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Summary.

P a r t  I .

I n  an  a t t e m p t  to  c o n v e r t  - ( 9 - p h e n a n t h r y l )  -  

p r o p i o n i c  a c i d  t o  i t s  9 : 1 0 - d i h y d r i d e  b y  h i g h  p r e s s u r e  

h y d r o g e n a t i o n ,  o n ly  ^ - ( 9 - s - o c t a h y d r o p h e n a n t h r y l ) p r o p i o n i c

a c i d  was o b t a i n e d .  ji - ( 9 - P h e n a n t h r y l ) p r o p i o n i c  a c i d  was 

p r e p a r e d ,  by s t a n d a r d  r e a c t i o n s ,  f rom  9 - c h l o r o m e t h y l  

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

o f  p h e n a n t h r e n e . A s m a l l  am ount o f  1 - o h lo r o m e th y lp h e n a n th r e n e  

was a l s o  i s o l a t e d  f ro m  t h i s  r e a c t i o n .

C y c l i s a t i o n  o f  J5 - ( 1 :2 :3  : 4 - t e t r a h y d r o - 9 - p h e n a n t h r y l )  

p r o p i o n i c  a c i d  h a s  b e e n  fo u n d  t o  g iv e  3 1- k e t o - 9 ; 1 0 ~ c y c l o -  

p e n te n o - 1 : 2 : 3 : 4 - t e t r a h y d r o p h e n a n t h r e n e .

I n  a n o t h e r  a t t e m p t  t o  s y n t h e s i s e  1 0 ~ m e th o x y -3 :4 -  

b e n z p y r e n e ,  1 -me th o x y  p e r  in a p h  t  han  -  7 -  one was c o n d e n s e d  w i t h

o -c h lo ro p h e n y lm a g n e s iu m  b ro m id e  t o  g iv e  I - me t h o x y - 7 -  ( o - c h l o r o - 

pheny  1) pe r  l n a  p h t  han  -  7 o l . A t te m p te d  d e h y d r a t i o n  o f  t h i s  

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

o f  4 - ( o - c h l o r  ophe ny 1) pe r  in a p h th a n  -'7 -  o n e . The m echanism  o f  

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

th e  p e r in a p h th e n e  s y s t e m .  l - M e t h o x y p e r in a p h th a n - 7 - o n e  was 

p r e p a r e d  by c y c l i s a t i o n  o f  - ( 2 - m e t h o x y - l - n a p h t h y l ) -  

p r o p i o n i c  a c i d .  The l a t t e r  compound was o b t a i n e d  f ro m  

L - c h lo r o m e th y l - 2 - m e th o x y n a p h th a le n e  by t h e  m a lo n ic  e s t e r  

s y n t h e s i s •



P a r t  I I .

I t  h a s  b e e n  fo u n d  b y  o t h e r  w o r k e r s  i n  t h i s  D e p a r t 

m en t t h a t  f t - ( 9 - s - o c t a h y d r o a n t h r a n y l ) p r o p i o n i c  a c i d  u n d e r 

g o es  r e a r r a n g e m e n t  and  c y c l i s a t i o n  i n  p r e s e n c e  o f  a n h y d ro u s  

h y d r o f l u o r i c  a c i d  to  g i v e  l * - k e t o -9  : 1 0 - c y c l o p e n t e n o - 3 - o c t a -  

h y d r o p h e n a n t h r e n e . I n  an  i n v e s t i g a t i o n  o f  t h i s  r e a r r a n g e 

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

a n t h r a c e n e  when t r e a t e d  w i th  t h i s  r e a g e n t  h a s  b e e n  s t u d i e d -  

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

( 9 - s - o c t a h y d r o a n t h r a n y l )  b u t y r i c  a c i d , vifoich i s  a lm o s t  

q u a n t i t a t i v e l y  c o n v e r t e d  t o  4 - 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  

when t r e a t e d  w i t h  h y d r o f l u o r i c  a c i d  a t  room  t e m p e r a t u r e .

A l l  th e  o t h e r  compounds t e s t e d  w ere u n a f f e c t e d  u n d e r  t h e s e  

c o n d i t i o n s .  I t  seems l i k e l y  t h a t  c y c l i s a t i o n  o f  a n  a c i d  

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

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

r e c o r d e d  e x am p les  o f  anew ty p e  o f  a l k y l b e n z e n e  i s o m e r i s a t i o n ,  

b r o u g h t  a b o u t  by  d i s p l a c e m e n t  o f  an  a l k y l  g ro u p  b y  c y c l i s a 

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

S e v e r a l  new d e r i v a t i v e s  o f  s _ -o c ta h y d r o a n th ra c e n e  

w ere p r e p a r e d .  The P r i e d e l - C r a f t s  r e a c t i o n  b e tw e e n  s_ -o c ta -  

h y d r o a n th r a c e n e  and  s u c c i n i c  a n h y d r i d e ,  i n  c a rb o n  d i s u l p h i d e ,  

was fo u n d  t o  g iv e  - ( 9 - s ^ 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 n  t e t r a c h l o r e t h a n e , a  m ix tu r e  o f  t h i s  an d  ^ - ( 9 - s -  

o c t a h y d r o a n t h r a n o y l ) p r o p i o n 1c a c i d  was o b t a i n e d .



P a r t  I I I -

A t te m p ts  to  r e p e a t  th e  s y n t h e s i s  o f  s a n t o n i n
(771d e s c r i b e d  b y  P a r a n j a p e ,  P h a l n i k a r ,  B h ide  an d  N a rg u n d ' #

P
h av e  b e e n  u n s u c c e s s f u l .  T r e a tm e n t  o f  e t h y l  A  - c y c l o -

O •
h e x e n - l - o n e - 3 - m e t h y l  m a lo n a te  and  e t h y l  o( - (  A  - c y c l o -

h e x e n - l - o n e - 3 ) p r o p i o n a t e  w i t h  6iJ s u l p h u r i c  a c i d  I n  50$

aq u e o u s  a l c o h o l  d i d  n o t  y i e l d  th e  l a c t o n e  o f  cL - ( 2 - h y d r o x y -

3 - k e t o c y c lo h e x y l ) p r o p i o n i c  a c i d  a s  t h e y  s t a t e .  I n  e v e r y
2

c a s e  t h e  c o m p le t e ly  d e c a r b o x y l a t e d  p r o d u c t  3 - e t h y l -  A  -  

c y c lo h ex en e  was o b t a i n e d .



P a r t  I .

Some A t te m p ts  to  S y n t h e s i s e  1 0 -H y d ro x y - 3 : 4 - b e n z p y r e n e .



In tr o d u c tio n .

Many compounds o f  t h e  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 rb o n  s e r i e s  have  th e  p r o p e r t y  o f  i n d u c i n g  c a n c e r .  The 

q u e s t i o n  o f  th e  f a t e  o f  s u c h  compounds i n  th e  a n im a l  b o d y  

h a s  a r o u s e d  much a t t e n t i o n  i n  r e c e n t  y e a r s .  T h is  h a s  b e e n  

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

th e  a c t i v i t y  o f  c a n c e r - p r o d u c i n g  h y d r o c a rb o n s  and t h e i r  

m e ta b o l i s m .  I t  h a s  been  s u g g e s t e d  t h a t ,  i n  v ie w  o f  t h e i r  

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

may e x e r t  t h e i r  b io c h e m ic a l  a c t i o n  a s  a  r e s u l t  o f  c o n v e r s i o n  

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

a c t i o n  on t h e  c e l l s .

The r e s u l t s  o f  a  c o n s i d e r a b l e  am ount o f  i n v e s t i g a 

t i o n  h ave  show n, h o w e v e r ,  t h a t  t h e r e  i s  n o  e s s e n t i a l  

d i f f e r e n c e  b e tw e e n  t h e  m e ta b o l i s m  o f  c a r c i n o g e n i c  an d  r e 

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

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

a n im a l  b o d y  p h e n o l i c  o x i d a t i o n  p r o d u c t s  a r e  fo rm e d .  T h u s ,

1 : 2 : 5 : 6 - d i b e n z - a n t h r a c e n e  i s  c o n v e r t e d  by r a t s  and  m ice  t o
(1 14 ith e  4 * : 8 f - d i h y d r o x y - d e r i v a t i v e  ( I )  9 , and  c h r y s e n e

( 2 )g iv e s  b - h y d ro x y  c h r y s e n e  ( I I )  v . T h e re  I s  s t r o n g  e v id e n c e  

t h a t  t h e  4 ’ - h y d r o x y - d e r i v a t i v e s  ( I I I )  a r e  fo rm ed  f ro m  

1 :2 - b e n z a n th r a c e n e  ^  , and  9 : 10-dim e t h y l - 1 : 2 - b e n z a n t h r a c e n e  ^  ^ .



3 .

OH

( I ) ( I I ) ( I I I )  (R*H ©r M©)

The r e s u l t s  ©f t h e s e  e x p e r i m e n t s  do n o t  s u p p o r t  t h e  v iew

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

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

have  b e e n  i s o l a t e d ,  t h e s e  p h e n o l i c  p r o d u c t s  h a v e  b een  fo u n d

t o  be  e i t h e r  n o n - c a r c i n o g e n i c ,  o r  l e s s  a c t i v e  t h a n  t h e

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

t o  r e p r e s e n t  a  means o f  d e t o x i f i c a t i o n  a n d  e l i m i n a t i o n  o f

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

s e v e r a l  m e thoxy  d e r i v a t i v e s  o f  th e  h y d r o c a r b o n s  w e re  fo u n d
( 5 )t o  h av e  s t r o n g  t u m o u r - i n h i b i t o r y  p r o p e r t i e s  .

m e ta b o l i s m  o f  t h e  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 , h a s  b e e n  

a  s tu d y  o f  t h e  s t r o n g l y  c a r c i n o g e n i c  compound 3 : 4 - b e n z -  

p y re n e  ( I V ) .  M e ta b o lism  o f  t h i s  h y d r o c a rb o n  i n  r a t s  and  

r a b b i t s  g i v e s  r i s e  to  two p h e n o l i c  p r o d u c t s ,  a n d  t h e r e  i s  

s t r o n g  e v id e n c e  t h a t  t h e s e  a r e  t h e  8 -  a n d  1 0 - h y d ro x y -  

d e r i v a t i v e s ^ .  The m e t a b o l i t e s  w ere  o x i d i s e d  t o  t h e

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

0
(V I)(IV ) (V)



known b e n z p y r e n e - 5 : 8 -  a n d  5 :1 0 - q u in o n e s  (V an d  V I)*

T hese  were c o n v e r t e d  by r e d u c t i v e  m e t h y l a t i o n  t o  5 : 8 -

and  5 :10-d im e th o x y b e n z p y r e n e s  , w h ich  w ere  i d e n t i f i e d  by

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

a u t h e n t i c  sp e c im e n s  o f  t h e s e  com pounds. The q i i n o n e s

(V) a n d  (V I) can  be o b t a i n e d  by o x i d a t i o n  o f  b e n z p y re n e  
(7)

i t s e l f  , an d  t h e i r  f o r m a t i o n  f ro m  th e  m e t a b o l i t e s  shows 

t h a t  t h e s e  m u s t  be th e  5 - ,  8 - ,  o r  1 0 - h y d r o x y - d e r i v a t i v e s , 

f o r  o n l y  compounds w i t h  th e  s u b s t i t u e n t  i n  t h e s e  p o s i t i o n s  

c o u ld  g i v e  the  same q u in o n e s  on o x i d a t i o n .  The 5 -  d e r i v a 

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

m e t h y l a t e d  m e t a b o l i t e s  w ere b o t h  d i f f e r e n t  f ro m  t h a t  o f  

s y n t h e t i c  5 -m e th o x y - 3 : 4 - b e n z p y r e n e ,  t h e  s t r u c t u r e  o f  w h ic h  

I s  e s t a b l i s h e d ^ ^ .  T h is  i n d i c a t e d  t h a t  t h e  m e t a b o l i t e s  

w ere t h e  8 -  and 1 0 - h y d r o x y - d e r i v a t i v e s • S t r o n g  s u p p o r t

f o r  t h e s e  s t r u c t u r e s  was f o u n d  i n  th e  i d e n t i t y  o f  t h e  

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

m e th y l  e t h e r s ,  w i t h  t h o s e  o f  s y n t h e t i c  8 -m e th o x y -  a n d  

1 0 - m e th o x y - b e n z p y r e n e s , p r e p a r e d  b y  P r o f e s s o r  Cook and  

Dr* S c h o e n t a l  ( u n p u b l i s h e d ) .

W hile t h i s  e v id e n c e  e s t a b l i s h e s  t h e  s t r u c t u r e s  

o f  th e  b e n z p y re n e  m e t a b o l i t e s  w i t h  a  good d e g r e e  o f  

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

f i g u r a t i o n s  o f  th e  s y n t h e t i c  8 -  an d  10- m e t h o x y - d e r i v a t i v e s



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

8 -  an d  1 0 - h y d r o x y - b e n z p y r e n e s ,  b y  r o u t e s  w h ich  u n e q u i v o 

c a l l y  d e te r m in e  t h e  s t r u c t u r e s  o f  t h e  p r o d u c t s ,  a r e  t h u s  

c l e a r l y  v e r y  d e s i r a b l e .  A t te m p ts  to  s y n t h e s i s e  t h e  1 0 -  

h y d ro x y  - d e r i v a t i v e  c o m p r is e d  a  l a r g e  p a r t  o f  th e  p r e s e n t  

work a n d  a r e  d e s c r i b e d  i n  t h e  s e q u e l .

An i n t e r e s t i n g  p o i n t  a b o u t  th e  b i o c h e m i c a l  

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

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

o r d i n a r y  c h e m ic a l  r  e a g e n t s • I n  t h i s  r e s p e c t  th e  m e t a b o l 

ism  o f  b e n z p y re n e  co n fo rm s  t o  t h a t  o f  o t h e r  h y i r o c a r b o n s  

w h ich  a r e  a l s o  a t t a c k e d  a t  l e s s  r e a c t i v e  c e n t r e s *  Thus 

w i t h  1 : 2 - b e n z a n t h r a c e n e ,  c h e m ic a l  r e a c t i o n  a lw a y s  t a k e s  

p l a c e  a t  t h e  r e a c t i v e  9 -  a n d  1 0 - p o s i t i o n s , b u t  m e ta b o l i s m
(3 )o f  t h e  h y d ro c a rb o n  l e a d s  t o  t h e  4 1- h y d r o x y - d e r i v a t i v e  ( I I I )  .

W ith  3 :4 -b e n z p y re n e  ( I V ) ,  w h e re a s  m e t a b o l i c  o x i d a t i o n  t a k e s  

p l a c e  a t  p o s i t i o n s  8 an d  1 0 ,  c h e m ic a l  s u b s t i t u t i o n  a l m o s t

i n v a r i a b l y  o c c u r s  a t  p o s i t i o n  5 .  T h u s ,  5 - n i t r o - ^ ® ^ ,
(9 )  f lO l

5 - e h l o r o -  an d  5 - a l d e h y d o - v ' 3 :4 -b e n z p y re n e  c a n  a l l  be

o b t a i n e d  d i r e c t l y  f ro m  th e  h y d ro c a rb o n  by n i t r a t i o n ,

c h l o r i n a t i o n  and r e a c t i o n  w i t h  m e t h y l f o r m a n i l i d e .  C o u p l in g

w i th  d i a z o n iu m  s a l t s  and  w i t h  s u lp h u r  m o n o c h lo r id e

a l s o  t a k e s  p l a c e  a t  t h e  5 - p o s i t i o n ,  and  i t  i s  o f  e s p e c i a l

i n t e r e s t  i n  t h e  p r e s e n t  c o n n e c t io n  t h a t  t h e  5 - a c e t o x y

compound. (V I I )  i s  o b t a i n e d  by o x i d a t i o n  w i t h  l e a d  t e t r a -



a c e t a t e  *1 0 ' 1 3 Onl y  i n  t h e  F r i e d e l - C r a f t s  c o n d e n s a t i o n  

w i t h  a c e t y l  c h l o r i d e  d o e s  r e a c t i o n  t a k e  p l a c e  a t  some o t h e r  

p o s i t i o n .  I n  t h i s  c a s e  1 0 - a c e t y l - 3 : 4 - b e n z p y r e n e  i s  o b -
t Q \

t a i n e d  and  p o s s i b l y  a  l i t t l e  o f  t h e  8 - i s o m e r  9

s

( V I I I )

0 .  C o . C.H.

(V II )

In  v iew  o f  t h i s  h i g h  r e a c t i v i t y  o f  t h e  5 -  

p o s i t i o n  i n  b e n z p y r e n e ,  i t  i s  v e r y  s u r p r i s i n g  t h a t  m e ta 

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

t h e  p o s i t i o n s  w h ich  a r e  a t t a c k e d  seem  t o  be t h o s e  a t  w h ic h  

c h e m ic a l  r e a c t i o n  t a k e s  p l a c e  when th e  5 - p o s i t i o n  i s  b lo c k e d *

T h u s ,  n i t r a t i o n  of 5 - a c e t o x y - 3 :4 -b e n z p y re n e  ( V I I )  t a k e s
(13)

p l a c e  a t  p o s i t i o n  10 , one o f  t h e  c e n t r e s  a t t a c k e d  i n

th e  b i o c h e m i c a l  o x i d a t i o n  o f  t h e  h y d r o c a r b o n .

T h is  v e r y  i n t e r e s t i n g  a s p e c t  o f  t h e  m e ta b o l i s m  

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

q u a t e l y  e x p l a i n e d ,  a l t h o u g h  s e v e r a l  s u g g e s t i o n s  h a v e  b e e n  

a d v a n c e d .  I t  i s  p o s s i b l e t h a t ,  I n  th e  b o d y ,  t h e  

h y d ro c a rb o n s  a r e  com bined w i t h  an  enzyme o r  w i t h  some o t h e r  

body c o n s t i t u e n t  ( s u c h  a s  a s c o r b i c  a c i d ^ 1 5 J o r  a  p u r i n e ^ 1 6 ^) 

t h r o u g h  th e  m ost r e a c t i v e  p o s i t i o n s ,  w hich a r e ,  t h e r e f o r e ,  

p r o t e c t e d  f ro m  a t t a c k  by  th e  b i o c h e m i c a l  o x i d i s i n g  a g e n t s .



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

m e t a b o l i t e s  t a k e s  p l a c e  t h r o u g h  th e  i n t e r m e d i a r y  o f  d i o l s  -  

fo rm ed  by a d d i t i o n  o f  h y d r o x y l  g r o u p s  t o  a d j a c e n t  c a r b o n  

a tom s -  w h ic h  a r e  s u b s e q u e n t l y  c o n v e r t e d  to  p h e n o l s  by  

d e h y d r a t i o n ,  e i t h e r  i n  v i v o  o r  d u r i n g  th e  w o rk in g  u p  p r o 

c e s s e s .  S uch  d i o l s  ( V I I I  and IX) h a v e  I n  f a c t  b e e n  

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

( V I I I )  (IX )

T h e se  compounds a r e  r e a d i l y  d e h y d r a t e d  t o  - n a p h tb O l  

and  - a n t h r o l  r e s p e c t i v e l y ,  when t r e a t e d  w i th  d i l u t e  

a c i d s .  D io l s  have n o t  y e t  b e e n  o b t a i n e d  f r o m  t h e  m e t a 

b o l i s m  o f  more com plex  h y d r o c a r b o n s ,  b u t  i n  v ie w  o f  t h e  

g r e a t  e a s e  w i t h  w h ic h  s u c h  compounds a r e  c o n v e r t e d  t o  

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

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

and in d e e d  t h e r e  i s  s p e c t r o s c o p i c  e v id e n c e  t h a t  d e r i v a t i v e s  

o f  d i o l s  a n a lo g o u s  t o  ( V I I I )  and  (IX ) a r e  I n t e r m e d i a t e s  i n  

t h e  b io c h e m ic a l  o x i d a t i o n  o f  3 ;4 -b e n z p y re n e  .

I n  t h i s  c o n n e c t io n  th e  e x p e r im e n t s  r e c e n t l y
(21)

d e s c r i b e d  by Cook a n d  S e h o e n t a l  , on t h e  o x i d a t i o n  o f  a  

num ber o f  p o l y c y c l i c  a r o m a t i c  h y i r o c a r b o n s  w i t h  osmium



t e t r o x i d e ,  a r e  o f  c o n s i d e r a b l e  i n t e r e s t *  I n  t h i s  c a s e  a l s o  

o x i d a t i o n  t a k e s  p l a c e  a t  l e s s  r e a c t i v e  c e n t r e s  i n  t h e  m o le 

c u l e ,  l e a d i n g  f i r s t  to  d i o l s ,  w h ic h  a r e  r e a d i l y  c o n v e r t e d  

t o  p h e n o ls  by d e h y d r a t i o n .  Thus f ro m  1 : 2 - b e n z a n t h r a c e n e , 

a f t e r  d e h y d r a t i o n  o f  t h e  f i r s t  fo rm e d  d i o l  (X ),  3 - h y d r o x y -  

1 :2 - b e n z a n t h r a c e n e  (XI) I s  o b t a i n e d .

S i m i l a r l y ,  3 :4 -b e n z p y re n e  y i e l d s  a  d i o l  w h ic h ,  on d e h y d r a t i o n ,  

g i v e s  r i s e  t o  two p h e n o l i c  p r o d u c t s ,  c o n s i d e r e d  t o  b e  t h e

6 -  a n d  7 - h y d r o x y - d e r i v a t i v e s . T h is  r e a c t i o n  o b v i o u s l y  

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

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

t h e  same, i n  e a c h  c a s e  o x i d a t i o n  t a k e s  p l a c e  a t  l e s s  r e a c t i v e  

c a a t r e s  i n  th e  m o le c u le .

new r o u t e s  to  th e  b e n z p y r e n e  n u c l e u s  h av e  t o  be  d e v i s e d .  

A l th o u g h  a  c o n s i d e r a b l e  number o f  d e r i v a t i v e s  o f  t h e  h y d r o 

c a rb o n  have  b een  p r e p a r e d  s i n c e  i t  was f i r s t  I s o l a t e d  f ro m

(x) (XI)

F o r  t h e  s y n t h e s i s  o f  1 0 - h y d r o x y - 3 : 4 - b e n z p y r e n e

, n one  o f  t h e  m ethods  em p lo y ed  i s  v e r y



9 .

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

c a s e .  T h u s ,  3 :4 - b e n z p y r e n e  i t s e l f  was s y n t h e s i s e d  b y  Cook

an d  H ew ett  f ro m  p y r e n e  a n d  s u c c i n i c  a n h y d r i d e ,  b y  t h e  s t e p s
(22 )

o u t l i n e d  b e lo w

T-gctx- ^

T h is  m ethod  h a s  b e e n  a p p l i e d  t o  th e  s y n t h e s i s  o f  a  fe w

d e r i v a t i v e s  o f  th e  h y d r o c a rb o n  s u b s t i t u t e d  i n  t h e  " b e n z ”

r i n g ,  b u t  i s  c l e a r l y  n o t  s u i t a b l e  f o r  th e  p r e p a r a t i o n  o f

compounds w i t h  a  s u b s t i t u e n t  i n  p o s i t i o n  1 0 .

A n o th e r  r o u t e  t o  s u b s t i t u t e d  b e n z p y r e n e s ,  d e v i s e d  
(23)by P i e s e r  and H e r s h b e r g '  i n v o l v e s  S c h o l l  r i n g  c l o s u r e  o f  

a  k e to n e  o b t a i n e d  f ro m  a  b e n z o y l  c h l o r i d e  an d  a  p e r i n a p h -  

th a n e  d e r i v a t i v e .  I t  i s  i l l u s t r a t e d  by t h e  s y n t h e s i s  o f  

9 -m e th y 1 - 3 :4 -b e n z p y re n e  shown b e  low .

C.H.



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

h a v e  b een  p r e p a r e d  by t h i s  m e th o d ,  b u t  a g a i n  i t  i s  n o t  

a p p l i c a b l e  t o  th e  s y n t h e s i s  o f  t h e  1 0 -h y d ro x y  com pound. 

Most o f  th e  o t h e r  d e r i v a t i v e s  o f  3 :4 -b e n z p y r e n e  w h ic h  

h a v e  b een  o b t a i n e d  w ere  p r e p a r e d  by  u n iq u e  m e th o d s ,  and  

i t  seems t h a t  n o  compound w i t h  a  s u b s t i t u e n t  i n  p o s i t i o n  

10 h a s  so  f a r  b e e n  p r e p a r e d  by a  s y n t h e t i c  m e th o d ,  a p a r t  

f ro m  t h o s e  w hich  c a n  be o b t a i n e d  f ro m  th e  1 0 - a c e t y l -  

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

t h e s i s  o f  th e  1 0 -h y d ro x y  d e r i v a t i v e  w ere  i n v e s t i g a t e d  i n  

th e  p r e s e n t  w o rk .  E a ch  o f  t h e s e  i n v o l v e d  a n  a t t e m p t  t o  

b u i l d  u p  t h e  b e n z p y re n e  n u c l e u s  f ro m  compounds c o n t a i n i n g  

a  s m a l l e r  num ber o f  r i n g s .



I n  t h e  f i r s t  a p p r o a c h  t o  t h e  s y n t h e s i s  o f  1 0 -

hydro xy-3 ;4- b e n z p y re n e  (XII) an  a t t e m p t  was made t o  b u i l d  

up  t h e  p e n t a c y c l i c  b e n z p y r e n e  n u c l e u s  b y  t h e  s u c c e s s i v e  

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

n u c l e u s -  The schem e e n v i s a g e d  i n v o lv e d  th e  u s e ,  a s  a n  

i n t e r m e d i a t e ,  o f  a  k e to n e  o f  t h e  ty p e  ( X I I I ) •

When t h e  s y n t h e s i s  was f i r s t  p r o j e c t e d  i t  was i n t e n d e d  t o  

p r e p a r e  (X II )  f ro m  ( X I I I )  by i n t r o d u c t i o n  o f  a  p r o p i o n i c  

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

t h r o u g h  t h e  S to b b e  c o n d e n s a t i o n  w i t h  d i - e t h y l  s u c c i n a t e ,  

f o l l o w e d  by c y c l i s a t i o n  o f  th e  a c i d  (XIV) a n d  d e h y d r o g e n a 

t i o n  o f  th e  r e s u l t i n g  k e to n e  (XV).

B e fo re  th e  p r e s e n t  work was u n d e r t a k e n ,  h o w e v e r ,  

e x p e r im e n t s  i n v e s t i g a t i n g  th e  p o s s i b i l i t y  o f  s y n t h e s i s i n g

OH

(X II )

( X I I I ) (XIV) (XV)



th e  k e to n e  ( X I I I )  by c y c l i s a t i o n  o f  | 3 - ( 9 - p h e n a n t h r y l )  

p r o p i o n i c  a c i d  (X V I), h a d  b e e n  c a r r i e d  o u t  b y  Mr. P .

P auson  i n  t h i s  D e p a r tm e n t ,  b u t  w i t h o u t  s u c c e s s  ( u n p u b l i s h e d  

w o r k ) •

I t  w i l l  be n o t e d  t h a t  c y c l i s a t i o n  o f  t h e  a c i d  (XVI) 

can  t h e o r e t i c a l l y  g i v e  r i s e  t o  t h e  k e t o n e s  ( X I I I )  an d  

(X V II ) ,  by  r i n g  c l o s u r e  i n t o  t h e  1 -  a n d  9 - p o s i t i o n s  r e s p e c t i v e 

l y  o f  th e  p h e n a n th r e n e  n u c l e u s .  The w e l l  known p r e f e r e n c e

f o r  th e  f o r m a t i o n  o f  s ix -m e n ib e re d  r a t h e r  t h a n  f iv e -m e m b e re d
( z  & 1

r i n g s  i n  i n t r a m o l e c u l a r  a c y l a t i o n s  , would f a v o u r  f o r 

m a t io n  o f  t h e  k e to n e  ( X I I I )  i n  the  p r e s e n t  c a s e .  On t h e  

o t h e r  h a n d ,  t h e  9 - p o s i t i o n  o f  t h e  p h e n a n th r e n e  n u c l e u s  i s  

much more r e a c t i v e  th a n  th e  1 - p o s i t i o n ,  a s  i s  shown i n  

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

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

a v a i l a b l e  would t h u s  f a v o u r  p r o d u c t i o n  o f  th e  k e to n e  (X V II ) .

■OS

( X I I I )  (XVI) (X V II)

I n  th e  hope  o f  d e t e r m i n i n g  c o n d i t i o n s  w h ic h  w ou ld  

l e a d  to  f o r m a t i o n  o f  p r e p o n d e r a n t  am ounts  o f  ( X I I I ) ,  P a u so n  

i n v e s t i g a t e d  t h e  c y c l i s a t i o n  o f  th e  a c i d  (XVI) w i t h  v a r i o u s  

c y c l i s i n g  r e a g e n t s  and  u n d e r  a  v a r i e t y  o f  e x p e r i m e n t a l



c o n d i t i o n s *  I n  e v e r y  c a s e ,  h o w e v e r ,  m i x t u r e s  o f  th e  two

k e to n e s  w ere  o b t a i n e d ,  f ro m  w h ich  n o  p u r e  p r o d u c t  c o u l d  be

i s o l a t e d .  T h ese  r e s u l t s  were i n  a g re e m e n t  w i t h  t h o s e  o f
(25)Bachmann a n d  K l o e t z e l  , who fo u n d  t h a t  t r e a t m e n t  o f  th e  

a c i d  c h l o r i d e  o f  (XVI) w i t h  a lu m in iu m  c h l o r i d e  g av e  i n -  

s e p e r a b l e  m i x t u r e s  o f  ( X I I I )  a n d  (X V II ) .  W eizm ann, Bergmann 

and  B e r l i n ^ 2^  o b t a i n e d  o n l y  t h e  f iv e -m e m b e re d  r i n g  k e t o n e  

(XVII) by c y c l i s a t i o n  o f  (XVI) w i t h  p h o s p h o ru s  p e n t o x i d e .

I t  t h u s  became a p p a r e n t  t h a t  th e  p r e p a r a t i o n  o f  th e  k e to n e  

( X I I I )  c o u ld  n o t  be a c c o m p l i s h e d  by t h i s  m e th o d .  I t  was 

s t i l l  p o s s i b l e ,  h o w ev er ,  t h a t  a  k e to n e  o f  a  s u i t a b l e  

s t r u c t u r e  c o u l d  be o b t a i n e d  by b l o c k i n g  th e  9 - p o s i t i o n  o f  

th e  a c i d  (XVI) by i n t r o d u c t i o n  o f  a s u i t a b l e  s u b s t i t u e n t ,  

and  th u s  f o r c i n g  c y c l i s a t i o n  to  t a k e  p l a c e  i n t o  t h e  1 - p o s i t i o n *  

T h is  would g iv e  r i s e  t o  a  compound (X V III )  w h ic h  d i f f e r e d  

f ro m  ( X I I I )  o n ly  i n  t h e  p r e s e n c e  o f  a  s u b s t i t u e n t  (R) i n  

p o s i t i o n  9 ,  and w h ich  would u n d e rg o  t h e  s u b s e q u e n t  r e a c t i o n s  

l e a d i n g  to  t h e  b e n z p y r e n o l  s t r u c t u r e  i n  e x a c t l y  t h e  same 

m anner a s  ( X I I I ) .  I t  was n e c e s s a r y ,  o f  c o u r s e ,  t h a t  th e  

s u b s t i t u e n t  I n t r o d u c e d  be  one w h ich  w o u ld  be e a s i l y  rem oved 

a t  some l a t e r  s t a g e  in  th e  s y n t h e s i s *

P au so n  h ad  i n v e s t i g a t e d  th e  

p o s s i b i l i t y  o f  b l o c k i n g  t h e  9 -  

p o s i t i o n  o f  (XVI) by  means o f  a  

b ro m in e  a to m .  The r e s u l t s  w ere n o t  

p r o m is in g ,  h o w e v e r .  B r o m in a t lo n  o f



(XVI) a lw a y s  g av e  m i x t u r e s  o f  bromo com pounds. The m ethod  

w* 9  n o t  f u r t h e r  i n v e s t i g a t e d  in  th e  p r e s e n t  w o rk .

bond i n  (XVI) w ould  c o n s t i t u t e  a n e a t  an d  e f f e c t i v e  way o f  

a t t a i n i n g  t h e  d e s i r e d  o b j e c t ,  f o r  c y c l i s a t i o n  in  t h e  9 : 1 0 -  

d i h y d r o - a c i d  (XIX) c o u ld  o n ly  t a k e  p l a c e  i n t o  t h e  1 - p o s i t i o n ,  

t h i s  b e i n g  th e  o n ly  a r o m a t i c  c e n t r e  a v a i l a b l e .  F u r t h e r ,  

t h e  h y d ro g e n  a tom s i n t r o d u c e d  w ould n o t  i n t e r f e r e  w i t h  th e  

s u b s e q u e n t  s t a g e s  o f  th e  s y n t h e s i s ,  and  w o u ld  be rem oved  

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

s i d e r e d  t o  be  w o r th  w h i le  t o  a t t e m p t  to  p r e p a r e  th e  d i h y d r o 

a c i d  (X IX ).

I t  was a n t i c i p a t e d  t h a t  (XIX) c o u ld  be o b t a i n e d  by  h i g h  

p r e s s u r e  h y d r o g e n a t io n  o f  (XVI) o v e r  c o p p e r  c h r o m i t e ,  

f o r  9 :1 0 - d ih y d r o p h e n a n th r e n e  (XX) c a n  be p r e p a r e d  I n  90$  

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

I t  was c o n s i d e r e d  t h a t  h y d r o g e n a t i o n  o f  th e  9 : 1 0 -

Hx
(XIX)(XVI) (XXI)

(XX) (XXII)



I t  i s  s u r p r i s i n g  t h e r e f o r © , t h a t  r e p e a t e d  a t t e m p t s

t o  p r e p a r e  t h e  d e s i r e d  d ih y d r o  "-acid  (XIX) hy t h i s  m e th o d

w ere  u n s u c c e s s f u l .  [5 - ( 9 - ? h e n a n t h r y l )  p r o p i o n i c  a c i d  (XVI)

was n o t  a t t a c k e d  u n d e r  c o n d i t i o n s  (1 5 0 ° /1 4 0  a t s . )  w h ic h

h ad  p ro v e d  s u f f i c i e n t  f o r  t h e  c o n v e r s i o n  o f  p h e n a n th r e n e
(27 )t o  9 : 1 0 - d ih y d r o p h e n a n th r e n e  , w h i le  a t  a  s l i g h t l y  h i g h e r  

t e m p e r a tu r e  (1 8 0 -1 9 0 ° )  h y d r o g e n a t i o n  p r o c e e d e d  to o  f a r  an d  

- ( 9 - s - o c t a h y d r o p h e n a n t h r y l ) p r o p i o n i c  a c i d  (XXI) was o b 

t a i n e d .  U nder t h e s e  c o n d i t i o n s  t h i s  a c i d  was fo rm e d  i n  

good y i e l d s  and  was th e  o n ly  p r o d u c t  i s o l a t e d .  The 

d i f f e r e n c e  b e tw e e n  th e  t e m p e r a tu r e  a t  w h ic h  n o  r e d u c t i o n  

t a k e s  p l a c e  ( 1 5 0 ° ) ,  an d  t h a t  a t  w h ich  i t  p r o c e e d s  r i g h t  

t h r o u g h  t o  t h e  o c ta h y d ro -c o m p o u n d  ( 1 9 0 ° ) ,  i s  n o t  l a r g e #

Many a t t e m p t s  w ere  made t o  s t o p  th e  r e a c t i o n  a t  th e  d i h y d r o 

s t a g e  by c o n d u c t i n g  th e  h y d r o g e n a t i o n  a t  t e m p e r a t u r e s  b e tw e e n  

t h e s e  two e x t r e m e s ,  b u t  i n  n o  c a s e  was t h e  d lh y d ro -c o m p o u n d  

(XIX) o b t a i n e d .  M ix tu r e s  o f  a c i d s  f ro m  w h ic h  n o  p u r e  p r o 

d u c t  c o u ld  b e  i s o l a t e d  w ere  a lw a y s  p r o d u c e d .  I t  i s  o f  some 

i n t e r e s t  i n  t h i s  c o n n e c t io n  t h a t  th e  p r o d u c t i o n  o f  s - o c t a -  

h y d r o p h e n a n th re n e  (XXII) f ro m  p h e n a n th r e n e  by  h i g h  p r e s s u r e  

h y d r o g e n a t i o n  o v e r  c o p p e r  c h r o m i te  r e q u i r e s  a  t e m p e r a t u r e  o f  

2 2 0 ° ,  o n ly  a  s m a l l  am ount o f  t h e  o c ta h y d ro -c o m p o u n d  b e i n g  

p ro d u c e d  a t  180o <2 7 ) .  The p r e s e n t  c a s e  i s  i n  s t r i k i n g  

c o n t r a s t  t o  t h i s ,  a  t e m p e r a t u r e  o f  1 9 0 °  b e i n g  s u f f i c i e n t  f o r  

t h e  c o m p le te  c o n v e r s io n  o f  (XVI) t o  th e  o c t a h y d r o - a c i d  (X X I).



H ig h  p r e s s u r e  h y d r o g e n a t i o n  o f  (XVI) u s i n g  a

n i c k e l - k i e s e l g u h r  c a t a l y s t  a l s o  gave  m i x t u r e s ,  f ro m  w h ic h

no p u r e  d i h y d r o - a c i d  c o u ld  b e  i s o l a t e d *  W ith  t h i s  c a t a l y s t

m i x t u r e s  c o n t a i n i n g  l a r g e  am oun ts  o f  th e  o c ta h y d ro -c o m p o u n d

(XXI) w ere p r o d u c e d  a t  a  t e m p e r a t u r e  a s  low a s  1 4 5 - 1 5 5 ° .

C h e m ic a l  r e d u c t i o n  o f  (XVI) w i t h  R a n e y - n i c k e l  a l l o y  an d

sod ium  h y d r o x id e ,  a  r  e a g e n t  d e s c r i b e d  by  P a p a ,  Schwenk a n d

W h i t m a n a l s o  g a v e  m i x t u r e s .  T h is  was n o t  u n e x p e c t e d ,

a s  c h e m ic a l  r e d u c t i o n  o f  p h e n a n th r e n e  i t s e l f  i s  known to
( 0 9  \

g iv e  m i x t u r e s  o f  hyd  ro  p h e n a n th r e n e  s v . F o r  t h i s  r e a s o n  

no f u r t h e r  a t t e m p t  was made to  p r e p a r e  (XIX) by c h e m ic a l  

r e d u c t i o n  o f  (X V I).

In  v iew  o f  th e  f a i l u r e  t o  o b t a i n  t h e  d i h y d r o 

a c i d  (X IX ), t h i s  a t t e m p t  to  f o r c e  t h e  a c i d  s i d e  c h a i n  o f  

(XVI) t o  c y c l i s e  i n t o  th e  1 - p o s i t i o n  o f  th e  n u c l e u s  was 

f r u s t r a t e d .  F o r  t h e r e  i s  n o  s u b s t i t u e n t ,  o t h e r  t h a n  th e  

two w h ich  h a v e  b e e n  t r i e d ,  w h ic h  m ig h t  be i n t r o d u c e d  i n t o  th e  

9 - p o s i t i o n  o f  (XVI) t o  e f f e c t  t h i s  p u r p o s e .  T h i s  p a r t i c u l a r  

a p p ro a c h  t o  th e  p ro b le m  o f  s y n t h e s i s i n g  a k e to n e  o f  th e  ty p e  

( X I I I )  was t h e r e f o r e  a b a n d o n e d .

The o c t a h y d r o - a c i d  (XXI) o b t a i n e d  i n  t h e  above 

h y d r o g e n a t i o n s ,  was r e a d i l y  c o n v e r t e d  t o  l * - k e t o - 9  i l O - c y c l o -  

p e n te n o - S - o c t a h y d r o p h e n a n th r e n e  ( X X I I I ) ,  when i t s  a c i d  c h l o r i d e  

was t r e a t e d  w i th  a lum in ium  c h l o r i d e  i n  n i t r o b e n z e n e .  The



s t r u c t u r e  o f  t h i s  k e t o n e  was c o n f i r m e d  b y  i t s  r e d u c t i o n  b y  

th e  C lem m en sen -M artin  p r o c e d u r e  t o  9 :1 0 —e y e l o p e n t e n o - s - o c t a -  

h y d r o p h e n a n th r e n e  (XXIV), w h ich  was r e a d i l y  d e h y d r o g e n a te d  

w i th  p a l l a d i u m  b la c k  t  o t h e  known 9 : 1 0 - c y c l o p e n t e n o p h e n -

a n t h r e n e  (XXV) (2 5 ,2 6 )

ZllCfj cklond

fĈ CQtH.

(X X III) (XXIV)

l e h y d r o g e n a t i o n

(XVI) (XVII) (XXV)

F o r  p u r p o s e s  o f  c o m p a r i s o n ,  a  sam ple  o f  9 : 1 0 -

c y c lo p e n te n o p h e n a n th r e n e  (XXV) was p r e p a r e d  a s  d e s c r i b e d  b y
(26)

Weizmann, Bergmann an d  B e r l i n  , by Clemmensen r e d u c t i o n  

o f  th e  k e to n e  (XVII) p ro d u c e d  by c y c l i s a t i o n  o f  (XVI) w i t h  

p h o s p h o r ic  o x id e .

F o r  t h e  p r e p a r a t i o n  o f  ji - ( 9 - p h e n a n t h r y l ) -  

p r o p i o n i c  a c i d  (XVI) n e c e s s a r y  f o r  th e  above e x p e r i m e n t s ,  

9 - c h lo r o m e th y lp h e n a n th r e n e  (XXVI) was u s e d  a s  s t a r t i n g  

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

s y n t h e s i s  o f  t h i s  a c i d  th a n  t h a t  d e s c r i b e d  by Bachmann and
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K l o e t z e l * 2 5 * , who p r e p a r e d  i t  Iby r e d u c t i o n  o f  th e  c o r r e s p o n d

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

( p r e p a r e d  by a  lo n g  p r o c e s s )  by  m eans o f  t h e  m a lo n lc  e s t e r  

s y n t h e s i s .

I t  d o e s  n o t  ta k e  p l a c e  r e a d i l y  f o r  th e  p h e n a n th r e n e  n u c l e u s  

i s  n o t  a  v e ry  r e a c t i v e  o n e .  I n  th e  p r e s e n t  w ork th e  b e s t  

c o n d i t i o n s  w ere fo u n d  to  be a  m o d i f i c a t i o n  o f  t h o s e  o f  

T a r b e l l  a n d  W y s tra c h ,  b u t  e v e n  th e n  o n ly  p o o r  y i e l d s  (2 5 ^ )  

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

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

am ount o f  1 - c h lo r o m e th y lp h e n a n th r e n e  (XXVII) was a l s o  

i s o l a t e d  f ro m  th e  r e a c t i o n .  The s t r u c t u r e  o f  t h i s  compound 

was e s t a b l i s h e d  by r e d u c t i o n  t o  1 - m e th y lp h e n a n th r e n e  w i t h  

p a l l a d iu m  b la c k  i n  a c e t o n e .  T h is  i s  a  good m ethod  f o r  th e  

r e d u c t i o n  o f  c h lo r o m e th y l  com pounds. The h y d r o c a r b o n s  a r e  

o b t a i n e d  i n  a lm o s t  q u a n t i t a t i v e  y i e l d .  C h em ica l  m e th o d s  o f  

r e d u c t i o n ,  i n  c o n t r a s t ,  a r e  o f t e n  u n s a t i s f a c t o r y  ow ing t o  t h e  

f o r m a t i o n  o f  b i m o l e c u l a r  p r o d u c t s  (com pare B a d g e r ,  Cook and

(XXVI) (XXVII) (XXVIII)

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

b een  d e s c r i b e d  by  Cook e t  a l .  and  b y  T a r b e l l  a n d  W y s tra c h



C r o s b ie  ) •  The o c c u r r e n c e  o f  s m a l l  q u a n t i t i e s  o f  t h e

1-ch lo ro m efch y l  d e r i v a t i v e  among th e  p r o d u c t s  o b t a i n e d  by

c h l o r o m e t h y l a t i n g  p h e n a n th r e n e  h a s  b e e n  m e n t io n e d  b y  von 
(33)B raun  , b u t  n o  d e s c r i p t i o n  o f  t h e  compound, o r  o f  i t s  

m ethod o f  i s o l a t i o n ,  was g i v e n  by  h im .

9-C hlorom ethylphenanthrene was condensed w ith

e t h y l  s o d io m a lo n a te  t o  g iv e  a  m a lo n ic  e s t e r ,  w h ic h  was
1 .,

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

m a lo n ic  a c i d  g av e  |3 - ( 9 - p h e n a n t h r y l ) p r o p i o n i c  a c i d  (XVI)

on d e c a r b o x y l a t i o n .  I n  a n  e a r l y  ru n  o f  t h i s  p r e p a r a t i o n ,

i n  w hich d i s t i l l e d  b u t  u n c r y s t a l l i s e d  9 - c h l o r o m e t h y l -

p h e n a n th r e n e  was u s e d ,  a  s m a l l  am ount o f  a n o t h e r  a c i d  was

i s o l a t e d .  T h is  was i d e n t i f i e d  a s  3 - ( 1 - p h e n a n t h r y l ) -

p r o p i o n i c  a c i d  (XXVIII) by c o m p a r iso n  o f  i t s  m e th y l  e s t e r

w i t h  an  a u t h e n t i c  sp e c im e n  k i n d l y  s u p p l i e d  by P r o f e s s o r  W.E.
(25)

Bachmann . I t  h a s  o b v i o u s l y  a r i s e n  f ro m  1 - c h l o r o m e t h y l -  

p h e n a n t h r e n e ,  t h e  p r e s e n c e  o f  w h ich  i n  th e  c r u d e  9 - c h l o r o m e t h y l -  

compound was h i t h e r t o  u n s u s p e c t e d .  T h i s  s e r i e s  o f  r e a c t i o n s  

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

a n a l y s i s  o f  t h i s  compound an d  o f  i t s  m e th y l  e s t e r , an d  a  

m o le c u l a r - w e lg h t  d e t e r m i n a t i o n ,  s u p p o r t  th e  c o n c l u s i o n  t h a t  

i t  i s  A ^ ! - d i - ( 9 - p h e n a n t h r y l ) i s o - b u t y r i c  a c i d  (XXIX), fo rm e d  

by c o m b in a t io n  o f  two m o le c u le s  o f  9 e h lo r o m e th y lp h e n a n th r e n e  

w i th  one o f  e t h y l  m a lo n a te .



(XXIX)

A t t e n t i o n  was now t u r n e d  t o  c o n s i d e r a t i o n  o f

a n o t h e r  m o d i f i c a t i o n  o f  th e  s t r u c t u r e  o f  (X V I) ,  w h i c h ,  i t  

was c o n s i d e r e d ,  m ig h t  i n f l u e n c e  th e  d i r e c t i o n  o f  c y c l i s a t i o n  

o f  t h e  a c i d  s i d e  c h a i n  i n  s u c h  a  m anner t h a t  a  k e to n e  o f  a  

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

would be o b t a i n e d  on r i n g  c l o s u r e .  I t  seem ed p o s s i b l e  t h a t  

|3 - ( 1 :2 :3 : 4 - t e t r a h y d r o - 9 - p h e n a n t h r y l ) p r o p i o n i c  a c i d  (XXX) 

w ould g i v e  r i s e  to  s u c h  a  k e to n e  (XXXVI) on c y c l i s a t i o n ,  and  

t h i s  p o s s i b i l i t y  was i n v e s t i g a t e d .

(XVI) (XXXVI)

(a )

Numbered w i t h  r e s p e c t  t o  
p h e n a n th r e n e (XXX)

Numbered w i th  r e s p e c t  t o  
n a p h t h a l e n e



The a c i d  (XXX) i s  a  t e t r a h y d r o - d e r i v a t i v e  o f  (XVI) i n  w h ic h  

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

c o n t a i n s  a  p h e n a n th re n e  n u c l e u s  i n  i t s  s t r u c t u r e .  I t  c an  

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

e f f e c t ,  a  ^  - 1 - n a p h t h y l p r o p i o n i c  a c i d  w i t h  a l k y l  s u b s t i 

t u e n t s  a t  p o s i t i o n s  3 a n d  4 ( s e e  f o rm u la  XXXb). R in g -  

c l o s u r e  o f  ^ - 1 - n a p h t h y l p r o p i o n i c  a c i d s  c a n  t a k e  p l a c e  

t h e o r e t i c a l l y  i n t o  th e  2 -  o r  t h e  8 - p o s i t i o n ,  b u t  i n  th e  

many c y c l i s a t i o n s  o f  a c i d s  o f  t h i s  ty p e  w h ich  h a v e  b e e n  

s t u d i e d ,  i t  h a s  b een  fo u n d  to  o c c u r  a lm o s t  e x c l u s i v e l y  i n  

th e  8 - p o s i t i o n .  F o r  e x a m p le ,  F i e s e r  and G a te s  fo u n d  

t h a t  c y c l i s a t i o n  o f  ^ - 1 - n a p h t h y l p r o p i o n i c  a c i d  i t s e l f  "

(XXXI) g av e  81$  o f  p e r i n a p h th a n o n e  (X X X II), fo rm ed  b y  c y c l i s a 

t i o n  i n t o  t h e  8 - p o s i t i o n ,  and a l s o  6 $  o f  th e  a l t e r n a t i v e  

p r o d u c t ,  4 :5 -b e n z h y d r in d o n e  (X X X III) .

(XXXII) 
(35)

(XXXIII)

'CH2. C h j.C O jH  

(XXXI)

A g a in ,  Buu, H oi a n d  C a g n a in t  showed t h a t  t r e a t m e n t  o f  

p - ( 4 - m e t h y l - l - n a p h t h y l ) p r o p i o n y l  c h l o r i d e  (XXXIV) w i t h  

a lu m in iu m  c h l o r i d e  gave  3 - m e t h y l p e r i n a p h t h a n - 7 -o n e  (XXXV), 

none o f  t h e  o t h e r  p o s s i b l e  p r o d u c t  b e i n g  i s o l a t e d .
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(XXXIV) (XXXV)

T hese  e x am p les  (many o t h e r s  a r e  known) s e r v e  t o  

i n d i c a t e  t h e  r e a d i n e s s  w i t h  w hich  c y c l i s a t i o n  o f  (3 - 1 -  

n a p h t h y l p r o p i o n i c  a c i d s  t a k e s  p l a c e  i n t o  p o s i t i o n  8 . The 

r e a s o n  f o r  t h i s  i s  n o t  f a r  t o  s e e k .  I t  i s  f a v o u r e d  b o t h  

by th e  w e l l-k n o w n  p r e f e r e n c e  f o r  t h e  f o r m a t i o n  o f  s i x -  

membered r a t h e r  th a n  f iv e -m e m b e re d  r i n g s  i n  i n t r a  m o le c u la r  

a c y l a t i o n s  , and by th e  te n d e n c y  f o r  c y c l i s a t i o n  t o  t a k e  

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

i n t o  p o s i t i o n  8  i s  i n t o  t h e  r e a c t i v e  J- p o s i t i o n  o f  n a p h 

t h a l e n e ,  a n d  r e s u l t s  i n  t h e  f o r m a t i o n  o f  a  s ix -m e m b e re d  

r i n g  k e t o n e .  I t  w as ,  t h e r e f o r e ,  a n t i c i p a t e d  t h a t  c y c l i s a 

t i o n  o f  t h e  a c i d  (XXX) (a  s u b s t i t u t e d  ^ - 1 - n a p h t h y l p r o p i o n i c  

a c i d )  would a l s o  t a k e  p l a c e  i n t o  t h e  8 - p o s i t i o n ,  w i th  f o rm a 

t i o n  of th e  k e to n e  (XXXVI), w h ich  c o u l d  be u t i l i s e d  f o r  t h e  

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

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

o

Numbered w i t h  r e s p e c t  
t o  n a p h th a l e n e  

(XXX)
(XXXVI) (XXXVII)

(R * a l k y l )
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I t  was r e c o g n i s e d  t h a t  i n  th e  a c i d  (XXX) t h e  

m e th y le n e  g ro u p  ( o f  t h e  r e d u c e d  r i n g )  a t  p o s i t i o n  3 w ould  

a c t i v a t e  p o s i t i o n  2 t o  some e x t e n t ,  so  t h a t  th e  t e n d e n c y  f o r  

c y c l i s a t i o n  to  t a k e  p l a c e  i n t o  t h i s  p o s i t i o n  w o u ld  be g r e a t e r  

t h a n  i n  t h e  ex am p les  g iv e n  above-  I t  i s  u n f o r t u n a t e ,  i n  

t h i s  c o n n e c t i o n ,  t h a t  no  exam ple  I s  r e c o r d e d  in  t h e  l i t e r a 

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

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

more c r i t i c a l  g u id e  th a n  t h e  o t h e r  e x a m p le s  c i t e d ,  t o  t h e  

s t r u c t u r e  o f  t h e  k e to n e  t o  be e x p e c t e d  by c y c l i s a t i o n  o f  

(XXX). I t  was c o n s i d e r e d ,  h o w e v e r ,  t h a t  t h e  p r e f e r e n c e  f o r  

c y c l i s a t i o n  t o  t a k e  p l a c e  i n t o  p o s i t i o n  8 , a s  e x h i b i t e d  i n  

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

p o n d e r a n t  am ounts o f  th e  d e s i r e d  k e to n e  (XXXVI).

1 :2 :3 :4 - T e t r a h y d r o  p h e n a n th r e n e  (XXXVIII) c a n n o t

be p r e p a r e d  s a t i s f a c t o r i l y  by  r e d u c t i o n  o f  p h e n a n t h r e n e , f o r

i t  i s  a lw ay s  acco m p an ied  by  d i -  and o c t a - h y d r i d e s  f ro m  vihich
(29)i t  m ust be s e p a r a t e d '  F o r  t h i s  r e a s o n  no  a t t e m p t  was

made t o  p r e p a r e  t h e  t e t r a h y d r o - a c i d  (XXX) by r e d u c t i o n  o f  

3 - ( 9 - p h e n a n t h r y l ) p r o p i o n i c  a c i d  (X V I). Bachmann and  Cronyn
i

h ave  d e s c r i b e d  a  s y n t h e s i s  o f  t h e  t e t r a h y l r o - a c i d  -using 

t e t r a h y d r o p h e n a n t h r e n e  (XXXVIII) a s  s t a r t i n g  m a t e r i a l ,  and  

t h i s  m ethod was a d o p te d  i n  th e  p r e s e n t  w ork . The s t a r t i n g  

m a t e r i a l  was i t s e l f  o b t a i n e d  by Bachmann a n d  S t r u v e s



(39)
m o d i f i c a t i o n  o f  th e  o r i g i n a l  p r o c e d u r e  o f  H aw orth  

S u c c i n i c  a n h y d r id e  an d  n a p h t h a l e n e  w ere  c o n d e n s e d  w i t h  

a lu m in iu m  c h l o r i d e  i n  n i t r o b e n z e n e ,  g i v i n g  a  m ix tu r e  o f  -  

a n d  - n a p h t h o y l p r o p i o n i c  a c i d s  (XXXIX a n d  XL)* T hese

were d i r e c t l y  r e d u c e d ,  w i t h o u t  s e p a r a t i o n ,  b y  t h e  C lem m ensen- 

M arten  m e th o d ,  t o  t h e  m ixed  ^ -  a n d  ^ - n a p h t h y l b u t y r i c  

a c i d s  (XLI an d  X L I I ) .

(X L II)(XXXIX)

(XXXVIII

(XL) (X L II)  (XLIV)

C y c l i s a t i o n  o f  t h e s e  m ixed  a c i d s  by t r e a t m e n t  o f  t h e  a c i d  

c h l o r i d e s  w i th  s t a n n i c  c h l o r i d e  gave a  m ix tu r e  o f  l 1-  and  

4 - k e t o - 1 : 2 : 3 : 4 - t e t r a h y d r o p h e n a n t h r e n e s  (X L III  a n d  X L IV ), 

f ro m  w h ic h  t h e  h y d ro c a rb o n  was o b t a i n e d  by Clemmensen r e d u c t i o n *  

C h l o r o m e t h y l a t i o n  o f  t h i s  h y d r o c a rb o n ^ 3 7  ̂ g ave  t h e

9 -c h lo ro m e th y l-c o m p o u n d  (XLV), w h ic h  was c o n d e n s e d  w i th  e t h y l  

s o d io m a l o n a t e * The r e s u l t i n g  m a lo n ic  e s t e r  was d i r e c t l y  

h y d r o l i s e d  to  th e  m a lo n ic  a c i d ,  d e c a r b o x y l a t i o n  o f  w h ic h  

gave  t h e  d e s i r e d  |3 “ (1  ?2 s3 •4 * * te tra h y d ro —9 —p h e n a n th r y  1 ) — 

p r o p io n i c  a c i d  (XXX).
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C y c l i s a t i o n  o f  t h i s  a c i d  was e f f e c t e d  by t h r e e  

m ethods -  b y  t r e a t m e n t  o f  t h e  a c i d  w i t h  a n h y d ro u s  h y d ro g e n  

f l u o r i d e ,  an d  b y  a c t i o n  o f  s t a n n i c  c h l o r i d e  and  o f  a lu m in iu m  

c h l o r i d e  on th e  a c i d  c h l o r i d e ,  th e  f o r m e r  i n  b e n z e n e ,  th e  

l a t t e r  i n  n i t r o b e n z e n e  s o l u t i o n .  I n  e a c h  c a s e  good y i e l d s  

o f  k e t o n i c  m a t e r i a l  were o b t a i n e d .  I t  was w i t h  some s u r 

p r i s e ,  h o w e v e r ,  t h a t  t h i s  was i d e n t i f i e d  a s  3 1- k e t o - 9  :1 0 -  

c y c l o p e n te n o -1  ;2 :3 :4 - t e t r a h y d r o p h e n a n t h r e n e  (XLVI). The 

s t r u c t u r e  o f  t h i s  k e to n e  was e s t a b l i s h e d  by  Clemmensen r e 

d u c t i o n  t o  9 s lO - c y c lo p e n t e n o - 1 ? 2 : 5 : 4 - t e t r a h y d r o p h e n a n t h r e n e  

(X L V II) ,  t f i i c h  was s m o o th ly  d e h y d r o g e n a te d  w i t h  p a l l a d i u m  

b la c k  t o  t h e  known 9 J lO - c y c lo p e n te n o p h e n a n th r e n e  (XXV)

o f  t h e  r e a c t i o n  i n  e a c h  c a s e ,  n one  o f  t h e  a l t e r n a t i v e  s i x -  

membered r i n g  compound (XXVI) b e in g  d e t e c t e d .  I t s  f o r m a t i o n  

i n v o l v e s  c y c l i s a t i o n  o f  th e  s i d e  c h a in  o f  (XXX) i n t o  t h e  2 -  

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

c y c l i s a t i o n  o f  a  £ - 1 - n a p h t h y l p r o p i o n i c  a c i d  i n t o  p o s i t i o n  2 

i n  p r e f e r e n c e  t o  p o s i t i o n  8  i s  v e r y  u n a s u a l .  T h is  seem s t o  

be th e  f i r s t  exam ple  i n  w h ic h  c y c l i s a t i o n  i n t o  p o s i t i o n  2  h a s

The k e to n e  (XLVI) a p p e a r e d  t o  be th e  s o l e  p r o d u c t



t a k e n  p l a c e  p r e p o n d e r a n t ly *  T h is  m u s t  he a t t r i b u t e d  t o  t h e  

a c t i v a t i o n  o f  p o s i t i o n - 2  by t h e  m e th y le n e  g ro u p  i n  tiie 

a d j a c e n t  3 - p o s i t i o n *

{UvCflOH  >

(X LV III) ( IL )

T h a t  s u c h  a l k y l  g ro u p s  do in d e e d  h ave  some e f f e c t  on t h e
(40)

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

th e  c y c l i s a t i o n  o f 3 - m - to l y l h y d r o c i n n a m i c  a c i d  (X L V III ) .  

The p r o d u c t  o f  t h e  r e a c t i o n  c o n s i s t e d  s o l e l y  o f  5 - m e th y l -  

3 - p h e n y l h y d r i n d o n e - l  ( I L ) ,  a r i s i n g  f ro m  a c y l a t i o n  p a r a  t o  

t h e  m e th y l  g roup*  No m a t e r i a l  was fo u n d  w h ic h  c o r r e s p o n d e d  

t o  c y c l i s a t i o n  i n t o  th e  u n s u b s t i t u t e d  n u c l e u s .

The u n e x p e c te d  f o r m a t i o n  o f  t h e  k e to n e  (XLVI) 

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

f ro m  t h e  p h e n a n th r e n e  n u c l e u s .  T h is  g e n e r a l  m eth o d  was 

t h e r e f o r e  a b a n d o n e d .

A n o th e r  a t t e m p t  was made t o  s y n t h e s i s e  1 0 -h y d ro x y  -  

3 :4 - b e n z p y r e n e ,  i n  t h e  fo rm  o f  i t s  m e th y l  e t h e r  (L IV ) ,  f rom  

c o n s t i t u e n t s  i n  w h ic h  th e  m ethoxy  g ro u p  was a l r e a d y  p r e s e n t .



(L) (L I ) ( L I I )
OCH3 OCK3
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( L I I I ) ( L I V ) .

The p r o p o s e d  s y n t h e s i s  I n v o lv e d  c o n d e n s a t i o n  o f  t h e  k e t o n e  

(L) w i th  o -c h lo ro p h e n y lm a g n e s iu m  b ro m id e  t o  g iv e  t h e  

c a r b i n o l  ( L I ) ,  w h ic h  was e x p e c te d  t o  y i e l d  ( L I I )  by d e h y d r a 

t i o n  f o l lo w e d  b y  r e d u c t i o n *  I t  was a n t i c i p a t e d  t h a t  r e 

p la c e m e n t  o f  c h l o r i n e  i n  t h i s  compound by c a r b o x y l ,  t h r o u g h  

th e  n i t r i l e ,  a n d  s u b s e q u e n t  r i n g  c l o s u r e  o f  t h e  a c i d ,  w ou ld  

g iv e  t h e  k e to n e  ( L I I I )  f ro m  w hich  (LIV) c o u l d  be o b t a i n e d  

by r e d u c t i o n  an d  d e h y d r o g e n a t i o n .

th e  k e to n e  ( L ) .  T h is  was s u c c e s s f u l l y  a c c o m p l i s h e d  by

c y c l i s a t i o n  o f  (3 - ( 2 - m e t h o x y - l - n a p h t h y l )  p ro p  i o n i c  a c i d  ( L V I I ) .
\

The s t a r t i n g  p o i n t  i n  t h e  s y n t h e s i s  was 2-me t h o x y n a p h t h a l e n e . 

C hi o r  ome th y  l a  t  io n  o f  t h i s  b y  a  m o d i f i c a t i o n  o f  t h e  m eth o d  o f

n a p h th a l e n e  (LV) r e a d i l y .  T h is  was c o n d e n s e d  w i t h  e t h y l  

s o d io m a lo n a te  to  g iv e  e t h y l  (2 - m e th o x y n a p h th y l - l - m e t h y l ) -  

m a lo n a te  (LVI)* On h y d r o l y s i s  th e  c o r r e s p o n d i n g  I o n i c

The f i r s t  s t e p  i n  th e  scheme was t h e  s y n t h e s i s  o f

Cook, Downer an d  Hornung gave l - c h l o r o m e t h y l - 2 -m e th o x y



a c i d  was o b t a i n e d ,  w h ic h  was r e a d i l y  d e c a r b o x y l a t e d  t o  -  

(2 - m e t h o x y - l - n a p h t h y l J p r o p i o n i c  a c i d  (L V II)*

CH w  CHr CH ( C O ^ H f  I  CHr  C H X- ^ 0 2 H
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(LV) (LVI) (L V II)

The o v e r a l l  y i e l d  f ro m  t h e  c h l o r o m e th y l  compound was 8 0 $ .

T h is  a c i d  h as  p r e v i o u s l y  b e e n  d e s c r i b e d  by  B a r g e r  and  
(42)

S t a r l i n g  , who p r e p a r e d  i t ,  i n  p o o r  y i e l d ,  by r e d u c t i o n  

o f  th e  c o r r e s p o n d in g  a c r y l i c  a c i d .

C y c l i s a t i o n  o f  (L V II)  was i n v e s t i g a t e d  u n d e r  t h r e e  

s e t s  o f  c o n d i t i o n s .  F o l lo w in g  th e  work o f  F i e s e r  an d  G a te s  

who fo u n d  t h a t  t r e a t m e n t  o f  ^ - 1 - n a p h t h y l p r o p i o n i c  a c i d  (L V I I I )  

w i t h  a n h y d ro u s  h y d ro g e n  f l u o r i d e  gave e x c e l l e n t  y i e l d s  o f  t h e  

c o l o u r l e s s  p e r in a p h th a n o n e  (L IX ) ,  i t  was e x p e c t e d  t h a t  s i m i l a r  

t r e a t m e n t  o f  (L V II)  w ou ld  y i e l d  t h e  d e s i r e d  k e to n e  ( L ) .  T h is  

was in d e e d  fo u n d  t o  be th e  c a s e ,  1 -m e th o x y p e r l n a p h t h a n - 7 - one (L) 

b e in g  o b t a i n e d  i n  good  y i e l d ,  a s  a  y e l l o w  c r y s t a l l i n e  s o l i d ,  

when th e  a c i d  (LV II)  was l e f t  i n  c o n t a c t  w i t h  a n h y d ro u s  

h y d ro g e n  f l u o r i d e  f o r  s e v e r a l  h o u r s .  The a n a l y s i s  o f  th e  

w e l l  c r y s t a l l i n e  oxime was i n  a g re e m e n t  w i t h  t h i s  s t r u c t u r e .

The same k e to n e  was o b t a i n e d  i n  e q u a l l y  good y i e l d ,  b y  

t r e a t m e n t  o f  th e  a c i d  c h l o r i d d  o f  (LV II)  w i t h  s t a n n i c  c h l o r i d e  

i n  c o ld  benzene  s o l u t i o n .  The i d e n t i t y  o f  th e  k e t o n e s  was



c o n f i rm e d  by c o m p a r iso n  o f  th e  o x im e s .  T h i s  i s  o f  some

id e  o f  th e  u n m e th o x y la te d  a c i d  (LVIIX) w i t h  a lu m in iu m  

c h l o r i d e ,  o r  w i t h  s t a n n i c  c h l o r i d e ,  g^ve n o t  th e  e x p e c t e d  

c o l o u r l e s s  p e r in a p h th a n o n e  (L IX ),  b u t  t h e  y e l l o w  compound 

p e r in a p h th e n o n e  (LX), fo rm e d  by l o s s  o f  two h y d ro g e n  a to m s  

from  t h e  i n i t i a l  c y c l i s a t i o n  p r o d u c t  (L IX ).  T h is  s u b s t a n c e  

(LX) h a d  m arked  b a s i c  p r o p e r t i e s  a n d  d i s s o l v e d  e a s i l y  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 .

The f a c t  t h a t  t h e  k e t o n e  o b t a i n e d  in  th e  p r e s e n t  w ork  was 

y e l lo w  i n  c o l o u r  s u g g e s t e d  t h a t  i t  m ig h t  be c o n ta m in a te d  

w i t h  some o f  t h e  c o r r e s p o n d i n g  u n s a t u r a t e d  compound (L X I) .  

H ow ever, a t t e m p t s  t o  remove th e  y e l lo w  c o l o u r  f ro m  t h e  

k e to n e  by r e p e a t e d  e x t r a c t i o n  o f  a  b en zen e  s o l u t i o n  w i th  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  ( i n  w h ic h  (LXI) w ould  be s o l u b l e ,  

on a n a lo g y  w i th  (L X )) ,  and  a l s o  by c h ro m a to g ra p h y  on a l u m i n a ,  

were u n s u c c e s s f u l .  No t r a c e  o f  th e  u n s a t u r a t e d  k e t o n e  was 

i s o l a t e d  from  t h i s  s o u r c e .  The p r e s e n c e  o f  a  m e th y le n e  g ro u p  

a d j a c e n t  t o  t h e  c a r b o n y l  g ro u p  i n  t h e  y e l lo w  k e t o n e  was

(4 2 )
i n t e r e s t ,  f o r  i t  was f o u n d  by Cook an d  H ew e tt  , a n d  

by  F i e s e r  and  G a t e s ( ^ 4 ) ,  t h a t  c y c l i s a t i o n  o f  t h e  a c i d  c h l o r -

(L V II I )  R * H 

(L V II)  R ■ -OCH3

(LIX) R -  H

(L) R « -OCH 
3

(LX) R « H 

(LXI) R *= -OCH.



c o n f i rm e d  by th e  f o r m a t i o n  o f  a  b e n z y l l d e n e  d e r i v a t i v e .

T h e re  i s  th u s  l i t t l e  d o u b t  t h a t  t h e  k e to n e  o b t a i n e d  b y  

c y c l i s a t i o n  o f  (L V II)  by the  m e th o d s  d e s c r i b e d  h a s  t h e  

s t r u c t u r e  r e p r e s e n t e d  by f o rm u la  ( L ) , and  t h a t  t h e  y e l l o w  

c o l o u r  i s  n o t  due t o  th e  p r e s e n c e  o f  i m p u r i t y .

I t  h a s  been  r e p o r t e d  by B a r g e r  a n d  S t a r l i n g  

t h a t  th e  k e to n e  (L) i s  p r o d u c e d ,  i n  p o o r  y i e l d ,  b y  c y c l i s a 

t i o n  o f  - ( 2 - m e t h o x y - l - n a p h t h y l )  p r o p  i o n i c  a c i d  (L V II)  w i t h  

p h o s p h o r ic  o x i d e .  S in c e  t h e  k e to n e  o b t a i n e d  b y  t h e s e  a u t h o r s  

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

(an d  d e s i g n a t e d  as  ( L ) ) ,  t h i s  c y c l i s a t i o n  was r e - i n v e s t i g a t e d .  

R e a c t io n  a s  d e s c r i b e d  by t h e s e  w o r k e r s  gave r i s e  t o  a  com plex  

m ix tu r e  o f  p r o d u c t s ,  f ro m  w h ich  two p u re  s u b s t a n c e s  were 

i s o l a t e d .  One o f  t h e s e  was e v i d e n t l y  i d e n t i c a l  w i t h  t h a t  

d e s c r i b e d  by B a rg e r  and S t a r l i n g .  The a n a l y s i s  o f  t h i s  com

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

l - m e th o x y p e r ln a p h th e n - 7 - one (LXI) and n o t  th e  s a t u r a t e d  m e th o x y -  

p e r in a p h th a n o n e  (L) a s  B a rg e r  a n d  S t a r l i n g  s u p p o s e d .  The f a c t  

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

i s  in  a g re e m e n t  w i t h  t h i s  f o r m u l a t i o n .  The o t h e r  p r o d u c t  

i s o l a t e d  from  t h i s  c y c l i s a t i o n  was i d e n t i f i e d  a s  p e r i n a p h t h e n o n e  

i t s e l f  ( L a. )  . The f o r m a t i o n  o f  t h i s  compound i n v o l v e s  b o t h  

d e h y d r o g e n a t io n  and d e m e th o x y la t io n  d u r in g  c y c l i s a t i o n .  A 

s i m i l a r  l a s s  o f  a  m e th o x y l  g ro u p  was o b s e r v e d  by Mayer an d



(44)
d u r i n g  c y c l i s a t i o n  o fo f  g - ( 4 - m e t h o x y - lS i e g l i t z

O C H 3 

(LX II)

CHV CHj. COOt n a p h t h y l j p r o p i o n y l  c h l o r i d e  (L X II)  

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

c a s e  p e r i n a p h t h e n o n e  was t h e  o n ly

p r o d u c t  i s o l a t e d .

The k e to n e  (L) was now c o n d e n s e d  w i t h  o - c h l o r o -

phen y lm ag n es iu m  b ro m id e  i n  e t h e r - b e n z e n e , g i v i n g  1 - m e th o x y -  

7 - ( o - c h l o r o p h e n y l ) - p e r i n a p h t h a n - 7 - o l  (L I )  a s  a  c o l o u r l e s s  

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

t h i s  compound c o u ld  n o t  be p ro v e d  by th e  f o r m a t i o n  o f  a  

d i n i t r o b e n z o a t e  o r  an  0L - n a p h t h y l i s o c y a n a t e , b u t  t h i s  i s  

n o t  s u r p r i s i n g  i n  v ie w  o f  th e  w e ll-k n o w n  r e s i s t a n c e  o f  

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

t h e  c a r b i n o l  ( L I ) .  To e f f e c t  t h i s  i t  was t r e a t e d  w i t h  a  

l i t t l e  i o d i n e  i n  b o i l i n g  l i g h t - p e t r o l e u m .  The p r o d u c t ,  

i s o l a t e d  i n  h i g h  y i e l d ,  was a  w e l l - c r y s t a l l i n e  a p p a r e n t l y  

hom ogeneous s o l i d .  The same compound was o b t a i n e d  i n  a l 

m ost q u a n t i t a t i v e  y i e l d  by t r e a t m e n t  o f  th e  c a r b i n o l  w i t h  

c o l d  d i l u t e  m e t h a n o l i c  h y d ro g e n  c h l o r i d e .  T h is  s u b s t a n c e ,  

h o w ev e r ,  d i d  n o t  h av e  t h e  p r o p e r t i e s  o f  t h e  e x p e c te d  d e h y d r a 

t i o n  p r o d u c t  (L X II l )  . I t  d i d  n o t  d e c o l o u r i s e  b rom ine  w a te r  

o r  d i l u t e  p e r m a n g a n a te ,  a n d  a  2 e i s e l  d e t e r m i n a t i o n  show ed 

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

The n e x t  s t e p  i n  th e  s y n t h e s i s  was d e h y d r a t i o n  o f



s u b s t a n c e  l e a d  t o  t h e  c o n c l u s io n  t h a t  I t  I s  a c t u a l l y  4 - ( o -  

c h l o r o p h e n y l ) - p e r i n a p h t h a n - 7 - one (LXIV). I t s  k e t o n l c  

n a t u r e  was shown by th e  p r e p a r a t i o n  o f  a  s e m lc a rb a z o n e  a n d  a 

2 t4 - d l n l t r o p h e n y l h y d r a z o n e , an d  t h e  p r e s e n c e  o f  a  m e th y le n e  

g ro u p  a d j a c e n t  t o  th e  c a r b o n y l  g ro u p  was d e m o n s t r a t e d  b y  th e  

r e a d y  f o r m a t io n  o f  a  b e n z y l ld e n e  d e r i v a t i v e .  T h is  k e t o n e  

was th e  s o l e  p r o d u c t  o f  th e  r e a c t i o n .  T h e re  was n o  e v id e n c e  

o f  th e  f o r m a t i o n  o f  t h e  e x p e c t e d  d e h y d r a t i o n  p r o d u c t  ( L X I I I ) .

OCHi OCHi

(L)

Ho

(L I) (LXIV)

OCH

A-

(L X II I )

A

(LXV) (LXVI)

(Ar * o -  C6H4 C1)

The f o r m a t io n  o f  th e  k e to n e  (LXIV) f ro m  (L I )  ca n  

be i n t e r p r e t e d  a s  t a k i n g  p l a c e  by a r e a r r a n g e m e n t  o f  bonds  

In  th e  i n i t i a l  " n o rm a l11 d e h y d r a t i o n  p r o d u c t  ( L X I I I ) ,  w i th  

f o r m a t i o n  o f  a n  i n t e r m e d i a t e  compound o f  s t r u c t u r e  (LXV). 

T h is  r e p r e s e n t s  t h e  e t h e r  o f  an e n o l ,  and  a s  s u c h ,  w ou ld



r e a d i l y  u n d e rg o  h y d r o l y s i s  t o  g iv e  t h e  k e to n e  (LXIV).

T h is  p o s t u l a t e d  r e a r r s n  gem ent i n  (L X I I I )  i s  n o t  

u n l i k e l y ,  s in c e  i t  i n v o l v e s  o n ly  a  r e d i s t r i b u t i o n  o f  b o n d s  

in  a  p e r i n a p h t h e n e  s y s te m  (LXVI), an d  t h i s  i s  known t o  be  

p o s s i b l e .  I n  1938 , K lyne an d  R o b in s o n 4̂ 5  ̂  s u g g e s t e d  th e  

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

s y s te m ,  and  t h e  d o u b le  bond m o b i l i t y  i n h e r e n t  i n  t h i s  c o n 

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

F i e s e r  and  G a te s  i n  an  exam ple w h ic h  i s  s i m i l a r  t o  t h e

p r e s e n t  o n e .  T h e se  a u t h o r s  f o u n d  t h a t  when t h e  c a r b i n o l  

(LXVII) was s u b j e c t e d  t o  a  s e r i e s  o f  r e a c t i o n s  i n v o l v i n g  

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

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

were o b t a i n e d  w h ich  w ere  i d e n t i f i e d  a s  (LX V III)  an d  (LX IX ). 

The e x p e c te d  p r o d u c t  (LXXI) was n o t  e n c o u n te r e d *

(LXX)

HO

(LXVII)

o5? ofi?
(LXVIII) (LXIX) (LXXI)



The f o r m a t i o n  o f  (LX V III) an d  (LXIX) c a n  o n ly  be  e x p l a i n e d  

by a r e a r r a n g e m e n t  o f  bonds in  th e  i n i t i a l  d e h y d r a t i o n  

p r o d u c t  (LXX) -  a p e r i n a p h t h e n e  d e r i v a t i v e .  I t  was 

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

t h e s e  r e a r r a n g e m e n t s  i s  t h e  te n d e n c y  f o r  c o n j u g a t i o n  b e tw e e n  

th e  c h lo r o p h e n y l  g ro u p  a n d  a  n a p h t h a l e n e  n u c l e u s .  The 

r e a r r a n g e m e n t  r e c o r d e d  i n  t h e  p r e s e n t  work i s  a n a lo g o u s  t o  

t h i s ,  a n d  c l e a r l y  a f f o r d s  a  f u r t h e r  exam ple  o f  t h e  d o u b le  

bond  m o b i l i t y  i n  t h e  p e r i n a p h t h e n e  s y s te m .

(LXXII)

( Ar = o -  C6H4 C1 )

On a n a lo g y  w i t h  t h e  exam ple  s t u d i e d  by F i e s e r  

and G a t e s one e x p e c t  t h a t  two p r o d u c t s  w ould  be

o b t a i n e d  f ro m  th e  c a r b i n o l  ( L I ) ,  t h e  k e to n e  (LXIV) and  

a n o t h e r  m ethoxy  compound (LXXII) c o r r e s p o n d i n g  t o  one o f  

th e  p r o d u c t s  (LXIX) i s o l a t e d  by F i e s e r  and G a t e s .  I t  I s  

o f  c o n s i d e r a b l e  i n t e r e s t ,  t h e r e f o r e ,  t h a t  o n l y  the  k e to n e  

(LXIV) was i s o l a t e d  f ro m  the  r e a c t i o n .  T h is  i s  i n  a g r e e 

m ent w i th  th e  h y p o th e s i s  o f  K lyne a n d  R o b i n s o n r e g a r d 

in g  th e  m o b i l i t y  o f  bonds i n  t h e  p e r i n a p h t h e n e  s y s te m .

OCH3

(LXV)

Mx
Hj.

(LXIV)



F o r  i f ,  s a y ,  (LXXII) and (LXV) were i n  t a u t o m e r i c  e q u i 

l i b r i u m ,  t h i s  w ould  be  c o n t i n u a l l y  d i s t u r b e d  b y  th e  i r 

r e v e r s i b l e  h y d r o l y s i s  o f  (LXV) t o  t h e  k e t o n e  (LXIV), so  

t h a t  u l t i m a t e l y  th e  whole o f  (LXXII) a s  w e l l  a s  (LXV) 

w ould  be  c o n v e r t e d  to  th e  k e t o n e •

I f  t h e  e x p l a n a t i o n  s u g g e s t e d  by F i e s e r  a n d  G a te s ^  

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

page 3M~) i s  th e  c o r r e c t  o n e ,  t h e n  i t  i s  c o n c e i v a b l e  t h a t  

i n t e r a c t i o n  o f  th e  k e to n e  (L) w i t h  m e th y lm a g n e s iu m  i o d i d e  

and w i t h  9 - a n th ra n y lm a g n e s lu m  b ro m id e  w ould g i v e  r i s e  t o  

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

m en t,  t o  g iv e  th e  compounds (LX X III) a n d  (LXXIV). F o r  i n  

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

would be no  r e a s o n  f o r  r e a r r a n g e m e n t  t a k i n g  p l a c e .  I n  t h e  

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

r e s o n a n c e  i n  th e  compound (LXXIV) w ould p r e v e n t  t r u e  c o n 

j u g a t i o n ,  and h en ce  p r e v e n t  r e a r r a n g e m e n t .
OCH3 OCHj OCH,

(L) (LX X III) (LXXIV)

A t te m p ts  t o  t e s t  t h i s  h y p o t h e s i s ,  h o w ev er ,  w ere  u n s u c c e s s f u l .  

M ethylm agnesium  I o d id e  r e a c t e d  w i t h  (L) t o  g i v e  a n  u n 

c r y s t a l  l i s  a b le  o i l ,  and t h e  d e h y d r a t i o n  p r o d u c t  was a l s o  an



o i l .  A n th ra n y lm a g n e s iu m  b ro m id e  d i d  n o t  r e a c t  w i t h  (L) 

ev en  i n  b o i l i n g  d i - a m y l  e t h e r  ( 1 7 0 ° ) .  On d e c o m p o s i t i o n  

o f  the  r e a c t i o n  m ix tu r e  w i t h  a c i d ,  o n ly  a n t h r a c e n e  was 

o b t a i n e d .  P re su m a b ly  i n  t h i s  c a s e  r e a c t i o n  i s  p r e v e n t e d  b y  

th e  v e r y  s t e r i c  f a c t o r  o f  w h ich  i t  was i n t e n d e d  t o  t a k e  

a d v a n t a g e .

The k e to n e  (LXIV) c a n n o t  be u t i l i s e d  f o r  t h e  

f u r t h e r  s t a g e s  o f  t h e  p ro p o s e d  b e n z p y r e n o l  s y n t h e s i s ,  a n d  

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

b lo c k e d  t h i s  m ethod  o f  a p p r o a c h .  Some a t t e m p t s  w ere  made 

t o  r e d u c e  (L I)  t o  t h e  compound ( L I I )  ( fo rm u la  o n  p a g e  .37 ) 

by d i r e c t  r e d u c t i o n  w i th  z i n c  d u s t  and sod ium  h y d r o s u l p h i t e ,  

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

s y n t h e s i s  was t h u s  ab a n d o n e d  a t  t h i s  s t a g e .

Some p r e l i m i n a r y  e x p e r im e n t s  have  b een  c a r r i e d  

o u t  i n  a  p r o p o s e d  s y n t h e s i s  o f  the  h e x a h y d r o - 1 : 2 - b e n z a n th r o n e  

(LXXIX) • I t  was i n t e n d e d  t h a t  t h i s  s h o u ld  s e r v e  a s  a  m o d e l  

f o r  a s i m i l a r  s y n t h e s i s  o f  t h e  m e t h o x y - d e r i v a t i v e  (LXXX), 

f ro m  w h ich  I t  was h o p e d  i t  w o u ld  be p o s s i b l e  t o  s y n t h e s i s e

1 0 - m e th o x y -3 :4 -b e n z p y re n e  (L IV ) •



(LXXV) (LXXVI) (LXXVII)

OCAii

(LXXVIII) (LXXIX) ( R * H) 
(LXXX) ( R * -OCH^)

(LIV)

The p r o p o s e d  r o u t e  t o  (LXXIX) in v o l v e d  r e d u c t i o n  o f  

b e n z y l i d e n e t e t r a l o n e  (LXXV) t o  t h e  t e t r a l o l  (LXXVI), c o n 

v e r s i o n  o f  t h i s  t o  t h e  a c i d  (LXXVIII) t h r o u g h  th e  h a l i d e  

(LXXVII), f o l lo w e d  by  c y c l i s a t i o n  o f  t h i s  a c i d  t o  t h e  

h e x a h y d ro b e n z a n th ro n e  (LXXIX).

The s t a r t i n g  m a t e r i a l ,  2 - b e n z y l i d e n e - l - t e t r a l o n e  

(LXXV), was r e a d i l y  o b t a i n e d  f ro m  1 - t e t r s l o n e  a n d  b e n z a l d e -  

h y d e ,  a s  d e s c r i b e d  by Rapson and S h u t t l e w o r t h ^ 4 ^ . By 

r e d u c t i o n  o f  t h i s  o - u n s a t u r a t e d  k e to n e  w i t h  t h e  

s p e c i a l l y  a c t i v e  Raney n i c k e l  r e c e n t l y  d e s c r i b e d  b y  P a v l i c  

and  A d k in s ( ^ 7 )  ̂ l - h y d ro x y - 2 - b e n z y l - l :2 ;5  :4 - t e t r a h y d r o -  

n a p h t h a l e n e  (LXXVI) was o b t a i n e d  i n  e x c e l l e n t  y i e l d .  T h is  

compound can e x i s t  i n  two g e o m e t r i c a l l y  i s o m e r i c  f o r m s .

Both o f  t h e s e  were p ro d u c e d  i n  th e  r e a c t i o n ,  and  w ere  i s o l a t e d



i n  a p p r o x im a te ly  e q u a l  am o u n ts  by  f r a c t i o n a l  c r y s t a l l i s a t i o n *  

The h i g h e r  m e l t i n g ,  l e a s t  s o l u b l e  i s o m e r  i s  r e g a r d e d  a s  t h e  

t r a n s , a n d  th e  o t h e r  a s  t h e  c i s .  T h is  a l c o h o l  c a n  a l s o  be  

p ro d u c e d  f ro m  (LXXV) by c h e m ic a l  r e d u c t i o n  w i th  so d iu m  an d  

m o is t  e t h e r ,  b u t  th e  y i e l d  o b t a i n e d  by t h i s  m e th o d  i s  u n 

s a t i s f a c t o r y ,  much h i g h  b o i l i n g  m a t e r i a l  b e i n g  fo rm e d .  I n  

t h i s  c a s e  a l s o ,  b o t h  c i s  an d  t r a n s  fo rm s  w ere  i s o l a t e d .  

H y d ro g e n a t io n  o f  (LXXV) a t  e l e v a t e d  t e m p e r a t u r e  a n d  p r e s s u r e  

o v e r  c o p p e r  c h r o m i t e ,  l e d  t o  c o m p le te  e l i m i n a t i o n  o f  o x ygen  

w i th  f o r m a t i o n  o f  2 - b a i  z y l - 1 : 2  : 3 : 4 - t e t r a h y d r o n a p h t h a l e n e  

(LXXXI). T h is  compound was p r e v i o u s l y  p r e p a r e d  by von 

B raun^4 ^  by r e d u c t i o n  o f  2 - b e n z y l - 1 - t e t r a l o n e  (LXXXII), an d  

d e s c r i b e d  by h im  a s  an  o i l .  The compound o b t a i n e d  by t h e  

p r e s e n t  m ethod i s  a  c r y s t a l l i n e  s o l i d .

(LXXVII) s u i t a b l e  f o r  t r a n s f o r m a t i o n  t o  the  a c i d  (L X X V III) ,  

e i t h e r  th ro u g h  t h e  n i t r i l e  o r  by th e  G r ig n a rd  r e a c t i o n ,  

p ro v e d  to  be  a  m a t t e r  o f  c o n s i d e r a b l e  d i f f i c u l t y ,  b e c a u s e  o f  

th e  e a s e  w i t h  w h ic h  h a lo g e n  h y d r id e  was l o s t  f ro m  th e  h a l i d e s  

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

O

(LXXXI) (LXXXII) (LXXXIII)

C o n v e r s io n  o f  th e  t  e t r a l o l  (LXXVI) t o  a  h a l i d e



2 - b e n z y l -3  :4 - d lh y d r o n a p h th a l e n e  (LXXXIII)* T r e a tm e n t  o f  

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

an o i l y  p r o d u c t  w h ic h  c o u ld  n o t  b e  in d u c e d  to  c r y s t a l l i s e .  

D i s t i l l a t i o n  r e s u l t e d  i n  c o m p le te  c o n v e r s i o n  t o  (L X X X III)-  

An a t t e m p t  t o  p r e p a r e  th e  a c i d  (LXXVIII) d i r e c t l y  f ro m  th e  

c ru d e  o i l y  h a l i d e ,  by t r e a t m e n t  w i t h  p o t a s s iu m  c y a n i d e ,  

f o l lo w e d  by  b o i l i n g  w i t h  a l k a l i ,  d id  n o t  y i e l d  an y  a c i d i c  

m a t e r i a l *  A g a in  o n ly  th e  u n s a t u r a t e d  h y d r o c a r b o n  was i s o l a t e d .

t e t r a h y d r o n a p h th a le n e  (LXXXVI) h a s  b e e n  o b t a i n e d  In  a  p u re  

c r y s t a l l i n e  c o n d i t i o n  by  t r e a t m e n t  o f  th e  t e t r a l o l  (LXXVI), 

i n  c o l d  b e n z e n e ,  w i t h  d r y  h y d ro g e n  c h l o r i d e ^ 4 9 * . The

y i e l d s  w ere  n o t  c o n s i s t e n t ,  h o w e v e r ,  and  i n  many e x p e r i i a s n t s  

no c r y s t a l l i n e  m a t e r i a l  was o b t a i n e d  a t  a l l .  M ost o f  t h e

i n  c o l d  b e n z e n e  4̂ 9 ^ ,  o r  w i t h  c o l d  h y d ro b ro m ic  a c i d ,  g a v e

A s i m i l a r  d i f f i c u l t y  was e n c o u n t e r e d  b y  Long an d
(50)

B u rg e r  , who fo u n d  t h a t  a t t e m p t s  t o  c o n v e r t  l«*hydroxy-6 -  

m e t h o x y - 1 : 2 : 3 : 4 - t e t r a h y d r o n a p h t h a l e n e  (LXXXIV) t o  th e  

c o r r e s p o n d in g  h a l i d e  gave o n l y  6 - m e th o x y - 3 :4 - d i h y d r o -  

n a p h th a l e n e  (LXXXVI).

(LXXXIV) (LXXXV) (LXXXVI)

A s m a l l  amount o f  l ~ c h l o r o - 2 - b e n z y l - l : 2 : 3  ;4 -



r e a c t i o n s  were c a r r i e d  o u t  w ith ,  t h e  t r a n s  a l c o h o l *  h u t  i n  

one c a s e  th e  same c i y s t a l l i n e  c h l o r i d e  was o b t a i n e d  f ro m  

th e  c i s  i s o m e r .  I f  t h i s  c o u ld  be  c o n f i rm e d  i t  w o u ld  i n d i 

c a t e  a  Walden I n v e r s i o n  d u r i n g  c o n v e r s i o n  o f  th e  a l c o h o l  to  

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

p a r e  t h e  c r y s t a l l i n e  c h l o r i d e  was t r e a t e d  a s  d e s c r i b e d  above  

f o r  th e  o i l y  b ro m id e ,  a n d  t h e  same r e s u l t s  w ere o b t a i n e d .

The u n s a t u r a t e d  h y d ro c a rb o n  (LXXXIII) was fo rm e d  on d i s 

t i l l a t i o n ,  and by t r e a t m e n t  w i t h  p o t a s s iu m  c y a n id e  f o l l o w e d  

by a l k a l i .

f i r m e d  th e  e a s e  w i t h  w h ic h  h a lo g e n  h y d r i d e  i s  l o s t .  T r e a t 

m ent w i t h  p o t a s s iu m  c y a n id e  i n  b o i l i n g  e t h y l  a l c o h o l  

r e s u l t e d  i n  c o m p le te  c o n v e r s i o n  t o  t h e  u n s a t u r a t e d  h y d r o 

c a r b o n .  A p r e l i m i n a r y  a t t e m p t  t o  p r e p a r e  th e  a c i d  (LXXVIII) 

f ro m  th e  c h l o r i d e ,  by th e  G r ig n a r d  m e th o d ,  was a l s o  u n 

s u c c e s s f u l .  No a c i d i c  m a t e r i a l  was p r o d u c e d ,  a n d  th e  o i l y  

n e u t r a l  m a t e r i a l  w h ich  was i s o l a t e d  c o u ld  n o t  be o b t a i n e d  

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

E x p e r im e n ts  w i t h  th e  c r y s t a l l i n e  c h l o r i d e  c o n -

o
n

(LXXXII) (LXXXVII) (LXXVIII)

B ecause  o f  t h e  d i f f i c u l t y  e n c o u n t e r e d  i n  o b t a i n i n g  

th e  p u re  h a l i d e  (LXXVII), the  p o s s i b i l i t y  o f  o b t a i n i n g  t h e



a c i d  (LXXVIII) f ro m  th e  c y a n h y d r in  (LXXXVII) o f  2 - b e n z y l - l -

t e t r a l o n e  (LXXXII) was i n v e s t i g a t e d .  T h i s  k e t o n e  was

p r e p a r e d  by r e d u c t i o n  o f  2 - b e n z y l i d e n e - l - t e t r a l o n e  (LXXV)

w i th  p a l l a d i u m  b l a c k  i n  a c e t i c  a c i d ,  a s  d e s c r i b e d  i n  a
(51)p a t e n t  by R i e d e l  . I t  was u n a f f e c t e d  b y  h y d r o g e n  

c y a n id e ,  h o w e v e r ,  r e p e a t e d  a t t e m p t s  t o  p r e p a r e  t h e  c y a n 

h y d r in  b e in g  c o m p le t e ly  u n s u c c e s s f u l .  The k e to n e  was 

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

P r e s s u r e  o f  t im e  h a s  p r e v e n t e d  the  p u s h i n g  o f  

t h i s  s y n t h e s i s  to  a d e f i n i t e  c o n c l u s i o n .  I t  i s  h o p ed  t o  

I n v e s t i g a t e  t h e  G r ig n a r d  r e a c t i o n  w i t h  th e  c h l o r i d e  

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

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

f o r  th e  p r e p a r a t i o n  o f  t h i s  s u b s t a n c e  f ro m  th e  t e t r a l o l  

(LXXVI) w i l l  r e q u i r e  t o  b e  w orked  o u t ,  b e f o r e  t h e  f u r t h e r  

s t a g e s  o f  th e  s y n t h e s i s  a r e  i n v e s t i g a t e d .



Part I I .

I s o m e r l s a t l o n  R e a c t io n s  w i t h  A nhydrous 

H y d r o f l u o r i c  A c i d »



B ecause o f  i t s  w id e  r a m i f i c a t i o n s ,  i s o m e r i s a t i o n  

i s  one o f  th e  m ost i m p o r t a n t  r e a c t i o n s  i n  a l l  c h e m i s t r y .

I t  i s  e n c o u n t e r e d  i n  o r g a n i c  compounds o f  many t y p e s ,  b u t  

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

V ery many exam ples  have  b e e n  r e c o r d e d  o f  c h a n g e  

o f  c a rb o n  s k e l e t o n  in  h y d r o c a rb o n s  o f  a l l  c l a s s e s  ( a l i 

p h a t i c ,  a l i c y c l i c  and a r o m a t i c ) .  T hese  i n c l u d e ,  m i g r a t i o n  

o f  a l k y l  g ro u p s  a l o n g  t h e  b e n z e n e  r i n g ,  ch an g e  i n  r i n g

s i z e  o f  c y c l a n e s ,  c o n v e r s i o n  o f  s t r a i g h t - c h a i n  p a r a f f i n s
(52 )

to  t h e i r  b r a n c h e d - c h a i n  i s o m e r s ,  a n d  o t h e r  t y p e s  . The 

l a s t  r e a c t i o n  h a s  now assum ed g r e a t  im p o r ta n c e  i n  th e  

p e t r o le u m  i n d u s t r y ,  w here b r a n c h e d - c h a i n  a l i p h a t i c  h y d r o 

c a rb o n s  (w hich  h a v e  b e t t e r  " a n t i - k n o c k "  v a l u e s )  a r e  now 

p r e p a r e d  on a  l a r g e  s c a l e  by t h i s  m e th o d .  A l th o u g h  a  

v a s t  am ount o f  work h a s  b e e n  c a r r i e d  o u t  on i s o m e r s  and  

t h e i r  r e a c t i o n s ,  no w e l l - g r o u n d e d  t h e o r i e s  f o r  a l k a n e ,  

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

A s p e c i a l  t h e o r y  i3  r e q u i r e d  f o r  a l m o s t  e v e ry  t y p e  o f  

change e n c o u n te r e d  i n  h y d r o c a rb o n  i s o m e r i s a t i o n .

I s o m e r i s a t i o n  o f  h y d r o c a rb o n s  c a n  so m e tim e s  b e  

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

p lo y e d .  Many c a t a l y s t s  h ave  been  u s e d  f o r  t h i s  p u r p o s e ^ 5 2 ^ , 

b u t  o u t s t a n d i n g  among t h e s e  a r e  t h e  a lu m in iu m  h a l i d e s ,  

w h ich  may in d u c e  i s o m e r i s a t i o n  u n d e r  v e r y  m i l d  c o n d i t i o n s .



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

em ployed  f o r  p a r a f f i n  i s o m e r i s a t i o n s ,  and  th e  r e a r r a n g e m e n t  

o f  a l k y l b e n z e n e s  u n d e r  t h e i r  i n f l u e n c e  i s  w e l l  known*

(F o r  R eview  s e e  N i g h t i n g a l e ,  r e f . 5 3 ) .  Thus £ - x y l e n e  i s  

c o n v e r t e d  to  m -x y le n e  i n  63$ y i e l d  when warmed w i t h  

a lu m in iu m  c h l o r i d e  a t  50°  f o r  f i v e  h o u r s  a n d  many

i s o m e r i s a t i o n s  o f  a  s i m i l a r  ty p e  h a v e  b e e n  r e c o r d e d .  Com

p le x e s  o f  a r o m a t ic s  w i t h  a lu m in iu m  c h l o r i d e  (a  l a r g e  n um ber  

o f  w hich  have b e e n  d e s c r i b e d ) ,  p r o b a b l y  p l a y  a n  i m p o r t a n t  

p a r t  in  su c h  i s o m e r s  i a t i o n s  .

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

i s o m e r i s a t i o n  o f  c e r t a i n  p o l y a l k y l b e n z e n e s . T h is  p r o c e s s ,

now known as  th e  J a c o b s e n  R e a c t io n  ( ^ ^ ,  i s  o f  o n ly  l i m i t e d

a p p l i c a t i o n  h o w e v e r ,  and  seems n o t  t o  be r e l a t e d  t o  th e

a lu m in iu m  c h l o r i d e  c a t a l y s e d  i s o m e r i s a t i o n s .  The r e a c t i o n

i s  o b s e rv e d  o n ly  i n  th e  c a s e  o f  p o l y a l k y l -  (an d  p o l y h a l o g e n o - )

b e n z e n e s ,  and i s  known to  i n v o l v e  th e  s u l p h o n i c  a c i d  a n d
(57)n o t  t h e  h y d ro c a rb o n  • D ursne  ( I )  a n d  i s o d u r e n e  ( I I )  a r e  

c o n v e r t e d  t o  p r e k n i t e n e  ( I I I )  when s u l p h o n a t e d  i n  p r e s e n c e

CH*

( D  ( H I )  ( I I )

I t  i s  a  c u r i o u s  f e a t u r e  o f  th e  J a c o b s e n  R e a c t io n  t h a t  i t

o f  s u l p h u r i c  a c i d  and  s u b s e q u e n t l y  h jd  r o l i i s e d ^ ® ^



a lw ay s  g i v e s  r i s e  t o  p r o d u c t s  i n  w h ic h  t h e  g r o u p s  o ccu p y

v i c i n a l  p o s i t i o n s .

H y d r o f l u o r i c  a c i d  i s  a l s o  known t o  b r i n g  a b o u t

r u p t u r e  o f  c a r b o n - c a r b o n  l i n k a g e s  u n d e r  s u i t a b l e  c o n d i t i o n s ,

and  i s  f i n d i n g  i n c r e a s i n g  a p p l i c a t i o n  a s  a n  i s o m e r i s i n g

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

s c a l e  b y  t r e a t m e n t  o f  a  m ix tu r e  o f  x y l e n e s  and  b e n z e n e  w i t h
(59)h y d r o f l u o r i c  a c i d  a t  h ig h  t e m p e r a t u r e  a n d  p r e s s u r e s

An i n t e r e s t i n g  exam ple o f  i s o m e r i s a t i o n  i n  th e  

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

a c i d  a t  o r d i n a r y  t e m p e r a t u r e s  h as  b een  o b s e r v e d  i n  t h i s  

D e p a r tm e n t .  An i n v e s t i g a t i o n  o f  t h i s  r e a c t i o n ,  d e s c r i b e d  

i n  t h e  s e q u e l ,  h a s  shown t h a t  i t  h as  c e r t a i n  u n iq u e  

f e a t u r e s ,  and  may be r e g a r d e d  a s  a new ty p e  o f  i s o m e r i s a 

t i o n  o f  p o l y a l k y l b e n z e n e s •

I t  h a s  a l r e a d y  b e e n  r e p o r t e d  i n  P a r t  I  (page  /& )

t h a t  c y c l i s a t i o n  o f  | J - ( 9 - s - o c t a h y d r o p h e n a n t h r y l ) p r o p i o n i c

a c i d  ( I V ) ,  by t r e a t m e n t  o f  t h e  a c i d  c h l o r i d e  w i t h  a lu m in iu m

c h l o r i d e ,  y i e l d e d  th e  k e to n e  (V ),  a s  e x p e c t e d .  The p r e s e n t

i n v e s t i g a t i o n  was i n i t i a t e d  by  th e  o b s e r v a t i o n  o f  o t h e r
(60)

w o rk e rs  i n  t h i s  D e p a r tm e n t  t h a t  t h i s  k e to n e  i s  o b t a i n e d  

a l s o  f ro m  ;3 - ( 9 - £ - o c t a h y d r o a n t h r a n y l ) p r o p i o n i c  a c i d  (V I) 

by a c t i o n  o f  a n h y d ro u s  h y d r o f l u o r i c  a c i d .
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(IV) (V) (V I)

The f o r m a t i o n  o f  (V) f ro m  (V I) i n  t h e s e  c i r c u m s t a n c e s  i s  

v e r y  s u r p r i s i n g ,  and c l e a r l y  i n v o l v e s  i s o m e r i s a t i o n  o f  th e  

o c t a h y d r o a n t h r a c e n e  n u c l e u s  o f  (V I) t o  a n  o c t a h y d r o p h e n -  

a n t h r e n e  one a t  some s t a g e  o f  t h e  r e a c t i o n .

I t  seem ed o f  some i n t e r e s t  t o  t r y  t o  f i n d  o t h e r  

ex am p les  o f  s i m i l a r  r e a r r a n g e m e n t s  i n  th e  o c t a h y d r o a n t h r a 

cen e  s e r i e s , and  th u s  t o  d e te r m in e  w h e th e r  i s o m e r i s a t i o n  

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

f l u o r i c  a c i d  i s  a  common p r o p e r t y  o f  a l l  d e r i v a t i v e s  o f  

o c t a h y d r o a n t h r a c e n e .  F o r  t h i s  p u rp o s e  th e  b e h a v i o u r  o f  

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

h y d r o f l u o r i c  a c i d  was e x a m in e d .  The r e s u l t s  a r e  shown 

i n  T a b le  I .

The u l t i m a t e  o b j e c t  o f  th e  i n v e s t i g a t i o n  was t o  

d e te r m in e  th e  m echanism  by w h ich  th e  c o n v e r s io n  o f  (V I) to  

(V) to o k  p l a c e ,  a n d  t h e  r e s u l t s  w i l l  t h e r e f o r e  be d i s c u s s e d  

from  t h a t  v i e w p o i n t .

I n t e r c o n v e r s i o n  o f  ^ - o c t a h y d r o a n t h r a c e n e  and  

^ - o c t a h y d r o p h e n a n th r e n e  I s  known to  t a k e  p l a c e  r e a d i l y  u n d e r  

s u i t a b l e  c o n d i t i o n s .  T h u s ,  ^ c h r o e t e r  o b s e rv e d  t h a t  t r e a t m e n t  

o f  ^ - o c t a h y d r o a n t h r a c e n e  (V II )  w i th  a lu m in iu m  c h l o r i d e  a t
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8 0 °  gave a com plex  m ix tu r e  o f  p r o d u c t s  c o n t a i n i n g  a b o u t  40$

o f  s _ - o c ta h y d r o p h e n a n th re n e , a s  w e l l  a s  4 0 $  o f  s t a r t i n g

m a t e r i a l .  T h is  r e a c t i o n  was shown to  be r e v e r s i b l e  by th e

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

a  m ix tu re  c o n t a i n i n g  n e a r l y  th e  same p r o p o r t i o n s  o f  t h e s e
(61)

two c o n s t i t u e n t s

A g a in ,  s ^ - o c t a h y d r o a n t h r a c e n e - 9 - s u l p h o n i c  a c i d  was fo u n d  t o  

r e a r r a n g e  t o  s - o c t a h y d r o p h e n a n t h r e n e - 9 - s u l p h o n i c  a c i d ,  i n  

y i e l d s  a s  h i g h  a s  8 5 $ ,  when h e a t e d  i n  p r e s e n c e  o f  s u l p h u r i c

i s  r e l a t e d  t o  a lu m in iu m  c h l o r i d e  and  to  s u l p h u r i c  a c i d .  I t  

t h u s  seem ed p o s s i b l e  t h a t  h y d r o f l u o r i c  a c id  a l s o  c o u l d  b r i n g  

a b o u t  i n t e r c o n v e r s i o n  o f  th e  tw o h y d ro c a rb o n s  (V II )  and

( V I I I ) ,  a n d  t h a t  th e  f o r m a t io n  o f  th e  k e to n e  (V) f ro m  (VI) 

i n  p r e s e n c e  o f  t h i s  r e a g e n t  to o k  p la c e  b y  r e a r r a n g e m e n t  o f  

t h e  o c t a h y d r o a n t h r a c e n e  n u c le u s  o f  (VI) w i t h  c o n s e q u e n t  f o r 

m a t io n  o f  ( I V ) ,  f o l l o w e d  by th e  n o rm a l  c y c l i s a t i o n  o f  th e  

p r o p i o n i c  a d d  a i d e  c h a in  o f  (IV } . Thus

wT h is  i s  a  s p e c i a l  c a s e  o f  th e  J a c o b s e n  r e a r r a n g e m e n t  o f  p o ly  
a lk y l b e n z e n e s  a n d  i s  n o t  r e l a t e d  to  th e  a lum in ium  c h l o r i d e  
c a t a l y s e d  r e a r r a n g e m e n t .  _________________________________

(V I I ) ( V I I I )

. a c i d w( ® ^ .  Now, a s  a  c o n d e n s in g  a g e n t ,  h y d r o f l u o r i c  a c i d



Even t h e  f o r m a t io n  o f  a n  e q u i l i b r i u m  m ix tu r e  o f  t h e  two 

a c i d s  c o n t a i n i n g  o n ly  a  v e r y  s m a l l  p r o p o r t i o n  o f  (IV ) 

w ould  be  s u f f i c i e n t  t o  b r i n g  a b o u t  th e  c o m p le te  c o n v e r s i o n  

o f  (V I) to  (V ), f o r  th e  e q u i l i b r i u m  w ould be c o n t i n u a l l y  

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

l y  a l l  o f  (V I) w ould  b e  c o n v e r t e d  t o  (V ).

T h is  v iew  was s e e n  t o  be u n t e n a b l e  h o w e v e r ,  by 

t h e  o b s e r v a t i o n  t h a t  ^ - o c t a h y d r o a n t h r a c e n e ,  9 - m e t h y l - s -  

o c t a h y d r o a n t h r a c e n e , a n d  9 - e t h y l - s - o c t a h y d r o a n t h r a c e n e , w ere 

c o m p le t e ly  u n c h a n g e d  when t r e a t e d  w i t h  h y d r o f l u o r i c  a c i d  

u n d e r  c o n d i t i o n s  w hich  h a d  r e s u l t e d  i n  c o n v e r s i o n  o f  (V I) t o  

(V ). s_ -O c ta h y d ro p h e n a n th re n e  a n d  9 - m e th y l - s - o c t a h y d r o -  

p h e n a n th re n e  w ere  a l s o  u n a f f e c t e d ,  t h u s  e l i m i n a t i n g  a n y  

p o s s i b i l i t y  t h a t  t h e r e  w as ,  i n  f a c t ,  a n  e q u i l i b r i u m  b e tw e e n  

th e  two s e t s  o f  d e r i v a t i v e s  w h ich  e s c a p e d  d e t e c t i o n  i n  t h e  

p r e v io u s  e x p e r im e n t s  b e c a u s e  i t  l a y  f a r  o v e r  on th e  s i d e  o f  

the  o c t a h y d r o a n t h r a c e n e  compounds. T hese  r e s u l t s  show 

c l e a r l y  t h a t  t h e r e  i s  no  t e n d e n c y  f o r  i n t e r c o n v e r s i o n  o f  s -  

o c t a h y d r o a n th r a c e n e  an d  £ - o c t a h y d r o p h e n a n t h r e n e ,  o r  t h e i r  

9 - a l k y l - d e r i v a t i v e s , i n  p r e s e n c e  o f  h y d r o f l u o r i c  a c i d .  T h is  

i s  i n  harm ony w i t h  t h e  f i n d i n g s  o f  C a l c o t t ,  T i n k e r  and  

W einm ayr(6 5 ) t h a t  m i g r a t i o n  o f  a l k y l  g ro u p s  a t t a c h e d  t o  

ben zen e  r i n g s  does  n o t  o c c u r  i n  p r e s e n c e  o f  h y d r o f l u o r i c



a c i d  a t  o r d i n a r y  t e m p e r a tu r e s * *  The f a c t  t h a t  s ^ - o c ta h y d r o -  

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

makes i t  e x t r e m e ly  u n l i k e l y  t h a t  s u c h  a  p r o c e s s  i s  t h e  

i n i t i a l  s t e p  i n  t h e  c o n v e r s i o n  o f  (V I) t o  ( V ) •

I t  seem ed a t  t h i s  s t a g e  t h a t  t h e  p r e s e n c e  o f  t h e  

p r o p i o n i c  a c i d  r e s i d u e  I n  (VI) m u s t  somehow b e  c o n c e r n e d  

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

A c l u e  t o  t h e  a c t u a l  m echan ism  I n v o lv e d  i n  th e  r e a r r a n g e m e n t  ' 

was o b t a i n e d  when th e  i n v e s t i g a t i o n  was e x t e n d e d  t o  d e r i v a 

t i v e s  a n a lo g o u s  to  ( V I ) ,  b u t  d i f f e r i n g  f ro m  I t  i n  t h e  

l e n g t h  o f  th e  a c i d  s i d e - c h a i n .

£ - 0 c t a h y d r o a n t h r a c e n e - 9 - c a r b o x y l i c  a c i d  (IX ) an d  

9 - s - o c t a h y d r o a n t h r a n y l a c e t l c  a c i d  (X) w ere b o th  u n a f f e c t e d  

by h y d r o f l u o r i c  a c i d ,  sh o w in g  t h a t  t h e  p r e s e n c e  o f  an  a c i d  

g roup  i n  t h e  9 - p o s i t i o n  o f  th e  n u c l e u s  was n o t  In  I t s e l f  a  

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

p l a c e .  R e a r ra n g e m e n t  was a g a i n  o b s e r v e d  i n  t h e  c a s e  o f  

^ - ( 9 - s - o c t a h y d r o a n t h r a n y l )b u t y r i c  a c i d  ( X I ) ,  h o w e v e r .

T h is  compound was a lm o s t  q u a n t i t a t i v e l y  c o n v e r t e d  t o  th e  

known^7 6 ) 4 - 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 I )  when t r e a t e d  

w i th  h y d r o f l u o r i c  a c i d  f o r  s e v e r a l  h o u r s  a t  room t e m p e r a t u r e .

(X I I )

CH* C\\v  CH^.CO^H

(X I)(IX)

- s - o c t a h y d r o a n t h r a c e n e  c a n  be r e g a r d e d  a s  a  1 :2  :4 : 5 - t e t r a -  
a l k y l b e n z e n e .



(V)(VI)(X)

T h is  r e s u l t  i s  s i g n i f i c a n t  when c o n s i d e r e d  i n  c o n j u n c t i o n  

w i th  th e  c o n v e r s i o n  o f  (V I) t o  (V ). I t  i s  s e e n  t h a t  t h e  

o n ly  two d e r i v a t i v e s  o f  s _ -o c ta h y d r o a n th ra c e n e  i n  w h ic h  

i s o m e r i s a t i o n  h as  b e e n  o b s e r v e d  t o  t a k e  p l a c e ,  a r e  c h a r a c t e r 

i s e d  by th e  p r e s e n c e ,  i n  th e  9 - p o s i t i o n ,  o f  an  a l i p h a t i c  a c i d  

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

p o s i t i o n  g iv e s  a  s t a b l e  f i v e -  o r  s ix - m e m b e r e d - r i n g  k e t o n e .

T h is  s t r o n g l y  s u g g e s t s  t h a t  c y c l i s a t i o n  i s  an  i n t e g r a l  p a r t  

o f  th e  r e a r r a n g e m e n t  m echanism  in  t h e s e  com pounds. The 

d r i v i n g  f o r c e  i n  th e  r e a r r a n g e m e n t s  i s  th 4  c y c l i s a t i o n  o f  

th e  a c i d  s i d e  c h a in s  i n t o  t h e  o r t h o  p o s i t i o n ,  w i t h  c o n s e 

q u e n t  d i s p l a c e m e n t  o f  t h e  m e th y le n e  g ro u p  a l r e a d y  p r e s e n t  

t h e r e .  The r e a r r a n g e m e n t  i s  c o m p le te d  by r e c o m b i n a t i o n  o f  

th e  d i s p l a c e d  g ro u p  a t  t h e  r e m a in in g  f r e e  p o s i t i o n  i n  th e  

b enzene  r i n g .

One m ig h t ,  t h e r e f o r e ,  e x p e c t  t h a t  a c i d s  d e r i v e d  

from  (V I) and  (X I) by r e p l a c e m e n t  o f  th e  r e d u c e d  r i n g s  by  

a l k y l  g ro u p s  wDuld a l s o  u n d e rg o  c y c l i s a t i o n ,  w i t h  d i s p l a c e m e n t  

o f  an  a l k y l  g r o u p ,  when t r e a t e d  w i th  h y d r o f l u o r i c  a c i d .  I n  

c o n f o r m i ty  w i th  t h i s ,  i t  h a s  b e e n  f o u n d  by Mr. R .R . A i t k e n  

i n  t h i s  D e p a r tm e n t  ( p r i v a t e  c o m m u n ic a t io n )  t h a t  p - d u r e n y l -  

p r o p io n i c  a c i d  ( X I I I )  g i v e s  t h e  in d a n o n e s  (XIV) and  (XV)



i n  p r e s e n c e  o f  t h i s  r e a g e n t • D urene  i t s e l f  was u n a f f e c t e d ,  

u n d e r  t h e  same c o n d i t i o n s .

CHj.CĤ COvM

( X I I I )  (XIV) (XV)

T hese  t h r e e  r e a c t i o n s  r e p r e s e n t  th e  f i r s t  r e c o r d e d  

e x am p les  o f  a  new ty p e  o f  a lk y lb e n z e n e  i s o m e r i s a t i o n * ,  

b r o u g h t  a b o u t  by  th e  d i s p l a c e m e n t  o f  a n  a l k y l  g ro u p  by 

c y c l i s a t i o n  o f  an  a c i d  s i d e - c h a i n  i n t o  t h a t  p o s i t i o n  o f  

th e  b e n z e n e  r in g *

In  t h e  a b s e n c e  o f  any  i n f o r m a t i o n  r e g a r d i n g  t h e  

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

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

th e  a l k y l  g ro u p s  t a k e s  p l a c e ,  a n d  i t  i s  n o t  p o s s i b l e  t o  

p o s t u l a t e  a  m echan ism  f o r  i t  w i t h  an y  d e g r e e  o f  c e r t a i n t y .

In  P r i e d e 1 - C r a f t s  a c y l a t i o n s  w i t h  a lu m in iu m  c h l o r i d e . a n d

th e  a c y l  h a l i d e  R.C0C1, th e  com plex  FrC O .J^  [ a IC I  1 i s
(64) 4r e g a r d e d  a s  an  a c t i v e  i n t e r m e d i a t e  . I t  may be  t h a t

a  com plex  o f  a  s i m i l a r  ty p e  i s  p r e s e n t  i n  a c y l a t i o n s  w i th

h y d r o f l u o r i c  a c i d ,  and t h a t  i n  s a y ,  t h e  c o n v e r s i o n  o f  (VI)

t o  (V ), t h e  c a t i o n  (XVI) i s  a n  i n t e r m e d i a t e .

* ^ - O c ta h y d r o a n th r a c e n e  can  be r e g a r d e d  a s  a  1 :2 :4  r 5 -  
t e t r a l k y l b e n z e n e .



(VI) (XVI) (XVII)

R e a r ra n g e m e n t  m ig h t  t h e n  t a k e  p l a c e  by  a t t a c k  o f  th e  

t e r m i n a l  p o s i t i v e l y  c h a r g e d  c a rb o n  atom  o f  (XVI) a t  t h e  

o r t h o  p o s i t i o n ,  w i t h  c o n s e q u e n t  o p e n in g  o f  th e  r e d u c e d  

r i n g  t o  fo rm  t h e  i n t e r m e d i a t e  (X V II) ,  f ro m  w h ich  (V) 

w ould  be o b t a i n e d  by c y c l i s a t i o n  o f  th e  c a t i o n i c  c a r b o n  

a tom  i n t o  th e  f r e e  p o s i t i o n  i n  th e  b e n z e n e  r i n g .

I f  th e  c a rb o n iu m  i o n  (XVII) i s  in d e e d  p ro d u c e d  

d u r i n g  c o n v e r s i o n  o f  (VI) t o  (V ), th e n  I t  i s  c o n c e i v a b l e  

t h a t  th e  k e to n e  (V) m ig h t  a l s o  be o b t a i n e d  f ro m  j3 - ( 1 0 -  

m e t h y l - s - o c t a h y d r o - 9 - a n t h r a n y l ) p r o p i o n i c  a c i d  (X V III)  on 

t r e a t m e n t  w i th  h y d r o f l u o r i c  a c i d .  One m ig h t  e x p e c t  th e  

c a t i o n i c  s i d e  c h a i n  of t h e  c o r r e s p o n d in g  i n t e r m e d i a t e  

(XIX) t o  c y c l i s e  an d  d i s p l a c e  t h e  m e th y l  g ro u p  t o  some 

e x t e n t  •
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(XIX)

CHj
(X V III)

H ow ever, on t r e a t m e n t  o f  (X V III )  w i t h  h y d r o f l u o r i c  ’a c i d  

u n d e r  t h e  u s u a l  c o n d i t i o n s ,  a n  o i l y  m ix tu r e  o f  k e t o n i c  

p r o d u c t s  was o b t a i n e d ,  f ro m  w h ic h  no p u re  c o n s t i t u e n t  c o u ld  

be  i s o l a t e d  e i t h e r  a s  s u c h  o r  i n  th e  fo rm  o f  a  s o l i d  

d e r i v a t i v e  ( s e e  E x p e r i m e n t a l ) .

H y d r o f l u o r i c  a c i d  i s  now w id e ly  u s e d  i n  i n d u s t r y  

as  a  r e a g e n t  f o r  a l k y l 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  w i t h  

o l e f i n e s  >®5), and  a t  l e a s t  one exam ple  h a s  b een  r e c o r d e d  

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

an  a r o m a t ic  compound w i t h  a n  u n s a t u r a t e d  s i d e  c h a i n .

3 - C r o to n y l - a c e n a p h th e n e  (XX) was r e a d i l y  c o n v e r t e d  to  th e  

k e to n e  (XXI) when t r e a t e d  w i t h  th e  r e a g e n t  a t  o r d i n a r y  

t e m p e r a tu r e s  .

(XX) (XXI)

I t  seem ed o f  some i n t e r e s t  t o  d e te r m in e  i f  t h e  t e n d e n c y  f o r  

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

9 - p o s i t i o n  o f  s - o c t a h y d r o a n t h r a c e n e  w ou ld  l e a d  t o  r e a r r a n g e m e n t



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

a c i d .  I t  a p p e a r s  t h a t  t h i s  i s  n o t  s o ,  h o w e v e r ,  f o r  4 - ( 9 - s -  

o c t a h y d r o a n t h r a n y 1 ) - b u t e n e - 1  (XXI) was u n a f f e c t e d  by  t h e

r e a g e n t .  Th i3  i s  i n  a g r e e m e n t  w i t h  

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

th e  a c i d  s i d e - c h a i n s  i s  c o n c e r n e d  i n  

(?£XII) t h e  r e a r r a n g e m e n t s  o f  th e  o c t a h y d r o 

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

M ost o f  th e  compounds u s e d  i n  t h i s  i n v e s t i g a t i o n  

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

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

o f  t h e s e  w ere  em ployed  a s  i n t e r m e d i a t e s .

9 - E th y l - s ^ - o c t a h y d r o a n t h r a c e n e  and  o c t a h y d r o 

a n t h r a c e n e - 9 - c a r  boxy l i e  a c i d  (IX ) w ere  b o th  p r e p a r e d  f ro m  

th e  9 - a c e t y l  compound (X X II ) .  T h is  was i t s e l f  o b t a i n e d  

from  o c t a h y d r o a n t h r a c e n e  and  a c e t i c  a n h y d r i d e ,  a s  d e s c r i b e d  

by A rn o ld  and  B a rn e s

Co.CCC.

(XXIV) (XXV)(X X III)(IX)

The 9 - c a r b o x y l i c  a c i d  was o b t a i n e d  by t h e  m eth o d  d e s c r i b e d
fcrt ^

by A rn o ld  a n d  R o n d e s v e d t  . O x i d a t i o n  o f  t h e  a c e t y l  

compound w i t h  s e le n iu m  d i o x i d e  gave  th e  g l y o x a l  h y d r a t e



(XXIV) w h ich  was c o n v e r t e d  t o  t h e  r e q u i r e d  a c i d  ( IX )  by 

f u r t h e r  o x i d a t i o n  w i t h  a l k a l i n e  h y d ro g e n  p e r o x i d e .  T h i s  

two s t a g e  p r o c e s s  m ust be a d o p te d  i n  t h e  p r e s e n t  c a s e ,  

b e c a u s e  th e  u s u a l  m ethod  o f  o x i d i s i n g  m e th y I k e to n e s  t o  

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

t o  th e  t r i c h l o r o k e t o n e  (XXV) when a p p l i e d  t o  9 - a c e t y l o c t a -
(QQ)

h y d r o a n t h r a c e n e . A rn o ld  a n d  B a r n e s '  h a v e  a s c r i b e d

t h i s  t o  s t e r i c  h i n d r a n c e  o f  th e  9 - p o s i t i o n  i n  s ^ -o c ta h y d ro -  

a n t h r a c e n e . T h is  e x p l a n a t i o n  i s  s u p p o r t e d  by t h e  o b s e r v a 

t i o n  i n  th e  p r e s e n t  w ork t h a t  th e  a c i d  (IX ) c a n n o t  be 

e s t e r i f i e d  b y  t h e  F i s c h e r - S p e i e r  m e th o d ,  a  f a c t  w h ic h  r e 

c a l l s  th e  b e h a v io u r  o f  t h e  h i n d e r e d  2 : 6 -d im e  th y  l b e n z o i c  

a c id ^ ® ^ ) .  F u r t h e r ,  r e p e a t e d  a t t e m p t s  t o  p r e p a r e  th e  

h y d r a z id e  o f  (IX ) by  a c t i o n  o f  h y d r a z i n e  h y d r a t e  on  t h e  

m e th y l  e s t e r *  h a v e  b e e n  c o m p l e t e l y  u n s u c c e s s f u l *  An 

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

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

w i th  t h i o n y l  c h l o r i d e .  T h e re  can  th u s  be l i t t l e  d o u b t  t h a t  

t h e  9 - p o s i t i o n  i n  ^ - o c t a h y d r o a n t h r a c e n e  i s  h i n d e r e d  t o  q u i t e  

a  c o n s i d e r a b l e  d e g re e *

Clemmonsen r e d u c t i o n  o f  9 - a c e t y l o c t a h y d r o a n t h r a c e n e  

(X X III)  y i e l d e d  t h e  9 - e t h y l  compound, t h e  s t r u c t u r e  o f  w h ic h  

was c o n f i rm e d  by  d e h y d r o g e n a t i o n  t o  9 - e t h y l a n t h r a c e n e  w i t h

/ gn j
* A rn o ld  a n d  R o n d es fced t ' p r e p a r e d  t h i s  b y  t r e a t m e n t  o f  

t h e  a c i d  w i t h  d ia z o m e th a n e .



p a l l a d i u m  b l a c k  a t  3 0 0 ° .  A s m a l l  amount o f  a n t h r a c e n e  was 

a l s o  p ro d u c e d  i n  t h i s  r e a c t i o n ,  by  l o s s  o f  t h e  me_so_ a l k y l  

g ro u p .  L oss  o f  a l k y l  g ro u p s  f ro m  th e  me so  p o s i t i o n s  o f  

t h e  a n t h r a c e n e  n u c l e u s  f r e q u e n t l y  t a k e s  p l a c e  a t  h i g h  

t e m p e r a t u r e s .  F o r  e x a m p le ,  F i e s e r  a n d  J o n e s ^  ^  o b t a i n e d

4 - m e t h y l - 1 : 2 - b e n z a n t h r a c e n e  (XXVII) b y  s e l e n iu m  d e h y d r o 

g e n a t i o n  o f  th e  hydro -co m p o u n d  (XXVI) a t  3 0 0 ° .

CH3
(XXVI) (XXVII)

CHzOH

(XXX)(XXVIII)

9 - M e th y l - s ^ - o c ta h y d r o a n th r a c e n e  was R e a d i l y  

o b t a i n e d  by r e d u c t i o n  o f  th e  9 -c h lo ro m e th y l - c o m p o u n d  (X X V III) 

w i th  p a l l a d iu m  b l a c k  i n  a l c o h o l .  The c h l o r o m e t h y l  com

pound , i n  t u r n ,  was p r e p a r e d  b y  c h l o r o m e t h y l a t i o n  o f  s - o c t a -  

h y d r o a n th r a c e n e  a s  d e s c r i b e d  b y  D r .  S c h o e n t a l . ^ e  

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

shown by th e  f a c t  t h a t  a n  a t t e m p t  to  p r e p a r e  th e  c o r r e s p o n d 

in g  a ld e h y d e  f ro m  i t ,  by b o i l i n g  f o r  t h i r t y  s e c o n d s  w i t h  

hexammine i n  a c e t i c  a c i d ,  y i e l d e d  o n ly  9 - a c e t o x y m e t h y l - a -
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o c t a h y d r o a n t h r a c e n e  (XXIX), i d e n t i c a l  w i t h  t h e  com pound o b 

t a i n e d  f ro m  (XXVIII) by r e a c t i o n  w i t h  p o t a s s i u m  a c e t a t e .
(7 2 )

A s i m i l a r  d i f f i c u l t y  was e n c o u n t e r e d  b y  B a d g e r  and  Cook

i n  an  a t t e m p t  t o  c o n v e r t  1 0 - c h l o r o m e t h y l - l : 2 - b e n z a n t h r a c e n e
( 7 3 )t o  t h e  c o r r e s p o n d i n g  a l d e h y d e ,  a l t h o u g h  H e w e tt  h a s

p r e p a r e d  l - b r o m o - 2 - n a p h th a ld e h y d e  f ro m  l - b r o m o - 2 - b r o m o -  

m e th y ln a p h th a le n e  by t h i s  m e th o d .  H y d r o l y s i s  o f  t h e  

ac  e to x y -co m p o u n d  g a v e  9 - hydroxym e t h y l - s - o c t a h y d r o a n t h r a c e n e

(XXX), w h ich  was r e a d i l y  c o n v e r t e d  t o  t h e  c h l o r o m e t h y l -  

compound (XXVIII) by  a c t i o n  o f  h y d ro g e n  c h l o r i d e  i n  b e n z e n e .  

The c h lo ro m e th y l-c o m p o u n d  was u s e d  a s  s t a r t i n g  m a t e r i a l  f o r  

th e  p r e p a r a t i o n  o f  s e v e r a l  d e r i v a t i v e s  o f  th e  p a r e n t  h y d r o 

c a rb o n  •

By c o n d e n s a t i o n  o f  a l l y l  b ro m id e  w i t h  th e  G r ig n a r d  

r e a g e n t  f ro m  9 - c h l o r o m e t h y l - jS - o c t a h y d r o a n t h r a c e n e ,  4 - ( 9 - £ -  

o c t a h y d r o a n t h r a n y l ) - b u t e n e - l  (XXII) was o b t a i n e d .  T r e a t 

ment o f  (XXVIII) w i t h  a q u e o u s  a l c o h o l i c  p o t a s s i u m  c y a n id e  

y i e l d e d  9 - c y a n o m e th y l - s - o c t a h y d r o a n t h r a c e n e  i n  good  y i e l d .  

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

gave  9 - s - o c t a h y d r o a n t h r a n y l a c e t i c  a c i d  (X ). By th e  m a lo n ic  

e s t e r  s y n t h e s i s ,  th e  c h lo ro m e th y l -c o m p o u n d  (XXVIII) was 

c o n v e r t e d  to  ^ - ( 9 - s - o c t a h y d r o a n t h r a n y l ) p r o p i o n i c  a c i d  ( V I ) ,  

a s  d e s c r i b e d  b y  D r .  S c h o e n t a l ( 6 0 ) . L e n g th e n in g  o f  t h e  

a c i d  s i d e  c h a i n  o f  t h i s ,  by th e  A m d t - E i s t e r t  r e a c t i o n ( 7 5 ) ,



gave y -  ( 9 - s - o c * a h y d r o a n t h r a n y l ) b u t y r i c  a c i d  ( X I ) ,  i n  good

y i e l d .

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

b u t y r i c  a c i d  (X I) by  way o f  th e  k e t o - a c i d  (XXXI). I t  was 

a n t i c i p a t e d  t h a t  t h i s  k e t o - a c i d  c o u ld  be o b t a i n e d  by 

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

s u c c i n i c  a n h y d r i d e .  When t h e  c o n d e n s a t i o n  was e f f e c t e d  

w i t h  a lu m in iu m  c h l o r i d e  i n  c o l d  c a r b o n  d i s u l p h i d e ,  h o w e v e r ,  

th e  o n ly  p r o d u c t  i s o l a t e d  f ro m  th e  r e a c t i o n  was

(2Hz,C0>H

(X) (VI) (X I)

(XXXI) (XXXII)
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A s t r i k i n g  exam ple  o f  r e a r r a n g e m e n t  o f  th e



( 3 - ( 9 - j3 - o c t a h y d r o p h e n a n th r o y l ) p r o p io n ic  a c i d  (XXXII), 

fo rm e d  by r e a r r a n g e m e n t  o f  th e  o c t a h y d r o a n th ra c e n e  n u c l e u s  

t o  an  o c t a h y d r o p h e n a n th r e n e  o n e .  The s t r u c t u r e  o f  the  

p r o d u c t  was e s t a b l i s h e d  by c o m p a r iso n  w i t h  an a u t h e n t i c  

sp e c im e n  o f  (X X X II), p r e p a r e d  from  s_ -o c ta h y d ro p h e n a n th re n e  

and  s u c c i n i c  a n h y d r id e  a s  d e s c r i b e d  by Vanjde Kamp, B u rg e r  

an d  M o s s e t lg ^   ̂ • R e d u c t io n  by th e  Clemmensen m ethod

g av e  y - ( 9 - s _ - 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 ,  w hich  

was a l m o s t  q u a n t i t a t i v e l y  c o n v e r t e d  to  4 - k e to -d o d e c a h y d r o -  

t r i p h e n y l e n e  (X II )  b y  t r e a t m e n t  w i t h  h y d r o f l u o r i c  a c i d .

Van de  Kamp, B u rg e r  a n d  M o s e t t ig  e f f e c t e d  t h i 3  c y c l i s a t i o n  

w i t h  s u l p h u r i c  a c i d ^ * ^ .  The fo rm a t io n  o f  o c ta h y d ro 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  (XXXII) f ro m  ^ - o c ta h y d r o a n th r a c e n e  

a n d  s u c c i n i c  a n h y d r id e  u n d e r  t h e s e  c o n d i t i o n s ,  and th e  

a p p a r e n t  a b s e n c e  o f  o c t a h y d r o a n th r a n o y lp r o p io n ic  a c i d  from  

th e  r e a c t i o n  p r o d u c t ,  I s  v ery  s u r p r i s i n g .  O c tah y d ro 

a n t h r a c e n e  i t s e l f  g i v e s  an e q u i l i b r i u m  m ix tu re  c o n t a i n i n g  

o n ly  4 0 $  o f  o c ta h y d r o p h e n a n th re n e  when t r e a t e d  w i th  a lum in ium  

c h l o r i d e  a t  8 0 ° .  I t  i s ,  t h e r e f o r e ,  i n  s h a r p  c o n t r a s t  to  

t h i s  t h a t  a l t h o u g h  th e  p r e s e n t  r e a c t i o n  was e f f e c t e d  a t  room 

t e m p e r a t u r e ,  t h e  a n t h r a c e n e  sy s tem  a p p e a rs  to  have been  

c o m p le t e ly  I s o m e r i s e d .  When th e  c o n d e n s a t io n  was c a r r i e d  

o u t  i n  t e t r a c h l o r e t h a n e  s o l u t i o n ,  two a c id s  were o b t a i n e d .  

These w ere  e a s i l y  s e p a r a t e d  by c r y s t a l l i s a t i o n *  The more



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

c a rb o n  d i s u l p h i d e  s o l u t i o n .  The o th e r  i s  p r o b a b ly  

(3-(9 - s - o c t a h y d r o a n t h r a n o y l ) p r o p io n i c  a c i d  (XXXI). The 

s t r u c t u r e  o f  t h i s  compound i s  b a se d  on t h a t  f a c t  t h a t  i t  

i s  i s o m e r i c ,  b u t  n o t  i d e n t i c a l ,  w i th  (XXXII), t h e  o n ly  

r e a s o n a b l e  a l t e r n a t i v e .  Under th e s e  c o n d i t i o n s  th e  y i e l d  

o f  th e  o c t a h y i r o a n t h r a n o y l  a c id  (XXXI) was a b o u t  tw ic e  

t h a t  o f  t h e  o c t a h y d r o p h e n a n th r o y l  a c id  (XXXII).

p -  ( 1 0 - m e th y l~ s _ - o c t a h y d r o - 9 - a n th r a n y l ) p r o p io n ic  a c i d  

(X V III )  was 9 - c h lo r o m e th y l - 1 0 - m e th y l- s - o c ta h y d r o a n th ra c e n e  

(X X X III) .  T h is  was i t s e l f  o b t a in e d  by c h lo r o m e th y la t io n  

o f  9 -me t h y  1 - s ^ -o c ta h y d ro a n th ra c e n e  w i th  p a ra fo rm a ld e h y d e  and 

h y d ro g e n  c h l o r i d e  I n  a c e t i c  a c id  . I t  was co n d en sed  w i t h  

e t h y l  s o d io m a lo n a t e  i n  b e n z e n e  and th e  r e s u l t i n g  m a lo n ic  

e s t e r  h y d r o l i s e d  d i r e c t l y  t o  th e  m a lo n ic  a c i d .  D e c a rb o x y la 

t i o n  o f  t h i s  gave th e  d e s i r e d  p r o p io n i c  a c i d .

The s t a r t i n g  m a t e r i a l  f o r  th e  p r e p a r a t i o n  o f

CHa.CH,, CovH cm
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(XXXIV) (XXXV)



s^ -O c ta h y d ro p h e n a n th re n e  was p r e p a r e d  by h ig h  

p r e s s u r e  h y d r o g e n a t i o n  o f  p h e n a n th re n e  o v e r  Raney n i c k e l ,  

e s s e n t i a l l y  a s  d e s c r i b e d  by D u r lan d  and A dkins  

C h l o r o m e t h y l a t i o n  o f  t h i s  h y d ro c a rb o n  w i th  f o r m a l i n  and 

h y d ro g e n  c h l o r i d e  i n  a c e t i c  a c id  gave 9 - c h lo ro m e th y  1 - s -  

o c t a h y d r o p h e n a n th r e n e  (XXXIV), a s  w e l l  a s  a s m a l l  amount 

o f  9 ! lO - d l c h l o r o m e t h y l - s - o c ta h y d ro p h e n a n th re n e  (XXXV).

By c a t a l y t i c  r e d u c t i o n  t h e s e  compounds were c o n v e r te d  t o  

9-me t h y  l - i s - o c t a h y d r o  p h e n a n th re n e  and  9 :10- dime t h y l - s -  

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

f o r m e r  compound was c o n f i rm e d  by  d e h y d r o g e n a t io n  to  

9 - m e th y lp h e n a n th r e n e  w i t h  p a l l a d iu m  b l a c k  a t  280°•



Part I I I .

A tte m p te d  S y n th e s i s  o f  S a n to n in .



S a n t o n i n  o c c u r s  i n  the  f lo w e r  h e a d s  of A r te rn e s la  

m a r l t l m a , w h ic h  grows w id e ly  in  th e  s a l t  m arsh es  o f  R u s s ia  

an d  e l s e w h e r e .  These  f l o w e r s ,  u n d e r  th e  name o f  "worm- 

s e e d ” , h a v e  b een  u se d  s i n c e  e a r l y  t im e s  f o r  t h e i r  a n t h e l 

m i n t i c  a c t i o n ,  b u t  have now been  r e p l a c e d  by t h e i r  a c t i v e  

p r i n c i p l e ,  s a n t o n i n ,  w hich  was f i r s t  i s o l a t e d  i n  1830.

S a n t o n i n  i s  a s e s q u i - t e r p e n e  k e t o - l a c t o n e ,  a n d

th e  s t r u c t u r e  ( I )  was a s s i g n e d  t o  i t  by Clemo, Haworth and 
( 6 8 }W a l to n '  '  on th e  b a s i s  o f  i t s  d e g r a d a t i o n  p r o d u c t s .

F u r t h e r  e v id e n c e  f o r  t h i s  s t r u c t u r e  was f u r n i s h e d  by t h e s e
/ go \

a u t h o r s  by th e  s y n t h e s i s  o f  sa n to n o u s  a c i d  ( I I ) ,  a

r e d u c t i o n  p r o d u c t  o f  s a n t o n i n ,  and o f  d l - d e s m o t r o p o s a n to n -  
(71 )

i n  ( I I I )  w h ich  i s  o b t a i n e d  from s a n to n i n  by th e  a c t i o n  

o f  m i n e r a l  a c i d s .  The n a t u r a l l y  o c c u r r in g  s u b s ta n c e  i s  

l a e v o - r o t a t o r y •

H a

i.

( I I )

•Co

( I )

A s y n t h e s i s  o f  s a n to n i n  i t s e l f  was p u b l i s h e d  i n
(77)

1943 by P a r a n j a p e ,  F h a l n i k a r ,  Bhide and N argund , and
(78)

c o n s i d e r a b l e  i n t e r e s t  was a ro u s e d  when, in  a l a t e r  p a p e r  , 

t h e s e  a u t h o r s  r e p o r t e d  t h a t  th e  p r o d u c t  o b t a in e d  by t h i s



s y n t h e t i c  m e th o d  was o p t i c a l l y  a c t i v e ,  h a v in g  a  r o t a t i o n  

w h ich  i n d i c a t e d  th e  p r e s e n c e  o f  93$ o f  th e  n a t u r a l  1 - fo rm  

in  th e  s y n t h e t i c  m a t e r i a l .  I f  t h i s  i s  t r u e ,  i t  r e p r e s e n t s  

th e  f i r s t  r e p o r t e d  a c h ie v e m e n t  o f  a t o t a l  a sy m m etr ic  s y n 

t h e s i s ,  f o r  a t  no  s t a g e  o f  th e  s y n t h e s i s  was an a sy m m e tr ic  

i n f l u e n c e  p r e s e n t .  I n  the  same p a p e r ,  t h e s e  a u t h o r s  a l s o  

c la im e d  to  h av e  d e te r m in e d  t h a t  th e  o p t i c a l  a c t i v i t y  

d e v e lo p e d  d u r i n g  m e t h y l a t i o n  o f  a fo rm y lc y c lo h exanone d e r i v a 

t i v e ,  and  t h e y  even  s t a t e d  t h a t  th e  c ru d e  p r o d u c t  o b t a i n e d  

by th em  by  m e t h y l a t i o n  o f  o p t i c a l l y  i n a c t i v e  fo rm y l c y c l o -  

h ex an o n e  i t s e l f  h ad  th e  l a r g e  s p e c i f i c  r o t a t i o n  o f  *

-2 6 * 2 °  i n  c h l o r o f o r m .  T h is  s t a r t l i n g  c la im  c o u ld  n o t  be 

c o n f i r m e d ,  h o w e v e r ,  e i t h e r  by 0 f G o r m a n i n  A m erica  o r  

by C o r n f o r t h ,  C o m f o r t h  a n d  Dewar^8 0  ̂ i n  t h i s  c o u n t r y .

T hese  a u t h o r s  found  t h a t  m e t h y l a t i o n  o f  f o rm y lcyc 1 ohexanone 

gave  a  p r o d u c t  w h ic h  was c o m p le te ly  d e v o id  o f  o p t i c a l  

a c t i v i t y .  These  o b s e r v a t i o n s  th re w  c o n s i d e r a b l e  d o u b t  on 

th e  c l a i m  o f  t h e  I n d ia n  w o rk e rs  t h a t  t h e i r  s y n t h e t i c  m e th y l -  

f o r m y lc y c l o h exan o n e  and t h e i r  s y n t h e t i c  s a n to n i n  w ere in d e e d  

o p t i c a l l y  a c t i v e .

The p r e s e n t  work was c o n c e rn e d  w ith  an  a t t e m p t  t o  

r e p e a t  t h e  s a n t o n i n  s y n t h e s i s  d e s c r i b e d  by th e  I n d ia n  

w o r k e r s .  I t  seem ed d e s i r a b l e  t o  t r y  t o  c o n f irm  th e  c l a im  

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



a c t i v e ,  a l t h o u g h  in  v iew  q f  th e  f i n d i n g s  o f  0 fGorman a n d  

C o r n f o r t h  e t  a l .  o u t l i n e d  a b o v e ,  i t  was e x p e c te d  t h a t  i t  

w ould  show n o  a c t i v i t y .  I t  was c o n s id e r e d  t h a t  th e  

s y n t h e s i s  m ig h t  a f f o r d  a means o f  o b t a i n i n g  r a c e m ic  s a n t o n i n ’*', 

a  q u a n t i t y  o f  w h ic h  was r e q u i r e d  f o r  a n o th e r  p u r p o s e .

An i n t e r m e d i a t e  i n  th e  s y n t h e s i s  d e s c r i b e d  by th e  

I n d i a n  w o rk e rs  i s  t h e  l a c t o n e  o f  06 - (2 -h y d ro x y - 3 - k e t o c y c l o -  

h e x y l ) - p r o p i o n i c  a c i d  ( IV ) .  T h is  was o b t a i n e d  by them  by 

c o n d e n s a t i o n  o f  3 - c h l o r o -  A ^ - c y c lo h exanone (V) w i th  e t h y l  

s o d io m e t h y l m a l o n a t e , f o l lo w e d  by t r e a t m e n t  o f  th e  c ru d e  

c o n d e n s a t i o n  p r o d u c t  (V II  o r  V I I I  p re su m a b ly )  w i t h  6N 

s u l p h u r i c  a c i d  i n  50$  aqueous  a l c o h o l ,  when, i t  was s t a t e d ,  

c y c l i s a t i o n  t o o k  p l a c e  t o  g iv e  th e  d e s i r e d  l a c t o n e .

)

CH.CHi O; -  OH

(IV ) (V) (VI)

C*0 tyt5

Hv
(V II )

* I t  h a s  b e e n  f o u n d  I n  t h i s  D ep ar tm en t and  e ls e w h e re  (u n 
p u b l i s h e d )  t h a t  r a c e m ic  s a n to n in  ca n n o t  be o b ta in e d  from  
th e  n a t u r a l l y  o c c u r r i n g  l a e v o - r o t a t o r y  compound.

CCHj
'Ĉ 0C%Kr

(V I I I )



The c h lo ro -co m p o u n d  (V) was o b t a i n e d  f ro m  d i h y d r o -  

r e s o r c i n o l  (V I) by t r e a t m e n t  w i th  p h o sp h o ru s  t r i c h l o r i d e ,  

a s  d e s c r i b e d  by C r o s s l e y  and H aas^ 8 2 ^. I n  th e  p r e s e n t  

w o rk ,  (V I) was p r e p a r e d  by  c a t a l y t i c  r e d u c t i o n  o f  r e s o r c i n o l  

i n  a l k a l i n e  s o l u t i o n  w i th  Raney n i c k e l ,  a s  d e s c r i b e d  by
/ Q»Z \

M o r r i s o n  . V ery good y i e l d s  o f  a  p u re  p r o d u c t  were 

o b t a i n e d  by  t h i s  m e th o d .

C o n d e n s a t io n  o f  th e  ch lo ro -com pound  (V) w i t h

e t h y l  s o d io m e th y lm a lo n a te ,  i n  b e n z e n e ,  a s  d e s c r i b e d  by the

I n d ia n  w o r k e r s ,  gave e t h y l  A 2 - c y c lo h e x e n - l - o n e - 3 ~ m e th y l -

m a lo n a te *  ( V I I I ) .  T h is  compound was n e v e r  o b t a i n e d  i n  a

p e r f e c t l y  p u re  c o n d i t i o n ,  how ever, b e c a u se  o f  t h e  f o r m a t io n

o f  d i f f i c u l t l y  s e p a r a b l e  m ix tu r e s  (w i th  p resu m ab ly  ( V I I ) ) ,

b u t  i t  was c h a r a c t e r i s e d  by means o f  I t s  w e l l  c r y s t a l l i n e

s e m i c a r b a z o n e . C o n d e n s a t io n  in  a l c o h o l i c  s o l u t i o n  gave a

d i f f e r e n t  p r o d u c t .  In  a d d i t i o n  to  a  s m a l l  amount o f  d i -
2h y d r o r e s o r c i n o l  (V I) ,  t h e r e  was o b t a i n e d  e t h y l s  ol-( A 

c y c l o h e x e n - l - o n e - 5 ) p r o p io n a te  ( V I I ) ,  fo rm ed  by l o s s  o f  a  

c a r b e t h o x y l  g ro u p .  A g a in ,  th e  p r o d u c t  c o u ld  n o t  be o b t a i n e d  

i n  a  p u r e  c o n d i t i o n ,  and  was shown t o  c o n s i s t  l a r g e l y  o f  

( V I I )  by  a n a l y s i s  o f  th e  s e m lc a rb a z o n e .

E l i m i n a t i o n  o f  c a r b e th o x y l  in  t h i s  manner from  a 

compound c o n t a i n i n g  a  gem d i c a r b e t h o x y l  g ro u p  i s  n o t  unknown*

'‘'The I n d i a n  w o rk e rs  d id  n o t  d e s c r i b e  th e  p r o d u c t  o b t a i n e d  by 
them a t  t h i s  s t a g e .



T h u s ,  C r o s s l e y  and  S i l l i n g (84) fo u n d  t h a t  c o n d e n s a t i o n  o f

5 - c h l o r o - l  i l - d l m e t h y l -  A 4 - c y c l o h e x a n -3 -o n e  (IX) w i t h  

e t h y l  m a l o n a t e  I n  a l c o h o l ,  gave the  a c e t i c  e a t e r  (X) ,  and 

n o t  th e  c o r r e s p o n d i n g  m a lo n ic  e s t e r .  These ex am p les  a r e  

i n  harmony w i t h  th e  f i n d i n g  o f  T h o r p e t h a t  e s t e r s  o f  

t h e  t y p e  (XI) r e a c t  r e a d i l y  w i t h  c o l d  a l c o h o l i c  sodium 

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

e s t e r s  o f  th e  t y p e  (X I I )

J i

c h 5 c h s  eub
ocjjHf iv

( IX) (X) (XI) (XII)

o . a  C H j.. G K S ^ 3

( X I I I )  (XIV)

I n  c o n t r a s t  t o  th e  e x p e r i e n c e  o f  th e  I n d i a n  

w o r k e r s ,  a l l  a t t e m p t s  i n  t h e  p r e s e n t  work to  c o n v e r t  the  

e s t e r s  ( V I I )  an d  ( V I I I )  to  t h e  l a c t o n e  ( IV ) ,  were  u n 

s u c c e s s f u l ®  T r e a tm e n t  w i t h  h o t  6il s u l p h u r i c  a c i d  i n  50$

aq u eo u s  a l c o h o l  a s  t h e y  d e s c r i b e  l e d ,  n o t  t o  t h e  l a c t o n e ,
A 2

b u t  t o  t h e  c o m p l e t e l y  d e c a r b o x y l a t e d  p r o d u c t  3 - b t h y l -  - 

c y c l o h exenone  ( X I I I ) .  Many a t t e m p t s  were made to  e f f e c t  

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



c o n d i t i o n s  ( c o l d  o r  h o t  2 0 $ ,  4 0 $ ,  80$ s u l p h u r i c  a c i d ,  h o t  

80$ p h o s p h o r i c  a c i d ) ,  b u t  i n  no c a s s  was t h s r a  any o v i d a n c a  

o f  t h e  f o r m a t i o n  o f  l a c t o n i c  or a c i d i c  m a t e r i a l .  D e c a r 

b o x y l a t i o n  a lw ays  t o o k  p l a c e  to  a  g r e a t e r  o r  l e s s  e x t e n t .

The d e c a r b o x y l a t e d  p r o d u c t  was ev en  o b t a i n e d  i n  an  a t t e m p t  

t o  p r e p a r e  the  f r e e  a c i d  f r o m  (V II )  by t r e a t m e n t  w i th  c o l d ,  

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 s i m i l a r  r e s u l t  was o b s e rv e d  by C r o s s l e y  and 

G i l l i n g ^ 8 4 ) d u r i n g  a t t e m p t e d  h y d r o l y s i s  o f  t h e  a n a lo g o u s  

e s t e r  (X) w i t h  d i l u t e  a l c o h o l i c  sodium h y d r o x i d e .  Only t h e  

c o m p l e t e l y  d e c a r b o x y l a t e d  p r o d u c t ,  i s o p h o ro n e  (XIV),  was 

o b t a i n e d .

I t  I s  n o t  s u r p r i s i n g  t h a t  t h e s e  e s t e r s  undergo  

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

^ - k e t o - e s t e r s . The e t h y l e n i c  doub le  b o n d  c o n j u g a t e d  w i t h

t h e  k e t o  g r o u p  I n  t h e  r i n g ,  t r a n s f e r s  t h e  e f f e c t  o f  t h i s

e s t e r s  i s  w e l l  known* Thus b e n z o y l a c e t i c  e s t e r  (XV) g i v e s  

a c e t o p h e n o n e  when t r e a t e d  w i t h  d i l u t e  a c i d  o r  a l k a l i ,  by 

" k e t o n i c  h y d r o l y s i s " .  "Acid h y d r o l y s i s ” w i t h  s t r o n g  a l k a l i

CH.CooCvH*

( V I I I ) (V II )
CH* di3 

(X)

g ro u p  to  t h e  c a r b o n  atom i n  t h e  p p o s i t i o n  to  t h e  c a r -  

b e t h o x y l  g r o u p s .  The r e a d y  d e c a r b o x y l a t i o n  of  0 - k e t o



g i v e s  b e n z o i c  a c i d .  Thus

Ph.CO.CHgjCOO?C2H5 Keton i c  h y d r o l y s i s  +  c o ^ +  q^h^ qh

(XV)

; J A c id  h y d r o l y s i s
Ph.CO +GHg.COO*CgHg -----------------» Ph.COOH -*• CH^COOH + C2H^ ®

S i m i l a r l y  I n  th e  p r e s e n t  c a s e ,  " k e t o n i c  h y d r o l y s i s "  o f  t h e  

" a c t i n g ' '  (5 - k e t o - e s t e r s  (V II )  a n d  ( V I I I )  d u r i n g  t r e a t m e n t  

w i t h  a c i d ,  l e a d s  t o  3 - e t h y l -  A 2- o y o lohexenone ( X I I I )

 > ° ^ V S f -  + co1 + c j ( ^ h .

( V I I )  ( X I I I )

The f o r m a t i o n  o f  d i h y d r o r e s o r c i n o l  d u r i n g  th e  m a lo n ic  e s t e r  

c o n d e n s a t i o n  i n  p r e s e n c e  o f  a l c o h o l i c  sodium e t h o x i d e  ca n  

be  i n t e r p r e t e d  a s  t a k i n g  p l a c e  by " a c i d  h y d r o l y s i s "  o f  the 

e s t e r  ( V I I ) .

While  t h e  p r e s e n t  work was s t i l l  i n  p r o g r e s s ,  a 

s i m i l a r  f a i l u r e  t o  o b t a i n  t h e  l a c t o n e  (IV) by the  method 

d e s c r i b e d  by t h e  I n d i a n  w o r k e r s ,  was r e p o r t e d  by Clemo,  C ocke r  

and H o r n s b y ^ 8 8 ^. These  a u t h o r s  a l s o  o b t a i n e d  th e  d e c a r 

b o x y l a t e d  p r o d u c t  ( X I I I )  i n  e v e ry  c a s e .  I n  v iew  o f  t h i s ,  

no f u r t h e r  a t t e m p t s  were made to  p r e p a r e  th e  l a c t o n e  by 

t h i s  m e th o d .



Experimental Section .



E x p e r i m e n t a l  t o  P a r t  I .

C h l o r o m e t h y l a t l o n  o f  F h e n a n t h r e n e .

A r a p i d  s t r e a m  o f  hyd ro g en  c h l o r i d e  was p a s s e d  f o r  

t w e l v e  h o u r s  i n t o  a  s t i r r e d ,  b o i l i n g  s u s p e n s i o n  o f  powdered 

p h e n a n t h r e n e  (300 g®) 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  

(750 c c . )  a n d  f o r m a l i n  (750 c c . o f  4 0 $ ) .  A f t e r  c o o l i n g ,  

t h e  a q u e o u s  l a y e r  was d e c a n t e d  and th e  d a r k  o i l  washed w i t h  

w a t e r ,  and  t h e n  tw ic e  w i t h  d i l u t e  sodium c a r b o n a t e .  The 

p r o d u c t  was t h e n  d i s s o l v e d  i n  e t h e r ,  f i l t e r e d  f rom  some i n 

s o l u b l e  m a t e r i a l ,  and  t h o r o u g h l y  washed w i t h  d i l u t e  sodium 

c a r b o n a t e ,  a n d  t h e n  w a t e r .  A f t e r  d r y i n g  f o r  48 h o u rs  o v e r  

a n h y d r o u s  p o t a s s i u m  c a r b o n a t e ,  t h e  s o l v e n t  was rem oved ,  and 

t h e  o i l  d i s t i l l e d .  There  was a f o r e r u n  o f  unchanged  

p h e n a n t h r e n e  (110 g«J, b®p. 1 7 0 - 1 9 0 ° /4  mm®, and t h e  main 

f r a c t i o n  (155 g . ) was c o l l e c t e d  a s  a  y e l lo w  o i l ,  b®p. 190- 

2 1 0 ° / 4  mm. On s t a n d i n g ,  c r y s t a l s  were d e p o s i t e d ,  w h ich ,  

a f t e r  c r y s t a l l i s a t i o n  f ro m  b e n z e n e / l i g h t  p e t r o l e u m  and f ro m  

a l c o h o l ,  fo rm e d  c o l o u r l e s s  n e e d l e s  o f  9 - c h l o r o m e t h y l p h e n -  

a n t h r e n e  (XXVI), m .p .  100° (60 g®) ( l i t e r a t u r e  m.p .  101- 

1 0 1 * 5 ° ) .  I t s  s t r u c t u r e  was c o n f i rm e d  by o x i d a t i o n  w i t h  

sod ium  d i c h r o m a t e  t o  9 - p h e n a n t h r o i c  a c i d  and p h e n a n t h r a q u i n o n e , 

w h ich  w e re  com pared  w i th  a u t h e n t i c  s p e c im e n s .  H y d ro g en a t io n  

o f  9 - c h l o r o m e t h y l p h e n a n t h r e n e , i n  a c e t o n e ,  o v e r  p a l l a d i u m  

b l a c k ,  p r o c e e d e d  sm o o th ly  t o  g i v e  9 - m e th y lp h e n a n th r e n e ,



74.

m.p* 9 0 - 9 1 °  ( l i t e r a t u r e  m .p .  9 0 - 9 1 ° } .  The p i c r a t e  fo rm ed  

o r a n g e - r e d  n e e d l e s  f ro m  a l c o h o l  m .p .  153° ( l i t e r a t u r e ,  

1 5 2 - 1 5 3 ° ) .

E v a p o r a t i o n  o f  th e  b e n z e n e - l i g h t  p e t r o l e u m  m o th e r  

l i q u o r s  g a v e  a  y e l lo w  o i l ,  w h ic h  was r e d i s t i l l e d .  The 

f r a c t i o n  b . p .  2 1 0 ° /4  mm. was c o l l e c t e d  and d i s s o l v 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 .  A f t e r  two d a y s ,  th e  c r y s t a l s  

w h ich  h a d  s e p a r a t e d  were  c o l l e c t e d ,  washed w i t h  e t h e r ,  and  

r e c r y s t a l l i s e d  f ro m  a l c o h o l .  1 - C h lo r o m e th y lp h e n a n th re n e

(XXVII) (5 g . )  fo rm ed  c o l o u r l e s s  l u s t r o u s  p l a t e s ,  m .p .  8 9 -  

9 0 ° .  (P o u n d :  C, 7 9 . 5 ;  H, 4 - 8 .  C15Hi ;lC1 r e q u i r e s  C, 7 9 . 4 ;

H, 4 . 9 $ ) .  I t s  p i c r a t e  fo rmed f i n e  y e l l o w  n e e d l e s  i n  

a l c o h o l ,  m.p* 1 1 0 - 1 1 1 ° .  (Found: C, 5 5 . 5 ;  H, 3 . 0 ;  N, 9*4.

^15H11^^"*C6H3 ° 7 N3 recl u ^re 3  C, 5 5 . 3 ;  H, 3 . 1 ;  N, 9 . 3 $ ) .  

R e d u c t i o n  o f  1 - c h l o r o m e t h y l p h e n a n t h r e n e  w i t h  hyd rogen  and 

p a l l a d i u m  p r o c e e d e d  r a p i d l y  t o  g iv e  1 - m e t h y l p h e n a n t h r e n e , 

m .p .  1 2 1 ° .  (Pound :  G, 9 3 . 6 ;  H, 6 . 2 .  C a l c ,  f o r  C15H1 2 ,

C, 9 3 . 8 ;  H, 6 . 2 $ )  ( l i t e r a t u r e ,  123° ,  c o r r . ) .  The p i c r a t e  

fo rm ed  o r a n g e  y e l l o w  n e e d l e s  from a l c o h o l ,  m .p .  1 3 6 ° .

( P o u n d :  N, 1 0 . 2 .  G a le ,  f o r  C^gH^g.CgH^Or^Nj, N, 10*0$)

( l i t e r a t u r e  m .p .  1 3 9 ° ,  c o r r . ) *



^ - ( 9 - P h e n a n t h r y l ) p r o p i o n i c  a c i d  (XVI) .

9 - G h l o r o m e t h y l p h e n a n t h r e n e  (50 g . )  was added t o  

a  s o l u t i o n  p r e p a r e d  f ro m  sod ium  (5 .4  g . ) ,  e t h y l  m a lo n a te  

(44 c c * ) ,  and e t h a n o l  (180 c c * ) ;  th e  m ix tu re  was r e f l u x e d  

f o r  two h o u r s .  P o t a s s i u m  h y d ro x id e  (60 g . )  i n  w a t e r  (150 cc* 

was t h e n  a d d e d  and  b o i l i n g  c o n t i n u e d  f o r  a f u r t h e r  t h r e e  

h o u r s .  The a c i d i c  p r o d u c t  was i s o l a t e d  i n  t h e  u s u a l  way, 

d r i e d ,  an d  d e c a r b o x y l a t e d  by h e a t i n g  a t  190° .  The r e s i d u e  

wa3 e x t r a c t e d  w i t h  sod ium  c a r b o n a t e  and  on c r y s t a l l i s a t i o n  

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

m a t e r i a l  was i s o l a t e d .  Th is  p r o d u c t ,  e v i d e n t l y  ^ / ^ / ^ - d l -  

( 9 - p h e n a n t h r y l ) l s o b u t y r i c  a c i d  (XXIX) (6 g * ) ,  c r y s t a l l i s e d  

f ro m  x y l e n e  i n  g l i s t e n i n g  c o l o u r l e s s  p l a t e s ,  m.p* 224° .

(P o u n d :  G, 8 7 * 4 ;  H, 5*4 ;  M^Rast method ,  430 .  ^32^24^2

r e q u i r e s  C,  8 7 * 3 ;  H, 5*5 ;  M, 4 4 0 ) .  The m e th y l  e s t e r , 

p r e p a r e d  w i t h  d ia z o m e th a n e  in  a c e t o n e - e t h e r , c r y s t a l l i s e d  

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

m .p .  1 6 5 - 1 6 6 ° .  (Found:  C, 87*3;  H, 6*0.  C33H2a°2  q u i r e s

C, 8 7 . 2 ;  H, 5 . 7 $ ) .  The main b u l k  o f  t h e  a c i d i c  m a t e r i a l ,  

9 - p h e n a n t h r y l p r o p i o n i c  a c i d ,  was c r y s t a l l i s e d  f rom b e n z e n e ,  

and fo rm e d  c o l o u r l e s s  n e e d l e s  (40 g*)# m .p .  174° ( l i t e r a t u r e ,  

m .p .  1 7 3 - 1 7 4 ° ) .  The m e th y l  e s t e r  fo rm ed c o l o u r l e s s  n e e d l e s ,  

m .p .  7 1 - 7 2 °  ( l i t e r a t u r e ,  m .p .  7 2 - 7 3 ° ) .

I n  one r u n  i n  which c rude  u n c r y s t a l l i s e d  c h l o r o -  

m e t h y l p h e n a n t h r e n e  was u s e d ,  t h e  p r o p i o n i c  a c i d  was fo und  to



be im pure  e v e n  a f t e r  t h e  r e m o v a l  o f  t h e  s p a r i n g l y  s o l u b l e  

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

t i o n  a  s m a l l  q u a n t i t y  o f  ji - ( 1 - p h e n a n t h r y l ) p r o p i o n i c  a c i d

(XXVIII ) was o b t a i n e d .  I t  fo rmed c o l o u r l e s s  c r y s t a l s ,  

m .p .  1 8 6 - 1 8 8 ° .  (Bachmann and K l o e t z e l ^ 5  ̂ g iv e  m .p .  189-  

1 8 9 . 5 ° ) .  (Pound:  C,  81*6;  H, 5 . 4 .  C a l c ,  f o r  C17H1402 ,

C, 8 1 * 7 ;  H, 5 * 6 $ ) .  The m e th y l  e s t e r ,  p r e p a r e d  f rom  th e  

a c i d  w i t h  d i a z o m e t h a n e , was shown by mixed m.p .  t o  be 

i d e n t i c a l  w i t h  an  a u t h e n t i c  spec imen k i n d l y  s u p p l i e d  by 

P r o f e s s o r  W.iS. Bachmann.

 ̂-  ( 9 - 3 - O c ta h y d ro  p h e n a n t h r y  1 ) p r o p i o n i c  a c i d  (XXI).

The above  9 - p h e n a n t h r y l p r o p i o n i c  a c i d  (6 g . ) ,  

i n  d i o x a n ,  was r e d u c e d  by t r e a t m e n t  f o r  f i v e  h o u r s  w i th  

h y d r o g e n  a t  1 8 0 -1 9 0 °  and 170 a tm o s p h e r e s ,  i n  t h e  p r e s e n c e  

o f  c o p p e r  c h r o m i t e  (4 g . ) .   ̂ -  ( 9 - s - 0 c ta h y d ro  p h e n a n th r y  1 ) -

p r o p i o n i c  a c i d  (5 g . )  was c r y s t a l l i s e d  f rom benzene  and 

f ro m  a c e t i c  a c i d ,  and  form ed s m a l l  c o l o u r l e s s  n e e d l e s ,  

m .p .  1 7 9 ° .  (Pound :  C, 7 9 . 6 ;  H, 8 . 4 .  C17H2202 r e q u i r e s

C, 7 9 . 2 ;  H, 8 . 5 $ ) .  The m e th y l  e s t e r , p r e p a r e d  i n  e t h e r  

w i t h  d iazom e t h a n e ,  fo rm ed f i n e  c o l o u r l e s s  n e e d l e s ,  m .p .  4 0 -  

41°  f ro m  m e t h a n o l .  (Found:  C, 7 9 . 8 ;  H, 8 . 8 .  ^18^24^2

r e q u i r e s  C, 7 9 . 5 ;  H, 8 . 8 $ ) .



j - K e t o - 9  : 1 0 - c y c l o p e n t e n o - s - o c t a h y d r o p h e n a n t h r e n e  (XXXIII) .

The a b o v e  o c t a h y d r o p h e n a n t h r y l p r o p i o n i c  a c i d  (1 g . )  

was t r e a t e d  w i t h  t h i o n y l  c h l o r i d e  (5 c . c . ) ,  a n d  warmed 

g e n t l y  ( 5 0 - 6 0 ° )  f o r  one h o u r ,  by  which time 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  had  c e a s e d .  The e x c e s s  t h i o n y l  c h l o r i d e  

was t h e n  rem oved  a t  50° u n d e r  r e d u c e d  p r e s s u r e ,  two s m a l l  

amounts  o f  b e n z e n e  b e i n g  added  s u c c e s s i v e l y  and  removed i n  

t h e  same w ay .  The s o l i d  a c i d  c h l o r i d e ,  d i s s o l v e d  i n  

n i t r o b e n z e n e  (3 c . c . ) ,  was c o o le d  i n  i c e  and added  to  an  

i c e  c o l d  s o l u t i o n  o f  a lum in ium  c h l o r i d e  (1 g . )  i n  n i t r o 

ben ze n e  (10 c c . ) ,  and  t h e  m ix tu re  l e f t  o v e r n i g h t  a t  room 

t e m p e r a t u r e .  I t  was t h e n  h y d r o l i s e d  w i t h  h y d r o c h l o r i c  a c i d ,  

and n i t r o b e n z e n e  removed i n  s te a m .  1 1 - K eto -9  : 1 0 - c y c l o -  

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

a l c o h o l ,  m .p .  1 9 5 ° .  (Pound: G, 8 4 . 8 ;  H, 8 . 3 .  C^7H2oO

r e q u i r e s  G, 8 5 . 0 ;  H, 8 . 3 $ . )

9 : 1 0 - C y c l o p e n t e n o - s - o c t a h y d r o p h e n a n t h r e n e  (XXIV) •

The above  k e t o n e  ( 0 . 8  g . )  was added t o  a  m ix tu re  

o f  am a lg a m a te d  z i n c  (8 g • ) ,  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  

(40 c c . ) ,  g l a c i a l  a c e t i c  a c i d  (10 c c . )  and t o l u e n e  (10 c c . ) .

The m i x t u r e  was b o i l e d  v i g o r o u s l y  f o r  24 h o u r 3 ,  a f u r t h e r  

q u a n t i t y  (10  cc  • )  o f  h y d r o c h l o r i c  a c i d  b e in g  added  a f t e r

12 h o u r s .  The c o o l e d  l i q u i d  was e x t r a c t e d  w i t h  b en ze n e ,  and 

th e  e x t r a c t  w a s h ed .  The s o l i d  p r o d u c t  (0 .7  g . )  was su b l im ed



a t  1 7 0 ° / 1 4  mm. an d  c r y s t a l l i s e d  f rom  e t h y l  a l c o h o l ,  f rom 

w h ich  9 : 1 0 - c y c l o p e n t e n o - s - o c t a h y d r o p h s n a n t h r e n e  s e p a r a t e d  

i n  l o n g  w h i t e  n e e d l e s ,  m .p .  1 5 6 -1 5 8 ° ,  a f t e r  s i n t e r i n g .  

R e p e a t e d  c r y s t a l l i s a t i o n  f rom  v a r i o u s  s o l v e n t s ,  and p a s s a g e  

t h r o u g h  a  co lumn o f  a lu m in a  d i d  n o t  r e s u l t  i n  a s h a r p e r  

d e f i n i t i o n  o f  t h e  m .p .  (Pound;  C, 9 0 . 3 ;  H, 9 . 6 .

C17H22 recl u i r e 3  C, 9 0 . 3 ;  H, 9 . 7 $ ) .

D e h y d r o g e n a t i o n  o f  t h e  above  c y c l o p e n t e n o - o c t a -  

h y d ro  p h e n a n t h r e n e  ( 0 . 1  g » ) ,  w i th  p a l l a d i u m  b l a c k  (0 .0 2  g . ) 

a t  2 9 0 - 3 0 0 °  f o r  30 m i n u t e s  p r o c e e d e d  s m o o th ly .  A f t e r  

s u b l i m a t i o n  and c r y s t a l l i s a t i o n  f rom e t h y l  a l c o h o l ,  9 : 1 0 -  

c y c l o p e n t e n o p h e n a n t h r e n e  (XXV) formed l o n g  w h i te  n e e d l e s  

m .p .  150°  ( l i t e r a t u r e ,  m .p .  1 5 4 ° ;  1 4 9 - 1 5 0 ° ) ;  t h e  p i c r a t e

h a d  m.p-  1 6 1 °  ( l i t e r a t u r e ,  m .p .  1 6 1 . 5 - 1 6 2 ° ) .  Both  

compounds w e re  i d e n t i f i e d  by com par ison  w i t h  a u t h e n t i c  

s p e c im e n s  p r e p a r e d  a s  d e s c r i b e d  by Weizmann, Bergmann and 

B e r l i n  .

V — (1 — a n d  2 - N a p h t h e y l ) b u t y r i c  a c i d s  (XLI and XLII)
(38)( A f t e r  Bachmann and S t r u v e '  ' ) •

To a  c o l d  s o l u t i o n  o f  a lum in ium  c h l o r i d e  (410 g . ) 

i n  d r y  n i t r o b e n z e n e  (1100 c c . )  was added  a m i x t u r e  o f  

n a p h t h a l e n e  (300 g . )  and  s u c c i n i c  a n h y d r i d e  (150 g . ) «

A f t e r  s t a n d i n g  f o r  tw e l v e  h o u r s ,  t h e  d a r k  l i q u i d  was



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

n i t r o b o i z e n e  removed i n  s t e a m .  The s o l i d  r e s i d u e  was e x 

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

a c i d  w e ig h e d  280 g .  a f t e r  d r y i n g .  T h is  m ix tu re  o f  <A. and 

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

24 h o u r s  w i t h  am a lg am a ted  z i n c  (600 g . ) ,  h y d r o c h l o r i c  a c i d  

(1 1 . ) ,  a c e t i c  a c i d  (50 c c . )  and t o l u e n e  (600 c c . ) .  The 

t o l u e n e  l a y e r  was s e p a r a t e d  f rom  t h e  c o o le d  l i q u i d ,  washed 

w i t h  w a t e r ,  and  t h e  d a r k  o i l  r e c o v e r e d  f rom i t  d i s t i l l e d .

The p r o d u c t  was c o l l e c t e d  as  a c o l o u r l e s s  o i l  (220 g « ) ,  

b . p .  2 1 0 ° / 3  mm.

1 -  a n d  4 - K e t o - l  : 2 :5  : 4 - t e t r a h y d r o p h e n a n t h r e n e  (XLIII  and XLIV).

( A f t e r  Bachmann and S t r u v e  

The above  mixed a c i d s  (110 g O ,  i n  e t h e r  (600 c c . ) ,  

were t r e a t e d  a t  room t e m p e r a t u r e  w i t h  p y r i d i n e  (5 c . c . )  and 

t h i o n y l  c h l o r i d e  (120 c c . ) .  A f t e r  one h o u r  e t h e r  an d  e x c es s  

t h i o n y l  c h l o r i d e  were removed a t  60° u n d e r  r e d u c e d  p r e s s u r e -  

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

benzene  (600 c c . ) ,  c o o l e d  i n  i c e ,  and s t a n n i c  c h l o r i d e  (90 c c .  

added  t o  t h e  c o l d  s o l u t i o n .  The m ix tu re  was l e f t  i n  i c e

f o r  15 m i n u t e s ,  th e n  h y d r o l i s e d  w i t h  i c e  and h y d r o c h l o r i c
/

a c id *  The b en ze n e  l a y e r  was s e p a r a t e d  and washed,  and the  

p r o d u c t  d i s t i l l e d  a s  a y e l lo w  o i l  (67 g . ) ,  b . p .  190 / l  mm.



1 :2 :5 :4-Tetrahydrophenanthrene (XXVIII).

(Bachmann and S t r u v e  ( 3 8 ) ) .

The above  m i x t u r e  o f  k e t o t e t r a h y d r o p h e n a n t h r e n e s  

(50 g . ) ,  a m a lg am a ted  z i n c  (200 g . ) ,  h y d r o c h l o r i c  a c i d  

(300 c c . y ,  a c e t i c  a c i d  (300 c c . )  an d  t o l u e n e  (200 c c . ) ,  were 

r e f l u x e d  f o r  24 h o u r s .  A d d i t i o n a l  h y d r o c h l o r i c  a c i d  (300 c c .  

i n  a l l )  was a d d e d  d u r i n g  t h i s  t i m e « The p r o d u c t  was r e c o v e r e d  

f rom  t h e  s e p a r a t e d ,  washed and d r i e d  t o l u e n e  l a y e r ,  and  d i s 

t i l l e d  a s  a  c o l o u r l e s s  o i l  (35 g . ) ,  b . p .  1 3 6 - 1 4 0 ° / 0 . 5  mm.

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

m .p .  30°  ( l i t e r a t u r e ,  3 2 . 5 - 3 3 * 5 ° ) .  The p i c r a t e  formed f i n e  

y e l l o w  n e e d l e s  f ro m  a l c o h o l ,  m .p .  110° ( l i t e r a t u r e ,  1 1 1 ° ) .

9 -C h lo ro m eth y l- l  :2 :3 !4-tetrahydrophenanthrcne (XLV)

( A f t e r  Bachmann and C r o n y n ^ ^ ) .

1 : 2 : 3  : 4 - T e t r a h y d r o p h e n a n t h r e n e  (9 g . ) ,  p a r a 

f o r m a l d e h y d e  ( 2 . 8  g * ) ,  a c e t i c  a c i d  (8 c c . ) ,  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  (10 c c . )  and p h o sp h o r ic  a c i d  (4 c c . )  were 

s t i r r e d  v i g o r o u s l y  a n d  h e a t e d  t o  80-85°  f o r  6 h o u r s .  A f t e r  

c o o l i n g ,  th e  d i l u t e d  l i q u i d  was e x t r a c t e d  w i t h  e t h e r .  The 

o i l  r e c o v e r e d  f ro m  t h e  washed and d r i e d  e x t r a c t  was d i s 

t i l l e d .  T h e re  was a f o r e r u n  of  unchanged  h y d r o c a rb o n ,  a n d  

th e  c h l o r o m e th y  1-compound was c o l l e c t e d  a s  a c o l o u r l e s s  o i l  

( 4 .7  g . )  a t  1 8 4 ° / l  mm. I t  formed c o l o u r l e s s  n e e d l e s  i n  

a l c o h o l ,  m .p .  60°  ( l i t e r a t u r e ,  6 0 . 5 - 6 1 ° ) -



^ *(1  *2*5 :4-T etrahydro-9«phenanthryl)propion ic  a c id  (XXX) 

(Modified. Bachmann and C r o n y n (^ ) ) .

The a b o v e  c h l o r o m e t h y l  compound (11 g . ) ,  i n  

b e n zen e  (30 cc • } ,  was added  t o  a s o l u t i o n  p r e p a r e d  from 

sod ium  ( 1 . 6  g . ) ,  e t h y l  a l c o h o l  (20 c c * ) ,  benzene  (25 c c . )  

and e t h y l  m a l o n a t e  (18  c c . ) .  A f t e r  t h e  m ix tu re  had  been

r e f l u x e d  f o r  tw e lv e  h o u r s ,  most  o f  t h e  benzene  was removed,  

and h y d r o l y s i s  e f f e c t e d  w i t h  sodium h y d ro x id e  (30 g . )  i n  

a q u eo u s  a l c o h o l .  The m a lo n ic  a c i d  th u s  o b t a i n e d  was d e 

c a r b o x y l a t e d  by h e a t i n g  to 190° f o r  a few m i n u t e s ,  y i e l d i n g  

^ - ( 1 :2 :3 : 4 - t e  t r a h y d r o - 9 - p h e n a n t h r y l ) p r o p i o n i c  a c i d  (10 g . )  

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

m .p .  1 6 5 - 1 6 8 °  ( l i t e r a t u r e ,  1 6 8 - 1 6 9 ° ) .

C y c l l s a t i o n  o f  $ - ( 1 : 2 : 3  : 4 - t e t r a h y d r o - 9 - p h e n a n t h r y l ) p r o p l o n l c

a c i d .

(a )  W i th  h y d r o f l u o r i c  a c i d .  The above  p r o p i o n i c  a c i d  ( 0 . 6  g . )  

was l e f t  i n  c o n t a c t  w i t h  an h y d ro u s  h y d r o f l u o r i c  a c i d  f o r  12 

h o u r s  a t  room t e m p e r a t u r e .  The p r o d u c t  was d i s s o l v e d  i n  

b e n z e n e ,  a n d  t h e  s o l u t i o n  washed w i t h  d i l u t e  sodium c a r b o n a t e .  

No a c i d  was r e c o v e r e d  f rom  t h e s e  w a sh in g s .  The r e s i d u e  

r e m a i n in g  on r e m o v a l  o f  benzene  s o l i d i f i e d  on s t a n d i n g .  

C r y s t a l l i s a t i o n  f ro m  e t h y l  a l c o h o l  gave lo n g  s o f t  c o l o u r l e s s  

n e e d l e s  o f  3 1 ~lrftto*»9 ?10—c v c l o p e n te n o -1  :2 :5  : 4 - t e t r a h y d r o -  

g h e n a n t h r e n e  (XLVI) (0 -4  g . ) ,  m.p. 179° .  (Found:  C, 8 6 . 5 ;

H, 6*9.  ^1 7 ^ 1 6 ^  r e q u i r e s  G, 8 6 . 4 ;  H, 6 . 8 ^ ) .



(b) W i th  s t a n n i c  c h l o r i d e .  The p r o p i o n i c  a c i d  ( 0 . 5  g . ) ,  

i n  d r y  b e n z e n e  (10 c c . ) ,  was t r e a t e d  w i t h  p h o sp h o ru s  

p e n t a c h l o r i d e  ( 0 .4  g « ) .  A f t e r  s t a n d i n g  one h o u r  t h e  

m i x t u r e  was  warmed on th e  w a te r  b a t h  f o r  f i v e  m in u te s  t o  

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

was c o o l e d  i n  i c e ,  and  an i c e - c o l d  s o l u t i o n  of  s t a n n i c  

c h l o r i d e  (1 c c . ) i n  benzene  (10 c c . )  was ad d ed .  A f t e r  

one h o u r  in  i c e ,  the  d a r k  r e d  complex was decomposed w i th  

i c e  an d  h y d r o c h l o r i c  a c i d .  The washed (sodium c a r b o n a t e )  

and d r i e d  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  and p a s s e d  

t h r o u g h  a  column o f  a l u m i n a .  Only one p r o d u c t  was i s o l a t e d  

f ro m  t h e  e l u a t e ,  and t h i s  fo rm ed  c o l o u r l e s s  n e e d l e s  (0*3 g . )  

i n  a l c o h o l ,  m .p .  177° ,  n o t  r e d u c e d  when mixed w i t h  the  

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

(c)  W ith  a lu m in iu m  c h l o r i d e . A m ix tu re  o f  th e  p r o p i o n i c  

a c i d  ( 0 . 5  g . )  and t h i o n y l  c h l o r i d e  (2 c c . )  i n  e t h e r ,  was 

l e f t  a t  room t e m p e r a t u r e  f o r  2 hours*  E t h e r  and  e x c e s s  

t h i o n y l  c h l o r i d e  were removed by warming u n d e r  r ed u ce d  

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

(5 c c . )  was a d d e d  to  an i c e - c o l d  s u s p e n s io n  o f  a luminium 

c h l o r i d e  (1 g . )  i n  n i t r o b e n z e n e  (5 cc •) • The m ix tu re  

was l e f t  a t  room t e m p e r a t u r e  f o r  24 h o u r s  and t h e n  worked 

up i n  t h e  u s u a l  way.  The p r o d u c t  ( 0 .2 5  g . )  formed 

c o l o u r l e s s  n e e d l e s  i n  a l c o h o l ,  m .p .  and mixed m*p. w i t h  th e  

above k e t o n e  1 7 7 - 1 7 9 ° .



9 ! l O - C y c l o p e n t e n o - l ; 2  ;3 : 4 - t e t r a h y d r o p h e n a n t h r e n e  (XLVII)

Til© abov© k e t o - c y c l o p e n t e n o t e t r a h y d r o p h e n a n t h r e n e  

( 0 . 7  g . )  was r e f l u x e d  w i t h  amalgam ated  z i n c  (7 g . ) ,  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  (40 c c . ) ,  g l a c i a l  a c e t i c  a c i d  

(10 c c . )  a n d  t o l u e n e  (10 c c . )  f o r  24 h o u r s .  The t o l u e n e  

was s e p a r a t e d ,  and  t h e  p r o d u c t  o b t a i n e d  p a s s e d  th r o u g h  a 

co lumn o f  a l u m i n a  i n  b e n z e n e .  A c o l o u r l e s s  band w i t h  

b l u e  f l u o r e s c e n c e  i n  u l t r a - v i o l e t  l i g h t  was c o l l e c t e d ,  and  

t h e  s o l i d  p r o d u c t  r e c o v e r e d  f ro m  i t  c r y s t a l l i s e d  f rom 

a l c o h o l .  9 :1 0 -C y c lo p e n t e n o - 1 : 2 : 3  ; 4 - t e t r a h y d r o p h e n a n t h r e n e  

f o rm e d  c o l o u r l e s s  n e e d l e s  (0 .4  g « ) ,  m .p .  6 5 -6 6 ° .

(P o u n d :  C, 9 1 . 9 ;  H, 8 . 1 .  C1r-H_0 r e q u i r e s  G, 9 1 . 9 ;  H, 8 . 1 $ ) .
1 1 18

D e h y d r o g e n a t i o n  o f  t h i s  s u b s t a n c e  ( 0 .1  g « ) ,  w i t h

p a l l a d i u m  b l a c k  ( 0 .0 2  g . )  a t  290-300°  i n  an  a tm osphere  o f

c a r b o n  d i o x i d e ,  p r o c e e d e d  s m o o th ly .  A f t e r  s u b l i m a t i o n

and c r y s t a l l i s a t i o n  f rom  e t h y l  a l c o h o l ,  9 : 1 0 - c y c lo p e n t e n o -
o

p h e n a n t h r e n e  (XXV) formed long  w h i te  n e e d l e s ,  m.p. 149 

( l i t e r a t u r e ,  1 5 4 ° ;  1 4 9 - 1 5 0 ° ) .  The m.p .  was n o t  r e d u c e d

when t h e  p r o d u c t  was mixed w i t h  an a u t h e n t i c  specimen o f  

9 : 1 0 - c y c l o p e n te n o p h e n a n  th r e n e  ,

1 -C h lo r o m e th y  1 - 2 -m e th o x y n a p h th a le n e  (LV)«

The p r o c e d u r e  a d o p te d  was a  s l i g h t  m o d i f i c a t i o n
(43.)

o f  t h a t  o f  Cook,  Downer a n d  Homung



H ydrogen  c h l o r i d e  was p a s s e d  i n t o  an  i c e - c o l d  

s u s p e n s i o n  o f  p a r a f o r m a l d e h y d e  (18 g . )  i n  g l a c i a l  a c e t i c  

a c i d  (250 c c * )  u n t i l  a  c l e a r  s o l u t i o n  was o b t a i n e d .  A 

s u s p e n s i o n  o f  2 -m e th o x y n a p h th a le n e  (45 g . )  i n  g l a c i a l  

a c e t i c  a c i d  (400 c c . )  was t h e n  a d d e d ,  w i t h  s h a k i n g .  

C r y s t a l l i n e  m a t e r i a l  soon  began t o  s e p a r a t e  and a f t e r  two 

h o u r s  a t  room t e m p e r a t u r e  the  s o l i d  was c o l l e c t e d  and washed 

w i t h  c o l d  w a t e r .  C r y s t a l l i s a t i o n  f rom b e n z e n e / l i g h t -  

p e t r o l e u m  gave  1 - c h l o r o m e t h y  1 - 2 -m e th o x y n a p h th a le n e  (40 g . )  

a s  c o l o u r l e s s  rhom bs ,  m .p .  117 -120°  decomp. A f t e r  f u r t h e r  

c r y s t a l l i s a t i o n  i t  had m .p .  122-123°  decomp, ( l i t e r a t u r e ,

120° d e c o m p . ) .

E t h y l  ( 2 - m e t h o x y n a p h t h y l - 1 - m e t h y l )  m a lo n a te  (LVI).

A m i x t u r e  o f  d ry  benzene  (50 c c . ) ,  a b s o l u t e  a l 

c o h o l  (20 c c . ) ,  sod ium  (1 .4  g . )  and e t h y l  m a lo n a te  (10 g . )  

was r e f l u x e d  f o r  one h o u r ,  when a l l  the  sodium had d i s s o l v e d .  

A s o l u t i o n  o f  l - c h lo r o m e t h y l - 2 - m e t h o x y n a p h t h a l e n e  (10 g . )  i n  

b e n zen e  (15 c c . )  was th e n  added, and r e f l u x i n g  c o n t i n u e d  f o r  

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

w a t e r .  The o i l  r e c o v e r e d  f rom th e  washed and d r i e d  benzene 

l a y e r  was d i s t i l l e d .  A f t e r  removal  of  e x c e s s  e t h y l  m a lo n a t e ,  

the  p r o d u c t  was c o l l e c t e d  a s  a c o l o u r l e s s  o i l  a t  2 0 0 - 2 0 5 ° /2 -  

3 mm. ( 1 1 . 9  g . ) .  T h is  s o l i d i f i e d  r e a d i l y  when c h i l l e d  and  

rubbed  w i t h  m e t h y l  a l c o h o l .  C r y s t a l l i s a t i o n  f ro m  e t h y l



a l c o h o l  g av e  e t h y l  (2 - met h o x y n a p h t h v l - 1- methy 1 ) m a lo n a te  as  

c o l o u r l e s s  h e x a g o n a l  p l a t e s ,  m .p .  5 6 ° .  (Pound:  C, 6 9 . 3 ;

H, 6 . 9 .  c 19h22 °5  r e <iui res  C, 6 9 . 1 ;  H, 6 . 9 $ ) .

(2 -M e th o x y n a p h th y  1 -  1 - m e th y l )  m a lo n lc  a c i d .

The above e s t e r  (11 g . )  was h y d r o l i s e d  w i t h  10$ 

a q u e o u s  a l c o h o l i c  p o t a s s i u m  h y d r o x i d e .  The m alon lc  a c i d  

(1 0  g . )  was i s o l a t e d  i n  the u s u a l  way, and  c r y s t a l l i s e d  from 

w a t e r  a s  w h i t e  m i c r o c r y s t a l s ,  m .p .  174-175°  decomp.

(F ound :  G, 6 5 . 6 ;  H, 4 . 6 .  ^ 15^ 14^5 reclu *r e s  G> 6 5 . 7 ;

H, 5 . 1 $ ) .

- ( 2 - M e t h o x y - l - n a p h t h y l )  p rop  i o n i c  a c i d  (L V II ) .

The above  m a lo n ic  a c i d  (9 .5  g . )  was d e c a r b o x y l a t e d  

by h e a t i n g  a t  1 9 0 °  f o r  a few m i n u t e s .  The o i l y  r e s i d u e  

c r y s t a l l i s e d  f ro m  d i l u t e  a c e t i c  a c i d  ( c h a r c o a l ) ,  and gave 

|5-  ( 2 - m e t h o x y - l - n a p h t h y l ) p r o p i o n i c  a c i d  as  c o l o u r l e s s  f l a t
1

n e e d l e s ,  m .p .  131°  ( l i t e r a t u r e ,  1 2 8 ° ) .  (Pound: C, 7 3 . 0 ;

H, 6 . 0 .  C a l c ,  f o r  C , . H . . O ,  , C, 7 3 . 0 ;  H, 6 . 1 ^ ) .14 14 *5
The o v e r a l l  y i e l d  of  t h e  p r o p i o n i c  a c i d  f rom  th e  

c h l o r o m e th y  1 -compound was 69$.  I n  a l a r g e  s c a l e  r u n  i n  

which  th e  m a l o n i c  e s t e r  was n o t  i s o l a t e d  b u t  was d i r e c t l y  

h y d r o l i s e d ,  t h e  y i e l d  was 81

C y c l l s a t l o n  o f  P- ( 2 -m eth oxy-l-n aph thyl)prop lon le  a q l ^ .

(a )  W ith  h y d r o f l u o r i c  a c i d .  The p r o p io n i c  a c i d  ( 1 . 5  g . )  

was l e f t  i n  c o n t a c t  w i t h  anhydrous  h y d r o f l u o r i c  a c i d  f o r



3-| h o u r s  a t  room t e m p e r a t u r e .  The d a r k  r e d  l i q u i d  was 

p o u r e d  on t o  i c e  a n d  t h 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  h o t  sod ium  c a r b o n a t e  s o l u t i o n .  No a c i d  was r e c o v e r e d  

f ro m  t h i s  e x t r a c t .  The n e u t r a l  s o l i d  was d i s s o l v e d  i n  

b e n z e n e ,  and  t h e  y e l lo w  s o l u t i o n  r e p e a t e d l y  e x t r a c t e d  w i t h  

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 .  These e x 

t r a c t s  w ere  o ra n g e  In  c o l o u r ,  b u t  no m a t e r i a l  was o b t a i n e d  

on d i l u t i o n  w i t h  w a t e r .  The ben zen e  s o l u t i o n  r e m a in e d  

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

h e x a n e ,  and t h i s  s o l u t i o n  p a s s e d  t h r o u g h  a  co lumn o f  a l u m i n a .

On e l u t i o n  w i t h  benzene  a y e l l o w  band p a s s e d  t h r o u g h  and 

was c o l l e c t e d .  E v a p o r a t i o n  gave a y e l l o w  o i l  w h ich  s o l i d i f i e d  

when r u b b e d  w i t h  p e t ro le u m #  l - M e th o x y p e r l n a p h t h a n - 7 - one (L) 

c r y s t a l l i s e d  f ro m  l i g h t  p e t r o l e u m  in  y e l l o w  p l a t e s  (1#1 g .  = 

8 0 $ ) ,  m .p .  6 5 ° .  (Found:  C, 7 9 . 4 ;  H, 5 . 7 .  G14H120 2

r e q u i r e s  C, 7 9 . 2 ;  H, 5 . 7 $ ) .

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

t h i s  m ethod  gave  e q u a l l y  good y i e l d s  o f  th e  k e t o n e .

The ox im e,  p r e p a r e d  by  t h e  method o f  Cook an d  

Law rence  fo rm ed  p a l e  y e l l o w  n e e d l e s  i n  e t h y l  a l c o h o l ,  

m .p .  1 5 7 -1 5 9 °  decomp. (Found:  C, 7 3 . 8 ;  H, 5 . 6 ;  N, 6 . 0 .

C14H13°2N recl u l r e s  G> 7 4 *°> H> 5 # 7 > N> £ • ! $ ) •
The b e n z y l l d e n e  d e r i v a t i v e  was p r e p a r e d  by t r e a t i n g

a  m i x t u r e  o f  t h e  k e t o n e  ( 0 . 5  g*)  and b e n z a ld e h y d e  (1 g*) i n  

e t h y l  a l c o h o l  (5 c c . ) w i t h  a s o l u t i o n  o f  p o t a s s i u m  h y d r o x i d e



87.

(1 g . )  i n  e t h y l  a l c o h o l  (10 c c . ) .  A f t e r  24 h o u r s  t h e  

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

w a t e r .  A r e d  o i l  was r e c o v e r e d  on e x t r a c t i o n  w i t h  b e n z e n e .  

T h i s  d e p o s i t e d  s o l i d  ( 0 .1 5  g . )  i n  a l c o h o l .  C r y s t a l l i s a t i o n  

f ro m  b e n z e n e / l i g h t  p e t r o l e u m  gave o r a n g e  r e d  p r i s m s ,  m . p . 172-  

1 7 3 ° .  (Found :  C, 8 4 . 2 ;  H, 5 . 7 .  C21^16^2 reclu ^r e s  8 4 . 0 ;

H, 5 . 4 %).

(b)  S t a n n i c  c h l o r i d e  m e th o d .  A m i x t u r e  o f  p  - ( 2 - m e t h o x y -

1 - n a p h t h y l ) p r o p i o n i c  a c i d  (10 g . ) and  p h o s p h o ru s  p e n t a -  

c h l o r i d e  (8  g . ) ,  i n  d r y  s u l p h u r  f r e e  b e n z en e  (100 c c . ) ,  was 

k e p t  a t  room t e m p e r a t u r e  f o r  one h o u r ,  and t h e n  h e a t e d  on 

th e  s t e a m  b a t h  f o r  f i v e  m in u te s  t o  com ple te  t h e  r e a c t i o n .

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

s t a n n i c  c h l o r i d e  (10 c c . )  i n  pu re  d r y  b en ze n e  (100 c c . )  

a d d e d .  A f t e r  s t a n d i n g  f o u r  h o u r s  a t  room t e m p e r a t u r e ,  t h e  

com plex  was h y d r o l i s e d  w i t h  i c e  and h y d r o c h l o r i c  a c i d ,  a n d  

t h e  benzene  l a y e r  s e p a r a t e d .  A f t e r  w ash in g  w i t h  a l k a l i  

an d  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  (as  d e s c r i b e d  i n  ( a )  

a b o v e ) ,  th e  p r o d u c t  was o b t a i n e d  a s  a  y e l l o w  o i l  w h ic h  

c r y s t a l l i s e d  i n  l i g h t  p e t r o l e u m ,  f o rm in g  y e l l o w  p l a t e s  (8 g . )  

m .p .  65°  b o t h  a l o n e  and when mixed w i t h  t h e  p r o d u c t  o b t a i n e d  

a s  i n  ( a ) . The i d e n t i t y  o f  t h e s e  p r o d u c t s  was c o n f i r m e d  by  

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



P h o s p h o r i c  o x id e  m e th o d .  (Compare B a r g e r  an d  S t a r l i n g ^ * ^ )  

^ - ( 2 - M e t h o x y - l - n a p h t h y l ) p r o p i o n i c  a c i d  (2 g . ) ,  i n  d r y  

b e n z en e  (20 c c . ) ,  was t r e a t e d  w i t h  p h o s p h o r i c  o x i d e  (10 g . ) 

a n d  t h e  m i x t u r e  h e a t e d  on t h e  w a t e r  "bath f o r  two h o u r s .

A f t e r  a d d i t i o n  o f  i c e  t h e  henzene  l a y e r  was s e p a r a t e d  and  

w ashed w i t h  d i l u t e  sod ium  c a r b o n a t e .  Some, s t a r t i n g  m a t e r i a l  

(1 g . )  was r e c o v e r e d  f ro m  t h e  c a r b o n a t e  e x t r a c t .  On 

e v a p o r a t i o n  o f  t h e  washed and  d r i e d  b enzene  s o l u t i o n  a  d a r k  

o i l  was o b t a i n e d ,  w h ich  d e p o s i t e d  s o l i d  ( 0 .1 1  g . )  i n  

b e n z e n e / l i g h t  p e t r o l e u m .  C r y t a l l i s a t i o n  f rom  e t h y l  a l c o h o l  

gave s o f t  y e l l o w  n e e d l e s  o f  l - m e t h o x y p e r l n a p h t h e n - 7 - one 

(L X I) ,  m .p .  142 -143°  (B a r g e r  an d  S t a r l i n g r e p o r t e d  

m.p* 1 3 5 ° ) .  (Pound :  C, 7 9 . 9 ;  H, 4 * 9 .  ^ 14^ 10^2  re( lu i r e 3

C, 8 0 . 0 ;  H, 4 . 8 $ ) .

The o i l  r e m a i n i n g  a f t e r  rem ova l  o f  s o l i d  m a t e r i a l  

was p a s s e d  t h r o u g h  a  column o f  a lu m i n a  i n  b e n z e n e  • On 

e l u t i o n  w i t h  t h e  same s o l v e n t  s e v e r a l  bands  were o b t a i n e d .

A p a l e  y e l l o w  band w i t h  b r i g h t  y e l l o w  f l u o r e s c e n c e  in  u l t r a 

v i o l e t  l i g h t  was c o l l e c t e d ,  and  on r e m o v a l  o f  s o l v e n t  gave 

p e r i n a p h t h e n o n e  (LX) (10 m g s . ) .  Th is  fo rmed y e l l o w  n e e d l e s

i n  p e t r o l e u m  e t h e r ,  m .p .  1 5 0 ° .  Mixed m .p .  w i t h  an  a u t h e n t i c

s p e c im e n  o f  p e r i n a p h t h e n o n e  (m.p . 153 ) was 150-152  • The 

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



89.

a c i d .  The o t h e r  b a n d s  o f  th e  ch ro m a to g ram  y i e l d e d  s m a l l  

amounts  o f  u n c r y s t a l l i s a b l e  o i l s ,  and  were n o t  f u r t h e r  

e x a m in e d .

l - M e t h o x y - 7 - ( o - c h l o r o p h e n y l ) - p e r i n a p h t h a n - 7 - o l  ( L I ) .

l - M e t h o x y p e r i n a p h t h a n - 7 - o n e  (12 g . )  i n  d r y  s u l p h u r  

f r e e  b e n z e n e  (200 c c . )  was s lo w ly  a d d e d ,  w i t h  c o n s t a n t  

s t i r r i n g ,  t o  a G-rignard s o l u t i o n  p r e p a r e d  f ro m  magnesium 

( 2 .3  g . ) and o - c h lo ro b ro m o b e n z e n e  (18 g . )  i n  a b s o l u t e  

e t h e r  (200 c c . ) .  A y e l lo w  s o l i d  g r a d u a l l y  s e p a r a t e d .

The m i x t u r e  was l e f t  o v e r n i g h t  and  th e n  r e f l u x e d  f o r  one 

h o u r .  The com plex  was decomposed w i t h  ammonium c h l o r i d e  

s o l u t i o n ,  and  t h e  s e p a r a t e d  e t h e r - b e n z e n e  l a y e r  w ashed  w i t h  

d i l u t e  sod ium  h y d r o x id e  u n t i l  t h e  w ash ings  were no  l o n g e r  

r e d  i n  c o l o u r .  The o i l  r e m a i n i n g  an rem oval  o f  e t h e r  was 

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

w ashed ,  d r i e d  and e v a p o r a t e d .  The o i l y  r e s i d u e  d e p o s i t e d  

s o l i d  (5 g . )  on t r i t u r a t i o n  w i t h  p e t r o l e u m  e t h e r .  C r y s t a l 

l i s a t i o n  f r o m  m e th y l  a l c o h o l  and  f ro m  b e n z e n e / l i g h t  p e t r o l e u m  

gave  c o l o u r l e s s  p r i s m s  o f  l - methoxy- 7 - ( o - c h l o r o p h e n y l ) - 

p e r l n a p h t h a n - 7 - o 1 ,  m .p .  1 5 1 -1 5 2 ° .  (Found : C, 74*1 ;

H, 5 . 5 5 ;  -0CH3 , 9 . 6 .  C20H17°2C1 reclu i r e 3  C* 7 3 *9 ; H, 5 . 2 4 ;

-0CH3 , 9 . 6 / 0  •



4 - ( » - C h l o r o p h e n y l ) - p e r i n a p h t h a n - 7 - o n e  (LXIV)•

A s o l u t i o n  of  t h e  above  c a r b i n o l  (1 g . ) a n d  

i o d i n e  (10 m gs . )  i n  l i g h t  p e t r o l e u m  (20 c c . ) was r e f l u x e d  

f o r  30 m i n u t e s ,  t h e n  c o o l e d  and washed w i t h  d i l u t e  sod ium  

t h i o s u l p h a t e  s o l u t i o n  an d  w i t h  w a t e r .  4 - ( o - C h l o r o p h e n y l ) -  

p e r i n a p h t h a n - 7 - one was o b t a i n e d  on r e m o v a l  o f  s o l v e n t ,  a n d  

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

p r i s m s  ( 0 . 7  g . ) ,  m .p .  1 0 9 - 1 1 0 ° .  (Found :  C, 7 7 . 7 ;

H, 4 . 5 ;  -0CH, ,  0 .  C_QH__0C1 r e q u i r e s  G, 7 7 . 9 ;  H, 4 . 4 ;
^ 1. y  ii5

-OCHg, 0*0^)  • The same k e t o n e  was o b t a i n e d  i n  a l m o s t  

q u a n t i t a t i v e  y i e l d ,  when th e  c a r b i n o l  ( 0 . 5  g . ) ,  i n  

m e th a n o l  (5 c c . )  and ben zen e  (1 c c . ) ,  was t r e a t e d  w i t h  a 

s a t u r a t e d  s o l u t i o n  o f  m e t h a n o l i c  h y d ro g en  c h l o r i d e  (1 c c . )  

f o r  24 h o u r s .  The 2 : 4 - d i n l t r o p h e n y l h y d r a z o n e  was c r y s t a l l i s e d  

f ro m  g l a c i a l  a c e t i c  a c i d  i n  s o f t  deep  r e d  n e e d l e s ,  m .p .  228°  

decomp. (Found:  C, 6 3 . 2 ;  H, 3 . 7 .  GggH^yO^N^Cl r e q u i r e s

C, 6 3 . 5 ;  H, 3 . 6 ^ ) .  The s em ic a rb a z o n e  fo rm ed  c l u s t e r s  o f  

b r i g h t  y e l l o w  n e e d l e s  i n  e t h y l  a l c o h o l ,  s i n t e r i n g  a t  220°  

and  m e l t i n g  w i t h  d e c o m p o s i t i o n  a t  236° .  (Found:  C, 6 8 . 9 ;

H, 4 . 8 .  C20H160N3C1 re<*u i r e s  C> 6 9 *2 >‘ H* 4 . 6 $ ) .

The b e n z y l l d e n e  d e r i v a t i v e  c r y s t a l l i s e d  o u t  when

a  m i x t u r e  o f  t h e  k e to n e  (0 .3  g . } ,  b e n z a ld e h y d e  (1 g . ) ,

p o t a s s i u m  h y d r o x i d e  (1 g . )  and  e t h y l  a l c o h o l  (15 c c . )  was

l e f t  f o r  24 h o u r s  a t  room t e m p e r a t u r e .  I t  was c o l l e c t e d ,

washed w i t h  w a t e r ,  and c r y s t a l l i s e d  f rom  x y l e n e ,  i n  which



i t  fo rm ed  b r i g h t  y e l l o w  p r i s m s ,  m .p .  2 2 5 ° .  (F o u n d :  C, 8 1 . 9 ;

H, 4 * 7 .  C26h170C1 r e q u i r e s  C, 8 1 . 9 ;  H, 4 » 5 $ ) .

2 - B e n z y l l d e n e - l - t e t r a l o n e  (LXXV)•

(Compare Rapson  and  S h u t t l e w o r t h ^ ®  ? ) .

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

(470 c c .  o f  4$)  was a d d e d  t o  a m i x t u r e  o f  1 - t e t r a l o n e  

(68 g . )  and b e n z a l d e h y d e  (50 g . ) .  A f t e r  h o u r s  a t  room 

t e m p e r a t u r e  t h e  d a r k  r e d  l i q u i d  was a c i d i f i e d  w i t h  d i l u t e  

a c e t i c  a c i d ,  and  d i l u t e d  s l i g h t l y  w i t h  w a t e r .  The c r y s t a l 

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

f ro m  a l c o h o l ,  when 2 - b e n z y l i d e n e - l - t e t r a l o n e  (95 g . )  was
o

o b t a i n e d  as  p a l e  y e l l o w  rhom b o h ed ra ,  m .p .  105-106  

( l i t e r a t u r e ,  1 0 5 - 1 0 6 ° ) .

l - H y d r o x y - 2 - b e n z y l - l  : 2 : 3 : 4 - t e t r a h y d r o n a p h t h a l e n e  (LXXVI).

( a ) .  A tom ised  sodium (60 g . )  was g r a d u a l l y  ad d ed  to  a

s t i r r e d  s o l u t i o n  o f  2 - b e n z y l i d e n e - l - t e t r a l o n e  (LXIV) (15 g . ) 

i n  e t h e r  (450 c c . )  c o n t a i n i n g  w a t e r  (100 c c . ) .  When r e 

a c t i o n  was co m p le te  t h e  s o l u t i o n  was 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 th e  e t h e r  s e p a r a t e d ,  washed w i t h  

d i l u t e  sod ium  c a r b o n a t e  and w a t e r ,  and  d r i e d .  The o i l  

r e c o v e r e d  f ro m  i t  was d i s t i l l e d ,  and  t h e  p r o d u c t  c o l l e c t e d  

a t  1 8 0 - 1 8 5 ° / 2  mm. (7 g . ) .  There  was a  c o n s i d e r a b l e  r e s i d u e  

w h ich  d i d  n o t  d i s t i l  a t  3 0 0 ° / 2 nun. The o i l y  p r o d u c tA



s o l i d i f i e d  when ru b b e d  w i t h  l i g h t  p e t r o l e u m ,  an d  a f t e r  

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

n e e d l e s  o f  ( t r a n s )  l - h y d r o x y - 2 - b e n z y l - l : 2 : 3 ; 4 - t e t r a h y d r o -  

n a p h t h a l e n e  ( 3 . 2  g « ) ,  m .p .  1 1 5 - 1 1 6 ° ,  were o b t a i n e d .

( F o u n d :  C, 8 5 . 7 ;  H, 7 . 6 .  Gi ^ 1Q°  r e q u i r e s  C, 8 5 . 7 ;

H, 7 . 6 $ ) .  On c o n c e n t r a t i o n ,  t h e  m o th e r  l i q u o r s  d e p o s i t e d  

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

f ro m  l i g h t  p e t r o l e u m ,  fo rm ed  s i l k y  c o l o u r l e s s  n e e d l e s  (2 g . ) 

o f  ( c i s )  l - h y d r o x y - 2 - b e n z y l - l : 2 : 3 : 4 - t e t r a h y d r o n a p h t h a l e n e  , 

m .p .  7 3 - 7 5 ° .  (Found:  C, 8 5 . 6 ;  H, 7 . 4 .  C ^ H ^ O  r e q u i r e s

G, 8 5 . 7 ;  H, 7 . 6 $ ) .

( b ) .  2 - B e n z y l i d e n e - 1 - t e t r a l o n e  (10 g . )  i n  d io x a n

(100 c c . )  was s h a k e n  w i t h  Raney n i c k e l  c a t a l y s t  ( p r e p a r e d
(47 j

by t h e  m ethod  o f  P a v l i c  and  Adkins  ) (5 g . )  i n  an a t m o s 

p h e r e  o f  h y d r o g e n ,  a t  o r d i n a r y  t e m p e r a t u r e  and p r e s s u r e .  

Hydrogen  u p t a k e  p r o c e e d e d  v e r y  r a p i d l y  a t  f i r s t ,  u n t i l  one 

m o l e c u l e  h a d  b e e n  a b s o r b e d ,  and t h e n  more s l o w l y ,  and  was 

c o m p le te  i n  a b o u t  16 h o u r s .  Dioxan was removed f rom  t h e  

f i l t e r e d  s o l u t i o n  u n d e r  r e d u c e d  p r e s s u r e ,  and th e  p r o d u c t  

(9 g . ) t a k e n  up i n  l i g h t  p e t r o l e u m .  T rans  l - h y d r o x y - 2 -  

b e n z y l - 1 :2 :3  : 4 - t e t r a h y d r o n a p h t h a l e n e  (4 g . )  s e p a r a t e d  f rom  

t h e  s o l u t i o n  i n  lo n g  c o l o u r l e s s  n e e d l e s ,  m .p .  115 -1 1 6 °  

b o t h  a l o n e  and when m ixed  w i t h  t h e  m a t e r i a l  p r e p a r e d  a s  i n  

m ethod  ( a ) .  C o n c e n t r a t i o n  o f  t h e  m o t h e r - l i q u o r s  gave



c i s  l - h y d r o x y - 2 - b e n z y l - ^ l  :2 :3 : 4 - t e t r a h y d r o n a p h t h a l e n e  ( 3 . 7  g . ) ,  

w h ich  c r y s t a l l i s e d  f ro m  l i g h t  p e t r o l e u m  i n  l o n g  c o l o u r l e s s  

n e e d l e s ,  m .p .  7 3 -75  , n o t  r e d u c e d  on a d m i x t u r e  w i t h  t h e  

more s o l u b l e  i som er  o b t a i n e d  i n  m ethod  ( a ) .

2 - B e n z y l - l  : 2 : 5  : 4 - t e t r a h y d r o n a p h t h a l e n e  (LXXXI).

T h is  h y d r o c a rb o n  was o b t a i n e d  when 2 - b e n z y l i d e n e - l -  

t e t r a l o n e  (20 g . )  i n  a b s o l u t e  a l c o h o l  (300 c c . )  was t r e a t e d  

w i t h  h y d ro g en  a t  130-140  a tm o s p h e r e s  and  1 5 0 -1 6 0 °  f o r  one 

h o u r ,  i n  p r e s e n c e  o f  c o p p e r  c h r o m i t e  c a t a l y s t  (4 g«)« The 

p r o d u c t  (19 g . )  c r y s t a l l i s e d  f ro m  e t h y l  a l c o h o l  i n  e l o n g a t e d  

c o l o u r l e s s  p r i s m s ,  m .p .  3 9 ° .  (Found:  C, 9 1 . 7 ;  H, 8 . 0 .

C a l c ,  f o r  C17H1 8 , C, 9 1 . 9 ;  H, 8 . 0 $ ) .

Von B r a u n (^8)  has  d e s c r i b e d  t h i s  h y d r o c a r b o n  a s  

an  o i l ,  b . p .  1 9 4 - 1 9 5 ° / l 3  mm.

2 - B e n z y 1 - 1 - t e t r a 1one (LXXXII).
(51)(Compare R i e d e l  ) •

2 - B e n z y l i d e n e - 1 - t e t r a l o n e  (5 g . )  was s m o o th ly  

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

b e i n g  c o m p le te  i n  a b o u t  6 h o u r s .  The p r o d u c t  was e x t r a c t e d  

f ro m  th e  d i l u t e d  s o l u t i o n ,  and  d i s t i l l e d  as  a  y e l l o w  o i l  a t  

1 6 7 - 1 7 0 ° / l  inm. (4*6 g . ) »  T h is  s o l i d i f i e d  when ru b b ed  w i t h  

m e t h a n o l ,  and  a f t e r  c r y s t a l l i s a t i o n  f ro m  t h e  same s o l v e n t ,

2 - b e n z y l - l - t e t r a l o n e  was o b t a i n e d  a s  l o n g  c o l o u r l e s s  p r i s m s ,  

m .p .  52°  ( l i t e r a t u r e  5 5 - 5 6 ° ) .  (Found:  C, 8 6 . 1 ;  H, 6 . 5 .



C a lc ,  f o r  C17H160 , C, 8 6 .4 ;  H, 6 .8 # ) .

1 - C h lo r o - 2 - b e n z y l - l ;2 :3 :4 -te trah yd ron a p h th a len e  (LXXXVI). 

C o n s is te n t  r e s u l t s  cou ld  n ot be obta in ed  in  t h i s

p r e p a r a tio n . The fo l lo w in g  i s  a d e s c r ip t io n  of a s u c c e s s f u l  

exp er im en t.

Hydrogen c h lo r id e  was passed fo r  30 m inutes in to , a 

co ld  s o lu t io n  of ( t r a n s ) l -h y d r o x y -2 -b e n z y 1 -1 : 2 : 3 : 4 - t e t r a -  

hydronaphthalene (2 .5  g . )  in  dry benzene (10 c c . ) ,  c o n ta in in g  

powdered anhydrous calcium  c h lo r id e  (2 .5  g . ) .  A f te r  s ta n d in g  

a t  room temperature f o r  3 - 4  hours , benzene was removed from  

the f i l t e r e d  s o lu t io n  by h ea tin g  at 30° under reduced p r e ssu r e .  

The o i l y  product c r y s t a l l i s e d  when c h i l l e d  and rubbed w ith  

l i g h t  petro leum . l - Chloro- 2 - b e n z y l- l  :2 ;3 : 4 - te tr a h y d ro -  

naphthalene formed c lu s t e r s  o f c o lo u r le s s  n e e d le s  (1 .4  g . )  

in  l i g h t  petroleum , m.p. 7 2 -7 3 ° .  (Found: C, 7 9 .2 ;

H, 6 .8 .  C17H17C1 req u ires  C, 7 9 .5 ;  H, 6 .6 # ) .

When t h i s  ch lo r id e  (0 .2  g . )  and potassium  cyanide  

(0 -4  g . )  i n  a lc o h o l  (10 c c . )  and water (1 c c . )  were r e f lu x e d  

on the water bath fo r  4 h ou rs , an o i l y  product was obta in ed  

(by e x tr a c t io n  o f  the d i lu te d  s o l u t i o n ) .  This c o u ld  not  

be induced to  c r y s t a l l i s e ,  but was shown to  be mainly

2-benzy 1-3 :4-dihydronaphthalene (LXXXIII) by means o f  the  

s o l i d  dibromide (see  b e lo w ) .



A ction  o f  hydrogen bromide on 1 -h y d r o x y -2 -b e n z y l-1 : 2 :3 :4 -  

tetrahydronaphthalene ( IXXVI) .

When e i t h e r  e l s  or trans hydroxy-benzy 1 - te tr a h y d r o -  

naphthalene was tr e a te d  w ith  hydrogen bromide e x a c t ly  as 

d e sc r ib e d  above fo r  the c h lo r id e ,  no c r y s t a l l i n e  m a ter ia l  

cou ld  be ob ta in ed  from the o i l y  product. Attempted p u r i f i 

c a t io n  by d i s t i l l a t i o n  r e s u l t e d  in complete decom p osition  

to  2 -b e n z y l- 5 : 4 - dlhydronaphthalene (LXXXIII), a c o lo u r le s s  

o i l ,  b .p .  140®( a ir  b a th  temperature ) / l . 5 mm. (Pound:

C, 9 2 .7 ;  H, 7*4. ^17^16 r e qu ires C, 9 2 .7 ;  H, 7 .3 $ ) .  The

same product was obta ined  by a c t io n  o f  p y r id in e  on the crude 

"bromide” a t  100°.

The dibromlde was obta ined  when the hydrocarbon, 

in  a c e t i c  a c id ,  was tr e a te d  dropwise w ith  bromine in  a c e t i c  

a c id ,  u n t i l  d e c o lo u r is a t io n  no lon ger  took p la c e .  I t  

sep ara ted  when the s o lu t io n  was c o o le d ,  and c r y s t a l l i s e d  

from l i g h t  petroleum in  c o lo u r le s s  n e e d le s ,  m.p. 117-118°

decomp. (Pound: G, 5 3 .6 ;  H, 4 . 5 .  ^I7^i6^r 2 re(lu r̂ e s

C, 5 3 .7 ;  H, 4 .2 ^ ) .

Treatment o f  the crude o i l y  11 bromide" (1 g . )  

w ith  potassium  cyanide (2 g . )  in  a lc o h o l  or acetone  a t  r e f lu x  

temperature for  3 hours gave on ly  2 -benzy1-3 :4-dihydro -  

n ap h th a len e , b .p .  155° (a ir  bath tem p erature)/4  mm., i d e n t i f i e d  

through the dibrom ide. The crude u n d i s t i l l e d  product o f  t h i s  

r e a c t io n  gave no a c id ic  m ater ia l  when r e f lu x e d  f o r  12 hours



96 .

w ith  potassium  hydroxide s o l u t i o n .

An attem pt to  convert the t e t r a l o l  (LXXVI) to  

the corresponding bromide by t r e a t in g  i t  (1 g*J w ith  

hydrobromic a c id  (15 c c .  o f  48$) f o r  s e v e r a l  days a t  room 

tem perature, a l s o  gave an o i l  which could not be induced  

to  c r y s t a l l i s e .

: V i s  .r-r'-ij ; .■. * %-Zi. c i . 3  \



Experim ental to  Part I I .

9-Ace ty l-s_-octahydroanthracene (X X III) .

(By method o f  Arnold and Barnes

:s-Octahydroanthracene (4 .3  g . )  was added to  a 

w e l l  s t i r r e d  suspension  o f  powdered aluminium c h lo r id e  

(14 g . )  in  dry te tr a c h lo r e th a n e  (50 c c . ) .  The m ixture  

was co o le d  in  an i c e - s a l t  h a th , and a c e t i c  anhydride  

(5 .7  g . )  In te tr a c h lo r e th a n e  (10 c c . )  added dropwise over  

a per iod  o f  one hour. S t i r r in g  was continued two hours 

lo n g e r ,  and the mixture then decomposed w ith  i c e  and 

h y d ro c h lo r ic  a c id ,  and the so lv e n t  removed by steam d i s 

t i l l a t i o n .  The product was obtained  from the washed and 

d r ie d  e th e r e a l  e x tr a c t  o f  the res id u e  as an o i l  (4 g . ^ 

which s o l i d i f i e d  when rubbed w ith  e th y l  a lc o h o l .  C r y s ta l 

l i s a t i o n  from the same s o lv e n t  gave c o lo u r le s s  n eed les  

(2 .5  g . )  o f  9 -a ce ty l-£ -o c ta h y d ro a n th r a ce n e , m#p# 70°  

( l i t e r a t u r e  7 2 - 7 2 .5 ° ) .

3_-0ctahydrpanth r a c e n e -9 -g ly o x a l  hydrate (XXIV).
/ art  S

(Arnold and Rondesvedt ; )

The above acety loctahydroanthracene  (2 .3  g . )  was 

added to  a w e l l - s t i r r e d  so lu t io n  o f  f r e s h ly  sublimed selen ium  

d io x id e  ( 1 .2  g . )  in  dioxan (45 c c . ) and water (0 .5  c c . ) ,  a t  

5 0 -5 5 ° .  The temperature was then gra d u a lly  r a is e d ,  and 

the  s o lu t io n  r e f lu x e d  f o r  two hours. The s o lu t io n  was



f i l t e r e d  f r e e  o f  se len iu m , d i lu t e d  w ith water and c o o le d ,  

when the g ly o x a l  hydrate separated  (2 g . ) ,  m.p. 98-110°  

( l i t e r a t u r e  1 0 0 -1 0 5 ° ) .  I t  was not fu r th e r  p u r i f i e d .

s_-Octahydroanthracene-9-carboxy l i e  ac id  (IX) .

The above crude g ly o x a l  hydrate (2 g . )  in  e t h y l  

a lc o h o l  (30 cc*) was added to hydrogen peroxide  (10 cc* 

o f  3 0 $ ) ,  and a s o lu t io n  o f  potassium  hydroxide (10$)  

added gradua lly  u n t i l  there was no longer  v igorou s e f f e r -  

vescen e  ( ^  60 c c . ) .  The s o lu t io n  was then b o i le d  f o r  30 

m inu tes, ch arcoa led , and the a c id  recovered in the  u su a l  

way. I t  c r y s t a l l i s e d  from aqueous a lco h o l  In long s i l k y  

c o lo u r le s s  n e e d le s  (1 .3  g . ) ,  s in t e r in g  a t  190° and m elt in g  

a t  218-220° ( l i t e r a t u r e ,  s ,  186°, m.p. 2 1 6 -2 1 9 ° ) .

9 -E thyl-s^ -octahydroanthracene.

9-Acetyl-s^-octahydroanthracene (1 .5  g . ) ,  amal

gamated z in c  (10 g » ) ,  to lu e n e  (10 c c . ) ,  a c e t i c  a c id  (10 c c . )  

co n cen tra ted  hyd ro ch lo r ic  a c id  (50 c c . ) ,  were r e f lu x e d  fo r  

24 h o u rs . The coo led  l iq u id  m s  e x tr a c te d  w ith  benzene, 

and the  o i l  obtained  from the washed and d r ied  e x tr a c t  

d i s t i l l e d  a t  1 58-162° /2  mm. This could not be induced to  

c r y s t a l l i s e ;  a p or tion  was r e d i s t i l l e d  f o r  a n a l y s i s .

9- Ethy1- s - octahydroanthracene was obtained as a c o lo u r le s s  

‘ l iq u i d ,  b .p .  140° (a ir  bath  tem perature)/2  mm. (Pound:



C, 9 0 .1 ;  H, 9 . 9 . c 16H22 r0clu ire3  C, 8 9 .7 ;  H, 1 0 .3 $ ) .

This hydrocarbon (0 .1 6  g . ) was dehydrogenated  

w ith  palladium  b lack  a t  300° f o r  30 m in u tes ,  in  an atm os

phere o f  carbon d io x id e .  The product was d i s s o lv e d  in  

a lc o h o l ,  and a sm all amount o f  w hite  s o l i d  f i l t e r e d  o f f .

This had m.p* 210° and was i d e n t i f i e d  as anthracene by 

comparison w ith  an a u th e n t ic  specim en. The a l c o h o l i c  

s-b lu t io n  was tr e a te d  w ith  p i c r i c  a c id ,  and the p ic r a te  

c r y s t a l l i s e d  from a lc o h o l  In red -y e l lo w  n e e d le s ,  m.p. 120° 

( l i t e r a t u r e  m.p# fo r  p ic r a te  o f  9 -e th y la n th ra cen e  i s  1 2 0 ° ) .  

Decom position o f  the p i c t a t e  on alumina gave 9 -e th y la n th r a c e n e ,  

form ing c o lo u r le s s  n eed les  in  a lc o h o l ,  m.p. 6 3 -6 4 °

( l i t e r a t u r e ,  6 4 ° ) .

Treatment o f  9 -e th y l-£ -oc tah yd roan th racen e  w ith  

anhydrous h y d ro f lu o r ic  ac id  a t  room tem perature, f o r  15 h o u rs ,  

gave an o i l ,  which was dehydrogenated as above. Only 

9 -e th y la n th ra cen e  was d e te c te d  in  the product.

9-Chlor omethyl-s_-octahydroanthracene (XXVIII) •

A rapid  stream o f  hydrogen c h lo r id e  was passed in to  

a su sp en s io n  of paraformaldehyde (3 .9  g . ) in  g l a c i a l  a c e t i c  

a c id  (60 c c . )  u n t i l  a c le a r  s o lu t io n  was ob ta in ed . £ - 0 c t a -  

hydroanthracene (1 8 .6  g . )  was then added, and passage  o f  gas  

continu ed  a t  60° fo r  3-4  hou rs . The s o l id  which sep arated



on c o o l in g  was f i l t e r e d ,  washed w ith  w a ter , and c r y s t a l l i s e d  

from a lc o h o l .  9 -C hlorom ethyl-£-octahydroanthracene was
(■W nob ta in ed  as c o lo u r le s s  n e e d le s ,^ m .p . 89 -90  ( l i t e r a t u r e ,  

m.p. 9 1 -9 2 ° ) .

9 -Acetoxym ethyl- s - octahydroanthracene (XXIX) was 

obta in ed  when the above chlorom ethyl compound ( 2 .2  g . )  and 

anhydrous potassium  a c e ta te  (2 .2  g . )  were heated  in  b o i l i n g  

g l a c i a l  a c e t i c  a c id  (100 c c . )  for  2 h o u rs . The product  

(2 .4  g . )  was recovered  when the con cen tra ted  s o l u t i o n  was 

d i lu t e d  w ith  w ater , and formed c o lo u r le s s  g l i s t e n i n g  th in  

f l a t  n e e d le s  In a l c o h o l ,  m.p. 7 3° . (Pound* C, 7 8 .9 ;

H, 8 .6 .  c i7 H22°2 re(lu lr e s  7 9 .1 ;  II, 8 .5 $ ) .  H yd ro ly s is

o f  the acetoxy  compound (1 .5  g . )  w ith  a lc o h o l i c  potassium  

hydroxide gave 9 -hydroxymethyl- s - octahydroanthracene (XXX), 

which c r y s t a l l i s e d  from e th y l  a lc o h o l  in  c o lo u r le s s  p r ism a tic  

n e e d le s  ( 1 .2  g . ) ,  m.p. 114°. (Found: G, 8 3 .5 ;  H, 9*2.

^15^20^ z’®!1**1*63 8 3 .3 ;  H, 9 .3 $ ) .  Passage o f  hydrogen

c h lo r id e  through a s o lu t io n  of t h i s  compound i n  benzene  

(c o n ta in in g  an equal weight of anhydrous ca lc ium  c h l o r i d e ) ,  

gave the 9 -ch lorom ethy l compound, m.p. 8 9 -9 0 ° .

9 -M eth y l-s -octah yd roan th racen e .

Reduction of the above chloromethyl-compound w ith  

palladium  b la c k  in a lc o h o l  proceeded sm oothly, to  g iv e  9 -  

m ethyl- s - octahydroanthracene in  alm ost q u a n t i ta t iv e  y i e l d .



I t  formed c o lo u r le s s  lu s tr o u s  f l a t  p la t e s  in a l c o h o l ,  m.p.

5 2 ° .  (Found: C, 9 0 .3 ;  H, 9 . 8 .  C15Hg0 r e q u ir e s  C, 9 0 .0 ;

H, 1 0 .0 $ ) .

This compound could  not he s a t i s f a c t o r i l y  dehydro

g en a ted , e i t h e r  w ith  palladium  b lack  a t  28 0 -3 0 0 ° , or w ith  

sulphur a t  230-250 • In each case  the product was a mixture  

from which no pure c o n s t i tu e n t  could  be i s o l a t e d .

9-M ethyl-£-octahydroanthracene was recovered  un

changed a f t e r  treatm ent w ith  hydrogen f lu o r id e  fo r  15 hours 

a t  room tem perature. The product o f  the r e a c t io n  was e a s i l y  

c r y s t a l l i s e d  and c o n s is t e d  e n t i r e l y  o f  s t a r t in g  m a te r ia l .

No o th er  product could be d e te c te d .

9 -Cyanome th y  1 - s  - oc tahydr oanthrac ene .

9 -C hlorom ethyl-s-octahydroanthracene (1 .2  g . )  and 

potassium  cyanide (3 g . )  In a lc o h o l  (15 c c . )  and water (5 c c . ) ,  

were r e f lu x e d  on the water bath f o r  2-3 hours. The con

c e n tr a te d  s o lu t io n  was d i lu t e d  w ith  w ater, and th e  s o l i d  

f i l t e r e d  and washed w ith  w ater. 9 -Cyanomethyl- s - octahydro- 

anthracene formed c o lo u r le s s  lu s tr o u s  p la te s  (1 g . ) in  

a lc o h o l ,  m.p. 108-1 09° . (Found: G, 8 5 .6 ;  H, 8 .3 .  ^

r e q u ir e s  C, 8 5 .3 ;  H, 8 .4 ;  N, 6 .2 $ ) .

9-s_-0ctahydroanthrylace t i c  a c id  (X).

The above n i t r i l e  (0 .9  g . )  was heated  a t  150-160°  

f o r  10 hours in  a mixture of w ater , g l a c i a l  a c e t i c  a c id  and 

concen tra ted  su lp h u r ic  a c id  (1 :1 :1 ,  50 c c . ) .  The product



(0*8 g . )  was i s o l a t e d  by pouring the c o o le d  r e a c t io n  

m ixture in t o  w ater . C r y s t a l l i s a t i o n  from a lc o h o l  gave 

9 - s - o c ta h y d ro a n th ra n y la ce tlc  ac id  in  c o lo u r le s s  p l a t e s ,  

m.p. 212-214° decomp, a f t e r  s i n t e r in g  a t  190° . (Pound:

C, 7 8 .6 ;  H, 8 .4 .  G16H20°2 r e <iuires C, 7 8 .7 ;  H, 8 . 2 $ ) .

This a c id  was com p lete ly  unchanged when tr e a te d  

w ith  anhydrous h y d r o f lu o r ic  a c id  under the usua l c o n d i t io n s .

f t -(9-3^00tah yd roan thranyl)prop ion ic  a c i d 6̂ 0  ̂ (V I) .

9-C hlorom ethyl-s-octahydroanthracene (13 g . )  in  

dry benzene (25 c c . )  was added to  a s o lu t io n  of e t h y l  

sodiom alonate prepared from sodium (2 .3  g . ) ,  e t h y l  malonate  

(15 g * ) ,  a lc o h o l  (25 c c . )  and benzene (25 c c . ) ,  and the  

m ixture r e f lu x e d  fo r  6 hours. Most o f the b en zen e -a lco h o l  

was then d i s t i l l e d  o f f ,  and the  malonic e s t e r  h y a r o l is e d  

d i r e c t l y  by r e f lu x in g  f o r  two hours w ith  potassium  hydroxide  

(30 g . )  In  aqueous a.lcohol (150 c c . o f  5 0 $ ) .  The r e s u l t i n g  

malonic a c id  was decarboxylated  by h e a t in g  a t  190-200° f o r  

a few m in u tes , and the p rop ion ic  a c id  (1 1 .5  g . )  c r y s t a l l i s e d  

from d i l u t e  a c e t i c  a c id  In c o lo u r le s s  n e e d le s ,  m.p. 166-168°  

( l i t e r a t u r e ,  1 6 7 -1 6 8 ° ) .

(9 -s-O ctah yd roan th ran y l)b u tyr ic  a c id  (X I ) .

A mixture o f  the above prop ion ic  a c id  (2 .2  g . ) ,  

t h io n y l  c h lo r id e  (25 c c . ) and a few drops of p y r id in e ,  in



dry benzene (6 cc«) was warmed a t  5 0 -6 0 °  fo r  2 h ou rs .  

Benzene and e x c e ss  th io n y l  c h lo r id e  were then removed by 

warming under reduced p r e s su r e .  The a c id  c h lo r id e  was 

ob ta in ed  as  a c r y s t a l l i n e  s o l i d ,  and was n o t  fu r th e r  

p u r i f i e d .

A s o lu t io n  o f  the a c id  c h lo r id e  in  pure dry  

benzene (10 c c . )  was s lo w ly  added to a s t i r r e d ,  i c e - c o l d  

s o lu t io n  of diazomethane (from 7 g . o f  n itro so m eth y lu rea )  

in  e th e r  (150 c c . ) .  A f te r  s e v e r a l  hours the e th er  and 

e x c e s s  diazomethane were a llow ed to  evaporate  a t  ord inary  

tem perature. The d iazo -k eton e  thus ob ta in ed  was a w e l l  

c r y s t a l l i n e ,  b r ig h t  y e l lo w  s o l i d .  To a s o lu t io n  of t h i s  

in  dioxan (15 c c . )  was added ammonia s o lu t io n  (15 c c .  o f  

20$) and s i l v e r  n i t r a t e  s o lu t io n  (3 c c .  o f  1 0 $ ) ,  and the  

mixture heated  on the steam bath fo r  2 j  hou rs . The dark  

co lou red  m ixture was d i lu te d  w ith  dioxan (15 c c . )  and 

b o i l e d  w ith  c h a rco a l .  A fte r  f i l t r a t i o n  and d i l u t i o n  w ith  

w a ter , ^- ( 9 - s - octahydroanthrany1 )butyramlde (1 .7  g . )

se p a r a ted . I t  c r y s t a l l i s e d  from b e n z e n e / l ig h t  petroleum  

In s o f t  white n e e d le s ,  m*p. 16 3 -164° . (Pound: C, 7 9 .9 ;

H, 9 .2 ;  N, 5 .3 .  C18H250N req u ires  C, 7 9 .7 ;  H, 9 .2 ;

N, 5 . 2 $ ) .  H ydrolysis  o f  the amide (1 .15  g . )  by r e f lu x in g  

f o r  12 hours w ith  potassium  hydroxide (5 g . )  in  a lc o h o l  

(50 c c . )  gave \ - ( 9 - s - octah yd roan th ran y l)b u tyr ic  a c id  (1 g .



which c r y s t a l l i s e d  from a lc o h o l  as f in e  c o lo u r le s s  n e e d le s ,

m.p. 1 52° . (Pound: C, 7 9 .5 ;  H, 8 . 9 .  c i8 H24°2 reclu i l *e3

C, 7 9 .4 ;  H, 8 - 8 $ ) .

This a c id  ( 0 .5  g . ) was l e f t  in  c o n ta c t  w ith  an

hydrous h y d r o f lu o r ic  a c id  a t  room temperature fo r  tw e lv e  

hou rs, and the product d i s s o lv e d  in  benzene and washed w ith  

a l k a l i .  No a c id ic  m a ter ia l  was recovered  from the a lk a l in e  

e x t r a c t .  The n e u tr a l  m a ter ia l  o b ta in ed  on removal o f  

benzene c r y s t a l l i s e d  from a lc o h o l  in  long c o lo u r le s s  n e e d le s  

o f  4 -keto -dod ecahyd rotr ip heny lene  (XII) (0 .3 9  g » ) ,  m.p. 222° 

( l i t e r a t u r e  2 2 2 -2 2 2 .5 ° ) ,  not reduced when mixed w ith  an 

a u th e n t ic  sample o f  t h i s  k eton e .

Condensation o f  s_-octahydroanthracene and s u c c in ic  an h yd r id e .

( a ) .  In carbon d isu lp h ld e  s o l u t i o n .

In an i c e - c o ld  mixture o f  £-octahydroanthracene  

(1 2 .4  g - ) and s u c c in ic  anhydride (8 g . ) ,  in  carbon d isu lp h id e  

(132 c c . ) ,  was added g r a d u a l ly ,  over h a l f  an hour, powdered 

aluminium c h lo r id e  (1 8 .4  g . )• A fte r  stan d in g  fo u r  hours  

in  i c e ,  the mixture was l e f t  overn igh t a t  room t  em perature, 

and then  warmed a t  40 -50 °  fo r  15 m inutes. Carbon d isu lp h id e  

was decanted from the co o led  m ix tu re , and the  gummy r es id u e  

decomposed w ith  i c e  and hyd roch lor ic  a c id -  The s o l i d  

m a te r ia l  was c o l l e c t e d ,  e x tr a c te d  w ith  b o i l i n g  sodium



carb o n a te , and the a c id  (14 g . )  reco vered  In the  u su a l  way. 

C r y s t a l l i s a t i o n  from a c e t i c  a c id  and from a lc o h o l  gave |3 -  

(9 -£ -octa h yd rop h en a n th roy l)p rop io n ic  a c id  (XXXII) In 

c o lo u r le s s  g l i s t e n i n g  n e e d le s  (9 .S  g . ) ,  m .p. 1 4 3 -1 4 4 ° , both  

alone and when mixed w ith  an a u th e n t ic  sample o f  t h i s  a c id  

(m.p. 1 4 3 -1 4 4 ° ) ,  prepared from s^-octahydrophenanthrene and 

s u c c in ic  anhydride, as  d e sc r ib ed  by van £e Kamp, Burger and 

M o se tt ig (^ G) . The same a c id  was obta in ed  when the  r e a c t io n  

was c a r r ie d  out o m ittin g  the sh o rt  per iod  o f  h e a t in g .

Clemmensen red u c tio n  o f  t h i s  k e to - a c id  (8 .5  g . )

by r e f lu x in g  fo r  24 hours w ith  amalgamated z in c  (30 g . ) ,

co n cen tra ted  h y d roch lo r ic  a c id  (100 c c . ) ,  a c e t i c  a c id  (20 c c . )

and to lu en e  (30 c c . ) ,  gave J^-^-s^-octahydrophenanthryl)-

b u ty r ic  a c id ,  d i s t i l l e d  a t  2 4 0 ° /2  mm. (6 g . ) ,  and c r y s t a l l i s e d

from a c e t i c  a c id  and from a lc o h o l  in  c o lo u r le s s  g l i s t e n i n g
(7 6 )

n e e d le s ,  m.p. 128-129° ( l i t e r a t u r e  , m.p. 123-129°). When 

t h i s  a c id  (1 .5  g . ) was tr e a te d  o v e r n ig h t ,  a t  room tempera

t u r e ,  w ith  anhydrous h y d ro f lu o r ic  a c id ,  4 -keto-dod ecahyd ro-  

tr ip h e n y le n e  (XII) (1 .4 2  g . )  was o b ta in ed . I t  c r y s t a l l i s e d  

from a lc o h o l  in  long c o lo u r le s s  n e e d le s ,  m.p. 222°

( l i t e r a t u r e  t 2 2 2 -2 2 2 .5 ° )

( b ) . In  te tr a c h lo r e th a n e  s o lu t io n .

£-0ctahydroanthracene ( 3 .1  g . )  was added t o  a 

w e l l - s t i r r e d  su sp en sion  o f  powdered aluminium c h lo r id e  (10 g . )



In dry te tr a c h lo r e th a n e  (30 c c . ) *  This m ixture was c o o le d

in  an i c e - 3 a l t  b a th , and to  i t  was added a s lu r r y  o f  s u c c in ic

anhydride (3 .7  g . )  in  te tr a c h lo r e th a n e  (50 c c . ) .  S t i r r i n g  

and c o o l in g  were continu ed  fo r  s e v e r a l  h o u rs , and the  mixture  

l e f t  o v e r n ig h t .  The complex was decomposed w ith  i c e  and 

h y d ro c h lo r ic  a c id ,  s o lv e n t  removed w ith  steam , and the 

r es id u e  e x tr a c te d  w ith  b o i l in g  sodium ca rb o n ate . The a c id  

was recovered  In the usual way and d i s s o lv e d  in  d i l u t e  

a c e t i c  a c id ,  from which n e e d le s  sep ara ted  (2 .5  g * ) .  C r y sta l  

l i s a t i o n  o f  th e se  from a c e t i c  a c id  and a lc o h o l  gave |9 - ( 9 - s -  

octahydroanthranoy1 )prop ion lc  a c id  (XXXI) in  c o lo u r le s s  p r i s 

m atic n e e d le s ,  m*p. 2 1 0 ° .  (Found: C, 7 5 .6 ;  H, 7 .8 .

^18^22°3 re(lu i r e s  C, 7 5 .5 ;  H, 7 .7 /p). The mother l iq u o r s  

of the i n i t i a l  c r y s t a l l i s a t i o n  were d i lu t e d  w ith  w a ter .

A fte r  s tan d in g  ov ern igh t  the c r y s t a l s  were c o l l e c t e d  (1*4 g » )

These had rrup. 143-141° both a lone and when mixed w ith

^-(9-s^-octahydrophenanthroyl)propion ic  a c id  (XXXII).
v

9-C hlorom ethyl-10-m ethyl-j3-octahydroanthracene (XXXIII).

Hydrogen c h lo r id e  was passed  in to  a su sp en sion  

o f  paraformaldehyde (1 .2  g . )  In g l a c i a l  a c e t i c  a c id  (20 c c . )  

u n t i l  a c le a r  s o lu t io n  was o b ta in ed . 9 -M ethy l-s~octahyd ro-  

anthracene (6 g . )  was added and passage o f  gas co n tin u ed ,  

the temperature be ing  m aintained a t  6 0 -7 0 ° .  A fte r  two 

hours the c r y s t a l s  were f i l t e r e d  o f f  and washed w ith  w ater.  

(Y ie ld ,  6 .7  g . ) .  C r y s t a l l i s a t io n  from b e n z e n e / l ig h t
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petroleum  gave 9 - ch lorom eth y l- 1 0 -m eth y l- s - octahydroanthracene  

as c o lo u r l e s s  p l a t e s ,  m.p. 1 4 3 -1 4 4 ° .  (Found: C, 7 7 .1 ;

H, 8 .1 4 .  c i6 Ii21^1 r e q u ir e s  C, 7 7 .3 ;  H, 8 .4 5 $ ) .

Attempted c r y s t a l l i s a t i o n  o f  t h i s  compound from 

e t h y l  a lc o h o l  le d  to the form ation  o f  9 - ethoxym ethy1-1 0 -  

m eth yl- s - octahydroanthracene which c r y s t a l l i s e d  from a lc o h o l  

in  f l u f f y ,  c o lo u r le s s  n e e d le s ,  m.p. 7 3 ° .  (Found: C, 8 3 .7 ;

H, 9 .8 .  c18h26° r eq u ire s  C, 8 3 .7 ;  H, 1 0 .1 $ ) .

The ch lorom ethyl compound was sm oothly reduced  

w ith  palladium  black  in  a c e to n e ,  g iv in g  9 :10 -d im eth y l-w -  

octah ydroanth racen e , c r y s t a l l i s i n g  from a lc o h o l  in  c o lo u r le s e  

p l a t e s ,  m.p. 1 4 6 -1 4 7 ° .  This was I d e n t ic a l  w ith  the compound 

prepared by Dr. S ch oen ta l from 9 :1 0 -d ich loro m eth y l~ £ -  

octah ydroanth racen e . 

n
P-  (1C -Me th y  1 - s -oc  tahydr o - 9 -anth r any 1) propio n ic a c id  (7. VII I )  .

A mixture o f  atom ised sodium ( 1 .1  g . ) ,  e t h y l  

malonate ( 7 .5  g . )  and dry benzene (25 c c . )  was r e / lu x e d  / o r  

2 hours* To the  r e s u l t in g  s o lu t io n  was added 9 -ch lo ro m e th y l-

10-m ethyl-£-octahydroanthraeene  (5 g . ) ,  in  dry benzene (35 c c . ) ,  

and the  m ixture re f lu x e d  fo r  e ig h t  hours . The benzene was 

then removed, and the e s t e r  h y d r o l ise d  by b o i l i n g  f o r  th r e e  

hours w ith  a so lu t io n  o f  p o ta s s iu m  h y d ro x id e  (15 g . )  in  

aqueous a lc o h o l  (100 cc .  o f  50 $ ) .  The r e s u l t in g  m alonic  

ac id  was d e c a r b o x y l a t e d  by h e a t i n g  a t  240 f o r  15 m inutes.



The (3 - ( 1 0 - m eth y l- s - octahydro- 9 - a n th ra n y l)p ro p lo n lc  a c id  

(3*2 g . )  thus ob ta in ed  c r y s t a l l i s e d  from a c e t i c  a c id  in  

long  c o lo u r le s s  n e e d le s ,  m .p. 206-208°  w ith  p rev iou s s i n 

t e r i n g .  (Pound: C, 7 9 .4 ;  H, 8 .7 .  C18H24°2 re(lu ir e s

C, 7 9 .4 ;  H, 8 .8 $ ) .

When t h i s  a c id  was t r e a t e d  w ith  h y d r o f lu o r ic  

a c id  under the u su a l c o n d i t io n s ,  i t  was co m p le te ly  con

v e r te d  to  n e u tr a l  k e to n ic  m a te r ia l .  This was a y e l lo w  gum 

which could n o t  be induced to c r y s t a l l i s e .  Attempted  

d i s t i l l a t i o n  le d  to  e x te n s iv e  decom p osit ion , and chromato

graphy r e s u l t e d  in  no p u r i f i c a t i o n .  The su b stan ce  d id  

form a s o l i d  oxime and 2 :4 -d in itro p h en y lh y d ra zo n e , but th e se  

were o b v io u s ly  m ixtures and could  not be obta ined  in  a pure 

c o n d it io n  by c r y s t a l l i s a t i o n .

4 -  (9-s^-Qctahydroanthranyl) -b u ten e-1  (XXII).

9 -Chi or ome thy l-s_-octahydro anthracene (XXVIII)

(5 g * ) ,  in  e th e r  (200 c c * ) ,  was added to  magnesium (1 g . )

In a b so lu te  e th e r  (80 c c . )  and the mixture r e f lu x e d  f o r  2 

h ou rs . R eaction  s e t  in  alm ost im m ediately and a w h ite  

p r e c i p i t a t e  se p a r a te d .  A l l y l  bromide (15 g . )  in  e th e r  

(30 c c •) was then added dropwise and the mixture r e f lu x e d  

fo r  12 h ou rs . The complex was decomposed w ith  ammonium 

c h lo r id e  s o lu t io n ,  and the product i s o l a t e d  in the u su a l  

way, as a s e m i - s o l id .  A fte r  washing w ith  l i g h t  petroleum



and c r y s t a l l i s a t i o n  from b e n z e n e / l ig h t  petro leum , 4 - ( 9 - s -  

octah yd roa n th ran y l) - b u ten e- l  formed s o f t  c o lo u r le s s  n e e d le s  

(0*8 g * ) ,  m .p. 1 7 8° . (Pound: G, 9 0 .3 ;  H, 1 0 .0 .  C18H24

r e q u ir e s  C, 9 0 .0 ;  E, 1 0 .0 $ ) .

This hydrocarbon was u n a f fe c te d  by h y d r o f lu o r ic  

a c id  under the u su a l c o n d i t io n s .

s-O ctahydrophenanthrene.

(Compare Durland and Adkins ) .

Pure phenanthrene (25 g . ) in  c y c lo h exane (50 c c . )

was reduced by treatm ent w ith hydrogen a t  90 -120 °  and 120

atmospheres p r e s su r e ,  in  presence o f  Raney n i c k e l  (5 g . )

(prepared by the method of P a v lic  and Adkins^4 ) .  When

the temperature reached 90° a rapid  a b sorp tion  o f  hydrogen

began, and was com plete in  J  hour. The temperature was

h e ld  a t  120° fo r  one hour lo n g e r ,  and the r e a c t io n  then

stop ped . The product was f r a c t i o n a l l y  d i s t i l l e d  through a

column packed w ith  g la s s  h e l i c e s ,  and s^octahydrophenanthrene

c o l l e c t e d  a t  140 ° /3  mm. as a c o lo u r le s s  o i l  (12 g « ) .  The
(27)r e f r a c t i v e  ind ex  was 1 .563  (Durland and Adkins g iv e  the  

r e f r a c t i v e  index  o f  s_-octahydrophenanthrene as 1 .5 6 4 ) .

The hydrocarbon was unchanged by treatm en t w ith  

h y d r o f lu o r ic  a c id  under the usual c o n d i t i o n s . The o i l y  

product was dehydrogenated w ith  pallad ium  b la ck  a t  280-300°  

in  an atmosphere o f  carbo n d io x id e , and gave on ly  phenanthrene  

no anthracene was detected *



9-Chioromethy 1 -  a - oc t  ahydrophenanthr en e ( X X X I V ) *

Hydrogen c h lo r id e  was passed  In to  a v ig o r o u s ly  

s t i r r e d  mixture o f  s_-octahydrophenanthrene (8 g . ) ,  fo rm a lin  

s o l u t i o n  (8 c c .  o f 4 0 $ ) ,  con cen tra ted  h y d ro ch lo r ic  a c id  j

(40 c c . )  and a c e t i c  ac id  (5 c c . ) ,  a t  70° fo r  5-6 h ou rs . 1

The co o led  m ixture was e x tr a c te d  w ith  benzene, and the o i l  >!

recovered  from the washed and d r ied  e x tr a c t  d i s t i l l e d .  |j

A f te r  removal o f  some unchanged hydrocarbon, a c o l o u r l e s s  

o i l  (5 g . ) was c o l l e c t e d  a t  1 7 0 -1 8 0 /1 .5  mm. C r y s t a l l i s a 

t io n  from l i g h t  petroleum  gave 9 - ch loro m eth y l- 3 - octah ydro- ;|

phenanthrene as c lu s t e r s  o f c o lo u r le s s  p r ism atic  n e e d le s ,  I f
m.p. 5 6 ° .  (Pound: C, 7 6 .8 ;  H, 8 . 2 .  C-^gH^gCl req u ires

C, 7 6 .8 ;  H, 8 . 1 $ ) .  The s o l i d  res id u e  o f  th e  d i s t i l l a t i o n  ;j!

was e x tr a c te d  w ith  l i g h t  petroleum  and gave 9 :1 0 -d ic h lo r o -  I

me th y 1- s - oc tahydrophe nanthre ne (XXXV) ( 0 .8  g * ) ,  which c r y s t a l -  j

l i s e d  from large  q u a n t i t i e s  o f  a lc o h o l  as c o lo u r le s s  n e e d le s ,  p
m.p. 1 6 0 ° .  (Found: C, 6 7 .9 ;  H, 6 .9 .  ^16^ 20^ 2  reclu ^I>es i

C, 6 8 .1 ;  H, 7 . 1 $ ) .  j'

Reduction o f  th e se  compounds w ith pallad ium  b lack  

in  acetone took p la c e  sm oothly. 9 - M ethyl- s - octahydrophenanthrenej;, 

was ob ta in ed  as a c o lo u r le s s  o i l ,  b.p.. 106-110° ( a i r  b a th  

t e m p e r a tu r e ) /0 .3 mm. (Pound: C, 9 0 .0 ;  H, 9 .9 .  @15^20

r e q u ir e s  C, 9 0 .0 ;  H, 1 0 - 0 $ ) .  Dehydrogenation o f  t h i s  

compound w ith  pallad ium  b lack  a t  280° fo r  three  hours in  an



I l l

atmosphere o f  carbon d io x id e  gave 9-m ethylphenanthrene• 

9 : 1 0 - Dime th y 1- s - oc tahydro phenanthr en e formed c o lo u r le s s  

g l i s t e n i n g  p la t e s  in  a l c o h o l ,  m .p. 98°• (Found: C, 8 9 .7 5

H, 1 0 .3 .  ^ie^22 r eq u ire s  C, 8 9 .7 2 ;  H, 1 0 -3 $ ) .

9 -M ethyl-£-octahydrophenanthrene was u n a f fe c te d  

by h y d ro f lu o r ic  a c id  under the u su a l c o n d i t io n s .  The 

s tr u c tu r e  o f  the o i l y  product was confirm ed by dehydrogena

t io n  to  9-m ethylphenanthrene as  above.



Experim ental to  Part I I I .

Dlhydrore s o r e I n o l  (V I).

A s o lu t io n  o f  r e s o r c in o l  (37 g .  * 0 .3 3  m o l.)  

and sodium hydroxide (13 g .  = 0 .3 3  m ol.)  in  d i s t i l l e d  

water (160 c c . ) was shaken w ith  Raney n ic k e l  (8 g . ) in  

an atmosphere o f  hydrogen. R eduction proceeded s t e a d i l y  

and was complete in  about 12 hou rs . The f i l t e r e d  s o lu t io n  

was c h i l l e d  and a c i d i f i e d  by slow a d d it io n  o f  c o n cen tra ted  

su lp h u r ic  a c id  u n t i l  a c id  to  Congo Red (p.H. 3 ) .  D ihydro-  

r e s o r c in o l  sep arated  as sm all g l i s t e n i n g  w hite  p la t e s  e i t h e r  

im m ediately  or a f t e r  a sh o rt  t im e . I t  was d r ie d  thorough ly  

on porous p l a t e ,  and c r y s t a l l i s e d  from b o i l in g  benzene or 

e t h y l  a c e t a t e ,  in  which i t  formed c o lo u r le s s  prisms (25 g . ) ,  

m.p. 104-106° ( l i t e r a t u r e ,  1 0 4 -1 0 6 ° ) .

E th y l A -cy c lo h ex en -l-o n e-3 -m eth y lm a lo n a te  (V I I I ) .

E thyl methylmalonate (35 g . )  was added to  a s u s 

pension  of atom ised sodium ( 4 .6  g . ) in  dry benzene (100 c c . )

and the mixture r e f lu x e d  u n t i l  a l l  the sodium had r e a c te d .
( 8 2 )3-C h loro- A 2- c y c lo h e x e n - l -o n e  (V) (24 g . )  was s lo w ly

added to  the r e s u l t in g  s o l u t i o n ,  w ith  o c c a s io n a l  sh ak in g .

A b r is k  r e a c t io n  took  p lace  and heat was e v o lv e d .  The 

m ixture was r e f lu x e d  fo r  one hour, c o o le d ,  and a c i d i f i e d  

w ith  hyd roch lor ic  a c id .  The benzene la y e r  was se p a r a te d ,



washed and d r ie d ,  and the o i l  recovered  from i t  d i s t i l l e d  

in  two f r a c t i o n s ,  (a) b .p .  1 2 5 - 1 4 0 ° / l  mm. (10 g « ) ,

(b) b .p .  1 4 0 - 1 4 5 ° / l  mm. (19 g . ) .  The f r a c t i o n  (b) was r e 

d i s t i l l e d ,  when e th y l  A ̂ - c y c lo h e.xen- 1 - one- 3 -m ethylm alonate  

was o b ta in ed  as a c o lo u r le s s  o i l ,  b .p .  160°/2*5  mm.

(Found: C, 6 1 .7 ;  H, 7 .0 .  ^14H20°5 r®*!11* 1’63 6 2 .7 ;

H, 7 . 5 $ ) .  Both f r a c t io n s  gave the same sem lcarbazone when 

t r e a te d  w ith  an aqueous a l c o h o l i c  s o lu t io n  o f  sem icarbazlde  

h yd roch lor id e  and potassium  a c e t a t e .  I t  c r y s t a l l i s e d  from  

a lc o h o l  In s to u t  c o lo u r le s s  n e e d le s ,  m.p. 137 ° . (Found:

C, 5 5 .6 ;  H, 7 .0 ;  N, 1 2 .8 .  C__Ho_0I_N,7 r eq u ire s  G, 5 5 .4 ;
J.O d o  O O

H, 7 .1 ;  N, 1 2 .9 $ ) .

E th y l cL - (  A ^ ~ C y cloh exen -l-on e-5 )p ro p lon ate  (V II ) .

3 -C h loro- A 2 - c y c lo h e x e n - l-o n e  (y) (16 g . ) 

was s low ly  added to  a s o lu t io n  prepared from sodium (5 .7  g . ) ,  

e t h y l  a lc o h o l  (70 c c . )  and e t h y l  me thy lmal ona t e  (42 g . ) ,  and 

the mixture warmed on the water b ath  fo r  2 hours . A fte r  

d i l u t i o n  and a c i d i f i c a t i o n  w ith  h yd roch lor ic  a c id ,  the 

product was e x tr a c te d  w ith  e th e r .  The o i l  ob ta in ed  was steam  

d i s t i l l e d  to  remove unchanged s t a r t in g  m a t e r ia l s ,  the re s id u e  

d is s o lv e d  in  e th e r ,  washed, d r ie d ,  and d i s t i l l e d  as a c o lo u r 

l e s s  o i l ,  b .p .  1 6 0 ° / l6  mm. (9 g . ) .  I t  could not be induced  

to  c r y s t a l l i s e ,  but r e a d i ly  formed a semicarbazone whose



a n a ly s i s  showed the l iq u i d  to be m ainly e th y l  J i - [ A  - c y c l o -  

h e x e n - l - o n e - 3 ) p r o p io n a te . The semicarbazone c r y s t a l l i s e d

from a lc o h o l  in  c o lo u r le s s  n e e d le s ,  m.p. 124°• (Pound:

C, 5 7 .2 ;  H, 7*3; N, 1 6 .2 4 .  ^12^19^3^3 r e q u ir e s  C, 5 6 .9 ;

H, 7 . 5 ;  N, 16 .6 /b ). The 2 :4 - tiin ltrophenylhydrazone gave  

sm all orange prisms in  m ethyl a l c o h o l ,  m.p. 1 1 1 -1 1 2 ° .

(Pound: N, 1 5 .2 .  C-j^E^QOgN  ̂ r eq u ire s  N, 14*9$ ) .

A fte r  s ta n d in g  s e v e r a l  days a sm a ll  amount o f  

c r y s t a l l i n e  m a ter ia l  separated  from the l iq u i d  prod u ct.

This formed c o lo u r le s s  prisms in  benzene , m.p. 1 0 2 -104 ° , b o th  

a lone  and when mixed w ith  a u th en t ic  d ih y d r o r e s o r c in o l .

Attempted form ation  o f  the la c to n e  (IV ) .

(Compare Paranjape, P haln ikar , Bhide and N argund^ *^).

The above e s t e r s  (VII and V III)  (5 g . ) were r e 

f lu x e d  f o r  6 hours w ith  su lph uric  a c id  made 6ft w ith  50$  

aqueous a lco h o l  (50 g*)« The f lu o r e s c e n t  green l iq u id  was 

poured in t o  water and, a f t e r  c o o l in g ,  e x tr a c te d  w ith  e t h e r .  

The o i l  recovered from the washed e x tr a c t  was b o i l e d  fo r  

15 m inutes w ith  0.1N barium hydrox id e. The c o o le d  a lk a l in e  

l iq u id  was e x tr a c te d  w ith  e th e r ,  a c i d i f i e d  and aga in  ex 

t r a c t e d .  No m a te r ia l  was obta in ed  from th ese  l a s t  e x t r a c t s .  

On removal o f  e th e r  from th e  washed and d r ied  e x tr a c t s  o f  

the a lk a l in e  l iq u i d ,  a n e u tr a l  o i l  (3 .5  g . )  was o b ta in e d ,  

and was d i s t i l l e d  as a c o lo u r le s s  o i l  a t  9 2 ° /2 0  mm. A



s a t i s f a c t o r y  a n a ly s is  o f  t h i s  l iq u i d  cou ld  n o t  be o b ta in e d ,

but a n a l y s i s  o f  i t s  semicarbazone showed i t  to  be 3 - e t h y l -

cy c lo h e x e n - l -o n e  (X I I I ) ,  m.p. 192° decomp. (Pound:

C, 6 0 .0 ;  H, 8 .0 .  C a lc ,  f o r  CgH150N3 : C, 5 9 .7 ;  N, 8 . 3 $ ) .

(B la is e  and M a ir e ^ ^  have rep orted  t h a t  the m.p. o f  the

semicarbazone o f  3 - e t h y l -  ^-c y c lo h e x e n - l -o n e  i s  240°

decomp., Clemo, Cocker and H o m s b y ^ ^  found th a t  the m.p.

was 1 9 1 -1 9 2 ° ,  how ever. The semicarbazone o f  the la c to n e
(77 )(IV) i s  r ep o rted  to  have m.p. 1 5 0 ° . )  The same product  

was ob ta in ed  when the e s t e r s  were l e f t  in  c o n ta c t  w ith c o ld  

20$ , 40$ and 80$ su lp h u r ic  a c id  in  50$ aqueous a l c o h o l ,  fo r  

s e v e r a l  d ays . A p rop ortion  o f  the  s t a r t in g  m a te r ia l  was 

r eco v ered , under th ese  c o n d i t io n s ,  as a l s o  when warm 80$  

phosphoric a c id  was employed. Treatment w ith  h o t  su lp h u ric  

a c id  o f  the  above co n c en tr a t io n s  le d  to  rap id  and complete  

d e c a r b o x y la t io n .  The same r e s u l t s  were ob ta in ed  when the  

c r y s t a l l i n e  sem icarbazones were s u b s t i t u t e d  fo r  th e  l iq u i d  

e s t e r s .
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