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ABSTRACT

THE CONFIGURATION OP 2 : 2 ’ -BRIDGED DIPHENYLS.

By

G w e n d o l in e  R u t h  B i r d ,  

B e d f o r d  C o l l e g e .

T h e s i s  p r e s e n t e d  f o r  t h e  D e g r e e  o f  D o c t o r  o f  P h i l o s o p h y  
i n  t h e  U n i v e r s i t y  o f  L o n d o n .

O c t o b e r  1 9 5 2 .



Summary.

The t h e s i s  i s  d iv id ed  in to  f i v e  s e c t io n s *

1 .  A review  i s  g iv e n  o f some of the a s p e c ts  of the s t e r e o 

ch em istry  of d iph en y l and i t s  d e r i v a t iv e s .

2* The attem pt has been made to  r e s o lv e  a d iphenyl d e r iv a 

t i v e  in  which the 2 and 2* p o s i t i o n s  in  d iph en yl are 

l in k ed  by a 7-membered r in g  and the 6 and 6* p o s i t i o n s  

are f r e e  from s u b s t i t u e n t s .  Such a compound should  be 

capable of e x i s t i n g  in  enantiom orphic forms as i t  

p o s s e s s e s  no elem ent of symmetry. No o p t i c a l l y  a c t iv e  

compound has been i s o l a t e d ,  but in  one case two 

d ia s te r e o is o m e r ic  quin ine s a l t s  of w id e ly  d i f f e r e n t  

r o ta t io n  were obta ined  which y ie ld e d  an in a c t iv e  a c id  on 

d ecom p osit ion . The id ea  i s  put forward th a t  non-  

re s o lu t io n  of such compounds i s  due to  the d i f f e r e n c e  in  

s p e c i f i c  r o t a t io n  of the enantiom ers and/or d ia s t e r e o -  

isom ers being extrem ely  small* I t  i s  shown th a t  the  

compounds are not o p t i c a l l y  l a b i l e ,

2* An attem pt has been made to  a s c e r t a in  whether the

"crowding" e f f e c t  o f the two n i tr o  s u b s t i t u e n t s  on the  

two carboxyl groups in 3 :3 ’ -d in itr o d ip h e n ic  a c id  i s  such  

a s  to  render the a c id  s u f f i c i e n t l y  o p t i c a l l y  u n sta b le  to  

show f i r s t  an d /or  second order asymmetric tran sform ation  

a t  room tem perature. No s ig n  of o p t ic a l  i n s t a b i l i t y  

was apparent in  the d im ethyl e s t e r :  the a c id  cou ld  not

be obta ined  p ure.



4 .  The r e a c t i v i t y  of c e r t a in  d iph en y l d e r iv a t iv e s  w ith  a 

v a r ie t y  o f  re a g en ts  has been in v e s t ig a t e d .

5* The u l t r a v i o l e t  ab sorp tion  sp ec tr a  o f c e r t a in  d ip h en y ls  

co n ta in in g  the y-membered r in g  b r id g in g  the 2:2* p o s i t io n s  

have been determ ined , in  order to  f in d  out how much 

r e l ia n c e  can be p laced  on the p rev io u s  assum ption th a t  

such sp ec tr a  are a v a lu a b le  guide to c o n f ig u r a t io n  in  

the d iphenyl s e r i e s .  I t  i s  shown th a t  the u l t r a - v i o l e t  

ab sorp tion  spectrum o f  a s u b s t i tu te d  d iphenyl must be 

used w ith  co n sid era b le  reserve  a s  a c r i t e r i o n  of 

c o p la n a r ity  or o th e r w ise .
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* I n t r o a u c i j  ni : • r e v i e w  o f  s o  \e o f  t h e  e u i p c c t s  o f  t h e

L i t e r e o c i iC % 3 io tO  o f  d i . j h c n y l  a n d  i t  a a e r z v a t l v c g , 

he r e  w o l u t l  j h  of  T :t. «- d i n i t r o d  i p h c i i i c  a c i d  in to  

□ p t i c  i i y  : c t i v (  lornn by J u r i s t  l e  n. d  K e m i e r  in  i 9 2 d  

[ [ j . # 19  6 1 4 ] ,  o p e n e d  u^) V.. c j î t l r e l y  ri€'w i i e l d  o i  tilerc-:)**

c J d e r r i e t r y ,  a n d  L t  ! i m l r  t e d  t i i e  p r e p a r a t i o n  a n a  a t t e  : p t e a  

r e g : n i u t i o v f  o f  m^ny  c X p m r y l  u e r l v  t i v e t ^ i . C e r t a i n  o f  t n e u e  

u e r i v a t i v e B  c o ^ ^ t a i h i r ^  t a - o ,  t h r e e  o r  i o u r  o r t i i o - s u b a t i t u e n t s  

w e r e  1 oui id t o  m  r e s o l v a b l e  ( I ,  XI, r i T ) , i d X l e  o t h e r s  

( V,  V I )  r e s i s t e d  a i l  ^ i t t e r r p t a  X  r e s o l u t i o n .

r̂Op Koa. KOa.

OûH CooH Cûort cooh S03H

IT n r

OCHs OCHS  p wot

H O o c  F  F  C û o H  C H j  Co o H COOM COOH

ÏZ %  3 :

■ ro i i  a  u e t a i l e d  s tu d y  ( see  adama a n d  Y u u r i ,Q ;h e n .  , e v . ,

19 j j »  1^# f o r  a  sua iaury  o f  e a r l i e r  w o rk )  j 1 t h e  compounds

wiiicii c o u l d  ue r e s o l v e d  an d  t h o s e  w h ich  c o u l d  n o t , i t  becajae 

c l e a r  t n a t  t n e  o p t i c .  1, n c t I v i t y  was due t o  a n  o b s t a c l e  e f f e c t .  

Je c m  ae of t h e  s i z e  of  t h e  o r t i i o  s u b s t i t u e n t s ,  t h e  b e n z e n e  

r i n e t i  c:.re u n a b l e  t o  a s  aune t h e  co p l a n a r  p o s i t i o n  a l th o u | . ;h  

t a e y  re  j on In  c o a x i a l .  ' h e  n o l e c u l e a  • a a  wiiole t h e r e f o r e  

p o s s e s s  none o f  t h e  c l e m e n t b o f  sy im iC t ry . am i  e x i s t  In two 

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



Il

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

g a t i  j r j s  w e re  c o n c e r n e  d w i t h  d e f f j o n s t r a t i n g  th a t  the d i p h e n y l  

s k e l e t o n  c o u l d  be  f o r c e d  t o  t a k e  u p  a  n o n -c o p la n a r  

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

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

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

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

may be c o n s i d e r e d  f i r s t .  D i i a r  {^Tnclian J . P h y s i c s .  1 9 J d .

4 3 ^ o.Tui P i c k e t t  fu tu re .  1933» 1 U * 5 1 J ^  showed by X-ray 

c r y s t a l l o g r u p h i c  a n a l y s i s  t h a t  in  the d ipheny l  c r y s t a l  the  

two benzene r i n g s  a re  c o a x i a l  and co p lu n a r ,  tiie 1 : 1 * -bond 

d i s t a n c e  being 1 .4 8 A coiaparaci w i th  C-Ck^jLjphatic 1-5^A and
O

^ ' ^ * ^ o l e f i n i c  • T h is  w o r k  d o es  n o t h o w e v e r  n e c e s s a r i l y

throw m u ch  l i g h t  upon t h e  q u e s t i o n  o f  t h e  p r e f e r r e d  c o n f i g u r a  

l i o n  o f  an i s o l a t e d  m o l e c u l e .

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

P a u l i n g  and Sherman ^ J . C h e m . P h y s . ,  1 9 3 3»  i »  i s  g r e a t e r

by a b o u t  8  k c a l / m o l  t l m n - t w i c e  t i m t  o f  b e n z e n e ,  s u g g e s t i % ;  

t i m t  t h e  c o n t r i b u t i o n  o f  s t r u c t u r e s  s u c h  a s  V I I  t o  t h e  

g r o u n d  s t a t e  o f  t h e  m o l e c u l e  c a n n o t  t)e l e f t  u n c o n s l d e i ’e d .

±

yif
V a r i o u s  worke^rs  h a v e  s t r e s s e d  t h e  f a c t  t h a t  a n y  t e n d e n c y  

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

c o p l a n a r i t y  o f  t h e  tw o  b e n z e n e  n u c l e i .  I t  i m s  b e e n



lU

r e p o r t e d  . v h e i u n c i h e  T h e o r y  o f  H e s o n a n c e .  1 9 4 4 .  p . 6 ^  

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

c o m p a r a b l e  re iB o n u n c e  e n e r g y ,  a n d  o b v i o u s l y  no  c o n c l u s i o n s  

a s  t o  t h e  c o n f i g u r a t i o T i  o f  d i p h e n y l  c a n  be d r a w n  f r o m  s u c h  

c a l c u l a t i o n s .

E l e c t r o n  d i f f r a c t i o n  s t u d i e s  i n  t h e  v a p o u r  p l i a s e  do  

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

a n d  B r o c k w a y  I ^ J .  A m e r .C h e m . o o c . ,  1944 » 1 9 7 4 ^  c o n c l u d e d

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

w h e t h e r  d i p h e n y l  w as  c o p l a n a r  o r  n o t ,  b u t  f a v o u r e d  t h e  

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

b e tw e e n  t h e  o r t h o  i i y d r o g e n  a t o m s .  T h e y  p o i n t e d  o u t  t h a t  

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

i s  1 . 8 4 % ,  w h e r e a s  t h e  n e a r e s t  a p p r o a c h  b e t w e e n  tw o  m o l e c u l e s  

o f  e . g .  m e t h a n e  i s  2 . 0 a . B a s t i a n s e n  ^ A c t a  C h e m . i i c a n d . ,

1 9 4 9 , 3 , 4 0 8 ^  a ^ r r e e d  w i t h  t h e  n o n - c o p l a n a r  m o d e l  a n d  

c a l c u l a t e d  a n  a n g l e  o f  4*1-10*^ b e t v / e e n  t h e  tw o  b e n z e n e  n u c l e i .

■"he c h a r a c t e r i s t i c  a b s o r p t i o n  i n  t h e  q u E t r t z  r e g i o n  o f  

t h e  u l t r a v i o l e t  ( 4 0 0 0 - 2 0 0 0 % )  I s  a t t r i b u t e d  t o  e l e c t r o n s  

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

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

i n f o r n m t i o n  c o n c e r n i n g  t h e  c o n j u ^ / i t i o n  b e t w e e n  t h e  tw o  

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

a n d  b e n z e n e  f i g . I  s h o w s  t h a t  t h e y  d i f f e r  g r e a t l y  f r o m
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one a n o t h e r ,  t h e  i n t e n s i t y  o f  t h e  m a i n  a b s o r p t i o n  b a n d  

b e i n g  i n c r e a s e d  b y  a b o u t  90 t i m e s  [ ^ b e n z e n e A 25 5 0 Â ,  

e  2 1 3 ; d i p h e n y l \  2$ 0 0A ,  e  I 8 .OO0]  . T h i s  i m p l i e s  

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

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

s t r u c t u r e s  s u c h  a s  V I I .  One o f  t h e  a c c e p t e d  g e n e r a l i z a 

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

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

d i s p l a c e m e n t  o f  t h e  a b s o r p t i o n  m ax im a  t o  l o n g e r  w a v e l e n g t h s ,  

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

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

d i p h e n y l ,  w i t h  t h a t  o f  b e n z e n e  b e i n g  so m e w h a t  h i g h e r  t h a n  

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

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

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

l a r g e l y  f r o m  r e s o n a n c e  b e t w e e n  t h e  K e k u l e  s t r u c t u r e s .  The 

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

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

r e s o n a n c e  p r i n c i p a l l y  among i o n i c  s t r u c t u r e s  s u c h  a s  V I I .

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

c o p l a n a r i t y  o f  t h e  b e n z e n e  r i n g s :  f o r  e x a m p l e ,  0 * S h a u g h n e s s y

a n d  R ode b u s h  ^  J  .Am er  . G h e m . S o c . ,  1940  , 6^,  2 9 0 6 ^  s t a t e :  ’♦ f o r

r e s o n a n c e  o r  c o n j u g a t i o n  t o  i n v o l v e  tw o  r i n g s  a s  i n  b i p h e n y l ,  

i t  i s  n e c e s s a r y  t h a t  t h e  I T - o r b i t a l s  o f  t h e  a d j a c e n t  1 : 1 * -  

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

tw o  r i n g s . ” On t h e  o t h e r  h a n d ,  M e r k e l  a n d  W ie g a n d  ( ^ Z . H a t u r -

4-



(J i  brocv/i o \ e b  A b s o r p t ' t o n  g>_̂  cAt (

cl^voL b e n :z .e n e .

\ocx e

2,000 3 2.00

of\

F i g X

f o r s c h . , 1 9 4 8 , j 6 ,  9 3  H a t u r w i s s e n s c h a f  t e n ,  I 9 4 7 , J 4 ,  

122  3  c l a i m  t o  h a v e  found ,  t h a t  d i p h e n y l  i s  p l a n a r  i n  t h e  

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

s o l u t i o n .  T h i s  c o n c l u s i o n  w as  b a s e d  on t h e  i d e a  t h a t  

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

5



VI

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

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

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

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

e f f e c t  on  t h e  f i n e  s t r u c t u r e .

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

d e r i v a t i v e s  may now be c o n s i d e r e d .  S i n c e  a  c o p l a n a r  m o d e l  

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

i t  w o u l d  a p p e a r  a t  f i r s t  s i g h t  t h a t  w h e r e  t h e  m o l e c u l e  c o u l d  

becom e f l a t ,  i t  w o u l d  do so  i n  o r d e r  t o  i n c r e a s e  t h e  

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

w o u l d  make a  c o m p l e t e l y  f l a t  m o l e c u l e  seem  i m p r o b a b l e ,  p a r t i 

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

a n d  i t s  s i m p l e  d e r i v a t i v e s . W hich  t e n d e n c y  w o u l d  be  t h e  

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

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

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

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

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

D i p o l e  m o m e n ts  o f  2 : 2 *  - d i s u b s t i t u t e d  u i p h e n y l s  s i i o u l d  

show w h e t h e r  t h e  m o l e c u l e  i s  e n t i r e l y  t r a n s ( ^ = 0 . O O P ) , o r  

c i s  (when  t h e  m om ent  i s  r e a d i l y  c a l c u l a b l e ) .  M e a s u r e m e n t s  

made i m p l y  a  n o n - c o p l a n a r  c o n f i g u r a t i o n ;  f o r  e x a m p l e  H am pson
I

a n d  W e i s s b e r g e r  [  J  .Amer .C h e m .  S o c . ,  I 9 3 6 , JJ8 , 2 1 1 1 ^  f o u n d  

t h a t  f o r  2 :2* - d i c h l o r o d i p h e n y l ^ =  1 . 4 5  D, w h e r e a s  t h e  

c a l c u l a t e d  v a l u e  i s  l . j ^ ^  f o r  t h e  c i s  m o l e c u l e .  Le F e v r e

(o



vu

a n d  V in e  [ J . ,  193^>  9 ^ 7 3  c o m p a r e d  t h e  m o m e n t s  o f  2 : 2 * -  

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

s u b s t i t u t e d  a l s o  i n  t h e  4 : 4 • - p o s i t i o n s .  The c h a n g e s  i n  

moment w e r e  g r e a t e r  t h a n  c o u l d  be a t t r i b u t e d  t o  t h e  p o l a r i t y  

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

n o n - c o p l a n a r  m o d e l .  As Hampson a n d  W e i s a b e r g e r  ( ^ l o c . c i t . ^  

p o i n t  o u t :  ’’t h e  f o r c e s  r e g u l a t i n g  t h e  p r o b a b i l i t i e s  o f  t h e

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

a t t r a c t i o n s ,  ( b )  q u a n t u m  m e c i i a n i c a l  a t t r a c t i o n s  (L o n d o n  

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

o f  c o l l i d i n g  a t o m s ) ’*• S i n c e  t h e r e  a r e  i n s u f f i c i e n t  d a t a  

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

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

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

( jT», 1 9 3 6 # a t t e m p t e d  t o  f i n d  i n f o r m a t i o n  c o n c e r n i n g  t h e

r e s o n a n c e  i n t e r a c t i o n  b e t w e e n  t h e  tw o  b e n z e n e  r i n g s  b y  

s t u d y i n g  t h e  m o m e n t s  o f  4 : 4 ’ - d i s u b s t i t u t e d  d i p h e n y l s ,  t h e  4 -  

a n d  4 * -  g r o u p s  b e i n g  d i s s i m i l a r ,  a n d  c o m p a r i n g  t h e m  w i t h  t h e  

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

T h e s e  w o r k e r s  i n f e r r e d  t h i ^ t  t h e r e  w as  some r e s o n a n c e  i n t e r 

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

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

W i t h  r e g a r d  t o  X - r a y  d a t a ,  T o u s s a i n t  j^A cta  C ry  s t . ,  I 9 4 8 , 

1 , 4 3 ^  c o n s i d e r e d  3 : 3 ^ - d i c h l o r o b e n z i d i n e  t o  be p l a n a r  o r  

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

Sraare  h o w e v e r  Q i b i d . ,  1 ^0^  f o u n d  t i i a t  t h e  m o l e c u l e s  o f  2 : 2 ’ -[‘
7
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d i c h l o r o b e n z i d i n e  show a  t e n d e n c y  t o  a d o p t  t h e  c i s - c o n f  i g u r a -

t i o n ,  s t e r i c  h i n d r a n c e  d e m a n d i n g  a n  a n g l e  o f  7 2 ° b e t w e e n  t h e

r i n g s .  T he  1 : 1 ’ - b o n d  i s  1 . g j X ,  w h i c h  i s  a l m o s t  t h e  e x a c t

C-G . . ' b o n d  d i s t a n c e .  A g a i n ,  F o w w e a t h e r  a n d  H a r g r e a v e s
a l i p h a t i c

^ b i d # ,  1 9 5 0 # 3 »  8 1 ^  f o u n d  t h a t  t h e  tw o  p h e n y l  r i n g s  i n  2 :

2 ’ - d i m e t h y l b e n z i d i n e  d i h y d r o c h l o r i d e  a r e  m u t u a l l y  i n c l i n e d  

a t  a n  a n g l e  o:p 7 0 . 6 ° ,  w h i c h  b r i n g s  t h e  tw o  m e t h y l  g r o u p s  i n
o

c o n t a c t .  The p i v o t  b o n d  i s  1 , $ 2 A  a n d  t h e  s e p a r a t i o n  o f  t h e
o

two m e t h y l  g r o u p s  3 » 5 4 a , w h i c h  i s  c o n s i d e r a b l y  l e s s  t h a n  t h e  

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

o f  a b o u t  4A .  T h i s  w o u l d  seem  t o  i m p l y  t h a t  c r y s t a l l o g r a p h i c  

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

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

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

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

B a s t i a n s e n  [ ^ l o c . c i t * ^  s t u d i e d  3 ; 3 ’ - d i c h l o r o b e n z i d i n e  a n d  

3 : 3 ’ - d i b r o m o d i p h e n y l  b y  t h e  e l e c t r o n  d i f f r a c t i o n  r o t a t i n g  

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

r i n g s  a r e  i n c l i n e d  a t  a n  a n g l e  o f  a b o u t  $ 2 - 1 0 ° ,  w h i l e  i n  t h e  

b r o m o - c o m p o u n d  t h e  a n g l e  i e  a b o u t  ^ 4 - 1 0 ° .  He a l s o  f o u n d  

[ A c t a  Chem* S c a n d . ,  1 9 ^ 0 ,  4 ,  9 2 6 ^  t h e  c i s  c o n f i g u r a t i o n  f o r  

2 : 2 *- d i c h l o r o - ,  2 : 2 ’ - d i b r o m o -  a n d  2 : 2 ’ - d i - i o d o - d i p h e n y l ,  w i t h  

i n t e r a n n u l a r  a n g l e s  o f  7 ^ ° #  7 5 °  a n d  7 9 ° #  t h e  l e n g t h  o f  t h e  

p i v o t  b o n d  b e i n g  l # g 0 ^ 0 . 0 3 A«

The 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  many d i p h e n y l  

d e r i v a t i v e s  h a v e  b e e n  s t u d i e d ,  a n d  t h e  v a r i o u s  w o r k e r s  h a v e

S
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p o s t u l a t e d  t h a t  t h e  tw o  m a i n  s p e c t r a  t y p e s  ( v i d e  i n f r a )  

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

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

s t e r i c  h i n d r a n c e  i n  s u c h  m o l e c u l e s *  P i c k e t t ,  W a l t e r  a n d  

F r a n c e  [  J* A m e r * C h e m * S o c *, 1 9 3 ^ 1  2 2 9 6 ^  s h o w e d  tJriat t h e

s p e c t r a  f o r  2 : 4 ; 6 : 2 * : 4 ’ ; 6 • - h e x a c h l o r o d i p h e n y l  a n d  d i m e s i t y l  

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

t i v e s  [ f i g *  1 1 ^ ,  w h e r e a s  3 0 ^ "  a n d  4 : 4 *  -  d i r a e t h y l d i p h e n y l  a n d  

4 : 4 * -  d i c h i o r o d i p h e n y l  g a v e  m a r k e d l y  d i f f e r e n t  s p e c t r a  f r o m  

t o l u e n e  a n d  m o n o c h l o r o b e n z e n e  [ f i g . I I I ^ *  T h e y  s u g g e s t e d  

t h a t  t h e  i n c r e a s e d  a b s o r p t i o n  o f  t h e  met a -  a n d  p a r a -  

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

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

m fcrQ,s/io^eb A b so rp tio n  SpeclrrOs. O-Ç KdKcxcULoro acpWeyNv^ I, b ric U to ro - 
bg-r\-2.£.^e, Q-'H-d
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m i g h t  h e  a  m e a n s  o f  d i s t i n g u i s h i n g  c o m p o u n d s  o f  r e s t r i c t e d  

r o t a t i o n *  G a l v i n  [ j * O r g . C h e m * , 1 9 3 9 ,  4 ,  2 ^ 6 ^  a l s o  

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

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

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

a r r a n g e m e n t  i s  o u t  o f  t h e  q u e s t i o n  w o u l d  h a v e  a n  a b s o r p t i o n  

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

O’ S h a u g h n e s s y  a n d  R o d e b u s h  [ l o c . o i t T ]  s t u d i e d  t h e  a b s o r p t i o n  

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

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

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

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

c o n j u g a t i o n  b e t w e e n  t h e  r i n g s .  2 : 2 * - D i m e t h y I d i p h e n y l  s h o w s

g r e a t l y  d e c r e a s e d  a b s o r p t i o n ,  w h e r e a s  t h e  3 : 3 * -  a n d  4 : 4 * -  

c o m p o u n d s  show o n l y  e f f e c t s  w h i c h  m i g h t  be  e x p e c t e d  f r o m  

i n t e r a c t i o n  o f  t h e  me t h y l  g r o u p s  w i t h  t h e  b e n z e n e  r i n g s  [ f i g .  TV^ 

2 : 2 * : 4 : 4 *  f  Te t  ram e  t h y I d  i  p h e n y l  h a s  i n c r e a s e d  a b s o r p t i o n  o v e r  

t h e  2 : 2 * -  c o m p o u n d ,  a n d  t h e  a u t h o r s  s u g g e s t  t h a t  t h i s  m i g h t  

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

•♦ p ro m o t in g  t h e  i o n i c  s t a t e  a n d  t h e  p l a n a r  c o n f i g u r a t i o n . ”

The  s p e c t r a  o f  3 - 3 * ~ d i r a e t h o x y d i p h e n y l  a n d  2 : 2 * - d i m e t h y l -  

$ : $ * - d i m e t h o x y d i p h e n y l  ( ^ f i g $ v Q  i l l u s t r a t e  t h e  e f f e c t  o f  m e t a -  

a n d  o r t h o -  s u b s t i t u e n t s  on t h e  d i p h e n y l  a b s o r p t i o n . M e t a -  

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

maximum a p p e a r s  c o r r e s p o n d i n g  t o  t h e  a b s o r p t i o n  o f  t h e  two

lO
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on t h e  s p e c t r a ,  t h e  r n a c r o - r i n g  b e h a v i n g  a s  two o r d i n a r y  

me t a  s u b s t i t u e n t s .

O

W i l l i a m s o n  a n d  R o d e b u s J i  ( ^ J . A m e r . G h e m . S o c , , 1 9 4 1 ,  6^,  3018^  

c o m p a r e d  t h e  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  v a r i o u s  

2 : 2 ’ - d i s u b s t i t u t e d  d i p h e n y l s .  I f  t h e  a s s u m p t i o n  i s  made 

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

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

t o  t h e  s i z e  o f  t h e  b l o c k i n g  g r o u p ,  i . e , N0 2 ^  C l ^

COOH ^ M Î 2 ^  ®  ^  OCH^# C o m p a r i s o n  o f  t h e  c u r v e  s  f o r  t h e

d i p h e n y l  d e r i v a t i v e s  w i t h  t h e  2 o \^  c u r v e s  f o r  t h e  c o r r e s 

p o n d i n g  b e n z e n e  d e r i v a t i v e s ,  i n d i c a t e d  t h a t  t h e r e  i s  g r e a t  

d e p a r t u r e  f r o m  c o p l a n a r i t y  w i t h  COOH, HO2 a n d  HHg i n  t h e  2 :

2 ’ - p o s i t i o n s ,  b u t ,  w i t h  OCH^, r e s o n a n c e  i n v o l v e s  b o t h  r i n g s  

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

2 : 2 ’ - ,  3 : 3 ' f  a n d  4 : 4 ’ -  d i p h e n i c  a c i d s  a r e  i n t e r e s t i n g  [ f i g . V I ^  

The  s p e c t r u m  f o r  t h e  2 : 2 ’ -  com p o u n d  i s  s i m i l a r  t o  t h a t  f o r  

b e n z o i c  a c i d ,  w h e r e a s  t h e  4 : 4 ’ - c o m p o u n d  s h o w s  g r e a t  a b s o r p t i o n ,  

t h e  a b s o r p t i o n  raaximura b e i n g  n e a r  2 8 0 OA, a n d  t h e  i n t e n s i t y  o f  

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

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

a n d  t h e  d i p h e n y l  n u c l e u s .  The a b s o r p t i o n  f o r  t h e  3 : 3 ' - ^  

c o m pound  i s  g r e a t e r  t h a n  t l i a t  f o r  t h e  2 : 2 ’ -  c o m p o u n d ,  b u t

i3
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c o n s i d e r a b l y  l e s s  t h a n  t h a t  f o r  t h e  4 : 4 ’ -  c o m p o u n d ,  a n d  t h e  

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

t h e  r a n g e  o f  t h e  m e d iu m  q u a r t z  s p e c t r o g r a p h .  I t  i s  n o t  

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

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

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

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

d e c r e a s e d  a m o u n t  o f  c o n j u g a t i o n , I n  o r d e r  t o  a c c o u n t  f o r  

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

d i r e c t i n g  me t a  s u b s t i t u e n t s ,  t h e  a u t h o r s  s t a t e  t h a t  " t h e  

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

14-
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r i n g s  f a v o u r s  t h e  e x i s t e n c e  o f  some s o r t  o f  i o n i c  s t r u c t u r e , "  

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

h y d r o x y l  i s  i n  t h e  2 : 2 ’ -  p o s i t i o n s ,  t h e  m o l e c u l e  i s  p a r t  o f  

t h e  t i m e  i n  a  c o p l a n a r  c o n f i g u r a t i o n ,  2 : 2 ’ -  D i h y d r o x y d i -  

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

i s  r e d u c e d  i n  i n t e n s i t y ,  a n d  i n  w h i c h  a n  a b s o r p t i o n  maximum 

c h a r a c t e r i s t i c  o f  p h e n o l  a p p e a r s .  T h i s  w a s  t h e  o n l y  2 : 2 ’ -  

d e r i v a t i v e  s t u d i e d  i n  w h i c h  t h e  tw o  a b s o r p t i o n  m ax im a  w e re  

f o u n d ,

J o n e s  [ i b i d # , l 6 $ 8 ^  s t u d i e d  t h e  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  9 : 1 0 -  d i h y d r o p h e n a n t h r e n e  a n d  4 : 5 "  m e t h y l e n e  -  

9 : 1 0 -  d i h y d r o p h e n a n t h r e n e ,  w h i c h  may be c o n s i d e r e d  a s  d i p h e n y l s  

w i t h  t h e  o r t h o  p o s i t i o n s  l i n k e d  b y  6 -m e m b e r e d  a n d  5 -m e m b e re d  

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

[ f i g s V I I ^ t  The f r e e  r o t a t i o n  o f  t h e  b e n z e n e  r i n g s  a b o u t  t h e  

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

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

i n  t h e  s p e c t r u m  o f  9 - 1 0 -  d i h y d r o p h e r i a n t i i r e n e  w a s  a t t r i b u t e d  

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

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

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

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

p l a n e ,  o r  a  s m a l l  r o t a t i o n  o f  t h i s  o r d e r  ( t h i s  w a s  r e f e r r i n g  

t o  t h e  a n g l e  o f  1 5 *2 * b e t w e e n  t h e  tw o  r i n g s )  d o e s  n o t  a f f e c t  

t h e  p o l a r i z a b i l i t y  o f  t h e  b o n d , "  B r a u d e  h o w e v e r  [ j . ,  1 9 4 9 ,  

1 9 0 2 3  b e l i e v e d  t h e  s e c o n d a r y  maximum t o  b e  d u e  t o  i n t e r a c t i o n

15
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X V II

t h r o u g h  t h e  -CH2 ~ b r i d g e .  I n  t h i s  r e s p e c t  t h e  o r i g i n  

o f  t h e  l o n g  Tjvave b a n d  i s  t h e  same a s  t h a t  i n  f l u o r e n e  w h e r e  

i t  i s  b e l i e v e d  t o  be  d ue  t o  i n t e r a c t i o n  b e t w e e n  t h e  two 

p h e n y l  g r o u p s  a n d  t h e  m e t h y l e n e  b r i d g e ,  ]3 ea v en .  H a l l ,

L e s s l i e  a n d  T u r n e r  ( [ i b i d , ,  1952» r e g a r d  i t  a s  m o re

s a t i s f a c t o r y  t o  c o n s i d e r  9 - d i h y d r o p h e n a n t h r e n e  a s  a  

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

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

c a s e  o f  4 ; 5 ~  m e t h y l e n e  -  9 -  d i h y d r o p h e n a n t h r e n e , J o n e s  

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

t h e  s e c o n d a r y  maximum i n c r e a s e d  i n  i n t e n s i t y .  I n  t h e  

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 u m  o f  f l u o r e n e  Qlaynecard a n d  R o e ,  

P r o c . R o y , S o c . , 1937» A, 1 5 8 , 634^ ,  t h i s  s e c o n d a r y  maximum 

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

[ ^ f i g . V I I l ] .  The  s p e c t r u m  o f  4 : 5 - R i e t h y l e n e -  9 : 1 0 - d i h y d r o p h e n 

a n t h r e n e  w as  t h u s  r e g a r d e d  b y  J o n e s  a s  s h o w in g  a  c o m p r o m is e  

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

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

P r i e d e l ,  O r c h i n ,  a n d  R e g g e l  ^ J , A m e r . G h e m , S o c , ,  1 9 4 8 ,  7 0 , 

1 9 9 3  c o n s i d e r e d  t h a t  t h e  s p e c t r a  o f  2 - m e t h y l - ,  2 - m e t h o x y -  

a n d  2 - h y d r o x y d i p h e n y l  a l l  sh o w ed  some s i g n s  o f  s t e r i c  h i n d r a n c e  

[ f i g .  1 x 3 ,  a n d  b e l i e v e d  t h e  b a n d s  a t  a b o u t  2840A i n  t h e  l a s t  

tw o  c o m p o u n d s  t o  be  ’♦ p h e n o x y ” b a n d s  o r i g i n a t i n g  i n  t h e  

u n c o n j u g a t e d  b e n z e n e  r i n g s  c o n t a i n i n g  t h e  OH a n d  OCH^ s u b s t i 

t u e n t s .

As a  g e n e r a l  c o n c l u s i o n  i t  may be s t a t e d  t h a t  v a r i o u s

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

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

N e v e r t h e l e s s  some a n o m a l i e s  h a v e  a p p e a r e d  w h i c h  s p o i l  t h i s  

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

a n d  a b s o r p t i o n *  F o r  e x a m p l e ,  S h e r w o o d  a n d  C a l v i n  Q i b i d . , 

1 9 4 - 2 , - ^ ,  1 3 5 0 ^  f o u n d  t h a t  a l t h o u g h  i n  t h e  s p e c t r u m  o f  2 : 2 ’ -  

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

t e d  O’ S haugJf inessy  a n d  R o d e b u s h , ^ l o c * c i t * a n d  f i g . i v ] , i n  t h e  

s p e c t r u m  o f  2 : 2 ’ - d i m e t h y l - 4 : 4 ’ - d i n i t r o d i p h e n y l ,  t h e  c o n j u g a t i o n  

b a n d  i s  r e s t o r e d  i n  f u l l *  A l t h o u g h  m any  o f  t h e  w o r k e r s  

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

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

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

I s



e n s u r e  r e s o n a n c e  i n t e r a c t i o n  a c r o s s  t h e  p i v o t  'bond* J o n e s  

j j lo c  * c i t i m p l i e s  t h a t  t h e  c a l c u l a t e d  a n & le  o f  a b o u t  1 5 ® 

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

j u g a t i o n  t o  o c c u r  * Guy J * G h i m * P h y s . , 19 4 9^  4 6 9 "]

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

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

t h e  a n g l e  b e t w e e n  t h e  two a r o m a t i c  n u c l e i .  He c o n c l u d e d  

t h a t  t h e  a n g l e  c o u l d  i n c r e a s e  f r o m  0 °  t o  a b o u t  22*5® w i t h o u t  

t h e  r e s o n a n c e  i n t e r a c t i o n  b e i n g  a f f e c t e d  t o  a n y  e x t e n t *  F o r  

v a l u e s  o f  t h e  i n t e r a n n u l a r  a n g l e  o f  f r o m  22*5® ( 8, ) t o  

som ew here  b e t w e e n  45® a n d  6 7 *5 ° ( 6^) t h e  r e s o n a n c e  i n t e r a c t i o n  

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

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

t h e  a n g l e  b e t w e e n  t h e  p h e n y l  n u c l e i  (o() i s  b e t w e e n  G, a n d  , 

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

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

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

v a l u e s  o f  t h e  a n g l e  b e t w e e n  t h e  a r o m a t i c  n u c l e i  o f  f r o m  8 ^  

t o  9 0 °# Guy c a l c u l a t e d  t h a t  t h e  r e s o n a n c e  b e t w e e n  t h e  two 

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

s e p a r a t i n g  i n t o  tw o  i n d e p e n d e n t  g r o u p s .  The tw o  h a l v e s  o f  

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

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

‘9



B. S e c t i o n  I .

The a t t e m p t  h a s  now b e e n  made t o  r e s o l v e  a  d i p h e n y l  i n  

w h i c h  t h e  2 : 2 ’ - p o s i t i o n s  a r e  j o i n e d  b y  a  7 - m e m b e r e d - r i n g  

b r i d g e ,  a n d  t h e  6 ; 6 ^ - p o s i t i o n s  a r e  f r e e  f r o m  s u b s t i t u e n t s *

The 7 be r e d  r i n g  w o u l d  a s s u m e  a  m u l t i  p l a n a r  c o n i  i g u r a t i o n  

i n  o r d e r  t o  be s t r a i n l e s s ,  a n d  t h e  two b e n z e n e  r i n g s  w o u l d  be 

f o r c e d  t o  t a k e  up  a  n o n c o p l a n a r  c o n f i g u r a t i o n *  A m o d e l  

shows t h a t  t h e  a n g l e  b e t w e e n  t h e  r i n g s  i s  o f  t h e  o r d e r  o f  5 0 ®, 

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

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

f o r m s .

The f o r m a t i o n  o f  t h e  7 - m e m b e r e d  r i n g  i s  p a r t i c u l a r l y  e a s y ,  

a n d  t h e  a c i d  ( l )  j ^ K e n n e r ,  J * ,  1 9 1 3 ,  1 0 3 , 6 2 l " ]  ws>s s e l e c t e d  a s  

a  s u i t a b l e  com pound  f o r  a t t e m p t e d  r e s o l u t i o n *

Ch. coo H

T h i s  a c i d  d i d  n o t  f o r m  c r y s t a l l i n e  s a l t s  r e a d i l y  f r o m  a  w id e  

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

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

one m o l e c u l e  o f  s o l v e n t  o f  c r y s t a l l i z a t i o n *  R e p e a t e d  

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

v a l u e s  o f  , b u t  no  c o n s i s t e n t  chang;e i n  r o t a t i o n  w i t h

c r y s t a l l i z a t i o n  w a s  o b s e r v e d ,  a n d  no  a c t i v e  a c i d  was o b t a i n e d  

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

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

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

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

W i t h  q u i n i n e ,  t h e  a c i d  g a v e  a  gum f r o m  a q u e o u s  e t h a n o l ,  

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

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

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

1 m o l . b a s e ,  a n d  h a d  m . p . l 2 8 ° .  R e p e a t e d  c r y s t a l l i z a t i o n  f r o m  

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

e x t r e m e  v a l u e s  i n  c i i l o r o f o r m  o f  b e i n g  - 8 6 . 9 ® a n d

"8 5 . 4 0 . D e c o m p o s i t i o n  y i e l d e d  a n  i n a c t i v e  a c i d .  The a c i d  

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

m . p . l 0 3 ~ 5 ®  ) • T h i s  w as  r e  c r y s t a l l i z e d  f r o m  a n  e t h e  r  -

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

c o r r e s p o n d i n g  t o  1 m o l . a c i d .1  m o l . b a s e  a n d  m . p . l 5 C ° .  R e p e a t e d  

c r y s t a l l i z a t i o n  g a v e  no  s i g n i f i c a n t  c h a n g e  i n  r o t a t i o n ,  t h e
— \ 2.0

^  J  54-bi & s e r i e s  o f

c r y s t a l l i z a t i o n s  b e i n g  - 1 1 9 °  a n d  -1 2 2 ® .  D e c o m p o s i t i o n  o f  

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

t h a t  two d i s t i n c t  d i a s t e r e 0 i s o m e r s  w e re  p r o d u c e d ,  a n d  t h e  

f a i l u r e  t o  o b t a i n  a n  a c t i v e  a c i d  m i g h t  be due  t o  t h e  f a c t  

t h a t  ( a )  t h e  a c i d  i s  e x t r e m e l y  o p t i c a l l y  l a b i l e  o r  ( b )  t h e  

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

d e t e c t e d  w i t h  e a s e .  I t  may be n o t e d  h e r e  t h a t  B e l l  [[J , , 1 9 5 2 ,  

1 5 2 7 3  ^’a i l e d  t o  o b t a i n  a  c r y s t a l l i n e  b r u c i n e  s a l t  o f  t h e  a c i d ,  

a n d  o b t a i n e d  a n  i n a c t i v e  a c i d  f r o m  t h e  q u i n i n e  a n d  c I n c h o n i -

2.1
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d i n e  s a l t s  w h i c h  w e re  c r y s t a l l i z e d  f r o m  e t h a n o l .

The m e t h y l  e s t e r  o f  1 : 2 - 3 : 4 - d i b e n z o c y c l o h e p t a - l ; 3 -  

d i o n e - 6 - c a r b o x y l i c  a c i d  ( I )  w as  p r e p a r e d ,  d i s s o l v e d  i n  ( + ) -  

d i e t h y l  t a r t r a t e  a n d  a l l o w e d  t i m e  t o  u n d e r g o  a n y  p r o b a b l e  

e q u i l i b r i a t i o n  f o l l o w i n g  t h e  m e t h o d  o f  B u c lm n a n  a n d  G ra h a m  

[ j . ,  1 9 5 0 , 5 0 0 3  a n d  G l a z e r ,  H a r r i s  a n d  T u r n e r  ^ i b i d . , 1 7 5 3 3  

who show ed  t h a t  o p t i c a l  a c t i v a t i o n  c o u l d  be  a c h i e v e d  b y  

a s y m m e t r i c  s o l v e n t  a c t i o n #  R a p i d  p r e c i p i t a t i o n  w i t h  w a t e r  

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

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

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

b r u c i n e  i n  c h l o r o f o r m  i n  a  j a c k e t t e d  p o l a r i m e t e r  t u b e .  Ho 

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

i n  s o l u t i o n #

As i t  s e e m e d ’u n l i k e l y  t h a t  t h e  a c i d  w as  o p t i c a l l y  

u n s t a b l e ,  t h e  w o r k i n g  h y p o t h e s i s  w as  a d o p t e d  t l i a t  c o m p o u n d s  

o f  t h e  t y p e  o f  ( I )  s h o u l d  be o p t i c a l l y  s t a b l e  i f  c a p a b l e  o f  

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

t h a t  e i t h e r  t h e i r  s a l t - f o r m i n g  p r o p e r t i e s  w o u l d  be  s u p e r i o r  

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

K e n n e r  a c i d .

As t h e  ( - ) - m e n t h y 1 e s t e r  o f  t h e  a c i d  ( l )  p r o v e d  u n 

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

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

t h e  a l c o h o l  ( I I ) .
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T h i s  w a s  c o n v e r t e d  i n t o  i t s  h y d r o g e n  p h t h a l a t e , w h i c h  was 

c o m b in e d  w i t h  b r u c i n e  i n  a c e t o n e  t o  f o r m  a  s a l t #  R e p e a t e d  

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

c h a n g e  i n  r o t a t i o n ,  a n d  on  d e c o m p o s i t i o n ,  a n  i n a c t i v e  

h y d r o g e n  p h t h a l a t e  w as  o b t a i n e d #  The ( -  ) - m e r i t h o x y a c e t a t e  

o f  t h e  a l c o h o l  ( I I )  w as  t h e n  p r e p a r e d  w h i c h  w a s  c r y s t a l l i z e d  

r e p e a t e d l y  f r o m  4 0 -6 o ®  p e t r o l e u m  e t h e r .  A c o n s i d e r a b l e  

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

( f r o m  - 5 7 *4° t o  - 6 3 . 9 ® i n  c h l o r o f o r m ) , b u t  a g a i n  n o

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

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

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

c a s e  t h e r e  w a s  some s o f t e n i n g  p r i o r  t o  m e l t i n g .  I t  i s  

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

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

U n f o r t u n a t e l y  no o t h e r  s o l v e n t  s u i t a b l e  f o r  c r y s t a l l i z a t i o n  

c o u l d  be f o u n d .

2 :7~Dihydr0 - 3 * -hydroxymethyl-3:4-5:6-dibenzoxepin

( I I I )  was  p r e p a r e d  i n  t h e  h o p e  t h a t  t h e  p r e s e n c e  o f  two 

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

r o t a t o r y  p o w e r  o f  t h e  m o l e c u l e .

Z'b
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As t h e  d i - ( - ) - m e n t h o x y a c e t a t e  p r o v e d  u n s u i t a b l e  f o r  r e  s o l u t i o n ,  

t h e  d i h y d r o g e n  p h t h a l a t e  w as  p r e p a r e d ,  U n f o r t u n a t e l y  no  

s u i t a b l e  s a l t  c o u l d  b e  o b t a i n e d  u s i n g  a  w id e  r a n g e  o f  

a l k a l o i d s  a n d  s o l v e n t s ,  a n d  t h e  a t t e m p t  t o  r e s o l v e  ( I I I )  h a d  

t o  be a b a n d o n e d ,

S i m i l a r  t y p e s  o f  com pound  c o n t a i n i n g  a  n i t r o g e n  a t o m  

i n  t h e  7 - m e m b e re d  r i n g  h a v e  b e e n  p r e p a r e d  h e a v e n .  H a i l ,

L e s s l i e  a n d  T u r n e r , [ j . ,  1 9 5 2 ,  8 5 4  ( I V , ¥ , V I ) ,  a n d  u n p u b l i s h e d  

w o r k  ( V I I ) T  T h e s e  w o r k e r s  f a i l e d  t o  r e s o l v e  t h e  f o l l o w i n g  

f o u r  c o m p o u n d s  ( IV-VII).

CHi

CH-CH3

HOÇH

iW ) (?)

CHx. CHz,

X  5 x
CHt, CHt,
I I

OCH, OCH3

CM^ C « v  

Ot-i.
Xcw,

C-H

( ^ )

/  VCHj, CHx

T h e r e  i s  no  c a s e  t h e r e f o r e  w h e r e  c o m p o u n d s  c o n t a i n i n g  t h e

2.4-
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d i p h e n y l  n u c l e u s  w i t h  t h e  2 : 2 * - p o s i t i o n s  l i n k e d  by  a  7 -  

m e m b e re d  r i n g  a n d  n o  6 : 6 *- s u b s t i t u e n t s  h a v e  b e e n  r e s o l v e d ,  

a n d  y e t  s u c h  c o m p o u n d s  do n o t  a p p e a r  t o  be  o p t i c a l l y  l a b i l e #  

h e a v e n , H a l l ,  L e s s l i e  a n d  T u r n e r  [ ] lo c  , c  i t  J) mana^ e d t o  

a c h i e v e  t h e  r e s o l u t i o n  o f  ( V I I I ) by l a b o r i o u s  f r a c t i o n a l  

c r y s t a l l i z a t i o n  o f  t h e  ( + ) -  a n d  ( - ) - c a m p h o r s u I p h o n a t e s .

The s p e c i f i c  r o t a t i o n s  o f  t h e  two e n a n t i o m o r p h s  w e r e  0 ^ 3  

- 3 *8 ^0 ,2® a n d  (3^3 SA-bi 4 , 0 ^ 0 , 4 ® ,  a n d  t h e  a c t i v e  f o r m s  w e re

0CH3 0CH3

I r C :  3 ^
' Am/__ \ CHt.

(vm)

f o u n d  t o  be h i g h l y  o p t i c a l l y  s t a b l e #  S i n c e  i t  l iad  b e e n  

shown p r e v i o u s l y  Qvan A r e n d o n k ,  C u p e r y  a n d  Adam s,  J . A m e r ,  

G h e m .S o c . ,  1933# 53.* t h e  d i c a m p h o r s u l p h o n a t e  o f

3 : 3 * - d i a m i n o - 2 : 2 * : 6 : 6 * - t e t r a m e t h o x y d i p h e n y l  m u t a r o t a t e d  

r a p i d l y  i n  s o l u t i o n  a t  - 1 7 ®, w h i l e  t h e  a l k a l o i d a l  s a l t s  o f  

3 : 3 *- d i c a r b o x y - 2 : 2 • : 6 : 6 ’ - t e t r a m e t h o x y d i p h e n y l  show ed  n o  

m u t a r o t a t i o n  e v e n  a t  - 1 7 ®» a n d  g a v e  i n a c t i v e  a c i d  on d e co m p o  

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

c o n s e q u e n c e  a s  a  " b l o c k i n g "  a g e n t  i n  t h e  o r t h o  p o s i t i o n s #  

H e n c e  t h e  a c t i v i t y  o f  2 : 7 - d i h y d r o - 4 * : 1 " - d i m e t h o x y - 3 : 4 - 5 : 6 -  

d i b e n z a z e p i n i u m - l - s p i r 0 -1  " ' - p i p e r i d i n i u m  b r o m i d e  ( V I I I )  m u s t  

be due  t o  t h e  a s y m m e t r y  o f  t h e  m o l e c u l e  c a u s e d  b y  t h e



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

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

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

l u t i o n  o f  ( V I I I )  a s  c o m p a r e d  w i t h  t h e  n o n - r e s o l u t i o n  o f  (V) i s  

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

r o t a t o r y  p o w e r  o f  t h e  m o l e c u l e ^  a l t h o u g h  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  wiiy t h e y  s h o u l d  n o t  d i s p l a y  a  s i m i l a r  e f f e c t  i n  

( V I I ) *  I t  may be  c o n s i d e r e d  t h e r e  f  o r e  t h a t  t h e  n o n - r e s o l u t i o n  

o f  c o m p o u n d s  ( I I ) ,  ( TV ) ,  ( V ) ,  ( V l )  a n d  ( V I I )  may be a s c r i b e d  

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

tw o  e x p e c t e d  d i a s t e r o i s o m e r s  -  t o o  s m a l l  i n  f a c t  t o  make 

r e s o l u t i o n  p r a c t i c a l *  The e x i s t e n c e  o f  two q u i n i n e  s a l t s  

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

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

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

t o  be  s o ,  c o n s i d e r i n g  t h e  o p t i c a l  s t a b i l i t y  o f  ( V I I I ) •

I t  i s  o f  some i n t e r e s t  t o  n o t e  h e r e  t h a t  S a k o  (kern#

C o l l , B n g . K y u s h u ,  1 9 3 2 , 6 , 26 3  ( C . A . ,  1 9 3 2 .  2 6 ,  3 2 4 6 ) 3  w as  

u n a b l e  t o  r e s o l v e  2 - p h e n y l d i p h e n i m i d i n e  ( D l ) v i a  t h e  t a r t r a t e  

o r  ( + ) - c a m p h o r s u l p h o n a t e  i n t o  o p t i c a l l y  a c t i v e  f o r m s *  The 

com pound  (X) c o u l d  n o t  b e  r e s o l v e d  e i t h e r ,  b u t  when i t  w a s

WM

I
_ _ _  ^ 6̂ ?

(•-5) ( ? )  (gt)

NH

I IO

a.b



M\\\

p r e p a r e d  f r o m  p u r e  ( - ) - 2 : 2 *-ci i a m i r i o -6  :6  *- d i m e t h y l  d i p h e n y l ,  

a n  o p t i c a l l y  a c t i v e  com pound  r e s u l t e d *  T h i s  p o s s e s s e d  t h e  

e x t r e m e l y  h i g h  v a l u e  o f  - 9 8 6 , 3 ° i n  b e n z e n e ,  ü a k o

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

( - ) - 2  :2  * - d i a m i n o -6  :6  *- d i m e t i i y l d i p h e n y l  a n d  u r e a  { [ p e l n o t  

q u o t e d ) .  Kulm a n d  Go l d f i n g e r  [ ^ A n n a l e n ,  1929»  4 7 0 » 1 8 3 ^  

o b t a i n e d  t h e  com pound  ( X I I )  i n  an  a c t i v e  f o r m  by  c o n d e n s i n g  

( + ) - 2 : 2 *- d i a m i n o - l : l ’ - d i n a p h t h y l  M i t h  b e n z i l  a n d  sh o w ed  t i i a t  

i t  h a d  a n  e x t r a o r d i n a r i l y  h i g h  s p e c i f i c  r o t a t i o n  ( [ [ ^ ^ 3  -  

•1 9 1 0 ° )  i n  p y r i d i n e .  In  t h i s  com pound  a s  i n  Sako*  s c o m p o u n d s  

(X) a n d  ( X I )  t h e r e  a r e  l a r g e  s u b s t i t u e n t s  i n  t h e  o r t h o  

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

p r e s e r v a t i o n  o f  t h e  n o n - c o p l a n a r  p o s i t i o n  i n  b o t h  t h e  7 -  

a n d  8 -  membe r e d  r ing ;  c o m p o u n d s .  V e r y  r e c e n t l y .  B e l l  Q . o c , 

c i t  s u c c e e d e d  i n  r e s o l v i n g  ( X I I I ) ,  p r e p a r e d  f r o m  2 : 2 * -  

d i a m i n o  -  4 : 4 • - d i c a r b o x y d i p h e n y l  a n d  b e n z i l ,  v i a  t h e  b r u c i n e
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s a l t s .  The f r e e  a c i d s  h a d  s p e c i f i c  r o t a t i o n s  o f  - 9 ^ ^ °

a n d  + 9 2 $°  i n  ÎT/2 c a u s t i c  s o d a .  An a t t e m p t  t o  r e s o l v e  (XIV) 

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

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

Z"7
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f r o m  2 :2  *- d i a m i n o d i p l i e n y l  d e r i v a t i v e s  a r e  r e m a r k a b l e  

c o m p a r e d  w i t h  t h e  lo w  v a l u e s  e x h i b i t e d  by t h e  e n a n t i o r a e r s  

o f  ( V I I I ) , a n d  t h i s  m u s t  be  d u e  t o  some f a c t o r  i n h e r e n t  i n  

t h e  b r i d g e - r i n g  s y s t e m .

a s



1 .  P r e p a r a t i o n  a n d  a t t e m p t e d  r e s o l u t i o n  o f  3 : 4 - 5 : 6' d i b e n z o -  

c y c l o h e p t a - 3 : 5 - d i e n e - l * - c a r b o x y l i c  a c i d *

( a )  D i p h e a i c  a c i d  w a s  p r e p a r e d  b y  a  m o d i f i c a t i o n  o f  t h e  

m e t h o d s  d u e  t o  Y o r l a n d e r  a n d  î î e y e r  [ ^ A n n a le n ,  1 9 0 2 ,  3 2 0 , 1 2 2 ^ ,  

A t k i n s o n ,  L a w l e r ,  H e a t h ,  K i m b a l l  a n d  R e a d  A a e r .  Chem*

H o c . ,  1 9 4 1 ,  7 3 o ] j  a n d  P r o f e s s o r  E .  E .  T u r n e r  p r i v a t e

c ommuni c a t i  oi^*

1 0 0  g .  o f  a n t h r a n i l i c  a c i d  i n  3 0 0  c . c .  o f  w a t e r  a n d  

3 0 0  c . c .  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  w e r e  d i a z o t i z e d  

b e t w e e n  0"  ̂ a n d  5 ^  u s i n g  48 g .  o f  s o l i d  s o d i m  n i t r i t e .  T he  

d i a z o  s o l u t i o n  w a s  f i l t e r e d  p r i o r  t o  u s e ,  a n d  a d d e d  t o  t h e  

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

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

a  f i n e  o p e n i n g *  T he  o p e n i n g  w a s  p l a c e d  w e l l  down i n  t h e  

c a t a l y t i c  s o l u t i o n  w h ic h  w a s  m a d e  b y  a d d i n g  8 0 0  g* o f  s o d i u m  

m e t a b i s u l p h i t e  a n d  8 0 0  c . c .  o f  0 . 8 8 0  a m m o n ia  t o  a  s o l u t i o n  

o f  c u p r a m i o n i u m  s u l p h a t e  a t  1 0 ^ .  T h i s  l a t t e r  w a s  p r e p a r e d  

b y  d i s s o l v i n g  3 5 2  g .  o f  h y d r a t e d  c o p p e r  s u l p h a t e  i n  2 0 0 0  c . c .  

o f  w a t e r  a n d  a d d i n g  4 0 0  c . c .  o f  0 . 8 8 0  a m m o n i a .  T h e  d i a z o -  

s o l u t i o n  w a s  r u n  i n  a t  a  r a t e  n o t  e x c e e d i n g  5 c . c .  p e r  

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

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

1 5 ^ *  When t h e  e v o l u t i o n  o f  n i t r o g e n  h a d  c e a s e d ,  a  s o l u t i o n

2.9



o f  5 2 0  g .  o f  a n h y d r o u s  f e r r i c  c h l o r i d e  i n  8 0 0  c . c .  o f  w a t e r  

a n d  2 ,6 0 0  c . c .  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  w a s  a d d e d  

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

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

d r i e d .  I t  w a s  o b t a i n e d  i n  8 8 ^  y i e l d  a s  a n  a l m o s t  w h i t e  

p o w d e r ,  m . p .  2 2 8 °  , w h i c h  c o u l d  b e  u s e d  w i t h o u t  f u r t h e r  

p u r i f i c a t i o n .

( b )  D i m e t h y l  d i p h e n a t e  w a s  p r e p a r e d  b y  r e f l u x i n g  d i p h e n i c  

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

t e n  t i m e s  i t s  w e i g h t  o f  m e t h a n o l  f o r  s i x  h o u r s .  a f t e r  

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

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

w a s h i n g ,  i t  w a s  c r y s t a l l i z e d  f r o m  m e t h a n o l .  T he  e s t e r  w a s  

o b t a i n e d  i n  a b o u t  BOfo y i e l d  a s  c o l o u r l e s s  p r i s m s  m . p .  7 4 - 5 ° .

( c )  2 : 2 *- d i ( h y d r Q x y m e t h y 1 ) d i p h e n y l  w a s  p r e p a r e d  b y  r e d u c i n g  

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

t o  H a l l ,  L e s s l i e  a n d  T u r n e r  1 9 5 0 ,  7 1 1 ^ .  38 g .  o f

f i n e l y  g r o u n d  d i m e t h y l  d i p h e n a t e  w e r e  d i s s o l v e d  i n  4 0 0  c . c .  

o f  a n h y d r o u s  e t h e r .  T he  s o l u t i o n  w a s  s l o w l y  r u n  i n t o  a  

s o l u t i o n  o f  8 . 5  g .  o f  l i t h i u m  a l u m i n i u m  h y d r i d e  i n  3 50  c . c .  

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

r e f l u x .  .Vhen t h e  r e a c t i o n  w a s  o y e r ,  w a t e r  w a s  a d d e d  v e r y  

c a u t i o u s l y ,  f o l l o w e d  b y  d i l u t e  s u l p h u r i c  a c i d .  When tw o  

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

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

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

f r o m  b e n z e n e ,  w h e n c e  i t  w as  o b t a i n e d  i n  90 ^  y i e l d  a s  

b e a u t i f u l  w h i t e  n e e d l e s  m . p .  1 1 1 - 1 1 2 ° .

( d)  2 : 2 *- d i ( bromome t h y l ) - d i  p h e n y l  Q id e m .  i b i d . J  . 15  g .  o f

2 ; 2 *- d i ( h y d r o x y m e t h y l ) d i p h e n y l  w e r e  a d d e d  g r a d u a l l y  t o

8 0 0  c . c .  o f  4 8 ^  W/W h y d r o b r o m i c  a c i d  a t  9 0 °  . When a l l  t h e  

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

a b o u t  20 m i n u t e s .  I t  w a s  t h e n  p o u r e d  i n t o  a  b e a k e r  a n d  

a l l o w e d  t o  c o o l ,  w h e n  t h e  2 : 2 *- d i ( b r o m o m e t h y l ) d i p h e n y l  

s o l i d i f i e d .  T h i s  w a s  f i l t e r e d  o f f  t h r o u g h  a  s i n t e r e d  g l a s s  

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

p o t a s h  i n  a  v a c u u m  d e s i c c a t o r .  When i t  w a s  d r y ,  t h e  d i b r o m i d e  

w a s  c r y s t a l l i z e d  f r o m  6 0 - 8 0 °  p e t r o l e u m  e t h e r ,  w h e n c e  i t  w a s  

o b t a i n e d  i n  90;6 y i e l d  a s  f a i n t l y  b r o w n  p r i s m s  m . p .  9 0 - 2 ° .

( e )  3 : 4 - 5 : 6 - d i b e n z o c y c l o h e p t a - 3 : 5 - d i e n e - l - c a r b o x y l i c  a c i d  

[ K e n n e r ,  l o o .  c i t . " j  . 2 . 3  g .  o f  s o d i u m  w e r e  d i s s o l v e d  i n  a b o u t

50  c . c .  o f  a b s o l u t e  ( * su p e r  d r y )  e t h ; m o l .  8 . 8  g .  o f  f r e s h l y  

d i s t i l l e d  d i e t h y l  m a l o n a t e  i n  1 2 0  c . c .  o f  a n h y d r o u s  e t h e r  

w e r e  r u n  i n  g r a d u a l l y ,  f o l l o w e d  b y  a  s o l u t i o n  o f  1 7  g .  o f  

2 : 2 *- d i ( b r o m o m e t h y l ) d i p h e n y l  i n  1 4 0  c . c .  o f  a n h y d r o u s  e t h e r .  

T he  m i x t u r e  w a s  h e a t e d  i n  a  w a t e r - b a t h  o n  a  h o t - p l a t e  ( a b o u t  

6 0 ° )  f o r  t h r e e  h o u r s ,  d u r i n g  w h i c h  t i m e  i t  w a s  m e c h a n i c a l l y  

s t i r r e d .  The e t h e r  w a s  d i s t i l l e d  o f f  f r o m  t h e  now n e u t r a l -  

r e a c t i n g  m i x t u r e ,  a n d  2 5 0  c . c .  o f  e t h a n o l  w e r e  a d d e d .
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t o g e t h e r  w i t h  a  s o l u t i o n  o f  10  g .  o f  c a u s t i c  p o t a s h  i n  1 0  c . c  

o f  w a t e r .  T h e  m i x t u r e  w a s  r e f l u x e d  f o r  h a l f  a n  h o u r ,  t h e n  

a b o u t  1 0 0  c . c .  o f  w a t e r  w e r e  a d d e d  p r i o r  t o  d i s t i l l i n g  o f f  

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

f l a s k  w a s  e x t r a c t e d  w i t h  e t h e r ,  a n d  t h e  a l k a l i n e  l a y e r  v/as  

a c i d i f i e d  w i t h  d i l u t e  s u l p h u r i c  a c i d .  The p r e c i p i t a t e d  

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

b y  h e a t i n g  a t  a b o u t  1 7 2 °  i n  a n  o i l - b a t h  u n t i l  e v o l u t i o n  o f  

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

i n  h o t  1 0 ^̂  s o d i u m  c a r b o n a t e  s o l u t i o n ,  a n d  t h e  c o o l e d  a l k a l i n e  

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

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

c r y s t a l l i z e d  f r o m  a q u e o u s  e t h a n o l .  The 3 : 4 - 5 : 6 - d i b e n z o -  

c y c l o h e p t a - 3 : 5 - d i e n e - l - c a r b o x y l i c  a c i d  w a s  o b t a i n e d  i n  8 0 ^  

y i e l d  a s  w h i t e  n e e d l e s  m . p .  1 6 0 - 1 ° .

( f )  No s a t i s f a c t o r y  s a l t  c o u l d  b e  m a d e  f r o m  t h e  a c i d  u s i n g  

m o r p h i n e ,  q u i n i d i n e ,  s t r y c h n i n e ,  c i n c h o n i n e ,  a - p h e n y l -  

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

( g )  A c r y s t a l l i n e  s a l t  m . p .  1 1 3 - 4 °  w a s  o b t a i n e d  f r o m  

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

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

a  s a t i s f a c t o r y  m a n n e r .  On d e c o m p o s i t i o n  a n  i n a c t i v e  a c i d  

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

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

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

( i ) ' 2 .3 8  g .  o f  a c i d  a n d  4 .3 0  g .  o f  b r u c i n e  d i h y d r a t e  w e r e  

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

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

5 .8  g .  o f  c r y s t a l s  w e r e  o b t a i n e d  w h i c h  h a d  m . p .  8 6 - 7 °  ( d e c o m p ) . 

T he  m e l t i n g - p o i n t  w a s  u n c h a n g e d  a f t e r  d r y i n g  i n  v a c u o  f o r  

s e v e r a l  h o u r s .  T he  s a l t  w a s  r e c r y s t a l l i z e d  f i o m  c a r b o n  

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

c r o p s  w a s  d e t e r m i n e d ,  fo r  t h i s  p u r p o s e ,  a b o u t  0 . 2  g .  o f

s a l t  w a s  d i s s o l v e d  i n  20  c . c .  o f  a b s o l u t e  e t h a n o l .  A 2 d . m .

t u b e  w a s  u s e d ,  a n d  r e a d i n g s  w e r e  t a k e n  u s i n g  t h e  m e r c u r y
. o

g r e e n  l i n e  A 5 4 6 1  A.

T he  f o l l o w i n g  r e s u l t s  w e r e  o b t a i n e d :

W t.  i n  g. m

1 . 1 . 5 5 9 0 ^

2 . 2 . 4 5 8 5 °

3 . 0 . 7 5 9 0 °

4 . 0 .8 0 8 5 °

5 . 5 5

r  -120
^ "^^5461

- 32.1

- 2 9 . 5

- 3 2 . 1

—2 4 . 4

T he  s a l t  s e p a r a t e d  a s  s m a l l  r o u n d  c r y s t a l l i n e  a g g r e g a t e s ,  

o r  a s  a  m i c r o s c r y s t a l l i n e  p o w d e r .  B e t w e e n  c r o p s  3 a n d  4 ,  

a  s m a l l  q u a n t i t y  ( a b o u t  0 . 1  g . ) o f  a  f a w n  p o w d e r  w a s  o b t a i n e d ,

m . p .  1 5 8 °  ( d e c o m p . ) ,  - 1 6 . 0 °
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1.75 g .  o f  c r o p s  1 a n d  3 c o m b i n e d  w e r e  r e c r y s t a l l i z e d  f r o m  

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

a b o u t  0 . 2 5  g .  o f  f a w n  p o w d e r  w i t h  a  h i g h  i n d e f i n i t e  m e l t i n g  

p o i n t  w h i c h  c r y s t a l l i z e d  f r o m  warm e t h a n o l ;  fa"] -17.3 ° .  

T he  s e c o n d  c r o p  w a s  a  w h i t e  m i c r o c r y s t a l l i n e  p o w d e r :  0 . 5  g . , 

m . p .  9 0 ^  ( d e c o m p . ) ,  f a " ]  - 3 0 . 8 ^ .  F u r t h e r  e v a p o r a t i o n  o f
^  -'544»/

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

o f  t h e  f a w n  p o v / d e r  a n d  t h e  e x p e r i m e n t  w a s  r e p e a t e d  t o  s e e  

i f  t h e s e  r e s u l t s  w e r e  r e p r o d u c i b l e .

( i i )  2 .3 8  g .  o f  a c i d  a n d  4 .3 0  g .  o f  b r u c i n e  d i h y d r a t e  w e r e  

c o m b i n e d  t o  f o r m  a  s a l t  a s  i n  ( i ) .  On r e c r y s t a l l i z a t i o n ,  

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

a n d  o n  w a r m i n g  w i t h  e t h a n o l  g a v e  s m a l l  c l u s t e r s  o f  p r i s m s ,
-,2.0

*54-4./
S u c c e s s i v e  c r o p s  w e r e  o b t a i n e d  f r o m  t h e  c a r b o n  t e t r a c h l o r i d e

a b o u t  0 . 1  g . , w i t h  n o  d e f i n i t e  m e l t i n g  p o i n t  a n d  f a l  - 1 0 . 5 1 °^  -J ̂ 4.4/

s o l u t i o n  a s  f o l l o w s :

A p p e a r a n c e  Wt.  i n  g .  m . p .  1 ^ ^ 4 6 1

1. F a w n , a m o r p h o u s 0 .5 8 0 ° ( d e c o m p . ) - 1 4 .0 °

2. T h i t e ,  a i i c r o c r y s t . 1 .5 90° It - 3 1 .8 °

3 fl tf 1 .7 90° tf - 3 2 .0 °

4 F a w n , a m o r p h o u s 0 .3 90° fl —18 .8

5 0 .2 80° tf - 1 8 .7 °

6 n ri 0 .3 80° ft - 1 9 .8 °

34-



XVI

T he  a m o r p h o u s  c r o p s  w o u l d  o n l y  d i s s o l v e  i n  e t h a n o l  o n  s l i g h t  

w a r m i n g .

C r o p  1 .

P o u n d :  G 6 0 . 8 8 ;  H 5 . 3 ;  0 1  1 8 . 5 .  1 m o l .  a c i d  1 m o l .  b a s e . C C l ^

r e q u i r e s  0 6 1 . 1 ;  H 5 . 1 ;  C l  1 8 . 1 .

C r o p  3 .

P o u n d :  C 6 1 . 1 ;  H 5 . 1 ;  N 4 . 2 ;  C l  1 8 . 2 .  1 m o l  a c i d .  1 m o l .
b a s e .  C C I/

r e q u i r e s  C 6 1 . 1 ;  H 5 . 1 ;  N 3 . 6 ;  C l  1 8 . 1 .

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

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

o n e  m o r e  l a e v o r o t a t o r y  t h a n  t h e  o t h e r .  D e c o m p o s i t i o n  o f  a  

s p e c i m e n  o f  e a c h  t y p e  g a v e  a n  i n a c t i v e  a c i d  m . p .  1 6 0 - 1 6 1 ° .

C r o p s  2 a n d  4 f r o m  ( i )  a n d  2 f r o m  ( i i )  ( 3 . 5  g . ) w e r e  

r e o r y s t a l l ! z e d  f r o m  c a r b o n  t e t r a c h l o r i d e .  A t  f i r s t  0 . 2  g .  

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

f r o m  e t h a n o l  t o  g i v e  s l i g h t l y  f a w n  p r i s m s  f a l  - 7 . 6^ .

P o u n d :  C 5 8 . 3 4 ;  H 6 . 7 2 ;  N 6 . 0 5  w h i c h  d o e s  n o t  c o r r e s p o n d  

t o  a n y  r e a s o n a b l e  f o r m u l a .

F i n a l l y  a b o u t  2 . 5  g .  o f  w h i t e  c r y s t a l s  m . p .  8 0 °  ( d e c o m p . ) ,  

[ a l  - 3 0 . 6 ^ w e r e  o b t a i n e d .

( i i i )  A f u r t h e r  q u a n t i t y  o f  s a l t  w a s  made f r o m  2 . 3 8  g .  o f  

a c i d  a n d  3 . 9 4  g .  o f  a n h y d r o u s  b r u c i n e .  T he  a c i d  w a s  d i s s o l v e d  

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

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

f a w n  p o w d e r  w h i c h  w e r e  c o m b i n e d  a n d  w a rm e d  w i t h  e t h a n o l .  No

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

w a s  o b t a i n e d  w h i c h  s o l i d i f i e d  o n  s c r a t c h i n g ” . T he  s o l i d  

h a d  L T "  - 3 1 . 3 ° .U

C r o p  5 . w h i t e  c r y s t a l l i n e  c l u s t e r s  m . p .  8 0 °  ( d e c o m p . )

3 . 0  g .  l ~ a T "  - 3 0 . 9 °

C r o p  6 . w h i t e  m i c r o c r y s t a l l i n e  p o w d e r  m . p .  9 0 °  ( d e o o m p . )

2 . 9  &. Ta.T ' '  - 3 3 . 7 °

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

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

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

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

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

C r o p  5 .

r e c r y s t .  e t h y l  a c e t a t e  -  m . p .  9 2 °  ( d e c o m p . )  [clY  - 3 6 . 2 °

c r o p  f r o m  m o t h e r  l i q u o r -  m . p .  9 2 °  ( d e c o m p . )  “ 8 8 . 7 ° ( a )

C r o p  6 .

r e c r y s t .  e t h y l  a c e t a t e  -  m . p .  1 0 0 ° ( d e c o m p .  ) \a~\ - 3 8 . 5 °  ( p )
L  JS4.fel

C r o p s  ( a )  a n d  ( p )  w e r e  c o m b i n e d  a n d  r e c r y s t a l l i z e d  f r o m  

e t h y l  a c e t a t e .  T h r e e  s u c c e s s i v e  c r o p s  h a d  m . p .  b e t w e e n  9 2 °

a n d  1 0 0 °  ( d e c o m p . )  a n d  v a l u e s  o f  a s  f o l l o w s :

1 . - 40 . 1°

2 . - 4 0 . 3 °

3 .  - 3 9 . 0 °
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T h e s e  d i f f e r e n c e s  i n  r o t a t i o n  w e r e  sh o w n  b y  a n a l y s i s  

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

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

0 o u n d :  C r o p  5 .  F a )  - 3 6 . 2 0  0 7 2 . 0 ;  H 5 . 9 .

C r o p  ( a ) .  P a T  - 3 8 . 7 °  G 7 0 . 2 ;  H 5 . 6 .
5<Vb\

C r o p  2 .  f a l  - 4 0 . 3 °  0 7 0 . 5 ;  H 6 . 4 .

1 m o l .  a c i d .  1  m o l .  b a s e .  CH^COUC^H^ r e q u i r e s  C 7 1 . 7 ;  H 6 . 7 .  

1 m o l .  a c i d .  1 m o l .  b a s e .  2 CH3GÜOG2H5 ” G 6 9 . 8 ; H 6 . 9 .

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

t e t r a c h l o r i d e  a s  s o l v e n t  u s i n g  4 .7 6  g .  o f  a c i d  a n d  7 .8 8  g .  

o f  a n h y d r o u s  b r u c i n e .  A su m m a ry  o f  r e s u l t s  i s  sh o w n  i n  t h e  

c h a i ' t  b e l o w :  m . l .  = m o t h e r  l i q u o r ;  r .  = r e c r y s t a l l i z e d .
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Some o f  t h e  d i f f e r e n c e s  i n  s p e c i f i c  r o t a t i o n  m ay  b e  d u e  t o  

d i f f e r e n c e s  i n  s o l v a t i o n .  I n  t h i s  l a s t  e x p e r i m e n t ,  n o  

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

( i )  4 .7 6  g .  o f  a c i d  a n d  3 . 6 0  g .  o f  q u i n i n e  d i h y d r a t e  w e r e  

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

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

1 0 5 ^ ( d e c o m p . ) w h i c h  w a s  u n c h a n g e d  a f t e r  d r y i n g  i n  v a c u o  f o r  

s e v e r a l  h o u r s .  I t  h a d  a  s p e c i f i c  r o t a t i o n  -1 1 4 ®  i n

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

b e  o b t a i n e d  a s  l o n g  s i l k y  n e e d l e s  b y  r e e r y s t a l l i z i n g  f r o m  

a n  e t h e r - a c e t o n e  m i x t u r e .  T h e s e  n e e d l e s  h a d  m . p .  1 5 0 ^  a n d  

a  s p e c i f i c  r o t a t i o n  (^a - 1 2 2 ® in  e t h a n o l ,  s o  t h a t  t h e  s a l t

f i r s t  o b t a i n e d  w a s  n o  d o u b t  s o l v a t e d .  No s i g n i f i c a n t  c h a n g e  

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

sh o w n  i n  t h e  c h a r t  b e l o w .  A d u p l i c a t e  e x p e r i m e n t  g a v e  

p r a c t i c a l l y  i d e n t i c a l  r e s u l t s .
C R O P  I
3 - 4 - g .  *v>.p. I o Ç ° p- )

~  n

"f\ e. b êv" o.cetorie

eR o p
O 4-g rvA.p. |SO°

C R O P  Z
2.-3̂  rvA-p ■ 15̂0® 

-

KA .L.

\ \ q®

>. L. ^  C R o  P  Z \ o
O'4-g. lAo.p. \^C> 

-  , 2 0 '

C R o P  3  rvA .l.___________  C i R o P  3  Ok_ ka.Lv__________.  c  R.OP 3  b
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A f t e r  a  c o n s i d e r a b l e  t i m e  n o  f u r t h e r  d e p o s i t i o n  o f  

c r y s t a l s  t o o k  p l a c e  f r o m  t h e  m o t h e r  l i q u o r  o f  CROP 1 w h i c h  

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

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

w a s  i n a c t i v e .

A c r o p  w i t h  - 1 2 2 ^  f r o m  a  d u p l i c a t e  e x p e r i m e n t

w a s  d e c o m p o s e d ,  a n d  f o u n d  t o  y i e l d  a n  i n a c t i v e  a c i d .  I n  e a c h  

c a s e ,  a b o u t  1 . 5  g .  o f  a c i d  w a s  d i s s o l v e d  i n  20  c . c .  o f  

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

F o u n d  f o r  CROP 2 F - 1 2 2 °  ; C 7 6 . 8 ;  H 6 . 7 .
L

1 m o l .  a c i d .  1 m o l .  b a s e  r e q u i r e s  : 0 7 6 . 9 ;  H 6 . 8 .

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

i d e n t i c a l  w i t h  t h o s e  i n  e t h a n o l .

( j )  2 .3 8  g .  o f  a c i d  w e r e  d i s s o l v e d  i n  a  l i t t l e  h o t  e t h a n o l ,  

a n d  1 . 8 0  g .  o f  q u i n i n e  d i h y d r a t e  w e r e  a d d e d .  B o i l i n g  w a t e r  

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

w a rm e d  t o  c l e a r  a n d  a l l o w e d  t o  c o o l .  The  o i l  w h i c h  s e p a r a t e d  

c o u l d  b e  s o l i d i f i e d  b y  s c r a t c h i n g ’*.

T he  a m o r p h o u s  p o w d e r  w a s  c r y s t a l l i z e d  f r o m  e t h a n o l  w h e n c e  

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

2 .8  g . , m . p .  1 2 8 ° ,  - 8 6 . 9 °  i n  c h l o r o f o r m .

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

s i g n i f i c a n t  c h a n g e  i n  r o t a t i o n ,  t h e  l o w e s t  v a l u e  o f  f  a l
L J 54-431
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b e i n g  - 8 5 . 4 ° .  The r o t a t i o n s  i n  e t h a n o l  w e r e  f o u n d  t o  b e  

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

F o u n d  c r o p  o f  h i g h e s t  - 8 6 . 9 °  0 7 6 . 6 ;  H 6 . 8 .

P o u n d  c r o p  o f  l o w e s t  I a  - 8 5 . 4 °  G 7 6 . 5 ;  H 6 . 7 .
L Jsobi

1 m o l .  a c i d .  1 m o l .  b a s e  r e q u i r e s ;  G 7 6 . 9 ;  H 6 . 8 .

On d e c o m p o s i t i o n ,  a n  i n a c t i v e  a c i d  w a s  o b t a i n e d .

( k )  1 e q u i v a l e n t  ( 0 . 2 3 3  g . ) a c i d  a n d  1 e q u i v a l e n t  ( 0 .3 9 4  g . ) 

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

c h l o r o f o r m  c o n t a i n i n g  a  know n  a m o u n t  o f  e t h a n o l .  T h e  a c i d  

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

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

s i m u l t a n e o u s l y .  A r e a d i n g  w a s  t a k e n  a s  s o o n  a s  p o s s i b l e  

( 0 . 5  m i n u t e )  w h i c h  w a s  c o m p l e t e l y  u n c h a n g e d  a f t e r  s e v e r a l  

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

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

( e )  T he  a c i d  w a s  c o n v e r t e d  i n t o  i t s  m e t h y l  e s t e r  b y  h e a t i n g  

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

t i m e s  i t s  w e i g h t  o f  m e t h a n o l  o n  a  w a t e r - b a t h  f o r  f o u r  h o u r s .

A v i s c o u s  gum w a s  f o r m e d  on  p o u r i n g  i n t o  w a t e r .  S o l i d  s o d i u m  

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

a n d  t h e  e s t e r  w a s  e x t r a c t e d  w i t h  e t h e r .  T he  e x t r a c t  w a s  

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

c o l o u r l e s s  r a t h e r  w a x y  p l a t e s  m . p .  4 7 - 4 8 ° ,  y i e l d  89fo

4-1
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t h e o r e t i c a l .  I t  c o u l d  n o t  b e  r e a d i l y  c r y s t a l l i z e d ,  b u t  

cam e  o u t  w i t h  some d i f f i c u l t y  f r o m  6 0 ~8 0 ° p e t r o l e u m  e t h e r  

( m e l t i n g  p o i n t  u n c h a n g e d ) .  ( K e n n e r  j ^ l o c .  c i t . ^  g i v e s  t h e  

I d . p .  o f  t h e  e s t e r ,  p r e p a r e d  b y  t h e  ? i s c h e r - S p e i e r  m e t h o d  a s  

4 4 - 4 5 ° ) .

A p p r o x i m a t e l y  1 g .  o f  e s t e r  w a s  d i s s o l v e d  i n  20  c . c .  o f  

( + ) - d i e t h y l  t a r t r a t e  b y  w a r m i n g  a n d  t h e  s o l u t i o n  w a s  l e f t  t o  

e q u i l i b r i a t e  f o r  l^- h o u r s .  A f t e r  t h i s  t i m e ,  a  l i t t l e  o f  t h e  

s o l u t i o n  w a s  a d d e d  t o  w a t e r  am 0 °  , a n d  t h e  gum f i r s t  f o r m e d  

w a s  s o l i d i f i e d  b y  ’♦ s c r a t c h i n g ” . T h e  r e m a i n d e r  o f  t h e  

s o l u t i o n  w a s  p o u r e d  i n t o  c o l d  w a t e r ,  a n d  ♦ ♦ se e d e d ” w i t h  t h e  

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

p r e c i p i t a t e d ,  i t  w a s  f i l t e r e d ,  w a s h e d  w e l l  v f i t h  w a t e r ,  a n d  

d r i e d ,  m . p .  4 7 - 4 8 ° .  I t  w a s  d i s s o l v e d  q u i c k l y  i n  c h l o r o f o r m  

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

a s  p o s s i b l e .  No t r a c e  o f  a c t i v i t y  w a s  d e t e c t e d .  The  

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

e q u i l i b r i a t e  o v e r  a  w e e k e n d .  A g a i n  a n  i n a c t i v e  e s t e r  m . p .  

4 7 - 4 8 ® w a s  o b t a i n e d .

(m) T he  ( - ) m e n t h y l  e s t e r  w a s  m a d e  f r o m  1 2  g .  o f  a c i d  a n d  

34  g .  o f  ( - ) m e n t h o l  u s i n g  t h e  F i s c h e r - S p e i e r  m e t h o d .  ( T h e  

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

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

s c a l e  p r e p a r a t i o n ) .

T h e  a c i d  a n d  ( - )  m e n t h o l  w e r e  h e a t e d  i n  a n  o i 1 - b a t h  a t
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1 1 0 ^ f o r  e i g h t  h o u r s ,  h y d r o g e n  c h l o r i d e  b e i n g  p a s s e d  i n  f o r  

t e n  m i n u t e s  e v e r y  tw o  h o u r s .  A f t e r  e i g h t  h o u r s ,  t h e  m i x t u r e  

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

e t h e r  a n d  w a s h e d  w i t h  10)4 s o d i u m  c a r b o n a t e .  T he  e t h e r  l a y e r  

w a s  s e p a r a t e d  a n d  t h e  s o l v e n t  r e m o v e d .  T h e  e x c e s s  ( - )  m e n t h o l  

w a s  s t e a m - d i s t i l l e d  f r o m  t h e  e s t e r  w h i c h  r e m a i n e d  a s  a  s e m i 

s o l i d  gum i n  t h e  w a t e r .  T he  e s t e r  w a s  d i s s o l v e d  i n  e t h e r ,  

a n d  t h e  e x t r a c t  v/as d r i e d  b e f o r e  d i s t i l l i n g  o f f  t h e  s o l v e n t .

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

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

s o l v e n t  a t  r o o m  t e m p e r a t u r e .  I f  i t  w a s  d i s s o l v e d  i n  m e t h - m o l  

a n d  c o o l e d  i n  a  CO2 - a l c o h o l  b a t h ,  w h i t e  c r y s t a l s  s e p a r a t e d  

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

w a s h e d  w i t h  c h i l l e d  s o l v e n t .  T he  s t i f f  gum w h i c h  f o r m e d  a t  

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

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

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

g u a g e  t h e  q u e m t i t i e s  o f  gum r e q u i r e d .  As t h i s  p r o c e d u r e  w a s  

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

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

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

d e c o m p o s e d  s m o o t h l y  i n t o  ( + )  m e n t h e n e  a n d  t h e  a c i d  w h i c h  w a s  

t h u s  r e a d i l y  r e c o v e r e d .
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2 .  P r e p a r a t i o n  a n d  a t t e m p t e d  r e s o l u t i o n  o f  3 : 4 - 5 : 6- d i b e n z o -

3 . - b .y d r Q x y r i e t h y l c y c l Q h e p t a - 3 ;  5 - d i  e n e ,

( a )  3 . 9  g .  o f  m e t h y l  3 : 4 - 5 :  6 - d i b e n z o c y c l o l i e p t a - 3 : 5 - d i e n e -  

l ^ c a r b o x y l a t e  w e r e  d i s s o l v e d  i n  1 0 0  c . c .  o f  a n h y d r o u s  e t h e r .  

T h i s  s o l u t i o n  w as  r u n  i n t o  o n e  o f  2 g .  o f  l i t h i i m  a l u m i n i u m  

h y d r i d e  i n  1 0 0  c . c .  o f  a n h y d r o u s  e t h e r .  The  r e a c t i o n  m i x t u r e  

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

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

w h i t e  s o l i d  w a s  o b t a i n e d  on  t h e  a q u e o u s  l a y e r .  T h i s  w a s  

c r y s t a l l i z e d  f r o m  a  b e n z e n e - 6 0 ~8 0 ^ p e t r o l e u m  e t h e r  m i x t u r e ,  

b e i n g  o b t a i n e d  i n  9 0 ^  y i e l d  a s  n e e d l e s  m . p .  1 3 1 . 5 ^ .

P o u n d : C  8 5 . 5 ;  H 7 . 1 8 .  r e q u i r e s  C 8 5 . 7 ;  H 7 . 1 4 .
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( b )  4 . 4  g .  o f  3 : 4 - 5 : 6- d i b e n z o - l - h y d r o x y m e t h / l c y c l o -  

h e p t a - 3 : 5 - d i e n e  a n d  2 .9  g .  o f  p u r e  s u b l i m e d  p h t h a l i c  

a n h y d r i d e  w e r e  m i x e d  w i t h  3 g .  o f  p u r e  d r y  p y r i d i n e  a n d  

t h e  m i x t u r e  w a s  h e a t e d  o n  a  w a t e r - b a t h  f o r  t h r e e  h o u r s .

T h e  p r o d u c t  w a s  p o u r e d  i n t o  e x c e s s  i c e  a n d  h y d r o c h l o r i c  a c i d ,  

a n d  l e f t  o v e r n i g h t .  The  a l m o s t  s o l i d  e s t e r  w a s  f i l t e r e d  o f f ,  

a n d  g r o u n 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  t o  r e m o v e  p y r i d i n e .  

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

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

w h i t e  m i c r o c r y s t a l l i n e  p o w d e r  ( 4 .5  g . ) m . p .  1 4 5 ^ .

F o u n d :  C 7 7 . 1 0 ;  H 5 . 3 7 .  r e q u i r e s  C 7 7 . 4 3 ;  H 5 . 3 8 .

( c )  A f t e r  a t t e m p t i n g  t o  p r e p a r e  a  s a l t  f r o m  v a r i o u s  a l k a l o i d s  

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

3 .3  g .  o f  h y d r o g e n  p h t h a l a t e  w e r e  d i s s o l v e d  i n  e t h e r ,  a n d
in

3 . 5  g .  o f  a n h y d r o u s  b r u c i n e  w e r e  d i s s o l v e d y ( a c e t o n e .  T he  

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

b e a u t i f u l  c l u s t e r s  o f  p r i s m s  w e r e  o b t a i n e d ,  6 .5  g .  m . p .

1 2 9 ^  ( d e c o m p .  ) , T a ”! - 2 0 . 6 ^  i n  c h l o r o f o r m .  T he  s a l t  c o u l d  

n o t  b e  r e c r y s t a l l i z e d  f r o m  m o s t  common s o l v e n t s ;  i t  w o u l d  

come o u t  o f  e t h y l  a c e t a t e  i n  s m a l l  r h o m b i c  p l a t e s  m . p .  1 3 9 ^ 

[ a ] ^ °  - 2 1 . 0 ^ , b u t  a  v e r y  l a r g e  q u a n t i t y  o f  s o l v e n t  w a s
2 .0

'54_6(
n e e d e d  f o r  c o m p l e t e  s o l u t i o n .  I t  w a s  b e s t  c r y s t a l l i z e d  f r o m

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

m . p .  1 3 9 ^ ,  - 2 1 . 9 ® .  R e p e a t e d  c r y s t a l l i z a t i o n  f r o m
L J
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a c e t o n i t r i l e  c a u s e d  no  c h a n g e  i n  r o t a t i o n ,  t h e  e x t r e m e  

v a l u e s  o f  b e i n g  - 2 1 . 9 ^  a n d  - 2 1 .  3 ^ .  On d e c o m p o s i t i o n ,

a n  i n a c t i v e  e s t e r  m . p .  1 4 5 ^  w a s  o b t a i n e d .

( d )  9 . 3  g .  o f  3 : 4 - 5 :  6- d i b e n z o - l - h y d r o x y r i e t h y l c y c l o h e p t a -  

3 : 5 - d i e n e  w e r e  d i s s o l v e d  i n  50 c . c .  o f  p u r e  d r y  p y r i d i n e ,  

a n d  t h e  s o l u t i o n  w a s  c o o l e d  i n  i c e .  1 1 .8  g .  o f  f r e s h l y  

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

s l o w l y  a d d e d  t o  t h e  m i x t u r e  w h i c h  b e c a m e  w a rm .  A w h i t e  

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

o u t .  T h e  r e a c t i o n  m i x t u r e  w a s  l e f t  o v e r n i g h t  a n d  w a s  t h e n  

p o u r e d  i n t o  d i l u t e  h y d r o c h l o r i c  a c i d  w hen  a  t h i c k  o i l  

s e p a r a t e d .  T h i s  w a s  e x t r a c t e d  w i t h  e t h e r  a n d  t h e  e t h e r e a l  

l a y e r  w a s  w a s h e d  w i t h  h y d r o c h l o r i c  a c i d ,  d i l u t e  c a u s t i c  s o d a  

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

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

h e a t e d  w i t h  a  m i x t u r e  o f  b e n z e n e  a n d  6 0 - 8 0 ® p e t r o l e u n  e t h e r  

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

a l c o h o l .  By p a r t i a l  e v a p o r a t i o n  o f  s o l v e n t  t h e  a l c o h o l  w a s  

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

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

h e a t i n g  w i t h  m e t h y l  a l c o h o l  a n d  c o o l i n g ,  7 . 5  g ,  o f  a  w h i t e  

s o l i d  m . p .  6 2 °  w e r e  o b t a i n e d ,  c o r r e s p o n d i n g  t o  a  42ÿ& y i e l d .

T he  r e c o v e r e d  a l c o h o l  w a s  t r e a t e d  w i t h  t w i c e  t h e  c a l c u l a t e d  

a m o u n t  o f  ( - )  m e n t h o x y a c e t y l  c h l o r i d e ,  w h e r e u p o n  a  c o m p l e t e  

c o n v e r s i o n  t o  t h e  e s t e r  t o o k  p l a c e ,  n o  a l c o h o l  b e i n g  r e c o v e r e d
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The e a t e r  w a s  b e a t  c r y s t ^ l l i z e d  f r o m  4 0 - 6 0 °  p e t r o l e u m  e t h e r ,  

f r o m  w h i c h  i t  s e p a r a t e d  i n  l o n g  n e e d l e s .  F o u n d :  0 8 2 . 3 ;

II 8 . 6 .  ^ 2 8 ^ 3 5 ^ 2  0  8 3 . 1 ;  II 8 . 9 .

The  r e s u l t s  o f  r e p e a t e d  c r y s t a l l i z a t i o n s  a r e  sho w n  o n  

t h e  c h a r t .  T he  r o t a t i o n s  w e r e  t a k e n  i n  c h l o r o f o r m ,  c = a b o u t  1 . 0  

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

[ a ' J ^ ^ ^ f r o m  - 5 7 . 4 ® t o  - 6 3 . 9 ®, t h e r e  w a s  n o  c l e a r  s e p a r a t i o n  

i n t o  tw o  t y p e s  o f  c r o p s ,  a n d  t h e  i n v e s t i g a t i o n  w a s  a b a n d o n e d .  

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

m e l t i n g  p o i n t  i n  e a c h  c a s e ) .

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

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

c h l o r o f o r m  w a s  c r y s t a l l i z e d  f r o m  4 0 - 6 0 ® p e t r o l e u m  e t h e r  a n d  

• s e e d e d ’ w i t h  t h e  c r o p  w i t h  " ^ 3 *9 ®.

F I I 5.5 T  C R O P  ^  S C C o H H  c f S o F

O 'S’g W» p .
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3- P r e p a r a t i o n  a n d  a t t e m p t e d  r e s o l u t i o n  o f  2 ; 7 - d i h y d r o -  

3* : 2 ' ’- h y d r o x y m e t h y l - 3 : 4 - 5 :  G - d i b e n z o x e p i n .

( a )  m - a m i n o - p - t o l u i c  a c i d  w a s  p r e p a r e d  a c c o r d i n g  t o  a  

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

^ e r .  , 1 8 9 3 ,  2 6 ,  1 7 3 3 ] .

P u r e  £ - t o l u i c  a c i d  ( 1 0 0  g . ) w as  s l o w l y  a d d e d  t o  50 0  g .  

o f  f u m i n g  n i t r i c  a c i d .  The s o l u t i o n  b e c a m e  w arm ,  a n d  a f t e r  

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

v o l u m e  o f  c o l d  w a t e r .  C r u d e  m - n i t r o - £ - t o l u i c  a c i d  w as  

p r e c i p i t a t e d  a s  a  v e r y  p a l e  y e l l o w  s o l i d  m . p .  1 8 8 - 9 ^ .  I t  

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

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

w a s  o b t a i n e d .

148  g .  o f  m - n i t r o - 2 . - t o l u i c  a c i d  w e r e  d i s s o l v e d  i n  t h e  

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

s o l u t i o n  w a s  a d d e d  g r a d u a l l y  t o  a  h o t  s o l u t i o n  o f  6 1 0  g .  o f  

s t a n n o u s  c h l o r i d e  i n  7 7 0  c . c .  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 .  T h e r e  w as  a  v i g o r o u s  r e a c t i o n  a f t e r  e a c h  a d d i t i o n  o f  

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

b r i s k l y .  A f t e r  t h e  r e a c t i o n  w a s  o v e r ,  t h e  m i x t u r e  w a s  

p o u r e d  i n t o  a  b e a k e r  a n d  a l l o w e d  t o  c o o l ,  a b o u t  250  c . c .  o f  

c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  b e i n g  a d d e d .  On c o o l i n g ,  t h e  

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

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



d r i e d .  Y i e l d  a l m o s t  t h e o r e t i c a l .

( b )  1 1 .1  g .  o f  b a s e  h y d r o c h l o r i d e  w e r e  d i s s o l v e d  i n  3 .3  g .  

o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  a n d  w a t e r ,  a n d  d i a z o t i z e d  

a t  0 -2®  by a d d i t i o n  o f  4 . 6  g .  o f  s o d i u m  n i t r i t e .  The  d i a z o  

s o l u t i o n  w as  s l o w l y  a d d e d  t o  a  w e l l - s t i r r e d  s o l u t i o n  c o n t a i n i n g  

3 3 .2  g .  o f  h y d r a t e d  c o p p e r  s u l p h a t e  i n  1 9 0  c . c .  o f  w a t e r

a n d  38 c . c .  o f  0 . 8 8 0  a m m o n ia ,  t o  w h i c h  26 g .  o f  s o d i u m  

l e t a b i s u l p h i t e  a n d  26  c . c .  o f  0 .8 8 0  am m o n ia  h a d  b e e n  a d d e d  

a t  10®. A b r i s k  e v o l u t i o n  o f  n i t r o g e n  o c c u r r e d ,  a n d  a f t e r  

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

s o l u t i o n  o f  1 6 . 9  g .  o f  a n h y d r o u s  f e r r i c  c h l o r i d e  i n  26 c . c .  

o f  w a t e r  a n d  85  c . c .  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 .  An 

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

s u s p e n d e d  i n  w a t e r .  On a d d i t i o n  o f  s o d i u m  b i c a r b o n a t e ,  

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

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

3 g .  o f  a n  o r a n g e  p o w d e r  m . p .  145® w e r e  o b t a i n e d .  T h i s  

c om po u nd  c o n t a i n e d  n i t r o g e n  a n d  w a s  p r e s u m a b l y  a n  a z o  com po u nd
 CK3

o f  t h e  t y p e : -  /   y  «
C O O H  c o o H  ciA; CH;

No t r a c e  o f  t h e  d e s i r e d  c o m p o u n d : -  /  \ —/  \  

c o u l d  b e  d e t e c t e d .

( c )  % g - i o d o - p i - t o l u i c  a c i d  w a s  m ad e  a c c o r d i n g  t o  K l o e p p e l * s  

d i r e c t i o n s  j l o c .  c i t . " ]  . 1 1 0  g .  o f  m - a m i n o - £ - t o l u i c  a c i d
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h y d r o c h l o r i d e  w e r e  d i s s o l v e d  b y  h e a t i n g  i n  w a t e r  w i t h  85  g .  

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

a t  0 - 2 ^ w i t h  a  s o l u t i o n  i n  w a t e r  o f  4 1  g .  o f  s o d i u m  n i t r i t e .  

T he  d i a z o  s o l u t i o n  w a s  f i l t e r e d  a n d  a d d e d  s l o w l y  t o  a  c o o l e d ,  

s a t u r a t e d  s o l u t i o n  o f  195  g .  o f  p o t a s s i u m  i o d i d e  i n  w a t e r .

T he  f l a s k  w as  t h e n  w arm ed  on  t h e  w a t e r - b a t h  u n t i l  n o  f u r t h e r  

e v o l u t i o n  o f  n i t r o g e n  t o o k  p l a c e .  A f t e r  a d d i n g  a  f e w  g r a m s  

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

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

w a s h e d  w i t h  w a t e r .  125  g* o f  c r u d e  p r o d u c t  m . p .  2 0 6 - 6 . 5 ®  

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

b e f o r e  t h e  n e x t  s t a g e .

( d )  T he  i o d o - a c i d  w a s  o x i d i z e d  t o  i o d o t e r e p h t h a l i c  a c i d  

a c c o r d i n g  t o  t h e  m e t h o d  o f  A b b e s  |^Ber.  , 1 8 9 3 ,  2952^1.

I t  w a s  f o u n d  t h a t  t h e  y i e l d  d i d  n o t  d e c r e a s e  o n  a  20 g .  

s c a l e ,  b u t  t h a t  i t  d r o p p e d  c o n s i d e r a b l y  f o r  30 g .  a n d  l a r g e r  

q u a n t i t i e s .

20 g .  o f  i o d o - a c i d  w e r e  d i s s o l v e d  i n  a b o u t  3 .5  g .  o f  

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

o n  t h e  w a t e r - b a t h .  A s o l u t i o n  o f  26  g .  o f  p o t a s s i u m  

p e r m a n g a n a t e  i n  2 6 0 0  c . c .  o f  w a t e r  w a s  a d d e d ,  a n d  a f t e r

4 - 5  h o u r s ’ h e a t i n g  o n  t h e  w a t e r - b a t h ,  d e c o l o u r i z a t i o n  h a d  

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

t h e  m a n g a n e s e  d i o x i d e  d i s a p p e a r e d .  The  s o l u t i o n  w as  m ade
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r a t h e r  m o r e  a c i d  w i t h  d i l u t e  s u l p h u r i c  a c i d ,  a n d  t h e  

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

y e l l o w  p o w d e r .  Y i e l d  a b o u t  18 g . , m . p . ] ) 2 7 5 ^ .  A g a i n ,  no  

p u r i f i c a t i o n  w a s  n e c e s s a r y .

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

t o  K e n n e r  a n d  W i t h a m j ÿ . , 1 9 1 3 ,  2 3 7 ^  b y  s u s p e n d i n g  32 g .  o f  

i o d o t e r e p h t h a l i c  a c i d  i n  320  c . c .  o f  c o l d  m e t h a n o l  a n d  

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

m i x t u r e  w a s  w a rm e d  o n  t h e  w a t e r - b a t h  f o r  a b o u t  4 h o u r s ,  a n d  

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

a n d  r e c r y s t a l l i z e d  f r o m  m e t h a n o l . .  Y i e l d  24  g .  o f  y e l l o w  

n i c r o c r y s t a l l i n e  p o w d e r ,  m . p .  80®.

( i i )  30 g .  o f  i o d o - a c i d  w e r e  r e f l u x e d  on  a  w a t e r - b a t h  

f o r  a b o u t  4 h o u r s  w i t h  30 g .  o f  c o n c e n t r a t e d  s u l p h u r i c  a c i d  

a n d  300  g .  o f  m e t h a n o l .  The  s o l u t i o n  w a s  p o u r e d  i n t o  w a t e r  

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

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

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

c o l o u r l e s s  r e c t a n g u l a r  p l a t e s  m . p .  8 1 - 2 ® ,  y i e l d  22 g .  T h i s  

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

( f )  T e t r a m e t h y l d i p h e n y l - 2 ; 2 ’ - 5 :  5 *- t e t r a c a r b o x y l a t e  w a s  

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

W itham  [ l o c .  c i t . ~ ]  w i t h  s l i g h t  m o d i f i c a t i o n s .
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( i )  10  g .  o f  e s t e r  w e r e  h e a t e d  i n  a  m e t a l  b a t h  t o  

260®, t h e n  10  g .  o f  c o p p e r  b r o n z e  w e r e  a d d e d  g r a d u a l l y .

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

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

b o i l i n g  c h l o r o b e n z e n e .  A v e r y  d a r k  s o l u t i o n  r e s u l t e d ,  a n d  

o n  b o i l i n g  o f f  t h e  s o l v e n t ,  a  d a r k  r e s i d u e  w as  l e f t .  

C r y s t a l l i z a t i o n  f r o m  a  b e n z e n e  -  60 -80®  p e t r o l e u m  e t h e r  

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

m . p .  1 4 4 - 6 ° .  On c o o l i n g  a n d  r e m e l t i n g ,  t h e  m e l t i n g  p o i n t

w a s  1 6 0 - 2 ®  K e n n e r  a n d  VVitham g a v e  m . p .  156*^. Y i e l d  a b o u t  50)4.

( i i )  10  g .  o f  e s t e r  w e r e  t r e a t e d  w i t h  c o p p e r  b r o n z e  a s  

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

2 - d i c h l o r o b e n z e n e , a n d  on  c o o l i n g ,  t h e  g r e e n i s h - b r o w n  

s o l u t i o n  d e p o s i t e d  a l m o s t  c o l o u r l e s s  r h o m b s  m . p .  1 4 5 - 6 ® ,

w i t h  s e c o n d  m . p .  a f t e r  s o l i d i f i c a t i o n  1 6 0 - 1 ® .  Y i e l d  a b o u t  50)4.

( i i i )  A f u r t h e r  U l l m a n n  r e a c t i o n  w a s  c a r r i e d  o u t ,  t h e  

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

K e n n e r  a n d  W i th a m .  The  f i r s t  c r o p  o f  c r y s t a l s  w a s  s m a l l  

c o l o u r l e s s  p l a t e s  m . p .  1 5 8 - 6 1 ® .  A f u r t h e r  c r o p  o b t a i n e d  b y  

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

c o l o u r l e s s  r h o m b s  m . p .  1 4 4  - 5 ^ ,  w i t h  s e c o n d  m . p .  1 5 9 - 6 1 ® .

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

d i m o r p h i c .  M e t h o d  ( i i )  w a s  p r e f e r r e d .  The  b e s t  y i e l d  

o b t a i n e d  w a s  62)4 c o m p a r e d  w i t h  70)4 r e c o r d e d  b y  K e n n e r  a n d
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W ith a m .

( g )  The  t e t r a - e s t e r  w a s  r e d u c e d  t o  t h e  c o r r e s p o n d i n g  t e t r a -  

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

o n l y  s p a r i n g l y  s o l u b l e  i n  e t h e r ,  t h e  S o x h l e t  t e c h n i q u e  w a s  

u s e d .  1 . 5  m o i s ,  o f  r e d u c i n g  a g e n t  p e r  m o l .  o f  e s t e r  w e r e  

u s e d .

D u r i n g  t h e  r e d u c t i o n ,  a  t h i c k  w h i t e  p r e c i p i t a t e  f o r m e d ,  

a n d  a f t e r  d e c o m p o s i t i o n  w i t h  w a t e r  a n d  a c i d i f i c a t i o n ,  some 

w h i t e  s o l i d  w a s  s t i l l  a % ; p a r e n t .  The  e t h e r  l a y e r  w a s  

r e m o v e d  o n  t h e  w a t e r - b a t h ,  a n d  a  w h i t e  s o l i d  r e m a i n e d  i n  

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

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

w h i t e  m i c r o c r y s t a l l i n e  p o w d e r  ( n e e d l e s )  m . p .  2 0 2 - 3 ® .

Y i e l d  76,4.

F o u n d :  C 6 9 . 3 ;  H 6 . 9 .  r e q u i r e s :  0 7 0 . 1 ;  H 6 . 6 .

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

i n  a  w a t e r - b a t h  f o r  a b o u t  a n  h o u r  w i t h  e x c e s s  2N s u l p h u r i c  

a c i d .  ( D a r k  c o l o u r e d ,  h i g h  m e l t i n g  p r o d u c t s  v^ere o b t a i n e d

i f  50)4 o r  r a t h e r  m o r e  d i l u t e  s u l p h u r i c  a c i d  w as  u s e d . )  A 

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

r e c r y s t a l l i z e d  f r o m  e t h a n o l .  C o l o u r l e s s  p l a t e s  m . p .  192® 

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

F o u n d :  C 7 4 . 8 9 ;  H 6 . 2 4 .  OpgHp^gOp r e q u i r e s :  0 7 5 . 0 ;  H 6 . 2 5
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( i )  8 g .  o f  o x e p i n  w e r e  d i s s o l v e d  i n  a b o u t  30 c . c .  o f  p u r e  

d r y  p y r i d i n e .  25 g .  o f  ( - )  m e n t h o x y a o e t y l  c h l o r i d e  w e r e  

a d d e d  t o  t h e  c o o l e d  s o l u t i o n .  A d a r k  r e d  c o l o u r  d e v e l o p e d ,  

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

w a s  a l l o w e d  t o  s t a n d  o v e r n i g h t ,  a n d  w a s  t h e n  p o u r e d  i n t o  

e x c e s s  d i l u t e  h y d r o c h l o r i c  a c i d .  A r e d  o i l  s e p a r a t e d  w h i c h  

g r a d u a l l y  b e c a m e  v e r y  v i s c o u s .  The  w h o l e  m a s s  w a s  e x t r a c t e d  

w i t h  e t h e r  a n d  t h e  e x t r a c t  w a s  w a s h e d  i n  t u r n  w i t h  d i l u t e  

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

t h e  e x t r a c t  a n d  r e m o v i n g  t h e  e t h e r ,  a  r e d d i s h  g l a s s - l i k e  

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

t h e  u s u a l  s o l v e n t s .  On v a cu u m  d i s t i l l a t i o n ,  a  r e d d i s h  

f a i r l y  m o b i l e  l i q u i d  b . p .  l S 2 ® / 2 2  mm. w a s  o b t a i n e d ,  w h i c h  

h a d  a  v e r y  p u n g e n t  o d o u r .

( j )  6 . 5  g .  o f  o x e p i n  w e r e  h e a t e d  i n  a  w a t e r - b a t h  w i t h  7 * 5  g .  

o f  p u r e  s u b l i m e d  p h t h a l i c  a n y d r i d e  a n d  a b o u t  1 0  g .  o f  p u r e  

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

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

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

p y r i d i n e .  A f t e r  w a s h i n g  w i t h  w a t e r ,  t h e  s o l i d  w a s  c r y s t a l l i z e d  

f r o m  d i l u t e  a c e t i c  a c i d .  C o l o u r l e s s  n e e d l e s  m . p .  1 7 9 - 9 . 5 ®  

w e r e  o b t a i n e d .  Y i e l d  1 0 . 5  g .

F o u n d :  C 6 9 . 1 0 ;  H 4 . 4 5 .  ^ 3 2 ^ 2 4 ^  G 6 9 . 5 6 ;  H 4 . 3 5 .
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( k )  No s a t i s f a c t o r y  s a l t  c o u l d  b e  m ade  f r o m  t h e  d i h y d r o g e n -  

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

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

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

o r  s o l i d s  w h i c h  d i d  n o t  c r y s t a l l i z e  s a t i s f a c t o r i l y .
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0 .  S e c t i o n  I I .

An a t t e m p t  w a s  m ade  t o  p r e p a r e  3 : 3 ’ - d i n i t r o - d i p h e n i c  

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

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

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

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 u m  i n d i c a t e s  a  n o n - c o p l a n a i '  

s t r u c t u r e  ( s e e  i n t r o d u c t i o n ) ,  a n d  L e s s l i e ,  T u r n e r  a n d  W in t o n  

^ . ,  1 9 4 1 , 23l\  f o u n d  t h a t  i t  u n d e r w e n t  a  r a p i d  o p t i c a l  

a c t i v a t i o n  w i t h  n o r - ( 4̂ )- ^ ^ e p h e d r i n e  a t  -  30^  i n  c h l o r o f o r m  

o r  a c e t o n e - c h l o r o f o r m .

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

s u b s t i t u t e d  d i p h e n y l s ,  ( I )  h a s  a  h a l f - l i f e  p e r i o d  o f  9 . 4  

m i n u t e s  i n  a l c o h o l  a t  25^ [ S t o u g h t o n  a n d  A d a m s , J .  Amer.

Ghem. 3 o c . ,  1 9 3 2 ,  3^,  4 4 2 6 ] .  Compound ( I I )  h a s  a  h a l f - l i f e

  NOl. OCB3 NTQ? NO2. OCH3

0 0  0 0 -
CooH COOH  CooH

Cl) W Cm)

p e r i o d  i n  a l c o h o l  a t  25^  o f  1 9 0 5  m i n u t e s  j^Ghien and Adams,  

i b i d . ,  1 9 3 4 ,  2 Ê '  1 7 3 ? ] ,  w h i l e  ( I I I )  h a s  a  h a l f - l i f e  p e r i o d  

i n  a c e t o n e  a t  25^  o f  115  m i n u t e s  j j î a n f o r d  a n d  Adams,  i b i d . ,  

1 9 3 5 ,  5 7 ,  1 5 9 2 ] .

S i n c e  t h e  3 *- n i t r o  g r o u p  i n  ( I I )  c a n n o t  i n t e r f e r e  w i t h  

t h e  6 - n i t r o  o r  2 - c a r b o x y l  g r o u p s ,  i t  m u s t  somehow i n c r e a s e  

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

e f f e c t  o f  t h e  3 * - n i t r o  g r o u p .  T h a t  t h i s  e f f e c t  may b e  

t r a n s m i t t e d  t o  some e x t e n t  b y  a  g r o u p  n o t  a d j a c e n t  t o  t h e  

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

o f  ( I I I ) .  Some e f f e c t  s i m i l a r  t o  t h i s  may b e  e x p e c t e d  t o  

show i n  3 : 3 * - d i n i t r o - d i p h e n i c  a c i d  ( I V ) .

C O O H  COOW

CiSL)

The  " c r o w d i n g "  e f f e c t  o f  t h e  n i t r o  g r o u p s  m i g h t  b e  e x p e c t e d  

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

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

ro o m  t e m p e r a t u r e .  As i s  show n  i n  t h e  e x p e r i m e n t a l  a t t a c h e d  

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

a c i d .  The  d i m e t h y l  e s t e r  h o w e v e r  w as  r e a d i l y  o b t a i n e d ,  a n d  

w a s  d i s s o l v e d  i n  ( + )  d i e t h y l  t a r t r a t e  a n d  a l l o w e d  t o  

e q u i l i b r i a t e .  On r e p r e c i p i t a t i o n  w i t h  w a t e r ,  a n  i n a c t i v e  

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

e f f e c t  o f  t h e  n i t r o  s u b s t i t u e n t s  i s  i n s u f f i c i e n t  t o  show 

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

EXPERIMENTAL

( a )  1 0 0  g .  o f  3 - n i t r o p h t h a l i c  a n h y d r i d e  w e r e  h e a t e d  i n  a  

m e t a l - b a t h  a t  30 0 ^  w i t h  66 g .  o f  ammonium c a r b o n a t e ,  u s i n g  

a n  a i r  c o n d e n s e r ,  u n t i l  no  m o r e  w a t e r - v a p o u r  came o f f .  On 

c o o l i n g ,  t h e  c o n t e n t s  o f  t h e  f l a s k  w e r e  b o i l e d  w i t h  a c e t o n e
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when c o m p l e t e  s o l u t i o n  o c c u r r e d .  On f i l t e r i n g ,  r e m o v i n g  

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

m . p .  2 1 8 - 9 ° ,  y i e l d  ? 8 g .

( b )  3—fi i  t r o p h  t h a l a m i c  a c i d  w a s  p r e p a r e d  a c c o r d i n g  t o  t h e  

m e t h o d  o f  M o s e r  a n d  Gompf [ j .  O r g .  Chem. 1 9 5 0 ,  5 8 3 ] .

20 g .  o f  3 - n i t r o p h t h a l i m i d e  w e r e  a d d e d  t o  a  w e l l - s t i r r e d  

s o l u t i o n  o f  1 1 . 7  g .  o f  c a u s t i c  p o t a s h  i n  417  c . c .  o f  w a t e r .  

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

s o l u t i o n  w as  c o m p l e t e .  The s o l u t i o n  w as  c o o l e d  fmd c a r e 

f u l l y  a c i d i f i e d  w h i l e  s t i r r i n g  w as  c o n t i n u e d .  3 - n i t r o 

p h  t h a l a m i c  a c i d  w a s  o b t a i n e d  i n  a b o u t  8 0 ^  y i e l d  a s  a  c r e a m  

o r  f a w n  c r y s t a l l i n e  p o w d e r  m . p .  1 5 0 °  w i t h  r e s o l i d i f i c a t i o n
o  .

a n d  d e c o m p o s i t i o n  a t  2 0 6 .  ( I n  o n e  e x p e r i m e n t  m . p .  160-^2 , 

t h e n  2 0 6 °  ( d e c o m p ) ) .

On r e p e a t i n g  t h i s  e x p e r i m e n t  w i t h  a  f u r t h e r  58 g .  o f  

3 - n i  t r o p h t h a l i m i  d e , t h e  l a t t e r  d i s s o l v e d  a l m o s t  i m m e d i a t e l y  

i n  c a u s t i c  p o t a s h ,  a n d  o n  a c i d i f i c a t i o n ,  n o  3 - n i t r o p h t h a l a m i c  

a c i d  w as  . o b t a i n e d .  E t h e r  e x t r a c t i o n  y i e l d e d  o n l y  4 g .  o f  

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

b a t h ,  57 g .  o f  s o l i d  w e r e  o b t a i n e d  w h i c h  e f f e r v e s c e d  w i t h  

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

on  w a r m i n g  w i t h  c a u s t i c  s o d a ,  m . p .  2 6 5 - 7 0 °  ( d e c o m p . ) .  As 

t h i s  w a s  c e r t a i n l y  ammonium h y d r o g g n  3 - n i t r o p h t h a l a t e  i t
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w as  s t i r r e d  w i t h  h y d r o c h l o r i c  a c i d  a n d  t h e  r e m a i n i n g  s o l i d

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

c o o l i n g ,  y e l l o w  c r y s t a l s  m . p .  21if w e r e  o b t a i n e d  w h i c h

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

n o t  e v o l v e  a m m o n ia  on  w a r m i n g  w i t h  a l k a l i .  T h i s  i m p u r e

3 - n i t r o p h t h a l i c  a c i d  w a s  c o n v e r t e d  t o  t h e  £ - m o n o m e t h y l  e s t e r

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

t i m e s  i t s  w e i g h t  o f  c o n c e n t r a t e d  s u l p h u r i c  a c i d  on  t h e  w a t e r -

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

w a t e r  a n d  w hen  c o l d  t h e  s o l u t i o n  w a s  e x t r a c t e d  w i t h  e t h e r .

On r e m o v i n g  t h e  e t h e r  f r o m  t h e  d r i e d  e x t r a c t ,  27 g* o f

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

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

i n s o l u b l e ,  t h e  3 - n i  t r o p h  t h a l i  c a c i d - 8 - i n o n o m e t h y l  e s t e r  w as
o

o b t a i n e d  a s  a  w h i t e  c r y s t a l l i n e  p o v /d e r  m . p .  1 6 6 - 8  . T h i s  

e s t e r  v/as c o n v e r t e d  t o  3 - n i  t r o p h  t h a l a m i c  a c i d  a c c o r d i n g  t o  

t h e  m e t h o d  o f  K ah n  j^Ber.  , 1 9 0 2 ,  3 5 ,  3 6 5 7 ^  • The e s t e r  w a s  

d i s s o l v e d  i n  200  c . c .  o f  0 . 8 8 0  am m onia  a n d  l e f t  i n  a  

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

i n t o  a n  e v a p o r a t i n g  d i s h  a n d  l e f t  u n t i l  no  s m e l l  o f  am m onia  

c o u l d  b e  d e t e c t e d .  On a c i d i f y i n g  w i t h  h y d r o c h l o r i c  a c i d ,

24 g .  o f  w h i t e  c r y s t a l l i n e  p o w d e r  m . p .  1 5 5 ^  w i t h  r e s o l i d i f i c a 

t i o n  a n d  f i n a l  m . p .  2 0 6 °  ( d e c o m p . )  w e r e  o b t a i n e d .  The  o l d  

m e t h o d  t h e r e f o r e  g i v e s  a  c l e a n e r  p r o d u c t .
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( c )  40 g .  o f  3 - n i  t r o p h  t h a l a r a i c  a c i d  w e r e  a d d e d  s l o w l y  t o  a  

s t i r r e d  s o l u t i o n  o f  sodium, h y p o h r o m i t e  a t  0 ° ,  m ad e  b y  a d d i n g  

1 1 , 4  c . c ,  o f  b r o m i n e  t o  a  s t i r r e d  s o l u t i o n  o f  4 5 . 6  g .  o f  

c a u s t i c  s o d a  i n  380 c . c .  o f  w a t e r  a t  0 ^ .  When s o l u t i o n  w as  

c o m p l e t e ,  t h e  f l a s k  w a s  w arm ed  t o  7 0 - 8 0 °  f o r  h a l f  a n  h o u r

t o  e f f e c t  r e a r r a n g e a e n t .  On c o o l i n g  a n d  a c i d i f y i n g  w i t h  

h y d r o c h l o r i c  a c i d ,  6 - n i t r o a n t h r a n i l i e  a c i d  w as  p r e c i p i t a t e d ,  

w h i c h  w a s  f i l t e r e d  cind c r y s t a l l i z e d  f r o m  w a t e r .  I t  w as  

o b t a i n e d  i n  7 0 ^  y i e l d  a s  l i g h t  b r o w n  p r i s m s  m . p .  1 8 4 ° .

( d )  ( i )  I t  h a s  b e e n  r e p o r t e d  b y  A t k i n s o n ,  M o r g a n ,  V /a r r e n  

a n d  M a n n i n g  ^ J , Amer. Chem. S o c . ,  1 9 4 5 ,  1513])  t h a t

3 : 3 * - d i n i t r o d i p h e n i c  a c i d  c a n  b e  o b t a i n e d  i n  4 0 ^  y i e l d  

u s i n g  t h e  sam e m e t h o d  a s  f o r  d i p h e n i c  a c i d  ( s e e  s e c t i o n  I ) .  

A l l  d i a z o t i z a t i o n s  w e r e  c a r r i e d  o u t  i n  h y d r o c h l o r i c  a c i d  

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

A m e r i c a n  w o r k e r s  w as  u s e d .  No d e t a i l s  o f  a p p e a r a n c e ,  m e l t i n g  

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

some 6 - c h l o r o - ^ i  t r o  b e n z o i c  a c i d  w as  a l s o  i s o l a t e d  ( a m o u n t  

n o t  g i v e n ) .

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

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

h e r e .

21 g .  o f  6 - n i t r o a n t h r a n i l i c  a c i d  w e r e  d i s s o l v e d  i n  

w a t e r  a n d  50 c . c .  o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  b y
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h e a t i n g .  The m i x t u r e  w as  c o o l e d ,  a n d  8 . 5  g .  o f  s o d i u m  

n i t r i t e  w e r e  a d d e d  a t  0 - 2 ° .  The d i a z o - s o l u t i o n  w as  f i l t e r e d  

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

w as  l e f t .  The c a t a l y t i c  s o l u t i o n  w as  m ad e  a s  f o l l o w s :

61 g .  o f  h y d r a t e d  c o p p e r  s u l p h a t e  w e r e  d i s s o l v e d  i n  346  c . c .  

o f  w a t e r  a n d  3 5 . 2  c . c .  o f  0 . 8 8 0  a rm aon ia .  When t h e  d i a z o  

s o l u t i o n  w a s  r e a d y ,  1 3 8 . 5  g .  o f  s o d i u m  m e t a b i s u l p h i t e  a n d

1 3 8 . 5  c . c .  o f  0 . 8 8 0  a rm aonia  w e r e  a d d e d  a t  1 0 ^ .  The d i a z o  

s o l u t i o n  w as  a d d e d  s l o w l y  w i t h  s t i r r i n g  w hen  e v o l u t i o n  o f  

g a s  o c c u r r e d  a n d  a  d a r k ,  s t i c k y  s u b s t a n c e  s e p a r a t e d .  When 

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

a  s i n t e r e d  g l a s s  f u n n e l  b e f o r e  a d d i n g  a  s o l u t i o n  o f  90 g .  

o f  a n h y d r o u s  f e r r i c  c h l o r i d e  i n  1 3 8 . 5  c . c .  o f  w a t e r  a n d  

450  c . c .  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 .  The  s o l u t i o n  

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

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

a g a i n , o n l y  a  s m a l l  a m o u n t  o f  o i l  w as  o b t a i n e d .  A f t e r  

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

c o n s i d e r a b l e  a m o u n t  o f  a  b r i c k - r e d  p o w d e r .  T h i s  ( 4  g . ) w as  

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

n i t r o g e n ,  m . p .  i n d e f i n i t e ,  d a r k e n i n g  a t  2 2 5 °  w i t h  d e c o m p o s i t i o n  

a t  2 4 3 ° .  The s u b s t a n c e  g a v e  a n  i n t e n s e  v i o l e t  c o l o u r  w i t h  

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

f r o m  g l a c i a l  a c e t i c  a c i d  w hen  a n  o r a n g e  p o w d e r  w a s  o b t a i n e d .

fez
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On w a r m i n g  w i t h  s o d i u m  c a r b o n a t e  s o l u t i o n  t h e r e  w as  a

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

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

F o u n d :  C 4 3 . 3 ;  H 2 . 7 ;  N 1 5 . 9 .

r e q u i r e s :  C 4 6 . 6 ;  H 2 . 2 ;  N 1 5 . 5 .
c o o r t  Coou

( i i )  10  g .  o f  6 - n i t r o a n t h r a n i l i e  a c i d  w e r e  d i s s o l v e d  

i n  w a t e r  a n d  14 c . c . 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  w e r e  

a d d e d *  The s o l u t i o n  was  c o o l e d  t o  0 °  a n d  d i a z o t i z e d  w i t h  

4 g .  o f  s o d i u m  n i t r i t e .  The d i a z o  s o l u t i o n  w a s  f i l t e r e d  

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

T he  c a t a l y t i c  s o l u t i o n  w h i c h  w as  c o o l e d  i n  i c e  w as  p r e p a r e d  

a s  f o l l o w s :  19  g .  o f  h y d r a t e d  c o p p e r  s u l p h a t e  w e r e  d i s s o l v e d  

i n  75 c . c .  o f  w a t e r  a n d  32 c . c .  o f  0 . 8 8 0  a m m o n ia .  The 

s o l u t i o n  w a s  c o o l e d  t o  1 0 ° .  5 . 4  g .  o f  h y d r o x y i a m i n e

h y d r o c h l o r i d e  w e r e  d i s s o l v e d  i n  18 c . c .  o f  w a t e r  a n d  c o o l e d  

t o  1 0 ° .  1 2 , 8  c . c .  o f  6N c a u s t i c  s o d a  s o l u t i o n  w e r e  a d d e d ,

a n d  t h i s  s o l u t i o n  w a s  i m m e d i a t e l y  a d d e d  t o  t h e  c u p ram m on iu m  

s u l p h a t e  s o l u t i o n .  When t h e  d i a z o  s o l u t i o n  w as  a d d e d ,  

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

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

w a s  h e a t e d  t o  b o i l i n g  a n d  a c i d i f i e d  w i t h  a b o u t  38 c , c .  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 .  On s t a n d i n g  o n l y  a  l i t t l e  

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

d r i e d  a n d  t h e  e t h e r  r e m o v e d .  A s o m e w h a t  t a r r y  r e s i d u e  

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

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

f i l t e r e d  a n d  a c i d i f i e d .  On c o o l i n g ,  a  b r i g h t  y e l l o w  

p o w d e r  m e l t i n g  a b o v e  2 7 0 °  v/as o b t a i n e d .  T h i s  w as  t a k e n  

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

a n d  a c i d i f i e d ,  w h e n c e ,  o n  c o o l i n g ,  1 g .  o f  y e l l o w  p l a t e s

w as  o b t a i n e d .  T h i s  c o r r e s p o n d s  t o  a n  1 1 ^  y i e l d  i f  t h e

p r o d u c t  i s  3 : 3 *- d i n i t r o d i p h e n i c  a c i d .

F o u n d :  C 4 9 . 9 ;  H 2 . 1 5 ;  N 8 . 1 2 .

Ci^HgOsNp r e q u i r e s :  C 5 0 . 6 ;  H 2 . 4 1 ;  N 8 . 4 3 .

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

m . p .  1 6 1 °  w e r e  o b t a i n e d .  T h e s e  w e r e  6 - c h l o r o - 2 - n i t r o -  

b e n z o i c  a c i d ,  a n d  a b o u t  1 g .  w as  i s o l a t e d  c o r r e s p o n d i n g
I

t o  a  9/  y i e l d .

On r e p e a t i n g  t h e  e x p e r i m e n t  on  a b o u t  2 |  t i n e s  t h e  

s c a l e ,  m uch  m o r e  t a r r y  m a t t e r  w a s  p r o d u c e d .  The w o r k i n g  

up  w a s  c a r r i e d  o u t  a s  b e f o r e ,  a n d  a n  o r a n g e  p o w d e r  « 

m . p . ^  2 7 0 °  w a s  i s o l a t e d .  On b o i l i n g  w i t h  a l c o h o l ,  

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

b 4
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a n  a l m o s t  w h i t e  s o l i d  s e p a r a t e d .  T h i s  w as  t a k e n  u p  i n  

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

a c i d i f i e d .  A b o u t  2 g . ^ c o l o u r l e s s  p l a t e s  m . p . ^  2 7 0 °  

w e r e  o b t a i n e d .

F o u n d :  U 5 0 . 5 ;  H 2 . 3 3 ;  N 7 . 3 2 .

Ci^HgOgN^ r e q u i r e s :  C 5 0 . 6 ;  H 2 . 4 1 ;  N 8 . 4 3 .

2 . 5  g .  o f  t h e  c h l o r o  c om pound  w e r e  o b t a i n e d .

( e )  As t h e  d i a z o t i z a t i o n  i n  h y d r o c h l o r i c  a c i d  w as  n o t  

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

w h i c h  2 - n i t r o - 6- i o d o b e n z o i c  a c i d  m i g h t  b e  p r e p a r e d .

( i )  H o d g s o n  a n d  W a l k e r ’ s  m e t h o d  , 1933, 162o] 

w a s  u s e d  o n  5 g .  o f  6- n i t r o  a n  t h r a n i l i e  a c i d ,  a n d  t h e  

d i a z o - s o l u t i o n  w as  a d d e d  t o  a  c o l d  s a t u r a t e d  s o l u t i o n  

o f  p o t a s s i u m  i o d i d e .  2 g .  o f  l i g h t  b r o w n  n e e d l e s  w e r e  

o b t a i n e d ,  a n d  a  f u r t h e r  2 g .  b y  e t h e r  e x t r a c t i o n ;  

m . p .  1 8 8 ° ,  y i e l d  5 0 / .  On a  l a r g e r  s c a l e ,  h o w e v e r ,  n o t  

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

hs
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( i i )  W i t t ’ s  m e t h o d  w as  t r i e d  on  5 g .  a n d  10  g .  o f  

6 - n i t r o a n t h r a n i l i e  a c i d  a s  t h i s  w a s  r e p o r t e d  b y  R u l e  a n d  

S m i t h  t o  g i v e  a  7 7 /  y i e l d  [ j . ,  1 9 3 7 ,  l O g s ] . H o w e v e r ,  o n l y  

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

( i i i )  S c h o u t i s s e n ’ s  m e t h o d  o f  d i a z o t i z a t i o n  w as  f o u n d  

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

9 g .  o f  6 - n i t r o a n t h r a n i l i e  a c i d  w e r e  d i s s o l v e d  i n  

a b o u t  125  c . c .  o f  c o n c e n t r a t e d  s u l p h u r i c  a c i d ,  a n d  t h e  

s o l u t i o n  was c o o l e d  t o  0 ° .  A s o l u t i o n  o f  5 g .  o f  s o d i u m  

n i t r i t e  i n  75 c . c .  o f  c o n c e n t r a t e d  s u l p h u r i c  a c i d  w a s  a d d e d ,  

t h e n  300  c . c .  o f  s y r u p y  p h o s p h o r i c  a c i d  w e r e  r u n  i n  a t  0 - 5 ° .  

A f t e r  h a l f  a n  h o u r ,  20 g .  o f  u r e a  w e r e  a d d e d  a n d  t h e  m i x t u r e  

w as  p o u r e d  on  t o  i c e .  The d i a z o  s o l u t i o n  w a s  s l o w l y  a d d e d  

t o  a  c o l d  s o l u t i o n  o f  8 2 . 5  g .  o f  p o t a s s i u m  i o d i d e  i n  w a t e r .

9 g .  o f  2- n i t r o - 6 - i o d o b e n z o i c  a c i d  w e r e  o b t a i n e d  a f t e r  

c r y s t a l l i z a t i o n  f r o m  w a t e r  a s  l i g h t  b ro w n  n e e d l e s  m . p .  l 8 9 ° .  

Y i e l d  6 2 / .

( f )  ( i )  2 g .  o f  t h e  i o d o a c i d  w e r e  r e f l u x e d  f o r  s e v e r a l  h o u r s  

w i t h  2 g .  o f  c o n c e n t r a t e d  s u l p h u r i c  a c i d  a n d  20 g .  o f  

m e t h a n o l ,  b u t  t h e  a c i d  w as  r e c o v e r e d  e n t i r e l y  u n c h a n g e d .

( i i )  10  g .  o f  i o d o a c i d  w e r e  d i s s o l v e d  i n  20 c . c .  o f  

2N ammonium h y d r o x i d e  a n d  t h e  s o l u t i o n  w as  b o i l e d  t o  e x p e l  

a m m o n ia .  On c o o l i n g ,  f r e s h l y  p r e p a r e d  s i l v e r  n i t r a t e



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

c o l o u r e d  p r e c i p i t a t e  w a s  o b t a i n e d .  T h i s  w a s  f i l t e r e d  aw ay  

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

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

a n d  r e f l u x e d  w i t h  4 . 1  g .  o f  m e t h y l  i o d i d e  f o r  s e v e r a l  h o u r s .  

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

f u n n e l ,  a n d  t h e  s i l v e r  i o d i d e  w as  w a s h e d  w e l l  w i t h  e t h e r .

The  o r a n g e  e t h e r e a l  s o l u t i o n  on  d i s t i l l i n g  o f f  t h e  e t h e r  

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

g a v e  l i g h t  y e l l o w  r e c t a n g u l a r  p l a t e s  m . p .  9 4 - 5 ° .  6 g .  o n l y

o f  m e t h y l  2- n i t r o - 6 - i o d o - b e n z o a t e  w e r e  o b t a i n e d .

( g )  4 g .  o f  t h e  a b o v e  e s t e r  w e r e  h e a t e d  i n  a  m e t a l  b a t h  t o

2 0 0 ° .  4 g .  o f  c o p p e r  b r o n z e  w e r e  a d d e d  g r a d u a l l y ,  a n d  a f t e r

a d d i t i o n  h e a t i n g  w a s  c o n t i n u e d  a t  2 1 0 ° f o r  o n e  h o u r  t o  

c o m p l e t e  t h e  r e a c t i o n .  On c o o l i n g  t o  ro om  t e m p e r a t u r e  t h e  

m i x t u r e  w a s  e x t r a c t e d  w i àh b o i l i n g  e t h a n o l ,  a n d  when  i t  was  

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

n e e d l e s  o f  d i m e t h y l  3 : 3 *- d i n i t r o d i p h e n a t e  m . p .  1 4 4 - 5 ° .

Y i e l d  5 0 /

P o u n d :  G 5 3 . 1 ;  H 3 . 3 9 ;  N 7 . 9 7 .

^ 1 6 % 2 ^ 8 ^ 2  r e q u i r e s :  C 5 3 . 3 ;  H 3 . 3 3 ;  N 7 . 7 8 .

( h )  1 g .  o f  d i m e t h y l  3 : 3 ' - d i n i t r o d i p h e n a t e  w as  d i s s o l v e d  In  

40 c . c .  o f  ( + )  d i e t h y l  t a r t r a t e  b y  w a r m i n g .  The  s o l u t i o n  

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

p o w d e r  v /h ic h  w a s  f i l t e r e d  a n d  d r i e d  i n  v a c u o .  I t  w as  

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

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

t u b e .  A r e a d i n g  w a s  t a k e n  w i t h i n  30 s e c o n d s  o f  w e t t i n g  t h e  

s o l i d , b u t  no  t r a c e  o f  o p t i c a l  a c t i v i t y  w as  d e t e c t e d .

( i )  ( i )  The  e s t e r  w a s  d i s s o l v e d  i n  g l a c i a l  a c e t i c  a c i d ,  

a n d  d i l u t e  s u l p h u r i c  a c i d  ( 1  p t .  a c i d ;  1 2  p a r t s  w a t e r  b y  

v o l u m e )  w a s  a d d e d  t i l l  t h e  s o l u t i o n  w as  t u r b i d .  The m i x t u r e  

w a s  b o i l e d  f o r  some h o u r s  u n d e r  r e f l u x .  ( M e th o d  o f  M i l l s  

a n d  E l l i o t t , | ] j .5 1 9 2 8 ,  1 2 9 9 ]  )* On c o o l i n g  a n d  d i l u t i n g  

w i t h  w a t e r ,  a  y e l l o w i s h  p o w d e r  w as  o b t a i n e d  m . p .  14.3 - 4 ° ,  

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

( i i )  The e s t e r  w a s  b o i l e d  u n d e r  r e f l u x  w i t h  1 0 /  a q u e o u s  

c a u s t i c  s o d a  f o r  a b o u t  tw o  h o u r s .  On a c i d i f y i n g  a n d  c o o l i n g ,  

g r a d u a l l y  b r i l l i a n t  y e l l o w  c r y s t a l s  f o r m e d  m . p , ^  2 7 0 ° .

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

s o l u t i o n .

P o u n d  ( a )  G 4 7 , 6 ;  H 2 , 2 ;  N 7 , 5 .

P o u n d  ( b )  0 4 6 . 2 4 ;  K 2 , 8 ;  N ( n o t  d e t . )

r e q u i r e s ;  C 5 0 , 6 ;  H 2 . 4 1 ;  K 8 . 4 3 .

C,j. H . o O .  e s t e r )  r e q u i r e s :  0 5 1 . 9 ;  H 2 . 0 8 ;  N 8 . 5 9 .
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I’h i s  d o e s  n o t  a p p e a r  t o  b e  t h e  sam e  a s  t h e  b r i g h t  y e l l o w  

co m pound  o b t a i n e d  p r e v i o u s l y  ( ( d )  ( i i ) ) .

( i i i )  The e s t e r  w as  b o i l e d  v / i t h  m e t h y l  a l c o h o l i c  

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

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

m . p . \  2 7 0 ^  a n d  s o l u b l e  w i t h  e f f e r v e s c e n c e  i n  c o l d  b i c a r b o n a t e  

s o l u t i o n  was o b t a i n e d .  I t  w as  r e f l u x e d  w i t h  e t h a n o l  a n d  

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

p o w d e r  w as  o b t a i n e d  m . p . ^  2 7 0 ^ .

P o u n d :  G 5 0 . 1 3 ;  H 2 . 8 8 .

Ci^HgOgNg r e q u i r e s :  G 5 0 . 6 ;  H 2 . 4 1 .

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

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

^9
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D.  S e c t i o n  I I I .

The  p r e p a r a t i o n  o f  v f i r i o u s  d i p h e n y l  d e r i v a t i v e s  h a s  

b e e n  a t t e m p t e d .  I n  some c a s e s  t h e  r e a c t i v i t y  o f  c e r t a i n  

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

o f  v i e w  o f  g e n e r a l  c h e m i c a l  i n t e r e s t ;  i n  o t h e r  c a s e s ,  a n  

a t t e m p t  w as  m ad e  t o  p r e p a r e  a  com pound  f o r  a t t e m p t e d  

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

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

w h i c h  m ak e  up  t h e  f i r s t  c a t e g o r y ,

1 .  B e a v e n ,  H a l l ,  L e s s l i e  a n d  T u r n e r  J . , 1 9 5 2 ,  854 ^

sh o w e d  t h a t  2 ; 2 * - h i s b r o m o m e t h y l d i p h e n y l  ( I )  r e a c t s  

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

a z e p i n i u m  o o m p o im d s ,

OCHj OCH3

CĤ6r CĤgr
Cx) ( n)

T h u s  c o m p o u n d s  a r e  r e a d i l y  f o r m e d  w i t h  ( + )  e p h e d r i n e ,

p i p e r i d i n e  a n d  p h e n y l p i p e r i d i n e ,  w h i l e  2 ; 2 *- b i s b r o m o m e t h y l -

65 6 ’ - d i m e t h o x y  d i p h e n y l  ( I l ) r e a c t s  r e a d i l y  v / i t h  d i e t h y l  a m i n e

a n d  p i p e r i d i n e .

I t  w a s  d e c i d e d  t o  d e t e r m i n e  w h e t h e r  t h e  d i b r o m i d e

r e a c t e d  e a s i l y  w i t h  t e r t i a r y  b a s e s .  D i q u a t e r n a r y  s a l t s

“70
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a r e  f o r m e d  r e l a t i v e l y  e a s i l y  w i t h  p y r i d i n e ,  d i m e t h y l a n i l i n e , 

t r i e t h y l a m i n e  a n d  a : a * - d i p y r i d y l ;  t h e  r e a c t i o n  w i t h  q u i n o l i n e  

s e e m s  t o  y i e l d  a  m i x t u r e  o f  m o n o - a n d  d l g u a t e r n a r y  s a l t s ,

EXPERIMENTAL

( a )  0 , 5  g .  o f  p u r e  d r y  q u i n o l i n e  a n d  0 , 3 4  g .  o f  2 s 2 ’ - h i s -  

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

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

c o l d ,  s o  t h e  s o l u t i o n  w a s  w arm ed  t o  7 0 ^  f o r  a  s h o r t  t i m e .

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

w h i c h  w a s  f i l t e r e d  o f f  a n d  w a s h e d  w i t h  a c e t o n e ;  m . p .  2 1 6 °  w i t h  

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

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

P o u n d :  N 3 . 4 ;  B r  3 1 . 4 .

^ 2 3 ^ 2 r ' - ^ 2  ^^ 'Gquires :  N 2 . 9 8 ;  3 r  3 4 . 1 .

^32^"30*^2^^2 - G q u i r e s :  N 4 . 7 ;  B r  2 6 . 7 .

( b )  0 . 2  g .  o f  d r y  p y r i d i n e  a n d  0 . 3  g .  o f  d i b r o m i d e  w e r e  

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

m i x e d .  On p l a c i n g  i n  warm w a t e r ,  a  w h i t e  p r e c i p i t a t e  f o r m e d  

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

m . p .  2 7 0 ° .  I t  w a s  s o l u b l e  i n  c o l d  w a t e r  a n d  g a v e  a n  

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

P o u n d :  N 5 . 5 ;  B r  3 1 . 9 .

02^1^29^2^^ r e q u i r e s :  N 5 . 6 :  B r  3 2 . 1 .
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( c )  S o l u t i o n s  o f  0 . 2  g .  o f  d i m e t h y l a n i l i n e  a n d  0 . 3  g .  o f  

d i b r o m i d e  i n  c h l o r o f o r m  w e r e  m i x e d .  A f t e r  w a r m i n g  no  

p r e c i p i t a t i o n  o c c u r r e d ,  n e i t h e r  d i d  a  p r e c i p i t a t e  f o r m  on  

s t a n d i n g  o v e r n i g h t .  On a d d i n g  a c e t o n e  a  w h i t e  p r e c i p i t a t e  

f o r m e d  w h i c h  w as  f i l t e r e d  a n d  w a s h e d  w i t h  a c e t o n e  m . p .  1 3 8 - 9 °  

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

n i t r a t e  s o l u t i o n .

P o u n d :  N 4 . 5 ;  B r  2 7 . 1 ;

r e q u i r e s :  N 4 . 8 ;  B r  2 7 . 5 .

( d )  0 . 1  g .  o f  t r i e t h y l a m i n e  a n d  0 . 3  g .  o f  d i b r o m i d e  w e r e  

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

m i x e d .  On m i x i n g  some h e a t  w a s  e v o l v e d  b u t  t h e r e  w as  no  

p r e c i p i t a t i o n .  A f t e r  w a r m i n g  i n  a  w a t e r - b a t h  a  w h i t e  

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

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

a c e t o n e  m .p -  1 6 5 ° ( d e c o m p . ) .  I t  w as  s o l u b l e  i n  w a t e r  g i v i n g  

a  p r e c i p i t a t e  w i t h  s i l v e r  n i t r a t e .

P o u n d ;  N 5 * 3 ;  B r  2 9 . 0 .

r e q u i r e s :  N 5 . 2 :  Br 2 9 . 5 .

( e )  ( i )  0 . 1 6  g .  o f  a : a * - d i p y r i d y l  a n d  0 . 3 4  g .  o f  d i b r o m i d e  

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

w e r e  m i x e d .  T h e r e  w as  no  r e a c t i o n  e v e n  on  w a r m i n g .  On 

c o o l i n g ,  a c e t o n e  w a s  a d d e d  b u t  t h e r e  w as  no  p r e c i p i t a t i o n .
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( i i )  0 . 1 6  g .  o f  a ; a * - d i p y r i d y l  a n d  0 . 3 4  g .  o f  d i b r o m i d e  

w e r e  w arm ed  t o g e t h e r  i n  6 0 - 8 0 ^  p e t r o l e u m  e t h e r .  On c o o l i n g ,  

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

m i x t u r e  o f  t h e  two c o m p o n e n t s .

( i i i )  0 . 1 6  g .  o f  a j a * - d i p y r i d y l  a n d  0 . 3 4  g .  o f  d i b r o m i d e  

w e r e  h e a t e d  t o g e t h e r  o n  a  w a t e r - b a t h .  The m i x t u r e  m e l t e d  

b u t  a f t e r  some t i m e  b e c a m e  s o l i d  a g a i n .  On c o o l i n g ,  t h e  

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

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

w h i c h  w e r e  s t a b l e  i n  a i r ,  m . p .  1 3 7 ^ ( d e c o m p . ) .  T h e s e  w e r e  

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

s i l v e r  n i t r a t e .  I f  t h e  d i q u a t e r n a r y  s a l t  w e r e  f o r m e d  f r o m  

t h e  m o n o m e t h y l  g r o u p s  i n  t h e  * c i s *  p o s i t i o n ,  t h e  lO - m e m b e r e d  

r i n g  com pound  ( I I I )  w o u l d  b e  o b t a i n e d .

6rCH, CM 
( \ .

( a )P o u n d N 5 . 4 2 ;  B r  3 0 . 8 0 .

( b )  N 5 . 4 1 ;  B r  3 0 . 9 1 .

^ 2 4 ^ 2 0 ^ 2 ^ 5  . H 2O r e q u i r e s :  N 5 . 4 5 ;  B r  3 1 . 0 9 .

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

a  m o n o h y d r a t e , i s  5 1 4 .  514  g .  o f  t h e  s a l t  s h o u l d  t h e r e f o r e

c o n t a i n  1 5 9 . 8  g .  o f  b r o m i d e  i o n .  T i t r a t i o n  o f  a  s o l u t i o n

“13



o f  t h e  d i b r o m i d e  w i t h  s t a n d a r d i z e d  s i l v e r  n i t r a t e  s o l u t i o n  

g a v e  a  v a l u e  o f  1 5 9 * 5  g* o f  b r o m i d e  i o n  p e r  514  g .  o f  s a l t .

2 .  The r e d u c t i o n  o f  2 : 2 * - d i n i t r o d i p h e n y l  w i t h  l i t h i u m

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

w h a t  t y p e  o f  a z o  com pound  i s  p r o d u c e d .  W i th  t h e  n i t r o  

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

W i th  t h e  n i t r o  g r o u p s  i n  t h e  c i s  p o s i t i o n ,  e i t h e r  ( I V )  o r  

(Y) m i g h t  r e s u l t .  A l t e r n a t i v e l y  a  m i x t u r e  o f  p r o d u c t s  

m i g h t  b e  o b t a i n e d .

n
N N

Y)

iW)

The p r o d u c t  ( I V )  was  o b t a i n e d  i n  h i g h  y i e l d .

2 g .  o f  2 :  2 *- d i n i  t r o d i p h e n y l  w h i c h  i s  s p a r i n g l y  

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

a n  e t h e r e a l  s o l u t i o n  o f  0 . 7  g .  o f  l i t h i u m  a l u m i n i u m  h y d r i d e  

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

b r o w n  a n d  f i n a l l y  a l m o s t  b l a c k .  On a d d i n g  w a t e r ,  t h e  b l a c k  

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

On a c i d i f i c a t i o n ,  t h e  e t h e r  l a y e r  w as  o r a n g e ,  t h e  a q u e o u s

■7^
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b l a c k i s h - g r e e n .  The e t h e r  l a y e r  w as  s e p a r a t e d  a n d  p a r t l y  

e v a p o r a t e d ,  when  y e l l o w  r e c t a n g u l a r  p r i s m s  s e p a r a t e d  o u t  

m . p .  1 5 7 ^ ,  y i e l d  o v e r  90/6. The s o l i d  d i s s o l v e d  v e r y  r e a d i l y  

i n  d i l u t e  a c i d s .

F o u n d :  C 7 9 . 8 ;  II 4 . 4 5 ;  N 1 5 . 3 .

C a l c u l a t e d  f o r  C 8 0 . 0 ;  H 4 . 4 4 ;  N 1 5 . 6 .

M.W,: 1 7 8 .  R e q u i r e d  f o r  ( I V ) ; 1 8 0 .

The r e d u c t i o n  p r o d u c t  w a s  t h e r e f o r e  0 : 0 * - a s o d i p h e n y l .

3 .  An a t t e m p t  w a s  made  t o  d e c a r b o x y l a t e  3:  4 - 5 : 6 - d i b e n z o -

c y o l o h e p t a - 3 : 5 - d i e n e - l - o a r b o x y l i c  a c i d  ( ^ I )  i n  o r d e r  t o

'^CW.COOH

p r e p a r e  t h e  p a r e n t  h y d r o c a r b o n  ( V I I ) .  The d e c a r b o x y l a t i o n  

w a s  u n s u c c e s s f u l ,  some ( V I )  b e i n g  r e c o v e r e d  u n c h a n g e d ,  a n d  

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

EXI^ERIMmTAL

2 g .  o f  3 : 4 - 5 : 6 - d i b e n z o c y c l o h e p t a - 3 : 5 - d i e n e - l - c a r b o x y l i c  

a c i d  w e r e  h e a t e d  w i t h  0 . 1  g .  o f  c o p p e r  b r o n z e  a n d  20 c . c .  

o f  p u r e  d r y  q u i n o l i n e  i n  a  m e t a l  b a t h  a t  2 6 0 °  f o r  i h r e e

7 6
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h o u r s .  At t h e  e n d  o f  t h i s  t i m e ,  t h e  l i q u i d  i n  t h e  f l a s k  

h a d  b e c o m e  d a r k  b r o w n .  D i l u t e  h y d r o c h l o r i c  a c i d  w as  a d d e d  

t o  t a k e  up  t h e  q u i n o l i n e ,  w h e r e u p o n  a  v i s c o u s  b r o w n  o i l  

s e p a r a t e d .  On s h a k i n g  w i t h  e t h e r ,  some b l a c k  s o l i d  s e p a r a t e d  

w h i c h  w as  f i l t e r e d  o f f .  The e t h e r e a l  e x t r a c t  w as  w a s h e d  

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

c a r b o n a t e  a n d  w a t e r .  The  s o d i u m  c a r b o n a t e  e x t r a c t  on  

a c i d i f i c a t i o n  y i e l d e d  a b o u t  1 g .  o f  t h e  o r i g i n a l  a c i d  ( V I ) .  

The  e t h e r  w as  r e m o v e d  f r o m  t h e  d r i e d  e t h e r  e x t r a c t ,  a n d  a  

b r o w n  o i l  w i t h  a  p u n g e n t  ’p h e n o l i c *  o d o u r  w as  l e f t .  On 

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

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

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

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

a l c o h o l .  Brown n e e d l e s  w e r e  o b t a i n e d  m . p .  1 1 3 - 4 ° ,  y i e l d

P o u n d :  0 5 4 . 5 ;  K 3 . 5 ;  N 1 1 . 3 .

C ^ lR l^ O ^ N ^  r e q u i r e s :  0 5 9 . 5 ;  H 4 . 0 ;  N 9 . 9 .

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

b u t  a n a l y s i s  g a v e  0 5 4 . 8 ;  H 3 . 4 ;  H 1 0 . 6 .

H a p o p o r t  a n d  W i l l i a m s  j^J. Amer.  Chera. 3 o c .  , 1 9 4 9 ,  7 1 , 

1 7 7 4 ^  r e p o r t  t h a t  t h e y  c o u l d  n o t  m ake  a  p i c r a t e  f r o m  

3 s 4 - 5 :  5 - d i b e z i z o c y c l o h e p t a - 3 : 5 - d i e n e , s o  t h a t  t h e  s t r u c t u r e  

o f  t h e  a b o v e  com pound  i s  d o u b t f u l .

Ih
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4 .  An a t t e m p t  w as  m ade  t o  p r e p a r e  t h e  c y c l i c  s u l p h o n i u m

s a l t  ( V I I I )  f r o m  2 ; 2 ’ - b i s b r o m o m e t h y l d i p h e n y l .

CĤ  CĤ

X \
A  ^"3

] l

A p a r t  f r o m  i t s  i n t e r e s t  a s  t h e  s u l p h u r  a n a l o g u e  o f  

c o m p o u n d s  s u c h  a s ( i x ) ( B e a v e n ,  H a l l ,  L e s s l i e  a n d  T u r n e r , [ l o o .  

c i t . ^ )  a ndC x)  ( B e e b y , Mann a n d  T u r n e r ,  [ j . , 1 9 5 0 ,  1 9 2 3 ^  )> 

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

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

m e r c a p t a n ,  h o w e v e r ,  no  s u l p h o n i u m  s a l t  w as  fo im ie d ,  b u t  two 

l i q u i d  p r o d u c t s ,  w h i c h  w e r e  p r o b a b l y  ( X I )  a n d  ( : { I I ) .

C-Ki.
4 s  A
2̂. 5̂

( m i )

EXPERIMENTiVL

0 . 6 8  g .  o f  c l e a n ,  d r y  s o d i u m  w e r e  d i s s o l v e d  i n  30 c . c
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o f  a b s o l u t e  e t h a n o l ,  a n d  1 . 5  e . c .  o f  e t h y l  n e r c a p t a n  w e r e  

a d d e d .  T h i s  s o l u t i o n  w a s  r u n  i n t o  a  b o i l i n g ,  w e l l - s t i r r e d  

s o l u t i o n  o f  10  g .  o f  2 : 2 * —b i s b r o m o n e t J i y l d l p h e n y l  i n  e t h a n o l .  

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

r e f l u x l n g  vmt: c o n t i n u e d  f o r  a b o u t  -m h o u r .  The s o d i u m  

b r o :  l d e  w as  f i l t e r e d  o f f ,  a n d  t h e  b u l k  o f  t h e  e t h t m o l  

r e m o v e d  b y  d i s t i l l a t i o n #  On p o u r i n g  t h e  r e s i d u e  i n t o  w a t e r ,  

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

e t h e r #  The d r i e d  e x t r a c t  a f t e r  r t r a o v a l  o f  e t h e r  y i e l d e d  

j u s t  o v e r  S g .  o f  y e l l o w  o i l .  T h i s  o i l  w as  d i s t i l l e d  u n d e r  

r e d u c e d  p r e s s u r e  when  a n  e v i l - s m e l l i n g  l i q u i d  cam e o f f  

o v e r  t h e  r a n g e  1 7 0 - 2 0 0 ^ / 1 0  m . a .  On r e d i s t i l l a t i o n ,  a  l i q u i d  

b . p .  1 7 4 - 8 / l O m . m .  w i t h  a n  o n i o n - l i k e  o d o u r  w a s  o b t r d n e d  

w h i c h  c o n t a i n e d  s u l p h u r  o u t  no  b r o m i n e ,  a n d  o n  u n p l e a s a n t  

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

l 3 9 - 9 2 ^ / l : > m # r - i . , c o n t a i n i n g  b o t h  s u l p h u r  a n d  b r o m i n e .  No 

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

s o l u t i o n .

5* An a t t e m p t  w a s  m ade  t o  c o n d e n s e  d i p h e n i c  o r i i y d r i d e

w i t h  ( - )  men t h y  1 2, ^ .k a ln o b e n z o a te  t o  g i v e  t h e  s u b s t i t u t e d  

i m i d e  ( X I I I ) .

( m )
“78
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T h i s  s h o u l d  e x i s t  l a  d i a s t e r e o i s o m e r l c  foT O s*  

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

( a )  6 . 5  gm o f  d l p h e a l c  a c i d  waa c o n v e r t e d  t o  i t s  a n l i y d r i d e  

b y  h e a t i n g  i n  a n  o i l - b a t l a  a t  1 2 0 ^  f o r  a n  h o u r  w l t l i  10  g .  

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

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

a c i d  a n d  d r i e d ,  m . p .  2 2 5 ^ .  The r e c o r d e d  m e l t i n g - p o i n t  i s  

2 1 7 ^ ,  b u t  s u c c e s s i v e  p r e p a r a t i o n s  g a v e  t h e  sam e  p r o d u c t ,  

t h e  m i x e d  m e l t i n g - p o i n t  w i t h  d i p h e n i c  a c i d  b e i n g  2 0 2 ^ .

( b )  ( 1 )  25 g*  o f  2 r m i i n o b e n z o i c  a c i d  w e r e  r e f l u x e d  w i t h

a b o u t  1 0 0  g .  o f  t h i o n y l  c h l o r i d e  u n t i l  n o  f u r t h e r  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  o c c u r r e d .  The t h i o n y l  c h i u r i d e  w as  

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

p r e i ^ s u r e ,  w h e n  a  y e l l o w  l i q u i d  b . p .  1 4 4 ^ / 1 4  m .m .  w a s  o b t a i n e d  

w h i c h  r e a d i l y  s o l i d i f i e d  t o  g i v e  a  y e l l o w  s o l i d  m . p .  35^*

A b o u t  36  g# w e r e  o b t a i n e d .  8 . 1  g .  o f  ( - )  l e n t h o l  w e r e  

d i s s o l v e d  i n  8 l  g .  o f  d r y  p y r i d i n e .  l O g .  r f  y e l l o w  s o l i d  

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

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

a c i d  a n d  i c e ,  w hen  a n  o i l  w a s  o b t a i n e d  w h i c h  w a s  e x t r a c t e d

i n  e t h e r .  Ahen t h e  e t h e r  e x t r a c t  h a d  b e e n  d r i e d  a n d  t h e  

e t h e r  r e a a v e d ,  t h e  r e s i d u e  w a s  vacu um  d i s t i l l e d .  A c o n s i d e r a b l e
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amount o f decorapooitlon seemed to occur, and a viscous  

yellow  liq u id  b .p . 192^/"^0%. 3 . was obtained which smelled 

o f menthol and slowly s o l id if ie d  to a waxy so lid*  Both 

th is  product and the yellow  so lid  from the acid chloride  

preparation d iaso tised  mià coupled with i-naphthol, but 

both were found to contain a considerable OTOunt o f sulphur.

( i i )  I t  was d e c i d e d  t h e r e f o r e  t o  p r e p a r e  ( - )  m e n t h y l  

i?—a:-• in o b e n s & o a te  by  r e d u c t i o n  o f  t h e  n i t r o  C(mpo%md a c c o r d i n g  

t o  l î c O l u B k e y  a n d  S h e r  Amer.  Ohem, J o e . ,  1947, 4 9 ,45^

IS .7 g. o f ui-nitrobenxoic acid was reflu: ed with 5 9 .5g* 
o f th ion yl ch loride for  about an hour. The tliioay l chloride  

was d is t i l le d  o f f ,  and 39 g . o f mentho% were added. The 

mixture was heated in  an o i l —bath at 130^ u n til no more 

liydrogen chloride was evolved. The excess menthol was 

d is t i l le d  o f f  (91^ /9m.m.) and the dark residue was refluxed  

with alcohol and cWircoal, and f i l t e r e d . 17 g . o f s l ig h t ly  

grey rect?mgular prisms m .p .  62-3^ were obtained.

The ester  was in tim ately  mixed with 119 g . o f iron  

powder, and s u ff ic ie n t  water was added to form a p aste .

The mixture was heated and stirred  fo r  20 hours a t 50-60^, 

a l i t t l e  water being added at in terv a ls  to o f f s e t  evaporation. 

At the end of th is  t in e , tlie mixture was evaporated to  

dryness and transferred to a Soxlilet toimble from which i t  

was extracted with ether. An or^ingc so lu tion  was obtained
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which l e f t  a dark oremge a l l  on removfü o f etlior* This 

was heated %vith 60-30^ petroleum ether and a l i t t l e  charcoal, 

and filtered *  On coo lin g , 6g. o f buff prisms m.p. 88^ were 

obtained.

(c) ( i )  Following the general method given by /arren and

Briggs [jBer., 1931, 64 B. 2 s] ,1 .1  g. o f diphenlc

aniiydride and 1 .4  g . o f ( - )  mentliyl jj-aminobenjsoate were 

dissolved  separately in  benzene, mid the so lu tion s were 

mixed. A small c r y s ta llin e  p rec ip ita te  came down on standing, 

but th is  proved to be diphenic anliydride and not the 

required a n il ic  acid . Ho a n il ic  acid was produced using  

acetone as so lv en t. The sparing s o lu b ility  o f diphenic 

anJ^ydride re s tr ic te d  any further choice of so lv en t.

( i i )  Following the method o f Vbaaga Q^ota umiv. 

L atv ien sis , 1939, 4, 4 0 5 for  ^ -substitu ted  phthalim ides,

1 .1  g . o f diphenic anhydride and 1 .4  g . o f (-)m eathyl 

j^gminobenzoate were heated together under reflu x  in  g la c ia l  

a cetic  acid fo r  about an hour. On coo lin g , no so lid  

sepgarated, and treatment with water p recip itated  a mixture 

of the o r ig in a l components.

S. The attempt was made to prepare the c y c lic  ketal(XI7)

from 2s2 •-di(hydroxymethyl) diphenyl (XV) and (-)menthyl 

benzoyl formate. Apart from find ing out whether the d io l
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CĤOH CH^oH
o  o

X  .0(—̂ n̂ enHnyl

( S v )  ( " s r )

would form the k eta l or aliut too read ily  to form the oxepln 

under the in fluence o f the acid ca ta ly o t, the compound i f  

formed should e x is t  in  d lastereoisom erio forms* The oxepin 

was formed; and the (-)aen th y l benzoyl formate was recovered 

m .o h a . i ^ e d *

E x r m i r m i T A i ,

The general method o f S a ll i  [^Ber*, 1938, 71 B# iSO ll 

was used* 2.3  g. of 2:2*- d i ( hydrosyi^ethyl) dipheny1 and 

2.3 g . (-)mcnthyl benzoyl forraate were heated in  an o i l -  

bath with 53 c .o . pu2:-e dry benzene ?ind i few cry sta ls  o f  

£ - toluene sulphonic acid , u n til no more water came o f f .

The benzene was then mostly d is t i l le d  o f f ,  when some so lid  

separated on coa lin g . B iis  when cr y s ta lliz e d  from methylated 

s p ir it  gave about 1 g. o f white needles m.p. 71-2 , mixed m.p 

with (-)m eatliyl benzoyl formate 70-2^* On completely 

removing the benzene* about 2.5 g. o f yellow ish  g e l was 

obtained which went so lid  on scratching. Tills so lid  gave



Yâlite n e e d l e u  f r o m  aouGous r a e t ’i a a a l  3.1,  p .  5 with

uaftenin^ from about 45'’%  ̂ id wao iopure . . : ^Ibongoyl-

formate. Qxi evaporation of the not.-er liquor a  eo lid  was 

obtained v^nieh wao low le ltin ;/ but could not e sat is fa c to r i ly  

crystalliiscd* l i t t l e  o f t li is  so lid  was added to hydro- 

bromic a c i d  at ] 0 ^, ruid t h e  mixture w a s  b o i l e d  f o r  twenty 

n i n t u e s .  On o o o lin j a  so lid  f o r m e d  wMch on c r y u ta ll lz a t io n  

from 50—80^petroleum ether m e l t e d  a t  90-2^, the mixed 

m elting point with 2:2*-bisbromomethyldiphenyl being 90—2  ̂

a lso .

7 .  A P r i e d e l - O r a f  t s  r e a c t i o n  w a s  c a r r i e d  0 t  w i t h

2 : 7 - ' d i l i y d r a - 3 ; 4 - 5 : 5 - d i b e n z o x e p i n  ( ITT) a n d  a c e t i c  a n h y d r i d e  

o r  a c e t y l  c h l o r i d e ,  i n  t h e  h o p e  o f  p r e p a r i n g  t h e  k e t o n e  ( Z 7 I I ) , 

T h i s  c o u l d  t h e n  b e  o x i d i s e d  t o  t h e  a c i d  (Z Y lI l )  o r  r e d u c e d  

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

o f  r e s o l u t i o n .

C O C H COOM

CM CH, CW
< :  /

( w )  ( # n )  (xTX)

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

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

v/as l o w .
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(a) la  the course o f preparing 2 ; 2 * -d i ( }%ydro%y%!iethyl) -

diphenyl by reducing dimethyl diphenat© mlth. lithium

aluBiiniu.3 Ijydrlde, in  a few ca ses , the reaction  apparently 

fa i le d , only a few gravas o f the d io l being obtained on 

o r y e ta llisa t io a . On evaporating the benaeae used fo r  

o ry e ta llia a tio a  o f f  com pletely, a so lid  was l e f t  which

could be cry eta llia ed  from methanol. ,'Mte needles m.p. 71-2° 

were obtained which proved to be 2 :7-dihydro-3:4 -5 :6 -  

dlbenaoxepin.

found: 0 85.8; H 6 .25 .

^8^12^ requires; G 85.7; H 6 .12 .

\

I t  waa found that the d ia l i s  read ily  converted to 

the oxepin by heating with 50^ sulphuric acid on a water 

bath for a short time. The etiier i s  onaffeated by b o ilin g  

fo r  a prolonged period with 50fi sulphuric acid or 50)* 

potassium hydroxide solution* I t  i s ,  however, read ily  

converted to 2:2^-blsbromometliyldlphenyl by treatment with  

hydi'obromic acid .

(b) (1) The reaction  was carried out according to the 

general d irection s o f N ailer and Adams [ j .  mer» Ohem. Soo*, 

1924, .jW, 1 8 8 9 ]  . To about 20 c .c .  o f c rbon disulphide in
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2 ^ c .

a 100 c .c .  f la sk  were added 10 g. o f  2:7-diiiydro—3:4-5:6  

dlbenzoxepln and 14.8 g . of aluminium ch lor id e. 5 .2  g . o f  

a ce tic  an^iydrlde were run in  slowly with s t ir r in g . The 

fla sk  became warm, and the contents were a resinous mass.

On heating on a water bath a rapid evolution  o f hydrogen 

chloride occurred and heating was c o a t i ,ued for  about an 

hour. The viscous mass was po^ired on to ic e  and the carbon 

disulphide was allowed to evaporate. A sem i-so lid  substance 

and a dark o i l  separated, and the mixture was extracted with 

ether. The exlu^act was washed with water, 10)4 cau stic  soda 

and water, and f in a lly  dried. After removing the eth er, 

an orange, somewhat viscous liq u id  remained which waa 

vacuum d is t i l l e d .  A considerable amount o f  decomposition 

occurred, and a viscous almost co lou rless o i l  b .p . about 

l8l^/**0**m.m. was co lle c te d . On r e d is t i l la t io n  th is  gave 

2 g . o f co lou r less o i l  b .p . 174^/'*0^m.m. which did not give  

a piienylliydrasone or semicarbazone.

Found: 0 68.6; H 5 .1 .

^16^14^2 requires; 0 80.7; H 5.88.
1

A l i t t l e  was reduced with litliium  aluminium hydride 

when a d e fin ite  reaction  occurred. After decomposition \vlth 

water and a c id if ic a t io n , the ether layer was separated and

S5



on evaporation yielded  co lourless rectangular p la te s . On 

recry sta lliza r io n  from 60-80° petroleum ether c lu sters  of 

co lou rless needles m.p. 84-5° were obtained.

F o u n d :  0 8 4 . 3 ;  H 6 . 8 6 .

^16^16^2 G 80.0; H 6.67.

( i i )  The method of Long and Heuze ib id . , 1941, 193^

for preparing d erivatives of diphenyl was followed.

11 g. of powdered anhydrous aluminium chloride were 

suspended in about 30 c .c .  o f pure dry carbon disulphide.

The suspension was mechanically s t irred , and a so lu tion  of 

14.5 g. of oxepin and 6.5 g. of acety l chloride in  80 c .c .  

of dry carbon disulphide was run in  over about 20 minutes.’

Some evolution of hydrogen chloride occurred, and a

considerable amount of a dark, tarry substance separated. 

S tirr in g  was continued for h a lf an hour a fter  the addition  

was completed, and the mixture was refluxed on a water bath 

for four hours. The carbon disulphide was d is t i l le d  o ff  

and as the contents of the fla sk  were too viscous to pour, 

the fla sk  was cooled and ice-w ater was added. An orange- 

brown sem i-solid  and some o i l  separated. The aqueous 

mixture was worked up as before, and about 10.5 g. of orange 

o i l  was obtained. This was vacuum d is t i l le d ,  when much 

decomposition occurred, and a few grams of co lourless o i l
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b#p. 180^/"0" m.m. was obtained. This was id en tic a l with 

the product obtained before, as i t  gave the same product 

with m.p. 8 4 - 5 *̂ on reduction with lithium  aluminium hydride.

8. An a t t e m p t  w a s  m ade  t o  p r e p a r e  t h e  c o m pound  (XX) from

4̂  V -< /
CooCHj CHj

( x x )  (xx i ' j
methyl anthranilate and m~xylene using the Oomberg reaction .

I t  was hoped by subsequent oxidation , reduction and cy c liz a -  

tion  to prepare the compound (:{XI) v/hich should be capable 

of reso lu tio n . The reaction  fa i le d , the only product 

iso la ted  being s a l ic y l ic  acid .

EXPERIŒNTAl

76 g. of methyl anthranilate were warmed with 40 c .c .  

of water and 100 c .c .  of concentrated hydrochloric acid  

were added with s t ir r in g . On coolin g , a thick mass of 

liydrochloride was obtained which was cooled in a freez in g -  

mixture. A so lu tion  of 36 g. of sodium n it r i t e  in  72 c .c .  

of water v/as added at 0-5^, and the diazo solu tion  was 

transferred to a 3 - l i t r e  fla sk  equipped with a mechanical 

s t ir r e r  and surrounded by ic e  and .s a lt . 500 g. of cold  

m-xylene were added, and the mixture was vigorously s tirred ,

81



a n d  1 1 6  o . c .  o f  5N c a u s t i c  s o d a  w e r e  a d d e d  d r o p w i s e  d u r i n g  

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

b e t v / e e n  0 ^  a n d  5 ^ .  S t i r r i n g  w as  c o n t i n u e d  f o r  a b o u t  12  h o u r s ,  

t h e  r e a c t i o n  m i x t u r e  b e i n g  a l l o w e d  t o  warm up t o  ro om  

t e m p e r a t u r e .  The d a r k  r e d  x y l e n e  l a y e r  w a s  s e p a r a t e d ,  

w a s h e d  w i t h  w a t e r  a n d  d r i e d .  T he  x y l e n e  w a s  d i s t i l l e d  o f f ,  

a n d  a  d a r k  r e d  o i l  r e m a i n e d .  T h i s  w as  s t e a m - d i s t i l l e d ,  t o  

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

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

12  g .  o f  p e a c h  n e e d l e s  m . p .  1 5 8 ^  w e r e  o b t a i n e d .  The p r o d u c t  

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

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

ss
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E> S e c t i o n  IV.

The 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  v a r i o u s  d e r i v a t i v e s  

o f  d i p h e n y l  c o n t a i n i n g  t h e  7 -m em bered  r i n g  b r i d g e  w ere  

e x a m i n e d  i n  o r d e r  t o  show t o  w h a t  e x t e n t  r e l i a n c e  c o u l d  be 

p l a c e d  on t h e  p r e v i o u s  a s s u m p t i o n  ( s e e  i n t r o d u c t i o n )  t h a t  

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

c o n f i g u r a t i o n *  A l l  t h e  c o m po u nd s  s t u d i e d  m u s t  o f  n e c e s s i t y  

be n o n - c o p l a n a r ,  w i t h  t h e  a n g l e  b e tw e e n  t h e  r i n g  p l a n e s  o f  

t h e  o r d e r  o f  5 0 Th e s e  w o u ld  be e x p e c t e d  t o  h a v e  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  i n  w h i c h  t h e  c h a r a c t e r i s t i c  d i p h e n y l  

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

i n t e n s i t y .

B e e b y ,  Mann a n d  T u r n e r  . # 1 9 $ 0 , I 9 2 3 "} showed t h a t  i n  

6 - p h e n y l - 6 - a r s a - 1 ; 2 - 3 : 4 - d i b e n z c y c l o h e p t a - l : 3 - d i e n e  ( l )  t h e

Cx)
benzene r i n g s  subtend an a n g le  of  6 3 ° and th a t  t h i s  i s  l i t t l e  

a l t e r e d  in the m e th io d id e .  a s  was ex p ec te d ,  the u l t r a v i o l e t  

a b s o r p t io n  spectrum of the  l a t t e r  showed no s ig n  of  the  

d iph en y l  a b so r p t io n  band*

B e a v e n ,  H a l l ,  L e s s l i e  a n d  T u r n e r  [ J  * ,  1952# 8 5 4 ^  com

p a r e d  t h e  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  two o x e p i n s  

( I I )  a n d  ( I I I ) * In  t h e  s i m p l e  o x e p i n  ( I I )  t h e  d i p h e n y l  

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

«9
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CK.
/

pCĤ  OCH3

(E)

s l i g h t l y  d e c r e a s e d  I n  i n t e n s i t y  ( F i g ,  I I ) . ( I l i foax*diphenyl  

2 4 7 ^ ,  6 m a x . d i p h e n y l  1 9 »0 0 0 ; X m a x * o x e p i n  2 ^ 0 0 , 6  m a x . o x e p i n  

1 6 , 5 0 0 ; b o t h  i n  h e x a n e ) .  T h i s  w o u ld  i m p l y  t h a t  c o n j u g a 

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

n o n - c o p l a n a r  • The s p e c t r u m  o f  t h e  d i i n e t h o x y  compound ( F i g  * I I )  

w o u ld  p r e v i o u s l y  h a v e  b e e n  i n t e r p r e t e d  a s  s h o w in g  a  l a r g e  

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

( I I ) ,  b u t  t h i s  v i e w  i s  u n t e n a b l e .  The a n g l e  b e t w e e n  t h e  

r i n g  p l a n e s  i n  ( IX )  a l l o w s  i n t r o d u c t i o n  o f  t h e  m e t h o x y  g r o u p s  

i n  ( I I I )  w i t h o u t  d i s t o r t i o n  o f  t h e  m o l e c u l e *  T h u s  i f  s t e r i c  

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

( I I )  a n d  ( I I I )  s h o u l d  e x h i b i t  s i m i l a r  s p e c t r a :  t h e  two s p e c t r a

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

by  B e a v e n ,  H a l l ,  L e s s l i e  a n d  T u r n e r  i n  c o m p a r i n g  t h e  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  two d i h y d r o p h e n a n t h r e n e s  ( IV )  

a n d  ( V ) ,  a n d  t h e  two a z e p i n i u m  s a l t s  ( V I )  a n d  ( V I l ) ,  ( F i g s .  I  

a n d  I I I ) .

cw -CHx
( 2 )

9 o
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OCHj OCH3

CHt, CHx 

o . .
CH-l CU^ ,CH-L.

(vi)  (vïi)

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

may be a c c o u n t e d  f o r  by two h y p o t h e s e s .  ’♦These a r e  ( a )  

t h a t  c o p l a n a r i t y  o f  t h e  two b e n z e n e  r l n ^ ; s  i s  n o t  e s s e n t i a l  

f o r  t h e  a p p e a r a n c e  of  t h e  c o n j u g a t i o n  b a n d  i n  0 : 0 *"- s u b s t i 

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

be a c c o m m o d a te d  w i t h o u t  c o m p l e t e  l o s s  o f  c o n j u g a t i o n ;  a n d  

( b )  t h a t  i n  d i p h e n y l s  w h i c h  show a  c o n j u g a t i o n  b a n d  t h e  

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

o f  t h e  band* e v e n  when t h e i r  p r e s e n c e  i s  w i t h o u t  s t e r i c  e f f e c t  

on t h e  c o n f i g u r a t i o n . ”

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

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

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

p i v o t  b o n d .  S t r u c t u r e s  s u c h  a s  ( V I I l )  a n d  ( IX) w o u ld  h a v e

p r e c i s e l y  t h i s  e f f e c t .

+  4-
OCH, ÛCH

(S)
I n  t h e  c a s e  o f  t h e  two d i h y d r o p h e n a n t h r e n e s  ( IV) a n d  ( V ) ,  

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

9 z



t h e  d i m e t h o x y  d e r i v a t i v e  (v), a s  t h e  a n g l e  b e t w e e n  t h e  r i n g  

p l a n e s  i n  ( I V )  i s  a b o u t  2 0 ° ,  so  t h a t  some d i s t o r t i o n  o f  t h e  

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

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

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

t h e m s e l v e s .  The f i r s t  e f f e c t  i s  n o t  l i k e l y  t o  a f f e c t  t h e  

c o n j u g a t i o n  b an d  t o  a  g r e a t  e x t e n t ,  b u t  t i i e  m e t h o x y l  g r o u p s  

w o u ld  be a b l e  t o  e x e r t  t h e  same e f f e c t  a s  i n  t h e  s p e c t r a  o f  

t h e  o x e p i n s  a n d  a z e p i n i u m  s a l t s .  I f  h o w e v e r  t h e  m e t h o x y l  

g r o u p s  a r e  b e n t  o u t  o f  t h e  p l a n e  o f  t h e  r i n g s  so  t h a t  t h e  

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

s h o u l d  n o t  be  so  g r e a t l y  d e c r e a s e d  i n  i n t e n s i t y  a s  i n  t h e  

o t h e r  c a s e s .  T h i s  was f o u n d  t o  be so*

The 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  f o l l o w i n g  

s i x  d i p h e n y l  d e r i v a t i v e s  w e re  d e t e r m i n e d  f o r  t h e  p r e s e n t  

w r i t e r  by  D r* G ,H # B e a v e n ,

'^CH.COOH (Hi) H.CÔOCH J

(xF)
/

w
O

CK

O

I t  was f e l t  t h a t  t h e  d e t e r m i n a t i o n  o f  t h e  s p e c t r a  m i g h t  be 

o f  u s e  f o r  two m a i n  r e a s o n s ,  F i r s t l y ,  t h e y  m i g h t  a f f o r d  ,

93
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c o n f i r m a t i o n  o f  t h e  g e n e r a l l y  a c c e p t e d ,  r u l e  t h a t  t h e  

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

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

a l l  t h e s e  co m p o u n d s  a r e  d e f i n i t e l y  n o n - c o p l a n a r ,  i t  was 

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

show ed  t h e  d i p h e n y l  a b s o r p t i o n  b a n d .  In  t h e  c a s e  o f  ( X I I I )  

i t  w as  t h o u g h t  t h a t  t h e  i n t e r a c t i o n  o f  t h e  am in o  g r o u p  w i t h  

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

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

(XV),  T h i s  m i g h t  b e  e x p e c t e d  t o  show i t s e l f  a s  a n  i n c r e a s e d  

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

(s)
o b t a i n e d  a r e  shown i n  t a b l e  1 ,  a n d  i n  f i g u r e s  ( I V ) ,  ( V ) a n d  

{ V I ) .

The r e p o r t  d raw n  u p  by  D r , J 3 e a v e n  f o l l o w s :

♦̂E x p e r i m e n t a l , The  s p e c t r a  w e re  m e a s u r e d  on a n  a u t o m a t i c -  

r e c o r d i n g  t w i n - b e a m  s p e c t r o p h o t o m e t e r  d e s i g n e d  a n d  b u i l t  by 

H o l i d a y  a n d  S u t t o n  [jranô.5oc.Tnstrvme»\fc ~TecK^\olog\(, 195-1, 3  ^

The r e c o r d s  made by  t h i s  i n s t r u m e n t  a r e  l i n e a r  i n  o p t i c a l  

d e n s i t y  a s  o r d i n a t e  a g a i n s t  wave n u m b e r  a s  a b s c i s s a ,  a n d  

t h e  s p e c t r o g r a m s  ( f i g s • ( I V ) - ( V I ) ) a r e  d i r e c t  t r a c i n g s  o f  

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

I m p o r t a n t  f e a t u r e s  o f  t h e  s p e c t r a  w e re  c h e c k e d  on a  U n icam

m a n u a l  s i n g l e - b e a m  s p e c t r o p h o t o m e t e r ,  \ ÿ i t h  one e x c e p t i o n

H
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i x a

( compound XII)) a l l  the compounds were examined at a con

centration  of 0.50x10“  ̂ molar only, so that the ordinate 

aoaleo have been given in  terns of the molecular ex tin ction  

c o e ff ic ie n t  ( e ) , by taking the c e l l  length and coramon con

centration  in to  account, 'ttempts were made to obtain 

r e lia b le  re su lts  at wavelengths shorter than ca.,2300R by 

using 0.J3 and 0.10 ora. c e l l s .  Solvent absorption was 

thus reduoed iind streçy lig h t  errors (o f . holiday and Beaven 

(p .3 .0 . B u lle tin , 1950, 5^; Sa idel, Goldfarb and K alt,

(T’cien ce, 1951, 113, 683^ ) shown to be su b stan tia lly  absent 

by showing that Lambert's law was reasonably w ell followed  

for these two c e l l  length s, at le a s t  down to 2050%. A l l  the 

oompounds were a lso  ex;amined by the logarithraic-cam raoving- 

p late  tec'rmique (Holiday ( j .  :'ci. I n s t . , 1937, 14, 155] ) .

Ho d e fin ite  in d ication s of long-wave in f le c t io n s  were found, 

except for compound (XII) for  which the four in f le c t io n s  

l i s t e d  in  Table 1. were easy to locate  with precision  by 
th is  method. ^

The wavelengths of the various maxima and minima are
o

è i i v e a  t o  t h e  n e a r e s t  5 or  lOA a n d  e x t i n c t i o n  e o e f f i c i e n t a  

h a v e  b e e n  r o u n d e d  o f f  t o  5 i n  t h e  t h i r d  s i g n i f i c a n t  f i g u r e .  

R é s u l t a  a n d  D i e c u e a i o n . T he  s p e c t r a  o f  c o ;a p o u n d s  ( I X ) ,  (%) 

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

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

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

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

r e s u l t  o f  d e p a r t u r e  f r o m  c o p l a n a r i t y  im p o s e d  by  t h e  3 - c a r b o n  

c h a i n  j o i n i n g  t h e  2 : 2 ' - p o s i t i o n s  ( n u m b e r i n g  r e f e r r e d  h e r e  t o  

a  d i p h e n y l  s t r u c t u r e ) .  S i n c e  t h e  3 - c a r b o n  ciriain i s  s a t u r a 

t e d ,  t h e  s u b s t i t u e n t s  on t h e  m i d d l e  a to m  o f  t h e  3 - c a r b o n  

c h a i n  ( i . e .  p o s i t i o n  1 when r e f e r r e d  t o  t h e  n u m b e r i n g  o f  t h e  

s y s t e m a t i c  nam e)  w o u ld  be e x p e c t e d  t o  h a v e  l i t t l e  e f f e c t  

on t h e  a b s o r p t i o n  s p e c t r u m  o f  t h e  c o n j u g a t e d  s y s t e m ,  F u r t h e r  

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

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

n e u t r a l  a n d  a l k a l i n e  (O.OINKQH) e t h a n o l ,  sh o w in g  t h a t  i o n i z a 

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

t h e  3 - c a r b o n  r i n g  d e t e r m i n e s  t h e  a b s o r p t i o n  s p e c t r u m ,  a n d  

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

i n  t h i s  e f f e c t I t  i s  e v i d e n t  t h a t  t h e  s p e c t r u m  o f  (XIV) 

d o e s  n o t  c a l l  f o r  a n y  s p e c i a l  comment e i t h e r .

"The a b s o r p t i o n  s p e c t r u m  o f  compound ( X I I )  i s  q u i t e  

r e m a r k a b l e  i n  sh o w in g  a  s e t  o f  f o u r  i n f l e c t i o n s  o f  lo w  

i n t e n s i t y  i n  t h e  2 8 5 0 - 32OOA r e g i o n .  I t  w as  a t  f i r s t  s u s 

p e c t e d  t h a t  t h e  s a m p le  m i g h t  be c o n t a m i n a t e d  w i t h  some a r o m a t i c  

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

seem s  m o s t  u n l i k e l y  i n  v i e w  o f  t h e  m e th o d  o f  p r e p a r a t i o n ,  a n d  

t h e  f a c t  t h a t  t h e r e  i s  no  s i g n  o f  t h e  more  i n t e n s e  s h o r t w a v e  

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

t i i a t  t h e  k e t o  g r o u p  i s  i n v o l v e d  i n  some way i n  t h e  o v e r a l l  

c o n j u g a t i o n  b e t w e e n  t h e  two b e n z e n e  r i n g s ,  a n d  i t  i s  i n  

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

o f  t h e  a d j a c e n t  CHp g r o u p  o c c u r s ,  e * g • ( X V l ) .

HCM CH

Io -
(xvO

The r e s u l t  o f  s u c h  h y p e r c o n j u g a t i o n  w o u ld  be t o  g i v e  t h e  

m o l e c u l e  a  s m a l l  p r o p o r t i o n  o f  * s t r a i n e d  p o l y c y l i c ’ c h a r a c t e r ,  

f o r m a l l y  a n a l o g o u s  t o  t h e  p h e n a n t h r e n e  s t r u c t u r e . By 

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

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

o f t e n  a n  e n h a n c e m e n t  o f  f i n e  s t r u c t u r e  ( s e e  J o n e s  | c h e m . R e v , , 

1 9 4 3 , 3 2 , l"J f o r  r e f e r e n c e s ) ,  i t  i s  n o t  u n r e a s o n a b l e  t o  

s u g g e s t  t h a t  t h e  f i n e - s t r u c t u r e  i n  t h e  s p e c t r u m  o f  (XII) i i a s  

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

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

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

t h a t  t h e  3 " C a rb o n  r i n g  i n t e r a c t s  w i t h  t h e  r e m a i n d e r  o f  t h e  

m o l e c u l e  by s e c o n d - o r d e r  o r  h y p e r - c o n j u g a t i o n ,  a s  e n v i s a g e d  

i n  s t r u c t u r e  (XVI).
The s p e c t r u m  o f  (XIII) i s  o f  i n t e r e s t .  I n  n e u t r a l
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e t h a n o l  t h e  lo n g w a v e  s h i f t  o f  t h e  c o n j u g a t i o n  b a n d ,  when 

c o m p a r e d  w i t h  t h e  p a r e n t  o x e p i n  l a c k i n g  t h e  am ino  g r o u p  

( B e a v e n ,  H a l l ,  L e s s l i e  a n d  T u r n e r  ( ] ^ l o c * c i t  ^  ) ,  i n d i c a t e s  t h a t  

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

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

i n c r e a s e d  c o n j u g a t i o n  due  t o  s t r u c t u r e s  o f  t y p e  (XV), 

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

In  a c i d  s o l u t i o n ,  i n  w h i c h  t h e  i n t r o g e n  a c q u i r e s  a  p r o t o n  

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

a m in o  g r o u p  a r e  u n a b l e  t o  i n t e r a c t  w i t h  t h e  b e n z e n e  r i n g ,  

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

e f f e c t  o f  t h e  a m in o  g r o u p  a n d  t h e  c o n j u g a t i o n  b a n d  move t o  

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

p a r e n t  o x e p i n ,  t h o i ^ h  w i t h  l i t t l e  c h a n g e  i n  i n t e n s i t y .  I t  

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

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

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

s p e c t r a  o f  a r o m a t i c  a m in o  com pounds  i ia s  f r e q u e n t l y  b e e n  

r e p o r t e d  ( s e e  J o n e s  [ l o c . c i t , ”̂  f o r  r e f e r e n c e s ) ,  a n d  i t  i s  

w e l l - k n o w n  t h a t  t h e  b a t h o c h r o m i c  s i i i f t  b r o u g h t  a b o u t  by  a n  

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

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

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

A f u r t h e r  p o i n t  o f  i n t e r e s t  i n  t h e  s p e c t r u m  o f  ( X I I l )  i n  a c i d  

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

a b o u t  4 0 0 0 a t o  t h e  c o n j u g a t i o n  bond  p r o p e r .  T h i s  b r o a d
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r e g i o n  i s  t h o u g h t  t o  he  r e a l  a n d  n o t  a n  e x p e r i m e n t a l  a r t e f a c t ,  

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

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

co m p ou n ds  ex ^u n in ed ,  w i t h  t h e  e x c e p t i o n  o f  ( X I I )  w h i c h  h a s  

b e e n  d i s c u s s e d  a b o v e ,  showed no i n f l e c t i o n s  on t h e  l o n g w a v e  

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

p a r e n t  u n s u b s t i t u t e d  o x e p i n  c o r r e s p o n d i n g  t o  ( X I I I )  a n d  (XIV) 

i n  p o s s e s s i n g  no  s i g n  o f  a n y  a b s o r p t i o n  c o n t r i b u t i o n s  a r i s i n g  

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

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

c o m p o un d s  ( I X ) - ( X I I )  t h u s  r e s e m b l e s  t h e  o x e p i n  a n d  a z e p i n i u m  

s t r u c t u r e s  p r e v i o u s l y  e x a m i n e d  ( B e a v e n  e t  a l i a ,  [ l o c . c i t J  ) 

i n  t h a t  t h e  d i p h e n y l - t y p e  c o n j u g a t i o n  b e tw e e n  t h e  tw o  b e n z e n e  

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

i m p o s e d  by t h e  j - c a r b o n  b r i d g e . ”

I t  i s  c e r t a i n  t h a t  n o ne  of  t h e  s i x  com pounds  ( I X )  t o  (XIV)

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

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

t h a t  t h e  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 u m  o f  a  d i p h e n y l  i s  a  

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

a l t h o u g h  t h e r e  i s  no  d o u b t  t h a t  i t  i i a s  p r o v e d  a  v a l u a b l e  

h y p o t h e s i s  i n  t h e  p a s t .  E v i d e n t l y  a n  a n g l e  o f  a b o u t  $ 0 °  

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

d i m i n i s h  t h e  d e g r e e  o f  o v e r l a p  o f  t h e  o r b i t a l s  o f  t h e  TT-

e l e c t r o n s  o f  t h e  p i v o t  b o n d .
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EXPERIMENTAL

1 .  ( a )  2 : 2 * - d i ( c y a n o m e t h y  1 ) d i p h e n y l  w as  p r e p a r e d

a c c o r d i n g  t o  t h e  m e t h o d  o f  K e n n e r  a n d  T u r n e r  , 1 9 1 1 ,  9 9 , 

2 IO 9J  • 5*2  g .  o f  p o t a s s i u m  c y a n i d e  w e r e  d i s s o l v e d  i n  a s

l i t t l e  w a t e r  a s  p o s s i b l e ,  a n d  t h e  s o l u t i o n  w as  m i x e d  w i t h  

a b o u t  t h r e e  t i m e s  i t s  v o l u m e  o f  e t h a n o l .  The m i x t u r e  w as
2l:2. -

b r o u g h t  t o  t h e  b o i l  a n d  12 g .  o f ^ b i s b r o m o m e t h y l d i p h e n y l  

w e r e  a d d e d  g r a d u a l l y .  The  m i x t u r e  w as  m a i n t a i n e d  a t  a b o u t  

5 0 - 6 0 ^  on  a  h o t - p l a t e  f o r  f o u r  h o u r s ,  a n d  w a s  t h e n  p o u r e d  

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

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

a n d  s q u a r e  o r  r e c t a n g u l a r  p l a t e s  m . p .  7 7 - 8 ^  w e r e  o b t a i n e d .  

Y i e l d  a b o u t  9 0 /L

( b )  7 g .  o f  d i n i t r i l e  w e r e  d i s s o l v e d  i n  30 g .  o f  

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

t h e  f l a s k .  A b o u t  2 c . c .  o f  10>  s o d i u m  e t h o x i d e  i n  e t h a n o l  

s o l u t i o n  w e r e  a d d e d  down t h e  c o n d e n s e r ,  a n d  t h e  m i x t u r e  w as  

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

3 : 4 - 5 : 6 - d i b e n a o - 2 - c y a n o - l - i m i n o - c y c l o h e p t a - 3 : 3 - d i e n e  ( x v n  ) 

s e p a r a t e d  o u t  m . p .  1 9 2 - 3 °  ( K e n n e r  a n d  T u r n e r  ( ^ l o c .  c i t . ^  

g i v e  m . p .  180*^). Y i e l d  6 g .

( x v ï ï )

1 0 2 .



( c )  3 s 4 - 5 : 6 - d i b e n z o - l - i m i n o - c y c l Q h e p t a - 3 : 5 - d i e n e - 2 -  

c a r b o x y l i c  a c i d  w as  p r e p a r e d  f r o m  t h e  i m i n o c y a n o  com pound  

b y  d i s s o l v i n g  t h e  l a t t e r  i n  60 c . c .  o f  c o n c e n t r a t e d  

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

i c e ,  a  % 'h i te  s o l i d  s e p a r a t e d  w h i c h  w as  l e f t  f o r  a b o u t  2 

h o u r s ,  a f t e r  w h i c h  t i m e  a  t e s t  p o r t i o n  v/as f o u n d  t o  b e  

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

n o  a m i d e  w as  p r e s e n t .  The  p r e c i p i t a t e  w as  f i l t e r e d  o f f  a n d  

c r y s t a l l i z e d  f r o m  e t h a n o l .  4 g .  o f  c o l o u r l e s s  n e e d l e s  

m . p .  1 8 0 ^  w e r e  o b t a i n e d .

( d )  3 g .  o f  t h e  a b o v e  a c i d  w e r e  b o i l e d  u n d e r  r e f l u x  w i t h  

1 0 0  g .  o f  50ÿb s u l p h u r i c  a c i d  u n t i l  no  m o r e  s o l i d  w a s  a p p a r e n t .  

The l i q u i d  w a s  s t e a m - d i s t i l l e d ,  a n d  t h e  s u b s t a n c e  w h i c h  

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

c r y s t a l l i z e d  f r o m  e t h a n o l .  The 3 : 4 - 5 : 6 - d i b e n z o c y c l o h e p t a -

3 ; 5 - d i e n - l - o n e  w a s  o b t a i n e d  a s  l a r g e ,  p a l e  y e l l o w  h e x a g o n a l  

p r i s m s .  On r e c r y s t a l l i z a t i o n  u s i n g  a  l i t t l e  c h a r c o a l ,  i t  

w a s  o b t a i n e d  c o l o u r l e s s ,  m . p . 7 8 - 9  , y i e l d  1 g .

2 .  ( a )  P h e n a n t h r a q u i n o n e  w a s  p r e p a r e d  f r o m  c o m m e r c i a l

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

[ j .  A m er .  Ghem. S o c . , 1 9 2 7 ,  £ 9 ,  1 3 2 8 ^ .  600 g .  o f  p o t a s s i u m

d i c h r o m â t e  w e r e  d i s s o l v e d  i n  1 . 5  l i t r e s  o f  w a t e r  a n d  500  c . c .  

o f  c o n c e n t r a t e d  s u l p h u r i c  a c i d .  The s o l u t i o n  w as  h e a t e d  t o
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1 0 0 ^  i n  a  l a r g e  e v a p o r a t i n g  b a s i n ,  a n d  100  g* o f  f i n e l y  

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

h o u r .  When t h e  i n i t i a l l y  v i o l e n t  r e a c t i o n  w as  o v e r ,  t h e  

m i x t u r e  w a s  k e p t  a t  1 1 0 ^  f o r  h a l f  a n  h o u r ,  a f t e r  w h i c h  

t i m e  i t  v/as c o o l e d  a n d  p o u r e d  i n t o  e x c e s s  i c e - w a t e r .  The 

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

f r e e  f r o m  c l i rom ium  s a l t s .  I t  w a s  t h e n  p o w d e r e d  i n t o  a n  

e v a p o r a t i n g  b a s i n  c o n t a i n i n g  2 2 8 . 5  g .  o f  s o d i u m  m e t a b i s u l p h i t e  

i n  1 , 2 5 0  c . c .  o f  w a t e r ,  a n d  t h e  m i x t u r e  w a s  m a i n t a i n e d  a t  

5 0 - 6 0 ^  f o r  h a l f  a n  h o u r .  I t  w a s  f i l t e r e d  f r e e  f r o m  t h e  r e d  

c a k e - l i k e  r e s i d u e  a n d  a c i d i f i e d  w i t h  5 0 ^  s u l p h u r i c  a c i d  t o  

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

p r e c i p i t a t e d  p h e n a n t h r a q u i n o n e  w as  f i l t e r e d ,  w a s h e d  a n d  d r i e d ,  

w h e n c e  i t  w as  o b t a i n e d  i n  4 2 ^  y i e l d  a s  a  y e l l o w  p o w d e r  

m . p .  2 0 2 - 3 ° .

( b )  The q u i n o n e  v/as c o n v e r t e d  i n t o  a  m i x t u r e  o f  2 -  a n d  

4 - n i t r o p h e n a n t h r a q u i n o n e  b y  t h e  m e t h o d  o f  S c h m i d t  a n d  S p o u n  

^ B e r . , 1 9 2 2 , 2 2 ,  1194^ .  30 g .  o f  p h e n a n t h r a q u i n o n e  w e r e

p l a c e d  i n  a  3 l i t r e  o p e n  f l a s k  a n d  c o v e r e d  w i t h  900  c . c .  o f  

c o n c e n t r a t e d  n i t r i c  a c i d ,  when a  r e d  s o l u t i o n  w as  o b t a i n e d .

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

q u i n o n e  a n d  b o i l e d  f o r  20 m i n u t e s .  I t  w as  t h e n  p o u r e d  i n t o  

2 l i t r e s  o f  w a t e r ,  when  a  f l o c c u l e n t  y e l l o w  p r e c i p i t a t e  

came o u t .  V/hen i t  w as  c o l d  i t  w a s  f i l t e r e d  a n d  w a s h e d
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w e l l  w i t h  w a t e r .  When i t  w a s  d r y ,  i t  w a s  b o i l e d  w i t h  

7 0 0  c . c .  o f  e t h a n o l  f o r  a b o u t  a n  h o u r  t o  d i s s o l v e  t h e  

4—n i t r o p h e n a n t h r a q u i n o n e .  When c o o l ,  t h e  u n d i s s o l v e d  

2 - n i t r o p h e n a n t h r a q u i n o n e  w as  f i l t e r e d  o f f  a n d  c r y s t a l l i z e d  

f r o m  a  l a r g e  q u a n t i t y  ( a b o u t  1 l i t r e )  o f  g l a c i a l  a c e t i c  a c i d ,  

S h i n i n g  o r a n g e  r h o m b s  w e r e  o b t a i n e d  m . p .  2 5 0 - 0 . 5 ^ .  Y i e l d  I 6 g .  

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

b u t  w i t h  m . p .  2 7 0 - 1 ^ .  B o t h  s p e c i m e n s  g a v e  a n  i d e n t i c a l  

n i t r o d i p h e n i c  a c i d  on  o x i d a t i o n  ( v i d e  i n f r a ) .

( c )  10  g ,  o f  2 - n i t r o p h e n a n t h r a q u i n o n e  w e r e  d i s s o l v e d

i n  30 c . c .  o f  c o n c e n t r a t e d  s u l p h u r i c  a c i d .  The a l m o s t  b l a c k  

v i s c o u s  s o l u t i o n  w a s  r u n  i n t o  100  c . c .  o f  w a t e r  w i t h  

v i g o r o u s  s t i r r i n g .  N e x t  a  h o t  s o l u t i o n  o f  40  g .  o f  

p o t a s s i u m  d i c b r o m a t e  i n  400  c . c .  o f  w a t e r  w as  r u n  i n ,  a n d  

t h e  m i x t u r e  w a s  s t i r r e d  a t  t h e  b o i l i n g  p o i n t  f o r  2-|  h o u r s ,  

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

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

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

a c i d i f i c a t i o n  4 - n i t r o d i p h e n i c  a c i d  w as  o b t a i n e d  a s  a  v e r y  

p a l e  l e m o n  c r y s t a l l i n e  p o w d e r  m . p ,  2 1 7 - 1 9 ^ , Y i e l d  8 . 7  g .

( d )  The a c i d  w a s  h e a t e d  f o r  a b o u t  7 h o u r s  w i t h  i t s  

o-wn w e i g h t  o f  s u l p h u r i c  a c i d  a n d  8 7  go o f  m e t h a n o l .  On 

p o u r i n g  i n t o  w a t e r  a  v e r y  v i s c o u s  o i l  w as  o b t a i n e d .  S o l i d  

s o d iu r a  b i c a r b o n a t e  w as  a d d e d  u n t i l  t h e  l i q u i d  w as  j u s t
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a l k a l i n e  a n d  t h e  e s t e r  w as  e x t r a c t e d  w i t h  e t h e r .  On

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

w as  c r y s t a l l i z e d  f r o m  m e t h a n o l .  V e r y  p a l e  y e l l o w  p r i s m s

m . p .  9 5 - 6 ^  w e r e  o b t a i n e d  i n  8 5 ^  y i e l d .

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

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

b o t h  t h e  e s t e r  a n d  t h e  n i t r o  g r o u p s .  10  g .  o f  d i m e t h y l

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

w a s  r u n  i n t o  3 . 3  g .  o f  l i t h i u m  a l u e i i n i u m  h y d r i d e  i n  200  c . c .

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

t h e  c o n t e n t s  o f  t h e  f l a s k  d e v e l o p e d  a n  o r a n g e - y e l l o w  c o l o u r .

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

a n d  some o r a n g e  s o l i d  w a s  s u s p e n d e d  i n  t h e  a q u e o u s  l a y e r .

On r e m o v i n g  t h e  e t h e r ,  6 g .  o f  o r a n g e  p o w d e r  w e r e  o b t a i n e d .

‘T h i s  w as  p u r i f i e d  b y  d i s s o l v i n g  i n  a c e t o n e ,  f i l t e r i n g  a n d
o

a d d i n g  w a t e r ,  m . p .  2 4 2 - 3  -

P o u n d :  0 7 3 . 3 3 ;  H 5 . 7 8 ;  N 6 . 2 0 .

^ 16^^26°4^2  r e q u i r e s :  0 7 3 . 9 9 ;  H 5 . 7 3 ;  N 6 . 1 7 .
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The a z o  com pound  w as  d i s s o l v e d  i n  h o t  a l c o h o l ,  a n d  a

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

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

d u l l  p a l e  r e d ,  a n d  on  c o o l i n g  some b r o w n  guin w a s  o b t a i n e d

w h i c h  w as  f i l t e r e d  f r o m  t h e  now a l m o s t  c o l o . a ' l e s s  s o l u t i o n .

On m a k i n g  t h e  s o l u t i o n  s t r o n g l y  a l k a l i n e ,  a  w h i t e  p r e c i p i t a t e

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

I t  w a s  n o t  f o u n d  p o s s i b l e  t o  c r y s t a l l i z e  i t  e a s i l y ,  b u t  on

b o i l i n g  w i t h  b e n z e n e  a n d  c h a r c o a l  a n d  e v a p o r a t i n g  t o  s m a l l
o '

b u l k ,  a  w h i t e  p o w d e r  m . p .  1 5 3 - 2  w a s  o b t a i n e d .  I t  w as  

r e c o v e r e d  u n c h a n g e d  a f t e r  b o i l i n g  f o r  some t i m e  w i t h  50ÿo

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

d u r i n g  t h e  a c i d  r e d u c t i o n  t o  g i v e  2 : 7 - d i l i y d r o - 2  * - a m i n o -  

3 : 4 - 5 ; 6 - d i b e n z o x e p i n .

P o u n d :  G 7 9 . 3 2 ;  H 6 . 1 7 ;  N 6 . 6 5 .

^14^^13^ N r e q u i r e s :  C 8 0 . 0 0 ;  K 6 . 1 9 ;  N 6 . 6 7 .

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

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

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

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

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

h y d r o c h l o r i c  a c i d  g a v e  a n  i n t r a c t a b l e  gum, a n d  t h e  a m i n e  w as
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unfortunately not volatile in steam

NOTE ; Melting points throughout are Uiicorrected. The 
analyses were carried out by Dr. v/eiler and Dr. Strauss 
of Oxford.
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