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ABSTRACT.

( + ) - 3 , 4 - D t m 9 t h o z y - 2 - ( 5 - m e t h o z y - 2 - v l B y l p h G n y l ) - 8 t l l b e a e  h a s  

h e e n  p r e p a r e d  from t h e h a i n e .  T h i s  i s  a  B ip h e n y l  ^ i t h  a  

^ ■ b u t t r e s se d ” o r t h o - m e th o z y l  g r o u p ,  a s  v^ell  a s  Being  s u b s t i t u t e d  

i n  t h e  6 , 6 ’ - p o s i t i o n s  By v i n y l  g r o u p s .  The 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  compound and o f  t h e  d i b e n z y l ,  o b t a i n e d  by s a t u r a t i n g  

t h e  v i n y l  g r o u p s ,  g i v e  i n f o r m a t i o n  a b o u t  t h i s  " B u t t r e s s i n g ” 

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

R e a c t i o n  o f  t h e b a i n e  YJith anJiydrous magnesium i o d i d e  and 

r e d u c t i o n  o f  t h e  p r o d u c t  v ; i th  l i t h i u m  a lu m in iu m  h y d r i d e  i s  

found  t o  g i v e  ( + ) - 2 , 3 , 8 , 9 - t e t r a h y d r o - 4 ’ - h y d r o z y - 5 ’ , 2 ” - d i m e t h o z y -  

-îT-m3 t h y l - 4: , 5 : 6 , 7- d i B e n z a a o n i n 3 and n o t  t h e  B - d e m e th y l a te d  

compound, a s  had  Been t h o u g h t  a t  one t i m e .  A number o f  

d e r i v a t i v e s  have  Been p r e p a r e d  and c h a r a c t e r i s e d .  The R -m e th y l  

a z o a in e  i s  a  2 , 2 ’ - B r i d g e d  b i p h e n y l  vvith a  n ine-m am bered  

h e t e r o c y c l i c  B r i d g i n g  r i n g ,  and  i t s  m e th y l  e t h e r  h a s  a l s o  a  

" B u t t r e s s e d ” o r t h o -m e th o x y l  g r o u p .  F o r  t h e s e  r e a s o n s ,  t h e  

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

a r e  o f  i n t e r e s t ,  E x h a u s t i v e  m é t h y l a t i o n  o f  t h e  m e th y l  e t h e r  

m e t h i o d i d e  g i v e s ( + ) - 2 , 3 , 3 ’ - t r i m e t h o x y - 6 ,6  *- d i v i n y l b i p h e n y l , 

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

i t s  o p t i c a l  s t a b i l i t y  to  be c a r r i e d  o u t ,  M easurem ents  have  

b e e n  made, h ow ever ,  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  t h e  

d i e t î i y l b i p h e n y l ,  o b t a i n e d  By h y d r o g e n a t i o n  o f  t h e  v i n y l  g r o u p s .
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Tlie r e s u l t s  o b t a i n e d  f rom  t h e  r a c é m i s a t i o n  e x p e r i m e n t s  

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

above compounds a r e  compared w i t h  t h o s e  f o r  r e l a t e d  compounds.

The above s t i l b e n e ,  d i b e n z y l ,  and  t h e  d i e t h y l b i p h e n y l  

a r e  a l s o  amongst  t h e  v e r y  few known o p t i c a l l y  a c t i v e  b i p h e n y l s  

w i t h  o r t h o - a l k y l  g r o u p s ,  and  would be v e r y  i n a c c e s s i b l e  by 

p r o c e s s e s  r e q u i r i n g  o p t i c a l  r e s o l u t i o n .
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The S t e r e o o h e n i l s t r y  o f  t h e  B l p h s n y l a  

The B i p h e n y l  M o le c a le .

f* (J fe 5-

( I )

E l e c t r o n  d i f f r a c t i o n  s t u d i e s  show t h a t  th e  b i p h e n y l
1 2m o le c u le  i s  n o n - p l a n a r  i n  th e  v a p o u r  s t a t e  * , t h e  most  

r e c e n t  d a t a ^  i n d i c a t i n g  t h a t  t h e  r i n g s  a r e  a t  a b o u t  42^ t o  

one a n o t h e r ,  w i t h  a  d i s t a n c e  o f  1 . 4 9  A. The m o l e c u l a r
3

c o n f o r m a t i o n  i n  t h e  l i q u i d  s t a t e  i s  n o t  known w i t h  c e r t a i n t y  . 
4 5X-Ray e v id e n c e  ' shows t h a t  t h e  m o le c u le  i s  p l a n a r  i n  t h e

s o l i d  s t a t e  and  t h a t  t h e  l e n g t h  o f  t h e  bond  i n  t h i s

s t a t e ^ * ^ * ^  i s  1 .5 0  2 , t h e r e  b e in g  no c o n j u g a t i o n  b e tw e e n  th e  
6b e n ze n e  r i n g s  ,  The 2 , 2 * , 6 , 6 * h y d ro g e n  bond  a n g l e s  a r e

6 5s l i g h t l y  deform ed i n  t h e  p l a n e  o f  t h e  r i n g s  * . The most  

p r o b a b l e  c o n f o r m a t i o n  i n  s o l u t i o n  h a s  a n  a n g l e  o f  a b o u t  20^ 

b e tw e e n  t h e  p l a n e s  o f  t h e  two benzen e  r in g s®  a s  shown by

a n a l y s i s  o f  an d  th e  s i m i l a r i t y  b e tw e e n  t h e  u l t r a v i o l e t  s p e c t r a
R 9i n  s o l u t i o n  and  i n  t h e  s o l i d  s t a t e  ,  T h i s  a g r e e s  w i t h

t h e  i n f e r e n c e  o f  D a le ^ ,  f rom  c o m p a r i s o n  o f  t h e  r e s u l t s  o f

m ea su rem en ts  o f  t h e  i n f r a r e d  a b s o r p t i o n  s p e c t ru m  i n  s o l u t i o n

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

U l t r a v i o l e t  a b s o r p t i o n  sp e o b ro sc o p y  g i v e s  i n f o r m t i o n  

a b o u t  c o n j u g a t i o n  b e tw een  t h e  two p h e n y l  r i n g s  and a n a l y s i s  

o f  t h e  s p e c t r a  and o f  t h e  chan ges  o b s e r v e d  on t h e  i n t r o d u c t i o n  

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

and  th e  c o n f o r m a t i o n  o f  t h e  b i p h e n y l  s k e l e t o n .  B ip h e n y l  i t s e l f  

shows a  h i g h  i n t e n s i t y  band  a t  249 m}Ji, o f t e n  te rm e d  t h e  con­

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

c o e f f i c i e n t ,  E , o f  1 7 ,5 0 0  ( i n  e t h a n o l ) ,  w h ic h  a r i s e s  a s  a  

r e s u l t  o f  r e s o n a n c e  b e tw ee n  th e  two a r o m a t i c  n u c l e i ,  t h e  

bond a c q u i r i n g  some d o u b le  bond c h a r a c t e r .  A c c o rd in g  t o  

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

th e  a n g l e  o f  t w i s t  b e tw ee n  t h e  p l a n e s  o f  t h e  two b en ze n e  r i n g s  

may be a s  l a r g e  a s  22^ b e f o r e  t h e  r e s o n a n c e  e n e rg y  i s  

a p p r e c i a b l y  r e d u c e d ,  and somewhere b e tw e e n  45 and  G8^ b e f o r e  

i t  r e a c h e s  z e r o .  T h i s  d e c r e a s e  i n  r e s o n a n c e  e n e rg y  r e s u l t s  

i n  a  hy p so c h ro m ic  s h i f t  ( a  d e c r e a s e  i n  w a v e l e n g th )  o f  t h e  

c o n j u g a t i o n  band accom pan ied  by a  d e c r e a s e  i n  i n t e n s i t y .

O r tho  S u b s t i t u t i o n

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

h a s  e f f e c t s  which  depend on  t h e i r  n a t u r e  and t h e  p o s i t i o n  o f  

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

b a r r i e r  to  i n v e r s i o n  o f  c o n f o r m a t i o n ,  and  i f  t h i s  b a r r i e r  i s  

r a i s e d  s u f f i c i e n t l y  so t h a t  th e  m o le c u le  can n o t  become 

c o p l a n a r  a t  room t e m p e r a t u r e ,  t h e  p o s s i b i l i t y  o f  s t a b l e  o p t i c a l
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a c t i v i t y  w i l l  o c c u r .  Many d e r i v a t i v e s  have  b e e n  r e s o l v e d ,  

a n d  t h e  e n e rg y  b a r r i e r  to  th e  p a s s a g e  t h r o u g h  t h e  t r a n s i t i o n  

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

h ave  t o  p a s s  one a n o t h e r ,  h a s  b e e n  fo un d  t o  be i n  t h e  o r d e r  o f  

18 t o  55 k c a l .  rao le*^ ,  compared w i t h  t h a t  c a l c u l a t e d  f o r  

b i p h e n y l  i t s e l f  ( K o w le t t ^ ^ ,  I 9 6 0 ) :  5 . 9  k c a l .  m o le ” ^ .  I n  some 

c a s e s ,  compounds have  b e en  o p t i c a l l y  a c t i v a t e d  ( a s y m m e t r i c  

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

w i t h  o n ly  s m a l l  o r t h o - s u b s t i t u e n t s ,  t h e  p a s s a g e  t h r o u g h  th e  

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

a c t i v a t e d .

The r a t e  c o n s t a n t  f o r  r a c é m i s a t i o n  (k^^g)  d epends  on  t h e  

e n e r g y  o f  a c t i v a t i o n  (E) f o r  c o n f i g u r a t i o n a l  chan g e ,  and  on  th e  

n o n - e x p o n e n t i a l  t e r m  ( A ) , o f t e n  c a l l e d  t h e  f r e q u e n c y  f a c t o r ,  o f  

t h e  A r r h e n i u s  e q u a t i o n ; -

krac  =
V a lu e s  o f  10 t o  1 2 .5  s e c , * ^  f o r  lo g ^ o  ^  a.re common f o r  t h e s e

12 —1 r e a c t i o n s  , a l t h o u g h  15 s e c .  . i s  t y p i c a l  f o r  u n i m o l e c u l a r

r e a c t i o n s ,  v a l u e s  above 13 s e c . " ^  g e n e r a l l y  g i v i n g  r i s e  to
rk 15p o s i t i v e  v a l u e s  f o r  AS , t h e  e n t r o p y  o f  a c t i v a t i o n  . O r th o -

s u b s t i t u e n t s  can  be a r r a n g e d  i n  o r d e r  o f  d e c r e a s i n g  e f f e c t i v e n e s s

i n  p r e v e n t i n g  r a c é m i s a t i o n  i n  u n b r i d g e d  b i p h e n y l s ^ ^ ;

B r  >  Mo >  Cl > S0„ > COgH > OMo > B.

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

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

n e c e s s a r i l y  o c c u r .  F o r  t h i s ,  an  a p p ro x im a te  minimum v a l u e  

o f  E o f  a b o u t  18 k c a l ,  iriole*” *̂ i s  n e c e s s a r y ^ ^ .  B i p h e n y l s  may 

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

( a )  Those  w hich  s p e c t r o s c o p i c a l l y  show c o n s i d e r a b l e  

c o n j u g a t i o n  and a r e  o p t i c a l l y  i n a c t i v e ,  e . g .  2- f l u o r o b i p h e n y l  

and  some b r i d g e d  b i p h e n y l s  ( p .  1 5 ) ,  The f o rm e r  shows a  s h i f t  

i n  t h e  c o n j u g a t i o n  band^^  t o  2 4 1 , 5mu (e 1 6 ,5 0 0 )  and  a  

c a l c u l a t e d  i n t e r p l a n a r  a n g l e  o f  49®, f rom  th e  assum ed g e o m e try  

o f  t h e  m o lecu le^® ,

(b)  Those  w hich  s p e c t r o s c o p i c a l l y  show n e g l i g i b l e  

c o n j u g a t i o n  b u t  do n o t  show o p t i c a l  a c t i v i t y  o r  a r e  o p t i c a l l y  

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

i n  t h e  c o n j u g a t i o n  band t o  2 3 3 ,5  mu 1 3 ,8 0 0 )  and  

N . n f  ^30 n | i  (G 6 ,6 0 0 )  r e s p e c t i v e l y ^ ® ,  w i t h  c a l c u l a t e d  i n t e r -  

p l a n a r  a n g l e s  o f  55 and  79® ( b o t h  i n  a  e l s  c o n f o r m a t i o n ) , 

f rom  t h e  assumed geometry^®. D ip o le  moment measurement

g i v e  v a l u e s  o f  77 and 81® r e s p e c t i v e l y  f o r  t h e s e  i n t e r p l a n a r  

a n g l e s .  I t  h a s  n o t  b e en  p o s s i b l e  t o  a c h i e v e  o p t i c a l  a c t i v a ­

t i o n  o f  compounds w i t h  t h e s e  o r t h o - s u b s t i t u e n t s  and  c a l c u l a t e d  

v a l u e s  f o r  E a r e  6 and  18 k c a l . m o l e " ^  r e s p e c t i v e l y ^ ^ ,

( o )  Those  w hich  s p e c t r o s c o p i c a l l y  show n e g l i g i b l e  

c o n j u g a t i o n  and w hich  show, by e x h i b i t i n g  s t a b l e  o p t i c a l  

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

s t a t e ,  Examples  h e r e  a r e  v e r y  num erous ,  b u t  i n  c o n t i n u i n g
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Ihe  above s e r i e s  o f  d i h a lo g e n o  b i p h e n y l s ,  t h e  2 , 2 ' - d l b r o m o  

d e r i v a t i v e  h a s  oa .  223 mil [ê 1 2 , 0 0 0 ) and t h e  c o n j u g a t i o n

band  i s  a b s e n t  i n  th e  d i - i o d o  compound^®. The i n t e r p l a n a r  

a n g l e  o f  e ac h  h a s  been  c a l c u l a t e d  a s  b e f o r e  ajid fou nd  t o  be 

S3 and 91® r e s p e c t i v e l y ^ ® ,  and d i p o l e  moment measurements^*^ 

gave  85 and 84®, 2 , E ’ - D i b r o n o b i p h 9 n y l - 4 , 4 * - c : i c a r b o x y l l o  a c i d  

e x h i b i t s  o p t i c a l  a c t i v i t y ,  w i t h  a h a l f - l i f e  o f  7 , 3  n i n ,  a t  

5,G®, The en e rg y  o f  a c t i v a t i o n  f o r  r a c é m is a t io n ^ ®  was found  

to  be 19 k c a l ,  m l s " ^ .  The c o r r e s p o n d i n g  d i - io d o -c o m p o u n d  

h a s  a l s o  be en  o b tc d n e d  o p t i c a l l y  a c t i v e ^ ® ,  th e  e n e rg y  o f  

a c t i v a t i o n  f o r  r a c é m i s a t i o n ^ ^  b e in g  2 1 . G k c a l ,  n o l e * ^ ,  w i t h  

a  h a l f - l i f e  o f  lC 4 i r in ,  a t  25®,

S u b s t i t u t i o n  o f  m e th y l  g ro u p s  i n  t h e  o p p o s i t i o n s  o f  

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

f o r  2 - : a e t h y l b i p h e n y l ,  X 1 0 ,500)^1#  "2 ,^ 5  ĝ îd i n
242 , 2 ’ - d i m e t h y I b i p h s n y l ,  t h e  band  h a s  a lm o s t  v a n i s h e d '  ,

Rep lacem ent  o f  m e th y l  by e t h y l ,  n - p r o p y l ,  o r  n - b u t y l  h a s

l i t t l e  e f f e c t  a s  t h e  l a r g e r  alley 1 g ro u p  can  t a k e  up a  p o s i t i o n
22 25i n  w h ich  i t  c o n t r i b u t e s  l i t t l e  a d d i t i o n a l  o v e r l a p  * ,

£ - U y d r o x y l  and £ - m e t h o x y l  s u b s t i t u e n t s  p ro d u ce  a  

d e c r e a s e  i n  t h e  e x t i n c t i o n  c o e f f i c i e n t  o f  the  c o n j u g a t i o n  

band o f  b i p h e n y l ,  b u t  the  h y p so c h ro m ic  s h i f t ^ ^ » " ^  i s  o n ly  

a b o u t  5 m|i. I n  c o n j u g a t e d  s y s t e m s ,  b a th o c h r o m ic  s h i f t s  

o f  t h i s  o r d e r  a r e  u s u a l ^ ® '^ ^ ,  and so th e  " t h e o r e t i c a l ” 

hyp so chrom ic  s h i f t  o f  a b o u t  10 n(i i s  com parab le  w i t h  t h a t
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22
daa to  a l l ^ l  s u b s t i t u a n t s  • The h y pso ch rom io  s h i f t s  p ro d u ce d

by tv;o £ -m 0t h y l  o r  o -m o th o s y l  g r o u p s  a r e  a p p r o x l i n a t e ly  t \ylce

a s  g r e a t  a s  f o r  one 227 a n d 230 mp, r e s p e c t i v e l y ^ ^ * .

These  h y p so ch ro m ic  s h i f t s  a r e  r e g a r d e d  a s  b e in g  s t e r l c  
22I n  o r i g i n  t h e r e  b e i n g  a n  o v e r l a p  be t iveen  a  g ro u p  I n  one o f

t h e  o r t h o - p o s i t i o n s  and th e  £ ’ - h y d r o g e n  o n  t h e  o t h e r  r i n g .  I n
2 l  23 21th e  o r t h o -m ethozy  * and hydro xy  and t h e  a n d  m,m’ -

20 23
d lm othozy  and d l h y d r o z y  compounds, l o n g -v Ja v e le n g th  phenoxy 

b a n d s  a r e  a l s o  p r e s e n t  a t  a b o u t  280 t o  295 mp, (€ 5 ,0 0 0  t o  6 , 0 0 0 ) ,

( I I ) ( I I I ) (IV)

CO,H

(V) (VI)

The c o n j u g a t i o n  bands  o f  th e  b r i d g e d  b i p h e n y l s  9 , 1 0 -  

d l h y d r o p h e n a n th r e n e  ( I I ) ,  2 , 7 - d l h y d r o - 3 , 4 : 5 , 6 - d i b e n s o x e p i n  

( I I I )  and  th e  a s e p l n l u m  s a l t  ( IV) o c c u r  a t  X 264

[ e  1 7 , 0 0 0 ) ,  250 (€  1 6 ,5 0 0 )  and  243 mix ( €  1 5 ,0 0 0 )
.29r e s p e c t i v e l y The I n t r o d u c t i o n  o f  t^jo m e th o x y l  g r o u p s
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i n t o  t h e  £ , 0 ' - p o s i t i o n s  p r o d u c e s  a  d e c r e a s e  i n  i n t e n s i t y  i n  

a l l  t h r e e  c a s e s  bu t  no hypsoch rom ic  s h i f t  i n  t h e  c a se  o f  t h e  

f i r s t  tv;o compounds ( t o X ^ ^  2 7 2 , 6  1 3 ,5 0 0 ,  and 253 mfi 

é  8 ,7 0 0 ,  r e s p e c t i v e l y ^ ^ ) ,  b e c a u s e ,  a c c o r d i n g  to  Braude  and
po

F o r b e s  , t h e  ^ l o c h i n g - e f f e c t ” o f  t h e  e th a n e  b r i d g e  i s  

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

e x c i t e d  s t a t e ,  c o n t r a r y  t o  the  e x p e c t a t i o n  t h a t  th e  i n t e r ­

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

g r o u p .  Fo r  s t e r i o  e f f e c t s  t o  o p e r a t e  i n  vdiich a  d e c r e a s e  i n  

i n t e n s i t y  w i t h  no h;,p30chromic s h i f t  o c c u r s ,  s t e r i o  h i n d r a n c e  

t o  p l a n a r i t y  sh o u ld  n o t  e xceed  jca. 3 k c a l .  m o le"^  (Braude  and  

S o n d h e im e r ^ ^ ) , H o w le t t ^ ^  c a l c u l a t e d  t h i s  f o r  ( I I )  t o  be 1 . 4  

b u t  a c c o r d i n g  t o  l l i s lo w ^ ^  i t  i s  4 k c a l .  m o le " ^ .  I n  t h e  c a se  

o f  t h e  a s e p i n i u m  s a l t ^ S  (X^aax 2 3 7 .5  m|i, 6 1 1 , 5 0 0 ) ,  a  

h y p so c h ro m ic  e f f e c t  r e s u l t s  a s  t h e  sy s te m  i s  s u f f i c i e n t l y  

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

A lo n g -w ave  b and ,  due t o  h y p e r c o n j u g a t i v e  i n t e r a c t i o n  o f  t h e  

two r i n g s  t h r o u g h  t h e  b r i d g e ^ ^  o c c u r s  i n  t h e  sp eo t ru m ^^  o f  ( I I ) ,  

a t  2 9 9 .5  mp (^ 4 , 5 0 0 ) .  T h ere  i s  no long-w ave  b and  i n

t h a t  o f  ( I I I ) ,  b u t  i t  o c c u r s  a t  272 mp. (6 4 ,8 0 0 )  i n  t h a t ^ ^  

o f  ( I V ) .  I n t r o d u c t i o n  o f  th e  m e th o x y l  g ro u p s  e n h an c es  a b s o r p ­

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

where  a p p l i c a b l e ,  t o 304 . 5  (€ 9 , 3 0 0 ) ;  2 9 3 .5  (^ 1 0 , 0 0 0 ) ;  and  

2 9 7 ,5  mfJi (6 1 0 , 5 0 0 ) ,  r e s p e c t i v e l y ^ ^ .  The e f f e c t  c an  be r e g a r d e d
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a s  b e in g  due t o  s a p e r p o s i t i o a  o f  a b s o r p t i o n  due t o  t h e
E2

p h a n o z j  c h ro n o p h o r e s  i n  t h e  c a s e s  o f  ( I I )  a n d  ( I V ) ,  a s
28

5 , 5 ' - d i m e t h o z y h l p h e n y l  a b s o r b s  I n  t h e  lon g -w av e  r e g i o n  a t

X 285 I #  (G 6 , 0 0 0 ) .

The c y c l o n o n a d i e n e  a c i d  (V) h a s  no band  dne t o  h y p e r o o n j -

u g a t i o n  t h r o u g h  t h e  b r i d g i n g  r i n g ,  an d  t h e  c o n j u g a t i o n  band  
53 \i s  v e s t i g i a l  a t  231 mix (e  5 , 5 5 0 ) ,  b u t  p h e n y l d i h y d r o t h e ­

b a i n e  (VI) h a s  a  band^^  a t  X 281 (é 5 ,6 0 0 )  due o n ly  t o
57 3^7^^

t h e  phenosy  chroinophores  * ( p .  2 2 ) .

The " B u t t r e s s i n g *  E f f e c t ,

l i e t a - s h b s t i t a e n t g e x e r t  i n d i r e c t  s t e r i c  e f f e c t s  by 

" b u t t r e s s i n g ” o r t h o - s u b s t i t a e n t s  a g a i n s t  i n - p l a n e  b e n d in g  away 

f ro m  t h e  b i p h e n y l  l i n k .  T h i s  i s  r e f l e c t e d  i n  m easu re m e n ts  on 

r a c é m i s a t i o n  r a t e s  on  2 , 2 * -  and  2 , 2 * , 5 , 3 * - s u b s t i t u t e d

b i p h e n y l s ^ ^ ' ^ ^ .  A c c o r d in g  t o  B raude  a n d  F o rb e s^ ' ’ , e v e n  i n  

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

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

" b u t t r e s s i n g ” e f f e c t .

1 1 1 I  1  I
( V I I )  ( V I I I )

35
R i e g e r  an d  W esthe im er  c a l c u l a t e d  t h e  a c t i v a t i o n  

e n e r g i e s  f o r  t h e  r a c é m i s a t i o n  o f  2 , 2 * - d i - i o d o -  ( V I I )  and  

2 , 2 », 3 , 3 * - t e t r a i o d o - 5 , 5 » - d i c a r b o x y b i p h e n y l  ( V I I I ) ,  t h e
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d i f f e r e n c e  b e iu g  due t o  t h e  " b u t t r e s s i n g ” e f f e c t .  The 

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

v a lu e  o f  6 . 4  k c a l .  n o l e " ^ .

(12)  (X)

2 ,2 * -D im e th y lb 2 n % id in e  (IX) h a s  n o t  b e e n  o b t a i n e d  i n  an  

o p t i c a l l y  a c t i v e  s t a t e ,  b u t  2 ,2*  , 3 , 3 » - t e t r a m . e t h y l b e n z i d i n e  

(X) was found  to  have an  a c t i v a t i o n  e n e r g y ^ ?  o f  1 7 . 7  k c a l ,  

m o le * ^ .  T h is  a p p r o x i m a t e s  t o  t h e  minimum v a lu e  o f  18 k c a l ,  

m o le"^  n o r m a l ly  r e q ’u i r s d  b e f o r e  o p t i c a l  a c t i v i t y  i s  

e x p e r i m e n t a l l y  d e t e c t a b l e ^ ^ .

S u b s t i t u e n t s  i n  th e  4 * -  o r  5*- p o s i t i o n s  i n  b i p h e n y l s  

su c h  a s  (XI)  have o n ly  a  s m a l l  e f f e c t  i n  com p a r iso n  w i t h  

t h o s e  i n  t h e  5 * - p o s i t i o n ,  a s  i s  shown^^ i n  t a b l e  ( 1 ) ; -

T a b le  ( 1 ) .

RaI f - l i v e s  o f  th e  R a c e m is a t io n  o f  D e r i v a t i v e s  o f  6 -C a rb oxy-

2 *-methoxy- 2 - n i t r o p h e n y l  ( X I ) .

S u b s t i t u e n t ITOg Br Cl Me MeO

P o s i t i o n  3* 1905 827 711 331 98
4 ' 115 25 12 2 . 5 3 . 6

5* 35 32 31 12 11

V a lu e s  o f t x  i n  mill . a t  2 3^ ,



-  15 -

I I2' 3' * ^

t *V' COM ^

(21)  ( I I I )

The a b n o rm a l  e f f e c t  o f  tlio n i t r e - g r o u p ,  i n  vievv o f  i t s  

s i z e ,  does  n o t  seem to be f u l l y  u n d e r s t o o d .  I t  som etim es h a s  

t h e  r e v e r s e  e f f e c t  a s  i n  d e r i v a t i v e s  o f  t h e  t y p e ’"'^»^^ (XCI) ,  

H e r e ,  o p t i c a l  a c t i v i t y  o c c u r s  ovjing to  t h e  r e s t r i c t e d  

r o t a t i o n  a b o u t  t h e  l i n k  be tw ee n  t h e  a r o m a t i c  r i n g  an d  th e  

n i t r o g e n  a tom .

T ab le  ( 2 ) ,

X I 3 r Cl OMe EOg

tA (1 1 7 ° ) 2 1 . 5 3 , 1 0 .6  — -

Hr (5 7 ° ) - - 63 2 . 7 0 .6

V a lues  o f  t ^  i n  h r .« .
53I t  h a s  b e e n  p ro p o s e d  t h a t  t h e  e f f e c t  o f  t h e  n i t r e ­

g ro u p  i n  compounds o f  t y p e  (X II )  i s  due t o  c o n t r i b u t i o n s  

from s t r u c t u r e s  su c h  a s  ( X I I I ) ,  \7h i c h  f a v o u r  c o p l a n a r i t y *

= 0 ,

' 'v
» — /

( I I I I )
B r i d g e d  B ip h e n y l s

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

r e t a i n s  t h e  b a s i c  c o l l i n e a r  b i p h e n y l  s t r u c t u r e ,  b u t  t w i s t i n g
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and dissymmetry o c c u r  i n  o r d e r  to  accommodate t h e  s t r a i n l e s a  

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

s e r i e s ,  f l u o r e n e  (XIV),  which  h a s  a  s t r a i n e d  c o p l a n a r  con­

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

a c t i v e  en a n t i o n e r s  sh o u ld  e x i s t ,  e ven  i f  t h e  6 , 6 * - p o s i t i o n 3 

a r e  u n s u b s t i t u t e d .  The e n e rg y  b a r r i e r  to  r a c é m i s a t i o n  depends  

on t h e  d i s t o r t i o n  o f  th e  bond a n g l e s ,  t h e  s t r e t c h i n g  and 

b e n d in g  o f  b o n d s ,  and on n o n -bonded  i n t e r a c t i o n  i n  t h e  

t r a n s i t i o n  s t a t e ,  D r e id i n g  m ode ls  show t h a t  th e  h y d ro g e n s  

on  one a - c a r b o n  a tom o f  the  b r i d g e  e c l i p s e  t h o s e  on  t h e  

o t h e r  a - c a r b o n  a tom, i n  t h e  t r a n s i t i o n  s t a t e .  As t h e  s i s e  o f  

t h e  b r i d g e  i n c r e a s e s  f rom  a  s e v e n -  t o  a n  e ig h t -m e m o ere d  r i n g ,  

th e  a n g le  s t r a i n  i n  t h e  t r a n s i t i o n  s t a t e  d e c r e a s e s  a t  t h e  

expense  o f  i n c r e a s e d  non-bonded  i n t e r a c t i o n  o f  o pp o sed  a -  

h y d ro g e n s  u n t i l  i n  t h e  n ine-m em bered  r i n g ,  t h e  b a r r i e r  a r i s e s  

l a r g e l y  from th e  i n t e r a c t i o n  o f  t h e  n o n -b o nd ed  h y d r o g e n s ,  on 

t h e  e - c a r b o n  a to m s ,  w hich  a r e  a lm o s t  e x a c t l y  o p p o se d * ,  and 

"oogT.heeling^ i s  p r e v e n t e d  by t h e  c o n f o r m a t i o n  o f  t h e  b r i d g e  ,

^  The d i r e c t  non -b on d ed  I n t e r a c t i o n  o f  h y d ro g e n  i n  

r i g i d  b i c y c l i c  sys tem s h a s  b e e n  s t u d i e d  by L, de V r i e s  and 

B, T i n s t e i n ,  J .  Amor, Chem. Soo. ,  I 9 6 0 ,  £ 2 ,  5363;  S, W i n s t e i n  

and R .L .  H ansen ,  i b i d . , 1960 ,  6206;  L,  de V r i e s  and  P ,R ,

Bya n s on ,  J .  Org , Chem, , 1961 ,  2 ^ ,  621; D, K i v e l s o n ,  S, W i n s t e i n ,  

P ,  B ru c k ,  and  H,L, E a n s e n ,  j [ .  Amer, Chem, 2 oe , ,  1961,  £ 3 ,  2958 ,



-  17 -

n e g l e c t i n g  s o l v e n t  e f f e c t s ,  t h e  a c t i v a t i o n  en e rg y  f o r  

r a c é m i s a t i o n  r em a in s  a p p r o x i m a t e ly  c o n s to j i t  f o r  s e v e n - ,  e i g h t -  

and n i n e - a t o m  b r i d g e d  compounds, w h ic h  do n o t  have  o t h e r  

s u b s t i t u e n t s  on t h e  b en zen e  r i n g s ^ ^ .
r ' k'

R

(XIV) (XV)

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

(XIV) w h ich  shows a b s o r p t i o n  i n  th e  u l t r a v i o l e t  r e g i o n ^ ^  o f  a

t y p i c a l  p l a n a r  £ , £ ’ - d i s u b s t l t u t e d  b i p h e n y l  a t  ^60 mfi

(e 1 9 , 0 0 0 ) ,  which  i s  t h e  s o - c a l l e d  c o n j u g a t i o n  b a nd ,  and a t

\ i a x  ^  1 0 , 0 0 0 ) ,  which  i s  due t o  th e  h y p e r c o n j u g a t i v e

i n t e r a c t i o n  o f  t h e  two r i n g s  t h r o u g h  th e  m e th y le n e  b r i d g e  .

More r e c e n t  d a t a ^ ^ ,  how ever ,  have  t h e  v a l u e s  261 (6 17 ,500)

and  3 0 0 .5  mji (6 9 ,0 3 0 )  i n  i s o - o c t a n e  s o l u t i o n ,  The m o le c u le

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

9 , 10 - D i h y d r o p h e n a n th re n e  ( I I ) ,  t h e  n e x t  i n  t h e  s e r i e s ,

i s  o p t i c a l l y  i n a c t i v e ,  owing to  th e  low en e rg y  o f  a c t i v a t i o n

f o r  r a c é m i s a t i o n .  T h i s  h a s  b e en  c a l c u l a t e d  by Mislow^^ a s

4 k c a l ,  mole*^ and t h e  i n t e r p l a n a r  a n g le  a s  1 5 .3 °  f rom  t h e
P 2assumed geom etry  o f  t h e  m o l e c u l e ,  B raude  and F o rb e s^  u se d

th e  r e l a t i o n s h i p  cos"0 =<£/fcQ, w h e r e 0 i s  t h e  i n t e r p l a n a r

a n g l e , €  i s  t h e  m o la r  e x t i n c t i o n  c o e f f i c i e n t  o f  t h e  c o n j u g a t i o n
59b a n d ,  and t h a t  o f  t h i s  band i n  t h e  sp e c t ru m  o f
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f l u o r e n e .  They o b t a i n  th e  v a lu e  18° f o r  0-, t h e  c o n j u g a t i o n  

band^^  b e in g  a t  254 nji 1 7 , 0 0 0 ) ,  The lo ng -w av e  h y p e r ­

c o n j u g a t i o n  band h a s  d e c r e a s e d  i n  i n t e n s i t y ^ ^  to  6 4 ,5 0 0  a t  

Xmax 2 9 9 ,5  mfx.

The 4 , 5 - d i m e t h y l  d e r i v a t i v e  (XV, R = E; R* = CHg) h a s

b e e n  o b t a i n e d  o p t i c a l l y  a c t i v e  and th e  en e rg y  o f  a c t i v a t i o n
43 1f o r  r a c é m i s a t i o n  found to  be 2 3 ,1  k c a l ,  mole , The i n t e r ­

p l a n a r  a n g le  h a s  I n c r e a s e d  to  2 4 ° ,  a s  c a l c u l a t e d  by Braude  

and  F o rb e s^ ^  u s i n g  t h e  r e l a t i o n s h i p  oos^&  = G / e ^ ,  f o r  t h e  

c o n j u g a t i o n  band ^^  a t  260 m\x (e 1 6 , 0 0 0 ) ,  The 9 - d i -

r a e t l i y l a m i n o - 4 , 5 - d i i i c t h y l  d e r i v a t i v e  (XV, R == R( CHg ) g ; R* =
45CH^) was o b t a i n e d  o p t i c a l l y  a c t i v e  by Mislow and Jo sh u a  , 

who o b t a i n e d  a  v a l u e  f o r  R o f  22 to  23 k c a l ,  mole""^. The two 

m e th y l  g r o u p s  i n  compounds (XY) a p p e a r  t o  be l e s s  e f f e c t i v e  

a s  b l o c k i n g  g ro u p s  t h a n  t h e  two benzo g ro u p s  i n  (XVI),  w h ich  

h a s  a n  e n e rg y  o f  a c t i v a t i o n ^ ^  o f  3 0 ,8  k c a l ,  n o l e * ^ .

(ZTI)  (XYII)

The c a lc u la t e d  a c t i v a t i o n  ensrgy^ ° fo r  tho th ree -a to m  

b r id g e !  b ip h e n y l  ( IV II ,  Y = CHg) i s  21 k c a l .  mole"^ but 

a ttem p t3 to  r e s o lv e  the r e l a t e d  compounds 4 7 ,4 3  where

Y = ) ^ r )  Br“ a n d ) l Q — CgHs Sr"; ^CHCOgE; ^HCHgOH; 

^CHCOgCEg and^C (C 0 gîî)2 were u n s u c c e s s f u l ,  presumably
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Giving t o  o p t i c a l  i n s t a b i l i t y .  The d e x t r o r o t a t o r y  c y e l o -  

h e p t a d i e n e  e s t e r  (X V II ,Y = /C (C O gE t)g )  ivas o b t a i n e d  by I f f -  

l a n d  and  S i e g e l ^ ^ ,  and  h a s  a  h a l f - l i f e  o f  80 n i n ,  a t  3 2 . 5 ° ,  

g i v i n g  a  v a l u e  f o r  E which  w i l l  l i e  b e tw een  2 0 ,8  and  2 6 ,2  

k c a l ,  n o l e " ^  f o r  r e a s o n a b l e  v a l u e s  o f  A, Many r e l a t e d  compounds, 

w i t h  s u b s t i t u e n t s  i n  t h e  o r t h o - p o s i t i o n s  have  s i n c e  b e en  

o b t a i n e d  o p t i c a l l y  a c t i v e ,  F o r  th e  compounds (XVII, Y = 

yCHCOgH, ^CECOgCrig and /CIICHgOH) t h e  c o n j u g a t i o n  bands  

a r e  a l l ^ ^  a t  249 mfJi {e  £ a ,  1 5 ,0 0 0 ;  o f ,  f o r  b i p h e n y l  ^ 1 7 ,0 0 0 )  ; 

f o r ^  (XVII, Y =^CHg), 247 lan {€ 1 5 , 7 0 0 ) ;  and for^®

(XVII,  Y = ^ 0 ) ,  1 6 , 5 0 0 ) .  The long -w av e

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

a t 2 9 , 4 9 , 5 0  275 mp. {e  1 ,5 0 0  -  1 , 7 5 0 ) ,  The a n g le  be tw een

th e  r i n g  p l a n e s  i n  t h e  s t r u c t u r e  (XVII ,  Y = ^  ) a c c o r d i n g

t o  a model i s  a b o u t  50® and d i r e c t  c a l c u l a t i o n  g i v e s  v a l u e s  

o f  4 3 ,6  and 4 9 , 1 ° ,  a c c o r d i n g  t o  a s s u m p t io n s  made w i t h  r e s p e c t  

t o  bond l e n g t h s  IT eaven  e t  a l . ~ ^ ) .

Br
L W j  r&

(XVIII)

9 , l 0 - D i l i y d r o - 3 , 4 : 5 , 6 - d i b e n s o p h e n a n t h r e n e  (XVI) i s  more 

o p t i c a l l y  s t a b l e ^ ^  t h a n  3 , 4 : 5 , 5 - d i b e n z o p h e n a n t h r e n e - 9 , 1 0 - d i -  

c a r b o x y l i c  a c i d ^ ^ .  The n o n - b r i d g e d  compound (X V III )  i s  more
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s t a b l e  o p t i c a l l y  t h a n  t h e  seven-ziiombered r i n g  compoond (XIX)
51w h ic h  i n  t o r n  i s  more o p t i c a l l y  s t a b l e  t h a n  t h e  h y d r o c a r b o n

(XVI),  The a z e p in i u m  compound (XX), t h o u g h  l e s s  s t a b l e

o p t i c a l l y  t h a n  (XIX) i s  more s t a b l e  t h a n  (X V I) , a l t h o u g h  t h e

b l o c k i n g  g r o u p s  a r e  m e th o x y l  g ro u p s  i n s  bead o f  benzen e  
2 9 ,5 1

r i n g s  , Thus e n la r g e m e n t  o f  t h e  b r i d g i n g  r i n g  f rom s i x  

to  s e v e n  atoms i n c r e a s e s  o p t i c a l  s t a b i l i t y ,  b u t  th e  j o i n i n g  

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

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

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

i , 0 , t h e  o p t i c a l  i n s t a b i l i t y ,  i s  i n c r e a s e d  o v e r  t h a t  when t h e  

a n g le  i s  o f  t h e  o r d e r  o f  5 0 ° ,  a s  i n  (XIX) and  (XX)^"^,

q _ p  “"‘" Q - p " . "  Q - p  '

(XXI) (XXII)  (XX III )

The G ls -  and  t r a n s - d i b e n z o c y d o d c t a d i e n e  a c i d s  (XXI) have

b e e n  o b t a i n e d  i n  o p t i c a l l y  a c t i v e  form s by Mislow an d  h i s  
53c o -w o r k e r s  , t h e  f o r m e r  compound r a c e m i s i n g  a n d  t h e  l a t t e r

m uta r o b a t i n g  a t  5 1 .5 °  i n  e t h a n o l  w i t h  h a l f - l i v e s  o f  85 and

12 m in ,  r e s p e c t i v e l y  ( o f ,  XVII,  Y « ^ C t C O g E t ) ^ ;  t_^ 80 m in .

a t  5 2 , 5 ° ) ,  The e n e rg y  o f  a c t i v a t i o n  f o r  r a c é m i s a t i o n  f o r  t h e
-1

c i s - a c i d  Yjas found  t o  be  2 2 .8  k c a l ,  mole  i n  e t h a n o l ,  and
—1 532 5 ,4  k c a l ,  m o le "  i n  sodium h y d r o x i d e  s o l u t i o n ^  , B o th  a c i d s

a r e  l e s s  o p t i c a l l y  s t a b l e  t h a n  t h e  d i a s o c i n e  ( X X I I ) , w h ic h
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TOag r e s o l v e d  l y  BeXl^'^, a s  the  a d d i t i o n a l  d o a b le  bonds in ^ S  

t h e  Q ia z o c in e  c o n f e r  g r e a t e r  r i g i d i t y .  The d i b e n s a z o e i n e  

p i c r a t e  (XX III)  i s  l e s s  s t a b l e  o p t i c a l l y " ^  t h a n  M is lo ’f l ' s  a c i d s ,  

w i t h  t i  = 1 . 4  n i n .  a t  23°  i n  a c e to n e  and 3  = 2 2 .1  h e a l .  m o le " ^ .

(XXIT)
50The u l t r a v i o l e t  sp e c t ru n i  o f  t h e  p a r e n t  h y d r o c a r b o n  

(XIIIV) shows a  f u r t h e r  r e d a c t i o n  i n  c o n j u g a t i o n  a s  compared 

w i t h  t h e  s i x -  and aeven-nienibered r i n g  compounds; £35 mu

9,GvO), There  a r e  two long-w ave  i n f l e c t i o n s ^ ^  a t  £55 and  

£75 mu. The s p e c t r a  o f  t h e  m e th y l  e s t e r s  o f  t h e  a c i d s  (XXI) 

g i v e  s i m i l a r  r e s u l t s ^ ^ ,  t h e  c o n j u g a t i o n  band  f o r  e ac h  b e in g  

G-t ^  max £ 3 6 ,5  mu ( g _oa, 1 2 ,5 0 0 )  and  t h e  two lo ng -w av e  i n f l e c t i o n s  

b e i n g  a t  255 and 274 mu (<= £ a ,  800 and  500 r e s p e c t i v e l y )  

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

c a s e  o f  the  t h r e e - a t o m  b r i d g e d  compound (XVII, Y = /CIîCOgH), 

a n d  i s  t h e r e f o r e  a d d i t i o n a l  e v id e n c e  f o r  a  r e d a c t i o n  i n
/ f}

c o n j u g a t i o n  C o n s i d e r a b l e  c o n j u g a t i o n  be tw een  th e  benzene  

r i n g s  s t i l l  e x i s t s ,  i n  s p i t e  o f  th e  l a r g o  a n g le  b e tw ee n  them, 

w h ich  i s  shown by m odels  to  bo e i t h e r  60-55® o r  7 5 - 8 0 ° ,

S p e c t r a l  e v id e n c e  f a v o u r s  th e  f o r m e r ^ ^ ,  Tho c o n t r a s t  b e tw een  

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

2 , 2 * - s u b s t i t u e n t 3 i s  s t r i k i n g .  I n  t h e  l a t t e r ,  u n l e s s  th e  

2 , 2 * -9ub 3t i t u e n t s  a r e  ve iy  s m a l l  ( e , g .  f l u o r i n e ^ ^ ) ,  c o n j u g a t i o n
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i s  g r e a t l y  r e d u c e d  and t h e  long -w ave  f e a t u r e s  a r e  more 

e v i d e n t  ( o f ,  2 , 2 * - d i t o l y l " ^ ) ,  e v e n  th ou g h  t r a n s i e n t  

c o p l a n a r i t y  ( i n  th e  t r a n s - p o s i t i o n )  can u n d o u b te d ly  be

a c h i e v e d

CO.H

tijLO

CĤ CN3

(XXV)(V) (VI)

P l i e n y l d i h y d r o t h s b a i n e  ( V I ) ,  a  f i v e - a t o m  b r i d g e d  b i p h e n y l ,  

can  bo p r e p a r e d  from t h e b a i n o 5 o , 3 4  f o u r  o p t i c a l l y  a c t i v e

i s o m e r s  have been  i s o l a t e d ,  w h ich  a r e  a l s o . o p t i c a l l y  s t a b l e 34

r? A
A band o c c u r s  i n  t h e  u l t r a v i o l e t  s p e c t ru m  a t  281 mfi (6 5 , 6 0 0 ) ,  '

w h ich  was th o u g h t  by Braude  and  F o rb e s  to  be  p a r t l y  a  c o n j u g a t i o n

band ,  and by u s i n g  th e  r e l a t i o n s h i p  c o s ^ 9  =6  / f  g ( p ,  1 7 ) ,

th e y ^ 2  c a l c u l a t e d  B ^  57^ .  However, i n  t h i s  ty p e  o f  compound,

th e  m o le c u le  i s  v e iy  f l e x i b l e  and a  number o f  c o n f o r m a t i o n s  a r e

p o s s i b l e .  H a l l  and P l in l ia j^ ’̂  s t a t e  t h a t  m odels  show t h a t

1 1 0 ^ ) 8 J>50^ and a t t r i b u t e  t h e  band  a t  231 m,u t o  a b s o r p t i o n  by
33t h e  me tho x y  p h e n y l  p a r t i a l  chro inophores ,  h i  slow e t  a l ,  

p r e p a r e d  t h e  a c i d  (V),  the  s p e c t ru m  o f  w h ich  h ad  no p e ak  a t  

231 mh, b u t  a n  I n f l e c t i o n  a t  231 m;u (e  5 , 5 5 0 ) ,  which  was

a v e s t i g i a l  c o n j u g a t i o n  band  and showed t h a t  t h e r e  was v e ry  

l i t t l e  c o n j u g a t i o n  i n  th e  m o l e c u l e ,  c o n f i r m in g  th e  a s s ig n m e n t  

o f  the  band a t  231 m|i i n  the  s p e c t r u m  o f  (VI) t o  t h e  p a r t i a l  

phenoxy chrom ophores^^  ( s e e  a l s o  p , 1 0 ) ,  The long-wave'^^ 

f o a t iu r e s  i n  th e  s p e c t ru m  o f  the  a c i d  (V) have  d i s a p p e a r e d  e x c e p t
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f o r  two i n f l e c t i o n a  a t  £a* 265 and  272 n\x (6  600) d a e ,  i t  i s

r e a s o n a b l e  to  a ssan ie ,  t o  t h e  p a r t i a l  a l k y l  ch rom opl iores .  T h i s
53s p e c t r m a  i s  n e a r l y  s u p e r  im p o sab le  on  t h a t  o f  t h e  o p en  c h a i n  

a n a lo g u e  (XXV). The l a e v o r o t a t o r y  i s o m e r  o f  t h e  a c i d  (V) was 

i s o l a t e d  by second  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  d u r i n g

c r y s t a l l i s a t i o n  o f  t h e  q u i n i d i n a  s a l t ,  a n d  i t s  h a l f - l i v e s
o 33a t  25 and 80 were  a b o u t  24 h r .  and 2 m in .  r e s p e c t i v e l y  ,

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

a t o m - b r i d g e d  b i p h e n y l  (221)  ( p ,  2 0 ) .  The e n e rg y  o f  a c t i v a t i o a ^ ^  

was 2 4 .0  k c a l .  m o le " ^ .

D o u b ly -B r id g e d  B1p h e n y l s .

2X71 a . X = T =  0 . d . X = Y = GHg. 2X 7II  a , K = H,

13, X = 0 ;  Y = S. e . X = Y = CO. I), H = CHg.

c , X = T = ITCHg. f . X = Y = S.

A number o f  d o u b l y - b r i d g e d  b i p h e n y l s  have  been  p r e p a r e d  
51by Mi3low a l .  . For  a  g i v e n  s e r i e s  o f  s i n g l y -  ( e . g .  22Y IIa

o r  22V IIb)  o r  d o u b l y - b r i d g e d  b i p h e n y l s  (2 2 T I ,  2  = T ) , t h e

e n e r g y  o f  a c t i v a t i o n  f o r  r a c é m i s a t i o n  p a r a l l e l s  t h e  i n t e r p l a n a r
31a n g l e ,  w i t h i n  e a c h  s e r i e s  . T h i s  was shown i n  n u c l e a r

31m a g n e t i c  r e s o n a n c e  s t u d i e s  , b u t  i t  i s  n o t  l e g i t i m a t e  t o  

compare t h i s  r e l a t i o n s h i p  b e tw e e n  th e  s e r i e s ,  e . g .  t h e
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i n t e r p l a n a r  a n g le  d e c r e a s e s  i n  t h e  compounds (XZVIIb, 2 = 0 )  

> (X rV IIa ,  X -  0) > (XXVIa), b u t  t h e  o p t i c a l  s t a b i l i t i e s  

a r e  (ZXVIIb, X = 0 ) >  (XXVIa) > (X X V IIa ,  X = 0 ) .  Mislow^^ 

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

m aking  d i f f e r e n t  a s s u m p t io n s  f rom t h o s e  made p r e v i o u s l y  i n  

su c h  c a l c u l a t i o n s  ( e . g .  s e e  r e f ,  30 )  and o b t a i n e d  c l o s e  

ag re em e n t  w i t h  th e  shown p r a c t i c a l  r e s u l t s :

T ab le  ( 5 ) .

A c t i v a t i o n  E n e r g i e s  f o r  some F>iphen y l s .

(XZVIa)
Comiioond

(ZXVId) (XCTIe) ( r x T i f ) (XOTXIa, 
X = 0 )

(ZXVIIa 
X = S)

C a l c u l a t e d  22 29 33 37 9 17 ,

3 s p 3r l n e n i ; a l  2 0 ,4 - 3 1 .2 3 5 ,0 9 , 2 - 1 6 ,1 *

A c t i v a t i o n  e n e r g i e s  i n  k c a l .  mole*^

*  D e te rm lnd  by R . J .  K u r l a n d ,  M.B, Rubin  and h'.B, W ise ,  £ .  Chem, 

v s . ,  1964 ,  4 0 ,  2426 ,  u s i n g  K.M.H, S p e c t r o s c o p y .
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The C h e m is t ry  o f  Phe rxy ld lh ,yd ro the l )a lne ,

C e r t a i n  d e r i v a t i v e s  o f  t h e b a i n e  (XXVIII) h a v in g  one doub le  

bond o n ly  i n  r i n g  C i n  th e  6 >7 p o s i t i o n ,  r e a c t  w i t h  G r i g n a r d  

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

th e  o r g a n i c  r a d i c a l  i n t o  r i n g  C. The p r e s e n c e  o f  a  seco nd  

d o u b le  bond i n  t h i s  r i n g ,  c a u s e s  t h e  r e a c t i o n  o f  G r i g n a r d  

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

(XXVIII)

The r e a c b i o n  o f  t h e b a i n e  and p h en y in ag n os iu iu  b ro r i id e  was 

f i r s t  i n v e s t i g a t e d  by F r s u n d ' ^ ' ^ » w h o  o b t a i n e d  i n  t h i s  way, 

a  p h e n o l i c  b a s e ,  the  c o m p o s i t i o n  o f  which  was

= T h eb a in e  + CgH^, 

and  th e  b a se  was a c c o r d i n g l y  named p h o n y l d l h y d r o t h e b a i n e .

I t  was found  to  be s t r o n g l y  r e s i s t a n t  t o  h y d r o g e n a t i o n  

and to  be so s t a b l e  i n  c o n c e n t r a t e d  a c i d s  t h a t  d é m é t h y l a t i o n  

c o u ld  be a c c o m p l i s h e d  w i t h o u t  s t r u c t u r a l  c h a n g e ,  a l t h o u g h  no 

h y d r o l y s i s  o f  what  was t h a n  t h o u g h t  t o  be t h e  " e n o l - e t h o r "  

m e th o x y l  g ro u p  ( t h a t  a t t a c h e d  t o  Cg i n  t h e b a i n e )  c o u ld  be 

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

me thy  lam in a  o n l y ,  and  r e t e n t i o n  o f  th e  r e s i d u e  o f  t h e  b a s i c  

s i d e - c h a i n  a s  a  v i n y l  g r o u p ,  w h ich  was unknown i n  any 

compound o f  t h e  m orph ine  s e r i e s  i n  a  com parab le  s t a t e  o f  

s a t u r a t i o n .  These  f a c t s  l e d  F reund  t o  p o s t u l a t e  some f o rm u la e
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f o r  t h e b a i n e  which now seem u n l i k e l y .  The r e d a c t i o n  o f  p h e n y l -  

d i h y d r o t h e b a i n e  was s u b s e q u e n t l y  a c c o m p l i a h e d ^ ‘̂ ,  h u t  was found 

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

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

The p ro b lem  was i n v e s t i g a t e d  by S n a i l ,  S a r g e n t  mid 

B r a l l e y ^ ^ ,  who r e s o l v e d  p h e n y l d i h y d r o t h e b a i n e  i n t o  two 

d i a c t e r e o i s o n e r i c  b a s e s ,  d e s i g n a t e d  { + } - a -  and ( + ) - & - p h e n y l -  

d i h y d r o t h e b a i n e , i n  t h e  r a t i o  o f  a p p r o x i m a t e ly  1 0 : 1 ,  They 

were  b o t h  p h e n o l i c  a s  w e l l  a s  b a s i c ,  a s  shown by t h e i r  

s o l u b i l i t y  i n  a l k a l i e s  and  re a d y  c o u p l i n g  w i t h  d ia z o n iu m  s a l t s .

As w i t h  th e  c o r r e s p o n d i n g  m e t h y l d i h y d r o t h e b a i n e o ,  p r e p a r e d  by 

Simill and Pry^^  by t h e  i n t e r a c t i o n  o f  t h e b a i n e  and m é t h y l ­

magnésium i o d i d e ,  t h e s e  b a s e s  were i s o m e r i s e d  by slow 

d i s t i l l a t i o n  i n  a  h ig h  vacuum o r  by h e a t i n g  i n  an e v a c u a t e d  

s e a l e d  tu b e  a t  200° ;  {+) - a - p h e n y l d i h y d r o t h e b a i n e  was r e c o v e r e d  

75^  unchanged  t o g e t h e r  w i t h  16^ o f  a  new i s o m e r ,  t e rm ed  by 

F m l l  { - ) - S - p h e n y l d i h y d r o t h e b a i n e , i d e n t i c a l  w i t h  th e  ( + ) - 5 - f o r m ,  

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

( + ) - 5-p l - ie r iy ld ih y d ro theba ine  gave  a  f o u r t h  i s o m e r ,  t e rm ed  t h e  

e q u a l  an d  o p p o s i t e  i n  o p t i c a l  r o t a t o r y  power to 

t h e  ( + )-cY-form, The e x i s t e n c e  o f  tvjo c e n t r e s  o f  d is sy m m etry  i s  

e v i d e n t ,  the  e q u i l i b r i u m  r e a c h e d  f rom  e i t h e r  s i d e  f a v o u r i n g  

t h e  a - fo rm s

Thus t h e  o p t i c a l  a n t i p o d e  o f  ( 4 )-c« i s  ( - ) - a  by  t h i s  

n o m e n c l a t u r e ,  Rob inson^^*^^  s u g g e s t e d  t h a t  i t  would  be p r e f e r a b l e
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t o  te rn i  them (+)-% an d  ( - ) - S ,  f o r  t h e n  ( + ) ,  ( - ) ,  a ,  and  S 

c o u ld  t h e n  he t a k e n  to  r e p r e s e n t  l e f t -  o r  r i g h t - h a n d  a t  two 

c e n t r e s  o f  d issym m etry  and th e  p a r t i a l  r a c é m i s a t i o n  o f  ( + ) - a  

by h e a t  would  t h e n  g i v e  ( - ) - a .  However, i n  o r d e r  to  a v o i d  

c o n f u s i o n ,  th e  names o f  compounds a n d  d e r i v a t i v e s  i n  t h i s  

f i e l d  and  t h e  d e s i g n a t i o n  o f  i so m e rs  a s  u se d  by Sm all  and  

h i s  c o -w o rk e r s  were  a d h e r e d  to  by B e n t l e y  and R ob in so n ^ ^"^ ^  

and w i l l  be u sed  h e r e ,  i n  s p i t e  o f  th e  f a c t  t h a t  t h e  anomaly 

e x i s t s  t h a t  some compounds d e s i g n a t e d  a s  ( + ) ,  a r e  a c t u a l l y  

l a e v o r o t a t o r y ,

Asymmetry a b o u t  a  c a rb o n  atom j o i n e d  d i r e c t l y  to  t h e  

n i t r b g e n  a tom , su p e r im p o sed  on the  d i s s y m m e t r i c  m o l e c u l e ,  

g i v e s  r i s e  to  th e  a and  S i s o m e r s  ( a  b e i n g  u sed  f o r  one 

r a c s H i c  p a i r  and  S f o r  the  o t h e r ) ,  s i n c e  e l i m i n a t i o n  o f  t h e  

n i t r o g e n  by e x h a u s t i v e  m é t h y l a t i o n  l e a v e s  o n ly  one a sy m m e tr ic  

c e n t r e  and o n ly  one p a i r  o f  e n a n t i o m e r s .

Any s a t i s f a c t o r y  fo rm u la  f o r  p h e n y l d i h y d r o t h e b a i n e  m ust  

e x p l a i n  t h e  f o l l o w i n g : -
56 54(a )  The r e s i s t a n c e  o f  th e  b a se  to  h y d r o g e n a t i o n  ’ ,

(b)  The s t a b i l i t y  o f  what  was o r i g i n a l l y  t h o u g h t  t o  be 

t h e  " e n o l  e the rw  m e th o x y l  g ro u p  ( t h a t  a t t a c h e d  t o  

C6 i n  t h e b a i n e )  on t r e a t m e n t  w i t h  c o n c e n t r a t e d  

aoid5G*54^

(c )  The Hofmann e x h a u s t i v e  m é t h y l a t i o n  o f  e i t h e r  o f  th e  

( + ) - i s o m e r s  r e s u l t s  i n  a  d e x t r o r o t a t o r y  n i t r o g e n - f r e e
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p r o d u c t ,  the  r e s i d u e  o f  t h e  h a s i c  s i d e  c h a i n  b e in g  

r e t a i n e d  a s  a v i n y l  g r o u p .  S i m i l a r l y ,  th e  ( - ) - $ -  

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

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

o u t ) ,

(d)  D é m é th y la t io n  g i v e s  n o r p h e n y l d l h y d r o t h e b a l n e ^ ^ ,  w hich  

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

m e t h y l a t e d  to  p h e n y l d i h y d r o t h e b a i n e  m e th y l  e t h e r ^ ^ * ^ ^ ,

(e )  Asymmetry a t  a  c a r b o n  atom j o i n e d  t o  th e  n i t r o g e n

a f t e r  th e  e n t r y  o f  t h e  p h e n y l  g ro u p  o f  t h e  G r i g n a r d  
.54r e a g e n t ^  .

S m a l l ,  S a r g e n t  and B r a l l e y  r e j e c t e d  t h e  i d e a  t h a t  t h e  n e a r  

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

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

i n  s p i t e  o f  ( a ) ,  ( b ) ,  ( 0 ) ,  and ( d ) ,  b e c a u s e  no p l a c e  c o u ld  be 

found  f o r  two h y d ro g e n  atoms and  the  o p t i c a l  a c t i v i t y  c o u ld

n o t  be e x p l a i n e d 8 1 ,5 4

(XXIX)

rfeoi
wc'

(XXXI) (XXXII)

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

d i h y d r o t h e b a i n e  and o f  d i h y d r o t h e b a i n e - c f  (XXIX) ( a t  t h a t  t im e 

b e l i e v e d  to  be (XXX), i n  w hich  no s t r u c t u r a l  change  h a s  

o c c u r r e d ,  have  a lm o s t  i d e n t i c a l  maxima and m in im a,  w h e rea s  

t h e  s p e c t r a  o f  m e t a t h e b a i n e  (XXXI) a n d  a p o c o d e in e  ( XXXII) ,
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i n  vjhich r e a r r a n g e m e n t  h a s  o c c u r r e d ,  a r e  d i f f e r e n t .

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

p - c o d e i m e t h in e  (XXKIII) a r e  s i m i l a r ,  w h i l s t  t h a t  o f  a - c o d e i -  

m o th ine  (XXZIT), 'With a  n o n - c o n j n g a t e d  doub le  bond a t  i s

d i f f e r e n t  f rom  e i t h e r  o f  them. Small  p o i n t e d  ou t  t h a t  th e  

s p e c t r u m  o f  p h e n y l d i h y d r o t h e b a i n e  gave  no i n d i c a t i o n  o f  th e  

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

a l r e a d y  p r e s e n t  i n  t h e b a in e '"  ,

S m a l l ,  S a r g e n t  and  B r a l l e y ^ ^  a d v a n c e d  s t r u c t u r e  (XXXV) 

f o r  p h e n y l d i h y d r o t h e b a i n e ,  w h ich  d i d  n o t  e x p l a i n  t h e  anomalous 

p r o p e r t i e s  o f  the  b a s e ,  and th e y  q u e s t i o n e d  the  v a l i d i t y  o f  

CxUlland and R o b i n s o n ' s  fo rm u la e  f o r  t h e b a i n e  and  m orph ine  , 

But s t r u c t u r e  (XXXV) i s  n o t  i n  ag re em e n t  w i t h  t h e  u l t r a v i o l e t  

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

huo

(XXXEII)

Ho tuc

(XXXV)

I t  must  be c o n c lu d e d  t h a t  t h e  n e a r  a r o m a t i c  n u c l e u s  i n  

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

and  th e  se qu en ce  l e a d i n g  from p h e n y l d i h y d r o t h e b a i n e  t o  t h e  

o p t i c a l l y  a c t i v e  n i t r o g e n - f r e e  p r o d u c t  n ay  be r e p r e s e n t e d  i n  

t h e  f o r m : -

—C—C—IILIe—C—C— —C=C 4» ISvie + C~C—,

th e  p r e s e n c e  o f  two doub le  bonds i n  t h e  end p r o d u c t  b e in g  

e a s i l y  d e m o n s t r a t e d .
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Fheny ld lhy d ro th 3^3a in3  l a  a  Cgg ‘b a s e ;  one c a rb o n  atom 

be i i i^  p r e s e n t  i n  an  îC.îe g ro n p  (nov; l o s t ) ,  tvjo i n  Ol/Ie g r o u p s ,  

e i g h t e e n  i n  th e  t h r e e  benzene  r i n g s ,  l e a v i n g  f o u r  f o r  t h e  tvjo 

doub le  b o n d s .  Hence,  th e  p r o d u c t  o f  e x h a u s t i v e  m é t h y l a t i o n  

c a n n o t  c o n t a i n  a n  a sy m m etr ic  carbon  a tom. T heba ine  i s  e a s i l y  

d e g ra d e d  to  p h e n a n th r e n e  d e r i v a t i v e s  vjhich a r e  d e r i v e d  f rom 

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

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

o f  o r t h o - s u b s t i t u e n t s  o f  s u f f i c i e n t  s i z e .  T h is  e x p l a i n s  t h e  

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

t h e r e  i s  e v id e n c e  t h a t  i t  must  be a p p l i e d  to  p h e n y l d i h y d r o ­

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

by {+) and { - ) ,  g i v e s  th e  c o n f i g u r a t i o n  o f  t h e  b i p h e n y l  s y s t e m .

( i x m )  (XL)

The s t r u c t u r e  f i r s t  s u g g e s t e d  by B e n t l e y  and  P o b in s o n  

was (XXXVI), who r e j e c t e d  i t  l a t e r  i n  f a v o u r ^ ^  o f  (XL) b e c a u s e  

p h e n y l d i h y d r o t h e b a i n e  does n o t  show b i p h e n y l  bands  i n  t h e  

u l t r a v i o l e t  s p e c t r u m  and t h e y  t h e n  th o u g h t  t h a t  (XXXVI) would 

r e p r e s e n t  a  n o n - s t e r i c a l l y  h i n d e r e d  b i p h e n y l  s y s t e m .  A lso

(XXXVI) does  n o t  e x p l a i n  t h e  f o r m a t i o n  o f  i s o m e r s  d u r i n g  t h e  

e n t r y  o f  t h e  p h e n y l  g r o u p .
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ytiA (xxxvnii;

(x%xyif)( x x m ) Brtl^o

IS u
( y x x \ } n u )

(XLO ( x U )  ( x x x i x )

The f o r m a t i o n  o f  th e  ( + ) - i s o m e r s  o f  p h e n y l d i h y d r o t h e b a i n e

(XLa) from t h e b a i n e  ( XXVIII) i s  the  r e s u l t  o f  a  t h e n  n o v e l  

t y p e  o f  m o l e c u l a r  change .  A t t a c k  by lîgBr® on t h e  e t h e r  oxygen 

atom u n d o u b te d ly  i n i t i a t e s  th e  p r o c e s s ,  r a t h e r  t h a n  a t t a c k  

by C5IÎ5® a t  C9 , i n  view o f  t h e  r e a c t i o n  be tw een  t h e b a i n e  and 

a n h y d ro u s  magnesium i o d i d e  ( p .  3 6 ) ,  The d r i v i n g  f o r c e  i s  

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

come f u l l y  a r o m a t i c .  C leav ag e  o f  t h e  m agnes ium-com plexed  

o x id e  b r i d g e  o f  (XXXVII), a l l o w s  th e  m i g r a t i o n  o f  t h e  a l l cy l  

c h a i n ^ ^ » ^ ^ .  The a b s o l u t e  c o n f i g u r a t i o n  o f  t h e b a i n e  I s  

known^^, a n d  a t  o r  n e a r  the  t r a n s i t i o n  s t a t e  0^5 m ust  be 

t r i g o n a l  f o r  t h e  m i g r a t i o n  o f  f rom  0^3 t o  C1 4 , and  t h e  

two r i n g s  A and C a p p ro a c h  c o a x i a l i t y ,  Tivo d i a s t e r s o i s o m e r i c  

t r a n s i t i o n  s t a t e s ,  one o f  which  i s  th e rm o d y n a m ic a l ly  p r e f e r ­

a b l e ,  a r e  p o s s i b l e ,  and t h i s  a l s o  a p p l i e s  t o  t h e  tvjo p o s s i b l e  

m e t a s t a b l e  i n t e r m e d i a t e s ^ ^ ^ X X X V I I I a )  a n d  (XXXVIIIb) , Models
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show t h a t  t h e  f o r m e r  i a  p r e f e r a b l e ,  f o r  t h e  a n g l e  b e tw ee n  

t h e  p l a n e s  and  I s  n e a r l y  0^ ,  w h i l s t  i n

t h e  l a t t e r  i t  i s  c l o s e  t o  60^ ,  I f  t h e  l a t t e r  were  t h e  i n t e r ­

m e d i a t e ,  t h e  f i v e - a t o m  r i n g  would  be  s e v e r e l y

p u c k e r e d .  Even when t h e  r e s u l t a n t  r e l e a s e  o f  n o n -bonded  

i n t e r a c t i o n  i s  t a k e n  i n t o  c o n s i d e r a t i o n ,  a n  i n t e r p l a n a r  a n g l e  

o f  GÔ  w ould  be i n t o l e r a b l e  when t h e  E a e y e r  s t r a i n - f r e e  

a l t e r n a t i v e  (XXXVIIIa) i s  p o s s i b l e  , The p r e f e r r e d  i n t e r ­

m e d i a t e  g i v e s  way t o  t h e  ino n ium  i o n  (XXXIX), w h ich  t h e n
62 65

r e a c t s  w i t h  t h e  p h e n y l  a n i o n  * t o  g i v e  t h e  { + ) - i s o m e r s  

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

a t i o n  o f  t h e  b i p h e n y l  r i n g  s y s te m  i n  (+ ) - & -  and  ( + ) - S - p h e n y l -  

d i h y d r o t h e b a i n e  i s  a s  shown and  t h e  s im p le  b i c y c l i c  d e r i v a t i v e s

( e , g ,  t h e  m e t h i n e 8 a n d  t h e  n i t r o g e n - f r e e  d e g r a d a t i o n  p r o d u c t s
69( p ,  5 4 - 5 ) ,  have  t h e  c o n f i g u r a t i o n  shown i n  (XLI) .

71
U s ing  t h e  Sequence Rule  o f  Calm, I n g o l d  and  P r e l o g  * 

t h e  u se  o f  w h ich  was d i s c u s s e d  by Cahn t h e b a i n e  may be 

c o m p l e t e ly  s p e c i f i e d  a s  53,  9R, 1 3 3 , ,  and  knowing now t h e  

a b s o l u t e  c o n f i g u r a t i o n  o f  t h e  r i n g  s y s te m  o f  (-f ) - a - p h e n y l -  

d i h y d r o t h o b a i n e ,  t h e  ( + ) -  a n d  ( - ) - e n a n t i o m e r s  nay  be  s p e c i f i e d  

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

a sy m m e tr ic  c a rb o n  a tom (C^ i n  (XLa)) i n  t h e  ( + ) - a - l s o m e r  i s  

n o t  knoTJn. The p a r e n t  compound o f  t h e  s e r i e s  ( X L I I ) ,  a s  w e l l  

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

p r o d u c t s  o f  t h e  i s o m e r s  o f  (XL),  c an  e x i s t  o n ly  i n  t h e  ( + ) -  

a n d  ( - ) — o r  S -  and  R - f o r a s ,



(XLII)

E z a z i ln a t io n  o f  models  shows t h a t  ’b i p h e n y l s  b r i d g e d  a c r o s s  

t h e  £ , £ ’ - p o s i t i o n s  by a  n ine-m em bered  r i n g  do n o t  p o s s e s s  

s i n g l e  c o n f o r m a t io n s  c o r r e s p o n d i n g  t o  ninimum a n g l e s  o f  s t r a i n .  

H a l l  and H i n h a s t a t e  t h a t  models  show t h a t  t h e  a n g l e  bet 'ween 

th e  p l a n e s  o f  th e  benzen e  r i n g s  nay  l i e  b e tw een  50 and  110^ ,  a  

number o f  c o n f o r m a t i o n s  b e in g  p re fe r red , .  B i p h e n y l s  i n  w h ich  t h e  

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

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

S m a l l ,  t h e r e  i s  no i n d i c a t i o n  i n  t h e  u l t r a v i o l e t  s p e c t r u m  o f  

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

t h a t  p r e s e n t  i n  t h e b a i n e .

P r o o f  o f  th e  S t r u c t u r e  o f  t h e  P h e n y l d l h y d r o t h e b a i n e s .

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

p e rm a n g an a te  p ro d u c e d  b e n s a l d e h y d e ,  b e n z o i c  a c i d ,  and  4-methozy-  

p h t l i a l i c  a c i d ,  E x h a u s t i v e  m é t h y l a t i o n  o f  th e  m e th y l  e t h e r  o f  

p h e n y l d i h y d r o t h e b a i n e  p ro d uced  ( + ) - 3 , 4 -d im e th o x y - 2 - { 5 -m e th o x y -  

2 - v i n y l p h e n y l ) - s t i l b e n e  ( X L I I I ) ,  w h ich  was p r e p a r e d  by F reund  

b u t  s t a t e d  t o  be o p t i c a l l y  i n a c t i v e ^ ^ ,  p e rm a n g an a te  o x i d a t i o n  

o f  t h i s  gave 5 , 6 , 5 * - t r i m e t h o x y b i p h e n y l - 2 , 2 * - d i a l d e h y d e  (XLIY), 

a l s o  o b t a i n e d  by o z o n o l y s i s  o f  ( X L I I I ) ,  and  5 , 6 , 5 ' - t r l m e t h o x y -  

d i p h e n i c  a c i d  (XLY), a l s o  o b t a i n e d  by o x i d a t i o n  o f  (XLIY), 

w h ich  was i d e n t i c a l  w i t h  an  a u t h e n t i c  speoimen^^"^ '^ .
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îi^o

(X L II I (XLIV)

ItiO

Co^fi
tUù

(XLY)

Sm a l l ,  Sarment  and E r a l l e y ^ ^  s t u d i e d  th e  d e g r a d a t i o n  o f  

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

f a i r l y  r e s i s t a n t ,  h u t  a l l ,  e x c e p t  f o r  th e  ( - ) - a - l s o m e r ,  have  

b e e n  c o n v e r t e d  i n t o  n l t r o c ^ n - f r e e  s u b s t a n c e s .  I n  t h e  f i r s t  

s t a ^ e  o f  e x h a u s t i v e  m é t h y l a t i o n ,  m e t h i n e s ,  t h e  n o r m a l -  (XLYI) 

and i s o - m e t h l n e s  (XLYII) ,  a r e  p ro d u c e d ,  t h e  l a t t e r  p r e d o m i n a t i n g ;  

I n  f a c t  t h e  n o r m a l - n e t h i n e  v a s  o n ly  I s o l a t e d  d u r i n g  th e  

d e g r a d a t i o n  o f  the  ( f ) - a - l s o m e r .  The r e a c t i o n s  and p r o p e r t i e s  

o f  t h e s e  v e r e  I n v e s t i g a t e d  by Sm al l ,  S a r g e n t  and  B r a l l e y ^ ^ ,  

B e n t l e y  and R ob in so n^^ ,  and  F l e s e r  a n d  F i e s e r ^ ^ .

h I I !  A

(XLYII)

The v i n y l  g foup  o f  th e  I s o - m e t h l n e  c y c l i s e s  v l t h  t h e  

p h e n o l i c  h y d r o x y l  on b o i l i n g  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 ,  g i v i n g  (X L Y II I ) .  T h i s  i s  i n d i f f e r e n t  to  c a t a l y t i c  h y d r o ­

g e n a t i o n ,  The n o rm a l -m e th in e  canno t  be c y o l i s e d  i n  t h i s  way, 

and b o t h  i t  and th e  i s o - m e t h i n e  can  be e a t a l y t i c a l l y  h y d r o ­

g e n a t e d ,  t h e  s i d e  c h a i n  becoming s a t u r a t e d .  The h y d r o g e n a t e d  

i s o - m e t h i n e  i s  u n a f f e c t e d  by h o t  a c i d  . I n  t h e  i s o - n e t h i n e

d e r i v a t i v e s ,  th e  a : 8 i s o m e r i s m  p e r s i s t s ,  b u t  n o t  i n  th e
34no rmal-me t h i n e  s .

2LVI)
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ChhzrCHcP

CM ^04

CBCHCp

(XLYIII) (XLIX)

F u r t h e r  d e g r a d a t i o n  o f  th e  n o m a l -  and  i s o - m e t h i n e s  g i v e s  

th e  o p t i c a l l y  a c t i v e  n i t r o g e n - f r e e  p r o d u c t  (XLIX). A c é t y l a t i o n  

sh o ^ s  t h e  p r e s e n c e  o f  t h e  f r e e  p h e n o l i c  h y d r o z y l  g r o u p ,  and  

c y c l i s a t i o n  by h y d r o c h l o r i c  a c i d  t o  (L) shov;s t h a t  i t  c o n t a i n s  

a  v i n y l  g r o u p ^ ^ .  The p h e n o l i c  s t i l b e n e  (XLIX) may be h y d r o -  ^

e n a t e d  t o  a  v a r i e t y  o f  p r o d u c t s ,  d e p en d in g  on  c o n d i t i o n s ' ^ ’

cy

(L) ( I J )

The s t i l b e n e  ( X L I I I ) ,  -which i s  t h e  m e th y l  e t h e r  o f  (XLIX), 

i s  o p t i c a l l y  a c t i v e  and can be r e d u c e d  to  a  t e t r a h y d r o - d e r i v a ­

t i v e  , ( + ) - 2 - ( 2 - e t h y l - 5 - m e t h o x y p h e n y l ) - 3 , 4 - d i m e th o x y d i b e n z y l ^ ^  

( L I ) ,

Compounds R e l a t e d  to  P h e n y l d i h y d r o t h e b a i n e .

O th e r  compounds a n a lo g o u s  t o  p h e n y l d i h y d r o t h e b a i n e  vjhich 

have  b e e n  p r e p a r e d  so f a r  a r e  m e t h y l d i h y d r o t h e b a i n e ^ ^ ,  and  

b e n z y l d i h y d r o t h e b a i n e ^ ^ ,  f rom t h e  i n t e r a c t i o n  o f  b en zy lm a g -  

n e s iu m  brom ide  and t h e b a i n e .

A t t e m p t s  have  b een  made t o  p r e p a r G ^ ^ ’ ^ ^ ’ ^S^ t h e  p a r e n t  

compound (XLII)  o f  t h e  s e r i e s ,  v/hich B e n t l e y  an d  R o b in so n  

c a l l e d  " d i h y d r o t h e b a i n e "  by a n a lo g y  w i t h  (XL),  S ince  t h i s
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nacie I 3 a l r e a d y  i n  f o r  ( L I I ) ,  I t  v j l l l  be a v o id e d  h e r e

a s  f a r  a s  p o s s i b l e  and s y s t e m a t i c  names used  i n s t e a d .
n^o 

Ho\

fi^o

tl^O
he

(XL)

(U ) )

(u/ l)
I n  th e  b e l i e f  t h a t  th e  sequ en ce  o f  changes  l e a d i n g  to  

p h e n y l d i h y d r o t h e b a i n e  i s  i n i t i a t e d  by t h e  a t t a c k  on  t h e  

e t h e r  oxygen a tom by B e n t l e y  and  R o b in so n  i n v e s t i g a t e d

th e  r e a c t i o n  be tw een  t h e b a i n e  and a n h y d ro u s  magnesium i o d i d e .  

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

( L I I I )  an d  which gave p h e n y l d i h y d r o t h e b a i n e  when t r e a t e d  w i t h  

phenylm agnes ium  b ro m id e ,  b u t  a f f o r d e d  no d e t e c t a b l e  amount 

o f  4 - m e t h o x y p h th a l io  a c i d  on o x i d a t i o n .  R e d a c t i o n  w i t h  sodium 

i n  l i q u i d  ammonia was r a p i d  b u t  gave  no d e f i n i t e  p r o d u c t ,  

w h i l s t  r e d u c t i o n  w i t h  l i t h i u m  a lu m in iu m  h y d r i d e  was v i g o r o u s ,  

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

p h e n o l i c  am ine .  The l a t t e r  was t h o u g h t  by th e  a u t h o r s ^ ^  t o  

be t h e  s e c o n d a ry  amine (L IV ) ,  b u t  a  r e i n v e s t i g a t i o n  o f  t h i s  

p r o d u c t  i n  t h e  p r e s e n t  work h a s  shown i t  to  be th e  d e s i r e d  

amine ( X L I I ) .
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PART 1 .

The P r e p a r a t i o n  o f  and K i n e t i c  R a c é m is a t io n  E x p e r im e n t s  on 

( + ) - 5 , 4 - D l n e t h o x y - 2 - ( 5-metho%y-2- T l n y l p h e n ^ l ) - s t l l h e n e  and 

( + ) - 2 - ( ^ t h y l - 5 - m e th o % p h e n y l  ) - 5 , 4 -d ime th o ic y d ih e n z y l ,

DISCUSSION.

(X L II I )  (L I )  (XXVIII)

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

b i p h e n y l  ( + ) - 3 , 4 - d i m e t h o z y - 2 - ( 5-m e th o z y -2 - v i n y l p h e n y l ) - s t i l b e n e  

(X L II I )  and  t o  d e te r m in e  t h e  v a i n e s  o f  S ,  l o g ^ o  A, AS^, ,

and  AF^ f o r  r a c é m i s a t i o n  ( p .  43,  8 4 ) .  The r é s u l t a  vjonld g i v e  

a d d i t i o n a l  i n f o r m a t i o n  a b o u t  t h e  " b u t t r e s s i n g "  e f f e c t  ( p .  13)  

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

c o u ld  be compared to  t h o s e  o b t a i n e d  f o r  r e l a t e d  compounds.

The s t i l b e n e  \m s p r e p a r e d  by a  seq u en c e  o f  r e a c t i o n s  

f rom t h e b a i n e  (XXVIII) ,  p r o c e e d i n g  v i a  ( + ) - a - p h e n y l d i h y d r o -  

t h e b a i n e  (XL), i t s  m é t h y l a t i o n  p r o d u c t  and Hofmann d e g r a d a t i o n  

t h e r e o f .  The s t r u c t u r e s  and p r o p e r t i e s  o f  the  compounds I n v o l v e d  

were  a l l  knovm, b u t  many d i f f i c u l t i e s  c o n c e rn in g  t h e  s y n t h e s i s  

and th e  r a c é m i s a t i o n  o f  t h e  s t i l b e n e  were e n c o u n t e r e d  and  

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

o f  th e  s t r u c t u r e  o f  th e  s t i l b e n e  t o  t h e  u l t r a v i o l e t  s p e c t r u m
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vjag o b t a i n e d  and i t  was p o s s i b l e  to  make co m p a r iso n s  with, 

r e l a t e d  compounds.

By s a t u r a t i n g  th e  v i n y l  g ro u p s  o f  th e  s t i l b e n e ,  ( + ) - 2 -  

( E - e t h y l - S - m e t h o x y p h e n y l ) - 3 , 4 - d i m e t h o z y d i b a n z y l  (L I)  was 

o b t a i n e d ,  and r a t e s  o f  r a c é m i s a t i o n  were  m easured  f o r  t h i s  a l s o .

The P r e p a r a t i o n  o f  ( + ) - 5 ,4 - D lm e th o % y - 2 - ( 5 - m e th o % y - 2 - v in y l -  

p h e n y l ) - s t i l b e n e  ( X L I I I ) .

The s t i l b e n e  (X L II I )  was p r e p a r e d  by t r e a t i n g  t h e b a i n e  

w i t h  phenylm agnesium  b rom ide ,  o b t a i n i n g  th e  ( + ) - G - p h e n y l -  

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

o u t  e x h a u s t i v e  m é t h y l a t i o n  (two Hofmann d e g r a d a t i o n s ) on 

the  m e th y l  e t h e r  o f  th e  b a s e .

( a )  (+ ) - ( v - P h e n y ld ih y d r o th e b a in e  (XL).

The d r i g n a r d  r e a g e n t ,  phenylm agnesium  b ro m id e ,  was p r e p a r e d

i n  an hydrous  e t h e r  s o l u t i o n  by a l l o i J i n g  bromobenzene and

magnesium t u r n i n g s  to  r e a c t  t o g e t h e r .  R e a c t i o n  w i t h  t h e b a i n e

i n  benzene  s o l u t i o n  gave  a  m i x t u r e  o f  ( + ) - « -  and  ( + ) - 6- p h e n y l -

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

The m i x t u r e  was u l t i m a t e l y  o b t a i n e d  a s  a  p u r p l e  s y r u p ,  which

was c o n v e r t e d  i n t o  a  m i x t u r e  o f  th e  p e r c h l o r a t e s  and t h e n

c r y s t a l l i s e d  from an  a c e t o n e - e t h a n o l  m i x t u r e .  The ( + ) - a - i s o m e r

was i s o l a t e d  by decomposing th e  p e r c h l o r a t e  m i x t u r e  and  t h e n

c o n v e r t i n g  the  m i x t u r e  o f  b a s e s  i n t o  th e  h y d r o c h l o r i d e s ;  a

p r e c i p i t a t e  o f  th e  l e s s  s o l u b l e  ( + ) - « - p h e n y l d i h y d r o t h e b a i n e

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

a n d  m e l t e d  o v e r  an  e x te n d e d  t e m p e r a t u r e  r a n g e .  The p r e c i p i t a t i o n
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o f  th e  h y d r o c h l o r i d e  was a c h i e v e d  by two m eth o ds ,  t h e  

seco n d  b o ln g  t h a t  used  i n  l a t e r  p r e p a r a t i o n s :  ( ! )  a b s o l u t e  

e t h a n o l  s a t u r a t e d  w i t h  d ry  h y d ro g e n  c h l o r i d e  was added to  

t h e  m i x t u r e  o f  the  b a s e s  i n  o t h e r  s o l u t i o n ^ ^  and ( i i )  d ry  

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

s o l u t i o n  o f  the  m ix t u r e  o f  th e  b a s e s .  A f t e r  o b t a i n i n g  a s  

com plo te  p r e c i p i t a t i o n  a s  p o s s i b l e  u s in g  b o th  m e th od s ,  a t t e m p t s  

w ere  made t o  i s o l a t e  th e  ( 4* ) - S - i s o m e r ,  a c c o r d i n g  t o  t h e  m ethod  

o f  S m a l l ,  S a r g e n t  and B r a l l e y ^ ^ *  from t h e  r e s i d u a l  s o l u t i o n s ,  

b u t  i n  b o t h  c a s e s ,  a  v e ry  impure p r o d u c t  o n ly  was o b t a i n e d .

The h y d r o c h l o r i d e  p r e p a r e d  by method ( i )  was o b t a i n e d  i n  

two c r o p s ,  t h e  second  b e in g  o b t a i n e d  a f t e r  e v a p o r a t i o n  o f  th e  

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

h y d r o c h l o r i d e .  The second  c ro p ,  w hich  had  a  n u m e r i c a l l y  h i g h e r  

s p e c i f i c  r o t a t i o n  t h a n  th e  f i r s t ,  was a g a i n  c o n v e r t e d  i n t o  

t h e  b a se  and b a ck  i n t o  t h e  h y d r o c h l o r i d e ,  a g a i n  g i v i n g  two 

c r o p s ,  the  second b e in g  p r e c i p i t a t e d  by d ry  h y d ro g e n  c h l o r i d e .  

The f i r s t  c ro p  had  a  lo w e r  s p e c i f i c  r o t a t i o n ,  and th e  second  

a n  unchanged  r o t a t i o n .  E le m e n ta ry  a n a l y s i s  o f  t h i s  seco n d  

c ro p  was s a t i s f a c t o r y  and showed i t  t o  be s o l v a t e d  w i t h  one 

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

c ro p  o f  h y d r o c h l o r i d e  was c o n v e r t e d  i n t o  the  b a se  and d i s s o l v e d  

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

s o l i d  was o b t a i n e d ,  the  l i q u o r s  g i v i n g  a  second  c ro p  a f t e r  

t h r e e  days a t  below 0^ .  T h is  b a s e  was d e x t r o r o t a t o r y  i n  e t h a n o l .
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The f i r s t  c r o p  o f  th e  h a s e ,  a f t e r  a  f a r t h e r  c r y s t a l l i s a t i o n ,  

vjas 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  hy p a s s i n g  h y d ro g en  

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

o f  t h i s  were  o b t a i n e d ,  th e  second  a f t e r  c o n c e n t r a t i o n  o f  th e  

m o th e r  l i q u o r ,  h u t  n e i t h e r  had a s  h i g h  a  s p e c i f i c  r o t a t i o n  

a s  t h o s e  o b t a i n e d  ab o v e .

The h y d r o c h l o r i d e  o b t a i n e d  by method ( i i ) ,  h ad  a  

s p e c i f i c  r o t a t i o n  i n t e r m e d i a t e  be tw een  t h o s e  o f  the  two 

i n i t i a l  c ro ps  p r e p a r e d  by method ( i ) .  I t  was r e g a r d e d  a s  

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

s t a g e s  i n  th e  s y n t h e s i s ,  and  t h i s  method was u sed  i n  l a t e r  

p r e p a r a t i o n s  o f  t h i s  compound,

(b)  ( + ) - a - P h e n y l d i h y d r o t h e b a i n e  Methyl  l a th e r  (LY),

S e v e r a l  methods were  u sed  to  p r e p a r e  (LV) a s  i t s  

p e r c h l o r a t e ,  and a l l  gave  n o n - c r y s t a l l i n e  p r o d u c t s  whose 

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

o b t a i n e d  by B e n t l e y  and R o b in so n^ ^ ,  who f i r s t  p r e p a r e d  t h i s  

compound. The m e th y l  e t h e r  p e r c h l o r a t e  was o b t a i n e d  l a t e r  i n  

two c r y s t a l l i n e  fo rm s ,  one o f  w h ich  was s i m i l a r  i n  a p p e a r a n c e  

t o  t h e i r s  and n e a r  i t  i n  m e l t i n g  p o i n t ,

( i )  The b a se  was p r e c i p i t a t e d  by the  a c t i o n  o f  two 

e q u i v a l e n t s  o f  d im e th y l  s u l p h a t e  i n  m e th a n o l  s o l u t i o n  on one
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e q u i v a l e n t  o f  ( + ) - a - p l i e n y l d i l i y d r o t h e ‘b a in e  h y d r o c h l o r i d e  i n  

d i l u t e  sodium h y d r o x id e  s o l u t i o n ,  by a  m o d i f i c a t i o n  o f  B e n t l e y  

and R o b i n s o n ' s  m é th o d es .  The p e r c h l o r a t e  was o b t a i n e d  a s  an  

amorphous w h i t e  s o l i d .  I n  two p r e p a r a t i o n s ,  m e l t i n g  p o i n t s  

o f  139 and 140^ were  o b t a i n e d  a ix / the  i n f r a r e d  sp e c t r u m  o f  

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

B e n t l e y  and Robinson^^  o b t a i n e d  c o l o u r l e s s  p l a t e s ,  m.p.EOS 

Some o f  the  p r o d u c t ,  m .p .  140^ ,  when r e c r y s t a l l i s e d  from t h e  

minimum amount o f  a l c o h o l ,  gave an  o i l ,  w h ich  became a  g l a s s  

a f t e r  d r y i n g  o v e r n i g h t  i n  a n  ov en .  T h is  g l a s s  s o f t e n e d  a t  

123 t o  130^ ,  H e a t in g  u n d e r  vacuum and " c r y s t a l l i s a t i o n "  from 

a  v a r i e t y  o f  s o l v e n t s  gave  no improvement i n  m e l t i n g  p o i n t ,  

b u t  " c r y s t a l l i s a t i o n "  from aqueous  e t h a n o l ,  g a v e ,  a f t e r  

removing the  o i l  w h ich  f i r s t  s e p a r a t e d  ou t  on c o o l i n g ,  a n  

amorphous s o l i d  which m e l t e d  a t  128 to  139^ .  E le m e n ta ry  

a n a l y s i s  gave  r e s u l t s  w h ich  were  i n c o m p a t i b l e  w i t h  t h o s e  

r e q u i r e d  by any r e a s o n a b l e  f o r m u la ,  b u t  t h e y  may have  b e e n  

c a u se d  by th e  s u s p e c t e d  s o l v a t i o n .

The p r o d u c t  m ,p .  139^ was c o n v e r t e d  i n t o  th e  b a s e ,  w h ich  

was t r e a t e d  w i t h  m e th y l  i o d i d e .  The m e t h i o d i d e ,  o b t a i n e d  i n  

good y i e l d ,  was th e  same a s  t h a t  o b t a i n e d  by B e n t l e y  and 

R o b in so n ^ ^ ,  and by S m a l l ,  S a rg e n t  and B r a l l e y ^ ^ ,  a s  shown 

by th e  m e l t i n g  p o i n t  and  t h e  s p e c i f i c  r o t a t i o n  i n  96;5 

e t h a n o l .  The i n f r a r e d  sp e c t ru m  showed th e  a b se n c e  o f  a
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h y d r o x y l  p e a k  and e le m e n ta r y  a n a l y s i s  was s a t i s f a c t o r y .  Hence 

t h e  above p e r c h l o r a t e  must have  been  a  fo rm  o f  t h e  r e q u i r e d  

p r o d u c t ,  and l a t e r ,  a f t e r  a l l  o t h e r  f a c t o r s  h ad  b e en  t a k e n  

i n t o  c o n s i d e r a t i o n ,  t h i s  was t l ie  form o f  t h e  p e r c h l o r a t e  

p r e p a r e d  when r e q u i r e d ,

( i i )  (+ ) - o £ - P h e n y ld ih y d r o th e b a in e  h y d r o c h l o r i d e  (one 

e q u i v a l e n t )  i n  sodium h y d r o x id e  s o l u t i o n  and  d i m e t h y l  

s^ulphate ( two e q u i v a l e n t s )  i n  m e th a n o l  s o l u t i o n  were h e a t e d  

u n d e r  r e f l u x  f o r  h a l f  an  h o u r .  An o i l  formed and t h e  s u p e r ­

n a t a n t  l i q u i d  was h e a t e d  f o r  a  f u r t h e r  p e r i o d  o f  t im e  w i t h  

more d i m e th y l  s u l p h a t e .  On c o o l i n g ,  an  o i l  and  s o l i d  

s e p a r a t e d .  The p e r c h l o r a t e  o f  t h e  two combined was shown 

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

( - I - ) - a - p h e n y ld ih y d r o th e b a in e  p e r c h l o r a t e  to  be  a  m i x t u r e  o f  

t h i s  and t h e  p e r c h l o r a t e  o r  th e  m e th y l  e t h e r .

H a l f  o f  t h e  o i l  o b t a i n e d  a f t e r  t h e  i n i t i a l  p e r i o d  o f  

h e a t i n g ,  was c o n v e r t e d  i n t o  t h e  p e r c h l o r a t e  w h ic h  was shown 

by i n f r a r e d  s p e c t r o s c o p y  and a  m ixed  m e l t i n g  p o i n t  t o  be  th e  

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

The r e m a in d e r  o f  t h e  o i l  was a ller ; ;ed to  r e a c t  w i t h  a  

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

was c o n v e r t e d  i n t o  th e  p e r c h l o r a t e .  The i n f r a r e d  sp e c t r u m ,  

t h e  s p e c i f i c  r o t a t i o n  i n  96^  e t h a n o l  and a  m ixed  m e l t i n g  p o i n t ,  

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

r e q u i r e d  p r o d u c t  and o f  the  s t a r t i n g  m a t e r i a l .  C o n v e r s i o n  i n t o  

t h e  b a s e  and r e a c t i o n  w i t h  m e th y l  i o d i d e  gave  a  p r o d u c t  i n  v e ry
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p o o r  y i e l d ,  whose i n f r a r e d  s p e c t r u m  was i d e n t i c a l  w i t h  and 

m e l t i n g  p o i n t  s i m i l a r  to  t h a t  o b t a i n e d  i n  ( i )  a b o v e ,

(111) R e a c t i o n  i n  m e th a n o l  s o l u t i o n  w i t h  d i m e t h y l  s u l p h a t e  

i n  t h e  p r e s e n c e  o f  sodium m e t h o s i d e ,  a s  u sed  by E reu n d ^ ^ ,  gave  

a  p r o d u c t  o f  m o l t i n g  p o i n t  142 t o  1430 ,  a f t e r  c o n v e r s i o n  i n t o  

t h e  p e r c h l o r a t e ,  F re u n d ,  how ever ,  p r e p a r e d  o n ly  t h e  b a s e .  The 

i n f r a r e d  sp e c t ru m  r e s e m b le d  t h a t  o b t a i n e d  f o r  t h e  p r o d u c t  w i t h  

m ,p ,  I 39O i n  ( i ) ;  r e c o n v e r s i o n  i n t o  t h e  b a se  and  r e a c t i o n  w i t h  

m e th y l  i o d i d e  gave a  m e t h i o d id e  i n  55^ y i e l d ,  whose i n f r a r e d  

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

t o  t h o s e  o b t a i n e d  i n  ( i )  and ( i i )  a b o v e .  I t  a p p e a r e d  t h a t  t h i s  

p e r c h l o r a t e  was a  form o f  t h e  r e q u i r e d  p r o d u c t .

Some o f  t h e  m e th y l  e t h e r  p e r c h l o r a t e ,  p r e p a r e d  by method

( i ) ,  was o b t a i n e d  i n  a c r y s t a l l i n e  form  from a  c o o l i n g  e t h a n o l  

s o l u t i o n ,  w h ich  had b een  s e ed e d  w i t h  some o b t a i n e d  p r e v i o u s l y  ^

on  th e  sm a l l  s c a l e ,  A s m a l l  q u a n t i t y  o f  a  second  c r o p  was

o b t a i n e d ,  a f t e r  c o n c e n t r a t i o n  and s e e d in g  o f  th e  m o th e r  l i q u o r ,  ^

a s  c o l o u r l e s s  c r y s t a l s  which m e l t e d  a t  226 t o  227^ ,  U n f o r t u n a t e l y , 

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

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

l e s s  p l a t e s ,  wh ich  m e l t e d  a t  19 7^ ,  E le m e n ta ry  a n a l y s i s  gave  good 

r e s u l t s ,  B e n t l e y  and  R o b i n s o n ' s  o b t a i n e d  c o l o u r l e s s  p l a t e s ,  which  

m e l t e d  a t  205^ ,  B o th  o f  t h e  c r y s t a l l i n e  p e r c h l o r a t e s  r e a c t e d  w i t h
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a l k a l i  w i t h  d i f f i c u l t y  and  s u b s e q u e n t  r e a c t i o n  w i t h  m e th y l  

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

b o t h  m e t h i o d i d e g  were  s i m i l a r  t o  e a c h  o t h e r  aW to  t h o s e  

o b t a i n e d  i n  ( i ) ,  ( i i ) ,  and  ( i i i )  a b o v e .  I n  v iew  o f  t h e  

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

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

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

an d  u se  o n ly  t h e  amorphous m a t e r i a l s  a s  p r e p a r e d  i n  ( i ) ,  when 

t h e  p e r c h l o r a t e  was r e q u i r e d ,

( + ) - a - P h e n y l d i h y d r o t h e b a i n e  n e t l i y l  e t h e r  m e t h i o d i d e  was 

p r e p a r e d  f rom  ( + ) - a - p h e n y l d i h y d r o t h s b a i n e  h y d r o c h l o r i d e  by 

c o n v e r s i o n  i n t o  th e  m e t h y l  e t h e r  b a s e  a s  i n  m ethod  ( i ) ,  

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

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

good a  p r o d u c t  a s  t h a t  o b t a i n e d  by m ethod  ( i )  p r o c e e d i n g  v i a  

t h e  m e t h y l  e t h e r  p e r c h l o r a t e  was o b t a i n e d ,  a s  shown by 

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

i n  9G/S e t h a n o l .  Fo r  f u t u r e  w ork ,  t h i s  s h o u l d  be  t h e  a d o p te d  

p r o c e d u r e .

The fo rm s  and c h a r a c t e r i s t i c s  o f  ( + ) - a - p h e n y l d i h y d r o -  

t h e b a i n e  m e t h y l  e t h e r  p e r c h l o r a t e  may be sum m arised  a s  f o l l o w s : -

(1 )  A w h i t e  n o n - c r y s t a l l i n e  fo rm ,  f o r  w h ich  p o o r  

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



-  45  -

I n d i c a t i n g  p o s s i b l e  s o l v a t i o n .  The a p p a r e n t l y  b e s t  ssm ple  

h a d  m a l t i n g  p o i n t  o£ 142 t o  1 4 5 ° ,  + 2 3 . 6 ° ,

[ a ] g f ' 5  + 2 0 . 3 °  ( o ,  0 .5 6  i n  9 6 ^ % tO H ) .  I t  r e a c t e d  r e a d i l y  

w i t h  a l k a l i  and  gave  t h e  m e t h i o d i d e  i n  good  y i e l d .  H i g h e r  

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

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

( i i )  A c r y s t a l l i n e  form^w’h i t e  c o l o u r l e s s  p l a t e s ,  o f  

m e l t i n g  p o i n t ,  197^ ,  + 2 0 , 6 ^ ,  [ o t ] | ^  + 1 8 ,8 °  ( c ,  0 , 2 7  i n

Eton),  Good e l e m e n t a r y  a n a l y s i s  wag o b t a i n e d .  I t  d i d  n o t  r e a c t  

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

was lo w ,

( i i i )  A c r y s t a l l i n e  fo rm  a s  a  w h i t e  s o l i d ,  m e l t i n g  p o i n t  

226 t o  2 2 7 ° ,  [ a l i l s i  + 5 5 . 6 ° ,  [ a ] | ^  + 3 4 . 4 °  ( c ,  0 . 2 3  I n  S tO H ) . 

I t ,  t o o ,  d i d  n o t  r e a c t  r e a d i l y  w i t h  a l k a l i  and  gave  a  p o o r  

y i e l d  o f  t h e  m e t h i o d i d e .  An a t t e m p t e d  i s o l a t i o n  o f  t h i s  form 

a t  a  l a t e r  d a t e  f a i l e d .

A l l  t h r e e  m e t h i o d i d e s  were  t h e  same compound,

B e n t l e y  and  R ob inson^^  o b t a i n e d  t h e  p e r c h l o r a t e  i n  t h e  

fo rm  o f  c o l o u r l e s s  p l a t e s ,  o f  m e l t i n g  p o i n t  205®, [ a ] ^ ^  +9,26® 

( i n  w a t e r ,  c o n c e n t r a t i o n  unknown),

F o r  f u t u r e  w ork ,  i t  i s  c o n s i d e r e d  t h a t  i t  would be 

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

o f  i t s  fo rm s  and t h a t  t h e  m e t h i o d i d e  c o u ld  be o b t a i n e d  

d i r e c t l y  f rom  t h e  motiayl e t h e r  b a s e .
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( o) The Msthlnc Kathlodldcc o f  (+)-a-Ph8n,vldlh,ydrotliebq.l.ne

M ethy l  % th e r .
   ^  ^r k o  f k o  i j ^  rM « 0  I t J c M -  CH ip ri.-.0 « L y  C H ^ C H t ^ ' h e ^

r i io  \ J  ruLO

(LVI) (LVII)
65B e n t l e y  a n d  R o b in so n  assume t h a t  a  Hofmann d e g r a d a t i o n  

c a r r i e d  o u t  on  ( + ) - a - p h e n y l d i h y d r o t h e b a i n e  m e th y l  e t h e r  

m e t h i o d i d e  g i v e s  th e  n o r m a l - m e t h in e  (L V I) ,  b u t  no r e a s o n  i s  g i v e n  

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

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

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

known why t h e  n o r m a l - m e t h in e  i s  n o t  fo rm ed  by t h e  b r e a k i n g  o f  

th e  n i t r o g e n  c o n t a i n i n g  r i n g  so t h a t  t h e  d o u b le  bond w h ich  i s  

fo rm ed i s  i n  c o n j u g a t i o n  w i t h  t h e  p h e n y l  g r o u p  o f  t h e  v i n y l p h e n y l  

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

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

t h e  c a r b o n  a to m  i n  t h e  p - p o s i t i o n  t o  th e  n i t r o g e n  a to m  a n d  t h i s  

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

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

sam e^^ .  Thus I t  seems u n l i k e l y  t h a t  t h e  d e g r a d a t i o n  o f  th e  m e th y l  

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

s h o u l d  g i v e  a t  l e a s t  m a i n l y  t h e  i s o - m e t h i n e  ( L V I I ) ,

The d e g r a d a t i o n  was c a r r i e d  o u t  on  th e  v a r i o u s  m e th y l
56e t h e r  m e t h i o d i d e  f r a c t i o n s ,  a c c o r d i n g  t o  F r e u n d ' s  m ethod  ,

Th ese  f r a c t i o n s  wore ( i )  a  c o m b i n a t i o n  o f  v a r i o u s  p r o d u c t s ,

( i i )  t h a t  o b t a i n e d  v i a  t h e  m e th y l  e t h e r  p e r c h l o r a t e  (m .p .  197°)
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w h ic h  h a d  b o e a  " r e c r y o b a l l i o e d "  t w i c e  ( p ,  6 9 ) ,  a n d  ( i i i )  t h a t  

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

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

v.'as a l l o w e d  t o  r e a c t  w i t h  mebhyl  i o d i d e ,  and  e v a p o r a t i o n  o f  

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

R e c r y s t a l l i s a t i o n  from  a l c o h o l  o f  t h e  two combined gave  

o r a n g e  n e e d l e s ,  w hich  w ere  l a e v o r o t a t o r y  i n  a l c o h o l .  T h i s  was 

p o s s i b l y  th e  i s o - m e t h i n e  m e t h i o d i d e  and  e v a p o 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  l i q u o r s  gave  a n  orp j ige  o i l ,  w h ic h ,  i n  ( i )  

above was a l l o w e d  t o  r e a c t  w i t h  an  a d d i t i o n a l  q u a n t i t y  o f  

m e th y l  i o d i d e ,  g i v i n g  a n  o ra n g e  c o l o u r e d  s o l i d ,  w h ich  c o u ld  

n o t  be s a t i s f a c t o r i l y  c r y s t a l l i s e d #  T h i s  nay  have  b e e n  a  

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

( d) ( + ) - 3 , 4 - D i n e t h o x y - 3 - ( 5 - n e t h o x y - 2 - v i r - . y l p h e r y I ) - s t i l b e n e  

(X L II I )
r1k.C\5^^ C c N ̂

rieC*
(X L II I )

A se c o n d  Hofmann d e g r a d a t i o n  was c a r r i e d  o u t  on  e a c h  o f  

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

a l s o  on  th e  n o n - c r y s t a l l i n e  p r o d u c t  o b t a i n e d  f rom f r a c t i o n  ( 1 ) 

a b o v e ,  by t h e  m etho d  o f  B e n t l e y  and R o b in s o n ^ ^ ,  A f t e r  p u r i f i ­

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

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

r o t a t i o n s  w ere  t h e  same w i t h i n  t h e  l i m i t s  o f  e x p e r i m e n t a l  e r r o r .
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an d  t h e  m e l t i n g  p o i n t s  w e re  s i m i l a r .  The i n f r a r e d  s p e c t r a  w ere  

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

Th ese  r e s u l t s  c o n f i r m e d  t h e  view t h a t  i t  w o u ld  he  un­

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

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

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

c r y s t a l l i n e  m e th in e  m e t h i o d i d e  I n  ( c )  b a t c h  ( i i i )  was d e t e r m i n e d ,  

an d  a n  a d d i t i o n a l  c r y s t a l l i s a t i o n  gav e  a  s l i g h t  i n c r e a s e  i n  

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

o n l y  a  s m a l l  change  i n  t h e  u l t r a v i o l e t  s p e c t r u m  ( F i g ,  3 ,  p .  9 6 ) ,

R a c é m i s a t i o n  E x p e r i m e n t s  on  ( + ) - 3 , 4 - D i m e t h o x y - 2 - ( 5 - m e t h o x y -  

2 - v i n y l p h e n y l ) - s t i l b e n e  ( X L I I I ) ,

The r a t e  c o n s t a n t  f o r  r a c é m i s a t i o n  d epen d s  on  t h e  e n e rg y  

o f  a c t i v a t i o n  f o r  c o n f i g u r a t i o n a l  change  (E) and  on  t h e  non­

e x p o n e n t i a l  t e r m .  A, o f t e n  c a l l e d  t h e  f r e q u e n c y  f a c t o r ,  o f  t h e  

A r r h e n i u s  e q u a t i o n :

F o r  a  f i r s t  o r d e r  r e a c t i o n

k  = 2 . 3 0 3  l o g i n  i & l t i a l  c o n c e n t r a t i o n
t 'conceiitration at time If

I f  o p t i c a l  r o t a t i o n  i s  u se d  a s  a  m ea su re  o f  c o n c e n t r a t i o n ,

k  »  2 .3 0 3  l o g x n a m-g* ,
‘ t  ^

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

ocQ i s  t h a t  a t  t im e  a e r o ,  a n d  « e ^ i s  t h a t  a t  t h e  c o m p l e t i o n  o f



-  49

t h e  p r o c e s s ,  I . e .  a t  c o m p le te  r a c é m i s a t i o n .  S in c e  0

^^rac ** 2 .305  log^Q ^o*
I  « t

On p l o t t i n g  t  a g a i n s t  log^Q a ^ ,  a  s t r a i g h t  l i n e  i s  o b t a i n e d ,

where  = - 2 . 5 0 3 ,
"slope

The h a l f - l i f e ,  t i  = l o g i n  2 x  2 , 3 0 3 ,'a — -  
^ r a o

From e q u a t i o n  ( i ) ,  l o g i n  A = l o g i n  + E ( i i )
4 . 0 7 6 1

(R = 1 , 9 8 7  c a l . / d e g ,  m o l e ) ,

and on  p l o t t i n g  k ^ ^^  a g a i n s t  1 / T ,  a  s t r a i g h t  l i n e  o f  s l o p s

-  E i s  o b t a i n e d ,  and h e n c e  log-i^  A. w h ic h  i s  b e s t  c a l c u l a t e d

a t  e a c h  t e m p e r a t u r e  a t  w h ich  r a t e s  a r e  m e a s u r e d .  The mean v a l u e

i s  t h e n  t a k e n .

The e n t r o p y  o f  a c t i v a t i o n  AS , may be o b t a i n e d  from

O l a s s t o n e ,  L a i d l e r  and F y r i n g ' s  equation*^
- ^ r / R T

^ a c  = ( H i )
.  . ( h A ) . - " ' * / ®

i n  t h e  fo rm  AS* = 4 ,5 7 6  log^Q -  4 9 , 2 0 ,

where  Aî^ i s  t h e  change  i n  s t a n d a r d  f r e e  e n e rg y  an d  ffl* t h e

change  i n  e n t h a l p y  on  r e a c h i n g  t h e  t r a n s i t i o n  s t a t e ,  k ,  t h e

t r a n s m i s s i o n  c o e f f i c i e n t ,  i s  t a k e n  a s  u n i t y ;  t h e  B o l tzm ann

c o n s t a n t ,  k  = 1 .3 8 0  x  10“ ^^ e r g / d e g . ,  and  P l a n c k ' s  c o n s t a n t

h  = 6 .6 2 4  X 10~2? e r g  s e c .  0®C = 2 7 3 , 2°K,

A l f  = E -  RT

Aï^ i s  c a l c u l a t e d  f rom e q u a t i o n  ( i i i )  i n  t h e  fo rm ;

AF* = 47 .22T  -  4 .576T  lo g ^ g  ( ^ r a c ^ ) .
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A c c o rd in g  t o  B e n t l e y  and  Ro^blnson^^, ( + ) - 3 » 4 - d i m e t h o z y -  

2- ( 5-metho%y-2 - v l n y l p h e n y l ) - 3t l l b e n e  (X L I I I )  r a e e m i s e s  a t  

130® i n  10 m i n â t e s ,  and so a  s o l v e n t  \<?a3 r e q u i r e d  vjhich Mould 

n o t  b o i l  a t  t h i s  t e m p e r a t u r e ,  v;as r e a d i l y  a v a i l a b l e  and  c o u ld  

be  p u r i f i e d  e a s i l y ,  ^-Cyrnene s a t i s f i e d  t h e s e  r e q u i r e m e n t s .

K i n e t i c  r u n s  Mere c a r r i e d  o u t  b e tw e e n  100 a n d  129® i n  

£-oym ene  s o l u t i o n ,  and  a s  a  s t r a i g h t  l i n e  was n o t  o b t a i n e d  

o n  p l o t t i n g  t  a g a i n s t  log^Q a t  e a c h  t e m p e r a t u r e ,  i t  became 

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

t a k i n g  p l a c e .  As t h e  s t i l b e n e  i s  h i g h l y  u n s a t u r a t e d ,  t h i s  was 

t h e n  assumed to  be one o f  p o l y m e r i s a t i o n .  On p r o l o n g e d  h e a t i n g  

a t  129®, l a e v o r o t a t o r y  s o l u t i o n s  ware  o b t a i n e d  and t h e  impure  

r a c e m a te  and a  p o ly m e r  w ere  i s o l a t e d .  The n a t u r e  o f  t h e s e  were 

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

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

A f t e r  15 m i n u t e s  a t  130®, t h e  d ry  ( + ) - s t i l b e n e  gave  a  

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

j3-cym ene ,  t o g e t h e r  w i t h  a  w h i t e  i n s o l u b l e  r e s i d u e ,  w h ich  was 

p re s u m a b ly  p o l y m e r i c .  The s o l u t i o n s  were  o f  a  m i x t u r e  o f  

r a c e m a t e ,  t h e  o p t i c a l l y  a c t i v e  compound, and  p o ly m e r .  T hese  were  

i s o l a t e d  f rom  t h e  ^ -cym ene  s o l u t i o n  and i d e n t i f i e d  by e i t h e r  

m a l t i n g  p o i n t  o r  i n f r a r e d  s p e c t r o s c o p y .  B e n t l e y  and  R ob inson^^  

s t a t e d  t h a t  a f t e r  10 m i n u t e s  a t  130®, a  s u b s t a n c e  was o b t a i n e d  

w h ic h  was o p t i c a l l y  i n a c t i v e  i n  a c e t o n e ,  t o g e t h e r  w i t h  w ha t  was 

p re s u m a b ly  a  p o ly m e r .  The o p t i c a l  a c t i v i t y  h e r e  was v e r y  low
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I n  a c e t o n e  s o l u t i o n  a f t e r  t h e  h e a t i n g ,  and t h i s  t h e y  p re s u m a b ly  

m i s t o o k  f o r  o p t i c a l  i n a c t i v i t y .

P o l y m e r i s a t i o n  i n  s o l u t i o n  m ust  t a k e  p l a c e  b e f o r e  r a c é ­

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

V/hen h e a t i n g  i s  c a r r i e d  o u t  i n  ^ -cy m en e  s o l u t i o n ,  t h e  p o lym er  

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

p o ly m e r  i s  o n l y  s p a r i n g l y  s o l u b l e .  T h u s ,  e i t h e r  i t  i s  more 

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

t h a n  t o  k e ep  i t  t h e r e  once  i t  i s  fo rm ed ,  o r  t h e  p o ly m e r  may n o t  

be t h e  same s p e c i e s  i n  b o t h  c a s e s .

P o ly m er  f o r m a t i o n  i s  n o t  p r e v e n t e d  by h e a t i n g  t h e  s o l i d  under 

n i t r o g e n ,  b u t  a  number o f  s t u d i e s  o f  th e  p r e v e n t i o n  o f  p o ly m e r ­

i s a t i o n  o f  s t y r e n e  a n d  r e l a t e d  compounds by v a r i o u s  i n h i b i t o r s  

h av e  b e e n  m a d e ? ? ' ? ^ .  I t  was d e c i d e d  t h a t  10^  o f  th e  w e i g h t  o f  

t h e  o p t i c a l l y  a c t i v e  compound o f  e i t h e r  p i c r i c  a c i d  o r  

t r i n i t r o b e n z e n e ? ^ ,  when a d ded  t o  a  jî-e^^’mene s o l u t i o n ,  would  

be s u i t a b l e ,  a s  n e i t h e r  w o u ld  g i v e  to o  i n t e n s e  a  c o l o u r  a t  

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

t h e  r a t e s  o f  r a c é m i s a t i o n ? ^ .  P r o l o n g e d  h e a t i n g  o f  t h e s e  s o l u t i o n s  

a t  130® p r o d u c e d  c o m p le te  r a c é m i s a t i o n  o n ly  and  t h e  p u r i f i e d  

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

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

o b t a i n e d  were  u sed  t o  c o n f i r m  th e  p r e s e n c e  o f  t h e  r a c e m a te  

i s o l a t e d  i n  t h e  e a r l i e r  e x p e r i m e n t s .
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K i n e t i c  H a c e m ls a t l o n  l ^ x p e r ln e n t s  on  t h e  S t l l b e r o  I n  t h e  P r e s e n c e  

o f  a  P o l y m e r i s a t i o n  I n h i b i t o r ,

A s e r i e s  o f  k i n e t i c  r u n s  w ere  c a r r i e d  o u t  b e tw e e n  101® 

and  155® on a  ^ -cym ene  s o l u t i o n  c o n t a i n i n g  1 . 5 ^  o f  t h e  ( + ) -  

s t i l b e n e  and 0 . 1 5 ^  o f  t r i n i t r o b e n z e n e  (X = 5 8 9 0 â ) ,  The l a t t e r  

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

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

u s e d  7;as t h a t  d e s c r i b e d  on  p ,  83 ,

On p l o t t i n g  t h e  l o g a r i t h m  o f  t h e  r o t a t i o n  a g a i n s t  t im e  a t  

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

l i n e  were  n e g l i g i b l e  ( F i g ,  1 ,  p ,  9 1 ) ,  and d u p l i c a t e  e x p e r i m e n t s ,  

when c a r r i e d  o u t ,  a g r e e d  w e l l  w i t h  one a n o t h e r .  Hence i t  was 

a p p a r e n t  t h a t  o n l y  one r e a c t i o n ,  nan?.ely r a c é m i s a t i o n ,  had  o c c u r r e d  

The f o l l o w i n g  r e s u l t s  were  o b t a i n e d : -

S = 2 5 , 8  k c a l ,  n o l e * ^ ,  = 2 5 , 0  k c a l ,  m o le " ^ ,

lo g iQ  A = 1 0 , 6  s e o T ^ , ,  AP*" = 3 0 , 1  k c a l ,  n o l e " ^  a t  1 3 5 , 3 ,

AS^ = - 1 2 , 5  e , u , ,

As Al^ i s  t e m p e r a t u r e  d e p e n d e n t ,  t h e  v a l u e  r e c o r d e d  w’a s  

t h a t  o b t a i n e d  a t  t h e  h i g h e s t  t e m p e r a t u r e ,  135 .3® ,  a t  w h ic h  a  

k i n e t i c  r u n  was p e r f o r m e d .

The p u r e  r a c e m a te  was i s o l a t e d  and  a f t e r  two c r y s t a l l i s a ­

t i o n s  f rom  m e t h a n o l  ( 4 3 ^  r e c o v e r y ) ,  m e l t e d  a t  1 2 3 ,5 -1 2 4 ® ,  The 

u l t r a v i o l e t  s p e c t r u m  was s i m i l a r  t o  t h a t  o f  t h e  ( + ) - s t i l b e n e ,

A f u r t h e r  c r y s t a l l i s a t i o n  i n c r e a s e d  t h e  m e l t i n g  p o i n t  t o  1 2 5 ^ .
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B e n t l e y  and Rot i inson^^  o b t a i n e d  1 2 4 ? .  The u l t r a v i o l e t  s p e c t r u m  

( F i s ,  3 ,  p .  96) c h an se d  l i t t l e  and  c l o s e l y  r e s e m b l e d  t h a t  o f  t h e  

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

r e s u l t s  w ere  o b t a i n e d ,

A c h r o m a to g r a p h ic  s e p a r a t i o n  o f  t h e  r e s i d u e  o b t a i n e d  by 

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

g av e  a  f u r t h e r  s m a l l  q u a n t i t y  o f  im pure  r a c e m a t e .

I t  was a p p a r e n t  f rom  a n a l y t i c a l ,  m e l t i n g  p o i n t ,  u l t r a v i o l e t  

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

m i s a t i o n  o n ly  had  o c c u r r e d  d u r i n g  t h e  k i n e t i c  e x p e r i m e n t s .

D i s c u s s i o n  o f  t h e  U l t r a v i o l e t  Spec trum  o f  t h e  S t i l b e n e  ( X L I I I )

( Z L I Ï I )  ( L V I I I )  ( L I I )  S t y r e n e

The u l t r a v i o l e t  s p e c t r a  o f  t h e  ( + ) -  an d  ( i ) - s t i l b s n e s

(X L I I I )  s h o u l d  have  b e e n  i d e n t i c a l ,  t h e  d i f f e r e n c e s  o b t a i n e d

p r e s u m a b ly  b e in g  due to  e x p e r i m e n t a l  e r r o r s  and t o  t h e  p r e v i o u s

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

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

t h e  ( + ) - i s o m e r .

The lo n g -w av e  ban ds  ( t a b l e  4)  i n  t h e  s p e c t r u m  o f  t r a n s -

s t i l b e n e  (L V I I I )  o r i g i n a t e  i n  an  Ar-CH=CH- chromophore®^. I t  i s

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

s u b s t i t u t e d  s t i l b e n e  ( X L I I I ) ,  w i t h  e f f e c t s  due t o  t h e  phenoxy 
p a r t i a l  c h ro m o p h o re s .
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T a b l e  (4 )

U l t r a v i o l e t  A b s o r p t i o n  f p e c t r a  o f  t h e  ( + ) -  and  ( - l - S t l l b e n e g  

( X L I I I )  and o f  t r a n s - S t l l b e n e  ( L V I I I )  I n  96/> U t h a n o l .

The ( + ) - S t i l b e n e . The ( t ) - s t i l b e n e . t r a n s - S t i l b e n e ^ ^ .

e e ^ max  ̂ ^

Long­

wave

b a n d s

311 2 7 ,0 0 0

(320)

3 1 0 .5

2 5 ,2 0 0

2 6 ,4 5 0

(521)

3 0 7 . 5

2 9 5 .5

c a .  1 7 ,6 0 0  

2 8 ,3 0 0  

2 9 ,0 0 0

S h o r t

wave

b a n d s

( c a .  250)

( c a .  240)

( c a .  230)  

2 0 5 .5

2 2 ,9 0 0

2 5 ,4 0 0

2 7 ,3 0 0

3 8 ,1 0 0

( c a . 2 5 0 )

( ^ . 2 4 0 )

(239)

( c a .2 2 5 )

2 0 5 .5

2 2 ,8 5 0

2 5 ,3 0 0

2 5 ,7 0 0

2 8 ,5 0 0

3 7 ,2 5 0

(236)

2 2 8 .5

222

210

c a .  1 1 ,1 0 0  

1 6 ,4 0 0

c a .  1 4 ,9 0 0  : 

?

^ n i n & ^m in  (^m) &

2 3 2 ,5 1 8 ,3 0 0 2 3 2 .5 1 8 ,1 0 0

F i g u r e s  I n  p a r e n t h e s e s  d e n o te  p o i n t s  o f  I n f l e q t l o n .

S ty rene® ^  and 2 , 2 ‘ - d i v i n y l b i p h e n y l ^ ^  (LIX) have  r e s p e c t i v e l y  

t h r e e  and two b a n d s ,  due t o  s t y r e n e - l i k e  c o n j u g a t i o n ,  i n  t h e  

285 m{i r e g i o n .  The i n t e n s i t i e s  o f  t h e  b a nd s  i n  th e  l a t t e r  

s p e c t r u m  (1870 and  1340) a r e  a b o u t  t w i c e  t h o s e  o f  t h e  c o r r e s p o n ­

d in g  b a n d s  i n  t h e  fo r m e r  (790 and 6 1 5 ) ,  b u t  t h i s  i s  n o t  so i n  t h e  

250 m|i r e g i o n ,  where  t h e s e  compounds h ave  t h r e e  bands  e a c h ,  a l s o
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duo t o  s t y r o n o - l i k s  c o n j u g a t i o n ,  t h e  hand s  i n  t h e  f o r m e r  b e i n g  

o f  I n t e n a l t y  1 5 ,5 0 0 ,  1 5 ,8 0 0  an d  9 , 8 0 0 ,  and t h o s e  o f  t h e  l a t t e r  

2 5 , 0 0 0 ,  2 4 ,0 0 0  and  1 7 , 0 0 0 ,  The i n t e n s i t y  o f  t h e  i n f l e c t i o n  a t  

250 m(i c a ,  2 2 ,9 0 0 )  i n  th e  s p e c t r i m  o f  t h e  s t i l b e n e  ( 2 L I I I )  

i s  a l s o  l o s s  t h a n  t w i c e  t h e  i n t e n s i t i e s  o f  th e  b a n d s  i n  t h i s  

r e g i o n  f o r  s t y r e n e .

The s u b s t i t u t e d  s t i l b e n e  ( X L I I I )  and t r a n s - s t i l b e n e  e a c h  

h ave  a  p o i n t  o f  i n f l e c t i o n  i n  t h e  240 n\x r e g i o n  o f  t h e i r  s p e c t r a .  

An i n f l e c t i o n  a t  235 ( c  2 5 ,3 0 0 )  i n  t h e  s p e c t r u m  o f  (L IX ) ,
p p

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

h i n d e r e d  d i - o - s u b s t i t u t e d  b i p h e n y l  ( £ f ,  2 , 2 ' - d i a l k y l b i p h e n y l s ^ ^ ,  

p ,  1 0 ) ,  T i l ls  i n f l e c t i o n  o c c u r s  a t  c a ,  230 n | i  f o r  t h e  s u b s t i t u t e d  

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

t o  t h e  " b u t t r e s s e d "  o r t h o - m e t h o r y 1 g r o u p .  T h i s  c o n j u g a t i o n  m ust  

be c o m p arab le  t o  t h a t  b e tw e e n  th e  b e n z e n e  r i n g s  i n  t h e  b r i d g e d  

b i p h e n y l s  (LX),  (LXI) and (V ) ,  where  t h e  c o n j u g a t i o n  ban d s  

a p p e a r  a t £ a ,  225 (é  2 2 , 0 5 0 ) ,  £ a ,  230 (6  2 6 ,9 0 0 )  [ p ,  124]  

and  231 mfi { é  5 ,5 5 0 )  , r e s p e c t i v e l y ,  a l t h o u g h  enliancement o f

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

o c c u r s  i n  a l l  e x c e p t  t h a t  o f  (V ) ,

n^Q

(LXI) V

The b an d s  o f  t h e  s u b s t i t u t e d  s t i l b e n e  and o f  t r a n s - s t i l b e n e  

i n  t h e  205 and 210 mfi r e g i o n s  a r e  due t o  t h e  b e n z e n e  chromo­

p h o r e s .
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The P r e p a r a t i o n  o f  ( + ) - 2 - ( 2 - T l t b y l - 5 - m e t h o x y p h e n y l ) - 3 , 4 - d l m e t h -

o x y d i h e n z y l  ( T I ) .

Ï1«lO
MoO ^  CH_ CK f

T h ree  h y d r o g e n a t i o n s  o f  ( + ) ~ 5 , 4 - d l , n e t h o z y - S - ( 5 - i i e t h o z y - 2 -  

v l n y l p h e n y l j - s t i l D e n e  ( X L I I I )  were  c a r r i e d  o a t  u s i n g  a  h y d ro g e n  

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

c h a r c o a l  c a t a l y s t :  ( a )  a t  room t e m p e r a t u r e ,  a c c o r d i n g  t o  t h e  

m ethod  o f  l e n t  l e y  and Kohinson*^^, (h )  a t  -3 0  t o  - 2 5 ^ ,  a s  i t  was 

s u s p e c t e d  t h a t  p a r t i a l  r a c é m i s a t i o n  m ig h t  havo o c c u r r e d  i n  ( a ) ,  

and  (o )  a t  r o o n  t e m p e r a t u r e  a g a i n  on  a  l a r g e r  s c a l e ,  to  see  i f  

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

o f  t h e  r e a c t a n t s ,  a s  i t  was s u s p e c t e d  t h a t  c o m ple te  h y d r o ­

g e n a t i o n  o f  t h e  v i n y l  g r o u p s  h a d  n o t  o c o ' i r r s d .  JTone o f  t h e s e  

s u s p i c i o n s  was c o n f i r m e d ,  and m ethod  ( a )  was t h a t  u s e d  f o r  

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

The h y d r o g e n a t i o n  a t  room t e m p e r a t u r e  gave  an  o i l  o f  low 

o p t i c a l  a c t i v i t y ,  b u t  i n  ver^r h i g h  y i e l d .  E le m e n ta r y  a n a l y s i s  

g ave  a c c e p t a b l e  r e s u l t s .  However, t h e  volume o f  g a s  u se d  f o r  t h e  

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

r e q u i r e d .

The p r o d u c t  p r e p a r e d  a t  -3 0  t o  -25® was o p t i c a l l y  s t a b l e  

a t  -19® and a t  v a r j o u s  t e m p e r a t u r e s  up t o  21 ,5®, a l t h o u g h  t h e  

s p e c i f i c  r o t a t i o n  d e c r e a s e d  w i t h  i n c r e a s e  i n  t e m p e r a t u r e .
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However, t h e  o r i g i n a l  v a lu e  was o b t a i n e d  a g a i n  on r e t u r n i n g  t o  

-19®, Thus i n  t h e  p r e p a r a t i o n  a t  room tem p o ra t^ x re , no p a r t i a l  

r a o o n i s a t i o n  c o u ld  h av e  o c c u r r e d ,  o r  a  l a b i l e  a sy m m e tr i c  c e n t r e  

h av e  b e a n  s e t  up .

?>y s c a l i n g  up t h e  q u a n t i t i e s  u se d  o r i g i n a l l y  a t  room, 

t e m p e r a t u r e ,  i t  was found  t h a t  t h e  q u a n t i t y  o f  h y d ro g e n  t a k e n  up 

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

a b s o r b e d  w-as n o t  t h e  ?/ori o f  t h a t  u se d  i n  a  b lanlc  e x p e r im e n t  

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

h y d r o g é n a t i o n .  As p a l l a d i u m  form s Pd^H u n d e r  a  p r e s s u r e  o f  one 

a tm o s p h e r e  o f  h y d r o g e n ,  w h ich  may be a  m i x t u r e  o f  two im m i s c ib l e  

s o l i d  s o l u t i o n s  o r  a n  i n t e r s t i t i a l  compound^^,  i t  seems p o s s i b l e  

t h a t  some o f  t h i s  h y d r o g e n  n i g h t  be u se d  i n  t.he h y d r o g e n a t i o n  

w i t h o u t  th e  r e a b s o r p t i o n  by t h e  c a t a l y s t  o f  an e q u i v a l e n t  amount, 

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

p e a k s  a t  1 0 , 3 2 ,  1 0 , 9 0 ,  amd 1 1 ,1 0  \x i n  t h e  s p e c t ru m  o f  t h e  

{ + ) - s t i l b e n e ,  a ssumed t o  be due t o  -CII=CH- ( p ,  7 9 ) ,  were  a b s e n t .  

A d d i t i o n a l  p r e p a r a t i o n s  were  c a r r i e d  o u t  u s i n g  m ethod ( a )  

and  t h e  p r o d u c t s  combined w i t h  t h a t  f rom  ( c ) .

A b s o r p t i o n  o c c u r r e d  i n  t h e  u l t r a v i o l e t  s p e c t r u m  { F i g , 1 0 ,  

p ,  170) u t  ^ma%S79 mil 4 ,4 5 0 )  and  was due to  t h e  phenoxy 

p a r t i a l  ch rom ophores  ( c f .  t h e  b r i d g e d  b i p h e n y l s  (LX) and  ( L U )

[ p .  124 ;  f i g ,  S, p ,  I C O ] ) ,  The v e s t i g i a l  c o n j u g a t i o n  band  

a p p e a r e d  2 2 7 , 5  mp (6  1 7 ,8 0 0 )  w i t h  minimum a b s o r p t i o n

a t X n i i n  252 m!i ( e  8 2 9 ) ,  ( ^ f ,  (LX),  (L X I ) ,  (V ) .  t h e  s t i l b e n e  

(X L I I I )  and  2 , 2 * - d i v i n y l b i p h e n y l  ( L I I )  [ p .  5 5 ] ) .  O v e r l a p p i n g  by
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t h a  band due t o  t h e  b e n ze n e  eîiromophore a t X ^  201 n n  (-6 6 4 ,5 0 0 )

o c c u r r e d .  The band  a p p e a r i n g  a t  311 mji i n  t h e  s p e c t r u m  o f  t h e  

s t i l b e n e  due t o  t h e  combined e f f e c t s  o f  t h e  Ar-CIT=CK- and  phenozy  

p a r t i a l  ch rom ophores  was a b s e n t ,  H y d r o g e n a t i o n  o f  th e  v i n y l  g r o u p s  

o f  ( X L I I I )  i s  t h e r e f o r e  c o m p le te  a n d  t h e  s p e c t r u m  o f  t h e  p r o d u c t  

a s  e x p e c t e d .

K i n e t i c H a c o n l s a t l o n  E x p e r i m e n t s  on  t h e  (+ ) -D ib e n % y l .

The d i b e n z y l  was o p t i c a l l y  s t a b l e  i n  ^ - c iu ie n e  s o l u t i o n  a t  

160®, b u t  i t  was fo u nd  t o  r a o e n i s e  a t  175®, T h i s  s o l v e n t  was 

t h e r m a l l y  u n s t a b l e  a t  200® and  a s  i t  was c l e a r  t h a t  k i n e t i c  

e x p e r i m e n t s  would  have  to  be  done a t  up to  220®, a n o t h e r  s o l v e n t  

was r e q u i r e d ,  p -Ph en y l e t h y l  a l c o h o l  was foiind t o  be s u i t a b l e .

K i n e t i c  r a c é m i s a t i o n  e x p e r i m e n t s  were  c a r r i e d  o u t  a t  181 t o  

224®, u s i n g  a  4 , o l p  s o l u t i o n  and  X=5461 S ,  a s  d e s c r i b e d  on  p ,  83 ,  

On p l o t t i n g  l o g i o  a g a i n s t  t ,  d e v i a t i o n s  o f  t h e  p o i n t s  f rom  t h e  

s t r a i g h t  l i n e  were  n e g l i g i b l e .  The f o l l o w i n g  r e s u l t s  were  o b t a i n e d :  

E = 3 3 , 4 5  k c a l ,  m o le * ^ ,  = 3 2 ,5  k c a l ,  m o le* ^ ,

l o g l Q i  = 1 1 , 4  s e c “ ^ , ,  A?* = 3 7 ,2  k c a l ,  m o le“ ^

= - 9 . 4 2  e . u , , a t  223 .6® ,

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

were  combined and h e a t e d  u n d e r  vacuum u n t i l  o p t i c a l l y  i n a c t i v e .

The r a c e m a te  was r e c o v e r e d  i n  80^  y i e l d  and e l e m e n t a r y  a n a l y s i s  

gave  good r e s u l t s .  The i n f r a r e d  s p e c t r u m  was i d e n t i c a l  w i t h  t h a t  

o f  t h e  a c t i v e  compound, and f rom  t h i s  i n f o r m a t i o n ,  and  th e  ty p e  

o f  g r a p h s  o b t a i n e d ,  showed t h a t  r a c é m i s a t i o n  o n ly  had  o c c u r r e d .
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EIPERBnHTAL

The P r e p a r a t i o n ,  o f  ( + ) - 3 , 4 - D l n e t h o x y - 2 - ( 5 - m 8 t b o % y - 2 - v l n y l -  

phenyl)-3tllb9n3 (XLIII).
T h i s  was p r e p a r e d  by a  m u l t i s t a g e  p r o c e s s  f rom  t h e b a l n e  

(XXTIII)  a s  f o l l o w s ,

( a ) ( + ) « g » P h e n y l d l h y d r o t h e ’b a in e  (XL)

The method o f  p r e p a r a t i o n  was t h a t  o f  S m a l l ,  S a r g e n t  and 

B r a l l e y ^ ^ ,  P h e n y ln a g n e s im a  b rom ide  was p r e p a r e d  a s  f o l l o w s .  

R e d i s t i l l e d  b rom obenzene  ( 5 1 , 6  g , ) was d i s s o l v e d  i n  s o d i u m - d r i e d  

e t h e r  (100 c , o , ) .  About a  q u a r t e r  o f  t h i s  s o l u t i o n  was ad d ed  to  

magnesium t u r n i n g s  ( 1 0 , 8  g . ) and s o d i u m - d r i e d  e t h e r  (65 c , c . ) ,  

c a r e  b e in g  t a k e n  t o  e x c l u d e  m o i s t u r e ,  A c r y s t a l  o f  i o d i n e  was 

a d d ed  and  t h e  m i x t u r e  was w a rned  a  l i t t l e  to  s t a r t  t h e  r e a c t i o n .  

Once t h i s  h a d  o c c u r r e d ,  t h e  r e m a i n d e r  o f  t h e  bromobenzene  

s o l u t i o n  was ad d ed  a t  a  r a t e  s u f f i c i e n t  t o  k e ep  t h e  e t h e r  

r e f l u x i n g .  The m i x 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  15 m i n , , a n d  

t h e n  a s  much o f  th e  o t h e r  a s  p o s s i b l e  was removed l e a v i n g  b e h in d  

a  d a rk - b r o w n  s o l u t i o n .

S o d iu m - d r ie d  b e n z e n e  (100 c , c , )  was added  t o  t h e  p h e n y l -  

m agnasium brom ide  s o l u t i o n ,  and  h e a t e d  u n d e r  r e f l u x  on  a  w a t e r  

b a t h ,  A s o l u t i o n  o f  t h e b a l n e  (50  g , ) i n  warm s o d i u m - d r i e d  

b e n ze n e  (950 c , c . )  was ad d ed  s lo w ly  w i t h  s t i r r i n g  o v e r  a  

p e r i o d  o f  tv^o h o u r s .  H e a t i n g  u n d e r  r e f l u x  was c o n t i n u e d  

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

p o u r e d  i n t o  e x c e s s  s a t u r a t e d  ammonium c h l o r i d e  s o l u t i o n .
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The a q u eo u s  l a y e r  was s e p a r a t e d  and  e x t r a c t e d  s e v e r a l  t im e s  

w i t h  b e n z e n e ,  and  t h e  combined b e n ze n e  e o l a t i o n s  were  e x t r a c t e d  

s e v e r a l  t l  aee w i t h  271 HCl, The a c i d  e x t r a c t s  were  r e n d e r e d  

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

h y d r o x i d e  s o l u t i o n ,  A l i t t l e  sod ium  m e t a b i s u l p h i t e  ?;as a d d e d ,  

and a f t e r  s h a k i n g ,  t h e  two s o l v e n t  l a y e r s  wore s e p a r a t e d  f rom  

one a n o t h e r .  The aq u eo u s  l a y e r  was e x t r a c t e d  tw ic e  more w i t h  

e t h e r  and the  combined e t h e r  e x t r a c t s  w are  d r i e d  and th e  

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

The Perch lorate .

The s y r u p  was d i s s o l v e d  i n  a b s o l u t e  a l c o h o l  (75  c . c . )  and 

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

w h ic h  was mr.do up by a d d in g  2 7 . 5  g ,  ( 1 6 . 2  c , c . )  o f  a q u eo us  

p e r c h l o r i c  a c i d  t o  60 g .  (76 c . c . )  o f  i c e - c o l d  a b s o l u t e  a l c o h o l .  

I t  was a l l o w e d  to  s t a n d  o v e r n i g h t  and th e  p u r p l e  c r y s t a l s  w h ich  

form ed w ere  f i l t e r e d  o f f ,  w ashed  w i t h  two p o r t i o n s  o f  a b s o l u t e  

a l c o h o l  ( 3 7 . 5  c . c ,  e a c h )  t o  remove some o f  t h e  c o l o u r ,  and e x ­

t r a c t e d  w i t h  e t h e r ,  g i v i n g  74 g ,  (94;t) o f  v e ry  p a l e  v i o l e t  

c o l o u r e d  c r y s t a l s ,  m ,p ,  246®, S m a l l ,  S a r g e n t  and B r a l l e y ,  l o c . 

P i t , , g i v e  m ,p .  243®, T hese  c r y s t a l s  c o n s i s t e d  o f  t h e  p e r ­

c h l o r a t e  o f  ( + ) - a - p h e n y l d i h y d r o t h e b a i n e  t o g e t h e r  w i t h  a  l i t t l e  

o f  t h a t  o f  t h e  (-f ) -  S - i so m e r .

The p e r c h l o r a t e  m i x t u r e  (4  g . ) was r e c r y s t a l l i s e d  from
21

a c e t o n e - a t h a n o l  m i x t u r e  g i v i n g  1 , 2  g , , [ c ] 5 4 6 1  +5 ,60® ,

+4.60® , ( c ,  0 , 9 8  i n  a c e t o n e ) .
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0 , 5  G. o f  t h i s  was t w i c e  r e  c r y s t a l l i s e d  f ro m  e t h a n o l ,  

e l v i n -  0 . 1 5  g . ,  n . p .  2 4 5 ° ,  [ a ] ^ !  + 6 . 6 5 ° ,  [ot]^^ + 5 . 0 0 °  ( c ,  0 . 6 0

i n  a c e t o n e ) .  + 4 0 . 7 ° .  [ a ] ^  + 5 5 . 5 °  ( o ,  0 . 2 0  i n  95f»

e t h a n o l ) .

S m a l l ,  S a r g e n t  a n d  B r a l l e y  o b t a i n e d  p e r c h l o r a t e  w i t h

[a]B® + 8 . 2 °  ( c ,  0 . 9 3  I n  a c e t o n e ) ;  [ a ] | ®  +55°  ( c ,  0 . 2 1  i n
70

e t h a n o l ) , B e r s o n  a n d  Greenbaum o b t a i n e d  p e r c h l o r a t e  w i t h  

[®]E^ +39® ( c ,  0 , 2 1  i n  e t h a n o l ) ;  +8,6® ( c ,  0 , 9 4  i n

a c e t o n e ) ,

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

i n  s p e c i f i c  r o t a t i o n ,

2 2 7 , 5  G, o f  t h e  p e r c h l o r a t e  m i x t u r e  w ere  p r e p a r e d  a l t o g e t h e r  

a t  a n  a v e r a g e  y i e l d  o f  8 3 ^  ( t h e  o r i g i n a l  a u t h o r s :  8 9 ^ ) ,

The H y d r o c h l o r i d e .

The p r e p a r e d  p e r c h l o r a t e  was known t o  c o n t a i n  a  s m a l l  

p r o p o r t i o n  o f  t h e  ( + ) - S - i s o m e r ,  S e p a r a t i o n  o f  t h e  two was 

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

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

o f  t h e  ( + ) -a -com pound  i n  a n h y d ro u s  e t h a n o l .  The p e r c h l o r a t e  

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

( + ) _ a _ p h e n y l d i h y d r o t h e b a i n e  h y d r o c h l o r i d e  was p r e c i p i t a t e d  by 

two d i f f e r e n t  m e th o d s :  ( i )  i n  w h ic h  a b s o l u t e  e t h a n o l  s a t u r a t e d  

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

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

a b s o l u t e  a l c o h o l  s o l u t i o n  o f  t h e  b a s e s .
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I t  was nob p o s s i b l e  t o  o b t a i n  t h a  ( + ) - S - i s o m e r  i n  a  p u r e  

fo rm  by e i t h e r  m e th o d ,  p r e s ’omably owing to  I n c o m p l e t e  p r e c i p i t ­

a t i o n  o f  th e  ( + ) - a - i s o m e r ,  b u t  method ( i l )  was t h a t  u sed  f o r  

s u b s e q u e n t  p r e p a r a t i o n s  o f  ( + ) - a - p h e n y l d i h y d r o t h e b a i n e  h y d r o ­

c h l o r i d e ,

( i )  P r e c i p i t a t i o n  by E t h a n o l l c  Hydrogen  C h l o r i d e , ( S m a l l ,  

S a r g e n t  and  B r a l l e y ^ ^ , )

The p e r c h l o r a t e  c r y s t a l s  (69 g , ) w ere  s t i r r e d  w i t h  d i l u t e  

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

a q u e o u s  s o l u t i o n  was e x t r a c t e d  tw i c e  more and t h e  combined 

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

a b s o l u t e  e t h a n o l  s a t u r a t e d  w i t h  h y d r o g e n  c h l o r i d e .  T h is  was 

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

c r y s t a l s ,  a  p u r p l e  o i l  and an  e t h e r e a l - a l c o h o l i c  s o l u t i o n  

w ere  o b t a i n e d .  The s o l u t i o n  was p o u r e d  o f f  and  th e  r e s i d u e

w ashed  w i t h  two s m a l l  am ounts  o f  d ry  e t h e r ,  t h e  w a s h in g s  a n d  ^
\

s o l u t i o n  b e i n g  combined an d  s e t  a s i d e .  The r e s i d u e  was sh a k e n  

w i t h  a  l i t t l e  i c e - c o l d  ûTir m e t h a n o l ,  w h ich  c o n v e r t e d  th e  o i l  

i n t o  a  f u r t h e r  mass o f  w h i t e  c r y s t a l s  a l l  o f  w h ic h  were  f i l t e r e d  ' 

o f f  and washed w i t h  bwo s m a l l  q u a n t i t i e s  o f  i c e - c o l d  dr^r m e t h a n o l .  

The w h i t e  c r y s t a l s  o b t a i n e d  w e re  t h o s e  o f  ( + ) - a - p h e n y l d i h y d r o -  

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

The s o l u t i o n  was e v a p o r a t e d  down to  n e a r  d r y n e s s  and t h e
fi

r e s i d u e  was d i s s o l v e d  i n  d i l u t e  ammonia s o l u t i o n  and  e x t r a c t e d  

w i t h  e t h e r .  The e x t r a c t s  w ere  t h e n  r e - a c i d i f i e d  w i t h  n cl i n
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a b s o l u t e  e t h a n o l ,  k e p t  a t  0® f o r  t h r e e  h o u r s ,  and th e  w h i t e  

c r y s t a l s  o b t a i n e d  w ere  f i l t e r e d  o f f  and washed  w i t h  i c e - c o l d  

d ry  m e t h a n o l .  These  c o n s i s t e d  o f  more o f  t h e  ( + ) -«-compound 

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

o r d e r  to  a t t e m p t  t h e  i s o l a t i o n  o f  ( + ) - 5 - p h e n y l d i h y d r o t h e b a i n e .  

Y i e l d ! -  1 s t .  c r o p ,  2 4 . 5  g . ,  m .p .  1 7 5 - 1 8 4 ° ,  - 9 . 4 ° ,

[ “ ] i “ - 7 . 4 3 °  ( o ,  1 . 0 1  i n  w a t e r ) .  .

2 n d .  c r o p ,  2 4 . 0  g . , m .p .  1 7 5 - 1 8 4 ° ,  [ « l U s i  - 1 6 . 0 ° ,

[ o ] | ^  - 1 2 . 6 °  ( o ,  1 . 0 0  I n  w a t e r ) .

T o t a l ,  4 8 , 5  g ,  (7 6^  f rom  t h e b a l n e ) .

The s p e c i f i c  r o t a t i o n  and m e l t i n g  p o i n t  w ere  n o t  m e n t io n e d  by 

t h e  a u t h o r s .

The s e co n d  c ro p  ( 2 2 ,2  g , ) was s t i r r e d  w i t h  ammonia, e x t r a c t e d  

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

c h l o r i d e .  H ydrogen  c h l o r i d e  d i s s o l v e d  i n  a b s o l u t e  a l c o h o l  was t 

a d d e d  and t h e  r e s u l t i n g  m i x t u r e  v;as c o o le d  i n  t h e  r e f r i g e r a t o r  • 

f o r  f i v e  h o u r s  i n  a  s t o p p e r e d  f l a s k .  The v jh i t e  s o l i d  w h ic h  h a d  

fo rm ed  was f i l t e r e d  o f f ,  washed  w i t h  i c e - c o l d  m e t h a n o l ,  and d r i e d .  

Y i e l d ,  1 0 .1  g .  - 1 1 . 9 ° ,  [ o ] “ 2 . 9 . 4 5 °  ( c ,  1 . 0 0  I n  w a t e r ) .

The f i l t r a t e  was e v a p o r a t e d ,  e x t r a c t e d  w i t h  e t h e r  and  t h e  ) 

sy ru p y  r e s i d u e  v;as d i s s o l v e d  i n  a c e t o n e ,  w h ic h  was removed u n d e r  ! 

vacuum, i n  a n  a t t e m p t  to  o b t a i n  a  c r y s t a l l i n e  s o l i d .  An a t t e m p t  | 

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

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

t h e  b a s e  a n d  t h e  s y r u p  was d i s s o l v e d  i n  t h e  minimum amount o f
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a b s o l u t e  a l c o h o l .  Dry ECl was p a s s e d  t h r o u g h  i t  f o r  4 h r ,  and  

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

p r o d u c e d ,  a f t e r  f i l t e r i n g ,  was w ashed  w i t h  d ry  m e t l i a n o l ,  g i v i n g  

a n  o f f - w h i t e  s o l i d ,  0 , 6  g ,

- 1 5 . 5 ° ,  - 1 3 . 0 °  ( o ,  1 . 0 0  i n  w a t e r ) .

E l e m e n t a r y  a n a l y s i s  i n d i c a t e d  t h a t  t h e  compound was s o l v a t e d  

w i t h  one m o le c u l e  o f  e t h a n o l  o f  c r y s t a l l i s a t i o n ,  (Found;  C, 6 8 , 9 ;  

H, 7 , 0 ;  C l ,  7 , 7 ;  E, 2 , 9 ;  0 ,  1 3 , 5 ,  C a l c u l a t e d  f o r  Cg^ggC lE O g +

CgH^OE: C, 6 8 , 7 ;  E ,  7 , 3 ;  C l ,  7 , 5 ;  3 ,  5 , 0 ;  0 ,  13,6^^),

The o r i g i n a l  f i r s t  c r o p  o f  h y d r o c h l o r i d e  ( 1 6 , 5  g , )  was 

c o n v e r t e d  i n t o  t h e  b a s e  an d  th e  combined e t h e r  e x t r a c t s  o b t a i n e d  

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

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

a  w h i t e  c r y s t a l l i n e  s o l i d ,  1 0 , 5  g ,  A s e c o n d  c r o p  ( 5 , 5  g , )  o f  t h e  

b a s e  was o b t a i n e d  from t h e  f i l t r a t e  a f t e r  5 d a y s ’ s t a n d i n g  i n  t h e  

r e f r i g e r a t o r ,  [ a l f l s i  + 5 . 6 ^  + 5 . 1 5 ° ,  ( o ,  2 . 0 4  i n  e t h a n o l ) .

S s a l l ,  S a r g e n t  an d  E r a l l e y ^ ^  o b t a i n e d  n . p .  40-70®, [ a ] ^ ^  + 1 0 . 2 ° ,  

( c ,  1 , 9 8  i n  e t h a n o l ) .

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

o f  w h i t e  p r i s m s ,  9 , 5  g , , +7 ,05® ,  [ a ] ^ ^  +6 ,81® , ( c ,  1 , 9 8  i n

e t h a n o l ) ,  8 , 5  0 ,  o f  t h i s  was d i s s o l v e d  i n  t h e  minimum q u a n t i t y  o f

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

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

o v e r n i g h t ,  t h e  l i q u i d  was d e c a n t e d  from  t h e  s o l i d  w h ic h  had  

formed a t  t h e  b o t to m  o f  t h e  f l a s k  and t h e  l a t t e r  was t r a n s f e r r e d
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t o  a  B u c h n e r  f u n n e l ,  w h e re  I t  was su c k ed  a s  d ry  a s  p o s s i b l e ,  

a n d  t h e  d r y i n g  c o m p le te d  i n  a  warm o v e n .  Y i e l d ,  4 , 0  g ,

-9 ,7 5 ® ,  -8 ,50®  ( o ,  1 , 0 3  i n  w a t e r ) .

The m o th e r  l i q u o r s  were  e v a p o r a t e d  t o  a b o u t  o n e - t h i r d  b u l k  

a n d  c o o l e d  t o  jca, 0®, More o f  t h e  h y d r o c h l o r i d e ,  4 , 5  g ,  was 

o b t a i n e d ,  a f t e r  f i l t e r i n g  and  w a sh in g  w i t h  l i g h t  p e t r o l e u m  

( b , p ,  4 0 -6 0® ) ,  g i v i n g  a  t o t a l  o f  8 , 5  g ,  ( t h e o r e t i c a l  y i e l d ,

9 . 3  g . ) .  [ a ] | 46i  - 7 . 8 8 ° ,  [ a ] | ^  - 6 . 9 0 °  ( c .  l . O l  I n  w a t e r ) .

( i i )  P r e c i p i t a t i o n  by Dry Hydrogen C h l o r i d e ,

The p e r c h l o r a t e  m i x t u r e  (66 g , ) was c o n v e r t e d  i n t o  t h e  

m i x t u r e  o f  t h e  b a s e s  a s  b e f o r e ,  and  t h e  e t h e r  e x t r a c t  was d r i e d  

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

The s o l i d  was d i s s o l v e d  i n  t h e  minimum q u a n t i t y  o f  a b s o l u t e  

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

■y h r , ,  by w h ic h  t im e  i t  h a d  s e t  n e a r l y  s o l i d .  The f l a s k  was 

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

was f i l t e r e d  o f f ,  washed  w i t h  c o l d  d r y  m e t h a n o l  and t h e  f i l t r a t e  

s e t  a s i d e  f o r  t h e  a t t e m p t e d  i s o l a t i o n  o f  t h e  ( + ) - S - i s o m e r ,  Y i e l d ,

5 5 ,0  g .  ( 8 1 , 5 ^  f rom  t h e b a i n e ) ,  - 1 2 ,8 ® ,  -10 ,0®

( o ,  1 , 0 5  i n  w a t e r ) .

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

p r e p a r a t i o n  and a l t o g e t h e r  1 9 1 , 5  g ,  were  p r e p a r e d  a t  a n  a v e r a g e  

y i e l d  f rom  t h e b a i n e  o f  70,5^i,

( + ) - S - P h e n y l d l h y d r o t h e b a i n e ,

The i s o l a t i o n  o f  t h i s  compound was a t t e m p t e d  o n  e a c h  o f  

t h e  s o l u t i o n s  o b t a i n e d  above  a f t e r  t h e  c o m p le t e d  p r e c i p i t a t i o n
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o f  ( + ) - a - p h e n y l d l h y d r o t h e b a l n e  h y d r o c h l o r i d e .  T h i s  was done . 

a c c o r d i n g  t o  t h e  m ethod  o f  S m a l l ,  S a r g e n t  and  B r a l l e y ^ ^ ,

E a c h  s o l u t i o n  was e v a p o r a t e d  g i v i n g  a  brown s y r u p .  An 

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

a q u e o u s  ammonia a n d  e x t r a c t e d  w i t h  e t h e r .  The r e s i d u e  f ro m  t h e  

e v a p o r a t e d  e x t r a c t  was s t i r r e d  w i t h  a  s m a l l  amount o f  e t h a n o l ,  

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

v a r i o u s  s o l v e n t s ,  b u t  w i t h o u t  s u c c e s s ,  E x t r a c t i o n  by v a r i o u s  

l i g h t  p e t r o l e u m  f r a c t i o n s  was o f  no a v a i l .  R e c o n v e r s i o n  i n t o  t h e  

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

( + ) -oc-compound b e f o r e  c o n v e r s i o n  i n t o  t h e  b a s e  a g a i n  was o f  no 

u s e .  The gum f i n a l l y  o b t a i n e d  f ro m  t h e  t r e a t e d  f i l t r a t e  f rom  ( i )  

above  h a d  t h e  f o i l  crying p r o p e r t i e s :  i t  s o f t e n e d  a t  a b o u t  79®, 

[ct] | | 3 1  - 5 5 .4 ® ,  [ a ] | ^  -27 ,6®  ( c ,  0 , 7 3  i n  a c e t o n e ) .  The o r i g i n a l  

a u t h o r s  o b t a i n e d  w h i t e  n e e d l e s ,  m .p .  145 ,5®, [ « I d ^  -131®

( c ,  0 , 8 7  i n  a c e t o n e ) .

I t  appeared that there must have been some {+)-S-compound 

p resen t, but in  an extrem ely impure s t a t e ,

(b )  ( + ) - « - P h e n y l d i h y d r o t h e b a i n e  M e th y l  E t h e r  ( L 7 ) .

The p e r c h l o r a t e  o f  t h e  m e t h y l  e t h e r  (LV) was p r e p a r e d  by 

s e v e r a l  m e th o d s ,  and  a l l  gave  n o n - c r y s t a l l i n e  p r o d u c t s .  The 

compound was o b t a i n e d  l a t e r  i n  two c r y s t a l l i n e  fo rm s ,  w h ic h  w ere  

fo u n d  t o  be o f  l i t t l e  s y n t h e t i c  v a l u e ,  Method ( i )  be low  was 

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

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

The ( + ) - a - p h e n y l d i h y d r o t h e b a i n e  h y d r o c h l o r i d e ,  where  u se d  

b e lo w ,  was t h a t  p r e p a r e d  by m ethod  ( i i )  a b o v e ,

( i )  P r e p a r a t i o n  o f  t h e  M e th y l  E t h e r  P e r c h l o r a t e  by a  

M o d i f i c a t i o n  o f  t h e  Method o f  B e n t l e y  and R o b in so n ^ ^ ,

( + ) - a - P h e n y l d i h y d r o t h e b a i n e  h y d r o c h l o r i d e  (7  g , ,  one 

e q u i v a l e n t )  was d i s s o l v e d  i n  vjarm w a t e r  (33  c , c , ) .  A f t e r  c o o l i n g ,  

e x c e s s  10^  sodium h y d r o x i d e  s o l u t i o n  (100  c , c , )  was a d d e d ,  w h ic h ,  

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

r e d i s s o l v e d ,  A s o l u t i o n  o f  d i m e t h y l  s u l p h a t e  ( 3 , 1  c . c . ,  two 

e q u i v a l e n t s )  i n  m e th a n o l  (8  c . c . )  was added  s lo w ly  w i t h  s t i r r i n g ,  

w h ich  gave  a  w h i t e  gummy p r e c i p i t a t e .  T h i s  was f i l t e r e d  o f f ,  

washed w i t h  w a t e r  and d r i e d  i n  a n  e v a c u a t e d  d e s i c c a t o r .  Y i e l d ,

6 , 0  g ,  ( 9 0 , 5 ^ 1 .  The b a s e  was d i s s o l v e d  i n  t h e  minimum amount o f  

warm e t h a n o l ,  c o o l e d ,  and  60^  p e r c h l o r i c  a c i d  (5  c . c . )  was

a d d e d ,  f o l l o w e d  by w a t e r ,  u n t i l  no f u r t h e r  p r e c i p i t a t i o n  was 

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

once  f rom  d i l u t e  p e r c h l o r i c  a c i d ,  and  t w i c e  from  w a t e r  c o n t a i n i n g  

t h e  minimum amount o f  a l c o h o l  f o r  c o m p le te  s o l u t i o n .  Y i e l d  o f  

p e r c h l o r a t e :  4 , 5  g ,  (5 4 ^  f rom t h e  p h e n o l i c  h y d r o c h l o r i d e ) ,

M .p .  1 3 9 ° ,  [ a ] | | 5i  + 2 3 . 3 ° ,  + 2 0 . 8 ° ,  ( c ,  1 . 0 1  i n  96%

e t h a n o l ) .  + 1 . 0 0 ° ,  [ a ] | ^  + 0 . 0 5 ° ,  ( o ,  1 .0 0  I n  a c e t o n e ) .

The s o l u b i l i t y  i n  w a t e r  was t o o  low to  d e t e r m i n e  t h e  

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

B e n t l e y  and R o b in so n  o b t a i n e d  c o l o u r l e s s  p l a t e s  m .p ,  205®, 

[ a ] p  +9,26® ( i n  w a t e r ,  c o n c e n t r a t i o n  unknown),
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The I . R ,  s p e c t r u m  o f  th e  p e r c h l o r a t e  showed a  b r o a d  band  

w i t h  two p e a k s  i n  th e  3 |i r e g i o n  w h ich  may have  b e e n  due t o  

s o l v a t i o n ;  i t  showed p e a k s  a t  a b o u t  9 , 2  and 1 6 , 1  \i i n  common 

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

A f u r t h e r  quanti ty  o f  p e r c h l o r a t e  (8  g ,  ) v;as p r e p a r e d  from 

( + ) - a - p h e n y l d i h y d r o t h e b a i n e  h y d r o c h l o r i d e  ( 14 g , ) by t h e  above 

m e th o d .  I t  h ad  n , p ,  140®, A s m a l l  amount o f  t h i s  p e r c h l o r a t e  was 

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

w h ic h ,  a f t e r  d r y i n g  o v e r n i g h t  i n  a n  o v e n ,  gave  a  l i g h t  brown 

g l a s s  w h ich  s o f t e n e d  a t  a b o u t  128-130®, " R e c r y s t a l l i s a t i o n "  f rom  

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

vacuum a t  134® f o r  3 ^  h r ,  gave  s o l i d s  w i t h  no i n c r e a s e  i n  m ,p ,  

above 140®, Some w a s ' " r e c r y s t a l l i s e d "  a g a i n  f rom  w a t e r  c o n t a i n i n g  

a  l i t t l e  e t h a n o l ,  and  th e  s o l u t i o n  was d e c a n t e d  from  t h e  o i l  

w h ic h  f i r s t  formed on  c o o l i n g .  The s o l i d  o b t a i n e d  on  f u r t h e r  

c o o l i n g  was a g a i n  t r e a t e d  i n  t h i s  way.  The f i n a l  w h i t e  s o l i d  

o b t a i n e d  h ad  m ,p ,  123-139®, E le m e n t a r y  a n a l y s i s  g ave  an 

a no m a lou s  r e s u l t  f o r  c a r b o n ,  (Found :  C, 5 9 , 9 ;  H, 6 , 4 ;  C l ,  7 , 0 ,  

C a l c u l a t e d  f o r  Cg^II^oClEO,^; C, 6 2 , 0 ;  H, 6 , 0 ;  C l ,  7,0';^),

The p e r c h l o r a t e ,  m ,p ,  139® ( 1 , 0  g , J  was d i s s o l v e d  i n  

g l a c i a l  a c e t i c  a c i d  and  t h e n  sh a k e n  w i t h  ammonium h y d r o x i d e  

( s , g ,  0 ,8 8 0 )  and e t h e r ,  t h e  b a s e  b e i n g  e x t r a c t e d  by t h e  s o l v e n t  

a s  i t  was fo rm ed .  The a q u eo u s  l a y e r  was e x t r a c t e d  t w i c e  w i t h  

e t h e r  and  a  s o l i d  r e s i d u e  w h ich  h a d  formed on  t h e  a d d i t i o n  o f  

t h e  ammonia was r e d i s s o l v e d  i n  a c e t i c  a c i d  and  t r e a t e d  a g a i n .
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The e t h e r  s o l u t i o n s  w ere  combined and t h e  s o l v e n t  rem oved ,

M e th y l  i o d i d e  (2 c . c . )  and  a c e t o n e  ( 6 , 5  c . c . )  w ere  added  

t o  t h e  b a s e  and h e a t e d  u n d e r  r e f l u x  f o r  4 h r , ,  m e t h y l  i o d i d e  

( c a ,  1 c . c , )  b e in g  ad d ed  e v e r y  h o u r ,  A w h i t e  c r y s t a l l i n e  

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

and  was f i l t e r e d  o f f ,  w ashed  w i t h  a c e t o n e  and d r i e d .  Y i e l d ,

0 , 8 5  go (79>^), m .p ,  190®, ( Y i e l d  f rom  ( + ) - a - p h e n y l d i h y d r o -  

t h e b a i n e  h y d r o c h l o r i d e ,  4 5 ^ ) .

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

g i v i n g  c o l o u r l e s s  p l a t e s ,  0 , 7 5  g , , m .p ,  201®, F u r t h e r  

c r y s t a l l i s a t i o n  gave  no i n c r e a s e  i n  m e l t i n g  p o i n t ,

[ a ] i | * f  + 2 6 . 3 ° ,  + 1 8 . 5 °  ( c ,  0 . 3 2  I n  96% e t h a n o l ) .

(Found:  C, 5 9 , 8 ;  H, 5 , 9 ;  I ,  2 3 . 5 5 ,  C a l c u l a t e d  f o r  Cg^H^glEOg:

C, 5 9 , 4 5 ;  n ,  5 , 9 ;  I ,  2 3 , 3 ^ ) ,  The i n f r a r e d  s p e c t r u m  showed t h e  

a b s e n c e  o f  a  h y d r o x y l  p e a k ,

B e n t l e y  and R o b in so n ^ ^  o b t a i n e d  a  p r o d u c t  o f  m .p ,  205®, 

S m a l l ,  S a r g e n t  and B r a l l e y m e t h y l a t e d  ( + ) - a - p h e n y l d i h y d r o -  

t h e b a i n e  w i t h  d i a z o m e t h a n e ,  an d  t h e n  p r e p a r e d  a  m e t h i o d i d e  w i t h  

. p .  1 9 6 - 1 9 7 . 5 ° ,  [ a ]§8  + 2 0 . 7 °  ( c ,  0 . 3 4  i n  e t h a n o l ) .

A f u r t h e r  2 2 ,8  g ,  o f  p e r c h l o r a t e  w ere  o b t a i n e d  a f t e r  trtvo 

" c r y s t a l l i s a t i o n s "  f rom  a q u e o u s  e t h a n o l  o n l y ;  1 5 ,2  g ,  w ere  

c o n v e r t e d  i n t o  t h e  m e t h i o d i d e ,  g i v i n g  9 ,8 6  g , , m .p ,  197®,

m
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( i l )  P r e p a r a t i o n  o f  t h e  M ethy l  E t h e r  P e r c h l o r a t e  a t  

E l e v a t e d  T e m p e r a t u r e s .

( + ) - a - P h e n y l d i h y d r o t h e b a i n e  h y d r o c h l o r i d e  ( 5 . 5  g . ) ,  

d i s s o l v e d  i n  w a t e r  ( 1 6 , 5  c . c . )  and  e x c e s s  10^  sodium h y d r o x i d e  

s o l u t i o n  (50 C . C . ) ,  was h e a t e d  u n d e r  r e f l u x  f o r  J  h r ,  w i t h  a  

s o l u t i o n  o f  d i m e t h y l  s u l p h a t e  ( 1 , 6  o , c , , E e q u i v a l e n t s )  i n  

m e th a n o l  (4  c . c , ) .  The s u p e r n a t a n t  l i q u i d  was r u n  o f f  f rom t h e  

o i l ,  Yihich had  formed d u r i n g  t h e  p e r i o d  o f  h e a t i n g ,  and  t r e a t e d  

a s  f o l l o w s ,

A f u r t h e r  q u a n t i t y  o f  d i m e t h y l  s u l p h a t e  (2  c , c , )  was ad ded  

and  t h 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  f o r  a  f u r t h e r  5 h r , ,  

e x t r a  d i m e t h y l  s u l p h a t e  (1  c . c . )  b e i n g  a d d ed  e v e r y  ^  h r .  On 

c o o l i n g ,  a n  o i l  and  some s o l i d  a p p e a r e d ,  w hich  w ere  d i s s o l v e d  

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

f i l t e r e d ,  c o o l e d ,  and d i l u t e d  w i t h  w a t e r  u n t i l  no f u r t h e r  

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

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

l i t t l e  d e c o l o u r i s i n g  c a r b o n ,  A c h o c o l a t e  brown s o l i d ,  0 , 4  g . , 

m .p ,  203-210® was o b t a i n e d ,  A m ixed  m .p ,  w i t h  ( + ) - « - p h e n y l -  

d i h y d r o t h e b a i n e  p e r c h l o r a t e  (m .p ,  246®) was 218®, The I , R ,  

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

p e r c h l o r a t e  and  r e s e m b le d  t h a t  o f  t h e  p r o d u c t  m .p ,  170® 

b e lo w .  The p r o d u c t  m .p ,  208-210® was p r o b a b l y  a  m i x t u r e  o f  t h e  

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

About h a l f  o f  t h e  o i l  o b t a i n e d  a f t e r  t h e  f i r s t  p e r i o d  o f
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h e a t i n g  was washed t w i c e  w i t h  10% sod ium  h y d r o x i d e  s o l u t i o n  and  

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

g i v i n g  a  b u f f  c o l o u r e d  s o l i d .  Y i e l d  0 . 8  g . , m .p .  247 .5® , A 

m ixed  m .p .  w i t h  ( + ) - a - p h e n y l d i h y d r o t h e b a i n e  p e r c h l o r a t e  gave  

no d e p r e s s i o n  and t h e  I . R .  s p e c t r u m  was i d e n t i c a l  w i t h  t h a t  

o f  t h i s  compound.

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

h e a t i n g ,  p l u s  10,^ sodium h y d r o x i d e  s o l u t i o n  (25  c . c . ) ,  w a t e r  

(8 c . c . )  and d i m e t h y l  s u l p h a t e  (2 c . c , ) ,  t o g e t h e r  w i t h  

s u f f i c i e n t  e t h a n o l  t o  k e ep  a l l  i n  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  f o r  4 h r .  D im e th y l  s u l p h a t e  ( ^ a .  1 c . c . )  was a d d e d  e v e r y  

A h r .  A w h i t e  p r e c i p i t a t e  ( p r o b a b l y  sod ium  s u l p h a t e )  g r a d u a l l y  

fo rm e d ,  and a f t e r  c o o l i n g  th e  m i x t u r e ,  was f i l t e r e d  o f f .  The 

e t h a n o l  v^as t h e n  removed f rom  th e  s o l u t i o n  and a  brown 

p r e c i p i t a t e  was o b t a i n e d ,  w h ich  was c o n v e r t e d  i n t o  t h e  p e r ­

c h l o r a t e ,  a s  a b o v e ,  b u t  " c r y s t a l l i s e d "  t w i c e .  A p a l e  brown 

s o l i d ,  1 , 8  g .  ( ^ ,  87'/.'), m .p .  170®, was o b t a i n e d .  F u r t h e r  

c r y s t a l l i s a t i o n  d i d  n o t  im prove  t h e  m .p .  +59,1®,

+5 3 , 8 0  ̂ ( o ,  0 .6 6 5  i n  96;S EtOH). A m ixed  m .p ,  w i t h  

( + ) - a - p h e n y l d i h y d r o t h e b a i n e  p e r c h l o r a t e  was 192-220® an d  t h i s ,  

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

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

and t h e  s t a r t i n g  m a t e r i a l .  T h i s  s u g g e s t i o n  was s u p p o r t e d  by 

I . R ,  e v i d e n c e .  The s p e c t r u m  o f  t h e  p r o d u c t  was d i f f e r e n t  f rom 

t h a t  o f  ( + ) - a - p h e n y l d i h y d r o t h e b a i n e  p e r c h l o r a t e ,  p e a k s  a t  1 0 . 8 ,
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1 2 , 0  and 1 2 ,9  p, b e in g  e i t h e r  v e ry  s m a l l  o r  a b s e n t ,  b u t  was ■

s i m i l a r  t o  t h a t  o f  th e  p r o d u c t  m .p ,  208-210® a b o v e .  I t  

r e s e m b l e d  t h a t  o f  th e  p r o d u c t  i n  ( i )  m .p ,  159®, b u t  was n o t  a s  

c l e a r  i n  th e  1 0 , 5 - 1 5 , 0  p r e g i o n .

The p r o d u c t  m .p .  170® ( 0 , 1 5  g , ) was c o n v e r t e d  i n t o  t h e  

m e t h i o d i d e  a s  i n  ( i ) ,  u s i n g  a c e t o n e  (1  c . c . )  and m e th y l  i o d i d e  

(1 c . c , ) .  Y i e l d  0 ,0 5  g .  ( 5 1 ^ ,  27/S c a l c u l a t e d  f rom  ( + ) - « - p h e n y l -  

d i h y d r o t h e b a i n e  h y d r o c h l o r i d e ) .  R e c r y s t a l l i s a t i o n  f rom  a b s o l u t e  

e t h a n o l  g ave  c o l o u r l e s s  p l a t e s ,  m .p ,  196®, The I . R ,  s p e c t r u m  was 

i d e n t i c a l  w i t h  t h a t  o f  t h e  m e t h i o d i d e  o b t a i n e d  i n  ( i ) ,

( i i i )  P r e p a r a t i o n  o f  t h e  M ethyl  E t h e r  i n  t h e  P r e s e n c e  o f  

Sodium M e th o x ld e .  A d ap ted  f rom  th e  m ethod o f  F reund^^  vJho 

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

Sodium ( 0 , 2  g . )  was d i s s o l v e d  i n  m e th a n o l  (10 c . c . )  and  

( + ) - a - p h e n y l d l h y d r o t h e b a i n e  b a s e  (2 g . )  and  d im e t l iy l  s u l p h a t e  

(1  c . c . )  w e re  a d d e d .  A f t e r  s t a n d i n g  o v e r n i g h t ,  t h e  e x c e s s  

m e t h a n o l  was rem oved ,  w a t e r  was added  and t h e  s o l u t i o n  o b t a i n e d  

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

d i l u t e  a c e t i c  a c i d  and t h e  r e q u i r e d  p r o d u c t  was p r e c i p i t a t e d  

by t h e  a d d i t i o n  o f  d i l u t e  sod ium  h y d r o x i d e  s o l u t i o n .  T h i s  was 

r e p e a t e d  once  more  and the  p e r c h l o r a t e  p r e p a r e d  and 

" r e c r y s t a l l i s e d "  f rom a q u eo u s  e t h a n o l ,  g i v i n g  a  p a l e  brown 

s o l i d ,  0 , 7  g ,  (27;S), m .p .  142-143®, T h i s  was d i s s o l v e d  i n  

aq u eo u s  e t h a n o l  a t  a  l i t t l e  above  room t e m p e r a t u r e  and  s lo w ly  

c o o l e d  t o  a b o u t  -10®. A w h i t e  s o l i d  was o b t a i n e d ,  b u t  w i t h  no
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improvement  i n  m .p .  The I . R .  s p e c t r u m  was s i m i l a r  t o  t h o s e  o f  

t h e  p r o d u c t s  o b t a i n e d  i n  ( i i )  o f  m .p .  208-210® and 170®, and  

r e s e m b l e d  t h a t  o f  th e  p r o d u c t  i n  ( i )  m .p .  159®, b u t  was a  

l i t t l e  l e s s  c l e a r .  P e a k s  a t  1 0 .8  and 1 2 .9  p w ere  p r e s e n t ,  a s  

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

b u t  t h a t  a t  1 2 .0  p w h ic h  a p p e a r e d  i n  t h e  l a t t e r ,  was m i s s i n g .  

The p r o d u c t  a p p e a r e d  to  be  a  form o f  t h e  r e q u i r e d  m e t h y l  e t h e r  

p o r o U l o r a t e .  [ a ] 2 2 . 5  +2 6 , 6®, + 2 0 . 5 ° ,  ( c ,  0 . 5 5  i n  96%

Eton).

The p e r c h l o r a t e  m .p .  142-143® ( 0 , 1  g . )  was c o n v e r t e d  i n t o  

t h e  m e t h i o d i d e  a s  b e f o r e ,  u s i n g  a c e t o n e  (1 c . c . )  and m e th y l  

i o d i d e  (1  C . C . ) ,  0 .0 6  0 ,  ( 5 5 . 5 ^ )  were  o b t a i n e d ,  m .p .  191®, The 

y i e l d  f rom  ( + ) - « - p h e n y I d i h y d r o t h e b a i n e  b a s e  was I5;â.

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

gave  c o l o u r l e s s  p l a t e s ,  0 , 0 5  g , , m .p ,  198®, The I . R ,  s p e c t r u m  

was s i m i l a r  t o  t h o s e  o f  t h e  m e t h i o d i d e s  o b t a i n e d  i n  ( i )  and

( i i ) ,  b u t  w i t h  d i f f e r e n c e s  i n  t h e  7 , 5 - 8 , 0  p r e g i o n .  A f u r t h e r  

c r y s t a l l i s a t i o n  gave  no change  i n  m . p , , b u t  t h e  I . R .  s p e c t r u m  

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

The C r y s t a l l i s a t i o n  o f  t h e  M ethy l  E t h e r  P e r c h l o r a t e .

A s m a l l  p a r t  o f  t h e  l a s t  b a t c h  o f  m e t h y l  e t h e r  p e r c h l o r a t e  

p r e p a r e d  i n  ( i )  above  was a l l o w e d  t o  s e p a r a t e  f rom a n  e t h a n o l  

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

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

o b t a i n e d ,  4 G, o f  t h i s  p e r c h l o r a t e  w ere  r e c r y s t a l l i s e d  f rom
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e t h a n o l  a f t e r  b e i n g  s e e d e d  w i t h  a  c r y s t a l  o f  t h i s ,  g iv in g  a  

w h i t e  c r y s t a l l i n e  m a s s ,  2 . 3  g . , m .p ,  194-195®.

C o n c e n t r a t i o n  o f  t h e  m o th e r  l i q u o r  f o l l o w e d  by s e e d i n g  

g a v e ,  a s  a  w h i t e  c r y s t a l l i n e  s o l i d ,  a  s e c o n d  c r o p ,  0 . 3  g . , 

m .p .  2 2 6 - 2 2 7 ° ,  [ « l i l e i  + 3 5 . 6 ° ,  [ a ] | ^  + 5 4 . 4 ° ,  ( o ,  0 . 2 5  I n  

e t h a n o l ) .  An a t t e m p t  to  o b t a i n  a  f u r t h e r  q u a n t i t y  o f  t h i s  a t  

a  l a t e r  d a t e  f a i l e d .

Two f u r t h e r  c r y s t a l l i s a t i o n s  o f  some o f  t h e  f i r s t  c ro p  

gave  c o l o u r l e s s  p l a t e s ,  m .p .  197®, (Found;  C, 6 2 . 1 ;  H, 6 . 5 ;

0 1 ,  7 , 2 ,  C a l c u l a t e d  f o r  Cg^H^gClRO,^: C, 6 2 . 0 ;  H, 6 . 0 ;  C l ,  7 , 0 ^ ) ,  

[ a ] | | ^ l  +20 .6® , [ a ] | ^  +18 .8® ,  ( c ,  0 , 2 7  i n  EtOH). B e n t l e y  and 

Robinson^® o b t a i n e d  a  c r y s t a l l i n e  p r o d u c t ,  m.p*. 205®,

[ot]p^ +9,26® ( i n  w a t e r ) .  The p r e s e n t  p r o d u c t  was n o t  

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

i n  t h i s  w i t h  any d e g r e e  o f  a c c u r a c y .  I t  a p p e a r e d  t o  be  _ca. 8-10®,

C r y s t a l l i s a t i o n  o f  a  f u r t h e r  5 , 6  g .  o f  t h e  n o n - c r y s t a l l i n e  

p e r c h l o r a t e  ( p r e p a r e d  by method ( i ) )  f rom  a n  e t h a n o l  s o l u t i o n  

w i t h  s e e d i n g  gave  0 .8 3  g .  o f  c r y s t a l l i n e  p r o d u c t ,  m .p ,  193-194®, 

f o l l o w e d  by 1 ,8 1  g .  o f  n o n - c r y s t a l l i n e  p r o d u c t ,  m .p ,  130-135®, 

a f t e r  c o n c e n t r a t i o n  o f  th e  m o th e r  l i q u o r .

The lo w e r  meltin^g c r y s t a l l i n e  p e r c h l o r a t e s  w e re  combined 

( 2 , 4  g , ) and c o n v e r t e d  i n t o  th e  m e t h i o d i d e  a s  f o l l o w s .  The 

p e r c h l o r a t e  d i d  n o t  r e a c t  w i t h  ammonia o r  sodium h y d r o x i d e ;  i t  

was t h e r e f o r e  d i s s o l v e d  i n  e t h a n o l  and r e n d e r e d  a l k a l i n e  w i t h  

a l c o h o l i c  sod ium  h y d r o x i d e  s o l u t i o n .  The r e s u l t i n g  s o l u t i o n  was
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e v a p o r a t e d  t o  n e a r  d r y n e s s  u n d e r  r e d a c e d  p r e s s u r e ,  w a t e r  t h e n  

h e l n ^  a d d ed  t o  d i s s o l v e  i n o r g a n i c  s a l t s .  T h i s  was t h e n  e x t r a c t e d  

t h r e e  t im e s  w i t h  e t h e r ,  w h ich  was t h e n  removed f rom  t h e  e x t r a c t  

s o l u t i o n ,  a n d  th e  b a s e  was d i s s o l v e d  i n  a c e t o n e  and  c o n v e r t e d  

i n t o  t h e  m e t h i o d i d e ,  0 . 8  g . , (5 0 ^ 1 ,  m .p .  19 6^ .

The c r y s t a l l i n e  p e r c h l o r a t e  ( 0 . 3  g . ) m .p .  226-227® an d  o f  

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

(1Z%) o f  m e t h i o d i d e ,  m .p ,  197-198®,

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

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

t h e  same compound was o b t a i n e d  i n  e i t h e r  c a s e .  T h ese  m e t h i o d i d e s  

w ere  a l s o  t h e  same compound and o f  s i m i l a r  q u a l i t y  a s  t h e  

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

c h l o r a t e s  p r e v i o u s l y ,  b u t  t h e  y i e l d  was lov^er.  Hence i t  was 

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

e i t h e r  c r y s t a l l i n e  form  i n  f u t u r e  w o rk .

P r e p a r a t i o n  o f  t h e  M e th y l  E t h e r  M e t h io d i d e  w i t h o u t  F i r s t  

P r e p a r i n g  t h e  P e r c h l o r a t e .

The o b j e c t  o f  t h i s  e x p e r i m e n t  was t o  se e  w h e t h e r  o m i t t i n g  

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

an y  d i f f e r e n c e  t o  t h e  q u a l i t y  o f  t h e  m e t h i o d i d e  o b t a i n e d  f rom  i t ,  

( > ) - a - P h e n y l d i h y d r o t h e b a i n e  h y d r o c h l o r i d e  (7  g . )  v?as 

c o n v e r t e d  i n t o  t h e  m e t h y l  e t h e r  b a s e  by m ethod  ( i ) ,  p ,  67 ,  and

o b t a i n e d  a s  a  w h i t e  gummy p r e c i p i t a t e ,  y i e l d  4 . 5  g ,  (655^), T h i s

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

a c e t o n e  (20 c . c . )  w i t h  m e th y l  i o d i d e  (2 c . c . )  f o r  2 h r . , 

a d d i t i o n a l  m e t h y l  i o d i d e  (1 c . c . )  b e i n g  added  e v e r y  J  h r .  A f t e r  

f i l t e r i n g  o f f  t h e  w h i t e  p r e c i p i t a t e  w h ic h  fo rm ed ,  an d  w a sh in g  i t  

w i t h  a c e t o n e ,  4 . 5  g .  ( 7 7 . 5 ^ )  w ere  o b t a i n e d  (5 0 ^  c a l c u l a t e d  f rom  

t h e  h y d r o c h l o r i d e ) ,  m .p .  197 ,5® ,  H e c r y s t a l l i s a t i o n  f rom  e t h a n o l  

g ave  c o l o u r l e s s  p l a t e s ,  3 . 6  g , , m .p ,  197-198®,

[ a ] |4 5 1  + 2 5 . 5 ° ,  [ a ] c P  + 1 8 . 5 ° ,  ( o ,  0 . 5 0  I n  96: 1̂ e t h a n o l ) .

A se co n d  c ro p  o f  c r y s t a l s  was o b t a i n e d ,  on  c o n c e n t r a t i n g  

t h e  m o th e r  l i q u o r ,  a s  a  c o l o u r l e s s  c r y s t a l l i n e  m ass ,  0 , 7  g . ,  

m .p .  1 9 7 - 1 9 7 . 5 ° ,  [ a j l f e i  + 2 5 . 8 ° ,  [ a ] p P  + 1 9 . 4 ° ,  {o, 0 . 5 1  I n  96^^ 

e t h a n o l ) .

The I , H ,  s p e c t r a  o f  t h e  two c r o p s  were i d e n t i c a l  and  t h e  

same a s  t h o s e  o f  t h e  m e t h i o d i d e  o b t a i n e d  i n  ( i ) ,  ( i i )  a n d  ( i i i )  

a b o v e .  A l s o ,  t h e  s p e c i f i c  r o t a t i o n s  were  i d e n t i c a l ,  w i t h i n  t h e  

l i m i t s  o f  e x p e r i m e n t a l  e r r o r ,  w i t h  t h a t  o f  t h e  m e t h i o d i d e  from
54( 1 ) ,  an d  a g r e e d  w i t h  t h a t  o b t a i n e d  by S m a l l ,  S a r g e n t  an d  B r a l l e y  ,

H ence ,  i t  was s e e n  t h a t  t h e  p r e p a r a t i o n  o f  t h e  m e t h i o d i d e  f rom

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

g av e  a n  e q u a l l y  good f i n a l  p r o d u c t  an d  i n  h i g h e r  y i e l d ,

A f u r t h e r  1 0 , 8 "g . ,  m .p ,  195-197®, w e re  p r e p a r e d  by t h i s  

m ethod  f rom  14 g ,  o f  ( + ) - a - p h e n y l d i h y d r o t h e b a i n e  h y d r o c h l o r i d e .
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( c) The Tie t h in e  ble Ghioaicles o f  ( + ) -oi-Phonyldlhydro theba lne  

Methyl r i i r .  Frouad^^,

( i )  V a r io u s  combined f r a c t i o n e  o f  ( - h j - a - p l i e n y l d l h y d r o t h e -  

b a i a e  mobl%/l e t h e r  m e t h i o d i d e  ( 4 , 5  g ,  ) wore d i g e s t e d  w i t h  a  

s o l u t i o n  o f  sod ium  ( 2 , 2 5  g , ) i n  a b s o l u t e  e t h a n o l  (36 c . c . )  o n  a  

w a t e r  b a t h  f o r  a b o u t  1 h r , ,  g i v i n g  a  c l e a r  d a rk  s o l u t i o n ,  The 

a l c o h o l  was removed and a n  e x c e s s  o f  a  s a t u r a t e d  aq u eo u s  s o l u t i o n  

o f  amraonium c l i l o r i d o  was a d d ed  and  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 x t r a c t s  were  d r i e d  o v e r  s o l i d  p o t a s s i u m  h y d r o x i d e  an d  t h e  s o l v e n t  

v;as rem oved ,  l e a v i n g  a  y e l l o w  o i l  b e h i n d .

T h i s  was a l l o w e d  t o  r e a c t  w i t h  m e t h y l  i o d i d e  (2 c . c , )  a f t e r  

d i s s o l v i n g  i t  i n  a c e t o n e  (10  c . c . ) ,  t h e  m i x t u r e  t h e n  b e i n g  h e a t e d  

u n d e r  r e f l u x  f o r  2 h r , ,  p e r i o d i c a l l y  a d d in g  a  s m a l l  q u a n t i t y  o f  

m e t l iy l  i o d i d e .  F x c e s s  r e a g e n t  was t h e n  rem oved ,  l e a v i n g  b e h i n d  a  

y e l l o w  s o l i d  and  a n  o r a n g e  o i l .  A s e e d  was o b t a i n e d  by 

r e c r y s t a l l i s i n g  a  s r m l l  amount o f  t h e  s o l i d  f rom  e t h a n o l .  The 

o i l  and th e  r e m a i n d e r  o f  t h e  s o l i d  wore c r y s t a l l i s e d  by s e e d i n g  

and c o o l i n g ,  f i r s t  to  room t e m p e r a t u r e ,  and t h e n  to  be low 0®,

P a l e  o ra n g e  c r y s t a l s  w ere  o b t a i n e d ,  y i e l d ,  2 , 1  g ,  ( 4 6 ^ J ,  m .p ,  207®, 

0 , 5  G, were  c r y s t a l l i s e d  tw ic e  more g i v i n g  p a l e  o r a n g e  n e e d l e s ,

0 . 1  g , , m .p .  210®, T h i s  v a s  p r o b a b l y  th e  m e t h i o d i d e  o f  t h e  

i s o - n e t h i n e ,  ( L V I I ) ,  [ a ] g | Q i  - 1 9 ,2 ® ,  [ a ]B  -1 2 .0 ® ,  ( c ,  0 , 2 3  i n  

Eton),  A f o u r t h  c r y s t a l l i s a t i o n  d i d  n o t  change  t h e  a p p e a r a n c e  o r  

m e l t i n g  p o i n t ,  F re u n d ^ ^  gave  no f i g u r e s  f o r  any p h y s i c a l  c o n s t a n t s  

o r  a n a l y t i c a l  r e s u l t s .
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C o n c e n t r a t i o n  o f  t h e  m o th e r  l i q u o r  f rom  t h e  f i r s t  

c r y s t a l l i s a t i o n  gave  c r y s t a l s  i n f u s i b l e  a t  530®, w h ich  w ere  

p r o b a b l y  i n o r g a n i c .  E v a p o r a t i o n  o f  t h e  f i l t r a t e  g a v e  a n  o ra n g e  

o i l  w h ic h  was a l l o w e d  to  r e a c t  w i t h  more m e t h y l  i o d i d e ,  g i v i n g  

a n  o r a n g e  s o l i d ,  0 , 3 1  g , , m ,p ,  195-198®, T h is  c o u ld  n o t  be 

s a t i s f a c t o r i l y  c r y s t a l l i s e d  f rom  any s o l v e n t  o r  s o l v e n t  m i x t u r e , ; 

and  gave  o n l y  a n  o r a n g e  o i l  w h ic h  s e t  s o l i d  a t  room t e m p e r a t u r e ,  

A f u r t h e r  3 , 0  g ,  o f  t h e  m e th y l  e t h e r  m e t h i o d i d e  gave  

1 , 1 3  g ,  (37^)  o f  t h e  c r y s t a l l i n e  m e th in e  m e t h i o d i d e  ( a f t e r  one 

c r y s t a l l i s a t i o n )  and  0 ,9 8  g ,  o f  o ra n g e  o i l  f rom  t h e  l i q u o r  

w h ich  was t r e a t e d  w i t h  f u r t h e r  m e t h y l  i o d i d e  a s  a b o v e .

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

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

(LVI) a n d  i s o - n e t h i n e s  ( L V I I ) ,

( i i )  7 , 0  G, o f  t h e  m e t h y l  e t h e r  m e t h i o d i d e ,  m ,p ,  197® 

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

^ e c r y s t a l l i s e d ” t w i c e  f rom  a q u eo u s  e t h a n o l  o n ly  ( p ,  6 9 ) ,  were  

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

n e e d l e s ,  2 , 8  g ,  (3 9 ^ 1 ,  m .p ,  204® a f t e r  one c r y s t a l l i s a t i o n  i n  

a d d i t i o n  t o  s o l i d i f i e d  o i l  f rom  t h e  m o th e r  l i q u o r ,

( i i i )  1 0 , 8  G, o f  t h e  m e t h y l  e t h e r  m e t h i o d i d e ,  m .p .  195-197®, 

o b t a i n e d  a f t e r  o m i t t i n g  t h e  p e r c h l o r a t e  s t a g e  ( p .  7 5 ) ,  were 

c o n v e r t e d  i n t o  t h e  c r y s t a l l i n e  m e th in e  m e t h i o d i d e  ( 6 . 1  g ) ,  a f t e r  

one  c r y s t a l l i s a t i o n ,  i n  a d d i t i o n  t o  s o l i d i f i e d  o i l  f rom  th e  

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

gave  p a l e  o r a n g e  n e e d l e s ,  3 , 5  g , , m .p ,  210®,
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A f a r t h e r  q u a n t i t y  o f  t h e  m e t h i n e  m e t h i o d i d e s  was p r e p a r e d  

f rom  9 3 , 1  g .  o f  { + ) - a - p h e n y l d i h y d r o t h e h a i n e  h y d r o c h l o r i d e .  A f t e r  

r em o v a l  o f  t h e  e x c e s s  m e t h y l  i o d i d e ,  a  y e l l o w  p r e c i p i t a t e  and  

a n  o r a n g e  o i l  were  o b t a i n e d .  The two w ere  s t i r r e d  t o g e t h e r  w i t h  

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

y e l l o w  s o l i d .  The s o l i d  was d i s s o l v e d  i n  h o t  b e n z e n e  and t h e  

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

n o t h i n g  s e p a r a t e d  f rom  th e  b e n ze n e  s o l u t i o n  on  c o o l i n g ,  and  

a f t e r  rem ov ing  t h e  s o l v e n t ,  t h e  o r a n g e  sy r u p  o b t a i n e d  was 

r e c r y s t a l l i s e d  f rom  e t h a n o l ,  g i v i n g  a  p a l e  o r a n g e  s o l i d ,  2 1 ,5  g , , 

m ,p .  210®, 1 . 3  0 ,  were  a g a i n  c r y s t a l l i s e d  g i v i n g  w ha t  was 

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

I . 0 3  s . ,  E . p .  2 1 0 . 5 - 2 1 1 ° .  ( Ib l ind :  0 ,  5 9 . S; H, 6 . 2 ;  I ,  2 2 . 9 ;

II, 2 . 5 ;  0 ,  8 . 4 5 ,  C a l c u l a t e d  f o r  C, 6 0 . 1 ;  H, 6 , 1 ;

I ,  2 2 . 7 ;  h ,  2 , 5 ;  0 ,  8 . 6 ^ 1 .

(d )  ( + ) - 3 , 4 - D l m e t h o x y - 2 - ( 5 - m e t h o x y - 2 - v i n y l p h e n y l ) - s t i l b e n e  

( X L I I I ) . B e n t l e y  a n d  R o b in so n ^ ^ ,

T h i s  was o b t a i n e d  f ro m  t h e  v a r i o u s  b a t c h e s  o f  t h e  m e th in e  

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

s t i l b e n o  p r o d u c t s  were  i d e n t i c a l ,  w i t h  p e a k s  a t  1 0 , 3 2 ,  1 0 ,9 0  

a n d  1 1 ,1 0  fi. For  t r a n s  -CIT=CII-, t h e  o u t  o f  p l a n e  d e f o r m a t i o n  

f r e q u e n c y  o f  CH n o r m a l l y  l i e s  b e tw e e n  1 0 ,5 1  a n d  1 0 . 4 1  fi, t h a t  

o f  -Cïï=CIÎ2 b e tw e e n  1 0 .0 5  and 1 0 , 1 5  fi, and  th e  CHg o u t  o f  p l a n e  

d e f o r m a t i o n  f r e q u e n c y  o f  -CII=CH^, b e tw e e n  1 0 , 9 7  an d  1 1 ,0 6  fi.



— 80 —

( i )  From C r y s t a l . l l n e  T l a t e r i a l  O b ta in e d  I n  ( c )  ( i )  Above.

T h i s  had  b e e n  p r e p a r e d  f rom  v a r i o u s  combined f r a c t i o n s  o f  

m e t h y l  e t h e r  m e t h i o d i d e .  The m e th in e  m e t h i o d i d e  ( 1 . 3  g . ) was 

d i s s o l v e d  i n  m e t h a n o l  ( 5 . 3  c . c . ) .  Sodium ( 0 , 6 7  g . )  i n  m e th a n o l  

( 1 3 , 4  c . c . )  was added  and t h e  m i x 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  

2 h r .  The r e a c t i o n  m i x t u r e  was t h e n  p o u r e d  i n t o  s a t u r a t e d  

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

o f  a n  o ra n g e  c o l o u r e d  g u a .  T h i s  was e x t r a c t e d  t h r e e  t im e s  w i t h  

e t h e r  ( 1 3 , 4  c . c .  e a c h  t i n e ) ,  and  t h e  combined e x t r a c t s  were 

e x t r a c t e d  t h r e e  t im e s  w i t h  2Iî KGl ( 1 , 5  c . c .  e a c h  t i m e ) ,  and  

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

a n h y d ro u s  sod ium  s u l p h a t e ,  t h e  e t h e r  was removed an d  t h e  

c r y s t a l l i n e  r e s i d u e  was d i s s o l v e d  i n  a l c o h o l  ( a b o u t  45 c . c . )  a t  

a b o u t  50®, t o  p r e v e n t  p o s s i b l e  r a c é m i s a t i o n ,  and a l l o w e d  to  

c o o l ,  f i r s t  t o  room t e m p e r a t u r e ,  and t h e n  t o  a b o u t  4®, Large  

p a l e  brown p r i s m s  w ere  o b t a i n e d ,  0 , 4  g ,  (4 6 ^ 1 ,  m .p .  113-114®, 

[ a ] | | g l  +80 .2® , [ a ] g ^  +60,9®, ( c ,  1 , 0 1  i n  a c e t o n e ) .

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

g i v i n g  c o l o u r l e s s  p r i s m s  0 , 1  g , , m .p ,  113®, +79.5®,

[a]%" +62 ,0® , ( c ,  0 .4 7  i n  a c e t o n e ) .  The m o th e r  l i q u o r  was 

k e p t  a t  a b o u t  4® and d e p o s i t e d  a  f u r t h e r  c ro p  o f  p r i s m s , .0 ,0 6  g „  

m ,p ,  113®,

A seco n d  p r e p a r a t i o n  from  1 . 1 3  g .  o f  m e t h i n e  m e t h i o d i d e  

g ave  a  t o t a l  o f  0 , 5 7  g ,  (76^)  o f  p r o d u c t ,  a f t e r  r e c r y s t a l l i s ­

a t i o n ,  A f u r t h e r  c r y s t a l l i s a t i o n  gave  0 , 5 4  g . i n  tv;o c r o p s ,  t h e
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b e a t  o f  w h ich  c o n s i s t e d  o f  c o l o u r l e s s  p r i s m s ,  0 ,4 8  g . , o f  

s i m i l a r  m .p ,  and  s p e c i f i c  r o t a t i o n  a s  b e f o r e .

( i i )  From C r y s t a l l i n e  M a t e r i a l  O b ta in e d  i n  ( c )  ( i i )  a b o v e .  

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

a f t e r  two " c r y s t a l l i s a t i o n s *  f rom  a q u e o u s  e t h a n o l  o n ly  ( p ,  6 9 ) ,  

2 .8  G, w ere  c o n v e r t e d  i n t o  t h e  s t i l b e n e  g i v i n g ,  a f t e r  

r e c r y s t a l l i s a t i o n ,  a  t o t a l  o f  0 , 9 3  g* (53^i) i n  two c r o p s .  The 

o v e r a l l  y i e l d  f rom  t h e b a i n e  was 3 , 2 5 ^ ,  The b e s t  c r o p  was a s  

s m a l l  p a l e  o r a n g e  c r y s t a l s ,  0 , 7 4  g . , m .p .  114-115®,

[ a ] § 45i  + 8 2 . 1 ° ,  [ o ] c  + 6 3 . 0 ° ,  ( o ,  1 .0 2  i n  a c e t o n e ) .

( i i i )  From C r y s t a l l i n e  M a t e r i a l  O b ta in e d  i n  ( o )  ( i i i )  a b o v e .  

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

c h l o r a t e  s t a g e .  3 . 5  0 .  were  c o n v e r t e d  i n t o  t h e  s t i l b e n e  g i v i n g  

o r a n g e  c r y s t a l s ,  1 . 3 5  g , , .  w h ic h  a f t e r  r e c r y s t a l l i s a t i o n ,  gave 

a  t o t a l  o f  1 , 2 4  g .  ( 6 6 .5 0 )  i n  two c r o p s .  The o v e r a l l  y i e l d  f rom  

t h e b a i n e  vms 5 . 2 0 ,  These  two c r o p s  w ere  combined and  

c r y s t a l l i s e d  a g a i n  g i v i n g  1 ,1 9  g .  i n  two c r o p s ,  t h e  b e s t  

c o n s i s t i n g  o f  l a r g e  p a l e  o r a n g e  c r y s t a l s ,  1 , 0 7  g . , m .p ,  1 1 4 - 1 1 5 . if 

[* ] 5 4 6 1  + 8 2 .0 °»  [ « ] d^ +62 .5® , ( c ,  1 . 0 1  i n  a c e t o n e ) .

I n  a  f u r t h e r  p r e p a r a t i o n ,  2 0 ,0  g ,  o f  t h e  m e t h i n e  m e t h i o d i d e  

g av e  5 . 1  g .  o f  t h e  s t i l b e n e  i n  two c r o p s ,  a f t e r  r e c r y s t a l l i s a t i o n  

The o v e r a l l  y i e l d  f rom  t h e b a i n e  was 4 . 5 0 .  The b e s t  c rop

c o n s i s t e d  o f  v e ry  p a l e  y e l l o w  p r i s m s ,  4 . 4  g . , m .p .  115®,

[ a ] ^ ^  +64 .3® ,  ( c ,  1 .1 8  i n  a c e c o n e ) .

A f u r t h e r  c r y s t a l l i s a t i o n  o f  0 . 2  g .  o f  t h e  f i r s t  c ro p  gave
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c o l o u r l e s s  p r i s m s ,  0 .1 9  g . , m .p ,  115®. (Found:  C, 8 0 . 1 ;  H, 6 . 6 ;  

0 ,  1 3 . c .  C a l c u l a t e d  f o r  C, 8 0 , 6 ;  K, 6 . 5 ;  0 ,  1 2 . 9 0 ) ,

The TJ.V, s p e c t r u m  was d e t e r n i n e d  and t h e  sample was 

c r y s t a l l i s e d  a g a i n ,  i n c r e a s i n g  th e  m .p .  t o  1 1 5 .5 -11 4 ® .  (Found:

C, 8 0 , 2 ;  II, 6 . 7 ;  0 ,  1 5 , 5 .  C a l c u l a t e d  f o r  C, 8 0 . 6 ;

II, 6 , 5 ;  0 ,  1 2 . 9 0 ) .  Only s m a l l  c h an ges  i n  th e  U.Y. s p e c t r u m  

( F i g .  5 ,  p .  96) were  p r o d u c e d ,

( i v )  From I T o n - c r y s t ' ^ l l i n e  Tpethine M e t h io d i d e .

The two h a t c h e s  o b t a i n e d  i n  ( c )  ( i )  sho v e  were  combined 

( 1 .2 9  g . )  and c o n v e r t e d  i n t o  th e  s t i l b e n e ,  A t o t a l  o f  0 , 6 0  g .  

(700) was o b t a i n e d  a f t e r  c r y s t a l l i s a t i o n ,  A f u r t h e r  

c r y s t a l l i s a t i o n  gave  0 , 5 5  g .  i n  two c r o p s ,  t h e  b e s t  b e i n g  a s  

v e r y  p a l e  y e l l o w  p r i s m s ,  0 ,4 8  g , , m .p ,  112-115®.

[ “ l i l S l  + 7 0 . 5 ° ,  + 6 2 . 5 ° ,  ( e ,  0 . 5 3  i n  a c e t o n e ) .  T h i s  a l s o

a p p e a r e d  to  be t h e  r e q u i r e d  s t i l b e n e .

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

o m i t t i n g  th e  m e t h y l  e t h e r  p e r c h l o r a t e  s t a g e  were  a s  good a s  

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

y i e l d s .  T h i s  i s  t h e  recommended p r o c e d u r e  f o r  f u t u r e  p r e p a r a ­

t i o n s .  A l s o ,  t h e  m ain  f r a c t i o n s  p r e p a r e d  i n  ( i ) ,  ( i i ) ,  and  ( i i i )  

w ere  assum ed  to  be s u i t a b l e  f o r  c o m b i n a t i o n  f o r  t h e  p r o p o s e d  

k i n e t i c  r a c é m i s a t i o n  e x p e r i m e n t s .

B e n t l e y  and R ob inson^^  o b t a i n e d  c o l o u r l e s s  p r i s m s ,  

m .p .  115®, +59®, ( c ,  2 . 0  i n  a c e t o n o ) .
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G e n e r a l  P r o c e d u r e  f o r  R a c é m i s a t i o n  E x p e r im e n t  g.

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

compound i n  a  p u r i f i e d  s o l v e n t  was raade up ,  i n  o r d e r  t o  g i v e  

a n  o p t i c a l  r o t a t i o n  o f  a b o u t  1 .0 - 1 .2 ®  a t  a  c o n v e n i e n t  

w a v e l e n g t h  u s i n g  a  1 d .m .  sem im icro  p o l a r i m s t e r  t u b a ,  Ca. 1 c . c .  

o f  the  s o l u t i o n  was s e a l e d  u n d e r  vacuum i n  e a c h  o f  t e n  t o  tw e lv e  

p y r e x  g l a s s  t u b e s .  The t u b e s  w ere  su s p e n d e d  i n  a  s t a n d a r d  

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  o i l  b a t h ,  e q u ip p e d  w i t h  a  s t i r r e r ,  

a t  t h e  r e q u i r e d  t e m p e r a t u r e .  The f i r s t  t u b e  was removed a f t e r  

a b o u t  f i v e  m i n u t e s , when i t  was assumed t h a t  t h e  c o n t e n t s  o f  

a l l  t h e  t u b e s  h ad  r e a c h e d  th e  t e m p e r a t u r e  o f  t h e  b a t h .  I t  was 

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

r o t a t i o n  ( a ^ )  o f  th e  s o l u t i o n  was d e t e r m i n e d  on a  E i l g e r  

p o l a r i z n e t e r , u s i n g  t h e  1 d .m .  se m im ic ro  t u b e .  As r a c é m i s a t i o n  

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

r e g a r d e d  a s  b e i n g  a t  z e r o  t i m e .  The o t h e r  t u b e s  w ere  removed 

f rom  t h e  b a t h  one by o n e ,  and t r e a t e d  s i m i l a r l y  a t  i n c r e a s i n g  

t im e  i n t e r v a l s ,  so  a s  t o  o b t a i n  r o t a t i o n s  d e c r e a s i n g  by a b o u t  

0 ,0 9 - 0 .1 ®  u n t i l  t h e  l a s t ,  w i t h  a  r o t a t i o n  o f

a b o u t  0 .1® ,  The l o g a r i t h m  o f  t h e  r o t a t i o n  was p l o t t e d  a g a i n s t  

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

o f  th e  compound a t  t h a t  t e m p e r a t u r e  was d e t e r m i n e d  ( p .  4 8 ) .

The w hole  p r o c e d u r e  was r e p e a t e d  a t  o t h e r  t e m p e r a t u r e s ,  

g e n e r a l l y  s i x  r u n s  b e i n g  p e r f o r m e d  i n  a l l ,  t h e  r a n g e  o f
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t e m p e r a t u r e  g i v i n g  h a l f - l i v e s  r a n g i n g  f ro m  a b o u t  20 m in ,  t o  

12 h r .  D u p l i c a t e  r u n s  w ere  n o t  n o r m a l l y  c a r r i e d  o u t  u n l e s s  

t h o u g h t  n e c e s s a r y ,

R a c é m i s a t i o n  E x p e r i m e n t s  on  ( + ) - 5 , 4 - D i m e t h o z y - 2 - ( 5 - m e t h o x y - 2 -  

v i n y l p h e n y l ) - s t i l b e n e  ( X L I I l ) ,

JQ-Cynene was a  s u i t a b l e  s o l v e n t  f o r  r a c é m i s a t i o n  e x p e r i m e n t s  

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

d e s c r i b e d  i n  " O rg a n ic  S o l v e n t s "  by W e i s s b e r g e r  and  P r o s k a u e r ,  

p ,  1 1 0 ,  The s o l v e n t  was r e p e a t e d l y  sh a k e n  m e c h a n i c a l l y  w i t h  

c o n c e n t r a t e d  s u l p h u r i c  a c i d  (50 c , c ,  p e r  1 . )  f o r  3 h r , , u n t i l  

t h e  a c i d  became o n l y  f a i n t l y  y e l l o w  i n  c o l o u r .  A f t e r  b e i n g  

w ashed  w i t h  sod ium  h y d r o x i d e  s o l u t i o n  a n d  t h e n  w i t h  w a t e r ,  i t  

was d r i e d  o v e r  sod ium  and  t h e n  d i s t i l l e d  ( b , p ,  175®),

(a )  A t t e m p t e d  R a c é m i s a t i o n  and a n  I n v e s t i g a t i o n  o f  t h e  P r o d u c t s .

P r e l i m i n a r y  r u n s  w e re  c a r r i e d  o u t  a t  100®, 111,1® ( t w i c e ) ,  

116® ( t w i c e ) ,  122® ( t w i c e )  and  129®, u s i n g  a  1 , 5 0  s o l u t i o n  o f  

t h e  ( + ) - s t i l b e n e  i n  j)-cyme n e ,  a n d  d e v i a t i o n s  f rom  t h e  s t r a i g h t  " 

l i n e ,  o n  p l o t t i n g  t h e  l o g a r i t h m  o f  th e  r o t a t i o n  a g a i n s t  t i m e ,  

w e re  o b s e r v e d .  T h ese  d e v i a t i o n s  i n c r e a s e d  w i t h  t im e  i n  e a c h  r u n  

a n d  became more s e r i o u s  a t  t h e  h i g h e r  t e m p e r a t u r e s .

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

s t i l b e n e  w ere  com bined ,  an d  two q u a n t i t i e s  o f  t h i s  were  h e a t e d  

a t  129® f o r  2 and  4  h r ,  r e s p e c t i v e l y  i n  a  c o r k e d  t u b e .  The
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s o l u t i o n s  t h e n  h a d  -0 .10®  and -0 .15® ( 1 -  1 ) .

n-Cymeno was removed from  th e  f i r s t  s o l u t i o n  and  t h e  p a l e  

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

b e h in d  a  s m l l  amount o f  a  w h i t e  s o l i d .  A p a l e  y e l l o w  s o l i d ,  

m .p ,  118-120®, c r y s t a l l i s e d  from t h e  e t h a n o l  on c o o l i n g ;  on 

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

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

l i t t l e  change  i n  m .p ,  - 7 , 0 ® ,  ( c ,  1 , 0 1  i n ^ - c y m e n e ) .

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

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

1 1 ,1 0  p i n s t e a d  o f  two a t  1 0 ,9 0  and 1 1 ,0 0  p ,  A p e ak  a t  1 0 ,5 2  ^ 

w a s ,  how ever  p r e s e n t  i n  b o t h .  For  t h e  s i g n i f i c a n c e  o f  t h e s e  

p e a k s ,  s e e  p ,  79 ,  T h i s  e v i d e n c e  i n d i c a t e d  t h e  p r e s e n c e  o f  a t  

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

b e i n g ,  m ost  p r o b a b l y ,  a  l a o v o r o t a t o r y  p o ly m e r ,  whose co n ­

t r i b u t i o n  t o  t h e  s p e c t r u m  would  e a s i l y  be  masked by t h a t  o f  

t h e  r a c e r a a t e ,  an was a p p a r e n t  b e lo w .

The s p e c t r u m  o f  th e  a l c o h o l  i n s o l u b l e  p a r t  was s im p le  

and  n e a r l y  a l l  t h e  p e a k s  had  d i s a p p e a r e d ,  o r  a l m o s t  s o ,  

i n c l u d i n g  t h o s e  a t  1 0 , 5 2 ,  1 0 ,9 0  and  1 1 .0 0  i-t. The s u b s t a n c e  

was m ost  p r o b a b l y  a po ly m e r  o f  t h e  o p t i c a l l y  a c t i v e  compound.

The 1 , 5 ,  s p e c t r u m  o f  t h e  s u b s t a n c e  o b t a i n e d  by e v a p o r a t i o n  

o f  t h e  c r y s t a l l i s a t i o n  l i q u o r s  had  p e ak s  a t  1 0 ,5 2  and 1 1 ,0 0  

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

r a c e m a t e ,  a s  was c o n f i r m e d  l a t e r .
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The s o l u t i o n  w h ich  had  b e e n  h e a t e d  f o r  4  h r ,  was t r e a t e d  

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

was o b t a i n e d ,  w h ic h  s o f t e n e d  a t  a b o u t  118®, b u t  g r a d u a l l y  

m o l t e d  above  143®, The I , R ,  s p e c t r u m  showed i t  t o  be p o l y m e r i c ,

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

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

y i e l d e d  im pure  r a c e m a t e ,  a s  shown by t h e  1 , 5 ,  s p e c t r u m .

The {+)- s t i l b e n e  ( £ a ,  0 , 0 5  g , ) was h e a t e d  d ry  i n  a  c o rk e d  

t u b e  a t  130® f o r  15 m in .  I t  was t h e n  e x t r a c t e d  w i t h  a c e t o n e  

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

o f f .  F o r  t h e  s o l u t i o n :  +0 ,025® , + £ a ,  3,3®

( c ,  c a .  0 , 7 7  i n  a c e t o n e ,  1 = 1 ) .

The a c e t o n e  was removed f ro m  th e  s o l u t i o n  and  a n  a t t e m p t  

made t o  g e t  t h e  combined r e s i d u e  and th e  w h i t e  i n s o l u b l e  m a t e r i a l  

i n t o  £ -cym ene  s o l u t i o n ,  A r e s i d u e  was o b t a i n e d  a g a i n ,  w h ic h  

s o f t e n e d  a t  125-123®, m ,p ,  215-270® and th e  s o l u t i o n  h a d  

ap  +0,30® (1  = 1 ) ,  The s o l v e n t  was removed f ro m  t h e  l a t t e r  and  

t h e  I . R ,  s p e c t r u m  o f  t h e  r e s i d u e  showed i t  t o  be  im pure  

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

g r a d u a l l y  m e l t e d  b e tw e e n  215 and  330®, The o p t i c a l l y  a c t i v e  

s t i l b e n e ,  a s  shown by I , R ,  s p e c t r o s c o p y ,  c r y s t a l l i s e d  f rom  t h e  

a l c o h o l  s o l u t i o n  on  c o o l i n g ,

(b)  To F ind  t h e  C o n d i t i o n s  t o  P r e v e n t  th e  F o r m a t io n  o f  P o ly m e r ,  

A f t e r  15 m in ,  a t  130® u n d e r  n i t r o g e n ,  t h e  { + ) - s t i l b e n e  was
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e x t r a c t e d  w i t h  jo-cymene,  A l a r g e  amount o f  an  i n s o l u b l e  

s u b s t a n c e  was p r e s e n t ,  p re su m ab ly  t h e  p o ly m e r .

The ( + ) - s t i l b e n e  ( 0 . 0 5  g , ) and a  p o l y m e r i s a t i o n  i n h i b i t o r  

( 0 .0 0 5  g . ) ,  p i c r i c  a c i d  i n  one e x p e r im e n t  and t r i n i t r o b e n z e n e  

i n  a n o t h e r ,  were  h e a t e d  i n  n-cymene s o l u t i o n  (5 c . c . )  a t  1 30 -  

0 ,3® ,  R a c é m i s a t i o n  was com p le te  w i t h i n  h r ,  and t h e  r o t a t i o n s  

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

so i t  was assumed t h a t  p o l y m e r i s a t i o n  had  b e en  p r e v e n t e d .  The 

s o l v e n t  was removed f rom  e a c h  o f  t h e  s o l u t i o n s  and  

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

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

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

y e l l o w  s o l i d ,  0 ,0 1 8  g ,  (350  r e c o v e r y ) ,  m .p .  119-120®, T ha t  

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

e x p e r i m e n t ,  was a s  a  w h i t e  s o l i d ,  0 ,0 2 8  g ,  (5 7 0  r e c o v e r y ) ,  

m .p ,  121®, The l a t t e r  r a c e m a te  was p u r e r  t h a n  t h e  f o r m e r ,  and 

a f u r t h e r  c r y s t a l l i s a t i o n  gave  0 ,0 1 8  g , , m .p ,  121®, B e n t l e y  

and  Robinson^S o b t a i n e d  m .p ,  124®, The I . R ,  s p e c t r u m  was 

i d e n t i c a l  w i t h  t h a t  o f  t h e  r a c e m a te  m .p ,  119-120® above  and  

h a d  p e a k s  a t  1 0 ,3 2  and 1 1 ,1 0  |i ( f o r  t h e  s i g n i f i c a n c e  o f  t h e s e ,  

s e e  p .  7 9 ) ,  T h is  s p e c t r u m  was u se d  t o  c o n f i r m  t h e  p r e s e n c e  o f  

im pure  r a c e m a te  o b t a i n e d  i n  t h e  e a r l i e r  e x p e r i m e n t s  i n  ( a )  

a b o v e .



-  89  -

(c )  K l n e t l o  R a c e n i s a t l o n  E x p e r i m e n t s  on  t h e  S t i l b e n e  i n  t h e  

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

A s o l u t i o n  i n  £ - c y n e n e  o f  1 , 5 0 0  o f  t h e  ( + ) - s t i l b e n o  and  

0 , 1 5 0  o f  t r i n i t r o b e n z e n e  was u se d  f o r  k i n e t i c  r u n s ,  w h ic h  were

c a r r i e d  o u t a c c o r d i n g  t o  t h e  

T e n p e r a t

p r o c e d u r e  on  p ,  83 ,  

o r e :  1 0 1 , 1  -  0 ,1® ,

T in e  ( n i n , ) 

«D (&Ü3.)

0

1 , 2 7
40

1 , 1 5

80 121 160 

1 . 0 5  0 , 9 5  0 , 3 7
210

0 .7 3

Time ( m in , )  

«D (Ü9g.)

280
0 , 6 7

560
0 , 5 7

450 560 620 
0 , 4 5  0 . 3 7  0 , 3 2

720
0 ,2 6

k  «  5 ,6 4 9  X 10“ ® s e c , “^ ,

t ji= 3 1 6 ,7  m in ,  (317 n i n ,  f rom  g r a p h ) ,
à

T e m p e r a tu r e :  1 0 9 , 4  i  0 ,2® ,

Time ( n i n . )  
ofB ( d e g . )

0
1 .2 0

13
1 ,1 2

42 65 101 
1 , 0 1  0 , 9 1  0 , 7 6

150
0 ,6 6

Time ( n i n ,  ) 

at) ( d e g . )

160

0 , 5 8

200
0 , 4 6

250 300 590 

0 , 3 3  C .30  0 , 2 0

430

0 , 1 3

k  =s 7 ,7 8 4  X 10“ ® S 8 0 ,~ ^ ,

t ^ s  1 4 3 , 4  m in ,  (148 n i n ,  f ro m  g r a p h ) .

T e m p e r a t u r e :  1 1 4 .9  -  0 ,2® ,

T in e  ( n i n , )  

aj) ( d o g . )

0
1 ,2 0

9

1 ,1 2

18 23 45 
1 , 0 3  0 . 9 6  0 , 8 6

65

0 , 7 5

Time ( m in , )  

«D ( d e g . )

90
0 , 6 5

117
0 , 5 0

150 190 245 
0 , 4 1  0 .2 9  0 , 2 0

500
0 . 1 4
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k  = 1 . 2 1 4  X 1 0 - 4  8 9 0 . - 1

t i =  9 5 ,2  m in ,  (95 n i n ,  f rom  g r a p h ) ,
'i l

T e m p e r a tu r e :  1 2 2 ,4 ^ 0 , f ,

Time ( m in , )  
«D ( d e g , )

0
1 ,2 1

5 11 18 
1 , 1 1  1 ,0 2  0 , 9 3

25
0 , 8 4

35
0 , 7 3

Time ( m in , )  

CCD ( d o g , )

45

0 , 6 4

60 75 95 

0 , 5 1  0 ,4 2  0 , 5 1

125

0 ,2 0

150 

0 , 1 5  ,

k  = 2 ,3 4 9  X 10“^  s e c , * ^ ,

t i =  4 9 , 2  m in ,  (49 n i n ,  f rom  
a

g r a p h ) .

T e m p e r a tu r e :  1 2 9 ,5 -  0 ,3® ,

Time (m in ,  ) 0 2 5 9 13 18

«D ( d e g , ) 1 , 0 4 0 , 9 5  0 ,8 9 0 , 8 0 0 , 7 5 0 ,6 6

Time ( m i n , ) 

«D ( d e g , )

22

0 , 5 6

27 56 

0 , 5 1  0 ,4 0

40

0 ,3 8

58

0 , 2 3

70

0 , 1 7

k  = 4 ,2 6 6  X 1 0 "^  s e c , “ ^ ,

t i =  2 7 , 0  m in ,  (27 m in ,  f ro m  g r a p h ) ,
3

T e m p e r a tu r e ;  1 2 9 ,5 -  0 ,3® ,

Time ( m i n , ) 

cj) ( d e g , )

0

1 , 0 4

2 6 

0 , 9 8  0 ,9 0

10

0 , 8 2

14

0 ,7 2

18

0 , 6 4

Time (m in ,  ) 

«25 ( d e g , )

25

0 , 5 7

32 42 

0 ,4 6  0 , 3 4

55

0 ,2 4

75

0 ,1 4

k  = 4 .3 7 9  z  10"4  8 0 0 . " 1 ,

t j .= 2 6 , 4  m in ,  ( 2 6 ,2  m in ,  f rom  g r a p h ) .
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T e m p e r a tu r e :  1 5 5 ,5  -  0 ,2® ,

Time ( m i n , ) 0 1 5  5 8 10

&D ( d e g . ) 1 , 0 5 1 , 0 1  0 , 9 6  0 ,8 8 0 ,7 7 5 i 0 , 7 1

Time (min .  ) 13 19 25 33 43 60

CCD ( d e g , ) 0 , 6 4 ■ 0 ,5 0  ' 0 . 4 1  0 ,2 8 0 ,2 0 0 .1 0

k  = 6 ,53 1  X 1 0 "^  S9C,“ ^ ,

1 7 , 7  n i n ,  ( 1 7 , 7  m in . from g r a p h ) .

Mean Temp, Mean Temp, 10 ,  1/T R a te  C o n s t , L og io

( d e g .  C , ) ( d e g .  K, ) f T l  s e c " l . lO ^k ,

1 0 1 ,1 3 7 4 ,3 2 ,6 7 2  5 ,6 4 9 5 ,5 6 2 2

1 0 9 ,4 5 8 2 ,6 2 ,6 1 4  7 ,7 8 4 5 ,8 9 1 2

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

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

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

s ■ The mean o f  two r e s u l t s .

The c a l c u l a t e d v a l u e  f o r  E was 2 5 ,7 9 k c a l . m o le “ ^ .

Mean Temp, LogioA A3* e , u .  An* k c a l . A5* k c a l .

( d e g .  C ,) s e c " ^ . m o le " ^ . m o le “ ^ .

1 0 1 ,1 1 0 .6 2 - 1 2 , 3 9  2 5 .0 8 2 9 .6 8

1 0 9 , 4 1 0 ,6 2 - 1 2 . 4 2  2 5 ,0 3 2 9 ,7 9

1 1 4 ,9 10 ,5 9 - 1 2 , 5 5  2 5 .0 2 2 9 .8 7

1 2 2 , 4 1 0 ,6 2 - 1 2 ,4 9  2 5 ,0 0 2 9 .9 5

1 2 9 .5 1 0 .6 3 - 1 2 , 4 4  2 4 ,9 9 3 0 ,0 1

1 3 5 ,3 1 0 ,6 1 - 1 2 , 6 0  2 4 ,9 3 3 0 .1 3
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Those  v a l u e s  were  c a l c u l a t e d  a s  on  p ,  4 8 ,  and  t h e  means 

o f  t h e  r e s u l t s  wore  a s  f o l l o w s :

E = 2 5 . 8  k c a l ,  rno le"^ ,  All* = 2 5 .0  k c a l ,  m o le " ^ ,

l o g i c  A = 1 0 .6  88G~^. ,  AF* = 3 0 . 1  k c a l .  m o le “^ a t

AS* = - 1 2 . 5  e . u . ,  1 3 5 . 3 ° .

I s o l a t i o n  o f  t h e  Racem ate .

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

r u n s  w ere  combined and h e a t e d  u n d e r  vacuum a t  129°  u n t i l  

o p t i c a l l y  i n a c t i v e  ( 4 \  h r , ) .  The £ -cym ene  was removed g i v i n g  

a  r e d - b r o w n  s o l i d ,  0 , 7 4  g . , w h ich  m e l t e d  o v e r  th e  r a n g e  86 - s ÿ ,  

9 6 - 1 0 6 . 5 ° .  T h i s  p re s u m a b ly  c o n t a i n e d  0 , 0 7  g .  o f  t r i n i t r o b e n z e n e .  

A f t e r  r e  c r y s t a l l i s a t i o n  f rom  m e t l i a n o l ,  m ost  o f  t h e  t r i n i t r o ­

b e n ze n e  r e m a in e d  i n  s o l u t i o n ,  p a l e  o r a n g e  p r i s m s  s e p a r a t i n g  

o u t  on  c o o l i n g ,  0 , 3 3  g . , m .p .  1 2 3 - 1 2 3 . 5 ° .  A se co n d  c ro p  was 

o b t a i n e d  a f t e r  c o n c e n t r a t i o n  o f  th e  f i l t r a t e ,  a s  a  r e d - b r o w n  

s o l i d ,  0 .0 2  g . , m .p .  1 1 1 , 5 - 1 1 3 ° ,  m aking  a  t o t a l  o f  0 . 3 5  g .  (47^)  

r e c o v e r e d .  The m o th e r  l i q u o r  f ro m  t h i s  was s e t  a s i d e .

The f i r s t  c ro p  was c r y s t a l l i s e d  a g a i n ,  g i v i n g  p a l e  y e l l o w  

p r i s m s ,  0 ,2 9  g .  (43,5) m .p .  1 2 3 , 5 - 1 2 4 ° .  (Found:  C, 8 0 . 1 5 ;

H, 6 . 5 ;  0 ,  1 3 , 3 ,  r e q u i r e s  C, 3 0 . 6 ;  K, 6 , 5 ;  0 ,  1 2 . 9 ^ ) .

The IT.7 .  s p e o t r u i  was d e t e r m i n e d .  A f t e r  a  f u r t h e r  

c r y s t a l l i s a t i o n ,  th e  m .p ,  was i n c r e a s e d  t o  1 2 5 ° .  (Found:  C, 8 0 . 4 ;  

II, 6 . 4 5 ;  0 ,  1 3 . 3 .  C^r^Ho^^Orj r e q u i r e s :  C, 8 0 , 6 ;  II, 6 , 5 ;

0 ,  1 2 , 9 ^ ) .  T h e re  was l i t t l e  change  i n  t h e  U.V. s p e c t r u m  ( F i g .  3 ,  

p .  69) a n d  i t  was v e r y  s i m i l a r  to  t h a t  f i n a l l y  o b t a i n e d  f o r
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t h e  ( + ) - s t i l b e n e .  B e n t l e y  and H o b in so n^ ^ ,  o b t a i n e d  a  p r o d u c t  

m .p .  1 2 4 ° ,

The above  m o th e r  l i q u o r  was e v a p o r a t e d  and  t h e  r e s i d u e  

was d i s s o l v e d  i n  b e n z e n e  and  p a s s e d  down a  s i l i c a  g e l  co lumn.  

The column was t h e n  e l u t e d  w i t h  l i g h t  p e t r o l e u m  ( b . p .  6 0 -8 0 ° )  

a n d  w i t h  m e t h a n o l .  An o r a n g e  c o l o u r e d  b a n d  r e m a in e d  a t  t h e  t o p  

o f  t h e  column,  and  t h e  e l u a n t s  \:ora exam ined  a s  f o l l o w s .  

Benzene  F r a c t i o n .  On e v a p o r a t i o n ,  a  r e d - b r o w n  t a r ,  0 . 2 1  g .  was 

o b t a i n e d ,  w h ich  was a  m i x t u r e  o f  t h e  r a c e m a te  and t r i n i t r o -  

b 01X3o n e , a s  shown by I . B .  s p e c t r o s c o p y .  These  c o u ld  n o t  be 

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

L i g h t  P e t r o l e u m  F r a c b i o a .  On e v a p o r a t i o n ,  a  t r a c e  o f  a  p a l e  

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

a n  I . R .  s p e c t r u m  o r  a  m .p .  d e t e n i i n a t i o n .

T!eth.ano 1 F r a c t i o n .  A p a l e  brown s o l i d ,  0 . 0 1  g .  was o b t a i n e d  on 

e v a p o r a t i o n .  A p o o r  I . R .  s p e c t r u m  was o b t a i n e d  w i t h  v e r y  

i l l d e f i n c d  peak s  and t h e  s u b s t a n c e  a p p e a r e d  to  be a. p o ly m e r .

On r e - e x t r a c t i o n  w i t h  e t h a n o l ,  a  t r a c e  o f  a w h i t e  i n s o l u b l e  

s u b s t a n c e  r e m a in e d .  A lm ost  c e r t a i n l y ,  t h e  s t i l b e n e  had  

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

colaTiH a f t e r  h a v i n g  b e e n  removed f rom  t h e  i n f l u e n c e  o f  t h e  

t r i n i t r o b e n z e n e .

The U l t r a v i o l e t  S pec t ra ,  o f  t h e  ( + ) -  and  ( & ) - S t i l b e n e s  ( X L I I I ) ,

B l a n k  d e t e r m i n a t i o n s  were  c a r r i e d  o u t  b e f o r e h a n d  u s i n g

t h e  c l e a n  d ry  empty c e l l s  i n  t h e  Unlearn S . P . 500 i n s t r u m e n t .

The o p t i c a l  d e n s i t i e s  a t  s u i t a b l e  w a v e l e n g t h s  w e re  t h e n
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d e te r m i n e d  f o r  s o l u t i o n s  i n  96% e t h a n o l  o f  known s t r e n g t h .  The 

e x t i n c t i o n  c o e f f i c i e n t / ^ ,  v^as c a l a o l a t e d  a t  e a c h  w a v e l e n g t h ,  

a f t e r  m ak ing  a l l o w a n c e s  f o r  t h e  b l a n k  r e a d i n g s .  The c a l c u l a t i o n s  

w ere  made u s i n g  t h e  f o m u l a

6  = O p t i c a l  D e n s i t y  
I z  ^

w here  1 i s  t h e  p a t h  l e n g t h  i n  o . m . , and  x  i s  t h e  m o la r  con­

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

I n i t i a l l y ,  B m.m, and  10 m,m. f u s e d  s i l i c a  c e l l s  were  u s e d  

i n  t u r n  i n  t h e  i n s t r u m e n t ,  an d  t h e  r e s u l t s  o b t a i n e d  w ere  compared .  

I n  g e n e r a l ,  i t  i s  e s s e n t i a l  to  use  o n l y  2 m.m, c e l l s  be low 220 mfx 

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

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

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

when 2 m.m, c e l l s  were  u s e d  t h r o u g h o u t  t h e  e n t i r e  r a n g e .

I t  was n e c e s s a r y  t o  u se  e a c h  s o l u t i o n  on  t h e  day on  w h ich  

i t  was made,  o t h e r w i s e  a  g r a d u a l  change i n  t h e  s p e c t r u m  o v e r  a  

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

( i )  The ( + ) - S t i l b e n e ,

The s p e c t r u m  o f  t h e  sam ple  m . p ,  1 1 3 ° ,  w h ic h  h a d  b e e n  

r e c r y s t a l l i s e d  t w i c e  ( p .  82)  was d e t e r m i n e d .  A f u r t h e r  

c r y s t a l l i s a t i o n  i n c r e a s e d  th e  m .p ,  t o  1 1 3 , 5 - 1 1 4 ° ,  w i t h  o n l y  

s m a l l  c h an g e s  i n  t h e  U,V, spectrum.Ti^o  a b s o r p t i o n  b a n d s  o c c u r r e d  

i n  t h i s  l a t t e r  s p e c t r u m :  a  lo n g -w av e  bandX^mz 311 m|i. (£ 2 7 ,0 0 0 )  

a n d  a  s h o r t - w a v e  bandXqnv 2 0 5 .5  n |i  3 3 , 1 0 0 ) .  T h e re  was 

minimum a b s o r p t i o n  a t  2 3 2 ,5  mp. (6  1 8 ,3 0 0 )  and  s e v e r a l  p o i n t s  o f
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I n f l e c t i o n  a t  c a .  250 2 2 , 9 0 0 ) ,  c a .  240 (é 2 5 ,4 0 0 )  and a t

£ a .  230 m|i ( é - 2 7 , 3 0 0 ) ,  t h e  l a s t  b e in g  t h e  v e s t i g i a l  c o n j u g a t i o n  

b a n d .

( i i )  The ( t ) - s t i l b e n e .

The U.V, S pec t ru m  o f  t h e  sample  m .p .  1 2 3 .5 - 1 2 4 ^  ( p .  9 3 ) ,  

w h ic h  h a d  b e e n  r e c r y s t a l l i s e d  ir/Jice, was d e t e r m i n e d .  A f u r t h e r  

c r y s t a l l i s a t i o n  i n c r e a s e d  th e  m .p ,  t o  125°  an d  was a cc om pan ied  

by l i t t l e  change  i n  t h e  s p e c t r u m .  T h i s  l a t t e r  s p e c t r u m  h a d  a  

lo n g -w av e  band  a t  3 1 0 . 5  mp, (€ 2 6 ,4 5 0 )  and  a  s h o r t - w a v e  band

a t  2 0 5 .5  mp (6 3 7 , 2 5 0 ) .  Minimum a b s o r p t i o n  o c c u r r e d  a t

2 8 2 . 5  mil ( 0  1 8 , 1 0 0 ) .  T h e re  were  p o i n t s  o f  i n f l e c t i o n  a t  £ a .  250 

(0  2 2 , 8 5 0 ) ,  £ a .  240 2 5 , 5 0 0 ) ,  239 2 5 ,7 0 0 )  and  a t  c a .  225 mfi

( ^ 2 3 , 5 0 0 ) ,  t h e  l a s t  b e i n g  t h e  v e s t i g i a l  c o n j u g a t i o n  b a n d .  T h i s  

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

P r e p a r a t i o n  o f  ( + ) - 2 - ( 2 - ^ l ] t h y l -5 - m e th o % y p h e n y l ) - 3 ,4 - d im e th o z y -  

d i b e n 3y l  ( L I ) .

T h ree  m eth o ds  o f  p r e p a r a t i o n  w ere  u s e d ,  f o r  t h e  r e a s o n s  

s t a t e d  on  p .  56 .  The I . R .  s p e c t r a  o f  a l l  t h r e e  p r o d u c t s  were  

i d e n t i c a l  and  h a d  t h e  c h a r a c t e r i s t i c s  e x p e c t e d  ( p .  5 7 ) .  As 

m ethod  ( a )  was fo u n d  t o  g i v e  t h e  r e q u i r e d  p r o d u c t ,  i t  was u s e d  

f o r  s u b s e q u e n t  p r e p a r a t i o n s .

( a )  P r e p a r a t i o n  a t  Room T e m p e r a tu r e ,  B e n t l e y  and  R o b in so n ^ ^ .

The ( + ) - s t i l b e n e  was h y d r o g e n a t e d  u s i n g  a  low p r e s s u r e  

(1  a tm o s p h e r e )  h y d r o g e n a t i o n  a p p a r a t u s  a t  room t e m p e r a t u r e .
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A blaiilc e x p e r im e n t  was c a r r i e d  o u t  b e f o r e h a n d ,  u s i n g  a  p a l l a d i u m -  

c h a r c o a l  c a t a l y s t  {0 .073  g . )  and e t h y l  a c e t a t e  (SO c . c . ) .  The 

a p p a r a t u s  was f l u s h e d  o u t  w i t h  h y d ro g e n  t h r e e  t i m e s ,  and 

f o l l o w i n g  t h e  n o rm a l  p r o c e d u r e ,  25 c . c .  o f  h y d r o g e n  w ere  t a k e n  

u p .  The s t i l b e n e  ( 0 . 2 3  g . ) was t h e n  add ed  t o  t h e  above  c a t a l y s t  

s u s p e n s i o n  and  39 c . c .  o f  h y d r o g e n  w e re  u l t i m a t e l y  a b s o r b e d .

I t  t h u s  a p p e a r e d  t h a t  14 c . c .  o f  h y d r o g e n  were u se d  up i n  th e  

h y d r o g e n a t i o n  i n s t e a d  o f  t h e  t h e o r e t i c a l  q u a n t i t y ,  2 7 .6  c . c .

The m i x t u r e  was t h e n  f i l t e r e d  an d  t h e  volume a d j u s t e d  a c c u r a t e l y
g o + 5 . 1 ° ,  ( o ,  1 . 0 3  i n  e t h y l  a c e t a t e ) .

The s o l u t i o n  was e v a p o r a t e d  u n d e r  vacuum t o  c o n s t a n t  w e i g h t ,  

g i v i n g  a  w h i t e  o i l ,  0 . 2 2  g .  (92,^),  [oc]£^ + 5 . 6 5 ° ,  ( c ,  1 , 0 6  i n  

2 -o y m e n e ) .

I n  two l a t e r  p r e p a r a t i o n s ,  a l t o g e t h e r  2 . 1 3  g .  o f  t h e  

s t i l b e n e  w ere  h y d r o g e n a t e d ,  g i v i n g  1 . 8 2  g ,  ( 8 5 . 5 ^ )  o f  t h e  

d i b e n z y l .  E le m e n t a r y  a n a l y s i s  o f  t h e  s e co n d  o f  t h e s e  p r e p a r a t i o n s  

gave  t h e  f o l l o w i n g  r e s u l t s .  (Found:  C, 8 0 . 2 ;  II, 7 . 4 5 ;  0 ,  1 2 . 1 ,  

C25H23O3 r e q u i r e s :  C, 7 9 . 7 5 ;  H, 7 . 5 ;  0 ,  1 2 . 7 5 ^ ) ,

(b )  P r e p a r a t i o n  a t  -3 0  t o  - 2 5 ° ,

T h i s  was c a r r i e d  o u t  b e c a u s e  i t  was s u s p e c t e d  a t  t h e  t im e  

t h a t  p a r t i a l  r a c é m i s a t i o n  m ig h t  have  o c c u r r e d  a t  room 

t e m p e r a t u r e .  P a l l a d i u m - c h a r c o a l  ( 0 , 1 6  g , ) was su s p e n d e d  i n  

e t h y l  a c e t a t e  (15  c . c . )  and t h e  h y d ro g e n  a b s o r p t i o n  fo u n d  t o  

be  45 c . c .  A f r e s h  amount o f  t h e  c a t a l y s t  ( 0 . 1 6  g . )  an d  s o l v e n t

(15  c . c . )  w ere  t a k e n  and th e  s t i l b e n e  ( 0 . 3 7  g . ) was a d d e d .
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A t e m p é r a t u r e  o f  -3 0  t o  - 2 5 °  was m a i n t a i n e d  by means o f  

im m e rs io n  o f  t h e  r e a c t i o n  v e s s e l  i n  a  s o l i d  c a r b o n  d i o x i d e -

a l c o h o l  b a t h ,  a n d  80 c . c .  o f  h y d r o g e n  were  u l t i m a t e l y  t a k e n

up i n  1 ^  h r ,  35 C . c ,  a p p e a r e d  to  h ave  b e e n  u sed  i n  t h e  h y d r o ­

g e n a t i o n .  I n  t h e o r y ,  t h i s  s h o u ld  have  b e e n  45 c . c . ,  b u t  p o s s i b l y

some had b e e n  a b s o r b e d  d u r i n g  t h e  volume and p r e s s u r e  

a d j u s t m e n t s .  F i l t r a t i o n  was c a r r i e d  o u t  a t  - 3 0 °  i n t o  a  20 c . c .  

v o l u m e t r i c  f l a s k ,  and made up t o  t h e  m a rk .  The s p e c i f i c  r o t a t i o n  

was d e t e r m i n e d  a t  v a r i o u s  t e m p e r a t u r e s  and  a f t e r  v a r i o u s  t im e  

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

low t e m p e r a t u r e  t h e r m o s t a t  u n i t . At t h e  end  o f  t h e s e

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

p r e s s u r e .  Y i e l d ,  0 . 3 0  g .  ( 8 1 ^ 1 .

The d e t e r m i n a t i o n s  were  c a r r i e d  o u t  i n  t h e  o r d e r  shown,

( c ,  1 , 5 0  i n  e t h y l  a c e t a t e ) :  + 7 . 3 ° ,  no change  a f t e r

105  m i n , ;  + 4 , 6 ° ,  no change  a f t e r  s t a n d i n g  o v e r n i g h t ;

+ 3 . 7 ° ,  no change a f t e r  4 , 7 5  h r , ; + 2 . 7 ° ,  no

change  a f t e r  4 J  h r , ;  + G ,7 ° ;  + 7 , 3 ° .

As t h e  s p e c i f i c  r o t a t i o n  a t  a b o u t  - 1 9 °  was t h e  same b e f o r e  

an d  a f t e r  t h i s  s e r i e s  o f  d e t e r m i n a t i o n s ,  no r a c é m i s a t i o n  h a d  

o c c u r r e d  a t  up t o  room t e m p e r a t u r e .  However, [ a ] ^  • vjas l o w e r  

t h a n  t h a t  o b t a i n e d  i n  ( a ) ,  f o r  r e a s o n s  unknown ( a n  i n c o r r e c t  

w e i g h i n g ? ) ,  h a t  + 1 8 . 5 ° ,  ( a ,  5 .9 0  I n  p - p h e n y l e t h y l

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

o t h e r  p r o d u c t s .
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( c )  L a r g e r  S c a l e  P r e p a r a t i o n  a t  Room T e m p e r a tu r e ,

So f a r ,  t h e  volume o f  h y d ro g e n  u se d  I n  t h e  r e a c t i o n  

a p p e a r e d  t o  he  l e s s  t h a n  t h a t  t h e o r e t i c a l l y  r e q u i r e d .  I t  was 

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

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

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

P a l l a d i u m - c h a r c o a l  ( 0 , 5 0  g , ), e t h y l  a c e t a t e  (105 c , c , )  a n d  

t h e  s t i l b e n e  ( 1 , 0 0  g , ) a b s o r b e d  163 o , c ,  o f  h y d r o g e n .  A f t e r  

h a v i n g  s c a l e d  up t h e  q u a n t i t i e s  u se d  i n  ( a ) ,  161 c , c ,  s h o u l d  

hav e  b e e n  a b s o r b e d  by t h e  c a t a l y s t  and  s o l v e n t ,  and 120 o . c ,  

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

m aking  231 c , c ,  i n  a l l .  As o n ly  163 c , c ,  were  t a k e n  u p ,  i t  

seemed t h a t  e i t h e r  o n l y  43 o . c .  w ere  t a k e n  up by t h e  s o l v e n t  

and c a t a l y s t ,  o r  o n l y  7 c , c ,  were  u sed  i n  t h e  h y d r o g e n a t i o n ,  

o r  a n  i n t e r m e d i a t e  s i t u a t i o n  a r o s e .  On a d d i n g  0 , 0 8  g ,  o f  c a t a l y s t  

t o  t h e  r e a c t i o n  m i x t u r e ,  a n  a d d i t i o n a l  25 o . c ,  o f  g a s  were  t a k e n  

up ,  w h ic h  was t h e  same a s  t h a t  u se d  i n  t h e  b l a n k  e x p e r i m e n t  

i n  ( a ) .  I t  a p p e a r s  t h a t  one can  p l a c e  no r e l i a n c e  i n  such  

c a l c u l a t i o n s  o r  i n  a s su m in g  t h a t  t h e  amount o f  g a s  a b s o r b e d  i s  

e q u a l  t o  t h e  sum o f  t h a t  used  i n  a  b l a n k  e x p e r im e n t  and  t h e  

t h e o r e t i c a l  amount r e q u i r e d  f o r  t h e  h y d r o g e n a t i o n  o f  t h e  

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

0 . 9 6  g ,  ( 9 6 # ) ,

The f o l l o w i n g  w ere  o b t a i n e d  u s i n g  th e  Z e i s s  p o l a r i m s t e r :

( c ,  4 , 7 3 5  i n  £ - c y m e n a ) ,  [ * ] 405O+2 2 ' 2^ ;
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[«]545q+5*64®; [GJsYgo+^.GO^, (1  «  1 ) ,  and  

t h e  f o l l o w i n g  w i t h  t h e  H i l g e r  i n s t r u m e n t  :

[ û ] d  +4 ,80® ;  “  2 ) .

The v a r i o u s  p r o d u c t s  p r e p a r e d  u n d e r  ( a )  an d  ( c )  w ere

combined and t h e  U,V, s p e c t r u m  was d e t e r m i n e d  on  a  Unicam S ,P ,

500 s p e c t r o p h o t o m e t e r  u s i n g  f u s e d  s i l i c a  c e l l s  ( F i g , 10 ,  p .  170) 

A 6 ,5 1  X 1 0 “ ^ m o l a r  s o l u t i o n  i n  96# e t h a n o l  was u se d  i n  10 m,m, 

c e l l s  b e tw e e n  510 and 240 mfA, and i n  1 m.m, c e l l s  b e tw e e n  245 

and  199 mfi. The f o l l o w i n g  c h a r a c t e r i s t i c s  w ere  o b s e r v e d ;

^ m a x  279 mfi (6  4 , 4 5 0 ) ,  252 mp (6  8 2 9 ) ,  t h e  v e s t i g i a l

c o n j u g a t i o n  band  a t  2 2 7 ,5  ( 6  1 7 ,8 0 0 )  and 201 m|Jt

( 6  6 4 , 5 0 0 ) .  T h i s  s p e c t r u m  was c o n s i s t e n t  w i t h  t h a t  e x p e c t e d

f o r  t h i s  compound. I t  g ave  no e v id e n c e  o f  i n c o m p l e t e  h y d r o ­

g e n a t i o n  o f  t h e  v i n y l  g r o u p s  o f  ( X L I I I ) ,

R a c é m i s a t i o n  E x p e r i m e n t s  on  t h e  ( + ) - P l b e n 2y l  ( L I ) ,

( a )  P r e l i m i n a r y  P a r t i a l  R a c é m i s a t i o n  S t u d i e s ,

[ot]572o +4 ,23® , ( 0 , 1 , 0 6  i n ^ - c y n e n e ) .

T h i s  was g i v e n  by «573Q +0,045® (1  = 1 ) ,  u s i n g  a  Z e i s s  

p o l a r i m e t e r .  The r o t a t i o n  was found  t o  be  u n a l t e r e d  a f t e r  

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

43 h r . , ( i i )  a f t e r  30 m in .  a t  160® u n d e r  vacuum, a n d  ( i i i )  

a f t e r  2 h r ,  a t  175®, A f t e r  8 h r ,  a t  175®, how ever ,  t h e  

r o t a t i o n  was r e d u c e d  t o  +0,017®, o r  a f t e r  1 h r ,  a t  205®, 

t o  +0 ,02 ® ,  T h i s  l a s t  r e s u l t  was acc o m p a n ie d  by d e p o s i t i o n
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on  t h e  s i d e s  o f  t h e  t u b e  and so  e i t h e r  t h e  s o l v e n t  o r  t h e  

s o l u t e  o r  b o t h  was tho>oght t o  h a v e  a l t e r e d  i n  c o m p o s i t i o n ,

n-Cyneno was h e a t e d  a l o n e  u n d e r  vacuum a t  205® f o r  2 h r . ,  

and  gave  a  p r e c i p i t a t e  w h ic h  a d h e r e d  t o  t h e  s i d e s  o f  t h e  t u b e .  

The f o l l o w i n g  w e re  h e a t e d  u n d e r  vacuum a t  220® f o r  3 h r , ;  

t e t r a l i n ,  e t h y l  b e n z o a t e ,  n o n y l  a l c o h o l ,  1 - n e t h y l n a p h t h a l e n e , 

n - d e c a n e ,  and  p - p h e n y l e t h y l  a l c o h o l .  A l l ,  e x c e p t  f o r  p - p h e n y l -  

e t h y l  a l c o h o l ,  h ad  a l t e r a t i o n s  i n  a p p e a r a n c e .  I t  was d e c i d e d  

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

s o l v e n t ,  e s p e c i a l l y  a s  I , R ,  s p e c t r o s c o p y  gave  no i n d i c a t i o n  

o f  any d e c o m p o s i t i o n .

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

f a i r l y  c o n c e n t r a t e d  s o l u t i o n  was r e q u i r e d ,  w h ic h  h ad  

®5461 and «5730 +0,75® (1  = 1 ) ,  w h ic h  c o r r e s p o n d e d  t o

[ a ] | | g i  +21,4® and [ « l l f g o  +18 ,7® , ( c ,  4 , 0 1  i n  p - p h e n y l e t h y l  

a l c o h o l ) .  The s o l u t i o n  was h e a t e d  u n d e r  vacuum a t  ISO -  0,5® 

f o r  7^ h r .  an d  t h e n  had  + 0 .5 1 °  and « 57^9 +0.425®; a f t e r

19|- h r . , « 545X + 0 , 2 3 °  and 25703 + 0 , 2 0 ° ;  a n d  a f t e r  25 h r . ,

®5461 + 0 . 1 6 °  an d  25433 + 0 , 1 3 ° ,  On p l o t t i n g  t h e  l o g a r i t h m  o f  

t h e  r o t a t i o n  a g a i n s t  t im e  a t  e a c h  w a v e l e n g t h ,  a  s t r a i g h t  l i n e  

was o b t a i n e d  i n  e a c h  c a s e ,

(b) K inetic  Racémisation Experiments,

The m ethod  was t h a t  d e s c r i b e d  o n  p ,  83 ,  u s i n g  a  4 , 0 1 #  

s o l u t i o n  i n  r e d i s t i l l e d  p - p h e n y l e t h y l  a l c o h o l , X =  5461 S ,
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T e m p e r a tu r e !  1 8 0 ,8  -  0 , 5 ° .

Time ( h r . )  

“ 5461 (G og .)

0 1& 3 
0 , 8 6  0 , 7 5  0 , 6 9 0 , 6 2

6
0 . 5 6

, n
0 . 5 1

Time ( l i r . )  

“ 5461 (& eg.)

10 13  16

0 , 4 2  0 , 3 5  0 ,2 9

19-1

0 . 2 5

25

0 . 1 6

50

0 .1 1

k  = 1 ,8 5 3  z  1 0 - 5  S 3 0 - 1 ,  

t x -  1 0 . 4  h r .  ( 1 0 . 4  h r .a

*

from  g r a p h ) .

T e m p e r a t u r e :  1 9 3 ,1  -  0 , 5 ° ,

T in e  ( h r . )  

“ 5461 ( û e g . )

0 , 1 0  0 .5 0  1 , 0 0  

0 , 8 1  0 . 7 3  0 . 6 7

1 , 5 0

0 . 6 3

2 . 2 5

0 . 5 3

3 .0 3

0 .4 6

Time ( h r , )  4 , 0 0  5 ,2 5  7 ,5 0  1 0 .1 7  1 2 , 1 7

“ 5461 (Ü3G.) 0 . 5 8  0 , 5 2  0 ,2 1  0 , 1 3  0 , 0 9

k  = 5 ,0 0 3  Z 1 0 "5  s e o " ^ , ,

t ’= 3 , 8 5  h r ,  ( 3 , 8 3  h r ,  f rom  g r a p h ) .

T e m p e r a t u r e :  2 0 3 , 3  t  0 , 5 ° ,

Time ( h r . )  

“ 5451 ( 3 8 3 . )

0 ,0 0

0 .8 5

0 . 5 7  0 . 6 7  

0 .7 7  0 .6 3

1 ,0 0

0 . 5 0

1 , 4 5

0 , 5 2

T i n e  ( h r . ) 1 , 9 2 2 . 5 0  5 . 2 5 4 , 3 3 6 ,0 0

“ 5451 (^®S*Ï 0 . 4 3 0 . 3 3  0 . 2 5 0 ,1 7 0 ,0 9

k =  1 , 059 z  1 0 - 4  s e o - 1 , .

t x =  1 ,8 2  h r ,  ( 1 . 8 2  h r .  f rom  g r a p h )
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T e m p e r a tu r e :  2 1 4 ,9  t  0 ,5® ,

Time (m in . )  

“ 5461 (&3g.)

0

0 . 8 4

7

0 . 7 3

15

0 , 6 5

22

0 .5 8

52

0 . 5 0

Time ( m in . )  

*5461 ( ü 9 g . )

45

0 . 4 3
65

0 .5 2
85

0 . 2 3
115

0 .1 5
155

0 .0 3

k  = 2 .4 5 4  2  1 0 - 4  s e o " - . ,

tÿ =  4 7 , 1  m in ,  ( 4 7 , 0  m in ,  f rom  g r a p h ) .

T e m p e r a tu r e :  2 2 3 ,6  -  0 , 5 0 ,

Time ( m in . )  2 6 11 16 22

«5461 (Ü9g.)  0 . 7 6  0 . 6 7  0 .5 9  0 . 5 1  0 . 4 3

Time ( m in . ) 30 40 52 75

“ 5461 ( d e g . ) 0 . 5 5  0 , 26 0 . 1 9 0 . 1 0

k  «  4 .5 9 4  X 1 0 -4  s e o - 1 . f

t i =  2 5 . 2  m in .  ( 2 5 . 2  m in  
8

. f rom  g r a p h ) •

l !oan  Temp. Mean Temp. 1 0 ^ . 1 /T Hate  C o n s t . l o g x o  k .

( d e g .  C . ) { d e g .  K . ) [ T ] s a o * ^ ,  lO ^ k . .

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

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

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

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

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

The c a l c u l a t e d  v a l u e  f o r  E was 3 5 .4 5  k c a l ,  m o le * ^ .
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Mean Temp, 

( d e g .  C . )

Logj^Q A 

s e o “ ^ .

A8* e . a . ATÏ* k o a l .  

n o l e " ^ .

k c a l .  

m o le "  .

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

1 9 3 .1 1 1 .3 7 - 9 . 3 7 3 2 .5 2 3 6 .8 9

2 0 3 .3 1 1 .3 7 - 9 , 4 3 3 2 .5 0 3 7 .0 1

2 1 4 .9 1 1 ,3 7 - 9 . 4 3 3 2 .4 3 3 7 .1 2

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

T h ese  v a l u e s  were  c a l c u l a t e d  a s  on  p ,  48» and t h e  means 

o f  t h e  r e s u l t s  were  a s  f o l l o w s : -

E = 5 5 .4 5  k c a l .  n o l e " ^ ,  A3* = 3 2 . 5  k c a l .  mole*"^»

l o ^ A = 1 1 . 4  s e c * ^ .»  Alî^ = 3 7 . 2  k c a l .  mole*"^»

AS* = - 9 , 4 2  e . u . , a t  2 2 3 . 6 ° .
10

I s o l a t i o n  o f  t h e  Kacemate .

The f r a c t i o n s  o f  t h e  s o l u t i o n  f rom t h e  k i n e t i c  r a c é m i s a t i o n  

e x p e r i m e n t s  w ere  combined ,  a n d  6 . 2 5  c . c .  ( c o n t a i n i n g  0 . 2 5  g .  o f  

t h e  d i h e n s y l )  w ere  h e a t e d  u n d e r  vacuum a t  2 2 3 . 6 °  u n t i l  o p t i c a l l y  

I n a c t i v e  (24  h r . ) .  The s o l v e n t  was e v a p o r a t 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 e  r e s i d u e  was d i s s o l v e d  i n  a c e t o n e ,  w h ic h  was 

t h e n  rem oved .  T h i s  was r e p e a t e d  s e v e r a l  t i m e s .  The p r o d u c t  was 

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

1 h r . ,  a f t e r  w h ic h  t im e  a  brown o i l  r e m a in e d ,  0 , 2 0  g ,  (80 ^  

r e c o v e r y ) .  (Found:  C, 7 9 , 9 ;  H, 7 , 4 5 ;  0 ,  1 2 , 4 ,  CgsHggOg r e q u i r e s :  

C, 7 9 .7 5 ;  H, 7 , 5 ;  0 ,  1 2 . 7 5 ^ ) .

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

a c t i v e  compound and  f rom  t h e  above  e v i d e n c e ,  r a c é m i s a t i o n  o n l y

and  no a p p a r e n t  d e c o m p o s i t i o n  h a d  o c c u r r e d  d u r i n g  t h e  k i n e t i c  
r a c é m i s a t i o n  e x p e r i m e n t s .
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PART 2 .

The P r e p a r a t i o n  ajid P r o o f  o f  th e  S t r u c t u r e  o f  ( + ) - 2 , 5 , 8 , 9 -  

T e t r a h y d r o - 4 ' - h y d r o x y - 3 * , 2 " - d l m 8 t h o x y - R - m 9 t h y l - 4 , 5 : 6 , 7 -  

d l b e n z a z o n l n e  and  K i n e t i c  R a c é m i s a t i o n  R z p e r l n e n t s  on I t s  

M ethy l  R t h e r  and on ( + ) - 2 , 3 , 5 ' - T r l m e t h o z y - G , 6 * - d l e t h y l b l p h e n y l ,

DI8CITSSI0TÎ.

(LXII)(2XVIII)

HO

fJH

Compounds o f  t h e  t y p e  (LXII)  have  b e e n  p r e p a r e d  f rom  

t h e b a l n e  (XXVIII)  by r e a c t i o n  v d t h  G r i g n a r d  r e a g e n t s ,  RMgX, 

w here  R = C^H^, a n d  CH^ ( p .  2 5 ,  5 5 ) .  I n  a n  a t t e m p t  t o

p r e p a r e  t h e  p a r e n t  compound o f  t h e  s e r i e s ,  2 , 5 , 8 , 9 - t e t r a h y d r o -  

4 ’ - h y d r o x y - 5 ’ , 2 ”- d i n e t h o x y - R - m e t h y l - 4 , 5 ; 6 , 7 - d i b e n z a s o n i n e  

( X L I I ) ,  B e n t l e y  and  R o b in so n ^ ^ » ^ ^  a l l o w e d  t h e b a i n e  and  a n h y d ro u s  

magnesium i o d i d e  t o  r e a c t  t o g e t h e r ;  r e d u c t i o n  o f  t h e  p r o d u c t  

w i t h  l i t h i u m  a lu m in iu m  h y d r i d e  gave  a  b a s e ,  w h ich  t h e y  t h o u g h t  

was th e  s e c o n d a r y  amine (LTV) ( p .  5 5 ) ,

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

a  n in e -m em bered  h e t e r o c y c l i c  b r i d g i n g  r i n g ,  i t  was hoped t o  

o b t a i n  t h i s  compound and i t s  m e th y l  e t h e r  w i t h  a  v iew t o  

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

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

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

£ - m e t h o 2y l  g r o u p ,

B e n t l e y  a n d  R o b in s o n ’ s b a s e  was p r e p a r e d  and  a n  

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

was foun d  to  be t h e  ( + ) - I s o m e r  o f  t h e  p a r e n t  member o f  th e  

s e r i e s ,  t h e  U -m eth y l  a z o n i n e  ( X L I I ) ,  w h ic h  was s u b s e q u e n t l y  

o b t a i n e d  i n  a  c r y s t a l l i n e  fo rm ,  Ro s a t i s f a c t o r y  e v i d e n c e  f o r  

t h e  p r e s e n c e  o f  th e  s e c o n d a r y  amine  (LTV) was f o u n d ,  E x h a u s t i v e  

m é t h y l a t i o n  o f  t h e  m e t h y l  e t h e r  m e t h i o d i d e  o f  (X L II)  g ave  t h e  

( + ) - d i v i n y l b i p h e n y l  ( L X I I I ) , i n  c o n f i r m a t i o n  o f  t h e  p ro p o s e d  

s t r u c t u r e .

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

r a c é m i s a t i o n  r a t e s  to  be d e t e r m i n e d  b u t  h y d r o g e n a t i o n  o f  t h e  

s i d e  c h a i n s  gave  ( + ) - 2 , 3 , 5 ’ - t r i m e t h o x y - 6 , 6 ’ - d i e t h y l b i p h e n y l  

(LXIV), t h e  r a c é m i s a t i o n  o f  w h ic h  was s t u d i e d  i n  3 - p h e n y l e t h y l  

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

The d i e t h y l b i p h e n y l  (LXIV) and  i t s  p h e n y l  a n a l o g u e  (LI)  

a r e  among th e  v e r y  few known o p t i c a l l y  a c t i v e  b i p h e n y l s  w i t h  

o r t h o - a l k y l  g r o u p s  and  would be v e ry  i n a c c e s s i b l e  by p r o c e s s e s  

r e q u i r i n g  o p t i c a l  r e s o l u t i o n .

tU o \

Cl+rCH

( L X II I ) (LXIV)
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The P r e p a r a t i o n  and P r o p e r t i e s  o f  B e n t l e y  and  R o b i n s o n ' s  B a s e .

T h e t a i n e  and  anh^rdrous magnesium i o d i d e  Mere a l l o w e d  to  

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

a c c o r d i n g  t o  t h e  method o f  B e n t l e y  an d  R o h ln so n ^ ^ ,  The p r o d u c t ,  

a  l i g h t  hro'.vn s o l i d ,  was I n s o l u b l e  I n  e t h a n o l ,  c h lo r o f o r m ,  

a c e t o n e ,  and  e t h e r ,  b u t  s o l u b l e  I n  m e t h a n o l .  A d d i t i o n  to  M a te r  

p r o d u c e d  a g r e e n i s h  s u b s t a n c e  Im m e d ia t e ly  p re s u m a b ly  owing t o  

h y d r o l y s i s .  I t  v/as p r e v i o u s l y  r e p o r t e d  by t h e s e  a u t h o r s  t h a t  

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

g r e e n i s h  s u b s t a n c e ,  b u t  a f t e r  s i x  m o n th ’ s s t o r a g e  we fo u n d  no 

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

a lu m in iu m  h y d r i d e  h ad  d i m i n i s h e d  c o n s i d e r a b l y  a f t e r  two w e ek s ,

H agnes lum  and I o n i c  I o d i n e  w ere  fo u n d  t o  be p r e s e n t .  The

I n f r a r e d  a b s o r p t i o n  s p e c t r u m  showed a  p e a k  a t  5 ,9 5  | i ,  w h ic h

may h ave  b e e n  due t o  a  c y c l i c  C=^ g r o u p .  Many compounds

c o n t a i n i n g  t h i s  a b s o r b  w i t h i n  t h e  range^G to  6 . 5  fi. T here

was I n t e n s e  a b s o r p t i o n  a t  2 , 8  to  3 . 2  p w h ich  may h a v e  b e e n  due 
87to  h y d r o x y l  p r o d u c e d  by a e r i a l  h y d r o l y s i s  o f  -OMgl, The above 

e v i d e n c e  s u p p o r t e d  B e n t l e y  and R o b in s o n ’ s s t r u c t u r e l s  ( L I I I )  

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

I *

( L I I I )

I n  v iew o f  th e  l a r g e  w e ig h t  o f  t h e  s u b s t a n c e  o b t a i n e d .
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(234  g ,  f rom 75 g ,  o f  t h e b a i n e ,  th e  t h e o r e t i c a l  y i e l d  b e i n g  

142 g , )  and th e  f a c t  t h a t  i t  p r o g r e s s i v e l y  l o s t  ben ze n e  on 

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

t i m e ,  i t  seems t h a t  t h e  compound l a  h e a v i l y  a s s o c i a t e d  w i t h  

b e n z e n e ,  on  p r e p a r a t i o n .

The t h e b a ln e - m a g n e s i u m  I o d i d e  p r o d u c t  was t r e a t e d  w i t h  

l i t h i u m  a lu m in iu m  h y d r i d e ,  a c c o r d i n g  t o  t h e  method  o f  B e n t l e y  

and  R o b ln so n ^ ^ ,  w i t h  s l i g h t  m o d i f i c a t i o n s ,  A l a r g e  q u a n t i t y  o f  

g a s  was e v o lv e d  d u r i n g  t h e  r e a c t i o n  w h ich  was t h o u g h t  t o  be 

p a r t l y  m e th a n e ,  a s  s u g g e s t e d  by t h e s e  a u t h o r s ,  a s  I t  i s  known 

t h a t  l i t h i u m  a lu m in iu m  h y d r i d e  r e d u c t i o n  o f  S c h l f f ’ s b a s e  

m e t h l o d l d e s  can g i v e  s e c o n d a r y  am ines  w i t h  t h e  l o o s  o f  m ethane  

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

h i n d e r e d ^ ® ,  However, a s  no s e c o n d a r y  amine  was p o s i t i v e l y  

I d e n t i f i e d  l a t e r ,  I t  I s  t h o u g h t  t h a t  t h i s  g a s  m ust  have  b e en  

v e r y  l a r g e l y  h y d r o g e n .

The b a s e  was o b t a i n e d  a s  a  brown g l a s s ,  whose I n f r a r e d  

s p e c t r u m  ( f i g ,  6 ,  p .  140) was s i m i l a r  I n  fo rm  t o  t h a t  o f  

( + ) - a - p h e n y l d l h y d r o t h e b a l n e  ( f i g .  7 ,  p .  1 4 1 ) ,  e x c e p t  t h a t  

many p e a k s  w h ic h  cou ld  be  a t t r i b u t e d  to  a  C&Hg g r o u p .  I n  t h a t  

o f  t h e  l a t t e r ,  w ere  a b s e n t .  T h is  showed t h a t  t h e  s t r u c t u r e ,  

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

p r e s e n t  a t  3 , 6 0  p ,  a s  I n  t h e  s p e c t r u m  o f  p h e n y l d l h y d r o t h e b a l n e  

( Ikle p e a k s  n o r m a l l y  a p p e a r ^ ^  b e tw e e n  3 . 5 5  a n d  3 ,6 2  ^ ) , and  

t h e r e  was a  d o u b le  p e a k  w i t h  a  maximum a t  2 , 8 5  and 2 , 9 0  p .
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T h is  was due t o  t h e  h y d r o x y l  g r o u p é ? .  At t h e  t i m e ,  p a r t  was 

t h o u g h t  t o  have  b e e n  due t o  hli,  t h e  s t r e t c h i n g  f r e q u e n c y  o f  

which  n o r m a l l y  l i e 3^^ b e tw e e n  2 , 3 G and 5 . 0 3  p .  However,  t h e r e  

was v i r t u a l l y  no a b s o r p t i o n  a t  6 ,0 5  fi ( s e e  l a t e r ) ;  t h e  

d e f o r m a t i o n  v i b r a t i o n  f r e q u e n c y  o f  îîH l i e s  be tw een^^  6 ,0 5  and  

6 , 4 5  u .  The p e a k  a t  5 ,9 5  p ( c y c l i c  C=R), p r e s e n t  I n  t h e  s p e c t r u m  

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

n i t r o g e n  was shown t o  be  p r e s e n t  by t h e  sod ium  f u s i o n  t e s t ,  

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

s o l u t i o n ,  w h ic h  I n d i c a t e d  a  s e c o n d a r y  am in e ,  w h e r e a s  p h e n y l d l -  

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

a m in e .  On r e n d e r i n g  e a c h  o f  t h e s e  s o l u t i o n s  a l k a l i n e ,  e a c h  gave  

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

s e c o n d a r y  o r  a t e r t i a r y  a m in e ,

n i t r o u s  a c i d ,  f o l l o w e d  by L le b e r m a n n ’ s r e a c t i o n  w i t h  con ­

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

w h ic h  became p u r p l e  on  d i l u t i o n  and  y e l l o w  on b a s l f i c a t i o n .  These  

c o l o u r a t i o n s ,  e x c e p t  t h e  l a s t .  I n d i c a t e d  a  s e c o n d a r y  am in e .

T h us ,  a t  t h i s  s t a g e ,  t h e r e  was no c e r t a i n t y  w h e t h e r  t h e  b a s e  

was t h e  s e c o n d a r y  amine  (LIV) o r  th e  I l -m e thy l  a z o n i n e  ( X L I I ) ,  

o r  a  m i x t u r e  o f  t h e  two.

I n v e s t i g a t i o n  o f  t h e  C o m p o s i t io n  o f  B e n t l e y  and R o b in s o n ’ s B a s e ,

( a )  R e a c t i o n  w i t h  Rxoess  o f  M e th y l  I o d i d e .

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

n e u t r a l  c o n d i t i o n s ,  gave  a n  o p t i c a l l y  a c t i v e  q u a t e r n a r y  compound.
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( + ) - 2 , 3 , 8 , 9 - t G t r a h y d r o - 4 ' - h y d r o z y - 5 ' , 2 " - d l m e t k o z y ~ a ,  ÎT-dime t h y  1 -  

4 , 5 : G , 7 - d l b o ^ ^ a s o a l n l u m  i o d i d e  (LXV), a s  shown by the  i n f r a r e d  

s p e c t r u m ,  w h ic h  h a d  a  h y d r o x y l  p e a k  a t  3 , 0 5  ji and r e s e m b le d  

t h e  s p e c t r u m  o f  ( + ) -c£ -p heny ld i  h y d ro  t h e b a l n e  m e t h y l  e t h e r  

m e t h i o d i d e  (LXYI) i n  th e  3 , 2  to  3 , 7  \x r e g i o n .  E le m e n ta r y  

a n a l y s i s  g ave  good  r e s u l t s  b a s e d  on  s t r u c t u r e  (LTV), E i t h e r  t h e  

s e c o n d a r y  amine o r  t h e  -m e t l iy l  a z o n i n e  would g i v e  t h i s  

compound u n d e r  t h e s e  c o n d i t i o n s .

-Ou
■ à ^

(1X7) (IXTI)

I t  i s  r e a s o n a b l e  to  assume t h a t  i f  t h e  b a s e ,  a s  i s o l a t e d  

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

amine (L IV ) ,  t r e a t m e n t  w i t h  one e q u i v a l e n t  o f  m e th y l  i o d i d e  

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

IT-metliyl a z o n i n e ,  w h e r e a s ,  i f  i t  w e re  a l r e a d y  t h e  E - m e th y l  

a z o n i n e ,  t h e  q u a t e r n a r y  compound would  be p r o d u c e d ,

Vhon t h i s  was c a r r i e d  o u t ,  t h e  r e a c t i o n  was n o t  q u i t e  

c o m p le te  and  two p r o d u c t s  w ere  o b t a i n e d .  One was a  b a s e ,  show n-  

by t h e  f a c t  t h a t  i t  was p o s s i b l e  to  o b t a i n  a  p r e c i p i t a t e  f rom  

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

i o d i d e ,  find t h e  o t h e r  was a  m e t h i o d i d e  w h ich  d i d  n o t  r e a c t  

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

t h i s  b a so  h a d  a  p e a k  a t  3 , 6 0  \i (IILIe^^), i n  common w i t h  t h a t  o f  

t h e  l i t h i u m  a lu m in iu m  h y d r i d e  r e d u c t i o n  p r o d u c t .
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However, a  s m a l l  p e a k  o c c u r r e d  a t  6 ,0 5  }jl, w h ich  h a d  b e e n  

v i r t u a l l y  a b s e n t  b e f o r e ,  and was t h o u g h t  a t  t h e  t im e  t o  be
o Q

due t o  a n  ilH g ro u p  i n d i c a t i n g  th e  p r e s e n c e  o f  some s e c o n d a r y  

amine i n  t h e  o r i g i n a l  m i x t u r e .  As l i t t l e  p o s i t i v e  e v id e n c e  was 

l a t e r  o b t a i n e d  f o r  t h e  p r e s e n c e  o f  s e c o n d a r y  am ine ,  t h e  p e a k  

a t  6 . 0 5  n may h ave  b e e n  due to  m o i s t u r e .

The m e t h i o d i d e  o b t a i n e d  was (LZV), a s  shown by i n f r a r e d  

s p e c t r o s c o p y ,  and  th e  p i c r a t e  d e r i v e d  f rom  i t  was t h e  same a s  

t h a t  d e r i v e d  f ro m  a n  a u t h e n t i c  sp e c im en  o f  (LXV), a s  shown by 

m e l t i n g  p o i n t  and i n f r a r e d  e v i d e n c e .

By c a l c u l a t i o n ,  i f  t h e  l i t h i u m  a lu m in iu m  h y d r i d e  r e d u c t i o n  

p r o d u c t  i s  e n t i r e l y  t h e  s e c o n d a r y  am in e ,  1 . 5  g .  s h o u l d  g i v e  

e i t h e r  a b o u t  1 , 5  g ,  o f  t h e  t e r t i a r y  b a s e ,  t h e  î l - n e t h y l  a z o n i n e ,  

o r  a b o u t  0 , 7 5  g .  o f  t h e  Q u a te r n a r y  m e t h i o d i d e .  I f  i t  i s  e n t i r e l y  

t h e  i r - n a t h y l  a z o n i n e ,  1 , 5  g ,  s h o u ld  g i v e  a b o u t  2 .2 5  g ,  o f  t h e  

q u a t e r n a r y  m e t h i o d i d e .  The combined p r o d u c t s  o f  two e x p e r i m e n t s  

were  0 , 2  g ,  o f  t h e  b a s i c  p r o d u c t  and  1 , 9  g ,  o f  t h e  q u a t e r n a r y  

m e t h i o d i d e  f ro m  1 , 5  g ,  o f  s t a r t i n g  m a t e r i a l .  These  r e s u l t s  a t  

t h e  t im e  w ere  i n t e r p r e t e d  a s  i n d i c a t i n g  t h a t  t h e  H -m ethy l  

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

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

( 1 , 3  g , ) w hich  h a d  r e a c t e d ,  a ssu m in g  f o r  th e  moment, t h a t  t h e  

r e d u c t i o n  p r o d u c t  was e n t i r e l y  th e  E -m eti iy l  a z o n i n e ,

(b)  F r a c t i on a l  C r y s t a l l i s a t i o n  o f  th e  P i c r a t e ,

I t  was hoped t h a t  by c o n v e r t i n g  some o f  th e  l i t h i u m  

a lu m in iu m  h y d r i d e  r e d u c t i o n  p r o d u c t  i n t o  t h e  p i c r a t e ,  a
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s e p a r a t i o n  o f  t h e  two c o m p o n e n ts , t h e n  t h o u g h t  t o  he  p r e s e n t ,  

m ig h t  he a c h i e v e d  by f r a c t i o n a l  c r y s t a l l i s a t i o n .

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

i n  e t h a n o l  t o  a  s o l u t i o n  o f  t h e  b a s e  i n  e t h a n o l ,  a  y e l l o w  gum 

was o b t a i n e d ,  w h ic h  on  c r y s t a l l i s a t i o n  f rom  e t h a n o l  g av e  a n  o i l ,  

w h ich  s o l i d i f i e d  on c o o l i n g ,  and  two f r a c t i o n s  o f  c r y s t a l s  o f  

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

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

w e re  l e f t ,  w h ich  c o u l d ,  ho w e v e r ,  be  c r y s t a l l i s e d  f rom n - p r o p y l  

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

more s o l u b l e  p a r t ,  r e c o v e r e d  by c o o l i n g  th e  s o l u t i o n ,  was c a r r i e d  

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

f rom  n - p r o p y l  a l c o h o l .  T h i s  p r o c e s s  was r e p e a t e d  s e v e r a l  t im e s  

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

c r y s t a l l i s e d  f u r t h e r  f rom  t h i s  s o l v e n t .  F i n a l l y ,  two f r a c t i o n s  

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

t r e a t m e n t ;  one f ro m  t h e  i s o - p r o p y l  a l c o h o l  c r y s t a l l i s a t i o n s ,  o f  

m e l t i n g  p o i n t  1 0 3 - 1 0 5 , 5 ^ ,  and  t h e  s e c o n d  f rom t h e  n - p r o p y l  

a l c o h o l  c r y s t a l l i s a t i o n s ,  m e l t i n g  p o i n t  2 1 7 - 2 1 8 ° ,  The f o r m e r  ^

was p r e s e n t  i n  a  v e r y  l a r g e  p r o p o r t i o n  r e l a t i v e  to  t h e  l a t t e r .  

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

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

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

I l -m e th y l  a z o n i n e .  The m e l t i n g  p o i n t  s l o w ly  i n c r e a s e d  on  s t a n d i n g  

o v e r  a  p e r i o d  o f  two w e e k s .  The i n f r a r e d  s p e c t r u m  o f  t h e  p i c r a t e
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m e l t i n g  p o i n t  1 0 3 - 1 0 5 , 5 °  was i d e n t i c a l  w i t h  t h a t  o f  a n  a u t h e n t i c

sp e c im e n  o f  the  I l -m e th y l  a z o n i n e  p i c r a t e  p r e p a r e d  l a t e r ,  w h ich

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

a t  1 0 1 - 1 1 1 ° ,  E le m e n ta r y  a n a l y t i c a l  r e s u l t s  f o r  t h e  two w ere

s i m i l a r ,  e x c e p t  t h o s e  f o r  oxygen ,  w h ic h  i n  th e  c ase  o f  t h e

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

r e q u i r e d  by any r e a s o n a b l e  f o r m u l a ,

When some o f  t h e  p i c r a t e ,  w h ic h  m e l t e d  a t  1 0 3 - 1 0 5 , 5 ° ,  vms
£c o n v e r t e d  i n t o  t h e  b a s e ,  n u c l e a r  m a g n e t i c  r e s o n a n c e  s p e c t r a  

i n  c h l o r o f o r m  and  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 s ,  w e re  t h o s e  t o  

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

p e a k  i n  e a c h  a t  a b o u t  T 8 , 7  i n  a d d i t i o n  t o  t h a t  a t  a b o u t  f  7 , 7 5  

due to  EEe, T h is  u n i d e n t i f i e d  p e a k  w as ,  a t  t n e  t i m e ,  t h o u g h t  t o  

bo duo t o  121, b u t  t h e  s p e c t r a  i n  d e u t e r o c h l o r o f o m  a n d  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 s  o f  the  b a s e  o b t a i n e d  l a t e r  f rom  t h e  

p i c r a t e  o f  a n  a u t h e n t i c  c r y s t a l l i n e  sp e c im e n  o f  t h e  17-methyl 

a z o n i n e ,  e ac h  c o n t a i n e d  a  l e s s  i n t e n s e  fo rm  o f  t h e  u n i d e n t i f i e d  

p e a k .  The s p e c t r a  o f  ( + ) - a - p h e n y l d i h y d r o t h e b a i n s  i n  t h e s e  

s o l v e n t s  a l s o  c o n t a i n e d  u n i d e n t i f i e d  p e a k s  a t  a b o u t  f  9 ,  T h i s  

phenomenon was n o t  o b s e r v e d ,  h o w e v e r ,  i n  t h e  s p e c t r u m  o f  t h e  

c r y s t a l l i n e  17-methyl a z o n i n e  ( o b t a i n e d  l a t e r )  i n  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 .

Column c h ro m a to g r a p h y ,  h e a t i n g  u n d e r  r e f l u x  w i t h  

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

3E
I  would  l i k e  t o  t h a n k  Dr. R. Ilulme o f  West Ham C o l l e g e  o f  

T e c h n o lo g y ,  London,  E . 1 5 ,  f o r  d e t e r m i n i n g  t h e s e  s p e c t r a  a n d  f o r  
h e l p  i n  t h e  i n t e r p r e t a t i o n  o f  t h e  r e s u l t s .
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p r e c i p i t a t i o n  f rom  b e n ze n e  s o l u t i o n  by t h e  a d d i t i o n  o f  s u c c e s s i v e  

q u a n t i t i e s  o f  l i g h t  p e t r o l e u m  ( b . p ,  4 0 - 6 0 ° ) ,  f a i l e d  t o  s e p a r a t e  j 

t h e  p i c r a t e  m .p ,  1 0 3 - 1 0 5 , 5 °  i n t o  two co m p o n e n ts .  The use  o f  

I n f r a r o d  s p e c t r o s c o p y  showed th e  p r e s e n c e  o n ly  o f  th e  h - m s t h y l  

a z o n i n e  s a l t ,

From i t s  a n a l y s i s ,  t h e  p i c r a t e  o f  m ,p .  2 1 7 - 2 1 3 ° ,  c o u l d  have  

b e e n  t h a t  o f  t h e  u n o o l v a t e d  1 - m e t h y l  a z o n i n o ,  b u t  t h e  n u c l e a r  

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

u n i n t e l l i g i b l e .  The a u t h e n t i c  sp e c im en  o f  t h e  1 - m e t h y l  a z o n i n e  

p i c r a t e ,  when c r y s t a l l i s e d  t iv lce  f rom  n - p r o i r y l  a l c o h o l ,  ha.d a  

m e l t i n g  p o i n t  o f  1 1 1 - 1 1 4 ° ,  l o  f u r t h e r  work  was done on t h e  above 

p i c r a t e ,  owing t o  i n s u f f i c i e n t  q u a n t i t y ,  a n d  i t  r e io a in s  

u n i d e n t i f i e d .

The above  r e s u l t s  showed t h a t  th e  p r e p a r e d  b a s e  was a t  l e a s t  

p r e d o m i n a n t l y  t h e  1 - m c t h y l  a z o n i n e ,  and  t h a t  no p o s i t i v e  e v i d e n c e  

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

( c) ^.'ork on th e  L i t h i u m  Ali ira irdun Hydr i d e  R e d u c t i o n  P r o d u c t ,

As no s u c c e s s  had  b e en  a c h i e v e d  a t  a  s e p a r a t i o n  w i t h  t h e  

p i c r a t e ,  a t t e m p t s  were  Eiade on t h e  r e d u c t i o n  p r o d u c t ,

( i )  F r a c t i o n a l  P r e c i p i t a t i o n ,

F r a c t i o n a l  p r e c i p i t a t i o n  f ro m  a c e t o n e  s o l u t i o n  by c a r b o n

t e t r a c h l o r i d e  gave  a  s u b s t a n c e ,  th e  i n f r a r e d  s p e c t r u m  o f  w hich
P9h a d  no idle p e a k  a t  3 , 6 0  p, b u t  h a d  a b s o r p t i o n  a t  £ a ,  6 (i. At t h e

39t im e  i t  was t h o u g h t  t h a t  t h e  s e c o n d a r y  amine h a d  b e e n  o b t a i n e d  , 

E x p o su re  o f  t h i s  s u b s t a n c e  t o  a i r  f o l l o w e d  by e x t r a c t i o n  w i t h  

a c e t o n o ,  l e f t  a  r e s i d u e  o f  i n d i s t i n c t  i n f r a r e d  s p e c t r u m . T h i s  was
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p o s s i b l y  fo rm ed by  r e a c t i o n  with, c a r b o n  d i o x i d e  i n  t h e  a tm o s p h e r e .  

The s u b s t a n c e  r e c o v e r e d  f rom  t h 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  

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

( l i )  A t t e m p te d  C h r o m a to g r a p h ic  S e p a r a t i o n ,

The r e d u c t i o n  p r o d u c t  i n  a c e t o n e  s o l u t i o n  was d e p o s i t e d  on  

a  s i l i c a  g e l  column and  e l u t e d  w i t h  60p a c e t o n e  + 40,S c a r b o n  

t e t r a c h l o r i d e ;  80,j a c e t o n e  + 20,3 c a r b o n  t e t r a c h l o r i d e ;  !

100,3 a c e t o n e ;  c h l o r o f o r m ;  an d  e t h a n o l ,  i n  t h a t  o r d e r .

The f i r s t  e l u t i o n  m i x t u r e  gave  a  f r a c t i o n ,  t h e  I n f r a r e d  

s p e c t r u m  o f  w h ich  c o n t a i n e d  p eak s  a t  6 ,0 0  and  5 , 9 0  fi. The IPJe 

p e a k  was a b s e n t ,  and  t h e s e  and o t h e r  s m a l l e r  d i f f e r e n c e s  b e tw e e n  ; 

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

by d r y i n g  t h e  f r a c t i o n  u n d e r  h i g h  vacuum. T here  was no e v id e n c e  

f o r  HCOg* o r  CO3 " * ,  Carbon  d i o x i d e  was p a s s e d  t h r o u g h  a  s o l u t i o n

o f  t h e  a u t h e n t i c  1 - m e t h y l  a z o n i n e  ( o b t a i n e d  l a t e r ) .  The i n f r a r e d
89 4-s p e c t r u m  o f  t h e  vacuum d r i e d  p r o d u c t  h a d  a  p e ak  a t  6 , 0 5  |i ( II I  ),

The p e a k  a t  5 , 6 0  {i h a d  d i m i n i s h e d  i n  s i z e ,  b u t  t h e r e  was n o t  one

a t  5 , 9 0  |i (C=0 s t r e t c h i n g  f r e q u e n c y  l i e s ^ ^  be t iveen  5 . 8 5  and

5 ,9 2  ji) and  t h e r e  was no o t h e r  e v id e n c e  f o r  ECOg"" o r  COg~~. T here

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

above  f r a c t i o n  and i t  would  a p p e a r  t h a t  t h e  d i f f e r e n c e  i n

c o m p o s i t i o n  b e tw e e n  th e  f r a c t i o n  an d  t h e  r e d u c t i o n  p r o d u c t  was

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

may h ave  b e e n  due t o  t h e  p r e s e n c e  o f  a  g r e a t e r  p r o p o r t i o n  o f  t h e

s e c o n d a r y  a m in e ,  ( P i p e r i d i n e  a b s o r b s  a t  6 , 0  an d  6 ,1 0  p ) .  However,  

soma o f  t h e  r e d u c t i o n  p r o d u c t ,  w h ich  was s t a b l e  i n  th e  s e co n d
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o l u t i o n  n l x t i i r a  a n d  vjas r s c o v s r s d  f r o %  I t ,  ^ a v s  p a r t l y  on  

03:303n r -3 t o  a i r ,  a n  a c o t o n o  I n a o l t i b l o  sn t i a t a n c o  ^ h l c h  a b s o r b e d  

•v^oakly a t  5 . 8 5  fi. (C=0 s t r o t c M n ^  f r o q u o n c y ) .

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

p r o d a c t ,  w h i l s t  c h l o r o f o r m  c o n t a i n e d  nothin . '^ .

(d )  A t t a i n t e d  r e p a r a t i o n  o f  t h e  Co^nonon ts  "by th o  P r o n a r n t l o n  

o f  D e r i v a t i v e s .

A t t o n p t o  \J3ro m d a  t o  s e p a r a t e  t h e  s o p p o s e d  com ponents  o f  

t h e  l i t h i u m  a lu m in iu m  h y d r i d e  r e d u c t i o n  p r o d u c t  by t h e  p r e ­

p a r a t i o n  and  s e p a r a t i o n  o f  s u i t a b l e  d e r i v a t i v e s .

( i )  P e ^ c t i o n  m t t h  n i t r o u o  A c id .

The b a s e  v;a3 t r e a t e d  m i t h  c o l d  n i t r o u s  a c i d .  The r e a c t i o n  

n i z t u r o  vm.a e x t r a c t e d  v.^ith e t h e r ,  m h ieh  y i e l d e d  a  s u b s t a n c e  T?hich 

c o u l d  have  b e e n  e i t h e r  (LXVÎI) o r  ( L I Y I I I ) ,  a s  sh o n n  by  th e  

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

n-^o; fJCH

r u o

fvK/o ;=:  

n«o

( i r / i i )

Me
( L I V I I I )

The s p e c t r u m  had  p e a k s ,  arnoapst  o t h e r s ,  a t  6 , 1 0 ,  6 . 6 5 ,  7 . 5 2 , i 

7 . 6 9 ,  G.73 and  1 2 . 8 0  fi. The f i r s t  v;as p r o b a b l y  due  t o  C=0 

s t r e t c h i n g  ( n o r r i a l l y ^ ^  5 . 4 7 - 6 . 2 5  (i) a n d  t h e  seco n d  t o  a n  a r o r n t l c



— 120 —

n p
n i t r o s o  g r o u p  ( n o r m a l l y  ca« 6 ,6 7  {i). The HO v i b r a t i o n  o f  a n

C O
IT-h^O group*" ( 6 . 8 5 - 6 . 9 4 h )  c o u ld  h ave  o c c u r r e d  n e a r  h e r e  a l s o ,

pQ
C-Ii S t r e t c h i n g  v i b r a t i o n s  o c c u r  i n  a l i p h a t i c  am ines  a t

8 , 2 0 - 9 , 8 0  [1 and i n  a r o m a t i c  t e r t i a r y  a m in es^^  a t  7 , 3 5 - 7 , 6 3  ji.

The p e a k  a t  1 2 ,8 0  |i was p o s s i b l y  due t o  ITO s t r e t c h i n g  (no rm a l ly ^ ^

1 2 ,3 2  f i ) .  T h ere  was a l s o  a  d o u b le  p e a k  w i t h  maxima a t  2 ,9 6  and

3 , 0 8  (i ( £ f ,  a t  2 , 8 5  and  2 , 9 0  fx i n  t h e  b a s e ) ,  which  may have

b e e n  due to  t h e  i n f l u e n c e  o f  a n  ÎÎ0H g r o u p .  The OH s t r e t c h i n g
92f r e q u e n c y  o f  t h i s  g ro u p  l i e s  i n  th e  r a n g e  2 , 7 4 - 2 , 8 6  |i ,

A s u b s t a n c e  i s o l a t e d  f rom  t h e  a q u e o u s  m o th e r  l i q u o r  

a p p e a r e d  t o  be  a  l e s s  p u r e  fo rm  o f  th e  abo ve  compound, a s  shown 

by i n f r a r e d  s p e c t r o s c o p y .  I t  was t h e r e f o r e  im p r o b a b le  t h a t  a  

s e p a r a t i o n  h ad  been  a c h i e v e d  and th e  m a t t e r  was n o t  i n v e s t i g a t e d  

f u r t h e r ,

( i i )  R e a c t i o n  w i t h  l - r T a p h t h y l i s o c y a n a t e ,

The b a s e  was h e a t e d  a t  80° f o r  20 m i n u t e s  w i t h  j u s t  o v e r  

one e q u i v a l e n t  o f  1 - n a p h t h y l i s o c y a n a t e  i n  a  s t r e a m  o f  n i t r o g e n ,  

u n d e r  s t r i c t l y  a n h y d ro u s  c o n d i t i o n s ,  when th e  com ponen ts ,  w h ic h  

were  t h e n  assum ed to  be  p r e s e n t ,  s h o u l d  h ave  u n dergone  t h e  

f o l l o w i n g  r e a c t i o n s ;

H -f

(LIV) (LXIX)
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(LXX)(XLII)

Any r a o i a t o r e  p r e s e n t  v.^ould r e a c t  i n  t h e  fo l lo iw in ^  way: 

HCO Q C ti

+ HOH + + CO

(LXII)

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

d r i e d  s o l v e n t s ,  a  h a f f  c o l o u r e d  s o l i d  o f  m e l t i n g  p o i n t  151 -1 33  

was i s o l a t e d ,  t h e  m o l e c u l a r  w e i g h t  o f  w h ic h  was 4 8 5 ,  a s  d e t e r ­

m ined  u s i n g  a  v a p o u r  p r e s s u r e  o sm om eter .  The m o l e c u l a r  w e ig h t  

o f  (LXX) i s  4 8 2 ,6  f rom  th e  f o r m u la ,  and  on t h i s  e v i d e n c e ,  

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

s o l i d  was assum ed to  be  t h i s  compound, a l t h o u g h  e l e m e n t a r y  

a n a l y s i s  gave  a  v e r y  p o o r  r e s u l t .  Two o f  t h e  m ost  i m p o r t a n t  

f e a t u r e s  o f  th e  s p e c t r u m  w ere  a  d o u b le  p e a k  w i t h  maxima a t  

5 , 7 5  and 5 ,8 5  p ,  an d  a  b r o a d  b u t  w e l l  d e f i n e d  p e ak  a t  3,06(1,

U r e th a n e s  have  a  p e a k  w i t h i n  t h e  r a n g e  5 , 7 6 - 5 , 8 3  (i due t o  t h e
90s t r e t c h i n g  v i b r a t i o n  o f  0=0,  t h e  p e a k  a t  3 , 0 6  was p re s u m a b ly  

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

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

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

V a r i o u s  o t h e r  p r o d u c t s  w ere  o b t a i n e d ,  w h ic h  w ere  e i t h e r  

im pure  forms o f  (LXX) o r  o f  d i - ( l - n a p h t h y l ) - u r e a  (LXXI) o r

o
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u n i d e n t i f i a b l e .  M e l t i n g  p o i n t ,  m o l e c u l a r  w e ig h t  and  i n f r a r e d  

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

p r o d u c t s ,  a n d  an  a u t h e n t i c  sp ec im en  o f  (LXXI) was p r e p a r e d  by 

t r e a t i n g  l - n a p h t h y l i s o c y a n a t e  w i t h  w a t e r ,  Lo d e r i v a t i v e  (LXIX) 

o f  t h e  s e c o n d a r y  amine was o b t a i n e d  and  i t  was c o n c lu d e d  t h a t  

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

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

( e )  D e u t e r a t i o n .

The b a s e  was sh a k e n  w i t h  d e u t e r i u m  o x id e  f o r  two d a y s .  The 

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

p e a k  w i t h  maxima a t  2 , 8 5  and 2 , 9 0  p (OH, w i t h  o r  w i t h o u t  LH), 

a  c o r r e s p o n d i n g  s h i f t  o f  t h i s  d o u b le  p e a k  to  a  l o n g e r  w a v e l e n g th  

r e g i o n  to  g i v e  an  a d d i t i o n a l  d o u b le  p e a k  w i t h  maxima a t  3 , 8 5  

a n d  3 , 9 2  fi, due^^*^^  t o  t h e  f o r m a t i o n  o f  an  OD g r o u p ,  w i t h  o r  

w i t h o u t  an  IID g r o u p .

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

b a s e  h ad  a  low p l a t e a u  i n  t h e  2 , 8 - 3 , 2  r e g i o n ,  t h e  h y d r o x y l

p e a k  h a v i n g  d i s a p p e a r e d .  T h e re  was no p e a k  a t  3 ,0 6  |Ji, a s  i n

t h e  s p e c t r u m  o f  p i p e r i d i n e ,  which  would  have  b e e n  due t o  a n  IÎH

g r o u p .  The s a l t  was d i s s o l v e d  i n  d e u t e r i u m  o x id e  and  a l l o w e d

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

t h e  i n f r a r e d  s p e c t r u m  h a d  no p e a k  i n  t h e  3 , 8 5 - 4 , 1 5  \x r e g i o n ,

an d  h e n c e  t h e r e  was no i d e n t i f i a b l e  q u a n t i t y  o f  t h e  EL compound 
89p r e s e n t  , and h e n c e  no i d e n t i f i a b l e  amount o f  t h e  s e c o n d a r y  

amine  i n  t h e  p r e p a r e d  b a s e .
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r u o
(LXV) (LX) X = B r ;  H = H

P r e p a r a t i o n  o f  ( + ) - 2 , 5 , 8 , 9 - T a t r a h y d r o - 5 * , 4 * , 2 H - t r l m e t h o z y -  

- V , N - d l n e t h y l - 4 , 5 ; 6 , 7 - d l b e n z a 3 o n l n l u m  l o d l d a  (LXXII) and  

Bromide ( LX).

Ho
NR

(XLII)  R = CHj5 

(LXI) X = B r ;  R = 0 ^ %  (LIV) R = H.

(LXXII) X = I ;  R = H,

I t  was n e o e s s a r y  t o  p r e p a r e  t h e  m e th y l  e t h e r  m e t h i o d i d e ,  

t h e  a s o n l n iu m  i o d i d e  (LXXII) ,  o f  t h e  l i t h i u m  a lu m in iu m  h y d r i d e  

r e d u c t i o n  p r o d u c t .  T h i s  b a s e  c o u ld  be r e g a r d e d  a s  b e i n g  th e  

I l - n e t h y l  a z o n i n e  o n l y ,  a s  l i t t l e  p o s i t i v e  e v id e n c e  h a d  b e e n  

fou nd  f o r  t h e  e x i s t e n c e  o f  t h e  s e c o n d a r y  a m in e .  D e g r a d a t i o n  o f  

(L X I I I )  and a  c o m p a r i s o n  o f  th e  u l t r a v i o l e t  s p e c t r u m  o f  t h e  

b ro m ide  (LX) w i t h  t h a t  o f  ( + ) - a - p h c n y l d i h y d r o t h e b a i n e  m e t h y l  

e t h e r  n e th o b r o m id e  (LXI) and r e l a t e d  compounds w ere  r e q u i r e d  i n  

o r d e r  to  o b t a i n  f u r t h e r  c o n f i r m a t i o n  o f  th e  s t r u c t u r e  o f  t h e  i 

r e d u c t i o n  p r o d u c t .  I t  l iad b e e n  hoped  t o  c a r r y  o u t  r a c é m i s a t i o n  

e x p e r i m e n t s  on  (LX), b u t  t h i s  was n o t  p o s s i b l e  and  s u c c e s s  was 

a c h i e v e d  l a t e r  w i t h  t h e  m e t h y l  e t h e r  i t s e l f .

R e a c t i o n  o f  B e n t l e y  and R o b i n s o n ' s  b a s e ,  t h e  l i t h i u m  ;

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

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

m e t h i o d i d e  (LXV). I f  any o f  t h e  s e c o n d a r y  amine h a d  b e e n  p r e s e n t ,
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t h i s  would  a l s o  h ave  b e e n  c o n v e r t e d  i n t o  t h i s  q u a t e r n a r y  s a l t .  

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

sodium r a e t h o z i d e ,  a  m ethod  u sed  by F r e u n d i n  t h e  p h e n y l d i -  

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

m e t h i o d i d e  (LXXII) ,  w h ich  was a l s o  o p t i c a l l y  a c t i v e .  T h i s  

compound was a l s o  p r e p a r e d  d i r e c t l y  f ro m  t h e  b a s e  u s i n g  F r e u n d ' s  

m e th o d .  E le m e n t a r y  a n a l y s i s  and  i n f r a r e d  e v id e n c e  c o n f i r m e d  t h e  

e x p e c t e d  r e s u l t .  I t  was i m p r a c t i c a b l e  t o  c a r r y  o u t  t h e  

p r e p a r a t i o n  u s i n g  P u r d i e  and I r v i n e ' s  m e th o d ^ ^ ,  by t r e a t i n g  (LXV) 

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

C o n v e r s i o n  o f  some o f  t h e  m e th y l  e t h e r  m e t h i o d i d e  i n t o  t h e  

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

a n a l y s i s  g ave  good r e s u l t s .

The m e t h y l  e t h e r  m ethobrom ide  (LX), was p r e p a r e d  i n  good 

y i e l d  f rom  (LX X II) ,  by s h a k i n g  th e  l a t t e r  w i t h  s i l v e r  b r o m id e .  

Good e l e m e n t a r y  a n a l y t i c a l  r e s u l t s  were  o b t a i n e d .  I t s  u l t r a v i o l e t  

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

t h e b a i n e  m e t h y l  e t h e r  m e thobrom ide  (LXI) ( f i g ,  8 ,  p ,  1 6 0 ) ,  The 

r e s u l t s  f o r  t h e s e  two compounds w ere  compared w i t h  t h o s e  f o r  

r e l a t e d  compounds o b t a i n e d  f ro m  th e  l i t e r a t u r e .

The U l t r a v i o l e t  Spec trum  o f  th e  M e th y l  E t h e r  Methobromide  (LX), 

The c o n j u g a t i o n  b a n d s  o f  (LX) and (LXI) o c c u r  a s  p o i n t s  o f  

i n f l e c t i o n  a t  £a# 225 m|x [e  2 2 ,0 5 0 )  a n d  X c a ,  230 n{i
33(6  2 6 ,9 0 0 )  r e s p e c t i v e l y .  T h is  compares  w i t h  t h a t  o f  t h e  a c i d  

(V) ,  231 m{i [e  5 , 5 5 0 ) ,  and  w i t h  t h a t  o f  2 , 2 ' - d i e t h y l b i -

p h e n y l^ ^  (XXV), c a ,  227 mfi ( e  6 , 0 0 0 ) ,  The c o n j u g a t i o n  ban ds
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i n  a l l  t h e s e  f o u r  compound g o v e r l a p  v d t h  t h o s e  due t o  t h e  

s e p a r a t e  b e n z e n e  r i n g s .

COH.

(V)

c

(XIV) (XXV)

Thug a  l a r g e  h y p s o c h ro m ic  s h i f t  i n  e ac h  o f  t h e s e  c o n j u g a t i o n

b a n d s  h a s  o c c u r r e d ,  vjhsn compared w i t h  t h e  p o s i t i o n  o f  t h a t  i n

t h e  s p e c t r u m  o f  f l u o r e n e ^ ^  (X IV ) , i n  w h io h ^ ^ D =  0*^, 260 mp

( ^  1 9 , 0 0 0 ) ,  I t  sh o u ld  be b o r n  i n  mind t h a t  b i p h e n y l s  b r i d g e d

a c r o s s  t h e  £ , £ * - p o s i t i o n s  t o  make n in e -m em b e re d  r i n g s ,  do n o t

p o s s e s s  s i n g l e  c o n f o r m a t i o n s  c o r r e s p o n d i n g  to  minimum a n g l e s  o f  
57s t r a i n  ,  F o r  t h e  above  two m e th o b r o m i d e s , t h e  o r t h o - m e t h o z y l  

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

t h e  c o n j u g a t i o n  b e tw e e n  t h e  b en ze n e  r i n g s .  T hese  e f f e c t s  f o r  

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

The lo n g -w av e  band  o f  f l u o r e n e  cih (^ 1 0 , 0 0 0 ) ,  due

t o  t h e  h y p e r c o n j u g a t i v e  i n t e r a c t i o n  o f  t h e  two b e n z e n e  r i n g s
53t h r o u g h  t h e  b r i d g e ,  i s  a b s e n t  i n  t h e  s p e c t r u m  o f  t h e  a c i d  (V ) ,  

b u t  t h e  two m eth o b ro m id e s  h ave  maxima a t  2 3 0 ,5  (^  4 ,1 4 5 )  a n d

282 mp (6 4 ,2 9 0 )  r e s p e c t i v e l y .  T hese  a r e  n o t  c o n j u g a t i o n
57 33 2?b a n d s  * a s  vjas t h o u g h t  a t  one t im e  f o r  t h e  c a s e  o f  p h e n y l -

d i h y d r o t h e b a i n e ,  b u t  a r e  due t o  t h e  phenoxy  chromop h o r e s ,
94 95MeO,C^H4. - ,  A n i s o l e  (LXXIII)  a n d  £ - c r e s o l  m e t h y l  e t h e r

(LXXIV), have  maxima a t  2 7 7 ,5  (e 1 ,5 1 0 )  and  2 7 9 ,5  m\i (& 2 ,4 2 5 )

r e s p e c t i v e l y ,  >
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o/7-e

f i e
(LXXIII)  (LXXIV) (LXXV)

s u p e r im p o s e d  on  t h e  phenoxy ohromophore  hand  I n  th e  

s p e c t r u m  o f  (LX) i s  a  s m a l l  p o i n t  o f  i n f l e c t i o n  a t  2 5 3 , 5  mp,

( c  692)  an d  i n  t h e  s p e c t r u m  o f  (LXI) a r e  two a t  265 {e  2 , 0 2 0 )  

and  271 mji ( ^ 2 , 8 4 0 ) ,  I n  t h a t  o f  2 , 2  • - d i e t l i y l ' b i p h e n y l  (XXV),
no

t h e  a l k y l  b enzene  p a r t i a l  ch rom ophores  g i v e  r i s e  t o  p e a k s  ' 

a t  2 6 3 , 5  (^ 730) an d  271 m\i (6 5 6 0 ) ,  The s p e c t r u m  o f  t h e  a c i d  

(V) a l s o  h a s  two s m a l l  p e a k s  a t  a b o u t  265 and 271 mp, w i t h  

e x t i n c t i o n  c o e f f i c i e n t s ^ ^  o f  a b o u t  600 ,  The s p e c t r u m  o f  

t o l u e n e ^ ^  c o n t a i n s  p e a k s  Git £ a ,  248 ( e  126) and  253 mp

(6 1 7 3 ) ,  260 ( e  224) and  263 mp (6 1 5 9 ) ,  t h a t  o f

e t h y l b e n z e n e S ?  (LXXV) a t X „  _  253 [e 1 3 1 ) ,  255 (a  1 3 1 ) ,1113̂
252 ( 6  2 1 3 ) ,  2 S 4 .5  (e 173)  an d  2 6 7 .5  (é  1 7 3 ) ,  a a o n g s t

95 \o t h e r s ,  a n d  t h a t  o f  j ) - c r e s o l  m e t h y l  e t h e r  a t  2 7 0 ,5

(6 1 , 6 2 0 )  an d  2 7 3 ,5  n p  (e  1 , 9 2 0 ) .  A n i s o l e ,  h ow ever ,

h a a - 4  264 (fe 1 , 2 2 0 )  an d  271 Hji (6  1 , 8 3 0 ) .

J u s t  a s  th e  s p e c t r u m  o f  t h e  a c i d  (V) r e s e m b l e s  v e r y  c l o s e l y  

t h a t  o f  2 , 2 * - d i e t h y l b i p h e n y l ^ ^ » ^ 3 ,  so t h o s e  o f  th e  m e th o b ro m id e s  

(LX) and (LXI) r e s e m b le  t h a t  o f  d i e t h y l b i p h e n y l  w i t h  band s  due 

t o  t h e  phenoxy ch rom ophores  s u p e r im p o s e d ,  a l t h o u g h  m ask in g  o f  

some o f  t h e  i n f l e c t i o n s  due t o  th e  a l k y l b e n z e n e  p a r t i a l  

ch rom ophores  u n d o u b t e d l y  o c c u r s  i n  t h e  s p e c t r u m  o f  (LX).

A l l  t h e  above s p e c t r o s c o p i c  e v id e n c e  s u p p o r t s  s t r u c t u r e  (LX)
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f o r  t h e  m e t h y l  e t h e r  m ethohrora lde  and  h e n ce  s t r u c t u r e  (XLII)  

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

C r y s t a l l i s a t i o n  o f  t h e  H-lTethyl A z o n in e ,

The l i t h i u m  a lu m in iu m  h y d r i d e  r e d u c t i o n  p r o d u c t  was 

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

( h , p ,  60 -8 0^ )  g i v i n g  w h i t e  g l o b u l a r  c r y s t a l s ,  w h ic h  were  

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

1 0 3 ,5 - 1 0 4 ,5 ® ,  Good e l e m e n t a r y  a n a l y t i c a l  r e s u l t s  were  o b t a i n e d
/

b a s e d  on s t r u c t u r e  ( X L I I ) ,  The i n f r a r e d  s p e c t r u m  o f  a  m u l l  

( f i g ,  9 ,  p ,  162)  had  t h e  f o l l o w i n g  d i f f e r e n c e s  f rom  t h a t  o f  

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

r e d u c t i o n  p r o d u c t  ( f i g ,  6 ,  p ,  1 4 0 ) :  t h e r e  was a  s i n g l e  s t r o n g  

h y d r o x y l  p e a k  a t  2 , 9 0  p i n s t e a d  o f  th e  d o u b le  p e a k  a t  2 , 8 5  and 

2 , 9 0  p ,  and n i n e  p e a k s  b e tw e e n  3 , 3  and 3 , 6  p i n s t e a d  o f  o n ly  

f o u r .  I n  a d d i t i o n ,  t h e r e  w ere  o t h e r  s p l i t t i n g s  b e tw e e n  5 and  

13 p .  The p e a k  due t o  t h e  îîîae g ro u p  s t i l l  a p p e a r e d  a t  3 , 6 0  p .  

T h e re  was no e v i d e n c e  f o r  a n  LH g r o u p .  However, t h e  s p e c t r u m  

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

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

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

c h l o r o f o r m  s o l u t i o n  h a d  p e a k s  a t  c h e m ic a l  s h i f t s  o f 'T  4 . 6 5  (OH), 

X  7 ,7 3  ( m i e ) an d  a t T  6 , 1 7  and 6 .2 8  ( t h e  two m e th o x y l  g r o u p s ) ,  

u s i n g  t e t r a m e t h y l s i l a n e  a s  t h e  s t a n d a r d * .  T h e re  was no e v id e n c e

would  l i k e  t o  t h a n k  Dr,  R .F.M, W hite  o f  S i r  J o h n  Cass  
C o l l e g e ,  London,  f o r  t h e  d e t e r m i n a t i o n  o f  t h i s  s p e c t r u m  a n d  
f o r  t h e  i n t e r p r e t a t i o n  o f  t h e  r e s u l t s .
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o f  a n  IIH g r o u p ,  and th e  c r y s t a l l i n e  s u b s t a n c e  was t h e  N -m ethy l  

a z o n i n e  ( X L I I ) ,

Summary o f  t h e  E v id e n c e  f o r  t h e  S t r u c t u r e  o f  B e n t l e y  and  

R o b in so n * 3 B a se ,

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

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

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

an d  h e n ce  was o f  s i m i l a r  s t r u c t u r e ,  P i t r o g e n  was shown t o  be 

p r e s e n t  and  r e a c t i o n  w i t h  one e q u i v a l e n t  o f  m e th y l  i o d i d e  gave  

o n ly  t h e  q u a t e r n a r y  a z o n i n iu m  s a l t  (LXV) t o g e t h e r  w i t h  some 

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

r e d u c t i o n  p r o d u c t  g ave  ir/io f r a c t i o n s ,  one i n  f a r  g r e a t e r  

p r o p o r t i o n  t o  t h e  o t h e r ,  n o t h i n g  p o s i t i v e  was i d e n t i f i e d  i n  th e 1
s m a l l e r  f r a c t i o n ,  and  th e  l a r g e r  was fo u n d  by v a r i o u s  t e c h n i q u e s j

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

p i c r a t e  o f  t h e  I l -m e th y l  a z o n i n e  (XLII)  o n l y ,  w i th  no c o n c l u s i v e  

e v id e n c e  t o  s u p p o r t  t h e  p r e s e n c e  o f  any  s e c o n d a r y  amine s a l t .  An 

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

f r a c t i o n  w h ich  c o u ld  h ave  c o n t a i n e d  some o f  t h e  s e c o n d a r y  amine 

(L IV ) ,  b u t  th e  e v i d e n c e  was i n c o n c l u s i v e .  R e a c t i o n  o f  th e  b a s e  

w i t h  n i t r o u s  a c i d ,  and w i t h  1 - n a p h t h y l i s o c y a n a t e ,  and  a l s o  

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

c o n s i s t e n t  w i t h  t h e  p r e s e n c e  o f  th e  K -m eth y l  a z o n i n e  o n l y .  

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

d e x t r o r o t a t o r y  i n  s o l u t i o n .  Thus t h e  b a s e  i s  ( + ) - 2 , 3 , 8 , 9 - t e t r a -
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h j d r o - 4 * - h y d r o x y - 3 * , 2 ” - d l m Q t h o x y - N - m 9 t h y l - 4 , 5 : 6 , V - d i h e n z a z o n l n e  

(XLII)  o n ly  and i s  n o t  a  m i x t u r e  w i t h  t h e  s e c o n d a r y  a m in e ,  u n l e s s  

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

The u l t r a v i o l e t  s p e c t r u m  o f  t h e  q u a t e r n a r y  a z o n i n iu m  brom ide  

c o n f i r m e d  s t r u c t u r e  (XLII)  f o r  th e  b a s e ,  and th e  n u c l e a r  m a g n e t i c  

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

w i t h  t h i s  s t r u c t u r e .

The E x h a u s t i v e  L T e th y la t lo n  o f  t h e  lie th y  1 E t h e r  LTethlodide (LXXII).

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

d i b e n z a z o n i n e  s t r u c t u r e ,  i t  was n e c e s s a r y  t o  c a r r y  o u t  a n  

e x h a u s t i v e  m é t h y l a t i o n ;  t h i s  s t r u c t u r e  would  g i v e  a  2 , 2 * - d i v i n y l -  

b l p h e n y l .

( a )  Hofmann D e g r a d a t i o n  t o  ( + ) - 2 , 3 , 3 * - T r i m e t h o x y - 6  ( o r  6 * ) -  

( S - t r l m e t h y l a m m o n i o e t h y l ) - 6 *  ( o r  6 ) - v i n y l b i p h e u y l  I o d i d e  ( LXXVI) .

" " ' ' A  _  Q  %

(LXXII) a  , (LXSVI) b (X L II )

The m et l iy l  e t h e r  m e t h i o d i d e  ( t h e  a z o n i n iu m  i o d i d e )  (LXXII)

was s u b j e c t e d  to  a  Hofmann d e g r a d a t i o n ,  by t h e  m ethod  w h ich  
56Fre u n d  h a d  u s e d  on p h e n y l d i h y d r o t h e b a i n e , i . e .  i t  was a l l o w e d  

t o  r e a c t  w i t h  sod ium  e t h o x i d e  i n  e t h a n o l .  The p r o d u c t  was 

t r e a t e d  w i t h  m e t h y l  i o d i d e  and gave  what  a p p e a r e d  t o  be a  

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

f rom  e t h a n o l  and  f rom  e t h a n o l - l i g h t  p e t r o l e u m  ( b . p ,  8 0 -100^ )
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y i e l d e d  e v e n t u a l l y ,  A, m .p .  200° ( i n  y i e l d )  and  B,

2i*P* £a* 180°  ( i n  ^Ô /o y i e l d ) .  The h e s t  f r a c t i o n  o f  A c o n s i s t e d  

o f  l a e v o r o t a t o r y  \v h l te  f e a t h e r y  c r y s t a l s ,  m . p , 2 0 3 , 5 - 2 0 4 ° ,  and  

t h a t  o f  B o f  d e x t r o r o t a t o r y  c o l o u r l e s s  n e e d l e s ,  m .p ,  1 8 2 - 1 8 3 ° ,

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

m e t h i n e  m e t h i o d i d e ,  "but t h o s e  f o r  B -were v e r y  p o o r  and d i d  n o t  

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

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

( + ) - a - p h e n y l d l h y d r o t h e b a i n e  m e t h y l  e t h e r  i s o - m e t h i n e  (LVII)  

( a l l o w i n g  f o r  t h e  a b s e n c e  o f  t h e  t h i r d  b e n ze n e  r i n g ) ; A, t o  a  

l e s s e r  e x t e n t .  The s p e c t r a  o f  b o t h  h a d  p e a k s  a t  a b o u t  1 0 , 9 5  p. 

w h ich  may h av e  b e e n  due t o  th e  CHg o u t  o f  p l a n e  d e f o r m a t i o n  j

v i b r a t i o n  o f  CH^CH^, w h ich  n o r m a l l y  l i e s  b e tw ee n ^^ * ^^  1 0 ,9 3  and 

1 1 , 0 5  p .  One o f  th e  m e t h i n e  m e t h l o d i d e s  was p r o b a b l y  t h e  6 - v i n y l -  

b l p h e n y l  i o d i d e  d e r i v a t i v e  (LXXVIa) and t h e  o t h e r  th e  6 ' - v i n y l -  S 

b i p h e n y l  i o d i d e  d e r i v a t i v e  (LXXVIb), a s  was shown b e lo w ,

A l a t e r  p r e p a r a t i o n  gave  o n ly  t h e  h i g h e r  m e l t i n g  compound,

( b ) Hofmann D e g r a d a t i o n  o f  th e  ü e t h l n e  M e t h l o d i d e s  (LXXTI) t o  

( + ) - 2 , 3 , 3 ' - T r l m e t h o x y - 6 , 6 ' - d l v l n y I b i p h e n y l  ( L X I I I ) ,

CH = C

( L X II I )

A s e c o n d  Hofmann d e g r a d a t i o n  was c a r r i e d  o u t  o n  e ac h  o f  t h e  ' 

p r o d u c t s  o b t a i n e d  i n  ( a ) ,  by t h e  m ethod  o f  B e n t l e y  a n d  R ob lnson^^

a s  u s e d  I n  t h e  p h e n y l d i h y d r o t h e b a i n e  s e r i e s  o f  compounds. They 

b o t h  gave  i d e n t i c a l  p r o d u c t s ,  w h ic h  w ere  u n c r y s t a l l l s a b l e  o i l s ,  I
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a n d  o f  t h e  same d e x t r o r o t a t o r y  power I n  e t h a n o l  s o l u t i o n .

The I n f r a r e d  s p e c t r a  were  a l s o  i d e n t i c a l  and  h a d  p e a k s  a t  6 . 1 0 ,  

1 0 ,1 0  and  1 1 ,1 0  p .  The C=C s t r e t c h i n g  v i b r a t i o n  i n  CHR=CEg 

n o r m a l l y  o c c u r s  b e tw ee n  6 ,0 8  and 6 ,1 0  p,  t h e  CH o u t  o f  p l a n e  

d e f o r m a t i o n  f r e q u e n c y  b e tw e e n  1 0 ,0 5  and 1 0 ,1 5  p, and  t h e  CHg o u t  

o f  p l a n e  d e f o r m a t i o n  f r e q u e n c y  b e tw e e n  1 0 ,9 3  and  1 1 ,0 5  p f o r  

a l k e n e s ^ ^ .  P o o r  e l e m e n t a r y  a n a l y t i c a l  r e s u l t s  w ere  o b t a i n e d ,  

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

d i s t i l l e d .  C a t a l y t i c  h y d r o g e n a t i o n  gave  t h e  e x p e c t e d  d i e t h y l ­

b i p h e n y l ,  h ow ever  ( s e e  b e l o w ) .

A f t e r  s t a n d i n g  i n  a n  e v a c u a t e d  d e s i c c a t o r  f o r  t h r e e  w e ek s ,  

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

w h i t e  s o l i d s ,  w h ic h  w ere  assumed t o  be  p o ly m e rs  o f  t h e  compound, 

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

d i s a p p e a r a n c e  o f  some o f  t h e  s u p p o s e d  p e a k s  due t o  v i n y l  g r o u p s ,  | 

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

From t h e  above  e v i d e n c e ,  i t  a p p e a r e d  t h a t  t h e  e x p e c t e d  

( + ) - 2 , 3 , 3 * - t r i m e t h o x y - 6 , 6 ' - d i v i n y I b i p h e n y l  (L X I I I )  h a d  b e e n  

o b t a i n e d .  T h i s ,  t o g e t h e r  w i t h  t h e  e v i d e n c e  f rom  t h e  u l t r a v i o l e t  

s p e c t r u m  o f  t h e  m e th y l  e t h e r  m ethobrom ide  (LX) c o n f i r m s  t h e  

s t r u c t u r e  o f  B e n t l e y  and R o b i n s o n ' s  l i t h i u m  a lu m in iu m  h y d r i d e  

r e d u c t i o n  p r o d u c t  a s  a  t e t r a h y d r o d i b e n z a z o n i n e ,  |
'Iii

P r é p a r â t  i o n  o f  ( + ) - 2 , 3 , 3 ' - T r i m e t h o x y - 6 , 6 ' - d i e t h y l b i p h e n y l  (LXIV)j
' '  i

The f r e s h l y  p r e p a r e d  ( + ) - d i v i n y I b i p h e n y l  ( L X I I I )  was h y d r o - :
I

g e n a t e d  t o  t h e  d i e t h y l b i p h e n y l  (LXIV) u s i n g  a  p a l l a d i u m - c h a r c o a l  ■
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c a t a l y s t  an d  a  h y d r o g e n  p r e s s u r e  o f  one a t m o s p h e r e ,  A 

d e x t r o r o t a t o r y  w h i t e  v i s c o u s  o i l  was o b t a i n e d  i n  good y i e l d .

Good e l e m e n t a r y  a n a l y t i c a l  r e s u l t s  w e re  o b t a i n e d .  The i n f r a r e d  

s p e c t r u m  h a d  no p e a k s  a t  6 , 1 0 ,  1 0 ,1 0  an d  1 1 ,1 0  fi, w h ich  were  

t h e  p e a k s  assum ed t o  be due t o  t h e  v i n y l  g r o u p s  i n  t h e  s p e c t r u m  

o f  ( L X I I I ) .

(LXIV)

The u l t r a v i o l e t  s p e c t r u m  i n  96^  e t h a n o l  r e s e m b l e d  v e r y  

c l o s e l y  t h a t  o f  t h e  m e th o b ro m id e s  (LX) a n d  (LXI) ( p ,  124 ,  a l s o  

f i g ,  8 ,  p ,  160) and  t h a t  o f  ( + ) - 2 - ( 2 ~ e t h y l - 5 - m e t h o x y p h e n y l ) - 3 , 4 -  

d i m e t h o x y d i b e n z y l  (L I)  ( p ,  57 ,  a l s o  f i g ,  10 ,  p .  1 7 0 ) ,  The p e a k  

due to  the  phenoxy  chromop h o ra  o c c u r r e d  a t  279 mp, (C 4 ,7 1 0 )  a n d  

t h e  v e s t i g i a l  c o n j u g a t i o n  band  a t  c a ,  2 2 7 ,5  nfi (6 1 6 , 7 0 0 ) ,

w h ic h  was o v e r l a p p e d  by th e  p e a k  due t o  t h e  b e n z e n e  ohromophore 

a t  201 mii (6 6 0 ,2 0 0 )  ( ^ f .  a l s o  t h e  s p e c t r u m  o f  2 , 2 * - d i v l n y l -  

b i p h e n y l ,  p .  5 3 ) ,  T h e re  was no t r a c e  o f  any p e a k  a t  310 mp, 

w h ic h  was p r e s e n t  i n  t h e  s p e c t r u m  o f  t h e  s t i l b s n e  (X L I I I )  an d  

due t o  t h e  p r e s e n c e  o f  t h e  v i n y l  g r o u p s  ( p .  5 3 ) ,  H en ce ,  c o m ple te  

h y d r o g e n a t i o n  o f  t h e  v i n y l  g r o u p s  o f  (L X II I )  h a d  o c c u r r e d  an d  

t h e  s p e c t r u m  o f  (LXIV) was a s  e x p e c t e d .
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P r e p a r a t i o n  o f  ( + ) - 2 , 5 , 8 , 9 - T e t r & h y d r o - 3 * , 4 i , 2 M - t r l m 9 t h o x y - N -  

n 9 t h y l - 4 , 5 : 6 , 7 - d l b e n z a z o n l n e  (LXXVII) ,

I t  Yjas o r i g i n a l l y  hoped  t o  p e r f o r m  k i n e t i c  r a c é m i s a t i o n  

e x p e r i m e n t s  on  t h e  m e t h y l  e t h e r  m ethohrom ide  (LX), i n  o r d e r  t o  

compare t h e  r e s u l t s  w i t h  t h o s e  f o r  o t h e r  r e l a t e d  "bridged 

"b ipheny ls  e s p e c i a l l y  i n  v iew  o f  t h e  f a c t  t h a t  i t  h a s  a  

" b u t t r e s s e d ” m e th o x y l  g r o u p .  A t t e m p t s  w e re  made i n  v a r i o u s  

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

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

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

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

i t s  o p t i c a l  s t a b i l i t y .

lt<o

(LXXVII)

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

o f  t h e  îT-methyl a z o n i n e  w i t h o u t  q u a t e r n i s i n g  t h e  n i t r o g e n  a tom .  

The c r y s t a l l i n e  l î -m e th y l  a z o n i n e  d i d  n o t  r e a c t  w i t h  d i a z o m e t h a n e .  

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

was c a r r i e d  o u t  a t  a n  e l e v a t e d  t e m p e r a t u r e ,  a n d  a  v i s c o u s  o i l ,  

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

whose i n f r a r e d  s p e c t r u m  h a d  no h y d r o x y l  p e a k .  The s u b s t a n c e  was 

b a s i c  i n  n a t u r e ,  and  some was r e a c t e d  w i t h  p i c r i c  a c i d  a n d  a l s o  

w i t h  m e t h y l  i o d i d e .  The f o r m e r  p r o d u c t  c o u ld  n o t  be o b t a i n e d
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c r y s t a l l l n a ,  b a t  t h e  l a t t e r  c o u ld  and  v?a3 ?liOY;n t o  he a  m i x t u r e  

o f  th e  m e t h i n e  m e t h i o d i d e a  (LXXVI), v ;h ich  h a d  b e e n  p r e p a r e d  

p r e v i o u s l y  ( p ,  1 2 9 ) .  I t  \vaa a p p a r e n t  t h a t  t h e  H -m ethy l  a z o n i n e  

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

q u a t e r n a r y  m e t h y l  m e t h o s u l p h a t e  ( L X V II I ) ,  v jh lch ,  u n d e r  th e  

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

b a s e s  ( XiXXXX).

n̂ -0

(XLII) ( L z x n i l )  (LXXII)

iie
f

CH-CM-

The d e s i r e d  p r o d u c t  (LXXVII) v?as o b t a i n e d  by t h e  m ethod  
99vjhich R odionov  u se d  t o  c o n v e r t  m o rph in e  i n t o  t h e b a i n e .  P h e n y l -  

t r i n e  th y  lammo n i  urn ^ - t o l u e n e  s u l p h o n a t e  v^as p r e p a r e d  by a l l o w i n g  

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

R e a c t i o n  w i t h  sodium e t h o x i d e  i n  e t h a n o l  s o l u t i o n  gave  p h e n y l -  

t r i m e t  hy lammo n i  urn e t h o x i d e  an d  t h i s  was u se d  t o  c o n v e r t  t h e  

IT-methyl a z o n i n e  i n t o  i t s  m e t h y l  e t h e r ,

<() +  ( £ - )  U eC g H ^ S O g in a — >  ( f  I !U a g ) ^ ( lI s O g H ^ S O g ) ^  S t 0 5 a _ ^

(LXXX)

((f i:Je2 )®(03t)®  + MsCgH^SOglla.

+ ( tp meg )^{ 03t 110°. f-ka

LA

+ «flî,l0

E t o a .

(XLII) (LXXVII)
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The d i m e t h y l  a n i l i n e ,  w h ich  was l i b e r a t e d ,  c a n n o t  a t t a c k  

îîî<î3 g r o u p s ,  and a s  i t  i s  t o o  w eak ly  b a s i c  t o  fo rm  a  s a l t  w i t h  

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

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

and  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  g ave  a n  u n c r y s t a l l i s a b l e  

v i s c o u s  o i l ,  i n  good y i e l d .  The i n f r a r e d  s p e c t r u m  showed th e  

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

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

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

( f o r  t h e  t h r e e  m e th o x y l  g r o u p s ; ^  6 , 1 5 ,  6 , 2 5  a n d  6 ,4 7 )  a s  w e l l  

a s  th o  p r e s e n c e  o f  a n  Elvîe g r o u p  (< 7 , 7 3 ) ,  T e t r a m e t h y l  s i l a n e  

was u s e d  a s  t h e  s t a n d a r d ,  E le m e n t a r y  a n a l y s i s  was n o t  c o m p l e t e l y  

s a t i s f a c t o r y ,  owing p o s s i b l y  t o  t h e  f a c t  t h a t  t h e  b a s e  soon  

became d i s c o l o u r e d  on  s t a n d i n g ,  even  u n d e r  vacuum.

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

r o t a t o r y ;  a f t e r  i t  had  b e e n  h e a t e d  a t  195® f o r  4^  h o u r s  u n t i l  

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

d e c o m p o s i t i o n ,  a s  shown by i n f r a r e d  s p e c t r o s c o p y .

R e a c t i o n  o f  th e  o p t i c a l l y  a c t i v e  compound w i t h  m e t h y l  

i o d i d e  gave  t h e  m e t h i o d i d e  (LXXII) ,  w i t h  m e l t i n g  p o i n t ,  and  

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

sp e c im en  d e s c r i b e d  above  ( p .  1 2 3 ) ,

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

t h e  m e l t i n g  p o i n t  was n o t  s h a r p .  E l e m e n t a r y  a n a l y s i s  gave  a  good 

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

*  See f o o t n o t e ,  p ,  12 7 ,
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o f  th e  p h e n o l i c  E - m e th y l  a z o n i n e ,  w h ic h  m e l t e d  a t  103-105.5®

( p .  1 1 4 ) ,  i n  t h e  5 ,2 - 3 * 6  |i r e g i o n ;  t h e  h y d r o x y l  p e a k  was a b s e n t  

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

t h e  m e t h y l  e t h e r  ( + ) - 2 , 5 , 2 , 9 - t G t r a h y d r o - 5 ' , 4 * , 2 n - t r i m e t h o x y - E -  

m e t h y l - 4 , 5 ; 6 , 7 - d i b e n z a z o n i n e  (LXXVII),

K i n e t i c  R a c é m i s a t i o n  S tu d ie s *

The s e a l e d  t u b e  t e c h n i q u e  was u s e d  a s  d e s c r i b e d  on  p ,  8 3 ,  

The g r a p h s  p l o t t e d  and  c a l c u l a t i o n s  were  a s  d e s c r i b e d  on  p ,  48 ,  

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

( a )  ( + ) - 2 , 5 , 3 ' - T r i m e t h o x y - 6 , 6*- d i v l n y I b i p h e n y l  ( L X I I I ) , 

A l th o u g h  a  n -c y n e n e  s o l u t i o n  o f  t h e  v i n y I b i p h e n y l  and

p i c r i c  a c i d  ( t o  a c t  a s  p o l y m e r i s a t i o n  i n h i b i t o r )  gave  no p r e ­

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

t h a t  k i n e t i c  r a c é m i s a t i o n  e x p e r i m e n t s  would  g i v e  u n r e l i a b l e  

r e s u l t s ,  and h e n ce  were  n o t  c a r r i e d  o u t ,

(b )  ( 4 ) - 2 , 3 , 3 ' - T r i m e t h o x y - 6 , 6 ' - d i e t h y l b l p h e n ^ r l  (LXIV),

A 1 , 9 7 5 ^  s o l u t i o n  i n  p - p h e n y l e t h y l  a l c o h o l  was u s e d ,

b e tw e e n  t h e  t e m p e r a t u r e  r a n g e  1 8 1 ,5 - 2 2 8 ,9 ® ,  X  = 5780 2,
E = 5 3 .8  k c a l ,  m o le " ^ ,  A3* = 3 2 ,8  k c a l ,  m o le* ^ ,  

l o g ^ g  A == 1 1 . 5  s e c " ! . ,  = 3 7 . 3  k c a l .  m ole  a t

AS* = - 8 . 9 4  0 . U . ,  2 2 3 . 9 ° .

The r a c e m a t e  vjae I s o l a t e d  m l t h  100^  r e c o v e r y ;  I t  gave  

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

s p e c t r u m  was i d e n t i c a l  w i t h  t h a t  o f  t h e  o p t i c a l l y  a c t i v e
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compound. H ence ,  t h e  k i n e t i c  m ea su re m e n ts  had  b e e n  c o n c e rn e d  

w i t h  r a c é m i s a t i o n  o n l y  and  no d e c o m p o s i t i o n  had  o c c u r r e d ,

(o)  ( + ) - 2 , 3 , 8 , 9 - T e t r a h y d r o - 3 ' , 4 * , 2 * - t r l m e t h o x y - E - m e t h y l -  

4 , 5 : 6 , 7 - d i b e D s a z o n l n e  (LXXVII),

A 5 , 4 9 ^  s o l u t i o n  i n  p - p h e n y l e t h y l  a l c o h o l  s o l u t i o n  was 

u se d  i n  t h e  t e m p e r a t u r e  r a n g e  1 4 5 ,0 - 1 9 1 ,5 ® ,  X =  5730 2 , .

E = 3 1 , 5  k c a l ,  m o le " ^ ,  = 3 0 ,9  k c a l ,  m o le " ^ ,

10*20 A = 1 1 , 7  s e c " ^ . ,  = 3 4 , 5  k c a l ,  m o le " ^  a t

AS* = - 7 . 6 0  e , u . , 1 9 1 , 5 ° ,

The r a c e m a te  was i s o l a t e d  w i t h  69^  r e c o v e r y ,  a f t e r  

h e a t i n g  t h e  combined f r a c t i o n s  o f  s o l u t i o n  from t h e  k i n e t i c  

r u n s  u n t i l  o p t i c a l l y  i n a c t i v e .  E l e m e n t a r y  a n a l y s i s  gave  

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

showed t h a t  r a c é m i s a t i o n  o n l y ,  w i t h  no d e c o m p o s i t i o n ,  h ad  

o c c u r r e d .
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The P r e p a r a t i o n  and  P r o p e r t i e s  o f  B e n t l e y  and R o b i n s o n ' s  B a se ,

Sodium d r i e d  s o l v e n t s  were  u sed  w h e re  a n h y d ro u s  c o n d i t i o n s  

were  r e q u i r e d .

Anhydrous  magnésium i o d i d e  was p r e p a r e d  a s  f o l l o w s .  I o d i n e  

( 9 , 1 5  g , )  was a d d ed  t o  a  s l i g h t  e x c e s s  ( £ a ,  1 g , ) o f  magnesium 

t u r n i n g s  i n  a  m i x t u r e  o f  benzene  (80 e , c , )  a n d  e t h e r  (20  o , c , ) .  

P r e c a u t i o n s  w ere  t a k e n  t o  e n s u r e  t h e  e x c l u s i o n  o f  m o i s t u r e .

S l i g h t  warming was n e e d e d  to  s t a r t  t h e  r e a c t i o n  and  when th e  

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

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

r e p l a c e d  by a  muddy-brown c o l o u r  ( ^ a ,  IJ- h r , ) ,

T h e b a in e  a n d  t h e  magnesium i o d i d e  w ere  t h e n  a l l o w e d  t o  r e a c t  

t o g e t h e r ,  by t h e  m ethod  o f  B e n t l e y  a n d  R o b in so n ^ ^ ,  T h e b a in e  

(10  g , ) was d i s s o l v e d  i n  b en zen e  (200 c , c , )  a n d  t h e  a n h y d ro u s  

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

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

t a k e n  t o  e x c l u d e  m o i s t u r e ,  A d a r k  brown p r e c i p i t a t e  im m e d ia t e l y  

fo rm ed ,  w h ic h  soon  became g r e e n  and e v e n t u a l l y  l i g h t  b rown.  

H e a t i n g  u n d e r  r e f l u x  and s t i r r i n g  w ere  c o n t i n u e d  f o r  a  f u r t h e r  

4 h r , ;  t h e  s o l i d  was t h e n  r a p i d l y  f i l t e r e d  o f f ,  w ashed  w i t h  h o t  

b e n z e n e ,  t h e n  e t h e r ,  and  s t o r e d  i n  a n  e v a c u a t e d  d e s i c c a t o r .

Y i e l d  2 7 , 2  g ,  o f  m a t e r i a l  w h ich  was s t i l l  h e a v i l y  s o l v a t e d  w i t h
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b e n s e n e ;  t h i s  was g r a d u a l l y  l i b e r a t e d  o n  s t o r a g e  e v en  a f t e r  a

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

s i x  m o n th s '  s t o r a g e ,  a s  p r e v i o u s l y  s t a t e d  by B e n t l e y  and

R o b in s o n .  A l t o g e t h e r  234 g* w ere  p r e p a r e d  i n  t h i s  way.

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

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

i m m e d ia te ly  p r o d u c e d  a  g r e e n i s h  s u b s t a n c e .  The i n f r a r e d  s p e c t r u m
86showed a  p e a k  a t  5 ,9 5  ji, p o s s i b l y  due to  a  c y c l i c  C=IT g ro u p  ,

an d  t h e r e  was i n t e n s e  a b s o r p t i o n  a t  2 . 8 - 3 , 2  w h ich  may have

b e e n  due t o  h y d r o x y l ^ ?  p r o d u c e d  by .som e a e r i a l  h y d r o l y s i s  o f

t h e  -O H gl ,  On t e s t i n g  f o r  ITg and  I**, p o s i t i v e  r e s u l t s  w ere

o b t a i n e d .  The above  e v i d e n c e  s u p p o r t e d  B e n t l e y  and R o b i n s o n ' s

s t r u c t u r e  ( L I I I )  f o r  t h i s  p r o d u c t .

The above  t h e b a in e - m a g n e s i u m  i o d i d e  p r o d u c t  was r e d u c e d

w i t h  l i t h i u m  a lu m in ium  h y d r i d e ,  by a  m o d i f i c a t i o n  o f  B e n t l e y
65a n d  R o b i n s o n ' s  m ethod  ,  1 3 , 6  G, o f  t h e  f r e s h l y  p r e p a r e d  p r o d u c t  

were  s u s p e n d e d  i n  e t h e r  (75  c , c , ) .  L i t h i u m  a lu m in iu m  h y d r i d e  

( 1 , 6  g , ) was s u s p e n d e d  i n  e t h e r  (4 5  c , c . )  and  ad d ed  s l o w l y  t o  

t h e  above  s u s p e n s i o n .  The m i x t u r e  was h e a t e d  u n d e r  r e f l u x  and  

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

m o i s t u r e ,  A l a r g e  volume o f  g a s  was e v o l v e d  d u r i n g  t h e  a d d i t i o n .  

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

i n i t i a l l y  p r e s e n t  g i v i n g  way t o  a  w h i t e  o n e .  The m i x t u r e  was 

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

wet  e t h e r .  I t  was c o m p le te d  w i t h  a  3 3 ^  a q u e o u s  s o l u t i o n  o f
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R o c h e l l e * a s a l t .  About  1 l i t r e  o f  w a t e r  was a d d ed  t o  t h e  t h i c k

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

e t h e r .  The combined e x t r a c t s  w ere  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  and  th e  e t h e r  was e v a p o r a t e d ,  t h e  l a s t  t r a c e s  b e i n g

t a k e n  o f f  u n d e r  vacuum. Y i e l d  3 , 8 5  g , , £ a ,  BO;a b a s e d  on

t h e b a i n e .  A l t o g e t h e r  39 g ,  were  p r e p a r e d .

The s u b s t a n c e  was i n  t h e  fo rm  o f  a  d a rk - b r o w n  g l a s s  o f

s o f t e n i n g  p o i n t  £ a ,  5 0 - 5 3 ° ,  The i n f r a r e d  s p e c t r u m  o f  a n

e v a p o r a t e d  a c e t o n e  s o l u t i o n  was s i m i l a r  i n  fo rm  t o  t h a t  o f  one

o f  ( + ) - a - p h e n y l d i h y d r o t h e b a i n e  (VI) w h ich  h ad  b e e n  t r e a t e d

s i m i l a r l y ,  i n d i c a t i n g  t h a t  t h e  two compounds h a d  t h e  same b a s i c

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

3 , 2 5 ,  3 , 2 7 ,  3 , 3 1 ,  8 , 8 5 ,  9 , 2 0 ,  1 2 ,9 0  and  1 3 ,8 5  p, w h ic h  c o u ld  h ave

b e e n  due to  a n  e x t r a  p h e n y l  g r o u p ^ ^ ^ .  E ach  s p e c t r u m  c o n t a i n e d  a

p e a k  a t  3 , 6 0  p ,  p resum ed  t o  be due t o  a n  îEIe g r o u p ^ ^ .  T h a t  o f

t h e  p r e p a r e d  b a s e  showed v i r t u a l l y  no a b s o r p t i o n  a t  6 ,0 5  p ( s e e
89l a t e r )  w h ic h  c o u ld  h av e  b e e n  due t o  RH h a d  i t  b e e n  p r e s e n t  ,

and  a  d o u b le  p e ak  w i t h  maxima a t  2 . 8 5  and 2 , 9 0  p o c c u r r e d ,
87

w h ic h  was due t o  OH b u t  p a r t  was t h e n  t h o u g h t  t o  be due t o  IIH, 

n i t r o g e n  was p r e s e n t  ( L a s s a i g n e  t e s t )  and c o l d  n i t r o u s  

a c i d  gave  a n  o r a n g e - r e d  s o l u t i o n ,  w h e r e a s  t h e  p h e n ^ r ld ih y d r o -  

t h e b a i n e  g ave  a  y e l l o w  s o l u t i o n .  Each  gave  a  d e ep  r e d  s o l u t i o n  

on  b a s i f i o a t i o n ,  R i t r o u s  a c i d  an d  th e  p e r f o r m a n c e  o f  L ie b e rm a n n ' s  

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

b l u e  c o l o u r  w h ich  became p u r p l e  on  d i l u t i o n  an d  yellcr.y on
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t a r i f i c a t i o n .  At t h i s  s t a g e  i t  was u n c e r t a i n  w h e t h e r  t h i s  

p r e p a r e d  b a s e  was t h e  s e c o n d a r y  amine (LIV) o r  t h e  H -m ethy l  

a z o n i n e  ( X L I I ) ,

On s t a n d i n g  i n  a i r ,  t h e  b a s e  assum ed a  b l u i s h  c o l o u r a t i o n ,  

b u t  when k e p t  i n  a n  e v a c u a t e d  d e s i c c a t o r ,  i t  d o es  n o t  h a p p e n ,  

and  hence  i t  was s t o r e d  i n  t h i s  way.

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

l i t h i u m  a lu m in iu m  h y d r i d e  a f t e r  two w e e k s ’ s t o r a g e ,  p r o v e d  

more d i f f i c u l t  and  n e ed e d  a  much l o n g e r  p e r i o d  o f  h e a t i n g  u n d e r  

r e f l u x .  Y i e l d  2 . 8 1  g . , 58.5^, b a s e d  on  t h e b a i n e .

I n v e s t i g a t i o n  o f  t h e  C o m p o s i t io n  o f  B e n t l e y  and R o b in s o n ’ s B a s e .  

(a )  R e a c t i o n  w i t h  M e thy l  I o d i d e ,

(1)  V-ith E x c e s s  o f  R e a g e n t ,

The b a s e  ( 3 , 7 5  g . )  was d i s s o l v e d  i n  a c e t o n e  ( 7 , 5  c , c , )  an d  

m e t h y l  i o d i d e  (5  c , c , )  a d d e d ,  A w h i t e  p r e c i p i t a t e  s l o w l y  fo rm ed  

a n d  t h e  m i x 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  1^  h r .  The a c e t o n e  

an d  most  o f  t h e  e x c e s s  m e t h y l  i o d i d e  w e re  removed,  a  l i t t l e  

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

b e i n g  washed  w i t h  a c e t o n e .  Y i e l d  4 , 6  g ,  ( 8 1 ^ ) ,  The p r o d u c t  was 

c r y s t a l l i s e d  f rom  e t h a n o l ,  g i v i n g  ( + ) - 2 , 3 , 8 , 9 - t e t r a l i y d r o - 4 ’ -  

h y d r o x y - 3  ’ , 2 " -d im e th o x y -H ,  R-dime t h y  1 - 4 , 5 : 6 , 7 - d i b e n z  a z o n in iu m  

i o d i d e  (LXV) a s  s m a l l  p a l e  y e l l o w  c r y s t a l s ,  m .p ,  2 1 8 - 2 1 8 , 5 ° ,

[ a ] ^  + 4 4 , 6 ° ,  [ “ ] 5433_ + 5 4 . 8 ° ,  ( c ,  0 , 2 5  i n  e t h a n o l ) .
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(Found:  C, 5 2 . 5 ;  H, 5 . 9 ;  I ,  2 7 . 7 ;  H, 3 . 2 ;  0 ,  1 0 . 6 .  CgoHaginOg 

r e q u i r e s  C, 5 2 . 0 ;  H, 5 . 7 5 ;  I ,  2 7 . 9 ;  H, 3 . 1 ;  0 ,  1 0 . 5 ^ ) .
87The i n f r a r e d  s p e c t r u m  c o n t a i n e d  a  h y d r o x y l  p e a k  a t  5 . 0 5  p .  

I n  t h e  5 . 2 - 3 . 7  p r e g i o n ,  i t  r e s e m b l e d  i n  o u t l i n e  t h e  s p e c t r u m  

o f  ( + ) - a - p h e n y l d i h y d r o t h e b a i n e  m e t h y l  e t h e r  m e t h i o d i d e  (LXVI) ,
e

T o g e t h e r  w i t h  t h e  a n a l y s i s ,  t h i s  ahowed t h e  p r e s e n c e  o f  a n  EMe^ 

g r o u p  and s u p p o r t e d  s t r u c t u r e  (LXV) f o r  t h e  compound. B o th  

s e c o n d a r y  amine and IT-methyl a z o n i n e  would g i v e  t h i s  compound 

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

Some o f  th e  m e t h i o d i d e  ( 0 , 2 2  g , ) was d i s s o l v e d  i n  d i l u t e  

a q u e o u s  sodium h y d r o x i d e  s o l u t i o n  and  d i l u t e  a c i d  was ad ded  

u n t i l  p r e c i p i t a t i o n  j u s t  commenced. One d ro p  o f  t h e  sodium 

h y d r o x i d e  s o l u t i o n  was t h e n  a d d e d ,  f o l l o w e d  by an a q u eo us  

s o l u t i o n  o f  0 , 3 3  g ,  o f  sod ium  p i c r a t e .  On a d j u s t i n g  t h e  pH t o  

b e tw e e n  5 and  7 ,  a  y e l l o w  p r e c i p i t a t e  ( 0 , 2 8  g , ) was o b t a i n e d  o f  

t h e  p i c r a t e .  T h i s  was c r y s t a l l i s e d  f ro m  i s o - p r o p y l  a l c o h o l ,  

f i l t e r e d ,  an d  washed  w i t h  l i g h t  p e t r o l e u m  ( b . p ,  4 0 - 6 0 ° ) ,  A f t e r  

t h e  p i c f a t e  h a d  b e e n  d r i e d  u n d e r  vacuum f o r  one day  a t  6 0 - 7 0 ° ,  

i t s  m .p ,  was 1 0 2 , 5 - 1 0 4 ° ,  A f u r t h e r  c r y s t a l l i s a t i o n ,  and  p e r i o d  

o f  d r y i n g  u n d e r  vacuum a s  b e f o r e ,  gave  0 , 1 2  g ,  o f  ( + ) - 2 , 3 , 8 , 9 -  

t e t r a - h y d r o - 4 ’ - h y d r o x y - 3 ’ , 2 " -d im e  th o x y -H ,R -d im e  t h y 1 - 4 , 5 : 6 , 7 -  

d i b e n z a z o n i n i u m  p i c r a t e ,  m .p ,  9 6 - 9 8 ° ,  (Found:  C, 5 6 , 1 ;  ÏÏ, 5 , 2 ;

R, 9 , 9 ;  0 ,  2 3 , 7 ,  Cg^H^gR^O^Q r e q u i r e s  C, 5 6 , 1 ;  H, 5 , 1 ;  R, 1 0 , 1 ,

0 ,  2 8 , 7 5 ^ ) ,  P r e c i p i t a t i o n  f rom  i s o - p r o p y l  a l c o h o l  s o l u t i o n  by 

p o u r i n g  t h i s  i n t o  e t h e r ,  i n c r e a s e d  t h e  m .p ,  to  1 0 4 , 5 - 1 0 7 , 5 ° ,
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(Found:  C, 5 6 . 0 5 ;  n ,  5 . 1 ;  îî,  1 0 . 3 .  Cg^EgglT^O^g r e q u i r e s ;  C, 5 6 . 1 ;  

H, 5 . 1 ;  Iî, l O . l j J ) .  I t  seems t h a t  m e l t i n g  p o i n t  depen d s  on 

p a r t i c l e  s i z e  o r  c r y s t a l  s t r u c t u r e ,

( i i )  R e a c t i o n  w i t h  one E q u i v a l e n t  o f  M e th y l  I o d i d e ,

The b a s e  ( 1 , 0  g , ) vjas d i s s o l v e d  i n  a c e t o n e  (2 c , c . )  a n d  one 

e q u i v a l e n t  ( 0 ,2 1  c , c , )  o f  m e t h y l  i o d i d e  was p i p e t t e d  i n t o  t h e  

m i x t u r e ,  A w h i t i s h  p r e c i p i t a t e  s l o w l y  fo rm ed ,  and  t h e  m i x 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  2 h r ,  on  a  low t e m p e r a t u r e  w a t e r  

b a t h ,  A l i t t l e  u n r e a c t e d  m e t h y l  i o d i d e  and a c e t o n e  were  b o i l e d  

o f f ,  V/ater  was added  t o  t h e  r e s i d u e  w h ic h  was t h e n  e x t r a c t e d  

w i t h  b e n ze n e  s i x  t i m e s .  The combined e x t r a c t s  w ere  d r i e d  o v e r  

c a l c i u m  c h l o r i d e  and  e v a p o r a t e d ,  l e a v i n g  a  brown gum ( 0 , 1  g , ) .

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

t h i s  p r o d u c t  gave  a  w h i t e  p r e c i p i t a t e .

The a q u e o u s  s o l u t i o n  was e v a p o r a t e d  a n d  t h e  r e s i d u e  was 

d i s s o l v e d  i n  a c e t o n e ,  w h ic h  was t h e n  rem oved .  S o l u t i o n  i n  

a c e t o n e  a g a i n  g a v e ,  on  s t a n d i n g ,  a  w h i t e  p r e c i p i t a t e  ( 1 , 1 5  g , ) ,  

m ,p ,  2 1 5 - 2 1 5 , 5 ° ,  T h i s  was f i l t e r e d  o f f  and th e  f i l t r a t e  was 

e v a p o r a t e d ,  g i v i n g  a  r e s i d u e  ( 0 , 3 5  g , ) ,  n e i t h e r  r e a c t e d  f u r t h e r  

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

i d e n t i c a l  w i t h  t h a t  o f  t h e  m e t h i o d i d e  (LXV) o f  t h e  l i t h i u m  

a lu m in iu m  h y d r i d e  r e d u c t i o n  p r o d u c t ,  p r e p a r e d  i n  ( i )  a b o v e ,  an d  

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

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

r e s i d u e  m ust  h ave  b e e n  l e s s  p u r e .
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A n o t h e r  e x p e r i m e n t ,  u s i n g  h a l f  t h e  above  q u a n t i t i e s  o f  

r e a g e n t s  y i e l d e d  0 , 1  g, o f  th e  brown gum and 0 , 4  g, o f  t h e  

q u a t e r n a r y  s a l t .  D e d u c t io n s  o b t a i n e d  f rom  t h e  v a r i o u s  I , R ,  

s p e c t r a  a r e  d i s c u s s e d  on  p .  113 ,

E ach  b a t c h  o f  q u a t e r n a r y  m e t h i o d i d e ,  o b t a i n e d  a b o v e ,  was 

c o n v e r t e d  i n t o  t h e  p i c r a t e ,  a s  i n  ( i ) .  Com par ison  o f  t h e  i n f r a r e d  

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

a u t h e n t i c  sp e c im e n ,  showed t h a t  t h e  sa n e  compound h a d  b e e n  

o b t a i n e d .  T h i s  was c o n f i r m e d  by m ixed  m e l t i n g  p o i n t  e v i d e n c e ,

(b )  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  o f  t h e  P i c r a t e  o f  t h e  B a s e .

The b a s e  ( 5 , 0  g , )  was d i s s o l v e d  i n  e t h a n o l  and Irwo 

e q u i v a l e n t s  ( 7 , 5  g , ) o f  p i c r i c  a c i d  i n  e t h a n o l  s o l u t i o n  were  

a d d e d ,  g i v i n g  a  y e l l o w  gum. C r y s t a l l i s a t i o n  f rom  e t h a n o l  gave  a n  

o i l ,  w h ic h  s o l i d i f i e d  on  c o o l i n g ,  and  two c r o p s  o f  c r y s t a l s :

( i )  2 . 2 1  s . ,  E . P .  1 0 7 - 1 4 4 ° ,  and  (11)  0 . 8 5  g . ,  m .p .  8 3 - 1 0 5 ° ,  

1 3 5 - 1 4 0 ° ,  on  c o n c e n t r a t i o n  o f  t h e  m o th e r  l i q u o r .  F u r t h e r  

c r y s t a l l i s a t i o n  o f  t h e s e  f r a c t i o n s  f ro m  e t h a n o l  a lw a y s  gave  a n  

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

o b t a i n e d ,  b u t  n -  an d  i s o - p r o p y l  a l c o h o l s  gave  o n ly  s o l i d  and  

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

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

e t h a n o l ,  e x t r a c t i o n  o f  e a c h  w i t h  h o t  i s o - p r o p y l  a l c o h o l  gave  a  

s o l u t i o n  and  a  much l e s s  s o l u b l e  r e s i d u e .  The more s o l u b l e  

f r a c t i o n  v;as r e c o v e r e d  on c o o l i n g ,  and  r e - e x t r a c t e d  w i t h  h o t  

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

n - p r o p y l  a l c o h o l .  The c r y s t a l l i s e d  p r o d u c t s  f ro m  n - p r o p y l
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a l c o h o l  w e re  c r y s t a l l i s e d  f a r t h e r  f ro m  t h i s  s o l v e n t .  T h is  

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

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

o b t a i n e d  from  i s o - p r o p y l  a l c o h o l  had  m ,p ,  1 0 3 - 1 0 5 , 5 °  and  was i n  

h i g h  y i e l d ;  t h a t  f rom  n - p r o p y l  a l c o h o l ,  m ,p ,  2 1 7 - 2 1 8 ° ,  was v e r y  

s m a l l  i n  q u a n t i t y .

The f o r m e r  p i c r a t e  a p p e a r e d  a t  t h e  t im e  t o  be  e i t h e r  th e  

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

u n s o l v a t e d  R -m ethy l  a z o n i n e ,  a s  t h e  f o l l o w i n g  r e s u l t s  i n d i c a t e d :  

(Found:  C, 5 5 , 4 ;  H, 5 , 3 ;  IÎ, 9 , 8 ;  0 ,  2 9 , 4 5 ,  + C^H^OH

r e q u i r e s :  C, 5 5 , 1 ;  H, 5 , 5 ;  R, 9 , 5 ;  0 ,  2 9 , 9 ,

( R - m e th y l  a z o n i n e  p i c r a t e )  r e q u i r e s :  C, 5 5 ,3 5 ;  ÎÎ, 4 , 8 ;  R, 1 0 , 3 ;  

0 ,  2 9 , 5 ^ ) ,  A f t e r  s t a n d i n g  f o r  two weeks t h i s  p i c r a t e  h ad  m ,p ,  

1 0 6 - 1 1 9 ° ,  An a u t h e n t i c  spec im en  ( o b t a i n e d  l a t e r )  o f  t h e  R -m eth y l  

a z o n i n e  was c o n v e r t e d  i n t o  t h e  p i c r a t e ,  a n d ,  a f t e r  two 

c r y s t a l l i s a t i o n s  f rom  i s o - p r o p y l  a l c o h o l ,  t h e  ( + ) - 2 , 3 , 8 , 9 - t e t r a -  

h y d r o - 4  *- h y d r o x y - 3 * , 2 ^ - d im e th o x y - R - m e th y 1 - 4 , 5  ; 6 , 7 - d i b e n -  

z a z o n in i u m  p i c r a t e  had  m ,p ,  1 0 1 - 1 1 1 ° ,  (Found :  G, 5 5 , 7 ;  H, 5 , 7 ;

R, 9 , 9 ;  0 ,  2 8 , 5 ,  ^25^26^^4^10 C , 5 5 ,3 5 ;  H, 4 , 8 ;

R, 1 0 , 3 ;  0 ,  29 ,5-S) ,  The r e s u l t  f o r  oxygen  was a n o m a lo u s .  The 

i n f r a r e d  s p e c t r a  o f  t h i s  and th e  p i c r a t e  m , p , 1 0 3 - 1 0 5 ,5 °  were 

i d e n t i c a l .

The f o l l o w i n g  w ere  p r e p a r e d  i n  o r d e r  t o  r e c o r d  t h e i r  

R,M,R, s p e c t r a :

( i )  Some o f  t h e  p i c r a t e ,  m ,p ,  1 0 3 - 1 0 5 , 5 ° ,  was e x t r a c t e d  

f ro m  sodium  h y d r o x i d e  s o l u t i o n  a t  pH 5 -6  w i t h  e t h e r ,  an d  a f t e r
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d r y i n g  th o  e x t r a c t  o v e r  e j f i y d r o u s  sod ium  s u l p h a t e ,  t h e  e t h e r  was : 

rem oved .  The b a s e  o b t a i n e d  was d r i e d  u n d e r  vacuum,

( i i )  The p i c r a t e  o f  a u t h e n t i c  c r y s t a l l i n e  R -m e th y l  a z o n i n e  '* 

( o b t a i n e d  l a t e r )  was c o n v e r t e d  i n t o  t h e  b a s e ,  w h ic h  was d r i e d  ; 

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

t e m p e r a t u r e  o f  l i q u i d  n i t r o g e n ,

( i l l )  A u t h e n t i c  c r y s t a l l i n e  R -m e th y l  a z o n i n e  ( o b t a i n e d  l a t e r ,  

p .  1 5 9 ) .

( i v )  S o l v a t e d  p h e n y l d i h y d r o t h e b a i n e  was c r y s t a l l i s e d  1n?lce 

f rom  l i g h t  p e t r o l e u m  ( b , p ,  4 0 - 6 0 ° )  an d  o b t a i n e d  u n s o l v a t e d ,  a s  

shown by t h e  I , R ,  s p e c t r u m .  I t  h a d  n , p ,  5 8 - 5 4 ° ,

The n , m , r ,  s p e c t r a  w e re  d e t e r m i n e d ,  u s i n g  t e t r a m e t h y l s i l a n e  

a s  s t a n d a r d ,  a t  60 ! . !c/sec.  The p e a k s  a t  t h e  g i v e n  c h e m ic a l  s h i f t s  

were  I d e n t i f i e d  a s  shown, am ongs t  o t h e r s ,  and  t h e  s i g n i f i c a n c e  o f  

t h e  u n i d e n t i f i e d  p e a k s  a r e  d i s c u s s e d  on  p ,  11 6 ,

Specimen S o l v e n t OH IIeO IHe U n i d e n t i f i e d

(1) c n c i j - 6 , 1 0 , 6 ,2 2 7 ,7 3 8 ,7 8

(1) CCI4 4 , 7 5 6 , 1 2 , 6 ,2 2 7 ,7 7 8 .6 9

(11) CDGlg - 6 , 0 8 , 6 ,2 0 7 ,7 3 8 .7 6 *

(11) CCI4 4 , 8 5 6 , 1 5 , 6 , 2 5  , 7 ,8 0 8.71®

(111) CGI4 4 .6 5 6 , 1 6 , 6 ,2 5 7 ,8 0

( I v ) CDClg 4 , 5 4 6 , 0 2 , 6 , 1 7 7 ,7 1 8 . 9 7 ,  9 . 1 4

( 1 ? ) CCI4 4 , 6 0 6 . 1 0 , 6 ,2 5 7 ,8 1 9 . 1 0

^ s m a l l  p e a k s .

Column c h ro m â tograpi iy  f a i l e d  to  g i v e  more t l i a n  one s u b s t a n c e
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f rom th o  p l c r a t o  m .p .  1 0 3 - 1 0 5 . 5 ° .  H e a t i n g  u n d e r  r e f l u x  w i t h  

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

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

p o i n t .  However ,  a f t e r  p r e c i p i t a t i o n  o f  e a c h  o f  t h e s e  f rom  e i t h e r  ■ 

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

p e t r o l e u m  ( b . p ,  5 0 - 3 0 ° ) ,  p r o d u c t s  o f  s i m i l a r  m .p ,  (jca. 120°)  an d  i 

o f  i d e n t i c a l  I , R ,  s p e c t r a  w are  o b t a i n e d .  P r e c i p i t a t i o n  o f  some 

o f  t h e  p i c r a t e ,  n , p ,  1 0 3 - 1 0 5 . 5 ° ,  f rom  benzen e  s o l u t i o n  by th e  

a d d i t i o n  o f  s u c c e s s i v e  q u a n t i t i e s  o f  l i g h t  p e t r o l e u m  ( b . p ,  40-50°)  

gave  f r a c t i o n s  o f  d i f f e r e n t  m . p , , b e tw e e n  123 an d  1 5 5 ° ,  However, 

t h e  I , H ,  s p e c t r a  w ere  i d e n t i c a l .  A l l  t h e  s p e c t r a  o b t a i n e d  h e r e  

were  i d e n t i c a l  w i t h  t h a t  o f  th e  p i c r a t e ,  m .p ,  1 0 5 - 1 0 5 , 5 ° ,  w i t h  

p e a k s  a t  3 , 6 7  (îRIe) b u t  none a t  _ca, 6 fi (SH),

The p i c r a t e ,  m .p ,  2 1 7 - 2 1 3 ° ,  a p p e a r e d  t o  be th e  u n s o l v a t e d

IT-methyl a z o n i n e ,  by a n a l y s i s .  (Found;  C, 5 5 , 6 5 ;  H, 4 , 8 ;  H, 1 0 , 3 ;

0 ,  2 9 , 4 ,  Cg^HggH^Ojg r e q u i r e s :  C, 5 5 , 3 5 ;  H, 4 , 8 ;  R, 1 0 , 3 ;

0 ,  2 9 ,5 , j ) ,  On c o n v e r s i o n  i n t o  t h e  b a s e ,  n . m . r ,  s p e c t r o s c o p y  gave  ' 

u n i n t e l l i g i b l e  r e s u l t s .  The a u t h e n t i c  spec im en  o f  t h e  H-methy1 

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

h a d  m .p ,  1 1 1 - 1 1 4 ° ,  Ho f u r t h e r  work  was done on  t h e  p i c r a t e ,  

m .p ,  2 1 7 - 2 1 8 ° ,  owing t o  i n s u f f i c i e n t  s a m p le ,

( c) Work on t h e  L i t h i u m  Aluminium H y d r id e  R e d u c t io n  P r o d u c t .

( i )  F r a c t i o n a l  P r e c i p i t a t i o n ,

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

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

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

h a d  no poak^^  a t  3 . 6 0  n (n.1o),  b a t  a b s o r p t i o n  o c c u r r e d  a t
89c a , 6 s u s p e c t e d  o f  b e l n ^  due t o  a n  g ro u p  , 'RJzposare o f  

t h i s  f r a c t i o n  to  a i r  and  e x t r a c t i o n  v / i t h  a c e t o n e > g ave  a  brown 

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

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

b a s e .

(11 ) Attempted Chromatographic Separation.

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

q u a n t i t y  o f  a c e t o n e  and  d e p o s i t e d  on  a  s i l i c a  g e l  c h ro m a to ­

g r a p h i c  column an d  e l a t e d  v ; i t h  t h e  f o l l o w i n g ,  i n  t h e  o r d e r  

shown: 60,j a c e t o n e  + 40^, c a r b o n  t e t r a c h l o r i d e ;  8 0 /  a c e t o n e  + 2 0 /  

c a r b o n  t e t r a c h l o r i d e ;  1 0 0 /  a c e t o n e ;  c h l o r o f o r m ;  a n d  e t h a n o l .

The f i r s t  e l u a n t  gave  a  s u b s t a n c e  whose I . E .  s p e c t r u m  was 

somewhat d i f f e r e n t  f rom  t l i a t  o f  t h e  r e d u c t i o n  p r o d u c t ,  t h e  m a in  

d i f f e r e n c e s  b e i n g  t h e  p r e s e n c e  o f  p e a k s  a t  6 .0 0  (i and  5 ,9 0  fi 

b u t  n o t  a t  3 . 6 0  fi. T h e re  was no e v id e n c e  f o r  t h e  p r e s e n c e  o f  

IlCOg" o r  COg~~. ho change i n  t h e  s p e c t r u m  o c c u r r e d  on  d r y i n g  t h e  

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

t e m p e r a t u r e  o f  l i q u i d  n i t r o g e n .  C arbon  d i o x i d e  was p a s s e d  

t h r o u g h  a  s o l u t i o n  o f  th e  a u t h e n t i c  K -m athy l  a s o n i n e  ( o b t a i n e d  

la t3 r ) inaqu G o u3  a c e t o n e ,  f o r  6 h r .  A f t e r  d r y i n g  t h e  p r o d u c t  u n d e r  

vacuum a s  a b o v e ,  a  mauve s o l i d  was o b t a i n e d .  The I . E .  s p e c t r u m  

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

A l th o u g h  t h e r e  was a  p e a k  a t  6 .0 5  |i ( p r o b a b l y ^ ^  k h f ) a n d  t h a t  a t  

3 . 6 0  p, (IZJo) was v e ry  s m a l l ,  t h e r e  was n o t  one a t  5 .9 0  p. (C=0
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s t r e t c h i n g  f r e q a c n c y ^ ^ )  n o r  was t h e r e  any o t h e r  e v id e n c e  f o r  '

nC0g~ o r  COg~~. T h e re  were  a l s o  o t h e r  s m a l l e r  d i f f e r e n c e s .

The s e c o n d  e l u a n t  on  e v a p o r a t i o n  y i e l d e d  a  s u b s t a n c e  whose 

I , R ,  s p e c t r u m  r e s e m b le d  t h a t  o f  t h e  r e d u c t i o n  p r o d u c t ,  b u t  on  

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

r e s i d u e  w h ich  a b s o r b e d  w eak ly  a t  5 .8 5  {Jt i n  t h e  I . E .  r e g i o n .  T h i s  ' 

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

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

t h e  c h l o r o f o r m ,  w h ich  gave  no p r o d u c t .

(d)  A t t e m p te d  S e p a r a t i o n  o f  t h e  Components by t h e  P r e p a r a t i o n  

o f  D e r i v a t i v e s ,

(1)  R e a c t i o n  w i t h  H i t r o u s  A c id ,

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

a n  o ra n g e  c o l o u r e d  s o l u t i o n ,  E x ce ss  a c i d  was removed by th e  

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

e t h e r .  The e x t r a c t  was washed  w i t h  w a t e r  a n d  e v a p o r a t e d .  The 

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

t h e  s e c o n d a r y  amine (LXVII) o r  o f  t h e  R -m e th y l  a s o n i n e  (LXVIII)

( p .  1 1 9 ) .

The a q u eo u s  s o l u t i o n  was r e n d e r e d  b a s i c  w i t h  so d iu m  c a r b o n a t e  

and  e x t r a c t e d  w i t h  c h l o r o f o r m .  The I . R ,  s p e c t r u m  o f  t h i s  p r o d u c t  

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

s u g g e s t e d  t h a t  t h e  p r o d u c t  was a  l e s s  p u r e  f o m  o f  t h e  same 

compound,

( l i )  R e a c t i o n  w i t h  l - R a p h t h y l i s o c y a n a t e .  s o l v e n t s  were

u se d  t h r o u g h o u t .

The o r i g i n a l  b a s e  ( 2 . 0  g . ) ,  1 - n a p h t h y l i s o c y a n a t e  (1  c . c , .
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j u s t  o v e r  one e q u i v a l e n t ) ,  and one d r o p  o f  t r i e t h y l a m in e  

d i s s o l v e d  i n  e t h e r  t o  a o t  a s  a  c a t a l y s t ,  were  h e a t e d  i n  a  

n i t r o g e n  a tm o s p h e r e  a t  80® f o r  20 n i n , , c a r e  b e i n g  t a k e n  t o  

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

m o l t e n  mass h a d  become s o l i d .  A f t e r  c o o l i n g ,  t h e  r e a c t i o n  

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

(1 )  C o ld  l i g h t  p e t r o l e u m  ( b . p .  40 -6 0 ® ) .  A f t e r  e v a p o r a t i o n  

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

f u r t h e r  i n v e s t i g a t i o n ,  was o b t a i n e d .

(2 )  C o ld  l i g h t  p e t r o l e u m  ( b . p .  8 0 - 1 0 0 ° ) .  T h i s  y i e l d e d  a  

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

f rom  l i g h t  p e t r o l e u m  ( b . p .  1 0 0 - 1 2 0 ° ) ,  m .p .  9 5 - 1 0 0 ° .  T h i s  was 

r e g a r d e d  a s  b e i n g  a n  impure  form  o f  t h e  ï ï -m e th y l  a z o n i n e  

d e r i v a t i v e  (L IX ) .

(3 )  C o ld  l i g h t  p e t r o l e u m  ( b . p .  1 0 0 - 1 2 0 ° ) .  E v a p o r a t i o n  o f  

t h i s  e x t r a c t  gave  a  s o l i d ,  w h ic h  a f t e r  t^vo c r y s t a l l i s a t i o n s  

f ro m  t h i s  s o l v e n t ,  g a v e  p a l e  y e l l o w  c r y s t a l s ,  m .p .  100-110®.

The m o l e c u l a r  w e i g h t  i n  9 6 /  e t h a n o l  s o l u t i o n  was fo u n d  t o  be 467,  

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

b e n z i l  i n  9 6 /  e t h a n o l  s o l u t i o n .  The m o l e c u l a r  w e ig h t  o f  (lOCX) 

i s  4 8 2 . 6 ,  and  h e n c e  t h i s  s u b s t a n c e  was c o n s i d e r e d  to  be a n  

im pure  fo rm  o f  t h e  R -m e th y l  a z o n i n e  d e r i v a t i v e .

(4)  n o t  l i g h t  p e t r o l e u m  ( b . p .  100-120® ),  A f t e r  a l l o w i n g  

t h i s  e x t r a c t  t o  c o o l ,  t h e  s u b s t a n c e  w hich  p r e c i p i t a t e 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  a g a i n ,  g i v i n g  a n  o f f - w h i t e  s o l i d
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m .p ,  1 0 0 - 1 3 0 ° .  The c r y s t a l l i s a t i o n  l i q u o r  was combined w i t h  t h e  

c o o l e d  e x t r a c t  and  s e t  a s i d e .  The s o l i d  was e x t r a c t e d  w i t h  e t h e r ,  

g i v i n g  a  v i o l e t  c o l o u r e d  r e s i d u e  o f  m ,p ,  1 9 5 ° ,  The e x t r a c t  

was s e t  a s i d e  f o r  f u r t h e r  t r e a t m e n t ,

D i - ( l - n a p h t h y l ) - u r e a  (LXXI) and  t h e  impure  R-me t h y 1 a z o n i n e  

d e r i v a t i v e  (LXX) w ere  i s o l a t e d  from th e  r e s i d u e ,  m ,p .  _ca, 1 9 5 ° ,  

t h e  f o r m e r  b e i n g  i d e n t i f i e d  by c o m p ar ing  t h e  m e l t i n g  p o i n t  an d  

I . R ,  s p e c t r u m  w i t h  t h o s e  o f  a n  a u t h e n t i c  sp e c im e n ,  p r e p a r e d  by 

t h e  a c t i o n  o f  w a t e r  on  l - n a p h t h ^ i i s o c y a n a t e .  The l a t t e r  was 

i d e n t i f i e d  by I . R .  e v i d e n c e .

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

195®, was e v a p o r a t e d ,  y i e l d i n g  a  brown gum. A f t e r  two 

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

( b . p ,  1 0 0 - 1 2 0 ° ) ,  t h e  l î - m e th y l  a z o n i n e  d e r i v a t i v e  was o b t a i n e d  

a s  a  b u f f  c o l o u r e d  s o l i d ,  m .p ,  131-135®. The m o l e c u l a r  w e i g h t  

i n  9 6 /  e t h a n o l  was d e t e r m i n e d  u s i n g  t h e  osm om eter ,  a t  t h e  

f o l l o w i n g  m o l a r i t i e s ;  0 . 0 3 7 7 ,  0 .0 1 8 9 ,  0 .0 0 7 4  M, g i v i n g  t h e  

r e s u l t s :  4 8 2 ,  4 8 2 ,  and  492 r e s p e c t i v e l y ,  t h e  mean b e i n g  435 

[(LXX) = 4 3 2 . 6 ] ,  I n f r a r e d  s p e c t r a l  e v i d e n c e  s u p p o r t e d  t h i s  

c o n c l u s i o n ,  and d e t a i l s  a r e  g i v e n  on p .  1 2 1 .  (Found:  C, 7 5 . 0 ;

H, 5 . 8 ;  R, 6 . 5 ;  0 ,  1 2 . 0 ,  CgQlIgQRgO^ r e q u i r e s ;  C, 7 4 .7 ;  E ,  6 . 3 ;

R, 5 , 8 ;  0 ,  1 3 . 3 / ) .

The combined l i q u o r s  f ro m  (4 )  w ere  e v a p o r a t e d .  The r e s i d u e  

was fo u n d  to  be  a  m i x t u r e  o f  im pure  (LXX) and  v a r i o u s

u n i d e n t i f i e d  s u b s t a n c e s ,  a s  shown by m .p .  and I . R .  e v i d e n c e ,

an d  m o l e c u l a r  w e ig h t  d e t e r m i n a t i o n s .
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Ro t r a c e  o f  t h e  s e c o n d a r y  amine  d e r i v a t i v e  (LXIX) h a d  b e e n  

fo u n d ,  and  i f  p r e s e n t  a t  a l l ,  t h e  amine  m ust  h ave  b e e n  p r e s e n t  

w i t h  t h e  IT-methyl a z o n i n e  i n  a  v e ry  s m a l l  amount o n l y ,

( e )  D e u t e r a t l o n .

The b a s e ,  a s  i s o l a t e d  f rom  t h e  l i t h i u m  a lu m in iu m  h y d r i d e  

r e d u c t i o n ,  was sh a k e n  w i t h  d e u t e r i u m  o x id e  f o r  2 d a y s ,  

o c c a s i o n a l l y  h e a t i n g  t h e  m i x t u r e  t o  5 0 ° ,  The b a s e  was d r i e d  

u n d e r  vacuum. T o g e t h e r  w i t h  t h e  d o u b le  p e a k  w i t h  maxima a t  2 , 8 5  

and  2 ,9 0  M> (OE w i t h  o r  w i t h o u t  HII), t h e r e  was now one  w i t h
0 7 0 g

maxima a t  3 , 8 5  and 3 . 9 2  fi, due t o  • CD w i t h  o r  w i t h o u t  RD.

The o r i g i n a l  b a s e  ( 0 , 2 5  g . )  was d i s s o l v e d  i n  a  l i t t l e

e t h a n o l  and aq u eo u s  sod ium  h y d r o x i d e  s o l u t i o n  ( 8 , 0  0 , 0 , o f  R /10 ,

t h e  t h e o r e t i c a l  q u a n t i t y )  was a d d e d .  Unchanged b a s e  was e x t r a c t e d

w i t h  e t h e r  and th e  aq u eo u s  s o l u t i o n  was e v a p o r a t e d  u n d e r  vacuum.

Twice a c e t o n e  was ad d ed  and removed and  t h e n  t h e  r e s i d u e  was

f i n a l l y  d r i e d  by warming u n d e r  vacuum. The sod ium  s a l t  was

o b t a i n e d  a s  a  g r e e n  s o l i d .  The i n f r a r e d  s p e c t r u m  c o n t a i n e d  no

h y d r o x y l  p e a k ,  a l t h o u g h  t h e r e  was a  low p l a t e a u  i n  t h e  2 , 8 - 3 , 2  p

r e g i o n .  T h ere  was no IIH p e a k  a t  3 . 0 6  (i a s  i n  t h e  s p e c t r u m  o f

p i p e r i d i n e ,  and  t h e  RMe p e a k  a t  3 , 6 0  was o f  m o d e r a te  I n t e n s i t y ,

The s a l t  was d i s s o l v e d  i n  d e u t e r i u m  o x id e  a n d  a l l o w e d  to

s t a n d  f o r  5 d a y s .  The s o l u t i o n  was e v a p o r a t e d  a n d  t h e  r e s i d u e

was d r i e d  u n d e r  vacuum. The I , R ,  s p e c t r u m  h ad  no p e a k  i n  th e

3 , 8 5 - 4 , 1 5  {I r e g i o n  and t h e  above p l a t e a u  was r e t a i n e d  and  hence
89t h e r e  was no i d e n t i f i a b l e  q u a n t i t y  o f  t h e  RD compound p r e s e n t  ,



-  155 -

( + ) - 2 , 3 , 8 , 9 - T e t r a h y d r o - 3 ' , 4 * , 2 " - t r l n e t h o x y - R , E - d i m e t b y l -  

4 , 5 ; 6 , 7 - d l b e n z a z o n l n i a m  I o d i d e  (LXXII) .

(1)  P u r d i e  and I r v i n e ^ ^ ,  M e thy l  i o d i d e  (1  c . c , ,  £ a .  0 .0 1 6 5  

m ole )  and  s i l v e r  o x id e  ( 1 , 9 2  g , ,  0 .0 0 8 2  m o le )  were  ad d ed  t o  

( + ) - 2 , 3 , 8 , 9 - t e t r a h y d r o - 4 ’ - h y d r o x y - 3 * , 2 " - d i m e t h o x y - R , R - 4 , 5 : 6 , 7 -  

d i b e n z a z o n in i u n i  i o d i d e  (LSY) ( 0 , 7 5  g , , 0 .0 0 1 6 5  mole)  d i s s o l v e d  

i n  m e t h a n o l  (8 c . c . ) .  The m i x 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  

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

t i m e s  w i t h  h o t  m e th a n o l  a n d  t h e  combined f i l t r a t e  and  e x t r a c t s  

were  e v a p o r a t e d ,  g i v i n g  r e d  c r y s t a l s ,  0 , 1 5  g .  T h i s  p r o d u c t  was 

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

p i n k  c r y s t a l s  w e re  o b t a i n e d ,  0 . 0 3  g . , m .p .  219-221®, Ro h y d r o x y l  

p e a k  was a p p a r e n t  i n  t h e  i n f r a r e d  s p e c t r u m .  T h i s  was t h e  r e q u i r e d  

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

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

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

T h i s ,  t h e n ,  was n o t  a  s u i t a b l e  method o f  p r e p a r a t i o n ,

( i i )  A d ap ted  f ro m  F re u n d * s^ ^  m ethod  f o r  t h e  p h e n y l d i h y d r o -  

t h e b a i n e  s e r i e s .

The t h e o r e t i c a l  q u a n t i t y  o f  sod ium  ( 0 , 0 4  g , ) was d i s s o l v e d  

i n  e t h a n o l  (5  c , c . )  and  t h e  ( + ) - 2 , 3 , 8 , 9 - t e t r a h y d r o - 4 * - h y d r o x y -  

3 * , 2 " - d i m e t h o x y - R , R - 4 , 5 : 6 , 7 - d i b e n z a z o n in i u r n  i o d i d e  (LXY) ( 0 . 7 5  g,) 

a d d e d ,  f o l l o w e d  by m e th y l  i o d i d e  ( l . o . c . ) .  The m i x t u r e  was 

d i g e s t e d  f o r  1 h r ,  and  p r e c i p i t a t i o n  s t a r t e d  by t h e  a d d i t i o n  o f  

a  few d r o p s  o f  e t h e r ,  A w h i t e  p r e c i p i t a t e  s lo w ly  fo rm ed ,  and  

e x c e s s  e t h e r  was ad d ed  t o  c o m p le te  t h e  p r o c e s s ;  0 ,7 9  g .  ( 1 0 4 / ) ,
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m ,p ,  219-220®, w ere  o b t a i n e d .  R e c r y s t a l l i s a t i o n  f rom  e t h a n o l  

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

m e t h y l  e t h e r  m e t h i o d i d e ,  0 , 5 1  g ,  ( 6 6 / ) ,  m .p ,  221-222®, A f t e r  a  

s e c o n d  c r y s t a l l i s a t i o n ;  f i n e  w h i t e  n e e d l e s ,  m .p .  227-227.5*^, 

(Found;  C, 5 3 . 5 ;  H, 6 . 4 5 ;  I ,  2 6 . 7 .  r e q u i r e s :  C, 5 3 , 7 ;

H, 6 , 0 ;  I ,  2 7 . 0 / ) ,  IIo h y d r o x y l  p e a k  o c c u r r e d  i n  t h e  I . R .  spec t rum ,  

w h ic h  was t h e  same a s  t h a t  o f  t h e  p r o d u c t  m .p ,  219-221®, o b t a i n e d  

i n  v e r y  s m a l l  y i e l d  i n  ( i )  a b o v e .  T h i s  a p p e a r e d  t o  be  t h e  

r e q u i r e d  p r o d u c t  an d  i n  good y i e l d ,

( i i i )  The l i t h i u m  a lu m in iu m  h y d r i d e  r e d u c t i o n  p r o d u c t  

( 1 1 . 1  g . )  was g e n t l y  h e a t e d  u n d e r  r e f l u x  w i t h  m e t h y l  i o d i d e  

( 7 , 5  c . c . )  f o r  I J  h r , ,  a  l i t t l e  m e th y l  i o d i d e  b e i n g  a d ded  

p e r i o d i c a l l y ,  by w h ich  t im e  t h e  i n i t i a l l y  r e d  s o l u t i o n  h a d  become 

deep  y e l l o w ,  A s o l u t i o n  c o n s i s t i n g  o f  sodium ( 0 . 9  g . )  i n  e t h a n o l  

(15 c . c . )  and  m e t h y l  i o d i d e  ( 2 2 , 5  c . c , )  i n  e t h a n o l  (25  c , c . )  was 

a d d ed  and t h e  m i x t u r e  was d i g e s t e d  on a  warm w a t e r  b a t h  f o r  1 h r .  

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

o c c u r r e d ,  A p a l e  brown s o l i d ,  16 g ,  ( 9 6 / ) ,  m ,p ,  218-221®, was 

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

p o i n t  to  2 2 6 . 5- 227O an d  gave  c o l o u r l e s s  n e e d l e s ,  t h e  i n f r a r e d  

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

[ a ] g ^  +43 .0® , + 6 1 ,5 °  ( c ,  0 , 2 4  i n  e t h a n o l ) .

I n  a  f u r t h e r  p r e p a r a t i o n  by t h i s  m ethod ,  30 g ,  ( 8 0 / )  were  

p r e p a r e d  f rom  25 g ,  o f  t h e  r e d u c t i o n  p r o d u c t ,  w h ich  h a d  b e e n  

o b t a i n e d  f rom  50 g ,  o f  t h e b a i n e  ( o v e r a l l  y i e l d  6 0 / ) .
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( + ) - 2 , 3 , 8 , 9 - ? 9 t r a h y d r o - 3 * , 4 * , 2 ^ - t r l m e t h o z y - R , R - d l m e t h y l -  

4 , 5 ; 6 , 7 - d l b e n z a z o n l n l i i m  P i c r a t e  (LX).

( + ) - 2 , 5 , 8 , 9 - T e t r a h y d r o - 3  * , 4 * , 2 ” - t r l m e t h o x y - R , R - d i m e t h y 1 -  

4 , 5 : 6 , 7 - d l b e n z a z o n i n l u m  i o d i d e  (LXXII) ( 0 , 1 5  g , )  was d i s s o l v e d  

i n  th e  minimum q u a n t i t y  o f  warm w a t e r  and sod ium  p i c r a t e  

( 0 . 2 2  g . )  was a d d e d .  The y e l l o w  p r e c i p i t a t e  w h ich  q u i c k l y  

fo rm ed  was f i l t e r e d  o f f  and r e c r y s t a l l i s e d  f rom  i s o - p r o p y l  

a l c o h o l .  A f t e r  f i l t e r i n g ,  t h e  s o l i d  was washed w i t h  l i g h t  

p e t r o l e u m  ( b , p ,  40-60®) b u t  soo n  d e g e n e r a t e d  i n t o  a  gum. T h is  

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

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

y e l l o w  po w d er ,  0 .1 2  g .  ( 6 6 / ) ,  m .p ,  143-144®, was o b t a i n e d ,  

R e o r y s t a l l i s a t i o n  f rom  i s o - p r o p y l  a l c o h o l ,  f i l t e r i n g  and 

w a sh in g  w i t h  e t h e r ,  gave  y e l l o w  c r y s t a l s ,  0 . 1 0  g . , m .p .  144-145®, 

(Found:  C, 5 6 . 3 ;  H, 5 , 2 ;  R, 9 , 9 ;  0 ,  2 8 , 7 ,  r e q u i r e s :

C, 5 6 . 8 ;  H, 5 . 3 ;  R, 9 . 8 ;  0 ,  2 3 . 0 / ) ,

( + ) - 2 , 3 , 8 , 9  -T e t  r a h y  d r o - 3  * , 4 ' ,  2 " - t r i m e  thoxy-IT, R-dlme th y  1 - 4 , 5 : 6 , 7 -  

d i b e n z a z o n l n i u m  Bromide (LX).

( + ) - 2 , 3 , 8 , 9 - T e t r a h y d r o - 3 ' , 4 * , 2 ” - t r i m e t h o x y - R , R - d i m e t h y l -  

4 , 5 : 6 , 7 - d i b e n z a z o n i n i u m  i o d i d e  (LXXII) (5 g , )  was d i s s o l v e d  i n  

aq u e o u s  e t h a n o l .  E x c e s s  o f  f r e s h l y  p r e p a r e d  s i l v e r  b rom ide  (4  g . )  

was ad d ed  and  th e  m i x t u r e  was s h a k e n  p e r i o d i c a l l y  d u r i n g  s e v e r a l  

d a y s ,  by w h ic h  t im e  some o f  th e  p a l e  y e l l o w  s i l v e r  b rom ide  h a d  

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

f i l t e r e d  o f f .  The s o l u t i o n  was c o n c e n t r a t e d  u n t i l  a  c l o u d i n e s s
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a p p e a r e d  a n d  was f i l t e r e d  w h i l s t  h o t .  As no s o l i d  a p p e a r e d  on 

c o o l i n g ,  t h e  s o l v e n t  was rem oved .  The r e s i d u e  was d i s s o l v e d  i n  

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

t h r e e  c r o p s ,  a f t e r  c o o l i n g  t h e  s o l u t i o n s  to  £ a ,  0® e a c h  t i m e .

The a d d i t i o n  o f  e t h e r  t o  th e  f i n a l  f i l t r a t e  g ave  p a l e  brown 

c r y s t a l s  0 , 4  g , , m .p .  250®, The t o t a l  y i e l d  was 5 . 9  g ,  ( 8 7 / ) ,

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

m i x t u r e  o f  m e t h a n o l  and a c e t o n e  gave  v a r i o u s  c r o p s ,  a l l  o f  

m .p ,  230®, T hese  f i n a l  c ro p s  w e re  combined and  t h e  I . R ,  s p e c t r u m  

v/as i d e n t i c a l  w i t h  t h a t  o f  th e  i o d i d e  f rom  w h ic h  t h i s  b rom ide  was 

p r e p a r e d ,  (Found:  C, 5 9 . 8 ;  H, 6 , 8 ;  B r ,  1 8 . 9 ;  R, 3 . 2 ;  0 ,  1 1 . 4 ,  

CgpHggBrlTOg r e q u i r e s ;  C, 5 9 . 7 ;  H, 6 . 7 ;  B r ,  1 8 . 9 ;  II, 3 . 3 ;  0 ,  1 1 , 4 / ]  

( + ) - g - P h e n y l d i h y d r o t h e b a i n e  M e th y l  E t h e r  Methobromide  (L X I) .

( + ) - a - P h s n y l d i h y d r o t h e b a i n e  m e t h y l  e t h e r  m e t h i o d i d e  (LXVI) 

( 0 , 0 7  g . ) was d i s s o l v e d  i n  aqu eo u s  e t h a n o l  and s h a k e n  w i t h  s i l v e r  

b ro m id e  ( 0 . 1 0  g . )  f o r  3 h r .  The s i l v e r  s a l t s  were  f i l t e r e d  o f f ,  

t h e  s o l v e n t  was rem oved ,  an d  t h e  r e s i d u e  was d i s s o l v e d  i n  h o t  

a c e t o n e  c o n t a i n i n g  j u s t  s u f f i c i e n t  e t h a n o l  f o r  c o m p le te  s o l u t i o n .  

L i g h t  p e t r o l e u m  ( b . p .  60-80®) was a d d e d  t o  t h e  b o i l i n g  m i x t u r e  

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

m .p ,  1 8 1 - 1 8 2 ° ,  ware  o b t a i n e d .

The U l t r a v i o l e t  One o t  rum o f  t h e  M ethy l  E t h e r  lie t h e  b ro m id e s  (LX) 

and  ( LXI) .

The u l t r a v i o l e t  s p e c t r a  w ere  d e t e r m i n e d ,  a s  on p . 94 ,  o f  

a  3 ,9 0 0  X 10*^ m o l a r  s o l u t i o n  o f  (LX) and a  3 .8 7 0  x  10 ^ m o la r
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s o l u t i o n  o f  (L X I) ,  i n  9 6 /  e t h a n o l ,  u s i n g  t h e  U n ican  S .P .  500 

s p e c t r o p h o t o m e t e r .  Fused  s i l i c a  c e l l s  were  u s e d ,  2 m,m, b e tw e e n  

200 and  250 mp, and  10 m.m. b e tw e e n  240 and 300 Ei(a, t h e  l a r g e r  

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

The f o l l o w i n g  r e s u l t s  were  o b t a i n e d .

(LX) (LXI)
w a v e le n g th

i m )
€

w a v e le n g th

(mu)
C

n a x 2 8 0 ,5 4 ,1 5 0 282 4 ,2 9 0

^ I n f - - (271) 2 ,8 4 0

h n f - (265) 2 ,0 2 0

h n f (2 5 3 .5 ) 692 - -

^ n d n 255 667 2 6 0 .5 1 ,7 3 0

C o n j u g a t i o n
band ( c a .  225) 2 2 ,0 5 0 ( c a ,  230) 2 6 ,9 0 0

^max 203 6 7 ,9 5 0 2 0 7 .5 5 9 ,9 5 0

C r y s t a l l i s a t i o n  o f  t h e  R-LTethyl A z o n in e ,

ifVhen a  s o l u t i o n  i n  e t h e r  o f  some o f  t h e  l i t h i u m  a lu m in iu m  

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

c r y s t a l l i n e  p r e c i p i t a t e  s l o w l y  fo rm ed .  T h i s  c o u ld  t h e n  be 

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 .  6 0 -8 0® ) ,  The r e m a i n d e r  

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

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

c ro p  ( 1 ) ,  y e l l o w  c r y s t a l s ,  w h ich  s o f t e n e d  a t  84®,
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Kt*P. 9 4 - 1 0 5 ^ .  C o n c e n t r a t i o n  o f  th e  m o th e r  l i q u o r  g a v e ,  o n  c o o l i n g :  

c r o p  ( 2 ) ,  s m a l l  g r e y  c r y s t a l s ,  m .p .  81-105 '^ ,  and  a  r e d  o i l  

I n s o l u b l e  i n  t h e  p e t r o l e u m .

The r e d  o i l  v a s  d i s s o l v e d  i n  b e n z e n e  and  p a s s e d  dovn  a  

s i l i c a  g e l  column w h ic h  removed m ost  o f  t h e  c o l o u r .  A f t e r  

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

t h e  l i g h t  p e t r o l e u m ,  g i v i n g :  >

c ro p  ( 3 ) ,  a s  a  brown amorphous s o l i d  t o g e t h e r  w i t h  some f
I

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

o b t a i n e d  was 8 : 0 . 7 8 : 1 .  . |

The I , P .  s p e c t r u m  o f  c ro p  (1)  i n  h e z a c h l o r o b u t a d i a n e  m u l l  j
I

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

m a t e r i a l  b e f o r e  c r y s t a l l i s a t i o n .  However,  i t  c l o s e l y  r e s e m b l e d  j

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

m a t e r i a l ,  w h ich  h a d  b e e n  d r i e d  o v e r n i g h t  o n c e r  vacuum i n  c o n t a c t  

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

T h e re  was no e v i d e n c e  f o r  an  HH g r o u p  i n  t h e  c r y s t a l l i n e  compound.

The d e t a i l s  a r e  d i s c u s s e d  on  p .  127 .

The I . R .  s p e c t r u m  o f  c ro p  (3 )  r e s e m b l e d  t h a t  o f  t h e  m a t e r i a l  

b e f o r e  c r y s t a l l i s a t i o n  and was m a i n l y  n o n - c r y s t a l l i n e ,

A f u r t h e r  c r y s t a l l i s a t i o n  o f  c r o p  (1 )  gave  w h i t e  g l o b u l a r  

c r y s t a l s ,  m .p ,  1 0 3 ,5 - 1 0 4 ,5 ® ,  (Found:  C, 7 2 , 6 ;  H, 7 . 7 ;  H, 4 , 6 ;

0 ,  1 5 , 2 ,  CigHggHOg r e q u i r e s :  C, 7 2 . 8 ;  H, 7 , 4 ;  H, 4 . 5 ;  0 ,  l5 .5y S) ,

+72,9® ( c ,  0 . 2 3  i n  ’EtOH), The r e s u l t  o f  t h e  n . m . r ,  

s p e c t r u m  i n  d e u t e r o c h l o r o f o r m  i s  d i s c u s s e d  o n  p .  1 2 7 ,
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Tlie E x h a u s t i v e  L T e thy lg t lon  o f  ( + ) - 2 , 3 , 8 , 9 - T e t r % h y d r o - 3 ' , 4 * , 2 n -  

N , ï ï* d im e th y l* 4 ,5 ;6 ,7 * d lb e n z a g o n l r} l i im  I o d i d e  .

( a ) Kofmcnn D e g r a d a t i o n  to  ( + ) - 2 ,3 ,3 * - T r lm 8 t h o % y - 6  ( o r  6 ' ) -  

( S - t r lm e th y la T r j io rx lo e th y l ) - 6 *  ( o r  6 ) - v l n y l b l p k 3 ^ y l  I o d i d e  (LXXVI), 

A d a p te d  f rom  th e  m ethod  o f  Freund^^  f o r  t h e  p h e n y l d i h y d r o t h e h a l n e  

s e r i e s  o f  compoands*

( + ) - 2 , 3 , 8 , 9 - T e t r a h y d r o ~ 5 ' , 4 * , 2 " - t r l m e t h o z y - n , E - d i m e t h y l -  

4 , 5 : 6 , 7 - d l t e n z a z o a l n i ü m  i o d i d e  ( L X I I I )  ( 5 , 9  g .  ) m s  d i g e s t e d  

v f i th  a  s o l a t i o a  o f  sod ium  ( 2 , 2 5  g , )  i n  a b s o l u t e  a l c o h o l  (36 c , c , )  

ou  a  warm w a t e r  h a t h  f o r  a b o u t  ^  h r , ,  when a  c l e a r  d a r k  s o l u t i o n  : 

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

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

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

e v a p o r a t e d ,  l e a v i n g  a  d a r k  brown o i l .

The o i l  was d i s s o l v e d  i n  a c e t o n e  (10  c . c , )  a n d  m e t h y l  

i o d i d e  (2 c , c , ) ,  and  h e a t e d  u n d e r  r e f l u x  f o r  1 h r , ,  p e r i o d i c a l l y '  

r e p l e n i s h i n g  t h e  m e t h y l  i o d i d e .  The v o l a t i l e  components  were  

rem oved ,  a c e t o n e  was a d d e d ,  and th e  s o l i d  w h ic h  formed was 

f i l t e r e d  o f f  a n d  washed  w i t h  more a c e t o n e ,  A w h i t e  s o l i d ,  2 , 2  g , , 

m .p ,  22 9-237^  ( w i t h  d e c o m p o s i t i o n )  and  a  r e d  c o l o u r e d  f i l t r a t e  

were  o b t a i n e d .

T r e a tm e n t  o f  th e  S o l i d .

R e o r y s t a l l i s a t i o n  f rom  e t h a n o l  gave  cream c o l o u r e d  f e a t h e r y  

c r y s t a l s ,  0 , 4  g . , m .p ,  1 9 9 , 5 - 2 0 0 , 5 ^ ,  a n d  c o n c e n t r a t i o n  o f  t h e  

m o th e r  l i q u o r  g ave  i n o r g a n i c  s a l t s ,  w h ic h  w ere  rem oved ,  A f u r t h e r
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c r y s t a l l i s a t i o n  gave  one o f  t h e  m e t h i n e  m e t h i o d i d e s ,  o r  v i n y l -  

b i p h e n y l  i o d i d e  d e r i v a t i v e s ,  (LXXYI) i n  t- ŝo c r o p s ,  t h e  b e s t  o f  

w h ic h  was a s  w h i t e  s i l k y  c r y s t a l s ,  0 , 0 5  g . , m .p .  2 0 3 ,5 - 2 0 4 ^ ,

[ a ] o  - 2 6 . 6 ° ,  [ o t ] | 452_ - 5 6 . 7 ° ,  ( o ,  0 . 2 7  I n  e t h a n o l ) .  

tFound:  C, 5 4 . 5 ;  H, 6 . 3 ;  I ,  2 6 . 2 5 ;  H, 3 . 1 ;  0 ,  1 0 . 1 .  CggH IEO„ 

r e q u i r e s ;  C, 5 4 . 7 ;  H, 6 . 2 5 ;  I ,  2 6 . 2 5 ;  H, 2 . 9 ;  0 ,  9 , 9 f , ) .  The I . E .  

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

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

a b s e n c e  o f  th e  t h i r d  b e n z e n e  r i n g )  and a  p e a k  a t  1 0 , 9 5  jx was 

m ost  p r o b a b l y  due t o  a  v i n y l  g r o u p ^ ^ * ^ ^ .

T r e a tm e n t  o f  t h e  F i l t r a t e  and W ash in g s ,

E v a p o r a t i o n  gave  an  o r a n g e  r e s i d u e  w h ic h  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 ,  g i v i n g  s m a l l  p a l e  o r a n g e  n e e d l e s ,  0 , 6  g , , m .p ,  

1 9 8 ,5 - 1 9 9 ,5 ® ,  A d d i t i o n  o f  e t h e r  t o  t h e  m o th e r  l i q u o r  g ave  a n  

o r a n g e  p r e c i p i t a t e ,  2 , 0  g . , m .p ,  177-179®,

A f u r t h e r  c r y s t a l l i s a t i o n  o f  t h e  o ra n g e  n e e d l e s  (m .p ,  198 ,5 -  

1 9 9 , 5 ° ) ,  i n c r e a s e d  t h e  m .p ,  t o  2 0 2 -2 0 3 °  ( 0 , 5  g , ) .  T h i s  compound 

was t h e  same a s  t h a t  m .p ,  203 ,5 -204®  a b o v e ,  A f u r t h e r  

c r y s t a l l i s a t i o n  o f  t h e  p r e c i p i t a t e ,  m .p ,  1 7 7 - 1 7 9 ° ,  f rom e t h a n o l -  

l i g h t  p e t r o l e u m  ( b . p ,  8 0 -1 0 0 ° )  m i x t u r e  g a v e :  

c r o p  ( 1 ) ,  w h ic h  a f t e r  a  f u r t h e r  c r y s t a l l i s a t i o n ,  was o b t a i n e d  

a s  0 , 9  g ,  o f  y e l l o w  n e e d l e s ,  w h ic h  m e l t e d  o v e r  t h e  r a n g e  1 7 1 -  

175 ,5® ,  179-184®, A d d i t i o n  o f  l i g h t  p e t r o l e u m  t o  t h e  h o t  m o th e r  

l i q u o r  gave  on  c o o l i n g :

c r o p  ( 2 ) ,  w h ic h  was f i l t e r e d  o f f  and  washed w i t h  e t h a n o l - l i g h t  

p e t r o l e u m  m i x t u r e  and t h e n  w i t h  e t h e r .  P a l e  y e l l o w  c r y s t a l s .
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0 , 3  g , ,  m .p ,  179 ,5-182® w ere  o b t a i n e d .  T h i s  w a s * e x t r a c t e d  w i t h  

h o t  l i g h t  p e t r o l e u m  ( b , p ,  80-100®) c o n t a i n i n g  i n s u f f i c i e n t  

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

c r y s t a l s  o b t a i n e d  were  s u b j e c t e d  t o  a  f u r t h e r  e x t r a c t i o n .  T ha t  

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

o r  m e th in e  m e t h i o d i d e ,  was o b t a i n e d .  The p r o d u c t ,  c o l o u r l e s s  

n e e d l e s ,  0 ,0 6  g ,  had  m ,p ,  182-183®, (Found:  C, 5 2 , 2 ;  H, 6 . 5 ;

IT, 3 , 2 ;  0 ,  1 0 , 2 ,  Cg^H^QlEOg r e q u i r e s :  C, 5 4 , 7 ;  H, 6 , 2 5 ;  E, 2 , 9 ;

0 ,  9 ,9 ,S ) ,  A l th o u g h  t h e  a n a l y t i c a l  r e s u l t s  do n o t  c o r r e s p o n d  t o  

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

(LXXYIa) o r  (LXXVIb), a s  was shown b e lo w ,

[ a ] £ °  + 1 2 . 7 ° ,  [ a ] § 4 Gi + 2 2 . 1 ° ,  ( o ,  0 . 2 4  i n  e t h a n o l ) .  The I . R .

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

h y d r o t h e b a l n e  m e t h y l  e t h e r  i s o - m e t h i n e  (L V II)  e v en  more c l o s e l y  

t h a n  t h a t  o f  t h e  p r o d u c t  m .p ,  203 ,5-204® a b o v e ,  and  a l s o  had  a  

p e a k  a t  1 0 ,9 3  fx ( a  v i n y l  g ro u p ^ ^ » ^ ^ )  ( p ,  1 3 0 ) ,

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

a s  a l s o  were th e  low m e l t i n g  f r a c t i o n s :

Y i e l d  o f  p r o d u c t  m ,p ,  c a ,  200®: 1 , 0  g ,  (25/S)

m .p ,  £ a .  180®; 2 , 0  g ,  (5 0 ^ 1 ,

A r e p e a t e d  p r e p a r a t i o n ,  s t a r t i n g  f ro m  30 g .  o f  (L X I I I )  gave 

o n l y  f r a c t i o n s  o f  p r o d u c t  o f  m .p ,  £ a ,  200® t o t a l l i n g  2 6 , 2  g ,  

( 8 5 ^ 1 .  IÎO l o w e r  m a l t i n g  p r o d u c t  was o b t a i n e d .
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(b )  Hofmann D e g r a d a t i o n  o f  t h e  M ath lne  M e t h lo d l d e s  (IXXVI) t o

( + ) - 2 , 3 , 3 * - T r l m e t h o x y - 6 , 6 * - d l v i n y l b l p h e n y l  ( L X I I I ) ,

D e g r a d a t i o n  o f  e ac h  o f  th e  above  m e th in e  m e t h i o d i d e g  was

c a r r i e d  o u t  u s i n g  th e  m ethod  o f  B e n t l e y  and  R o b in so n ^ ^ ,  a s  i n

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

The h i g h  m e l t i n g  m e th in e  m e t h i o d i d e  ( 0 , 7  g , ) was d i s s o l v e d

i n  m e th a n o l  ( 3 , 3  c , c , )  and  a  s o l u t i o n  o f  sodium ( 0 , 4 2  g , ) i n

m e t h a n o l  ( 8 , 5  c , c , ) was a d d e d .  The m i x 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  2 h r .  The r e a c t i o n  m i x t u r e  was t h e n  p o u r e d  i n t o  w a t e r ,

w h ic h  was t h e n  s a t u r a t e d  w i t h  ammonium c h l o r i d e ,  a n d  r e s u l t e d  i n

t h e  p r e c i p i t a t i o n  o f  a n  o r a n g e  gum. The m i x t u r e  was e x t r a c t e d

t h r e e  t i m e s  w i t h  e t h e r  (9 c , c ,  e a c h  t im e )  and  t h e  combined

e x t r a c t s  w e re  washed  t h r e e  t i m e s  w i t h  2H HCl (1  c . c ,  e a c h  t im e )

a n d  a b o u t  s i x  t im e s  w i t h  w a t e r  (2  c , c ,  e a c h  t i m e ) , t h e  f i n a l

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

a n h y d ro u s  sod ium  s u l p h a t e ,  t h e  e t h e r  vms rem oved  g i v i n g  a  y e l l o w

o i l ,  w h ich  was o n l y  s o l i d  be low 0®, C r y s t a l l i s a t i o n  h a v i n g  b e e n

a t t e m p t e d  t h r e e  t i m e s  f ro m  l i g h t  p e t r o l e u m  ( b , p ,  80-100®) t h e

o i l  o n ly  was o b t a i n e d ,  0 , 3 3  g ,  (77^^), a n d  many s o l v e n t s

I n c l u d i n g  e t h a n o l ,  w ere  t r i e d ,  b u t  none  gave  a  s o l i d  p r o d u c t .

The I , R ,  s p e c t r u m  c o n t a i n e d  p e a k s  a t  6 , 1 0 ,  1 0 , 1 0  a n d  1 1 ,1 0  jx,
98w h ic h  were assum ed  t o  be due t o  t h e  v i n y l  g r o u p s  ( p ,  131)  

+ 2 5 . 2 ° ,  + 3 5 . 9 ° ,  ( c ,  1 . 5 8  I n  98;: EtOH).

A f t e r  s t a n d i n g  i n  a n  e v a c u a t e d  d e s i c c a t o r  f o r  t h r e e  w eek s ,  

0 , 2 3  g ,  o f  t h e  o i l  gave  a  q u a n t i t y  o f  a  w h i t e  s o l i d ,  E x t r a c t i o n
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w i t h  h o t  e t h a n o l  g a v e  0 ,0 6  g ,  o f  I n s o l u b l e  m a t t e r ,  w h ich  was 

i n f u s i b l e  a t  300®, The I , R ,  s p e c t r u m  o f  t h i s  s o l i d  showed some 

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

some o f  t h e  su p p o s e d  p e a k s  due t o  t h e  v i n y l  g r o u p s .  I t  v«?as 

assum ed  t o  be  a  p o ly m e r  o f  the  r e q u i r e d  p r o d u c t .

The e t h a n o l  e x t r a c t s  were  e v a p o r a t e d  and  t h e  r e s i d u e  was 

d i s s o l v e d  i n  b e n ze n e  and  p a s s e d  down a  s i l i c a  g e l  co lumn,  w h ic h  

removed m ost  o f  t h e  c o l o u r .  A f t e r  e v a p o r a t i o n  o f  t h e  e l u a n t ,  

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

r e s i d u e  ( 0 , 0 1  g , ) ,  w h ic h  m e l t e d  w i t h  d e c o m p o s i t i o n  o v e r  t h e  

r a n g e  1 5 9 -17 0 ,5® ,  222-233®, The I . R ,  s p e c t r u m  was t h e  same a s  

t h a t  o f  th e  p r e v i o u s  i n s o l u b l e  component;  t h i s  s u b s t a n c e  was 

a l s o  assum ed t o  be  p o l y m e r i c .  The e t h e r  s o l u t i o n  was e v a p o r a t e d ,  

g i v i n g  ( + ) - 2 , 3 , 3 * - t r i m e t h o x y - 6 , 6^ - d i v i n y l b i p h e n y l ,  (Found:

C, 7 3 , 4 ;  H, 7 , 3 ;  0 ,  1 6 , 6 ,  r e q u i r e s :  C, 7 7 , 0 ;  H, 6 , 8 ;

0 ,  1 6 , 2 / j ) ,  R ap id  p o ly m e r  f o r m a t i o n  a f t e r  d r y i n g  p r i o r  t o  

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

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

The low m e l t i n g  m e th in e  m e t h i o d i d e  ( 0 , 8  g , ), o b t a i n e d  i n  

( a )  a b o v e ,  was t r e a t e d  s i m i l a r l y  w i t h  t h e  same r e s u l t s .  The

1 ,R ,  s p e c t r u m  o f  t h e  o i l  o b t a i n e d  was i d e n t i c a l  w i t h  t h a t  o f  

t h e  o i l  o b t a i n e d  p r e v i o u s l y ,  +25 ,2® , [ a j U g i  +36,5®,

( c ,  1 ,5 3  i n  96^  e t h a n o l ) ,

A f u r t h e r  25 g ,  o f  t h e  h i g h  m e l t i n g  m e th in e  m e t h i o d i d e  was

d e g r a d e d  to  th e  b i p h e n y l .  The y e l l o w  o i l  o b t a i n e d  was d i s s o l v e d  

i n  b en ze n e  and p a s s e d  down a  s i l i c a  g e l  co lum n,  E v a p o r a t i o n  o f
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t h e  e l u a n t  g av e  a  y e l l o w  v i s c o u s  l i q u i d ,  6 ,4 6  g ,  o f  w h ic h  were  

e t h e r  s o l u b l e  and  t h e  r e q u i r e d  p r o d u c t .  Y i e l d ,  41^ ;  1 4 ^  from  

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

C a t a l y t i c  h y d r o g e n a t i o n  o f  t h e  o i l  g a v e  ( + ) - % , 3 , 5 ' - t r i -  

m e t h o z y - 6 , 6 ’ - d i e t h y l b i p l i e n y l  ( L l I V ) ,  t h u s  c o n f i r m i n g  t h a t  t h e  

o i l  was th e  r e q u i r e d  d i v i n y l b i p h e n y l  ( I X L I I ) ,

( + ) - 2 , 3 , 3 * - T r i m e  t h o x y - 6 ,6  *- d i e t h y l b l p h e n y 1 ( LXIV) ,

( + ) - 2 , 5 , 5 * - T r i m e t h o x y - 6 , 6 * - d i v i n y l b i p h e n y l  (L X I I I )  ( 5 ,0 9  g , ) ,  

f r e s h l y  p r e p a r e d ,  was d i s s o l v e d  i n  e t h y l  a c e t a t e  (300 c , c , ) ,  

P a l l a d i u m - c h a r c o a l  ( 2 , 0  g , ) was a d d e d  and h y d r o g e n a t i o n  was 

c a r r i e d  o u t  a t  1 a tm ,  p r e s s u r e .  The volume o f  h y d r o g e n  t a k e n  

up was 595 o , c .  The m i x t u r e  was f i l t e r e d ,  a n d  t h e  s o l v e n t  was 

removed g i v i n g  a  w h i t e  v i s c o u s  l i q u i d ,  2 , 8 5  g ,  ( 9 2 , 5 ^ ) ,

(Found ;  C, 7 5 , 8 ;  H, 8 , 0 ;  0 ,  1 5 , 9 ,  r e q u i r e s :  C, 7 6 , 0 ;

H, 8 , 0 5 ;  0 ,  1 6 , 0 ^ ) ,

[ a ] ^ ^  +62 ,2® , [ a ] 54Gi + 7 1 ,1 °  ( c ,  2 , 8 1  i n  p - p h e n y l e t h y l  a l c o h o l ) .  

The I , H ,  s p e c t r u m  showed t h e  l o s s ,  amongst  o t h e r  

d i f f e r e n c e s ,  o f  t h e  p e a k s  due t o  th e  v i n y l  g r o u p s  a t  6 , 1 0 ,  1 0 ,1 0  

a n d  1 1 ,1 0  (JL, when compared w i t h  t h e  s p e c t r u m  o f  t h e  d i v i n y l b i -  

p h e n y l .

The u l t r a v i o l e t  s p e c t r u m  was d e t e r m i n e d ,  a s  on  p ,  94,  o f  a

I ,0 1 2  X 10~^ m o l a r  s o l u t i o n  i n  96̂ b e t h a n o l ,  u s i n g  t h e  S ,P ,  500  

s p e c t r o p h o t o m e t e r .  F u sed  s i l i c a  c e l l s  w ere  u s e d ,  1 m,m, b e tw e e n  

199 and 245 m|X, and  10 m,m, b e tw e e n  240 ajid 310 mjx. The



— 169 —

f o l l o w i n g  c h a r a c t e r i s t i c s  w e re  o b s e r v e d :  X 279 mix (6  4 , 7 1 0 ) ,
max

^ m i n  6 9 2 ) ,  t h e  v e s t i g i a l  c o n j u g a t i o n  h a n d  a t  c a ^

2 2 7 .5  mfx 1 6 ,7 0 0 )  a n d  201 m|X ( 6  6 0 , 2 0 0 ) .  The s p e c t r u m

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

A t t e m p te d  R a c é m i s a t i o n  o f  ( + ) - 2 , 5 , 8 , 9 - T e t r a h y d r o - 3 * , 4 * , 2 " - t r l -  

m e th o x y - E ,T I - d i m 9 t h y l - 4 ,5 : 6 , 7 - d i b e n z a z o n ln l u n i  Brom ide  (LX),

The above  compound was h e a t e d  b e tw e e n  180® and  220°  u n t i l  

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

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

by w a t e r  e x t r a c t i o n ,  o r  e v a p o r a t i o n  o f  t h e  s o l u t i o n ,  gave  o n ly  

a  gum and no s o l i d  p r o d u c t .  I t  was p o s s i b l e  t o  o b t a i n  t h e  

o p t i c a l l y  a c t i v e  compound i n  a  s o l i d  s t a t e  by t h e s e  m ethods  

f rom  t h e s e  s o l u t i o n s  p r i o r  t o  h e a t i n g .  H ence ,  d e c o m p o s i t i o n ,  i n  

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

The s o l v e n t s  u se d  w ere  p - p h e n y l e t h y l  a l c o h o l ,  m e th y l  b e n z o a t e ,  

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

( + ) - 2 , 5 , 8 , 9 - T e t r a h y d r o - 3 *  ,4* , 2 ” - t r i m e t h o x y - T T - s e t h y l - 4 , 5 : 6 , 7 - d i -  

b e n z a z o n l n e  (LXXVII),

T h ree  m e th o ds  o f  p r e p a r a t i o n  w ere  t r i e d ,  o n l y  t h e  l a s t ,  

t h a t  u s i n g  p h e n y I t r im e th y la m m o n iu m  e t h o x i d e  b e i n g  s u c c e s s f u l ,

( a )  D ia z o m e th a n e .

The c r y s t a l l i n e  ( + ) - 2 , 5 , 8 , 9 - t e t r a h ^ r d r o - 4 * - h y d r o x y - 3 * , 2 " - d i -  

m e t h o x y - I T - m e t h y l - 4 ,5 ; 6 , 7 - d i b e n z a z o n i n e  (XLII)  i n  m e th a n o l  

s o l u t i o n ,  d i d  n o t  r e a c t  w i t h  a  s o l u t i o n  o f  d i a z  one t h a n e  i n  e t h e r .
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a a  shown by I . R .  s p e c t r o s c o p y  a n d  m e l t i n g  p o i n t  e v id e n c e  

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

(b )  D in e th y 1 S o lp h n t e .

C r y s t a l l i n e  IÎ- m e t h y l  a z o n i n e  ( 1 , 0  g .  ) i n  2 , 5  o , c ,  o f  2E 

sodium  h y d r o x i d e  s o l u t i o n ,  d i d  n o t  r e a c t  w i t h  one  e q u i v a l e n t  

( 1 , 5  o , c ,  o f  *a s o l u t i o n  c o n s i s t i n g  o f  5 c . c ,  o f  d i m e t h y l  

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

a t  room t e m p e r a t u r e .  The I , R ,  s p e c t r u m  o f  t h e  s u b s t a n c e  I s o l a t e d  

showed t h a t  i t  was u n r e a c t e d  l î -m e th y l  a z o n i n e .

C r y s t a l l i n e  IT-methyl a z o n i n e  ( 4 , 0  g ,  ) . i n  a  l a r g e  e x c e s s  o f  

2IT sodium h y d r o x i d e  s o l u t i o n  (40 c , c , ) ,  a n d  e x c e s s  o f  a  s o l u t i o n  

o f  d i m e t h y l  s u l p h a t e  ( 7 , 5  c . c , )  i n  m e t h a n o l  ( 2 0 ,  c , c , ) ,  w ere  

h e a t e d  u n d e r  r e f l u x  f o r  1 h r , , e x t r a c t e d  w i t h  e t h e r ,  and  th e  

e x t r a c t s  d r i e d  o v e r  s o l i d  p o t a s s i u m  h y d r o x i d e ,  w h ic h  a l s o  removed 

u n r e a o t e d  s t a r t i n g  m a t e r i a l .  Removal o f  t h e  s o l v e n t  gave  2 ,7 2  g ,  

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

g ave  a  c o l o u r l e s s  o i l  w i t h  a  b l u e  f l u o r e s c e n c e ,  1 , 5  g , ,  

b , p ,  1 8 9 ° / 0 , 9  m,m. The I . R ,  s p e c t r u m  h a d  no hydro3qrl  p e a k  and 

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

E - m e th y l  a z o n i n e ,

[ “ I 578O + 2 5 . 6 ° ,  [ “ ]5461  + 5 1 . 0 ° .  ( o ,  1 . 5 7  i n  p - p h e n y l e t h y l  

a l c o h o l ) .  The above  s o l u t i o n  h a d  + 0 , 4 2 5 ° ;  a f t e r  50 n i n ,  a t

193°  u n d e r  vacuum, i t  t h e n  h a d  + 0 , 1 4 ° ;  a f t e r  5 h r , ,

*5461 + 0 * 0 1 ° ,  (1  = 1 ) ,  E v a p o r a t i o n  o f  t h e  f i n a l  s o l u t i o n  gave  a  

brown o i l  whose I . R ,  s p e c t r u m  was t h e  same a s  t h a t  o f  t h e  

o p t i c a l l y  a c t i v e  compound, w i t h  some s o l v e n t  p e a k s  s u p e r im p o s e d .
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H en ce ,  p a r t i a l  r a c é m i s a t i o n  and  n o t  d e c o m p o s i t i o n  h a d  o c c u r r e d .

The o p t i c a l l y  a c t i v e  o i l  ( 0 , 1  g , ) was d i s s o l v e d  i n  e t h a n o l ,  

and p i c r i c  a c i d  (one  e q u i v a l e n t ,  0 , 0 7  g , ) i n  e t h a n o l  s o l u t i o n  was 

a d d e d ,  A y e l l o w  g l a s s  p r e c i p i t a t e d  ( 0 , 1 0  g , ) ,  w h ic h  f a i l e d  t o  

g i v e  a  c r y s t a l l i n e  p i c r a t e  f ro m  any s o l v e n t  t r i e d .

The o p t i c a l l y  a c t i v e  o i l  ( 0 , 1  g , ) ,  a c e t o n e  (1  c , c , )  and  

m e t h y l  i o d i d e  ( 0 , 5  c , c , )  w e re  h e a t e d  u n d e r  r e f l u x  f o r  5 h r .  

V o l a t i l e  components  w ere  t h a n  removed and e t h e r  a d d e d ,  g i v i n g  

a  w h i t e  s o l i d ,  0 ,0 3  g ,  R e o r y s t a l l i s a t i o n  f rom  e t h a n o l  gave  f i n e  

c o l o u r l e s s  n e e d l e s ,  0 ,0 2  g , , m .p ,  2 0 2 ,5 - 2 0 3 ,5 ® ,  A se c o n d  c ro p ,  

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 th e r  l i q u o r ,  was o b t a i n e d ,  0 ,0 2  g , , 

m .p ,  1 6 8 - 1 7 2 ° .  T h i s  s u b s t a n c e  m e l t e d  o v e r  t h e  r a n g e  1 7 1 - 1 7 2 ° , 1 8 0 -  

184°  a f t e r  a f u r t h e r  c r y s t a l l i s a t i o n .

The I . R ,  s p e c t r u m  o f  t h e  f i r s t  c r o p  was i d e n t i c a l  w i t h  t h a t  

o f  t h e  m e t h i n e  m e t h i o d i d e ,  m .p ,  2 0 3 , 5 - 2 0 4 ° ,  p r e p a r e d  p r e v i o u s l y  

( p ,  1 6 3 ) ,  A m ixed  m e l t i n g  p o i n t  c o n f i r m e d  t h a t  i t  was t h e  same 

compound. The se c o n d  c r o p  was p re s u m a b ly  m a i n l y  th e  m e th in e  

m e t h i o d i d e ,  m .p ,  1 8 2 - 1 8 3 ° ,  T h u s ,  i t  i s  c e r t a i n  t h a t  i n  t h e  p r o c e s s  

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

me t h i n e 3 (LXXII) a l s o  o c c u r s ,
99( c) P h e n y l  t  r l  ne t h y  larmionj urn E t h o x l d  e . Rodionov  ,

j2-i.Ietliy 1 t o l u e n e 3u l p h o n a t e  ( 0 , 1  m o le ,  1 8 ,6  g ,  ) and  d i m e t h y l -  

a n i l i n e  ( 0 , 1  m o le ,  1 2 , 1  g ,  ) were  warmed t o g e t h e r  i n  a  100 c . c ,  

b o l t - h e a d  f l a s k ,  on  a  w a t e r  b a t h ,  A m ass  o f  t u r q u o i s e  c o l o u r e d  

p l a t e s  were  o b t a i n e d ,  w h ic h ,  when r e c r y s t a l l i s e d  f rom  a  l i t t l e
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e t h a n o l ,  g a v e  c r y s t a l l i n e  f l a k e s  o f  t h e  q u a t e r n a r y  s a l t  (LZ2X), 

2 6 . 7  g .  (8 7 ^ 1 ,  m .p .  1 5 6 -1 5 9 °  (R od ionov  o b t a i n e d  n , p .  1 6 0 - 1 6 1 ° ) .

Sodium ( 0 , 0 0 4  m o le ,  0 , 1  g , ) was d i s s o l v e d  i n  e t h a n o l  

(1  c . c . )  and  a  s o l u t i o n  o f  th e  p r e p a r e d  q u a t e r n a r y  ammonium s a l t  

( 0 , 0 0 4  m o le ,  1 ,1 9  g , ) i n  e t h a n o l  ( 2 , 8  c . c . )  was a d d e d .  The 

p r e c i p i t a t e d  sod ium  j ^ - t o l u e n e s u l p h o n a t e  was f i l t e r e d  o f f  and  

w ashed  s e v e r a l  t im e s  w i t h  s m a l l  amounts  o f  e t h a n o l ,  t h e  w a s h in g s  

b e i n g  ad d ed  t o  t h e  f i l t r a t e .  The c r y s t a l l i n e  IT-methyl a z o n i n e  

( 0 ,0 0 3  m o le ,  1 , 0  g , ) was d i s s o l v e d  i n  t h i s  q u a t e r n a r y  ammonium 

e t h o x i d e  s o l u t i o n ,  w h ic h  t h e n  became d a r k  brown i n  c o l o u r .  The 

a l c o h o l  was removed end t h e  brown r e s i d u e  was h e a t e d  a t  110°  f o r  

1 h r ,  15;S A c e t i c  a c i d  s o l u t i o n  was a d d ed  u n t i l  a c i d i c  and  p r e ­

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

s o l u t i o n  b e i n g  removed by s te am  d i s t i l l a t i o n ;  d i m e t h y l a n i l i n e  i s  

so f e e b l y  b a s i c  t h a t  i t  fo rm s no s a l t  w i t h  a c e t i c  a c i d .  The 

s o l u t i o n  was c o o l e d ,  f i l t e r e d ,  and  r e n d e r e d  a l k a l i n e  w i t h  sod ium  

h y d r o x i d e  p e l l e t s .  I t  was e x t r a c t e d  w i t h  e t h e r  and t h e  e x t r a c t s  

w ere  d r i e d  o v e r  s o l i d  p o t a s s i u m  h y d r o x i d e  ; unchanged  p h e n o l  

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

E v a p o r a t i o n  l e f t  b e h in d  a  g r e e n  o i l  w h ich  was d i s s o l v e d  i n  h o t  

l i g h t  p e t r o l e u m  ( b . p ,  6 0 - 8 0 ° )  a n d  f i l t e r e d ,  A g r e e n  o i l  was 

a g a i n  o b t a i n e d  on  c o o l i n g ,  and  s o  t h e  s o l v e n t  was removed a n d  

th e  p r o d u c t ,  0 , 9 0  g ,  (86^1 was q u i c k l y  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 i v e  m in im a l  r a c é m i s a t i o n .  The m e t h y l  e t h e r ,

( + ) - 2 , 3 , 8 , 9 - t e t ra l iy d ro -3 *  , 4 * , 2 " - t r im e th o x y - I T -m e th y  1 - 4 , 5 : 6 , 7 -
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d l b e n z a z o n i n e  was o b t a i n e d  a s  a  c o l o u r l e s s  v i s c o u s  o i l ,  0 .5 8  g ,  

(56 '^^,  b . p .  1 7 S ° / 0 . 1  n .m .

The I . R .  s p e c t r u m  was s i m i l a r  to  t h a t  o f  t h e  IT-methyl 

a z o n i n e  b e f o r e  c r y s t a l l i s a t i o n  e x c e p t  t h a t  t h e r e  was no h y d r o x y l  

p e a k .  The n . m . r ,  s p e c t r u m  showed t h e  a b s e n c e  o f  t h e  h y d r o x y l  

g r o u p  and  t h e  a p p e a r a n c e  o f  a n  a d d i t i o n a l  m e th o x y l  g r o u p .  O t h e r  

d e t a i l s  a r e  d i s c u s s e d  on  p ,  1 5 8 ,  (Found:  C, 7 2 , 7 ,  7 4 , 6 ;  H, 7 , 7 ,  

8 , 0 ;  IT, 4 , 5 ,  4 , 0 ;  0 ,  1 5 , 5 ,  1 3 , 8 ,  r e q u i r e s ;  C, 7 5 ,4 ;

II, 7 , 7 ;  IT, 4 , 3 ;  0 ,  1 4 ,7 /5 ) ,  The p r o d u c t  d i s c o l o u r e d  o n  s t a n d i n g  

e v e n  u n d e r  vacuum, + 2 2 , 0 ° ,  + 5 6 . 0 ° ,  ( c ,  1 , 0 0  i n

p - p h e n y l e t h y l  a l c o h o l ) .

The above  s o l u t i o n  h a d  + 0 , 2 2 °  and + 0 , 5 6 ° .  A f t e r

30 m in ,  a t  193°  u n d e r  vacuum, t h e  s o l u t i o n  h a d  cĉ  + 0 , 1 0 °  and 

“ 5451 +0*1?^# a f t e r  4^  h r , , a n d  0 , 0 0 ° ,  The s o l v e n t  was

t h e n  removed u n d e r  £ a ,  3 m,m, p r e s s u r e ,  and  t h e  brown gum 

o b t a i n e d  v;as d i s t i l l e d  u n d e r  t h i s  p r e s s u r e .  The p a l e  y e l l o w  

v i s c o u s  d i s t i l l a t e  h a d  a n  i n f r a r e d  s p e c t r u m  w h ic h  was I d e n t i c a l  

w i t h  t h a t  o f  t h e  o p t i c a l l y  a c t i v e  compound, b u t  w i t h  some 

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

A f u r t h e r  3 , 2 0  g ,  (77^5) o f  t h i s  m e t h y l  e t h e r  were p r e p a r e d  

from  4 , 0  g ,  o f  c r y s t a l l i n e  IT-methyl a z o n i n e .  The p r o d u c t  d i s t i l l e d  

a t  l 7 6 - l B 0 ° / 0 , 2  m,m, to  g i v e  2 , 6 2  g .

The m e t h y l  e t h e r  ( 0 , 1  g , ) ,  a c e t o n e  (1  c . c . )  a n d  m e t h y l  

i o d i d e  ( 0 , 5  c . c . )  w ere  h e a t e d  u n d e r  r e f l u x  f o r  5 h r .  V o l a t i l e  

com ponen ts  w ere  rem oved ,  more a c e t o n e  was a d d e d ,  a n d  t h e  w h i t e  

p r e c i p i t a t e  was f i l t e r e d  o f f ,  0 ,0 7  g ,  ( 4 9 0 ) ,  R e c r y s t a l l i s a t i o n
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f rom  e t h a n o l  gave  f i n e  ■white n e e d l e s ,  n . p .  224-225®, and  a  

m ix e d  m e l t i n g  p o i n t  v ; i t h  an  a u t h e n t i c  spec im en  o f  t h e  m e t h y l  

e t h e r  m e t h i o d i d e  (LXXII) p r e p a r e d  p r e v i o u s l y  ( p ,  1 56 ,  m ethod

( i i i ) )  gave  no d e p r e s s i o n .  The I ,P . ,  s p e c t r a  o f  h o t h  # e r e  

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

m e t h y l  e t h e r  i t s e l f .

The m e t h y l  e t h e r  ( 0 , 1  g , ) i n  e t h a n o l  s o l u t i o n  (1  o , c , )  was 

a d d e d  t o  p i c r i c  a c i d  (1  e q u i v a l e n t ,  0 , 0 7  g , )  d i s s o l v e d  i n  

e t h a n o l  (1  c , c , ) ,  A y e l l o w  gum p r e c i p i t a t e d .  I t  was o n ly  

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

s o l u t i o n ,  w h ic h  gave  0 ,0 9  g ,  (55>^), m ,p ,  80-95®, b u t  w h ic h  

s o f t e n e d  b e tw e e n  60® a n d  75®, I t  was t h e n  d i s s o l v e d  i n  a  

f u r t h e r  q u a n t i t y  o f  warm i s o - p r o p y l  a l c o h o l  and  a  l a r g e  e x c e s s  

o f  l i g h t  p e t r o l e u m  ( b , p .  40-60®) was a d d e d .  A f t e r  c o o l i n g  t o  

be low  0®, a  p a l e  y e l l o w  s o l i d  ( 0 , 0 5  g , ) ,  w h ich  s o f t e n e d  b e tw e e n  

81® and 88® n , p ,  90 -93® ,was o b t a i n e d :  ( + ) - 2 , 3 , 8 , 9 - t e t r a h y d r o -  

5* ,4* , 2 ” - t r i m e t h o x y - H , I T - d i n s t h y l - 4 , 5 : 6 , 7 - d i b e n 3 a s o n i n i u m  

p i c r a t e ,  (Found:  0 ,  5 5 , 8 ;  H, 5 , 2 ;  ÎÎ, 1 0 , 0 ;  0 ,  2 8 , 8 ,  

r e q u i r e s :  C, 5 6 , 1 ;  II, 5 , 1 ;  II, 1 0 , 1 ;  0 ,  28 ,7 5 ;6 ) ,  The I , R ,  

s p e c t r u m  r e s e m b l e d  t h a t  o f  t h e  p i c r a t e  m ,p ,  105-105 ,5®  o b t a i n e d  

f ro m  t h e  l i t h i u m  a lu m in iu m  h y d r i d e  r e d u c t i o n  p r o d u c t  ( p ,  1 4 6 ) ,  

e x c e p t  t h a t  t h e  h y d r o x y l  p e a k  was a b s e n t .  The 3 , 2 - 5 , 6  fi r e g i o n  

was i d e n t i c a l .
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K l n a t l o  R a c é m i s a t i o n  S t u d i e s ,

The m ethod  u s e d  was t h a t  d e s c r i b e d  on  p .  8 3 ,  a n d  th e  v a l u e s  

o f  t h e  v a r i o u s  the rm odynam ic  c o n s t a n t s  f o r  t h e  r a c é m i s a t i o n s  o f  

t h e  g i v e n  compounds, were  c a l c u l a t e d  a s  o n  p ,  4 8 .

(a )  ( + ) - 2 , 3 , 3 * - T r i m e t h o z y - G , 6 * - d i v i n y l b i p h e n y l  ( L U I I ) .

IÏO p o ly m e r  was p r e c i p i t a t e d  f rom  a  j^-cymene s o l u t i o n  

c o n t a i n i n g  1 2 .8 7 ^  o f  t h e  d i v i n y l b i p h e n y l  and  1 , 2 9 ^  o f  p i c r i c  

a c i d  ( p o l y m e r i s a t i o n  i n h i b i t o r ) ,  on  s t a n d i n g  f o r  s e v e r a l  m o n th s .  

However,  f rom  o b s e r v a t i o n s  made d u r i n g  t h e  p r e p a r a t i o n  ( p .  1 6 6 ) ,  

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

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

k i n e t i c  r a c é m i s a t i o n  e x p e r i m e n t s  r e l i a b l e ,

(b )  ( + ) - 2 , 3 , 3 ' - T r i m e t h o x y - 6 , 6 ' - d i e t h y l b i p h e n y l  (LXIY),

A 1 , 9 7 5 ^  solution  in  r e d is t i l le d  p-phenylethyl alcohol 

was used, 5760 2,

T e m p e r a tu r e  ; 1 8 1 ,5  -  0 . 5 ° .

Time ( h r . )  

*57^0

0

1 ,1 9

1

1 , 1 4

5

0 ,9 9

4 . 2 5

0 . 9 1

6

0 , 8 1

7 . 7 5

0 . 7 2

Time ( h r . ) 10 1 2 , 5 15 1 3 . 5 2 3 . 5 3 2 , 5

*5780 (&G3.) 0 ,6 4 5 0 , 5 4 0 . 4 6 0 . 5 7 0 .2 6 0 , 1 5

k  = 1 ,7 7 8 X 10~5 —1s e c .

t ^  = 1 0 , 8 3  h r .  ( 1 0 ,8 3  h r ,  f rom  g r a p h ) .
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T e m p e r a t u r e :  1 9 1 ,0 0 , 5 ° ,

Time ( h r , )  • 0..00 0 .3 3 0 . 7 5  1 .2 5 1 . 8 7 2 . 3 3

*5780 1 . 2 4 1 .1 6 1 .0 8  1 .0 0 0 . 9 2 0 . 8 7

Time ( h r , ) 5 . 5 0 4 . 8 3 6 . 3 3  8 .0 0 1 0 . 7 5 1 5 .0 0

*5730 ( d 8 g . ) 0 . 7 3 0 .6 0 5 0 . 5 0  0 .3 9 0 . 2 8 0 . 1 6

k  = 3 .7 3 5  X 10 S80” l . ,

4  = 5 . 1 5  h r .  ( 5 .1 5  h r .  f rom  g r a p h ) .

T e m p e r a tu r e  ; 2 0 1 .8  ”  0 . 3 ° .

Time ( h r * ) 0 .0 0 0 . 3 3 0 . 7 5  1 . 3 4 1 . 8 3 2 , 4 2

*5780 1 . 2 5 1 . 1 5 1 .0 2  0 ;8 2 0 . 7 3 0 , 6 3

Tims ( h r , ) 3 . 0 0 3 .8 0 4 .7 5  5 . 7 5 6 .8 0

“ 5780 0 .5 2 0 . 4 1 0 .5 1  0 . 2 2 0 . 1 7

k  «  8 ,1 5 0  X 10“ ^ s e o " ^ .

t ^  = 2 , 3 6  h r ,  ( 2 , 5 5  h r ,  f rom  g r a p h ) .

T e m p e r a t u r e :  2 1 1 ,6  “ 0 , 3  ,

Time ( n i n , ) 

*5730

0 10 
1 ,1 3 5  1 , 0 4

22
0 . 9 0

35
0 .7 9

55
0 , 6 3

78
0 ,5 0

Time ( m in , )  

*5780

95 110 

0 . 4 2  0 , 3 6

135

0 , 2 8

165

0 ,2 0

200

0 , 1 4

250

0 ,0 9

k  = 1 .7 2 9  

t i  ^  6 6 .8 5

X 10*^  s e e  

m in ,  ( 6 6 .

- 1
•

5 m in . f rom  g r a p h ) .
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T e m p e r a tu r e :  2 2 5 ,7 *  0,4®

Time ( m in , ) 0 4 9 15 20 25

*5780 (&Gg,) 1 ,0 2 0 ,9 1 5  0 ,8 2 0 . 7 0 0 , 6 3  0 , 55

Tima ( m in , ) 33 40 50 65 80 95

*5780 0 ,4 5 5 0 ,3 8  0 .2 9 5 0 . 2 0 0 , 1 5 5  0 , 095

k  = 4 ,1 9 1  X 10~^ se o T ^ ,

2 7 ,6  m in ,  ( 2 7 , 5  m in ,  f ro m  g r a p h ) .

Temp
+

l e r a t u r e :  2 2 8 ,9  - 0 , 4 ° ,

Time (m in , ) 0 2 5 8 12 17

*5780 1 ,0 2 5 0 . 9 4  0 . 8 3 0 , 7 4 0 .6 3 5  0 . ,53

Time ( m in , ) 22 30 40 53 60

*5780 0 , 4 3 0 . 3 3  0 . 2 3 0 , 1 4 0 ,1 1

k  = 6 .2 1 0  X 10 aeo“a #

4  = 1 8 . 6  m in .  ( 1 8 . 7  n i n .  f rom  g r a p h ) .

He a n  Temp, 

( d e g ,  C , )

Mean Temp, r*
” 1 0 ^ ,  1/T  

( d e g ,  K) [T]

R ate  C o n s t ,

3 9 C - \  lO ^ k .  ^

1 8 1 . 5 4 5 4 ,7 2 .1 9 9 1 ,7 7 8 5 ,2 50 0

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

2 0 1 ,8 4 7 5 ,0 2 . 1 0 5 8 .1 5 0 5 ,9 1 1 2

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

2 2 3 ,7 4 9 6 ,9 2 .0 1 2 4 1 ,9 1 4 ,6 2 2 3

2 2 3 ,9 5 0 2 ,1 1 .9 9 2 6 2 ,1 0 4 ,7 9 3 1
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The c a l c u l a t e d  v a l u e  f o r  E was 3 3 .7 9  k c a l ,  mole*"^.

Mean Temp, 

( d e g ,  C . )

Lo^lO A 

( s e c * ^ , )

AS* 

( 9 . a . )

An* ( k o a l .  

(mole  ) .

------- af'--------- -
AF ( k c a l ,  

n o l e " ^ ) ,

1 8 1 .5 1 1 ,4 9 - 8 . 8 0 3 2 .8 9

1 9 1 ,0 1 1 ,4 8 —8 .8 8 3 2 .8 7

2 0 1 ,8 1 1 ,4 6 - 9 . 0 3 3 2 . 8 5

2 1 1 ,6 1 1 ,4 7 - 8 . S 9 , 3 2 .8 3

2 2 3 , 7 1 1 ,4 3 - 9 . 0 1 3 2 .8 0
2 2 8 ,9 1 1 .5 0 - 3 . 9 2 3 2 .7 9 3 7 .2 8

The f o l l o w i n g  n e a n  r e s u l t s  w e re  o b t a i n e d :
—1 i  —1

E = 3 3 , 8  k c a l ,  mole  , All = 3 2 ,8  k c a l ,  mole .  ,
- 1  ATn* ^  __log^Q A = 1 1 , 5  s e c "  , ,  AP = 3 7 , 3  k c a l ,  mole a t

As* = - 8 , 9 4  e , u , , 2 2 8 , 9 ° ,

I s o l a t i o n  o f  th e  R a o e n a te .

The s o l u t i o n  r e s i d u e s  f rom t h e  above  e x p e r i m e n t s  w ere  

combined and 30 o , c ,  ( c o n t a i n i n g  0 .5 9  g ,  o f  t h e  compound),  were  

h e a t e d  u n d e r  vacuum a t  210® o v e r n i g h t .  The s o l u t i o n  was t h e n  

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

p r e s s u r e  l e f t  a  p a l e  brown o i l ,  0 , 7 1  g .  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  g av e  a  p a l e  y e l l m ^  o i l ,  0 , 5 9  g .  (1 0 0 $  r e c o v e r y ) ,  

b , p ,  1 5 2 - 1 5 5 ° /  0 , 4  m,m, (Found:  C, 7 6 . 4 ;  H, 7 , 8 ;  0 ,  1 5 , 9 ,

^19^24*^3 C, 7 6 , 0 ;  H, 8 , 0 5 ;  0 ,  1 6 , 0 $ ) ,

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

o p t i c a l l y  a c t i v e  compound, and  h e n ce  i t  was assumed t h a t  

r a c é m i s a t i o n  o n ly  h a d  b e e n  o b t a i n e d  w i t h  no d e c o m p o s i t i o n .
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(o )  (+ )-2 ;3 ,9 , 9 - T 0 t r a h ; / d r o - o ' ,4 » ,2 " - t r i m e t h o z y -lî-methy 1 -4 ,5 :6 ,7 -

dilDenza'îonlne ( L X X V I I ) .

A 3.49# so lu tio n  in  r e d i s t i l l e d , p-phenylethyl a lcohol vjas
Used, XS3 5780 %.

Tenperatura; 145, 0 -  0 .5° .

Time (h r .) 0.00 0.75 1.83 3.34 5.00 7.50

*5780 O.SO 0.73 0.67 0.57 0.59 0.52

îlme (h r .) 10.00 12.50 15.50 19.92 50.42

*5780 0.45 0.40 0.34 0.28 0.17

k = 1.374 X 10"5 —1sec ,

tj, = 14.02
ki

h r ,  (14,05 h r ,  from graph).

Temper?ta r a ;  155. 0 -  0 .2 ° .

Tlcia (h r .) 0.00 0.34 0,75 1.42 2.50 4.03

*5780 0.33 0.76 0,72 0.66 0.56 0.45

Time (h r .) 6.00 8.00 11,02 15.00

*5780 (3^2,) 0.35 0.27 0.175 0.11

k = 3.7515 X 10-5 3 3 o“ ^ .

t], =» 5.13 h r ,  (5,08 h r ,  from graph).

Température: 167. 0 -  0 .5 ° .

Time (h r .) 0.00 0.33 0,67 1.02 1.57 2.00

*5780 (üGg.) 0.76 0.68 0,59 0.51 0.435 0.58

Time (h r .) 2.60 3.60 5,00 6.00

*5780 0.31 0.23 0,14 0.095
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k = 9 .6 1 6  X 10“ ® s e o “ ^ .

t ^ =  2 . 0 0  h r ,  ( 1 , 9 8  h r ,  f rom  g r a p h ) .

T e m p e r a tu r e :  1 7 2 , 4 0.1°.
Time (m in , )  

*5780 ( d o g . )

0
0 ,7 7

13
0 , 6 7 5

26
0 ,6 0

40
0 , 5 2

60
0 ,4 2

Time ( m in , )  

*5780 ( 3 e g , )
95

0 ,3 0
120

0 , 2 3
1 4 0 i

0 ,1 9
192

0 , 1 2
240

0 ,0 8

k  = 1 .6 3 5  X 10“ ^  s e o ”  .  

t x  = 7 0 ,7  m in ,  (70 m in ,  f rom  g r a p h ) .

T e m p e r a t u r e :  1 8 0 ,6  -  0 , 4  ,

Time ( m in . )  

*5780 ( d ^ g .  )

0
0 ,7 9

6
0 ,7 0

13
0 ,6 1 5

21
0 , 5 5

32
0 . 4 5

Time ( m in . )  

*5780 ( d ^ g . )

44^
0 , 3 6

65
0 , 2 6

85
0 ,1 7 5

115
0 . 0 9 *

140
0 . 0 3 *

k  = 2 .8 5 0  X 1 0 "4  s e o  .  

t - j  = 4 0 ,5 5  m in .  ( 4 0 , 5  m in ,  f rom  g r a p h ) .

T e m p e r a tu r e :  1 9 1 ,5  ~ 0 , 1  ,

Time ( m in , )  

*5730

0
0 , 7 1

2
0 , 6 5

5
0 ,5 9

10
0 ,4 7 5 0 , 4 2

18
0 , 3 7

Time (m in ,  ) 22 27 36 49 • 60

*5780 ( d e g , ) 0 . 3 2 0 , 2 6 0 , 2 0 0,09® 0 , 0 4 5 *

k  = 5 ,9 1 7  X 10“ ^  s e c " ! .

t x  = 1 9 , 2  m in ,  ( 1 9 , 4  m in ,  f rom  g r a p h ) .
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On p l o t t i n g  t h e  l o g a r i t h m  o f  t h e  r o t a t i o n  a g a i n s t  t im e  a t  

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

p o i n t s  g i v e n  hy (*)  mere  o f f  t h e i r  r e s p e c t i v e  l i n e s  an d  were  

i g n o r e d .

Mean Temp, 

(de,'». C . )

Mean Temp, 

( d e g ,  E , ) [ T ]
10® 1 / Ï

R a te  C o n s t ,  

( s e c " ^ . )  l o \ .
LoglO k

1 4 5 .0

1 5 5 .0
1 6 7 .0  

1 7 2 . 4  

1 8 0 .6 *  
1 9 1 .5 *

4 1 8 .2

4 2 3 .2
4 4 0 .2

4 4 5 .6  

4 5 3 ,8
4 6 4 . 7

2 .5 9 1

2 . 3 3 5
2 .2 7 2

2 .2 3 9
2 . 2 0 4
2 .1 5 2

1 ,3 7 4

3 ,7 5 6
9 .6 1 6

1 6 . 3 5

2 8 .5 0
5 9 .1 7

5 .1 3 8 0

5 .5 7 4 7
5 .9 8 3 0

4 .2 1 3 7

4 .4 5 4 3
4 .7 7 2 1

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

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

( 1 ) ,  t a k i n g  a l l  s i x  p o i n t s  i n t o  c o n s i d e r a t i o n ,  a n d  ( 2 ) ,  by- 

i g n o r i n g  p o i n t s  a t  t e m p é r a t u r e s  ('*’) ,  b e c a u s e  o f  t h e  d e v i a t i o n  a t  

(*)  a b o v e ,  some d e c o m p o s i t i o n  p r e s u m a b ly  h a v in g  o c c u r r e d  i n  

a d d i t i o n  t o  r a c é m i s a t i o n .  V a lu e s  o f  E o b t a i n e d . f r o m  t h e  two 

s t r a i g h t  l i n e s  were  5 1 , 3 5  and  3 1 , 7 4  k c a l ,  n o l e * ^ .

Mean Temp, Mean Temp, AS* ( k o a l . AP* ( k c a l .

( d e g .  C .) ( s e c " ! , ) ( e , u . ) E o l e “ ^) m o le”  ) .

1 4 5 , 0 1 1 ,7 2 - 7 , 5 5 5 0 .9 1

1 5 5 ,0 1 1 ,7 7 - 7 , 3 8 3 0 .8 9

1 6 7 ,0 1 1 , 7 4 - 7 , 5 7 3 0 .8 7

1 7 2 , 4 1 1 ,7 4 - 7 , 5 8 3 0 .8 5

1 8 0 ,6 1 1 , 7 4 - 7 , 6 3 3 0 . 8 4

1 9 1 .5 1 1 ,7 0 - 7 , 8 3 3 0 .8 2 3 4 .4 3
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The f o l l o w i n g  mean r e s u l t s  w e re  o b t a i n e d :

E = 5 1 .5  k o a l .  m o le " ^ ,  = 5 0 , 9  k c a l ,  m o le " ^ ,
«» T ^  1

l o g i o  A = 1 1 , 7  s e o "  , ,  AP as 3 4 , 5  k c a l ,  m o le "  a t

AS*=-7 .60  e . u . ,  1 9 1 . 5 ° .  I

I s o l a t i o n  o f  t h e  Racem ate .

The f r a c t i o n s  o f  s o l u t i o n  f ro m  t h e  r a c é m i s a t i o n  e x p e r i m e n t s  

w ere  combined ,  an d  21 o . c ,  { c o n t a i n i n g  0 , 7 5  g ,  o f  t h e  m e t h y l  

e t h e r )  were  h e a t e d  o v e r n i g h t  a t  167® u n d e r  vacuum, w h ic h  

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

volume o f  e t h e r  was a d d e d  a n d  t h e  r e s u l t i n g  s o l u t i o n  was e x t r a c t ­

ed 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  f i v e  t i m e s .  The combined a c i d  

e x t r a c t s  were  t h e m s e l v e s  e x t r a c t e d  w i t h  e t h e r  t w i c e ,  a n d  t h e  

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

h y d r o x i d e .  T h i s  was e x t r a c t e d  t h r e e  t i m e s  w i t h  e t h e r ,  a n d  th e  

combined e x t r a c t s  w ere  d r i e d  o v e r  c a l c i u m  c h l o r i d e ,  a f t e r  

a d d i n g  a  l i t t l e  h y d r o s u l p h i t e .  E v a p o r a t i o n  t h e n  y i e l d e d  0 , 5 0  g ,  

o f  r a c e m a te  (6 9#  r e c o v e r y ) ,  (Found:  C, 7 3 , 4 ;  H, 8 , 1 ;  0 ,  1 4 , 5 ,

^20^25^^3  fG % ü i re s :  C, 7 3 , 4 ;  H, 7 , 7 ;  0 , 1 4 , 7 # ) ,

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

t h e  o p t i c a l l y  a c t i v e  compound. The d i f f e r e n c e s  w ere  due t o  a  

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

t h e  t r e a t m e n t  c a r r i e d  o u t .



"x.

185.  

F i r .  IK.

m.
c

VA
* COH
2
c
«

;
r.

lA
J-

1/
t>>
E
%
I
>.A

>]
'n

\
e•ti

•AV

h

40

fO
rf'I

M-
O
c0

Xë
v\
61

0

7 » . 4 / . < » < { j ^ i i u i J L

U\



187.

14.
I
Ï-
•f
C
'i

.  I

4,
V

f0-
ih'
m
r<
I

C0
X
\A

1q)
VrS

cC
¥
4,
k
'»
A,K
j
Ç

V
«A,w

4

c
S
H«w
.x>

sfi
VÂ

/

•iV
f

i

O

e Q / X  -h\



183 —

PAirn 5 .

DISCUSSION OP RESULTS.

K i n e t i c  R a c e m l o a t i o n  P x n e r i n e n t s

( L x i x r )  ( L x s u i )  ( L i c m i i )
I n  t h e  2 , 3 , 3 ' - t r i n o t I i 0 2 ; / l 5 i p i i e n y l  d e r i v a t i v e s  ( L K K X I ) ,  t h e  

n e th o ic y l  g ro n p  I n  t h e  3 - p o 3 i t l o n  can  r o t a t e  f r e e l y  i f  t h a t  i n  

t h e  2 - p o 3 i t l o n  i s  f a v o u r a b l y  o r i e n t a t e d .  Ho%?ever, any  c o n t r i b ­

u t i o n s  by t h e  c a n o n i c a l  s t r u c t u r e  ( L X X X I I )  t o  t h e  n e s o n e r i c  s t a t e  

o f  t h e  m o l e c u l e  \ v i l l  t e n d  t o  o r i e n t a t e  t h e  3 - m e t h o x y l  g ro u p  

i n  t h e  p l a n e  o f  t h e  r i n g .  The n e t l i o x y l  g r o u p  I n  t h e  2 - p o s i t  i o n  

i s  s u b j e c t  t o  t h e  " b u t t r e s s i n g "  e f f e c t  ( p ,  13) by t h a t  i n  t h e  

5 - p o s i t i o n  a g a i n s t  i n - p l a n o  b e n d in g  avjay f rom  t h e  b i p h e n y l  l i n k ,  

b u t  i n  c a s e s  v^hera t h e  tvjo b e n z e n e  r i n g s  a r e  c o p l a n a r ,  m o d e ls  

show t h a t  t h e  d i r e c t i o n  o f  t h e  C - 0  bond  o f  t h i s  2 - m e t h o z y l  g ro u p  

c a n n o t  make an  a n g l e  o f  l e s s  t h a n  <x = p = 42^ w i t h  t h e  p i a n o  o f  

t h e  b e n ze n e  r i n g  i n  th e  d i r e c t i o n  o f  t h e  b i p h e n y l  l l n l c ,  owing t o  

t h e  h y d r o g e n  a tom  i n  t h e  2 ’ - p o s i t i o n  ( f i g .  1 5 ) ,  H a ; ;ever ,  any  

c o n t r i b u t i o n s  by t h e  c a n o n i c a l  s t r u c t u r e  ( L X X 2 I I I )  t o  t h e  

m esomerio  s t a t e  w i l l  t e n d  t o  o r i e n t a t e  t h e  2-methoz;^' 'l g ro u p  i n  

t h e  p l a n e  o f  t h e  r i n g ,  p re s u m a b ly  i n  th e  p o s i t i o n  away f rom  t h e
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h y d r o g e n  a tom  i n  t h e  2 ’ - p o s i t i o n .  As t h e  c a r b o n  a tom  o f  t h i s  2 -  

n e t h o x y l  g r o u p  w i l l  l i e  c l o s e  t o  t h e  oxygen  a tom  o f  t h e  m e th o x y l  

g ro u p  i n  t h e  3 - p o s i t i o n  i n  s t r u c t u r e  (LXXXIII) ,  d i s t o r t i o n  o f  

t h e  g e o m e try  o f  t h i s  2 - m e t h o z y l  g r o u p  may o c c u r .  H ence ,  i t  i s  

n o t  known w h e t h e r  any  c o n t r i b u t i o n s  by (LXZXIII)  w i l l  t e n d  t o  

d i m i n i s h  o r  i n c r e a s e  t h e  i n t e r a c t i o n  b e tw e e n  t h e  2 - n e t h o x y l  

g r o u p  and  t h e  2 ’ - h y d r o g e n  a tom .  The m e t h o z y l  g ro u p  i n  t h e  

3 ’ - p o s i t i o n  can  r o t a t e  f r e e l y ,  b u t  i s  s u b j e c t  t o  c o n t r i b u t i o n s  

by s t r u c t u r e s  s u c h  a s  (LXXXII),  T h ese  e f f e c t s  may be  i l l u s t r a t e d  

a s  i n  f i g ,  1 5 ,  n e g l e c t i n g  c o n t r i b u t i o n s  by t h e  above  c a n o n i c a l  

s t r u c t u r e s ,  f o r  c a s e s  i n  w h ic h  t h e  b e n z e n e  r i n g s  a r e  c o p l a n a r .

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

i n c r e a s e d ,  a ,  f o r  e x am p le ,  i n c r e a s e s  t o  a  maximun o f  52 a t  a n  

i n t e r p l a n a r  a n g l e  o f  2 5 ° ,  w h i l s t  p d e c r e a s e s  n u m e r i c a l l y  u n t i l  

i n t e r a c t i o n  b e tw e e n  t h e  n e t h o x y l  g r o u p  i n  t h e  2 - p o s i t i o n  a n d  

t h e  h y d r o g e n  a tom  i n  t h e  2 ’ - p o s i t i o n  e v e n t u a l l y  d i s a p p e a r s .

E f f e c t s  due t o  h y d r o g e n  b o n d in g  o r  t o  o t h e r  f o r c e s  a r e  n o t  

t a k e n  i n t o  a c c o u n t  i n  t h i s  d i s c u s s i o n .

The r e s u l t s  o b t a i n e d  f rom  work  c a r r i e d  o u t  on  t h e  ( + ) - i s o -

n e r s  be low  a r e  i n  t a b l e  ( 5 ) ,  The h i g h  o p t i c a l  s t a b i l i t i e s  o f

t h e  compounds a r e  due t o  s t e r i c  h i n d r a n c e  t o  f r e e  r o t a t i o n  o f  

t h e  b e n z e n e  n u c l e i  a b o u t  t h e  b i p h e n y l  l i n k a g e  by t h e  g r o u p s  i n

t h e  6 , 6 ’ - p o 3 i t i o n s ,  i n  t h e  c a s e s  o f  ( X L I I I ) ,  (L I )  an d  (LXIV),
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t o g e t h e r  v j l t h  t h e  s t e r l o  e f f e c t  o f  a  ^ b u t t r e s s e d "  o r t h o  -me t  hoxy 1 

g ro u p  w hich  may i n c o r p o r a t e  c o n t r i b u t i o n s  by t h e  c a n o n i c a l  

s t r u c t u r e s  (LXZXII)and (LXXXIII) m e n t i o n e d  a b o v e .  T h i s  s t e r i c  

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

compound (LXXVII), t o g e t h e r  w i t h  t h e  n o n -b o n d e d  i n t e r a c t i o n  o f  

oppo sed  h y d r o g e n s  on  th e  a - o a r b o n  a tom s o f  t h e  f i v e - a t o m  b r i d g e ,  

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

T a b le  ( 5 ) .

R e s u l t s  o f  t h e  K i n e t i c  R a c é m i s a t i o n  Kxner im e n t  s .

(X L I I I ) _____(L I)  _ _ . _  J K I Y I _ __(_LXXV1I).
S o l v e n t

E ( k o a l .  m ole*^)  

Logj^Q A ( s 3 o “ ^ . )  

AS* ( e . u . )

( k c a l .  m ole"^]  

AF* ( k c a l ,  m ole"^!

_£-cjTi9ne

2 5 .8

1 0 .6

- 1 2 . 5

2 5 . 0

3 0 . 1  

a t  1 3 5 . 3 °

p -p h e i

5 3 .4 5

1 1 . 4  

— 9 .  42

5 2 . 5  

5 7 . 2

i t  2 2 3 .6 0  f

l y l e t h y l  al< 

3 5 .8

1 1 . 5  

-  8 . 9 4

5 2 .3

3 7 . 5  

,t  2 2 3 . 9 °

iohol

3 1 . 5  

1 1 . 7

-  7 .6 0  

5 0 .9

5 4 . 5  

a t  1 9 1 . 5 °

S a t u r a t i o n  o f  t h e  v i n y l  g r o u p s  o f  t h e  s t i l b e n e  ( X L I I I )  t o  

g i v e  t h e  d i b e n z y l  ( L I ) ,  i n c r e a s e s  t h e  o p t i c a l  s t a b i l i t y  con­

s i d e r a b l y ,  a s  i s  t o  be  e x p e c t e d  f rom t h e  e x a m i n a t i o n  o f  m o d e l s ,
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b u t  t h a  a b s e n c e  o f  th e  p h e n y l  ^ r o u p  I n  t h e  s l d e - c h a l n  I n  t h e  

d i e t h y l  b i p h e n y l  (LXIY), d oes  n o t  g i v e  a  d e c r e a s e  r e l a t i v e  to  

( L I ) ,  T h i s  i s  t o  be e x p e c t e d  f ro m  t h e  c o n f o r m a t i o n  o f  t h e s e  

s i d e - c h a i n a ,

I lode I s  cho’.v t h a t  i f  t h e  " b u t t r e s s i n g ” e f f e c t  h a s  a  r e a s o n ­

a b l y  l a r g e  e f f e c t  on  t h e  c o n f o r m a t i o n  o f  t h e  o r t h o -m eth o x y 1 

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

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

r a c é m i s a t i o n  t a k e s  p l a c e  \ v i th  t h e  m e th o x y l  g r o u p  i n  t h e  

2 - p o s i t i o n  p a s s i n g  th e  h y d r o g e n  a tom  i n  t h e  2 * - p o s i t i o n ,

Ho’.vever, i f  t h e  " b u t t r e s s i n g ” e f f e c t  h a s  o n ly  a  s m a l l  e f f e c t  

o n  t h e  c o n f o r m a t i o n  o f  t h e  o r t h o - m e th o x y 1 g r o u p ,  t h i s  g r o u p  

M i l l  p a s s  t h e  e t h y l  g ro u p  i n  t h e  6 ‘ - p o s i t i o n  i n  (L I )  and  (LXIY) 

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

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

o f  (V) and  (LXXYII) i s  7 , 5  k c a l ,  m o le " ^ ,  v/hich i s  due t o  t h e

e f f e c t  o f  t h e  " b u t t r e s s e d ” o r t h o -me t h o x y 1 g ro u p  i n  t h e  l a t t e r .

I t  i s  i n t e r e s t i n g  t o  compare t h e  e n e r g i e s  o f  a c t i v a t i o n  f o r

r a c é m i s a t i o n  f o r  (L I )  and  (LXIY) v.’i t h  t h e  f i g u r e s  o b t a i n e d  f o r

t h e  n o n - b u t t r e s s e d  b i p h e n y l s  (LXXXIY) M i th  m e th o x y l  g r o u p s  i n  t h e

2 , 2 * -p o 3 i t i o n s  ( t a b l e  6 ) ,  A d i f f e r e n c e  o f  a b o u t  7 . 7  k c a l ,  m o le "^

f o r  t h e  a c t i v a t i o n  e n e r g i e s  o c c u r s  b e tw e e n  t h e  two g r o u p s  o f
Ç.OC CORcompounds.

M«.o o n ^ .
(L x m v )  (V)
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T% tle  ( 6 ) .

R. E ( k c a l ,  m o le " ^ ) R e f e r e n c e

Ra+ O’ 25.9 101
n i2 27.85 102
cn„o0 25 .5 102
EO 2 4 .5 102

Tho ^ b u t t r e s s i n g "  e f f e c t  a l s o  a c c o o n t s  f o r  t h e  d i f f e r e n c e
- 1  35o f  6 . 4  k o a l .  m o le"  i n  th e  a c t i v a t i o n  e n e r g i e s  o f  t h e  n o n -

h r i d g e d  b i p h e n y l s  (V I I )  a n d  ( V I I I ) , and  th e  f a c t  t h a t  (Z) h a s

b e e n  o b t a i n e d  i n  a n  o p t i c a l l y  a c t i v e  s t a t e ,  w h e r e a s  ( IZ )  h a s

( p .  1 3 ) .

( 12) (Z)( V I I I )(V II )

U l t r a v i o l e t  S p e c t r a  D e t e r m i n a t i o n s .

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

compounds b e l o ’-v were  d e t e r m i n e d  i n  96^u e t h a n o l  s o l u t i o n  w i t h  

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

(L I)  R = C5H5 
(LZIV) R = II

CHcCH Y

( Z L i l l )

VM f Br

(LZ) R = II 
(LZI) R = C^Hs
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T a b le  ( 7 ) ,

Chromophore é

Ar-CII=CII- + ArO- 311 2 7 ,0 0 0

S t y r e n e - l i k e
c o n j u g a t i o n

( c a ,  250) 2 2 ,9 0 0

O t h e r  s h o r t - w a v e  
b a n d s

( c a .  240) 2 5 ,4 0 0

B i p h e n y l  Con­
j u g a t i o n

( c a ,  230) 2 7 ,3 0 0

P h e n y l 2 0 5 , 5 3 3 ,1 0 0

(LI) (LXIV) (LX) (LXI)

Chromophore e Ç 2 €

Phenoxy 279 4450 279 4710 2 3 0 .5 4150 232 4230

A l k y l - - - - — ( 2 5 3 .5 ) 692 (271) 2840
b e n ze n e (265) 2020

B i p h e n y l ( c a . ( c a . 16700 ( CR.
c o n j u g a t i o n 2TT7,5) 17800 2 3 7 .5 ) 235 22050 230 26900

P h e n y l 201 64500 201 60200 203 67050 2 0 7 , 5 59950

CÔ H
C W C«3

F i g u r e s  i n  p a r e n t h e s e s  d e n o te  p o i n t s  o f  i n f l e c t i o n * .

CPcCHi 

CW%CK^

(V) (VI) (XXV) (LÎX)

The v jav e le n g t l i s  o f  t h e  c o n j u g a t i o n  b a n d s  i n  t h e  s p e c t r a  o f  

( L I ) ,  (LXIV), (L2) an d  (LXI) a r e  f a i r l y  c l o s e  t o  one a n o t h e r ,  

sho i f ing  s m a l l  h y p so c h ro m io  s h i f t s  r e l a t i v e  t o  t h a t  f o r  t h e  a c i d  

(V) a t  231 mu ( 6  5 , 5 5 0 ) ,  The p r e s e n c e  o f  t h e  m e th o x y l  g r o u p s
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b r i n g s  a b o u t  a  l a r g e  en l ianeenon t  o f  t h e  i n t e n s i t i e s .  The

c o n j u g a t i o n  b an d  o f  t h e  s t i l b e n e  ( X L I I I )  a l s o  shows a  h y p s o -

chro in ic  s h i f t  r e l a t i v e  to  t h a t  f o r  2 ,  S ’ - d i v i n y l b i p h e n y l  (L IX ) ,

t o g e t h e r  w i t h  a  s n a i l  enhancem ent  o f  i n t e n s i t y ,  t h i s  band  i n
82 Vt h e  spec t ruL i  o f  t h e  l a t t e r  compound o c c u r r i n g  a t  235 mp,

(G = 2 5 , 3 0 0 ) ,  P r e s u m a b ly ,  t h e s e  s h i f t s ,  where  t h e y  o c c u r ,  must  

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

" b u t t r e s s e d *  m e t h o z y l  g r o u p  i n  t h e  o r t h o - p o s i t i o n ,
34 ^7

The n e t h i o d i d e s  (LX) and  (L X I) ,  p h e n y l d i h y d r o t h e b a i n e ’ ' ^ * 

( V I ) ,  and th e  u n b r i d g e d  compounds (L I)  and  (LXIY), e a c h  h ave  a  

b a n d  i n  t h e i r  s p e c t r a  w h ich  m ust  be due t o  t h e  phenozy  chromo­

p h o re  s a t  a b o u t  230 m|i (6 4 , 1 5 0  -  5 , 6 0 0 ) ,  2 , 2 ’ - D i v i n y l b i p h e n y l  

(LIX) h a s  two b a n d s  i n  i t s  s p e c t r u m  i n  t h e  235 mu r e g i o n  (c 1 ,8 7 0  

an d  1 ,3 4 0 )  due to  s t y r e n e - l i k e  c o n j u g a t i o n ,  b u t  i n  t h e  s t i l b e n e  

( X L I I I ) ,  t h e s e  c h r o n o p h o r e s  and a l s o  t h e  phsnomy chrom ophores  

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

t h r o u g h  th e  s y s te m

I'oo —^ ^ ^ c n = c i i s  {R = n  o r  CqH^)

w h ic h  i n c r e a s e s  th e  w a v e l e n g th  to  311 mju and th e  e x t i n c t i o n  

c o o f f i c i e n t  t o  2 7 , 0 0 0 ,

P o i n t s  o f  i n f l e c t i o n  o c c u r  a t  2 5 3 , 5  m|u (6 692)  i n  t h e  

s p e c t r u m  o f  (LX) and a t  265 m|i (é 2 ,0 2 0 )  and  271 m,u (6  2 ,8 4 0 )  

i n  t h a t  o f  (LXI) some o t h e r s  b e in g  masked i n  b o t h  c a s e s ,
33

I n f l e c t i o n s  a l s o  o c c u r  a t  265 and  272 m|i (€ c a ,  600) i n  t h a t
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o f  (V ) ,  A na logy  o f  t h e s e  s p e c t r a  w i t h  t h o s e  o f  2 , 2 ’ - d i e t h y l -  

t i p h o n y l ^ ^  {2X V ) ,X j-ax  2 5 3 . 5  (6  730) an d  271 (6  550) a n d

w i t h  t h o s a  o f  t o lu e n a ® ^ ,  e t h y l h o n z a n e  and  j i - o r s a o l  m e th y l
95

e t h e r  , w h ic h  a l l  have  a b s o r p t i o n  i n  t h i s  r e g i o n  ( p .  1 2 6 ) ,  

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

(V ) ,  (LX) and (LXI) a r e  due t o  t h e  p a r t i a l  a l k y l b e n z e n e  

c h r o n o p h o r e s .  A l t e r n a t i v e l y , i n  a l l  t h e s e  s p e c t r a ,  i t  c o u ld  be 

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

c o n j u g a t i o n  beb.'^een t h e  a r o m a t i c  r i n g s  an d  t h e  a -m e th y le n e  

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

-C H—

Only t h e  f i r s t  two s t r u c t u r e s  a p p l y  i n  t h e  c a s e s  o f  (LX),  

(LXI) and  n - c r e s o l  m e t h y l  e t h e r .

I n  b r i d g e d  b i p h e n y l s  w i t h o u t  s u b s t i t u e n t s  on  t h e  benzene  

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

t h e  lo n g -w a v e  b an d  i n  e ac h  o f  tho  s p e c t r a  d e c r e a s e s  f rom  t h a t  

f o r  f l u o r o n e ^ ^  (XIV) a t 3 0 0 , 5  n{i (€: 9 ,0 3 0 )  t o  t h o s e  f o r  

t h e  m e t h y l  e s t e r s  o f  th o  c i s -  and  t r a n s - a c i d s  ( X U ) ,  w h ic h  o c c u r  

a t  jca . 266 an d  274 n | i  (6 c a ,  800 and  500 r e s p e c t i v e l y )  i n
jig

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

t e n d  to w a rd s  t h o s e  o f  t h e  lo n g -w av e  i n f l e c t i o n s  f o r  t h e  above 

f i v e - a t o m  b r i d g e d  b i p h e n y l s  and  t h e  I n t e n s i t i e s  to w a rd s  t h o s e
f)

f o r  (V ) ,  A c c o r d i n g  t o  Braude  , t h e  lo n g -w av e  b and  i n  e a c h  o f  

t h e  s p e c t r a  o f  t h e  o n e -  (XIV) an d  tw o -a to m  b r i d g e d  b i p h e n y l s  ( I I )  

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

s i z e  o f  t h e  b r i d g e  I n c r e a s e s *  Ilov/ever,  i t  i s  more r e a s o n a b l e  

t o  assoiaa t h a t  th e  l o n g - ^ a v e  b an d  i n  e a c h  o f  t h e  s p e c t r a  o f  

t h e  b r i d g e d  b i p h e n y l s ,  e x c e p t  i n  t h e  c a s e  o f  f l u o r e n e  ( 2 I V ) ,  

i s  due t o  t h e  p a r t i a l  a l l c y lb e n z e n e  o h ro m o p h o res ,  o r  i n  o t h e r  

M ords ,  t o  h y p e r o o n j u g a t i o n  b e tw e e n  t h e  a r o m a t i c  r i n ^ s  and  th e  

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

J u s t  a s  t h e  s p e c t r u m  o f  (Y) r e s e m b l e s  t h a t  o f  2 , 2 ’ - d i e t h y l *
Fg rff?

b i p h e n y l ^  so th e  s p e c t r a  o f  th e  n e t h o b r o o i d e s  (L2) a n d

( I J Z )  r e s e m b l e  t h a t  o f  t h e  d i e t h y l b i p h e n y l  w i t h  th e  band  due t o  

t h e  phonozy c h ro n o p h o r e s  i n  the  s p e c t r u m  o f  3 , 5 ’ - d i m e th o x y -  

b i p h e n y l  su p e r im p o sed *  T h i s  a l s o  a p p l i e s  to  the  s p e c t r a  o f  (L I)  

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

t h a t  t h e  long-w avo  i n f l e c t i o n s  a r e  m i s s i n g  o r  t h e y  may be 

masked* L x c c p t  f o r  t h i s  a b s e n c e ,  th o  s p e c t r a  o f  (LI)  and  (LXIY) 

r e s e m b le  t h o s e  o f  the  m e th o b r o m id e s .  However ,  s u p e r i m p o s i t i o n  

o f  t h e  band  due t o  th e  phenoxy ch ro m o p h o re 3 on  t h e  s p e c t r u m  o f  

2 , 2 • - d i v i n y l b i p h e n y l  does  n o t  g i v e  r i s e  t o  t h e  spec t rum  o f  th e  

s t i l b e n e  (X L I I I )*

(XIV) { I D



-  193 -

RTÜFEKHHCIgS,

1 .  L.O Eroclcvvay and  1 , 1 .  K a r l e ,  £ ,  Amer,  Chen. S o c , , 1 9 4 4 , ' ^ ,  ' 

1974;

0 , E a s t l a n 3 3 8 n ,  A c ta  Chem. S c a n d , , 1949 ,  5 ,  4 0 3 ,

2 ,  A, A l n e n n ln g e n  an d  0 ,  B a s t i a n s s e n ,  K, Horslca Y ld e i i sk ,

Sc ln l ra lg  S k r l f t e r , 1953 ,  Ho, 4 ,  1 ,

5 ,  J ,  D a l e ,  A c ta  Chem, S c a n d , , 1957 ,  j A ,  640;

J , H ,  E a t o n  an d  E .R .  L l p p i n c o t t ,  S p e c t r o c h l n l c a  A c t a , 1959,627,

4 ,  J .  Ü e n g g te n b e rg  an d  H, Lîark, E r l s t a l l o g r , , 1929 ,  70,  2 83 ;  |

0 , L ,  C l a r k  an d  l .W ,  P i c l c e t t ,  JT, Amer. Chem, Soc ,  ,1 9 3 1 ,  53,16^?^

J ,  D ha r ,  I n d i a n  J ,  P h y s . , 193 2 ,  J7, 43 ;

A, E i a t a i g o r o d s k y ,  A c ta  Ph yg . - c h i m ,  D . R . S . S , , 1 9 4 6 ,  575 ,

5 ,  A, H a r g r e a v e s  and  S, R i z v i ,  A c ta  C r y s t , ,  1962 ,  3 ^ ,  3 6 5 ,

6 ,  J ,  T r o t t e r ,  A c ta  C r y s t . ,  1961 ,  14 ,  1135 ,

7 ,  G,B. R o b e r t s o n ,  TTature, 1961 ,  1 9 1 , 593 ,

8 ,  H, S u z u k i ,  B u l l ,  Chem, Soc . J a p a n , 195 9 ,  1 3 4 0 ,

9 ,  J ,  D a l e ,  A c ta  Chem.  Scand . , 1 95 7 ,  11 ,  6 4 0 ,

1 0 ,  J ,  Guy, J ,  Chim. P h y s , , 1 94 9 ,  4 6 9 ,

1 1 ,  E ,H ,  H o w l e t t ,  J , ,  196 0 ,  1 0 5 5 ,

1 2 ,  D.M, H a l l  and  H,M, H a r r i s ,  £ , ,  1960 ,  4 9 0 ,

1 3 ,  P .B .D .  de l a  H a r e , " P r o g r e s s  i n  S t e r e o c h e m i s t r y " ,  (S d ,

W, K l y n e ) ,  B u t t e r w o r t h s ,  London,  1954 ,  p ,  1 2 0 ,

1 4 ,  R, Adams and  H ,C ,  Yuan, Chem. Rev, , 193 3 ,  3 ^ ,  2 6 1 ;

R ,L ,  S h r i n e r ,  R, Adams, a n d  L , S ,  M a r v e l ,  " O r g a n ic  C h e m i s t r y " ,  

(S d ,  H, G i lm a n ) ,  Vfi ley,  Hew Y ork ,  s e c o n d  e d , ,  p p .  547 e t  s e q ,

1 5 ,  F ,  K l a g e s ,  "L ehrbuch  d e r  o r g a n ,  Chemie" ,  p a r t  2 ,  W a l t e r



— 199 —

de G r u y t e r  and  C o . ,  B e r l i n ,  1954 ,  p .  4 4 4 ,

1 6 ,  G.H, B eaven  a n d  D.M, H a l l ,  £ , ,  1956 ,  4637 ,

1 7 ,  A ,C.  L i t t l e j o h n  an d  J.W, S m i th ,  £ , ,  1954 ,  2 55 2 ,

1 8 ,  M.M, H a r r i s ,  £ . , 1 9 6 0 ,  190 5 ;  P r o c , Chem,  S o o . .  195 9 ,  3 67 ,

1 9 ,  H ,S ,  S e a r l e  and  R, Adams, £ ,  Amer, Chem, Soo . , 1933 ,  5 5 , 1 6 4 9 ,

2 0 ,  Chua Cheung King L in g  and M,M, H a r r i s ,  £ . ,  1964 ,  182 5 .

2 1 ,  R,A, F r i e d e l ,  M, O r c h in  and  L, R e g g e l ,  £ ,  Amer, Chem. Soo. , 

1943 ,  70,  199 .

2 2 ,  E ,A ,  B raude  a n d  W,F, F o r b e s ,  £ . ,  1 9 5 5 ,  5776 .

2 3 ,  R,A, F r i e d e l  and  M, O r c h in ,  " U l t r a v i o l e t  S p e c t r a  o f  A ro m a t i c  

Compounds",  W i le y ,  Hew Y o rk ,  195 1 .

2 4 ,  G.H, B eav en ,  D.M, H a l l ,  M.S. L e s s l i e ,  H.H, T u r n e r  and  

G,R, B i r d ,  £ , ,  195 4 ,  1 5 1 .

2 5 ,  H,A. Braude  and  F, Sondhe im er ,  £ . ,  1955 ,  5754 .

2 6 ,  K, Bowden, F .A ,  B raude  and H .R .H ,  J o n e s ,  £ , ,  1 94 6 ,  948;

2 7 ,  K, Bowden a n d  B .A, B r a u d e ,  £ , ,  1952 ,  1068 ,

2 8 ,  B, W i l l i a m s o n  and  W.II. Rodebush ,  £ ,  Amer. Chem. Soo . , 1941 ,  

63 ,  3018 .

2 9 ,  G.H. B eaven ,  D.M. H a l l ,  M.S. L e s s l i e  and E.15. T u r n e r ,  £ . ,  

195 2 ,  8 54 ,

5 0 .  K ^ J I o w l e t t ,  £ . ,  1955 ,  1249 .

3 1 .  K, M i3low,  M.A.W. G l a s s ,  H .B.  Hopps ,  E .  Simon and  G.H, Wahl, 

J . Amer. Chem. S o o . , 1964 ,  £ 6 ,  1710 ,

3 2 .  E ,A ,  B r a u d e ,  £ . ,  1949 ,  1902 .

5 3 ,  K. M is low ,  S. Hyden a n d  H. S c h a e f f e r ,  £ .  Amer.  Chem. Soo. ,  

1962 ,  8 4 ,  1 4 4 9 ,



— 200—

5 4 ,  L ,  S m a l l ,  L , J ,  S a r g e n t  a n d  J , A ,  B r a l l e y ,  £ ,  Or%. Chem, ,

1 94 7 ,  1 2 ,  8 39 .

35 .  M. R l e ^ e r  and  F .H ,  V/ea the lm er ,  J .  Amer. Chem, Soo. , 1 95 0 ,  ; 

72 ,  1 9 .

3 6 .  S .L .  C h le n  and  R. Adams, £ ,  Amer. Chem. Soo. , 1934 ,  £ 6 ,  1787 .

3 7 .  W. T h e l l a c k e r  an d  R. E o ppa ,  Chem. B e r . , 1959 ,  £ 2 ,  2293 .

3 3 .  R. Adama and U.K. Sundholm, £ .  Amer. Chem. Soo . , 1948 ,  7 0 ,

2267 .

R. Adama an d  J . R .  G ordon ,  I h l d . , 1950 ,  £ 2 ,  2454 ,

3 9 .  V.W. Mayn e o r d  a n d  B .M .F .  Roe, P r o p . Roy. Soo . , 1957 ,  A, 1 5 3 , 

634 .

4 0 .  A m e r ican  P e t r o l e u m  I n s t i t u t e  R e s e a r c h  P r o j e c t  44 ,  C a ta lo g u e  

o f  U l t r a v i o l e t  S p e c t r a l  D a ta ;  S e r i a l  Ro.  401 ( 1 9 5 0 ) ,

4 1 .  D.LÎ. B urna  and J .  I b a l l ,  R a t u r e , 1954 ,  1 7 3 , 638;

G.M. Brown and  M.H. B o r t n e r ,  A c ta  C r y s t . ,  195 4 ,  7 ,  1 3 9 ,

4 2 .  G.H. B eaven ,  P .B .D .  de l a  M are ,  E .A ,  J o h n s o n  a n d  R.V, K la a a o n ,  

£ . ,  196 2 ,  9 88 .

4 3 .  K, Mialo '^  and  H.B, l îoppa ,  £ .  Amer. Chem. Soo . , 1962 ,  £ 4 ,  3018.

4 4 .  G. V / i t t i g  a n d  H. Zimmermann, Chem. B e r . , 1953 ,  £ 6 ,  629 .

45 .  K. Mialow an d  K. J o s h u a ,  £ .  Amer. Chem. S o c . , 1955 ,  £ 7 ,  666 .

4 6 .  D.M, H a l l ,  £ . ,  1956 ,  3 6 7 4 .

4 7 .  F . J .  B e l l ,  £ . ,  1952 ,  1 5 2 7 .

4 3 .  G.H. B eav e n ,  G.R. B i r d ,  D.M. H a l l ,  E .A .  J o h n s o n ,  J . F .  Ladhury,

M.S.  L e s s l i e  and  E . E .  T u r n e r ,  £ . ,  1955 ,  2708 ,

4 9 .  D.C. X f f l a n d  and  H, S i e g e l ,  £ ,  Amer. Chem. Soc . , 1958 ,  8 0 , 

1 9 4 7 ,



-  201 -

5 0 .  A,C, Cope and R,D, S m i th ,  £ ,  Amer, Chem. S o c . , 1956 ,  78 ,1012 ,

5 1 .  D.M. H a l l  and  H.E.  T u r n e r ,  £ . ,  1 95 5 ,  1242 .

52 .  F .  B e l l  a n d  D.H. V/aring, Chem. a n d  I n d . , 1949 ,  3 2 1 .

53 .  L .V .  Dvorken ,  R.B. Sir:yth a n d  K, Mi g low,  £ .  Amer. Chem. S o c . ,

1 95 3 ,  80 ,  435 .

54 .  F .  B e l l ,  £ . ,  1952 ,  1527 .

55 .  S .R .  Ahmed and D.M. H a l l ,  £ . ,  1959 ,  3383 .

56 .  M. F r e u n d ,  B e r . , 1905 ,  £ 8 ,  3234 .

57 .  D.M. H a l l  and  F .  M i n h a j ,  £ . ,  195 7 ,  4534 .

53 .  P.M. E v e r i t t ,  D.M. H a l l  an d  E . E .  T u r n e r ,  J . , 195 6 ,  2 28 6 .

59 .  M. F r e u n d ,  D . R . - P . , 1 3 1 ,5 1 0  ( 1 9 0 7 ) ;  F r d l . .  8 ,  1171 .

6 0 .  M. Fre^md and  E.  S p e y e r ,  B e r . , 191 6 ,  4 9 ,  128 7 ,

61 .  L .  Sm all  an d  S.M. F r y ,  £ .  O rg . C hen . , 19 3 9 ,  5 ,  509.

62 .  R. R o b in so n ,  P r o c . Roy. S o c . , 1 9 4 7 ,  1 35 3 ,  v - z i z .

6 3 .  R, R o b in so n ,  R a t u r e , 1947 ,  1 6 0 , 8 15 .

64 .  H.W. B e n t l e y  an d  R. R o b in so n ,  F x p e r i e n t l a , 1950 ,  £ ,  353 .

6 5 .  H.T/. B e n t l e y  an d  R. R o b in so n ,  £ , ,  1952 ,  947 .

6 6 .  Hoek,  D i s s e r t a t i o n ,  F r i e d b u r g  1926 .

6 7 .  J .M . C u l l a n d  a n d  R. R ob in so n ,  £ . ,  1923 ,  980;  Hem. P r o c .

M a n c h e s t e r  P h i l .  S o c . , 1 9 2 5 ,  £ 9 ,  79 .

63 .  K.W. B e n t l e y  a n d  H.M.E. C a r d w e l l ,  £ . ,  1 9 5 5 ,3 2 5 2 ;

J ,  C a lv o d a ,  P .  B u c h s a e h e r  a n d  0 .  J e g o r ,  H a l v . C h i n . A c t a , 

195 5 ,  3 3 .  184 7 .

69 .  J . A .  B e r s o n ,  £ .  Amer. Chem. S o c . , 1956 ,  £ 8 ,  4170 ,

7 0 .  J . A .  B e r s o n  a n d  M.A. Gresnbama,  £ .  Amer. Chem. S o c . , 1958 ,

8 0 ,  4 4 5 .



-  202 -

71 .  R .S .  Cahn and C.K, I n g o l d ,  195 1 ,  612;

R .S ,  Calm, C.H. I n g o l d  an d  V, P r o l o g ,  E z p e r l e n t i a , 1956 ,

1 2 ,  8 1 .

7 2 .  R .S .  Calm, J .  Chem. E d . ,  1964 ,  4 1 ,  1 1 6 .

73 .  L . F .  F l e s o r  a n d  M. F l e s e r ,  " R a t u r a i  P r o d u c t s  R o l a t e d  t o  

P h e n a n t h r e n e "  (Amer. Chem. Soc . M onographs ,  s e r .  70,

Rew Y ork ,  1 9 4 9 ) .

74 .  II. Schmid and P .  H a r r e r ,  F e l v . Chlm. A c t a , 1950 ,  3 3 ,  863 .

75 .  M. F r e u n d ,  E .  S peye r  and  E .  C u t t n a n n ,  B e r . , 1 92 0 ,  £ 3 ,  2250 .

76 .  H. F y r l n g ,  £ .  Chem. P h y s . , 193 5 ,  3 ,  107 ;  Chem. R e v . , 1935,  

17 ,  65 .

7 7 .  G. G o l d f i n g e r ,  I .  S k e i s t  a n d  II, Mark,  J .  P h y s . Chem. , 1943 ,  

4 7 ,  578;

T . S .  Chambers ,  U .S .  P a t e n t  2 , 4 2 0 , 8 6 2 ;

M a t h l e s o n  A l k a l i  Vforks ( I n c . ) ,  B r i t .  P a t .  5 9 5 ,8 4 5 ;

E .R .  E r i c k s o n ,  B r i t .  P a t .  6 1 8 ,4 7 8 ;

E .R .  E r i c k s o n ,  U .S .  P a t .  2 , 4 5 5 , 7 4 5 ;

Rdhm a n d  Esias , G . m . b . E . , G e r .  P a t . ,  1 , 0 4 7 , 7 7 3 .

78 .  R .L .  Franlc a n d  R. Adams, J .  Amer. Chem.  Soc . , 1946 ,  6£ ,  9 0 3 .

79 .  A.K. C o l t e r  a n d  L.M. C lem ens ,  £ .  Amer. Chem. Soc . , 1965 ,

8 7 ,  847 .

8 0 .  R.U. B e a le  and E .M .F .  Roe, J . , 1953 ,  2755 .

8 1 .  Am.erican P e t r o l e u m  I n s t i t u t e  R e s e a r c h  P r o j e c t  4 4 ,  C a t a lo g u e  

o f  U l t r a v i o l e t  S p e c t r a l  D a t a ;  s e r i a l  Ro. 1 6 8 ,  c o n t r i b u t e d  by 

t h e  S h e l l  Developm ent  Co. ( 1 9 4 7 ) .

8 2 .  G.H. B eaven  an d  E .A .  J o h n s o n ,  J . , 195 7 ,  651.



— 203 —

83* P.M. E v e r l t t ,  D.M. H a l l  and  E .E .  T u r n e r ,  £ . ,  1956 ,  2235 .

8 4 .  S .  G l a s s t o n e ,  " T ex tb oo k  o f  P h y s i c a l  C h e n l s t r y " ,  M a c m i l l a n ,

London,  1962 ,  p .  7 85 .

85 .  L . J .  B e l l a m y ,  "The I n f r a r e d  S p e c t r a  o f  Complex M o l e c u l e s " ,  

M ethuen ,  London, 1959 ,  Ch. 3 ,  p .  3 4 ,

86 .  H.U, R a n d a l ,  E .G .  F o w le r ,  R. F u s i o n  a n d  J . R ,  ttemgl,

" I n f r a r e d  D e t e r m i n a t i o n s  o f  O r g a n ic  S t r u c t u r e s " ,  Tan R o s t r a n d ,

. P r i n c e t o n ,  Pew J e r s e y ,  1956,  Ch.* I l l ,  p .  1 9 .

8 7 .  A.D. C r o s s ,  " I n t r o d u c t i o n  t o  P r a c t i c a l  I n f r a r e d  S p e c t r o s c o p y " ,  

B u t t e r w o r t h s ,  London,  s e c o n d  e d . ,  p .  67 .

8 8 .  V/.F. F o r b e s ,  p r i v a t e  com m u n ica t io n  t o  R e f ,  6 5 ,

8 9 .  R e f .  87 ,  p .  71.

90 .  R e f .  8 7 ,  p .  72.

9 1 .  R e f .  8 6 ,  Ch. I T ,  p .  3 7 .

92 .  R e f .  8 7 .  p ,  7 6 -7 7 .

93 .  T .  P u r d i e  and J . C .  I r v i n e ,  J , , 1903 ,  1 0 2 1 .

94 .  A m erican  P e t r o l e u m  I n s t i t u t e  R e s e a r c h  P r o j e c t  4 4 ,  C a ta lo g u e  

o f  U l t r a v i o l e t  S p e c t r a l  D a ta ;  S e r i a l  Ho. 325 ( 1 9 4 9 ) .

9 5 .  B . J .  Commins and A . J .  L i n d s e y ,  An. C h i n . A c t a , 19 5 6 ,  1 5 ,  443 ,  

9 5 ,  H, B r s d o r o c k ,  G. B rod  a n d  G, l î d s c i i a l e ,  Chem. B e r . , 1955 ,

8 8 ,  4 40 .

9 7 .  R e f .  94 ,  s e r i a l  Ho. 13 ( 1 9 4 5 ) .

9 3 .  R e f .  8 7 ,  p .  64 .

99 .  T .  R od io no v ,  B u l l , Soo . C h lm . ,  1926 ,  3 9 ,  3 0 5 .

1 0 0 .  R e f .  87 ,  p .  65.



— 2 0 4  —

1 01 ,  J . E ,  L e f f i e r  and E,M, G r a y b i l l ,  J ,  Phys, Chem, , 1959, 

63,  1457 ,

1 02 ,  J . E ,  L e f x l e r  and  B,M, G r a y b J . l l ,  J ,  P h y s , Chem,,  1959 ,  

63 ,  1 46 1 ,



The Preparation of Bentley and Robinson’s “Dihydrothebaine” and
Proof of its Structure

B y D. M u r i e l  H a l l  and W. W. T. M a n s e r  

{Department of Chemistry, Bedford College, Regent's Park, London, N.TF.l)

R eprin ted  fro m  C h e m i c a l  C o m m c n i c a t h i n s , 1 9 G 7

THE CHEMICAL SOCIETY

BURLINGTON HOUSE. LONDON, W.l



Reprinted from  C h e m ic a l C o m m u n ica tio n s , 1967 , page 112 ,

The Preparation of Bentley and Robinson’s “Dihydrothebaine’
Proof of its Structure

B y D. M u r i e l  H a l l  and W. W. T. M a n s e r  

[Department of Chemistry, Bedford College, Regent’s Park, London, N.IU.I)

and

T h e  action of phenylmagnesium bromide on 
thebaine (I) gives phenyldihydrothebaine, shown 
by Bentley and Robinson^ to have the structure 
(II; R = P h ). B y treating thebaine with anhy­
drous magnesium iodide Bentley and Robinson^ 
hoped to  prepare the unsubstituted "dihydro­
thebaine" (II; R = H ), which Schmid and Karrer* 
had also tried to make by direct reduction of the­
baine. Bentley and Robinson obtained a light 
browm solid, for which they tentatively suggested 
structure (III) ; reduction with lithium aluminium  
hydride gave a gas (assumed to be methane) and 
what appeared to be a phenolic secondary amine 
from which they could obtain no crystalline 
derivatives. They considered that déméthylation 
accompanying reduction might have given (IV).

We have reinvestigated these reactions and have 
now shown that the main product of the lithium  
aluminium hydride reduction is the tertiary 
amine, (-j-)-2,3,8,9-tetrahydro-4'-hydroxy-3',2"-di- 
methoxy-iV-methyl-4,6 :6 ,7-dibenzazonine (II ;
R = H ). W e were unable to detect methane among 
the gases evolved during the reduction and could 
find no evidence for the presence of the secondary 
amine (IV). The reaction with nitrous acid on

which Bentley and Robinson based tlieir assign­
ment is probably a C-nitrosation of the phenolic 
aromatic ring.

The azonine (II; R = H ) was obtained as a 
crystalline solid, m.p. 103*5— 104 6". Infrared and 
nuclear magnetic resonance spectra are consistent 
with the suggested structure, both showing the 
presence of a hydroxyl and an //-m ethyl group. 
The methiodide, the m ethyl ether (V), and the 
methyl ether methiodide (VI; X = I )  have all been 
prepared and characterised. The m ethyl ether 
methobromide (VI; X = B r )  has an ultraviolet 
spectrum (Amt 225 m/x.Amax 280*6, «ma* 4145) 
closely resembling that of phenyldihydrothebaine 
m ethyl ether methobromide (Ainf 230 A max 
282, «max 4290) both in 96% ethanol.

Two Hofmann degradations of the methyl etlier 
methiodide (VI ; X = I )  gave a nitrogen-free product, 
considered to be (VII), which polymerised readily 
and could be hydrogenated to  {-}-)-6,6'-diethy 1- 
2,3,2'-trimethoxybiphenyl (VIII). This compound 
and the azonine m ethyl ether (V) race mise on 
heating in solution at rates consistent with their 
hindered biphenyl structures.

W e conclude that the secondary amine (IV) is
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absent from the lithium aluminium hydride 
reduction product for the following reasons : (a) we 
failed to separate the product into two components, 
(6) we were unable to detect any of the substituted  
urea (IX), when tlie crude reduction product was 
treated with a-naphthyl isocyanate, although the 
a-naphthylurethane of (II ; R =  H) was readily 
obtained, and (c) we did not observe any shifts in

the infrared spectrum after treatment of the sodium  
salt of (II ; R = H ) with deuterium oxide; the phenol 
itself readily underwent 0-deuteration under the 
same conditions.

Full details, including a study of the optical 
stability of (V), will be pubhshed elsewhere,
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