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SUMMARY

C y c lo d e h y d r a t io n  o f  4-me i ;kyl-“4““P h e n y l t h io p e n t a n - 2 - o n e  by  p o l y -  

p h o s p h o r ic  a c i d  (PPA) a t  c a . 100°C g av e  n o t  o n ly  t h e  e x p e c te d  

2 , 2 , 4—tr im e th y l~ 2 H —th ia c h ro m e n e  b u t  a l s o  t h e  r i n g —c o n t r a c t e d

2 - i s o p r o p y l - 3 - n i e th y lb e n z o ( b ) th io p h e n e  a s  th e  o t h e r  m a jo r  v o l a t i l e  

p r o d u c t .  Gel p e rm e a t io n  c h ro m a to g rap h y  a l lo w e d  th e  s e p a r a t i o n  o f  

t h e s e  two compounds t o g e t h e r  w i th  a  t h i r d  component i d e n t i f i e d  a s  

th e  c o r r e s p o n d in g  4S—th ia c h ro m e n e .  The s u c c e s s f u l  e x t e n s i o n  o f  

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

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

th io p h e n e s  w ere a l s o  p ro d u c e d  on PPA t r e a t m e n t  o f  th e  i s o l a t e d  

th ia c h ro m e n e s  i n d i c a t i n g  t h a t  th e  l a t t e r  a r e  i n t e r m e d i a t e s  i n  t h e  

r e a c t i o n  f o r  w h ich  an i o n i c  mechanism i s  p ro p o s e d .

S e c t io n  2 d e s c r i b e s  a  s y s t e m a t i c  s tu d y  o f  th e  c l a t h r a t e  h o s t s ,

4-]>-hydrox y p h e n y l~ 2 ,2 , 4 - t r im e th y lc h r o m a n  ( D i a n i n ’s compound) and  

i t s  s u lp h u r  a n a lo g u e ,  compounds w hich  a r e  known to  accommodate 

g u e s t  m o le c u le s  i n  t h e i r  a p p r o x im a te ly  h o u r - g l a s s  s h a p e d  c a v i t i e s .

In  ,an a t t e m p t  t o  p ro d u c e  a  new h o s t  w i th  v o id s  o f  m a rk e d ly  d i f f e r e n t  

g eo m etry  s u b s t i t u t i o n s  w ere  made on th e  above th ia c h ro m a n j  

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

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

moving t h e  m e th y l s u b s t i t u e n t  m eta t o  s u lp h u r  c o m p le te ly  e l i m i n a t e d  

any  i n c l u s i o n  b e h a v i o u r .  Most s i g n i f i c a n t l y ,  how ever,  w i th  an  

o r th o  m e th y l g roup  one fo u n d  a  c o n s i d e r a b l e  a l t e r a t i o n  i n  c r y s t a l  

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

c l a t h r a t e s .  Ample d e m o n s t r a t io n  o f  t h i s  change i n  c a v i t y  d im e n s io n s  

was p r o v id e d  by s e p a r a t e l y  r e c r y s t a l i i s i n g  th e  h o s t s  from  an 

e q u im o la r  m ix tu re  o f  c y c lo p e n ta n e ,  c y c lo h e x a n e  and c y c lo h e p ta n e ,  

when i t  was found  t h a t  th e  two new h o s t s  showed a  r e l a t i v e l y  

i n c r e a s e d  te n d e n c y  to  i n c l u d e  l a r g e r  c y 'o lo a lk a n e s .  I n t r o d u c i n g  an



a d d i t i o n a l  f u s e d  b en ze n e  r i n g  and  i n t e r f e r i n g  w i th  th e  hy d ro g en  

b o n d in g  w ere  a l t e r a t i o n s  w hich  e l i m i n a t e d  th e  c l a t h r a t e - f o r m i n g  

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

An im p o r ta n t  e x t e n s i o n  t o  t h e  u s e  o f  c l a t h r a t e s  h a s  b e e n  made 

i n  th e  s t o r a g e  o f  m a t e r i a l s  w h ich  a r e  d i f f i c u l t  o r  h a z a rd o u s  to  

h a n d le  i n  t h e i r  f r e e  s t a t e ,  t h i s  b e i n g  h i g h l i g h t e d  by  th e  f o r m a t io n  

o f  a  s t a b l e  c r y s t a l l i n e  a d d u c t  b e tw een  4~jl“hyd ro x y p h en y 1 - 2 , 2 , 4— 

t r i m s t h y l t h i a c h r o m a n  and d im e th y lm e rc u ry .



S ectio n  1

S tu d y  o f  a  M o le c u la r  R earrangem ent*



INTRODUCTION

I .  I n t e r e s t  i n  B e n z o ( b ) t h io p h e n e s .

A lthough  b e n z o ( b ) th io p h e n e  was f i r s t  r e p o r t e d  i n  1893> i t

h a s  r e c e i v e d  f a r  l e s s  a t t e n t i o n  th a n  th io p h e n e ;  much o f  th e  e a r l y

l i t e r a t u r e  on t h i s  co n d en sed  th io p h e n e  i s  d e v o te d  to  s t u d i e s  o f

3—h y d r o x y b e n z o (b ) th io p h e n e s  -which a r e  i n t e r m e d i a t e s  i n  th e

p r e p a r a t i o n  o f  t h i o i n d ’ig o  d y e s .  The i s o s t e r i c  r e l a t i o n s h i p . be tw een

th e  l a t t e r  and in d ig o  was r e s p o n s i b l e  f o r  th e  r a p i d  r i s e  i n  t h e i r

com m erc ia l  im p o r ta n c e  a f t e r  th e  announcem ent o f  t h e  o r i g i n a l

s y n t h e s i s  by  F r e i l a n d e r  i n  1906.

More r e c e n t l y  t h i s  i s o s t e r i c  r e l a t i o n s h i p  be tw een  in d o l e  and

b e n z o ( b ) th io p h e n e  h as  c r e a t e d  c o n s i d e r a b l e  i n t e r e s t  i n  th e  s y n t h e s i s

and p h a r m a c o lo g ic a l  p r o p e r t i e s  o f  b e n z o ( b ) th io p h e n e  a n a lo g u e s  o f
1

b i o l o g i c a l l y  a c t i v e  in d o le  d e r i v a t i v e s ;  a  r e c e n t  r e v ie w  by 3 .  

Campaigne ej^ a l . i l l u s t r a t e s  th e  b ro a d  sp ec tru m  o f  t h e i r  b i o l o g i c a l  

a c t i v i t i e s .  T h is  g ro u p  h a s  d i r e c t e d  much s y n t h e t i c  e f f o r t  t o  th e  

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

exam ple , s i n c e  i t  was known t h a t  h a rm a l in e  ( l a )  and h arm ine  ( i l a )  

a r e  a c t i v e  r e v e r s i b l e  i n h i b i t o r s  o f  monoamine o x id a s e ,  a s e r i e s  o f

R R

CH3( n )

a ;  R = 7 -0 Me, X = NK 

b; R = 7-0Me, X = S

2s u lp h u r  a n a lo g u e s  was p r e p a r e d  and t e s t e d  f o r  p h a rm a c o lo g ic a l  

a c t i v i t y ^ ;  harm ine and i t s  b e n z o ( b ) th io p h e n e  an a lo g u e  ( l i b )  were s i n i



i n  p o te n c y  w ith  r e s p e c t  to  monoamine o x id a s e  i n h i b i t i o n  w h i le  

s u lp h u r  s u b s t i t u t i o n  o f  th e  h a rm a l in e  m o lecu le  l e d  to  a  f i f t y f o l d  

i n c r e a s e  i n  p o te n c y .  More r e c e n t l y  Canrpaigne and R ogers  have tu rn e d  

t h e i r  a t t e n t i o n  to  th e  s u lp h u r  i s o s t e r e s  o f  p s i l o c y b i n  and  p s i l o c i n ,  

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

mushrooms^; p s i l o c i n  h a s  b e e n  shown to  have  th e  s t r u c t u r e  ( i l l )

OH

CH2CH2N{CH3)2

( I I I )

- 'C H 9CHR1N(R2).

(IV )

w h i le  p s i l o c y b i n  i s  th e  p h o s p h a te  e s t e r  o f  ( i l l ) .  A long w i th  th e

two s u lp h u r  i s o s t e r e s  were s y n t h e s i s e d  some O -m e th y la te d  and

N -d e m e th y la te d  d e r i v a t i v e s ; ,  maximum p r e s s o r  a c t i v i t y  was o b se rv e d -
1 * 0

w ith  ( iV a ;  R = Me, R = Me, R = H). P r e l i m i n a r y  t e s t s  on th e
-j

c e n t r a l  n e rv o u s  sy s tem  a c t i v i t y  o f  th e  two compounds ( iV b ; R = R

2 1 2  R as Me and IVc; R = R = R = H) have b e e n  c a r r i e d  o u t .  Kikugawa

and I c h in o  have e v a l u a t e d  numerous o r g a n ic  compounds i n c l u d i n g
C

in d o l e s  and b e n z o ( b ) t h io p h e n s  a s  p l a t e l e t - a g g r e g a t i o n  i n h i b i t o r s  .

0
(v)

R1 R2

a ; OH " O
*5 OH -NH-(p-CH3 )Ph

c ; OH -BH-CHg-CHg-OH

<is =CHC(0)Ph

e ; =CHC(0)Me

D e r i v a t i v e s  ( V a ,b ,d  and e )  b u t  nob (Vc) had s t r o n g  i n h i b i t o r y
i

a c t i v i t y  a g a i n s t  b o th  a d e n o s in e  5 - d ip h o s p h a t e  and c o l l a g e n - i n d u c e d  

p l a t e l e t  a g g r e g a t i o n .  A lre a d y  known f o r  t h e i r  a n t i c o a g u l a n t  and 

a n t i - i n f l a m m a t o r y  p r o p e r t i e s  a r e  2—a r y l b e n z o ( b ) t h i o p h e n - 3 ( 2H )-one

1,1 d io x i d e s  (V l)  • H y d ro x y b e n z o (b ) th io p h e n e s  have been  u s e d  f o r  th e



- 3 -

0

0
II

O-C-NHMe
X

S
°2

H
A r

(vi) ( V I I )

s y n t h e s i s  o f  c a rb a m a te s  w i th  i n s e c t i c i d a l  e f f e c t s ;  one o f  them, 

mobam ( V I I ) ,  e x h i b i t s  a  f a v o u r a b l e  c o m b in a t io n  o f  i n s e c t i c i d a l

MeO

0(CH2)2
r

-N
V

( V I I I )

a c t i v i t y  t o g e t h e r  w i th  low mammalian t o x i c i t y  . S u b s t i t u t e d  

d i a r y l  d e r i v a t i v e s  o f  b e n z o ( b ) th io p h e n e  a p p e a r  p ro m is in g  as  

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

( V I I I ) 8 .

H

( IX )

CH2CH2NH2

R e s e a rc h  w i th  compounds r e l a t e d  t o  th e  amino a c i d  t r y p to p h a n

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

h a s  r e c e i v e d  c o n s i d e r a b l e  a t t e n t i o n  s i n c e  5“ &ychroxy t r y p to p h a n  has

b een  shown to  be t r a n s p o r t e d  a c r o s s  th e  b l o o d - b r a i n  b a r r i e r  a s  th e

p r e c u r s o r  o f  5- h y d r o x y t i y p ta m i n e ( IX );  th e  l a t t e r ’ s p r e s e n c e  i n

th e  b r a i n  h a s  c au sed  c o n s i d e r a b l e  s p e c u l a t i o n  t h a t  i t  may be

9in v o lv e d  i n  m e n ta l  d i s o r d e r s  . Chapman e t  a l .  have s y n h a e s i s e d  trie

1 2b e n z o (b )  th io p h e n e  i s o s t e r e  o f  t r y p to p h a n  (X; R = R = II) and some
1 O

5—s u b s t i t u t e d  d e r i v a t i v e s  (X; R = H, R = I-Ie,Br,Cl o r  HO^) in



CH,CH(NHR1}COoH

(x)

o r d e r  to  i n v e s t i g a t e  how th e y  a f f e c t  th e  amount o f  5- h y d r o x y -

10t r y p ta m in e  i n  th e  "brain • The p harm aco logy  o f  th e  l a t t e r  h a s

"been compared w i th  t h a t  o f  i t s  b e n z o ( b ) t h io p h e n e ,  b e n z o ( b ) f u r a n

11and in d e n e  i s o s t e r e s  , r e v e a l i n g  t h a t  r e p l a c i n g  th e  -HH i n  (IX )

by 0 ,  S o r  CH  ̂ c a u s e s  a  s i g n i f i c a n t  d e c r e a s e  i n  p o te n c y .  Knowing

t h a t  5>*6rd ihyd roxy tryp tam ine  was a  s e l e c t i v e  n e u r o t o x i n ,  Campaigne

12h a s  s y n t h e s i s e d  i t s  s u lp h u r  i s o s t e r e  (X l)  t o g e t h e r  w i th  i t s  

i s o p r o p y l i d i n e  d e r i v a t i v e  ( X I l ) .  (X l)  was found  to  have  a  marked

CH2CH2NH2’ /CH2CH2N H2

(X I) (X I I )

e f f e c t  on b io g e n ic  amine l e v e l s  b o th  c e n t r a l l y  and p e r i p h e r a l l y

w h i le  ( X I l )  showed s i g n i f i c a n t  b u t  o p p o s i t e  a c t i v i t y .  F u r t h e r

13s y n t h e t i c  work- on t r y p t a m in e  a n a lo g u e s  and r e l a t e d  compounds

h a s  l e d  Chapman to  co n c lu d e  t h a t  th e  b e n z o ( b ) th io p h e n e  n u c l e u s

14i s  an e f f e c t i v e  c a r r i e r  p o r t i o n  o f  th e se  m o le c u le s  . These few 

s y s t e m a t i c  p h a r m a c o lo g ic a l  s t u d i e s  o f  b e n z o ( b ) th io p h e n e  d e r i v a t i v e s  

have u n c o v e re d  p o t e n t i a l l y  u s e f u l  b i o l o g i c a l  p r o p e r t i e s  and i t  can ,  

t h e r e f o r e ,  be a n t i c i p a t e d  t h a t  th e s e  i n i t i a l  l e a d s  xd .ll  be f u r t h e r  

e x p l o i t e d  i n  f u t u r e .
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I I*  R earran g em en ts  I n v o lv i n g  th e  B e n z o (b ) th io p h e n e  ITucleus.

S e v e r a l  i n s t a n c e s  o f  th e  f o r m a t io n  o f  th e  b e n z o ( b ) th io p h e n e  

n u c l e u s  by  a  r i n g  c o n t r a c t i o n  p r o c e s s  have b een  r e p o r t e d  m a in ly  

d u r i n g  th e  l a s t  d e c a d e .  E a r l i e r  work on chrom enes by  Lowenbein ’ 

h a s  shown t h a t  2 , 2-d ip h e n y lc h ro m e n e  i s o m e r i s e s  i n  a c e t i c  a c i d  to  

e i t h e r  a  s u b s t i t u t e d  b e n z o f u r a n  o r  an is o m e r  w i th  th e  c a r b o n -c a rb o n  

d o u b le  bond e x o c y c l i c  (Scheme 1 ) .

OH

-----------or

Ph Ph

Scheme 1 .

When c o n s i d e r i n g  r e a r r a n g e m e n ts  g i v i n g  b e n z o ( b ) th io p h e n e

d e r i v a t i v e s  i t  i s  c o n v e n ie n t  to  s e p a r a t e  n o n -p h o to c h e m ic a l  from

p h o to c h e m ic a l  r e a c t i o n s ;  many o f  th e  l a t t e r  in v o lv e  i r r a d i a t i o n  o f

s u lp h o x id e s ,  th e  f i r s t  r e p o r t e d  c a se  b e i n g  i n  1Qc6 when A rch e r  and

K i t c h e l i  i r r a d i a t e d  a  b enzene  s o l u t i o n  o f  2 , 2- d im e th y l th ia c h r o m a n —

1 -o x id e  ( X I I I )  and o b ta in e d  2- i s o p r o p y l b e n z o ( b ) t h i o p h e n e  (XIV) as  

17th e  m a jo r  p ro d u c t  . F o l lo w in g  th e  p h o t o l y s i s  by GLC a l lo w e d  th e  

d e t e c t i o n  o f  s m a l l  am ounts o f  th e  c o r r e s p o n d in g  s u lp h id e  and 

s u lp h o n e ,  form ed by d i s p r o p o r t i o n a t i o n  o f  th e  s u lp h o x id e .  The 

p ro p o s e d  mechanism f o r  th e  r e a r r a n g e m e n t  o f  ( X I I l )  to  (XIF) in v o lv e s



i n i t i a l  e x c i t a t i o n  o f  th e  s u lp h o x id e  to  th e  e x c i t e d  s t a t e  s p e c i e s  

r e p r e s e n t e d  by (XV), fo l lo w e d  by i n t r a m o l e c u l a r  hyd rogen  a b s t r a c t i o n  

to  g i v e ,  a f t e r  r e c o m b in a t io n  o f  th e  r a d i c a l s ,  th e  i n t e r m e d i a t e  (XVl);

0

(X I I I ) . (XT)

(XIV)
(XVI)

t h i s  u n d e rg o e s  d e c o m p o s i t io n  to  (XIV) as  shown. The i n t r o d u c t i o n  o f  

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

th e  r e a r r a n g e m e n t  o c c u r s  by way o f  an e x c i t e d  s t a t e  which d i f f e r s  

from  th e  e x c i t e d  s t a t e  o f  th e  s e n s i t i z e d  e x p e r im e n t s .  R e f lu x in g

( X I I l )  i n  a c e t i c  a n h y d r id e  g iv e s  an 80% y i e l d  o f  (X V Il)  but; 

r e f l u x i n g  i n  x y le n e  g iv e s  no r e a c t i o n ,  show ing  t h a t  th e  p r e s e n c e  o f

(XVII)

V ^ CH3 r ^ h /  W CH2

(X V III) (XIX)

an e l e c t r o p h i l e  i s  e s s e n t i a l ;  th e  a d d i t i o n  o f  s m a l l  q u a n t i t i e s  o f  

w a te r  to  th e  a c e t i c  a n h y d r id e  c au sed  a  d e c r e a s e  i n  th e  y i e l d  o f  

(X V Il)w ith  c o n c o m ita n t  f o r m a t io n  o f  th e  o l e f i n i c  compounds (X V IIl)  

and (XIX) and th e  two p r o d u c t s  r e s u l t i n g  from d i s p r o p o r t i o n a t i o n .



Only d i s p r o p o r t io n a f c io n  was o b s e rv e d  when a  l i t t l e  c o n c e n t r a t e d  

h y d r o c h l o r i c  a c i d  was added  to  the  a n h y d r id e .  The e f f e c t  o f  

i n t r o d u c i n g  a  c a r b o n y l  was s t u d i e d  by  s u b j e c t i n g  th e  k e to s u lp h o x id e

A
OAc

I
0

=C H '

(xx) (XXI) (XXII)

(XX) to  s i m i l a r  c o n d i t i o n s ;  o n ly  th e  r i n g  c o n t r a c t e d  p r o d u c t s

(XXI) and (XXH) were form ed and n o t  th o s e  a r i s i n g  from o x i d a t i o n  

o f  th e  m e th y l  g ro u p s  ( t h e  a d d i t i o n  o f  a c i d  a g a in  c a u se d  

d i s p r o p o r t i o n a t i o n ) . S u lp h o x id e s ,  f o r  exam ple (X X II l)  and (XXIV), 

which p o s s e s s  a  h y d rogen  on th e  04—ca rb o n  and i n  which th e  c a r b o n -  

s u lp h u r  bond i s  nob s u b j e c t e d  to  s t e r i c  c o n s t r a i n t ,  g i v e ,  on a c e t i c

s ^ \ h -

( X X II I ) (XXV) (XXIV) (xxvi)

a n h y d r id e  t r e a t m e n t ,  a  Pummerer r e a c t i o n ;  th e  p r o d u c t s  (XXV) and 

(XXVl) were o b ta in e d  from  ( X X III ) and (XXIV) r e s p e c t i v e l y  i n  n e a r  

q u a n t i t a t i v e  y i e l d .  The a u t h o r s  s u g g e s t  t h a t  r e a c t i o n s  o f  ( X I I l )  

and (XX) can  be d e s c r i b e d  i n  te rm s  o f  an  e l i m i n a t i o n  fo l lo w e d  by 

a d d i t i o n  o f  th e  s u lp h e n y l  d e r i v a t i v e  to  th e  g e n e r a te d  d o u b le  bond; 

i n  th e  c a se  o f  ( X I I l )  th e  doub le  bond w i l l  be  form ed by l o s s  o f  

a  p r o to n  from one o f  th e  m e thy l s u b s t i t u e n t s  a t  th e  2—p o s i t i o n

w h i le  (XX) w i l l  p r e f e r  to  l o s e  an a c t i v a t e d  p ro to n  from C^.



A rc h e r  and K i t c h e l l ,  how ever,  s u g g e s t  a  mechanism w hereby th e  

above r in g - c o n  t r a c t i o n  p ro c e e d s  th ro u g h  an i n t e r m e d i a t e  (XXVIl)1^ 

a n a lo g o u s  to  (XVl) i n  th e  p h o to c h e m ic a l  p r o c e s s .  M orin and Spry

7

H*

(XX) (XXVTI)

have e x te n d e d  th e  .scope o f  th e  r e a c t i o n  by  s tu d y in g  th e  a c t i o n  o f

19a c e t i c  a n h y d r id e  on n i t r o g e n - c o n t a i n i n g  c y c l i c  s u lp h o x id e s  y and ,  

s i m u l t a n e o u s l y ,  p ro v id e  f u r t h e r  e v id e n c e  t h a t  f o r m a t io n  o f  an 

i n t e r m e d i a t e  s u lp h e n ic  a c i d  i s  in v o l v e d .  T rea tm e n t o f  (XXVIIl) 

w i th  Ac^O c o n t a i n i n g  1 ^ 'HaOAc u n d e r  r e f l u x  gave a  m ix tu re  o f  two

-----7

1
0

(X X V IIl)

y c H 3
c h 2

(XXIX)

p r o d u c t s ,  th e  m a jo r  one b e i n g  (XXIX), a  t r a n s f o r m a t i o n  p ro c e e d in g

by an i n i t i a l  e l i m i n a t i o n  to  th e  i n t e r m e d i a t e  a s  shown. I n  c o n t r a s t
/

w ith  th e  d im e th y l th ia c h ro m a n  system  th e  s u lp h e n ic  a c i d  m o ie ty  does  

n o t  add to  the  g e n e r a t e d  d o u b le  bond b u t  i s  t r a p p e d  by th e  n e ig h 

b o u r in g  n i t r o g e n  atom fo rm in g  a  s t a b l e  c y c l i c  s u lp h e n a m id e . I f ,  

how ever, the  n i t r o g e n  i s  t e r t i a r y  i n s t e a d  o f  s e c o n d a ry ,  t h i s  

t r a p p i n g  i s  im p o s s ib le  and su b s e q u e n t  d o u b le  bond a d d i t i o n  o c c u r s .  

A c y c l ic  s u lp h o x id e s ,  (XXX, R -  OH, QMe, o r  g i v e ,  a s  th e  o n ly

s u l p h u r - c o n t a i n i n g  p r o d u c t  i s o l a t e d ,  d ip h e n y l  d i s u l p h i d e  form ed
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by th e  p h e n y l s u l p h e n ic  a c i d  r e a c t i n g  w i th  i t s e l f .  These s t u d i e s

(xxx)

20have  p rom pted  S t i l l  and Thomas to  r e p o r t  p h o to c h e m ic a l  rea r ra n g e *  

m ents  o f  s u b s t i t u t e d  th ia c h ro m a n -4- o n e  1- o x i d e s  o f  w hich t h e  2— 

s u b s t i t u t e d  d e r i v a t i v e s  (XX) and (XXXI) g iv e  a s  th e  s o l e  

i d e n t i f i a b l e  p r o d u c t s  th e  r i n g - c o n t r a c t e d  p r o d u c t s  (XXI) and 

(XXXIl) r e s p e c t i v e l y ;  th u s  th e  c o n v e r s io n  o f  (X X ) ' in to  (XXl) h a s

0

(XXXI)
C6h5

( XXXII)

b e e n  a c h ie v e d  p h o to c h e m ic a l ly  and n o n - p h o to c h e m ic a l ly .  I n  c o n t r a s t  

to  2—m e th y l th ia c h ro ra a n —4-one  1 -o x id e  (XXIV), which gave a  Pummerer 

r e a c t i o n  on a c e t i c  a n h y d r id e  t r e a t m e n t ,  6—m e th y l—2— plaenylthiachrom an* 

one 1 -o x id e  (XXXI) u n d e rg o e s  r i n g  c o n t r a c t i o n  on p h o t o l y s i s .  The

3 , 3- d i m e t h y l  d e r i v a t i v e  gave t h r e e  p r o d u c t s ,  nam ely  i s o b u t y r o -  

ph en o n e ,  2- b e n z o y l i s o b u ty r a l d e h y d e  and b e n z o ic  a c i d  w h ile  3- n ie th y l -

2 - p h e n y l t h ia c h r o m a n - 4~one 1- o x i d e ,  th e  o n ly  compound b e a r i n g  

s u b s t i t u e n t s  a t  b o th  th e  2-  and 3— p o s i t i o n s ,  gave 1 , 1- d i b e n z o y l -  

e th a n e  a s  th e  o n ly  p r o d u c t  i n  35/^ y i e l d .  The above r e s u l t s  l e a d  

one to  co n c lu d e  t h a t  an u n s u b s t i t u t e d  3-  p o s i t i o n  i s  n e c e s s a r y  in  

o r d e r  to  o b t a i n  compounds w ith  th e  b e n z c ( b ) th io p h e n e  n u c l e u s .

T h is  fram ework can  a l s o  be o b ta in e d  from 1 - th ia c h ro m a n s  by

21r i n g  c o n t r a c t i o n  a s  r e p o r t e d  by  Hofmann and S a lb e c k  ; sodium 

b o ro h y d r id e  o r  l i t h i u m  alum inium  h y d r id e  r e d u c t i o n  o f  3-b ro m o -

1- th i a c h r o m a n —4-o n e  g iv e s  a  h ig h  y i e l d  o f  th e  chrom anol ( XXXIII)
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OH

(XXXIII)

V
( XXXIV)

2 B r

Ct(Br)

12OH

( XXXVI)

w hich , when r e f l u x e d  i n  d io x a n e  o r  d i s t i l l e d  w i th  p o ta s s iu m  

h y d ro g en  s u lp h a t e  a t  0 . 1mm Hg, r e a r r a n g e s  w i th  l o s s  o f  wa 00r  to

2—b ro m o m e th y lb e n z o (b ) th io p h e n e  ( XXXIV) .  U s in g  aqueous d io x a n e  

p ro d u c e s  ( 2 - b e n z o ( b ) t h i e n y l ) - m e t h a n o l  (XXXV). _ t r a n s - 3 , 4 -U ih a lo g e n o -  

1- th i a c h r o r a a n s ,  which can  be p r e p a r e d  from  th e  chrom anol o r  from 

th e  known 1 - th ia -2 H -c h ro m e n e ,  a l s o  form  (XXXV) w i th  l o s s  o f  h a lo g e n  

h y d r id e  on h e a t i n g  i n  aqueous  d io x a n e .  3-Bromo—2*?methyl—1—thiachrom an- 

4- 01 l i k e w i s e  r e a r r a n g e s  on h e a t i n g  i n  d io x a n e  to  2-(<x.—b ro m o e th y l)  

b e n z o ( b ) th io p h e n e  b u t  i n  aqueous d io x a n e  f u r t h e r  e l i m i n a t i o n  o f  

hyd rogen  brom ide  o c c u r s  g iv i n g  2—v in y l b e n z o ( b ) th i o p h e n e .  The 

cm."tlio2?s c a n n o c L s o ic lo  tiow iilis 2 7 0 1 0 0  ̂  1̂  ̂3 c-̂ 3,

carbonium  io n  a t  th e  3-p o s i f c io n  once fo rm ed , w i l l  be s t a b i l i s e d  

by n e ig h b o u r in g  g roup  p a r t i c i p a t i o n  o f  th e  t h i o e t h e r  g roup  (Scheme 

2 ) .  S u p p o r t  f o r  th e  p a r t i c i p a t i o n  o f  an i n t e r m e d i a t e  t b i i r a n i u m . io n  

comes from th e  o b s e r v a t i o n  t h a t  th e  a c e t a t e  o f  (XXXIIl) does  n o t  

r e a r r a n g e ,  the  a c e to x y  group  on C-4 e v i d e n t l y  s t a b i l i s i n g  th e  

ca rbon ium  io n  on C-3> the same a rgum en t can  be u se d  to  e x p l a i n



-1 1 -

th e  s t a b i l i t y  o f  th e  3 , 3 -d ib ro m o -  and 3 -b rom o-3-m et h y l - 1 - t h i a -

4 -c h ro rn a n o ls . A r e l a t e d  r e a c t i o n  !ms b e e n  known s i n c e  1925 when 

22K r o l l p f e i f f e r  t r e a t e d  th e  th iach ro m o n e  ( XXXVII) w i th  sodium 

e t h o x i d s ,  g i v i n g  i n  good y i e l d ,  2- f o r m y l - 3 -h y d ro x y ~ 5- m e t h y l -

( XXXIII) (XXXIV)

Scheme 2 .

b e n z o ( b ) t h io p h e n e 5 r e p l a c i n g  the  6-m e th y l th ia c h ro m o n e  w i th  th e  

5 , 6- d ib e n z o  d e r i v a t i v e  gave '2- f o rm y l -3- h y d ro x y n a p h th o (2 , 1- b ) t h i o 

phene u n d e r  the same c o n d i t i o n s .  The mechanism o f  Hofmann and 

S a lb e c k  can  a l s o  be u s e d  to  expLa.in th e  r i n g - c o n t r a c t i o n  which 

t r a n s - 3 > 4  d ib ro m o th ia ch ro m an  (XXXVIIl) u n d e rg o e s  on h y d r o l y s i s

i n  aqueous  a c e to n e  a lo n e  o r  c o n t a i n i n g  an e q u i in o la r  q u a n t i t y  o f
23p o ta s s iu m  h y d ro x id e  w i th  th e  f o r m a t io n  o f  2-h y d ro x y m e th y l

f m r  P m M e 2  v

/ - O H
( x x x v ii)
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b e n z o ( b ) th io p h e n e  (XXXV). t r a n s - 1 ,2 -D ib ro m o -2 ,3 -d ih y d ro -1 ! I -n a p h th o  

( 2 , 1 - b ) t h i a p y r a n  (XXXIX) and t r a n s - 3 , 4 ~ d ib ro m o -3 . 4 -d ih .yd ro -2E — 

n a p h t h o ( l , 2 - b ) t h i a p y r a n  (XL) a l s o  s u f f e r  t h i s  r e a r r a n g e m e n t  on 

t r e a t m e n t  w i th  aqueous  a c e to n e  g i v i n g  2-h y d ro x y m e th y ln a p h th o  

( 2 , 1- b ) t h i o p h e n e  and 2- h y d r o x y m e t h y ln a p h t h o ( l ,2- b ) t h i o p h e n e  

r e s p e c t i v e l y .  R ing  c o n t r a c t i o n  o f  ( XXXVIII) and (XXXIX) i s  a l s o

Br

(xxxix) (XL)( XXXVIII)

ac c o m p lish e d  i n  m e th an o l  g i v i n g  th e  r e s p e c t i v e  2-h y d ro x y m e th y  1
k

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

These e x te n d e d  r i n g  sy s tem s  have  b e e n  the  s u b j e c t  o f  a  r e c e n t

24s tu d y  by  Schultz- and S c h l e s s i n g e r  , t h e i r  r e s u l t s  g i v i n g  e x p e r i 

m e n ta l  b a c k in g  to  th e  mechanism p ro p o s e d  by  A rch er  and K i t c h e l l  

f o r  th e  c o n v e r s io n  o f  ( X I I l )  to  (X IV). I r r a d i a t i o n  o f  a  benzene  

s o l u t i o n  o f  any is o m e r  o f  th e  s u lp h o x id e  (XLl) r e s u l t e d  i n  th e

Ph

Ph

(XLI) (X L II)
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( m u )

f o r m a t io n  o f  2- 'b e n z y l - 3—p h e n y ln a p h th o (2 , 1—b ) th io p h e n e  ( X L I l ) ,  a lo n g  

w i th  t r a c e  q u a n t i t i e s  o f  th e  c o r r e s p o n d in g  s u lp h id e  and s u lp h o n e ;  

th e  ^analogous mechanism in v o k e s  th e  i n t e r m e d i a t e  shown, th e  p r e s e n c e  

o f  which was co n f irm e d  by  i r r a d i a t i n g  th e  s u lp k o x id e  is o m e rs  i n  a 

n u c l e o p h i l i c  s o l v e n t ,  nam ely  h en ze n e—m e th a n o l ,  r e s u l t i n g  i n  th e  

f o r m a t io n  o f  a s i n g l e  m e th an o l i n c o r p o r a t e d  p ro d u c t  (X L I I l )  p lu s  

s m a l l  am ounts o f  th e  above s u lp h id e  and s u lp h o n e .  F u r t h e r  p r o o f  

o f  th e  r o u t e  came from d e u te r iu m  l a b e l l i n g  s t u d i e s  which showed 

t h a t  o n ly  th e  p r o to n  on th e  £ - c a r b o n  was l o s t  i n  th e  p r o c e s s
IP

(X Ll) to  ( X L I I I ) .  I t  i s  p o s s i b l e  t h a t  d e h y d r a t io n  o f  th e  i n t e r 

m e d ia te  c o r r e s p o n d in g  to  (XXYIl) c o u ld  g iv e  the  v i n y l  s u lp h id e  

( XLIV) ,  which i n  a second  p h o to c h e m ic a l  s t e p  m igh t p roduce  e i t h e r  

(X L I l)  o r  ( X L I I I )* T his  can be d i s c o u n te d  s in c e  (XLIV) p r e p a r e d
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2 5by th e  Puramerer r e a c t i o n  on th e  s u lp h o x id e  , p ro d u ced  n e i t h e r  the

Ph

Ph Me
(XLIV) (XLV) (XLVI)

th io p h e n e  when i r r a d i a t e d  i n  b e n z e n e ,  n o r  th e  p -m e th o x y s u lp h id e  

(X L I I I )  when i r r a d i a t e d  i n  b e n z e n e -m e th a n o l .  The p r o d u c t  i n  th e  

l a t t e r  c a s e  a p p e a r s  to  be a  d i a s t e r e o i s o m e r  o f  ( X L I I I ) and , 

f o l l o w i n g  l e n g t h y  i n t e r c o n v e r s i o n s ,  i s  a s s ig n e d  th e  s t r u c t u r e  (XLV), 

f o r  w hich  th e  i n t e r m e d i a t e  y l i d  (XLVl) i s  t e n t a t i v e l y  s u g g e s te d  by 

th e  a u t h o r s .

Less  complex sy s te m s  have b een  shown to  r e a r r a n g e  d u r in g

2 6s e l e c t i v e  o x i d a t i o n  by  s e le n iu m  d io x id e  ; w h ile  a t t e m p t i n g  th e  

p r e p a r a t i o n  o f  co u m arin s  from th e  c o r r e s p o n d in g  ch rom enes , i t  was 

found  t h a t  a  s e le n a c h ro m e n e  h a v in g  a  C—3 h y d rogen  g i v e s ,  on 

t r e a t m e n t  w i th  t h i s  r e a g e n t  i n  r e f l u x i n g  p y r i d i n e ,  an 80% y i e l d  

o f  2—fo r m y lb e n z o ( b ) th io p h e n e  w hereas  th e  s u lp h u r  a n a lo g u e  g iv e s

D is u lp h id e  o r  

d i s e l e n i d e

Scheme 3 .



y i e l d s  o f  t h i s  m ag n itu d e  o n ly  i f  r e f l u x i n g  d irne thy lfo rm am ide  i s

em ployed . The e a s e  o f  f o r m a t io n  o f  th e  1 - t h i a  and 1 - s e l e n a  coum arins

can  he i n t e r p r e t e d  by s u p p o s in g  th e  r e a c t i o n  goes  v i a  a  h e m ia c e ta l

which w i l l  he i n  t a u to m e r i c  e q u i l i b r i u m  w i th  th e  open c h a i n  a ld eh y d e

(Scheme 3)5 th e  p r o p o r t i o n  o f  th e  l a t t e r  form  i s  d e p e n d e n t  n o t

o n ly  on th e  te m p e r a tu r e  and on th e  e n v iro n m e n t  b u t  a l s o  on th e

h e t e r o a to m ,  th e  se le n iu m  d e r i v a t i v e  b e i n g  e a s i e r  t o  open th a n  th e

s u l p h u r .  F u r t h e r  o x i d a t i o n  o f  th e  h e m ia c e t a l  l e a d s  to  th e  coum arin s

w h ile  the  a ld eh y d e  can  e a s i l y  l e a d  to  a b e n z o ( b ) th io p h e n e  o r  benzo

( b ) s e le n o p h e n e  when t h e r e  i s  a  rem ovab le  hydrogen  octo th e  c a rb o n y l j

p r e p a r e d  by  t h i s  method were 2 - fo r m y lb e n z o ( b ) th io p h e n e  and  i t s

s e le n iu m  a n a lo g u e ,  a lo n g  w i th  2 - f o rm y l-3 ~ m e th y lb e n z o (b ) s e le n o p h e n e

and 2 - f o r m y l—3 - p h e n y l - 5 - tb.qt h y lb e n z o ( b ) s e l e n o p h e n e .  A r i n g  c o n t r a c t i o n

27h a s  b een  n o te d  by  B e l l i n g e r  e_t a l .  d u r i n g  th e  r e d u c t i o n  o f

s e le n a c h ro m a n -4 —one when, a s  w e l l  as  th e  e x p e c te d  se le n a c h ro m a n ,

t h e r e  i s  fo rm ed  2 , 3- d i h y d r o - 2- m e th y lb 8n z o ( b ) s e l e n o p h e n e 5 t h e

oxygen and s u lp h u r  i s o s t e r e s  do n o t  g iv e  t h i s  r e a r r a n g e m e n t .

So f a r  we have d e a l t  w i th  r i n g  c o n t r a c t i o n s ,  th e  o p p o s i t e

p r o c e s s  b e in g  a lm o s t  unknown i n  th e  c h e m is t r y  o f  b e n z o ( b ) th io p h e n e ,

u n l i k e  i n d o l e  d e r i v a t i v e s  which r i n g  expand to  f u r n i s h  q u i n o l i n e s ,

28som etim es i n  e x c e l l e n t  y i e l d .  F o r  exam ple F i s c h e r  and S tec h e  

o b s e rv e d  t h a t ,  when 2—m e th y U n d o le  was h e a t e d  w i th  2 e q u i v a l e n t s  o f  

m e th y l  i o d i d e ,  1 ,3 - d im e th y 1 - 1 , 2 - d i h y d r o q u i n o l i n e  i s  fo rm ed  i n  80%

CH3
Scheme 4»

y i e l d  (Scheme 4)5 'the r i n g  e n la rg e m e n t  i s  g e n e r a l  b u t  th e  r e a c t i o n

mechanism i s  n o t  c l e a r l y  u n d e r s to o d .  K ing e x p a n s io n  by  th e  r e a c t i o n

29
w i th ,d i c h l o r o c a r b e n e >  o f  b e n z o ( b ) th io p h e n e  f a i l e d  b u t  more
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r e c e n t l y ^ 0 , 3 -m e th o x y b e n z o (b ) th io p h e n e  h a s  b een  shown to  r e a c t  

w i th  t h i s  c a r b e n e ,  g i v i n g  a  f a i r  y i e l d  o f  3- c h lo ro th ia c h ro m o n e

/ 0 C H 3

Scheme

(Scheme 5)* E n la rg em e n t  o f  th e  ben zen e  r i n g  h as  b een  a c c o m p lish e d

31by  S u l l i v a n  and P e t t i t  w h ile  a t t e m p t i n g  to  p r e p a r e  th e  b e n z th ia -  

p y ry l iu m  c a t i o n  (XLVTl) from b e n z o ( b ) t h io p h e n e ; s t a b l e  s a l t s  o f

+

( XLVTl) (X LV IIl)

an o r g a n ic  c a t i o n  a r e  i s o l a t e d  b u t  t h e i r  p r o p e r t i e s  do n o t  

c o r r e s p o n d  to  th o s e  r e p o r t e d  f o r  (XLVTl) and i t  h a s  been  shown 

t h a t  th e  compounds a r e  i n  f a c t  s a l t s  o f  th e  t h i e n o t r o p y l iu m  c a t i o n  

(X LV TIl), an  a ro m a t ic  sy s tem  i s o e l e c t r o n i c  w i th  th e  b e n z t ro p y l iu m  

c a t i o n .

I I I .  P r e p a r a t i o n  o f  B e n z o ( b ) th io p h e n e s .

32A r e c e n t  re v ie w  g iv e s  a  co m prehens ive  su rv e y  o f  th e  s t a n d a r d  

r o u t e s  to  b e n z o ( b ) t h io p h e n e s ,  most o f  which in v o lv e  p o ly p h o s p h o r ic  

a c i d  p rom oted  c y c l i s a t i o n s ,  common s t a r t i n g  m a t e r i a l s  b e in g  

( a r y l t h i o ) a c e t a l d e h y d e  d i a l k y l a c e t a l s ,  ( a r y l t h i o ) a c e t o n e s  , 

a r y l  p h e n a c y l  s u lp h id e s  and S - a r y l t h i o g l y c o l i c  a c i d s .  I t  i s  to  

be n o te d  t h a t  b e n z o ( b ) th io p h e n e s  a r e  n o t  form ed in  th e  phosp h o ro u s

p e n to x id e  t r e a tm e n t  o f  th i a c h ro m a n o ls ,  the s o l e  p ro d u c t  b e in g
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th i a c h r o m e n e s " ^ • -

Less  f r e q u e n t l y ,  c y c l i s a t i o n s  to  some b e n z o ( b ) th io p h e n e s  

have  b een  a c h ie v e d  p h o to c h e m ic a l ly ,  a l th o u g h  th e  y i e l d s  a r e  g e n e r a l l y  

much p o o r e r .  A d d i t i o n a l l y ,  one m ust g u a rd  a g a i n s t  t h e  p o s s i b i l i t y  

o f  g ro u p s  m i g r a t i n g  d u r i n g  th e  r e a c t i o n  th u s  l e a d i n g  to  u n e x p e c te d  

p r o d u c t s .  F o r  example (XLIX; R = H) on p h o t o l y s i s  g iv e s  b o th  (L; R = H)

(XLIX) . (L) - ( L i )

and  th e  abnorm al p r o d u c t  (L I ;  R = an a n a lo g o u s  p r o d u c t  m ix tu re

was o b t a in e d  from 1- p h e n y l - 1 - p h e n y l t h i o p r o p - 1 - e n e  (XLIX, R = ^ 3 )* 

w hereas  p h e n y l t h i o e t h e n e s  s u b s t i t u t e d  i n  th e  oc p o s i t i o n  w i th  

h y d ro g en  o r  m e th y l gave o n ly  no rm al p r o d u c t s .

P h o t o l y s i s  o f  a  b enzene  o r  h e p ta n e  s o l u t i o n  o f  2 -m e th y Id ih y d ro -
■3 c

b e n z o ( b ) th io p h e n e  g i v e s  th ia c h ro m a n  a s  th e  m a jo r  p r o d u c t  and

Scheme 6 .

m in o r  am ounts o f  2- m e th y lb e n z o ( b ) th io p h e n e  a r i s i n g  from 

d i s p r o p o r t i o n a t i o n  o f  th e  i n t e r m e d i a t e  d i r a d i c a l  (Scheme 6 ) ;  

f u r th e r m o r e  d ih y d ro b e n z o (b ) th io p h e n e  i t s e l f  c o u ld  be p h o to ly s e d  

to  b e n z o ( b ) t h io p h e n e > y i e l d s  o f  up to  55> b e in g  o b t a in e d  when the
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reaction was carried out in solvents capable of producing 
radicals, for example CCl^ or CHCl^.

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

a c i d  and i t s  m e th y l e s t e r  h a s  b een  u s e d  a s  a  r o u t e  to  b e n z o (b )  

t h i o p h e n e s ^ ;  th e  r e a c t i o n  i s  s o l v e n t  d e p e n d e n t ,  f o r  exam ple i n  

c o ld  e t h y l  a c e t a t e  b o th  th e  a c i d  and i t s  e s t e r  added  to  th io p h e n o l  

a s  w e l l  a s  i t s  j j -m e th y l  and w -c h lo ro  d e r i v a t i v e s ,  w hereas  no r e a c t i o n  

to o k  p l a c e  i n  c o ld  m e th a n o l  w h ile  r e f l u x i n g  m e th an o l gave a  m ix tu re  

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

Work o f  B .P .  T i l a k .

Of p a r t i c u l a r  r e l e v a n c e  to  th e  r e a r r a n g e m e n t  r e a c t i o n  to  be

d e s c r i b e d  l a t e r  i s  th e  work on s u lp h u r  h e t e r o c y c l e s  by  T i l a k ’ s

37g ro u p .  I n  a  p ro p o se d  s y n t h e s i s  o f  4—m e th y l th ia c h ro m a n s  a  s e r i e s

o f  a r y Iket o - s u l p h i d e s  ( L I l ) , ' p r e p a r e d  by p i p e r i d i n e - a s s i s t e d  

M ich ae l  a d d i t i o n  o f  a ro m a t ic  t h i o l s  to  m e th y l  v i n y l  k e t o n e ,  were 

c y c l i s e d  w i th  p o ly p h o s p h o r ic  a c i d  (PPA), th e  e x p e c te d  th ia c h ro m e n e s  

th e n  b e i n g  c a t a l y t i c a l l y  r e d u c e d  to  th e  d e s i r e d  p r o d u c t s .  However,

R

( L I I ) ( U I l ) (LVI)

PPA t r e a tm e n t  a lw ays  gave d i r e c t l y  a f a i r  y i e l d  o f  th e  th ia c h ro m a n s

( L I I I j  R = H, 6- ,  7 - ,  8-Me, 6-, 7-> 8-OKe, o r  6- C l )  t o g e t h e r  w ith

cb e n z th ia p y r y l iu m  s a l t s  (LV). S in ce  th e  r e a c t i o n  w i th  PPA a t  90 0 o f
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th e  c o r r e s p o n d in g  th ia c l i ro ra a n o ls  and th ia c h ro rn e n e s ,  s y n t h e s i s e d  "by 

an a l t e r n a t i v e  r o u t e ,  gave th e  th ia c h ro m a n s , i t  was p ro p o s e d  t h a t  

th e  c y c lo & e h y d ra t io n  o f  th e  k e t o - s u l p h i d e s  p ro c e e d e d  th ro u g h  th e  

th ia c h ro ra a n o l s  and th ia c h ro rn e n e s  on th e  way to  th e  th ia c h ro m a n s .

( L I I ,

R = H) — ^

f y

(LV)

To e x p l a i n  th e s e  f a c t s  a  mechanism was p ro p o se d  i n  w hich an 

e s s e n t i a l  s t e p  i s  th e  i n t e r m o l e c u l a r  h y d r id e  s h i f t  from  th e  2- c a r b o n  

atom o f  one m o le c u le  o f  th e  th ia c h ro m e n e  to  th e  4- c a rb o n iu m  io n  

p o s i t i o n  o f  a n o t h e r  m o le c u le  which h a s  b een  p r o t o n a t e d .  S i m i l a r l y  

th e  r e a c t i o n s  w i th  2 , 4- d im e th y l th ia c h r o m a n o l  and 2 , 4- d i m e t h y l ' 

th ia c h ro m e n e  gave 2 , 4 -d im e th y l th ia c h ro m a n ,  b u t  w i th  (L7T) o n ly  

t h e  th ia c h ro m e n e ,  ( a  compound in c a p a b le  o f  u n d e rg o in g  d i s p r o p o r t i o n -  

a t i o n )  i s  p ro d u c e d ,  th u s  s u p p o r t in g  th e  i d e a  t h a t  h y d r id e  t r a n s f e r  

from th e  2 - p o s i t i o n  i s  i n v o l v e d .  A lso ,  one sh o u ld  o b b a in  a d e u te r iu m  

re p la c e m e n t  o f  one o f  th e  p r o to n s  a t  C-3 o f  ( L I I I ;  H = H) when th e

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

3 oby V a id y a ’s n u c l e a r  m a g n e t ic  r e s o n a n c e  s tu d y  ° o f  T i l a k ’s p r o d u c t s .  

However, th e  sp ec tru m  o f  th e  p r o d u c t  o b t a in e d  from PPA t r e a tm e n t  

o f  2 , 4- d im e th y l th ia c h r o m a n o l  i s  u n s a t i s f a c t o r y  f o r  th e  s t r u c t u r e  

p ro p o s e d  w h i le  no d a t a  a p p e a r s  f o r  th e  th iach ro m e n e  su p p o se d ly  

p ro d u c e d  d u r i n g  th e  PPA c y c l i s a c i o n  o f - ( L V l ) .  L a t e r  work by
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\ M
T i l a k  makes no m e n tio n  o f  n . m . r .  and r e l i e s  on u l t r a v i o l e t  

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

c o n s i d e r a b l e  e f f o r t  was d e v o te d  to  i n v e s t i g a t i o n  o f  th e  dyes  

o b ta in e d  from th e  b e n z th ia p y r y l iu m  s a l t s  form ed s im u l t a n e o u s l y  w ith  

th e  th ia c h ro m a n s  b u t ,  n e v e r t h e l e s s ,  s e v e r a l  v a l u a b l e  e x t e n s i o n s  

were made i n  th e  scope  o f  th e  o r i g i n a l  r e a c t i o n .  A g r e a t l y  i n c r e a s e d  

number o f  k e t o s u l p h i d e s  s u b s t i t u t e d  i n  th e  b enzene  r i n g  were found  

to  g iv e  th e  a p p r o p r i a t e  th ia c h ro m a n s  on PPA t r e a t m e n t ,  w h ile  (L V Il)

o

0

( LVTl) (L V II l )

r ^ t i

(LIX)

an a  (L V T Il)  gave 4-nefchyl—7 j 8—benso ti i iachrom an  and  4“ rn e th y l—5 , 6—

b e n z o th ia c h ro m a n  r e s p e c t i v e l y .

M u l j i a n i ,  T i l a k ’s c o l l e a g u e ,  o b s e rv e d  a  s i m i l a r  d i s p r o p o r t i o n -

a t i o n  when th e  d e h y d r a t i o n  o f  4- ^ e th y lc h r o m a n - 4—o l  w i th  PPA gave

o n ly  4-s ie th y lch ro m a n  -  how ever,  th e  u s e  o f  an hyd rous  c o p p e r

37s u l p h a t e  p ro d u ced  th e  e x p e c te d  4*“nie ‘fcbylchrom-3-ene . T i l a k  went

on to  d e m o n s t r a te  an an a lo g o u s  s e r i e s  o f  r e a c t i o n s  w i th  n i t r o g e n

h e t e r o c y c l e s ^ ,  m e th y l 2-p h e n y la m in o e th y l  k e to n e  g i v i n g  l e p i d i n e  (LIX

and 1 , 2 , 3 , 4- t e t r a h y d r o l e p i d i n e  i n  n e a r l y  e q u a l  p r o p o r t i o n s  a s  w e l l

a s  t r a c e s  o f  1 , 2 - d i h y d r o l e p i d i n e . F u r t h e r  work on th e  oxygen 

41s e r i e s  c o n s id e r e d  th e  p e r c h l o r i c  a c i d  c a t a l y s e d  d i s p r o p o r t i o n a t i o n  

o f  a  3 , 4“ i i sub s t i t u t e d  c h ro n e n e ,  where c i s / t r a n s  iso m e rism  i n  th e  

r e s u l t i n g  chroman would o c c u r  d e p e n d in g  on which s id e  o f  th e  

p l a n a r  carbonium  io n  h y d r id e  a d d i t i o n  o c c u r r e d ;  In  t h e  i n s t a n c e  o f  

3 , 4“ & iw ethy lch rom -3--ene th e  i n t e r m o l e c u l a r  h y d r id e  t r a n s f e r  was 

fo u n d  to  be n o n - s f c e r e o s p e c i f i c , a m ix tu re  o f  c i s — and t r c n s -
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3,4-d .iffle thylohrom an "being o b t a i n e d .  A gain ,  when h y d r id e  t r a n s f e r  

i s  im p o s s ib l e ,  o n ly  one p ro d u c t  i s  fo rm ed , f o r  example (LX) w ith

OH

(LX)

p e r c h l o r i c  a c i d  gave o n ly  2 , 2 , 4- t r i m e t h y l n a p h t h o ( 2 , 1- b ) p y r a n .

I n  c o n t r a s t  s t e r e o s e l e c t i v i t y  i s  e n c o u n te r e d  i n  th e  s u lp h u r  

42s e r i e s  , f o r  example p e r c h l o r i c  a c i d  t r e a t m e n t  o f  3 >4~ d im e th y l— 

th ia c h ro m —3—ene gi-ves 85^  c i s -  and 13^  t r a n s — is o m e r  o f  th e  

a p p r o p r i a t e  th ia c h ro m a n j  w i th  t r i c y c l i c  compounds th e  s i t u a t i o n  

i s  more c o m p l ic a te d  "because o f  th e  f u r t h e r  s t e r i c  e f f e c t s  im posed 

due to  th e  g r e a t e r  r i g i d i t y  o f  th e  t r i c y c l i c  sy s te m , f o r  exam ple • 

( itX l) gave 77i  o f  th e  r i n g  B/C c i s —iso m e r  o f  th e  th ia c h ro m a n  

com pared w i th  65/  o f  th e  r i n g  B/c c i s - iso m e r  o f  th e  chroman from

(LXI) (L X I I l )

( L X I l ) .  I n  v iew  o f  th e  f a c t  t h a t  i n  th e  oxygen s e r i e s  3>4 - d im e th y l -  

chroman i s  form ed a s  o n ly  an e q u a l  m ix tu re  o f  c i s / t r a n s  i s o m e r s ,  i t  

a p p e a r s  t h a t  th e  s u b s t i t u e n t s  a t  C-3 and  C-4 o f  such  sy s te m s  a r e  

n o t  th e  o n ly  s t e r e o c h e r a i c a l l y  c o n t r o l l i n g  f a c t o r s  f o r  h y d r id e  

t r a n s f e r .  R a th e r ,  some o t h e r  mechanism a p p e a r s  to  be o p e r a t i n g  i n  

th e  s u lp h u r  s e r i e s 5 a  p o s s i b i l i t y  i s  s u lp h u r  atom p a r t i c i p a t i o n  in  

th e  carbon ium  io n  form ed by p r o t o n a t i o n  o f  th e  th ia c h ro rn e n e s  to  

g i v e  an i n t e r m e d i a t e  su lp h o n iu n  io n  ( L X I I l ) .  P r o t o n a t i o n  a t  C-3
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from one f a c e  o f  th e  m o le c u le ,  sa y  oc, would o c c u r  s im u l t a n e o u s ly  

w i th  o v e r l a p ,  on th e  o p p o s i t e  f a c e ,  o f  t h e  s u lp h u r  lo n e  p a i r  w ith  

th e  £ —o r b i t a l  o f  C~4* T h is  would l e a d  to  th e  s t e r e o c h e m i s t r y  o f  

th e  su lphon ium  io n  (L X I I l )  i n  which th e  two m e thy l g ro u p s  a r e  c i s  

to  each  o t h e r .  S u b seq u en t h y d r id e  a t t a c k  would th e n  ta k e  p la c e  a t  

C-4 from  th e  s i d e  o p p o s i t e  to  th e  new ly  fo rm ed  C — S b r i d g e ,  

l e a d i n g  t o  a  th ia c h ro m a n  i n  which th e  m e th y l  g ro u p s  a r e  p r e d o m in a n t ly  

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

by  th e  s t e r e o c h e m i s t r y  o f  p r o t o n a t i o n  o f  th e  th ia c h ro m e n e .

Note added  i n  p r o o f .

68C h a t t e r j e e  and Sen. have  r e p o r t e d  th e  f o r m a t io n  o f  a  benzo*^ 

(b ) th io p h e n e  d e r i v a t i v e  by  r i n g  c o n t r a c t i o n  o f  a  b e n z o ( b ) t h i e p i n ;

HO

^ \ . S \ ^ C H 2 C H 2 B r

l| I f  ■

( lxv)

s  \ ^ ch 2ch 2Bi

^ O H

th e  o i s - brom ohydrin  (LXIV), when r e f l u x e d  in  d io x a n e  f o r  15 h o u rs

o r  t r e a t e d  w ith  KHSO^ u n d e r  vacuum, gave (LXV) i n  n e a r  q u a n t i t a t i v e

y i e l d .  The a u t h o r s  invoke  th e  i n t e r m e d i a t e  (LXVl) i n  a  mechanism

21a n a lo g o u s  to  t h a t  o f  Hofmann and S a lb e ck
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RESULTS AMD DISCUSSION-

I n  c o n n e c t io n  w ith  o u r  c l a t h r a t e  s t u d i e s  we w ished  to  add 

p h e n o l  to  2 , 2 , 4 - t r i m e t h y l t h i a c h r o m e n e  ( 7 ) a s  a  r o u t e  to  th e  

c l a t h r a t e  h o s t  m a t e r i a l  4-J£,“ hydroxypheny  1 - 2 , 2 , 4 - t r i m e t h y l -  

th ia c h ro m a n .  On a t t e m p t i n g  T i l a k !s p r e p a r a t i o n * ^  o f  ( 7 ) we o b t a in e d ,

OH (7 ) (1 3 )

i n s t e a d  o f  th e  s o l e  r e p o r t e d  p r o d u c t ,  a  m ix tu re  w hich p ro v ed  

d i f f i c u l t  to  s e p a r a t e  an d ,  c o n s e q u e n t ly ,  a  d i f f e r e n t  a p p ro a c h  to  

th e  c l a t h r a t e  was em ployed . Subsequen t i n v e s t i g a t i o n  o f  th e  above 

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

b e n z o ( b ) th io p h e n e  ( 1 3 ) ,  th e  p r e s e n c e  o f  w hich s u g g e s te d  a n o v e l  

r i n g  c o n t r a c t i o n  p r o c e s s  and a  p o s s i b l e  new r o u te  to  b e n z o ( b ) -  

th io p h e n e  d e r i v a t i v e s .  There th e n  f o l lo w e d  a s tu d y  to  i l l u s t r a t e  

th e  g e n e r a l i t y  o f  th e  r e a c t i o n  and to  a s c e r t a i n  th e  e f f e c t  o f  

v a r y i n g  c e r t a i n  p a r a m e te r s  such a s  t e m p e r a tu r e .

I .  P r e p a r a t i o n  and R e a c t io n  o f  K e to s u lp h id e s  w ith  P o ly p h o s p h o r ic  

A cid .

A s e r i e s  o f  k e t o s u l p h i d e s  ( 1 ) ~ ( 6 )  were r e a d i l y  p r e p a r e d  by 

p i p e r i d i n e - c a t a l y s e d  M ichae l a d d i t i o n  o f  th e  a p p r o p r i a t e  a r y l  

m e rc a p ta n  to  m e s i t y l  o x id e  -  a l l  th e  t h i o l s  were c o m m e rc ia l ly  

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

u s e ;  s i n c e  th e  k e to n e  was i n  e x c e s s  th e  p r o g r e s s  o f  th e  r e a c t i o n
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(0; R
( 2 ) i  R = Me

( 3 ) i  R

( 4 ) j  R

1 2 R = R = H
1 2 , R = R = H

2 1 R = H, R 1 = Me

R1 = H, R2 = Me

( 6 )-

c o u ld  "be c o n v e n i e n t l y  fo l lo w e d  by  w i th d ra w in g  r e a c t i o n  sam ples  and 

m o n i to r in g ,  by n . m . r .  o r  i . r . ,  th e  d i s a p p e a r a n c e  o f  th e  t h i o l .  The 

k e t o - s u l p h i d e s ,  p u r i f i e d  by d i s t i l l a t i o n ,  a l l  gave s a t i s f a c t o r y  

e l e m e n t a l  a n a l y s e s  and t h e i r  s p e c t r a l  c h a r a c t e r i s t i c s  were 

c o n s i s t e n t  w ith  t h e i r  v a r i o u s  s t r u c t u r e s  ( s e e  e x p e r im e n ta l  s e c t i o n )  

Rhen i t  came to  c y c l i s i n g  th e s e  compounds w ith  p o ly p h o s p h o r ic  a c i d  

(PPA), a  few  t r i a l  ru n s  soon showed th e  n e c e s s i t y  to  s t a n d a r d i s e  

th e  c o n d i t i o n s  a s  f a r  a s  p o s s i b l e ;  b e c a u s e  o f  the  v a r y in g  q u a l i t i e s  

o f  com m ercia l  PPA, th e  d e c i s i o n  was ta k e n  to  u s e  o n ly  f r e s h l y  

p r e p a r e d  sam p le s ,  s y n t h e s i s e d  by  h e a t i n g  ph o sp h o ro u s  p e n to x id e  w i th  

o r th o p h o s p h o r ic  a c i d  a t  150°C f o r  1 h o u r ,  and f u r th e r m o r e ,  i n  v iew  

o f  i t s  e x t re m e ly  h y g ro s c o p ic  n a t u r e ,  to  ta k e  s t r i c t  p r e c a u t i o n s  

a g a i n s t  th e  e n t r y  o f  w a te r  v a p o u r ,  f o r  exam ple ,  a  m ercu ry  s e a l e d  

s t i r r e r  was employed and e v a p o r a t io n  from th e  w a te r  b a t h  was 

m in im ise d -b y  a s u r f a c e  l a y e r  o f  m o l ten  p a r a f f i n  wax.

The k e t o - s u l p h i d e s  ( 1 ) - ( 6 )  were each  added in  one l o t  to  the  

PPA a t  room te m p e r a tu r e ,  and the  r e a c t i o n  v e s s e l  p la c e d  i n  th e  

p r e - h e a t e d  w a te r  b a t h  a t  9 9 (+ 0 °C «  H aving  b een  s t i r r e d  m e c h a n ic a l ly  

f o r  th re e  h o u rs  the r e a c t i o n  m ix tu re s  were a l lo w e d  to  r e g a i n  room



te m p e ra tu r e  "before b e i n g  p o u red  i n t o  i o e d  w a te r  and e x t r a c t e d  w i th  

e t h e r .  F o l lo w in g  b a se  and w a te r  w ash ing ,  th e  s o lv e n t  was e v a p o ra te d  

l e a v i n g  brown o i l s  which were vacuum d i s t i l l e d ^  g e n e r a l l y  a 

d i s t i l l a t i o n  was r e q u i r e d  i n i t i a l l y  to  s e p a r a t e  most o f  th e  h ig h  

b o i l i n g  p o ly m e r ic  m a t e r i a l ,  a c h a r a c t e r i s t i c  o f  a l l  P P A -c a ta ly s e d  

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

th e  s e v e r a l  com ponents was a t t e m p te d .  P r e l i m i n a r y  n . m . r .  s t u d i e s  o f  

th e  f r a c t i o n s  soon r e v e a l e d  t h a t  none o f  th e  k e t o - s u l p h i d e s  had 

u n d erg o n e  c l e a n  c y c l i s a t i o n  and so ,  i n  a d d i t i o n  to  th e  e x p e c te d  

2H -th iac h ro rn en es  ( 7 )—( 12 ) ,  t h e r e  was fo rm ed  as  th e  o t h e r  m a jo r

R

( 8)5 R = Me, R1 = R2 = H

( 9 ) ;  R = R2 = H, R1 = Me

( 1 0 ) ;  R = R1 = H, R2 = Me

( 7)5  R = R1 = R2 = H

( 11) ( 12)

v o l a t i l e  p r o d u c t s  th e  condensed  th io p h e n e s  ( 13 ) —( 18)5 a l s o  i n  a



(1 7 ) ( 18)

few c a s e s  s i g n i f i c a n t  q u a n t i t i e s  o f  a  t h i r d  component were o b se rv e d  

and l a t e r  i d e n t i f i e d  a s  th e  4 H - th ia c h ro rn e n e s . T ab le  1 g iv e s  th e  

r e l a t i v e  p e r c e n ta g e s  o f  th e  m a jo r  p r o d u c t s  from PPA t r e a t m e n t  o f  

k e t o - s u l p h i d e s  ( 1 ) —( 6 )  a s  e s t i m a t e d  from i n t e g r a t i o n  o f
•j

60MHz o r  lOOEHz E n . m . r .  s p e c t r a  -  i n  a l l  c a s e s  o t h e r  m inor p roduc  

were d e t e c t e d .

I n  an  a t t e m p t  to  f u t h e r  e x te n d  th e  scope  o f  th e  r e a c t i o n  two 

compounds, i n  a d d i t i o n  to  th o s e  p r e v i o u s l y  m e n tio n e d ,  were r e a c t e d  

w i th  PPA i n  th e  s t a n d a r d  way, nam ely th e  k e t o s e l e n i d e  (2 1 )  and th e  

k e t o s u l p h i d e  ( 2 2 ) ,  th e  l a t t e r  p r e p a r e d  by  co n d e n s in g  th io p h e n o l

r ^ V Seh <

o

( 21 ) ( 2 2 ) (23)

w i th  ( + ) p u le g o n e .  The p r o d u c t  from (2 1 )  was m a in ly  p o ly m e r ic ,  h u t  
-J

i t s  H n . m . r .  sp ec tru m  c o n t a in e d  a p eak  i n  th e  o l e f i n i c  r e g io n  a t  

4*51^ and a d o u b l e t ,  J  = 1 .5  Hz, a t  7»90X> i n d i c a t i n g  t h a t  a t  l e a s t  

a l i t t l e  c y c l i s a t i o n  to  a  se len a ch ro m en e  had  o c c u r r e d .  D ropping  

th e  r e a c t i o n  te m p e ra tu re  by 25°C, i n  the  hope o f  a v o id in g  polym er 

f o r m a t io n ,  was u n s u c c e s s f u l  w ith  n e i t h e r  c y c l i s a t i o n  showing any 

b e n z o (b ) s e le n o p h e n e  d e t e c t a b l e  by II n . m . r .  I n t e r e s t  i n  (2 2 )  a r i s e s  

from the  o b s e r v a t i o n  t h a t  s im p le  r i n g  c l o s u r e  would p roduce  a
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t r i c y c l i c  s t r u c t u r e  w ith  th e  new ly-form ed, doub le  bond a t  th e  

r i n g  j u n c t i o n ,  w h i le  a  p o s s i b l e  c o u rs e  o f  r i n g  c o n t r a c t i o n  would 

r e q u i r e  p r o to n  l o s s  from one o f  th e  gem-d im e th y l s  to  g iv e  (23)»

The u s u a l  r e a c t i o n  c o n d i t i o n s  and work up y i e l d e d  a  brown o i l ,  th e
-j

d i s t i l l a t i o n  o f  which gave two d i s t i n c t  f r a c t i o n s ; H n . m . r .  o f  

th e  lo w er  b o i l i n g  com ponent, a l th o u g h  r e v e a l i n g  an o l e f i n i c  p r o to n  

a t  4*15T> was v e r y  low on a ro m a t ic  r e s o n a n c e s ,  th u s  e l i m i n a t i n g  ( 2 3 ) .  

The l a t e r  f r a c t i o n  showed o n ly  a ro m a t ic  peaks  and a  p l e t h o r a  o f  

s i g n a l s  i n  th e  r e g i o n  7*6 -  9-1T , w hich c o u ld  a r i s e  o n ly  from 

p o ly m e r ic  m a t e r i a l .  Under th e s e  c o n d i t i o n s ,  th e  k e t o s u l p h i d e  has  

p re su m a b ly  u n d e rg o n e  a  r e t r o - r e a c t i o n  to  p ro d u ce  an is o m e r  o f  

p u le g o n e  w i th  th e  c a rb o n -c a rb o n  d o u b le  bond i n  a  d i f f e r e n t  p o s i t i o n  

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

W hile  th e s e  s t u d i e s  w ere i n  p r o g r e s s ,  E a to n  and  M u e l l e r ^  

d e s c r i b e d  th e  c o n v e r s io n  o f  ( 2 4 ) . to  th e  b i s - e n o n e  ( 2 5 )> b ro u g h t  

a b o u t  by h e a t i n g  ( 2 4 ) w i th  f i f t y  t im e s  i t s  w e ig h t  o f  PPA a t  75°C 

f o r  f i v e  d a y s ;  th e  a u t h o r s ’ o p in io n  o f  PPA as  ,fan e x a s p e r a t i n g  

r e a g e n t ,  im p o s s ib le  to  h a n d le  e f f i c i e n t l y  o r  s t i r  e f f e c t i v e l y ”

( 2 4 ) ( 2 5 )

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

m a n ip u la te d  c y c l i s a t i o n  medium. T h is  was found  in  t r i f l u o r o m e t h a n e -  

s u lp h o n ic  a c i d  c o n t a i n i n g  5 w t .$  o f  p h o sp h o ro u s  p e n t o x id e ,  a 

co m b in a t io n  which a c h ie v e s  th e  same y i e l d  o f  ( 2 5 ) in  o n ly  2 days  

a t  room te m p e r a tu r e .  F u r t h e r  work i n  th e  same l a b o r a t o r y  h a s  shown 

t h a t  a s t i l l  s u p e r i o r  r e a g e n t  i s  a  s o l u t i o n  o f  5 -  10 w t . ^  o f  ^ ^ 5  

i n  o r d i n a r y  m e th a n e su lp h o n ic  a c i d .  In  t r y i n g  to  d e te rm in e  w he the r  

a  s p e c i f i c  c y c l i s a t i o n  a g e n t  i s  e s s e n t i a l  f o r  th e  r e a r ra n g e m e n t
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b e i n g  c o n s id e r e d  h e r e ,  th e  k e t o s u l p h i d e  ( 1 ) was h e a t e d  w i th  t h i s  

n o v e l  m ix tu re  u n d e r  th e  same c o n d i t i o n s  a s  b e f o r e 5 II n . m . r .  o f  

th e  gum o b ta in e d  on w ork-up  r e v e a l e d  th e  f o r m a t io n  o f  2 , 2 , 4- t r i m e t h y l -  

2 H - th ia c h ro m e n e , b u t  n e i t h e r  th e  4-3- iso m e r  o r  th e  r i n g - c o n t r a c t e d  

p r o d u c t  a p p e a re d  to  have b een  fo rm ed .  S i m i l a r l y ,  a  sam ple o f  ( l )  

s a t u r a t e d  w i th  d ry  g a se o u s  HC1 and l e f t  i n  a  s to p p e r e d  f l a s k  f o r  a 

c o n s i d e r a b l e  l e n g th  o f  tim e ( c a . 18 m onths)  became a  r e d  v i s c o u s  

l i q u i d ,  w hich on w ork-up and d i s t i l l a t i o n ,  y i e l d e d  im pure 2H - t h i a -  

chrom ene, no o t h e r  i so m e rs  b e in g  o b s e rv e d .  Thus i t  would a p p e a r  

t h a t  th e  r i n g - c o n t r a c t i o n  o c c u r s  o n ly  when PPA i s  th e  r e a g e n t  

em ployed , a t  l e a s t  u n d e r  th e  c o n d i t i o n s  t r i e d .

I I • S e p a r a t io n  o f  th e  P r o d u c t s  from PPA T rea tm en t o f  K e to s u lp h id e s

d ) - ( 6 ) .

R ep ea ted  vacuum d i s t i l l a t i o n s  o f  th e  p r o d u c t s  a c h ie v e d  some 

d e g re e  o f  s e p a r a t i o n  w i th  th e  th iac h ro rn e n e s  b e in g  th e  m a jo r  

component o f  th e  e a r l y  f r a c t i o n s  w h i le  th e  b e n z o ( b ) th io p h e n e s  

p re d o m in a te d  a s  th e  t e m p e ra tu r e  was i n c r e a s e d ,  th e  l a t e  f r a c t i o n s  

t e n d in g  to  be c o n ta m in a te d  by  some l o w - b o i l i n g  p o ly m e r ic  m a t e r i a l ;  

th e  s m a l l  s c a l e  o f  th e  d i s t i l l a t i o n  p r e c l u d e d  th e  u s e  o f  a s p in n in g — 

band colum n. Thin  l a y e r  ch rom a to g rap h y  i n  numerous s o l v e n t  sy stem s  

was o f  no a s s i s t a n c e  i n  th e  a t t e m p te d  s e p a r a t i o n  o f  th e  p r o d u c t s  

w i th  o n ly  a s i n g l e  s p o t  (R f '>-'0 .8  i n  CHCl^) b e in g  o b s e rv e d .  S ince  

i t  i s  known t h a t  most s u lp h id e s  g iv e  c r y s t a l l i n e  com plexes w ith  

m e rc u r ic  c h l o r i d e ,  i t  was hoped t h a t  the  d ropw ise  a d d i t i o n  o f  an 

a l c o h o l i c ' s o l u t i o n  o f  th e  m ix tu re  to  a  s a t u r a t e d  a l c o h o l i c  m e rc u r ic  

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

e n t s  a s  i t s  complex from which th e  p u re  compound c o u ld  be r e g e n e r 

a t e d  by  t r e a tm e n t  w i th  b a s e ;  u n f o r t u n a t e l y  no p r e c i p i t a t i o n  o c c u r r e d .  

Lack o f  s u c c e s s  a l s o  a r o s e  in  an a t t e m p t  to s e l e c t i v e l y  e n c l a t h r a t e
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one component i n  t h i o u r e a .  A lthough  p r e p a r a t i v e  s c a l e  G.L.C. was 

u n f r u i t f u l ,  s e p a r a t i o n  on an a n a l y t i c a l  s c a l e  was a c h ie v e d  w ith  a  

6 f t .  column o f  Y/o 0V-17? th e  G.L. C. t r a c e  (F ig u r e  1) o f  f r a c t i o n  one 

o f  th e  d i s t i l l a t e  o f  th e  p r o d u c t  o b t a in e d  from  PPA t r e a tm e n t  of 

k e t o s u l p h i d e  (1 )  r e v e a l s  th e  p r e s e n c e  o f  t h e  two i s o m e r ic  t h i a — 

chroraenes w ith  s i m i l a r  r e t e n t i o n  t im e s ,  t o g e t h e r  w i th  a  l a t e r  p eak ,  

s u b s e q u e n t l y  a s s ig n e d  to  th e  b e n z o ( b ) th io p h e n e  (1 3 ) •

I t  was th o u g h t  t h a t  th e  s e p a r a t i o n  p rob lem  m igh t be g o t  round  

by a l t e r i n g  th e  r e a c t i o n  c o n d i t i o n s ,  f o r  exam ple , ch an g in g  th e  

c y c l i s a t i o n  te m p e ra tu r e  may r e s u l t  i n  th e  f o r m a t io n  o f  o n ly  one 

p r o d u c t ;  t h i s  met w i th  l i m i t e d  s u c c e s s  i n  t h a t  a  t e m p e r a tu r e  r i s e  

o f  25°C p ro d u c e d  a  h i g h e r  p r o p o r t i o n  o f  th e  r i n g - c o n t r a c t e d  p ro d u c t  

b u t  th e  o v e r a l l  r e c o v e r y  o f  v o l a t i l e  m a t e r i a l  was d e c r e a s e d  w ith  

th e  c o n c o m ita n t  f o r m a t io n  o f  l a r g e r  q u a n t i t e s  o f  p o ly m e r ic  m a t e r i a l  

— c o n v e r s e l y ,  lo w e r in g  th e  te m p e r a tu r e  t o  90°C l e d  to  an i n c r e a s e d  

y i e l d  o f  th e  2 H - th ia c h ro m e n e . The G. L. C. t r a c e  (F ig u r e  2) o f  th e  

c o r r e s p o n d in g  90°C p r o d u c t  f r a c t i o n  i l l u s t r a t e s  th e  h i g h e r  p r o p o r t i o n  

o f  th e  2 H -th iach rom ene  compared w i th  th e  4-S—is o m e r  and th e  b e n s o (b )  — 

t h i o p h e n e .  L e n g th e n in g  th e  r e a c t i o n  tim e p ro d u c e s  o n ly  a, 

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

i n  th e  o v e r a l l  r e c o v e r y .  Compound ( 3 ) ,  a s  a  r e p r e s e n t a t i v e  k e t o 

s u l p h i d e ,  was s u b j e c t e d  to  th e  same r e a c t i o n  c o n d i t i o n s  e x c e p t  t h a t  

th e  tim e was d o u b le d  to  s i x  h o u r s ;  th e  p r o p o r t i o n  o f  2 ,2 ,4 > 7 - ^ © t r a -  

raethyl-2H —th iach ro m e n e  form ed rem a ined  c o n s t a n t  w h ile  t h a t  o f  th e  

4H- iso m e r  f e l l  m a r g i n a l l y ,  a b a l a n c in g  s l i g h t  i n c r e a s e  b e in g  n o te d  

f o r  th e  r i n g - c o n t r a c t e d  p r o d u c t .

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

c o n v e n t io n a l  s e p a r a t i o n  p ro c e d u re s  and a t t e n t i o n  was tu r n e d  to  

l i q u i d - g e l  ch ro m a to g rap h y ,  a  te c h n iq u e  now e x p e r i e n c in g  w id e sp re a d  

a c c e p ta n c e  i n  c o n t r a s t  to  i t s  e a r l y  l i m i t a t i o n  to  b i o l o g i c a l  

s y s te m s .  The s t a t i o n a r y  pha.se f o r  t h i s  ty p e  o f  ch rom a tog raphy
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F ig u r e  1. G.L. C. t r a c e  o f  f r a c t i o n  one o f  th e  d i s t i l l a t e  o f  th e  

p r o d u c t  o b ta in e d  from  PPA t r e a tm e n t  a t  100°C o f  th e  k e t o s u l p h i d e  ( l ) .  

C o n d i t io n s  6 f t  column Y/o OV-17, t e m p e ra tu r e  100°C.
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F ig u re  2 .  G. L. C* t r a c e  o f  f r a c t i o n  one o f  th e  d i s t i l l a t e  o f  th e  «

p r o d u c t  o b ta in e d  from PPA t r e a tm e n t  a t  90°C o f  the  k e t o s u l p h i d e  (1 )*  

C o n d i t i o n s : -  6 f t  column 1>£ 07-17> te m p e ra tu re  100°C.
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i s  fo rm ed  by th e  i n c o r p o r a t i o n  o f  s o l v e n t  i n t o  p a r t i c l e s  o f  

p o ly m e r ic  s u b s t a n c e s  p o s s e s s i n g  a  c r o s s - l i n k e d  s t r u c t u r e ;  dep en d in g  

on th e  n a t u r e  o f  th e  po lym er and th e  d e g re e  o f  c r o s s l i n k i n g ,  

m o le c u le s  above a  c e r t a i n  s i z e  w i l l  be u n a b le  to  e n t e r  th e  g e l ,  

and a  p r o c e s s  o f  " m o le c u la r  s i e v i n g "  can  o c c u r ,  i n  which l a r g e  

m o le c u le s ,  e x c lu d e d  from th e  g e l ,  a r e  r a p i d l y  e l u t e d ,  i n  c o n t r a s t  

w i th  s m a l l  m o le c u le s  which can  d i f f u s e  i n t o  th e  g e l .  The f i r s t  

s i g n i f i c a n t  ad v an c es  i n  th e  f i e l d  o f  g e l  ch rom a to g rap h y  concen

t r a t e d  on th e  d eve lopm en t by P o r a th  and F l o d i n ^  o f  sy s tem s  b a s e d  

on th e  p o l y s a c c h a r i d e  d e x t r a n ,  c r o s s - l i n k e d  by r e a c t i o n  w i th  

e p i c h l o r o h y d r i n ,  g e l s  which u n d e rw en t  r a p i d  com m ercia l  developm ent 

when m a rk e ted  a s  "Sephadex" by  P h a rm a c ia .

I n i t i a l  s u c c e s s  i n  aqueous m edia  l e d  to  a t t e m p t s  to  e x te n d  

t h e i r  u s e  to  o r g a n ic  s o l v e n t s  whefe t h e y  were found  t o  b e  u n s u i t 

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

p o l a r i t y .  To overcome t h i s  l i m i t a t i o n  one ap p ro ac h  a d o p te d  th e  

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

i n  an a t t e m p t  to  re d u c e  th e  p o l a r i t y  o f  th e  g e l  m a t r ix ;  F lo d in  

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

a t i v e ,  c a p a b le  o f  s w e l l i n g  i n  s o l v e n t s  such  a s  to lu e n e  and  c h l o r o 

form  b u t  l a t e r ,  i t  was r e a l i s e d  t h a t  e t h e r  d e r i v a t i v e s  were 

p r e f e r a b l e  to  e s t e r s  s i n c e  th e  fo rm e r  a r e  l e s s  l a b i l e  to  h y d r o l y s i s .  

P h a rm ac ia  d e v e lo p e d  th e  j j-h y d ro x y  p r o p y l  e t h e r  o f  Sephadex, and t h i s  

i s  now a v a i l a b l e  c o m m e rc ia l ly  a s  "Sephadex LH-20"; a s  w e l l  a s  

e x h i b i t i n g  th e  s t a n d a r d  m o le c u la r  s i e v i n g  p r o c e s s ,  t h i s  g e l  

p r e s e n t s  a  number o f  i n t e r e s t i n g  g e l - s o l u t e  i n t e r a c t i o n s  which 

a l lo w  m o le c u le s  o f  a p p ro x im a te ly  th e  same s i z e  to  be s e p a r a t e d  on 

th e  b a s i s  o f  t h e i r  d i f f e r i n g  a f f i n i t i e s  f o r  th e  g e l .  The l a t t e r  

mechanism p ro v e s  a t t r a c t i v e  to  o r g a n ic  c h e m is ts  whose m o le c u le s  

show l e s s  v a r i a t i o n  i n  s i z e ,  w hereas g e l  f i l t r a t i o n  i s  h i g h l y  

e f f e c t i v e  f o r  th e  a n a l y s i s  o f  po lym er p r e p a r a t i o n s ,  an  a r e a  where
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th e  r e q u i r e m e n t  i s  n o t  h ig h  s e l e c t i v i t y  h u t  r a t h e r  a  system  c a p a b le  

o f  h a n d l in g  a wide ra n g e  o f  m o le c u la r  w e ig h t s .

With g e l  ch ro m a to g rap h y  i n . o r g a n i c  s o l v e n t s ,  th e  v a r i a b i l i t y  

o f  p o l a r i t y  o f  b o th  e l u a n t  and g e l  m a t r ix  i s  su p e r im p o sed  on th e  

m o le c u la r  s i e v i n g  e f f e c t  and th r e e  a r e a s  may be d i s t i n g u i s h e d

1 ) .  S t r a i g h t - p h a s e  p a r t i t i o n ,  where th e  g e l  i s  more p o l a r  th a n  

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

( i n c r e a s i n g )  p o l a r i t y ;

2 ) .  Gel f i l t r a t i o n ,  where th e  g e l  and  s o lv e n t  have th e  same 

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

d e c r e a s i n g  m o le c u la r  s i z e  o f  th e  s o l u t e s ;

3 ) .  R e v e rse d -p h a s e  p a r t i t i o n ,  where th e  g e l  i s  l e s s  p o l a r  th a n  

th e  s o l v e n t ,  and compounds a r e  e l u t e d  i n  i n v e r s e  o r d e r  o f  

t h e i r  p o l a r i t y .

The a p p l i c a t i o n  o f  r e v e r s e d —p h a se # ch ro m a to g rap h y  was h in d e r e d  by 

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

to  overcome t h i s  r e s t r i c t i o n ,  E l l in g b o e  and I fy 's t rom '^ ’ ^  d e v e lo p e d  

th e  l i p o p h i l i c - h y d r o p h o b i c  h y d ro x y a lk o x y p ro p y l  d e r i v a t i v e  o f  

Sephadex LH-20 by  t r e a t i n g  th e  com m ercia l  g e l  w i th  REDOX 1114? a 

s a t u r a t e d  lo n g  c h a in  o l e f i n  , o x id e  c o n t a i n i n g  11-14  c a rb o n  a tom s; 

t h i s  m o d i f ie d  g e l  can  be u s e d  b o th  f o r  s t r a i g h t - p h a s e  ( f o r  example 

w ith  ben zen e  as  s o l v e n t )  and r e v e r s e d - p h a s e  ( f o r  example w ith  

m e th an o l  a s  s o l v e n t )  ch ro m a to g rap h y , due to  th e  s im u l ta n e o u s  

p r e s e n c e  o f  h y d ro x y l  g ro u p s  and lo n g  a l k y l  c h a i n s - i f  th e  

p o l a r i t y  o f  t h i s  g e l  and th e  s o l v e n t  a r e  m atched , e f f e c t s  due to 

m o le c u la r  s i e v i n g  can  be  d e m o n s t r a te d .  V a r i a t i o n  in  th e  s o lv e n t  

system  and i n  the d e g re e  o f  g e l  s u b s t i t u t i o n  can be u s e d  to  a c h ie v e  

d i f f e r e n t  k in d s  o f  s e p a r a t i o n ,  w h ile  th e  ch em ica l  s t a b i l i t y  and 

i n e r t  n a t u r e  o f  the  g e l s  mean ; t h a t  t h e r e  i s  l i t t l e  o r  no i r r e v e r 

s i b l e  a d s o r p t i o n  o f  sam ple , th u s  a l lo w in g  s e n s i t i v e  compounds to

 ̂ be a n a ly s e d  and p e r m i t t i n g  th e  r e p e a t e d  u s e  o f  co lum ns.
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In  any c h ro m a to g ra p h ic  p r o c e s s  th e  b e h a v io u r  o f  th e  compounds 

may he r e c o r d e d  e i t h e r  i n  an a b s o l u t e  m anner, w hich i s  f r e q u e n t l y  

d i f f i c u l t  to  e s t i m a t e ,  o r  by  t r i v i a l  m easu re m en ts ,  which a r e  

v a l u e l e s s  f o r  c o r r e l a t i o n ;  a  compromise be tw een  t h e s e  two ex trem es  

must p r o v id e  e a se  o f  m easurem en t,  and a l s o  p e rm i t  co m p ar iso n  o f

d a t a  from d i f f e r e n t  s o u r c e s .  F o r  T .L .C . and G .L.C . t h i s  i s  p ro v id e d

4-8 4-9by Rf v a l u e s  and r e t e n t i o n  i n d i c e s  1 r e s p e c t i v e l y ,  w h ile  w ith

l i q u i d  g e l  ch ro m a to g rap h y  s e v e r a l  te rm s  have  been  u s e d ,  b u t  r e q u i r e

s e v e r a l  column p a r a m e te r s  f o r  t h e i r  e s t i m a t i o n .  The o n ly  f a c t o r

h a v in g  a s im p le  o n e - to - o n e  r e l a t i o n s h i p  w ith  th e  e l u t i o n  volume

(Ve) o f  any sam ple i s  th e  t o t a l  volume o f  th e  g e l  bed  ( V t ) .  Under

com parab le  c o n d i t i o n s  o f  column p r e p a r a t i o n ,  a  g iv e n  sam ple s h o u ld

show a  c o n s t a n t  r a t i o  (V e /V t)  which i s  in d e p e n d e n t  o f  column

50d im e n s io n s .  An e x t e n s i o n  o f  t h i s  i d e a  h a s  b een  p ro p o s e d  and 

th e  term  " S ta n d a rd  E l u t i o n  Volume." (SEV) h a s  b een  d e f i n e d  a s  the  

h y p o t h e t i c a l  e l u t i o n  volume from a  column h a v in g  a  b ed  volum e o f  

100 a r b i t r a r y  u n i t s  -  i n  p r a c t i c e  t h i s  f i g u r e  i s  o b t a in e d  by  

m u l t i p l y i n g  (V e/V t)  by  a  f a c t o r  o f  100, and i s  th u s  d i m e n s i o n l e s s ;

S .E .V . = (-§•) x  100Vt

. E ncou raged  by th e  p o t e n t i a l  o f  l i q u i d - g e l  c h ro m a to g ra p h y 's  

c a p a b i l i t i e s ,  a  200 x 2 . 5  cm. column was c o n s t r u c t e d ,  and f i l l e d  

w i th  Sephadex LH-20 m o d i f ie d  w i th  HEDOX 1114 a c c o rd in g  to  E l l in g b o e  

and U y s t r o m ^ .  In  an a t t e m p t  to i s o l a t e  a pure, sample o f  th e  

th iach ro m en e  ( 7 ) ,  f r a c t i o n  one o f  th e  d i s t i l l a t i o n  o f  th e  p r o d u c t  

o b t a in e d  from PPA t r e a t m e n t  o f  th e  k e t o s u l p h i d e  ( l )  a t  90°C was 

a p p l i e d  to  th e  column and e l u t e d  w ith  m e th a n o l ,  a f lo w  r a t e  o f  

^ 1 0  m l /h r  b e in g  u s e d .  The f i r s t  component o f  th e  m ix tu re  to  be 

e l u t e d  was a  c o l o u r l e s s  o i l  w ith  a s t a n d a r d  e l u t i o n  volume o f  

a b o u t  145? a f t e r  a s h o r t  p a th  d i s t i l l a t i o n  to  remove some g e l
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p a r t i c l e s  which had  “been washed from  th e  column, th e  a n a l y t i c a l l y -

p u re  sam ple was c h a r a c t e r i s e d  s p e c t r o s c o p i c a l l y  a s  2 , 2 , 4 - t r i m e t h y l -

2 H -th iac h ro m en e  ( 7 ) .  H n . m . r .  (T, CDC1 ) showed a  m u l t i p l e t  a t

2 . 5  -  3 .0  ( a r o m a t i c s ) ,  a q u a r t e t  ( j  = 1 .5  Hz) a t  4*37 from th e

o l e f i n i c  p r o t o n ,  a  d o u b le t  ( J  = 1 . 5  Hz) a t  7*92 from  th e  o l e f i n i c

m e th y l and a  s i n g l e t  a t  8 . 6 4  from th e  gem-d im e th y I s , a l l  i n  ag reem en t

w ith  th e  p ro p o se d  s t r u c t u r e .  The u . v .  (StOH) gave A o f  323 andmax
39244 w i th  a s h o u ld e r  a t  a b o u t  281 nm, i n  a c c o rd a n c e  w i th  T i l a k ' s  

r e s u l t  o f  Z ^ - th ia c h ro m e n e s  showing c h a r a c t e r i s t i c  maxima a t  242 — 247 

and 320 -  325? t o g e t h e r  w i th  a  s h o u ld e r  a round  272 -  283 nm ( h i s  

th ia c h ro m a n s  gave a  c h a r a c t e r i s t i c  peak  a t  255 -  257 and a  s h o u ld e r  

o r  a  p eak  a t  280 -  295  nm).

E l u t e d  j u s t  a f t e r  (7)> and w e l l  b e f o r e  any r i n g - c o n t r a c t e d

p r o d u c t ,  was a  c o l o u r l e s s  o i l  ( S . E . V . ^ 163 ) ,  w hich , a l th o u g h

a n a l y t i c a l l y  p u re  a f t e r  a s h o r t  p a th  d i s t i l l a t i o n ,  was n e v e r  o b ta in e d
1

c o m p le te ly  f r e e  o f  m inor i m p u r i t i e s  a s  r e v e a l e d  by H n . m . r . ;  th e  

l a t t e r  b o re  a  c l o s e  re se m b la n c e  to  t h a t  o f  ( 7 ) w i th  v e r y  s i m i l a r  

r e s o n a n c e  p o s i t i o n s  f o r  th e  a ro m a t ic  and gem-dim eth.yl p r o t o n s ,  b u t  

th e  s i g n a l s  .from th e  o l e f i n i c  p ro to n  and th e  o l e f i n i c  m e th y l  had 

moved u p f i e l d  to  4*53 and 7 »99X r e s p e c t i v e l y .  More d r a m a t i c  

d i f f e r e n c e s  were a p p a r e n t  i n  th e  u . v . ,  t h e r e  b e in g  s h o u ld e r s  a t  ^

245  and 280 w ith  a  s i n g l e  maxima a t  259 and a  co m p le te  absence  

o f  a b s o r p t i o n  a t  l o n g e r  w a v e le n g th s .  On t h i s  e v id e n c e  t h i s  t h i r d  

m a jo r  v o l a t i l e  p ro d u c t  o f  th e  r e a c t i o n  was t e n t a t i v e l y  a s s ig n e d  the 

s t r u c t u r e  (19)> 2 , 4 > 4 ~ tr im e th y l -4 H - th ia c h ro m e n e . S u p p o r t  f o r  t h i s

( 1 9 ) ( 26 )
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33p r o p o s a l  comes from s t u d i e s  on th e  p a r e n t  m o le c u le s  which show 

t h a t  the  h i g h e s t  u . v .  a b s o r p t i o n  from 4 F - th ia c h ro m e n e  o c c u r s  a t  

274 nm, w h ile  2 H - th ia c h ro m e n e , th e  is o m e r  w ith  th e  d o u b le  bond in  

c o n j u g a t io n  w ith  th e  a r o m a t ic  r i n g ,  e x h i b i t s  maxima a t  2 7 7 > 298 

( s h o u l d e r )  and 327 nm. F u r th e rm o re ,  th e  r e d u c e d  compound, th ia c h ro m a n ,  

h a s  a  s i n g l e  s t r o n g  a b s o r p t i o n  a t  259  nm ( a p a r t  from weak s h o u ld e r s  

a t  299  and  310 nm ), s u g g e s t in g  t h a t  th e  p r i n c i p a l  m ino r  im p u r i ty  i n  

th e  sam ple o f  ( 19 ) e l u t e d  from th e  column i s  a  th ia c h ro m a n ,  a 

p r o p o s a l  s u b s t a n t i a t e d  when th e  mass sp e c tru m  o f  ( 19 ) r e v e a l e d  

p e a k s ,  n o t  o n ly  a t  m/e 190 a s  e x p e c te d ,  b u t  a l s o  a t  m/e 192 a s  

r e q u i r e d  f o r  A lthough  i n d i c a t i n g  t h a t  t h i s  p r o d u c t  has

s t r u c t u r e  ( 19)? th e  s p e c t r a l  d a t a ,  so f a r  o b t a in e d ,  do es  n o t  

c o n c l u s i v e l y  e l i m i n a t e  th e  is o m e r  ( 2 6 ) ;  t o  a c h ie v e  t h i s ,  th e  

n u c l e a r  o v e r h a u s e r  enhancem ents  (F . O .E . ) o f  th e  o l e f i n i c  p r o to n  

re s o n a n c e  were m easured  e m p lo y in g .a  d e g a s s e d  CS^ s o l u t i o n .  The 

r e s u l t s  wercr i n  k e e p in g  w i th  fo rm u la  (1 9) ? b e in g  10% IT. O.E, on 

i r r a d i a t i o n  o f  th e  o l e f i n i c  m e th y l ,  and 28/  F. O.E. f o r  i r r a d i a t i o n  

o f  th e  gem-d im e th y 1 g roup  -  no p o s i t i v e  F .O .E . e f f e c t  would be 

e x p e c te d  w i th  th e  l a t t e r  i r r a d i a t i o n  i f  s t r u c t u r e  (2 6 )  were c o r r e c t .

To i s o l a t e  a  p u re  sam ple o f  th e  r i n g - c o n t r a c t e d  r e a c t i o n  

p r o d u c t ,  th e  t h i r d  f r a c t i o n  o f  th e  d i s t i l l a t e  o f  th e  p r o d u c t  o b ta in e d  

from  PPA t r e a t m e n t  a t  100°C o f  th e  k e t o s u l p h i d e  ( l )  was a p p l i e d  to  

the  g e l  colum n, and e l u t e d  w ith  m e th an o l  a s  b e f o r e .  The c o l l e c t e d  

c o l o u r l e s s  o i l ,  o b t a in e d  p u re  a f t e r  a  s h o r t  p a th  d i s t i l l a t i o n ,  has  

a m ost h e l p f u l  F n . m . r .  sp ec tru m  ( F ig u r e  3)> th e  d o u b le t  a t  8 . 6 8 ^

( J  = 7 F s)  and , more p a r t i c u l a r l y ,  th e  h e p t e t  a t  6 . 6 3 T  ( J  = 7 Fz) 

a l lo w  th e  i n d e n t i f i c a t i o n  o f  th e  sample a s  2 - i s o p r o p y l - 3 - m e t h y l -  

b e n z o ( b ) th io p h e n e  ( 1 3 ) .C o m p a re d  w ith  th e  th iach ro rn en es ,  th e  a ro m a t ic  

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

h a v in g  b een  a t t r i b u t e d  to  th e  p r o to n s  on and in  a r e c e n t  h ig h  

r e s o l u t i o n  a n a l y s i s  o f  th e  II n , m . r .  sp ec tru m  of b e n s o ( b ) th io p h e n e
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51i t s e l f  . F ig u r e s  s t r o n g l y  i n d i c a t i v e  o f  th e  p re s e n c e  o f  t h i s

n u c le u s  a r i s e  i n  th e  s a m p le ’s u . v . ,  where maxima o c c u r  a t  2 3 3 , 268,

290 and 299  nm, c o r r e s p o n d in g  to  th e  v a l u e s  o f  2 2 7 , 2 5 6 , 289  and 

52298  nm r e p o r t e d  f o r  th e  p a r e n t  h Q n z o (h ) th io p h e n e . The p ro p o sed

s t r u c t u r e  was c o r r o b o r a t e d  "by s a t i s f a c t o r y  i . r . ,  mass sp e c tru m  and

53an unam biguous s y n t h e s i s ,  v i a  a  r o u te  f i r s t  p ro p o sed  by W erner $

sodium th io p h e n o x id e  was added to  3 -b ro m o -4 ~ m e tb y lp e n ta n -2 —o n e , ,

p r e p a r e d  by b r o m in a t io n  o f  i s o - b u t y l m e t h y l  k e to n e  a c c o r d in g  to

54C ard w e ll  and K i l n e r  , to  g iv e  3 - p h e n y l th io - 4 - m e th y lp e n ta n - 2 - o n e  ( 2 7 ) 

a s  a  c o l o u r l e s s  l i q u i d .  C y c l i s a t i o n  o f  ( 2 7 ) w ith  PPA a t  100°C gave a

h ig h  y i e l d  o f  2 - i s o p r o p y l - 3 - m e th y lb e n z o ( b ) th io p h e n e ,  a m a t e r i a l  

i d e n t i c a l  i n  a l l  r e s p e c t s  to  t h a t  e l u t e d  from  th e  column. As m en tion 

ed p r e v i o u s l y ,  th e  p r e p a r a t i o n  o f  b e n z o ( b ) th io p h e n e s  o f t e n  p ro d u ces

u n e x p e c te d  iso m e rs  i n  a d d i t i o n  to  th e  p r e d i c t e d  p r o d u c t s ^ ;  th u s  f o r

55exam ple , when D ic k in so n  and Iddon a t t e m p te d  to  p r e p a r e  3—m e th y l -

b e n z o ( b ) t h io p h e n e ,  m i g r a t i o n  o f  a  m e thy l g roup  o c c u r r e d  g i v i n g  th e

r e q u i r e d  p ro d u c t  and 2 -m e th y lb e n z o (b ) th io p h e n e  i n  a  r a t i o  o f  5*1*

As a check  a g a i n s t  s i m i l a r  m ig r a t i o n  t a k i n g  p la c e  h e r e ,  e q u a l  w e ig h ts

o f  s y n t h e t i c  m a t e r i a l  and ( 13 ) i s o l a t e d  from  the  column were mixed,
1

and th e  H n . m . r .  sp e c tru m  rec o rd e d ^  even  e x p a n s io n  o f  th e  d o u b le t  and 

h e p t e t  d id  n o t  r e v e a l  any "shadow ing” , a l l  l i n e s  a p p e a r in g  s h a rp  and 

s y m m e tr ic a l ,  c o n f i rm in g  th e  hom ogeneity  o f  th e  sam ple .

As a p robe  o f  th e  p u r i t y  o f  2 , 4 , 4 - t r im e th y 1 -4 H - th ia c h ro m e n e  

o b ta in e d  v i a  g e l  ch ro m a to g rap h y ,  an e t h y l  a c e t a t e  s o l u t i o n  of  th e  

sample was a p p l i e d  to  a 4 f t  column o f  V/c OV-17 a t  100°Cj sam ples  

o f  p u re  2 , 2 , 4 - t r im e th y 1 -2 H - th ia c h ro m e n e  and 2- i s o p r o p y 1 - 3 - m e t h y l -
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b e n z o ( b ) th io p h e n e  were a l s o  ru n  u n d e r  i d e n t i c a l  c o n d i t i o n s ,  and
/  P

t h e i r  r e t e n t i o n  i n d i c e s  c a l c u l a t e d  by  c o r r e l a t i o n  w ith  a s e r i e s  

o f  -  C.j£ n - a l k a n e s  (T a b le  2 ) .  As e x p e c t e d ,  th e  most v o l a t i l e

T ab le  2 . R e te n t io n  I n d i c e s  o f  Compounds I s o l a t e d  from FPA 

T re a tm e n t  o f  ( 1 ) .

Compound R e te n t io n  In d ex

2 , 4 j 4 - t r im e  th y 1—4-1- th iach ro m e n e  1590

2 , 2 , 4 -  t r im s th y 1 -2 H —th ia c h ro m e n e  1615

2 - i s o p r o p y l~ 3 - m e th y lb e n z o ( b ) th io p h e n e  1685

C o n d i t io n s  4 f t .  column o f  1>o OV-17? t e m p e ra tu r e  100°C, 

a rg o n  f lo w  50m l/m in .

sam ple was th e  4 2 - th ia c h ro m e n e , f o l lo w e d  c l o s e l y  by  the  2 H - t h i a -  

chromene w i th  th e  r i n g  c o n t r a c t e d 'p r o d u c t  somewhat b e h in d .  G.L.C. 

o f  th e  2 ,4 ? 4 “ 'fcr i IIi6 ' tb y l-4 H -th iach ro m en e  (F ig u r e  4 ) d i d ,  i n  f a c t ,  

r e v e a l  th e  p r e s e n c e  o f  an im p u r i ty  ( r e t e n t i o n  in d e x  1625) which was 

n e i t h e r  th e  2H- iso m e r  n o r  th e  b e n z o ( b ) t h io p h e n e .

As w i l l  be  r e c a l l e d ,  T i la k  p ro p o s e d  t h a t  th e  PPA a s s i s t e d  

c y c l i s a t i o n  o f  th e  k e t o s u l p h i d e s  p ro c e e d e d  v i a  th e  th ia c h ro m a n o ls

39and th e  th ia c h ro rn e n e s ,  to  g iv e  th e  th ia c h ro m a n s  , e x c e p t  m  tr.e 

s p e c i a l  c a s e  where th e  ab sen ce  o f  a  h y d rogen  i n  th e  2 - p o s i t i o n  

p r e c lu d e d  d i s p r o p o r t i o n a t i o n ;  a s  e v id e n c e  f o r  t h i s  pa thw ay  he 

s u b j e c t e d  h i s  s u g g e s te d  i n t e r m e d i a t e s ,  p r e p a r e d  u n am b ig u o u s ly ,  to  

th e  same r e a c t i o n  c o n d i t i o n s  a s  th e  k e t o s u l p h i d e s ,  and i s o l a t e d  th e  

e x p e c te d ,  r e d u c e d  compounds from th e  p r o d u c t  a r r a y .  Having s u c c e s s 

f u l l y  r e a l i s e d  p u re  2 , 2 , 4 - t r im e  thy  1-211-thiachrom ene by  g e l  chroma

to g ra p h y ,  i t  was a n t i c i p a t e d  t h a t  s i g n i f i c a n t  in f o r m a t io n  a b o u t  th e  

mechanism o f  th e  r e a r ra n g e m e n t  would be o b ta in e d  by a l lo w in g  a sample

o f  t h i s  to  undergo  th e  r e a c t i o n  w i th  PPA. As a  p r e lu d e  to  t h i s  

i n v e s t i g a t i o n ,  th e  s e p a r a t i o n  o f  some f u r t h e r  r e p r e s e n t a t i v e
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F ig u re  4* G.L.C. t r a c e  o f  ( im p u re )  2 ,4 ? 4 —tr im e th y l -4 E - th ia c h ro m e n e -  

o b t a in e d  by g e l  ch ro m a to g rap h y .  C o n d i t io n s  4 f t  column o f  1% 

OV-17, t  e m p e ra tu re  100°C, a rg o n  f lo w  5G m l/m in .
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th ia c h ro m e n e s  was em barked upon; th e  m ix tu r e  o b ta in e d  from ( 3 ) .

r e a d i l y  y i e l d e d  a  p u re  specim en  o f  2 , 2 , 4 ? 7 - t e t r a m e t h y 1-2 H - t h i a 

chromene ( 9 ) by  m e th an o l  e l u t i o n  o f  th e  g e l  column, w h ile  th e  

p r o d u c t  a r r a y  (T a b le  1) from  th e  c o r r e s p o n d in g  p a r a —is o m e r  ( 4 ) 

e n a b le d  b o th  th e  2H- (1 0 )  and 4& ~thiachrornenes (2 0 )  t o  be i s o l a t e d ,  

a l th o u g h ,  once a g a i n ,  th e  l a t t e r  was n o t  e n t i r e l y  f r e e  o f  m inor

( 2 0 )

im p u r i t i e s *  The s t a n d a r d  e l u t i o n  volum es were s i m i l a r  to  th o s e  

p r e v i o u s l y  n o t e d ,  f o r  exam ple ,  148 and 161 f o r  ( 10 ) and ( 2 0 ) 

r e s p e c t i v e l y .

With th e  r e a c t a n t s ( 5 )  and- ( 6 .), b o th  o f  which p o s s e s s  an

a d d i t i o n a l  f u s e d  r i n g ,  th e  mode o f  c j ^ c l i s a t i o n  c o n s t i t u t e s

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

s i t u a t i o n s  have  b een  d e s c r i b e d  i n  th e  l i t e r a t u r e .  An e a r l y  

53i n s t a n c e  was th e  p hosphorous  p e n to x id e  o r  z in c  c h l o r i d e  c a t a l y s e d  

c y c l i s a t i o n s  o f  3—(°c—n a p h t h y l t h i o ) -  and 3 - ( f 5 - n a p h th y l th io ) b u t a n - 2 — 

ones to  form the r e s p e c t i v e  2 , 3-d im e th y l n a p h th o ( b ) th i o p h e n e s  ( 2 8 ) 

and ( 29)5  s u b j e c t i n g  th e  p r o d u c ts  o b ta in e d  to  r e d u c t i v e  d e s u lp h u r — 

i s a t i o n  w ith  Raney n i c k e l  gave 2-(<*—n a p h th y l  fchio)— and 2 - ( f£ -n a p h th y l

ch3 ch3
S-CH—C=0

or

(2 3 )
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or

( 29 )

fch io )b u tan es ,  which a l lo w  th e  a l t e r n a t i v e  p o s s i b i l i t i e s  to  be

5 6e l i m i n a t e d .  Dann and Kokorudz p r e p a r e d  3—p h e n y l n a p h th o ( 2 ,1—b) 

th io p h e n e  (3 0 )  by  PPA c y c l o d e h y d r a t i o n  o f  th e  c o r r e s p o n d in g  n a p h th y l

O ^ P h  ^-Ph

( 3 0 )

p - k e t o s u l p h i d e ,  b u t  f o r  th e  3—nie tny l an a lo g u e  c o n c e n t r a t e d

57s u l p h u r i c  a c i d  was th e  r e a g e n t  em ployed; v e r y  r e c e n t l y  , how ever,

b o th  c y c l i s a t i o n s  have been  a cc o m p lish e d  i n  PPA, w i th  no f o rm a t io n

o f  th e  a l t e r n a t i v e  p r o d u c t s  b e in g  r e p o r t e d .  However, w h ile  the

r e a c t i o n  o f  (6 )  s h o u ld  be s t r a i g h t f o r w a r d ,  the  oc-isom er (5 )  niay

58p r e s e n t  more d i f f i c u l t y  s in c e  C la rk e  et^ a l . e n c o u n te r e d  a 

m ix tu re  o f  n a p h t h o ( l , 2 - b ) t h i o p h e n e  (31) and th i a p h e n a ie n e  (32 )  d u r in g

--------

(31) ,  80*. ( 32) ,  20>. 

th e  PPA c y c l i s a t i o n  o f  ( l - n a p h t h y l t h i o ) a c e t a l d e h y d e  d i e t h y l  a o e t a l

- n o t  s u p r i s i n g l y ,  th e y  r e p o r t  the  p r o d u c t s  a s  b e in g  '’d i f f i c u l t  to

59s e p a r a t e ” ; t h i s  e x p e r im e n t  had p r e v i o u s l y  been  p e rfo rm e d  by T i la k  

who r e p o r t e d  the  f o rm a t io n  o f  o n ly  8y~ o f  ( 3 2 ) .  In  r e a l i t y ,  any

f e a r s  o f  o b t a i n i n g  a complex p ro d u c t  a r r a y  were u n fo u n d ed ,  s in c e



(5 )  gave p r e d o m in a n t ly  2 , 2 , 4- t r i m e t h y l ~ 7 >8- b e n a o - 2II-i} iiacaroraen9 ( 1 1 ) ,

w i th  o n ly  t r a c e  q u a n t i t i e s  o f  th e  r i n g - c o n t r a c t e d  p r o d u c t  ( 17 )

(T a b le  2 ) .  C o n v e rs e ly ,  th e  m a jo r  p r o d u c t  from  ( 6 ) was 2 - i s o p r o p y l -

3-m ethy lnaphfcho(2 , 1- b ) t h i o p h e n e  ( 18 ) ,  w i th  a  re d u c e d  amount o f  th e

2H -th iach ro m en e  ( 1 2 ) .  M e i tn e r  ( 5 )  o r  ( 6 ) gave e i t h e r  o f  th e  4 5 - t h i a -
1

chrom enes i n  s u f f i c i e n t  q u a n t i t y  to  he o b s e r v a b le  hy  H n . m . r . ,

h u t  s i g n i f i c a n t  i n c r e a s e s  were r e c o r d e d  i n  th e  p e r c e n t a g e s  o f

m a t e r i a l  r e c o v e r e d .  The d i s t i l l a t e  from (5 )  s o l i d i f i e d  on s t a n d i n g

and r e c r y s t a l l i s a t i o n  gave a p u re  sam ple o f  ( 11 ) ,  w hereas  g e l

c h ro m a to g rap h y  was r e q u i r e d  f o r  th e  s e p a r a t i o n  o f  th e  p r o d u c t s

d e r i v e d  from  ( 6 ) .  The s t r u c t u r e s  o f  (1 7 )  and. (1 3 )  were co n f irm e d

hy co m p ar iso n  w i th  sam p les  p r e p a r e d  u n am b ig u o u s ly  v i a  th e  same

r o u t e  a s  (13)> h u t  s t a r t i n g  from n a p h t h a l e n e - 1- t h i o l  and n a p h t h a l e n e -

2—t h i o l  r e s p e c t i v e l y  i n s t e a d  o f  from th i o p h e n o l .  Once a g a i n ,  the  
1

H n . m . r .  s p e c t r a  o f  e q u a l  w e ig h ts  o f  s y n t h e t i c  m a t e r i a l  and sam ples  

e l u t e d  from th e  column w ere ru n  to  c o n f i rm  th e  hom ogene ity  o f  th e  

m i x tu r e .

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

chrom enes i s  l i s t e d  i n  Table 3? from which i t  can  he s e e n  t h a t  

( 7 ) > ( 9 ) and. ( 10 ) a l l  e x h i b i t  s i m i l a r  maxima i n  th e  r e g io n s  p r e d i c t e d  

hy  T i l a k 3 9 .

The l o n g e s t  w av e le n g th  a b s o r p t i o n  i n  th e  u . v .  o f  (17)> nam ely

347  nm ( s e e  e x p e r im e n ta l  s e c t i o n )  e l i m i n a t e s  th e  p o s s i b i l i t y  t h a t

( 5 ) h a s  undergone  th e  a l t e r n a t i v e  mode o f  c y c i i s a t i o n  s in c e  t h i a -

p h e n a le n e  i s  known to  g iv e  a At a t  420 n m ^ .  S i m i l a r l y ,  th emax

s t r u c t u r e  o f  (18 )  i s  a s  e x p e c te d ,  th e  o t h e r  p o s s i b i l i t y  b e in g  r u l e d

o u t  b ec a u se  th e  p a r e n t  n a p h th o ( 2 , 1- b ) th i o p h e n e  a b s o rb s  a t  lo w er

w a v e le n g th s  than  n a p h th o ( 2 , 3~ b ) th io p h e n e ^ 1 (304  nm compared w ith

352 nm i n  c y c lo h e x a n e ) ; th e  f i g u r e s  a r e  a l s o  i n  a c c o rd  w i th  th o s e

62q u o te d  by C a r r u th e r s  and Crowder



T ab le  3. U l t r a - v i o l e t  d a t a  o f  i s o l a t e d  th ia c h ro m e n e s .

Compound num ber.

( 7 )

( 9 )

( 10 )

( 11)

(12)

X ^ J S t O H ) ,  ( l o g g  ) .

323 ( 3 - 1 3 ) , —281 ( s h ) ,  244 ( 4 .2 9 )

322 ( 3 . 0 7 ) , - 2 8 4  ( s h ) ,  248 ( 4 .2 7 )

328  ( 3 . 1 1 ) , ~ 2 8 0  ( s h ) ,  244 ( 4 .2 2 )

~ 3 5 4  ( s h ) , ~ 3 4 3  ( s h ) ,  330 ( 3 . 2 8 ) ,  

~ 3 2 0  ( s h ) ,  279 ( 4 . 0 7 ) ,  ~ 2 7 4  ( s h ) ,  

252 ( 3 . 9 0 ) ,  232 (4 -0 3 )

352 ( 3 . 4 1 ) ,  325 ( 3 . 6 6 ) ,  313 ( 3 . 7 0 ) ,  

276 ( 4 . 2 6 ) ,  260 ( 4 . 5 2 ) ,  234 (4 .4 1 )



1The H n . m . r .  d a t a  o f  a l l  the  p r o d u c t s  form ed from PPA 

t r e a t m e n t  o f  ( l )* - (6 )  i s  l i s t e d  i n  T ab le  4> th e  s p e c t r a  o f  p u re  

compounds gave the  e x p e c te d  i n t e g r a t i o n  r a t i o s ,  a s  d i d  (1 9 )  and ( 2 0 ) .  

E xpans ion  o f  th e  a ro m a t ic  r e g io n  o f  (1 2 )  ( F ig u re  5) r e v e a l s  an 

AB q u a r t e t  c e n t r e d  a t  2 .5 3 T * ( J  = 9 Hz) from and H^, a  f e a tu r e -

H

which would he a b s e n t  had  th e  a l t e r n a t i v e  c y c l i s a t i o n  o c c u r r e d  

S i m i l a r l y ,  th e  AB q u a r t e t  i n  (1 1 )  i s  h i g h l i g h t e d  when i r r a d i a t i o n  

o f  th e  l o w - f i e l d  p r o to n  i s  p e r fo rm e d  (F ig u r e  6)*

I I I .  R e a c t io n  o f  Th iachrom enes wi.th PPA.

The f i r s t  i n d i c a t i o n  t h a t  the th ia c h ro m e n e s  m igh t be c a p a b le  

o f  u n d e rg o in g  r i n g - c o n t r a c t i o n  came from th e  v a r i a t i o n  o f  p ro d u c t  

r a t i o  ( 7 ) * ( 1 3 )  w i th  te m p e ra tu r e  -  h ig h e r  t e m p e r a tu r e s  f a v o u r in g ,  

and lo w er  t e m p e ra tu re  d i s f a v o u r i n g ,  th e  b e n z o ( b ) t h io p h e n e . A cco rd in g ly  

r e p r e s e n t a t i v e  th ia c h ro m e n e s  ( 7 ) * ( 9 ) > ( 1 1 )  and ( 1 2 ) ,  i s o l a t e d  by g e l  

c h ro m a to g rap h y ,  o r  c r y s t a l l i s a t i o n  i n  th e  c a se  o f  ( 1 1 ) ,  were t r e a t e d  

w ith  p o ly p h o s p h o r ic  a c i d  a t  100°C, th e  s c a l e  b e in g  r e d u c e d  by abou t 

a f a c t o r  o f  100. With ( 1 1 ) ,  b o th  th e  w e ig h t o f  PPA and th e  r e a c t i o n  

time were i n c r e a s e d  i n  view o f  th e  low p e r c e n ta g e  o f  th e  r i n g  con -
-j

t r a c t e d - p r o d u c t  form ed from (5)» The H n . m . r .  s p e c t r a  were r e c o rd e d  

on th e  p r o d u c t s ,  th u s  a l lo w in g  th e  p e r c e n ta g e  r e a r ra n g e m e n t  to be 

c a l c u l a t e d  (T ab le  p)> &s w ith  the  k o t o s u l p h i d e s ,  the p r o d u c t  d i s 

t r i b u t i o n  h a s  a marked dependence on th e  s t r u c t u r e  o f  th e  s t a r t i n g  

m a t e r i a l ,  b u t  i n  th e  c a se  o f  the  th ia c h ro m e n e s  a lm o s t  q u a n t i t a t i v e  

r e c o v e r i e s  were a c h ie v e d ,  th e  o n ly  conrpounds p r e s e n t  b e in g  th e
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F ig u re  11. E x p an s io n  o f  th e  a ro m a t ic  r e g io n  o f  th e  H n .m . r ,  

sp ec tru m  o f  ( 1 1 ) .



s t a r t i n g  th ia c h ro m e n e s  and th e  r i n g - c o n t r a c t e d  i s o m e r s .

T ab le  5» Rearrangem en t  of  Thiachrom enes w i th  PPA.

Compound 

Humber.

(7 )

( 9 )

( 11)
( 12)

+ -* 1 * Given ( —5$) from i n t e g r a t i o n  o f  100 KHz H n . m . r .  s p e c tru m .

IT . The Mechanism o f  th e  R e a r ra n g e m e n t .

R h ile  a  mechanism in v o l v i n g  f r e e  r a d i c a l  i n t e r m e d i a t e s  seems 

im p ro b ab le  ( s e e  I n t r o d u c t i o n ,  I I ) ,  i t  sh o u ld  n o t  be d i s m is s e d  o u t  

o f  hand ,  an d ,  c o n s e q u e n t ly ,  th e  r e a c t i o n  o f  k e t o s u l p h i d e  ( l )  w ith  

PPA a t  100°C was c a r r i e d  o u t  i n  th e  p robe  o f  a  Decca X3 s p e c t r o m e te r  

s p e c t r a  were r e c o rd e d  a t  r e g u l a r  i n t e r v a l s ,  b u t  no s i g n a l s  a t t r i b u t 

a b l e  to  o r g a n ic  r a d i c a l s  were o b s e rv e d ,  t h i s  i n d i c a t i n g  th e  p re s e n c e  

o f  an i o n i c  pathw ay . S in ce  th e  th ia c h ro m e n e s  r e a r r a n g e  i n  PPA to  

g iv e  th e  r i n g - c o n t r a c t e d  p r o d u c t s ,  i t  would a p p e a r  t h a t  th e y  a re

i n t e r m e d i a t e s  on th e  way from th e  k e t o s u l p h i d e s  to  th e  b e n z o (b )

37t h io p h e n e s ,  j u s t  a s  T i l a k ' s  th ia c h ro m e n e s  were i n t e r m e d i a t e s  in  

th e  fo rm a t io n  o f  th e  th ia c h ro m a n s ;  d i s p r o p o r t i o n a t i o n  a s  o b se rv e d  

by  T i l a k  i s ,  how ever, p r e c lu d e d  h e re  a s  a r e s u l t  o f  t h e r e  b e in g  no 

hyd ro g en s  on C-2.

7 /e ight o f  P20 3(g ) /  R e a c t io n  ^ R ea r ran g ed

g .  R e a c ta n t .  Time ( h r ) .

4 3 40

4 3 17
15 8 61

4 3 91

* Re th a n k  D r. A.L. P o r t e  f o r  t h i s  m easurem ent.
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(1 3 )

Scheme 1.

A l i k e l y  i o n i c  mechanism in v o l v e s  p r o t o n a t i o n  "by PPA a t

C~4 o f  th e  th ia c h ro m e n e ,  (e- .g . (7 )  shown i n  Scheme 1 ) ,  fo rm in g  a

th i i r a n i u m  io n  in  a  s i m i l a r  f a s h io n  to  t h a t  p ro p o s e d  hy  Hofmann 

21and S a lh e c k  , and l a t e r  a d o p te d  as  an i n t e r m e d i a t e  i n  th e  

p e r c h l o r i c - a c i d  c a t a l y s e d  d i s p r o p o r t i o n a t i o n  o f  (34 )  > th i i r a n i u m

io n s  a s  r e a c t i o n  i n t e r m e d i a t e s  have h een  rev ie w e d  hy M u e l le r 64

(3 4 )

S u bsequen t r i n g  o p e n in g  o f  t h i s  s p e c i e s  l e a d s  to  a  t e r t i a r y  

carhonium  io n ,  w hich, f o l l o w i n g  p ro to n  l o s s ,  g iv e s  r i s e  to  th e  

b e n s o ( b ) th io p h e n e  n u c le u s  hy d o u b le  bond i s o m e r i s a t i o n .

A l t e r n a t i v e l y ,  th iac lirom ene p r o t o n a t i o n  co u ld  o c c u r  on the 

s u lp h u r ,  l e a d in g  bo t h e •r e s o n a n c e - s t a b i l i s e d  a l l y l i c  carhon ium  io n

(35)> p ro to n  l o s s ,  fo l lo w e d  by r e p r o t o n a t i o n  and r i n g - c l o s u r e  

p ro d u c e s  ( 3 6 ) ,  from which (1 3 )  i s  form ed by doub le  bond i s o m e r i s a t i o n  

(Scheme 2 )* I d e n t i c a l  i n i t i a l  p r o t o n a t i o n  can g iv e  r i s e  to  th e  a l l e n e
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(7) J£ ■>
r ^ V " S H +\

H+
\ k

J ^ Y ' S H  \O'
(36)

Scheme 2 .

( 3 7 ) ,  c a p a b le  o f  c y c l i s i n g  d i r e c t l y  to  th e  r e q u i r e d  p r o d u c t  i n  an

1 5a n a lo g o u s  f a s h i o n  to  t h a t  p ro p o sed  hy  Lowenbein f o r  2 , 2 - d i p h e n y l -  

chrom ene.

A n o th e r  p o s s i b l e  pathw ay (Scheme 3) in v o k e s  r i n g  o p en in g  as  i n

(7)

Scheme 3»



th e  f i r s t  s t e p  o f  a  t h i a - C l a i s e n  r e a r r a n g e m e n t ;  th e  b i c y c l i c  

s k e l e t o n  i s  r e - e s t a b l i s h e d  by a t t a c k  a t  C-3, w ith  th e  i n t e r m e d i a t e  

form ed u n d e rg o in g  r e a d y  p ro to n  l o s s  on th e  way to  th e  condensed  

th io p h e n e  ( 1 3 ) .

A lthough  th e  above mechanisms a r e  p o s s i b l e  i n  t h e o r y ,  some 

a p p e a r  l e s s  f a v o u r a b l e  -  f o r  exam ple , Scheme 3 depends  on th e  e a r l y  

l o s s  o f  a r o m a t i c i t y  by (7)> and , s i m i l a r l y ,  one would e x p e c t  the  

r e a c t i o n  n o t  to  p ro c e e d  th ro u g h  an i n t e r m e d i a t e  a l l e n e  i f  an e a s i e r  

r o u t e  were a t  i t s  d i s p o s a l .  E n d ea v o u r in g  to  a s c e r t a i n  th e  t r u e  

mechanism by i s o t o p i c  l a b e l l i n g  ( c a r r y i n g  o u t  th e  c y c l i s a t i o n  in  

d eu te ro -P P A ) w i l l  be s e v e r e l y  r e s t r i c t e d  s in c e  b e n z o (b ) th io p h e n e  

d e r i v a t i v e s  w ith  a l k y l  s u b s t i t u e n t ' s  i n  th e  2 -  and 3 -  p o s i t i o n s  have

b een  shown to  u ndergo  re a d y  hydrogen  exchange in  th e  p r e s e n c e  o f

. ,65 a c i d  .

The f o r m a t io n ,  i n  c e r t a i n  i n s t a n c e s ,  o f  th e  4 ^ - th ia c h ro m e n e s  

can  be a c c o u n te d  f o r  i f  th e  k e t o s u l p h i d e s  r e t r o  i n  a c i d  to  r e 

g e n e r a t e  the  a r y l  m e rc a p ta n s  and m e s i t y l  o x id e .  ITow i f ,  i n s t e a d  o f  

a  M ichae l c o n d e n s a t io n ,  n u e l e o p h i l i c  a t t a c k  ta k e s  p l a c e  on th e  

c a r b o n y l  g ro u p ,  t h e r e  w i l l  be p ro d u ced  ( i n  th e  c a s e  o f  ( l ) )  th e  

i n t e r m e d i a t e  ( 3 3 ) ,  which on c y c lo d e l iy d ra t io n  g iv e s  2 , 4»4—t r i n e t h y 1 -

o

d )

(3 8 )

4H- th ia c h ro m e n e . The s m a l l  p r o p o r t i o n  o f  th e  4H iso m e r  p r e s e n t  i n  

th e  p ro d u c t  m ix tu re  from (2 )  and (3 )  (T a b le  1) may be t e n t a t i v e l y  

a s c r i b e d  to  th e  s t e r i c  h in d ra n c e  o f  th e  a d j a c e n t  m e thy l g ro u p s .  To 

i n v e s t i g a t e  the  p o s s i b i l i t y  o f  t h i s  mechanism, an e q u im o la r  m ix tu re  

o f  th io p h e n o l  and m e s i t y l  o x ide  was t r e a t e d  w ith  PPA a t  100°C; 

s u b se q u e n t  work-up gave a low y i e l d  o f  a brown o i l  c o n t a i n i n g ,



a p a r t  from much p o ly m e r ic  m a t e r i a l ,  s m a l l  amounts of th e  4 K - th i a -  

chromene a s  w e l l  a s  th e  2H iso m er  and th e  r i n g - c o n t r a c t e d  p ro d u c t  

A lthough  e v id e n c e  f o r  any  p a r t i c u l a r  mechanism i s  n o t  r e a d i l y  f o r t  

corning, th e  fo r m a t io n  o f  a l l  th e  p r o d u c t s  can  he s a t i s f a c t o r i l y  

e x p l a in e d  i n  te rm s o f  one o r  more o f  th e  above p a th w ay s .
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EXPERIK31TTAL

H n .m .r*  s p e c t r a  were r e c o r d e d  on V ardan  T-60 and HA-100

i n s t r u m e n t s  w i th  CDCl^ a s  s o l v e n t  and 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  and mass s p e c t r a  were m easured  on Unicam SP800A and 

A .E . I . - G .  E. C. M3 12 s p e c t r o m e te r s  r e s p e c t i v e l y .  E . p . r .  s p e c t r a  

were ru n  on a Decca X3 s p e c t r o m e t e r ? and i n f r a - r e d  s p e c t r a  were 

r e c o r d e d  011 P e r k in  E lm er 225 and Unicam SP1000 i n s t r u m e n t s .

M e l t in g  p o i n t s  were d e te rm in e d  on a K o f l e r  h o t —s ta g e  a p p a r a tu s  

and a r e  u n c o r r e c t e d .  G.L.C. m easurem ents  were made on a  Pye-A rgon 

C hrom atograph . T. L. C. was c a r r i e d  o u t  u s i n g  K i e s e l g e l  G (Merck) f o r  

a n a l y t i c a l  p u rp o se s  and K i e s e l g e l f ° r  p r e p a r a t i v e  work.

L ig h t  p e t ro le u m  r e f e r s  to  th e  f r a c t i o n  h o i l i n g  be tw een  60 and  80°C. 

S o lv e n t s  were removed on a  r o t a r y  e v a p o r a to r  a t  r e d u c e d  p r e s s u r e .

A b b r e v ia t i o n s .  b b ro a d

d d o u b le t

m u l tip le -1  ( i n  n . m . r . )

medium i n t e n s i t y  a b s o r p t i o n  ( i n  i . r . )

q u a r t e t

s i n g l e t  ( i n  n . m . r . )

s t r o n g  i n t e n s i t y  a b s o r p t i o n  ( i n  i . r . )

m

s

sh s h o u ld e r

t t r i p l e t

w weak i n t e n s i t y  a b s o r p t i o n

I .  P r e p a r a t i o n  o f  K e to s u l p h i d e s .

4-1 l e th y l - 4 “ ? h e n y l th io p e n ta n - 2 —o n e? ( 1 ) .

T h io p h en o l  (119 £> 1 .08  mole) was d i s s o l v e d  in  d ry  b enzene  

(1 l )  c o n t a i n i n g  a few d ro p s  o f  p i p e r i d i n e s  a f t o r  warming th e
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s o l u t i o n ,  f r e s h l y - d i s t i l l e d  m e s i t y l  o x id e  (128  g , 1.31 m ole) was 

added ,  and th e  m ix tu re  r e f l u x e d  o v e r n ig h t  u n d e r  n i t r o g e n .  A f t e r  

c h e c k in g  t h a t  a l l  th e  t h i o l  had  r e a c t e d  (by  i . r .  o r  n . m . r . ) ,  th e  

c o o le d  s o l u t i o n  was washed w i th  5$ HaOII s o l u t i o n  (3 x  250 m l) ,  th e n  

w ith  w a te r  (3  x  500 ml) and d r i e d  o v e r  anh y d ro u s  sodium s u l p h a t e .  

S o lv e n t  rem oval l e f t  an o i l ,  which on d i s t i l l a t i o n  u n d e r  re d u c e d  

p r e s s u r e ,  gave ( l )  a s  a  c o l o u r l e s s  l i q u i d ,  b . p .  94 -  9 5 ° 0 /  0 .01  mm 

Hg, 75$ ( y i e l d s  a r e ' t m o p t i m i s e d ) , m/e 208 0-I+ ) ;

\ 7  ( t h i n  f i l m )  3065 (w ), 2980 (m ), 2930 (:n), 1712 ( s ) ,fucl-X.

1580 (w ), 1570 ( tO ,  1475 (m ), 1440 ( s ) ,

1380 (m ) , 1362 ( s ) ,  1122 ( s ) ,  760 ( s ) ,

712 ( s ) ,  702 ( s )  cm- 1 ;

”t!(C D 01,)  2 .3  — 2 -9  (5H, m, a r o m a t i c s ) ,

7 .3 5  (2H, s ,  -0H2- ) ,

7 .9 0  (3H, s , ’ 0H3 C0), .

8 .6 3  ( 6H, s ,  C(CH3 ) 2 ) ;

(Found i C, 69-26 ; H, 7 -7 0 .  C^H^gOS r e q u i r e s  C, 6 9 .2 1 ;  K, 7 -7 4 $ ) -  

The o t h e r  k e t o s u l p h i d e s  were p r e p a r e d  by  a n a lo g o u s  r e a c t i o n s  

and a r e  summarised be low :

4-Me bhyl—4—( p - t o ly l t h io ) p e n t a n - 2 - o n e ,  ( 2 ) .

jD-Tliiocresol ( 2 6 . 4  g> 0 .21  mole) r e f lu x e d  f o r  5 hours w ith  

m e s i t y l  ox id e  ( 25»3 g ,  0 .2 6  mole) gave a c o l o u r l e s s  l i q u i d ,  ( 2 ) ,

6 . p .  89 -  91°c /0 .01  mr:i Hg, 54/-, m/e 222 (li+ ) ;

V  ( t h i n  f i l m )  3070 (w ), 2980 ( s ) ,  2936 ( a ) ,  1715 ( s ) ,max
1620 (w) ,  1590 (w) ,  1470 ( s ) ,  1380 ( s ) ,

1362 ( s ) ,  1202 (m), 1180 (m ), 1122 ( s ) ,

1065 (m), 760 ( s ) ,  722 (m) cm 

X (C D C l^)  2 . 4  -  3*1 (4 3 ,  m, a r o m a t i c s ) ,

7 .2 9  (2H, s ,  -CH2- ) ,
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7 .5 0  (3H, £3, r i n g  CHj),

7 .8 7  (3H, i3, CH CO),

8 .6 3  ( 6H, s ,  C(CH3 ) 2 ) j  

(Pound : C, 7 0 .4 2 ;  H, 8 . 2 9 . C ^ H ^ O S  r e q u i r e s  0, 7 0 .2 4 ;  H, 8 . 165S)-

4-Me t h y l - 4 - ( r a - t o t y l  t h i o ) p e n i a n - 2 - o n s , ( 3 ) .

m—T h i o c r e s o l  (80 g , O.65  m ole) r e f l u x e d  o v e r n ig h t  w i th  m e s i ty l  

o x id e  (69  g ,  0 .7 0  m ole) gave a  c o l o u r l e s s  l i q u i d ,  (3)> h » p .  79 ~ oO°C 

/0 .0 1  mm Hg, 77/ ,  m/e 222 (M+ ) ;

VnaT ( t h i n  f i l m )  ' 2978 (m ), 2930 (m ), 1715 ( s ) , -  1592 (m ),iUoLA.

1575 (w ) ,  1470 (m ) , 1380 (m), 1362 ( s ) ,

1120 ( s ) ,  785 ( s ) ,  697 (is) cm- 1 ;

^ ( C D C l , )  2 . 4  — 3*0 (4H, m, a r o m a t i c s ) ,

7 .3 5  (2H, s-, -CH2- ) ,

7 -6 7  (3H, s ,  r i n g  CH3 ) ,

7 .9 0  (3H, s ,  CH3 C0),

8 . 6 2  ( 6H, s ,  C(CH3 ) 2 ) ;

(Pound i C, 7 0 .3 9 ;  H, 8 .2 0 .  C ^ H ^ O S  r e q u i r e s  C, 7 0 .2 4 ;  H, 8 .1 6 $ ) .

4 - E e t h y l - 4 - ( i > - t o l y l t h i o ) p e n ta n - 2 - o n e ,  ( 4 ) .

2 , -T h io c re s o l  (80 g ,  0 ,6 5  mole) r e f l u x e d  f o r  5 h o u rs  w i th  

m e s i t y l  o x id e  (70  g ,  0 .71  mole) gave a c o l o u r l e s s  l i q u i d ,  ( 4 ) ,  

h . p .  9 1 - 9 2 ° c /0 .0 6  mm Hg, 5 6 / ,  m/e 222 (l-I+ ) ;

\7  ( t h i n  f i l m )  2975  (m ), 2930 (m ), 1716 ( s ) ,  1600 (w ),maX
1495  (m ), 1382 (m ), 1364 ( s ) ,  1122 ( s ) ,  

816  ( s ) em- ^ ;

" t ^ C D d , )  2 . 4  -  3 .0  (4H, m, a r o m a t i c s ) ,

7 .3 5  (2H, s ,  -C H g -) ,
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7 .6 5 (3 H , b , r i n g  CB^),

7 .8 8  (3H, s ,  CH CO),

8 . 6 3  ( 6 H ,  s ,  C ( C H 3 ) 2 ) ;

(Found s C, 70 .17?  H, 8 . 2 1 .  C^H^gOS r e q u i r e s  C, 70 .24? H, 8 . 1 6>c)•

4 - 33b th y  1—4“  ( 1 —n a p h th y l  t h i o )  pen  t a n - 2  -  o n e ,  ( 5) .

l ? a p h i h a l e a e - 1 - t h i o l  (10 g ,  62 mmole) r e f l u x e d  f o r  24  h o u rs  

with n e s i t y l  oxide (7  g? 71 mmole) gave a  p a l e  y e l lo w  l i q u i d ,  (5)>

Tb.p. 135 “  1 3 6 °C /0 '0 4  a s  % ,  69/ ,  m/e 258  (tf+ ) |

%/ ( t h i n  f i l s )  '  3060 ( a ) ,  2970 ( a ) ,  2930 (m), 1718 ( s ) ,

1622 (w ) ,  1590 (m ), 1502 ( s ) ,  1380 ( s ) ,

1365 ( s ) ,  1120 ( s ) ,  805  ( s ) ,  775 ( 0 ) cm“ 1|

1.9 -  2 .7  (7H, %  a r o m a t i c s ) ,

7 .2B  (2H, s', -CH2- ) ,

7*91 (3H, s ,  CZgCO),

8 . 6 0  (6H, 0 , o C d ig Jg ))  

s 0 ,  74-371 H ,6 .8 S .  C ^ H ^ O S  r e q u i r e s  0 , 74*39? H, 7*02/)*

4—1% ih y l—4-( 2-naph th y lih x  o) pen

laf>hthalen®-2-thi@l (SO g, 0 .5  »©!©) r®flus@d ©w© m ig h t with 

im ssityl ( 58*8 g , 0 .6  ool@) gav® a pal© yellow liq u id , (6) ,

1».p. 146 -  147^0/0.25 is® % , 5 ^ ’ (form ation of disulphid® an 

psnssdoast f>rw®& in  th is  in s  tan©® ) ,  0/® 25S (U+)j

VL^ (tMm filas) 3055 («)* 297© (&)* 293© (is), 1715 ( s ) ,

1628 ( * ) f 1588 ( a ) ,  1500 (is), 140  ( s ) #

137S (1) ,  136© (») ,  1196 (3) , 112© (§) ,

8 6 6  (® ) ,  820 (© ),  74S ( s )  ©s 

1.8 -  2 .7  ( 71? % ar©mii©t),

7^88 ( 2 h ?
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7 . 8 7  (3H, s ,  CII3 CO),

8 .5 5  (6E, s, C(CIi3 ) 2 ) ;

(Found : C, 74*205 H, 7*04* ^^H^gOS r e q u i r e s  C, 74*39; S 5 7*02$).

8 -P h e n y l th io -m e n th a n —3—o n e , ( 2 2 ) .

T h io p h en o l (50  g , 0 .4 5  m ole) r e f l u x e d  f o r  4 &ays w i th  f r e s h l y

d i s t i l l e d  (+ ) -p u le g o n e  (92  g ,  0 .6 0  mole) gave a  v i s c o u s ,  y e l lo w

liquid, ( 2 2 ) ,  Id.p. 117 -  122°C/0 .01  mm Hg, 71$ (some unreacted

p u le g o n e  came o v e r  e a r l y  i n  the  d i s t i l l a t i o n ) ,  m/e 262 (M+) ;

V m ( t h i n  f i l m )  ' 3075 (w ) ,  3058 (w ), 2950  ( s ) ,  2920 ( s ) ,max

2865 (in), 1708 ( s ) ,  1472 (m ), 1450 (m),

1436 (m ),  1378 (m ), 1360 (m ),  1116 (m ),

750  ( s ) ,  706 (m ), 694  ( s )  cm- 1 ;

X (  CDC13 ) 2 . 4  -  2 .9  ('5H, m, a r o m a t i c s ) ,

7 .1  -  8 .5  (8H, m, -CH -  and -C H -) ,

8*58 (3H, s ,  d i a s  t e r e o t o p i c  G~g),

8 .6 S  (3H, s ,  d i a s t e r e o t o p i c  CH3 ) ,

9*00 and 9*05  (3E com bined, 2d -  r e l a t i v e  

w e ig h ts  3s 1, J  = 5 f o r  "both, CH3-CH- )5  

(Found s C, 73.405 H, 8 . 5O. ^ g H ^ O S  r e q u i r e s  C, 7 3 .2 5 ;  H, 8 . 45$ ) .

4 -M e th y l -4 ’~P^Qny l s e ^e n °Pe n ^9'n~ 2 -o n e , (21 ) .

S e le n o p h en o l  (25  g> 0.16 mole) r e f l u x e d  f o r  30 h o u rs  w ith  

m e s i t y l  ox id e  (1 8 .8  g, 0 . 1 9  mole) gave a  p a l e  y e l lo w  l i q u i d ,  ( 2 1 ) ,  

b . p .  100 -  108°c/0.04 mm Hg i n  h ig h  y i e l d ,  m/e 256 (K *).

Vmax (fchin f i lm )  3060 (m), 2965  (m), 2925 (m), 1715 ( s ) ,

1620 (w ), 1578 (m), 1438 ( s ) , 1380 (m ) ,

1364 ( s ) ,  1120 ( s ) ,  1022 (m), 744 ( a ) ,

696 ( s )  cm~^;
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' t (C D C l ) 2 .2  -  2 .9  (5 3 ,  n ,  a r o m a t i c s ) ,

7 .2 3  ( 2H, s ,  -CH2- ) ,

7 .9 0  (3H, s ,  CH CO),

8 .5 0  ( 6H, s ,  C(CH3 )2 ) ,

v 8 .5 0  ( d ,  1.5%,  J 77 .  = 11 H z);
■ " S e - H

(Found. s 0 ,5 6 .4 8 ;  H, 6 . 4O. C.gH^gOSe r e q u i r e s  C, 5 6 .4 7 ;  H, 6.52%).

I I .  R e a c t io n  o f  th e  K e to su lp h id .e s  w ith  P o ly p h o s p h o r ic  A cid .

P o ly p h o s p h o r ic  a c i d  was p r e p a re d  hy h e a t i n g  ^ 2^5 ^  w ith

o r th o p h o s p h o r ic  a c i d  (50 ml, d = 1 .7 5 )  a t  150°C f o r  1 h o u r ,  p r e -  . 

c a u t i o n s  b e in g  tak en  to  p r e v e n t  the  e n t r y  o f  w a te r  v a p o u r .  4-i-®t-hyl- 

4~ p h e n y l t h io p e n ta n - 2-o n e  ( 1 ) ,  (20  g )  was added i n  one l o t  to  th e  

PPA a t  room te m p e r a tu r e ,  and the  m ix tu re  s t i r r e d  m e c h a n ic a l ly  

( m e r c u r y - s e a le d  s t i r r e r )  w h ile  b e in g  m a in ta in e d  a t  99 ( - 1 )°C in  

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

g r e e n ,  r e d  and f i n a l l y  d a rk  brow n. A f t e r  th r e e  h o u rs  th e  v i s c o u s  

p ro d u c t  was a l lo w e d  to  c o o l  to  room te m p e r a tu r e ,  th e n  p o u red  i n t o  

ic e d  w a te r  (750 ml) and e x t r a c t e d  w ith  e t h e r  (3 x 500 m l ) .  The 

combined e x t r a c t s  were washed w ith  s a t u r a t e d  sodium b i c a r b o n a t e  

s o l u t i o n  (1 x 300 m l) ,  f o l lo w e d  by w a te r  (4  1  400 ml) u n t i l  pH -  7 * 

A f t e r  d r y in g  (Na^SO^) the s o l v e n t  was removed . l e a v in g  a  brown o i l  

which d i s t i l l e d  i n  th e  ran g e  65 -  1 1 4 °0 /0 .0 2  mm Hg, g i v i n g  a y e l lo w  

l i q u i d  ( 4 .62  g ) ,  e q u i v a l e n t  to  23> r e c o v e ry  o f  m a t e r i a l  ( t h i s  

f i g u r e  does  n o t  in c lu d e  h i g h e r  b o i l i n g  p o ly m er ic  m a t e r i a l ) ,  and o f  

c o m p o s i t io n  shown i n  Table 1.

I d e n t i c a l  r e a c t i o n s  were c a r r i e d  o u t w ith , th e  o t h e r  k e t o s u l p h i d e s ,  

nam ely (3 )?  (4 )?  (6 )  and ( 2 2 ) ,  b u t  w i th  ( 2 ) and ( 5 ) th e  s c a l e  was 

re d u c e d  by a f a c t o r  o f  10; th e  p r o d u c t s  from ( 2 ) -  (6 )  had b o i l i n g  

p o i n t  r a n g e s  o f  63 -  110° / 0 . 0 6 , 38 -  91° / 0 ‘0 4 > 71 -  8 5 ° /0 .0 3 j .

70 -  1 0 0 ° /0 .0 0 5  and 108 -  1 5 4 ° /0 .0 0 5  mm Hg r e s p e c t i v e l y .  The
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c o m p o s i t io n  o f  the  v a r i o u s  r e a c t i o n  m i x tu r e s ,  t o g e t h e r  w ith  th e  

o v e r a l l  w e ig h ts  a n a ly s e d ,  a r e  s e t  o u t  in  T ab le  1. The d i s t i l l a t 

io n  o f  th e  p r o d u c t  from 8 - p h e n y l th io -m e n th a n —3-one (2 2 )  gave 2

f r a c t i o n s (25$  r e c o v e ry  o f  m a t e r i a l )  b o i l i n g  a t  48 — 55°C /0 .01  mm Hg 

o 1and 56 -  108 C/0.01 mm Hg; H n . m . r ,  showed the  fo rm e r  to  be an 

iso m e r  o f  pu leg o n e  and th e  l a t t e r  t o  be p o ly m e r ic  i n  n a t u r e .  A

s i m i l a r  r e a c t i o n  w ith  th e  k e t o s e l e n i d e  (21 )  gave 42% r e c o v e ry  o f

o 1m a t e r i a l ,  b . p .  74 -  100 C /0 .03  mm Hg; H n . m . r .  r e v e a l e d  th e

f o r m a t io n  o f  some se len a ch ro m en e  b u t  th e  m a j o r i t y  was a g a in

p o ly m e r ic .

The e f f e c t  o f  r e a c t i o n  te m p e ra tu re  on the  c o m p o s i t io n  o f  the  

p r o d u c t  d e r iv e d  from k e t o s u l p h i d e  (1 )  i s  shown i n  Tab le  6; a s  can be 

s e e n ,  i n c r e a s i n g  th e  te m p e ra tu re  f a v o u r s  the  r i n g - c o n t r a c t e d  

p ro d u c t  w h ile  low er  t e m p e r a tu r e s  f a v o u r  th e  th ia c h ro m e n e .

T ab le  6 . R e la t i v e  P e r c e n t a g e s  o f  M ajor P ro d u c ts  from PPA 

T rea tm en t o f  ( 1 ) .

Tem pera tu re  % M a te r i a l  2H—T h ia -  45-»Thia- R ing -con 
t r a c t e d

( ° C ) . r e c o v e r e d .  ch rom ene. ohrom ene. p r o d u c t .

90 17 55 15 30

100 23 15 15 70
125 21 20 a  80

( a )  : p r e s e n t  i n ,  a t  m ost,  t r a c e  q u a n t i t i e s  ( < c a  5/0

The k e t o s u l p h id e  ( l )  (51 mg) was added in  one l o t  to  a  m ix tu re  

o f  m e th a n e su lp h o n ic  a c id  (619 mg) and p hosphorous  pen t,ox ide  (58  mg), 

and s t i r r e d  f o r  3 h o u rs  a t  100°C. S ta n d a rd  work-up gave a brown o i l ,
4

th e  H n . m . r .  spec trum  o f  which gave no peaks  which co u ld  be a s s ig n e d  

to  a  r i n g - c o n t r a c t e d  p r o d u c t .  A lso ,  a sam ple o f  ( l )  (3»1 g)? s a x u r—
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a t e d  w ith  d ry ,  g a se o u s  HC1, d id  n o t  c y c l i s e  to  th e  b e n z o ( b ) t -iophene 

( 1 3 ) j  a f t e r  6 days H n . m . r .  showed o n ly  s t a r t i n g  m a t e r i a l  and a 

t r a c e  o f  th e  2 H - th ia c h ro m e n e , th e  l a t t e r  i n c r e a s i n g  a s  time went on. 

Work-up a f t e r  18 months gave a p a l e  y e l lo w  l i q u i d ,  0 . 6  g ,  b . p  61 -  

72° c / 0 .02  mm Eg; n . m . r .  showed t h i s  to  be  impure ( ? ) •

I I I .  C o n s t r u c t io n  o f  Gel Column.

Commercial Sephadex LH-20 (500 g) was s u b j e c t e d  to  p ro lo n g e d  

s h a k in g  on B r i t i s h  S ta n d a rd  s i e v e s  to  s e p a r a t e  p a r t i c l e s  o f  s i z e  

53 -  105/6  (303 g ) j  u n d e r  a  m ic ro sco p e  t h e r e  was s t i l l  a v a r i a t i o n  

i n  p a r t i c l e  s i z e  w i th  c l u s t e r s  o f  sm a l l  p a r t i c l e s  c l i n g i n g  t o g e t h e r .  

These p ro v e d  im p o ss ib le  to  d i s p e r s e  on sh a k in g  b u t  i t  was f e a s i b l e  

to  f l o a t  them o f f  when th e  g e l  was s t e e p i n g  in  s o l v e n t .  The g e l  was 

s p l i t  i n t o  two b a t c h e s ,  each  o f  which was soaked  f o r  24  h o u r s  i n  

m e th y len e  c h l o r i d e  (1500  m l) ,  p u r i f i e d  by a  p a s s  th ro u g h  a column 

o f  b a s i c  a lu m in a ,  fo l lo w e d  by  d i s t i l l a t i o n .  M o d i f i c a t io n  v i a  the  

r o u te  o f  E l l in g b o e  and W ystrom ^ ??as c a r r i e d  o u t .  Boron t r i f l u o r i d e  

e t h y l  e t h e r a t e  (37*5 nil, 48^  BF^) was added and th e  m ix tu re  s w i r l e d  

f o r  15 m in u te s  (W.B. th e  b ead s  o f  g e l  a r e  d e s t r o y e d  i f  a  m ag n e tic  

s t i r r e r  i s  em ployed),  th e n  p o r t i o n s  (100 ml) o f  a  s o l u t i o n  o f  

WSDOX* 1114 (900 ml) i n  m e thy lene  c h l o r i d e  (3600 ml) were added , 

w i th  s h a k i n g / v e r  the  n e x t  2 h o u r s ,  th e  r e a c t i o n  v e s s e l  b e in g  c o o le d  

i n  an i c e  b a th  to p r e v e n t  u n c o n t r o l l e d  r e f l u x i n g .  H aving a l lo w e d  

the  r e a c t i o n  to  p ro c e e d  f o r  a n o th e r  20 m in u te s ,  th e  p ro d u c t  was 

f i l t e r e d  on a Buchner f u n n e l  and washed s u c c e s s i v e l y  w i th  c h lo ro fo rm  

(500  m l) ,  e th a n o l  (500  m l) ,  c h lo ro fo rm -m e th a n o l  ( 1 s 1) (500  m l) ,  and 

f i n a l l y  w ith  benzene (500 m l) .  The g e l  was th e n  r e f l u x e d  w i th  s t i r r i n

* We thank  A shland Chem ical Company, Ohio f o r  the g i f t  o f  NBDOX 1114*



i n  cn lo ro fo rm ~ m etn an o l  (3»75 l )  f o r  4 h o u rs ,  washed w ith  c h lo ro — 

form —m o tn an o l and b e n ze n e ,  and r o f lu x e d  in  "benzene f o r  4 h o u rs .

•Tie p r o d u c t  i s  c a r e f u l l y  washed w ith  benzene  and r e f lu x e d  in  "benzene 

f o r  a  f u r t h e r  4 h o u r  p e r i o d .  A f te r  a f i n a l  wash w i th  benzene 

th e  p r o d u c t  i s  d r i e d  u n d e r  vacuum a t  room te m p e ra tu re  u n t i l  con

s t a n t  i n  w e ig h t (605  g)» The w eigh t i n c r e a s e  (302 g) co rre sp o n d s  

to  a h y d ro x y a lk y l  group c o n te n t  o f  50r/' (w /w ) ;’ t h i s  d e r i v a t i v e  i s  

t h e r e f o r e  d e s ig n a t e d  "171114 * 50$-LH-20tf. The d r i e d  p r o d u c t ,  

u n l i k e  th e  s t a r t i n g  m a t e r i a l ,  was hydrophob ic  and waxy, and i t  i s  

f o r  t h i s  r e a s o n  t h a t  th e  s e p a r a t io n  i n t o  d i f f e r e n t  p a r t i c l e  s i z e s  

m ust be  done on the u n m o d if ied  b e a d - l i k e  g e l .

The column was c o n s t r u c t e d  by e x te n d in g  by 1 m etre  a s ta n d a rd

1 m e tre  " L a b -C re s t"  ch ro m a to g rap h ic  column o f  i n t e r n a l  d ia m e te r

2 .5  eras. Tne g e l  r e s t e d  on a  po rous  d i s c ,  and the  o u tf lo w  to  th e  - 

c o l l e c t i n g  v e s s e l  was v i a  a  T eflon  ta p  and narrow  b o re  T ef lo n  

tu b in g j  th e  to p  o f  th e  column was connec ted  to  a r e s e r v o i r  o f

2 l i t r e  c a p a c i t y  v i a  n y lo n  tu b in g .  The column was c a l i b r a t e d  

v o l u m e t r i c a l l y  b e f o r e  p a c k in g  so t h a t  the bed volume co u ld  be 

m easured  a t  any time to  a l lo w  f o r  v a r i a t i o n s  a r i s i n g  from changes 

i n  te m p e ra tu r e  o r  f lo w  r a t e .  The g e l  was a l low ed  to  s w e l l  in  A n a la r  

m e th a n o l  f o r  48 h o u r s ,  and, from time to  t im e , any f i n e  p a r t i c l e s  

f l o a t i n g  on the s u r f a c e  were d e c a n te d .  B efore  p a ck in g ,  the  g e l  s l u r r y  

was f r e e d  from o cc lu d ed  a i r  by immersion f o r  one hour i n  an u l t r a 

s o n ic  b a t h .  The column was f i t t e d  w ith  a g l a s s  e x t e n s io n  and p a r t l y  

f i l l e d  w i th  m e thano lj  the  g e l  s lu rry^  added in  one o p e r a t io n ,  was 

a l lo w e d  to  s e t t l e  u n d e r  c o n d i t io n s  o f  c o n t in u o u s  v i b r a t i o n ,  a 

s t e a d y  s o lv e n t  f lo w  b e in g  m a in ta in e d .  Not a l l  the  g e l  co u ld  be 

accommodated and c o n s e q u e n t ly  a bed volume ox 930^1 o u i f i c e d .

A f t e r  48 h o u rs  the bed volume had s t a b i l i s e d  and a f i l t e r  p a p e r  

was p la c e d  on top o f  the g e l  to  p r o t e c t  the  s u r f a c e  from mechan

i c a l  d i s t u r b a n c e .  A maximum s o lv e n t  f io w -ra u e  o f  ^ 0  m l /n o u r  v,a^
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p o s s i b l e  b u s ,  i n  p r a c t i c e ,  a  f lo w  r a t e  n o t  ex ce ed in g  h a l f  t h i s  

v a lu e  was em ployed. At f i r s t ,  sam ples e l u t e d  from the  column were 

c o n ta m in a te d  by  th e  " b le e d in g "  o f  s m a l l  g e l  p a r t i c l e s ,  b u t  th e se  

were e a s i l y  removed on g ra d e  C, g l a s s  f i b r e  f i l t e r  p a p e r .

IV. I s o l a t i o n  o f  Thiachromen e s .

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

th e  i s o l a t i o n  o f  th iach ro m e n es  ( 7 ) > ( 9 ) > ( 10) , ( 12) , ( 19) and (2 0 ) ,  

w h i le  (1 1 )  c r y s t a l l i s e d  from th e  d i s t i l l a t e  o f  the  r e a c t i o n  p ro d u c t  

on s t a n d i n g ;  th e  u . v .  and n . m . r .  d a t a  o f  th e s e  compounds ap p ea r  in  

T a b le s  3 and 4 r e s p e c t i v e l y .

2 , 2 , 4 -Trim e th y 1 -2 H -th ia c h ro m e n e , ( 7 ) •

S h o r t  p a th  d i s t i l l a t i o n  o f  the  column e l u a t e  gave a  c o lo u r 

l e s s  l i q u i d  ( 7 ) ,  b . p .  40°C /0 .02  mm Hg; ra/e 190 (M+ ) j  b ase  peak a t  

m/e 175 c o r r e s p o n d in g  to  m ethyl l o s s ;

V  ( t h i n  f i l m )  3078 (w ), 3050 (w ), 3010 (w ), 2970 ( s ) ,
max v

2922 (m), 1585 (w ), 1469 ( s ) ,  1431 ( s ) ,

1359 (m), 1129 (m), 812 (m), 755 ( s ) ,

732 ( s )  cm"*1;

(Found : C, 75*94? H, 7*46. C12H14S r e a u i r e s  C, 75*76? H, 7*42^)*

2 , 2 , 4 , 7 -? e  t r a m e th y 1- 2H -th iach ro m en e , ( 9) *

S i m i l a r l y  i s o l a t e d  as  a c o l o u r l e s s  l i q u i d ,  b . p .  74 — 75 0/

0 . 0 2 5  ram Hg; m/e 204 (M+ ) ,  ^ ase  peak a t  m/e 1895

V ( t h i n  f i lm )  3070 (w), 3020 (w ), 2978 ( s ) ,  2930 ( s ) ,
max v

1602 (m ) , 1488 ( s ) ,  1482 (m), 1440 ( m ) ,

1385 (m ), 1362 ( ;a ) , 1140 (m), 825 ( s )  cm- 1 ;



(Found : C, 76.55? H, 7*92. r e q u i r e s  C, 76 . 4 4 ; H, 7 . 90$ ) .

2 ,2 ,4 ?  6-T e tra m e th y l-2 H -- th ia c h ro m e n e , ( 10 ) .

S i m i l a r l y  i s o l a t e d  a s  a c o l o u r l e s s  l i q u i d ,  b . p .  70°C/0.01 mm 

Hg; ra/e 204 (M+ ) ,  b a s e  peak a t  m/e 1895

Vmax ( thin filra) 3070 (w ), 3030 (w ), 2960 ( s ) ,  2918 ( s ) ,

1465 ( s ) ,  1435 00, 1375 (ra), 1358 (s),
1132 ( s ) ,  810 ( s ) ,  609 (m) cm 1;

(Found : C, 76*57? H, 7 -9 0 .  C ^ H ^ S  r e q u i r e s  C, 76.44? H, 7*90$).

2 , 2 , 4*JTrime th y  1 - 7 , 8 -b en zo -2 H -th iach ro m en e ,  ( 1 1 ) .

The d i s t i l l a t e  o f  the  p ro d u c t  from ( 5 ) became a  y e l lo w ,  waxy 

s o l i d  on s t a n d i n g ;  s u b l im a t io n  o f ' t h i s  m a t e r i a l  (70°C /0 .01  mm Eg) 

gave a l i q u i d  which s lo w ly  c r y s t a l l i s e d .  R e c r y s t a l l i s a t i o n  from 

l i g h t  p e t ro le u m  (75$  re c o v e ry )  p roduced  w h ite  p r is m s ,  m.p. 104 -  

106°C; m/e 240 (M+ ) ,  b a se  peak a t  m/e 225?

V maJC ( KBr d i s c )  3048 (w), 2975 (m), 2964  (w ), 1502 (m),

1378 (m), 1360 (m), 1336 (m), 1132 (ra),

828 ( s ) ,  760 ( s h ) ,  756 ( s )  cm""1;

(Fourid : C, 79*96? H, 6 . 8 4 . r e q u i r e s  C, 79*97? E, 6 .7 1 $ ) .

2 , 2 , 4—Trime th y  1—5 ,6 —benzo—2H—tiiiach rom ene , ( 1 2 ) .

E l u t e d  from th e  g e l  column as  a w h ite  s o l i d  (a p p ro x .  S . i . / *  

3 5 0 ) ;  r e c r y s t a l l i s a t i o n  from l i g h t  p e tro leu m  (53/- r e c o v e ry )  gave 

l a r g e ,  w h ite  c r y s t a l s ,  m .p. 73 -  74°C? m/e 240 (l:I+ ) ,  b a s s  peak a t  

m/e 225?

V, „ (KBr d i s c )  3044 00, 2978 ( s ) ,  2962 (w), 1612 (w),
max

1534 (m) ,  1502 (m) ,  1374 0 0 ,  1355 ( s ) ,
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1158 (ra), 1124 ( s ) ,  812 ( s ) ,  779 ( s ) ,

748 ( s )  cnf^ ;

(Found- : C, 79-92,* II, 6 . 8 4 . C ^ H ^ S  r e q u i r e s  C, 79-975 H, 6.71  / ) ,  

2 , 4 ? 4 -^ r im e th y l -4 H - th ia o h ro m e n e , ( 19 ) .

S h o r t  pa,th d i s t i l l a t i o n  o f  th e  column e l u a t e  gave a  p a le  

y e l lo w  o i l ,  "b.p. 50 C /0 .03  mm Hg; n e v e r  o b ta in e d  c o m p le te ly  f r e e  

o f  m ino r  i m p u r i t i e s ;

m .s .  p eak s  a t  m/e 175 (b a se  p e a k ) ,  190 and 192

i n  th e  r a t i o  100s 15*3 0 ;

Vmax ( t h i n  f i l m )  3058  (w ), 296O ( s ) ,  2920 (m), 1588 (w),

1470 ( s ) ,  .1430 (m), 1382 (w), 1365 ( v ) ,

1358 (w)., 1126 (m ), 752 ( s ) ,  732 ( s )  cm**15 

(Found : C, 75-60 ; H, 7 -6 2 .  C ^ H ^ S  r e q u i r e s  C, 75-76 ; H, 7 -42 /0 -

2 ,4?  4 ? 6—Tetram ethy1-4H —th iach rom ene ,  (20),

mmS i m i l a r l y  i s o l a t e d  a s  a  p a le  y e l lo w  o i l ,  b . p .  7 0 ° 0 /0 .0 5  

Hg; n e v e r  o b ta in e d  f r e e  o f  minor i m p u r i t i e s ;

m .s .  p eak s  a t  m/e 189 (b a se  p e a k ) ,  204 and 206 ,

th e  r a t i o  o f  the  l a t t e r  two b e in g  1s3 ;

V  ( t i i n  f i l m )  3035 (w), 3000 (w ), 2950 ( s ) ,  2908  ( s ) ,  
max

1718 ( s h ) ,  1705 ( s ) ,  1478 ( s h ) ,  U 6 0  ( s ) ,  

1380 (m), 1362 (m), 1118 (m), 805 (a )  cm 

(Found t C, 7 6 . 15 ; H, 8 .1 0 ;  c 13H*j6S reclu i r e s  c > 7 6 .4 4 ;  H, 7-90%)

V. R e a c t io n  o f  Thiachromenes ( 7 ) ; ( 9 ) ; ( 1 1 )  and (12) w i ta  PPA.

P o ly p h o s p h o r ic  a c id  was p re p a re d  by h e a t in g  ^ 2^9 (o00 mg) 

w i th  o r th o p h o p h o r ic  a c id  (0*5 nil) a t  150 C f o r  1 nou r;  2 , 2 , 4 -
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t r i r n e t h y l —5>6- 'benzo-2E-th iaohrom ene (1 2 )  (203 rag) was added a t  

room te m p e ra tu r e  g iv i n g  a  "bright r e d  s o l u t i o n ,  t h i s  c o lo u r  s t i l l  

p e r s i s t i n g  a f t e r  s t i r r i n g  f o r  3 h o u rs  a t  100°C. On c o o l in g ,  the 

m ix tu re  was p o u red  i n t o  ic e d  w a te r  (10 m l) ,  and e x t r a c t e d  w ith  

e t h e r  (3 x  10 m l) .  The e x t r a c t s  were washed w ith  s a t u r a t e d  sodium 

b i c a r b o n a t e  s o l u t i o n  (1 x  10 m l) ,  and w ith  w a te r  (3 x 15 m l) ,  then  

d r i e d  o v e r  anhydrous sodium s u lp h a t e .  S o lv e n t  e v a p o ra t io n  l e f t  a 

c l e a r  "brown o i l  (193 mg)> c o m p ris in g  m a in ly  th e  r i n g - c o n t r a c t e d  

p r o d u c t  ( 18 ) ,  t o g e t h e r  w i th  some u n r e a c te d  s t a r t i n g  m a t e r i a l ,  as
-j

r e v e a l e d  by  H n . m . r . .  S u b l im a tio n  o f  t h i s  sample (68 C /o .01 mm 

Hg) y i e l d e d  a  damp s o l i d ,  which, on r e c r y s t a l l i s a t i o n  from l i g h t  

p e t ro l e u m ,  gave w h ite  c r y s t a l s ,  i d e n t i c a l  in  e v e ry  r e s p e c t  to  

u n am b ig u o u s ly  p r e p a re d  ( 1 8 ) .

S i m i l a r  s m a l l - s c a l e  r e a c t i o n s  were perfo rm ed  on th iach rom enes  

( 7 ) , ( 9 )  and  ( 1 1 ) ,  e x c e p t  t h a t  i n ' t h e  case  o f  ( 1 1 ) ,  b o th  th e  w eight 

o f  p o ly p h o s p h o r ic  a c i d  and the  r e a c t i o n  tim e were i n c r e a s e d ,  i n  view  

o f  th e  low p e rc e n ta g e  o f  (17) formed d u r in g  th e  PPA t r e a tm e n t  o f  the 

k e t o s u l p h i d e  ( 5 ) .  On m ix ing  w ith  PPA, each  o f  th e s e  th iach rom enes  

gave a  b r i g h t  p e r s i s t e n t  c o lo u r  v i z .  b lu e ,  v i o l e t  and g reen  f o r  (7)> 

(9 )  and (11 )  r e s p e c t i v e l y ;  a l s o ,  a lm o s t  q u a n t i t a t i v e  r e c o v e r i e s  

were a c h ie v e d ,  the  o n ly  compounds p r e s e n t  b e in g  th e  s t a r t i n g  t n i a — 

chrom enes and the  r i n g —c o n t r a c te d  a n a lo g u e s .  The p e r c e n ta g e  r e —

1txa r ra n g e m e n t  was c a l c u l a t e d  in  .each case  from tn e  H n . m . r .  spectrum  

o f  th e  p r o d u c ts  ( Table 5)*

VI. R eaction  o f  K e s i ty l  Oxide and Thiophenol with PPA.

P o ly p h o s p h o r ic  a c id  was p re p a re d  in  th e  u s u a l  way from - phos

ph o ro u s  p e n to x id e  (8 g) and o r th o p h o sp h o r ic  a c id  (5  md ) ;  wnen co o led  

to  room te m p e ra tu r e ,  th e r e  was added s im u l ta n e o u s ly  th io p . ie n o l  ( l . Oo  

g ,  9*3 mmole) and m e s i ty i  oxide (O.96  g , 9*8 mmole) g i v i n g  a
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b ro w n /g re e n  s o l u t i o n  which became a  b la c k  v is c o u s  m ix tu re  a f t e r

3 h o u r s  s t i r r i n g  a t  100°C. The p ro d u c t  was poured  i n t o  ic e d  w ater

(50  m l ) ,  g i v i n g  an o range  s o l u t i o n  which was e x t r a c t e d  w ith  e t h e r

(3 x  50 m l ) .  The e x t r a c t s  were washed w ith  5M UaOH (1 x 25 ml) to

remove u n r e a c t e d  th io p h e n o l ,  th en  washed w ith  w a te r  (3 x 75 ml)

u n t i l  p H ^ 7 »  A f te r  d ry in g  (iTa^SO^), s o lv e n t  e v a p o ra t io n  gave a

d a rk  "brown o i l  (0 .2 0  g) 5 d i s t i l l a t i o n  y i e ld e d  a y e l lo w  l i q u i d ,

b o i l i n g  ra n g e  66 -  98 °C /0 .0 6  mm Hg, 0 .1 6  g , e q u iv a le n t  to  8 /
1

r e c o v e r y  o f  m a t e r i a l .  H n . m . r .  exposed s e v e r a l  compounds, prom inent 

among w hich a re  the  2H -th iachrom ene ( 7 ) and the  b e n z o (b ) th io p h e n e  (13) 

a s  w e l l  a s  th e  hoped f o r  2 ,4 > 4 - t r i ra e th y l -4 H - th ia c h ro m e n e  (19) 5 the 

a p p ro x im a te  r a t i o  o f  ( 7 ) s ( 1 3 ) s ( 1 9 )  i s 1 • 1*25 s 2 ,

VTI. Unambiguous S y n th e s i s  o f  2 - I s o p r o p y l - 3 - m e th y l - b e n z o ( b ) -  

th io p h e n e ,  (13)«

3 -B ro m o -4 -m e th y lp e n tan -2 -o n e  was p re p a re d  a c c o rd in g  to 

66C ard w e ll  and K i l n e r  , u s in g  the  r o u te  to  h a lo g e n a te d  k e to n e s  

e s t a b l i s h e d  by Jo n es  e t  a l .^» C a re fu l  d i s t i l l a t i o n  gave a  h ig h  

y i e l d  o f  a  c o l o u r l e s s  l i q u i d ,  b . p .  53 “  55 C/12 mm Hgj 

m .s .  brom ine i s o to p e  p a t t e r n  r e v e a le d  by peaks

a t  m/e 178 and 180 (M+ )j

V  ( t h i n  f i lm )  2980 (m), 2945 (w), 2880 (w ), 1711 ( s ) ,
max

1368 (w ), 1358 (m), 1222 (v )  cm- 1 ;

' t ( O O C l3 ) 5-98 (1H, d, J = 8 Hz, -C H B r-) ,

7*66 (3H, s ,  CH^CO),

7 . 5  -  8 .0  ( 1H, m, -C E - ) ,

8 .9 5  (6H, t ,  J  = 6 Hz, C(CH^)2 )5

(Found ! B r ,  44-37- V h l 031, re(lu i r e s  B r ’ 44-62 'a) .

C lean  sodium (4 -5  S. 196 mmole) was d i s s o lv e d  in  d ry  m ethanol

(150  ml) u n d e r  a s tream  of n i t r o g e n ;  t a io p n e n o l  ( o 1 .5  19°  o l e ,
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m. s .

V  ( t h i n  f i l m )  max N '

'tCCDCl )

was poured, i n  and th e  s o l u t i o n  b o i l e d  f o r  5 m in u te s ,  th e n  a llow ed  

to  c o o l .  The above brom oketone (35  g ,  195 mmole) was added d ro p -  

w ise  w i th  th e  im m ediate  fo rm a t io n  o f  a  p a le  ye l lo w  p r e c i p i t a t e ;  the 

m ix tu re  was r e f l u x e d  f o r  t h i r t y  m in u tes  th en  s t i r r e d  o v e rn ig h t  a t  

room t e m p e r a t u r e .  A f t e r  f i l t r a t i o n  o f  the sodium brom ide , th e  s o lv e n t  

was e v a p o r a te d  g i v i n g  a brown o i l ;  two d i s t i l l a t i o n s  gave 3- p h e n y l -  

t h i o - 4- m e t h y lp e n t a n - 2-o n e  ( 2 7 ) a s  a  c o l o u r l e s s  l i q u i d ,  b . p .  68 -  

7 0 °c /0 .0 2  mm Hg;

m/e 208 (M+ ) ,  o th e r  p rom inen t peaks a t  m/e 

165, 123, 109;

3060 (w), 2965 ( a ) ,  2 9 3 6 ' (w ), '  1705 ( s ) ,

1584 (m), 1482 (m), 1468 (m), 1440 ( s ) ,

1370 (w), 1355 (a), 1222 (m), 750 (sh),

7.40 ( s ) ,  692 ( s )  cm” 1 ;

2 . 5  -  2 .9  ( 5H, m, a r o m a t i c s ) ,

6 .6 5  (1H, d, J  = 9 Hz, (CH3 ) 2 CH-),

7.81 (3H, s ,  CH3 C0),

c a . 7*90 (1H, m, S—CH—),

8 .8 0  and 9 .00 (each  3H, 2d, J  = 6 Hz f o r  b o th ,  

C(CII3 ) 2 ) ;

(Found : C, 6 9 . 3 8 ; H, 7 -7 8 .  G12H160S r e q u i r e s  C, 69 .21 ; H, 7-7450•

( 2 7 ) was c y c l i s e d  w ith  p o ly p h o sp h o r ic  a c id  (3 h o u rs  a t  100°C, 

and work—up as  b e f o r e )  g i v i n g . ( l 3 ) as  a c o l o u r l e s s  l i q u i d ,  b . p .

147°C/12 mm Hg, 72$;

m/e 190 (K+ ) ,  o th e r  p rom inen t peaks  a t  m/e

175, 147, 115.

3060 (w), 2965 ( s ) ,  2928 ( m) ,  1462 ( s ) ,

1436 (s) .,  1385 (m), 1364 (m), 1312 (ra),

1201 (m), 752 ( a ) ,  728 ( s ) ,  714 (m) cm"1;

X i 233 ( l o g £  4-54), 268 ( 3 .7 8 ) ,  290 ( 3 .4 3 ) ,  299 ( 3 . 2 7 )nm:
max ^

(Pound , C, 75 .89s H, 7 .5 0 .  C.|2 E143 r e t i r e s  C, 75.7«5 5 ,  7 - ^ / ' ) .

m .s .

V  ( t h i n  f i lm )  max v *



V I I I . Unambiguous S y n th e s i s  o f  2 - I s o p ro p y l -3 -m e th y ln a p h th o -  

( 1 , 2 - b ) t h i o p h e n e ,  (17)*

R e p e a t in g  the  above r o u te  u s in g  n a p h th a le n e -1 —t h i o l  i n s t e a d  o f  

b en ze n e  t h i o l  g iv e s  3 - ( l - n a p h t h y l th i o ) - 4 - m e th y l p e n ta n - 2 - o n e  as  a 

brown s o l i d  (7 4 $ ) .  S u b l im a tio n  ( c a .  4 0 ° c /0 .0 2  mm Hg) and r e c r y s t a l l 

i s a t i o n  ( l i g h t  p e t ro le u m )  g iv e s  w hite  n e e d l e s ,  m .p. 41 -  43°C; 

m#s .  m/e 258 (K+) ,  o th e r  p rom inen t peaks  a t  m/e

215 , 173, 159, 115;

V/ (KSr d i s c )  3060 (w ), 2962 (m), 1696 ( s ) ,  1504 (m),
max

1370 (w ), 1355 (m), 1230 (m), 805 ( s ) ,

770 ( s ) ,  733 (m) cm” 1;

^ (0 1 )0 1 ^ )  1*4 “  1*8 (1 H, m, a ro m a t ic  p r o to n ) ,

2 .0  -  2 .8  (6H, m, o th e r  a r o m a t i c s ) ,

6 .5 4  (1H, d ; J  = 9 Hz, (CH3 )2 CH - ) ,  

o a . 7*8 (1H, m, S—CH-),

7 .8 5  (3H, s ,  CH3C0),

8 .6 7  and 9 .0 0  (each  3H, 2d, J  = 6 Hz, C(CH3 ) 2 )

(Found : C, 74-60;  H, 7-13 -  C ^ g O S  requ ires  C, 74-39; H, 7-02%).

C y c l i s a t i o n  o f  t h i s  k e tosu lp h id e  with PPA (3 hours a t  100 C) 

g i v e s  a h r io k -r e d  s o l i d  ( 86f )  which on r e o r y s t a l l i s a t i o n  ( l i g h t

petro leum) y i e l d s  white c r y s t a l s  o f  (17)> m.p. 72 -  73 Cj

g m/ e 240 (M+) ,  o th e r  p rom inen t peaks a t  m/e

225 , 210 , 165;

V  (KBr d i s c )  3040 (w),  2955 (*>)» '462  (m), 1378 ( a ) ,
max x

1310 (m), 1252 (m), 1205 (m), 855 W ,

805 ( a ) j  745 ( s h ) ,  742 ( s )  ora- 1 ;

X ( 3 t 0 c )  23°  ( l o s £  4 - 2 1 ) ,  240 ( 4 . 1 9 ) i  249 (4-27)>
max .

272 ( 4 . 5 6 ) ,  331 ( 2 - 9 1 ) ,  347 (2 -8 1 )  nra;

(Found : C, 79-81 ; H, 6-89- C ^ g S  r e q u i r e s  C, 79-97; H, 6 .7 1 * ) .



-7 2 -

IX. Unambiguous S y n th e s is  o f  1 -M e th y l -2 - i s o p ro p y ln a p h th o (2 ,1 -b ) -  

th io p h e n e ,  ( 18) .

S i m i l a r l y  em ploying  n a p h t h a l e n e - 2 - t h i o l  y i e l d s  3 - ( 2 - n a p h th y l -  

t h i o ) - 4-m et n y l p e n t a n - 2-o n e  as  a y e l lo w  v is c o u s  l i q u i d ,  b . p .  134 -  

1 3 6 ° c /0 .0 5  mm Hg, 47$;

m .s .  m/e 258 (M+ ) ,  o t h e r  p rom inen t peaks  a t  m/e

215, 159, 115;

V max ( t h i n  f i l m )  3055 (rn), 2962 ( s ) ,  2930 (m), 1702 ( s ) ,

1502 (m), 1370 (m), 1355 ( s ) ,  1225 (m),

852 (m), 815 ( s ) ,  745 ( s ) ,  475 ( s )  cm” 1;

*¥ (CDCl^) 2 .1  — 2 .8  (7H, m, a r o m a t ic s ) ,

6 .5 3  (1H, d ,  J  = 9 Hz, (CH3 ) 2 CH~),

7 .81  (3H, s ,  CH3 C0), 

c a .  7*9 (1H, m ,. S-CH-),

8 .7 7  and 8 .99  (each  3H, 2d, J  = 6 Ez f o r  b o th ,  

C(CH3 ) 2 );

(Found : C, 74*50; H, 7*08. C ^ H ^ O S  r e q u i r e s  C, 74*39; H, 7*02%).

C y c l i s a t i o n  o f  t h i s  k e t o s u lp h id e  w ith  PPA (3 h o u rs  a t  100°C) 

p ro d u c e s  a  p a le  y e l lo w  s o l i d  ( 87/o) which on two r e c r y s t a l l i s a t i o n s  

( l i g h t  p e t ro le u m )  g iv e s  ( 18) as  w h ite  c r y s t a l s ,  m .p. 72 — 74 0 ; 

m. s .  m/e 240 (M+ ) ,  o th e r  p rom inen t peaks  a t  m/e

225, 210 , 165;

V  (KBr d i s c )  3050 (w), 2962 (m), 2920 (w), 1508 (w ),
v max v

1455 (m), 1371 (m), 1360 (m), 1318 (m),

900 (m), 802 ( s ) ,  780 ( s ) ,  748 ( s ) ,
—1742 ( s ) ,  684 (m) cm”  ;

X ( E t o n )  232 ( l o g t  4*56) ,  243 (4*58) ,  2 .57  ( 4 *4 5 ) ,
in cue

302 (4 * 1 5 ) ,  334 (3 .1 9 )  r-mj 

(Found : C, 8 0 .1 0 ;  H, 6 . 66 . r e q u i r e s  C, 79*97; H, 6-71/-)-

1H n . m . r .  p a ra m e te rs  f o r  ( 13) ,  (17) and ( 18 ) were i d e n t i c a l
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to  th o s e  found  from c o r re s p o n d in g  m a t e r i a l s  o b ta in e d  by r e a r r a n g e 

ment and a re  l i s t e d  in  Table 4* I-Iixtures o f  sam ples from the  two 

s o u r c e s  a l s o  gave i d e n t i c a l  H n . m . r .  s p e c t r a ,  and mixed m e l t in g  

p o i n t s  f o r  (1 7 )  and ( 18 ) were found to  be u n d e p re s s e d .
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INTRODUCTION

1
I . O l a t h r a t e s  -  what a r e  they?

F o r  a b o u t  a c e n tu r y  ch e m is ts  s p e c u la te d  t h a t  c e r t a i n  compounds

m igh t e n c lo s e  o t h e r  s p e c ie s  o f  s u i t a b l e  s i z e  and geom etry , b u t  i t

was n o t  u n t i l  th e  l a t e  19401 s > how ever, t h a t  t h i s  form o f  m o lecu la r

a r c h i t e c t u r e  was a c t u a l l y  shown to  e x i s t*  The f i r s t  r e p o r t e d  in s ta n c e
o

o f  c l a t h r a t e  fo rm a t io n  was in  1849 , when EtJhler p re p a re d  two 

compounds 4.CAl^(0E)^ .H^S and SC ^E^O H ^.H ^S; s h o r t l y  a f te rw a rd s  w hile  

a t t e m p t i n g  to  s y n t h e s i s e  hydroquinone  ( i )  by s u lp h u r .d io x id e

OH

OH
r e d u c t i o n  o f  an aqueous s o l u t i o n  o f  benzoquinone , Clemm^ stum bled  

upon a  compound o f  co m p o si t io n  TC^E^OH^*SCh,• Under norm al c o n d i t 

io n s  t h e s e  c r y s t a l s  a re  p e r f e c t l y  s t a b l e  and have no sm e l l  o f  the 

o c c lu d e d  g a s ,  b u t  i f  ground in  a m o r ta r ,  d i s s o lv e d  o r  m e l te d ,  then  

a  s m e l l  c h a r a c t e r i s t i c  o f  th e  gas ev o lv ed ,  i s  d e t e c t e d ;  t h i s  

o b s e r v a t i o n  was p e rh a p s  th e  f i r s t  c o n t r i b u t i o n  to  an u n d e r s ta n d in g  

o f  th e  n a t u r e  o f  th e s e  compounds s in c e  the  v o l a t i l e  component cou ld  

n o t  be h e ld  bv c o n v e n t io n a l  chem ica l bonds . At t h a t  time chem ica l 

t h e o ry  n a t u r a l l y  s u g g e s te d  e x p re s s in g  t h e i r  com p o si t io n  by th e  r a ^ io  

o f  hyd ro q u in o n e  m o lecu le s  to  a s in g l e  gas  m o lecu le ,  a p r a c t i c e  

which p ro b a b ly  p la y e d  a p a r t  in  m i s d i r e c t i n g  though t and d i s c o u r 

a g in g  f u r t h e r  a t t e n t i o n .  C le a r ly  they  d id  n o t  obey some o.i. me rulc-.j 

a s  th en  u n d e r s to o d ,  and cou ld  n o t  bo fo rm u la te d  in  a c h e m ic a l ly  

a c c e p t a b l e  way.
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In  1 od6 k y l i u s  carne nea,r an e x p la n a t io n  w hile  i n v e s t i g a t i n g  

s e v e r a l  i n t e r e s t i n g  and i n t r i g u i n g  f e a t u r e s  o f  the  complex compounds 

fo rm ed  by h y d roqu inone  w ith  c e r t a i n  v o l a t i l e  s u b s ta n c e s ;  he sugges ted  

t h a t  no o r d i n a r y  co m b in a tio n  o c c u r re d  be tw een  th e  m o lecu le s  which 

form ed tne  com plexes , and t h a t  somehow the  m o lecu les  o f  hydroquinone 

were a b l e  to  lo c k  th e  second component i n t o  p o s i t i o n ,  b u t  w ith o u t 

c h e m ic a l  b o n d in g .  To him i t  seemed p ro b a b le  t h a t  a complex r e s u l t e d  

from tn e  com ple te  e n c lo s u r e  o f  one m olecule  by two o r  more m olecu les  

o f  a n o t h e r  component i n  such a manner as  to  p re v e n t  escape  o f  the 

e n c lo s e d  m o le c u le ,  u n l e s s  th e  s t r o n g  f o r c e s  which h o ld  t o g e th e r  the  

e n c l o s i n g  m o le c u le s  co u ld  be b ro k en .

I n t e r e s t  i n  th e s e  compounds l a y  dormant u n t i l  th e  19401s when
5

th e  c l a s s i c a l  X -ray  work o f  Powell d em o n s tra ted  t h a t  hydroquinone 

m o le c u le s  l i n k  t o g e t h e r  th rough  hydrogen bonds to  form i n f i n i t e ,  

t h r e e  d im e n s io n a l  com plexes, and t h a t  th e s e  g i a n t  m o lecu le s  do, 

in d e e d ,  e n c lo s e  a second component. T o g e th e r  w ith  h i s  cow orkers ,  

he n o te d  the  f i rm n e s s  w ith  which the  components were h e ld  t o g e th e r ,  

even  though no s t r o n g  a t t r a c t i v e  f o r c e s  appea red  to  be a c t i n g  

be tw een  them. P o w e ll^ ,  t h e r e f o r e ,  p roposed  th a t  the  a p t  term 

'’c l a t h r a t e ' ' ,  from the  L a t in  c l a t h r a t u s  meaning " e n c lo s e d  by the  

c r o s s b a r s  o f  a g r a t i n g " ,  be used  to  d e s c r ib e  t h i s  c l a s s  o f  m o lecu la r  

compounds h a v in g  a r e g u l a r  cage s t r u c t u r e  in  which one component 

( t h e  h o s t )  p h y s i c a l l y  e n c lo s e s  the  o th e r  component ( t h e  g u e s t ) .

The b e s  t-known c l a t h r a t e s  a re  those  in  which hydroquinone  

fo rm s th e  hose  component; in  a d d i t io n  to  the su lp n u r  u io x iu e  ana. 

hyd rogen  s u lp h id e  c l a t h r a t e s  p r e v io u s ly  m entioned , i t  form s a 

s e r i e s  o f  m o le c u la r  compounds w ith  f o r  example HCU, HC1, HBr, LeCU, 

HCOgH, C02 and the n o b le  g a s e s .  Powell was f i r s t  to  u n d e r ta k e  a 

com prehens ive  X -ray  s tu d y  o f  the c r y s t a l l i n e  n a tu r e  o f  hydroqu inone ,  

b e g in n in g  w ith  i t s  s u lp h u r  d io x id e  c l a t h r a t e ^ .  Tne l i n k i n g  o f  hydro

qu inone  m o lecu le s  can be seen  i n  F ig u re  1; th e  c i r c l e s  r e p r e s e n t
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F ig u re  1. Manner o f  hydrogen  bonding o f  hydroquinone m o le c u le s .

Above : Each r e g u l a r  hexagon d e n o te s  s i x  hydrogen bonds 

be tw een  oxygen a tom s. Hexagons a t  d i f f e r e n t  l e v e l s  a re  den o ted  by 

d i f f e r e n t  l i n e  th i c k n e s s .  The tap e red  l i n e s ,  r e p r e s e n t i n g  th e  0 - 0  

a x i s  o f  a hydroquinone  m o lecu le ,  show th e  method o f  l i n k i n g  to  

form an i n f i n i t e  th r e e  d im en s io n a l  cagework. Each t a p e r  p o in t s  

downwards from the o b s e rv e r .

Below s P e r s p e c t iv e  drawing c o r re s p o n d in g  to  the above. The 

hexagons d en o te  trie hydrogen bondsj the lo n g e r  l i n e s  c o n n e c t in g  

d i f f e r e n t  hexagons d en o te  the 0 — 0 a x i s  o f  the hydroquinone  m oi.ecu.Ie.

( b . 3 .  P a l i n  & TI.M. Pow ell ,  J .  Chem. S o c . , 1947, 2 0 8 .)



oxygen atoms o f  tne  h y d ro x y l  g roups  l i n k e d  by hydrogen bonds to 

form a p p ro x im a te ly  p la n e  hexagons o f  s id e  2 .7  A0 . The c e n t r a l  

l i n e s  o f  s i x  hydroqu inone  m o lecu le s  ex te n d  a l t e r n a t e l y  up and down 

from th e s e  oxygen a tom s, th u s  fo rm ing  an i n f i n i t e  ca,ge in  th r e e  

d im e n s io n s .  A lthough th e  hexagon i s  a s a t i s f a c t o r y  hydrogen bond 

a r r a n g e m e n t , t h e  m o le c u la r  g ro u p in g  i s  v e ry  i n e f f e c t i v e  as  re g a rd s  

sp a c e  f i l l i n g ;  th e  gaps  l e f t  a re  so l a r g e  t h a t  i t  i s  p o s s i b l e  to  

i n s e r t  a s eco n d ,  i d e n t i c a l ,  framework, d i s p la c e d  v e r t i c a l l y  halfw ay 

be tw een  th e  to p  and bo ttom  hexagons, and the  h o le s  o f  the  s t r u c t u r e  

a r e  such  t h a t  th e  two cage works a re  a b le  to  in t e rp e n e  t r a t e  each 

o t h e r  w i th o u t  c l o s e r  c o n t a c t  than  t h a t  u s u a l  f o r  u n l in k e d  atom s.

A lth o u g h  th e  two frameworks approach  to  g iv e  norm al van d e r  Haals 

d i s t a n c e s ,  t h e r e  rem ain  between th e  two cageworks c a v i t i e s ,  o f  

s u f f i c i e n t  s i z e  to  c o n ta in  a  sm a ll  m o lecu le ,  a t  normal u n l in k e d  

d i s t a n c e s  from th e  s u r ro u n d in g  atQms (F ig u re  2 ) .  These sp aces  a re  

bounded by  th e  oxygen hexagons o f  the  two d i f f e r e n t  e q u iv a le n t  

fram ew orks on th e  top and bottom  o f  the  c a v i t y ,  and by th e  a ro m a tic  

r i n g s  on th e  s i d e s ;  i t  i s  in  these  n e a r l y  s p h e r i c a l  c a v i t i e s ,  about 

5 A° i n  d ia m e te r ,  t h a t  th e  t r a p p e d  m o lecu les  a re  l o c a t e d .  A p a r t i c u l a r  

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

ra n g e  o f  s i z e  and sh ap e ; th e  low er s i z e  l i m i t  i s  d e te rm in ed  by the 

o p e n in g s  i n  the  cage w a l l s  th rough which escape can o ccu r  — f o r  

exam ple ,  th e  he l ium  c l a t h r a t e  o f  hydroquinone canno t be p r e p a r e d .

The above hydroquinone  compounds a re  d e s c r ib e d  as  |J—hydro 

q u inone  c l a t h r a t e s  because  the above s t r u c t u r e  does n o t  r e a d i l y  

form in  th e  absence  o f  c l a t h r a t a b l e  m a t e r i a l .  Hydroquinone c r y s t a l l 

i s e d  u n d e r  norm al c o n d i t io n s  from s o lv e n t s  t h a t  canno t be t ra p p e d  

in  th e  hydroqu inone  c a v i t i e s  has  a d i f f e r e n t  s t r u c u u r e  known as 

OC-hydroouinone; a t h i r d  v a r i a n t  i s  )T—hydroqu inone? o b ta in e d  by 

s u b l im a t i o n .
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F i g u r e  2 .  R e p r e s e n t a t i o n  o f  the  i n t e r p e n e t r a t i o n  of  two s i m i l a r  

h yd rog en -b o n d ed  cage works, each i d e n t i c a l  with  t h a t  shown in  

F i g u r e  1 . Benzene r i n g s  a re  shown by sm a l l  hexagons i n  the  upper  

p a r t  o f  th e  f i g u r e  h u t  a r e  o m i t te d  e l sew he re  f o r  c l a r i t y .  The 

l a r g e r  hexagons  r e p r e s e n t  hydrogen bonds .  The rou g h ly  s p h e r i c a l  

space  be tw een  the  two cage works i s  o u t l i n e d  in  r e d .

(D .3 .  P a l i n  & H.M. Pow el l ,  J .Chem.S oc . ,  1947? 2 0 8 . )

\ ‘ t ‘! ^ -

F i g u r e  3» S t r u c t u r e  of  gas  h y d r a t e s .  Large c i r c l e s ,  gas  molecule:

s m a l l  c i r c l e s ,  w a te r  m o lecu le s .

(K. von S t a c k e l b e r g  d E.R. M dlle r ,  3. S l e c t r o c n e m . ,

19545 j>8, 25. )
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The h y d roqu inone  c l a t n r a t e s  i l l u s t r a t e  s e v e r a l  f e a t u r e s  

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

1. th e  l i m i t i n g  c o m p o s i t io n ,  c o r re s p o n d in g  to  occupancy o f  every  

cage  i s  gov ern ed  by  g e o m e t r ic a l  r a t h e r  th an  chem ica l f a c t o r s ;  

f o r  h y d ro q u in o n e ,  t h i s  v a lu e  i s  t h r e e  m olecu les  o f  h o s t  to  one 

m o le c u le  o f  g u e s t ;

2 .  a  l a r g e  number o f  atoms i s  r e q u i r e d  to  form the w a l ls  o f  a 

cage l a r g e  enough to  c o n ta in  a sm a ll  m olecule a t  van d e r  h a a ls  

d i s t a n c e  from i t s  s u r ro u n d in g s ;

3* som etim es th e  c l a t h r a t e  s t r u c t u r e  i s  n o t  t h a t  n o rm a lly  g iven  

by  th e  h o s t  when i t  i s  c r y s t a l l i s e d  a lo n e ;

4* c h e m ic a l  r e a c t i v i t y  between p o s s i b l e  h o s t  and g u e s t  components 

p r e c l u d e s  c l a t h r a t e  fo rm a t io n .

Many s u b s ta n c e s  c o n ta in  ’’w a te r  o f  c r y s t a l l i s a t i o n "  when i s o l a t e d  

from aqueous  s o l u t i o n s ;  c a l l e d  h y d r a te s ,  most o f  th e s e  compounds 

a r e  n o t  c l a t h r a t e s  b u t  c o n ta in  w a te r  m o lecu les  a t t a c h e d  by the  

u s u a l  c h e m ic a l  b o n d s .  The s u b s ta n c e s  w ith  which w a te r  does form 

t r u e  c l a t h r a t e s  a r e  l a r g e l y  g a se s  o r  lo w -b o i l in g  l i q u i d s ,  and the 

com plexes a r e  known as  g a s  h y d r a te s ;  t y p i c a l  g u e s t s  a r e  C l B r ^ ,

S0o , H^S, C„H^, CH,I and C0HcCl. D e c is iv e  p ro o f  t h a t  c l a t h r a t e
ct C d  O J C. J

f o r m a t io n  i s  dependen t on m o le c u la r  s i z e  r a t h e r  than  on chem ica l 

b o n d in g  a r i s e s  from th e  f a c t  t h a t  even the  i n e r t  g a s e s  a r e  capab le  

o f  fo rm in g  s t a b l e  h y d r a t e s .  Small m o lecu les  such as  hydrogen , 

how ever,  do n o t  g ive  h y d r a te s ,  the in f e r e n c e  b e in g  t n a t ,  a s  w itn  

th e  h yd roqu inone  c l a t h r a t e s ,  v e ry  sm all d im ensions  a re  u n fa v o u ra b le ,  

s i n c e  an im p r is o n in g  a c t i o n  depends on a s u f f i c i e n t  s i z e  o f  trapped  

m o lecu le  i n  r e l a t i o n  to  p o s s i b le  escape  h o le s  in  the su r ro u n d in g  

cage s t r u c t u r e .  X—ra y  s t u d i e s  o f  tiiese gas n y d ra te s  nave sho^ai tn a t  . 

f i v e  w a te r  m o lecu le s  a re  l in k e d  t o g e th e r ,  th rough hydrogen bonds, 

to  form r i n g s ,  the r i n g s  then  j o i n in g  up to  produce dodecahedra.
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( F if ju re  3 ) .  The p a c k in g  o f  th e se  s t r u c t u r e s  i s  such t h a t  space 

c a n n o t  he c o m p le te ly  f i l l e d  and i t  i s  i n  the  i n t e r s t i c e s  t h a t  the 

g u e s t  m o le c u le s  r e s i d e .

A d i f f e r e n t  type  o f  s t r u c t u r e  ha3 "been found in  the c r y s t a l l i n e  

i n c l u s i o n  compounds formed by u r e a  ( I I ) and th i o u r e a  ( i l l )  where the 

c a v i t i e s  o f  tne  h o s t  c r y s t a l  c o n s i s t  o f  long  c y l i n d r i c a l  spaces  in  

w hich th e  g u e s t  m o le c u le s  l i e  end to  end . U rea h as  long  been  known

2 h n—c — n h2 2 hn nh2

o s
(IX) ( I I I )

8to  fo rm  s t a b l e  ad d u o ts  , b u t  i n t e r e s t  was o n ly  reawakened by the
9

a c c i d e n t a l  d i s c o v e r y ,  in  1940? "by Bengen ' t h a t  i t  com pleted  alm ost 

e x c l u s i v e l y  w i th  s t r a i g h t  c h a in  h y d rocarbons  and t h e i r  d e r i v a t i v e s ,  

w h ile  s im u l t a n e o u s ly  r e j e c t i n g  b ranched  and c y c l i c  p a r a f f i n s .  The 

in t e r c o n n e c t e d  u r e a  m olecu le 's ,  h e ld  to g e th e r  by-hydrogen  bonds 

b e tw ee n  n i t r o g e n  and oxygen atom s, a re  a r ra n g e d  i n  a  s i m i l a r  f a s h io n  

to  th e  wax in  a  honeycomb, le a v in g  long  tu b u l a r  c a v i t i e s  o f  5 A0 

d i a m e t e r .  This  s i z e  i s  i d e a l  f o r  the accommodation o f  l i n e a r  hydro

c a r b o n s ,  and any such s u b s tan ce  hav in g  a  ch a in  le n g th  o f  more than  

s i x  ca rb o n  atoms w i l l  complex w ith  u r e a  a t  room te m p e ra tu re .

T h io u re a  h as  a s i m i l a r  c r y s t a l  s t r u c t u r e  b u t  the  ch an n e l  

d i a m e te r  i s  in c r e a s e d  from f iv e  to  seven  angstrom s because  o f  tne  

g r e a t e r  s i z e  o f  the s u lp h u r  atom. This s m a l l ,  b u t  m ean in g fu l ,  change 

has  im p o r ta n t  consequences  s in ce  too  much o f  the c a v i ty  would oe 

l e f t  u n f i l l e d  by an n - a lk a n e ,  and any p o s s ib le  complex would s im ply  

c o l l a p s e .  C o n v e rse ly ,  the  channe l i s  i d e a l l y  s u i t e d  to  the  t r a p p in g  

o f  b u lk y  g u e s t  m o le c u le s ,  such as b ranched  p a r a f f i n s  and sm a l l  

c y c l i c  h y d ro c a rb o n s  -  one of the l a r g e s t  compounds to form a 

t h i o u r e a  ad d u c t  i s  2 , 6 , 9 , 1 3 , 1 6 -pen tam ethy lhepbadecane  which has a



l e n g t h  o f  a p p ro x im a te ly  22 A0 . The u r e a  and th i o u r e a  complexes 

re sem b le  tn e  h y aro q u in o n e  c l a t h r a t e s  in  t h a t  th e  p resen ce  of the  

g u e s t  in d u c e s  th e  h o s t  to  adop t c o n f ig u r a t io n s  d i f f e r e n t  from those 

o f  fcheir no rm al s t r u c t u r e s ,  b u t  th e y  d i f f e r  from the  c l a t h r a t e s  s in ce  

th e y  p ro d u c e  c h a n n e l  r a t h e r  than  cage s t r u c t u r e s .

C hanne ls  o f  a s i m i l a r  type to  th o se  formed by th e  u r e a s  can be 

found  among th e  i n c l u s i o n  compounds o f  c y c lo d e x t r i n ;  h e r e ,  however, 

th e  c a v i t y  i s  n o t  i n  th e  l a t t i c e  b u t  i n  a  s in g le  m olecule and, con

s e q u e n t l y ,  th e  complex i s  n o t  d i s i n t e g r a t e d  by d i s s o lv in g  th e  c r y s t a l ,

10th e  h o le  e x i s t i n g  even  i n  s o l u t i o n .  E x te n s iv e  s t u d i e s  by Cramer 

have p ro v ed  t h a t  th e se  c r y s t a l l i n e  compounds a re  r i g i d ,  doughnut

sh ap ed  m o le c u le s  form ed by j o i n i n g  g lu c o se  u n i t s  to g e th e r  i n  r i n g s ,  

and a r e  t h u s ’ th e  c y c l i c  an a lo g u es  o f  am ylose, which c o n ta in s  the  

same u n i t s  l i n k e d  t o g e t h e r  i n  long  c h a in s .  Three c y c lo d e x t r in s  are  

known (oc9 (3 and ) ,  c o n t a in in g  s ix* seven  and e i g h t  g lu c o se  u n i t s ,  

and h a v in g  i n t e r n a l  d ia m e te r s  of abou t s i x ,  e i g h t  and te n  A° r e s p e c t 

i v e l y  ( F ig u re  4 ) ;  th e y  form a .true homologous s e r i e s ,  so t h a t  in  

any p ro b lem , the  c o r r e c t  h o s t  can be found f o r  a p r o s p e c t iv e  g u e s t .

As e x p e c te d ,  a s  the  d ia m e te r  o f  the  v o id  i n c r e a s e s ,  the  s i z e  of the 

m o le c u le s  c l a t h r a t e d  l ik e w is e  i n c r e a s e s .  For example, bromobenzene 

i s  to o  wide to  f i t  i n  O C -cyclodextrin  whereas p- and 'S- c y c lo d e x t r in s  

form  c l a t h r a t e s  w ith  bromobenzene q u i t e  r e a d i l y .  The b e h a v io u r  w ith  

h a lo g e n s  i s  l i k e w is e  t y p i c a l ;  ^Ig* ^ r 2 ^2 ^re  ^ ^ ^ a t e d  ^7

oC—c y c l o d e x t r i n  w hile  c y c lo d e x t r in  in c lu d e s  on ly  Br9 and 1̂  s in c e

C l0 i s  to o  e m a i l .  C y c lo d e x tr in  combines on ly  v e ry  lo o s e l y  w ith  I 2 »

The rem a rk ab le  a b i l i t y  o f  d eo x y ch o l ic  a c id  ( i ? )  to  form i n c l u s 

io n  compounds w ith  a c a p r i c io u s  range o f  s o lv e n t s  was i i r s t  observed  

by  t f i e la n d  and S e rg e 11. An a rched  a r c h i t e c t u r e  i s  c o n fe r r e d  on t h i s  

m o lecu le  on a c c o u n t  o f  th e  c j s  f u s io n  o f  i t s  A/B r i n g s ,  and two o f  

th e s e  s i c k l e - s h a p e d  s t r u c t u r e s  a re  h e ld  to g e th e r  by hydrogen  bonding ,
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U

F ig u r e  4> The t o r u s  shaped c a v i t y  o f  o d -c y c lo d e x tr in .  

(P*C* Manor & ¥ . S aenger,  N a tu re ,  1972, 237* 392*)

I



( IF )

l e a v i n g  f r e e 1, o v a l - s h a p e d  c h a n n e ls  i n  th e  c e n t r e .  In  t h i s  c a s e ,  

s t r a i g h t - c h a i n  a s  -well a s  h ig h ly -b ra n c h e d  m o lecu les  may he in c lu d e d ,  

f o r  i n s t a n c e  f a t t y  a c i d s ,  x y le n e ,  n a p h th a le n e ,  benzaldehyde and 

cam phor.

The m o le c u la r  compounds formed by tr i -c^ - th y m o tid e  (v)  p rov ide  

a  f a s c i n a t i n g  example o f  how the  s t r u c t u r e  adop ted  by th e  h o s t  can be

m o d i f ie d  by the  p re s e n c e  o f  a g u e s t .  Urea and {J-hydroquinone do noi- 

form  i n c l u s i o n  compounds w ith  m olecu les  which have some d im ension
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i n c o m p a t ib le  w i tn  tn e  space  a v a i la b le *  With, (V") s i m i l a r  c r i t i c a l
12

d im e n s io n  a r e  found  , b u t  m o lecu les  a re  n o t  d iv id e d  by th e se

l i m i t s  i n t o  th o s e  which do and th o se  which do no t form m o lecu la r

compoundsj r a t n e r ,  the  d im ensions  d e te rm in e  which o f  s e v e r a l

s t r u c t u r a l l y  d i f f e r e n t  ty p e s  o f  m o le c u la r  compound i s  formed* I f

the  g u e s t s  do n o t  d i f f e r  much from the  ,fs t r a i g h t ,r- c h a i n  ty p e ,  the

r e s u l t i n g  s t r u c t u r e  b e lo n g s  to  one o f  two c l a s s e s 5 a  c l a t h r a t e

ty p e ,  2 C^^II^^0^*M, i s  formed when the  g u e s t ,  II, has a l e n g th  l e s s

th a n  9*5 A°. Longer g u e s t s  a re  e n c lo se d  in  a  d i f f e r e n t  ch an n e l- ty p e

s t r u c t u r e  o f  co m p o s i t io n  C^H-^O^.xM, where x ,  which need n o t  be

r a t i o n a l ,  d im in i s h e s  w ith  i n c r e a s i n g  le n g th  o f  the g u e s t .  M olecules

c a p a b le  o f  b e i n g  accommodated in  the. c a v i ty  in c lu d e  m ethylene

i o d i d e ,  and e t h a n o l  w h i le ,  f o r  exam ple, n - p e n ty l  io d id e  and d i e t h y l

13m e rc u ry  r e q u i r e  th e  ch an n e l  s t r u c t u r e  •

The f o r e g o in g  exam ples do n o t  c o n s t i t u t e  a com prehensive survey  

o f  a l l  th e  i n c l u s i o n  compounds e n c o u n te red  in  o rg a n ic  c h e m is t ry ,  b u t  

s e rv e  o n ly  to  i l l u s t r a t e  the  s p e c t a c u l a r  manner i n  which c l a t h r a t e s  

have r i s e n  from b e in g  c u r i o s i t i e s  to  tak e  a p la c e  o f  i n c r e a s in g  

im p o r ta n c e  on th e  ch em ica l  scen e .

I I .  D i a n i n ^  Compound and i t s  Su lphur Analogue.

14 j. •I n  1914 th e  R u ss ian  chem is t D ian in  ^ was s tu d y in g  the  r e a c t i o n

o f  v a r i o u s  k e to n e s  w ith  p h en o l ,  and observed  th a t  a m ix tu re  of phenol

(2  m o les )  and m e s ib y l  ox ide ( l  m ole) ,  s a t u r a t e d  w ith  gaseous  KCj.,

th i c k e n e d  to  a  s o l i d  c r y s t a l l i n e  mass d u r in g  the  p e r io d  o f  a n o n m .

A f t e r  rem ova l o f  the  e x c e ss  phenol w ith  b o i l i n g  w a te r ,  the  crude

p ro d u c t  was r e c r y s t a l l i s e d  y i e l d i n g  n e e d l e - l i k e  c r y s t a l s ,  always

c o n t a i n i n g  a f i x e d  amount o f  the s e v e r a l  s o lv e n t s  from which i t

was deposited* c r y s t a l l i n e  adduc ts  were formed w ith  e t h a n o l ,  ace cone,



a c e t i c  a c i d ,  c h lo ro fo rm  and e t l i e r .  D e so lv a te d  m a t e r i a l ,  o b ta in ed

by m e l t i n g  th e  c r y s t a l s ,  a n a ly s e d  s a t i s f a c t o r i l y  f o r  C 0 •
J  18 20  2 ’

t r e a t m e n t  w i th  p o ta s s iu m  hyd ro x id e  gave o -hydroxybenzo ic  a c id  while 

the  a c t i o n  o f  ch rom ic  a c i d  on i t s  m ethy l e t n e r  produced  p—methoxy-» 

b e n z o ic  a c i d .  D i s t i l l a t i o n  gave pheno l and an o l e f i n ,  C ^ H ^ O ,  which 

re co m b in ed  w i th  p h e n o l  to  y i e l d  ^-jg^20^2 T̂ en t r e a t e d  w ith  hydrogen 

c h l o r i d e .  On th e  e v id e n c e  a v a i l a b l e  D ian in  p roposed  t h a t  th e  i s o l a t e d  

p r o d u c t  was th e  m onohydric  p h en o l (V I) .

( V I )

Ho f u r t h e r  work was done on the  s u b j e c t  u n t i l  Baker and McOmie 

were p ro m p ted  to  r e i n v e s t i g a t e  the  r e p o r t e d  b e h a v io u r  in  the  l i g h t  

o f  P o w e l l ’ s r e c e n t  work on i n c l u s i o n  compounds. T re a t in g  the  a l le g e d  

p r o d u c t  w i th  p o ta s s iu m  perm anganate gave a s o l i d ,  C ^ H ^ O ^ ,  which was 

shown to  be 2 , 2 , 4—t r i m e th y lc h ro m a n -4 -c a rb o x y l ic  th u s  p ro v in g

t h a t  D i a n i n ' s  compound was ( V I l ) ,  a s t r u c t u r e  p r e v io u s ly  r e j e c t e d  

on somewhat o b sc u re  g ro u n d s .  S im i l a r l y ,  th e  d e r iv e d  o l e f i n  was 

shown by i t s  s y n t h e s i s  from 4—m ethylcoum arin  to  be e s s e n t i a l l y  

2 , 2 , 4 — t r i m e t h y l —2H—chrom ene• In  a d d i t i o n  to the p re v io u s  exam ples, 

th e  a u t h o r s  d e m o n s t r a te d  t h a t  (V I l)  formed s t a b l e  i n c l u s i o n  complexes

w ith  S0„, At , I 0 and w ith  a wide v a r i e t y  of o rg an ic  s o l v e n t s .

In  an accom panying  p u b l i c a t i o n  Pow ell  and V e t te r s  gave d e t a i l s  

o f  c r y s t a l l o g r a p h i c  e x a m in a t io n s  o f  th e se  compounds; s e v e r a l  

a d d u c t s  a s  w e l l  a s  the d e s o lv a t e d  m a t e r i a l  were found to  have
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s i r n i l a r  c r y s t a l l i n e  fo rm s ,  and a l l  gave the same u n i t  c e l l  dimensions 

nam ely a, = 27*0 and _c = 11.1 A , r e f e r r e d  to  hexagona l axes .  The 

a u t h o r s  c o n t in u e d  by  s p e c u l a t i n g  on w hether the  g u e s ts  a re  lo c a te d  

in  c h a n n e l s  o r  i n  c a g e s ,  e v e n t u a l l y  coming o u t in  fa v o u r  of the 

l a t t e r .  The s t r u c t u r e  h as  space  group H3 and th u s  any atom i s  one 

o f  a  g ro u p  o f  s i x  e q u i v a l e n t s  r e l a t e d  hy a r o t a t i o n  in v e r s io n  a x is  

J; th e  OH g ro u p s  c o u ld  l i n k  by hydrogen b o n is  i n  a hexagon o f  s ide  

a b o u t  2 . 8  A°, s i m i l a r  to  t h a t  found in  hydroquinone c l a t h r a t e s  which 

have th e  same sp a c e  g ro u p  symmetry, b u t  in  t h i s  in s ta n c e  th e re  i s  

no seco n d  OH g ro u p  to  c o n t in u e  the p a t t e r n .  liodel s t r u c t u r e s  showed 

t h a t  i n  th e  s p ace  o f  the u n i t  c e l l  th r e e  complexes o f  s i x  hydrogen- 

bonded m o le c u le s  c o u ld  be a r ra n g e d  w ith  s a t i s f a c t o r y  in t e r m o le c u la r  

c o n t a c t s .  The com plex o f  s i x  m o lecu le s  has  a form ro u g h ly  resem bling  

an h o u r - g l a s s ,  t h e  to p  and bottom  o f  which a re  com prised o f  hexagons 

o f  h y d ro g e n -b o n d e d  h y d ro x y l  g roups  w ith  a l t e r n a t e  m olecu les  p o in t in g  

up  and down to  c o n f e r  th e  c u p - l i k e  geom etry . (F ig u re s  5 and 6) In 

th e  c r y s t a l  th e s e  com plexes  a re  p i l e d  d i r e c t l y  above each o th e r  w ith 

t h e i r  sym m etry a x i s  p a r a l l e l  to  the  a x i s ;  the  d i s t a n c e  between 

s u c c e s s i v e  OH h exagons  i n  the  ^ - d i r e c t i o n  i s  11.1 A , ap p rox im ate ly  

tw ic e  t h a t  fo u n d  i n  h y d ro q u in o n e ,  th u s  i n d i c a t i n g  the  g r e a t  p o t e n t i a l

o f  t h i s  c l a t h r a t e .

C o n c lu s iv e  p r o o f  t h a t  D i a n i n 's  compound was in  r e a l i t y  (V Il)

came i n  1956 w i th  the  r e p e t i t i o n  o f  some of the  p r e v io u s ly  r e p o r te d

t r a n s f o r m a t i o n s  t o g e t h e r  w ith  s p e c u la t i o n  as to  how the co n d en sa t io n

took  p la c e  F u r th e r m o re , c r y s t a l l i n e  ad d u c ts  were found to  form

w ith  no l e s s  th a n  f i f t y  o rg a n ic  s o lv e n t s  t r i e d ,  as w e ll  as  w ith  30^,

I 2 and ammonia? the  m a jo r i t y  o f  th e se  g ive  a r a t i o  o f  p :1  f o r

Dianin's compound:guast, i.e. each cage, constructed from six
16molecules of h o s t  a s  p ro p o sed  by Pow ell  and b e t t e r s  , c o n ta in s  one 

molecule o f  s o l v e n t .  H i th  sm a l l  m o le c u le s ,  such as e th a n o l  and 

a c e to n e ,  the r a t i o  i*  3*1, i n d i c a t i n g  double occupancy of th~



R

F ig u r e  5 . H exagons o f  hydrogen  bonded h y d ro x y l g roups  form th e  

f l o o r  and c e i l i n g  o f  th e  c a v i t i e s .  R a  C^gH^O.

R R

R
F ig u r e  o . A l t e r n a t e  R g ro u p s  p o in t  up and do^m from the  hexagons 

to  c o n f e r  th e  c u p - l i k e  geom etry  on the c a v i t y .  R =
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w h ile  h ig h e r  r a t i o s  a re  observed, w ith  l a r g e r  g u e s t s ,  f o r  example 8:1 

w ith  1 -m e th y ln a p h th a le n e ,  c o r re s p o n d in g  to  some cag es  b e in g  l e f t  

u n f i l l e d .  An a t te m p t  to  p re p a re  d e r i v a t i v e s  o f  D i a n i n 's  compound 

s u b s t i t u t e d  in  the  p h e n o l ic  n u c le u s  was made by co n d en s in g  s u b s t i t u t 

ed  p h e n o ls  w i th  2 ,2 ,4 - t r im e th y lc h r o m s n e  ( V I I l ) j  w ith  m— and p - c r e s o l

( V I I I )

th e  chromene y i e l d e d  n o n -p h e n o l ic  r e s i n s ,  p ro b a b ly  c r e s o l  e t h e r s ,  

b u t  o^ -c reso l gave a  p h e n o l ic  c r y s t a l l i n e  homologue o f  D i a n i n 's  

compound, which form ed no com plexes w ith  s o l v e n t s .  1 , 2 -D ih y d ro x y -  

benzene  a l s o  combined w ith  th e  chromene, b u t  the  p ro d u c t  co u ld  n o t  

be c r y s t a l l i s e d  and i t  gave no a d d u c i s .  The s t r u c t u r e  o f  D i a n i n 's  

compound was con f irm ed  as 4 -£ .-hyd roxypheny l-2 , 2 , 4 - tr im e th y lc h ro ra a n ,

(7 1 1 ) ,  by an unam biguous s y n t h e s i s  d e s c r ib e d  i n  a su b se q u e n t  commun-

. . .  18i c a t i o n  •

The f i r s t  i n d i c a t i o n  o f  the  compound’ s p o t e n t i a l  u se  came i n

19 201960 w ith  th e  p r e p a r a t i o n  ^ and p a t e n t i n g  o f  th e  s u lp h u r  h e x a -

f l u o r i d e  c l a t h r a t e ;  o b ta in e d  by  r e c r y s t a l l i s a t i o n  a t  a h ig h  p r e s s u re

o f  SP^, th e  m a t e r i a l  was found to  c o n ta in  abou t 13> by w e igh t o f  the

g a s ,  e q u i v a l e n t  to  a h o s t  : g u e s t  r a t i o  o f  6 : 1.7» The c l a t h r a t e ,

t h e r e f o r e ,  c o n s t i t u t e s  a c o n v e n ie n t  means o f  s to r a g e  and c o n t r o l l e d

r e l e a s e  o f  t h i s  g a s ,  which has  been found to  be o f  c o n s id e r a b le  use

in  th e  e l e c t r i c a l  i n d u s t r y  on accoun t o f  i t s  low d i e l e c t r i c  c o n s t a n t .

E x am in a t io n  o f  the  i . r .  s p e c t r a  r e v e a le d  t h a t  ch em ica l  i n t e r a c t i o n s

be tw een  th e  SF^ and the  e n c lo s in g  cages  a re  s l i g a v ,  s in c e  th e  a d d i t — 
o

i o n a l  peak a t  93S cm""1 from th e  c l a t h r a t e d  s p e c ie s  c o r re s p o n d s  to  one 

o f  th e  fu n d am e n ta l  v i b r a t i o n  f r e q u e n c ie s  o f  the  f r e e  g a s ,  r e p o r t e d
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19 -1
as  940 and 932 cm . The s t a b i l i t y  o f  the  c l a t h r a t e  was s tu d ie d  f o r

v a r i o u s  te m p e ra tu re s  and p r e s s u r e s ;  a f t e r  th r e e  y e a r s  a t  room tenir—

e r a t u r e  and a tm o s p h e r ic  p r e s s u r e  l e s s  th a n  0 . 5 d e c o m p o s i t io n  had

o c c u r r e d .  E v idence t h a t  th e  g u e s t - f r e e  form o f  D i a n i n 's  compound

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

m easu rem en ts .  A f u t h e r  a p p l i c a t i o n  o f  "D ian in 's  compound h a s  "been 
21

r e p o r t e d  ; th e  d ie th y la m in e  c l a t h r a t e  can  be employed as  a d e v e lo p e r  

i n  the  p r o d u c t io n  o f  h e a t - s e n s i t i v e  co p y in g  s h e e t s .

S in ce  the  e a r l y  2 0 th .  c e n tu r y  i t  has  been  known t h a t  pheno l

and some o f  i t s  d e r i v a t i v e s  can form i n c l u s i o n  compounds; th e se

22t o g e t h e r  w ith  "D ian in 's  compound have been  rev iew ed  by JBhatnagar

The i n c l u s i o n  o f  s e v e r a l  c a rb o h y d ra te s  i n  D i a n i n 's  compound and in

23p - c y c l o d e x t r i n  h as  been  i n v e s t i g a t e d  w ith  the  aim o f  a s c e r t a i n i n g  

w h e th e r  c l a t h r a t i o n  a f f e c t s  t h e i r  r e a c t i v i t y .  I t  was fo u n d ,  f o r  

exam ple ,  t h a t  g l y c e r o l  in c lu d e d  i n  D i a n i n ' s  compound was p r o t e c t e d  

from  o x i d a t i o n  by hydrogen  p e ro x id e  and le a d  t e t r a a c e t a t e ,  b u t  n o t  

from  a t t a c k  by p e r i o d i c  a c i d .  C y c lo d e x t r in  w ith  i t s  more open s t r u c t 

u r e  o f f e r e d  l e s s  s h e l t e r ,  t h e r e  b e in g  no e s s e n t i a l  d i f f e r e n c e  between 

o x i d a t i o n  o f  in c lu d e d  and f r e e  c a r b o h y d r a t e s .

No s y s t e m a t i c  X -ray  a n a l y s i s  of D i a n i n ' s  compound was a t te m p te d

24u n t i l  1970 when F l ip p e n ,  K a r le  and K a r le  ^ e s t a b l i s h e d  th e  c r y s t a l  

s t r u c t u r e s  o f  th e  e t h a n o l  and ch lo ro fo rm  c l a t h r a t e s .  T h e i r  r e s u l t s ,  

i n  ag reem en t w ith  th e  p r e l i m i n a r y  work o f  P o w e ll ,  r e v e a l  th a o  s i x  

m o le c u le s  a r e  h e ld  t o g e t h e r  by hydrogen  bond ing  betw een  t h e i r  

h y d ro x y l  g roups  (OH . . . . 0  = 2 .85  A°) to  form a l a r g e  complex in  

which a l t e r n a t e  m o lecu le s  p o in t  up and down; the com plexes a re  

s ta c k e d  d i r e c t l y  above each  o th e r ,  w ith  t h e i r  symmetry a x i s  p a r a l l e l  

to  th e  _c~axis, to  form long  columns. A cage i s  p roduced  when two o f  

t h e s e  com plexes l i n e  up to g e th e r ,  w ith  one hexagon o f  h y d ro g en -h o n ie d  

oxygens fo rm ing  the f l o o r  o f  the cage ,  and tne  n e x t  hexagon of 

h y d ro g e n - b o n d e i  oxygens ,  one u n i t  c e l l  away in  c_, fo rm ing  tne c e i l i n g
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o f  th e  c a g e .  The h o u r - g l a s s  shape i s  c o n f e r r e d  on the  c a v i t y  by

th e  gem—dime th y 1 g ro u p s  p r o t r u d i n g  i n t o  th e  v o id ,  g iv in g  r i s e  to

a  w a i s t  a t  Z ^ 0 . 5 >  th e  cage i s  much l a r g e r  th a n  t h a t  o f  th e

h y d ro q u in o n e  c l a t h r a t e s ,  b e in g  abou t 11 A° i n  l e n g th ,  and 6 .2  A0

wide a t  i t s  p o in t  o f  maximum e x t e n s i o n  a t  Z ^ 0 . 3  and Z ~ 0 . 7 .

T h is  cage s t r u c t u r e  a p p a r e n t ly  p e r s i s t s  r e g a r d l e s s  o f  th e  type  o f

m o lecu le  c l a t h r a t e d ,  a l th o u g h  s l i g h t  e x p a n s io n  can o c c u r  to

accommodate l a r g e r  g u e s t s  a s  e x e m p l i f i e d  by th e  s l i g h t l y  l a r g e r  c e l l

d im e n s io n s  found  f o r  the  c h lo ro fo rm  ad d u c t  -  t h i s  i s  ana logous  to

th e  c a v i t y  l e n g th e n in g  o b se rv ed  i n  the  a c e t o n i t r i l e  c l a t h r a t e  of

h y d ro q u in o n e .  F u r t h e r  e v id e n c e  o f  s l i g h t  cage d i s t o r t i o n  comes from

25an  X -ra y  a n a l y s i s  o f  th e  i i - h e p ta n o l  c l a t h r a t e  . A c o n s i d e r a t i o n  of 

th e  v an  d e r  Waals r a d i i  s u g g e s t  t h a t  t h i s  g u e s t  i s  a b le  to  f i t  th ro u g h  

th e  w a i s t ,  b u t  a p p e a r s  to  be too  long  to  be accommodated w i th in  the 

c ag e ;  F l ip p e n  and K a r le  d e m o n s t ra te d  t h a t  b o th  ends  o f  t h i s  n o rm ally  

e x te n d e d  m o lecu le  a d o p t a gauche c o n f i g u r a t i o n  in  o r d e r  to  be 

i n c l u d e d .

I t  sh o u ld  be n o t e d ^  t h a t  d e t a i l e d  s t r u c t u r a l  in f o r m a t io n  about 

th e  g u e s t  m o lecu le  w i l l  o n ly  be o b ta in e d  by X -ray  a n a l y s i s  d i r e c t l y

when a )  th e  m o le c u la r  sym m etry .o f  the  g u e s t  i s  co m p a tib le  w ith  the

symmetry o f  the c a v i t y ,  namely C ^ ,  and b )  the  van  d e r  Waals model

o f  th e  g u e s t  i s  th e  approx im ate  shape and volume o f  the  empty c a v i t y .

I f  c r i t e r i o n  a)  i s  n o t  met the  g u e s t  w i l l  be d i s o r d e r e d  w i th in  the

c a v i t y ,  and i f  b )  i s  n o t  s a t i s f i e d  the  s u b se q u e n t  m otion o f  the

g u e s t  w i th in  the  c a v i t y  may re n d e r  i t  u n r e s o lv a b le  by X -ray  methods

a t  room te m p e ra tu r e .  An a n a l y s i s  o f  d e s o lv a t e d  D ia n i n !s compound has

shown t h a t  th e  m olecu le  has  a c r y s t a l  s t r u c t u r e  s i m i l a r  to  t h a t  o f

i t s  c l a t h r a t e s ,  th e  h o u r - g l a s s  shaped c a v i t y  b e in g  p r e s e r v e d  w ith
2 6

o n ly  m inor a l t e r a t i o n s  i n  i t s  d im ensions  (F ig u re  7 ) .

The s t a b i l i t y  o f  c l a t h r a t e s ,  coup led  w ith  o n ly  a sm a l l  d eg ree  

of  i n t e r a c t i o n  betw een h o s t  and g u e s t  m o le c u le s ,  has  e n a b le d  a
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4 .0  A

6.3 A

2.8A

0 .5

0 .3

0.0

F ig u r e  7« A s e c t i o n  th ro u g h  th e  van d e r  Tiaals. s u r f a c e  o f  th e  

c a v i t y  p r e s e n t  i n  d e s o lv a t e d  D i a n i n 's  compound. The l e n g th  o f  

th e  cage i s  10 .9  A°.

(F .B . Tfilson, Ph.D . t h e s i s ,  U n i v e r s i t y  o f  Glasgow, 1971 •)
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wide range o f  thermodynamic and other  p h y s ic a l  s tu d ie s  to  be

c a r r ie d  out on the nature o f  the r a t t l i n g  and r o t a t io n a l  motions

o f  the trapped s p e c i e s .  One s e r io u s  d isadvantage o f  c la th r a te  h o s ts ,

as compared fo r  in s ta n c e  to noble gas m a tr ic e s ,  i s  the absorption

o f  the h o s t  m a ter ia l  which i s  u s u a l ly  e x te n s iv e  and, on o cca s io n ,

may co m p le te ly  obscure th a t  o f  the gu est  m o lecu les .  This area o f

c l a t h r a t e  p o t e n t ia l  i s  the su b je c t  o f  a rec en t  rev iew ‘d .  Davies  
2 3and Child have looked a t  the in f r a -r e d  sp ec tra  o f  v a r io u s  c la th 

r a t e s  o f  hydroquinone and o f  D ia n in 's  compound. The l a t t e r  h ost  

proves  awkward s in c e  the g u e s t  a b so rp tio n s  are e i t h e r  weak or non

o b se r v a b le ,  the e x c e p t io n  b e in g  the carbonyl s t r e t c h in g  bands of  

c a r b o x y l ic  a c id s ;  the spectrum o f  the a c e t i c  ac id  c la th r a te  revea led  

two peaks o f  approxim ately  equal s tr e n g th ,  su g g e s t in g  th a t  a 

s i g n i f i c a n t  f r a c t i o n  o f  the g u es t  i s  not d im erised  in  the doubly

occup ied  c a v i t i e s .  However, la t e r " r e la x a t io n  s tu d ie s  by D avies and 
2 9

W illiam s showed th a t  the g u es t  was com p lete ly  d im erised; the  

appearance o f  the i . r .  ab sorp tion s  was in te r p r e te d  as b e in g  due 

to  a p p rec ia b le  d i s t o r t i o n  o f  the norm ally symmetrical dimer.

G regoire and K e in n e l^  have recorded proton  magnetic resonance sp ec tra

to  e v a lu a te  the e n th a lp ie s  o f  a c t iv a t i o n  o f  movement o f  to lu e n e ,

bromobenzene and bromodurene e n c la th r a te d  in  D ia n in ’s compound.

E le c tr o n  paramagnetic resonance has a l s o  been employed to

c h a r a c t e r i s e  the motion o f  g u es t  m olecu les  and to  e s t im a te  the

m agnitudes o f  the energy b a r r ie r s  which h inder th ese  m otions . A

c la th r a t e  i s  formed between D ia n in ’s compound and d i - t - b u t y l

n i t r o x i d e ,  the odd e l e c t r o n  o f  t h i s  g u e s t  p rov id in g  a u s e f u l

31probe o f  i t s  behaviour in s id e  the h ost  l a t t i c e .  ; a subsequent  

e . p . r .  i n v e s t i g a t i o n  o f  the same gu est  employed th io u rea  as tne h ost  

m a te r ia l" ^ • That a c la th r a te  h o s t  l a t t i c e  can serve as a conven ient  

means o f  s t a b i l i s i n g  a fr e e  r a d ic a l  i s  i l l u s t r a t e d  by the ob serv a t io n  

o f  the Br” r a d i c a l ,  fornied on i r r a d ia t io n  o f  the c la th r a t e  o f
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D i a n i n ' s  compound w ith  1 ,2 -d ib ro m o -1 ,1 - d i f  Tuoroe thane

M o le c u la r  compounds have e x c i t e d  i n t e r e s t  as  s e l e c t i v e  a g e n ts

c a p a b le  o f  e f f e c t i n g  s e p a r a t i o n s  d i f f i c u l t  o r  im p o s s ib le  by

c o n v e n t io n a l  methods^ an e a r l y  p a t e n t  d e c r ib e d  the  i s o l a t i o n  of

n—h e p ta n e  from m ix tu re s  o f  C—7 h y d ro ca rb o n s  by a l lo w in g  the  s a u r i e s

to  come i n t o  c o n t a c t  w ith  D i a n i n 's  compound*^. O ther  s e p a r a t i o n s

a c c o m p lish e d  in c lu d e d  c y c lo h ex an e /b en zen e  and to lu e n e /b e n z e n e .  An

35e x t e n s i o n  o f  t h i s  work has  a p p ea red  and i t  i s  i n t e r e s t i n g  to  

c o n s i d e r  th e  s e l e c t i v i t y  e x h i b i t e d  by  D i a n i n 's  compound i n  th e  l i g h t  

o f  th e  X -ray  work o f  F l ip p e n ,  K a r le  and K a r le .  The most n o t i c e a b l e  

f e a t u r e  o f  th e  r e s u l t s  i s  t h a t  the  l i n e a r  p a r a f f i n s  C,- -  a re  

r e a d i l y  i n c lu d e d ,  w hereas  h y d ro ca rb o n s  c o n t a in in g  one o r  more 

m e th y l  g ro u p s  a t  C-3 a re  a lm o s t  t o t a l l y  r e j e c t e d  s in c e  i n c l u s i o n  

would invoke  s t e r i c  r e p u l s i o n  around the  w a is t  o f  th e  c a v i t y .  The 

s e l e c t i v i t y  p a t t e r n  f o r  o l e f i n s  i s  a g a in  dom inated  by m o le c u la r  

sh a p e ,  c i s -  and t r a n s - h e p t - 3 - e n e a b e in g  most r e a d i l y  in c lu d e d  on 

a c c o u n t  o f  t h e i r  s m a l l  c r o s s - s e c t i o n a l  a r e a  mid-way a lo n g  th e  carbon  

back b o n e .  Many h y d ro ca rb o n s  w ith  s i m i l a r  b o i l i n g  p o in t s  a re  d i f f i c u l t  

to  s e p a r a t e  by d i s t i l l a t i o n  and, s in c e  they  c o n ta in  no u s e f u l  

f u n c t i o n a l  g ro u p ,  the  p r e p a r a t i o n  o f  d e r i v a t i v e s  i s  im p o s s ib le .

Such c a s e s  a re  obv ious  c a n d id a te s  f o r  s e p a r a t i o n  by  c l a t h r a t i o n j  

a  p a r t i c u l a r l y  a t t r a c t i v e  example i s  an e q u im o la r  m ix tu re  o f  2 -m e th y l -  

hexane ( b . p .  9 0 *05^^) and 2 ,3 —dime th y Ip e n ta n e  ( b .p .  89»7^ G)^ from 

which 99^’ o f  th e  fo rm er  can be r e c o v e re d  i n  a s in g l e  c l a t h r a t i o n

w i th  D i a n i n ' s  compound.

The ( CF-.S09 ) oCH2 c l a t h r a t e  of D i a n i n 's  compound has  been  u sed

. .  T , x . 3° ■as  a  l a t e n t  c u r in g  c a t a l y s t  in  c a t i o n i c  p o ly m e r i s a t io n s  w m le

J o h n s o n ^  has  p a t e n te d  v a r io u s  amine complexes o f  (V I I )  and ( i x )

as  p o ly m e r i s in g  a g e n ts  in  the  p r e p a r a t i o n  of  epoxy ana a re  unane

r e s i n s j  (IX) i s  a h i t h e r t o  unknown c l a t h r a t e  h o s t  and i s  p re p a re d

by re ac bion of 2,2, 4—trime tnylcnromene (v XXI ) wi tii 1,1—u.iu;v ai
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(IX)

OH

benzene  i n  th e  p r e s e n c e  o f  an  a c i d  c a t a l y s t .  A new c y c l i s i n g  

a g e n t  h a s  been  r e p o r t e d  f o r  the p r e p a r a t i o n  o f  D i a n i n 's  compound
■5 Q

i t s e l f ,  nam ely  H^PO^.BF^, c o n t a in in g  31% BF^ 5 t h i s  g iv e s  the

p r o d u c t  i n  $0% y i e l d  a f t e r  o n ly  5 days  a t  room te m p e ra tu r e .

D i a n i n ' s  compound h as  b een  s u g g e s te d  as  a s u i t a b l e  h o s t  f o r  the

o b s e r v a t i o n  o f  t r a n s i t i o n s  betw een  two r o t a t i o n a l  s u b l e v e l s  o f  the

same v i b r a t i o n a l  s t a t e  i n  s m a l l  o rg a n ic  m o le c u le s ,  f o r  example 

19c h lo ro fo rm  . C r y s t a l l o g e n e s i s  o f  the  bromobenzene c l a t h r a t e  o f

D i a n i n ' s  compound h as  shown t h a t  the  c r y s t a l s  grow a lo n g  th e  c_~

a x i s  o f  the  rhom bohedra l s y s t e m ^ .

As w i l l  be r e c a l l e d ,  the  e a r l y  a t te m p ts  o f  B aker and cow orkers

to  p r e p a r e  new c l a t h r a t e  h o s t s  s t r u c t u r a l l y  r e l a t e d  to  D i a n i n ’s

compound were u n s u c c e s s f u l .  A s i g n i f i c a n t  advance i n  t h i s  d i r e c t i o n

came in  1969 w ith  the  s y n t h e s i s  o f  the  t h i a  ana logue  o f  D i a n i n 's
AA

compound, 4 - p - h y d r o x y p h e n y l - 2 ,2 ,4 - t r im e th y l th i a c h r o m a n ,  (x )  5 the
42

k e t o s u l p h i d e  (X l ) ,  p r e p a re d  by th e  method o f  T i la k  e t  a l .  , was

0

(XI )
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c y c l i s e d  i n  the  p re s e n c e  o f  p h e n o l ,  w ith  anhydrous HC1 a s  c a t a l y s t .

The th ia c h ro m a n  (x) fo rm s c l a t h r a t e s  w ith  a l l  th e  o rg a n ic  s o lv e n t s  

t r i e d ,  th e  h o s t  to  g u e s t  r a t i o  h e in g  d e p en d e n t on th e  s i z e  o f  the 

g u e s t  m o le c u le ;  f o r  f a i r l y  sm a l l  m o le c u le s ,  such as  e t h a n o l  and 

a c e to n e ,  the  r a t i o  i s  3 :1 j  w hereas f o r  l a r g e r  m o le c u le s ,  such  as 

t o lu e n e  and £ - x y le n e ,  th e  r a t i o  i s  6 :1 .  S ubsequent X -ra y  a n a l y s i s  

showed c r y s t a l s  o f  th e  e t h a n o l  c l a t h r a t e  to  he isom orphous w ith  the  

g u e s t - f r e e  form o f  (x) ,  and w ith  th e  c l a t h r a t e s  o f  D i a n i n ' s  com pound^ 

th e  b a s i c  f e a t u r e  o f  the  s t r u c t u r e  i s  a g a in  the  l i n k i n g  o f  the 

h y d ro x y l  g ro u p s  o f  s i x  m o lecu le s  by a  ne tw ork  o f  hydrogen  bonds such 

t h a t  th e  oxygen atoms form a d i s t o r t e d  hexagon o f  s id e  2 .9  A°. The 

w a l l s  o f  each  cage a re  formed by s i x  m o le c u le s ;  t h r e e  a re  o f  one 

c o n f i g u r a t i o n  and a re  in v o lv e d  i n  hydrogen  bond ing  a t  the  low er end 

o f  th e  c a g e ,  and th e  r e m a in in g  th r e e  o f  the  o th e r  c o n f i g u r a t i o n  a re  

in v o lv e d  in  hydrogen b o n d in g  a t  the  u p p e r  end o f  th e  c ag e .

MacNicol and W i l s o n ^  have s u c c e s s f u l l y  u sed  t h i s  h o s t  i n  th e  f i r s t  

unam biguous d e t e r m in a t io n  o f  the  o r i e n t a t i o n ,  c o n fo rm a t io n  and 

d im e n s io n s  o f  a  g u e s t  m olecu le  w i th in  the  c a v i t y  o f  an o rg a n ic  

c l a t h r a t e ;  b e a r i n g  in  mind th e  d im en s io n s  o f  the h o u r - g l a s s  shaped 

v o id ,  th e  g u e s t  chosen  was 2 , 5 - t r im e th y lh e x —3 -y n -2 —o l  ( X I l ) .  The' 

a c e t y l e n i c  u n i t  was found to  be c o l l i n e a r  w ith  the  £ - a x i s ,  the t r i p l e  

bond f i t t i n g  n e a t l y  i n t o  the c a v i ty  w a i s t ,  l e a v in g  a t e t r a h e d r a l  

u n i t  i n  th e  u p p e r  and low er h a lv e s  o f  the  cage (F ig u re  8 ) .  The 

s t a g g e r e d  c o n fo rm a tio n  imposed on (X I l )  by th e  van  d e r  daals

PhOH 
HCl

( x )
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F ig u r e  8 .  The s t r u c t u r e  o f  (X) p r o j e c t e d  a lo n g  the  a^-axis, showing 

th e  g u e s t  m o lecu le  (X I l )  w i th in  the  c a v i t y .  Two m o lecu le s  o f  ( x ) ,  

which l i e  d i r e c t l y  above and below th e  c a v i t y  as  v iew ed in  t h i s  

d i r e c t i o n ,  have been  exc luded  a p a r t  from t h e i r  hyd roxy l oxygen a tom s, 

( D.D. MacNicol & F*B. l i l s o n ,  Chem.Comm., 1971 > 7 3 6 .)
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s u r f a c e  o f  th e  c a v i t y  may be. ta k e n  as  an example o f  a " lo c k  and key" 

ty p e  i n t e r a c t i o n  i n  which th e  c o n fo rm a tio n  o f  the  g u e s t  m olecule  

i s  g o v e rn ed  by th e  h o s t .

The i n t e r n a l  r o t a t i o n  o f  the  fo rm y l group  o f  benza ldehyde  

c l a t h r a t e d  i n  t h i s  h o s t  h as  been  s tu d ie d  by M aclT ico l^ j th e  measured 

b a r r i e r  h e i g h t  i s  g r e a t e r  th a n  t h a t  found  f o r  the  m olecu le  i n  the  

v a p o u r  phase  s u g g e s t in g  in c r e a s e d  doub le  bond c h a r a c t e r  in  the  bond 

l i n k i n g  th e  a ldehyde  g roup  to  th e  benzene r i n g .  This c o r re s p o n d s  to  

i n c r e a s e d I f - e l e c t r o n  d e l o c a l i s a t i o n  in  c l a t h r a t e d  b en z a ld e h y d e ,  

a r i s i n g  from i n t e r a c t i o n  w ith  the  h o s t  m o lecu le s  co m p ris in g  the  

cage w a l l .  A d d i t i o n a l l y ,  the  s i m i l a r i t y  betw een c l a t h r a t e  and l i q u i d  

phase  b a r r i e r s  i s  s i g n i f i c a n t  s in c e  an i n d i v i d u a l  m o lecu le  i n  a h o s t  

l a t t i c e  a p p ro x im a te s  to  many t h e o r e t i c a l  models o f  s o l u t i o n .

I I I .  The P r a c t i c a l  IJses o f  C l a t h r a t e s .

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

compounds h a s  awakened g r e a t  s c i e n t i f i c  i n t e r e s t  from b o th  t h e o r e t -
9

i c a l  and p r a c t i c a l  s t a n d p o i n t s .  The e a r l y  work o f  Bengen soon le u

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

com plexes ,  the  m a jo r i t y  o f  th e se  c o n c e rn in g  the  s e p a r a t i o n  o f

m o le c u le s  on the b a s i s  o f  shape .  A lthough the g u e s t  m o le c u le s  in  a
23

c a v i t y  a r e  p r o t e c t e d  from a t t a c k  by e x t e r n a l  reag en u s  , th e y  

re m a in  c a p a b le  o f  r e a c t i n g  w itn  each  o t h e r $ i f  t h i s  happens u n u s u a l  

p r o d u c t s  can a r i s e  s in c e  the e n c l o s i n g - w a l l s  impose s e v e re  r e s t r i c t —-
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i o n s  on th e  ways in  which, th e  r e a c t i n g  m o lecu le s  can approach  each 

o t h e r .  F o r  example v i n y l  c h l o r i d e  and b u ta d ie n e  monomers have been 

p o ly m e r i s e d  i n  t h e i r  u r e a  h o s t s  g iv in g  h ig h l y  c r y s t a l l i n e ,  s t e r e o -  

s p e c i f i c  p ro d u c ts  i n  sh a rp  c o n t r a s t  w i th  norm al po lym ers  o b ta in a b le  

by  i r r a d i a t i o n  o f  th e  l i q u i d  monomers^ .

The p o t e n t i a l  u se  o f  c l a t h r a t e s  i n  d i f f i c u l t  s e p a r a t i o n s  has

3 5b een  d e m o n s t r a te d  by  Goldup and Smith , a s  d i s c u s s e d  p r e v io u s l y .

An im p o r ta n t  e x t e n s i o n  o f  t h i s  i s  the  r e s o l u t i o n  o f  racem ic  m ix tu re s j  

when th e  h o s t  s t r u c t u r e  c o n s i s t s  of an arrangem en t o f  atoms which 

i s  n o t  su p e r im p o sa b le  on i t s  m i r r o r  im age, th e  c a v i t i e s  w i l l  be 

o p t i c a l l y  a c t i v e  and , c o n s e q u e n t ly ,  may be a b le  to  t r a p  one form of 

a  g u e s t  m olecu le  w h ile  r e j e c t i n g ,  o r  d i s f a v o u r i n g  th e  i n c l u s i o n  

o f ,  i t s  e n a n t io m e r .  The s i z e  o f  th e  m o le c u le s  to  be r e s o lv e d  should  

be th e  o n ly  l i m i t i n g  f a c t o r  i n  t h i s  method o f  r e s o l u t i o n ,  w hile  i t s  

c h i e f  a d v an tag e  l i e s  i n  the  f a c t  t h a t  no ch em ica l r e a c t i o n  occu rs  

and no change o f  c o n f i g u r a t i o n  i s  p o s s i b l e .

C l a t h r a t i o n  h a s  been  su g g e s te d  as  a means o f  i n e r t  gas  s to ra g e ?

i f  th e  a rg o n  p r e s e n t  in  the complex o f  c o m p o s i t io n  3 CgH^(0H)2 .Ar

were to  occupy th e  same volume when f r e e  o f  i t s  hydroqu inone  cage

a t  15°C, i t  would have to  be k e p t  u n d e r  a p r e s s u r e  o f  91 a tm o sp h e re s .

One o f  th e  most in g e n io u s  u s e s  to  which c l a t h r a t e s  have b een  p u t  i s

85th e  s to r a g e  o f  th e  r a d i o a c t i v e  Kr c l a t h r a t i n g  the  l a t t e r  in  a 

h y d ro q u in o n e  l a t t i c e  g iv e s  a s a f e ,  e a s y - to - h a n d le  so u rce  o f  b e t a  

r a d i a t i o n ^ .  The a u th o r s  d e v is e d  an a i r  p o l l u t i o n  m o n i to r  o p e r a t in g  

on th e  p r i n c i p l e  t h a t  i f  th e  m a t e r i a l  to  be d e t e c t e d  ( f o r  example 

S02 , 0^) can o x id i s e  the  c l a t h r a t e  cage ,  and th e re b y  d e s t r o y  i t ,  the  

r e l e a s e d  K r ^  can be measured by means o f  c o n v e n t io n a l  r a d i a t i o n  

d e t e c t o r s .

A r e c e n t  review^*^ has  shown t h a t  a c l a t h r a t e  h o s t  l a t t i c e  can 

s e rv e  a s  a c o n v e n ie n t  means o f  s t a b i l i s i n g  f r e e  r a d i c a l s ,  p e r m i t t i n g  

th e  s tu d y  o f  new r a d i c a l s ,  p o t e n t i a l  b a r r i e r  e f f e c t s  and o r i e n t a t i o n . .



■While many examples are  known where r e a c t io n s  of m olecules are

seems to  have h een  made o f  c l a t h r a t e s  i n  t h i s  d i r e c t i o n .  B reslow

a l t e r s  th e  p ro d u c t  a r r a y  o b ta in e d  on H0C1 t r e a tm e n t  o f  a n i s o l e j  

th e  60:40  ^ 2. p ro d u c t  r a t i o  from r e a c t i o n  w ith  f r e e  s u b s t r a t e  changes

a s  a  consequence  o f  th e  o r t h o -  and m e ta - p o s i t i o n s '  b e in g  w e ll  s h ie ld e d

w i t h i n  th e  t o r u s  shaped  c a v i t y  o f  th e  c a rb o h y d ra te .  F u r th e rm o re ,

n o t  o n ly  was th e  s e l e c t i v i t y  of t h i s  a ro m a t ic  s u b s t i t u t i o n  m arkedly

ch an g ed ,  b u t  th e  s u b s t r a t e  was even  more r e a c t i v e  i n  th e  complex

th a n  i t  was i n  f r e e  s o l u t i o n ,  so the  c y c l o d e x t r i n  was p la y in g  a

c a t a l y t i c  r o l e  and n o t  s im p ly  a c t i n g  a s  a  g e o m e tr ic  b lo c k in g  a g e n t .

The C la i s e n  re a r ra n g e m e n t  o f  c innam yl pheny l e t h e r  ( X I I l )  has 

49b een  s t u d i e d  o f  l a t e  ; as  w e l l  a s  n o t i n g  the  e f f e c t  o f  v a r io u s

c h a n n e ls  o f  t h i s  h o s t  was found to  p roduce  a th o u s a n d - f o ld  d e c re a s e

i n  th e  r a t e  o f  r e a r r a n g e m e n t .

Over th e  p a s t  few y e a r s  s e v e r a l  c h e m is ts  have looked  t o r  

methods o f  s im u l a t i n g  th e  a c t i v i t i e s  o f  enzymes and, i n  p a r t i c u l a r ,  

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

i n h i b i t e d  by embedding them in  r i g i d  g l a s s e s  o r  c r y s t a l s ,  l i t t l e  use

and Campbell have d e m o n s t ra te d  t h a t  th e  p re se n c e  o f  c y c l o d e x t r i n

to  100)* ]> -c h lo ro a n is o le  w ith  a p p r o p r i a t e  c y c l o d e x t r i n  . c o n c e n t r a t io n s ,

s o l v e n t s  th e  a u th o r s  employed th e  4 , 4 f- d i n i t r o b i p h e n y l  (XIV) 

c l a t h r a t e 50 o f  the  s u b s t r a t e .  The s t r o n g  r e s t r a i n t  imposed by the

t h i s  s p e c u l a t i o n  lias been  f i r m ly e s t a b l i s h e d  oy* f o r  exam ple ,



R 1
o b s e r v a t i o n  o f  th e  e s t e r o l y t i o  p r o p e r t i e s  o f  the  c y c l o d e x t r i n s  .

A r e c e n t  a r t i c l e  h a s  d i s c u s s e d  the  o r i g i n a l  ’' lo c k  and key” th e o ry

o f  e n z y m a tic  s p e c i f i c i t y  p roposed  by Bmil F i s c h e r  i n  te rm s o f  the

52h o s t  — g u e s t  c h e m is t ry  e x h i b i t e d  by th e  crown e t h e r s .  The p a p e r y 

c o n c lu d e s :  "M o lecu la r  e v o l u t io n  p r o v id e s  c h l o r o p h y l l ,  haem oglob in , 

and v i t a m i n  as  i n s t r u c t i v e  exam ples o f  complexes composed o f  

m e ta l  io n s  and an a r r a y  o f  l i g a n d s  and c o u n te r io n s  s t r u c t u r e d  i n t o  

c a g e s  by  c o v a le n t  b o n d s . - A lthough th e  ch em is t  l a c k s  th e  t im e -sp a n  

o f  n a t u r e  to  produce e q u a l l y  i n t e r e s t i n g  s u b s t a n c e s ,  he has  c e r t a i n  

a d v a n ta g e s .  He h a s  n a t u r e ’s exam ple . He i s  n o t  l i m i t e d  to  f u n c t i o n a l  

g ro u p s  which a re  s t a b l e  to  w a te r .  He can  p e rfo rm  e x p e r im e n ts  a t  a 

v a r i e t y  o f  t e m p e r a t u r e s .  He m ight know in  advance what s p e c i f i c  t a s k  

h i s  compounds a r e  d e s ig n e d  to  p e r f o r m .”
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RESULTS AI-TD DISCUSSION

The im p o r ta n c e  o f  c l a t h r a t e s  has  heen  d e m o n s t ra te d  w i th  r e f e r e n c e  

to  t h e i r  r o l e  i n  s e l e c t i v e  s e p a r a t i o n s  and i n  the  s to r a g e  o f  

d i f f i c u l t  r e a g e n t s .  The p o s s i b i l t y  t h a t  " lo c k  and key" i n t e r a c t i o n s  

may o c c u r  i n  th e  l i v i n g  c e l l  a ro se  from th e  o b s e r v a t io n  t h a t  n o t  a l l  

compounds w i th  th e  same f u n c t i o n a l  g roups  underw ent s i m i l a r  r e a c t i o n s  

i n  b i o l o g i c a l  sy s te m s .  E v i d e n t l y  a f a c t o r  i n  a d d i t i o n  to  the  n a tu re  

o f  th e  f u n c t i o n a l  g ro u p s  was in v o lv e d ,  and a l l  i n d i c a t i o n s  p o in te d  

to  t h i s  b e in g  the  o v e r a l l  shape o f  the  m o lecu le .  In  a c c o u n t in g  f o r  

b io c h e m ic a l  dependence on m o le c u la r  shape i t  seems r e a s o n a b le  to  

p o s t u l a t e  t h a t  some form o f  h o s t - g u e s t  r e l a t i o n s h i p  i s  o p e r a t in g  

and s u p p o r t  f o r  t h i s  h y p o th e s i s  w i l l  grow w ith  the  d i s c o v e r y  and 

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

Any a p p l i c a t i o n  p ro p o sed  f o r - a  known c l a t h r a t e  h o s t  must o f  

n e c e s s i t y  r e c o g n i s e  th e  im portance  o f  the  d im ension  and geom etry  

o f  th e  c a v i t y 5 th e s e  p a ra m e te rs  a re  a l l - i m p o r t a n t  i n  d e c id in g  

w hich g u e s t  w i l l  be a d m it te d  and which w i l l  be r e j e c t e d  o u t r i g h t  -  

ample i l l u s t r a t i o n  o f  t h i s  comes from the  s t u d i e s  o f  D i a n i n 's  

compound by Goldup and Smith . S ince  one can d e c id e ,  e m p i r i c a l l y  

a t  l e a s t ,  which s e p a r a t i o n s  a re  f e a s i b l e  w ith  a g iv e n  h o s t ,  would 

i t  be p o s s i b l e  to  a t te m p t  the  co n v e rs e ,  nam ely, b e in g  f a c e d  w ith  

a  g iv e n  prob lem , to  c o n s t r u c t  a s p e c i f i c  " t a i lo r - m a d e "  h o s t  by 

e f f e c t i n g  a d e l i b e r a t e  v a r i a t i o n  in  c a v i t y  topography?  I n  1955 

P ow ell*^  a t te m p te d  to  d e f in e  the c h a r a c t e r i s t i c s  r e q u i r e d  o f  a 

compound i n  o rd e r  t h a t  i t  sho u ld  e x h i b i t  i n c l u s i o n  b e h a v io u r ,  a 

t a s k  which he found to  be w e l l -n ig h  im p o s s ib l e .  P ro b a b ly  the  b a s ic  

e s s e n t i a l  i s  poor p a c k in g  oi the m o le c u le s ,  i n  tne  s p e c i a l  ca^e of 

th e  c y c l o d e x t r i n s ,  t h e r e  i s  empty space i n  the  middle o f  r i g i d  

m o le c u le s ,  w hile  i n  hydroquinone  the  c a v i t i e s  r e s u l t  from tne  

d i r e c t i o n a l  p r o p e r t i e s  o f  the i n t e r m o l e c u la r  hydrogen oonds. Voxic,



s u i t a b l e  f o r  accommodating g u e s t s  may a r i s e  d i r e c t l y  from the  

s t r a i g n t f o r w a r d  po o r  p a c k in g  o f  h o s t s ,  th e  d im ens ions  and r i g i d i t y  

o f  w hich a re  such  t h a t  i t  i s  im p o ss ib le  to  f i l l  space  e f f i c i e n t l y  — 

D i a n i n ' s  compound (1 )  i s  such  an example o f  t h i s .  The h o u r - g l a s s

g eo m e try  o f  t h i s  h o s t ' s  c a v i t y  w i l l  impose r e s t r i c t i o n s  on i t s  

p o s s i b l e  ways o f  s t a c k i n g ,  w hereas a complex w ith  the  o u t l i n e  of 

a  s i n g l e  cup ,co u ld  pack one i n s i d e  th e  o t h e r .

The obje*ct o f  th e  p r e s e n t  s tu d y  was to  a s c e r t a i n  w h e th e r  i t  i s  

p o s s i b l e  t o  make s m a l l  s t r u c t u r a l  a l t e r a t i o n s  to  a known c l a t h r a t e  

h o s t ,  w h ile  a t  th e  same t im e ,  p r e s e r v in g  i t s  a b i l i t y  to  t r a p  v a r io u s  

g u e s t  s p e c i e s .  O p t im a l ly ,  the  m o lecu le s  in c lu d e d  by any new h o s t  

s h o u ld  be m arked ly  d i f f e r e n t  .from those  fav o u red  by e x i s t i n g  h o s t s ,  

t h u s  r e f l e c t i n g  a s i g n i f i c a n t  v a r i a t i o n  o f  c a v i t y  to p o g ra p h y .  I t  

sh o u ld  be n o te d  t h a t  most r e c e n t  c l a t h r a t e  work has  c o n c e n t r a te d  on 

th e  a p p l i c a t i o n s  o f  known h o s t s ,  and th e r e  have been  v e r y  few r e p o r t s  

o f  s y s t e m a t i c  s e a r c h e s  f o r  new e n c lo s in g  s t r u c t u r e s .  Which h o s t  

s h o u ld  be chosen  f o r  m o d i f i c a t io n ?  As the  hydroquinone l a t t i c e  has 

no space  f o r  a d d i t i o n a l  f u n c t i o n a l  g ro u p s ,  the  i d e a l  compound must 

have l a r g e r  c a v i t i e s  where minor s u b s t i t u t i o n  would n o t  d i s r u p t  the 

n e tw o rk  o f  hydrogen  b o n d s .  I d e a l  c a n d id a te s  a re  D i a n i n 's  compound (1) 

and i t s  s u lp h u r  ana logue  ( 2 ) ,  a n o ta b le  f e a t u r e  o f  th e s e  h o s t s  

b e in g  t h e i r  a b i l i t y  to  r e t a i n  the  c a v i t y  s t r u c t u r e  i n  the  absence
P c.

of any g u e s t  ; t h i s  d e m o n s t r a t io n  o f  h o s t  l a t t i c e  s t a b i l i t y  s u g g e s ts  

t h a t  some o f  t h e i r  s im ple  d e r i v a t i v e s  sh o u ld  a l s o  be ca p a b le  o f  

fo rm in g  c l a t h r a t e s .

OH

The c r y s t a l  s t r u c t u r e  ofif the  th iach ro m an  (2)43  r e v e a l s  an h o u r
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g l a s s  shaped  c a v i t y  (F ig u re  1)$ the  h a s i c  f e a t u r e  of the  s t r u c t u r e  

i s  th e  l i n k i n g  o f  the  h y d ro x y l  g ro u p s  of s i x  m o lecu le s  hy a network 

o f  h y d ro g en  "bonds such  t h a t  the  oxygen atoms (shown i n  r e d  i n  F igure  

1) form  a  d i s t o r t e d  hexagon o f  r a d iu s  2 .9  A°. Such hexagons ,  10.9 A° 

a p a r t ,  com prise  the  f l o o r  and c e i l i n g  o f  th e  cag e ,  w h ile  the  w a l ls  

a re  form ed hy s i x  m o le c u le s ,  th r e e  o f  which a re  o f  one c o n f ig u r a t i o n  

and a re  in v o lv e d  i n  hydrogen  bond ing  a t  the  low er end o f  th e  cage , 

th e  r e m a in in g  th r e e  b e in g  o f  the  o th e r  c o n f i g u r a t i o n  a re  in v o lv e d  

i n  hy d ro g en  bon d in g  a t  the  u p p e r  end o f  the  cag e .  The o th e r  i n t e r e s t 

i n g  f e a t u r e  o f  th e  cage i s  t h a t  the  gem-d im e th y l  g roups o f  th e  s i x  

m o le c u le s  p o i n t  i n t o  th e  c a v i t y  to  produce a w a is t  a t  abou t Z = 0 .5 j  

s i x  o f  t h e s e 'm e t h y l  g ro u p s ,  one from eac h  m o lecu le ,  form a d i s t o r t e d  

hexagon  o f  ca rb o n  atoms a t  th e  w a i s t  w i th  a r a d iu s  o f  4*16 A°. In  

F ig u re  1 th e  ca rb o n  atoms o f  the  gem-d im e th y l  g roups a re  co lo u re d  

p u r p l e .

17As w i l l  be r e c a l l e d ,  an e a r l i e r  a t te m p t  by B aker e_t a l .  to  

m od ify  th e  s t r u c t u r e  o f  D i a n i n 's  compound by add ing  s u b s t i t u t e d  

p h e n o ls  to  2 , 2 , 4 - t r im e th y lc h ro m e n e  met w ith  l i t t l e  s u c c e s s j  on ly  

o—e re  s o l  gave a  c r y s t a l l i n e  p ro d u c t  ( 3 ) b u t  t h i s  d id  n o t  form 

com plexes  w i th  s o l v e n t s .  C a tech o l combined w ith  th e  chromene b u t  the

OHOH
compound co u ld  n o t  be c r y s t a l l i s e d ,  w nile  in— and jj—c r e s o l s  gave only

37non—p h e n o l ic  r e s i n s .  More r e c e n t l y ,  however, Johnson condensed the 

above chromene w ith  r e s o c i n o l  i n  an i n e r t  s o lv e n t  c o n t a in in g  some 

m in e r a l  o r  Lewis a c id  as c a t a l y s t  to  produce the new h o s t  ( 4 )* 

S u b s t i t u t i o n  o f  the  p h e n o l ic  r i n g  could  have a marked e f f e c t  on tne



F i g u r e  1. 4dEL~Hydroxyphenyl-2 ,2 ,-4- tr imethyl th iachroman from e t h a n o l .  

The p a c k i n g  o f  the m o lecu le s  as p r o j e c t e d  on (0 1 0 ) .  Two h o s t  

m o l e c u l e s ,  which l i e  d i r e c t l y  above and below the  c a v i t y  as  viewed 

in  t h i s  d i r e c t i o n ,  have been exc luded  a p a r t  from t h e i r  h y d roxy l  

oxygen and gem-dime th y l  carbon  atoms.

(F .B .  U i l s o n ,  Ph.D. T h e s i s ,  U n i v e r s i t y  o f  Glasgow, 197



c r y s t a l  s t r u c t u r e  s in c e  the  c lo s e  p ro x im i ty  o f  the  a d d i t i o n a l  groups 

may have a d i s r u p t i v e  in f l u e n c e  on the  hydrogen  b o n d in g .  M o d if ic a t 

io n  o f ' t h e  th iach ro m an  ( 2 ) has  been  s t a r t e d  by M a c l T i c o l ^ .  the

c o r r e s p o n d in g  s u lp h o x id e  and su lphone  have been  s y n t h e s i s e d ,  b u t
*1

e x a m in a t io n  o f  t h e i r  H n . m . r .  s p e c t r a  showed no s i g n a l s  w hich cou ld

be a t t r i b u t e d  to  e n c l a t h r a t e d  s o lv e n t  m o le c u le s .  X—r a y  p h o to g rap h s

gave th e  c r y s t a l  c l s s e s  a s  o r tho rhom bic  and m o n o c lin ic  r e s p e c t i v e l y ,

i n  c o n t r a s t  to  th e  R3 symmetry o f  the  c l a t h r a t e s  (1 )  and ( 2 ) ,  The

s e le n iu m  ana logue  has  a l s o  been  p r e p a re d  and c l a t h r a t i n g  p r o p e r t i e s
5 A

have b een  ob se rv ed  .

I n  a t t e m p t in g  th e  m o d i f i c a t io n  o f  c a v i t y  geom etry , th e  a l t e r 

a t i o n s  p o s s i b l e  on th e s e  two h o s t s  can  be l i s t e d  u n d e r  th r e e  main 

c a t e g o r i e s :

a )  a  change i n  th e  n a tu re  o f  th e  hydrogen  bond ing ;

b )  s u b s t i t u t i o n  o f  a d d i t i o n a l - g r o u p s  on the  b a s i c  s k e l e t o n ;

c )  rem ova l o f  th e  g ro u p s  co m p ris in g  th e  cage c o n s t r i c t i o n .

I .  A l t e r a t i o n  o f  the  Hydrogen Bonding i n  D i a n i n 's  Compound ( l ) .

I n  v iew  o f  the  seem in g ly  e s s e n t i a l  s t r u c t u r a l  r o l e  p la y e d  by
,24

th e  hexagons o f  hydrogen-bonded  oxygen atoms m  D ia n i n 's  compound ,

i t  s h o u ld  be  i n s t r u c t i v e  to  d i s c o v e r  w he the r  a m o d i f i c a t io n  o f  a

h y d ro x y l  g roup  i s  r e f l e c t e d  i n  the  c l a t h r a t i n g  p r o p e r t i e s  o f  th e

h o s t .  The m ethy l e t h e r  o f  D ia n i n 's  compound, 4 -£ -m e th o x y p h en y l-

2 , 2 , 4- t r im a th y lc h ro m a n  has  a l r e a d y  been  s y n th e s i s e d  and shown to
18l a c k  c l a t h r a t i n g  p r o p e r t i e s  . A l e s s  d r a s t i c  change , n o t  in v o lv in g  

th e  t o t a l - d e s t r u c t i o n  o f  hydrogen bond in g ,  would be more s a t i s f y i n g  

and , c o n s e q u e n t ly ,  the m ercapto  an a lo g u e ,  4 -n -m e rc a p to p h e n y l -2 , 2 , 4-

55tr im e th y le h ro m a n  (5 )  was p r e p a re d .  Uewman and K arnes^  have d e s c r ib e d  

a g e n e r a l  method f o r  th e  c o n v e rs io n  of p h en o ls  to  th io p h e n o ls  v i a  

d i a l k y l t h i o c a r b a m a t e s ; phen o ls  a re  r e a d i l y  c o n v e r te d  i n t o  th e  c o m e s —
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(5)

p o n d in g  0 - a r y l  d i a lk y l t h io c a r b a m a te s  (6 )  i n  h ig h  y i e l d  hy t r e a tm e n t  

w i th  d ia d h y l th io c a r h a m o y l  c h l o r i d e s .  P y r o l y s i s  a f f o r d s  th e  S - a r y l

A
ArOH -------)  ArOC(S)]JI^

( 6 )

-) ArSOCo)}^ ----- ^ ArSH

(7)

d ia U c y l th io c a r b a m a te s  ( 7 ) which can  he h y d ro ly s e d  to  th e  c o r re s p o n d -

i n g  a r y l  m e rc a p ta n s .

The e t h a n o l  c l a t h r a t e  o f  D i a n i n 's  compound, p r e p a re d  hy  the  

17method o f  B aker e_t a l . , was c o n v e r te d  to  i t s  sodium s a l t  and th en  

h e a t e d  w ith  d im e th y l th io c a rh a m o y l  c h l o r i d e  to  g iv e  (8 )  i n  h ig h  

y i e l d .  The i . r .  sp ec tru m  o f  (8 )  d id  n o t  have th e  h ro ad  h y d ro x y l  hand

A

—1 ia t  3300 cm c h a r a c t e r i s t i c  o f  D i a n i n 's  compound; i t s  H n .m .r ,  

s p e c tru m  showed th re e  s h a rp  s i n g l e t s  from the  m ethy l p ro to n s  ana an 

AB q u a r t e t  from the  me th y  lone p ro to n s  w hile  the  two s i n g l e t s  from the

N -m ethy l g roups  o c c u r r e d  a t  6.56  and 6 .6 8 T (C D C l^ ) . This p o s i t i o n  i s
55n o t  i n  agreem ent w ith  Newman and K a rn e s '  o b s e r v a t io n  t n a t  tne  

N -m ethyl g roups  o f  the  0 - a r y l  compounds gave two s i g n a l s  i n  the 

r e g i o n  7 .3  -  7 . 5 X 9 w h ile  the  3 - a r y l  compounds showed s h a rp  s i n g l e t s  

a t  7 .0  -  7 . 1 X  -  how ever, th e y  do n o t  quo te  the  s o lv e n t  employed.

0-C-NMe2

(9)

0
II

S-C-NMeo
1-
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N ith  a v iew  to  c la r i f y in g  the p o s it io n  the r e a c t io n  was repeated  

w ith  2—n itr o p h e n o l, one o f the compounds l i s t e d  in  the a u th o r s ’ 

paper; The H n .m .r . o f  t h is  product (1 0 ) gave the two s in g le t s  a t

( 10 )

O-C-NMe?
I I  1 
S

6*56 and 6 .62  X. ? w h ile  Lemire and Thompson have found th a t the

N—m ethyl groups o f CH^0C(s)NMe2 appear as two peaks a t 6 .6 6  and 6 , 8 < y X  

1when the H n .m .r . spectrum  i s  recorded  w ith  CC1. as s o lv e n t ,  A
' 4

fu r th e r  d iscrep a n cy  was found w ith  the 0 -(2 -n itr o p h e n y l)d im e th y l-

th io ca rb a m a te , namely i t s  m eltin g  p o in t which was some tw elve

d eg ree s  h ig h er  than the v a lu e  o f 112 -  113°0 claim ed hy Newman and 

55Karnes •

The a u th o rs' c o n d it io n s  fo r  the rearrangem ent o f  (1 0 ) were 

checked hy h e a tin g  to  170°C a n itrob en zen e s o lu t io n  o f  (8 ) in  the 

probe o f  a V arian H .A .-100 n .m .r . sp ectrom eter; hy 110°C the s ig n a l  

from the N-m ethyl groups had c o lla p se d  to  a s in g le t ,  which d isappeared  

as the tem perature was in c r e a se d , to  he rep laced  hy a s in g le t  fu r th e r  

u p f ie ld .  The r e a c t io n  appeared to  he com plete a f t e r  20 m inutes at 

170°C. Newman and K a r n e s^  su ggested  th a t the rearrangem ent in v o lv e s  

n u c le o p h il ic  a tta c k  o f the su lphur a t the carbon h earin g  the oxygen, 

the d e s ir e d  p o la r is a t io n  b ein g  a s s i s t e d  hy the d ia lk y lam in o  group 

(Scheme 1 ) .  The c o n d it io n s  requ ired  fo r  the con version  o f (8 ) to  ( 9 )

0
II
C — NMe-

Scheme 1 o



were in v e s t ig a te d  by h e a tin g  sam ples (60 mg) o f (8 ) a t v a r io u s  

tem peratures fo r  v a ry in g  tim es , the r e a c ta n t  "being in  pyrex tubes 

s e a le d  a t  atm ospheric p r e ssu r e . Three methods o f ob serv in g  the degree
4

o f  co n v ers io n  were a v a i la b le t in  H n .m .r . sp e c tr a  the peaks at 

6 .5 6  and 6 .6 8 /£  were rep la ced  by a s in g le t  a t  0 . 957 ; ,  w hile t . l . c .  

in d ic a te d  the form ation  o f a l e s s  p o la r  s p e c ie s ,  Rf  = 0 .7  (CHCl^);
4

on in fr a r e d  a n a ly s is  the bands a t  1530 and 1170 cm , c h a r a c te r is t ic
c c

o f  (8 )  , were seen  to  d isap p ear  w ith  the sim ultaneous a r r iv a l  o f
*j .j

new bands a t  1665 cm” ( t e r t ia r y  amide) and 685 cm" (C-S s t r e t c h ) .

U sin g  a tem perature o f 270°C and a r e a c t io n  time o f 1 ,5  hours, 

the rearrangem ent was found to  proceed sm oothly . A t . l . c .  o f the 

crude product in d ic a te d  fo u r  components, a l l  o f which were e v e n tu a lly  

i d e n t i f i e d ;  in  a d d it io n  to  the major d e s ir e d  product there were trace  

amounts o f  D ia n in ’s compound, unrearranged m a ter ia l and, s u p r is in g ly ,  

the t h i o l  (5)* In a ttem p tin g  to  p u r ify  the g la s s - l ik e  product

0vacuum su b lim a tio n  was tr ie d  over a range o f  tem peratures up to  100 C

w ith  a p ressu re  o f 0 .0 5  nun Hgj t h is  proved u n su c c e ss fu l as d id

r e c r y s t a l l i s a t i o n .  In  v iew  o f the reason ab ly  sharp m eltin g  p o in t and
1

la ck  o f  any fo r e ig n  peaks in  i t s  H n . m. r .  spectrum , the p u r ity  o f  

the p y r o ly s is  product must be h ig h . Consequently i t  was decided  to  

u se t h i s  u n p u r if ied  m a ter ia l fo r  the h y d r o ly s is  to  the t h i o l .

The h y d r o ly s is  req u ired  a f iv e  molar e x c e ss  o f  base and an 

o v ern ig h t r e f lu x ,  the r e a c t io n  b ein g  fo llo w ed  on t . l . c .  by the 

appearance o f a r e l a t iv e l y  non-polar s p e c ie s ,  Rf  = 0*9 (CHCl^). The 

1H n . m . r .  spectrum o f the product showed a s in g le t  a t  6 . 7 0 T j  about 

the p o s it io n  exp ected  fo r  the proton o f a bH g r o \ i p f w nile i t s  i . r .
A

gave a sharp peak a t  2540 cm" (n u jo l m u ll) .  The corresponding
“"1a b so rp tio n  o f p -th io n a p h th c l occurred a t 256O on when run under 

the same c o n d it io n s . This proved encouraging s in oe  one low ering  by 

20 cm"1 o f the S-H s tr e tc h in g  frequency may be w holly  or p a r t ly  due 

to  hydrogen bonding — the hydrogen bonding which mu3  0 d o  prc.senx



to  m a in ta in  the  c l a t h r a t e  s t r u c t u r e .  R e c r y s t a l l i s a t i o n  o f  the  t h i o l

from  v a r i o u s  s o lv e n u s ,  namely b e n z e n e , e t h e r ,  e t h a n o l  and m ethanol,

was a t t e m p te d ,  b u t  w ith  l i t t l e  s u c c e s s 5 the  b e s t  c r y s t a l s ,  those

grown i n  a c e to n e ,  were s m a l l  and co u ld  n o t  be u sed  f o r  space group

1d e t e r m i n a t i o n .  The H n . m . r .  s p e c t r a  o f  th e se  r e c r y s t a l l i s e d  samples 

showed no s i g n a l s  which cou ld  be a s s ig n e d  to  e n c l a t h r a t e d  m olecu les  

an d ,  i n  a d d i t i o n ,  m ic r o a n a ly s i s  d a t a  c o r re sp o n d ed  e x a c t l y  to  the  

t h e o r e t i c a l  v a lu e s  r e q u i r e d  f o r  C^gH^OS. L a t e r  work, however, has  

shown t h a t  th e  t h i o l  form s a  complex w ith  carbon  t e t r a c h l o r i d e ;  a 

sam ple r e c r y s t a l l i s e d  from  t h i s  s o lv e n t  gave c o l o u r l e s s  p r ism s  hav ing  

a  Cl c o n t e n t  o f  14^> t h i s  v a lu e  c o r re s p o n d in g  to  a h o s t  to  g u e s t  

r a t i o  o f  3s 1  ̂ However, th e  c r y s t a l s  decompose w ith  l o s s  o f  CC1. to  

a  w h ite  powder o v e r  a  few  days -  u n d e r  vacuum t h i s  t r a n s f o r m a t io n  

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

The a p p a r e n t  la c k  o f  g e n e r a l ^ c l a t h r a t i n g  p r o p e r t i e s  on the

p a r t  o f  th e  t h i o l  ( 5 ) h i g h l i g h t s  the  im portance  o f  hydrogen  bonding

i n  t h e s e  h o s t s .  The OH.. . . . 0 ' hydrogen  bond ing  system  i s  r e l a t i v e l y

s t r o n g ,  w orth  on av e ra g e  4*0 — 4*5 K c a ls /m o le ,  w h ile  the  s u lp h u r

a n a lo g u e  i s  c o n s id e r a b ly  w eaker, so weak t h a t  f o r  many y e a r s  i t

57was th o u g h t  n o t  to  e x i s t .  P o g o re ly i  and G ragerov^ ' have d e s c r ib e d  th e  

i n v e s t i g a t i o n  by p ro to n  m agnetic  re so n an ce  o f  the  therm odynamics o f  

h y d ro g en  bond fo rm a t io n  betw een ace to n e  and a  s e r i e s  of th io p h e n o ls ,  

fynr̂  g iv e  th e  s t r e n g t h  of th e  hydrogen bond betw een  ac e to n e  and jd— 

t h i o c r e s o l  as  2 .9  K c a ls /m o le .  The d i f f e r e n c e  i n  hydrogen  bond 

s t r e n g t h s  betw een an a lo g o u s  oxygen and s u lp h u r  system s i s  b ro u g h t  

o u t  i n  i . r .  s p e c t r a  where the  v a lu e  o f  the  0-H s t r e t c h i n g  f re q u e n c y  

i s  u s e d  as  a  t e s t  f o r ,  and a measure o f  the  s t r e n g t h  o f ,  hydrogen  

bonds -  th e  s t r o n g e r  the hydrogen bond the  low er th e  v i b r a t i o n  

f r e q u e n c y  and the  b r o a d e r  the  a b s o r p t io n  L ana . The S—H s t r e t c n i n g  

f r e q u e n c y  i s  weaker and much l e s s  a f f e c t e d  by hydrogen  b ond ing ; on 

ex a m in in g  s p e c t r a  i n  the  l i q u i d  s t a t e  and i n  d i l u t e  s o l u t i o n s ,  onx /



-114-

a  s m a l l  s h i f t  o f  th e  S-H a b s o r p t i o n  due to  a s s o c i a t i o n  i s  o b se rv ed .

I t  would a p p e a r  th e n  t h a t  th e  s t r e n g t h  o f  th e  hydrogen  bonds 

form ed be tw een SH g ro u p s  i s  n o t  s u f f i c i e n t  to  h o ld  the  m olecu les  

t o g e t h e r  to  form a  cag e ,  b u t  o th e r  f a c t o r s  canno t be r i g o r o u s l y  

e x c lu d e d .  I t  i s  p e rh a p s  s i g n i f i c a n t  t h a t  w h ile  hydroqu inone  r e a d i l y  

fo rm s c l a t h r a t e s  w i th  many s m a l l  m o le c u le s ,  the  s i m i l a r  compounds 

b e n z e n e - 1 , 4 - d i t h i o l  and 4 - merc a p to p h e n o l  do n o t  p o s s e s s  such  an 

a b i l i t y .  A f u r t h e r  m o d i f i c a t io n  o f  the  hydrogen  bond ing  in  D i a n i n 's  

compound was a c h ie v e d  by r e a c t i n g  i t s  e t h a n o l  c l a t h r a t e  w ith  m ethyl 

i s o c y a n a te  t o  form  th e  c o r re s p o n d in g  u re th a n e ?  however, th e  i s o l a t e d  

p r o d u c t ,  a  f i n e  w h ite  powder, d id  n o t  e x h i b i t  any i n c l u s i o n  b e h a v io u r .  

S in c e  th e  p re s e n c e  o f  hydrogen  bond ing  th ro u g h  h y d ro x y l  g roups  seems 

e s s e n t i a l  f o r  c l a t h r a t e  fo rm a t io n  i n  s t r u c t u r e s  o f  th e  norm al D ia n i n ’s 

f a m i l y ,  f u r t h e r  m o d i f i c a t io n  of  th e  s k e l e t o n  must tak e  p la c e  a t  a  

d i s t a n t  s i t e  o r  n o t  i n t e r f e r e  w ith  the  hydrogen  bond ing  c a p a b i l i t y .

I I .  S u b s t i t u t i o n  o f  the  Ihia'chroman Host ( 2 ) .

An i n s p e c t i o n  o f  F ig u re  1 s u g g e s t s  t h a t  s u f f i c i e n t  space  may 

be a v a i l a b l e  i n  th e  c r y s t a l  s t r u c t u r e  o f  ( 2 )  to  a l lo w  s u b s t i t u t i o n  

o f  th e  a ro m a t ic  n u c le u s  w i th o u t  d e s t r o y i n g  the  column p ack in g  

n e c e s s a r y  f o r  th e  c o n t in u e d  p re se n c e  o f  c a v i t i e s .  C o n seq u en tly ,  each

o f  th e  k e t o s u l p h id e s  (11) -  ( 1 5 ) ,  p r e p a re d  by p i p e r i d i n e - c a t a l y s e d  

M ich ae l  a d d i t i o n  of  th e  a p p r o p r ia t e  a r y l  m ercap tan  to  m e s i ty l  oxide 

( s e e  S e c t io n  1 ) ,  was c y c l i s e d  in  the  p re se n c e  o f  p h en o l  w ith  anhydrous

(11) R1 = Me, R2 = R3 = H

(12) R1 = R3 « H, R2 = Me

(13) R1 = R2 = H, R3 = Me

p e r io d  of Lime a t  roomh y d ro g en  c h l o r i d e  as c a t a l y s t .  A f te r
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(15)

e r a t u r e  th e  r e a c t a n t s  had become d a rk —re d  v i s c o u s  l i q u i d s ,  e x c e p t  

i n  th e  i n s t a n c e  o f  (14) where a  p a l e  Drown s o l i d  was formed* Work—up 

in v o lv e d  e x t r a c t i n g  th e  u n r e a c te d  p h en o l w ith  b o i l i n g  w a te r ,  th e n  

a d d in g  a  s m a l l  volume o f  a s u i t a b l e  s o lv e n t  to  e f f e c t  c r y s t a l l i s a t i o n ;  

w i th  compounds ( 1 ) and ( 2 ) t h i s  was r e a d i l y  accom plished  w ith  e th a n o l  

b u t  i t  soon  became a p p a re n t  t h a t  compounds ( 16) -  ( 18) would prove

(16) R1 = lie, R2 = R3 = H

(17) R1 = R3 = H, R2 = Me

OH

(18) R1 = R2 [, RJ = Me

more t ro u b le s o m e .  The c l e a r  pa le -b ro w n  g l a s s  o b ta in e d  from (13) 

d e f i e d  a l l  a t t e m p ts  a t  c r y s t a l l i s a t i o n .  I t s  H n . m . r .  spec trum  

c o n f irm e d  t h a t  ( 18) had been  produced  i n  the  r e a c t i o n  b u t  th e re  

were a d d i t i o n a l  peaks p r e s e n t ,  n o ta b ly  a  s h a rp  s i n g l e t  a t  8 . 38T  

t o g e t h e r  w i th  a  DgO-exchangeable s i g n a l  and e x t r a  a ro m a t ic  r e s o n a n c e s .  

S e p a r a t i o n  by  d i s t i l l a t i o n  le d  to  the  d eco m p o si t io n  o f  ( 1 8 ) ,  p ro b a b ly  

c a t a l y s e d  by  r e s i d u a l  t r a c e s  o f  a c id  b u t .  more p ro m is in g ly ,  t . l . c .  

r e v e a l e d  two r-roii- s e p a r a t e d  components h av in g  R v a lu e s  o f  abou t 0 ,3. x  jr I

( t h e  r e g io n  e x p e c te d  f o r  (1 3 ) )  and 0 .8  (CHCl^ as s o l v e n t ) ,  wowever, 

hopes  were dashed  w ith  the  d e c o m p o s i t io n  of  ( 18) when p u r i f i c a t i o n  

on an a lum ina  column was a t te m p te d ;  among one p r o iu c s s  was 2 , 2 , 4 , 6— 

te t r a m e th y l - 2 H - th ia c h r o n e n e  showing t h a t  th e  a c t i v e  s i t e s  o f  a lum ina  

c o u ld  c le a v e  the p h en o l from the d e s i r e d  p r o d u c t .  On s i l i c i c  a c i d ,  

how ever,  s e p a r a t i o n  o f  the two components was p o s s i b l e I  - u0 "̂ e



e l u t e d  was th e  im p u r i ty  a s  w hite  n e e d le s  having  a  m o le c u la r  w eight

o f  2 2 8 .  I n f r a r e d  a n a l y s i s  showed a "broad h y d ro x y l  a b s o r p t i o n  a t
•■*"1 1

3350 cm and a  s t r o n g  band a t  828 cin i n d i c a t i v e  o f  a  p a r a  d is u b 

s t i t u t e d  benzene  r i n g ,  th u s  e n a b l in g  th e  im p u r i ty  to  be i d e n t i f i e d  

a s  2 ,2 ~ d i—(j> -h y d ro x y p h en y l)p ro p an e , more commonly known as  

" b i s p h e n o l  A” . This compound, ob se rv ed  i n  th e  o r i g i n a l  p r e p a r a t i o n

B isp h e n o l  A

14o f  D i a n i n fs compound , i s  p roduced  when th e  c a rb o n -c a rb o n  double

bond o f  m e s i t y l  ox ide  i s  h y d ra te d ,  l e a d in g  to  th e  fo rm a t io n  o f

a c e to n e ,  which can  th e n  combine w ith  two m o lecu les  o f  p h e n o l .

B ip h e n o l  A com prised  a b o u t  30fc o f . the  c rude  p ro d u c t  from (13) and

on a  su b se q u e n t  ru n  p a r t i a l l y  c r y s t a l l i s e d  ou t d u r in g  w ork-up .

The second  component e l u t e d  from the  s i l i c i c  a c id  column was
•]

a  p a l e  y e l lo w  g l a s s ,  w hich from i t s  E n , m , r .  sp ec tru m , ap p ea red  to

be p u re  ( l 8 ) .  However, i t s  brace im p u r i t e s  d e f e a t e d  the  c o u n t l e s s

a t t e m p t s  a t  c r y s t a l l i s a t i o n  and r e s o r t  had to  be made to  g e l

c h ro m a to g rap h y .  P i n a l  p u r i f i c a t i o n  was a c h ie v e d  by m e thano l e l u t i o n

from  a  200 x 2 . 5  cm column o f  Sephadex LH-20 m o d if ied  w i th  H3D0X 1114

( s e e  S e c t io n  1) to  y i e l d  a  c o l o u r l e s s  b r i t t l e  g l a s s  which was found

t o  be e x t re m e ly  s o lu b le  i n  most o rg a n ic  s o l v e n t s .  C onseq u en tly

c r y s t a l l i s a t i o n  p roved  d i f f i c u l t ,  the  o n ly  s u c c e s s f u l  method b e in g

t o  su d d e n ly  c o o l  a sample d i s s o lv e d  i n  the  minimum volume o f  h o t

p e t r o l  w i th  s im u l ta n e o u s  s c r a t c h i n g ,  whereupon f i n e  w hite  c r y s t a l s

were d e p o s i t e d .  S n c l a t h r a t i n g  b e h a v io u r  w ith  a h o s t  to  g u e s t  r a t i o

o f  6 t 1, i s  e x h i b i t e d  by ( 18) on r e c r y s t a l l i s a t i o n  from n -p e n ta n e ,
1

c y c lo p e n ta n e  and cy c lo h ex an e ,  as r e v e a l e d  by H n . m . r .  s p e c t r o s c o p y 5
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a t t e m p t s  t o  in c lu d e  o t h e r  s o l v e n t s  were f r u s t r a t e d  hy th e  h ig h

s o l u b i l i t y  01 tn e  h o s t  which te n d ed  to  come back ou t o f  s o l u t i o n  as

an  o i l *  The c y c lo p e n ta n e  c l a t h r a t e  has  a  c r y s t a l  s t r u c t u r e  o f  space

g ro u p  R3 and l a t t i c e  c o n s t a n t s ,  r e f e r r e d  to  a  hexagonal u n i t  c e l l ,  o f

= 29*22 and c_ = 10.82 A0 , th e s e  v a lu e s  b e in g  v e ry  s i m i l a r  to  th e

c o r r e s p o n d in g  l a t t i c e  p a ra m e te rs  found  f o r  c l a t h r a t e s  formed by th e

p a r e n t  h o s t  ( 2 ) ,  f o r  example a  = 27*81 and o = 10*90 A° f o r  i t s

e t h a n o l  c l a t h r a t e ,  so im p ly in g  f a i r l y  s i m i l a r  cage s t r u c t u r e s  f o r  ( 2 )

and  ( 1 8 ) .  The i n f r a r e d  spec trum  o f  th e  c y c lo p e n ta n e  c l a t h r a t e  o f  ( 18)

shows th e  Q-H s t r e t c h i n g  as a b ro a d  sy m m e tr ic a l  band (F ig u re  2 ) ,

s i m i l a r  to  t h a t  found f o r  ( 2)5  th e  f r e q u e n c y  o f  a b s o r p t i o n  i s  3410 cm*””1

—1com pared w i th  th e  v a lu e  o f  3430 cm f o r  th e  2 , 2 , 5 , 5 - t e t r a m e t h y l - 3 -  

hexyne  c l a t h r a t e  o f  ( 2 ) .

A s i m i l a r  work-up o f  th e  p ro d u c t  from (12) gave a  c l e a r  p a l e -  

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

i m p u r i t y  was n o t i c e a b l y  l e s s  ( c a .  5> ) * N e v e r th e le s s ,  chrom atography 

on s i l i c i c  a c id  and on m o d if ie d  Sephadex LH-20 was r e q u i r e d  b e fo re  

a  s o l i d  p ro d u c t  co u ld  be i s o l a t e d .  C y c l i s a t i o n  o f  (12 )  can  o ccu r  i n  

two ways b u t ,  as  a  r e s u l t  o f  s t e r i c  f a c t o r s ,  c o n d e n s a t io n  i s  u n l i k e l y  

t o  be e f f e c t e d  be tw een  th e  t h i o e t h e r  and m ethy l g ro u p s ,  a  c o n c lu s io n  

w hich  a p p e a re d  to  be bo rne  o u t  i n  p r a c t i c e .  Samples o f  (17 )  c r y s t a l l 

i s e  u n s o lv a t e d  from c y c lo p e n ta n e ,  c y c lo h ex an e ,  m e thy lcyc lohexane  and 

b e n z e n e ,  showing t h a t  moving the  m ethy l s u b s t i t u e n t  on ly  on to  an 

a d j a c e n t  r i n g  ca rbon  c o m p le te ly  e l i m i n a t e s  any c l a t h r a t e  fo rm ing  

p r o p e r t i e s .  The u n s o lv a t e d  m a te r i a l  from c y c lo p e n ta n e  and cyc lohexane  

was s e l f - r e s o l v i n g ,  b e in g  found to  c r y s t a l l i s e  i n  th e  e n a t io n o rp h o u s  

sp a c e  g roup  P2 ^2 ^2 ^, w i th  l a t t i c e  c o n s ta n t s  o f  _a = 11 . 8 , _2. = l 6 .p  ana 

o = 8 .5  A0 . Long c h a in s  o f  m olecu les  p a r a l l e l  to  th e  y - a x i s  a re  h e ld  

t o g e t h e r  by 0- H . . . . S  hydrogen bonding  w ith  th e  an g le  OHS abou t 160°, 

t h i s  d e c re a s e  o f  20° from the  norm al v a lu e s  i n d i c a t i n g  th e  weak; 

n a t u r e  o f  th e  hydrogen  b o n d s .  An i » r .  spec  brum r e v e a l s  t h a t  tn-. 0—a
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s t r e t c h  o f  (17) ? o c c u r r in g 1 a t  3335 era \  i s  a s h a r p e r  a b s o r p t io n  than  

th o se ' o b se rv e d  p r e v i o u s l y  (F ig u re  2 ) .  At t h i s  p o in t  i t  i s  i n t e r e s t i n g  

to  r e c a l l  th e  s p o n ta n e o u s  o p t i c a l  r e s o l u t i o n  o f  s o l v a t e d  t r i - o -  

th y m o tid e  d i s c o v e r e d  by ITewraan and P o w e l l ‘S ;  c r y s t a l  s t r u c t u r e  

e x a m in a t io n  showed t h a t  t h i s  compound c r y s t a l l i s e d  as  a  racem ate  

b u t  t h a t  r e s o l u t i o n  took  p la c e  on fo rm a t io n  o f  i t s  a d d u c t  w i th  n— 

h e x a n e ,  benzene o r  c h lo ro fo rm ,

K e to s u lp h id e  (11) c y c l i s e d  i n  th e  p re s e n c e  o f  p h en o l  gave a 

number o f  p ro d u c ts  among w hich were (16) and b i s p h e n o l  A. however, 

t h e i r  s e p a r a t i o n  p ro v ed  r e l a t i v e l y  e a s y  and one p a ss  th ro u g h  a 

column o f  s i l i c i c  a c i d  was s u f f i c i e n t  f o r  th e  i s o l a t i o n  o f  a  s o l i d  

sam ple  o f  ( 1 6 ) •  This m a t e r i a l  was -found to  form c l a t h r a t e s  w i th  many 

o f  th e  s o l v e n t s  t r i e d  (T a b le  1) w h i le  i t  p roved  to o  s o lu b le  i n  

o t h e r s  ( f o r  example e t h a n o l  and t e t r a h y d r o f u r a n )  and was d e p o s i t e d  

as  an  o i l ;  c r y s t a l s  grown from  n i t ro ra e th a n e  were u n s o lv a t e d ,  ITotable 

among the  g u e s t s  i s  cy c lo p ro p an e  ( b o i l i n g  p o i n t  -33°C ) w hich forms 

a  c l a t h r a t e  w i th  a  h o s t  to  g u e s t  r a t i o  o f  6 :1 ,  so  p r o v id in g  a

c o n v e n ie n t  means o f  h a n d l in g  t h i s  gas  f o r  c e r t a i n  a p p l i c a t i o n s .

The i n c l u s i o n  o f  th e  r e l a t i v e l y  l a r g e  c y c lo o c ta n e  m o lecu le  im m ed ia te ly  

s u g g e s t s  a  d i f f e r e n t  c a v i t y  geom etry  from t h a t  o f  th e  p a r e n t  h o s t

( 2 )  w h ich , on r e c r y s t a l l i s a t i o n  from t h i s  s o l v e n t ,  g iv e s  a  h o s t  to

g u e s t  r a t i o  o f  14*1. This d i s f a v o u r in g  o f  c y c lo o c ta n e  by  (2 )  i s  

a l s o  r e f e l c t e d  i n  i t s  i . r .  spec trum  (F ig u re  3) where th e  0-H s t r e t c h 

i n g  a b s o r p t i o n  i s  s h a r p e r  and a t  low er  f re q u e n c y  th a n  th e  c o r r e s 

p o n d in g  band i n  i t s  2 , 2 ,5 , 5 - t e t r a m e t h y l - 3 - h e x y n e  c l a t h r a t e .

The c y c lo o c ta n e  c l a t h r a t e  o f  ( 1 o) was lound  to  c r y s t a l l i s e  

w i th  an  R3 sp ace  g roup , as  was found f o r  (2 )  and' ( 1 8 ) ;  how ever, 

a  s i g n i f i c a n t  s h o r te n in g  o f  th e  c d im en s io n ,  r e f e r r e d  to  a  hexagon.au 

sy s tem  o f  a x e s ,  to  8 .2 3  A0, t o g e th e r  w i th  a le n g th e n in g  to  abou t 33 A° 

f o r  th e  a d im en s io n ,  im p l ie s  t h a t  t h i s  p a r t i c u l a r  s t r u c t u r a l  

m o d i f i c a t i o n  has  been  e f f e c t i v e  in  b r in g i n g  aoou t a  fundamencau
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T able  1 . S o lv e n ts  Capable o f  C l a t h r a t e  F orm ation  w i th  ( 1 6 ) ,

fa}G u e s t .  Mole r a t i o  o f  h o s t  to  g u e s t '  A n a ly s is  method.

Benzene 5*1 "b

Carbon T e t r a c h l o r i d e 6*1 c

C yclopropane 6*1 b

C y c lo p en tan e 6*1 b

C yclohexane 6*1 b

C yclo h ep tan e 4*1 b

C y c lo o c tan e 4*1 b

C yclodecane 25*1 b

T o luene 4*1 b

( a )  The r a t i o  i s  giVen a s  n*1 where n i s  th e  n e a r e s t  i n t e g e r .

(h )  Examined hy i n t e g r a t i o n  o f  th e  100 MHz n . m . r .  sp ec tru m , 

s e v e r a l  ru n s  "being a v e ra g e d .  In  th e  c a s e  o f  th e  c y c lo p ro p an e  

c l a t h r a t e  th e  spec trum  was r e c o rd e d  a t  -4 0 °C .

( c )  Examined "by m ic r o a n a ly s i s  f o r  c h l o r i n e .
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change i n  th e  s i z e  and shape of* th e  c a v i t y . Prom th e  r a t i o s  i n  Table 

1 i t  i s  a p p a re n t  t h a t  more th a n  one of* th e  l a r g e r  c y c lo a lk a n e s  must 

be accommodated i n  some o f  th e  c a g e s ,  s u g g e s t in g  t h a t  a  marked 

b u l g i n g  i n  the  two h a l v e s  o f  th e  c a v i t y  has  o c c u r r e d ,  W hether or 

n o t  a  w a i s t  s t i l l  p e r s i s t s  i s  open bo s p e c u l a t i o n  u n t i l  a f u l l  X -ray  

a n a l y s i s  i s  co m p le te d .  I f  t h i s  c o n s t r i c t i o n  were a b s e n t  th e n  a 

m o le c u le  such  as  t e t r a m e t h y l s i l a n s  s h o u ld  be in c lu d e d ;  r e c r y s t a l l i s a t 

i o n  o f  ( 16) from t h i s  s o lv e n t  p roved  u n s u c c e s s f u l ,  the  p o t e n t i a l  

h o s t  b e i n g  d e p o s i t e d  as  an o i l .  The s o l u b i l i t y  o f  ( 16 ) i n  b u t - 2 - y n e ,  

a  m o lecu le  whose l e n g th  c o r re s p o n d s  to  t h a t  o f  th e  c a v i t y ,  was too  

h ig h ,  w h i le  th e  o p p o s i te  p rob lem , namely i n s o l u b i l i t y ,  was en c o u n te re d  

w i th  p e r f lu o r o b u t - 2 - y n e ,  even  i n  th e  p re s e n c e  o f  a  c o s o lv e n t .  The 

0 -E  s t r e t c h i n g  f r e q u e n c i e s  o f  th e  v a r io u s  c l a t h r a t e s  o f  ( 16) a re  

l i s t e d  i n  T ab le  2 .  V alues  a t  th e  to p  end o f  th e  ran g e  a re  observed  

when b u l k i e r  m o lecu le s  a r e  in c lu d e d ,  t h i s  i n d i c a t i n g  t h a t  some d i s t o r t 

i o n  o f  th e  hydrogen-bonded  hexagons i s  t a k in g  p l a c e ,  so  le n g th e n in g  

th e  0 -0  bond d i s t a n c e .  The low er  f r e q u e n c i e s  found f o r  (16) im ply 

t h a t  th e  hydrogen  bonds a r e  s t r o n g e r  th a n  th o se  i n  th e  c r y s t a l  

s t r u c t u r e  o f  ( 18 ) " ^ .

Work-up o f  th e  s o l i d  o b ta in e d  from th e  c y c l i s a t i o n  o f  ph en o l 

and th e  k e t o s u l p h id e  ( 14) y i e ld e d  a  g l a s s  which on s t a n d i n g  t r a n s 

fo rm ed  to  a  y e l lo w  c r y s t a l l i n e  mass; s e v e r a l  r e c r y s t a l l i s a t i o n s  from 

b en ze n e  gave p u re ,  u n s o lv a t e d  4—,Erkydroxyphenyl—2 , 2 , 4—trim© th y  1—7 , 8— 

benz-othiachrom an ( 1 9 ) .  These c r y s t a l s  were o r th o rh o m b ic ,  h a v in g  a 

s p ace  group  o f  Fmm2 o r  Pnn2. Samples o f  (19) grown from numerous 

s o l v e n t s ,  f o r  example a c e to n e ,  e t h a n o l  and n - p e n ta n e ,  r e v e a l e d  no
■j

e n c l a t h r a t e d  s p e c ie s  when t h e i r  H n . m . r .  s p e c t r a  were r e c o r d e d .

The a ro m a t ic  r e g io n  o f  th e  220 KHz H n . m . r .  spec trum  o f  ( 19) showed 

th e  e x p e c te d  A3 q u a r t e t  from and Hg, so  p r o v id in g  u n e q u iv o c a l  

e v id e n c e  t h a t  c y c l i s a t i o n  had o c c u rre d  in  th e  manner p r e d i c t e d  (F ig 

u r e  4 ) .  A lso  n o ta b le  i s  the  low p o s i t i o n  o f  the  r e s o n a n c e ,  t h i s



T ab le  2 .  I n f lu e n c e  o f  Guest on 0—H S t r e t c h i n g  F requency  o f  ( 1 6 ) •

G u e s t .  V (0~H ) cnf*^ (KBr d i s c ) .

Benzene 3260

C arbon T e t r a c h l o r i d e 3265

C yclopropane 3250

C y c lo p e n ta n e  ( a ) 3240

C yclohexane 3260

C y c lo h e p ta n e 3265

C y c lo o c ta n e 3275

Toluene 3275

( a )  The c l a t h r a t e  o f  t h i s  s o lv e n t  w i th  (18)  shows V(O-H) a t  

3410 cnT*  ̂ w h i le  u n s o lv a t e d  (17 )  shows l / (0 -H )  a t  3335 om •
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H10

h6'8-9 Hn_11-U

H- CHCI3

loiW \A*V" ‘r

A
F ig u r e  4 . A rom atic  r e g io n  o f  220 MHz H n . m . r .  spec trum  o f  (19)»
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b e i n g  a t t r i b u t e d  to  th e  d e s h i e l d i n g  i n f l u e n c e  o f  s u lp h u r .

9

( 19)

OH

(2 0 )

At l e a s t  sev en  com ponents were d e t e c t e d  by  t # l , c .  i n  th e  

p r o d u c t  m ix tu re  o b ta in e d  from th e  k e t o s u l p h id e  ( 15)5 s i l i c i c  

a c i d  and g e l  ch rom atography  p e r m i t t e d  t h e i r  p a r t i a l  s e p a r a t i o n  

b u t  none o f  th e  compounds i s o l a t e d  had s p e c t r a l  p a ra m e te r s  con

s i s t e n t  w i th  th e  e x p e c te d  s t r u c t u r e  ( 2 0 ) ,  However, an o f f - w h i t e  

s o l i d  ( m o le c u la r  w e ig h t  334 )? which was n e v e r  c o m p le te ly  f r e e d  

o f  i m p u r i t i e s ,  d id  have a v a lu e  com parable to  t h a t  o f
A

( 19); a l s o ,  i t s  H n.m.r© spec trum  ( s o l v e n t  CDCl^) c o n ta in e d  an 

A33 q u a r t e t  and a exchangeab le  s i n g l e t  c h a r a c t e r i s t i c  o f  a 

2 , -hydroxypheny l s u b s t i t u e n t ,  b u t  a t  h ig h e r  f i e l d ,  i n s t e a d  o f  the  

e x p e c te d  AB q u a r t e t  and t h r e e  s i n g l e t s ,  t h e r e  were two s i n g l e t s  

a t  8065 and 8 . 8 1 T ,  a  d o u b le t  ( J  = 6  Ha) a t  8 . 7 9 T  and a  m u l t i p l e t  

a t  oa» 6 , 3 r .  I n t e g r a t i o n  o f  th e  peak a r e a s  im p l ie d  a p r o to n  r a t i o



(21)

( 2 2 )

OH

o f  10 i1*3*3*3*2 . The two t e r t i a r y  and one seco n d a ry  m e thy l g roups 

w hich  t h i s  in f o r m a t io n  s u g g e s t s ,  can he ac c o u n te d  f o r  i n  te rm s o f  

s t r u c t u r e  ( 2 1 ) ,  t h i s  h e in g  formed hy r i n g  c l o s u r e  o f  (1 5 )  to  g iv e

2 , 2 , 4—t r i m e t h y l - 5 > 6—benzo-2H—th iach ro m e n e ,  fo l lo w ed  hy pheno l '  

a d d i t i o n  a t  C-3, i n s t e a d  o f  a t  th e  e x p e c te d  C-4 p o s i t i o n .

A sam ple o f  t h i s  th iach rom ene  when t r e a t e d  w i th  p h en o l  in
•j

th e  p r e s e n c e  o f  g aseo u s  EC1, gave a s o l i d ,  th e  H n 0m . r o spec trum  

o f  w hich  c o r re sp o n d e d  e x a c t l y  to  t h a t  o f  th e  ahove m a t e r i a l .  I t  

a p p e a r s  th e n  t h a t  p h en o l a d d i t i o n  i s  h e in g  p re v e n te d  a t  C—4 ? 

p re su m ab ly  f o r  s t e r i c  r e a s o n s .  A lso ,  i t  i s  known ( s e e  S e c t io n  1) 

t h a t  2 , 2 , 4- t r i m e t h y l - 5 >°~^enzo~2H“ 'khiachroinene r e a d i l y  undergoes
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a c i d - c a t a l y ^ e d  r i n g  c o n t r a c t i o n  to a b sn z o (b ) th io p h e n e  d e r i v a t i v e ,  

an d ,  i f  t h i s  were to  happen  h e r e ,  p h en o l co u ld  a t t a c h  i t s e l f  a t  one
A

o f  t h r e e  p o s s i b l e  s i t e s .  However, the  o b se rv ed  H n . m . r .  d a t a  p e rm i ts  

o n ly  th e  iso m e r  w i th  p h en o l on th e  C—2 s id e  c h a in ,  nam ely s t r u c t u r e  

( 2 2 ) .  The mass sp ec tru m  o f  the  s o l i d  has  a m o le c u la r  io n  a t  m/e 334 

and  a  v e r y  i n t e n s e  b ase  peak a t  M -  105 (m/e 199) ,  a  lo s s  which i s  

n o t  s e e n  i n  th e  sp ec tru m  o f  ( 19) and may be e x p la in e d  by ( 2 2 ) lo s in g  

C(CH^)2 .C^H^OH from p o s i t i o n  2 .  The i s o l a t e d  p ro d u c t  which co u ld  be 

e i t h e r  ( 2 1 ) o r  ( 2 2 ) ,  th e  l a t t e r  b e in g  s t r o n g l y  fav o u red  on mass 

s p e c t r a l  e v id e n c e ,  d id  n o t  show any c l a t h r a t i n g  p r o p e r t i e s .

An e x p l a n a t i o n  o f  which s u b s t i t u t i o n s  a re  a l lo w a b le  w h ile  s t i l l  

m a in t a i n in g  the a b i l i t y  to  form s t a b l e  i n c l u s i o n  compounds can  be 

o b ta in e d  by  an e x a m in a t io n  o f  a model o f  th e  c r y s t a l  s t r u c t u r e  o f  

t h e  th ia c h ro m a n  h o s t  (2 )  (F ig u re  5)* C o n s id e r in g  one m olecu le  of 

th e  tw e lv e  sho>m, f o r  example t h a t  i n  the  to p  r i g h t - h a n d  c o r n e r ,  i t  

would a p p e a r  t h a t  a  s u b s t i t u e n t  in t r o d u c e d  o r th o  o r  p a r a  t o  s u lp h u r  

s h o u ld  n o t  be too  awkward, whereas a  g roup  i n  th e  meta p o s i t i o n  

would m arked ly  i n t e r f e r e  w i th  the  column p a c k in g ,  r e s u l t i n g  i n  the 

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

I I I .  S e l e c t i v i t y  o f  C la th r a t e  H osts ( 2 ) ,  (1 6 )  and ( 1 8 ) .

S e l e c t i v i t y  e x p e r im e n ts  have been  shown to  y i e l d  v a l u a b le

35in f o r m a t io n  abou t c a v i t y  g e o m e t r y ^  and have e x c i t e d  i n t e r e s t  in

s e p a r a t i o n s  which would be e x tre m e ly  d i f f i c u l t  by more e s t a b l i s h e d

m ethods .  In  view  o f  i t s  l i k i n g  f o r  c y c lo a lk a n e s  (T ab le  1) i t  was

th o u g h t  a p p r o p r i a t e  to  r e c r y s t a l l i s e  a sample o f  ( 16) from a

m ix tu re  o f  th e se  hyd ro ca rb o n s  and to  compare the  r e l a t i v e  r a t i o s

o f  th e  in c lu d e d  s p e c ie s  w ith  th o se  e x h i b i t e d  by the  o tn e r  h o s t s ,

(2 )  and ( 1 8 ) .  T'?iberg and H i s t 60 have shown t h a t  c y c lo h e p ta n e  and

1 -c y c lo o c ta n e  g iv e  the  same chem ica l s h i l t  when t h e i r  H n . m . r .  cp-sCtia.
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a re  r e c o r d e d  as 15/  ̂ s o l u t i o n s  i n  ca rb o n  t e t r a c h l o r i d e ;  c o n s e q u e n t ly ,

to  f a c i l i t a t e  p ro d u c t  a n a l y s i s ,  an e q u im o la r  m ix tu re  o f  o n ly  c y c lo -

p e n ta n e ,  cyc lohexane  and c y c lo h e p ta n e  was em ployed. Samples o f  ( 2 ) ,

( 16) and (ltf)>  a lo n g  w i th  a few ml o f  th e  s o lv e n t  m ix tu r e ,  were

p la c e d  i n  s e p a r a t e  s e a l e d  tu b e s  a t  a tm o s p h e re ic  p r e s s u r e  and h e a te d

to  120 C, th e n  a l lo w ed  to  c o o l  to  room te m p e ra tu re  i n  a d r a u g h t—f r e e

en v iro n m e n t  o v e r  a  p e r io d  o f  s e v e r a l  h o u r s .  A f t e r  c a r e f u l  vacuum 
1

d r y i n g ,  100 JIEz H n . m . r .  s p e c t r a  were re c o rd e d  on th e  c r y s t a l l i n e  

p r o d u c t s ,  u s in g  CDCl^ as  s o l v e n t ,  T h is ,  however, p roved  u n s u i t a b l e  

s i n c e  the  re so n a n c e  p o s i t i o n s  of 8 . 48 , 8 .50  and 8 . 5 7 /'(5 f o r  c y c lo 

h e p ta n e ,  c y c lo p e n ta n e  and cyc lohexane  r e s p e c t i v e l y  d id  n o t  p e rm i t  

a c c u r a t e  i n t e g r a t i o n  o f  the  two low f i e l d  s i g n a l s .  B e t t e r  s e p a r a t i o n  

was a c h ie v e d  w i th  o r  O^H^, s o l v e n t s  which gave s i n g l e t s  a t

8 . 50 , 8 . 5 5  and 8 ,60  r e s p e c t i v e l y .  ’

A d ra m a t ic  d i f f e r e n c e  i n  t h e ' s e l e c t i v e  c l a t h r a t i o n  p r o p e r t i e s  

o f  ( 2 )  and (16) was fo u n d ; the  p a r e n t  h o s t  ( 2 ) e x h i b i t s  a v e ry  s t r o n g  

p r e f e r e n c e  f o r  c y c lo p e n ta n e  (F ig u re  6 ) ,  th e  r e l a t i v e  p e r c e n ta g e s  f o r  

c y c lo p e n ta n e ,  cy c lohexane  and c y c lo h e p ta n e  b e in g  85$ ,  10$ and 5$ 

w hereas  (16 )  shows a r e l a t i v e l y  in c r e a s e d  ten d en cy  to  in c lu d e  the  

l a r g e r  c y c lo a lk a n e s  (F ig u re  7)> the  c o r re s p o n d in g  v a lu e s  20$ , 50$ 

and 30$ r e f l e c t i n g  the  a l t e r e d  c a v i t y  shape r e p o r t e d  e a r l i e r .  That more 

s m a l l e r  g u e s t s ,  f o r  example c y c lo p ro p a n e ,  a r e  n o t  in c lu d e d  by  (16) 

i s  c o n s i s t e n t  w i th  th e  i d e a  t h a t  the  l a r g e r  c y c lo a lk a n e s  le n d  some 

s t a b i l i s i n g  in f lu e n c e  t o  the  c r y s t a l  s t r u c t u r e ,  n e v e r t h e l e s s ,  a 

l a r g e  a l t e r a t i o n  i n  c a v i t y  geom etry  as found f o r  (16) may n o t  be 

r e q u i r e d  to  e f f e c t  marked changes i n  s e l e c t i v e  c l a t h r a t i o n  b e n a v io u r ,  

s in c e  r a t i o s  o f  12$, 57$ and 31$ (F ig u re  8) were found f o r  ( 1 8 ) ,  the  

c a v i t y  shape o f  which i s  p ro b a b ly  n o t  g r e a t l y  d i f f e r e n t  from t h a t  o f

(2 )  a c c o rd in g  to  X -ray  e v id e n c e .  However, the  i n f r a r e d  sp ec tru m  of
—1 —1

(1 8 )  shows the  0-H s t r e t c h i n g  f re q u e n c y  as  3410 cm , some 170 cm

h i g h e r  th a n  t h a t  o b se rv ed  f o r  ( 16) ,  im p ly in g  a le n g th e n in g  o f  the
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0 - 0  "bond. T h is  d i s t o r t i o n  a t  th e ’ top  o f  th e  cage may a c c o u n t  f o r  

th e  s i m i l a r  s e l e c t i v i t i e s  o f  (16) and ( 1 8 ) .

IV. S u b s t i t u t i o n  o f  D ia n i n ’s Compound ( 1 ) .

H aving  d i s c o v e r e d  two new c l a t h r a t e  h o s t s  b y  s u b s t i t u t i o n  o f  

th e  th iach ro raan  ( 2 ) ,  i t  ap p e a re d  d e s i r a b l e  to  p r e p a re  th e  oxygen 

a n a l o g u e s . The r o u t e  u sed  (Scheme 1) in v o lv e d  th e  b a se  c a t a l y s e d

0
+  R

o

- > R

OH

OH

0

R

v

A / ° v °

Scheme 1•

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

a r y l  a c e t o a c e t a t e  to  g iv e  th e  c o r r e s p o n d in g  coum arin .  A G rignard

r e a c t i o n  sh o u ld  p roduce a  chromene d e r i v a t i v e  to  which p h en o l  can  •

17
be added by the  method o f  Baker, e t  a l .  •

jD -T o ly la c e to a c e ta te  was p r e p a re d  by add ing  f r e s h l y - d i s t i l l e d  

d ik e te n e  to  a warm m ix tu re  o f  £ - c r e s o l  and t r i e t h y l a m i n e  a c c o rd in g  

to  L a c e y ^ 1. C y c l i s a t i o n  o f  the  e s t e r  was acco m p lish ed  sm oo th ly  u s in

concentrated sulphuric acid giving 4»6-diraethylcoumarin. Reacting



/".•-A

t h i s  w i th  me th y  lmagne s ium io d id e  hy th e  method o f  S h r i n e r  a.nd Sharp^1- 

p ro d u ced  a w h ite  s o l i d ,  th e  s p e c t r a l  p r o p e r t i e s  o f  which were n o t  

c o n s i s t e n t  w i th  th e  p r e d i c t e d  chromene ( 2 3 ) — th e  mass sp e c tru m  d id .

(2 3 ) ■OH

how ever,  show a  m o le c u la r  i o n  a t  m/e 18 8 • An i n f r a r e d  sp e c tru m  (KBr

d i s c )  c o n f irm e d  th e  ab sen ce  o f  any u n r e a c t e d  coum arin ,  b u t  i t s

-1p r i n c i p a l  f e a t u r e  was a  s h a rp  peak a t  3350 cm accom panied by a

-1b ro a d  a b s o r p t i o n  o v e r  th e  range  2500 -  3500 cm , im m e d ia te ly

s u g g e s t in g  th e  p r e s e n c e  o f  a  hydrogen-bonded  h y d ro x y l  g ro u p ,  A

c a rb o n  a n a l y s i s  gave a  v a lu e  m arkedly  low er  th a n  e x p e c te d ,  b u t  most

s i g n i f i c a n t l y ,  a t t e m p t s  to  r e m o v e . t r a c e  i m p u r i t i e s  from th e  p ro d u c t

by ch rom a to g rap h y  on s i l i c i c  a c id  r e s u l t e d  i n  th e  i s o l a t i o n  o f  a
1

d i f f e r e n t  compound, This c o l o u r l e s s  o i l  had a s i m i l a r  H n . m . r .

sp e c tru m  to  t h a t  o b ta in e d  from th e  w h ite  s o l i d ,  b u t  the o l e f i n i c

r e s o n a n c e  had  moved u p f i e l d  from 4*23 to  4 * 6 3 *V ( CDCl^) w h i le  a

s i n g l e t ,  p r e v i o u s l y  a t  8.78  V ,  a p p ea red  f u r t h e r  d o w n f ie ld  a t  8 . 63 T *

No 0-H s t r e t c h  was s e e n  i n  the  i . r .  sp ec tru m  and th e  mass sp ec tru m

was i d e n t i c a l  to  t h a t  r e c o rd e d  from th e  e a r l i e r  p r o d u c t .  In s h o r t

th e  s p e c t r a l  p a ra m e te rs  o f  t h i s  l a t t e r  m a t e r i a l  were i n  ag reem en t

w i th  s t r u c t u r e  ( 2 3 ) ,  f u r t h e r  ev id en ce  b e in g  the  s i m i l a r i t i e s  i n

u l t r a - v i o l e t  a b s o r p t i o n  betw een t h i s  compound and 2 , 2 , 4 - 1 rime th y  1-2 H-

17chromene i s o l a t e d  by B aker e t  a l .  . C o n s id e ra b le  a t t e n t i o n  has been  

d e v o te d  tp  the  r e a c t i o n s  o f  coum arins w ith  Grignard r e a g e n ts , the  

v a r i o u s  p ro d u c ts  b e in g  d i s c u s s e d  oy Smith and Ruoff • This to g e th e r  

w i th  th e  above s p e c t r a l  in f o r m a t io n  a l lo w s  i d e n t i f i c a t i o n  o f  the  

o r i g i n a l  r e a c t i o n  p ro d u c t  as th e  u n s a t u r a t e d  d i o l  ( 2 4 )* Hepworth 

and L iv in g s to n e ^  have i s o la t e d  the analogous s o l id  ( 2 5 ) during the



MeO ( 2 5 ) ( 26 )

p r e p a r a t i o n  o f  5-*nethoxy-2 ,2-d im e thy lch rom ene  ( a  c o lo u r l ' l i q u i d )

by  me thy lm agnesium  io d i d e  t r e a tm e n t  o f  5-ftQ thozycoum arin . D i s t i l l a t 

io n  o r  r e f l u x i n g  i n  a c e t i c  a c i d  b r i n g s  a b o u t  re a d y  d i o l  c y c l i s a t i o n ^  

p resu m ab ly  t h i s  l o s s  o f  w a te r  a l s o  o c c u r r e d  on a t t e m p t in g  to  r e c o r d  

th e  mass sp e c tru m  o f  ( 2 4 ) •  I t  i s  j u s t  c o n c e iv a b le  t h a t  2 , 2 , 4 , 6 -  

te t ra ra e th y lc h ro m e n e  ( 2 3 ) was formed i n  th e  r e a c t i o n ,  o n ly  to  be 

h y d r a t e d  to  (26) when th e  e x c e ss  G r ig n a rd  r e a g e n t  was d e s t r o y e d  w i th  

ammonium c h l o r i d e  s o l u t i o n .  P ure  (23 )  was unchanged a f t e r  a  t h r e e  

h o u r  r e f l u x  w i th  22^o NH^Cl s o l u t i o n  i n  th e  p r e s e n c e  o f  magnesium i o n s ,  

th u s  e l i m i n a t i n g  t h i s  p o s s i b i l i t y .

The d i o l  ( 2 4 ) and p h e n o l  were s a t u r a t e d  w i th  g aseo u s  HC1 and

k e p t  a t  ^45°C  f o r  6 d a y s ,  u s in g  a  method s i m i l a r  to  t h a t  o f  B aker 

17e t  a l .  • The gum form ed a f t e r  rem oval o f  e x c e s s  p h e n o l  s o l i d i f i e d  on

a d d in g  e t h a n o l  to  g iv e  ( 2 7 ) .  U nlike  i t s  s u lp h u r  a n a lo g u e ,  t h i s  

compound r e a d i l y  c r y s t a l l i s e s  from a wide .range o f  s o l v e n t s ,  f o r  

example m e th an o l,  c a rb o n  t e t r a c h l o r i d e  and t o l u e n e ,  b u t  u n fo r tune*  

a t e l y  no c l a t h r a t i n g  p r o p e r t i e s  were o b s e rv e d .  The mass sp ec tru m  of

(2 7 )

OH



(2 7 )  and D i a n i n 's  compound a re  s i m i l a r , b o th  e x h i b i t i n g  i n t e n s e  peaks 

a t  M — 15 due to  th e  lo s s  o f  a m e thy l r a d i c a l  ( F ig u re  9 )? t h i s ,  

fo l lo w e d  by e l i m i n a t i o n  o f  e th y le n e  a c c o u n ts  f o r  the  M -  43 s i g n a l s ,  

w h i le  a  r e t r o  D ie l s —A ld e r  r e a c t i o n  e x p l a i n s  th e  peaks  a t  M — 57 

(shown f o r  ( 2 7 ) i n  Scheme 2 ) .

R e p e a t in g  th e  r e a c t i o n  sequence  w i th  m—c r e s o l  a l lo w s  th e

Scheme 2 .

i s o l a t i o n  o f ' th e  a n a lo g o u s  d i o l  ( 2 8 ) j r e f l u x i n g  t h i s  f o r  2 h ou rs

-OH

( 2 9 )

w ith  5N sodium h y d ro x id e  p ro d u ces  a  c o l o u r l e s s  o i l  w i th  H n . m . r .  

s p e c tru m  r e v e a l i n g  a  ( 2 t l )  m ix tu re  o f  2 , 2 , 4 , 7- te t r a ra e th y lc h ro m e n e  

and ( 2 8 ) .  Work-up o f  th e  c y c l i s a t i o n  p ro d u c t  o f  th e  d i o l  (2 8 )  w i th  

p h e n o l  g iv e s  a s o l i d  ( 2 9 ) ;  how ever, r e p e a t e d  r e c r y s t a l l i s a t i o n s  from 

d i f f e r e n t  s o l v e n t s  le a v e  a  p e r s i s t e n t  g r e y  c o lo u r ,  r e q u i r i n g  s u b l im -  

a t i o n  f o r  i t s  com ple te  rem o v a l .  H n . m . r .  s p e c t r a  o f  ( 2 9 ) grown 

from  c y c lo p e n ta n e ,  e t h a n o l  and to lu e n e  d i d  n o t  show any s i g n a l s  

w hich  c o u ld  be a s s ig n e d  to  t r a p p e d  s p e c i e s .

A tte m p ts  to  p r e p a re  the  iso m e r  w i th  m ethyl s u b s t i t u t e d  o r th o  to

61oxygen were l e s s  f r u i t f u l .  Lacey c la im e d  to  have o b ta in e d  o - t o l y l -  

a c e t o a c e t a t e  ( 3 0 ) as  a n ’ o i l  which on c y c l i s a t i o n  gave th e  a p p r o p r i a t e  

coum arin  i n  j u s t  u n d e r  20^  y i e l d ,  t h i s  b e in g  s u b s t a n t i a l l y  low er th a n  

f o r  th e  o t h e r  two i s o m e r s .  However, p u r i f i c a t i o n  o f  (30 )  by d i s t i l l 

a t i o n  p ro v ed  im p o s s ib le  as  s im u l ta n e o u s  d e c o m p o s i t io n  a p p e a re d  to  oe
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t a k i n g  p la c e  g iv i n g  r i s e  to  f i n e ,  w h ite  n e e d l e s .  A H n . m . r .  sp ec tru m  

o f  th e  l a t t e r  showed t h r e e  s i n g l e t s  a t  c a . - 6 . 6 ,  7 .33  and 7 . 7 3 'fc' and 

an  i l l - r e s o l v e d  q u a r t e t  a t  4 . 0 8 ^  (CDCl^) w i th  a  p ro to n  r a t i o  o f  

1*3*3*1. Two c a rb o n y l  and one h y d ro x y l  a b s o r p t io n s  were o b se rv ed  in  

th e  i . r .  sp e c tru m ,  th u s  p e r m i t t i n g  th e  s o l i d ’ s i d e n t i t y  t o  be e s t a b 

l i s h e d  a s  i e h y d r a c e t i c  a c i d  ( 3 1 ) ,  formed by ( 30) u n d e rg o in g  a  r e t r o  

r e a c t i o n ,  fo l lo w e d  by s e l f  c o n d e n s a t io n  o f  a c e t o a c e t i c  a c i d .  L a c e y 's  

a l l e g e d  4 , 8 -d im e th y lc o u m a r in  had  a  m e l t in g  p o i n t  o f  112 -  113°C and 

d id  n o t  g iv e  a  p r e c i p i t a t e  w i th  bromine i n  a c e t i c  a c i d j  th e  sample 

o f  d e h y d r a c e t i c  a c i d  a l s o  gave a  n e g a t iv e  t e s t  and m e l te d  a t  110 -  

111°C.

F o llo w in g  th e  f a i l u r e  to  i s o l a t e  ( 3 0 ) ,  c y c l i s a t i o n  o f  th e  crude

m ix tu re  was a t te m p te d ,  b u t  i n  e v e ry  i n s t a n c e  a d a r k - r e d ,  p o ly m eric

r e s i n  r e s u l t e d .  An a l t e r n a t i v e  r o u t e  e x p lo re d  was an  a d a p t a t i o n  o f  

68W o o d ru f f 's  p r e p a r a t i o n  o f  4“ me‘kkylcoumari n 5 alum inium  t r i c h l o r i d e  

d i s s o l v e d  i n  n i t r o b e n z e n e  was added to  a  s o l u t i o n  o f  jo - c r e s o l  i n  

e t h y l  a c e t o a c e t a t e  and h e a t e d  to  130°C f o r  3 h o u r s .  Wo coum arin  was 

o b s e rv e d  on w ork-up , th e  c o n d e n s a t io n  p resum ably  h a v in g  f a i l e d  on 

s t e r i c  g ro u n d s .

V. M o d i f i c a t io n  o f  th e  Cage W aist i n  D i a n i n 's  Compound ( 1 ) .

F l ip p e n ,  K a r le  and K a r le 24 have d e s c r ib e d  th e  h o u r - g l a s s  

shaped  c a v i t y  o f  D i a n i n 's  compound, t h e i r  X -ra y  a n a l y s i s  r e v e a l i n g  

how th e  gem—d im e th y 1 g roups  o f  the  s i x , m o lecu le s  c o m p r is in g  a cage
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form  a  c o n s t r i c t i o n  i n  th e  c a v i t y  a t  a b o u t  Z = 0 . 5 .  O b v io u s ly ,  i f  

t h i s  w a i s t  co u ld  be removed w i th o u t  c o l l a p s e  o f  th e  e n t i r e  framework 

th e n  th e  e n c l a t h r a t i n g  a b i l i t y  o f  t h i s  h o s t  sh o u ld  be v a s t l y  im proved . 

The p o s s i b l e  i n c r e a s e  i n  the  c r o s s - s e c t i o n  o f  th e  cage a t  i t s  

mid—p o i n t  would be p a r t i c u l a r l y  u s e f u l  i n  s to r a g e  a p p l i c a t i o n s , and 

t h i s  m o d i f i c a t i o n  c o u ld  be c o n s id e re d  as  th e  f i r s t  im p o r ta n t  s t e p  

to w ard s  th e  s y n t h e s i s  o f  h o s t s  " t a i l o r —made1' f o r  s p e c i f i c  t a s k s .

M ethy l v i n y l  k e to n e  and 3 -p e n te n -2 -o n e  were each  condensed  w i th

p h e n o l  a t  0°C by s a t u r a t i n g  th e  m ix tu re  w i th  a  s t re a m  o f  d ry  hydrogen

c h l o r i d e  g a s .  Tfork-up o f  th e  fo rm er  gave a b la c k  g l a s s  w hich was s t i l l

a c i d i c  a f t e r  p ro lo n g e d  e x t r a c t i o n  w ith  b o i l i n g  w a te r .  T . l . c .  i n

v a r i o u s  s o l v e n t  sy s tem s  h i g h l i g h t e d  a  f i e r c e  c o n c o c t io n ,  s u g g e s t in g

t h a t  e x t e n s i v e  p o ly m e r i s a t i o n  had  o c c u r re d  and c o n s e q u e n t ly  no f u r t h e r

p u r i f i c a t i o n  was a t t e m p te d . '  Chromatography on s i l i c i c  a c i d  o f  t h e '

p r o d u c t  from  3 -p e u te n —2—one y i e l d e d  a  b la c k  o i l  w hich s o l i d i f i e d  on

th e  a d d i t i o n  o f  e t h a n o l .  R e c r y s t a l l i s a t i o n  from benzene  gave brown

1p r is m s  r e q u i r i n g  a  s u b l im a t io n  f o r  t h e i r  d e c o l o u r i s a t i o n .  A H n . m . r .  

sp e c tru m  showed th e  l a r g e  h e x ag o n a l  c r y s t a l s  i s o l a t e d  to  be a m ix tu re  

o f  D i a n i n ' s  compound and the  e x p e c te d  p ro d u c t  ( 32)5 a t t e m p t s  to  

b r i n g  a b o u t  t h e i r  s e p a r a t i o n  by h ig h  p r e s s u r e  l i q u i d  ch rom atog raphy

( 32 )
OH

f a i l e d  b u t  s u c c e s s  was u l t i m a t e l y  a c h ie v e d  by u s in g  g e l  chrom ato

g ra p h y  .

I n f o r m a t io n  a b o u t  th e  s t e r e o c h e m i s t r y  o f  (32) comes from a 

co m p ar iso n  o f  i t s  H n . m . r .  sp ec tru m  w itn  t h a t  o f  D i a n i n 's  compound, 

th e  l a t t e r  showing a  c h a r a c t e r i s t i c  h ig h  f i e l d  s i n g l e t  above 9 ^  

w hich  a r i s e s  from th e  s h i e l d i n g  e f f e c t ,  o f  the  u n d e r ly i n g  p h e n o l  j.ing»
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Most s i g n i f i c a n t l y ,  t h i s  m ethy l i s  one o f  the  s i x  c o m p r is in g  the

w a i s t  o f  th e  c a v i t y ,  and th e  ab sen ce  o f  i t s  peak i n  th e  sp ec tru m  o f

( 32 ) i n d i c a t e s  th e  s u c c e s s f u l  rem oval o f  the  cage c o n s t r i c t i o n *  A lso ,

th e  p h e n o l  would "be e x p e c te d  to  a t t a c h  i t s e l f  on th e  o p p o s i t e  s id e

o f  th e  m o lecu le  t o  t h a t  h e a r i n g  th e  C-2 m e thy l s u b s t i t u e n t ,  r e s u l t i n g

i n  ( 3 2 ) h a v in g  th e  two m ethy l g roups  c i s  to  each  o t h e r .

The mass sp ec tru m  o f  (32 ) shows a f r a g m e n ta t io n  p a t t e r n  s i m i l a r

t o  t h a t  o f  th e  p a r e n t  h o s t  ( 1 ) w ith  peaks  a t  M -  15, M -  43, M -  57

and M -  109» I n c l u s i o n  b e h a v io u r  has  b een  o b se rv ed  when (32 )  i s

grown from  cy c lo h ex an e  and c a rb o n  t e t r a c h l o r i d e  w i th  h o s t  to  g u e s t

r a t i o s  o f  5*1 an& 6:1 r e s p e c t i v e l y ,  as  compared w i th  r a t i o s  o f  7 :1 ^ ^

and 3*1 when 'D i a n i n ' s  compound i s  r e c r y s t a l l i s e d  from th e s e  s o l v e n t s .

The i n f r a r e d  sp ec tru m  o f  th e  c a rb o n  t e t r a c h l o r i d e  c l a t h r a t e  shows

th e  C—Cl s t r e t c h  a t  7^5 cm w h ile  th e  0—H a b s o r p t i o n  a p p e a rs  as
-1

a  b r o a d  sy m m e tr ic a l  band  a t  3275 ora • The a p p a re n t  change i n  the  

s i z e  o f  th e  c a v i t y  from t h a t  p r e s e n t  i n  D i a n i n 's  compound p ro v id e s  

a  p ro m is in g  h o s t  f o r  f u t u r e  i n v e s t i g a t i o n .

VT. S to ra g e  by th e  F o rm ation  o f  C l a t h r a t e s .

O rg a n o m e ta l l ic  compounds a re  o f  c o n s id e r a b le  im p o r tan ce  i n  

many f i e l d s  and e s p e c i a l l y  i n  ch em ica l  s y n t h e s i s  b u t  o f t e n  t h e i r

u s e f u l n e s s  i s  l i m i t e d  by th e  ex trem e d i f f i c u l t i e s  e n c o u n te re d  

when h a n d l in g  them i n  t h o i r  f r e e  s t a t e .  P ack ag in g  such  compounds i n  

th e  form o f  c l a t h r a t e s  can  m i t i g a t e  p r o p e r t i e s  such  as v o l a t i l i t y ,  

t o x i c i t y ,  r e a c t i v i t y  o r  i n s t a b i l i t y  s in c e *

a )  t o x i c  m a t e r i a l s  a r e  s e c u re d  i n  a l a t t i c e  th u s  a v o id in g  the  

d a n g e r  c o n s e q u e n t 'o n  u s in g  th e  f r e e  m a t e r i a l s ;

b )  r e a c t i v e  m a t e r i a l s ,  p a r t i c u l a r l y  th o se  e x h i b i t i n g  i n s t a b i l i t y  

due to  r e a c t i o n  o r  spon taneous  i g n i t i o n  i n  a i r ,  a r e  p r o t e c t e d  

from th e  en v ironm en t by t h e i r  r e t a i n i n g  l a o t i c e ;
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c )  v o l a t i l e  m a te r ia ls  may "be more e a s i l y  handled and a c c u r a te ly  

Weighed as c r y s t a l l in e  in c lu s io n  compounds d e s p ite  t h e ir  

• normal p h y s ic a l  p r o p e r t ie s .

An a d d it io n a l advantage i s  th a t the r e le a s e  o f  a g u e s t  coimpound 

from a c la th r a te  may r e a d i ly  "be ach ieved  in  a c o n tr o lle d  manner, 

when d e s ir e d ;  the a v a ila b le  tech n iq u es are m e ltin g , d i s t i l l a t i o n ,  

su b lim a tio n  or d is s o lu t io n  in  a s u ita b le  organ ic s o lv e n t ,  c o n v e n ie n tly  

one ap p rop ria te  to  the m ixture o f  g u e s t  and h o st as w e ll  as to  the  

u se  to  which the r e s u l t in g  s o lu t io n  o f  g u e s t  i s  to  be p u t. Choice 

o f  the c la th r a te  h o s t  m a te r ia l i s  governed by c o n s id e r a t io n s  such  

as c a v i ty  s i z e  and lack  o f  any r e a c t io n  betw een h o st and g u e s t .  An 

in v e s t ig a t io n  o f  the p o s s ib le  a p p lic a t io n s  o f  D ia n in f s compound (1 )  

and i t s  su lphur analogue (2 )  commenced by attem p tin g  to  in c lu d e  

mercury d ia lk y ls  and, in  p a r t ic u la r ,  the v o l a t i l e  and ex trem ely  to x ic  

dim ethylm ercury, a compound which has r e c e n t ly  r e c e iv e d  popular

a t t e n t io n  in  co n n ectio n  w ith  environm ental p o l lu t io n  s t u d ie s .  Although
6 6d ieth y lm ercu ry  and lo n g er  ch a in  mercury d ia lk y ls  have been rep orted

to  form in c lu s io n  compounds w ith  urea  and dim ethylm ercury has been
12in c lu d e d  in  th e tr i-£ - th y m o t id e  channel s tr u c tu r e  , th ere  have been

no p rev io u s  r e p o r ts  o f  a s u c c e s s fu l  p rep a ra tio n  o f  a s ta b le  c la th r a te

c o n ta in in g  d im ethylm ercury.

The thiachoman h o st  ( 2 ) ,  chosen because o f  i t s  b e t t e r  s o lu b i l i t y

17than ( 1 ) ,  was d e so lv a te d  by the method o f  Baker e t  a l .  and then  

r e c r y s t a l l i s e d  from n ea t dim ethylm ercury to  g iv e  a h ig h ly  c r y s t a l l in e  

product co n ta in in g  10 .4 2 £  mercury. I t s  1H n .m .r . spectrum  (F igu re  10) 

shows the resonance o f  the methyl groups a t 9 *7 2 *£* a lon g  w ith  s a t e l l 

i t e  peaks from 1H -  195Hg cou p lin g  (J  = 102 Hz); in te g r a t io n  g iv e s  

a h o s t  to g u est  r a t io  o f  6:1 ,  correspond ing to s in g le  occupancy o f  

th e c la th r a te  c a g e s . The c r y s ta ls  s u f f e r  no d e te c ta b le  l o s s  o f  

g u e s t  ( n . m . r .  a n a ly s is )  even when pumped fo r  s e v e r a l  days under 

vacuum. R elease  o f  th e  dim ethylm ercury occurs when the h o s t  laut.i.ce
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i s  p h y s i c a l l y  d e s t r o y e d ;  th u s  g r in d i n g  th e  c r y s t a l s  l i b e r a t e s  

s u f f i c i e n t  g u e s t  to  be  d e t e c t a b l e  by mass s p e c tro m e try *  vihen 

c r y s t a l s  o f  th e  a d d u c t  i n  an e v a c u a te d  f l a s k  a t t a c h e d  to  t h e  i n l e t  

o f  a  mass s p e c t r o m e te r  a r e  f i n e l y  ground by  u s in g  a  magnet to  

a g i t a t e  a  s m a l l  s t e e l  b a l l  i n  th e  f l a s k ,  th e  mass sp e c tru m  o f  

d im e th y lm e rc u ry  i s  observed*  The m inim al i n t e r f e r e n c e  fo u n d  from 

th e  spec tum  o f  th e  h o s t  makes t h i s  an a t t r a c t i v e  method f o r  o b t a in in g  

th e  mass s p e c t r a  o f  g u e s t  m o lecu le s  i n  c l a t h r a t e s .  D ie th y lm e rc u ry  

s h o u ld  a l s o  be c a p a b le  o f  b e in g  accommodated i n  th e  cage o f  th e
•j

th ia c h ro m a n  (2 )  b u t  th e  H n.m*r* spec trum  o f  a  sample r e c r y s t a l l i s e d
6 7

from  t h i s  s o lv e n t  showed no s i g n a l s  i n  th e  r e p o r t e d  r e g io n  , t h e r e  

b e i n g  i n s t e a d  a  few s m a l l  peaks  a t  low er f i e l d .  U n lik e  th e  d im e th y 1 -  

m e rc u ry  c l a t l i r a t e  th e  m a t e r i a l  was n o t  sh a rp  m e l t in g  w h i le  m icro 

a n a l y s i s  gave a  m ercury  c o n te n t  o f  14*9$« A mass sp ec tru m  o f  the  

g u e s t  d i d  n o t  show any  peaks  w i t h . t h e  c h a r a c t e r i s t i c  m ercury  i s o to p e  

p a t t e r n  a ro u n d  m/e 260 , th e  m o le c u la r  w e ig h t  o f  d ie th y lm e r c u r y  b u t ,  

a s  w e l l  a s  th e  h o s t ' s  sp ec tru m , p eaks  w i th  th e  s u lp h u r  i s o t o p e  

p a t t e r n  w ere seen  a t  m/e 297 and m/e 312, w h i le  m e rc u ry -c o n ta in in g  

s p e c i e s  a p p e a re d  a t  m/e 327 > m/e 341 and m/e 356 . I t  i s  s u g g e s te d  

t h a t  th e  fo rm e r  im ply  th e  e t h y l a t i o n  o f  (2 )  w hereas  th e  l a t t e r  a r i s e  

from  th e  so a v a g in g  o f  E tH gl,  a  p o s s i b l e  p r e c u r s o r  d u r in g  th e  p r e p a r 

a t i o n  o f  IStgHg, fo l lo w e d  by lo s s  o f  m e thy l and e t h y l  r a d i c a l s  on 

bom bardm ent; p o s i t i v e  i d e n t i f i c a t i o n ,  how ever, h as  n o t  p ro v ed  p o s s i b l e  

S i m i l a r  s c a v a g in g  a p p e a r s  to  ta k e  p la c e  on r e c r y s t a l l i s i n g  (2 )  from 

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

e l e m e n t a l  a n a l y s i s  i s  n o t  c o n s i s t e n t  w i th  u n s o lv a t e d  m a t e r i a l .

T r im e th y lp h o sp h in e  i s  an example o f  a  c l a s s  o f  compounds whose 

u se  i s  s e v e r e l y  r e s t r i c t e d  by t h e i r  h ig h  r e a c t i v i t y ,  and a p p e a rs  to  

be o f  s u i t a b l e  s i z e  and shape f o r  e n c l a t h r a t i o n .  I n f l a m m a b i l i t y  i n  

a i r  and  a low b o i l i n g  p o in t  ( o a .  40° C) d i c t a t e  t h a t  a  vacuum l i n e



o f  f r e s h l y - d i s t i l l e d  t r im e th lp h o s p h in e  showed a  d o u b le t  a t  8 . 99^

C J 3 *l -J “ 1.8  Hz) w i th  CDC1 as  s o l v e n t ,  and a t  9 . 0 5  X  ( J , 1
P — H P — H

= 1 »2 Hz) when ru n  i n  d^ -  a c e to n e ;  th e  d i s t i l l a t i o n  r e s i d u e  w hich

gave a  sp ec tru m  c o m p r is in g  o f  a  d o u b le t  a t  8 . 4 6 ^  (CDCl^) w i th  a

c o u p l in g  c o n s t a n t  o f  12*5 Hz was an o x id a t i o n  p r o d u c t ,  nam ely

t r i m e t h y lp h o s p h in e  o x id e ,  (CE^)^P=0. R e c r y s t a l l i s a t i o n  o f  (2 )  from

t r i m e t h y lp h o s p h in e  was c a r r i e d  o u t  i n  an  ’'h '1—shaped p r e s s u r e  v e s s e l

e q u ip p e d  w i th  a  "R o taf low " t a p  and s id e -a rm  f o r  a t t a c h i n g  to  a

vacuum l i n e .  To r e c o r d  th e  H n . m . r .  sp ec tru m  o f  th e  c r y s t a l l i n e

p r o d u c t  th e  f o l l o w in g  p ro c e d u re  was a d o p te d :  a )  p i p e t t e  e x c e s s  s o lv e n t

( h e r e  CDCl^) i n t o  sample tu b e  and f i t  serum cap ;  b ). degas  s o l v e n t

v i a  n e e d l e  th ro u g h  serum cap ;  c )  f i l l  tu b e  w i th  n i t r o g e n  to  m in im ise

g u e s t  o x i d a t i o n ;  d) in t r o d u c e  s o l i d  a t  th e  to p  o f  th e  tu b e  and  d e g a s ;

e )  d i s s o l v e  s o l i d  and r e c o r d  s p ec tru m .

A p a r t  from th e  h o s t ' s  a b s o r p t i o n ,  th e  spec trum  showed th e

a n t i c i p a t e d  d o u b le t  from (CE^)^P t o g e t h e r  w i th  v e ry  sm a l l  m u l t i p l e t s

from  some m inor im p u r i ty  a t  6 .2 6  and 8 . 1 4 ^ 5  th e  d o u b le t  w hich  had

now moved d o w n f ie ld  by 2 Hz, a l s o  a p p e a re d  asym m etric  w i th  th e  low er

f i e l d  s i g n a l  m arked ly  more i n t e n s e ,  an o b s e r v a t i o n  c o n f irm ed  by s c a l e

e x p a n s io n s .  As th e  p r e s e n c e  o f  th iach ro m a n  (2 )  i s  th e  o n ly  a d d i t i o n a l

f a c t o r  s i n c e  r e c o r d i n g  th e  spec trum  o f  u n c l a t h r a t e d  (CH^)^P, hydrogen

b o n d in g  be tw een  th e  l a t t e r  and th e  h y d ro x y l  group  o f  ( 2 ) must be

r e s p o n s i b l e  f o r  th e  d i f f e r e n c e  i n  i t s  ch em ica l  s h i f t  -  i n t r o d u c i n g

p h e n o l  to  th e  e a r l i e r  sample o f  (CH^)^P a l s o  caused  a  s h i f t  i n  th e

d o u b l e t ' s  p o s i t i o n .  However, u s in g  d^ — a c e to n e  a s  s o lv e n t  gave a

s y m m e tr ic a l  d o u b le t  a t  9*05 tT ( J ^  1 = 2 *4 Hz) from in c lu d e d
^'P -  E

t r im e th y lp h o s p h in e  w h i le  i n t e g r a t i o n  and m i c r o a n a l y s i s  a l lo w e d  th e  

h o s t  g u e s t  r a t i o  to  be c a l c u l a t e d  as  4*1*

The mass spec trum  o f  th e  g u e s t  was r e c o rd e d  by g r i n d i n g  c r y s t a l s  

o f  th e  c l a t h r a t e  i n  an ev a c u a te d  f l a s k  a t t a c h e d  to  th e  i n l e t  o f  a
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mass s p e c t r o m e te r ,  "but d e s p i t e  r e p e a t e d  a t t e m p t s  th e  r e p o r t e d ^

f r a g m e n ta t io n  p a t t e r n  o f  a  m o le c u la r  io n  a t  m/e 76 and  b a s e  peak

a t  m/e 61 from t r im e th y lp h o s p h in e  was n o t  o b s e rv e d .  I n s t e a d  two

p eak s  o f  e q u a l  i n t e n s i t y  were s een  a t  m/e 72 and m/e 71 w i th  th e  b a s e

peak  a t  m/e 42 , and a f t e r  some tim e i t  was r e a l i s e d  t h a t  t h i s  p a t t e r n

was i n  co m p le te  ag reem en t w i th  t h a t  d e s c r ib e d  by  Smakman and  de B o e r ^

f o r  t e t r a h y d r o f u r a n ,  an  im p u r i ty  which would e x p la in  th e  a d d i t i o n a l
1

p e a k s  o b se rv e d  i n  th e  H n . m . r .  spec trum  o f  th e  c l a t h r a t e ;  f a i l u r e  to  

i d e n t i f y  t r im e th y lp h o s p h in e  by  mass s p e c t ro m e t ry  i s  p ro b a b ly  a r e s u l t  

o f  i t s  v e r y  low b o i l i n g  p o i n t ,  t h i s  b e in g  some 25°C lo w er  th a n  

t h a t  o f  THF. However, a  n e a t  method o f  d e m o n s t ra t in g  i t s  p r e s e n c e  

i s  to  a l lo w  th e  c l a t h r a t e  to  r e a c t  w i th  b i s b e n z o n i t r i l e - p a l l a d i u m -  

d i c h l o r i d e ,  (PhClT^PdClg, to  g iv e  (M e^P ^ P d C lg • A H n . m . r .  spec trum  

o f  th e  p ro d u c t  shows n o #t r a c e  o f  th e  d o u b le t  from f r e e  (CH^)^P, b u t

a  new t r i p l e t  a t  8 . 5 6 'E’ ( s o l v e n t  CDCl^) i s  c o n s i s t e n t  w i th  th e  
7 0

r e p o r t e d  re so n a n c e  p o s i t i o n  o f  t r a n s —(M e ^ P ^ P d C ^  • C l a t h r a t i o n

t h e r e f o r e  p r o v id e s  a  v a lu a b le  a d d i t i o n  to  th e  methods o f  h a n d l in g

71t r i m e th y lp h o s p h in e  e v a l u a te d  by Goodfellow et_ a l .  »

The e t h a n o l  complex o f  D ia n i n 's  compound was r e c r y s t a l l i s e d  

from  p h e n y lp h o sp h in e ,  a  m a t e r i a l  which s p o n ta n e o u s ly  i g n i t e s  on 

c o n t a c t  w i th  a i r ;  i t s  h ig h  b o i l i n g  p o i n t  (1 6 0 -1 °C ) ,  how ever, e n a b le s  

c e r t a i n  p ro c e d u re s  to  be c a r r i e d  o u t  i n  a  c o u n t e r c u r r e n t  o f  n i t r o g e n  

r a t h e r  th a n  u n d e r  vacuum. The .method employed was to  i n t r o d u c e  

d e s o l v a t e d  D ia n i n 's  compound and p h en y lp h o sp h in e  to  one l e g  o f  a  

S ch lenk  tu b e ,  th e n  p a s s  th e  r e s u l t i n g  s o l u t i o n  th ro u g h  a  s i n t e r e d  

g l a s s  d i s c  and a l lo w  c r y s t a l l i s a t i o n  to  ta k e  p la c e  u n d e r  n i t r o g e n . ( o r  

vacuum) i n  th e  o t h e r  l im b .  A H n . m . r .  spec trum  ( s o l v e n t  CDC13 ) o f  

th e  p ro d u c t  showed o n ly  n e g l i g i b l e  i n c l u s i o n  o f  p h e n y lp h o sp h in e  by 

th e  a p p e a ra n c e  o f  a  d o u b le t  a t  6.07T* -j 88 2^0 H z).

In  an  a t te m p t  to  f i n d  a b e t t e r  h o s t  f o r  th e se  l a r g e r  o rg a n o -  

m e t a l l i e s ,  a t t e n t i o n  was fo c u s s e d  on t r a n s - a n t i ~ t r a n s - a n t i - t r a n a -
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p e r h y d r o t r i p h e n y le n e  (3 4 )  which h as  b een  r e p o r t e d  to  form  i n c l u s i o n

(3 3 ) (3 4 )

compounds with, a  w ide ra n g e  o f  compounds i n c lu d in g  m acrom olecu les ;

t h e  a d d u c t s  have a  c h a n n e l - l i k e  s t r u c t u r e  and th e  many d i f f e r e n t

73c r y s t a l  m o d i f i c a t i o n s  o b s e rv e d  depend on th e  n a t u r e  o f  th e  g u e s t
■$(

m o le c u le .  This  h o s t  was p r e p a re d  by  a  d r a s t i c  c a t a l y t i c  h y d ro g e n a t io n  

(10  d a y s ,  300°C, 250 a tm o sp h e re s )  o f  d o d e c a h y d ro t r ip h e n y le n e  ( 3 3 ) ,  th e

r e a c t i o n  g i v i n g  (34) i n . h i g h  y i e l d  m in im is in g  th e  co n c o m ita n t  iso m e r
7 1f o r m a t io n  w hich  t r o u b l e d  F a r in a  . R e c r y s t a l l i s a t i o n  from t e t r a m e t h y l -

s i l a n e  and h e x a m e th y ld i s i l a n e  gave some i n c o r p o r a t i o n  a s  r e v e a l e d  by 
4
3  n . m . r .  a n a l y s i s ,  b u t  d ry in g  th e  c r y s t a l s  u n d e r  vacuum l e d  to  

t h e i r  c ru m b l in g  w i th  s im u l ta n e o u s  g u e s t  l e a k a g e .

* We th a n k  D r. Knox, U n i v e r s i t y  o f  S t r a t h c l y d e  f o r  h i s  a s s i s t a n c e  

w i th  t h i s  h y d ro g e n a t io n .
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EXPSRIKI1JTAL

The i n t r o d u c t o r y  rem arks  to  S e c t io n  1, E x p e r im e n ta l  a l s o  a p p ly

h e r e .

X - ra y  s t u d i e s  w ere c a r r i e d  o u t  “by D r. A.D.U. H ardy, U n i v e r s i t y  

o f  G lasgow .

0 - ( £ - 4- ( 2 , 2 , 4~ t r im e th y lc h r o m a n y l )p h e n y l ) d im e th y l th io c a r b a r a a te , ( 8 ) .

The e t h a n o l  c l a t h r a t e  o f  D ia n in f s compound (1 1 .3 3  g )  was

added  u n d e r  n i t r o g e n  to  c l e a n  sodium m e ta l  ( 1.07  g )  d i s s o l v e d  i n

a b s o l u t e  e t h a n o l  (40  ml)? more e th a n o l  was added u n t i l  com ple te

d i s s o l u t i o n  was a c h ie v e d  on h e a t i n g .  A w a te r  pump was u se d  to

remove th e  e x c e ss  s o l v e n t ,  f i n a l  t r a c e s  r e q u i r i n g  th e  u se  o f  an

o i l  pump. Benzene (10 ml) was in t r o d u c e d  th e n  e v a p o ra te d  o f f

l e a v i n g  a  d r y ,  w h i te  powder -  th e  sodium s a l t  o f  D ia n in * s  compound.

D im e th y l th io c a rb a m o y l  c h l o r i d e  ( 8.41  g )  i n  d ry  d im ethy lfo rm am ide

(56  ml) was added to  t h i s  s a l t  a t  10°C and th e  r e a c t i o n  m ix tu re

0  *55s t i r r e d  f o r  1 .5  h r s  a t  40 -  45 C . On c o o l in g ,  th e  p r o d u c t  was 

p o u re d  i n t o  w a te r  (120  ml) and e x t r a c t e d  w i th  a  4:1 m ix tu re  o f  

b en ze n e  and n -hexane  (4x100 m l) .  The combined e x t r a c t s  w ere washed 

w i th  w a te r  ( 3x 100 m l) ,  %  sodium h y d ro x id e  ( 3x 100 ml) and sodium 

c h l o r i d e  ( 3x 100 m l) ,  f i n a l l y  b e in g  d r i e d  o v e r  anhydrous  magnesium 

s u l p h a t e .  S o lv e n t  rem oval l e f t  a y e l lo w  o i l  w hich on two r e c r y s t a l l 

i s a t i o n s  from m ethano l gave ( 8 ) a s  a  w h i te  s o l i d ,  m .p . 139 — 141 0 ,

917-5

m#s# m/e 355 ( ^ + )> o t h e r  p ro m in en t  peaks  a t

m/e 340, 253, 165;

V  ( n u j o l  m u ll)  1605 (w ), 1575 (w ). 1530 ( s ) ,  1442 ( s ) ,
w max x

1285 ( s ) ,  1205 ( s ) ,  1170 ( s ) ,  1130 ( s ) ,
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1010 (rn), 765 ( s )  c m ~ \

^ ( C D C l ^ )  2 . 6  -  3 .3  ( 8H, ra, a r o m a t i c s ) ,

6 .5 6  and 6 ,6 8  ( e a c h  3H, 2 s ,  IT fC H .^ ) ,

7 .7 5  (2H, AB q., J  = 14 Hz, - C ^ - ) ,

8 . 2 7 ,  8 , 6 5  and 9*06 ( e a c h  3H, 3 s ,  

r i n g  CĤ  and  C(CH^)^)5

(F ound  : C, 70*77; H, 6 . 8 6 ; IT, 3 .99*  C^Hg^OgTTS r e q u i r e s

C, 7 0 .9 6 |  H, 7*09, IT, 3.9452) •

0 - ( 2 - n i t r o p h e n y l ) d i i n e t h y l t h i o c a r b a m a t e ,  ( 10 ) •

The same p ro c e d u re  a s  above was em ployed; 2 - n i t r o p h e n o l  (2 .8 2  g) 

was added  to  a  s o l u t i o n  o f  c l e a n  sodium m e ta l  ( 0 . 5 4  g )  i n  a b s o lu t e  

e t h a n o l  (20  ml) g iv i n g  a  r e d  p r e c i p i t a t e  w hich d id  n o t  d i s s o l v e  even 

a f t e r  t h e  a d d i t i o n  o f  more so lv en t ,  fo l lo w e d  by  g e n t l e  h e a t i n g .

Removal o f  e x c e s s  e t h a n o l  l e f t  a  r e d  powder to  w hich was added

d im e th y l th io c a r b a m o y l  c h l o r i d e  (4*24  s )  i n  6.ry DITF (28 m l) ;  h e a t i n g

f o r  1 .5  h r s  a t  40 -  45°C gave an o range  s o l u t i o n .  S i m i l a r  w ork-up 

l e f t  a  y e l lo w  r e s i d u e  w h ich  was r e c r y s t a l l i s e d  tw ic e  from m ethano l 

to  y i e l d  w h i te  c r y s t a l s ,  m .p . 125 -  126°C, 87$ ;

^ (C D C l^ )  1*9 - 2 . 9  ( 4H, ra, a r o m a t i c s ) ,

6 .5 6  amd 6.62  (e a c h  3H, 2 s ,  H^CILpg).

S - ( £ - 4~ ( 2 , 2 , 4- t r i r a e th y l c h r o r a a n y l ) p h e n y l ) d im e th y l th io c a rb a m a te ,  ( 9 ) .

A f t e r  vacuum d r y in g  a t  50° C f o r  1 h o u r ,  0 -(p_—4" ( 2 , 2 , 4—t r i m e t h y l -  

c h ro m a n y l)p h e n y l )d im e th y l th io c a rb a m a te  ( 4  g )  was s e a l e d  i n  a py rex  

tu b e ,  ex trem e  c a u t io n  b e in g  e x e r c i s e d  to  p r e v e n t  th e  i n c l u s i o n  o f  

any  w a te r  v ap o u r  w hich  c a u s e s  h y d r o l y s i s  to  D ia n in ’ s compound. The 

tu b e  was immersed i n  a  Hood’ s m e ta l  b a t h ,  p r e h e a te d  to  200 C and  th e  

te m p e r a tu r e  r a i s e d  to  270°C, where i t  was m a in ta in e d  f o r  1 .5  houx’s .
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0 n c o o l i n g  th e  tu b e  was opened to  r e l e a s e  a  s m e l l  o f  f i s h  and a 

brown gum w hich  s o l i d i f i e d  on a i r  e x p o su re  to  a  y e l lo w  s o l i d ,  in,p.

123 — 127°C; m inor i m p u r i t i e s  p r e s e n t  were D ia n in ’ s compound, 

u n r e a r r a n g e d  m a t e r i a l  and th e  t h i o l  ( 5 ) b u t  a t t e m p t s  a t  p u r i f i c a t i o n  

by  r e c r y s t a l l i s a t i o n  and s u b l im a t io n  w ere n o t  s u c c e s s f u l ;

V max Cn u ^01 m 1 1 ) 1665 ( s ) ,  1605 (w ), 1575 (w ), 1250 (rn),

1202 (m ), 1085 ( s ) ,  900 ( s ) ,  760 ( s )  cm"1; 

^ ( C D C l ^ )  2 , 5  — 3*3 ( 8H, m, a r o m a t i c s ) ,

6 .9 5  ( 6H, s , H(CH3 )2 ) ,

7 . 7 6 (2H, AB a ,  J  = 14 Hz, -CH2- ) s

8 . 2 8 ,  8 . 6 6  and 9 .O6 ( e a c h  3H, 3b , 

r i n g  CH  ̂ and  C(CH3 )2 ) .

4- j> “M e rc a p to p h e n y l-2 , 2 , 4- t r im e th y lc h r o m a n ,  ( 5 ) •

A f i v e - f o l d  e x c e s s  (56  ml) o f  10̂ b ITaOH was added t o  th e  p y r o l y s i s  

p r o d u c t  d i s s o l v e d  i n  m e thano l (110  ml) and th e  m ix tu re  r e f l u x e d  

o v e r n i g h t  u n d e r  n i t r o g e n ;  a  w h i te  p r e c i p i t a t e  form ed on c o o l i n g .

W ater  (100 ml) was added  and th e  s o l u t i o n  a c i d i f i e d  (pH 5 - 6 )  w i th  

d i l u t e  h y d r o c h lo r i c  a c i d .  The p r o d u c t  was e x t r a c t e d  i n t o  benzene  

(3x150 m l) ,  washed w i th  w a te r  ( 1x 100 ml) and d r i e d  o v e r  anhydrous  

magnesium s u l p h a t e .  S o lv e n t  e v a p o r a t io n  gave  a  p a l e  y e l lo w  o i l  w hich 

s o l i d i f i e d  on s t a n d i n g .  R e c r y s t a l l i s a t i o n  from benzene  y i e l d e d  ( 5 ) 

a s  s m a l l  w h i te  c r y s t a l s ,  m .p . 107 — 109°C, 38/0 (b a s e d  on 0—a r y l  

com pound);

moS# m/e 284  (ll+ ) ,  o t h e r  p ro m in e n t  p eak s  a t

m/e 269 , 228 , 195;

( n u j o l  m u l l)  2540  ( s ) ,  1605 (w ), 1 5 8 0 .(m ),  1195 ( s ) ,
max

1145 ( s ) ,  830 (m ), 76O ( s )  cm"1 ;

^ ( CDClj) 2 *6 -  3*3 (8H, m, a r o m a t i c s ) ,

6o?0 ( 1H, s ,  -SH),
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7 .8 3  (2H, A3 <i, J  = 14 Hz, - C H ,- ) ,

8 .3 7 ,  8 .7 0  and 9*10 ( e a c h  3H, 3 b , 

r i n g  CH  ̂ and  C(CH3 )2 ) ;

(F ound * C, 76.185  H, 7 .25*  C ^ B ^ O S  r e q u i r e s  C, 7 6 .0 3 |  H, 7 . 0 9 $ ) .

0 - ( p - 4- ( 2 , 2 , 4- t r i m e th y lc h r o m a n y l ) p h e n y l ) m e th y lc a r b a m a te .

M ethy l i s o c y a n a t e  (0 .6 2  g )  was added to  a  s o l u t i o n  o f  th e  e th a n o l  

com plex o f  D ia n i n ’ s compound ( 1*51 s )  i n  s o d iu m -d r ie d  benzene  (30  m l ) .  

A few d ro p s  o f  t r i e t h y l a m i n e  were i n t r o d u c e d  and th e  m ix tu re  r e f l u x e d  

f o r  48 h r s ;  th e  r e a c t i o n  was fo l lo w e d  on t . l . c .  by  th e  a p p e a ra n c e  o f

a  l e s s  p o l a r ' s p e c i e s  — to o  lo n g  a  r e f l u x  tim e  l e d  to  th e  r e c o v e ry  o f

s t a r t i n g  m a t e r i a l .  E v a p o ra t io n  o f  th e  s o l v e n t  l e f t  th e  c a rb a m a te ,  

c o n ta m in a te d  by t r a c e  amounts o f  D ia n in ’ s compound w hich  w ere removed 

by  c h ro m a to g rap h y  on s i l i c i c  a c i d - ( 100 : 1 , e l u a n t  10$  e t h y l  a c e t a t e  

i n  b e n z e n e ) .  R e c r y s t a l l i s a t i o n  from  to l u e n e  gave th e  ca rb a m a te  a s  

f i n e  w h i t e  c r y s t a l s ,  m .p . 142 — 145°C, 66$ ;

m .s .  m/e 325 0 -+ ) ,  o t h e r  p ro m in en t  p eak s  a t

m/e 310, 253 ,  225;

\J  ' (KBr d i s c )  3360 ( s ) ,  2965  ( s ) ,  2920  (w ) ,  1710 ( s ) ,
ID StlC

1498 ( s ) ,  1210 ( s ) ,  1170 ( s ) ,  1010 (m ),

928 ( s ) ,  768 ( s )  cm 1 ;

*£ ( C D C l ^ )  2o6 -  3 .3  (8H, m, a r o m a t i c s ) ,

c a . 5 .1  ( 1H, b ro a d ,  -H H -),

7 .12  (3H, d ,  J  s= 5 Hz, H-CH3 ) ,

7 .7 8  (2H, A3 cl,  J  =  14 Hz, —CH^—) ,

8 . 30 , 8 .6 6  and  9*06 ( e a c h  3H, 3 s ,  

r i n g  CH3 and  C(CH3 )2 ) ;

(Found : C, 7 4 .0 8 ;  H, 7 . 24.5 H, 3*99♦ C20H23°31' r8(d u i r e s

C, 73*82; H, 7 .1 2 ;  H, 4 .3 0 $ ) .
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4 ~ £ -K y d ro x y p h en y l-2 , 2 , 4 , 8 - t  e t r a m e th y l th ia c h ro m a n , (1 6 )  •

A 'm ix tu re  o f  p h en o l  (7*7 g) and 4 -m e th y l -4 - (o r t o l y l t h i o ) p e n t a n ~

2 -o n e  ( 9 . 0  g )  p r e p a r e d  from o ^ - th io c re so l  and m e s i ty l  o x id e  ( s e e  S e c t io n  

1, E x p e r im e n ta l )  was s a t u r a t e d  ( 4  h o u r s )  a t  0°C w i th  d ry ,  g a se o u s  

HC1. The r e s u l t i n g  d a r k - r e d ,  v i s c o u s  l i q u i d  was th e n  s e t  a s i d e  i n  a 

f l a s k  f i t t e d  w i th  a  d r y in g  tu b e ;  a f t e r  21 months th e  e x c e ss  p h e n o l  

was e x t r a c t e d  w i th  b o i l i n g  w a te r  ( 6x 50 ml) l e a v in g  a  t h i c k  y e l lo w  

gum w h ic h ,  f o l l o w in g  ch rom a tog raphy  on K a l l i n c k r o d t  s i l i c i c  a c id  

( r a t i o  2 5 ?1 , e l u a n t  10 ĉ c h lo ro fo rm  i n  l i g h t  p e t ro l e u m ) ,  gave on s t a n d 

i n g  a  p a l e  y e l lo w  s o l i d ,  ( 16 ) ,  15$  b a se d  on th e  k e t o s u l p h i d e .  

R e c r y s t a l l i s a t i o n  from some s o l v e n t s  (m e th a n o l ,  e t h a n o l ,  t e t r a h y d r o — 

f u r a n ,  b u t —2 —y n e ,  t e t r a m e t h y l s i l a n e )  p ro v e d  u n s u c c e s s f u l ,  an  o i l  

b e i n g  d e p o s i t e d ,  w h i le  w i th  o t h e r s  ( s e e  T ab le  1) i n c l u s i o n  b e h a v io u r  

was o b s e rv e d ;  th e  p e r c e n ta g e  r e c o v e r i e s  from th e s e  s o l v e n t s  were 

72 , 37 , 34 , 60, 61, 58 , 485 29 and 34!P r e s p e c t i v e l y .  F o r  exam ple , 

c y c lo o c ta n e  gave c o l o u r l e s s  h e x ag o n a l  c r y s t a l s ,  48^ ,  m .p . 1 1 0 — 111 C;

m .s .  m/e 298 (M+) ,  o t h e r  p ro m in e n t  peaks  a t

m/e 2 4 1 , 2 2 7 , 189 ;

V  ( O r  d i s c )  3275 ( b r o a d ) ,  2960  ( s ) ,  2910 ( s ) ,max
1610 (m), 159° (m), 1510 ( s ) ,  1460 ( s ) ,

1440 ( s ) ,  1242 ( s ) ,  1185 ( s ) ,  826 ( s ) ,

788 ( s )  cm- b

( CDC1 ,  ) 2 . 8  -  3 . 4  (7H, m, a r o m a t i c s ) ,

5 .3 8  (1E, s ,  -OH),

7 . 7O (3H, s ,  a ro m a t ic  r i n g  CH^),

7 o74 (2H, A3 q , J  = 14 Hz, - C R , - ) ,

8 . 2 4 , 8 .5 9  and 8 .0 0  (e a c h  3H, 3 s ,  

o t h e r  m e th y l s ) .

D e s o lv a te d  (1 6 )  was o b ta in o d  as a  c l e a r  g l a s s  by  m e l t in g  c r y s t a l s  

o f  th e  c y c lo p e n ta n e  c l a t h r a t e  u n d e r  vacuum;
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( Found 8 C, 7 6 . 7 0 ; H, 7 . 6 6 .  C ^ H ^ O S  r e q u i r e s  C, 7 6 . 4-8; H, 7 . 4 3 ^ ) .

The m e l t i n g  p o i n t s  o f  th e  c l a t h r a t e s  v a r y ,  f o r  exam ple w i th  "benzene 

and  c a rb o n  t e t r a c h l o r i d e  as  g u e s t s ,  p a r t i a l  m e l t in g  t a k e s  p la c e  a b o u t 

90 -  94°C, fo l lo w e d  by com ple te  m e l t i n g  a b o u t  106 -  114°C. R e c r y s t a l l 

i s a t i o n  from  c y c lo p ro p a n e  was a c h ie v e d  by  in t r o d u c i n g  (1 6 )  to  a 

s e a l e d  tu b e  e q u ip p ed  w i th  a  R o ta f lo  TF6/18  t e f l o n  t a p  and s i d e  arm 

f o r  a t t a c h i n g  to  a  vacuum l i n e .  A f t e r  c o n d en s in g  i n  t h e  s o l v e n t  u n d e r  

vacuum, d e g a s s in g  was c a r r i e d  o u t  and th e  tu b e  s e a l e d .  The tu b e  was 

th e n  p l a c e d  i n  a w a t e r - b a t h ,  h e a te d  to  90°C f o r  1 h o u r  and a l lo w e d  

t o  c o o l  to  room te m p e ra tu r e  i n  a  d r a u g h t - f r e e  e n v i ro n m e n t .  The ex ce ss

s o l v e n t  was a l lo w e d  to  e sc a p e  i n t o  th e  a tm osphere  and  th e  c r y s t a l s

1s c r a p e d  o u t  and a i r - d r i e d  b e f o r e  s u b j e c t i n g  them to  E n . m . r .  a n a l y s i s ,  

An i d e n t i c a l  method was u sed  f o r  an  a t te m p te d  r e c r y s t a l l i s a t i o n  from 

p e r f l u o r o b u t - 2 - y n e  b u t  (16) was found  to  be  i n s o l u b l e ,  even  a f t e r  

a d d in g  p e r f l u o r o d e c a l i n  a s  c o s o l v e n t .  W ith m - n i t r o b e n z o t r i f l u o r i d e  

a s  c o s o lv e n t  two p h a se s  form ed b u t ,  a l th o u g h  d i s s o l u t i o n  was accom

p l i s h e d ,  th e  i s o l a t e d  c r y s t a l s  d id  n o t  c o n t a in  th e  a c e t y l e n e .

4 -£ -H y d ro x y p h e n y l-2 , 2 , 4 , 7 - t e t r a m e th y l t h ia c h r o m a n ,  (1 7 ) •

A m ix tu re  o f  p h e n o l  (34*6 g) and 4 - m e t h y l - 4 - ( m - t o l y l t h i o ) p e n t a n -  

2 -o n e  ( 36 .7  g )  p r e p a r e d  from m - t h i o c r e s o l  and m e s i t y l  o x id e  ( s e e  

S e c t i o n  1, E x p e r im e n ta l )  was s a t u r a t e d  (6  h o u r s )  a t  0°C w i th  d r y ,  

g a s e o u s  SC I. The r e s u l t i n g  d a f k - g r e e n ,  v i s c o u s  l i q u i d  was th e n  s e t  

a s i d e  i n  a  f l a s k  f i t t e d  w i th  a d r y in g  tube  -  o v e r  a  few days  th e  

c o l o u r  changed to  d a r k - r e d ;  a f t e r  4 m onths, th e  e x c e ss  p h e n o l  was 

e x t r a c t e d  w i th  b o i l i n g  w a te r  (5*150 ral) l e a v in g  a  p a l e  brown g l a s s .  

C hrom atography on L la l l in c k ro d t  s i l i c i c  a c i d  ( r a d i o  55*1, e l u a n t  50 

e t h y l  a c e t a t e  i n  b en ze n e )  gave a  p a l e  y e l lo w  o i l  w hich  d e f i e d  

c r y s t a l l i s a t i o n .  F i n a l  p u r i f i c a t i o n  was a c h ie v e d  by  g e l  ch rom atography  

(2 0 0 .x  2 .5  cm column o f  Sephadex LII-20 m o d if ie d  w i th  17ED0X 1114,



e l u t i o n  w i th  m e th an o l)  w hich gave a  c o l o u r l e s s  o i l  h a v in g  a  S .E .V . 

o f  a b o u t  130. S o l i d i f i c a t i o n  p roved  e x t re m e ly  d i f f i c u l t y  th e  

o n ly  s u c c e s s f u l  method b e in g  to  su d d e n ly  c o o l  a  sam ple d i s s o l v e d  i n  

t h e  minimum volume o f  h o t  p e t r o l  w i th  s im u l ta n e o u s  s c r a t c h i n g ,  w here

upon  f i n e  w h i te  c r y s t a l s  o f  ( 17 ) a r e  d e p o s i t e d .  R e c r y s t a l l i s a t i o n  

from  c y c lo p e n ta n e  gave s i n g l e ,  c o l o u r l e s s  p r ism s  m .p . 114 — 115°C, 

43/o5

m .s .  m/e 298 (M+) ,  o t h e r  p ro m in en t  peaks  a t

m/e 283 , 255 , 2 4 1 , 2 2 7 |

V max (KB? d i s c )  3335 ( b r o a d ) ,  2965  ( s ) ,  1611 (m ),

1510 ( s ) ,  1265 ( a ) ,  1205 ( s ) ,  1175 (m), 

834  ( s ) ,  822 ( s )  cmT^j 

X (O D C l^ )  2 . 7  -  3 .5  (7H, m, a r o m a t i c s ) ,

• 5 .2 2  (1H, s ,  -OH),

7*73 (3H, s ,  a ro m a t ic  r i n g  0H^),

7 .7 5  (2H, AB q ,  J  = 14  Hz, - C ^ - ) ,

8 . 2 6 ,  8 .5 9  and 8 .92  ( e a c h  3H, 3 s ,  

o t h e r  m e th y ls ) 5

(Found : C, 76.285  H, 7 . 3 2 .  C ^ H ^ O S  r e q u i r e s  C, 76.485  H, 7 . 43/ ) .  

4-.j2>«.Kydroxyphenyl-2 , 2 , 4 , 6- t e  t r a m e th y l  th ia c h ro m a n ,  (18  ) •

A m ix tu re  o f  p h e n o l  ( 2 9 .7  g)  and  4- m e t h y l - 4- ( £ - t o l y l t h i o ) p e n t a n ~  

2 -o n e  ( 3 5 . 0  g )  p r e p a r e d  from j s - t h i o c r e s o l  and m e s i t y l  o x id e  ( s e e  

S e c t io n  1, E x p e r im e n ta l )  was s a t u r a t e d  (6  h o u r s )  a t  0°C w i th  d ry .  

g a s e o u s  HC1. The r e s u l t i n g  d a r k - r e d , v i s c o u s  l i q u i d  was th e n  s e t  a s id e

i n  a  f l a s k  f i t t e d  w i th  a  d r y in g  tu b e ;  a f t e r  two months th e  e x c e ss

p h e n o l  was e x t r a c t e d  w i th  b o i l i n g  w a te r  ( 5x 150 ml) l e a v i n g  a c l e a r
<4

y e l lo w  g l a s s .  A II n .m # r .  spec trum  showed th e  p r o d u c t  to  c o n t a i n  a  

c o n s i d e r a b l e  amount o f  2 , 2 -d i-(p > -h y d ro x y p h e n y l)p ro p an e ,  which 

on a  second  ru n  c o u ld  be p a r t i a l l y  removed by ad d in g  b en ze n e  and



c h i l l i n g  th e  s o l u t i o n .  However, ch rom atog raphy  on I l a l l i n c k r o d t  

s i l i c i c  a c i d  ( r a t i o  4-0 s1 , e l u a n t  10/  e t h y l  a c e t a t e  i n  b e n ze n e )  was 

n e c e s s a r y  i n  b o th  c a s e s ,  y i e l d i n g  a  p a l e  y e l lo w  o i l  w hich  d i d  n o t  

c r y s t a l l i s e .  F i n a l  p u r i f i c a t i o n  o f  (18) was a g a in  a c c o m p lish e d  by 

g e l  ch rom a to g rap h y  ( i d e n t i c a l  column and  c o n d i t i o n s ) ,  th e  i s o l a t e d  

c o l o u r l e s s  g l a s s  b e in g  c r y s t a l l i s e d  by  su d d en ly  c o o l in g  a  h o t  p e t r o l  

s o l u t i o n  a s  b e f o r e .  D e s o lv a t io n  by s u b l im a t io n  (6 0 ° c /0 .0 1  mm Eg) 

was a  l i m i t e d  s u c c e s s  s in c e  a f t e r  3 weeks o n ly  80 mg had  co n d en sed .  

(Found : C, 7 6 .5 0 ;  H, 7*71* C^HggOS r e q u i r e s  0, 76.485  H, 7*43 /)*  

R e c r y s t a l l i s a t i o n  from  most s o l v e n t s  t r i e d  ( f o r  example b en z e n e ,  

e t h a n o l ,  c a rb o n  d i s u l p h i d e ,  c y c lo h e p ta n e  and 2 , 2 , 5 , 5-ct e t r a m e t h y l — 

h e x - 3 - y n e )  was u n s u c c e s s f u l  on a c c o u n t  o f  th e  h ig h  s o l u b i l i t y  o f  

( 18 ) .  However, i t  e x h i b i t e d  c l a t h r a t i n g  p r o p e r t i e s  when grown from 

c y c l o p e n ta n e j  cy c lo h e x a n e  and n - p e n ta n e ;  c y c lo p e n ta n e  gave c o l o u r l e s s  

p r i s m s ,  m .p .  64  -  67°C, 74/ ;

m/e 298 (M+ ) ,  o t h e r  p ro m in en t  peaks  a t  

2 8 3 ,  255 , 2 4 1 , 227;

3410  ( b r o a d ) ,  2964  ( s ) ,  1608 (m ),

1592 ( v ) ,  1508 ( s ) ,  1210 (m ), 1199 ( s ) ,  

1178 ( s ) ,  836 ( s ) ,  814  ( s )  c n f 1 ;

2 . 8  -  3 . 4  ( 7H, m, a r o m a t i c s ) ,

4 .9 5  (1H, s , -OH),

7 . 7 6  (2H, AB q ,  J  = 14 Hz, —CHg—) ,

7 . 7 8  (3H, s ,  a ro m a t ic  r i n g  CH^),

8 .2 6 ,  8 .61  and  8*91 ( e a c h  3H, 3 s ,  

o t h e r  m e th y l s ) .

2 , 2 - D i - ( p -hydroxypheny1 ) p ro p a n e .

T h is  was i s o l a t e d  a s  a  b y p ro d u c t  d u r in g  th e  p u r i f i c a t i o n  o f  

( 1 8 ) j r e c r y s t a l l i s a t i o n  from benzene gave whioe n e e d l e s ,  m .p .  1p5 “

m.s

V  (KBr d i s c )  max v '

Z C cdciJ
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157°C;

m .s .  m/e 228 (M+ ) ,  b a s e  peak  a t  m/e 2 1 3 ,

v wbc (KBr d i s o )  3350  ( b r o a d ) ,  2965  (m ), 1610 (m ),

1598 (m ), 1508 ( s ) ,  1444 (m ), 1434 (m),

1361 (m ), 1235 ( s ) ,  1218 ( s ) ,  828  ( s ) ,

564  ( s ) ,  552 ( s )  cm"”1 5 

^ ( C D C l ^ )  2 . 4  -  3*2 ( 8S , m, a r o m a t i c s ) ,

5*36 (2H, s ,  h y d ro x y l  p r o t o n s ) ,

8 . 3 8  ( 6H, s , C(CH3 )2 ) ;

(Found j C, 7 8 . 9O5 H, 7*08 . C ^ H ^ O g  re<lu i r e s  c ? 7 8 .9 2 ;  H, 7 . 0 6 / ) .

4-£-H y d ro x y p h e n y l-2 , 2 , 4—t r i m e t h y l —7 , 8—b e n z o th ia c h ro m a n ,  ( 19 ) •

A m ix tu re  o f  p h e n o l  (4*0 g) and 4- ^ e t h y l - 4 - ( l - ri& p h tk y l th io ) p e n ta n -

2—one ( 5*0 g )  p r e p a r e d  by  c o n d e n s a t io n  o f  n a p h th a le n e —1—t h i o l  and

m e s i t y l  o x id e  ( s e e  S e c t io n  1, E x p e r im e n ta l )  was s a t u r a t e d  (6  h o u r s )

a t  0°C w i t h  d ry  g ase o u s  HC1. The r e s u l t i n g  d a r k - g r e e n ,  v i s c o u s

l i q u i d  w hich  had  changed to  a  p a l e  brown s o l i d  a f t e r  24  h o u r s ,  was

s e t  a s i d e  i n  a  f l a s k  eq u ip p ed  w i th  a  d r y in g  tu b e .  A f t e r  th e  rem oval

o f  e x c e s s  p h e n o l  i n  b o i l i n g  w a te r  (6  x  30 ml) t h e r e  rem a in ed  a p a l e

y e l lo w  g l a s s  w hich  s o l i d i f i e d  on s t a n d i n g ;  th r e e  r e c r y s t a l l i s a t i o n s

from  b en ze n e  gave ( 19) a s  w h i te  n e e d l e s ,  m .p . 152 -  154°0 , 52>cj

m .s .  m/e 334 (M+ )» o t h e r  p ro m in e n t  p eak s  a t

m/e 319, 277 , 2635

\J  (K 3r d i s c )  3535 M ,  34^5 ( s h ) ,3 4 2 0  (m ), 297O (m),
max

1504  ( s ) ,  1172 ( s ) ,  836 ( s ) ,  823 ( s ) ,

809  ( s ) ,  748  ( s )>  739 (a)>  540 (m) ora- 1 }

T ^(0B C 1 ,)  1 .6  -  1 .9  and  2 .2  -  3 .5  (10H, m,

a r o m a t i c s ) ,

5 .2 3  (1H, s ,  -OH),

7 .6 4  (2H, 43 q., J  = 14 He, -O H ,- ) ,
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8 .1 4 ,  8 .5 0  and 8 .7 7  ( e a c h  3E, 3 s ,  

r i n g  CĤ  and  C(CH3 )2 ) ;

(Found •: C, 7 8 . 8 8 ; H, 6 . 7 0 .  C ^ H ^ O S  r e q u i r e s  C, 79*01; H, 6 . 63/ ) .

4- p —Hydroxypheny1- 2 , 2 , 4- t r i m e t h y 1- 5 , 6- b e n z 0 th ia c h ro m a n , ( 2 0 ) .

A m ix tu r e  o f  p h e n o l  ( 2 8 .0  g )  and 4~.m ethyl—4—(2 —n a p h t h y l t h i o ) p e n t a n — 

2 -o n e  ( 3 0 .0  g)  p r e p a r e d  by  c o n d e n s a t io n  o f  n a p h l h a le n e - 2 - t h i o l  and 

m e s i a l  o x id e  ( s e e  S e c t io n  1, E x p e r im e n ta l )  was s a t u r a t e d  (6  h o u r s )  

a t  0°C w i th  d r y ,  g a s e o u s  EC1. The r e s u l t i n g  h l a c k ,  v i s c o u s  l i q u i d  

was s e t  a s i d e  i n  a  f l a s k  f i t t e d  w i th  a  d r y in g  tu b e .  A f t e r  18 months 

th e  e x c e s s  p h e n o l  was removed by  e x t r a c t i n g  w i th  b o i l i n g  w a te r  (7x100 

m l) l e a v i n g  a  b la c k  t a r  c o n t a in in g  a t  l e a s t  seven  components ( t . l . c . ) .  

Chrom atography on b o th  K a l l i n c k r o d t  s i l i c i c  a c i d  ( r a t i o  4 0 s 1, e l u t i o n  

w i th  2 0 /  e t h y l  a c e t a t e  i n  l i g h t  pe .tro leum ) and m o d if ie d  Sephadex LH-20 

( i d e n t i c a l  column and c o n d i t i o n s  as  b e f o r e )  a l lo w e d  t h e i r  p a r t i a l  

s e p a r a t i o n ,  b u t  none o f  th e  f r a c t i o n s  y i e l d e d  a  compound w i th  s p e c t r a l  

p a r a m e te r s  c o n s i s t e n t  w i th  s t r u c t u r e  ( 2 0 ) .  A d i f f e r e n t  a p p ro ac h  

in v o lv e d  c o n d e n s a t io n  o f  2 , 2 , 4 - t r i m e th y 1 - 5 , 6 -b en zo -2 H -th iach ro m en e  

(79  mg), p r e p a r e d  by  PPA c y c l i s a t i o n  o f  th e  c o r re s p o n d in g  k e t o s u l p h id e  

( s e e  S e c t io n  1, E x p e r im e n ta l ) ,  w i th  p h e n o l  (831 mg) by  s a t u r a t i n g  

(30  m ins)  th e  m ix tu re  a t  50°C w i th  d ry  gaseous  HC1. The f l a s k  c o n t a in 

i n g  th e  r e s u l t i n g  o range  s o l u t i o n  was f i t t e d  w i th  a  d ry in g  ‘tube and 

p l a c e d  i n  an  oven a t  45°C f o r  9 d a y s ;  g r a d u a l l y  th e  c o l o u r  o f  th e  

c o n t e n t s  changed to  d a rk  g re e n  and f i n a l l y  to  w ine—r e d .  E x cess  p h en o l 

was removed by e x t r a c t i o n  w i th  b o i l i n g  w a te r  (2x5 m l) ,  th e  r e s i d u e  ' 

b e in g  d i s s o l v e d  i n  benzene  and d r i e d  o v e r  anhydrous  sodium s u l p h a t e .  

S o lv e n t  rem oval l e f t  a  g r e e n  o i l  (115 ms )  c o n s i s t i n g  o f  t h r e e  m ajor 

and s e v e r a l  m inor components ( t . l . c *  i n  CHCl^); th e  most p o l a r  o f  

th e  m a jo r  components had an  R v a lu e  s i m i l a r  t o  t h a t  o f  ( 19) and was 

s e p a r a t e d  from th o  m ix tu re  by p r e p a r a t i v e  t . l . c .  ( s o l v e n t  CECl^).



T his  compound was' found  to  have s p e c t r a l  p a ra m e te r s  i d e n t i c a l  to  

one o f  t h e  p r o d u c ts  o b ta in e d  v i a  s i l i c i c  a c i d  and  g e l  ch rom atog raphy  

( a g a i n 'n o  component was c o n s i s t e n t  w i th  s t r u c t u r e  ( 2 0 ) ) ;  s u b l im a t io n  

(1 1 5 ° C /0 .0 7  mm Hg) and  r e c r y s t a l l i s a t i o n  from benzene  gave an  a l r a o s t -  

w h i t e  s o l i d ,  p r o b a b ly  ( 2 2 ) ,  w hich was n e v e r  f r e e d  o f  m inor i m p u r i t i e s ,  

m .p .  129 -  135°C,-

m .s .  m/e 334 , o t h e r  p ro m in en t p eak s  a t

V® 319, 199 , 1841

V max (CCV  ' 3605 ( s ) V 305°  W ’ 2 ?6°  2 920 ( m)>

1608 (w ) ,  1172 ( s ) ,  1157 (m) cm""1 j

X  (CDC13 ) 2 . 0  -  3 . 4  ( 10H, m, a r o m a tic s ) ,

5*34 (1H, s ,  -OH), 

c a .  6 .3  (2H, m, m e th ine  p r o t o n s ) ,

8 . 6 5  and  8 .81  (e a c h  3H, 2 s ,  (^(CH-,)2 ) ,

8 .7 9  (8 H, d ,  J = 6 Hz, CHCH3 )o

S e l e c t i v i t y  E xperim en ts  on C la t h r a t e  H osts  ( 2 ) ,  (1 6 )  and ( 1 8 ) .

An e q u im o la r  m ix tu re  o f  c y c lo p e n ta n e  (3*5095 g ) ,  c y c lo h ex an e  (4o2078 

g )  and  c y c lo h e p ta n e  ( 4.9098  g)  was made up  and  checked  by  E n . m . r .  

a n a l y s i s .  £ - H y d r o x y p h e n y l - 2 ,2 ,4 - t r im e th y l  th iach ro m a n  (6 1 .3  mg) and 

t h e  above s o l u t i o n  ( a b o u t  3 ml) w ere s e a l e d  i n  a  tu b e  a t  a tm o sp h e r ic  

p r e s s u r e  and  h e a t e d  to  120°C. The h e a t  was removed and th e  tube  

a l lo w e d  to  c o o l  to  room te m p e ra tu re  o v e r  s e v e r a l  h o u rs . The c r y s t a l l 

i n e  p ro d u c t  was removed a f t e r  one d ay ,  d r ie d  fo r  1 nour a t  0.01 mm Hg
•1

/room  tem perature and i t s  H n .m .r . spectrum  recorded  w ith  CgDg or  

C^Hg as s o lv e n t .  S im ila r ly  54*5 o f  (16 )  and 130.0  mg o f  ( 18 ) were 

each  c r y s t a l l i s e d  from about 2 ml and about 5 ml o f  th e  equim olar  

m ix tu re . R ecoveries were 6 2 .5  40 .8  rag and 38*4 r e s p e c t iv e ly .

The r e s u l t s  are in c lu d ed  in  the D isc u ss io n  S e c t io n ;  r e p e a tin g  the 

r e c y s t a l l i s a t io n s  gave id e n t ic a l  in c o r p o r a tio n  o f  the cycloaH can es.



n—T o ly la c e to a c e ta te  •

F r e s h l y —d i s t i l l e d  d ik e te n e  (83*7 g) was added  d ro p w ise  d u r in g  

1 h o u r  to  an  a g i t a t e d  m ix tu re  o f  ]> -c re so l  ( 107.7  g)  and t r i e t h y l -

A f t e r  h e a t i n g  f o r  a  f u r t h e r  0 .5  h o u rs  th e  s t i r r i n g  was s to p p e d  and  

t h e  r e a c t i o n  p r o d u c t  a l lo w e d  to  c o o l  o v e r n ig h t ;  s o l v e n t  rem oval u n d e r  

vacuum gave a  w h i te  s o l i d  w hich  was r e c r y s t a l l i s e d  from l i g h t  p e t r o l -

4 , 6 -3 ) im e thy lcoum arin .

jg - T b ly l a c e to a c e t a t e  (132 g) was s t i r r e d  f o r  24  h o u rs  w i th  75/° 

s u l p h u r i c  a c i d  (200 ml) a t  53°C; th e  c o o le d  s o l u t i o n  was p o u red  i n t o  

i c e d  w a te r  (800 ml) t o  form  a  y e l lo w  p r e c i p i t a t e  w hich on two 

r e c r y s t a l l i s a t i o n s  from aqueous e t h a n o l  gave w h i te  n e e d l e s ,  m .p .

152 -  153°C,

amine ( 0 .5  ml) a t  72 — 75°C a c c o rd in g  to  th e  method o f  Lacey'

eu m /c h lo ro fo rm  (1 s 1 )  y i e l d i n g  w h i te  n e e d l e s ,  m.p# 67 -  68°G ( l i t .  

65 -  66°C ), 78/toj

V_a_ ( n u j o l  m u l l )  1770 ( s ) ,  1725 ( s ) ,  1510 (m), 1262 ( s ) ,IDa*X.

1202 ( 3 ) ,  1148 ( s ) ,  924  ( s ) ,  838 ( s ) ,

' 772 (m) cm- 1 5

^ ( C D C l j ) 2 .7  -  3 .1  (4H, m, a r o m a t i c s ) ,

6 .3 3  (2H, s ,  - C ^ - ) ,

7*85 (8H, s , methyls);

(Found s C, 6 3 .6 8 ;  H, 6 . 3 6 . C ^ H ^ O ^  r e q u i r e s  C, 6 8 .7 3 ;  H, 6 . 29$ ) .

V/ (KBr d i s c )  v  m ar xmax
1712 ( s ) ,  1572 (m), 1382 (m ), 1199 (m),‘ 

1178 (m), 936 (m ), 858 (m), 828 (m) cm“ 1 ;

r ( C D C l 3 ) 2 . 5  -  2 .9  (3H, m, a r o m a t i c s ) ,

3 .7 3  ( i l l ,  q ,  J « 1 .5  Hz, o l e f i n i c  p r o t o n ) ,  

7 . 5 6  (6li, s ,  b o th  m e th y l s ) ;
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(Found * C, 7 8 .0 7 J H, 5*94* c-j -jh -jo° 2 re(i u i r e s  C, 75*84; H, 5*79/0*

2~( 2 -H yA ro x y -5 ~ m eth y lp k en y l)4 , 4-dime th y  l b u t - 2 - e n - 4- o l , (2 4 ) .

A s o l u t i o n  o f  m e th y l io d i d e  (1 4 0 .8  g) i n  anhydrous  d i e t h y l e t h e r

(200  ml) was added  d ro p w ise  o v e r  1 .5  h o u r s  to  magnesium t u r n i n g s  ( 24*4

62g) i n  e t h e r  (250  ml) u n d e r  a  n i t r o g e n  a tm osphere  • 4*6—D im ethy l—

coum arin  ( 54*0 g )  i n  e t h e r  (2 l )  was in t r o d u c e d  w i th  s t i r r i n g  o v e r

2 h o u r s  g iv i n g  a  xmle y e l lo w  p r e c i p i t a t e .  A f te r  s t i r r i n g  o v e r n ig h t

a t  room te m p e r a tu r e  t h e  e x c e s s  G r ig n a rd  r e a g e n t  was. d e s t r o y e d  u s in g

22^  a c i d i f i e d  ammonium c h l o r i d e  s o l u t i o n  (500  ml) and  th e  e t h e r

l a y e r  s e p a r a t e d .  The aqueous  f r a c t i o n  was e x t r a c t e d  w i th  e t h e r  (2x100

ml) and  th e  combined e t h e r  e x t r a c t s  d r i e d  o v e r  magnesium s u l p h a t e .

S o lv e n t  e v a p o r a t io n  l e f t  a  p a l e  y e l lo w  s o l i d ,  57/^* w hich  on r e c r y s t a l ] . —

i s a t i o n  from l i g h t  p e t ro le u m  gave ( 2 4 ) a s  w h i te  p r i s m s ,  m .p . 94  -  96°C$

m .s .  p eak s  a t  m/e 188 , 173 (b a s e  p e a k ) ,  128 ,

115 -  m o le c u la r  io n  n o t  o b s e rv e d ;

V  ( O r  d i s c )  3350 ( s ) ,  3110 ( b r o a d ) ,  2976  ( s ) ,  1646 (w ),
max v

1604 (w)> 1505 ( n ) ,  1428 (m),  1412 ( s ) ,

1275 ( s ) ,  1252 ( s ) ,  1206 (m), 1146 ( s ) ,

810 ( s )  cm""b

P ( c d c i 3 ) 2 . 9 - 3 . 4  (3H, m, a r o m a t i c s ) ,

4 .2 3  ( I E ,  q ,  J  =s 1*5 Ez, o l e f i n i c  p r o t o n ) ,

1*15 (3H, s ,  a ro m a t ic  r i n g  CB^),

8 . 0 6  (311, d ,  J  = 1 .5  Hz, o l e f i n i c  CH^),

8 . 7 8  ( 6H, s ,  C(GH3 ) 2 ) ;

(Pound 1 C,  7 5 .5 2 ;  H, 8 . 8 5 . r e q u i r e s  C, 7 5 .6 9 ;  H, 8 . 8 0 ^ ) .
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2 , 2 , 4 s 6—Ttetram ethylchrom ene, ( 2 3 ) 0

The above d i o l  (1*17 g )  was s u b j e c t e d  to  ch rom a tog raphy  on 

M a l l in c k r o d t  s i l i c i c  a c i d  (30  g )  w i th  b enzene  a s  e l u a n t  to  g iv e  a  

y e l lo w  o i l .  S h o r t  p a t h  d i s t i l l a t i o n  (50 °C /0 .0 1  mm Hg) y i e l d e d  a  

c o l o u r l e s s  l i q u i d ,  ( 2 3 ) ,  37^ ;

m .s .  m/e 188 (M+ ) ,  o t h e r  p ro m in en t  p eak s  a t

and  r e f l u x e d  f o r  3 h o u r s .  The p ro d u c t  was e x t r a c t e d  w i th  e t h e r  (3:-:10 

ml) and  d r i e d  o v e r  magnesium s u l p h a t e .  S o lv e n t  e v a p o r a t io n  l e f t  a 

c o l o u r l e s s  o i l ,  th e  s p e c t r a l  p a ra m e te r s  o f  w hich w ere  i d e n t i c a l  to

c a rb o n  -  c a rb o n  d o u b le  bond does n o t  o c c u r ,  a t  l e a s t  u n d e r  t h e s e  

c o n d i t i o n s .

The above d i o l  ( 2 4 ) (1 8 .0  g) was added to  p h e n o l  (19 -9  g) &'&

V m ax ( t U n  f i l m )

X  (CDCLj)

max

m/e 173, 128, 115;
2985  ( s ) ,  2950  ( sH ) ,  1657 (w ), 1495 ( s ) ,  

1385 ( s ) ,  1364 ( s ) ,  1274 ( e ) ,  1220 ( s ) ,  

1178 ( s ) ,  1145 ( s ) ,  950 ( s ) ,  824 ( s )  cm- 1 ; 

2 . 9  -  3 .5  (3H, m, a r o m a t i c s ) ,

4*63 (1H, q ,  J  = 1 .5  Hz, o l e f i n i c  p r o t o n ) ,

7*73 ( 3H, s ,  a ro m a t ic  r i n g  CH^),

8 .01  (3H, d ,  J  = 1 .S  Hz, o l e f i n i c  CH^), 

8 .6 3  ( 6 e ,  s ,  C(ch3 )2 ) j

max x ' ‘ ' 7 '

(Pound : C, 82.6-4; H, 8 . 5 0 .  C . .H .-0  r e q u i r e s  C, 82.935 H, 8 .5 7 c/ )

The above chromene ( 6 0 .4  nig) was added  to  a  m ix tu re  o f  2M 

magnesium c h l o r i d e  (2 ml) and  22^  ammonium c h l o r i d e  s o l u t i o n  (2 ml)

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

4-j>-!3ydroxypheny  1- 2 , 2 , 4 , 6- t e  t ra m e th y lo h ro m e n e , ( 2 7 )..

4 5 °C, and d ry  g aseo u s  HC1 p a s s e d  in  f o r  4 h o u r s .  The r e s u l t i n g  d a r  
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r e d ,  v i s c o u s  l i q u i d  was s e t  a s i d e  i n  an  oven a t  45° C f o r  6 d a y s .  The 

e x c e s s  p h e n o l  was removed by e x t r a c t i o n  w i th  b o i l i n g  w a te r  ( 5-00  m l) ,  

e t h a n o l  (25  ml) i n t r o d u c e d  and th e  gum a l lo w e d  t o  c r y s t a l l i s e .  

R e c r y s t a l l i s a t i o n  from  e t h a n o l  gave  l a r g e ,  w h i t e ,  s i n g l e  p r i s m s ,  ( 2 7 ) ,  

m .p .  135 -  136°C, 52>;

m .s .  m/e 282 (M+ ) ,  o t h e r  p ro m in e n t  p eak s  a t

m/e 2 6 7 , 2 2 5 , 2 1 1 ;

Xnax (K3r disc) 3385 2978 (s)’ 1612 (m)’ 1513
1496 ( s ) ,  1275 ( s ) ,  1198 ( s ) ,  1.179 ( s ) ,

908 (m ), 834  ( s ) ,  815 ( s )  cm ;

r < d 6 — a c e to n e )  1 .92  (1H, s ,  -OH),

2 . 8  -  -3.4 (7H, ra, a r o m a t i c s ) , '

7*75  ( 3H, s ,  a ro m a t ic  r i n g  CH^),

7 .81  (2H, AB q ,  J=:14Hz, -C H ^-) ,

8 . 3 6 , ,8 .71  and  9 .12  (ee,ch 3H, 3 s ,  

o t h e r  m e th y l s ) ;

(Pound j C, 8 1 .0 1 ;  H, 7*92 . c 1932 2 02 r e -̂u i r e s  C? 8 0 .8 1 ;  H, 7 . 3 5 / ) .

Sam ples o f  ( 2 7 ) grown from  a  ra n g e  o f  s o l v e n t s  ( f o r  exam ple , 

m e th a n o l ,  c y c lo p e n ta n e ,  t o l u e n e ,  n i t r o m e th a n e  and  c a rb o n  t e t r a c h l o r i d e )  

e x h i b i t e d  no i n c l u s i o n  b e h a v i o u r .

4 ,7  -D im e th y lc o u m a r in .

P r e s h l y - d i s t i l l e d  d ilce ten e  ( 6 4 .6  g)  was added d ro p w ise  d u r in g

1 . 5  h o u r s  to  a  s t i r r e d  m ix tu re  o f  m - c r e s o l  ( 8 2 . 0  g)  and  t r i e t h y l -  

amine ( 0 . 5  ml) a t  65 -  70°C. H e a t in g  was c o n t in u e d  f o r  a  f u r t h e r  

0 .5  h o u r  th e n  th e  r e a c t i o n  p r o d u c t  was a l lo w e d  to  c o o l  t o  room 

t e m p e r a t u r e .  Ho a t t e m p t  was made to  i s o l a t e  th e  i n t e r m e d i a t e  m - t o l y l -  

a c e t o a c e t a t e ,  and 7 5 /  s u l p h u r i c  a c i d  (400 ml) was i n t r o d u c e d .  The 

s o l u t i o n  was s t i r r e d  f o r  16 h o u rs  a t  58°C, a l lo w e d  to  c o o l  and 

p o u red  i n t o  i c e d  v ra te r  (1200 ml) g i v i n g  a  p a l e  y e l lo w  s o l i d ,  98 

R e c r y s t a l l i c a t i c n  from e t h a n o l  y i e l d  w h i te  nood les*  m .p . 132 -  133 6;
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V m a x  d i s ° )  3060  1720 ( s h )> 1? ° 5  ( b ) ,  1621 ( in) ,

1393 (m ), 1382 (ra), 1148 (ra), 1066 (ra),

876  (ra), 8O7 (m) cm ^5 

' 'fc '(CDCl^) 2 . 4  — 3*0 (3H, m, a , ro m a t ic s ) ,

3*83 ( 1H, q ,  J  = 1 . 5  Hz, o l e f i n i c  p r o t o n ) ,  

7*57 (3H, s ,  a ro m a t ic  r i n g  CH^),

7 .61  (3H, d ,  J  s  1 .5  Hz, o l e f i n i c  CH3 ) ;  

(Pound 1 C, 7 6 . 0 8 $ H, 5*80 . C ^ H ^ O g  r e q u i r e s  C, 75.845  H, 5*79 /)«

2 - ( 2—Hydroxy—4 -m e th y lp h e n y l ) 4 , 4 - d im e th y lb u t - 2 —en—4-  o l ,  ( 2 8 ) .

A s o l u t i o n  o f  m e th y l  i o d i d e  (85*3 g )  i n  anhydrous  d i e t h y l e t h e r

(100  ml) was added  d ro p w ise  o v e r  1 h o u r  t o  magnesium t u r n i n g s  ( 14«7

g )  i n  e t h e r  (200  ml) u n d e r  a  n i t r o g e n  a tm o s p h e re .  4 , 7-H im eth y lco u m arin

( 3 0 . 0  g)  i n  s o d iu m -d r ie d  benzene  ('1 l )  was i n t r o d u c e d  w i th  s t i r r i n g

o v e r  2 . 5  h o u r s ,  th e n  s t i r r e d  f o r  a  f u r t h e r  17 h o u rs  a t  room te m p e r a tu r e .

E x c e ss  G r ig n a rd  r e a g e n t  was d e s t r o y e d  w i th  22fo ammonium c h l o r i d e

s o l u t i o n  (300  ml) to  w hich  c o n c e n t r a t e d  HC1 (5  ml) had  b een  added .

S ta n d a rd  w ork-up  gave a  y e l lo w  s o l i d  w hich  was tw ic e  r e c r y s t a l l i s e d

from  e t h a n o l  to  g iv e  ( 2 8 ) a s  w h i te  p r i s m s ,  m .p . 114  — 115°0 , 45/°5

m .s .  p e a k s  a t  m/e 188 , 173 ( b a s e  p e a k ) ,  158 ,

128 -  m o le c u la r  io n  n o t  o b s e rv e d ;

V  (KBr d isc .)  3330 ( s ) ,  3055 ( b r o a d ) ,  2975  ( s ) ,  1648 (m),
•'max v

1612 ( a ) ,  1440 ( s h ) ,  1420 ( s ) ,  1236 (m), 

1155 ( s ) ,  1142 ( s ) ,  902 ( a ) ,  809 ( s )  cm- 1 ; 

U C C D C ip  2 .9  -  3 .5  (3H, m, a r o m a t i c s ) ,

4 . 2 4  (1H, q ,  J  = 1 .5  Hz, o l e f i n i c  p r o t o n ) ,

7 . 7 4  ( 3I1, s ,  a ro m a t ic  r i n g  O ik ) , '

8 .0 6  (3H, d ,  J  « 1 .5  Hz, o l e f i n i c  C lh ) ,

8 . 7 9  (SH, s ,  C(CH3) 2 ) ;

(Pound : C, 7 5 .7 9 ;  3 ,  8 ,6 6 .  C H1(,02 r e q u i r e s  C, 7 5 .6 9 ;  H, 8 .8 0 ‘> ) .



-1 6 3 -

4-£~ H ydroxypheny l- 2 , 2 , 4 , 7- t e t r a m e th y lc h r o m e n e , ( 2 9 ) .

The above d i o l  (3*54  s )  was added  to p h e n o l  (4*0 s )  48°C,

and d ry  g a se o u s  HC1 p a s s e d  i n  f o r  6 h o u r s .  The r e s u l t i n g  d a r k - r e d ,

v i s c o u s  l i q u i d  was s e t  a s i d e  i n  an  oven a t  55°0 f o r  6 d a y s .  The

e x c e s s  p h e n o l  was removed by e x t r a c t i o n  w i th  b o i l i n g  w a te r  ( 4^50

m l ) , m e th an o l  (10  ml) was added  and th e  s o l u t i o n  b o i l e d .  ITo c r y s t a l s

fo rm ed  on c o o l in g  b u t  s o lv e n t  rem ova l l e f t  a  s o l i d  ( 81/ )  w i th  a

p e r s i s t e n t  g r e y  c o lo u r  w hich  was n o t  e l i m i n a t e d  b y  s u c c e s s iv e

r e c y s t a l l i s a t i o n s  from  to l u e n e  and c y c lo h e x a n e .  S u b l im a t io n  ( 9 8 ° c /

0 .0 1  mm Hg) o f  th e  m a t e r i a l  gave c o l o u r l e s s  p r i s m s ,  m .p . 129 -  130°G5

m .s .  ' ' ra/e 282 (M+ ) ,  o t h e r  p ro m in en t  p eak s  a t

m/e 267 ,  225 ,  159;

V  (KBr d i s c )  - 3382 ( s ) ,  2970  ( s ) ,  1612 (m ), 1512 ( s ) ,max
1504  ( s ) ,  1262 ( s ) ,  1208 ( s ) ,  1167 ( s ) ,  

1136 ( s ) ,  835  ( s ) ,  812 ( s )  era"1 ;

(CDCl^) 2 . 7  -  3 . 4  ( 7H, m, a r o m a t i c s ) ,

4*91 (1H, s ,  -OH),

7 . 6 8  (3H, s ,  a ro m a t ic  r i n g  CH^),

7 . 8 5  (2H, AB q ,  J=14 Hz, —CH^—) ,

8 . 3 5 ,  8 . 6 6  and  9*10 (e a c h  3H, 3s-, 

o t h e r  m e th y l s ) ;

(Pound : C, 80.93$ H, 7 . 9 8 .  C19H2 2°2  re(lu i r e s  c > 8 o *8 15 H, 7*8 5 /)*  

R e c r y s t a l l i s a t i o n  o f  ( 2 9 ) from a  ra n g e  o f  s o l v e n t s  ( f o r  example 

c y c l o p e n ta n e ,  c a rb o n  t e t r a c h l o r i d e ,  e t h a n o l  and n i t r o m e th a n e )  showed 

no e v id e n c e  o f  i n c l u s i o n  b e h a v io u r .

o - T o l y l a c e t o a c e t a t e ,  ( 3 0 ) .

P r e s h l y - d i s t i l l e d  d ik e te n e  ( 7 6 . 5  s )  was added d ro p w ise  d u r in g  

0 ,7 5  h o u r  to  an  a g i t a t e d  m ix tu re  o f  jo - c r e s o l  ( 9 8 «4 £') and  t r i e t h y l -
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am ine ( 0 . 5  ml) a t  65°C. A f t e r  a  f u r t h e r  p e r i o d  o f  s t i r r i n g  a t  t h i s  

te m p e r a tu r e  th e  r e a c t i o n  p r o d u c t  was a l lo w e d  to  c o o l  to  room tem per

a t u r e  and  75$  s u l p h u r i c  a c i d  (500  ml) was added  g i v i n g  a  v i o l e n t  

r e a c t i o n .  O v e rn ig h t  s t i r r i n g  a t  50°C and  s t a n d a r d  work—up l e f t  a  

d a r k —r e d ,  p o ly m e r ic  r e s i n ,  i n s o l u b l e  i n  o rg a n ic  s o l v e n t s ,  R e p e a t in g  

th e  e x p e r im e n t  u s i n g  d i f f e r e n t  amounts o f  a c i d  r e s u l t e d  i n  t h e  form 

a t i o n  o f  a  s i m i l a r  i n t r a c t a b l e  p r o d u c t .  An a t te m p t  was th e n  made to  

d i s t i l  o u t  t h e  i n t e r m e d i a t e  o _ ~ to ly la c e to a c e ta te  b u t  t h i s  p ro v e d

d i f f i c u l t  owing to  i t s  a p p a r e n t  d e c o m p o s i t io n  to  u - c r e s o l  and  f i n e ,
1

w h i te  n e e d l e s  l a t e r  i d e n t i f i e d  a s  d e h y d r a c e t i c  a c id ?  a  H n . m . r ,  

sp e c tru m  o f  th e  l e a s t  im pure f r a c t i o n  (b » p .  96 —9 3 °C /0 .0 2  mm Hg) 

showed a r o m a t i c  a b s o r p t i o n  a t  2 .7  — 3 .3  "fc (CDC1,) and  s i n g l e t s  a t  

6 *3 5 * 7*71 and  7*30 a s  w ould  be  e x p e c te d  b u t  t h e r e  w ere  a l s o  o t h e r  

u n e x p l a in e d  s i g n a l s  i n  t h e  r e g io n  7 -  8*7^, S u lp h u r ic  a c i d  c a t a l y s e d  

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

p r e v i o u s l y  e n c o u n te r e d .

D e h y d ra c e t ic  a c i d ,  (31 ) •

D u r in g  th e  r e a c t i o n  o f  _ o -c reso l  w i t h  d i k e t e n e ,  and  i n  th e  

d i s t i l l a t i o n  o f  j D - t o l y l a c e t o a c e t a t e ,  t h e r e  was form ed (3 1 )  a s  w h i te  

n e e d l e s ,  m ,p ,  110 -  111°C 5

m .s .  m/e 168 (M+ ) ,  o t h e r  p ro m in e n t  p eak s  a t

m/e 153, 111, 98;

v    (KBr d i s c )  3420 ( b r o a d ) ,  3085 ( ^ ) ,  1720 ( s ) ,  1640 ( c )

1615 ( s h ) ,  1550 ( s ) ,  1372 (m ), 1350 (m),
•-1

995 ( s )  cm 5 

" £ ( C D C l J  o a .  - 6 . 6  (1H, s ,  -OH),

4 ,0 8  (1H, ra, o l e f i n i c  p r o t o n ) ,

7 .3 3  (3H, s ,  CH3 C 0-) ,

7 .7 3  ( 311, s ,  o l e f i n i c  m e th y l)?

0 , c>7 . 1 As H, A ,8 0 $ ) .

max

Pounu : C, n , r e q u i r e s  !d?
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4~£>-H ydroxypheny l-2  , l -d im e  th y lc h re m a n ,  ( 32 ) .

A m ix tu re  o f  p h e n o l  (67*1 g) and 3—p e n te n - 2 —one ( 1 5 .0  g )  

s a t u r a t e d  (6 h o u r s )  a t  0°C w i th  anhyd rous  ECl1^ .  Ihe  r e s u l t i n g  b la c k  

v i s c o u s  l i q u i d  was s e t  a s i d e  in  an  oven a t  45° C fo*1 4 d a y s .  S tandard, 

w ork -up  l e f t  a  gum w hich d id  n o t  c r y s t a l l i s e  on th e  a d d i t i o n  o f  

e t h a n o l ;  ch ro m a to g rap h y  on M a l l in c k ro d t  s i l i c i c  a c i d  ( r a t i o  2 5 :1 ,  

e l u t i o n  w i th  50$  e t h y l  a c e t a t e  i n  b e n ze n e )  y i e l d e d  a b l a c k  o i l  w hich 

s o l i d i f i e d  w i th  th e  i n t r o d u c t i o n  o f  e t h a n o l ,  'Hie brown p r i s m s  o b ta in e d  

from  a  r e c r y s t a l l i s a t i o n  from benzene  r e q t i i r e d  a  s u b l im a t i o n  (110°C /
j

0 ,01  mm Hg) f o r  t h e i r  d . e c o lo u r i s a t i o n ,  A H n , m . r .  sp ec tru m  o f  th e  

su b l im e d  m a t e r i a l  showed i t  t o  be  a  m ix tu re  o f  (3 2 )  and  D i a n i n 's  

compound, t h e  s e p a r a t i o n  o f  w hich  was ac c o m p lish e d  by  g e l  chroma

to g ra p h y  ( p r e v io u s  column and  c o n d i t i o n s ,  S .E .V . a b o u t  1 0 0 ) ,

Samples o f  (3 2 )  grown from cy c lo h ex an e  (41$  r e c o v e ry )  and ca rb o n  

t e t r a c h l o r i d e  (83$  r e c o v e r y ,  m .p . 156 -  160°C) e x h i b i t  i n c l u s i o n
A

b e h a v io u r  a s  r e v e a l e d  by  E n . m . r .  and r a i c r o a n a ly s i s  r e s p e c t i v e l y ;  

m#s .  m/e 254  (K+) ,  o t h e r  p ro m in en t  p eak s  a t

m/e 239 ,  211 , 145?

\ )  (KBr d i s c )  3275 ( b r o a d ) ,  2960  (w ),  1602 (m ), 1574 ( n ) ,
max

1501 ( s ) ,  1480 ( s ) ,  1443 ( s ) ,  1298 ( s ) ,

1230 (s), 1218 (sh), 834 (s), 815 (m),

785 (m), 760 ( s )  cm"1 ;

X (C D C 13 ) 2 . 7  -  3 . 4  ( 811, m, a r o m a t i c s ) ,

5 .2 0  (111, s ,  -OH), 

c a .  6.1 (1K, m, -C H -) ,

c a .  8 . 0  ( 2E, rn, ~CH2- ) ,

8 .2 9  (3H, s ,  t e r t i a r y  CH^),

8 .7 2  (3H, d , J  = 6 .5  Hz, s e c o n d a ry  CH^) ;  

(Pound : C, 73.835 H, 6 .5 0 ;  C l, 8 .2 8 .  o02 . l / 6 (CCl4 ) r e q u i r e s

C, 73.645 H, 6.485  C l, 8 .4 4 $ ) .



A s i m i l a r  r e a c t i o n  w i th  p h e n o l  (7 8 .3  g) and m e t h y l  v i n y l  k e to n e  

( 14 .6  g) was worked up  a f t e r  15 months g iv i n g  a  b l a c k  g l a s s  w hich 

was s t i l l  a c i d i c  even a f t e r  p ro lo n g e d  e x t r a c t i o n  w i th  b o i l i n g  w a t e r .  

F u r t h e r  p u r i f i c a t i o n  o f  th e  m ix tu re  was n o t  a t t e m p t e d .

4 -£~H ydroxypheny1 - 2 , 2 , 4 - t r im e  th y Ich ro m an , ( 1 ) •

The e t h a n o l  c l a t h r a t e  o f  ( l )  was p r e p a r e d  from p h e n o l  (800 g)
1 7

and  m e s i t y l  o x ide  (208  g )  a c c o r d in g  to  B aker  e_t a l 0 g i v i n g  w h i te  

h e x a g o n a l  c r y s t a l s ,  m .p . 164  -  165°C, 36$;

m .s .  m/e 268 (ll+ ) ,  o t h e r  p ro m in en t peaks  a t

m/e 2 5 3 , 211 , 159 ;

V (KBr d i s c )  3300 ( b r o a d ) ,  2985  (m), 1610 (m ), 1603 (m),max

1595 (m ), 1575 (ra), 1505 ( s ) ,  14S4 ( s ) ,

1445 ( s ) ,  1304 ( s ) ,  1240 ( s ) ,  1205 ( s ) ,

1178 ( s ) ,  838 ( s ) ,  822 ( s ) ,  764  ( s ) ,

575 ( s )  cm - 1 ;

r  (d g  -  a c e to n e )  2 .7  -  3 . 4  (3H, m, a r o m a t i c s ) ,

7 .7 5  (2H, AB 4 ,  J  .  14 S 3 ,  -C 3 ^ - ) ,

8 .3 4 ,  8 .6 7  and 9»°3 (e a c h  3H, 3 s ,  

m e th y l s ) .

D im e thy lm ercu ry  c l a t h r a t e  o f  4-pr h y d r o x y p h e n y l - 2 ,2 ,4 - t r im e th y 1 -  

t h i  achrom an, ( 2 ) .

The e t h a n o l  c l a t h r a t e  o f  (2 )  (3 g ) ,  p r e p a r e d  by  a  s t a n d a r d  

m ethod^1, was d i s s o l v e d  i n  h o t  211 sodium h y d ro x id e  (30  ml) and th e  

s o l u t i o n  b o i l e d ,  a  w h i te  p r e c ip i r a G e  io rm in g  a i  o sr  abouu 10 miiio.

W ith  th e  s o l u t i o n  s t i l l  b o i l i n g ,  c a rb o n  d io x id e  was b u b b le d  i n  u n t i l

pH ^  7 ( a f t e r  a b o u t  1 h o u r ) ;  th e  s o l i d  m a t e r i a l  was f i l t e r e d  o f f  and
-  o

vacuum d r i e d  o v e r  Po0 r g iv i n g  a f i n e  u n i t e  powder, m .p . 10g — tu j  v
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S7> ( d e o o lv a t io n  can a l s o  "bo a c h ie v e d  "by a  f l a s h  d i s t i l l a t i o n ) .

This  d e s o l v a t e d  m a t e r i a l  (100 mg) was p la c e d  i n  a  f l a s k  w i th  d im e th y l -

m ercu ry  ( a b o u t  3 nil) and h e a t e d  on a  w a te r  h a t h  to  75°C u n t i l

d i s s o l u t i o n  was c o m p le te .  On c o o l in g ,  th e  e x c e ss  dime th y Im e rc u ry  

was d e c a n te d  and  th e  c r y s t a l l i n e  p ro d u c t  (67 mg) d r i e d  u n d e r  vacuum; 

th e  mass sp ec tru m  o f  th e  i n c lu d e d  s p e c i e s  can  he r e c o r d e d  ( s e e  D is 

c u s s io n )  w h i le  t h a t  o f  th e  h o s t  i s  a lw ays  p r e s e n t  a s  a  b a c k g ro u n d 5 

m .s .  m/e 284  (k + ) ,  o t h e r  p ro m in en t  p eak s  a t

m/e 2 6 9 , 2 2 7 , 213 . 121 , 5

*)/ (KBr d i s c )  3335  ( b r o a d ) ,  2960  ( s ) ,  1608 (ra), 1588 (m),mace

1506 ( s ) ,  1470 (m ), 1432 (m ), 1223 ( s h ) ,

1209 ( s ) ,  1179 ( s ) ,  838 ( s ) ,  788  ( a ) ,

760 ( s ) ,  740 (m ), 570 (m) cm- 1 ;

X{ C D C 1 # 2 .7  -  3 . 4  (oH, m, a r o m a t i c s ) ,

4 . 6 4  (’1H, s ,  -OK),

7 . 7 4  (2E , A3 q , J = 14 Ha, - G ^ - ) ,

8 . 2 6 ,  8 .6 0  and  8 .91  (e a c h  3H, 3 s ,  

m e th y l s )5

(Found s C, 6 9 .3 3 ;  H, 6 .8 1 ;  Eg, 1 0 . 4 2 . C ^ B ^ O S . l / d t  ( C H ^ H g )  r e q u i r e s  

C, 6 8 .2 0 ;  H, 6 .5 5 ;  Hg, 1 0 .3 5 # )•

t r a n s —a n t i —t r a n s - a n t i —t r a n s - P e r h y d r o t r i p h e n y l e n e , (34)>

D o d eo a h y d ro tr ip n e n y le n e  was c a t a 1y t i c a ,  11y h y d ro g e n a te d  (lOy Pd

on C; 10 d a y s ,  250 a tm o s p h e re s ,  3 0 0 °C) u s in g  th e  method o f  F a r i n a 74

to  g iv e  a  h ig h  y i e l d  o f  ( 34 ) a s  w h i te  p r i s m s ,  m .p . 124  -  125 G;

m#s .  ' m/e 246  (ll+ ) ,  o t h e r  p ro m in en t  p eak s  a t

m/e 2 0 4 , 189, 121;

V/ (KBr d i s c )  29^0 ( s ) ,  2910 ( s ) ,  2040  ( s ) ,  1445 (m),
max ^

1210 (w ), 898 (w ),  835 (>0 cm" 5 

^ ( Cp Cl  ) 7 .7  -  8 .5  and 8 .5  -  9*4 ( m u l t i p l e ! ) ;



(Found 5 0, 8 7 .8 3 ;  H, 1 2 .3 0 .  r e q u i r e s  C, 8 7 . 7 3 ; H, 1 2 .2 7 / . ) .

R c c r y s t a l l i s a t i o n  from  t e t r  am ethy1s i l a n e  and h e x a m ie th y ld is i la n e  

gave some i n c o r p o r a t i o n  h u t  vacuum d r y in g  o f  th e  c r y s t a l s  c au sed  th e  

g u e s t  to  e s c a p e .



-169-

H3F3RSNC3S

1. C l a t h r a t e s  and i n c l u s i o n  compounds have "been th e  s u b j e c t  o f  

s e v e r a l  r e v ie w s ;  f o r  example L. M andelcorn , Chem. R e v . ,  1959? 

5 9 . 827? H.M. P o w e l l ,  ’C l a t h r a t e s ’ , i n  'N o n - s to i c h io m e t r i e  

Compounds', e d i t o r  L. M andelcorn , Academic P r e s s ,  New York, 

1964 ; S.M. Hagan, 'C l a t h r a t e  I n c l u s i o n  Compounds', R e in h o ld ,  

Hew York, 1962$ V.M. B h a tn a g a r ,  'C l a t h r a t e  Compounds', 

Chem ical P u b l i s h i n g ,  New York, 1970*

2 .  F Wtthler, A nnalen , 184-99 69 . 297*

3 .  A. Cleram, A nnalen , 1859? 110* 357*

4 . F . M yliUs, B e r . ,  1886, 19 . 999*

5. "D.E. P a l i n  and H.M. P o w e l l ,  J .  Chem. S o c . ,  1947? 208.

6 . H.M. P o w e l l ,  J .  Chem. S o c . ,  1948, 6 1 .

7 .  D .S . P a l i n  and H.M. P o w e l l ,  N a tu re ,  1945? 156. 334*

8 . S. T a n a ta r ,  J .  Soc. P hys . Chim. R usse , I 906 , L40 , 376.

9 . M.F. Bengen, Angew. Chem., 1951, 63, 207.

10. F« Cramer, Revs. Pure  Appl. Chem., 1955? ^? 143?

'E i n s c h l u s s v e r b i n d u n g e n ' , S p r in g e r - V e r la g ,  B e r l i n ,  1954*

11. H. W ieland and H. S o rg e ,  Z. p h y s i o l .  Chem., 1916, 21$ 1.

12. B. Lawton and H.M. P o w e l l ,  J .  Chem. S o c . ,  1958, 2339*

13. H.M. P o w e ll  Symposium, U n i v e r s i t y  o f  Oxford, A p r i l  1974*

14. A.P D ia n in ,  J .  Soc. P hys .  Chim. R usse , 1914, 4 6 , 1310.

15. W. B aker and J .F .W . McOmie, Chem. and I n d . ,  1955, 2 5 6 .

16. H.M. P ow e ll  and B .B .P .  N a t t e r s ,  Chem. and I n d . ,  1955, 257*

17* W. B ak e r ,  A .J .  F lo y d ,  J .F .W . McOmie, G. Pope, A .3 . Reaving 

and J .H .  Wild, J .  Chem. S o c . ,  1956, 2010.

18. W, B aker ,  J .F .W . McOmie and A.S. Weaving, J .  Chem. S o c . ,

1956, 2018.



—170—

19* L. M andelcorn , U.K. G oldberg  and R.E. H off ,  J .  Amer. Chem. S oo .,

1960 , 8 2 , 3297-

2 0 .  L. M andelcorn , R.W. A ux ie r  and C.W. Lewis, Chem. A b s . ,  1961 , 55. 

11364.

2 1 .  W. R. Lawton, Chem. A b s . ,  1964 , 6 1 , 3851.

2 2 .  V.M. B h a tn a g a r ,  Chem. Age I n d i a ,  1963* 14, 688 .

2 3 .  H .L. Hoffman, G.R. B reeden  and R.W. L i g g e t t ,  J .  Org. Chem.,

1964, 22 , 3440.

2 4 .  J . L .  F l i p p e n ,  J ,  K a r le  and I . L .  K a r l e ,  J .  Amer. Chem. S o c . ,

1970, 22., 3749.

2 5 .  J . L .  F l ip p e n  and J .  K a r l e ,  J .  P h y s .  Chem., 1971? 75, 3566.

2 6 .  F .B . Tfilson, Ph . D. t h e s i s ,  U n i v e r s i t y  o f  Glasgow, 1971.

2 7 .  D.C. McKean, ’I n f r a r e d  and Raman S p e c t r a  o f  C l a t h r a t e s 1, in  

i n  'V i b r a t i o n a l  S p e c t ro s c o p y  o f  Trapped S p e c i e s ' ,  e d i t o r  

H .E. H allam , W iley & Sons L t d . ,  London, 1973*

2 8 . M. D av ies  and W.C. C h i ld ,  S p e c tro c h im . A cta ,  1965? 2 1 , 1195*

2 9 .  M. D av ies  and K. W il l ia m s ,  T ra n s .  F a rad ay  S o c . ,  1968, 64 , 529*

30. P .  G reg o ire  and J .  M einnel ,  Compt. r e n d .  C, 1971? 272, 347*

31. A.A. M cConnell, D.D. MacUicol and A.L. P o r t e ,  J .  Chem. Soc. (A),

1971, 3516.

32. G. B. B i r r e l l ,  S .P .  Van and O.H. G r i f f i t h ,  J .  Amer. Chem. S o c . ,  

1973, 25* 2^51 .

33 . L.D. K i s p e r t  and J .  P e a r s o n ,  J .  P hys .  Chem., 1972, 1§_, 133.

34. D.H. D e s ty ,  A. Goldiip and D.G. B a rn a rd -S m i th , Chem. A b s . ,  196.

62., 2655.

35. A. Goldup and G.W. Sm ith ,  S e p a r a t io n  S c i . ,  1971, § j  791*

3 6 . J . S .  Kropp, M.G. A l le n  and G.W.B. Warren, Chem. A b s . ,  1971,

43074.

37 . C.K. Johnson ,  Chem. A b s . ,  1969, X I ,  13717*

3 8 . G»G. K o n d r a t 'e v a ,  Chems. A b s . ,  1972, 76, 113017*



—171 —

39* 3 .N . A s la k se n ,  P h y s ic s  L e t t e r s  A, 1972, 40 , 4 7 .

40 . P .  G re g o i re ,  Y. Llarqueton, J .  G a l l i e r  and J* M einne l ,

B u l l .  Soc. S c i .  B re ta g n e ,  1973, 48, 91*

41 . D.D. MacNicol, Chem. Comra., 1969 , 836 .

42 . B.D. T i l a k ,  H .3 . D e s a i ,  C.V. D eshpande, 3.K . J a i n  and V.M. 

V a iy a ,  T e t r a h e d ro n ,  1966 , 22, 7*

43 . B.D. M acNicol, H.E. K i l l s  and F .B . N i ls o n ,  Chem. Comm., 1969 ,

1332.

44* B.D. MacNicol and P .B . N i ls o n ,  Chem. Comm., 1971, 786*

45* B.D. M acNicol, Chem. Comm., 1973, 621.

4 6 . V.M. B h a tn a g a r ,  Chem. and I n d . ,  1965, 717*

47 . B . J .  Chleck and C.A. Z ie g le r , -  I n t e r n a t .  J .  Appl. R a d ia t io n

I s o t o p e s ,  1959, X, 1415 N u c le o n ic s ,  1959, 1 7 ( 9 ) . 130.

4 8 . R. B re s lo w  and P .  Cam pbell, B io o rg a n ic  Chem., 1971, J.> 140.

49 . M .J .S .  Dewar and B.D, N ahlovsky , J .  Amer. Chem. S o c . ,  1974,

46O.

50. N .S. Rapson, B.H. Saunder and 3 . T. S te w a r t ,  J .  Chem. S o c . ,

1946 , 1110 .

51. R.L. Van S t t e n ,  J . P .  S e b a s t i a n ,  G.A. Clowes and M.L. B ender ,

J .  Amer. Chem. S o c . ,  1967, 89. 32 42.

52. B . J .  Cram and J.M . Cram, S c ie n c e ,  1974, 183. 803*

53. H.M. P o w e l l ,  R e c .T ra v .  c h im .,  1956, 2 £ ,  8 8 5 .

54 . B.B. M acNicol, P r i v a t e  Communication.

55. M.S. Newman and H.A. K a rn es ,  J .  Org. Chem., 1966 , 31 , 3980.

56 . A .3 . Lemire and J .C .  Thompson, Canad. J .  Chem., 1970, A8 , 824*

57. V.K. P o g o r e ly i  and I . P .  G ragerov , Russ. Chem. R ev . ,  1970, 3jb

875*'

58 . A .C.B. Newman and H.M. P o w e ll ,  J .  Chem. S o c . ,  1952, 3747*

59. A. Novak, S t r u c t u r e  and Bonding, 1974, j 8_> 177*



-172-

6 0 .  K .3 .  Wiberg and B . J .  F i s t ,  j .  Amer. Chem. S o c . ,  1961 , 83,? 1226.

61. R.IT. Lacey, J .  Chen. S o c . ,  1954? 854*

62 . R.L. S h r i n e r  amd A.G. S h a rp ,  J .  Org. Chem., 1939? ib  575*

6 3 . L . I .  Smith and P.M. R uoff ,  J .  Amer. Chem. S o c . ,  1940* 62, 145-

6 4 * J .D .  HepT,rorth  and R. L i v in g s to n e , J .  Chem. Soc. ( c ) ,  1966 , 2013.

6 5 . E .H. Tfoodruff, Org. S y n th . ,  1944? 2 4 . 69 .

6 6 . G. B&hr and G. M eie r ,  Z. a n o rg .  Chem., 1958, 2 9 4 , 2 2 .

6 7 . R .S . B essy ,  T . J .  F l a u t t ,  II.H. J a f f e  and G.F. R eynolds,

J .  Chem. P h y s . ,  1959? 30_, 1422.

6 8 . Y. Yada and R.Y. K i s e r ,  J .  P h y s .  Chem., 1964? 68 , 2290.

6 9 . R. Smakman and T .J .  de B oer ,  Org. Mass S p e c t ro m e try ,  1968 , J_, 403

70. D.A. B u d d e l l ,  J .G .  E vans , P .L .  Goggin, R .J .  G oodfe llow , A .J .  R est

and J.G.* S m ith , J .  Chem. Soc. ( a ) ,  1969? 2134*

71 . J .G .  E vans ,  P .L .  Goggin, R .J .  G oodfe llow  and J .G .  Sm ith ,

J .  Chem. Soc. (A), 1968 , 464 ..

7 2 .  M. F a r i n a ,  G. A l l e g r a  and G. F a t t a ,  J .  Amer. Chem. S o c . ,  1964?

86, 516.
7 3 .  G. A l l e g r a ,  M. F a r i n a ,  A. Im m irz i ,  A. Colombo, TJ. R o s s i ,

R* B ro g g i and  G. F a t t a ,  J .  Chem. Soc. ( b ) ,  1967? 1020.

7 4 .  M. F a r i n a ,  T e t r a h e d ro n  L e t t e r s ,  1963* 2097*



RELEVANT PUBLICATIONS

N ovel Ring C o n t r a c t io n  l e a d i n g  to  th e  B e n z o (b ) th io p h e n e  N u c leu s ,

B.D. MacNicol and  J . J .  McKendrick, T e t r a h e d ro n  L e t t e r s  1973  ̂ 2593*

C l a t h r a t i o n  a s  a  P r a c t i c a l  Method f o r  H an d lin g  D im ethy lm ercu ry ,

R . J .  C ro s s ,  J . J .  McKendrick and B.D. M acNicolj N a tu re ,  1973? 2 4 5 . 146.

F o rm a t io n  o f  B e n z o (b ) th io p h e n e s  and R e la te d  Compounds by  a  R ea rran g e

ment i n v o l v i n g  R ing  C o n t r a c t io n ,  D.D. MacNicol and J . J .  McKendrick, 

J . C . S .  P e r k i n  I ,  i n  p r e s s .

V a r i a t i o n  o f  I n c l u s i o n  P r o p e r t i e s  by  S t r u c t u r a l  M o d i f i c a t io n  o f  

a  C l a t h r a t e  H o s t ,  A.D.U. H ardy , J . J .  McKendrick and  B.D. MacNicol, 

Chem. Coram., i n  p r e s s .



SORRY-

BO MORE 1


