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SUMMARY

The f la s h  vacuum th e rm o ly s is  and p h o to ly s is  o f  a number 

o f  c y c l ic  su lphones ha v e  been s tu d ie d  w ith  a  view to  develop ing  

th e se  r e a c t io n s  as  p o s s ib le  s y n th e t ic  p ro c e sse s . A number o f  2- 

s u b s t i tu te d  th ie ta n  su lphones have been shown to  g ive  th e  

a p p ro p r ia te ly  s u b s t i tu te d  cyclopropanes in  h igh  y ie ld s .  The 

co rresp o n d in g  r e a c t io n s  o f  3 - s u b s t i tu te d  th e i ta n  su lphones a re  

n o t q u ite  so c lean  however, and a number o f  p ro d u c ts  a re  form ed.

A ttem pts have been made to  s y n th e s is e  su lphoxim ides based  

on th e  thiochrom an n u cleus ; how ever, w ith o u t su c c e ss .

The f la s h  therrao lyses o f  th iochrom an-4-one su lphones have 

been s tu d ie d .  The p ro d u c ts  o f  th e se  r e a c t io n s  a re  g e n e ra lly  a ,g -  

u n sa tu ra te d  k e to n e s , and th e  mechanism has been probed by deu terium  

la b e l l in g  ex p erim en ts .

The f la s h  therm o lyses o f  some s u b s t i tu te d  y - s u l t in e s  have been 

s tu d ie d  in  d e t a i l .  G e n e ra lly , su lp h u r d io x id e  i s  ex tru d ed  and th e  

p ro d u c ts  a re  d e riv e d  from th e  rem ain ing  b i r a d ic a l  s p e c ie s .  In  one 

case how ever, one o f  th e  p ro d u c ts  i s  d e riv e d  from a lo s s  o f  su lp h u r 

monoxide from th e  s t a r t i n g  m a te r ia l .

The co n fo rm a tio n a l e q u i l i b r i a  o f  v a rio u s  c i s  and t r a n s  3- 

s u b s t i tu te d  th ie ta n  I ro x id e s  have been s tu d ie d  u s in g  n .m .r .  sp ec tro sco p y  

and a la n th a n id e  s h i f t  re a g e n t te c h n iq u e . In  g e n e ra l i t  has been 

found th a t  th e  oxygen atom p r e f e r s  to  adopt an e q u a to r ia l  p o s i t io n  

in  a l l  o f  th e  compounds s tu d ie d .
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CHAPTER ONE

THE FLASH VACUUM THERMOLYSIS AND PHOTOLYSIS OF SOME THIETAN SULPHONES

1 .1  In tro d u c tio n

R eactions which in v o lv e  e x tru s io n  o f  a  sm all s ta b le  m olecu le , 

e i t h e r  th e rm a lly  o r  pho to ch em ica lly  have been known f o r  many y e a r s .^  

The m olecules ex tru d ed  a re  u s u a lly  gases a t  room te m p e ra tu re , such 

as carbon monoxide, carbon d io x id e , n i tro g e n  o r  su lp h u r d io x id e , and 

th e  r e a c t io n  i t s e l f  may g ive  r i s e  to  novel p ro d u c ts , o r  o th e r  

compounds p re v io u s ly  s y n th e s is e d  on ly  w ith  d i f f i c u l t y .  The e x tru s io n s  

may be com pletely  s te r e o s p e c i f ic  in  some c a s e s ,  and a lth o u g h  t h i s  

i s  uncommon, p a r t i a l  r e te n t io n  o f  s te re o c h e m is try  o f  th e  system  may 

be observed .

2 , 5-D ihydrothiophene 1 ,1 -d io x id e s  (1 ) ex tru d e  su lp h u r d io x id e
2 4s te r e o s p e c i f ic a l ly  v ia  a  co n ce rte d  d is r o ta to r y  e l im in a tio n . ’

0

2 00 °C

1 mm.H g
= - 9 9 %  s t e r e o s p e c i f l c i t y

In  a s im i la r  manner, p y ro ly s is  o f  2 ,7 -d im e th y l-2 ,7 -d ih y d ro th ie p in
el iminat ion

1 ,1 -d io x id e  (2) g i v e s ^ o f  su lp h u r d io x id e  by a  s te r e o s p e c i f ic  co n ce rted  

mechanism.
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2

1 9 5 -2 6 0 C

9 7®/o s f e r e o s p e c i T i c i f y

T .etrahydrothiophene 1 ,1 -d io x id e s  (su lp h o la n s )  (3) a re  p y ro ly sed  

to  g ive  su lp h u r d io x id e  and m ix tu res o f  a lk e n e s , and th e  s t e r e o 

ch em istry  o f  t h i s  r e a c t io n  has been examined w ith  a view to  d e te c tin g  

p o s s ib le  c o n c e r te d n e ss ,  ̂ w ith  th e  fo llo w in g  r e s u l t s .

2) 9 0 %  t r a n s

5 0 0  °C

-C  2^4
- S O

\ \
3 6 + 6 %  

5 1 + 6 %

/= = \

5 3 + 3 %  

4 0 ± 3 %

The f a c t  t h a t  th e  d is s o c ia t io n  d id  n o t occur w ith  r e te n t io n  o f  

s te re o c h e m is try  su g g ested  th a t  th e  r e s u l t s  were b e s t  accommodated 

by a m u lt is te p  mechanism in  which d i r a d ic a l  o r  z w it te r io n ic  i n t e r 

m ediates e x is te d ,  and th a t  i n t e r n a l  r o ta t io n  w ith in  such an i n t e r 

m ediate (4 ) o r (5 ) was co m p etitiv e  w ith  bond s c is s io n .



4

SO

Cava and Deana therm olysed  1 ,3 -d ih y d ro iso th io n a p th e n e

2 ,2 -d io x id e  to  g ive benzocyclobutane by d i r e c t  e x tru s io n  o f  su lp h u r 

d io x id e .

The sulphone vapour was p assed  a t  low p re s su re  over a  h ea ted  

w ire a t  v a rio u s  tem p era tu res  from 460° to  770°C, and th e  p ro d u c ts  

trap p ed  o u t on to  a  c o ld  f in g e r  a t  -78°C. I t  was p o s tu la te d  t h a t  

lo s s  o f  su lp h u r d io x id e  gave o-quinodim ethane (6 ) which ra p id ly  

re a rra n g ed  to  g ive th e  p ro d u c t. Evidence f o r  th e  in te rm ed iacy  o f  

(6) was su p p lie d  by tra p p in g  experim ents w ith  N-phenyl m aleim ide.

Leonard has s tu d ie d  th e  f la s h  vacuum th e rm o ly s is  o f  a 

number o f  d ib en zy l su lphones (7 ) and observed  th a t  e x tru s io n  o f



su lp h u r d io x id e  a t  600-700 C gave h ig h  y ie ld s  o f  th e  co rrespond ing
w a s

d ib e n z y ls , th e  mechanising^described as  c leav ag e  o f  th e  sulphone to  

ben zy l r a d ic a ls  and subsequent co u p lin g .

This r e a c t io n  has found some im portance in  th e  sy n th e s is
g

o f  cyclophanes as  d e sc r ib e d  by S taab  and H aenel. Vapour phase 

th e rm o ly s is  o f  th e  d isu lphones (8 ) and (9 ) a t  500°C and 0 .1  t o r r  

g iv es  [2 .2 ] (4 ,4 ')b ip h e n y lo p h a n e  (10) and 5 ,6 ,1 7 ,1 8 - te tr a h y d ro [ 2 .2 ]  

( 2 . 7)phenanthrenophane (11) r e s p e c t iv e ly .

50  0*C

ÇH2
CH.  LH

1 0

9

>

1 1

CH2



S im ila r ly ,  vacuum th e rm o ly s is  o f  th e  c y c l ic  d isu lp h o n e  (1 2 ) , 

a t  500°C g iv es  th e  c h i r a l  cyclophane [ 2 .2 ]  ( 2 ,6 )n ap h th a liso p h an e  (13)

CH

SO 2
SO 2

12

5 0 0  *C

13

The two s te p  r a d ic a l  mechanism proposed by Leonard was a g a in  p o s tu la te d .

9
R ecen tly  Tabushi has therm olysed  a  number o f  s t r a in e d  

su lphones (14-16) from which th e  e x tru s io n  o f  su lp h u r d io x id e  i s  

found to  be a f a c i l e  p ro c e s s , le a d in g  to  th e  p ro d u c ts  (1 7 -1 9 ).

SO;

SO

15

SO2

1 6

220°C

160°C

520°C

17

n
HO'

1 8

1 9

"f* SO 2 

-1 0 0 %

OH 

+  SO 2 

- 1 0 0 %

4 “ ^^2  

- 6 0 %



A number o f  examples have been c i te d  in  th e  l i t e r a tu r e ^ ^  which 

su g g es t r e la t io n s h ip s  betw een f la s h  vacuum th e rm o ly s is  and o th e r  ♦ 

h ig h  energy p ro c e s s e s , such as e le c t ro n  im pact f ra g m e n ta tio n .

There i s  in c re a s in g  ev idence th a t  in  h igh  energy  p ro c e sse s  such as 

e le c t r o n  im pact, r e a c t io n  p a th s  w ith  th e  low est energy  requ irem en t 

( th o se  favoured  in  p y ro ly se s)  a re  l i k e ly  to  be fav o u red , even when 

enough energy  i s  a v a i la b le  to  d riv e  a lm ost any co n ce iv ab le  r e a c t io n .

% erm o ly s is  o f  d ibenzo th iophene 1 ,1 -d io x id e  (20) does n o t 

le a d  to  th e  e x tru s io n  o f  su lp h u r d io x id e  and fo rm atio n  o f  b ip h en y len e , 

b u t in s te a d ,  d ib en zo fu ran  i s  observed  as th e  main p r o d u c t . I t  

i s  p o s tu la te d  t h a t  th e  r e a c t io n  in v o lv es  an in te rm e d ia te  c y c l ic  

s u lp h in a te  e s t e r  (a  s u l t in e )  (21) from which su lp h u r monoxide can 

be l o s t  v ia  a  b i r a d i c a l  mechanism, to  g ive th e  observed  p ro d u c t.

2 0 21

This decom position  c lo s e ly  p a r a l l e l s  the b eh av io u r under e le c t r o n  

im pact in  which th e  m ajor p rim ary  decom position  p ro c e sse s  a re  lo s s  

o f  su lp h u r monoxide and carbon monoxide. This demands fo rm atio n



o f  a C-0 bond, i . e .  is o m é r is a tio n  to  th e  c y c l ic  e s t e r .  This isom ér

i s a t io n  p a r a l l e l s  th e  is o m é r is a tio n  o f  d ia r y l  and a lk y l - a r y l
12su lphones under e le c t ro n  im pact.

R ecen tly  th e  th e rm o ly s is  o f  ben zo [b ]th io p h en e  1 ,1 -d io x id e  (22) 

has been d e s c r i b e d . A t  1000°C and 5 x 10  ̂ t o r r ,  a  good y ie ld  

o f  b e n z o th ie te  (2 3 ) ,  a  h i t h e r to  unknown compound, was o b ta in e d .

The p o s tu la te d  mechanism i s  as shown in  Scheme 1.

2 2

/

H

/

25

S c he me  1

23



The i n i t i a l  r in g  expansion  to  g ive  th e  s u l t in e  (24) fo llow ed  

by ru p tu re  o f  th e  0-S bond to  g ive  th e  d i r a d i c a l ,  a re  th e  same 

s te p s  as were o u t l in e d  f o r  th e  th e rm o ly s is  o f  th e  dibenzo fu sed  

analogue d e sc r ib e d  above. A p o s s ib le  1-2 hydrogen s h i f t  v ia  th e  

su lphenoxy l r a d ic a l  to  g iv e  (25) i s  d e sc r ib e d , fo llow ed  by recom

b in a t io n ,  and lo s s  o f  carbon d io x id e , to  g ive  th e  observed  p ro d u c t 

(2 3 ) .

The f la s h  vacuum th erm o lyses o f  some 9 , 1 0 - d ih y d r o - l l - th io -

9 ,1 0 -e th a n o a n th ra c e n e - ll ,1 1 -d io x id e s  have re c e n t ly  been re p o r te d  by
14 oSmith e t  a l .  On vacuum th e rm o ly s is  a t  560-610 C th e  compounds (26)

lo s e  su lp h u r d io x id e , and re a rra n g e  to  g ive co rre sp o n d in g ly  sub

s t i t u t e d  5 H -d ib en zo [a ,d ]cy c lo h ep ten es  (27) in  good y ie ld s .

q) R = r'  H
b) R=CH3 ,R=H 
cl R=R=CH]

Under p y ro ly s is  c o n d itio n s  in  a  s e a le d  tube  a t  300 C how ever, th e  

compounds (26a) and (26b) g ive  a  q u a n t i ta t iv e  y ie ld  o f  th e  a p p ro p r ia te ly  

s u b s t i tu te d  an th ra ce n e s  (2 8 ) ,  w h ile  (26c) i s  f a i r l y  i n e r t  under th e se



c o n d itio n s . Form ation o f  th e  an th racen e  b e in g  b locked  by th e  e x tr a  

m ethyl group. However th e  p ro d u c t i s o la te d  i s  th e  same cy c lo hep tene  

as i s  g iven  by th e  f la s h  th e rm o ly s is  o f  (2 6 c ) .

2 6 ( a ) a n d ( b )

300°C
>

S eal ed  

t u b e

28CH

The p y ro ly se s  and gas phase therm olyses o f  compounds based  

on th e  th ie ta n  (29) o r  t h i e t e  (30) r in g  have been d e sc rib e d  by a  

number o f  w orkers.

1
19 30

Under p y ro ly t ic  c o n d it io n s , th ie ta n  1 ,1 -d io x id e s  have been 

observed  to  ex tru d e  su lp h u r d io x id e  and g ive m ix tu res o f  c y c lo -  

p ro p an es, o r  a lk e n e s , o r  b o th . 2 , D ip h e n y lth ie tan  1 ,1 -d io x id e  

(31) has been shown to  g ive  a  m ix tu re  o f  c i s  and t r a n s  1 ,2 -d ip h e n y l- 

cyclopropane on p y ro ly s is .^ ^



250°C

Ihr.

5
31

The p y ro ly s is  o f  2,M—d im e th y Ith ie ta n  1 ,1 -d io x id e  (32) has 

been s tu d ie d  in  some d e t a i l  by T ro s t e t  a l ,^ ^  and th e  mechanism 

in v e s t ig a te d .  In  each c a s e , p y ro ly s is  o f  e i t h e r  th e  c i s  o r  t r a n s  

isom er le a d s  to  th e  fo rm atio n  o f  a  m ix tu re  o f  c is  and t r a n s  1 ,2 -  

d im ethy lcyclopropane in  y ie ld s  o f  up to  50%, and c is  and t r a n s  

p e n t-2 -e n e s  in  y ie ld s  o f  up to  12%, th e  mechanism b e in g  p o s tu la te d  

fo r  th e  t r a n s  isom er i s  shown below,

2—pentenes

3 50
7

s 0 CH3 3 9 . 2 %

32

N

K

CON

CH3
3 2 . 9 %

33b 34b

\
2-pentenes

10



I n i t i a l  bond hom olysis produces th e  1 ,4 - d i r a d ic a l  (33a) 

which may e i t h e r  in te rc o n v e r t  (33b) o r  lo s e  su lp h u r d io x id e  to  

g ive  th e  1 , 3 - d ir a d ic a l  (3 4 a ) . In te rc o n v e rs io n  o f  (33a) to  (33b) 

ap p ea rs  to  be slow , r e l a t i v e  to  i t s  decom position  s in c e  th e re  was 

a p p re c ia b le  "memory” o f  th e  s te re o c h e m is try  in  th e  fo rm atio n  o f  

th e  cyclopropane p ro d u c ts , and th e re  is no lo s s  o f  s te re o c h e m is try  

in  any reco v ered  s t a r t i n g  m a te r ia l .  I t  i s  p o s tu la te d  th e r e f o r e ,  

t h a t  decom position  to  ir cyclopropane (34) fo llo w ed  by c y c l i s a t io n ,  

p r e d ic ts  th e  n e t s te re o c h e m is try  o b ta in e d . O r b i ta l  c a lc u la t io n s  

p r e d ic t  t h a t  th e  1 ,3 - d i r a d ic a l  (34) sh o u ld  c lo se  in  a  p redom inantly  

c o n ro ta to ry  manner, to  produce a cyclopropane o f  in v e r te d  geom etry 

to  t h a t  o f  th e  o r ig in a l  su lphone. This was found to  be th e  case  

e x p e r im e n ta lly , a lth o u g h  th e  p ro cess  Is found to  be l e s s  s e le c t iv e  

a t  h ig h e r  te m p e ra tu re s .

The f la s h  vacuum therm o lyses o f  a  number o f  th ie ta n  1 ,1 -
17d io x id e s  and t h i e t e  1 ,1 -d io x id e s  have been d e sc r ib e d  by King e t  a l .

T h ie tan  1 ,1 -d io x id e  (35) g iv es  a m ix tu re  o f  cyclopropane and 

p ropylene  w hile  2 ,2 -d im e th y lth ie ta n  1 ,1 -d io x id e  (36) g ives a m ix ture  

o f  3 -m e th y l- l-b u te n e , 2 -m eth y l-2 -b u ten e  and 2 -m e th y l- l-b u te n e  on 

th e rm o ly s is  a t  950°C, presum ably by r in g  c lo su re  o r  hydrogen 

m ig ra tio n  in- th e  i n i t i a l l y  formed d i r a d ic a l .

/
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9 50°C
4 -

9 50*C

C H f

Recently  th e  vacuum th e rm o ly s is  o f  3 - iso p ro p y lid e n e -2 ,2 ,4 ,4 —
18te tr a m e th y l th ie ta n  1 ,1 -d io x id e  (37) has been d e sc rib e d  by Bushby. 

T herm olysis o f  (37) a t  770°C g iv es  3 - is o p ro p y l-2 ,4 -d im e th y lp e n ta -1 ,3- 

d iene  (38) as th e  on ly  p ro d u c t.

02

7-70®C
■>

37 3ft

17The therm o lyses o f  some th ie ta n o n e s  have a ls o  been s tu d ie d  

and i t  was found th a t  in  th e  compounds s tu d ie d  (39) lo s s  o f  su lp h u r 

d io x id e  i s  accompanied by lo s s  o f  carbon monoxide a l s o ,  presum ably 

s e q u e n t ia l ly ,  to  le av e  th e  o le f in .

940"C  ̂ R,

12



The th i e t e  su lphones (40) a re  observed  to  re a rra n g e  on 

e i t h e r  p y ro ly s is  a t  220°C o r  vacuum th e rm o ly s is  a t  390-450°C^^ to  

g ive a s u l t in e  (41) (a  c y c l ic  su lp h in a te  e s t e r ) .

4 0
a} R=H 

b) RsC^Hg
41

These re a c t io n s  a re  p o s tu la te d  to  p roceed  v ia  a  v in y l 

su lphene in te rm e d ia te  (4 2 ) ,  ev idence  f o r  which a r i s e s  from th e  

fo rm ation  o f  tra p p e d  p ro d u c ts  w ith  phenol o r cyclohexylam ine in 

l iq u id  p y ro ly se s .

SO2
SO

4 2

2 N H - Q >

At h ig h e r  tem p e ra tu res^ frag m en ta tio n  o f  th e  s u l t in e  (41) i s
17 19observed  and e x tru s io n  o f  su lp h u r monoxide ta k e s  p la c e . *

Some 3 - s u b s t i tu te d  t h i e t e  1 ,1 -d io x id e s  (43) and (44) have 

20been s tu d ie d ,  and th e  p ro d u c ts  o b ta in e d  a re  c o n s is te n t  w ith  th e
17mechanism proposed  by King e t  a l  above.

13
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SO2

43

X
so.

44

C4H6^5

SO2

^ S 0 2

c . A  ' V
%

' X

rHo

0

R ecen tly , th e  p y ro ly s is  o f  b en zo C b ]th ie te  1 ,1 -d io x id e  (M-5)
21has been d e sc rib e d  by D ittm er and N elsen . A gain, a v in y l su lphene 

i s  p o s tu la te d  to  e x p la in  th e  observed  s u l t in e  p ro d u c t.

45

1 .2  The P h o to ly s is  o f  Sulphoxides and Sulphones

S a tu ra te d  su lp h o x id es  and su lphones do n o t absorb  s t ro n g ly  

w ith in  th e  norm ally  used  u l t r a v i o l e t  range (>200 nm), and in  o rd e r  to  

s tudy  t h e i r  p h o to ch em istry , i t  i s  n ecessa ry  to  in c lu d e  a s tro n g ly

14



ab so rb in g  chromophore in  th e  system . In  most o f  the  l i t e r a t u r e  t h i s  

i s  e i t h e r  a  carb o n y l o r  an a ro m atic  group.

A ll o p t ic a l ly  a c t iv e  su lp h o x id es  racem ise on i r r a d i a t i o n

and t h i s  has been shown to  occur m ainly by pyram idal in v e rs io n  o f  

22the  su lp h u r , a lth o u g h  th e re  i s  a ls o  ev idence fo r  ra c é m isa tio n  by 

th e  r e v e r s ib le  fo rm ation  o f  a su lp h en a te  e s t e r ,  f o r  example in  

th e  p h o to ly s is  o f  (46 ) .

T
• \

^6^5

U8 4 7

The r e a c t io n  i s  th o u g h t to  in v o lv e  a -c leav ag e  to  g ive  a 

b i r a d i c a l ,  which would l i e  in  e q u ilib r iu m  w ith  a second b i r a d ic a l  

(47 ) ,  in  which a lone  e le c t ro n  i s  lo c a l i s e d  on th e  oxygen. Ring 

c lo su re  would g ive  th e  observed  su lp h en a te  e s t e r  (48 ) .

15



22S ch u ltz  and S c h le ss in g e r  have dem onstrated  th e  i n t e r 

mediacy o f  su lp h en a te  e s t e r s  in  th e  p h o to ly s is  o f  (49 ) .

S e n s i t is e d  i r r a d i a t i o n  o f  (49) a t  313 nm le ad s  to  th e  r in g  

opened ketone  (51) v ia  th e  su lp h in e  ( 5 0 ) ,  w h ile  d i r e c t  i r r a d i a t i o n  

le a d s  to  th e  pyran (53) v ia  th e  is o la b le  su lp h en a te  e s t e r  (52 ) .  In  

b o th  cases  i n i t i a l  C-S c leavage i s  p ro b ab ly  th e  f i r s t  s te p .

Many su lphones have been observed  to  lo se  su lp h u r d io x id e

on p h o to ly s is ,  presum ably ag a in  v ia  an a -c lea v a g e  mechanism, s in ce

th e  e lim in a tio n  i s  much more e f f i c i e n t  when s t a b i l i s e d  r a d ic a ls

a re  form ed. For exam ple, i r r a d i a t i o n  o f  d ipheny lsu lphone (54) a t  

23253 nm in  benzene produces b ip h en y l (71%) and b en zen esu lp h in ic

1 6



a c id  (7%) from an a -c lea v a g e  fo llow ed  by a t ta c k  on th e  s o lv e n t , 

o f  th e  phenyl r a d ic a l  produced.

SO

S U

v \ / /
I r r a d i a t i o n  o f  th e  sulphone (55) how ever, g iv es  e lim in a tio n

24o f  su lp h u r d io x id e  on ly  when th e  R group i s  p h en y l.

“ 300 nm

R=CHg, no reaction 

R=C^H5 ; ef f i c i ent  react ion

P h o to ly s is  o f  th e  1-8 b r id g e d  naph th alen e  d e r iv a t iv e  (56) g iv es  a 

dim er (57) which i s  p robab ly  formed from an in te rm e d ia te  b i r a d ic a l

( 5 8 ) . 2 5

5 6

SO

56

SO.

57
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The work in  t h i s  c h a p te r  w i l l  be concerned w ith  th e  sy n th e s is  

and f la s h  vacuum therm o lyses and p h o to ly se s  o f  a number o f  s u b s t i tu te d  

th ie ta n  su lp h o n es , to  a s s e s s  t h e i r  u se fu ln e s s  as  a  s y n th e s is  o f  sub

s t i t u t e d  cy c lo p ro p an es . In  c o n ju n c tio n  w ith  our th e rm o ly tic  and 

photochem ical s t u d i e s , mass s p e c t r a l  d a ta  were reco rd ed  fo r  a l l  

th e  compounds under s tu d y  to  determ ine w hether any c o r r e la t io n  cou ld  

be made between th e  modes o f  frag m e n ta tio n .

1 .3  D e sc r ip tio n  o f  th e  Therm olysis A pparatus and Techniques

The tech n iq u e  o f  f l a s h  vacuum th e rm o ly s is  in v o lv es  p a ss in g  

a s tre am , in  th e  gas p h ase , o f  th e  compound under s tu d y , a t  low 

p re s s u re , th rough  a fu rn a c e , and th e n  tra p p in g  th e  p ro d u c ts  formed. 

The c o n ta c t tim es d u rin g  which energy i s  t r a n s f e r r e d  to  th e  system  

a re  very  s h o r t  (g e n e ra l ly  1-20 n s) and a re  g iven  by form ula 1 /1 , 

where P i s  th e  p re s s u re ,  th e  volume o f  th e  h o t zone, T^ th e  

r e a c t io n  tem p era tu re  ( °K) ,  t  i s  th e  tim e o f  th e  r e a c t io n  ( s ) ,  and 

m th e  moles o f  m a te r ia l  p a ssed .

1=0.16  (1/1)
T r.m

These low v a lu es  p e rm it a s ig n i f i c a n t  f r a c t io n  o f  th e  in te rm e d ia te s

18



produced to  su rv iv e  th e  c o n d itio n s  and emerge from th e  fu rn a c e . 

I d e a l ly ,  each m olecule s t r i k e s  th e  h o t su rfa c e  once o n ly , th e  

re a c t io n  ta k e s  p la c e ,  and any excess energy th a t  th e  p ro d u c ts  may 

have i s  removed by immediate c o ld  tra p p in g . To ach iev e  t h i s  ex

p e r im e n ta lly  , th e  p re s su re  must be as low as p o s s ib le ,  th e  h o t 

zone must be sm a ll, and th e  co ld  t r a p  must come as n e a r  as p o s s ib le  

to  i t .

For p re p a ra t iv e  re a c t io n s  th e  tem pera tu re  o f  th e  fu rn ace  

shou ld  be k e p t as  low as p o s s ib le  c o n s is te n t  w ith  a re a so n a b le  y ie ld ,  

so t h a t  th e  g en e ra ted  p ro d u c ts  a re  as n e a r as  p o s s ib le  to  t h e i r  

ground s t a t e  e n e rg ie s ,  and a re  th e re fo re  l e s s  l i k e ly  to  undergo 

f u r th e r  changes b e fo re  b e in g  tra p p e d .

The th e rm o ly s is  ap p a ra tu s  used in  our s tu d ie s  i s  shown 

in  F igure  l / l  The whole o f  th e  a p p a ra tu s  i s  made o f  q u a r tz  g la s s  

ex cep t fo r  th e  c o ld  f in g e r  i n s e r t .  F i t t e d  to  th e  b a l l  j o i n t  on 

th e  bo ttom , i s  an n .m .r .  tube  w ith  a co rresp o n d in g  so c k e t. The h o t 

zone i s  10 cm lo n g , th e  end o f  which i s  app rox im ate ly  13 mm away 

from th e  su rfa c e  o f  th e  c o ld  f in g e r ,  which was g e n e ra lly  coo led  w ith  

l iq u id  n itro g e n  ex cep t when th e  th e rm o ly s is  was perform ed a t  

tem p era tu res  g r e a te r  th an  850^0, when a dry ic e -a c e to n e  m ix tu re  was 

used .
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In  a ty p ic a l  ru n , th e  a p p a ra tu s  was connected  to  an o i l  

d if f u s io n  pump a t  'A ',  and ev acua ted  to  around 1 x 10  ̂ t o r r  as 

re a d  by a McLeod gauge p o s it io n e d  betw een th e  t r a p  and th e  pump 

( th i s  was th e re fo re  n o t th e  same p re s s u re  as  t h a t  in  th e  a p p a ra tu s , 

and was used fo r  com parison purposes o n ly ) .  The sample ( ty p i c a l ly  

120 mg) was co n ta in ed  in  a round bottom ed f la s k  (10 ml) f ix e d  a t  

'B ' ,  o r ,  in  the  case  o f  a v o l a t i l e  l i q u i d ,  was p u t in to  a U-tube 

and trap p ed  in  a co ld  b a th ,  u n t i l  th e  fu rn ace  had reached  th e  d e s ir e d  

te m p e ra tu re . The tem p era tu re  o f  th e  h o t zone was c o n tro l le d  w ith  

a  v a r ia c ,  and c o n tin u o u s ly  m onitored  u s in g  a therm ocouple connected  

to  a  d i g i t a l  therm om eter. The therm ocouple was in s e r te d  betw een 

th e  w a ll o f  th e  fu rnace  and th e  h o t tu b e , so th a t  i t  la y  in  th e  

m iddle o f  th e  h o t zone. The sample was s low ly  sublim ed th rough  

the  a p p a ra tu s  a t  a r a t e  o f  abou t 0 .4  g h r ” ^, by th e  use o f  a  ku g e l 

oven p laced  e x te r n a l ly  over th e  f l a s k ,  in  th e  case  o f  a  s o l id  

sample o r, i f  th e  sample was a  v o l a t i l e  l i q u i d ,  th e  U-tube was s low ly  

a llow ed to  warm up and th e  su b lim a tio n  re g u la te d  by a c o ld  b a th .

The p ro d u c ts  g e n e ra l ly  appeared  as  a g la s s  in  th e  dimple o f  th e  

co ld  f in g e r .

When the  su b lim a tio n  had f in i s h e d ,  th e  fu rn ace  was sw itch ed  

o f f ,  and th e  system  flu sh e d  w ith  dry  n i t r o g e n . The co ld  f in g e r  

was tu rn e d  in  i t s  j o i n t  so t h a t  th e  dim ple was now fa c in g  th e  i n l e t  

p o r t  C. When th e  t r a p  had n e a r ly  warmed to  room te m p e ra tu re , an 

n .m .r . s o lv e n t was in tro d u ce d  th rough  t h i s  p o r t  to  d is so lv e  th e
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p ro d u c ts  and wash them in to  th e  n .m .r .  tube below , from which 

th e  spectrum  was o b ta in e d .

In  o rd e r  to  prove th e  u se fu ln e s s  o f  ou r new a p p a ra tu s , a 

sample o f  t r a n s - 2 ,4 -d ip h e n y lth ie ta n  1 , 1-d io x id e  was p re p a re d , and 

su b je c te d  to  f la s h  vacuum th e rm o ly s is  to  see i f  th e  r e s u l t  was 

com parable to  th e  p y ro ly s is  p ro d u c ts  o b ta in e d  by Dodson and K lose.^^

1 .4  The T herm olysis o f  Tra n s - 2 ,4 - D ip h e n y lth ie tan  1 ,1 -D io x id e  a t  * 

0 .003 mm P re ssu re

PRODUCT FURNACE TEMPERATURE
SOOQC 400°C SOÔ C 

S ta r t in g  m a te r ia l  100% 26%

c i s - l , 2-d ip h e n y lc y c lo -
propane -  19% 23%

t r a n s - 1 , 2-d ip h e n y lc y c lo -
propane -  55% 77%

The p ro d u c ts  o b ta in e d  in  t h i s  experim ent were f a i r l y  

s im ilar to th o se  o b ta in e d  by Dodson and Klose^^ where they  

quote a c i s / t r a n s  r a t i o  o f  0 .1 3 4 . Our r e s u l t s  show a c i s / t r a n s  

r a t i o  o f  0 .34  a t  400°C and 0 .30  a t  500°C. The r e l a t i v e  p ro p o r tio n  

o f  isom ers o b ta in e d  i s  o p p o s ite  to  th e  tre n d  d e sc r ib e d  by T ro s t 

e t  a l^ ^  fo r  2 , 4 -d im e th y lth ie ta n  1 , 1-d io x id e , where p y ro ly s is  o f  

th e  tr a n s  isom er le d  to  th e  predom inant fo rm ation  o f  th e  c i s  c y c lo -
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propane f o r  th e  reaso n s  d e sc r ib e d  in  th e  in tr o d u c t io n .  This 

p robab ly  stem s from th e  g r e a te r  l i f e t im e  o f  th e  f a i r l y  s ta b le

1 ,3 - d i r a d ic a l  formed (59) and consequent d im in ish in g  o f  th e  

im portance o f  o r b i t a l  symmetry c o n s id e ra t io n s . The r e a c t io n  i s  th e r e 

fo re  p ro b ab ly  therm odynam ically  c o n tr o l le d ,  w ith  th e  therm o

dynam ically  more s ta b le  isom er p r e f e r e n t i a l l y  form ed.

1 .5  The P h o to ly s is  o f  2 ,M—D ip h e n y lth ie tan  1 ,1 -D iox ide

I r r a d i a t i o n  o f  a  s o lu t io n  o f  a m ix ture  o f  c is  and t r a n s
1 , 1 - d  i o x  i d e

2 ,4 -d ip h e n y lth ie ta n ^ (3 1 )  in  a c e t o n i t r i l e  a t  25 3 nm fo r  12 hours 

gave a m ix tu re  o f  c i s  and t r a n s  1 , 2-d ip h en y lcyclop ropane  in  a 

r a t i o  o f  c i s  (59%) fo t r a n s  (41%) as  e s tim a te d  by th e  n .m .r .  

spectrum  o f  th e  crude re a c t io n  m ix tu re .

The r a t i o  o f  cyclopropane isom ers formed cannot be tak en  

to  in d ic a te  any p a r t i c u l a r  p ro c e s s , s in ce  i t  was n o t p o s s ib le  to  

a s c e r ta in  the  o r ig in a l  p ro p o r tio n  o f  c i s  and t r a n s  isom ers o f  th e  

th e i ta n  su lphones from n .m .r .  sp ec tro sco p y .
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A ttem pted s y n th e s is  o f  2 -m e th y l-4 -p h e n y lth ie ta n  1 ,1 -d io x id e  

and 2 -p h en y l-4 -p -m eth o x y p h en y lth ie tan  1 , 1 -d io x id e  fo llo w in g  the  

same method as  f o r  th e  2 ,4 -d ip h e n y l analogue d e sc rib e d  above, 

u s in g  b en zy lid en e  ace tone  and 4-m ethoxychalcone r e s p e c t iv e ly  as 

th e  s t a r t i n g  m a te r ia ls  f a i l e d .  Some ev idence  was o b ta in e d  fo r  

th e  i s o l a t i o n  o f  2 -p h en y l-4 -p -m e th o x y p h en y lth ie tan , however.

Having e f f e c t iv e ly  t e s t e d  o u r th e rm o ly s is  a p p a ra tu s , i t  

was decided  to  s u b je c t  a sample o f  2 -p h e n y lth ie ta n  1 ,1 -d io x id e  (50) 

to  f la s h  vacuum th e rm o ly s is .

The th e rm o ly s is  o f  3 -p h e n y lth ie ta n  1 ,1 -d io x id e  (61) a t  800°C
20has been d e sc r ib e d  by H a ll to  g ive a m ix tu re  o f  s t a r t i n g  m a te r ia l  

(49%), phenylcyclopropane (30%) and a -m e th y ls ty re n e  (15%).

SO.

6 1

Z .
1,2 ]H

6 2 \ 6 3

The mechanism proposed i s  i n i t i a l  fo rm atio n  o f  th e  1 ,3 - d i r a d ic a l  

(62) fo llow ed  e i t h e r  by r in g  c lo su re  to  g ive  th e  cyclopropane o r
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rearrangem ent to  (63) fo llow ed  by co llap se  to  g ive  th e  s ty re n e .

A p o s s i b i l i t y  a ls o  d e sc r ib e d  was t h a t  th e  s ty re n e  may have been 

formed from phenylcyclopropane which had r in g  opened because o f  a 

p o s s ib le  second c o n ta c t  w ith  th e  h o t s u r fa c e .

The th e rm o ly s is  o f  2 -p h e n y lth ie ta n  1 ,1 -d io x id e  was c a r r ie d  ou t 

a t  a  number o f  tem p e ra tu res  to  see any p o s s ib le  changes in  p ro d u c t 

t h a t  m ight in d ic a te  a d iv e r s i ty  o f  mechanism.

1 .6  The Therm olysis o f  2 -P h e n y lth ie ta n  1 ,1 -D iox ide  a t  0.015 mm P re ssu re

PRODUCT

Phenylcyclopropane 

6 -  Me th y  I s  ty re  ne 

A lly lbenzene 

S ta r t in g  m a te r ia l

FURNACE TEMPERATURE

450°C

95<

600°C

70%

19%

11%

750°C

49%

49%

5%

The p ro d u c ts  in  t h i s  r e a c t io n  can a l l  be ex p la in ed  from an 

i n i t i a l  1 ,3 - d i r a d ic a l  (6 4 ) , as shown in  Scheme 2.

Scheme 2

C6h / ^

CH3

C 6 H5
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The d i r a d ic a l  (64) may e i t h e r  r in g  c lo se  to  g ive  th e  observed  

cy c lo p ro p an e , o r  re a rra n g e  in  two ways :

(a )  a 1-2 m ig ra tio n  to  (65) fo llow ed  by co llapse to  g ive  th e

s ty re n e ,

(b) a  1-2 m ig ra tio n  to  ( 66) fo llow ed  by co llapse  to  g ive

a l l y l  benzene.

The appearance o f  a lly lb e n z e n e  a t  h ig h e r  te m p e ra tu res  r e f l e c t s  

th e  h ig h  energy  needed to  form th e  f a i r l y  u n s ta b le  d i r a d ic a l  ( 66) .

A s e p a ra te  th e rm o ly s is  o f  a com m ercial sample o f  phenyl c y c lo 

propane a t  750°C f a i l e d  to  produce a n y th in g  ex cep t u n re a c te d  s t a r t i n g  

m a te r ia l  and hence i t  must be assumed th a t  th e  a lk en e s  a re  n o t produced 

from frag m en ta tio n  o f  i n i t i a l l y  produced "h igh  energy" p h en y lcy c lo 

propane .

1 .7  The P h o to ly s is  o f  2 -P h e n y lth ie ta n  1 ,1 -D io x id e

I r r a d i a t i o n  o f  a s o lu t io n  o f  (60) in  m ethanol a t  25 3 nm fo r  

20 hours gave phenylcyclopropane id e n t i f i e d  by th e  n .m .r .  spec trum , 

as th e  on ly  p ro d u c t. I t  i s  assumed th a t  t h i s  p ro d u c t stem s from 

th e  d i r a d ic a l  (64) which does n o t c o n ta in  enough energy  to  re a rra n g e  

and th e re fo re  can on ly  r in g  c lo s e .

As th e  p h o to ly s is  p ro d u c tso f  (31) and (60) seem to  c lo s e ly  

p a r a l l e l  th o se  o b ta in e d  under th e rm o ly s is , i t  was decid ed  to  a tte m p t 

the  p h o to ly s is  o f  3 -p h e n y lth ie ta n  1 ,1 -d io x id e  (61) to  see i f  any 

f u r th e r  c o r r e la t io n  cou ld  be made between th e  two p ro c e s s e s .

2 6



1 .8  P h o to ly s is  o f  3 -P h e n y lth ie ta n  1 ,1 -D iox ide

I r r a d i a t io n  o f  a s o lu t io n  o f  (61) in  e i t h e r  a c e t o n i t r i l e  o r  

m ethanol w ith  l i g h t  o f  w avelength 25 3 nm fo r  a p e r io d  o f  15 hours 

r e s u l te d  on ly  in  th e  reco v ery  o f  s t a r t i n g  m a te r ia l  on rem oval o f  

th e  s o lv e n t .  I r r a d i a t i o n  fo r  109 hours under th e  same c o n d itio n s  

gave a yellow  o i l  c o n ta in in g  some s o l id .  Chromatography succeeded 

in  s e p a ra t in g  u n re a c te d  s t a r t i n g  m a te r ia l  w ith  a sm all amount o f  an 

orange o i l .  The n .m .r .  spectrum  o f  t h i s  o i l  was f a i r l y  f e a tu r e le s s  

ex cep t t h a t  i t  d id  n o t c o n ta in  any resonances in  th e  a ro m atic  

re g io n  w hatsoever.

I r r a d i a t i o n  o f  (61) f o r  1 week under th e  same c o n d itio n s  

gave, on rem oval o f  th e  s o lv e n t ,  a dark  yellow  o i l .  The n .m .r .  

spectrum  o f  t h i s  o i l  co n ta in ed  no reso nances in  th e  a ro m atic  re g io n  

and o th e rw ise  c o n s is te d  on ly  o f  b road  envelope re so n an c es ; a t  no 

tim e in  a l l  o f  th e se  r e a c t io n s  was any in d ic a t io n  g iven  o f  any 

p ro d u c ts  resem b lin g  th o se  o b ta in e d  from th e  th e rm o ly s is .

The s t a b i l i t y  o f  t h i s  m olecule to  pho tochem ical change i s  

s u r p r is in g  when compared w ith  th e  2-p h en y l s u b s t i tu te d  analogue above 

I t  seems th a t  in  o rd e r  to  induce p h o to ly t ic  e x tru s io n  o f  su lp h u r 

d io x id e  from a su lp h o n e , th e  chromophore must be a to  th e  he te ro a to m . 

This i s  r e f l e c te d  in  th e  p h o to ly s is  o f  (55) where no r e a c t io n  was 

observed  when R = Me even though th e re  was a s tro n g  n ap h th y l
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chromophore in  th e  ^ -p o s i t io n .  The o b se rv a tio n  th a t  th e re  was a 

lo s s  o f  th e  a ro m atic  re s id u e  o f  th e  m olecule ten d s  to  su g g es t 

t h a t  th e  m olecule fragm ented w ith  a b re a k in g  o f  th e  C (a ry l) -C (a lk y l)  

bond under fo rc in g  c o n d it io n s , to  le av e  a phenyl r a d i c a l ,  which 

cou ld  a b s t r a c t  a p ro to n  from th e  s o lv e n t ,  and be tak en  o f f  a s  

benzene w ith  th e  reduced  p re s su re  rem oval o f  th e  s o lv e n t .

As th e  th e rm o ly s is  o f  th e  3 -p h e n y lth ie ta n  1 ,1 -d io x id e  (61) 

had g iven  a f a i r l y  c le a n  p ro d u c t m ix tu re  i t  was decided  to  s tu d y  

th e  th e rm o ly s is  o f  3 -m e th y l-3 -p h e n y lth ie ta n  1 ,1 -d io x id e  (6 7 ) ,

1 .9  Therm olysis o f  3 -M eth y l-3 -P h en y lth ie tan  1 ,1 -D iox ide

Therm olysis o f  (67) a t  750°C d id  n o t tu rn  ou t to  be as c le a n  

as ex p ec ted  from th e  analogous th e rm o ly s is  o f  3 -p h e n y lth ie ta n  1 ,1 -  

d io x id e  d e sc rib e d  above. A part from u n re a c te d  s t a r t i n g  m a te r ia l ,  

th e  main p ro d u c t formed was 1 -p h e n y l-l-m e th y lcy c lo p ro p a n e . Also 

id e n t i f i e d  was a -m e th y ls ty re n e  which was a s u rp r is in g  r e s u l t  s in c e  

t h i s  su g g es ts  a frag m e n ta tio n  o f  some k in d .

CH:

SO.

6  9

CaH
67 68

6"5

Scheme 3
CH:

71

70

^6^5
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I f  we assume fo rm atio n  o f  th e  1 ,3 - d i r a d ic a l  ( 68) th en  

i t  can be seen  th a t  no [ l . 2]h y d r id e  s h i f t s  a re  p o s s ib le  and th a t  

r in g  c lo su re  to  g ive  th e  o bserved  cyclopropane i s  th e  m ajor p ro cess  

by d e f a u l t .

P o s s ib le  rea rran g em en ts  o f  ( 68) may in v o lv e  e i t h e r  a [ l , 2 ]

a r y l  t r a n s f e r  to  g ive  (69) which would u l t im a te ly  collapse . to

2 -m e th y la lly lb en zen e  (70) o r  a [ l ,2 ] m e th y l  s h i f t  to  g ive  d i r a d ic a l

(71) which would collapse to  2 -p h e n y lb u t- l-e n e  (72) as  shown in  Scheme

3. Comparison o f  th e  n .m .r .  spectrum  o f  th e  p ro d u c t m ix ture  w ith
27th e  p u b lish e d  s p e c tra  f o r  2-m e th y la lly lb e n z en e  and 2-p h e n y lb u t- l -  

28ene showed th a t  th e se  compounds were a b se n t.

I t  i s  d i f f i c u l t  to  en v isag e  th e  frag m en ta tio n  o f  ( 68) in  a

way to  produce th e  p re c u rs o r  o f  a -m e th y ls ty re n e  which n e c e s s i ta te s  

the  fo rm al lo s s  o f  ca rb en e . In s te a d  an a l t e r n a t iv e  mechanism m ight 

be a r e t r o [ 2 . 2]  c y c l i s a t io n  to  g iv e  th e  s ty re n e  and su lp h en e , as 

shown in  Scheme 4.

CHj

+
SO

Scheme 4

I f  t h i s  p ro ce ss  i s  co n ce rte d  th e n  Woodward-Hoffmann r u le s  

p r e d ic t  t h a t  th e  p ro cess  would be a o2s + o2a in v o lv in g  c o n s id e ra b le

2 9



tw is t in g  o f  th e  fo u r  membered r in g .  Such r e t r o  p ro c e sse s  tak e

p lace  where th e  re v e rse  a d d it io n s  a re  c o n c e rte d , however t h i s  i s

p ro b ab ly  n o t th e  case  because th e  o rth o g o n a l tt* o r b i t a l  o f  su lphene

needed to  s t a b i l i s e  th e  t r a n s i t i o n  s t a t e  in  o rd e r  f o r  th e  a d d it io n

to  be c o n ce rte d  i s  p robab ly  o f  too  h igh  an energy  fo r  e f f i c i e n t

in te r a c t io n  w ith  th e  h ig h e s t  occupied  m o lecu lar o r b i t a l  o f  th e  o le f in

There i s  a photochem ical analogue o f  t h i s  p ro cess  in v o lv in g  th e
29c y c lo re v e rs io n  o f  3 - th ie ta n o n e  (7 3 ) . I r r a d i a t io n  o f  (73) in  a c e to 

n i t r i l e  o r  in  a 90:10 (v /v )  m ix tu re  o f  a c e to n i t r i le - m e th a n o l  a t  

310 nm r e s u l t s  in  the  fo rm atio n  o f  k e ten e  and su lp h en e .

0

I I
C _|_

310 nm
CHz

CH

SO'

73

The in te rm ed iacy  o f  th e  su lphene was proved by tra p p in g  w ith  a lc o h o ls  

and by in f r a r e d  sp ec tro sco p y  a t  low tem p e ra tu re s .

A therm ochem ical analogue o f  t h i s  p ro cess  i s  d e sc r ib e d  by 

30Block e t  a l  who have s tu d ie d  th e  f la s h  vacuum th e rm o ly s is  o f  th ie ta n  

1 -ox ide  (74) and 1 , 3 - d i th ie ta n  1 -ox ide  (7 5 ) .

74

CH2=S “ 0 

76

75

30



These compounds decompose c le a n ly  in  th e  gas phase to  g ive 

su lp h in e  (76) a t  tem p e ra tu res  from 300-600^C. This p ro c e ss  may 

in v o lv e  r a d i c a l s ,  a lth o u g h  th e  f la s h  vacuum p y ro ly s is  o f  2 ,2 ,4 ,4 -  

t e tram eth y l - 1 ,3 - d i th ie t a n  1 -ox ide  (77) to  g ive th io a c e to n e  and d i 

m ethyl su lp h in e  i s  th ough t to  o ccu r from a c y c lo re v e rs io n .

CHCH:

77

(CH3)2C=S 

(CH3]2C-=S=0

In  th e  l i g h t  o f  th e  c le a n  th e rm o ly s is  p ro d u c t o f  (6 0 ) , 

p a r t i c u l a r ly  a t  r e l a t i v e l y  low te m p e ra tu re s , i t  was decided  to  

p rep a re  some f u r th e r  d e r iv a t iv e s  o f  2-p h e n y lth ie ta n  1 , 1-d io x id e , 

and to  s tu d y  t h e i r  th e rm o ly tic  beh av io u r a t  600°C, and t h e i r  ph o to 

l y t i c  b eh av io u r to  a s s e s s  t h e i r  p o te n t ia l  as a new s y n th e s is  o f  

c y c lo p ro p an es .

The new d e r iv a t iv e s  were a l l  2 ,2 - d is u b s t i tu te d  th ie t a n  su lp h o n es , 

and were p rep a red  by th e  a d d it io n  o f  an a lk y l  h a lid e  to  a s o lu t io n  

o f  th e  an ion  o f  2 -p h e n y lth ie ta n  1 ,1 -d io x id e  (78) g en e ra ted  from th e  

a d d it io n  o f  a  s o lu t io n  o f  b u ty l - l i th iu m  to  th e  su lp h o n e . R eac tions 

o f  th e  an ion  (78) w ith  m ethyl brom ide, e th y l  io d id e , b en zy l brom ide, 

and a l l y l  bromide a l l  gave th e  a p p ro p r ia te ly  s u b s t i tu te d  th ie ta n

1 ,1 -d io x id e s  (79-82) as shown in  Scheme 5.
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'^6^5

BuLi

S O2

4 3 %

P 2C6H5

— L6H5

Scheme 5

/ C 5H5

46%
SO

6 2

A ll compounds gave s a t i s f a c to r y  p h y s ic a l and a n a ly t i c a l  d a ta . 

A ttem pted r e a c t io n  o f th e  an ion  w ith  ep ibrom ohydrin , e th y l  c h lo ro -  

form ate o r  p ropy lene  oxide f a i l e d  to  produce any o f  th e  expected  

p ro d u c ts .

1 .10  Therm olysis and P h o to ly s is  o f  2 ,2 -D is u b s t i tu te d  T h ie tan  Sulphones

Therm olysis o f  th e se  th ie t a n  sulphones (79-82) a t  600^0 gave 

th e  c o rre sp o n d in g ly  s u b s t i tu te d  cyclopropanes in  th e  y ie ld s  in d ic a te d .
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f6H5 J;

SO

= C2H5 88

600°C 83

= CH2-CHrCH2 92

A ll cyclopropanes gave s a t i s f a c to r y  p h y s ic a l and a n a ly t ic a l

d a ta  ex cep t in  th e  case  o f  R = CH39 which was i d e n t i f i e d  by com parison
30w ith  a known n .m .r .  spectrum .

The r e l a t i v e l y  low tem p era tu re  (600°C) needed to  therm olyse 

th e  2- s u b s t i tu te d  th ie ta n  su lp h o n es , compared to  th e  exam ples o f  

th e  3 - s u b s t i tu te d  analogues d e sc rib e d  above, r e f l e c t s  th e  s t a b i l i t y  

and th e re fo re  ease  o f  fo rm ation  o f  th e  d i r a d ic a l  s p e c ie s .

I t  was observed  th a t  th e rm o ly s is  o f  2 ,4 - d ip h e n y lth ie ta n  1 ,1 -  

d iox ide  gave a com plete r e a c t io n  ( i . e .  no s t a r t i n g  m a te r ia ls  rem ain

in g ) a t  500^0 w hile  th e  tem p era tu re  needed f o r  th e  2 - s u b s t i tu te d  

o r  2 ,2 - d is u b s t i tu te d  analogues was a t  l e a s t  600°C. In  th e  case  o f 

th e  3 - s u b s t i tu te d  an a lo g u es , an a p p re c ia b le  amount o f  s t a r t i n g  m a te r ia l  

was found to  rem ain even a f t e r  th e rm o ly s is  a t  750°C.

I r r a d i a t io n  o f  s o lu t io n s  o f  (79-82) in  m ethanol w ith  l i g h t  

o f  w avelength 25 3 nm fo r  p e rio d s  o f  3-4 hours gave in  a l l  cases  

th e  a p p ro p r ia te ly  s u b s t i tu te d  cyclopropanes as  were a ffo rd e d  by th e
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th e rm o ly se s . D eterm ination  o f  th e  y ie ld s  was n o t p o s s ib le  s in c e  

i t  was f e l t  t h a t  any a ttem p t a t  rem oval o f  th e  so lv e n t under reduced  

p re s su re  would r e s u l t  in  lo s s  o f  p ro d u c t. A ll o f  th e  p h o to ly s is  

p ro d u c ts  were pure  by g . l . c .  a n a ly s is .

I t  seems t h a t  th e  th e rm o ly tic  e x tru s io n  o f  su lp h u r d io x id e  

from 2- s u b s t i tu te d  th ie ta n  1 , 1-d io x id e s  i s  a f a c i l e  p ro c e ss  and , 

t h a t  by s u i ta b ly  a d ju s t in g  th e  tem p era tu re  o f  th e  fu rn a c e , c y c lo -  

p ropanes can be o b ta in e d  in  h igh  y ie ld s  from th e  r e a c t io n .

To see how f a r  t h i s  p ro c e ss  cou ld  be ad ap ted , th e  th e rm o ly s is  

o f  8- t h i a t e t r a c y c l o [ 2 .2 .1 .1 .0 ]o c ta n e -8 , 8-d io x id e  (83) (se e  C hapter 5) 

was a ttem p ted  a t  v a r io u s  tem p e ra tu res  in  o rd e r  to  see  i f  any p o s s ib le  

d i r a d ic a l  formed would r in g  c lo se  to  t e t r a c y c lo [ 3 .2 .0 .0 .0 ]h ep tane  (84) 

o r r e a r ra n g e .

8 3 8 4

1.11  The Therm olysis o f  8 -T h ia te tr a c y c lo [2 .2 .1 .1 .0]o c ta n e -8 , 8-d io x id e

PRODUCT FURNACE TEMPERATURE

300°C 400°C 700°C

S ta r t in g  m a te r ia l  86%

N orbornadiene 14% 98% 80%

C y c lo h ep ta tr ie n e  -  -  t r a c e

Toluene -  -  16%
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From th e  low tem p e ra tu res  needed to  produce a r e a c t io n  

i t  must be assumed th a t  th e  lo s s  o f  su lp h u r d io x id e  from (83) i s  

a  very  f a c i l e  p ro c e ss . This i s  undoubtedly  due to  th e  s t r a i n  in ^o sed  

upon th e  carbon framework by th e  h e teroatom  b r id g in g  a c ro ss  th e  2-5 

p o s i t io n s  and consequent r e le a s e  o f  t h i s  s t r a i n  w ith  th e  ex p u ls io n  

o f  su lp h u r d io x id e . No t r a c e  o f  t e t r a c y c lo [ 3 .2 .0 .0 .0 ]hep tane  was 

observed  in  any o f  th e  p ro d u c ts  a lth o u g h  t h i s  does n o t p rec lu d e  i t s  

e x is te n c e  as  an in te rm e d ia te .  A p o s s ib le  mechanism (Scheme 6 ) 

m ight in v o lv e  i n i t i a l  fo rm atio n  o f  a d i r a d ic a l  sp e c ie s  (85) fo llow ed  

by r in g  c lo su re  to  (8 4 ) ,  which would be g e n e ra te d  in  an e x c ite d  s t a t e ,

The excess energy  co n ta in ed  w ith in  (84) m i ^ t  cause i s o 

m é ris a t io n  to  no rbornad iene  ( 86) .

63

85 84 66

Scheme 6

The th e rm al is o m é r is a tio n  o f  (84) to  ( 86) a t  140 C in  th e

gas phase a t  p re s su re s  o f  1-18 mm has been d e sc r ib e d  by Frey 32

The com plete absence o f  (84) in  th e  p ro d u c t m ix ture  would 

be s u rp r is in g  i f  t h i s  was th e  mechanism o p e ra tin g  and an o th e r

35



p o s s i b i l i t y  i s  th e  d ire c t .  fo rm ation  o f  ( 86) from (85) as shown 

below .

8 5 8 6

The fo rm atio n  o f  c y c lo h e p ta tr ie n e  and to lu e n e  a t  h ig h e r

tem p era tu res  p ro b ab ly  stem s from a rearrangem en t o f  "h igh  energy"

norbo rnad iene  s in c e  th e  th e rm al is o m é r is a t io n  o f  no rbornad iene

and a number o f  n o rbo rnad iene  b ased  compounds to  c y c lo h e p ta tr ie n e s

fo llow ed  by subsequen t is o m é r is a tio n s  to  to lu e n e  o r fu sed  analogues
33has been d e sc rib e d  by a number o f  w o rk e rs .

F lash  vacuum th e rm o ly s is  o f  a sample o f  n o rbo rnad iene  a t  

720°C u s in g  our a p p a ra tu s , y ie ld e d  a m ix ture  o f  s t a r t i n g  m a te r ia l  

( 66%), c y c lo h e p ta tr ie n e  ( 22%) and to lu e n e  ( 12%).

1 .12  Mass S p e c tra l  S tu d ie s

The mass spectrum  o f  2 -p h e n y lth ie ta n  1 ,1 -d io x id e  (60) a t  

70 eV i s  shown in  F igure  1/2.
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Figure l / 2  Mass spectrum of 2-T3henylth.ietan 1 ,1 -d io x id e
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Figure l / 3  Mass spectrum of 2 -p h en y l-2 -m eth y lth ie tan  1 J - d io x id e
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The spectrum  was q u ite  s im p le , a l t h o u ^  th e  m o lecu lar ion  

was very  sm all even when th e  spectrum  was reco rd ed  a t  16 eV.

The m o lecu lar io n  (m/e = 1 8 2 )  appeared  to  decompose (Scheme 7)  

by lo s s  o f  su lp h u r d io x id e  to  g iv e  m/e = 118 from which H* can be 

e x p e lle d  to  y ie ld  th e  base  peak a t  m/e = 11 7  ( C g H g * ' ) ;  a m e ta stab le  

peak a t  m/e = 117  in d ic a te s  t h i s  i s  th e  p ro c e s s , and n o t a d i r e c t  

lo s s  o f  SO2H from th e  m o lecu lar io n . The peak a t  m/e = 103  cou ld  

a r i s e  from lo s s  o f  CH3 from m/e = 118  and th a t  o f  m/e = 91  from lo s s  

o f  a c e ty le n e  from m/e = 1 1 7 .  The peak a t  m/e = 91 may be co n sid e red  

e i t h e r  as a  b en zy l c a t io n  o r  a tropy lium  io n .

Sch em e  7

- e--------V

S 02 _ c

C6H5 Ca H6^5
60

n
- S 02

SO'
> C9H10 -

^4=118 (81)

-CH]

CsH?
"'/e=1G3{8)

-H >  C9 H9
m/e = 117(100f

-C 2H2 

C7 H7

%  = 91(22)

The mass spectrum  o f  2 -p h e n y l-2 -ra e th y lth ie ta n  1 ,1 -d io x id e  

(79) i s  shown in  F igure  1/3. This spectrum  shows many s i m i l a r i t i e s  

to  t h a t  o f  (60) and can be e x p la in e d  in  much th e  same way (Scheme 8 )
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I n i t i a l  lo s s  o f  su lp h u r d io x id e  from th e  m o lecu lar io n  (m/e : 

196) g iv es  m/e = 132 from which may decompose in  one o f  two ways. 

E i th e r  a) ex p u ls io n  o f  H* to  g ive  m/e = 131 o r  b) lo s s  o f  CHg 

to  give th e  base  peak a t  m/e = 117 a s  shown by a m e ta s ta b le  peak a t  

1 0 3 .7 . Loss o f  a c e ty le n e  from th e  base  io n  g iv e s  m/e = 91 as  shown 

by a m e ta s ta b le  peak a t  7 0 .8 . These frag m en ta tio n s  a re  summarised 

below (Scheme 8) .

S c h e m e  8

chb CaHc 6^5

7 9

- S O 2 +• - H *  +
^  CiqHi2 -----   ^ C10H11

m/e=132(53)  m/e=131(20)

-CH

C9 H9  

m/e=117 (1 0 0 )

-C2H2

C7H7'

m/e = 91 (13)

In  th e  case  o f  2 -p h e n y l-2 -e th y lth ie ta n  1 ,1 -d io x id e  (80) 

th e  frag m en ta tio n s  a re  s im i la r  -  lo s s  o f  su lp h u r d io x id e  from th e  

m o lecu lar io n  i s  an im p o rtan t p ro c e ss  fo llow ed  e i t h e r  by lo s s  o f
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a p ro to n  to  g ive an (M- 6 5) peak o r  frag m en ta tio n  to  th e  s ta b le  m/e = 

117 peak which i s  th e  base io n .

The mass spectrum  o f  2 -p h e n y l- 2 - a l ly l th ie ta n  1 ,1 -d io x id e  (82) 

i s  shown in  F igure  l / 4 .

The m o lecu lar io n  (m/e = 222) ap p ears  to  fragm ent in  two 

ways (Scheme 9) e i t h e r  a) lo s s  o f  an a l l y l  r a d ic a l  to  g ive  m/e = 181 

fo llow ed  by lo s s  o f  su lp h u r  d io x id e  to  g ive  th e  base  io n  a t  m/e =

117, o r  b) lo s s  o f  su lp h u r d io x id e  to  g ive  m/e = 158 which may i t s e l f  

fragm ent in  a number o f  ways by e i t h e r  lo o s in g  an a l l y l  r a d ic a l  

to  g ive  m/e = 117, lo s in g  a m ethyl r a d ic a l  to  g ive m/e = 143 ( t h i s  

i s  s u b s ta n t ia te d  by a m e ta s ta b le  peak a t  m/e = 129 .5) o r  by lo s s  o f  

an e th y l  r a d ic a l  le a d in g  to  m/e = 129. These p ro c e sse s  a re  d e ta i le d  

below .

S c h e m e  9

C6H5 ■

C9H9SO2

8 2

C11H1I

m/e =143 (43

-CH]

-SO2

C12H14 _

m/e =1 5 8 ( 3 0  )

-C2H5

C10H9

m/e = 12 9

m / e =1 8 1 ( 1 3  

-SO 2

m/e=11 7 (100)

Sr

Fragm entation  
a s  d e sc rib ed  

above
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Figure I/4  Mass spectrum of 2 - p h e n v l - 2 - a l lv l t h i e t a n  -d io x id e
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Figure I/5  Mass srectrum  o f  3 -m eth yl-3-'P henvlth ietan  1 ,1 -d io x id e

100-, 118

75-

50-

131

196
25-

103

100 120 140 160 180 200

41



The breakdown p a t te r n  f o r  2 -p h e n y l-2 -b e n z y lth ie ta n  1 ,1 -  

d io x id e  (81) i s  s im i la r .  The m o lecu lar io n  may e i t h e r  a) ex tru d e  

su lp h u r d io x id e  to  g ive m/e = 208, fo llow ed  by lo s s  o f  a ben zy l 

r a d ic a l  to  g ive  th e  base  peak a t  m/e = 117 o r  b) lo se  a b enzy l 

r a d ic a l  to  g ive m/e = 181 fo llow ed  by lo s s  o f  su lp h u r d io x id e  to  

g ive m/e = 117.

The tre n d  in  frag m en ta tio n  o f  a l l  o f  th e se  2 - s u b s t i tu te d

compounds seems to  be lo s s  o f  su lp h u r  d io x id e  and any o th e r  n e u tr a l
^ •sp e c ie s  to  form a s ta b le  CgHg a l l y l i c  r a d ic a l  io n , which alw ays 

ap pears  as  th e  base  peak . This t r e n d  p a r t ly  fo llow s th a t  observed  

in  th e  p h o to ly t ic  and th e rm o ly tic  breakdown, b u t th e  lo s s  o f  o th e r  

s ta b le  s p e c ie s ,  in  some case s  b e fo re  th e  e x tru s io n  o f  su lp h u r d io x id e , 

ten d s  to  in d ic a te  t h a t  t h i s  p ro c e ss  i s  n o t as im p o rtan t under 

e le c tro n  im pact c o n d i t io n s .

The mass spectrum  o f  3 -m e th y l-3 -p h e n y lth ie ta n  1 ,1 -d io x id e  

i s  shown in  F igure  1/5. The m o lecu la r ion  peak i s  u n u su a lly  la rg e  

compared w ith  th e  p rev io u s  examples and t h i s  i s  a t t r i b u t e d  to  th e  

la c k  o f  s t a b i l i t y  o f  th e  i n i t i a l  d i r a d ic a l  formed by lo s s  o f  su lp h u r 

d io x id e . This seems to  c o r r e la te  w e ll w ith  i t s  b eh av io u r under 

th e rm o ly s is . There i s  a sm all (M -64)  peak a t  m/e = 132, and a 

l a r g e r  (M-65)  peak . The base  peak i s  a t  m/e = 118 which co rresponds 

to  ( M - 7 3 ) .  No o th e r  th ie ta n  sulphone d e sc rib e d  above has shown 

an (M-78)  peak , and i t  i s  though t t h a t  t h i s  must come from
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a c y c lo re v e rs io n  re a c t io n  le a d in g  to  th e  lo s s  o f  su lphene (Scheme 10) 

to  g ive  m/e = 118. The peak a t  m/e = 117 i s  analogous to  th e  p re v io u s ly  

d e sc rib e d  examples above,and  stem s from th e  lo s s  o f  a  m ethyl r a d ic a l  

from m/e = 132. These frag m en ta tio n s  can be summarised as  shown below .

-CH2SO2> C9H10 

m/e = 1 1  8  (1 0 0 )

6 7
—S 0  ‘

^10^12 
m/e=l3 2 (1 2 )

-C H 3
C9 H9  

m/e =117(56

Scheme 10

-H

CloHlI 
m/e 1 3 1 ( 4 4 )

There seems to  be a  very  good c o r r e la t io n  between th e rm o ly tic  

and e le c tro n  im pact frag m en ta tio n  in  t h i s  example w ith  re g a rd  to  th e  

p o s s ib le  c y c lo re v e rs io n  in  th e  th e rm o ly tic  breakdown.
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CHAPTER TWO

THE FLASH VACUUM THERMOLYSIS OF SOME OXYGEN AND SULPHUR HETEROCYCLES 

AND ATTEMPTED PREPARATION OF SOME CORRESPONDING SULPHOXIMIDES

2 .1  In tro d u c tio n

A number o f  peop le  have su g g es ted  th e  g e n e ra tio n  o f su lphene

in te rm e d ia te s  in  th e  pho tochem ical and th e rm o ly tic  frag m en ta tio n
17 21 38o f  c y c l ic  su lp h o n es . ’ ’ A s tu d y  o f  th e  photochem ical behav iou r

o f  some t h i e t e  1 ,1 -d io x id e s  (87)  has been made by DeSchryver and 
39L angendries. P h o to ly s is  o f  th e se  m olecules w ith  l i g h t  o f  wave

le n g th  253 nm g iv es  v in y l su lphene in te rm e d ia te s  ( 88) which in  

m ethanol a re  tra p p e d  to  g iv e  th e  su lp h o n a te  e s t e r  (89 ) .  In  an i n e r t  

so lv e n t how ever, frag m en ta tio n  o ccu rs  to  g ive  a v in y l  aldehyde o r 

k e to n e , and su lp h u r monoxide.

4 ^SOgCH]

2 53nm

A stu d y  o f  th e  p h o to ly s is  and th e rm o ly s is  o f a number o f  4tt

1+0
e le c tro n  c y c l ic  su lphones has been d e sc r ib e d  by H a ll and Smith in  

th e  sea rc h  fo r  su lphene in te rm e d ia te s .
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P h o to ly s is  o f  2 H -l-b en zo th io p y ran  (90)  in  d ich lorom ethane 

o r  m ethanol (w ith  l i g h t  o f w avelength 253 nm) g iv e s  a m ix tu re  o f  

s u l t in e s  which p o s s ib ly  o r ig in a te  from an i n i t i a l l y  formed u n sa tu ra te d  

su lphene in te rm e d ia te  (91) as shown in  Scheme 10.

S ch em e  10

9 0

SO2

91

II

A ttem pted tra p p in g  o f  (91) w ith  e i t h e r  m ethanol o r  r e a c t iv e  

d ie n o p h ile s  f a i l e d  to  i s o l a t e  any a d d it io n  p ro d u c t, and i t  was presumed 

th a t  th e  l i f e t im e  o f  th e  su lphene in te rm e d ia te  was very  s h o r t  because 

o f ra p id  rearrangem en t to restore a ro m a tic i ty .

F la sh  vacuum th e rm o ly s is  o f  (9 0) a t  775°C (Scheme 11) produces 

indene (92 ) ,  cinnam aldéhyde (93) and 2H -l-benzopyran (94) which
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p o s s ib ly  r e s u l t  from d i r e c t  e x tru s io n  o f  su lp h u r d io x id e  o r re a r ra n g e 

ment to  th e  s u l t in e  (95) fo llow ed  by lo s s  o f  su lp h u r monoxide.

02

-SO'

SO2

92 94

0

- S O

i- SO

93

Scheme 11

The p h o to ly s is  o f  lH -2 -b en zo th io p y ran  2 ,2 -d io x id e  (96) in  

m ethanol (Scheme 12) gave m ainly th e  a d d it io n  p roduct (97) and 

some o f  th e  s u l t in e  ( 9 8 ) ,  th e  g e n es is  o f  which was r a t i o n a l i s e d  v ia  

th e  su lphene in te rm e d ia te  (99) .

S c h e m e  12
ÛCH3

SO2

99

S = 0

98
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C onverse ly , th e rm o ly s is  o f  (96) a t  775^0 (Scheme 13) g iv es  

indene (92) from a  p o s s ib le  d i r e c t  e x tru s io n  o f  su lp h u r d io x id e , 

and o -v iny lbenzaldehyde  (100) which may be d e riv ed  from th e  s u l t in e  

in te rm e d ia te  (9 8 ) .

S = 0
SO2

96

\ - s 02

98

SO

92 0
100

Scheme 1 3

Since cinnam aldéhyde produced from th e  th e rm o ly s is  o f  (90) 

cou ld  have r e s u l te d  from a rearrangem ent o f 2H -l-benzopyran (94) 

under th e  r e a c t io n  c o n d it io n s , a sample o f  (94) was therm olysed  in  

o rd e r  to  see  i f  any cinnam aldéhyde was produced.

Therm olysis o f  (94) a t  850°C gave a m ix tu re  c o n ta in in g  

cinnam aldéhyde (13%), 4H -l-benzopyran (34%) and unchanged s t a r t i n g  

m a te r ia l  (52%). A p o s s ib le  ro u te  f o r  t h i s  r e a c t io n  (Scheme 14) cou ld  

be fo rm atio n  o f  an i n i t i a l  d i r a d ic a l  (101) by c leavage  o f  th e  C (a ry l) -0  

bond fo llow ed  by a [ 1 .5 ]  hydrogen m ig ra tio n  and co llapse  o f

th e  r e s u l t in g  d i r a d ic a l .  The 4H -l-benzopyran presum ably r e s u l t s  from
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a [ l . 3]  hydrogen t r a n s f e r  a lth o u g h  a s u p r a f a c ia l  m ig ra tio n  would 

be th e rm a lly  fo rb id d en  under o r b i t a l  symmetry r u le s .

D. 5I

b

Scheme 14

In  o rd e r  to  v e r i f y  th e  proposed mechanism (Scheme 13) f o r  th e  

th e rm o ly s is  o f  (9 6 ) ,  a  pure sample o f  th e  s u l t i n e ,  5 ,6 -d ib e n z o -7 H -l,2 -  

o x a th ie p in -2 -o x id e  (98) was p re p a red  from th e  p h o to ly s is  o f  (96) in  

a c e t o n i t r i l e , and i t s  beh av io u r under f la s h  vacuum th e rm o ly s is  was 

s tu d ie d .

Therm olysis o f  (98) a t  750°C gave a dark  o i l  c o n ta in in g  o - 

v iny lbenzaldehyde (100) as  th e  on ly  i d e n t i f i a b l e  p ro d u c t. S ig n i f ic a n t ly ,  

th e re  was no t r a c e  o f  indene in  t h i s  m a te r ia l  and th i s  seems to  be 

good ev idence  to  su g g es t t h a t  indene r e s u l t i n g  from th e  th e rm o ly s is  o f  

(96) a r i s e s  from th e  d i r e c t  e x tru s io n  o f  su lp h u r d io x id e  from th e  

s t a r t i n g  m a te r ia l ,  and th a t  (98) i s  an in te rm e d ia te  in  th e  fo rm ation  

o f  o -v in y lbenzaldehyde  in  t h i s  p ro c e ss .
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In  an a tte m p t to  probe deeper in to  t h i s  scheme, th e  th e rm o ly s is  

o f  lH -2-benzopyran  (102) was s tu d ie d ;  s in c e  t h i s  compound m ight a ls o  

be an in te rm e d ia te  sp e c ie s  in  th e  co n v ersio n  o f  (98) to  (1 0 0 ). 

Therm olysis o f  (102) a t  750^0 however gave a th ic k  po lym eric  m a te r ia l  

o f  an  unknown n a tu re .  No t r a c e  o f  (100) was observed  in  t h i s  

m a te r ia l  from n .m .r . sp ec tro sco p y .

102

This r e s u l t  seems to  r u le  o u t th e  in te rm ed iacy  o f  (102) in  

th e  th e rm o ly s is  o f  (9 6 ) .

The s te reo c h e m ica l cou rse  o f  th e  r in g  opening and c lo su re

re a c t io n s  o f  (90) and (96) (Schemes 10-13) a re  o f  some i n t e r e s t  s in c e ,

i f  t h i s  p ro cess  i s  a c o n ce rted  e le c t r o c y c l ic  r in g  open ing , th e n  a

d is ro ta to ry  p ro cess  i s  im p lied  under W oodward-Hoffmannrules. In  th e

case o f  th e se  m olecules how ever, th e  p resen ce  o f  a he teroatom  in

the  system  may be a m ajor p e r tu rb a t io n  o f  o r b i t a l  symmetry, and th i s

p ro cess  cannot be j u s t i f i e d  in  th e  absence o f  f u r th e r  ev id en c e ,

e s p e c ia l ly  s in c e  a l l  o f  th e  observed  p ro d u c ts  can be e x p la in ed  in

20term s o f  b i r a d i c a l  in te rm e d ia te s .
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Many a u th o rs  have however re p o r te d  e le c t r o c y c l ic  r e a c t io n s  

in v o lv in g  su lp h u r in  a l l  o f  i t s  o x id a tio n  s t a t e s .  The su lp h u r 

analogue o f  th e  Cope rea rrangem en t has been re p o r te d  by King and
ill

H arding. A lly l  v in y l  sulphone (103) has been  shown to  re a rra n g e  

on p y ro ly s is  o r  under f la s h  vacuum th e rm o ly s is  to  g ive a su lphene 

in te rm e d ia te  (1 0 4 ) , which in  an e th a n o l-p y r id in e  s o lu t io n  g iv e s th e  

N -e th y lp y rid in iu m  s a l t  o f  th e  co rresp o n d in g  su lp h o n ic  a c id  (Scheme 15)

< Î ^ S O ,  .
CH2=CH.CHÿH2CH2S020C2H5

S02

103 104

CH2<HCH2CH2CH2S03
Scheme 15

C2H5

Deuterium  la b e l l in g  a to  th e  s u lp h in y l group has c le a r ly  shown 

the  rea rrangem en t to  be o f  th e  o rd e r  [ 3 .3 ]  e i t h e r  in  th e  gas o r  the

l iq u id  p h ase . Sulphur analogues o f  th e  C la ise n  rearrangem en t have

42 43a lso  been d e sc r ib e d  fo r  s u lp h id e s , su lp h o x id e s , and sulphonium

_  44s a l t s .

2 .2  A ttem pted P re p a ra tio n s  o f  Some Sulphoxim ides

To ex ten d  t h i s  work f u r th e r ,  th e  s y n th e s is  o f  a  number o f  

su lphoxim ides o f  th e  type  (105) were a tte m p ted .
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0 N

105

On th e rm o ly s is  (105) may r e a c t  in  an analogous manner to  (90) 

to  g ive  an  in te rm e d ia te  (1 0 6 ). There i s  now th e  p o s s i b i l i t y  o f  r in g  

c lo su re  e i t h e r  on to  oxygen o r  n itro g e n  to  g ive  (107) o r  (108) r e s p e c t 

iv e ly .

105
A or hv

II

107 R

106

0
10 8

A stu d y  o f  th e  th e rm o ly s is  o r  p h o to ly s is  o f  such m olecules 

w ith  a s u i ta b le  la b e l  in  th e  2 -p o s i t io n  may y ie ld  some in fo rm a tio n  

abou t th e  s te re o c h e m is try  o f  t h i s  r e a c t io n .

Many sy n th ese s  o f  su lphoxim ides have been  d e sc rib e d  in
1+5 a

th e  l i t e r a t u r e ,  e i t h e r  by am ina tion  o f^su lp h o x id e  (u s u a lly  by a

n i t r e n e  in te rm e d ia te ) ,  o r  o x id a tio n  o f  a su lph im ide  u s in g  po tassium

perm anganate o r a p e r - a c id .  The r e a c t io n  o f  su lp h o x id es  w ith  th e
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n i t r e n e  (109) formed by o x id a tio n  o f  N -am inophthalim ide w ith  le a d  

t e t r a a c e t a t e  has been d e sc r ib e d  by Rees e t  a l .  This method i s  

quoted  as  b e in g  q u ite  g e n e ra l f o r  d ia lk y l ,  d i a r y l ,  and a lk y l ,  a r y l  

su lp h o x id e s .

N-NH

0

N-N

0

N - N = S - R i

109
Rl=R2pCH3

Rl=R2=C6Hs

Ri=CH3,R2=CôH5 

Rl=R2=CH2CaH5
UrlA nother method has been d e sc rib e d  by Tamura e t  a l  which 

in v o lv es  th e  am ina tion  o f  su lp h o x id es  under m ild  c o n d itio n s  w ith  0-  

m esity lenesu lphony lhyd roxy lam ine to give ( 110).

\

R2
/

s=o
R2 NH2

NaOCH

OMes
110

CH3OH
^ N H

Mes = -SÜ2**̂  CH3 

CH3

Many c y c l ic  su lphoxim ides have been p re p a re d  u s in g  t h i s  ro u te ,  

a lth o u g h  th e  main r e s t r i c t i o n  seems to  be th e  l im i te d  s t a b i l i t y  o f  ( 110) 

even a t  room te m p e ra tu re , and t h i s  p re v e n ts  th e  use o f  more fo rc in g  

c o n d itio n s .
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Sulphim ides have been known f o r  many y e a r s ;  th e  most common

procedure  fo r  p re p a rin g  them i s  th e  r e a c t io n  o f  su lp h id e s  w ith

48sodium N -p -to luenesu lphony lch lo ram ine  (ch lo ram ine  T) (1 1 1 ).

\
S

/
+

111

CH
\

S=N-S0 2 Ar ♦ NaQ

R ecen tly , new methods to  sy n th e s is e  N -a ry l su lph im ides have
49been d e sc rib e d  by C laus e t  a l .  One o f  th e se  in v o lv es  th e  r e a c t io n  

o f  a n i l in e s  w ith  su lp h id e s  and N -ch lo ro su cc in im id e . The m ech an is tic  

d e ta i l s  o f  th e  r e a c t io n  a re  u n c le a r ,  i t  may be th e  r e a c t io n  o f  a  

su lp h id e  w ith  an N -c h lo ro a n il in e , o r th e  r e a c t io n  o f  a c h lo ro -  

sulphonium  s a l t  ( 112) w ith  th e  amine.

\

R Ri

S —CI X or C I— S —X or
/

R2 R2

\  +
S - X  Cl

/

S + X-Cl
/ 112

R2

X= C I . S O 2CI. tSuO,  Ç n ”

0

1)ArNH2
2)Base

S = N —Ar

The v a r ie ty  o f  groups and R  ̂ u s e d ,in d ic a te  t h a t  t h i s  method 

i s  f a i r l y  g e n e ra l . O x id a tio n  o f  th e  su lph im ide  fo rm ed ,u sin g  po tass iu m  

perm anganate, g iv es  th e  co rresp o n d in g  su lphoxim ides in  y ie ld s  o f  

m ostly  g r e a te r  th an  65%.
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The re a c t io n s  a ttem p ted  to  s y n th e s is e  su lphoxim ides based

46on th e  method o f  Rees e t  a l  o r  su lph im ides based  on th e  methods 

49o f  C laus e t  a l  a re  shown in  Scheme 16.

R eac tion  o f  th iochrom an-4-one (113) w ith  p -a n is id e n e  and N- 

ch lo ro su c c in im ide f a i l e d  to  g ive any o f  th e  ex p ec ted  su lph im ide (1 1 4 ) , 

and n e i th e r  d id  th e  r e a c t io n  o f  (113) w ith  N -ch lo rosucc in im ide  and 

N -am inophthalim ide fo llo w in g  th e  method d e sc r ib e d  by G i lc h r i s t  e t  a l .^ ^  

R eduction o f  (113) to  thiochrom an (115) fo llow ed  by an o th e r a ttem p t 

a t  am ina tion  u s in g  p -a n is id e n e  and N -ch lo rosucc in im ide  was a ls o  un

s u c c e s s fu l .  O x ida tion  o f  (113) to  th e  su lp h o x id e  (116) fo llow ed  by 

a ttem p ted  am in a tio n  u s in g  N -phthalim ido n i t r e n e  f a i l e d  to  g ive

th e  sulphoxim ide (1 1 7 ). R eduction  o f  (113) w ith  sodium borohydride  

gave th e  a lc o h o l (1 1 8 ) , which on re a c t io n  w ith  dry  hydrogen c h lo r id e  

in  benzene s o lu t io n  gave an alm ost q u a n t i t a t iv e  y ie ld  o f  4 -c h lo ro -  

thiochrom an (1 1 9 ) . This was s u rp r is in g  s in c e  we had expec ted  

e l im in a tio n  to  g ive  2 H -l-benzo th iopy ran  (1 2 0 ) . A ttem pted e lim in a tio n  

o f  (119) w ith  t r i e t h y lam ine was u n su cc e ss fu l however r e a c t io n  w ith  

a  m ixture o f  l i th iu m  bromide and l i th iu m  carb o n a te  in  D.M.F.^^^ 

gave a good y ie ld  o f  th e  e lim in a te d  p ro d u c t (1 2 0 ) . The combined y ie ld s  

o f  the  c h lo r in a t io n ,  fo llow ed  by th e  e l im in a tio n  r e a c t io n  were s l i g h t l y  

g re a te r  th an  th e  one s te p  d eh y d ra tio n  o f  (118) u s in g  po lyphosphoric  

a c id  as d e sc rib e d  by P ag an i.^^  A ttem pted r e a c t io n  o f  (119) w ith  

N -ch lo rosuccin im ide  and a n i l in e  o r  p -a n is id in e  f a i l e d  to  g ive the  

su lphim ide (1 2 4 ). O x ida tion  o f  (118) gave th e  su lphox ide  (121) b u t 

a ttem p ted  d eh y d ra tio n  o f  t h i s  compound u s in g  p o lyphosphoric  a c id  

f a i l e d  to  g ive  2 H -l-b e n z o th io p y ra n -l-o x id e  (1 2 2 ) . A ttem pted r e a c t io n
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o f  ( 121) w ith  hydrogen c h lo r id e  f a i l e d  to  g ive 4 -ch lo ro th ioch rom an

1-ox ide  (123) a lth o u g h  p a r t i a l  o x id a tio n  o f  (119) w ith  m -ch loro- 

peroxybenzoic  a c id  to  g ive  (123) as  an u n s ta b le  s o l id  ap pears  to  

have succeeded . A ttem pted e l im in a tio n  o f  (123) u s in g  a  n o n -n u c le o p h ilic  

base o r  a l i th iu m  b ro m id e -lith iu m  carb o n a te  m ix ture  a ls o  f a i l e d  to  

g ive ( 122) as d id  a ttem p ted  p a r t i a l  o x id a tio n  o f  ( 120) w ith  m- 

ch lo roperoxybenzo ic  a c id  o r  sodium m e ta -p e r io d a te . R eac tion  o f  (123) 

w ith  N -phthalim ido n i t r e n e  d id  n o t succeed  in  p roducing  th e  sulphoxim ide

The f a i l u r e  o f  th e se  am ination  re a c t io n s  i s  s u rp r is in g  s in c e

th e  s im p le s t  model f o r  t h i s  system , phenyl m ethyl su lp h id e , has been
52used as  a  s u b s t r a te  f o r  th e  p re p a ra t io n  o f  many su lp h im id e s , and

Claus e t  a l  have p rep a red  th e  N -p-ch lo ropheny l su lph im ide (125)
49u sin g  th e  same ro u te  as we have t r i e d .  This has been f u r th e r  

o x id ise d  to  th e  sulphoxim ide (126) u s in g  po tassium  perm anganate.

CH3

\ = N - p C l C ^ 5

C6H5 CH3, 0

/ \
C6H5 N-pClC^Hg

126

The r e a c t io n  o f  pheny l m ethyl su lphox ide  w ith  N -phthalim ido 

n i t r e n e  to  g ive th e  sulphoxim ide has a ls o  been d e sc r ib e d  by Rees 

e t  a l .  In  some in s ta n c e s  th e  f a i l u r e  o f  th e  am ination  may be 

r a t io n a l i s e d  as be in g  caused  by th e  in te r c e p t io n  o f  th e  am ina ting
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re a g e n t by some o th e r  fu n c tio n a l  group on th e  m o lecu le , fo r  exam ple, 

p o s s ib le  r e a c t io n  o f  th e  carb o n y l group o f  (116) w ith  N -phthalim ido 

n i t r e n e .

53Recent work in  th e se  l a b o r a to r ie s  has succeeded in  s y n th e s is in g  

th e  N -to sy l su lph im ide o f  iso th ioch rom an  (127) from th e  re a c t io n  o f  

th e  su lp h id e  w ith  ch loram ine-T  in  th e  anhydrous s t a t e  in  a D.M.F. 

s o lu t io n .  O x id a tio n  w ith  p o tassium  perm anganate has y ie ld e d  th e  

sulphoxim ide (1 2 8 ).

K MnÜA
----------------

'Ts
127

R ecen tly  a su lph im ide (129) based  on th e  thiochrom an nu c leu s
54has been d e sc r ib e d  by K ise e t  a l  a lth o u g h  no s y n th e t ic  d e ta i l s  

were g iv en .

S / ^ C H 3

Ts

130
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S o lv en t p y ro ly s is  o f  (129) in  benzene g iv es  a q u a n t i ta t iv e  

y ie ld  o f  (130) which on f u r th e r  p y ro ly s is  in  r e f lu x in g  to lu e n e  

g iv es  th e  p ro d u c ts  shown below .

1 3 0

CH2NH-TS

CH3 +

One in t e r e s t i n g  p o in t  r e s u l t i n g  from th e  re a c t io n s  o f  Scheme 

16 was th e  o b se rv a tio n  o f  th e  f a c i l e  h a lo g én a tio n  o f  th ioch rom an-4 - 

o l  (118) to  4 -ch lo ro th ioch rom an  (119) u s in g  hydrogen c h lo r id e  in  

benzene. When t h i s  r e a c t io n  was a ttem p ted  w ith  th e  analogous 

sulphone under th e  same c o n d itio n s  on ly  s t a r t i n g  m a te r ia l  was r e 

covered . R eaction  o f  (118) in  a  s e a le d  tube a t  150°C f o r  15 h r  

a ls o  f a i l e d  to  g ive  any 4-ch lo ro th io ch ro m an  1 ,1 -d io x id e . The same 

p a t te r n  was re p e a te d  f o r  iso th ioch rom an  4 -o l  (1 3 1 ) , which gave the  

c h lo r in a te d  compound a lth o u g h  th e  r e a c t io n  w ith  th e  su lphone analogue 

f a i l e d .

OH

131
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These r e s u l t s  su g g es t a degree o f  p a r t i c ip a t io n  by th e  

lo n e  e le c t r o n  p a i r s  on th e  su lp h u r atom , which a re  n o t a v a i la b le  

when th e  su lp h u r i s  o x id is e d . N eighbouring group p a r t i c ip a t io n  

in v o lv in g  su lp h u r lone  p a i r s  has been w e ll d e sc rib e d  in  th e  

l i t e r a t u r e F o r  exaniple, a  s tu d y  o f  th e  a c e to ly s is  o f  2-endo- 

and 2-e x o -7 - th ia b ic y c lo [ 2 . 2 . l]h e p ta n e s  (132) and (133) has found 

th a t  th e  r e l a t i v e  r a t e  f o r  th e  endo-isom er i s  g r e a te r  th an  4 .7  x 

10^ f a s t e r  th an  th a t  o f  th e  exo- i s o m e r . A  sulphonium  i n t e r 

m ediate o f  th e  type  (134) i s  p o s tu la te d  to  accoun t f o r  t h i s .

132 m 134

Work has a ls o  been d e sc r ib e d  on th e  s o lv o ly s is  o f  a number
57o f  p -n itro b e n z o a te  e s t e r s  1 3 5 a -c ) . The r e l a t i v e  r a t e s  o f  s o lv o ly s is

a re  shown in  Table 2.1.

Table 2.1 R e la tiv e  s o lv o ly s is  r a te s  of some 
/A r  ------------------------- ------------------------------

0 S -h e te ro c y c lic  e s t e r s  in  80^ aqueous

a c e to n e .
1.0

135a

5.8x1q6

135b

135c

0.10
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There i s  a  s tro n g  a s s is ta n c e  to  s o lv o ly s is  when th e  h e te r o 

atom i s  3 to  th e  s u b s t i tu e n t  a lth o u g h  th e  y-S c o n tr ib u t io n  i s  n o t 

im p o rtan t and in  f a c t  so lv o ly se d  slow er th an  th e  a l l  carbon analogues 

A lthough Y"S c o n tr ib u tio n s  a re  d e sc rib e d  a s  b e in g  very  s m a ll, th e  

ease  o f  s u b s t i t u t io n  o f  (118) in  ou r case  seems to  q u e s tio n  t h i s .
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CHAPTER THREE

THE FLASH VACUUM THERMOLYSIS OF SOME THIOCHROMANONE DERIVATIVES

3 .1 In tro d u c tio n

As a c o n tin u a tio n  o f  th e  s tu d y  o f compounds based  on th e  

th iochrom an-4-one o r b en zo th io p y ran  n u c le u s , th e  f la s h  vacuum 

th erm o ly ses o f  th e  p a re n t su lp h o n es , th iochrom an-4 -one 1 , 1-  

d io x id e  (136) and iso th ioch rom an-4 -one  2 ,2 -d io x id e  (137) were 

s tu d ie d .

SO2

1 3 71 3 6  _ _ _

The therm ochem ical beh av io u r o f  th e se  compounds has n o t 

been re p o r te d  p re v io u s ly , a lth o u g h  t h e i r  p h o tochem istry  has been 

d e sc rib e d  by S t i l l  e t  a l .^ ^  P h o to ly s is  o f  (136) in  an i n e r t  

so lv e n t p roduces no change a f t e r  a number o f  h o u rs , a lth o u g h  

i r r a d i a t i o n  in  m ethanol g iv e s  a photochem ical re d u c tio n  o f  th e  

carb o n y l group w ith  fo rm atio n  o f  th e  co rre sp o n d in g  p in a c o l (138).

HQ.
SO2

OH

1 3 8
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This re d u c tio n  Has in s e n s i t iv e  to  th e  v a rio u s  s u b s t i t u t io n  

p a t te r n s  u sed , ex cep t where th e  s u b s t i t u t io n  was 5 -m e th y l, o r  3- 

carboxy , when la rg e  amounts o f  s t a r t i n g  m a te r ia ls  were re c o v e re d . 

This was e x p la in ed  sim ply  as a s t e r i c  e f f e c t  o f  th e  s u b s t i tu e n t  

group in  th e se  p o s i t io n s .

The p h o to ly s is  o f  a number o f  s u b s t i t u te d  thiochrom anone

70su lp h o x id es  has been re p o r te d  by S t i l l  e t  a l .  In  c o n t r a s t  to  

th e  su lphones d e sc rib e d  above, th e se  su lp h o x id es  undergo a v a r ie ty  

o f  rea rran g em en ts  and th re e  d i s t i n c t  pathways have been reco g n ised , 

Those m olecules b e a r in g  e le c tro n  w ithdraw ing s u b s t i tu e n ts  a t  th e  

6-  o r  8- p o s i t io n s ,  e .g .  (1 3 9 ) , ten d  to  g ive  d isu lp h id e  p ro d u c ts  

v ia  i n i t i a l  rearrangem en t to  th e  su lp h en a te  e s t e r  (1 4 0 ) , which 

may o r  may n o t be c o n c e r te d , fo llow ed  by c leav ag e  and co u p lin g  o f  

th e  t h i y l  r a d ic a l s  (Scheme 1 7 ) .

0 0

139

Scheme 1 7

LM3 UO

J  2

Those m olecules w ith  a t  l e a s t  one s u b s t i t u e n t  (m ethyl) in  the  

3 -p o s i t io n  ten d  to  g ive  p ro d u c ts  d e riv ed  from opening o f  th e  h e te r o 
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r in g ,  b u t from which th e  su lp h u r atom i s  su b se q u e n tly  l o s t ,  e .g .  

i r r a d i a t i o n  o f  (141) in  benzene was found to  g iv e  p rop iophenone,

2-b en zo y lp ro p an a l, and b enzo ic  a c id .

a

C02H
_ ,CHO

141

COCH2CH3

Those compounds in  which a t  l e a s t  one s u b s t i tu e n t  i s  p re s e n t 

in  th e  2 -p o s i t io n  (w ith  th e  3 -p o s i t io n  co m p le te ly  u n s u b s ti tu te d )  

g ive  r in g  c o n tra c te d  p ro d u c ts  w ith  more o r  l e s s  deoxygenation  on 

p h o to ly s is  in  an i n e r t  s o lv e n t .  I r r a d i a t i o n  in  m ethanol however 

g iv es  p ro d u c ts  d e riv e d  from a form al p h o to re d u c tio n , e .g .  p h o to ly s is  

o f  (142) in  benzene g iv es  (143) and (144) w h ile  i r r a d i a t i o n  o f  (142) 

in  m ethanol g iv es  (145) o n ly .

1 4 4

14 5

The p h o to ly s is  o f  iso th ioch rom an-4 -one  (146) has been re p o r te d  

71by B erch to ld  e t  a l .  I r r a d i a t io n  o f  (146) in  cyclohexane g iv es  

rearrangem en t to  th iochrom an-3-one (1 4 7 ) , th e  p roposed  mechanism 

be ing  v ia  th e  t r i e n e  (1 4 8 ).

6 3



1 4 6 147

72Loudon e t  a l  have d e sc r ib e d  th e  p y ro ly s is  o f  thiochrom an (115) 

and iso th ioch rom an  (149) and have compared th e  r e s u l t s  w ith  th e  mass 

s p e c t r a l  frag m e n ta tio n s  o f  th e se  m o le c u le s .

149115 ___

For iso th ioch rom an  in  a s t a t i c  system , th e  m ajor breakdown

i s  th e  lo s s  o f  an 'SH2 fragm ent le a d in g  to  th e  fo rm atio n  o f  in d en e , 

w hile  in  a flow  system , th e  lo s s  o f  a CH2=S fragm ent in  a  r e t r o -  

D ie ls -A ld e r r e a c t io n  to  g ive  b en zo cy c lo b u tan e , becomes in c re a s in g ly  

more im p o rtan t. In  th e  e le c t r o n  im pact spectrum  o f  (149) how ever, 

th e  lo s s  o f  th io fo rm aldehyde i s  by f a r  th e  most im p o rtan t fragm ent

a t io n  compared w ith  th e  lo s s  o f  'SH2 .

For thiochrom an (1 1 5 ) , th e  re tro -D ie Is -A ld e r  r e a c t io n  under

e le c t r o n  im pact c o n d itio n s  i s  n o t so im p o rtan t as in  th e  p rev io u s
72

c a s e , p robab ly  because o f  th e  s t a b i l i t y  o f  th e  m o lecu lar io n .

A lso , no therm al r e tro - D ie ls -A ld e r  p ro d u c t (o - th io c re s o I  ) i s  observed  

in  a s ig n i f i c a n t  amount u s in g  e i t h e r  o f  th e  two m ethods. In s te a d ,  

th e  two main p ro d u c ts  formed r e s u l t  from e i th e r  ex p u ls io n  o f  methane
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( to  g ive  b e n zo th io p h en e ), o r  lo s s  o f  'SH2 ( to  g ive  in d e n e ) . The 

e le c t r o n  im pact spectrum  o f  (115) shows a r e l a t i v e l y  low a c t iv a t io n  

energy f o r  th e  (M-15)^ p eak , w hile  f o r  th e  (M -34)^ p eak , th e  

a c t iv a t io n  energy  was one o f  th e  h ig h e s t  m easured f o r  t h i s  compound, 

These r e s u l t s  su g g es t t h a t  ap p a ren t s i m i l a r i t i e s  betw een e le c t ro n  

im pact sp ec tro sco p y  and th e rm al p ro c e sse s  sh o u ld  be t r e a te d  w ith

c a r e .

A ll o f  th e  therm olyse s  d e sc r ib e d  below were c a r r ie d  o u t 

u s in g  th e  a p p a ra tu s  d e sc r ib e d  in  C hapter One. The tem p era tu res  

were re c o rd ed  u s in g  a therm ocouple probe as b e fo re .

3 .2  The Therm olysis o f  Thiochrom an-4-one 1 ,1 -d io x id e  a t  0 .05  mm

PRODUCT FURNACE TEMPERATURE
750°C 850°C 900°C

S ta r t in g  m a te r ia l  100% /

Aerylophenone -  /  ^79%

P h en y lace ty len e  -  /  ^21%

The p ro d u c ts  o f  t h i s  th e rm o ly s is  were f u l l y  i d e n t i f i e d  by 

n .m .r . sp ec tro sco p y  and g . l . c .  mass sp ec tro m e try .

The p ro d u c ts  o b ta in e d  were s u r p r is in g  s in c e  th e re  was no 

t r a c e  o f  any p ro d u c t t h a t  m ight have been d e riv e d  from a lo s s  o f  

su lp h u r d io x id e  fo llow ed  by r in g  c lo su re  ( i . e .  1-in d a n o n e ).
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Acrylophenone (150) may be accounted  f o r  by a rearrangem en t o f  an 

i n i t i a l l y  formed d i r a d ic a l  (151) e i t h e r  by mechanism a o r  b 

(Scheme 1 8 ) .

136

S c h e m e  18

A

151 150

b

These mechanisms do n o t however e x p la in  why th e  d i r a d ic a l  

(151) p r e f e r s  to  re a rra n g e  r a th e r  th an  r in g  c lo s e .

The occu rren ce  o f  phenyl a c e ty le n e  in  th e  p ro d u c t demands 

th e  lo s s  o f  CH2SO3 from th e  s t a r t i n g  m a te r ia l  o r p o s s ib ly  th e  

lo s s  o f  CH2O from acry lophenone .

P o s s ib le  ro u te s  f o r  th e  fo rm ation  o f  phenyl a c e ty le n e  a re  

shown below (Scheme 1 9 ) .
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Scheme 19
153

Sulphone (136) may e i t h e r :

1) Lose su lp h u r d io x id e , and r in g  c lo se  to  g ive  1-indanone (152) 

in  a  h igh  energy  s t a t e ,  which cou ld  s e q u e n t ia l ly  lo se  form aldehyde 

(p a th  a ) .

2) Lose form aldehyde and r in g  c lo se  to  g ive  b en zo [b ]th io p h en e  1,1- 

d io x id e  ( 22) ,  which may e lim in a te  su lp h u r d io x id e  (p a th  b ) .

3) D ecarbonylate  to  g ive (1 5 3 ), which m ight e lim in a te  an H2SO2 

fragm ent (path c).

These p ro c e sse s  may be d isco u n ted  in  view o f  th e  fo llo w in g  r e s u l t s :

Therm olysis o f  (152) a t  900 C produc e d unchanged

s t a r t i n g  m a te r ia l  o n ly . Therm olysis o f  (22) has been shown to  g ive 
13b e n z o th ie te  (se e  C hapter One). Therm olysis o f  2 ,3 -d ih y d ro b en zo -
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CbUthiophene 1 ,1 -d io x id e  (153) a t  900°C in  o u r a p p a ra tu s  has f a i l e d  

to  show any s p e c t r a l  d a ta  a t t r i b u t e d  to  phenyl a c e ty le n e  in  th e  

p ro d u c t.

A f u r th e r  p o s s ib le  ro u te  fo r  th e  fo rm atio n  o f  phenyl a c e ty le n e  

may stem  from a second c o l l i s i o n  o f  i n i t i a l l y  formed acrylophenone 

w ith  th e  h o t s u rfa c e  o f  th e  r e a c to r .  T herm olysis o f  a sample o f  

acry lophenone a t  900°C gave no t r a c e  o f  phenyl a c e ty le n e  by g . l . c .  

o r  n .m .r .  sp ec tro sc o p y .

In  o rd e r  to  s tu d y  th e  mechanism o f  t h i s  r e a c t io n  f u r th e r ,  a 

sample o f  th iochrom an-4-one was d e u te ra te d  a t  th e  3 -p o s i t io n  by 

re a c t in g  th e  an io n  formed a to  th e  carb o n y l group w ith  deu terium  

oxide (Scheme 2 0 ) .

nBuLi

Scheme 20

n .m .r .  sp ec tro sco p y  showed d e u te ra t io n  s p e c i f i c a l l y  a 

to  th e  carb o n y l by th e  l in e  m u lt ip le t  c e n tre d  a t  36.36 p .p .m . down- 

f i e l d  o f  T.M.S. caused  by co u p lin g . T his compared w ith  th e

s in g le t  g iven  in  th e  p ro to n  decoupled spectrum  o f  th e  u n d e u te ra te d  

m a te r ia l .  The mass spectrum  o f  t h i s  m a te r ia l  showed a s tro n g  peak 

a t  m/e = 197 (co rre sp o n d in g  to  m ono-deu terated  m a te r ia l ) .  Some
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u n d e u te ra te d  and d i-d e u te ra te d  m a te r ia l  was a ls o  p re s e n t  how ever, 

and th e  p e rc en ta g e s  o f  th e se  m a te r ia ls  were c a lc u la te d  from mass 

s p e c t r a l  d a ta  su p p lie d  by P .C .M .U ., H arw ell. The r e s u l t s  showed 

th a t  th e  m a te r ia l  c o n s is te d  o f  u n d e u te ra te d  compound (17%); mono- 

d e u te ra te d  (51%); and d id e u te ra te d  (32%). This m a te r ia l  was 

therm olysed  a t  900°C and th e  p ro d u c ts  an a ly sed  by g . l . c .  mass 

sp ec tro m e try .

The mass spectrum  o f  acry lophenone produced from th e rm o ly s is  

o f  th e  u n d e u te ra te d  and d e u te ra te d  compounds a re  shown in  F ig u res  

3.1 and 3.2.

The frag m en ta tio n  o f  acrylophenone i s  f a i r l y  s im p le . The 

m o lecu lar io n  m/e = 132 lo s e s  C2H3 to  g ive  th e  benzoyl c a t io n  m/e =

105. This f u r th e r  decomposes to  th e  phenyl c a tio n  m/e = 77 by lo s s  

o f  CO, and t h i s  can lo se  a c e ty le n e  to  g ive  m/e = 51. This

b eh av io u r i s  c h a r a c t e r i s t i c  o f  a ro m atic  carbony l compounds.

In  th e  case  o f  th e  acry lophenone r e s u l t in g  from th e rm o ly s is  

o f  th e  d e u te ra te d  sam ple, we have m o lecu lar io n  peaks a t  m/e = 132,

133, and 134 r e s u l t in g  from th e  u n d e u te ra te d , m onodeuterated  and d i 

d e u te ra te d  confounds r e s p e c t iv e ly .  Loss o f  th e  s id e  ch a in  th en  

occurs to  g ive  a benzoyl c a t io n  which appears e i t h e r  u n la b e l le d  o r 

m onodeuterated  a t  m/e = 106 and 105. In  th e  absence o f  H/D sc ram b lin g , 

the  deu terium  atom must l i e  on th e  a ro m atic  r in g ,  and t h i s  i s
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Figure 3.1 Mass spectrum of acrylophenone produced from
thermolysis of undeuterated (136)
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Figure 3 ,2  Mass s-pectrum of acrylophenone produced from 

therm olysis  of deuterated  (136)
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i n t e r e s t i n g  s in c e  i t  i s  good ev idence f o r  b e l ie v in g  th a t  th e  

mechanism f o r  th e  fo rm ation  o f  acry lophenone from th e  th e rm o ly s is  

o f  th iochrom an-4-one 1 , 1-d io x id e  must in v o lv e  th e  t r a n s f e r  o f  a 

hydrogen (o r  deu terium ) atom from a p o s i t io n  a to  th e  c a rb o n y l, to  

th e  a ro m atic  r in g  ( i . e .  mechanism’a " o f  Scheme 18). Loss o f  carbon 

monoxide from th e  benzoy l c a t io n  g iv e s  a g a in  a phenyl c a t io n ,  which 

i s  u n d e u te ra te d  o r  m onodeuterated , m/e = 77 and 78, w ith  th e  peaks 

in  more o r  l e s s  th e  same in te n s i ty  r a t i o  as f o r  th e  b en zy l c a t io n .  

Loss o f  a c e ty le n e  from th e  sym m etrical pheny l c a t io n  ta k e s  p la c e  i n 

d is c r im in a te ly  w ith  re g a rd  to  th e  p o s i t io n  o f  th e  d eu terium  is o to p e ,  

g iv in g  r i s e  to  a  d i f f e r e n t  p a t te r n  o f  i n t e n s i t i e s  around m/e = 51. 

F u r th e r  ev idence fo r  t h i s  mechanism i s  o b ta in e d  from th e  th e rm o ly s is  

o f  (1 5 8 ).

The mass s p e c tra  o f  th e  phenyl a c e ty le n e s  produced from th e  

therm o lyses o f  th e  d e u te ra te d  and u n d e u te ra te d  compounds a re  shown 

in  F ig u res  3,3 and 3 . 4 .

A part from th e  o b se rv a tio n  th a t  th e  m a te r ia l  c o n ta in s  a h igh

p ro p o r tio n  o f  u n d e u te ra te d  and m onodeuterated  compound w ith  very

l i t t l e  o f  th e  d id e u te ra te d  m o lecu le , no r e a l  in s ig h t  in to  th e

p o s i t io n  o f  th e  iso to p e  can be made, in  th e  l i g h t  o f  work re p o r te d  by 

73S a fe , who has shown th a t  th e  mass s p e c tra  o f  2H -phenylacety lene  

shows 100% H/D ran d o m isa tio n  in  th e  m o lecu lar io n , p r io r  to  th e

71



Figure 3.3 Mass spectrum of phenyl acetylene produced
from thermolysis of undeuterated (136)
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Figure 3 .4  Mass spectrum of phenyl a ce ty len e  produced 

from therm olysis  of deuterated  (136)
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e x p u ls io n  o f  an a c e ty le n e  fragm en t. A sym m etrical in te rm e d ia te  

o f  th e  type  (154) i s  proposed  to  accoun t f o r  t h i s  e f f e c t .

e
154

Exam ination o f  th e  n . m . r .  s p e c tra  o f  th e  p ro d u c ts  formed in  

th e  two th e rm o ly se s , showed a com parable resonance  f o r  th e  a c e ty le n ic  

p ro to n  a t  t  6 .93 in  bo th  c a s e s . This ten d s  to  in d ic a te  t h a t  any 

deu terium  in c o rp o ra te d  in to  th e  a c e ty le n e  i s  a t ta c h e d  to  th e  

a ro m atic  r i n g ,  and th a t  in  th e  absence o f  any re a rra n g em e n ts , th e  

carbon b e a r in g  th e  a c e ty le n ic  hydrogen was o r ig i n a l ly  th e  carbon 

in  th e  2- p o s i t io n  o f  th e  thiochrom anone su lp h o n e .

3.3 The Therm olyses o f  S u b s ti tu te d  Thiochromanone Sulphones

In  o rd e r  to  a s c e r ta in  how g e n e ra l t h i s  r e a c t io n  w as, and to  

in v e s t ig a te  t h i s  p ro c e ss  o r  a p o s s ib le  s y n th e s is  o f  o ,$ -u n s a tu ra te d  

k e to n es  as  shown in  Scheme 21 , a  number o f  s u b s t i t u te d  analogues 

were p re p a red  (1 5 5 -1 6 1 ), and t h e i r  therm olyses s tu d ie d .

Scheme  21
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r 1

Rl

Rl
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= r3  = 

= r3  = 

= r4  = 

= r 2 = 

= r3  = 

= r3  =

r 3 = H, = Me 

R  ̂ = H, RZ = Me 

H, r2 = R.4 = Me 

H, r 1 = r2 = Me 

H, R3 = R4 = Me 

R  ̂ = H, R% = Ph 

H, r2 = Ph, R"̂  = Me

The r e s u l t s  o f  th e se  therm olyses a re  shown in  Table 3.1

Table 3.1

The F la sh  Vacuum Therm olyses o f  Some S u b s t i tu te d  Thiochromanone

Sulphones

S ta r t in g  M a te r ia l Tem perature P ro d u cts

(155) 900°C a-m ethy lacry lophenone (63%)

(156) 850°C crotonophenone (65%)

(157) 850°C v a rio u s  p ro d u c ts  (se e  d is c u s s io n )

(158) 800°C v a rio u s  p ro d u c ts  (se e  d is c u s s io n )

(159) 850°C s t a r t i n g  m a te r ia l  on ly

(160) 750°C chalcone and s t a r t i n g  m a te r ia l

(161) 750°C unknown (s e e  d is c u s s io n )
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3 ,4  D iscu ssio n

The r e a c t io n  seems to  be f a i r l y  g e n e ra l f o r  m o n o su b stitu ted  

thiochrom anones a lth o u g h  o th e r  p ro d u c ts  become in c re a s in g ly  more 

im p o rtan t a s  th e  s u b s t i t u t io n  p a t te r n  in c re a s e s .

In  most o f  th e se  cases  th e  p ro d u c ts  from th e  therm o lyses 

were n o t q u ite  as sim ple  as  th o se  o b ta in e d  from th e  p a re n t  compound.

Therm olysis o f  (155) a t  900°C gave a-m ethy lacry lophenone as 

th e  on ly  p ro d u c t in  63% y ie ld  based  on consumed s t a r t i n g  m a te r ia l ,  

w hile  th e rm o ly s is  o f  (156) a t  850^C gave crotonophenone as  the  

on ly  p ro d u c t, in  65% y ie ld .  Both p ro d u c ts  were i d e n t i f i e d  by 

n .m .r . and g . l . c .  a n a ly s is .  Therm olysis o f  (157) a t  850°C however 

y ie ld e d  s ix  d i f f e r e n t  compounds as  in d ic a te d  by th e  g . l . c .  t r a c e  

o f  th e  crude re a c t io n  p ro d u c t. The two main p ro d u c ts  were an a ly sed  

by g . l . c .  mass sp ec tro m e try  and were b o th  found to  have m o lecu lar 

io n s  o f  m/e = 160 fo llow ed  by s im i la r  frag m e n ta tio n  p a t te r n s  o f  m/e 

= 145, 105, and 77. The s im i l a r i t y  o f  th e se  frag m e n ta tio n s  to  t h a t  

o f  acrylophenone d e sc rib e d  e a r l i e r ,  su g g es t t h a t  th e  compounds may 

be th e  c i s  and t r a n s  isom ers o f  2-b e n z o y l-2 -b u te n e . Some f u r th e r  

ev idence i s  o b ta in e d  from a com parison o f  th e  n .m .r .  spectrum  o f  th e  

crude p ro d u c t m ix ture  w ith  t h a t  d e sc rib e d  in  th e  l i t e r a t u r e  f o r  2-  

b en zo y l- 2 -b u te n e . Therm olysis o f  (158) a t  800°C gave fo u r  compounds 

as shown by th e  g . l . c .  t r a c e  o f  th e  crude m a te r ia l  a lth o u g h  one o f  

th e  compounds was in  la rg e  e x c e ss . The mass spectrum  o f  t h i s  band
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showed th e  m o lecu lar io n  to  be m/e = 160 w ith  frag m en ta tio n  peaks 

a t  m/e = 159, 145, 105, and 77. These frag m e n ta tio n s  coupled  w ith  

th e  n .m .r .  spectrum  o f  th e  crude m a te r ia l  su g g es t th a t  th e  compound 

i s  2 -m e th y l-3 -b en zo y l-2 -p ro p en e .

The f a c t  t h a t  (159) d id  n o t g ive  any r e a c t io n  on th e rm o ly s is  

up to  850°C ten d s  to  su p p o rt th e  proposed  mechanism fo r  th e  form

a t io n  o f  acry lophenone from th e  th e rm o ly s is  o f  (1 3 6 ) , s in c e  in  (159) 

b o th  o f  th e  3 -p o s i t io n s  a re  b lo ck ed , and th e  p o s tu la te d  hydrogen 

m ig ra tio n  canno t occur in  t h i s  c a se . Therm olysis o f  (160) a t  

750°C gave a m ix ture  c o n ta in in g  chalcone as th e  on ly  p ro d u c t, w ith  

some u n re a c te d  s t a r t i n g  m a te r ia l .  The low tem p era tu re  needed to  

e f f e c t  t h i s  r e a c t io n  p robab ly  stem s from th e  fo rm atio n  o f  a b enzy l 

r a d ic a l  a f t e r  th e  i n i t i a l  lo s s  o f  su lp h u r d io x id e . The th e rm o ly s is  

o f  (161) a t  750°C however gave th re e  compounds as  shown by g . l . c .  

a n a ly s is  a lo n g  w ith  some u n reac ted  s t a r t i n g  m a te r ia l .  Mass s p e c tro 

m etry o f  th e se  th re e  compounds showed them a l l  to  have m o lecu lar ions 

o f  m/e = 222, r e p re s e n tin g  fo rm al lo s s  o f  su lp h u r d io x id e  from th e  

s t a r t i n g  m a te r ia l .  Working by an a lo g y , th e  p o s s i b i l i t y  th a t  one 

o f  th e  compounds was e i t h e r  a o r g-m ethy lchalcone (162 and 163) was 

d isp ro v ed  by com parison o f  th e  n .m .r .  spectrum  o f  th e  crude therm o-
88s y la te  w ith  t h a t  o f  pure  3-m ethy lchalcone (s y n th e s is e d  in d ep en d en tly  ) ,  

and w ith  th e  n .m .r .  d e t a i l s  o f  a-m ethy lchalcone  d e sc r ib e d  by Fukuoka 

e t  a l .8 7
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CôHs
1 6 2 163

In  o rd e r  to  s tu d y  th e se  system s f u r t h e r ,  th e  p re p a ra t io n  

and th e rm o ly s is  o f  thiochrom an 1 ,1 -d io x id e  (1 6 4 ) , isothiochrom an*

4-one 2 ,2 -d io x id e  (165) and th e  reduced  analogue iso th ioch rom an

2, 2-d io x id e  (166) were c a r r ie d  o u t.

165

SÛ2

166164 ____ ___

Therm olysis o f  (165) a t  750°C gave 1-indanone as th e  on ly  

p ro d u c t in  81% y ie ld  w hile  th e rm o ly s is  o f  th e  reduced  analogue (166) 

a t  BOÔ C a ffo rd e d  on ly  indan  ( 88%), Both o f  th e se  p ro d u c ts  

o b v io u sly  d e riv e  from a sim ple e x tru s io n  o f  su lp h u r d io x id e  fo llow ed  

by r in g  c lo su re  o f  th e  b i r a d ic a l  produced . Therm olysis o f  (164) 

a t  850°C however y ie ld e d  a m ix tu re  c o n s is t in g  o f  s t a r t i n g  m a te r ia l  

and indene (18%) w ith  no t r a c e  o f  indan  which m ight have o ccu rred  

from sim ple e x tru s io n  o f  su lp h u r d io x id e  and r in g  c lo su re  o f  th e  

b i r a d i c a l .  This r e a c t io n  re q u ire s  th e  fo rm al lo s s  o f  H2SO2 from 

th e  m olecule and an analogy  to  t h i s  p ro c e ss  does occur in  th e  therm al 

breakdown o f  th e  co rresp o n d in g  su lp h id e  (115) in  which th e  ex p u ls io n
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72o f  an SH2 fragm ent i s  d e sc r ib e d . To check the  p o s s i b i l i t y  o f  

t h i s  p ro cess  b e in g  a s tep w ise  r e a c t io n ,  i . e .  i n i t i a l  lo s s  o f  

su lp h u r d io x id e  fo llow ed  by r in g  c lo su re  to  h igh  energy  in d a n , 

and a subsequen t lo s s  o f  hydrogen, a sample o f  indan  was therm olysed  

under th e  same c o n d it io n s , however o n ly  u n reac ted  s t a r t i n g  m a te r ia l  

was re c o v e re d .

The f a i r l y  f a c i l e  e l im in a tio n  o f  su lp h u r d io x id e  from th e  

su lphones (165) and (166) compared w ith  th e  more unusual r e a c t io n s  

o f  th e  thiochrom anone and thiochrom an s e r ie s  o f  compounds would 

seem to  su g g es t th a t  th e  s t r e n g th  o f  th e  (a ry l)C -S  bond may d e te r 

mine th e  course  o f  th e  r e a c t io n s  s in c e  t h i s  i s  a s ig n i f i c a n t  

d i f f e r in g  f a c to r  in  th e  compounds s tu d ie d .  P u b lish ed  v a lu e s  fo r  

th e  d is s o c ia t io n  e n e rg ie s  o f  some C-SO2 bonds in  a l i p h a t i c  su lphones 

has g iven  th e  fo llo w in g  v a lu es  D(CeH5-S02Me) = 73 k c a l  mol ^ , 

D(C6H5CH2-S02Me) = 48 k c a l  mol (o th e r  w orkers^^ have g iven  a 

value o f  51 .3  k c a l m ol"^) .  These c a lc u la t io n s  were done w ith  th e  

assum ption  th a t  D(CH3-S02R) -  60.6 k c a l  mol"^ independen t o f  th e  

n a tu re  o f  R. I f  th e se  v a lu es  can be ex tended  to  our exam ples th en  

i t  can be seen  th a t  in  th e  th e rm o ly s is  o f  (136) th e  w eakest C-S 

bond (and th e re fo re  th e  f i r s t  bond l i a b l e  to  b reak ) i s  t h a t  g iven  

by l i n e  A w ith  a d if f e re n c e  in  d is s o c ia t io n  e n e rg ie s  o f  th e  a r y l  

C-S and a l i c y c l i c  C-S o f  th e  o rd e r  o f  12 .4  k c a l m ol"^ .
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—  A

136

In  th e  case  o f  (165) however th e  i n i t i a l  s c is s io n  would 

be ex p ec ted  to  be t h a t  g iven  by l in e  B, g iv in g  two r e l a t i v e l y  

s ta b le  r a d i c a l s .

165

The low er tem p e ra tu res  needed to  e f f e c t  a com plete r e a c t io n  

o f  (165) and (166) as opposed to  (1 3 6 ) ,(1 5 5 -1 6 1 ) , and (164) may 

r e f l e c t  th e  low er bond d is s o c ia t io n  e n e rg ie s  o f  th e  iso m eric  

su lp h o n es . I t  can be seen  th a t  in  th e  case  o f  (1 3 6 ) , th e  d i r a d ic a l  

formed a f t e r  e lim in a tio n  o f  su lp h u r d io x id e  has th e  c a p a c ity  fo r  

hydrogen t r a n s f e r  (a s  d isc u sse d  e a r l i e r ) .  The d i r a d ic a l  d e riv e d  

from (165) however does n o t sh are  t h i s  c a p a c ity  s in c e  hydrogen 

t r a n s f e r  in  t h i s  system  in v o lv es  th e  fo rm atio n  o f  an u n favourab le  

carbene in te rm e d ia te . I t  i s  th e re fo re  p o s s ib le  t h a t  th e  r in g  

c lo su re  r e a c t io n s  o f  (165) and (166) occu r by d e f a u l t .
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3.5  Mass S p e c tra l  S tu d ie s

A com parison was made o f  th e  th e rm al breakdown o f  thiochrom anone 

su lphones w ith  t h e i r  e le c t r o n  im pact f ra g m e n ta tio n s , in  o rd e r  to  

a s c e r ta in  any s i m i l a r i t i e s  betw een th e  two p ro c e s s e s .

The mass s p e c tra  o f  some o f  th e se  m olecu les has been d e sc rib e d  

by S t i l l  e t  a l  in  com parison w ith  th e  analogous su lp h o x id es  and 

s u lp h id e s .

The m ajor frag m e n ta tio n  r e a c t io n  o f  thiochrom anone 1 ,1 -d io x id e  

(Scheme 22) i s  a r e t ro - D ie ls -A ld e r  e l im in a tio n  o f  e th y le n e  fo llow ed  

by a f a c i l e  lo s s  o f  su lp h u r d io x id e  to  y ie ld  (C7H4O)* (M/e = 104) 

as th e  base  peak . The d i r e c t  e x tru s io n  o f  su lp h u r d io x id e  from 

th e  m o lecu lar io n  i s  on ly  a very  minor p ro c e s s , le a d in g  to  a peak 

a t  m/e = 132 on ly  1.2% o f  th e  base peak . A t h i r d  (m inor) p ro cess  

i s  th e  d i r e c t  lo s s  o f  C2HttO from th e  m o lecu lar io n  to  g iv e  a peak 

a t  m/e = 152 (2% o f  th e  base  p eak ) . This io n  f u r th e r  fragm ents 

by th e  s e q u e n t ia l  lo s s  o f  two m olecules o f  CO to  g ive  a peak a t  m/e 

= 96.

The 2-m ethyl and 3-m ethyl s u b s t i tu te d  su lphones show a very  

s im i la r  breakdown. E lim in a tio n  o f  C3H0 in  a  r e t ro - D ie ls -A ld e r  

r e a c t io n  y ie ld s  m/e = 1 6 8  which lo s e s  su lp h u r d io x id e  to  a f fo rd  th e
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so

m/e= 152

I - 2 C 0

tCsH^Sl-

m / e =  96

0 n -

- C 2 H a

m / e  = 13 2

m/e= 168 

I - S0 2i

m/e =10 4

0 ;

-CO

Scheme 22
[C 6H4 ] '

m/e=76

base peak a t  m/e = 104. A new frag m e n ta tio n  ro u te  in tro d u ce d  by 

th e  p resence  o f  th e  m ethyl group i s  a  hydrogen t r a n s f e r  fo llow ed  

by th e  lo s s  o f  C3H5 , y ie ld in g  m/e = 169, which f u r th e r  fragm ents 

by lo s s  o f  OH to  g ive  m/e = 152 ,which lo s e s  two m olecu les o f  CO 

as d e sc rib e d  above to  g ive  m/e = 96, The d i r e c t  lo s s  o f  su lp h u r 

d io x id e  i s  ag a in  o f  m inor im portance g iv in g  a peak a t  m/e = 146 only  

1% o f  th e  base  peak f u r th e r  fragm en ting  by lo s s  o f  a m ethyl r a d ic a l  

to  g ive m/e = 131, lo s s  o f  CO to  g ive m/e = 1 0 3  and f i n a l l y  lo s s  o f  

C2H2 g iv in g  m/e = 77.

The mass s p e c t r a l  frag m en ta tio n  o f  th e  2 ,2 -d im e th y l analogue 

(F ig u re  3.5 and Scheme 23) i s  very  s im i la r  to  th o se  above. There
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Figure 3 .5  Mass spectrum of 2 .2-d im ethvlth iochrom an-4-one-<j , 1'- d io x id e .

100-1 104

75-

50- 169
145

25-

160

117 224

100 120 160 220140 200180

Figure 3 .6  Mass spectrum of 2 ,3-d im ethvlthiochrom an-4-one 1 ,1 ~ d io x id e .
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S c h e m e  23

m/e=160 m/e=145 CH3
m/e=117

| c 3H4

[C6H5]
m/e = 77

X H 3

k A s = o '

m/e=224 °2 C"?

. - C 4H7

—OH

-C 4HB o ,0

S02

m/e=152 

- 2  CO

[C6H4S]

m/e=96

-SO 2H

m/e=169

—S02

m/e=168

\ - s 02

• a
m/e =10 4 

-CO

K 6H41

m/e=76

m/e =105 

-CO

CC6H5J 
m /e  = 7 7
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i s  a  hydrogen t r a n s f e r  fo llow ed  by th e  lo s s  o f  C^Hy from th e  m o lecu lar 

io n , to  g ive th e  m/e = 169 io n  in  f a r  g r e a te r  abundance th an  th e  m/e 

= 168 io n  d e riv e d  from a re tro - D ie ls -A ld e r  r e a c t io n  ( t h i s  p a t te r n  

was a ls o  shown f o r  th e  3-m ethy l an a lo g u e ). Loss o f  SO2 from t h i s  

s p e c ie s  would g ive  m/e = 105 which would f u r th e r  lo s e  CO to  g ive 

m/e = 7 7 ,  a lth o u g h  p o s s ib le  lo s s  o f  SO2H from m/e = 169 to  g ive th e  

base peak a t  m/e = 104 o r  lo s s  o f  OH to  g ive m/e = 152 as  d e sc rib e d  

by S t i l l  e t  a l  canno t be d isco u n ted . No m e ta stab le  peaks were 

observed  f o r  th e se  breakdowns (shown by broken l in e s  in  th e  Scheme). 

The d i r e c t  lo s s  o f  SO2 from th e  m o lecu lar io n  i s  ag a in  a  minor p ro cess  

y ie ld in g  a peak a t  m/e = 160 on ly  12% o f  th e  base io n . This sp e c ie s  

th en  s u c c e s s iv e ly  lo s e s  CH3 to  g ive  m/e = 145 ( s u b s ta n t ia te d  by a 

m e ta s ta b le  peak a t  131 .4) fo llow ed  by lo s s  o f  CO to  g ive  m/e = 117 

( s u b s ta n t ia te d  by a m e ta s ta b le  peak a t  94 .4 ) and lo s s  o f  C3H4 to  

g ive  m/e = 77.

A th i r d  - frag m en ta tio n  mode o f  th e  m o lecu lar io n  ap pears  to  be a 

d i r e c t  lo s s  o f  [C^HgO] in  some com bina tion , to  g ive a peak a t  m/e =

152 ( t h i s  i s  s u b s ta n t ia te d  by a m e ta s ta b le  peak a t  1 0 3 .1 ) . A gain, 

as in  th e  p rev io u s  exam ple, t h i s  lo s e s  two m olecules o f  CO to  g ive 

m/e = 96.

The frag m e n ta tio n  p a t te r n  fo r  th e  3 ,3 -d im eth y l sulphane 

i s  very  s im i la r  in  a l l  th e  e s s e n t i a l  d e t a i l s .
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The mass s p e c t r a l  breakdown o f  (157) (F ig u re  3.6) i s  s im i la r  to  

th e  exam ples d e sc rib e d  above ex cep t t h a t  th e  d i r e c t  lo s s  o f  SO2 

from th e  m o lecu lar io n  seems to  be com ple te ly  su p p ressed  w ith  no 

io n  peaks a t  m/e = 160, 145, 117, o r  77. This a ls o  seems to  be 

t ru e  o f  th e  r e tro - D ie ls -A ld e r  r e a c t io n  s in c e  th e re  i s  no io n  a t  

m/e = 168. The base io n  a t  m/e = 1 6 9  co rresp o n d s to  th e  lo s s  o f  

C4H7 from th e  m o lecu lar io n  as  d e sc r ib e d  above, i . e .  hydrogen t r a n s 

f e r  fo llow ed  by e l im in a tio n . This io n  th en  fragm ents in  th e  manner 

d e sc rib e d  above y ie ld in g  io n s  a t  m/e 105 and 77 o r  i t  may p o s s ib ly  

lo s e  SO2H to  y ie ld  m/e = 104 a lth o u g h  no m e ta s ta b le  peaks were 

o b serv ab le  in  o rd e r  to  d is c r im in a te  betw een th e  p o s s ib le  pathw ays. 

Loss o f  Cî HgO from th e  m o lecu lar io n  would g ive  m/e = 1 5 2  which 

would f u r th e r  fragm ent by th e  lo s s  o f  two m olecu les o f  CO to  g ive 

m/e = 9 6 ,  t h i s  l a t t e r  s te p  hav ing  been d e sc rib e d  by S t i l l  e t  a l .^ ^

The s t a b i l i t y  o f  (164) i s  r e f l e c te d  in  i t s  mass spectrum  F igure  

3.7) in  which th e  base peak i s  th e  m o lecu lar io n . The p o s s ib le  d i r e c t  

e x tru s io n  o f  SO2 to  g ive a peak a t  m/e = 118 i s  ag a in  su p p ressed  

a lth o u g h  th e  lo s s  o f  H2SO2 in  an analogous manner to  th e  th erm al 

breakdown to  g ive a peak a t  m/e = 116 i s  a  p o s s ib le  p ro c e s s . Loss 

o f  C2H2 from t h i s  fragm ent would y ie ld  m/e = 90. The io n  a t  m/e =

165 p o s s ib ly  a r i s e s  from lo s s  o f  OH and a f u r th e r  lo s s  o f  C2H4 from 

t h i s  fragm ent g iv es  a peak a t  m/e = 137 -  t h i s  t r a n s i t i o n  i s  sub

s t a n t i a t e d  by a m e ta s ta b le  peak a t  m/e = 1 1 3 .7 . A d i r e c t  lo s s  o f  

C2H5O from th e  m o lecu lar ion  cou ld  a ls o  make up some o f  th e  i n te n s i ty
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Figure 3*7 Mass spectrum of thiochroman 1,1—dioxide
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Figure 3 .8  Mass srectrum of isothiochroman 2 ,2 -d io x id e
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o f th e  m/e = 137 peak -  a  m e ta s ta b le  io n  a t  103.1  su p p o rts  t h i s  

p ro p o s i t io n .  Loss o f  SO from m/e = 155 to  give m/e = 117 i s  a ls o  

a  p o s s ib le  frag m e n ta tio n  a lth o u g h  th e re  i s  no m e ta s ta b le  io n  to  

confirm  t h i s  p ro c e ss . Loss o f  C2H2 from t h i s  sp e c ie s  would g ive 

m/e = 91.

76For (165) th e  m ajor frag m en ta tio n  pathway i s  th e  e lim in a tio n  

o f  SO 2 to  y ie ld  th e  base  io n  a t  m/e = 132. This su b seq u en tly  

fragm ents by lo s s  o f  H, CO o r  C^H^. The second frag m en ta tio n  pathway 

i s  th e  r e tro - D ie ls -A ld e r  e lim in a tio n  o f  CH2=S02 to  g ive  m/e = 118.

For th e  reduced  analogue (166) th e  m ajor frag m en ta tio n  (Scheme 24&Fig.3^) 

seems to  be th e  lo s s  o f  SO2H from th e  m o lecu lar io n  to  g ive a  peak 

a t  m/e = 117. T his i s  c o rro b o ra te d  by a m e ta s tab le  io n  o c c u rrin g  

a t  m/e = 75 .3 2 . The m inor frag m en ta tio n  ro u te  i s  lo s s  o f  SO2 to  g ive 

an M-64 peak a t  m/e = 118 which may th en  lo se  H to  g ive m/e = 117, 

( iso b a ric  w ith  th e  d i r e c t  lo s s  o f  SO^Hlor lo se  CH3 to  y ie ld  m/e = 103. 

The io n  a t  m/e = 117 can th e n  fragm ent by lo s s  o f  H2 to  g ive m/e =

115 (ev id en ce  fo r  th i s  p ro c e ss  i s  g iven  by a m e ta s ta b le  ion  a t  m/e 

= 1 1 3 .0 ) , o r  i t  may lo s e  C2H2 to  y ie ld  m/e = 91 (a  m e ta s ta b le  ion  

a t  m/e = 70.77 su p p o rts  t h i s ) .  There i s  no M-78 peak a t  m/e = 104 

in d ic a t in g  th a t  th e re  i s  no re tro -D ie ls -A ld e r  r e a c t io n  ta k in g  p la c e .

The m ajor tre n d  in  frag m en ta tio n  o f  thiochrom anone su lphones 

o f  th e  type d e sc rib e d  above seems to  be a re tro -D ie ls -A ld e r  r e a c t io n .
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-SÛ2
^ CeHy 

m/e=103
SO2

m/e=182 m/e=118

-H

m/e=117

C9H7
m/e=115CH2 Scheme 24

a lth o u g h  in c re a s in g  s u b s t i t u t io n  ten d s  to  em phasise th e  a l t e r n a t iv e  

hydrogen t r a n s f e r  e lim in a tio n  r e a c t io n .  In  c o n t r a s t ,  th e  d i r e c t  

e l im in a tio n  o f  su lp h u r d io x id e  occu rs  to  on ly  a  minor e x te n t  com

pared  w ith  th e  iso th iochrom an  and iso th iochrom anone examples quo ted  

above. The rea so n  g iven  fo r  t h i s  i s  t h a t  in  th e  iso m eric  su lp h o n es , 

th e  r e tro - D ie ls -A ld e r  r e a c t io n  in v o lv es  th e  e x p u ls io n  o f  su lphene 

CH2=S02 as  a n e u t r a l  sp e c ie s  which i s  ex p ec ted  to  be l e s s  s ta b le

therm ochem ically  th an  th e  o le f in s  d e riv e d  from th e  thiochrom anone

-, u 76 su lp h o n es .

There does n o t seem to  be much c o r r e la t io n  betw een th e  

th e rm a l and e le c t ro n  im pact breakdowns o f  th e se  compounds. None o f  

th e  th e rm o ly s is  p ro d u c ts  o f  th e se  su lphones r e s u l t  from r e t r o -  

D ie ls -A ld e r r e a c t io n s  a lth o u g h  th e  r e l a t i v e  ease  w ith  which su lp h u r 

d io x id e  i s  l o s t  from th e  m olecule i s  p a r t i a l l y  r e f l e c t e d  in  th e  

in te n s i ty  o f  th e  (M-64) peaks in  th e  mass s p e c t r a .
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CHAPTER FOUR

THE FLASH VACUUM THERMOLYSES OF SOME SUBSTITUTED y-SULTINES

4 .1  In tro d u c tio n

Therm olysis s tu d ie s  have a ls o  been c a r r ie d  o u t on v a rio u s

y - s u l t in e s  o f  g e n e ra l form ula (167) where n = 1 . These compounds

were k in d ly  su p p lie d  from th e  la b o ra to ry  o f  P ro fe s s o r  T. D urst

89a t  th e  U n iv e rs ity  o f  O ttaw a. H is n o v e l s y n th e s is  o f  s u l t in e s  has 

enab led  th e  p re p a ra t io n  o f  many h i th e r to  unknown g , y , and 6 

s u l t i n e s .

B r ie f ly ,  h is  method c o n s is ts  o f  ta k in g  a ^Bu h ydroxyalky l 

su lphox ide  and c y c l i s in g  from th e  su lp h u r atom to  th e  hydro^qr oxygen 

by s t i r r i n g  w ith  an e q u iv a le n t amount o f  su lp h u ry 1 c h lo r id e  o r  N- 

ch lo ro su cc in im id e  a t  low te m p e ra tu re s . To o b ta in  a  y - s u l t i n e ,  a  y -  

hydrojQT su lphox ide  i s  needed.

R NCS or SOoCl,
tBu-S-CH2-(CH2)riCH20H ------------------ f

J
0

n =1 
=2 R

\
R

1 6 7

\
I

/
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The e x tru s io n  o f  su lp h u r d io x id e  from s u l t in e s  has been

90p re v io u s ly  d e sc r ib e d . D urst and Gimbarzevsky have d e sc rib e d  

th e  p re p a ra t io n  o f  a s ta b le  g - s u l t in e  (1 6 8 ) , u s in g  th e  same method 

as d e sc rib e d  above.

The m a te r ia l  was i s o la te d  as a  w hite  c r y s t a l l i n e  s o l i d ,  w hich, 

in  s o lu t io n  a t  30°C, had a h a l f  l i f e  o f  abou t 24 h o u rs , decomposing 

to  g ive  1 , 1- d ip h e n y l-2 , 2-d im eth y l e th y le n e .

OH SO2CI2

C6H5 
C6H5

C H r^

C6H5, C6H5

30°C

— SO2

\

/

/

\
CH3 CH3

168

The p ro cess  was d e sc rib e d  as a  co n ce rte d  c is  e l im in a tio n  

s in c e  2 ,3 -d ip h e n y l o x a th ie ta n  2-ox ide (169) o f  a known s te re o c h e m is try

was observed  to  e lim in a te  su lp h u r d io x id e  to  a f fo rd  c is  s t i lb e n e
, 91o n ly .

Loss o f  su lp h u r d io x id e  has a ls o  been observed  on p h o to ly s is  
92o f  some y - s u l t i n e s ,  a lth o u g h  t h i s  only  o ccu rred  where th e  m olecules 

co n ta in ed  a chromophore in  th e  form o f  an a r y l  group , and in d eed , 

where th e  a r y l  group was a to  th e  o j^gen  atom.
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2) [0]
C6H5

H C6H5

/
— SO2

\
H C6H5

tBu-S—

— üH

SO2CI2

H

—  L*C6Hs

V /C 6H5
H

169

I r r a d i a t io n  o f  5 -p h e n y l- l ,2 -o x a th io la n e -2 -o x id e  (170) g iv es  

phenyl^cyclopropane ( in  95% y i e l d ) ,  s im i la r ly  5-p h en y l-3 -m eth y l

1 ,2 -o x a th io la n e  2-oxide (1 7 1 ) , g iv es  l-p h en y l-2 -m eth y l_ cy c lo p ro p an e , 

whereas 4 -p h e n y l-1 ,2 -o x a th io la n e  2 -oxide (172) i s  reco v ered  unchanged,

170

C6H5
95%

171

h))
(98%)

0

J
C6H5

172

hi)
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3 -P h e n y l- l ,2 -o x a th io la n e -2 -o x id e  (173) has been therm olysed
93 ^in  th e se  l a b o r a to r ie s  by H a ll . T herm olysis o f  (173) a t  600°C

g iv es  pure  phenyl cyclopropane in  q u a n t i ta t iv e  y ie ld  w h i ls t  a t  750®C 

a m ix tu re  o f  a l l y l  benzene (50%), c is  and t r a n s  $-m ethy l s ty re n e  

(45%) and phenyl cyclopropane ( t r a c e  amounts) i s  g iv en .

173

In  ou r ex p erim en ts , th e  s u l t in e s  were therm olysed  u s in g  th e  

a p p a ra tu s  d e sc r ib e d  in  C hap ter One, and th e  p ro d u c ts  were an a ly sed  

by gas l iq u id  chrom atography and n .m .r .  sp ec tro sco p y  by com parison 

w ith  known m a te r ia ls  o r  p u b lish e d  s p e c t r a .

The th e rm o ly s is  p ro d u c ts  o b ta in e d  in  ou r experim ents were 

found to  d i f f e r  in  some c a s e s , w ith  a change in  te m p e ra tu re . In  

a l l  c a se s  th e  p e rcen tag es  o f  th e  components o f  a p ro d u c t m ixture 

were determ ined  from th e  in te g r a t io n  v a lu es  o f  a 100 MHz n .m .r .  

spectrum , tak en  o f  th e  p ro d u c t m ix tu re , and th e re fo re  cannot be 

c o n s id e re d  to  be more a c c u ra te  th an  ±2%.
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4 .2  R esu lts

The th e rm o ly s is  p ro d u c ts  o f  4-m ethyl 1 ,2 -o x a th io la n e  2 -oxide 

(174) a t  v a r io u s  tem p e ra tu res  a re  shown in  Table 4 .1 .

II
0

1 7 4

Table 4 .1

Therm olysis o f  4 -m ethyl 1 ,2 -o x a th io la n e  2-ox ide  (174)

P roduct Furnace Tem perature

650°C 700°C 750°C

S ta r t in g  m a te r ia l  87 70

Iso b u ty le n e  13 30 62

M ethylcyclopropane -  -  37

Iso b u ty le n e  was i d e n t i f i e d  by com parison w ith  th e  n .m .r . 

spectrum  o f  a pure  sample o b ta in e d  from th e  Matheson Gas Co.

M ethyl^cyclopropane was id e n t i f i e d  by com paring th e  n .m .r .

spectrum  w ith  t h a t  o f  a pure sairp le  o b ta in e d  by d eh a lo g en a tio n  o f

94l,3 -d ib ro m o -2 -m e th y l propane w ith  z in c .
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Therm olysis o f  4 -p h e n y l-1 , 2 -o x a th io la n e  2-ox ide (172)

C6H5

No p ro d u c ts  were g iven  below 750 C. At 750 C a m ix ture  o f  

s t a r t i n g  m a te r ia l  and a -m ethy l s ty re n e  was g iv en . I t  was im p ossib le  

to  determ ine th e  r e l a t i v e  amounts o f  th e se  m a te r ia ls  based  on th e  

n .m .r .  in te g r a t io n  v a lu e s , s in c e  many o f  th e  s t a r t i n g  m a te r ia l  and 

p ro d u c t peaks o v e rlap p ed . a-M ethyl s ty re n e  was i d e n t i f i e d  as a 

p ro d u c t by com parison w ith  a p u b lish e d  n .m .r .  spectrum .

170

Table 4 .2

T herm olysis o f  5-p h en y l 1 ,2 -o x a th io la n e  2-ox ide (1 7 0 ) 

P roduct Furnace Tem perature

550° 600° 650° 750® 850®

S ta r t in g  m a te r ia l 84 62 24 - -

P henylcyclopropane 15 37 75 100 36

C is / t r a n s  g -m eth y ls ty ren e - - - - 37

A lly lbenzene - - - - 27
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Phenyl cy c lo p ro p an e , c i s  and t r a n s  g -m eth y ls ty ren e  and 

a lly lb e n z e n e  were a l l  i d e n t i f i e d  by com parison w ith  a u th e n t ic  n .m .r, 

s p e c tr a .

CH3

175

Table 4 .3

T herm olysis o f  5-m ethyl 1 ,2 -o x a th io la n e  2-ox ide (175) 

P roduct Furnace Tem perature

650®C 700®C 750'

S ta r t in g  m a te r ia l 100 / -

Ac e taldehyde - / 17

C is / t r a n s  b u t-2 -e n e - / 35

M ethylcyclopropane - / 45

/  in d ic a te s  m a te r ia l  p re s e n t 

Some w hite  po lym eric  su b stan ce  was given  a t  700®C and 750°C

a ls o .

In  th e  p ro d u c t m ix ture  g iven  by th e rm o ly s is  a t  750°C, i t  was 

im p o ssib le  to  a s c e r ta in  th e  r e l a t i v e  p e rc en ta g e s  o f  com ponents, because 

th e  m ethyl reso nances o f  th e  s t a r t i n g  m a te r ia l  and th e  o le f in i e  

p ro d u c ts , were to o  c lo se  to  be a c c u ra te ly  in te g r a te d .  The p ro d u c ts
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were a l l  i d e n t i f i e d  e i t h e r  by com parison w ith  s ta n d a rd  sam ples, o r 

w ith  s ta n d a rd  n .m .r .  s p e c tr a .  The po lym eric  m a te r ia l  g iven  a t  700° 

and 750°C may be th e  r e s u l t  o f  p a r t i a l  p o ly m e risa tio n  o f  th e  a ld e 

hyde under th e  r e a c t io n  c o n d itio n s .

5-P h en y l-5 -m ethy l 1 ,2 -o x a th io la n e  2-ox ide (17 6)

0 176

Therm olysis o f  (176) a t  750°C gave 1 -p h en y l-l-m eth y l^cy c lo p ro p an e

only  -  t h i s  was i d e n t i f i e d  by com parison w ith  th e  n .m .r .  spectrum
31o b ta in e d  by G ib e rt e t  a l .

3 -P h e n y l-2 ,1 -b e n z o x a th io l- l-o x id e  (177)

0

750°C

177

No s t a r t i n g  m a te r ia l  was reco v ered  from th e  th e rm o ly s is  o f  (177) 

a t  750°C w ith  th e  on ly  id e n t i f i a b l e  p ro d u c t b e in g  f lu o re n e ,  which
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was confirm ed by n .m .r .  and g . l . c .  com parison w ith  a s ta n d a rd  

sam ple. There was a much g r e a te r  in te g r a t io n  va lue  fo r  th e  a rom atic  

s ig n a l  th an  was a llow ed  fo r  by th e  in te g r a t io n  o f  th e  b e n z y lic  s ig n a l  

and i t  i s  assumed th a t  any o th e r  p ro d u c ts  g iven  would p ro b ab ly  be 

p o ly -a ro m a tic  compounds, and would th e re fo re  have a very  lo n g  r e t e n t 

ion  tim e on a g . l . c .  a p p a ra tu s .

4 .3  D iscu ssio n

P o ss ib le  mechanisms f o r  th e  fo rm atio n  o f  th e  p ro d u c ts  a re

f a i r l y  s im p le . In  g e n e ra l i t  i s  n o t th o u g h t t h a t  e x tru s io n  o f

su lp h u r d io x id e  from y o r  6- s u l t i n e s  i s  c o n c e rte d , as  i t  i s  f o r

3- s u l t i n e s ,  s in c e  d eca rb o x y la tio n  o f  th e  s t r u c t u r a l l y  s im i la r  y -

95la c to n e s  has been shown to  in v o lv e  r a d ic a l  in te rm e d ia te s  and 

i r r a d i a t i o n  o f  th e  ô - s u l t in e s  (178) r a p id ly  a f fo rd s  th e  u n sa tu ra te d  

su lp h en ic  a c id  (179) id e n t i f i e d  as th e  m ethyl sulphone ^^(180),

C6H5CH=CH(CH2)2S02H

Q /  V79
y  hî>, 0 

■S
koh/
CH3I

178
C6H5CH=CH(CH2)2S02CH3

180

A two s te p  mechanism i s  th e re fo re  p o s tu la te d ,  where th e  

i n i t i a l  s te p  i s  c leavage  o f  th e  carbon-oxygen bond, th e  d i r a d ic a l  

thus formed (1 8 1 ), can lo s e  su lp h u r d io x id e  to  g ive th e  d i r a d ic a l
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(1 8 2 ) , from which th e  p ro d u c ts  may be d e r iv e d .

0
u

Ri y R z

S02

0

181 182

The mechanism f o r  th e  fo rm atio n  o f  iso b u ty le n e  and phenyl* 

cyclopropane from th e  th e rm o ly s is  o f  (174) can be p o s tu la te d  as 

shown in  Scheme 2 5.

b >*

1 8 4 185

183

Scheme 25

The fo rm atio n  o f  iso b u ty le n e  a lo n e  a t  low er tem p era tu res  stem s 

from th e  rearrangem en t o f  d i r a d ic a l  (184) to  i t s  more s ta b le  isom er 

(185) which can th en  co l l apse  to  g ive is o b u ty le n e . At h ig h e r
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tem p era tu res  th e re  i s  a  g r e a te r  p reponderance o f  th e  h ig h e r  energy 

form (184) which can undergo in tra m o le c u la r  r in g  c lo su re  to  g ive 

th e  observed  cyclop ropane .

The th e rm o ly s is  o f  (172) gave a -m ethy l s ty re n e  as th e  only  

observed  p ro d u c t (Scheme 2 6 ) ,  presum ably th e  d i r a d ic a l  (136) re a rra n g e s  

t o t a l l y  to  th e  more s ta b le  form (187) which in v o lv es  a  b en zy l 

r a d ic a l  and th e re fo re  acco u n ts  f o r  th e  absence o f  phenyl cyclop ropane .

Ç6H5 U H s

186 187 \
/ --------

Scheme 26 CH3

I t  shou ld  be n o ted  th a t  a h ig h e r  tem p era tu re  was needed (a s  

compared w ith  (1 7 4 ) ) ,  b e fo re  any p ro d u c ts  were g iv en , and th a t  in  

(174) r in g  c lo su re  o f  th e  u n rea rran g ed  d i r a d ic a l  (184) became more 

im p o rtan t as th e  tem p era tu re  in c re a s e d . This may w e ll happen in  th e  

case o f  (172) a l s o ,  a lth o u g h  n o t enough m a te r ia l  was a v a i la b le  fo r  

c lo s e r  s tu d y . The th e rm o ly s is  o f  (170) can be env isaged  as  shown in  

Scheme 2 7,
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rCôHs H /CaHS /

188 1_89
0

6^5

190

l
CH

Scheme 27

Ĉ HS V C6H5 ------
, ______ /  ; 6 " 5

/
CH3

The d i r a d ic a l  ( 1 8 8 )  may e i t h e r  c lo se  to  g iv e  phenylcyclopropane 

o r ,  a t  h ig h e r  te m p e ra tu re s , re a rra n g e  to  give ( 1 8 9 )  which could  col lapse  

to  g ive th e  iso m eric  s ty re n e s ,  o r  re a rra n g e  to  ( 1 9 0 ) ,  th e  

l e a s t  s ta b le  form , which would y ie ld  a l ly lb e n z e n e . S ig n i f ic a n t ly  

t h i s  p ro d u c t was on ly  observed  a t  h ig h  te m p e ra tu re s . I t  shou ld  be 

noted th a t  p ro d u c ts  o f  any k in d  commence to  ap p ear a t  low er tem p era tu res  

compared w ith  th e  two p re v io u s ly  d isc u sse d  exam ples. This r e f l e c t s  

th e  ease  o f  fo rm ation  o f  th e  i n i t i a l  d i r a d ic a l  ( 1 8 8 ) .

The compounds d e riv e d  from th e  th e rm o ly s is  o f  (175) a re  i n t e r e s t 

ing  because we a re  faced  w ith  th e  fo rm al lo s s  o f  su lp h u r monoxide, 

to  d e riv e  one o f  th e  p ro d u c ts . Examples o f  th e  th e rm o ly tic  e l im in a tio n
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o f  su lp h u r monoxide a re  known»although t h i s  i s  n o t a  common p ro c e s s ,  

e .g .  th e  th e rm al breakdown o f  d ibenzo th iophene 1 , 1-d io x id e  (page 6} , 

and in  th e  th e rm al breakdown o f  su lphene in te rm e d ia te s  on f la s h  

th e rm o ly s is  a t  tem p e ra tu res  o f  700-800°C. T hirane su lp h o x id es

(191) a ls o  e lim in a te  su lp h u r monoxide on vacuum th e rm o ly s is . 98

780®C

0.01 -0 .1  mm.Hg
+  so

191

The in te n s e  re d  c o lo u r  o f  su lp h u r monoxide i s  u s u a lly  observed  

in  th o se  case s  where th e  gas can be condensed on to  a co ld  s u r f a c e ,  

a lth o u g h  t h i s  was n o t seen  in  our experim en t.

The fo rm ation  o f  a ce ta ld eh y d e  im p lie s  t h a t  to  some e x te n t  

a t  l e a s t ,  th e  i n i t i a l  breakdown o f  th e  s t a r t i n g  m a te r ia l  i s  n o t 

c leavage  o f  th e  carbon-oxygen bond, b u t may be c leavage  o f  th e  oxygen- 

su lp h u r bond o r  c a rb o n -su lp h u r bond (Scheme20) to  g ive  e i t h e r  (192) 

o r  (1 9 3 ).

II
0

192

0

- o

CH3

175 193

Scheme 28
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Of th e se  two p ro c e s s e s , th e  fo rm atio n  o f  (192) i s  p robab ly  

to  be p r e f e r r e d .  In  any e v e n t, lo s s  o f  su lp h u r monoxide from 

e i t h e r  s p e c ie s  would g ive  (194) which cou ld  g ive  ace ta ld eh y d e  as 

shown.

CH3

194

An i n t e r e s t i n g  a l t e r n a t iv e  to  th e se  p ro c e sses  i s  t h a t  th e  

fo rm atio n  o f  a ce ta ld eh y d e  may be th e  consequence o f  an e le c t r o c y c l ic  

p ro c e ss  as shown below .

^C H 3

+ Y
CH3 

+  SO

No t r a c e  o f  e th y le n e  was seen in  th e  n .m .r .  spectrum  o f  th e  

p ro d u c t, b u t i t  i s  u n lik e ly  t h a t  any would have been tra p p e d , under 

th e  c o n d itio n s  o f  th e  exp erim en t. The o th e r  p ro d u c ts  a re  q u ite  

sim ply ex p la in ed  as  b e fo re .

The th e rm o ly s is  o f  th e  b en z-fu sed  s u l t in e  (177) to  g ive 

f lu o re n e  can be d e sc r ib e d  as in  Scheme 2 9.
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177

Scheme 29

As th e  th e rm o ly s is  o f  (177) p roceed ed , a v iv id  re d  co lo u r 

was n o tic e d  on th e  su rfa c e  o f  th e  co ld  f in g e r  w hich, on warming, 

d isap p e a re d . T his c o lo u r  cou ld  be due e i t h e r  to  th e  tra p p e d  b i 

r a d ic a l  in te rm e d ia te  a t  low te m p e ra tu re , o r  to  th e  p resen ce  o f  

su lp h u r monoxide as an e lim in a tio n  p ro d u c t. I f  th e  l a t t e r  reason  

i s  th e  case  th en  we must c o n s id e r  (195) as  a  p o s s ib le  b i r a d ic a l  

in te rm e d ia te  in  th e  r e a c t io n  scheme.

1 95 196

1 97
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P o ss ib le  p ro d u c ts  d e riv e d  from (195) cou ld  be benzophenone 

formed from rea rran g em en t to  (196) fo llow ed  by collapse , o r

2 -p h eny lbenzo [b ]oxetan  (197) formed by sim ple r in g  c lo s u r e .  However, 

none o f  th e se  p ro d u c ts  were d e te c te d  e i t h e r  by g . l . c .  ( a g a in s t  a 

s ta n d a rd  sample o f  benzophenone), o r  n .m .r .  sp ec tro sco p y .

A sample o f  (177) was a ls o  p h o to ly sed  a t  253 nm in  a b so lu te  

m ethanol to  see  i f  a  c le a n e r  p ro d u c t cou ld  be o b ta in e d . The n .m .r .  

spectrum  o f  th e  r e s u l t in g  brown o i l  g iven  was s im i la r  to  th a t  

o b ta in e d  from th e  th e rm o ly s is . The g . l . c .  t r a c e  reco rd ed  under 

th e  same c o n d itio n s  a s  f o r  th e  th e rm o ly s is  p ro d u c ts  showed th re e  

p ro d u c ts  which were f a i r l y  v o l a t i l e ,  one o f  them c o in c id in g  w ith  

th e  peak a s c r ib e d  to  f lu o re n e  from th e  th e rm o ly s is . These peaks 

were s e p a ra te d  and p assed  in to  th e  in p u t o f  a mass s p e c tro iæ te r .

The f i r s t  peak which was r e l a t i v e l y  m inor, gave a m o lecu lar ion  

a t  m/e = 168. This co rresponds to  th e  m o lecu lar form ula C12H8O, 

and may in d ic a te  th e  p re sen ce  o f  d ib en zo fu ran . The second peak gave 

a  m o lecu lar io n  a t  m/e = 198, which co rresponds to  th e  m o lecu lar 

form ulae CigHigS o r  C14H14O. The th i r d  peak (which co in c id ed  w ith  

t h a t  g iven  by th e  th e rm o ly s is  t r a c e )  gave a  m o lecu lar io n  a t  m/e = 

166, co rre sp o n d in g  to  th e  form ula C13H1Q. This in d ic a te s  th e  

p ro b ab le  p resen ce  o f  f lu o re n e  in  th e  p ro d u c t m ix tu re .

The p h o to ly s is  o f  (177) has r e c e n t ly  been d e sc rib e d  by 

D urst e t  a l^^  to  g ive  two id e n t i f i a b le  m a te r ia l s ,  f lu o re n e  and d i -
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phenylm ethyl e th e r  (1 9 8 ). The proposed  mechanism i s  shown in  

Scheme 30.

/?

12£a

198

253 nm

199

I - SÛ2

200

0
I I

177b

Scheme 30

The i n i t i a l  d i r a d ic a l  formed (199) can r in g  c lo se  to  g ive 

s t a r t i n g  m a te r ia l  o r  i t s  isom er (177b), o r  i t  may lo se  su lp h u r 

d io x id e  to  g ive  th e  d i r a d ic a l  (2 0 0 ). The p resen ce  o f  (198) in  th e  

p ro d u c t m ix tu re  im p lied  th e  in te rm ed iacy  o f  d ip h e n y lc a rb e n e .

The th e rm o ly s is  o f  2 , l ,b e n z o x a th io le ,1 -o x id e  (2 0 1 ) , has a ls o  

been s tu d ie d .  In  t h i s  case we had hoped th a t  lo s s  o f  su lp h u r d io x id e
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would give th e  d i r a d ic a l  ( 202) ,  which has been d e sc rib e d  p re v io u s ly  by

201

0
202 203

99Hedaya e t  a l  as an in te rm e d ia te  from th e  f la s h  vacuum th e rm o ly s is  

o f  1 ,2 -in d an d io n e  (2 0 3 ) . Therm olysis o f  (203) g iv es  a  m ix tu re  o f  

benzocyclobu tanone, benzocyclopropane, fu lv e n a lle n e , and e th y n y l-  

cy c lo p en tad ien e  in  v a rio u s  r a t i o s ,  depending on th e  tem p era tu re  o f  

the  fu rn ace  -  th e  h ig h e r  th e  te m p e ra tu re , th e  g r e a te r  th e  p ro p o r tio n  

o f  fu lv e n a lle n e . The th e rm o ly s is  o f  th e  carbon analogue o f  (2 0 1 ) , 

p h th a lid e  (2 0 4 ) , has a ls o  been d e sc r ib e d , by Wiersum and Nieuwen- 

h u is .^ ^ ^  T herm olysis o f  (204) a t  700-750°C g iv es  a  l i q iu d  c o n ta in in g  

fu lv e n a lle n e  w ith  up to  40% benzene a l s o ,  th e  mechanism b e in g  r e 

p re sen te d  in  Scheme 31.

S ch em e 31

C Z Z I C H 2
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In  t h i s  case  th e  th e rm a l breakdown (p a th  a ) d id  n o t p a r a l l e l  th e  

p rim ary  frag m en ta tio n  observed  in  th e  mass sp e c tro m e te r , which 

was i n i t i a l  lo s s  o f  a  CH2O fragm ent (p a th  b ) ,  . ^

U n fo rtu n a te ly  ou r th e rm o ly ses  d id  n o t g ive  such a c lean  r e a c t io n .  

Therm olysis o f  (201) below 700°C gave a reco v ery  o f  s t a r t i n g  m a te r ia l ,  

w h ile  a t  750°C a m ix tu re  o f  s t a r t i n g  m a te r ia l  a s  w e ll as  a  sp read in g  

o f  th e  a ro m atic  re so n a n c e s , and a s in g le  resonance  a t  x 5 .31  was 

ob serv ed . This d id  n o t f i t  any o f  th e  p ro d u c ts  d e r iv e d  from th e
g

th e rm o ly s is  o f  (2 0 3 ). Thin la y e r  chrom atography on s i l i c a  u s in g  

e th e r  as  th e  d evelop ing  s o lv e n t showed a t  l e a s t  s ix  compounds p re s e n t .  

An a tte m p t to  t r a p  o u t any p o s s ib le  in te rm e d ia te s  on th e  co ld  su rfa c e  

u s in g  a m ethanol "sandw ich" and th e rm o ly sin g  a t  850°C d id  n o t g ive 

any i d e n t i f i a b l e  p ro d u c ts .

I r r a d i a t i o n  o f  (201) a t  253 nm in  a b so lu te  m ethanol gave a 

brown o i l  a f t e r  18 h r s .  There was s t i l l  some s t a r t i n g  m a te r ia l  a f t e r  

t h i s  tim e how ever, p ro d u c ts  were in d e te rm in a b le . A r e p e t i t i o n  o f  

t h i s  experim en t by D urst e t  al^ has a ls o  f a i l e d  to  g iv e  any id e n t i f i a b le  

p ro d u c ts  a f t e r  i r r a d i a t i o n  fo r  48 h r .
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4 . 4  M a ss  S p e c t r a l  S t u d i e s

The mass s p e c t r a l  breakdown o f  some y - s u l t in e s  has been s tu d ie d  

92by Sharma. In  g e n e ra l th e  p ro c e sse s  ta k in g  p la c e  a re  q u ite  s im p le , 

th e  g e n es is  o f  each peak b e in g  w e ll u n d e rs to o d . The breakdown o f  1 ,2- 

o x a th io la n e  -2 -o x id e  (205) i s  summarised in  Scheme 32.

- S 0 2
C3H6 —  

m/e = 42(100)
-e"

+  •

205

Scheme

so "
m/e = 48

C3 H5

The spectrum  shows on ly  f iv e  peaks a t  m/e = 106, 78, 48 , 42 , and 41. 

Loss o f  su lp h u r d io x id e  g iv es  r i s e  to  th e  base  peak a t  m/e = 42

from which H* can be e x p e lle d  to  g iv e  C3H5* a t  m/e = 41. 

E lim in a tio n  o f  e th y le n e  to  form CH2SO2* a t  m/e = 78 can tak e  p la c e  

w ith  a f u r th e r  lo s s  o f  CH2O to  le av e  SO"** a t  m/e = 4 8 .  An a l t e r 

n a tiv e  frag m en ta tio n  to  g ive th e  m/e = 41 peak may be a  d i r e c t  lo s s  

o f  SO2H from th e  m o lecu lar io n , however no m e ta s ta b le  io n s  were 

a p p a ren t in  th e  mass spectrum  which m ight have a llow ed  c o rro b o ra tio n . 

The mass s p e c t r a l  frag m en ta tio n s  observed  f o r  th e  two iso m eric
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monomethyl y - s u l t in e s  (174) and (17 5) a re  shown in  Table 4 .4 .

The frag m e n ta tio n  o f  th e se  s u l t in e s  can be e x p la in e d  u s in g  th e  

g e n e ra l is e d  pathway as  shown f o r  th e  u n s u b s t i tu te d  p a re n t compound 

above. Loss o f  e th y le n e  from th e  m olecule was a g a in  observed  

to  g iv e  m/e = 92. The s ig n i f i c a n t  m/e = 91 peak was p ro b ab ly  due 

to  lo s s  o f  H* from 92. These frag m e n ta tio n s  were e a s i ly  r a t io n a l i s e d  

fo r  th e  5-m ethy l isom er (175) b u t i t  was su g g es ted  th a t  in  (1 7 4 ) , 

a p r io r  r e o rg a n is a t io n  o f  th e  carbon s k e le to n  must h av e  o c cu rred .

The mass s p e c tra  f o r  th e  4 -pheny l d e r iv a t iv e  (172) and th a t  

o f  th e  5-p h en y l d e r iv a t iv e  (170) a re  d e ta i l e d  in  Table 4 .5 .  In  each 

case th e  (M-65) fragm ent co rre sp o n d in g  to  lo s s  o f  su lp h u r d io x id e , 

fo llow ed  by lo s s  o f  H *, was th e  base p eak . Loss o f  e th y le n e , as  

fo r  th e  p re v io u s  examples was su p p re ssed , presum ably in  th e  case  

o f  (17 0) th e  weakening o f  th e  C5-O bond, due to  th e  p resence  o f  th e  

phenyl group made th e  (M-65) frag m en ta tio n  f a c i l e ,  w h ils t  in  th e  

case o f  (172) lo s s  o f  e th y le n e  would in v o lv e  a  rea rran g em en t.

The mass spectrum  o f  th e  benzofused  s u l t i n e  (177) was

rem arkably  sim ple  as  th e re  were on ly  fo u r  peaks in  th e  spectrum .

The base  io n  was th e  (M-65) peak a t  m/e = 165 co rre sp o n d in g  to  lo s s

o f  su lp h u r d io x id e  fo llow ed  by *H, b u t t h i s  peak was on ly  j u s t  l a r g e r

than  th e  (M-64) peak a t  m/e = 166. There was no (M-48) peak a t  m/e

= 182 co rre sp o n d in g  to  th e  lo s s  o f  su lp h u r m onoxide. The o th e r  peak
^ •

was a t  m/e = 77 co rresp o n d in g  to  CgHg

The mass spectrum  o f  th e  benzofused  s u l t in e  (201) was a ls o
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f a i r l y  sim ple (F igure  4 .1 ) .  The s t a b i l i t y  o f th i s  m olecule i s  

r e f le c te d  by a s u b s ta n t ia l  m olecular ion  a t  m/e = 154, which i s  

99% o f  the  base io n  a t  m/e = 90. There i s  a peak a t  m/e = 137 which 

probab ly  re p re se n ts  the lo s s  o f  OH, s in ce  th e re  i s  a m etastab le  

ion  a t  m/e = 121.8 in d ic a tin g  th a t  th i s  i s  a d i r e c t  p ro c e ss . There 

i s  an (M-48) peak a t  m/e = 106 in d ic a t in g  the  lo s s  o f  SO from the 

m olecular io n . The base peak a t  m/e = 90 i s  the  (M-64) peak a lthough 

i t  was n o t p o s s ib le  to  determ ine w hether th i s  i s  a d i r e c t  lo s s  o f  SO2 

o r a stepw ise  lo s s  o f  SO follow ed by '0  because no m etastab le  ions 

were a v a ila b le  in  o rd e r to  s u b s ta n t ia te  any o f th e se  pathways.

F ig . 4.1 Mass spectrum  of 2 ,1 .b e n z o x a th io le .1-o x id e .

1 0 0 - 1
154

75-

50-
137

106

25-

150100

The mass s p e c t r a l  fragm en ta tion  tre n d  o f  th e  m ethyl s u b s t i tu te d  

s u l t in e s  s tu d ie d  seems to  be a com petition  between the  lo s s  o f  su lp h u r

112



d io x id e  and e th y le n e  from th e  m o lecu lar io n , fo llow ed  by th e  lo s s  o f  

*H from e i t h e r  o f  th e  two fragm ents form ed. In  th e  a r y l  s u b s t i tu te d  

s u l t in e s  how ever, th e  lo s s  o f  e th y le n e  i s  very  much su p p ressed  and 

"the ex p u ls io n  o f  SO2 fo llow ed  by *H i s  th e  only  p ro c e s s . The 

th e rm al decom position  o f  th e  m onocyclic s u l t in e s  s tu d ie d  su g g es ts  

t h a t  th e  lo s s  o f  SO2 i s  th e  m ajor p ro cess  o c c u rr in g  and p ro d u c ts  

a re  g e n e ra l ly  d e riv e d  from t h i s  frag m en ta tio n  o n ly , ex cep t in  th e  

case  o f  (17 5 ), where th e  p ro d u c ts  may be d e riv e d  from th e  lo s s  o f  

e th y le n e  fo llow ed  by lo s s  o f  SO2 . In  th e  case o f  th e  benzofused  

s u l t in e  (1 7 7 ) , b o th  th e  th e rm al and photochem ical breakdown gave 

p ro d u c ts  d e riv e d  from a lo s s  o f  SO2 and t h i s  i s  r e f l e c te d  in  th e  

e le c t r o n  in p a c t  frag m en ta tio n  where t h i s  breakdown c o n s t i tu te s  

a lm ost a l l  o f  th e  ion  c u r r e n t .  The breakdown o f  th e  benzofused  

s u l t in e  (201) showed b o th  th e  lo s s  o f  SO and SO2 from th e  m olecu lar 

io n . I t  was n o t p o s s ib le  to  determ ine th e  m ajor p ro c e sse s  o c c u rr in g  

in  th e  th e rm al and photochem ical breakdowns o f  t h i s  m olecule a lth o u g h  

i f  th e  lo s s  o f  SO2 was a  m ajor p ro c e ss  th en  p ro d u c ts  d e riv e d  from 

th e  in te rm e d ia te  b i r a d i c a l  ( 202) m ight have been ex p ec ted .
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CHAPTER FIVE

THE CONFORMATIONAL ANALYSIS OF SOME 3-SUBSTITUTED THIETAN 1-OXIDES 

USING LANTHANIDE SHIFT REAGENTS

5 .1  In tro d u c tio n

S u b s t i tu te d  t h i e t a n  1 -o x id es  have been used in  th e  s tu d y  o f  

in tr a m o le c u la r  n e ig h b o u rin g  group e f fe c ts  o f  su lp h in y l oxygen, and 

f o r  s tu d y in g  th e  co m p e titiv e  s te reo c h e m ica l req u irem en ts  o f  su lp h in y l 

oxygen and th e  non-bonded e le c t r o n  p a i r  on t r ig o n a l  su lp h u r , th e  

s te reo c h e m ica l consequences o f  which have come under s c r u t in y  in  

r e c e n t  t i m e s . T h e  system s chosen f o r  th e se  s tu d ie s  were th e

3 - s u b s t i tu te d  th i e t a n  1 -o x id e s . The p resen ce  o f  a 3 - s u b s t i tu e n t  

means t h a t  th e re  a re  two p o s s ib le  geom etric  isom ers f o r  th e se  mole

c u le s ,  i . e .  th e  s u b s t i tu e n t  may e i t h e r  be c is  o r  t r a n s  w ith  re s p e c t

to  th e  s u lp h in y l  oxygen,and t h i s  a llow s th e  s te reo c h e m ica l course

o f  th e  r e a c t io n s  to  be determ ined  i f  th e  isom ers can be r e a d i ly  d i s 

t in g u is h e d  from one a n o th e r by a v a r ie ty  o f  means.

5 .2  S te reo ch em ica l C o n sid e ra tio n s

102By analogy  w ith  th e  cyclobu tane  r in g  system , p u ck erin g  in  

th ie t a n  r in g  system s has now been w e ll documented by a number o f  in 

dependent s t u d i e s . B e c a u s e  o f  th e  energy b a r r i e r  to  

p la n a r i ty ,  two con fo rm ations must be co n sid e red  fo r  each isom er.
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e.g. for the cis isomer (206)

0R

S.1.

206A  2 0 6 B

The d if f e r e n c e  betw een th e se  two conformer s  i s  a  r in g  f l i p .

The energy  f o r  t h i s  p ro cess  i s  no t la rg e  and in te rc o n v e rs io n  o f

conform ers ( 206A and 206B) a t  room tem p eratu re  i s  ex pec ted  to  be a

f a s t  p ro c e ss  on th e  n .m .r .  tim e s c a le ,  and th e re fo re  th e  n .m .r .

spectrum  a t  room tem p era tu re  shou ld  r e f l e c t  th e  w eighted  average

o f  th e  two co n fo rm a tio n s . A lso , by analogy  w ith  cyclobu tane  
104

ch em is try , i t  i s  re a so n a b le  to  ex p ec t t h a t  i f  R i s  a  la rg e  enough 

group , th e n  th e  conform ers w i l l  be o f  s ig n i f i c a n t ly  d i f f e r e n t  

e n e rg ie s ,  and th a t  th e  m olecule w i l l  adopt i t s  low er energy  form 

p red im o n an tly . In  th e  case  o f  the  c i s  isom er, t h i s  would be (B) ,  

s in ce  (A) would be ex p ec ted  to  in v o lv e  sev e re  1 ,3 -non-bonded 

d ia x ia l  i n t e r a c t i o n s Conformer in te rc o n v e rs io n  may s t i l l  be a 

very r a p id  p ro c e s s , b u t i f  th e re  i s  a s ig n i f i c a n t ly  h ig h e r  p ro p o r tio n  

o f  conform er (B) p re s e n t  then  th e  n . m . r .  spectrum  w i l l  approxim ate 

to  t h a t  ex p ec ted  fo r  (B).
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In  th e  t r a n s  isom er ( 207) ,  because one group i s  alw ays a x i a l ,  

th e  energy  d if f e r e n c e  betw een th e  two conform era i s  ex p ec ted  to  be 

s m a lle r  th an  th a t  o f  th e  c i s  iso m er, however th e  R group might s t i l l  

be ex p ec ted  to  show an e q u a to r ia l  p re fe ren ce^ ^ ^  and hence (207B) 

w i l l  be th e  predom inant conform er.

II
0

207A 2Q7B

C ry s ta l  s t r u c t u r e , d i p o l e  m o m e n t , a n d  n .m . r .

s tu d ie s^ ^ ^  have a l l  been used to  a s s ig n  c o n f ig u ra tio n  to  th ie ta n

1-o x id e s , a lth o u g h  n . m . r .  has been found to  be th e  most v e r s a t i l e

108and most r e a d i ly  a v a i la b le  te ch n iq u e . Johnson has in v e s t ig a te d  

th e  n . m . r .  o f  a  s e r ie s  o f  3 - s u b s t i tu te d  th ie ta n  1 -o x id e s , and 

has found a c o n s is te n t  tre n d  a p p a re n t. The fo u r  a p ro to n s  in  

one isom er always e x h ib i t  two w e ll s e p a ra te d  2H m u l t ip le t s ,  w hile  

in  th e  second isom er a l l  fo u r  a p ro to n s  appear as a b road  d o u b le t 

w ith  a chem ical s h i f t  approx im ate ly  midway between th e  m u l t ip le ts .  

A lso , th e  3“p ro to n  in  th e  second isom er always appears  to  be s i g 

n i f i c a n t ly  d e sh ie ld e d  w ith  r e s p e c t  to  t h a t  o f  th e  f i r s t .
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D ipole moment s tu d ie s ^ ^ ^ ’^^"  ̂ on c i s  and t r a n s  3 -c h lo ro -  

and 3 -p -c h lo ro p h e n y lth ie ta n  1 -o x id es  su g g es t th a t  th e  a p ro to n s  

in  th e  c i s - isom er g ive r i s e  to  th e  s e p a ra te  2H m u l t ip le ts  w h ile  

th o se  in  th e  t r a n s - isom er g ive  th e  observed  broad  d o u b le t. This 

assignm ent i s  su p p o rted  by th e  f a c t  t h a t  th e  c i s - isom er i s  always 

e lu te d  f i r s t  d u rin g  vapour phase o r  column chrom atography. This 

i s  ex p ec ted  s in c e  i t  has been shown th a t  in  th e  absence o f  com

p l i c a t i n g  e f f e c t s ,  th e  isom er w ith  th e  more s t e r i c a l l y  a c c e s s ib le

109s u lp h in y l oxygen has th e  h ig h e s t  r e te n t io n  tim e . In  the  c i s -  

isom er, th e  p o la r  su lphox ide  group i s  s l i g h t l y  sh ie ld e d  by th e  3- 

s u b s t i tu e n t  on th e  same s id e  o f  th e  r in g  and hence in h ib i t s  i n t e r 

a c t io n  w ith  th e  s o l id  phase o f  th e  column.

Assuming t h a t  (206 B) an d (2 0 7B)are th e  predom inant conform era 

o f  th e  m olecu les in  q u e s tio n , then the  n . m . r .  s p e c tra  can be 

e a s i ly  e x p la in e d .

In  c y c l ic  su lp h o x id e s , a  la rg e  chem ical s h i f t  d if f e r e n c e  i s

observed  f o r  th e  a p ro to n s  when th e  non-bonded e le c t ro n  p a i r  on

• . . 105,108,110 _ , , ., r . . .su lp h u r IS a x i a l .  In  each c a s e , where th e  c o n f ig u ra tio n

o f  th e  s u lp h in y l ojqrgen and a -p ro to n s  have been determ ined  by o th e r

m ethods, th e  a -p ro to n s  t r a n s  d ia x ia l  to  th e  lo n e  p a i r  on th e  su lp h u r

atom appear a t  a  h ig h e r  f i e l d  th a n  th e  e q u a to r ia l  a -p ro to n s

( s im ila r  e f f e c t s  have been observed  and a p p lie d  f o r  c o n f ig u ra t io n a l

assignm ents o f  n i tro g e n  h e te ro c y c le s ^ ^ ^ ) . This e f f e c t  i s  a t t r i b u t e d

to  a s e le c t iv e  s h ie ld in g  o f  th e  t r a n s  c o -a x ia l  p ro to n s  by th e  lone
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p a i r  on s u lp h u r . T his im p lie s  t h a t  th e  s u lp h in y l oxygen (and hence 

th e  3 - s u b s t i tu e n t)  a re  b o th  (p redom inan tly  a t  l e a s t )  in  an e q u a to r ia l  

p o s i t io n ,  s in c e  th e  lone  p a i r  must adop t an a x ia l  p o s i t io n  fo r  th e  

e f f e c t  to  o ccu r . The com plex ity  o f  th e se  m u l t ip le ts  su g g es ts  t h a t  

th e re  may a ls o  be a  degree o f  c r o s s - r in g  c o u p lin g .

In  th e  t r a n s - isom er (assum ing a predom inance o f  conform er 

(207B)) ,  th e re  i s  no s e le c t iv e  s h ie ld in g  o f  t h i s  type  because th e  lone 

p a i r  i s  no lo n g e r a x i a l ,  and th e re fo re  bo th  s e t s  o f  p ro to n s  have 

th e  same chem ical s h i f t .  The s ig n a l  appears a s  a  d o u b le t due to  

co u p lin g  w ith  th e  g -p ro to n  ( th e  s ig n a l  i s  n o t sharp  because th e  two 

s e ts  o f  p ro to n s  a re  n o t com ple te ly  e q u iv a le n t ) .

Two f a c to r s  have been p o s tu la te d  fo r  th e  la rg e  d e sh ie ld in g

o f  the 3-p ro to n  in  th e  t r a n s - isom er o f  t h i s  system  -  an a c e ty le n ic

type  a n iso tro p y  o f  th e  su lphur-oxygen  bond, a n d /o r a p ro x im ity

e f f e c t . ^  The e f f e c t  o f  t h i s  a n iso tro p y  on bo th  s e t s  o f  a -

p ro to n s  may be co n s id e re d  e q u iv a le n t ,  however on ly  when th e  su lp h u r-

oxygen bond i s  s y n -a x ia l  to  th e  3C-3 hydrogen bond i s  i t  s i g n i f i c a n t ly

d e sh ie ld e d . The syn a x ia l  p ro x im ity  e f f e c t  which may o r  may n o t be

a f a c to r  i s  due to  Van d e r Waals i n t e r a c t i o n s . These fe a tu re s

a re  s t i l l  observed  when th e  3 - s u b s t i tu e n t  i s  a r e l a t i v e l y  sm all
112group such as m eth y l, and t h i s  i s  s u r p r is in g  becase  as  th e  s iz e  

o f  th e  R group d e c re a se s , th e  energy d if f e r e n c e  between th e  two 

conform ers f o r  each isom er must d e c re a se , and t h i s  shou ld  le a d  to  a
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d ecrease  in  th e  p re fe re n c e  f o r  one conform er over a n o th e r . The n . m . r .  

spectrum  sh o u ld  r e f l e c t  a tim e averaged  p o s i t io n  n o t r e l a t i n g  d i r e c t 

ly  to  any one conform er.

S tu d ie s  o f  th e  n . m . r .  spectrum  o f  3 ,3 -d im e th y I th ie ta n  1 -ox ide  

(208) have been m ade.^^^’^^^

CH
CH %

2O0A 208B

The spectrum  shows two s e p a ra te  m ethyl re so n a n c e s , th e  

one a t  low er f i e l d  b e in g  a s i n g l e t ,  and th e  o th e r  one a f in e ly  s p l i t  

d o u b le t ( J  = 8 Hz).  The la rg e  d if fe re n c e  in  s h i f t s  f o r  th e  m ethylene 

p ro to n s  im p lie s  t h a t  th e  m ajor conform er (208A) w ith  th e  oxygen 

e q u a to r ia l  f o r  th e  rea so n s  d e ta i le d  above. The a x ia l  m ethyl group 

i s  expec ted  to  re so n a te  a t  a  h ig h e r  f i e l d  because o f  p o s s ib le  a n is o 

tro p ic  s h ie ld in g  by th e  c i s  c o -a x ia l  lone p a i r ,  and th e  co u p lin g  

i s  to  th e  a x ia l  a -p ro to n s  a t t r i b u t e d  to  th e  p la n a r  W -co n fig u ra tio n  

o f th e  in te rv e n in g  a bonds.
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5.3  L anthanide Induced S h i f t  S tu d ie s

S im p lif ic a t io n  o f  n . m . r .  s p e c tra  by th e  a d d i t io n  o f  la n th a n id e

s h i f t  re a g e n ts  has proven to  be a s ig n i f i c a n t  e x te n s io n  to  th e
114u se fu ln e s s  o f  n . m . r .  sp ec tro sc o p y .

The observed  s h i f t  i s  a w eighted  average r e f l e c t i n g  th e  

r a p id  e q u i l ib r a t io n  o f  th e  la n th a n id e  s h i f t  r e a g e n t ,  and th e  o rg an ic  

s u b s t r a te  (e q u a tio n  5 . 1 ) .

Ln(Y)3 + RX  ----^  RX:Ln(Y)3 (5 .1 )

For t h i s  re a so n , th e  mean l i f e t im e  o f  th e  s u b s t r a te  la n th a n id e  

complex must be sm all on th e  n . m . r .  t im e - s c a le . The s h i f t  o f  th e  

resonance s ig n a l  f o r  a  g iven  n uc leus depends on two main c o n tr ib u t io n s ;

1) F e rm i-co n tac t in te r a c t io n  -  This i s  a  d e lo c a l i s a t io n  o f  

th e  u n p a ired  e le c tro n s  o f  th e  s h i f t  re a g e n t le a d in g  to  th e  t r a n s f e r  

o f  e le c t r o n  d e n s ity  a n d /o r  sp in  p o la r i s a t io n  v ia  c o v a le n t bonds 

from th e  m eta l to  th e  b in d in g  n u c le u s . This in t e r a c t io n  i s  dependent 

on b o th  th e  a b i l i t y  o f  th e  m eta l io n  to  t r a n s f e r  e le c t r o n  d e n s ity  

and th e  a b i l i t y  o f  th e  b in d in g  n u c leus to  a cc e p t such  a t r a n s f e r .

This e f f e c t  i s  p ro p ag a ted  th rough  bonds and d e c lin e s  r a p id ly  when 

only  a bonds a re  in v o lv e d . In  la n th a n id e  s h i f t  re a g e n ts  how ever, 

th e  u n p a ired  e le c t ro n s  l i e  in  4 f  o r b i t a l s  which a re  w e ll sh ie ld e d  

by occup ied  5s and 5p s h e l l s ,  and fo r  p r a c t i c a l  p u rp o se s , th e  con

t r i b u t io n  to  th e  observed  s h i f t  from t h i s  e f f e c t  i s  very  lo w .^^^ ^ ’^^^
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2) D ip o la r o r p seu d o co n tac t in te r a c t io n  -  T his i s  a sum term  

o f  a l l  th e  m agnetic d ip o la r  in te r a c t io n s  o f  a g iv en  n u c leu s  w ith  

th e  a n is o t ro p ic  m agnetic f i e l d  o f  th e  v a lence  e le c t r o n  s h e l l  o f  

th e  s h i f t  re a g e n t and th e re fo re  i s  a  th rough  space in te r a c t io n  d e te r 

mined by a d is ta n c e  f a c to r  o n ly .

A part from t h i s  d ip o la r  c o n tr ib u t io n ,  s e v e ra l  sm all f a c to r s  

a re  invo lved  in  d e te rm in in g  th e  s h i f t  o b serv ed , e . g .  p o s s ib le  d ia 

m agnetic p ro p e r t ie s  o f  th e  l ig a n d s ,  and d is tu rb a n c e  o f  th e  s o lv a tio n  

cage o f  th e  s u b s t r a t e ,  by th e  fo rm atio n  o f  th e  si±>s t r a t e - la n th a n id e  

complex. In c re a s in g  e f f o r t  i s  b e in g  d ir e c te d  tow ards a more

q u a n t i ta t iv e  tre a tm e n t o f  th e  d a ta  a v a i la b le  from th e se  s tu d ie s
117p a r t i c u la r ly  f o r  e lu c id a t in g  m o lecu lar g e o m e tr ie s .

20H a ll has re p o r te d  la n th a n id e  induced  s h i f t  s tu d ie s  on th e

two isom ers o f  3-m ethy l and 3-p h e n y lth ie ta n  1 -o x id es  a t  60 MHz

using  Eu(dpm) 3 (dpm = d ip iv a lo m eth an a to ) as th e  s h i f t  re a g e n t .

The r e s u l t s  were a p p lie d  u s in g  a s t a t i c  m odel, i . e .  th e  assum ption

was made th a t  any co n fo rm a tio n a l m o b ility  in  th e  system  cou ld  be

ad eq uate ly  d e sc r ib e d  by a s in g le  average s h i f t  re a g e n t- su b s t r a t e

s t r u c tu r e .  P rev io u s  workers^^^’^ ^ ^ h a v e  however p o in te d  o u t th e

dangers o f  making th e se  assum ptions in  a  c o n fo rm a tio n a lly  m obile

m olecu le, and in  f a c t  t h i s  tre a tm e n t has been shown to  le a d  to  an
113in c o r r e c t  assignm ent in  th e  case  o f  3 ,3 -d im e th y lth ie ta n  1 -o x id e .

I f  the  ro tam er p o p u la tio n s  abou t th e  sulphur-oj^rgen-europium  

bond a re  averaged  how ever, th e  c o r r e c t  answ er i s  o b ta in e d . These
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a re  very  d i f f i c u l t  to  p r e d ic t  however and th e  co m p u ta tio n a l r e q u ir e 

ments a re  g e n e ra l ly  very  la rg e  ( s u b s t i tu te  methods have been 

p u b lis h e d , e . g . ) , a n d  a com plete a n a ly s is  o f  th e  system  was 

n o t a tte m p te d .

The r e s u l t s  o b ta in e d  by H a ll were n o t s a t i s f a c t o r i l y  e x p la in ed  

in  term s o f  th e  predom inant conform ers d e sc rib e d  f o r  th e se  system s 

by Johnson^^^ how ever, and in  an a tte m p t to  c l a r i f y  t h i s  problem , 

th e  sy n th ese s  and c r y s t a l  s t r u c tu r e  o f  c i s  and t r a n s  3-p-brom o-

119p h e n y lth ie ta n  1 -o x id es  (209) have been d e sc r ib e d  by Smith e t  a l .

The s t r u c t u r a l  d e te rm in a tio n  shows th a t  in  th e  s o l id  s t a t e ,  th e  c is  

isom er adop ts  conform ation  (209A),  i . e .  th e  expec ted  d ie q u a to r ia l  

c o n f ig u ra t io n , w h ile  th e  t r a n s - isom er ad o p ts  c o n f ig u ra tio n  (21GB) 

w ith  th e  a r y l  group a x ia l  and th e  ojqrgen e q u a to r ia l .

Arzp-BrCaHg 

209A 2106

The p r e d ic t io n  f o r  th e  t r a n s  isom er in  th e  s o l id  s t a t e  i s  

o p p o s ite  to  t h a t  d e sc rib e d  by Johnson fo r  th e se  system s in  s o lu t io n ,  

and th e  s tu d y  d e sc r ib e d  h ere  i s  an a ttem p t to  t r e a t  th e  s h i f t  re a g e n t 

s tu d ie s  o f  some o f  th e se  compounds in  a more q u a n t i ta t iv e  fa sh io n
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in  o rd e r  to  t r y  and determ ine th e  r e l a t i v e  p ro p o r tio n s  o f  each 

conform er in  s o lu t io n  f o r  a g iven  isom er. The compounds chosen 

fo r  s tu d y  were (2 1 1 -2 1 4 ).

211 r1=C6Hs , r2=H

212 R’'=pBrC6H5,R2=H

213 R'=t6u, .  r2=H

214 RtCéH5,R2=CH3

The s p e c tr a  were run  a t  100 MHz in  d e u te r io c h lo ro fo rm , u s in g  

Eu(dpm)3 as th e  s h i f t  r e a g e n t ,  a lth o u g h  Y b(fod) 3 ( f od  = 1 ,1 ,1 ,2 ,2 ,3 ,3 -  

h e p ta f lu o ro -7 ,7 -d im e th y l-4 ,6 -o c ta n e d io n a te )  was l a t e r  used fo r  

reaso n s o f  g r e a te r  s o l u b i l i t y  and s h i f t i n g  a b i l i t y .  S ince in  some 

cases th e  s p e c tr a  c o n s is te d  o f  a s e r i e s  o f  o v e rlap p in g  m u l t ip le t s ,  

i t  was d i f f i c u l t  to  measure th e  s h i f t s  a c c u ra te ly ,  and e s tim a tio n s  

were made in  a few c a s e s . In  a l l  c a s e s , a p lo t  o f  th e  s h i f t  (A Hz) 

a g a in s t  th e  w eigh t o r  m olar r a t i o  o f  s h i f t  re a g e n t to  th e  su lphoxide  

gave a s t r a i g h t  l in e  as f o r  exam ple, f o r  c i s  3 - t - b u ty l th ie ta n  1 -ox ide  

( f i g .  5.1 ) .

A ll o f  th e  d a ta  was s t a t i s t i c a l l y  t r e a te d  u s in g  a l i n e a r  

re g re s s io n  form ula in  o rd e r  to  f i t  th e  b e s t  s t r a i g h t  l i n e .  The 

an g les  o f  s lo p e  o f  th e se  l in e s  were th en  m easured, and th e  % 

a n g u la r i ty  o f  each l in e  d e fin e d  as

(an g le  measured f o r  th e  l in e )  ^

(sum o f  a l l  th e  a n g le s )

was c a lc u la te d  fo r  each l i n e .
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Fig 5.1 A p lo t  of  the induced s h i f t  (Hz) a ga in s t  molar r a t i o  of  

s h i f t  reagent for  Cis 3 - t B u t y l t h i e t a n , 1- o x i d e .

100-

N

to

50-

0.150.100.05
Mo l a r  r a t i o  ] / [ S = 0 ]



In  a d d i t io n  to  t h i s ,  n . m . r .  s h i f t  work was a ls o  c a r r ie d  

o u t on c i s  and t r a n s  3 -p h en y l, 3 -m e th y lth ie ta n  1 -ox ide  (214) u s in g  

Y b (fod )]as  th e  s h i f t  re a g e n t .  The d a ta  was t r e a te d  as  d e sc rib e d  

above.

G e n e ra lly , th e  fo llo w in g  q u a l i t a t iv e  o b se rv a tio n s  were made;

(1) In  th e  c i s  iso m ers , assum ing th a t  th e  d ie q u a to r ia l  conform ation  

i s  ad o p ted , th e  a x ia l  a -p ro to n s  e x h ib i t  a  g r e a te r  r a t e  o f  s h i f t  th an  

the  e q u a to r ia l  a -p ro to n s . At th e  p o in t  where th e  two s e t s  o f  p ro to n s  

become e q u iv a le n t  ( i . e .  t h e i r  chem ical s h i f t s  a re  th e  same) th e  

s ig n a l  becomes a 4H d o u b le t. On a d d it io n  o f  f u r th e r  q u a n t i t ie s  o f  

s h i f t  r e a g e n t , th e  s ig n a l  s p l i t s  in to  two 2 H -m u lt ip le ts . The a x ia l  

a -p ro to n s  a re  now re s p o n s ib le  fo r  th e  dow nfield  m u l t ip le t .

(2) In  th e  t r a n s  iso m ers , a d d it io n  o f  th e  s h i f t  re a g e n t re s o lv e s  

the  i n i t i a l  4H d o u b le t (due to  th e  a -p ro to n s )  in to  two 2H m u l t ip le ts .

(3) In  a l l  c a se s  th e  m agnitude o f  th e  s h i f t s  f o r  th e  e q u a to r ia l  

a -p ro to n s  and th e  g -p ro to n s  (where p re s e n t)  were very  s im i la r .

(4) For b o th  o f  th e  isom ers th e  r a t e  o f  s h i f t  o f  th e  p ro to n s  was 

a -p ro to n s  > g -p ro to n s  > 3 - s u b s t i tu e n t .

(5) G e n e ra lly , as th e  c o n c e n tra tio n  o f  s h i f t  re a g e n t in  th e  m ix ture

in c re a s e d , th e  r e s o lu t io n  o f  th e  s p e c tra  became g ra d u a lly  w orse.

This e f f e c t  i s  f r e q u e n tly  observed  in  sam ples c o n ta in in g  u n p a ired

e le c tro n s  and a re  caused  by in tra m o le c u la r  s p in  d e lo c a l is a t io n s  and

120tim e dependent in te rm o le c u la r  r e a c t io n s .
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In  b o th  isom ers o f  3 -p h e n y lth ie ta n  1 -ox ide  (211) and 3- 

m e th y l,3 -p h e n y lth ie ta n  1 -o x id e  (214) th e  a ro m atic  r in g  p ro to n s  

appear as  a  s in g l e t  which i s  slow ly  re so lv e d  in to  a complex m u l t ip le t  

as th e  c o n c e n tra tio n  o f  s h i f t  re a g e n t in c re a s e s .  In  th e  case  o f  

th e  3p-bromophenyl s u b s t i tu te d  analogue (2 1 2 ) , th e  i n i t i a l  A2B2 

p a t te r n  slow ly  moves to g e th e r  to  g ive  a s i n g l e t .  Both o f  th e se  

o b se rv a tio n s  a re  p ro b ab ly  d is ta n c e  e f f e c t s .  The a ro m atic  p ro to n s  

a -  to  th e  th ie ta n - C ( a r y l )  bond would be ex p ec ted  to  e x h ib i t  more 

o f  a  s h i f t  th a n  th e  o th e r  p ro to n s  on th e  r in g  s in c e  th ey  l i e  c lo s e r  

to  th e  s h i f t  re a g e n t in  th e  th ie ta n  s h i f t  re a g e n t complex.

L anthanide s h i f t s  a re  norm ally  in te r p r e te d  in  term s o f  th e
121M cConnell-Robertson e q u a tio n . For a x ia l ly  symmetric complexes 

th e  s p e c ia l  dependence o f  th e  s h i f t s  ( S i )  i s  g iven  by form ula 5 . 2 .

Si = “ i  = K (3 c o s2 e i- l)  ( 5 . 2 )

Where AHi i s  th e  change in  f i e l d  s t r e n g th  a t  n u c leus i ,  r^  i s  th e  

d is ta n c e  betw een th e  param agnetic  m eta l and th e  n u c leus i ,  and 0i  

i s  the  an g le  between th e  p r in c ip a l  m agnetic a x is  o f  th e  complex and 

th e  v e c to r  r ^ .  E a r l i e r  a p p l ic a t io n s  o f  t h i s  eq u a tio n  to  s t r u c tu r a l  

problem s assumed a c o n s ta n t a n g u la r  term  th u s  ta k in g  th e  observed  

s h i f t  to  be p ro p o r t io n a l  to  r ^ " ^ ;  however, improved agreem ents 

between c a lc u la te d  and observed  s h i f t s  a re  found when th e  f u l l  ex -
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1 2 2p re s s io n  i s  u sed , r a th e r  th an  th e  r a d i a l  p o r tio n  o n ly . The

d i f f i c u l t y  w ith  t h i s  method i s  t h a t  th e  lo c a t io n  o f  th e  p r in c ip a l

m agnetic a x is  (which i s  needed to  d e fin e  0i )  i s  g e n e ra lly  unknown.

In  th e  case  o f  su lp h o x id e s , th e  la n th a n id e  m eta l has been shown

to  c o o rd in a te  to  th e  o x y g e n , a n d  th e  p r in c ip a l  m agnetic a x is  i s

113assumed to  l i e  a lo n g  th e  la n th a n id e - s u b s tr a te  a x is  s in c e  f o r  th e  

purposes o f  com pu ta tion , th e  r e s u l t s  o b ta in e d  by p la c in g  th e  

p r in c ip a l  m agnetic  a x is  in  t h i s  d i r e c t io n  a re  in v a r ia b ly  th e  optimum 

o b ta in a b le .

5 .4  T reatm ent o f  R e su lts

A c a lc u la t io n  o f  th e  r e l a t i v e  p e rcen tag e  s h i f t  i s  made f o r  

each i  nu c leu s  under exam ination  from th e  M cConnell-Robertson 

eq u a tio n  (1 ) above, u s in g  a com puter s im u la tio n  o f  a  D re id in g  m odel, 

in  o rd e r  to  a s c e r ta in  v a lu es  fo r  0i  and r^  in  th e  la n th a n id e  s u b s t r a te  

complex. Then th e  observed  r e l a t i v e  p e rcen tag e  s h i f t s  a re  a p p lie d  

to  th e  programme, and th e  s c a l in g  o f  th e  c a lc u la te d  s h i f t s  to  th e  

observed  s h i f t s  i s  accom plished by fo rc in g  K ( o f  e q u a tio n  5 .2)  

to  be o f  such a va lue  t h a t

ZSi^ = ZSi° ( 5 . 3 )

where Si*  ̂ i s  th e  c a lc u la te d  s h i f t  fo r  nuc leus i ,  and S i°  i s  th e  

observed  s h i f t .
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In  th e  programme, th e  m eta l n u c leus o f  th e  s h i f t  re a g e n t i s  

p la ce d  a t  th e  o r ig in  o f  a r ig h t-h a n d e d  c a r te s ia n  system , w ith  

th e  d o n o r -su b s tra te  bond p a r a l l e l  to  th e  x a x i s . The D re id in g  

c o o rd in a te s  o f  th e  n u c leu s  in  q u e s tio n  a re  th en  removed from  t h e i r  

o r ig in a l  p o s i t io n  by a c o o rd in a te  tra n s fo rm a tio n  to  g ive  a new 

p o s i t io n  w ith  r e s p e c t  to  th e  la n th a n id e  c o o rd in a te  system . The 

p o s i t io n s  o f  th e  s u b s t r a te  and th e  s h i f t  r e a g e n t a re  th en  o p tim ised  

u n t i l  th e  sum o f  th e  square  d if f e r e n c e s  between th e  c a lc u la te d  and 

th e  observed  s h i f t s  i s  m inim ised , i . e .  th e  q u a n ti ty

Z(SiO-SiC)2

At t h i s  p o in t  th e  p lacem ent i s  c o n sid e red  to  be " c o r r e c t " .

An R f a c to r  ( s im i la r  to  th e  c r y s ta l lo g ra p h ic  R f a c to r )  i s  d e fin e d  

as

j& (S i°-S i

V  Z ( S i O )
R = (5 .4 )

i)2

and i s  quoted  in  th e  r e s u l t s  as  a measure o f  th e  "goodness" o f  f i t .

The advantage o f  t r e a t i n g  th e  c a lc u la t io n  in  t h i s  way (and  not 

o r ie n t in g  th e  la n th a n id e  m olecule w ith  re s p e c t  to  th e  s u b s t r a te )  i s  

th a t  s e v e ra l  to r s io n  a n g le s  can be e a s i ly  in tro d u ce d  in to  th e  c a l 

c u la t io n  as  a d ju s ta b le  p a ram ete rs  and th u s  ro tom er av e rag in g  i s  

r e a d i ly  t r e a t e d .  Both th e  lan than ide-o j^ rgen  d is ta n c e  and th e  lan th an id e- 

o xygen-su lphur bond ang le  a re  a d ju s ta b le  p a ram eters  in  th e  programme 

as a re  th e  p o s s ib le  m ix tu res  o f  co n fo rm ers. Each o f  th e se  pa ram ete rs
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were a d ju s te d  to  o b ta in  th e  lo w est R va lue  a lth o u g h  on ly  th o se  

c a lc u la t io n s  which a ro se  from ch em ica lly  re a so n a b le  s u b s t r a t e - s h i f t  

re a g e n t s t r u c tu r e s  were c o n s id e re d , e . g .  any c a lc u la t io n s  which 

produced a m e ta l-o g g e n  d is ta n c e  o f  <2.0 o r  >3.0 8 were d is re g a rd e d .

5 .5  R e su lts

A ll  o f  th e  c i s  su lp h o x id es  gave t h e i r  b e s t  c o r r e la t io n  in

th e  d ie q u a to r ia l  co n fo rm atio n . Any a tte m p ts  to  mix in  sm all amounts

o f  th e  d ia x ia l  confo rm ation  alw ays le a d  to  c o n s id e ra b ly  p o o re r r e s u l t s

The b e s t  c o r r e la t io n s  tended  to  lo c a te  th e  la n th a n id e  r e l a t i v e l y

c lo se  to  th e  oxygen a t  ~ 2.0 8 (o r  even le s s  i f  a llow ed to  do so)

w ith  a la n th a n id e -o x y g en -su lp h u r bond an g le  o f  about 170°. This

compares w ith  a europium -oxygen bond le n g th  o f  2.40 8 and a europium -

oxygen-su lphur bond ang le  o f  141° as m easured by X-ray d i f f r a c t i o n
113fo r  a 1 :1  complex o f  3 ,3 -d im e th y lth ie ta n  1 -ox ide  and Eu(dpm)3. 

S im ila r ly  th e  3 ,3 - d is u b s t i tu te d  compounds p r e fe r r e d  th e  e q u a to r ia l  

ojcygen confo rm ation  very  s t ro n g ly . Once a g a in , th e  b e s t  c o r r e la t io n s  

tended  to  have th e  la n th a n id e  lo c a te d  r e l a t i v e l y  c lo se  to  th e  ojQrgen 

a lthough  th e  la n th a n id e -o jq rg en -su lp h u r bond ang le  tended  to  be more 

acu te  (1 2 0 -1 5 0 °). A ttem pts to  improve c o r r e la t io n s  by m ixing sm all 

amounts o f  th e  ax ia l-o x y g en  conform ation  were ag a in  n o t very  su c c e ss 

f u l .  F a c to rs  c o n tr ib u t in g  to  th e se  v a r ia t io n s  in  th e  lo c a t io n  o f  th e  

la n th a n id e  a re  u n c e r ta in t ie s  in  th e  la n th a n id e  induced s h i f t  and th e  

geometry o f  th e  r in g .  The assum ption was made th a t  a l l  th ie ta n
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r in g s  have th e  same d ih e d ra l  a n g le . This i s  n o t a bad assum ption 

a t  l e a s t  f o r  th e  e q u a to r ia l  oxygen su lp h o x id e s , s in c e  th i e t a n  1-  

o x id e , 3 ,3 -d im e th y lth ie ta n  1 -ox ide  and c is  and t r a n s  p -ch lo ro p h en y l- 

th ie t a n  1-o x id e s  a l l  have r in g  pucker an g les  w ith in  a  few deg rees 

o f  one a n o th e r .

C o n verse ly , in  th e  case  o f  th e  t r a n s  iso m ers , th e  b e s t  

c o r r e la t io n s  f o r  a l l  th e  compounds s tu d ie d  tended  to  have a some

what lo n g e r  lan th an id e-o x y g en  bond le n g th  ( 2 . 5 - 3 . 0  8 o r  lo n g e r  i f  

a llow ed  to  do so) w ith  f a r i l y  a cu te  la n th a n id e -o j^ g e n -su lp h u r  bond 

an g les  (1 0 0 -1 2 5 °). A ll t r a n s  isom ers p re fe r r e d  th e  e q u a to r ia l  

oxygen con fo rm ation  to  v a ry in g  degrees as shown in  Table 5.1.

Table 5.1.

The % E q u a to r ia l  Oxygen C onform ation o f  Some 3 -S u b s ti tu te d

T h ie tan  1-O xides

R % E q u a to r ia l  Oxygen Conform ation

CeHs 74 ± 20

p-Br-CgH^ 73 ± 3

t-B u  65 ± 20

The tre n d s  a re  q u ite  re a so n a b le . The t - b u t y l  group (w e ll 

known f o r  i t s  a b i l i t y  as  a co n fo rm a tio n a l anchor) shows a marked
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p re fe re n c e  f o r  th e  e q u a to r ia l  p o s i t io n  con^ared  w ith  th e  two a ro m atic  

s u b s t i tu e n ts  which b o th  show a s im i la r  d is p o s i t io n .  The ranges 

a r i s e  because v a rio u s  la n th a n id e  lo c a t io n s  were ex p lo red  in  an 

e f f o r t  to  t e s t  th e  s e n s i t i v i t y  o f  th e  c o r r e la t io n  to  t h i s  p a ram ete r. 

P lo ts  o f  th e  R f a c to r s  a g a in s t  % o f  conform ation  (F ig u re s  5.2 and5.3) 

show th e  s e n s i t i v i t y  o f  th e  c o r r e la t io n s  to  t h i s  co n fo rm a tio n a l 

p a ram ete r. The ran g es  g iven  in  Table 5.1 r e p re s e n t  th e  amount th a t  

th e  co n fo rm a tio n a l p e rcen tag e  must be changed in  o rd e r  to  cause 

th e  R -fa c to r  to  in c re a s e  by 1 .7 .  A change o f  t h i s  m agnitude r e 

p re s e n ts  th e  95% confidence  l e v e l  fo r  a h y p o th e s is  t e s t  o f  o rd e r

123(4 ,1 )  u s in g  H am ilton s t a t i s t i c s .  In  t h i s  m ethod, th e  la n th a n id e  

was p la ce d  so as to  o b ta in  th e  b e s t  c o r r e la t io n ,  and th e  lo c a t io n  

o f  th e  m eta l was assumed to  be th e  same in  b o th  co n fo rm atio n s .

Models su g g es ted  th a t  t h i s  was a rea so n a b le  ap p ro x im atio n .

However, in  an e f f o r t  to  t e s t  t h i s  h y p o th e s is  i t  was n ecessa ry  

to  perform  th e  same a n a ly s is  w ith  co n fo rm a tio n a lly  lo ck ed  th ie ta n s  

s in ce  i t  i s  p o s s ib le  t h a t  th e  co n fo rm a tio n a l p re fe re n c e  o f  th e  

m olecules s tu d ie d  were s ig n i f i c a n t ly  in f lu e n c e d  by th e  c o o rd in a tio n  

o f  th e  s h i f t  re a g e n t i t s e l f .  At th e  same tim e th e se  shou ld  prove 

to  be u s e fu l  models in  them selv es .

The f i r s t  a tte m p ts  tow ards th e  s y n th e s is  o f  th e se  m olecules were 

based  on th e  a ttem p ted  p h o to a d d itio n  o f  th iophosgene to  o l e f in s .

132



The photochem ical a d d it io n  o f  th iophosgene (215) to  2 ,3 -d im ethy  lb  u t-
1242-ene (216) has been d e sc r ib e d  by G o tth a rd t.

+  . A c ,
C H f

216 215

hV
CH:

CH; Cl

I r r a d i a t i o n  o f  a  m ix ture  o f  (215) and (216) in  benzene 

w ith  l i g h t  o f  w avelength  > g r e a te r  th an  455 nm gave th e  th ie ta n  

(217) in  51% y ie ld .  In  th e  same way 2 -m ethy lbu t-2 -ene  and 2 ,4 -  

d im e th y lp e n ta -2 ,3 -d ie n e  were a ls o  re a c te d .

I t  was found th a t  a  th ie ta n  r in g  fu sed  w ith  a cy c lohexy l 

r in g  (218) in  th e  c o n f ig u ra t io n  shown below would be a  r i g i d  

s t r u c tu r e  and th e re fo re  an a tte m p t was made to  pho tochem ica lly  

add th iophosgene and cyclohexene u s in g  th e  method d e sc rib e d  by 

G o tth a rd t w ith  cyclohexene used as th e  s o lv e n t .

218
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A lthough th e  Woodward-Hoffinann r u le s  on ly  allow  a c o n ce rte d  

c i s  a d d i t io n ,  i t  was though t th a t  th e  p re sen ce  o f  two r a d ic a l  

s t a b i l i s i n g  c h lo r in e  atoms would fav o u r a n o n -co n certed  r a d ic a l  

p a th .  Any isom ers formed shou ld  be se p a ra b le  by chrom atography.

In  th e  ev en t how ever, no re a c t io n  had tak en  p la ce  a f t e r  f iv e  days 

i r r a d i a t i o n .  An analogous re a c t io n  was t r i e d  w ith  th iophosgene 

and n o rb o rn y len e , however no r e a c t io n  was observed  a f t e r  i r r a d i a t i o n  

f o r  18 hou rs  a t  589 nm.

The lo ck ed  th ie ta n  1 -o x id es  (219) and (220) based  on examples
125d e sc rib e d  by L au ten sch laeg e r were f i n a l l y  chosen f o r  s tu d y .

o/.v
219 exo -  a x ia l  oxygen

0= S
X

220 endo -  e q u a to r ia l  oxygen

The i n i t i a l  sk e le to n  i s  made by th e  r e a c t io n  o f  su lp h u r di- 

c h lo r id e  and b ic y c lo [ 2 .2 . l ] h e p ta - 2 ,5 - d ie n e ,  to  g ive th e  a d d itio n  

p ro d u c t ( 221) .
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221

R eac tion  o f  (221) w ith  an aqueous s o lu t io n  o f  sodium carb o n ate  

gave th e  exo su lp h o x id e  (219) d i r e c t l y .

R eduction o f  (219) w ith  l i th iu m  aluminium h y d rid e  was 

found to  g ive  a m ix tu re  o f  s t a r t i n g  m a te r ia l  and th e  co rresp o n d in g  

s u lp h id e , from an a n a ly s is  ( n .m .r .)  o f  th e  crude r e a c t io n  p ro d u c t. 

O xidation  o f  t h i s  m a te r ia l ,w ith o u t  p u r i f i c a t io n ,w i th  an excess  o f  

sodium m e tap erio d a te  gave a m ix ture  o f  th e  sulphone (83 ), and th e  

endo su lphox ide  ( 220) which were s e p a ra te d  by column chrom atography. 

There was no t r a c e  o f  any exo isom er p re s e n t in  t h i s  m ix tu re . This 

can be ex p la in ed  i f  th e  r a t e  o f  o x id a tio n  o f  th e  exo isom er ( to  

give the  observed  su lphone) i s  g r e a te r  th an  th a t  o f  th e  endo 

isom er. Models show th a t  th e  endo s i t e  o f  th e  su lp h u r  atom i s  more 

s t e r i c a l l y  a c c e s s ib le  th an  th e  exo s i t e  and i s  th e re fo re  more l i k e ly  

to  undergo f u r th e r  o x id a tio n .

and la n th a n id e  s h i f t  a n a ly s is  o f  th e se  su lp h o x id es

using  Y b(fod) 3 has confirm ed th e  d is p o s i t io n  o f  th e  su lp h in y l oxygen

in  th e  p roposed  s t r u c tu r e s  and has confirm ed s h i f t  d a ta  o b ta in e d  by 

126Lemal e t  a l  fo r  th e  exo isom er o n ly . For e i t h e r  compound, th e
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lan th an id e-o x y g en  d is ta n c e s  te n d  to  be somewhat s h o r t  ( 2 . 0- 2 .3  2 ) 

w hile  th e  lan th a n id e -o x y g en -su lp h u r bond ang le  fo r  th e  endo 

isom er i s  l a r g e r  (150-160°) th an  f o r  th e  exo isom er (1 2 0 -1 3 0 °). 

L arger an g le s  were a ls o  c a lc u la te d  f o r  th e  e q u a to r ia l ly  lo ck ed  

c i s - 3 - s u b s t i tu te d  th ie ta n  1 -o x id es  a s  w e ll as  th e  3 ,3 - d is u b s t i tu te d  

compounds. These r e s u l t s  su p p o rt th e p re v io u s  assum ption t h a t  th e  

la n th a n id e  i s  s im i la r ly  lo c a te d  in  e i t h e r  con fo rm ation . They 

a ls o  su g g e s t an a l t e r n a t iv e  approach f o r  th e  co n fo rm a tio n a l an a ly se s  

o f  th e  t r a n s  su lp h o x id e s . The la n th a n id e  lo c a t io n s  f o r  (219) and 

( 220) co u ld  be assumed to  h o ld  f o r  th e  r e s p e c tiv e  confo rm ations o f  

th e  t r a n s  su lp h o x id e s . Using th e se  la n th a n id e  lo c a t io n s  th e  con

fo rm a tio n a l p e rc en ta g e s  th a t  gave th e  b e s t  f i t s  a re  l i s t e d  in  

Table 5.2.

Table 5.2

The % E q u a to r ia l  Oxygen Conform ations o f  Some 3 -S u b s ti tu te d  

T h ie tan  1-O xides (2nd Method)

R % E q u a to r ia l  C onform ation

CeHs 76

p-BrCgHs 75

t-B u  74

The r e s u l t s  o f  bo th  methods seem to  compare fa v o u ra b ly .

The n .m .r .  s p e c tra  o f  (219) and (220) (F ig u re s  5.4 and 5.5)
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are  i n t e r e s t i n g ,  and show some f e a tu re s  in  common w ith  th e  3 -sub

s t i t u t e d  th ie ta n  1 -o x id es  d isc u sse d  p re v io u s ly . In  th e  endo 

( e q u a to r ia l  ojcygen) iso m er, th e  & -proton o f  th e  th i e t a n  r in g ,  a t  

th e  b rid g eh ead  p o s i t io n  i s  found to  re so n a te  a t  t  8 . 0  0 ,  w hereas 

th e  g -p ro to n  o f  th e  exo ( a x ia l  oxygen) isom er shows a m assive de

s h ie ld in g ,  and i s  found to  re so n a te  a t  t  5 .6 0 , a  d if f e r e n c e  o f  2 .40 

p .p .m . T his e f f e c t  i s  due, as d isc u sse d  b e fo re ,  to  th e  a n iso tro p y  

o f  th e  su lphu r-oxygen  bond in  a  syn a x ia l  p o s i t io n ,  a lth o u g h  th e  

m agnitude o f  t h i s  d e sh ie ld in g  (compared w ith  a  d if f e r e n c e  o f  

1 .0 6 -1 .1 6  p .p .m . in  th e  c o n fo rm a tio n a lly  m obile m olecu les d e sc rib e d  

ab ove), must r e f l e c t  th e  r i g i d i t y  o f  th e se  m olecu les in  which th e  

3-p ro to n  and th e  su lphox ide  bond a re  h e ld  in  a  more n e a r ly  d ia x ia l  

co n fo rm ation . The observed  m agnitude o f  t h i s  e f f e c t  must re p re s e n t  

a lm ost th e  extrem e v a lu e s . I t  must be s a id  t h a t  th e se  r i g i d  

system s and th e  3 - s u b s t i tu te d  th ie ta n  1 -o x id es  d e sc r ib e d  e a r l i e r  

cannot be s t r i c t l y  compared w ith  one a n o th e r s in c e  th e  geom etry o f  

th e  th ie ta n  r in g s  a re  s l i g h t l y  d i f f e r e n t .  In  th e  r i g i d  s t r u c tu r e s  

the  r in g  pucker an g le  was m easured to  be 43° from m o lecu la r m odels, 

w hile  i t  was tak en  to  be 35° f o r  a l l  o th e r  th i e t a n  1 -o x id e s . The 

a -p ro to n s  in  th e  r i g i d  th ie ta n  1-o x id es  were n o t found to  be much 

a f f e c te d  by th e  d is p o s i t io n  o f  th e  s u lp h in y l o j Q r g e n  ( t  6 .70  in  th e  

exo isom er as opposed to  t  6.40  in  th e  endo iso m e r) , b u t t h i s  

i s  to  be ex p ec ted  s in c e  in  b o th  isom ers th e  a -p ro to n s  adop t a 

p se u d o -e q u a to r ia l p o s i t io n  w . r . t .  th e  th ie ta n  r in g  and a re  hence 

no t a f f e c te d  by c o a x ia l  lo n e - p a ir  in te r a c t io n s .
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127L au ten sch laeg e r has p re v io u s ly  a ss ig n e d  th e  s te re o c h e m is try  

o f  two s im i la r  su lp h o x id es  (222) and (223) by n .m .r .

223

Cl

222 ___

Assignm ent was based  on th e  a n is o t ro p ic  e f f e c t  o f  th e  su lphox ide  

bond on th e  g -p ro to n s  Ha and Hjj. The chem ical s h i f t  d if f e r e n c e  o f  

th e  p ro to n s  Hb in  t ie  two isom ers was found to  be 1.59 p .p .m . and 

th e  f a c t  t h a t  t h i s  va lue  i s  low er than  th a t  o b ta in e d  f o r  o u r 

m olecule p ro b ab ly  r e f l e c t s  th e  s l i g h t l y  in c re a se d  co n fo rm a tio n a l 

m o b ility  o f  t h i s  s t r u c tu r e  compared w ith  ou r ex an p le s . P ro to n s  Ha 

a ls o  show some a n is o t ro p ic  e f f e c t s  o f  th e  su lp h o x id e  bond. In  th e  

endo isom er (223) p ro to n s  H  ̂ a re  found to  be d e sh ie ld e d  by 1 .53  

p .p .m . compared w ith  th e  exo isom er ( 222) in  which th e  H^ p ro to n s  

show th e  same chem ical s h i f t  as th e  co rresp o n d in g  s u lp h id e . This 

e f f e c t  i s  a ls o  shown in  our m olecules where th e  s ig n a ls  f o r  Ha 

occurs a t  t  8 .2  in  (219) and 7 .73  in  (2 2 0 ). In  t h i s  case  th e  

d if fe re n c e  i s  s m a lle r  th an  observed  f o r  (222) and (223) b u t t h i s  i s  

p robab ly  because th e  p ro to n s  a t  t h i s  p o s i t io n  in  (219) and (220) 

a re  f u r th e r  away from th e  su lphox ide  bond th an  in  (222) and (223) 

and a re  hence l e s s  a f f e c te d  by th e  a n is o t ro p ic  f i e l d .
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The s tro n g  p re fe re n c e  f o r  oxygen to  go e q u a to r ia l  in  con-

fo rm a tio n a lly  m obile 3 - s u b s t i tu te d  th ie t a n  1 -o x id es  has been

112su p p o rted  by o x id a tio n  s tu d ie s  and e q u i l ib r a t io n  s tu d ie s  u s in g

20hydrogen c h lo r id e .  For 3 -m e th y lth ie ta n  1 -o x id e , an energy  

d if f e r e n c e  betw een th e  two isom ers o f  app rox im ate ly  1 .0  k cal/m o le  

a t  25°C has been c a lc u la te d  from th e  e q u ilib r iu m  m ix ture  compos

i t i o n ,  a lth o u g h  th e  assum ption was made th a t  th e  t r a n s  isom er 

e x is te d  p redom inan tly  in  th e  a x ia l  oxygen conform ation  which we 

have shown n o t to  be th e  c a se .

C o n v erse ly , in  th e  case  o f  th ie ta n  1 -ox ide  and c is  and t r a n s

3 - s u b s t i tu te d  th i e t a n  1 -o x id es  (224) i t  has been e s ta b l is h e d  th a t  

th e  p r e f e r r e d  confo rm ation  i s  a c h a ir  in  which th e re  i s  a  s l i g h t  

preponderance o f  th e  a x ia l  oxygen conform er (224B)

R

0

224A 224B

129C a lc u la tio n s  have su g g ested  t h a t  t h i s  may a r i s e  from an 

a t t r a c t i v e  Van d e r Waals in te r a c t io n  betw een th e  oxygen atom and 

carbons 3 and 5 o r  t h e i r  a t ta c h e d  a x ia l  p ro to n s . There a re  no 

re p u ls iv e  in t e r a c t io n s  betw een th e  oxygen and carbons 3, 4 , and 5 

o r  any o f  t h e i r  a tta c h e d  hydrogens f o r  e i t h e r  conform ation  o f  th e  

oxygen.
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5 . 6  C o n c l u s i o n

This s tu d y  has v e r i f i e d  p rev io u s  work d e sc r ib in g  th e  g e n e ra l 

d ie q u a to r ia l  co n fo rm a tio n a l p re fe re n c e  o f  c i s - 3 - s u b s t i tu te d  th ie ta n

1-o x id es  a lth o u g h  th e  r e s u l t s  o b ta in e d  su g g es t t h a t  in  s o lu t io n  a t  

l e a s t ,  t h i s  conform er i s  e x c lu s iv e . For th e  t r a n s  s u b s t i tu te d  

su lp h o x id es  how ever, th e  c o r r e la t io n s  c o n s is te n t ly  p o in t  to  a  p re 

ponderance o f  th e  e q u a to r ia l  oxygen conform er ( i . e .  w ith  th e  

s u b s t i tu e n t  a x i a l ) . This t re n d  i s  o p p o s ite  to  t h a t  d e sc r ib e d  by 

p rev io u s  w orkers who have e x p la in ed  th e  n .m .r .  s p e c tra  o f  th e se  

system s on th e  assum ption  th a t  th e  m ajor conform er was t h a t  w ith  

th e  s u b s t i tu e n t  e q u a to r ia l .  I t  i s  p o s s ib le  t h a t  th e  m inor conform er 

does in  f a c t  g ive  r i s e  to  th e  observed  phenomena and th a t  th e  a n iso 

tr o p ic  e f f e c t  o f  th e  su lphox ide  bond may be much g r e a te r  th an  has 

been p re v io u s ly  th o u g h t.
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EXPERIMENTAL

In s tru m e n tâ tio n

I n f r a r e d  s p e c tra  were reco rd ed  on a Perk in-E lm er 237 g ra t in g  

sp ec tro m e te r o r  a  P erk in -E lm er 580 g ra t in g  sp ec tro m e te r . Mass 

s p e c tra  were determ ined  a t  70 eV w ith  an A .E .I . MS9 in s tru m en t o r  a 

V.G. Micromass 16B in s tru m e n t, w ith  a  gas chrom atograph a tta ch m en t. 

In  each c a se , th e  m o lecu lar io n  i s  g iven  f i r s t ,  fo llow ed  by peaks 

o f  s t r u c t u r a l  s ig n if ic a n c e .

N uclear m agnetic  resonance  s p e c tra  were reco rd ed  on a V arian  

T60 in s tru m e n t w ith  a  lo c k in g  f a c i l i t y ,  u s in g  d eu te r io ch lo ro fo rm  as 

th e  so lv e n t and te tr a m e th y ls i la n e  (TMS) as i n te r n a l  s ta n d a rd  u n le ss  

o th e rw ise  s t a t e d .  S p e c tra  ru n  a t  100 MHz were reco rd ed  on a JEOL 

PSIOO in s tru m e n t. n .m .r . s p e c tra  were reco rd ed  on a JEOL FX60

in s tru m e n t, a t  15 MHz, o p e ra tin g  in  th e  f o u r ie r  tra n sfo rm  mode, 

w ith  TMS as  i n te r n a l  s ta n d a rd .

M elting  p o in ts  were determ ined  on a K o fle r  h e a tin g  s ta g e ,  

and a re  u n c o rre c te d . G a s -liq u id  chrom atography was c a r r ie d  o u t on 

a Pye-Unicam s e r i e s  104 chrom atograph.

G eneral

S o lu tio n s  in  o rg an ic  s o lv e n ts  were d r ie d  over anhydrous 

magnesium s u lp h a te ,  and a r o ta r y  e v ap o ra to r  was used fo r  reduced  

p re s su re  so lv e n t rem oval u n le ss  th e  v o l a t i l i t y  o f  th e  p ro d u c ts  under
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reduced  p re s su re  was co n sid ered  too  g r e a t .  L ig h t pe tro leum  had a 

b o i l in g  p o in t  o f  40-60°C. D ie th y l e th e r ,  40-60°C and 60-80°C p e t r o l ,  

benzene, and to lu e n e  were s to re d  over sodium w ire . 60-80°C P e tro l  

used fo r  r e c r y s t a l l i s i n g ,  was d i s t i l l e d  b e fo re  use r e j e c t i n g  any 

f r a c t io n  th a t  b o ile d  above 80°C. Methanol and e th a n o l were re f lu x e d  

o v e r , and d i s t i l l e d  from t h e i r  magnesium a lk o x id e s . A c e to n i t r i le  

was d r ie d  and f r a c t i o n a l ly  d i s t i l l e d  from phosphorus p e n to x id e , 

through a fo u r  fo o t column o f  g la s s  h e l i c e s ,  to  re n d e r i t  f r e e  from 

benzene im p u r i t ie s .  The f r a c t io n s  were a n a ly sed  fo r  benzene u sin g  

a U.V. sp e c tro m e te r .

Column chrom atography on s i l i c a  was c a r r ie d  o u t u s in g  S i l i c a  

M.F.C. o r  K e ise lg e l 80 PF254, su p p lie d  by E. Merck, f o r  p re p a ra t iv e  

la y e r  chrom atography, w ith  th e  so lv e n t under s l i g h t  p o s i t iv e  p re s s u re . 

P e ra c e tic  a c id  s o lu t io n  used fo r  o x id a tio n  o f  su lp h id e s  to  su lp h o n es , 

was su p p lie d  by L aporte  L td .

P h o to ly ses  were c a r r ie d  ou t in  a Rayonet photochem ical r e a c to r  

f i t t e d  w ith  lamps e m itt in g  l i g h t  o f  th e  re q u ire d  w aveleng th . The 

s o lu tio n s  were c o n ta in ed  in  quartz  tubes and a l l  s o lv e n ts  were degassed  

im m ediately p r io r  to  u se .

G eneral method fo  o x id is in g  su lp h id es  to  su lphones u s in g  p e ra c e t ic  

a c id  s o lu t io n

The su lp h id e  was slow ly  added in  p o r t io n s  to  an excess o f  a 

s o lu tio n  o f  p e r a c e t ic  a c id  (40% su p p lie d  by L ap orte ) and stirred  

a t 0°C.
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The m ix tu re  was th e n  a llow ed to  s t i r  a t  room tem p era tu re  fo r  a t  

l e a s t  2 days. The m ix tu re  was th en  poured in to  10 volumes o f  w ater 

w ith  s t i r r i n g ,  and e x tra c te d  th re e  tim es w ith  d ich lo ro m eth an e .

The combined o rg a n ic  f r a c t io n s  were washed w ith  an aqueous sodium 

carb o n ate  s o lu t io n  and d r ie d  (MgSOi+). Removal o f  th e  so lv e n t gave 

th e  crude su lphone.
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CHAPTER ONE

Preparation of 2-phenylthietan 1,1-dioxide (60)

2 -P h e n y lth ie ta n  was p rep a red  using  th e  method d e sc r ib e d  by 

34S chaal ex cep t t h a t  sodium su lp h id e  was used as th e  re a g e n t f o r  

th e  c y c l i s a t io n  s t e p ,  in s te a d  o f  th io u re a .

Dry sodium su lp h id e  (19 g) was d is so lv e d  in  a  m ix tu re  o f  

w a ter (20 ml) and e th a n o l (23 m l) . A th re e  necked f la s k  (100 ml) 

was assem bled w ith  two dropping  fu n n e ls  and a  condenser. Some o f  

th e  sodium su lp h id e  s o lu t io n  (10 ml) was a llow ed to  h e a t  under 

r e f lu x  in  th e  f la s k  w ith  s t i r r i n g ,  w hile  th e  rem ainder was h e ld  in  

one o f  th e  dropping  fu n n e ls . The p re v io u s ly  p rep a red  1 -p h e n y l,

l-ch lo ro ,3 -b ro m o p ro p an e  (9 .8 0  g) was h e ld  in  th e  second dropping  

fu n n e l, and sim ultaneous dropw ise a d d itio n  o f  each o f  th e  c o n te n ts  

o f th e  dropping  fu n n e ls  was c a r r ie d  ou t a t  r e f lu x  te  l i t e r a tu r e s .

On com pletion  o f  th e  a d d i t io n ,  th e  m ixture was h e a te d  under r e f lu x  

fo r  2 h , a f t e r  which i t  was d i lu te d  w ith  w a te r (100 m l) , and e x tr a c te d  

w ith  d ich lo ro m eth an e . D rying and rem oval o f  th e  s o lv e n t gave an 

o p a le sc en t o i l ,  which on d i s t i l l a t i o n  a ffo rd e d  2-p h e n y lth ie ta n  as

a c le a r  o i l  (4 .6  g , 73%), b .p .  90°C a t  0 .2  mm p re s s u re .  The n .m .r .

34spectrum  ag reed  w ith  t h a t  quo ted .

The su lp h id e  was o x id ise d  w ith  p e ra c e t ic  a c id  (20 m l, page 145 ) 

to  give 2-p h e n y lth ie ta n  1 , 1-d io x id e  (60) as a  w hite  c r y s t a l l i n e  

m a te r ia l  (4 .7 0  g , 84%), m .p. 82-84°C (c h lo ro fo rm -p e tro l) , x 2 .4 3 -2 .6 0  

(5H, m), 6 .48  (IH , t ,  J  = 9 .5  H z), 5 .6 0 -6 .0 8  (2H, m), and 7 .1 4 -7 .8 3  

(2H, m), ( d ich lo rom ethane) ,  1498, 1458, 1322, 1190, and 1130 cm” ^
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m/e 182, 118, 117, 103, 91, 78, and 77. (Found: C, 5 9 .4 3 ; H, 5 .4 3 ;

S, 1 7 .5 9 . CgHigOzS re q u ire s  C, 59 .32 ; H, 5 .5 3 ; S , 1 7 .5 9 ) .

P re p a ra tio n  o f  c i s  and t ra n s  2 ,4 -d ip h e n y lth ie ta n  1 ,1 -d io x id e  (3 1 )

T h io l a c e t ic  a c id  (10 g , 0 .131 ml) was s low ly  added to  a 

s o lu t io n  o f  b e n z il id e n e  acetophenone (23 .2  g , 0 .112 mol) in  carbon 

te t r a c h lo r id e  (56 ml) w ith  s t i r r i n g  a t  room te m p e ra tu re , w h ils t  

be in g  i l lu m in a te d  w ith  a 100 W lamp. A r i s e  in  te n ^ e ra tu re  to  53°C 

was o b serv ed , which th en  f e l l  s low ly  back a f t e r  a few m in u tes .

A fte r  s t i r r i n g  f o r  1 h , th e  so lv e n t and excess  a c id  were removed 

under reduced  p re s s u re ,  to  g ive th e  a d d it io n  p ro d u c t as  a b u f f  

co lo u red  s o l i d ,  in  an a lm ost q u a n t i ta t iv e  y ie ld ,  x 1 .7 9 -2 .0 9  (2H, 

m), 2 .3 0 -2 .8 4  ( 8H, m), 4 .65 (IH , t ,  J  = 7 H z), 6 .30  (2H, d , J  = 7 H z), 

and 7 .71  ( 3H, s ) .

Some o f  th e  above compound (10 g) was slow ly  added in  p o r tio n s  

to  a s t i r r e d  m ix tu re  o f  l i th iu m  aluminium h y d rid e  (2 g) in  d ie th y l  

e th e r  a t  0°C. The r e a c t io n  was warmed to  room tem p era tu re  and , 

a f t e r  r e f lu x in g  fo r  1 h , th e  r e a c t io n  was quenched in  th e  u su a l way. 

Normal work-up p ro ced u res  gave a p a le  ye llow  o p a le sc e n t o i l ,

3380 cm "!, x 2.68 (b road  s ) ,  5 .0 0 -6 .0 2  (m ), 6 .8 5 -7 .2 1  (b ro ad  re so n a n c e ) , 

and 7 .4 0 -8 .1 2  (m ).

This p ro d u c t was s t i r r e d  in  co n cen tra ted  h y d ro c h lo ric  a c id  

(50 ml) f o r  2 h a t  room te m p e ra tu re . D ilu tio n  w ith  w a ter (120 ml) and
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e x tr a c t io n  w ith  d ich lorom ethane gave, a f t e r  w ork-up, a p a le  g reen

o i l  (7 .2  g) ; th e  in f r a r e d  spectrum  showed a  very  much reduced  hydroxy l

band.

T his p ro d u c t was s t i r r e d  and h e a te d  in  a  tw ice  m olar excess

aqueous s o lu t io n  o f  sodium hydroxide f o r  4 h . At th e  end o f  t h i s

tim e , th e  m ix ture  was cooled  to  room te m p e ra tu re , e x t r a c te d  w ith  

e th e r  and d r ie d .  Removal o f  th e  so lv e n t y ie ld e d  a brown s o l id  (5 g ) . 

This was d is so lv e d  in  h o t p e t r o l ,  to  g ive a t a r r y  in s o lu b le  o i l  and 

a c le a r  s o lu t io n  which was d ecan ted . Removal o f  th e  s o lv e n t  gave 

crude c i s  and t r a n s  2 ,4 -d ip h e n y lth ie ta n . F ra c t io n a l  c r y s t a l l i s a t i o n  

o f  t h i s  m ix tu re  from a p e tro l-c h lo ro fo rm  m ix ture  gave pure  t r a n s  

2 ,4 -d ip h e n y l th ie t a n  (0 .7  g) a f t e r  two r e c r y s t a l l i s a t i o n s .  The 

n .m .r . spectrum  showed th e  sym m etrical A^B^ system  ex p ec ted  fo r  

th a t  isom er.

O x id a tio n  o f  th e  c is  and t r a n s  m ix ture  o r  th e  t r a n s  su lp h id e

w ith  p e ra c e t ic  a c id  (page 145 ) gave r e s p e c t iv e ly  th e  c i s  and t r a n s

sulphones and th e  t r a n s  su lphone. M.p. o f  t r a n s  sulphone 165-167°C 

( l i t . ^ ^  166-167^0). m/e 194 (no m olecu lar io n  d e te c te d ) ,  193, 179, 

178, 116, 115, 103, 91, 78, and 77.

Attem pted p re p a ra t io n  o f  2 -p h en y l-4 -p -m eth o x y p h en y lth ie tan  1 ,1 -d io x id e

This was p rep a red  by the  same method as d e sc rib e d  fo r  2 ,4 -  

d ip h e n y lth ie ta n  above, u s in g  4-raethoxychalcone. C y c l is a t io n  o f  th e  

y - c h lo ro th io l  (8 .7  g ) , r e s u l t in g  from th e  f i r s t  th re e  s t e p s ,  u s in g
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th e  same method, r e s u l te d  in  a  v isco u s  o p a le sc e n t o i l  (5 .2  g ) . 

E x tra c tio n  o f  t h i s  o i l  w ith  h o t p e t r o l  gave a s l i g h t  ye llow  o i l  

(3 .5  g ) .

P u r i f i c a t io n  o f  some o f  t h i s  p ro d u c t (1  g) by column chrom ato

graphy on s i l i c a  (40 g) e lu t in g  w ith  40% p e t r o l - e th e r  gave 2 -p h en y l,

4 -p -m e th o :g p h en y lth ie tan  as a  c le a r  o i l .  1620, 1250 cm” ^.

T 2 .1 8 -3 .2 0  (9H, m), 4 .8 6 -5 .2 8  (2H, m ), 4.19 (3H, s ) ,  and 6 .4 0 -6 .9 0  

(2H, m).

Numerous a ttem p ted  o x id a tio n s  o f  t h i s  m a te r ia l  w ith  either 

p e ra c e t ic  a c id  o r  m -chloroperoxybenzoic a c id  gave a breakdown o f  

th e  s t a r t i n g  m a te r ia l  to  a y e llo w -re d  po lym eric  o i l ,  o f  an i n 

d e te rm in a te  n a tu re .

A ttem pted p re p a ra t io n  o f  2 -m e th y l-4 -p h e n y lth ie ta n  1 ,1 -d io x id e

T his p re p a ra t io n  was a ttem p ted  u sin g  b en zy lid en e  ace to n e  

as th e  s t a r t i n g  m a te r ia l  and u sin g  th e  same methods as  d e sc r ib e d  

fo r  2 ,4 -d ip h e n y lth ie ta n  above. The sequence co u ld  n o t be com pleted 

however, because th e  in te rm e d ia te  y "hydroxy t h i o l  cou ld  n o t be 

c h lo r in a te d , even a f t e r  pro longed  s t i r r i n g  in  c o n c e n tra te d  hydro 

c h lo r ic  a c id ,  w ith  h e a tin g .

353 -M e th y l-3 -p h en y lth ie tan  1 , 1 -d io x id e

2-M ethyl-2-phenylpropane 1 ,3 - d io l  was p re p a red  by th e  T o l le r s  

condensa tion  o f  2-phenylprop ionaldehyde (4 5 .2  g) and a 40% aqueous
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s o lu t io n  o f  form aldehyde (105 g) in  th e  p resence  o f  anhydrous 

p o tass iu m  carb o n a te  (3 3 .7  g ) , e th a n o l (100 ml) and w ater (30 m l).

The r e a c ta n ts  were r e  f lu x e d  to g e th e r  fo r  5 h , a f t e r  which most o f  

th e  v o l a t i l e  m a te r ia l  was removed on a ro ta r y  e v a p o ra to r , and 

th e  re s id u e s  d is so lv e d  in  d ich lo rom ethane.

The in s o lu b le  m a te r ia ls  were removed by f i l t r a t i o n  and 

washed w ith  d ich lorom ethane a f t e r  which th e  o rg a n ic  s o lu t io n s  

were combined and th e  so lv e n t removed to  g ive  a  heavy v isco u s  

o i l  (21 g) which s o l i d i f i e d  on s tan d in g  to  g ive a  w h ite  s o l id .

Some o f  t h i s  d io l  (1 8 .5  g) was d is so lv e d  in  dry  p y r id in e  

(110 ml) and s t i r r e d  a t  O^C. To t h i s  was added dropw ise , 2 .2  

e q u iv a le n ts  o f  benzene su lphony l c h lo r id e , w h ile  m a in ta in in g  

th e  tem p era tu re  below 12°C by the  use o f  an ic e  b a th . When th e  

a d d i t io n  was com plete , th e  m ixture was a llow ed to  warm to  room 

tem p era tu re  and s t i r r e d  o v e rn ig h t. The p ro d u c t was i s o la te d  by 

p o u rin g  th e  r e s u l t a n t  m ix ture  in to  w ater (370 ml) w h ile  s t i r r i n g  

v ig o ro u s ly . F i l t r a t i o n  o f  th e  r e s u l ta n t  p r e c ip i t a t e  y ie ld e d  th e  

crude d iben zen esu lp h o n a te  e s t e r  as a p ink  s o l i d ,  which was washed 

w ith  w a te r , 2M h y d ro c h lo ric  a c id , w a te r , and a i r  d r ie d  to  g ive 

th e  e s t e r  which was c o n s id e red  pure enough f o r  d i r e c t  u se .

Toluene (100 ml) was added to  a  m ix ture  o f  c ru shed  sodium 

su lp h id e  nonohydrate (2 4 .5  g) and d im ethyl su lphox ide  (200 m l) , and 

th e  m ix tu re  h e a te d  under r e f lu x  w ith  a  D ean-Stark a p p a ra tu s  c o l le c t in g
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th e  w a ter which began to  ap p ear a t  120°C. When about 15 ml o f  w a ter
— of

had been a zeo tro p ed  from th e  system , th e  excess y^toluene was removed

by ap p ly in g  a s l i g h t  vacuum on th e  system . The r e s u l t a n t  DMSO

s o lu tio n  appeared  s l i g h t l y  g reen  w ith  sm all gummy re s id u e s  in s id e

the  f l a s k .  The s o lu t io n  was coo led  to  90°C, and some o f  th e  p re v io u s ly

p rep ared  d ib enzenesu lphonate  e s t e r  (3 0 .4  g) was added to  th e  s t i r r e d

s o lu t io n  o v e r a  p e r io d  o f  1 h . The m ix tu re  was s t i r r e d  a t  90°C

fo r  a  f u r th e r  i j  h , a f t e r  which i t  was coo led  and poured in to  w a ter

(1 l i t r e ) .  The aqueous s o lu t io n  was e x tr a c te d  w ith  l i g h t  pe tro leum

(5 X 100 m l) , and th e  combined p e t r o l  e x t r a c t s  washed w ith  f r e s h

w ater (2 x 100 m l). Drying and rem oval o f  th e  s o lv e n t gave a yellow

o i l  (15 g ) , which on d i s t i l l a t i o n  a ffo rd e d  3 -p h e n y l-3 -m e th y lth ie ta n

(12 g) as a ye llow  o i l ,  b .p .  140-160°C a t  15 mm. t  2 .5 2 -3 .1 8  (5H, m),

6 .21 (2H, d , J  = 9 H z), 7 .01  (2H, d , J  = 9 H z), and 8 .22  (3H, s ) .

Some o f  t h i s  m a te r ia l  (2  g) was o x id ise d  w ith  p e r a c e t ic  a c id  

(10 ml) a s  d e sc r ib e d  on page 145 , to  g iv e  3 -p h e n y l-3-m e th y lth ie ta n

1 ,1 -d io x id e  a s  a  w hite  c r y s ta l l in e  s o l id  (2 .1  g , 84%), m .p. 48-49°C 

(c h lo ro fo rm -p e tro l) ,  x 2 .2 9 -2 .8 8  (5H, m), 5 .61  (4H, A'B* q u a r t e t ) ,  

and 8.18 (3H, s ) ,  (d ich lo rom ethane) 1409, 1330, 1226, 1142, and

1089 c m 'l .  m/e 196, 132, 118, 117, 103, 91 , 78, and 77. Found : C, 

61 .32 ; H, 6 .36  ; S, 16 .3 0 . C10H12SO2 re q u ire s  C, 6 1 .2 0 ; H, 6 .1 6 ;

S, 1 6 .34 .
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Preparation of 2-phenyl-2-methyIthietan 1,1-dioxide (79)

An e q u iv a le n t amount o f  n -b u ty l - l i th iu m  s o lu t io n  was added 

over a  p e r io d  o f  20 min to  a s t i r r e d  su spension  o f  2-p h e n y lth ie ta n

1 .1 -d io x id e  (0 .5  g , 2 .74  mmol) in  dry  e th e r  (25 ml) a t  -78°C under 

an atm osphere o f  dry  n i tro g e n . The m ixture was th e n  s t i r r e d  a t  

-78°C fo r  1 h to  g ive a c le a r  yellow  s o lu t io n .  An excess amount 

o f  m ethyl brom ide (0 .5  m l, 4.36 mmol) was d is so lv e d  in  d ry  e th e r  

(8 m l) , and added dropw ise to  th e  cooled  s o lu t io n  over a p e r io d  o f  

10 min. The m ix ture  was th en  allow ed to  warm up to  room tem p era tu re  

and s t i r r e d  f o r  a  f u r th e r  2 h . At th e  end o f  t h i s  tim e , th e  r e a c t io n  

was quenched w ith  w a ter (5 ml) and s t i r r e d  v ig o ro u s ly  to  d is so lv e

the  l i th iu m  brom ide formed in  th e  r e a c t io n .  The c le a r  e th e r  

la y e r  was s e p a ra te d  and d r ie d .  E vapora tion  gave a p a le  o p a le sc e n t 

o i l .  T his cou ld  n o t be c r y s t a l l i s e d ,  b u t chrom atography on s i l i c a  

(50 g) e lu t in g  w ith  e th e r  gave 2-p h e n y l-2-m e th y lth ie ta n  1 ,1 -d io x id e

(79) (0 .2 3  g , 43%). m.p. 77-78°C (c h lo ro fo rm -p e tro l) ,  (d ic h lo ro 

m ethane), 1315, 1182 and 1130 cm” ^. t 2 .4 0 -2 .7 0  (5H, m), 5 .5 0 -6 .3 2  

(2H, m), 6 .8 2 -6 .9 7  (2H, m), and 8.05 (3H, s ) .  m/e 196, 132, 131,

117, 91, and 77. (Found: C, 60 .99 ; H, 6 .1 2 ; S, 1 6 .7 4 . C10H12O2S

re q u ire s  C, 6 1 .1 9 ; H, 6 .1 6 ; S , 1 6 .3 4 ). n .m .r .  2 2 .1 6 , 2 5 .8 9 , 6 0 .2 2 , 

87 .49 , 125 .97 , 128 .15 , 128 .73 , and 1 3 7 .80,(p.p.m j.

P re p a ra tio n  o f  2-p h e n y l-2- e th y l  th ie ta n  1 ,1 -d io x id e  (8 0 )

An e q u iv a le n t amount o f  n -b u ty l - l i th iu m  s o lu t io n  was added

over a p e r io d  o f  5 min to  a s t i r r e d  su spension  o f  2 -p h e n y lth ie ta n

1 .1 -d io x id e  (0 .5  g , 2 .74  mmol), in  dry  e th e r  (20 ml) a t  -78°C , under
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an atm osphere o f  d ry  n i tro g e n . The m ixture was th en  s t i r r e d  a t  -78°C 

f o r  15 min to  g ive  a  p a le  yellow  s o lu t io n .  An excess s o lu t io n  o f  

e th y l  io d id e  (0 .3 0  ml) d is so lv e d  in  dry  e th e r  (8 m l) , was added 

dropw ise ov er a p e r io d  o f  10 min. The m ixture was th en  a llow ed  to  

s low ly  warm up to  room tem peratu re  and s t i r r e d  f o r  one h o u r, du rin g  

which tim e a m isty  p r e c ip i t a t e  g ra d u a lly  became a p p a re n t. A fte r  1 h , 

th e  r e a c t io n  was quenched w ith  w a ter (5 ml) and a f t e r  v igorous 

s t i r r i n g  f o r  1 m in, th e  c le a r  e th e r  s o lu t io n  was s e p a ra te d , d r ie d ,  

and e v ap o ra ted  to  g ive  a w hite  o p a le sc e n t o i l .  C r y s ta l l i s a t io n  and 

r e c r y s t a l l i s a t i o n  o f  t h i s  o i l  gave 2 -p h e n y l-2 -e th y lth ie ta n  1 ,1 -d io x id e

(80) (0 .3 2  g , 55%). m.p. 101-102^0 (c h lo ro fo rm -p e tro l) ,  ( d i 

ch lo ro m eth an e), 1500, 1450, 1310, 1175, and 800 cm” ^, t 2 .3 2 -2 .9 1  

(5H, m), 5 .6 0 -6 .4 0  (2H, m), 7 .1 0 -7 .9 7  (4H, m ), and 9 .22  (3H, t ,  J  =

7.5 H z), m/e m o lecu lar io n  n o t d e te c te d , 146, 117, 91 and 77. (Found: 

C, 6 2 .8 3 ; H, 6 .7 1 ; S , 15 .1 0 . C11H11+O2S re q u ir e s  C, 6 2 .8 2 ; H, 6 .7 1 ;

S , 1 5 .2 4 .)  n .m .r .  8 .6 0 , 1 9 .1 5 , 30 .92 , 6 0 .0 6 , 9 2 .4 5 , 126 .62 ,

128 .08 , 1 28 .64 , and 135 .71 /p .p .m .).

P re p a ra tio n  o f  2 -p h e n y l-2 -b e n z y lth ie ta n  1 ,1 -d io x id e  (8 1 )

An e q u iv a le n t amount o f  n - b u ty l - l i th iu m  s o lu t io n  was added 

over a p e r io d  o f  18 min to  a s t i r r e d  su sp en sio n  o f  2 -p h e n y lth ie ta n

1 ,1 -d io x id e  (0 .5  g , 2 .74 mmol) in  dry e th e r  (25 ml) a t  -78^0 under 

an atm osphere o f  d ry  n i tro g e n . The m ixture was s t i r r e d  fo r  a f u r th e r  

10 min to  g ive  a  c l e a r ,  p a le  yellow  s o lu t io n .  An excess 

o f  ben zy l bromide (0 .4  ml) d is so lv e d  in  dry  e th e r  (8 ml) was added
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dropw ise o v e r a  p e r io d  o f  15 min. The m ix ture  was th e n  s low ly  warmed 

up to  room tem p era tu re  and was s t i r r e d  fo r  24 h . At th e  end o f  t h i s  

tim e , w a te r (5 ml) was added to  quench th e  r e a c t io n ,  a f t e r  which th e  

m ix ture  was v ig o ro u s ly  s t i r r e d  fo r  1 min. S e p a ra tio n  o f  th e  o rg a n ic  

l a y e r ,  d ry in g , and rem oval o f  th e  so lv e n t gave 2 -p h e n y l-2 -b e n z y lth ie ta n

1 ,1 -d io x id e  (81) (0 .4 3  g , 58%), m.p. 153-155^0, ( c h lo ro fo rm -p e tro l) .  

Vmax (d ich lo ro m eth an e) 3060, 1605, 1498, 1457, 1448, 1316, and 1218 

c m " \  T 2 .4 4 -3 .3 2  (lOH, m), 5 .7 0 -6 .2 5  (2H, m), 6 .42  (2H, s ) ,  7 .3 3 -7 .6 9  

(2H, m), m/e 272, 208, 194, 181, 117, 104, 91, and 77. (Found: C, 

7 0 .4 9 ; H, 6 .1 5 ; S , 1 1 .8 4 . C16H16O2S re q u ire s  C, 70 .5 6 ; H, 5 .9 2 ;

S, 1 1 .7 7 ) .

P re p a ra tio n  o f  2 -p h e n y l-2 - a l ly l th ie ta n  1 ,1 -d io x id e  (8 2 )

An e q u iv a le n t amount o f  n -b u ty l - l i th iu m  s o lu t io n  was added 

over a  p e r io d  o f  20 min to  a s t i r r e d  susp en sio n  o f  2 -p h e n y lth ie ta n

1 ,1 -d io x id e  (0 .5  g , 2 .74  mmol), in  dry e th e r  (30 m l) , a t  -78^0 under 

an atm osphere o f  d ry  n i t ro g e n . The m ix ture  was s t i r r e d  f o r  1 h to  

g ive a  c l e a r  ye llow  s o lu t io n .  An excess o f  a l l y l  bromide

(0 .5  ml) d is so lv e d  in  dry  e th e r  (10 ml) was added dropw ise over a 

p e r io d  o f  30 min to  th e  s t i r r e d  s o lu t io n .  The m ix ture  was a llow ed  

to  s t i r  f o r  30 min a t  -78°C a f t e r  which i t  was warmed to  room temp

e ra tu re  and s t i r r e d  f o r  a f u r th e r  48 h . At th e  end o f  t h i s  tim e 

a  p a le  m is t in e s s  was observed  in  the m ix tu re . W ater (5 ml) was added 

to  quench th e  r e a c t io n  and d is so lv e  the  p r e c i p i t a t e .  The m ix tu re
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was v ig o ro u s ly  s t i r r e d  f o r  1 m in, and th e  c le a r  e th e r  la y e r  was 

s e p a ra te d  and d r ie d .  E vapora tion  o f  th e  s o lv e n t gave an orange 

o i l .  A ttem pts a t  c r y s t a l l i s a t i o n  f a i l e d ,  b u t chrom atography on 

s i l i c a  (40 g) u s in g  20% e th e r  in  l i g h t  p e tro leum  gave 2-p h e n y l-2- 

a l l y I t h i e t a n  1 ,1 -d io x id e  (82) (0 .2 8  g , 46%), m.p. 61-63°C (ch lo ro fo rm - 

p e t r o l ) ,  (d ic h lo ro m eth a n e ), 3063, 3032, 1642, 1498, 1448, 1317,

1174, and 1125 cm” l .  t 2 .4 0 -2 .8 4  (5H, m), 4 .3 2 -5 .0 0  (3H, m), 5 .7 2 - 

6 .30  (2H, m), 7 .01  (2H, d , J  = 7 H z), 7 .1 2 -7 .8 8  (2H, m), m/e 222,

181, 158, 143, 129, 117, 115, 91 , and 77. (Found: C, 6 4 .8 9 ; H, 6 .3 8 ; 

S , 1 4 .8 3 . C12H14O2S re q u ire s  C, 6 4 .8 3 ; H, 6 .3 5 ; S , 1 4 .4 2 ) .

n .m .r .  1 8 .5 8 , 4 2 .4 4 , 6 0 .2 2 , 9 0 .4 9 , 1 2 0 .2 , 1 2 6 .5 3 , 1 2 8 .1 5 , 128 .64 , 

1 30 .99 , and 1 3 5 .7 8 ,( p . p . m j .

A ttem pted r e a c t io n  o f  th e  2 -p h e n y lth ie ta n  1 ,1 -d io x id e  an ion  w ith  

epibrom ohydrin

T his r e a c t io n  was a ttem p ted  u s in g  th e  same method a s  d e sc r ib e d  

f o r  th e  p re v io u s  p re p a ra t io n s  o f  d is u b s t i tu te d  th ie ta n  su lp h o n es , 

w ith  epibrom ohydrin  and th e  an ion  o f  th e  th i e t a n .  The m ix tu re  was 

s t i r r e d  f o r  4 h a f t e r  which work-up gave a p a le  ye llow  o i l .  The 

n .m .r .  showed some s t a r t i n g  m a te r ia l  p re s e n t  and t . l . c .  a n a ly s is  

on s i l i c a  e lu t in g  w ith  e th e r ,  showed th re e  sp o ts  o f f  th e  base  l i n e .

Chromatography on s i l i c a  g e l (50 g) e lu t in g  w ith  a 1 :1  e th e r -
o f

p e t r o l  m ix tu re  r i s i n g  to  2% m ethanol in  e th e r  l e d  fo f  h e  is o la t io p ^ a  

sm all amount o f  a c le a r  o i l  (50 mg) w ith  an n .m .r .  spectrum  approx-
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im a tin g  to  t h a t  expec ted  fo r  th e  p ro d u c t, x 2 .3 2 -2 .9 0  (5H, m), 

5 .6 5 -6 .3 0  (2H, m), and 6 .8 4 -7 .9 0  (7H, m), dichlorom e thane  im p u rity  

peak a t  x 4 .7 2 .

Numerous a tte m p ts  were made to  t r y  and improve t h i s  y i e l d ,  

however th e se  were u n su c c e ss fu l.

A ttem pted r e a c t io n  o f  2 -p h e n y lth ie ta n  1 ,1 -d io x id e  an ion  w ith  p ropy lene  

oxide

A s l i g h t  ex cess  o f  p ropy lene  oxide was added to  th e  an ion  

g en era ted  from 2 -p h e n y lth ie ta n  1 ,1 -d io x id e  (0 .5  g) and an e q u iv a le n t 

amount o f  b u ty l - l i th iu m  s o lu t io n  as  d e sc r ib e d  p re v io u s ly . A fte r  

s t i r r i n g  f o r  4 h , norm al work-up p rocedu res gave a v isco u s  yellow  

o i l .  The t . l . c .  p la te  on s i l i c a  u s in g  e th e r  as  th e  e lu e n t  showed 

a t  l e a s t  s ix  d i f f e r e n t  compounds p re s e n t ,  and t h i s  r e a c t io n  was 

abandoned.

Attem pted r e a c t io n  o f  2 -p h e n y lth ie ta n  1 ,1 -d io x id e  an io n  w ith  e th y l  

ch lo ro fo rm ate

A s l i g h t  ex cess  o f  e th y l  ch lo ro fo rm ate  was added to  a  s o lu t io n  

o f  th e  an ion  g e n e ra te d  from 2 -p h e n y lth ie ta n  1 ,1 -d io x id e  (0 .5  g) and 

b u ty l- l i th iu m . The r e a c t io n  was worked-up a f t e r  s t i r r i n g  o v e rn ig h t 

to  g ive a s l i g h t l y  y e llo w ish  o i l .  The n .m .r .  spectrum  showed a 

m ixture o f  u n re a c te d  s t a r t i n g  m a te r ia ls  o n ly .
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Thermolysis of 2-phenylthietan 1,1-dioxide (60)

The sulphone (243 mg) was sublim ed th rough  th e  a p p a ra tu s  

a t  0.015 mm p re s su re  w ith  th e  fu rn ace  a t  450°C to  o b ta in  p h en y l-  

cyclopropane (150 mg, 95%) which was id e n t i f i e d  by com parison o f  

th e  n .m .r .  spectrum  w ith  t h a t  o f  a  known sam ple. The m a te r ia l  

gave on ly  one peak on g . l . c .  a n a ly s is  (3% 0V17 a t  110°C, flow  r a t e  

60 ml min” ^) r e te n t io n  tim e 3 min. 6 s e c . Therm olysis o f  th e  sulphone 

under th e  same c o n d itio n s  w ith  th e  fu rn ace  a t  600°C gave a m ix tu re  

o f  th re e  compounds as shown by th e  g . l . c .  t r a c e  under th e  same con

d i t io n s  as above; r e te n t io n  tim es 1 m in .51 s e c , 2 m in .28 s e c ,  and 

3 m in .6 s e c . From known n .m .r .  s p e c t r a ,  th e se  were i d e n t i f i e d  as 

m ainly phenylcyclopropane w ith  sm all amounts o f  c i s  a n d /o r  t r a n s  

g -m e th y ls ty ren e  and a l ly lb e n z e n e . G .l .c ./m a ss  s p e c t r a l  a n a ly s is  

o f  th e  peaks showed them a l l  to  have a m o lecu lar io n  a t  m/e = 118 

(which co rresponds to  lo s s  o f  su lp h u r d io x id e ) and very  s im i la r  

breakdown p a t t e r n s .  Therm olysis o f  th e  sulphone under th e  same con

d i t io n s  w ith  th e  fu rn ace  a t  750^C gave c is  a n d /o r  t r a n s  g -m ethy l- 

s ty re n e  and a lly lb e n z e n e  o n ly , as i d e n t i f i e d  by com parison o f  th e  

n .m .r .  spectrum  o f  th e  p ro d u c t w ith  t h a t  o f  p u b lish e d  s p e c t r a .

G . l .c .  a n a ly s is  under th e  same c o n d itio n s  showed th re e  compounds 

p re s e n t .

Therm olysis o f  phenylcyclopropane

Phenylcyclopropane (120 mg) was sublim ed th rough  th e  a p p a ra tu s  

a t  0.015 mm p re s su re  w ith  th e  fu rn ace  a t  750°C. The p ro d u c t was 

shown to  be unchanged s t a r t i n g  m a te r ia l  by n .m .r .  sp ec tro sc o p y .
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Photolysis of 2-phenylthietan 1,1-dioxide

2 -P h e n y lth ie ta n  1 ,1 -d io x id e  (0 .5  g) was d is so lv e d  in  dry  

m ethanol (150 ml) and i r r a d ia te d  a t  253 nm f o r  20 h . The r e s u l t a n t  

s l i g h t l y  yellow  is.h so lu tio n  was evap o ra ted  u s in g  a w a ter pump a t  

room te m p e ra tu re , to  g ive a ye llow  o i l  w ith  a  s l i g h t  t r a c e  o f 

a p r e c ip i t a t e .  The n .m .r . spectrum  showed phenylcyclopropane 

which was id e n t i f i e d  by com parison w ith  a known sam ple, and a 

sm all amount o f  s t a r t i n g  m a te r ia l .  The m a te r ia l  gave on ly  one 

peak on g . l . c .  a n a ly s is  (10% E30 a t  83°C, flow  p re s su re  12 p . s . i . ) ,  

r e te n t io n  tim e 11 m in .2 sec .

Therm olysis o f  t ra n s  2 ,4 -d ip h e n y lth ie ta n  1 ,1 -d io x id e

The sulphone (100 mg) was sublim ed th rough  th e  a p p a ra tu s  

a t  0 .003 mm p re s su re  w ith  th e  fu rn ace  a t  500°C. A m ix tu re  o f  c i s  

and t r a n s  1 ,2 -d iphenyIcyclopropane in  th e  approxim ate r a t i o  o f  

23% c i s  and 77% t r a n s , was o b ta in ed  as a ye llow  o i l .  The two 

isom ers were i d e n t i f i e d  by com parison o f  th e  n .m .r .  spectrum  w ith  

t h a t  d e sc rib e d  by C u rtin  e t  a l .^ ^

Therm olysis under th e  same c o n d itio n s  w ith  th e  fu rnace  a t  

400°C gave a m ix ture  o f  s t a r t i n g  m a te r ia l  (26%) and c i s  and t r a n s

1 ,2 -d ip h en y Icy c lo p ro p an e , in  th e  r a t i o  o f  ap p ro x im ate ly  19% and 55% 

re s p e c t iv e ly ,  w h ile  a t  300^0 unchanged s t a r t i n g  m a te r ia l  was o b ta in ed ,
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Photolysis of cis and trans 2,4-diphenylthietan 1,1-dioxide (31)

An isom er m ix ture  o f  c i s  and t r a n s  2 ,4 -d ip h e n y lth ie ta n  1 ,1 -  

d io x id e  (100 mg) was d is so lv e d  in  a c e t o n i t r i l e  (25 m l) , and i r r a d i a t e d  

f o r  2 h . a t  253 nm. Removal o f  th e  s o lv e n t gave a ye llow  o i l  which 

p a r t i a l l y  c r y s t a l l i s e d .  N .m .r. exam ination  showed t h i s  to  be a  

m ix ture  o f  s t a r t i n g  m a te r ia l  and 1 ,2 -d ip h en y Icy c lo p ro p an e . F u r th e r  

i r r a d i a t i o n  under th e  same c o n d itio n s  f o r  12 h. gave a yellow  o i l  

a f t e r  s o lv e n t rem oval. The n .m .r . a n a ly s is  o f  t h i s  p ro d u c t showed 

a m ix tu re  o f  c i s  and t r a n s  1 , 2-d ip h en y lcy clo p ro p an e  o n ly , in  th e  

r a t i o  o f  app rox im ate ly  59% c is  and 41% t r a n s .

Therm olysis and p h o to ly s is  o f  2 -p h e n y l-2 -m e th y lth ie ta n  1 ,1 -d io x id e  (7 9 )

The su lphone (105 mg) was sublim ed th rough  th e  a p p a ra tu s

a t  0 .015 mm p re s su re  w ith  th e  fu rn ace  a t  600°C. 1 -P h e n y l- l-m e th y l-

cyclopropane was o b ta in e d  as a c o lo u r le s s  o i l  (6 1 .2  mg, 87%), x

2 .5 0 -2 .9 0  (5H, m), 8 .61  (3H, s ) ,  and 9 .0 0 -9 .4 0  (4H, b r ,  d , J  = 7 H z).

31This ag rees  w ith  v a lu es  quoted by G ib e rt and Seyden-Penne. The 

m a te r ia l  gave one peak on ly  on g . l . c .  a n a ly s is  (3% 0V17 a t  150°C, 

flow  p re s su re  5 .5  p . s . i . ) ,  r e te n t io n  tim e 2 m in .2 s e c .

The sulphone (20 mg) was d is so lv e d  in  dry m ethanol (20 ml) 

and i r r a d i a t e d  a t  253 nm fo r  4 h ,  a f t e r  which most o f  th e  so lv e n t 

was removed under reduced  p re s su re  u sin g  a  w ater pump. G . l .c .  

a n a ly s is  o f  t h i s  p ro d u c t under th e  same c o n d itio n s  as  f o r  th e  therm 
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o ly s is  p ro d u c t, showed one main peak w ith  th e  same r e te n t io n  tim e 

as  th e  th e rm o ly s is  p ro d u c t w ith  th re e  much sm a lle r  peaks a f t e r ;  

th e re  was n o t enough sample to  c a r ry  o u t any f u r th e r  in v e s t ig a t io n  

in to  t h i s .

Therm olysis and p h o to ly s is  o f  2 -p h e n y l-2 -e th y lth ie ta n  1 ,1 -d io x id e  (8 0 )

The sulphone (111 mg) was sublim ed th rough  th e  a p p a ra tu s

a t  0 .0 1  m m .pressure w ith  th e  fu rnace  a t  600°C. A very  p a le  yellow

o i l  was obta ined , t  2 .4 4 -3 .0 2  (5H, m), 8 .42 (2H, q, J  = 7 .5 H z),

and 8 .9 2 -9 .4 4  (7H, m), w ith  a  dichlorom ethane peak a t  4 .78  x ,

V ( l i q u id  film ) 2978, 1460 and 1020 cm ^. D i s t i l l a t i o n  a ffo rd e d  max ^

1-p h e n y l- l-e th y lc y c lo p ro p a n e  as a c o lo u r le s s  o i l  (68 mg, 88%), b .p .  

130^0 a t  5 mm. M/e = 146, 117, 105, 91, and 77. G . l .c .  a n a ly s is  

showed on ly  one peak (3% 0V17 a t  150°C, flow  p re s su re  6 p . s . i . ) ,  

r e te n t io n  tim e 3 m in .4 s e c . (Found: C, 89 .44 ; H, 9 .8 1 . CiiH^^ 

re q u ire s  C, 9 0 .3 5 ; H, 9 .6 5 ) .

A f u r th e r  sample o f  th e  sulphone (100 mg.) was d is so lv e d  in  

dry  m ethanol (20 ml) and i r r a d ia t e d  a t  25 3 nm w hile  m o n ito rin g  th e  

re a c t io n  by g . l . c .  under th e  same c o n d itio n s  as above. A fte r  3 h 

th e  s o lv e n t was removed under reduced p re s su re  on a w a te r pump 

to  give a c le a r  o i l .  The n .m .r .  spectrum  showed th e  p resen ce  o f

1-p h e n y l- l-e th y lc y c lo p ro p a n e  as was formed in  th e  th e rm o ly s is , w ith  

p o s s ib ly  a sm all amount o f  u n reac ted  s t a r t i n g  m a te r ia l .  This was
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confirm ed by g . l . c .  a n a ly s is  under th e  same c o n d itio n s  a s  d e sc rib e d  

fo r  th e  th e rm o ly s is ; on ly  one peak was g iv en , r e te n t io n  tim e 3 min. 

8 sec .

Therm olysis and p h o to ly s is  o f  2 -p h e n y l-2 -b e n z y lth ie ta n  1 ,1 -d io x id e  (8 1 )

The sulphone (112 mg) was sublim ed th ro u g h  th e  a p p a ra tu s  a t  

0 .015 m m .pressure, w ith  the  fu rn ace  a t  600°C to  g ive a p a le  yellow  

o i l  (76 mg). T (100 MHz), 2 .6 0 -3 .1 8  (lOH, m ), 7.10 (2H, s ) ,  and 

9.19 (4H, s ) .  ( l i q u id  f ilm ) 3030, 1604, 1497, 1453, and 1025

c m " \  m/e 208, 108, 106, 92, and 78. G . l .c .  a n a ly s is  showed on ly  

one peak (3% 0V17 a t  200°C, flow  p re s su re  6 p . s . i . ) ,  r e te n t io n  tim e 

8 m in .24 s e c . D i s t i l l a t i o n  a ffo rd e d  1 -p h e n y l-l-b en zy lcy c lo p ro p an e  

as a c o lo u r le s s  o i l  (71 mg, 83%), b .p .  160° a t  15 mm. (Found: C,

91 .97 ; H,. 7 .7 6 ; CigHig re q u ire s  C, 92 .26 ; H, 7 .7 4 ) .

The sulphone (100 mg) was d is so lv e d  in  dry  m ethanol (20 ml) 

and i r r a d i a t e d  a t  253 nm fo r  3 h . Removal o f  th e  so lv e n t gave a 

yellow  o i l  which was confirm ed to  be 1-p h e n y l-l-b en z y lc y c lo p ro p an e  

by n .m .r .  and g . l . c .  a n a ly s is  a s  above.

Therm olysis and p h o to ly s is  o f 2 - p h e n y l- 2 - a l ly l th ie ta n  1 ,1 -d io x id e  (8 2 )

The su lphone (113 mg) was sublim ed th rough  th e  a p p a ra tu s  a t  

0.007 m m .pressure, w ith  th e  fu rnace  a t  600°C to  g ive  a p a le  ye llow
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o i l ,  which on d i s t i l l a t i o n  a ffo rd e d  1-pheny1- 1-a lly lc y c lo p ro p a n e  as 

a c o lo u r le s s  o i l  (74 mg, 92%), b .p .  120°C a t  20 mm. x (100 MHz), 

2 .5 2 -3 .0 0  (5H, m), 4 .0 0 -4 .3 2  (IH , m), 4 .8 0 -5 .2 4  (2H, m), 7 .64 (2H, 

d X d , J i=  8 Hz, J 2= 1 .5  H z), and 9 .0 8 -9 .4 0  (IH , m), ( l i q u id

f i lm ) ,  3081, 2252, 1642, 1602, 1496, 1445, and 1002 cm” m/e 158, 

143, 129, 117, 91, and 77. G . l .c .  a n a ly s is  showed on ly  one peak 

(3% 0V17 a t  150°C, flow  p re s su re  5 p . s . i . ) ,  r e te n t io n  tim e 3 min.

30 s e c . (Found: C, 9 0 .6 9 ; H, 9 .0 4 . C12H14 r e q u ire s  C, 9 1 .0 8 ;

H, 8 .9 2 ) .

The sulphone (90 mg) was d is so lv e d  in  d ry  m ethanol (20 ml) 

and i r r a d i a t e d  a t  253 nm f o r  2h. while m o n ito rin g  th e  change by 

g . l . c .  Removal o f  th e  s o lv e n t ,  u s in g  a w a te r pump, gave a l i g h t  

brown o i l  which was confirm ed to  be 1-p h e n y l- l- a lly lc y c lo p ro p a n e  

on ly  from n .m .r .  and g . l . c .  a n a ly s is  u s in g  th e  same c o n d itio n s  as 

d e sc rib e d  above.

Therm olysis o f  8 - th ia te t r a c y c lo [ 2 .2 .1 .1 .0 ] o c ta n e  8 , 8-d io x id e

The sulphone p rep a red  a s  d e sc rib e d  in  C hap ter 5 (110 mg) 

was sublim ed th rough  th e  a p p a ra tu s  a t  0 .007  m m .pressure, w ith  th e  

fu rn ace  a t  700°C, to  g ive a p a le  yellow  o i l ,  and a sm all amount 

o f  a  w hite  po lym eric  s o l id .  The n .m .r . spectrum  o f  th e  o i l  showed 

th a t  t h i s  was m ainly no rbornad iene  ( b ic y c lo [ 2 .2 . l ] h e p ta  2 ,5 -d ie n e )  

(80%), w ith  some to lu e n e  (16%) and a t r a c e  amount o f  cy c lo h e p ta -
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t r i e n e .  This was confirm ed from a u th e n t ic  n .m .r .  s p e c tr a  and g . l . c .  

a n a ly s is  a g a in s t  s ta n d a rd  sam ples (3% 0V17 a t  50°C, flow r a te  42 ml. 

min ^ ) .

Therm olysis o f  t h i s  sulphone under th e  same c o n d itio n s  w ith  

th e  fu rn ace  a t  600°, 508° and 400°C gave n o rbo rnad iene  as th e  on ly  

p ro d u c t i d e n t i f i e d  by n .m .r .  Therm olysis a t  300°C gave a m ix ture  

o f  s t a r t i n g  m a te r ia l  ( 86%) and norbornad iene  (14%). No t r a c e s  

o f  te t r a c y c lo [3 .2 .0 .0 .0 ] h e p ta n e  were observed  in  any o f  th e  p ro d u c ts  

a lth o u g h  each th e rm o ly s is  produced sm all amounts o f  a  w h ite , s o l i d ,  

po lym eric  m a te r ia l  on th e  su rfa c e  o f  th e  c o ld  f in g e r .

Therm olysis o f  norbornad iene a t  720°C under th e  same con

d i t io n s  gave a m ix ture  c o n s is t in g  o f  s t a r t i n g  m a te r ia l  ( 66%), to lu e n e  

( 12%) and c y c lo h e p ta tr ie n e  ( 22%).

P h o to ly s is  o f  3 -p h e n y lth ie ta n  1 ,1 -d io x id e

A sample o f  th e  sulphone (200 mg), which had been p rep a red  
20by H a ll ,  was d is so lv e d  in  dry a c e t o n i t r i l e  (30 ml) and i r r a d i a t e d  

a t  253 nm. No change was observed a f t e r  15 h . I r r a d i a t i o n  o f  

th e  sulphone (300 mg) in  dry  m ethanol (150 ml) f o r  109 h .gave  

a ye llow  o i l  c o n ta in in g  some s o l id .  T . l . c .  a n a ly s is  o f  t h i s  o i l  

on s i l i c a ,  u s in g  e th e r  as the  developing  s o lv e n t  showed th re e  

compounds. Chromatography on s i l i c a  (45 g) led to the i s o la t io n  of
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a l i g h t  yellow  s o l id  (108 mg) which was shown to  be u n re a c te d  

s t a r t i n g  m a te r ia l ,  and a ye llow -orange  o i l  (60 mg). The n .m .r . 

spectrum  o f  t h i s  o i l  was f a i r l y  f e a tu r e le s s  be ing  composed o f  un

re so lv e d  envelopes from t 3 .70 to  9 .3 0 , w ith  no a b so rp tio n  in  

th e  a ro m atic  re g io n  o f  th e  spectrum .

A f u r th e r  a ttem p t was made by i r r a d i a t i n g  th e  sulphone 

(1 .5  g) in  m ethanol (250 ml) a t  253 nm .for one week. Removal o f  

th e  s o lv e n t a f t e r  t h i s  tim e gave a dark yellow  o i l ,  th e  n .m .r .  

spectrum  showed alm ost a com plete lo s s  o f  a rom atic  reso n an ces  

w ith  m u l t ip le ts  from x 5 .4 8 -7 .1 3  and sm a lle r  b road  f e a tu r e le s s  

reso n an ces  from x 7 .1 3 -9 .0 0 . A ttem pts a t  s e p a ra t io n  o f  th e  com

ponents o f  t h i s  p ro d u c t by chrom atography f a i l e d  to  i s o l a t e  any 

pure m a te r ia l  and th e  r e a c t io n  was abandoned.

Therm olysis o f  3-p h e n y l-3 -m e th y lth ie ta n  1 ,1 -d io x id e

The sulphone (124 mg) was sublim ed th rough th e  a p p a ra tu s  a t  

0.005 m m ,pressure w ith  th e  fu rnace  a t  750°C. A re d d ish  g la s s  was 

seen to  c o l l e c t  on th e  su rfa c e  o f  th e  co ld  t r a p  which on warming 

gave a l i g h t  yellow  v isco u s  o i l .  From th e  n .m .r . spectrum  o f  t h i s  

p ro d u c t cou ld  be i d e n t i f i e d  unchanged s t a r t i n g  m a te r ia l ,  1-p h en y l-

1-m ethyIcyclopropane and a -m e th y ls ty re n e . No t r a c e  o f  a ,g -d im e th y l-

s ty re n e  was observed  from n .m .r .  d e ta i l s  g iven  by C orbiau and Bruy-

37 ola n t s .  G . l .c .  a n a ly s is  (3% 0V17 a t  100 C, flow p re s su re  7 p . s . i . )

a g a in s t  s ta n d a rd  sam ples o f  1-p h en y l-l-m eth y lcy c lo p ro p an e  and a -  

m e th y ls ty ren e  showed them bo th  to  be p re s e n t ,  a lth o u g h  th e  c y c lo 

propane was by f a r  th e  m ajor p ro d u c t, th re e  o th e r  m inor p ro d u c ts  

were g iven  and th e se  rem ain u n id e n t i f ie d .
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CHAPTER TWO

Thiochroroan-4-ol and thiochroman-4—ol 1,1-dioxide

Commercially a v a i la b le  th iochrom an-4-one (113) was reduced  

w ith  sodium b o ro h y d rid e , u s in g  th e  g e n e ra l method fo r  b o rohydride  

re d u c tio n s  o u t l in e d  by V o g e l , e x c e p t  th a t  a b so lu te  e th a n o l was 

used as  th e  s o lv e n t .  Y ie ld s  were g e n e ra lly  g r e a te r  th an  92%, 

m.p. 65-69°C, ( l i t .  m .p.^^ 68-69°C ).

O x id a tio n  o f  t h i s  compound w ith  p e ra c e t ic  a c id  o r  m -ch lo ro - 

peroxybenzoic  a c id  gave th e  su lp h o n e , m.p. 94-95°C, ( l i t .  m .p .^^ 

94-95°C ).

Thiochrom an-4-one-1-oxide (116)

Thiochrom an-4-one (2 g , 12 .1  mmol) was added to  a 

s o lu t io n  o f  sodium m etap erio d a te  (3 .0  g , 14.02 mmol) in  w a ter

(50 ml) and s t i r r e d  fo r  36 h . a t  room te m p e ra tu re . E x tra c tio n  o f  

t h i s  s o lu t io n  w ith  d ich lorom ethane (3  x 10 ml) and u su a l work-up 

p ro ced u res  gave crude th io ch ro m an -4 -o n e -l-o x id e  (2 .1  g) as an orange 

o i l .  1050 cm ^, t  1 .4 0 -2 .5 5  (4H, m), and 5 .9 5 -7 .3 5  (4H, m ).

This compound was used w ith o u t f u r th e r  p u r i f i c a t i o n .

Thiochrom an-4-one 1 ,1 -d io x id e

Com m ercially a v a i la b le  th iochrom an-4-one was o x id is e d  by th e  

method o f  S t i l l  and T h o m a s . C r y s t a l l i s a t i o n  gave th iochrom an-4-one
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1 ,1 -d io x id e  as  a w hite  s o l id ,  m .p. 134-135°C, ( l i t .  ra .p .^  130-132°C ), 

T  1 .8 2 -2 .4 6  (4H, m), and 6 .1 2 -6 .7 7  (4H, m), m/e 196, 168, 105, 104, 

and 76.

Iso th iochrom an-4-one and iso th ioch rom an-4 -one  2 ,2 -d io x id e

Iso th iochrom an-4-one was p rep a red  u s in g  a method based  on th a t  

o f  Kiang and.Mann^^ from $ -b e n z y lth io g ly c o lic  a c id . The method used  

f o r  c y c l i s a t io n  was as fo llo w s: a s o lu t io n  o f  S -b e n z y lth io g ly c o lic  

a c id  (20 g) d is so lv e d  in  chlorobenzene (20 ml) was added to  a 

m ech an ica lly  s t i r r e d  m ix ture  o f  phosphorus p en to x id e  (43 g ) , c e l i t e  

(40 g ) , and chlorobenzene (250 ml) under d ry  n i t r o g e n . The m ix ture  

was s t i r r e d  a t  room tem p era tu re  o v e rn ig h t, and th en  h e a te d  to  100°C 

fo r  3 h . A fte r  co o lin g  th e  s lu r r y  was f i l t e r e d  under reduced  

p re s su re ,a n d  th e  re s id u e  washed w ith  ch lorobenzene (2 x 50 ml) and 

d ichlorom ethane (4 x 100 m l). Removal o f  th e  s o lv e n t under reduced  

p re s su re  gave a dark o i l  which on bu lb  to  bu lb  d i s t i l l a t i o n  (llO^C 

a t  2 mmHg) a f fo rd e d  iso th iochrom an-4-one  as  a ye llow  o i l  which s o l id 

i f i e d  on s ta n d in g  (7 .1  g , 39%), x 1 .8 5 -2 .3 0  (IH , m), 2 .5 0 -3 .2 0  (3H, 

m), 6 .22  (2H, b r . s ) ,  and 6.59 (2H, b r . s ) .

Some o f  t h i s  su lp h id e  (5 g) was o x id is e d  w ith  a 40% s o lu t io n  

o f  p e ra c e t ic  a c id  (25 ml) fo llo w in g  th e  g e n e ra l method (page 145) 

to  g ive iso th ioch rom an-4 -one  2 ,2 -d io x id e  a s  a  w hite  s o l id  (4 .5  g , 75%), 

m.p. 161-163°C ( l i t .  m .p .^^ 163-164°C ), in s o lu b le  in  common n .m .r .  

s o lv e n ts ,  m/e 196, 132, 131, 118, 104, 103, 90 , 89, 78, and 77, m eta

s ta b le  peaks a t  82[l32->104], 58.5 [104+78], and 68.8  [118+90].
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Isothiochroinan-4-ol 2,2-dioxide

T his was p re p a red  from th e  re d u c tio n  o f  iso th ioch rom an-4 -one

2 , 2-d io x id e , u s in g  sodium borohydride  and fo llo w in g  th e  method as 

d e sc r ib e d  by L o tspe ich^^  fo r  th io ch ro m an -4 -o l. t  2 .4 2 -3 .1 2  (4H, m), 

4 .83  (IH , t ,  J i  = 5 H z), 5 .5 8 -5 .9 1  (IH , m), 6 .3 7  (2H, s ) ,  and 6 .58  

(2H, d , J  = 5Hz).

lH -2-B enzoth iopyran  2 ,2 -d io x id e  (9 6 )

T his was p re p a red  by d eh y d ra tio n  o f  iso th io c h ro m a n -4 -o l 2 ,2 -

20d io x id e  e i t h e r  w ith  p o lyphosphoric  a c id  as d e sc r ib e d  by H a ll o r  

by a phosphory l c h lo r id e /p y r id in e  e lim in a tio n  u s in g  th e  fo llo w in g  

method. A tw ice  m olar excess o f  phosphory l c h lo r id e  was slow ly  

added to  a  s t i r r e d  s o lu t io n  o f  iso th io c h ro m a n -4 -o l 2 ,2 -d io x id e  

(4 .3  g , 21.7 mmol) d is so lv e d  in  dry  p y r id in e  (40 ml) a t  room temp

e r a tu r e .  The tem p era tu re  o f  th e  m ix ture  was r a i s e d  to  80°C f o r  2 h 

a f t e r  which tim e th e  m ix ture  was coo led  and w a te r ( 3ml) was added 

dropw ise to  th e  dark m ix tu re . The m ixture was poured in to  w a te r 

(200 ml) and e x tr a c te d  w ith  d ich lorom ethane (3  x 40 ml) to  g iv e  a 

dark s o l id  2 .1  g a f t e r  norm al work up p ro c e d u re s . Chromatography 

on s i l i c a  (40 g) e lu t in g  w ith  e th e r  gave (96) as  a p a le  ye llow  s o l id  

(1 .8  g , 46%), m .p. 111-112°C ( l i t .  m .p .^^ 111°C).

Iso th io ch ro m an -4 -o l

This was p rep a red  by re d u c tio n  o f  p re v io u s ly  p rep a red  i s o th io -  

chrom an-4-one u sin g  th e  method d e sc rib e d  fo r  th io ch ro m an -4 -o l above. 

M.p. 48-50°C, ( l i t .  m.p.G2 50°C).
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Thiochroman-4-ol 1-oxide (121)

Thiochrom an-4-ol (1  g , 6 .01  mmol) was added to  a s t i r r e d  

s o lu t io n  o f  85% m -chloroperoxybenzoic a c id  (1 .2 5  g , 6.15 mmol) 

d is so lv e d  in  d ich lorom ethane (20 ml) a t  0°C. A fte r  3 h . th e  m ix ture  

was shaken w ith  an aqueous s o lu t io n  o f  sodium c a rb o n a te , and norm al 

work up p ro ced u res  gave a p a le  o p a le sc e n t o i l  a f t e r  rem oval o f  th e  

o rg a n ic  s o lv e n t (300 mg). C ontinuous e x t r a c t io n  o f  th e  aqueous 

f r a c t io n  w ith  d ich lorom ethane gave a f u r th e r  y ie ld  o f  a  c le a r  o i l  

(350 mg). T 2 .2 0 -2 .9 5  (4H, m), 5 .1 6 -5 .8 1  (2H, m), and 6 .4 5 -8 .3 5  

(4H, m), and 1040 cm ̂ . This compound was used w ith o u t

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

R eac tion  o f  th io ch ro m an -4 -o l w ith  hydrogen c h lo r id e  in  benzene

Dry hydrogen c h lo r id e  gas was passed  th rough  a s t i r r e d  s o lu t io n  

o f  th io ch ro m an -4 -o l (2  g) d is so lv e d  in  dry  benzene (30 ml) f o r  15 

min. a t  50*^0. Removal o f  th e  s o lv e n t under reduced  p re s su re  gave a 

dark o i l ,  which was d i s t i l l e d  (110°C a t  2 mmHg) to  g ive 4 -c h lo ro th io -  

chroman (119) (2 .1  g , 94%) as a c o lo u r le s s  o i l  t h a t  slow ly  s o l i d i f i e d ,

m.p. 28-30^0. ( l i q u id  film ) 1225 and 975 cm” ^, t  2 .6 7 -3 .3 0  (4H, m),

4.79 (IH , t ,  J  = 4 H z), 6 .2 0 -6 .7 2  (IH , m), and 7 .0 0 -8 .0 3  (3H, m).

m/e 186, 184, 148, 147, 146, 134, 116, and 115. Found: C, 58 .5 5 ;

H, 4 .9 8 ; S, 1 9 .3 . CgHgClS re q u ire s  C, 58 .5 3 ; H, 4 .9 2 ; S , 1 9 .1 9 .

Thiochroman (115)

Zinc (24 g) was amalgamated by s t i r r i n g  in  a  s o lu t io n  o f  m ercuric  

c h lo r id e  (2 .4  g) and d i lu t e  h y d ro c h lo ric  a c id  (c o n c e n tra te d  a c id  (1 .2  ml)
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in  w a te r (30 m l) , f o r  15 min. The s o lu t io n  was d ecan ted  and th e  

amalgam added to  a m ix tu re  o f  w a te r (15 m l) , c o n ce n tra te d  hydro

c h lo r ic  a c id  (35 m l) , and to lu e n e  (20 m l). Thiochrom an-4-one (10,Og.) 

(113) was added, and th e  m ix ture  h e a te d  under r e f lu x  fo r  24 h , add ing  

f u r th e r  p o r t io n s  o f  c o n c e n tra te d  h y d ro c h lo ric  a c id  (10 ml) ev ery  6 h .

At th e  end o f  t h i s  tim e , th e  to lu e n e  la y e r  was s e p a ra te d , 

and a f t e r  c o o lin g , th e  aqueous la y e r  was d i lu te d  and e x tr a c te d  w ith  

e th e r  (3 x 20 m l). The o rg an ic  f r a c t io n s  were combined, d r ie d ,  and 

th e  s o lv e n t removed, to  g ive  a  golden o i l  (10 g ) . D i s t i l l a t i o n  a f f o r d 

ed th iochrom an as  a c o lo u r le s s  o i l  (6 .5  g , 72%), b .p .  100°C a t  1 .0  mm.

The in f r a r e d  spectrum  showed no carb o n y l bond and th e  n .m .r .  spectrum
64ag reed  w ith  t h a t  quoted in  th e  l i t e r a t u r e .

R eac tions o f  th io ch ro m an -4 -o l 1 -ox ide  w ith  hydrogen c h lo r id e

The su lp h o x id e  (350 mg) was azeo tro p ed  w ith  benzene (20 ml) 

u s in g  a D ean-S tark a p p a ra tu s . A fte r  c o o lin g  to  30^0,dry  hydrogen 

c h lo r id e  was p assed  in to  th e  r e s u l t a n t  s t i r r e d  s o lu t io n .  The 

s o lu t io n  tu rn e d  orange im m edia te ly , and th e n  dark  p u rp le . Removal 

o f  th e  so lv e n t gave a dark  p u rp le  o i l ,  t . l . c .  a n a ly s is  on s i l i c a ,  

e lu t in g  w ith  e th e r ,  showed th a t  a t  l e a s t  th re e  compounds were p re s e n t

A ttem pted d eh y d ra tio n  o f  th io ch ro m an -4 -o l 1 -ox ide

This r e a c t io n  was a ttem p ted  u s in g  po ly p h o sp h o ric  a c id  a s  th e  

d eh y d ra tin g  r e a g e n t ,  and fo llo w in g  th e  method o u tl in e d  by Pagani^^
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f o r  th io ch ro m an -4 -o l, 1 ,1 -d io x id e . On h e a tin g  th e  su lphox ide  (200 mg) 

and p o ly p hosphoric  a c id  (7 ml) to g e th e r  however, th e  m ix ture  was 

seen  to  tu rn  very  d a rk . Normal work up p ro ced u res  gave a b lack  

in t r a c ta b le  t a r  from which no p ro d u c t cou ld  be i s o la te d .

A ttem pted e lim in a tio n  o f  4 -ch loro th iochrom an

a) Using t r i e th y la m in e :

A s l i ^ t  ex cess  amount o f  t r i e  th y  lam ine was added to  a s o lu t io n  

o f  4-ch lo ro th io ch ro m an  (100 mg) d is so lv e d  in  d ry  e th e r  (5 m l). The 

m ix ture  was examined every  few days and when no re a c t io n  had been 

observed  a f t e r  2 weeks, th e  r e a c t io n  was abandoned.

b) Using l i th iu m  c h lo r id e - l i th iu m  carb o n ate

A m ix ture  o f  anhydrous l i th iu m  bromide and l i th iu m  carb o n ate  

(0 .5 2  g) mixed in  th e  r a t i o  o f  6 :4  by w e ig h t, was added to  a s o lu t io n  

o f  4 -ch lo ro th ioch rom an  (0 .5  g) d is so lv e d  in  dry  d i me th y 1formamide 

(20 m l) . This m ix ture  was h ea ted  under r e f lu x  in  an i n e r t  atm os

phere  f o r  2 h , a f t e r  which i t  was poured in to  w a te r (100 m l).

Usual work-up p ro ced u res  gave a golden o i l ,  which on d i s t i l l a t i o n  

a ffo rd e d  2 H -l,b en zo th io p y ran  (120) as a c o lo u r le s s  o i l  (0 .35  g ,

88%), b .p .  110°C a t  0 .0 1  mm. The n .m .r .  spectrum  ag reed  w ith  t h a t
64d e sc rib e d  by Parham e t  a l .

A ttem pted p re p a ra t io n  o f  4 -ch lo ro th iochrom an  1 -o x id e  (123)

A s o lu t io n  o f  m -chloroperoxybenzoic a c id  (2 .3  g d is so lv e d  in  

d ich lorom ethane (30 m l)) was added dropw ise to  a  s o lu t io n  o f  4 -c h lo ro -
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thiochrom anone (2 .1  g d is so lv e d  in  d ich lorom ethane (30 m l)) a t  0°C. 

The m ix tu re  was th en  s t i r r e d  fo r  3 h a t  room tem p era tu re  a f t e r  which 

norm al work up p rocedu res gave an orange o i l  (0 .7  g ) . 1040 cm” ^

( v . s . ) .  D i s t i l l a t i o n  a t  2 mm.gave a  c le a r  o i l  which was found to  

be s t a r t i n g  m a te r ia l  by n .m .r .  sp ec tro sco p y . A b lack  in t r a c ta b le  

t a r  was l e f t  as  a  re s id u e  o f  th e  d i s t i l l a t i o n  and a ttem p ted  p u r i f i c a 

t io n s  o f  t h i s  re s id u e  by column chrom atography on alum ina was un

s u c c e s s fu l .  The re a c t io n  was re p e a te d  in  th e  same way u s in g  1 .52  g 

o f  s u lp h id e , ex cep t t h a t  th e  r e a c ta n ts  were re f lu x e d  to g e th e r  fo r  

18 h .o n ce  th e  a d d it io n  had been com pleted -  th e  r e s u l t  was a  p a le  

yellow  s o l id  (1 .4  g , 84%) w ith  a  s tro n g  bond in  th e  in f r a r e d  

spectrum  a t  1040 cm t  2 .1 9 -2 .9 5  (4H, m), 4 .5 7 -4 .7 7  (IH , m), 

and 6 .4 2 -7 .9 6  (4H, m ). T his p ro d u c t was used w ith o u t f u r th e r  

p u r i f i c a t i o n .

A ttem pted e l im in a tio n  o f  4 -ch lo ro th ioch rom an  1-ox ide

This was a ttem p ted  in  two ways: (a )  u s in g  a l i th iu m  c h lo r id e -  

l i th iu m  bromide m ix tu re , and (b ) u sin g  a n o n -n u c le o p h ilic  b a s e -1 , 5 - 

d ia z a b ic y c lo [5 .4 .0 ]u n d e c -5 -e n e  (D .B .U ). Method ( a ) :  t h i s  r e a c t io n  

was c a r r ie d  o u t as  d e sc rib e d  above f o r  4 -ch lo ro th io ch ro m an , u s in g  

1 .0  g o f  th e  su lp h o x id e , and 1.06 g o f  th e  l i th iu m  b ro m id e -lith iu m  

carb o n ate  m ix tu re . On h e a tin g  however, th e  m ix ture  was seen  to  

darken c o n s id e ra b ly  and a f t e r  h e a tin g  under r e f lu x  fo r  2 h , work-up 

gave a dark p u rp le  o i l .  T . l . c .  a n a ly s is  on s i l i c a ,  u s in g  e th e r  as 

th e  develop ing  s o lv e n t  showed a t  l e a s t  s ix  compounds p r e s e n t ,  and 

d i s t i l l a t i o n  o f  th e  m a te r ia l  a t  0 .001 mm p re s s u re ,  f a i l e d  to  i s o l a t e  

any pure m a te r ia l .
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Method (b ) :  D.B.U (0 .3 6  g) was added to  a s t i r r e d  s o lu t io n  o f  th e  

su lphox ide  (400 mg) d is so lv e d  in  d im ethy l su lp h o x id e  (25 m l).

The s t i r r e d  m ix ture  was h ea ted  to  80°C and m ain ta in ed  a t  t h i s  temp

e ra tu re  f o r  3 h j a f t e r  which i t  was coo led  and poured in to  w a ter 

(100 m l). E x tra c t io n  w ith  d ich lorom ethane and norm al work-up 

p rocedure  y ie ld e d  a b lack  t a r r y  m a te r ia l .  The n .m .r .  spectrum  f a i l e d  

to  d e te c t  th e  p resen ce  o f  any o le f in i c  p ro to n s  in  t h i s  m a te r ia l ,  

and th e  r e a c t io n  was abandoned.

A ttem pted o x id a tio n  o f  2H -l-benzo th iopy ran  to  2H -l-b en zo th io p y ran  1 -o x id e

An e q u iv a le n t amount o f  30% hydrogen p ero x id e  s o lu t io n  was 

added dropw ise to  a  s o lu t io n  o f  th e  su lp h id e  (400 mg) in  g l a c i a l  

a c e t ic  a c id  (5 ml) a t  O^C. This m ix ture  was s t i r r e d  a t  room tem p era tu re  

fo r  12 h , a f t e r  which i t  was poured in to  w a te r  (100 m l). E x tra c tio n  

w ith  d ich lorom ethane (3 x 10 ml) and norm al work up p ro ced u res  

gave a l i g h t  brown o i l ,  x 2 .2 2 -2 .9 7  (m ), 3 .21 (d  x d , J j  = 10 Hz,

J 2 = 2 H z), 3 .8 2 -4 .2 4  (m ), 6.05 (d  x d , J 3 = 6 Hz, = 16 H z), 6 .50  

( t ,  J 5 = 3 Hz) and 6 .81  ( t ,  J 5 = 3 H z), 1040 cm” ^.

A second a tte m p t a t  o x id a tio n  u s in g  an excess  o f  sodium meta

p e r io d a te  gave th e  same r e s u l t .  T . l . c .  a n a ly s is  on s i l i c a  e lu t in g  

w ith  e th e r  showed a number o f  compounds p re s e n t  and a ttem p ted  chroma

tography  on s i l i c a  o r  alum ina f a i l e d  to  i s o l a t e  any pure compound.
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R eactions o f  hydrogen c h lo rid e  in  benzene w ith :

a ) I s  o th io  chrom an-4-ol

A s o lu t io n  o f  iso th io ch ro m an -4 -o l (0 .49  g) in  dry  benzene 

(20 ml) was s a tu r a te d  w ith  dry hydrogen c h lo r id e  gas u s in g  th e  

same method as d e sc rib e d  fo r  th io ch rom an-4 -o l above. The s o lu t io n  

was observed  to  tu rn  green  and g ra d u a lly  darken a f t e r  3 d a y s .

Removal o f  th e  s o lv e n t gave a brown o i l .  I n f ra r e d  a n a ly s is  showed 

no h y d ro )g l bond p re s e n t .  D i s t i l l a t i o n  a ffo rd e d  a p a le  g reen  o i l  

b .p .  80° a t  0 .001 mm which slow ly  darkened a f t e r  2 d ay s, x 2 .5 0 - 

7 .08 (m ), 5 .1 0 -5 .6 2  (m ), and 5 .7 5 -6 .4 0  (m ), m/e 186, 184, 168, 167,

147 and 135.

b) T hiochrom an-4-ol 1 ,1 - d iox ide

Using th e  same re a c t io n  c o n d itio n s  as d e sc r ib e d  fo r  th e  

su lp h id e  (118) above, unchanged s t a r t i n g  m a te r ia l  was o b ta in e d , 

even a f t e r  some d a y s .

A s o lu t io n  o f  th e  sulphone (150 mg) in  benzene (10 ml) was 

s a tu r a te d  w ith  dry  hydrogen c h lo r id e ,  and s e a le d  in  a C arius tu b e .

A fte r  h e a tin g  a t  150°C fo r  15 h , th e  tube was opened and th e  so lv e n t 

removed. The n .m .r .  spectrum  o f  th e  r e s u l t a n t  m a te r ia l  showed 

m ainly s t a r t i n g  m a te r ia l ,  however no t r a c e  o f  any 4 -ch lo ro th io ch ro m an -

1 , 1-d io x id e  was p re s e n t  by com parison w ith  th e  spectrum  o f  an a u th e n t ic  

sample p rep a red  by o x id a tio n  o f  (119) w ith  m -chloroperoxybenzoic a c id .
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c) Isothiochroman-4-ol 2,2-dioxide

Using th e  same c o n d itio n s  as  d e sc rib e d  f o r  th e  su lp h id e  

(118) above, a f t e r  2 days no t r a c e  o f  4 -ch lo ro iso th io ch ro m an  was 

d e te c te d  in  th e  r e a c t io n  m ix tu re .

P re p a ra tio n  o f  5 ,6 -b e n z o -7 H -l,2 -o x ^ h iep in -2 -o x id e  (9 8 )

20This compound was p rep a red  as d e sc r ib e d  by H a l l ,  from

p h o to ly s is  o f  a s o lu t io n  o f  lH-2 ben zo th io p y ran  2 ,2 -d io x id e  (1 .5  g)

in  a c e t o n i t r i l e  (200 ml) a t  253 nm. Removal o f  th e  so lv e n t and

c a r e f u l  chrom atography o f  th e  r e s u l t in g  o i l  on s i l i c a  (40 g) e lu t in g

w ith  e th e r ,  gave the  s u l t in e  (98) as an orange o i l  (160 mg, 11%)

which s o l i d i f i e d  a f t e r  a  few hours a t  room te m p e ra tu re . The n .m .r .

20spectrum ag reed  w ith  t h a t  d e sc r ib e d  by H a ll .

Therm olysis o f  5 ,6 -b e n z o -7 H -l,2 -o x a th ie p in -2 -o x id e  (9 8 )

The s u l t in e  (160 mg) was sublim ed th rough  th e  a p p a ra tu s

a t  0 .007 mm p re s su re  w ith  th e  fu rnace  a t  750°C. N .m .r. s p e c t r a l

a n a ly s is  o f  th e  p ro d u c t confirm ed th e  p resen ce  o f  o -v in y lb en zald eh y d e

which was i d e n t i f i e d  by com parison w ith  th e  spectrum  d e sc rib e d  by 

20H a ll. Indene was shown to  be com pletely  a b se n t from t h i s  

m a te r ia l  by com parison w ith  th e  n .m .r .  spectrum  o f  a  s ta n d a rd  sam ple. 

Also n o tic e d  in  th e  spectrum  was a d o u b le t a t  x 8 .41  ( J  = 7 Hz) and 

la r g e r  a ro m atic  and o l e f in ic  resonances th an  were a llow ed  f o r  by 

the  in te g r a t io n  o f  th e  a ld eh y d ic  p ro to n . These rem ain u n id e n t i f ie d  

so f a r .
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An id e n t i c a l  p rocedure  w ith  th e  fu rn ace  a t  450°C gave a 

m ix ture  o f  s t a r t i n g  m a te r ia l  and th e  p ro d u c ts  d e sc r ib e d  above.

A ttem pted r e a c t io n  o f  ̂ 4 -ch lo ro th ioch rom an  w ith  a n i l in e  o r  p -a n is id in e

Equim olar q u a n t i t i e s  o f  a n i l in e  (0 .9 3  g) and 4 -c h lo ro th io -  

chroman (1 .8 4  g) were d is so lv e d  in  d ich lorom ethane (20 ml) and th e  

s t i r r e d  s o lu t io n  coo led  to  -20°C under dry  n i t ro g e n . To t h i s  mix

tu re  was added an e q u iv a le n t s o lu t io n  o f  N -ch lo rosucc in im ide  d is so lv e d  

in  d ich lorom ethane (50 ml) over a p e r io d  o f  25 min.

A fte r  s t i r r i n g  th e  m ix ture  a t  -20°C fo r  one h o u r ,th e  

s o lu t io n  was shaken w ith  a  5% aqueous sodium hydrox ide  s o lu t io n .

Normal work up p ro cedu res gave a dark o i l  which was n o t c r y s t a l l i s a b l e  

from a m ix ture  o f  ch lo ro fo rm  and p e tro leu m . The n .m .r .  spectrum  

in d ic a te d  th e  p resen ce  o f  a sim ple m ix tu re  o f  s t a r t i n g  m a te r ia ls .  

R e p e tit io n  o f  t h i s  experim ent u s in g  p - a n is id in e  a ls o  f a i l e d  to  

produce any p ro d u c t.

A ttem pted r e a c t io n  o f  th iochrom an-4-one (113) and th iochrom an (115) 

w ith  p -a n is id in e

A ttem pted r e a c t io n  o f  e i t h e r  o f  th e se  two su lp h id e s  w ith  p - 

a n is id in e ,  u s in g  th e  method as d e sc rib e d  f o r  4 -ch lo ro th io ch ro m an  

above, r e s u l te d  in  a  sim ple  m ix ture  o f  s t a r t i n g  m a te r ia ls  a f t e r  th e  

work up, as  shown by th e  n .m .r . spectrum .
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Attempted reaction of thiochroman-4-one (113) and N-aminophthalimide

T his r e a c t io n  was a ttem p ted  u sin g  th e  method o f  G i lc h r i s t  

e t  a l^ ^  in  th e  fo llo w in g  way.

A s t i r r e d  s o lu t io n  o f  th e  su lp h id e  (1 .8  g , 0 .0 1  m ), and 

f r e s h ly  p rep a red  N -am inophthalim ide (1 .6 2  g , 0 .01  m) d is so lv e d  in  

d ich lorom ethane (50 ml) a t  -25°C was t r e a te d  w ith  a  s o lu t io n  o f  

N -ch lo rosucc in im ide  (1 .3 3  g , 0 .01  m) in  d ich lorom ethane (50 ml) 

added dropw ise over a  p e r io d  o f  30 min. S t i r r i n g  was co n tin u ed  

f o r  30 min. a f t e r  which th e  m ix ture  was allow ed to  warm to  room 

tem p era tu re  and s t i r r e d  fo r  a f u r th e r  45 min. At th e  end o f  t h i s  

tim e , th e  s o lu t io n  was washed w ith  a s a tu ra te d  sodium b ic a rb o n a te  

s o lu t io n  (3 .5 0  ml) and w a ter (1  x 30 m l). The aqueous la y e r s  were 

e x tra c te d  w ith  d ich lorom ethane u n t i l  no co lo u r was e x tr a c te d  in to  

th e  o rg an ic  phase . The o rg an ic  f r a c t io n s  were combined; d ry in g , 

and rem oval o f  th e  s o lv e n t gave a yellow  gummy o i l  which cou ld  

no t be c r y s t a l l i s e d .  A ttem pted chrom atography on s i l i c a  f a i l e d  

to  i s o la te  any pure compound.

A ttem pted r e a c t io n  o f  th iochrom an-4-one 1-ox ide w ith  N -ph tha lim ido - 

n i t r e n e

The su lphox ide  (116) (0 .5  g , 2.49 mM), and f r e s h ly  p rep a red  

N -am inophthalim ide (0 .4  g , 2.46 mM) were d is so lv e d  in  d ich lorom ethane 

(20 m l). Lead t e t r a c e t a t e  (1 .5  g) was added to  t h i s  m ix ture  in  

sm all p o r tio n s  to  th e  s t i r r e d  s o lu t io n ,  and th e  m ix ture  was s t i r r e d
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f o r  10 min. A p r e c ip i t a t e  g ra d u a lly  appeared  d u rin g  t h i s  tim e .

The m ix ture  was f i l t e r e d  and th e  s o l id  was washed w ith  p o r t io n s  

o f  d ich lo rom ethane. Removal o f  th e  s o lv e n t from th e  f i l t r a t e  gave 

a v isco u s  yellow  o i l .  T . l . c .  exam ination  on a lu m in a , e lu t in g  w ith  

e th e r ,  showed th re e  sp o ts  c lo se  to  th e  base  l i n e  and th e  o i l  was 

seen  to  tu rn  to  a  v iv id  p u rp le  co lo u r on a p p l ic a t io n  to  th e  p l a t e .  

A ttem pted p u r i f i c a t io n  by column chrom atography on alum ina f a i l e d  

to  i s o l a t e  any pure  m a te r ia l .

A ttem pted r e a c t io n  o f  4 -ch lo ro th ioch rom an  1 -o x id e  w ith  N -phthalim do- 

n i t r e n e

Using th e  su lphox ide  (123) (0 .5  g ) , N -am inophthalim ide (0 .4  g) 

and fo llo w in g  th e  method d e sc rib e d  above f o r  th iochrom an-4-one 1-ox ide  

th e  r e a c t io n  a ffo rd e d  a ye llow  v isco u s  o i l  a f t e r  work up. A ttem pted 

p u r i f i c a t io n  by chrom atography on alum ina (100 g) u s in g  e th e r  as 

th e  e lu e n t ,  f a i l e d  to  i s o l a t e  any pure m a te r ia l .

P re p a ra tio n  o f  2H -l-benzopyran

This was made from com m ercially  o b ta in a b le  4-chromanone as 

d e sc rib e d  by Parham e t  a l .^ ^  From 5 g. o f  s t a r t i n g  m a t e r i a l - d i s t i l l 

a t io n  o f  th e  crude p ro d u c t gave 2H -l-benzopyran as a  c o lo u r le s s  o i l  

(2 .0  g , 45%) b .p .  60°C a t  1 .0  mm. The n .m .r .  spectrum  ag reed  w ith  

t h a t  g iven  by Parham e t  a l .^ ^
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Thermolysis of 2H-1-benzopyran (94)

2H -l-benzopyran (100 mg) was sublim ed th ro u g h  th e  a p p a ra tu s  

a t  0 .008 mm p re s s u re ,  w ith  th e  fu rn ace  a t  800°C. The n .m .r .  

spectrum  o f  th e  p ro d u c t showed th e  fo llo w in g  f e a tu r e s ;  t  (100 MHz), 

0 .45  (d , J  = 8 H z), 2 .3 7 -4 .0 0  (m ), 4 .1 4 -4 .4 4  (m ), 5 .1 7 -5 .2 8  (m ), 

and 6 .5 6 -6 .7 2  (m).

From th e  g . l . c .  t r a c e  o f  th e  p ro d u c t m a te r ia l  (3% 0V17 a t  

150°C) (flow  r a t e  42 ml min“ ^) th e re  were two main p ro d u c ts  a p a r t  

from unconsumed s t a r t i n g  m a te r ia l  ( r e te n t io n  tim e 8 m in.12 sec .a n d  

11 min. 25 s e c ) .  Comparison o f  th e  n .m .r . spectrum  w ith  t h a t  o f  

quoted s p e c tra  in d ic a te d  th a t  th e  p ro d u c ts  were cinnam aldéhyde (13%), 

4H -l-benzopyran (35%), and s t a r t i n g  m a te r ia l  (52%).

P re p a ra tio n  o f  lH -2-benzopyran (102)

The d ie th y l  e s t e r  o f  hom ophthalic a c id  was p rep a red  by r e f lu x 

in g  th e  a c id  (10 g) w ith  e th a n o l (200 m l) , and c o n c e n tra te d  s u lp h u r ic  

a c id  (4 ml) f o r  6 h w ith  the  a d d it io n  o f  f u r th e r  p o r tio n s  o f  con

c e n tr a te d  s u lp h u r ic  a c id  (2 ml) every  2 h . At th e  end o f  t h i s  tim e , 

th e  m ix ture  was coo led  and most o f  th e  e th a n o l removed under reduced  

p re s s u re . The r e s u l t a n t  m ix ture  was added to  d ich lorom ethane (35 ml) 

and th e  s o lu t io n  was washed w ith  w a ter (2 x 20 ml) and a s o lu t io n  

o f  sodium ca rb o n a te  u n t i l  the  e v o lu tio n  o f  carbon d io x id e  had cea sed . 

S e p a ra tio n  o f  th e  o rg an ic  f r a c t io n  and norm al work up p ro ced u res  

gave a p a le  o i l  which on d i s t i l l a t i o n  a ffo rd e d  d ie th y lh o m o p h th a la te
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as a  c o lo u r le s s  o i l  (1 1 .7  g , 86%), b .p .  138°C a t  0 .05  mm, x 1 .7 6 -2 .0 5  

(IH , m), 2 .2 9 -2 .8 4  (3H, m), 5 .3 8 -6 .0 9  ( 6H, m), and 8 .4 0 -9 .0 0  ( 6H, m ).

Some o f  th e  d i e s t e r  (5 g) was th en  s e le c t iv e ly  reduced  w ith  

d iiso b u ty la lu m in iu m  hydride  as d e sc rib e d  by K ra iss  e t  a l  to  g ive  

3-hydroxyisochrom an (2 .2  g , 72%) m.p. 69-70°C ( c h lo ro fo rm -p e tro l) ,  

l i t  m .p. 7 1 -7 1 .5°C.

Some o f  th e  3-hydroxyisochrom an was th en  deh y d ra ted  u s in g  

th e  method d e sc rib e d  by Parham e t  a l  f o r  4 -chrom anal,^^  u s in g  

th e  fo llo w in g  method. A s t i r r e d  s o lu t io n  o f  3-hydroxyisochrom an 

(1 .6  g ) , and p u r i f i e d  d im eth y Isu lp h o x ide (6 .4  mg) was h e a te d  a t  

170-175°C under an atm osphere o f  n i tro g e n  fo r  12 h . The r e s u l t in g  

yellow  s o lu t io n  was coo led  and e x tra c te d  w ith  l i g h t  pe tro leu m  (4 x 

8 ml) and th e  combined e x t r a c ts  washed w ith  a d i lu te  s o lu t io n  o f  

sodium carb o n ate  (2  x 6 m l). Drying and rem oval o f  th e  so lv e n t 

gave a l i g h t  brown o i l ,  which on d i s t i l l a t i o n  a f fo rd e d  lH -2-benzo- 

pyran  as  a  c o lo u r le s s  o i l  (0 .62  g , 44%), b .p .  105°C a t  15 mm ( l i t .  

m .p. 80°C a t  8 mm). The n .m .r . spectrum  agreed  w ith  t h a t  p re v io u s ly  

d e sc rib e d  in  th e  l i t e r a t u r e .

Therm olysis o f  lH -2-benzopyran (102)

lH -2-benzopyran  (118 .2  mg) was sublim ed th rough  th e  a p p a ra tu s  

a t  0 .02  mm p re s s u re ,  w ith  the  fu rn ace  a t  750°C. The p ro d u c t appeared  

as a w hite  polym er, much o f  which was in s o lu b le  in  CDCI3. The n .m .r .  

spectrum  showed b road  envelope resonances a t  6 2 .5 1 -3 .5 0 , and 7 .5 8 -8 .8 2  

G . l .c .  a n a ly s is  (3% 0V17 a t  150°C) showed no v o l a t i l e  components in  

t h i s  m a te r ia l .
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CHAPTER THREE

3-Methylthiochroman-4-one 1,1-dioxide (155)

3-M ethylthiochrom an-4-one was p rep a red  fo llo w in g  th e  method

77d e sc rib e d  by P e tro p o n in s  e t  a l ,  from c y c l i s a t io n  o f  th e  hy d ro ly sed  

a d d it io n  p ro d u c t o f  th io p h e n o l and m ethyl m e th a c ry la te . The 

p ro d u c t, a  p a le  ye llow  o i l ,  slow ly  s o l i d i f i e d  on s ta n d in g , and 

was co n sid e re d  pure  enough f o r  d i r e c t  o x id a tio n , t  1 .6 1 -2 .0 5  (IH , 

m), 2 .3 1 -3 .1 5  (3H, m), 6 .5 6 -7 .3 6  (3H, m), and 8.66 (3H, b road  d.).

The su lp h id e  (3 .0  g) was o x id ise d  w ith  p e r a c e t ic  a c id  

s o lu t io n  (25 ml) as  d e sc rib e d  on page 145 to  g ive  3-m ethylthiochrom an-

4-one 1 ,1 -d io x id e  as  a w hite  c r y s ta l l in e  m a te r ia l ,  m .p. 145-147°C 

( l i t .  m.p.GO 146-147°C ), t 1 .8 4 -2 .4 4  (4H, m ), 6 .2 4 -6 .5 0  (3H, m), and 

8 .4 4 -8 .6 4  (3H, m), m/e 210, 169, 168, 152, 105, 104, and 76.

2-M ethylth iochrom an-4-one 1 ,1 -d io x id e  (156)

2-M ethylth iochrom an-4-one was p rep ared  by th e  method o f  

77P e tro p o u lu s  e t  a l  from th e  su lp h u r ic  a c id  c y c l i s a t io n  o f  th e  

a d d it io n  p ro d u c t o f  th io p h e n o l and c ro to n ic  a c id ,  to  g ive a  p a le  

ye llow  o i l ,  (140°C a t  5 mmHg), t 1 .6 6 -1 .9 8  (IH , m), 2 .3 2 -2 .9 4  (3H, 

m), 6 .0 2 -6 .6 2  (IH , m), 6 .6 7 -7 .5 3  (2H, m), and 8.56 (3H, d , J  = 6 .5  

H z).

O x idation  o f  th e  su lp h id e  (3 g) w ith  p e r a c e t ic  a c id  (25 ml)
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u sin g  th e  g e n e ra l method as d e sc rib e d  on page 145 gave 2 -m e th y lth io -  

chrom an-4-one 1 ,1 - d iox ide  (2 .2 2  g , 63%), m.p. 125-127^0 ( ch lo ro fo rm - 

p e t r o l )  , l i t .  m.p.GO 127-128°C, t 1 .6 8 -2 .3 0  (4H, m), 5 .9 5 -6 .8 1  (3H, 

m), and 8 .42  (3H, d , J  = 7 Hz)» m/e 210, 169, 168, 152, 105, 104, 

and 76.

2 , 3-Dimeth y lth io ch ro m an -4 -o n e  1 ,1 -d io x id e  (1 5 7 )

2,3-D im ethy lth iochrom an-4-one was p rep a red  by th e  method o f  

78Chauhan and S t i l l  u s in g  one h a l f  o f  th e  s c a le .  C y c l is a t io n  o f  th e

in te rm e d ia te  a c id  fo llow ed  by quick  chrom atography on s i l i c a  M.F.C.

(40 g) e lu t in g  w ith  e th e r ,  gave th e  p ro d u c t a s  an orange o i l ,  th e
78n .m .r .  spectrum  ag reed  w ith  t h a t  quo ted .

Some o f  t h i s  su lp h id e  (2 g) was o x id ise d  w ith  p e r a c e t ic  a c id  

(10 ml) u s in g  th e  g e n e ra l method (page 145). Removal o f  th e  s o lv e n t  

gave a w hite  o p a le sc e n t o i l  which was c r y s t a l l i s e d ,  to  g ive  2 ,3 -  

d im ethy lth iochrom an-4-one 1 ,1 -d io x id e  (157) as a w hite  s o l id  (1 .5 8  g , 

68%), m .p. 94-96°C ( c h lo ro fo rm -p e tro l) .  (d ic h lo ro m eth a n e ),

1698, 1305, and 1150 cm "l, t  1 .7 5 -2 .4 2  (4H, m ), 5 .9 0 -6 .9 5  (2H, m), 

and 8 .2 5 -8 .7 2  ( 6H, m ). Found C, 5 8 .64 ; H, 5 .3 5 ; S, 1 4 .1 0 . C11H12SO3

re q u ire s  C, 5 8 .9 1 ; H, 5 .3 9 ; S, 1 4 .30 . M/e 224, 168, 152, 104, and 76

3 , 3-Dimeth y lth io ch ro m an -4 -o n e  1 ,1 -d io x id e  (159)

3 ,3-D im ethy lth iochrom an-4-one was p re p a red  u s in g  th e  method

79d e sc rib e d  by S t i l l  e t  a l ,  by m é th y la tio n  o f  th io ch rom an-4 -one ,
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on one te n th  o f  th e  s c a le  d e sc r ib e d . D i s t i l l a t i o n  o f  th e  crude 

p ro d u c t a ffo rd e d  3 ,3-d im ethy lth iochrom an-4-one as  a c o lo u r le s s  

o i l  (1 .4  g , 60%), b .p .  120-122°C a t  1 .5  mm, t  1 .6 5 -1 .8 9  (IH , m), 

2 .3 8 -2 .9 6  (3H, m), 6 .90  (2H, s ) ,  and 8.69 ( 6H, s ) .

T his was o x id is e d  w ith  p e r a c e t ic  a c id  (7  ml) u s in g  th e  

g e n e ra l method d e sc rib e d  on page 145 to  g ive  a  p a le  o p a le sc e n t 

o i l .  Chromatography on s i l i c a  M.F.C. (35 g) and e lu t in g  w ith  

e th e r  gave 3 ,3-dim ethylth iochrom an-4-one  1 ,1 -d io x id e  as a  c o lo u r

le s s  o i l  whic c r y s t a l l i s e d  on s ta n d in g  (1 .2 3  g , 75%), m .p. 92-94°C 

( c h lo ro fo rm -p e tro l) ,  (d ich lo rom ethane) 1700, 1320, and 1150

c m " \  T 1 .7 0 -2 .3 0  (4H, m), 6 .38 (2H, s ) ,  and 8 .50  ( 6H, s ) .  The
78^^C n .m .r .  was i d e n t i c a l  to  th a t  re p o r te d  by S t i l l  e t  a l .  M/e 

224, 169, 142, 117, 104, 94, and 76.

2 ,2-D im ethylth iochrom an-4-one 1 ,1 -d io x id e  (158)

2 ,2-D im ethy lth iochrom an-4-one was p rep a red  fo llo w in g  th e

78method d e sc r ib e d  by S t i l l  e t  a l ,  by p o lyphosphoric  a c id  c y c l i s a t io n  

o f  th e  a d d it io n  p ro d u c t o f  th io p h e n o l and 3 , 3 -d im e th y la c ry lic  a c id .  

The on ly  d e v ia t io n  from th e  method was t h a t  ch lorobenzene was used  

as th e  s o lv e n t in  th e  c y c l i s a t io n .  The dark  brown o i ly  crude p ro d u c t 

was chrom atographed on s i l i c a  M.F.C. (60 g ) . E lu tio n  w ith  e th e r ,  

gave 2 ,2 -d im eth y lth iochrom an-4-one as a ye llow  o i l  which p a r t i a l l y  

s o l i d i f i e d ,  t  1 .7 0 -1 .9 0  (IH , m), 2 .3 8 -2 .9 6  (3H, m), 7 .12 (2H, s ) ,  

and 8.54 ( 6H, s ) .
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A sm all amount o f  t h i s  su lp h id e  (2 g) was o x id ise d  u s in g

p e r a c e t ic  a c id  (10 ml) u s in g  th e  g e n e ra l method d e sc rib e d  on

page 145 to  g ive  2 ,2 -d im ethy lth ioch rom an-4 -one  1 , 1-d io x id e  as  a

w hite  s o l id  (1 .0  g , 43%) m .p. 105-108°C (c h lo ro f o rm -p e tro l) ,

^max (d ich lo rom ethane) 1698, 1305, and 1150 cm~^, t 1 .6 3 -2 .3 3

(4H, m ), 6 .70  (2H, s ) ,  and 8.45 ( 6H, s ) .  The n .m .r .  was
78id e n t i c a l  to  th a t  re p o r te d  by S t i l l ,  m/e 224, 169, 160, 152, 145, 

105, 104, and 76.

2-Phenylth iochrom an-4-one 1 ,1 -d io x id e  (160)

2-Phenylth iochrom an-4-one ( th io f la v o n o n e )  was p re p a red  acco rd -

80in g  to  th e  method o f  A rnd t, by c y c l i s a t io n  o f  th e  a d d it io n  

p ro d u c t o f  th io p h e n o l and cinnam ic a c id ,  w ith  phosphorus o x y c h lo rid e . 

Work up gave an o i l  which was d i s t i l l e d  to  g ive 2 -p h e n y lth io -  

chrom an-4-one as a c o lo u r le s s  o i l  (195°C a t  0 .015 mmHg), x 1 .6 6 -1 .9 2  

(IH , m), 2 .3 5 -3 .1 0  ( 8H, m), 5.39 (IH , d x d , J j  = 7 Hz, J 2 = 10 H z), 

and 6 .7 0 -6 .9 8  (2H, m ).

Some o f  t h i s  su lp h id e  (2 g) was o x id ise d  by p e r a c e t ic  a c id

(10 ml) fo llo w in g  th e  g e n e ra l method o u tl in e d  on page 145 to  g iv e

crude 2-phenylth iochrom an-4-one 1 ,1 -d io x id e  as  an o i l  which s low ly

c r y s t a l l i s e d .  R e c r y s ta l l i s a t io n  gave th e  pure  m a te r ia l  as a w hite

c r y s t a l l i n e  s o l id  (1 .7 7  g , 78%), m .p. 148-151°C ( c h lo ro fo rm -p e tro l) ,

V (d ich lo ro m eth an e ), 1705, 1600, 1325, and 1160 cm ^ . 1 .7 0 -2 .3 4max

(5H, m), 2 .47  (5H, s ) ,  5 .04  (IH , d x d , J i  = 12 Hz, J 2 = 3.5 H z),

and 5 .7 5 -6 .8 6  (2H, m ). The n .m .r .  ag reed  w ith  t h a t  re p o r te d  by 
78S t i l l  e t  a l .  M/e 272, 208, 179, 165, 104, and 76.
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3-tfethyl-2-phenylthiochroinan-4-one 1,1-dioxide (161)

3-M ethyl-2-phenylth iochrom an-4-one was p rep a red  u s in g  th e  

70method o f  S t i l l  e t  a l ,  by c y c l i s a t io n  o f  th e  a d d it io n  p ro d u c t o f  

th io p h e n o l and a-m ethyIcinnam ic a c id  w ith  phosphorus o x y c h lo rid e . 

Work up gave crude 3 -m ethy l-2 -pheny lth iochrom an-4-one as  a  p a le  

yellow  o i l  co n sid e red  pure  enough f o r  d i r e c t  o x id a tio n ,

T 1 .6 4 -1 .9 0  (IH , m), 2 .3 0 -3 .0 0  ( 8H, m ), 5 .1 0 -5 .7 0  (IH , m ), 6 .4 0 -  

7 .02 (IH , m), 8 .6 3 -8 .9 8  (3H, m), sm all im p u rity  peaks a t  x 7 .6 2 ,

7 .80 and 8 .1 0 .

Some o f  t h i s  su lp h id e  (2 g) was added dropw ise to  a  p e r a c e t ic  

a c id  s o lu t io n  (10 ml) w ith  s t i r r i n g  a t  0°C. A f te r  s t i r r i n g  th e  

s o lu t io n  a t  room tem p era tu re  fo r  th re e  days, th e  m ix tu re  was poured 

in to  w a ter (100 m l). A fte r  e x t r a c t io n  w ith  m ethylene c h lo r id e ,  and 

washing th e  combined e x t r a c ts  w ith  sodium carb o n a te  s o lu t io n ,  th e  

o rg an ic  f r a c t io n  was s e p a ra te d  and d r ie d . Removal o f  th e  so lv e n t 

gave a p a le  o i l  (0 .5  g ) , th e  n .m .r .  spectrum  o f  which showed th a t  

p ro d u c t was p r e s e n t .  Continuous e x tr a c t io n  o f  th e  aqueous f r a c t io n s  

w ith  d ich lorom ethane gave a f u r th e r  0 .82 g o f  o i l  a lth o u g h  t h i s  

was con tam inated  w ith  a c id  re s id u e s .  A quick  f i l t r a t i o n  on s i l i c a  

M.F.C. (30 g) e lu t in g  w ith  e th e r ,  gave a c r y s t a l l i n e  f r a c t io n  w hich, 

when combined w ith  th e  o r ig in a l  m a te r ia l  and r e c r y s t a l l i s e d ,  gave

3-m ethy l-2-phenylth iochrom an-4-one 1 ,1 -d io x id e  (161) as  a w h ite  

s o l id  (1 .1 2  g , 50%), m .p. 141-144°C ( c h lo ro fo rm -p e tro l) ,  

(d ich lo ro m eth an e ), 1695, 1320, and 1155 cm 1, x 1 .6 0 -2 .3 0  (5H, m ), 

2.45 (5H, s ) ,  5 .33  (IH , d , J j  = 13 H z), 5 .7 3 -6 .4 0  (IH , m), and 

8.78 (3H, d , J 2 = 7 H z). Found: C, 66 . 6 8 ; H, 4 .8 7 ; S, 10 .97 .
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CieHii+SOa re q u ire s  C, 6 7 .1 1 ; H, 4 .9 3 ; S , 1 1 .1 9 . M/e 286, 222, 221, 

207, 179, 178, 118, 117, 104, 91 , and 76. n .m .r .  (c h lo ro fo rm ),

1 3 .3 7 , 4 6 .4 9 , 6 9 .7 3 , 1 23 .89 , 127 .2 6 , 1 29 .08 , 1 28 .86 , 1 3 0 .6 4 , 133 .37 , 

1 34 .67 , 1 4 1 .2 9 , and 1 9 3 .8 8 .R P.M.

3-D eu terio th ioch rom an-4 -one  1 ,1 -d io x id e

One mole e q u iv a le n t o f  b u ty l - l i th iu m  in  hexane was added to  

a  s o lu t io n  o f  th iochrom an-4-one (1 .0  g , 6 .1  mmol) w ith  ra p id  s t i r r i n g  

a t  -78°C under dry n i t r o g e n . An excess o f  deu terium  oxide (0 .5  m l,

24 mmol), was added to  th e  r e s u l t a n t  p a le  ye llow  s o lu t io n ,  and th e  

m ix ture  was a llow ed  to  warm up to  room te m p e ra tu re , and s t i r r e d  fo r  

tw elve h o u rs . Work up gave a p a le  orange o i l  (1 .1 3  g ) . This was 

o x id is e d  w ith  p e r a c e t ic  a c id  u sin g  th e  g e n e ra l method d e sc r ib e d  above, 

to  g ive a w hite  s o l i d .  R e c r y s ta l l i s a t io n  gave p redom inan tly  3- 

d eu te rio th io ch ro m an -4 -o n e  1 ,1 -d io x id e  (0 .6 7  g , 66%), m .p. 128-131°C. 

The n m .r .  spectrum  showed a much d im in ished  m u l t ip le t  a t  t  6 .4 0 -6 .8 0 , 

compared w ith  th a t  o f  undeu te ra te d  m a te r ia l .

Thiochroman 1 ,1 -d io x id e  (164)

Some o f  th e  p re v io u s ly  p rep a red  thiochrom an (se e  C hap ter 2) 

(1 g) was o x id is e d  by add ing  a 2 .1  e q u iv a le n t s o lu t io n  o f  m -chloro- 

p e rb en zo ic  a c id  in  d ich lorom ethane (15 m l) , to  a s o lu t io n  o f  th e  

su lp h id e  in  d ich lorom ethane (10 ml) a t  0°C. The s t i r r e d  m ix tu re
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was a llow ed  to  warm to  room tem p eratu re  and s t i r r e d  f o r  a  f u r th e r  

24 h . At th e  end o f  t h i s  tim e th e  o rg an ic  s o lu t io n  was washed 

w ith  an excess o f  sodium carb o n ate  s o lu t io n ,  s e p a ra te d  and d r ie d .  

Removal o f  th e  so lv e n t gave a w hite  s o l id  which was r e c r y s t a l l i s e d  

to  g ive  thiochrom an 1 ,1 -d io x id e  (1 .0  g , 82%) m .p. 89-90°C ( chloroform - 

pe t r o l )  , l i t .  m .p.G l 9 0 .5 -9 1 .5 °C , 1 .8 2 -2 .2 3  (IH , m), 2 .2 4 -2 .8 9

(3H, m), 6 .4 2 -7 .2 1  (4H, m), and 7 .2 3 -7 .8 2  (2H, m ). M/e 182, 137,

117, 115, 91 , 90 , and 77.

82Iso th iochrom an 2 , 2-d io x id e  (166)

H ydrazine h y d ra te  (4 .38  g) was added dropw ise to  a  s t i r r e d  

s o lu t io n  o f  iso th ioch rom an-4 -one  (3 .5  g) d is so lv e d  in  d ie th y le n e  

g ly c o l (25 m l). This was then  h ea ted  under r e f lu x  ('v»170°C) f o r  two 

hours to  g ive  a very  dark s o lu t io n .  A condenser and s t i l l - h e a d  

were s e t  on to  th e  f l a s k ,  and w a te r was tak en  o f f  u n t i l  th e  tem per

a tu re  o f  th e  c o n te n ts  o f  th e  f la s k  had reached  185°C. A fte r  c o o lin g  

th e  m ix ture  to  room te m p e ra tu re , po tassium  hydroxide (4 .3 7  g) 

was added to  th e  s t i r r i n g  m ix tu re , and th e  tem p era tu re  in c re a s e d  to  

185-190° (c a re  was taken  to  c o n tro l  th e  sudden r i s e  in  te m p e ra tu re ) , 

f o r  a p e r io d  o f  one h o u r. The m ix ture  was coo led  to  100°C and poured  

q u ic k ly  in to  co ld  w a te r (200 m l), w ith  v igorous s t i r r i n g .  E x t r a c t 

io n  w ith  e th e r  (3 x 20 m l), d ry in g , and rem oval o f  th e  s o lv e n t gave 

an orange o i l  which was d i s t i l l e d  to  g ive a c o lo u r le s s  o i l  (2 .5  g , 

71%), b .p .  100-110°C a t  0 .1  mm. The n .m .r .  spectrum  showed s l i g h t  

im p u r it ie s  because th e  arom atic  a re a  in te g ra te d  s l i g h t l y  la r g e r  

th an  allow ed  f o r  by th e  r e s t  o f  th e  spectrum . The in f r a r e d  spectrum
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showed no carb o n y l band, x 2 .6 0 -3 .1 0  (m ), 6 .32  ( s ) ,  and 6 .8 4 -7 .3 7  

(m ).

Some o f  t h i s  su lp h id e  (2  g) was o x id is e d  w ith  p e r a c e t ic  a c id  

(10 ml) fo llo w in g  th e  g e n e ra l method (page 145) to  g ive  iso th iochrom an

2 ,2 -d io x id e  as a w hite  s o l id ,  (1 .5 1  g , 62%), m .p. 161-163°C (c h lo ro 

fo rm ), ( l i t .  m .p .GO 163-164°C ), m/e 182, 118, 117, 115, 103, 91 , 78, 

and 77.

Acrylophenone

Acrylophenone was s y n th e s is e d  fo llo w in g  th e  method o f  
88Mannich e t  a l  from acetophenone, p arafo rm aldehyde, and d im e th y l- 

amine h y d ro c h lo rid e . Steam d i s t i l l a t i o n  o f  th e  p ro d u c t gave a 

c o lo u r le s s  o i l  which was r e d i s t i l l e d  (115°C a t  10 mm) to  g ive a c ry lo 

phenone as a c o lo u r le s s  o i l .  The n .m .r .  spectrum  was com parable

8 3to  th a t  d e sc rib e d  by Gutowsky e t  a l .

F lash  Vacuum Thermolyses

Therm olysis o f  th iochrom an-4-one 1 ,1 -d io x id e

The sulphone (136) (140 mg) was sublim ed a t  0 .05  mm p re s s u re ,  

t h r o u ^  th e  fu rn ace  a t  900°C. A m ix ture  o f  acry lophenone and phenyl

a c e ty le n e  was g iven  as a ye llow  o i l  (64 mg) on th e  su rfa c e  o f  th e

t r a p ,  which darkened on warming to  room te m p e ra tu re , x 1 .8 5 -2 .2 0  (m ), 

2 .3 5 -3 .1 0  (m ), 3.60 (d  x d , J i  = 17 Hz, J 2 = 2 H z), 4 .1 1  (d  x d , J 3 =

10 Hz, J 4 = 2 H z), and 6 .93  ( s ) .  The p ro d u c ts  were i d e n t i f i e d  by
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83com parison w ith  re p o r te d  n .m .r . s p e c tra  and by gas chrom atography 

mass s p e c tr a  (3% OV 17 a t  150°C, n i tro g e n  p re s su re  5 p s i ,  r e te n t io n  

tim e phenyl a c e ty le n e  1 m in .40 s e c ,  acry lophenone 5 m in .12 s e c ) .

An id e n t i c a l  p rocedure to  th e  ab o v e ,w ith  th e  fu rn ace  a t  

850°C,gave a  m ix tu re  o f  s t a r t i n g  m a te r ia l  and th e  p ro d u c ts  d e sc rib e d  

above; r e l a t i v e  amounts o f  m a te r ia l  were n o t p o s s ib le  to  determ ine 

due to  o v e rla p p in g  o f  some o f  th e  reso n an ces  in  th e  n .m .r .  spectrum . 

A ttem pted th e rm o ly s is  w ith  th e  fu rn ace  tenç>erature below 750°C le d  

to  th e  com plete reco v ery  o f  s t a r t i n g  m a te r ia l .

Therm olysis o f  3 -m ethylth iochrom an-4-one 1 ,1 - d iox ide

The sulphone (155) (165 mg) was sublim ed a t  0.005 mm p re s su re  

th rough th e  fu rn ace  a t  900°C. Crude a-m ethy lacry lophenone was ob

ta in e d  as a  ye llow  o i l  on th e  co ld  f in g e r ,  which on warming gave a 

s l i g h t l y  d a rk e r o i l  (7 2 .5  mg, 63%), x 2 .0 5 -2 .9 0  (m ), 3 .9 8 -4 .1 5  (m ), 

4 .3 0 -4 .4 2  (m ), and 7 .7 0 -8 .0 3  w ith  sm all t r a c e s  o f  s t a r t i n g  m a te r ia l ;

t h i s  spectrum  was com parable w ith  an a u th e n t ic  spectrum  re c o rd ed
84 ’by Combaut and G ira l .  The g . l . c .  t r a c e  showed on ly  one main 

compound (3% 0V17 a t  200°C, n i tro g e n  flow  r a t e  36 ml m in " \  r e te n t io n  

tim e 2 min.O s e c ) .  An id e n t i c a l  p rocedure  to  th e  above w ith  th e  

fu rn ace  a t  850°C gave a  m ixture o f  s t a r t i n g  m a te r ia l  (73%) and a -  

m ethylacrylophenone (27%), as i d e n t i f i e d  by n .m .r .  sp ec tro sc o p y . 

A ttem pted th e rm o ly s is  w ith  th e  fu rnace  tem p era tu re  below 750°C le d  

to  a  com plete reco v ery  o f  s t a r t i n g  m a te r ia l .

189



Thermolysis of 2-methylthiochroman-4-one 1,1-dioxide

The sulphone (156) (115 mg) was sublim ed a t  0 .03  mm p re s s u re ,  

th rough  th e  fu rn ace  a t  850°C. Crude crotonophenone was o b ta in e d  

as a ye llow  o i l ,  w ith  t r a c e  amounts o f  s t a r t i n g  m a te r ia l ,  (5 2 .5  mg, 

65%), T 1 .7 7 -2 .9 0  (m ), 3.02 ( s ) ,  and 8.02 (d , J  = 5 H z), th e  

compound was i d e n t i f i e d  by com parison w ith  an a u th e n t ic  n .m .r .  

spectrum  d e sc rib e d  by Lowe and F e r g u s o n . Only one main peak was 

seen  in  th e  g . l . c .  t r a c e ,  (3% 0V17 a t  200°C, flow  r a te  36 ml minT^, 

r e te n t io n  tim e 2 m in .48 s e c ) .

An id e n t i c a l  p rocedure  to  t h a t  d e sc rib e d  above w ith  th e  

fu rnace  a t  900°C gave an in d e te rm in a te  m ix ture  c o n ta in in g  some o f  

th e  p ro d u c t d e sc r ib e d  above b u t o th e rw ise  u n re so lv ed . Therm olysis 

a t  800°C y ie ld e d  a m ix ture  o f  th e  p ro d u c t (60%) and s t a r t i n g  m a te r ia l  

(40%), w h ile  a t  750°C th e  r a t i o  was p ro d u c t (24%) and s t a r t i n g  

m a te r ia l  (76%).

Therm olysis o f  2 , 3-dimethy lth io ch ro m an -4 -o n e  1 ,1 -d io x id e

The sulphone (157) (139 mg) was sublim ed a t  0.025 mm p re s s u re ,  

th rough  th e  fu rn ace  a t  850°C. There was no s t a r t i n g  m a te r ia l  l e f t  

a f t e r  t h i s  ru n , and a m ix tu re  o f  p ro d u c ts  appeared  to  have been given 

The g . l . c .  t r a c e  (3% 0V17 a t  200°C w ith  a flow  p re s su re  o f  6 p s i ) ,  

showed a t  l e a s t  s ix  d i f f e r e n t  compounds p re s e n t .
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An id e n t i c a l  p rocedu re  w ith  th e  fu rn ace  a t  750°C gave some 

reco v ery  o f  s t a r t i n g  m a te r ia l  p lu s  two o th e r  compounds a s  shown 

by g . l . c .  ( r e te n t io n  tim e 2 m in ,24 s e c ,  and 3 m in .4 sec  under th e  

same c o n d itio n s  as  th e  p re v io u s  ru n ) .  The n .m .r .  spectrum  showed 

s t a r t i n g  m a te r ia l  and a sp read in g  o f  th e  a ro m atic  re so n an ces  p lu s  

a  new resonance  a t  x 7 .9 5 -8 .1 0 . G .l .c ./m a ss  s p e c t r a l  a n a ly s is  o f  

th e se  two peaks under th e  same c o n d itio n s  as above showed th a t  th ey  

bo th  had m o lecu lar io n s  a t  m/e = 160 fo llow ed  by id e n t i c a l  fragm en t

a t io n  peaks a t  m/e = 145, 105, and 77. The n .m .r .  spectrum  o b ta in e d  

was com parable to  th e  v a lu es  g iven  by DePuy e t  a l^ ^  fo r  c i s  and 

t r a n s  2-b e n z o y l-2-b u te n e .

Therm olysis o f  3 , 3 -d im ethy lth iochrom an-4-one 1 ,1 -d io x id e

Therm olysis o f  th e  sulphone (159) a t  850°C and 0 .0 1  mm p re s su re  

gave a ye llow  o i l ,  which on exam ination  by n .m .r .  was unchanged 

s t a r t i n g  m a te r ia l .  T his was confirm ed by g . l . c .  a n a ly s is  (3% 0V17 

a t  200°C, flow  p re s su re  5 p s i ) .

Therm olysis o f  2 ,2 -d im ethy lth ioch rom an-4 -one  1 ,1 -d io x id e

The sulphone (158) (128 mg) was sublim ed a t  0 .0 1  mm p re s su re  

through th e  fu rn ace  a t  800°C. G . l .c .  exam ination  o f  th e  yellow  o i l  

p ro d u c t (71 mg) (3% 0V17 a t  200°C, flow  r a t e  37 ml min ^) showed 

fo u r  compounds, one o f  them in  la rg e  excess over th e  o th e r s .  The 

g . l .c . /m a s s  spectrum  o f  t h i s  band showed = 160 w ith  th e  fo llo w in g
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breakdown, 159, 145, 105, 83, and 77. The n .m .r .  spectrum  o f  th e  

crude m a te r ia l  showed th e  fo llo w in g  p a t t e r n : x 1 .8 3 -2 .1 5  (m ), 2.30-

2.90 (m ), 3 .1 5 -3 .2 5  (m ), 7 .77 ( s ) ,  and 8 .03  ( s ) .

An id e n t i c a l  p rocedure  w ith  th e  fu rn ace  a t  750°C gave a 

m ix ture  o f  s t a r t i n g  m a te r ia l  and p ro d u c t d e sc rib e d  above.

Therm olysis o f  2 -phenylth iochrom an-4-one 1 ,1 -d io x id e

The sulphone (160) (140 mg) was sublim ed a t  0 .01  mm p re s su re  

w ith  th e  fu rn ace  a t  750^0. S ta r t in g  m a te r ia l  and b en zy lid en e  a c e to -  

phenone (ch a lco n e ) was o b ta in e d  on th e  su rfa c e  o f  th e  t r a p  (104 mg). 

This was i d e n t i f i e d  by com parison o f  th e  t . l . c .  t r a c e ,  and n .m .r .  

spectrum  w ith  t h a t  o f  s ta n d a rd  sam ples.

The n .m .r .  spectrum  in d ic a te d  an approxim ate r a t i o  o f  10% 

s t a r t i n g  m a te r ia l  in  th e  p ro d u c t m ix tu re .

Therm olysis o f  3 -m ethy l-2 -pheny lth iochrom an-4-one 1 ,1 -d io x id e

The sulphone (161) (119 .2  mg) was sublim ed a t  0 .0 1  mm p re s s u re ,  

w ith  th e  fu rnace  a t  750^0. A y e llo w ish  g la s s  was observed  on th e  

su rfa c e  o f  th e  c o ld  t r a p ,  which on warming gave a dark o i l  (9 2 .1  mg). 

The n .m .r .  spectrum  o f  t h i s  m a te r ia l  showed s t a r t i n g  m a te r ia l  and a 

do u b le t o f  d o u b le ts  a t  x 7 .7 8 , = 7 .5  Hz, J 2 = 2 Hz. G . l .c .  mass

s p e c t r a l  a n a ly s is  showed th re e  p ro d u c ts  w ith  s t a r t i n g  m a te r ia l  (3%
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0V17 a t  190°C, flow  r a te  6 p s i ) .  Band A ( r e te n t io n  tim e 16 min.36 sec ) 

showed th e  h ig h e s t  mass peak a t  m/e = 222 th e r e a f t e r  207, 179, 114,

105 and 77; Band B ( r e te n t io n  tim e 23 m in .l2  s e c ) , m/e = 222, 207,

179, 165, 91, and 77; Band C ( r e te n t io n  tim e 30 min, 18 s e c ) ,  m/e 

= 222, 207, 179, 165, 145, 115, 105, and 77.

Therm olysis o f  thiochrom an 1 ,1 -d io x id e

The sulphone (164) (130 mg) was sublim ed a t  0 .01  p re s s u re ,

w ith  th e  fu rn ace  tem p era tu re  a t  850°C to  g ive  a  p a le  ye llow  o i l  (106
n

mg) c o n s is t in g  o f  m ostly  s t a r t i n g  m a te r ia l  w ith  ijdene (18%). This 

was confirm ed by com parison w ith  an a u th e n t ic  n .m .r .  spectrum  and 

g . l . c .  a n a ly s is  a g a in s t  a s ta n d a rd  sample (3% 0V17 a t  200°C, flow  

r a t e  40 ml min” ^ ) ,  r e te n t io n  tim e fo r  indene 2 m in ,26 s e c .

Therm olysis o f  indan

Indan (500 mg) was sublim ed th rough  th e  a p p a ra tu s  a t  0 .001  mm 

p re s s u re ,  w ith  th e  fu rn ace  tem pera tu re  a t  850°C. The n .m .r .  spectrum  

o f  the  p ro d u c t showed com plete reco v ery  o f  s t a r t i n g  m a te r ia l .

Therm olysis o f  iso th ioch rom an-4 -one  2 ,2 -d io x id e

The sulphone (165) (2 9 .2  mg) was sublim ed a t  0 .001  mm p re s su re  

w ith  th e  fu ran ce  a t  750°C. In d an -l-o n e  (1 9 .6  mg, 81%) was o b ta in e d ,

T 2 .1 8 -3 .0 8  (4H, m), 6 .7 0 -7 .0 5  (2H, m), and 7 .2 0 -7 .4 6  (2H, m ), 

i d e n t i f i e d  by com parison o f  th e  n .m .r .  spectrum  w ith  t h a t  o f  an 

a u th e n t ic  spectrum .
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Thermolysis of isothiochroman 2,2-dioxide

The sulphone (156) (101 mg) was sublim ed a t  0 .0 3  mm p r e s s u r e ,  w ith  

th e  fu rn ace  a t  800°C. Indan (58 mg, 88%) was o b ta in e d  as a  c le a r  

o i l ,  T 2 .5 6 -2 .9 5  (4H, m), 6 .8 5 -7 .2 5  (4H, m), and 7 .6 2 -8 .2 7  (2H, m ). 

This was i d e n t i f i e d  by com parison o f  th e  n .m .r .  spectrum  w ith  th a t  

o f  an a u th e n t ic  sam ple.

Therm olysis o f  1-indanone

The ke tone  (120 mg) was sublim ed a t  0 .015 mm p re s s u re ,  th rough  

th e  fu rn ace  a t  900^0. The p ro d u c t was found to  be unchanged s t a r t i n g  

m a te r ia l .

Therm olysis o f  2 ,3 -d ihydrobenzoC b]th iophene 1 ,1 -d io x id e

The sulphone (153) (283 mg) was sublim ed a t  0 .01  mm p re s su re  

th rough  th e  fu rn ace  a t  900°C. The n .m .r .  spectrum  o f  th e  p ro d u c ts  

formed d id  n o t show any t r a c e  o f  p h en y lace ty len e  o r  ac ry lo p h en o n e .

Therm olysis o f  acry lophenone

Acrylophenone (117 mg) was sublim ed a t  0 .0 3  mm p re s su re  th rough 

th e  fu rn ace  a t  900°C. The p ro d u c t was found to  c o n ta in  no t r a c e s  o f  

p h e n y la c e ty le n e , from n .m .r .  and g . l . c .  a n a ly s is .
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CHAPTER FOUR 

Thermolyses o f  s u l t in e s

Thermolysis of 4-methyl 1,2-oxathiolane 2-oxide (174)

The s u l t in e  (270 mg) was sublim ed a t  0 .025 mm p re s su re  th rough  

th e  fu rn ace  a t  750°C. A crude m ix ture  o f  m ethyl cyclopropane and 

iso b u ty le n e  was o b ta in e d  as  a  c le a r  g la s s  on th e  su rfa c e  o f  th e  

c o ld  t r a p ,  which on warming m elted  to  g ive a c le a r  o i l ,  x 5 .2 0 -5 .3 6  

(m ), 8 .0 2 -8 .3 0  (d ,  J  = 1 H z), 8 .8 0 -9 .0 2  (m ), and 9 .4 2 -9 .7 5  (m ).

Under th e  same c o n d it io n s , w ith  th e  fu rn ace  tem p era tu re  a t  

700^0 and 650°C d i f f e r e n t  m ix tu res o f  s t a r t i n g  m a te r ia l  and iso b u ty le n e  

were o b ta in e d , as  d e sc r ib e d  in  Table 4 .1  (page 9 3 ).

Therm olysis o f  4 -p h e n y l- l ,2 -o x a th io la n e  2 -ox ide (172)

The s u l t in e  (150 mg) was sublim ed a t  0 .007 mm p re s s u re ,  th rough  

the  fu rn ace  a t  750^0. A m ix tu re  o f  th e  s t a r t i n g  m a te r ia l  and a -m ethy l 

s ty re n e  was o b ta in e d , x 2 .2 0 -2 .9 0  (m ), 4 .60  ( s ) ,  4 .88  ( s ) ,  5 .5 5 -5 .8 0  

(m ), 6 .5 0 -7 .1 0  (m ), and 7 .84  ( s ) .  Under th e  same c o n d it io n s , therm 

o ly s is  below 700°C gave s t a r t i n g  m a te r ia l  o n ly .

Therm olysis o f  5 -phenyl 1 ,2 -o x a th io la n e  2 -ox ide (1 7 0 )

The s u l t in e  (141 mg) was sublim ed a t  0 .007 mm p re s s u re ,  th rough  

th e  fu rnace  a t  850°C. A crude m ixture o f  phen y lcy c lo p ro p an e , c i s  

a n d /o r t r a n s  g -m e th y ls ty re n e , and a l l y l  benzene was o b ta in e d ; x 2 .3 7 -
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3.07 (m ), 3 .2 9 -4 .3 8  (m ), 4 .6 6 -4 .8 6 (m ), 4 .8 9 -5 .1 2  (m ), 6 .62  (d , J  = 7 

H z), 7 .8 5 -8 .3 5  (m ), and 8 .9 0 -9 .4 7  (m ). Under th e  same c o n d itio n s  

w ith  th e  fu rn ace  a t  750°C, crude phenylcyclopropane was th e  on ly  

p ro d u c t, T 2 .5 8 -3 .1 8  (m ), 7 .9 0 -8 .4 6  (m ), and 8 .9 0 -9 .5 0  (m ). Under 

th e  same c o n d itio n s  w ith  th e  fu rnace  below 750°C, m ix tu res  o f  s t a r t i n g  

m a te r ia l  and phenylcyclopropane were g iven  as  d e sc r ib e d  in  Table 4 .2  

(page 9 4 ).

Therm olysis o f  5-m ethy l 1 ,2 -o x a th io la n e  2 -ox ide  (175)

The s u l t in e  (190 mg) was sublim ed a t  0 .06  mm p re s s u re ,  th rough  

th e  fu rn ace  a t  750^0 to  o b ta in  a crude m ix tu re  o f  a c e ta ld e h y d e , c i s  

a n d /o r  t r a n s  b u t - 2-ene and m ethy lcyclop ropane , w ith  some w hite  

polym eric  m a te r ia l  a d h e rin g  to  th e  su rfa c e  o f  th e  co ld  t r a p ,  t  0 .1 6 -  

0 .36 (m ), 4 .3 6 -4 .6 4  (m ), 7 .6 4 -8 .0 2  (m) 8 .1 2 -8 .5 4  (m ), 8 .8 0 -9 .0 6  

(m ), and 9 .0 6 -9 .6 8  (m ). Theixnolysis under th e  same c o n d itio n s  w ith  

th e  tem p era tu re  a t  700°C gave a m ix ture  o f  s t a r t i n g  m a te r ia l  and 

th e  p ro d u c ts  above as  shown in  Table 4 .3  (page 9 5 ) .

Therm olysis o f  5 -phenyl 5-m ethyl 1 ,2 -o x a th io la n e  2-ox ide (176 )

The s u l t i n e  (50 mg) was sublim ed a t  0 .005 mm p re s su re  th rough  

th e  fu rn ace  a t  750°C. 1-Phenyl 1-m ethy lcyclopropane was o b ta in e d , 

and id e n t i f i e d  by com parison w ith  th e  n .m .r .  d e t a i l s  re p o r te d  by 

G ib e rt and S e y d e n - P e n n e t 2 .5 0 -3 .0 0  (m ), 8 .6 3  ( s ) ,  and 9 .0 2 -9 .4 0  

(m ).
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Thermolysis of 3-phenyl 2,1-benzoxathiole, 1-oxide (177)

The s u l t i n e  (120 mg) was sublim ed a t  0 .001  mm p re s su re  th rough  

th e  fu rnace  a t  750°C. A v iv id  re d  g la s s  was seen  to  g ra d u a lly  

form on th e  s u rfa c e  o f  the  c o ld  t r a p ,  th e  c o lo u r o f  which d isap p ea red  

on warming, to  g ive a  very  v isco u s yellow  o i l .  t 1 .9 5 -3 .6 0  (b road  

e n v e lo p e ) , and 6 .10  ( s ) .  No s t a r t i n g  m a te r ia l  was l e f t  and th e  

g . l . c .  t r a c e  (3% 0V17 a t  200°C, flow  p re s su re  5 p s i )  showed o n ly  one 

peak ( r e te n t io n  tim e 9 min. 35 s e c ) ,  which was i d e n t i f i e d  a s  flu o ren e  

from th e  g . l .c . /m a s s  spectrum , and com parison w ith  a known sam ple.

Therm olysis o f  2 ,1 -b e n z o x a th io le , 1 -ox ide  (201 )

The s u l t in e  (^120 mg) was sublim ed a t  0 .005 mm p re s s u re ,  

th rough  th e  fu rn ace  a t  850°C. A dark red-brow n g la s s  was seen  to  

form g ra d u a lly  in  th e  co ld  s u r fa c e ,  which on warming, gave a t a r r y  

brown o i l .  t 2 .1 0 -3 .3 0  (m ), 5 .31  ( s ) ,  and 5 .6 0 -5 .7 7  (m ), a t . l . c .  

p la te  on s i l i c a  u s in g  e th e r  as th e  d ev elop ing  s o lv e n t showed th e  

p resence  o f  a t  l e a s t  s ix  compounds.

Therm olysis under th e  same c o n d itio n s  w ith  th e  fu rn ace  

tem p era tu re  a t  750°C gave a m ix ture  o f s t a r t i n g  m a te r ia l  w ith  a 

b ro ad e r a ro m atic  resonance  and a s in g le t  a t  t 5 .3 1 . Therm olysis 

a t  650^0 y ie ld e d  s t a r t i n g  m a te r ia l  o n ly .

1 9 7



Photolysis of 3-phenyl 2,1-benzoxathiole 1-oxide (177)

The s u l t in e  (100 mg) was d is so lv e d  in  dry a b so lu te  m ethanol 

(25 m l) , degassed  u s in g  dry  n i t r o g e n , and i r r a d ia t e d  f o r  15 h a t  

253 nm to  g ive  a  s l i g h t l y  y e llo w ish  s o lu t io n  w ith  t r a c e s  o f  a  p re 

c i p i t a t e .  Removal o f  th e  so lv e n t under reduced  p re s su re  a t  room 

tem p era tu re  gave a brown o i l ,  t 2 .0 8 -3 .4 9  (b road  e v e lo p e ) , 4 .70  ( s ) ,  

and 6 .10  ( s ) .  G .l .c ./m a s s  s p e c t r a l  a n a ly s is  o f  t h i s  o i l  (3% 0V17 

a t  200^0, flow  r a te  36 ml min ^) s e p a ra te d  th re e  p ro d u c ts  ( r e te n t io n  

tim e 4 min.O s e c , 5 m in ,50 s e c , and 7 m in .20 sec ) w ith  m o lecu lar 

io n s  m/e = 168, 190, and 166 r e s p e c t iv e ly .  The l a s t  peak was id e n t i f i e d  

as f lu o re n e  from th e  r e te n t io n  tim e o f  a known sam ple, and com parison 

o f  th e  n .m .r .  spectrum , b u t no p o s i t iv e  i d e n t i f i c a t i o n  cou ld  be 

made o f  the  o th e r s .

P h o to ly s is  o f  2 ,1 -b e n z o x a th io le  1 -ox ide  (201)

The s u l t in e  (70 mg) was d is so lv e d  in  dry  a b so lu te  m ethanol 

(25 m l) , degassed  and i r r a d i a t e d  fo r  21 h a t  253 nm. The r e a c t io n  was 

m onitored by rem oval o f  th e  so lv e n t and n .m .r .  sp ec tro sco p y  every  6 h 

and a t  th e  end o f  12 h th e re  was s t i l l  p redom inan tly  s t a r t i n g  m a te r ia l ,  

A fte r  a f u r th e r  9 h ,rem oval o f  th e  so lv e n t gave a dark  brown o i l ,  

n .m .r . a n a ly s is  showed s t i l l  some s t a r t i n g  m a te r ia l  w ith  a b roadened  

a rom atic  re g io n ; th e  n a tu re  o f  th e  p ro d u c ts  formed cou ld  n o t be 

determ ined .
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94Preparation of methylcyclopropane

To a s t i r r e d  m ixture o f  z in c  (12 g) and 70% aqueous e th a n o l 

(20 g) was added 1 ,3-d ibrom obutane (10 g ) . The m ix ture  was th en  

h e a te d  to  60°C when a b r is k  e v o lu tio n  o f  gas was o b serv ed . This 

gas was condensed in  an ic e  s a l t  b a th  to  g ive  a c le a r  l i q u id  (3  ml) 

This l iq u id  was then  r e d i s t i l l e d  a t  room tem p era tu re  u s in g  an ic e  

s a l t  condenser to  g ive  pure m ethy lcyclopropane, as a  c o lo u r le s s  

l i q u id ,  T (100 MHz), 9 .00  (d , J  = 5 H z), 9 .1 2 -9 .6 8  (m ).
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CHAPTER FIVE

Preparation of samples for shift reagent studies

C is and t r a n s  3 -p h e n y lth ie ta n  1 -o x id e s , c i s  and t r a n s  3-

p -b ro m o p h en y lth ie tan  1 -o x id e s , and c i s  and t r a n s  3 - t - b u ty l th ie t a n -

1-o x id e s  were a l l  p rep a red  from a v a i la b le  sam ples o f  th e  a p p ro p r ia te ly

20s u b s t i tu te d  t h i e t e  su lp h o n es , p re v io u s ly  p rep a red  in  t h i s  la b o r a to r y .

112T his was e f f e c te d  u s in g  th e  method d e sc r ib e d  by Johnson and S ie g l .  

R eduction o f  th e  t h i e t e  sulphones to  th ie ta n  su lphones was ach iev ed  

u s in g  sodium bo rohydride  (p rocedure  B ), ex cep t fo r  th e  3 - t - b u ty l  

an a lo g u e , which was c a t a l y t i c a l l y  hydrogenated  to  g ive  an a lm ost 

q u a n t i ta t iv e  y ie ld  o f  th e  th ie ta n  su lphone.

The th ie ta n  su lphones were reduced  to  th e  s u lp h id e s , u s in g  

l i th iu m  alum inium  h y d r id e , and re o x id is e d  to  th e  iso m eric  su lp h o x id es  

by s t i r r i n g  o v e rn ig h t w ith  an e q u iv a le n t amount o f  m -ch lo roperoxy- 

benzo ic  a c id  d is so lv e d  in  d ich lo ro m eth an e , a t  room te m p e ra tu re .

C a re fu l chrom atography o f  t h i s  m ix ture  o f  isom ers ( ty p i c a l ly

1 .2  g) on s i l i c a  (50 g) and e lu t in g  w ith  e th e r ,  gave th e  c i s  isom er

f i r s t ,  c lo s e ly  fo llow ed  by th e  t r a n s  isom er. C onfirm ation  o f  th e

s te reo c h e m ica l assignm ents o f  th e se  compounds were based  on n .m .r .
108s p e c tra d e sc r ib e d  p re v io u s ly .
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Cis and trans 3-phenyl-3-methylthietan-l-oxide

3 -P h en y l-3 -m e th y lth ie ta n  (p rep a re d  as d e sc rib e d  in  C hapter 

One (1 g ))  was o x id is e d  to  th e  iso m eric  su lphox ide  u s in g  m -ch lo ro - 

peroxybenzoic  a c id  as d e sc rib e d  fo r  th e  p rev io u s  examples above. 

C a re fu l chrom atography o f  t h i s  m ix ture  on s i l i c a  (50 g) u s in g  

e th e r  as th e  e lu e n t  a ffo rd e d  th e  c i s - isom er as a c le a r  o i l  (632 mg) 

fo llow ed  by th e  t r a n s - isom er as  a w hite  c r y s t a l l i n e  s o l id  (300 mg).

P re p a ra tio n  o f  exo 8 - th ia te t r a c y c lo [ 2 .2 .1 .1 .0 ] o c ta n e  8 -o x id e^ ^ ^ *127

The a d d it io n  p ro d u c t o f  su lp h u r d ic h lo r id e  and no rbo m ad ien e  

(20 g) was t r e a te d  w ith  a h o t aqueous sodium carb o n ate  s o lu t io n .

The r e a c t io n  was worked up a f t e r  30 min and th e re  was found 

to  be no change. T reatm ent f o r  3 h however a f fo rd e d  a sm all amount

o f  th e  d e s ire d  su lphox ide  a f t e r  work up (1 .9 3  g , 13.4% ), m .p. 72-76°C,
125l i t .  m .p. 76-77°C. t 5 .4 5 -5 .6 9  (IH , b r .m ) , 6 .5 6 -6 .7 7  (2H, m ), 

7 .7 8 -8 .0 2  (IH , m), and 8 .1 0 -8 .4 7  (4H, m), (d ic h lo ro m e th a n e ),

3050, 2939, 2862, 1125, and 1049 cm“ l ,  m/e 140, 123, and 91. ^^C

n .m .r .  (p .p .m . dow nfie ld  o f  TMS) 9 .8 2 , 21 .18 , 34 .09 , 4 5 .1 3 , and 64 .36 .
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Preparation of endo 8-thiatetracyclo[2.2.1.1.0]octane 8-oxide

Some o f  th e  p re v io u s ly  p rep a red  exo su lphox ide  (1 .2  g) was 

su sp en d ed -d isso lv ed  in  d ry  e th e r  (50 ml) w h ile  s t i r r i n g  a t  0°C. 

L ith ium  aluminium h y d rid e  (0 .2  g) was slow ly  added to  t h i s  m ixture 

over a p e r io d  o f  10 min, w h ile  s t i r r i n g  r a p id ly .  The r e a c t io n  was 

a llow ed  to  warm up to  room tem p eratu re  a f t e r  which i t  was s t i r r e d  

fo r  4 h . Usual work up p rocedu res gave a very  sm elly  c o lo u r le s s  

o i l .  The n .m .r .  spectrum  s t i l l  showed some t r a c e s  o f  th e  s t a r t i n g  

m a te r ia l  b u t th e re  were o th e r  resonances a t  t  6 .2 8 -6 .4 7  (m ), 6 .9 2 -  

7.19 (m ), and 7 .5 1 -7 .8 5  which could  re a so n a b ly  be a ss ig n e d  to  th e  

su lp h id e . T . l . c .  on s i l i c a  e lu t in g  w ith  e th e r  showed two s p o ts ,  

one o f  them c o in c id e n t w ith  th e  s t a r t i n g  m a te r ia l  Rf = 0 .0 5 2 , 

and th e  o th e r  one R^ = 0 .8 4 . This m a te r ia l  was s t i r r e d  in  an excess 

aqueous sodium m etap erio d a te  s o lu t io n  (3 g s a tu r a te d )  f o r  2 days 

a t  room te m p e ra tu re , a f t e r  which e x tr a  a c t io n  w ith  d ich lorom ethane 

and norm al work up gave a w hite  s o l id  (1 .0  g ) . The n .m .r .  spectrum  

showed th a t  none o f  th e  exo su lphoxide  was p r e s e n t .  T . l . c .  a n a ly s is  

( s i l i c a )  e lu t in g  w ith  e th e r  showed two s p o ts ;  R^ 0.032 and 0 .2 6 . 

C are fu l chrom atography o f  some o f  t h i s  m a te r ia l  (0 .7 5  g) on s i l i c a  

(80 g) e lu t in g  w ith  pure  e th e r  in c re a s in g  to  2% m ethanol in  e th e r ,  

succeeded in  i s o l a t i n g  two compounds as w h ite  c r y s t a l l i n e  s o l id s .

The f i r s t  compound to  be e lu te d  (Rf = 0 .2 6 ) was shown to  be 8- t h i a -  

te t r a c y c lo [ 2 .2 .1 .1 .0 ] o c ta n e  8 , 8-d io x id e  (350 mg), m .p. 135°C (d e c .)  

l i t .  m .p.^^^ 130°C ( d e c . ) ,  x 5 .9 0 -6 .1 0  (2H, m), 7 .0 5 -7 .3 0  (IH , b r .m ) .

3 .6 3 -7 .9 0  (IH , m), 7 .9 0 -8 .1 3  and 8 .1 5 -8 .3 4  (4H, m). (d ic h lo ro 

methane) 3060, 2950, 2815, 1300, 1175, and 1097. M/e (no m o lecu lar
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io n ) 92 , 91, 66 and 65. n .m .r .  (p .p .m .)  1 3 .2 3 , 2 1 .3 4 , 31 .17 ,

34.90 and 76 .78 . The second compound, = 0 .032 (101 mg) gave th e  

fo llo w in g  d a ta : m .p. 113-115^0, t 6 .2 1 -6 .5 1  (2H, m), 7 .2 0 -7 .4 9  (IH , 

m), 7 .5 8 -7 .8 4  (2H, m), and 7 .8 4 -8 .1 0  and 8 .1 0 -8 .3 8  (3H, m ). 

(d ich lo rom ethane) 3051, 2942, 2875, 1138, and 1080 cm"^. M/e 140,

123, and 91. n .m .r .  (p .p .m .)  21 .0 2 , 27 .3 5 , 32 .55 , 36 .3 6 , and

6 8 .0 1 . Found: C, 6 0 .0 6 ; H, 5 .7 6 ; S, 22 .54 . CyHaOS re q u ire s  C, 59 .99 ; 

H, 5 .7 5 ; S, 22 .84 .

The rem ainder o f  th e  crude o x id a tio n  m ix ture  (250 mg) was 

d is so lv e d  in  a  p e r a c e t ic  a c id  s o lu t io n  (4 ml) and s t i r r e d  f o r  4 

days. Work up gave a w hite  s o l id  (200 mg) w ith  th e  same n .m .r .  

spectrum  as t h a t  o f  th e  known su lphone.

A ttem pted p h o to a d d itio n  o f  th iophosgene w ith  cyclohexene and n o r-  

b o m ylene

A m ix ture  o f  f r e s h ly  d i s t i l l e d  cyclohexene (1 2 .8  m l, 0.126 

mol) and th iophosgene (5 m l, 0 .043 mol) was i r r a d i a t e d  w ith  d a y lig h t 

tubes f o r  f iv e  day s. G . l .c .  a n a ly s is  a g a in s t  a sm all p o r t io n  o f  

th e  m ix ture  which had been k ep t in  th e  dark  showed th a t  no re a c t io n  

had tak en  p la c e .

The r e a c t io n  was a ls o  t r i e d  u sing  a s o lu t io n  o f  n o rb o m y len e  

(0 .5  g , 5 .31  mmol), and th iophosgene (0 .4  m l, 5 .31  mmol), d is so lv e d  

in  d ich lorom ethane (15 m l). I r r a d i a t io n  o f  th e  s o lu t io n  a t  589 nm 

fo r  18 h gave no change as in d ic a te d  by g . l . c .  a n a ly s is  a g a in s t  a 

c o n tro l  sample o f  th e  m ixture which had been  k ep t in  th e  d a rk .

2 0 3
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. SUMMARY
;/

The f la s h  vacuum th e rm o ly s is  and p h o to ly s is  o f  a num ber 

o f  c y c l ic  su lphones have been s tu d ie d  w ith  a  view to  d ev e lo p in g  

th e s e  r e a c t io n s  as  p o s s ib le  s y n th e t ic  p ro c e s s e s . A number o f  2 - 

s u b s t i t u t e d  th i e t a n  su lphones have been shown to  g iv e  th e  

a p p ro p r ia te ly  s u b s t i t u te d  cyclop ropanes in  h ig h  y i e l d s .  The 

co rre sp o n d in g  r e a c t io n s  o f  3 - s u b s t i tu te d  th e i t a n  su lp h o n es  a re  

n o t q u i te  so c le a n  how ever, and a  number o f  p ro d u c ts  a re  fo rm ed .

A tte n ^ ts  have been  made to  s y n th e s is e  su lphox ira ides b a se d  

on th e  th iochrom an n u c leu s  ; how ever, w ith o u t s u c c e s s .

The f l a s h  th e rrao ly ses  o f  th iochrom an-4-one su lp h o n es have

-been  s tu d ie d .  The p ro d u c ts  o f  th e se  r e a c t io n s  a re  g e n e r a l ly  a . S - _______

u n s a tu ra te d  k e to n e s , and  th e  mechanism h as been p robed  by  d eu te riu m  

l a b e l l i n g  ex p e rim en ts .

The f la s h  th e rm o ly ses  o f  some s u b s t i t u t e d  y - s u l t i n e s  havebeen  

s tu d ie d  in  d e t a i l .  G e n e ra lly , su lp h u r  d io x id e  i s  e x tru d e d  and  th e  

p ro d u c ts  a re  d e riv e d  f ro m 'th e  re g a in in g  b i r a d i c a l  s p e c ie s .  In  one 

case  how ever, one o f  th e  p ro d u c ts  i s  d e r iv e d  from  a  lo s s  o f  su lp h u r  

monoxide from th e  s t a r t i n g  m a te r ia l .

The c o n fo rm a tio n a l e q u i l i b r i a  o f  v a r io u s  c i s  and t r a n s  3- 

s u b s t i t u te d  t h i e t a n  1 -o x id es  have been  s tu d ie d  u s in g  n .m .r .  sp e c tro sc o p y  

and a  la n th a n id e  s h i f t  re a g e n t te c h n iq u e . In  g e n e ra l  i t  h a s  been  

found th a t  th e  oxygen atom p r e f e r s  to  ad o p t an e q u a to r ia l  p o s i t io n  

in  a l l  o f  th e  compounds s tu d ie d .


