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ABSTRACT,

S e v e r a l  2 - t - b u t y l - 2 ’ - s u b s t i t u t e d  b i p h e n y l s  h ave  

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

compounds was e f f e c t e d  by  h e a t i n g  w i t h  c o p p e r  b r o n z e  a  

m i x t u r e  o f  o - i o d o - t - b u t y l b e n z e n e  ( o r  a  d e r i v a t i v e )  and  

t h e  a p p r o p r i a t e l y  s u b s t i t u t e d  h a l o g e n o - b e n z e n e  ( o r  

n a p h t h a l e n e )  (U l lraann  r e a c t i o n ) . L a rge  q u a n t i t i e s  o f  

£ - i o d o - t - b u t y l b e n z e n e  and  m e th y l  (or e t h y l )  3 - i o d o - I | . - t -  

b u t y l b e n z o a t e  h av e  t h e r e f o r e  b e e n  p r e p a re d #

6 , 6 ’ - D i - t ^ b u t y l b i p h e n y l - 3 , 3 ’- d i c a r b o x y l i c  a c i d  

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

a c t i v e  2 , 2 ’ - d i - t - b u t y l b i p h e n y l  h a s  b e e n  o b t a i n e d  b y  

d e c a r b o x y l a t i o n  o f  t h e  o p t i c a l l y  a c t i v e  a c id #  2^,6 - D i - t -  

b u t y l b i p h e n y l - 3 - c a r b o x y l i c  a c i d  h a s  b e e n  r e s o l v e d  t h r o u g h  

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

s t a b i l i t y #

An u n s u c c e s s f u l  a t t e m p t  was made t o  p r e p a r e  

2 ’ - n i t r o - 6 - t - b u t y l b i p h e n y l - 3 - c a r b o x y l i c  a c i d ,  h o w ev e r ,  

t h e  s y n t h e s i s  o f  2 ’ - t - b u t y l - 6 - n i t r o b i p h e n y l - U - c a r b o x y l i c  

a c i d  s u c c e e d e d  and  i t  was fo u n d  t h a t  i t s  s t r y c h n i n e  s a l t  

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

and  r a c e m i s e d  i n  b o i l i n g  c h l o r o f o r m  s o l u t i o n #  R a c é m i s a t i o n



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

t e m p e r a t u r e s  b e tw e e n  51^ and  75° and  from  t h e  r a t e s  o f  

r a c é m i s a t i o n  t h e  e n e rg y  o f  a c t i v a t i o n  was f o u n d  t o  be  

2^.k k c a l .m o le " " ^ .

M ethyl  8 - ( 2 ’ - t - b u t y l p h e n y l ) - l - n a p h t h o a t e  was 

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

0 - i o d o - t - b u t y l b e n z e n e  and  m e th y l  8 - b r o m o - l - n a p h t h o a t e *

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

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

o p t i c a l l y  a c t i v e  a c i d  was s t u d i e d .  An a t t e m p t  t o  p r é p a r é e  

( 2 * - t - b u t y l p h e n y l ) - 1 - n a p h t h a l e n e  f rom 8 - ( 2*- t - b u t y l p h e n y l ) -

1 - n a p h t h o i c  a c i d  b y  t h e  S chm id t  r e a c t i o n  r e s u l t e d  i n  t h e  

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

b u t y l b e n z [ d  e ] a n t h r a c e n e .  The b e n z a n t h r a c e n e  o b t a i n e d  

f rom  t h e  o p t i c a l l y  a c t i v e  a c i d  was i n a c t i v e .
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1 .

INTRODUCTION.

The o p t i c a l  r e s o l u t i o n  h y  C h r i s t i e  and  Kenner  (1 9 2 2 )  

o f  6 , 6 ’ - d i n i t r o d i p h e n i c  a c i d  o p ened  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 i s t r y .  U n t i l  I 9 0 7 , i t  was g e n e r a l l y  

c o n s i d e r e d  t h a t  t h e  two b e n z e n e  r i n g s  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  w ere  e x t e n d e d  and  c o p l a n a r ;  i n  t h a t  y e a r ,  

h o w ev e r ,  K a u f l e r  p r o p o s e d  a more o r  l e s s  r i g i d  f o l d e d  

sp a ce  f o r m u l a  f o r  b i p h e n y l  ( l )  t o  a c c o u n t  f o r  t h e  

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

b e n z i d i n e ,  w h ich  were  d e s c r i b e d  i n  t h e  e a r l i e r  l i t e r a t u r e  

i n  o r g a n i c  c h e m i s t r y .  He c o n c lu d e d  from t h i s  s u r v e y  

t h a t  t h e  two a m in o -g ro u p s  i n  t h e  b a s e  must b e  a l m o s t  a s  

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

T h i s  f o l d e d  s t r u c t u r e  was a d o p t e d  b y  C a i n  ( 1 9 1 2 ) t o  

e x p l a i n  t h e  e x i s t e n c e  o f  two i s o m e r s ,  c o n v e n t i o n a l l y  

i n e x p l i c a b l e ,  o f  3 , 3 * - d i n i t r o b e n z i d i n e  ( I I A  and  I I B )  an d ,  

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

m - d i n i t r o - o - t o l i d i n e s .
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I n  1 9 2 1 , Kenner  and  8 t u b b i n g s  ( J . , 1 921 ,  593) 

p r e p a r e d  6 , 6 ’ - d i n i t r o d i p h e n i c  a c i d  b y  h e a t i n g  e t h y l  

2 - c h lo r o - 3 * - i ^ i t r o b e n z o a t e  w i t h  c o p p e r  b r o n z e  an d  i i y d r o l j r s in g  

t h e  p r o d u c t*  They fo u n d  t h a t  t h e i r  a c i d  d i f f e r e d  i n  

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

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

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

a c i d  ( S c h u l t z ,  A n n a le n . 1 8 8 0 ,  2 0 3 . 95)# and  w h ich  was 

b e l i e v e d  t o  b e  6 , 6 ’ - d i n i t r o d i p h e n i c  a c i d  (S c h m id t  and Kfimpf, 

B e r • ,  1 9 0 3 # 37U5) • On r e d u c t i o n ,  K e n n e r ’ s a c i d  v e r y

r e a d i l y  p ro d u c e d  a n  i n t e r n a l  d i l a c t a m ,  w h e r e a s  S c h u l t z ’ s 

a c i d  y ie ld e d  t h e  c o r r e s p o n d i n g  d i a m in o - a c i d *  Kenner  & 

S t u b b i n g s  c o n c lu d e d  t h a t  t h e s e  a c i d s  c o n s t i t u t e d  a n o t h e r  

p a i r  o f  -g eo m e tr ic  i s o m e r s  an d  assum ed  t h a t  t h e i r  a c i d  was 

t h e  t r a n s  form  and  S c h u l t z ’ s a c i d  was t h e  c i s o



A » W Ot- N tt  M H t- MS, COOH l\lH -C p

- > o ^  / V  “  ■
Obôtt (cou 0X)H- COOH (DON Co-<Jfi

SCHUu-I '̂s flctî. KENNBt'A flOi)

K ing  ( P roG .C hem .8oo . . 1914 ,  3 0 ,  249)  was t h e  f i r s t  

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

t h e  d i n i t r o b e n z i d i n e s  ( I I B )  i f  t h e  K a u f l e r  f o rm u la  were 

c o r r e c t .  Thorpe  ( J . , 1921 ,  535) a l s o  n o t e d  a s i m i l a r  

p o s s i b i l i t y  i n  one o f  t h e  above d i n i t r o d i p h e n i c  a c i d s ,  an d  

C h r i s t i e  a n d  Kenner  (£ .• ,  1 9 2 2 ,  614) d i s c u s s e d  f u r t h e r  i n  

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

a c i d s .  On t h e  b a s i s  o f  t h e  e x t e n d e d  c o p l a n a r  f o rm u la  f o r  

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

fo rm  h a s  a  c e n t r e  o f  symm etry ,  h e n c e  n e i t h e r  a c i d  s h o u ld  

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

t h e  K a u f l e r  f o r m u l a ,  ho w ev e r ,  t h e  c i s  form h a s  a p l a n e  o f  

symmetry w h e r e a s  t h e  t r a n s  h a s  n o t ,  and  s h o u l d  t h e r e f o r e  

b e  r e s o l v a b l e .



k.

On t h e  b a s i s  o f  f o rm u la e  w i t h  a common a x i s  f o r  t h e  two 

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

s h o u ld  be  r e s o l v a b l e *  ' By t h e  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 i r  d i n i t r o d i p h e n i c  a c i d ,  t h e  su p p o se d  t r a n s  a c i d ,  

C h r i s t i e  and  Kenner  p r o v i d e d  v e r y  c o n v i n c i n g  s u p p o r t  f o r  

K a u f l e r ’ s s p a c e  f o r m u l a ,  and  so o n  a f t e r  t h e i r  d i s c o v e r y  

f i v e  more d i p h e n i c  a c i d s  o f  t h e  same t y p e  were  r e s o l v e d *  

Meanwhile  Brady  ( l9 2 3 )>  r e - i n v e s t i g a t i n g  t h e  

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 ,  s u g g e s t e d  t h a t  t h e  i so m e r ism  

m ig h t  b e  s t r u c t u r a l *  T h i s  was c l e a r l y  e s t a b l i s h e d  a s  a 

c o r r e c t  v iew  when Le F e v re  and  T u r n e r  ( I 9 2 6 ) c o n f i r m e d  

B r a d y ’ s r e s u l t  t h a t  C a i n ’ s 3>5’- ^ i n i t r o b e n z i d i n e  was 

s y m m e t r i c a l l y  s u b s t i t u t e d ,  an d  a l s o  showed t h a t  t h e  

3 , 3 ’ - d i n i t r o b e n z i d i n e  w as ,  i n  f a c t ,  u n s y m m e t r i c a l l y  

s u b s t i t u t e d  and  was 2 , 3 ’ - d i n i t r o b e n z i d i n e * I t  was f u r t h e r  

shown t h a t  s e v e r a l  o f  t h e  K a u f l e r  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  c o n t a i n e d  f r e e  a m in o -g r o u p s ;  f o r  example 

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

K a u f l e r  compounds, was ( a )  and  n o t  ( B ) . T h e re  was t h e r e 

f o r e  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  fo rm u la*

(P)
NM



5 .

The o n l y  e v i d e n c e  i n  i t s  f a v o u r  w h ich  r e m a in e d  was K e n n e r ’ s 

o p t i c a l  r e s o l u t i o n s #  ( i t  i s  i n t e r e s t i n g  t o  r e f l e c t  on  

t h e  outcome i f  Kenner  h a d  a t t e m p t e d  t h e  r e s o l u t i o n  o f  t h e  

S c h u l t z  a c i d  i n  1922)#  The p ro b le m  now was t o  d i s c o v e r  

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

By 1 9 2 6 , t h e  f o l l o w i n g  b i p h e n y l s  h ad  b e e n  r e s o l v e d #

fcoc

Ko^ H

NO,u

0

3  V  ^

At t h e  same t i m e ,  h o w e v e r ,  many compounds c h e m i c a l l y  and  

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

fo u n d  t o  b e  n o n - r e s o l v a b l e  (V I I  -  X l)#

ccc#

axjM-



6 .
T h a t  no s p e c i f i c  e f f e c t  o f  t h e  -NO^ o r  -COOH g r o u p s  

was i n v o l v e d  was shown b y  t h e  r e s o l u t i o n  o f  6 , 6 ’ - d i c h l o r o -  

d i p h e n i c  a c i d  ( C h r i s t i e ,  Jam es  and  K en n e r ,  J # , 1 9 2 3 ,  1948)  

and  b y  t h e  r e s o l u t i o n  o f  2 , 2 ’ - d i m e t h y l - 6 , 6 ’ - d i a m i n o b i p h e n y l  

(M e is e n h e im e r  and  H o r i n g ,  3 e r . . 1927# 1425)*  I t  t h u s

became a p p a r e n t  t h a t  t h e  i so m er ism  was n o t  due t o  t h e  

s p e c i f i c  e f f e c t  o f  any  p a r t i c u l a r  g ro u p  i n  t h e  r i n g .

The t h e o r y ,  p u t  f o r w a r d  by  C h r i s t i e  and  K enner  

( J . , 1 9 2 2 , 121 ,  6 1 4 )# t h a t  t h e  two r i n g s  i n  o p t i c a l l y  a c t i v e  

b i p h e n y l  m o l e c u l e s  w ere  c o - a x i a l  b u t  n o n - c o p l a n a r ,  was 

g e n e r a l l y  a c c e p t e d .  I t  was assum ed t h a t  t h e  r i n g s  were  

a t  a n  a n g l e  t o  e a c h  o t h e r  and  d ia g ra m s  ( i )  an d  ( i i )  

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

a r e  m i r r o r  im ages  b u t  n o n - s u p e r i m p o s a b l e .

il)
T h i s  t h e o r y ,  h o w e v e r ,  i s  n o t  s u f f i c i e n t  t o  e x p l a i n  

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

j o i n i n g  t h e  two r i n g s  t a k e s  p l a c e ,  t h e n  t h e  two r i n g s  

c o u l d  sw in g  i n t o  a c o p l a n a r  c o n f i g u r a t i o n  and  so d e s t r o y  

t h e  asym m etry  o f  t h e  m o le c u l e .  The r o t a t i o n  must t h e r e f o r e  

b e  r e s t r i c t e d ,  a c o n d i t i o n  w hich  was i m p l i e d  b y  K en n e r .
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I t  i s  a f u n d a m e n ta l  a s s u m p t i o n  i n  o r g a n i c  c h e m i s t r y  

t h a t  two a tom s j o i n e d  h y  a s i n g l e  b o n d  c a n  h av e  c o m p le t e  

f r e e  r o t a t i o n  a b o u t  t h e  bond  a s  a n  a x i s  and  y e t ,  w i t h o u t  

r e s t r i c t e d  r o t a t i o n ,  K e n n e r ’ s v iew  o f  a c o a x i a l - n o n c o p l a n a r  

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

o f  compounds r e s o l v e d  by  1926 showed t h a t  a l l  o f  them have  

t h r e e  o r  f o u r  s u b s t i t u e n t s  i n  t h e  2 , 2 ’ , 6 , 6 ’ p o s i t i o n s ,  

w h e re a s  t h e  n o n - r e s o l v a b l e  compounds have  two o r  l e s s .

T h i s  l e d  t o  t h e  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  p u t  f o r w a r d  

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

T u r n e r  and  Le F e v re  ( Chem.and I n d . .  1 9 26 ,  4 5 .  8 3 1 ) ,  B e l l  and  

Kenyon ( i b i d . .  1 9 2 6 ,  864) and  M i l l s  ( i b i d . ,  I 9 2 6 , 4 5 .

884 and  9 0 5 ) .  The t h e o r y  s t a t e d  t h a t  s u b s t i t u e n t s  i n  t h e  

2 , 2 ’ , 6 , 6 ’ p o s i t i o n s  i n  a b i p h e n y l  m o le c u le  c a n ,  by  t h e i r  

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

a r o u n d  t h e  common a x i s ,  and  so p r e v e n t  them from  b ecom ing  

c o p l a n a r .

The n a t u r e  o f  t h e  i n t e r f e r e n c e  was a t t r i b u t e d  t o  

v a r i o u s  c a u s e s .  T u r n e r  and  Le F e v re  s u g g e s t e d  t h a t  t h e  

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

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

A c c o r d in g  t o  them , e a ch  c a r b o n  atom i n  t h e  m o le c u le  p o s s e s s e d  

a  c e r t a i n  amount o f  r e s i d u a l  a f f i n i t y .  C arbon  a to m s  3>4#5#

6 and  3 ’ , 4 ’ #5’ 6 ’ w ould  b e  m u t u a l l y  s a t u r a t e d  i n  t h e  T h i e l e  

s e n s e  a s  shown i n  X I I .  S in c e  t h e r e  was no r e a s o n  t o  su p p o se
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t h a t  t h e  c l i s t a n c e  b e t w e e n  1 and  l ’ was g r e a t e r  t h a n  t h a t  

b e t w e e n  a tom s 1 and  2 ,  some m u tu a l  s a t u r a t i o n  may o c c u r  

b e t w e e n  1 an d  1** I n  t h i s  way t h e  bond  1-1* became o f

t h e  t y p e  e x i s t i n g  i n  t h e  b e n z e n e  r i n g  and  t h e  t e n d e n c y  f o r  

r o t a t i o n  somewhat r e s t r i c t e d ;  C arbon  a tom s 2 and  2* w ou ld  

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

t h e  p l a n a r  c o n f i g u r a t i o n  a s  shown i n  X I I I

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

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

b e t w e e n  c a r b o n  a tom s 2 an d  2* ,  d i s t o r t i o n  o f  t h e  p l a n a r  

c o n f i g u r a t i o n  may o c c u r .  One b e n z e n e  r i n g  w ould  r o t a t e  

a b o u t  t h e  common a x i s  t h r o u g h  a n  a n g l e  whose m a g n i tu d e  

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

B e l l  and  Kenyon s u g g e s t e d  t h a t  owing t o  t h e i r  

e l e c t r i c a l  c h a r a c t e r i s t i c s  o r  t h e i r  s i z e ,  o r  t o  b o t h ,  two 

o r t h o  g r o u p s  A and  B a c t e d  a s  " o b s t a c l e s ’* t o  t h e  p a s s a g e  

o f  a t h i r d  o r t h o  g roup  0 on  t h e  o t h e r  n u c l e u s ,  t h u s  

p r e v e n t i n g  i n t e r c o n v e r s i o n  o f  t h e  o p t i c a l  i s o m e r s .
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M i l l s ,  on  t h e  o t h e r  h a n d ,  a c c e p t e d  t h e  m e c h a n ic a l  i d e a  o f  

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

a l o n e .  A model h u i l t  up from t h e  u s u a l  t e t r a h e d r a  and  drawn 

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

one r i n g  w ould  i n t e r f e r e  w i t h  t h e  f r e e  r o t a t i o n  o f  t h e  s e co n d  

r i n g  owing t o  c o l l i s i o n s  b e tw e e n  them and  t h e  t h i r d  s u b s t i t u e n t  

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

s u p p o r t  from K u h n ^ M a P c a re l l i ,  Adams an d  o t h e r s ,  and  i s  now t h e  

g e n e r a l l y  a c c e p t e d  v i e w .

D ata  i n t e n d e d  t o  p e r m i t  d e f i n i t e  p r e d i c t i o n s  c o n c e r n i n g  

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

and  Adams ( J .A m er .C h em .S o c . . 1930» ^ 2 ,  1 2 0 0 ) .  On t h e  o b s t a c l e  

t h e o r y ,  t h e  amount o f  i n t e r f e r e n c e  w i l l  b e  d e t e r m in e d  b y  t h e  

s i z e  o f  t h e  s u b s t i t u e n t  a toms o r  g r o u p s .  T h is  m a g n i tu d e
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c a n n o t  be  d i r e c t l y  m e a s u re d ,  b u t  w i t h  t h e  a i d  o f  c e r t a i n  

a s s u m p t io n s  i t  i s  p o s s i b l e  t o  d e r i v e  v a l u e s  w h ich  g iv e  a 

r e l a t i v e  m easure  o f  t h e  d e g r e e  o f  i n t e r f e r e n c e *  From 

X - r a y  d a t a ,  i n t e r n u c l e a r  d i s t a n c e s  b e tw e e n  c a r b o n  and  

o t h e r  a tom s o r  g ro u p s  were  known, and  t h e s e  **s l i g h t l y  

a d j u s t e d  t o  b r i n g  them i n t o  l i n e  w i t h  a r o m a t i c  com pounds’* 

w ere  u s e d  b y  Adams*

V/hen a c o p l a n a r  b i p h e n y l  m o le c u le  i s  drawn t o  

s c a l e ,  t h e  d i s t a n c e  b e tw e e n  t h e  2 and  2* c a r b o n  a tom s i s  

f o u n d  t o  be  2*90S* The d i f f e r e n c e  b e tw e e n  t h i s  v a l u e ,  an d  

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

a t t a c h e d  t o  t h e  2 ,2*  c a rb o n  a tom s  was c a l l e d  t h e  ’’i n t e r f e r e n c e  

V a lu e * ” T hus ,  a n e g a t i v e  i n t e r f e r e n c e  v a l u e  w ould  i n d i c a t e  

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

r e s o l v a b l e  b u t  e a s i l y  r a c e m i s e d  compound, and  a l a r g e  

i n t e r f e r e n c e  v a l u e  s h o u ld  i n d i c a t e  a compound w h ich  i s  

r e s o l v a b l e  b u t  n o t  e a s i l y  r a c e m ise d *
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N4

îq. ûflL

QXH No

I n  t h e  above compounds XIV was fo u n d  t o  b e  n o n - r e  s o l v a b l e ,  

XV r e s o l v a b l e  b u t  e a s i l y  r a c e m is e d  and  XVI r e s o l v a b l e  and  

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

- 0 . 0 4 ,  +0 . 0 5 , +0 . 5 8  r e s p e c t i v e l y .

L e s s l i e  and  T u r n e r  ( £ . ,  1932 ,  2021)  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  b i p h e n y l s  by  u s i n g  m ode ls  i n  w h ich  t h e  

a tom s a r e  drawn t o  s c a l e  a s  s p h e r e s .  The m ode ls  show t h a t  

i f  an  atom o r  g roup  X o f  r a d i u s  1.18% i s  p r e s e n t  i n  b o t h

2 -  an d  2*- p o s i t i o n s ,  t h e  model c a n  b e  a r r a n g e d  so t h a t  t h e  

two b e n z e n e  n u c l e i  a r e  c o - p l a n a r  a s  w e l l  a s  c o - a x i a l .  But  

X i s  t h e n  i n  c o n t a c t  w i t h  t h e  h y d ro g e n  atom i n  p o s i t i o n  6 

and  6* w hich  i s  o n l y  p o s s i b l e  i n  a model b u t  n o t  i n  a 

m o l e c u l e .  T h e r e f o r e ,  i f  X i s  o f  r a d i u s  1.18% t h e  m o le c u le  

i s  n o n - p l a n a r  and r e s o l v a b l e .  P l a n a r  c o n f i g u r a t i o n  w ould  

a l s o  b e  p r e v e n t e d  i f  X were  l e s s  t h a n  1 .18%, e . g .  1 .10% , 

b e c a u s e  i t  i s  u n l i k e l y  t h a t  X would  come w i t h i n  0.1% o f  t h e  

h y d r o g e n  a tom .

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

o f  s e v e r a l  g ro u p s  i n  t h e  o r t h o  p o s i t i o n ,  Adams and  h i s
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s t u d e n t s  s y n t h e s i s e d  two s e t s  o f  compounds, t h e  2 - rae th o x y -  

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

2 ’ - n i t r o b i p h e n y l - 6 ’ - c a r b o x y l i c  a c i d  XVII and  t h e  2 - f l u o r o -  

c h l o r o -  and  b r o m o - d c r i v a t i v e s  o f  5 - m e t h y l - 2 ’ - n i t r o b i p h e n y l -  

6 * - c a r b o x y l i c  a c i d  X V II I .

. COOH-

[H a le  & 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. . 1 933 ,  X I I ,  261 ; S t o u g h to n  and  Adams, J .Am er.Chem . 

S o c . . 1 9 3 2 , UU2 6 ] .  They assumed t h a t  t h e  m e th y l  g ro u p

i n  t h e  5 - p o s i t i o n  would have  l i t t l e  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  o f  t h e  compounds and  t h a t  a d i r e c t  c o m p a r i s o n  

o f  t h e  two s e t s  o f  compounds, on a s e m i - q u a n t i t a t i v e  b a s i s ,  

was t h e r e f o r e  p e r m i s s i b l e .  Only one b r u c i n e  s a l t  o f  t h e  

m e thoxy-  and  f l u o ro -c o m p o u n d s  was o b t a i n e d ,  and  b o t h  

u n d e rw en t  m u t a r o t a t i o n  ( t h e  m u t a r o t a t i o n  o f  t h e  f l u i o r o -  

compound was n o t  d e t e c t e d  a t  room t e m p e r a t u r e ,  b u t  a t  0^ i t  

h ad  a h a l f - l i f e  p e r i o d  o f  42 m i n u t e s . )  The o t h e r  f i v e  

compounds were  r e s o l v e d ,  an d  t h e  r a t e s  o f  r a c é m i s a t i o n  

d e t e r m i n e d  on  t h e  a c t i v e  a c i d s .  From t h e  h a l f - l i f e  p e r i o d s  

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

w ould  b e  i n  t h e  o r d e r  Br ^  CH^ ^  Cl NO^ ^  COOH ^  OCH^ ^  P .
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The r e l a t i v e  s i z e  o f  t h e  o r t h o - g r o u p s  d o es  n o t  seem 

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

t h e  b i p h e n y l  compounds* From e x p e r i m e n t s ,  b y  Adams and  

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

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

Adams and  F i n g e r  ( J*.Pjner*Ghem*Soc* * 1939 ,  6 l ,  2828)  p r e p a r e d  

t h e  t h r e e  compounds, XIX-XXI, and  r e s o l v e d  them*

m

00^ (^H

From t h e  r e l a t i v e  s i z e  o f  t h e  s u b s t i t u e n t s  i t  v/as e x p e c t e d  

t h a t  XIX and  XX would  have  a p p r o x i m a t e l y  t h e  same o p t i c a l  

s t a b i l i t y  ( s i n c e  i n  e a c h  c a s e  t h e r e  i s  c o l l i s i o n  b e tw e e n  

t h e  two s m a l l e r  s u b s t i t u e n t s  -OCH^ and  -COOH), and  XXI 

s h o u l d  b e  t h e  most s t a b l e *  I n  f a c t  XIX was f o u n d  t o  b e  

t h e  l e a s t  s t a b l e ,  w h e re a s  XX and  XXI were c o n s i d e r a b l y  

more s t a b l e *  When t h e  h a l f - l i f e  p e r i o d s  were  m e a s u re d  i n  

a b s o l u t e  e t h a n o l  a t  2 5 ° ,  t h e y  were  fo u n d  to  b e  1 0 *2 ,  219  

an d  271 m in u te s  r e s p e c t i v e l y *  S i m i l a r  a n o m a l i e s  w ere  

o b s e r v e d  by  Adams an d  H ale  ( J*Amer»Chem*Soc* * 1939 ,  2825)

when t h e y  p r e p a r e d  XXII — XXIV* T hus ,  f a c t o r s  o t h e r  t h a n  

t h e  s i z e  o f  t h e  g ro u p  must o p e r a t e *
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^  CCOH

I n  o r d e r  t o  d e t e r m in e  t h e  i n f l u e n c e  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  t h e  o r t h o .  Yuan and  Adams ( J .A m er . 

C h e m .S o c , . 1932 ,  4434) p r e p a r e d  a s e r i e s  o f  compounds

o f  t h e  t y p e

where  X w as  -OCH^, -CH^, - C l ,  -B r  o r  -NO^* The u n s u b s t i t u t 

ed  2 ’ - m e t h o x y - 2 - n i t r o b i p h e n y l - 6 - c a r b o x y l i c  a c i d  h ad  b e e n  

r e s o l v e d  ( S t o u g h t o n  and  Adams, i b i d . . 1 9 3 2 ,  5 4 . 4426)  an d  

fo u n d  t o  have  a h a l f - l i f e  p e r i o d  o f  9*4 m in u t e s  a t  2 6 ^ .

Yuan and  Adams now fo u n d  t h a t  a l l  t h e  5 ’ - s u b s t i t u t e d  a c i d s  

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

s t a b i l i t y  b e i n g  NOg ^  Br  ^  Cl ^  C H ^^  OCH^. The above  

a u t h o r s  s u g g e s t e d  t h a t  t h e  g ro u p s  i n  t h e  5*- p o s i t i o n  i n  t h e  

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

m o le c u le  on  a c c o u n t  o f  one o r  more o f  t h e  f o l l o w i n g  c a u s e s :
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" ( l )  The v a r i a t i o n  o f  t h e  v a l e n c y  a n g l e  a t  w h ich  t h e  

o r t h o  s u b s t i t u e n t  on t h e  r i n g  i s  a t t a c h e d ,  t h u s  c h a n g in g  

t h e  e f f e c t i v e  s i z e  o f  t h e  g ro u p ;

( 2 ) t h e  s lo w in g  down o f  t h e  s e m i - c i r c u l a r  o s c i l l a t i o n  

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

t h e  c h a n c e s  o f  t h e  co m p le te  r o t a t i o n ;

( 3 ) t h e  m o d i f i c a t i o n  o f  t h e  d i s t a n c e  b e tw e e n  1 ,1*  

c a r b o n  a tom s w i t h  t h e  n a t u r e  o f  t h e  s u b s t i t u e n t s ;

( 4 )  t h e  b e n d i n g  o f  t h e  l i n k a g e  b e tw e e n  t h e  two 

r i n g s  i n  such  a way t h a t  t h e  r i n g s  a r e  no l o n g e r  co-ax ia l#**

Prom theT e x p e r i m e n t a l  r e s u l t s ,  h ow ever ,  i t  w ould  

a p p e a r  t h a t  c a u s e  ( 2 )  i s  n o t  a  f a c t o r ,  s i n c e  t h e  s u b s t i t u t i o n  

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

su ch  a s  c h l o r i n e  and  b r o m in e ,  r e s u l t e d  i n  e s s e n t i a l l y  

i d e n t i c a l  e f f e c t s  on  t h e  r a t e  o f  r a c é m i s a t i o n #

A s i m i l a r  s e r i e s  o f  compounds was p r e p a r e d  i n  w h ich  

t h e  g ro u p s  were  s u b s t i t u t e d  i n  t h e  3 ’ - p o s i t i o n  ( C h ie n  and  

Adams, J#.Amer.Chem#Soc# # 1934 ,  1 7 8 7 ) .

Q m

A g a in ,  X was -OCH^, -CH^, - C l ,  - B r ,  -NOg. The same o r d e r  

o f  s t a b i l i t y  i n  t h e  3 ' - s u b s t i t u t e d  a c i d s  was o b s e r v e d ,  and  

i n  ea ch  c a s e  t h e  3 '-com pounds  w ere  more o p t i c a l l y  s t a b l e
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t h a n  t h e  c o r r e s p o n d i n g  5 ’ - i s o m e r s .  (From t h e s e  e x p e r i m e n t s  

i t  was a l s o  shown t h a t  t h e  s o l v e n t  a f f e c t e d  t h e  r a t e  o f  

r a c é m i s a t i o n .  The sodium s a l t s  o f  t h e  5*- s u b s t i t u t e d  

a c i d s  were fo u n d  t o  b e  l e s s  o p t i c a l l y  s t a b l e  i n  e t h a n o l i c  

s o l u t i o n  t h a n  i n  aq u e o u s  s o l u t i o n . )  The s u b s t i t u e n t  i n  

t h e  3 ’ - p o s i t i o n  makes i t  more d i f f i c u l t  f o r  t h e  methoxy 

g ro u p  i n  t h e  2*- p o s i t i o n  t o  t u r n  o u tw a r d s  and  so more 

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

f o rm ,  w hich  i s  n e c e s s a r y  f o r  r a c é m i s a t i o n .
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2 . 2 * - D i s u b s t i t u t e d  B i p h e n v l s .

B e l l  and  R ob inson  ( J . , 1927* 1695) p o i n t e d  o u t  t h e  

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

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

and  s e v e r a l  compounds were  s u b s e q u e n t l y  r e s o l v e d *

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

was p h e n y l b e n z i d i n e - 2 , 2 ^ - d i s u l p h o n a t e  ( L e s s l i e  an d  T u r n e r ,

J * , 1 9 3 2 , 2 0 2 1 ) .  I n  t h i s  compound t h e  s u l p h u r  atom a t t a c h e d

U N

t o  t h e  2 , 2 ’ - p o s i t i o n s  i s  i t s e l f  a t t a c h e d  t o  t h r e e  o t h e r  

atoms* C o n s i d e r a t i o n  o f  a model o f  t h i s  m o le c u l e  shows 

t h a t  i f  t h e  s u l p h u r  atom c a r r i e d  o n ly  two o xygen  a to m s ,  

t h e s e  c o u l d  swing away from t h e  o p p o sed  2 ’ - h y d r o g e n  a tom , 

b u t  when t h e r e  a r e  t h r e e  oxygen  atom s a t t a c h e d  t o  t h e  

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

a v e r a g e , o n e  o f  t h e  oxygen  a tom s w i l l  b e  to o  c l o s e  t o  t h e  

I jydrogen  atom* The asym m etry  was a s c r i b e d  t o  t h e  

"dynam ic  e f f e c t "  o f  t h e  -go^Ph  g r o u p .  The same a u t h o r s  

( J * , 1 9 3 2 , 2 3 9 U) a l s o  r e s o l v e d  b i p h e n y l - 2 , 2 ’ - d i s u l p h o n i c  

a c id *  B o th  compounds were s t a b l e  a t  room t e m p e r a t u r e  

b u t  r a c e m i s e d  quiclcLy a t  100^*
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A n o th e r  s i m i l a r  d i s u b s t i t u t e d  b i p h e n y l  w h ich  was 

r e s o l v e d  was o - (2 - d im e t i iy l a r a in o p h e n y l )p h e n y l t r im e th y la m m o n iu m  

i o d i d e  (Shaw and  T u r n e r ,  J • ,  1933» 133)#  A g a in ,  t h e  

asymmetry  r e s u l t s  f rom  t h e  dynamic e f f e c t  o f  t h e  -NMe^ g r o u p .  

A c o l d  aq u eo u s  s o l u t i o n  o f  t h e  a c t i v e  i o d i d e  r e t a i n e d  i t s

NMfejj:

o p t i c a l  a c t i v i t y  i n d e f i n i t e l y ,  and  a t  99*5^ t h e  h a l f - l i f e  

p e r i o d  o f  r a c é m i s a t i o n  was 1 2 5  m i n u t e s ;  i t  was c o n s i d e r a b l y  

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

Among t h e  f i r s t  2 , 2 ’ - d i s u b s t i t u t e d  b ip h e n j^ l  compounds 

t o  b e  s t u d i e d  w hich  h ad  s i n g l e  a tom s a s  s u b s t i t u e n t s ,  w as  

2 , 2 ’ - d i i o d o b i p h e n y l - 4 ? U * - d i c a r b o x y l i c  a c i d  ( S e a r l e  and  Adams, 

J .A m e r .C h e m .S o c . . 1933» 1649)*  U s in g  X -ray  d a t a  (2 .2oX  f o r  

C - I  d i s t a n c e )  t h e  ’̂ i n t e r f e r e n c e  v a l u e ” on  e a c h  s i d e  o f  t h e  

m o le c u le  i s  a p p r o x i m a t e l y  0 .12&. The a c i d  was r e s o l v e d  

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

s o l u t i o n  and  had  a h a l f - l i f e  p e r i o d  o f  70  m in u t e s  a t  2 5 ^ .

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

h a l f - l i f e  p e r i o d  o f  91*3 m in u t e s  a l s o  a t  2 5 ^#

From t h e  r e l a t i v e  s i z e  o f  t h e  a to m s ,  i t  was e x p e c t e d  

t h a t  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  (C -Br
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d i s t a n c e  2 . 1 l £ ,  i n t e r f e r e n c e  v a l u e  0 .0 7 5 ^  on  ea ch  s i d e  

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

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

c o n f i r m e d  by  t h e  same a u t h o r s  ( J .A m er .C h em .S o c . . 1934» 2112)  

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

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

o f  t h e  s a l t s  a t  - 6 5 ^ .  The mono- and  d i - b r u c i n e  s a l t s  o f  

t h e  a c t i v e  a c i d s ,  and  t h e  a c t i v e  a c i d  i t s e l f  h ad  h a l f - l i f e  

p e r i o d s  i n  a 7 : 3  m ix t u r e  o f  d io x a n  and m e th a n o l  a t  0^ o f  

6 . 6 ,  8 .1  and  1 0 . 7  m in u t e s  r e s p e c t i v e l y .  More r e c e n t l y  

r a t e s  o f  r a c é m i s a t i o n  o f  t h i s  dibromo a c i d  w ere  d e t e r m i n e d  

o v e r  a r a n g e  o f  t e m p e r a t u r e s  by  H a r r i s  ( P ro c .C h e m .8 o c . .  1959» 

3 6 7 ) who fo u n d  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  t o  b e  

1 9 . 0  1 0 . 5  k . c a l / m o l e .

A n o th e r  compound w hich  h a s  b e e n  i n v e s t i g a t e d  i s  

2 , 2 ’ - b i s t r i  f l u o  rome t  h y lb  e nz i  d i  ne (XXV) ( H a l l  and  H a r r i s ,  

i b i d . . 1 9 5 9 » 3 9 6 ) .  I t s  ( + ) - h y d r o g e n t a r t r a t e  u n d e rw e n t  

s e c o n d - o r d e r  a sy m m e t r ic  t r a n s f o r m a t i o n  i n  e t h a n o l i c  

s o l u t i o n ,  and  a s a l t  was o b t a i n e d  w hich  h a d  

i n  a c e t o n e .  The b a s e ,  o b t a i n e d  by  d e c o m p o s i t i o n  o f  t h e  

s a l t  w i t h  aq u e o u s  ammonia b e lo w  1 0 ^ ,  h ad

( £  3 . 2 3  i n  e t h a n o l i c  s o l u t i o n )  and  r a c e m i s e d  a t  39^ w i t h  a 

h a l f  l i f e  p e r i o d  o f  5 8 .4  m i n u t e s .  The a u t h o r s  c o n s i d e r e d  

t h a t  i n  e f f e c t i v e  s i z e  t h e  g ro u p  -CF^ p r o b a b l y  f a l l s  b e t w e e n

-CH^ and  -SO -Ph .
3 3
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, I n  2 , 2 ’ - d i s u b s t i t u t e d  b i p h e n y l s ,  i t  h a s  a l s o  b e e n  

o b s e r v e d  t h a t  g ro u p s  i n  t h e  3 -  and  3 ’ - p o s i t i o n s  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  a compound. R i e g e r  an d  W e s th e im e r  

( J .A m e r .C h e m .S o c . , 1 9 5 0 ,  19 and 28) r e s o l v e d  2 , 2 ’ - d i i o d o -  

and  2 , 3 j 2 ’ , 3 * - t e t r a i o d o - 5 # 5 ’ - d i c a r b o x y l i c  a c i d ,  and  com pared  

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

a c i d  und e rw en t  seco n d  o r d e r  a s y m m e t r i c  t r a n s f o r m a t i o n  i n  

95^  e t h a n o l i c  s o l u t i o n  and  from i t  t h e  ( - ) - a c i d  was 

o b t a i n e d .  From t h e  t e t r a i o d o - a c l d  d i a s t e r e o i s o m e r i c  s a l t s  

were  i s o l a t e d .  D e t e r m i n a t i o n  o f  t h e  r a t e s  o f  r a c é m i s a t i o n  

o f  b o t h  a c i d s  showed t h a t  t h e  d i i o d o - a c i d  r a c e m i s e d  3 0 , 0 0 0  

t i m e s  f a s t e r  t h a n  t h e  t e t r a i o d o - a c i d .  The e n e rg y  o f  

a c t i v a t i o n  f o r  t h e  d i i o d o -  and  t e t i ^ a i o d o - a c i d s  was f o u n d  t o  

b e  2 1 .6  and  2 8 .5  k c a l / m o l e  r e s p e c t i v e l y .  The g i ' e a t e r  

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

" b u t t r e s s i n g  e f f e c t "  a l r e a d y  o b s e r v e d  b y  Adams ( a l t h o u g h  he 

d i d  n o t  u s e  t h i s  t e rm )  i n  t h e  3 ’ - s u b s t i t u t e d  2 * - m e th o x y - 2 -  

n i t r o b i p h e n y l - 6 - c a r b o x y l i c  a c i d s .  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 y  o f  2 , 2 ’ - d i b r o m o b i p h e n y l - ^ , U ^ - d i c a r b o x y l i c  

a c i d  t h e o r e t i c a l l y ,  W es the im er  e t  a l ♦ ( J . Chem*,Phys, 1946 ,
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733; 19U7> 1 ^ ,  2 5 2 ) i n c lu d e d  i n  t h e i r  c a l c u l a t i o n  an  a n g le

(j) (XXVI) w hich  i n c r e a s e s  hy  to  a l lo w  th e  m o le c u le  to

become c o - p l a n a r  and so f a c i l i t a t e  r a c é m i s a t i o n .  They

s u g g e s te d  t h a t  t h e  g roup  i n  t h e  3 -  and  3 ’ - p o s i t i o n  w ould  

p r e v e n t  t h e  atom from  moving th r o u g h  , and  so make

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

S i m i l a r l y ,  a t t e m p t s  t o  r e s o l v e  2 , 2 ’ - d i m e t h y l b e n z i d i n e  

h a v in g  f a i l e d  ( P .P o p p e r ,  D ip lo m a r b . , H annover 1951)» 

T h e i l a c k e r  and  Hopp ( B e r . . 1959» 2£» 2293) p r e p a r e d  

2 , 3 # 2 * , 3 ’ - t e t r a m e t h y l b e n z i d i n e  and  r e s o l v e d  i t  th r o u g h  i t s  

( + ) -a -b ro m o c a m p h o r3 u lp h o n a te .  The d i a s t e r e o i s o m e r i c  

s a l t s  showed m u t a r o t a t i o n  i n  6 0 %  a c e to n e  s o l u t i o n  and  h ad  

a h a l f - l i f e  p e r i o d  o f  5 h o u r s  a t  room t e m p e r a t u r e .  They 

d e te rm in e d  th e  e n e rg y  o f  a c t i v a t i o n  and  fo u n d  i t  to  be  

17*7 k c a l / m o l e .  [The lo w e s t  a c t i v a t i o n  e n e rg y  obse^^ved 

f o r  a r e s o l v a b l e  compound i s  lh » 9  k c a l /m o le  o b t a i n e d  f o r  

2 * - f l u o r o - 6 - m e th y l - N - b e n z o y lb ip h e n y la m in e - 2 - c a r b o x y l i c  

a c i d  (B ro o k s ,  H a r r i s  and  H o w le t t ,  J . , 13kl$ 2 3 8 O )] .

C o r b e l l i n i  and  Angelettl ( A t t i . A c c a d . n a z . L i n c e i . 

R e n d .C l a s s e  S c i . f i s . m a t . n a t . . 19 3 2 , 15» 968) fo u n d  t h a t  t h e  

b r u c i n e  s a l t  o f  2 * - ( a - h y d r o x y i s o p r o p y l ) - b i p h e n y l - 2 - c a r b o x y l i c
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a c i d  (XXVIl) u n d e rw en t s e c o n d - o r d e r  a sy m m e tr ic  t r a n s f o r m a t i o n  

i n  e t h a n o l i c  s o l u t i o n  and  l a t e r  J a m is o n  an d  l^ i r n e r  ( J . , 1 9 ^ 2 ,  

k3 l) showed t h a t  i t  a l s o  u n d e rw en t f i r s t - o r d e r  a sy m m e tr ic  

t r a n s f o r m a t i o n  i n  c h lo ro f o rm  s o l u t i o n .  R e c e n t l y ,  L e s s l i e  

( j . , 1 9 6 1 , 6 1 1 ) p r e p a r e d  2 - t - ‘b u t y l h i p h e n y l - 2 ’ - c a r h o x y l i c  

a c i d  (X X V III ) ,  and  fo u n d  t h a t  i t s  b r u c i n e  s a l t  u n d e rw en t 

s e c o n d - o r d e r  a sy m m etr ic  t r a n s f o r m a t i o n  i n  e t h a n o l i c  s o l u t i o n ;  

no f i r s t - o r d e r  t r a n s f o r m a t i o n  was o b s e r v e d .  The a c t i v e  

( - ) - a c i d  r a c e m is e d  i n  e t h a n o l i c  s o l u t i o n  a t  5 7 ^# 6 ?^ an d  

7 9 ^ w i th  h a l f - l i f e  p e r i o d s  o f  3 5 » 1 4 # 1  and  5*6  m in u te s  

r e s p e c t i v e l y  and  th e  energy o f  a c t i v a t i o n  was fo u n d  t o  be  

2 k k c a l . / m o l e .
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DISCUSSION.

The f o l l o w i n g  compounds h av e  now b e e n  p r e p a r e d  

an d  r e s o l v e d .

%

The s y n t h e s i s  o f  t h e s e  compounds was e f f e c t e d  

h y  h e a t i n g  w i th  c o p p e r  b r o n z e  a m ix tu r e  o f  2 - i o d o - t -  

b u ty lb e n z e n e  ( o r  a  d e r i v a t i v e )  an d  t h e  a p p r o p r i a t e l y  

s u b s t i t u t e d  h a lo g e n o -b e n z e n e  ( o r  n a p h th a le n e )  ( t h e  U llm ann  

r e a c t i o n ) ,  and  l a r g e  q u a n t i t i e s  o f  ^ - i o d e ^ t - b u t y l b e n z e n e  

and  m e th y l  ( o r  e t h y l )  3 - i o d o - U - t - b u t y l b e n z o a t e  w ere  

t h e r e f o r e  r e q u i r e d .  The fo rm e r  was p r e p a r e d  i n  s m a l l  

y i e l d  by  S h o esm ith  arad Mackie ( J . , 1 9 2 8 , 233U) b y  t h e



f o l l o w i n g  r o u t e ;

2k.

CovtC.
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/<r

ClisL
ft/fkp 

< ------

m X.

J^cK.^c^So4r cnrv. 

Î̂ Ôbmp, in hotlLnc,

c i .
^  NO'u

The same r o u t e  was f o l lo w e d  i n  th e  p r e s e n t  work 

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

th e  y i e l d s  a t  e a c h  s t a g e .  t - B u ty l b e n z e n e  was n i t r a t e d  

w i th  fum ing  n i t r i c  a c i d  and  a f t e r  h e a t i n g  f o r  1 5  m in u te s  

a t  60^ gave 2 , I ) - - d i n i t r o - t - b u t y l b e n z e n e  (80% ). T h is  was 

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

th e  r e s u l t i n g  n i t r o - a r a i n e  ( 71 '%) was d e a m in a te d  e i t h e r  by  

th e  h y p o p h o sp h o ro u s  a c i d  m ethod ( 7 5 /0  o r  th r o u g h  th e  

d iazonèum  f l u o r o b o r a t e  (56% ). D u r in g  t h e  d i a z o t i s a t i o n  

o f  o - a m in o - t - b u ty lb e n z e n e  d e c o m p o s i t io n  o f  th e  d ia z o n iu m

s u l p h a t e  s e t  i n  a t  - 8 ^ .  The d i a z o t i s a t i o n  was t h e r e f o r e
o m ix tu r e

p e r fo rm e d  a t  - 3 5  , t h e  r e a c t i o r / w a s  a l lo w e d  t o  warm up ( i n

th e  f r e e z i n g  s o l u t i o n )  t o  - 1 3 ^>, t h e n  ad d ed  to  a q u e o u s

p o ta s s iu m  i o d i d e  s o l u t i o n .  By t h i s  p r o c e d u r e  o - i o d o - t -

b u ty lb e n z e n e  was o b t a i n e d  i n  60% y i e l d .
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M ethy l 5 - i o d o - 4 ~ t - b i i t y l h e n z o a t e  was s y n t h e s i s e d  

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

ccgh-

CMe

050 Vf C O O tA t Coo/Ae

( I n  t h e  e a r l y  s t a g e s  o f  th e  p r e s e n t  i n v e s t i g a t i o n  

^ - t - b u t y l b e n z o i c  a c i d  was p r e p a r e d  from  jp - t - b u t y l a c e t o p h e n o n e ,  

b u t  l a t e r  t h e  co m m erc ia l  p ro d u c t  was u s e d ) .  The p r e p a r a t i o n  

o f  t h e  i o d o - e s t e r  from  th e  am ine h y d r o c h l o r i d e  p r e s e n t e d  

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

d ia zo n iu m  s a l t .

The c ru d e  m e th y l  i o d o - e s t e r  was a g r e e n  v i s c o u s  o i l :  

i t  was d i s t i l l e d  u n d e r  r e d u c e d  p r e s s u r e  an d  a p p e a re d  to  

b e  hom ogeneous. A d d i t i o n  o f  l i g h t  p e t ro le u m  p ro d u c e d  

a  w a x - l i k e  s o l i d  w h ich  c r y s t a l l i s e d  from  l i g h t  p e t ro le u m  

and  was a c t u a l l y  a 1 : 1  m o le c u la r  compound o f  th e  i o d o -  

e s t e r  and  m e th y l 3 - B y d r o x y - l f - t - b u t y l b e n z o a t e .  The i o d o -  

e s t e r ,  a l i q u i d  a t  room te m p e r a tu r e  ( m . p . - ^ 1 2 ^ ) ,  was 

o b t a i n e d  from  t h e  l i g h t  p e t ro le u m  m o t h e r - l i q u o r s  a f t e r  

a l l  t h e  m o le c u la r  compound h a d  b e e n  rem oved . I t  i s  

s u r p r i s i n g  t h a t  t h e  m o le c u la r  compound b e h a v e d  a s  i f  i t  

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

i t  d i d  n o t  y i e l d  t h e  p h e n o l i c  com ponent when e x t r a c t e d  w i th
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c o l d  a l k a l i .  On t h e  o t h e r  h an d , when t h e  s o l i d  compound 

was s t i r r e d  w i th  a  c o ld  aq u e o u s  s o l u t i o n  o f  sodium 

h y d r o x id e  ( 3 0 %) o r  warmed w i th  a n  a q u e o u s  s o l u t i o n  o f  

sodium  h y d ro x id e^  (lO % ), a m ix tu re  o f  t h e  i o d o - e s t e r  an d  

sodium  3 - B y d r o x y - U - t - b u ty lh e n z o a te  was o b t a i n e d .  By t h i s  

m e th o d . th e  i o d o - e s t e r  was r e c o v e r e d  from  th e  m o le c u la r  

com pound. I t  was t h e n  h y d r o ly s e d ,  th e  i o d o - a c i d  was 

p u r i f i e d  by  c r y s t a l l i s a t i o n  from  m e th a n o l  an d  th e n  c o n v e r t e d  

i n t o  i t s  m e th y l e s t e r .  I n  l a t e r  p r e p a r a t i o n s  th e  s o l i d  

compound was n o t  i s o l a t e d  b u t th e  o i l  o b t a i n e d  from  th e  

v a c u u m -d is t i l l a t i o n  was s t i r r e d  w i th  s u c c e s s i v e  am ounts  

o f  c o l d  c o n c e n t r a t e d  sodium  h y d ro x id e  s o l u t i o n  and  th e  

sodium  s a l t  o f  t h e  h y d r o x y - a c id  was rem oved by  r e p e a t e d  

w a sh in g  w i th  w a t e r .  The i o d o - e s t e r  was o b t a i n e d  p u re  b y  

t h e  m ethod  j u s t  d e s c r i b e d .

E th y l  3 - a m i n o - 4 - t - b u t y l b e n z o a t e  h y d r o c h l o r i d e  

was a l s o  p r e p a r e d .  The d iazo n iu m  c h l o r i d e  d e r i v e d  from  

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

compound f o r m a t io n  b e tw e e n  th e  i o d o -  and  t h e  h y d r o x y - e s t e r s .  

E x t r a c t i o n  w i t h  a l k a l i  f a i l e d  t o  remove t h e  h y d r o x y - e s t e r  

from  t h e  e t h e r e a l  s o l u t i o n  o f  t h e  c ru d e  i o d o - e s t e r ,  b u t  

on  rem o v a l o f  t h e  s o l v e n t ,  a m ix tu r e  o f  t h e  two s o l i d  

e s t e r s  was o b t a i n e d .  T hese  w ere e a s i l y  s e p a r a t e d  by  

c r y s t a l l i s a t i o n  from  e t h a n o l  i n  w h ich  t h e  h y d r o x y - e s t e r  

was v e r y  s o l u b l e .
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The d im e th y l  and  d i e t h y l  e s t e r s  o f  6 , 6 * - d i - t -  

’b u t y l h i p h e n y l - 3 , 3 ’ - d i c a r b o x y l i c  a c i d  ( l )  w ere  p r e p a r e d  b y  

h e a t i n g  th e  a p p r o p r i a t e  i o d o - e s t e r s  w i th  c o p p e r  b ro n z e  a t  

2 k 5 ^ 9 an d  th e  a c i d  was o b t a i n e d  from  t h e s e  b y  h y d r o l y s i s  

w i th  e t h a n o l i c  p o ta s s iu m  e t h o x i d e .

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

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

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

p l a t e s :  a f t e r  c o n c e n t r a t i o n  o f  t h e  m o t h e r - l i q u o r  t h e

( - ) - a c i d  s a l t  was o b t a i n e d  a s  a g e l .  The f r e e  a c i d s  

w ere o b t a i n e d  h a v in g  [ a j^ y g ^  i l 8 . 3 ^ ( - 0 . 3 ^ )  and  

[ a ] ^ 6i  - 2l | . . l ^  ( - 0 . 1 ° )  i n  a c e to n e  an d  showed h ig h  o p t i c a l  

s t a b i l i t y .  S c a le  m ode ls  b a s e d  on  known a to m ic  r a d i i  

show t h a t  i n  t h e  above d i - t - b u t y l b i p h e n y l  a c i d ,  t h e  two 

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

2 , 2 ’ - p o s i t i o n s .

S e v e r a l  a t t e m p t s  w ere  made t o  d e c a r b o x y la t e  

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

2 , 2 ’ - d i - t - b u t y l b i p h e n y i .

The a c id  was r e c o v e r e d  u n ch a n g e d  a f t e r  i t  h a d  

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

s e v e r a l  h o u r s ,  and  a l s o  a f t e r  h e a t i n g  w i t h  h y d ro x y l  ami ne 

h y d r o c h l o r i d e  and  p o ly p h o s p h o r ic  a c i d  ( a  m ethod s u g g e s t e d  

by  S n y d e r ,  E l s t o n  and  K e l l a n ,  J  .Am er. Chem. So c_.. 1953> 2014

and  w hich  was s u c c e s s f u l  i n  t h e  d e c a r b o x y l a t i o n  o f  many
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s u b s t i t u t e d  b e n z o ic  a c i d s ) .  A t te m p ts  t o  o b t a i n  t h e  

d lbrom o-com pound from  th e  s i l v e r  s a l t  o f  t h e  ( i ) - a c i d  

w ere  a l s o  u n s u c c e s s f u l .

The a c i d  r e a c t e d  r e a d i l y  w i th  t h i o n y l  c h l o r i d e  

t o  g iv e  th e  a c i d  c h l o r i d e  and  t h i s  w i t h  ammonia gave  t h e  

d ia m id e .  C o n v e rs io n  o f  t h e  d ia m id e ^ io  th e  d ia m in e  by  

t h e  Hofmann r e a c t i o n  c o u ld  n o t  b e  a c h i e v e d .  The d ia m id e  

was r e c o v e r e d  u n ch a n g ed  a f t e r  h e a t i n g  i t  i n  p o ta s s iu m  

h y p o b ro m ite  s o l u t i o n  f o r  4 5  m in u te s  a t  7 5 ° ,  an d  a l s o  a f t e r  

h e a t i n g  u n d e r  r e f l u x  w i th  sodium h y p o b ro m ite  o r  sodium  

h y p o c h l o r i t e  s o l u t i o n .  I t  d id  n o t  r e a c t  w i th  sodium  

rae th o x id e  and  b ro m in e  to  g iv e  th e  m re th a n e  ( a  v a r i a t i o n  

o f  t h e  Hofmann r e a c t i o n ) .  The S chm id t r e a c t i o n ,  h o w ev e r ,  

p e r fo rm e d  on th e  a c i d  was s u c c e s s f u l  and  t h e  c ru d e  d ia m in e  

was e x t r a c t e d  w i th  b e n z e n e  from  th e  r e a c t i o n  m i x t u r e ,  and  

p u r i f i e d  by  p a s s i n g  t h e  s o l u t i o n  th ro u g h  a co lum n o f  a lu m in a .  

The d ia m in e  was t h e n  t e t r a z o t i s e d  and  deam ina ted  w i th  

h y p o p h o sp h o ro u s  a c i d  and  th e  h y d ro c a rb o n  o b t a i n e d .  The 

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

o p t i c a l l y  a c t i v e  a c i d s  w ere  - 1 8 . 0 °  ( - 0 . 2 ° )  and

[ a ] ^ 4 g l  i 2 2 . 0 ° ( - 0 . 3 ° )  i n  a c e to n e  s o l u t i o n .

The m e th y l  e s t e r  o f  2 ’ 6 - d i - t - b u t y l b i p h e n y l - 3 -  

c a r b o x y l i c  a c i d  ( I I )  was p r e p a r e d  b y  h e a t i n g  e q u i - m o l e c u l a r  

p r o p o r t i o n s  o f  m e th y l  3"" lo (3 .o -4 -" t-bu ty lbenzoa te  an d  

o - i o d o - t - b u t y l b e n z e n e  w i th  c o p p e r  b r o n z e .  The p r o d u c t s
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were p a r t i a l l y  s e p a r a t e d  by  d i s t i l l a t i o n  u n d e r  re d u c e d  

p r e s s u r e ,  t h e  m ain  f r a c t i o n  c o n s i s t i n g  o f  a m ix tu r e  o f  

2 , 2 ’ - d i - t - b u t y l b i p h e n y l  and  th e  r e q u i r e d  e s t e r .  T h is  

was h y d r o ly s e d  w i th  e t h a n o l i c  p o ta s s iu m  e t h o x i d e  and  th e  

h y d r o c a rb o n  rem oved by  e x t r a c t i o n  w i th  e t h e r .  The 

u n s y m m e tr ic a l  a c i d  was th e n  o b t a i n e d  on  a c i d i f i c a t i o n  o f  

t h e  a l k a l i n e  s o l u t i o n  i n  9.2% y i e l d .  I t  was c o n v e r t e d  

i n t o  i t s  s t r y c h n i n e  s a l t  and  t h e  two d i a s t e r e o i s o m e r s  

w ere s e p a r a t e d  by  c r y s t a l l i s a t i o n  from  e t h a n o l .  The ( + ) -  

a c i d  s a l t  was c r y s t a l l i n e  and  was r e a d i l y  o b t a i n e d  

o p t i c a l l y  p u r e ,  w h e rea s  th e  ( - ) - a c i d  s a l t  was a n  o i l .

The ( i ) - a c i d ,  h ow ever, was more s p a r i n g l y  s o l u b l e  t h a n  th e  

a c t i v e  a c i d s ,  and  th e  c ru d e  ( - ) - a c i d  o b t a i n e d  from  th e  o i l  

was i s o l a t e d  o p t i c a l l y  p u re  b y  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  m e th a n o l .  The a c i d s  h a d  - 2 5 . 6 ° ( - 0 . 2 ° )  and

[ a ] ^ g l i 2 8 . 3 ° ( ~ 0 . 1 ° )  i n  c h lo r o f o r m .  The o p t i c a l l y  a c t i v e  

a c i d  had  h ig h  o p t i c a l  s t a b i l i t y  and  r e t a i n e d  i t s  a c t i v i t y  

a f t e r  s u b l i m a t i o n  a t  1 3 0 ° / l  mm. and  e v e n  a f t e r  m e l t i n g .

A t te m p ts  w ere made t o  p r e p a r e  2 ’ - n i t r o - 6 - t - b u t y l -  

b i p h e n y l - 3 - c a r b o x y l i c  a c i d  b y  h e a t i n g  w i th  c o p p e r  b r o n z e  

e q u i r a o le c u la r  am ounts o f  m e th y l  3 - i o d o - 4 - t - b u t y l b e n z o a t e  

and  o - c h l o r o n i t r o b e n z e n e ,  b u t  i t  was o b t a i n e d  i n  v e r y  low  

y i e l d s .  One p ro b a b ljf  e x p l a n a t i o n  f o r  t h i s  r e s u l t  was t h e  

ex trem e  e a s e  w i th  w hich  th e  m e th y l  e s t e r  u n d e rw e n t 

d e h a lo g e n a t io n  b y  th e  c o p p e r  b ro n z e  to  g iv e  m e th y l
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£ - t - b u t y l b e n z o a t e .  T h is  was e a s i l y  rem oved by  d i s t i l l a t i o n  

u n d e r  r e d u c e d  p r e s s u r e  o f  t h e  U llm ann r e a c t i o n  p ro d u c t  

b u t  t h e  e s t e r s  o f  th e  s y m m e tr ic a l  d i - t - b u t y l b i p h e n y l  

a c i d  a n d  th e  r e q u i r e d  u n s y m m e tr ic a l  a c i d  c o u ld  n o t  b e  

s e p a r a t e d .  The m ix tu re  o f  e s t e r s  was t h e r e f o r e  h y d r o ly s e d  

and  th e  a c i d s  w ere  e v e n t u a l l y  s e p a r a t e d  b y  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  g l a c i a l  a c e t i c  a c i d ,  b u t  i t  was a 

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

two a c i d s  was v e r y  s l i g h t .  Prom I 8 0 g .  o f  t h e  i o d o - e s t e r ,  

l e s s  t h a n  2 g . o f  t h e  p u re  a c i d  w ere o b t a i n e d  an d  t h i s  

s y n t h e s i s  was t h e r e f o r e  ab a n d o n ed .

I n  o r d e r  t o  o b t a i n  a s i m i l a r  b ip h e n y l  compound w i th  

a n i t r o - g r o u p  i n  th e  o r t h o - p o s i t i o n  e t h y l  3 - n i t r o - 4 -b ro m o -  

b e n z o a te  was p r e p a r e d  by  t h e  f o l lo v / in g  r o u t e :

Qdoh Cco^b
Ccvy:. hNC 

3

T h is  s y n t h e s i s  was p a r a l l e l  t o  t h a t  u s e d  by  S e a r l e  and 

Adams ( J .A m er.C h em .S o c . .  1 9 3 3 , ^ 9  1649) f o r  t h e  p r e p a r a t i o n  

o f  e t h y l  3 - n i t r o - 4 - i o d o b e n z o a t e .  The e t ÿ y l  e s t e r  o f  t h e  

b r o m o - n i t r o - a c i d  was h e a t e d  w i th  a n  e q u im o le c u la r  p r o p o r t i o n  

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

w ere p a r t i a l l y  s e p a r a t e d  b y  v a c u u m -d is t i l l a t i o n .  The 

r e s i d u e  o f  t h e  d i s t i l l a t i o n  was h y d r o ly s e d  and  was a m ix tu r e
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o f  t h e  r e q u i r e d  a c i d  2 ’ - t - ’b u t y l - 6 - n i t r o b i p h e n y l - 4 -  

c a r b o x y l I c  a c i d  ( i l l ) ,  and  th e  sy m m e tr ic a l  d i n i t r o - a c i d *

The m ix tu r e  was e x t r a c t e d  i n  a S o x h le t  a p p a r a t u s  w i th  

b e n z e n e ,  i n  w h ich  th e  s y m m e tr ic a l  d i n i t r o - a c i d  was 

i n s o l u b l e #  The b en z en e  s o l u t i o n  was p a s s e d  th r o u g h  a 

colum n o f  s i l i c a  g e l  and  e l u t e d  w i th  b en zen e#  The s o l v e n t  

was rem oved from  th e  e l u a t e s  c o l l e c t e d ,  and  a p a l e  y e l lo w  

s o l i d  was o b t a i n e d  w h ich ,  on  r e 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  ( b # p .  4 0 - 60° ) ,  gave th e  r e q u i r e d  a c i d ,  m#p. 1 5 0 - 1 5 1 ' 

i n  6% y ie ld #  A n e g l i g i b l e  am ount o f  t h i s  a c i d  was 

o b t a in e d  i f  th e  t e m p e r a tu r e  o f  th e  U llm ann r e a c t i o n  

m ix tu re  was a l lo w e d  to  r i s e  above 2 4 0 ° ,  s i n c e  above t h a t  

t e m p e r a tu r e  p a r t i a l  r e d u c t i o n  o f  th e  -NO^ g ro u p  by  th e  

c o p p e r  b r o n z e  o c c u r r e d  (P u so n  and C le v e la n d ,  O rg # S y n th . .

1 9 4 0 , 20, 4 5 ) .

The s t r y c h n i n e  s a l t  o f  2 ' - t - h u t y l - 6 - n i t r o b l p h e n y l -  

4 - c a r b o x y l i c  a c i d  was p r e p a r e d  i n  e th a n o l  an d  a s e r i e s  

o f  c r o p s  was o b t a i n e d  whose r o t a t i o n s  i n  c h lo ro f o rm  w ere 

[ a ] ^ y g ^ + l4 * 7 ° ,  and  [ a ] ^ Q + l 8 . 7 °  ( - 0 . 5 ° ) .  The a c i d  

r e c o v e r e d  from  t h e s e  s a l t s  was d e x t r o r o t a t o r y  and  i t  was 

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

s e c o n d - o r d e r  asy m m etric  t r a n s f o r m a t i o n .  The s a l t  m u ta -  

r o t a t e d  i n  b o i l i n g  c h lo ro fo rm  s o lu t i o n  d u r in g  2 h o u r s  and  

s lo w ly  a t  room te m p e r a tu r e  d u r i n g  14  d ay s  to  g iv e  th e  

p a r t i a l  r a c e m a te ,  “ 2 . 8 °  and  [ a ] ^ g ^ - 4 * l ° *
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R a c é m is a t io n  o f  th e  ( + ) - a c i d  i n  t o lu e n e  was s t u d i e d  a t  

s e v e r a l  t e m p e r a t u r e s ,  b e tw e e n  5 1 °  and 7 5 ° ,  and  from  th e  

r a t e s  o f  r a c é m i s a t i o n ,  t h e  e n e rg y  o f  a c t i v a t i o n  ( e )  was 

fo u n d  to  b e  25*4 k c a l# m o le ~ ^ .  The h a l f - l i f e  p e r i o d s  

a t  t h e s e  t e m p e r a t u r e s  a r e  g iv e n  i n  th e  t a b l e  b e lo w :

T e m p e ra tu re 5 1 .0 °  5 5 ,8 ° 5 0 .5 ° 6 4 . 2 ° 7 0 . 1 ° 7 5 .2 °

H a l f - l i f e  
p e r i o d  i n  
m in u te s

1 9 9 .7  1 0 9 .8 7 3 .0 4 5 .5 2 4 .6 1 4 .5

M ethyl 8 - ( 2 ’ - t - b u t y l p h e n y l ) - l - n a p h t h o a t e  was

p r e p a r e d  b y  h e a t i n g  a n  e q u i m o le c u la r  m ix tu r e  o f  m e thy l

8 - b r o m o - l - n a p h th o a te  an d  o - i o d o - t - b u t y l b e n z e n e  w i th  c o p p e r  
o

b r o n z e  a t  2 2 0 '#

M ethyl 8 - b r o m o - l - n a p h th o a t e  was p r e p a r e d  b y  th e  

m ethod o f  R ule  e t  a l . ( l . , 1 9 3 2 , 1 7 5 ; i M d . . 1 9 3 4 , 1 6 8 ) .

ffc-O- C - 0 Br coo/f

N a p h th a l i c  a n h y d r id e  i n  a s o l u t i o n  o f  aq u e o u s  sodium 

h y d ro x id e  was h e a t e d  u n d e r  r e f l u x  f o r  15 m in u te s .  A 

s o l u t i o n  o f  m e rc u r ic  o x id e  i n  a c e t i c  a c i d  was t h e n  added  

to  th e  a l k a l i n e  s o l u t i o n ,  th e  m ix tu re  was a c i d i f i e d  w i th  

a c e t i c  a c i d  and  t h e n  h e a t e d  u n d e r  r e f l u x  f o r  80 h o u r s .
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To a s u s p e n s io n  o f  t h e  m e rc u rih y d ro x y -co m p o u n d  i n  a c e t i c  

a c i d  was ad d e d  a s o l u t i o n  o f  b ro m in e  i n  aq u e o u s  sodium 

b rom ide  s o l u t i o n ,  and  th e  b r o m o -a c id  so fo rm e d  was 

e s t e r i f i e d  th r o u g h  th e  a c i d  c h l o r i d e .

The p r o d u c t s  o f  t h e  U llm ann  r e a c t i o n  w ere  e x t r a c t e d  

w i th  c h lo r o b e n z e n e ,  and  a f t e r  t h e  s o l v e n t  h ad  b e e n  rem oved , 

c ru d e  d im e th y l  l , l ’ - b i n a p h t h y l - 8 , 8 ’ - d i c a r b o x y l a t e  

c r y s t a l l i s e d .  T h is  was f i l t e r e d  o f f  and  th e  r e s i d u e  was 

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

vacuum d i s t i l l a t i o n  c o n t a i n e d  th e  r e q u i r e d  e s t e r .  T h is  

was h y d r o ly s e d  w i th  a s o l u t i o n  o f  p o ta s s iu m  h y d ro x id e  i n  

amyl a l c o h o l ,  s i n c e  th e  e s t e r  was r e c o v e r e d  u n ch a n g ed  a f t e r  

h e a t i n g  w i th  e t h a n o l i c  p o ta s s iu m  e th o x id e  s o l u t i o n  f o r  

3 h o u r s .

8 - ( 2 ’ - t - b u t y l p h e n y l ) - 1 - n a p h t h o i c  a c i d  ( IV )  was 

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

i n  e t h a n o l  from  w hich  th e  ( + ) - a c i d  s a l t  c r y s t a l l i s e d  i n  

r o s e t t e s  o f  r e c t a n g u l a r  p l a t e s ,  [oLjcyq-i -1 4 * 5 °  and
o f

[ a ] ^ g l  - 1 9 .9  i n  c h lo r o f o rm .  On e v a p o r a t i o i ^ t h e  

m o t h e r - l i q u o r  to  d r y n e s s  a  s o l i d  was o b t a i n e d  w hich  was 

r e c r y s t a l l i s e d  from  a c e to n e  and  gave t h e  ( - ) - a c i d  s a l t ,  

- 8 7 . 7° and - 1 0 0 .7 °  i n  c h lo ro f o r m .  The

f r e e  a c i d s  w ere  o b t a i n e d  h a v in g  -4 4 * 5 °  and

[ a ] ^ 6 i ^ 9 * ^ ^  ( - 0 . 2 ° )  i n  c h lo r o f o r m .  R a c é m is a t io n  o f  

t h e  o p t i c a l l y  a c t i v e  a c i d s  was s t u d i e d  a t  t e m p e r a tu r e s
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b e tw e e n  121^ and  1 3 6 ^ i n  e t h y lb e n z e n e ,  and  from  t h e s e  t h e  

e n e rg y  o f  a c t i v a t i o n  E , was fo u n d  to  b e  29 k c a l .m o le ""^ .

I t  i s  i n t e r e s t i n g  t o  n o te  how v e ry  much more s t a b l e  t h i s  

a c i d  was t h a n  th e  2 * - t - b u t y l b i p h e n y l - 2 - c a r b o x y l i c  a c i d  

w h ich  was i n v e s t i g a t e d  by  L e s s l i e  ( J * ,  I 9 6 I ,  6 I ) .  I t  h a d  

E = 2 4  kca l.m ole"^^#

I n  a n  a t t e m p t  t o  d e c a r b o x y la t e  t h e  above n a p h th o ic  

a c i d  by  th e  Schm idt r e a c t i o n ,  i t  was o b s e r v e d  t h a t  a s  so o n  

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

s u l p h u r i c  a c i d ,  a r e d  s o l u t i o n  was o b t a i n e d .  %hen t h i s  

s u l p h u r i c  a c i d  s o l u t i o n  was p o u re d  on  i c e  a y e l lo w  s o l i d  

was p r e c i p i t a t e d ,  w h ich  was 7 - o x o - l l - t - b u t y l b e n z [ d e ] a n t h r a c e n e  

(v)  c y c l i s a t i o n  h a v in g  o c c u r re d #

c  —

The r e a c t i o n  was r e p e a t e d  on  t h e  ( + ) - a c i d  and  

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

show ing  t h a t  i n  (V) t h e  m o le c u le  i s  q u i t e  f l a t .
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EXPERIMENTAL.
'M. *

P r e p a r a t i o n  o f  o - I o d o - t - b u t y l b e n z e n e #

2 .U -D i 'n i t r o - t - b u t y l b e n z e n e .

t - B u ty lb e n z e n e  ( lO O g .) was s lo w ly  a d d e d ,  w i th  

s t i r r i n g ,  t o  fu m in g  n i t r i c  a c i d  (d# 1 . 5 1 , 500  m l . )  a t  0 ^ 

w i t h i n  k5 m in u te s .  The t e m p e r a tu r e  o f  th e  r e a c t i o n  m ix tu r e  

was k e p t  be lo w  d u r i n g  th e  a d d i t i o n .  The s o l u t i o n  was 

t h e n  h e a t e d  on  a w a t e r - b a t h  a t  6 0 - 6 5 ^ f o r  1 5  m in u te s  and  

p o u re d  on  c r u s h e d  i c e .  The c ru d e  d in i t r o - c o m p o u n d  was 

f i l t e r e d  o f f ,  m e l te d  u n d e r  b o i l é n g  w a te r  ( 3  1 * ) ,  and  c o o le d  

q u i c k l y  w i th  v ig o r o u s  s t i r r i n g .  The s o l i d  was f i l t e r e d  

o f f  an d  a f t e r  c r y s t a l l i s a t i o n  from  e t h a n o l ,  t h e  d i n i t i r o - t -  

b u ty lb e n z e n e  was o b t a i n e d  ( l 3Ug*, 8 0 ^ ) ,  m .p . 6 l - 6 3 ^ .

3- N i t r o - h - t - b u t v l a n i l i n e .

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

a d d in g  s u lp h u r  ( 2 6 g . ) t o  a  b o i l i n g  s o l u t i o n  o f  sodium  

s u lp h i d e  ( 9 6 g . ) i n  w a te r  (200  m l . ) ,  b o i l i n g  t h e  m ix tu r e  

u n t i l  t h e  s o l u t i o n  was c l e a r .  I t  was t h e n  ad d ed  to  a 

v i g o r o u s l y  s t i r r e d  s u s p e n s io n  o f  2 , U - d i n i t r o - t - b u t y l b e n z e n e  

( l | i | . 8 g . )  i n  b o i l i n g  w a te r  (5 0 0  m l . ) .  The m ix tu r e  was 

b o i l e d  w i th  s t i r r i n g  f o r  a f u r t h e r  1 ^  h o u r s ,  t h e  volum e o f
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t h e  w a te r  b e i n g  m a in t a in e d ,  an d  t h e n  f i l t e r e d  h o t .  The 

f i l t r a t e  w as c o o le d  i n  i c e  and  th e  c ru d e  n i t r o - a m i n e  

f i l t e r e d  o f f .  I t  was b o i l e d  w i th  c o n c e n t r a t e d  h y d r o c h l o r i c  

a c i d  an d  s u f f i c i e n t  h o t  w a te r  ad d ed  t o  d i s s o l v e  th e  

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

and  a l lo w e d  t o  c o o l ,  when 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 .

I t  was f i l t e r e d  o f f ,  w ashed  w i th  e t h e r  and  d r i e d  a t  1 0 0 ^ .

The m o t h e r - l i q u o r  o f  t h e  h y d r o c h l o r i d e  was w ashed w i t h  e t h e r  

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

rem oved . Unchanged d i  n i  t  r o - compound was r e c o v e r e d  ( 6 g . ) ,  

The c r y s t a l l i n e  h y d r o c h l o r i d e  was d i s s o l v e d  i n  

h o t  w a te r  an d  c o n c e n t r a t e d  aq u e o u s  ammonia a d d e d ,  and  th e  

am ine was p r e c i p i t a t e d .  More o f  t h e  am ine was o b t a in e d  by  

a d d in g  ammonia t o  th e  h y d r o c h l o r i d e  m o t h e r - l i q u o r .  The 

c ru d e  am ine was c r y s t a l l i s e d  from  e t h a n o l  from  w hich  i t  

s e p a r a t e d  a s  s m a ll  y e l lo w  p l a t e s  (2 7 # 5 g # , 71?5), m .p .56-57^*

o - N i t r o - b u t .v lb e n z e n e .

( a )  3 - N i t r o - i | - t - b u t y l a n i l i n e  ( 6 6 g .  ) was d i a z o t i s e d  i n

c o n c e n t r a t e d  h y d r o c l i l o r i c  a c i d ,  b e tw e e n  - 5^ and  2 ^ ,  and  th e  

s o l u t i o n  a l lo w e d  t o  s t a n d  f o r  one h o u r  a t  2 ^ ( t h i s  was 

e s s e n t i a l  o th e r w is e  d i a z o t i s a t i o n  was i n c o m p l e t e ) .  The 

d ia zo n iu m  s o l u t i o n  was t h e n  f i l t e r e d  and  e x c e s s  h y d ro g e n  

f l u o r o b o r a t e  was ad d e d .  The p r e c i p i t a t e d  d ia zo n iu m  

f l u o r o b o r a t e  was f i l t e r e d  o f f ,  w ashed  w i th  e t h e r ,  and  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 .
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To decompose t h e  f l u o r o b o r a t e  ( 8 0 g . ) ,  i t  was 

added  g r a d u a l l y  t o  a b o i l i n g  m ix tu r e  o f  c o n c e n t r a t e d  

s u l p h u r i c  a c i d  ( 3 2 g . )  and  e t h a n o l  ( l6 0 g . ) and  b o i l e d  u n d e r  

r e f l u x  u n t i l  t h e  r e a c t i o n  was c o m p le te .  The m ix tu r e  was 

t h e n  p o u re d  i n t o  a l a r g e  e x c e s s  o f  v / a t e r ,  and  th e  n i t r o -  

h y d ro c a rb o n  e x t r a c t e d  w i th  e t h e r .  The e t h e r e a l  e x t r a c t  was 

w ashed  w i th  aq u eo u s  sodium h y d ro x id e  s o l u t i o n  (lO%) an d  

w i th  w a t e r ,  t h e n  d r i e d  o v e r  c a lc iu m  c h l o r i d e .  The e t h e r  

was rem oved and  th e  r e s i d u e  d i s t i l l e d .  o - N i t r o - t - b u t y l b e n z e n e  

was o b t a i n e d ,  b . p .  9 4 - 9 8 ° / 2mm. ( 3U .2 g . ,  5 6 !^).

(b )  The n i t r o a n i l i n e  (6 0 g .  ) was d i a z o t i s e d  a s  above 

and  th e  f i l t e r e d  d iazo n iu m  s o l u t i o n  was a d d e d ,  w i th  s t i r r i n g ,  

t o  h y p o p h o sp h o ro u s  a c i d  (6 0 0  m l . ) a t  0^ ,  t h e  t e m p e r a tu r e  

b e i n g  m a in t a in e d  be low  5 ^ .  The m ix tu re  was l e f t  t o  s t a n d  

o v e r n i g h t  a t  and  th e  n i t ro -c o m p o u n d  was t h e n  e x t r a c t e d  

w i th  e t h e r .  The e t h e r e a l  s o l u t i o n  was w ashed  w i th  aq u e o u s  

sodium h y d ro x id e  s o l u t i o n  {10%) and  w i th  w a t e r ,  t h e n  d r i e d  

o v e r  c a lc iu m  c h l o r i d e .  A f t e r  t h e  s o l v e n t  h ad  b e e n  rem oved 

th e  r e s i d u e  was d i s t i l l e d  and  th e  ^ - i ^ t r o - t - b u t y l b e n z e n e  was 

o b t a i n e d .  ( 4 5 ' 7g # , 15%).

o- t - B u t v l a n i l i n e .

o - N i t r o - t - b u t y l b e n z e n e  (3 5 g * )  was ad d ed  s lo w ly  

to  a s u s p e n s i o n  o f  i r o n  f i l i n g s  (3 5 g # ) i n  b o i l i n g  w a te r
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c o n t a i n i n g  a l i t t l e  a c e t i c  a c i d .  The m ix tu r e  was b o i l e d

u n d e r  r e f l u x  f o r  5& h o u r s ,  a f t e r  w h ic h  t im e  t h e  r e a c t i o n  was 

c o m p le t e .  The am ine was e x t r a c t e d  w i t h  b o i l i n g  e t h a n o l  

( c o n t a i n i n g  a  l i t t l e  ammonia) w h ich  was t h e n  rem oved  b y  

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

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

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

i i y d r o c h l o r i d e .  The s o l u t i o n  w as w ash ed  w i t h  e t h e r  t o  

rem ove any  u n c h a n g e d  n i t r o - c o m p o u n d ,  a n d  t h e  b a s e  was 

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

am monia. The am ine  was e x t r a c t e d  w i t h  e t h e r ,  t h e  e t h e r e a l  

e x t r a c t  was w ash e d  w i t h  w a t e r ,  a n d  d r i e d  o v e r  p o ta s s iu m  

c a r b o n a t e .  A f t e r  rem o v a l o f  t h e  e t h e r ,  t h e  am in e  was 

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

o i l ,  b . p .  8 0 -86° /2m m . ( 2 3 g . ,  79%).

Q-Io d o -t-b u tv lb en zen e .

2 - t - B u t y l a n i l i n e  ( 2 2 g . )  was d i s s o l v e d  i n  d i l u t e  

s u l p h u r i c  a c i d  ( ^  1 . 2 , 1 2 0  m l . )  a n d  t h e  s o l u t i o n  c o o l e d  t o  

- 3 5 ^ i n  a f r e e z i n g  s o l u t i o n  ( c a r b o n  d i o x i d e  a n d  e t h a n o l ) .

A c o n c e n t r a t e d  a q u e o u s  s o l u t i o n  o f  sod ium  n i t r i t e  ( lO .U g * )  

w as a d d e d  w i t h i n  1 0  m in u te s  an d  t h e  r e a c t i o n  m ix t u r e  

a l lo w e d  t o  warm up t o  -1 5 ^  i n  t h e  f r e e z i n g  s o l u t i o n .  The 

r e s u l t a n t  g e l a t i n o u s  m ix tu r e  was a d d e d  t o  a q u e o u s  p o ta s s iu m  

i o d i d e  s o l u t i o n  ( 2 0 g .  i n  UO m l.  w a t e r ) ,  a n d  t h e n  a l lo w e d  t o
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s t a n d  u n t i l  d e c o m p o s i t io n  o f  t h e  d ia zo n iu m  i o d i d e  was 

com ple te*  The m ix tu r e  was made a l k a l i n e  w i th  sodium  

h y d ro x id e  s o l u t i o n  and  th e  c ru d e  io d o - h y d ro c a r b o n  from  

two s i m i l a r  e x p e r im e n ts  was s t e a m - d i s t i l l e d *  The 

d i s t i l l a t e  was e x t r a c t e d  w i th  e t h e r ,  and  th e  e t h e r e a l  

e x t r a c t  was w ashed  s u c c e s s i v e l y  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 ,  sodium m e t a b i s u l p h i t e  s o l u t i o n  an d  w i th  w a t e r ,  t h e n  

d r i e d  o v e r  c a lc iu m  c h l o r id e *  The e t h e r  was rem oved and  

th e  r e s i d u e  was d i s t i l l e d  u n d e r  r e d u c e d  p r e s s u r e *  o - I o d o -  

t - b u t y l b e n z e n e  was o b t a i n e d ,  b .p *  1 0 U -l l l^ /9 n im . ( 4 6 g . , 60%).

—t
P r e p a r a t i o n  o f  M e th v l- 3- Io d o -i4]̂ b u t y l b e n z o a t e . 

p - 1̂ -Butyl_ac_eto_phenone.

(Mowry, R e n o l l  a n d  H uber , J .A m er.C h em .S o c . . 1 9 4 6 , 1 1 0 5 ) .

To a s u s p e n s io n  o f  a n h y d ro u s  a lum in ium  c h l o r i d e  

( I 5 0 g . )  and  d ry  c a rb o n  t e t r a c h l o r i d e  ( 1 0 0 0 m l . )  c o o le d  i n  i c e ,  

a c e t y l  c h l o r i d e  ( 7 3 g # ) was ad d ed  d u r in g  1 5  m in u t e s ,  w i th  

v ig o r o u s  s t i r r i n g .  The t - b u t y l b e n z e n e  ( l 2 1 g . ) was ad d e d  

d ro p w ise  o v e r  a p e r i o d  o f  2 j  h o u r s ,  k e e p in g  t h e  t e m p e r a tu r e  

b e lo w  5 ^ . Tlie s t i r r i n g  was c o n t in u e d  f o r  a f u r t h e r  2 j  

h o u r s  a f t e r  t h e  a d d i t i o n  was c o m p le te .  H y d r o l y s i s  o f  th e  

p r o d u c t  was e f f e c t e d  b y  a d d in g  th e  r e a c t i o n  m ix tu r e  to  

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

s o l u t i o n  was w ashed  s u c c e s s i v e l y  w i th  d i l u t e  h y d r o c h l o r i c
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a c i d ,  a q u e o u s  sodium  c a r b o n a t e  s o l u t i o n  an d  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 t  was t h e n  d i s t i l l e d  

t h r o u g h  a  50cm. V ig re u x  co lum n , t h e  c a r b o n  t e t r a c h l o r i d e  

was rem o v ed , a n d  th e  jq - t - b u ty l a c e t o p h e n o n e  was c o l l e c t e d ,  

b . p .  84-86^/4m m . ( I 1 7 g * , 7 4 ^ ) .

p - t - B u t .v lb e n z o ic  a c i d .

( P r i c e  a n d  L i n c o l n ,  J .A m e r .C h e m .S o c . . 1 9 5 1 , Ü ,  5836)

^ - t - B u t y l a c e t o p h e n o n e  ( l l 6 g . ) was a d d é d  d ro p w is e  

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

w as p r e p a r e d  a s  f o l l o w s .  To c a lc iu m  h y p o c h l o r i t e  ( 6 6 7 g # ) 

d i s s o l v e d  i n  w a t e r  (2 6 6 7  m l . )  was a d d e d  a  m ix t u r e  o f  

p o ta s s iu m  h y d r o x id e  ( l 3 3 g . ) and  p o ta s s iu m  c a r b o n a t e  ( 4 6 7 g * ) 

d i s s o l v e d  i n  w a t e r  (1333  m l . )  ̂ The p r e c i p i t a t e d  c a lc iu m  

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

u s e d  a t  o n c e .  The k e to n e  r e a c t e d  v i g o r o u s l y  a n d  when 

a d d i t i o n  was c o m p le te  t h e  a c i d  was p r e c i p i t a t e d  by  a c i d i f i 

c a t i o n  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 .  I t  was p u r i f i e d  b y  

c r y s t a l l i s a t i o n  from  aq u e o u s  m e th a n o l  from  w h ich  i t  

s e p a r a t e d  i n  c o l o u r l e s s  s m a l l  p r i s m s ,  m .p .  166°  ( 7 2 g . , 6 l% ) ,

3- N i t r o - 4 - t - b u t y l b e n z o i c  a c i d .

p , - t - B u t y l b e n z o i c  a c i d  (lO O g. ) was s lo w ly  a d d e d  t o  

i c e - c o l d  fu m in g  n i t r i c  a c i d  ( lO O O g., d 1 . 5 1 ) « D u r in g  t h e
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a d d i t i o n ,  t h e  t e m p e r a t u r e  o f  t h e  m ix t u r e  w as k e p t  b e tw e e n  

0 - 5 ° .  I t  w as t h e n  h e a t e d  on  a w a t e r - b a t h  a t  5 5 -6 0 °  f o r  

15 m in u te s  and  p o u re d  on  c r u s h e d  i c e .  The c ru d e  n i t r o - a c i d  

was f i l t e r e d  o f f ,  and  c r y s t a l l i s e d  from  d i l u t e  a c e t i c  a c i d .

I t  s e p a r a t e d  i n  a lm o s t  c o l o u r l e s s  s m a l l  p r i s m s ,  m . p . l 6 2 - l 6 3 ^  

( l 0 4 g * , 8 3%). I t  was s e n s i t i v e  t o  l i g h t  an d  on  e x p o s u r e  

becam e o r a n g e - y e l lo w .

M ethy l 3- n i t r o - 4 - t - b u t y l b e n z o a t e .

3 - N i t r o - 4 - t - b u t y l b e n z o i c  a c i d  (lO O g. ) i n  a b s o l u t e  

m e th a n o l  (lOOO m l . )  an d  c o n c e n t r a t e d  s u l p h u r i c  a c i d  ( 5 0 g . ) 

was h e a t e d  u n d e r  r e f l u x  f o r  s i x  h o u r s .  When c o o l ,  t h e  

m ix tu r e  was p o u re d  i n t o  w a t e r ,  an d  t h e  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  o f f ,  w ashed  w i th  sodium  c a r b o n a t e  s o l u t i o n  

an d  w i t h  w a t e r .  I t  was c r y s t a l l i s e d  from  m e th a n o l  and  

s e p a r a t e d  a s  c o l o u r l e s s  p l a t e s ,  m .p .  4 5 - 4 6 ° ,  ( 9 8 g . , 92% ).

O c c a s i o n a l l y  th e  e s t e r  d i d  n o t  s o l i d i f y  when t h e  

r e a c t i o n  m ix t u r e  was p o u re d  i n t o  t h e  w a t e r .  I t  was t h e n  

e x t r a c t e d  w i t h  e t h e r  f ro m  th e  a q u e o u s  s u s p e n s i o n  and  t h e  

e t h e r e a l  e x t r a c t s  w ere  w ashed  w i t h  sodium  c a r b o n a t e  s o l u t i o n  

an d  w i t h  w a t e r ,  an d  d r i e d  o v e r  c a lc iu m  c h l o r i d e .  The 

e t h e r  was rem oved , and  t h e  r e s i d u e  was d i s t i l l e d  u n d e r  

r e d u c e d  p r e s s u r e  t o  g iv e  t h e  e s t e r ,  b . p .  150°/2mra. I t  

s o l i d i f i e d  an d  was p u r i f i e d  b y  c r y s t a l l i s a t i o n  from  m e th a n o l .
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M ethyl 3- a m ln o - 4 - t - h u t y l b e i i z o a t e  h y d r o c h l o r i d e .

M ethyl 3 - n i t r o - 4 - t - b u t y l b e n z o a t e  ( lO O g .) was ad d e d  

s lo w ly  t o  a s u s p e n s i o n  o f  i r o n  f i l i n g s  ( lO O g .) i n  b o i l i n g  

w a te r  c o n t a i n i n g  a  l i t t l e  a c e t i c  a c i d .  The m ix t u r e  was 

h e a t e d  on  a b o i l i n g  w a t e r - b a t h  f o r  3 i  h o u r s ,  a f t e r  w h ich  

t im e  t h e  r e a c t i o n  was c o m p le te .  The b a s e  was e x t r a c t e d  

w i t h  b o i l i n g  e t h a n o l  ( c o n t a i n i n g  a l i t t l e  am monia) an d  th e  

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

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

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

w ashed  w i th  e t h e r ,  an d  d r i e d .  I t  c r y s t a l l i s e d  r e a d i l y  f ro m  

m e th a n o l ,  m .p .  1 9 8 -2 0 0 °  b u t  u s u a l l y  r e c r y s t a l l i s a t i o n  was 

u n n e c e s s a r y .

The c ru d e  h y d r o c h l o r i d e  m o t h e r - l i q u o r  was e x t r a c t e d  

w i t h  e t h e r  t o  rem ove any n i t r o - c o m p o u n d  t h a t  m ig h t  b e  

p r e s e n t ,  b a s i f i e d  w i th  ammonia ( 0 . 8 8 )  and  t h e  p r e c i p i t a t e d  

am ine e x t r a c t e d  w i t h  e t h e r .  The e t h e r e a l  s o l u t i o n  was 

w ashed  w i th  w a t e r  an d  d r i e d  o v e r  a n h y d ro u s  sodium  s u l p h a t e .  

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

i c e - c o l d  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  and  more o f  th e  

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

o b t a i n e d  i n  93% y i e l d .

M ethy l 3- i o d o - 4 - t - b u t y l b e n z o a t e .

The ab o v e  h y d r o c h l o r i d e  ( 4 8 g . ) was d i a z o t i s e d  i n  

c o n c e n t r a t e d  h y d r o c h l o r i c  ( 3 0  m l . )  an d  w a te r  ( 3 0  ml.) w i th
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a c o n c e n t r a t e d  a q u e o u s  s o l u t i o n  o f  sodium  n i t r i t e  ( 1 3 .8  g . ) 

a t  - 2 0 °  t o  - 1 0 ° .  The d ia z o n iu m  s o l u t i o n  was t h e n  ad d ed  

t o  a n  a q u e o u s  s o l u t i o n  o f  p o ta s s iu m  i o d i d e  ( 5 0 g .  i n  80 m l. 

w a t e r ) ,  w i th  s h a k in g ,  an d  t h e  m ix t u r e  a l lo w e d  t o  s t a n d  

o v e r n i g h t .  The r e s u l t a n t  o i l  w h ic h  c o n t a i n e d  some lo w -  

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

s o l u t i o n  was w ashed  r e p e a t e d l y  w i t h  a l k a l i ,  t h e n  s u c c e s s i v e 

l y  w i t 4  sodium  m e t a b i s u l p h i t e  s o l u t i o n ,  a c i d ,  and  w a t e r ,  

a n d  d r i e d  o v e r  c a lc iu m  c h l o r i d e .  The e t h e r  was d i s t i l l e d  

o f f ,  and  th e  r e s i d u e  was d i s t i l l e d  u n d e r  r e d u c e d  p r e s s u r e .

A g r e e n  o i l  was o b t a i n e d ,  b . p .  1 6 4 - 1 6 5 ^ /1 0mm., w h ic h ,  on  

a d d i t i o n  o f  a few  d r o p s  o f  l i g h t  p e t r o le u m  ( b . p .  4 0 - 6 0 ° )  

s o l i d i f i e d  t o  g iv e  a w a x - l i k e  s o l i d .  On c r y s t a l l i s i n g  

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

m .p .  5 8 - 5 9 ^ ,  and  was th e  1 :1  m o le c u l a r  compound o f  t h e  

i o d o - e s t e r  and  m e th y l  3 - h y d r o x y - 4 - t - b u t y l b e n z o a t e .  The 

i o d o - e s t e r  was r e c o v e r e d  f rom  t h e  m o le c u l a r  compound b y  

s t i r r i n g  i t  w i t h  c o l d  a q u e o u s  sodium  h y d r o x id e  s o l u t i o n  

( 3 0 %) and  e x t r a c t i n g  t h e  i o d o - e s t e r  w i th  e t h e r  t o  s e p a r a t e  

i t  from  t h e  sodium  t - b u t y l h y d r o x y b e n z o a t e .  More o f  t h e  

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

c r y s t a l l i s a t i o n  m o t h e r - 1 i n u o r s .

A l t e r n a t i v e l y ,  t h e  g r e e n  o i l ,  o b t a i n e d  from  t h e  

v a c u u m -d is t i l l a t i o n  o f  t h e  c r u d e  " i o d o " - p r o d u c t ,  was 

s t i r r e d  w i t h  c o l d  a l k a l i  u n t i l  f r e e  o f  t h e  h y d roxy-com pound
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and  th e  i o d o - e s t e r  was e x t r a c t e d  w i t h  e t h e r  from  th e  

m i x t u r e .  A f t e r  rem o v a l o f  t h e  s o l v e n t ,  t h e  r e s i d u e  was 

h y d r o ly s e d  w i th  e t h a n o l i c  p o ta s s iu m  e t h o x i d e  an d  t h e  a c i d  

o b t a i n e d  was c r y s t a l l i s e d  from  m e th a n o l .

3 - 1 o d o -4 - t . - b u t v l b e n z o i c  a c i d  c r y s t a l l i s e d  i n  

c o l o u r l e s s  n e e d l e s ,  m .p . 2 0 2 -2 0 3 ^  (F o u n d : C, 4 3 » 5 ; H, 4*4#

C1 1 H1 3 IO2 r e q u i r e s  C, 4 3 # 4 ;  H, 4#3%)« The p u r e  i o d o - a c i d  

was c o n v e r t e d  i n t o  i t s  m e t h y l - e s t e r  w h ich  h a d  b . p .  1 5 6 - 1 5 8 ° /  

4 mm., m . p . ^ 1 2 ° .

P r e p a r a t i o n  o f  E tixvl 3- I o d o - 4 - t - b u t v l b e n z o a t e .

E th v l  3- n i t r o - 4 -± ^ u t v l b e n z o a t e .

3 - N i t r o - 4 - t - b u t y l b e n z o i c  a c i d  ( lO O g. ) was h e a t e d  

u n d e r  r e f l u x  i n  a s o l u t i o n  o f  e t h a n o l  ( 5 0 0 g . ) an d  c o n c e n t r a t e d  

s u l p h u r i c  a c i d  ( 5 0 g . ) f o r  6  h o u r s .  A f t e r  c o o l i n g ,  t h e  

m ix tu r e  was p o u r e d  i n t o  w a te r  an d  t h e  o i l  was e x t r a c t e d  

w i th  e t h e r .  The e t h e r e a l  s o l u t i o n  was w ashed  w i th  

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

d r i e d  o v e r  c a lc iu m  c h l o r i d e .  A f t e r  re m o v in g  t h e  e t h e r ,  

t h e  r e s i d u e  was d i s t i l l e d  u n d e r  r e d u c e d  p r e s s u r e .

E th y l  ^ - n i t r o ~ U -t - h u t y l h e n 2o a t e . b . p .  l 6 2 - l 61+ ° /5nim., 

c r y s t a l l i s e d  from  e t h a n o l  i n  c o l o u r l e s s  p l a t e ,  m .p .  2 2 - 2 4 °  

(P o u n d : C, 6 2 . I j  H, 6 . 7 .  r e q u i r e s  C, 6 2 .1 ;

H, 6.8%).
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E t l w l  5- a m in o -2i-t - b u t y l b e n z o a t e  h y d r o c l i l o r i d e  #

The above  n i t r o - e s t e r  (7 5 g * )  was r e d u c e d  w i t h  

i r o n  f i l i n g s  (7 5 g * )  su sp e n d e d  i n  b o i l i n g  w a t e r  c o n t a i n i n g  

a l i t t l e  g l a c i a l  a c e t i c  a c i d .  On c o m p le t io n  o f  t h e  

r e a c t i o n ,  t h e  r e d u c t i o n  m ix tu r e  was e x t r a c t e d  w i th  b o i l i n g  

e t h a n o l ,  t h e  s o l u t i o n  was f i l t e r e d ,  an d  t h e  s o l v e n t  rem oved . 

The r e s i d u e  was p o u re d  i n t o  i c e - c o l d  c o n c e n t r a t e d  h y d r o c h l o r i c  

a c i d  an d  t h e  p r e c i p i t a t e d  h y d r o c h l o r i d e  was f i l t e r e d  o f f  

an d  w ashed  w i th  e t h e r .  The m o t h e r - l i q u o r  was e x t r a c t e d  

w i t h  e t h e r ,  b a s i f i e d  w i th  ammonia an d  t h e  p r e c i p i t a t e d  

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

d r i e d  o v e r  a n h y d ro u s  sodium  s u l p h a t e ,  t h e  s o l v e n t  rem oved 

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

p r e s s u r e .  The am ine t h u s  o b t a i n e d  was c o n v e r t e d  i n t o  t h e  

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

h y d r o c h l o r i d e  was 57#5g# (77%)*

The h y d r o c h l o r i d e  was r e a d i l y  s o l u b l e  i n  m ost 

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

a c i d  r e s u l t e d  i n  h y d r o l y s i s  o f  t h é  e s t e r  t o  g iv e  3 - a m in o -U - t -  

b u t y l b e n z o i c  a c i d  h y d r o c h l o r i d e , ra .p .  2 3 8 -239^  (d e c o m p .)  

(P o u n d : C, 5 7 .5 ;  H, 6 . 8 ;  C l ,  1 5 . 2 .  G^^H^gClNO^ r e q u i r e s

C, 5 7 .5 ;  H, 6 . 9 ;  C l ,  1 5 . 4 ^ ) .  S in c e  a n  a n a l y t i c a l l y  p u re  

sam ple  o f  t h e  e t h y l  e s t e r  b a s e  h y d r o c h l o r i d e  c o u ld  n o t  b e  

o b t a i n e d ,  a p o r t i o n  o f  i t  was c o n v e r t e d  i n t o  th e  f r e e  b a s e .
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E th y l  5 - am ino- 4 - t - h u t .v l b e n z o a t e  was a  v i s c o u s  o i l ,  

b#p# l60^ /4m m . (P ound : C, 7 0 .6 ;  H, 9*3* ^ i 3 ^ g ^ ^ 2

r e q u i r e s  C, 7 0 .6 ;  H, 8 .7 % )•

E t h y l  5- i o d o - 4 - t - b u t y l b e n z o a t e .

E th y l  3 - a m i n o - 4 - t - b u t y l b e n z o a t e  h y d r o c h l o r i d e  

( 2 6 g . ) was d i a z o t i s e d  i n  h y d r o c h l o r i c  a c i d  a t  - 2 0 ^ .  The 

t e m p e r a t u r e  o f  t h e  m ix tu r e  was a l lo w e d  to  r i s e  t o  -1 0 ^  an d  

t h e n  p o u re d  i n t o  an  aq u e o u s  s o l u t i o n  o f  p o ta s s iu m  i o d i d e  

( 2 5 g .  i n  40  m l . w a t e r ) . vVhen e f f e r v e s c e n c e  h a d  c e a s e d ,  t h e

m ix tu r e  was e x t r a c t e d  w i th  e t h e r ,  an d  th e  e t h e r e a l  s o l u t i o n

was washed r e p e a t e d l y  w i th  a q u e o u s  sodium  h y d r o x id e  s o l u t i o n

(10% ), t h e n  s u c c e s s i v e l y  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 ,  a n  

a q u e o u s  s o l u t i o n  o f  sodium  m e t a b i s u l p h i t e , and  w a t e r ,  an d  

d r i e d  o v e r  c a lc iu m  c h l o r i d e .  (A n e g l i g i b l e  am ount ( 0 . 5 g . )  

o f  h y d r o x y - a c id  was r e c o v e r e d  fro m  t h e  sodium  h y d r o x id e  

s o l u t i o n  e x t r a c t s ) .  A f t e r  rem o v in g  th e  s o l v e n t  from  th e  

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

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

E th y l  3 - i o d o - 4 - t - b u t . v l b e n z o a t e  c r y s t a l l i s e d  f rom  

e t h a n o l  i n  c o l o u r l e s s  r e c t a n g u l a r  p r i s m s ,  m .p .  5 8 -5 9 ^

(F o u n d : C, 4 7 * l j  H, 4 .9 #  r e q u i r e s  C, 4 7 . 0 ;

H, 5.2%).

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

y i e l d e d  more o f  t h e  e t h y l  i o d o - e s t e r  and  f i n a l l y  t h e  e t h y l
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h y d r o x y - 6 8 t e r  w h ic h ,  on  t r e a t m e n t  w i t h  c o l d  a q u e o u s  sodium  

h y d r o x id e  s o l u t i o n  ( 3 0 % ), f o l l o w e d  b y  a c i d i f i c a t i o n ,  gave 

t h e  3 "^hydroxy-4 - t - b u t y l b e n z o i c  a c i d ,  m .p .  1 8 7 - 1 8 8 ^ .
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P r e p a r a t i o n  o f  6 . 6 * - D i - t - b u t y l b i ü h e n y l - 5 . 3 * - d i c a r b o x .v l i c  A c id . 

D i e t h y l  6 .6*  - d j r t - b u t y l b i n h e n y l - 3 .3  * - d i c a r b o x y l a t e .

E t h y l  3 - i o d o - 4 - t - b u t y l b e n ^ o a t e  ( l 8 g . ) was h e a t e d  

w i t h  c o p p e r  b ro n z e  ( l 8 g . ) i n  a b a t h  a t  2 3 0 -2 4 0 ^ .  I t  r e a c t e d  

v i g o r o u s l y  and  when t h e  r e a c t i o n  was c o m p le te  t h e  m ix t u r e  

was e x t r a c t e d  w i th  b o i l i n g  c h l o r o b e n z e n e .  A f t e r  rem o v a l 

o f  t h e  s o l v e n t ,  a  v i s c o u s  o i l  was o b t a i n e d .  A l i t t l e  

e t h a n o l  was a d d e d  an d  t h e  c ru d e  e s t e r  c r y s t a l l i s e d ,  a n d  was 

f i l t e r e d  o f f .  I t  was r e c r y s t a l l i s e d  f ro m  e t h a n o l  ( 3 . 8 g . , 

2 4 .2 % ).

D i e t h y l  6 . 6 * - A l - t - b u t y l b l p h e n y l - 3 .3  * - d i  c a r b o x y l  a t e  

c r y s t a l l i s e d  i n  f i n e  n e e d l e s ,  m .p .  144^ (F o u n d : C, 7 6 . 0 ;

H, 8 .4 .  ^26^34^4 0 ,  76 .1 ;  H, 8.4%).

D im e th y l 6 , 6 *- d i ^ t - b u t y l b i p h e n y l - 3 $3*- d i o a r b o x y l a t e  

was s i m i l a r l y  p r e p a r e d  b y  h e a t i n g  m e th y l  3 - i o d o - 4 - t -  

b u t y l b e n z o a t e  ( 2 0 g . ) w i th  c o p p e r  b r o n z e  ( 2 0 g . ) a t  2 3 5 ^ .

The d im e th y l  e s t e r  c r y s t a l l i s e d  from  m e th a n o l ,  from  w h ich  

i t  s e p a r a t e d  i n  f i n e  n e e d l e s ,  m .p .  2 0 2 - 2 0 3 ^ ( 5 . 5 g . f  4 5 . 8 % ).

6 .6 * - D i - t - b u t y l b i p h e n y l - 3 .3 * - d i c a r b o x y l i c  a c i d .

The d im e th y l  e s t e r  ( 2 0 g . ) was h y d r o ly s e d  w i th  

10% e t h a n o l i c  p o ta s iu m  e t h o x id e  (6 0  m l . ) .  A f t e r  h e a t i n g  

t h e  m ix tu r e  u n d e r  r e f l u x  f o r  t h r e e  h o u r s  t h e  e t h a n o l  was 

d i s t i l l e d  o f f  and  th e  r e s i d u e  was d i s s o l v e d  i n  w a t e r .  On
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a c i d i f i c a t i o n  o f  th e  aq u e o u s  s o l u t i o n ,  th e  a c i d  was 

p r e c i p i t a t e d  and  was p u r i f i e d  by  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 .  I t  s e p a r a t e d  i n  h e x a g o n a l  p r i s m s ,  m .p . 345 -346^  

( K o f l e r  b l o c k ) ,  ( 1 8 . 5 g . ,  9 8 ^ ) .

The d i e t h y l  e s t e r  was s i m i l a r l y  h y d r o lÿ s e d .

R e s o l u t i o n  o f  6 .6 * - d i - t - b u t y l b i n h e n v l - o .3 * - d i c a r b o x v l i c  a c i d .

A l l  r o t a t i o n s  w ere m easu red  i n  *’AnalaR*’ a c e to n e  

a t  room te m p e r a tu r e  ( c , / ^  0 . 5 ) i n  2 d m . tu b e s .

The a c i d  ( l 3 g . ) and b r u c i n e  ( 2 8 . 8 g . ) w ere d i s s o l v e d  

i n  b o i l i n g  e t h a n o l  ( 9 OO m l . )  and  th e  s o l u t i o n  k e p t  o v e r n i g h t  

a t  +4^. The f i r s t  f r a c t i o n  o f  s a l t  ( 1 5 . 5 g . ) s e p a r a t e d  a s  

r o s e t t e s  o f  t h i n  r e c t a n g u l a r  p l a t e s  and  h ad  [ a ] ^ ^ g ^ - 4 2 .4 ^  

and  [ a ] ^ g ^ - 4 9 * 4 ^ #  The se co n d  f r a c t i o n  (5 # 5 g # ) w hich  

s e p a r a t e d  a f t e r  c o n c e n t r a t i o n  o f  th e  m o t h e r - l i q u o r  h ad  

[ a ] 5 y9 i - 4 5 *6 ^ and  •5 4 # 4 ^ .  F u r t h e r  c o n c e n t r a t i o n

o f  th e  m o t h e r - l i q u o r  y i e l d e d  a g e l  w hich  c o n ta in e d  a s m a l l  

amount o f  c r y s t a l l i n e  s a l t ,  and  s in c e  t h e  g e l  was v e ry  

s o l u b l e  i n  e th a n o l  i t  was p o s s i b l e  to  s e p a r a t e  them . i

B ru c in e  ( + ) - 6 , 6 ’ - d i - t - b u t y l b i p h e n y l - 3 , 3 * - d i c a r b o y x l a t e  

was o b t a i n e d  o p t i c a l l y  p u re  from  th e  f i r s t  f r a c t i o n  o f  s a l t  

a f t e r  f o u r  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 ,  and  h ad  [ a j ^ y g j 3 7 * 8

[ a ] 5 4 6 1 - 4 3 . 9 ^ .  The se co n d  f r a c t i o n  was r e c r y s t a l l i s e d  

s e v e r a l  t im e s  b u t  i t s  s p e c i f i c  r o t a t i o n  re m a in e d  u n c h a n g ed ;  

i t  was o b v io u s l y  a n  i n s e p a r a b l e  m ix tu re  o f  t h e  (-»-)-acid  s a l t  

and  th e  p a r t i a l  r a c e m a te .
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The o p t i c a l l y  a c t i v e  a c i d s  w ere  o b t a i n e d  b y  

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

h y d r o x id e  s o l u t i o n  i n  t h e  u s u a l  manner* ( + ) - 6 , 6 * - D i - t -  

b u t y l b i p h e n y l - 3 , 3 * - d i c a r b o x y l i c  a c i d  c r y s t a l l i s e d  from  

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

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

i n  v a c u o  a t  1 3 0 ^ f o r  s e v e r a l  h o u r s .  I t  m e l t e d  a t  345^ 

( K o f l e r  b l o c k )  a n d  h a d  + 1 8 .6 ^ ,  + 2 4 .1 ^ .

The c ru d e  ( - ) - a c i d ,  o b t a i n e d  b y  d e c o m p o s i t i o n  o f  th e  gel, 

was r e c r y s t a l l i s e d  from  g l a c i a l  a c e t i c  a c i d ,  a n d  a  s m a l l  

am ount o f  ( l ) - a c i d  s e p a r a t e d .  IT iis  was f i l t e r e d  o f f  an d  

a f t e r  c o n c e n t r a t i o n  o f  t h e  m o t h e r - l i q u o r  t h e  ( - ) - a c i d  

c r y s t a l l i s e d .  R e 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  gav e  t h e  p u r e  ( - ) - a c i d ,  m .p .  3^4-5° ( K o f l e r  b l o c k )  an d

9 ^^^5461 •

P r e p a r a t i o n  o f  2 .2 * - D i - t - b u t y l b i n h e n v l .

M ethod I .

6 , 6 * - D i - t - b u t y l b i p h e n y l - 3 , 3 * - d i c a r b o x y l i c  a c i d  (3 6 » )  

i i )4u i n o l i n e  s o l u t i o n ,  was h e a t e d  u n d e r  r e f l u x  w i t h  c o p p e r  

b r o n z e  ( i g . ) f o r  t h r e e  h o u r s .  The d i c a r b o x y l i c  a c i d  w as 

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

M ethod I I .

The p r o c e d u r e  s u g g e s t e d  b y  S n y d e r ,  E l s t o n  an d  

K ellom  ( J .A m e r .C h e m .S o c . . 1953# ZS# 2014) f o r  t h e  f o r m a t i o n
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o f  a m in e s  f ro m  t h e  c o r r e s p o n d i n g  a r o m a t i c  c a r b o x y l i c  a c i d s ,  

was f o l l o w e d .

A m ix t u r e  o f  h y d ro x y la ra in e  h y d r o c h l o r i d e  ( l . l g . ) ,  

t h e  d i c a r b o x y l i c  a c i d  ( 2 . 5 g . )  a n d  p o ly p h o s p h o r i c  a c i d  ( 3 0 g . ) 

was g r a d u a l l y  h e a t e d  t o  1 8 0 ^ ,  w i t h  m e c h a n ic a l  s t i r r i n g .

H y d ro g en  c h l o r i d e  was e v o lv e d  a s  t h e  t e m p e r a t u r e  a p p r o a c h e d  

1 0 0 ^ ,  b u t  l i t t l e  e f f e r v e s c e n c e  was o b s e r v e d  a s  t h e  t e m p e r a 

t u r e  w as r a i s e d  f u r t h e r .  The r e s u l t a n t  b row n  s o l u t i o n  

was p o u re d  on  c r u s h e d  i c e ,  an d  u n c h a n g e d  d i c a r b o x y l i c  a c i d  

was p r e c i p i t a t e d  ( 2 g . ) .

M ethod I I I .

( K l e i n b e r g ,  C hem .Pev . . 1947# 40# 3 8 6 ) .

B rom ine ( 3 » 2 g . ) was s lo w ly  a d d e d  t o  a s u s p e n s i o n  

o f  t h e  s i l v e r  s a l t  o f  6 , 6 *- d i - t - b u t y l b i p h e n y l - 3 #3 *- d i c a r b o x y l i c  

a c i d  ( 5 . 6 g . ) i n  c a r b o n  t e t r a c h l o r i d e ,  and  t h e  m ix t u r e  was 

h e a t e d  u n d e r  r e f l u x  f o r  80 h o u r s .  I t  was t h e n  c o o l e d  an d  

t h e  i n s o l u b l e  s i l v e r  b ro m id e  f i l t e r e d  o f f .  The a c i d  ( 2 g . ) 

w as a g a i n  r e c o v e r e d  f ro m  th e  c a r b o n  t e t r a c h l o r i d e  s o l u t i o n .

M ethod IV .

The Hofmann r e a c t i o n  (Adams e t  a l . , O rg a n ic  R e a c t i o n s .

I l l ,  2 6 7 )

6.6’- D l - t - b u t y l b l p h e n y l - ^ . - d l c a r b o n y l  c h l o r i d e .

The ab o v e  a c i d  ( l 3 . 5 g « )  was h e a t e d  u n d e r  r e f l u x
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w i t h  t h i o n y l  c h l o r i d e  ( 5 4 g .#  20  m l . )  u n t i l  t h e  e v o l u t i o n  

o f  h y d ro g e n  c h l o r i d e  h a d  c e a s e d .  A f t e r  re m o v a l  o f  t h e  

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

l e f t  o v e r n i g h t  i n  v ac u o  o v e r  so d a  l im e  an d  c a lc iu m  c h l o r i d e

( 1 2 . 5 g . ,  8 3 . 8%).

6 , 6 *- D i - t - b u t v l b i D h e n v l - 3 .3 * - d i c a r b o n v l  c h l o r i d e  

c r y s t a l l i s e d  f ro m  l i g h t  p e t r o l e u m  ( b . p .  4 0 - 6 0 ^ )  i n  m ic ro  

c r y s t a l s ,  m .p .  1 2 0 -1 2 2 ^  (P o u n d : C, 6 7 . 9 ;  H, 6 . 2 .

^ 2 2 ^ 2 4 ^ ^ 2 ^ 2  C, 6 7 . 5 ;  H, 6 .2 % ) .

6 , 6 *- D i - 1 - b u t v l b  i  n h e n v l - 3 .3 * - d i c a r b o n a m i d e .

( a )  The above c r u d e  a c i d  c h l o r i d e  ( 4 g . ) was a d d e d  t o  

i c e - c o l d  ammonia ( d  0 . 8 8 , 80 m l . ) ,  an d  t h e  m ix t u r e  l e f t  t o  

s t a n d  o v e r n i g h t .  The s o l i d  w h ich  h a d  s e p a r a t e d  was 

f i l t e r e d  o f f  an d  w ashed  w i t h  a l i t t l e  w a t e r .  I t  was 

c r y s t a l l i s e d  from  m e th a n o l  ( 2 . 5 g . # 5 5% ).

( b )  The a c i d  c h l o r i d e  ( 9 g . ) was d i s s o l v e d  i n  d ry

c a r b o n  t e t r a c h l o r i d e  ( 5 0  m l . )  an d  t h e  c o l d  s o l u t i o n  s lo w ly  

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

am m onia, an d  th r o u g h  w h ic h  ammonia was b u b b le d  c o n t i n u o u s l y .  

When a d d i t i o n  was c o m p le te  t h e  r e a c t i o n  m ix t u r e  was l e f t

t o  s t a n d  f o r  one h o u r  a t  0 ° ,  t h e n  a l lo w e d  t o  warm up to  

room t e m p e r a t u r e .  D u r in g  t h e  r e a c t i o n  a s o l i d  s e p a r a t e d .



53

The s u s p e n s i o n  was t h e n  b o i l e d  t o  e x p e l  am m onia, c o o l e d ,  

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

6 . 6 *- D i - t - b u t y l b i p h e n y l - 3 . 3 * - d ic a rb o n a m id e  c r y s t a l l i s e d  f ro m  

m e th a n o l  i n  s m a l l  c o l o u r l e s s  rh o m b ic  c r y s t a l s ,  m .p .  3 3 1 ^

(P o u n d :  C, 7 5 * 4 ; H, 8 . 4 .  ^22^^28^2 C, 7 5 .0 ;

H, 8 . 0% ). I t  was s p a r i n g l y  s o l u b l e  i n  t h e  u s u a l  o r g a n i c  

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

[A t te m p ts  made t o  p r e p a r e  t h e  d ia m id e  from  t h e  

d im e th y l  e s t e r  w ere  u n s u c c e s s f u l .  The e s t e r  was r e c o v e r e d  

u n c h a n g e d  a f t e r  s t a n d i n g  w i t h  ammonia ( d  0 .8 8 )  f o r  two 

w e e k s ,  and  a l s o  a f t e r  ammonia h a d  b e e n  b u b b l e d  t h r o u g h  a 

s o l u t i o n  o f  t h e  e s t e r  i n  m e th a n o l  f o r  f i v e  h o u r s . ]

A t t e m p ts  t o  u r e n a r e  3 .3 * - d i a m i n o - 6 . 6 *- d i - t - b u t y l b l p h e n y l .

( a )  A s o l u t i o n  o f  a l k a l i n e  p o ta s s iu m  h y p o b ro m ite

was p r e p a r e d  b y  th e  a d d i t i o n  o f  b ro m in e  ( 3 . 2 g . ) t o  a q u e o u s  

p o ta s s iu m  h y d r o x id e  s o l u t i o n  ( 8 g .  i n  40  m l .  w a t e r ) .  The 

above  d ia m id e  ( 3 . 5 g . )  was a d d e d  an d  r e m a in e d  i n  s u s p e n s i o n .  

A f t e r  t h e  m ix tu r e  h a d  b e e n  h e a t e d  a t  7 0 -7 5 ^  f o r  45  m i n u t e s ,  

i t  was c o o l e d  an d  th e  u n r e a c t e d  d ia m id e  ( 2 g . ) f i l t e r e d  o f f .  

On a c i d i f i c a t i o n  o f  t h e  a l k a l i n e  f i l t r a t e ,  a  s o l i d  was 

p r e c i p i t a t e d  ( 0 . 7 g . > m .p .  1 9 5 - 2 2 0 ^ )  w h ic h  was p r o b a b ly  

a m ix t u r e  o f  h j r d r o l y s i s  p r o d u c t s  o f  t h e  d i a m id e .
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( b )  The ciiaraide ( 2 . 8 g .  ) was r e c o v e r e d  u n c h a n g e d  a f t e r  

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

a l k a l i n e  s o l u t i o n  o f  sod ium  h y p o b r o m i te .

( c )  The d ia m id e  ( 3 g . ) was a l s o  r e c o v e r e d  u n c h a n g e d  

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

s o l u t i o n  f o r  one h o u r . .

( d )  Sodium m e th o x id e  s o l u t i o n ,  p r e p a r e d  fro m  sod ium  

( 0 . 9 g .  ) a n d  m e th a n o l  ( 3 0  m l . )  was a d d e d  t o  a  s o l u t i o n  

o f  t h e  d ia m id e  ( 3 * 2 g . ) i n  m e th a n o l  (6 0 0  m l . ) .  B rom ine 

( 3 . 2 g . ) w as a d d e d  r a p i d l y ,  w i t h  m e c h a n ic a l  s t i r r i n g ,  a n d  

t h e  m ix t u r e  h e a t e d  u n d e r  r e f l u x  f o r  one h o u r .  The 

u n c h a n g e d  d ia m id e  ( 3 g . )  was r e c o v e r e d  fro m  t h e  m e th a n o l i c  

s o l u t i o n .

T h i s  was r e p e a t e d  b y  a d d in g  t h e  sod ium  m e th o x id e  

s o l u t i o n  t o  a  s o l u t i o n  o f  t h e  d ia m id e  i n  c e l l o s o l v e  ( 1 5 0  m l . )  

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

M ethod V.

The S ch m id t r e a c t i o n .  (Adams e t ,  a l . . O rg a n ic  R e a c t i o n s . I l l ,

3 0 7 ) . .

A c t i v a t i o n  o f  sodim n a z i d e  ( R e l i e s ,  B e r , , 1 9 3 2 ,  6 ^ ,  1 3 U 5 ).

I n d u s t r i a l  sod ium  a z i d e  ( l O g . ) w as g ro u n d  i n  a  

m o r t a r  w i t h  h y d r a z i n e  h y d r a t e  ( 0 . 3  m l . ) *  The m o is t
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powder w as a i r - d r i e d  o v e r n i g h t ,  and  t h e n  d i s s o l v e d  i n  

t h e  minimum o f  w a t e r .  A d d i t io n  o f  a c e to n e  t o  t h e  

aq u eo u s  s o l u t i o n  c a u s e d  p r e c i p i t a t i o n  o f  sodium  a z i d e ,  

w h ich  was f i l t e r e d  o f f ,  w ashed  w i th  m e th a n o l  an d  w i th  

e t h e r  and d r i e d  i n  v a c u o .

3 .3 * - D iam ino- S .6  *- d ^ t - b u t y l h i p h e n y l .

6 ,6  * -D i -  t - b u  t y l b  ip h e  ny 1 - 5 # 3 * - ( l io a rb  o x y l  i c  a c i d  

(3 * 5 g * )  was d i s s o l v e d  i n  c o n c e n t r a t e d  s u l p h u r i c  a c i d  

(2 0  m l . ) and  t o  t h i s  s o l u t i o n  b e n z en e  was ad d ed  (20  m l . )

The m ix tu r e  was h e a t e d  t o  ^  50° and  th e  a c t i v a t e d  sodium  

a s i d e  ( 2 g . )  was ad d ed  g r a d u a l l y ,  w i t h i n  45  m in u te s .  The 

t e m p e r a tu r e  was m a in ta in e d  a t  ^  5 0 ^ u n t i l  t h e  v ig o r o u s  

r e a c t i o n  h a d  s u b s id e d ,  t h e n  i t  was s lo w ly  r a i s e d  t o  75° 

and  m a in t a in e d  a t  t h a t  t e m p e r a tu r e  u n t i l  e f f e r v e s c e n c e  

h ad  c e a s e d .  The m ix tu r e  was t h e n  i c e - c o o l e d  and  made 

a l k a l i n e  w i t h  aq u e o u s  sodium  liy d r  o x id e  s o l u t i o n  ( 3 0 %).

The p r e c i p i t a t e d  sodium  s u l p h a t e  was d i s s o l v e d  by  th e  

a d d i t i o n  o f  w a t e r ,  and  t h e  m ix tu re  was e x t r a c t e d  w i th  

b e n z e n e .  The b e n z e n e  s o l u t i o n  was w ashed  w i th  w a t e r ,  

d r i e d  o v e r  a n h y d ro u s  sodium  s u l p h a t e ,  t h e n  p a s s e d  th r o u g h  

a colum n o f  a lu m in a ,  and  e l u t e d  w i th  a 1 : 5  m ix tu re  o f  

a c e to n e  an d  b e n z e n e .  The s o l v e n t  was rem oved from  th e  

e l u a t e s  and  a v i s c o u s  y e l lo w  o i l  was o b t a i n e d .  T h is  was 

h e a t e d  w i t h  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  and  th e  h y d r o c h l o r i c
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c r y s t a l l i s e d .  I t  was r e c r y s t a l l i s e d  from  d i l u t e  

h y d r o c h l o r i c  a c i d  and  s e p a r a t e d  i n  p in k  g l i s t e n i n g  p l a t e s ,  

ra .p . 2 7 6 - 2 7 8 °  (d e c o m p .) .

3 .3* -D ia m in o -6 .6  * - d i - t - h i i tvlh:|^phe^nyl h y d r a c h l o r i de 

c r y s t a l l i s e d  a s  t h e  t e t r a h y d r a t e  (P o u n d : C, 5 4 .6 ;  H, 8 .4 *

^ 2 0 ^ 3 0 ^ ^ 2 ^ 2 * ^ 2 ^  r e q u i r e s  C, 5 4 .4 ;  H, 8 .7 % ). A f t e r  

h e a t i n g  t h e  h y d r a t e  i n  vacuo  a t  80^ f o r  s e v e r a l  h o u r s  t h e  

l o s s  o f  w e ig h t  c o r r e s p o n d e d  to  4  m o le c u le s  o f  w a te r  o f  

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

3 .3 * - D iam in o -6 .6 * - d i - t - h u t v l h i n h e n v l  was o b t a i n e d  

from  th e  h y d r o c h l o r i d e  and  c r y s t a l l i s e d  from  l i g h t

p e t ro le u m  ( b . p .  4 0 -6 0 ^ )  i n  p a l e  y e l lo w  f i n e  n e e d l e s ,  
o

m .p . 1 0 4 - 1 0 5  ( 2 . 1 g . , 72%). (P ound : C, 7 7 .5  ; H, 9 . 3 .

CggHggNg r e q u i r e s  C, 8 1 .0 ;  H, 9 .5 % ) .  The a n a l y s i s  f i g u r e s  

i n d i c a t e  t h a t  t h e  sam ple  was a m ix tu re  o f  h y d r a t e s .

2 , 2 * - Di - t  - b u t  y  l b  i  nhe ny 1 .

The above d ia m in e  ( 2 g . ) was d i a z o t i s e d  i n  a 

s o l u t i o n  o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  ( 5  m l . )  and  

w a te r  ( 5  m l . )  a t  - 2 0 ^ and  th e  t e m p e r a tu r e  o f  th e  r e a c t i o n  

m ix tu r e  was a l lo w e d  to  r i s e  g r a d u a l l y  t o  0 ^ .  The d ia z o n iu m  

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

a c i d  ( 3 0  m l . )  ( t h e  t e m p e r a tu r e  b e i n g  m a in ta in e d  b e lo w  5°)>  

an d  t h e  m ix tu re  was l e f t  t o  s t a n d  o v e r n i g h t  a t  4 ° .  The 

c ru d e  h y d ro c a rb o n  was e x t r a c t e d  w i th  l i g h t  p e t ro le u m  

( b . p .  4 0 - 6 0 ^ ) ,  t h e  p e t ro le u m  e x t r a c t  was w ashed w i th  aq u e o u s
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sod ium  h y d r o x id e  s o l u t i o n  (lO%) an d  w i t h  w a t e r ,  a n d  d r i e d  

o v e r  a n h y d ro u s  sod ium  s u l p h a t e .  The s o l u t i o n ,  w h ic h  was 

y e l l o w ,  w as p a s s e d  th r o u g h  a  co lum n o f  a lu m in a  a n d  e l u t e d  

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

e l u a t e s ,  a f t e r  re m o v a l  o f  t h e  s o l v e n t ,  was a c o l o u r l e s s  

s o l i d  w h ic h  c r y s t a l l i s e d  fro m  m e th a n o l  an d  was 

2 , 2 ' - d i - t - b u t y l b i p h e n y l , m .p .  6 3 - 61+° ( 0 . 8 g . , 52 ;^ ) .

F o l lo w in g  t h e  above p r o c e d u r e ,  t h e  o p t i c a l l y  a c t i v e  

d i - t - b u t y l b i p h e n y l s  w ere  o b t a i n e d  fro m  th e  a c t i v e  a c i d s .  

R o t a t i o n s  w ere  m e a su re d  a t  room t e m p e r a t u r e  i n  2 dm. t u b e s ,  

0 . 5 .

( + ) - 2 . 2 ' - D l - t - b u t v l b i n h e n v l .

From 3 . 5  g .  o f  ( + ) - a c i d ,  ( + ) - 3 . 3*- d ia m in o - 6 . 6 *- d i -  

t-b u t .v lb iT jh en .v l  ( 2 . 1 g .  ) was o b t a i n e d  w hich  c r y s t a l l i s e d  

f ro m  l i g h t  p e t r o le u m  ( b . p .  6 0 -8 0 ° )  i n  s t o u t  y e l lo w  n e e d l e s ,  

m .p .  11+1+—l l +5  f an d  h a d  [ a, ] a nd  [ ^ 35I+6 I  

i n  e t h a n o l  (F o u n d ; C, 8 1 . i+; H, 9 . 8 .  q u i  r e s

C, 8 1 . 0 ;  H, 9.5)=)

(+ j _ 2 . 2 *- D i - t - b u t v l b i n h e n y l  c r y s t a l l i s e d  f rom

m e th a n o l  i n  c o l o u r l e s s  rhom bic  p l a t e s ,  m .p .  7 3 - 7 4 ° ,  a n d  h a d

t° '^5791  + ^ 7 .8 °  a n d  + 2 1 .6 °  i n  a c e to n e  (P o u n d :  C, 9 0 .1 ;

H, 9 . 8 . Oggllgg r e q u i r e s  G, 9 0 . 2 ;  H, 9 . 8 ^ ) .

( - ) - 2 ,2 ' -Tj-i -t-butvlbiuhenyl.
2 . 5 g .  o f  t h e  ( - ) - a c i d  w ere  c o n v e r t e d  i n t o  t h e



58.

d ia m in e  h y d r o c h l o r i d e  ( l . 4 g . )  and  s t r a i g h t w a y  d e a m in a te d .

( - ) - 2 , 2 *- D i - t - h u t y r o i n h e n y l  c r y s t a l l i s e d  fro m  

m e th a n o l  i n  c o l o u r l e s s  rh o m b ic  p l a t e s ,  m .p .  7 3 - 7 4 ^ ,  and  h a d

^^^5791 ^°'^546l i n  a c e to n e  (P o u n d :  C, 9 0 . 0 ;

H, 10#1 r e q u i r e s  C, 9 0 . 2 ;  H, 9 . 8%).

P r e p a r a t i o n  o f  2 * , 6 -D i - 1 - b u t y l b  i  phe n y l  -  3- c a r b  o x y l  i c  A c id .

A m ix tu r e  o f  3 - i o d e - 4 - t - b u t y l b e n z o a t e  ( 3 2 g . )  an d  

2 , - i o d o - t - b u t y l b e n z e n e  ( 2 6 g .  ) was h e a t e d  w i th  c o p p e r  b r o n z e  

( 5 8 g .  ) i n  a b a t h  a t  2 2 0 ^ . When t h e  r e a c t i o n  was c o m p le t e ,  

t h e  p r o d u c t  was e x t r a c t e d  w i th  b o i l i n g  c h l o r o b e n z e n e .  The 

s o l v e n t  was d i s t i l l e d  o f f  and  a n  o i l  w as o b t a i n e d .  On 

a d d i t i o n  o f  m e th a n o l ,  a s o l i d  s e p a r a t e d  w h ich  was fo u n d  t o  

b e  t h e  s y m m e tr ic a l  e s t e r .  I t  w as f i l t e r e d  o f f  an d  th e  

r e s i d u e  w as d i s t i l l e d  u n d e r  r e d u c e d  p r e s s u r e .  T h re e  

f r a c t i o n s  w ere  o b t a i n e d :

( i )  A lm o st c o l o u r l e s s  o i l ,  b . p .  102 -134°/2m m .

( 7 g .  ) .  T h i s  was m e th y l £ - t - b u t y l b e n z o a t e ,  p re s u m a b ly  

p r o d u c e d  b y  th e  d e h a lo g e n a t io n  o f  t h e  i o d o - e s t e r  by  t h e

c o p p e r  b r o n z e .

( i i )  Y e llo w  o i l ,  b . p .  1 5 6 -1 8 0  /2mm. (7 g * )*

( i i i )  A v i s c o u s  o i l ,  b . p .  180—222 /2mm. (5 g * )#  

s o l i d i f i e d  on  a d d in g  m e th a n o l  and  was i d e n t i f i e d  a s  

m ore o f  t h e  s y m m e tr ic a l  e s t e r .
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The se c o n d  f r a c t i o n  was h y d r o ly s e d  w i th  

e t h a n o l i c  p o ta s s iu m  e th o x id e #  A f t e r  rem oval o f  t h e  a d v e n t  

h y  d i s t i l l a t i o n ,  t h e  r e s i d u e  was d i s s o l v e d  i n  w a t e r ,  and  th e  

s o l u t i o n  was e x t r a c t e d  w i th  e t h e r *  From t h e  e t h e r e a l  

e x t r a c t  2 , 2 *- d i - t - b u t y l b i p h e n y l  was o b t a i n e d ,  m .p .  6 1 - 6 3^ ,  

and  on  a c i d i f i c a t i o n  o f  th e  a q u e o u s  s o l u t i o n ,  t h e  a c i d  was 

p r e c i p i t a t e d  ( 3 g . ),

2 * . 6 - D i- 1 - b u t v l b i p h e n v l - 3- c a r b o x y l i c  a c i d  c r y s t a l l i s 

e d  from  m e th a n o l  i n  s l e n d e r  p r i s m s ,  m .p . 2 3 2 - 2 3 3 ^ w i th  

p r e v i o u s  s o f t e n i n g  (Found : C, 8 1 .1 ;  H, 8 . 5 .

r e q u i r e s  C, 8 1 . 2 , H, 8.4%) • I t  was s e n s i t i v e  t o  l i g h t  

and  on  e x p o s u re  becam e s l i g h t l y  y e l lo w .

R e s o l u t i o n  o f  2 * , 6- D i - t - b u t y l b i p h e n v l - 3 - c a r b o x .v l i c  a c i d .  

R o t a t i o n s  w ere  m easu red  a t  room t e m p e r a tu r e  i n  "A nalaR" 

c h lo ro fo rm  ( c f ^ l )  i n  2 dm. t u b e s ,  u n l e s s  o t h e r w i s e  s t a t e d .

The above a c i d  (3 * ig #  ) and  s t r y c h n i n e  (3 # 4 g .  ) 

w ere  d i s s o l v e d  i n  b o i l i n g  e t h a n o l  ( 1 2 0  m l . )  and  th e  s o l u t i o n  

k e p t  a t  room te m p e r a tu r e  o v e r n i g h t .  The f i r s t  c ro p  o f  s a l t  

( l . 4 g .  ) s e p a r a t e d  a s  f i n e  n e e d l e s ,  - 8 . 9 ^ and

[ a ] 5 4 g i  - 1 1 . 0 ^ .  C o n c e n t r a t i o n  o f  t h e  m o t h e r - l i q u o r  gave 

more s a l t  ( l . 2 g . )  w i th  a p p r o x im a te ly  th e  same r o t a t i o n ,  and  

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

b e  in d u c e d  t o  c r y s t a l l i s e .  T h is  was decom posed an d  gave 

c ru d e  ( - ) - a c i d ,  - 2 2 .7 ^  an d  ~ ^ 4 .9 ° .  The
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above c r y s t a l l i n e  s a l t  was p u r i f i e d  b y  c r y s t a l l i s a t i o n  

from  e t h a n o l  u n t i l  t h e  s p e c i f i c  r o t a t i o n  re m a in e d  c o n s ta n t*

s t r y c h n i n e  ( + ) - 2  * . 6- a i - t - h u t y l b l n h e n y l - 3 - c a rh o % y la te  

c r y s t a l l i s e d  from  e t h a n o l  i n  s l e n d e r  n e e d l e s ,  m .p .  1 6 0 - I 6 l °  

and  h a d  - 9 «5° and  - 1 2 .6 °  (P ound : C, 7 4 ,2 ;

H, 7 .8 . Cg^HggOg:Cg^HggNgOg./6equires C, 74.1; H, 7.7):)

When h e a t e d  i n  v acu o  a t  80° t h e  s a l t  l o s t  w e ig h t  c o r r e s p o n d 

i n g  t o  two m o le c u le s  o f  w a te r  o f  c r y s t a l l i s a t i o n .  The f r e e  

a c i d s  w ere o b t a i n e d  from th e  s t r y c h n i n e  s a l t s  by  d e c o m p o s i t io n  

w i th  fo rm ic  a c id *

( + ) - 2 * , 6 - D i - t - b u t y l b i 'p h e n y l - 5 - c a rb o x .v l ic  a c i d  

c r y s t a l l i s e d  f rom  m e th an o l i n  n e e d l e s ,  m .p . 1 8 1 -1 8 5 °  and  

h a d  +2 5 #5° and  + 2 8 .4 ^  (P o u n d : C, 8 0 .8 ;

H, 8 * 3 . r e q u i r e s  C, 8 1 . 2 ;  H, 8*4%). I n  t o lu e n e

i t s  r o t a t i o n  was +45*4° an d  + 5 1 » 8 ° .

The c ru d e  ( - ) - a c i d  was c r y s t a l l i s e d  f rom  m e th an o l  

and  th e  f i r s t  c r o p  w hich  s e p a r a t e d  was o p t i c a l l y  i n a c t i v e  

( 0 *0 7 g . ) .  I t  was f i l t e r e d  o f f  an d  th e  m o t h e r - l i q u o r  

was c o n c e n t r a t e d ;  t h e  ( - ) - a c i d  c r y s t a l l i s e d .  R e c r y s t a l l i s a 

t i o n  from  m e th a n o l  gave th e  p u re  ( - ) - a c i d . m .p . 181 -185°#

-^ 5 * 8 ^  an d  ^ ^ ^ * 3 °  (Pound ; C, 8 0 .8 ;  H, 8 . 6 .

^ 2 1 ^ 26^2  G, 8 1 .2 ;  H, 8.4%)«

The a c t i v e  a c i d s  m e l te d  r a t h e r  i n d e f i n i t e l y

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

c r y s t a l l i s a t i o n  s i n c e  e r r a t i c  a n a l y s i s  f i g u r e s  f o r  th e
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same sam ple w ere  o b t a i n e d  on  s e v e r a l  o c c a s io n s *  The 

( - ) - a c i d  was t h e r e f o r e  h e a t e d  a t  1 3 0 ^ /1  mm* and  u n d e r  t h e s e  

c o n d i t i o n s  i t  su b lim ed *  The s u b l im e d  a c i d  m e l te d  a t  

1 9 2 - 1 9 3 °  and  h ad  - 6 5 #3° an d  -7 2 * 4 °  i n

to l u e n e  (P o u n d : C, 80*9 ; H, 8*6%)* I n  a n o t h e r  e x p e r im e n t ,

a p o r t i o n  o f  t h e  p u re  ( - ) - a c i d ,  w hich  h a d  [ a ]^ y g ^  - 4 4 .7 °  

an d  -5 2 * 6 ^  i n  t o l u e n e  w as m e l te d  an d  a l lo w e d  t o

s o l i d i f y *  I t s  s p e c i f i c  r o t a t i o n  i n  t o l u e n e  was unchanged*

The s p e c i f i c  r o t a t i o n  o f  t h e  ( - ) - a c i d  d id  n o t

change  a f t e r  h e a t i n g  u n d e r  r e f l u x  i n  t o l u e n e  s o l u t i o n  f o r
%•-

9 i  h o u rs*
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P r e p a r a t i o n  o f  2* - N i t r o - 6 - t-T > u ty l 'b ip h en y l- 5 - c a r 'b o x y l i c  Acid*

A m ix tu r e  o f  o - o l i l o r o n i t r o b e n z e n e  ( l 2 * 8 g . )  and  

m e th y l 3 - i o d o - 4 - t - h u t y l h e n z o a t e  ( 3 2 g * ) was h e a t e d  t o  2 3 5 ^ 

(m e ta l  h a t h )  an d  c o p p e r  b r o n z e  ( 4 5 g # ) was g r a d u a l l y  added*

A v ig o r o u s  r e a c t i o n  e n s u e d  and  was c o m p le te  a f t e r  30 m in u te s*  

The p r o d u c t  was e x t r a c t e d  w i t h  b o i l i n g  c h lo r o b e n z e n e ,  th e  

h o t  s o l u t i o n  was f i l t e r e d  and  t h e  s o l v e n t  removed* Oh 

c o o l i n g ,  a s o l i d  s e p a r a t e d  an d  was f i l t e r e d  o f f  and  w ashed 

w i th  a  l i t t l e  e th e r *  T h is  was i d e n t i f i e d  a s  d im e th y l  

6 ,6 * - d i - t - b u t y l b i p h e n y l - 3 , 3*- d i c a r b o x y l a t e  ( 3 * 5 g « )• The 

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

b*p* 96-110^/3mm* ( lO g * ) was c o l l e c t e d *  T h is  was a m ix tu r e  

o f  2 . - c h lo r o n i t r o b e n z e n e  and  m e th y l  £ - t - b u t y l b e n z o a t e ,  th e  

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

c o p p e r  b ro n z e *

The r e s i d u e  ( l 3 g . ) from  th e  v a c u u m -d is t i l l a t i o n  

was a b row n o i l ,  and  i t  was h y d r o ly s e d  w i th  e t h a n o l i c  

p o ta s s iu m  e t h o x id e  (10%)* A f t e r  h e a t i n g  t h e  m ix tu r e  f o r  

t h r e e  h o u r s ,  t h e  e t h a n o l  was rem oved and  th e  r e s i d u e  

d i s s o l v e d  i n  w a te r*  The a l k a l i n e  s o l u t i o n  was e x t r a c t e d  

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

p r e c i p i t a t e d  a c i d  f i l t e r e d  o f f  and  d r ie d *

The p r e c i p i t a t e d  a c i d  was a m ix tu r e  o f  th e  

r e q u i r e d  a c i d ,  p i - t - b u t y l b e n z o i c  a c i d  and  th e  s y m m e tr ic a l  

d i - t - b u t y l b i p h e n y l - 3 # 3*“ d i c a r b o x y l i c  a c id *  Removal o f

2 - 1 - b u t y l b e n z o i c  a c i d  was e f f e c t e d  b y  e x t r a c t i o n  o f  t h e



63.

c ru d e  a c i d  w i th  b o i l i n g  l i g h t  p e t ro lu m  ( b . p .  8 0 - 1 0 0 ^ ) ,

The r e s i d u e  was t h e n  c r y s t a l l i s e d  from  g l a c i a l  a c e t i c  

a c i d  i n  w h ich  th e  s y m m e tr ic a l  a c i d  was th e  more s p a r i n g l y  

s o l u b l e .  The n i t r o - a c i d  was o b t a i n e d  from  th e  a c e t i c  a c i d  

m o t h e r - l i q u o r  and  was c r y s t a l l i s e d  from  m e th a n o l .  The 

y i e l d  o f  n i t r o - a c i d  was v e r y  lo w ; from  s i x  s i m i l a r  p r e p a r a 

t i o n s  o n ly  2 g .  o f  p u re  a c i d  w ere  o b t a i n e d .

2 *- N i t r o - 6 - t - b u t y l b i p h e n y l -U- c a r b o x y l iG  a c i d  

c r y s t a l l i s e d  i n  g l i s t e n i n g  y e l lo v /  p l a t e s ,  m .p .2 6 4 - 2 6 6 ^

(P o u n d : C, 6 7 .8 ;  H, 5 . 6 .  C^yli^yNO^ r e q u i r e s  C, 6 8 .2 ;

H, 5.75S).

P r e p a r a t i o n  o f  2 ' - t - B u t y l - D-n l t r o 'b i n h e a v l - 4 - c a r 'b o x v l i c  A c id . 

E th y l  n - a m in o b e n z o a te .

A m ix tu r e  o f  ^-s^^^i^obenzoic a c i d  (2 5 0 g .  ) ,  i n  

a b s o l u t e  e t h a n o l  ( 2 5 OO m l . ) and  c o n c e n t r a t e d  s u l p h u r i c  

a c i d  ( 1 2 5  m l . ) ,  was h e a t e d  u n d e r  r e f l u x  f o r  14  h o u r s .  The 

s o l u t i o n  was c o o le d  an d  p o u re d  i n t o  w a t e r .  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  o f f ,  w ashed w i th  a q u e o u s  sodium c a r b o n a t e  

s o l u t i o n  an d  w i th  w a t e r .  I t  was c r y s t a l l i s e d  from  e t h a n o l  

and  s e p a r a t e d  a s  c o l o u r l e s s  r e c t a n g u l a r  p l a t e s ,  m .p . 9 2 ^

( 2 5 1  g . ,  8 3 . 4 %).
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E th y l  p - h ro m o h en zo a te#
am ino-

The a h o v a / e s t e r  ( 4 5 * 9 g . / was g ro u n d  f i n e l y  i n  

a m o r ta r  and  made i n t o  a p a s t e  w i th  a  l i t t l e  w a t e r ,  and  

h y d ro b ro m ic  a c i d  ( d  1 # 5 ,  100 m l . ) was a d d e d .  The m ix tu r e  

was s t i r r e d  m e c h a n ic a l ly  an d  d i a z o t i s e d  v / i th  a n  aq u e o u s  

s o l u t i o n  o f  sodium  n i t r i t e  ( 2 1 . 3 g . )  a t  <C 2 ^ .  The m ix tu r e  

was t h e n  s t i r r e d  f o r  1 5  m in u te s  a t  room t e m p e r a tu r e  and  

th e n  s lo w ly  ad d ed  t o  a s o l u t i o n  o f  c u p ro u s  b ro m id e  ( 2 3 g . )  

i n  h y d ro b ro m ic  a c i d  ( d  1 .5 #  35 m l . ) .  When e f f e r v e s c e n c e  

h a d  c e a s e d ,  t h e  m ix tu re  was s t e a m - d i s t i l l e d  and  t h e  

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

v/as w ashed w i t h  aq u e o u s  sodium  h y d ro x id e  s o l u t i o n ,  and  

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 .  A f t e r  rem oval 

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

p r e s s u r e .  E th y l  £ -b ro m o b e n z o a te  was o b t a i n e d  a s  a  c o l o u r 

l e s s  o i l ,  b . p .  9 2 - 9 8 ° / 2mm. (54g# # 79%).

Etlxvl 3- n i t r o -j4--b ro m o b e n z o a te .

The above b r o m o - e s t e r  ( 5 0 * 6 g . ) was d i s s o l v e d  

i n  c o n c e n t r a t e d  s u l p h u r i c  a c i d  ( 7 5  m l . )  and  th e  s o l u t i o n  

c o o le d  a t  0 ^ .  A m ix tu r e  o f  c o n c e n t r a t e d  n i t r i c  a c i d  

(3 0  m l . )  an d  c o n c e n t r a t e d  s u l p h u r i c  a c i d  ( 3 0  m l . ) was 

ad d ed  s lo w ly  t o  t h e  above m i x t u r e ,  w h ich  was m e c h a n ic a l ly  

s t i r r e d ;  th e  t e m p e r a tu r e  was k e p t  b e lo w  5 ° .  When th e  

a d d i t i o n  was c o m p le te ,  t h e  m ix tu r e  was s t i r r e d  f o r  a  f u r t h e r
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2^ h o u r s ,  and  th e  t e m p e r a tu r e  a l lo w e d  t o  r i s e  t o  1 0 ^ ,  t h e n  

p o u re d  on  c r u s h e d  i c e .  The n i t ro -c o ra p o u n d  was f i l t e r e d  

o f f ,  w ashed  w e l l  w i th  w a te r  and  c r y s t a l l i s e d  from  e t h a n o l .  

E th y l  3 “ 3 i i t r o - 4 “hrom o 'benzoate  was o b t a i n e d  a s  cream  

g l i s t e n i n g  p l a t e s ,  m .p . 74^ ( 4 6 .5 g .»  77%).

2* - t - B u t y l - 6 - n i t r o b i p h e n v l - 4 - c a r b o x .v l i c  a c i d .

A m ix tu r e  o f  £ - i o d o - t - b u t y l b e n z e n e  (2 0 g .  ) and  

e t h y l  3 - n i t r o - 4 “b ro m o b e n z o a te  ( 2 0 . 7 g . ) ,  was h e a t e d  i n  a 

m e ta l  b a t h  t o  170°# and  c o p p e r  b r o n z e  was a d d e d  g r a d u a l l y ;  

th e  t e m p e r a tu r e  o f  th e  r e a c t i o n  m ix tu re  was n o t  a l lo w e d  t o  

r i s e  above 2 4 0 ^ .  ̂ The pi*oduct was e x t r a c t e d  w i th  b o i l i n g  

c h lo r o f o r m ,  a n d  th e  s o l u t i o n  f i l t e r e d .  The c h lo ro fo rm

s o l u t i o n s  from  f o u r  s i m i l a r  p r e p a r a t i o n s  w ere  com bined ,
/

t h e  s o l v e n t  rem oved , and  t h e  r e s i d u e  d i s t i l l e d  u n d e r  

r e d u c e d  p r e s s u r e .  The f o l l o w i n g  f r a c t i o n s  w ere  o b t a i n e d :  

( i )  P a le  y e l lo w  o i l  ( 3 1 . 5 g . )# b . p .  80-124^/2m m . 

T h is  was m a in ly  u n ch a n g ed  2 . - i o d e - t - b u t y l b e n z e n e .

( i i )  Y e llow  o i l  c o n t a i n i n g  some s o l i d  ( l 6 g .  ) ,  

b . p .  124“ l62^/2m m . w hich  was a m ix tu re  o f  2 , 2 ’ - d i - t -  

b u t y l b i p h e n y l  a n d  e t h y l  m - n i t r o b e n z o a t e .

( i i i )  R e s id u e ,  a  b row n  o i l .

The o i l  was h e a t e d  u n d e r  r e f l u x  f o r  t h r e e  h o u r s  

w i th  a l c o h o l i c  p o ta s s iu m  e t h o x id e  (10% ), th e  a l c o h o l  was 

d i s t i l l e d  o f f  an d  th e  r e s i d u e  d i s s o l v e d  i n  w a t e r .  The
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a l k a l i n e  s o l u t i o n  was a c i d i f i 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  a b row n  s o l i d  was p r e c i p i t a t e d  w h ich  was f i l t e r e d  

o f f .  I t  was d i s s o l v e d  i n  aq u e o u s  sodium c a r b o n a te  

s o l u t i o n ,  t h e  s o l u t i o n  was e x t r a c t e d  w i th  e t h e r ,  and  t h e  

a l k a l i n e  s o l u t i o n  th e n  a c i d i f i e d .  The p r e c i p i t a t e d  a c i d  

was f i l t e r e d  o f f  and  d r i e d ,  and  a p p e a re d  to  b e  a m ix tu re  

w h ich  c o n t a i n e d  th e  s y m m e tr ic a l  d i n i t r o - a c i d .  I t  was 

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

w h ich  t h e  sy m m e tr ic a l  a c i d  was i n s o l u b l e .  The b e n z e n e  

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

e l u t e d  w i th  b e n z e n e .  E v a p o r a t i o n  o f  t h e  e l u a t e s  gave a 

p a l e  y e l lo w  s o l i d ,  w h ich  on  r e c r y s t a l l i s a t i o n  from  l i g h t  

p e t r o le u m  ( b . p .  4 0 -6 0 ^ )  gave  t h e  r e q u i r e d  a c i d  ( 5 . 8 g . ) .

(I7 g #  o f  s y m m e tr ic a l  a c i d  w ere  o b t a i n e d ) .

2 * - t - B u t y l - 6- n i t r o b i p h e n y l -U- c a r b o x .v l i c  a c i d  

c r y s t a l l i s e d  i n  sm a l l  p a l e  y e l lo w  r o d s ,  m .p .  150-151°*

(P ound ; C, 6 8 .3 ;  H, 5 . 6 .  r e q u i r e s  C, 6 8 .2 ;

H, 5 . 7% ).

R e s o l u t i o n  o f  2 * - t - b u t . v l - 6 - n i t r o b i u h e n y l - 4 - c a r b o x y l i c  a c i d .

A l l  r o t a t i o n s  v/ere m easu red  i n  c h lo ro fo rm  a t  room 

te m p e r a tu r e  ( c ^ l . O )  i n  2 dmo tu b e s  u n l e s s  o th e r w i s e  s t a t e d .

The a c i d  (4*5g* ) and  s t r y c h n i n e  (5 * 0 g .  ) w ere 

d i s s o l v e d  i n  b o i l i n g  e t h a n o l  ( 2 5 O m l . )  and  k e p t  a t  4 °
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o v e r n i g h t .  The f i r s t  f r a c t i o n  o f  s a l t  ( 4 * 5 g .)  s e p a r a t e d  

i n  s t o u t  r e c t a n g u l a r  p l a t e s  +14 .6^  and  + 1 8 .6 ^ .

E v a p o r a t io n  o f  t h e  m o th e r - l i q u o r  gave s u c c e s s iv e  c ro p s  whose 

s p e c i f i c  r o t a t i o n s  w ere a p p ro x im a te ly  t h e  same a s  a b o v e .

A p o r t i o n  o f  s a l t ,  on  d e c o m p o s i t io n  w ith  aq u eo u s  sodium 

h y d ro x id e  s o l u t i o n ,  gave an  a c i d  +33*4^# (-^^5461 +4 0 . 5^

On one o c c a s io n  o n ly ,  a s m a ll  amount o f  s a l t  

s e p a r a t e d  a s  f i n e  n e e d le s  from  th e  ( + ) - a c i d  s a l t  m o th e r-  

l i q u o r .  I t  had  [u ]g y g 2 “1 9 .1 ^  and  -2 4 o 6 ^ ,  and

gave th e  ( - ) - a c i d  when i t  was decom posed.

The ( + ) - a c i d  s a l t  was r e c r y s t a l l i s e d  t h r e e  t im e s  

from  e th a n o l  and  was t h e n  o p t i c a l l y  p u r e .

S t r v c i^ n e  ( -f ) -2  * - 1 - b u t v l - 6- n i t r o b i n h e n v l - 4 -c a rb o x .v la t e  

c r y s t a l l i s e d  i n  s t o u t  r e c t a n g u l a r  p l a t e s ,  m .p . 2 3 4 -2 3 6 ^ ,

+ 1 § .2 ° ,  [ 0' ] 51+6i  + 1 9 .5 °  (Pound : C, 7 1 .7 ;  H, 6 .0 .

r e q u i r e s  C, 7 2 .0 ;  H, 6 . 2 ^ ) .  The 

s a l t  m u ta r o t a t e d  i n  b o i l i n g  c h lo ro fo rm  s o l u t i o n  d u r in g  two 

h o u r s  and  s lo w ly  a t  room te m p e r a tu r e  d u r in g  14 days  t o  g iv e  

th e  p a r t i a l  ra c e m a te  - 2 . 8 ^ ,  - 4 . 1 ^ .

( + ) -2  * - t - b u t . v l - 6- n i t r o b i i } h e n y l - 4 - c a r b o x y l i c  a c i d  

was o b ta in e d  by  d e c o m p o s i t io n  o f  t h e  above s a l t ,  m .p . 148-1^49°#

[c ]g y g ^  + 3 3 .4 °  and  4 4 0 .5 °  (Pound: C, 6 8 .4 ;  H, 5 . 8 .

^17^7^^^4  0 ,  6 8 .2 ;  H, 5 .790*

R a c é m is a t io n  o f  t h e  ( + ) - a c i d  i n  to lu e n e  was
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s t u d i e d  a t  s e v e r a l  t e m p e r a t u r e s ,  b e tw e e n  51° a n d  7 5 ° ,  

i n  a p o l a r i m e t e r  tu b e  w h ich  was t h e r m o s t a t i c a l l y - c o n t r o l l e d ,  

X  = 5461
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TABLE I .

R a c é m is a t io n  o f  2*- t - b u t . v l - S - n i t r o b i n h e n v l - U -c a r 'b o x y l ic  a c id #

T = 5 1 ,0 °  c -  1 a  = 1 8 0 .0 8
— O

Time i n  O b se rv ed  P o l a r i m e t r i c  a .  -  a  log^p^Ca. -  a  )
M in u te s  R e a d in g ,  x o l u  t  o

2 ,7 4 1 8 0 .9 2 0 .8 4 Ï . 9 2 4 3

3 .9 3 1 8 0 .9 1 0 . 8 3 Ï . 9 1 9 I

7 .8 6 1 8 0 .8 8 0 .8 0 1 .9 0 3 1

1 2 .9 9 1 8 0 .8 7 1 0 . 7 9 1 1 .8 9 8 2

2 5 .0 9 1 8 0 .8 4 2 0 . 7 6 2 Ï .8 8 2 0

3 9 .3 0 1 8 0 .8 0 0 . 7 2 1 .8 5 7 3

5 5 .4 0 1 8 0 .7 6 5 0 .6 8 5 1 .8 3 5 7

7 1 .0 6
i

1 8 0 .7 3 0 . 6 5 Ï . 8 1 2 9

8 5 .3 7 1 8 0 .6 9 8 0 .6 1 8 1 . 7 9 1 0

1 1 0 .4 9 1 8 0 .6 3 8 0 .5 5 8 I .7 4 6 6

1 5 2 . 0 5 1 8 0 . 5 8 0 . 5 0 Î . 6 9 9 O

1 7 1 .5 9 1 8 0 .5 5 0 .4 7 1 .6 7 2 1

1 9 5 .4 3 1 8 0 .5 0 0 .4 2 1 . 6 2 3 2

2 1 5 .7 5 1 8 0 .4 6 5 0 . 3 8 5 Ï . 5 8 5 5

2 4 9 .0 4 1 8 0 .4 2 2 0 . 3 4 2 Ï . 5 3 4 0

2 8 4 .2 1 1 8 0 .3 9 0 . 3 1 Î . 4 9 1 4

3 1 5 .1 4 180*35 0 . 2 7 Ï . 4 3 1 4

3 9 3 .0 5 1 8 0 .2 9 8 0 .2 1 8 Ï .3 3 8 5

4 4 7 .6 8

k  =

1 8 0 .2 4 9

0 .0 0 3 4 7 2  m in .“ ^

O . I 69 Î . 2 2 7 9

H a l f - l i f e p e r i o d = 1 9 9 . 7  m in .
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TABLE I I .

R a cém isa tio n  o f  2*- t - ’b u ty l - S - n i t r o b i n l i e i j / l -U- c a r b o x y l i c  a c i d .

T = 5 5 .8 °  Ç. = 0 .9 4  ttg = 1 8 0 .0 8 .

Time i n  O bserved  P o l a r i m e t r i c  a .  -  a  , lo g ^ -C a .  -  a  ) 
M in u te s  R e a d in g ,  °

2 . 3 2  1 8 0 . 8 1 5  0 .7 3 5  I . 8 6 6 3

4 .7 4  1 8 0 .7 9 3 -  0 .7 1 3  I . 8531

1 0 . 0 7  1 8 0 .7 7  . 0 . 6 9  1 . 8 3 8 8

1 3 .7 9  1 8 0 .7 5  . 0 .6 7  I . 8261

2 0 .2 9  1 8 0 .7 3 3 .  0 .6 5 3  Ï .8 1 4 9

2 5 .7 2  1 8 0 . 7 1 2 , 0 .6 3 2  1 ,8 0 0 7

3 6 .2 7  1 8 0 .6 8 4 .  0 .6 0 4  1 .7 8 1 0

4 8 .0 6  1 8 0 . 6 2 2 , 0 .5 4 2  1 .7 3 4 0

6 6 .3 7  1 8 0 .5 6 2  0 .4 8 2  I . 6830

7 9 .4 2  1 8 0 .5 2 8 ,  0 .4 4 8  1 .6 5 1 3

1 0 0 .8 1  1 8 0 .4 7 7 ,  0 .3 9 7  Î .5 9 8 8

1 2 1 .2 6  1 8 0 .4 2 2  0 .3 4 2  1 .5 3 4 0

1 4 5 .4 4  . 1 8 0 .3 7 6 ,  0 .2 9 6  Î .4 7 1 3

1 6 9 .7 5  1 8 0 .3 4  0 .2 6  Î .4 1 5 0

189.06  180,298  0.218  1.3385

2 2 0 .9 2  1 8 0 .2 6 1  0 .1 8 1  Î .2 5 7 7

2 4 8 .9 2  1 8 0 .2 3 2  0 .1 5 2  Î .1 8 1 8

2 8 7 .3 7  I 1 8 0 .2 0 1  0 .1 2 1  I . 0828

k = 0 .0 0 6 3 1 5  min."^

H a l f - l i f e  p e r i o d  = 1 0 9 #8 m in.
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TABLE I I I .

R a c é m is a t io n  o f  2*- t - b u t y l - ô - n i t r o L i n h e n v l -U -c a r b o x y l i c  a c i d .

T = 6 0 .5 °  S. ^  1 .1  = 1 8 0 .0 8

Time i n  O bserved  P o l a r i m e t r i c  a,, -  a  l o g ,  ^.(a. -  a  )
M in u te s  R e a d in g ,

5 .2 4 1 8 1 .1 3 3 1 . 0 5 3 0 . 0 2 2 4

9 .6 0 1 8 1 .1 1 3 1 . 0 3 3 0 .0 1 4 1

1 2 .9 6 1 8 1 .0 7 3 0 .9 9 3 1 . 9 9 6 9

1 6 .5 1 1 8 1 .0 1 3 0 . 9 3 3 1 . 9 6 9 9

2 1 .7 0 1 8 0 .9 7 0 .8 9 Ï . 9 4 9 4

2 7 .1 9 1 8 0 .9 2 0 .8 4 Ï . 9 2 4 3

3 2 . 9 2 1 8 0 .8 9 3 O .8 I 3 Ï . 9 IO I

4 2 . 2 9 , 1 8 0 .8 2 8 0 .7 4 8 1 .8 7 3 9

5 2 . 0 8 1 8 0 .7 7 0 . 6 9 Ï . 8 3 8 8

6 4 .2 0 1 8 0 .6 8 8 0 .6 0 8 1 .7 8 3 9

7 3 . 1 1 1 8 0 .6 3 7 0 . 5 5 7 Î .7 4 5 9

8 2 . 1 3 1 8 0 .5 7 7 0 . 4 9 7 1 .6 9 6 4

9 3 . 0 7 1 8 0 .5 3 2 0 .4 5 2 Ï . 6 5 5 I

1 0 5 . 1 0 1 8 0 .4 8 5 0 . 4 0 5 Ï . 6 0 7 5

1 2 2 . 5 0 1 8 0 .4 2 0 . 3 4 Ï . 5 3 1 5

1 4 1 .6 0 1 8 0 . 3 6 0 .2 8 Î . 4 4 7 2

1 6 7 . 7 ° I 8 O. 3 0 5 0 . 2 2 5 Ï .3 5 2 2

1 9 3 . 3 3 1 8 0 .2 7 0 . 1 9 1 .2 7 8 8

2 2 1 .5 0 1 8 0 .2 0 8 0 .1 2 8 Î . I O 72

k  = 0 .009491  m in ." ^  

H a l f - l i f e  p e r i o d  = 73*0 min*
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TABLE IV .

R a c é m is a t io n  o f  2 ^~ t ~ b n t y l - 6- n i t r o b i D h e n y l -li.- o a r l ) o x y l i c  a c i d .

T = 6 4 .2 ° & 1 .0 a  = 180, 0 .08

Time i n  
M in u te s

O b serv ed  P o l a r i m e t r i c  
R e a d in g ,  a,j. -  % lo g lo ( ( ^ t  -

1 .6 8 1 8 0 .9 7 0 .8 9 Î .9 4 9 4

2 .3 4 1 8 0 .9 3 5 0 .8 5 5 Î . 9 3 2 O

4 .3 9 1 8 0 .9 3 0 . 8 5 1 . 9 2 9 4

6 .4 9 1 8 0 .9 1 0 . 8 3 Î . 9 1 9 I

9 .2 1 180.,88 0 .8 0 Ï . 9 0 3 I

1 1 .0 1 1 8 0 .8 4 2 0 . 7 6 2 Ï .8 8 2 4

1 4 . 9 6 1 8 0 .8 0 6 0 . 7 2 6 Î .8 6 0 9

1 8 .4 5 . 1 8 0 .7 6 0 .6 8 1 . 8 3 2 5

2 2 ,7 6 1 8 0 .7 3 0 .6 5 Ï .8 1 2 9

2 6 .1 6 1 8 0 .6 9 2 0 .6 1 2 1 .7 8 5 3

3 0 . 7 7 1 8 0 .6 6 0 . 5 8 1 . 7 6 3 4

3 7 .1 2 1 8 0 . 5 9 1 0 .5 1 1 Ï .7 0 8 4

4,2.00- 1 8 0 .5 6 0 .4 8 Ï .6 8 1 2

4 6 .9 3 1 8 0 .5 3 5 0 . 4 5 5 Ï . 6 5 8 O

5 1 .5 6 1 8 0 .4 8 0 . 4 0 Ï .6 0 2 1

5 7 .7 2 I 8 O. 4 7 0 . 3 9 Ï . 59 I I

6 5 . 0 4 I 8 O. 4 3 4 0 . 3 5 4 Ï . 5 4 9 O

7 5 .2 4 1 8 0 .3 6 0 .2 8 Ï . 4 4 7 2

8 5 .6 2 1 8 0 .3 2 2 0 .2 4 2 1 .3 8 3 8

9 8 . 5 7 1 8 0 .2 8 3 0 . 2 0 3 Ï . 3 0 7 5

1 1 2 .1 4 1 8 0 .à48 0 .1 5 8 Î .2 2 5 3

l i a l f - l l f e
k  = 0 .0 1 5 2 3 0  m in . 

p e r i o d  = 4 5 . 5  m in.
-1
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TABLE V.

R a c é m is a t io n  o f  2 * - t - b u t v l - 6 - n i t r o b i n h e n y l - H - o a r b o x y l i c  a c i d

T = 7 0 . 1 °  c =- 1 . 0 5  a  = 1 8 0 .0 8— , 0
Time i n  O bserved  P o l a r i m e t r i c  a .  -  a  l o g , » ( a .  -  a  
M in u te s  r e a d i n g ,  z o xu i  o

1 . 6 1 1 8 0 . 8 7 6 0 .7 9 6 I . 9 0 0 9

5 .1 4 1 8 0 .8 4 7 0 .7 6 7 I . 8 8 4 8

4 .5 3 1 8 0 .8 3 1 0 .7 5 1 1 . 8 7 5 6

6 .1 3 1 8 0 .8 0 7 0 . 7 2 7 1 , 8 6 1 5

8 .7 1 1 8 0 .7 4 8 0 .6 6 8 1 .8 2 4 8

1 0 .7 5 1 8 0 .7 3 8 0 . 6 5 8 1 .8 1 8 2

1 3 .8 0 1 8 0 .6 6 0 . 5 8 1 . 7 6 3 4

1 7 .6 1 1 8 0 .6 1 7 0 . 5 3 7 Î . 7 2 9 2

2 0 .5 9 1 8 0 .5 6 3 0 .4 8 3 1 .6 8 3 9

2 3 .9 9 1 8 0 .5 1 7 0 .4 3 7 I . 6405

2 9 .8 0 1 8 0 ,4 6 1 0 .3 8 1 1 .5 8 0 9

3 4 .8 6 1 8 0 .4 1 8 0 .3 3 8 1 .5 2 8 9

4 1 .3 0  , 1 8 0 .3 5 2 0 .2 7 2 1 .4 3 4 6

4 7 .2 0 I 8 O. 3 1 3 0 . 2 3 3 1 .3 6 7 4

5 6 .3 3 1 8 0 .2 7 0 . 1 9 1 .2 7 8 8

6 4 .3 0 1 8 0 .2 0 8 0 .1 2 8 I . 1 0 7 2

k = 0*02813 m in * - l

H a l f - l i f e  p e r i o d  = 2U#6 min*



75.
TABLE V I.

R a c é m is a t io n  o f  2 ' - t - T 3 u t y l - 6 - n i t r o b i n h e n y l - U - c a r b o x .v l i c  a c i d .

T = 7 5 .2 °  Ç = 0 . 9 2 a  = 180 . 0 ,08

Time i n  
M in u tes

O b serv ed  P o l a r i m e t r i c  
R e a d in g ,  a,j. ° t  -  % l o g i o ( a t  -  a ^ )

2 .3 7 1 8 0 .8 0 0 . 7 2 1 .8 5 7 3

3 .9 3 1 8 0 .7 5 8 0 .6 7 8 Ï . 8 3 1 2

6 . 9 0 1 8 0 .6 7 5 0 .5 9 5 Ï .7 7 4 5

8 . 0 3 1 8 0 . 6 3 5 0 . 5 5 5 I . 7443

9 .2 0 1 8 0 .5 9 7 0 . 5 1 7 Ï . 7 1 3 5

1 0 .0 8 1 8 0 .5 7 5 0 .4 9 5 1 . 6 9 4 6

1 1 .2 2 180456 0 .4 8 Ï .6 8 1 2

1 2 .7 1 1 8 0 .5 2 0.1)4 Î .6 4 3 5

1 4 .4 1 1 8 0 .4 8 0 . 4 0 1 .6 0 2 1

1 6 .4 0 1 8 0 .4 6 5 0 . 3 8 5 Ï . 5 8 5 5

1 7 .5 9 1 8 0 .4 2 8 0 .3 4 8 I . 5 4 1 6

1 9 .0 6 1 8 0 .4 0 0 . 3 2 Î . 5 0 5 1

2 0 . 3 6 1 8 0 . 3 8 6 0 . 3 0 6 1 .4 8 5 7

2 2 . 2 3 1 8 0 .3 6 3 0 .2 8 3 I . 4518

2 3 . 4 2 1 8 0 .3 5 0 . 2 7 Î . 4 3 1 4

2 6 .6 4
2 8 . 6 3
3 0 . 7 2
3 2 . 7 0
3 4 .4 5
3 8 . 5 0
4 1 .0 0
4 3 . 2 1

1 8 0 .3 2  
1 8 0 .2 9  
1 8 0 .2 6  
1 8 0 .2 4 2  
1 8 0 .2 2  .
1 8 0 .2 1 5
1 8 0 .1 9 5
1 8 0 .1 9

k  = 0 .0 4 7 7 7  m in .

0 .2 4
0 .2 1
0 .1 8
0 .1 6 2
0 . 1 4
0 . 1 3 5
0 . 1 1 5
0 .1 1

-1

Ï .3 8 0 2
1 . 3 2 2 2
Ï . 2 5 5 3
1 . 2 0 9 5
I . 1461
Ï . I 3 0 3
1 . 0 6 0 7
Ï . 0 4 1 4

H a lf  l i f e p e r i o d  = 1 4 .5  m in .
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TABLE V I I ,

T° T°K 1  X 10^
T

k m in .”^ log]_0^

5 1 .0 5 2 4 .2 3 .0 8 4 3 . 4 7 2  X 10*^ 3 .5 4 0 6

5 5 .8 3 2 9 . 0 3 . 0 4 0 6 . 3 1 5  X 1 0 "^ 3 .8 0 0 3

6 0 ,5 3 3 3 . 7 2 . 9 9 7 9 .4 9 1  X 1 0 “^ 3 .9 7 7 3

6U. 2 . 3 3 7 .4 2 . 9 6 3 1 . 5 2 3  X 1 0 " ^ 2 .1 8 2 6

7 0 .1 3 4 3 . 3 2 .9 1 8 2 . 8 1 3  X 1 0 “ ^ 2 .4 4 9 2

7 5 .2 3 4 8 .4 2 .8 7 7 4 .7 7 7  X 10"^ 2 .6 7 9 1

The s t r a i g h t  l i n e  p l o t  o f  lo g ^ g k  a g a i n s t  i  i s  g iv e n  i n

i

g rap h  I I I ,  and  th e  e n e rg y  o f  a c t i v a t i o n  ( s )  was c a l c u l a t e d  

from  th e  g r a d i e n t  o f  th e  l i n e .

E = 25#U ' kca l.m o le*"^ .
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a i  -

3 7

303
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P r e p a r a t i o n  o f  8 - ( 2*- t - b n t v l p h e n y l ) - l - n a p h t h o i c  a c id #

S-Brgmo- 1 - n a p h t h o ic  a c i d .

( R u l e ,  P u r s e l l  an d  Brown, J . , 193U» 168)#

N a p h t h a l i c  a n h y d r id e  ( l9 8 g # )  w as d i s s o l v e d  i n  h o t  

‘ a q u e o u s  sod ium  h y d r o x id e  s o l u t i o n  ( l 2 4 g .  i n  48 0 0  m l.  w a t e r )  

an d  th e  s o l u t i o n  f i l t e r e d  th r o u g h  g l a s s  wool# A f t e r  h e a t i n g  

u n d e r  r e f l u x  f o r  15 m i n u t e s ,  m e r c u r i c  o x id e  ( 2 2 0 g # ) ,  d i s s o l v e d  

i n  a  m ix t u r e  o f  g l a c i a l  a c e t i c  a c i d  ( l 6 0  m l#) and  w a t e r  

(6 0 0  m l# ) ,  was a d d e d  t o  t h e  b o i l i n g  s o l u t i o n ;  a  l i g h t  

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

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

u n d e r  r e f l u x  c o n t i n u o u s l y  f o r  80 h o u rs#  A f t e r  c o o l i n g ,  

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

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

d r i e d  ( 3 7 6 g # ) .

The h y d ro x srm ercu ri-co m p o u n d  ( 94g* ) was su sp e n d e d  

i n  a  m ix t u r e  o f  g l a c i a l  a c e t i c  a c i d  ( 3 0 0  m l#) a n d  w a te r  

( 5 0  m l# ) ,  w h ic h  was c o o l e d  e x t e r n a l l y  w i t h  i c e #  A 

s o l u t i o n  o f  b ro m in e  ( 3 4 g # ) i n  aq u e o u s  sod ium  b ro m id e  

s o l u t i o n  (75g*  i n  I 50  m l# w a te r )  was a d d e d  s lo w ly ,  w i th  

c o n s t a n t  s t i r r i n g ,  t h e  t e m p e r a t u r e  b e i n g  m a i n t a i n e d  a t  0 -5^#  

A f t e r  t h e  a d d i t i o n  was c o m p le t e ,  t h e  m ix t u r e  was h e a t e d  t o  

9 0 ° ,  p o u r e d  i n t o  b o i l i n g  w a t e r (3  1 » ) t h e n  h e a t e d  f o r  a  

f u r t h e r  5 m in u te s  and  t h e  h o t  s o l u t i o n  f i l t e r e d #  The 

f i l t r a t e  was c o o l e d  an d  t h e  c r u d e  a c i d  w h ich  s e p a r a t e d  was
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f i l t e r e d  o f f  an d  d r i e d .

8 -B r o m o - l -n a p h th o ic  a c i d  c r y s t a l l i s e d  from  b en zen e  

i n  sm a ll  f i n e  c r y s t a l s , r a . p .  175 -177^  ( I 2 5 g . ,  5 0 ^ ) .

M ethyl 8 -brom o- l - n a p h t h o a t e .

(R u le  and  B a r n e t t ,  J . ,  19 3 2 , 1 7 5 ) .

The a c i d  (3 9 * 6 g .)  was d i s s o l v e d  i n  b e n z e n e  and 

th e  s o l u t i o n  h e a t e d  u n d e r  r e f l u x .  T h io n y l  c h l o r i d e  ( 2 2 g . )  

was added  s lo v / ly  t o  th e  b o i l i n g  s o l u t i o n ,  and  th e  r e a c t i o n  

m ix tu re  was t h e n  h e a t e d  f o r  a f u r t h e r  34 h o u r s .  M ethanol 

(100  m l . )  was t h e n  ad d ed  s lo w ly  to  t h e  s o l u t i o n ,  and  th e  

s o l u t i o n  was h e a t e d  f o r  a n o t h e r  30 m in u te s .  The b e n z e n e  

s o l u t i o n  was t h e n  c o o l e d ,  w ashed  w i th  w a t e r ,  aq u eo u s  sodium 

c a r b o n a te  s o l u t i o n  ( lO ^ )  and  w a t e r ,  and d r i e d  o v e r  a n h y d ro u s  

magnesium s u l p h a t e .  A f t e r  rem o v a l o f  t h e  s o l v e n t ,  th e  

r e s i d u e  was d i s t i l l e d  u n d e r  r e d u c e d  p r e s s u r e .  Metiiyl 

8 - b r o m o - l - n a p h th o a te ,  b . p .  l6 8 -1 7 6 ^ /3 m m ., m .p . 34-36^# was 

o b t a in e d  ( 3 6 g . , 9 0 .7 % ).

8 - ( 2*- t - b u t y l p h e n y l ) - l - n a n h t h o i c  a c i d .

A m ix tu r e  o f  o - i o d o - t - b u t y l b e n z e n e  ( 2 0 g . ) and  

m e th y l 8 - b r o m o - l - n a p h th o a te  ( 2 0 . 7 g . )  was h e a t e d  i n  a b a t h  

a t  2 4 0^ ,  and  c o p p e r  b ro n z e  ( 4 0 g . ) added  g r a d u a l l y  d u r in g  

t e n  m in u te s .  When th e  r e a c t i o n  was c o m p le te  t h e  p r o d u c t  

was e x t r a c t e d  w i th  b o i l i n g  c h lo ro b e n z e n e .  The h o t  s o l u t i o n
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was f i l t e r e d  and. t h e  s o l v e n t  removed# From th e  r e s i d u a l  

s o l u t i o n  a s o l i d  s e p a r a t e d  w h ich  was c ru d e  d im e th y l  

1 ,1 * - h i n a p h t h y l - 8 ,8 * - d i c a r b o x y l a t e # I t  was f i l t e r e d  o f f

and  w ashed w i th  e t h e r .  The f i l t r a t e  was d i s t i l l e d  u n d e r  

r e d u c e d  p r e s s u r e ,  and  t h r e e  f r a c t i o n s  w ere o b t a i n e d :

( i )  C o l o u r l e s s  o i l ,  b . p . '  8 0 -8 2 VUmm. ( 6 . 5 g . )  

w h ich  was m e th y l 1 - n a p h th o a t e ,  a g a i n  th e ” p r o d u c t  o f  

d e h a lo g e n a t io n  o f  m ethy l 8 - b r o r a o - l - n a p h th o a te  by  th e  c o p p e r  

b r o n z e .

(1 1 )  Y e llow  o i l ,  b . p .  1 4 0 -1 4 6 °Amm. ( l . 5 g . ) .

( i l l )  A d a rk  b row n g l a s s y  r e s i d u e .

On a d d in g  a c e to n e  t o  t h e  r e s i d u e ,  a s o l i d  was
i

O b ta in e d  w h ich  was th e  r e q u i r e d  e s t e r  ( 2 . 3 g . ) ,  M ethyl 

8 - ( 2*- t - b u t y l n h e n v l ) - l - n a n h t h o a t e  was c r y s t a l l i s e d  from  

m e th an o l and  s e p a r a t e d  a s  c o l o u r l e s s  h e x a g o n a l  p r i s m s ,  

m .p .  1 1 1 -1 1 2 °  (Pound ; C, 8 3 .0 ;  H, 7 . 1 .  

r e q u i r e s  0 ,  8 3 . 0 ;  H, 7*0%).

The e s t e r  was u n ch an g ed  a f t e r  b o i l i n g  w i th  

e t h a n o l i c  p o ta s s iu m  e t h o x id e  f o r  t h r e e  h o u r s .  The 

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

s o l u t i o n  and  th e  m ix tu re  was h e a te d  u n d e r  r e f l u x  f o r  t h r e e  

h o u r s .  The amyl 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  th e  

r e s i d u e  e x t r a c t e d  w i th  b o i l i n g  w a t e r .  The a l k a l i n e  s o l u t i o n  

was e x t r a c t e d  w i th  e t h e r  t h e n  a c i d i f i 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 .
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8 - ( 2*- t - b u t y l p h e a v l ) - 1 - n a p h th o ic  a c i d  c r y s t a l l i s e d

from  m e th a n o l  a s  c o l o u r l e s s  rhom bic p l a t e s ,  m .p . 2 3 6 - 2 3 7 ^

(Pound: C, 8 2 .7 ;  H, 6 .4#  ^21^^20^2 G, 8 2 .7 ;

H, 6 .^ ^

R e s o l u t i o n  o f  8 - ( 2*- t - b u t y l p h e n v l ) - l - n a p h th o ic  a c i d .

A l l  r o t a t i o n s  w ere m e asu red  i n  c h lo ro fo rm  a t  room 

t e m p e r a tu r e  ( j s . ^  O .g) i n  2 dm. t u b e s  u n l e s s  o th e r w is e  s t a t e d ,

The a c i d  ( 6 .5 g # )  and  s t r y c h n i n e  (7 # 1 4 g . )  were 

d i s s o l v e d  i n  b o i l i n g  e t h a n o l  ( 3 OO m l . )  and  k e p t  a t  room 

te m p e r a tu r e  o v e r n i g h t .  The f i r s t  f r a c t i o n  o f  s a l t  ( 2 . 9 g . ) 

s e p a r a t e d  i n  r e c t a n g u l a r  p l a t e s  and h ad  - 2 2 .2 ^  and

[ a ] ^ 6 i  -3 1  #4^ . A f t e r  c o n c e n t r a t i o n  o f  t h e  m o t h e r - l i q u o r

a se co n d  f r a c t i o n  s e p a r a t e d  w hich  h ad  -43#7^  and

[ a ] ^ 6 i  - 6 2 . 2 ^ .  E v a p o r a t i o n  t o  d ry n e s s  o f  t h e  m o th e r -  

l i q u o r  y i e l d e d  a s o l i d  w hich  h ad  - 9 4 .7 ^  and

[ a ] g 4 g i  - 1 2 6 . 3 ^ .  T h is  f r a c t i o n  was c r y s t a l l i s e d  from  

a c e to n e  u n t i l  th e  s p e c i f i c  r o t a t i o n  re m a in e d  c o n s t a n t .

The f i r s t  two f r a c t i o n s  w ere  com bined and  r e c r y s t a l l i s e d  

from  e t h a n o l .

S t r y c h n in e  ( + ) - 8 - ( 2 ^- t - b u t y l p h e n y l ) - 1 - n a p h th o a te  

c r y s t a l l i s e d  from  e t h a n o l  i n  h e x a g o n a l  p l a t e s ,  m .p . 213-214^ 

w i th  l o s s  o f  s o l v e n t  a t  101®, -1 4 # 5 ^ ,  - 1 9 # 9

(Pound: C, 6 9 . 3 ;  H, 7 . 6 . . SH^O

r e q u i r e s  C, 69#2 ; H, 7 .2Jo ). On b e i n g  h e a t e d  i n  vacuo a t

o
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80® f o r  s e v e r a l  h o u r s  th e  s a l t  l o s t  th e  e a u i v a l e n t  o f

f i v e  m o le c u le s  o f  w a te r  o f  c r y s t a l l i s a t i o n .  On e x p o su re  

to  a i r  th e  an liyd rous  s a l t  v e ry  q u ic k ly  r e v e r t e d  to  th e  

h y d r a te d  fo rm .

S t ry c h n in e  ( - } - 8 - ( 2*- t - h u t y l p h e n y l ) - 1 - n a p h th o a te  

c r y s t a l l i s e d  from a c e to n e  i n  sm a ll  r e c t a n g u l a r  p l a t e s  

m .p . 1 9 2 -1 9 3 ° ,  - 8 7 , 7 ° ,  - 1 0 0 .7 °  (Pound : C, 7 8 .6 ;

H, 6 . 7 .  <̂ 2i\ o°2'^21^22^2°2 C, 7 9 .0 ;  H, 6 .6 % ).

The o p t i c a l l y  a c t i v e  a c i d s  w ere o b ta in e d  from

th e  s a l t s  by  d e c o m p o s i t io n  w i th  aq u eo u s  sodium h y d ro x id e  

s o l u t i o n  i n  th e  u s u a l  m anner, and  r e c r y s t a l l i s e d  from  a 

1 :5  m ix tu re  o f  b e n z e n e  and  l i g h t  p e t ro le u m  ( b . p .  6 0 -8 0 ^ ) .

( + )-8-,(  2 * - t - b u t y l p h e n v l  ) - l - n a p h th o ic  a c i d  

c r y s t a l l i s e d  i n  m ic ro  c r y s t a l s ,  ra .p . 1 4 5 -1 4 6 ° ,  +44*4°,

t^ ^ 5 4 6 l  '*^9#7° (P ound : C, 83#1 ; H, 6 7 .  r e q u i r e s

C, 8 2 .9 ;  H, 6 . 6 ^ ) .

( - ) - 8 - ( 2* - t-b u t .v lp h en y 3 )- l - n a p h th o ic  a c i d  

c r y s t a l l i s e d  i n  m ic ro  c r y s t a l s ,  m .p . 145-146®, -4 4 # 6 ° ,

[ a ] ^ 4 g l  -50.0®  (P ound : C, 8 3 .1 ;  H, 6 .7#  r e q u i r e s

C, 8 2 .9 ;  H, 6 .6 % ).

On f u r t h e r  h e a t i n g ,  th e  m e l te d  a c t i v e  a c i d s  

s o l i d i f i e d  th e n  m e l te d  a t  236-237^ -  th e  m e l t in g  p o i n t  o f  

t h e  race m ic  a c i d .

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

was s t u d i e d  a t  t e m p e r a tu r e s  b e tw e e n  121® and 136®. The
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a c i d  ( 0 .1 5 g .  ) was d i s s o l v e d  i n  e t h y l  b en zen e  (20  m l . ) ,  

s e a l e d  i n  8 tu b e s  and  h e a te d  i n  a t h e r m o s ta t  to  th e  r e q u i r e d  

t e m p e r a tu r e .  Tubes w ere removed a t  i n t e r v a l s ,  c o o le d  

r a p i d l y  and th e  r o t a t i o n s  r e a d  a t  room te m p e r a tu r e .  As 

t h e  r o t a t i o n  a p p ro a c h ed  z e r o ,  th e  ( l ) - a c i d  c r y s t a l l i s e d  

i n  th e  p o l a r i m e t e r  t u b e .

AiLtion o f  c o n c e n t r a t e d  s u lp h u r i c  a c i d  on  ( ± ) - 8 - ( 2 * - t -  

b u t y l p h e n v l ) - l - n a p h th o ic  a c i d .

The s u b s t i t u t e d  n a p h th o ic  a c i d  ( 0 . 9 g . ) was 

d i s s o l v e d  i n  i c e - c o l d  c o n c e n t r a t e d  s u lp h u r i c  a c i d  (lO  m l . )  

and  a  r e d  s o l u t i o n  was o b t a i n e d .  T h is  was l e f t  t o  s t a n d  

f o r  30 m in u te s  and  th e n  p o u red  on c ru s h e d  i c e .  A y e l lo w  

s o l i d  was p r e c i p i t a t e d  and was f i l t e r e d  o f f .  I t  was 

w ashed w i th  aq u eo u s  sodium c a rb o n a te  s o l u t i o n  and  w i th  

w a te r ,  and  d r i e d  ( 0 . 5 g . ,  59%)*

7-O xo-l l - t - b u t y l b e n z Fd e l a n th r a c e n e  c r y s t a l l i s 

ed  from  p e t ro le u m  e t h e r  ( b . p .  60-80®) i n  y e l lo w  m ic ro  

c r y s t a l s  m .p . 170-171® (Pound: C, 8 8 .4 ;  H, 6 .5#

^21^18^ r e q u i r e s  C, 8 8 .1 ;  H, 6 . 3 ^ ) .

The r e a c t i o n  was r e p e a t e d  on  th e  o p t i c a l l y  

a c t i v e  ( + ) - 8 - ( 2*- t - b u t y l p h e n y l ) - l - n a p h t h o i c  a c i d ,  and  th e  

p ro d u c t  o b t a in e d  was o p t i c a l l y  i n a c t i v e .
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R a c é m is a t io n  o f  o p t i c a l l y  a a t î v e  8 - ( 2 ' - t - b u t v l p h e m 1 ) - l -

n a p h th o ic  a c i d .

The r a t e s  o f  r a c é m i s a t i o n  were m easu red  i n  e th y lh e n z e n e ,  

0 .7 ,  ^  = 5461 X

TABLE V I I I .

R a c é m is a t io n  o f  ( -  2*- t - h u t .v lp h e n v l ) - l - n a p h th o ic  a c i d

k = 0 .0 0 3 7 9 3  m ln .“^

H a l f - l i f e  p e r io d  = 1 8 2 .8  m in.

a t  1 2 1 ° . P o l a r i m e t r i c  z e r o ,  a  =0 1 8 0 .0 8 .

Time i n  
M in u tes

O bserved  P o l a r i m e t r i c  
R ead in g , “ t  -  % l o g i o ( a ^  •

V  0 1 7 9 .6 7 - 0 . 4 1 1 .6 1 2 8

20 1 7 9 .7 0 - 0 . 3 8 Ï .5 7 9 8

4 0 1 7 9 .7 3 - 0 . 3 5 Ï .5 4 4 1

60 1 7 9 .7 5 5 - 0 . 3 2 5 1 .5 1 1 9

80 1 7 9 .7 8 - 0 . 3 0 1 .4771

100 1 7 9 .8 0 - 0 .2 8 I . 4 4 7 2

120 1 7 9 .8 2 - 0 . 2 6 Ï . 4 1 5 0

1 5 0 1 7 9 .8 5 - 0 . 2 3 Ï . 3 6 1 7

180 1 7 9 .8 7 - 0 .2 1 Î . 3 2 2 2
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TABLE I X .

R a c é m is a t io n  o f  ( - ) - 8 - ( 2 ' - t - b n t y l n h e n y l ) - 1 - n a n h th o lc  a c l d  

a t  1 2 5 ° .

P o l a r i m e t r i c  z e ro  n  = 1 8 0 .0 8 .o
Time i n  
M in u te s

O bserved  P o l a r i m e t r i c  
H ead in g , ‘̂ t -  % l o g i o ( a t  -

0 1 7 9 .6 0 —0 .4 8 ï .6 8 1 2

10 17 9 .6 3 - 0 . 4 5 1 .6 5 3 2

20 1 7 9 .6 5 - 0 . 4 3 1 .6 3 3 5

30 1 7 9 .6 6 5 -Ô . 4 1 5 i t 6180

46 1 7 9 .7 0 - 6 .3 8 ï .5 7 9 8

6 l 1 7 9 .7 3
i

'  - 0 . 3 5 i t5 W il

90 1 7 9 .7 8 - 0 . 3 0 Î . 4 7 7 1

122 1 7 9 .8 2 5 - 0 .2 5 5 Ï .4 0 6 5

H a l f - l l f e

k  = 0 .0 0 5 3 8 5  m in.

p e r i o d  = 1 2 8 .7  m in.

-1 '





8 8 .

TABLE X .

R a c é m isa t io n  o f  ( + ) - 8 - ( 2*- t-T b n ty lp h e n v l) - l - n a p h th o ic  a c i d

a t  1 3 1 ° .

P o l a r i m e t r i c  z e r o ,  a  = 180*08o
Time i n  
M inu tes

O b se rv ed •P o l a r i m e t r i c  
R ead ing , °-t -  % l o g io ( a ^

0 180 .5 6 0 .48 ï .6 8 1 2

5 180 .545 0 .4 6 5 Î .6 6 7 5

10 18 0 .525 6 .4 4 5 Ï .6 4 8 4

1 5 . 2 1 8 0 .5 0 0 .4 2 1 .6 2 3 2

20 180 .4 8 0 .4 0 ï .6 0 2 1

3 0 .5 1 8 0 .44 0 .3 6 Ï .5 5 6 3

4 0 . 2 180 .41 0 .3 3 Ï . 5I 85

50 ■ 1 8 0 .385 ' .0 .305 Ï .4 8 4 3

60 180 .355 0 .2 7 5 Ï .4 3 9 3

H a l f - l i f e

k = 0 .009483 m in. 

p e r io d  = 73 .1  m in.

-1
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TABLE X I .

H a l f - l i f e  p e r io d  = kh*h m in.

R a c é m isa tio n  o f  ( - ) - 8 - ( 2 ' - t - b u t y l n h e n v l ) - l - n a T > h t h o i c  a c i d  

a t  136° .

P o l a r i m e t r i c  z e r o ,  = 180 .08

Time i n  O bserved P o l a r i m e t r i c  a . -  a  l o g , « ( a .  -  
M inu tes  R ead in g , °

5 179 .60 - 0 .4 8 Î .6 8 1 2

7 .5 179 .62 —0 .4 6 Î .6 6 2 8

10 179 .6 4 - 0 .4 4 Ï .6 4 3 5

1 2 .5 179 .655 - 0 .4 2 5 1 .6 2 8 4

15 1 7 9 .67 -O .4 1  . 1 .6128

20 1 7 9 .7 0 - 0 .3 8 Ï .5 7 9 8

25 1 7 9 .7 3 - 0 . 3 5 1 .5 4 4 1

30 1 7 9 .7 5 5 - 0 .3 2 5 Ï . 51 I 9

k = 0 .0 1 5 6 1 6  m in. -1

a

I
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TABLE X I I

T° T°K i 1 xlO ^ ' 
T

‘ k m in .“ ^ l o g i o  k

121° 3 9 4 .2 2 .5 3 7 3 .7 9 3 x 1 0 "^ 3 .5 7 8 9

125° 3 9 8 .2 2 .5 1 2 5 .3 8 5 x 1 0 “ ^ 3 .7 3 1 2

1 3 1 ° 4 0 4 . 2 2 .4 7 4 9 .4 8 3 x 1 0 " ^ ' 3 .9 7 6 9

1 3 6 ° 4 0 9 . 2 2 .4 4 4 1 .5 6 2 x 1 0 "^ 2 .2 3 3 7

Prom th e  p l o t  o f  l o g ,  a g a i n s t  i ,  g iv e n  i n
T

g rap h  V I, t h e  Energy o f  A c t i v a t i o n  ( e ) was fo u n d  to  

h e  29 kcal#m ole~^#
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123. Optical Studies o f 2,2'-Di-t-hutylbiphenylcarboxylic Acids 
and of 2'-t-Butylbiphenyl-2-carboxylic Acid.
By  M a r y  S. L e s s l i e  and U r s u l a  J. H. M a y e r .

T he syn thesis  of 2 '- t-b u ty lb ip h en y l- 2 -carboxylic acid, 2 %G -di-t-bntylbi- 
phenyl-3-carboxylic  acid and  of 6 ,6 '-d i-t-bu ty lb ipheny l-3 ,3 '-d icarboxy lic  acid 
is described. T he stry ch n in e  and  th e  b rucine sa lts  of th e  m ono-t-bu ty lb i- 
pheny l acid undergo  second-order asym m etric  tran sfo rm atio n  in ethanol.
T he d i- t-b u ty lb ip h en y l acids have  been resolved and  show  h igh optica l 
s tab ility .

CoRBELLiNi and A n g e l e t t i   ̂ found that the brucine salt of the 2'-(hydroxyalkyl)biphenyl-
2-carboxylic acid (I) underwent second-order asymmetric transformation in ethanol and, 
later, Jamison and Turner  ̂ showed that it also underwent first-order transformation in 
chloroform. We have now prepared 2'-t-butylbiphenyl-2-carboxylic acid (II) and found 
that its strychnine and brucine salts undergo second-order asymmetric transformation; 
no first-order transformation was observed. On the other hand, 6,6'-di-t-butylbiphenyl- 
3,3'-dicarboxylic acid (III) and 2%G-di-t-butylbiphenyl-3-carboxylic acid (IV) were resolved 
and showed high optical stability.

HOjC HOzC HOjC

C M e v O H
(I)

But

( H )

Bû

Bu( COzH
( I I I )

H O , C But

(IV)
But

M e . N

(V)

Scale models based on known atomic radii show that in the di-t-butyl acids the two 
benzene rings cannot become coplanar since, owing to their volume, the two tertiary butyl 
groups cannot pass the hydrogens in the 2,2'-positions. Interconversion of the (-f )- and 
(—)-forms is therefore inhibited. This is in marked contrast to the asymmetry of 2'-di- 
methylamino-2-biphenylyltrimethylammonium iodide (V) which arises from the “ dynamic 
effect " of the less bulky *NMeg  ̂ group:  ̂ the active quaternary iodides whilst optically 
stable in cold aqueous solution had a half-life of 125 minutes at 99-5°.

Methyl 2'-t-lDutylbiphenyl-2-carboxylate (II) was prepared by heating together equi- 
molecular proportions of methyl o-iodobenzoate and o-iodo-t-butylbenzene in presence of 
copper bronze. A mixture of 2,2'-di-t-butylbipheny 1, dimethyl diphenate, and methyl 
2'-t-butylbiphenyl-2-carboxylate was obtained. The hydrocarbon was removed by 
distillation of the mixture under reduced pressure but the esters could not be separated 
either by distillation or by fractional crystallisation. The mixture of esters was therefore 
hydrolysed and the acids were eventually separated by tedious and rather wasteful 
crystallisations from glacial acetic acid (in which the diphenic acid was slightly less soluble) 
and from aqueous ethanol. o-Iodo-t-butyl benzene was prepared in greatly improved 
yield by modifications of Shoesmith and Mackie’s method.'^ 2,4-Dinitro-t-butylbenzcne 
was reduced in aqueous solution with sodium disulphide and the nitro-amine was 
deaminated through the diazonium fluoroborate or with hypophosphorous acid. The 
above authors found that during the diazotisation of o-amino-t-butylbenzene decomposition 
of the diazonium sulphate set in at —8° and we therefore performed the diazotisation at 
—35° and allowed the reaction mixture to warm to —13°, then added it to aqueous



potassium iodide solution. This procedure resulted in greatly enhanced yields of the 
iodo-compound.

The dimethyl ester of the acid (III) was olitained by heating methyl 3-iodo-4-t-l)utyl- 
benzoate with copper bronze. The preparation of the iodo-ester from methyl 3-amino-4-t- 
butylbenzoate hydrochloride (or sulphate) presented unexpected difficulty because of the 
instability of the diazonium salt. The crude iodo-ester was a green viscous oil; it was 
distilled under reduced pressure and a))peared to be homogeneous Addition of light 
petroleum produced a wax-like solid; this crystallised from light petroleum and was found 
to be a 1 :1  molecular compound of the iodo-ester and methyl 3-hydroxy-4-t-butyl- 
benzoate. The iodo-ester is a liquid at room temperature and was obtained from the 
mother-liquors after all the molecular compound had been removed. It is surprising that 
the molecular compound distils under reduced pressure as if it were an individual substance, 
and in ethereal solution it did not yield the phenolic component when extracted with cold 
alkali. On the other hand, when the solid compound was stirred with cold 30% aqueous 
sodium hydroxide or warmed with a 10% solution of sodium hydroxide a mixture of the 
iodo-ester and sodium 3-hydroxy-t-butylbenzoate was obtained. By this means the 
iodo-ester was recovered from the molecular compound. In later preparations the solid 
compound was not isolated, but the oil obtained after vacuum-distillation was stirred with 
successive amounts of cold concentrated sodium hydroxide solution and the sodium salt of 
the hydroxy-acid was removed by repeated washing with water. The iodo-ester thus 
obtained was hydrolysed, and the iodo-acid was purified by crystallisation from methanol 
and from light petroleum, then converted into its methyl ester.

When heated with copper bronze the molecular compound gave 5,5'-dimethoxy- 
carbonyl-2,2'-di-t-butylbiphenyl ether.

Ethyl 3-amino-4-t-butylbenzoate hydrochloride was also prepared. The diazonium 
chloride derived from it was very unstable but there was no evidence of compound form
ation between the iodo- and the hydroxy-ester. Washing with alkali failed again to 
remove the hydroxy-ester from the ethereal solution but on removal of the solvent a 
mixture of the two solid esters was obtained. These were easily separated by crystallis
ation from ethanol in which the hydroxy-ester was very soluble.

The methyl ester of the monocarboxylic acid (IV) was prepared by heating equi- 
molecular amounts of methyl 3-iodo-4-t-butylbenzoate and o-iodo-t-butylbenzene. The 
products were partially separated by distillation under reduced pressure, the main fraction 
consisting of a mixture of 2,2'-di-t-butylbiphenyl and the required unsymmetrical ester. 
This was hydrolysed with cthanolic potassium ethoxide, and the hydrocarbon removed by 
extraction with ether. The unsymmetrical acid was then obtained on acidification of the 
alkaline solution.

The strychnine salt of the monocarboxylic acid (II) was prepared in ethanol, and a 
series of crops was obtained whose rotations in chloroform solution were approximately 
the same ([ajĝ gĵ  —46-0° 0-4°). The acid regenerated from these salts was lævo-
rotatory and it was thus apparent that the strychnine salt had undergone second-order 
asymmetric transformation. Recrystallisation of the salts from methanol was more satis
factory than from ethanol since considerable dissociation into free acid and base occurred 
in the latter solvent. (When prepared in methanol the strychnine salt also underwent
asymmetric transformation.) The purest salt had —49 9° in chloroform and
racemised slowly during several days at room temperature. In boiling ethanol it racemised
quickly. The highest rotation obtained for the acid was —24 3° and —29-8°
in ethanol. Racémisation of the (—)-acid in ethanol was studied at 57°, 67°, and 79° 
(half-life 35,14 I , and 5 6 minutes respectively). The activation energy was 24 kcal. mole" .̂ 
The brucine salt was also prepared in ethanol and it, too, underwent second-order asym
metric transformation but to a smaller extent. The maximum rotation obtained for the 
recovered acid was Mgygi 4-7-7° in ethanol.



(),6'-Di-t-butylbiplicnyl-3,8'-dicarboxylic acid (III) was resolved through its brucine 
salt. The (-j-)-acid salt, which was the more soluble in ethanol, was a gel but it was 
possible to separate the two salts since their solubilities in ethanol differed considerably.

The free acids were obtained having d=I8-6° (±0-3°) in acetone. The acids
showed high optical stability and were not racemised in aqueous alkali or in pyridine at the 
boiling point.

2%G-Di-t-butylbiphenyl-3-carboxylic acid (IV) was converted into its strychnine salt, 
and the two diastereoisomers were separated by crystallisation from ethanol. The (-)-)-acid 
salt was crystalline and was readily obtained optically pure whereas the (—)-acid salt was an 
oil. The (di)-acid, however, was more sparingly soluble than the active acids, and the 
crude (—)-acid obtained from the oil was isolated optically pure by crystallisation from 
methanol. The acids had ±25-5° and ±28*4° (±0-5°) in chloroform. The
active acid retained its activity after sublimation at 130°/I mm. and even after melting.

E x p e r i m e n t a l

2,4:-Dinitro-t-butylbenzene.— t-B u ty lb en zen e  (100 g.) w as added , w ith  s tirring , w ith in  ^ hr., 
to  n itric  acid (500 c.c. ; d 1-51) a t  0°. T hen  th e  so lu tion  w as le ft a t  60— 65° for 15 m in. and  
poured  on crushed ice. T he crude d in itro-com pound w as filtered off and  w as m elted  under 
boiling w a te r (3 1.), th e n  cooled quick ly  w ith  vigorous stirring . A fter c ry sta llisa tio n  from  
eth an o l th e  d in itro -t-b u ty lb en zen e  w as ob ta ined  as w hite  prism s w hich becam e yellow  on 
exposure to  lig h t and  h ad  m. p. 63— 64° (yield 85% ).

^-Nitro-4:-t-butylaniline.— A h o t so lu tion  of sodium  d isu lphide ( 2  mol.) in w a te r (200 c.c.) 
w as added  w ith in  a  few m inu tes to  a vigorously  s tirred  suspension of 2 ,4 -d in itro -t-bu ty lbenzene 
(45 g.) in  boiling w a te r (500 c.c.). A fter 1 h o u r’s boiling, w ith  s tirrin g  (the vo lum e of w a te r 
being m ain ta ined ), th e  m ix tu re  w as cooled and  th e  crude n itro -am ine  w as filtered off. A fter 
purification  th ro u g h  its  hydroch lo ride  th e  base w as crysta llised  from  e th an o l and  from  lig h t 
pe tro leum  (b. p. 40— 60°). I t  m elted  a t  55— 56° (yield 75% ).

o-Nitvo-t-hutylbenzene.— {a) 3 -N itro -4 -t-bu ty lan iline  (60 g.) w as d iazo tised  in  hydroch lo ric  
acid and  th e  d iazonium  so lu tion  k ep t a t  0 — 1 0 ° for 1 hr. (th is was essential, o therw ise m uch base 
was recovered). To th e  filtered  so lu tion  hydrogen  fluoroborate  w as added , an d  th e  p rec ip ita ted  
d iazonium  fluoroborate  w as filtered off, w ashed w ith  e ther, and  dried  in  vacuo over su lphuric  
acid  (85 g.). I t  w as decom posed b y  add ing  i t  g rad u a lly  to  a boiling m ix tu re  of e thano l (3 parts) 
and  co n cen tra ted  su lphuric  acid (^ p a rt) . T he n itro -t-b u ty lb en zen e  w as ob ta in ed  w ith  b. p. 
102— 104°/6 m m . (40 g., 72% ).

(6 ) T he an iline  (60 g.) w as d iazo tised  as above and  th e  filtered d iazonium  so lu tion  w as 
added  w ith  s tirrin g  to  hypophosphorous acid (600 c.c.) a t  0°. B y  th is  m ethod  th e  n itro -t-  
bu ty lbenzene w as ob ta in ed  in  75%  yield.

o-t-B u ty lan iline .— T he above n itro -com pound  (70 g.) w as reduced  w ith  iron  filings and  w a te r 
con ta in ing  a little  acetic  acid. T he base ob ta in ed  (8 8 %) h ad  b. p. 93°/5 m m .

Q-Iodo-t-butylbenzene.— o-t-B u ty lan iline  ( 2 2  g.) w as dissolved in d ilu te  su lphuric  acid [d 1 2 ; 
120 c.c.) and  cooled to  —35°. A co n cen tra ted  aqueous solu tion of sodium  n itr ite  (10-5 g.) w as 
added  w ith in  5 m in. and  th e  m ix tu re  allowed to  w arm  in th e  freezing so lu tion  (carbon dioxide 
and  ethanol) to  —13° during  2 hr. T he re su lta n t brow n gelatinous suspension w as added  to  an  
aqueous so lu tion  of po tassium  iodide (75 g.). T he d iazonium  iodide w hich sep ara ted  
decom posed read ily . T he m ix tu re  w as m ade a lkaline and  th e  crude iodo-hydrocarbon  from  
tw o sim ilar experim en ts w as steam -distilled . 1  he d istilla te  w as ex trac ted  w ith  e ther, and  th e  
etherea l e x tra c t w as w ashed successively w ith  acid, sodium  m etab isu lp h ite  solution, acid, and  
w ater, th en  dried  (CaClg). A fter rem oval of th e  so lven t th e  residue w as d istilled  and  o-iodo-t- 
bu ty lbenzene, b. p. 94— 96°/3 m m . (68— 78% ), w as ob ta ined .

2,2'-D i-t-butylbiphenyl.— T he above iodo-hydrocarbon  (20 g.) reac ted  w ith  copper bronze 
( 2 0  g.) a t  225° (bath). The reaction  w as com plete a fte r |  hr. and  th e  p ro d u c t was ex trac ted  w ith  
chlorobenzene. T he so lven t w as rem oved and  th e  residue d istilled un d er reduced pressure. 
2,2'-Di-t-b%itylbiphenyl, b. p. 140°/2 m m ., w as ob ta ined . Id g h t pe tro leum  (b. p. 60 —80°;
2  c.c.) w as added  to  th e  oil, an d  th e  hydrocarbon , w hich crystallised , sep a ra ted  from  e thano l 
as s to u t p lates, m. p. 63— 64° (F ound: C, 90 2; H , 9 9. requires C, 90 2 ; H , 9 8 %).

2'-i-B%itylbiphenyl-2-cayboxylic A c id .— A m ix tu re  of o-iodo-t-bu ty lbenzene ( 2 0  g.) and  
m eth y l n-iodobenzoate (20 g.) reac ted  w ith  copper bronze a t  210° (bath) for ]- hr. The p ro d u c t



w as ex tra c te d  w ith  chlorobenzene and  a fte r  rem oval of th e  so lvent th e  residue w as d istilled  
u n d er reduced  pressure. T he low er frac tions collected w ere liqu ids; th e  m ain  frac tion , b. p. 
160— 180°/5 m m . (13 g.), c ry sta llised  on a d d itio n  of lig h t pe tro leum  (b. p. 40— 60°) an d  w as 
recrysta llised  th ree  tim es from  ligh t pe tro leum  (b. p. 40— 60°). I t  w as found to  be an in sep ar
ab le m ix tu re  of d im eth y l d ip h en a te  and  m eth y l 2 '- t-b u ty lb ip h e n y l- 2 -carb o x y la te  and  it was 
therefo re  hyd ro lysed  w ith  c thano lic  po tassium  ethox ide . T he re su lta n t m ix tu re  of acids w as 
sep ara ted  b y  frac tional c ry sta llisa tio n  from glacial acetic  acid followed by  c ry sta llisa tio n  from 
aqueous e thano l. 'l'-t-Butylbiplienyl-2-carboxylic acid crysta llised  from aqueous e th an o l in 
needles, m. p. 182— 183° (F ound : C, 80 1 ; H , 7-2. requ ires C, 80-3; H , 7-1% ).

^-Nitro-4t-t-butylbenzoic A c id .— ^^-t-B utylbenzoic acid (50 g.) w as added  g rad u a lly  to  ice-cold 
n itric  acid  (500 c.c., d T51) T hen  th e  so lu tion  w as k e p t a t  60° for 15 m in. and  poured  on ice. 
T he acid crysta llised  from  d ilu te  acetic  acid in sm all prism s, m . p. 162— 163° (65% ). 
D ecarboxy la tion  of th e  acid, followed b y  n itra tio n  of th e  resu lting  n itro -h y d ro ca rb o n , to  give 
2 ,4 -d in itro -t-bu ty lbenzene, m. p. 63— 64° (Shoesm ith and  M ackie ^), confirm ed th a t  th e  acid 
w as th e  3-nitro-isom er.

M ethyl ’̂ -Nitro-Ar-t-lnitylbenzoate.— 3-N itro -4 -t-bu ty lbenzo ic  acid (150 g.) w as co n v erted  in to  
its  m e th y l ester, b. p. 162°/6 m m ., p la tes, m. p. 45— 46° (from  m ethano l) (F ound : C, 60 8 ; 
H , 6-5. Calc, for : C, 60 7; H , 6-4% ). I t  w as described as an  oil by  K elbe and
Pfeiffer."

T he ethyl ester h ad  b. p. 162— 165°/5 m m ., m . p. 22— 24° (F o u n d : C, 62-1; H , 6-7.
Ci3 H i 7N 0 4  requ ires C, 62-1 ; H , 6 -8 % ).

M ethyl '^-Aniino-^-t-butylbenzoate Hydrochloride.—  The above m eth y l n itro -e s te r (146 g.) w as 
reduced  w ith  iron filings, w ater, an d  a little  ace tic  acid  a t  100°. T he m ix tu re  w as ex tra c te d  
w ith  h o t m ethano l, an d  th e  filtered  e x tra c t freed from  th e  b u lk  of so lven t b y  d istilla tio n . T he 
residue w as poured  in to  an  excess of co n cen tra ted  hydroch lo ric  acid a t  0°. T he resu ltin g  p as te  
w as filtered  off an d  d ried  a t  100° (121 g., 80% ). T he hydrochloride c ry sta llised  from  alcohol 
in th in  p la tes, m. p. 198— 200° (F ound : Cl, 15-0. CigH^gClNO^ requ ires Cl, 14-6% ).

T he corresponding  e th y l este r hyd roch lo ride  w as sim ilarly  p rep ared  from  e th y l 3 -n itro -4 -t- 
b u ty lb en zo a te . A p u re  specim en w as n o t ob ta in ed  since i t  w as too  soluble in all th e  usual 
so lvents. T he free w as a  viscous oil, b. p. 160°/4 m m . (F ound : C, 70-6; H , 9-3. CijH^gNOo 
requ ires C, 70-6; H , 8-7% ). In  a tte m p ts  to  c rysta llise  th is  h y d roch lo ride  from  d ilu te  h y d ro 
chloric acid i t  w as hydro lysed  to  Z-amino-4:-t-bntylbenzoic acid hydrochloride w hich  crysta llised  
in  p rism s, m. p. 238— 239° (F ound : C, 57-5; H , 6 -8 . CnHjgClNOo requ ires C, 57-5; H ,
6-9% ).

^^-lodo-^-t-butylbenzoic A c id .— To th e  above m e th y l e s te r  h y d roch lo ride  (44 g.) in con
ce n tra te d  hydroch lo ric  acid  a t  —25° th e  req u is ite  am o u n t of sodium  n itr ite  in aqueous so lu tion  
w as added  quick ly . T he m ix tu re  w as le ft for 90 m in ., in itia lly  a t  — 15°, and  allow ed to  w arm  to  
— 5°, th e n  qu ick ly  added  to  aqueous po tassiu m  iodide so lu tion  (46 g.). T he re su lta n t oil w hich 
co n ta in ed  som e low -m elting  solid w as e x tra c te d  w ith  e ther, an d  th e  e therea l so lu tion  w as 
w ashed rep ea ted ly  w ith  alkali, th en  successively w ith  sodium  m e tab isu lp h ite  so lu tion , acid, and  
w ater, and  dried . A fte r rem oval of th e  e th e r  th e  residue w as d istilled . T he d is tilla te  w as a 
green viscous oil, b. p. 164— 168°/10 m m ., w hich on ad d itio n  of lig h t p e tro leu m  (b. p. 40— 60°) 
gave a  w ax-like solid (25-5 g.). I t  w as recrysta llised  several tim es from  lig h t pe tro leu m  and  
sep a ra ted  as ha ir-like  needles, m. p. 58— 59° (F ound : C, 54-8; H , 6-1; 1, 24-1.
CioHiJOo.CiaHigOg requ ires C, 54-8; H , 5-9; 1 ,2 4 -1 % ).

O n several occasions w hen th e  p u re  m olecu lar com pound w as allow ed to  crysta llise  very  
slow ly from  lig h t pe tro leu m  sm all rod-shaped  c ry sta ls  w ere deposited . T he su p e rn a ta n t 
so lu tion  w as th e n  carefu lly  d ecan ted  and  im m ed ia te ly  th e  hair-like  needles of th e  m olecular 
com pound  crysta llised . T he rods w ere identified  as m e th y l 3 -hyd ro x y -4 -t-b u ty lb en zo ate .

T he d iazo tisa tio n  of th e  base hyd roch lo ride  w as rep ea ted  m an y  tim es, th e  te m p e ra tu re  
conditions being  varied  an d  also th e  tim e  allow ed for th e  reac tion  to  proceed. F rom  all experi
m en ts  th e  m olecular com pound w as o b ta in ed  in good yield  ; if th e  te m p e ra tu re  w as m a in ta in ed  
too  low or insufficient tim e  allow ed for com plete  d iazo tisa tio n  th en  unchanged  base w as 
recovered . T he d iazonium  su lp h a te  ap p eared  to  be even m ore u n stab le  th a n  th e  chloride and  
w hen  i t  w as added  to  aqueous p o tassium  iodide th e  m olecu lar com pound w as again  th e  m ain  
p ro d u c t. T he m o ther-liquo rs from  th e  c ry sta llisa tio n  of th e  m olecular com pound  w ere 
re p ea ted ly  co n cen tra ted  an d  cooled to  —35° u n til  no  m ore solid com pound  sep ara ted . T he  
crude  liqu id  iodo-ester w as th en  o b ta in ed  on rem oval of th e  so lvent. T he iodo-ester w as



recovered from  the m olecular com pound b y  ad d itio n  of cold 30%  aqueous sodium  hydrox ide  
solu tion. A fter being s tirred  for a  few m inu tes th e  hyd roxy-este r underw en t hydro lysis and 
w as easily  rem oved as th e  sod ium  sa lt of th e  hydroxy-acid . U nder these  conditions no 
hydro lysis of th e  iodo-ester occurred. A lternative ly , th e  green oil ob ta in ed  from  th e  vacuum - 
d is tilla tio n  of th e  crude “ iodo " -p ro d u c t w as sim ilarly  tre a te d  w ith  cold alkali, and  th e  iodo- 
este r w as th u s  ob ta ined  free from  th e  hydroxy-ester. T he iodo-ester was hydro lysed  w ith  
c thano lic  po tassium  ethox ide  to  ‘̂ -iocio-^-t-butylhenzoic acid, needles, m. p. 202— 203° (from 
ethanol) (F ound ; C, 43 5; H , 4 4. requires C, 43 4; H , 4-3% ).

T he p u re  iodo-acid was converted  in to  its  m ethyl ester, b. p. 156— 158°/4 m m ., m. p. -->-'12° 
(F ound; C, 45 6 ; H , 4 8 . CiaH^glOo requires C, 45-3; H , 4-8% ).

T he ethyl ester crysta llised  from  ethano l in cubes, m. p. 58— 59° (F ound ; C, 47-1; H , 4-9. 
C1 3 H 4 7 IO 0 requires C, 47-0; H , 5-2%).

E th y l 3 -am ino-4-t-bu ty lbenzoate  hydroch lo ride  w as d iazo tised  u n d er th e  conditions 
em ployed for th e  m ethy l ester base. T he p ro d u c t was a  m ix tu re  of th e  iodo- and  h ydroxy- 
esters, each of w hich w as a solid. T hey  w ere read ily  sep ara ted  by  c ry sta llisa tio n  from  ethano l 
and  th e  less soluble iodo-ester w as ob ta ined  pure.

M ethyl '^-Hydroxy-^-t-butylbenzoate.— M ethyl 3-am ino-4-t-bu ty lbenzoate  hydroch lo ride  (12 
g.) w as d iazo tised  a t  — 15° and  allow ed to  w arm  to  -f-10° du ring  w hich tim e decom position  
w ith  evolu tion  of n itrogen  w as a p p a ren t. M Ten th e  reaction  was com plete th e  solid ester 
w hich had  sep ara ted  (4-8 g.) w as filtered off, dried  and  crysta llised  from  lig h t pe tro leu m  (b. p. 
40— 60°), form ing needles, m. p. 108— 109° (F ound : C, 69-3; H , 7-7. Ci2H ig 0 3  requires C, 
69-2 ; H , 7-7% ). H ydro lysis  w as read ily  effected by  s tirrin g  th e  este r w ith  cold 10% aqueous 
sodium  hydroxide. The sodium  sa lt separa ted  and  dissolved to  a clear so lu tion  w hen w a te r 
w as added. A cidification gave ^-hydroxy-4-.-t-butylbenzoic acid, rec tan g u la r needles (from 
aqueous e thanol), m. p. 187— 188° (F o u n d : C, 68-0; H , 7-25. C1 1H 1 4O 3 requires C, 68-0; H ,
7-25%).

5,5'-D im ethoxycarbonyl-2,2'-di-t-butylbiphenyl E ther.— T he m olecular com pound (m ethyl
3 -iodo-4-t-bu ty lbenzoate , p lus m ethy l 3 -hydroxy-4-t-bu ty lbenzoate) (45 g.) reac ted  w ith  copper 
bronze a t  240° (bath). T he p ro d u c t w as ex trac ted  w ith  chlorobenzene and  a fte r rem oval of 
th e  so lvent a crysta lline  ether w as ob ta ined  (4-2 g.) th a t  recrysta llised  from  m ethano l as 
rhom bohedra , m. p. 173— 174° (F o u n d : C, 72-3; H , 7-7; O, 19-3. C2 4 H 3 0 O 5 requires C, 72-4;
H , 7-6; 0 ,2 0 -1 % ).

Q,iS'-Di-t-biitylbiphenyl-‘d,Z'-dicarboxylic A c id .— T he above iodo-ester (18 g.) reac ted
vigorously  w ith  copper bronze a t  235° (bath). T he p ro d u c t w as ex trac ted  w ith  chlorobenzene 
and  a fte r  rem oval of th e  so lven t th e  crude ester crysta llised  and  w as w ashed w ith  lig h t p e tro leum  
(b. p. 40— 60°). Two crysta llisa tio n s from  m eth an o l gave dim ethyl 6,Q'-di-t-butylbiphenyl-3,Z'~ 
dicarboxylate as needles, m. p. 201— 202° (5-5 g., 62% ) (F ound : C, 75-2; H , 8-0. C2 4 H 3 3 O 4

requires C, 75-3; H , 7-9% ). E th y l 3 -iodo-4-t-bu ty lbenzoate  w ith  copper bronze a t  245° 
sim ilarly  gave diethyl ^,Q '-di-t-butylbiphenyl-3,3'-dicarboxylate, needles (from ethanol), m. p. 
144— 145° (F ound : C, 76-0; H , 8-4. C2 6H 3 4 O 4 requires C. 76-1 ; H , 8-4% ). H ydro lysis w ith
c thano lic  po tassium  ethox ide of each este r gave 6,Q '-di-t-butylbiphenyl-'i,3'-dicarboxylic acid, 
hexagonal p rism s (from acetic  acid), m. p. 345° (Kofler block) (F o u n d : C, 74-4; H , 7-5. 
C2 2H 2 6 O 4 requires C, 74-5; H , 7-4%).

2 ',^-D i-t-butylbiphenyl-3-carboxylic A c id .— A m ix tu re  of m eth y l 3 -iodo-4-t-bu ty lbenzoate  
(32 g.) and  o-iodo-t-bu ty lbenzene (26 g.) w as h ea ted  w ith  copper bronze in  a b a th  a t  220°. 
T hen  th e  m ix tu re  w as ex trac ted  w ith  chlorobenzene and  a fte r rem oval of th e  so lven t an  oil 
was ob ta ined . On add itio n  of m ethano l th e  sym m etrica l este r crystallised  and  was filtered 
off. T he residue w as d istilled  under reduced p ressure and  th e  m ain  frac tion  (7 g.) w as collected 
a t  156— 180°/2 m m . I t  w as hydro lysed  w ith  e thano lic  po tassium  ethox ide  an d  2 ,2 '-d i-t- 
b u ty lb ip h en y l w as rem oved from  th e  alkaline so lu tion  b y  ex trac tio n  w ith  ether. T he acid 
w as th e n  p rec ip ita ted  on acidification of th e  a lkaline solution . 2',C)-Di-t-butylbiphenyl-^- 
carboxylic acid crysta llised  from  m ethano l in slender prism s, m . p. 233° w ith  sligh t previous 
soften ing  (F o u n d : C, 81-1; H , 8-5. CgiHogOg requires C, 81-2; H , 8-4%).

A lkalo id  Salts o f 2 '-t-Butylbiphenyl-2-carboxylic A c id .— R o ta tio n s of sa lts  were m easured a t  
room  tem p era tu re  for " A nalaR  " chloroform  solutions {c '~ 1 ) and  of acid for e thano l solutions 
(c ~ 1 ) in  2  dm . tubes.

Strychnine salt. 1  o a  boiling solu tion  of (dz)-acid (5 g.) in e thano l (100 c.c.) strychn ine  
(6 - 6  g.) w as added , l l i e  sa lt w hich sep ara ted  overn igh t a t  room  te m p era tu re  (8 - 0  g.) h ad



M 5 7 9 1  —45 6°. E \'a p o ra tio n  of th e  m other-licjuor gave successive crops whose specific ro ta tio n s 
w ere ap p ro x im ate ly  th e  sam e as above. A po rtio n  of sa lt  on decom position gave an  acid, 
M 5 7 9 1  — 19-9°. W hen p repared  in m ore co n cen tra ted  so lu tions of e th an o l th e  specific ro ta tio n s  
of th e  sa lts  w ere lower and  acids were recovered whose specific ro ta tio n s  varied  from 
— 13 5° to  — 18-2°. R ecrysta llis ing  th e  sa lt from  eth an o l gave e rra tic  re su lts  because of 
d issociation  in to  free acid an d  base; m ethano l w as therefo re  p referred  and  recry sta llisa tio n  
from  th is  so lven t w as con tinued  u n til th e  specific ro ta tio n  of th e  sa lt rem ained  co n stan t.

Strychnine { — )-2'-t-butylbiphenyl-2-carboxylate c ry sta llised  from  m ethano l in sheaves of 
rec tan g u la r prism s, m . p. 208— 212°, [ojsvgi —49 9°, [a]r,4 ei —58-6° (F ound ; C, 77 3; H , 0  8 . 
Ci^H\g0 2 ,C2 iH 2 2 N 2 0 2  requires C, 77-5; H , 0 -8 % ). W hen i t  w as boiled u n d er reflux in ch lo ro
form  so lu tion  for 15 m in. its  specific ro ta tio n  fell to  —38-2° and  [a]5 4 gi —44-8°. T his sa lt,
th e  “ p a rtia l racem a te ,"  was alw ays recovered from  ro ta tio n  so lu tions w hen th e  chloroform  
was rem oved by  h e a t or by  slow ev apora tion . W hen  th e  m eth an o l m o th er-liq u o r from  
rec rysta llisa tions w as allow ed to  ev ap o ra te  slow ly to  d ryness a t  room  te m p e ra tu re  th e  residual 
sa lt  y ielded  acid  of low ro ta tio n  ([ajg^gi —6*3°). All sa lts  w ere decom posed in th e  usual m anner 
w ith  ice-cold sodium  hydro x id e  solution. A dd ition  of ice-cold acid to  th e  a lkaline  so lu tion  
(after ex trac tio n  w ith  chloroform ) gave th e  free acid. T he p u re s t s try ch n in e  sa lt gave acid, 
m . p. 185— 187°, [oi]5 7 9 i —24 3°, [0 ) 5 4 9 1  —29-8°. C rysta llisa tion  from  e th an o l caused com plete  
racém isation  of th e  acid.

B rucine salt. T he (± )-a c id  (1 g.) an d  b rucine  (T44 g.) w ere d issolved in boiling  e th an o l 
(14 C.C.). A fter 2 days a t  4° th e  first crop of sa lt sep a ra ted  (T2 g.), h av ing  [ojgvgi —23 9° and  
M 5 4 6 1  — 29*7°. F rom  th e  reduced  m o th er-liq u o r a second crop sep ara ted  w ith  th e  sam e ro ta tio n . 
A fter rec ry sta llisa tio n  from  e th an o l th e  ro ta tio n  w as unchanged . T he acid recovered from  th e  
sa lt h ad  [ojgygi -F 7-7°. T he p re p a ra tio n  of b rucine  sa lt w as rep ea ted  tw ice, th e  ro ta tio n  of 
th e  recovered acids being -)-3 3° and  + 5-1°.

Racém isation o f { — )-acid. T he  ra te  of racém isa tion  in boiling e th an o l w as m easured  for a 
so lu tion  (20 c.c.) con ta in in g  0-2268 g. of ( —)-acid. T he tem p e ra tu re  w as rap id ly  ra ised  to  th e  
b. p. (79°) an d  a fte r  a  su itab le  in te rv a l th e  so lu tion  w as rap id ly  cooled to  room  te m p era tu re . 
P o la rim etric  read ings w ere ta k e n  a t  20°. T he h ea tin g  an d  cooling processes w ere rep ea ted  
u n til  racém isa tion  w as com plete ; ocĝ gi (/ =  2) fell from  —0-39° to  0°. F rom  a  logarithm ic  
p lo t, k w as found  to  be 0-00207 sec."^ an d  th e  half-life 5-6 m in. T he racém isa tion  of th e  ( —)- 
acid in e th an o l w as also followed a t  57° an d  67° in  a  w ell-lagged w a te r-jack e ted  p o la rim e te r 
tu b e  (/ =  2) th e rm o sta tica lly  contro lled . T he ra te  co n stan ts  w ere found to  be 0-00033 and  
0-00082 sec .'i, and  th e  half-life periods 35 an d  14-1 m in. respectively . F rom  these  d a ta  th e  
ac tiv a tio n  energy  w as found  to  be 24 kcal. mole'^.

Resolution o f 6,(ÿ'-Di~t-butylbiphenyl-^fV-dicarboxylic A c id .— All ro ta tio n s  w ere m easured  in 
"  A n a laR  ” acetone a t  room  te m p e ra tu re  (c ~0 -5 ) in 2 dm . tubes. T he acid  (6-5 g.) and  b rucine 
(14-4 g.) w ere dissolved in e th an o l (450 c.c.), an d  th e  so lu tion  k e p t o v ern ig h t a t  + 4 ° . T he first 
frac tio n  of sa lt (6-1 g.) sep a ra ted  as ro se tte s  of th in  rec tan g u la r p la te s  an d  h ad  [a]s7 gi —41-8°, 
[a]s4 gi —46-8°. T he second frac tio n  (1-4 g.) w hich sep ara ted  a fte r  co n cen tra tio n  of th e  m o ther- 
liquor h ad  [a]5 7 m —42-4°, —50-2°. F u r th e r  co n cen tra tio n  of th e  m o ther-liquo r y ielded a
gel w hich con ta ined  a sm all a m o u n t of cry sta llin e  sa lt and  since th e  gel w as v e ry  soluble in 
e th an o l i t  w as possible to  sep a ra te  them . T he cry sta llin e  sa lt w as recrysta llised  four tim es 
from  ethano l and  w as th e n  op tica lly  pure.

Brucine {-\-)-i\{S'-di-t-butylbiphenyl-'i,^'-dicarboxylate c ry sta llised  from  e th an o l as a  h y d ra te  
in  ro se ttes  of long, th in  rec tan g u la r  p la tes, m. p. 210° w ith  prev ious soften ing , [a]5 7 gi —37-8°, 
M.5 4 G1 —43-9° (F ound : C, 65-3; H , 7-4. C.2 .2H 2 o0 4 ,2 C2 3 H.2 gN2 0 4 ,6 H . 2 0  requ ires C, 65-3; FI,
7-3%). On being h ea ted  in  vacuo a t  70° for several hours th e  sa lt lost its  w a te r  of c ry sta llisa tio n  
an d  th e  loss in w eigh t corresponded  to  OHgO. On exposure to  a ir  th e  an h y d ro u s sa lt very  
qu ick ly  rev e rted  to  th e  h y d ra te d  form . D ecom position  of th e  above sa lt yielded (-t-)-acid, and  
from  th e  gel th e  ( —)-acid w as ob ta ined .

{-\-)-^h^'-Bi-t-butylbiphenyl-'li,^'-dicarboxylic acid c ry sta llised  from  e th an o l in g listen ing  
p la tes, from  glacial acetic  acid  in  sheaves of rec tan g u la r rods, and  from  aqueous acetic  acid in 
p la tes. F rom  these  so lven ts i t  a lw ays h ad  so lv en t of c ry sta llisa tio n  w hich w as com pletely  
rem oved only  by  h ea tin g  th e  p ro d u c ts  in  vacuo a t  130° for several hours. F ro m  aqueous 
acetic  acid th e  (-j-)-acid crysta llised  w ith  1 m ol. of w a te r of c ry sta llisa tio n , an d  h ad  m. p. 345° 
w ith  loss of so lven t a t  200° (K ofler block), [a]g7 g, - |-18-1°, ro]5 4 ,ji 4-23-6° (F o u n d : C, 70-9; FI, 7-2. 
^'2 2R 2 rP 4 .I'I- 2 0  requires C, 70-9; FT, 7-6% ).



'I'lic anhydrous acid, m. p. 345°, luul [aJsvm I 18 6 °, [ajĝ ĝ  4-24-1° (F ound; C, 74-7; 11, 7-6. 
C2 .2M.2CO.1 requires C, 74-5; H , 7-4%).

4'hc { — )-acid c rysta llised  from  glacial acetic  acid w ith  1 mol. of acetic  acid of cry sta llisa tio n ; 
it  had  m. p. 345° w ith  loss of so lven t a t  240° (Kofler block), [ajr,-»! — 17-7°, —22-8° (F ound;
C, 60-7; 11, 7-2. C ^ g l r e q u i r e s  C, 69-6; II , 7-3%). H ea tin g  in  vacuo a t  130° for 
several hours gave th e  u nso lvated  acid, [a]r,7 oi —18-9°, -2 4 -2 ° .

A fter being boiled in sodium  hydrox ide  or in pyrid ine  so lu tion  for 3 hr. th e  ac tive  acid was 
recovered unchanged.

Resolution o f 2f{S-l)iA-britylbiphenyl-\\-carboxylic A c id .— R o ta tio n s  of sa lts  and eicids were 
m easured a t  room  te m p era tu re  in " A n alaR  "  chloroform  {c ~ 1 )  in 2 dm . tubes unless otherw ise 
s ta ted .

T he above acid (3-1 g.) and stry ch n in e  (3-4 g.) were dissolved in e thano l (120 c.c.) and  k ep t 
a t  room  tem p era tu re  overn igh t. T he first crop of sa lt (1-4 g.) sep ara ted  as fine needles, [ocla-oi 
— 8-9°, jalg^ei — 11-0°. A fter concen tra tion  of th e  m o ther-liquo r m ore sa lt was ob ta ined  (1-2 g.) 
w ith  ap p ro x im ate ly  th e  sam e ro ta tio n . On fu rth e r concen tra tion  an oil w as ob ta in ed  th a t  did 
no t crystallise. T his w as decom posed and gave th e  crude ( —)-acid. T he crysta lline  ( |- )-acid 
sa lt w as purified by  recrysta llisa tion  from ethanol.

Strychnine S^-di-t-biitylbiphenyl-'i-carboxylate c ry sta llised  from  e th an o l in  slender
needles, m. p. 160— 161°, ^ 5 7 0 1  - 9  5°, -1 2 -6 °  (F ound : C, 74-2; H , 7-8.
C2 iH 2 6 0 2 ,C2 iH 2 .2N 2 0 2 ,2 H 2 0  requR es C, 74-1; H , 7-7% ). W hen hea ted  in  vacuo a t  80° th e  sa lt 
lo st 2 mois, of w a te r of c ry sta llisa tion . T he free acids w ere ob ta ined  from  th e  s try ch n in e  sa lts  
b y  decom position w ith  form ic acid, ,^-Ri-t-butylbiphenyl-"i-carboxylic acid c rysta llised
from  m eth an o l in needles, m . p. 181— 185°, ^ 5 7 9 1  4-25-5°, 4-28-4° (F ound : C, 80-8; H ,
8-3. C3 1H 2 6O 2 requires C, 8T 2; H , 8-4% ). In  to luene its ro ta tio n  w as [0 4 5 7 9 1  4-45-4°, [pcjuici
4-51-8°!'

T he crude ( —)-acid w as crysta llised  from  m ethano l, an d  a sm all am o u n t of (± )-a c id  
sep ara ted . T his w as filtered off and  th e  m other-liquo r w as co n cen tra ted  : th e  ( —)-acid
crystallised . R ecrysta llisa tion  from  m ethano l gave th e  pu re  ( —)-acid, m. p. 181— 185°, 
M 5 7 9 1  —25-8° and  —28-3°.

T he active  acids m elted  ra th e r  indefin itely  and  it  w as suspected  th a t  th e y  con ta ined  so lven t 
of c ry sta llisa tion  since e rra tic  an a ly tica l figures for th e  sam e sam ple were ob ta in ed  on several 
occasions. T he ( —)-acid was therefo re  hea ted  a t  130°/1 m m . an d  sublim ed under these 
conditions. T he acid  so ob ta ined  m elted  a t  192— 193° an d  h ad  [0 ) 5 7 9 1  —65-5° and  [0 ) 5 4 5 1  —72-4° 
in  to luene  (F ound : C, 80-9; H , 8 -6 % ). A po rtio n  of th e  pure  ( —)-acid w as m elted  and  allow ed 
to  solidify: its  specific ro ta tio n  in  to luene w as unchanged.

W e th a n k  th e  D e p a rtm en t of Scientific & In d u s tr ia l R esearch  for a m ain tenance  g ra n t (to 
U. J . H . M.).
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