r m  ( X I I I ) ,  i t
»•

i s  o b v i o u s  t h a t  t h e  a n n e l l a t i o n  o f  b u t a d i e n e  t o  t h e

f o r m a l l y  f i x e d  d o u b l e  b o n d s  m ark e d  ( )  , s h o u l d  p r o ­

duce  l i t t l e  c h an g e  i n  t h e  w a v e l e n g t h  o f  t h e  ^ 6 -b a n d s

H ow eve r ,  t h e  s h i f t s  a r e  a s  f o l l o w s

+ 34-0 o
Ap = 3200  3540 A



“  8 2  “

® k )  S x o

^  + 155 0
A.p -  3105  >• 3260 A

The d i f f e r e n c e s  i n  t h e s e  two s h i f t s  a^re p r e s u m ­

a b l y  c a u s e d  b y  t h e  f a c t  t h a t  b e n z o c o r o n e n e  w ould  be  

r a t h e r  e x p e c t e d  t o  e x i s t  i n  t h e  f o rm  ( X l l a )  i n  w h ic h  

t h e  d o u b l e  b o n d s  a r e  f i x e d  i n  t h e  5*6 and  9 . 1 0  p o s ­

i t i o n s .

X E a

£ - P h e n y l e n e - p e r y l e n e  on t h e  o t h e r  h a n d  c a n  e x i s t  i n  

e i t h e r  o f  t h e  f o r m s  ( X l l l a )  o r  ( X H I b ) .

ZDTo ZJDb
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T h e s e  h a v e  e q u a l  e n e r g y  and  h e n c e  e i t h e r  m i g h t  h e  

e x p e c t e d .  The r a t h e r  l o w  s h i f t  i n  t h e  / 3 - b a n d  i n d i ­

c a t e s  t h a t  t h e  2 . 3  and  1 0 . 1 1  b o n d s  m u s t  h a v e  c o n s i d ­

e r a b l e  d o u b l e  b o n d  c h a r a c t e r .  The e x i s t e n c e  o f  t h e  

m o l e c u l e  i n  t h e  s e c o n d  f o r m  ( X H I b )  m a n i f e s t s  i t s e l f

i n  t h e  r e a c t i o n  w i t h  m a l e i c  a n h y d r i d e / c h l o r a n i l  t o
( 1 3 )

g i v e  t h e  a n h y d r i d e  (X IV ) .

Z Z Z

1 . 1 2 - o - P h e n y l e n e -  [ 2 . 3 - 1 0 . l l ] - d i b e n z o p e r y l e n e  ( I I )  d o e s  

n o t  r e a c t  w i t h  m a l e i c  a n h y d r i d e / c h l o r a n i l  e v e n  a f t e r  

a n  e x t e n d e d  r e a c t i o n  t i m e .  T h i s  i s  p r o b a b l y  due t o  t h e  

f a c t  t h a t  f o r  t h e  m o l e c u l e  t o  assum e t h e  f o r m  ( I I a )

H a
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w o u ld  i n v o l v e  t h e  s a c r i f i c e  o f  two b e n z e n o i d  r i n g s  

a n d  t h i s  i s  e n e r g e t i c a l l y  u n l i k e l y .

I n  t h e  c o u r s e  o f  t h e s e  s y n t h e s e s ,  t h e  two com­

p o u n d s  (XV) a n d  (XVI) w ere  o b t a i n e d .

T h e s e  a r e  known a s  q u i n o - d i m e t h i d e s .  W h i le  t h e y  a r e  

r e l a t e d  t o  £ - x y l y l e n e  ( X V I I ) ,  t h i s  l a t t e r  p o l y m e r i s e s

CHZ

v e r y  r e a d i l y  w h e r e a s  t h e s e  compounds a r e  q u i t e  s t a b l e .  

T h i s  t y p e  o f  s k e l e t o n  i s  somewhat  u n u s u a l ,  a n d  i t  may 

b e  t h a t  t h e  s p l i t t i n g  o f  c o n j u g a t i o n  i n  t h e  c e n t r a l  

a c e n e  u n i t  c o n f e r s  e n h a n c e d  s t a b i l i t y  on t h e  m o le ­

c u l e s .  Thus  i n  (XV) i t  i s  a p p a r e n t  t h a t  t h e r e  i s  no 

t e t r a c e n e  u n i t  p r e s e n t .  T h i s  i s  p o s s i b l y  r e l a t e d  t o
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t h e  work done  b y  CLAR on m e t h y l  a c e n e s .  I t  was 

shown t h a t  on  a s c e n d i n g  t h e  a c e n e  s e r i e s ,  t h e  i s o m e r i c  

m e t h y l e n e - d i h y d r o a c e n e s  become p r e d o m i n a n t .

*  t - .

0O0-

EXPERI MENTAL DISCUSSION: A l t h o u g h  t h e  s y n t h e s e s  o f

t h e s e  h y d r o c a r b o n s  ( I )  and  

( I I )  w e re  v e r y  s i m i l a r ,  i t  

w i l l  b e  more c o n v e n i e n t  t o  t r e a t  e a c h  s e p a r a t e l y  s i n c e
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t h e  c o u r s e  o f  t h e  r e a c t i o n s  i n v o l v e d  w ere  n o t  a l w a y s  

i d e n t i c a l

( a )  1 . 2 - 3 . 4 —5 . 6 - T r i b e n z o c o r o n e n e .

The r e a c t i o n  o f  h e x a h y d r o p y r e n e  w i t h  p h t h a l i c

a n h y d r i d e  i n  t h e  p r e s e n c e  o f  a lu m i n iu m  c h l o r i d e  g a v e

1 - o - c a r b o x y b e n z o y l h e x a h y d r o p y r e n e  ( X V I I I )  i n  g ood  
( 15) ( 16)

y i e l d .  The c y c l i s a t i o n  o f  t h i s  k e t o - a c i d

t o  t h e  q u i n o n e  (XIX) was a c c o m p l i s h e d  w i t h  a n h y d r o u s  

h y d r o g e n  f l u o r i d e .

can
xzm zzz

( 1 5 )
I t  i s  o f  i n t e r e s t  t o  n o t e  t h a t  CAMERON a n d  COOK 

w ere  u n a b l e  t o  d i r e c t l y  r i n g - c l o s e  t h i s  a c i d  w i t h  

v a r i o u s  o t h e r  r e a g e n t s  h u t  w ere  c o m p e l l e d  f i r s t  t o  

r e d u c e  t h e  c a r b o n y l  g r o u p  -

X Z
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Wavelength (A)

o
FIGURE X IV . A b s o r p t i o n  max. (A) an d  l o g  
( i n  p a r e n t h e s e s ) .  Q u i n o d i m e t h i d e  (XV) 
d e r i v e d  f r o m  n a p h t h o p y r e n e  i n  b e n z e n e ,  
3190 ( 4 . 4 1 ) .
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T h e s e  a u t h o r s  a l s o  r e p o r t e d  t h a t  t h e  a n t h r o n e  (XX) 

r e s u l t i n g  f ro m  c y c l i s a t i o n  d i d  n o t  r e a c t  w i t h  p h e n y l  

m agnes ium  "bromide.  T h i s  may h e  a s c r i b e d  t o  t h e  r e a d y  

e n o l i z a t i o n  o f  compounds o f  t h i s  t y p e :

OH

-<•

X X
I n  t h e  p r e s e n t  c a s e ,  t h e  r e a c t i o n  o f  t h e  q u i n o n e  (XIX) 

w i t h  p h e n y l  l i t h i u m  was f o u n d  t o  h e  q u i t e  v i g o r o u s ,  

and  two compounds w ere  o b t a i n e d  f r o m  t h e  r e a c t i o n .

One o f  t h e s e  i s  t h e  q u i n o - d i m e t h i d e  (XV),  t h e  s p e c ­

t r u m  o f  w h ic h  i s  g i v e n  i n  F i g u r e  XIV, and  t h e  o t h e r ,  

a  r e d  compound,  t h e  d i p h e n y l  n a p h t h o p y r e n e  d e r i v a t i v e  

( X X I ) :

+

-ZF XXL
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FIGURE XV. A b s o r p t i o n  max. (A) and  l o g £  ( i n  p a r e n -  
t h e s e s T I  1 . 2 - 3 . 4 - 5 . 6 - I r i b e n z o c o r o n e n e  ( I )  i n  b e n z e n e ,  

a  : 4630 ( 2 . 6 1 ) ,  4360 ( 3 . 0 0 ) ;  p : 4050, ( 4 . 2 6 ) ,  3B40 
( 4 . 3 5 ) ; ' / ^ :  3540 ( 5 . 0 1 ) ,  3390 ( 4 . 7 8 ) ;  f t ,  2930 ( 4 . 6 2 ) .
1 . 2 - 5 . 6 - D i b e n z o c o r o n e n e  i n  t r i c h l o r o b e n z e n e , qc : 4335 
( 2 . 2 5 ) ,  4180 ( 2 . 6 6 ) ,  4100 ( 2 . 7 5 ) ;  p : 3790 ( 4 . 3 8 ) ,
3600 ( 4 . 3 1 ) ,  3490 ( 4 . 5 5 ) ;  jh  : 3280 ( 5 . 0 6 ) ,  3140 ( 4 . 7 2 ) .
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I t  i s  o b v i o u s  t h a t  t h e  i n t e r m e d i a t e  d i o l  (X X II)  m u s t  

h e  e x t r e m e l y  l a b i l e  an d  m us t  s p l i t  o u t  t h e  e l e m e n t s

OH

"OH

ZZLL

-ZF 4- _X2Z

o f  w a t e r  u n d e r  t h e  c o n d i t i o n s  o f  t h e  r e a c t i o n  t o  

f o r m  t h e  compounds (XV) an d  (X X I) .  B o t h  t h e s e  com­

p o u n d s  (XV) and  (XXI) g i v e  t r i b e n z o c o r o n e n e  ( I )  on
o

p y r o l y s i s  w i t h  c o p p e r  p o w d e r  a t  410 .

The s p e c t r u m  o f  t r i b e n z o c o r o n e n e  ( I )  i s  shown i n  

F i g u r e  XV.

( b ) 1 . 1 2 - o - P h e n y l e n e -  2 . 3 - 1 0 . 1 1  - d i b e n z o p e r y l e n e ,

O c t a h y d r o p h e n a n t h r e n e  r e a c t e d  s m o o t h l y  w i t h  

p h t h a l i c  a n h y d r i d e  i n  a  F r i e d e l - C r a f t s  r e a c t i o n  t o  

g i v e  l - £ - c a r b o x y b e n z o y l - o c t a h y d r o p h e n a n t h r e n e  ( X X I l i ) .  

T h i s  c y c l i s e d  s m o o t h l y  t o  t h e  q u i n o n e  (XXIV) w i t h  

a n h y d r o u s  h y d r o g e n  f l u o r i d e .

(17)

CO

YXTTT ZZZF
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FIGURE X V I. A h s o r p t i o n  max. (A) an d  l o g  ( i n  
p a r e n t h e s e s ) .  Q u i n o d i m e t h i d e  (XVI) d e r i v e d  
f r o m  d i h e n z a n t h r a c e n e  i n  c y c l o h e x a n e ,  2820 
( 4 . 2 2 ) ,  3080 ( 3 . 9 0 ) ,  3670 ( 3 . 3 4 ) ,  3970 ( 3 . 4 6 ) ,  
4180 ( 4 . 4 4 ) .
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2000 3000 o 4000
Wavelength )

FIGURE X V I I . A b s o r p t i o n  max. (A) a n d  log* ( i n  p a r e n ­
t h e s e s )  . T . 1 2 - o - P h e n y l e n e - 2 . 3 - 1 0 . 1 1 - U i b e n z o p e r y l e n e
( I I )  i n  b e n z e n e ,  p : 4250 ( 4 . 4 3 ) ,  4010 ( 4 . 3 7 ) ,  3820
( 4 . 1 1 ) ,  3580 ( 3 . 9 6 ) ;  / 3  : 3270 ( 4 . 8 7 ) ,  3140 ( 4 . 8 2 ) ,  
3010 ( 4 . 6 7 ) ;  f l ' i  2450 7( 8 . 4 1 ) .  From. 2800A i n  c y c l o -  
h e x a n e . /
1 . 1 2 - 2 . 3 - 1 0 . 1 1 - I r i b e n z o p e r y l e n e  i n  t r i c h l o r o b e n z e n e , 

oc : 4010 ( 2 . 8 6 ) ;  p : 3740 ( 4 . 4 5 ) ,  3540 ( 4 . 3 7 ) ,  3380
( 4 . 1 1 ) ;  : 3000 ( 5 . 0 9 ) ,  2880 ( 5 . 0 0 ) ;  ( S 2340 ( 5 . 1 4 ) .
From 3000A i n  e t h a n o l .  7
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The q u i n o n e  (XXIV) on t r e a t m e n t  w i t h  p h e n y l  l i t h i u m  

g a v e  t h e  d i o l  (XXV), w h ic h  was r e a d i l y  d e h y d r a t e d  t o  

g i v e  t h e  q u i n o - d i m e t h i d e  ( X V I) ,  t h e  s p e c t r u m  o f  

w h ic h  i s  shown i n  F i g u r e  XVI. I t  i s  o h v i o u s  t h a t  t h e  

compound i s  c o n t a m i n a t e d  w i t h  a  l i t t l e  p h e n y l e n e  

d i b e n z o p e r y l e n e  ( I I ) ,  w h ic h  i s  p o s s i b l y  f o r m e d  b y  

s p o n t a n e o u s  c y c l o - d e h y d r o g e n a t i o n .

OH

OH

YXV ZZZ
B o t h  t h e  d i o l  a n d  t h e  q u i n o - d i m e t h i d e  g a v e

1 . 1 2 - o - p h e n y l e n e -  2 . 3 - 1 0 . 1 1  - d i b e n z o p e r y l e n e  on 
“  o

p y r o l y s i s  w i t h  c o p p e r  p o w d e r  a t  4 1 0 ,  and  t h e  a b ­

s o r p t i o n  s p e c t r u m  o f  t h i s  i s  shown i n  F i g u r e  X V II .

oOo
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E X P E  R I  M E N T A 1 .

f

1-o-CARBOXYBEHZOYL-HEXAHYEROPYRENE ( X V I I I ) .

A lu m in iu m  c h l o r i d e  (3 5 g )  was a d d e d  t o  a  m i x t u r e  

o f  h e x a h y d r o p y r e n e  ( 2 0 g )  and  p h t h a l i c  a n h y d r i d e  (1 5 g )  

i n  b e n z e n e  ( 6 0 m l ) .  The c o l o r  i m m e d i a t e l y  became r e d -  

b ro w n  g o i n g  t o  c l a r e t  and  much h y d r o g e n  c h l o r i d e  was 

e v o l v e d .  A f t e r  a g i t a t i o n  f o r  2 h o u r s  a t  room t e m ­

p e r a t u r e ,  t h e  m i x t u r e  v/as deco m po sed  w i t h  d i l u t e  

h y d r o c h l o r i c  a c i d  and  i c e ,  and  a f t e r  t h e  b e n z e n e  h a d  

b e e n  rem oved  b y  s t e a m  d i s t i l l a t i o n ,  a  b e i g e  r e s i n  was 

o b t a i n e d .  T h i s  was d i s s o l v e d  i n  d i l u t e  so d iu m  h y d r o x ­

i d e  s o l u t i o n  an d  t h e  h o t  f i l t e r e d  s o l u t i o n  a c i d i f i e d  

w i t h  h y d r o c h l o r i c  a c i d .  The r e s u l t i n g  b e i g e  m a t e r i a l  

c r y s t a l l i s e d  f r o m  x y l e n e  a s  c o l o r l e s s  n e e d l e s  o f
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l - £ - c a r b o x y b e n z o y l - h e x a h y d r o p y r e n e , ( 4 5 g ) ,  m .p .  1 7 9 - 1 8 1 ,
o 15

( L i t .  1 7 6 . 5 - 1 7 8  ) .  I t  d i s s o l v e d  i n  c o n c e n t r a t e d  

s u l p h u r i c  a c i d  t o  g i v e  t h e  f o l l o w i n g  c o l o r  s e r i e s :  

v i o l e t  -  "brown -  y e l l o w  -  g r e e n .

HAPHTHO-1'2 1. 3 1 - 1 .2.] -HEXAHXDROPYBENE-11. 4 1 -QUIHOHE ( X I X ) .

The above  k e t o - a c i d  ( 5 g )  d i s s o l v e d  i n  a n h y d r o u s

h y d r o g e n  f l u o r i d e  (1 0 0 m l)  t o  g i v e  a  v i o l e t  c o l o r a t i o n

w h ic h  r a p i d l y  becam e g r e e n .  T h i s  was l e f t  a t  room

t e m p e r a t u r e  f o r  20 h o u r s ,  d ecom p osed  w i t h  i c e - w a t e r

a n d  t h e  y e l l o w  s o l i d  f i l t e r e d  o f f .  C r y s t a l l i s a t i o n

f r o m  x y l e n e  g a v e  b r i g h t  y e l l o w  n e e d l e s  ( 3 - 9 g )  o f  t h e
o

q u i n o n e ,  m .p .  1 9 7 - 1 9 8 ,  w h ic h  d i s s o l v e d  i n  c o n c e n t r a t e d  

s u l p h u r i c  a c i d  t o  g i v e  a  b l u e  g r e e n  s o l u t i o n .  I t  d i d  

n o t  fo rm  a  v a t  w i t h  a l k a l i n e  sod iu m  d i t h i o n i t e .

F o u n d :  C, 8 5 . 1  ; H, 5 -7  

r e q u i r e s :  C, 8 5 . 2  ; H, 5 . 4 #

TREATMENT OF THE ABOVE QUINONE WITH PHENYL LITHIUM.

A s o l u t i o n  o f  t h e  q u i n o n e  ( 2 g )  i n  d r y  b e n z e n e  

(3 0 m l)  was a d d e d  t o  a n  e t h e r e a l  s o l u t i o n  o f  p h e n y l  

l i t h i u m  ( p r e p a r e d  f r o m  b r o m o b e n z e n e  ( 3 g )  a n d  l i t h i u m
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( 0 . 4 g )  ) ,  t h e  c o l o r  i m m e d i a t e l y  "becoming r e d .  The

e t h e r  was d i s t i l l e d  o f f  a n d  t h e  s o l u t i o n  was r e f l u x e d

f o r  15 m i n u t e s .  The s o l u t i o n  was p e r m i t t e d  t o  c o o l  

and  t h e n  p o u r e d  i n t o  a c e t i c  a c i d / i c e  w a t e r .  The r e d  

m a t e r i a l  o b t a i n e d  a f t e r  t h e  r e m o v a l  o f  t h e  b e n z e n e  b y  

s t e a m  d i s t i l l a t i o n  was t h o r o u g h l y  e x t r a c t e d  w i t h  

e t h e r  and  t h e  p a l e  p i n k  m a t e r i a l  r e m a i n i n g  ( 0 . 4 g )  

c r y s t a l l i s e d  f r o m  b e n z e n e  a s  v / h i t e  n e e d l e s  o f  l f . 4 f-

d i p h e n y l -  4 . 5 - 8 . 9  - t e t r a h y d r o n a p h t h o -  2 ' , 3 ' - 1 , 2  -
o

p y r e n e  (XV),  m .p .  3 1 2 - 3 1 4 . T h e s e  g a v e  a  g r e e n  c o l o r ­

a t i o n  w i t h  c o n c e n t r a t e d  s u l p h u r i c  a c i d .

F o u n d :  C, 9 4 . 5  ; H, 5 . 4

C ^ H ^ r e q u i r e s : C, 9 4 . 3  ; H, 5 . 7 #

The r e d  s o l i d  o b t a i n e d  b y  e v a p o r a t i o n  o f  t h e  

e t h e r  e x t r a c t s  p r o v e d  t o  b e  t h e  d i p h e n y l - t e t r a e e n e  

d e r i v a t i v e  (X X I) .

F o u n d :  C, 9 4 . 0  ; H , 6 . 1

C ^ H ^ r e q u i r e s :  0 ,  93*9 ; H, 6 . 1 #

T h i s  p h o t o - o x i d i s e d  v e r y  r a p i d l y .

1 . 2 - 3 . 4 - 9 *  6-TRIBEHZOCORONEKE ( I ) .

The c r u d e  r e d  m a t e r i a l  ( l g )  was g r o u n d  w i t h  

c o p p e r  p o w d e r  a n d  p y r o l y s e d  u n d e r  c a r b o n  d i o x i d e  a t
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420 f o r  1 h o u r .  The c o p p e r  was t h e n  t h o r o u g h l y

e x t r a c t e d  w i t h  b e n z e n e ,  t h e  r e s u l t i n g  s o l u t i o n

c h r o m a t o g r a p h e d  on g r a d e  " 0 M a l u m i n a  a n d  t h e  r e d

s o l u t i o n  o b t a i n e d ,  c o n c e n t r a t e d  t o  g i v e  a  d a r k  y e l l o w
o - 2

s o l i d .  T h i s  was s u b l i m e d  a t  330 an d  10  mm a n d  t h e

r e d  o i l  o b t a i n e d  c r y s t a l l i s e d  f r o m  b e n z e n e  a s  y e l l o w
o

n e e d l e s  ( 0 . 1 5 g ) ,  m .p .  3 5 0 - 3 5 1 * T h ese  w e re  i n s o l u b l e  

i n  c o n c e n t r a t e d  s u l p h u r i c  a c i d .

Fo u n d :  C, 95*9 ; H, 4 . 3

C . . ^ r e q u i r e s : C, 9 6 . 0  ; H, 4 . 0 $

9-o-CABBOZXBENZOYLOCTAHYDROFHENAimiHENE ( X X I I I ) .

O c t a h y d r o p h e n a n t h r e n e  (3 0 g )  and  p h t h a l i c  a n ­

h y d r i d e  ( 25g )  w ere  d i s s o l v e d  i n  b e n z e n e  ( 7 0 m l)  and  

a lu m i n iu m  c h l o r i d e  ( 3 5 g )  a d d e d .  The c o l o r  o f  t h e  s o l ­

u t i o n  becam e o r a n g e - y e l l o w ,  q u i c k l y  g o i n g  t o  y e l l o w -  

r e d  and  t h e r e  was a  v i g o r o u s  e v o l u t i o n  o f  h y d r o g e n  

c h l o r i d e .  A f t e r  a g i t a t i o n  f o r  2-J- h o u r s  a t  room t e m ­

p e r a t u r e ,  t h e  m i x t u r e  v/as decom posed  w i t h  d i l u t e

h y d r o c h l o r i c  a c i d  a n d  t h e  b e n z e n e  rem ov ed  b y  s t e a m

d i s t i l l a t i o n .  The r e s u l t i n g  g r e y  m a t e r i a l  was 

d i s s o l v e d  i n  d i l u t e  p o t a s s i u m  h y d r o x i d e  an d  t h e  h o t ,  

f i l t e r e d  s o l u t i o n  t r e a t e d  w i t h  h y d r o c h l o r i c  a c i d ,  a n
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i v o r y  s o l i d  b e i n g  o b t a i n e d .  T h i s  c r y s t a l l i s e d  f r o m

x y l e n e  a s  c o l o r l e s s  n e e d l e s  o f  9 - , o - c a r b o x y b e n z o y l -
o

o c t a h y d r o p h e n a n t h r e n e , ( 4 2 g ) ,  m .p .  2 0 1 -2 0 2  ( L i t .
o 1 7  -------------

200 ) w h ic h  d i s s o l v e d  i n  c o n c e n t r a t e d  s u l p h u r i c

a c i d  t o  g i v e  a  r e d  s o l u t i o n .

NAPHTHO- 2 1. 3 1- 9 . 1 0  -OOTAHYLROPHENANTHEENE-

1 1. 4 1-QUINONE (XXIV).

The a b ov e  k e t o - a c i d  ( lO g )  was s l o w l y  a d d e d  t o

a n h y d r o u s  h y d r o g e n  f l u o r i d e  ( 2 0 0 m l ) ,  t h e  c o l o r  d a r k e n

i n g  r a p i d l y  f r o m  t h e  o r i g i n a l  y e l l o w  t o  y e l l o w - b r o w n .

A f t e r  18  h o u r s ,  t h e  s o l u t i o n  was deco m p o sed  w i t h  i c e -

w a t e r  a n d  t h e  p a l e  y e l l o w  s o l i d  o b t a i n e d  e x t r a c t e d

w i t h  d i l u t e  sod iu m  c a r b o n a t e .  The y e l l o w  m a t e r i a l  r e

m a i n i n g  ( 5 g )  c r y s t a l l i s e d  f r o m  x y l e n e  a s  l o n g  p a l e

y e l l o w  r o d s  o f  n a p h t h o - o c t a h y d r o p h e n a n t h r e n e  q u i n o n e ,  
o o 18  o 19

m .p .  2 4 2 - 2 4 4  ( L i t .  2 3 8 -2 3 9  o r  2 3 4 -2 3 5  ) w h ic h

g a v e  a  r u b y  r e d  s o l u t i o n  i n  c o n c e n t r a t e d  s u l p h u r i c

a c i d .

A c i d i f i c a t i o n  o f  t h e  c a r b o n a t e  s o l u t i o n  w i t h  

d i l u t e  h y d r o c h l o r i c  a c i d  g a v e  t h e  u n r e a c t e d  k e t o -  

a c i d  ( 4 . 2 g ) .
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9 . 1Q-DIPHENYL-9 »10-3)IHYI)R0XY- 1 1. 2 1. 3 1. 4 M " . 2 ” . 3 " . 4 "  -  

OCTAHYDRO-l. 2 - 3 . 4-DIBENZ-ANTHRACENE.

A s o l u t i o n  o f  t h e  q u i n o n e  (XXVI) ( 3 g )  i n  d r y  

b e n z e n e  (5 0 m l)  was s l o w l y  a d d e d  t o  a n  e t h e r e a l  s o l u t ­

i o n  o f  p h e n y l  l i t h i u m  ( p r e p a r e d  f r o m  4g b ro m o b e n z e n e  

a n d  0 . 4 g  l i t h i u m ) .  T h e r e  was l i t t l e  c o l o r  c h a n g e  

i n i t i a l l y ,  b u t  a f t e r  t h e  r e m o v a l  o f  t h e  e t h e r  t h e  c o l o r  

became b ro w n  w i t h  a  g r e e n  f l u o r e s c e n c e .  The s o l u t i o n  

was r e f l u x e d  f o r  2 h o u r s ,  c o o l e d  and p o u r e d  i n t o  i c e -  

w a t e r .  The b e n z e n e  was rem ov ed  and  t h e  o r a n g e  s o l i d  

o b t a i n e d  was w a sh e d  w i t h  d i l u t e  a c e t i c  a c i d  and  t h o r ­

o u g h l y  e x t r a c t e d  w i t h  e t h e r .  On f i l t r a t i o n ,  a  w h i t e

i n s o l u b l e  m a t e r i a l  ( 2 . 5g)  was o b t a i n e d .  T h i s  c r y s t a l l -
o

i s e d  f r o m  b e n z e n e  a s  a  w h i t e  s o l i d ,  m .p .  2 6 0 - 2 6 4  

( d e c o m p . )  w h ic h  d i s s o l v e d  i n  c o n c e n t r a t e d  s u l p h u r i c  

a c i d  t o  g i v e  a  g r e e n  g o i n g  t o  b ro w n  s o l u t i o n ,  w i t h  a  

m a ro o n  f l u o r e s c e n c e .

Round:  0 ,  8 6 . 5 0  ; H, 6 . 6 9  

C^H^O^ r e q u i r e s :  C, 8 6 . 4 0  ; H, 6 . 7 7 $



- 96 -

DEHYDRATION OF DIOL.

The d i o l  ( 1 g )  was d i s s o l v e d  i n  g l a c i a l  a c e t i c

a c i d  an d  one d r o p  o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d

a d d e d .  The s o l u t i o n  i m m e d i a t e l y  became y e l l o w  a n d  on

r e f l u x i n g  f o r  1 0  m i n u t e s  a  y e l l o w  s o l i d  p r e c i p i t a t e d

o u t .  T h i s  was f i l t e r e d  o f f  and  c r y s t a l l i s e d  f ro m
o

b e n z e n e  a s  g r e e n i s h - y e l l o w  n e e d l e s ,  m .p .  2 8 1 - 2 8 2 .

W ith  c o n c e n t r a t e d  s u l p h u r i c  a c i d  t h e  m a t e r i a l  g a v e  

f i r s t  a  p i n k  s o l u t i o n ,  b u t  t h i s  became r e d  w i t h  a  r e d  

f l u o r e s c e n c e  on  s t a n d i n g .

F o u n d :  C, 9 3 . 8  ; H, 5 . 9  

CMHa? r e q u i r e s :  0 ,  9 3 . 9  ; H, 6 . 1 $

1 . 12-o-PHENYLENE- 2 . 3 - 1 0 . 1 1  -DIBENZOPERYDENE ( I I ) .

The d i o l  ( 2 g )  was g r o u n d  w i t h  c o p p e r  po w d e r  and

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

d i o x i d e  a t  400 f o r  30 m i n u t e s .  A y e l l o w  o i l  s u b l i m e d  

i n  t h e  t u b e ,  and  t h i s  and  t h e  c o p p e r  p o w d e r  w ere  e x ­

t r a c t e d  w i t h  b e n z e n e ,  and  t h e  s o l u t i o n  c h r o m a t o g r a p h e d  

o v e r  a l u m i n a .  C o n c e n t r a t i o n  o f  t h e  y e l l o w  s o l u t i o n  

g a v e  a  y e l l o w  s o l i d  w h ic h  s u b l i m e d  a s  a  y e l l o w  o i l .

T h i s  c r y s t a l l i s e d  f r o m  b e n z e n e  a s  y e l l o w  f e r n s  o f
o

b e n z o a n t h r e n e , ( 0 . 7 g ) ,  m .p .  3 2 4 - 3 2 4 . 9  and  g a v e  v e r y
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s l o w l y  a  b l u e  s o l u t i o n  w i t h  c o n c e n t r a t e d  s u l p h u r i c  

a c i d .

Fo u n d :  C, 9 5 . 7  ; H, 4 . 4

r e q u i r e s :  C, 95*8  ; H,  4 . 3 ^

The s o l u t i o n  i n  b e n z e n e  h a s  a  s t r o n g  b l u e  

f l u o r e s c e n c e .

An a t t e m p t  was made t o  o b t a i n  t h e  m a l e i c  a n ­

h y d r i d e  a d d u c t  o f  t h e  h y d r o c a r b o n  b y  r e f l u x i n g  i t  

w i t h  m a l e i c  a n h y d r i d e  an d  c h l o r a n i l  f o r  5 h o u r s .

H o w ev e r ,  no e v i d e n c e  f o r  r e a c t i o n  c o u l d  be  o b t a i n e d .

0 O 0 O 0
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A P P E N D I X  I .

ATTEMPTED SYNTHESES OF 1 . 2~5.6-9.10-TRrBENZQ0QR0NENE.

INTRODUCTION: A t t e m p t s  w ere  made t o  p r e p a r e

1 . 2 - 5 . 6 - 9 . 1 0 - t r i b e n z o c o r o n e n e  ( I ) . 

T h i s  h y d r o c a r b o n  h a s  c o n s i d e r a b l e  

t h e o r e t i c a l  i n t e r e s t  a s  i t  w o u ld  b e  f u l l y  b e n z e n o i d  

an d  h e n c e  w o u ld  b e  e x p e c t e d  t o  p o s s e s s  t h e  c h a r a c t e r ­

i s t i c  p r o p e r t i e s  o f  t h e s e  com pounds .  I n  a d d i t i o n  t o  

t h i s ,  i t  w ou ld  p o s s e s s  t r i g o n a l  sym m etry  and  w o u ld
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a l s o  "be c o m p a r a b l e  w i t h  t h e  i s o m e r i c  t e t r a b e n z a n -  

t h a n t h r e n e  ( I I ) :

^  U

EXPERIMENTAL DISCUSSION: The p r e p a r a t i o n  o f  1 : 2 -

4 : 5 - 8 : 9 - T r i b e n z o p y r e n e

( I I I )  b y  t h e  r e a c t i o n  o f  

b e n z e n e  w i t h  p i c e n e  i n  t h e  p r e s e n c e  o f  a lu m in iu m

a c t i o n  o f  n a p h t h a l e n e  a n d  p i c e n e  was I n v e s t i g a t e d  i n  

a n  a t t e m p t  t o  o b t a i n  1 . 2 - n a p h t h o - 4 . 5 - 8 . 9 - d i b e n z o -  

p y r e n e  ( I V)  w h ic h  w o u ld  be  e x p e c t e d  t o  r e a c t  w i t h  

m a l e i c  a n h y d r i d e  i n  a  d o u b l e  d i e n e  s y n t h e s i s  t o  g i v e

M
(1 )

c h l o r i d e  h a s  b e e n  r e p o r t e d . A c c o r d i n g l y  t h e  r e
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t r i b e n z o c o r o n e n e  d i a n h y d r i d e  ( V) .  V a r i o u s  s o l v e n t s  

and  c o n d i t i o n s  w ere  u s e d  f o r  t h e  r e a c t i o n  "but no 

s u c c e s s  was a c h i e v e d  "by t h i s  m e th o d .

A t t e m p t s  w e re  a l s o  made t o  p r e p a r e  1 . 2 - n a p h t h o -  

4 . 5 - 8 . 9 - d i b e n z o p y r e n e  ( I V)  "by a  c o n d e n s a t i o n  r e a c t i o n .  

B e n z y l  c y a n i d e  r e a c t e d  w i t h  6 . 1 1 - d i c h l o r o t e t r a c e n e -

5 . 1 2 - q u i n o n e  ( VI )  i n  t h e  p r e s e n c e  o f  s t r o n g  a l k a l i  

t o  g i v e  t h e  d i l a c t o n e  ( V I I ) :

T h i s  d i l a c t o n e  was " b o i l e d  w i t h  e t h a n o l  and  s t r o n g  

a l k a l i  i n  t h e  p r e s e n c e  o f  a i r ,  a n d  a  v i o l e t - r e d

jzt EE



-  1 0 1  -

compound was o b t a i n e d  on  t h e  a d d i t i o n  o f  so d ium  

h y d r o s u l p h i t e .  S h i s  i s  t h o u g h t  t o  b e  t h e  d i o x i d o -  

compound ( V I I I ) :

YZT >■

VTTT

An a lu m in iu m  c h l o r i d e  m e l t  on  t h i s  compound 

y i e l d e d  m a i n l y  t e t r a c e n e  t o g e t h e r  w i t h  a  s m a l l  amount  

o f  a  y e l l o w  m a t e r i a l  w h ic h  i s  t h o u g h t  t o  b e  a  m i x t u r e  

o f  7 . 8 - b e n z o - n a p h t h o - [ l 1. 3 1- 1 . 9 J - a n t h r e n e  ( 1 2 )  and

2 . 3 -b  enz  o - n a p h t h o -  1 1. 3 ' - 1 . 9 ] - a n t h r e n e  ( 2 ) .

JX X
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FIGURE X V I I I . A b s o r p t i o n  max. (A )and  l o g £  ( i n  
p a r e n t h e s e s ) .  P r o d u c t  f r o m  a lu m i n iu m  c h l o r i d e  
m e l t  ( I S  + X) i n  c y c l o h e x a n e .  25QO ( 4 . 5 8 ) ,  2830 
( 3 . 7 8 ) ,  2950 ( 3 . 9 8 ) ,  3060 ( 4 . 0 9 ) ,  3350 ( 3 - 6 8 ) ,  
3510 ( 3 . 8 2 ) ,  4020 ( 3 . 9 6 ) ,  4230 ( 3 . 9 6 ) .



T h i s  m i x t u r e  i s  o b v i o u s l y  o b t a i n e d  b y  t h e  f i s s i o n  

o f  a  b e n z y l i d e n e  g r o u p  f o l l o w e d  b y  r i n g - c l o s u r e  t o  g i v e  

t h e  two compounds shown. The f o r m a t i o n  o f  s u c h  a  

l a r g e  q u a n t i t y  o f  t e t r a c e n e  i n d i c a t e s  t h e  d i o x i d o  com­

p o u n d  ( V I I I )  i s  t h e r m a l l y  u n s t a b l e .  The s p e c t r u m  o f  

t h e  m ix e d  h y d r o c a r b o n s  i s  shown i n  F i g u r e ( X V I I I ) .
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E X P E R I M E N T A L .

FRIELEL-CRAFTS REACTIONS ON PICENE.

P i c e n e  ( I g )  and  n a p h t h a l e n e  ( 5 g )  w ere  f i n e l y -  

g r o u n d  t o g e t h e r  and  d i s s o l v e d  i n  c h l o r o b e n z e n e  ( 25m l ) .  

A lum in ium  c h l o r i d e  ( 2 0 g )  was a d d e d  a n d  t h e  m i x t u r e  

was r e f l u x e d  f o r  18  h o u r s .  A f t e r  d e c o m p o s i t i o n  and  

r e m o v a l  o f  t h e  c h l o r o b e n z e n e , t h e  r e s u l t i n g  y e l l o w  

m a t e r i a l  was c h r o m a t o g r a p h e d  o v e r  g r a d e  "0" a l u m i n a .  

O n ly  p i c e n e  ( 0 . 8 g )  c o u l d  b e  i s o l a t e d .

T h i s  was r e p e a t e d  i n  t r i c h l o r o b e n z e n e  and  t e t r a -
o

c h l o r o e t h a n e  an d  a l s o  i n  a  n a p h t h a l e n e  m e l t  a t  95 b u t  

no h y d r o c a r b o n  was o b s e r v e d .

PREPARATION OF THE LILACTONE ( V I I ) .

6 . 1 1 - I ) i c h l o r o t e t r a c e n e - 5 . 1 2 - q u i n o n e  (5 * 4 g )  an d  

b e n z y l  c y a n i d e  ( 9 g )  w ere  r e f l u x e d  i n  e t h a n o l  (40 m l)  

i n  a n  open  v e s s e l .  P o t a s s i u m  h y d r o x i d e  ( 4 g )  was t h e n  

a d d e d  o v e r  5 m i n u t e s  a n d  t h e  c o l o r  becam e  v i o l e t .
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D i l u t e  h y d r o c h l o r i c  a c i d  (1 0 m l)  was a d d e d  a n d  a  d a r k  

r e d  o i l  was o b t a i n e d .  The m i x t u r e  was r e f l u x e d  f o r  a

f u r t h e r  30 m i n u t e s  a n d  a l l o w e d  t o  c o o l  when a  r e d -

o r a n g e  s o l i d  ( 6 . 4 g )  p r e c i p i t a t e d  o u t .  T h i s  compound 

c r y s t a l l i s e d  f r o m  x y l e n e  a s  o r a n g e  b l a d e s ,  m .p .  3 8 4 -3 8 6  

( d e c o m p . )  v /h ich  g a v e  a  y e l l o w  c o l o r a t i o n  w i t h  c o n c e n ­

t r a t e d  s u l p h u r i c  a c i d .

F o u n d :  C, 8 2 .9  ; H, 4 . 2

c34.H(<*°4 r e q u i r e s :  C, 8 3 . 1  ; H, 4 . 1 #

PIOXIDO COMPOUND ( V I I I ) .

The a b o v e  d i l a c t o n e  ( 5 g )  w as  s u s p e n d e d  i n

e t h a n o l  (5 0 m l)  an d  p o t a s s i u m  h y d r o x i d e  ( lO g )  i n

e t h a n o l  (5 0 m l)  was s l o w l y  a d d e d .  The c o l o r  became

d a r k  b ro w n  and  a  f l o c c u l e n t  s o l i d  p r e c i p i t a t e d  o u t .

The p a s s a g e  o f  a i r  t h r o u g h  t h e  b o i l i n g  m i x t u r e

c a u s e d  a  l i g h t e n i n g  i n  c o l o r  t o  r e d ,  and  m o s t  o f

t h e  m a t e r i a l  w e n t  i n t o  s o l u t i o n .  A f t e r  r e f l u x i n g

f o r  1 h o u r  w a t e r  was s l o w l y  a d d e d  t o  t h e  s u s p e n s i o n

and  t h e  r e d - y e l l o w  s o l i d  o b t a i n e d  f i l t e r e d  o f f .

The f i l t r a t e  on t r e a t m e n t  w i t h  sod iu m  h y d r o s u l p h i t e

g a v e  a  v i o l e t - r e d  s o l i d  ( 2 2 g ) .  T h i s  c r y s t a l l i s e d
o

f r o m  x y l e n e  a s  n e e d l e s ,  m .p .  2 8 2 - 2 8 3 , w h ic h  g a v e  a
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g r e e n  g o i n g  t o  r e d - b r o w n  s o l u t i o n  w i t h  c o n c e n t r a t e d  

s u l p h u r i c  a c i d .

F ound :  C, 8 8 . 2  ; H, 4 . 3  

r e q u i r e s :  C, 8 8 . 5  ; H, 4 . 2 #

ALUMINIUM CHLORIDE MELT ON DIOXIDO COMPOUND.

Sodium c h l o r i d e  ( 0 . 4 g ) ,  a lu m i n iu m  c h l o r i d e  ( 2 g )
o

an d  z i n c  d u s t  ( 0 . 5 g )  w e re  h e a t e d  t o  14 0  and  t h e n  p e r -
o

m i t t e d  t o  c o o l  t o  11 0  when t h e  d i o x i d e  ( 0 . 2 g )  was
o

i n t r o d u c e d .  The m i x t u r e  was h e a t e d  a t  140  f o r  3 m in ­

u t e s ,  t h e  c o l o r  c h a n g i n g  f r o m  g r e e n  t o  b ro w n .  The 

m i x t u r e  was p o u r e d  i n t o  d i l u t e  h y d r o c h l o r i c  a c i d  and  

t h e  r e s u l t i n g  b ro w n  r e s i n  was t h o r o u g h l y  w ash ed  w i t h

w a t e r  and  d i l u t e  ammonium h y d r o x i d e  and  t h e n  d r i e d .
o - 2

S u b l i m a t i o n  a t  350 an d  10  mm g a v e  f i r s t  t e t r a c e n e

( O . l l g )  and  t h e n  a  g r e e n i s h - y e l l o w  s o l i d  ( 0 . 0 5 g )

w h ic h  p r o v e d  t o  b e  a  m i x t u r e  o f  7 . 8 - b e n z o - n a p h t h o -

[ l 1. 3 f- 1 . 9 ] ~ a n t h r e n e  (X ) .  T h i s  c r y s t a l l i s e d  f r o m
o

x y l e n e  a s  s m a l l  b l a d e s ,  m .p .  2 4 9 - 2 5 0  w h ic h  d i s s o l v e d  

i n  c o n c e n t r a t e d  a c i d  t o  g i v e  a  g r e e n ,  b e c o m in g  v i o l e t  

s o l u t i o n .

F o un d :  C, 9 5 . 1  ; H, 5 . 0

r e q u i r e s : C, 9 4 . 9  ; H, 5 . 1 #
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A P P E N D I X  I I .

PRELIMINARY INVESTIGATIONS INTO THE SYNTHESIS

OF 1 . 2 - 5 . 6-DIBENZOVALENE.

( 1 )
INTRODUCTION: THEILACKER r e p o r t e d  t h e  p r e p a r a t i o n

o f  a  compound w h ic h  he  b e l i e v e d  t o  

h a v e  t h e  s t r u c t u r e  ( I I ) :



lo
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FIGURE XIX. C o m p a r i s o n  o f  2 . 3 - 5 . 6 - 7 . 8 - 1 0 . 1 1 - T e t r a -  
b e n z o p e r y l e n e - 3 . 1 0 - q u i n o n e  (V I )  w i t h  h e l i a n t h r o n e  
( 1 .  2 - 1 1 . 1 2 - D i b e n z o p e r y l e n e - 3 . 1 0 - q u i n o n e ) .  B o t h  s o l ­
u t i o n s  i n  b e n z e n e .
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A c c o r d i n g l y  i t  was t h o u g h t  t h a t  b y  r i n g - c l o s u r e  o f  

t h i s  q u i n o n e ,  t h e  d i b e n z o b i s a n t h e n e  q u i n o n e  ( I I I )  

c o u l d  b e  o b t a i n e d ,  a n d  f r o m  t h i s  1 . 2 - 8 . 9 - d i b e n z -  

o v a l e n e  ( I V ) .

EXPERIMENTAL DISCUSSION: The q u i n o n e  ( I I )  was p r e ­

p a r e d  b y  THEILACKER' S 
( 1 )

m e th o d  an d  was t h e n  

i r r a d i a t e d  v / i t h  a  q u a r t z  l am p  i n  s o l u t i o n  i n  p y r i d i n e .  

A f t e r  some d a y s ,  t h e  p y r i d i n e  was rem oved  and d a r k  

o r a n g e  n e e d l e s  o b t a i n e d .  T h e s e  s u b s e q u e n t l y  were  

shown t o  h a v e  t h e  s t r u c t u r e  (V I )  an d  h e n c e  T h e i l a c k e r ' s  

q u i n o n e  m u s t  h a v e  t h e  s t r u c t u r e :

Y YE
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A m o d i f i c a t i o n  was i n t r o d u c e d  i n t o  t h e  i r r a d i a t ­

i o n  b y  t h e  a d d i t i o n  o f  b e n z o p h e n o n e  a s  a  c h a i n - i n i t i a t o r  

T h i s  c o n s i d e r a b l y  r e d u c e d  t h e  t i m e  n e c e s s a r y  f o r  

i r r a d i a t i o n .

T h i s  q u i n o n e  (V I)  g a v e  t h e  r e d  h y d r o c a r b o n  ( V I I )  

on  r e d u c t i o n :

On t r e a t m e n t  w i t h  a lu m i n iu m  c h i o r i d e / s o d i u m  
o

c h l o r i d e  a t  1 6 0 ,  t h e  d e h y d r o - d i a n t h r o n e  (V) g a v e  t h e  

d i b e n z o b i s a n t h e n e  q u i n o n e  ( V I I I )  and  t h i s  on  r e d u c t i o n  

t h e  b l u e  h y d r o c a r b o n  ( I X ) .

7777

I t  was f r o m  t h i s  l a t t e r  t h a t  t h e  p r o o f  o f  t h e  s t r u c t u r e  

o f  t h e  d e h y d r o - d i a n t h r o n e  (V) was o b t a i n e d .  On t r e a t ­

ment  o f  t h e  b l u e  h y d r o c a r b o n  ( IX )  w i t h  m a l e i c  a n h y d r i d e /
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c h l o r a n i l  i n  x y l e n e ,  a  ye  H o w  a n h y d r i d e  was o b t a i n e d .  

H ow ever ,  on f u r t h e r  r e f l u x i n g  o f  t h i s  i n  m a l e i c  a n ­

h y d r i d e  w i t h  c h l o r a n i l ,  t h e r e  was a  p e r c e p t i b l e  

l i g h t e n i n g  i n  c o l o r .  H e n c e ,  t h e  a d d i t i o n  o f  m a l e i c  

a n h y d r i d e  m u s t  t a k e  p l a c e  i n  two s t e p s .  I n  t h e  

THEILACKER'S s t r u c t u r e  (X) t h e  e n v i r o n m e n t s  o f  t h e  

two d i e n e  u n i t s  a r e  t h e  same a n d  h e n c e  t h e  s t r u c t u r e  

m u s t  b e  a s  p r e v i o u s l y  s t a t e d  ( I X ) :

IX
L ack  o f  t i m e  p r o h i b i t e d  a n y  f u r t h e r  work  on 

t h i s  s u b j e c t .

0 O 0
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E X P E  R I  M E N T A L .

2 . 3 - 5 . 6 - 7 . 8 - 1 0 . 1 1 -TETRABENZ0PERYLENE-4.9 -QUINONE ( y p .

3 . 4 - 5 ' • 6 1- L i b e n z o d e h y d r o d i a n t h r o n e  ( 2 g )  was s u s ­

p e n d e d  i n  p y r i d i n e  (4 0 m l)  and  i r r a d i a t e d  w i t h  a  q u a r t z  

l am p  f o r  5 d a y s .  At  t h e  end  o f  t h i s  t i m e  t h e  s o l u t i o n  

was d e e p  o r a n g e  and  on c o n c e n t r a t i o n  y i e l d e d  a  r e d -

h ro w n  s o l i d  w h ic h  c r y s t a l l i s e d  f r o m  n i t r o b e n z e n e  a s
o

o r a n g e  n e e d l e s  ( 0 . 8 5 ) ,  m .p .  3 62 -3 6 8  ( d e c o m p . )  and

g a v e  a  b l u e  c o l o r a t i o n  w i t h  c o n c e n t r a t e d  s u l p h u r i c  a c i d .

T h e s e  g a v e  a  g r e e n  v a t  w i t h  sod iu m  d i t h i o n i t e .

Fo u n d :  C, 8 9 . 5  ; H, 4 . 1

C3tH^0Ar e q u i r e s : C, 8 9 . 6  ; H, 3*8$

T h i s  was r e p e a t e d  u s i n g  b e n z o p h e n o n e  ( 0 . 0 5 g )  a s  

a  c h a i n - i n i t i a t o r .  The i r r a d i a t i o n  was t h e n  r e d u c e d  t o  

48 h o u r s .
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