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PREFACE

The r e s e a r c h  work r e p o r t e d  i n  t h i s  t h e s i s  d e a l s  m a in ly  w i th  

h y d ro g e n  b o n d in g  i n  v a r i o u s  c l a s s e s  o f  o r g a n i c  compounds. I t  

h a s  a lw ays  b e e n  t h e  a u t h o r ’ s i n t e n t i o n  t o  e x te n d  h i s  know ledge 

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

h y d ro g en  bond a p p e a r s  t o  be a l l  i m p o r t a n t .  Lack o f  t im e ,  how ever , 

p r e c l u d e d  an y  e x p e r i m e n t a l  a p p ro a c h .  In  t h e  i n t r o d u c t o r y  s e c t i o n ,  

t h e r e f o r e ,  t h e  a u t h o r  s h o u ld  l i k e  t o  d e p a r t  from  t r a d i t i o n  and d e a l  

w i t h  t h e  im p o r ta n c e  o f  t h e  h y d ro g en  bond i n  b i o l o g i c a l  s y s te m s .

T h is  d e c i s i o n  r e c e i v e s  s u p p o r t  s i n c e  t h e  e x c e l l e n t  r e v ie w  o f  

h y d ro g e n  b o n d in g  b y  TICHY* t a c k l e s  t h e  s u b j e c t  o f  i n t r a m o l e c u l a r  

h y d ro g en  b o n d in g  i n  n o n - b i o l o g i c a l  s y s te m s  i n  a  v e r y  co m p reh en s iv e  

m anne r .
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INTRODUCTION

“ The most fru itfu l application of H bridge 

theory w ill be to a better understanding 

of complicated organic substances.” 

HUGGINS, J.Org.Chem.,1,405 (1936).

D e o x y r ib o n u c le i c  A cid  (DNA), R i b o n u c le i c  A cid  (RNA), and R e l a t e d  

B i o - p o ly m e r s .

N u c le ic  a c i d s  a r e  lo n g  c h a in  m o le c u le s  o f  h ig h  m o le c u la r  w e ig h t  

i n  w h ich  f iv e -m e m b e re d  r i n g s  o f  t h e  s u g a r s  d e o x y r i b o s e ,  o r  r i b o s e ,  

a r e  j o i n e d  b y  p h o s p h a te  e s t e r  l i n k s .  Each o f  t h e  s u g a r s  has 

a t t a c h e d  t o  i t  a  p u r in e  o r  p y r im id in e  ty p e  b a s e ,  w hich  can  be o f  

f o u r  d i f f e r e n t  t y p e s  ( F ig u r e  l ) .  In  DNA t h e s e  a r e  a d e n in e ,  g u a n in e ,  

thym ine  and  c y t o s i n e ;  i n  RNA a d e n in e ,  g u a n in e ,  c y t o s i n e  and u r a c i l .

B o th  DNA and RNA a p p e a r  t o  p o s s e s s  a  s e c o n d a r y  s t r u c t u r e  by

v i r t u e  o f  t h e  f a c t  t h a t  th e  p u r in e  and p y r im id in e  b a s e s  can  u n d e rg o

h y d ro g en  b o n d in g  w i th  e a c h  o t h e r .  I n  t h e  c a s e  o f  DNA, t h i s

s e c o n d a r y  s t r u c t u r e  t a k e s  t h e  form o f  a  lo n g  h i g h l y  o r d e r e d  h e l i x

composed o f  two s t r a n d s  h e ld  t o g e t h e r  by  h y d ro g e n  bonds be tw een  th e  
v 2 -4b a s e s .  The model lo o k s  l i k e  a  s p i r a l  s t a i r c a s e ,  i n  w hich  th e

b a s e s  form  t h e  s t e p s  and t h e  p h o s p h a te  e s t e r  c h a in s  p r o v id e  th e  

b a n i s t e r s  ( F ig u r e  2 ) .  These  i n t e m o l e c u l a r  h y d ro g en  bonds a r e  n o t  

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

t h e  a d e n in e  (A) a lw ays  b e in g  bonded t o  thym ine  ( t ) and th e  g u a n in e  (G) 

t o  c y t o s i n e  (C) ( F ig u r e  3 ) .  »
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I t  i s  n e a r l y  s i x  y e a r s  s i n c e  t h e  f i r s t  i n t e g r a t e d  a rg u m e n t  was 

p r e s e n t e d  t h a t  RNA m o le c u le s  p o s s e s s  s e c o n d a r y  s t r u c t u r e ,  i n  t h e  

form  o f  h e l i c a l  r e g i o n s  embedded w i t h i n  a  s i n g l e  p o l y n u c l e o t i d e
5 *

c h a i n .  The s e c o n d a r y  s t r u c t u r e  o f  RNA a r i s e s  from  i n t r a m o l e c u l a r  

i n t e r a c t i o n s .  I t  t a k e s  t h e  form o f  DN A-like h e l i c a l  r e g i o n s ,  

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

p a i r s  i n  t h e  h e l i c a l  r e g i o n s  a r e  o n ly  A-U and  G-C. Maximal 

f o r m a t i o n  o f  t h e  A-U and G-C p a i r s  o c c u r s  b e c a u s e  non -b o n d ed  r e s i d u e s  

can  lo o p  o u t  o f  a  h e l i c a l  r e g i o n ,  so t h a t  t h e  p r o p e r l y  bonded , 

c o m p le m e n ta ry  b a s e s  f a l l  i n t o  p l a c e  ( F i g u r e  4 ) . ^

C o n fo rm a t io n  o f  DNA i n  S o l u t i o n

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

t h e  DNA m o le c u le  p l a y s  an  i m p o r t a n t  r o l e  i n  r e p r o d u c t i o n  i n  th e  

l i v i n g  c e l l  (a q u e o u s  m edium ), by  an  " u n z ip p in g "  o f  th e  d o u b le  h e l i x  

to  form  two s e p a r a t e  d a u g h te r  s t r a n d s  w h ich  a c q u i r e  a  new ly  

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

d o u b le  h e l i c a l  s t r u c t u r e s .

The b i o c h e m i s t  h a s  s t u d i e d  t h i s  d e s t r u c t i o n  o f  t h e  s e c o n d a r y
7-10s t r u c t u r e  b y  a v a r i e t y  o f  t e c h n i q u e s  such  a s  t i t r a t i o n ,

11 12 13u l t r a v i o l e t  s p e c t r o s c o p y ,  , b i o l o g i c a l  a c t i v i t y ,  and

m a c ro m o le c u la r  a n a l y s i s  ( l i g h t  s c a t t e r i n g ,  v i s c o s i t y ,  and f lo w

d i c h r o i s m ) . These  d e n a t u r a t i o n  s t u d i e s  a r e  o f t e n  q u o te d

a s  p r o v id i n g  a d d i t i o n a l  e v id e n c e  f o r  t h e  h y d ro g en  bond s t a b i l i z a t i o n

o f  t h e  s e c o n d a r y  s t r u c t u r e  o f  DNA.7 ,1 0  STURTEVANT e t  a l . , 16

how ever , c o n c lu d e  t h a t  t h e  c o n v e n t i o n a l  WATSON-CRICK m odel i n

w hich  h y d ro g en  bonds  a r e  t h e  s o l e  s o u r c e  o f  s t a b i l i t y  i s  p r o b a b l y

n o t  c o m p le te ly  c o r r e c t .  T h is  i s  n o t  r e a l l y  s u r p r i s i n g  i f  n o t e  i s

t a k e n  o f  t h e  f a c t  t h a t  t h e  lo n g  i n t e r m o l e c u l a r  h y d ro g e n  bonds

p o s t u l a t e d  f o r  t h e  b a s e - p a i r i n g  scheme would  be e x p e c t e d  t o  be

w eak. I f  t h e s e  N-H***»N and N-H**»»0 b o n d s  in d e e d  have l e n g t h s
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o f  n e a r l y  3*0 X a s s i g n e d  t o  them , t h e y  would be e x p e c te d  t o  be

w e a k e r  t h a n  t h e  0-H**»*N, and N-H*».*0 hyd ro g en  bonds

form ed b e tw e e n  t h e  b a s e s  and w a t e r  i n  t h e  random c o i l  c o n f i g u r a t i o n ,

and would  be  much w e ak e r  t h a n  t h e  s t r o n g  w a t e r - w a t e r  hyd rogen  bonds

i n  l i q u i d  w a t e r .  Thus so m e th in g  e l s e  m u s t  a c c o u n t  f o r  th e  s t a b i l i t y
17o f  t h e  d o u b le  h e l i x  i n  a q ueous  medium. FALK e t  a l . have employed 

i n f r a r e d  s p e c t r o s c o p y  i n  a  s t u d y  o f  t h e  h y d r a t i o n  o f  DNA. There  

a r e  t h r e e  m o l e c u l a r  s u b g ro u p s  i n  DNA ( t h e  h e t e r o c y c l i c  b a s e s ,  

d e o x y r i b o s e ,  and  th e  d i e s t e r i f i e d  p h o s p h a te  g r o u p s )  w hich  p r o v id e  

s i t e s  w here  w a t e r  m o le c u le s  can  be a d s o r b e d .  The f i v e  p o s s i b l e  

h y d r a t i o n  s i t e s ,  i n d i c a t e d  i n  F ig u r e  5 ,  may, o f  c o u r s e ,  c o n t a i n  more 

t h a n  one w a t e r  m o le c u le  and c o n v e r s e l y  one w a t e r  m o le c u le  may be 

a t t a c h e d  t o  m ore t h a n  one s i t e .  T hese  a u t h o r s  c o n c lu d e  t h a t  w a te r  

a d s o r b s  on t h e  s i t e s  p r o v id e d  b y  t h e  POg Na+ ( a r e a  l )  o f  th e  DNA 

b ackbone  b e tw e e n  r e l a t i v e  h u m id i ty  ( r . h . )  0 t o  65$ . The P-O-C 

( a r e a  2 )  and  C-O-C ( a r e a  3 )  oxygens a l s o  become h y d r a t e d  below  65$ r . h .  

Above 65$ r . h .  t h e  C*=0 g ro u p s  and r i n g  n i t r o g e n s  ( a r e a  4 )  become 

h y d r a t e d .  The h y d r a t i o n  p r o c e s s  i s  c o m p le te  b y  a b o u t  80$ r . h .  and 

f u r t h e r  h y d r a t i o n  o c c u r s  w i t h  s w e l l i n g .  A t  80$ r . h . ,  t h e r e f o r e ,  

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

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

What t h e n  c a u s e s  t h e  ”u n z i p p i n g M o f  t h e  DNA h e l i x  i n  aqueous  medium?

I s  t h e  known s t a b i l i t y  o f  DNA s t r e n g t h e n e d  by  s o l v e n t  e f f e c t s ?

T hese  q u e s t i o n s  and many o t h e r s  m ig h t  w e l l  be answ ered  by  c o n s id e r in g  

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

R e c e n t l y  SUTOR^ h a s  rem ark ed  t h a t  t h e  s t r u c t u r e  o f  DNA h a s  t o
o 19

be c o n s t r u c t e d  w i t h  CH*• • » 0 (p h o s p h a te )  c o n t a c t s  o f  2*88 A.

She h a s  sum m arized  th e  l i t e r a t u r e  and r e p o r t s  t h a t  many h e t e r o c y c l i c  

e x a m p les  w h ich  a p p e a r  t o  e x h i b i t  t h i s  c l o s e  c o n t a c t  phenomenon 

c o n t a i n  a  p u r in e  o r  p y r im id in e  s k e l e t o n .  She c o n c lu d e s  Mi t  i s  

t e m p t in g  t o  s p e c u l a t e  a s  t o  w h e a th e r  th e  hyd ro g en  bonds

p l a y  as  an i m p o r t a n t  a  p a r t  i n  t h e  s t r u c t u r e  o f  b i o l o g i c a l  m o le c u le s
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a s  t h e  o t h e r s  k i n d s  o f  h y d ro g e n  bonds d o . ” These a rg u m e n ts ,  

how ever ,  a p p l y  t o  c o n f o r m a t io n  i n  t h e  s o l i d  s t a t e  and need  n o t  

n e c e s s a r y i l y  a p p l y  t o  t h e  c o n fo r m a t io n  o f  su c h  m o le c u le s  i n  

aq u e o u s  medium.

C o n fo rm a t io n  o f  RNA i n  S o l u t i o n

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

w i t h  t h e  s t r u c t u r e  and f u n c t i o n  o f  RNA. I t  i s  b e l i e v e d  t o  t a k e  a

fu n d a m e n ta l  r o l e  i n  p r o t e i n  s y n t h e s i s ,  su c h  a s  h e lp i n g  t o  d e te rm in e

t h e  s e q u e n c e  o f  amino a c i d s  i n  t h e  p r o t e i n  u n d e rg o in g  s y n t h e s i s .

I s  t h e  h y d ro g e n  bond an  e s s e n t i a l  p a r t  i n  t h e  mechanism ? The RNA

m a c ro m o le c u le s  v a r y  i n  c o n fo r m a t io n  d e p e n d in g  on such  c o n d i t i o n s  as
20t h e  i o n i c  s t r e n g t h ,  t e m p e r a t u r e ,  and o t h e r  p a r a m e t e r s .

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

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

c o n f o r m a t io n  w i t h  f u n c t i o n .

B io - p o ly m e r s  and  O l i g o n u c l e o t i d e s

I n f r a r e d  s p e c t r o s c o p y  can  be  o f  c o n s i d e r a b l e  h e l p  when s tu d y in g  

h y d ro g e n  b o n d in g  i n  i n e r t  s o l v e n t s  such  a s  c a rb o n  t e t r a c h l o r i d e .

When d e a l i n g  w i t h  n u c l e o s i d e s ,  n u c l e o t i d e s ,  e t c . ,  how ever, we a r e  

c o m p e l le d  t o  u s e  aq u e o u s  m ed ia  from  th e  s o l u b i l i t y  p o i n t  o f  v iew  as  

w e l l  a s  t h a t  o f  h a v in g  t h e  sy s te m  a s  c l o s e  a s  p o s s i b l e  t o  t h a t  i n  

t h e  l i v i n g  c e l l .  T h i s  means t h a t  t h e  norm al a p p ro a c h  o f  d e te r m in in g  

w h e th e r  h y d ro g e n  b o n d in g  o c c u r s  o r  n o t  i s  a lm o s t  im p o s s ib le  s in c e  

t h e  w a t e r  a b s o r p t i o n s  w i l l  mask t h e  h y d ro x y l  and amino fu n d am en ta l  

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

KY0G0KU e t  a l . 21 c la im e d  t h a t  when t h e y  mixed i n  aqueous  s o l u t i o n  

e q u a l  p r o p o r t i o n s  o f  a d e n o s in e  and u r i d i n e  a  complex c r y s t a l  was
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o b t a i n e d .  A h y d ro g e n  bonded  complex b e tw een  1-m e th y lth y m in e  

and 9 -m e th y l  a d e n in e  h a s  a l r e a d y  b e e n  d e m o n s t ra te d  i n  t h e  s o l i d
9 9

s t a t e  b y  t h e  X - r a y  m ethod  ( F ig u r e  6 ) .  The i n f r a r e d  sp ec tru m  

o f  t h e  m ixed  c r y s t a l  o f  a d e n o s in e  and u r i d i n e  showed a s t r o n g  band

i n  t h e  i n f r a r e d  a t  1700 cm.~* w hich  was n o t  o b se rv e d  f o r  th e  two
21n u c l e o s i d e s  b y  t h e m s e l v e s .  These a u t h o r s  a t t r i b u t e d  t h i s  new 

band  t o  a  s t r u c t u r e  r e s u l t i n g  from  a  p r o to n  t r a n s f e r  from th e  u r a c i l  

t o  t h e  a d e n in e  r e s i d u e  su c h  a s :

T h i s  p a i r i n g  i s  s a i d  t o  i n v o lv e  a  ^ - e l e c t r o n  l o c a l i z a t i o n  i n  th e  

C*N bonds  o f  t h e  a d e n in e  r e s i d u e ,  g i v i n g  r i s e  t o  t h e  new band a t  

1700 c ra ." ^ .  A s i m i l a r  s i t u a t i o n  was o b s e rv e d  be tw een  c y t i d i n e  

and g u a n o s i n e :

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

scheme i n  n u c l e i c  a c i d  s t r u c t u r e s .  In d eed  a  number o f  e x p e r im e n ta l

f a c t s  h a v e  b e e n  r e c o r d e d  w hich  show t h a t  t h e  1710 cm. band i s

c e r t a i n l y  c h a r a c t e r i s t i c  o f  t h e  s e c o n d a ry  s t r u c t u r e  o f  n u c l e i c  
23 24a c i d s .  * The q u e s t i o n  t o  be  a s k e d ,  how ever, i s  w hat scheme

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

1710 cm.  ̂ b a n d .^ ^  I f  p r o t o n  t r a n s f e r  i n  n u c l e i c  a c i d s  does  o c c u r ,  

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

a c i d s  on a  d i f f e r e n t  b a s i s  from  t h o s e  g e n e r a l l y  a c c e p t e d .  The 

e l e c t r o s t a t i c  a t t r a c t i o n  b y  p r o to n  t r a n s f e r  would a lm o s t  c e r t a i n l y  

a c c o u n t  f o r  a n  i m p o r t a n t  p a r t  o f  t h e  m o le c u la r  s t a b i l i z a t i o n .
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Does h y d ro g e n  b o n d in g  h o l d  t o g e t h e r  t h e  p o l y n u c l e o t i d e  c h a in s ?

The i m p o r ta n c e  o f  h y d ro p h o b ic  f o r c e s  i n  b i o l o g i c a l  m acrom olecu les  

may w e l l  be  a n o t h e r  f a c t o r  i n  s t a b i l i z a t i o n .

26
LIPSETT e t  a l . h a v e  c o n t in u e d  w i th  t h e s e  s t u d i e s  by  o b se rv in g  

com plex f o r m a t i o n  b e tw e e n  l o n g - c h a i n  p o l y n u c l e o t i d e s  and o l i g o n u c l e o t i d e s .  

They  a t t e m p t e d  t o  e v a l u a t e  t h e  r e l a t i v e  bond s t a b i l i t i e s  o f  th e  

d i f f e r e n t  b a s e  p a i r s  i n  DNA [ ( A - T ) , ( G - C ) ]  and RNA [ (A -U ), (G -C ) ] .

They to o k  a s  m o d e ls  t h e  a s s o c i a t i o n  o f  p o l y u r i d y l i c  a c id  and 

a d e n in e  o l i g o n u c l e o t i d e s .  P o l y u r i d y l i c  a c id  a s s o c i a t e s  w i th  members

o f  t h e  t h r e e  s e r i e s ,  pApA pA, ApAp A, and ApAp Ap, l a r g e r

t h e n  t h e  t r i n u c l e o t i d e  t o  form  t h r e e - s t r a n d e d  2 :1  complexes in  

(>♦001 M MgClg and t w o - s t r a n d e d  1 :1  com plexes  i n  0*1 M NaCl. The 

r e l a t i v e  s t r e n g t h s  o f  t h e  com ponent bonds  i n  such  com plexes were

d e te r m in e d  b y  m e a s u r in g  t h e  t h e r m a l  s t a b i l i t y  o f  t h e  com plexes ,
27

e g .  t h e  t e m p e r a t u r e  a t  w h ich  t h e y  a r e  h a l f - d i s s o c i a t e d  (Tm)»

I n  a l l  t h r e e  s e r i e s  t h e  d i s s o c i a t i o n  t e m p e r a t u r e s ,  Tm, were q u i t e  

s i m i l a r  and  i n c r e a s e d  w i t h  i n c r e a s i n g  o l i g o n u c l e o t i d e  c h a in  l e n g t h .  

P o l y u r i d y l i c  a c i d  fo rm s com plexes  w i th  pApApApU, pApApApApU, and 

pApApApAUp w h ic h  a r e  l e s s  s t a b l e  t h e n  th e  c o r r e s p o n d in g  o l ig o n u c le o t id e s  

w i t h o u t  t h e  t e r m i n a l  u r i d i n e  r e s i d u e .  These' unbonded " t a i l s "  of  

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

o u t  o f  p o s i t i o n  so  a s  n o t  t o  b lo c k  a  p o s i t i o n  on t h e  p o l y u r i d y l i c  

a c id  c h a in  ( F i g u r e  7 ) .

The s y n t h e t i c  p o l y n u c l e o t i d e s  have a ro u s e d  c o n s id e r a b l e  i n t e r e s t  

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

a c i d s .  B o th  t h e  n a t u r a l  and s y n t h e t i c  po lym ers  a r e  c a p a b le  o f  

t a k i n g  u p  more t h a n  one s e c o n d a r y  s t r u c t u r e ,  and a g r e a t  d e a l  o f  

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

s u i t a b l e  e n v i r o n m e n t s  many p o l y n u c l e o t i d e s  a re  c a p a b le  o f  form ing 

e l o n g a t e d ,  h e l i c a l  m o le c u le s  i n  w hich s u c c e s s iv e  g ro u p s  have^a  

f i x e d  p o s i t i o n  r e l a t i v e  t o  e a c h  o t h e r .  LANGRIDGE and RICH have



8

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

p o l y c y t i d y l i c  a c i d .  A c c o r d in g  t o  t h e s e  a u t h o r s  t h e  s t a b l e  h e l i x

form o f  p o l y c y t i d y l i c  a c i d  i s  h e m i - p r o t o n a t e d  ( F i g u r e  8 ) .  They go
29on t o  s a y  t h a t  i n  c o n t r a s t  t o  p o l y a d e n y l i c  a c id  t h e  a d d i t i o n a l

p r o to n  w h ich  i s  added  t o  s t a b i l i z e  t h e  p o l y c y t i d y l i c  a c id  h e l i x  i s

i n v o lv e d  d i r e c t l y  i n  h y d r o g e n  b o n d in g ,  w h i l e  i n  p o l y a d e n y l i c  a c i d ,

th e  c o n t r i b u t i o n  w h ich  t h e  a d d ed  p r o t o n  m akes t o  form th e  h e l i x  i s

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

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

ad o p te d  by  a n o t h e r  g r o u p  o f  b i o l o g i c a l  i m p o r t a n t  m o le c u le s ,  t h e

p r o t e i n s  and  p o l y p e p t i d e s ,  w h e re  i n t e r - a m i d e  h y d ro g e n  bonds  a r e

r e s p o n s i b l e  f o r  t h e  s e c o n d a r y  h e l i c a l  s t r u c t u r e  ( F ig u r e  9 ) .  KLOTZ 
30and FRANZEN h av e  s t u d i e d  t h e  a s s o c i a t i o n  o f  N -m e th y la c e ta m id e  i n  

aqueous  s o l u t i o n  u s i n g  t h e  f i r s t  o v e r t o n e  v i b r a t i o n s  o f  t h e  N-II 

fu n d a m e n ta l  s t r e t c h i n g  v i b r a t i o n .  T h e i r  r e s u l t s  w i t h  t h i s  model 

sy s tem  f o r  p r o t e i n s  and  p o l y p e p t i d e s  l e a d  them t o  b e l i e v e  t h a t  

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

s t a b i l i z a t i o n  o f  m a c r o m o le c u la r  o r g a n i z a t i o n .  H ere  a g a i n  o t h e r  

f o r c e s  m u s t  be  i n v o lv e d  b e s i d e s  t h e  h y d ro g e n  bond ( c f .  DNA and RNA).

To c o n t i n u e  w i t h  t h e  a s s o c i a t i o n  o f  t h e  p o l y n u c l e o t i d e s ,  MILES and 
31FRAZIER h av e  r e c e n t l y  s t u d i e d  t h e  h e l i x  s t r a n d e d n e s s  i n  th e  

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

( s o l u t i o n s  i n  D ~ 0) .  T h e i r  m e a su re m e n ts  and c o n c lu s i o n s  a r e  b a sed  

on t h e  f a c t  t h a t  d i f f e r e n t  co m p lex es  have  d i f f e r e n t  s p e c t r a  i n  th e  

r e g i o n  1000—1800 cm. r e s u l t i n g  from  h y d ro g e n  b o n d in g  be tw een  

b a s e s  and p r o t o n a t i o n  o f  t h e  p y r im id i n e  r i n g .  The d i f f e r e n t  

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

v ea v ea w e“ V sa
P o ly  A I 028 1057

P o ly  U 1092 710 1657 1230

P o ly  (A+U) 1691 436  1672 544 I 031 398

P o ly  (A+2U) 1696 567 1677 378 1657 599



I n  t h i s  way one c a n  d i f f e r e n t i a t e  b e tw e e n  p o ly  (A+U) and  p o l y  (A+2U).

Thus i n f r a r e d  s p e c t r o s c o p y  p r o v id e s  a  u s e f u l  and c o n v e n ie n t

m ethod  o f  a n a l y s i s .  H ow ever, t h e  X - r a y  m ethod  i s  s t i l l  o f  p r im a r y

im p o r ta n c e  i n  d e t e r m i n i n g  t h e  ty p e  o f  h e l i x  t a k e n  up b y
. .  . . .  32 -34p o l y n u c l e o t i d e s .

I n f r a r e d  d e m o n s t r a t i o n  o f  tw o-  and t h r e e  s t r a n d  h e l i x  f o r m a t io n

b e tw e e n  p o l y  C and  g u a n o s in e  m o n o n u c le o t id e s  and o l i g o n u c l e o t i d e s
35h a s  b e e n  r e p o r t e d  r e c e n t l y .  The i n f r a r e d  f r e q u e n c i e s  a s s o c i a t e d

w i t h  t h e  v a r i o u s  com plexes  a r e  sum m arized  i n  T a b le  1 .

I t  seem s r e a s o n a b l e ,  t h e r e f o r e ,  t h a t  t h e  u s e  o f  i n f r a r e d  

s p e c t r o s c o p y  i n  a  s tu d y  o f  t h e s e  co m p lex es  w i l l  n o t  i n v o lv e  

t r a d i t i o n a l  m e a su re m e n ts  on v(OH) and v(NIl) i n  i n e r t  s o l v e n t s ,  

b u t  r a t h e r  t h e  c h a n g e s  i n v o lv e d  when p r o t o n  t r a n s f e r  and h y d ro g en  

b o n d in g  a l t e r  t h e  v i b r a t i o n s  a s s o c i a t e d  w i t h  t h e  c a r b o n y l  and  r i n g

v i b r a t i o n s  o f  t h e  p u r i n e  and p y r im id in e  b a s e s .  A d m i t t e d l y ,  t h e r e

a r e  many q u e s t i o n s  s t i l l  t o  be  an sw ered  c o n c e r n in g  t h e  mode o f  a c t i o n  

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

h y d ro g e n  bond  i n  n a t u r e .  A s y s t e m a t i c  s t u d y  o f  t h e  com plex

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

i m p o r ta n c e  and f u n c t i o n  o f  t h e  h y d ro g e n  b o n d .  The f a c t  t h a t  two 

e l o n g a t e d  p o ly m e r ic  s p e c i e s  w rap  a ro u n d  e a c h  o t h e r  ( i n  s o l u t i o n )  

t o  fo rm  a  t w o - s t r a n d e d  h e l i c a l  m o le c u le ,  i . e .  p o ly  (A+U), m ust 

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

o f  t h e  two p o ly m e r s .  So f a r  s t u d i e s  have  b e e n  r e s t r i c t e d  t o  

s im p le  s y s te m s  s i m i l a r  t o  t h o s e  d e s c r i b e d  a b o v e .  P e r h a p s  much 

more v a l u a b l e  i n f o r m a t i o n  m ig h t  be g a in e d  b y  lo o k in g  a t  sy s te m s  

w i t h  v a r i o u s  b a s e s  s p e c i f i c a l l y  em ployed a lo n g  t h e  p o ly m e r  c h a in  

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

THACH and DOTY have  r e c e n t l y  d e s c r i b e d  t h e  e n z y m a tic  s y n t h e s i s  

o f  t r i — and t e t r a —n u c l e o t i d e s  o f  d e f i n e d  b a s e  s e q u e n c e .  These  

compounds m ig h t  w e l l  p r o v id e  a  v a l u a b l e  l i n k  i n  a  s y s t e m a t i c  s t u d y



o f  b a s e  p a i r i n g .  One way o r  t h e  o t h e r  i t  i s  o n l y  b y  a  lo n g  and 

d e t a i l e d  a n a l y s i s  t h a t  m o le c u le s  su c h  a s  DNA a r e  l i k e l y  t o  r e v e a l  

"w ha t m akes them  t i c k " .
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TABLE i t  

A b s o r p t i o n  Maxima i n  cm.~*

Band A s s ig n m e n ts

Material*!* P r o t o n a t e d
c y t o s i n e  r i n g  

v i b r a t i o n

G uan ine
c a r b o n y l
v i b r a t i o n

C y to s in e
c a r b o n y l
v i b r a t i o n

U n p r o to n a te d  
c y t o s i n e  r i n g  

v i b r a t i o n

G uan ine
r i n g

v i b r a t i o n

5 '-dGMP +
p o l y  C : tw o -  -  
s t r a n d e d  h e l i x

1682 1652 1622 1581
1586

5 '-dGMP +
2 p o ly  C : t h r e e -  1707 
s t r a n d e d  h e l i x

1687 1656a 1623 1582
1565

GpGpGp +
p o l y  C ; tw o -  -  
s t r a n d e d  h e l i x

1679 1650 1621 1581
1561

GpG + 2 p o ly  C : 
t h r e e - s t r a n d e d  1707 
h e l i x

1684 1655a - 1580
1568

* V a lu e s  t a k e n  from  r e f .  35 .
*t* 5*-dGMP, d e o x y g u a n o s i n e - 5 ' - p h o s p h a t e .

P o l y  C, p o l y c y t i d y l i c  a c i d .
GpGpGp, g u a n y l y l - ( 3 • . 5  *) - g u a n y l y l - ( 3 ' ,  5 ' ) - g u a n o s i n e - 3 ’- p h o s p h a t e . 
GpG, g u a n y l y l - ( 3 ' , 5  *)- g u a n o s i n e . 

a  P r e d o m i n a n t l y  v (C »0)  i n  b o t h  p r o t o n a t e d  and u n p r o t o n a t e d  c y t o s i n e s .
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I Adenine

n h 2
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S h | y n

HjO— P = 0
OH•c h 2,HO OH

HO
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OH
Adenosine t

Adenylic acid

Dinucleotide (ApAp)

FIGURE 1 .  N u c l e i c  a c i d s  (3  s t a g e s ) .  RNA shown, DNA l a c k s
t h e  h y d ro x y l  g r o u p  i n  t h e  s u g a r  r i n g  a t  p o s i t i o n  2 ' .
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D N A  Structure B 

Hydrogen

Oxygen

Carbon in
phosphate-ester
chain

Carbon and 
nitrogen in bases

Phosphorus

FIGURE 2 .  D oub le  h e l i x  c o n f i g u r a t i o n  o f  DNA. (R e p ro d u c e d  
from  a n  o r i g i n a l  d ra w in g  b y  P r o f .  M .H .F . W ilk e n s  
F . R . S . ) .
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FIGURE 3 .  B ase  p a i r i n g  scheme i n  t h e  d o u b le  h e l i c a l  s t r u c t u r e  
o f  DNA.
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Paired bases 

—  Unpaired bases

FIGURE 4 .  A s c h e m a t ic  d ia g ra m  o f  t h e  s e c o n d a r y  s t r u c t u r e  o f  
RNA.



FIGURE 5 . A s c h e m a t ic  d ra w in g  o f  one  s t r a n d  o f  DNA c o n t a i n i n g  
th y m in e  and  g u a n in e  b a s e s  i n d i c a t i n g  s i t e s  f o r  p o s s i b l e  
w a t e r  a d s o r p t i o n .  (Redrawn from  r e f .  1 7 ) .



FIGURE 6 . H ydrogen  bonded  com plex  b e tw e e n  1 -m e th y l th y m in e  
and 9 - m e t h y l a d e n i n e . ( a )  p a c k in g  o f  t h e  b a s e
p a i r s  i n  a  l a y e r  p a r a l l e l  t o  (O lO ) .  ( b )  t h e  
m o l e c u l a r  d im e n s io n s  o f  t h e  b a s e  p a i r .  (R e p ro d u c e d  
from  r e f .  2 2 ) .



FIGURE 7 . T w o -s t ra n d e d  com plex  i n v o l v i n g  p o l y u r i d y l i c  a c i d  
and  pApApApAU. The n o n -m a tc h in g  u r i d y l i c  a c i d  
r e s i d u e  o f  pApApApAU d o e s  n o t  o ccu p y  a  p o s i t i o n  
i n  t h e  h e l i x .  (Redrawn from  r e f .  2 6 ) .



FIGURE 8 .

- . * .  ' o .........H— NChain \
H

I I I— I— I— J o
0  5 a

P ro p o s e d  h y d ro g e n  b o n d in g  b e tw e e n  c y t o s i n e  b a s e s  
i n  p o l y c y t i d y l i c  a c i d .  The c y t o s i n e  on t h e  r i g h t  
h a s  an  a d d i t i o n a l  p r o t o n ,  a s  i n d i c a t e d  b y  t h e  + s i g n .  
How ever, t h e  p o s i t i v e  c h a rg e  i s  p r o b a b l y  d i s t r i b u t e d  
o v e r  t h e  p y r im id i n e  r i n g .  I t  i s  l i k e l y  t h a t  a l t e r n a t e  
b a s e s  a lo n g  a  g i v e n  po lym er  c h a i n  w i l l  t e n d  t o  be 
p r o n t o n a t e d .  (Redrawn from  r e f .  2 8 ) .



FIGURE 9 . S c h e m a t ic  d ia g ra m  o f  t h e  s e c o n d a r y  s t r u c t u r e  o f  a  
p o l y p e p t i d e  a d o p te d  t h r o u g h  i n t e r —amide h y d ro g e n  
b o n d s .
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HYDROGEN BONDING IN PHENOLS

HISTORICAL

The f i r s t  c a s e  o f  i n t r a m o l e c u l a r  h y d ro g e n  b o n d in g  t o  be s t u d i e d
37s p e c t r o s c o p i c a l l y  was t h a t  o f  t h e  2 - h a l o p h e n o l s .  PAULING 

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

t o  a n  e q u i l i b r i u m  b e tw e e n  p o s s i b l e  " c i s "  and  " t r a n s "  fo rm s ,

" c i s "  " t r a n s ”

th e  h i g h  f r e q u e n c y  band  r e s u l t i n g  from  t h e  " t r a n s "  fo rm , w h i l e

t h e  lo w e r  bonded  f r e q u e n c y  band  was due  t o  t h e  i n t r a m o l e c u l a r l y
38h y d ro g e n  bonded  " c i s "  fo rm . I n  r e c e n t  t im e s  BAKER h a s  

r e - i n v e s t i g a t e d  a  s e r i e s  o f  h a lo p h e n o l s  and  h i s  r e s u l t s  can  be 

sum m arized  a s  f o l l o w s :

H a logen Av(OH) cm .” 1 v S

F 20
Cl 58 0 .5 6
Br 74 0 .3 8
I 93 0 .1 4

Av ** v(OH) f r e e  -  v(OIl) b o n d e d .

He o b s e rv e d  t h a t  t h e  c o n c e n t r a t i o n  o f  t h e  bonded " c i s "  form

d e c r e a s e s  on g o in g  from  f l u o r i n e  t o  i o d i n e  ( from  v a l u e s  ) .
39A n o th e r  g r o u p  o f  w o r k e r s ,  how ever, h a s  a l s o  made a  s t u d y  o f
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2 - h a l o p h e n o l s  and t h e i r  r e s u l t s  s u g g e s t  t h a t  t h e  o r d e r  o f  s t r e n g t h  

o f  t h e  i n t r a m o l e c u l a r  h y d ro g en  bonds  form ed i s  F > I > B r > C l .

40BROWN e t  a l . have made a  s t u d y  o f  t h e  b u t t r e s s i n g  e f f e c t  o f

a l k y l  g r o u p s  on t h e  3 -  and 6 - p o s i t i o n  i n  2 -b ro m o p h e n o ls .  In  t h e

c a s e  o f  2 ,4 - d ib r o m o p h e n o l  and  2 , 4 - d ib r o m o - 6 - m e th y lp h e n o l  th e

bonded  f r e q u e n c y  i s  3528 cm. I n t r o d u c t i o n  o f  a  6 - t - b u t y l

g ro u p  i n t o  s u c h  a  sy s te m  s h i f t s  t h e  f r e q u e n c y  o f  t h e  bonded  band

t o  3509 cm. F u r t h e r  s u b s t i t u t i o n  i n  t h e  3 - p o s i t i o n  b y  a  m eth y l

g r o u p  c a u s e s  t h e  f r e q u e n c y  t o  s h i f t  t o  3500 cm.- ^ .  I n  t h i s  s t u d y ,

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

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

t h e r e b y  e n f o r c i n g  t h e  h y d ro x y l  g ro u p  t o  p o i n t  to w a rd s  t h e  a d j a c e n t

b ro m in e  atom  i n  t h e  2 - p o s i t i o n .  A s i m i l a r  s i t u a t i o n  h a s  been
41o b s e rv e d  i n  a  s t u d y  o f  2 - n i t r o p h e n o l s .

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

p h e n o l i c  compounds emerged from  a s t u d y  o f  2 -a m in o p h en o l  and
412 -d im e th y la m in o p h e n o l  b y  BAKER and SHUI/iIN. The s p e c t ru m  

o f  2 -a m in o p h e n o l  showed o n ly  a  s i n g l e  f r e e  h y d ro x y l  a b s o r p t i o n ,  

w h i l e  t h a t  o f  2 -d im e th y la m in o p h e n o l  e x h i b i t e d  a  s i n g l e  b ro a d  

bonded  a b s o r p t i o n  (Av=*245 cm. ^ ) .  In  t h e  c a s e  o f  2 -am in o p h en o l  

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

n u c l e u s ,  a  s i t u a t i o n  w h ich  i s  v e r y  u n f a v o u r a b le  f o r  h y d ro g en  b o n d in g .  

I n t r o d u c t i o n  o f  m e th y l  g r o u p s  on th e  n i t r o g e n  atom , how ever ,  b r i n g s  

a b o u t  s t e r i c  i n t e r a c t i o n s  and th e  m e th y l  g r o u p s  t a k e  up  skew 

a r r a n g e m e n ts  w i t h  r e s p e c t  t o  t h e  p h e n y l  r i n g .  T h i s  s i t u a t i o n  

now b r i n g s  t h e  e l e c t r o n  lo n e  p a i r  on t h e  n i t r o g e n  i n t o  a  p o s i t i o n  

s u i t a b l e  f o r  i n t r a m o l e c u l a r  hyd ro g en  b o n d in g .

42OKI e t  a l .  have s t u d i e d  r e s t r i c t e d  r o t a t i o n  i n  2 - p r o p e n y l -  

p h e n o l s .  The s p e c t ru m  o f  2 , 6 - d ip r o p e n y lp h e n o l  e x h i b i t s  two 

h y d ro x y l  s t r e t c h i n g  f r e q u e n c i e s  (3603 and 3546 cm. i n d i c a t i n g
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f re e d o m  o f  r o t a t i o n  o f  t h e  t r a n s —p r o p e n y l  g r o u p s .  The s p e c t ru m  

o f  t h e  c o r r e s p o n d in g  3 , 5 - d im e th y l - 2 ,6 ~ d i p r o p e n y l p h e n o l , how ever ,  

e x h i b i t s  o n l y  a  bonded  h y d ro x y l  band  (3526  cm."”1 ) s u g g e s t i n g  t h a t

3603 3546 3526 c m ." 1

t h e  m e th y l  g r o u p s  i n  th e  3 -  and 5 - p o s i t i o n  e f f e c t i v e l y  h i n d e r  f r e e  

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

h y d ro g e n  bonded  c o n f o r m a t io n .

I n  t h e  c a s e  o f  2 - ( p h e n y l a l k y l ) p h e n o l s  OKI e t  a l . ^  found  t h a t  

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

Av

n * 0 42
= 1 51
« 2 61
= 3 —

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

o r t h o - p h e n y l a l k y l p h e n o l s  w i t h  n o t  more t h a n  two s e p a r a t i n g  

m e th y le n e  g r o u p s ,  i . e .  n=0, 1 , 2 .

44
WULF, LIDDEL and HENDRICKS w ere  t h e  f i r s t  t o  n o t e  s p l i t

a b s o r p t i o n  o f  t h e  h y d ro x y l  s t r e t c h  f i r s t  o v e r t o n e s  i n  2 - h y d ro x y -
45d i p h e n y l .  OKI e t  a l .  d e m o n s t r a te d  t h a t  t h e  i n t e r a c t i o n  m ust  

be  o f  t h e  OH* • • • %  ty p e  b y  s tu d y in g  th e  e f f e c t  o f  a  p a r a —n i t r o  

g ro u p  on t h e  a c i d i t y  o f  t h e  p h e n o l i c  h y d ro x y l  i n  2 - h y d r o x y - 4 -  

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

2—h y d ro x y —4 * - n i t r o d i p h e n y l . The e x p e c te d  enhancem en t and

s u p p r e s s i o n  o f  t h e  i n t r a b o n d e d  form s were o b s e rv e d .

OH

6 r ,CHj,nX )
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v f  = 3601

v, * 3579 b

'OH \ / Af  " 1

NO2

I n  2 , 2 ' - d i h y d r o x y d i p h e n y l  two bonded v(0H ) a b s o r p t i o n s  a r e  

o b s e rv e d  (Av»43 and 103 cm. The OH* • • • ‘ft i n t e r a c t i o n

a c c o u n t s  f o r  t h e  band  w i t h  Av(0H)=»43 cm. The o t h e r  bonded

form  i s  an  OH*•••OH i n t e r a c t i o n .  T h i s  l a t t e r  bonded  form  o c c u r s  

t o  a  much l e s s e r  e x t e n t  t h a n  t h e  OH* th e  c o n fo r m a t io n

r e s p o n s i b l e  may p r o v id e  some d e g re e  o f . s t r a i n  a l t h o u g h  t h e  Av 

v a l u e  i s  g r e a t e r .

v f  o 3597 

v. * 3554

\ / Af  m 13
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INTRODUCTION

C o n f o r m a t io n a l  a n a l y s i s  o f  f a i r l y  r i g i d  m o le c u le s  su c h  a s  t h o s e  

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

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

o f  more f l e x i b l e  sy s te m s  and o f  m o le c u la r  a g g r e g a t e s  i n  s o l u t i o n .

In  t h e  p r e s e n t  s tu d y  two m ain  ty p e s  o f  f l e x i b l e  p h e n o l i c  compounds 

have  b e e n  e x am in ed ,  nam e ly , t h e  p o l y n u c l e a r  n o v o la k s  and o - h y d ro x y -  

d e p s i d e s .

47The a v a i l a b i l i t y  o f  a  number o f  p o l y n u c l e a r  p h e n o ls  o f  t h e  

n o v o la k  ty p e  ( f l e x i b l e  m o le c u le s ,  i n  w h ich  th e  p h e n o l i c  n u c l e i  

a r e  l i n k e d  b y  m e th y le n e  b r i d g e s )  h a s  e n a b le d  a  s tu d y  o f  t h e i r  

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

T hese  m o le c u le s  assume w e l l - d e f i n e d  i n t r a m o l e c u l a r l y  h y d ro g en  

bonded  c o n f o r m a t io n s  b o t h  a s  monomers an d ,  i n  c e r t a i n  c a s e s ,  

a s  i n t e r m o l e c u l a r l y  h y d ro g en  bonded d im e r s .

As an  e x t e n s i o n  o f  t h e  s tu d y  o f  c o n f o r m a t io n a l  a n a l y s i s  o f

f l e x i b l e  s y s te m s  th e  i n f r a r e d  s p e c t r a  o f  o - h y d r o x y - d e p s id e s  and

r e l a t e d  compounds have b e e n  s t u d i e d  to  d e te r m in e  t h e  e x t e n t  o f

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

A r e a c t i o n  o f  v a lu e  i n  d e te r m in in g  th e  s t r u c t u r e  o f  g a l l o t a n n i n s  
48i s  m e t h a n o ly s i s  w hereby  t h e s e  o - h y d r o x y - d e p s id e s  a r e  s p l i t  a t  

t h e  e s t e r  l i n k a g e  by  m e th a n o l  a t  n e u t r a l  pH. T h is  s e c t i o n  o f  

t h e  work was u n d e r t a k e n  i n  c o l l a b o r a t i o n  w i t h  P r o f .  R .D . Haworth 
and D r .  E . Haslam  o f  t h e  D ep a r tm en t  o f  C h e m is t ry ,  U n i v e r s i t y  o f

S h e f f i e l d .

49The e x p e r i m e n t a l  a p p ro a c h  d i s t i n g u i s h e s  non-bonded  from 

bonded  h y d ro x y l  g r o u p in g s  b y  com paring  t h e  low ered  h y d ro x y l  

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



v a l u e  o f  a b o u t  3600 cm. F u r t h e r ,  h y d ro x y l  a b s o r p t i o n s

f r e q u e n c i e s  due to  i n t e r m o l e c u l a r  h y d ro g en  bonds  d i f f e r  from 

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

on c o n c e n t r a t i o n ,  and t h e  number o f  n o n -bonded  h y d ro x y l  g r o u p in g s

may be i n f e r r e d  from  th e  i n t e n s i t y  o f  t h e  3600 band r e l a t i v e  to
50t h e  i n t e n s i t y  o f  t h e  same band i n  s im p le  p h e n o l s .  C e r t a i n

s t e r e o c h e m i c a l  r e q u i r e m e n t s  have  t o  be m et  b y  c o n f o r m a t io n s  f o r

w h ich  r e a s o n a b l y  s t r o n g  ( vqjj 3300 cm. * )  h y d ro g en  bonds

i n v o l v i n g  p h e n o l i c  h y d r o x y ls  a r e  p o s t u l a t e d :  a p p ro x im a te  c o -
50p l a n a r i t y  o f  t h e  C-0-H bond w i t h  t h e  b e n z e n e  r i n g ;  an  0*»-»0  

d i s t a n c e  o f  a p p r o x i m a t e ly  2*7 K;  and th e  hyd ro g en  atom m ust  l i e  

somewhere n e a r  a  l i n e  j o i n i n g  th e  two o x y g e n s .  [The e x a c t  

p o s i t i o n i n g  i s  n o t  c e r t a i n .  The lo n e  p a i r s  on t h e  r e c e p t o r  

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

r e s p e c t  t o  t h e  l a t t e r ,  th o u g h  t h e r e  i s  l i k e l y  t o  be  more t r i g o n a l  

c h a r a c t e r  i n  p h e n o l i c  b o n d in g  th a n  t h a t  o f  a l c o h o l s  owing t o  

e l e c t r o n  d e l o c a l i z a t i o n  i n v o lv i n g  t h e  a r o m a t i c  n u c l e u s . ]  The 

w e a k e r ,  0H«• • *benzene r i n g ,  ty p e  o f  h y d ro g en  bond i s  u n l i k e l y  

t o  c o m p e te ,  e x c e p t  i n  u n u s u a l  s t e r i c  s i t u a t i o n s .



RESULTS a n d  D IS C U S S IO N

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

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

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

f i n a l l y  t h e  work on t h e  p y r o c a t e c h o l  m o n o e s te r s  and r e l a t e d  compounds.

P o l y n u c l e a r  N ovo laks

The c y c l i c  t e t r a n u c l e a r  n o v o la k  ( l )  r e p r e s e n t s ,  p e r h a p s ,  t h e  

s i m p l e s t  c a s e  o f  t h o s e  l i s t e d  i n  T a b le  2 and i l l u s t r a t e d  i n  

F i g u r e  10 . From an e x a m in a t io n  o f  t h e  D r e id in g  m o d e l ,  i t  would  

a p p e a r  t h a t  t h e  m ost s t a b l e  c o n fo r m a t io n  s h o u ld  be t h a t  h a v in g  a 

c l o s e d  r i n g  o f  h y d ro g en  b o n d s ,  w i th  e a ch  o f  t h e  h y d ro g en  a tom s 

b e tw e e n  two oxygen a tom s a s  i n d i c a t e d  d i a g r a m m a t i c a l l y  (C i n  

F i g u r e  1 1 ) .  The a b s o r p t i o n  d a t a  a r e  i n  c o m p le te  a c c o r d  a s  t h e  

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

i s  t h e  b r o a d ,  i n t e n s e ,  s y m m e tr ic a l  band  n e a r  3200 cm. ^ ( F ig u r e  10a )  

w h ich  was c o n c e n t r a t i o n  in d e p e n d e n t  o v e r  t h e  r a n g e  exam ined  ( s i n c e  

a  c l o s e l y  s i m i l a r  band  was o b se rv e d  i n  t h e  s o l i d  s t a t e ,  t h e  c r y s t a l  

may w e l l  c o n s i s t  o f  an a r r a y  o f  such  b a s i n —shaped  m o l e c u l e s ) .  Most 

i n t e r e s t i n g l y ,  t h e  a c y c l i c  t e t r a —, p e n t a — and h e x a —n u c l e a r  

n o v o la k s  ( 2 ,  n » 2 ,  3 , and 4 )  a b s o rb  i n  a  s i m i l a r  m anner and i t  would 

seem , t h e r e f o r e ,  t h a t  i n  s o l u t i o n  t h e s e  m o le c u le s  e x i s t  a s  t h e  

' c y c l i c *  i n t r a m o l e c u l a r l y  hyd ro g en  bonded monomers D, F and G, 

r e s p e c t i v e l y  ( F ig u r e  1 1 ) .  The s i m i l a r i t y  i n  a b s o r p t i o n  p a t t e r n  

o f  t h e  c y c l i c  ( l )  and a c y c l i c  ( 2 , n - 2 )  t e t r a - n u c l e a r  n o v o la k  i s  

i l l u s t r a t e d  i n  F ig u r e  1 0a . The i n c r e a s e d  w id th  and asym m etry  o f  

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

m o b i l i t y  o f  t h e  m o le c u la r  b a c k b o n e .  D im er ic  a s s o c i a t i o n  a t  th e  

low c o n c e n t r a t i o n s  exam ined  i s  c o n c e i v a b le  b u t  u n l i k e l y  i n  v iew  o f  

t h e  e a s e  w i t h  w h ich  t h e  m odels  o f  t h e  monomers c an  be in d u c e d  t o
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t a k e  u p  t h e  c o n f o r m a t io n s  i l l u s t r a t e d  ( F i g u r e s  11 and 1 2 ) .

( 2 ,  n = 0 -4 )

OH HO

OH

OH OH OH

OH OHOH

(4 )
U n lik e  t h e  p r e c e d in g  compounds, t h e  d i -  and t r - n u c l e a r  n o v o la k s

( 2 ,n « 0  and l )  show c o n c e n t r a t i o n  d e p e n d e n t  a b s o r p t i o n s  im p ly in g  th e

e x i s t e n c e  o f  s e l f - a s s o c i a t i o n  even a t  v e r y  low c o n c e n t r a t i o n s .  T h is

b e h a v io u r  (T a b le  2 and F ig u r e  1 0 b ,c )  i s  a lm o s t  c e r t a i n l y  due to

m onom er-dim er e q u i l i b r i a  and a r i s e s  from  t h e  i n a b i l i t y  o f  t h e  d i -

and t r i - n u c l e a r  monomers ( a  and B, r e s p e c t i v e l y  i n  F i g u r e  11) t o

fo rm  c l o s e d  r i n g s  o f  h y d ro g en  bonds i n  t h e  m anner a l r e a d y  d i s c u s s e d

f o r  t h e  monomers o f  t h e  t e t r a - ,  p e n t a -  and h e x a - n u c l e a r  compounds

(D, F and G, r e s p e c t i v e l y ) .  E x a m in a t io n  o f  D r e id in g  m odels  s u g g e s t s

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

f o r  t h e  d i -  and t r i - n u c l e a r s  d im e r s ,  t h e  fo rm e r  s p e c i e s  ( e ) b e in g

c l o s e l y  a n a lo g o u s  t o  t h e  t e t r a n u c l e a r  compound ( d ) ,  and t h e  l a t t e r

( i l )  t o  t h e  h e x a n u c l e a r  compound ( g ) .  A l th o u g h  b o t h  E and H

a p p a r e n t l y  p e r s i s t  t o  v e r y  low c o n c e n t r a t i o n s  ( a b o u t  1 mM), th e

t r i n u c l e a r  d im e r  (H) seems t h e  more s t r o n g l y  a s s o c i a t e d  on th e  g ro u n d s

o f  b o th  v and t h e  r e l a t i v e  i n t e n s i t i e s  o f  t h e  monomer and d im er  max



b a n d s .  The m easu rem en t  o f  m o le c u la r  w e ig h t  i n  s o l u t i o n  a t  t h e s e  

c o n c e n t r a t i o n s  would  have  h e lp e d  c o n s i d e r a b l y ,  b u t  u n f o r t u n a t e l y  

no f u r t h e r  s u p p l i e s  o f  t h e  n o v o la k s  f o r  w h ich  < t im e r iz a t io n  i s  

p o s u l a t e d  w ere  a v a i l a b l e .

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

t r i n u c l e a r  n o v o la k  h a s  b e e n  ex am in ed .  As a n t i c i p a t e d ,  i n t r o d u c t i o n  

o f  t h e  m e th y l  g r o u p in g s  (compound 3 , F i g u r e  1 0 b ,c )  g r e a t l y  r e d u c e d  

d im e r  f o r m a t i o n ,  w h i l e  no d im e r  a t  a l l  c o u ld  be d e t e c t e d  i n  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  o f  t h e  d i - t - b u t y l  compound ( 4 ) .  M odels o f  

t h e  ty p e  H d im e r  o f  compound ( 3 )  show p ron o u n ced  i n t e r a c t i o n  b e tw e e n  

t h e  o r th o  m e th y ls  and i t  i s  c o n c e i v a b le  t h a t  o t h e r  c y c l i c  c o n f o r m a t io n s  

( f o r  ex am p le ,  I  and J ) ,  w here  some o f  t h e  b e n z en e  r i n g s  a r e  o r i e n t a t e d  

i n  o p p o s in g  s e n s e s  and  t h e  m e th y l  g r o u p s  a r e  d i r e c t e d  away from  e a ch  

o t h e r ,  may be  more s t a b l e .

The a b s o r p t i o n s  a s c r i b e d  t o  t h e  monomers ( s p e c i e s  B) o f  t h e

t h r e e  t r i n u c l e a r  n o v o la k s  m e r i t  some comment. F i r s t ,  t h e  t r e n d

i n  t h e  f r e e  h y d ro x y l  f r e q u e n c i e s :  no o r th o  s u b s t i t u t i o n  3596,

o r th o  m e th y l  3606 and o r th o  t - b u t y l  3622 cm. The v a l u e s  f o r

t h e  c o r r e s p o n d in g  c i s - c o n f o r m a t i o n s  (OH d i r e c t e d  to w a rd s  t h e  a l k y l

g r o u p in g )  o f  s i n g l e  o r t h o - a l k y l  s u b s t i t u t e d  p h e n o l s ^  ^  a r e

3612, 3621 and 3647 c m . ~ \  r e s p e c t i v e l y .  [The o r th o  m e th y l  v a lu e

g i v e n  i s  t h a t  f o r  2 , 6 - d im e th y lp h e n o l  s i n c e  o n ly  a s i n g l e  u n r e s o l v e d

band  a t  3613 cm.*"*  ̂ i s  o b s e rv e d  f o r  2 -m e th y lp h e n o l  i t s e l f . ]  The

lo w e r  v a l u e s  o f  t h e  n o v o la k  monomers u n d o u b te d ly  r e g i s t e r  t h e  e l e c t r o n i c  
54e f f e c t  o f  t h e  i n t r a m o l e c u l a r  h y d ro g en  bond on t h e  t e r m i n a l  h y d r o x y l .

55The same e f f e c t  c an  be d e t e c t e d  i n  t h e  d a t a  g iv e n  b y  COGGESHALL 
56and GODDU. S e c o n d ly ,  t h e  b ro a d  ban d s  a s s i g n e d  t o  t h e  i n t r a 

m o le c u la r  bonded  h y d r o x y ls  show some s i g n  o f  s u b - s t r u c t u r e  and 

in d e e d ,  f r e q u e n c y  d i f f e r e n c e s  m ig h t  be e x p e c te d  b e tw e en  th e  two 

h y d ro x y l  g ro u p s  i n v o lv e d .  KUHN and BOWMAN*  ̂ s o u g h t  a n  i n d i c a t i o n  

o f  su ch  b e h a v io u r  i n  t h e i r  somewhat p a r a l l e l  s t u d y  o f  s im p le  a c y c l i c  

t r i o l s .
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I t  i s  i n t e r e s t i n g  t o  compare t h e  h y d ro g e n  b o n d in g  s h i f t s ,  Av,

f o r  t h e  monomers o f  t h e  s e r i e s  o f  n o v o la k s  ( 2 ,n*=0,1 , 2 , 3 ,  and 4 )

g i v e n  i n  T a b le  3 .  The c o n s i d e r a b l e  i n c r e a s e  £n Av on g o in g  from

(2 ,n=*l)  t o  ( 2 , n « 2 )  m ust  c e r t a i n l y  r e f l e c t  t h e  i n c r e a s e d  e f f e c t i v e n e s s

r e s u l t i n g  from  t h e  f o r m a t i o n  o f  t h e  c y c l i c  sy s te m  (D) o f  h y d ro g en

b o n d s .  The s im p le  a d d i t i o n  o f  a  f o u r t h  oxygen t o  t h e  f i r s t  t h r e e
49—51 57w ould o t h e r w i s e  be o f  l i t t l e  c o n s e q u e n c e .  Numerous w o rk e rs  *

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

i n  s o l u t i o n s  o f  a l c o h o l s  and o f  p h e n o l s .  B o th  c y c l i c  ( f o r  exam p le ,

K) and a c y c l i c  ( f o r  ex am p le ,  L) h y d ro g en  bonded  s p e c i e s  have b e e n

p r o p o s e d .  In  t h e  c a s e  o f  p h e n o l  i t s e l f  t h e  ban d s  a t  3485 and 3350

cm.""* ( T a b le  2 )  a r e  g e n e r a l l y  h e ld  t o  be  due  t o  d im e r s  ( l ) and

t r i m e r s ,  r e s p e c t i v e l y ,  and on s t e r i c  g ro u n d s  i t  seems l i k e l y  t h a t

t h e  l a t t e r  m ig h t  w e l l  be  c y c l i c  (K ) .  On t h e  o t h e r  h a n d ,  t h e  h y d ro x y l

r e g i o n  o f  a  c o n c e n t r a t e d  (2*5  M) s o l u t i o n  o f  p h e n o l  i n  c a rb o n

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

( F ig u r e  1 0 c )  o f  a  t r i n u c l e a r  n o v o la k  w here  t h e  a c y c l i c  monomer

p r e d o m in a t e s ,  and i t  i s  t e m p t in g  t o  p ro p o se  t h a t  t h e  p h e n o l  t r i m e r

i s  a l s o  a c y c l i c .  T h is  a rg u m en t  i s  u n s a t i s f a c t o r y ,  how ever ,  a s  t h e

n o v o la k s  a r e  more c l o s e l y  a n a lg o u s  t o  t h e  o r th o  a l k y l  s u b s t i t u t e d

p h e n o ls  f o r  w h ich  d i f f e r e n t  v a l u e s  f o r  vn„ [ d i m e r ]  and v n„ [ t r i m e r ]
50 53a r e  q u o t e d .  * I n  f a c t ,  t h e  Av v a l u e s  f o r  p h e n o l  a r e  d im e r ,

( e q u i v a l e n t  t o  s p e c i e s  A, T a b le  3) 126 cm. * and t r i m e r  261 cm .” * .

The r e l a t i v e l y  l a r g e  i n c r e a s e  from  126 t o  261 cm. i s  a  s t r o n g  

i n d i c a t i o n  t h a t  t h e  band  c e n t r e d  a t  3350 cm. * i s  m a in ly  due to  

c y c l i c  t r i m e r .  A c y c l i c  t r i m e r  o r  h i g h e r  p o lym ers  may w e l l  be 

p r e s e n t ,  b u t  a  c y c l i c  t e t r a m e r  c o u ld  n o t  be  a  m a jo r  c o n t r i b u t o r .
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TABLE 3 .

Av V a lu e s  f o r  t h e  N o v o lak s  2 ,  n * 0 ,  1 , 2 ,  3 , and  4 .

n 0 1 2 3 4

S p e c ie s  a s s i g n e d  ( F i g u r e  11 ) A B D F G
No. o f  h y d r o x y l s  in v o lv e d 2 3 4 5 6
Av cm.” * 141 217 397 411 421

Av a  v QH[n o n -b o n d e d ]  -  v ^ f b o n d e d ] . 

= 3611 -  V g jjfb o n d ed ] .
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2 ,  n=l
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3600 3400 3200 3000 2800

Cm. ^
FIGURE 10 . H y droxy l  s t r e t c h i n g  a b s o r p t i o n s  i n  c a r b o n  t e t r a c h l o r i d e  

o f  t h e  n o v o la k s  1 , 2 ( n « l  and 2 ) ,  3 ,  and  4 .  
C o n c e n t r a t i o n s :  ( a )  c a .  0 . 3  mM; ( b )  c a .  15 mM e x c e p t  
f o r  2 ( n = l )  s a t u r a t e d  s o l u t i o n ;  and ( c )  c a .  0 . 5  mM.
C e l l  p a t h s :  ( a )  20 mm.; ( b )  0 . 5  mm.; and  ( c )  20 mm.



Species ACYCLIC CYCLIC
OH’s 2 3 4 5 6

(0
O'
LU Q
2
O
z
0
2

\ ^ H

.3606
a 3 4 7 0

£
3596 

B 3394 ©
D 3215

O

F 3200

D
IM

E
R

S

( ? i )

E 3260 1 ^ 2 2 ^

FIGURE 1 1 .  Summary o f  a s s ig n m e n ts  f o r  t h e  n o v o la k s  ( l )  and 
( 2 ,  n = 0 - 4 ) .  V a lu e s^ q u o te d  a r e  th e  f r e q u e n c y  
m ea su rem e n ts  i n  cm.
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■I n d i c a t e s  t h e  C-H bonds o f  t h e  
m e th y le n e  g ro u p s  d i r e c t e d  up w ard s .

Q I n d i c a t e s  t h e  C-H bonds  o f  t h e
m e th y le n e  g ro u p s  d i r e c t e d  downwards.
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FIGURE 1 2 .  P l a n a r  p r o j e c t i o n  o f  t h e  D r e id in g  m o le c u la r  model 
o f  t h e  p o s t u l a t e d  c o n fo rm a t io n  ( d )  o f  t h e  a c y c l i c  
t e t r a n u c l e a r  n o v o la k  ( 2 ,  n « 2 ) .  The l a r g e  and 
s m a l l  c i r c l e s  i n d i c a t e  t h e  o x y g e n  and hyd rogen  
a tom s o f  t h e  h y d ro x y l  g ro u p s  r e s p e c t i v e l y .  The 
d o t t e d  l i n e s  i n d i c a t e  h yd rogen  bo n d s .  The p a r a -  
t - b u t y l  g r o u p s  have  been  o m i t t e d .
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A lk y l  S u b s t i t u t e d  D i n u c l e a r  N ovo laks

55 56
COGGESHALL a n d ,  l a t e r  GODDU have  exam ined th e  h y d roxy l

s t r e t c h i n g  r e g i o n  o f  a  num ber o f  a l k y l  s u b s t i t u t e d  d i n u c l e a r

n o v o la k s  ( b i s - p h e n y l o l  a l k a n e s )  r e l a t e d  t o  (2 ,  n - 0 )  b u t  th e

c o n c e n t r a t i o n  and  f r e q u e n c y  r a n g e s  c o v e re d  were na rrow  and th e s e

w o rk e rs  d i d  n o t  e l u c i d a t e  t h e  m onom er-d im er r e l a t i o n s h i p s

e s t a b l i s h e d  i n  t h e  p r e v i o u s  s e c t i o n  on p o l y n u c l e a r  n o v o la k s .

However, i t  i s  c l e a r  f ro m  COGGESHALL*S d a t a  f o r  an o r t h o - d i - t -

b u t y l  s u b s t i t u t e d  n o v o la k  t h a t  d i m e r ic  a s s o c i a t i o n  i s  a b s e n t  i n

q u i t e  c o n c e n t r a t e d  (0 * 5  M) s o l u t i o n s  i n  c a rb o n  t e t r a c h l o r i d e
/ \ 55( c f .  2 ,  n - 0 ) .  The c i s  and t r a n s  fo rm s  p o s t u l a t e d  by  COGGESHALL

t o  e x p l a i n  t h e  n o n -b o n d e d  and  bonded  h y d ro x y l  a b s o r p t i o n s  a r e  now
55 56u n n e c e s s a r y ,  b u t  t h e  p e c u l i a r  e f f e c t  r e p o r t e d  * f o r  t h e  d i n u c l e a r  

n o v o la k s  s u b s t i t u t e d  on t h e  c e n t r a l  a l i p h a t i c  c a rb o n  r e q u i r e s  

e l u c i d a t i o n .

r 1 R 2

OH ^ OH U  * 4  O H Y  OH

( 5 )  ( 6 )  (T)

a ,  b ,  R =K, R “ CHjj!
c ,  R .-I I ,  R ^ -c y c lo h e x y l ;  x 
d* R =H, R - p h e n y l ;  R ** 
R2-CH3 ; f ,  R -CH3 , R - E t .

F o u r  a l k y l  s u b s t i t u t e d  d i n u c l e a r  n o v o la k s  ( 5 ,  6 , 7b and 7e) 

have b e e n  c o m p a re d .  . Compound ( 5 )  i s  r e p r e s e n t a t i v e  o f  th e  ty p e  

o f  d i n u c l e a r  n o v o la k  a l r e a d y  d i s c u s s e d  i n  th e  p re v io u s  s e c t i o n  o f  t h i s  

t h e s i s  when i t  was fo u n d  t h a t  i n  th e  a b sen c e  o f  o r th o  s u b s t i t u e n t s  

0H»»»*0H i n t r a - b o n d i n g  i s  d o m in a n t  a t  low c o n c e n t r a t i o n s ,  b u t  i s  

s u p e rc e d e d  b y  d i m e r i s a t i o n  ( i n v o l v i n g  a  com ple te  r i n g  o f  fo u r  

h y d ro g en  bo n d ed  h y d r o x y l s )  a t  h i g h e r  c o n c e n t r a t i o n s .  The o r t h o - d i -
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s u b s t i t u t e d  d i n u c l e a r  n o v o la k  ( 6 )  e x e m p l i f i e s  th e  ty p e  o f  h e a v i l y  

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

and w h ich  p e r m i t s  an a s s e s s m e n t  o f  t h e  co m p e tin g  i n t r a m o l e c u l a r  

s i t u a t i o n s .  I n  t h e  i s o m e r i c ,  b u t  more h e a v i l y  h in d e r e d  d i n u c l e a r  

n o v o la k  ( 7 e ) ,  t h i s  l a t t e r  s i t u a t i o n  i s  f u r t h e r  e m p h a s i s e d .  The 

d e g r e e  o f  s u b s t i t u t i o n  o f  n o v o la k  ( 7 b )  i s  o f  i n t e r m e d i a t e  e x t e n t .

Compound ( 5 )  [T a b le  4 ,  F i g u r e  13] shows th e  p r e s e n c e  o f  t h r e e

h y d r o x y l  a b s o r p t i o n s  i n  CC1,. F o l lo w in g  t h e  p r e v i o u s  r e s u l t s
- 1t h e  band  a t  3476 cm. i s  a s s i g n e d  t o  an  i n t r a m o l e c u l a r  OH*•♦•OH

h y d ro g e n  b o n d ;  t h e  a p p e a r a n c e  o f  an u n h in d e r e d  h y d ro x y l  g ro u p  a t  
—1 /  a3611 cm. ( e  a p p r o x i m a t e ly  e q u i v a l e n t  t o  t h a t  f o r  one p h e n o l i c  

OH g r o u p )  a d d s  s u p p o r t  t o  t h i s  a s s i g n m e n t .  The b r o a d ,  c o n c e n t r a t i o n  

d e p e n d e n t ,  band  a t  3300 cm. * i s  a s s i g n e d  t o  t h e  c l o s e d  r i n g  o f  

h y d ro g en  b o nds  w h ich  r e s u l t s  from  d im e r ic  a s s o c i a t i o n  i n  t h e  

m anner a l r e a d y  d i s c u s s e d .  I n  c h lo r o f o r m  s o l u t i o n  w here  some 

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

b a n d s  ( T a b le  4 ,  F ig u r e  13 )  b r o a d e n  and d e c r e a s e  i n  f r e q u e n c y  and 

t h e  amount o f  i n t e r b o n d i n g  i s  r e d u c e d .

Compound ( 6 )  [T a b le  4 ,  F i g u r e  13] h a s  a  more com plex s p e c t ru m ,  

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

a s s o c i a t i o n .  The s h o u ld e r  a t  3450 cm. * ( i n  CC1.) i s  a s s i g n e d
— 1

t o  t h e  i n t r a m o l e c u l a r  OH*•••OH bond ( c f .  compound 5 ,  3476 cm."* ) .  

S u p p o r t  f o r  t h i s  a s s ig n m e n t  i s  adduced  from  t h e  p r e s e n c e  o f  t h e  

a b s o r p t i o n  a t  3639 cm ."^  ( i n  C C l^ ) ,  w h ich  i s  c h a r a c t e r i s t i c  o f  a  

h i n d e r e d  f r e e  h y d ro x y l  g ro u p  w here t h e  OH g ro u p  i s  d i r e c t e d

to w a rd s  a  t - b u t y l  g ro u p  ( e a  e q u i v a l e n t  t o  a p p r o x i m a t e ly  h a l f
50 «pj

t h a t  f o r  one f r e e  h y d ro x y l  ) .  The s h a r p e r  band  a t  3516 cm.

i s  a s s i g n e d  t o  an i n t r a m o l e c u l a r  OH*• • 'b e n z e n e  r i n g  (0H****ft t y p e )
If  Q

h y d ro g e n  b o n d .  OKI and  IWAMUHA have a l r e a d y  shown t h a t  t h i s  

s o r t  o f  b o n d in g  s i t u a t i o n  p e r t a i n s  i n  o r th o - h y d ro x y d ip h e n y lm e th a n e  

( o - b e n z y l p h e n o l ) ,  w here  ( i n  CCl^) t h e  OH* • • • %  bond a b s o r b s  a t  3560 cm ."
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ftw i t h  Avi ** 56 cm. . The u n s u b s t i t u t e d  p h e n y l  r i n g  i s  f o r m a l l y
'2

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

b e n z e n e  r i n g  o f  compound ( 6 ) ,  b u t  t h e  band  i s  q b o u t  t h e  same w i d t h .

S e v e r a l  c o n fo r m e r s  may be  i n  e q u i l i b r i u m .  Thus f o r  CCl^, 

t h e  f o l l o w i n g  c o n f o r m a t io n s  m ig h t  be p r e s e n t : -  

6 ( i )  A c o n fo rm e r  i n v o l v i n g  an  i n t r a m o l e c u l a r  OH*•••OH h y d ro g en

bond (3450  cm. *) w i t h  t h e  ' f r e e '  h y d ro x y l  g ro u p  (3639  cm. *) 

d i r e c t e d  to w a rd s  t h e  o r t h o - t - b u t y l  g r o u p .

6 ( i i )  A c o n fo rm e r  i n v o l v i n g  an  i n t r a m o l e c u l a r  0H»*«*tc h y d ro g e n  bond 

(3516  cm. * )  w i t h  t h e  o t h e r  h y d r o x y l  g ro u p  f r e e ,  b u t  n o t  

n e c e s s a r i l y  d i r e c t e d  to w a rd s  t h e  o r t h o - t - b u t y l  g ro u p  ( t h i s  

w ould  e x p l a i n  t h e  s l i g h t  s h o u l d e r  a t  3620 cm."”* ) .

6 ( i i i )  A c o n fo rm e r  i n v o l v i n g  two s i m i l a r  i n t r a m o l e c u l a r  0H****^ 

b onds  (3516  cm."”* ) .

6 ( i v )  A c o n fo rm e r  w i t h  b o t h  h y d r o x y l s  f r e e  (3639  cm .”"* and 3620sh 

cm .” * ) .

6 ( i )  6 ( i i )

6 ( i i i )

OH OH

6 ( i v )



The c o n f o r m e r ( s )  i n v o l v i n g  th e  i n t r a m o l e c u l a r  0H» • • • %  t y p e  o f
/  f t  \h y d ro g e n  bond i s  f a v o u r e d  i n  CCl^ ( a c c o r d i n g  t o  e v a l u e s ) .

I n  n -h e x a n e  s o l u t i o n ,  how ever ,  t h i s  c o n f o r m a t io n  i s  more f a v o u r e d  

a s  c a n  be  s e e n  b y  t h e  i n c r e a s e d  i n t e n s i t y  o f  t h e  band  a t  3517 cm.~^ 

( F i g u r e  13 )  a t  t h e  e x p e n se  o f  t h e  o t h e r  a b s o r p t i o n  b a n d s .  I t  i s  

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

i n  a l l  t h r e e  s o l v e n t s  ( T a b le  4 ) .  T h is  f a c t  g i v e s  s u p p o r t  t o  

c o n fo rm e r  6 ( i i i )  s i n c e  t h e  7C-bonded h y d r o x y l  g ro u p s  i n  t h i s  

c o n f o r m a t io n  w ould  be  r e l a t i v e l y  i n a c e s s i b l e  t o  s o l v e n t  m o le c u le s .

T h i s  t r e n d  o f  s o l v e n t  b e h a v io u r  m ig h t  be  a n t i c i p a t e d  on t h e  g ro u n d s  

t h a t  n o n - p o l a r  s o l v e n t s  w i l l  f a v o u r  c o n f o r m a t io n s  i n  w hich  a l k y l  

g r o u p s  a r e  d i r e c t e d  to w a rd s  t h e  s o l v e n t  c a g e  and p o l a r  g ro u p s  su c h  

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

r e v e r s e  s i t u a t i o n  w ould a p p l y  i n  p o l a r  s o l v e n t s  su c h  a s  CHClg and 

t h e  e x p o sed  0H«•••OH a r r a n g e m e n t  c o u ld  be d i r e c t l y  s o l v a t e d  b y  

c h lo r o f o r m  m o le c u le s .  I n  summary, t h e r e f o r e ,  t h e  i n t r a m o l e c u l a r  

0H****9C h y d ro g e n  bonded  c o n f o r m a t i o n ( s )  o f  6 i s  s t r o n g l y  f a v o u r e d  i n  

n - h e x a n e ,  b u t  i s  l e s s  f a v o u r e d  i n  CCl^ and e s p e c i a l l y  CHCl^, b u t  

t h e  e x a c t  c o n s t i t u t i o n  o f  t h e  e q u i l i b r i u m  m ix tu r e  r e m a in s  i n  

d o u b t .

Compound ( 7 b )  [T a b le  4 ,  F i g u r e  13] e x h i b i t s  o n l y  two h y d ro x y l

a b s o r p t i o n s  i n  n - h e x a n e ,  CCl^ and CHClg. The h ig h  f r e q u e n c y

b a n d ,  w h ich  m u st  c o r r e s p o n d  t o  a  f r e e  h y d ro x y l  d i r e c t e d  to w a rd s
50an  o r t h o - a l k y l  g ro u p  , f a l l s  i n  f r e q u e n c y  b u t  i n c r e a s e s  i n  i n t e n s i t y  

on g o in g  from  n -h e x a n e  t h r o u g h  CCl^ t o  CHCl^. The se c o n d  band  i s  

a s s i g n e d  t o  an  i n t r a m o l e c u l a r  0H», **7C h y d ro g en  bond o f  t h e  ty p e  a l r e a d y  

d i s c u s s e d  f o r  compound ( 6 ) ,  th o u g h  t h e  band  i s  s h i f t e d  t o  a  s l i g h t l y  

lo w e r  f r e q u e n c y .  The i n t e n s i t y  d a t a  r e q u i r e  t h a t  t h e  do m in an t  

c o n fo rm e r  i n  n -h e x a n e  and CCl^ i s  t h e  d o u b ly  0H»»»»7t h y d ro g en  bonded  

s y s te m  [ c f .  6 ( i i i ) ] .  The f r e e  h y d ro x y l  a b s o r p t i o n  m u s t  a r i s e  from  

c o n f o r m e r ( s )  c o r r e s p o n d in g  t o  6 ( i i )  and d ( i v ) .



F i n a l l y ,  compound ( 7 e ) ,  t h e  m ost  h e a v i l y  s u b s t i t u t e d  o f  t h e

f o u r  n o v o la k s  s t u d i e d  i n  t h i s  s e c t i o n ,  h a s  a  s i n g l e  i n t e n s e  vAlTOH
a b s o r p t i o n  ( T a b le  4 ,  F i g u r e  1 3 ) .  The b u l k y  o r th o  a l k y l  s u b s t i t u e n t s

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

a s  was f u l l y  c o n f i rm e d  b y  m o le c u la r  w e ig h t  e s t i m a t i o n  i n  CCl^.

The m o l e c u la r  w e ig h t  ( v a p o u r  p r e s s u r e  m e th o d )  was found  t o  be

367 ±  5 ( t h e o r e t i c a l  3 6 8 ) .  The s i n g l e  n a r ro w  a b s o r p t i o n  band

a t  3484 cm. ^ i n d i c a t e s  t h a t  b o th  h y d r o x y l s  m ust be s i m i l a r l y

h y d ro g en  bonded  i n t r a m o l e c u l a r l y  t o  t h e  a d j a c e n t  b e n z e n e  r i n g s

[ c f .  6 ( i i i ) ] .  The o n l y  o t h e r  p o s s i b l i t y  would be  t h e  a r r a n g e m e n t ,
55a l r e a d y  s u g g e s t e d  b y  COGGESHALL f o r  t h e s e  compounds, w h ich  i n v o l v e s

0—Hp a i r e d  h y d r o x y l s ,  jj q • However, su c h  an  a s s o c i a t i o n  would seem

t o  have  no p r e c e d e n t  and  i s ,  i n  any  c a s e ,  s t e r i c a l l y  im p o s s ib l e

w i t h o u t  t w i s t i n g  t h e  On bonds  o u t  o f  t h e  p l a n e  o f  t h e  b e n z en e  r i n g s .
40 - 1The n a r r o w n e s s  o f  t h e  a b s o r p t i o n  band  a t  3484 cm. , a s  o b s e rv e d

58i n  a l l  s o l v e n t s ,  i m p l i e s  a  r i g i d  w e l l - d e f i n e d  com plex . The o n ly  

c o n f o r m a t io n  w h ich  would  seem t o  f i t  t h e  d a t a  i s  i l l u s t r a t e d  

i n  F ig u r e  14 . M ethy l s u b s t i t u t i o n  o f  t h e  c e n t r a l  a l i p h a t i c  

c a rb o n  ( 6 —*7b—»7e) e v i d e n t l y  i n t e r f e r e s  s t e r i c a l l y  w i t h  t h e  

f o r m a t i o n  o f  t h e  OH*•••OH i n t r a m o l e c u l a r  h y d ro g en  b o n d .  E x a m in a t io n  

o f  t h e  D r e id i n g  model o f  ( 7 e )  shows t h a t  one o f  t h e s e  m e th y l  g r o u p s

r o t a t e s  i n t o  t h e  l i n e  o f  t h e  OH*•••Oil i n t r a  bond a s  t h e  0 ........... 0

d i s t a n c e  n e a r s  2*7 X, On t h e  o t h e r  han d , t h e s e  b r i d g e  m e th y ls  

a r e  q u i t e  d i s t a n t  i n  t h e  0H****'K bonded  c o n fo rm e r  ( F i g u r e  1 4 ) .

Some d a t a  f o r  n o v o la k s  o f  ty p e  ( 7 )  [ i n c l u d i n g  ( 7 b )  and ( 7 e )
55d i s c u s s e d  a b o v e ]  have b e e n  r e c o r d e d  b y  COGGESHALL and l a t e r  

GODDU ( T a b le  5 ) .  I n  v iew  o f  t h e  p r e s e n t  r e s u l t s  t h e  bonded 

b and  i n  e a c h  c a s e  c an  be  a s s i g n e d  t o  an  OH* • • • %  i n t r a m o l e c u l a r  

h y d ro g e n  b o n d .  From t h e  d a t a  i n  T a b le  5 i t  would seem t h a t  a  

s i n g l e  b u l k y  s u b s t i t u e n t  such  a s  c y c lo h e x y l  ( 7 c )  i s  s u f f i c i e n t  

t o  e n f o r c e  c o m p le te  OH* • • • %  b o n d in g .
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L i t e r a t u r e  d a t a  ( i n  CCl^) f o r  t h r e e  Oil* • • • %  i n t r a m o l e c u l a r l y  

b onded  c o m p o u n d s ^ * ^  and d a t a  f o r  compounds ( 7 b )  and  ( 7 e )  a r e  

p r e s e n t e d  i n  T a b le  6 .  A r e f e r e n c e  p o i n t  i s  p r o v id e d  b y  WEST 

f o r  p h e n o l  i n  b e n z en e  a s  s o l v e n t  (3564  cm. *; t h e  b o n d in g  s h i f t ,

Av -  47  cm. * ) .  The a b s o r p t i o n  c h a r a c t e r i s t i c s  d i s p l a y e d  by  

compound1 ( 7 e )  -  t h e  b o n d in g  s h i f t  (Av a  163 cm. * ) ,  t h e  h a l f - b a n d
• / f t  * 1 Vw i d t h  (Avj^ a  22 cm. ) ,  and t h e  i n t e g r a t e d  a b s o r p t i o n  i n t e n s i t y  

/ —4 2 \
(A x  10 a 9 . 8 ;  -  can  o n ly  be e x p la i n e d  b y  a  p a r t i c u l a r l y  w e l l -  

d e f i n e d  and r e l a t i v e l y  s t r o n g l y  bonded c o n fo r m a t io n  ( F ig u r e  14)  

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

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

A x 10 , p e r  h y d ro x y l  f o r  ( 7 b )  and ( 7 e )  a r e  r e s p e c t i v e l y  3 and 4

t im e s  t h a t  o b s e rv e d  f o r  t h e  o t h e r  compounds.

To t e s t  t h e  s t a b i l i t y  o f  t h i s  r i g i d  c o n fo r m a t io n  a d o p te d  b y

compound ( 7 e )  a l l  f o u r  n o v o la k s  ( 5 ,  6 , 7b and 7e )  have  b een

exam ined  i n  b a s i c  s o l v e n t s .  I n  d i e t h y l  e t h e r  (T a b le  7 )  compounds

( 5 ) ,  ( 6 )  and  (7 b )  e x h i b i t e d  v e r y  b ro a d  b a n d s  c e n t r e d  a ro u n d  3350 cm. *

a s  e x p e c t e d  f o r  Oil*• • * 0 ( E t ) 9 i n t e r m o l e c u l a r  a s s o c i a t i o n ,  th o u g h
—1i n  t h e  c a s e  o f  compound ( 7 b )  t h e  3484 cm. band re m a in e d  t o  some

e x t e n t .  Compound ( 7 e ) ,  how ever ,  showed o n ly  t h e  s h a r p  i n t e n s e

band  a t  3483 cm .” \  d e m o n s t r a t in g  t h a t  t h e  i n t r a m o l e c u l a r l y

h y d ro g e n  bonded  c o n fo r m a t io n  ( F ig u r e  14) i s  u n d i s t u r b e d  i n  s o l u t i o n

i n  d i e t h y l  e t h e r .  A g a in ,  when compounds (7 b )  and ( 7 e )  w ere  exam ined

i n  p y r i d i n e ,  w h ich  i s  a  much more b a s i c  s o l v e n t  t h a n  d i e t h y l  e t h e r ,

compound ( 7 b )  e x h i b i t e d  a  v e r y  b ro a d  band a s  e x p e c te d  f o r  0H*-»NCgHg,

i . e .  c o n fo r m a t io n  b ro k e n ,  w h i l e  compound ( 7 e )  s t i l l  showed

a  band  a t  3482 cm .”*1 . I t  i s  q u i t e  r e m a rk a b le  t h a t  t h e  i n t r a - b o n d e d

c o n f o r m a t io n  i s  u n d i s t u r b e d  i n  a  s o l v e n t  w hich  i s  su c h  a good

a c c e p t o r  f o r  hyd ro g en  b o n d in g ,  and i t  i s  t h e  i n t r o d u c t i o n  o f  t h e

se c o n d  m e th y l  g ro u p  w hich  seems t o  be i m p o r t a n t .  However, t h e

i n c r e a s e d  h a l f - b a n d  w id th  (Av? a 65 cm.” *) f o r  ( 7 e )  a s  compared

w i t h  t h a t  i n  e t h e r  (Av? -  24 cm.”  ) can  be e x p la i n e d  by  some s l i g h t
2d e g r e e  o f  i n t e r a c t i o n  w i t h  n e ig h b o u r in g  p y r i d i n e  m o le c u le s .



The s p e c t r a  o f  ( 7 e )  i n  t h e  s o l i d  s t a t e  (KC1 d i s c )  and i n  

s o l u t i o n  (C C l^ )  w ere  v i r t u a l l y  s u p e r p o s a b le  o v e r  t h e  r e g i o n s  

exam ined  [ (3 6 5 0 —1600 cm. *) and (1500—1000 cm. * ) ] .  Compounds 

( 5 ) and ( 6 ) ,  how ever ,  e x h i b i t e d  m arked d i f f e r e n c e s ,  e s p e c i a l l y  

i n  t h e  f i n g e r p r i n t  r e g i o n  (new ban d s  and d i f f e r e n c e s  i n  r e l a t i v e  

i n t e n s i t i e s ) .  The c o n f o r m a t io n  o f  ( 7 e )  i n  t h e  c r y s t a l  i s  

t h e r e f o r e  presum ed t o  be  t h e  same a s  t h a t  a s s i g n e d  from  th e  

s o l u t i o n  d a t a  ( F ig u r e  1 4 ) .

An a t t e m p t  h a s  b e e n  made, w i t h  o n ly  l i m i t e d  s u c c e s s ,  t o  f i n d  

f u r t h e r  e v id e n c e  b e a r i n g  on t h e  c o n fo r m a t io n  a d o p te d  b y  compound 

( 7 e )  b y  e x a m in in g  t h e  m o le c u le  i n  o t h e r  ways ( n . m . r . ,  u . v . ,  and 

g . l . c . ) .  S in c e  t h i s  r i g i d  c o n fo r m a t io n  i n v o lv i n g  two i n t r a m o l e c u l a r  

0H »•••f t  h y d ro g e n  bonds e x i s t s  a t  a l l  c o n c e n t r a t i o n s  exam ined  

(0*1  M t o  0*3 mM i n  CCl^) i t  was p o s s i b l e  t o  d e te r m in e  t h e  c h e m ic a l  

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

t e c h n i q u e .  I t  was found  t o  be a  s i n g l e  s h a r p ,  c o n c e n t r a t i o n  

i n d e p e n d e n t ,  s i g n a l  a t  5*1 t a u .  A d d i t i o n  o f  D^O c a u se d  t h i s  

s i g n a l  t o  d i s a p p e a r  s lo w ly  o v e r  a  p e r o i d  o f  a  few m in u t e s .

[ i t  i s  d i f f i c u l t  t o  draw c o m p a r is io n s  w i t h  o t h e r  OH*• • *ft i n t r a 

bonded  m o le c u le s  s in c e  t h e y  u s u a l l y  r e q u i r e  t o  be r e c o r d e d  a t  v e r y  

low l e v e l s  o f  c o n c e n t r a t i o n  t o  e n s u re  no i n t e r b o n d i n g  p r e s e n t ] .

T h e re  w ere  no m arked  d i f f e r e n c e s  i n  th e  u . v .  s p e c t r a  f o r  compound 

( 7 e )  and  o t h e r  p h e n o ls  u n d e r  c o n s i d e r a t i o n  r e c o r d e d  i n  c y c lo h e x a n e  

p a r a l l e l i n g  t h e  i n f r a r e d  m easu rem en ts  i n  n -h e x a n e .  P h e n o ls  

e x h i b i t  a  h ig h  i n t e n s i t y  band a round  270 m/z w hich  i s  a s s i g n e d  t o  

a  ft —* ft* t r a n s i t i o n .  B o th  2 , 6 - d i - t - b u t y l - 4 - m e t h y l p h e n o l  and compound 

( 5 ) have  tw in  p e a k s  i n  t h i s  r e g i o n  -  278 and 284 m^ (e= 2000 )  and 

280 and 285 m/z ( e * 4 6 5 0 ) ,  r e s p e c t i v e l y .  On th e  o t h e r  h a n d ,  how ever ,  

compounds ( 6 )  and ( 7 e )  e a c h  have a  s i n g l e  f l a t —to p p e d  peak  —
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285 mu ( e = 4 6 5 0 )  and 284 m/tx (e = 5 1 0 0 ) ,  r e s p e c t i v e l y .  COGGESHALL , 

how ever ,  h a s  found  m arked v a r i a t i o n s  i n  t h e  d e g re e  o f  i o n i z a t i o n  

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



Compound ( 6 )  i o n i z e s  r e a d i l y  w h e re as  compound ( 7 e )  u n d e rg o e s  v e r y  

l i t t l e  i o n i z a t i o n  [ i . e .  l e s s  a c i d i c  t h e n  ( 6 ) ] .  T h is  i n f o r m a t i o n  

i s  i n  k e e p in g  w i t h  t h e  c o n f o r m a t io n  a s s i g n e d  t o  compound ( 7 e )

( F i g u r e  14)  w here  t h e  h y d r o x y l s  a r e  p r o t e c t e d  b y  s t e r i c  c o n g e s t i o n .

The c o m p a r a t iv e  s h i e l d i n g  from  t h e  e n v i ro n m e n t  e x p e r i e n c e d  b y  th e  

p h e n o l i c  g r o u p s  i n  compound ( 7 e )  i s  f u r t h p r  i l l u s t r a t e d  b y  th e  

g . l . c .  d a t a  r e p o r t e d  i n  T a b le  8 .  Compound ( 6 ) ,  w h ich  i s  i s o m e r i c  

w i t h  ( 7 e )  b u t  p o s s e s s i n g  much more e x p o sed  p h e n o l i c  h y d r o x y l s ,  shov/s 

a  more t h a n  t h r e e - f o l d  i n c r e a s e  i n  r e t e n t i o n  t im e  on c h a n g in g  from  

t h e  n o n - p o l a r  h y d ro c a rb o n  p h a se  (A p iez o n  L) t o  t h e  h i g h l y  p o l a r  

p o l y e s t e r  p h a se  ( p h e n y l d i e t h a n o la m in e  s u c c i n a t e ) .  By c o n t r a s t ,  

compound ( 7 e )  u n d e r  t h e  same c o n d i t i o n s  h a s  t h e  same r e t e n t i o n  t im e  

on b o th  p h a s e s :  su c h  b e h a v io u r  i s  i n  k e e p in g  w i t h  i n h i b i t i o n  o f  

h y d ro g en  b o n d in g  b e tw een  t h e  p h e n o l i c  h y d r o x y l s  o f  t h e  s o l u t e  

m o le c u le s  and  t h e  b a s i c  s i t e s  o f  t h e  p o l a r  p h a s e .

The a l k y l  s u b s t i t u t e d  b i s - p h e n y l o l  a lk a n e s  ( 5 ,  6 , 7b and 7e )  

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

s t e r i c  c o n g e s t i o n  can  a f f e c t  t h e  c o n f o r m a t io n s  o f  m o le c u le s  and 

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

o f  t h e  same ty p e  o r  w i t h  t h o s e  o f  t h e  s o l v e n t .  T h u s : -

( a )  The l i g h t l y  s u b s t i t u t e d  b i s - p h e n y l o l  a lk a n e  ( 5 )  a s s o c i a t e s
/  -1t e n a c i o u s l y  t o  form  a  r i n g  o f  f o u r  h y d ro g en  bonds  (3200  cm. i n  

C C l^ ) .  I n  v e r y  d i l u t e  s o l u t i o n  t h e  c o n fo r m a t io n  o f  t h e  monomer 

i n v o l v e s  a  f a i r l y  s t r o n g  Oil*•••OH i n t r a m o l e c u l a r  h y d ro g en  bond 

(3476  cm .” 1 i n  CC14 ) .

( b )  I n t r o d u c t i o n  o f  tw in  b u l k y  o r th o  a l k y l  s u b s t i t u e n t s  ( 6 )  

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

m o le c u le s ,  su c h  as  e t h e r  o r  p y r i d i n e .  I n  s o l v e n t s  su c h  a s  n - h e x a n e ,  

c a rb o n  t e t r a c h l o r i d e  and c h lo r o f o rm  t h e  monomer i s  p r e s e n t  a s  more t h a n  

one c o n fo rm e r  and t h e s e  i n v o lv e  Oil* •••'ft i n t r a - b o n d s  a s  w e l l  a s  0H»»«0H. 

The l e a s t  p o l a r  s o l v e n t s  ( n - h e x a n e > CC14 >  CHClg) f a v o u r  t h e  c o n fo rm e rs  

h a v in g  b o n d s .
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( c )  A s i n g l e  m e th y l  s u b s t i t u e n t  (7 b )  on t h e  c e n t r a l  a l i p h a t i c  

c a rb o n  g r e a t l y  i n c r e a s e s  t h e  dom inance  o f  t h e  c o n f o r m e r ( s )  

i n v o l v i n g  OH*•••ft i n t r a - b o n d s  b u t  t h e  h y d r o x y ls  a r e  s t i l l  

c a p a b le  o f  a s s o c i a t i o n  w i t h  b a s i c  s o l v e n t s .  <)ne r e m a rk a b le  

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

In  n -h e x a n e  compound ( 7 b )  m ust  be a lm o s t  e n t i r e l y  i n  t h e  c o m p l e te l y  

bonded OH*•••ft c o n fo r m a t io n  [ c f .  6 ( i i i ) ] ;  i n  CHCl^ t h e  p r o p o r t i o n  

o f  c o n f o r m e r ( s )  w i t h  a  f r e e  h y d ro x y l  i s  g r e a t l y  i n c r e a s e d  a t  t h e  

e x p e n se  o f  t h e  OH*•••ft i n t r a - b o n d e d  c o n f o r m a t io n ;  i n  CCl^ t h e  e f f e c t  

i s  i n t e r m e d i a t e .

( d )  I n t r o d u c t i o n  o f  t h e  f i n a l  m e th y l  s u b s t i t u e n t  ( 7 e )  f o r c e s  t h e  

m o le c u le  t o  a d o p t  a  s i n g l e  v e r y  r e s t r i c t e d  c o n f o r m a t io n  ( F ig u r e  14) 

h a v in g  two i d e n t i c a l  OH*•••ft i n t r a m o l e c u l a r  h y d ro g en  b onds

(3484  cm."’* i n  C C l^ ) .  The h y d r o x y ls  a r e  b u r i e d  w i t h i n  t h e  m o le c u le  

and t h e i r  s t r e t c h i n g  f r e q u e n c i e s ,  v(OH), a r e  a lm o s t  u n a f f e c t e d  by  

e v en  s t r o n g l y  b a s i c  s o l v e n t s .

F i n a l l y ,  t h e  s p e c t ru m  o f  ( 7 e )  i n  t h e  s o l i d  s t a t e  shows th e  same 

w e l l - d e f i n e d  v(0H) a b s o r p t i o n  a t  3484 cm .- * a s  i n  s o l u t i o n  and 

t h e  c o n fo r m a t io n  i n  th e  c r y s t a l  i s  t h e r e f o r e  presum ed t o  be t h e  

same as  t h a t  o b s e rv e d  i n  s o l u t i o n .  S u p p o r t  f o r  t h e s e  f i n d i n g s  

c o n c e r n in g  t h e  " n a r c i s s i s t i c "  c o n fo r m a t io n  o f  compound ( 7 e )  c o u ld  

come from an  X - ra y  a n a l y s i s  o f  a  s u i t a b l e  heavy  atom d e r i v a t i v e .

Such a  s p i r a l  c o n fo r m a t io n  i s  f o r m a l l y  c a p a b le  o f  o p t i c a l  r e s o l u t i o n  

p r o v id e d  t h e  s t r e n g t h  o f  t h e  two i n t r a m o l e c u l a r  h y d ro g en  bonds 

i s  s u f f i c i e n t  t o  m a i n t a i n  t h e  c o n fo r m a t io n  u n d e r  t h e  c o n d i t i o n s  

em ployed i n  t h e  a t t e m p te d  r e s o l u t i o n .  S hou ld  t h i s  p ro v e  t o  be 

t h e  c a s e ,  t h i s  m o le c u le ,  o r  a  s u i t a b l e  d e r i v a t i v e ,  would  be t h e  

f i r s t  exam ple o f  o p t i c a l  a c t i v i t y  w here asym m etry  i s  l a r g e l y  

m a in ta in e d  b y  i n t r a m o l e c u l a r  hyd ro g en  b o n d in g .
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TABLE 4 .  <

H ydroxy l  S t r e t c h i n g  A b s o r p t i o n s  o f  Compounds ( 5 ,  6 ,  7b and 7 e ) .

Compound

n-

V

-hexane

A a  a  Avi e
2

V

CC1.4

* a  Avi
2

ae V

CHC1,

* a

2

3

ae
A ss ig n m e n ts

5 I n s o l u b l e 3611
3476
3300

26
1 0 0

b r

170
125

3600
3450

40
b r

190
140

'F r e e '
0H»*»*0H i n t r a  
OH* • • • Oil i n t e r

6 3647
3620

85 
sh, -  
38 330

3639
3620

32
sh

1 0 0 3631 32 165 'F re e *  h in d e r e d  
F re e

3517 3516 58 2 1 0 3515 — 85 0H» • • *7C i n t r a
3470 s h  1 0 0 3450 s h - 3440 - 85 Oil* •••O il i n t r a

7b 3647 25 3634 _ 40 3626 18 1 0 0 F re e  h in d e r e d
3500 36 665 3499 50 385 3500 82 245 OH* *• • % i n t r a

7e 3483 15 1650 3484 22 1000 3486 40 630 0H» • • • %  i n t r a

A l l  a b s o r p t i o n s  were found  t o  be c o n c e n t r a t i o n  in d e p e n d e n t  o v e r  
t h e  r a n g e  s t u d i e d  e x c e p t  t h o s e  f o r  compound ( 5 ) .  C o n c e n t r a t i o n s  
and c e l l  p a t h s  a r e  g i v e n  i n  F ig u r e  13.
-  Not m e a s u re d ,  
sh  S h o u ld e r ,  
b r  B road  b a n d .
b H a l f - b a n d  w id th  m easu red  by  r e f l e c t i o n  o f  u n d i s t u r b e d  w in g .



TABLE 5.

55 56L i t e r a t u r e  D a ta  * R eco rded  f o r  H ydroxyl S t r e t c h i n g  

A b s o r p t io n s  o f  Compounds o f  Type ( 7 ) .

Compound R1 R2
v(0H) a b s o r p t i o n s  i n  CCl^ 

v(OH) f r e e  v(OH) bonded*!"

e, x 100 b

e f  + %

R e f .

7a H H 3636 3500 6 9 .7 55

7b H Cn3 3636 3500 8 1 .7 55

7c H c y c lo h e x y l 3480 100 55

7d H p h e n y l 3636 3500 9 2 .3 55

7e CH3 CH3 3480 100 5 5 ,5 6

7 f CH3 C2H5 3480 100 55

*f A s s ig n e d  t o  i n  t h e  p r e s e n t  w ork .
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TABLE 6 .

Summary o f  H ydroxy l  S t r e t c h i n g  A b s o r p t i o n s  and I n t e g r a t e d

A b s o r p t io n  I n t e n s i t i e s  f o r  V a r io u s  P h e n o ls  i n  CC1..4

Compound V A »  
2

ae Av"̂ " - 4A x 10 A ss ig n m e n t

p - c r e s o l 3612 17 200 - 1 .2 5 F re e

o -h y d ro x y d ip h e n y l 3607 18 25 0 .1 8 F re e
3565 17 200 46 1 .1 7 OH*•• i n t r a

2 , 2 ' - d i h y d r o x y - 3599 18 55 . — 0 .3 0 F re e
d ip h e n y l 3554 19 390 57 2 .2 8 Oil* • * •% i n t r a

o - h y d r o x y d ip h e n y l - 3611 17 0 .8 7 F re e
m ethane* 3560 56 51 0 .8 0 OH* * *•% i n t r a

7b 3634 40 0 .2 5 F ree
3499 50 385 148 6 .9 0 OH • • • • "K i n t r a

7e 3484 22 1000 163 9 .8 0 OH* * *•% i n t r a

A l l  s a m p le s  exam ined  i n  2 cm. c e l l s  ( c a ^ O . O l  M). A reas  
c a l c u l a t e d  a c c o r d in g  t o  RAMSAY'S m ethod . 
t  Av e v(OIl) f r e e  -  v(OIl) bonded^ The v a lu e  f o r  v(OH) 
f r e e  h a s  b e e n  t a k e n  a s  3611 cm .”  e x c e p t  f o r , 7 b  and 7e w here  
t h e  v a lu e  o f  2 , 6 - d i - t - b u t y l p h e n o l  (3647  cm. ) h a s  b een  
a d o p t e d .
* R e s u l t s  t a k e n  from  r e f .  58 .  In  t h i s  r e f e r e n c e  OKI and 
IWAMUHA q u o te  a  v a lu e  o f  0 .2 0  and  1 .2 8  f o r  A x 10 f o r  t h e  
f r e e  and bonded h y d ro x y l  a b s o r p t i o n s  o f  o - h y d ro x y d ip h e n y l  
r e s p e c t i v e l y .



TABLE 7.

H ydroxy l S t r e t c h i n g  A b s o r p t i o n s  f o r  Compounds ( 5 ,  6 , 7b 

and 7 e )  i n  D i e t h y l  E t h e r  and P y r i d i n e .

S o l v e n t Compound M o l a r i t y V a a  Avi
2*

ae A ss ig n m e n t

D i e t h y l  e t h e r 5 0 .1 3 ( 3 3 5 0 ) b r - OH-------0 ( E t )

6 0 . 1 0 (3 3 5 0 ) b r - OH-------0 ( E t )

7b 0 .0 5 3484
(3 3 0 0 ) b r

160* 0H« • • • %  i n t r a  
o n — o ( E t ) 2

7e 0 .0 4 3483 24 1070 OH* • • •% i n t r a

P y r i d i n e 7b 0 .0 4 (3 2 0 0 ) b r - OH-------NC II
t )  &

7e 0 .0 6 3482*^ 65 800 Oil*« • •% i n t r a

C e l l  t h i c k n e s s  0 .5  mm. V a lu e s  i n  p a r e n t h e s i s  a r e  a p p r o x im a te .
A p p a re n t  peak  h e i g h t  u s e d  w i t h o u t  s u b s t r u c t i o n  o f  c o n t r i b u t i o n  

from  o v e r l a p p in g  3300 cm.”  b a n d .
“t  T h e re  i s  e x t e n s i v e  b r o a d e n in g  a t  t h e  b a s e  o f  t h e  peak  w h ich  
may c o r r e s p o n d  t o  a  l i t t l e  i n t e r m o l e c u l a r  a s s o c i a t i o n .
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TABLE 8 .

R e t e n t i o n  Times f o r  Compounds ( 6 )  and ( 7 e ) .

Column C o n d i t i o n s Compound R^ m in s .

0 . 5  fo A p ie z o n  L n -D ocosane

6

7 .8
a t  175° and 
30 m l , / m i n . 2 0 .3

7e 9 .0 5

2 ^  P h e n y ld ie th a n o la m in e n -O c ta c o s a n e  (Cgg) 

6

1 4 .0 5
S u c c im a te  a t  175 and 
20 m l . / m i n . 7 2 .5 0

7e 9 .0 5



0 .5

3476

0 . 1

0 .5
3516

3639 3450

0. 1

O.D.

(7b)
0 .5 - 34 99

3634

3484
(7e)0 .5

0.1

"28003200
-1

3600 3400

FIGURE 13 . H y droxy l  s t r e t c h i n g  a b s o r p t i o n s  f o r  s o l u t i o n s  o f
compounds ( 5 ,  6 ,  7b and 7 e )  i n  n -h e x a n e  ( ............) ,
c a rb o n  t e t r a c h l o r i d e  ( —— — ) ,  and c h lo r o f o rm  
( - - - - - ) .  F re q u e n c y  v a l u e s  q u o te d  a r e  f o r  CC1.. 
C e l l  p a t h s :  n -h e x a n e  and CHCl^, 0 .5  mm; CCl^, 2 cm. 
C o n c e n t r a t i o n s :  n - h e x a n e ,  c a .  5 mil, CC 1., 1 mM, 

________________CHC13 , 3 mM. 4
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FIGURE 14 .  P l a n a r  p r o j e c t i o n  o f  t h e  D r e id in g  m o le c u la r  model
o f  t h e  s i n g l e  c o n fo r m a t io n  a s s i g n e d  t o  compound ( 7 e ) .  
The l a r g e  and s m a l l  c i r c l e s  i n d i c a t e  t h e  oxygen and 
h y d ro g en  atom s o f  t h e  h y d ro x y l  g ro u p s  r e s p e c t i v e l y .
The d o t t e d  l i n e s  i n d i c a t e  t h e  h y d ro g en  b o n d s .  The 
f r o n t  edge  o f  t h e  m o le c u le  i s  d e p i c t e d  b y  h eav y  l i n e s .
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P y r o c a t e c h o l  M o n o e s te rs  and R e l a t e d  Compounds

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

ty p e  ( 8 )  and  r e l a t e d  compounds (9  and  10 )  i n  s e v e r a l  s o l v e n t s  

have  b e e n  exam ined  i n  an  a t t e m p t  t o  d e te r m in e  t h e  e x t e n t  o f  

i n t e r a c t i o n  o f  t h e  o -h y d ro x y  g ro u p  w i t h  t h e  e s t e r  l i n k a g e .

,O.COR
R

.O.COPh
OH

,OR

( 8) (9) ( 10 )

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

o t h e r  t h a n  h y d r o x y l  was f i r s t  exam ined  ( t y p e  9 , T a b le  9 )  and ,

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

v(Ct»0) ( i n  C C 1 .) ,  was n o t e d ;  t h e  o b s e rv e d  s h i f t s  c o u ld  n o t ,  how ever,
62be  c o r r e l a t e d  w i t h  t h e  c o r r e s p o n d in g  T a f t  a *  v a l u e s  o f  th e

s u b s t i t u e n t  g r o u p s .  T h e re  was no i n d i c a t i o n  o f  s p l i t  b an d s  o f

t h e  ty p e  e n c o u n te r e d  i n  t h e  o r t h o - s u b s t i t u t e d  b e n z o a te  s e r i e s ,

w here  t h e y  have  b e e n  a t t r i b u t e d  to  c o n f o r m a t io n a l  i s o m e rs  
63( l l a ,  l i b ) .  One compound, g u a i a c o l  b e n z o a t e  ( 9 ,  R=0Me),

p o l a r i t y .  I n  c h lo r o f o r m  t h e r e  was e v id e n c e  o f  s l i g h t  s p l i t t i n g  

w h ic h  c o u ld  be  e x p l a i n e d  i n  te rm s  o f  t h e  e x i s t e n c e  o f  more t h a n  

one c o n f o r m a t io n  o f  t h e  e s t e r  m o le c u le  o r ,  more p r e c i s e l y ,  o f  i t s  

s o l v a t e d  com plex  w i t h  c h lo r o f o r m  m o le c u le s .

O

( H a ) ( l i b )

was exam ined  i n  s e v e r a l  s o l v e n t s  and t h e  c a rb o n y l  a b s o r p t i o n
r* a

( T a b le  10 )  showed t h e  e x p e c t e d  f a l l  w i t h  i n c r e a s i n g  s o l v e n t



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

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

t h e  o r t h o - p o s i t i o n  o f  a  p h e n y l  e s t e r .  The r e s u l t s  f o r  compounds

o f  t h i s  t y p e  ( 8 )  a r e  l i s t e d  i n  T a b le  11, and  i l l u s t r a t e d  i n

F i g u r e  15 . A t  low c o n c e n t r a t i o n s  i n  c a rb o n  t e t r a c h l o r i d e  w here

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

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

i n d e p e n d e n t  and  i s  r e a d i l y  e x p l i c a b l e  i n  t e rm s  o f  two i n t r a -

m o l e c u l a r l y  h y d ro g e n  bonded  s p e c i e s  ( e . g .  8a  and 8 b ) .  S p e c ie s  ( 8 a ) ,

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

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

( T a b le  9 ;  9 ,R=H and OMe), i s  a n a lo g o u s  t o  t h a t  s u g g e s t e d  b y

HENBEST and LOVELL**4 i n  a  s t u d y  o f  t h e  a c e t a t e s  o f  c i s - 3 , 5 -

d i h y d r o x y - s t e r o i d s ,  and t o  t h e  f iv e -m e m b e re d  h y d ro g en  bonded
65c o n f o r m a t io n  o f  p y r o c a t e c h o l  and o f  o t h e r  p y r o c a t e c h o l  d e r i v a t i v e s  

d i s c u s s e d  b e lo w .  S p e c i e s  ( 8 b )  e x e m p l i f i e s  t h e  seven-m em bered  r i n g  

ty p e  o f  i n t r a m o l e c u l a r  h y d ro g e n  b ond :  c a r b o n y l  and h y d ro x y l  

a b s o r p t i o n s  a r e  b o t h  m a rk e d ly  lo w e re d  b u t  t h e  b r e a d t h  o f  t h e  l a t t e r

OH

OH

'co

3590

1753

(8 b )

3380

1712

( B e )

3607

1750

(8 d )

3600?

N e=C C H 3

3365

1745

cm.

cm.

-1

s u g g e s t s  c o n s i d e r a b l e  m o le c u la r  f l e x i b i l i t y .  The e s t e r  g r o u p in g  

c a n n o t  be p l a n a r  i n  t h i s  c o n f o r m a t io n .  The s h o u ld e r  a t  c a .  3607 cm. 

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

a  f r e e  h y d ro x y l  g r o u p ,  f o r  exam ple ( 8 c ) ,  th o u g h  s p e c i e s  (8 d )  would 

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

-1



S i m i l a r  c o n c l u s i o n s  c a n  be  drawn f o r  t h e  o t h e r  two compounds

shown i n  T a b le  11 .  F o r  t h e  p r o t o c a t e c h u a t e  d e r i v a t i v e  ( 8 ;  R^=Ph,

R *C0oMe) t h e  m e th o x y c a rb o n y l  g ro u p  a c c o u n t s  f o r  a  p a r t  o f  t h e
-1c a r b o n y l  a b s o r p t i o n  a t  1726 cm. . T here  i s  a  h i g h e r  p r o p o r t i o n  o f  t h e

1 2lo w e r  f r e q u e n c y  c a r b o n y l  band  i n  t h e  O - a c e t a t e  ( 8 ;  R =*Me, R =H): 

t h i s  m ig h t  be  a s c r i b e d  t o  t h e  g r e a t e r  b a s i c i t y  o f  t h e  a c e t a t e  t h a n  

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

seem t o  be r e f l e c t e d  i n  t h e  h y d ro x y l  r e g i o n .

These  a s s i g n m e n t s  a r e  s u p p o r t e d  b y  m ea su rem e n ts  f o r  t h e  b e n z o a te
1 O

( 8 ;  R =*Ph, R =H) a t  d i f f e r e n t  t e m p e r a t u r e s  (T a b le  12) and  i n  s o l v e n t s  

o f  v a r y i n g  p o l a r i t y  ( T a b le  1 3 ) .  I n  t e t r a c h l o r o e t h y l e n e  i n c r e a s e  

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

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

t h e  l e s s  s t r o n g l y  bonded fo rm  ( 8 a ) ]  t o  t h e  low f r e q u e n c y  b a n d s .  The 

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

t h o s e  o f  t h e  m odel compounds (T a b le  10 )  e x c e p t  f o r  t h e  b e h a v io u r  i n  

a c e t o n i t r i l e  w here  t h e  i n t e r m o l e c u l a r l y  bonded  s p e c i e s  ( 8 e )  u n d o u b te d ly  

p r e d o m in a t e s  ( c f .  t h e  s o l v e n t  s h i f t s  f o r  benzophenone  and p h e n o l  

l i s t e d  i n  T a b l e s  16 and 15 , r e s p e c t i v e l y ,  and t h e  e n s u in g  d i s c u s s i o n ) .

The i n t r a m o l e c u l a r l y  bonded  s p e c i e s  ( 8 a  and 8 b ) , p e r s i s t  i n  c h lo r o f o r m
83

s o l u t i o n  and  i t  may be  n o t e d ,  i n  a c c o r d a n c e  w i t h  o t h e r  e x p e r i e n c e ,  

t h a t  t h e  s o l v e n t  s h i f t  o f  t h e  i n t r a b o n d e d  c a r b o n y l  ( t h a t  o f  8 b )  

i s  r e l a t i v e l y  s m a l l .

R e s u l t s  f o r  some r e l a t e d  compounds o f  ty p e  ( lO )  a r e  g i v e n  i n

T a b l e s  14 -16  and i l l u s t r a t e d  i n  F i g u r e s  16 and 17 . 2 -o -H y d ro x y -

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

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

b o n d in g  b y  t h e  p h e n o l i c  h y d ro x y l  g r o u p .  The a b s o r p t i o n s  have  b e e n

a s s i g n e d  t o  t h e  t h r e e  c o n f o r m a t io n s  ( l 2 a ,  12b and 12c)  b y  c o m p a r iso n
49w i t h  t h e  r e s u l t s  i n  F i g u r e  16 and T a b le  14, and i n  t h e  l i t e r a t u r e .

The c o n f o r m a t io n s  ( l 2 a  and 12b) a r e  a n a lo g o u s  t o  ( 8 a  and 8 b ) ,  th o u g h



t h e  p r e d o m in a n t  o n e ,  ( l 2 b ) ,  i n v o lv e s  a  h y d ro g en  bond c l o s i n g  a 

9-membered r a t h e r  t h a n  a  7-merabered r i n g .  I t  i s  o f t e n  assum ed t h a t

OH.. OH— X) jOH' 0 ‘ 
o>

c h 3 c = n

o
.o-

.o

OH

’co

( 1 2 a ) (1 2 b ) ( 1 2 c ) ( I 2 d )

3561 3274 3531 3364 cm .- *

1670 1657 1670 1667 cm.-1

i n t r a m o l e c u l a r  h y d ro g en  b o n d in g  c l o s e s  o n l y  5 -  o r  6-membered r i n g s ;  

s u c h  b o n d in g  i s  c e r t a i n l y  common b u t  t h e r e  c a n  be l i t t l e  d o u b t  

t h a t  fo rm a l  r i n g  s i z e  i s  n o t  t h e  m o s t  i m p o r t a n t  c r i t e r i o n  f o r  

s u c c e s s f u l  i n t r a m o l e c u l a r  h y d ro g en  b o n d in g .  The m o le c u le  m u s t  be 

f r e e  t o  a d o p t  a  c o n f o r m a t io n  i n  w hich  t h e  h y d ro x y l  g ro u p  and t h e  

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

and  o r i e n t a t i o n  from  one a n o t h e r .  The p r o p o r t i o n  o f  m o le c u le s  i n  

t h i s  fo rm  w i l l ,  o f  c o u r s e ,  depend  on many f a c t o r s ,  f o r  ex am p le ,  t h e  

number o f  a l t e r n a t i v e  c o n f o r m a t io n s  and t h e i r  e n e r g y  c o n t e n t ,  t h e  

n a t u r e  o f  t h e  s o l v e n t ,  and t h e  t e m p e r a t u r e  o f  t h e  s o l u t i o n .  Sys tem s  

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

f a i r l y  r e s t r i c t e d  a s  t o  t h e  number o f  d i s t i n c t  c o n f o r m a t io n s  t h e y  can  

a d o p t .  I n  s u c h  c a s e s ,  c o n fo rm e r s  ( e . g .  12b) may be d e t e c t a b l e  

w h ic h  i n v o lv e  i n t r a m o l e c u l a r  h y d ro g en  bonds  be tw een  c e n t r e s  a t  f i r s t  

s i g h t  w i d e l y  s e p a r t e d .

The b e h a v io u r  ( F ig u r e  17 and T a b le s  15 and 16) o f  compound ( 1 2 )  

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

b e n z o a t e  ( 8 ;  R - P h ,  R - H ) .  The i n t r a m o l e c u l a r  h y d ro g en  bonds  a r e
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b r o k e n  ( o n l y  p a r t i a l l y  w i t h  12 )  i n  a c e t o n i t r i l e ,  b u t  n o t  i n  

c h lo r o f o r m ,  a s  c a n  be  s e e n  from  t h e  c o m p a r a t iv e  v a l u e s  p r o v id e d  

f o r  p h e n o l  and b e n z o p h e n o n e . The c a r b o n y l  band  o f  2 - o - h y d r o x y -  

p h enoxybenzophenone  ( 1 2 )  a t  1650 cm."** ( i n  a c e t o n i t r i l e )  i s  

a s s i g n e d  t o  t h e  i n t r a - b o n d e d  c o n fo rm e r  ( l 2 b )  i n  e q u i l i b r i u m  

w i t h  ( l 2 d ) .  ,

The c o n f o r m a t io n a l  e q u i l i b r i a  r e v e a l e d  i n  t h i s  work m ust  p l a y  

some p a r t  i n  d e t e r m i n in g  t h e  r e a c t i v i t y  o f  t h e  compounds c o n c e r n e d .  

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

e v a l u a t i o n ,  a d m i t t e d l y  v e r y  q u a l i t a t i v e l y ,  o f  t h e  ch an g e  i n  t h e  

p r o p o r t i o n s  o f  t h e  v a r i o u s  c o n fo rm e r s  w i t h  change  o f  s o l v e n t  and 

o f  t e m p e r a t u r e .  F u r t h e r  s t u d i e s  w i t h  a  g r e a t e r  v a r i e t y  o f  

s u b s t a n c e s  and s o l v e n t s  w ould  be  o f  v a l u e ;  t h u s  m ea su rem e n ts  i n  

m e t h a n o l i c  s o l u t i o n  s h o u ld  show t h e  e f f e c t  o f  s o l v e n t  on th e

c a r b o n y l  a b s o r p t i o n  o f  o - h y d r o x y - d e p s i d e s  o f  t y p e  ( 8 )  and  l e a d  t o
66an u n d e r s t a n d i n g  o f  t h e  e a s y  m e t h a n o l y s i s .  R e c e n t l y  HANSEN 

has  r e p o r t e d  t h e  k i n e t i c s  o f  a l k a l i n e  h y d r o l y s i s  o f  c a t e c h o l  

m o n o a c e ta te  ( i n  m e t h a n o l ) .  The h y d r o l y s i s  o f  c a t e c h o l  m o n o a c e ta te  

(p K f a  8 . 5 6 )  was found  t o  be  500 t im e s  f a s t e r  t h a n  e x p e c t e d  from  

a  c o n s i d e r a t i o n  o f  t h e  i n d u c t i v e  and r e s o n a n c e  e f f e c t s .  T h is  

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

h y d ro g e n  b o n d in g  b e tw e en  t h e  p h e n o l i c  h y d ro x j l  and  t h e  e s t e r  oxygen  

f a c i l i t a t i n g  c l e a v a g e  b e tw e e n  t h e  e s t e r  oxygen and  t h e  c a r b o n y l  

f u n c t i o n .



TABLE 9 .

C a rb o n y l  A b s o r p t i o n s  o f  Some o r t h o - S u b s t i t u t e d  

P h e n y lb e n z o a te s  ( 9 )  i n  CCl^.

R v(C=0)
>

A ^
2

ae

H 1746 13 665

Me 1746* 14 690

Cl 1753 14 730

Br 1751 11 760

OMe 1748 14 655

no2 1756 14 720

S o l u t i o n s  c a .  1 .5  mil i n  5 mm. c e l l s .  
* A sym m etric  p e a k ,



TABLE 10.

C a rb o n y l  A b s o r p t i o n s  o f  G u a ia c o l  B e n z o a te  ( 9 ;  R»0Me) 

i n  V a r io u s  S o l v e n t s .

S o l v e n t v(c=0) A &

2

a
e

n -h e x a n e 1754 10 820
CC1,4 1748 14 655
CHClg (1 7 4 0 * ) 26 430
CHg.CN 1740* 17 530

S o l u t i o n s  c a .  30 mil exam ined  i n  0 .5 1  mm c e l l s  
e x c e p t  f o r  n -h e x a n e  (15  mM i n  0 .5 1  mm c e l l ) .  
V a lu e s  i n  p a r e n t h e s i s  a r e  a p p r o x im a te .
* A sym m etric  p e a k .



TABLE 11.

H ydroxy l  and C arb o n y l  A b s o r p t i o n s  o f  Some o r th o -H y d ro x y  

p h e n y l  E s t e r s  ( 8 )  i n  CCl^.

Compound ( 8 ) R1 R2 V0H Av?
"2

ae vco
A 21Avi ae

0 - B e n z o y l- Ph H 3607 sh 1753 17 460
p y r o c a t e c h o l 3590* 24 85 1712* 22 165

(3 3 8 0 ) (2 4 0 ) 25

0 - A c e t y l - Me H 3606 sh 1778 20 240
p y ro c  a t e  c hol*f 3585* 23 95 1736 16 230

(3 4 1 0 ) (2 2 0 ) 25

Me 3 - 0 - B e n z o y l - Ph CO Me 3598 sh 1755* 15 m
p r o t o c a t e c h u a t e * 2 3577* 25 m 1726* 15 s

(3 3 5 0 ) (2 9 0 ) w 1712 sh -

C e l l  p a t h s  f o r  t h e  h y d ro x y l  and c a r b o n y l  r e g i o n  were 
5 cm. and 2 cm, r e s p e c t i v e l y ,  and s o l u t i o n s  were c a .
0 .3  mM. M easurem ents  were made a t  s e v e r a l  m o l a r i t i e s  
and t h e  a b s o r p t i o n s  above  found  t o  be  c o n c e n t r a t i o n  
i n d e p e n d e n t .
* A sym m etric  p e a k .
t  Ph a c e t a t e :  y (C 0) ( i n  CC1 ) 1768* cm." ,  Av? 13 c m ." 1 ,
e 560 1 .m ole cm ."  . 2
±  Me b e n z o a t e : , v ( C 0 ) . ( i n  CC1. )  1730 c m ." 1 , Av? 11 c m ." 1 ,
e 900 1 .m o le "  cm. \  4 2
F o r  o t h e r  sym bols  se e  T a b le s  9 and 10 .



TABLE 12.

H ydroxyl and C arbony l  A b s o r p t i o n s  o f  O - B e n z o y lp y ro c a te c h o l  
1 2

( 8 ;  R =Ph, R =Ii) i n  C^Cl^ a t  V a r io u s  T e m p e r a tu r e s .

Temp. V0H
A »

A v i

2
a£ R vco

A »
A v i

2
ae R

26° 3606 sh mm 1754 14 470
O  C t

3587 23 60 o  A 1711* 19 180 <2.0

(3 3 9 5 ) ( 2 3 5 ) 20 3*0

50° 3604 sh 1754 14 435 A  7

3587 23 60 A  A 1712* 20 160 <2. 7

(3 3 8 5 ) (2 3 5 ) 15 4 .0

oo00 3611 sh 1754 14 405 O  1

3589 23 55 1713* 20 130 3 .1

(3 3 8 5 ) (2 5 0 ) 10 5 . 5 -

H ydroxy l  f r e q u e n c i e s  d e te r m in e d  f o r  c a .  10 mM s o l u t i o n s  
i n  3 mm. c e l l s .  C a rb o n y l  f r e q u e n c i e s  d e te r m in e d  f o r  
c a .  5 mM s o l u t i o n s  i n  3 ram. c e l l s .  R = £a ( h i g h  f r e q u e n c y  
b a n d ) / e a ( l  ow f r e q u e n c y  b a n d ) .
F o r  sym bols  s e e  T a b le s  9 - 1 1 .



TABLE 13.

H ydroxy l and  C arb o n y l  A b s o r p t i o n s  o f  1- 0 - B e n z o y l p y r o c a t e c h o l  
1 2

( 8 ;  R = Ph, R o H) i n  V a r io u s  S o l v e n t s .

S o l v e n t V0II
*  aA vi

2
ae vco Av?

2
ae

n -h e x a n e mm mm 1757 11 s
1715* 14 w

CC1 3607 s h 1753 17 460
3590 24 85 1712* 22 165

(3 3 8 0 ) (2 4 0 ) 25

CHC1. 3583* 37 65 1746* 22 385d
(3 4 2 0 ) (2 4 5 ) 10 1710* ( 3 0 ) 100

CHgCN 3365* (1 8 0 ) 105 1745 21 515

S o l u t i o n s  c a .  25 mM, e x c e p t  f o r  n -h e x a n e  ( s a t u r a t e d  
s o l u t i o n ) ,  i n  0 .5  mm. c e l l .
F o r  sym bols  s e e  T a b le s  9 - 1 1 .



TABLE 14.

H ydroxy l  A b s o r p t i o n s  o f  G u a ia c o l  and R e l a t e d  Compound s ( 1 0 )

i n  CC1. .4

Compound V0H
A aAV!2*

a£ A s s ig n m e n ts

12 3561
3531
3274

28
56

208

30
20

135

I n t r a
I n t r a
I n t r a

Oil- • • ‘ 0 
0II» • • •%
OH------0=C

o-HO. CgH4 . 0 .  C6H4 . CH^Ph-o 3559* 26 120 I n t r a OH------0
3516* 32 85 I n t r a OH* • • • %

10; R-Ph 3562 22 180 I n t r a O H . . . .0

10; R=Me 3558 24 185 I n t r a on* * * *o

S o l u t i o n s  c a .  1 .5  mM exam ined  i n  2 cm. C e l l s .  
F o r  o t h e r  sym bols  s e e  T a b le s  9 - 1 1 .
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TABLE 15.

H ydroxyl A b s o r p t io n s  o f  2 -o -I Iyd roxyphenoxybenzophenone  ( 1 2 )  

and P heno l  i n  V a r io u s  S o l v e n t s .

S o l v e n t

2 -

V0H

o-H ydroxyphenoxy-
benzophenoneA ^ .Avi e Av 

2 V0H

P h en o l
A a  a  Avj e

2
Av

n -h e x a n e 3570 w 3621 14 0
3538 - 8
3286* 145 s 0

CC1 3561* 28 30 3612 17 205 9** 3531* 56 20
3274* 208 135 12

CHC1„ 3552* 36 40 3599 32 150 22o 3240* 250 100 46

CHgCN 3364* 160 115 - 7 8 3413 140 175 208

C o n c e n t r a t i o n s  and c e l l  t h i c k n e s s e s :  f o r  2 - o -h y d ro x y p b e n o x y -  
b enzophenone  i n  n -h e x a n e  s a t u r a t e d ,  0 .5  mm., i n  CC1. 1 .6  mM, 
20 mm., i n  CHClg 20 raM, 2 mm., and i n  CH_CN 20 mM, 0 .5  mm.; 
f o r  p h e n o l  i n  n -h e x a n e  s a t u r a t e d ,  0 . 5  mm., i n  CC1. 5 mM,
5 mm., i n  CHClg 50 mM, 0 .5  mm,, and i n  CHgCN 50 mM, 0 .5  mm.. 
S o l v e n t  s h i f t  v a l u e s ,  Av = v ( n - h e x a n e )  -  v ( s o l v e n t )  i n  c i b , ”  .  
F o r  sym bols  s e e  T a b le s  9—11.



TABLE 16.

C a rb o n y l  A b s o r p t io n s  o f  2 -o -H yd ro x y p h en o x y b en zo p h en o n e  ( l 2 )

and Benzophenone i n  V a r io u s  S o l v e n t s .

S o l v e n t

2-

vco

o-H ydroxyphenoxy-
benzophenone

a  a  a  AAvi e Av
2

i

vco

B enzophenone

A a  a Avi e
~2

Av

n -h e x a n e 1670 sh 0 1671 8 695 0
1660 9 - 0

cc i4 1667 sh — 3 1666 10 595 5
■ 1657 11 690 3

CHClq _ sh 1658 18 490 13
1651* 18 500 9

CH„CN 1667* 19 300 3 1661 10 550 10O 1650* 14 250 10

C o n c e n t r a t i o n s  and c e l l  t h i c k n e s s e s :  f o r  2—o—h y d ro x y -  
phenoxybenzophenone  i n  n -h e x a n e  s a t u r a t e d ,  0 . 5  mm., 
i n  CC1. 1 .6  mM, 5 mm., i n  CHC1«, 20 mM, 0 . 5  mm., and 
i n  CHgCN 20 mM, 0 .5  mm.
F o r  sym bols  s e e  T a b le s  9 - 1 1 .
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FIGURE 15 . H ydroxy l and  c a r b o n y l  s t r e t c h i n g  a b s o r p t i o n s  o f  
0 - a c e t y l p y r o c a t e c h o l  ( 8 ;  R =Me, R »Il) i n  c a rb o n  
t e t r a c h l o r i d e  s o l u t i o n  ( l . 6 5  mM) exam ined  i n  
2 cm. and 0 .5  cm. c e l l s ,  r e s p e c t i v e l y .
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FIGURE 16 . H ydroxy l  s t r e t c h i n g  a b s o r p t i o n s  o f  p h e n o l  an d  o f  
c e r t a i n  d e r i v a t i v e s  o f  p y r o c a t e c h o l  i n  c a r b o n  
t e t r a c h l o r i d e .
( a )  2 -o -H ydroxyphenoxybensophenone  ( i t ) ;  (B )  
o - ( o - b e n z y l p h e n o x y ) p h e n o l ; (c) o -p h e n o ^ y p h o n o l ;  
and ( d )  p h e n o l .  S o l u t i o n s  (ca. 1 , 5  aM) 
i n  2 cm. c e l l s .
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FIGURE 17 . H ydroxyl and c a r b o n y l  s t r e t c h i n g  a b s o r p t i o n s  o f  
2 -o -h y d ro x y p h e n o x y b en z o p h e n o n e  ( 1 2 )  i n  v a r i o u s  
s o l v e n t s .
(A) n -H exane ;  (b) c a rb o n  t e t r a c h l o r i d e ;  (c) c h lo r o f o r m ;  
and ( d ) a c e t o n i t r i l e .
C o n c e n t r a t i o n s  and c e l l  t h i c k n e s s e s  a r e  g i v e n  i n  
T a b le s  15 and 16 .



INFRARED STUDIES
OF

TERPENOID COMPOUNDS

IN T R O D U C T IO N

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

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

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

h y d ro g en  b o n d in g  i n  n a t u r a l  p r o d u c t s  can  f r e q u e n t l y  be  i n f e r r e d

from an  e x a m in a t io n  o f  t h e  h y d ro x y l  s t r e t c h i n g  f r e q u e n c i e s  o b t a i n e d
67w i t h  d i t u l e  s o l u t i o n s  i n  i n e r t  s o l v e n t s .  Such  i n f o r m a t i o n  can

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

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

known s t e r e o c h e m i s t r y ,  The c o m p le te  s t r u c t u r e  o f  t h e  d e g ra d e d
68 69Cgg t r i t e r p e n e  c e d r e lo n e  and th e  d i t e r p e n o i d  l a c t o n e  r o s o l o l a c t o n e

have  b een  d e te r m in e d  b y  t h e  X - ra y  c r y s t a l l o g r a p h i c  m e th o d ,  and  t h e

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

compounds and r e l a t e d  m em bers. The s t u d y  o f  c e d r e l o n e  and r e l a t e d

compounds was c a r r i e d  o u t  i n  c o l l a b o r a t i o n  w i t h  D r .  S .G . M cGeachin
who s p e c i a l l y  p r e p a r e d  and p u r i f i e d  t h e  compounds f o r  t h e  i n f r a r e d

s t u d y .  I n  t h e  c a s e  o f  t h e  s t u d y  o f  r o s o l o l a c t o n e  and r e l a t e d

d i t e r p e n o i d  l a c t o n e s  t h e  compounds w ere  i s o l a t e d  and  p u r i f i e d  by

D r s .  A . I .  S c o t t  and  D .S .  Young.

In  a d d i t i o n ,  a  g ro u p  o f  s e s q u i t e r p e n o i d  l a c t o n e s  have  b e e n  s t u d i e d  

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

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

b y  D r s .  K .H . O v e r to n ,  R .P .M . Bond and J . D .  C o n n o l ly .
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RESULTS a n d  D I S C U S S I O N

C e d re lo n e  and R e l a t e d  Compounds

The r e s u l t s  a r e  d e t a i l e d  i n  T a b le s  17 and  18 and  sum m arized  

i n  T a b le  19 . One i m p o r t a n t  s t r u c t u r a l  f e a t u r e  o f  c e d r e l o n e  and 

i t s  c l o s e  r e l a t i v e s  ( l 3 )  i s  t h a t  r i n g  C i s  h e l d  i n  t h e  b o a t  

c o n f o r m a t io n .  O th e r  r e l a t e d  compounds ( 1 4 )  have  t h e  more f a v o u r e d  

c h a i r  c o n f o r m a t io n  i n  r i n g  C and a r e  r e f e r r e d  t o  a s  i s o c e d r e l o n e s *

OR

( 1 4 )

( 1 5 )

oa

( 1 6 )

o

\  OH 
vH HO C 02CH3

(17)

F = \

= /

H HO

( 1 8 ) ( 1 9 )



In  b o t h  c e d r e lo n e  m e th y l  e t h e r  (1 3 ;  R=Me) and c e d r e lo n e  a c e t a t e  

(1 3 ;  R=Ac) t h e  p r e s e n c e  o f  a  c o n ju g a t e d  enone sy s te m  i n  r i n g  A 

and i n  r i n g  B i s  c h a r a c t e r i z e d  by  a  s i n g l e ,  i n t e n s e ,  s y m m e tr ic a l  

a b s o r p t i o n  a t  c a .  1700 cm .” * ( i n  CCl^; T a b le  1 7 ) .  The h ig h  

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

o f  two c a r b o n y l  g r o u p i n g s .  I n t r o d u c t i o n  o f  an  e p o x id e  g r o u p in g  

a t  p o s i t i o n s  1 and  2 a s  i n  1 , 2 - e p o x y - c e d r e lo n e  a c e t a t e  (1 3 ;  R=Ac,

1 .2 - e p o x y )  s p l i t s  t h e  c a r b o n y l  a b s o r p t i o n  i n t o  two w e l l - d e f i n e d

b a n d s ;  t h e  h i g h e r  f r e q u e n c y  band a t  1722 cm. * ( i n  CCl^; T ab le  17)

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

r i n g  A, and t h e  lo w e r  f r e q u e n c y  a b s o r p t i o n  a t  1708 cm.” * ( i n  CCl^)

i s  a s s i g n e d  t o  t h e  r i n g  B c a r b o n y l .  S a t u r a t i o n  o f  t h e  d o u b le  bond

i n  r i n g  A (1 3 ;  R*Ac, 1 , 2 - d i h y d r o -  and h e x a h y d r o - )  s l i g h t l y  r e d u c e s

th e  a b s o r p t i o n  f r e q u e n c i e s  o f  b o t h  c a r b o n y l  g ro u p s  a s  compared w i th
70t h o s e  o b s e rv e d  f o r  t h e  1 ,2 -ep o x y -c o m p o u n d .  Even s o ,  th e  r i n g  A

c a r b o n y l  f r e q u e n c y  f o r  t h e  1 ,2 -d ih y d ro -c o m p o u n d  i s  somewhat h i g h e r

(1714  cm. * i n  CHCl^), t h a n  t h a t  p r e v i o u s l y  d e s c r i b e d  f o r  a

4 , 4 - d i m e t h y l - 3 - o x o - 5 a - s y s t e m . 71 LEHN, LEVISALLES, and 0URISS0N72

c o n c lu d e  t h a t  r i n g  A i n  su c h  sy s tem s  e x i s t s  a s  a  defo rm ed  c h a i r  -

a  d e c i s i o n  r e a c h e d  a f t e r  t a k i n g  i n t o  a c c o u n t  t h e  i n t e r a c t i o n s  be tw een
681 . 3 - d i a x i a l  m e th y l  g r o u p s .  The X - ra y  a n a l y s i s  o f  c e d r e lo n e  

i o d o a c e t a t e ,  how ever ,  r e v e a l e d  t h a t  r i n g  A p o s s e s s e d  a  b o a t - l i k e  

c o n f o r m a t io n  r a t h e r  t h a n  th e  a l t e r n a t i v e  h a l f - c h a i r ;  t h e  fo rm e r  

p re s u m a b ly  m in im iz e s  t h e  non-bonded  i n t e r a c t i o n s  be tw een  th e  

4 - m e th y l  g r o u p s  and t h e  b u lk y  6 - s u b s t i t u e n t .  The same argum en t 

s h o u ld  a p p l y  t o  c e d r e lo n e  and i t s  s im p le  d e r i v a t i v e s  w h e th e r  t h e  

p a r t i c u l a r  m o le c u le  i s  i n  a  c r y s t a l  l a t t i c e  o r  i s  s u r ro u n d e d  by  

r e l a t i v e l y  i n e r t  s o l v e n t  m o le c u le s .  T here  i s  no m arked change i n  

t h e  c a r b o n y l  a b s o r p t i o n s  (T a b le  17) on p a s s in g  from  c a rb o n  t e t r a 

c h l o r i d e  t o  c h lo r o f o r m  s o l u t i o n ,  o n ly  t h e  e x p e c te d  lo w e r in g  i n
1 73

f r e q u e n c y  ( b y  5 -1 0  cm.”  ) and t h e  i n c r e a s e d  b r e a d t h  o f  t h e  ban d .

P r e f e r e n t i a l  s o l v a t i o n  o f  t h e  a - e p o x y - g r o u p  may e x p l a i n  th e  u n u s u a l l y

s m a l l  s h i f t s  r e c o r d e d  f o r  t h e  two compounds h a v in g  t h i s  g r o u p in g .



I n  t h e  s p e c t r u m  o f  c e d r e lo n e  i t s e l f  ( l3 ;R = H ) t h e r e  a r e  two 

p e a k s  i n  t h e  c a r b o n y l  r e g i o n  (1695 and 1678 cm.” 1 i n  CC1.; T a b le  17) 

and one band  i n  t h e  h y d ro x y l  r e g i o n  (3417  cm.” ? i n  CC14 ; T ab le  1 8 ) .  

The d a t a  f o r  d ih y d r o c e d r e l o n e  (1 3 ;  R=H, 1 , 2 - d i h y d r o ; F ig u r e  18) 

r e v e a l  t h a t  t h e  h i g h e r  b a n d ,  t h a t  a t  1695 cm .”  , i n  t h e  sp e c tru m  

o f  c e d r e lo n e  i s  t o  be a t t r i b u t e d  t o  t h e  r i n g  A c a r b o n y l .  

I n c i d e n t a l l y ,  t h i s  a b s o r p t i o n  moves a b o u t  9 cm.” 1 t o  lo w er  f r e q u e n c y  

when r i n g  B i s  f iv e - ra e m b e re d ,  p re s u m a b ly  a s  a  r e s u l t  o f  b o n d -a n g le  

c h a n g e s  a t  t h e  A/B r i n g  j u n c t i o n .

The c a r b o n y l  and h y d ro x y l  a b s o r p t i o n s  o f  t h e  d io s p h e n o l  sy s te m

i n  c e d r e lo n e  and d e r i v a t i v e s  a r e  t y p i c a l l y  b o th  low i n  f r e q u e n c y
73and i n s e n s i t i v e  t o  s o l v a t i o n .  A p l a n a r  p r o j e c t i o n  o f  a  D r e id in g

model o f  d i h y d r o c e d r e l o n e  (1 3 ;  R=H, 1 , 2 - d i h y d r o )  i s  i l l u s t r a t e d

i n  F i g u r e  1 9 .  The i n t r a m o l e c u l a r  d i o s p h e n o l  h y d ro g en  bond i s  i n

t h e  fo rm  o f  a  p l a n a r  r i n g  w i t h  an  d i s t a n c e  o f  c a .  2*8 % and

th e  a n g le  s u b te n d e d  a t  t h e  c a rb o n y l  oxygen atom b y  th e  p r o to n  o f

t h e  h y d ro x y l  g ro u p  i s  8 0 ° .  T h is  i s  a  p a r t i c u l a r l y  w e l l - d e f i n e d

c o n f o r m a t io n  and t h e  i n t r a - b o n d e d  v(0H ) a b s o r p t i o n  i s  u n u s u a l l y  
40n a r r o w .

A t t e n t i o n  i s  now f o c u s s e d  on t h e  i s o c e d r e l o n e s  ( l 4 )  w hich  have 

t h e  more f a v o u r e d  c h a i r  c o n fo r m a t io n  i n  r i n g  C. I n  t h e  c a se  o f  

i s o c e d r e l o n e  d i a c e t a t e  (1 4 ;  R=R1=Ac) t h e  enone sy s te m s  i n  r i n g s  

A and B a r e  c h a r a c t e r i z e d  by  a v e r y  s t r o n g  a b s o r p t i o n  a t  1698 cm.

( i n  CC1.; T a b le  1 7 ) .  R e p la ce m en t  o f  one o f  t h e  a c e t a t e  g ro u p in g s  

b y  a  h y d r o x y l  g r o u p  (1 4 ;  R=Ac, R =11, 1 , 2 - d i h y d r o )  c a u s e s  th e  

f o r m a t i o n  o f  a  seven-m em bered  hyd rogen  bond i n v o lv i n g  th e  r i n g  B 

c a r b o n y l  ( s h i f t  t o  1672 cm .” 1 i n  CCl^) and th e  r i n g  D h y d ro x y l  

( T a b le s  17 and 18,* F i g u r e  1 8 ) .  When b o th  a c e t a t e  g ro u p in g s  

a r e  r e p l a c e d  b y  h y d r o x y l s ,  a s  i n  d i h y d r o i s o c e d r e l o n e  (1 4 ;  R=R =H,

1 , 2 - d i h y d r o ) ,  t h e  r i n g  B c a r b o n y l  a b s o r p t i o n  a p p e a r s  t o  s h i f t  t o  

much lo w e r  f r e q u e n c y  (1623  cm. 1 i n  CCl^) and two h y d ro x y l



a b s o r p t i o n s  a r e  o b s e rv e d  a t  3415 and 3466 cm,” 1 ( f i g u r e  I B ) ,  a c 4

hen ce  b o th  h y d ro x y l  g r o u p s  r e q u i r e  t o  be i n t r a m o l e e u l a r l y  |© M # I

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

p l a n a r  p r o j e c t i o n  o f  t h e  D r e id in g  model shown i n  F i g u r e  1 9 .  t h e

p l a n a r  f iv e -m e m b e re d  r i n g  h y d ro g en  bond o f  t h e  d iospheno l group
e x i s t s  a s  i t  d o e s  i n  d i h y d r o c e d r e l o n e  (1 3 ;  R=H, 1 ,2 - d i h y d r o ;

F i g u r e  1 9 ) ,  b u t  t h e  seven-m em bered  r i n g  form ed by th e  in tra m o le c u la r
h y d ro g e n  bond  i n v o l v i n g  t h e  r i n g  D h y d ro x y l  m ust  be tw is te d .
M easurem en ts  w i t h  t h e  model g i v e  a n  0*«»*0 d i s t a n c e  f o r  t h i s  l a t t e r
h y d ro g en  bond  o f  c a .  2*8 &, t h e  d i h e d r a l  a n g le  fo rm ed  by th e  bonds
l i n k i n g  and  a s  4 5 ° ,  and th e  a n g le  made by th e
0-H bond  w i t h  t h e  l i n e  j o i n i n g  t h e  two oxygen  c e n t r e s  a s  1 5 ° .

Once a g a i n  t h e  s t e r e o c h e m i s t r y  m ust  be f a v o u r a b l e  t o  h y d ro g en —bond
f o r m a t i o n ,  a l t h o u g h  t h e  b r e a d t h  o f  t h e  a b s o r p t i o n  ban d  i s  such
g r e a t e r  t h a n  t h a t  o f  t h e  d io s p h e n o l  s y s te m ,  s u g g e s t i n g  a  g r e a te r

58d e g r e e  o f  c o n f o r m a t io n a l  f re e d o m . However, t h e  r i n g  B carbonyl
i s  a c t u a l l y  a t  a  s l i g h t l y  lo w e r  v a lu e  when bonded s i n g l y  by th e
r i n g  D h y d r o x y l  r a t h e r  t h a n  b y  t h e  d i o s p h e n o l  h y d ro x y l  i t s e l f
( e . g .  14 :  R»Ac, R^oH, and 13; R«H, r e s p e c t i v e l y ;  a  more c lo s e ly
m atch ed  p a i r  o f  compounds was n o t  a v a i l a b l e ) .  An i n te r e s t in g  a n d

r e l a t e d  exam ple  o f  a  h y d ro g en  bond c l o s i n g  a  seven-membered r in g
74h a s  b e e n  p r o v id e d  b y  WALL e t  a l .  : t h e  compound i s  a  s te r o id  

d e r i v a t i v e , 3 / ? - a c e t o x y - 4 ' - h y d r o x y - 2 ' - m e t h y l - 1 6 , 1 7 ~ b u ta n o -5 a -  

a n d r o s t a - 1 * , 3 ' , 1 6 - t r i e n - 1 2 - o n e ,  and t h e  oxygen atom s o f  th e  p h eno lic  
h y d r o x y l  and t h e  c y c lo h e x a n o n e - ty p e  c a r b o n y l  a r e  h e l d  by th e  r ig id  
f ram ew o rk .  The h y d ro g e n  bond i s  q u i t e  s t r o n g  [v(OIl) » 3235 c a .  

and  v(CO) « 1685 cm.” 1 i n  CSg] i n  s p i t e  o f  t h e  e n f o r c e d  a p la n a r i iy  

o f  t h e  c a r b o n - o x y g e n  b o n d s .

A lso  i l l u s t r a t e d  i n  F i g u r e  18 a r e  t h e  r e s u l t s  ob ta in ed  w ith  
brom oform  s o l u t i o n s  (b ro k e n  l i n e s ) .  These measurements su pport 
t h e  v ie w  t h a t  t h e  s t r o n g  band a t  1623 cm. 1 ( i n  CCl^) e x h ib ite d  

b y  d i h y d r o i s o c e d r e l o n e  ( 1 4 ;  R*R1»H, i , 2 -d ihydro ) corresponds 
t o  t h e  c a r b o n y l  ( r i n g  B) w h ich  i s  hyd ro g en  bonded by b o th  h y d roxy ls»



I f  t h e  b a n d s  a t  1658 and 1623 cm. * h a s  b e e n  m u t a l l y  i n v o lv e d

i n  Ferm i r e s o n a n c e  o r  v i b r a t i o n a l  c o u p l i n g ,  t h e n  change  o f  s o l v e n t
75w ould  have  a l t e r e d  t h e i r  r e l a t i v e  i n t e n s i t i e s .  The band  o f  

medium s t r e n g t h  a t  1658 cm.~^ ( i n  CC l^) i s  a s s i g n e d  t o  a  d o u b le 

bond s t r e t c h i n g  v i b r a t i o n  ( s e e  b e lo w ) .

A b s o r p t i o n  d a t a  have  b e e n  o b t a i n e d  f o r  s o l u t i o n s  o f  h e x a h y d ro -  

c e d r e l o n e  ( l 3 ;  R=H, h e x a h y d ro )  and o f  i s o c e d r e l o n e  a c e t a t e  (1 4 ;

R=Ac, R1«H) i n  c a rb o n  t e t r a c h l o r i d e - d i e t h y l  e t h e r  s o l v e n t  m ix t u r e s  

(u p  t o  50$ e t h e r  b y  v o lu m e ) .  No m arked  c h a n g e s  w ere  o b s e rv e d  i n  t h e  

i n t e n s i t y ,  b r e a d t h ,  o r  p o s i t i o n  o f  t h e  h y d ro x y l  and  c a r b o n y l
76a b s o r p t i o n s .  D i e t h y l  e t h e r  n o r m a l ly  b e h a v e s  a s  a  Lewis b a s e ,  

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

p a r t i c u l a r  m o le c u le s  a r e  n o t  r e a d i l y  a c c e s s i b l e ;  i n  compound 

(1 3 ;  R»H, h e x a h y d ro )  t h e  m e th y l  g r o u p s  on p o s i t i o n  4 l i e  v e r y  

c l o s e  t o  t h e  d i o s p h e n o l  h y d r o x y l  and may w e l l  p r e v e n t  a p p ro a c h  o f  

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

h y d ro g e n  b o n d s  c o n f e r  some d e g re e  o f  s o l v e n t  i n s e n s i t i v i t y .  Even 

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

c o u ld  be  d i s c e r n e d  a t  t h e  h i g h e r  e t h e r  c o n c e n t r a t i o n s ;  t h u s ,  t h e r e  

was a  new, v e r y  b r o a d  and low f r e q u e n c y  a b s o r p t i o n  i n  t h e  h y d ro x y l  

r e g i o n  and t h e r e  was some r e d u c t i o n  i n  t h e  i n t e n s i t y  o f  t h e  i n t r a 

bonded  c a r b o n y l  o f  r i n g  B r e l a t i v e  t o  t h a t  o f  t h e  r i n g  A c a r b o n y l .

C o n t r a c t i o n  o f  r i n g  B t o  a  f iv e -m e m b e re d  s y s te m ,  a s  i n  compound 

( 1 5 ) .  r a i s e s  t h e  c a r b o n y l  s t r e t c h i n g  f r e q u e n c y  t o  1758 cm. ( i n  

C C l^ ) ,  b u t  i n t r o d u c t i o n  o f  a  h y d ro x y l  i n t o  r i n g  D, a s  i n  compound 

( 1 6 ;  R-H; T a b le  17 and F i g u r e  2 0 ) ,  g i v e s  r i s e  t o  a n o t h e r  s e v e n -  

membered i n t r a m o l e c u l a r  h y d ro g e n  bond and v (C 0)  f a l l s  t o  1718 cm.  ̂

w i t h  v(0H ) a t  3470 cm.~* ( a l l  i n  C C l^ ) .

S e v e r a l  d i f f e r e n t  i n t r a m o l e c u l a r  h y d ro g en  bonds  a r e  p o s s i b l e  i n  

compound (1 7 ;  T a b le s  17 and 18 , and F i g u r e  2 0 ) .  The t e n t a t i v e
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c o n c l u s i o n  i s  t h a t  t h e  r i n g  B h y d ro x y l  i s  bonded  t o  t h e  c a r b o n y l  

o f  t h e  e s t e r  g r o u p in g  w h i l e  t h e  r i n g  D h y d ro x y l  i s  • ' f r e e ' ' .

S i m i l a r l y  i t  i s  c o n c lu d e d  t h a t  compound (1 8 ;  T a b le s  17 and  18, 

and F i g u r e  2 0 )  shows t h e  p r e s e n c e  o f  a  f iv e -m e m b e re d  i n t r a m o l e c u l a r  

h y d ro g e n  bond  b e tw e e n  t h e  h y d r o x y l  g r o u p  and c a r b o n y l  o f  t h e  

l a c t o n e  r i n g .

I n  summary, t h e  v a l u e s  q u o te d  i n  T a b le s  17 and 18 and sum m arized  

i n  T a b le  19 i l l u s t r a t e  t h e  c o n s t a n c y  o f . b o t h  v(CO) and v(OIl) when 

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

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

c o n s i s t e n t  c h a n g e s  i n  v (C 0)  and  v(OH), i n  so  f a r  a s  o v e r l a p p in g  

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

h y d ro g e n  bond p r o v id e  t h e  c h i e f  i n t e r e s t :  t h e  p l a n a r  f iv e -m e m b e re d
t

d i o s p h e n o l  s y s te m ,  and t h e  t w i s t e d  seven-m em bered  s y s te m .  In  b o t h  

c a s e s ,  t h e  s m a l l  s o l v a t i o n  s h i f t s  may be due t o  t h e  i n a b i l i t y  o f  

t h e  s o l v e n t  m o le c u le s  s u c h  a s  c h lo r o f o r m  and  d i e t h y l  e t h e r  to  

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

s h i f t  (CCl^ t o  CHClg) o f  t h e  d i o s p h e n o l  h y d ro x y l  f r e q u e n c y  i s  

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

p h e n o l i c  h y d r o x y l ,  f o r  e x a m p le .^ 6

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

c a rb o n  d o u b le  b o n d s ,  v (C »C ), a r e  l e s s  c o m p le te  t h a n  t h o s e  o f  t h e
1 2c a r b o n y l  and h y d ro x y l  g r o u p s  (T a b le  1 8 ) .  The A ' a b s o r p t i o n

h a s  n o t  b e e n  l o c a t e d  and i t  i s  presum ed t o  be o f  low i n t e n s i t y ;
77t h e  r i n g  A enone sy s te m  i s  known t o  be n o n - p l a n a r .  By c o n t r a s t ,

5 6t h e  a b s o r p t i o n  due t o  A * - d i o s p h e n o l  d o u b le  bond i s  q u i t e  p ro m in e n t  

(medium s t r e n g t h ,  w here  a  c a r b o n y l  i s  te rm ed  s t r o n g )  and i s  a t  a b o u t  

1627 ( e  c a .  1 5 0 ) ,  1612 ( e  c a .  1 0 0 ) ,  and 1622 cm. * f o r  t h e  c e d r e lo n e  

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

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

w here  i s  an  a d d i t i o n a l  d o u b le  bond i n  t h e  1 3 ,1 7  p o s i t i o n .  The



m e d iu m - 8 t r e n g th  a b s o r p t i o n s  n e a r  1637 cm. * i n  t h e  r i n g  B and D 

d i a c e t a t e  i s  p re s u m a b ly  d u e ,  i n  p a r t ,  t o  t h e  5 ,6 - d o u b l e  bond , b u t  

i n  t h e  f r e e  hyd roxy-com pounds  t h e  7 - k e to n e  c a r b o n y l  a b s o r p t i o n

moves i n t o  t h i s  r e g i o n  and  d e f i n i t i v e  a s s i g n m e n t s  a r e  n o t  f e a s i b l e
—1 13 17C o n c e iv a b ly ,  t h e  band  n e a r  1658 cm. c o u ld  r e p r e s e n t  t h e  A f

5 6b o n d ,  w i t h  t h e  A • a b s o r p t i o n  h id d e n  w i t h i n  t h e  s t r o n g  c a r b o n y l  

b and  a t  1623 cm.*”**
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TABLE 19.

A s s ig n m e n ts  f o r  S t r e t c h i n g  A b s o r p t i o n s  due t o  C a rb o n y l  and

H ydroxy l  F u n c t i o n s .

A verage  V a lu e s
G ro u p in g  ’ ^ ^

v cm. Av* cm.

3 -K e to n e  i n  r i n g  A 1720 6

3 -K e to n e  i n  r i n g  A, 1 , 2 - e p o x i d e 1722 2
1 23 -K e to n e  i n  r i n g  A, A * and s ix -m em bered 1698 9

r i n g  B
1 23 -K e to n e  i n  r i n g  A, A f and f iv e -m e m b e re d 1689 9

r i n g  B
7 -K e to n e  o f  d io s p h e n o l 1679 1

7 -K e to n e  o f  d io s p h e n o l  and  b o n d in g  by 1622 3
1 5 - h y d ro x y l

7 -K e to n e  o f  d io s p h e n o l  m e th y l  e t h e r 1696 4

7 -K e to n e  o f  d i o s p h e n o l  a c e t a t e ,  c e d r e l o n e s 1704 3

7 -K e to n e  o f  d io s p h e n o l  a c e t a t e ,  i s o c e d r e l o n e s 1698 5

7 -K e to n e  o f  d io s p h e n o l  a c e t a t e ,  and b o n d in g 1672 6
b y  1 5 - h y d ro x y l

6 - A c e ta t e  o f  d io s p h e n o l  a c e t a t e s ,  r i n g  B 1769 7

1 5 - A c e t a t e ,  r i n g  D 1743 14

6 -H ydroxy  o f  d io s p h e n o l  i n  r i n g  B 3416 - 8

1 5 -H y d ro x y l  i n  r i n g  D, b o n d in g  t o  7 - k e to n e 3460 45

A l l  d a t a  drawn from  T a b le s  17 and 18 .
* Av ■ VCC1 ~ VCHC1 * T y p ic a l  v a r i a t i o n  am ongst 
v(CO) v a l u e s  + 3 cm.
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FIGURE 18 . A b s o r p t i o n s  i n  t h e  h y d ro x y l  and  c a r b o n y l  s t r e t c h i n g
r e g i o n s .  A, D ih y d r o c e d r e lo n e  (1 3 ;  R=H, 1 , ^ - d i h y d r o ) ; 
B, d i h y d r o i s o c e d r e l o n e  a c e t a t e  (1 4 ;  R=Ac, R 1 , 2 -  
d i h y d r o l ;  and C, d i h y d r o i s o c e d r e l o n e  (1 4 ;  R»R «H, 1 , 2 -  
d i h y d r o )  i n  c a rb o n  t e t r a c h l o r i d e  ( f u l l  l i n e )  and 
brom oform  ( b r o k e n  l i n e ) .  S o l u t i o n s  i n  c a rb o n  t e t r a 
c h l o r i d e  i n  2 cm. ( h y d r o x y l )  and 5 ram. ( c a r b o n y l )  
c e l l s ;  b rom oform , 0 .4 7  mm. c e l l s .  C o n c e n t r a t i o n s :  
f o r  compounds (1 3 ;  R=II, 1 2 - d ih y d r o )  and (1 4 ;  R=R =H, 
1 , 2 - d i h y d r o )  i n  c a rb o n  t e t r a c h l o r i d e ,  1 .5  and 1 .3  mM 
r e s p e c t i v e l y  w h i l e  th e  r e s t  w ere  s a t u r a t e d  s o l u t i o n s .



FIGURE 19 . P r o j e c t i o n s  o f  D r e id in g  m o le c u la r  m ode ls  o f  
compounds (1 3 ;  R«II, 1 , 2 - d i h y d r o )  and (1 4 ;  
R«R =11, 1 , 2 - d i h y d r o ) .  T h ic k en e d  l i n e s  
i n d i c a t e  n e a r e s t  s i d e  o f  t h e  m o le c u le  and 
d o t t e d  l i n e s  t h e  hyd rogen  b o n d s .
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FIGURE 2 0 .  A b s o r p t i o n s  i n  t h e  h y d ro x y l  and  c a r b o n y l  s t r e t c h i n g  
r e g i o n s .  A, The n o r k e to n e  (1 6 ;  R=H); B, i s o -  
c e d r e lo n e  a c i d  l a c t o n e  ( 1 8 ) ;  and  C, m e th y l  i s o -  
c e d r e l o n a t e  ( 1 7 ) .  S o l u t i o n s  i n  c a rb o n  t e t r a c h l o r i d e  
i n  2 cm. ( h y d r o x y l )  and 5 mm. ( c a r b o n y l )  c e l l s .  
C o n c e n t r a t i o n s  f o r  compounds (1 6 ;  R»H), ( 1 8 )  and  ( l 7 )  
w ere  1 .6 7 ,  1 .7 2 ,  and s a t u r a t e d  r e s p e c t i v e l y .
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R o B Q l o l a c t o n e  a n d  R e l a t e d  Compounds

The r e s u l t s  a r e  sum m arized  i n  T a b le  20 .  In  a l l  f o u r  d i t e r p e n o i d

l a c t o n e s ,  r o s o l o l a c t o n e  ( 2 0 ) ,  r o s e n o n o l a c t o n e  ( 2 1 ) ,  r o s o n o l a c t o n e  ( 2 2 a ) ,

and 9 - d e o x y r o s e n o n o la c to n e  (2 2 b )  t h e  p r e s e n c e  o f  a  ^ - l a c t o n e  sy s te m

i n  r i n g  A i s  c h a r a c t e r i s e d  b y  an i n t e n s e  s y m m e tr ic a l  a b s o r p t i o n s

a t  c a .  1780 cm. * ( i n  CCl^, T a b le  2 0 ) .  The e x t i n c t i o n  c o e f f i c i e n t s

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

I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e s e  a b s o r p t i o n s  a r e  a l l  s h a r p  
/ f t  X \(A vi c a .  16 cm. ) i n  c o n t r a s t  t o  t h e  ^ - l a c t o n e s  d i s c u s s e d  i n  t h e  

fo l lo w in g :  s e c t i o n  i . e .  no Ferm i r e s o n a n c e  i n v o l v e d .  The k e t o n i c  

g r o u p in g  a t  a s  i n  r o s e n o n o l a c t o n e  ( 2 1 )  a b s o r b s  a t  1719 cm. *

( i n  C C l^ ) .  I n t r o d u c t i o n  o f  t h e  k e t o n i c  c a r b o n y l  g r o u p in g  a t  Cg, 

ho w ev er ,  a s  i n  r o s o n o l a c t o n e  ( 2 2 a )  i n c r e a s e s  t h e  f r e q u e n c y  o f  

a b s o r p t i o n  t o  1727 cm .- * . T h i s  i n c r e a s e  o f  8 cm.~* may w e l l  be  

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

w h e re a s  t h e  c a r b o n y l  g r o u p  a t  i n  u n a b le  t o  p a r t i c i p a t e  i n  an  

i n t e r a c t i o n  o f  t h i s  k i n d .

15

OH

16

( 2 0 )

-H

( 2 1 )

( 2 2 )  a ,  K=0 
B, R=U2



I n  t h e  s p e c t r a  o f  r o s o l o l a c t o n e  ( 2 0 )  and d i h y d r o - r o s o l o l a c t o n e  

t h e r e  i s  no e v id e n c e  f o r  t h e  p r e s e n c e  o f  an y  i n t r a m o l e c u l a r  h y d ro g e n  

b o n d in g  i n v o l v i n g  th e  h y d ro x y l  g r o u p ,  and th e  l a c t o n i c  c a r b o n y l  o r  

e s t e r  oxy g en ,  i n  s p i t e  o f  t h e  f a c t  t h a t  b o t h  g r o u p in g s  l i e  on t h e  

same s i d e  o f  t h e  r i n g  j u n c t i o n  A/B. A l th o u g h  t h e  0II*«**0=C d i s t a n c e  

o f  2 . 8  X i s  f a v o u r a b l e  no i n t r a m o l e c u l a r  h y d ro g en  bond i s  fo rm ed .

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

b o t h  t h e  c a r b o n y l  and t h e  a l k y l  oxygen  w i t h  r e s p e c t  t o  t h e  s - o r b i t a l  

o f  t h e  p r o t o n  o f  t h e  h y d r o x y l  g r o u p .  T h is  l a c k  o f  i n t r a m o l e c u l a r  

h y d ro g e n  b o n d in g  a l t h o u g h ,  on f i r s t  s i g h t ,  t h e  a r r a n g e m e n t  seems 

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

i s  t h e  m ost  i m p o r t a n t  f a c t o r  i n  d e c i d i n g  w h e th e r  o r  n o t  b o n d in g  o c c u r s .

I t  i s  f r e q u e n t l y  assum ed t h a t  i n t e r m o l e c u l a r  h y d ro g e n  b o n d in g

i s  a b s e n t  a t  c o n c e n t r a t i o n s  a s  low a s  0 .0 1 - 0 .0 0 1  If, e x c e p t  i n  s p e c i a l
78c a s e s  su c h  a s  t h e  c a r b o x y l i c  a c i d s ,  ox im es and d im edone d e r i v a t i v e s .

R e c e n t l y ,  ho w ev er ,  t h i s  c l a s s  o f  phenomenon h a s  b e e n  e x te n d e d  to
79i n c l u d e  su c h  compounds a s  c y c l o h e x a n e - 1 , 3 - d i o l s ,  s t e r o i d a l

80 81 h y d r o x y - e s t e r s , labdane-8£*, 1 5 - d i o l , n o v o la k s  ( a  s e c t i o n  o f  t h i s
8 °t h e s i s ) ,  3 - a c e t y l - 5 - h y d r o x y b e n z o [ b ] - t h i o p h e n ,  “ and 5 /* -B -nor-

83c h o l e s t a n - 3 o ( , 6 t f - d i o l . In  t h e  p r e s e n t  work i n t e r m o l e c u l a r

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

P r o g r e s s i v e  d i l u t i o n  from  20 mM t o  0 .2  mM c l e a r l y  shows ( F ig u r e  21)  

a b s o r b a n c e  a t  3535 era ."  ( i n  CC14 ) due t o  an  i n t e r m o l e c u l a r  h y d ro g en  

bond (band  i s  c o n c e n t r a t i o n  d e p e n d e n t ) .  The l a c t o n i c  c a r b o n y l  

a b s o r p t i o n  a t  1778 cm.*"* a l s o  shows t h e  p r e s e n c e  o f  i n t e r m o l e c u l a r  

h y d ro g en  b o n d in g  by  t h e  a p p e a r a n c e  o f  t h e  s h o u l d e r  a t  1757 cm.

T h e re  i s ,  t h e r e f o r e ,  i n t e r m o l e c u l a r  h y d ro g en  b o n d in g  b e tw e en  th e  

h y d ro x y l  o f  one m o le c u le  and t h e  c a r b o n y l  o f  a n o t h e r .  The q u e s t i o n  

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

c o n c e n t r a t i o n  r a n g e  em ployed i n  t h i s  s t u d y  h a s  b e e n  su c h  a s  t o  

e n s u r e  t h a t  a  m onom er-d im er e q u i l i b r i u m  i s  i n  o p e r a t i o n .  T h is  

p o s t u l a t i o n  m ig h t  w e l l  be  i n v a l i d  i f ,  f o r  ex am p le ,  t h e  a s s o c a i a t e d  

t e t r a m e r  w ere  more s t a b l e  t h a n  th e  d i m e r i c  s p e c i e s .  F o r  t h e  p u rp o se
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o f  t h i s  d i c u s s i o n  o n ly  t h e  d i m e r i c  s p e c i e s  i s  c o n s i d e r e d  t o  be 

p r e s e n t .  I s  i t  an  open  o r  c l o s e d  d im e r?  To e n a b le  an  a s s e s t m e n t  

o f  t h i s  p ro b le m  t h e  m easu rem en t  o f  a p p a r e n t  m o l e c u la r  w e i g h t  o f  v a r i o u s  

s o l u t i o n s  o f  r o s o l o l a c t o n e  ( 2 0 )  i n  c a rb o n  t e t r a c l o r i d e  have  b e e n  

c o r r e l a t e d  w i t h  t h e i r  v(OH) a b s o r p t i o n s .  T h is  c o r r e l a t i o n  o f  

a p p a r e n t  m o l e c u l a r  w e ig h t  and v(OH) a b s o r p t i o n s  w i l l  g i v e  a  c l u e  

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

From th e  m o l e c u l a r  w e ig h t  m ea su rem e n ts  t h e  p e r c e n ta g e  o f  monomer 

t o  d im e r  ( o p e n  and  c l o s e d )  c a n  be d e t e r m i n e d .  A s e c o n d  s e t  o f  

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

i n t e n s i t i e s  o f  t h e  v ( o h )  f r e e  a b s o r p t i o n  f i g u r e s .  The r e s u l t i n g  

i n e q u a l i t y  b e tw e e n  t h e  two s e t s  d e r i v e d  f ro m  t h e s e  two d i f f e r e n t  

s o u r c e s  s h o u ld  be  a  m e a su re  o f  t h e  e q u i l i b r i u m  b e tw e e n  open and 

c l o s e d  d im e r .  The r e s u l t s  a r e  sum m arized  i n  T a b le  2 1 .  T h e re  

i s ,  i n  f a c t ,  an  e q u i l i b r i u m  b e tw e e n  t h e  open  and c l o s e d  d i m e r i c  

s p e c i e s .  The m o l e c u la r  a r r a n g e m e n t  f o r  su c h  an a s s o c i a t e d  

s p e c i e s  t o  e x i s t  a t  su c h  low l e v e l s  o f  c o n c e n t r a t i o n  m u s t  be 

h i g h l y  s p e c i f i c  ( e n e r g y  and  s t e r e o c h e m i s t r y ) .  The v a l u e s  i n  

T a b le  21 i l l u s t r a t e d  t h a t  t h e  open d im e r  i s  more f a v o u r e d  t h a n  

t h e  c l o s e d .

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

t h e n  t h e  same d im e r  m ig h t  be  p r e s e n t  i n  t h e  s o l i d  s t a t e .  The 

s o l i d  s t a t e  s p e c t r u m  ( F i g u r e  22 )  o f  r o s o l o l a c t o n e  ( 2 0 )  shows a 

s i n g l e  v(OH) bonded a b s o r p t i o n  a t  3523 cm. * and two d i s t i n c t  

c a r b o n y l  a b s o r p t i o n s  a t  1763 and 1710 cm. The a p p e a r a n c e  o f

a  s i n g l e  f a i r l y  s h a r p  bonded  v(0H ) a b s o r p t i o n  means t h a t  a l l  t h e  

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

The c a r b o n y l  a b s o r p t i o n  a t  h ig h  f r e q u e n c y  (1763  cm. ^ )  c o u ld  

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

s h o u l d e r  on t h e  low f r e q u e n c y  s id e  o f  t h e  band  t o  d i m e r i c  a s s o c i a t i o n .
-1

The c a r b o n y l  a b s o r p t i o n  a t  1710 cm. , how ever ,  i s  e x t r e m e l y  low 

f o r  a  bonded  c a r b o n y l  g r o u p .  T h is  l a r g e  s h i f t  from  t h e  f r e e  p o s i t i o n  

w ould  seem t o  i n f e r  t h a t  t h e  c a rb o n y l  i s  bonded  t o  two h y d ro x y l  

g r o u p s  [ c f .  c e d r e lo n e  tw in  h y d ro g en  bond c a s e ] .  T h i s  i n t e r p r e t a t i o n
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seem s t o  be t h e  m ost  f e a s i b l e .  On th e  o t h e r  hand t h e  e x p l a n a t i o n  

may w e l l  l i e  i n  Ferm i r e s o n a n c e  e f f e c t s .  E x a m in a t io n  o f  

r o s o l o l a c t o n e  ( 2 0 ) a s  a  n u j o l  m u ll  s t i l l  showed t h e  p r e s e n c e  o f  

two d i s t i n c t  c a r b o n y l  b a n d s  (1763  and 1710 cm. *) e l i m i n a t i n g  

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

KC1 d i s c  u n d e r  h ig h  p r e s s u r e .

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

and d i b r o m o - r o s o l o l a c t o n e  e x h i b i t  t h e  same d i m e r i c  e q u i l i b r i u m

e s t a b l i s h e d  f o r  t h e  p a r e n t  compound, r o s q l o l a c t o n e  ( 2 0 ) .  T h e i r

s o l i d  s t a t e  s p e c t r a ,  how evr, a r e  q u i t e  d i f f e r e n t  i n  a p p e a r a n c e

from  t h a t  o f  t h e  p a r e n t  compound. D i h y d r o - r o s o l o l a c t o n e  e x h i b i t s

a  s i n g l e  bonded  h y d ro x y l  a b s o r p t i o n  a t  3511 am. ^ and  a  c a r b o n y l

a b s o r p t i o n  a t  1751 cm.  ̂ w i t h  a  s h o u l d e r  a t  1768 cm. I n  t h i s

c a s e  t h e  h y d r o x y l  o f  one m o le c u le  m ig h t  be  b o n d in g  t o  t h e  c a r b o n y l

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

o f  a  t h i r d  m o le c u le  and  so  on ,  o r  a  c l o s e d  d im e r  m ig h t  t h e  m a jo r

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

v(0H ) bonded  a b s o r p t i o n  a p p e a r s  a s  a  v e r y  b r o a d  band  c e n t r e d  a ro u n d

3400 cm.” \  w i t h  a  b ro a d  c a r b o n y l  band  a t  c a .  1760 cm. The

X - r a y  e x a m in a t io n  o f  t h e  p a c k in g  a d o p te d  b y  t h e  m o le c u le s  shows
84t h e  p r e s e n c e  o f  0II»»**Br h y d ro g en  b o n d s .  The i n f r a r e d  e v id e n c e  

i s  i n  k e e p in g  w i t h  t h i s  p i c t u r e .

F i n a l l y ,  e x a m in a t io n  o f  t h e  1000-1200  cm. * r e v e a l s  t h a t  t h e r e  

i s  c o n s i d e r a b l y  o v e r l a p  o f  t h e  v (C -0 )  and y(CH) a b s o r p t i o n s  o f  

m o le c u le s  w i t h  d o u b le  b o n d s  i n  t h e  1 5 , 1 6 - p o s i t i o n  [ c f .  l a c t o n e  

d i s c c u s s i o n  a b o v e ] .
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TABLE 20 .

A b s o r p t i o n s  o f  R o s o l o l a c t o n e  ( 2 0 )  and R e l a t e d  Compounds

CC1. S o l i d  s t a t e *4

No. Compound H y droxy l  C a rb o n y l  H ydroxy l  C a rb o n y l

a a  a  A a a  A av Avi  e v Avx e v Avi  v Av
2"  2“  2

R o s o l o l a c t o n e 3633 12 120 1778 16 910 3523 80 1763 16
( 3 5 3 5 ) t  b r 15 1710 16

1 5 , 1 6 - d ih y d r o - 3633 12 120 1778 16 940 3511 70 1768 sh
r o s o l o l a c t o n e  ( 3 5 3 5 )j* b r 15 1740 -

1 5 , 1 6 -d ib ro m o - 3632 3400 b r 1766 sh
r o s o l o l a c t o n e  (3 5 3 0 ) ' t - - 1750 -

21 R o s e n o n o la c to n e 1780
1719

15
12

880
500

1 5 , 1 6 - d i h y d r o - 1780 16 890
r o s e n o n o l a c t o n e 1719 12 550

22a 1 5 , 1 6 - d i h y d r o - 1788 15 1000
r o s o n o l a c t o n e 1712 12 410

22b 9 - d e o x y r o s e n o n o -
l a c t o n e

1774 19 845

1 5 , 1 6 - d i h y d r o - 9 - 1773 18 860
d e o x y r o s e n o n o la c to n e

V a lu e s  i n  p a r e n t h e s i s  a r e  a p p ro x im a te .
C o n c e n t r a t i o n s :  CC1., c a .  2 . 0  mM exam ined  i n  2 cms. c e l l s  [ v ( 0H)]
and  5 mm. c e l l s  [ v ( C 0 ) ] .
-  N o t m e a s u re d .
■f C o n c e n t r a t i o n  d e p e n d e n t  b a n d .
*  P r e p a r e d  a s  KC1 d i s c s .  F o r  t h e  n u j o l  m u ll  o f  r o s o l o l a c t o n e

t h e  f o l l o w i n g  b a n d s  w ere  o b s e r v e d ,  3521 ( 5 0 ) ,  1783 ( 1 0 )  and  1710 ( 1 2 )  
cut • «

to>-
 p
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TABLE 21 .

a
C o r r e l a t i o n  o f  M o le c u la r  W e ig h t  w i t h  e V a lu e s  f o r  F re e  

H ydroxy l  A b s o r p t i o n s  o f  R o s o l o l a c t o n e  ( 2 0 ) .

M.W. M easurem en ts I n f r a r e d  M easurem en ts
C o n e .
m g /m l.
CC1,4

. .  lir Obs. ^ C a lc .  r fC alc . 
M-W‘+ 'Monomer ' “Dimer

C a lc*  Obs. Open Dim er ~
ea  ea  ea  <£ pen F re e  F re e  F r e e  ' Dimer

^ C lo sed
Dimer

4 . 4 488+5 46 64 56 80 24 38 26

1 .8 417+5 69 31 86 105 19 30 1

0 .3 4 340 93 7 116 120 4 6 .4 0 .6

■f M easu rem en ts  c o n d u c te d  above 5 mM c o n c e n t r a t i o n  l e v e l  a r e  
a c c u r a t e  t o  w i t h i n  1 5 .  Below t h i s  l i m i t  t h e  e r r o r s  w i l l  
be  s l i g h t l y  h i g h e r .

* C a l c u l a t e d  from  p e r c e n ta g e  monomer d e r i v e d  from  m o l e c u l a r  
w e ig h t  s t u d y  a ssu m in g  100^  monomer h a s  e v a lu e  o f  125 a t  
i n f i n i t e  d i l u t i o n .
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FIGURE 21 .  A b s o r p t i o n s  i n  t h e  h y d r o x y ls  and c a r b o n y l  s t r e t c h i n g  
r e g i o n s  f o r  r o s o l o l a c t o n e  ( 2 0 ) :  A, 20 mM i n  0 .5  mm. 
c e l l s  fv(OIl) and v ( C 0 ) ] ;  B, 2 mM i n  5 mm. c e l l s  
[ v ( 0 H ) j  and 2 mm. c e l l s  f v ( CO)1 ;  C, 0 . 2  mM i n  5 cm. 
c e l l s  [ v (0 H )]  and  2 cm. c e l l s  [ v ( C 0 ) ] .
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FIGURE 2 2 .  I n f r a r e d  s p e c t r u m  o f  r o s o l o l a c t o n e  ( 2 0 ) ,  c a .  1 mg i n  
300 mgs. p o t a s s iu m  c h l o r i d e .



91

7 - L a c t o n e s

L a c to n e s  c o n t a i n i n g  t h e  b a s i c  s y s te m  ( a ) a lm o s t  i n v a r i a b l y
75e x h i b i t  c a r b o n y l  a b s o r p t i o n s  o f  com plex  s h a p e , and Ferm i 

85r e s o n a n c e  i n v o l v i n g  t h e  c a r b o n y l  s t r e t c h i n g  f r e q u e n c y  and

<A) ^ o X 0

f i r s t  o v e r t o n e  o f  t h e  7(CH) o f  t h e  a - h y d r o g e n  h a s  b e e n  p o s t u l a t e d
75b y  JONES and h i s  c o l l e a g u e s .  The r e l a t i v e  i n t e n s i t i e s  o f  t h e

o b s e rv e d  p a i r s  o f  ban d s  a r e  d r a m a t i c a l l y  s o l v e n t - d e p e n d e n t  and 

t h e  f r e q u e n c i e s  show much s m a l l e r  and  more i r r e g u l a r  s o l v e n t  

s h i f t s ® ^  t h a n  do t h o s e  o f  no rm a l  c a r b o n y l  g r o u p s . ^

88 *The a v a i l a b i l i t y  o f  a  number o f  s e s q u i t e r p e n o i d  l a c t o n e s

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

o f  h ig h  r e s o l u t i o n ,  and i t  h a s  become e v i d e n t  t h a t  t h e  c o m p le x i ty

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

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

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

s o l v e n t - d e p e n d e n t  and s o l u t i o n  i n  t h e  more p o l a r  o r  more p o w e r fu l

h y d ro g e n  b o n d in g  s o l v e n t s  i s  accom pan ied  b y  a  s h i f t  o f  t h e

a b s o r p t i o n  c e n t r e  t o  lo w e r  f r e q u e n c y .

The p r e s e n t  work e x am in es  t h e  s o lv e n t - d e p e n d e n c e  o f  t h e

a b s o r p t i o n s  o c c u r r i n g  i n  t h e  v (c » 0 )  r e g i o n  b e tw e en  1700 and 1800

cm .~ * . The r e s u l t s ,  i n  g e n e r a l ,  s u p p o r t  and e x te n d  t h e  l i t e r a t u r e  
75f i n d i n g s .  I n  t h e  l a c t o n e s  exam ined  ( 2 3 - 3 4 ) ,  t h e s e  a b s o r p t i o n s

a r e  com plex  and a l s o  m a r k e d ly  s o l v e n t - s e n s i t i v e  ( F i g u r e  2 3 ) .  

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

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

e q u i l i b r i a , ^  s o l v e n t —s o l u t e  i n t e r a c t i o n s ,  ^ h o t  t r a n s i t i o n s , ^  

Ferm i r e s o n a n c e  o r  v i b r a t i o n a l  c o u p l i n g .  O th e r  e x p l a n a t i o n s
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s u c h  a s  i n t e r m o l e c u l a r  h y d ro g e n  b o n d in g  t h r o u g h  e n o l i c  fo rm s and
91by  m e th y le n e  g r o u p s  a r e  a t  v a r i a n c e  w i t h  norm al e x p e r i e n c e .

An a t t e m p t  h a s  b e e n  made t o  e s t a b l i s h  t h e  o r i g i n  o f  t h e  i r r e g u l a r l y  

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

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

Some more g e n e r a l  p o i n t s  a r e  d e a l t  w i t h  f i r s t .

The l a c t o n e s  show t h e  s i m p l e s t  c a r b o n y l  b a n d s  i n  n -h e x a n e

s o l u t i o n ,  and i f  t h e  a p p ro x im a te  peak  p o s i t i o n s  a r e  com pared

o v e r  t h e  l i m i t e d  ra n g e  o f  compounds e x a m in ed ,  one c a n  c o n c lu d e

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

t h e i r  a 0 - u n s a t u r a t e d  c o u n t e r p a r t s  b y  s im p le  i n s p e c t i o n  o f  t h e  peak

maximum. However, i t  i s  t r u e  t h a t  i n  t h e  p r e s e n t  s e r i e s  t h e

s a t u r a t e d  l a c t o n e s  l i e  i n  t h e  r a n g e  1806 t o  1787 cm. w h i l e  t h e

a ^ - u n s a t u r a t e d  compounds a b s o r b  b e tw e e n  1791 and 1773 cm. . T h is

p a r t i a l  o v e r l a p  i s ,  o f  c o u r s e ,  t h e  r e s u l t  o f  t h e  c o m p e t in g  e f f e c t s
92o f  c o n j u g a t i o n  and  s t r a i n .  Where d i r e c t  c o ra p a r i s io n  i s  p o s s i b l e  

b e tw e e n  a ^ - u n s a t u r a t e d  f i v e - r i n g  l a c t o n e s  and t h e  c o r r e s p o n d in g  

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

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

f r e q u e n c y  s h i f t s ,  a s  f o r  e x a m p le ,  b e tw e en  l a c t o n e s  ( 2 9 )  and ( 3 0 ) .

I t  i s  more d i f f i c u l t  t o  com pare t h e  d i f f e r e n t  l a c t o n e s  i n  c a rb o n  

t e t r a c h l o r i d e  and c h lo r o f o r m  b e c a u s e  o f  t h e  more i r r e g u l a r  

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

How ever, i f  an  a p p ro x im a te  e s t i m a t e  o f  t h e  p o s i t i o n  o f  t h e  band  

c e n t r e  i s  made t h e n ,  i t  i s  found  t h a t  t h e  s h i f t s ,  n -h e x a n e  t o  

c h lo r o f o r m ,  r a n g e  from  18 t o  36 cm. \  w i t h  t h e  s m a l l e r  s h i f t s  b e in g  

e n c o u n te r e d  w i t h  l a c t o n e s  ( 2 5 ) ,  ( 2 6 )  and ( 2 9 ) ,  w here  t h e r e  m ig h t  

b e  some g r o u n d s  f o r  a s su m in g  a  s t e r i c  i n h i b i t i o n  t o  s o l v a t i o n .

I n s p e c t i o n  o f  F ig u r e  23 r e v e a l s  t h a t  t h e  g e n e r a l  p a t t e r n  i s  

s u c h  t h a t  some l a c t o n e s  show s e v e r a l  s h o u l d e r s ,  o r  e v en  d i s t i n c t  

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

t h e  r e g i o n .  However, t h e  o v e r a l l  i n t e n s i t y ,  a s  m ea su red  b y  th e  

a p p ro x im a te  band  a r e a ,  o v e r  t h e  c a r b o n y l  r e g i o p  i s  much t h e  same 

i n  t h e  t h r e e  s o l v e n t s ,  no m a t t e r  how s p l i t  up  t h e  b a n d .  Only t h e  

p a i r  o f  a0 - u n s a t u r a t e d  l a c t o n e s  (2 3  and 32 )  b e a r i n g  an  a - h y d r o g e n  

show m arked  s p l i t t i n g  i n  a l l  t h r e e  s o l v e n t s .  The o t h e r  u n s a t u r a t e d  

l a c t o n e s  ( 2 6 ,  2 7 ,  and 28 )  show much s m o o th e r  band  c o n t o u r s  r a t h e r  

l i k e  t h o s e  o f  t h e  s a t u r a t e d  l a c t o n e s  ( 2 4 ,  25 , 29 , 31 , 33 , and 3 4 ) .

( 2 3 ) ' ( 2 9 ) ( 3 2 )

O

( 2 7 )

d 5 ^

( 3 0 )

( 2 8 ) ( 3 1 )

H H

( 2 4 )

CS —°

c p
( 2 5 )

C a m p h o le n o la c to n e  ( 3 2 )  e x h i b i t s  t h e  phenomenon m o st  m a r k e d ly ,  t h u s  

t h e r e  i s  a  s h i f t  o f  t h e  m ain  a b s o r p t i o n  band  from  1786 cm,  ̂ i n  

t h e  n -h e x a n e  t o  a ro u n d  1750 cm. * i n  c h lo r o f o r m .  T h i s  d i r e c t i o n  

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

a b s o r p t i o n  o f  a n  X^== 0 ^~ d i p o l e ,  and i s  a t t r i b u t e d  t o  an  i n t e r 

m o le c u la r  a s s o c i a t i o n  o f  t h e  t y p e , ^  X^"== 0^ ••••H CC10 . I t  i s

( 3 4 )

3*
c o n c e i v a b l e  t h a t  more t h a n  one band c o u ld  r e s u l t  f rom  t h e  p r e s e n c e  

o f  s e v e r a l  s o l u t e - s o l v e n t  s p e c i e s ,  b u t  t h i s  seems u n l i k e l y  i n  v iew  

o f  t h e  c o m p l e x i t y  shown i n  c a rb o n  t e t r a c h l o r i d e ,  f o r  w h ich  s p e c i f i c a l l y  

o r i e n t a t e d  com plexes  seem u n r e a s o n a b l e .  A t t h i s  j u n c t u r e ,  one m ig h t



94

a s s i g n  t h e  a b s o r p t i o n  a t  1786 cm. * ( i n  n - h e x a n e )  t o  t h e  s t r e t c h i n g  

a b s o r p t i o n  o f  t h e  C*0 b o n d .  However, t h e  band  a t  lo w e r  f r e q u e n c y  

(1 7 5 8  cm .- * i n  n -h e x a n e  and 1759 cm. * i n  C C l^) i n c r e a s e s  i n  

i n t e n s i t y  a t  t h e  e x p e n se  o f  t h e  h i g h e r  f r e q u e n c y  b a n d ,  and i t  i s  

e v i d e n t  t h a t  t h e  t r u e  p o s i t i o n  f o r  v(CO) c a n n o t  be  d e te r m in e d  by  

s im p le  i n s p e c t i o n .  T h i s  t r a n s f e r e n c e  o f  i n t e n s i t y  i n  t h e  1700 t o  

1800 cm. * r e g i o n  i s  f u r t h e r  i l l u s t r a t e d  i n  F i g u r e  2 4 .  The 

re m a in d e r  o f  t h e  s p e c t ru m  i s  p r a c t i c a l l y  u n a l t e r e d  b y  change  o f  s o l v e n t  

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

n o t  p r e s e n t ,  s i n c e  d i f f e r e n t  c o n fo rm e r s  n o r m a l ly  have  s e v e r a l

d i f f e r e n t  a b s o r p t i o n  b a n d s .  T here  i s ,  how ever ,  a  band  a t  881 cm. *
( \ £1 X fti n  n - h e x a n e ) ,  Av^ a 8 cm. , e a  190 , w h ich  p r o g r e s s i v e l y  i n c r e a s e s

2
i n  f r e q u e n c y  a s  t h e  p o l a r i t y  o f  t h e  s o l v e n t  i s  i n c r e a s e d .  T h i s

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

d e f o r m a t io n  v i b r a t i o n  o f  t h e  a - h y d r o g e n  a t t a c h e d  t o  t h e  d o u b le  bond

and i t  i s  assum ed t h a t  t h i s  i s  t h e  c o r r e c t  a s s ig n m e n t .  In d eed
75JONES and h i s  c o l l a b o r a t o r s  have  a l r e a d y  s u g g e s t e d  t h a t  Fermi 

r e s o n a n c e  w i t h  t h e  f i r s t  o v e r t o n e ,  27(CH), o f  t h i s  v i b r a t i o n  m ig h t  

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

c a r b o n y l  r e g i o n s  o f  o t h e r  l a c t o n e s  o f  ty p e  (A ) .  The d a t a  r e p o r t e d  

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

o f  c a m p h o le n o la c to n e  ( 3 2 ) ,  t h e  m ain  band i n  t h e  c a r b o n y l  r e g i o n  

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

w h i l e  t h e  band  a s s i g n e d  t o  t h e  7(CH) o f  t h e  a -h y d r o g e n  i n c r e a s e s  

i n  f r e q u e n c y ;  i n  t h e  a b s e n c e  o f  Ferm i r e s o n a n c e ,  t h e  f i r s t  o v e r to n e  

o f  27(CH) would  be  e x p e c t e d  t o  l i e  n e a r  1762, 1768 and 1788 cm. * 

i n  n - h e x a n e ,  CCl^, and CHClg, r e s p e c t i v e l y .  I f  i t  i s  assum ed t h a t ,  

f o r  a  s o l u t i o n  o f  c a m p h o le n o la c to n e  ( 3 2 )  i n  n - h e x a n e ,  t h e  i n t e n s e  

band  a t  1786 cm. * and t h e  s m a l l  peak a t  1758 cm.- * r e p r e s e n t  

l a r g e l y  u n p e r t u r b e d  v (C 0) and 27(CH) a b s o r p t i o n s ,  r e s p e c t i v e l y ,  

t h e n  no rm al s o l v e n t - s h i f t s  o f  t h e  fo rm e r  would b r i n g  i t  t o  a b o u t  

1776 cm. i n  CCl^ and 1756 cm. * i n  CHClg. Fermi r e s o n a n c e  

would  t h e n  b e  maximal i n  CC1. w here t h e  two i n t e r a c t i n g  f r e q u e n c i e s  

a r e  c l o s e s t  -  c a .  1776 and 1778 cip. . D e c re a s e d  i n t e r a c t i o n  would
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be  e x p e c te d  i n  c h lo r o f o r m  w here  t h e  two f r e q u e n c i e s  w ould  a g a i n  

be  w e l l  s e p a r a t e d ,  th o u g h  now i n  t h e  r e v e r s e  o r d e r .  H ence , i n  

t h e  c a s e  o f  c a m p h o le n o la c to n e  ( 3 2 ) ,  Ferm i r e s o n a n c e  b e tw e e n  v(CO) 

and 27(CH) c o u ld  a c c o u n t  r e a s o n a b l y  w e l l  f o r  t h e  o b s e rv e d  s o l v e n t -  

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

u n d o u b te d ly  d o e s  a f f e c t  t h e  a - h y d r o g e n  i n  some s p e c i f i c  way a s  

i n d i c a t e d  by  t h e  upward s h i f t  o f  t h e  band  a s s i g n e d  t o  'y(CH) i n  

t h e  i . r .  b u t  a l s o ,  b y  t h e  d o w n f ie ld  s h i f t  o f  t h e  s i g n a l  due  t o  t h i s  

p r o to n  i n  t h e  n .m .r*  When g o in g  from  n -h e x a n e  t o  CCl^ t o  CHCl^ 

o n ly  t h e  t r i p l e t  d u re  t o  t h i s  p r o to n  was s e e n  t o  move a p p r e i a b l y ,  

t h u s :  t  ( n - h e x a n e )  » 4 . 4 2 ,  r  (C C l^ )  ** 4 . 3 7 ,  r  (CIICl^) » 4 . 2 6 .

Ferm i r e s o n a n c e  w i th  27(CH) c an  o n l y  be  p a r t  o f  t h e  a n s w e r ,  f o r  

/9- a n g e l i c a  l a c t o n e  shows more com plex a b s o r p t i o n  s t i l l  and th e  

l a c t o n e s  w h ich  do n o t  p o s s e s s  a - o l e f i n i c  h y d ro g e n s  a l s o  e x h i b i t  

i r r e g u l a r  o r  p a r t i a l l y  s p l i t  b a n d s .  However, t h e r e  i s  no u n i fo rm  

b e h a v io u r  i n  t h e  s a t u r a t e d  l a c t o n e s  and  some ( e . g .  28 and 29 )  have 

f a i r l y  s h a r p  s i n g l e  p e a k s  i n  a l l  t h r e e  s o l v e n t s .  A s im p le  

s a t u r a t e d  7- l a c t o n e  can  have  a  h ig h  v(CO) f r e q u e n c y  and  a  v e r y  h ig h  

a p p a r e n t  i n t e n s i t y  (p e a k  h e i g h t )  w here  t h e  band  i s  s h a r p ,  e . g .  ( 3 3 ) ,
t \ &v(CO) » 1805 cm. and e » 1310, i n  n - h e x a n e .  I n  any  c a s e ,  a  

s i n g l e  c o n fo rm e r  s h o u ld  g i v e  a  s h a r p  c a r b o n y l  band  i n  t h e  a b s e n c e  

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

enhanced  r e s o n a n c e  c o u ld  o c c u r  i f  t h e  g e o m e try  o f  t h i s  s i n g l e  

c o n fo rm e r  happened  t o  be  f a v o u r a b l e .  O th e r  o v e r t o n e s  and 

c o m b in a t io n s  m ust  be  i n v o lv e d  i f  Ferm i r e s o n a n c e  i s  in d e e d  th e  

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

r e l e v a n t  f u n d a m e n ta l s .  The s t r o n g  a b s o r p t i o n s  i n  t h e  1300-900  cm. * 

r e g i o n ,  w h ich  a r e  a s c r i b e d  t o  v (C -0 )  m odes, a r e  p o s s i b i l i t i e s ,  b u t  

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

c a r b o n y l  r e g i o n .  Each l a c t o n e  d i s p l a y s  s e v e r a l  s t r o n g  bands  

( e a , 1 5 0 -5 0 0 )  b u t  t h e  r e g i o n  o f  s t r o n g e s t  a b s o r p t i o n  a r e  o f t e n  

q u i t e  d i f f e r e n t .  T hus , f o r  l a c t o n e s  ( 2 7 )  and ( 2 8 )  t h e  s t r o n g e s t
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b a n d s  a r e  c l u s t e r e d  a ro u n d  1000 cm. \  f o r  ( 3 l ) a n d  ( 3 2 )  t h e y  a r e  

n e a r  1240, 1100 and 950 cm."*1 , and f o r  ( 2 4 )  t h e r e  i s  o n l y  one i n t e n s e  

band  n e a r  1250 c m ." " \  w i t h  w e ak e r  a b s o r p t i o n s  n e a r  1030 cm.

Changes i n  r i n g  s t r a i n ,  s t e r i c  i n t e r a c t i o n s ,  and bond h y b r i d i z a t i o n  

p re s u m a b ly  e n g e n d e r  t h e  w ide  v a r i a t i o n s  e n c o u n te r e d  w i t h i n  t h i s  r e g i o n .  

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

a s  900 cm.~^ i n  t h e  s p e c t ru m  o f  a  Y - l a c t o n e ,  a r e  r e a d i l y  c o n fu s e d  w i t h  

t (CH) a b s o r p t i o n s  f o r  d o u b ly -b o n d e d  c a r b o n .

F u r t h e r  i n f o r m a t i o n  h a s  b e e n  s o u g h t  b y  s u b m i t t i n g  two o f  t h e

l a c t o n e s  t o  a  m easu rem en t  a t  e l e v a t e d  t e m p e r a t u r e s  and i n  t h e  p r e s e n c e

o f  a  se co n d  s o l u t e .  The a b s o r p t i o n s  i n  t h e  v (C 0) r e g i o n s  o f

s o l u t i o n s  ( c a .  0 . 4  M) o f  ^ - a n g e l i c a  l a c t o n e  ( 2 3 )  and c a m p h o le n o la c to n e

( 3 2 )  i n  t e t r a c h l o r o e t h y l e n e  have  b e e n  exam ined  a t  30° and 7 5 ° .

No c l e a r l y  d e f i n e d  c h a n g es  w ere  o b s e rv e d  a p a r t  f rom  t h e  e x p e c t e d

s l i g h t  r e d u c t i o n  i n  peak  h e i g h t  a t  t h e  h i g h e r  t e m p e r a t u r e  and no

d e f i n i t e  c o n c l u s i o n s  may be draw n th o u g h  t h e s e  r e s u l t s  c o u ld  be t a k e n

a s  n e g a t i v e  e v id e n c e  i n  f a v o u r  o f  t h e  Ferm i r e s o n a n c e  e x p l a n a t i o n .

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

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

m o le c u le s .  The a s s o c i a t i o n  ( F ig u r e  25 )  i s  o f  t h e  ty p e  MeCgHgOH*• *0=C,

a s  e v in c e d  b y  t h e  low v a l u e s  f o r  v(0H) and th e  ' c a r b o n y l  b a n d '  -

i n  t h e  c a s e  o f  c a m p h o le n o la c to n e  ( 3 2 )  c a .  3420 and 1744 cm. *,

r e s p e c t i v e l y .  The s h i f t i n g  o f  t h e  e q u i l i b r i u m  to w a rd s  th e

com plex  w i t h  i n c r e a s i n g  p - c r e s o l  c o n c e n t r a t i o n  i s  a p p a r e n t  from  th e

d a t a  i n  F i g u r e  25 and t h e r e  i s  c l e a r l y  a  g e n e r a l  r e s e m b la n c e  b e tw e en

th e  c a rb o n y l  r e g i o n  o b s e rv e d  f o r  a  p - c r e s o l - l a c t o n e  com plex and t h a t

f o r  t h e  l a c t o n e  a lo n e  i n  t h e  c h lo r o f o rm  s o l u t i o n .  T h i s  i s  i n

k e e p in g  w i t h  t h e  r e s u l t s  f o r  s o l u t i o n  s p e c t r a  o f  i n t e r - a l i a  
89 93c y c lo h e x a n o n e s  ’ and s u lp h o x id e s  ( s e e  l a t e r  s e c t i o n )  A l th o u g h  

i t  would seem t h a t  t h e  e q u i l i b r i u m  h as  n o t  b een  d i s p l a c e d  a s  f a r  a s  

c o m p le te  com plex  f o r m a t io n  t h e  ban d s  show f i n e  s t r u c t u r e  i n d i c a t i v e  

o f  Fermi r e s o n a n c e .  In  t h e  h y d ro x y l  r e g i o n ,  c o m p e t in g  s e l f - a s s o c i a t i o n
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o f  t h e  p - c r e s o l  g i v e s  r i s e  t o  c r e s o l  d im e r ,  and t r i m e r  o r  po ly m er  

a b s o r p t i o n s  n e a r  3500 and 3200 cm. ^ r e s p e c t i v e l y ;  a t  t h e  0 .0 6 4  M 

p - c r e s o l  c o n c e n t r a t i o n  t h e r e  may be  some com plex  f o r m a t i o n  o f  t h e

t y p e , ArOII • • • • OH* • • • 0»C.
Ar

I n  CC1., 7(CH) f o r  c a m p h o le n o la c to n e  ( 3 2 )  i s  a s s i g n e d  t o  t h e  
— 1

band  a t  884 cm .”  ( F ig u r e  2 4 ) .  I n t r o d u c t i o n  o f  p - c r e s o l  i n t o  t h e  

s o l u t i o n  b r i n g s  a b o u t  t h e  a p p e a r a n c e  o f  a  s h o u l d e r  a t  890 cm.  ̂

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

com plex . H e re ,  and  i n  t h e  c a s e  o f  c h lo r o f o r m  S o l v a t i o n ,  t h e  e f f e c t  

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

d o u b le  bond w hich  w ould accom pany d o n a t i o n  o f  e l e c t r o n  d e n s i t y  b y  

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

In  summary, c a r b o n y l  a b s o r p t i o n s  o f  com plex  sh a p e  seem t o  be 

f a i r l y  common o f  Y - l a c t o n e s ,  w h e th e r  t h e y  p o s s e s s  a r ^ - u n s a t u r a t i o n  

o r  n o t .  F in e  s t r u c t u r e  i s  e s p e c i a l l y  p ro m in e n t  i n  t h o s e  

a 0 - u n s a t u r a t e d  l a c t o n e s  w h ich  b e a r  an  a -h y d r o g e n  and  h e r e  Fermi 

r e s o n a n c e  w i t h  2y(CH) p r o b a b l y  s u p p l i e s  p a r t  o f  t h e  e x p l a n a t i o n .

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

s u b s t i t u t i o n  and  b y  t h e  s o l v a t i o n  com plex  a p p ro a c h .
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TABLE 22.

A b s o r p t i o n s  i n  t h e  C a rb o n y l  S t r e t c h i n g  R e g io n  o f  t h e  L a c to n e s

( 2 3 - 3 4 )  i n  V a r io u s  S o l v e n t s .

No. Compound
n -h e x a n e

. a  a  v Av_i e
2

V

cc i .4
A aAvi

"2
ae

i

V

CHC1-
O

A aAvj
2

ae

23 /3 -A n g e l ic a
l a c t o n e

1800
1791
1762

sh
13

200
1120

140

1802
1783
1765

sh
15
11

100
840
445

1804
1784
1759
1741

22
15
12

w
230
845
325

24 T - B u t r o l a c t o n e 1801
1787

16
sh

500 1796
1784

sh
11

415
570

1793
1774

sh
19 630

25 D ih y d ro d r im e n in 1798
1787

sh
11 880

1797
1779
1758

sh
13
sh

800
1770
1760 26 480

500

26 D rim e n in 1789
1772

14
sh

595
170

1781 15 705 1771 19 630

27 I s o d r i m e n i n 1773 10 730 1766 14 :1095 1751
1741

sh
28

500
670

28 C o n f e r t i f o l i n 1771 7 1000 1769 14 :L235 1750 27 930

29 C i s - d i h y d r o -
c o n f e r t i f o l i n

1791 9 1000 1779 13 925 1772 22 685

30 T r a n s - d i h y d r o -
c o n f e r t i f o l i n

1801 12 900 1792
1778

15
sh

680 1782
1770

sh
27

420
620

31 D ih y d ro -c a m p h o l -
e n o l a c t o n e

1791 11 870 1783
1775 26 600 1757 27 650

32 Campholeno
l a c t o n e

1786
1758

9 1300
190

1783
1759

18
14

760
575

1782
1752
1744

23 
sh
24

180

700

33 1805 9 1310 1797
1787

21
sh

820
610

1777
1766

27
sh

530
370

34 1806 8 1370 1796
1786

23
sh

800
520

1780
1772 28 560

520

S o l u t i o n s  c a .  10 mM ru n  i n  0 .5  mm. c e l l s .
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O.D.

0 .5

.1

{24}

0 .5

0 . 1

0 .5

0.1

1800 1750

{26}

{30}

1800 1750 1800 1750 1800 1750

Cm. -1

FIGURE 2 3 ,  A b s o r p t io n s  i n  t h e  c a r b o n y l  s t r e t c h i n g  r e g i o n  o f  t h e  
l a c t o n e s  ( 2 3 - 3 4 )  i n  n -h e x a n e  c a rb o n
t e t r a c h l o r i d e  and c h lo r o f o r m
( .......................... ) .  S o l u t i o n s  c a .  10 mM exam ined  i n
0 .5  mm. c e l l s .
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0 .5 -
n-Hexane

1758
881

1783
0 .5 1759

O.D.
884

0.1

1744
0 .5

178:
0 . 1.

2000 1500 1000

Cm.” *

FIGURE 2 4 .  The s p e c t ru m  o f  c a m p h o le n o la c to n e  ( 3 2 )  r e c o r d e d  
o v e r  t h e  r a n g e  8 00 -2000  cm. f o r  c a .  0 .0 5  M 
s o l u t i o n s  ( 0 .1  mm. c e l l s )  i n  n - h e x a n e ,  c a rb o n  
t e t r a c h l o r i d e ,  and c h lo r o f o r m .
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3624 17920 .4

3420
350jo . l

0.4-3624 1786*OH
1747

3420
0 .1 350Q

3624
0 .4

OH

0 .1
3500

1800 175034003600

Cm. -1

FIGURE 2 5 .  A b s o r p t i o n s  i n  t h e  h y d ro x y l  and c a r b o n y l  s t r e t c h i n g  
r e g i o n s  f o r  s o l u t i o n s  ( c a .  0 .0 1 5  M) o f  /3 - a n g e l i c a  
l a c t o n e  ( 2 3 )  and c a m p h o le n o la c to n e  ( 3 2 )  i n  n -h e x a n e
a lo n e  ( ...................... ) ,  and i n  m ix t u r e s  o f  n -h e x a n e  and
p—e r e  s o l  ( — — — — — —, 0 .0 1 6  M; and 0 .0 6 4  If) .
A b s o r p t i o n s  a r e  a l s o  r e c o r d e d  f o r  n -h e x a n e  s o l u t i o n s
o f  p—c r e s o l  ( ....0 .0 6 4  M; and — — — — —, 0 .0 1 6  M).
A l l  m ea su rem e n ts  i n  0 .5  mm. c e l l s .



INFRARED STUDIES
WITH

SULPHOXIDES

IN T R O D U C T IO N

The s t r e t c h i n g  v i b r a t i o n ,  v ( S » 0 ) ,  o f  t h e  s u lp h o x i d e  g r o u p in g

i n  s im p le  a l k y l  and  a r y l  s u l p h o x i d e s  i s  w e l l  known t o  o c c u r  n e a r  
- 1  921050 cm. . Even th o u g h  t h i s  i s  a  r e g i o n  o f  t h e  s p e c t ru m  r i c h

i n  s k e l e t a l  and o t h e r  modes w i t h  w h ich  v(s*0) m ig h t  c o u p le ,  t h i s
92l a t t e r  v i b r a t i o n  i s  r e p u t e d l y  i n s e n s i t i v e  t o  s u b s t i t u t i o n ,  t h e  

r e a s o n  g i v e n  b e in g  t h a t  t h e  s u lp h o x i d e  g r o u p in g  i s  a p p r o x i m a t e ly  

t e t r a h e d r a l . ^

The p r e s e n t  work ex am in es  t h e  s o l v e n t  d e p e n d en c e  o f  t h e  

s u lp h o x i d e  s t r e t c h i n g  a b s o r p t i o n  i n  a  s e r i e s  o f  s im p le  s u lp h o x i d e s  

t h e  m o n o s u lp h o x id e s .  As an  e x t e n s i o n  o f  t h i s  work a  s e r i e s  o f  

d i s u l p h o x i d e s  h a s  b e e n  exam ined  s i n c e  i n  a  t h i a n  o x id e  sy s te m  t h e  

S*0 g ro u p  m ig h t  e i t h e r  be  e q u a t o r i a l l y  o r  a x i a l l y  o r i e n t a t e d  

and  a  d i f f e r e n c e  i n  f r e q u e n c y  o f  t h e  v ( s » 0 ) m ig h t  be  a n t i c i p a t e d  

on a n a lo g y  w i t h  t h e  b e h a v io u r  o f  t h e  s t r e t c h i n g  v i b r a t i o n s  v (C -O ) ,  

v (C -D ) and v ( C - H a l o g e n ) . ^  A l l  t h e  compounds s t u d i e d  w ere  

s y n t h e s i s e d  and  p u r i f i e d  b y  D r .  D .T . G ib s o n .
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RESULTS a n d  D IS C U S S IO N

M o n o su lp h o x id e s

96BELLAMY e t  a l . have  a l r e a d y  d e m o n s t r a t e d  t h a t  t h e  s t r e t c h i n g

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

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

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

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

v (S sO )  r e g i o n  b e tw e e n  1100 and  1000 cm. The r e s u l t s ,  i n  g e n e r a l ,
96 -9 8s u p p o r t  and e x t e n d  t h e  l i t e r a t u r e  f i n d i n g s ,  b u t  i n  s e v e r a l

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

p r o c e d u r e  t o  t h e  a s s ig n m e n t  o f  t h e  s u lp h o x i d e  s t r e t c h i n g  a b s o r p t i o n .

Q  O  Cl
II II II IIo o o o

( 3 5 )  ( 3 6 )  ( 3 7 )  ( 3 8 )

[ a ,  R=Me; b ,  R=Et; c ,  R = i - P r ;  d ,  R » t-B u ;  e ,  R =Phj.

I n  t h e  s u lp h o x i d e s  exam ined  ( 3 5 - 3 8 )  t h e  ban d s  n e a r  1050 cm.  ̂ a r e

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

s u lp h o x i d e  ( 3 5 e )  t h e  a b s o r p t i o n  i s  m a tch ed  i n  i n t e n s i t y  b y  t h e

C-H d e f o r m a t io n  modes ( c a .  700 cm. *) o f  t h e  a r o m a t i c  r i n g

h y d r o g e n s .  The v (S « 0 )  a s s ig n m e n t  i s  unam biguous f o r  d im e th y l

s u lp h o x i d e  ( 3 5 a )  and  a g r e e s  w i t h  t h e  v a lu e  o f  1085 cm. * ( n - h e x a n e )
96 99

r e p o r t e d  b y  BELLAMY e t  a l . SAX0NEN h a s  a l r e a d y  made u s e  o f  

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

a s s ig n m e n t s  o f  b o t h  t h e  fu n d a m e n ta l  and c o m b in a t io n  a b s o r p t i o n s  

f o r  d im e th y l  s u l p h o x i d e .  I n  t h e  c a s e  o f  d i e t h y l  s u lp h o x id e  ( 3 5 b ) ,



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

s o l v e n t  b e h a v i o u r  ( T a b le  24 ,  F i g u r e  26B) i s  p e c u l i a r .  The h i g h e r  

s u l p h o x i d e s  ( 3 5 c - e ,  36 , and  37 )  show s i m i l a r l y  com plex a b s o r p t i o n  

p a t t e r n s  ( F i g u r e  2 6 ) .

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

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

s u lp h o x i d e  f u n c t i o n  i s  l i k e l y  t o  be c a u s e d  b y  d i p o l e - d i p o l e  

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

c o n f o r m a t i o n a l  e q u i l i b r i a ,  v i b r a t i o n a l  c o u p l i n g  o r  Ferm i 

r e s o n a n c e .  To e s t a b l i s h  t h e  o r i g i n  o f  t h e  com plex  p a t t e r n s  o b s e rv e d  

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

and  t e m p e r a t u r e .  The r e s u l t s  ( T a b le  24 ,  F i g u r e s  26C, 27 and 28 )  

o b t a i n e d  f o r  d i - i s o p r o p y l  s u lp h o x id e  ( 3 5 c ) ,  a  r e p r e s e n t a t i v e  

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

On g o in g  t o  c h lo r o f o r m  s o l u t i o n  t h e r e  i s  a  m arked  s h i f t  o f  t h e

m ain  a b s o r p t i o n  band  from  1067 cm.  ̂ ( n - h e x a n e )  t o  1047 cm.

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

f u n d a m e n ta l  s t r e t c h i n g  a b s o r p t i o n  o f  an  X = 0  d i p o l e ,  such

a s  t h a t  o f  t h e  c a r b o n y l  g r o u p in g ,  and i s  a t t r i b u t e d  t o  an  i n t e r -
89 97 98m o l e c u l a r  a s s o c i a t i o n  o f  t h e  ty p e  X = 0 «  • • *HCClg. * * A t t h i s

j u n c t u r e ,  i t  m ig h t  seem r e a s o n a b l e  t o  a s s i g n  t h e  a b s o r p t i o n  a t  1067 

cm .”  ̂ ( n - h e x a n e )  t o  t h e  fu n d a m e n ta l  s t r e t c h i n g  a b s o r p t i o n  o f  t h e  

S -0  b o n d .  However, t h e  band  a t  lo w e r  f r e q u e n c y  (1019  cm. i n  

n -h e x a n e  and 1012 i n  c h lo r o f o r m )  i n c r e a s e s  i n  i n t e n s i t y  ( n -h e x a n e  

t o  c h lo r o f o r m )  a t  t h e  e x p e n se  o f  t h e  h i g h e r  f r e q u e n c y  b a n d ,  and 

i t  i s  e v i d e n t  t h a t  t h e  t r u e  p o s i t i o n  o f  t h e  v(S*»0) a b s o r p t i o n  c a n n o t  

be  d e te r m in e d  b y  s im p le  i n s p e c t i o n .  T h i s  t r a n s f e r e n c e  o f  i n t e n s i t y  

i n  t h e  1100 t o  1000 cm.~* r e g i o n  i s  f u r t h e r  i l l u s t r a t e d  i n  F i g u r e  27 .  

The r e m a in d e r  o f  t h e  s p e c t ru m  i s  u n a l t e r e d  b y  change  o f  s o l v e n t ,  

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

n o t  p r e s e n t ,  s i n c e  d i f f e r e n t  c o n fo rm e rs  u s u a l l y  have  s e v e r a l  d i f f e r e n t  

a b s o r p t i o n  b a n d s .  The e f f e c t  o f  t e m p e r a t u r e  on t h e  a b s o r p t i o n  b a n d s
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i n  t h e  v (S » 0 )  r e g i o n  o f  d i - i s o p r o p y l  s u lp h o x i d e  ( 3 5 c )  was tw o f o ld  

( F i g u r e  2 8 ) .  W ith  i n c r e a s i n g  t e m p e r a t u r e  t h e  i n t e n s i t i e s  o f  

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

r a t i o  o f  t h e  a r e a s  o f  t h e  tw o b a n d s  r e m a in e d  c o n s t a n t .  T h is  

b e h a v i o u r  w ould  seem t o  e x c lu d e  t h e  " h o t ’1 t r a n s i t i o n  e x p l a n a t i o n  

[ c f . KRAIHANZEL and  WEST****] a s  w e l l  a s  a n y  fo rm  o f  c o n f o r m a t io n a l  

e q u i l i b r i u m .  M easu rem en ts  c a r r i e d  o u t  i n  a  v e r y  p o l a r  s o l v e n t  

s u c h  a s  a c e t o n i t r i l e  ( T a b le  2 4 )  i l l u s t r a t e  t h e  s h i f t  o f  t h e  h i g h e r  

f r e q u e n c y  band  w h i l e  t h e  lo w e r  a b s o r p t i o n  band  r e m a in s  a t  a lm o s t  

e x a c t l y  t h e  same f r e q u e n c y  a s  t h a t  o b s e rv e d  i n  n - h e x a n e .  T h is  

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

w h e re ,  n o t  o n l y  would, b o t h  a b s o r p t i o n  b a n d s  have  b e e n  s h i f t e d  t o

lo w e r  f r e q u e n c y ,  b u t  a l s o  t h e  band  a t  h i g h e r  f r e q u e n c y  would
63h av e  g a in e d  i n t e n s i t y .

I t  w ould  seem r e a s o n a b l e  t o  c o n c lu d e  t h a t  v i b r a t i o n a l  c o u p l i n g  

o r  Ferm i r e s o n a n c e  i n v o l v i n g  t h e  v (S » 0 )  mode o r i g i n a t e s  t h e  com plex  

a b s o r p t i o n  b e h a v io u r  o f  t h e  s u lp h o x i d e s  s t u d i e d .  F o r  t h i s  r e a s o n  

no s i n g l e  v a lu e  f o r  t h e  p o s i t i o n  o f  t h e  v(S*»0) i s  im m e d ia te ly  o b v io u s  

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

s u lp h o x i d e  ( 3 5 a )  and t e t r a m e t h y l e n e  s u lp h o x i d e  ( 3 6 ) ,  R e c e n t l y  

DE LA MARE e t  a l .  have  a s s i g n e d  c e r t a i n  b a n d s  b e tw e e n  1100 and 

1000 cm .” * t o  t h e  v (S = 0)  modes o f  t h e  i s o m e r i c  1 , 4 - d i t h i a n - l , 4 -  

d i o x i d e s .  The s p e c t r a  w ere  r e c o r d e d  f o r  t h e  s o l i d  s t a t e ,  and  t h e s e  

w o r k e rs  d o ,  i n  f a c t ,  comment on t h e  p r e s e n c e  o f  more t h a n  one 

s t r o n g  band  i n  t h e  e x p e c t e d  r e g i o n ,  and rem ark  t h a t  t h e  s p e c t r a  

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

v i b r a t i o n s .  S o l u t i o n  d a t a  a r e  more i n s t r u c t i v e  ( s e e  d i s c u s s i o n  

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

b e tw e e n  t h e  v(S=*o) and  an  a r o m a t i c  a b s o r p t i o n  band n e a r  1090 cm. 

i n  d i p h e n y l  su lp h ox ide .****  From t h e  r e s u l t s  r e p o r t e d  i n  t h i s  

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

t h e  a r o m a t i c  v i b r a t i o n  a t  1022 cm. * . I n  t h e  c a s e  o f  t h e  a l i p h a t i c  

s u l p h o x i d e s ,  h ow ever ,  t h e  a b s o r p t i o n  ban d s  w hich  a r e  i n v o lv e d  i n
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t h e  v i b r a t i o n a l  c o u p l i n g  o r  t h e  Ferm i r e s o n a n c e  w i t h  v (S = 0 )  a r e
102

o f  l e s s  o b v io u s  o r i g i n .  OTTING and NEUGEBAUER i n  t h e i r  s t u d y  

o f  s u l p h o x i d e s  r e p o r t e d  two b a n d s  n e a r  480  c m . ^  w h ic h  t h e y  

a s c r i b e d  t o  t h e  b e n d in g  v i b r a t i o n  o f  t h e  S -0  b o n d .  I t  i s  

c o n c e i v a b l e  t h a t  Ferm i r e s o n a n c e  i s  t a k i n g  p l a c e  b e tw e e n  v (S » 0 )  

and  a  c o m b in a t io n  band  o r  t h e  f i r s t  o v e r t o n e  o f  t h e  S -0  b e n d in g  

v i b r a t i o n ,  2 6 (S O ) .  On t h e  o t h e r  h a n d ,  i n  d im e th y l  s u lp h o x id e  

t h e  band  a ro u n d  1016 cm. * ( F i g u r e  26A ), w h ich  h a s  beeU a s s i g n e d

t o  t h e  r o c k i n g  v i b r a t i o n  o f  t h e  m e th y l  g r o u p s ,  p (S -C H „),  by
10*1 104HORROCKS and  COTTON , may be  i n v o lv e d  i n  v i b r a t i o n a l  c o u p l i n g .

An a t t e m p t  h a s  b e e n  made ( T a b le  2 5 )  t o  a r r i v e  a t  a  ro u g h  e s t i m a t e  

o f  t h e  " t r u e "  p o s i t i o n  [ t h e r e i n  te rm e d  v(s=»0)*] o f  t h e  fu n d a m e n ta l  

s t r e t c h i n g  v i b r a t i o n  o f  t h e  S=0 bond ( i . e .  a s  i f  i t  w ere  u n a f f e c t e d  

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

i n t e n s i t y  d i s t r i b u t i o n  ( a r e a  u n d e r  t h e  r e c o r d e d  c u r v e )  b e tw een  

1100 and  1000 cm .” ^ .  T h i s  c a l c u l a t i o n  i s  b a s e d  on t h e  t e n t a t i v e  

a s s u m p t io n  t h a t  n e a r l y  a l l  t h e  i n t e n s i t y  i n  t h e  1100 t o  1000 cm. 

r e g i o n  i s  d e r i v e d  from  v (S » 0 )  w h e th e r  a s  a  s i n g l e  band  ( u n c o u p le d )  

o r  d i s t r i b u t e d  a s  s e v e r a l  b a n d s  ( c o u p le d  o r  i n v o lv e d  i n  Fermi 

r e s o n a n c e ) .  I n  a l l  t h r e e  s o l v e n t s  t h e r e  i s  a  f a i r l y  c o n s i s t e n t  

d e c r e a s e  i n  t h e  v a lu e  o f  v (S » 0 )*  a s  t h e  b u l k  o f  a l k y l  s u b s t i t u t i o n  

i n c r e a s e s  ( i . e .  i n c r e a s i n g  i n d u c t i v e  e f f e c t ,  + l )  from  d im e th y l  t o  

d i - t - b u t y l  s u lp h o x i d e  ( i a - d ) .  T h is  i s  p e rh a p s  an  i n d i c a t i o n  t h a t  

t h i s  m a t h e m a t i c a l l y  c o n t r i v e d  v a l u e ,  v ( S » 0 )* ,  h as  some s i g n i f i c a n c e .  

T h e re  i s  a l s o  a  m arked i n c r e a s e  i n  f r e q u e n c y  o f  t h i s  v(S»0)* on 

g o in g  from  t e t r a m e t h y l e n e  ( 3 6 )  t o  p e n ta m e th y le n e  ( 3 7 )  s u lp h o x id e  

[ c f .  r e f .  9 8 ] .  T h is  i n c r e a s e ,  w hich  i s  t o  be  com pared  w i t h  t h e  

d e c r e a s e  e x p e r i e n c e d  f o r  v (C 0)  i n  t h e  a n a lo g o u s  s i t u a t i o n  c o u ld  

a r i s e  f rom  t h e  change  i n  C -S -0  i n t e r b o n d  a n g l e s  i n  moving from  a  

f i v e —membered r i n g  t o  a  s i x .  The g e n e r a l  t r e n d  i n  s o l v e n t - s h i f t  

v a l u e s  [Ay j _2 and  3 ] »eems h o ld  good w i t h  t h e  e x c e p t i o n  o f  

compound ( 3 7 ) ,  t h e  anom alous  b e h a v io u r  o f  w h ich  may r e f l e c t  t h e
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p r e s e n c e  o f  an  a d d i t i o n a l  a b s o r p t i o n  b a n d ,  m o st  l i k e l y  a  r i n g  

b r e a t h i n g  v i b r a t i o n ,  i n  t h e  r e g i o n  1100 t o  1000 cm.""* w h ich  i s  

i n t e r f e r i n g  w i t h  t h e  a r e a  c a l c u l a t i o n .  T h i s  a p p ro a c h  would seem 

t o  p r o v id e  a  more l o g i c a l  p r e s e n t a t i o n  f o r  a  s y s te m  i n v o l v i n g  

s e v e r a l  b a n d s ,  one o f  w h ich  would  n o r m a l ly  be  a s s i g n e d  t o  a  g i v e n  

mode o f  v i b r a t i o n .

F i g u r e  29 i l l u s t r a t e s  t h e  c l o s e  s i m i l a r i t y  b e tw e e n  t h e  s o l i d

and l i q u i d  s t a t e  s p e c t r a  o f  t h e  two s u lp h o x i d e s  ( 3 5 b ,  35d)  and

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

T h i s  s i m i l a r i t y  p re s u m a b ly  d e r i v e s  from  a n  a c c i d e n t a l  c o r r e s p o n d e n c e

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

f i l m  d a t a  c a n n o t  be  u s e d  f o r  p r e c i s e  l o c a t i o n  o f  t h e  v (S » 0 )
105a b s o r p t i o n .  I t  i s  c o n c e i v a b l e  t h a t  i n  some c a s e s  a s s o c i a t i o n

may o c c u r  b e tw e e n  t h e  a c i d i c  h y d ro g e n s  ( a  t o  t h e  S»0 l i n k a g e )  

and  t h e  S*0 l i n k a g e s  o f  n e ig h b o u r i n g  s u lp h o x i d e  m o l e c u l e s .

D im e th y l  s u lp h o x i d e  i s  f u l l y  m i s c i b l e  w i t h  w a t e r  and t h i s  p r o p e r t y

i s  u n d o u b t e d l y  due  t o  t h e  a b i l i t y  o f  t h e  s u lp h o x id e  g r o u p in g  t o  a c t
99 106a s  a  p r o t o n  a c c e p t o r  i n  h y d ro g en  b o n d in g .  BARNARD e t  a l .

showed t h a t  i n  c h lo r o f o r m  s o l u t i o n  s u lp h o x i d e s  fo rm  s t r o n g e r  i n t e r -

m o l e c u l a r  h y d ro g e n  bonds  w i t h  m e th a n o l  t h a n  do t h e  c o r r e s p o n d in g

s u l p h o n e s .  S u lp h o x id e s  and r e l a t e d  compounds have  r e c e n t l y  b e e n
107 108u s e d  a s  a n t i - o x i d a n t s  * i n  t h e  r e t a r d a t i o n  o f  t h e  a u t o x i d a t i o n

109o f  s q u a le n e  a n d ,  i n  t h i s  p a r t i c u l a r  c a s e ,  a  h y d ro g en  bonded  com plex  

i s  p o s t u l a t e d .  T h i s  a b i l i t y  o f  t h e  s u lp h o x id e  g r o u p in g  t o  a c t  a s  

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

i l l u s t r a t e d  i n  F i g u r e  30 .  The a d d i t i o n  o f  w a t e r  t o  d im e th y l

s u lp h o x i d e  r e s u l t s  i n  t h e  v (S « 0 )  s h i f t i n g  t o  a  lo w e r  f r e q u e n c y  

w h i l e  a  new band  a p p e a r s  a t  1650 cm. * .  T h i s  l a t t e r  v i b r a t i o n  i s  

a t t r i b u t e d  t o  t h e  0-H d e f o r m a t io n  modes o f  t h e  a s s o c i a t e d  w a t e r  

m o l e c u l e s .  The s h i f t  o f  t h e  v ( S - 0 )  a b s o r p t i o n  r e p r e s e n t s  t h e  s o l v e n t  

s h i f t  [Aw -  ‘’( S - 0 ) n_h ex an e  -  ' ' ( S - ° ) w a t e r ] f o r  w a t e r  a ® s o l v e n t .
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s u lp h o x i d e s  a s  l i g a n d s  have  r e p o r t e d  t h a t  t h e  a c c e p t o r  i s  t h e  

oxygen  a tom  i n  t h e  m a j o r i t y  o f  t h e  m e t a l  com p lexes  s t u d i e d .  I n  

su c h  c a s e s  v(s*0) s h i f t e d  t o  lo w e r  f r e q u e n c i e s .  DRAGO and MEEK1^  
h av e  r e p o r t e d  d i s c r e p a n c i e s  i n  t h e  a s s i g n m e n t s  f o r  d im e th y l  s u lp h o x i d e  

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

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

bond w i t h  t h e  oxygen a tom  o f  t h e  s u lp h o x i d e  g r o u p in g .  T h is  ty p e  

o f  s o l v a t i o n  c an  be  e x te n d e d  t o  s t r o n g e r  a c i d s ,  f o r  exam ple  p - c r e s o l ,  

a s  shown b y  t h e  r e s u l t s  w h ich  f o l l o w  [ c f .  r e f .  9 7 ] ,  b u t ,  t h e r e  i s  

one m a jo r  d i f f e r e n c e :  o n l y  a  v e r y  s m a l l  am ount o f  p - c r e s o l  i n s t e a d  

o f  p u re  c h lo r o f o r m ,  i s  n e e d e d  t o  com plex  s u lp h o x i d e  m o le c u le s  

d i s s o l v e d  i n  n - h e x a n e .  I t  i s  i n t e r e s t i n g  t h a t  t h e  same band  

p a t t e r n  i n  t h e  1100 t o  1000 cm. ”*1 r e g i o n  i s  m a i n t a i n e d  a l t h o u g h  

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

s u p p o r t  t o  t h e  a rg u m e n ts  a d v a n ce d  i n  t h e  p r e c e d in g  s e c t i o n .

F i g u r e  31A shows t h e  s u lp h o x i d e  a b s o r p t i o n  o f  d im e th y l  s u lp h o x id e  

i n  n -h e x a n e  c o n t a i n i n g  v a r i o u s  am ounts o f  p - c r e s o l .  I n  t h e  p u re  

h y d r o c a r b o n  s o l v e n t  d im e th y l  s u lp h o x id e  e x h i b i t s  a  s i n g l e  band 

a t  1085 cm,*"1 , b u t  t h e  a d d i t i o n  o f  p - c r e s o l  (0 .023M ) c a u s e s  a  new 

one t o  a p p e a r  a t  1058 cm. 1 , w h i l e  t h e  i n t e n s i t y  o f  t h e  o r i g i n a l  

band  d e c r e a s e s . .  In  t h e  h y d r o x y l  s t r e t c h i n g  r e g i o n  new a b s o r p t i o n  

a p p e a r s  a t  3288 cm.” 1 . T h i s  b e h a v io u r  i n d i c a t e s  t h e  e x i s t e n c e  o f  

a n  e q u i l i b r i u m  s y s te m  i n v o l v i n g  two s p e c i e s ,  p re s u m a b ly  f r e e  

s u lp h o x i d e  and a  h y d ro g e n  bonded  com plex  ( 3 9 )  o f  d im e th y l  

s u lp h o x id e  and  p - c r e s o l .  When t h e  p - c r e s o l  c o n c e n t r a t i o n  i s  

i n c r e a s e d  t o  0 .0 9 2  M t h e  o r i g i n a l  band  a t  1085 cm. h a s  d i s a p p e a r e d  

and  y e t  a n o t h e r  new b r o a d  band n e a r  1042 cm. h a s  a p p e a r e d ,  w h i l e  

t h e  band  a t  1016 cm. ” 1 h a s  a l s o  i n c r e a s e d  i n  i n t e n s i t y .  A t  t h i s  

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

f rom  s e l f —a s s o c i a t i o n  ( F i g u r e  31C) o f  t h e  p - c r e s o l  m o le c u le s  a r e  

o b s e r v e d .  [ i n  a  p r e v i o u s  s t u d y  o f  h y d ro g e n  b o n d in g  i n  p h e n o ls  

t h e  b a n d s  a t  c a .  3500 and  3390 cm. " 1 w ere  a s s i g n e d  t h e  d im e r ic
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and t r i m e r i c  a s s o c i a t e d  s p e c i e s . ]  H ence , i n  d im e th y l  s u lp h o x id e  

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

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

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

t h e  s p e c i e s  ( 3 9 )  i s  p r e s e n t .  However, a t  t h e  h i g h e r  c o n c e n t r a t i o n  

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

<j>-H....0«S(M e) 2 

Ar

( 3 9 )

;0 -S (M e )2

0-H ’*

a!

( 4 1 )

a b s o r p t i o n s  n e a r  1040 and 3370 cm .~ ^ . An e x a c t l y  s i m i l a r  s i t u a t i o n
8Q

h a s  b e e n  r e p o r t e d  b y  WHETSEL and KAGARISE i n  t h e i r  s t u d y  o f  t h e  

com plexes  form ed b y  a c e t o n e  o r  c y c lo h e x a n o n e  w i t h  p - c r e s o l .  They 

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

t o  1 :1  and  1 :2  com plexes  o f  t h e  k e to n e s  w i t h  p - c r e s o l  [ f o r  a c e t o n e  

c o m p le x e s ,  Av(CO) c a .  10 and  16 cm.~* r e s p e c t i v e l y ] .  The e v id e n c e  

i n  t h e  p r e s e n t  work w ould  s i m i l a r l y  s u p p o r t  1 :1  and 1 :2  com plexes
f

o f  d im e th y l  s u lp h o x id e  w i t h  p - c r e s o l ,  b u t  t h e  o b s e rv e d  v(0H ) w ould  

f a v o u r  a  1 :2  com plex  o f  t h e  ty p e  (4 0 )  r a t h e r  t h a n  o f  t h e  o t h e r  t y p e
QQ

( 4 1 ) .  WHETSEL and KAGARISE p o s t u l a t e d  b o t h  t h e s e  s t r u c t u r e s  f o r  

t h e  p h e n o l - k e to n e  a s s o c i a t i o n ,  b u t  v(0H ) v a l u e s  w ere  n o t  r e p o r t e d  i n  

t h e i r  s t u d y .  The r e s u l t s  i n  t h e  v(0H ) r e g i o n ,  ho w e v e r ,  s u g g e s t  

t h a t  t h e  a b s o r p t i o n  band  a t  3288 cm.”  i s  t o  be  a s s i g n e d  t o  t h e  1 :1  

c r e s o l - s u l p h o x i d e  com plex  ( 3 9 ) ,  w h i l e  t h e  o t h e r  a b s o r p t i o n  band

0 -H » • • »0-H*• • *0«S(Me)o

A* Al

( 4 0 )



( c a .  3370 cm.""*) a t  h i g h e r  p - c r e s o l  c o n c e n t r a t i o n  i s  t o  be 

a t t r i b u t e d  t o  t h e  1 :2  com plex  ( 4 0 ) .

An e x a c t l y  s i m i l a r  s t u d y  ( F i g u r e  31B) was c a r r i e d  o u t  u s in g  

d i - t - b u t y l  s u lp h o x id e  ( 3 5 d )  and t h e  b e h a v i o u r  i s  a n a lo g o u s  t o  t h a t  

o f  d im e th y l  s u l p h o x i d e .  The g r e a t e r  s h i f t  i n  t h e  v (0H ) r e g i o n ,  

how ever ,  i n d i c a t e s  t h a t  d i - t - b u t y l  s u lp h o x i d e  i s  a  b e t t e r  d o n o r  i n  

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

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

S u lp h o x id e s  a r e  much more e f f e c t i v e  h y d ro g e n  b o n d in g  a c c e p t o r s

(L ew is  b a s e s )  t h a n  t h e  c o r r e s p o n d in g  k e t o n e s ,  a s  c a n  be  s e e n  from  th e

d a t a  ( T a b le  2 6 )  f o r  d im e th y l  s u lp h o x id e  and  a c e t o n e .  The s h i f t s ,

Av(OH) and A v(X-O ), on com plex  f o r m a t i o n  a r e  much g r e a t e r  f o r  t h e

f o r m e r ,  a s  i s  t h e  r a t i o  o f  com plex  t o  u n a s s o c i a t e d  s o l u t e  ( i n d i c a t e d
112b y  t h e  r a t i o  o f  a b a s o r b a n c i e s ) . BISCARINI e t  a l .  have  c a r r i e d

o u t  s i m i l a r  e x p e r im e n t s  w i t h  t h e  s u lp h o n e  g r o u p ,  i . e .  -S O ,,- ,  a s

p r o t o n  a c c e p t o r  i n  h y d ro g en  b o n d in g  w i t h  p h e n o l  i n  c a r b o n  t e t r a c h l o r i *

T hese  w o rk e rs  r e c o r d  a  Av(OH) v a lu e  o f  145 cm. * f o r  t h e  d im e th y l

s u lp h o n e - p h e n o l  co m p lex .  The c o r r e s p o n d in g  s h i f t  ( i n  n - h e x a n e )  f o r

t h e  d im e th y l  s u l p h o x i d e - p - c r e s o l  com plex  i s  336 ( T a b le  26 )  showing

s u lp h o x i d e s  a r e  much b e t t e r  and  more e f f e c t i v e  h y d ro g e n  bond
113a c c e p t o r s  t h a n  t h e  c o r r e s p o n d in g  s u l p h o n e s .  GRAMSTAD 1 exam ined  

t h e  h y d ro g e n  b o n d in g  b e tw e e n  s u lp h o x i d e s  and p h e n o l .  A l th o u g h  he 

q u o t e s  v (S » 0 )  v a l u e s  f o r  t h e  v a r i o u s  s u lp h o x i d e s  s t u d i e d ,  he makes 

no comment o f  t h e  band  p a t t e r n  and t h e  p o s s i b i l i t y  o f  Ferm i r e s o n a n c e  

o r  some a s s o c i a t e d  phenom enon. H is  a s s ig n m e n t s  and  c o n c l u s i o n s ,  

h o w e v e r ,  p a r a l l e l  o u r  r e s u l t s  and h i s  a s s ig n m e n t s  o f  a b s o r p t i o n  

b a n d s  t o  t h e  v (S * 0 )  a r e  c o n s i s t e n t  w i t h  t h e  r e s u l t s  from  th e  p r e s e n t  

s t u d y .
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TABLE 23.

Bands i n  t h e  v (S « 0 )  R e g io n  (1 1 0 0 -1 0 0 0  cm. f o r  V a r io u s  

S im p le  S u lp h o x id e s  ( 3 5 - 3 8 ) .

No. Compound
C h lo ro fo rm

A 11Av*

S o l i d  s t a t e  o r  
l i q u i d  f i l m  ( l )

a aAV!

35a D im e th y l  s u lp h o x id e 1055*
1033
1013

24
sh

( n )

310

( 9 5 )

( 1 0 5 7 ) f L) ( 5 0 )

35b D i e t h y l  s u lp h o x id e 1054
1041
1020

— 150
135
240

1057*
1037
1018

sh

35c D i - i s o p r o p y l -
s u lp h o x i d e

1047
1012

14
13

195
315

1057
1018 —

35d D i - t - b u t y l  s u lp h o x id e 1097a
1026
1012

( 1 6 )
13

140
185
305

1096a
1034
1016 13

35e D ip h e n y l  s u lp h o x id e 1090
1040
1022

9
18

5

250
285
195

1087
1037
1023

-

36 T e t r a m e th y le n e
s u lp h o x i d e

1092
1020

15
9

60
330

1094
1024 24

37 P e n ta m e th y le n e
s u lp h o x i d e

1068
1029

11
16

115
315

1070
1035

15
21

38 1 , 4 - D i t h i a n  m onoxide 1044
1034

26
sh

300
240

1019 ( 2 5 )

The s t r o n g e s t  b a n d s  o b s e rv e d  f o r  e a c h  compound a r e  u n d e r l i n e d .  
V a lu e s  i n  p a r e n t h e s i s  a r e  a p p r o x im a te ,  
sh  S h o u l d e r .
-  N o t  m e a s u re d .
* A sym m etric  p e a k .

S o l u t i o n s  w ere  c a .  0 .2 5  M i n  0 .5  mm. c e l l s ,  
a  A s c r ib e d  t o  s u lp h o n e  i m p u r i t y .



So
lv

en
t 

D
ep

en
de

nc
e 

of 
v(

S=
Q)

 
for

 V
ar

io
us

 
Su

lp
ho

xi
de

s

112

« <iao

us > ro m <Jao

Csl

S in <* 
W

*3* -5T 
COo o

^  to cn ro o o

o o o o m o oc* o> U) oi n  l i i

O  N  (O 0> 00 00 r r  co io

o  in  in 
l i in  oo O)N N H

I i a) co in

o o o  o o o  o o o
CO rH <sJ H  N  N
O ) l / l  N  CT) *3* c*l
OOO o o o

in o o) 
o m •—i r-l o o

co co 
in h o o

in I o i

o o o o

I I i I

o_» CO

S'S 0) <0 
w *
*aJ O 
o O
§  -5

■5 10
•sic o
1 1 
?! £

s-a

5 ®7? 0)
cn £



113

TABLE 25.

+
C a l c u l a t e d  M id - p o in t  , A(S-O)*, o f  Band A b s o r p t i o n  P a t t e r n

Betw een 1100 and 1000 cm. - i
•

No. Compound
v (S 0 )* S h i f t s

V1
n -h e x a n e

V2
c c i 4

V3
c h c i 3

Av1-2 Av1 -3

35a D im e th y l  s u lp h o x id e 1081 1068 1048 13 33

35b D i e t h y l  s u lp h o x id e 1068 1055 1030 13 38

35c D i - i s o p r o p y l -
s u lp h o x id e

1063 1051 1021 12 42

35d D i - t - b u t y l
s u lp h o x id e

1048 1038 1015 10 33

36 T e t r a m e th y le n e
s u lp h o x id e

1049 1033 1020 16 29

37 P e n ta m e th y le n e
s u lp h o x id e

1072 1045 1033 27 39

*1* A re a s  w ere  c a l c u l a t e d  by  S im p s o n 's  R u le ,  v(s*0)* c o r r e s p o n d in g  
t o  t h e  f r e q u e n c y  a t  w h ich  t h e  a r e a  on th e  h i g h  f r e q u e n c y  s i d e  
i s  e q u a l  t o  t h a t  on t h e  low f r e q u e n c y  s i d e .

iWl - 2  “  V1 -  V  Avl - 3  "  V1 "  V



114

TABLE 26 .

A s s ig n m e n ts  f o r  Hydrogen  Bonded Com plexes i n  n -H exane  S o l u t i o n ,

p - c r e s o l  and (CH„)_SO* p - c r e s o l  and (CH_)_CO
A ss ig n m e n ts  D , D ,

Av(S0) Av(OH) ^ COmp- —  Av(CO) Av(OH) D- 0mP —-
f r e e  f r e e

1:1  com plex  27 336 0 .1 2  10 224 0 .0 5

1 :2  com plex  40  258 1 .0  1 6 134 0 .3

* S o l u t i o n s  o f  a c e t o n e  and d im e th y l  s u lp h o x id e  w ere  c a .  0 .0 2 5  M,
*f Av(0H) g i v e n  f o r  band  a s s i g n e d  t o  v ^ :

v v
ArOH*• *? .0H *• • •0«X(CHo )I o c,

Ar

where X » C o r  S.
The p - c r e s o l  c o n c e n t r a t i o n s  f o r  t h e  m ea su rem e n ts  r e f e r r i n g  t o
t h e  1 : l ^ a n d  1 :2  com plexes  were 0 .0 2 3  U and 0 .0 9  M r e s p e c t i v e l y .
Av cm. v a l u e s  r e f e r  t o  v .  -  v. . . .

f r e e  bonded
^com plex  an<* ^ f r e e  r e *e r  o b s e rv e d  a b s o r b a n c i e s .



O.D.

0 .5

0 .5

0 .5

0.1

0 .5

1100 1050 1000

1050 10001100

115

Cm. -1

FIGURE 26 .  A b s o r p t i o n s  i n  t h e  S=0 s t r e t c h i n g  r e g i o n  o f  s e v e n
s u lp h o x i d e s  i n  n -h e x a n e  , c a rb o n  t e t r a c h l o r i d e

 ---------- ) ,  and  c h lo r o f o r m  ( ........................) .  ( a ) Me^SO;
(®) E t„ S 0 ; (C )  i s o - P r  SO; (D) t - B u ,S 0 ;  ( e )  ( C h J . S O ;
(F )  (CH ) SO and  ( 0 )  Ph SO. S o l u t i o n s  ( c a .  0725 M) 
exam ined  i n  0 .5  mm c e l l s .
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FIGURE 27

n-Hexane
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The s p e c t ru m  o f  d i - i s o p r o p y l ^ s u l p h o x i d e  r e c o r d e d  
o v e r  t h e  r a n g e  850 -1600  cm .”  f o r  c a .  0 .2 3  M s o l u t i o n s  
( 0 .1  mm c e l l s )  i n  n - h e x a n e , c a rb o n  t e t r a c h l o r i d e ,  
and  c h lo r o f o r m .
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FIGURE 28 . A b s o r p t i o n s  i n  t h e  S*0 s t r e t c h i n g  r e g i o n  r e c o r d e d  
f o r  a  0 .0 3 9  M s o l u t i o n  o f  d i - i s o p r o p y l  s u lp h o x id e
i n  n -h e x a n e  a t  2 7 ° (  ........................ 51 ( ----------- - - )  and
68° (  ).
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FIGURE 2 9 ,  A b s o r p t io n  i n  t h e  S=0 s t r e t c h i n g  r e g i o n  o f  ( a )
d i e t h y l  s u lp h o x id e  and ( b ) d i - t - b u t y l  s u l p h o x i d e .  
P u re  compound l i q u i d  f i l m  and m u l l  i n
N u j o l ,  r e s p e c t i v e l y )  and a s  c a .  0 .2 5  M s o l u t i o n  i n  
c h lo r o f o r m  ( * • • • • • • • • ,  0 . 5  mm. c e i l s ) .
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FIGURE 3 0 .  E f f e c t  o f  added  w a t e r  on t h e  s p e c t ru m  o f  d im e th y l
s u l p h o x i d e .  L iq u id  f i l m s  c o n t a i n i n g  s m a l l  q u a n t i t y  
( —  ........... ) and  l a r g e r  q u a n t i t y  ( ---------------- ) o f  w a t e r .
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FIGURE 31
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Cm. -1

A b s o r p t io n s  i n  t h e  O-II and S»0 s t r e t c h i n g  r e g i o n s  f o r  
s o l u t i o n s  ( c a .  0 .0 2 5  M) o f  ( a ) d im e th y l  s u lp h o x id e  and
( b ) d i - t - b u t y l  s u lp h o x id e  i n  n -h e x a n e  a lo n e  ( .................) ,
and i n  m ix t u r e s  o f  n -h e x a n e  and p - c r e s o l  0 .0 2 3  M;
and , 0 .0 9 2  M). A b s o r p t i o n s  a r e  a l s o  r e c o r d e d
f o r  n -h e x a n e  s o l u t i o n s  o f  p - c r e s o l  ( - - - - ,  0 .0 2 3  M; 
and    , 0 .0 9 2  M). A l l  m ea su rem e n ts  i n  0 . 5  mm. c e l l s



1 2 1

P i s u l p h o x i d e s

»

1 , 4 - D i t h i a n - d i o x i d e s  ( 4 2 )

Two i s o m e r s ,  c i s  and t r a n s ,  o f  s t r u c t u r e  ( 4 2 )  a r e  p o s s i b l e .  They
114w ere  f i r s t  o b t a i n e d  b y  BELL and BENNETT , who s u g g e s t e d  t h a t  t h e

more w a t e r - s o l u b l e  compound, d e s i g n a t e d  a  , was t h e  t r a n s - i s o m e r .
115I n  a  r c e n t  X - r a y  s t u d y  SHEARER h a s  c o n f i rm e d  t h i s  s u g g e s t i o n  and h a s

shown t h a t  i n  t h e  c r y s t a l  t h e  m o le c u le  h a s  t h e  c h a i r  c o n f o r m a t io n

w i t h  t h e  S»0 g r o u p s  d i a x i a l l y  o r i e n t a t e d  ( 4 2 b ) .  The c i s -  o r  /3 - isom er
X X 0h a s  a l s o  b e e n  exam ined  b y  t h e  X - r a y  m ethod  and fo u n d  t o  have  th e  

c h a i r  c o n f o r m a t io n  ( 4 2 a )  i n  w h ich  one S»0 bond i s  a x i a l  and t h e  o t h e r  

e q u a t o r i a l •
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L _ c _ n [ a ,  R=CHq ; b ,  R »E t;

O
CH2— S — R L ’ ;  :  3' _ .c ,  RaPH; d ,  R = p - to y l J

(46) ( 4 7 )

In  t h e  p r e s e n t  work i t  had b e e n  hoped  t h a t  t h e  i n f r a r e d  s o l v e n t -  
11 7as h i f t  m ethod m ig h t  be  em ployed i n  t h e  e l u c i d a t i o n  o f  t h e  

c o n f o r m a t i o n ( s )  o f  t h e s e  two i s o m e rs  when i n  s o l u t i o n .  I n  e a c h  

c a s e  b o a t  fo rm s  a r e  f e a s i b l e  b u t  a r e  a d ju d g e d  u n l i k e l y  i n  v iew  o f  

t h e  u n f a v o u r a b l e  i n t e r a c t i o n s  w h ich  n o r m a l ly  d e - s t a b i l i z e  b o a t  

a s  a g a i n s t  c h a i r  fo rm s .  A c c o r d in g ly  o n l y  t h e  c h a i r  fo rm s  a r e  

d i s c u s s e d .  How ever, t h e  d i o x i d e s  p ro v e d  t o  be i n s u f f i c i e n t l y  

s o l u b l e  i n  e v e r y  s o l v e n t  exam ined , w i t h  t h e  s o l e  e x c e p t i o n  o f  

c h lo r o f o r m .  The r e s u l t s  a r e  g iv e n  i n  T a b le  27 and  a r e  i n t e r p r e t e d  

b e lo w .
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The t r a n s - i s o m e r  ( « ) .  Two c h a i r  c o n f o r m a t io n s  (42b  and 4 2 c )  

o f  t h i s  m o le c u le  a r e  p o s s i b l e ,  b u t  t h e  c o m p a r a t iv e  n a r ro w n e s s  o f  t h e  

s i n g l e  v(SO) a b s o r p t i o n  ( F i g u r e  32A) i s  s u g g e s t i v e  o f  t h e  p red o m in an c e  

o f  one c o n f o r m a t io n  i n  c h lo r o f o r m  s o l u t i o n  and  i t  seems r e a s o n a b l e

t o  assum e t h a t  t h i s  s h o u ld  be t h a t  found  i n  t h e  c r y s t a l  ( 4 2 b ) .

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

i s  t h e r e f o r e  m a d e : -  v ( S 0 )  [ i n  CHCl^] a x i a l  c a .  1036 cm .” *.

The c i s - i s o m e r  ( $ ) .  T h e re  i s  o n l y  one c h a i r  c o n f o r m a t io n  ( 4 2 a )  

p o s s i b l e  and t h e  b r o a d  a b s o r p t i o n  ( i n  CHClg) c e n t r e d  on 1055 ( F i g u r e  32B) 

m u s t  i n c o r p o r a t e  c o n t r i b u t i o n s  from  b o t h  t h e  a x i a l l y  and e q u a t o r i a l l y  

d i r e c t e d  s u lp h o x i d e  g r o u p s .  I f  t h e  a s s ig n m e n t  f o r  t h e  t r a n s - i s o m e r  

h a s  b e e n  made c o r r e c t l y  t h e n  t h e s e  c o n t r i b u t i o n s  m ig h t  be  v (S 0 )  

a x i a l  c a .  1040 and  v ( S 0 )  e q u a t o r i a l  c a .  1070 cm.” * . The s o l i d  s t a t e  

s p e c t r u m  ( F i g u r e  32B ), h o w e v e r ,  w h ich  i s  t h a t  o f  t h e  same c o n f o r m a t io n ,  

shows t h e  m ain  a b s o r p t i o n  i n  t h i s  r e g i o n  s h i f t e d  somewhat t o  lo w e r  

f r e q u e n c i e s  and s p l i t  i n t o  s e v e r a l  b a n d s .  DE LA. MAKE e t  a l . * ^  

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

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

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

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

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

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

h e r e i n  r e p o r t e d  and t h o s e  d e t a i l e d  b y  DE LA MARE e t  a l .  would

seem t o  have  t h e i r  o r i g i n  i n  t h e  p r e s e n c e  o f  s u lp h o n e  i m p u r i t i e s .

C e r t a i n  c l o s e  a p p ro a c h e s  a r e  t o  be s e e n  i n  t h e  u n i t  c e l l s  o f  b o t h
115i s o m e r s ,  f o r  e x a m p le ,  a c c o r d in g  t o  SHEARER , i n  t h e  c r y s t a l  o f  

t h e  t r a n s - i s o m e r  ( c o n f o r m e r  4 2 b ) ,  Ht h e  s h o r t e s t  v a n  d e r  W aals 

c o n t a c t s  a r e  3 . 3 4 ,  3 ,3 5  and 3 .3 9  X b e tw e e n  th e  oxygen atom  o f  one 

m o le c u le  and  t h e  c a rb o n  a tom s o f  a d j a c e n t  m o l e c u l e s " .  The h y d ro g e n  

a tom s l i e  more o r  l e s s  a lo n g  t h e s e  c o n t a c t s  and C-H*«»«0=S h y d ro g e n  

b o nds  may r e p r e s e n t  p a r t  o f  t h e  c r y s t a l  f o r c e s  r e f l e c t e d  b y  th e  

h i g h  m e l t i n g  p o i n t s ,  i n v o l a t i l i t y  and i n s o l u b i l i t y  o f  t h e s e  com pounds.
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The i n s o l u b i l i t y  o f  th eB e  compounds u n f o r t u n a t e l y  p r e c l u d e d
118m e a su re m e n ts  o f  t h e i r  d i p o l e  moments and o f  t h e i r  u l t r a v i o l e t  

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

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

v i b r a t i o n a l  c o u p l i n g  i n v o l v i n g  th e  v (S O ).

T h i a n th r e n e  d i o x i d e s  ( 4 3 )

B o th  s t e r e o i s o m e r i c  fo rm s  o f  t h i a n t h r e n e  d i o x i d e  ( 4 3 )  a r e
119known. HOSOYA and WOOD u s in g  t h e  X - r a y  m ethod , have  shown

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

c o n f o r m a t io n  ( 4 3 c ) ,  one S»0 g r o u p  b e in g  b o a t - a x i a l  and t h e  o t h e r

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

w i t h  n o rm a l bond a n g le s  and bond l e n g t h s .  The c i s - i s o m e r ,  f o r

w h ic h  two c o n f o r m a t io n s  (4 3 a  and  4 3 b )  a r e  p o s s i b l e ,  e x i s t s  a s  t h e

l a t t e r  o n e ,  t h e  c i s - a n t i  ( 4 3 b ) ,  i n  t h e  s o l i d  s t a t e ^ -^  and  b o t h

S»0 g r o u p s  a r e  b o a t - e q u a t o r i a l .  The m o le c u le  i s  b u t t e r f l y - s h a p e d

w i t h  t h e  two S=0 g r o u p s  more o r  l e s s  c o p l a n a r  w i t h  t h e  a d j a c e n t
120a r o m a t i c  h y d r o g e n s .  TAYLOR i n  h i s  r e - i n t e r p r e t a t i o n  o f  t h e

121 1
d a t a  o f  BERGMANN and TSCHUDNOWSKY , c o n s i d e r e d  t h a t  t h e  d i p o l e  

moments [ c f .  r e f .  122] o f  t h e  c i s -  and t r a n s - i s o m e r s  i n  b e n z en e  

s o l u t i o n  ( fo u n d  1 .7  and 4 . 2  D r e s p e c t i v e l y )  w ere  c o n s i s t e n t  w i t h  

t h e  c o n f o r m a t io n s  (4 3 b )  and ( 4 3 c ) .

The i n f r a r e d  r e s u l t s  ( T a b le  28 , F i g u r e  33 )  i n  t h e  p r e s e n t  work

show i n t e r e s t i n g  d i f f e r e n c e s  b e tw e en  t h e  two i s o m e rs  i n  band

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

w here  o n ly  one c o n f o r m a t io n  ( 4 3 c )  i s  p o s s i b l e ,  t h e  band  p a t t e r n

( F i g u r e  33B) i s  q u i t e  com plex  and c h a n g e s  m a rk e d ly  w i t h  t h e  s o l v e n t

e m p loyed . S in c e  a  c o n f o r m a t io n a l  e f f e c t  can  be  c o m p l e t e l y  e x c lu d e d

F erm i r e s o n a n c e  o r  c o u p l i n g ,  p o s s i b l y  i n v o l v i n g  a r o m a t i c  a b s o r p t i o n s

o r  v (C -S )  m odes, m ust  be  in v o k e d .  The ban d  a t  1059 cm.  ̂ ( i n  CC1.)
—1and  1044 cm. ( i n  CHClg) i s  a s c r i b e d  t o  an  a x i a l  S=>0 g r o u p in g  s i n c e  

t h i s  i s  e x p o s e d  t o  s o l v a t i o n  ( l a r g e  s o l v e n t —s h i f t  and b r o a d  b a n d )
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w h e re a s  t h e  e q u a t o r i a l  S=0 g r o u p in g  s h o u ld  be p r o t e c t e d  from  s o l v a t i o n  

b y  t h e  a d j a c e n t  a r o m a t i c  h y d ro g e n s  ( s m a l l  s o l v e n t - s h i f t s  and n a r ro w  

b a n d ) .  A c c o r d in g l y  t h e  v(so) a b s o r p t i o n  o f  t h i s  e q u a t o r i a l  S=0 g ro u p  

i s  i d e n t i f i e d  a s  t h e  h i g h - i n t e n s i t y  band  a t  1080 cm .- * ( i n  C C l^) 

and  1075 cm .- 1  ( i n  CHClg).

I n  t h e  c a s e  o f  t h e  c i s - i s o m e r  two c o n f o r m a t io n s  a r e  f e a s i b l e

( 4 3 a )  and ( 4 3 b ) ,  i n  w h ich  b o t h  S»0 g r o u p s  a r e  a x i a l  o r  e q u a t o r i a l ,

r e s p e c t i v e l y .  I f  t h e  S=0 g r o u p in g s  w ere  b o t h  a x i a l  ( 4 3 a )  t h e n  by

a n a lo g y  w i t h  t h e  t r a n s - i s o m e r ,  a  s i n g l e  s t r o n g  band  a t  1060 cm. *

( i n  CCl^) e x h i b i t i n g  m arked  s o l v e n t  s h i f t s  s h o u ld  be  e x p e c t e d .

The a p p e a r a n c e  o f  a  v e r y  s t r o n g ,  f a i r l y  s o l v e n t - i n s e n s i t i v e  band

a t  1095 cm .” * ( i n  CC l^) and  1088 cm .- * ( i n  CHClg) i s  i n  k e e p in g  w i t h

t h e  p r o t e c t e d ,  e q u a t o r i a l - d i r e c t e d  S«0 g r o u p s  o f  c o n f o r m a t io n  ( 4 3 b ) .

Some s u p p o r t  f o r  t h i s  s u g g e s t i o n  c an  be  a d d u c ed  from  t h e  d a t a

g i v e n  i n  T a b le  28 for be n zophenone  and a n th r a q u in o n e  and  from  a

s i m i l a r  s t u d y  o f  d ip h e n y l  s u lp h o x i d e .  I n  b o t h  d ip h e n y l  s u lp h o x id e

and  b e n z o p h en o n e  t h e  oxygen  a tom s a r e  f a i r l y  a c c e s s i b l e  t o  s o l v e n t

m o le c u le s  and c o n s i d e r a b l e  s o l v e n t - s h i f t s  r e s u l t s .  However, th e

oxygen  a tom s o f  c i s - t h i a n t h r e n e  d i o x i d e  (4 3 b )  and a n th r a q u in o n e

a r e  a l i k e  i n  h a v in g  a  much more s h i e l d e d  e n v i ro n m e n t  and s o l v e n t -

s h i f t s  a r e  o n l y  s m a l l .  The c i s - i s o m e r ,  t h e r e f o r e ,  e x i s t s  a s

c o n fo rm e r  ( 4 3 b )  i n  a l l  t h e  s o l v e n t s  s t u d i e d ,  i n c l u d i n g  b e n zen e
120 121f o r  w h ich  t h e r e  a r e  s u p p o r t i n g  d i p o l e  moment d a t a .  * I t  i s
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r e l u c t a n t l y  c o n c lu d e d  t h a t  BOESEKEN and VAN DER MEULEN*S 

p i c t u r e s q u e  d e s c r i p t i o n  o f  a  r a p i d  e q u i l i b r i u m  b e tw e e n  c o n fo rm e r s  

( 4 3 a )  and ( 4 3 b ) ,  " I t  i s  p r o b a b le  t h a t  t h e  m o le c u le  i s  f l e x i b l e  and 

t h a t  i t  moves l i k e  a  b i r d  i n  f l i g h t ,  c o n t i n u o u s l y  m aking  an  a n g le  

o f  120° w i t h  i t s  w in g s " ,  i s  i n v a l i d .  ARONEY e t  a l . * ^  have 

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

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

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

i n v e r s i o n  t h r o u g h  t h e  p l a n a r  form  i s  r e l a t i v e l y  low ( 6 - 7  k c a l / m o l e ) . * ^
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On t h i s  b a s i s  t h e y  c o n c lu d e  t h a t  t h e  o x id e s  m ig h t  a l s o  be  n o n -
120r i g i d  m o l e c u l e s .  TAYLOR'S i n a b i l i t y  t o  i s o l a t e  two form s o f  t h e

c i s - d i b x i d e  ( 4 3 )  i s  t a k e n  by  them  a s  s u p p o r t i n g  e v id e n c e  t h a t

t h e  s y s te m  o s c i l l a t e s  b e tw e e n  t h e  two p o s s i b l e  fo rm s  i . e .  c i s - d i o x i d e

i s o l a t e d  h a s  an  a v e ra g e  c o n f o r m a t io n .  The p r e s e n t  i n f r a r e d

m e a s u re m e n ts ,  h o w e v e r ,  have  d e m o n s t r a t e d  t h a t  t h e  c i s - d i o x i d e  has

a  d e f i n i t e  f i x e d  c o n f o r m a t io n  (4 3 b )  w i t h  t h e  two S=0 b onds  e q u a t o r i a l
124r a t h e r  t h a n  a x i a l  ( 4 3 a ) .  ARONEY e t  a l .  , h ow ever ,  i n t e r p r e t  t h e i r  

d a t a  ( a p p a r e n t  p o l a r i t i e s  and e l e c t r i c  b i r e f r i n g e n c e s )  exam ined  i n  

b e n z e n e  s o l u t i o n  a t  25° i n  t e rm s  o f  t h e  a v e r a g e  c o n f o r m a t io n  r e s u l t i n g  

f rom  a  " f l a p p i n g "  a b o u t  t h e  l i n e  j o i n i n g  t h e  s u l p h u r  a to m s .  T h e i r  

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

v a l i d ,  b u t ,  " t h e  lo w e r  sym m etry  o f  t h e y 3 - d i o x i d e  d o e s  n o t  a l l o w  u s  t o  

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

moment, so  t h a t  a n a lo g o u s  c a l c u l a t i o n s  f o r  t h i s  m o le c u le  would  be 

h i g h l y  s p e c u l a t i v e ” .

I n  t h e  t r a n s - i s o m e r  t h e  p o s t u l a t e d  Ferm i r e s o n a n c e  o f  t h e  1059 cm 1 

( i n  C C l^)  b a n d  w i t h  t h a t  a t  c a .  1030 cm .- 1 , m asks t h e  t r u e  s o l v e n t -  

s h i f t  e x p e r i e n c e d  b y  t h e  v (S 0 )  a b s o r p t i o n  o f  t h e  a x i a l  S=*0 g r o u p .

F o r  t h i s  r e a s o n  a  v (S 0 )*  a r e a  c a l c u l a t i o n  was p e r fo rm e d  a s  d e s c r i b e d  

f o r  t h e  m o n o s u lp h o x id e s , r e v e a l i n g  t h a t  t h e  v (S 0 )*  was 1054 and 1034 

cm."’ i n  c a r b o n  t e t r a c h l o r i d e  and c h lo r o f o r m  r e s p e c t i v e l y .  Hence 

t h e  e s t i m a t e  f o r  t h e  s h i f t  (CC14 t o  CHCl^) o f  t h e  u n p e r t u r b e d  S=0 

s t r e t c h i n g  a b s o r p t i o n  o f  t h e  a x i a l  s u lp h o x i d e  g ro u p  i s  20 cm. a s  

com pared  w i t h  a  v a lu e  o f  15 cm. 1 b a s e d  on t h e  s i n g l e  1059 cm. 1 

b a n d .

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

(4 3 b )  and ( 4 3 c ) ,  t h e  a b s o r p t i o n s  due t o  t h e  C-H b e n d in g  and s t r e t c h i n g  

modes a r e  a lm o s t  i d e n t i a l .  [ F o r  c i s -  and t r a n s - t h i a n t h r e n e  d i o x i d e :  

v(CH) i n  CC14 o 3066 vw cm.*"1 , tf(CH) i n  CSg -  762 s ,  754 m, 731 w cm .- 1 . 

A n th r a q u in o n e ,  b y  c o n t r a s t ,  h a s  v(CH) * 3074 vw cm. 1 , % (CH) = 837 s ,

708 s c m , / ] ,
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In  summary, t h e s e  i n f r a r e d  m ea su rem e n ts  on t h e  c i s -  and t r a n s 

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

w i t h  t h e s e  compounds m a i n t a i n i n g  t h e  same c o n f o r m a t io n  i n  s o l u t i o n  

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

F u r th e r m o r e ,  i t  w ould  seem t h a t  t h e  v(SO) f a l l s  i n  w i t h  o t h e r  

v(X -Y ) i n  t h a t  t h e  v a lu e  f o r  an  e q u a t o r i a l l y  o r i e n t e d  g ro u p  i s  h i g h e r  

t h a n  t h a t  f o r  an  a x i a l  o n e .

M i s c e l l a n e o u s  s u l p h o x i d e s  ( 4 4 - 4 6 ,  and 4 7 a - d ) .

Two i s o m e r s ,  c i s  and t r a n s ,  o f  s t r u c t u r e  ( 4 4 )  a r e  p o s s i b l e .

S o l u t i o n  m e a su re m e n ts  o t h e r  t h a n  i n  c h lo r o f o r m  w ere  n o t  f e a s i b l e  owing 

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

i s o m e r s  a r e  v e r y  s i m i l a r  ( T a b le  2 7 ) .  T h e re  i s ,  i n  f a c t ,  o n l y  one 

c o n f o r m a t io n  f o r  t h e  t r a n s - i s o m e r  ( 4 4 c )  w h i l e  t h e r e  a r e  two p o s s i b l e  

c h a i r  c o n f o r m a t io n s  f o r  t h e  c i s - i s o m e r  ( 4 4 a )  and ( 4 4 b ) .  The 

s i m i l a r i t y  i n  t h e  s p e c t r a  may a r i s e  from  an  e q u i l i b r i u m  b e tw e en  

( 4 4 a )  and (4 4 b )  g i v i n g  a p p r o x i m a t e ly  a s  many a x i a l  S«0 g r o u p s  a s  

e q u a t o r i a l  o n e s ,  b u t  f i r m  c o n c l u s i o n s  seem u n j u s t i f i a b l e .

S o l u t i o n s  o f  th e o ( .a n d /3  i so m e rs * * ^  o f  t h e  compound ty p e  ( 4 7 )  

have  i d e n t i a l  s p e c t r a  o v e r  t h e  r e g i o n  1100-1000  cm. b u t  t h e r e  

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

a n t i c i p a t e d ,  s i n c e  t h e  two S«*0 g ro u p s  w ould  be  e x p e c t e d  t o  beh av e  

more o r  l e s s  i n d e p e n d e n t l y  i n  s o l u t i o n  w here  f r e e  r o t a t i o n  i s  

n o m in a l l y  p o s s i b l e .  I n  v iew  o f  t h e  l i m i t e d  d a t a  p r e s e n t l y  

a v a i l a b l e  no a t t e m p t  h a s  b e e n  made t o  d i s c u s s  t h e  c o n f i g u r a t i o n  

and  c o n f o r m a t io n  o f  t h e  compounds ( 4 4 )  and  ( 4 6 ) .
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Bands i n  t h e  v(SO) R e g io n  (1 1 0 0 —1000 cm. f o r  V a r io u s  

D i s u lp h o x i d e s  ( 4 2 - 4 6 ) .

No. Compound I so m er C h lo ro fo rm
a av Avi

2
ae

S o l i d

V
s t a t e

a aA v xo'
42 1 , 4 - D i t h i a n - l , 4 -  c i s  

d i o x i d e
1055 24 610 1049 

1035) 
1026 [ 
1019)

26

t r a n s 1036 15 760 1023) 151015)
43 T h i a n th r e n e  d i o x i d e  c i s 1088 11 875 1088 10

1028 5 550 1078 -

t r a n s 1095 ~ — 165 1092 _

1075 16 310 1074 8
1044 16 400 1038 8
1030 18 320 1028 —

1024 300 1025 -

44 1 , 3 , 5 - T r i t h i a n - 1 , 3 - 1071 sh _ 1050) 50d i o x i d e * 1048 - - 1042 f

45 1 , 3 , 5 - T r i t h i  a n - 1 , 3 , 5 -  
d i o x id e *

1053a 45

46 1 , 3 , 5 - T r i t h i a n  m onoxide 1065 sh _ (1 0 4 0 ) —

1045 25 360

4 7 a  D im e th y l  d i t h i o e t h a n e 1055 sh 1037 —

d i o x id e * 1045 26 420 1017a -

47b D i e t h y l  d i t h i o e t h a n e  
d i o x i d e *

1045a
1035

37
sh

365 1040
1017

1026 sh —

1023 sh -

47c  D ip h e n y l  d i t h i o e t h a n e 1086 _ _ 1090 —

d i o x id e * 1071 - — 1068 —

1044 20 565 1035
1017

“

47d D i - p - t o y l  d i t h i o e t h a n e 1084 — _ 1084 —

d io x id e * 1043 22 545 1040 —

1018 — — 1018 —

The s t r o n g e s t  b a n d s  o b s e rv e d  f o r  e a ch  compound a r e  u n d e r l i n e d ;  
a l l  e x c e p t  v e r y  weak b a n d s  o r  i n f l e c t i o n s  have  b e e n  r e p o r t e d  
i n  t h i s  T a b l e .  V a lu e s  i n  p a r e n t h e s i s  a r e  a p p r o x im a te .
*  The i n f r a r e d  s p e c t r a  o f j b o t h  i s o m e rs  a r e  a lm o s t  i d e n t i a l  i n  
t h e  r e g i o n  (1 1 0 0 -1 0 0 0  cm.*" ) and o n ly  one s e t  o f  v a l u e s  i s  
q u o t e d .
a  A sym m etric  p e a k ,  
s h  S h o u l d e r .
-  N ot m e a s u re d .
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O.D.
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I

FIGURE 32 .  A b s o r p t i o n s  i n  t h e  S=0 s t r e t c h i n g  r e g i o h  o f  t h e
s t e r e o i s o m e r i c  1 , 4 - d i t h i a n  d i o x i d e s  ( 4 2 ) ;  A, t r a n s 
i s o m e r  and B, c i s - i s o m e r .  S p e c t r a  o f  c h lo r o f o r m  
s o l u t i o n s  ( c a .  0 .0 1 2  M) i n  0 . 5  mm c e l l s  on t h e  l e f t ,  
and  o f  s o l i d  s t a t e  s u s p e n s i o n s  i n  KC1 ( 0 . 5  mgs. i n  300 
m g s . )  on t h e  r i g h t .
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S o l u t i o n
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FIGURE 33 .  A b s o r p t i o n s  i n  t h e  S»0 s t r e t c h i n g  r e g i o n  o f  th e
s t e r e o i s o m e r i c  t h i a n t h r e n e  d i o x i d e s  ( 4 3 ) ;  A, c i s -  
i s o m e r  and B, t r a n s - i s o m e r .  S o l u t i o n  s p e c t r a

-  -  —.■■■'■ , CCl^ and CIICl^) on t h e  l e f t ,
and o f  s o l i d  s t a t e  s u s p e n s i o n s  i n  KC1 ( 0 . 5  rag m
300 m g .)  on th e  r i g h t .  C e l l  p a t h s :  CC1. ( s a t u r a t e d  
s o l u t i o n ) ,  2 mm.; CHClg ( c a .  0 .0 1 2  M), 0 . 5  mm.
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EXPERIMENTAL

Compounds

H ydrogen  B onding  i n  P h e n o ls

Compounds ( l )  and ( 2 ) w ere  k i n d l y  s u p p l i e d  b y  P r o f .  A. Z IN K E^ 

o f  t h e  I n s t i t u t e  f o r  O rg a n ic  and P h a r m a c e u t i c a l  C h e m is t ry ,  G ra z ,  

A u s t r i a  : ( 3 )  b y  Mr. A .R . FHILPOTTS, D r .  H .C . BAILEY, and 

Mr. P .A . JENKINS o f  t h e  D i s t i l l e r s  Co. : ( 5 ) ,  ( 6 )  and  ( 7 e )  by

D r .  R .F .  GODDU56 o f  t h e  H e r c u le s  Powder Co. : ( 7 b )  b y
55D r .  N.D. COGGESHALL o f  t h e  G u l f  R e s e a r c h  and D eve lopm en t Co. :

126( 1 2 )  and o -p h e n o x y p h e n o l  b y  D r .  J . D .  LOUDON : o - < x - p h e n y lb e n z y lo x y -  

p h e n o l ,  b . p .  1 6 4 - 1 6 6 ° /  1 mm., n ^  = 1 .6 1 1 6  was o b t a i n e d  b y  

h y d r o g e n a t io n  o f  ( 1 2 )  i n  e t h a n o l  o v e r  10$ p a l l a d i s e d  c h a r c o a l  

[P o u n d :  C, 8 2 .5 ;  H, 6 . 3 .  ^19^16^2 re ( lu * r e s  8 2 .5 ;  H, 5 . 9 $ ] .

The r e m a in in g  compounds w ere  o f  c om m erc ia l  o r i g i n  and p u r i f i e d  

b y  d i s t i l l a t i o n  o r  c r y s t a l l i s a t i o n ,  d r i e d  and  ch e ck e d  b y  t h i n - l a y e r  

c h ro m a to g ra p h y  b e f o r e  u s e .  The p y r o c a t e c h o l  m o n o e s te r s  were 

s y n t h e s i s e d  and  p u r i f i e d  b y  P r o f .  R .D . HAWORTH, D r .  E . HASLAM 

and Mr. R. BIGGINS o f  t h e  D e p a r tm e n t  o f  C h e m is t ry ,  U n i v e r s i t y  

o f  S h e f f i e l d .

* I n f r a r e d  S t u d i e s  o f  T e rp e n o id  Compounds

The p r e p a r a t i o n  and  p u r i f i c a t i o n  o f  c e d r e lo n e  and r e l a t e d

compounds ( 1 3 - 1 9 )  was u n d e r t a k e n  b y  D r .  S .G .  McGEACHIN.

The i s o l a t i o n  and p u r i f i c a t i o n  o f  r o s o l o l a c t o n e  and r e l a t e d

compounds ( 2 0 - 2 2 )  was c a r r i e d  o u t  by  P r o f .  A . I ,  SCOTT and 
6Q

D r .  D .S .  YOUNG.

p  - A n g e l i c a  l a c t o n e  ( 2 3 )  and # - b u t y r o l a c t o n e  ( 2 4 )  w ere  o b t a i n e d

c o m m e r c ia l ly  and  p u r i f i e d  b y  d i s t i l l a t i o n .  Compounds ( 3 3 )  and  ( 3 4 )
128

w ere  k i n d l y  s u p p l i e d  b y  P r o f .  W.S. JOHNSON. The r e m a in in g

l a c t o n e s  w ere  p r o v id e d  b y  D r s ,  K.H. OVERTON, R .P .M . BOND, and 

J . D .  CONNOLLY.88
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I n f r a r e d  S t u d i e s  w i t h  S u lp h o x id e s

Sam ples  o f  d i t h i a n ,  t r i t h i a n  and r e l a t e d  o x i d e s  w ere  s u p p l i e d  

b y  [ t h e  l a t e ]  P r o f .  G.M. BENNETT, F . R . S . ^ ^  The r e m a in in g  

s u l p h o x i d e s  w ere  s y n t h e s i s e d  and p u r i f i e d  b y  D r .  D .T . GIBSON.

S o l v e n t s

n -H exane  ( s p e c t r o s c o p i c  g r a d e ) ,  c a rb o n  t e t r a c h l o r i d e  (A n a la R ) ,  

and  c a rb o n  d i s u l p h i d e  (A n a laR )  w ere  u s e d  w i t h o u t  f u r t h e r  p u r i f i c a t i o n .  

C h lo ro fo rm  (A n a laR )  was f r e e d  from  e t h a n o l  b y  two s u c c e s s i v e  

p a s s a g e s  t h r o u g h  b l u e  s i l i c a  g e l  i m m e d ia te ly  b e f o r e  u s e .  D i e t h y l  

e t h e r  was d r i e d  o v e r  sod ium  w i r e .  A c e t o n i t r i l e  was p u r i f i e d  

b y  p r o lo n g e d  t r e a t m e n t s  w i t h  p o t a s s iu m  h y d r o x id e ,  c a lc iu m  c h l o r i d e ,  

and p h o s p h o ru s  p e n t o x i d e ,  f o l lo w e d  b y  d i s t i l l a t i o n .  P y r i d i n e  was 

r e d i s t i l l e d  t w ic e  from  p o ta s s iu m  h y d r o x id e  im m e d ia te ly  b e f o r e  u s e .

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

m e a su re d  o u t  w e i g h t  f o r  w e i g h t .  T hese  m ixed  s o l v e n t s  w ere  u s e d  

a s  so o n  a s  p o s s i b l e  a f t e r  p r e p a r a t i o n .  T e t r a c h l o r o e t h y l e n e  was 

p u r i f i e d  b y  p a s s a g e  t h r o u g h  c h ro m a to g r a p h ic  s i l i c a  g e l .  F r e s h l y  

s u b l im e d  p - c r e s o l  was u s e d  and p r e c a u t i o n s  t a k e n  t o  a v o id  a d s o r p t i o n  

o f  m o i s t u r e .

M easurem en ts

I n f r a r e d

S p e c t r a  w ere  r e c o r d e d  l i n e a r l y  i n  cm .” * a s  p e r c e n t a g e  t r a n s 

m i s s i o n  w i t h  a  Unicam SP. 100 d o u b le -b e am  i n f r a r e d  s p e c t r o p h o t o m e t e r  

e q u ip p e d  w i t h  a n  SP. 130 sodium  c h l o r i d e  p r i s m - g r a t i n g  d o u b le  

m onoch rom ato r  [3 0 0 0  l i n e s  p e r  in c h  (2 1 5 0 -3 6 5 0  cm .- * )  and  1500 l i n e s  

p e r  i n c h  (6 5 0 -2 1 5 0  cm."**)] o p e r a t e d  u n d e r  vacuum. The c a l i b r a t i o n  

was ch e ck e d  a g a i n s t  t h e  s p e c t ru m  o f  w a t e r  v a p o u r  a f t e r  e a c h  g ro u p  

o f  m e a s u re m e n ts .  The h y d r o x y l  and c a r b o n y l  a b s o r p t i o n s  w ere  

sc a n n e d  a t  4 . 6  and 8 . 0  cm .” * p e r  m i n . ,  r e s p e c t i v e l y .  F re q u e n c y  

m ea su rem e n ts  f o r  t h e  " f r e e ” and in t r a b o n d e d  h y d ro x y l  and c a r b o n y l
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b a n d s  a r e  b e l i e v e d  t o  be  a c c u r a t e  t o  -  1 cm. * . The l i n e a r i t y

o f  t h e  p e r c e n t a g e  t r a n s m i s s i o n  s c a l e  was ch e ck e d  b y  SHREWSBURY'S 
129p r o c e d u r e  , and t h e  i n t e n s i t i e s  w ere  m easu red  on b a n d s  o f  n o t  

l e s s  t h a n  10^  t r a n s m i s s i o n .  The t h e o r e t i c a l  s p e c t r a l  s l i t - w i d t h ,  

com puted from  t a b l e s  s u p p l i e d  b y  Unicam I n s t r u m e n t s  L t d . ,  was 

5 . 5  cm. * a t  3600 cm. * , 4 . 5  cm.""* a t  3350 cm .” *, and  3 .4  cm .” * 

a t  1700 cm. * . U n le s s  s p e c i f i e d  o t h e r w i s e ,  p e a k s  w ere  s y m m e t r i c a l ;
Sit h e  a p p a r e n t  h a l f - b a n d  w i d t h s ,  Avx , a r e  q u o te d  t o  t h e  n e a r e s t  

i n t e g e r ;  w here  n e c e s s a r y  t h e y  w ere  d e te r m in e d  b y  r e f l e c t i o n  o f  t h e  

u n d i s t u r b e d  w in g s  o f  t h e  u n s y m m e tr ic a l  b a n d s .  I n t e n s i t i e s  a r e  

g i v e n  a s  a p p a r e n t  e x t i n c t i o n  c o e f f i c i e n t s ,  ea , ( l  .mole"”*cm .” * ) 

ro u n d e d  t o  t h e  n e a r e s t  5 u n i t s  and m e a su re d  from  a  s o l v e n t - s o l v e n t  

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

( d e t e r m in e d  w i t h  s o l v e n t  i n  t h e  r e f e r e n c e  b eam ).

N u c l e a r  M a g n e t ic  R esonance

S p e c t r a  w ere  d e te r m in e d  on t h e  P e r k in - E lm e r  Model R 10 N u c le a r  

M a g n e t ic  R e so n a n c e  S p e c t r o m e t e r  u s i n g  t e t r a m e t h y l s i l a n e  (TMS) a s  

i n t e r n a l  s t a n d a r d .

U l t r a v i o l e t

S p e c t r a  w ere  o b t a i n e d  u s in g  a  Unicam SP. 800B S p e c t r o p h o t o m e te r .

M o le c u la r  W eigh t

M o le c u la r  w e i g h t s  i n  d i l u t e  c a rb o n  t e t r a c h l o r i d e  w ere  d e te r m in e d  

w i t h  a  M ech ro lab  Vapour P r e s s u r e  Osmometer Model 301A p r e c a l i b r a t e d  

w i t h  b e n z i l  i n  c a rb o n  t e t r a c h l o r i d e .

Gas C h ro m ato g rap h y

R e s u l t s  w ere  o b t a i n e d  on a  Pye "Argon C hrom atog raph"  u s in g  

4 6 "  x l / 5 "  c o lu m n s .
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