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ABSTRACT.

E x p e r im e n ta l  d a ta  have b e e n  ac cu m u la te d  w hich  

appear;^  to  r e v e a l  a r e l a t i o n s h i p  b e tw een  o p t i c a l  s t a b i l i t y  

and e l e c t r o n  d e n s i t y  i n  th e  r e g i o n  o f  th e  1 , 1 •-b o n d  o f  

s t e r i c a l l y  h in d e re d  b ip h e n y l s :  an  a t te m p t  h a s  b e e n

made to  i s o l a t e  t h i s  f a c t o r  by w ork ing  w i th  a s e r i e s  

o f  2 , 2 • - d i - i o d o b i p h e n y l s  i n  w hich U>4*- s u b s t i t u e n t s  o f  

v a r y in g  e l e c t r o n  d o n a t in g  power a r e  i n t r o d u c e d .

2 ,2 * - d i - i o d o b l p h e n y l  and f o u r  o f  i t s  

d e r i v a t i v e s  ( d i c a r b o x y ,  d ica rbo rae thoxy ,  d i a c e ta m id o  and 

d iam in o )  have b e e n  o b t a i n e d  i n  t h e i r  o p t i c a l l y  a c t i v e  

s t a t e s ;  f o r  t h e  f i r s t  t im e ,  e x c e p t  f o r  t h e  - d i c a r b o x y l i c  

a c i d .  T h e i r  r a t e  c o e f f i c i e n t s  o f  r a c é m i s a t i o n  have 

b e e n  d e t e rm in e d  a t  s e v e r a l  o e m p e ra tu re s .  The s o l v e n t  

u s e d  i n  a l l  t h e  f i v e  c a s e s  was N ,N *-d im ethy lfo rm am id e ,  

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

a b s o l u t e  e t h a n o l  and i n  O.IN aqueous  sodium h y d ro x id e  

f o r  2 , 2 ’ - d i - i o d o b i p h e n y l - U , U ’ - 'd i c a r b o x y l i c  a c i d ,  and  i n  

0.5N aqueous  a l c o h o l i c  h y d r o c h l o r i c  a c i d  f o r  2 , 2 * - d i -  

i o d o b e n z i d i n e .  From t h e  e x p e r i m e n ta l  r e s u l t s ,  t h e  

A r r h e n i u s  p a r a m e t e r s  E and log^QA, and th e  t r a n s i t i o n  

s t a t e  t h e o r y  f u n c t i o n s  AHf , AS^ , and AP^ were e v a l u a t e d .
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I n  t h e  d i s c u s s i o n ,  a s u g g e s t e d  geometry  o f  t h e  

g round  s t a t e ,  and o f  t h e  t r a n s i t i o n  s t a t e  d u r i n g  

r a c é m i s a t i o n ,  o f  2 , 2 * - d i - i o d o h i p h e n y l  a r e  d e s c r i b e d  and 

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

v a l u e s  o f  t h e  e n t ro p y  and en e rg y  o f  a c t i v a t i o n ,  which  

d e te rm in e  th e  o p t i c a l  s t a b i l i t y .  The e x p e r i m e n t a l l y  

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

2 , 2 * - d i - i o d o b i p h e n y l  d e r i v a t i v e s  have b e e n  compared w i t h  

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

t o  t h e  geometry  o f  t h e  ground and t r a n s i t i o n  s t a t e s .

The e x p e r i m e n ta l  r e s u l t s  show a d e c r e a s e  i n  ene rgy  

o f  a c t i v a t i o n  w i th  i n c r e a s i n g  e l e c t r o n  d o n a t in g  power o f  

th e  4 , 4 * - s u b s t i t u e n t s .  T h is  o b s e r v a t i o n  i s  d i s c u s s e d  i n  

te rm s  o f  r e s o n a n c e  i n v o l v i n g  th e  1 , 1 * - b o n d ,  and  i n  t e rm s  

o f  o u t - o f - p l a n e  bond d i s t o r t i o n  o f  t h e  1 and 1*- c a r b o n  

a tom s.

The p r e p a r a t i o n s  o f  t h i s  s e r i e s  o f  2 ,2 * - d i - i o d o -  

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

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

o f  t h r e e  4>4*- d e r i v a t i v e s  o f  2 , 2 * - d i - b r o m o b ip h e n y l ,  and 

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

s t a t e .
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A STUDY OF TrlB RACEMISATION RATBS OP 

2 .2 * -DISUBSTITUTED BIPHENYL DERIVATIVES.

I N T R O D U C T I O N .

R es tr io tecL  r o t a t i o n  and Asymmetry» I n v e s t i g a t i o n s  

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

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

d i s c o v e r y  i n  1926,  o f  a n  e n t i r e l y  new f i e l d  o f  s t e r e o 

c h e m is t r y ,  t h a t  o f  m o le c u le s  owing t h e i r  m o le c u l a r  

d issym m etry  to  r e s t r i c t e d  i n t e r n a l  r o t a t i o n  a b o u t  a s i n g l e  

bond .

The two benzene  n u c l e i  i n  b i p h e n y l  and i t s  d e r i v a t i v e s
A//

were c o n s i d e r e d  t o  be  c o p i a i  and c o p l a n a r ,  u n t i l  1907 ,  when 

K a u f l e r  s u g g e s te d  t h a t  th e y  were n o n - c o p l a n a r  and were 

i n c l i n e d  to w ard s  ea ch  o t h e r .  ( Ann. . 1907 ,  351 . 151;

B e r . . 1 907 , 3250 ) .  K a u f l e r  b a s e d  h i s  v iew on c e r t a i n

c o n d e n s a t i o n  p r o d u c t s  o f  b e n z i d i n e ,  which  he c o n s i d e r e d  t o  

be  s t r u c t u r a l l y  a n a lo g o u s  t o  c y c l i c  compounds o b t a i n e d  from 

0 - d i a r a i n e s : -



H is  v iew  was a p p a r e n t l y  c o n f i rm e d  by  l a t e r  e x p e r i m e n t s  on 

t h e  c o n d e n s a t i o n  o f  b e n z i d i n e  w i t h  b e n z i l  and  g ly o x a l*

(C a i n  and M i c k l e t h w a i t , J • ,  191 k ,  1 0 ^ . 1 4 3 7 ) .

The K a u f l e r  fo rm u la  f o r  b i p h e n y l  i m p l i e s  t h a t  t h e r e  

i s  no r o t a t i o n  a b o u t  t h e  i n t e r a n n u l a r  bond ,  and c i s - t r a n s 

iso m er  i  sm sh o u ld  be  p o s s i b l e .  Thus ,  two i s o m e r i c  

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

i s o m e r s .  ( C a i n  and  M i c k l e t h w a i t ,  i b i d . ) (  2 a )

S i m i l a r l y ,  t h i s  k i n d  o f  i som erism  was u s e d  by 

Kenner  ( C h r i s t i e  and Kenner ,  J . , 1922 ,  1 2 1 . 6 l 4 ) , a s  an  

e x p l a n a t i o n  f o r  t h e  r e p o r t e d  e x i s t e n c e  ( S c h u l t z ,  Ann. , 1880 ,  

2 0 3 . 9 5 ;  Schmidt and  Kampf, B e r . . 1903» 3745) o f  a

6 , 6 ’ - d i n i t r o d i p h e n i c  a c i d ,  d i f f e r e n t  from th e  one w hich  he 

h ad  s y n t h e s i s e d .  (Kenner  and  S t u b b i n g s ,  J . , 1921 ,  112., 593)#

M K

WH

CÔ H NO,

irnsfvs

Mo.

c b )

I t  was p o i n t e d  o u t  t h a t  t h e  t r a n s - ,  b u t  n o t  t h e  c i s - i s o m e r  i n  

e a c h  p a i r  o f  t h e s e  compounds p o s s e s s e s  m o l e c u l a r  d is sy m m et ry ,  

and  s h o u ld  t h e r e f o r e  be  r e s o l v a b l e .  (K in g ,  i . , 1914 ,

3 0 . 250 ) C h r i s t i e  and K enner ,  l o c .  c i t . ) Kenner  a l s o
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showed t h e  p o s s i b i l i t y  o f  g e o m e t r i c a l  i so m er ism  i n  two 

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

and t h e  o t h e r  w i th  t h e  p l a n e s  o f  t h e  b e n z e n e  r i n g s  m ain

t a i n e d  a t  a n  a n g l e  g r e a t e r  t h a n  0^ and  l e s s  t h a n  90° .

( I f  t h e  a n g l e s  were  90°* t h e r e  would  b e  one r e s o l v a b l e  and  

no c i s - t r a n s  i s o m e r i s m . )

O p t i c a l  i so m er ism  i s  i m p o s s i b l e  i n  t h e  p l a n a r  

c o n f i g u r a t i o n ,  b u t  i n  t h e  o t h e r  c o n f i g u r a t i o n ,  b o t h  c i s -  

and  t r a n s - i s o m e r s  s h o u ld  b e  r e s o l v a b l e .  These c o n s i d e r a t i o n s  

l e d  Kenner t o  a t t e m p t  t h e  r e s o l u t i o n  o f  h i s  5 , 6 * - d i n i t r o -  

d i p h e n i c  a c i d  ( c o n s i d e r e d  t o  be  t r a n s )  and a l s o  t h e  

r e s o l u t i o n  o f  4 , 6 , 4 *, 6 ' - t e t r a n i t r o d i p h e n i c  a c i d  and  

4 , 4 * - d i n i t r o d i p h e n i c  a c i d  i n  1922 .  ( C h r i s t i e  and  K en n e r ,  

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

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

i n  r e s o l v i n g  th e  l a s t  a c i d  was i n c o n s i s t e n t  v / i th  t h e  o t h e r  

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

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

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

By 1 9 2 6 , how ever ,  i t  was r e a l i s e d ,  on  t h e  g round

o f  v a r i o u s  p i e c e s  o f  ch em ica l  e v i d e n c e ,  t h a t  t h e r e  was no

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

su p p o se d  c y c l i c  c o n d e n s a t i o n  p r o d u c t s  o f  b e n z i d i n e  w ere

shown t o  b e  n o n - e x i s t e n t  ( T u r n e r ,  J . ,  1915* 1 07 ;  F e r r i s  and

T u r n e r ,  J . , 1920 ,  1 1 2 ,  H 4 0 ;  Le P e v re  and T u r n e r ,  J . , 1926 ,  
2 4 7 6 ) ;  t h e  d i n i t r o b e n z i d i n e s  were shown t o  b e  s t r u c t u r a l  and
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n o t  g e o m e t r i c a l  is o m e rs  (B rady  and  McHugh, J . ,  1923 ,  121 ,  2047 ;

Le P ev re  and  T u r n e r ,  J . , 1926 ,  1 7 5 9 ) ;  and  m o re o v e r ,  th e  

6 ,6 ^ - d i n i t r o d i p h e n i c  a c i d  r e c o r d e d  i n  l i t e r a t u r e  was shown t o  

b e  th e  s t r u c t u r a l l y  i s o m e r ic  4 * 6 ' - d i n i t r o d i p h e n i c  a c i d  ( C h r i s t i e ,  

H o ld e r  ne 88 and  K enner, , 1926 ,  671)# T h is  c o n c l u s i o n  was 

l a t e r  c o n f i rm e d  by  d i e l e c t r i c  m easu rem en ts  on  b ip h e n y l  

d e r i v a t i v e s .  ( B r e t s c h e r ,  H e lv .P h v s .A c ta . . 1 9 29 ,  2 ,  2 5 7 - 7 0 ) .

The p rob lem  w hich  rem a in ed  t o  b e  s o lv e d  was th e  m o le c u la r  

d issy m m etry  o f  6 ,6 * - d i n i t r o d i p h e n i c  a c i d  and  o t h e r  s i m i l a r  

compounds w hich  h ad  b e e n  r e s o l v e d .  ( C h r i s t i e ,  Jam es and 

K enner, J . ,  1923* 1948;  C h r i s t i e  and  K en n e r,  J . , 1923* 784)*

T h is  p rob lem  was tackled i n  1926 by T u rn e r  and Le P e v re  ( Chem. 

and  I n d . .  4 5 . 8 51 , 883) ,  B e l l  and  Kenyon ( i b i d . 864) and  

W. H. M i l l s  ( i b i d . 884* 905)*  th e  t h r e e  p u b l i c a t i o n s  a p p e a r in g  

a lm o s t  s im u l t a n e o u s ly .

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

b ip h e n y l  d e r i v a t i v e s ,  a c o a x i a l  a r ra n g e m e n t  f o r  th e  two 

b e n z en e  n u c l e i ,  i n  w hich  g ro u p s  i n  th e  o r t h o  p o s i t i o n s  w ould  

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

th e  m o le c u le  from  becom ing  p l a n a r  and th u s  c a u s in g  m o le c u la r  

d is sy m m e try .  The way i n  w hich  th e s e  g ro u p s  p r e v e n t  c o p l a n a r i t y  

was c o n s id e r e d  i n  te rm s  o f  s i z e  and e l e c t r i c a l  e f f e c t s  by  

B e l l  and  Kenyon, and  i n  te rm s  o f  volume e f f e c t s  by  M i l l s .

T u rn e r  and  Le P evre  a c c o u n t  a l s o  f o r  th e  r e c o r d e d  r e a d y  

r a c é m i s a t i o n  o f  K e n n e r 's  a c i d s  w hich  h ad  n o t  b e e n  e x p l a i n e d  by
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t h e  o t h e r  a u th o r s #  U sing  T h i e l e ’ s c o n c e p t  o f  " r e s i d u a l  

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

" r e s i d u a l  a f f i n i t y "  o f  t h e  2 ,  and 2 ’ -C -a to m s ,  t o g e t h e r  w i t h  

t h e  " r e s i d u a l  v a l e n c y "  a c r o s s  t h e  1 , 1 ’ -b o n d  a s  o p e r a t i v e  i n  

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

o f  t h e  0 -  s u b s t i t u e n t s  t o  t w i s t  t h e  m o le c u le  f rom a p l a n a r  

c o n f i g u r a t i o n #  Though l a t e r  work showed t h a t  K en n e r ’ s 

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

th e o r y "  o f  B e l l ,  Kenyon and  M i l l s  p ro v e d  s u f f i c i e n t ,  i t  i s  

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

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

Fig . 3

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

r e s o n a n c e ,  and t h i s  i s  n o t  w i t h o u t  s i g n i f i c a n c e  a s  t h e  s u b j e c t  

o f  r e s t r i c t e d  r o t a t i o n  a b o u t  a s i n g l e  bond  d ev e lo p s#

The r e s o l u t i o n  o f  6 , 6 ’ - d i n i t r o d i p h e n i c  a c i d  by  

Kenner i n  1922 t h u s  became t h e  f i r s t  d e m o n s t r a t i o n  o f  m o l e c u l a r  

d issym m etry  a r i s i n g  from r e s t r i c t e d  r o t a t i o n  a b o u t  a s i n g l e  

bond# The g e n e r a l  t h e o r y  o f  r e s t r i c t e d  r o t a t i o n  w i t h  s p e c i a l  

em p h as is  on  t h e  i d e a  o f  " o b s t a c l e  g ro u p s"  was so o n  t e s t e d  by  

much e x p e r i m e n t a l  w ork ,  m a in ly  by  T u r n e r  and  c o - w o r k e r s  i n  

E n g la n d ,  and by  Adams and  h i s  s c h o o l  i n  t h e  S t a t e s #  I n v e s t i 

g a t i o n s  i n  0 , 0 ’ - s u b s t i t u t e d  b i p h e n y l s  soon  b r o a d e n e d  t o  i n c l u d e
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o t h e r  t y p e s  o f  m o le c u l e s :  l , l * - b i n a p h t l i y l s  were r e c o g n i s e d

a s  an a lo g o u s  t o  0 , 0 ’ - s u b s t i t u t e d  b i p h e n y l s  w i t h  8 , 8 ’ -H-a tom s 

and 2 , 2 ’ - s u b s t i t u e n t s  a c t i n g  a s  o b s t a c l e  g r o u p s ,  and many 

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

o f  s t r u c t u r e  were r e s o lv e d *  Some exam ples  a r e  g i v e n  b e lo w :

i £ )I X )

( M a s c a r e l l i ,  G a z z . G h l i a . i t a l » . 1928 ,  52.» 627) ( M i l l s  & E l l i o t t .
J , ,  1928 ,  1 2 9 1 . )

C»
N

(W oodruff  and Adams, J . A . C . S . « 1 932 ,  1977) ( M i l l s  and  Kelham,
J . ,  1937 ,  2 7 4 . )

1!L

( M i l l s ,  J . ,  1939 ,  460)

Ni
I

( J a m is o n  and 
T u r n e r ,  J * ,  1938 
1646)
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The r e s o l u t i o n  o f  t h e s e  compounds showed t h e  g e n e r a l  

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

p ro v e d  i t s  v a l i d i t y #

The ,0b a t  a c l e  The o r v # The i d e a  o f  " o b s t a c l e  g ro u p s"

was t e s t e d  i n  1927* when Meisenheimer and H oring  ( B e r # . 6 0 «

1 4 2 5 ) r e s o l v e d  2 , 2 ’ - d i a m i n o - 6 , 6 ’ - d i m e t h y l  b i p h e n y l ,  t h e  

m o le c u la r  d issym metry  o f  which was p r e d i c t e d  on th e  b a s i s  o f  

m o le c u l a r  d im e n s io n s ,  deduced  from X -ray  measurements  o f  

s o l i d s #  S i m i l a r  t e s t s  were soon a p p l i e d  t o  o t h e r  0 , 0 ’ - s u b s t i t u t e d  

b i p h e n y l s ;  L e s s l i e  and T u rn e r  ( J # , 1932 ,  2021) u se d  t h e  

co n c e p t  o f  a tom ic  r a d i i ,  w h i le  Adams’ s c h o o l  d e f i n e d  th e  

" i n t e r f e r e n c e  v a lu e "  from bond l e n g t h s ,  a s  a rough  m easure  o f  

o p t i c a l  s t a b i l i t y  ( J * A .C .8 . « 1930* 52. 1200)# Both g ro u p s  o f  

w o rk e rs  p r e d i c t e d  t h e  r e s o l v a b i l i t y  o f  2 , 2 ’ - d i s u b s t i t u t e d  

b i p h e n y l  i n  which t h e  0 - s u b s t i t u e n t  was a s u f f i c i e n t l y  l a r g e  

group  o f  t h e  s t r u c t u r e  AX^, o r  a l t e r n a t i v e l y ,  a s i n g l e  atom 

o f  t h e  s i z e  o f  brom ine o r  i o d i n e  ( L e s s l i e  and T u rn e r ,  i b i d ;

S t a n l e y  and Adams, J " A .C .S # . 1930, J^*  4471)# T u rn e r  and 

co -w o rk e r s  were a b l e  t o  r e s o l v e  compounds o f  t h e  f i r s t  k in d  

where -AX^ = SO^Ph, SO^H and ( L e s s l i e  and T u r n e r ,  J # ,

19 3 2 , 2021; 2394* Shaw and T u r n e r ,  N a t u r e # 1 3 0 . 315;  J # , 1933*

1 3 5 ) ,  w h i le  S e a r l e  and  Adams were a b l e  t o  o b t a i n  2 , 2 ’ -d ib ro m o -
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and  2 , 2 ' - d i - i o d o b l p h ^ l - i l . , i 4 - ' - d i c a r l 3 0 x y l i c  a c i d  I n  t h e  

o p t i c a l l y  a c t i v e  c o n d i t i o n  ( J . A . C . S . . 1933 ,  16U9; 1934 ,

5 6 * 2112)» P r e d i c a t i o n s  were a l s o  made f o r  b i p h e n y l s  w i t h  

o n ly  one o b s t a c l e  g ro u p ,  b u t  o n ly  one compound o f  t h i s  k i n d  

was r e s o l v e d  ( L e s s l i e  and  T u r n e r ,  J . , 1933 ,  1 5 8 8 ) .

(VD)

Adams’ s c h o o l  a l s o  s t u d i e d  t h e  c o r r e l a t i o n  o f  

i n t e r f e r e n c e  v a l u e s ” w i th  t h e  a c t u a l  e f f e c t i v e n e s s  o f  a 

b l o c k i n g  g ro u p ,  X, i n  t e rm s  o f  t h e  r a c é m i s a t i o n  r a t e s  o f  a 

s e r i e s  o f  2 - n i t r o b i p h e n y l - G - c a r b o x y l i c  a c i d s :

I m ) X -  0 % ;  MOj,

X =* P ,  CL, &I-

(H a le  and  Adams, u n p u b l i s h e d  r e s u l t s  q u o te d  by  Yuan and 

Adams, Chem.Rev. . 1 9 33 ,  12 ,  261; S tj^oughton and Adams, 

J » A . C . S . . 1932 , 4 4 2 6 ) .



These e x p e r im e n t s  gave th e  e f f e c t i v e n e s s  o f  X i n  p r e v e n t i n g  

r a c é m i s a t i o n  i n  t h e  o r d e r  Br } CH^ ^ Cl ^ NO^ ^ CO^H ^  OGH^ P, 

i n  f a i r l y  good ag reem en t  w i t h  t h e  o r d e r  o f  t h e  i n t e r f e r e n c e  

v a lu e s *

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

i n s u f f i c i e n c y  o f  " o b s t a c l e  t h e o r y ” . The r a t e  o f  r a c é m i s a t i o n  

o f  an  0 , 0 ’ - s u b s t i t u t e d  b ip h e n y l  was f i r s t  o b s e rv e d  by  

Kihn  and A l b r e c h t ,  who found  t h a t  t h e  r a c é m i s a t i o n  o f  

Ii.,6 ’ - d i n i t r o  d ip h e n i c  a c i d ,  and  o f  U , 6 , U’ - t r i n i t r o  d i p h e n i c  

a c i d  i n  sodium c a r b o n a t e  s o l u t i o n  obeyed  f i r s t  o r d e r  

k i n e t i c s  (Ann*. 1927 ,  272;  k ^ ,  221 )* S in ce  t h e n ,

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

p e r i o d ,  t ^ ,  f o r  r a c é m i s a t i o n  i n  a g i v e n  s o l v e n t  a t  a g i v e n  

t e m p e r a t u r e ,  have b e e n  u sed  a s  a q u a n t i t a t i v e  m easure  o f  

o p t i c a l  s t a b i l i t y *  B e s id e s  i t s  a p p l i c a t i o n  to  t h e  d e t e r m in a 

t i o n  o f  th e  r e l a t i v e  b l o c k i n g  e f f e c t  o f  ^ - s u b s t i t u e n t s ,  

r a c é m i s a t i o n  r a t e  s t u d i e s  have b e e n  a p p l i e d  t o  d e t e r m in e  

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

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

i n  p o s i t i o n s  o t h e r  t h a n  th e  ”b l o c k i n g ” o n e s ,  on o p t i c a l  

s t a b i l i t y *  Kuhn and  A l b r e c h t  a l s o  u s e d  t h e  A r r h e n i u s  

r e l a t i o n s h i p  t o  d e t e rm in e  t h e  a c t i v a t i o n  en e rg y  o f  r a c é m i s a t i o n  

f o r  k , 6 ’ - d i n i t r o -  and  k , 6 , k ’ - t r i n i t r o d i p h e n i c  a c i d  from 

r a t e  c o n s t a n t s  a t  two d i f f e r e n t  t e m p e r a t u r e s .
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"-Ek = A e ^  E = a c t i v a t i o n  e n e rg y

R = g a s  c o n s t a n t
E

lo&i nK = o ‘ïn^prn A = A r r h e n i u s  c o n s t a n t  o r
10  10  2 . 303RT f r e q u e n c y  f a c t o r

T = A b s o lu te  T em p e ra tu re  

(E and log^^A w i l l  hence  be  c a l l e d  t h e  A r r h e n i u s  p a r a m e t e r s )  

However, e x p e r i m e n ta l  d e t e r m i n a t i o n s  o f  A r r h e n i u s  p a r a m e t e r s  

were n o t  f o r th c o m in g  d u r i n g  t h e  f i r s t  tw en ty  y e a r s  o f  t h e  

deve lopm ent  o f  t h e  s u b j e c t  o f  r e s t r i c t e d  r o t a t i o n #  Kornblum 

and Adams ( J .A ,G # 8 # . I S k l f  188)  commented on t h e  l a r g e  

e r r o r s  i n v o l v e d  i n  such  d e t e r m i n a t i o n s  and c o n c lu d e d  t h a t  t h e  

u se  o f  t h e  h a l f - l i f e  p e r i o d  a s  a m easure  o f  o p t i c a l  s t a b i l i t y  

was t o  be p r e f e r r e d .  Such d e t e r m i n a t i o n s  were l a t e r  

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

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

and by t h e  a p p l i c a t i o n  o f  t h e  A b s o lu te  R e a c t i o n  R a te  Theory 

t o  t h i s  ty p e  o f  r a c é m i s a t i o n  p r o c e s s .

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

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

; show t h a t  a l t h o u g h  t h e  " o b s t a c l e  t h e o r y ” h o l d s

i n  g e n e r a l ,  t h e  s i z e  e f f e c t  c a n n o t  be  t h e  on ly  f a c t o r  

g o v e r n in g  t h e  e a s e  o f  r a c é m i s a t i o n  (Adams and F i n g e r ,  J . A . C . S . . 

1 9 3 9 , 2828; Adams and H a le ,  i b i d . 2 8 2 5 ) .



A

€<kt+

i r ) (.Sl )

CH
X
V
\ '

NO,

( W )
A c c o rd in g  t o  s i z e ,  t h e  o p t i c a l  s t a b i l i t y  s h o u ld  he  i n  

t h e  o r d e r  tX)) ~ ( X l l )  o-r-.d > (X | | | )

The e x p e r i m e n t a l  r e s u l t s ,  how ever ,  g iv e  t h e  o r d e r  (XIl) j^  ( X I ^  

( x )  and (X IV )^  ( X V ^  ( X I I l ) .  These r e s u l t s  have  n o t  b e e n  

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

I n  t h e  s tu d y  o f  r e s t r i c t e d  r o t a t i o n  ab o u t  a C-N 

bond ,  how ever ,  e x p e r i m e n t a l  d e v i a t i o n s  from t h e  c o n c e p t  o f  

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

l o n e  p a i r  e l e c t r o n s  on th e  n i t r o g e n  atom w i t h  t h e  pheny l  

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

ty p e

\  •) I  A 'C C ,  Oc#, AiO.
Co.
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where X=I, B r ,  C l ,  OMe, NO^ was fo u n d  t o  be  i n  t h e  o r d e r

I  )> Br > 01 OMe )> (Adams and Sundholm, J  .A .0 . 8 . .  1948 ,

2 0 ,  2667;  Adams and Gordon, i b i d . 1950 ,  1 2 ,  2k5k)»  The
was

anomalous o p t i c a l  i n s t a b i l i t y  o f  t h e  n i t r o  c o m p o u n d /ex p la in e d  

i n  t e rm s  o f  th e  d i p o l a r  n a t u r e  o f  t h e  n i t r o  g ro u p ,  which  

v/ould in d u c e  an  e l e c t r o m e r i c  change w i th  t h e  deve lopm ent  

o f  c o p l a n a r i t y :

*

COCHj'CI^.CX)il+

The same e x p l a n a t i o n  h a s  b e e n  a p p l i e d  to  th e  e f f e c t  o f  

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

compounds (Adams and  A l b e r t ,  J  .A . 0 . 8 #, 1942 ,  1475;

Adams and Gordon, l o c # o i t . )

9 N

X

N

( ® )

X

X —H , K n  1»̂  to i lirvg tutSkfioL

X = a ,  t x  = 4 ' /  k n  M " "

X » % 3 I Ivrs l r \  boi ywta.noL

y  '  ft»", t i  ^  I I K rj I' 'I II .



The Cl and Br a tom s,  "by v i r t u e  o f  t h e i r  n e g a t i v e  i n d u c t i v e  

e f f e c t ,  would p ro m o te ,  w h i l e  t h e  m ethyl  g ro u p ,  by  v i r t u e  

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

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

atom i n  t h e s e  compounds.

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

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

made by Adams and h i s  s t u d e n t s ,  and t h e i r  work on th e  

2 - n i t r o - 6 - c a r b o x y - 2 * - m e t h o x y - b i p h e n y l  d e r i v a t i v e s  may be  

summarised i n  t h e  f o l l o w i n g  t a b l e :

T ab le  1 .

S o lv e n t Temp. S u b s t i t u e n t
° c . „

NOg B r G1 CH^ OCH, H 
3

e t h a n o l 25 i n  p o s i t i o n  3 ' 1905 827 711 331 98

e t h a n o l 2 6 -2 8 °  " I f 5 ’ 35 32 31 12 11 1 0 .2

a c e to n e 224. -2 6 . 5°  " ft U' 115 25 12 2 . 5 3 .6

e t h a n o l 28° " II h U 9 11 5

(Yuan and Adams, J  .A .C .S . . 1932 ,  C h ien  and Adams,

i b i d . 1934, 1787 ;  Hanford  and  Adams, i b i d . 1935 ,  1592 ;

Adams and S n y d e r ,  i b i d . . 1938 ,  1411 ) .

The e f f e c t  o f  a l l  3 ' - s u b s t i t u e n t s  i n  r e d u c i n g  t h e  

r a t e  o f  r a c é m i s a t i o n  was e x p l a i n e d  i n  t e rm s  o f  t h e  

" b u t t r e s s i n g  e f f e c t " ; t h e  r e p u l s i o n  o f  t h e  2 ' - o b s t a c l e  

to w ard s  t h e  o t h e r  r i n g  by  t h e  a d j a c e n t  3*- s u b s t i t u e n t .



o p p o s in g  i n - p l a n e  d i s t o r t i o n  o f  bond  a n g l e  r e q u i r e d  f o r  

r a c é m is a t io n #  The i n c r e a s e  i n  e n e rg y  b a r r i e r  due t o  t h e  

" b u t t r e s s in g  e f f e c t "  h a s  b e e n  d e m o n s t r a t e d  b o t h  by e x p e r im e n t  

and c a l c u l a t i o n ,  i n  t h e  c a s e  o f  2 , 3 , 2 ' , 3 * - t e t r a i o d o b i p h ^ y l -  

5 , 5 ’ -< i i c a r b o x y l i c  a c i d  ( R e i g e r  and  W es the im er ,  J  .A .C .S . . 1950 ,  

5 0 , 7 2 , 1 9 )# The e f f e c t  o f  s u b s t i t u e n t s  i n  t h e  5 ' , 4 ’ and  

4 - p o s i t i o n s  on t h e  o p t i c a l  s t a b i l i t y  o f  (XIX) h a s  n o t ,  how ever ,  

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

C a l c u l a t i o n  o f  e n e rg y  o f  a c t i v a t i o n  f o r  r a c é m i s a t i o n . The 

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

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

was made by Mayer and W esthe im er  i n  1946» They e s t i m a t e d  

an  a c t i v a t i o n  e n e rg y  o f  1S k o a l s  f o r  2 , 2 ' - d ib r o m o b i p h e n y l - 4 ,4* -  

d i c a r b o x y l i c  a c i d ,  by  m in im is in g  t h e  e n e rg y  o f  a p l a n a r  

t r a n s i t i o n  s t a t e  w i t h  r e s p e c t  t o  bond  d e f o r m a t i o n s  and  

Van d e r  W aals '  i n t e r a c t i o n s  (Mayer and W es the im er ,  J .C h e m .P h y s . . 

1 9 4 7 , US, 2 52 ) .  S in c e  t h e n  t h e i r  method h a s  b e e n  a p p l i e d ,  

w i t h  s l i g h t  m o d i f i c a t i o n s  t o  s e v e r a l  o t h e r  0,0 ' - h a l o g e n a t e d  

b i p h e n y l s ,  and  a l s o  t o  some b r i d g e d  b i p h e n y l s  ( R e i g e r  and 

W esthe im er ,  l o c . c i t . ;  H o w le t t ,  J . , I 9 6 0 ,  1055 ;  H a l l  and 

T u r n e r ,  J . ,  1955 ,  1 2 4 2 -a p p e n d ix ;  Mislow, Hyden and  S c h o e f e r ,  

J * A .C .S . . 19 6 2 , 8ii, 1451 ) .  Such t h e o r e t i c a l  c a l c u l a t i o n s  

n a t u r a l l y  s t i m u l a t e  e x p e r i m e n ta l  work on t h e  d e t e r m i n a t i o n  

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

d e r i v a t i v e s .



( 6

E n tro p y  o f  a c t i v a t i o n  and o p t i c a l  s t a b i l i t y . I n  1951 ,

Cagle  and E y r in g . f  J . A . C . S . . 1951,  22» 5628) c o l l e c t e d  t h e  

r a c é m i s a t i o n  r a t e  d a t a  which  were t h e n  a v a i l a b l e ,  and 

a p p l i e d  t h e  A b s o lu te  R e a c t i o n  R a te  Theory  to  t h e  r a c é m i s a t i o n  

o f  t e n  0 , 0 ' - s u b s t i t u t e d  b i p h e n y l s  and r e l a t e d  compounds.

k = e e ; k = Bol tzm an C o n s t a n t ;  h  = P l a n c k ’ s
^  ^  RT R c o n s t a n t

ïÇ = t r a n s m i s s i o n  c o e f f i c i e n t

= e n t r o p y  o f  a c t i v a t i o n

= e n t h a l p ^  o f  a c t i v a t i o n  
1/AH4^ \ AS4k

They e v a l u a t e d  th e  e n t r o p y  and e n t h a l p ^  o f  a c t i v a t i o n  from 

t h e  above e q u a t i o n  and t h e  f r e e  ene rgy  o f  a c t i v a t i o n  Apt^ from 

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

APT = AH=+ -TAS+

(AHT , AST and APT w i l l  hence  be c a l l e d  t h e  t r a n s i t i o n  s t a t e  

t h e o r y  f u n c t i o n s ) .

T h e i r  p u rp o se  was t o  r e l a t e  r e a c t i o n  r a t e  w i t h  s t r u c t u r e ,  

and i n  p a r t i c u l a r  to  f i n d  o u t  more ab o u t  t h e  n a t u r e  o f  t h e  

a c t i v a t e d  complex i n  th e  p r o c e s s  o f  r a c é m i s a t i o n .  T h e i r  

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

compounds r e v e a l e d  t h e  im p o r ta n c e  o f  t h e  c o n t r i b u t i o n  o f  t h e  

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

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

c o r r e l a t i n g  s t r u c t u r e  w i t h  AS*t v a l u e s .  Though t h e i r  work



was l i m i t e d  b o t h  by  t h e  sm a l l  number o f  e x p e r i m e n t a l  d a t a  

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

d a t a ,  t h e i r  a p p ro a c h  a r o u s e d  g r e a t  i n t e r e s t , ^  and c a l l e d  

f o r  more a c c u r a t e  m easurem ents  o f  r a c é m i s a t i o n  r a t e s  a s  a 

means o f  o b t a i n i n g  more r e l i a b l e  v a l u e s  f o r  t h e  t r a n s i t i o n  

s t a t e  f u n c t i o n s .  I n  i 9 6 0 , H a l l  and H a r r i s  ( J . , I 96O, 1+90-494) 

were a b l e  t o  com pile  a t a b l e  o f  A r r h e n i u s  p a r a m e t e r s  and 

t r a n s i t i o n  s t a t e  t h e o r y  f u n c t i o n s  f o r  54 compounds which  

owe t h e i r  o p t i c a l  a c t i v i t y  to  r e s t r i c t e d  r o t a t i o n ,  and  

many more compounds ca n  now be  added  t o  t h e  l i s t .

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

b i p h e n y l s ,  and  th e  m etiiods u se d  i n  th e  i n v e s t i g a t i o n  o f  

compounds w hich  p o s s e s s  o p t i c a l  a c t i v i t y  o f  t h i s  ty p e  have 

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

s e v e r a l  t h e o r i e s  have b e e n  p u t  fo rw a rd  to  e x p l a i n  th e  c o u r s e  

o f  r a c é m i s a t i o n ,  and to  d e s c r i b e  th e  t r a n s i t i o n  s t a t e  i n  

th e  r a c é m i s a t i o n  o f  t h e s e  compounds.

S u g g e s te d  d i s t o r t i o n  w i t h i n  a ^planar t r a n s i t i o n  s t a t e . I t  

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

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

a p l a n a r  t r a n s i t i o n  s t a t e .  I n  2 , 6 , 2 * , 6 * - t e t r a s u b s t i t u t e d  

b i p h e n y l s  i n  which a l l  o - s u b s t i t u e n t s  a r e  t h e  same, t h e  two 

b en zen e  r i n g s  i n  t h e  t r a n s i t i o n  s t a t e  a r e  assumed t o  be  

c o a x i a l ;  i n  sy m m etr ic a l  2 , 2 ' - d i s u b s t i t u t e d  b i p h e n y l s  and  

compounds w i t h  t h e  same s t r u c t u r e ,  t h e y  a r e  t h o u g h t  t o  be



2̂̂

s l i g h t l y  i n c l i n e d  a t  e q u a l  a n g l e s  t o ,  and on t h e  o p p o s i t e  

s i d e s  o f  t h e  i n t e r a n n u la r b o n d / j  r ^ t e r i c  E f f e c t s  i n  O rgan ic  Chemis- 

t r y " ,  New Y ork ,  W i ley ,  1956 ,  p . 5 4 9 -5 5 0 ) ;  i n  b i p h e n y l s  w i t h  

s t r u c t u r e s  s i m i l a r  to  t h o s e  w i t h  1 o r  3 o b s t a c l e  g r o u p s ,  

how ever ,  t h e r e  i s  more d e v i a t i o n  from c o l l i n e a r i t y  and  t h e  

a n g l e s  b e tw e e n  t h e  ben zen e  r i n g s  and t h e  i n t e r a n n u l a r  bond  

w i l l  n o t  be  eq u a l^  ( S t a n l e y  and  Adams, J  .A .C .S .  . 1930 ,  5 2 . 

1 2 0 0 -5 ) •

(a) ( t )

The main f o r c e s  a t  work d u r i n g  r a c é m i s a t i o n  a r e  c o n s i d e r e d  

t o  be  s t e r i c  r a t h e r  t h a n  e l e c t r o n i c .  However, t h e  e f f e c t  

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

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

I t  h a s  a l r e a d y  b e e n  s e e n  t h a t  t h e  Le P e i ^ ^ - T u r n e r  

t h e o r y  when t r a n s l a t e d  i n t o  modern la n g u a g e  s t a t e s  t h a t  

c o n j u g a t i o n  acDOss th e  i n t e r a n n u l a r  bond i n  s t e r i c a l l y  h i n d e r e d  

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

t im e s  r e s o n a n c e  i n v o l v i n g  t h e  i n t e r a n n u l a r  bond  h a s  b e e n  

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



r a c é m i s a t i o n *  H e w l e t t ,  i n  c a l c u l a t i n g  t h e  a c t i v a t i o n  

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

o f  7 k c a l s .  t o  r e s o n a n c e  en e rg y  ( i n v o l v i n g  t h e  1 , 1 * -b o n d )  

i n  t h e  t r a n s i t i o n  s t a t e  ( J * , I 9 6 2 , IO5 5 ) ;  Mislow, Hyden and  

S c h o e f e r  ( l o c . c i t . ) i n  c a l c u l a t i n g  t h e  a c t i v a t i o n  e n e r g i e s  

o f  some b r i d g a i b i p h e n y l s  u s e d  a  v a l u e  o f  U k c a l s # , a v a l u e  

c a l c u l a t e d  f o r  p l a n a r  b i p h e n y l  i t s e l f  and W es th e im er  r e c o g n i s e d ^  

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

though  he n e g l e c t e d  t h i s  a s  i n s i g n i f i c a n t l y  s m a l l  i n  h i s  

c a l c u l a t i o n s *  ( " S t e r i c  E f f e c t s  i n  O rgan ic  Chemistry*^. W i le y ,

1956 , p . 5 5 0 ) .

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

would i n c r e a s e  t h e  o p t i c a l  s t a b i l i t y  ofy^o,o - d i s u b s t i t u t e d  

b i p h e n y l  h a s  b e e n  p u t  f o r w a r d  by  C a l v i n  ( J*Org*Chem* . 1939 ,  k ,  

256 ) .  He s u g g e s t e d  t h a t  r e s o n a n c e  would s h o r t e n  t h e  

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

b e tw een  o b s t a c l e  g ro u p s .  S p e c i f i c a l l y ,  he  a t t r i b u t e d  t h e  

d e t e c t e d  o p t i c a l  a c t i v i t y  o f  2 , 2 *- d i b r o m o b i p h e n y l - 4 , 4 * -  

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

and th e  n o n - r e s o l v a b i l i t y  o f  2 , 2 * -d ib ro m o b e n z id in e  t o  t h e  

i n a b i l i t y  o f  t h e  amino g ro u p s  t o  r e c e i v e  e l e c t r o n s ;  he 

c o n s e q u e n t ly  s u g g e s t e d  t h a t  2 , 2 *-d ib ro m o -k -a m in o -4 ^ - n i t r o -  

b i p h e n y l  s h o u ld  be  more s t a b l e  t h a n  th e  c o r r e s p o n d i n g  

d i c a r b o x y l i c  ac id *  W es the im er  p o i n t e d  o u t  t h a t  C a lv i n * s  

argument was f a u l t y :  ’̂ Resonance a lw a y s  d e c r e a s e s  t h e  en e rg y

o f  a m o le c u l e ,  n e v e r  i n c r e a s e s  i t *  The i n t e r a n n u l a r  bond



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

o n ly  i f  r e s o n a n c e  lo w e r s  t h e  en e rg y  o f  t h e  p l a n a r  confo rm a

t io n *  I f  t h e  p l a n a r  c o n f o r m a t i o n  (w h ich  i s  t h e  t r a n s i t i o n  

s t a t e  f o r  r a c é m i s a t i o n )  h a s  l e s s  en e rg y  t h e  r e a c t i o n  would 

p r o c e e d  more r a p i d l y *  C o n v e r s e l y ,  i f  r e s o n a n c e  ca n n o t  

lo w e r  t h e  en e rg y  o f  t h e  p l a n a r  c o n f o r m a t i o n  o f  t h e  b i p h e n y l ,  

i t  c a n n o t  s h o r t e n  t h e  i n t e r a n n u l a r  bond  e i t h e r . "  C B te r ic  

E f f e c t s  i n  O rgan ic  C h e m is t ry " ,  p . 5 5 0 - 1 ) .

E x p e r im e n ta l  work i n  compounds w i t h  r e s t r i c t e d  

r o t a t i o n  ab o u t  a C-N bond  h a s  a l r e a d y  shown t h a t  C a l v i n ’ s 

argument does  n o t  h o l d :  i n 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

C-N bond  d e c r e a s e s  t h e  o p t i c a l  s t a b i l i t y ,  and v i c e  v e r s a , 

(compounds XVI, XVII,  X V I I I )•  I n  a b i p h e n y l ,  where  t h e r e  

i s  no " lo n e  p a i r "  e l e c t r o n  a t  t h e  1 o r  1 ’ - c a r b o n  atom a v a i l 

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

e f f e c t  may be  l e s s  marked.

OpHcoUy s ta b le

Q u t - o f - p l a n e  d i s t o r t i on  due to  m o l e c u l a r  o v e r 

c row ding  i n  an  e s s e n t i a l l y  c o n l a n a r  t r a n s i t i o n  s t a t e . R e c e n t l y  

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



3^'

m o d i f i e d  i n  t h e  c a s e  o f  l , l* -b in a p h th y l - 8 .ÿ * 8 * - d i c a r b o x y l i c  

a c i d  (X X I l ) ,  t o  a l lo w  f o r  m o l e c u l a r  o v e rc ro w d in g  i n  t h i s  

m o lecu le»  The ano m alo u s ly  low o p t i c a l  s t a b i l i t y  o f  t h i s  

compound, i n  co m par ison  w i t h  t h e  c o r r e s p o n d i n g  (XX) 2 , 2 * -  

and 5 ,5 * - d i c a r b o x y l i c  a c i d s  (XXl) i s  e x p l a i n e d  i n  t e r m s  o f  

i n - p l a n e  and o u t - o f - p l a n e  d i s t o r t i o n s  i n  b o t h  t h e  g round  

and t r a n s i t i o n  s t a t e s »  The en e rg y  b a r r i e r  t o  r a c é m i s a t i o n  

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

e x i s t e n c e  o f  a m esoid  t r a n s i t i o n  p a t h ,  which  i s  made p o s s i b l e  

by o u t  o f  p l a n e  d i s t o r t i o n s  ( H a r r i s  and  M e l l o r ,  Chem»and I n d » »
?57.  ̂ s

196^ ;  Cheung and  H a r r i s ,  Chem»and I n d ». 1 9 ^ 2 ,

The 8 - c a r b o x y l  c a r b o n  atom and  t h e  1 - c a r b o n  atom 

i n  1 , 1 * - b i n a p h t h y l - 8 ,8 * - d i c a r b o x y l i c  a c i d ,  a r e  d i s p l a c e d  o u t  

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

b e tw een  them, on a model w i t h  normal bond  l e n g t h s  and bond  

a n g l e s ,  would be  2»1|&, a v a l u e  l e s s  t h a n  t h e  l e a s t  d i s t a n c e  

o f  a p p r o a c h ,  3»oS, b e tw e en  two non-bonded  C-atoms»



IS

Such o u t - o f - p l a n e  d i s p l a c e m e n t  e n a b l e s  t h e  c a rb o x y l  g ro u p s  

t o  p a s s  t h e  r e l e v a n t  (2  and 2*) h y d ro g en  atoms w i t h  g r e a t e r  

e a s e ,  and lo w e r s  t h e  en e rg y  b a r r i e r  t o  r a c é m i s a t i o n  by  an  

am ount,  E s $ g . , e q u a l  to  t h e  s t r a i n  e n e rg y  i n  t h e  g ro u n d  

s t a t e .

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

asymmetry i n  t h e  i n d i v i d u a l  s u b s t i t u t e d  n a p h t h a l e n e  u n i t s :

These g iv e  r i s e  t o  t h r e e  p o s s i b l e  c o n f o r m a t i o n s  ( + ) ( + ) •

( - ) ( + ) ,  ( - ) ( - ) ,  f o r  e a c h  c o n f i g u r a t i o n ,  R o r  S ,  i n  l , l * - b i n a p h t h y l  

- 8 , 8  *- d i c a r b o x y l i c  a c id *  C o n fo rm a t io n a l  i n v e r s i o n s  ( + ) ^  ( - )  

a r e  c o n s i d e r e d  t o  be f a s t  i n  co m p a r iso n  w i th  c o n f i g u r a t i o n a l  

i n v e r s i o n s ,  and t h e  e x i s t e n c e  o f  t h e s e  c o n fo rm e rs  does  n o t  

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

r a c é m i s a t i o n .  However, e x a m in a t io n  o f  models  o f  t h e s e  

c o n fo rm e r s  shows t h a t  t h e  t h r e e  p o s s i b l e  t r a n s i t i o n  p a t h s  

a r e  a s s o c i a t e d  w i t h  two d i f f e r e n t  en e rg y  b a r r i e r s .  The 

( + ) ( + )  and  ( - ) ( - )  c o n fo rm e rs  ( r a c e m o id )  p a s s  th r o u g h  a
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t r a n s i t i o n  s t a t e  i n  w h ich  b o t h  b a r r i e r s  o f  maximum 

i n t e r f e r e n c e  a r e  e n c o u n t e r e d  s im u l t a n e o u s l y *  These t r a n s i 

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

b a r r i e r .  Fo r  t h e  ( + ) ( - )  c o n fo rm e r  ( m e s o i d ) ,  how ever ,  one 

p a i r  o f  o b s t a c l e s  (8-CO^H and 2*-H) a r e  a t  maximum i n t e r 

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

a d i s t a n c e  a p a r t .  The m o le c u le  t h e n  p a s s e s  t h r o u g h  a n  

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

o f  o b s t a c l e s  i s  t h e  same, b u t  n o t  maximum, b e f o r e  t h e  se co n d  

b a r r i e r  o f  maximum i n t e r f e r e n c e  i s  e n c o u n t e r e d .  The m eso id  

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

b a r r i e r  t h a n  t h e  r a c e m o id  t r a n s i t i o n  p a t h s .  As c o n fo rm a

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

i n v e r s i o n s ,  t h e  l a t t e r  w i l l  t a k e  p l a c e  th r o u g h  t h e  m eso id  

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

b a r r i e r  t o  r a c é m i s a t i o n .

H( + )(  + ) ^  r ( - ) (  + ) ^ ^ r ( - ) ( - )

S( + )(  + ) S ( - ) (  + ) ^  s ( - ) ( - )

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

i n  t h e  t r a n s i t i o n  s t a t e  o f  1 , 1 ’ - b i n a p h t h y l - 8 , 8*- d i c a r b o x y l i c  

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

i n  t h e  t r a n s i t i o n  s t a t e  t h a n  i n  t h e  g ro u n d  s t a t e .  I f  

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

t h e  e n e r g y  b a r r i e r  t o  r a c é m i s a t i o n  f o r  t h i s  compound an d
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s i m i l a r  compounds w i l l  be  f u r t h e r  l o w e r e d  by  a n  amount E^,  

e q u a l  t o  t h e  g a i n  i n  r e s o n a n c e  e n e rg y  i n  t h e  t r a n s i t i o n  

s t a t e .  The ene rgy  o f  a c t i v a t i o n ,  E,  f o r  such  a compound 

may b e  r e p r e s e n t e d  by t h e  e q u a t i o n : -

E = Es.m -  E s . g  -  E r   ...........................   ( l )

(Bs.ra » s t r a i n  e n e rg y  o f  t h e  m eso id  t r a n s i t i o n  s t a t e ) .  

S u g g e s te d  n o n - n l a n a r  t r a n s i t i o n  s t a t e  i n v o l v i n g  a 

t e t r a h e d r a l  c a rb o n  a tom .  Adams’ work on t h e  e f f e c t  o f  

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

n o t  b e  e x p l a i n e d  i n  t e rm s  o f  t h e  s im p le  o b s t a c l e  t h e o r y .  

B ad d e ley  ( N a t u r e . 19U6, 1 5 7 . 69k)  p o i n t e d  o u t  t h a t  i n  t h e s e  

two s e t s  o f  compounds, t h e  e l e c t r o n  d e n s i t i e s  i n  t h e  

u p p e r  r i n g s  ( r e f e r r i n g  t o  compounds X-XV, a s  drawn on p .  ) 

a r e  i n  t h e  same o r d e r  a s  t h e i r  r a t e s  o f  r a c é m i s a t i o n .  He 

s u g g e s te d  t h a t  e l e c t r o n  a v a i l a b i l i t y  i n  t h e  r i n g  would  e n a b le  

t h e  1 o r  1* c a rb o n  atom t o  a c q u i r e  a n e g a t i v e  c h a r g e ,  

becom ing  t e t r a h e d r a l ,  and  t h u s  l o w e r i n g  t h e  e n e rg y  r e q u i r e d  

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

C
Craw ford  and Smyth ( J . , 1 9 54 ,  3464)  d i s c u s s i n g  

Adams’ work on t h e  e f f e c t  o f  4 * ^ 5 '  s u b s t i t u e n t s  on t h e  

o p t i c a l  s t a b i l i t y  o f  2 - n l t r o - 6 - c a r b o x y - 2 ' - m e th o x y b ip h e n y l
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d e r i v a t i v e s ,  n o t e d  t h a t  t h e  r a t e s  o f  r a c é m i s a t i o n  p a r a l l e l e d  

t h e  e f f e c t i v e n e s s  o f  t h e  s u b s t i t u e n t s  i n  a c t i v a t i n g  t h e  

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

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

a t t a c k  o f  a p ro t iu m  c a t i o n  from t h e  s o l v e n t ,  r e s u l t i n g  i n  a 

t r a n s i t i o n  s t a t e  i n  which  t h e  1 o r  1 ’ - c a r b o n  atom became 

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

1 , 1 ’ -b o n d .

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

d e r i v a t i v e s ,  d i q u i n o l y l s  a n d  d i - i s o q u i n o l y l s  i n  t h i s  way. 

These tv/o p r o p o s a l s  o f  a t r a n s i t i o n  s t a t e  i n v o l v i n g  a 

t e t r a h e d r a l  C-atom have n o t  r e c e i v e d  g e n e r a l  a c c e p t a n c e  

( H a r r i s ,  P r o g r e s s  i n  S t e r e o c h e m i s t r y ,  2 ,  p . 1 9 2 ) ,  p a r t l y  

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

t h e o r y ,  w h ich  a r e  n o t  e x p l a i n a b l e  i n  some o t h e r  way, have  

n o t  y e t  b e e n  c a r r i e d  o u t .  Some o b j e c t i o n s  c a n  be  r a i s e d  

a g a i n s t  t h e  need  f o r  such  a n  e x p l a n a t i o n  on  t h e  g round  o f  

p h y s i c a l  and  ch e m ic a l  e v i d e n c e .

The p r e p a r a t i o n  o f  overc row ded  m o le c u l e s  i n  r e c e n t  

y e a r s  (Newman, ”S t e r i c  E f f e c t s  i n  O rg an ic  C h e m is t ry ” , C h .10 

p.ll.7 6 ) shows t h a t  p o l y n u c l e a r  a r o m a t i c  m ô le c u l e s  w i t h  a 

c o n s i d e r a b l e  amount o f  s t r a i n  e n e rg y  c a n  e x i s t .  D e f o rm a t io n  

i n  bond  l e n g t h s  and bond  a n g l e s  t h r o u g h o u t  t h e  m o le c u le  h a ^
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p o s s i b l e  t h e  p r e p a r a t i o n  o f  such  compounds which  would 

o t h e r w i s e  he  n o n - e x i s t e n t • C ou lson  and S en n en t  ( J . , 1955# 1819) 

have e s t i m a t e d  a t o t a l  s t r a i n  ene rgy  o f  r o u g h ly  28 k c a l s *  f o r  

3 # U -5 # 6 -d ih e n z o p h e n a n th re n e  ( X X I I I ) ,  and m o le c u le s  w i t h  even  

g r e a t e r  s t r a i n  e n e r g i e s  have  b e e n  p r e p a r e d  (e*g* XXIV) 

and a r e  s t a b l e *

( z a ? )

T h i s  means t h a t  i t  i s  n o t  necesss iry  t o  r e l i e v e  s t r a i n  

e n e r g i e s  o f  20-30  k c a l s *  i n  overc row ded  a r o m a t i c  m o le c u le s
3

by l o c a l i s a t i o n  o f  e l e c t r o n s  to  g iv e  sp - c a r b o n  atoms a t  

t h e  ove rc row ded  r e g io n s *  As S v a l u e s  f o r  r e a d i l y

r a c e m i s a b l e  o , o * - s u b s t i t u t e d  b i p h e n y l s  l i e  b e tw e en  20 and  

30  k c a l s * ,  i t  seems u n n e c e s s a r y  t o  p o s t u l a t e  a t e t r a h d d r a l  

C-atom i n  t h e  t r a n s i t i o n  s t a t e  o f  r a c é m i s a t i o n  o f  t h e s e  

compounds*

The a t t a c k  o f  a n  e l e c t r o p h i l i c  r e a g e n t  a t  t h e  1 

o r  I ’ - G - ^ o m  would g iv e  r i s e  t o  an  sp^ -C -a tom  i n  t h e  

t r a n s i t i o n  s t a t e *  However, i t  seems u n l i k e l y  t h a t  such  

a n  a t t a c k  sh o u ld  come from t h e  s o l v e n t  i n  t h e  v e r y  crowded 

r e g io n *  M oreover ,  su ch  a mechanism would r e q u i r e  second  

o r d e r  k i n e t i c s ,  t h e  f o r m a t i o n  o f  th e  t r a n s i t i o n  s t a t e  b e i n g
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d e p e n d e n t  on t h e  p r o t o n  a t t a c k *  D e v i a t i o n  f rom  f i r s t  o r d e r  

k i n e t i c s  s h o u ld  he  o b s e rv e d  f o r  r a c é m i s a t i o n s  c a r r i e d  o u t  i n  

s o l v e n t s  which  can  p ro d u ce  o n ly  a l i m i t e d  am ount ,  i f  a n y ,  

o f  p r o t iu m  c a t i o n s *  No such  d e v i a t i o n s  have  b e e n  r e p o r t e d *  

The t h e o r y  c o u ld  be  f u r t h e r  t e s t e d  e x p e r i m e n t a l l y  by  

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

s y s tem :  t h e  r a t e  o f  r a c é m i s a t i o n  s h o u ld  b e  f a s t e r  i n  t h e

p r e s e n c e  o f  p r o t iu m  c a t i o n s *

Both  B addeley  and  C raw ford  and Smyth b a s e d  t h e i r  

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

a v a i l a b i l i t y  i n  one o f  t h e  b en zen e  n u c l e i  o f  c e r t a i n  

0 , 0 *- s u b s t i t u t e d  b i p h e n y l  d e r i v a t i v e s  i n c r e a s e s  t h e  r a t e  o f  

r a c é m i s a t i o n *  I n  b o t h  t h e o r i e s ,  e l e c t r o n  a v a i l a b i l i t y  i n  

t h e  b e n z en e  r i n g  means e l e c t r o n  a v a i l a b i l i t y  a t  t h e  1 ( o r  1 ’ ) 

c a r b o n  atom* The e x p e r i m e n t a l  d a t a  on w h ich  th e y  made 

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

e l e c t r o n  d e n s i t y  a t  t h e  1 o r  1* C-atom on o p t i c a l  s t a b i l i t y *

A g l a n c e  a t  compounds X to  XV and XIX w i l l  show t h a t  t h e  

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

and  b e s i d e s  a f f e c t i n g  t h e  e l e c t r o n  d e n s i t y  a t  t h e  1 o r  1 * -C -
n/ y,

atom , t h e y  may w e l l  i n f l u é e  o t h e r  f a c t o r s  ( s u c h  a s ,  f o r  

ex a m p le ,  t h e  a n g l e  b e tw e e n  t h e  p l a n e  o f  t h e  -COOH group  

and  t h e  p h e n y l  n u c l e u s )  which  may c a u s e  a change i n  o p t i c a l  

s t a b i l i t y *  T ab le  I  shows t h a t  t h e  h a l f  l i f e  p e r i o d s  g i v e n  

a r e  o b t a i n e d  from r a c é m i s a t i o n s ,  n o t  a t  one f i x e d  t e m p e r a t u r e .
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s t r i c t l y  comparable* M oreover ,  o p t i c a l  s t a b i l i t y ,  a s  

m easured  by th e  h a l f  l i f e  p e r i o d  a t  a g iv e n  t e m p e r a t u r e ,  

depends  on b o t h  energy and e n t r o p y  o f  a c t i v a t i o n ,  and t h e s e  

e x p e r i m e n t a l  d a t a  w i l l  be  i n s u f f i c i e n t  to  show w h e th e r  

e l e c t r o n  d e n s i t y  a t  t h e  1 o r  1 ’ -C-atom a f f e c t s  t h e  ene rgy  

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

Scone o f  p r e s e n t  w ork .

E x p e r im e n ta l  d a t a  ha&6-been so u g h t  t o  i n v e s t i g a t e  

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

i n c r e a s i n g  e l e c t r o n  d e n s i t y  i n  th e  r e g i o n  o f  t h e  1 , 1 * -b o n d ;  

an  a t t e m p t  h a s  b e e n  made t o  i s o l a t e  t h i s  f a c t o r ,  i n  a s e r i e s  

o f  2 ,2 * - d l s u b s t i t u t e d  b i p h e n y l s  by  in t roducX ii^g  - s u b s t i t u e n t s  

o f  v a r y i n g  e l e c t r o n - d o n a t i n g  power .

Il-,I | .* -D e r iv a t iv e s  o f  2 ,2 * - d ib ro m o -  and 2 , 2 * - d i i o d o -  

b i p h e n y l  have  b ee n  ch o sen  f o r  s tu d y i n g  t h e  e f f e c t  o f  e l e c t r o n  

d e n s i t y  i n  th e  r e g i o n  o f  t h e  1 and 1*-C -a to m s  on o p t i c a l  

s t a b i l i t y *  I ; . , ^ * -D e r iv a t iv e s  a r e  c h o s en  b e c a u s e  s u b s t i t u e n t s

i n  t h e  k$ and 4*- p o s i t i o n s  w i l l  d i r e c t l y  a f f e c t  t h e  e l e c t r o n  

d e n s i t i e s  a t  t h e  1 and 1*-C-a tom s b u t ,  b e i n g  meta to  t h e  

o b s t a c l e  g ro u p s ,  w i l l  no t  a p p r e c i a b l y  a f f e c t  th e  l a t t e r ,  

e i t h e r  by  th e  b u t t r e s s i n g  e f f e c t ,  o r  by  e l e t r o n i c  e f f e c t s .

2 ,2 * -Dibrom o-  and 2 , 2 * - d l i o d o b i p h e n y 1 d e r i v a t i v e s  a r e  c h o s e n
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b e c a u s e  t h e y  a r e  r e a d i l y  r a c e m i s a b l e ,  and  a r e  t h e  s i m p l e s t  

o p t i c a l l y  a c t i v e  b i p h e n y l s  known: t h e  o b s t a c l e  g r o u p s  a r e

s i n g l e  a to m s ,  which  p o s s e s s  o n ly  sm a l l  n e g a t i v e  i n d u c t i v e  

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

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

e l e c t r o n  d e n s i t y  a t  t h e  1 and  1 * -C -a to m s  i n  c o m p a r i s o n  

w i t h  t h e  - g r o u p s ,  and  t h a t  t h e i r  e f f e c t  on t h e  

o p t i c a l  s t a b i l i t y  i s  t h e  same i n  a l l  and  i s  m a in ly  due 

t o  t h e i r  s i z e *

Prom t h e  p r a c t i c a l  p o i n t  o f  v iew  i t  h a s  p ro v e d  t o  

b e  much more d i f f i c u l t  t o  work w i t h  o p t i c a l  a c t i v i t y  i n  t h e  

b r o m o - s e r i e s ,  b e c a u s e  t h e  compounds have  such  low o p t i c a l  

s t a b i l i t y *  Most o f  t h e  work r e f e r s  t h e r e f o r e  t o  t h e  

i o d o - s e r i e s *

I n  c o n n e c t i o n  w i t h  2 , 2 ’ - d i h a l o g e n o - b i p h e n y l s ,  i t  

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

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

m a te ly  e q u a l ,  t h o u g h  t h e r e  may be  room f o r  some v a r i a t i o n  

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

o f  t h e  r i n g  ( R e i g e r  and  W e s th e im er ,  l o c * o i t * : H a r r i s  and

M i t c h e l l ,  J * ,  i 9 6 0 , 1 9 0 5 )* The e n e r g i e s  o f  a c t i v a t i o n  f o r  

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

( H e w l e t t ,  l o c * c i t * ) D e t e r m i n a t i o n  o f  t h e  A r r h e n i u s  

p a r a m e t e r s  and  t r a n s i t i o n  s t a t e  t h e o r y  f u n c t i o n s  f o r  t h e
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r a c é m i s a t i o n  o f  t h e s e  compounds s h o u ld  t h e r e f o r e  he  o f  

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

s t r u c t u r e ,  w ould  p r o b a b l y  b e  more r e v e a l i n g  t h a n  s i m i l a r  

d e t e r m i n a t i o n s  f o r  o t h e r  compounds*



A Survey  o f  o o t i c a l l v  a c t i v e  2 . 2 * - d i s u b s t i t u t e d  

b iphe ixv l  d e r i v a t i v e s .

I n  Sep tem ber  1959^a s u rv e y  o f  t h e  l i t e r a t u r e  r e v e a l e d  

a c t i v a t i o n  e n e rg y  d e t e r m i n a t i o n s  f o r  o n ly  t h r e e  2 , 2 *- d i s u b s t i 

t u t e d  b i p h e n y l s  ( R e i g e r  and  W e s th e im e r ,  J . A . C . 8 . .  1 9 5 0 ,  J 2 ,  1 9 ;  

Graham and  L e f f l e r ,  J .C h e m .P h v s . . 1959# 1 2 7 4 ) » S i n c e  t h e n

i t  h a s  b e e n  o f  g r e a t  i n t e r e s t  t o  f o l l o w  su ch  r a c é m i s a t i o n  

r a t e  s t u d i e s  f o r  a n o t h e r  f o u r t e e n  2 , 2 * - d i s u b s t i t u t e d  b i p h e n y l  

d e r i v a t i v e s ,  i n c l u d i n g  a s e r i e s  o f  e i g h t  1 , 1 *- b i n a p h t h y l s .

A b r i e f  s u rv e y  o f  t h e  work done on t h e  o p t i c a l l y  a c t i v e  

2 , 2 *- d i s u b s t i t u t e d  b i p h e n y l  d e r i v a t i v e s  h a s  t h e r e f o r e  b e e n  

made, w i t h  s p e c i a l  em p h a s i s  on v a l u e s  f o r  en e rg y  and  e n t r o p y  

o f  a c t i v a t i o n .  T h i s  s u r v e y  i s  sum m arised  i n  T a b le  I I .



2 , 2 ' - d i 
subs t i  t u t e d  

' B iphenyl

Methods by wliicli o p t i c a l  P-ACElvilSATION DATA
a c t i v i t y  was d e t e c t e d :  
r e s o l u t i o n  o r  o p t i c a l  
a c t i v a t i o n .  '

S o lv e n t  1 t i
........  i E i i l s .

E 1 logA 1 AH* 
k c a l . ^ h  k c a l . j  
mole ' mole

AS* 1 AFf 
e . u ,  k 6 f t l . ,

I  ,  —J' mole

Ref

( i )
a

( i i

1 Second o r d e r  a sy ran e tr ic  
t r a n s f o r m a t io n  w i th  b r u c in e  
from aq, e th y l  c e l l o s o l v e .

1
N,NtK.'T,27 1 . 5j 24 .1  ! 12 .3

7^NaOE 94 .2  2 4 .9  , 12 ,9
1 a t  1

2 3. 5

2 4 .2

- 4.47

- 1.54

2 4 .9

24 .7

2 .^ ^ ^  0  /-V (+) form o b ta in e d  by th e  
a c t i o n  of d ia z o n e th a n e  on 
( + ) - ( ! ) .

N,NLD1^| 111.9
a t

1

N,NLDMF 14.5  
a t  
50*"

23.8  12 , 2 I2 3 . I  

1 1

- 5.09

- 5.17

;2 4 .8
( i )

( i )
D e -am ina tion  of ( + ) - ( 4 )  a t  
low te m p e r a tu r e s ,  u s in g  
hypophosphorous a c id .

22 .5 12.12

1

Second o r d . a s y m . t r a n s ,  w i th  
2 m o is ,  o f  ( + ) -  - b ro n o -c o n -  
p h o r -  - s u lp h o n a t e ,  from 60^ 
aq ,  e th a n o l .

Acetonej 24.6. 21 .4  
a t  1 
38° '

i

2 0 .8 -7 .1 22 .9 ( i i

5. 0 % R eso lv ed  th ro u g h  b r u c in e  
s a l t ,  from e th y l  a c e t a t e .

N,NLDMF 5 .5
I

1 50°

22 ,4 12.0 2 1 ,8 - 5 . 5 23 .5 ( 1 )

( t

6.

H O t< Q

R eso lv ed  th ro u g h  b ru c in e  
s a l t ,  from m eth an o l .

N,NLDMF| 55 22 .1

#ONaOH 2 , y  26.01  
! a t5 0 °

11.3
15 .2

21 .4

25 .4
- 9 .1

+9.2

24 .5

22 .7

( i )
&

( i v

7. G ^ O z ^ Second o r d ,a s y m . t r a n s ,  w i th  
b r u c in e , f r o m  aqueous e th y l  
c e l l o s o l v e .

N,N1DW| L7,2| 21 .6  

Y„NaOH 31 .1  25.7
1a t5 0 °

11.4

14 .0

2 0 .9

2 5 .0

- 8 , 4

+3.18

23.7

24 .4
( i )
&

( i v

Both (+) &  ( - )  a n t ip o d e s  
o b ta in e d  by th e  a c t i o n  o f  
CHgNg on a c t i v e  forms o f ( 6 ) .

N,NJDMF| 22,71 2 2 .0
a t

1 = “ " ' . . . . . . . . . . . . . . . .

11.6 2 1 .4 - 7 .54 23.9
( i )

HOaC

Second o r d .a s y m . t r a n .  w i th  
b r u c in e ,  from benzene . 
F i r s t  o r d .a s y m . t r a n s .  w i th  
b r u c in e  i n  ch lo ro fo rm .

B .P . : 60 1 
CECI- 1 a t  1 

^ 20° !
( v )

£o^H

2nd. o r d .a s y m . t r a n s .  w i th  
b r u c in e  & c in c h o n id in e  i n  
a c e to n e .  1 s t .  o rd .asym . 
t r a n s .  w i th  b r u c in e ,  q u i n i -  
d in e  ^  c in c h o n id in e  i n  CECI.,

B .P . 2 
CECI- i a t

’  1 20°

.

- ( v )

R eso lv ed  th ro u g h  s t r y c h i n e  
s a l t ,  i n  e th a n o l .

EtPh 1183 
a t  

1121°
1 '

*29 . { " " i i . g l

. . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 . , . . . .

* . 
—6 ,8

(v i]

( f b

2nd, o rd .  asym, t r a n s .  w i th  
b r u c in e  & s t r y c h n in e ,  from 
A hthanol and m ethano l.

E ton  35 ! L  ,
' a t  24 12.2

57® 1 1 !
1 1

*- 5 , 6

1

( v i i

CM«3

2nd. o r d . a s y m . t r a n s ,  w i th  
s t r y c h n i n e ,  from e th a n o l .

OLPh ' 110 125 .4  ^*12.9

1 5 ^ 8 “ 1

*
- 1.92 ( v i j

Lii, R eso lved  th rough  s t r y c h n in e  
s a l t :  f r a c t i o n a l  c r y s t a l 
l i s a t i o n  from e th a n o l .

! 1 ' ' . 1 ‘
A c t i v i t y  rem ained  unchanged a f t e r  m e l t in g  

' a t  193“ .1 1 1 1 
! : 1 ' 1 '



■  2 ,2 '-di-
],8u b s t Â ^ e a - —

Metliods by wbd.oh op-fcicaD | EACEMISATION DATA , -
a c t îy î tÿ O w 'aq 'd e tec té 'd :  ,';• • 1 
r é s o l u t i o n  op GptiG^R . ' o 
a c t i v a t i o n ,  ' "... r

Bojveht

J L .
n i â s .

E
k c a l , ,  
mole

logA AH* AS 4: 
k c a l , ,  e .u ,  
mole"4

AFf 
k c a l , 
mole

Ref.

' W "HO/- CNIej

Reso lved  th rough  b ru c in e  
s a l t :  f r a c t i o n a l  c r y s t a l 
l i s a t i o n  f r o n  e th a n o l

1
A c t i v i t y  remail 
aqueous sodium 
f o r  t h r e e  hours 

I

' 1 " 
led unchanged 
h yd rox ide  o r

1

a f t e r  b o i l i n g  in  
p y r id in e  s o l u t i o n

( 1
1 1

( v i )

ft

0 - 0
CH«j

Both (+) & (-)  forms o b t a i n 
ed from a c t i v e  forms of ( l 5 ) 
th rough  th e  Schmidt r e a c t i o n

' 1 1 O p t i c a l l y  s t a b l e .  | |

1 ' 1 1 1 1

1 1 ! 1 1

( v i )

O 0 3
SO3H

R eso lved  th rough  nono
b ru c in e  s a l t  by s u c c e s s iv e  
a d d i t i o n  o f  , 25n o le  of s t r y 
chnine,HCl to  th e  Na s a l t .

1 1 1 aqueous s o l u t i o n  of ammonium s a l t  r a c e n i s e d
r a p i d l y  a t  100° .  ' i l l

1 1 1 1 1 !

( v i i i&
( i x )

_ ,& 0,Pk

?OjfW

2nd. o r d . a s y m . t r a n s .  w i th  
( + ) camphoric a c i d  f r o n  ab s .  
e th a n o l  and m ethano l.

! 1 , ' : '
p y r id in e  s o l u t i o n  c o m p le te ly  r a c e n i s e d  in  
t e n  m inu tés  a t  100 , , . 1 1

1 1 f '
(x)

IT

v Ô - O " " -
CF3

2nd. o r d .a s y m . t r a n s .  w i th  
( + ) - t a r t a r i c  a c id ,  a t  50 
from e th a n o l .

EtOH 1 58 ,4  1 19.5  i  9. 92  1 -13 .3

» , I 1 1
, 1

-----

( x i )

'2^

CH3

2n d . o r d , a s y n . t r a n s . w i th  (* )  
-bronocam phor-  - s u lp h o n ic  

a c id ,  from 95^ e th a n o l .

-EtOAc 54.5
a t
30°

17.7
(

11 7. 0  ' -19  i 22,7

i ' 1
( i l l )

R eso lved  th ro u g h  ( + )cnriphor- 
1 0 -su lp h o n a te  by c r y s t a l l i 
s a t i o n  from a m ix tu re  o f  a l 
co h o l ,  b e n z e n e ,& l i g h t  p e t .

Water

. .

125 I 27.6
a t  I
99 .5

12.2  ! 26.9  ■- 5 . 3 I 2 8 .9

1 !
1 1

( x i i )
( x i i i
&

(x iv )

■“ o -
ĈHê OH

2nd. o r d . a s y n . t r a n s . w i th  
b r u c in e ,  f r o n  e th a n o l  & CECI, 
1 s t .  o rd .  asyia, t r a n s , i n  " ."

T
1 2 6 . 6hr 
1 a t
1 25.15

' 1 
' 1 1

(xv)
&

(x v i )

«...
c o p

C CPkiOH

R e s o lu t io n  th ro u g h  b ru c in e  
s a l t :  f r a c t i o n a l  c r y s t a l l i 
s a t i o n  from e th a n o l .

1
G ra d u a l ly  race: 

1
a is e d  a t  room te m p e ra tu reI

f i  l l
. 1 ; 1 _

( x v i i

2.^> ,ro,H
■ & 0 )

COiH

F a s t  m u ta r o t a t i o n  w i th  n o r -  
( + ) -  - e p h e d r in e  a t  -30  in  
ch lo ro fo rm .

1

1

. 1

1 1
1 1

( x v i i i

,2b'
2nd, o r d .a s y m . t r a n s .  w i th  
b r u c in e  from e t h y l  a c e t a t e .

EtOH i 13.4  19.0  12.1 18 ,5  1-  4 . 9 I 19.9  
a t  +0.5 - 0 . 4  f - 0 , 5  1-1 .85) a t  

1 1° 1 -  1 1 , ’ 5 .6 °1 1 I I  I
(x ix )
(xx) 
(xx i )

, IL
n J  

, f Y

R e s o lu t io n  d i f f i c u l t :  
th ro u g h  mono- and d i 
b r u c in e  s a l t s ,  f r o n  e th a n o l .

NaOH
aq.

* 28,05 

1
11.7 27 .3  1 -  7.61 30. 2  1

1 i .............

(x lv )
&

(x x i i

2nd. o r d .a s y m . t r a n s .  w i th  
1 n o le  of b ru c in e  f r o n  
e t h a n o l ,

a q . a l e
Ifc

NaHCO^

L 21 ,6

1
1

11,5  ' 21 ,0  1 - 7 . 7* 23.4

1 1 1 
1 A I _

(x iv )
&

x x i i  )

3 ,

I
2nd. o rd .  a s y n . t r a n s .  w i th  
b r u c in e ,  f r o n  e th a n o l .

I 3 .. . -

EtOAc 125,4  1 1
a t  ,

1 ! ! 1 1 .
[x x i i i
I

— J
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H

These  2 , 2 * - d i s u b s t i t u t e d  b i p h e n y l s  c o v e r  a wide 

ra n g e  o f  o p t i c a l  s t a b i l i t y *  The 2 , 2 * - d i - t e r t i a r y b u t y l b i p h e n y l  

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

r a c é m i s a t i o n ,  w h i l e  2 , 2 * -d ib ro m o ^ ip h e n y l - l4. , U * - d i c a r b o x y l i c  

a c i d  r e p r e s e n t s ,  among compounds w h ich  owe t h e i r  o p t i c a l  

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

t h a t  h a s  b e e n  o b t a i n e d  o p t i c a l l y  a c t i v e *  These  compounds 

may be  r o u g h ly  c l a s s i f i e d  a s  f o l l o w s :

( I )  1 , 1 * - b i n a p h t h y l  d e r i v a t i v e s  i n  which  t h e  2 , 2 * ,  8 and 8* 

p o s i t i o n s  a r e  n o t  s u b s t i t u t e d  -  Compounds ( l )  t o  ( U ) .  I t  i s  

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

compounds ca n  b e  u s e d  t o  su p p le m en t  t h e  p r e s e n t  s t u d y  on t h e  

e f f e c t  o f  e l e c t r o n  a v a i l a b i l i t y  i n  t h e  r e g i o n  o f  t h e  1 , 1 * -b o n d  

on o p t i c a l  s t a b i l i t y *

( I I )  1 , 1 * - b i n a p h t h y l  d e r i v a t i v e s  i n  w h ich  t h e  8 a n d / o r  8 * -  

p o s i t i o n s  a r e  s u b s t i t u t e d *  Compounds ( 5 )  t o  ( 8 )*  The 

o p t i c a l  s t a b i l i t y  o f  t h e s e  compounds i s  a n o m a lo u s ly  low*

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

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

These compounds a r e  o f  p a r t i c u l a r  i n t e r e s t  w i t h  r e s p e c t  t o

t h e  p r e s e n t  w ork ,  w h ich  l e a d s  t o  t h e  c o n c l u s i o n  t h a t  

2 , 2 * - d i - i o d o b i p h e n y l  i s  s t e r e o c h e m i c a l l y  s i m i l a r *



( I I I ) #  B ip h e n y l s w h ic h  c o n t a i n  o b s t a c l e  g r o u p s  o f  t h e  

s t r u c t u r a l  t y p e  AX^ -  Compounds ( l l )  t o  ( 2 3 ) î

( a )  t h o s e  i n  w hich  b o t h  2 and  2* p o s i t i o n s  a r e  o c c u p i e d  by  

AX^ -  compounds { i k )  -  (20 )#  The a v a i l a b l e  r a c é m i s a t i o n  

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

t h e s e  compounds#

(b )  t h o s e  i n  w h ich  o n ly  one o f  t h e  2 and  2 * -  p o s i t i o n s  i s  

o c c u p ie d  by  AX^, w h i l e  t h e  o t h e r  i s  o c c u p i e d  by  a  s e c o n d ,  

u s u a l l y  s m a l l e r  g ro u p  -  compounds ( l l )  -  ( I 3 ) ;  ( 2 l )  - ( ^ 3 ) #  

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

n e g a t i v e  e n t r o p y  f a c t o r s  f o r  t h e s e  compounds#

( I V ) .  B i p h e n y l s  i n  which t h e  o b s t a c l e  g ro u p s  a r e  s i n g l e  

a tom s -  Compounds ( 2 5 ) -  ( 2 8 ) .  S e v e r a l  compounds b e l o n g i n g  

t o  t h i s  g roup  a r e  s t u d i e d  i n  c o n n e c t i o n  w i t h  t h e  p r e s e n t  

work .



SDMMAgy OF OPTICAL WORK.

The f o l l o w i n g  h , U ' - d e r i v a t i v e s  o f  2 , 2 ' - d i b r o m o -  and  

2 , 2 ' - d i - i o d o b i p h e n y l  have  b e e n  p r e p a r e d : -

(A)
/ = = \  ^ y = \  I. y  *

3 .  X *  w {ch5)j  , X »

I X * X ^ «  CO;»CH^

(B)

4 : NHCOCH5
N  Hz

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

U , U * - d e r i v a t i v e s  o f  2 , 2 * - d ih r o m o b ip h e n y l  f a i l e d ,  i n  c o n t r a s t  

w i t h  s i m i l a r  e x p e r i m e n t s  c a r r i e d  o u t  f o r  2 , 2 * - d i b r o m o b i p h e n y l -  

- d i c a r b o x y l i c  a c i d .  The - d i c a r b o x y l i c  a c i d  was 

f i r s t  o b t a i n e d  o p t i c a l l y  a c t i v e  by  S e a r l e  and Adams ( J . A . C . S . . 

1 9 3 4 , 2 112 ) ,  and  i t s  A r r h e n i u s  p a r a m e t e r s  and t r a n s i t i o n

s t a t e  f u n c t i o n s  f o r  r a c é m i s a t i o n  were  d e t e r m in e d  b y  H a r r i s  

( P ro c .G h e m .8 o c . .  1959» 36 7 ;  H a r r i s  and  M i t c h e l l ,  J . , I 96O, 

1 9 0 5 ) f rom  r a t e  m e asu rem e n ts  i n  a b s o l u t e  e t h a n o l  a t  low  

t e m p e r a t u r e s ,  - 2 0 . 7 ^  t o  +5 *6^ .



However, a l l  t h e  d i - l o d o  compounds, i n c l u d i n g  

2 , 2 * - d i - i o d o b i p h e n y l  i t s e l f ,  have  b e e n  o b t a i n e d  o p t i c a l l y  

a c t i v e .  The U ,4 * -d i c a i ^ b o x y l i c  a c i d  was f i r s t  p r e p a r e d  and  

o b t a i n e d  o p t i c a l l y  a c t i v e  by  S e a r l e  and  Adams ( J * A .C .S . . 1933» 

55 . 1 6 4 9 ) who d e t e r m in e d  i t s  r a t e  o f  r a c é m i s a t i o n  a t  o n ly  one 

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

r a t e  m easu rem en ts  f o r  t h i s ,  and  a l l  t h e  o t h e r  2 , 2 * - d i - i o d o 

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

N ,N * -d im e th y l fo rm a m id e , a t  s e v e r a l  t e m p e r a t u r e s ,  c o v e r i n g  

s u i t a b l e  r a n g e s  o f  t e m p e r a t u r e .  M easurem ents  w ere  a l s o  

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

2 , 2 * -d ib ro m o b ip h e n y l" -4 » 4 ' - d i c a r b o x y l i c  a c i d )  and  i n  N/lO 

sodium h y d r o x id e  s o l u t i o n  f o r  t h e  4 » 4 * t d i c a r b o x y l i c  a c i d ,  

and  i n  ^  aqueous  a l c o h o l i c  h y d r o c h l o r i c  a c i d  f o r  t h e  

4 , 4 ' - d i a m i n o  compound. F i r s t  o r d e r  k i n e t i c s  w ere  o b s e r v e d

f o r  a l l  r a t e  m e a s u re m e n ts .  The A r r h e n i u s  p a r a m e t e r s  and  

t r a n s i t i o n  s t a t e  f u n c t i o n s  f o r  r a c é m i s a t i o n  have  b e e n  

e v a l u a t e d  and  t h e  r e s u l t s  a r e  shown i n  T a b le  I I I .
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DISCUSSION.

I n  t h e  t a b l e  o f  r e s u l t s ,  s i x  p a r a m e t e r s  have  b e e n  

u s e d  to  d e s c r i b e  t h e  o p t i c a l  s t a b i l i t y  o f  e a c h  compound.

These p a r a m e t e r s  a r e  i n t e r r e l a t e d .  The A r r h e n i u s  p a r a m e t e r s  

E and  logA a r e  r e l a t e d  t o  t h e  t r a n s i t i o n  s t a t e  t h e o r y  

f u n c t i o n s  AH^ and As4  ̂ , by  t h e  f o l l o w i n g  e q u a t i o n s :

E = AH* + RT ( 2 )

* log^gA = 0 ^  + lo g T  + l o g ^ o ^  ( 3 )

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

m easu re  o f  o p t i c a l  s t a b i l i t y ,  w h i l e  AF^ , t h e  ch ange  i n

s t a n d a r d  f r e e  e n e r g y  accom pany ing  t h e  f o r m a t i o n  o f  t h e  

t r a n s i t i o n  s t a t e  f rom  t h e  g ro u n d  s t a t e ,  g i v e s  t h e  o v e r a l l  

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

t e m p e r a t u r e - d e p e n d e n t .  I n  t h i s  d i s c u s s i o n ,  E,  As4^ 

and  t i  w i l l  b e  u s e d .

E and  A84" a r e  the rm odynam ic  q u q n t i t i e s  d e p e n d in g  

o n ly  upon t h e  n a t u r e  o f  two f i x e d  s t a t e s ,  i n  t h i s  t y p e  o f  

o p t i c a l  i n v e r s i o n  upon  t h e  g round  s t a t e  and  t h e  t r a n s i t i o n  

s t a t e .  T hus ,  w henever  t h e s e  q u a n t i t i e s  a r e  d i s c u s s e d ,  t h e  

e n e rg y  o r  e n t r o p y  o f  t h e  g ro u n d  s t a t e  and t h e  e n e r g y  o r  

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

. .  A= ^ . e . e ^  ^ o v  *f=l, log^oA=log^Q J ^ l o g i o T j ; | § - ^



a t  f i r s t .

Ground S t a t e  o f  2 . 2 *- d i - i o d o b i p h e n v l . I n f o r m a t i o n

c o n c e r n i n g  t h e  geo m etry  o f  2 , 2 ’ - d i - i o d o b i p h e n y l  i n  t h e  

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

m e a su re m e n ts ;  i n  s o l u t i o n  f rom  d i p o l e  moment m e a su re m e n ts ;  

and  i n  c r y s t a l l i n e  fo rm  from X - r a y  c r y s t a l i o g r a p h i c  s t u d i e s .

The 1 . 1 ’ - b o n d . E l e c t r o n  d i f f r a c t i o n  g i v e s  a 

v a l u e  o f  1 .5 0  i  0 .0 3  X f o r  t h e  1 , 1 ’ -b o n d  i n  2 , 2 ’ - d i - i o d o 

b i p h e n y l  ( B a s t i a n s e n ,  A c ta  Chem .Scand . . 1950 ,  i t ,  9 2 6 ) .  T h i s  

v a l u e  may b e  com pared  w i t h  t h e  v a l u e  o f  1 .5 3  ^  f o r  

2 , 2 ’ - d i c h l o r o b e n z i d i n e  (Sm are ,  A c ta  C ry s t . .  1948* 1 ,  150)  and  

t h e  v a l u e s  o f  1 .5 0 7  % and  1 . 5 0 ( 6 )£  f o r  b i p h e n y l  ( p l a n a r )  

o b t a i n e d  f rom  c r y s t a l i o g r a p h i c  s t u d i e s  ( T r o t t e r ,  A c ta  C r v s t . . 

1 9 6 1 » I k ,  1135 ;  A. H a r g re a v e s  an d  R i z v i ,  A c ta  C r v s t . .  1962 ,

1 5 . 3 6 5 )# These v a l u e s  show t h a t  t h e  two l a r g e  i o d i n e  a toms 

do n o t  a p p e a r  t o  change  t h e  l e n g t h  o f  t h e  1 , 1 ’ -b o n d  s i g n i 

f i c a n t l y  from t h a t  o f  b i p h e n y l  i t s e l f  and  t h a t  b o t h  i n  t h e  

v a p o u r  p h as e  and  i n  t h e  c r y s t a l ,  t h e  l e n g t h  o f  t h e  1 , 1 ’ -b o n d  

i s  n e a r e r  to  t h a t  o f  an  a l i p h a t i c  sp^C-sp^C bo n d  ( 1 . 54&) t h a n  

o f  a n  a r o m a t i c  sp^C-sp^C b o n d  (1 .39& )#  U s in g  a n  a to m ic  

r a d i u s  o f  0.75A f o r  t h e  1 and  l ’ c a r b o u  a to m s ,  t h e  IT -b o n d  

o r d e r  f o r  t h e  1 , 1 ’ - b o n d  i n  b i p h e n y l  i s  o n ly  a b o u t  0 .1  ( s e e  fig.lO)
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O r d e r - l e n ^ t h  c u r v e s  f o r  c a r b o n  b o n d s  i n v o l v i n g  s n .  s p  and  
x

s-p-  ̂ hvT^yidised a t oms.

( D o t t e d  l i n e  added  t o  d ia g ra m  g i v e n  by  Coii lson  i n  " T h e o r e t i c a l  

O rg a n ic  C h e m is t r y ” , The K ekule  Symposium, p . 5 1 ) .

The A n g le .  G- . b e tw e e n  t h e  p l a n e s  o f  t h e  b e n z e n e  r i n g s . 

The a n g l e  b e tw e e n  t h e  p l a n e s  o f  t h e  b e n z e n e  r i n g s  o f  a l l  

f o u r  2 , 2 ’ - d i h a l o g e n o b i p h e n y l s  i n  t h e  v a p o u r  p h a s e  h a ^  b e e n  

e s t i m a t e d  from  e l e c t r o n  d i f f r a c t io n ;? ^  ( B a s t i a n s e n ,  l o c . c i t . ) 

and i n  b en zen e  s o l u t i o n  from d i p o l e  moment m easu re m e n ts  

( L i t t l e j o h n  and  S m i th ,  J . , 1954 ,  2 5 5 2 ) .  Both  m ethods  g iv e  

a c i 8- c o n f o r m a t i o n  ( H a l . - H a l .  c o n t a c t s )  r a t h e r  t h a n  a t r a n s -  

c o n f o r m a t i o n  ( H a l - h y d r o g e n  c o n t a c t s )  f o r  a l l  t h e  2 , 2 ’ - h a l o g e n o -

b ip h e n y l s #  E l e c t r o n  d i f f r a t i o n  g i v e s  6  :# 79^ -  5^> and
o

d i p o l e  moment m e asu rem en ts  g iv e  D = 84  ( v a l u e  q u o te d  by  

Beavan and H a l l ,  J . ,  1956 ,  463 9 )  f o r  2 , 2 ’ - d i - i o d o b i p h e n y l .



I n d i v i d u a l  io d o b e n z e n e  u n i t s . A l l  b o n d s  i n  

each  b e n z e n e  u n i t  i n  o , o ’ - h a l o g e n a t e d  b i p h e n y l s  have  

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

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

r a ^ i s a t i o n  o f  t h e s e  compounds, W es the im er  (Mayer and  

W e s th e im e r ,  ÜL._Chem.Phvs.. 1946 ,  i k ,  733 ;  1947 ,  Ü ,  252 ;

R e i g e r  and W e s th e im e r ,  J . A . C . S . , 1950 ,  %2, 19 )  a s sum es  t h a t  

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

w h i l e  H e w le t t  ( i . , I 9 6 0 , 1055)  a l l o w s  some s t e r i c  i n t e r a c t i o n s  

b e tw e e n  t h e  two p a i r s  o f  o r t h o  h y d ro g e n  and  o r t h o  h a l o g e n  

atom s i n  a n  o r t h o g o n a l  c o n f i g u r a t i o n  o f  e a c h  o , o ’ - h a l o g e n a t e d  

b i p h e n y l ,  i n  which  t h e  i n d i v i d u a l  h a lo g e n o b e n z e n e  u n i t s  a r e  

p l a n a r ,  w i t h  norm al  bond  l e n g t h s  and  b o n d ' a n g l e s .  However, 

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

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

d i s t o r t i o n  o f  b o n d s  i n  t h e s e  compounds ( F e rg u s o n  and  Sim, 

P ro c .C h e m .S o c . . I 96I ,  1 6 2 ;  A c ta  C r v s t . . I 96I ,  1 4 . 1262 ;

1 9 6 2 , 1 ^ ,  3 4 6 ) .  The r e s u l t s  f o r  ^ -b ro m o b e n z o ic  a c i d  show 

t h a t  t h e  b ro m in e  a tom i s  d i s p l a c e d  0 .0 5 4  & up o u t  o f  t h e  m ain  

p l a n e  o f  t h e  m o le c u le  and  t h e  c a r b o x y l  c a r b o n  atom 0 . 057& 

b e lo w ,  and t h a t  t h e  C-C-Br a n g l e  i s  4«9^ and  t h e  C-C-GOgH 

a n g l e  3 . 4 ^ l a r g e r  t h a n  t h e  norm al  b o n d  a n g l e  o f  120^ .

!
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The sum o f  t h e  v a n  d e r  W aals  r a d i i  o f  i o d i n e  ( 2 . 15&) 

and t h e  h a l f  t h i c k n e s s  o f  t h e  p h e n y l  r i n g  ( l # 85%) i s  k»OoS., 

s l i g h t l y  l a r g e r  t h a n  t h e  v a l u e  o f  3*952  g i v e n  f o r  t h e  sum 

o f  t h e  v a n  d e r  W a l l s  r a d i i  o f  b ro m in e  and c a r b o x y l  c a r b o n  

( F e r g u s o n  and  81m, A c ta  G r v s t . . I 9 6 2 , 1 ^ ,  3 ^ 6 ) •  I t  seems 

r e a s o n a b l e  t o  su p p o se  t h a t  t h e  m u tu a l  d i s t o r t i o n  o f  an  

i o d i n e  atom w i t h  a p h e n y l  r i n g  w ould  be  a t  l e a s t  o f  t h e  

o r d e r  o f  t h a t  o f  a b rom ine  atom w i t h  a c a r b o x y l  g r o u p ,  when 

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

van d e r W a a h
 ̂ f e r  I 9 $  A 

C (C O jH )

X
_ Ph. I

D o r r d  len^Ths--  C -fe t -

1.44 A 
C - Z  1 - 1 5 %

1
L/

F i g . 1 2 .  S k e tc h  showing minimum i n t e r f e r e n c e  i n  b o t h  

c a s e s ,  i . e .  CO^H and  2nd p h e n y l  g roup  a t  

r i g h t  a n g l e s  to  b e n z e n e  r i n g .



O u t - o f - p l a n e  d i s t o r t i o n  i s  p r o b a b l y  more marked i n  

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

need  t o  pack  m o l e c u l e s  i n  t h e  most e f f i c i e n t  way i n  t h e  s o l i d *  

F o r  ex a m p le ,  b 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 t  so 

i n  t h e  v a p o u r  ( H a r g r e a v e s  and  R i z v i ,  l o c . c i t . ) .  and  m oreover  

e l e c t r o n  d i f f r a c t i o n  din th e  v a p o u r  o f  h e x a c h lo r o b e n z e n e  

shows t h a t  t h e  m o le c u le  i s  p u c k e r e d ,  w i t h  t h e  G-Gl bo n d s  

b e n t  a s  much a s  12^ a l t e r n a t e l y  up and  down t h e  mean p l a n e  

o f  t h e  m o le c u le  ( B a s t i a n s e n ,  A c ta  Chem.Scand* . 1 947 ,  1 ,  489)  

w h i l e  X -ray  c r y s t a l l o g r a p h y  h a s  n o t  b e e n  a b l e  t o  d e t e c t  any 

n o n - p l a n a r i t y  i n  t h e  m o lecu le*  ( T u l i n s k y  and  W h i te ,  A c ta  G r v s t . * 

1 9 5 8 , l i ,  7 ) .  Very l i t t l e  i s  known a b o u t  t h e  geom etry  o f  

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

r e a s o n a b l e  t o  su p p o se  t h a t  t h e  s i t u a t i o n  w i l l  b e  somewhere 

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

I t  t h u s  seems h i g h l y  p r o b a b l e  t h a t  i n  a s o l u t i o n  

o f  2 , 2 ’- c 3 i - io d o b ip h e n y l  t h e  i n d i v i d u a l  io d o b e n zen e  u n i t s  

a r e  d i s t o r t e d ;  t h e  bond  a n g l e s  a r e  s t r a i n e d  b eyond  t h e  

normal v a l u e s ,  w h i l e  t h e  C - I  bond  and  t h e  i  n t  e r  a n n u l  a r b ond 

p o i n t  up and down o u t  o f  t h e  m ain  p l a n e  o f  e a c h  b en z en e  r i n g .

The o u t - o f - p l a n e  d i s t o r t i o n  i s  e x p e c t e d  to  be  s m a l l ,  b u t  

i n s o f a r  a s  i t  e x i s t s ,  g i v e s  r i s e  t o  asymmetry i n  t h e  io d o b en zen e

* A lth o u g h  n e a r  u l t r a v i o l e t  sp e c tru m  o f  c r y s t a l l i n e  h e x a c h lo r o 
b en zen e  s u g g e s t s  t h a t  t h e  m o le c u le  i s  p u c k e re d  (Kopelman 
and S chnepp , J .G h em .P h v s . . 1 9 5 9 ,  32.» 8 b 8 ) .



u n i t s :

^7

I 
I

The s t e r e o c h e m i s t r y  o f  2 , 2 * - d i - i o d o b i p h e n y l  ca n  

t h e r e f o r e  h e  c o n s i d e r e d  i n  a s i m i l a r  way to  l , l ’ - h i n a p h t h y l -  

8 , 8 ’ - d i c a r h o x y l i c  a c i d .  There  a r e  t h e n  t h r e e  p o s s i b l e  

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

grouna s t a t e ,  ( + )(  + ) ,  ( + ) ( - ) ,  ( - ) ( - ) ,  e a c h  o f  which  c a n  

e x i s t  i n  t h e  R o r  S c o n f i g u r a t i o n *

R



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

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

i n v e r s i o n , a n d  e a c h  o p t i c a l  a n t i p o d e  o f  2 , 2 * - d i - i o d o -  

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

co n fo rm era  i n  e q u i l i b r i u m

e#g# R( + )(  + ) R( + ) ( - )  R ( - ) ( - )

S t r a i n  e n e rg y  i s ,  how ever ,  e x p e c t e d  t o  b e  l e s s  t h a n  t h a t  

i n  1 , 1 ’ - b i n a p h t h y l - 8 , 8 ’ - d i c a r b o x y l 1c a c i d ,  a s  t h e r e  i s  

more room f o r  t h e  i n t e r f e r i n g  g r o u p s  when t h e y  a r e  a t t a c h e d  

i n  t h e  ^ - b e n z e n o i d  p o s i t i o n s  t h a n  when t h e y  a r e  i n  

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

t o  b e  l e s s  f o r  t h e  same r e a s o n ,  and  a l s o  b e c a u s e  t h e r e  a r e  

f e w e r  b o n d s  and  a n g l e s  among w h ich  s t r a i n  c a n  b e  sh a red *

The T r a n s i t i o n  S t a t e * C o n s i d e r a t i o n  o f  t h e  g ro u n d  s t a t e s ,  

and  c o m p a r i s o n  w i t h  t h e  c a s e  o f  1 , 1 ’ - b i n a p h t h y l - 8 , 8 ’ - d i c a rb o x y •  

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

f o r  r a c é m i s a t i o n  o f  2 , 2 ’ - d l - i o d o b ip h e n ^ r  d e r i v a t i v e s  have  

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

co m p a r i so n  v / i th  t h e  g ro u n d  s t a t e ,  b u t  w i t h  a p p r e c i a b l e  

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

r e g i o n  o f  t h e  i n t e r a n n u l a r  bonii* Assuming t h a t  t h e  f o r c e s

T here  i s  e v i d e n c e  f o r  t h i s  i n  t h e  c a s e  o f  l , l ’ - b i n a p h t h y l -  
8 , 8 *- d i c a r b o x y l i c  a c i d :  b o t h  k p l o t s  and  A r r h e n i u s  p l o t s
a r e  s t r a i g h t  w i t h i n  e x p e r i m e n t a l  e r r o r ,  and  r a c é m i s a t i o n  
e x p e r i m e n t s  show co m p le te  l o s s  o f  o p t i c a l  a c t i v i t y  
re-sembl 1 ng a= o * The l o s s  o f  o p t i c a l  a c t i v i t y  a r i s i n g  f rom 
t h e  asymmetry o f  t h e  i n d i v i d u a l  n a p h t h a l e n i c  u n i t s  must 
t h e r e f o r e  b e  much f a s t e r *



o p p o s in g  r a c é m i s a t i o n  a r e  m a in ly  s t e r i c ,  t h e  t r a n s i t i o n  

s t a t e  w i l l  he  more crow ded  and  s t r a i n e d  t h a n  t h e  g ro u n d  

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

t h e r e f o r e  h e  g r e a t e r #  The i n t e r a n n u l a r  bond  w i l l  p r o b a b l y  

be  s l i g h t l y  l o n g e r .  The a n g l e  b e t w e e n  t h e  two b e n z e n e  

r i n g s  ( f o r  t h e  m e so id  t r a n s i t i o n  s t a t e )  w i l l  n o t  b e  z e r o ,  

b u t  n e a r l y  so i n  c o m p a r i s o n  w i t h  t h e  l a r g e  v a l u e  o f  O' i n  

t h e  g ro u n d  s t a t e .

As i n  t h e  c a s e  o f  l , l * - b i n a p h t h y l - 8 , 8 *- d i c a r b o x y l i c  

a c i d ,  t h e r e  a r e  two p o s s i b l e  R #  8 t r a n s i t i o n  p a t h s ,  r a c e m o id  

and  m e s o id ,  and  t h e  l a t t e r  w i l l  be  f a v o u r e d  i n  c o n f i g u r a t i o n a l  

i n v e r s i o n s ^  The t r a n s i t i o n  s t a t e s  and  t h e  m eso id  i n t e r m e d i a t e  

a r e  shown i n  d iag ram  1 5 |  t h e  m eso id  s t a t e ,  and  i n t e r m e d i a t e  

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

L ey b o ld  model o f  2 , 2 ’ - d i f l u o r o - h i p h e n y l .  [ I t  i s  n o t

p o s s i b l e  to  u s e  t h e  L ey b o ld  m o d e ls ,  w h ich  i n c o r p o r a t e  a 

v an  d e r  W aals  e n v e lo p e  and  a l l o w  f o r  o n l y  a s m a l l  d e g r e e  

o f  d e p a r t u r e  f rom  norm al  a n g l e s ,  t o  make a n a l o g o u s  m ode ls  o f  

t h e  d i c h l o r o -  o r  d i - i o d o  compounds. However,  t h e  d i f l u o r o  

model i l l u s t r a t e s  t h e  s t e r i o c h e m i c a l  p r i n c i p a l . ]  (S ee  

f u r t h e r  d i s c u s s i o n  on  p a g e s  -sandr 73 )

Rouce motel
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THE ENTROPY OF ACTIVATION. C ag le  and E y r l n g  ( J . A . C . 8 . . 

19 5 1 , 2 1 ,  5628 ) a t t e m p t e d  t h e  c o r r e l a t i o n  o f  t h e  e n t r o p y  o f  

a c t i v a t i o n  f o r  r a c é m i s a t i o n  w i t h  s t r u c t u r e ,  from t h e  

r a c é m i s a t i o n  d a t a  o f  t e n  compounds w h ich  owe«2 t h e i r  o p t i c a l  

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

g r e a t  i n t e r e s t .  However, t h e  d a t a  on  w h ich  th e y  b a s e d  

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

e r r o r s  and were o b t a i n e d  by d i f f e r e n t  w o rk e r s  u n d e r  d i f f e r e n t  

c o n d i t i o n s .  de l a  Mare ( " P r o g r e s s  i n  S t e r e o c h e m i s t r y " ,  V o l . I ,  

B u t t e r w o r t h s ,  London, 1 9 % ,  p . l 2 0 )  commented t h a t  su c h  a 

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

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

e n t r o p y  o f  a c t i v a t i o n  have  now b e e n  o b t a i n e d  f o r  a b o u t  

f i f t y  compounds which  owe t h e i r  o p t i c a l  a c t i v i t y  t o  r e s t r i c t e d  

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

v a l u e s  w i th  s t r u c t u r e ,  e x c e p t  i n  v e ry  g e n e r a l  t e r m s .  Our 

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

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

in c o m p le t e  a t  t h e  p r e s e n t  t im e .

With o u r  p r e s e n t  knowledge o f  t h e  e n t r o p y  o f  

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

o f  t h e  g round  and  t r a n s i t i o n  s t a t e s  o f  2 , 2 ’ - d i - i o d o b i p h e n y l

w i l l  b e  i n a d e q u a t e .  Such an  a t t e m p t  w i l l  n o t  b e  made.

E x p e r im e n ta l  v a l u e s  f o r  the e n t r o p y  o f  a c t i v a t i o n

a re  s u b j e c t e d  t o  c o n s i d e r a b l e  e r r o r s .  The e n t ro p y  o f  \



S /

a c t i v a t i o n  i e  g iv e n  by  t h e  f o l l o w i n g  e q u a t i o n :

•f -1An e x p e r im e n ta l  e r r o r  o f  -  0 . 5  k c a l .m o l e  i n  t h e  e n e rg y  

o f  a c t i v a t i o n  w i l l  r e s u l t  i n  an  e r r o r  o f  ro u g h ly  -  1 .6 5  e . u .  

i n  t h e  e n t ro p y  f a c t o r ,  f o r  r a c é m i s a t i o n s  i n  t h e  t e m p e r a tu r e

ran g e  0-60^C. ( t h e  e r r o r  i s  1 .8  e . u .  a t  0*̂  and 1 . 5  e . u .

a t  60° ) .  Small d i f f e r e n c e s  i n  e n t r o p y  f a c t o r s  s h o u ld  n o t ,  

t h e r e f o r e ,  be  r e g a r d e d  a s  s i g n i f i c a n t .

The e n t r o p i e s  o f  a c t i v a t i o n  f o r  2 , 2 ’ - d i - i o d o b i p h e n y l  

and i t s  4 *4 *- d e r i v a t i v e s  ( T a b l e d )  a r e  o f  t h e  o r d e r  o f  

-6  e . u . , a v a l u e  e x p e c te d  o f  such s im p le  b i p h e n y l s  ( R e i g e r  

and W esthe im er ,  J . A . C . S . . 1950* 7 2 . 19)  and i n  agreem en t  

w i th  t h o s e  o b t a i n e d  f o r  a n o t h e r  t h r e e  2 , 2 ’ - d ih a lo g e n o b i p h e n y l  

d e r i v a t i v e s  : 2 , 2 ’ - d i - i o d o b i p h e n y l - 5 * 5 *- d i c a r b o x y l i c  a c i d ,

- 7 .7  e . u ;  2 , 3 *2 ’ , 3 ’ - t e t r a - i o d o b i p h e n y l - 5 *5 *- d i c a r b o x y l i c  

a c i d ,  - 7 .6  e . u ;  and 2 , 2 ’ - d ib ro m o b ip h e n y l - 4 *4 ’ - d i c a r b o x y l i c  

a c i d ,  4*9 e . u .  ( H a l l  and H a r r i s ,  J • ,  I 9 60 , 490)*

4 , 4 ’- s u b s .  H GOgH NHCOCH  ̂ NHg ^ 3  COgCH,

S o lv e n t  DMF aq.NaOH EtOH DMP BMP BMP a q . a l o .H C l  BMP

AS* e . u .  - 8 .2  - 7 .0  - 6 . 9  - 6 .1  - 5 .8  - 5 .8  -U .3  - 4 . 0

Table  IV.

The o v e r a l l  v a r i a t i o n  i n  e n t ro p y  o f  a c t i v a t i o n  f o r  

a l l  t h e  compounds i s  s m a l l :  from - 8 .2  e . u .  i n  t h e  u % s u b s t i t u t e d

2 , 2 ’ - d i - 1odob ipheny1 t o  - 4#0  e . u .  i n  t h e  4 * 4 ’ -d ic a rb o m e th o x y l



d e r i v a t i v e .  The c o m p a r a t iv e ly  l o w e r  e n t ro p y  f a c t o r  o f  

2 , 2 ’ - d i - i o d o b i p h e n y l  o v e r  a l l  t h e  4 *4 *- d e r i v a t i v e s  ( i n  th e  

same s o l v e n t )  may mean t h a t  4 *4 *- s u b s t i t u t i o n  i n  g e n e r a l  

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

2 , 2 ’ - d ih a l o g e n o b i p h e n y l  s .

The e n t r o p y  o f  a c t i v a t i o n  f o r  r a c é m i s a t i o n  o f  

2 , 2 ’ - d i - i o d o b i p h e n y l - 4 *4*- d i c a r b o x y l i c  a c i d  i s  p r a c t i c a l l y  

t h e  same f o r  r a c é m i s a t i o n  e x p e r i m e n t s  c a r r i e d  o u t  i n  t h r e e  

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

o b s t a c l e  g ro u p s  ( I  and  H i n  t h e  o,-po s i t  i o n s )  a r e  n o t  

i n v o lv e d  i n  s o l v a t i o n  o r ,  i f  th e y  a r e ,  t h a t  s o l v a t i o n  i s  

t h e  same i n  t h e  g round  s t a t e  and  i n  t h e  t r a n s i t i o n  s t a t e  i n  

a i l  t h r e e  s o l v e n t s ,  t h e  f o rm e r  e x p l a n a t i o n  seems to  be  t h e  

most l i k e l y  o n e .

THE "EBERQY OF ACTIVATION. The d i f f e r e n c e  i n  

a c t i v a t i o n  en e rg y  f o r  r a c é m i s a t i o n  o f  2 , 2 ’ - d i - i o d o b i p h e n y l  

and i t s  4 * 4 ’ - d e r i v a t i v e s  ( a s  shown i n  T ab le  I I I )  a r e  s m a l l :  

t h e  a c t u a l  a c t i v a t i o n  e n e rg y  v a l u e s  l i e  b e tw e e n  19*9 and 

2 2 ,3  kca l .m ole*"^ .  The e n e rg y  o f  a c t i v a t i o n  o f  2 , 2 ’ - d i -  

i o d o b ip h e n y l - 4 *4 ’ - d i c a r b o x y l i c  a c i d  i s  2 1 .5  kcal.mole"*^ i n  

0 .1  aqueous  sodium h y d r o x i d e ,  and 2 1 .3  k c a l .m o l e " ^  i n  

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

v a lu e  o f  2 1 .6  kcal.mole*"^ o b t a i n e d  f o r  t h e  r a c é m i s a t i o n  o f  

2 , 2 ’ - d i - i o d o b i p h e n y l - 5 *5 *- d i c a r b o x y l i c  a c i d  i n  aqueous  

a l c o h o l i c  sôdûmm b i c a r b o n a t e  ( R e i g e r  and W e s th e im er ,  l o c . c i t . )#



w h i le  t h e  second v a lu e  i s  s u r p r i s i n g l y  c l o s e  t o  t h e  v a lu e  

o f  19»0 k c a l .m o l e  ^ o b t a i n e d  f o r  2 , 2 ’ -d ib ro m o b ip h e n y l  i n  

a b s o l u t e  e t h a n o l  ( H a r r i s  and M i t c h e l l ,  l o c . c i t ) .

T h e o r e t i c a l  c a l c u l a t i o n s  f o r  t h e  a c t i v a t i o n  en e rg y

o f  r a c é m i s a t i o n  f o r  b o t h  2 , 2 ’ -d ib ro m o b ip h e n y l  and

2 , 2 ’ - d i - i o d o b i p h e n y l  have b e e n  made by  Westheimer  (Mayer and

W esthe im er ,  l o c . c i t . . R e ig e r  and W esthe im er ,  l o c . c i t ) and by

H ew le t t  ( l o c . c i t . ) .  The i n t e r a c t i o n  b e tw e en  t h e  i n t e r f e r i n g

a tom s,  h a l o g e n  and o r th o - h y d r o g e n  was c o n s i d e r e d .  W estheimer

o b t a i n e d  t h e  a c t i v a t i o n  en e rg y  by  m in im is in g  th e  en e rg y  o f

a p l a n a r  t r a n s i t i o n  s t a t e ,  e x p r e s s e d  i n  te rm s  o f  t h e  v a n  d e r

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

i n t e r f e r i n g  atoms and i n  te rm s  o f  t h e  en e rg y  n e c e s s a r y  t o

d i s t o r t  t h e  v a r i o u s  bond  l e n g t h s  and a n g l e s .  H ow ie t t

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

b e tw e en  th e  m in im ised  en e rg y  o f  a p l a n a r  t r a n s i t i o n  s t a t e  and

t h e  en e rg y  o f  an  undeform ed o r th o g o n a l  g round  s t a t e .  He

i n t r o d u c e d  a d i p o l a r  i n t e r a c t i o n  te rm  i n t o  t h e  e x p r e s s i o n

f o r  t h e  en e rg y  o f  t h e  sy s tem ,  a r e s o n a n c e  s t a b i l i s a t i o n

energ^r o f  6 .9 5  kcal .mole""^  i n  t h e  t r a n s i t i o n  s t a t e ,  and

u se d  improved van  d e r  Waals p o t e n t i a l  f u n c t i o n s  f o r  t h e

co m p re s s io n s  b e tw een  t h e  i n t e r f e r i n g  a to m s .  W esthe im er
—1o b t a in e d  a v a l u e  o f  18 k c a l .m o l e  f o r  t h e  dibromo-compound

and a v a lu e  o f  2 2 .5  ( 2 1 . 4 - 23 . 6 ) kcal.mole*"^ f o r  t h e  d i - i o d o
-1

compound. H e w l e t t ’ s v a l u e s  a r e  2 H a n d  27 k c a l .m o l e  

r e s p e c t i v e l y .  ( p r i v a t e  com m unica t ion ,  q u o ted  by  Cheung 

and H a r r i s ,  l o c . c i t . )



The d i s c r e p a n c y ,  b e tw e e n  e x p e r i m e n ta l  and 

t h e o r e t i c a l  I ' e s u l t s  i s  sm a l l  i n  t h e  dibromo compound b u t  

l a r g e r  i n  th e  d i - i o d o  compound, f o r  b o t h  s e t s  o f  t h e o r e t i c a l  

v a lu e s*  I n  t h e  f o l l o w i n g  t a b l e ,  t h e  a c t i v a t i o n  e n e r g i e s  

f o r  2 , 2 * - d i - i o d o  and  2 ,2 * - d ib ro m o b ip h e n y l - 4 , 4 * - d i c a r b o x y l i c  

a c i d  i n  a b s o l u t e  e t h a n o l  a r e  compared w i th  t h e  c a l c u l a t e d  

v a l u e s .

T ab le  V.

E e x p t .  
2 , 2 *- d i h a l o g e n o -  k c a l • 

b i p h e n y l  mole“^

Westheimer H ow le t t

S e a l • 4E =E ca l-E exp•
i .... ......................- . .

S e a l .
gE=Ecal-

E e x p t .

d i - i o d o  2 1 .3
\

2 2 .5  +1 .2 2 7 .0 +5 .7

di-brom o 1 9 . J) 18 -1 2 1 .4 + 2 .4

%  - 2 .2 3 . 3

These d i s c r e p a n c i e s  may b e  e x p l a i n e d ,  a t  l e a s t  i n  p a r t ,  by 

c o n s i d e r i n g  th e  d i f f e r e n c e  b e tw een  th e  t h e o r e t i c a l l y  assumed 

geometry  o f  t h e  ground  s t a t e s  and t h e  t r a n s i t i o n  s t a t e s  o f  

t h e s e  2 ,2 * - d i h a l o g e n o b i p h e n y l s ,  and  t h e  geometry  which i s  

now s u g g e s t e d .

I n  t h e  t h e o r e t i c a l  c a l c u l a t i o n s ,  W estheimer  assumed 

t h a t  any s t e r i c  i n t e r a c t i o n s  i n  t h e  ground s t a t e  a r e  n e g l i g i b l e ;  

H ow ie t t  e s t i m a t e d  th e  ene rgy  o f  t h e  o r th o g o n a l  g round  s t a t e



by c o n s i d e r i n g  i n t e r a c t i o n s  b e tw e e n  th e  o r t h o  i o d i n e  and 

hyd ro g en  atoms o n ly .  (A v a l u e  o f  1 .7 2  k c a l .  i s  a t t r i b u t e d  

to  van  d e r  Waals i n t e r a c t i o n s  and bond d e f o r m a t i o n ,  and a 

v a l u e  o f  0 . 1  k c a l .  t o  d i p o l a r  i n t e r a c t i o n s ) .  By a n a lo g y  

w i th  t h e  jp.-halogeno b e n z o i c  a c i d s  i t  h a s  b e e n  shown t h a t  i n  

t h e  g round s t a t e  o f  2 , 2 ’ - d i - i o d o b i p h e n y l  t h e r e  w i l l  be  

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 tw e en  th e  2 ’ and  2 o - i o d i n e  

atoms w i th  t h e  1 and  1 ’ c a rb o n  a tom s ,  r e s u l t i n g  i n  a p p r e c i a b l e  

i n - p l a n e  and  o u t - o f - p l a n e  d i s t o r t i o n  o f  t h e  C - I  bonds  and 

th e  1 , 1 ’ -b o n d .  The g round  s t a t e  en e rg y  w i l l  t h e r e f o r e  be  

g r e a t e r  t h a n  t h a t  c a l c u l a t e d  by  H o w le t t ,  and  t h e  m easured  

a c t i v a t i o n  e n e rg y  o f  r a c é m i s a t i o n  v / i l l  c o n s e q u e n t ly  be  l e s s .

Both  W esthe im er  and H o w le t t  assumed a p l a n a r  t r a n s i t i o n  

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

ene rgy  o f  t h e  t r a n s i t i o n  s t a t e  i s  m in im ised  w i t h  r e s p e c t  to  

i n - p l a n e ,  b u t  n o t  o u t - o f - p l a n e ,  bond  d e f o r m a t i o n .  The 

d e f o r m a t i o n  o f  bond a n g l e s  c a l c u l a t e d  by  Mayer and W esthe im er  

f o r  th e  t r a n s i t i o n  s t a t e  o f  2 , 2 ’ - d ib rom obipheny  1 - 4 , 4 ’ -  

d i c a r b o x y l i c  a c i d  a r e  g i v e n  be low :

D efo rm a t io n  o f  i n t e r a n n u l a r  G-C-C(h ) a n g l e  - 3 . 9 °

D efo rm a t io n  o f  C-C-H a n g l e  + 3 .0 °

D efo rm a t io n  o f  C-G-Br a n g l e  +12 .3^

( s t e r i c  E f f e c t s  i n  O rgan ic  C h e m is t ry ,  W i le y ,  1936 ,  p . 5 4 9 ) .

I t  i s  o n ly  r e a s o n a b l e  to  suppose t h a t  s t e r i c  i n t e r a c t i o n s  

l e a d i n g  to  an  i n - p l a n e  d e f o r m a t i o n  o f  a s  much a s  12 i n  bond  

an g le  w i l l  a l s o  r e s u l t  i n  o u t - o f - p l a n e  d e f o r m a t i o n  o f  b o n d s .
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The e n e rg y  o f  a t r a n s i t i o n  s t a t e  i n  which  t h e r e  i s  b o t h  

i n - p l a n e  and o u t - o f - p  ane d i s t o r t i o n  w i l l  be  lo w e r  t h a n  

t h a t  o f  a p l a n a r  t r a n s i t i o n  s t a t e :  i t  w i l l  be  e a s i e r  t o

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

b rom ine  and  h y d ro g en  atoms by  t h r e e  d im e n s io n a l  bond  

d i s t o r t i o n  t h a n  by bond d i s t o r t i o n  r e s t r i c t e d  t o  one p l a n e  

only# M oreover,  i t  h a s  a l r e a d y  b e e n  shown t h a t  t h e  e n e rg y  

o f  a t r a n s i t i o n  s t a t e  i n  which t h e r e  i s  o u t - o f - p l a n e  

d i s t o r t i o n  a t  t h e  i n t e r f e r i n g  r e g i o n s ,  c a n  be f u r t h e r  lo w ere d  

by  r a c é m i s a t i o n  th r o u g h  a m eso id  t r a n s i t i o n  p a t h .  The 

p o s t u l a t e d  t r a n s i t i o n  s t a t e  would t h u s  have  a lo w e r  e n e rg y  

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

detei»mined a c t i v a t i o n  en e rg y  would be  s m a l l e r  y e t  t h a n  th e  

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

The above c o n s i d e r a t i o n s  c o n c e r n in g  s t r a i n  en e rg y  

i n  t h e  ground s t a t e ,  o u t - o f - p l a n e  d i s t o r t i o n  and  a  c o n s e q u e n t  

m esoid  t r a n s i t i o n  p a t h  i n  t h e  t r a n s i t i o n  s t a t e ,  a r e  i l l u s t r a t e d  

by a s c h e m a t ic  e n e rg y  d iagram  f o r  t h e  p r o c e s s  o f  o p t i c a l  

i n v e r s i o n  ( F i g . 1 6 ) .  N e g l e c t i n g  r e s o n a n c e  s t a b i l i s a t i o n

i n  th e  t r a n s i t i o n  s t a t e ,  t h e  d i s c r e p a n c y  i n  a c t i v a t i o n  

e n e rg y ,  {E, b e tw een  t h e  t h e o r e t i c a l  and  e x p e r i m e n ta l  

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

= f E s . g .  + ^ E s t .  + g'E r .m .  (5)  (See  P i g . l 6 )

A l l  t h e  t e rm s  on  th e  r i g h t  hand  s i d e  o f  t h e  e q u a t i o n  w i l l  

i n c r e a s e  w i t h  t h e  s i z e  o f  t h e  2 , 2 *- s u b s t i t u e n t s .  The

\
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t̂ Â njaX̂ iÔ  .
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d i s c r e p a n c y  b e tw een  e x p e r i m e n ta l  and t h e o r e t i c a l  a c t i v a t i o n  

e n e r g i e s  w i l l  t h u s  be  g r e a t e r  i n  2 , 2 *- d i - i o d o b i p h e n y l  t h a n  

i n  2 , 2 * -d ib ro m o b ip h en y l#  M oreover ,  a s  t h i s  l o w e r i n g  o f

a c t i v a t i o n  en e rg y  i s  g r e a t e r  i n  t h e  d i - i o d o  compound, i t s  

e x p e r i m e n t a l l y  d e t e r m in e d  a c t i v a t i o n  e n e rg y  w i l l  b e  n e a r e r  

to  t h a t  o f  t h e  dibromo compound t h a n  n o rm a l ly  ex p e c ted #

I f  i t  i s  assumed t h a t  t h e r e  i s  some r e s o n a n c e  

s t a b i l i s a t i o n  e n e r g y ,  S r ,  i n  t h e  t r a n s i t i o n  s t a t e ,  t h e  

a c t i v a t i o n  e n e rg y  ( e x p e r i m e n t a l )  may be  r e p r e s e n t e d  by  t h e  

equ l^ t ion

E = Es#ra# -  Es#g# -  E r  CD ( s e e  v  )

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

e x p e r i m e n t a l  a c t i v a t i o n  e n e r g i e s  o f  2 , 2 *- d i - i o d o b i p h e n y l  

and i t s  I;.,!). * - d e r i v a t i v e s #

- s u b s t i t u e n t S o l v e n t  E -1k c a l . m o l e 6*E k c a l .m o l e *

NHg HCON(CH^)g 1 9 .9 1 .0

NHCOCH-3
tt 2 0 .6 0 .3

H tt 20#9 0

CO,H CgH^OH 2 1 .3 - o . u

OOg'Na'^ BgO 2 1 .5 —0 .6

COgH HCON(CH^)g 2 1 .6 - 0 . 7

3
HgO/EtOH 2 2 .2 - 1 . 3

CO-CH.^ 3 HC0M(CH^)2 2 2 .3 - l . U

T ab le  V I .

V



1
As a l l  t h e  r a c é m i s a t i o n  e x p e r im e n t s  have b ee n  c a r r i e d  ou t  

by t h e  same w o rk e r ,  u s i n g  th e  same t e c h n i q u e  and t h e  same 

a p p a r a t u s ,  t h i s  v a r i a t i o n  sh o u ld  n o t  be  i g n o r e d .

There  i s  a d i f f e r e n c e  o f  1 . 4  k o a l s .  b e tw e en  t h e  

a c t i v a t i o n  e n e r g i e s  o f  2 , 2 *- d i - i o d o b e n z i d i n e  i n  d im e th y l  

formarMe and o f  2 , 2 *- d i - i o d o b i p h e n y l - 4 , 4 ’ - d i c a r b o x y l i c  a c i d  

i n a b s o l u t e  e t h a n o l ,  t h e  l a t t e r  b e i n g  t h e  more s t a b l e  o f  

th e  two.  I f  t h e  same d i f f e r e n c e  i n  o p t i c a l  s t a b i l i t y  

a p p l i e s  t o  t h e  c o r r e s p o n d in g  2 , 2 *-d ib ro m o b ip h e n y l  d e r i v a t i v e s ,  

t h e  o p t i c a l  s t a b i l i t y  o f  2 , 2 *-d ib ro m o b e n z id in e  would be 

v e ry  low ,  a s  can  be s e e n  from t h e  f o l l o w i n g  t a b l e :

  ________ _____________  T ab le  VII  __________________ ______
b i p h e n y l - 4 , 4 ’ - d i c a r b o x y l i c  - b e n z i d i n e  i n
a c i d  i n  a b s . e t h a n o l  N,N*-DMP

3 k c a l .m o l e * ^  e . u .  S k c a l . m o l e ’’̂  A S '^ e .u
2 , 2 ’ - d i - i o d o  2^ ^ , - 0 . 9  1 9 .9 - 5 . 8

2 , 2 ' - d lb ro m o  1 9 .0 -(1.9 ( 1 9 . 9 - 2 . 3 = 1 7 . 6 ) ( - 5 . 8  +
2 . 0= ^ . 8 )

i s  = +2 .3 «2 .0

( tjL a t  - 1 5 . 3 f o r  2 ,2  - d ib ro m o b e n z id in e  i s  4 . 4  min. )2
T h is  low o p t i c a l  s t a b i l i t y  o f  2 ,2  - d ib ro m o b e n z id in e  e x p l a i n s ,  

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

o b t a i n  i t  o p t i c a l l y  a c t i v e .

'J Y ^ 257.^



The v a r i a t i o n  i n  a c t i v a t i o n  en e rg y  f o r  t h e  s e r i e s  

o f  4 , 4 *- d e r i v a t i v e s  o f  2 , 2 ' - d i - i o d o h i p h e n y l ,  a s  shown i n  

T ah le  V I ,  shows t h a t  g ro u p s  which  ca n  he  e l e c t r o n  d o n a t i n g  

d e c r e a s e  t h e  a c t i v a t i o n  e n e rg y  when p l a c e d  i n  t h e  4 , 4 *- 

p o s i t i o n s ,  w h i le  g ro u p s  which a r e  e l e c t r o n  w i th d ra w in g  

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

i n  t h e  whole sys tem  d e c r e a s e s  t h e  a c t i v a t i o n  e n e rg y  f o r  

r a c é m is a t io n #  M oreover ,  a s  4 , 4 * - s u b s t i t u e n t s  d i r e c t l y  

a f f e c t  th e  e l e c t r o n  a v a i l a b i l i t y  a t  t h e  1 and 1 * c a rb o n  a tom s,

N H  ^

?
F j .  17.

e  1̂

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

t h e  1 , 1 *-bond  ( s e e  f i g # l 8 ) ,  t h e  p r e s e n t  s e t  o f  r e s u l t s  

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

1 anci 1 * c a rb o n  atoms d e c r e a s e s  t h e  o p t i c a l  s t a b i l i t y  

( I n s o f a r  a s  i t  d e c r e a s e s  t h e  a c t i v a t i o n  en e rg y  f o r  

r a c é m i s a t i o n ) ;  t h i s  o b s e r v a t i o n  ca n  be  u s e f u l l y  compared 

w i th  o b s e r v a t i o n s  made by B a d d e le y ,  and by  C raw ford  and 

Smyth ( s e e  p. S I 3



I t  i s  i n t e r e s t i n g  t o  c o n s i d e r  th e  v a r i o u s  f a c t o r s  which may 

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

i n c r e a s i n g  e l e c t r o n  a v a i l a b i l i t y  a t  t h e  1 and 1* c a rb o n  

a tom s.

One f a c t o r  which sh o u ld  be  c o n s i d e r e d  i s  r e so n a n c e  

i n v o l v i n g  t h e  1 , 1 * -b o n d .  Any r e so n a n ce  b e tw een  t h e  b en zen e  

r i n g s  i n  t h e  ground s t a t e  o f  2 ,2 * - d i - i o d o b i p h e n y l  and  i t s  

d e r i v a t i v e s  may be  i g n o r e d :  r e s o n a n c e  b e tw een  th e  r i n g s

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

t h e  ben zen e  r i n g s .  A d r i a n ’ s c a l c u l a t i o n s  on t h e  v a r i a t i o n  

o f  r e s o n a n c e  e n e rg y  w i th  r e s p e c t  t o  i n  b i p h e n y l  show t h a t  

re s o n a n c e  b e tw een  t h e  b en z e n e  n u c l e i  becomes n e g l i g i b l e  

when &> 70° ( J .G hem .Plivs . . 1958,  6 0 8 ) .  . i n  2 , 2 ' - d i - i o d o -

b ip h e n y l  l i e s  beyond t h i s  a n g l e .  The u l t r a v i o l e t  spec trum  

o f  2 ,2 * - d i - i o d o b i p h e n y l  a l s o  shows t h a t  t h e r e  i s  no 

c o n j u g a t i o n  b e tw e en  t h e  two b en zen e  r i n g s  (Beaven  and H a l l ,

J . , 1956 , 4 6 3 9 )•  C o n j u g a t i o n  b e tw een  t h e  benzene  r i n g s  i n  

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

energy  o f  o n ly  a few k i l o c a l o r i e s :  Guy ( J .C h im .P h v s . , 1949 ,

4 6 . 4 6 9 ) e s t i m a t e d  a v a l u e  o f  6 .9 5  k c a l .m o l e  ^ and Wheland 

a v a l u e  o f  4 k c a l . m o l e ”*^. Any r e s o n a n c e  s t a b i l i s a t i o n  

i n  th e  t r a n s i t i o n  s t a t e  o f  2 , 2 ’ - d i - i o d o b i p h e n y l  w i l l  be  

l e s s  t h a n  t h e s e  v a l u e s .

I f  i t  i s  assumed t h a t  t h e  s t e r i c  e n e r g i e s  o f  t h e  

ground and t r a n s i t i o n  s t a t e s ,  and  r em a in  c o n s t a n t



k

f o r  t h e  s e r i e s  o f  2 , 2 *- d i - i o d o h i p h e n y l  d e r i v a t i v e s ,  t h e n  

th e  v a r i a t i o n  i n  a c t i v a t i o n  en e rg y  must he  a t t r i b u t e d  t o  

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

w h i le  n o t i n g  t h a t  s i n c e  re so n a n c e  b e tw e e n  t h e  r i n g s  would be 

f a v o u r e d  by p l a n a r i t y ,  and  would b e  accom panied  by  a s h o r t e n 

i n g  o f  t h e  1 , 1 *- b o n d ,  w h i l e  s t e r i c  en e rg y  i s  l e s s  when t h e r e  

i s  o u t - o f - p l a n e  bond d i s t o r t i o n  and  when t h e  1 , 1 *-b o n d  i s  

l o n g e r ,  r e s o n a n c e  b e tw e e n  t h e  b e n z e n e  r i n g s  i n  t h e  t r a n s i t i o n  

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

on ly  i f  t h e  i n c r e a s e  i n  s t e r i c  e n e rg y  accompanying i t  i s  

l e s s  t h a n  t h e  r e s o n a n c e  en e rg y  g a i n e d .  I t  i s  n o t  c e r t a i n  

how f a r  r e s o n a n c e  b e tw e en  t h e  b en z e n e  r i n g s  ca n  o c c u r  i n  

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

2 , 2 * - d i - i o d o b i p h e n y l .  I f  t h e r e  i s  a r e s o n a n c e  s t a b i l i s a t i o n  

o f  2 -3  k c a l . m o l e " ^  i n  2 , 2 *- d i - i o d o b i p h e n y l  i t s e l f ,  and th e  

v a r i a t i o n s  i n  E a r e  a t t r i b u t a b l e  t o  t h i s  a l o n e ,  t h e n  i t s  

ra n g e  o f  v a r i a t i o n ,  a s  o b s e rv e d ,  a p p e a r s  to  be  r e m a rk a b ly  

l a r g e .

The p r e s e n t  s e t  o f  r e s u l t s ,  when e x p l a i n e d  i n  

te rm s  o f  r e s o n a n c e  i n v o l v i n g  t h e  1 , 1 *-b o n d ,  s u g g e s t s  t h a t  

r e s o n a n c e  b e tw e e n  t h e  b en zen e  r i n g s  i n  2 , 2 *- d i - i o d o b i p h e n y l  

i s  i n c r e a s e d  by g ro u p s  which  would be  o p , - d i r e c t i n g  t o  

e l e c t r o p h i l i c  r e a g e n t s ,  b u t  d e c r e a s e d  by m - d i r e c t i n g  g ro u p s  

i n  t h e  4  and  4 * - p o s i t i o n s .  I t  seems r e a s o n a b l e  t o  make a



co m p ar iso n  w i t i  b i p h e n y l  d e r i v a t i v e s  which  do n o t  c a r r y  

th e  o - h a l o g e n  atoms# C o n j u g a t i o n  o f  t h e  1 , 1 ’ -bond  i n  

b i p h e n y l  h a s  b e e n  much s t u d i e d  by u l t r a  v i o l e t  s p e c t ro s c o p y #  

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

a l l  4 , 4 ' - s u b s t i t u e n t 6 i n v e s t i g a t e d ,  i n c l u d i n g  t h e  amino and 

c a rb e th o x y  g r o u p s ,  i n c r e a s e  t h e  c o n j u g a t i o n  o f  t h e  1 , 1 ' - b o n d  

( W i l l i a m s o n  and Rodebush,  J#A#C»S# . 1941,  6^ ,  3018)# T h is  

h a s  b ee n  e x p l a i n e d  i n  te rm s  o f  t h e  a b i l i t y  o f  a l l  4 , 4 ’ - s u b s t i 

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

n u c leu s#

By a n a lo g y ,  an  i n c r e a s e  i n  r e s o n a n c e  e n e rg y ,  i n  t h e  t r a n s i t i o n  

s t a t e ,  owing t o  t h e  i n c l u s i o n  o f  c a n o n i c a l  fo rm s  o f  t h e  ty p e

20

d oes  n o t ,  t h e r e f o r e ,  a p p e a r  to  g iv e  a n  ad e q u a te  e x p l a n a t i o n  

f o r  th e  o b s e rv e d  v a r i a t i o n  i n  a c t i v a t i o n  e n e rg y  o f  t h e  

s e r i e s  o f  4 , 4 *- d e r i v a t i v e s  o f  2 , 2 ’ - d i - i o d o b i p h e n y l  s tu d ie d #



u

I n  t h e  s p e c t r a  o f  4 , 4 ’ - b i p h e n y l  d e r i v a t i v e s ,  any  

r e l a t i o n s h i p  b e tw e e n  th e  op-  and m - d i r e c t i n g  c h a r a c t e r  o f  

t h e  4 , 4 ’ - s u b s t i t u e n t s  on th e  c o n j u g a t i o n  o f  t h e  1 , 1 ’ -bond  , 

i s  m a rred  by t h e  o v e r a l  i n c r e a s e  i n  c o n j u g a t i o n  which  h a s  

b e e n  d e s c r i b e d .  I t  a p p e a r s  t h a t  i f  t h e r e  b e  any d i f f e r e n c e  

i n  r e s o n a n c e  e n e rg y  w i t h  r e s p e c t  t o  on-  and g -  d i r e c t i n g  

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

v e ry  sm al l  i n  c o m p a r iso n  w i t h  the  o v e r a l l  r e s o n a n c e  ene rgy  

i n  t h e  4 , 4 ’ - b i p h e n y l  d e r i v a t i v e s .

O th e r  u l t r a v i o l e t  s p e c t r o s c o p i c  e v i d e n c e  s u g g e s t s  

t h a t  t h e  c o n j u g a t i o n  o f  t h e  1 , 1 ’ -b o n d  i n  b i p h e n y l  i s  r e l a t e d  

t o  t h e  d eg ree  t o  which  s u b s t i t u e n t s  i n t e r a c t  w i th  t h e  

i n d i v i d u a l  b en z en e  n u c l e i ,  r a t h e r  t h a n  to  t h e  op-  o r  ra- 

d i r e c t i n g  c h a r a c t e r  o f  t h e  s u b s t i t u e n t s :  b o t h  eth^d and

methoxy g ro u p s  a r e  op- d i r e c t i n g ,  t h e  fo rm e r  owing t o  i t s  

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

s t r o n g  mesoraeric e f f e c t  (w h ich  p r e d o m in a te s  o v e r  i t s  n e g a t i v e  

i n d u c t i v e  e f f e c t ) ;  how eve r ,  t h e  s p e c t r a  o f  3 , 3 ’ - d . i e t h y l  

and 3 , 3 ’ -d im e th o x y b ip h e n y l  show t h a t  w h i le  t h e  e t h y l  group 

h a s  l i t t l e  e f f e c t  upon  t h e  c o n j u g a t i o n  o f  t h e  1 , 1 ’ -bond  i n  

b i p h e n y l ,  t h e  methoxy group g r e a t l y  r e d u c e s  i t  ( E v e r i t t ,

H a l l ,  and T u r n e r ,  J . ,  19 5 6 , 2 286 ) .  The s p e c t r a  o f  b r i d g e d  

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

a c r o s s  th e  1 , 1 ’ - b o n d ,  even  th o u g h  t h e  two b e n z en e  r i n g s  a r e  

n o t  c o p l a n a r ,  b u t  k e p t  i n  a t w i s t e d  p o s i t i o n  by th e  o , o  —b r i d g e



(Beaven ,  H a l l ,  L e s s l i e ,  and T u r n e r ,  J . , 1952, 8 5 4 ) ;  i n  

t h e s e  compounds, two o r t h o  methoxy g roups  would have l i t t l e  

s t e r i c  e f f e c t ,  t h e  e f f e c t  o f  t h e s e  g roups  on th e  s p e c t r a  o f  

t h e s e  compounds sh o u ld  he m a in ly  e l e c t r o n i c  i n  ch a ra fee r ,  

and t h e  e f f e c t  o f  t h e i r  o p - d i r e c t i n g  n a t u r e  on th e  1 , 1 ’ -b o n d ,  

s h o u ld  be  i n  t h e  o p p o s i t e  d i r e c t i o n  to  t h a t  o f  m,m’ -methoxy 

g r o u p s ;  th e  s p e c t r a  o f  0 ,0’ and m,ra’ - d im e t h o x y - b r id g e d  

b i p h e n y l s  a r e ,  how ever ,  e s s e n t i a l l y  t h e  same, (Beaven ,  H a l l ,  

L e s s l i e ,  T u rn e r  and B i r d ,  J . , 1954 ,  1 3 l )*

Prom t h e  above c o n s i d e r a t i o n s ,  i t  a p p e a r s  t h a t  to  

e x p l a i n  t h e  o b s e rv e d  v a r i a t i o n  o f  E i n  te rm s  o f  r e s o n a n c e  

in v o l v i n g  t h e  1 , 1 ’ -bond  would be  i n c o n s i s t e n t  w i t h  

s p e c t r o s c o p i c  e v i d e n c e .  An a l t e r n a t i v e  e x p l a n a t i o n  must be  

sough t  which a c c o u n t s  f o r  t h e  c o r r e l a t i o n  b e tw een  i n c r e a s e d  

e l e c t r o n  a v a i l a b i l i t y  and l o w e r in g  o f  t h e  en e rg y  o f  

a c t i v a t i o n  f o r  r a c é m i s a t i o n .

Crawford and Smyth’ s ( l o c . c i t . ) s u g g e s t i o n ,  t h a t  o f

an  a t t a c k  o f  a p r o t o n  a t  t h e  1 o r  l ’ c a rb o n  atom g i v i n g

t h e  n e c e s s a r y  freedom  f o r  overcom ing  t h e  s t e r i c  b a r r i e r ,

would be s u p p o r t e d  were i t  n o t  t h a t  i t  i s  found  t h a t

2 , 2 ’ - d i - i o d o b e n z i d i n e  r a c e m is e s  f a s t e r  i n  N,N’ -d im e thy lfo rm ara ide

th a n  i n  N/ 2  aqueous  a l e  h o l i c  h y d r o c h l o r i c  a c i d ,  i . e .  i n  t h e
+

p r e s e n c e  o f  p ro t iu m  c a t i o n s .  I t  may be a rg u e d  t h a t  t h e  NH^ 

group would d e a c t i v a t e  t h e  a r o m a t i c  n u c l e u s ,  and  t h u s  d e c re a s e  

th e  r a t e  o f  r a c é m i s a t i o n .  Hov/ever, u n d e r  s i m i l a r  c o n d i t i o n s ,



a n i l i n e  would s t i l l  be  h i g h l y  r e a c t i v e  to w ard s  e l e t r o p h i l i c  

r e a g e n t s ,  and  t h e  group  i s  f o r c e d  to  behave  a s  t h e  

m - d i r e c t i n g  NH^ g roup  o n ly  u n d e r  s t r o n g l y  a c i d  c o n d i t i o n s ,  

e . g .  i n  co n c .  s u l p h u r i c  a c i d .

B a d d e le y ’ s ( N a t u r e . 1946 ,  1 6 7 . 694) s u g g e s t i o n  

t h a t  t h e  deve lopm ent  o f  a t e t r a h e d r a l  1 o r  1 * c a rb o n  atom 

p l a y s  an  im p o r t a n t  p a r t  i n  f a c i l i t a t i n g  r a c é m i s a t i o n ,  a p p e a r s  

to  a s s i s t  i n  t h e  e x p l a n a t i o n  o f  t h e  p r e s e n t  s e t  o f  r e s u l t s .

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

o f  compounds X-XV, he w ro te :  ’’F i s c h e r  models  o f  t h e s e

d ip h e n y l  d e r i v a t i v e s  show t h a t  t h e  r o t a t i o n  r e q u i r e d  f o r  

r a c é m i s a t i o n  e n c o u n t e r s  much l e s s  o b s t r u c t i o n  when t h e  bond 

j o i n i n g  th e  two r i n g s  i s  d i s p l a c e d  from th e  p l a n e  o f  one 

o f  them by  t h e  i n t r o d u c t i o n  o f  a t e t r a h e d r a l  c a r b o n  a tom.

The d i s p l a c e m e n t  i s  shown i n  the  d iag ram

4- ^
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and  i t s  o c c u r r e n c e  must depend  on t h e  a b i l i t y  o f  t h e  c a rb o n  

atom a t  which  i t  o c c u r s  t o  a c q u i r e  a n e g a t i v e  c h a r g e ,  f o r  

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

a tom . I f  such  a d i s p l a c e m e n t  p l a y s  a p a r t  i n  f a c i l i t a t i n g  

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

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

be r e l a t e d  to  t h e  e l e c t r o n  d e n s i t y  i n  t h i s  r i n g .  (Ü L iâ ,  

q u o t e d ) «



h

B a d d e le y ’ s s u g g e s t i o n  h a s  b e e n  t a k e n  t o  mean o n e  

f u l l y  d ev e lo p e d  t e t r a h e d r a l  c a r b o n  atom i n  t h e  t r a n s i t i o n  

s t a t e  o f  r a c é m i s a t i o n  (C raw fo rd  and Smyth, l o c . c i t . ) and  i t  

seems from t h e  above q u o t a t i o n  t h a t  t h i s  i n t e r p r e t a t i o n  i s  

j u s t j ^ d .  The e l e c t r o n  d i s t r i b u t i o n  i n  t h e  t r a n s i t i o n  s t a t e  

o f  compound X would t h e n  be  r e p r e s e n t e d  by  P i g . 22 .

I n  t h e  I n t r o d u c t i o n  ( p .  SI ) i t  h a s  b e e n  shown t h a t

t h e  e x p e r i m e n t a l  d a t a  on which B adde ley  b a s e d  h i s  t h e o r y

were n o t  r e a l l y  v a l i d ,  owing t o  t h e  l a r g e ' e x p e r i m e n t a l

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

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

However,  i n  v iew  o f  t h e  p r e s e n t  s e t  o f  e x p e r i m e n t a l  r e s u l t s ,

i t  a p p e a r s  t h a t  B a d d e le y ’ s i d e a  i s  w o r th  c o n s i d e r i n g .  The
im—

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

1 o r  l ’ c a rb o n  atom s h o u ld  o c c u r  i n  t h e  t r a n s i t i o n  s t a t e  o f  

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

by o u t - o f - p l a n e  bond  d i s t o r t i o n  a t  t h e  1 and 1 ’ c a r b o n  atoms 

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

s y m m e t r i c a l l y  s u b s t i t u t e d  — exam ined  on c o n n e c t i o n  w i t h  t h e  

p r e s e n t  s tu d y )  which  i s  i n  t u r n  f a c i l i t a t e d  by  g r e a t e r



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

d i s t r i b u t i o n  i n  t h e  t r a n s i t i o n  s t a t e  o f  2 , 2 ’ - d i - i o d o b e n z i d i n e  

would be r e p r e s e n t e d  by P i g , 2 3 .

H t  ^  J

These i d e a s  a r e  d e v e lo p e d  i n  t h e  r e m a in in g  s e c t i o n  o f  t h e  

d i s c u s s i o n *

I t  h a s  a l r e a d y  b e e n  s e e n  t h a t  i n  2 , 2 ' - d i - i o d o b i p h e n y l ,  

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

i n  c o n s i d e r a b l e  o u t - o f - p l a n e  ( a s  w e l l  a s  i n - p l a n e )  bond  

d i s t o r t i o n  i n  t h e  r e g i o n  o f  t h e  1 , 1 *- b o n d ' ( b o n d  d i s t o r t i o n  

b e i n g  g r e a t e r  t h a n  t h a t  i n  t h e  g round  s t a t e ) .  T h i s  p o i n t  

may be  f u r t h e r  i l l u s t r a t e d  by  p h o to g r a p h s  t a k e n  on L eybo ld  

m ode ls  o f  2 , 2 ’ - d i - i o d o b i p h e n y l .

( a )  a model o f  t h e  c l a s s i c a l  2 , 2 *- d i - i o d o b i p h e n y l  

m o le cu le  i s  n o t  r a c e m i s a b l e .

( b )  a  model o f  2 , 2 ' - d i - i o d o b i p h e n y l  i n  which  sp^  

c a rb o n  atoms a r e  u s e d  i n  b o t h  t h e  1 and  1 * p o s i t i o n s  i s  

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

( b u t  n o t  th ro u g h  th e  racem o id  p a t h ) .

Bond d i s t o r t i o n  i n  th e  t r a n s i t i o n  s t a t e  o f
O/

r a c é m i s a t i o n  i s  b r o u g h t  ab o u t  by  t h e  s e v e r e  v a n  d e r  W a l l s  

i n t e r a c t i o n ,  m a in ly  b e tw e e n  t h e  o r t h o  h y d ro g e n  and o r t h o
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i o d i n e  atoms* The s t e r i c  e n e rg y  due t o  v a n  d e r  Waals 

i n t e r a c t i o n ,  and  th e  s t r a i n  en e rg y  due to  "bond d i s t o r t i o n  

a r e  i n t e r r e l a t e d :  van  d e r  Waals i n t e r a c t i o n  i s  p a r t i a l l y

r e l i e v e d  by  bond d i s t o r t i o n ,  w hich  g i v e s  r i s e  t o  a  c e r t a i n  

amount o f  s t r a i n  e n e r g y .  The t r a n s i t i o n  s t a t e  r e p r e s e n t s  

t h e  optimum c o n d i t i o n  when t h e  van  d e r  W aals i n t e r a c t i o n  and 

bond d i s t o r t i o n  i n  t h e  r e g i o n  o f  t h e  1 , 1 ’ -bond  a r e  such  a s  

to  g iv e  a minimum ’*s t e r i c  s t r a i n * '  e n e rg y ,  r e q u i r e d  f o r  t h e  

o r t h o  h y d ro g en  and  i o d i n e  a toms to  p a s s  e a ch  o t h e r .  When 

c o n s i d e r a b l e  o u t - o f - p l a n e  bond  d i s t o r t i o n  a t  one o r  more o f  

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

o f  r e s o n a n c e  en e rg y  i n  t h e  i n d i v i d u a l  b en zen e  r i n g ( s )  

co n c e rn e d  must a l s o  b e  c o n s i d e r e d .  For  exam ple ,  one f u l l y  

d ev e lo p e d  sp^ c a r b o n  atom would  mean a l o s s  o f  r e s o n a n c e  

ene rgy  e q u i v a l e n t  t o  t h a t  o f  b e n z e n e .

P i Q ,

T h e r e f o r e ,  to  a f i r s t  a p p r o x i m a t i o n ,  t h e  t r a n s i t i o n  s t a t e  

o f  r a c é m i s a t i o n  w i l l  be one i n  which  en e rg y  i s  m in im ise d  

w i th  r e s p e c t  t o  v an  d e r  Waals i n t e r a c t i o n ,  t h r e e  d im e n s io n a l  

bond d i s t o r t i o n ,  a s  w e l l  a s  l o s s  i n  r e s o n a n c e  e n e rg y .



I t  w i l l  b e  d i f f i c u l t  t o  d e te rm in e  t h e  e x a c t  geom etry  

o f  such a t r a n s i t i o n  s t a t e .  However, i t  seems r e a s o n a b l e  

to  suppose t h a t ,  i f  o u t - o f - p l a n e  bond  d i s t o r t i o n  i s  a l lo w e d  

a t  th e  1 and  1 ’ c a rb o n  a to m s ,  t h e  c o n f i g u r a t i o n  o f  t h e s e

ca rb o n  atom s w i l l  l i e  b e tw e e n  t h a t  o f  an  sp^ and  t h a t  o f  an
3 2sp c a rb o n  a tom : sp c a rb o n  a toms would mean v e ry  s e v e r e

van  d e r  Waals i n t e r a c t i o n s  b e tw e e n  th e  o r t h o  h y d ro g e n  and

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

sp^ 1 and 1 ’ c a r b o n  atoms would mean a l o s s  o f  2 x 3S k c a l s ,

o f  r e s o n a n c e  e n e r g y .
r

I n s o f a r  a s  s t e r i c  i n t e r a c t i o n s  b e tw e e n  th e  o r t h o  

h y d ro g en  and i o d i n e  a toms i n  t h e  t r a n s i t i o n  s t a t e  o f  

2 , 2 ’ - d i - i o d o b i p h e n y l  d e r i v a t i v e s  can  b r i n g  a b o u t  c o n s i d e r a b l e  

o u t - o f - p l a n e  bond d i s t o r t i o n  a t  t h e  1 and  1 ’ c a r b o n  a tom s ,  

which can  f a c i l i t a t e  r a c é m i s a t i o n ,  i n c r e a s e  i n  e l e c t r o n  

a v a i l a b i l i t y  f o r  t h e  whole b i p h e n y l  sys tem  s h o u ld  i n c r e a s e  

t h e  r a t e  o f  r a c é m i s a t i o n :  o u t - o f - p l a n e  bond d i s t o r t i o n  a t

a c a rb o n  atom i s  a s s o c i a t e d  w i t h  a c e r t a i n  amount o f  sp^ 

c h a r a c t e r ,  and a f u l l y  d e v e lo p e d  sp^ 1 o r  l ’ c a r b o n  atom i n  

b i p h e n y l  i s  one which  c a r r i e s  a n e g a t i v e  c h a r g e ,  t h e  e n e rg y  

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

h i g h e r  t h e  e l e c t r o n  a v a i l a b i l i t y  a t  t h e  c a rb o n  atom concerned ,  

The above a rg u m en ts  a p p e a r  to  p ro v e  a r e a s o n a b l e  

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

w i th  i n c r e a s i n g  e l e c t r o n  a v a i l a b i l i t y  a t  t h e  1 and 1 c a rb o n
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atoms i n  2 , 2 ’ - d i - i o d o b i p h e n y l  and i t s  4 *4 *- d e r i v a t i v e s .

I t  i s  i n t e r e s t i n g  to  n o te  t h a t  o u t - o f - p l a n e  bond 

d i s t o r t i o n  a t  t h e  c a rb o n  atoms c a r r y i n g  t h e  i o d i n e  atoms 

can  a l s o  lo w e r  t h e  en e rg y  b a r r i e r  to  r a c é m i s a t i o n .  A

Leybo ld  model o f  2 ,2 * - d i - l o d o b i p h e n y l  i n  which t h e  2-  and
» 32 -  c a rb o n  a tom s have an  sp c o n f i g u r a t i o n  a p p e a r s  t o  be

even  more e a s i l y  r a c e m is e d  t h a n  one i n  w hich  t h e  1 and l ’
%

c a rb o n  atoms have  an  sp"^ c o n f i g u r a t i o n .  I t  seems 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  r a c é m i s a t i o n  o f  2 , 2 *- d i - i o d o b i p h e n y l  

d e r i v a t i v e s  and s i m i l a r  b i p h e n y l s  i s  f a c i l i t a t e d  by th e  

developm ent  o f  some sp-^ c h a r a c t e r  i n  t h e  1 , 1 * , 2  and 2 * c a rb o n  

a tom s .  ' I t  would  be  o f  i n t e r e s t  t o  d e t e rm in e  t h e  a c t i v a t i o n  

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

2 , 2 * - d i - i o d o b i p h e n y l .  Assuming t h a t  t h e  n e g a t i v e  i n d u c t i v e  

e f f e c t  ( F i g . 2 5 a )  o f  t h e  i o d i n e  atom i s  o n ly  s m a l l ,  and t h a t  

i t s  mesoraerio e f f e c t  ( F i g . 2 5 b )  does  n o t  o p e r a t e  t o  an  

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

X

t h e  v a r i a t i o n  i n  a c t i v a t i o n  e n e rg y  s h o u ld  be  i n  t h e  same 

o r d e r  and ro u g h ly  o f  t h e  sarae ( o r  s l i g h t l y  l a r g e r )  m agnitude
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a s  t h a t  i n  t h e  U,!}-*—d e r i v a t i v e s ,  i f  t h e  above s u g g e s t i o n  

i s  c o r r e c t  ( th o u g h  c o m p l i c a t i o n s  may a r i s e  a s  a r e s u l t  o f  

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  5 and 5 * s u b s t i t u e n t s  on t h e  

6 and  6 ’ h y d ro g en  atoms). I f ,  on t h e  o t h e r  h and ,  r e s o n a n c e  

i n v o l v i n g  t h e  1 , 1 ’ -bond i s  a s u f f i c i e n t  e x p l a n a t i o n  f o r  t h e  

o b se rv e d  v a r i a t i o n  i n  a c t i v a t i o n  e n e rg y  w i t h  e l e c t r o n  

a v a i l a b i l i t y ,  t h e  ran g e  o f  v a r i a t i o n  i n  t h e  5 , 5 *- d e r i v a t i v e s  

sh o u ld  b e  a p p r e c i a b l y  s m a l l e r ,  s i n c e  i n  co m p a r i so n  w i t h  

s u b s t i t u e n t s  i n  t h e  k  and I}.’ - p o s i t i o n s ,  s u b s t i t u e n t s  i n  t h e  

5 and 5 * p o s i t i o n s  can  have o n ly  l i t t l e  i n f l u e n c e  upon t h e  

1 , 1 ’ -b o n d .

The o n ly  5 >5 * - d e r i v a t i v e  o f  2 , 2 *- d i - i o d o b i p h e n y l  

t h a t  h a s  b e e n  i n v e s t i g a t e d  i n  t h i s  way i s  t h e  5 , 5 *- d i c a r b o x y l i c  

a c i d  ( R e i g e r  and  W esthe im er ,  l o c . c i t . ) .  I t  h a s  a l r e a d y  b e e n  

p o i n t e d  o u t  t h a t  i t s  a c t i v a t i o n  en e rg y  i s  c l o s e  t o  t h a t  o f  

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

th e  s u g g e s t i o n  ^ h i c h  i s  now p u t  f o r w a r d .  The a c t i v a t i o n  

e n e r g i e s  o f  r a c é m i s a t i o n  o f  some 1 , 1 ’ - b i n a p h t h y l  d e r i v a t i v e s  

ap p e a r  a l s o  to  s u p p o r t  t h i s  s u g g e s t i o n :

m i
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The e f f e c t  o f  t h e  5 , 5 ’ - c a r b o x y l  g ro u p s  on t h e  e l e c t r o n  

a v a i l a b i l i t y  a t  t h e  8 , 8 ’ c a rb o n  atoms (w hich  c a r r y  t h e  

b l o c k i n g  h y d ro g en  a tom s)  i s  t h e  same a s  t h a t  o f  - c a r b o x y l  

g roups  on t h e  1 and 1 ’ c a rb o n  a toms ( P i g * 2 6 a ) ;  however,  

t h e  i n f l u e n c e  e x e r t e d  by t h e  5 » 5  ̂- c a r b o x y l  g ro u p s  on th e  

c o n j u g a t i o n  o f  t h e  1 , 1 ’ -b o n d  must be  l e s s  t h a n  t h a t  e x e r t e d  

by  c a r b o x y l  g ro u p s  ( F i g . 2G b).

( O . )

F 1 3 , I h

®  ' k \ . C q

( b )

However, f u r t h e r  e x p e r i m e n ta l  d a t a  on s u i t a b l e  2 ,2  - d i s u b s t i t u t 

ed b i p h e n y l  d e r i v a t i v e s  must be  o b t a i n e d  b e f o r e  any r e l i a b l e  

c o n c l u s i o n s  can  b e  drawn.

\
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OPTICAL WORK -  EXPERIMENTAL.

A t te m p ts  t o  o b t a i n  t h e  2 , 2 ’ -d lb ro m o b Ip h e n y l  

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

2 , 2 ’ - d i - i o d o b i p h e n y l - 14. , 4 ’ - d i c a r b o x y l i c  a c i d  was 

o b t a i n e d  o p t i c a l l y  a c t i v e  by second o r d e r  asym m etr ic  

t r a n s f o r m a t i o n  o f  i t s  d i b r u c i n e  s a l t  i n  e t h a n o l  ( S . V . R . )  

and 2 , 2 ’ - d i - i o d o b e n z i d i n e  b y  second  o r d e r  a sym m etr ic  

t r a n s f o r m a t i o n  o f  i t s  d i - h y d r o g e n  t a r t r a t e  i n  t h e  same 

s o l v e n t .  A p p r o p r i a t e  r e a c t i o n s  c a r r i e d  o u t  on th e  

o p t i c a l l y  a c t i v e  b a s e  and th e  o p t i c a l^ ^ a c id  a t  low 

t e m p e r a t u r e s  p r o v id e d  2 , 2 ’ - d i - i o d o b i p h e n y l ,  i t s  U tU *-d icarbo-  

methoxy and  i t s  l4-,U’ - d i a c e t a r a i d o  d e r i v a t i v e  i n  t h e i r  

o p t i c a l l y  a c t i v e  c o n d i t i o n .

R a c é m is a t io n  p r o c e d u r e .  A l l  p o l a r i m e t r i c  r e a d i n g s  were 

t a k e n  on t h e  mercury  g r e e n  l i n e  %.6lA .

P o l a r i m e t r i c  m easu rem en ts  above 20^0 were made 

u s i n g  a 2-dra. j a c k e t t e d  t u b e  ; t h e  t e m p e r a t u r e  was k e p t  

c o n s t a n t  by a f a s t  s t r e a m  o f  w a te r  c i r c u l a t e d  rou n d  th e  

p o l a r i m e t e r  tu b e  by a B raun  c i r c o t h e r m  pump from a l a r g e  

Dewar f l a s k ;  a s t a n d a r d i s e d  th e rm o m ete r  ( - 1 0  t o  l lO ^ C ) ,  

marked t o  1^ ,  was f i t t e d  i n t o  t h e  s t o p p e r  o f  t h e  p o l a r i m e t e r  

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

th r o u g h o u t  t h e  e x p e r i m e n t .  F o r  t e m p e r a t u r e s  below  20^0 ,
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a s p e c i a l l y  c o n s t r u c t e d  h e a v i l y  l a g g e d  2-dm* t u b e ,  d e s c r i b e d  

by H a r r i s  and  M i t c h e l l  ( J # , I 9 6 0 ,  I 9 0 5 ) was u s e d ;  t h e  

c o o l a n t  was m e t h y l a t e d  s p i r i t  pumped from a " C o lo r a ” r e f r i g e r 

a t e d  t h e r m o s t a t ,  and a s t a n d a r d i s e d  th e rm o m e te r  (-1+0 t o  +i|0^0) 

marked t o  0 . 5® was u s e d .  An a c c u r a t e  c l o c k  marked i n  

m in u te s  and seconds  was u s e d  f o r  a l l  t h e  r a c é m i s a t i o n  and 

m u t a r o t a t i o n  e x p e r i m e n t s .

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

i n c l u d e  ( a )  a b s o l u t e  e t h a n o l ,  ( b )  N,N’ - d i m e t h y l  fo rm am ide ,  

B.D.H. sample r e d i s t i l l e d ,  b . p .  152-3^> ( c )  O.IH aqueous  

sodium h y d r o x id e  s o l u t i o n  ( s u f f i c i e n t  sodium h y d ro x id e  was 

p r e s e n t  t o  make t h e  f u l l  sodium s a l t  o f  t h e  a c i d ) ,  and 

(d )  O .5N a q u e o u s  a l c o h o l i c  h y d r o c h l o r i c  a c i d ,  o b t a i n e d  by 

making up 250 c . c .  o f  N h y d r o c h l o r i c  a c i d  t o  500 c . c .  w i th  

e t h a n o l  ( S . V . R . )

The o p t i c a l l y  a c t i v e  s o l i d  was w eighed  on a p i e c e  

o f  s h in y  p a p e r ,  ( t h e  amount o f  s o l i d  u s e d  v a r i e d  from

0 .1 2  t o  1 g . , a c c o r d i n g  t o  t h e  s p e c i f i c  r o t a t i o n  o f  t h e  

sam ple)  and added  to  a m easu red  volume ( a b o u t  17  c . c . )  

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

a s  soon  a s  t h e  s o l i d  was a d d e d .  The c o n i c a l  f l a s k  was 

s w i r l e d  u n t i l  a l l  t h e  s o l i d  h ad  d i s s o l v e d ,  and th e  

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

m a in t a i n e d  a t  t h e  r e q u i r e d  t e m p e r a t u r e .  P o l a r i m e t e r  

r e a d i n g s  were t a k e n  a s  soon  a s  p o s s i b l e ,  and t h e n  a t
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f r e q u e n t  I n t e r v a l s  t h r o u g h o u t  t h e  e x p e r im en t#  An 

o b s e r v a t i o n  was made much l a t e r  t o  e n s u re  t h a t  t h e  f i n a l  

r o t a t i o n  o f  t h e  s o l u t i o n  was z e ro  f o r  e a c h  r a c é m i s a t i o n  

ex pe r im en t*

C a l c u l a t i o n s *  To o b t a i n  t h e  r a t e  c o e f f i c i e n t  f o r  

r a c é m i s a t i o n  a t  one t e m p e r a t u r e ,  t h e  l o g a r i t h m  o f  t h e  a n g le  

o f  r o t a t i o n ,  , was p l o t t e d  a g a i n s t  t h e  t im e  t*

% 1 cgr IP I

i

The h a l f - l i f e  p e r i o d  t i  was o b t a i n e d  from t h e  c o r r e s p o n d i n g
I?

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

4". 1*̂  2, 0  6 9  31
"   .............

"  h  K
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Over s i x  r a t e  c o e f f i c i e n t s  a t  d i f f e r e n t  

t e m p e r a t u r e s ,  c o v e r i n g  a r an g e  o f  20- 30^ ,  were  o b t a i n e d  

f o r  t h e  r a c é m i s a t i o n  o f  e a ch  compound i n  a g iv e n  s o l v e n t .

The A r r h e n i u s  p a r a m e t e r s  E and  log^QA, and th e  

t r a n s i t i o n  s t a t e  t h e o r y  f u n c t i o n s  AH^, AS^, and Ap4 

f o r  e a c h  r a c é m i s a t i o n  p r o c e s s ,  were o b t a i m ^ g r a p h i c a l l y .

E and l o g ^ ^  were o b t a i n e d  by  p l o t t i n g  t h e  l o g a r i t h m  o f  

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

a b s o l u t e  t e m p e r a t u r e  ^/T^K (O^C i s  t a k e n  a s  273*2^K).

k  Ap â  ^

^  ^  ■ T  +  4 ' » ' '

Ê  -  ' ^ • S ’7 b  r o d - t e n t :

-jnriM The abT>v«.

ITle, .

^1^4^ ^  p lo ttin g '

ogainsCT TC eérlQ«i3;tf,h«,  ̂ L m d le r  4. %^w(Ll7on

. u r  -AK* /
a  »■ a - ^ -çi. ( s - e e p .

~ 0 ' k t

"  î^g%  'T  ^ ( f*^«i.hOhg ivtM (Kmc)
G y r , y ,

i \  ■a -.ifS76'*»J<'«4i«nC
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AS^ was c a l c u l a t e d  from t h e  above e q u a t i o n  by  u s i n g  any 

p o i n t  on th e  g r a p h .  AP^ a t  a g i v e n  t e m p e r a t u r e  (25^C) 

was c a l c u l a t e d  from t h e  e q u a t i o n

* AP% = l|.7*22*|r -  4 . 576^  ( H a l l  and  H a r r i s ,

i . , i 9 6 0 , 494)  u s i n g  t h e  r e l e v a n t  p o i n t  on t h e  g ra p h  o f  

lo g io ~ i |^  a g a i n s t

The A r r h e n i u s  p a r a m e t e r s  were a l s o  o b t a i n e d  by  u s i n g  

t h e  method o f  l e a s t  square^  (Hammett: I n t r o d u c t i o n  to

th e  s tu d y  o f  P h y s i c a l  Ch e mi s t r y , y irrk, - ( 4 ^  y  p .4 lO )  

which  g i v e s  f o r  a n  e q u a t i o n  o f  t h e  form y  = a + bx

W r i t i n g  th e  A r r h e n i u s  e q u a t i o n  i n  t h i s  fo rm ,  we have

S. ^

'  ̂ G

 ̂ n ZùL^- Cxxy-______ ^ L J

A F *  ï ;  4 -  T A 5 +  «  ^~■57iT  ^
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?-«.2 ' - a i t  romobjenz I d l  /  \ -----/  ^

( a ) .  P r e p a r a t i o n  o f  d i - h y d r o g e n  t a r t r a t e .  -  1 . 1 5  g« (IW) 

o f  2 , 2 * -d ib ro m o h e n z id in e  and 1 g .  ( 2M) o f  ( + ) - t a r t a r i c  a c i d  

were d i s s o l v e d  i n  50 c .c *  o f  e t h a n o l  ( S .V .R . )  and t h e  h o t  

s o l u t i o n  f i l t e r e d *  1*3  g* o f  c r y s t a l l i n e  n e e d l e s ,  

ra*p* 163 -ii^ ( d e c o m p o s i t i o n )  s e p a r a t e d  on  s ta n d in g *  The 

a n a l y s i s  r e s u l t s  were i n  p o o r  ag ree m en t  w i t h  t h o s e  r e q u i r e d  

f o r  t h e  dirhydrogen t a r t r a t e ,  h u t  showed t h a t  t h e  s a l t  

c o n t a i n e d  two m o le c u le s  and  n o t  one m o le cu le  o f  t a r t a r i c  

ac id *  (Found:  C, 37#1;  H, N, B r ,  2 4 . 6 .

^ 2 0 ^ 2 2 ^ 1 0 ^ 2 ^ ^ 2  C ,  3 9 . 4 ; H ,  3 * 6 ;, N ,  4 . 6 ,  B r ,  2 6 . 2 $ )

The s a l t  h a s  a sm a l l  s p e c i f i c  r o t a t i o n  and a sm a l l
2 iiO^t e m p e r a tu r e  c o e f f i c i e n t *  [ ^ ^ 5^61 + 0*8,  + 1*9 i n

a c e t o n e ;  and  1-^^5461 ^ N ,N * -d im e th y l -

formamide* No- m u t a r o t a t i o n  was obse rved*

On c o n c e n t r a t i n g  th e  m o the r  l i q u o r ,  a n o t h e r  0*5 g*

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

#*^L*%* m e l t i n g  p o i n t ,  and o p t i c a l  r o t a t i o n ,  was o b ta in e d *

The b a s e  l i b e r a t e d  by  g r i n d i n g  t h e  s a l t  w i t h  c o l d  

aq ueous  ammonia h a s  m*p* 151- 3° f and  was o p t i c a l l y  i n a c t i v e ;  

p o l a r i m e t r i c  r e a d i n g s  were t a k e n  i n  a c e to n e  a t  room 

t e m p e r a t u r e  and a t -40^*



(b )  P r e p a r a t i o n  o f  d i - m a n d e la t e .  ( f a i l e d ) :  -  1*15  g .  (IM) 

o f  2 ,2 * -d ib ro m o b e n z id in e  and 1*5 g* (2M) o f  ( - )  raan d e lic  

a c i d  w ere d i s s o l v e d  i n  20 c . c .  o f  e t h a n o l  (S *V .R .)  No 

s a l t  s e p a r a t e d  a f t e r  s t a n d in g  a t  room te m p e r a tu r e  f o r  

t h r e e  days*

The s o l u t i o n  was warmed and w a te r  was g r a d u a l l y  added 

to  e f f e c t  c r y s t a l l i s a t i o n *  The c r y s t a l s  w hich  s e p a r a t e d  

had  m*p* 151- 3°# and w ere found  to  be  2 , 2 ’ -d ib ro m o b e n z id in e  

i t s e l f *  The b a s e  so o b ta in e d  was o p t i c a l l y  i n a c t i v e  a t  

-2 5 ^  i n  N,N’ -d im eth y lfo rm am id e *

(C) P r e p a r a t i o n  o f  mono-(*f) c a m p h o r -1 0 -su lp h o n a te *  ( S e a r l e  

and Adams, J .A .C .S * . 1934# ^ #  2112)* -  2 , 2 ’- d i b  romobe nz i  d i  ne

( 1*7  g» , 1M) was d i s s o l v e d  i n  10 c .c *  o f  h o t  m e th a n o l ,  and 

th e  s o l u t i o n  was added  to  ( + ) cam phor-1 O -s u lp h o n ic  a c i d  

( 1 .1 5  g * , 1M) i n  6 c .c *  o f  th e  same s o lv e n t*  2*5 g* o f  f i n e  

n e e d l e s ,  m.p* 219 - 220^ ,  s e p a ra te d *

R e c r y s t a l l i s a t i o n  o f  th e  s a l t  from  50^ aq u eo u s  

m e th an o l gave w h i te  w i lk y  n e e d l e s ,  m.p* 2 1 1 -2 1 5 ° .  The 

r o t a t i o n  o f  t h i s  sam ple o f  th e  s a l t  was t a k e n  i n  75% aqueous  

a c e to n e  a t  -l^C* No m u t a r o t a t i o n  was observed*

(d )  D i- (  + ) -a -b ro m o c a ra p h o r-T T -s u lp h o n a te : ( S e a r l e  and  Adams, 

ib id *  ) 2 , 2 ’ -d ib ro m o b e n z id in e  ( 1*7  g . # IM) was d i s s o l v e d

i n  25 c .c *  o f  a c e to n e *  100  c . c .  o f  d i l u t e  h y d r o c h lo r i c  

a c i d  ( c o n t a i n i n g  10 c .c *  o f  2N a c i d )  were ad d ed , f o l lo w e d



î '

im m e d ia te ly  by th e  a d d i t i o n  o f  a s o l u t i o n  o f  ammonium-a- 

b ro rao cam p h o r-T T -su lp h o n a te  ( 3 .3  g * , 2M, i n  20 c .c #  o f  w a te r ) .

N.N’ - t e t r a m e t h y l - 2 .2  ’ - d ib  romob e n z id i  n e .

A tte m p ts  w ere made t o  o b t a i n  th e  d i - h y d ro g e n  t a r t r a t e  

and th e  a -b ro m o -c a m p h o r - 'T - s u lp h o n a te .  I n  b o th  c a s e s ,  th e

b a s e  i t s e l f  c r y s t a l l i s e d  o u t .

E x p er im e n t w i th  ( + ) . t a r t a r i c  a c i d . 0 .4  g .  (IM) o f  

N,N’ - t e t r a m e t h y l - 2 , 2 ’ -d ib ro m o b e n z id in e  were d i s s o l v e d  i n  

h o t  e th a n o l  ( S .V .R . ) ,  and  mixed w i th  a s o l u t i o n  c o n t a i n i n g  

0 .3  g .  (2M) o f  (+ )  t a r t a r i c  a c i d  i n  th e  same s o l v e n t .  O.35  g .  

o f  b a s e ,  m e l t in g  f i r s t  a t  175°# and t h e n  a t  1 8 3 ^ , c r y s t a l l i s e d  

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

E x p erim en t w ith  ammonium ( + )-a-b ro m o -cam D h o r-T  - s u lp h o n a te .

0 .4  g .  (1M) o f  N,N’ - t e t r a m e th y l - 2 ,2 * - d ib r o m o b e n z id in e  was 

warmed w i th  1 .1  c . c .  o f  d i l u t e  h y d r o c h lo r i c  a c i d  (2M ), 7 c . c .  

o f  w a te r  and 25 c . c .  o f  a c e to n e .  To t h i s  s o l u t i o n ,  0 .7 2  g .  

(2M) o f  ammonium-( + ) -  u9brom ocam phor- ÏÏ- s u lp h o n a t e  i n  3 c . c .  

o f  w a te r  was a d d e d .  On c o o l i n g ,  f i r s t  a t  room te m p e r a tu r e  

and th e n  i n  th e  r e f r i g e r a t o r ,  O.34  g .  o f  th e  b a s e ,  m e l t in g  

f i r s t  a t  173°# and  t h e n  a t  1 8 3 ° ,  s e p a r a t e d  a s  g r e y i s h - w h i t e  

c r y s t a l s *



2 ,2 * -d lb ro m o - l i* - rN .N '-d lm e th y la m ln o 1- b i p h e n y l - 4 - y l - t r l m e t h y l  

ammonium I o d id e .  / = \ A r  \  ffl

P r e p a r a t i o n  o f  ( • f ) - a - b ro m o c a m p h o r - ^ - s u lp h o n a te .  0*54 g . 

(1M) o f  th e  m e th io d id e  was d i s s o l v e d  i n  35 c .c #  o f  aq u eo u s  

e th a n o l  (80% by v o l .  o f  S .V .R . e t h a n o l  and  20% by v o l .  o f  

w a t e r ) ,  and a c o n c e n t r a t e d  s o l u t i o n  c o n t a i n i n g  0 .4 2  g .  (iM) 

o f  s i l v e r  (+ ) - a tb ro m o c a m p h o r - IT - s u lp h o n a te  was ad d e d . The 

s i l v e r  io d id e  w hich  p r e c i p i t a t e d  was made to  c o a g u la t e  

b y  b o i l i n g  th e  s u s p e n s io n  f o r  5 -10  m in u te s ,  and  t h e n  f i l t e r e d  

on a s i n t e r e d  g l a s s  f u n n e l ,  u n d e r  g e n t l e  s u c t i o n .  The 

f i l t r a t e  was e v a p o r a te d  to  d ry n e s s  on a w a te r  b a t h .  A s o l i d  

g l a s s  was o b t a i n e d .  T h is  s o l i d  g l a s s  was s o lu b l e  i n  

m e th a n o l ,  e th a n o l  and  e t h y l  a c e t a t e ,  b u t  when t r e a t e d  w i th  

b e n z e n e ,  i t  f i r s t  tu r n e d  i n t o  a gum and th e n  g r a d u a l ly  

s o l i d i f i e d .  0 .6  g .  o f  s o l i d  was o b ta in e d  a f t e r  t r e a t m e n t  

w i th  b e n z e n e .  The s o l i d  s o f t e n e d  a t  1 3 8 ^ , r e s o l i d i f i e d ,  

and  m e l te d  a t  1 9 1 ° .  I t  was s o lu b l e  i n  m ethano l and  e t h a n o l ,  

b u t  i n s o l u b l e  i n  e t h y l  a c e t a t e .  A t te m p ts  t o  r e c r y s t a l l i s e  

t h i s  s o l i d  from  th e  o r d i n a r y  o r g a n ic  s o l v e n t s ,  i n c l u d i n g  

a m ix tu re  o f  m e thano l and  e t h y l  a c e t a t e ,  f a i l e d .

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

a t  + 1 .5 °  i n  m ethy l a l c o h o l .  No m u t a r o t a t i o n  was o b s e rv e d .

F u r t h e r  i n v e s t i g a t i o n  on t h i s  compound was n o t 

c a r r i e d  o u t  owing t o  s h o r t a g e  o f  t im e .
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2 ,2 * -d l- lo d o 'b lp h e r iY l-U .4 * -d lc a rb o x v l ic  a e ld .

y — ^  y  C’OjlH

Second O rd e r  A sym m etric^TTransform atlon o f  th e  d l b r u c l n e  s a l t  

6 g .  (1 .2M ) o f  2 , 2 ’ - d i - i o d o b i p h e n y l - 4 , 4 ’ - d i c a r b o x y l i o  a c i d  

and 9 .6  g .  (2.i+M) o f  a n h y d ro u s  b r u c in e  w ere d i s s o l v e d  i n  

500 c . c .  o f  e t h a n o l  (S * V .R .)  and  th e  s o l u t i o n  a l lo w e d  t o  

s t a n d  a t  room te m p e r a tu r e  f o r  s e v e r a l  d a y s .  1 5 .4  g .  o f  

c r y s t a l l i n e  d i b r u c in e  s a l t ,  m .p .1 8 0 -215°  (d eco m p .)  were 

o b t a i n e d .

The o p t i c a l  r o t a t i o n  o f  th e  d i b r u c i n e  s a l t  was 

m easu red  i n  s o lv e n t  X ( c h lo ro fo rm  c o n t a i n i n g  2^% by  v o l .  

o f  e t h a n o l )  a t  2 6 .7 ° .  M u ta r o t a t i o n  was o b s e rv e d .  

j^26.7 _ 0 .0 1 4  m in . The s p e c i f i c  r o t a t i o n  a s  o b t a i n e d

by e x t r a p o l a t i o n  o f  th e  g ra p h  o f  log^Q|sJ!^-(i©oi a g a i n s t  t

i s  [0-35^61
"I© P A. 6+0  ̂ A-S-aM; y

3,*35 g . o f  th e  d i b r u c i n e  s a l t  were s t i r r e d  w i th  

98% fo rm ic  a c i d  f o r  ab o u t  2 m in u te s ,  and  th e  s o l u t i o n  

p o u red  w i th  s t i r r i n g  i n t o  a m ix tu re  o f  i c e  and  c o n e , 

h y d r o c h lo r i c  a c i d .  The p r e c i p i t a t e  w hich  s e p a r a t e d  v/as 

f i l t e r e d ,  w ashed w i th  c o l d  d i l u t e  h y d r o c h l o r i c  a c i d  ( u n t i l  

f r e e  from  b r u c i n e ) ,  w a te r  and  th e n  d r i e d  i n  vacuo o v e r  

c a lc iu m  c h l o r i d e .  1 .2  g .  o f  w h i te  pow der, m .p .3 3 3 -5 ° ,  

were o b t a i n e d .  (Pound: C, 33*7; H, 1 . 7 ;  I# 51#'

^14^8^2^2 r® % uires C, 34#0 ; H, 1 . 5 ;  I ,  51.4%)#



R a c é m is a t io n  e x p e r im e n ts  w ere c a r r i e d  o u t a t  

d i f f e r e n t  t e m p e r a tu r e s  i n  3 d i f f e r e n t  s o l v e n t s :  a b s o l u t e

e t h a n o l ,  N,N’ - d im e th y l  form am ide and O.IN aqueous sodium 

h y d r o x id e .
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G ra o h lc a l  M ethods .
-1E = 2 1 .2 9  k c a l .m o l e  

A H t=  2 0 .6 8  k c a l .m o l e " ^

= 2 2 .7  k c a l .m o le " '^  ( 2 5 " c )-1

I oHj q̂A

A Sf

1 1 .7 3

6 .9  e .u ,

Mean S q u are  C a l c u l a t i o n s *

S x  = - 2 1 .7 7 1 5 4  S y  =  2 2 .3 3 4 5 9  X 1 0 ' ^

S x y  = - 6 9 .8 0 7 8 0  x 1 0 " ^

n = 7
n S x y  = - 0 .4 8 8 6 5 5  

- S x S y  = - 0 .4 8 6 2 5 8

- 0 .0 0 2 3 9 7

n  Sx'^ = 4 8 5 .1 2 4 5 7

(S x )^  = 4 7 3 .9 9 9 9 5  

11.12462

Sx'^ = 6 9 .3 0 3 5 1

2x^2y = 1 .5 4 7 8 7

2x2xy = 1 .5 1 9 8 2  

0 .0 2 8 0 5

E = - a . 576 X 11.12U62
- 0 .0 0 2 3 9 7

lo g io A  = -0 .0 2 8 0 5
- 0 .0 0 2 3 9 7

= 2 1 , 2a  k c a l .m o l e -1 = 1 1 .7 0

E 2 1 .3  k c a l .m o le * ”̂  AH ^ 2 0 . 7  k c a l .m o l e " ^  AP'^ 2 2 .7  k c a l .  n
(25®C) mole

log^^A  1 1 .7 AS^ —6 .9  e . n .
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G ra p h ic a l  M ethods.

E =s 21 #59 k ca l8 # m o le  ^ log^^A  = 11*86

AH^ = 2 1 .1 1  k c a l .m o l e ”^ AS+ = - 6 . 1  e . u .

AP^ = 2 2 .9  k c a l .m o l e ” ^ a t  25°C.

Mean S quare  C a lc u l a t io n s »

5x = - 17 .4 7 4 3 9  i y  = 1 8 .7 9 6 2 0 x 1 0 "^  i x ^  = 51 .50628

5xy = 54 .87160x10  ^ 

n s= 6*

n ix y  = - 0 ,3 2 9 2 3 0  nSx^ = 309 .03768  Kx^zy = 0 ,96812

-ExS.v = -0 .5 2 8 4 5 2  - d x ) ^  = -3 0 5 .3 5 4 3 1  - S x ix y  = -0 .9 5 8 8 5

- 0 .00 0 7 7 8  3 .6 8 3 3 7  0 .0 0 9 2 7

= 21*66 kcal.m ole*"^ = 11*92

E 21*6 kcal*mole"*^ AH ^  21*1 k c a l .m o le " ^  AP^ 22*9 k c a l*
( 250c )  m ole -1

lo g lO ^  11*9 AS ̂  —6*1 e*u*
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G ra p h ic a l  M ethods:

E = 21#41 k c a l .m ole  log^^A  = 1 1 .5 8

AH^ = 2 0 .9 8  k c a l .m o le  A8Ÿ = - 7 . 0  e .n ,

6?"^ = 2 3 .1  (25°C )

Mean S q u are  C a l c u l a t i o n s ;

5x = - 2 1 .8 3 2 7 7  Sy = 2 1 .9 8 7 4 1 x 1 0” ^ Sx^ = 69 .64421

zxy = 6 8 .9 0 7 4 5 x 1 0 "^

n  = 7
i

nfxy  = -0 .4 8 2 3 5 2  nzx^ = 4 8 7 .5 0 9 4 7  5x^zy  = 1 .5 3 1 3 0

-SxSy = -0 .4 8 0 ^ 4 6  ("Sx)^ = 4 7 6 .6 6 9 6 3  SxSxy = 1 .5 0 4 4 4

- 0 .00 2 3 0 6  1 0 .8 3 9 8 4  0 .02686

E = 4 .5 7 6  X 10 .8 3 9 8  log^^A  = 0 .0 2 6 8 6
- 0.002306  0.002306

= 21.51  k c a l .m o le " ^  = 11.65

E 21 .5  k c a l .m o le " ^  AH"# 2 1 .0  k c a l .m o le " ^  A P f 23 .1  k c a l . ,
(25°C ) mole"-*-

log ^ ^ A  1 1 .6  AS"^ - 7 .0  e . u .
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Dim e th y l  2 . 2 * - d l - l o d o 'b l p h e n y l - U , 4 * - d l c a r b o x y l a t e .

y = \

‘̂ '>3

2 , 2 ’ -d i« ^ io d o b ip h e n y l-^ 4 > 4 ’ - d i c a r b o x y l i c  a c i d  r e a c t e d

w i t h  a n  e t h e r e a l  s o l u t i o n  o f  d ia z o ra e th a n e  t o  g iv e  t h e

d im e th y l  e s t e r ,  m.p# 1 5 2 -4 ^#  The o p t i c a l l y  a c t i v e  e s t e r

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

P r e p a r a t i o n  o f  P ia z o m e th a n e C O rg .S v n . . I 9 5 6 , ]^G, 16 )
KOH

. CgH^80gN( NO )CH^ + ROH ----------------------------- CH^CgH^SOgOR + H^O

The j o i n t s  o f  t h e  a p p a r a t u s  u s e d  w ere  f i t t e d  w i t h  p l a s t i c  

s l e e v e s  t o  l i m i t  t h e  p o s s i b i l i t y  o f  a n  e x p l o s i o n .

5 g# o f  p o t a s s i u m  h y d r o x i d e ,  8 c . o .  o f  w a t e r  a n d  

25  0 . 0 .  o f  e t h a n o l  ( S . V . R . )  w ere  p l a c e d  i n  a  r o u n d  b o t to m e d  

d i s t i l l i n g  f l a s k ,  w h ic h  was p a r t l y  im m ersed  i n  a  w a t e r  b a t h  

a t  6 5 - 7 0 °# 2 1 .5  g .  o f  N - m e t h y l - N - n i t r o 80- 2 ~ t o l u e n e

s u lp h o n a m id e  w ere  d i s s o l v e d  i n  I 30  c . c .  o f  e t h e r ,  p l a c e d  

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

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

d ia z o m e th a n e  d i s t i l l e d  o v e r ,  t h r o u g h  a  w a t e r  c o n d e n s e r  

i n t o  a r e c e i v e r  w h ic h  w as c o o l e d  i n  i c e  a n d  s a l t ,  a n d  was 

c o n n e c t e d  i n  s e r i e s  t o  a s e c o n d  r e c e i v e r  c o n t a i n i n g  

4 0 - 5 0  c . c .  o f  e t h e r ,  w h ic h  a c t e d  a s  a  t r a p  f o r  any  e s c a p i n g  

d ia z o m e th a n e .  A f t e r  a d d i t i o n  o f  a l l  t h e  N - m e t h y l - N - n i t r o s o -  

£ - t o l u e n e  su lp h o n a m id e  s o l u t i o n ,  a b o u t  50 c . c .  o f  e t h e r



cfq

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

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

was im m e d ia te ly  u s e d  an d  was assu m ed  to  c o n t a i n  2 . 6 - 2 . 7  g .  

o f  d ia z o m e th a n e .

P r e p a r a t i o n  o f  ( - )  d im e th y l  e s t e r .  -  10 c . o .  o f  t h e  e t h e r e a l  

s o l u t i o n ,  c o n t a i n i n g  a b o u t  0 .2  g .  (2 .4M ) o f  d ia z o m e th a n e  

was c o o l e d  t o  - 1 0 ° .  1 g .  (1M) o f  ( - )  2 , 2 * - d i - i o d o b i p h e n y l -

4 f 4 * - d i c a r b o x y l i c  a c i d  " ^ 2 .5 ^  ( i n  - d i m e t h y l -

fo rm a m id e )  was g r a d u a l l y  a d d e d ,  w i t h  s t i r r i n g .  0 .5 5  g# o f  

c r y s t a l s ,  m .p .  1 5 2 - 4 °  ( 1 s t  c r o p )  s e p a r a t e d  a f t e r  15 m i n u t e s .  

(P o u n d :  C, 3 6 . 5 ;  H, 2 . 5 ;  0 ,  1 2 . 3 ,  I ,  4 8 . 5 ^ .  ^ 1 6 ^ 1 2 ^ 2

r e q u i r e s  C, 3 6 . 3 ;  H, 2 . 3 ;  0 ,  1 2 . 3 ,  I ,  4 8 .6 % ) .  The

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

a n  e v a p o r a t i n g  d i s h  and  was im m e d ia te ly  e v a p o r a t e d  i n  t h e  

c o l d ,  b y  d ra w in g  a s t r e a m  o f  a i r  o v e r  i t s  s u r f a c e ,  w i t h  t h e  

a i d  o f  a  fume c u p b o a r d .  (The s t r e a m  o f  a i r  b le w  a c r o s s  t h e  

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

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

e s c a p i n g  d i a z o m e th a n e ) .  The r e s i d u e  w as a  gum, w h ich  

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

c a lc iu m  c h l o r i d e .  0 . 4  g .  o f  s o l i d ,  m .p .  1 5 1 - 4 °  ( s o f t e n i n g  

a t  1 4 5 ° )  w as o b t a i n e d  (2 n d  c r o p ) .

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

m e a s u re d  i n  N ,N * -d im e th y l fo rm a m id e .  I t  was fo u n d  t h a t  t h e
20°s p e c i f i c  r o t a t i o n  o f  t h e  f i r s t  c r o p  w as v e r y  s m a l l  - 1 . 4

w h i l e  t h e  s e c o n d  c r o p  was more o p t i c a l l y  a c t i v e  [ a - 1 9 . 3 * ^ »
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G r a p h i c a l  M e th o d s*

E = 2 2 .3 0  kcaU m ole"^  lo g ^ ^ A  = 1 2 .3 7

AH^ = 2 1 .6 6  k c a l . m o l e ” ^ AS^ = U.O e . u .

A P ^ =  2 2 .9  k c a l . m o l e ” ^

Mean S q u a r e  C a l o u l a t l o n s .

Sx = - 1 9 .4 6 6 4  Sy = 1 9 . 2449x 10“ ^  3 x ^ = 6 3 .8 8 0 2 7  2 x y = 6 2 .5 8 5 8 4 x

n  = 6

n  Sxy = - 0 .3 7 5 5 1  n  Sx^ = 3 8 3 .2 8 1 6 2  Sx^Sy = 1 .2 2 9 4 2

-  SxZv= - 0 .3 7 4 6 1  - ( S x ) ^ =  ^ 7 8 .9 ^ 6 8 4  -SxS v  = 1 .2 1 8 ^ 0

- 0 .0 0 0 8 8  4 .3 4 4 7 8  0 .0 1 1 1 2

E = - 4 . 5 6 7  X 4.514-478 c a l . m o l e " ^  l o g ,  „A = 0 .0 1 1 1 2
- 0 .0 0 0 8 8  0 .0 0 0 8 8

= 2 2 .5 9  k c a l . m o l e ” ^ , = 1 2 .6 4

E 2 2 .4  k c a l . m o l e  ^ A H ^ 2 1 .7  k c a l . m o l e  ^

AF+' 2 2 .9  k c a l . m o l e " ^  log^^^A 1 2 .5  AS+ - 4  e . u .
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2 . 2 L d i - » io d o b e n z id ln e >

S.econd O rd e r  Aaprmmetrlo T r a n s f o r m a t io n  o f  t h e  d l^ h y d ro g e n  

t a r t r a t e t  8 .7  g .  (IM) o f  2 , 2 ’ - d i - i o d o b e n z i d i n e  and 

6 .0  g .  (2M) o f  ( + ) ' - t a r t a r i c  a c i d  w ere d i s s o l v e d  i n  250 c . c .  

o f  b o i l i n g  e t h a n o l  ( S . V . R . ) ,  and  th e  s o l u t i o n  a l lo w e d  to  

s t a n d  a t  room te m p e r a tu r e .  1 1 .7  g# o f  s t r a w  c o lo u re d  

n e e d l e s ,  m .p . 182^ (d eco m p .)  w ere o b t a i n e d .  A n o th e r  3 g .  

o f  c r y s t a l s ,  m .p .182^ (d eco m p .)  were o b t a i n e d  by c o n c e n t r a t i n g  

th e  m o th e r  l i q u o r .  The a n a l y s i s  r e s u l t s  w ere  i n  p o o r  

a g ree m en t w i th  th o s e  r e q u i r e d  f o r  th e  d i - h y d r o g e n  t a r t r a t e ,  

b u t  showed t h a t  t h e  compound c o n t a in e d  two m o le c u le s ,  and  

n o t  one m o le c u le  o f  t a r t a r i c  a c i d . '  (P ound : C, 3 2 . 3 ;

H, 3 . 7 ;  N, 3 . 2 ;  I ,  3 2 . 3%. ^20^22^12^2^2

C, 3 2 . 6 ; H, 3 . 0 ; N, 3 . 8 ; I ,  3U .5% ).

Over t e n  e x p e r im e n ts  w ere c a r r i e d  o u t  f o r  th e  

p r e p a r a t i o n  o f  th e  d i - h y d ro g e n  t a r t r a t e .  - The o p t i c a l  

r o t a t i o n s  o f  s e v e r a l  o f  t h e  sp ec im en s  o b t a i n e d  have b e e n  

m easu red  i n  a c e to n e ,  d im e th y l  form am ide and  m e th a n o l .  

M u t a t o t a t i o n  was o b s e rv e d  i n  a l l  c a s e s ,  b u t  th e  s p e c i f i c  

r o t a t i o n  o f  t h e  s a l t  v a r i e d  from  sp ec im en  t o  sp e c im e n . 

Specim ens o f  b a s e  o b t a in e d  from  d i f f e r e n t  sp e c im e n s  o f  

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

r o t a t i o n ,  b o th  i n  s i g n  and i n  m a g n i tu d e .  (S e e  T a b le  V I I I )



TABLE,

l o i

S p e c i f i c  PC) t a t i o n  o f H « . t a r t r a t e S p e c i f i c  r o t a t i o n  o f  b a s e  
i n  N ,N * -d im eth y lfo rm am id e

S o lv e n t '

a c e to n e

a c e to n e
m Z i

— 1 2 .6  

-  IT.U""

- 8 . 5 °

- 9 . 4 °

N,N*-DMP —18 » 1+̂ -1 4 °

N,N*-DMP + 1 2 .6 ° [ a ] ^ 9 °  , + 1 6 .2 °

M ethano l +35° +6 9 . 2 °



O p t i c a l l y  a c t i v e  2 , 2 ’ - d i - i o d o b e n z i d i n e  was 

o b t a in e d  b y  g r i n d i n g  th e  d i - h y d r o g e n  t a r t r a t e  w i th  c o ld  

aq u eo u s  ammonia. I t  was f i l t e r e d ,  w ashed w i th  ammonia, 

w a te r  and  th e n  d r i e d  i n  vacuo  o v e r  p o ta s s iu m  h y d r o x id e .

Hie b a s e  so o b t a in e d  h a s  m .p . 1 6 7 -1 7 0 ^ .  (F ound : G, 33*3 ;

H, 2 . 6 ;  N, 6 . 4 ;  I ,  5 8 .0 ^ .  C^2^^0^2^2 C, 3 3 .1 ;

H, 2 . 3 ;  N, 6 . 4 ;  i ,  58 .2% ).

R a c é m is a t io n  e x p e r im e n ts  w ere c a r r i e d  o u t
,

i n  N ,N *-d irae thy lfo rm am ide  and  0 .5R  aq u e o u s  a l c o h o l i c  

h y d r o c h l o r i c  a c i d .
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f i l

G ra p h ic a l  M ethods:

E = 19*87 kca l*m ole~ ^  log^^A = 11*90

AH^ rs 19*36  k c a l* m o le  ^ AS*^ = 5*81 e*u*

AP^ = 3 1 .0 9  k c a l . m o l e " ^

Mean S q u a r e s  C a l c u l a t i o n s *

&  = - I 9 . 8U3IU 5y = 21 .0 1 1 1 0 x 1 0 "^  ix ^  = 66 .91211  

Sxy = - 6 9 . 78369x10" ^

n  = 6 *

n Sxy = - 0 . 1+18702 n  5x^ = 1+0 1 . 1+72660 Sx^zy = 1 , 1+05897

-SxSy = - 0 . 1+16926 (S x )^  = 393 .750205  SxSxy = 1.581+728

-0 .0 0 1 7 7 6  , 7.7221+55 0 .021169

E = - '+ .576 X 7.7221+55 c a l . m o l e " ^  log^^A = -0 .0 2 1 1 6 9  
- 0 .0 0 1 7 7 6  -0 .0 0 1 7 7 6

= 1 9 .9 0  k c a l . m o l e " ^  = 1 1 .9 2

E 1 9 .9  k c a l . m o l e  ^ AH^ 1 9 . 4  k c a l . m o l e ” ^ AP"<̂  2 1 .1  k c a l .
( 2 5 ° C )m o le - l

log^gA 1 1 .9  A S t  5 .8  e . u .
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f( i^

G ra p h ic a l  M ethods.

E = 22*17 kca l* m o le - 1

-1AH"^= 21.1+3 k c a l .m o l e  

AP^= 2 2 .8  k c a l . m o l e " ^  a t  25°C.

^°®10'*'
a s4

1 2 .3 9  

"-4*3 e*u*

Mean Square  C a l c u l a t i o n s *

Sx = -2 2 .162681  Sy = 22.1+8150x10"^ 

Sxy = 71 .42779x10"^

n = 7

n  Sxy = -0 ,4 9 9 9 9 4 5  

-SxS.Y= -0 .4985198  

-0 .0 0 1 4 7 4 7

g _ 4 .5 7 6  X 7 .1143  c a l . mole 
0 .0014747

= 2 2 .08  k o a l .m o le " ^

nSx = 498.8302 

(Sx)2=  4 9 1 .7 1 5 9

-  7 .1 1 4 3

-1

Sx*" = 71 .17139

log ,r .A  =

Sx Sy = 1.602064

SxSxy = 1 .585888  

0.018176

0 .018176
10"  -  0 .0014747

= 1 2 .3 3

2 2.1 k c a l .m o l e " ^  AHt 2 1 .4  k c a l . m o l e " ^  A #  2 2 .8  k c a l .
(25°C)

AS^ - 4 .3  e . u .lo g io A  1 2 .3
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2 ■2j -d i- iQ do-U ,I | .*  -d ia c e ta m ld o 'b ip h e av l»

h f  y)  N H C O C t t ;yy T*v V ^

2 , 2 * - d i - i o d o - l 4- ,I | -*~diacetamidobiphenyl was o b t a i n e d  

i n  o p t i c a l l y  a c t i v e  c o n d i t i o n  by d i - a c e t y l a t i n g  

2 , 2 ’ t d i - i o d o b e n z i d i n e  below  - 20^ .

I

P r e p a r a t i o n  o f  ( + ) 2 ,2*-d i- iodo-I} .>U *-d iace ta ra idob ipheny l*  -
7 ) ^4 .2  g .  o f  powdered 2 , 2 ’ - d i - i o d o b e n z i d i n e ,  +6 9 . 2^ ,

i n  N,N’ -d im ethy lfo rm ain ide  were added to  a m e c h a n ic a l ly  

s t i r r e d  m ix tu re  o f  28 c . c .  g l a c i a l  a c i d  and 56 c . c .  o f  

a c e t i c  a n h y d r i d e ,  co o led  be low  - 20^ i n  s o l i d  CO^ and

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

m ix tu re  g r a d u a l l y  became c loudy  and a s o l i d  s e p a r a t e d .

(Some a c e t i c  a c i d  a l s o  c r y s t a l l i s e d  o u t ) .  A f t e r  h a l f  a n  

h o u r ,  t h e  r e a c t i o n  m ix tu re  was po u red  i n t o  600 c . c .  o f  

i c e - c o l d  d i l u t e  h y d r o c h l o r i c  a c i d ,  and th e  s o l i d  a l lo w ed  

t o  s e t t l e .  A f t e r  f i l t e r i n g ,  wash ing  w i t h  w a t e r ,  and d r y in g  

i n  v a c u o . 5 .Q  g .  o f  w h i te  powder,  m.p. 293- 296^ ,  ( s l i g h t l y  

s h r i n k i n g  a t  2 9 0 ^ ) ,  [ a ] ^ ^  +25#5° were o b t a i n e d  (Pound: 

c ,  3 5 . 8 ;  H, 3*0 ;  N, 5 . 2 ;  I ,  i+8.2.

r e q u i r e s  C, 3 5 . 7 ;  a ,  3 . 0 ;  N, 5 . 2 ;  I ,  U 7 .2^)  A f t e r

d r y in g  u n d e r  h ig h  vacuum a t  5 0 ° ,  ( found:  C, 3 6 . 9 ;  H, 2 . 6 ;

0 ,  6 . 3 . Oj^gHj^^OgNglg r e q u i r e s  C, 3 7 .1 ;  H, 2 .7* 0,  6 .1% ).
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G r a p h ic a l  Methods.

E = 2 0 .5 7  k c a l . iD o le” ^

AH = 1 .92  k c a l .m o l e " ^

AP = 2 1 . 7  k c a l . r a o le " ^  (25°C)

log^gA = 1 1 .9 8

AS = -5*8  e .u ,

Mean S quare  C a l o u l a t i o n s »

Sy = +23.56955x10"^
Sxy = -7 4 .7 3 5 5 9  x 10"^

Sx = — 
22x =

n  = 7

n  2xy = - 0 .523149  nSx^ = 497 .3501  

-2xSy = +0.521355 - (S x )^ =  4 8 9 .2 8 7 5

- 0 .0 01794  8 .0 6 2 8

22.11984

71.05001

Sx^Sy = 1 .6 7462

•2x2xy = -1 .5 5 5 1 4  

0 .02148

E = - 4 .5 7 6  X  8 .0 6 2 8

- 0 .001794

l o g ^ g l  = -0 .0 2 1 4 8
- 0 .001794

= 2 0 .5 7

= 1 1 .9 7

i
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2i_2* - d l  -1  o dob 1 p h e n y l .

2,2*~dl-iocilobipher3yl was o b t a i n e d  i n  t h e  o p t i c a l l y  

a c t i v e  c o n d i t i o n  by d e a m in a t in g  o p t i c a l l y  a c t i v e  

2 ,2 * - d i ~ i o d o b e n z i d i n e  a t  -2 5  t o  - 2 0 ° .

P r e p a r a t i o n : 1 . 7  g« o f  powdered 2 , 2 ’ - d i - i o d o b e n z i d i n e  d i 

h y d ro g en  t a r t r a t e  were p l a c e d  i n  a sm a l l  b e a k e r  immersed 

i n  a b a t h  o f  a c e to n e  and s o l i d  CO^ a t  -2 5  t o  - 2 0 ° .  2 .5  c . c .

o f  i c e - c o l d  c o n c .  h y d r o c h l o r i c  a c i d  were added w i t h  s t i r r i n g .  

To th e  t h i c k  p a s t e  o f  2 , 2 ’ - d i - i o d o b e n z i d i n e  h y d r o c h l o r i d e ,  

a c o n c e n t r a t e d  s o l u t i o n  o f  0 .9  g .  o f  sodium n i t r i t e  was 

added .  The f i n a l  d ia zo  s o l u t i o n  c o n t a i n e d  a s l i g h t  y e l lo w  

p r e c i p i t a t e ,  b u t  was pou red  w i th o u t  f i l t e r i n g  i n t o  30 ml.  

o f  m e c h a n ic a l ly  s t i r r e d  hypophosphorous  a c i d  c o n t a i n e d  i n  

a b e a k e r  immersed i n  t h e  same b a t h .  F r e s h l y  p r e p a r e d  

cu p ro u s  o x ide  ( 0 . 2 - 0 . 4  g . ) was added  from t im e  to  t ime

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

a f t e r  10-30  m in u te s  ( t h i s  p e r i o d  v a r i e d  from e x p e r im e n t  t o  

e x p e r im e n t )  o f  s t i r r i n g ,  v i g o r o u s  f r o t h i n g  o c c u r r e d  w i th  

s e p a r a t i o n  o f  much s o l i d .  A f t e r  f r o t h i n g  had  s u b s i d e d ,  

t h e  s o l i d  was f i l t e r e d ,  washed w i th  w a t e r ,  c o l d  10^ sodium 

h y d r o x id e ,  t h e n  a g a i n  w i t h  w a t e r ,  and d r i e d  o v e r  c a lc iu m  

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



The c rude  p ro d u c t  ( 0 .8 5  g * ) was r a p i d l y  d i s s o l v e d  

i n  15 c .c *  o f  c o l d  ( 5^)  benzene  and im m ed ia te ly  

f i l t e r e d  and  washed th ro u g h  a s h o r t  column o f  c h a r c o a l  i n  

c o l d  benzene  u n d e r  g e n t l e  s u c t i o n .  ( see  d iag ra m )

30 c . c .  p o r t i o n s  were c o l l e c t e d ,  d i l u t e d  

eq u a l  volume o f  l i g h t  p e t ro le u m  

\[ ( 4 0 - 60° )  and e v a p o r a t e d  t o  d r y n e s s  i n  th e

c o l d  by d raw ing  a s t ream  o f  a i r  o v e r  th e  

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

fume cu p b o a rd .  The whole o p e r a t i o n ,  from 

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

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

to o k  3 0-40  m in u t e s .  A f t e r  d r y in g  o v e r  

c a lc iu m  c h l o r i d e  i n  a vacuum d e s i c c a t o r ,  O.5 6  g .  o f  w h i te  

c r y s t a l s ,  m .p .  102- 106° ( s t a r t i n g  t o  m e l t  s l i g h t l y  a t  85°)  

were o b t a i n e d .  T h is  p r o d u c t  c o n t a i n e d  no d e t e c t a b l e  

p r im a ry  amine and  t h e  a n a l y s i s  r e s u l t s  were good. (Pound: 

C, 3 5 .4 ;  H, 1 . 9 ;  I ,  6 2 . 8 .  r e q u i r e s  C, 3 5 . 5 ;  H, 2 . 0 ;

I ,  62 .5)^).  ^

D i f f e r e n t  spec im ens  o f  2 ,2 * - d i - i o d o b i p h e n y l  

o b t a i n e d  from th e  same specim en o f  h y d ro g en  t a r t r a t e  v a r i e d  

i n  s p e c i f i c  r o t a t i o n :  from 2 . 5 - 4 . 3 ^ ;  2 . 5 - 5 . 0 ,

3 . 7 - 7 . 9  i n  N ,N *-d im ethy lfo rm am ide ,  b u t  t h e  specimens 

o b t a i n e d  were u s u a l l y  t h e  lo w er  r o t a t i o n s .

CW-cw
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G ra p h ic a l  Methods#

The d a t a  marked w i th  * a r e  t h o s e  c o r r e s p o n d in g  

to  e x p e r im e n ts  i n  which th e  i n i t i a l  a t  r e a d i n g  i s  g r e a t e r  

t h a n  0 .2 ^  and on ly  t h e s e  5 s e t s  o f  d a t a  a r e  u sed  i n  

g r a p h i c a l  d e t e r m i n a t i o n  o f  E, log^^A, AH^ , AS^ and AF^ .

-1E = 20*91 k c a l .m o le  

AHt = 2 0 .3 4  k c a l .m o l e " ^  

AP^ = 2 2 .8  k c a l .m o l e "

Log^^A = 11*U1

AS^ 8 .2 4

2y = 1+6*08682 x 10 
.-3

Mean Square c a l c u l a t i o n s *

Sx = -5 1 .2 8 1 6 2  

Sxy = -169 .04850x10 

n = 14

nSxy = -2*38668 nSx^ = 2644*8911

-Sx2y= +2.36341 - ( 2 x ) ^ =-2629 .8045

- 0 .00327  15 .0866

-3 Sx = 1 8 8 .92079

-1E = -4*576 X 15*0866 k c a l .m o le
- 0 .00327

-1
= 21 .11  k c a l .m o le

E 21 .0  kca l .m ole* ”̂  AH^ 20*3 k c a l .m o le " ^  Ag^ 2 2 .8  k c a l .m o le

2x^Sy = 8 .70676

-SxSxy = -8 .6 6 9 0 8

0.03768

log^oA = -0 .03768  
0 .00327

= 1 1 .5 2

(25  C)

lo g ^ ^ a  = 1 1 .5 AS^ = 8*2 e . u .
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SYNTIiETIG r o m  -  EXPERIMENTAL.

2 . 2 * - d i b r o m o b e n z i d i n e : 

Scheme.

StOH

B.

Zn

&

( i )  3 , 3 * -d ih rom oazoxyhenzene  (Crab r i e l ,  B e r . , 1876,  l^Og)

26 g.  o f  m -h ro m o n i t ro h en ze n e  were added  t o  a h o t  

s o l u t i o n  o f  16 g .  o f  p o t a s s iu m  h y d ro x id e  i n  120 c . c .  o f  

e t h a n o l  ( S .V .R . )  and t h e  m ix tu r e  b o i l e d  u n d e r  r e f l u x  f o r  

3/U hr# The s o l u t i o n  became v e ry  d a rk  and s o l i d  g r a d u a l l y  

s e p a r a t e d .  A f t e r  c o o l i n g ,  t h e  s o l i d  was f i l t e r e d  and 

washed w i th  m e th y la t e d  s p i r i t ,  w a t e r ,  and t h e n  d r i e d  (20  g . )• 

On c r y s t a l l i s a t i o n  from g l a c i a l  a c e t i c  a c i d  c o n t a i n i n g  a 

l i t t l e  conc# n i t r i c  a c i d ,  15 g# ( S 5 * 5 f )  o f  g o ld e n  c r y s t a l s .

m#p# 111-112  , were o b ta in e d #



(Zf

( i i )  2 ,2*-dibroino 'benzicl ine  :

( a )  3 j3 * - 'd i ‘bromohydrazobenzene ( o f .  K h a l i f a ,  J • ,  i 960 , 

18%.)* 21 g .  o f  3 , 3 * -d ib ro m o azo x y b en zen e , 2U0 g .  o f  Zn

powder and 500 c . c .  o f  e t h e r  were warmed w i th  m e ch an ica l  

s t i r r i n g  i n  a 2 L round-bo t tom ed  f l a s k  f i t t e d  w i t h  a d ro p p in g  

f u n n e l  and an  e f f i c i e n t  c o n d e n s e r .  To the  g e n t l y  b o i l i n g  

s o l u t i o n ,  15 c .c*  o f  g l a c i a l  a c e t i c  a c i d  were added d ro p w is e .  

When ab o u t  h a l f  o f  t h e  g l a c i a l  a c e t i c  a c i d  was added ,  t h e  

r e a c t i o n  became v e ry  v ig o r o u s  and th e  y e l lo w  s o l u t i o n  became 

o r a n g e .  The v i g o r o u s  r e a c t i o n  soon s u b s id e d  and th e  

r e a c t i o n  p ro ce e d e d  smoothly  u n t i l  t h e  s o l u t i o n  became c o l o u r -
I

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

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

t o  ab o u t  50 c . c .

(b )  B e n z id in e  r e a r r a n g e m e n t s  ( S e a r l e  and dams, J .A .C .8  

) ;  The e t h e r e a l  s o l u t i o n  o f  3 , 3 *-d ib ro m o h y d ra zo -

ben zen e  was added dropwise  t o  140 c . c .  o f  c o n c .  h y d r o c h l o r i c  

a c i d  w i th  s t i r r i n g .  Heat was e v o lv e d ;  t h e  a c i d  s o l u t i o n  

became y e l lo w  and a p r e c i p i t a t e  s e p a r a t e d  g r a d u a l l y *  The 

s u s p e n s io n  was a l lo w e d  to  c o o l  and  th e  p r e c i p i t a t e  f i l t e r e d ,  

washed w i th  a l i t t l e  m e th y la te d  s p i r i t  and e t h e r  (which  

removed th e  o range  c o l o u r )  and d r i e d  (11*5 g * ) T h is  was 

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

f i l t r a t e  was t r e a t e d  w i th  0.2>t KaOH s o l u t i o n  to  l i b e r a t e



732

t h e  h a s e ,  which  was f i l t e r e d ,  washed th o ro u g h ly  w i th  w a te r  

and d r i e d  (9*5 g « ) C r y s t a l l i s a t i o n  from aqueous  m e th y la te d  

s p i r i t  gave 7*4 g* (36.6?S) o f  c o l o u r l e s s  c r y s t a l s ,  

m .p .  151- 152 . 5° .
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N,TI* -  betram eth .Y l-2  « 2 * -d ib ro iü o 'b e n z lâ ln e  .

dr.

6 r
N -m e th y la t i o n  o f  2 , 2 ’ -d i 'b rom o 'benzid ine  was e f f e c t e d  

by  d im e th y l  s u l p h a t e  and by t r i m s t h y l  p h o s p h a te  (B i l l m a n ,  

Rad ike  and Mundy, J  .A .C .8 , . 19’i2 ,  2 9 7 7 ) ;  th e  l a t t e r

gave a b e t t e r  y i e l d  o f  - t e t r a m e t h y l ~ 2 , 2*- d ib r o m o b e n z i d in e .

5 g* o f  2 ,2 * - d ib ro m o b e n z id in e  and  50 c .c#  o f  t r i m e t h y l  

p h o s p h a te  were h e a t e d  u n d e r  r e f l u x  f o r  one hour* A s o l u t i o n  

c o n t a i n i n g  60 g# o f  sodium h y d ro x id e  ( t o  d e s t r o y  e x c e s s  

t r i m e t h y l  p h o s p h a te )  i n  200 c# c .  o f  w a t e r  was added ,  and 

h e a t i n g  was c o n t in u e d  f o r  a n o t h e r  2 hours#  The h o t  r e a c t i o n  

m ix tu re  was t h e n  f i l t e r e d #  The r e s i d u e  was s t i r r e d  w i th  

200 c# c .  o f  h o t  ( a lm o s t  b o i l i n g )  w a t e r  ( t o  remove i n o r g a n i c  

m a t e r i a l ) ,  f i l t e r e d ,  and washed w i th  h o t  w a te r#  The c ru d e  

p r o d u c t  ( 5  g . ) was e x t r a c t e d  w i th  120 c#c# o f  b o i l i n g  

m e th y la t e d  s p i r i t  and f i l t e r e d  ( h o t )  on a Buchner# The 

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

f i l t e r e d  and  a l lo w e d  to  c r y s t a l l i s e #  3*05 g# o f  w h i t e
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p r i s m a t i c  n e e d l e s ,  m*p. 184^ ( s o f t e n i n g  a t  176^)  were 

o b ta in e d #  (Found; C, 2:8#3; H, k » k ;  N, 7 , 1 ;  B r ,  40 ,6^#  

CigHigN^Br^ r e q u i r e s  G, 2:8#3; H, 4#6 ;  N, 7#G; B r ,  4 0 . I 5S), 

Prom th e  e x t r a c t  a n o t h e r  0#25 g# o f  K,î^’ - t e t r a m e t l i y l - 2 , 2  *- 

d i - i o d o b e n z i d i n e  was o b ta in e d #  The t o t a l  y i e l d  was

3 .3  g .  ( 3 7 ^ ) .



ni

2 . 2 * -dlbromo-U*-F N#N* >>dlmethyla m lno1- b l p h e n y l - h - v l - t r l me t h y l  

ammonium i o d i d e #

^  8 > = ^
N , N * - t e t r a m e t h y l - 2 , 2*- d i - b r o m o b e n z id in e  r e a c t e d

w i th  m e thy l  io d id e  u n d e r  a tm o s p h e r ic  p r e s s u r e  t o  g iv e  th e

mono m e th io d id e

i 5 r  3 r

1 g.  o f  - t e t r a m e t h y l - 2 , 2 *- d i - i o d o b e n z i d i n e  and 

50 c*c# o f  m ethyl  i o d i d e  were h e a t e d  u n d e r  r e f l u x  i n  a 

v /a te r  b a t h  a t  7 0 -8 0 ° ,  f o r  s i x  h o u r s .  The r e s u l t i n g  

s o l u t i o n  was e v a p o r a t e d  to  d r y n e s s .  The c rude  p r o d u c t  

( 1 .3 5  g - ) when c r y s t a l l i s e d  from 300 c . c .  o f  w a t e r ,  gave 

0 .6 1  g .  o f  s t r aw  c o l o u r e d  n e e d l e s ,  m .p .  200- 213° (decom p.)  

v a r y i n g  a c c o r d i n g  to  t h e  r a t e  o f  h e a t i n g .  (Pound: G, 37*7;

H, 3 . 6 ;  N, 5 . 1 ;  H a l ,  5^*lf^* ^l8^2i+^^2^^2^2 ^ ^ q u i r e s

C, 37*8; H, 3*9; N, 5*2; H a l ,  53*1$)* A second c ro p  o f  

0 .1 7  g# was o b t a i n e d  from t h e  m othe r  l i q u o r .  The t o t a l  

y i e l d  was 0 .7 8  g .  (57#4i%) #
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2.2^ -Pl-ioclo'blDheiiyl-li. M  * - d i c a r b o x y l i c A c id .

The method o f  S e a r l e  and Adams ( J .A .C .S # . 1933> 56 . 

1951-3)  was used  w i th  s u b s t a n t i a l  m o d i f i c a t i o n s .  The 

methyl  e s t e r s  were employed th ro u g h o u t  i n s t e a d  o f  t h e  e t h y l  

e s t e r s  u se d  by th e  p r e v i o u s  w o rk e rs .

Hz. t  X
,  r  0 HCl,Ngy. f ^

Kt HNO
c p i H  co /H ^  CClChj cqcHj

NO

U ) uv
a

Ito"

v u
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' lA  s'*

t- r
i S 9 1 H0.KICV.

NaX

CO<l^^< 't* VÎ)

ftlf.
potftsh (y'( )

Cq,CH)
( V )  C O / “i
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S ta g e s  ( i v ) ,  ( v )  and ( v i )  o f  t h e  above s y n t h e s i s  

have b ee n  m o d i f ie d  w i th  improved y i e l d s *  For s t a g e  ( v ) ,  

h y d r o g e n a t io n  u s in g  Adams* PtO^ c a t a l y s t  y i e l d e d  a p r o d u c t  

which c o n t a in e d  t h e  c i n n o l in iu m  compound and p roved  d i f f i c u l t

to  p u r i f y .  The c i n n o l in iu m  compound

was I s o l a t e d ,  m.p. 215-7^*

(Pound: G, 6 6 .5 ;  H, 5*1; N, 8 .6 '^ .

C, 6 6 .7 ;  H, 5#0; N, 8 . 6 ^ ) .  The d i f f i c u l t y  e n c o u n te r e d  i n  

c a r r y i n g  o u t  t h e  above scheme o f  s y n t h e s i s  prompted a t t e m p t s  

to  o b t a i n  2 ,2 * - d i - i o d o b i p h e n y l  by d i r e c t  i o d i n a t i o n  ( p .

( i )  M e th y l -£ -a m in o b e n z o a te .  -  2 L i t r e s  o f  methanol  c o n t a i n i n g  

100 c . c .  o f  conc .  s u l p h u r i c  a c i d  were added ,  w i th  s w i r l i n g ,  

to  200 g .  o f  ^ -am in o b e n a o ic  a c i d  i n  a round-bo t tom ed  f l a s k  

and th e  m ix tu re  h e a t e d  u n d e r  r e f l u x  f o r  10 h r s .  About 

1 l i t r e  o f  m ethanol  was d i s t i l l e d  o f f  and th e  rem a inder  

p o u red  i n t o  1^ l i t r e s  o f  c o l d  w a t e r .  A h o t  c o n c e n t r a t e d  

s o l u t i o n  o f  sodium c a r b o n a te  was g r a d u a l l y  added ,  w i th  

s t i r r i n g ,  u n t i l  t h e  s o l u t i o n  was a l k a l i n e  to  l i t m u s .  The 

w h i te  s o l i d  which s e p a r a t e d  was f i l t e r e d ,  washed w i th  w a te r  

and d r i e d  (205 g . ) .  C r y s t a l l i s a t i o n  from aqueous m ethanol  

(1 l i t r e  o f  MeOH + 1^  l i t r e s  o f  w a te r )  gave 18U g.  (8U%) 

o f  s t r a w - c o l o u r e d  c r y s t a l s ,  m.p. 110-112 .5^#



( i l )  M e th y l - £ - io d o b e n z o a te :  -  I 38 g .  (O.92  mole) o f  f i n e l y

powdered methyl-p>-aminobenzoate were made i n t o  a p a s t e  w i th  

w a t e r .  750 c . c .  o f  6N h y d r o c h l o r i c  a c i d  (USO c . c .  o f  co n c .  

HCl 4- 300 c . c .  o f  w a te r )  were added .  The m ix tu re  was 

c o o le d  v / i th  m echan ica l  s t i r r i n g  below 0^ and d i a z o t i s e d  

u s i n g  69 g .  (1 mole) o f  sodium n i t r i t e  i n  I 50 c . c .  o f  Vfater. 

The r e s u l t i n g  s o l u t i o n  was added ,  w i th  m echan ica l  s t i r r i n g ,  

to  a s o l u t i o n  o f  250 g .  ( 1 . 5  mole) o f  p o ta s s iu m  i o d i d e  i n  

225 c . c .  o f  w a t e r ,  t h e  f r o t h i n g  r e a c t i o n  m ix tu re  warmed i n  

h o t  w a te r  and s t i r r e d  w i t h  dodium r a e t a b i s u l p h i t e  s o l u t i o n .  

The p r o d u c t  was f i l t e r e d ,  washed th o r o u g h ly  w i th  w a t e r  and 

d r i e d .  C r y s t a l l i s a t i o n  from m ethano l  gave 181 g * , (7 5 .6 % )

o f  sa lm on-p ink  c r y s t a l s ,  m.p. 112-11-Lj.^. S e a r l e  and Adams 

q uo ted  a y i e l d  o f  6 8 .5 ^  f o r  th e  e t h y l  e s t e r .

( i i i )  M e t h y l - ^ - i o d o - m - n i t r o b e n z o a t e : -  A s o l u t i o n  o f  58 g .

o f  powdered methyl-p.“ io d o b e n zo a te  i n  75 c . c .  o f  c o n c . s u l p h u r i c

a c id  was c o o led  w i th  m echan ica l  s t i r r i n g  below 5^ and a 
m ix tu re  o f  30 c . c .  o f  conc .  n i t r i c  a c i d  and 30 c . c .  o f  co n c .

s u l p h u r i c  a c i d  added d ro p w ise ,  k e e p in g  t h e  t e m p e r a tu r e  below

6 ^ .  The f i r s t  d rop  o f  n i t r a t i n g  m ix tu re  added t u r n e d  t h e

s o l u t i o n  b l a c k  and th e  r e a c t i o n  m ix tu re  became i n c r e a s i n g l y

v i s c o u s  u n t i l  abou t  I / 3  o f  th e  n i t r a t i n g  m ix tu re  had  b e e n

added .  F u r t h e r  a d d i t i o n  was,  however,  accompanied by a

d e c r e a s e  i n  v i s c o s i t y  and a g r a d u a l  change o f  c o l o u r  from

b l a c k  to  r e d d i s h -b ro w n .  When a l l  th e  n i t r a t i n g  m ix tu re  had



bee n  added ,  th e  r e a c t i o n  m ix tu re  was s t i r r e d  f o r  a f u r t h e r  

2 h r .  and th e n  a l lo w e d  to  s t a n d  i n  t h e  i c e  + w a te r  f o r  

a n o t h e r  2 h o u r s ,  d u r in g  which t im e a p a l e  y e l lo w  p r e c i p i t a t e  

was g r a d u a l l y  d e p o s i t e d .  The m ix tu re  was p o u red ,  w i th  

s t i r r i n g ,  on to  c r a s h e d  i c e .  The y e l lo w  s o l i d  which 

s e p a r a t e d  was f i l t e r e d ,  washed th o ro u g h  w i th  w a te r  and d r i e d .  

C r y s t a l l i s a t i o n  from m ethano l  gave U2 g .  (61.8%) o f  y e l lo w  

c r y s t a l s ,  m.p. lOU-lOô^. [ N o te : A c o n s i d e r a b l e  amount

o f  b^ .product  was o b t a i n e d  from th e  mother  l i q u o r .  T h is  

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

gave p a l e  y e l lo w  s i l k y  n e e d l e s ,  m.p. 172 -3^  (decom p.)

(Found: C, 33*3;  H, 2 . 1 ;  N, 2 . 4 ;  I ,  k3*3%) The

n i t r a t i o n  o f  e t h y l - £ - 1iodoben2o a t e  was a l s o  c a r r i e d  o u t :  

a s i m i l a r  b j f -p ro d u c t ,  w h i te  c r y s t a l s ,  m .p .146-8^ (decom p.)  

was o b t a i n e d  a f t e r  one r e c r y s t a l l i s a t i o n  from m e th y la te d  

s p i r i t .  (Found: C, 3 5 .7 ;  h ,  2 . 8 ;  .N, 2 . 8 ;  I ,  41 .9% ).

These two b y - p r o d u c t s  have no t  b e e n  i d e n t i f i e d . ]

( i v )  D imethyl 2 ,2 * - d i n i t r o b i p h e n y l - 4 , 4 ’ - d i c a r b o x y l a t e  -  

(Ullmann R e a c t i o n ) .

50 g.  o f  Methyl 3 ~ n i t r o - 4 - i o d o b e n 3 o a t e  were m e l te d  i n  

a h a rd  g l a s s  tu b e  immersed i n  a m e ta l  b a t h  h e a t e d  to  180*^.

40  g .  o f  coppe r  b ro n z e  were added ,  w i t h  s t i r r i n g ,  a t  such 

a r a t e  a s  t o  m a in t a in  th e  i n t e r n a l  t e m p e r a tu r e  be tw een  

180 -195^ ,  w h i le  t h e  t e m p e r a tu r e  o f  t h e  b a t h  was k e p t  b e tw een



m

165- 175° •  %Tien a l l  t h e  co p p e r  b ro n z e  had  b e e n  ad d e d ,  t h e  

b a t h  was r a i s e d  to  IgO^ f o r  I 5 m ins .  The tu b e  was t h e n  

removed from t h e  m e ta l  b a t h ,  a l lo w e d  to  co o l  to  100^ and 

t h e  r e a c t i o n  m ix tu re  e x t r a c t e d  s e v e r a l  t im e s  w i th  b o i l i n g  

c h l o r o f o r m .  The e x t r a c t s  were f i l t e r e d  th r o u g h  a Buchner  

f u n n e l ,  and th e  f i l t r a t e  e v a p o r a t e d  t o  d r y n e s s .  C r y s t a l l i s a 

t i o n  o f  t h e  c rude  p r o d u c t  (29 g . ) from aqueous  a c e to n e  gave 

22 g .  o f  l a r g e  y e l lo w  p r i s m s ,  m.p. 1 5 9 -1 6 1 ^ .

The o v e r a l l  y i e l d  from 9 e x p e r i m e n t s  u s i n g  450 g.  

o f  s t a r t i n g  m a t e r i a l  was 207 g .  (78.5%)*

N o te s .

( 1 ) The p r o c e d u r e  recommended by  S e a r l e  and Adams was 

c a r r i e d  o u t  on b o t h  t h e  e t h y l  and t h e  m e th y l  e s t e r s .  The 

removal o f  t h e  d i l u e n t ,  n i t r o b e n z e n e ,  f rom t h e  p r o d u c t  p ro v e d  

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

and t h e  y i e l d s  i n  g e n e r a l  were r a t h e r  p o o r  (be low  50%).

S e a r l e  and Adams q uo ted  a 69% y i e l d  f o r  t h e  e t h y l  e s t e r .

( 2 ) I n  c a r r y i n g  o u t  t h e  r e a c t i o n  w i t h o u t  a d i l u e n t ,

i t  was fo u n d  t h a t  i f  t h e  i n t e r n a l  t e m p e r a t u r e  was k e p t  above 

200®, th e  p r o d u c t  was much d a r k e r ,  and t h e  y i e l d  p o o r .



( V) D im ethy l  2 , 2 ’ - d i a m i n o h i p h e n y l - 4 ,4 * - d i c a r b o x y l a t e : -  

The method u s e d  was d e s c r i b e d  ( f o r  o t h e r  compounds) by 

Balcom and P u r s t  ( J . A . C . 8 . . 1953 ,  25» 4334)  and Moore and 

P u r s t  ( J^Org.Chem. . 1958 ,  2^ ,  1 5 0 4 ) .

( a )  P r e p a r a t i o n  o f  W-2  Raney N i c k e l .

T h is  was p r e p a r e d  a c c o r d i n g  to  t h e  p ro c e d u re  g i v e n  

i n  O rgan ic  S y n t h e s i s ,  C o l l e c t i v e  V o l . I l l ,  p . 181.

(b )  R e d u c t io n  w i th  h y d r a z i n e  u s i n g  W-2 Raney Ni a s  c a t a l y s t .

About 1 t a b l e s p o o n f u l  o f  W-2 Raney Ni was added  to  

a h o t  s o l u t i o n  o f  18 g .  o f  d im e th y l  2 , 2 ’ - d i n i t r o b l p h e n y l - 4 ,4  * -  

d i c a r b o x y l a t e  i n  800 c . c .  o f  95% a l c o h o l  and 200 c . c .  o f  

t o l u e n e  i n  a round  b o t to m e d  f l a s k  (4L) f i t t e d  w i th  a r e f l u x  

c o n d e n s e r  and a d r o p p in g  f u n n e l .  100% H ydraz ine  i iy d ra t e  

was added  from t h e  d ro p p in g  f u n n e l ,  w i t h  s w i r l i n g ,  t h e  r a t e  

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

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

y e l lo w  on c o l o u r .  T h is  c o l o u r  soon  d i s a p p e a r e d ,  b u t  a s  t h e  

r e a c t i o n  p r o c e e d e d  th e  c o l o u r  o f  t h e  s o l u t i o n  changed from 

a lm o s t  c o l o u r l e s s  t o  d a rk  r e d d i s h  brown. When t h e  brown 

c o l o u r  a p p e a r e d ,  th e  s o l u t i o n  was h e a t e d ,  more Raney Ni 

added ,  and t h e  a d d i t i o n  o f  h y d r a z i n e  h y d r a t e  c o n t i n u e d  a t  

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

65 c . c .  o f  h y d r a z i n e  h y d r a t e  was r e q u i r e d ) .

The h o t  s o l u t i o n  was f i l t e r e d  t h r o u g h  a pad  o f  

f i l t e r  p a p e r ,  c o n c e n t r a t e d  t o  3OO c . c .  by  d i s t i l l i n g  o f f  

th e  s o l v e n t  u n d e r  r e d u c e d  p r e s s u r e ,  and c o o l e d  i n  i c e .



The p a l e  y e l lo w  c r y s t a l s  which  s e p a r a t e d  were f i l t e r e d  

and d r i e d ,  1 2 .5  g ;  m.p .  174-6®.

Ho-tes.

(1 )  Y i e l d s  v a r i e d  from 11 g .  t o  13*9 g# and  m .p ’ s from 

171-4® t o  174-6®. The l e s s  p u re  spec im ens  were 

r e c r y s t a l l i s e d  from benzene  c o n t a i n i n g  a l i t t l e  m e th y la t e d  

s p i r i t .  The o v e r a l l  y i e l d  from 204 g .  o f  d im e th y l

2 , 2 ’ - d i n i t r o b i p h e n y l - 4 , 4 ^ - d i c a r b o x y l a t e  was 143 g* (84%). 

(Pound: C, 64*1; H, 5 . 5 ;  N, 9 . 4 .  ^ i 6 ^ 6 ^ 2 ^ 4

C, 6 4 .0 ;  H, 5 . 1 ;  N, 9 .3% ).

( 2 )  D im ethyl  2 , 2 ’ - d i a m i n o b i p h e n y l - 4 , 4 ’ - d i c a r b o x y l a t e  

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

m .p .  174 .5 -6® ,  and p a l e  y e l lo w  rhombohedra m .p .  174- 5° ,  

mixed m .p .  174-6®. The m e l t  o f  t h e  b r i g h t  y e l lo w  n e e d l e s  

when s o l i d i f i e d ,  gave t h e  p a l e  y e l lo w  rhom bohedra ;  t h e  

i n f r a r e d  s p e c t r a  o f  t h e  two fo rm s  ( s o l i d )  i n  n u j o l  were 

d i f f e r e n t t h e  spec trum  o f  t h e  s o l i d  o b t a i n e d  from th e

m e l t  o f  t h e  y e l lo w  n e e d l e s  was i d e n t i c a l  w i t h  t h a t  o f  t h e

rhombohedra .

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

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

fo rm s ,  p l a t e s ,  m.p.  1 1 2 - 5 ° ,  and n e e d l e s ,  m .p .99-100®, 

mixed m.p .  99-115®. The lo w e r  m e l t i n g  form was c o n v e r t e d  

i n t o  t h e  h i g h e r  m e l t i n g  form by  m e l t i n g  i t  and a l l o w in g  

th e  m e l t  t o  s o l i d i f y .  The i n t e r p r e t a t i o n  o f  t h i s
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phenomenon i s  a l s o  co n f i rm ed  hy th e  i n f r a r e d  s p e c t r a  o f  

th e  d i f f e r e n t  s o l i d  samples  i n  n u jo l#

( 3 ) S e a r l e  and Adams h y d ro g e n a te d  2 , 2 * - d i n l t r o - ^ , 4 ' -  

d i c a rh o e th o x y b ip h e n y l  u s i n g  p la t in u m  ox ide  c a t a l y s t  and 

o b ta in e d  a 79% y i e l d  o f  2 ,2 ' -d i a m in o ~ 4 ,4 '~ d iG a rb o e th o x y b ip h e n y l«  

This  method was t r i e d  s e v e r a l  tirae:^ b u t  was found  to  be 

e r r a t i c ,  o f t e n  g i v i n g  an  impure p r o d u c t ,  o n ly  p a r t i a l l y  

red u ced ;  t h e  method d e s c r i b e d  above was more r e l i a b l e  i n  

o u r  h an d s .  ( S e a r l e  and Adams’ method h a s  b ee n  u sed  

s u c c e s s f u l l y  by  Dr. M. H a r r i s  i n  a p r e v i o u s  p i e c e  o f  work: 

b u t  i n  th e  p r e s e n t  ca se  i t  ap p e a re d  t h a t  some unknown f a c t o r  

i n  th e  c a t a l y s t  o r  th e  h y d r o g e n a to r  was making th e  r e s u l t s  

n o n - r e p r o d u c i b l e ) •

(U) Dimethyl 2 , 2 * - d i a m l n o b i p h e n y l ~ 4 , 4 ' - d i c a r b o x y l a t e

was condensed w i th  b e n z i l  t o  g iv e  d im e th y l  6 ,7 -d ip h e n y l -5 % 8 -  

d i a z a - 1 ; 2 - 3 : U - d i b e n z o c y c l o - o c t a t e t r a e n e - 2 ,2  *- d i c a r b o x y l a t e .

1 g .  (1M) o f  th e  2 , 2 ’ -d ia m in o b ip h e n y l  d e r i v a t i v e ,  0 .7  g* 

(1M) o f  b e n z i l  and 25 c . c .  o f  g l a c i a l  a c e t i c  a c i d  were 

h e a t e d  u n d e r  r e f l u x  f o r  30 h o u r s .  Most o f  t h e  g l a c i a l  

a c e t i c  a c i d  was d i s t i l l e d  o f f ,  and t h e  v i s c o u s  l i q u i d  

t r e a t e d  w i th  c o l d  m e th an o l .  The s o l i d  which  s e p a r a t e d  was



f i l t e r e d  and r e c r y s t a l l i s e d  from m e th an o l .  0 .U6 g .  ( 30%) 

o f  b r i g h t  y e l lo w  c r y s t a l s ,  m .p .  164~6° ,  were o b t a i n e d .

(Pound: C, 7 6 .0 ;  H, 4 . 8 ;  N, 5.8%. r e q u i r e s

c, 7 5 .9 ;  H, 4 . 7 ;  N, 5.9%).
( v i )  Dimethyl  2 , 2 * - d i - i o d o b i p h e n y l - 4 > 4 ’ - c a r b o x y l a t e : -  

15  g .  ( 0 .0 5  mole)  o f  f i n e l y  powdered d im e th y l  2 , 2 * -d iam in o -  

b i p h e n y l - 4 , 4 * - d i c a r b o x y l a t e  were suspended  i n  a m ix tu re  

o f  50 c . c .  o f  conc .  HICl and 50 c . c .  o f  w a t e r .  The 

s u s p e n s io n  was c o o le d  to  - 10^ w i t h  s t i r r i n g ,  d i a z o t i s e d  

below 0° u s i n g  8 .5  g .  ( 0 .1 2 5  mole) o f  sodium n i t r i t e  i n  

12 c . c .  o f  w a t e r .  To t h i s  ( s l i g h t l y  c lo u d y )  s o l u t i o n ,  a 

s o l u t i o n  o f  2 2 .5  g .  ( 0 .1 5  mole) o f  sodium i o d i d e  i n  50 c . c .  

o f  w a te r  was s lo w ly  added ,  w i th  s t i r r i n g .  The f r o t h i n g  

r e a c t i o n  m ix tu re  was t h e n  warmed i n  h o t  w a t e r ;  t h e  v e ry  

d a rk  s o l i d  which  s e p a r a t e d ,  d e c o l o u r i z e d  w i t h  sodium 

m e t a b i s u l p h i t e ,  f i l t e r e d ,  washed th o r o u g h ly  w i t h  w a te r  and 

d r i e d  (22 g . )

The s o l i d  was S o x h le t  extraobed w i t h  400 ml.  o f  

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

e x t r a c t ,  two ty p e s  o f  c r y s t a l s  were d e p o s i t e d ,  a s m a l l e r  

amount o f  l i g h t  c r y s t a l s  t o g e t h e r  w i t h  a l a r g e r  amount o f  

heavy c r y s t a l s .  9 g .  o f  heavy c r y s t a l s  were  s e p a r a t e d  

from th e  l i g h t e r  c r y s t a l s  by  d é c a n t a t i o n .  A f t e r  b o i l i n g  

i n  e t h a n o l  ( m e th y l a t e d  s p i r i t )  w i th  c h a r c o a l ,  and 

c r y s t a l l i s i n g  t w i c e ,  7 g .  o f  s t r a w  c o l o u r e d  rhombic p l a t e s ,  

m .p. 1 5 2 . 5 - 1 5 4 . 5f were o b t a i n e d .  A n o th e r  0 .7  g .  o f  t h e  same



su b s t a n c e  was o b t a i n e d  by  tw&ce r e c r y s t a l l i s i n g  th e  second  

c rop  from m e th y la te d  s p i r i t .

A r e s i d u e  o f  8 .5  g .  o f  f i n e  p a l e  y e l lo w  powder,  

m .p .  220-224® (decom p.)  was o b t a i n e d  from t h e  S o x h le t  

e x t r a c t i o n .  T h is  was 4 . 4 * - d ic a rb o m e th o x y ld ip h e n y le n e  

iodonium i o d i d e .

T h is  compound u n d e rg o e s  th e rm a l  r e a r r a n g e m e n t  t o  t h e  

c o r r e s p o n d in g  2 , 2 ’ - d i o d o b i p h e n y l , which can  be  o b t a i n e d  by 

h e a t i n g  t h e  fo rm e r  f o r  3 -5  m in u te s  i n  a h a r d  g l a s s  b o i l i n g  

tu b e  immersed i n  a m e ta l  b a t h  a t  220®, e x t r a c t i n g  th e  

p r o d u c t  w i th  h o t  benzene  and r u n n in g  t h e  c o l d  e x t r a c t  

th ro u g h  a column o f  a lu m in a .  4 , 4 ’ -d ica rb o m e th o x y  

d ip h e n y le n e  iodonium i o d i d e  was ac cu m u la ted  from s e v e r a l  

e x p e r im e n ts  and 3 th e rm a l  r e a r r a n g e m e n t s ,  e a ch  w i th  25 g# 

o f  t h e  compound, were c a r r i e d  o u t .  The b en zen e  e x t r a c t s  

were combined and r u n  th r o u g h  an  a lum ina  column; on 

c r y s t a l l i s i n g  th e  w h i t e  s o l i d  (45  g . ) o b t a i n e d  by 

e v a p o r a t i o n  o f  t h e  e l e u e n t ,  40  g .  o f  w h i te  rhombic 

c r y s t a l l i n e  p l a t e s ,  m.p.  1 5 2 . 5- 154^ ,  were o b t a i n e d .

8 . 5  g .  o f  t h e  iodonium i o d i d e  would y i e l d  4*5 g* 

o f  d i m e t h y l - 2 , 2 ’ - d i - i o d o b i p h e n y l - 4 #4*- d i c a r b o x y l a t e , 

m.p. 152 . 5- 154^ .  T h e r e f o r e ,  from 15 g* o f  d i m e t h y l - 2 , 2 ’ -  

d i a m in o b ip h e n y l - 4 * 4 ’ - d i c a r b o x y l a t e  (7 + 0 .7 + 4 .5 )g «  ô 1 2 .2  g .  

o f  d i m e t h y l - 2 ,2 * - d i - i o d o b i p h e n y l - 4 *4’ - d i c a r b o x y l a t e  were 

o b t a i n e d  ’47%). (Pound: C, 3 6 . 7 ;  H, 2 . 4 ;  I» 48.3%. 

^ 16^1 2 ^2^4 0 ,  3 6 . 8 ; Hm 2 . 3 ;  I ,  48 .6% ),



( v i i )  2 , 2 ’ - d i - i o d o b i p h e n y l - l + f 4 ’ - d i c a r b o x y l i c  a c i d :  -

1 0 .5  g# ( 0 .0 2  mole) o f  d im e th y l  2 , 2 ’- d i - i o d o b i p h e n y l - 4 , 4 ’-  

d i c a r b o x y l a t e  were b o i l e d  u n d e r  r e f l u x  w i t h  45 c . c .  o f  

f r e s h l y  p r e p a r e d  10% a l c o h o l i c  p o t a s h  ( 0 .0 8  mole) f o r  15 

m in u te s  and t h e  m ix tu re  was t h e n  po u red  i n t o  w a t e r .  To' 

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

was added .  The w h i t e  p r e c i p i t a t e  which  s e p a r a t e d  was 

a l lo w e d  t o  s e t t l e ,  f i l t e r e d ,  washed th o r o u g h ly  w i th  w a t e r ,  

and d r i e d .  The c ru d e  a c i d  (9*6 g . ) when r e c r y s t a l l i e d  

from aq .  m e thano l  y i e l d e d  7*5 g* o f  a w h i t e  m i c r o c r y s t a l l i n e  p 

powder,  m .p .  330-33U^, s o f t e n i n g  a t  280®. When t h e  m e l t i n g  

p o i n t  was t a k e n  on a K a i i f le r  b l o c k ,  i t  was fo u n d  t h a t  t h e  

m i c r o - c r y s t a l l i n e  n e e d l e s  g r a d u a l l y  changed  i n t o  rhombohedra 

above 250®; t h e  change was com ple te  a t  290®, and th e  

rhombohedra m e l te d  a t  324-6®.



'V

l o d l n a t i o n  o f  Die th y  l b  j -p h eav l -U ^U * -d ica rb o x y la te»

2 ,2 * -Dit)rom obipheny l-i+jl+’ - d i c a r b o x y l i c  a c i d  was 

p r e p a r e d  th ro u g h  th e  b r o m i n a t i o n  o f  d im ethylb iphenyl- l* . ,4*  -  

d i c a r b o x y l a t e .  (M .M .H arr is  and R * K .M i tc h e l l , J . , I 9 6 0 ,  IgOS).  

On c a r r y i n g  o u t  t h e  s y n t h e s i s  o f  2 , 2 * - d i - i o d o b i p h e n y l - 4 ,4* -  

d i c a r b o x y l i c  a c i d ,  f o l l o w i n g  th e  method g iv e n  by S e a r l e  and 

Adams, ( J . A . C . S . . 1933> 1649) d i f f i c u l t y  was e n c o u n te r e d  i n  

t h e  h y d r o g e n a t io n  o f  2 ,2 * - d i n i t r o b i p h e n y l - 4 » 4 * - d i c a r b o x y l a t e .  

A t t e m p ts  were t h e r e f o r e  made t o  o b t a i n  t h e  r e q u i r e d  2 ,2 * - d i -  

i o d o b ip h e n y l - 4  >4’ - d i c a r b o x y l i c  a c i d  t h r o u g h  th e  i o d i n a t i o n  

o f  d i e t h y l b i p h e n y l - 4 , 4* - d i c a r b o x y l a t e .

(A) S y n t h e s i s . D i e t h y l b i n h e a v l - 4 . 4 * - d i c a r b o x y l a t e .

E c t ) /

( i )  Ethyl-%^-aminobenzoate ( b e n z o c a i n e )  : -  100 c . c .  o f

conc .  s u l p h u r i c  a c i d  and 2 1 .  o f  a b s o l u t e  e t h y l  a l c o h o l  

were c a r e f u l l y  mixed and added  t o  200 g .  o f  j^-aminobenzoic  

a c i d  p l a c e d  i n  a 4 L round b o t to m ed  f l a s k  f i t t e d  w i th  a 

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

m ix tu re  was h e a t e d  f o r  15 h o u r s .  About 1 1 .  o f  a l c o h o l



was t h e n  d i s t i l l e d  o f f ,  and t h e  r e s t  o f  t h e  s o l u t i o n  p o u red  

i n t o  2 1 .  o f  c o ld  w a te r#  C o n c e n t r a t e d  sodium c a rb o n a te  

s o l u t i o n  was added u n t i l  t h e  s o l u t i o n  was a l k a l i n e  t o  

l i tm u s #  The p r e c i p i t a t e d  e s t e r  was f i l t e r e d ,  washed 

th o r o u g h ly  w i th  w a te r  and d r ie d #  The c ru d e  p r o d u c t  (235 g * ) 

when r e c r y s t a l l i s e d  from aqueous  m e th y la t e  s p i r i t  gave 

204 g .  (8 5 ^ )  o f  w h i te  c r y s t a l s ,  m#p# 90 - 91^#

( i i )  E t h y l - p - i o d o b e n z o a t e .  ( S e a r l e  and  Adams, J  A .C .S # . 1933,.
16U9)

50 g# o f  b e n z o c a in e  were made i n t o  a p a s t e  w i t h  w a t e r ,  and 

250 c .c #  o f  6N h y d r o c h l o r i c  a c i d  (150  c . c .  o f  co n c .  a c i d  

and 100 c c .  o f  w a te r )  were added  w i t h  s t i r r i n g .  The 

s u s p e n s io n  o f  t h e  b a s e  h y d r o c h l o r i d e  was c o o l e d  i n  an  i c e -  

s a l t  m ix tu re  w i th  m e ch an ica l  s t i r r i n g  to  0^ and a s o l u t i o n  

o f  2 4 #2 g .  o f  NaNOg i n  50 c . c .  o f  w a t e r  was added d ro p w is e .

When d i a z o t i s a t i o n  was c o m p le te ,  a s o l u t i o n  c o n t a i n i n g  80 g.  

o f  p o ta s s iu m  i o d i d e  i n  75 c . c .  o f  w a te r  was po u red  i n t o  

th e  s t i r r e d  d iazonium  s o l u t i o n .  A heavy  b l a c k  o i l  

s e p a r a t e d .  The o i l  was washed w i t h  sodium m e t a b i s u l p h i t e  

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

h e a t e d  s te am .  The s t e a m - d i s t i l l a t e  was p a l e  y e l lo w .  T h is  

was washed w i th  w a t e r  and  d r i e d  o v e r  anhydrous  magnesium 

s u l p h a t e .  The y i e l d  was 63 g .  (75%)•



( i i i )  D i e t h y l ’b ip h e n y l - U » ^ * - d i c a r b o x y l a t e :  -  T h is  compound 

was o b t a i n e d  by Doebner th ro u g h  h e a t i n g  th e  s i l v e r  s a l t  o f  

4 » 4 ’ -d ic a rb o x y b ip h e n y l  w i th  e t h y l  i o d id e  (Ann. . 1874, 1 7 2 . 

1 2 1 ) .  50 gé o f  j2. - io d o e th y l b e n z o a te  were h e a t e d  to  220^

i n  a m e ta l  b a t h .  50 g* o f  coppe r  b ro n z e  were added i n

sm all  p o r t i o n s .  The a d d i t i o n  o f  a l l  t h e  co p p e r  b ro n ze

to  ^ - h o u i . During t h i s  t im e th e  t e m p e r a tu r e  o f  th e  m e ta l  

b a t h  was i^ept a t  220-225^# w h i le  t h a t  o f  t h e  r e a c t a n t s  was 

be tw een  220-250^ .  A f t e r  a l l  t h e  co p p e r  b ro n z e  had b een  

added th e  r e a c t i o n  m ix tu re  was h e a t e d  f o r  a n o t h e r  hou r  a t  

210-220^ ,  c o o le d  and e x t r a c t e d  w i th  b o i l i n g  c h lo ro fo rm .

The brown s o l u t i o n  was f i l t e r e d  th ro u g h  a Buchner f u n n e l  

and e v a p o r a t e d  to  d r y n e s s .  The c rude  p ro d u c t  on 

r e c r y s t a l l i s i n g  tw ice  from a c e t o n e ,  gave 12 g .  (44$) o f  

s t r a w  c o l o u r e d  c r y s t a l s ,  m .p .110-112^ .

(B) I o d i n a t i o n  o f  d i e t h y l  b ipheny ;̂ - 4 . 4 * - d i c a r b o x y l a t e .

B e fo re  c a r r y i n g  o u t  any ex pe r im en t  on th e  

i o d i n a t i o n  o f  d i e t h y l  b i p h e n y l - 4 , 4 * - d i c a r b o x y l a t e ,  t h r e e  

methods o f  i o d i n a t i o n ,  d e s c r i b e d  by D e rb y s h i r e  and W ate rs  

( J , , 1950 , 3694 ) ,  Trovnov and Novikov ( C.A. . 1954, 7483: 

Tomsk P o l y t e c h  Zhur Qbshehei Khim. 1953, 2 ^ ,  I 8 l8 )^ w e re  

c a r r i e d  o u t  on b e n z o ic  a c i d .  I n  each  ca se  t h e  y i ë l d  was 

lo w er  and th e  p ro d u c t  l e s s  p u re  t h a n  d e s c r i b e d  i n  

l i t e r a t u r e .



fyô

The methods d e s c r i b e d  by  AjemarW and Boyle and 

by Trovnov and Novikov were c a r r i e d  o u t  on d i e t h y l  b i p h e n y l -  

4 , 4 * - d i c a r b o x y l a t e #  The p r o d u c t  o b t a i n e d  from th e  f i r s t  

method was very  h ig h  m e l t i n g  and was i n s o l u b l e  i n  most 

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

from i t  f a i l e d #  The second method was c a r r i e d  ou t  on 

30 g# o f  d i e t h y l  b i p h e n y l - 4 , 4 * - d i c a r b o x y l a t e #  The p ro d u c t

o b t a i n e d  was e x t r a c t e d  w i th  3% sodium h y d ro x id e  s o l u t i o n  

and f i l t e r e d .  The r e s i d u e ,  (3  g . ) a f t e r  two r e c r y s t a l l i s a 

t i o n s  from e t h a n o l ,  y i e l d e d  1 g .  o f  t h e  m o n e -e s t e r ,  

m.p. 9 4 -6 ^ .  (Pound: C, 50*8; H, 3*9;  I ,  27*7$*

^18^17^4^ r e q u i r e s  C, 51*0; H, 4*0 ;  I ,  29*9$) The 

m ix tu re  o f  a c i d s  o b t a i n e d  by  a c i d i f y i n g  th e  sodium h y d ro x id e  

e x t r a c t  w i th  d i l u t e  h y d r o c h l o r i c  a c i d  was S o x h le t  e x t r a c t e d  

w i t h  m e th an o l .  A d d i t i o n  o f  w a te r  to  th e  methanol  e x t r a c t  

gave 5 g .  o f  w h i te  s o l i d ,  which a f t e r  s e v e r a l  slow r e c r y s t a l l 

i s a t i o n s  from aqueous  methanol  y i e l d e d  2 .8  g.  o f  c r y s t a l s ,  

m.p. 334-7^* The a n a l y s i s  r e s u l t s  were i n  rough  agreem ent 

w i th  th o s e  r e q u i r e d  f o r  a mono-iodo b ip h e n y l  d i c a r b o x y l i c  

a c i d .  (Pound: C, 4 6 . 3 ;  H, 2 . 8 ;  I ,  33*7$.

r e q u i r e s  C, 4 8 . 8 ;  H, 2 . 5 ;  I ,  34*5$)*



IS {

2 .2  *- D i - i o d o b e n z l d i n e .

2 ,2 * - d i - i o d o 'b e n z i d i n e  was p r e p a r e d  b o t h  from 

2 , 2 ’ -d i~ iodo -U »U ’ - d i o a r b o x y - b i p h e n y l , u s i n g  th e  C u r t l u s  

r e a r r a n g e m e n t ,  and f rom m - i o d o - n i t r o b e n z e n e  by way o f  a 

b e n z i d i n e  rea r ran g em en t*  The f i r s t  method p ro v e d  v e ry  

s a t i s f a c t o r y  i f  a r e a s o n a b l e  q u a n t i t y  o f  2 , 2 ’ - d i - i o d o - 4 , 4 ' -  

d i c a r b o x y b ip h e n y l  were a v a i l a b l e ;  t h e  second  method was 

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

t h e  c o r r e s p o n d in g  p r e p a r a t i o n  o f  2 , 2 ’ - d ib r o m o - b e n z i d i n e * 

However, t h e  b e n z i d i n e  r e a r r a n g e m e n t  i t s e l f  was o f  i n t e r e s t . *  

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

(p p .  / H  t o  :

( a ) G u r t i u s  Rearrangem ent

Co a

CocX

KOW

* I t  i s  i n t e r e s t i n g  t o  n o t e  th e  r e c e n t  a p p e a ra n c e  o f  a 
s e r i e s  o f  8 p a p e r s  on t h e  mechanism o f  b e n z i d i n e  and 
sem id ine  r e a r r a n g e m e n t s  by  B a n th o rp e ,  Hughes, I n g o l d ,  
Roy and S o m e r v i l l e .  ( J .  , 1962 ,  2386-21+144-) •



( l )  A c id  c h l o r i d e  o f  2 ,2 * - d i - io d o h ip h e n y l - l+ , l+ ’ - d i c a r h o x y l i c  

a c i d .

10 g .  ( 0 .0 2  mole) o f  powdered 2 , 2 * - d i - i o d o - U j l + ' - d i c a r b o x y -  

b i p h e n y l  were q u i c k ly  mixed w i th  30 c . c .  o f  t h i o n y l  

c h l o r i d e .  The m ix tu re  was h e a t e d  u n d e r  r e f l u x  on a s team 

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

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

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

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

d e s i c c a t o r  o v e r  soda l i m e ,  t o  remove t h e  l a s t  t r a c e s  o f  

t h i o n y l  c h l o r i d e .  The 1 0 .6  g .  o f  p a l e  y e l lo w  s o l i d ,  

m .p.  112 - 115^ ,  were u se d  w i th o u t  f u r t h e r  c r y s t a l l i s a t i o n .  

( T h e o r e t i c a l  y i e l d  1 0 .7 5  g # ) Some o f  t h e  c rude  p r o d u c t  

r e c r y s t a l l i s e d  from 80-100^ l i g h t  p e t ro l e u m  had m.p.  1 1 6 -1 1 8 ° .  

(Found: G, 3 1 .9 ;  H, 1 . 5 ;  H a l . 5 8 .0 .  C^^HgOgClglg

r e q u i r e s  C, 3 1 .7 ;  H, 1 . 1 ;  H a l ,  6 1 . 6 ^ ) .

( i i )  Azide o f  2 ,2 * - d i - i o d o b i p h e n y  1 -4,1).*~ d i c a r b o x y l i c  a c i d :  -  

The sodium a z id e  u sed  i n  t h i s  e x p e r im e n t  was a c t i v a t e d  

a s  f o l l o w s ;  ( H a l l ,  Mahboob, and T u r n e r ,  J . , 1950, 181+U;

J .  N e l l e s ,  B e r . . 1932,  6̂ $  1 3 4 5 ) .  I n d u s t r i a l  sodium a z i d e  

was ground w i th  a l i t t l e  h y d r a z i n e  h y d r a t e .  The p a s t e  

was s p r e a d  on a w atch  g l a s s  and l e f t  f o r  s e v e r a l  h o u r s  i n  

t h e  fume cu p b o a rd .  T h is  was q u i c k l y  d i s s o l v e d  i n  a l i t t l e  

w a te r  and p o u re d ,  w i t h  s t i r r i n g ,  i n t o  a l a r g e  q u a n t i t y  o f  

a c e t o n e ;  t h e  w h i te  p r e c i p i t a t e  which  s e p a r a t e d  was 

f i l t e r e d ,  washed w i th  a l i t t l e  m e th a n o l ,  t h e n  e t h e r ,  and 

f i n a l l y  d r i e d  i n  v a c u o .



A s o l u t i o n  o f  1 0 .6  g .  o f  powdered a c i d  c h l o r i d e  

i n  250 c . c .  o f  d ry  a c e to n e  (A .R .)  was p l a c e d  i n  a 1 L 

c o n i c a l  f l a s k  and c o o le d  i n  i c e ,  i n  t h e  fume cupboa rd .

3 g.  (O.OI4.5 mole) o f  a c t i v a t e d  sodium a z id e  was q u i c k l y  

d i s s o l v e d  i n  9 c . c .  o f  c o l d  w a te r  and  th e  s o l u t i o n  

im m ed ia te ly  added t o  t h e  c o o le d  a c i d  c h l o r i d e  s o l u t i o n  w i t h  

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

m ix tu re  was a l lo w ed  t o  s t a n d  f o r  15  m in u t e s ,  and 500 c . c .  o f  

w a t e r  were s low ly  added  to  p r e c i p i t a t e  a l l  t h e  a z i d e .  The 

p r e c i p i t a t e  was f i l t e r e d ,  washed w i th  w a te r  and d r i e d  i n  

v ac u o . 1 0 .5  g .  o f  c ru d e  a z i d e  m e l t i n g  a t  114°  w i t h  

d e c o m p o s i t io n  were o b t a i n e d .  T h is  was u s e d  w i th o u t  

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

( i i i  and  i v )  2 , 2 ’ - d i - i o d o b e n z i d i n e :  -  1 0 .5  g .  o f  t h e

a z i d e  were mixed w i th  I 5 c . c .  o f  d ry  t o l u e n e  and h e a t e d  i n  

a n  o i l  b a t h  a t  1 0 0 -1 1 0 ° .  The a z i d e  d i s s o l v e d  i n  t h e  h o t  

t o l u e n e ,  and n i t r o g e n  was g iv e n  o f f .  When th e  e v o l u t i o n  

o f  n i t r o g e n  had c e a s e d ,  40  ml.  o f  h o t  50^  p o ta s s iu m  

h y d ro x id e  s o l u t i o n  were added ,  w i t h  s t i r r i n g .  The b a s e  

g r a d u a l l y  s e p a r a t e d  a s  a w h i te  s o l i d  i n  t h e  aqueous  l a y e r .

The s u s p e n s io n  was b o i l e d  f o r  15 m in u t e s ,  removed from t h e  

o i l  b a t h  and d i l u t e d  w i t h  I 50 ml.  o f  w a t e r .  The t o l u e n e  

l a y e r  was removed ( w i th  t h e  a i d  o f  a spoon) and e v a p o r a t e d  

t o  d r y n e s s ,  w h i le  t h e  s o l i d  i n  t h e  aqueous  l a y e r  was f i l t e r e d .  

The two Ispecimens were combined, d i s s o l v e d  i n  h o t  d i l u t e



h y d r o c h l o r i c  a c i d  ( t h e  h y d r o c h l o r i d e  c r y s t a l l i s e d  ou t  i n  

t h e  c o l d )  and th e  h o t  s o l u t i o n  t r e a t e d  w i th  aqueous ammonia* 

The b a s e  l i b e r a t e d  was f i l t e r e d ,  washed w i th  w a te r  and d r i e d .  

C r y s t a l l i s a t i o n  o f  t h e  c ru d e  p ro d u c t  ( 8 . 1  g . ) from aqueous 

m e thano l  y i e l d e d  6 .6  g.  s t r a w  c o l o u r e d  c r y s t a l s ,

m .p .  168- 170° .

Prom 10 g ,  o f  2 ,2 * - d i - i o d o - U ,U * - d i c a r b o x y b i p h e n y l ,

6 ,6  g .  ( 74#8^) o f  2 , 2 * - d i - i o d o b e n z i d i n e  were o b t a i n e d .

(Pound:  C, 3 3 .U; H, 2.1+; N, 6 . 3 ;  I ,  5 7 .8 .  ^ i 2 \ o ^ 2 ^ 2  

r e q u i r e s  C, 3 3 .1 ;  H, 2 . 3 ;  N, 6 . 4 ;  I ,  58.2%).

(B) B e n z id in e  R e a r ra n g e m e n t :

Cone

I ~r
W J
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( i )  m - io d o n i t r o b e n z e n e ;  -  I 38 g .  ( l  mole) o f  in- n i  t r o  a n i  l i n e  

were d i s s o l v e d  i n  750 c . c .  o f  h o t  6N h y d r o c h l o r i c  a c i d

(450  c . c .  conc .  HCl. : 30O c . c .  w a t e r ) ,  and th e  s o l u t i o n  

r a p i d l y  c o o le d  w i th  s t i r r i n g  to  below 0° and d i a z o t i s e d  

u s i n g  a s o l u t i o n  o f  76 g .  ( l . l  mole)  o f  sodium n i t r i t e  i n  

130 c . c .  o f  w a t e r .  The d ia zo  s o l u t i o n  was t h e n  added w i th  

m echan ica l  s t i r r i n g  to  250 c . c .  o f  f r e s h l y  p r e p a r e d  10% 

p o ta s s iu m  io d id e  s o l u t i o n  i n  a 5 L b e a k e r .  The .dark  o i l  

which s e p a r a t e d  was washed w i t h  sodium m e t a b i s u l p h i t e  and 

steam d i s t i l l e d .  The m - i o d o - n i t r o b e n z e n e  s e p a r a t e d  a s  a 

p a l e  y e l lo w  s o l i d .  On c r y s t a l l i s a t i o n  from l i g h t  p e t ro le u m  

( 40 - 60^)  175  g .  ( 70 . 3%) o f  o paque ,  p a l e  y e l lo w  f l a t  p r i s m s ,  

m .p .  35-37^> were o b t a i n e d .

( i i )  3 > 3 * -d i - io d o a z o x y b e n z e n e ; -  The p r o c e d u r e  was t h e  

same a s  t h a t  u se d  f o r  t h e  p r e p a r a t i o n  o f  t h e  c o r r e s p o n d i n g  

bromo compound. 64 g .  o f  i o d o - n i t r o b e n z e n e ,  30 g .  o f  

p o t a s h  and 220 c . c .  o f  e t h a n o l  (SVR) were b o i l e d  u n d e r  

r e f l u x  f o r  l|* h o u r s .  C r y s t a l l i s a t i o n  o f  t h e  c rû d e  

p ro d u c t  (45 g « ) from g l a c i a l  a c e t i c  a c i d  c o n t a i n i n g  a 

l i t t l e  co n c .  n i t r i c  a c i d  gave 4 1 . 5  g# (71.8%) o f  g o ld e n  

c r y s t a l s ,  m .p.  118-120^ .

( i i i )  2 , 2 ’ - d i - i o d o b e n z i d i n e .

( a )  3 , 3 * - d i - i o d o h y d r a z o b e n z e n e : -  The p r o c e d u r e  f o r

th e  p r e p a r a t i o n  o f  t h e  c o r r e s p o n d i n g  bromo compound was 

fo l lo w e d .  30 g .  o f  m - iodoazoxybenzene ,  I 30 g# o f  z i n c



%

powder,  750 c . c .  o f  e t h e r  and  24 c . c .  o f  g l a c i a l  a c e t i c  

a c i d  were u s e d .  At t h e  end o f  t h e  r e a c t i o n ,  t h e  c o l o u r l e s s  

s o l u t i o n  was f i l t e r e d  and e t h e r  was d i s t i l l e d  o f f  u n d e r  

n i t r o g e n  a t  r e d u c e d  p r e s s u r e  u n t i l  th e  volume was r e d u c e d  

t o  ab o u t  100 c . c .

( b )  B e n z id in e  r e a r r a n g e m e n t :  -  T h is  e t h e r e a l  s o l u t i o n  

was added d ropw ise  t o  250 c . c .  o f  co n c .  HCl, which  was 

m e c h a n ic a l ly  s t i r r e d  u n d e r  n i t r o g e n  and c o o le d  i n  i c e  and 

w a t e r .  The a c i d  s o l u t i o n  t u r n e d  v e ry  y e l lo w  and a 

p r e c i p i t a t e  g r a d u a l l y  s e p a r a t e d *  A f t e r  1 h o u r ,  t h e  

p r e c i p i t a t e  was f i l t e r e d  and  d r i e d  ( I 3 .5  g * ) T h i s  was 

e x t r a c t e d  w i th  warm d i l u t e  h y d r o c h l o r i c  a c i d  and f i l t e r e d .  

The r e s i d u e  was a y e l lo w  powder which  c r y s t a l l i s e d  from 

m e th y la t e d  s p i r i t  t o  g iv e  0 . 6  g .  o f  o range  n e e d l e s  o f  t h e  

azo compound, m.p .  1 5 0 -2 ° .  The f i l t r a t e  was t r e a t e d  w i th  

ammonia, and th e  b a s e  l i b e r a t e d  was f i l t e r e d ,  washed w i t h  

w a te r  and d r i e d  (10 g . ) C r y s t a l l i s a t i o n  from aqueous  

m ethanol  gave 7*1 g# (25*6%) o f  mauve c r y s t a l s ,  m .p .168-170°  

N o te s .

1 .  F u r t h e r  c r o p s  o f  h y d r o c h l o r i d e s  were d e p o s i t e d  from 

t h e  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  s o l u t i o n .  The second 

c ro p  gave a m ix tu re  o f  b a s e s ,  m .p .  5 5 -1 2 0 ° ,  which  co u ld  

n o t  be  s e p a r a t e d .  The impure b a s e  o b t a i n e d  from th e  

t h i r d  c ro p  o fm h y d ro c h lo r id e  was washed by g r i n d i n g  w i th  a 

l i t t l e  b e n z e n e ,  f i l t e r e d  and  c r y s t a l l i s e d  from m e th y la t e d



try

s p i r i t .  0 .8  g .  o f  mauve c r y s t a l s ,  m.p. 1 9 6 - 8 ° ,  were 

o b t a i n e d .  The i n f r a r e d  s p e c t r a  ( s o l i d  i n  n u j o l )  and 

mixed m e l t i n g  p o i n t  showed t h a t  t h e  b a s e  was d i f f e r e n t  

from 2 , 2 * - d i - i o d o b e n z i d i n e ,  b u t  a n a l y s i s  r e s u l t s  show t h a t  

i t  was i s o m e r ic  w i th  t h e  l a t t e r .  (Pound: C, 3 3 . 1 ;  H, 2 . 4 ;

N, 6 . 4 ;  I ,  5 8 .0 ^ .  CJ^2^10^2^2 r e q u i r e s  C, 3 3 . 1 ;  H, 2 . 3 ;

N, 6 . 4 ;  I ,  58 .2% ).  D e am in a t io n  o f  th e  b a s e  gave

2 , 2 ’ - d i - i o d o b i p h e n y l ,  m.p. and mixed m.p .  w i t h  an  a u t h e n t i c

sam ple ,  108° .  The b a s e  sh o u ld  t h e r e f o r e  be  e i t h e r

2 , 2 ’ - d i - a m i n o - 6 , 6 ’ - d i - i o d o b i p h e n y l  o r  2 ,4 * - d i a m i n o - 6 , 6 ’-

d i - i o d o b i p h e n y l .

or

/

H I

2.  A no the r  b a s e  was o b t a i n e d  from t h e  m other  l i q u o r  o f  

c r y s t a l l i s a t i o n  o f  2 , 2 ’ - d i - i o d o b e n z i d i n e .  T h is  b a s e  was 

o b t a i n e d  a s  s t r a w  c o l o u r e d  c r y s t a l s ,  m.p.  1 5 7 *5-1  

a f t e r  two r e c r y s t a l l i s a t i o n s  from m e th an o l .  F u r t h e r  

i n v e s t i g a t i o n s  on t h i s  compound have no t  b e e n  c a r r i e d  o u t  

owing to  l a c k  o f  t im e .



3* A m ix tu re  o f  a l l  t h e  b a s e s  ( i s o l a t e d  and  o th e r w i s e )

o b t a i n e d  from th e  B e n z id in e  Rearrangem en t  o f  3 , 3 * - d i - i o d o -

h y d ra zo -b en z en e  was r u n ,  i n  b e n z e n e ,  on a S i l i c a  Gel G*

Merk G h rom atop la te  ( t h i n  l a y e r  ch rom a to g rap h y :  S t a h l ,

Die P h a rm az ie ,  1956, 1 1 . 633;  C h e m ik e r -Z e i tu n g  1958,

No.82 ,  323; Demole, C hrom atograph ,  1 ,  24#)  P ou r  r e p e a t e d
T 1r u n s  on a p l a t e  o f  4  / 4 "  x 3 / 4 ‘* and 0 . 3  mm. t h i c k n e s s  gave 

a s e p a r a t i o n  o f  seven  b a s e s ,  which  were d e t e c t e d  by  s p r a y in g  

th e  p l a t e  w i th  n i t r o u s  a c i d ,  f o l l o w e d  by  a l k a l i n e  p - n a p h t h o l :  

6 r e d  s p o t s  and 1 p u r p l e  s p o t  were o b t a i n e d .
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Mesoid and Racemoid Transition States and the Significance of 
Ground State Strain in Certain Configurational Inversions

By Margaret M. Harris and Cheung King Ling 

Department o f  Chemistry, Bedford College, London

Molecular deformation in the ground state, con
sequent upon overcrowding, can explain why 1,1'- 
binaphthyl-8,8'-dicarboxylic acid is optically labile 
while 1,1 '-binaphthyl-2,2'-dicarboxylic acid is optically 
stable. 1 Both in-plane and out-of-plane bond bending 
are postulated in the 8,8'-acid, and in all the strain 
conformers ( + ) ( + ) ,  (—)(—) and ( + ) ( - ) ,  passage 
from the R to the S  configuration is much less obstruc
ted than it is in the 2,2'-acid.

Construction o f partially mobile molecular models 
of the 8,8'-acid (Fig. 1 {a) and {b)) in which bond 
lengths and bond angles (incorporating the estimated 
degree of strain) can be represented to a reasonably 
accurate approximation, based on X-ray crystallo- 
graphic data, has revealed a further structural factor 
which can lead to lowering o f the energy barrier to 
racémisation. If there is out-of-plane bending o f the 
C-CO2H bonds, inversion by the 'frans''
route, must go through one o f three transition paths. 
The ( + ) ( + )  and ( —)(—) transition states (racemoid) 
are equivalent as to energy barrier; these are states 
o f maximum compression during the rotation o f the 
1,1'-bond through 180°. The ( + ) ( —) (mesoid) 
path has an intermediate state, lying between energy 
maxima on either side.

The significant difference between the paths of 
inversion o f the two diastereoisomeric conformations 
is that in case (a) (Fig. 2) the two barriers (2-H 
passing 8 -CO2H; 2'-H passing 8-CO2H) would be 
encountered simultaneously, whereas in case (b) 
(Fig. 2) they are not encountered simultaneously,

(a) Racemoid molecule. (6) M esoid molecule.

((/) Side view.ic) Front view.

Fig. 1. M esoid molecule with one pair passing.



1379 July 28, 1962 C H E M I S T R Y  A N D  I N D U S T R Y

( a )

,,0

(+) (+) (+) (+) (+)
R t r a n s i t io n  s ta t e  S

Configura tiona l invers ion in the r ac em o id  molecule

(4

(-) (*)
R Inte rm edia te  s t a t e  5

Configura tional inversion in the  m eso id  molecule

F ig . 2.

passage over them is staggered: the magnitude
of the rotational interval between the two barriers 
depends upon the degree of out-of-plane distortion. 
The mesoid molecule in one passing position is 
illustrated in Fig. 1 (c) and (d).

In the energy profiles (Fig. 3) the dotted line

A E
A E

A E

AE A E

5
in v e r s io n  c o o r d in a t einversion coord ina te

Racemoid  in v e r s io n  p a th Mesoid inversion pa th

F ig . 3. Energy Paths fo r  Inversion o f  \,V-Binaphthyl 
S,S'~dicarboxylic acid.

A E s =  Strain energy in ground state.
A E  =  Experim ental energy of activation for racém isation 
A E ' =  Energy of activation for racém isation of relatively 

unstrained isomer.

represents the energy path (inaccessibly high, in 
solution) of the relatively unstrained 2,2'-isomer. 
If the conformational inversion of each naphthalenic

unit, ( + ) ^ ( —), requires very little energy in com
parison with the configurational inversion R^^S, 
then it would be reasonable to suppose that the 
mesoid path, rather than the racemoid, would be the 
one commonly used:

(4 - ) (+ )R # (+ ) ( - )R ^ ( - ) ( - )R

(+)(+)S  ^ ( + ) ( - ) S  ;p^(-)(-)S

We have now prepared 2,2'-di-iodobiphenyl and 
several o f its 4,4'-disubstituted derivatives in the 
optically active condition and have measured their 
energy barriers to racémisation in solution. These 
values can be compared with some previously 
measured2.3 and calculated^.s figures see Table.

A E  values for 2,2'-di-iodobiphenyl and its deriva
tives vary over only a small range but, on the whole, 
they vary in a manner which is consistent with the 
view that electron-releasing groups can make a larger 
contribution to the resonance energy o f the transition 
state than can electron-withdrawing groups.

The measured values for the 2,2'-di-iodo compounds 
fall close to those for the 2,2'-dibromo compound, 
the calculated figure for the former is quite con
siderably higher. One explanation could be that there 
has been a neglected factor in our mental picture of 
the course of the racémisations, and thus in the 
geometry of the calculations, and that it is one which 
assumes greater importance in the iodo compounds. 
Ground state strain could be such a factor.

A E  has been calculated^.s by finding the difference 
between the energy o f a transition state (assumed to 
be planar) and an orthogonal state in which bond 
angles have been given their usual, unstrained values: 
that is, no allowance has been made for strain or 
compression in the orthogonal state. If the 2,2'- 
groups are small enough, this approximation will be 
justifiable, but with larger and larger groups (as in 
going up the series of halogens) neglect will introduce 
increasingly greater error.

A recent X-ray crystallographic study o f two 
o-halogeno benzoic acids^ leads us to think that 
there will be significant ground state strain in 
2,2'-dibromo- and 2,2'-di-iodobiphenyl, greater in the 
latter. In crystalline o-bromobenzoic acid the 
angle C-C-Br is 124*9°, angle C-C-COOH is 123*4°; 
moreover, the bromine atom is displaced 0*064A

2,2' -

Table

Racémisation Data fo r  Substituted Biphenyls

Substituents A E  kcai.
4 ,4 '— 5 ,5 '— Solvent m ole— ^

experimental
log 1 0 A A  E  calc.

I — — H.CONM C2 20*7 11*2 27*04
I N H z — H.CONM C2 19*9 11*9 —

I N H A c — H .C O N M 62 20*6 12*0 —

I C O 2H — id) E tO H 21*4 11*8 —

(6 ) H .C O N M 62 21*6 11*9 —

I C O 2- — 0*1n  N aO H 21*6 11*7 —

I N H 3+ — H C l, E tO H , H 2O 22*1 12*3 —

I — / C O 2H r E t0 H ,H 2 0 ,
T C O 2 iN a H C O a 21*61 11*5 —

Br C O 2H «----- E tO H 19*0 12*1 —

Br — — — — — 21*44
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up out o f the main plane of the molecule, the carbon 
atom o f the -CO2H group 0-057a below. It would 
be reasonable to suppose that the mutual distortion 
of an iodine atom and a phenyl group would be 
greater than that of a bromine atom and a carboxylic 
acid group in the same circumstances: two distorted 
units, ( - f )  or (—), enantiomeric in so far as they 
are out of plane, make up 2,2'-di-iodobiphenyl. 
In-plane and out-of-plane angular distortion, in the 
R or in the S  configuration, means that the ground 
state energy is higher than was previously imagined: 
and therefore the increment to be measured in 
racémisation is smaller. But out-of-plane distortion, 
in so far as it exists, provides a mesoid transition 
path: the two obstacles, 2-H passing 2'-I and 2'H 
passing 2-1, are not passed exactly simultaneously 
(Fig. 4). (Neither the racemoid nor the mesoid

Inversion of 2 , 2 '- d i- iodob lphenyl  ( " t r a n s "  rou te )

Racemoid form 
passing position.
H ,l '  and h ' , I  a t  
maximum interference

Mesoid form 
passing position.
H', I (one pair only) a t  
maximum interference

F i g . 4 .

Mesoid form 
Intermediate s t a t e .  
Neither pair at 
maximum interference

brass soldering tag is forced into either end of the 
aluminium tube, where it is firmly gripped by the 
nylon sleeve. This unit is an ordinary bond: it can 
be joined to other bonds by a nut and a bolt, with a 
spring washer, through the holes in the soldering 
tags. In-plane angular deformation is catered for

1 (2I

transition state is planar nor has a plane of symmetry, 
but the mesoid transition path goes through an 
intermediate which has a centre of symmetry.) 
In principle, the ground state strain effects are similar 
to those postulated for l,T-binaphthyl-8,8'-dicar- 
boxylic acid, but the degree of racemoid or mesoid 
character is expected to be much less in the biphenyl, 
because the o-benzenoid system is likely to be less 
deformed than the/i^r/substituted naphthalene system: 
there is more room for the interfering groups and the 
strain is shared by fewer bonds and angles.

The models illustrated are made from aluminium 
tubing sawn to the required lengths, to a scale of 
1 -5 inches to the Angstrom unit, and lined at the ends 
with tubular nylon sleeves. The narrow end of a

by the adjustment o f the bonds before finally tighten
ing the screws, out-of-plane angular deformation 
by bending the soldering tags.

In order to make a bond about which rotation 
can take place, one o f those just described is sawn 
in half and a brass rod, covered with a nylon sleeve, 
is inserted to form a pivot; such a bond is used for the

( 5 1  ) ( E I D 2 > + c = ) - ( g ;

1, T-bond in the binaphthyl skeleton illustrated, 
and for the exocyclic C-C bonds to the carboxylic 
acid groups.

The authors are grateful to the University o f 
London for a Postgraduate Studentship (C.K.L.), to 
the University o f London Central Research Fund for 
a polarimeter, to Dr. K. E. Howlett for permission to 
publish the results of his most recent calculations and 
to Mr. R. K. Mitchell for his assistance in the 
development and construction o f the models.
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[ s u b s t i t u t e d  
f Biphenyl.

Methodé-by w h ich -ig-ptical"" -: r-':' RACEMISATION DATA
a c t i v i t y  was d e t e c t e d ;  . 
r e s o l u t i o n  o r  o 'p tïcaT ' 
T Ç ilva  t i  on . __________________

Second o rd e r  a s y o n e t r i c  
t r a n s fo rm a t io n  w i th  b ru c in e  
from aq, e th y l  c e l lo s o lv e .

SbiVeiit* t i  
' ImiHs, 

I

E 1 logA |v m *  
k c a i ; / '  '
mole ' mole

AS+ 1 AFf 
I 'e .u .  kfi&l.,

Imole

Ref

( i )
& , 

( i i

il N,N'-Dî./'T|271.5

11 0(1

24.1

24 .9

12 .3*23.5  

12.9  I24.2

- 4.47

- 1.54

24 .9

24 .7

L  O  ^ (+) form o b ta in e d  by th e  
a c t io n  of diazomethane on 

! ( + ) - ( ! ) .

N,NU&T| 111.9
a t

: 50°

23.8

22 .5

12.2 |23.1

i

- 5.09 24 .8
( i ) ’

D e-am ination  of ( + ) - ( 4 )  a t  
low te m p e ra tu re s ,  u s in g  
hypophosphorous a c id .

N,NIDMF 14.5 
1 a t  
j 50°

12.12 - 5.17

'
( i )

Second o r d .a s y m , t r a n s . w i th  
2 m o is . of (+ ) -  -bromo-cam
p h o r -  - s u l p h o n a t e , from 60^ 
aq. e th a n o l .

Acetone 1 24 ,6  
a t  
38°

21 .4 20 .8 - 7 .1 22 .9

1

( i i

5, R eso lved  th rough  b ru c in e  
s a l t ,  from e th y l  a c e t a t e .

N,NU)MF 5 ,5  22 .4
, a t  1
1 50° I

12.0 21 .8 - 5 .5 23.5 ( 1 )
&

( i v

6.

1 .

Resolved  th rough  b ru c in e  
s a l t ,  from m ethano l.

N,NhDMFj 55

#ONaOH 2 ,3  
!a t5 0 °

22.1

26.01
11.3
15.2

21.4

25.4
- 9 .1
+9.2

24 ,5

22 .7

( i ) ,
&

( i v

7. { 3 ^ ^ - ï5L Second o r d ,a s y m . t r a n s . w ith  
b ru c in e , f ro m  aqueous e th y l  
c e l l o s o l v e .

N,NiDIVir| L7,2| 21 .6

Y NaOH 3 1 . l' 25 .7  
1 a t5 0

11.4

14.0
20 .9
25.0

—8 . 4 

+3.18
23.7
24 .4

( i )
&

( i v

8. Both (+) & ( - )  a n t ip o d e s  
o b ta in e d  by th e  a c t i o n  of 
CH^Ng on a c t i v e  forms o f (6 ) ,

N,NÎDMF| 22 .7  
a t

1

22 .0 11.6 21 .4 - 7.54 23.9
( i )

MOaC

Second o r d .a s y m . t r a n .  w i th  
b r u c in e ,  from benzene. 
F i r s t  o r d .a s y m . t r a n s .  w i th  
b ru c in e  in  ch lo ro fo rm .

B .P, , 60 
CHCl, a t

3 20“
:

(v)

■ o - p
eoy-i

2nd. o r d .a s y m , t r a n s .  w i th  
b ru c in e  & c in c h o n id in e  in  
a c e to n e .  1 s t .  o rd .asym . 
t r a n s .  w i th  b ru c in e ,  q u i n i -  
d ine  ^  c in c h o n id in e  i n  CKCl.,

B .P . 2 
CHC1_ i a t  

^ [ 20“
(v)

R eso lved  th rough  a t r y c h in e  
s a l t ,  i n  e th a n o l .

EtPh | l8 3  1*29 1*11.9 
a t

1121° 1
1 i

* ^ 
—6 ,8

(vi!

1 2 . . 2nd. o rd .  asyio. t r a n s .  w i th  
b ru c in e  & s t r y c h n in e ,  from 
ishthanol and m ethanol.

EtOH ' 35 1 L
' a t^  24 12.2

, 57 1 1 !
* -5 .6 (v i:

0 % . , .
CM « 3

2nd. o r d .a s y m . t r a n s ,  w ith  
s t r y c h n in e ,  from e th a n o l .

CH Ph *110 125 ,4  ^*12,9

b l V , 1 ,

* -1.92 (v i!

“ ■

R eso lved  th rough  s t ry c h n in e  
s a l t :  f r a c t i o n a l  c r y s t a l 
l i s a t i o n  from e th a n o l .

J .  1 ' ' 1 '
A c t i v i t y  remained unchanged a f t e r  m e l t in g

' a t  193°.1 1 1 1
' : 1 ‘ '

;
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B iphcnyl
i ■'• ’’ '

Mg-thod^By w h ï c h 'B # ï c ÿ I '—
' • T • ; 1 •1 ( ■ ! V .. ; . A • 'J ‘ .

; hRAGEMISAïiON'^BÀte' '
a c t i y i t y  was d e t e c t e d ;^ ;  , . ' I 
re s(p ïu t io i l  o r  'ô p t i d a l  1 
a c t i v a t i o n .

Solvent
m iâ s . k caU   ̂

mole

logA-

mole"’

, AS4 
e .u .

AFt 
k c a l , , 
mole

i-Ref,

'
fS

Hû/- CMt
1 ^

■ "T.: ’.■'
R esolved  th rough  b ru c in e  
s a l t :  f r a c t i o n a l  c r y s t a l 
l i s a t i o n  from e th a n o l

L' ! ' i .  ' ' ' ' ! i 

A c t i v i t y  remained unchanged 
aqueous sodium hydrox ide  o r  
f o r  th r e e  h o u rs .  |

! 1

1 1 
a f t e r  b o i l i n g  in  
p y r id in e  s o l u t i o n

1 1
1 1

( v i )

i

0 - 0
CMtj

Both (+) & (-) forms o b ta in 
ed from a c t i v e  forms of ( l 5 ) 
th rough  th e  Schmidt r e a c t i o n

) ' I I
o p t i c a l l y  s t a b l e .  | . |

: 1 : : ! 1

1

( v i )

i

' ' " ^ c T o
1 SO3H

R eso lved  th rough  mono
b ru c in e  s a l t  by su c c e s s iv e  
a d d i t i o n  of , 25n o le  of s t r y 
chn ine ,  IÎC1 to  the  Na s a l t .

1 1 1 ! 
aqueous s o l u t i ô n  of ara onium s a l t  racem ised
r a p i d l y  a t  100° .  ' i l l

1 1 I , 1 !

( v i i i !
&

( ix )

2nd. o r d . a s y m , t r a n s . w ith  
( + ) camphoric a c id  from abs .  
e th a n o l  and m ethanol.

!
P y r id in e  s o l u t i o n  com p le te ly  racem ised  in  
t e n  m inu tés  a t  100 . . . 1 [

1 I  ̂ ' i

(x )

i

v O A > - '
l CF3

2nd. o rd ,a sy m . t r a n s . wi t h  
( + ) - t a r t a r i c  a c id ,  a t  50 
from e th a n o l .

EtOH 1 58 ,4  1 19.5  1 9.9 2  1 -15.3  
1 a t  ' \ 1

39“ 1 1 I ‘

( x i )

k fpo
(H,

CHj

2nd. o rd ,  asym. t r a n s . w i th  (»>) 
-bronocam phor- - su lp h o n ic  

a c id ,  from 95^ e th a n o l .

-EtOAc 54.5
a t
30°

17.7
1 1

11 7 .0  ' - 19  i  22.7  

( ! 1
( i i i )

" ' ( % )

R eso lved  th rough  (+ )canphor-  
1 0 -su lp h o n a te  by c r y s t â n T - "  
s a t i o n  from a m ix tu re  of a l 
coho l,  b e n z e n e ,& l i g h t  p e t .

Water 125 i 27.6 12.2 26.9 -  5 . 3 ! 28 .9

&
(x iv )L 1

a t
99 .5

!

d % >
CMê OH

2nd, o r d .a s y m . t r a n s .  w i th  
b r u c in e ,  from e th a n o l  & CKCl, 
1 s t .  ord .asym . t r a n s .  in  "

1
j 2 6 .6 h r  
1 a t
1 2 5 . 15°
1

1
1

1

1

(xv)
&

(x v i )

1 c'pkîOH

R e s o lu t io n  th rough  b ru c in e  
s a l t :  f r a c t i o n a l  c r y s t a l l i 
s a t i o n  from e th a n o l .

" ....... 1................
G rad u a l ly  race:

1

n ise d  a t  room te m p era tu re !

t I I 1

. 1 , 1

( x v i i

f 2̂
/fû,H

0 0 3
COiH

F a s t  m u ta r o ta t io n  w i th  n o r -  
( + ) -  - e p h e d r in e  a t  -30 in  
ch lo ro fo rm .

1

1 1

i

1

' 1 
1 1

( x v i i i

: "“' 0 - 0 " ^ "

2nd. o r d .a s y m . t r a n s .  w ith  
b ru c in e  from e th y l  a c e t a t e .

EtOH 1 13.4  ( 19.0  I 12 . I  
. a t  +0 .5  - 0 ,4  
I 1 “ 1 

. 1  '

18 .5  1-  4.9I  1 9 .9
- 0 . 5  1-1.851 a t  

1 ' 5 .6 °
1 I

(x ix )
(xx) 
(xx i  )

w R e s o lu t io n  d i f f i c u l t :  
th ro u g h  mono- and d i -  
b ru c in e  s a l t s ,  from e th a n o l .

NaOH
aq.

' 2 8 .0 5 |1 1 .7

1 1
. , 1

27 .3  j -  7.61 30.2

1 1

(x iv )
&

( x x i i

j.-^7

. P - P

2nd. o r d . a s y m . t r a n s . w i th  
1 mole of b ru c in e  from 
e t h a n o l .

a q . a l c
Ifo

NaHCO^

I 1 1 I 1
21.6  ' 11,5  21.0  I -  7 . 7 ' 23.4

1 1 1 1 1
1 • ' 1

(x iv )
&. . \ X X ll.

%

'* ' “‘' 0 ^ 3 ' ’'"
2nd. o rd . asym. t r a n s .  ? /ith  
b r u c in e ,  from e th a n o l .

EtOAc 125,4  1

l i H  _ L

1 1 

1 1
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