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ABSTRACT.

The e v i d e n c e  f o r  c o n s i d e r i n g  b e n a y n e  a s  a  s y m m e t r i c  

s i n g l e t  w i t h  a p a r t i a l  nr bond b e t w e e n  t h e  two o n e - e l e c t r o n  

c e n t r e s  i s  g i v e n .  Eenzyne  i s  com pared  w i t h  s t r a i n e d  c y c l i c  

a c e t y l e n e s  and a me thod  o f  s t a b i l i z i n g  b o t h  s y s t e m s  a s  

c o m p le x e s  on a  t r a n s i t i o n  m e t a l  i s  i l l u s t r a t e d .  O t h e r  

r e a c t i o n s  p o s s i b l y  i n v o l v i n g  b e n z y n e - m e t a l  c o m p le x e s  a r e  

r e v i e w e d .

Tv/o new b en zy n e  p r e c u r s o r s  a r e  d e s c r i b e d ;  t h e  sod ium  

and  l i t h i u m  s a l t s  o f  1 - ( t o l u e n e - n - s u l p h o n a m i d o ) b e n z o t r i a z o l e  

( l a ,  I b ) ,  and  ( ' l - b e n z o t r i a z o l y l ) i m i n o t r i p h e n y l p h o s p h o r a n e  ( I I )  

g i v e  b en zy n e  on p h o t o l y s i s .  F o r  c o m p a r i s o n  t h e  new c y c l o h e x y n e  

and  c y c l o h e p t y n e  p r e c u r s o r s ,  ( 4 , 5 - t e t r a m e t h y l e n e - 1 - t r i a z o l y l )  

i m i n o t r i p h e n y l p h o s p h o r a n o  ( I I I )  an d  ( 4 , $ - p e n t a m e t h y l e n e - 1 -  

t r i a z o l y l ) i m i n o t r i p h e n y l p h o s p h o r a n e  ( IV )  were  p r e p a r e d .  I t  

was a l s o  fo u n d  t h a t  p h o t o l y s i s  a t  room t e m p e r a t u r e  o f  

c y c l o h e p t e n o c y c l o p r o p e n o n e  (V) gave  c y c l o h e p t y n e .

1 , 2 , 3 - E e n z o t h i a d i a z o l e - 1 , 1 - d i o x i d e s  (V I)  and  bcnzc-ne-  

d i a z o n i u m - 2 - c s r b o x y l a t e s  ( V I I )  were  u s e d  a s  b e n z y n e  p r e c u r s o r s  

w i t h  t e t r a l v i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m ( 0 )  ( V I I I )  t o  p r e p a r e  

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

a r e  p o s t u l a t e d  w i t h  1 , 2 , 3 - b e n z o t h i a d i a z o l e - 1 , 1 - d i o x i d e s  i n  

r e f l u x i n g  e t h e r  -  b e n z e n e  w here  c y c l o t r i m é r i s a t i o n  o f  b e n z y n e  

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

I n  c o l d  b e n z e n e ,  1 , 2 , 3 - b e n z o t h i a d i a z o l e - 1 , 1 - d i o x i d e  i s  t r a p p e d  

by t e t r a k i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m ( 0 )  b e f o r e  i t  deco m p o se s  

t o  b e n z y n e  to  g i v e  t h e  a d d u c t  ( I X ) ,  w h ich  when i r r a d i a t e d ,  i s  

a l s o  a new b e n z y n e  p r e c u r s o r .  The r e a c t i o n  w i t h  b e n z e n e d i a z o n i u m  

- 2 - c a r b o x y l a t e s  g i v e s  c a r b o x y l a t o - p l a t i n u m  c o m p le x e s  (X) w h ich  

a r e  n o t  b e n z y n e  p r e c u r s o r s  and  no c y c l o t r i m é r i s a t i o n  o f  b e n z y n e  

was d e t e c t e d .



The o x i d a t i o n  o f  1 - a m i n o b e n z o t r i a z o l e  (X I)  i n  t h e  

p r e s e n c e  o f  t e t r c i v i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u L i ( 0 )  d i d  n o t  

l e a d  t o  a  b e n z y n e - p l a t i n u m  com plex  and  b e n z y n e - p l a t i n u m  

i n t e r m e d i a t e s  do n o t  a p p e a r  t o  be i n v o l v e d ,  F u r t h e r m o r e  

t h e  a b o v e ,  new, n o n - o x i d a t i v e  r o u t e s  t o  b e n z y n e  w i t h  

t e t r a l e i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m ( 0 )  gave  no e v i d e n c e  

f o r  b e n z y n e - p l a t i n u m  com plexes*  A n a lo g o u s  c y c l o a l k y n e  

p r e c u r s o r s  were a l s o  e x p l o r e d  a s  r o u t e s  t o  c y c l o a l k y n e -  

p l a t i n u m  c o m p le x e s  an d  c y c l o o c t y n e b i s ( t r i p h e n y l p h o s p h i n e ) -  

p l a t i n u m  ( X I I )  was i s o l a t e d .

The l e a d  t e t r a a c e t a t e  o x i d a t i o n  o f  1 - a n i n o b e n z o t r i a z o l e  

i n  t h e  p r e s e n c e  o f  e t h y l e n e b i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m  ( X I I I )  

d o e s ,  h o w e v e r ,  a p p e a r  t o  g i v e  a  b e n z y n e - p l a t i n u m  com plex  w h ich  

i s  s t a b l e  f o r  10 m i n u t e s  i n  s o l u t i o n .  Benzyne  was a g a i n  

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

O t h e r  a t t e m p t s  t o  s y n t h e s i s e  a  b e n z y n e - p l a t i n u m  com plex  

and t o  s t a b i l i z e  an  a n t i a r o m a t i c  compound i>d.th z e r o v a l e n t  

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

I n  1936 l o n g u e t - I i i p g i n s  and  O r g e l  p r e d i c t e d  t h a t  

c y c l c b u t a d i o n o  wou ld  bo s t a b i l i s e d  by c o o r d i n a t i o n  t o  a 

t r a n s i t i o n  m e t a l  io n *  A l l  a t t e m p t s  t o  i s o l a t e  a  c y c l o -  

b u t a d i e n e  s p e c i e s  h a d  boon u n s u c c e s s f u l  u p t o  t h a t  t i m e ^ ,  

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

c h e m i s t  s o o n  p r o v e d  f r u i t f u l  and  i n  1959 C r i e g c e  and  

Schroder"^  i s o l a t e d  a  s t a b l e  c y c l o b u t a d i e n c - n i c k o l  c o m p le x .

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

e x p l o i t e d  by P e t t i t  and  c o - i ; o r k c r c ^ * ^ ’ ' ^ t o  e s t a b l i s h  

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

cyclobutadiGiio* T h i s  stimulated efforts w i t h  o t h e r  reactive 
intermediateo^^^* *0,11, the hope  that a similar
contribution to their c h e m i s t r y  m i g h t  be  achieved.

An a p p l i c a t i o n  o f  t h e  a p p r o a c h  t o  b e n s y n e  seemed

p a r t i c u l a r l y  s u i t a b l e  a t  t h i s  t i m e .  T h e r e  i s  a  c o n s i d e r a b l e
13l i t e r a t u r e  on  t h e  c h e m i s t r y  o f  b e n s y n e  and  g e n e r a l  

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

t h e  p r o b l e m  o f  s t a b i l i s i n g  i t  on  a  t r a n s i t i o n  m o t a l  i s  

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

I t  i s  t h e  p u r p o s e  o f  t h i s  i n t r o d u c t i o n  t o  c o v e r  t h o s e  

a s p e c t s  o f  b e n z y n e  end  t r a n s i t i o n  m e t a l  c h e m i s t r y  w h ich  

d e t e r m i n e  t h e  g e n e r a l  a p p r o a c h  to w a r d  a  t r a n s i t i o n  n e t a l -  

b e n s y n o  c o m p le x .  The f i r s t  two s e c t i o n s  c o v e r  t h e s e
r\

c q p m d e r a t i o n s .  The t h i r d  s e c t i o n  i s  a  r e v i e w  o f  t h e  v e r y  

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

c o m p l e x e s  o f  b e n s y n e .



2 .

1 .  STRUCTURE AND REACTIVITY 0 ?  EENZYN::. COMPARISON V/ITH 

CYCLIC ACETYLENES.

(1)

G e n e r a l  m e th o d s  o f  p r e p a r i n g  b e n z y n e  ( l )  a r e  

i l l u s t r a t e d  i n  o r d e r  t o  p r o v i d e  a  b a c k g r o u n d  t o  a ' d i s c u s s i o n  

on i t s  s t r u c t u r e  and  r e a c t i v i t y #  The b e n z y n e  p r e c u r s o r s  a r e  

d i v i d e d  i n t o  t h r e e  g r o u p s  d e p e n d i n g  upon  t h e  r e a c t i o n  c o n d i t i o n s  

r e q u i r e d .

F o r m a t i o n  o f  t e t r a p h e n y l n a p h t h a l o n e  a n d  1 , 4 - d i h y d r o -  

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

( t c t r a c y c l o n o )  and  f u r a n  i s " a c c e p t e d  a s  good  e v i d e n c e  f o r  

t h e  i n t e r m e d i a c y  o f  b e n z y n e  i n  a  r e a c t i o n .  Eov/ever f o r  

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

w ou ld  have  t o  be d e m o n s t r a t e d .

H- c o l



îTDar.*tion o f  bon.T.ync.

( i )  Z l i n i n a t i o n  o f  s t a b l e  r . o l o c u l e s  unds r  a n o a o n t  c o n a a t i o n s .

D o c o a p o s i t i o n  o f  b e n s c n o d i a s o n i u n “ 2 « c a r b o a y l a t o  ( 2 )

i l l  b e n ze n e '  a t  50° g i v e s  n i t r o g e n ,  c a r b o n  d i o x i d e  and  b e n z y n e
'14- i  Sw h ich  c a n  be  t r a p p e d  i n  y i e l d s  a p p r o a c h i n g  80%# ’

N, 

CO.
/A - -I- +  COg

(2 )

-N
2 \

'2
(3)

d t c p w i s o  d e c o m p o s i t i o n  o c c n r s ^ °  and t h e  i n t e r m e d i a t e  ( 3 )  h a s

b e e n  t r a p p e d  v / i th  p h e n y l i c o c y a n i d e  and  n i c k e l c a r b o n y l  a s
17N - p h e n y l p h t h a l i n i d e  and  p h t h a l i c  a n h y d r i d e  • E o f l u x i n g

o
1 , 2 - d i c h l o i ^ t h a n o  i s  t h e  b e s t  s y s t e m  f o r  d e c o m p o s i t i o n  o f  

t h i s  p recu r so r* ^^ *

D e c o m p o s i t i o n  o f  1 , 2 , 3 - h e n z o t h i a d i a a o l e - l , 1 - d i o x i d e  ( 4 )  

a t  room t e m p e r a t u r e  i n  a  s u i t a b l e  s o l v e n t  g i v e s  b e n s y n e  w h ich  

ca n  be  t r a p p e d  i n  50 /j y i e l d " * ^ ’ ^ ^ .  N i t r o g e n  an d  s u l p h u r  d i o x i d e

e l o s t  i n  a  c o n c e r t e s  f a s h i o n 21

(4)



4.

O x i d a t i o n . o f  l - a i i i i n o b o n ^ i o t r i a s o l o  ( 5 )  vdLth l o a d

t e t r a a c e t a t e  a t  r o o n  t e m p e r a t u r e  i n  b e n z e n e  g e n e r a t e s  t h e

n i t r e n e  w h ich  f r a g m e n t s  i m m e d i a t e l y  t o  n i t r o g e n  and  b e n z y n e
22

( t r a p p e d  i n  y i e l d )  • S l i g h t l y  l o w e r  y i e l d s  a r e  o b t a i n e d  

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

l o w  t e m p e r a t u r e  ( - 80^ ) .

-f- Pb(OAc)

(5).

4

4 -  2N

-h 2HOAC 
4“

Pb(OAc)

E e n s e n o d i a s o n i u n - 2 - c a r b o x y l a t o  i s  e a s y  t o  p r e p a r e

( a l t h o u g h  i t  c a n n o t  be  s t o r e d )  and  i s  t h e  b e n s y n e  p r e c u r s o r

m o s t  f r e q u e n t l y  u s e d  i n  t h e  l i t e r a t u r e .  I t  i s  e x t r e m e l y
23h a z a r d o u s  t o  h a n d l e  and  i t s  d e c o m p o s i t i o n  i s  n o t  c o n c e r t e d .

1 , 2 c , 3 - B e n s o t h i a d i a z o l e - 1 ,1 “ d i o x i d e  i s  t h e ' p e r f e c t '  b e n s y n e  

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

w i t h o u t  t h e  a i d  o f  an  e x t e r n a l  r e a g e n t .  However i t  i s  so 

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

an d  i t s  p r e p a r a t i o n  i s  d i f f i c u l t  and  t e d i o u s .  1“ i \ m i a o b o n s o t r i a s o l (  

i s  a  v e r y  good  b e n s y n e  p r e c u r s o r  and  i s  a  l i t t l e  e a s i e r  t o  

p r e p a r e  t h a n  compound ( 4 ) .  I t  c a n  be s t o r e d  i n d e f i n i t e l y ,  b u t  

c a n n o t  be  u s e d  i n  r e a c t i o n s  whose c o m p o n e n ts  a r e  s e n s i t i v e  

t o  o x i d a t i o n .

( i i )  P y r o l y s i s  and  p h o t o l y s i s  o f  o r t h o - s u b s t i t u t e d  b e n z e n e s *

T h e r m o l y s i s  o f  2 - a z o x y b e i i z o i c  a c i d s  ( 6 )  f o r  3 h r .  ai

190^ im t h e  p r e s e n c e  o f  t o t r a c y c l c n o  g i v e s  t h e  b e n z y n e / -
P s

t c t r a c y c l o n o  a d d u c t  i n  24% y i e l d "  •
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Ph

CO.

(7)

(6)

X

o

o
( 8) (9)

Q

(10)

D e c o m p o s i t i o n  o f  d i p h e n y l i o d o n i u m - 2 « * c a r b o x y i a t o  ( 7 )  

i n  r e f l u x i n g  d i g l y m s  ( 160^ )  a f f o r d s  b e n s y n e  w h ich  con  be 

t r a p p e d  i n  68); y i c l d ^ ^ »

P y r o l y s i s  o f  p h t h a l o y l p e r o x i d o  ( 8 ) ^ ^  and  i n d a n e " t r i o n e  ( 9 ) ^ ^  

a t  600°  g i v e s  Z1% and  Z3% b i p l i o n y l e n o , a  p r o d u c t  f o rm ed  by t h e  

d i m é r i s a t i o n  o f  b e n s y n e .  P h o t o l y s i s  o f  a  b e n z e n e  s o l u t i o n  o f  

p h t h a l o y l p e r o x i d o  i n  t h e  p r e s e n c e  o f  t e t r a c y c l o n o  gave  a
p r

7% y i e l d  o f  t e t r a p h e n y l n a p h t h a l o n e  .

P y r o l y s i s  o f  p h t h a l i c  a n h y d r i d e  ( 1 0 )  i n  b e n z e n e  a t  690°  

l e a d s  p r i m a r i l y  t o  p r o d u c t s  a t t r i b u t a b l e  t o  t h e  r e a c t i o n  o f
28b e n s y n e  w i t h  b e n z e n e  , a l t h o u g h  a  s m a l l  y i e l d  o f  b i p h c n y l o n o  ( I / ; )  

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

N ichrome c o i l  a t  c a .  800°  g a v e  b i p h o n y l e n e  i n  10 -  1^); y i e l d ^ ^ *

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

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

( i i i )  O r g e u io m o t a l l i c  r o u t e s  t o  b e n s y n e .

The o b j e c t i v e  h e r o  i s  t o  g e n e r a t e  a n  o r t h o - m e t a l l a t o d

p h e n y l  h a l i d e  w h ic h  c a n  f r a g m e n t  t o  b e n z y n e  and  m e t a l  h a l i d e .

T h i s  c a n  be a c h i e v e d  by t h e  a c t i o n  o f  s t r o n g  b a s e  ( e . g .  m e t a l
50a m id e )  on an  a r y l  h a l i d e  -
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LiNR,

HNR, 'Li

X = F , C I , B r

-  o r  by t h e  m e t a l l a t i o n  o f  a r y l  d i h a l i d e s  by m e t a l - h a l o g e n
31Interconversion r e a c t i o n s  •

U l x '  ^
+  n-EuX'

X - more e l e c t r o p o s i t i v e  h a l o g e n

The u s e  o f  s t r o n g  o r g a n o m e t a l l i c  r e a g e n t s  i s  a

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

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

h a l o g o n  i n t e r c o n v e r s i o n  c an  com pe te  w i t h  o r t h o - m e t a l l a t i o a  i n

a r y l  h a l i d e s  c o n t a i n i n g  t h e  more e l e c t r o p o s i t i v e  i o d i d e  ajid

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

g i v e  b i p h e n y l s  an d  t r i p h e n y l e n e s  by s u c c e s s i v e  a d d i t i o n  t o  i t s  
31p r e c u r s o r  • O r i g i n a l l y  i t  was s u g g e s t e d  t h a t  t r i p h e n y l e n e

f o r m a t i o n  i n  t h i s  s i t u a t i o n  was due t o  c y c l i c  t r i m é r i s a t i o n  
32o f  b e n s y n e  « b u t  t h e  m echan ism  d e s c r i b e d  b e lo w  h a s  b e e n  

c l e a r l y  c o n f i r m e d ^ b y  t r a p p i n g  ( 1 1 )  a t  l o w  t e m p é r a t u r e  a s  

i t s  b e n z o p h e n o n e  a d d u c t  ( 1 2 )  i n  y i e l d s  c o m p a r a b l e  t o  t h a t  o f  

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

room t e m p e r a t u r e *
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r o o n

t o n p e r a t u r e

(12)

The usG o f  s t r o n g  o r g a n o n e t a l l i c  r e a g e n t s  was 

c i r c u r a v e n t e d  by who g e n e r a t e d  o r t h o - n o t a l l a t e d

p h e n y l  h a l i d e s  f r o n  1 , 2 - d i h a l o b e n z e n c s  i f i t h  l i t h i u n  a n a l g a n  

o r  n a g n c s i i m *

B f

Li/Kg

Et O 
2

Bp

Mg



Bonzyno a s  an i n t e r n o d i a t e .

8 .

(13a)

< - ->

(13b)

J .  D, R o b e r t s  s u g g e s t e d  b e n s y n e  a s  an  i n t e r n o d i a t o

t o  e x p l a i n  c i n e - s u b s t i t u t i o n  o f  a r y l  h a l i d e s  by a l k a l i  m e t a l  
34

a m id e s  • He d e m o n s t r a t e d  t h e  s y m m e t r i c a l  n a t u r e  o f  t h e

KNHg R
4-

NH2

bq.NH^

c i n e - s u b c t i t u t i c n

13.i n t e r m e d i a t e  • I n f o r m a t i o n  f ro m  d e u t e r i u m  an d  *‘̂ C l a b e l l i n _  

was c o n s i s t e n t  w i t h  an  o l i n i i n a t i o n - a d d i t i o n  r e a c t i o n  i n  w h ich  

t h e  o r t h o - h y d r o g e n  was  removed  i n  t h e  r a t e  d e t e r m i n i n g  s t e p *

3o

Benayne h a s  a  s i g n i f i c a n t  l i f e t i m e  w h ich  h a s  b e e n

d e m o n s t r a t e d  by r e a c t i o n s  i n  w h ic h  i t  s e l e c t s  i t s  r e a c t i o n

p a r t n e r  f rom  among s e v e r a l ,  c o m p e t i t o r s *  C o m p e t i t i o n  e x p e r i m e n t s
37b e t w e e n  l i t h i u m  p i p o r i d i d c  an d  p h c n y l l i t h i u m  and  a l s o  b e t w e e n7O

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

s t a t e m e n t  * The v a l u e  o f  t h e  c o m p e t i t i o n  c o n s t a n t  r e m a i n s
39t h e  same i r r e s p e c t i v e  o f  t h e  b e n a y n e  p r e c u r s o r  • The 

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

common t o  t h e s e  p r e c u r s o r s  w h ic h  i s  o b v i o u s l y  t h e  u n i t

a l r e a d y  s u g g e s t e d  by J* D* R o b e r t s .

c i n e - S u b s t i t u t i o n  o c c u r s  when t h e  symmetry  o f  t h e  b e n s y n e  

i n t e r m e d i a t e  ( b u t  n o t  t h o  symmetry  o f  t h e . r e a c t i v e  s i t e )  i s  

d e s t r o y e d  by a  s u b s t i t u e n t  i n  t h o  a r o m a t i c  r i n g *



(14a)
Y

o

- n u c l e o p h i l e
(I4b)

The same un  sy  nine t r i o  a l  i n t e r m e d i a t e  c a n  be  g e n e r a t e d

f ro m  two i s o m e r i c  s t a r t i n g  m a t e r i a l s .  E x p e r i m e n t s  hav e

s l i o v / n * ^ * ^  t h a t  t h o  r a t i o  o f  t h e  two p r o d u c t s  f o rm ed  i s  t h e

same f ro m  ( l 4 a )  and  ( l 4 b ) .  E i t h e r  t h e  l e a v i n g  g ro u p sX  and  Y

i n  ( l 4 a )  and ( l 4 b )  a d o p t  an  i d e n t i c a l  o r i e n t a t i o n  i n  t h o

i n t e r m e d i a t e  o r  t h e y  do n o t  fo rm  p a r t  o f  i t .  The l a t t e r

p o s s i b i l i t y  i s  a  more s a t i s f a c t o r y  c o n c l u s i o n  e s p e c i a l l y

when X and  Y a r a  n e u t r a l  m o lc -cu le o .  T h i s  h a s  b e e n  s u p p o r t e d

by t h e  o b s e r v a t i o n  t h a t  p r o d u c t  d i s t r i b u t i o n  i n  t h e  r e a c t i o n s

o f  s u b s t i t u t e d  a r y l  h a l i d e s  v i a  b e n z y n e  i n t e r m e d i a t e s  i s
37i n d e p e n d e n t  on t h e  n a t u r e  o f  t h o  h a l o g e n  .

The e x i s t e n c G  o f  a  C^H. s p e c i e s  i n  t h e  g a s  p h a s e  h a s  
4 1 , 4 2b e e n  d e m o n s t r a t e d  .. by  c o u p l i n g  a  f l a s h  p h o t o l y s i s  a p p a r a t u s  

t o  a  t i m e  o f  f l i g h t  mass  s p e c t r o m e t e r  an d  e x a m in in g '  th e ;  p r o d u c t s  

o f  t h e  f l a s h  d e c o m p o s i t i o n  o f  b e n z e n e d i a s o n i u m - 2 - c a r b o : : y i a t o .  

A l t e r  5 0 /^cec. o n l y  th o  m a s s e s  o f  n i t r o g e n ,  c a r b o n  d i o x i d e  and  

b e n s y n e  w ere  p r e s e n t .

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

w h ic h  t h r o w  l i g h t  on i t s  f i n e  s t r u c t u r e :  ( i )  c y c l o a d d i t i o n  

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

( i )  C y c l o a d d i t i o n  r e a c t i o n s .

The a b i l i t y  o f  b e n s y n e  t o  p a r t i c i p a t e  i n  D i e l s  f lLder 

r e a c t i o n s  h a s  b e e n  hncwn f o r  some t im e  , b u t  t h e  s i g n i f i c a n c e  

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

an, p a r  o n t .
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Tho m echan ism  o f  t h e  D i e l s  A l d e r  a d d i t i o n  o f  o l e f i n s  

( o r  a c e t y l e n e s )  t o  1 , 3 ~ d i e n e s  h a s  b e e n  e x p l a i n e d  by Woodward 

and  E o f f m a n n ^ ^ ’ ^ ^ .  The p r o c e s s  i s  e n v i s a g e d  a s  an  i n t e r a c t i o n  

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

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

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

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

M o l e c u l a r  o r b i t a l ;  

o f  d i e n e

M o l e c u l a r  o r b i t a l ;  

o f  o l e f i n

9 ______0 s- f i
§

a

E n e rg y  l e v e l  d i a g r a m

1 , 3 - d i e n e o l e f i n

"i-V

V ,

/

V.

I n  t h e  D i e l s  . -flder r e a c t i o n  i n t e r a c t s  w i t h

a n d v m . t h  , t h e  i n t e r a c t i o n s  a r e  syiemetry  a l l o w e d  and



a-
\ / \

i  iv

' a

- f

w

I t  i s  a p p a r e n t  f rom  t h i s  a r g u n e n t  t h a t  a  s i m i l a r  

i n t e r a c t i o n  i n  a  c y c l o a d d i t i o n  r e a c t i o n  b e t w e e n  two o l e f i n  

m o l e c u l e s  wou ld  n o t  be s y m n e t r y  a l l o w e d *

no symmetry  

c o r r e l a t i o n

V.

I f  c y c l o a d d i t i o n  o c c u r r e d  t h e n  i t  wou ld  

be  a  n o n - c o n c e r t e d  and  h e n c e  n o n ­

s t e r e o  s p e c i f i c  p r o c e s s *

The D i e l s  A l d e r  a d d i t i o n  o f  1 , 3 - d i e n e s  t o  bensyi^e i s
Zf5

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

s t e r e o s p e c i f i c ^ ^ T h i s  i s  p r e c i s e l y  t h e  s i t u a t i o n  

e n p c c t e d  i f  t h e  r e a c t i v e  s i t e  i n  b e n z y n e  i s  l i k e  t h e  "TT bond 

i n  o l e f i n s  an d  a c e t y l e n e s *

R

R

+
R

R
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Hoffmann h a s  v e r i f i e d  t h i s  h y p o t h e s i s  by m o l e c u l a r  

o r b i t a l  c a l c u l a t i o n s ^ ^ ,  n^ and  n^  ( 1 5 )  a r e  t h e  h y b r i d  o r b i t a l s  

f o rm e d  by l o s s  o f  two o r t h o  s u b s t i t u e n t s  i n  t h e  b e n z y n e  

p r e c u r s o r ,  Tho symmetry  a d a p t e d  c o m b i n a t i o n s  (n^ + n ^ ) ( S y m m e t r i c , S )

(15)

and  (n^ -  n ^ ) ( A n t i s y m m e t r i c *A) a r e  d e g e n e r a t e  i n  t h e  a b s e n c e  o f  

any  i n t e r a c t i o n  bc tv ;een  n^ and  n ^  . C a l c u l a t i o n  h a s  shown

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

s p l i t t i n g  b e t w e e n  t h e  e n e r g i e s  o f  (S )  and  (A) o f  s u f f i c i e n t  

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

The g r o u n d  s t a t e  o f  b o n z y n e  i s  a  s y m m e t r i c  s i n g l e t  w i t h  two 

e l e c t r o n s  i n  t h o  l o w e r  (S )  o r b i t a l  r e s e m b l i n g  t h a t  o f  a  p a r t i a l  

"iT b o n d ,

D i e l s  A l d e r  a d d i t i o n  r e a c t i o n s  o f  b e n z y n e  a r e  w e l l  
15d o cu m en ted  and  hav e  become a c c e p t e d  a s  a  d i a g n o s t i c  t e s t  

f o r  t h e  i n t e r m e d i a c y  o f  b e n z y n e  i n  a  r e a c t i o n .

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

n o n - s t e r e o s T o e c i f i c  a s  cm p e c to d  b u t  e x p e r i m e n t s  h a v e  shovm t h a t
A8

t h e y  a r e  s t e r e o s e l e c t i v e  . Thus  c i c - e t h y l p r o p e n y l  e t h e r  

a f f o r d e d  t h e  c i s  and  t r a n s  b u t o n c s  i n  51/j  and  3*2% y i e l d s  

t o g e t h e r  vjlth a  p r o d u c t  f r o m  t h o  *ene* r e a c t i o n  ( s e c  l a t e r ) ,  

e t h y l  - p h e n y l a l l y l  e t h e r  ( 0 , 9 / 0 ,
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The t r a n s - o t h y l p r o p e n y l  o t h e r  gav e  t h e  c o r r e s p o n d i n g  b u t a n e s  

i n  8 .2% and  31% and  t h e  'one*  p r o d u c t  i n  14% y i e l d .  Those  

r e s u l t s ,  i n  w h ic h  p r e d o m i n a n t  b u t  n o t  e x c l u s i v e  r e t e n t i o n  o f  

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

c y c l o a d d i t i o n  r e a c t i o n  i n  w h ic h  bond  r o t a t i o n  i s  r e l a t i v e l y  

s lo w  com pared  t o  r i n g  c l o s u r e .  The d e p e n d e n c e  o f  t h e  ' e n e *  

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

by an  u n f a v o u r a b l e  i n t e r a c t i o n  o f  t h e  b u l k y  g r o u p s  o f  t h e  

c i s - o l e f i n  w i t h  b e n z y n e .

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

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

s i n g l e t ,  t h e  p r o c e s s  s h o u l d  be  n o n - c o n c e r t e d .  A h i g h  s t a t i o n a r y

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

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

g a s  p h a s e  f l a s h  d e c o m p o s i t i o n  o f  s o l i d  1 , 2 g 3 - b o n s o t h i a d i a s o l e -  
201 , 1 - d i o x i d e ( 4 a )  and  f l a s h  p h o t o l y s i s ‘ o f  b e n z e n c d i a s o n i u m - 2 -

c a r b o x y l a t o ( 2 ) ^ ^  w here  y i e l d s  o f  b i p h o n y l e n e  a p p r o a c h  60%, 

D e c o m p o s i t i o n s  o f  t h e s e  p r e c u r s o r s  i n  s o l u t i o n  g i v e  l o w e r  y i e l d s  

o f  b i p h e n y l e n e  and  i n  t h e  c a s e  o f  1 , 2 , 3 - b e n z o t h i a d i a z o l o - 1 , 1 -  • 

d i o x i d e  much l o w e r  y i e l d s  (1 - 9 % ) .

Tho v e r y  h i g h  y i e l d s  o f  b i p h e n y l e n e  (80%) p r o d u c e d  by 

l e a d  t e t r a a c e t a t e ( L T A )  o x i d a t i o n  o f  1 - a m i n o b e n z o t r i a z o l c ( 3 )  

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

r e a c t i o n  ( s e e  D i s c u s s i o n ) .
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C y c l o a d d i t i o n  o f  a c e t y l e n e s  t o  b e n a y n e  l e a d s  t o
51 52f o r m a t i o n  o f  b e n z o c y c l o b u t a d i e n e s  w h ich  c a n  r e a c t  f u r t h e r

u n d e r  t h e s e  c o n d i t i o n s  e i t h e r  by  d i m é r i s a t i o n  o r  a d d i t i o n  o f  a  

f u r t h e r  m o l e c u l e  o f  b e n z y n e .

Hic
I
R

R

R

53
The 1 ,3**<dipolar c y c l o a d d i t i o n  r e a c t i o n s  o f  o l e f i n s  

and  a c e t y l e n e s  h a v e  b e e n  e x t e n s i v e l y  s t u d i e d  i n  r e c e n t  yei 
and  p a r t i c i p a t i o n  o f  benz^'-no^^#5 5 ,5 6  s i m i l a r  r e a c t i o n s  a s  

t h e  *d i p o l a r o p h i l c * i s  a g a i n  an  i n d i c a t i o n  t h a t  t h e  r e a c t i v e  

s i t e  i n  b e n z y n e  h a s  s i m i l a r  p r o p e r t i e s  t o  t h a t  o f  a"%T b o n d .

The m echan ism  o f  t h i s  r e a c t i o n  h a s  b e e n  e s t a b l i s h e d  by  E u i c g e n ^ ^

a f t e r  some d i s p u t e 58

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

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

D i e l s  A i d e r  r e a c t i o n ,  t h e  1 , 3 - d i p o l e  b e i n g  t h e  f o u r  e l e c t r o n  

com ponen t  an d  t h e  d i p o l a r o p h i l e  ( o l e f i n  o r  a l k y n e )  t h e  two 

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

m o l e c u l a r  o r b i t a l s  o f  t h e  1 , 3 - d i p o l e  ( a - b - c )  a r e  shovm b e l o w  i n  

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

o r b i t a l s  o f  t h e  d i p o l a r o p h i l c  ( d - e ) .

l o w e s t  u n o c c u p i e d  

o r b i t a l  o f  1 , 3 -  0 b  
dmpolo

h i g h e s t

o c c u p i e d

o r b i t a l  o f  o l e f i n / -  

a c e t y l e n e

I-
d e

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

o f  1 , 3 - d i p o l e

l o w e s t  u n o c c u p i e d  

o r b i t a l  o f  o l e f i n / -  

a c e t y l e n e

As can  bo s e e n  f rom  t h o  diagram:!, t h e  c o n d i t i o n s  a r c  

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

)cnz: i s  t h e  d i p o l a r o p h i l e  i t s  syz • ic  ( h ig h ;

o c c i i p i e d )  and  a n t i s y m m e t r i c  C it  unoGCU'oied) m o l e c u l a r

o r b i t a l s  r e p l a c e  t h o s e  o f  t h e  d i p o l a r o p h i l e .
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59 * éOo l o f i n  and  an  a l l y l i c  s y s t c n .  I t  b a s  b e e n  chovrn

The ®ene* r e a c t i o n  i c  a  r e a c t i o n  b e t w e e n  a n ' a c t i v a t e d

t h a t

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

o p t i c a l l y  a c t i v e  p r o d u c t s  f r o n  an o p t i c a l l y  a c t i v e  o l e f i n .

R'-
R

‘Y
cf.

As shown i n  t h e  d i a g r a n ,  t h e  p a r t i c i p a t i o n  o f  b e n z y n e  i n  t h e

*ene* r e a c t io n ^ ^ * ^ " ^  i n f e r s  t h e  p r e s e n c e  a t  t h e  r e a c t i v e  s i t e

o f  a  n r  t y p e  b o n d .  Benzyne  e v e n  u n d e r g o e s  t h e  ' e n e *  r e a c t i o n
13w i t h  an  a l k y n e  t o  f o r n  an  a l l e n e  .  T h ese  r e a c t i o n s  b e a r  a

f o r m a l  s i m i l a r i t y  t o  1 , 5 - s i g m a t r o p i c  s h i f t s ^ ^ ’ ^ ^  w h ic h  hav e  

b e e n  d e s c r i b e d  by Uoodward  and H o f f a a a n ^ ^  a s  a  s u p r a f a c i o l  

m i g r a t i o n  o f  h y d r o g e n  b e t w e e n  t h e  e n d s  o f  a  iT  s y s t e m .

G y c l o a d d i t i o n  r e a c t i o n s  p r o v i d e  an  i n s i g h t  i n t o  t h e  

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

t h o  c o u r s e  o f  a  r e a c t i o n .  The e l e c t r o n s  o f  a  bond u n d e r g o i n g  

r e a c t i o n  a r e  d e fo rm e d  and  t h e  e x c i t e d  s t a t e  o f  t h a t  bond  

d e s c r i b e s  one  p o s s i b l e  way i n  w h ic h  t h e  e l e c t r o n s  c a n  be 

r e d i s t r i b u t e d ^ ^ .  The d i f f e r e n c e  i n  e n e r g y  b e t w e e n  t h e  g ro u n d  

and  e x c i t e d  s t a t e  d e t e r m i n i n g  t h e  e a s e  o f  t h e  t r a n s i t i o n ,  

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

The e v i d e n c e  s u g g e s t s  t h a t  b e n z y n e  ( l )  i s  a  g ro u n d  

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

i n  t h e  p a r t i a l  ' I f  bond  ( 1 6 ) ( 4 4 )  c o n t r i b u t e  t o  i t s  s t a b i l i t y .  

A s i n g l e t  d i r a d i c a l  ( 1 7 )  i n  w h ic h  t h e r e  i s  no p a i r i n g  o f  

e l e c t r o n s  c a n  be  e n v i s a g e d  a s  one  o f  i t s  p o s s i b l e  e x c i t e d

: t a , T h e r e  i s  good  e v i d e n c e  f o r  i t s  o c cu rc r . when bon zy n e



i 6 .

( 1) (16) (4 4 ) (17)

i s  g e n e r a t e d  by p h o t o l y t i c  m e th o d s  f ro m  b e n z e n e d i a s o n i u m - B -  

c a r b o i r y l a t e ^ ^  and 2 - i o d o p h e n y l a e r c u r i c  i o d i d o ^ ^ .  B enzene  and  

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

t h e  s o l v e n t  -  a  t y p i c a l  r a d i c a l  r e a c t i o n .

The IT bond  i n  b e n z y n e  i s  r e a d i l y  p o l a r i s e d  by n u c l e o p h i l e s  

and  e l e c t r o p h i l e s  w h ic h  c a n  be r a t i o n a l i s e d  on t h e  b a s i s  o f  a  

s m a l l  e n e r g y  d i f f e r e n c e  b e t w e e n  ( l 6 )  and  ( 1 7 ) .  T h i s  i s  a  

r e a s o n a b l e  a s s u m p t i o n  a s  t h e  s t r a i n  i n  t h e  TT bond i n  ( l 6 )  i s  

r e l e a s e d  by e x c i t a t i o n  t o  ( 1 7 )  a l t h o u g h  o f  c o u r s e  t h e  p a i r i n g  

e n e r g y  o f  t h e  e l e c t r o n s  i s  l o s t .

( i i )  A d d i t i o n  o f  n u c l e o p h i l e s  and  e l e c t r o o h i l e s .

“h N
d

(13)

N = n u c l e o p h i l e

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

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

o f  t h e  b e n s y n e  i n t e r m e d i a t e .  N u c l e o p h i l e s  w i t h ' an  a c t i v e  

h y d r o g e n  s u c h  a s  p r i m a r y  and  s e c o n d a r y  a m i n e a n d  

c a r b o x y l i c  a c i d s ^ ^  wou ld  i m m e d i a t e l y  p r c t o n a t e  t h e  b e t a i n o  (1 3 )  

a l t h o u g h  i t  i s  c o n c e i v a b l e  t h a t  ( 1 9 )  d e s c r i b e s  t h e  i n t e r m e d i a t e  

more s a t i s f a c t o r i l y  i n  t h e s e  c a s e s .

■hi 

^'""H

(19)
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E t h e r s  and  t e r t i a r y  a r a i n e s ° ^  * b e h a v e  a s  n u c l e o p h i l e s  

t o  g i v e  t h e  i n t e r m e d i a t e  ( l 3 )  w h ic h  t h e n  r e a c t s  f u r t h e r  by an 

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

+  NEt
NEt

+  C H ^ C H g

The b e t a i n e  ( 1 8 ) c a n  a c c e p t  a  p r o t o n  f ro m  an' e x t e r n a l

s c o u r c e ;  t h u s  t r i p h e n y i p h o s p h i n o  i n  t h o  p r e s e n c e  o f  f l u o r e n e
\ 71g i v e s  t h e  t e t r a p h e n y l  p h o s p h o n iu m  s a l t  ( 2 0 )  .

PPh.

4- P P h ^   V
*
PPh,

4

f l u o r e :

(20)

An ex am p le  o f  e l e c t r o p h i l i c  a t t a c k  i s  p r o v i d e d  by 

t r i e t h y l  b o r o n .  H y d r o l y s i s  o f  t h e  r e a c t i o n , y i e l d s  p h e n y l -  

b o r o n i c  a c i d ^ ^ .

BEt
0 5 ^

Et

BCOH).

y- C H g = C H g

BEt.
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ITJ,

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

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

o f  t h e  "II bond  i n  o l e f i n s  an d  a c e t y l e n e s .  The "IT bond  i s  

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

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

s u g g e s t i o n s  t h a t :

( i )  t h o  a r o m a t i c  s e x t e t  o f  e l e c t r o n s  

r e m a i n s  l a r g e l y  u n d i s t u r b e d

( i i )  t h e  two e l e c t r o n s  i n  t h e  (S )  o r b i t a l  

i n t e r a c t  i n  s u c h  a  way a s  t o  fo rm  a  

p a r t i a l  bond  w h ic h  i s  o r t h o g o n a l  

t o  t h e  “îT o r b i t a l  s y s t e m  o f  t h e  

a r o m a t i c  r i n g .

C o m p a r i s o n  vdLth c y c l i c  a c e t y l e n e s .

The s u f f i x  *yne* on b e n z y n e  . i n f e r s  t h e  e x i s t e n c e  o f

a  c a r b o n - c a r b o n  t r i p l e  bond  i n  t h e  C^E,, s p e c i e s .  C o u l s o n  
72 s- .

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

i n  n^ and  n^  wou ld  be a c h i e v e d  i f  t h e  bond  were

s h o r t e n e d  and  t h a t  t h i s  w o u ld  a l s o  r e s u l t  i n  p a r t i a l  bond

f i x a t i o n  i n  t h e  a r o m a t i c  s y s t e m  ( 2 1 ) .  However Hoffmann

showed by M o l e c u l a r  O r b i t a l  c a l c u l a t i o n s  t h a t  ( 2 2 )  was a

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

a  r e s o n a n c e  h y b r i d  o f  t h e  two f o rm s  ( 2 1 )  and  ( 2 2 ) .

(1) (21)

o
( 22)
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The *sp* h y b r i d i s e d  c a r b o n  a tom s  o f  t h e  a c e t y l e n e  

t r i p l e  bond  p r e f e r  a  l i n e a r  o r i e n t a t i o n .  I n  c y c l i c  a c e t y l e n e s

(CH ) ,,,
v a i c

(23)

t h i s  p r e f e r r e d  o r i e n t a t i o n  becom es  i n c r e a s i n g l y  d i s t o r t e d  a s  

*n* ( s e e  ( 2 3 ) )  d e c r e a s e s .  C y c l i c  a c e t y l e n e s ,  t h e r e f o r e  e x i s t  

i n  a  s t r a i n e d  c o n f o r m a t i o n  an d  r e a c t i o n s  w h ich  c a n  r e l a x  t h e  

s t r a i n  ( c o n v e r s i o n  o f  *sp* t o  ' c p  * h y b r i d i s e d  c a r b o n )  a r e  

f a v o u r e d .  The s t r a i n  o n l y  becom es  s e v e r e  f o r  v a l u e s  o f  *n* 

o f  f i v e  o r  l e s s ,  and  a s  a  r e ' s u l t  t h e s e  s y s t e m s  o n l y  h a v e  a  

t r a n s i t o r y  e x i s t e n c e .  '

C y c l o h e p t y n e  h a s  a  l i f e t i m e  o f  1 h r .  a t  - 7 3 ^  and  

c y c l o h e x y n e  a  few s e c o n d s  a t  - 1 1 0 °  The s e l e c t i v i t y  o f

t h e s e  a c e t y l e n e s  d e c r e a s e s  w i t h  r i n g  s i z e  and  c y c l o h e x y n e  

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

when g e n e r a t e d  by e i t h e r  t h e  G r i g n a r d  ( 4 3 /a) o r  o x i d a t i v e  

r o u t e  (8%) . T h i s  o b s e r v a t i o n  can  be e x p l a i n e d  i n  two w ays :

( i )  when g e n e r a t e d  c y c l o h e x y n e  r e a c t s

more i n d i s c r i m i n a t e l y  t h a n  c y c l o h o p t y n o  

and  l a r g e r  c y c l i c  a c e t y l e n e s

( i i )  t h e  c y c l o h e x y n e  p r e c u r s o r  m i g h t  decompose) 

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

h e p t y n o  p r e c u r s o r  an d  t h e r e f o r e  bo 

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

t o  o x i d a t i v e  r o u t e s ) .

Tho e x i s t e n c e  ( o r  n o t )  o f  a  c a r b o n - c a r b o n  t r i p l e  bond  

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

I t  i s  a  r e l i e f  o f  s t r a i n  (w h ic h  i n  b o t h  s y s t e m s  i s  a  r e t u r n  

t o  *sp * h y b r i d i s e d  c a r b o n )  t h a t  e x p l a i n s  any  s i m i l a r i t y  i n  

t h e i r  r e a c t i v i t y .

The IT com ponen t  i n  t h e  c a r b o n - c a r b o n  t r i p l e  bond  i n  

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

r e a c t i o n s  b o t h  o f  t h e  D i e l s  A i d e r  t y p e  an d  w i t h  1 , 3 “ d i p o l e s .

C y c l i c  a c e t y l e n e s  r e a d i l y  u n d e r g o  t h e s e  c y c l o a d d i t i o n  r e a c t i o n s
73 74 75 13-  '  ’ and  a t t a c k  by n u c l e o p h i l e s  w h ic h  a l s o  a c h i e v e s
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2

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

Bensyne  d i m e r i s e s  t o  b i p h e n y l e n e .  The a n a l o g o u s  compounds 

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

have  n e v e r  b e e n  i s o l a t e d *  B i p h e n y l e n e  c a n  be  c o n s i d e r e d  a s  

a  r e s o n a n c e  h y b r i d  o f  ( 2 4 )  an d  ( 2 ^ ) ,  t h e  d i b e n s o c y c l o b u t a d i e n e  

( 2 5 )  b e i n g  a  n e g l i g i b l e  c o n t r i b u t o r *  The c y c l o b u t a d i o n e  r i n g  ( 2 6 )

->

(24) (25)

d e r i v e d  by d i m é r i s a t i o n  o f  c y c l i c  a c e t y l e n e s  c a n n o t  be 

s t a b i l i s e d  i n  t h i s  way and  i f  f o rm ed  w ou ld  be e x t r e m e l y  r e a c t i v e *

(C H z 'n (CH2)n

(2 6 )

I t s  f o r m a t i o n  and  s u b s e q u e n t  p a r t i c i p a t i o n  i n  D i e l s  A l d e r  

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

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

o f  1- a m i n o - 4 , 5 - p e n t a m e t h y l e n e t r i a z o l o  ( 2 7 ) 76

NH

(27)

( i i )  t h e  c y c l i c  t r i m e r s  an d  t e t r a m e r a  fo rm ed  by 

t h e  a c t i o n  o 

c y c l o h e x e n e s

the action o f  lithium amalgam on 1,2-dihalO'
77
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T r i m é r i s a t i o n  o f  c y c l i c  a c e t y l e n e s  g e n e r a t e d  f ro m

o r t h o - m e t a l l a t e d  p r e c u r s o r s  may o c c u r  by s u c c e s s i v e  a d d i t i o n

o f  t h e  a l k y ne t o  t h e  p r e c u r s o r  i n  a  m e ch an ism  s i m i l a r  t o  t h a t

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

i s  s u p p o r t e d  by t h e  o b s e r v a t i o n  t h a t  t h e r m a l  t r i m é r i s a t i o n

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

i t  f ro m  1 g 2 - d i b r o m o c y c l o o c t e n e  and  m agnes ium  c a n n o t  a c c o u n t
13f o r  t h e  h i g h  y i e l d  o f  c y c l i c  t r i m e r  i n  t h i s  r e a c t i o n  •

Mg

Mg

Ph

T h i s  m e chan ism  c a n n o t  be  u s e d  t o  e x p l a i n  t h e  f o r m a t i o n
78o f  t r i s c y c l o h e p t e n o b e n z e n e  ( 2 9 )  on  h e a t i n g  t h e  c y c l o p r o p e n o n e  ( 2 8 ) •

(C

(28 )

2 5 0
( C H p ^

( C K ) ,

t e t r a c y c l o n e

4-  (29) 3%
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Thernodynajci ic  d a t a  h a s  showzi t h a t  i n t e r n a l  a c e t y l e n e s

a r e  more s t a b l e  t h a n  t h e  c o r r e s p o n d i n g  a l i é n é s  o b t a i n e d  by
7 9b a s e  i s o n e r i s a t i o n The u n s t r a i n e d  a c e t y l e n e  l i n k a g e  r e q u i r e s

CHz CnnzrC CH:
b a s e H\

CH.

:C=rC
\

H/  '2
f o u r  c o l i n e a r  a t o m s ,  w h e r e a s  t h e  a l l e n e  r e q u i r e s  o n l y  t h r e e .

An a l l e n e  t h e r e f o r e , m i g h t  be e x p e c t e d  t o  become t h e  more s t a b l e

o f  t h e  two i n  s m a l l  r i n g  s y s t e m s .  T h i s  h a s  b e e n  d e m o n s t r a t e d
79f o r  a  s e r i e s  o f  c y c l i c  a c e t y l e n e s  (n  = 7 t o  9 )  • The r e a d y

c o n v e r s i o n  t o  a l i é n é s  o f  y e t  s m a l l e r  c y c l i c  a c e t y l e n e s

(n  = 6 t o  4 )  h a s  b e e n  shoi^m . in  a  s e r i e s  o f  r e c e n t  p a p e r s 8 0 , 8 1 ,8 2

The f o r m a t i o n  o f  t h e  exo and  endo i s o m e r s  o f  compound ( 3 0 )  

by t r e a t i n g  1 - b r o m o c y c l o h e p t e n e  w i t h  p o t a s s i u m  t e r t i a r y  b u t o x i d e  

i n  t h e  p r e s e n c e  o f  d i p h e n y l i c o b e n z o f u r a n  and  t h e  ' two h y d r o c a r b o n s  

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

t h e  i n t e r m e d i a t e  a l l e n o ^ T .

KOBu^ KOBu^

d i p h e n y l i s o b e n z o f u r

(30)
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Surm ary .

H i g h l y  s t r a i n e d  c y c l i c  a c e t y l e n e s  do r e s e m b l e  b en zy n e  

i n  t h e i r  r e a c t i v i t y  and  p a r a l l e l  e a c h  o t h e r ' s  b e h a v i o u r  i n  

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

C y c l i c  a c e t y l e n e s ,  u n l i k e  b e n s y n e ,  c an  r e l i e v e  s t r a i n  by 

i s o m é r i s a t i o n  t o  c y c l i c  a l i è n e s .

2 .  SOME ASPECTS OF TR/JISITION M5TAL CHEMISTRY.

The c o n d i t i o n s  u n d e r  w h ic h  m e t a l s  fo rm  s t a b l e  c o m p le x e s  

o f  any s o r t  m us t  be c o n s i d e r e d  when d e s i g n i n g  a  t r a n s i t i o n -  

m e t a l  c om plex  t o  s t a b i l i z e  a  r e a c t i v e  i n t e r m e d i a t e .

T h e r e  a r e  two i m p o r t a n t  c a t e g o r i e s :

( i )  The m e t a l  i s  c o m p l e t e l y  s u r r o u n d e d  by l i g a n d s .

A i l  t h e  ' d * ,  ' s '  an d  ' p '  v a l e n c e  o r b i t a l s  a r e  

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

r e q u i r e  18 e l e c t r o n s  t o  be f i l l e d .

( i i )  The m e t a l  i s  i n  a  p l a n a r  e n v i r o n m e n t  i n  w h ic h  

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

t h e  'p* o r b i t a l  p e r p e n d i c u l a r  t o  t h e  m o l e c u l a r  

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

T h i s  r e s t a t e m e n t  of - the I n e r t  Gas R u le  i n  m o l e c u l a r  

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

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

o f  s t a b l e  t r a n s i t i o n  m e t a l  c o m p l e x e s .

l o n g u e t - H i g g i n s  and  O r g e l  u s e d  t h i s  a p p r o a c h  i n  

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

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

by M o l e c u l a r  O r b i t a l  c a l c u l a t i o n s .

I t  i s  n e c e s s a r y  t o  c o n s i d e r  t h e  d o n o r  -  a c c e p t o r  p r o p e r t i e s  

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

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

m e t a l .  The s u c c e s s  o f  t h e  a p p r o a c h  i s  e x e m p l i f i e d  by t h e  s e r i e s  

o f  c o m p l e x e s  i l l u s t r a t e d  b e l o w .
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2 5 .

D ib o n s o n G c h ro r i iu n  (51 ) î  ch ro in iu i i (O)  h a s  a  t o t a l  o f  24  e l e c t r o n s  

o f  w h ich  6 a r e  v a l e n c e  e l e c t r o n s #  To f o r n  a  s t a b l e  t y p e ( i )  

conplc:- : ,  12 a d d i t i o n a l  e l e c t r o n s  a r e  r e q u i r e d  by l i g a n d  d o n a t i o n .  

The b e n z e n e  l i g a n d s  i n  d i b c n z G n c c h r o in iu n  d o n a t e  6 e l e c t r o n s  each#

- c y c l o p e n t a d i e n y l ) i r o n  ( 5 2 ) :  i r o n ( O )  h a s  e i g h t  v a l e n c e  

e l e c t r o n s ,  a  t y p e ( i )  c o n p l e x  i s  a c h i e v e d  i n  b i s ( I T  - c y c l o p e n t a -  

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

e l e c t r o n s  each#

(t  -  c y c l o p e n t a d i e n y l )  ( i t - c y c l o b u t a d i e r a i i . ) C o b a l t ( 0 )  ( 5 5 ) :  c o b a l t ( O )  

h a s  n i n e  v a l e n c e  e l e c t r o n s ,  a  t y p c ( i )  c o n p l e x  i s  o b t a i n e d  by 

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

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

3 i c (  ~TT « - t e t r a n h e n y l c y c l o b u t a d i e n a r i .  ) n i c h e l  ( 5 4 ) :  i t  s a t i s f i e s

t h e  c o n d i t i o n s  f o r  a  t y p e ( i )  c o n p l e x #  I t  h a s  b e e n  p o s t u l a t e d

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

t o l a n  an d  ( d i n e s i t y l ) n i c k e l  i n  t e t r a h y d r o f u r a n ( T H ? ) #
e

~\T~T o t r m o t h y l c y c l o b u t a d i o n g 6 . d i c h l o r o n i c ! ' : c l ( I I ) ( 5 5 ) :  t h i s  i s

an exam ple  o f  a  t y p e ( i i )  complex# N i c k e l ( I I )  h a s  e i g h t  v a l e n c e

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

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

e l e c t r o n s #  A t t e m p t s  t o  p r e p a r e  t h i s  complex*^ r e s u l t e d  i n

f o r m a t i o n  o f  compound ( 5 7 )  i n  w h ic h  n i c k e l ( I I )  a c h i e v e s  e x t r a
84s t a b i l i t y  i n  a  b i n u c l o a r  com plex  by  s h a r i n g  a  c h l o r i n e  i o n  •

M e

Me

Me

C' +  Ni(CO) 
'Me 4

Cl
Me

Me Cl M

( 3 7 )

The w e l l  known s q u a r e  p l a n a r  a c e t y l e n e ^ ^  an d  o l e f i n ^ ^  

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

e l e c t r o n  c o m p le x e s #  I n  t h e s e  c o m p l e x e s  t h e  o l e f i n  o r  a c e t y l e n e  

i s  b e h a v i n g  a s  a  two e l e c t r o n  d o n o r  an d  an  a n a l o g o u s  b e n s y n o -  

p l a t i n u m  c o m p lex  c o u l d  be  fo rm ed  i f  b e n s y n e  d o n a t e d  two e l e c t r o n s  

i n  a  s i m i l a r  way#
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The p r e c i s e  s t r u c t u r e  o f  d i p h e n y l a c e t y l e n c b i s C t r i p h c n y l -  

'D h o s p h i n e ) p l a t i n u i i  ( 3 6 ) h a s  b e e n  e s t a b l i s h e d  by %-Ray d i f f r a c t i o n
87s t u d i e s  w h ich  h a v e  shovsi t h a t  d i p h e n y l a c e t y l e n o  ( t o l c e i )  a s  a  

l i g a n d  i s  d i s t o r t e d  f ro m  i t s  n o r m a l  l i n e a r  c o n f i g u r a t i o n *

PPh

PPh

4 0

1-32 APt

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

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

t o  t h a t  o f  i t s  e x c i t e d  s t a t e *

The d i f f e r e n c e  i n  e n e r g y  b e t w e e n  t h e  two e x c i t e d  s t a t e s  

o f  a c e t y l e n e  shown b e l o w  i s  n o t  v e r y  g r o a t ^ ^ ’ ^^* C o n f i g u r a t i o n  

( 3 9 ) i s  o f  s l i g h t l y  h i g h e r  e n e r g y  t h a n  ( 3 8 )* The g e o m e t r y  o f  

t o l a n  i n  t h e  p l a t i n u m  c om plex  ( 3 6 ) c o r r e s p o n d s  t o  t h a t  o f  

a c e t y l e n e  i n  c o n f i g u r a t i o n  (3 9 )#  The e l e c t r o n s  o f  one

Q

/
H

/
H H

\

( 3 8 ) (3 9 )

H

IT com ponen t  o f  t h e  c a r b o n - c a r b o n  t r i p l e  bond  h a v e  b e e n
2

d e c o u p l e d  an d  o c c u p y  *sp ' t y p e  o r b i t a l s  on  ca rbon*

The n a t u r e  o f  t h e  b o n d i n g  i n  t h e  t o l a n  com plex  i s  

a m b ig u o u s ;  two e x t r e m e  v i e w p o i n t s  f o r  t h e  same com plex  a r e  

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

d i v a l e n t *
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,891 .  I n  t h e  z e r o v a l e n t  p l a t i n u m  coLip lex  a  <Shr b o n d  i s  f o r a e d  

a s  i l l u s t r a t e d  i n  t h e  d i a g r a n .

C

P t o

c

- i r  co m p o n e n t (4 0 ) co m p o n e n t

( a )  c o m p o n e n t  i s  f o r m e d  by  d o n a t i o n  o f  e l e c t r o n s

f r o m  a  f i l l e d  I T  o r b i t a l  on  a c e t y l e n e  t o  a  v a c a n t  
2

' s p  ’ o r b i t a l  on p l a t i n u m .

( b )  "TT c o m p o n e n t  f o r m e d  by  b a c k  d o n a t i o n  o f  e l e c t r o n s  

f r o m  f i l l e d  ' d '  o r b i t a l s  on  p l a t i n u m  t o  a  v a c a n t

o r b i t a l  on a c e t y l e n e .

2 .  I n  t h e  d i v a l e n t  p l a t i n u m  c o m p le x  e a c h  o f  t h e  a c e t y l e n i c
2c a r b o n s  i s  é  b o n d e d  t o  ‘ d s p  * h y b r i d  o r b i t a l s  o f  t h e  m e t a l

2
by  u s e  o f  a p p r o x i m a t e l y  ' s p  * o r b i t a l s  t h e r e b y  r e d u c i n g  

t h e  t r i p l e  b o n d  t o  a  d o u b l e  bond»

PPh

PPh

(4r1)
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The i . r .  s t r e t c h i n g  f r e q u e n c y  o f  t h e  c a r b o n - c a r b o n  

t r i p l e  bond  i n  t h e s e  c o m p le x e s  ( v i z . compound ( 3 8 ) )  i s  r e d u c e d  

f ro m  2100 cm  ̂ i n  t h e  f r e e  a c e t y l e n e s  t o  1730 cn""^ i n  t h e  

c o m p l e x e s .  T h i s  d a t a  on  f i r s t  s i g h t  f a v o u r s  t h e  s i t u a t i o n  

d e s c r i b e d  i n  ( 4 l ) .

A s i m i l a r  r e d u c t i o n  i n  t h e  bond  o r d e r  o f  t h e  c a r b o n -  

c a r b o n  t r i p l e  bond  c a n  be a c h i e v e d  by p o s t u l a t i n g  t h a t  i n  ( 4 0 )  

b a c k  b o n d i n g  i n t o  t h e  a n t i b o n d i n g  o r b i t a l s  i s  more i m p o r t a n t  

t o  t h e  s t a b i l i t y  o f  t h e  com plex  t h a n  é  b o n d i n g .  A n e t  d o n a t i o n  

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

t h e  bond  o r d e r  o f  t h e  t r i p l e  b o n d .

The s t a b i l i t y  o f  t h e s e  c o m p le x e s  d e p e n d s  on two f a c t o r s :

( i )  t h e  t r a n s i t i o n  m e t a l

( i i )  t h e  n a t u r e  o f  t h e  a c e t y l e n e  o r  o l e f i n .

The mos t  s t a b l e  c o m p le x e s  o f  t h i s  t y p e  a r e  fo rm od  by

t r a n s i t i o n  m e t a l s  a t  t h e  e x t r e m e  r i g h t  h a n d  s i d e  o f  t h e
90P e r i o d i c  T a b l e .  T h i s  o b s e r v a t i o n  f a v o u r s  a  d e s c r i p t i o n '  

o f  t h e  bond  a s  h e r e  f i l l e d  *d* o r b i t a l s  a r e  e s s e n t i a l  f o r  t h e  

- tT c o m p o n e n t .  Tho s t a b i l i t y  a l s o  i n c r e a s e s  f ro m  f i r s t  t o  t h i r d  

row  t r a n s i t i o n  m e t a l s  a s  t h e  *d* o r b i t a l s  become more d i f f u s e  

and  h e n c e  more  c a p a b l e  o f  i n t e r a c t i o n  vhLth o r b i t a l s  on  a c e t y l e n e  

o r  o l e f i n .

S u b s t i t u t e d  a c e t y l e n e s ^ " ^  and  o l c f i n s ^ ^  c o n t a i n i n g  e l e c t r o n *  

w i t h d r a w i n g  g r o u p s  fo rm  t h e  m os t  s t a b l e  c o m p l e x e s .  The d o n o r  

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

i m p o r t a n t  a s  t h e i r  a c c e p t o r  p r o p e r t i e s ,  an  o b s e r v a t i o n  w h ich  

s u b s t a n t i a t e s  t h e  b o n d i n g  s i t u a t i o n  d e s c r i b e d  i n  (4-0) w here
4L

b a c k - b o n d i n g  p r e d o m i n a t e s .  Tho e n e r g y  o f  t h e  ’tr o r b i t a l s  o f

t h e  a c e t y l e n e  o r  o l e f i n  i s  l o w e r e d  by t h e  e l e c t r o n  w i t h d r a i d . n g  
92s u b s t i t u e n t  , t h u s  f a c i l i t a t i n g  d o n a t i o n  o f  e l e c t r o n s  by t h e  

f i l l e d  'd* o r b i t a l s  o f  t h e  t r a n s i t i o n  m e t a l .

A c e t y l e n e  c o m p le x e s  a r e  n o t  t h e  o n l y  o n e s  e xam ined  by 

h~?.ay d i f f r a c t i o n  w h ich  i n d i c a t e  t h a t  t h e  l i g a n d  i s  c o o r d i n a t e d  

i n  i t s  e x c i t e d  s t a t e  g e o m e t r y .
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The X - r a y  s t r u c t u r e  d e t e r m i n a t i o n  o f  b i s C i T - t o t r a m o t h y l -

c y c l o b u t a d i o n 5 e L ) d i c h l o r o d i - ^ , j u L - c h l o r o d i n i c 2 i e l ^   ̂ ( 3 7 )  and
95t e t r a p h c n y l c y c l o b u t a d i e n y l i r o n  t r i c a r b o n y l  show t h e  s q u a r e  

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

i s  t h e  g e o m e t r y  o f  t h e  t r i p l e t  ( e x c i t e d )  s t a t e .  Ivhen 

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

m e t a l  i t s  r e a c t i o n s  a r e  t h o s e  o f  a  s i n g l e t  i n  w h ich  t h e r e  a r e
94two d i s c r e t e  c a r b o n - c a r b o n  d o u b l e  b o n d s  .

3 .  BSNSriS TRANSITION METAL COMPLEXES.

£ - D i l i t h i o b e n s e n e  r e a c t s  v / i th  t r a n s i t i o n  m e t a l  h a l i d e s

t o  g i v e  b i p h e n y l  ( p l u s  o t h e r  op en  c h a i n  p o l y p h e n y l s ) , t r i p h e n y l e n e ,

t e t r a p h e n y l e n e , h o x a p h e n y l e n e  and  o c t a p h e n y l e n e  i n  v a r y i n g  y i e l d s
95d e p e n d i n g  upon  t h e  t r a n s i t i o n  m e t a l  c a t i o n  .  No c o r r e l a t i o n  

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

m e t a l  c a t i o n  u s e d .  T r a p p i n g  e x p e r i m e n t s  idLth d i p h e n y l i c o b e n z o ­

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

xMCI X 2xLiCl 4 - 4- xM

r e a c t i o n .  S m a l l  q u a n t i t i e s  o f  b e n z e n e  w ere  f o u n d , p r o b a b l y  

fo rm e d  by t h e  h y d r o l y s i s  o f  t h e  s t a r t i n g  m a t e r i a l  an d  n o t  by 

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

No m echan ism  f o r  t h e  r e a c t i o n  was e s t a b l i s h e d ,  a l t h o u g h

a  c o o r d i n a t e d  com plex  i n v o l v i n g  f o u r  b e n z y n e  m o l e c u l e s  was

c o n c e i v e d  t o  e x p l a i n  t h e  f o r m a t i o n  o f  t o t r a p h e n y l e n e .  Today

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

t r a n s i t i o n  m e t a l s  i s  t h o u g h t  t o  i n v o l v e  a n  i n t e r m e d i a t e  i n

w h ic h  t h r e e  and  f o u r  m o l e c u l e s  o f  a c e t y l e n e  a r e  bon d ed  t o  t h e  
c

motal*^^.  The f o r m a t i o n  o f  t r i p h e n y l e n e  and  t e t r a p h c n y l e n e  i s  

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

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

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

s t e p w i s e  a d d i t i o n  r e a c t i o n  w h ich  i s  t e r m i n a t e d  by r i n g  

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

The r e a c t i o n  b e t w e e n  £ - d i l i t h i o b e n a e n e  and  c i s - d i c h l o r o  

b i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m ( I I ) was i n v e s t i g a t e d ^ ^  i n  

t h e  hope  o f  i s o l a t i n g  a  p l a t i n u m - b e n z y n e  c o m p l e x , s i m i l a r  t o  

t h e  t o l a n - p l a t i n u m  com plex  ( 3 ô)*

3 ’<
P P h o

PPh

Cl PPh.

+ 2LÎCI

Only  t r i p h e n y l p h o s p h i n e - p l a t i n u m  c o m p l e x e s  c o u l d  be i s o l a t e d  

f ro m  t h e  r e a c t i o n  and  a  * r e d  l a q u o r *  w h ic h  d i d  n o t  y i e l d  b e n z y n e  

a d d u c t s  w i t h  f u r a n .

A b e n z y n e - n i c k e l  c om plex  ( 4 2 )  h a s  b e e n  r e p o r t e d  i n  t h e  
97l i t e r a t u r e  • I t  i s  p r e p a r e d  by  t h e  a c t i o n  o f  o _ -d i i o d o b e n s e n e  

on  n i c k e l  c a r b o n y l .  The s t r u c t u r e  o f  compound ( 4 2 )  i n  w h ich  

b e n z y n e  i s  b e h a v i n g  a s  a  tv/o e l e c t r o n  d o n o r  h a s  n o t  y e t  b e e n

-P NiCCO)
4

70'

seai-ca
t u b e

(4 2 )

c o n f i r m e d .  The b e n z y n e  c om plex  ( 4 2 )  was  r e p o r t e d  t o  be  v e r y  

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

d e u t e r i o m e t h a n o l .
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The hif^h y i e l d s  o f  £ - d i i o d o b e n 2ene  o b t a i n e d  by t h e  

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

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

173- 230^ h a v e  b e e n  e x p l a i n e d  by a  b e n z y n e  i n t e r m e d i a t e  g e n e r a t e d
qo

f rom  compound ( 4 3 )  . The a u t h o r s  e x p r e s s e d  d o u b t  a b o u t  t h e

( PPh^) RhCI -  +  P P h .3  2

CO

+

PPh.

Rh
X

'Cl

<-

PPh,

( 4 3 )

X = h a l o g e n

m e ch an is m  a s  t h e y  c o u l d  n o t  i d e n t i f y  t h e  h a l o g e n  m o l e c u l e ( I X )  

by  mass  s p e c t r o m e t r y *  No a t t e m p t  was  made t o  t r a p  b e n z y n e  w i t h  

f u r a n  o r  t e t r a c y c l o n e *

105.Cook a n d  J a u h a l  a t t e m p t e d  t o  t r a p  b e n z y n e  g e n e r a t e d  

f ro m  1 , 2 , 3 - b e n z o t h i a d i a z o l e - 1 , 1 - d i o x i d o ( 4 a )  and  b e n s e n e d i a z o n i u n -

2 - c a r b o x y l a t c ( 2 ) u s i n g  e t h y l e n e b i s ( t r i p h e n y i p h o s p h i n o ) p l a t i n u m ( I I 8 ) 

a s  a  b e n z y n e  t r a p .  They p u b l i s h e d  t h e i r  r e s u l t s  a f t e r  we had  

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

w i t h  t e t r a l - : i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m ( 0 )  ( 4 5 ) .  The r e s u l t s  

o f  Cook an d  J a u h a l  s u p p o r t e d  o u r  f i n d i n g s  an d  a r e  c o m p ared  w i t h  

o u r  r e s u l t s  i n  t h e  D i s c u s s i o n *
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IivSTlUM EI^TATION AND EXPERIM ENTAL TE C H N IQ U ES.

1.  I n f r a  r o d  ( i * r . )  s p e c t r a  w ere  r e c o r d e d  i n  t h e  r a n g e

4000 -  630 cm ."^  u s i n g  a  P e r k i n  E lm er  237  g r a t i n g  s p e c t r o m e t e r  

a n d  a  Unlearn S P-200  s p e c t r o m e t e r .  S p e c t r a  o f  s o l i d s  w ere  

ta leen  a s  N u j o l  m u l l s  and  l i q u i d s  a s  t h i n  f i l m s  b e t w e e n  sod ium  

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

2 .  U l t r a  v i o l e t  ( u . v . )  s p e c t r a  were  r e c o r d e d  i n  t h e  r a n g e  

200 -  430  nm u s i n g  a  Unicam SP-800  r e c o r d i n g ,  s p e c t r o m e t e r .

3 .  P r o t o n  m a g n e t i c  r e s o n a n c e  (NMR) s p e c t r a  were t a l i e n  on  a  

V a r i a n  A.6 0  o r  T .6 0  i n s t r u m e n t .

4 .  Mass s p e c t r a  w ere  t a k e n  on an  A . E . I . ,  M .S . 9 i n s t r u m e n t .

3 .  O sm om et r ic  m o l e c u l a r  w e i g h t s  were  d e t e r m i n e d  on  a  M e c h r o l a b

Vapour  P h a s e  Osm om eter ,  Model  3 0 1 A. Two d i f f e r e n t  c o n c e n t r a t i o n s  

o f  t h e  unlinoxm w ere  u s e d  i n  t h e  m o l e c u l a r  w e i g h t  d e t e r m i n a t i o n .

6 .  M e l t i n g  p o i n t s  ( m . p . )  w e re  t a k e n  on a  K o f l e r  M icro  E e a t i n g  

S t a g e  and  w ere  c o r r e c t e d .

7 .  Load t e t r a a c e t a t e  (LTA) was c o m m e r c i a l  m a t e r i a l  (BDE).  A c e t i c  

a c i d  was  rem oved  by s u c t i o n  an d  t h e  LTA was t h e n  s t o r e d  o v e r  

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

8 .  Column c h r o m a t o g r a p h y  was c a r r i e d  o u t  u s i n g  s i l i c a  g e l  MFC, 

b a s i c  a l u m i n a  (S p e n c c  Tj'-pe E) and  n e u t r a l  a l u m i n a  ( U o e l n ,  

a c t i v i t y  g r a d e  I )  a s  s u p p o r t s .  The m i x t u r e  t o  be  s e p a r a t e d  

was a b s o r b e d  i n  one o f  two w ays :

( a ) by e v a p o r a t i o n  o f  i t s  s o l u t i o n  o n t o  t h e  s u p p o r t  

u s i n g  a  r o t a r y  e v a p o r a t o r  (Method A)

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

p o u r e d  o n t o  t h e  t o p  o f  t h e  s u p p o r t  an d  

a b s o r b e d  by a l l o w i n g  3 m in .  t o  e l a p s e  b e f o r e  . 

e l u t i o n  was  commenced (Method B) .

Columns w ere  p a c k e d  d r y  e x c e p t  when s i l i c a  g e l  was u s e d  a s  

a  s u p p o r t .  They were  e l u t e d  w i t h  m i x t u r e s  o f  p e t r o l  

( b . p .  40 -  60° )  and  e t h e r ,  c o n t a i n i n g  a g r a d u a l l y  i n c r e a s i n g  

p r o p o r t i o n  o f  o t h e r .  I t h e r  was t h e n  g r a d u a l l y  r e p l a c e d  by 

e t h y l  a c e t a t e  and  e t h y l  a c e t a t e  by e t h a n o l .
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9 .  A l l  e x p e r i m e n t s ,  e x c e p t  f o r  c e r t a i n  l i t e r a t u r e  p r e p a r a t i o n s ,  

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

o x y g e n - f r e e  s o l v e n t s .  The s o l v e n t s  w ere  p u r i f i e d  a s  

f o l l o w s :

( i )  b e n z e n e ,  t o l u e n e  and  t o t r a h y d r o f u r a n ( T H F )  

wore  d r i e d  hy r c f l u x i n g  o v e r  c a l c i u m  h y d r i d e  

( 2 4  h r . )  f o l l o w e d  by d i s t i l l a t i o n  i n  a  s t r e a m  

o f  n i t r o g e n  o n t o  s o d iu m  vn.ro

( i i )  f u r a n  and  e t h e r  w ere  d r i e d  by r e f l u x i n g  

o v e r  so d iu m  in . ro  ( 2 4  h r . )  and  t h e n  d i s t i l l e d  

o n t o  f r e s h  so d iu m  w i r e  a s  b e f o r e

( i i i )  d i m e t h y l s u l p h o x i d o  v;as d r i e d  by s t o r a g e  

o v e r  m o l e c u l a r  s i e v e s  (Type  4A)

( i v )  c h l o r o f o r m  was  im s h e d  v / i t h  v / a t e r  t o  remove 

e t h a n o l  an d  d r i e d  o v e r  c a l c i u m  c h l o r i d e

(48  h r . )  f o l l o w e d  by d i s t i l l a t i o n  i n  a 

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

c h l o r i d e .

N i t r o g e n  was p u r i f i e d  by p a s s i n g  s u c c e s s i v e l y  t h r o u g h  aqueouc  

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

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

1 0 .  T h r e e  p h o t o l y s i s  t e c h n i q u e s  w ere  u s e d :

( a )  *E a n o v i a *• A E a n o v i a  p h o t o c h e m i c a l  r e a c t o r  f i t t e d  

w i t h  q u a r t z  j a c k e t s  w a s . i m m e r s e d  i n t o  t h e  s o l u t i o n  

t o  be  p h o t o l y s e d .  A 100 w a t t  medium p r e s s u r e  

m e r c u r y  lamp i r r a d i a t e d  a t  2 3 4 ,  2 6 5 , 2 9 7 , 313  an d  

33d nm. T h i s  m e th o d  was  m os t  f r e q u e n t l y  u s e d  and  

f o u n d  s u p e r i o r  t o  t h e  *Hayonot* m e thod  w h ich  

o p e r a t e d  a t  s i m i l a r  v ^ a v e l e n g th s .

( b )  i R a y o n o t *» The s o l u t i o n  i n  a  q u a r t s  t u b e  f i t t e d  

w i t h  an  ' e x i t  b u b b l e r *  t o  e x h a u s t  l i b e r a t e d  g a s e s  

was i r r a d i a t e d  by s i x t e e n  21 v / a t t  l a m p s  i n  a  

B a y o n e t  p h o t o c h e m i c a l  r e a c t o r .  Tho l a m p s  gave

a  b r o a d  e m i s s i o n  s p e c t r a  b e t w e e n  230 -  3 dO nm 

vsLth a  na: : imun a t  300  n o .

(c ) ' Sunlar.ro * « The s o l u t i o n  i n  a  q u a r t z  r o u n d -  

b o t t o m e d  f l a c k  f i t t e d  v / i th  a  r e f l u x  c o n d e n s e r  

was  i r r a d i a t e d  e x t e r n a l l y  by a  P h i l i p s  300  i ; a t t  

s u n l a m n .
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SECTION ONE. EXPERIMENTS V7ITPI 1 . 2.3-BENZ0THIADIA20LS 

- 1 , 1 -DIOXIDE.

P ro r> r . ra t ion  o f  1 , 2 , 3~ b e n z o t h i a d i a z o l c - 1 , 1- d i o : : i d o  ( 4 a ) .

2 0 . 9 9The l i t e r a t u r e  p r e p a r a t i o n  o m i t s  s e v e r a l  d e t a i l s  w h ich

were  f o u n d  n e c e s s a r y  t o  s e c u r e  good y i e l d s .  They a r e  i n c o r p o r a t e d  

i n t o  a  m o d i f i e d  p r e p a r a t i o n  d e s c r i b e d  b o lo w .

( a )  2 - N i t r o b e n z e n e s u l p h i n i c  a c i d .

£ - N i t r o a n i l i n e  ( 1 3 . 8  g . , 0 . 1  m o le )  was d i s s o l v e d  i n  a  

h o t  m i x t u r e  o f  c o n c e n t r a t e d  s u l p h u r i c  a c i d  (73  n l . ) ,  c o n c e n t r a t e d  

o r t h o p h o s p h o r i c  a c i d  (100  m l . ) an d  w a t e r  (50  m l . ) .  D i a s o t i s a t i o n  

a t  0 °  was  a c h i e v e d  by i n t r o d u c i n g  a q u e o u s  (25  m l . )  so d iu m  n i t r i t e  

( 8 .3  g . , 0 .1 2  m o l e )  u n d e r  t h o  s u r f a c o  o f  t h e  s o l u t i o n  w i t h  a  

p i p e t t e .  . D u r i n g  t h e  a d d i t i o n ,  t h e  s o l u t i o n  was v i g o r o u s l y  

s t i r r e d .  The d i a z o n i u m  s o l u t i o n ,  s a t u r a t e d  v / i th  s u l p h u r  d i o x i d e ,  

was d e c o m p o s e d ' ^ b y  a  f i n e l y  g ro u n d  m i x t u r e  o f  f e r r o u s  s u l p h a t e  

( h y d r a t e d )  an d  f r e s h l y  p r e p a r e d  c o p p e r  p o w d e r .

One gram q u a n t i t i e s  o f  c o p p e r  pow der  w ere  p r e p a r e d  by 

a d d i n g  z i n c  d u s t  ( 1 .5  S® ) t o  a  s o l u t i o n  o f  c o p p e r  s u l p h a t e

(3*6  g . , CuS02j .̂5 H20  i n  50 m l .  w a t e r ) .  The p r e c i p i t a t e d  c o p p e r

was w as h ed  w i t h  h o t  w a t e r  and  p r e s s e d  dry#

bJhen g a s  e v o l u t i o n  h a d  c e a s e d ,  t h e  s o l u t i o n  was im m e d i a t l e ly

f i l t e r e d  an d  t h e  r e s i d u e  e x t r a c t e d  w i t h  m e t h y l e n e  c h l o r i d e -  

o t h e r  ( l  : 1 ) .  A p a d  o f  K i e s u l g u h r  (BDH a c i d  w ash ed )  had  t o  be  

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

f i l t r a t i o n  was d e l a y e d  ( e . g .  o v e r n i g h t )  l o w e r  y i e l d s  o f  

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

P u r i f i c a t i o n  by a c i d i f i c a t i o n  o f  a n  a q u e o u s  s o l u t i o n  

o f  t h e  ammonium s a l t ,  p r e c i p i t a t e d  i n i t i a l l y  a  brovm am orphous  

m a t e r i a l  w h ic h  was  r e j e c t e d .  A d d i t i o n  o f  more c o n c e n t r a t e d  

h y d r o c h l o r i c  a c i d  t o  t h e  r e s u l t i n g  c l e a r  y e l l o w  s o l u t i o n  gave  

£ “ n i t r o b e n z e n o s u l p h i n i c  a c i d  ( 1 2 .0  g . , 65%) a s  p a l e  y e l l o w  

c r y s t a l s ,  m . p .  113 -  1 1 3 ° ,  l i t . ,  m . p .  1 2 5 ° , ( 9 3 * 7 % ) ,  2 4 0 0 ,

1 530 ,  1 1 1 5 , 1 0 7 5 ,  1 0 4 5 ,  1000 a n ^  840 c m .~ ^ .
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( b )  Sodium B - a m in o b e n z e n o s u l T D h in i t e .

o _ - N i t r o b e n z e n c s u l p h i n i c  a c i d  (3 * 4  g * ,  18 .O n m o l . )  was 

u s e d  i m m e d i a t e l y  when i t  h a d  b e e n  p r e p a r e d *  I t  was s u s p e n d e d  

i n  w a t e r  (20  m l . )  and  t i t r a t e d  w i t h  sod ium  h y d r o x i d e  s o l u t i o n  

( a p p r o x .  1N) u s i n g  p h e n o l p h t h a l e i n  a s  i n d i c a t o r .  T h i s  s o l u t i o n  

was h y d r o g e n a t e d  u s i n g  10% p a l l a d i u m  on c h a r c o a l  ( 0 .2  g . ) a s  a  

c a t a l y s t .  V.hen t h e  t h e o r e t i c a l  amount o f  h y d r o g e n  h a d  b e e n  

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

on a r o t a r y  e v a p o r a t o r  t o  g i v e  t h e  sod ium  s a l t  o f  2- a m i n o -  

b e n z e n e s u l p h i n i c  a c i d  a s  a  w h i t e  pow der  ( 3 * 1 4  g . , 97%)

VtvvcuK 3 4 lO ,  3 2 8 0 , 1613 , 1030 and  990  c m . " ^ .

( c ) 1 , 2 , 3~ B e n z o t h i a d i a z o l e - 1 . 1- d i o x i d e  ( 4 a )

I t  was e s s e n t i a l  a t  t h i s  s t a g e  t o  s h i e l d  f ro m  t h e  

s u n l i g h t  a l l  s o l u t i o n s  w h ich  m i g h t  c o n t a i n  compound ( 4 a )

2l\ S u l p h u r i c  a c i d  (20  m l . )  and  g l y c e r o l  (28  m l . )  w ere  

s t i r r e d  t o g e t h e r  a t  - 2 0 ^ .  A s a t u r a t e d  a q u e o u s  s o l u t i o n  o f  

sod ium  2 - a r n i n o b e n z e n e s u l p h i n i t e  ( 1 .7 3 2  g . , 9*7  mm ol . )  and  

so d iu m  n i t r i t e  ( 0 . 6 6 3  g . , 8 . 4  mm ol. )  was s l o w l y  a d d e d .  The 

m i x t u r e  was  s t i r r e d  f o r  two h o u r s  a t  - 20°  and  t h e n  e x t r a c t e d  

a t  - 6° by s t i r r i n g  w i t h  s e v e r a l  s m a l l  v o lu m e s  (20  m l . )  o f  

e t h e r  u n t i l  t h e  e x t r a c t s  w e re  c o l o u r l e s s .  The com bined  

e x t r a c t s  a t  - 20°  were  d r i e d  s u c c e s s i v e l y  w i t h  c a l c i u m  c h l o r i d e  

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

s t o r e d  a t  - 78°  w h i l e  s m a l l  v o lu m e s  o f  i t  w ere  e v a p o r a t e d  t o  

d r y n e s s  a t  0 °  on a  r o t a r y  e v a p o r a t o r .

Good y i e l d s  o f  1 , 2 , 3 - b e n z o t h i a d i a z o l e - l , 1 - d i o x i d o  ( 4 a )  

w e re  i s o l a t e d  o n l y  i f  c a r e  - was t a l c e n . t o .  p r o t e c t  t h e  r e a c t i o n  

f ro m  s u n l i g h t  a t  a l l  t i m e s .  S o l i d  1 , 2 , 3 - h e n z o t h i a d i a z o l e -

1 , 1- d i o x i d e  e x p l o d e d  v i o l e n t l y  on  one o c c a s i o n  when i t  was 

e x p o s e d  t o  b r i g h t  s u n l i g h t .  I t  was w e ig h e d  damp w i t h  e t h e r  

a s  a  p r e c a u t i o n  a g a i n s t  e x p l o s i o n .

1603 , 1490 ,  1283 , 1180 , 1170 , 1130 , 1120 an d  89O cm ."^
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1013 - M e t h y l - 1 , 2 , 5 - h e n s o t h i a d i a z o l e - 1 , 1 - d i o x i d e  (4 b )

was p r e p a r e d  s i m i l a r l y *

( a )  2 - n i t r o - ^ J —m o t h y l s u l p h i n i c  ac id (4 -0% ),  m.p* 113 -  1 1 3 ° ,  

l i t . 1 0 ^  _ 108^ ;  3300 -  2 2 0 0 ( b r o a d  O H ) ,

13 2 3 , 1100 an d  1030 cm*"^

( b )  s o d iu m  2 - a m i n o - 4 - m e t h y l s u l p h i n i t e  ( q u a n t i t a t i v e ) ,

V*ywo.x 3 4 0 0 , 3 3 0 0 , 3 2 2 0 , 1 6 4 3 , 1603 , 1370 ,1030  an d  9S0  cm."^

( c )  3 - i ^ e t h y l - 1 , 2 , 3 - L c n s o t h i a d i a s o l 0~ 1 , 1- d i o x i d c  ( 4 b )  

was  n o t i c e a b l y  more s e n s i t i v e  t o  s u n l i g h t  t h a n  t h o  

p a r e n t  compound ( 4 a ) .  I t s  i . r ®  s p e c t r u m  c o u l d  n o t  

be  r e c o r d e d .

P r e p a r a t i o n  o f  p l a t i n u m  c o m p l e x e s .

The l i t e r a t u r e  p r e p a r a t i o n s  o f  t c t r a l i i s ( t r i p h e n y i p h o s p h i n o )  

p l a t i n u m ( O ) ' ^ ^ ^  ( 4 6 )  and  e t h y l e n o b i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m ( 0 )

( 1 1 8 ) w ere  f o l l o w e d  e x a c t l y .

' T o l a n b i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m ( 0 ) ( 3 6 ) .

The t r i p h e n y l p h o s p h i n e - p l a t i n u m  com plex  ( 4 6 )  (0*3  S * , 0 . 4  mm ol . )  

was d i s s o l v e d  i n  b e n z e n e  (30  m l . )  and  t o l a n  ( 0 .3  g. , 2 .8  mm ol. )  

i n  b e n z e n e  (23  m l . )  was a d d e d .  The s o l u t i o n  was s t i r r e d  a t  

room t e m p e r a t u r e  f o r  12 h r .  and  b o i l e d  b r i e f l y  b e f o r e  th o  s o l v e n t  

was e x c h a n g e d  f o r  e t h a n o l .  T h i s  was a c h i e v e d  by r e p e a t e d l y  

r e d u c i n g  t h e  vo lum e o f  t h e  s o l u t i o n  by  a  h a l f  on a  r o t a r y  

e v a p o r a t o r  and  t h e n  a d d i n g  t h e  new s o l v e n t  ( e t h a n o l )  so  t h a t  

t h e  s o l u t i o n  a t t a i n e d  i t s  o r i g i n a l  v o lu m e .  Tho t o l a n  com plex  

( 3 6 ) c r y s t a l l i s e d  a s  p a l e  y e l l o w . c r y s t a l s  ( 0 .2 3  g * , 70%), 

m . p .  148 -  132°  , V ^ x 1 ? 6 3 ,  1 7 4 0 ,  1 3 9 0 ,  1433 and  1093 Gm."^

An a u t h e n t i c  s am p le  was made by  t h e  r e d u c t i o n  o f  

c i c d i c h l o r o b i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m ( I I ) vd. th h y d r a z i n e  

h y d r a t e  i n  t h e  p r e s e n c e  o f  to l a n ^ ^ ®  I t  h a d  an  i d e n t i c a l  i . r .  

s p e c t r u m .

C y c l o - o c t y r i C b i s ( t r i ' p h e n y l ' o h o s p h i n o ) p l a t i n u m  ( 102 ) .

C y c l o o c t y n o  was p r e p a r e d  f rom  1 , 2 - d i b r o m o c y c l o o c t a n e  

a s  d e s c r i b e d  by U i t t i g  and D orsch '^ ^^ .  Crude c y c l c o c t y n e  

( a p p r o x . -1 .0  m l . ) was  a d d e d  t o  t h e  t r i p h e n y l p h o s p h i n e - p l a t i n u m  

c o m p le x  ( 4 6 )  ( 2 . 0  g . , 1 ,6  mmol. ) i n  b e n z e n e  (IOO m l .  )
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Tho y e l l o w  c o l o u r  s l o w l y  f a d e d  an d  a f t e r  2-J h r .  t h e  s o l v e n t  

was e x c h a n g e d  f o r  e t h a n o l  and  t h e  c y c l o o c t y n e  com plex  ( 1 0 2 ) 

s e p a r a t e d  a s  c o l o u r l e s s  c r y s t a l s  ( 0 . 9 3 3  g . , 70%),  and  was 

r e c r y s t a l l i s e d  f ro m  b c n s e n c - c t h a n o l , m . p .  180 -  182° ;  

(F ound ;  0 , 6 3 *8 ; H ,5 * 1 ;  P , 7 * 4 .  r e q u i r e s :  0 , 6 3 . 8 ;

2 , 3 . 1 ;  ? , 7 . 3 . )
1 7 9 3 ,  1440 an d  1100 cm."'*

T  2 . 3  -  3 * 0 ( m u t i p l o t ) ( l 3 H ) ;  T  7 . 8 ( m u l t i p l e t ) ( 4 h ) ;

^  8 . 4 ( b r o a d  s i n g l e t ) ( 8 H ) .

R e a c t i o n  be tv joen  1 , 293 - h G n z o t h i a d i a z o l e - 1 ^ 1 - d i o x i d e  and  

t e t r a I i i s ( t r i - p h e n y l p h o s n h i n e ) p l a t i n u m ( 0 )  i n  c h l o r o f o r m .

Compound ( 4 a )  ( 0 . 2 9 3  g * , 1 . 7 3  nunol . )  was a d d e d  t o  t h e  

t r i p h e n y l p h o s p h i n e - p l a t i n u m  com plex  ( 4 6 )  ( 2 . 0 2  g . , 1 .6 3  mm ol. )  

i n  c h l o r o f o r m  (3 0  m l . )  a t  - 2 0 ° .  T h e r e  was an  i m m e d i a t e  c o l o u r  

c h a n g e  f ro m  y e l l o w  t o  r e d .  The s o l u t i o n  was  a l l o w e d  t o  warm 

up t o  room t e m p e r a t u r e  and  s t i r r e d  o v e r n i g h t .  A w h i t e  

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

( 4 7 )  was f i l t e r e d  o f f  ( 0 . 4 6 l  g . , 33%),  r e c r y s t a l l i s e d  f rom  

c h l o r o f o r m  a s  p a l e  g r e e n  n e e d l e s  m .p .  294  -  2 9 6 ° ,  l i t . ' ^ ^ ^ m . p .  

310 -  3 1 2 ° ;  (F o u n d :  0 , 3 4 . 6 ;  H ,3 * 7 ;  0 1 , 7 - 2 .  C a l c ,  f o r  

: C ,3 4 . 7 ;  H ,3 - 8 ;  0 1 , 9 * 0 . )  

v'-vxx 1 3 9 0 ,  1380 , 1100 and  1000 cm ."^

The deep  r o d  f i l t r a t e  was  r o t a r y  e v a p o r a t e d  t o  g i v e  

a  r o d  o i l  w h ich  was  t r i t u r a t e d  v / i th  p e t r o l  t o  remove 

t r i p h e n y l p h o s p h i n e .  The brovm o i l y  r e s i d u e  was d i s s o l v e d  

i n  b e n z e n e  and  on a d d i t i o n  o f  p e t r o l  a  y e l l o w  p r e c i p i t a t e  

o f  a . p h o s p h i n e - p l a t i n u m  com plex  f o r m e d  ( 0 .2 8 6  g « ) ,  m . p .  203-  

2 2 0 ° , %AAyl390 and  1100 c m . " * .  The f i l t r a t e  was c h r o m a t o g r a p h e d  

(M ethod  A) on s i l i c a  g e l . .  I r r e v e r s i b l e . a d s o r | 3 t i o n  o c c u r e d  

a s  o n l y  a y e l l o w  s o l i d  (10  m g . ) ,  m .p .  203  -  203°  was e l u t e d  

o f f  t h e  colunui  (20% -e t h e r  i n  p e t r o l ) .  T h i s  was a  p h o s p h i n e -  

p l a t i n u m  com plex  ( i . r . ) .
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; t i c n  bo two on t e t r r k i s (  t r i n h e n y l o h c  :,:^hine ) ? 3 la t in u m (0 )  ( 4 6 )

and c h l o r o f o r m .

The t r i p h e n y l p h o s p h i n e - p l a t i n u m  com plex  ( 4 6 )

( 1 .0 2 6  g . , 0 .8 3  m m ol . )  was d i s s o l v e d  i n  c h l o r o f o r m  (30  m l . )

and  s t i r r e d  o v e r n i g h t  a t  room t e m p e r a t u r e .  The s o l u t i o n

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

c i s - d i c h l o r o b i G ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m ( I I )  ( 4 ? )  s e p a r a t e d

( 0 .1 7 1  g . , 26%), m . p .  293 -  296° ;  i . r .  s p e c t r u m  i d e n t i c a l  t o
105t h a t  o f  an  a u t h e n t i c  s am p le  ♦

R e a c t i o n  b e t w e e n  t c t r a l i i s  ' t r i p h e n y i p h o s p h i n o  ) n l a t i n u m ( 0 )  (46 ) 

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

The t r i p h e n y l p h o s p h i n e - p l a t i n u m  com plex  (4 6 )

( 2 . 0  g . , 1 . 6  n m o l . )  was added  t o  a  warm s o l u t i o n  o f  c y c l c h e x c n e  

i n  c h l o r o f o r m  an d  r e f l u x e d  o v e r n i g h t .  The s o l u t i o n  was r e d u c e d  

i n  vo lum e on a  r o t a r y  e v a p o r a t o r  and  l e f t  t o  c r y s t a l l i s e .  

£ i s - B i c h l o r o b i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m ( I I )  (473  (O .6 7  g . , 32 .3%) 

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

o f  7 - c h l o r o n o r c a r a n e  (48)**^^ by g . l . c .  ( P e r k i n  E lm e r  F . 1 1 ,

A p ie z o n  L,  DE 1 0 2 ,  1 6 0 ° ) .  No s i g n a l  c o r r e s p o n d i n g  t o  7 - c h l o r o -  

n o r c a r a n e  was d e t e c t e d .

D e c o m p o s i t i o n  o f  1 , 2 . 3 - b e n z o t h i a d i a s o l e - 1 « 1 - d i o x i d e  ( 4 a )  i n  

a c o l d  b e n z e n e  s o l u t i o n  o f  t e t r a k i s ( t r i p h e n y l p h o s p h i n e ) 

p l a t i n u m ( O )  ( 4 6 ) .

The t r i p h e n y l p h o s p h i n e - p l a t i n u m  c om plex  ( 4 6 )

( 2 .0  g e , 1 . 6  m m ol . )  i n  b e n z e n e  (80  m l . )  was  c o o l e d  t o  3 °  

i n  a  v e s s e l  p r o t e c t e d  f rom  t h e  l i g h t .  F r e s h l y  p r e p a r e d  ( 4 a )  

( 0 .3 0  g . , 1 . 8  m m o l . , damp vsLth e t h e r )  w a s . a d d e d ,  t h e r e  was 

an  i m m e d i a t e  c o l o u r  c h a n g e ( y e l l o w  t o  r e d ) , . a n d  a f t e r  a  few, 

m i n u t e s  y e l l o w  c r y s t a l s  o f  b c n z o - 3 94 - d i a z a - 2 - p l a t i n o t h i a z i n o -

2 , 2 - b i s ( t r i p h e n y i p h o s p h i n o ) “ 1 1- d i o x i d e  ( 4 9 a )  s e p a r a t e d  

( 1 .1 3  g . , 79%)* They w ere  w ashed  w i t h  d r y  b e n z e n e  an d  had  

m . p .  177 -  1 7 9 ° ; (F o u n d :  0 , 3 6 . 7 ;  H ,3 * 7 ;  N , 3 * l ;  ? , 6 . 9 ;  5 , 3 * 6 ;  

P t , l 8 . 7 .  C ^ . ^ ^ N g O ^ P ^ P t S r o q u i r e s :  0 , 3 6 . 8 ;  H ,3 * 8 ;  N ,3 * 2 ;  P ,7 * 0 :  

5 , 3 . 6 ; P t , 2 2 . 0 % ) ;  \d \ \^<l3S3,  1284 ,  1210 , I 136 , I I 3 6 , 1093 ,  9 3 0 ,  

8 3 0 , 7 6 3 » 740 and  690 cm. ‘
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6-Mot h v l - b e n z o - 3 , 4 - . d i a z a - 2 - n l a t i n o  t h i a z i n e - 2 , 2 -  

b i o ( t r i n h e n y l ^ o h o s p h i n o  ) -1  «1 - d i o x i d o  ( 4 9 b )  v/as mado i n  t h e  same 

way (71%),  m .p .  177 -  181° (F ound :  0 , 3 7 * 4 ;  H,4oO; N , 2 . 8 ;  P , 6 . 8 ;  

5 ,3*3*  O^^^E^^N^O^P^SPt r e q u i r e s :  0 , 3 7 * 3 ;  H , 4 . 0 ;  N , 3 . 1 ;  P , 6 . 9 ;  

5 ,3 * 3 % ) :  T  2 . 3  -  3 * 0 ( m u l t i p l o t ) ( 3 3 H ) ï  T  8 . 3 ( s i n g l e t ) ( 3 H )

A d d i t i o n  o f  two e q u i v a l e n t s  o f  ( 4 a )  t o  a  b e n z e n e  s o l u t i o n  

o f  t h e  t r i p h e n y l p h o s p h i n e - p l a t i n u m  c o n p l e x  ( 4 5 )  gave  t h e  a s o  

c o n p l e x  ( 4 9 a )  i n  63% y i e l d  and  p r o d u c t s  due t o  t h e  r e a c t i o n  o f  

( 4 a )  w i t h  t r i p h e n y l p h o s p h i n e .

E x p e r i m e n t s  v / i th  b e n z o - 3 ?4 - d i a z a - 2 - p l a t i n o t h i a z i n e - 2 , 2 -  

b i s ( t r i p h e n y l p h o s p h i n e ) - 1 , 1 - d i o x i d e . ( 4 9 a )

T h e r m o l y s i s . ( a )  i n  d i g l y n e : The a z o  com plex  ( 4 9 a )  ( 0 . 3 0 2  g . ,

0 .3 4  mm ol . )  was s u s p e n d e d  i n  d r y  d ig l y m e  (7  m l . ) .  T he .  t e m p e r a t u r e  

o f  t h e  m i x t u r e  was g r a d u a l l y  i n c r e a s e d .  Gas e v o l u t i o n  o c c u r e d  

m a i n l y  b e t w e e n  100 -  120°  and  was  c o m p l e t e  a t  1 7 0 ° .  The e v o l v e d  

g a s  ( 8 .3  m l . ,  e q u i v a l e n t  t o  0 . 4 l  mmol,  n i t r o g e n )  was c o l l e c t e d  

o v e r  w a t e r .  The r e s i d u a l  m i x t u r e  was c o o l e d ,  p o u r e d  i n t o  

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

c h r o m a t o g r a p h e d  (M ethod A) on b a s i c  a l u m i n a .  B i p h e n y l  ( l  m g . ) ,  

i d e n t i f i e d  by i t s  i . r .  s p e c t r u m  was t h e  o n l y  compound e l u t e d  

f ro m  t h e  column*

( b )  i n  f u r a n ; Tho a s o  c om plex  (O.3 8 3  g * , 0*43  mm ol. )  

was  s u s p e n d e d  i n  f u r a n  an d  r e f l u x e d  f o r  24  h r . .  T h e r e  was no ^

1 , 4 - d i h y d r o n a p h t h a l e n e  e n d o x i d o  o r  - n a p h t h o l  i n  t h e  s o l u t i o n  

( t . l . c * ) .  The s u s p e n s i o n  was l e f t  f o r  t h r e e  weeks  and  

e x a m i n a t i o n  by p r e p a r a t i v e  t . l . c .  y i e l d e d  a  t r a c e  ( c a .  1 m g . )  

o f  t h e  e n d o x i d e  ( i . r . )

P h o t o l y s i s . ( a )  i n  t e t r a h y d r o f u r a n ; The azo  c om plex  ( 4 9 a )

( 1 .6  g . , 1 . 8  m m o l . ) was d i s s o l v e d  i n  THF (2 0 0  m l . )  and  

i r r a d i a t e d  by t h e  * Sunlamp * m e thod  f o r  24 h r . .  The d e e p  r e d  

s o l u t i o n  v;as e v a p o r a t e d  and  t h e  r e s i d u e  c h r o m a t o g r a p h e d  (M ethod A) 

on n e u t r a l  a l u m i n a  t o  g i v e  t r i p h e n y l p h o s p h i n e  (O.O63 g . , 6 .3%) 

a n d  a y e l l o w  s o l i d  (0*33  g « ) ,  m .p .  253 -  2 3 4 ° ,  t h o u g h t  t o  be a 

d i : ' : c r  o f  b i c ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m ( 0 ) . (F ound :  0 , 3 9 * 2 ;

1-1,4.1; M (osm om et r ic  i n  b e n z e n e ) l 4 l 5 *  r e q u i r e s :

0 , 6 0 . 0 ;  H , 4 . 2 ;  M, i 433)
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( b )  i n  t e t r a h y d r o f u r a n  c o n t a i n i n g  f u r a n ; The azo  

com plex  ( 4 9 a )  ( 1 . 7  g . , 1 . 9  m n o l . )  w as  d i s s o l v e d  i n  THF (230  m l . )  

and  f u r a n  (30  m l . )  was a d d e d .  The s o l u t i o n  was i r r a d i a t e d  by 

t h e   ̂S u n la g o  * m e thod  f o r  24 h r . , e v a p o r a t e d  and  c h r o m a t o g r a p h e d  

(Method A) on s i l i c a  g e l ,  t o  g i v e  ( i v i t h  10% e t h e r  i n  p e t r o l )

1 , 4 - d i h y d r o n a p h t h a l o n e  e n d o x i d e  ( 3 2 )  ( 0 .0 2 3  S * , 9%)» m .p .  33  * 3 4 ° ,  

l i t . ' ^ ^ ' ^ m . p .  33  -  3 6 ° and  ( w i t h  30% e t h e r  i n  p e t r o l )  e c - n a p h t h o l  

( 3 3 )  ( 0 . 0 4 2  g . , l 4 % ) ( i . r . ) .

I r r a d i a t i o n  by t h e  *B a y o n e t  * m e thod  f o r  2 h r .  gave  

cc- n a p h t h o l  i n  4% y i e l d .

( c )  i n  t e t r a h y d r o f u r a n  c o n t a i n i n g  t e t r a c y c l o n e ;

The azo  com plex  ( 4 9 a )  ( O .3O g . , 0 . 3 4  mm ol . )  and  t e t r a c y c l o n e  

( 0 .3  g . , 1 .3  m m ol . )  w ere  d i s s o l v e d  i n  THF (80  m l . )  and  

i r r a d i a t e d  by t h e  * Sunlamp * m e thod  f o r  24  h r . . C h r o m a to g ra p h y  

(M ethod A) on b a s i c  a l u m i n a  gave  ( w i t h  3% e t h e r  i n  p e t r o l )  

t e t r a p h e n y l n a p h t h a l e n e  ( 3 4 )  ( 0 . 0 3 3  g . , 22%).

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

( t r i p h e n y l p h o s p h i n e ) p l a t i n u m ( 0 )  ( 4 5 ) ;

The azo  com plex  ( 4 9 a )  ( I . O  g . , 1 . 1  m m ol . )  and  t h e  

t r i p h e n y l p h o s p h i n e - p l a t i n u m  com plex  ( 4 6 )  ( 0 . 4 8 3  g . , 0 . 3 9  mm ol . )  

w ere  d i s s o l v e d  i n  THF and  i r r a d i a t e d  by t h e  ' S u n l a n n * m e thod  

f o r  24  h r . .  S u l p h a t o b i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m ( I I ) was 

f i l t e r e d  o f f  ( 0 . 1 7  g . , l 8 . 3 %  b a s e d  on  t h e  azo  c o m p l e x ) .  I t  h a d  

an  i d e n t i c a l  i . r .  s p e c t r u m  t o  t h a t  r e p o r t e d  i n  t h e  l i t e r a t u r e ' ^ ^ ^ .

The f i l t r a t e  was c h r o m a t o g r a p h e d  (M ethod  A) on n e u t r a l  a l u m i n a .

No t r i p h e n y l e n e  o r  b i p h e n y l e n e  was i s o l a t e d .  A c o l o u r l e s s  

c r y s t a l l i n e  s o l i d  ( 0 . 0 1 0  g . ) was e l u t e d  w i t h  23% e t h e r  i n . p e t r o l  

a n d . h a d  m .p .  280 -  283° . (F o u n d :  C , 6 0 . 6 ;  H , 4 . 0 3 % ) ,  m/e 2 6 2 ,  2 0 2 ,

147 .

A compound w i t h  an  i d e n t i c a l  i . r .  s p e c t r u m  was s i m i l a r l y  

i s o l a t e d  when t h e  6 - m e t h y l - a z o  c o m p lex  ( 4 9 b )  was  decom posed  

u n d e r  t h e s e  c o n d i t i o n s ,  m .p .  286 -  2 9 2 ° .

Bo d u c t i o n .

The azo  c om plex  ( 4 9 a )  (0*771 g o ,  O.8 7  mmol. )  i n  THF (iCO m l . )  

was  h y d r o g e n a t e d  w i t h  10% p a l l a d i u m  on c h a r c o a l  ( 0 . 2  g . ) a s  

c a t a l y s t .  I n  3 h r .  a t  2 0 ° ,  33 m l .  ( 2 . 2  mm ol . )  o f  h y d r o g e n  was 

a b s o r b e d .  Tho c a t a l y s t  was f i l t e r e d  o f f  t e  e iv o  a g r e e n  s o l u e i c r .  

w h ic h  was c h r o m a t o g r a p h e d  (M ethod A) on n e u e r A i  a l u m i n a .  T h r e e  

m a j o r  compounds  w ere  e l u t e d  u s i n g  e t h y l  a c e t a t e  i n  e t h e r  a s  e l u a n t :
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( i )  r e d  o i l  ( O . 13O g . ) ,  d i f f i c u l t  t o  c h a r a c t e r i s e ,  

a t t e m p t s  t o  c r y s t a l l i s e  f ro m  e t h e r  gave  s m a l l  

q u a n t i t i e s  o f  a  c r y s t a l l i n e  m a t e r i a l  m .p .  173 -  190° ,

i . r .  a b s o r p t i o n  a t  1220 cm ."^  i n d i c a t i n g  a  s u l p h u r -  

o i r /gen  l i n k a g e ;  t h i s  compound was n o t  i n v e s t i g a t e d  

f u r t h e r .

( i i )  p a l e  v i o l e t  s o l i d  ( O . l p  g * , 19*3%),  m.p* 133 -  160°  

( l o s s  o f  c o l o u r  a t  l 4 3 ° )  ^>^««1330 , 1203 , I0 4 p  and  

1004  cm# .  A t t e m p t s  t o  r e c r y s t a l l i s e  f ro m  e t h y l  

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

p r o p e r t i e s  were  v e r y  s i m i l a r  t o  t h o s e  o f  3 - p l ^ t i n o -  

3 , 3 - b i s ( t r i p h e n y l p h o s p h i n e ) - 2 , 1 , 4 , 3 - b e n z o x a t h i a -  

d i a z e p i n e - l - o x i d c ' ^ ^ ' ^ ;  mauve c r y s t a l s ,  m .p .  220 -  223° 

( l o s s  o f  c o l o u r  b e t w e e n  120 -  1 5 0 ° )  Wwecx 1327 ,  1203 , 

1042 and  1014 c m . " ^ .

( i i i )  b e i g e  c o l o u r e d  am orphous  s o l i d  ( 0 . 1  g . ) ,  m .p .  

133 -  130° ;  i t s  i . r .  s p e c t r u m  i n d i c a t e d  t h a t  i t  

was  a  p h o s p h i n e - p l a t i n u m  co m p le x .

C h ro m a to g ra p h y  on n e u t r a l  a l u m i n a .

The azo  com p lex  ( 4 9 a )  ( 2 . 0  g . , 2 . 2  m m o l . ) was a d s o r b e d  

o n t o  n e u t r a l  a l u m i n a  and  c h r o m a t o g r a p h e d  (M ethod A ) .  A v i o l e t  

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

( e t h y l  a c e t a t e  -  e t h e r )  and  c h r o m a t o g r a p h y  was  d e l a y e d  ( l 2  h r . )  

t o  a l l o w  c o m p l e t e  d e c o m p o s i t i o n .  T r a c e  a m o u n ts  o f  o i l s  w ere  

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

s e p a r a t e d ,  e x a c t l y  a n a l o g o u s  t o  t h o s e  f o u n d  i n  t h e ' S e d u c t i o n *  

e x p e r i m e n t :

( i )  r e d  o i l  c o n t a m i n a t e d  v / i th  v i o l e t  s o l i d  ( 0 . 2 0  g .  )

( i i )  v i o l e t  s o l i d  ( O . 6O g . , 33%)

( i i i )  p h o s p h i n e - p l a t i n u m  com plex  (0*3  g # )

D e c o m p o s i t i o n  o f  1 , 2 , 3 - h e n z o t h i a d i a z o l e - 1 , 1 - d i o x i d o  i n  

c o l d  b c n s o n e .

( a )  w i t h  t e t r a c y c l r / 0 . Compound ( 4 a )  (O .3 8 7  g « , 2^3 mmole) 

v;as a d d e d  t o  a  c o l d  b e n z e n e  s o l u t i o n  o f  t e t r a c y c l o n e -  ( l * 0  g . , 

2 . 6  m m ol . )  and  s t i r r e d  o v e r n i g h t ,  a l l o w i n g  t h e  r e a c t i o n  t o  

a t t a i n  room t e m p e r a t u r e .  The p r o d u c t s  were  s e p a r a t e d  by
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c h r o m a t o g r a p h y  (Method  A) on s i l i c a  g e l :

( i ) ' t e t r a p h o n y l n a p h t h a l e n e  (0*320  g # , 2?%),  r e c r y s t a l l i s o d  

f rom  p e t r o l  m .p .  202 -  203^ ,  l i t * ^ ^ n i* p *  204^

( i i )  t e t r a c y c l o n o  ( 0 . 2 0  g . , 20%)

( b )  v r i th  t r i ‘o h c n y l p h o s r h i n o >  R e c r y s t a l l i s e d  t r i p h e n y l p h o s p h i n c  

(3*0  g . , 1 1 . 4  miiiol .) was d i s s o l v e d  i n  b e n z e n e  ( 100 m l . )  and  

compound ( 4 a )  ( 1 . 3  g * $ 7*75 mm ol . )  was a d d e d .  .A l i g h t  b ro ;m  

p r e c i p i t a t e  (1*99  g . ) s e p a r a t e d ,  t h e  s u p e r n a t a n t  l i q u o r  was 

b r i g h t  r e d  an d  s m a l l  q u a n t i t i e s  o f  a  g a s  w ere  e v o l v e d .  The 

f i l t r a t e  was c h r o m a t o g r a p h e d  (M ethod A) on  n e u t r a l  a l u m i n a : .

( i )  p e t r o l  gave  r e c o v e r e d  t r i p h e n y l p h o s p h i n e  ( 0 . 8 4 1  g . , 28%)

( i i )  10% e t h e r  i n  p e t r o l  gave  t r i p h e n y l p h o s p h i n e  s u l p h i d e  

( 0 . 0 2 1  g . , 0 . 9 %)1 m . p .  a f t e r  s u b l i m a t i o n  138 -  l 60^ ,  

l i t . l 6 l ° ;  (F o u n d :  0 , 7 3 * 5 ;  H ,3 » 0 .  C a l c ,  f o r  

C igHi^PS ; 0 , 7 3 * 5 ;  H,5*1%); i # r .  s p e c t r u m  i d e n t i c a l  

t o  an  a u t h e n t i c  s p e c i m e n .

( i i i )  30% e t h y l  a c e t a t e  i n  e t h e r  gave  t r i p h e n y l p h o s p h i n e  

o x i d e  ( 0 . 3 1 4  g « , l 6 % ) ,  r e c r y s t a l l i s e d  f rom  e t h e r -  

p e t r o l  m . p .  135 -  1 5 6 ^ ,  li t."^"^"^m.p.  1 3 6 . 3  -  157^

( i v )  23% m e t h y l e n e  c h l o r i d e  i n  e t h e r  gave  a  r e d  s o l i d  

( 0 . 2 0 7  g * , 10*3%)« r e c r y s t a l l i s e d  f rom  m e t h y l e n e  

c h l o r i d e - e t h e r  m .p .  264  -  266°  ( l o s t  c o l o u r  c a .  160° )  

(F o u n d :  0 , 7 1 * 9 ;  H , 3 . 0 ;  IT,3 . 1 ;  8 , 6 . 1  ; P , 7 * 1 ;  m/o 3 0 6 ,

4 4 6 ,  4 3 2 ,  3 5 7 ,  2 7 6 , 2 6 2 , 2 4 9 ,  1 9 8 , - 1 6 7 , 152 .

O30H23IT2O2PS r e q u i r e s :  0 , 7 1 * 2 ;  , H , 4 . 6 ;  IT,3 * 5 ;  5 , 6 * 3 ;  

P ,6 . 1 % ;  H 3 0 6 ) 1380 , 1 2 4 0 ,  1120 and  870 cm.~^

The brovm p r e c i p i t a t e  ( 1 . 9 9  g . ) was  d i s s o l v e d  i n  m e t h y l e n e  

c h l o r i d e  and  c h r o m a t o g r a p h e d  (Method  A) on s i l i c a  g e l :

( i )  A m i x t u r e  o f  two a m in e s  ( 0 . 4 0 8  g . ) was e l u t e d  f rom  

t h e . co lumn w i t h  30% e t h e r  i n  p e t r o l .  P r e p a r a t i v e  

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

S o l i d  s a m p l e s  w ere  o b t a i n e d  by r e j e c t i n g  a l l  

m a t e r i a l  i n  t h e  b o u n d a r y  a r e a  b e t w e e n  t h e  two a m i n e s :

1 .  m .p .  l4 8  -  133°  (36  mg*);  m/o 2 4 6 ,  181 , 135 

V , w 3 2 4 0 ,  1383 , 1490 ,  1303 , 1270 , 1180 and  I I 30  c m ." ' ’

2 .  m .p .  95 -  98°  (63  m g . ) ;  f l u o r e s c e d  u n d e r  t h e

u . v .  l a m p ;  m/o 3 2 6 ,  2 4 7 * ,  2 l 4 * , 183* ( m o t a s t a b l e )



43 .

1 6 8 , 1 6 7 , 1 3 4 , 1 3 9 , 1 4 0 .  V ',w xx3 2 9 0 ,  3 2 3 0 ,  1 3 9 3  

1 3 8 3 ,  1 4 9 0 , 1 3 7 0 , 1 3 1 0 ,  1 2 7 0 ,  1 1 7 0 ,  1 1 3 0 ,  1 0 6 3 ,

8 7 0  c m . " " ’

“Xcwsyc ( e t h a n o l )  2 8 4  n m .  ( c  3 5 0 0 ) ,  2 3 S n m .  ( g  9 9 5 0 )

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

o x i d e  ( 0 . 9 7 5  g . »  3 0 % )  ‘

( i i i )  e t h a n o l  e l u t e d  a  r e d  v i s c o u s  o i l  w h i c h  c o u l d  n o t  

b e  c h a r a c t e r i s e d .

T h e rm a l  d e c o m p o s i t i o n  o f  1 , 2 , 3 - b e n z o t h i a d i a z o l e - 1 , 1- d i o : d . d e  ( 4 a ) •

( a )  i n  b e n z e n e  and e t h e r  a t  35° .

T c t r a l o i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m ( 0 )  ( 4 6 )  ( I . O  g . ,

0 .8  mmol. ) i n  b e n z e n e  (30  m l . )  sind e t h e r  ( 100 m l . )  was v/armcd 

t o  3 5 ° .  Compound ( 4 a )  ( 0 . 4 9  g . , 2 . 9  m m o l . ) was a d d e d  i n  t h r e e  

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

and  a  y e l l o w  p r e c i p i t a t e  s e p a r a t e d .  A f t e r  -J h r .  t h e  m i x t u r e  

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

The y e l l o w  s o l i d  was f i l t e r e d  an d  i d e n t i f i e d  a s  t h e  a zo  com plex  

( 4 9 a )  ( 0 . 4 6  g . , 64%).  The f i l t r a t e  was c h r o m a t o g r a p h e d  (M ethod  A) 

on b a s i c  a l u m i n a  t o  g i v e  c r u d e  t r i p h e n y l e n e  (O.O86 g . , 38% b a s e d  

on compound ( 4 a ) ) .  R e c r y s t a l l i s a t i o n  gav e  t r i p h e n y l e n e  a s  

c o l o u r l e s s  c r y s t a l s  (O.O66 g .  ) ,  m . p .  192 -  1 9 6 ° ,  l i t . ' ^ ^ ^ m . p .  1 9 8 ° .  

No o t h e r  h y d r o c a r b o n s  w ere  o b t a i n e d ;  no b i p h e n y l e n e  c o u l d  be 

d e t e c t e d .

. .An i d e n t i c a l  e x p e r i m e n t  u s i n g  t h e  3 ~i2i e t h y l  d e r i v a t i v e  ( 4 b )  

o f  1 , 2 , 3 - t e n z o t h i a d i a z o l e - 1 , 1- d i o x i d e  ( I .1 6  g . , 6 . 3 5 .mm ol. )  and  

t h e  t r i p h e n y l p h o s p h i n c - p l a t i n u m  c om plex  ( 4 6 )  ( 2 .0  g . ,  1 .6  mm ol. )  

g a v e . 2 , 6 , 11- t r i m e t h y l t r i p h e n y l e n e  ( 0 .2 0  g . , 35%)» m . p .  132-

133° .  1 2 8 .5  -  129 . 5 ° ;  T  1 . 6  -  1 . 8  a n d  2 . 6  -  2 . 8

( E u l t i p l o t ) ( 3 3 H ) ;  T  7 . 5 ( a x n g l e t ) ( 9 H ) ' ’ ' ' h

( b )  i n  b e n z o n o  a t  30° •

Compound ( 4 a )  ( 0 . 2 5  g . » 1 . 5  mm ol. )  was a d d e d  t o  t h e  

t r i p h c n y l p h o s p h i n e - p l a t i n u m  com plex  ( 4 6 )  ( 0 . 3  g . » 0 . 4  m m o l . ) 

i n  b e n z e n e  (30  m l . ) a t  3 0 ° .  The s o l u t i o n  r a p i d l y  w en t  brown 

i n  c o l o u r  and  a  g a s  was e v o l v e d .  A f t e r  4  h r .  t h e  s o l u t i o n  

was c o o l e d  and  s u l p h a t o b i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m ( I Z )
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was f i l t e r e d  o f f  ( 0 . 1 3 0  g . , 43%).  The f i l t r a t e  was c h r o m a t o g r a p h e d  

(Mothod A) on b a s i c  a l u m i n a .  T r i p h e n y l p h o s p h i n e  ( 0 . 0 3 7  g . ) ,  

t r i p h e n y l e n e  ( 0 .0 1 3  g . , 11 . 3%) and  a  p h o s p h i n e - p l a t i n u m  com plex  

( 0 .0 6 2  g . ) w ere  e l u t e d  o f f  t h e  co lum n .

( c )  w i t h  t r i p h g n y l n h o s p h i n e  a l o n e .

3 - M o t h y l - 1 , 2 , 3 - b e n s o t h i a d i a z o l o - 1 , 1 - d i o x i d e  ( 4 b )

( 0 .3 0  g . , 2 . 7 5  n m o l . )  was  a d d e d  t o  t r i p h e n y l p h o s p h i n e  ( 0 . 5  g . , 1*9 mmol) 

d i s s o l v e d  i n  e t h e r  -  b e n z e n e  (1:1; 100 m l . ) a t  4 0 ° .  C h ro m a to g ra p h y  

(Method  A) on b a s i c  a l u m i n a  g a v e  no t r i m s t h y l t r i p h e n y l e n e  o r  

any o t h e r  h y d r o c a r b o n .

( d )  w i t h  a  c a t a l y t i c  amount  o f  t e t r a 3 c L s ( t r i p h e n y l p h o s p h i n e ) 

p l a t i n u m ( O )  ( 4 6 )

To t h e  t r i p h e n y l p h o s p h i n e - p l a t i n u m  com plex  ( 4 6 )

( 0 .1 0  g . , 0 .0 8  mm ol . )  i n  b e n z e n e  (40  m l * ) a n d  e t h e r  (40  m l . )  

a t  3 5 °  was a d d e d  compound ( 4 a )  ( 0 . 8 8  g . , 3 * 2  m m o l . ) .  A 

p r e c i p i t a t e  (O.1 3 6  g . ) r a p i d l y  a p p e a r e d .  The r e a c t i o n  m i x t u r e  

was c o o l e d  a f t e r  h r . , f i l t e r e d  and  t h e  f i l t r a t e  c h r o m a t o g r a p h e d  

(Method A) on b a s i c  a l u m i n a  t o  g i v e  b i p h e n y l e n e  ( 0 . 0 4 0  g . , 7%) 

an d  t r i p h e n y l e n e  ( 0 .0 1 2  g . , 3%)*

( 0 ) vd. th t h e  azo  com plex  ( 4 9 a ) .

The azo  com plex  ( 4 9 a )  ( 0 . 4 3  g . , 0 . 3 0 9  mm ol . )  was d i s s o l v e d  

i n  THF (30  m l . )  a t  30°  an d  compound ( 4 a )  ( l . 0 4  g . , 6 . 2  mm ol . )  

was a d d e d .  A g a s  was  e v o l v e d  and  t h e  s o l u t i o n  d a r k e n e d  i n  c o l o u r .

I t  was a l l o w e d  t o  c o o l  t o  room t e m p e r a t u r e  a f t e r  ^  h r . ,  s t i r r e d  

o v e r n i g h t  and  t h e n  c h r o m a to g r a p h e d .  (M ethod A) on b a s i c  a l u m i n a  

t o  g i v e  t r i p h e n y l e n e  ( 0 . 0 4 4  g . , 9*5%)* No o t h e r  h y d r o c a r b o n s  

w ere  o b t a i n e d .

( f ) vm.th e t h y l e n e b i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m  ( I I 8 ) .

The e t h y l e n e  com plex  ( I I 8 ) ( 1 . 3  g * ♦ 2 m m o l . ) was  a d d e d  

t o  a  warm(30°) m i x t u r e  o f  b e n z e n e  (30  m l . )  and  e t h e r  (20  m l . ) .

Only  p a r t  o f  t h e  c om plex  d i s s o l v e d ,  b u t  im m e d i a t ly .  a f t e r  

compound ( 4 a )  ( 1 .1  g . , 6 .3  m m ol . )  was a d d e d ,  t h e  s o l u t i o n  

became h o m o g e n e o u s , d a r k e n e d  r a p i d l y  i n  c o l o u r  and a  g a s  was 

s i m u l t a n e o u s l y  e v o l v e d .  A c r y s t a l l i n e  p r e c i p i t a t e  s e p a r a t e d
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(0*635  g * ) 1 m . p .  248 -  230° ( w i t h  d e c o m p o s i t i o n ) ,  

v-rvvc  ̂ 1680 , 1283 , 1210 , 1155 , 1100 , 1080 and  883  c m ." ' ’ .

T r e a t m e n t  w i t h  h o t  e t h a n o l  gave  c o l o u r l e s s  c r y s t a l s  o f  a

d i f f e r e n t  compound ,  r e c r y s t a l l i s e d  f ro m  e t h a n o l  -  b e n z e n e ,

m .p .  293 -  293° , (F o u n d :  0 , 3 2 . 7 ;  H ,3 . 8 % ) ;  1 283 ,  1135 and

883 cm. ; m/o 6 3 5 ,  6 3 3 ,  631 *, 6OO, 3 9 8 ,  3 9 6 ,  5 5 6 * ,  4 3 5 * ( m e t a s t a b l e ) .

The f i l t r a t e  was c h r o m a t o g r a p h e d  (Method A) on b a s i c  

a l u m i n a  t o  g i v e  t r i p h e n y l e n e  ( 0 . 1 2 7  g . , 20%),  m .p .  197 -  1 9 8 ° .

No o t h e r  h y d r o c a r b o n  was d e t e c t e d .
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SECTION TWO. EXPERIMENTS l'HTE BENZEITSDIA7.0NIIJIvI-2- 

CARBOXYLATE.

Prepr.ra ti.o i-i o f  b e n s o n c - d i a z o n iu m - R - c a r b o x y la t e .

S t i l e s *  method*’^ f o r  t h e  p r e p a r a t i o n  o f  b e n z e n e d ia z o n iu m -

2 - c a r b o x y l a t e  ( 2 )  and  i t s  d e r i v a t i v e s  w as u s e d  i n  t h i s  work 

e x c e p t  when s t a t e d .  Two d i f f e r e n t  p r e p a r a t i o n s  o f  t h i s  compound 

w ere  a l s o  u s e d :

( a )  A d d i t i o n  o f  i s o a m y l  n i t r i t e  (1 e q u i v a l e n t )  t o  a

m i x t u r e  o f  a n t h r a n i l i c  a c i d  (1 e q u i v a l e n t )  and

t r i c h l o r o a c e t i c  a c i d  ( t r a c e )  i n  THF g ave  a  p r e c i p i t a t e

o f  b e n z e n e d i a z o n i u m - 2 - c a r b o x y l a t e .  T h i s  m e thod  o f  
115p r e p a r a t i o n  was fo u n d  t o  be e x t r e m e l y  h a z a r d o u s ;  

on one o c c a s i o n  t h e  p r e c i p i t a t e  e x p lo d e d  w h i l e  i t  

was s t i l l  s u s p e n d e d  i n  s o l u t i o n  and  when i t  was 

i s o l a t e d  t h i s  t e n d e n c y  was p ro m o te d  ev en  f u r t h e r .

( b )  The d ia z o n iu m  c h l o r i d e  (1 e q u i v a l e n t )  p r e p a r e d  

by  a p r o t i c  d i a z o t i s a t i o n  o f  a n t h r a n i l i c  a c i d  was 

a d d e d  t o  1 , 2 - d i c h l o r o e t h a n c  a t  4 0 °  f o l l o w e d  by

1 ,2 - e p o x y p r o p e n o  (2  e q u i v a l e n t s ) .  S u b s e q u e n t  

e l e v a t i o n  o f  t e m p e r a t u r e  ( 7 0 ° )  g e n e r a t e d  b en zy n e  

w i t h o u t  i s o l a t i o n  o f  t h e  e x p l o s i v e  b e n z e n c d ia z o n iu m -

2 - c a r b o x y l a t e ^ ^ .

n h e n y l n h o s p h i n e ) p l a t i n u m ( G )  (4 6 )  and  b e n z e n e -  

d i a z o n i u m - 2 - c a r b o x y l a t e  ( 2 )  i n  b e n z e n e .

The t r i p h e n y l p h o s p h i n e - p l a t i n u m  com p lex  (4 6 )

( 1 . 0  g . , 0 . 8  m m ol.)  was d i s s o l v e d  i n  b e n z e n e  (60  m l . )  and  

v/armcd to  5 0 ° .  B e n z e n e d i a z o n i u m - 2 - c a r b o x y l a t e  ( 2 )

( 0 . 1 3  S * » 0 .8 8  m m o l.) was a d d e d .  T h e re  was a  r a p i d  g a s  

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

r e d d i s h  t i n g e  o f  c o l o u ^ j t ^ ^ t h e  s o l u t i o n .  3 ” P l a t i n o - 3 , 3 -  

b i s ( t r i p h e n y l p h o s p h i n c ) - b e n z o [ c ]  f u r a n - l - o n o  ( 7 8 ) p r e c i p i t a t e d  

a s  c o l o u r l e s s  c r y s t a l s  (O .3 8  g . , 56% ), r e c r y s t a l l i s e d  f rom  

e t h y l  a c e t a t e  m .p .  2o0 -  2 6 4 ° ;  (F o u n d :  C , 6 l . 3 ;  E , 4 . 2 ;  P ,7 * 8 .
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r e q u i r e s ;  C , 6 l . 5 i  H , 4 . 1 ;  P ,7 .4 % ) ;

"̂ rr̂ (xx 1655 , 1305 , 1293 and  1135 cm.""’

The c a r b o x y l a t o  com plex  ( 7 8 ) ( 6 l%) was i s o l a t e d  i f  t h e  

r e a c t i o n  was c a r r i e d  o u t  i n  c o l d  b e n z e n e .

By t h e  same m ethod  t h e  f o l l o w i n g  a n a l o g o u s  compounds 

w ere  p r e p a r e d :  .

3 - N i t r o - 3 - p l a t i n o - 3  n 3 - b i s ( t r i n h e n y l n h o s u h i n c ) - b e n z o  C d  f u r a n - 1 - o n e .

(7 9 )  (60% ); m .p .  283 -  287° ;  (F o u n d :  0 , 3 8 . 2 ;  H , 3 . 8 ;  N , 1 . 6 ;

P , 6 . 9 .  C^^H^yTO^P^Pt r e q u i r e s :  0 , 3 8 . 3 ;  H , 3 . 7 ;  N , 1 . 6 ;  P ,7 .0 % )

1635 , 1510 , 1300 , 1135 cm. ^

249 n m . ( e  31 500 ) ,  s h o u l d e r s  a t  2 6 l  an d  275 nm.

6 - M o t h y l - 3 ' - 'D l a t i n o - 3 , 5 - b i s ( t r i n h e n y l p h o s n h i n e ) - b e n z o  [c3 f u r a n - 1 - o n e .

(8 0 )  ( 36%); m .p .  261 -  262° ;  (F o u n d ;  0 , 6 l . 7 ;  H ,4 . 4 ;  P , 7 . 4 .  

^44^ 36^ 2^ 2^^ r e q u i r e s :  0 , 6 l . 9 ;  H , 4 . 2 ;  P ,7#5% )
" V 1630 an d  1303 cm. ^

"Xfw t247 nm. ( e  2 9 0 0 0 ) ,  s h o u l d e r s  a t  269  an d  276  nm*

4 - M e t h y l a n t h r a n i l i c  a c i d  was p r e p a r e d  by a  p r o c e d u r e
117a n a l o g o u s  t o  t h a t  d e s c r i b e d  i n  t h e  l i t e r a t u r e  . The l i t e r a t u r e

118p r e p a r a t i o n  o f  4 - m e t h o x y a n t h r a n i l i c  a c i d  c o u l d  n o t  be 

r e p e a t e d .

3 - C h l o r o - 3 - p l a t i n o - 3 , 3 - b i s (  t r i p h e n y lp h o s p h in e ) ^ - b e n z o  Ccl f u r a n - 1 - o n e . 

( 8 2 ) (37% ); m . p . 268 -  2 7 0 ° ;  (F o u n d :  0 , 3 9 . 0 ;  H ,3 . 8 ; . 0 1 , 3 . 9 ;  ■

P , 7 . 5 .  O^^^S^^OlOgPgPt r e q u i r e s :  0 , 3 9 . 1 ;  H , 3 . 8 ;  0 1 , 4 . 1 ;  P ,7 .1 % )

Vtvxooc 1630 , 1375 ,1303  and  1135 cm.

246 nm. ( e. 35700 ) ,  s h o u l d e r s  a t  268  an d  276  nm.

6 - C h l o r o - 3 ~ p l a t i n o - 3 , 3 ~ b i s ( t r i p h e n y l p h o s p h i n e ) - b e n z o  [cl f u r a n - 1 - o n o .

( 8 1 ) (60%)} E i.p .  270  -  272° ;  (F o u n d :  C , 5 8 .9 ;  H , 3 . 6 ;  C l , 3 . 9 ;

P ,6 .9 % )

1650 ,1295  an d  1145  o n ,  ^
"X.AAX 247  nm. ( E 323 0 0 ) ,  s h o u l d e r s  a t  268 and  276 nm.
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T e t ra lc is C tr ip h e n y lp h o s p h in e ) -D la t in u r i (0 )  ( 4 6 )  and
119b e n z o n o d ia z o n iu m -2 -s u ln h o n a te  •

By a  p r o c e d u r e  e x a c t l y  a n a l o g o u s  t o  t h a t  f o r  t h e  

d ia z o n iu m  c a r b o x y l a t e s , t h e  s u l p h a t e  complex^^^^^S^^

3 ~ u la t in o -3 ,3 ~ " b is (  t r i r ) h e n y l i ) h o s p h in o ) - 1 - th i a - b e n z o  Çcl f u r a n -  

1 c 1 -d io : : id e  (91%) was p r e p a r e d ,  m .p .  243 -  2 46° ; (F o u n d :  0 ,3 7 * 8 ;  

E , 4 . 0 ;  3 , 3 . 6 ;  P , 7 . 3 .  O^^^E^^O S P ^P t r e q u i r e s :  0 ,3 7 .6 ;  E ,3 .9 ;

3 , 3 . 7 ;  P ,7 .1% )
1 2 74 , 1 l 6 0 ,  1128 and  1093 cm.""’

T e t r a ] c i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m ( 0 )  (4 6 )  and 

b e n z e n e d i a z o n i u m - 2 - c a r b o x y l a t e  i n  1 , 2 - d i c h l o r o e t h a n e .

The t r i p h e n y l p h o s p h i n e - p l a t i n u m  com p lex  (4 6 )

( l . O  g . , 0 . 8  m m ol.)  was d i s s o l v e d  i n  d r y  (P ^ O ^ ) ,  o x y g e n - f r e e ,  

r e f l u x i n g  1 , 2 - d i c h l o r o e t h a n e  a n d  b e n z e n e d i a z o n i u m - 2 - c a r b o x y l a t e  

( 0 .1 3  g . , 1 .0  m m o l.) was a d d e d  i m m e d i a t e l y .  T h e re  was a  r a p i d  

g a s  e v o l u t i o n ,  t h e  s o l u t i o n  sh o w in g  a  t r a n s i e n t  r e d  c o l o u r a t i o n .  

A f t e r  two m i n u te s  t h e  s o l v e n t  was rem oved  on  a  r o t a r y  e v a p o r a t o r  

an d  r e p l a c e d  w i t h  b e n z e n e .  The c a r b o x y l a t o  com plex  (7 8 )

( 0 .6 0 4  g . , 89%) was p r e c i p i t a t e d ;  no b i p h e n y l e n e  o r  t r i p h e n y l e n e  

w ere  d e t e c t e d  ( t . l . c . ) .

4 - M e t h y l b e n z e n e d i a z o n i u m - 2 - c a r b o x y l a t e  decom posed  

u n d e r  t h e s e  c o n d i t i o n s  g ave  t h e  6 - m e t h y l - c a r b o x y l a t o  co m p lex

(8 0 )  i n  33% y i e l d .

T'Jhen decom posed  on i t s  own u n d e r  t h e s e  c o n d i t i o n s  

b e n z e n e d i a z o n i u m - 2 - c a r b o x y l a t e  gave  b i p h e n y l e n e  (3*3%) and  

no o t h e r  h y d r o c a r b o n .

The t r i p h e n y l p h o s p h i n e - p l a t i n u m . com p lex  (4 6 )

( 1 .0  g . , 0 . 8  m m ol.)  was d i s s o l v e d  i n  1 , 2 - d i c h l o r o c t h a n e  and  

r e f l u x e d  f o r  24  h r . . The s o l v e n t  was e x c h a n g e d  f o r  b e n z e n e  

a n d  c i s - d i c h l o r o b i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u r . i ( I I )  (4 7 )

( 0 .3 6 4  g . , 36%) was p r e c i p i t a t e d .
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The c a r b o x y l a t o  com plex  ( ? 8 ) (O .3 1 6  g .  ) was d i s s o l v e d  

i n  1 , 2 - d i c h l o r o e t h a n e  and  r e f l u x e d  f o r  3 h r * .  I t  was r e c o v e r e d  

u n c h a n g e d (0 * 3 5 4  g . , 68%) by e x c h a n g in g  t h e  s o l v e n t  f o r  b en zen e*

The t r i p h e n y l p h o s p h i n e - p l a t i n u m  co m p lex  (4 6 )

( 1 .0  g . , 0 .8  m m o l.) was ad d e d  t o  r e f l u x i n g  1 , 2- d i c h l o r o e t h a n o  

(70  m l . )  an d  b e n z e n e d ia z o n iu m - 2- c a r b o x y l a t e  ( 0 .1 3  g . , 1 .0  m m o l.) 

was a d d e d  a f t e r  c a .  3 m i n , . The s o l u t i o n  was a l lo w e d  to  c o o l  

o v e r n i g h t .  The c a r b o x y l a t o  com plex  ( 7 8 ) ( 0 .3 2 3  g . , 48%) was 

i s o l a t e d  a n d  a  new compound ( 0 .2 0  g . ) ,  m .p .  230  - . 2 4 0 ° ;

1680 , 1 6 4 0 ,  1630 , 1383 and  1330  cm .” '’

T h i s  compound decom posed  on r e c r y s t a l l i s a t i o n  f ro m  m e th y le n e  

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

compound ( 0 . 0 4 4  g . ) ,  m .p .  274  -  273°  ( c o l o u r  ch an g e  t o  y e l l o w  

263 -  270° ) ;  (F o u n d :  C , 6 0 .3 ;  H ,4 . 0 ;  P ,6 .9 % )  

l 6 4 0 ,  16 3 0 , 1383 and  1330 cm .” '’

273  nm. ( G 11100 , a s s u m in g  m o l e c u l a r  w e ig h t  9 0 0 )

268  n m .(  Ç: 13000 ) ,  246 nm. ( e  19000 ) 

m/e 2 9 4 , 2 6 2 , 2 3 0 , 2 1 0 , 183 , 177 , 13 2 , 137 , 1 2 2 , 11 5 , 108 , 104 , 9 1 .

R e a c t i o n  b e tw e e n  t r a n s - h y d r i d o c h l o r o b i s ( t r i p h e n y l p h o s p h i n e ) 

p l a t i n u m ( I l )  ( 8 3 ) and b o n z e n e d i a z o n i u m - 2 - c a r b o x y l a t e .

B e n z c n e d i a z o n i u m - 2 - c a r b o x y l a t e  ( 0 . 4  g . , 2 . 7  m m o l.)
105was a d d e d . t o  a  b e n z e n e  s o l u t i o n  o f  t h e  h y d r id o - c o m p le x  ( 8 3 )

( 1 .1 3 0  g . , 1 .3 2  m m o l . ) .  A g a s  was e v o l v e d  f o r  13 m in .  and 

t h e  s o l u t i o n  d e v e l o p e d  a  f a i n t  p i n k  c o l o u r a t i o n . • A f t e r  1^ h r*  

t h e  s o l u t i o n  v/as r e d u c e d  i n  vo lum e on a  r o t a r y  e v a p o r a t o r  t o  

y i e l d  r e c o v e r e d  s t a r t i n g  m a t e r i a l  ( 0 .4 3 5  g . , 40%) an d  t h r e e  

o t h e r  com pounds p a r t i a l l y  s e p a r a t e d  by  f r a c t i o n a l  c r y s t a l l i s a t i o n :

( i )  a  t r a n s - s u b s t i t u t e d  p l a t i n u m - p h o s p h i n e  com plex  

( 0 .0 3  g . ) ,  r e c r y s t a l l i s e d  f ro m  e t h a n o l  -  m e th y le n e  

c h l o r i d e  m .p .  249 -  2 3 4 ° ;  (F o u n d :  0 , 3 8 . 3 ; .H ,4 . 2 ;

K ,0 ;  0 1 ,3 .6 % ) ;  Y^vcocl660, 1 3 7 0 ,  1 3 4 0 , 13OO, 1260 , 1100 cm .” '’

( i i )  ( 0 .2 8 3  g . ) » m .p .  170 -  2 2 0 ° ,  r e c r y s t a l l i s c d  f ro m  

h o t  e t h a n o l  a s  c o l o u r l e s s  s t o u t  n e e d l e s  m .p .  240 -

' 260°  (becam e o p a q u e  18O -  1 9 0 ° ) ;  (F o u n d ; 0 , 3 9 . 6 ;

H , 4 . 3 ;  N ,0 ;  0 1 ,2 .2 % ) ;  Vvwix 3 3 0 0 ,  1 6 3 3 ( s h o u l d e r  1 6 2 0 ) ,
1320  an d  1100 cm .” '’ , C ?OSSlW'^ CSrS)) ^

C j S a  o . ;  j CS-,Ar-8><6)
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The i n p u r i t y  i n  t h i s  m a t e r i a l  was n o t  i s o l a t e d ;  i t  

h ad  an  a b s o r p t i o n  i n  t h e  i . r .  s p e c t r u m  a t  2240 and  2260  cm. ^

R e a c t i o n  b e tw e e n  p h e n y l a c e t y l e n e  and  b o n z y n e .

B s n z e n e d i a z o n i u n i - 2 - c a r b o x y l a t e  c o n t a m in a t e d  w i t h  s i l v e r  

i o n s  was p r e p a r e d  by S t i l e s *  m e thod  f rom  a n t h r a n i l i c  a c i d  

( 2 . 8  g . , 2 m m o l . ) .  A d d i t i o n  to  p h e n y l a c e t y l e n e (7  m l . ,  6 .5 6  g . , 

6 . 4  m m ol.)  i n  r e f l u x i n g  1 , 2 - d i c h l o r o e t h a n e  (1 0 0  m l . )  gave  

p h e n a n t h r e n e  (9 1 )  ( 0 .1 3 0  g . , 3*6% b a s e d  on  a n t h r a n i l i c  a c i d )  

an d  5 , 6 - d i p h e n y l d i b e n z o c y c l o o c t a t e t r a e n e  (9 2 )  ( 0 .4 9 3  g * , 13*7%) 

m .p .  196° ,  l i t . ^ ^ m . p .  193*3 -  196° .  They w ere  i s o l a t e d  by 

c h ro m a to g ra p h y  (M ethod A) on b a s i c  a lu m in a  a f t e r  re m o v in g  

e x c e s s  p h e n y l a c e t y l e n e  by d i s t i l l a t i o n  u n d e r  r e d u c e d  p r e s s u r e .

B e n z e n e d i a z o n i u m - 2 - c a r b o x y l a t e  f r e e  f rom  s i l v e r  i o n s  

w as g e n e r a t e d  ^  s i t u  f ro m  a n t h r a n i l i c  a c i d  ( 2 . 7 4  g . , 2 m m o l.) 

a s  f o l l o w s .  The d ia z o n iu m  c h l o r i d e  ( p r e p a r e d  by a p r o t i c  

d i a z o t i s a t i o n )  was a d d e d  t o  p h e n y l a c e t y l e n e  (10  m l . , 9*37 g * , 

9*2 m m ol.)  and  1 ,2 - e p o x y p r o p e n e  (3  m l . ,  2 .4 9  g . , 4 . 2  m m ol.)  

i n  1 , 2 - d i c h l o r o e t h a n e  (1 0 0  m l . )  a t  .4 0 ° .  The t e m p e r a t u r e  o f  

t h e  s o l u t i o n  was i n c r e a s e d  u n t i l  g a s  e v o l u t i o n  s t a r t e d  ( 7 0 ° ) .  

VJhen t h e  r e a c t i o n  was c o m p le t e d ,  p h e n a n t h r e n e  (9 1 )  ( 0 .5 2 0  g . , 

14 .6% ) and  5 , 6 - d i p h e n y l d i b e n z o c y c l o o c t a t e t r a e n e  (9 2 )

( 0 .8 7  g * , 24%) w ere  i s o l a t e d  a s  b e f o r e .
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SECTION THREE. EXPERIMENTS WITH 1 - AMINOBENZOTRIASOLB. 

P r e p a r a t i o n  o f  l - a n i n o b e n z o t r i a z o l e .
22

1 - . l m i n o b e n z o t r i a z o l e  ( 5 )  was p r e p a r e d  i n  a  t h r e e  

s t a g e  s y n t h e s i s  f ro m  £ - n i t r o a n i l i n e .  I t  was r e c r y s t a l l i s e d  

from  b e n z e n e  -  h e x a n e  an d  h a d  m .p .  83  -  8 4 ° ,  l i t .  m .p .  8 4 ° .

P r e p a r a t i o n  o f  1 - ( t o l u e n o - p - s u l p h o n a m i d o ) b e n z o t r i a z o l e .  (9 9 )

1 - A m i n o b s n z o t r i a s o l e  ( 5 )  (3 * 0 3  g . , 2 .2 6  m m o l.) and  

r o c r y s t a l l i s e d  t o l u e n o - £ - s u l p h o n y l  c h l o r i d e  ( 6 .3  g . , 3*3 m m o l.) 

w ere  d i s s o l v e d  i n  d ry  p y r i d i n e  (30  m l . )  an d  r e f l u x e d  f o r  -J- h r . . 

The m i x t u r e  was p o u r e d  i n t o  w a t e r  (3 0  m l . )  an d  t h e  p r e c i p i t a t e  

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

p r i s m s  o f  1 - ( N , N - d i ( t o l u e n e - p - s u l p h o n y l ) ) a m i n o b e n z o t r i a z o l o  (1 0 0 )  

( 1 .7  s . .  23% ), m .p .  165 -  165 . 5 ° ;  (F o u n d :  0 , 5 4 . 4 ;  H , 4 . 3 ;  K ,1 2 . 4 .  

^ 20^ 18 ^ 4 ^ 2 ^  r e  q u i r e  s : 0 , 3 4 . 3 ;  H ,4 .1  ; N ,1 2 .? % ) ;
Vw.c« 1 5 9 5 .  1 5 7 5 ,  1 1 8 0 ,  1 0 4 0 ,  1080 , 8 9 0 , 8 5 0 , 8 1 5 ,  a n d  745 o n . " ' ’

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

g ave  1 - ( t o l u e n e - p - s u l p h o n a m i d o ) b e n z o t r i a z o l e  (9 9 )  ( 2 . 2  g . , 34% 

b a s e d  on 1 - a m i n o b e n z o t r i a z o l e ) ,  r e c r y s t a l l i s e d  f ro m  e t h a n o l , -  

w a t e r  a s  c o l o u r l e s s  c r y s t a l s  m .p .  l 8 l  -  l 3 2 ° ;  (F o u n d : 0 , 3 4 . 6 ;  

a , 3 . 8 ;  M ,1 9 . 3 .  C^^H^gN^OgS r e q u i r e s :  0 , 5 4 . 3 ;  3 , 4 . 2 ;  N ,1 9 .4 ;

M 2 8 8 ) ;

n / e  2 8 8 ,  155 ,  135 .  .

Va^o.)c 2 9 0 0 ( b r o a d ) , l 6 0 0 ,  1 3 6 0 , 1 l 6 0 , IO85 cm .” ”*

Oonpound (1 0 0 )  ( 1 . 7  g . ) was h y d r o l y s e d  by r e f l u x i n g  

s o d i u n  e t h o x i d e  i n  e t h a n o l  ( s o d iu m  1 . 0  g . , i n  e t h a n o l  20  m l . ) .  

A f e r  13 m in .  t h e  e t h a n o l  was r e m o v e d . and  t h e  r e s i d u e  d i s s o l v e d  

i n  t h e  minimum o f  w a t e r .  F i l t r a t i o n ,  f o l l o w e d  by a c i d i f i c a t i o n  

g av e  compound (9 9 )  ( 0 .8 0 2  g . , 73%)*

B e t t e r  o v e r a l l  y i e l d s  o f  ( 9 9 )  w ere  a c h i e v e d  i f  (1 0 0 )  

w as p r e p a r e d  a s  an  i n t e r m e d i a t e .  Thus 1- a m i n o b e n z o t r i a z o l e  

( 8 . 0  g . , 6 m m ol.)  an d  t o l u e n c - u - s u l p h o n y l  c h l o r i d e  ( 23*0  g .

12 m m o l.) r e a c t e d  a s  b e f o r e  i n  p y r i d i n e  g av e  compound (9 9 )
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( 13*6 g . ,  66%). Compound ( 100) w^as n o t  p u r i f i e d  b e f o r e  

h y d r o l y s i s .

The s o d i u n  and  l i t h i u m  s a l t s  o f  l - ( t o l u e n e - p - s u lp h o n a m id o ) -  

b e n z o t r i a z o l e . ( 9 8 a )  (9 8 b )

P r e p a r a t i o n .

Sodium N( 1 - b e n z o t r i a z o l y l ) t o l u e n e - p - s u lp h o n a n i d e  ( 9 8 a )  

was p r e p a r e d  by t h e  a d d i t i o n  o f  one e q u i v a l e n t  o f  s o d i u n  

e t h o x i d e  t o  a  * s u p e r*  d r y  e t h a n o l  s o l u t i o n  o f  compound (9 9 )  

V/vaxxr 3430  and  1630 cm. '’ ( b r o a d ,  due t o  a b s o r b e d  w a t e r ) ,

1273 , 1 2 4 0 ,  1 l 4 0 ,  10 8 3 , 943 an d  913 cm .” '’

L i th iu m  N( 1 - b e n z o t r i a z o l y l ) t o l u o n e - p - s u lp h o n a m id e  (9 8 b )  

w as p r e p a r e d  by a d d i t i o n  o f  one e q u i v a l e n t  o f  b u t y l l i t h i u m  

t o  a  s o l u t i o n  o f  compound ( 9 9 )  i n  THF a t  room t e m p e r a t u r e .

I t  h ad  an  i d e n t i c a l  i . r .  s p e c t r u m  t o  t h a t  o f  t h e  so d iu m  s a l t .

( a )  P h o t o l y s i s  o f  t h e  sod ium  s a l t . ( 98a )

T h e ' so d iu m  s a l t  ( 98a )  ( 0 . 4 ?  g . ) was d i s s o l v e d  i n  d r y  

d i m e t h y l s u l p h o x i d e  (10  m l . )  an d  f u r a n  (1 0  m l . )  was a d d e d .  The 

s o l u t i o n  was i r r a d i a t e d  by t h e  *R a y o n e t * m e thod  f o r  13 h r . ; 

t h e  r e s u l t i n g  brow n s o l u t i o n  was p o u r e d  i n t o  w a te r  (30  m l . )  

a c i d i f i e d  w i t h  d i l u t e  h y d r o c h l o r i c  a c i d  an d  e t h e r  e x t r a c t e d .  

R e c o v e r e d  compound (9 9 )  ( 0 .1 2 3  g . , 29%) and  d - n a p h t h o l  

( 0 . 0 4 . g . , 18%) w ere  s e p a r a t e d  by f r a c t i o n a l  c r y s t a l l i s a t i o n .

The 3 $ 3 - d i n i t r o b e n z o y l  d e r i v a t i v e  o f  t h e . i s o l a t e d  « ^ -n a p h th o l  

w as p r e p a r e d  ( 0 .0 2 0  g . ) ,  m .p .  180 -  1 9 0 ° ,  l i t .  m .p .  2 1 7 ° ;  i t  

h a d  an  i d e n t i c a l  i . r .  s p e c t r u m  t o  t h a t  o f  an a u t h e n t i c  s p e c im e n .

A s u s p e n s i o n  o f  t h e  s o d i u m - s a l t  (9 8 a )  ( 0 . 4  g . ) i n  

b e n z e n e  (4o  m l . )  and  f u r a n  (1 0  m l . )  i r r a d i a t e d  u n d e r  t h e  

same c o n d i t i o n s  g av e  no n a p h t h o l  o r  1 , 4 - n a p h t h a l e n e  

o n d o x id e .
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( b )  P h o t o l y s i s  o f  t h e  l i t h i u m  s a l t . (9 8 b )

( i )  F u r a n  (1 0  m l . )  was a d d e d  t o  t h e  l i t h i u m  s a l t  (9 8 b )  

( 0 .3 8 6  g . ) i n  THF and  i r r a d i a t e d  by t h e  *B a y o n e t  * m e thod  f o r  ,

20 h r . . The s o l v e n t  was rem oved  by r o t a r y  e v a p o r a t i o n  and 

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

h y d r o c h l o r i c  a c i d  (3  m l . )  i n  m e th a n o l  (10  m l . )  f o r  3 m i n . .

o c - N a p h th o l  ( 0 .1 3 0  g . , 32%) was i s o l a t e d  by  b a s e  e x t r a c t i o n .

( i i )  The l i t h i u m  s a l t  ( l . O  g . , 3 * 4  m m o l.) an d  

t e t r a c y c l o n e  ( 2 . 3  g . , 6 .3  m m ol.)  w ere  d i s s o l v e d  i n  THF (lOO m l . )  

and  i r r a d i a t e d  by t h e  *H a n o v ia * m e thod  f o r  20 h r . • The 

r e a c t i o n  m i x t u r e  was p o u r e d  i n t o  a  l a r g e  volum e o f  w a t e r  and  

e x t r a c t e d  w i t h  e t h e r .  C h ro m a to g ra p h y  (M ethod A) o f  t h e  e t h e r  

e x t r a c t s  on b a s i c  a lu m in a  g av e  t e t r a p h e n y l n a p h t h a l e n e

( 0 .3 3  g . , 22% ). The a q u e o u s  l a y e r  w as a c i d i f i e d  ( h y d r o c h l o r i c  

a c i d )  and  e t h e r  e x t r a c t e d  t o  g iv e  an  o i l  ( 0 . 3 3  g * ) w h ic h  was 

n o t  c h a r a c t e r i s e d .

An i d e n t i c a l . e x p e r i m e n t  u s i n g  f u r a n  (1 0  m l . )  a s  t h e  

b e n z y n e  t r a p  g a v e  1 , 4 - n a p h t h a l e n e  e n d o x id e  (O.O87  g . , 17%) 

an d  r e c o v e r e d  compound (9 9 )  ( 0 .2 2 3  g * * 23%)*

( i i i )  The l i t h i u m  s a l t  ( 98b )  ( 0 . 6  g . , 2 m m ol.)  an d  t h e  

t r i p h e n y l p h o s p h i n e - p l a t i n u m  com plex  ( 4 6 ) ( l . O  g . , 0 . 8  m m ol.)  

i n  THF w ere  i r r a d i a t e d  by t h e  ' B a y o n e t  * m e th o d  f o r  20 h r . .

The s o l v e n t  was rem oved  and  t h e  brow n o i l  t r i t u r a t e d  w i th  

e t h e r  t o  rem ove t r i p h e n y l p h o s p h i n e .  C r y s t a l l i s a t i o n  d i d  n o t  

o c c u r .  The m i x t u r e  was c h ro m a to g ra p h e d  on  n e u t r a l  a lu m in a  

p r e p a r e d  by t h e  a d d i t i o n  o f  10% (b y  w e i g h t )  o f  20% a c e t i c  

a c i d  t o  b a s i c  a l u m in a .  E l u t i o n  w i t h  b e n z e n e  gave  t r i p h e n y l ­

p h o s p h in e  ( 0 . 0 4 l  g . ) ,  t r i p h e n y l p h o s p h i n e  o x id e  ( 0 . 4 l 6  g . , 49%) 

a n d  an  o i l  ( 0 .1 7 3  g * ) c o n t a i n i n g  p h o s p h i n e - p l a t i n u m  s p e c i e s ( i . r . )
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C h ro m a to g rap h y  o f  1- ( t o l u e n o - >p-su l-D honaniido)bon2o t r i a z o l c . ( 9 9 )

Compound (9 9 )  ( 0 .7 4 ?  g . , 2 . 6  m m ol.)  and  t e t r a c y c l o n e  

( 1 . 4 7  g . , 3*8 m m ol.)  w ere  d i s s o l v e d  i n  b e n z e n e  -  e t h e r  and  

t h e  s o l u t i o n  shalcen w i t h  b a s i c  a l u m in a  (10  g ,  ) f o r  two d a y s .

The m i x tu r e  was s e p a r a t e d  by  c h ro m a to g ra p h y  (M ethod  A) on 

b a s i c  a lu m in a ;  no t e t r a p h e n y l n a p h t h a l e n e  was d e t e c t e d  i n  any  

o f  t h e  f r a c t i o n s  ( t . l . c . ) .  T e t r a c y c l o n e  ( 1 .1 6  g . , 80%) was 

r e c o v e r e d  b u t  n o t  compound ( 9 9 )» e v e n  w i t h  100% e t h a n o l .

Im in o p h o sp h o ra n e  o f  1- a m i n o b e n z o t r i a z o l e .

P r e p a r a t i o n .

B rom ine ( 2 . 4  g . , 0 . 7 7  m l . ,  15 m m ol.)  i n  b e n z e n e . (10  m l . )  

was ad d e d  t o  r e c r y s t a l l i s e d  t r i p h e n y l p h o s p h i n e  (3 * 9  g . , 13 mmol*) 

i n  c o l d  b e n z e n e  (3 0  m l . ) .  T r i e t h y l a m i n e  (3 * 0  g . ,  4 .1  m l . ,

2 9 .6  m m ol.)  was a d d e d  t o  t h e  r e s u l t i n g  s u s p e n s i o n  o f  

t r i p h e n y l p h o s p h i n e  d ib r o m id e  i n  b e n z e n e ,  f o l l o w e d  by 1- a m in o ­

benzo  t r i a z o l e  ( 2 . 0  g . , 13 m m ol.)  i n  b e n z e n e .  The s o l u t i o n  

was r e f l u x e d  f o r  1 h r .  and  f i l t e r e d .  The p r e c i p i t a t e  was 

a  m i x t u r e  o f  t r i e t h y l a m i n e  h y d ro b ro m id e  and  th e  im in o p h o s p h o ra n e  

( 103 ) .  I t  was s e p a r a t e d  by t r e a t m e n t  w i t h  a q u e o u s  sod ium  

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

c h l o r i d e  -  b e n z e n e  ( l : 1 )  t o  g iv e  t h e  im in o p h o s p h o r a n e  ( IÔ3 )

( 1 .8  g . ) .  The f i l t r a t e  g av e  p u r e  im in o p h o s p h o ra n e  (1 0 3 )

( 2 .9 3  g * )  on e v a p o r a t i o n .  T o t a l  y i e l d  o f  ( 1 - b e n z o t r i a z o l y l ) -  

i m i n o t r i p h e n y l p h o s p h o r a n o . ( 103 ) ■ (4 .7  g . , 80% ); r e c r y s t a l l i s e d  

f ro m  b e n z e n e  -  h e x a n e  m .p .  172 -  1 7 4 ° ,  f rom  e t h y l  a c e t a t e  

m .p .  174  -  175° !  (F o u n d :  0 , 7 5 . 2 ;  H ,4 . 7 ;  K , l 4 . 2 ,  

r e q u i r e s :  0 ,7 5 * 2 ;  H , 4 . 8 ;  K ,14 .2J^ ; M 3 9 4 ) .

M o le c u l a r  w e ig h t (o s m o m o t r i e  i n  b e n z e n e ) ,  7*6 g . / l i t r e  434 ;

1 4 .9  g . / l i t r e  4 l 2 .

m /e 3 9 4 ,  3 6 6 , 3 3 8 ,  2 7 6 , 2 6 2 , .1 8 3 , 133» 131 .

l 4 4 0 ,  1433 , 1 4 1 0 ,  1 2 1 3 , I I 8 0 , 1 1 2 0 , " I 107 , 1090
973 an d  700 -  800  cm .” '’ ( c o m p le x )

312  nm. ( e  3 1 5 0 ) ;  267*3 nm. (<2. 7900 ) s h o u l d e r s  a t

2 6 1 , 2 7 3 , 283*3  nm.
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P h o t o l y s i s  o f  ( 1 - b o n z o t r i a z o l y l ) i m i n o t r i p h e n y l p h o s p h o r a n e .'( 103)

( a )  ' B ayonet*  n o t h o d .

( i )  The i n i n o p h o s p h o r a n o  (1 0 3 )  ( 0 .4 9 4  g . ) i n  THF (lOO m l . )  

an d  f u r a n  (10  m l . )  w ere  i r r a d i a t e d  f o r  20 h r .  and  t h e  r e a c t i o n  

m i x t u r e  th e n  c h ro m a to g ra p h e d  (M ethod  A) on  s i l i c a  g e l  t o  y i e l d

a  m i x t u r e  o f  1 , 4 - n a p h t h a l e n e  e n d o x id e  and  o c -n a p h th o l  ( 0 .0 1 6  g . , 9%) 

w h ic h  was n o t  s e p a r a t e d .

( i i )  The im in o p h o s p h o ra n e  (1 0 3 )  ( 0 .4 9 2  g . , 1 .2 3  m m o l.) 

a n d  t e t r a c y c l o n e  ( 0 . 7  g . , 1 .8  m m o l.) i n  b e n z e n e  (lOO m l . )  w ere  

i r r a d i a t e d  f o r  20 h r .  an d  t h e  r e a c t i o n  m i x t u r e  c h ro m a to g ra p h e d  

(M ethod  a )  on b a s i c  a lu m in a  t o  y i e l d  t r i p h e n y l p h o s p h i n c  

( 0 .0 2 6  g . , 7*6%); t e t r a p h e n y l n a p h t h a l e n e  ( 0 .0 3 3  g * » 10%) ; 

t e t r a c y c l o n e  ( 0 .3 3 $  g * , 80%) and  t h e  im in o p h o s p h o r a n e  ( 103 )

( 0 . 1 0  g . , 20%)

( i i i )  The im in o p h o s p h o r a n e  (1 0 3 )  ( 0 .6 3 3  g . , 1 .6  m m ol.)  

an d  t h e  t r i p h e n y l p h o s p h i n e - p l a t i n u m  co m p lex  (4 6 )  ( 0 . 7 0  g . ,

0 .3 6  m m ol.)  i n  b e n z e n e  (100  m l . )  w ere  i r r a d i a t e d  f o r  20 h r . .

The r e s u l t i n g  r e d  s o l u t i o n  was r e d u c e d  i n  volum e an d  t h e  s o l v e n t  

e x c h a n g e d  f o r  e t h a n o l .  A. p r e c i p i t a t e  ( 0 . 1 0  g . ) o f  a  p h o s p h i n e -  

p l a t i n u m  com plex  ( i . r . )  s e p a r a t e d .  The f i l t r a t e  was 

c h ro m a to g ra p h e d  (M ethod  A) on  b a s i c  a l u m in a ,  no h y d r o c a r b o n  • 

w as e l u t e d ,  no b ip h e n y l e n e  o r  t r i p h e n y l e n e  was d e t e c t e d  ( t . l . c . ) .

( b )  * S u n la m p ' m e th o d .

( i )  The im in o p h o s p h o r a n e  ( 103 ) ( 0 .5 0 7  g . , 1 .2 8  m m ol.)  

an d  t e t r a c y c l o n e  ( 0 . 6 l 2  g . , 1 .6  m m ol.)  i n  b e n z e n e  w ere  

i r r a d i a t e d  f o r  20 h r .  and  t h e  p r o d u c t s  s e p a r a t e d  by 

c h ro m a to g ra p h y  (M ethod A) on  b a s i c  a l u m in a .  T r i p h e n y l p h o s p h i n e  

( 0 .1 3 7  g . , 40%); t e t r a p h e n y l n a p h t h a l e n e  ( 0 .1 2 6  g . , 23%); 

t e t r a c y c l o n e  ( 0 .4 3 6  g . , 70%); t r a c e  a m o u n ts  o f  1^ a m i n o b e n z o t r i a z o l e ,  

a n d  t r i p h e n y l p h o s p h i n e  o x id e  ( 0 .1 3 2  g . , 37%) w ere  e l u t e d  an d  

c h a r a c t e r i s e d  by i . r .  s p e c t r a .

( i i )  The im in o p h o s p h o ra n e  ( 103 ) ( 0 .3 7 4  g . , 1 .4 3  m m ol.)  

was d i s s o l v e d  i n  b e n z e n e  (30  m l . ) and  i r r a d i a t e d  f o r  20 h r . , 

t h e  p r o d u c t s  w ere  s e p a r a t e d  a s  b e f o r e .  B ip h e n y l  ( 0 ,0 3 1  g * , 13% 

a s s u m in g  s o l v e n t  i n v o l v e d ) ;  t r i p h e n y l p h o s p h i n e  ( 0 ,2 3 0  g . , 63%) 

and  t r i p h e n y l p h o s p h i n c  o x id e  ( 0 .1 0  g . , 23%) w ere  e l u t e d  an d  

c h a r a c t e r i s e d  by i . r .  s p e c t r a .



( i i i )  ï i io  im in o p h o s p h o r a n e  ( 10$ )  ( 0 .3 3 1  G* » 1«33 im nol.) 

and t h e  t r i p h e n y l p h o s p h i n e - p l a t i n u m  co m p lex  (4 6 )  (0*39  G»»

Go47 minolo) i n  b e n z e n e  (30  m l .  ) w e re  i r r a d i a t e d  f o r  20 h r . .

The s o l u t i o n  was r e d u c e d  i n  vo lum e on a  r o t a r y  e v a p o r a t o r  

and  l e f t  t o  c r y s t a l l i s e .  O n ly  t r i p h e n y l p h o s p h i n e  o x id e  ( 0 .0 3  g * ) 

s e p a r a t e d .  The f i l t r a t e  was e v a p o r a t e d  t o  d r y n e s s ,  d i s s o l v e d  

i n  m e th y le n e  c h l o r i d e  and  i t s  s o l u t i o n  i . r .  s p e c t r u m  e x a m in e d .

T h e re  w ere  no a b s o r p t i o n s  i n  t h e  r a n g e  2900 -  1600 cm. ^

( c ) ' Eano v i a  * me th o  d .

( i )  The im in o p h o s p h o r a n e  (1 0 3 )  ( 0 . 3 7  g . » 1 .4 3  m m o l.)

and  t e t r a c y c l o n e  ( 0 .6 2 4  g . , 1 .6  m m o l.)  i n  b e n z e n e  w ere

i r r a d i a t e d  f o r  12 h r . ; t h e  p r o d u c t s  w ere  s e p a r a t e d  by

c h ro m a to g ra p h y  (M ethod A) on b a s i c  a l u m i n a .  B ip h e n y l  ( 0 .0 0 7  g.@

3%); t e t r a p h e n y l n a p h t h a l e n e  ( 0 .1 3 3  g» » 23%); t r i p h e n y l p h o s p h i n e

(OalO g . , 26%); 2 , 3 » 4 , 3 “ t e t r a p h e n y l c y c l o p o n t e n o n e  (O.O6O g . , 9*3% ),

m .p .  130 -  133° ,  l i t e ' ^ ^ ^ n . p .  160 -  162° ;  t e t r a c y c l o n e  (O .3O g . ,

4-8%) ; a  brown s o l i d  d e r i v e d  f ro m  t e t r a c y c l o n e  ( 0 .1 1  g .  ) ,
-1N T 1700 and  1120 cm. ; an d  t r i p h e n y l p h o s p h i n e  o x id e  

( 0 .2 3  g . , 66%) w ere  i s o l a t e d ^

( i i )  The im in o p h o s p h o r a n e  ( 103 ) ( 0 .3 4 3  g * , 1 .3 8  m m ol.)  

an d  t e t r a c y c l o n e  ( O .6OI g . , 1 .3 6  mmol*) i n  THF w ere  i r r a d i a t e d  

f o r  12 h r .  and  t h e  p r o d u c t s  t h e n  s e p a r a t e d  by c h r o m a to g ra p h y .  

(M ethod A) on b a s i c  a l u m in a .  T e t r a p h e n y l n a p h t h a l e n e  (O.OS g . , 

13*6% ); a  d a r k  o i l  sh o w in g  a  c a r b o n y l  a b s o r p t i o n  i n  t h e  i . r .  

s p e c t r u m ,  p r e s u m a b ly  d e r i v e d  f ro m  t e t r a c y c l o n e  ( 0 .3 1 3  g . ) ;

an d  an  o i l  ( 0 .4 0  g . ) c o n t a i n i n g  t r i p h e n y l p h o s p h i n e  o x id e  w ore 

e l u t e d .

( i i i )  T h e . im in o p h o s p h o r a n e  ( 103 ) ( 0 . 7  g . , 1 .8  m m ol.)  

a n d  f u r a n  (20  m l . ) i n  b e n z e n e  (80  m l . )  w ere  i r r a d i a t e d  f o r

20 h r .  ; t h e  p r o d u c t s  w ere  s e p a r a t e d  by c h ro m a to g ra p h y  (M ethod A) 

on  b a s i c  a l u m in a .  T r i p h e n y l p h o s p h i n e  (O .IO  g . , 21%); 

1 , 4 - n a p h t h a l e n e  e n d o x id e  ( 0 . 0 4 2  g . , l6 .3 % )  w ere  e l u t e d  and 

i d e n t i f i e d  by i . r .  s p e c t r a .

( i v )  The im in o p h o s p h o r a n e  (1 0 3 )  ( 0 .5 7 3  g . , 1 .4 6  m m ol.)  

and  a n t h r a c e n e  (0 .314- g®, 2 . 9  m m o l.)  i n  b e n z e n e  w ere  i r r a d i a t e d  

f o r  12 h r * . D ia n t h r a c e n e  ( 0 . 3 4 4  g . , 67%) c r y s t a l l i s e d  o u t  o f
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t h e  s o l u t i o n ,  t h e  f i l t r a t e  was c h r o m a to g r a p h e d  (M ethod A )  
on b a s i c  a lu m in a *  B ip h e n y l  (0*026 g * , 11%) and  a n t h r a c e n e  

(0 * 0 2  g * ) w ere  e l u t e d ;  t h e  co lum n was t e r m i n a t e d  w i t h  100% 

e t h e r  a s  e l u a n t *

( v )  The im in o p h o s p h o ra n e  ( 103) (0 * 3 l6  g * , 1*3 m m ol.)

i n  b e n z e n e  v/as i r r a d i a t e d  f o r  12 h r .  an d  t h e  p r o d u c t s  s e p a r a t e d

by c h r o m a to g ra p h y  (M ethod A) on b a s i c  a l u m in a .  B ip h e n y l  

( 0 .0 4  g . , 1 8 . 3%); t r i p h e n y l p h o s p h i n e  (0 .0 4 6  g * , 13*3%); 
t r i p h e n y l p h o s p h i n e  o x id e  ( 0 .2 4 l  g . , 71%) w ere  e l u t e d  and  

c h a r a c t e r i s e d  by i . r .  s p e c t r a .

( v i )  The im in o p h o s p h o ra n e  ( 1 0 3 ) (0 .3 3 0  g . , 1 .4  n m o l . )

i n  t o l u e n e  was i r r a d i a t e d  f o r  22 h r .  a n d  t h e  p r o d u c t s  s e p a r a t e d

by c h ro m a to g ra p h y  (M ethod A) on b a s i c  a l u m in a .  No b i p h e n y l  

was d e t e c t e d  ( t . l . c . )  b u t  a  c o l o u r l e s s  o i l  ( 0 .0 3 3  g . ) w h ich  

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

i s o l a t e d .  I t  was p a r t i a l l y  s e p a r a t e d  i n t o  an  o i l  ( 0 .0 2 3  g . ) 

by s u b l i m a t i o n ,  l 4 9 3 , 1433 cm. ; 'X 2 . 3  -  3 . 3 ( i ^ u l t i p l e t )

(12  u n i t s ) ,  X  7 * 1 3 ( s i n g l e t ) ( 0 . 8  u n i t s ) ,  XI 7 . 6 2 ( s i n g l e t )

( 1 .2  u n i t s ) ,  T  8 . 7 ( m u l t i p l e t ) ( 8 . 0  u n i t s ) .

( v i i )  T r i p h e n y l p h o s p h i n e  ( 0 .6 9 3  g # ) was i r r a d i a t e d  i n  

b e n z e n e  (1 0 0  m l . )  f o r  12 h r .  and  t h e  p r o d u c t s  s e p a r a t e d  by 

c h r o m a to g ra p h y  (M ethod A )  on b a s i c  a l u m in a .  A m i x tu r e  ( 0 .0 4 3  g # )

o f  b i p h e n y l  and  a  p h o s p h i n e . o x i d e ;  an d  t h e  p h o s p h in e  o x id e

( 0 .0 3 2  g . ) ,

w i t h  p e t r o l

( 0 .0 3 2  g .  ) ,  l 4 4 0 ,  1195 , 1123 an d  943 cm .” '*, w ere  e l u t e d

The m i x t u r e  was s e p a r a t e d  by r e c h r o m a to g r a p h y  (M ethod A) 

on  b a s i c  a lu m in a  and  g ave  p u r e  (one  s p o t  on t . l . c . )  b i p h e n y l

( 0 .0 1 3  g . , 3 . 7%)

P h o t o l y s i s  o f  t o l a n - b i s ( t r i p h e n y l p h o s p h i n e ) u l a t i n u m . ( 3 6 )

The t o l a n  com plex  ( 3 6 ) ( 0 .7 2 0  g . ) i n  b e n z e n e  (100  m l . )  

w as i r r a d i a t e d  by  t h e  ' H a n o v ia * m e th o d  f o r  12 h r .  and  r e c o v e r e d  

by c r y s t a l l i s a t i o n  ( 0 . 3 3  g . , 43% ). The f i l t r a t e  was c h ro m a to ­

g r a p h e d  (M ethod  B) on b a s i c  a lu m in a  and  g ave  t o l a n  ( 0 .0 2 3  g # ) 

an d  t h e  t o l a n  co m p lex  ( 3 6 ) ( 0 . 0 3  g . ) .
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R e a c t i o n  o f  ( l - b o n . z o t r i a z o l y l ) i a i n o t r i p h e n y l p h o s p h o r a n e  (1 0 3 )  

w i t h  c a r b o n  d i o x i d e .

( i )  The im in o p h o s p h o ra n e  ( 103 ) (1 #3 2* 1 3*8 m m ol.)  v/as 

d i s s o l v e d  i n  c h l o r o f o r m  (30  m l . )  a t  room t e m p e r a t u r e  and  d ry  

c a r b o n  d i o x i d e  was p a s s e d  t h r o u g h  th e  s o l u t i o n .  S o l u t i o n

i . r .  s p e c t r a  ( c h l o r o f o r m )  r e v e a l e d  t h e  f o r m a t i o n  o f  an a b s o r p t i o n  

a t  2330  cm .” '’ w h ich  a l s o  o c c u r r e d  when c a r b o n  d i o x i d e  v/as 

p a s s e d  th r o u g h  c h l o r o f o r m  o n l y .  To h a l f  o f  t h e  s o l u t i o n  v/as 

ad d e d  p - t o l u i d i n e ,  e v a p o r a t i o n  an d  d i l u t i o n  w i t h  e t h e r  

p r e c i p i t a t e d  t h e  im in o p h o s p h o ra n e  (1 0 3 )*  The o t h e r  h a l f  was 

e v a p o r a t e d  an d  t h e  s o l v e n t  e x c h a n g e d  f o r  b e n z e n e ,  a  c o l o u r l e s s  

c r y s t a l l i n e  sam p le  o f  compound (1 1 2 )  s e p a r a t e d ,  c o n t a m in a t e d  

by a  compound w h ich  h ad  an  a b s o r p t i o n  i n  t h e  i . r .  s p e c t r u m  a t  

1660 cm .” '’

( i i )  The im in o p h o s p h o ra n e  (1 0 3 )  (1*1 g . , 2 . 8  m m ol.)  and  

t e t r a c y c l o n e  ( 1 . 2  g . , 3*1 m m ol.)  i n  b e n z e n e  (130  m l . )  w ere  

i r r a d i a t e d  by t h e  'H a n o v ia*  m e thod  f o r  4  h r .  w h i l e  a  s t r e a m  o f  

d r y  c a r b o n  d i o x i d e  was b u b b le d  th r o u g h  t h e  s o l u t i o n .  A 

c o l o u r l e s s  c r y s t a l l i n e  s o l i d ,  compound (1 1 2 )  ( O .18O g . , 24%) 

s e p a r a t e d  o v e r n i g h t .  I t  v/as i n s o l u b l e  i n  b e n z e n e ,  e t h e r  and  

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

s o l u t i o n .  R e c r y s t a l l i s e d  f rom  b e n z e n e  -  c h l o r o f o r m  a s  

c o l o u r l e s s  n e e d l e s  m .p .  203 -  2 0 4 ° ;  (F o u n d : 0 , 6 6 . 2 ;  H , 4 . 1 ;

N , 2 4 . 7 .  r e q u i r e s :  0 , 6 8 . 3 ;  H , 4 . 4 ;  N ,2 1 .4 ;  M 3 2 6 )

Vwvs^v 1600 , 1383 , l 4 4 0 ,  1300 , 1275» 1110 and  1033 cm .” '’

( a s s u m in g  M = 3 2 6 ) ,  293 um. ( s .  103Q 0), 276 nm. ( c  1 3 3 0 0 ) ,  

263  n m . ( 17000 )

m /e a t  70 e v . , 3 6 6 , 3 3 7 ,  2 7 7 ,  2 6 2 , 2 0 2 ,  183 , 132 , 133 , 131 

1 1 9 ,  108 , 9 1 .

a t  10 e v . , m ass  p e a k  366 i n c r e a s e d  i n  i n t e n s i t y .

O sm om etr ic  m o l e c u l a r  w e ig h t  i n  c h l o r o f o r m ;  1 0 .1  g . / l i t r e ,  36O;

2 1 .7  g . / l i t r e ,  6 2 0 .

The f i l t r a t e  was c h ro m a to g ra p h e d  (M ethod A) on b a s i c  

a l u m i n a .  T r i p h e n y l p h o s p h i n e  ( 0 .0 3  S * , 6 .8 % );  t e t r a p h e n y l ­

n a p h t h a l e n e  ( 0 .1 0  g . , 8 . 3%); t e t r a c y c l o n e  ( 0 . 8 4  g . , 70%);
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t h e  im in o p h o s p h o ra n e  ( 103 ) (0*11 g * ,  10%); t r i p h e n y l p h o s p h i n e  

o x id e  ( 0 . 4 2 4  g . , 33%)! and  a  m i x t u r e  ( 0 .1 0  g . ) o f  t r i p h e n y l ­

p h o s p h in e  o x id e  and  1 - a m i n o b e n z o t r i a z o l e , w ere  e l u t e d  and  

i d e n t i f i e d  by i . r .  s p e c t r a .

R e a c t i o n  o f  ( 1 - b e n z o t r i a z o l y l ) i m i n o t r i p h e n y l p h o s p h o r a n e  (1 0 3 )  

v / i th  n i t r o u s  o x i d e .

( i )  Dry n i t r o u s  o x id e  was p a s s e d  t h r o u g h  a  s o l u t i o n  o f  t h e  

im in o p h o s p h o r a n e  (1 0 3 )  ( l . O  g . , 2 . 3 4  m m ol.)  i n  c h l o r o f o r m .  

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

2210 cm.  ̂ w h ich  was a l s o  o b s e r v e d  when n i t r o u s  o x id e  was 

p a s s e d  t h r o u g h  c h l o r o f o r m  o n l y .  A f t e r  l j  h r .  t h e  s o l v e n t  was 

e x c h a n g e d  f o r  b e n z e n e  an d  e v a p o r a t e d  t o  s m a l l  b u l k  when t h e  

im in o p h o s p h o r a n e  (1 0 3 )  ( 0 . 8 2 4  g . , 82%) was r e c o v e r e d .

( i i )  The im in o p h o s p h o ra n e  (1 0 3 )  (O .9 8 3  g . $ 2 . 3  m m ol.)  

and  t e t r a c y c l o n e  ( l . O  g . , 2 . 6  m m ol.)  i n  b e n z e n e  ( 13O m l . )  

w ere  i r r a d i a t e d  by t h e  ' H a n o v ia * m e thod  f o r  8 h r .  w h i l e

a  s t r e a m  o f  d ry  n i t r o u s  o x id e  was b u b b le d  t h r o u g h  t h e  s o l u t i o n .  

No p r e c i p i t a t e  s e p a r a t e d .  The s o l u t i o n  was c h ro m a to g ra p h e d  

(M ethod A) on b a s i c  a l u m in a .  T r i p h e n y l p h o s p h i n e  (O.O8 g . , 11%); 

t e t r a p h e n y l n a p h t h a l e n e  ( 0 .1 2 0  g . , 11%); t e t r a c y c l o n e  ( 0 . 7 3  g . , 

73%); t h e  im in o p h o s p h o r a n e  ( 1 03 ) ( 0 .4 3  g . , 44%); t r i p h e n y l ­

p h o s p h in e  o x i d e  ( 0 . 1 0  g . , l 4 . 3 % ) ; a  m i x t u r e  ( 0 .1 7 2  g . ) o f  

t r i p h e n y l p h o s p h i n e  o x id e  and  I r a m i n o b e n z o t r i a z o l e ;  and  

1- a m i n o b e n z o t r i a z o l e  ( 0 .0 3 7  g . , 11%) w ere  e l u t e d  and  i d e n t i f i e d  
by i . r .  s p e c t r a .

p y r o l y s i s  o f  ( 1 - b e n z o t r i a z o l y l ) i m i n o t r i p h e n y l p h o s p h o r a n e . ( IO 3 )

( a )  i n  d i m e t h y l s u l p h o x i d e . The im in o p h o s p h o ra n e  ( 103 ) 

( 0 .3  g * ) i n  DMSO (3  m l . )  was h e a t e d  a t  l8 0 °  f o r  1 h r . . The 

p a l e  y e l l o w  s o l u t i o n  was p o u r e d  i n t o  w a t e r  (5 0  m l . )  and 

e x t r a c t e d  w i t h  c h l o r o f o r m  t o  g iv e  a  brov/n o i l  w h ic h  gave  t h e  

im in o p h o s p h o r a n e  ( 103 ) ( O . 130 g . , 30%) on t r i t u r a t i o n  w i t h  

e t h e r .
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(b) i.'i t  b. t  e t  r a c y c ion  . The imiiiophcsphorano ( 1 0 3 )

(0®30 2* ,  0*7o rixolo) and t e t r a c y c l o n o  ( 0@60 go,  1*33 mnol. )  
wore d issGlvod  i n  benzene and evaporated to dryness* The 
mixture was heated  at  24-0° f o r  ^ hr .  and a gas  was ev o lv ed .
The r u a c t i c n  mixture was chromatographed (Method A) on b a s ic  
alumina and gave t e t r a c y c l o n e  ( 0 . 40 g . , 66%); crude t r i p h e n y l ­
phosphine ox ide  ( 0 . 2 2  g . ) and a b la c k  o i l  (O.OoO g « ) .  Mo 
t e traph en y lnaph tha lene  was d e t e c t e d  i n  any o f  the  f r a c t io n s *

Cmidat ion  o f  1- a m in o b e n z o t r ia z o l e «

(a)  u s in a  t c - t r c h i s ( tr inh en y lph osn h ine)p la t inu rr i (0 ) (4-6) 

as  the benzyne t r a n *

( i )  To 1 -a m in o b e n s c sr ia s o le  (0.034- g» ,  0*4- mmol*), 
the  t r ip h en y lp h o sp h in e -p la t in u m  complex (4-6) (0*3 2* , 0*4- mmol. ) 
and e x c e s s  potass ium  carbonate  i n  c o ld  benzene (4-0 ml*_) was 
added l e a d  t e t r a a c e t a t e  (LTA)* A gas was e v o lv ed  and the  
o r i g i n a l  y e l l o w  s o l u t i o n  went brown i n  c o lo u r .  The l e a d  and 
p otass ium  s a l t s  were f i l t e r e d  o f f  and the f i l t r a t e  evaporated  
to  d r y r . o s 3  to  y i e l d  a pa^rt ia lly  c r y s t a l l i n e  o i l .  This  r e s id u e  
was d i s s o l v e d  i n  benzene and c r y s t a l l i s a t i o n  e f f e c t e d  by adding  
p e t r o l .  c i s - Diace t a t o b i s  ( t r in h en y ln h osu h in o  )pla.tin;im( I I  ) 

sep a r a t e d ,  n . p .  1S3 -  195°; (Found: 0 , 3 6 . 8 ; H,4-«3î P-;7®2.
0 ,,^H_^Ü2.? g P t  r e q u i r e s :  C , 3 7 o ;  E ,4 - .3 ;  ?,7«4-%); " t  8 * 6 ( s i n g l e t ) (6l-l) ;

V*vv\.cL;i 1633 ) 1313  and 1100 cm*

The f i l t r a t e  co n ta in ed  a t r a c e  o f  b iphenylene  ( t . l . c . )

( i i )  Anhydrous potass ium  carbonate  (2*0 g . , 14 .3  mmol.) 
v/as suspended i n  a benzene (50 ml*) s o l u t i o n  o f  the t r i p h e n y l ­

p h o sp hine-p la t in um  complex (4-6) (l®7 g * , 1 .33  mmol.) and 

1- a m in o b e n z o tr ia z o le  (O.3 6  g . , 2*68 mmol.) .  A gas  v/as evo lved  
as'LTA ( 1 .0  g * 5 2 .2 3  nmol*) was added i n  sm al l  p o r t i o n s .  The 

r e a c t i o n  mixture v/as s t i r r e d  f o r  13 min. u n t i l  th ere  was no 

g a s  e v o l u t i o n ,  and then t e t r a c y c l o n e  ( 0 . 8  g . , 2*1 mmol.) in  
bcnaanc (20 m l . ) was added and t h e  s o l u t i o n  r e f l u x e d  for  13 min *

The co n c en tr a ted  r e a c t i o n  mixture v/as chromatographed (Method 2 )  

on b a s i c  alumina u s i n g  benzene as  e l u a n t .  R e c o v e re d  t e t r a c y c l o n e
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( O o 7 6  g*, 9 5 % ) ?  tr ip h en y lp h o sp h in e  ( 0 » 2 2  g . « 1 5 % ) ?  a  brown o i l  

( 0*567  g . ) c o n t a in in g  tr ip h en y lp h o sp h in e  ox ide  (Oo2SO g», 10*5%) 
and c a r b o n a t o b i s ( t r ip h o n y lp h o s p h in e ) p la t in u r s ( i ï )  ( 0 . 2 9  g . , 27%) 
v;ere i s o l a t e d  but no b ip h e n y le n e ,  t r i p h e n y l e n e ,  or t e t r a p h e n y l ­
naphthalene was d e t e c t e d  i n  any o f  the  f r a c t i o n s *

(b)  u s in g  e t h y l e n o b i s ( t r in h e n y lp h o s n h in c ) n l a t i n i i n ( 0 ) ( 1 1 8 ) 
as a benzyne t r a n *

( i )  The e th y le n e  complex ( I I S )  ( l * O g ® ,  1*35 mrnol.) 

and 1- a m in o b e n z o tr ia z o le  ( 0*36  g» ,  2*7 mmol.) were d i s s o l v e d  
i n  c o ld  benzene (50 m l . )  and LTA ( 1 . 0  g . , 2 ,2 5  mmol.) added i n  

sm al l  p o r t i o n s .  A f te r  15 min. (no gas e v o l u t i o n )  the p r e c i p i t a t e  

Ox l e a d  d i a c e t a t e  ( 0 .6 8 4  g * , 95%) was f i l t e r e d  o f f  and the  
f i l t r a t e  l e f t  to c r y s t a l l i s e  o v e r n ig h t .  No c r y s t a l s  appeared  

and so the  f i l t r a t e  was chromatographed (Method B) on b a s ic  
alumina u s in g  benzene -  e th a n o l  as  e l u a n t .  Carbonatobis
( t r ip h e n y lp h o s p h in e ) p la t in u m ( I I )  (0 .2 5 0  g . , 24%), m.p. 203 -  
2 0 4 ° ,  l i t .  '’^^n.p.  202 -  2 0 5 ° ,  V'wijucl6 8 0 , 1100 cm.  ̂; a brovrn 
o i l  Co. 250  g . ) c o n t a in in g  tr ip h en y lp h o sp h in e  o x i d e ,  1-amino­
benzo t r i a z o l o  and a phosp hin e-p la t in um  complex m.p. 177 -  180° 
(d e c .  ) ViüZLx. 1100  cm. * were i s o l a t e d ,  but no t r ip h e n y le n e  or 
bip henylene  was d e t e c t e d  ( t . l . c . )  i n  any o f  the f r a c t i o n s .

( i i )  To a su sp en s io n  o f  anhydrous potass ium carbonate  
( 2 . 0  g o ,  l 4 . 5  mmol.) i n  a s o l u t i o n  o f  the  e th y le n e  complex ( I I 8 ) 
( 1 . 0  g . , 1 .3 5  mmole) and 1-a m in o b e n z o tr ia z o le  (O.3 6  g . , 2 . 7  mmol 
i n  c o ld  benzene (50 m l . )  was added LTA ( l . O  g . , 2 .2 5  mmol .) .
The potass ium  c a r b o n a t e •c o a g u la te d  towards the end o f  the  

a d d i t i o n .  A f te r  15 min. the s o l u t i o n  was r e f l u x e d  (15 m i n . ) ,  

f i l t e r e d  and chromatographed (Method A) on b a s i c  alumina.
A t r a c e  ( l e s s  than 1 mg.) o f  b ip heny lene ;  t r ip h e n y le n e  ( 0 .0 0 5  g .  

3 *5 %)? and a y e l l o w  phosphine-p la t inum  complex ( 0 .0 1 5  g # ) 
m.p. 200  -  202° ( d e c . ) were e l u t e d .

( i i i )  To a v i g o r o u s l y  s t i r r e d  su sp en s ion  o f  potass ium  

carbonate  ( 2 . 0  g . , l 4 , 5  mmol*) i n  a s o l u t i o n  o f  the e th y le n e  

complex ( 1 1 8 ) ( 1 .0  g . , 1 .3 5  mmol.) and 1-a m in o b e n z o tr ia z o lo  

( 0 . 3 6  g . , 2 . 7  mmolo) i n  c o ld  benzene (50 m l . ) was added LTA
0 g . , 2 .2 5  mmol.) .  A f ter  10 min. when no more gas  was

; v o lv e  d, t : .t  racy c lo n e  ( 0 . 8  g .  , 2 .1  mmol* ) i n  benzene (20 zA.® )
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was added and the s o l u t i o n  r e i l u x e d  f o r  Ip min» and then l o f t  
to s t i r  at  room teroperature o v e r n ig h t  » The l e a d  and potass ium  
s a l t s  were f i l t e r e d  o f f  and the f i l t r a t e  chromatographed (Method B) 
on b a s i c  alumina u s in g  benzene as  e l u a n t .  Hechromatography 

(Method A) on b a s i c  alumina was n e c e s s a r y  to  s ep a ra te  t e t r a c y c l o n o  

and tr ip h en y len e»  Recovered t e t r a c y c l o n e  ( 0 .4 5 7  G®» 37%)5 
er ip h en y len e  (O.Otp S®, 26% based on o x i d i s e d  1 - a m in o b e n z o t r ia z o lo ) 
m.p» 197 -  198° ;  and t o t  r a c y c l  o n c- b i  s ( t  r i  n h c iiy 1 n ho c n h i  ne ) -  

Platinum  ( 1 1 9 ) ,  r o c r y s t a l l i s e d  from benzene -  e th a n o l  a s  
red  pr isms m.p. 1?0°s (Found: C,71o4; h,4®8; P,3®9o.

C<_3_^0P^Pt r e q u i r e s :  0 , 7 0 . 7 ;  E , 4 . 5 ;  ? , 3 ®6 2 ; 11 IIO3 )
Osmometric m olecu lar  weight  i n  benzene: 15©2 g . / l i t r e ,  9 8 l ;

1 8 .5  g . / l i t r e ,  9 7 4 .

m /e 5 8 4 ,  5 3 6 ,  2 o 2 ,  1 8 5 , 178 .

'‘"v'vvx.x 1660  cm.  ̂

and a l s o  a p h o sp hin e-p la t in um  complex m.p. l 62  -  165° ( i . r . )  

were i s o l a t e d .  1-A m inobenzotr iazo le  but no b iphenylene  or  
te tra p h en y ln a p h th a len e  were d e t e c t e d  ( t . l . c . ) .

The e th y le n e  complex ( I I 0 ) ( 0 .8 5 2  g . , I . 0 8  mmol.) and 
t e t r a c y c l o n e  ( 0 . 9  g . , 2 .5 3  mmol.) were d i s s o l v e d  i n  benzene  
and h ea ted  at  60° f o r  15 m i n . . The r e a c t i o n  mixture was 
chromatographed (Method B) on b a s i c  alumina u s in g  benzene as  
e l u a n t .  Recovered t e t r a c y c l o n o  ( 0 .5 6 6  g # , 64%) and 

t a t r a c y c l o n e b i s ( t r i p h e n y l p h o s p h i n e ) plat inum  (119) ( 0 . 5 4  g . , 4p%) 
were i s o l a t e d .

( i v )  The exp er im en ta l  d e t a i l s  were id e n t i c a l -  to  th o se  

r e p o r t e d , i n  ( i i i )  excep t  th a t  5 - 2: e t h y l - 1- a m in o b e n z o tr ia z o lo  

(0 . 5 6  g . ,  2 .4 3  mmol.) was u s e d .  Recovered t e t r a c y c l o n e  

(0 .5 4 6  g» ,  68%); 2 ,6 ^ 1 1 - t r i m e t h y l t r i p h e n y l e n e  ( 0 .0 8  g . , 13%)» 

m.p» 132  -  133°; 6 - n e t i i y l - 1 , 2 , 3 , 4 - t e t r a p h e n y l n a p h t h a l e n e  

( 0 .0 1 0  g . , 2%), m.p® 195 “ 2 2 0 ° ,  222 -  2 2 3 °;
u e t r a c y c l c n o b i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m  ( l l 9 ) ( O o 3 0  g . , 21%);
0. brov/n o i l  (O.5 O g .  ) from which was i s o l a t e d  a p h osp h in e-  

p la t in u m  complex ( i . r . ) ,  m.p. 167 -  170°; 5 “m eth y l-1 -am ino-  

b c n z o t r i a z o l e  was d e t e c t e d  ( t . l . c . )  i n  the  f i l t r a t e s ;  
c a r b o n a t o b i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m ( I I )  (0 .1 3 2  g . , 12%) 
were i s o l a t e d .
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(v )  To a v i g o r o u s l y  s t i r r e d  su sp en s io n  o f  anhydrous  

;ium carbonate ( 2 . 0  g . , l 4 . p  mmol.) i n  a s o l u t i o n  o f  the
c th v le n e complex ( 1 1 8 ) ( 1 .0  g . , 1 .p 5 mmol.) and 1-amino-

b e n s o t r i a s o l o  (0@p6 go? 2»? mmol» ) i n  c o ld  benzene was added 

LT.t ( I 0O go,  2 .2 5  mmol.)o After.  15 m in . ,  t r ip h e n y le n e  was 
d e t e c t e d  ( t . l . c # ) ,  t r ip h en y lp h o sp h in e  (0 .7 1  g« ? 0 . 2 7  mmol.) 
was added and the r e a c t i o n  mixture r e f l u x e d  fo r  15 m i n . .
The s o l u t i o n  was l e f t  o v e r n i g h t ,  f i l t e r e d  and chromatographed  
(Method A) on b a s i c  alumina. Recovered tr ip h en y lph osp h in e  

( 0 .4 5 5  go ,  60%) and tr ip h e n y le n e  ( 0 . 0 0 4  g # , 2%) were i s o l a t e d .

( v i )  The exper im en ta l  d e t a i l s  were i d e n t i c a l  to  those  

r ep o rted  i n  (v )  excep t  th a t  bromine ( 0 . 2  m l . , 5®9 mmolo) 
i n s t e a d  o f  tr ip h en y lp h o sp h in e  was added. Chromatography 

(Method A) on b a s i c  alumina gave £-d ibromoben2ene ( 0 .0 9 2  g . ,
84% based on e x c e s s  1- a m i n o b e n z o t r i a z o l e ) ; an o i l  (O.Olp g # ) 
which was a mixture o f  four compounds ( t . l . c . ) ;
m/e 587  ( 5 3 r ) ,  310 (2 B r ) ,  232 ( i B r ) ;
and t r ip h e n y le n e  ( 0 .0 0 4  g « , 2%) were i s o l a t e d .

A dd it ion  o f  bromine ( 0 .2 5  m l . , 4 . 9  mmol,) to  1-amino-  
b e n z o t r i a z o l e  ( 0 . 2  g . , 1 .48  Lunol.) and potass ium  carbonate  
( 2 . 0  go) gave a f t e r  chromatography (Method A) u s i n g  p e t r o l  
as e l u a n t ,  £-dibromobenzone (O.1 6 1  g . , 4p%) o n ly .

( v i i ) . T o  a . v i g o r o u s l y . s t i r r e d  su sp en s io n  o f  potass ium  
carbonate  ( l .O  g . , 7*25 mmol©) i n  a s o l u t i o n  o f  the e t h y le n e  

com p lex - ( 1 1 8 ) ( 1#0 g . , 1#33  rmmol#) and 1-a m in o b e n z o tr ia z o le
(0 . 3 6  g«j 2 . 7  mmolo) i n  dry methylene c h l o r i d e  a t  room temperature  

was added LTA (1©0 g # , 2 .2 5  mmol.) i n  sm al l  p o r t i o n s .  There 
was a very v ig o r o u s  - gas e v o l u t i o n  and th e  s o l u t i o n  became
brouTi/rcd i n  c o lo u r .  A - s o l u t i o n  i . r #  spectrum-was taken at

-1 -1t h i s  p o i n t ,  VMcLxl7lO cm# , shou ld er  at 1753 cm. « A f te r
15 m i n . , t e t r a c y c l o n e  ( 0 . 8  g # , 2 .1  mmolo) was added, the  
s o l u t i o n  was r e f l u x e d  (15 m in .)  and l e f t  a t  room temperature  

o v e r n ig h t  and then chromatographed (Method B) on b a s i c  alumina.  

Tetraphenylnaphthalene  (0 .0 0 5  g # , 0#5%)? t r ip h e n y le n e  (0©009 g # ,
4»5%); t e t r a c y c l o n e  (O.3 6  g . , 45%) and a brown o i l  which 
cou ld  not  be c h a r a c t e r i s e d  were e l u t e d  w ith  benzene -  e th a n o l  
m ix t u r e s .  •
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( v i i i )  C o n d i t i o n s  i d e n t i c a l  t o  t h o s e  i n  ( v i i )  w ere  

em p loyed  e x c e p t  t h a t  b e n z e n e  was u s e d  a s  a  s o l v e n t .  B e fo re  

t e t r a c y c l o n e  v/as ad d e d  e f f o r t s  w ere  made t o  e n c o u ra g e  

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

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

n o t  o c c u r .  The r e s i d u e  o f  l e a d  an d  p o t a s s i u m  s a l t s  v/as 

r e f l u x e d  i n  b e n z e n e  and  t h e  s o l v e n t  e x a m in e d  on t . l . c . .

No h y d r o c a r b o n s  w ere  d e t e c t e d .

As c r y s t a l l i s a t i o n  h ad  n o t  o c c u r r e d ,  t h e  f i l t r a t e  was 

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

w i t h  e t h e r  t o  y i e l d  d i a c e t a t o b i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m ( I I )  

( 0 .1 5  g * , 13*7%). The f i l t r a t e s  w ere  com bined  w i t h  t h e  o t h e r  

' h a l f  o f  t h e  s o l u t i o n ,  r e f l u x e d  v / i th  t e t r a c y c l o n e  f o r  1-  ̂ h r .  

an d  c h ro m a to g ra p h e d  (M ethod A) on b a s i c  a lu m in a  t o  y i e l d  

t r i p h e n y l e n e  (O .O I3 g * » 6%).

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

b e n z y n e  t r a p .

LTA ( 0 .3  g * » 1#1 n m o l . ) was a d d e d  i n  s m a l l  p o r t i o n s  

t o  a  b e n z e n e  (20  m l . )  s o l u t i o n  o f  1- a m i n o b e n z o t r i a z o l e  

( 0 . 144 g . , 1 .0 8  m m ol.)  and  t h e  t o l a n  com plex  ( 3 6 ) ( 0 . 9  g . ,

1 .0  m m o l . ) .  A f t e r  g a s  e v o l u t i o n  h a d  c e a s e d ,  t h e  p r e c i p i t a t e  

o f  l e a d  d i a c e t a t e  (0 .2 3  g * > 70%) w as f i l t e r e d  o f f  and  t h e  

f i l t r a t e  r e d u c e d  in ,  vo lum e a n d , l e f t  t o  c r y s t a l l i s e  t o  y i e l d  

t h e  t o l a n  co m p lex  (3 6 ) ( 0 . 2  g . , 22% ). The f i l t r a t e  was 

c h r o m a to g r a p h e d  (M ethod A) on b a s i c  a lu m in a  t o  y i e l d  t o l a n  

( 0 .0 6 5  g . , 36%) an d  t h e  t o l a n  co m p lex  ( 3 6 ) (O .IO  g . , 11%).

No t r i p h e n y l e n e  o r  b i p h e n y l e n e  v/as d e t e c t e d  ( t . l . c . )  i n  any  

o f  t h e  f r a c t i o n s .
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. ' . t t e m p te d  o x i d a t i o n  o f  1 - a m i n o b o n z o t r i a z o l 3  by 

c : :y g en b is (  t r i p h e n y l p h o s p h i n e  ) p l a t i n u p . ®

1~ALii i iobenzotr iazo le  (0© 11 g . , 0 . 8 2  mnol®) v/as added  

to  a s o l u t i o n  o f  o : { y g e n b i s ( t r i p h e n y l p h o s p h i n e ) p la t in u m  (1 1 7 ;

(0»3 G" ? 0 . 4  rxaolo) i n  benzene  (5 0  m l # ) .  A f t e r  r e f l u : : i n g  f o r  

1 hr* th e  y e l l o v /  s o l u t i o n  became b l a c k  i n  co lo u r*  I t  w a s  

red u ced  i n  volume on a r o t a r y  e v a p o r a t o r  but no c r y s t a l s  

appeared on s ta n d in g *  The r e a c t i o n  m ix tu re  v/as chromatographed  

on F l u o r s i l  (3DH)« Trace amounts o f  u n i d e n t i f i e d  o i l s  and 

r e c o v e r e d  1- a m i n o b e n z o t r i a z o l e  v/ers o l u t e d  and t r i p h e n y l p h o s p h i n e  

o x i d e  ( 0 . 0 7 2  g . ) was i s o l a t e d *

1- A m i n o b e n z o t r ia z o le  ( 0 . 1 0 7  g .  , 0 . 8  mmol.)  v/as added  

to  a benzene s o l u t i o n  o f  th e  t r i p h e n y l p h o s p h i n e - p l a t i n u m  complex  

( 4 6 )  ( loO g . , 0 . 8  m m ol . )* Dry oxygen v/as p a s s e d  through the  

s o l u t i o n  a t  room tem p erature  f o r  3 h r . . The s o l u t i o n  v/as l e f t  

s t a n d i n g  f o r  60  h r .  and a p r e c i p i t a t e  ( 0 . 0 4  g , ) o f  c a r b o n a to ­

b i s  ( t r i p h e n y l p h o s p h i n e  )p la t in u m (  I I )  i s o l a t e d .

A d d i t io n  o f  e t h y l  a c e t a t e  f o l l o v /e d  by r e d u c t i o n  i n  volume on 

a r o t a r y  e v a p o r a t o r  p r e c i p i t a t e d  a daz'k brov\m s o l i d  ( 0 . 1 2 5  g* ) ,  

m.p . 250  - 2 8 0 ° a f t e r  r e p r e c i p i t a t i o n  from e t h y l  a c e t a t e  -  

m eth y len e  c h l o r i d e .  I t s  i * r .  spectrum  i n d i c a t e d  a p h o s p h in e -  

p la t in u m  com%)lex. Chromatography o f  th e  f i l t r a t e s  on b a s i c  

a lum ina  gave o i l s  ( t r a c e s )  and t r i p h e n y l p h o s p h i n e  o x id e

( 0 .4 7 7  g # ,  53%)*

O x id a t io n  o f  1- a m i n o b e n z o t r i a z o l e  w i th  s i l v e r  ( I I )  o x i d e .

O x y g e n b i s ( t r i p h e n y l p h o s p h i n e ) p la t in u m  (1 1 7 )  ( 0 . 5 5 3  g« ?

0 .7 1  n m o l . )  v/as d i s s o v e d  i n  benzene  ( 5 0  m l . ) a t  4 5 ° .  S i l v e r  ( I I )  

c:-:±dù ^ ( 7 o O   ̂ $6v5 innolo) was added® l -A i ' i i in o b en so tr ia zo le

( 0 . 3 0  g . , 2 . 2 4  mmole) i n  e t h e r  was added dropv/ ise .  The m ix tu re  

was h e a t e d  a t  6 0 °  f o r  20 min* and. th en  th e  s i l v e r  r e s i d u e s  

removed by f i l t r a t i o n *  A brown s o l i d  (0*13  g .  ) v/as i s o l a t e d  

from th e  f i l t r a t e  by d i l u t i o n  v/ith e th e r *  I t s  i . r *  spectrum  

was p o o r l y  r e s o l v e d  and i t  ./as r e j e c t e d .  The f i l t r a t e s  v/ere 

chromatographed (Method A) on b a s i c  a lum ina  to  y i e l d  b ip h e n y l  

(O .C 12 g - Î 7%) only*
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S i l v e r  ( I I )  o x id e  (6.64-3 g . ,  33*5 mmol. ) was h ea ted  a t  
70° i n  benzene (50  n l . )  and an e th e r  s o l u t i o n  o f  1-amino­

benzo t r i a z o l e  ( 0 . 3  S « Î 2 = 24 n m o l . ) was added dropwise .  The 
s i l v e r  r e s i d u e s  were f i l t e r e d  o f f  and t r e a t e d  with  50% n i t r i c  
a c i d .  Ether e x t r a c t i o n  gave a t r a c e  ( ~ 0 . 1  mg.) o f  a brown o i l .

The f i l t r a t e  v/as chromatographed as  b e fo re  to  y i e l d  

b ip heny l  (0 .01  g . , 6%) o n ly .

A ttem p ted .preparat ion  o f  the dime t h y l s u l u h o x i  de and d im eth y l -  
s u lo h id e  adducts  o f  1- a m in o b e n z o t r ia z o le .

(a )  Dizze t h y l  s u lp h o x id e .

Bromine (0.4- m l . ,  7*8 mmol.) i n  benzene (5 m l . )  was 

added to  d im eth y lsu lp h ox id e  (0*54 m l . , 7*5 mmol.) i n  benzene .
A red o i l  s ep ara ted  and a white  gas was ev o lv ed  when 
t r i e t h y l a m i n e  (2 .1  m l . , 15 mmol*) was added. 1«Aminobenzotr iazolo  
( l .O  g» ,  7*8 mmol.) i n  e th e r  -  benzene was added and the  s o l u t i o n  
r e f l u x e d  for  1 hr .  and l e f t  to  c o o l  o v e r n i g h t .  Triethylamine'  
hydrobromide ( 2 .4 8  g .  , 88%) v/as f i l t e r e d  o f f  and the b r ig h t  
red f i l t r a t e  was reduced i n  volume on a r o ta r y  evaporator  and 
t r e a t e d  v/ith e t h y l  a c e t a t e .  I t  gave a b r ig h t  y e l l o w  compound 
( 0 . 0 4  go) r e c r y s t a l l i s e d  from e t h y l  a c e t a t e  m.p. 210-214°

^wvax 2485, 1 3 0 5 , 1295, 1245, I I 6 0 , 114-5, 1030 cm.” '’

A s i m i l a r  r e a c t i o n  u s i n g  c h lo r in e  i n  carbon t e t r a c h l o r i d e  
gave no y e l l o w  compound. Chromatography (Method A) on b a s i c  

alumina gave recovered  1- a m in o b e n z o tr ia z o le  ( 0 . 7 2  g . , 72%) 
and dimethyl su lph ox ide  ( 0 . 2 0  g . , 40%).

(b)  b in eth y lsu l iD h id e .

Bromine ( 0 . 4  m l . ,  7*8 mmol.) i n  benzene (5 nA.) was 
added to  d im eth y lsu lp h id e  (0*4 m l . ,  7 .5  mmol*) i n  c o ld  benzene .
A y e l l o w  p r e c i p i t a t e  sep a ra ted  and t r i e th y la in in c  (2*1 m l* , 15 i —o l * ) 
was added fo l lov/ed  by 1-om :incbensotr iazole  ( l . O  g . , 7*8 rmio l. ) .
The mixture was s t i r r e d  at  room temperature fo r  v  hr .  and then  

f i l t e r e d  to  y i e l d  tr ie thy lam inehydrobrom ide  ( 1 .6 6 7  g . ? 6 0 %).
The f i l t r a t e  was evaporated to  smal l  bulk and gave 1-amino-  

b e n s e t r i a s o l e  (0.4-2 g * , 4-2%). Exchange o f  the  s o l v e n t  f o r
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e t h y l  a c e t a t e  g av e  a  y e l l o w  c r y s t a l l i n e  compound ( 0 , 0 2  g , ) 

m ,p .  210 -  2 1 7 ° ;

2 4 8 0 ,  1 3 0 0 , 1283 , 1155 and  1023 cm ."^

R eact ion  between t o l u e n e - p - su lo ho n y l  a z id e  and b e n z o t r i a z o l e •
An a t t e m p t  to  p r e p a r e  1 -» ( to lu e n e ~p~s u l p h o n a m i d o ) b e n z o t r i a z o l e .

T o l u e n e - n - s u l p h o n y l  a z i d e  was p r e p a r e d  by t h e  a d d i t i o n  

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

( 1 0 .0  g . , 3 2 .3  m m ol.)  t o  sod ium  a z i d e  (3*5  S * » $4  m m o l.) i n  

w a t e r .  The r e a c t i o n  m i x tu r e  was d i l u t e d  w i t h  w a te r  u n t i l  an  

o i l  s e p a r a t e d  w h ich  was e t h e r  e x t r a c t e d  to  y i e l d  p u r e  a z i d e .

No r e a c t i o n  o c c u r r e d  when t h e  a z i d e  ( 4 .0  g . , 20 m m ol.)  

an d  b e n z o t r i a z o l e  ( 2 .0  g . , 17 m m ol.)  w ere  r e f l u x e d  i n  b e n z e n e  

(30  m l . )  f o r  4 h r . . The r e a c t i o n  was r e p e a t e d  i n  r e f l u x i n g  

x y l e n e  ( l 4 3 ° )  and  g av e  a  b l a c k  o i l  w h ich  was r e j e c t e d .

B e n z o t r i a z o l e  ( 3 .0  g . , 2 3 .2  m m ol.)  and  t h e  a z i d e  

(3 . 2  g . , 2 3 . 4  m m ol.)  w ere  r e f l u x e d  i n  c h l o r o b e n z e n e  a t  135° 
f o r  20 h r .  and  t h e  p r o d u c t s  s e p a r a t e d  by  c h ro m a to g ra p h y  

(M ethod a ) on s i l i c a  g e l .  Two com pounds w ere  c h a r a c t e r i s e d :

( i )  t o l u e n e - £ - s u l p h o n y l - £ - c h l o r o a n i l i d e  ( 0 . 3 2  g . , 4 . 3 ^ ) , 

m .p .  104 -  103° ,  l i t .  m .p .  103°; i t  h ad  an  i d e n t i c a l

i . r .  s p e c t r u m  t o  t h a t '  o f  an  a u t h e n t i c  s p e c im e n  

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

c h l o r i d e .

( i i )  t o l u e n e - £ - s u l p h o n y l - £ - c h l o r o a n i l i d e  (0 .3 1  g . , 7^)» 

m .p .  7 6 . 3  -  78 ° ,  l i t .  m .p .  9 3 ° 1 m ixed  m .p .  93 -  9 6° ; 
i t  h ad  an  i d e n t i c a l  i . r .  s p e c t r u m  to  t h a t  o f  an 

a u t h e n t i c  sp e c im e n  p r e p a r e d  f rom  £ - c h l o r o a n i l i n e  

and  t o l u e n e - £ - s u l p h o n y l  c h l o r i d e .
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SECTION FOUR. EXPERIMENTS WITH CYCLIC ACETYLENES.

1. CYGLOHSXYKE.

P r e p a r a t io n  o f  1~( to luene»-•o-sulphonamido ) - 4 , 3 - t e  trame t h y l e n e t r i a z o l e .

A s o l u t i o n  o f  cyclohexanedione"^“'̂  (3@6 g . , 5 m-iol.s ) 

t o l u o n e - n - s u l p h o n y l  h y d ra z in e  ( l 8 . o  g o ,  10 mmoio) i n  methanol  

(40 n'-lo ) and one drop o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  was 

r e f l u x e d  f o r  2 h r . .  The r e a c t i o n  m ix tu re  was e v a p o ra ted  to  

d r y n e ss  and the  r e s i d u a l  o i l  t r i t u r a t e d  w i t h  e t h e r  to  g i v e  

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

c r y s t a l s  o f  I ' - C t o l u e n e - £ - s u l p h o n a m i d o ) - 4 , 3 - t e t r a m e t h y l e n e t r i a z o l e , 

m.p. 212 -  213° ;  (Found: 0 , 3 0 . 7 ;  H , 3 . 4 ;  N , 1 7 . 4 .  C a lc ,  f o r

^ 1 3 ^ 1 0 ' % ^  : 0 , 3 3 . 5 ;  E ,3<,5 ; N ,19 .3^( ;) .
3 00 0  cm.  ̂( b r o a d ) ,  l 6 0 0 , 1370 ,  1170 and 1040 cm. '

L ith ium  N ( 4 , 3 - t e t r a m e t h y l e n e - 1 - t r i a z o l y l ) t o l u e n e - n -  

sulphonamude was prepared  i n  an a n a lo g o u s  f a s h i o n  to  the  

1 ionium  s a l t  o f  1 - ( t o l u e n e - p - s u l p h o n a m i d o ) b e n z o t r i a z o l e .
Ywutx aj id  1630  cm. ' (broad due to  absorbed w a ter )

1280, 1130, 1093, 950 cm.~^

P h o t o l y s i s  o f  the  l i t h i u m  s a l t .

The l i t h i u m  s a l t  ( 0 . 4  g . , 1o35 mmol.)  a n d . th e  

t r ip h e n y lp h o s p r i in e - p la t i n u m  complex ( 4 6 )  ( 1 . 0  g . , 0 . 8  mmol.) 

i n  d ioxan  (30  m l . )  v/ere i r r a d i a t e d  f o r  20 h r .  by the  ' B a y o n e t * 
method. A fterw ard s  th e  s o l v e n t  was exchanged f o r  e t h a n o l ,  but  

no p r e c i p i t a t e  appeared u n t i l  e t h e r  was added. A f l o c c u l e n t  

y e l l o w  p r e c i p i t a t e  w i th  a p o o r ly  r e s o l v e d  i . r .  spectrum  

s e p a r a t e d .

The iminophosphorane o f  1- a m i n o - 4 , 5 - ' t e t r a m e t h y l o n e t r i a z o l e . 

Ps^enaration.

bromine ( 3 . 7 5  g . , 1 . 2  m l . ,  2 3 . 4  mmol.)  i n  benzene (10  zllw) 

was added to  a benzene s o l u t i o n  o f  t r i p h e n y l p h o s p h i n c  ( 3 *63  g .  g
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2 1 .3  m i io l . ) .  TricthTlai'.iino ( 4 .3 3  g*? 6 n i . ,  4 3 .0  :%nol. ) was 
added to a Guspension fo l lo w e d  by r e c r y a t a l l i s e d  l - a n i n o -

4 , 3 - t e t r a n e t h y l e n e t r i a s o l e  ‘ ‘ ( 2 . 9  g . , 21 n n o l . )  i n  benzene  
(80 n l . ) .  The r e a c t i o n  nixturc- was r c f l u x e d  fo r  1-g hr .  , c o o le d ,  
and the  p r e c i p i t a t e  o f  t r i e t h y l a n i n e  hydrobronide f i l t e r e d  o f f .
The f i l t r a t e  gave ( 4 , 3 - 1 e t r o n e t h y l ene- 1 »t r i a z o l y l ) i n i n o -  

t r in h  enyloho 5-ohor an e (10?)  as p a le  brown cry at  a l e ,  in. p .  202 -  2 03° ,  
r e c r y s t a l l i s c d  from methylene c h l o r i d e  -  benzene as l i g h t -  

s e n s i t i v e  c o l o u r l e s s  p l a t e s  (3*0 g . , 60%), m.p. 203  -  204°;

(Found: 0 , 7 2 . 4 ;  H ,3 .6 ;  N , l 4 . 1. ^24^23^4^ r e q u ir e s :  0 ,72*3;
2 , 3 . 8 ;  N,14.1$^)

v'tws.ii 1490, l 4 4 0 ,  1430, 1200, 1 l 6 0 , 1120, 1110, 1090 and 990

*X <nr̂ K 335 nm. ( c  12300) ,  260 nm. ( c  3 5 0 0 ) ,  267 nm. (s. 3100)  ,
274 nm. (g  4 i OO).

IT 2 . 0  -  2 . 7 ( i a u l t i p l e t ) ( l 3 H ) ,  T  7 . 2  -  7 . 7 5 ( 2i u l t i p l e t )(4:1 ) ,
"d 8 . 2  -  8 . 3 ( m u l t i p l e t ) ( 4H) .

P h o t o l y s i s  o f  ( 4 , 3 - t e t r a m e t h y l e n e - l ^ t r i a z C l y l ) i ' . n i n o -  
tr inhonylpho sphorane.

(a )  ' 5unlar.o * method.

( i )  The iminophosphorane (107)  (0 .3 1 3  g . , 1 .29  mmol.) 
and t e t r a c y c l o n e  (0 .391  g . , 1 . 5 4  mmol.) i n  THF (30 m l . ) were 
i r r a d i a t e d  fo r  24 hr .  and the  produ cts  s ep a ra t ed .b y  chromatography  

(Method A) on b a s i c  alumina. 1 , 2 , 3 , 4 -Tetrahydro- 3 , 6 , 7 , 8 -  
to trap h en y ln ap h th a len e  r e c r y s t a l l i s e d  from e th a n o l  ( 0 . 0 4  g . , yj j )

m.p. 277"", l i t . ^ ^ ^ m . p .  271 -  272° or l i t .^^"'m .p .  284 -  28 

t e t r a c y c l o n e  (0 . 3 0  g . , 33%) and tr ip h en y lp h o sp h in e  ox ide  
(O.lO g . , 28%) were i s o l a t e d .

( i i )  The iminophosphorane (107) (0 .5 1 3  g . , 1 .29  nmiol.) 
and the t r ip l ien y lp h o sp h in e -p la t in u m  complex (46)  ( 0 . 6 2 4  g .  ,
0 . 3  mmol.) i n  THF were i r r a d i a t e d  fo r  24 h r . . The s o l v e n t  was 

exchanged fo r  a sm al l  volume o f  benzene and the  iminophosphorane  

( 1 0 7 ) (0 . 1 7  g . , 33%) was r ec o v e r e d .  The s o l u t i o n  was evaporated  
to  dryness  and t r i t u r a t e d  vnLth p e t r o l  to  g iv e  a brovm s o l i d  
( 0 .6 6  g . ) c o n t a in in g  tr ip h en y lp h o sp h in e  ox ide  which was 
e : : tracted  ;; i th  e cher  to  l e a v e  a r e s id u e  c o n t a in in g  t r i p h e n y l -  

p h esp h in e -p ia t in u m  s p e c i e s  ( i . r . ) .
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(b) ' Han0V ia ' r:c-1hod.

( i )  The iminophosphorane ( 107) (0*304 g .  , 1.-27 mmol.) 
and t e t r a c y c l o n e  ( 0 . 6 2 9 g . , 1 .6 3  mmol.) i n  TZF were i r r a d i a t e d  
u s in g  a pyrex f i l t e r  fo r  48 hr .  and the products  sep a ra ted
by chromatography (Method A) on b a s i c  a lumina.  The cyclohoxyne  

adduct (C .01S g . , 3%); t e t r a c y c l o n e  (O.3 O g . , 80%); the  

iruLnophosphorane ( 1 0 7 ) (0«14 g . , 36%) and t r ip h en y lp h o sp h in e  

ox ide  ( 0 .1 9  g . , 35%) were i s o l a t e d .

( i i )  The iminophosphorane (10?) ( 0 .6 6 ?  g . , 1*6? mmol.) 

and t e t r a c y c l o n e  ( 0 .6 2 6  g .  , 1 .6 3  mmol.) i n  THF were i r ra d io . tcd  
fo r  12 hr .  and the products  s ep ara ted  as  b e f o r e . The 

oyclohe:cyne adduct (O.O83  g . , 11.3%) ! t e t r a c y c l o n e  ( 0 .4 9 3  G* * 
oG%); tr ip h en y lp h o sp h in e  ox ide  ( 0 .4 3 9  g . , 95%) were i s o l a t e d .

CYGLOHEFTYNH.

1-Am ino-4 ,3 -p G ntam ethy lene t i ' iazo le  (2?)  was prepared
76 i p 6d e s c r ib e d  i n  the l i t e r a t u r e  ’ #

O x id a t io n .

( i )  LTA ( 0 .7 5  g . , 1 .6 3  mmole) i n  methylene c h l o r i d e  
(20  m l . ) was added dropwise to  a methylene c h lo r id e  s o l u t i o n  
o f  the amine (2?)  ( 0 . 2 4  g . , 1 .3 8  mmol.) a t  - 7o^. Iimoediately  

a f t e r  gas  e v o l u t i o n  had cea sed  ( 13 s e c . )  a methylene c h l o r i d e  -  
b e n z e n e . s o l u t i o n  o f  the tr ip h en y lp h o sp h in c -p la t in u m  complex (46)  
( 2 . 0  g . 3 . 1 .6  mmol.) was added. The s o l u t i o n  was a l low ed  to  

warm upto room temperature and the s o l v e n t  exchanged fo r  bonsent  

A y e l l o w  p r e c i p i t a t e  ( 0 . 2 2  g . ) o f  a ph osp hin e-p la t in um  complex 
( i . r . )  s ep ara ted  and when the volume o f  the s o l u t i o n  was 

r e d u c e d , •c i  s - d i  ac e t  ato  b i  s ( t r ip h e n y lp h o sp h in o ) piat inumCII)

( 0 .2 8 5  g » 9 21%). The f i l t r a t e s  woro chromatographed (Method A) 
on s i l i c a  g e l ,  but no hydrocarbons were i s o l a t e d .

( i i )  LTA ( 1 . 0  g .  3 2 . 2  rmiol* ) was added i n  sm al l  p o r t i o n s  
to  a su sp ens ion  o f  potass ium  carbonate  ( 2 . 0  g. , l 4 . 3  mmitl*) i n
a boxsene s o l u t i o n  o f  the e t h y le n e  complex ( 1 1 8 ) ( 1 .0  g . , 1 135 ^  
and e h c •amino (2?)  ( 0 . 4  g . , 2 . 6 3  nmiol.) .  A f te r  gas  e v o l u t i o n  
:n.d c e a s e d , the load  and potass ium  s a l t s  were f i l t e r e d  o f f  and 
the - . . t i tra te  e vapor need to sm al l  bulh. Ho c r y s t a l l i s a t i o n  
occurred  when e th a n o l  was added, the s o l v e n t  ’was removed and 
the  o i l  t r i t u r a t e d  with e t h e r .  I t  gave a brovm s o l i d  which
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was a  p h o s p h i n e - p l a t i n u m  com plex  ( i . r . ) *  T ra c e  q u a n t i t i e s  

o f  bro\-m o i l s ,  t r i p h e n y l p h o s p h i n e ,  and  t r i p h e n y l p h o s p h i n e  o x id e  

w ere  e l u t e d  when th e  f i l t r a t e  was c h ro m a to g ra p h e d  (M ethod  A) 

on b a s i c  a l u m in a .

The im in o p h o s p h o ra n e  o f  1 - a m i n o - 4 , 3 - p e n t a m e t h y l e n e t r i a g o l e .

T h i s  compound (1 0 8 )  was p r e p a r e d  ( l6% ) i n  an  e x a c t l y  

s i m i l a r  way to  t h e  im in o p h o s p h o r a n e  o f  1 - a m i h o - 4 , 3 - t e t r a ­

me t h y l e n e  t r i a z o l e •

A f t e r  r e c r y s t a l l i s a t i o n  f r o m  e t h y l  a c e t a t e  

( 4 , 3 - p e n t a m G t h y l e n e - 1 - t r i a z o l . y l ) i m i n o t r i n h e n y l p h o s p h o r a n e  ( 1 0 8 ) 

w a s  o b t a i n e d  a s  p a l e  b r o w n  p l a t e s  m . p .  l 6 4  -  166° ;

(F o u n d : C , 7 2 .6 ;  H , 6 . 2 ;  N ,13*5* ^ 2 3 ^ 2 3 ^ 4 ^  r e q u i r e s :  0 ,7 5 * 0 ;
H ,6 . 1 ;  N ,13 .6% )

1 2 13 , 1 203 , 1110 and  S80 cm."'*

T  2 . 0  -  3 * 0 ( m u l t i p l e t ) ( l 3 H ) ,  T  7 # 5 ( m u l t i p l e t ) ( 4 E ) ,

'C 8 . 4 ( m u l t i p l e t ) (6 H ) .

P h o t o l y s i s  o f  ( 4 , 3 - p e n t a m e t h y l e n e - 1 - t r i a z o l y l ) i m i n o -  

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

The im in o p h o s p h o r a n e  (1 0 8 )  ( 0 .3 4 7  g . , 0 .8 4 3  m m o l . ) 

an d  t e t r a c y c l o n e  ( 0 . 4 0  g . , 1 .0 4  m m ol.)  i n  b e n z e n e  (1 0 0  m l . )  

w ere  i r r a d i a t e d  f o r  20 h r .  by t h e  ' H a n o v ia * m e th o d ,  t h e  p r o d u c t s  

w ere  s e p a r a t e d  by c h ro m a to g ra p h y  (M ethod A )  on b a s i c  a l u m in a .

The p r o d u c t s  w e r e •b i p h e n y l  ( 0 .0 1  g . ) and  c r u d e  1 , 2 - p e n t a -  

m e t h y l e n e - 3 , 4 , 3 , 6 - t e t r a p h e n y l b e n z e n e  (0 .2 1  g . , 35%) 

r e c r y s t a l l i s e d  f ro m  p e t r o l  ( 0 . l 4  g . , 36% ), m .p .  221 -  2 2 2 ° ,  

l i t . ' ^ ^ ^ . p .  225  -  2 2 6 ° .
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C y c l o h e p te n o c y c lo p r o p e n o n e .

P h o t o l y s i s .

127Crude c y c l o h e p te n o c y c lo p r o p e n o n e  and  t e t r a c y c l o n e  

( 0 .5 1 6  g . ) i n  b e n z e n e  (1 0 0  m l . )  w ere  i r r a d i a t e d  f o r  20 h r .  

by t h e  ' H a n o v ia * m e thod  and  gave  1 , 2 - p e n t a m e t h y l e n e - 3 » 4 , 5 , 6 -  

t e t r a p h e n y l b e n z e n e  ( 0 .0 9 4  g . ) ,  r e c r y s t a l l i s e d  f rom  e t h a n o l  

m .p .  220 -  225°  and  t e t r a c y c l o n e  ( c r u d e  0 . 5  g . )

R e a c t i o n  w i t h  t r i s ( t r i p h e n y l p h o s p h i n e ) c h l o r o r h o d i u m ( I ) .

T r i s ( t r i p h e n y l p h o s p h i n e ) c h l o r o r h o d i u m ( I ) '^^^ ( 0 . 5  g * , 

0 .5 4  m m ol.)  i n  b e n z e n e  (2 0  m l . )  was a d d e d  to  a  warm ( 5 0 ° )  

b e n z e n e  (50  m l . )  s o l u t i o n  o f  t h e  t r i p h e n y l p h o s p h i n e - p l a t i n u m  

co m p lex  (4 6 )  ( I .O  g . , 0 . 8  m m ol.)  an d  c r u d e  c y c l o h e p t e n o ­

c y c lo p r o p e n o n e  ( 2 8 ) ( 0 . 2  g . , 1 .1 6  m m o l . ) .  A f t e r  12 h r .  a t

50°  t h e  s o l u t i o n  was r e d u c e d  i n  volum e a n d • t r a n s - b i s ( t r i p h e n y l -
129p h o s p h i n e ) c a r b o n y l c h l o r o r h o d i u m ( I )  p r e c i p i t a t e d  a s  y e l l o w

c r y s t a l s  2960 and  1100 cm .” ^ .  The f i l t r a t e  was d i l u t e d

w i t h  e t h a n o l  an d  g av e  y e l l o w  c r y s t a l s  ( 0 .2 3  S « ) ,  VWlx l 6 5 5 ,

1095 an d  805 cm .”  w h ich  r e c r y s t a l l i s e d  p o o r l y  f ro m  e t h a n o l  -  

b e n z e n e .  The f i l t r a t e s  w ere  d i l u t e d  w i t h  e t h e r  and  g a v e  a  

l i g h t  brow n p r e c i p i t a t e  o f  a  p h o s p h i n e - m e t a l  com plex  

1440 and  1105 cm .” ^ .
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SECTION FIVE. MISCELLANEOUS EXPERIMENTS.

o-Fluorobromobenzene v/ith magnesium and t e t r a l c i s ( t r i n h e n y l -  

p h o sp h in e)p la t in u m (0 )

o -F lu o ro b ro m o b e n z e n e  ( 0 .2 8  g . , 1 .6  m m ol.)  and  

m agnesium  ( 0 .0 8  g . , 3 . 2  m m ol.)  w ere  r e a c t e d  i n  d r y  e t h e r  (1 0  m l . )  

t o  fo rm  t h e  G r i g n a r d  d e r i v a t i v e  an d  t h e  m i x t u r e  was c o o l e d  

to  0 ° .  The t r i p h e n y l p h o s p h i n e - p l a t i n u m  co m p lex  (4 6 )  ( 2 . 0  g . ,

1 .6  m m ol.)  i n  b e n z e n e  (40  m l . )  was a d d e d .  T h e re  was an  

im m e d ia te  p r e c i p i t a t i o n  o f  a  y e l l o w  s o l i d .  A f t e r  2 h r .  t h e  

m i x t u r e  w as f i l t e r e d .  The f i l t r a t e  was e v a p o r a t e d  to  s m a l l  

b u l k  t o  g i v e  c r y s t a l s  ( 0 . 4 2  g . ) ,  m .p .  100 -  1 2 5 ° ,  t h e  i . r .  

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

co m p lex  ( 4 6 ) .  The p r e c i p i t a t e  and  i s o l a t e d  c r y s t a l s  w ere  

co m b in ed  and  h e a t e d  u n d e r  r e f l u x  f o r  2 h r .  w i t h  f u r a n  (2 0  m l . ) .  

N i e t h e r  1 , 4 - d i h y d r o n a p h t h a l e n e  e n d o x id e  n o r  «»<-naph tho l c o u l d  

be  d e t e c t e d  ( t . l . c . ) .

A t te m p te d  s t e p w i s e  s y n t h e s i s  o f  a  b e n z y n e  c o m p le x .

( i )  2 - B r o m o p h e n y l a z o c h l o r o b i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m ( I I ) .

A s l u r r y  o f  c i s - h y d r i d o c h l o r o b i s ( t r i p h e n y l p h o s p h i n e )  

p l a t i n u m ( I I )  ( 4 .5 5  g . , 6 m m ol.)  i n  e t h a n o l  was ad d e d  t o  a  

s t i r r e d . s u s p e n s i o n  o f  £ - b ro m o b e n z e n e d ia z o n iu m  f l u o r o b o r a t e  

( 1 . 7  g . , 6 . 3  mmol, damp w i t h  e t h e r )  i n  e t h a n o l .  The m i x t u r e  

r a p i d l y  became hom ogeneous -an d  t h e n  - y e l l o w  c r y s t a l s  o f  t h e  

f l u o r o b o r a t e  s a l t  (1 2 0 ) ,  ( 2 .6 2  g . , 2 .5 5  m m o l. ,  4 l% ) w ere  

d e p o s i t e d ,  m .p .  195 "• 2 3 0 ° .  I t  was s u s p e n d e d  i n  m e th a n o l  

(1 0 0  m l . )  a t  0 °  and  a  s o l u t i o n  o f  so d iu m  a c e t a t e  t r i h y d r a t e  

( 0 .3 6  g . , 2 .6 5  m m ol.)  i n  m e th a n o l  a d d e d .  A lm ost im m e d i a t e l y  

t h e  s u s p e n s i o n  t o o k  on  a  v i o l e t  c o l o u r a t i o n  an d  a f t e r  5 m in .  

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

2 - b r o m o p h e n y l a z o c h l o r o b i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m ( I I ) ( l 2 l )  

( 2 .3 4  g . , 97% ), m .p .  250  -  254°  a f t e r  r e c r y s t a l l i s a t i o n  f rom
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benzene -  hexane; (Found: 0 ,5 4 .8 ;  2 ,3 * 6 ;  2 , 2 . 8 .  

r e q u ir e s :  C,3 5 *7 ; 2 , 3 *6 ; 2 , 3 *0%)

( i i  ) 2 -Bror.o-ohc-nylchlorobia( tr ip h en y lp h o su h in e  )n la t in u n C I I ) .

The azo complex (121) (0*613 g@) in  benzene was poured  
onto a sh ort  column o f  n e u tr a l  alumina and r a p id ly  e lu t e d  w ith  
10% e th er  in  benzene uo g iv e  c o l o u r l e s s  n e e d le s  o f  2”bro:::ouhcnyl -  

c h l c r o b i s ( t r in h c n y lr h o s p h in e ) t ) la t in u n ( I I ) ( 1 2 2 ) (0 .0 5 5  g .  , 11%) 

m.p, 273 -  282° ;  (Found: 0,55*1? E ,3*6; E r ,9 .5 *  C^^H_^,3rClP^Pt 
r e q u ir e s :  0 ,55*4; 2 ,3*7? Br, 8 . 8%). M o d if ic a t io n s  o f  t h i s  
procedure gave even low er y i e l d s  o f  compound ( 1 2 2 ) .

( i i i ) R eaction  between 2 - cromonh0ny 1 az0 ch 1 o r o b is C tr ip h e r . .1 -  

p h o s':h in o )p la t in u re (I l)  end l i t h i u m .

Compound (121) ( 1 .3 6  g . , 1 ,4 5  mmol,) and l i t h iu m  

sh a v in g s  (O.O7 g . , 7 mmol.) were suspended in  dry THF (15 m l , ) .
The r e a c t io n  was i n i t i a t e d  by adding a sm all  p ie c e  o f  p o tass iu m .
A gas appeared to  be ev o lv ed  during the r e a c t io n .  A fte r  2 h r .  
at r e f l u x ,  th e  r e a c t io n  m ixture was c o o led  and e th a n o l added 
to  d es tro y  the e x c e s s  l i t h iu m .  A y e l lo w  p r e c i p i t a t e  ( 0 .3 4  g . ) 
was f i l t e r e d  o f f .  I t  c o n s i s t e d  o f  l i t h iu m  s a l t s  and a p lat inu m  
complex ( i . r . )  but n o th in g  c r y s t a l l i n e  cou ld  be o b ta in ed  from 
i t *  S im i la r ly  the f i l t r a t e  y i e ld e d  no c r y s t a l l i n e  compounds 

a f t e r  ev a p o r a t io n .

There was no r e a c t io n  when compound (121) (1 .1  g . , 1 .1 7  mmol,) 
in  benzene -  THF (50 m l , ) was added to  magnesium tu rn in g s  (O.O? g . ,
2 .9  mmol.) in  THF (10 m l . ) .

;ion o f  îl-am incuhthalim ide in  the  nresenco  o f  tolan«
tr in h e n y ln h o sn h in e )p la t in u m .

LTA ( 0 .8  g a , 1 ,8  mmola) was added in  sm all p o r t io n s  

m a su sp en s io n  o f  M-amincphthalimide ( 0 .3  g . , 2 .0  mmol.) cmd 
/no t c la n  complex (3 6 ) ( 0 .8  g . , 1 .0  mmol.) i n  benzene (20 m l , )
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a  s m a l l  q u a n t i t y  o f  a  g a s  was e v o l v e d  an d  t h e  s o l u t i o n  went 
brow n i n  c o l o u r .  The s o l u t i o n  was f i l t e r e d  an d  t h e  r e s i d u e  

( 0 .5 4  g . ) w a s . a  m i x t u r e  o f  l e a d  d i a c e t a t e  and  N -a m in o p h th a l im id e  

( i . r * ) .  The f i l t r a t e  was t r e a t e d  w i t h  h e x a n e  u n t i l  p r e c i p i t a t i o n  

o c c u r r e d .  A s o l i d  s e p e i r a t e d ,  Ŷ fvxx 2 0 5 0 ,  1 725 ,  168O an d  131O cm. 

w h ich  w as b o i l e d  w i t h  b e n z e n e  -  h e x a n e  an d  g av e  two c r o p s  o f  

c r y s t a l s :

( i )  m .p .  147 -  160°

ViwccK 2 0 5 0 , 1725 , 1670 an d  1310 cm. ^

( i i )  m .p .  l4 8  -  152°

2050 ( w e a k ) ,  1670 ( s h o u l d e r  a t  l 6 4 0 ) ,  1310 ,

1125 and  1105 cm .” "*

C h ro m a to g ra p h y  (M ethod A) o f  t h e  f i l t r a t e  on b a s i c  

a lu m in a  g a v e  t o l a n  ( 0 .0 6 4  g . , 40%) an d  a  c o l o u r l e s s  c r y s t a l l i n e  

c o m p o u n d , r e c r y s t a l l i s e d  f ro m  e t h e r  -  p e t r o l  m .p .  177 -  180° ,

VWVO.X 1 7 4 0 ,  1630 , 1300 , 1225 , 1200 an d  1100 cm.""*.
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DISCUSSION,

The e v i d e n c e  f o r  c o n s i d e r i n g  b e n z y n e  a s  a  s y m m e tr ic  

s i n g l e t  h a s  b e e n  d i s c u s s e d  i n  t h e  I n t r o d u c t i o n .  The s e l e c t i v i t y  

o f  b e n z y n e  h a s  b e e n  e x p l a i n e d  by p o s t u l a t i n g  t h a t  t h e  m o l e c u l e  

i s  s t a b i l i z e d  by a  b o n d in g  i n t e r a c t i o n  b e tw e e n  t h e  two e l e c t r o n s  

on  C a n d  C_. P a r t i a l  i r  bond  f o r m a t i o n  may be  d e m o n s t r a t e d  

p i c t o r i a l l y  a s  ( 4 4 )  . The a p p r o x i m a t e  g e o m e t r y  o f  t h e  (S )  a n d

(4 4 )
69( a ) o r b i t a l s  h a v e  b e e n  c a l c u l a t e d  an d  a r e  i l l u s t r a t e d  b e lo w .

y
A

>x

1

(S)

y
/N

-K

■> X

(a )

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

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

c o m p le x  o f  b e n z y n e  ( 4 5 )  a n a l o g o u s  t o  t h e  t r a n s i t i o n  m e t a l  

c o m p le x e s  o f  o l e f i n s  a n d  a c e t y l e n e s .  S e v e r a l  a t t e m p t s  d e p e n d i n g  

upon  t h i s  c o n c e p t  h a v e  b e e n  d e s c r i b e d  i n  t h e  I n t r o d u c t i o n .

f i l l e d  'd*  o r b i t a l s

o f  t r a n s i t i o n  m e t a l

f i l l e d  (S )

o r b i t a l  o f

b e n z y n e
c o m p o n en t

"IT co m p o n en t

(4 d )
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I n  t h i s  v / o r k  i t  w a s  d e c i d e d  t o  g e n e r a t e  b e n z y n e  f r o m

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

c a p a b l e  o f  s t a b i l i z i n g  i t  a s  a  ^ c o m p le x .  E x a m in a t io n  o f  
154t h e  l i t e r a t u r e  a t  t h e  t im e  when t h i s  w ork  w as s t a r t e d  

r e v e a l e d  t h a t  p l a t i n u m ( O )  fo rm e d  v e r y  s t a b l e  m o n o a c e ty l e n e  a n d  

o l e f i n  c o m p le x e s  an d  t h e  d e c o m p o s i t i o n  o f  t h e  b e n z y n e  p r e c u r s o r s ,  

b e n z e n e d i a z o n i u m - 2 - c a r b o ] : y l a t e  ( 2 ) ,  1 , 2 , 5 - b e n z o t h i a d i a z o l e -

1 , 1 - d i o x i d e  ( 4 )  an d  1 - a m i n o b e n z o t r i a z o l e  ( 5 )  w e re  i n v e s t i g a t e d

( 2 )

N.

C O :
o

( 4 ) ( 5 )

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

com plex#

90A  r e c e n t  r e v i e w  o n  t r a n s i t i o n  m e t a l - a c e t y l e n e  c h e m i s t r y  

c o n f i r m s  t h e  c h o i c e  o f  p l a t i n u m ( O )  a s  o n e  o f  t h e  m o s t  s u i t a b l e  

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

a c e t y l e n e  c o m p l e x  i n v o l v i n g :

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

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

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

( i i )  p o l y n u c l e a r  c o m p l e x e s  w i t h  b r i d g i n g  a l k y n e  

m o l e c u l e s .

( i i i )  t h o  a l k y n e  b o n d e d  t o  a ^ ^ i n g l e  t r a n s i t i o n  m e t a l  a t o m  

w i t h o u t  r i n g  f o r m a t i o n M S o m e  o f  t h e s e  c o m p l e x e s

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

t h e  l i t e r a t u r e t h e y  may r e q u i r e  p h o t o c h e m i c a l  

c o n d i t i o n s  f o r  p r e p a r a t i o n  (m olybdenum  an d  m a n g a n e s e ) ;  

o r  o n l y  fo rm  s t a b l e  c o m p le x e s  w i t h  a l k y n e s  b e a r i n g  

v e r y  s t r o n g  e l e c t r o n - w i t h d r a w i n g  g r o u p s  ( n i c k e l  a n d  

p a l l a d i u m ) •

A b e n z y n e - p l a t i n u m  c o m p l e x  w o u l d  b e l o n g  t o  g r o u p  ( i i i )  

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

b e h a v i o u r .
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Sc Ti V m s Mn Co Ni

Y z r  my. iX Tc Ru ■ Rh Pd

La Hf To W O s I r Pt

Z e ro v a l e n t  p l a t i n u m  w as u s e d  e x c l u s i v e l y  i n  t h i s  w ork  

a s  t h e  t r a n s i t i o n  m e t a l  t o  ' t r a p '  t h e  b e n z y n e  i n t e r m e d i a t e .

T e t r a k i s ( t r i p h e n y l p h o s n h i n e ) p l a t i n u m ( O )  
135

102 ( 4 6 )  w h ic h  d i s s o c i a t e s

i n  s o l u t i o n  w as u s e d  a s  a  s c o u r c e  o f  z e r o v a l e n t  p l a t i n u m

Pt(PPh

( 4 6 )

±  P P h ^  ^  Pt(PPh ) ^ + S P P h ^

a f t e r  p r e l i m i n a r y  e x p e r i m e n t s  h a d  shown t h a t  a l k y n e  c o m p le x e s  

c o u l d  be  made f ro m  i t  s im p l y  by s t i r r i n g  i t s  b e n z e n e  s o l u t i o n  

w i t h  t h e  a l k y n e .  T o l a n b i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m  and  

c y c l o o c t y n e b i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m  w ere  e a c h  p r e p a r e d  

i n  70% y i e l d  i n  t h i s  w ay. T h e i r  i . r .  s p e c t r a  w e re  i n t e r e s t i n g  

t o  c o m p a re .  The a b s o r p t i o n s  a t t r i b u t e d  t o  t h e  c a r b o n . -  c a r b o n  

t r i p l e  bond  o f  t h e  a l k y n e  w ere  fo u n d  a t  1765 an d  1793 cm* 

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

c y c l o o c t y n e  c o m p lex  w as t h o u g h t  t o  be  due to  t h e  a d d i t i o n a l  

s t r a i n  im p o se d  u p o n  t h e  c a r b o n  -  c a r b o n  t r i p l e  b ond  i n  t h e  

e ig h t - m e m b e r e d  r i n g .  A t t e m p t s  w e re  made ( s e e  S e c t i o n  T h r e e )  

t o  p r e p a r e  c y c l o h e p t y n e  an d  c y c l o h e x y n e  b i s ( t r i p h e n y l p h o s p h i n e )  

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

I n f r a - r e d  s u e c t r a .

A ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m  f r a g m e n t  i n  a  compound 

a l w a y s  g a v e  a b s o r p t i o n s  i n  t h e  i . r .  s p e c t r u m  a t  1 4 4 0 ,  1173» 

1 1 4 5 ,  1 l O O ( s t r o n g ) , 1 0 2 5 ,  1000 c m .“ "̂
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c i s - D i s u b s t i t u t e d  b i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m
170c o m p le x e s  h a v e  c h a r a c t e r i s t i c  a b s o r p t i o n s  i n  t h e  i . r .  s p e c t r u m  

a t  c a .  1 5 8 5 ( s t r o n g )  an d  1570(weatk) cm. ^ , i n  c o n t a s t  to  

t r a n s - d i s u b s t i t u t e d  c o m p le x e s  w h ic h  h a v e  s i m i l a r  a b s o r p t i o n s  

w i t h  r e v e r s e d  r e l a t i v e  i n t e n s i t i e s ,  e . g .  158 5 (w eak )  and  1570 

( s t r o n g ) c m . . The p o s i t i o n  o f  t h e  a b s o r p t i o n s  d e p e n d e d  upon  

t h e  c o m p lex  and  t h e  s t r e n g t h s  w e re  n o t  r e l a t e d  t o  o t h e r  

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

s t r o n g e r .

The D i s c u s s i o n  i s  d i v i d e d  i n t o  t h r e e  m a in  s e c t i o n s  

w h ich  d e s c r i b e  t h e  w ork  w i t h  t h e  b e n z y n e  p r e c u r s o r s :

1 , 2 , 5 - b e n z o t h i a d i a z o l e - 1 , 1 - d i o x i d e ,  b e n z e n e d i a z o n i u m - 2 - c a r b o x y l a t e ,  

an d  1 - a m i n o b e n z o t r i a z o l e .
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SECTION ONE. 1 , 2 , 3-BENZ0THIADIAZ0LE«-1, 1-DIOXIDE.

A p r e l i m i n a r y  i n v e s t i g a t i o n  showed t h a t  t h e r m o l y s i s  

o f  1 , 2 , 3 - b e n z o t h i a d i a z o l e - 1 , 1 - d i o x i d e ( 4 a )  i n  t h e  p r o s e n c e  o f  

t e t r a k i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m ( 0 )  (4 6 )  g av e  t r i p h e n y l e n e .  

However b i p h e n y l e n e  and  n o t  t r i p h e n y l e n e  was t h e  n o rm a l  p r o d u c t  

o b t a i n e d  f rom  t h e  t h e r m o l y s i s  o f  compound ( 4 a )  i n  s o l u t i o n  and  

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

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

t h e r e f o r e  i n v e s t i g a t e d  a t  lo w  t e m p e r a t u r e  i n  t h e  hope  o f  

i s o l a t i n g  t h e  p l a t i n u m  co m p lex  w h ich  was r e s p o n s i b l e  f o r  

t r i p h e n y l e n e  f o r m a t i o n .

I'Jhen t h e  r e a c t i o n  was p e r f o r m e d  a t  - 2 0 °  i n  c h l o r o f o r m  

i t  was fo u n d  t h a t  t h e  t r i p h e n y l p h o s p h i n e - p l a t i n u m  co m p lex  (4 6 )  

r e a c t e d  w i th  t h e  s o l v e n t  a n d  gave  c i s - d i c h l o r o b i s ( t r i p h e n y l -  

p h o s p h i n e ) p l a t i n u m ( I I ) ( 4 ? ) .  A y e l l o w  p h o s p h i n e - p l a t i n u m  

com plex  ( i . r .  o n l y )  was i s o l a t e d  f ro m  t h e  f i l t r a t e s .  A 

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

com p lex  (4 6 )  p r e c i p i t a t e d  t h e  c i s - d i c h l o r o - p l a t i n u m  co m p lex  (4 7 )  

i n  Z6%  y i e l d .  The p o s s i b i l i t y  t h a t  t h e  t r i p h e n y l p h o s p h i n e -  

p l a t i n u m  com p lex  (4 6 )  a b s t r a c t e d  two c h l o r i n e  a to m s  f ro m  

c h l o r o f o r m  t o  g i v e  m o n o c h lo r o c a r b e n e  was e l i m i n a t e d .  V/hen t h e

c h l o r o f o r m  

 /  /—>

( 4 8 )

Pt(PPh ) 4-
3  4

C 4 Q

t r i p h e n y l p h o s p h i n e - p l a t i n u m  co m p lex  (4 6 )  an d  c y c lo h e x e n e  w ere  

r e f l u x e d  o v e r n i g h t  i n  c h l o r o f o r m  no 7 - c h l o r o n o r c a r a n e  (4 8 )  

was p r o d u c e d .
J

I n  c o l d  b e n z e n e  t h e  azo  com p lex  ( 4 9 a ) w a s  p r e c i p i t a t e d  

i n  h i g h  y i e l d  a s  y e l l o w  c r y s t a l s  (79%)• I t s  s t o i c h i o m e t r y  

( c o n f i r m e d  by a n a l y s i s )  was s i ^ e s t e d  o r i g i n a l l y  b e c a u s e  t h e r e  

w as no g a s  e v o l u t i o n  d u r i n g  t h e  r e a c t i o n .  The r e t e n t i o n  o f  

s u l p h u r  d i o x i d e  was i n d i c a t e d  i n  t h e  i . r .  s p e c t r u m  by a b s o r p t i o n
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b a n d s  a t  1284 and  11^6 cm.""* and  r e t e n t i o n  o f  n i t r o g e n  by 

t h e r m o l y s i s  o f  t h e  compound i n  d ig ly m e  a t  120^ when n i t r o g e n  

was e v o l v e d .  The i n c o r p o r a t i o n  o f  t h e  e n t i r e  1 , 2 , 3 - b e n z o t h i a -  

d i a z o l e - l  , 1 - d i o x i d e  m o le c u le  was c o n f i r m e d  by  p r e p a r i n g  t h e  

6 - m e th y l  d e r i v a t i v e  (4 9 b )  w h ich  h ad  t h e  c o r r e c t  NMR s p e c t r u m .

(4)(a) R = H 

(b) R =CH.

P P h s

(49 ) (a )  R = H

(b) R = CH
3

103I n d e p e n d e n t l y  an d  s i m u l t a n e o u s l y  Cook an d  J a u h a l  

p r e p a r e d  t h i s  com plex  (R = H) u s i n g  e t h y l e n e b i s C t r i p h e n y l p h o s p h i n e )  

p l a t i n u m  ( l l 8 )  an d  h a d  a s s i g n e d  i t s  s t r u c t u r e  on t h e  b a s i s  o f  

t h e i r  i , r ,  s p e c t r u m .  Thus t h e i r  a b s o r p t i o n  a t  l4 4 6  cm,  ̂ was 

a s s i g n e d  t o  t h e  n i t r o g e n  -  n i t r o g e n  s t r e t c h i n g  f r e q u e n c y  and  

t h o s e  a t  1285 ( a s y m m e t r i c ) and  1159 and  I I 38 cm, ^ ( s y m m e t r i c )  

t o  t h e  s u l p h u r  -  ox y g en  s t r e t c h i n g  f r e q u e n c i e s .  They i n v e s t i g a t e d  

i t s  t h e r m o l y s i s  an d  c h a r a c t e r i s e d -  t h e  p r o d u c t s  ( 5 0 ) a n d  ( 5 1 ) •

jzq:

c f b

( 4 9 a )

PPhg

(50)

P < h 3 ^ P P h 3  

Pi

(51)

We a l s o  c o n s i d e r e d  an a l t e r n a t i v e  s t r u c t u r e  (X) f o r  

compound (4 9 )  and  i t  s t i l l  c a n n o t  be  c o m p l e t e l y  r u l e d  o u t .

Pt( PPh^)^

(X)
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T h i s  s t r u c t u r e  h ad  an  a d v a n ta g e  o v e r  (4 9 a )  a s  i t  c o u l d  

e a s i l y  e x p l a i n  t h e  a b i l i t y  o f  compound (4 9 )  ( s e e  l a t e r )  t o  

b e h a v e  a s  a  b e n zy n e  p r e c u r s o r #  The b e n z o t h i a d i a z o l e  r i n g  i s  

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

an d  d i s s o c i a t i o n  w ou ld  r e g e n e r a t e  1 , 2 , 3 “ ^ s n z o t h i a d i a z o l e - 1 , 1 -  

d i o x i d e  w h ic h  c o u l d  t h e n  decom pose t o  b e n z y n e  a s  n o r m a l .

The s t r u c t u r e  (X) w as c o n s i d e r e d  u n l i k e l y  b e c a u s a  o f  

two c o n s i d e r a t i o n s :

( i )  1 , 2 , 3 - b e n z o t h i a d i a z o l e - 1 , 1 - d i o x i d e  i s  t h e r m a l l y  

v e r y  u n s t a b l e  ( e v e n  a t  0 ° )  an d  i t  seem ed  u n l i k e l y  t h a t  i t s  

s t a b i l i t y  w o u ld  be so d r a m a t i c a l l y  i n c r e a s e d  ( a s  i t  was i n  

compound ( 4 9 ) !  w h ich  h a d  a  m .p .  o f  177 -  179^) when i t  was 

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

( i i )  by a n a lo g y  w i t h  t h e  b e n z e n e d i a z o n i u m - 2 - c a r b o x y l a t e s  

( S e c t i o n  Two) t h e  m echan ism  o f  f o r m a t i o n  o f  compound ( 4 9 )  was 

t h o u g h t  t o  i n v o l v e  a  b e t a i n e  i n t e r m e d i a t e  ( b e n z e n e d ia z o n iu m - 2 -  

s u l p h i n i t e ) ,  w h ic h  was i n  e q u i l i b r i u m  i n  s m a l l  c o n c e n t r a t i o n ,  

w i t h  1 , 2 , 3 - b e n z o t h i a d i a z o l e - 1 , 1 - d i o x i d e .

o c

Pt(PPh3>3

^ / P P h s

cfb

I f  i t  w as c o r r e c t  t h i s  m echan ism  w h ich  i n v o l v e d  s c i s s i o n  

o f  t h e  b e n z o t h i a d i a z o l e  r i n g  s u g g e s t e d  t h a t  s t r u c t u r e  (X) was 

u n l i l c e l y .  However i t  c a n n o t  be e l i m i n a t e d  on  t h e  b a s i s  o f  

c o n s i d e r a t i o n s  ( i )  and  ( i i )  a l o n e  and  i t  r e m a in s  a  p o s s i b i l i t y  

f o r  t h e  s t r u c t u r e  o f  compound ( 4 9 ) «
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I t  was t h o u g h t  t h a t  compound ( 4 9 )  m ig h t  s t i l l  be a  b en z y n e  

p r e c u r s o r  i f  t h e  n i t r o g e n  and  s u l p h u r  d i o x i d e  c o u l d  be e x t r u d e d ;  

f u r t h e r m o r e  i t  m ig h t  p ro d u c e  b e n z y n e  i n  t h e  p r o x i m i t y  o f  b i s -  

( t r i p h e n y l p h o s p h i n e ) p l a t i n u m  an d  h e n c e  c o u l d  p o s s i b l y  l e a d  to  

t h e  d e s i r e d  b e n z y n e - p l a t i n u m  c o m p le x .  I t s  p r o p e r t i e s  w ere  

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

T h e r m o ly s i s  o f  compound ( 4 9 a )  i n  d ig ly m e  g av e  one m o le ,  

o f  a  g a s  (p re s u m e d  t o  be  n i t r o g e n )  b e tw e e n  100 -  120° t o g e t h e r  

w i t h  b i p h e n y l .  I n i t i a l  e x p e r i m e n t s  w i t h  compound (4 9 a )  

s u s p e n d e d  i n  f u r a n  g av e  no 1 , 4 - n a p h t h a l e n e  e n d o x id e  (5 2 )  o r  

o c - n a p h th o l  ( 5 5 )  b u t  e x p o s u r e  t o  s u n l i g h t  o f  t h i s  s u s p e n s i o n  

f o r  t h r e e  w eeks  g a v e  t r a c e  q u a n t i t i e s  o f  ( 5 2 ) .  T h i s  p r o v i d e d  

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

o f  compound ( 4 9 ) .  P h o t o l y s i s  o f  hom ogeneous s o l u t i o n s  u s i n g  

t h e  * Sunlamp* g a v e  b e n z y n e  a d d u c t s  w i t h  t e t r a c y c l o n e  and  w i t h  

f u r a n .

( 5 2 )
THF, f u r a n , 

h v “

(53)

|^Pt(PPh^)gj 27%

V

(4 9 'a )  d ' b ^ P P h g

THF, t e t r a c y c l o n e ,  

h r
P h

Ph

(5 4 )
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P h o t o l y s i s  o f  t h e  azo  com plex  (4 9 a )  on  i t s  own i n  THF

g a v e  a  b i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m ( 0 )  s p e c i e s ,  d i m e r i c  i n
b e n z e n e  s o l u t i o n  ( o s m o m e t r i c  m o l e c u l a r  w e i g h t ) ,  w h i c h  h a d
d i f f e r e n t  p h y s i c a l  p r o p e r t i e s  f r o m  t h o s e  o f  t h e  c o m p l e x  r e p o r t e d

137b y  U g o ,  C a r i a t i  a n d  L a  M o n i c a  o r  o f  a  p h o s p h i n e - p l a t i n u m
c o m p l e x  p r e p a r e d  u n d e r  p h o t o l y t i c  c o n d i t i o n s  f r o m  o x a l a t o -

138b i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m ( I I )  .

I n  two r e a c t i o n s  w i t h  t h e  azo  com plex  (4 9 a )  and  t h e  

6 - m e t h y l  d e r i v a t i v e  ( 4 9 b ) ,  t h e  t r i p h e n y l p h o s p h i n e - p l a t i n u m  

com plex  (4 6 )  was u s e d  a s  t h e  b e n z y n e  t r a p .  T r i p h e n y l e n e  

f o r m a t i o n  was t h o u g h t  t o  be  good e v i d e n c e  f o r  b e n z y n e - p l a t i n u m  

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

d e t e c t e d  i n  t h i s  r e a c t i o n .  O nly  s u l p h a t o b i s ( t r i p h e n y l p h o  s p h i n e ) 

p l a t i n u m ( I I ) * '^ ^  and  a  c o l o u r l e s s  b i s  ( t r i p h e n y l p h o  s p h in e  ) -  

p l a t i n u m  s p e c i e s  w ere  i s o l a t e d .  The m e l t i n g  p o i n t s  o f  t h e  

two p l a t i n u m  -  p h o s p h in e  c o m p le x e s  f ro m  ( 4 9 a )  and  (4 9 b )  

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

an d  a n a l y s i s  was c o r r e c t .

139P a r s h a l l  h ad  shown t h a t  a r y l a z o p l a t i n u m  c o m p le x e s  

c o u ld  be c o n v e r t e d  to  a r y l p l a t i n u m  c o m p le x e s  by p e r c o l a t i o n  o f  

t h e i r  b e n z e n e  s o l u t i o n s  down a  s h o r t  co lum n o f  b a s i c  a l u m in a .  

V/hen t h e  azo  com plex  (4 9 a )  was t r e a t e d  i n  t h i s  w ay, t h r e e  

com pounds w ere  fo rm e d .  Compound (5 0 )  was i s o l a t e d  (335^) a s  

v i o l e t  c r y s t a l s .  A r e d  o i l  c o n t a i n i n g  a  s u l p h u r  -  o xygen  

l i n k a g e  ( i . r . ) an d  a  p h o s p h i n e - p l a t i n u m  com plex  w ere  n o t  

c h a r a c t e r i s e d .

I t  was n o t i c e d  t h a t  t h e  azo  com p lex  ( 4 9 a )  decom posed  

on s t a n d i n g  i n  a i r  a t  room t e m p e r a t u r e .  H y d r o g e n a t io n  o f  

( 4 9 a )  t o  (5 5 )  was a t t e m p t e d  u s i n g  10% p a l l a d i u m  on c h a r c o a l  

a s  a  c a t a l y s t .  Compound (5 5 )  s h o u ld  be  more s t a b l e  t h a n  (4 9 a )  

a s  i t  c o u l d  n o t  d i r e c t l y  l o s e  m o l e c u l a r  n i t r o g e n .

H10?^ P d /0
P P h

( 4 9 a )  ( 5 5 )
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R e d u c t io n  d i d  n o t  o c c u r  e v e n  th o u g h  h y d ro g e n  a p p e a r e d  t o  be 

a b s o r b e d .  C h ro m a to g ra p h y  o f  t h e  r e a c t i o n  m i x t u r e  g ave  t h e  

same p r o d u c t s  a s  c h ro m a to g ra p h y  o f  t h e  azo  com p lex  (4 9 a )  

on b a s i c  a lu m in a .

A l l  t h e  c h e m ic a l  p r o p e r t i e s  o f  t h e  azo  com plex  (4 9 a )

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

t r i p h e n y l e n e  f o r m a t i o n  i n  t h e  r e a c t i o n  b e tw e e n  1 , 2 , 5 - b e n z o -

t h i a d i a z o l e - 1 , 1 - d i o x i d e  and  t h e  t r i p h e n y l p h o s p h i n e - p l a t i n u m

c o m p l e x  (4 6 )  i n  r e f l u x i n g  e t h e r  -  b e n z e n e .  1 , 2 , 5 - B e n z o t h i a -
d i a z o l e - l  , 1 - d i o x i d e  ( 4 a )  decom posed  an d  g av e  b e n z y n e  u n d e r

t h e  c o n d i t i o n s  t h a t  ( 4 9 a )  was p r e p a r e d  a s  a  c o n t r o l  e x p e r i m e n t

s h o w e d .  T e t r a p h e n y l n a p h t h a l e n e  (5 4 )  (27%) w a s  p r o d u c e d  w h e n
t e t r a c y c l o n e  was u s e d  a s  t h e  b e n z y n e  t r a p  i n s t e a d  o f  t h e

t r i p h e n y l p h o s p h i n e - p l a t i n u m  com plex  ( 4 6 ) . ,  No a d d u c t s  s u c h

a s  ( 5 6 ) w ere  i s o l a t e d  w h ich  w ere  fo rm e d  when ( 4 a )  and
20c y d o p e n t a d i e n e  w ere  r e a c t e d  i n  c o l d  b e n z e n e  (5 7 )  •

O  O

( 56) ( 5 7 )

T hus 1 , 2 , 3 - b e n z o t h i a d i a z o l e - 1 , 1 - d i o x i d e  ( 4 a )  was t r a p p e d  by 

t r i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m ( 0 )  ( t h e  m ain  s p e c i e s  i n  

s o l u t i o n )  b e f o r e  i t  c o u l d  decom pose .

R e a c t i o n  o f . t h e  t r i p h e n y l p h o s p h i n e - p l a t i n u m  co m p lex  (4 6 )  

w i t h  e x c e s s  o f  1 , 2 , 3 - B e n z o t h i a d i a z o l e - l , 1 - d i o x i d e  ( 4 a )  d i d  

n o t  g i v e  a  d i f f e r e n t  compound w h ich  w as c a p a b l e  o f  d e c o m p o s in g  

on  t h e r m o l y s i s  t o  t r i p h e n y l e n e .  Thus a d d i t i o n  o f  ( 4 a )  ( tw o  

e q u i v a l e n t s )  t o  (4 6 )  i n  c o l d  b e n z e n e  g ave  t h e  azo  c o m p lex  (4 9 a )  

( 65%) a n d  p r o d u c t s  f ro m  t h e  r e a c t i o n  b e tw e e n  ( 4 a )  an d  

t r i p h e n y l p h o s p h i n e .
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The r e a c t i o n  o f  1 , 2 , ] $ - b e n z o t h i a d i a z o l e - 1 , 1- d i o x i d e  ( 4 a )  

w i t h  t r i p h e n y l p h o s p h i n e  was i n v e s t i g a t e d  f u r t h e r .  A p r e c i p i t a t e  

fo rm ed  on a d d i t i o n  o f  ( 4 a )  t o  t r i p h e n y l p h o s p h i n e  i n  c o l d  b e n z e n e  

w h ich  g av e  t r i p h e n y l p h o s p h i n e  o x id e  an d  a  m i x tu r e  o f  two am in es  

when decom posed  by c h ro m a to g ra p h y  on s i l i c a  g e l .  The b r i g h t  

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

s u l p h i d e  an d  a  r e d  compound . One o f  t h e  a m in e s

had  a  p a r e n t  p e a k  i n  t h e  m ass  s p e c t r u m  a t  m/e 246 w h ich  c o u ld  

be a s s i g n e d  t o  N - a m i n o p h e n o t h i a z i n e - ^ , ^ - d i o x i d e  ( 5 8 ) a l t h o u g h  

i . r .  e v i d e n c e  d i d  n o t  s u p p o r t  t h e  h y d r a z i n e  s t r u c t u r e .  The 

a l t e r n a t i v e , d i b e n z o - 1 - t h i a - 4 , ^ - h y d r a z o c y c l o h e p t a - 2 , 4 , 6 - t r i e n e -

1 , 1- d i o x i d e  ( 5 9 )» h a d  t o  be r e j e c t e d  a s  i t s  r e p o r t e d  p r o p e r t i e s  

( i . r .  s p e c t r u m  and  m . p . )  w ere  d i f f e r e n t .  The o t h e r  am ine h a d  a

l4 0

N— P P h

(60)

p a r e n t  p e a k  a t  m /e 326 and  t h e  i . r .  s u g g e s t e d  t h a t  i t  was 

a  p r i m a r y  a m in e ,  b u t  no s t r u c t u r e  c a n  be a s s i g n e d  to  i t .

T h e  f o r m a t i o n  o f  t h e s e  a m i n e s  t o g e t h e r  w i t h  t r i p h e n y l p h o s p h i n e  

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

i m i n o p h o  s p h o r a n e  s  o r  b e t a i n e s .  T h u s  h y d r o l y s i s  o f  c o m p o u n d  ( 6 0 ) 

w o u l d  e x p l a i n  t h e  f o r m a t i o n  o f  ( 5 8 ) .  C o m p o u n d  ( 6 0 ) w a s  a  p o s s i b l e  
s t r u c t u r e  f o r  t h e  r e d  c o m p o u n d  p r e v i o u s l y  d e s c r i b e d ,  b u t  i t  w a s  
r e j e c t e d  o n  t h e  b a s i s  o f  i t s  m a s s  s p e c t r u m  a n d  i m i n o p h o s p h o r a n e s  

o f  t h i s  t y p e  ( s e e  S e c t i o n  T h r e e )  w e r e  f o u n d  t o  b e  c o l o u r l e s s .
T h e  r e d  c o l o u r  s u g g e s t e d  a n  a z o  l i n k a g e  i n  t h i s  c o m p o u n d .
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Triphenylene form ation.

20W i t t i g  an d  H offm ann h a v e  shown t h a t  t h e r m o l y s i s  o f  

1 , 2 , 3- ' h e n z o t h i a d i a 2o l e - 1 , 1 - d i o x i d e  ( 4 a )  i n  warm b e n z e n e  g a v e  

b ip h e n y le n e  (1 -  9%) b u t  no t r i p h e n y l e n e .  However we f o u n d  

t h a t  when ( 4 a )  was decom posed  i n  a  r e f l u x i n g  e t h e r  -  b e n z e n e  

s o l u t i o n  o f  t h e  t r i p h e n y l p h o s p h i n e - p l a t i n u m  co m p lex  ( 4 6 )  i t  

g ave  t r i p h e n y l e n e  i n  38/^ y i e l d .

Pt(PPh^)4

(4a) R = H 
(4b) R =CH,

F o r m a t io n  o f  t r i p h e n y l e n e  w as t h o u g h t  t o  be due t o  

b e n z y n e - p l a t i n u m  i n t e r m e d i a t e s  a n d ' t h e  f o l l o w i n g  c o n t r o l  

e x p e r i m e n t s  s u p p o r t  t h i s  i d e a .

( i )  T r i p h e n y l p h o s p h i n e  was i n  e q u i l i b r i u m  w i t h  t h e  t r i p h e n y l p h o s p h i n e  

p l a t i n u m  com plex  ( 4 6 ) ,  b u t  i t  was n o t  r e s p o n s i b l e  f o r  t r i p h e n y l e n e  

f o r m a t i o n  a s  t h e r m o l y s i s  o f  ( 4 b )  u n d e r  t h e  same c o n d i t i o n s ,  w i t h  

t r i p h e n y l p h o s p h i n e ,  gave  no t r i p h e n y l e n e  d e r i v a t i v e .

( i i )  F o r m a t io n  o f  t r i p h e n y l e n e  was a c c o m p a n ie d  by p r e c i p i t a t i o n

o f  t h e  azo  com plex  (4 9 a )  w h ich  was t h e n  assu m ed  n o t  t o  p a r t i c i p a t e  

i n  t h e  r e a c t i o n  any  f u r t h e r .  The a c t i v e  p l a t i n u m  s p e c i e s  was 

t h u s  g r a d u a l l y  rem oved  a s  an  e x p e r i m e n t  h a s  shown i n  w h ic h  a  

c a t a l y t i c  q u a n t i t y  o f  (4 6 )  i n  t h i s  r e a c t i o n  g ave  b o th  t r i p h e n y l e n e  

an d  b i p h e n y l e n e .

( i i i )  Compound (4 9 )  c o u l d  c o n t r i b u t e  t o  t r i p h e n y l e n e  f o r m a t i o n  

when i n  s o l u t i o n .  A r e f l u x i n g  THF s o l u t i o n  o f  t h e  azo  co m p lex  

(4 9 a )  gave  t r i p h e n y l e n e  (9*3%) on a d d i t i o n  o f  ( 4 a ) .  The lo w  

y i e l d s  o f  t r i p h e n y l e n e  may be  due to  t h e  c o m p e t in g  r e a c t i o n  o f  

b e n z y n e  w i th  THF. E x p e r im e n t s  h a v e  shown ( s e e  S e c t i o n  T h r e e )  

t h a t  b e n z y n e  g e n e r a t e d  i n  THF g av e  a  lo w e r  y i e l d  o f  t h e  

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

i n  b e n z e n e .
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( i v )  D e c o m p o s i t i o n  o f  (4 b )  i n  t h i s  r e a c t i o n  g a v e  o n l y

2 , 6 , 1 1 - t r i m e t h y l t r i p h e n y l e n e ( 3 5 % ) • The a b s e n c e  o f  i s o m e r s  
i n d i c a t e d  e l e c t r o n i c  o r  p e r h a p s  s t e r i c  c o n t r o l  i n  t h e  i n t e r m e d i a t e  

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

( v )  VThen t h e  r e a c t i o n  was r e p e a t e d  w i t h  ( 4 a )  i n  b e n z e n e  a t  30^» 

lo w e r  y i e l d s  o f  t r i p h e n y l e n e  (11*5/^) w ere  p r o d u c e d .

( v i )  E t h y l e n e b i s ( t r i p h e n y l p h o  s p h i n e ) p l a t i n u m ( 0 )  a l s o  gave  

t r i p h e n y l e n e  (20$^) when i t  r e p l a c e d  t h e  t r i p h e n y l p h o s p h i n e -  

p l a t i n u m  co m p lex  (4 6 )  i n  t h i s  r e a c t i o n  w i t h  ( 4 a ) .

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

o f  p l a t i n u m ( O )  w a s  t h o u g h t  t o  b e  a n a l o g o u s  t o  t h e  c y c l i c
96t r i m é r i s a t i o n  o f  a c e t y l e n e s  by  o t h e r  t r a n s i t i o n  m e t a l s  . T h e re  

a r e  two d i f f e r e n t  m ech an ism s  s u g g e s t e d  i n  t h e  l i t e r a t u r e  f o r
i 42c y c l i c  p o l y m e r i s a t i o n  o f  a c e t y l e n e s .  M e r iw e th e r  £ t  a l .

show ed t h a t  z e r o v a l e n t  n i c k e l , w h ich  h a s  t h e  same num ber o f

v a l e n c e  e l e c t r o n s  a s  p l a t i n u m ( O ) ,  t r i m e r i s e d  a c e t y l e n e s  t o

b e n z e n e  d e r i v a t i v e s .  M o n o s u b s t i t u t e d  a c e t y l e n e s  gave  a  m i x t u r e

o f  1 , 2 , 4 -  an d  1 , 3 , 3 - t r i s u b s t i t u t e d  b e n z e n e s  w i t h  t h e  fo rm e r
l4 3

is o m e r  p r e d o m i n a t i n g .  They d e s c r i b e d  a  s t e p v / i s e  p r o c e s s  

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

o f  t h e  a c e t y l e n i c  C-H bond  t o  t h e  m e t a l .  T h i s  m echan ism  h a d  

t h e  a d v a n t a g e  o f  e x p l a i n i n g  t h e  f o r m a t i o n  o f  l i n e a r  p o ly m e r s .  

However t h e y  r e c o g n i z e d  t h a t  i t  w ou ld  n o t  a p p l y  t o  t h e  c y c l i c  

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

d i f f e r e n t  m echan ism  w h ic h  w as e q u a l l y  a p p l i c a b l e  t o  mono and  

d i s u b s t i t u t e d  a c e t y l e n e s .
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Ni —  i—N
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R

(6 2 )

R

-t-

R

( 6 3 )

The r o l e  o f  m e t a l o c y c l o p e n t a d i e n e s  (6 2 )  i n  c y o l o t r i m é r i s a t i o n

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

a n d  meta]ocyd o p e n t a d i e n e s  h a d  b e e n  

t r i m é r i s a t i o n  o f  t o i  

b e n z e n e  by b i s ( b e n z o n i t r i l e ) p a l l a d i u m  c h l o r i d e *

r e a c t i o n s  o f  d i s u b s t i t u t e d  a c e t y l e n e s  h a s  r e c e n t l y  b e e n  e s t a b l i s h e d
'[Lh.

f o r  i r i d i u m  and  rh o d iu m

s u g g e s t e d  b e f o r e  i n  t h e  t r i m é r i s a t i o n  o f  t o l a n  t o  h e x a p h e n y l -

C y c l o b u ta d i e n e  i n t e r m e d i a t e s  l i k e  ( 6 l )  h av e  b e e n  e l i m i n a t e d  
146by a  s t u d y  o f  t h e  i s o m e r  r a t i o s  p r o d u c e d  i n  t h e  c y c l i c

t r i m é r i s a t i o n  o f  2 - b u t y n e - 1 , 1 ,1 - d . A c y c l o b u t a d i e n e  i n t e r m e d i a t e
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i n  t h i s  r e a c t i o n  w i t h  t r i p h e n y l t r i s ( t e t r a h y d r o f u r a n ) c h r o m i u m ( I I I )  

w ou ld  p e r m i t  f o r m a t i o n  o f  compound ( 6 4 )  a s  v /e l l  a s  ( 6 5 ) and  ( 6 6 ) .  

Compound ( 6 4 )  was fo u n d  o n ly  i n  a m o u n ts  a t t r i b u t a b l e  t o  i m p u r i t i e s  

( h e x a d e u t e r i o - 2 - b u t y n e )  i n  t h e  s t a r t i n g  m a t e r i a l .  M e r iw e th e r * s

( 6 4 )

CD

(65) (66)

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

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

t h i s  n e w  e v i d e n c e .

14?S c h r a u z e r  p r o p o s e d  a  * c o m p l e x  m u l t i c e n t r e  m e c h a n i s m *  

i n  t h e  c y c l i c  t e t r a m e r i s a t i o n  a n d  t r i m é r i s a t i o n  o f  a c e t y l e n e  b y  
n i c k e l ( I I )  c o m p l e x e s .  A n  i n t e r m e d i a t e  ( 6 ? )  w a s  e n v i s a g e d ,  w h i c h  
f r a g m e n t e d  i n  a  c o n c e r t e d  f a s h i o n  t o  f o r m  t h e  n e w  c a r b o n  -  c a r b o n  
^  b o n d s  s i m u l t a u i e o u s l y .  F o r m a t i o n  o f  c y c l o o c t a t e t r a e n e  w a s

X.
CH

CH

C #

X...
CH

CH

PPh

( 6 7 ) (68)

X =CN

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

b l o c k e d  o n e  o f  t h e  o c t a h e d r a l  p o s i t i o n s  ( 6 8 ) .  S c h r a u z e r  h a d  

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

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

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

T h e  '"TT c o m p l e x  m u l t i c e n t r e  m e c h a n i s m *  ' h a s  g e n e r a t e d
<]if8

c o n s i d e r a b l e  i n t e r e s t  a m o n g  t h e o r e t i c a l  c h e m i s t s  .  T h e
c o n c e r t e d  t h e r m a l  u n c a t a l y s e d  c y c l o a d d i t i o n  o f  f o u r  a c e t y l e n e
m o l e c u l e s  i s  n o t  a l l o w e d  b y  t h e  W o o d w a r d  H o f f m a n n  R u l e s  •
T h a t  i t  s h o u l d  o c c u r  w h e n  t h e  a c e t y l e n e  w a s  c o m p l e x e d  t o  a
t r a n s i t i o n  m e t a l  s u g g e s t e d  a  n e w  e l e c t r o n i c  p a t h w a y  i n v o l v i n g

1 4 -9  1 5 0  1 5 1t h e  m e t a l  * s  a t o m i c  o r b i t a l s .  O t h e r  r e a c t i o n s -  w h i c h
a u re  s t r i c t l y  f o r b i d d e n  b y  t h e  W o o d w a r d  H o f f m a n n  R u l e s  p r o c e e d e d
i n  t h e  p r e s e n c e  o f  c e r t a i n  t r a n s i t i o n  m e t a l s  a n d  t h e  a u t h o r s
a t t r i b u t e d  t h e  c a t a l y s i s  t o  t h e  t r a n s f o r m a t i o n  o f  m o l e c u l a r
o r b i t a l  s y m m e t r i e s  w h i c h  m a d e  c o n c e r t e d  e l e c t r o c y c l i c  p r o c e s s e s

1 5 0a l l o w e d .  A  r e c e n t  e x a m p l e  w a s  t h e  q u a n t i t a t i v e  c o n v e r s i o n  

o f  e x o ~ t r i c y c l o ( 3 . 2 . 1 . 0 ) o c t - 6 - e n e  ( 6 9 )  t o  t e t r a c y c l o ( 3 * 3 . 0 . 0 )

( 6 9 )  ( 7 0 )

1 5 2o c t a n e  ( 7 0 ) .  H o w e v e r  a  c l o s e r  i n v e s t i g a t i o n  o f  t h i s  r e a c t i o n  

u s i n g  t r i s ( t r i p h e n y l p h o s p h i n e ) c h l o r o r h o d i u m ( I )  s h o w e d  t h a t  ( 7 0 )  
w a s  n o t  t h e  o n l y  c o m p o u n d  p r o d u c e d  a n d  o t h e r  p r o d u c t s  c o u l d  n o t  
b e  f o r m e d  f r o m  c o n c e r t e d  e l e c t r o c y c l i c  r e a c t i o n s .  T h e  a u t h o r s  

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

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

i s  a n a l o g o u s  t o  t h e  am ended M e r iw e th e r  p a th w a y  f o r  t h e  t r i m é r i s a t i o n  

o f  a c e t y l e n e s .

PtCPPh ) +  
3  3

PPh,

PPh

(73)PPh

□

PPh.

PPh.3

PPh
( 7 2 )

P t ( P P h ^ ) ^ 4-

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

d i b e n z o c y c l o b u t a d i e n e b i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m  ( ? 4 )  w a s  

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

i n  a c e t y l e n e  t r i m é r i s a t i o n .  A l s o  c o m p l e x  ( ? 4 )  m i g h t  b e  e x p e c t e d  

t o  d i s s o c i a t e  t o  s o m e  e x t e n t  t o  g i v e  t h e  v e r y  s t a b l e  b i p h e n y l e n e  
b u t  t h e  m a i n  f e a t u r e  o f  t h e  d e c o m p o s i t i o n  o f  1 , 2 , 3 - b e n z o t h i a -  

d i a z o l e - 1 , 1 - d i o x i d e  ( 4 a )  i n  t h e  p r e s e n c e  o f  t h e  t r i p h e n y l p h s o p h i n e -  

p l a t i n u m  c o m p l e x  ( 4 6 )  w a s  t h e  c o m p l e t e  s u p p r e s s i o n  o f  b i p h e n y l e n e  
f o r m a t i o n .
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PPh.

(74)

The lo w e r  y i e l d s  o f  t r i p h e n y l e n e  when b e n z e n e  w as u s e d  

a s  a  s o l v e n t  c o u l d  be  e x p l a i n e d  on  t h e  b a s i s  o f  c o m p e t i t i o n  

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

( 7 2 ) .  The s u c c e s s  o f  e t h y l e n e b i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m ( 0 )  

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

b l o c k  one  o f  t h e  o c t a h e d r a l  s i t e s  i n  (7 2 )  an d  (7 3 )  was n o t  

e s s e n t i a l .

A n o th e r  f e a t u r e  o f  t h i s  r e a c t i o n  w as t h e  p r o d u c t i o n  o f  

o n ly  2 , 6 , 1 1 - t r i m e t h y l t r i p h e n y l e n e  when ^ - m e t h y l - 1 , 2 , 3 - h e n z o -  

t h i a d i a z o l e - 1 , 1 - d i o x i d e  (4 b )  was d eco m p o se d .  T h i s  i s o m e r  i s  

d i r e c t l y  r e l a t e d  t o  t h e  1 , 2 , 4 - t r i s u b s t i t u t e d  b e n z e n e s  fo rm e d  

when u n s y m m e t r i c a l  a c e t y l e n e s  w ere  t r i m e r i s e d .  The f o r m a t i o n  

o f  t h i s  i s o m e r  h a s  a  s t a t i s t i c a l  a d v a n t a g e  ( 3 : 1 )  o v e r  t h e  

s y m m e t r i c a l  1 ,3 * 3 - i 6 o m e r  ( v i z .  2 , 6 , 1 0 - t r i m e t h y l t r i p h e n y l e n e ) .

T h e  c o m p l e t e  a b s e n c e  o f  2 , 6 , 1 0 - t r i m e t h y l t r i p h e n y l e n e  m u s t

i n d i c a t e  s t e r i c  o r  e l e c t r o n i c  c o n t r o l  i n  t h e  t r a n s i t i o n  s t a t e .
1 4 3

M e r i w e t h e r  e x p l a i n e d  t h e  p r e d o m i n a n c e  o f  t h e  1 , 2 , 4 - i s o m e r s  

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

i n  t h e  p o s i t i o n s  o f  t h e  m e t a l o c y c l o p e n t a d i e n e  r i n g  ( 7 3 ) , ( 7 6 ) .

Q > =

b u lk y  s u b s t i t u t e d  

p h o s p h in e  l i g a n d s

Q / = r "M

(76)
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A c c o rd in g  t o  M e r iw e th e r  t h e  p re d o m in a n c e  ( s o m e t im e s  

e x c l u s i v e )  o f  1 , 2 , 4 - t r i s u b s t i t u t e d  b e n z e n e s  was a  s e r i o u s  

s h o r t c o m in g  o f  a  * tt co m p lex  m u l t i c e n t r e  mechanism* w here  

1 , 3 » 5 - t r i s u b s t i t u t e d  b e n z e n e s  w ou ld  be e x p e c t e d  t o  p r e d o m i n a te  

on  s t e r i c  g r o u n d s .

S t e r i c  i n t e r a c t i o n  o f  t h e  m e th y l  g r o u p s  w i t h  t r i p h e n y l -  

p h o s p h in e  i n  t h e  t r i m é r i s a t i o n  o f  m e t h y l - s u b s t i t u t e d  b e n z y n e  i s  

shown b e lo w ,  b u t  i t s  im p o r t a n c e  i n  d e t e r m i n i n g  o n l y  t h e  f o r m a t i o n  

o f  2 , 6 , 1 1 - t r i m e t h y l t r i p h e n y l e n e  i s  u n c e r t a i n .

CH

CH

t r i p h e n y l p h o s p h i n e

CH

Pt

0 4

l i g a n d

The m echan ism  p r o p o s e d  ab o v e  s u g g e s t s  a  c a t a l y t i c  

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

The r e a c t i o n  was c o m p l i c a t e d  by  a  c o m p e t in g  r e a c t i o n  t o  fo rm  t h e  

azo  com plex  (4 9 )  an d  t h e  y i e l d s  o f  t r i p h e n y l e n e  b a s e d  on  p l a t i n u m  

v a r i e d  b e tw e e n  4?% and  63%. However t h e s e  y i e l d s  do n o t  t r u l y  

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

s ip h o n e d  o f f  d u r i n g  t h e  r e a c t i o n  a s  compound (4 9 )#

We h av e  a v o i d e d  t h e  * T c o m p le x  m u l t i c e n t r e  m echanism * 

i n  an  e x p l a n a t i o n  o f  t h e  f o r m a t i o n  o f  t r i p h e n y l e n e .  The 

t r i - b e n z y n e  i n t e r m e d i a t e  (7 7 )  w h ich  t h i s  mecheinism i m p l i e s  

seem ed  u n l i k e l y  when t h e  p r o p e r t i e s  o f  b en z y n e  w ere  c o n s i d e r e d .
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PPh

PPh

PPh,

( 7  7)

T h i s  m e c h a n i s m  w a s  e v e n  m o r e  d o u b t f u l  n o w  t h a t  m e t a l o c y c l o p e n t a -
-iZf/f

d i e n e s  h a v e  b e e n  i s o l a t e d  a n d  s h o w n  t o  b e  e f f e c t i v e  c a t a l y s t s  

i n  a c e t y l e n e  c y c l i c  t r i m é r i s a t i o n .
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SECTION TV;0. BENZENEDIAZONIUM-2-CARBOXYL ATE.

P P h
P P h

( 7 8 )

When b e n z e n e d i a z o n i u m - 2 - c a r b o x y l a t e  was d ecom posed  i n  

t h e  p r e s e n c e  o f  t h e  t r i p h e n y l p h o s p h i n e - p l a t i n u m  co m p lex  ( 4 6 ) ,  

a  g a s  was e v o lv e d  and  a  w h i t e  p r e c i p i t a t e  o f  t h e  c a r b o x y l a t o -  

p l a t i n u m  com p lex  (7 8 )  s e p a r a t e d .  The c a r b o x y l a t o  g ro u p  i n  

t h i s  compound was i n d i c a t e d  i n  t h e  i . r .  s p e c t r u m  by a b s o r p t i o n s  

a t  1655* 1305 and  1295 cm. ^ .

G i l c h r i s t ^ r e a c t e d  t h e  c a r b o x y l a t o  com plex  ( 7 8 ) w i t h  

b r o m in e .  H y d r o l y s i s  o f  t h e  r e a c t i o n  m i x t u r e  g av e  £ - b r o m o -  

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

p o s i t i o n  o r t h o  t o  t h e  c a r b o x y l a t e  g r o u p .  He a l s o  showed t h a t  

compound ( 7 8 ) d i d  n o t  decom pose t o  b e n z y n e  on i r r a d i a t i o n  o r  

by  h e a t i n g  a t  t e m p e r a t u r e s  up  t o  200®.

T h e re  w ere  two p o s s i b l e  r e a c t i o n  m ech an ism s  f o r  t h e  

f o r m a t i o n  o f  com plex  ( 7 8 )

(b) L s  J L  o f V p h .

-N,

(a )

( 8 4 )
P P h .

PttPPhg)^

(3 )
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M echanism  ( a ) .

.17 ,Y a r o s l a v s k y  i n  an  e f f o r t  t o  p r o v e  t h a t  l o s s  o f  n i t r o g e n  

and  c a r b o n  d i o x i d e  f rom  b e n z e n e d i a z o n i u m - S - c a r b o x y l a t e  ( 2 )  

was non  c o n c e r t e d  h a d  shovm t h a t  n i c k e l  c a r b o n y l  r e a c t e d  w i t h

( 2 )  a n d  g ave  p h t h a l i c  a n h y d r i d e .  He p r o p o s e d  t h a t  f o r m a t i o n

o f  p h t h a l i c  a n h y d r i d e  was due t o  t h e  r e a c t i o n  o f  n i c k e l  c a r b o n y l

w i t h  t h e  i n t e r m e d i a t e  ( 3 ) .

R e a c t i o n  w i t h  t h e  i n t e r m e d i a t e  ( 3 )  t o  fo rm  t h e  c a r b o x y la to *  

com plex  ( 7 8 ) m ig h t  a l s o  o c c u r  w i t h  t h e  t r i p h e n y l p h o s p h i n e -  

p l a t i n u m  com p lex  ( 4 6 ) .  A t t e m p ts  w ere  made t o  l a b i l i z e  t h e

O

P P h g P P ^ ;

( 7 8 )

NO.
p ^ f , ^ P P h ,

3

( 7 9 )

CH

PPh
PPh

( 8 0 )

PPh "PPh

(81)

PPhgF'P'hg

( 8 2 )

t h e  c a r b o x y l a t e  g r o u p  i n  (3 ) by i n t r o d u c i n g  s u b s t i t u e n t s  i n t o  

t h e  b e n z e n e  r i n g ^ ^ ^ .  I n  t h i s  way i t  was h o p e d  to  p ro m o te  t h e  

f o r m a t i o n  o f  b e n z y n e  w h ich  m ig h t  t h e n  be t r a p p e d  ( i n s t e a d  o f  ( 3 ) )  

by t h e  t r i p h e n y l p h o s p h i n e - p l a t i n u m  com plex  ( 4 6 ) .  E l e c t r o n  

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

o r  t h e  d ia z o n iu m  g ro u p  s h o u ld  e n c o u r a g e  l o s s  o f  c a r b o n  d i o x i d e  

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

i n  t h e  y i e l d s  o f  ( 7 8 )  t o  ( 8 2 ) .  I f  b e n z y n e  was g e n e r a t e d  i n  t h e  

r e a c t i o n  t h e n  f o r m a t i o n  o f  b i p h e n y l e n e  o r  t r i p h e n y l e n e  m ig h t  h av e  

b e e n  e x p e c t e d ,  b u t  t h e y  w ere  n o t  d e t e c t e d .



98.

M echanism  ( b ) .

A t r a n s i e n t  r e d  c o l o u r a t i o n  i n  t h e  r e a c t i o n  b e tw e e n  

b e n z e n e d i a z o n i u m - 2 - c a r b o x y l a t e  and  th e  t r i p h e n y l p h o s p h i n e -  

p l a t i n u m  com plex  ( 4 6 )  s u g g e s t e d  t h a t  an  azo  com plex  ( 8 4 )  was 

an  i n t e r m e d i a t e .  V/hen t h e  r e a c t i o n  was p e r f o r m e d  i n  c o l d

P P h

PPh
3

( 8 4 )

b e n z e n e  i n  an  a t t e m p t  t o  i s o l a t e  t h e  i n t e r m e d i a t e  (8 4 )  s l i g h t l y

h i g h e r  y i e l d s  o f  t h e  c a r b o x y l a t o - p l a t i n u m  com plex  ( ? 8 )  w ere

a c h i e v e d  an d  no i n t e r m e d i a t e  (8 4 )  c o u l d  be  i s o l a t e d .  However 
1 0 3Cook and  J a u h a l  p r e p a r e d  t h i s  com plex  u s i n g  e t h y l e n e -  

b i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m ( 0 )  an d  showed t h a t  i t  w as 

t h e r m a l l y  s t a b l e  a t  t e m p e r a t u r e s  u p to  130®, when i t  l o s t  n i t r o g e n  

t o  fo rm  compound ( 7 8 ) .  I t s  i . r .  s p e c t r u m  showed t h e  c a r b o x y l a t e  

f u n c t i o n  a t  163O and  1 5 l4  cm.""*. T h i s  r e s u l t  s u g g e s t e d  t h a t  

( 8 4 )  c o u l d  h av e  b e e n  an  i n t e r m e d i a t e  i n  t h e  r e a c t i o n  b e tw e e n  

b e n z e n e d i a z o n i u m - 2 - c a r b o x y l a t e  and  t h e  t r i p h e n y l p h o s p h i n e -  

p l a t i n u m  com plex  (4 6 )  b u t ,  t h a t  i t  was u n s t a b l e  i n  a  s y s t e m  

w h ich  c o n t a i n e d  f r e e  t r i p h e n y l p h o s p h i n e .  T h i s  h y p o t h e s i s  w^as 

n o t  i n v e s t i g a t e d .

IVhen we w ere  i n v o l v e d  i n  t h i s  w ork  t h e  r e s u l t s  o f  Cook 

and  J a u h a l  h a d  n o t  b e e n  p u b l i s h e d  an d  we a t t e m p t e d  t o  s y n t h e s i z e  

compound (8 4 )  t o  i n v e s t i g a t e  i t s  p r o p e r t i e s  i n  o r d e r  t o  f i n d  

e v i d e n c e  t o  s u p p o r t  o u r  h y p o t h e s i s  t h a t  i t  was an  i n t e r m e d i a t e  

i n  t h e  r e a c t i o n  b e tw e e n  b e n z e n e d i a z o n i u m - 2 - c a r b o x y l a t e  and  

t h e  t r i p h e n y l p h o s p h i n e - p l a t i n u m  com p lex  ( 4 6 ) .  t r a n s - H y d r i d o -  

c h l o r o b i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m (  1 1 )"*^^ was t r e a t e d  w i t h  

b e n z e n e d i a z o n i u m - 2 - c a r b o x y l a t e  t o  t r y  t o  p r e p a r e  t h e  a z o c a r b o x y l i c  

a c i d  d e r i v a t i v e  ( 8 ? ) .  A p i n k  c o l o u r a t i o n  d e v e lo p e d  when ( 2 )  

was a d d e d  t o  t h e  t r a n s - h y d r i d o c h l o r o - p l a t i n u m  com plex  ( 8 3 ) b u t  

s i m u l t a n e o u s l y  a  g a s  w as e v o lv e d  an d  t h e  p r o d u c t s  i s o l a t e d  from
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PPh^ Cl

( 8 5 )

PPh

N=N—Pt-CI■>

PPhCO,

PPh b a s e

PPh

(86)

( 8 4 )

P P t . 3  

N =N —P t—Cl

'C O g H

( 8 7 )

t h e  r e a c t i o n  c o n t a i n e d  n o  n i t r o g e n .  T h r e e  c o m p o u n d s  w e r e  
f o r m e d  w h i c h  w e r e  p a r t i a l l y  s e p a r a t e d  b y  f r a c t i o n a l  c r y s t a l l i s a t i o n .  
A h y d r i d o - p i a t i n u m  c o m p l e x  w h i c h  a p p e a r e d  a s  a n  i m p u r i t y  w a s  
n o t  c h a r a c t e r i s e d .  T h e  o t h e r  t w o  c o m p o u n d s  b o t h  c o n t a i n e d  
c h l o r i n e  a n d  a  c a r b o x y l a t e  g r o u p .  A  s t r u c t u r e  ( 8 8 )  w a s  a s s i g n e d  
t o  o n e  o f  t h e m ,  a l t h o u g h  t h e  a n a l y s i s  w a s  p o o r ,  o n  t h e  b a s i s  

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

3300 c m #  ^ .

PPh,

P t -C I

C O ^ H

(8 8 )
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T h e  r e a c t i o n  o f  t h e  t r i p h e n y l p h o s p h i n e - p l a t i n u m  c o m p l e x  
( 4 6 )  w i t h  o r t h o - s u b s t i t u t e d  b e n z e n e d i a z o n i u m  b e t a i n e s  t o  g i v e  
p l a t i n u m  h e t e r o c y c l i c  s y s t e m s  w a s  t h o u g h t  t o  b e  a  g e n e r a l  r e a c t i o n .  
T h i s  r e a c t i o n  w a s  e m p l o y e d  t o  p r e p a r e  a  c o m p o u n d  w h i c h  m i g h t  

s u p p o r t  t h e  a s s i g n m e n t  o f  s t r u c t u r e  ( 4 9 a )  t o  t h e  a z o  c o m p l e x  

f o r m e d  b y  t h e  r e a c t i o n  o f  1 , 2 , 3 - t i e n z o t h i a d i a z o l e - 1 , 1- d i o x i d e  

w i t h  t h e  t r i p h e n y l p h o s p h i n e - p l a t i n u m  c o m p l e x  ( 4 6 ) .  B e n z e n e -  
d i a z o n i u m - 2- s u l p h o n a t e  w a s  d e c o m p o s e d  w i t h  ( 4 6 )  a n d  g a v e  t h e  

s u l p h a t o  c o m p l e x  ( 8 3 ) .  I t s  i . r .  s p e c t r u m  h a d  a b s o r p t i o n s  a t

/  ^ P P h .  
PPh 

(8 3 )

( f h

(4 9  a) (X)

1 2 7 4 ,  1160 , 1128 a n d  1 0 9 5  c m . ~ ^  w h i c h  w e r e  s i m i l a r  t o  t h o s e  
o b s e r v e d  i n  t h e  a z o  c o m p l e x  ( 4 9 ) .  H o w e v e r  t h e s e  s i m i l a r i t i e s  
i n  t h e  8=0 s t r e t c h i n g  f r e q u e n c i e s  s t i l l  d o  n o t  e l i m i n a t e  t h e  
a l t e r n a t i v e  s t r u c t u r e  ( X )  w h i c h  m i g h t  a l s o  h a v e  s i m i l a r  s p e c t r a l  

c h a r a c t e r i s t i c s  t o  ( 8 3 ) .

D e c o m p o s i t i o n  o f  b e n z e n e d i a z o n i u m - 2 - c a r b o x y l a t e  i n  1 , 2 - d i c h l o r o e t h a n e .

F r i e d m a n ^ ^ ^  r e p o r t e d  t h a t  r e f l u x i n g  1 , 2 - d i c h l o r o e t h e m e  

w a s  t h e  b e s t  s y s t e m  f o r  b e n z y n o i d  d e c o m p o s i t i o n  o f  b e n z e n e -  

d i a z o n i u m - 2 - c a r b o x y l a t e  ( 2 ) .  A t h o u g h  G o m p p e r " ^ ^  h a d  s h o w n  

t h a t  ( 2 )  d e c o m p o s e d  i n  a  n o n  c o n c e r t e d  f a s h i o n  t h e  r e a c t i o n  
b e t w e e n  ( 2 )  a n d  t h e  t r i p h e n y l p h o s p h i n e - p l a t i n u m  c o m p l e x  ( 4 6 )  

w a s  i n v e s t i g a t e d  i n  r e f l u x i n g  d i c h l o r o e t h a n e .  C o m p o u n d  ( 7 8 )  

( 89%) w a s  i s o l a t e d  b u t  t h e  y i e l d  o f  t h e  m e t h y l  d e r i v a t i v e  ( 8 0 )  

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

i m p r o v e  t h e  d e c o m p o s i t i o n  o f  ( 2 )  t o  b e n z y n e  t h e n  t h e  f o r m a t i o n  

o f  b i p h e n y l e n e  o r  t r i p h e n y l e n e  ( f r o m  t h e  r e a c t i o n  o f  b e n z y n e  
w i t h  ( 4 6 ) )  m i g h t  h a v e  b e e n  e x p e c t e d ,  b u t  t h e y  w e r e  n o t  d e t e c t e d ,
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U n d e r  t h e s e  c o n d i t i o n s  ( 2 )  o n  i t s  o w n  d e c o m p o s e d  a n d  g a v e  

b i p h e n y l e n e ( 5 • 5 % ) •

T h e  t r i p h e n y l p h o s p h i n e - p l a t i n u m  c o m p l e x  ( 4 6 )  a n d  

b e n z e n e d i a z o n i u m - 2 - c a r b o x y l a t e  ( 2 )  h a d  t o  b e ^  a d d e d  a l m o s t  

s i m u l t a n e o u s l y  t o  r e f l u x i n g  1 , 2 - d i c h l o r o e t h a n e  i f  s i d e  r e a c t i o n s  
w e r e  t o  b e  a v o i d e d .  T h u s  c o m p o u n d  ( 4 6 )  r e a c t e d  w i t h  d i c h l o r o -  
e t h a n e  a n d  g a v e  c i s - d i c h l o r o b i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m ( I I ) ,  

a n d  c o m p o u n d  ( ? 8 )  c o u l d  o n l y  b e  r e c o v e r e d  i n  68% y i e l d  f r o m  

d i c h l o r o e t h a n e  a f t e r  5  h r . .

I f  t h e  t r i p h e n y l p h o s p h i n e - p l a t i n u m  c o m p l e x  ( 4 6 )  w a s  

l e f t  i n  c o n t a c t  w i t h  d i c h l o r o e t h a n e  f o r  5  m i n .  b e f o r e  ( 2 )  
w a s  a d d e d ,  t h e n  t h e  y i e l d  o f  t h e  c a r b o x y l a t o  c o m p l e x  ( 7 8 )  
w a s  r e d u c e d  ( 4 8 % )  a n d  w a s  a c c o m p a n i e d  b y  t h e  f o r m a t i o n  o f  

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

d e c o m p o s e d  o n  r e c r y s t a l l i s a t i o n  t o  a  c o m p o u n d  t h a t  a b s o r b e d  
i n  t h e  i . r .  s p e c t r u m  a t  l 6 4 0 ,  163O a n d  1 3 3 0  c m . " ^ .  T h e  
s t r u c t u r e  o f  t h i s  c o m p o u n d  h a s  n o t  b e e n  e l u c i d a t e d  b u t  s i m i l a r i t i e s  

t o  ( 8 4 )  i n  t h e  i . r .  s p e c t r u m  i n d i c a t e d  t h a t  t h e  c a r b o x y l a t e  
f u n c t i o n  m i g h t  f o r m  p a r t  o f  a  s i x  o r  s e v e n - m e m b e r e d  r i n g .
T h e r e  w a s  n o  e v i d e n c e  f r o m  t h e  m a s s  s p e c t r u m  t h a t  t h e  s o l v e n t  
h a d  b e e n  i n c o r p o r a t e d  a n d  n o  f r a g m e n t s  c o n t a i n e d  c h l o r i n e .

115F r i e d m a n  d e m o n s t r a t e d  t h a t  t h e r m a l  d e c o m p o s i t i o n  
i n  b e n z e n e  o f  b e n z e n e d i a z o h i u m - 2 - c a r b o x y l a t e  ( 2 )  c o n t a m i n a t e d  

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

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

S i l v e r  i o n s  h a v e  b e e n  s h o w n  t o  a f f e c t  t h e  c o u r s e  o f
o t h e r  r e a c t i o n s .  P e t t i t  h a d  e x p l a i n e d  t h e  f o r m a t i o n  o f  t h e

d i m e r  ( 8 9 )  f r o m  b e n z o c y c l o b u t a d i e n e  b y  a  r e a c t i o n  i n  w h i c h

c y c l o b u t e n e  r i n g  o p e n i n g  i n  t h e  i n t e r m e d i a t e  ( 9 0 )  b e c a m e
151t h e r m a l l y  a l l o w e d  b e c a u s e  o f  t h e  p r e s e n c e  o f  s i l v e r  i o n s .
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Ag

( 8 9 )

( 9 0 )

W e i n v e s t i g a t e d  t h e  r e a c t i o n  b e t w e e n  b e n z y n e  a n d  
5 1p h e n y l a c e t y l e n e  t o  s e e  i f  t h e r e  w a s  a n y  d r a m a t i c  c h a n g e  i n  

t h e  p r o d u c t  d i s t r i b u t i o n  i n  t h e  p r e s e n c e  o f  s i l v e r  i o n s .  T h e  
r a t i o ;  o f  p h e n a n t h r e n e  ( 9 1 )  t o  ^ , 6 - d i p h e n y l d i b e n z o c y c l o o c t a -  

t e t r a e n e  ( 9 2 )  d i d  c h a n g e  f r o m  a  s i l v e r  f r e e  e n v i r o n m e n t  ( 1 : 1 , 6 4 )  
t o  o n e  c o n t a m i n a t e d  w i t h  s i l v e r  i o n s  ( 1 : 5 , 8 ) ,

T h e  f o r m a t i o n  o f  ( 9 2 )  w a s  e n v i s a g e d  a s  a  ( 2  +  2 )  c y c l o -  

a d d i t i o n  o f  1 - p h e n y l b e n z o c y c l o b u t a d i e n e  ( 9 3 )  t o  i t s e l f  i n  a  
d i m é r i s a t i o n  r e a c t i o n .  T h e  p r o p o r t i o n  o f  t h i s  c o m p o u n d  i n c r e a s e d

( 9 3 )

" 7
Ph

V
Ph

( 9 4 )
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i n  t h e  p r e s e n c e  o f  s i l v e r  i o n s .  A  c o n c e r t e d  t h e r m a l  ( 2  +  2 )  
c y c l o a d d i t i o n  w a s  n o t  a l l o w e d  b y  t h e  W o o d w a r d  H o f f m a n n  R u l e s  

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

o r b i t a l s  i n v o l v e d .

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

h a v e  b e e n  p r o d u c e d :

( i )  r e a r r a n g e m e n t  o f  ( 9 3 )  b y  a n  i n t e r n a l  D i e l s  A l d e r  r e a c t i o n ,

(9 3)

(91)

o r  ( i i )  D i e l s  A l d e r  ( 2  +  4 )  c y c l o a d d i t i o n  o f  b e n z y n e  t o  

p h e n y l a c e t y l e n e .

H

(91)
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T h e  p r o p o r t i o n  o f  p h e n a n t h r e n e  d e c r e a s e d  i n  t h e  p r e s e n c e  o f  
s i l v e r  i o n s .  T h i s  w o u l d  b e  e x p e c t e d  a s  t h e  h i g h e s t  o c c u p i e d  
m o l e c u l a r  o r b i t a l  o f  b e n z y n e  i n  a  b e n z y n e - s i l v e r  c o m p l e x  v r o u l d  
n o t  h a v e  t h e  c o r r e c t  s y m m e t r y  t o  p a r t i c i p a t e  i n  a  c o n c e r t e d  
e l e c t r o c y c l i c  r e a c t i o n  w i t h  a  d i e n e ,

,

T r a n s f o r m a t i o n  o f  m o l e c u l a r  o r b i t a l  s y m m e t r i e s  i n  t h e s e  
r e a c t i o n s  c o u l d  b e  e x p l a i n e d  b y  f o r m a t i o n  o f  é 'tr  c o m p l e x e s  i n  
w h i c h  e l e c t r o n  d e n s i t y  w a s  t r a n s f e r e d  t o  t t  a n t i b o n d i n g  o r b i t a l s .  

T h e  m e c h a n i s m  o f  t h i s  t r a n s f e r  i s  i n d i c a t e d  i n  t h e  d i a g r a m  (95)*

f i l l e d  * d *  o r b i t a l  

o f  s i l v e r

e m p t y  * s *  o r b i t a l
o n  s i l v e r

(95)

S i l v e r  ( o r  a n y  t r a n s i t i o n  m e t a l  c a p a b l e  o f  f o r m i n g  f i r b o n d s )  
w o u l d  t h e r e f o r e  e f f e c t  o c c u p a t i o n  o f  b o t h  4 ,  ( T T b o n d i n g )  a n d  

4 ^  ( I T a n t i b o n d i n g )  o r b i t a l s .  T h e  c o m p l e x e d  c a r b o n  -  c a r b o n

u

\ /

\

M \ /

d o u b l e  b o n d  s h o u l d  t h e r e f o r e  b e  a b l e  t o  u n d e r g o  c o n c e r t e d  
t h e r m a l  c y c l o a d d i t i o n  r e a c t i o n s  w i t h  e x t e r n a l  o l e f i n s  t o  f o r m  
c y c l o b u t a n e s  a s  t h i s  i s  n o w  a  s y m m e t r y  a l l o w e d  p r o c e s s  ( s e e  
d i a g r a m  b e l o w ) .  S t e r e o s p e c i f i c  c y c l o a d d i t i o n  r e a c t i o n s  o f
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H i g h e s t  ( p a r t i a l l y )  o c c u p i e d
 V  o r b i t a l  o f  t h e  o l e f i n

V  c o m p l e x e d  t o  t h e  t r a n s i t i o n

Â  m e t a l .

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

o f  t h e  e x t e r n a l  o l e f i n .

4 3  1 5 4o l e f i n s  t o  f o r m  f o u r - m e m b e r e d  r i n g s  h a v e  b e e n  o b s e r v e d  ’ 
w h e n  u . v .  l i g h t  i s  r e s p o n s i b l e  f o r  e x c i t a t i o n  o f  e l e c t r o n s  

i n t o

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

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

a n t i s y m m e  t r i e •

T h e  h i g h  y i e l d s  o f  b i p h e n y l e n e  p r o d u c e d  b y  t h e  L T A

o x i d a t i o n  o f  1- a m i n o b e n z o t r i a z o l e  ( 5 )  h a v e  b e e n  e x p l a i n e d  b y
t h e  f o r m a t i o n  o f  a  h i g h  s t a n d i n g  c o n c e n t r a t i o n  o f  b e n z y n e  w h i c h
d i m e r i s e d  s t e p w i s e  t o  b i p h e n y l e n e .  A n  i n t e r e s t i n g  a l t e r n a t i v e
e x p l a n a t i o n  w o u l d  b e  t h a t  a  c o n c e r t e d  (2  +  2 )  c y c l o a d d i t i o n
r e a c t i o n  p r o c e e d e d  d u e  t o  t h e  f o r m a t i o n  o f  a  b e n z y n e - l e a d ( l V )

3 9c o m p l e x .  H o w e v e r  K L a n d e r m a n  a n d  C r i s w e l l  d e m o n s t r a t e d  t h a t  

b e n z y n e  g e n e r a t e d  b y  o x i d a t i o n  o f  ( 5 )  h a d  a  r e a c t i v i t y  a n d  
s e l e c t i v i t y  c o m p a r a b l e  t o  t h a t  o f  b e n z y n e  g e n e r a t e d  f r o m  o t h e r  

s o u r c e s  i n  a  D i e l s  A l d e r  r e a c t i o n  w i t h  1 , 4 - d i m e t h o x y a n t h r a c e n e *

T h e  i n v e s t i g a t i o n  o f  t h e  r e a c t i o n  b e t w e e n  b e n z y n e  a n d  

p h e n y l a c e t y l e n e  g a v e  a n  o p p o r t u n i t y  t o  c o m p a r e  m e t h o d s  o f  
p r e p a r i n g  b e n z e n e d i a z o n i u m - 2 - c a r b o x y l a t e  ( 2 ) .  F r i e d m a n * s  
m e t h o d  o f  p r e p a r i n g  ( 2 )  f r e e  f r o m  s i l v e r  i o n s  b y  p r e c i p i t a t i o n  

f r o m  t e t r a h y d r o f u r a n  w a s  e x t r e m e l y  h a z a r d o u s  a n d  w a s  t h e  m o s t  

d a n g e r o u s  m e t h o d  t o  u s e .  C o m p o u n d  ( 2 )  c o u l d  b e  g e n e r a t e d  

i n  s i t u  s a f e l y  a n d  r a p i d l y  f r o m  b e n z e n e d i a z o n i u m  c h l o r i d e
1 5a n d  1 , 2 - e p o x y p r o p e n e .  P r e p a r a t i o n  o f  ( 2 )  b y  S t i l e s *  m e t h o d  

t o o k  a b o u t  3 h r .  b u t  i t  w a s  i s o l a t e d  i n  a  f o r m  w h i c h  w a s  s a f e  
t o  h a n d l e  p r o v i d e d  t h a t  i t  w a s  k e p t  d a m p  w i t h  e t h e r .
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S E C T I O N  T H R E E .  1 - A M I N O B E N Z O T R I A Z O L E .

B e n z e n e d i a z o n i u m - 2 - c a r b o x y l a t e  a n d  1 , 2 , 3 - b e n z o t h i a -  

d i a z o l e - l  ,  1- d i o x i d e  h a d  b e e n  c h o s e n  a s  t h e  b e n z y n e  p r e c u r s o r s  
i n  t h e  w o r k  d e s c r i b e d  i n  S e c t i o n  O n e  s m d  S e c t i o n  T w o  b e c a u s e  

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

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

f i e r c e  r e a c t i o n  c o n d i t i o n s  t o  g e n e r a t e  b e n z y n e  ( e . g .  t h e r m o l y s i s ,  

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

( 4 6 ) ,  o r  d e s t r o y  a n y  b e n z y n e - p i a t i n u m  c o m p l e x  f o r m e d .

1 - A m i n o b e n z o t r i a z o l e  ( 5 )  w a s  n o t  a n  i d e a l  b e n z y n e  
p r e c u r s o r  t o  u s e  i n  t h i s  w o r k  a s  i t  r e q u i r e d  o x i d i s i n g  c o n d i t i o n s  
t o  g e n e r a t e  b e n z y n e .  T h e s e  c o n d i t i o n s  m i g h t  a l s o  o x i d i s e  t h e  
z e r o v a l e n t  p l a t i n u m  c o m p l e x  ( 4 6 ) .  T w o  n e w  s y s t e m s  b a s e d  o n  t h e  
1- a m i n o b e n z o t r i a z o l e  n u c l e u s  w e r e  d e s i g n e d  w h i c h  f r a g m e n t e d  t o  

b e n z y n e  w i t h o u t  t h e  u s e  o f  o x i d i s i n g  c o n d i t i o n s .  T h e y  w e r e  
e m p l o y e d  i n  a n  e f f o r t  t o  p r e p a r e  a  b e n  z y n  e - p i a t i n u m  c o m p l e x  
f r o m  t h e  t r i p h e n y l p h o s p h i n e - p l a t i n u m  c o m p l e x  ( 4 6 ) .

1 .  A l k a l i  m e t a l  s a l t s  o f  ( t o l u e n e - p - s u l p h o n a m i d o ) b e n z o t r i a z o l e .

W i l l e y * ^ ^  h a d  s h o w n  t h a t  p h o t o l y s i s  o f  t h e  l i t h i u m  s a l t s  

( 9 6 ) g a v e  a c e t y l e n e s  ( 9 7 )  a n d  b y  a n a l o g y  i t  w a s  t h o u g h t  t h a t  

c o m p o u n d  ( 9 8 )  w o u l d  f r a g m e n t  t o  b e n z y n e .
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, ' V

hv

N -SQ CH

Li

( 9 6 )

-h 2N_ 4- M S Q CH

N -SQ CH

(9 8 ) (a) M = Na 

(b) M = Li

T h e  l i t h i u m  a n d  s o d i u m  s a l t s  ( 9 8 )  w e r e  p r e p a r e d  b y  

r e a c t i o n  o f  1- ( t o l u e n e - p ^ - s u l p h o n a m i d o ) b e n z o t r i a 2o l e  ( 9 9 )  w i t h  
b u t y l l i t h i u m  a n d  s o d i u m  e t h o x i d e .  T h e  s a l t s  w e r e  d e l i q u e s c e n t  
a n d  a b s o r b e d  w a t e r  f r o m  t h e  a t m o s p h e r e  e v e n  d u r i n g  t h e  s h o r t  

t i m e  r e q u i r e d  t o  t a k e  i . r .  s p e c t r a .

We h o p e d  t o  p r e p a r e  t h e  s u l p h o n a m i d e  ( 9 9 )  f r o m  b e n z o t r i a z o l e  
w h i c h  w a s  r e a d i l y  a v a i l a b l e .  A t t e m p t e d  i n s e r t i o n  o f  t o l u e n e - £ -  

s u l p h o n y l  n i t r e n e  i n t o  t h e  N - H  b o n d  o f  b e n z o t r i a z o l e  f a i l e d ,  

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

a r o m a t i c  C - H  b o n d  o f  t h e  s o l v e n t .  T h e y  w e r e  i d e n t i c a l  t o  a u t h e n t i c  

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

a n d  p a r a - » c h l o r o a n i l i n e .
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c h l o r o b e n z e n e
a t  r e f l u x

SO^N:

N-SO CH
Cl

N—SO, CH

Cl

c h l o r o b e n z e n e  
a t  r e f l u x

N -S O CH

(99)

T h e  s u l p h o n a m i d e  (99) w a s  p r e p a r e d  f r o m  1 - a m i n o b e n z o t r i a z o l e .

CH3-<Q)-S02CI

NH
(5)

2  ,

p y r i d i n e  a t  

r e f l u x

s o d i u m  e t h o x i d e

CH

(99)

CH

(1 0 0 )



109.

1 - A m i n o b e n z o t r i a z o l e  ( 5 )  w a s  t r e a t e d  w i t h  t w o  e q u i v a l e n t s  o f  

t o l u e n e - £ - s u l p h o n y l  c h l o r i d e  i n  p y r i d i n e  a n d  g a v e  1 - ( N | N . - d i ( t o l u e n e  
- £ - s u l p h o n y l ) a m i n o ) b e n z o t r i a z o l e  ( 100 ) ,  w h i c h  w a s  h y d r o l y s e d  

t o  ( 9 9 )  b y  s o d i u m  e t h o x i d e  i n  e t h a n o l .  T r e a t m e n t  o f  t h e  a m i n e  

( 5 )  w i t h  o n e  e q u i v a l e n t  o f  t o l u e n e - £ - s u l p h o n y l  c h l o r i d e  g a v e  
a  m i x t u r e  o f  ( 9 9 ) a n d  ( 100 ) .

r
P h o t o l y s i s  o f  t h e  s a l t s  ( 9 8 a )  a n d  ( 9 8 b )  g a v e  b e n z y n e  

w h i c h  w a s  t r a p p e d  b y  f u r a n  a n d  t e t r a c y c l o n e  ( T a b l e  I ) .

T a b l e  I .

M e t h o d S o l v e n t T i m e  
( h r .  )

T r a p A d d u c t Y i e l d

( 98a ) ' B a y o n e t * D i m e t h y 1 -  
s u l p h o x i d e

15 f u r a n o£ n a p h t h o l 18%*

' B a y o n e t * S u s p e n s i o n  
i n  b e n z e n e

1 5 f u r a n n o  onJ n a p h t h o l

( 98b )  ' B a y o n e t ' T H F 20 f u r a n « ^ n a p h t h o l 52%

' H a n o v i a ' T H F 20 t e t r a c y c l o n e t e t r a p h e n y l -

n a p h t h a l e n e
22%

' H a n o v i a * T H F 20 f u r a n  1 , 4 - n a p h t h a l e n e  

-  e n d o x i d e
1 7 %

* C o m p o u n d  ( 9 9 )  ( 2 0  -  3 0 % )  w a s  r e c o v e r e d , i n  t h i s  r e a c t i o n .

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

P h o t o l y s i s  o f  a  s u s p e n s i o n  o f  ( 98 a )  i n  b e n z e n e  g a v e  n o  b e n z y n e -  
f u r a n  a d d u c t .  P h o t o l y s i s  o f  ( 9 8 b )  b y  t h e  ' B a y o n e t * m e t h o d  i n  
T H F  g a v e  t h e  b e s t  y i e l d  o f  a  b e n z y n e  a d d u c t .  T h e  i s o l a t i o n  o f  

c»L n a p h t h o l  ( 3 3 )  r a t h e r  t h a n  1 , 4 - n a p h t h a l e n e  e n d o x i d e  ( 5 2 )
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i n  t h e s e  r e a c t i o n s  w a s  d u e  t o  t h e  w o r k  u p  p r o c e d u r e  i n  w h i c h  
t h e  e n d o x i d e  ( 5 2 )  i n  t h e  c r u d e  r e a c t i o n  m i x t u r e  w a s  h y d r o l y s e d  

t o  ( 5 3 )  b y  h y d r o c h l o r i c  a c i d .  T h e  e n d o x i d e  ( 5 2 )  w a s  I s o l a t e d  
i n  o n e  r e a c t i o n  t o  p r o v e  t h a t  i t  w a s  t h e  i n i t i a l  p r o d u c t  f o r m e d ,

155
M e i n w a l d  a n d  C r a n d a l e  h a v e  s h o w n  t h a t  t o s y l h y d r a z o n e s  

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

s h o r t  c o l u m n  o f  b a s i c  a l u m i n a .  T h e  s u l p h o n a m i d e  ( 9 9 )  w a s

^=N-NH-SOg-^~^— C H ^

a l u m i n a

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

a n d  ( 9 9 )  w a s  t o o  s t r o n g l y  a d s o r b e d  o n t o  t h e  a l u m i n a  t o  b e  
r e c o v e r e d .

D e c o m p o s i t i o n  o f  t h e  l i t h i u m  s a l t  ( 9 8 b )  i n  t h e  p r e s e n c e  o f  

t e t r a k i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m ( 0 )  ( 4 6 ) .

C o m p o u n d  ( 9 8 b )  w a s  i r r a d i a t e d  b y  t h e  *B a y o n e t  * m e t h o d  
i n  t h e  p r e s e n c e  o f  t h e  t r i p h e n y l p h o s p h i n e - p l a t i n u m  c o m p l e x  ( 4 6 )  

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

%Vhen t h e  r e a c t i o n  m i x t u r e  w a s  e v a p o r a t e d  a n  o i l  w a s  o b t a i n e d  
w h i c h  c o u l d  n o t  b e  c r y s t a l l i s e d .  C h r o m a t o g r a p h y  g a v e  a  p l a t i n u m  

c o m p l e x  w h i c h  o n l y  s h o w e d  a b s o r p t i o n s  i n  t h e  i . r #  s p e c t r u m  d u e  
t o  t r i p h e n y l p h o s p h i n e  l i g a n d s .

T h e  s u i t a b i l i t y  o f  t h e s e  r e a c t i o n  c o n d i t i o n s  f o r  i s o l a t i n g
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a  ' b e n z y n e - p l a t i n u m  c o m p l e x  w a s  e x a m i n e d  b y  g e n e r a t i n g  c y c l o h e x y n e
7 3f r o m  c o m p o u n d  ( 1 0 1 )  i n  a  s i m i l a r  m a n n e r  .  I t  w a s  t h o u g h t  t h a t

N - S Q CH

(101)

a  c y c l o h e x y n e - p l a t i n u m  c o m p l e x  w o u l d  h a v e  a  s i m i l a r  r e a c t i v i t y  
t o  a  b e n z y n e - p l a t i n u m  c o m p l e x  a n d  w o u l d  h a v e  a n  a b s o r b t i o n  i n  

t h e  i . r .  s p e c t r u m  i n  t h e  r e g i o n  2 0 0 0  -  l 6 0 0  c m .   ̂ t o  h e l p  i n  
i t s  i d e n t i f i c a t i o n .  N o  c o m p l e x  w a s  i s o l a t e d  w h i c h  h a d  a n  
a b s o r p t i o n  i n  t h i s  r e g i o n  o f  t h e  i . r .  s p e c t r u m .  A  s c a n t y ,  

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

I t  w a s  r e c o g n i z e d  t h a t  c y c l o h e x y n e  i n  a  c y c l o h e x y n e -  

p l a t i n u m  c o m p l e x  m i g h t  h a v e  r e a c t e d  w i t h  e t h a n o l .  E t h a n o l  h a d  
p r o v e d  t o  b e  a  g o o d  s o l v e n t  t o  p r o m o t e  t h e  c r y s t a l l i s a t i o n  o f  
c y c l o o c t y n e b i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m ' ^ ^ ^  ( 1 0 2 )  a n d  i t  w a s  

u s e d  i n  t h e  r e a c t i o n  w i t h  t h e  c y c l o h e x y n e  p r e c u r s o r  ( 1 0 1 )  f o r  
t h e  s a m e  p u r p o s e  a f t e r  t h e  o r i g i n a l  s o l v e n t  ( d i o x a n )  h a d  b e e n  

r e m o v e d .

/ P P h s

Pt
PPh,

(1 0 2 )
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A  c y c l o h e x y n e - p l a t i n u m  c o m p l e x  c o u l d  n o t  b e  i s o l a t e d  

w h e n  c o m p o u n d  ( 1 0 1 )  w a s  i r r a d i a t e d  i n  t h e  p r e s e n c e  o f  t h e  

t r i p h e n y l p h o s p h i n e - p l a t i n u m  c o m p l e x  ( 4 6 )  a n d  i t  w a s  t h e r e f o r e  
u n l i k e l y  t h a t  a  b e n z y n e - p l a t i n u m  c o m p l e x  w o u l d  b e  i s o l a t e d  b y  

t h e  p h o t o l y s i s  o f  ( 9 8 )  u n d e r  t h e  s a m e  c o n d i t i o n s  a l s o  i n  t h e  
p r e s e n c e  o f  c o m p o u n d  ( 4 6 ) .  T h e  p r e l i m i n a r y  e x p e r i m e n t  t o  p r e p a r e  
a  b e n z y n e - p l a t i n u m  c o m p l e x  i n  t h i s  w a y  h a d  f a i l e d  t o  s h o w  a n y  

e v i d e n c e  a t  a l l  o f  t h i s  c o m p l e x  a n d  t h e r e f o r e  t h i s  a p p r o a c h  w i t h  
( 9 8 ) w a s  n o t  p u r s u e d  f u r t h e r .

I m i n o p h o s p h o r a n e  o f  1 - a m i n o b e n z o t r i a z o l e .

Z i m m e r  £ t  a l ^ ^ ^  h a d  s h o v m  t h a t  p h o t o l y s i s  o f  a n  
i m i n o p h o s p h o r a n e  g a v e  a  n i t r e n e  a n d  t r i p h e n y l p h o s p h i n e .

P h - P = N - C ( C H  ) 
P h'' ^

h r
P P h ^  4 . : N — C ( C H ^ ) ^

T h e  i m i n o p h o s p h o r a n e  o f  1 - a m i n o b e n z o t r i a z o l e  ( 103 ) w a s  p r e p a r e d
157b y  t h e  g e n e r a l  m e t h o d  o f  B e s t m a n n  •  T h i s  i n v o l v e d  t r e a t i n g  

1 - a m i n o b e n z o t r i ^ z o l e  ( 5 )  w i t h  t r i p h e n y l p h o s p h i n e  d i b r o m i d e  
( p r e p a r e d  ^  s i t u )  i n  t h e  p r e s e n c e  o f  t r i e t h y l a m i n e  t o  r e m o v e  
l i b e r a t e d  h y d r o g e n  b r o m i d e .  T h e  o s m o m e t r i c  m o l e c u l s u r  w e i g h t

(5 )

2 E t 3 N

N = P P h

+  2 E t N 'H B r

( 1 0 3 )

d e c r e a s e d  a s  t h e  c o n c e n t r a t i o n  i n c r e a s e d  w h i c h  i n d i c a t e d  t h a t  

t h e  i m i n o p h o s p h o r a n e  ( 103 ) w a s  a s s o c i a t e d  i n  s o l u t i o n .  T h e  m a s s  

s p e c t r u m  s h o w e d  t h e  p a r e n t  p e a k  m / e  3 9 4  a n d  a  v e r y  s t r o n g  p e a k  
a t  m / e  3 ^ 6  d u e  t o  l o s s  o f  n i t r o g e n .  T h e  u . v .  s p e c t u m  h a d  

a b s o r p t i o n s  a t  312 n m .  a n d  2 6 7 .5  w h i c h  s u g g e s t e d  t h a t  b o t h  
t h e  S u n l a m p  a n d  m e d i u m  p r e s s u r e  m e r c u r y  l a m p s  w o u l d  e m i t  r a d i a t i o n  
c a p a b l e  o f  b e i n g  a b s o r b e d  b y  t h i s  c o m p o u n d .  P h o t o l y s i s  o f  o t h e r
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,1581 - s u b s t i t u t e d  t r i a z o l e s  p r o c e e d e d  b y  l o s s  o f  n i t r o g e n  a n d  

t h e  m a s s  s p e c t r u m  s u g g e s t e d  t h a t  t h i s  m i g h t  o c c u r  w i t h  t h e  

i m i n o p h o s p h o r a n e  ( 1 0 3 ) ,  b u t  t h e r e  w a s  n o  c o n c l u s i v e  e v i d e n c e  
f o r  t h i s  a n d  p h o t o l y s i s  b y  t h e  * S u n l a m p * ,  *E a y o n e t * a n d  

' H a n o v i a * m e t h o d s  a l l  g a v e  b e n z y n e  a d d u c t s  w i t h  t e t r a c y c l o n e  
a n d  f u r a n  ( T a b l e  I I ) .

N=PPh

( 1 0 3 )

T a b l e  I I .

D

M e t h o d S o l v e n t T i m e  
( h r .  )

T r a p A d d u c t Y i e l d

' B a y o n e t * T H F 2 0 f u r a n  M i x t u r e  o f  1 , 4 -  

n a p h t h a l e n e  
e n d o x i d e  a n d  

n a p h t h o l

B e n z e n e 2 0 t e t r a c y c l o n e t e t r a p h e n y l -
n a p h t h a l e n e *

10%

♦ S u n l a m p * B e n z e n e 2 0 t e t r a c y c l o n e t e t r a p h e n y l -
n a p h t h a l e n e

23%

♦ H a n o v i a * T H F 1 2 t e t r a c y c l o n e t e t r a p h e n y l -
n a p h t h a l e n e

1 3 . 6 %

B e n z e n e 1 2 t e t r a c y c l o n e t e t r a p h e n y l -  

n a p h t h a l e n e  * *
2 5 %

B e n z e n e 2 0 f u r a n  1 , 4 - n a p h t h a l e n e  
e n d o x i d e

1 6 . 5 %

N o t e s  o n  p .  1 1 4
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* C o m p o u n d  ( 1 0 3 )  ( 2 0 % )  w a s  r e c o v e r e d .
B i p h e n y l  ( 3 % )  w a s  a l s o  f o r m e d .

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

T r y p t y c e n e  w a s  n o t  f o r m e d  w h e n  a n t h r a c e n e  w a s  u s e d  a s  
t h e  b e n z y n e  t r a p .  A n t h r a c e n e  w a s  d i m e r i s e d  u n d e r  t h e  c o n d i t i o n s  

o f  t h e  r e a c t i o n  t o  d i a n t h r a c e n e  ( 6 ? % ) .  T h e  ' H a n o v i a * m e t h o d ,  
a l t h o u g h  i t  g a v e  t h e  b e s t  y i e l d s  o f  b e n z y n e  a d d u c t s ,  a l s o  

p r o m o t e d  s i d e  r e a c t i o n s .  I n  t w o  e x p e r i m e n t s ,  w h e n  a n t h r a c e n e  

a n d  t e t r a c y c l o n e  w e r e  u s e d  a s  b e n z y n e  t r a p s ,  b i p h e n y l  ( 1 1 % ,  3 % )  
w a s  f o r m e d .  T e t r a c y c l o n e  w a s  a l s o  d e c o m p o s e d  a n d  i n  o n e  

e x p e r i m e n t  a  r e d u c t i o n  p r o d u c t ,  2 , 3 , 4 , 3 - t e t r a p h e n y l c y c l o p e n t e n o n e  

( 9 * 5 % )  w a s  i s o l a t e d .  T a b l e  I I  a l s o  i n d i c a t e d  t h e  s u p e r i o r i t y  o f  
b e n z e n e  o v e r  T H F  a s  a  s o l v e n t  i n  t h e s e  r e a c t i o n s .

T h e  O r i g i n  o f  b i p h e n y l  f r o m  t h e  p h o t o l y s i s  o f  t h e  i m i n o p h o s p h o r a n e ( 1 0 3 )

T h e  a p p e a r a n c e  o f  b i p h e n y l ,  e v e n  i n  t h e  p r e s e n c e  o f  a  
b e n z y n e  t r a p ,  l e d  t o  a n  i n v e s t i g a t i o n  o f  t h e  p h o t o l y s i s  o f  t h e  
i m i n o p h o s p h o r a n e  ( 103)  o n  i t s  o w n .  I r r a d i a t i o n  o f  ( 1 0 3 )  I n  
b e n z e n e  b y  t h e  ' S u n l a m p * a n d  ' H a n o v i a * m e t h o d s  g a v e  b i p h e n y l  i n  
13% a n d  18 . 5% y i e l d  r e s p e c t i v e l y .  I n  t o l u e n e  h o w e v e r ,  b i p h e n y l  
w a s  n o t  i s o l a t e d ;  t h e  s o l v e n t  h a d  b e e n  i n c o r p o r a t e d  i n t o  t h e  
n e w  h y d r o c a r b o n  a s  w a s  s h o w n  b y  a n  a b s o r p t i o n  i n  t h e  NMR s p e c t r u m  

a t  T 7 . 6 2 ( a s s i g n e d  t o  b e n z y l  p r o t o n s ) .  T h e  y i e l d  o f  b i p h e n y l  

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

p h e n y l  r i n g  o r i g i n a t e d  f r o m  t h e  i m i n o p h o s p h o r a n e  ( I O 3 ) *

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

r e a c t i o n  p a t h w a y s ;

1 .  T h e  w o r k  o f  B u r g e s s  ejb a l ^ ^ ^  s u g g e s t e d  t h a t  b i p h e n y l  c o u l d  

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

n i t r o g e n  f r o m  t h e  i m i n o p h o s p h o r a n e  ( I O 3 ) .
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hv“

— N

(103)

O '  '

* b e n z e n e

N = P P h .

- N .

N =PPh.

-PPh

h

( 1 0 4 )

T h e  l a s t  s t a g e  i n v o l v e s  l o s s  o f  n i t r o g e n  f r o m  t h e  

d i i m i d e  ( 1 0 4 )  w i t h o u t  f o r m a t i o n  o f  a  b i p h e n y l  r a d i c a l  w h i c h  

w o u l d  h a v e  r e a c t e d  w i t h  t h e  s o l v e n t  t o  g i v e  t e r p h e n y l  d e r i v a t i v e s .

S u b s t i t u t e d  d i i m i d e s  d e c o m p o s e d  b y  a  r a d i c a l  m e c h a n i s m  
w h e n  t h e y  w e r e  g e n e r a t e d  u n d e r  o x i d i s i n g  c o n d i t i o n s  -

139

P h —N = N —H 4- Fe  

P h - N = N *

2* ♦
P h —N = N *  4-  F e 4- H

P h . 4 - N,

160-  a n d  u n d e r  b a s i c  c o n d i t i o n s  t h e y  d e c o m p o s e d  v i a  a  c a r b a n i o n  •

A r -I- N, BH

T h e s e  m o d e s  o f  d e c o m p o s i t i o n  w e r e  n o t  a p p l i c a b l e  t o  t h e
d e c o m p o s i t i o n  o f  t h e  d i i m i d e  ( 1 0 4 )  u n d e r  t h e  c o n d i t i o n s  t h a t

l 6 li t  w a s  g e n e r a t e d .  H u a n g  a n d  K o s o w e r  s u g g e s t e d  a  b i m o l e c u l a r  
r e a c t i o n  o f  p h e n y l d i i m i d e  w i t h  i t s e l f  i n  a  s o l v e n t  c a g e  a s  a  
m e c h a n i s m  f o r  t h e  d e c o m p o s i t i o n  o f  p h e n y l d i i m i d e .
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/ P h

N = N
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/
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/ Ph

H

/ P h
PhH + Ng + N = K  ^  

H
( o r  c i s )

Ph* 4-N,
H

\
/

H

N— N
/ Ph

T h i s  m e c h a n i s m  c o u l d  b e  e m p l o y e d  t o  e x p l a i n  t h e  d e c o m p o s i t i o n  
o f  t h e  d i i m i d e  ( 1 0 4 )  t o  b i p h e n y l .

2 .  T r i p h e n y l p h o s p h i n e  c o u l d  b e  a  . s o u r c e  o f  p h e n y l  r a d i c a l s  
u n d e r  t h e s e  r e a c t i o n  c o n d i t i o n s ^ ^ ^ ’ eumd t h e r e f o r e  o f f e  
ein  a i l t e r n a t i v e  e x p l a n a t i o n  f o r  t h e  f o r m a t i o n  o f  b i p h e n y l .

T r i p h e n y l p h o s p h i n e  g a v e  b i p h e n y l  i n  o n l y  k% y i e l d  w h e n  
i t  w a s  i r r a d i a t e d  b y  t h e  * H a n o v i a * m e t h o d  a n d  t h e r e f o r e  i t s  
p h o t o l y s i s  c a n n o t  e x p l a i n  t h e  m u c h  h i g h e r  y i e l d s  o f  b i p h e n y l  ( l 8 % )  

i s o l a t e d  w h e n  t h e  i m i n o p h o s p h o r a n e  ( 103) w a s  i r r a d i a t e d .  I t  i s  
p o s s i b l e ,  h o w e v e r ,  t h a t  t h e  t r i p h e n y l p h o s p h i n e  r e s i d u e  i n  t h e  

i m i n o p h o s p h o r a n e  ( 103 ) m i g h t  p r o v i d e  a  b e t t e r  s o u r c e  o f  p h e n y l  
r a d i c a l s  ( a n d  h e n c e  a  h i g h e r  y i e l d  o f  b i p h e n y l )  t h a n  f r e e  
t r i p h e n y l p h o s p h i n e •

3 «  T h e  f o r m a t i o n  o f  b i p h e n y l  ( 4 3 ^ )  f r o m  t h e  p h o t o l y s i s  o f  t h e
26b e n z y n e  p r e c u r s o r ,  2 - i o d o p h e n y l m e r c u r i c  i o d i d e  h a d  b e e n

13e x p l a i n e d  b y  H o f f m a n n  a s  a  r e a c t i o n  o f  t h e  b e n z y n e  d i r a d i c a l  
( 103)  w i t h  t h e  s o l v e n t .  T h e  s p e c t r u m  o b t a i n e d  d u r i n g  t h e

• o r "

(105)
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f l a s h  p h o t o l y s i s  o f  b e n z e n e d i a z o n i u m - 2 - c a r b o x y l a t e ^ ^  w a s  

e x p l a i n e d  o n  t h e  b a s i s  t h a t  a  t r a n s i e n t  e x c i t e d  s t a t e  o f  
b e n z y n e  ( e . g .  a  d i r a d i c a J L )  w a s  f o r m e d .

T h e  g e n e r a t i o n  o r  e x c i t a t i o n  o f  b e n z y n e  t o  ( 1 0 5 )  
w h e n  t h e  i m i n o p h o s p h o r a n e  ( 103 )  w a s  p h o t o l y s e d  m i g h t  o f f e r  
a n o t h e r  e x p l a n a t i o n  f o r  t h e  f o r m a t i o n  o f  b i p h e n y l  i n  t h i s  
r e a c t i o n .

P h o t o l y s i s  o f  t h e  i m i n o p h o s p h o r a n e  ( 1 0 3 )  i n  t h e  p r e s e n c e  o f  
t e t r a k i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m ( 0 )  ( 4 6 ) .

T h e  p h o t o l y s i s  o f  t h e  i m i n o p h o s p h o r a n e  ( 1 0 3 )  i n  t h e  
p r e s e n c e  o f  f u r a n  a n d  t e t r a c y c l o n e  h a d  s h o w n  t h a t  i t  w a s  a  
b e n z y n e  p r e c u r s o r .  N o  t r i p h e n y l e n e  w a s  f o u n d  w h e n  t h e  

i m i n o p h o s p h o r a n e  ( 1 0 3 )  w a s  i r r a d i a t e d  i n  t h e  p r e s e n c e  o f  t h e  
t r i p h e n y l p h o s p h i n e - p l a t i n u m  c o m p l e x  ( 4 6 )  w h i c h  s u g g e s t e d  t h a t :

e i t h e r  1 .  N o  b e n z y n e - p l a t i n u m  i n t e r m e d i a t e s  w e r e  f o r m e d .

o r  2 .  B e n z y n e  w a s  g e n e r a t e d  s l o w l y  f r o m  t h e  i m i n o p h o s p h o r a n e  

( 103 ) »  T h e  b e n z y n e - p l a t i n u m  c o m p l e x  i n i t i a l l y  f o r m e d  
( 7 1 )  h a d  l i t t l e  o p p o r t u n i t y  t h e r e f o r e ,  t o  r e a c t  w i t h

P P h s  

(71)

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

P h o t o l y s i s  b y  t h e  ' B a y o n e t * m e t h o d  ( 2 0  h r . )  g a v e  a  r e d  

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

w a s  r e d u c e d  i n  v o l u m e .  A  p l a t i n u m  c o m p l e x  p r e c i p i t a t e d  w h e n  

t h e  s o l v e n t  w a s  e x c h a n g e d  f o r  e t h a n o l  b u t  i t  o n l y  s h o w e d  
a b s o r p t i o n s  i n  t h e  i . r .  s p e c t r u m  d u e  t o  t r i p h e n y l p h o p h i n e  l i g a n d s .
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P h o t o l y s i s  b y  t h e  ' S u n l a m p * m e t h o d  ( 2 0  h r # )  f o l l o w e d  b y  
e v a p o r a t i o n  t o  s m a l l  b u l k  g a v e  t r i p h e n y l p h o s p h i n e  o x i d e ,  p r o b a b l y  
d u e  t o  t h e  r e a c t i o n  o f  a d v e n t i t i o u s  o x y g e n  w i t h  t r i p h e n y l p h o s p h i n e .  

T h e  f i l t r a t e s  d i d  n o t  c o n t a i n  a n y  c o m p o u n d  w h i c h  a b s o r b e d  i n  t h e  
i . r .  s p e c t r u m  b e t w e e n  2 0 0 0  -  160O c m . " ^ #

T e t r a c y c l o n e  w a s  d e c o m p o s e d  w h e n  t h e  ' H a n o v i a * m e t h o d  
w a s  u s e d  suad  t h e  s t a b i l i t y  o f  a  b e n z y n e - p l a t i n u m  c o m p l e x  t o  t h e s e  

c o n d i t i o n s  w a s  d o u b t f u l  e s p e c i a l l y  a s  t h e r e  w a s  n o  e v i d e n c e  f o r  
i t s  f o r m a t i o n  w h e n  t h e  ' B a y o n e t * a n d  ' S u n l a m p * m e t h o d s  w e r e  u s e d .  

T o l a n b i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m  ( 3 6 )  w a s  r e c o v e r e d  i n  o n l y  
30% y i e l d  w h e n  i t  w a s  i r r a d i a t e d  f o r  1 2  h r .  b y  t h e  ' H a n o v i a * 
m e t h o d  w h i c h  r e i n f o r c e d  t h e  d o u b t s  a b o u t  t h e  s t a b i l i t y  o f  a  

b e n z y n e - p l a t i n u m  c o m p l e x  t o  p h o t o l y s i s .

I n  v i e w  o f  t h e s e  d o u b t s  i t  w a s  d e c i d e d  t o  t e s t  t h i s  

a p p r o a c h  t o  a  b e n z y n e - p l a t i n u m  c o m p l e x  b y  a t t e m p t i n g  t o  p r e p a r e  

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

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

I t  w a s  a l s o  a n t i c i p a t e d  t h a t  e x p e r i m e n t a l  r e s u l t s  w i t h  
t h e s e  c y c l o a l k y n e s  w o u l d  b e  e a s i e r  t o  i n t e r p r e t .  I t  w a s  
r e a s o n a b l e  t o  e x p e c t  t h a t  c y c l o a l k y n e - p l a t i n u m  c o m p l e x e s  ( 106)  

w o u l d  h a v e  a b s o r p t i o n s  i n  t h e  i . r .  s p e c t r u m  i n  t h e  r e g i o n  
2000 -  1600 cm#""^ a s  t h e y  s t i l l  h a d  i s o l a t e d  a n d  s t r a i n e d  
c a r b o n  -  c a r b o n  d o u b l e  b o n d s .  T h i s  i d e a  w a s  s u b s t a n t i a t e d  b y

CCH2)n
^ P P h g  .

(106)

t h e  i . r .  s p e c t r u m  o f  t h e  c y c l o o c t y n e  c o m p l e x  ( 1 0 2 )  w h i c h  d i d  
h a v e  a n  a b s o r p t i o n  i n  t h i s  r e g i o n .  T h e  p r e s e n c e  o f  c h a r a c t e r i s t i c  
a b s o r p t i o n s  i n  t h e  i . r .  s p e c t r u m  w o u l d  h a v e  m a d e  i d e n t i f i c a t i o n
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□ I

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

b e n z y n e - p l a t i n u m  c o m p l e x  ( 7 1 )  w h o s e  s p e c t r a l  c h a r a c t e r i s t i c s  

w e r e  u n c e r t a i n .

P P h
Pt 

' ^ P P I > 3

(71)

A  b e n z y n e - p l a t i n u m  c o m p l e x  ( 7 1 )  w o u l d  n o t  n e c e s s a r i l y  

h a v e  a n  a b s o r p t i o n  i n  t h e  i . r .  s p e c t r u m  i n  t h e  r e g i o n  2 0 0 0  -  
l 6 0 0  c m .~ " ^  a s  t h e  c a r b o n  -  c a r b o n  d o u b l e  b o n d  i n  t h i s  c o m p l e x  
i s  p a r t  o f  a n  a r o m a t i c  s y s t e m .  T h e  a b s e n c e  o f  s u c h  a n  a b s o r p t i o n  

i n  t h e  i . r .  s p e c t r u m  w h e n  b e n z y n e  w a s  g e n e r a t e d  i n  t h e  p r e s e n c e  
o f  t h e  t r i p h e n y l p h o s p h i n e - p l a t i n u m  c o m p l e x  ( 4 6 )  w a s  t h e r e f o r e  
n o t  c o n c l u s i v e  e v i d e n c e  f o r  t h e  a b s e n c e  o f  a  b e n z y n e - p l a t i n u m  
c o m p l e x .  I t  w a s  t h e r e f o r e  p o s s i b l e  t h a t  s o m e  c o m p l e x e s ,  w h i c h  
h a v e  b e e n  d i s m i s s e d  a s  p h o s p h i n e - p l a t i n u m  c o m p l e x e s ,  w e r e  i n  
f a c t  b e n z y n e - p l a t i n u m  c o m p l e x e s .  T h e  o n l y  a r g u m e n t  t h a t  c a n  
b e  b r o u g h t  f o r w a r d  t o  s u p p o r t  t h e  i d e a  t h a t  a  b e n z y n e - p l a t i n u m
c o m p l e x  w o u l d  h a v e  a  c h a r a c t e r i s t i c  a b s o r p t i o n  i n  t h e  i . r .

7 2s p e c t r u m  w a s  a  s u g g e s t i o n  b y  C o u l s o n  t h a t  b e n z y n e  w o u l d  b e  
s t a b i l i z e d  b y  p a r t i a l  b o n d  f i x a t i o n  i n  t h e  a r o m a t i c  s y s t e m *

I f .  c y c l o h e x y n e -  a n d  c y c l o h e p t y n e - p l a t i n u m  c o m p l e x e s  

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

a c h i e v e  t h e  i s o l a t i o n  o f  a  b e n z y n e - p l a t i n u m  c o m p l e x .

T h e  i m i n o p h o s p h o r a n e s ( 1 0 7 )  a n d  ( 1 0 8 )  w e r e  p r e p a r e d  i n  

t h e  s a m e  w a y  a s  t h e  i m i n o p h o s p h o r a n e  o f  1 - a m i n o b e n z o t r i a z o l e .  
W h e n  t h e y  w e r e  p h o t o l y s e d  t h e y  g a v e  c y c l o h e x y n e  a n d  c y c l o h e p t y n e  

w h i c h  w e r e  t r a p p e d  w i t h  t e t r a c y c l o n e  a s  1 , 2 - t e t r a l m e t h y l e n e -  
3 » 4 , 5 , 6 - t e t r a p h e n y l b e n z e n e  ( 1 0 9 )  a n d  1 , 2 - p e n t a m e t h y l e n e - 3 , 4 , 5 , 8 -  
t e t r a p h e n y l b e n z e n e  ( 1 1 0 ) .
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( 1 0 7 ) (108 )

Ph
Ph

P h ’
(1 0 9 )

Ph

Ph

Ph
(110)

T a b l e  I I I .

C o m p o u n d M e t h o d S o l v e n t T i m e  

( h r .  )

C y c l o a l k y n e

a d d u c t

Y i e l d

( 1 0 7 ) * S u n l a m p ♦ T H F 2 4 ( 1 0 9 ) 7%

’ H a n o v i a *  
w i t h  p y r e x  

f i l t e r

T H F 4 8 ( 1 0 9 ) * 3%

’ H a n o v i a * T H F 1 2 ( 1 0 9 ) 1 1 . 5 9

( 108 ) ’ H a n o v i a ’ B e n z e n e 2 0 ( 1 1 0 ) " 36%

* S t a r t i n g  m a t e r i a l  w a s  recovered .
♦ ♦  B i p h e n y l  ( 7 * 7 % )  w a s  i s o l a t e d .
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T h e  p y r e x  f i l t e r  w a s  u s e d  w i t h  t h e  ’ H a n o v i a *  m e t h o d  

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

s e e  i f  g o o d  y i e l d s  o f  c y c l o a l k y n e  a d d u c t  ( 1 0 9 )  w e r e  f o r m e d .  

T e t r a c y c l o n e  iSO%) w a s  r e c o v e r e d ,  b u t  t h e  y i e l d  o f  c y c l o a l k y n e  

a d d u c t  ( 1 0 9 )  w a s  p o o r  e v e n  a f t e r  i r r a d i a t i o n  f o r  4 8  h r . .  T h e  
h i g h  e n e r g y  r a d i a t i o n  h a d  b e e n  c u t  o f f  b y  t h e  p y r e x  f i l t e r  a n d  

i f  t h i s  m o d i f i e d  ’ H a n o v i a ’ m e t h o d  h a d  w o r k e d  w e l l ,  i t  w o u l d  

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

( 4 6 )  w a s  u s e d  a s  t h e  c y c l o a l k y n e  t r a p .  I n  t h i s  w a y  i t  w a s  h o p e d  

t h a t  d e c o m p o s i t i o n  o f  t h e  a l k y n e - p l a t i n u m  c o m p l e x  w o u l d  h a v e  

b e e n  a v o i d e d .

T h e  l o w  y i e l d s  o f  t h e  c y c l o a l k y n e  a d d u c t s  w i t h  t e t r a c y c l o n e  
a n d  t h e  i n s t a b i l i t y  o f  t h e  t o l a n - p l a t i n u m  c o m p l e x  ( 3 ^ )  t o  
p h o t o l y s i s  d i d  n o t  p r o m i s e  t h a t  a  c y c l o a l k y n e - p l a t i n u m  c o m p l e x  

w o u l d  b e  i s o l a t e d .  P h o t o l y s i s  o f  t h e  c y c l o h e x y n e  p r e c u r s o r  
( 1 0 7 )  i n  t h e  p r e s e n c e  o f  t h e  p l a t i n u m  c o m p l e x  ( 4 6 ) ,  f o l l o w e d  b y  
e v a p o r a t i o n  t o  d r y n e s s  o f  t h e  r e a c t i o n  m i x t u r e ,  g a v e  n o  c o m p o u n d s  
w h i c h  a b s o r b e d  i n  t h e  i . r #  s p e c t r u m  i n  t h e  r e g i o n  2 0 0 0  -  l 6 0 0  c m . " ^  

T h e  f a i l u r e  t o  d e t e c t  a  c y c l o h e x y n e - p l a t i n u m  c o m p l e x  i n  t h i s  
e x p e r i m e n t  s u g g e s t e d  t h a t  p h o t o l y s i s  c o n d i t i o n s  w e r e  n o t  s u i t a b l e  
f o r  t h e  p r e p a r a t i o n  o f  a  b e n z y n e - p l a t i n u m  c o m p l e x .

O n e  o t h e r  s i g n i f i c a n t  r e s u l t  i n  t h e  p h o t o l y s i s  o f  t h e s e  
c y c l o a l k y n e  p r e c u r s o r s  w a s  t h e  f o r m a t i o n  o f  b i p h e n y l  w h e n  t h e  
i m i n o p h o s p h o r a n e  ( 1 0 8 )  w a s  i r r a d i a t e d  i n  b e n z e n e .  T h i s  s u p p o r t e d  

t h e  h y p o t h e s i s ,  m e n t i o n e d  b e f o r e ,  t h a t  b i p h e n y l  f o r m a t i o n  i n  t h e  
p h o t o l y s i s  o f  t h e  i m i n o p h o s p h o r a n e  ( 103 )  w a s  a  c o n s e q u e n c e  o f  
t h e  d e c o m p o s i t i o n  o f  t r i p h e n y l p h o s p h i n e  o r  t h e  t r i p h e n y l p h o s p h i n e  
r e s i d u e  i n  t h e  i m i n o p h o s p h o r a n e .  H o w e v e r  t h e  y i e l d  o f  b i p h e n y l  
( 7 * 7 % )  i n  t h e  r e a c t i o n  w i t h  ( 108 )  c o u l d  n o t  a c c o u n t  f o r  t h e  m u c h  

h i g h e r  y i e l d s  o f  b i p h e n y l  ( l 8 % ) ,  w h e n  t h e  i m i n o p h o s p h o r a n e  ( 103)  

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

m e c h a n i s m s  f o r  b i p h e n y l  f o r m a t i o n  i n  t h e  p h o t o l y s i s  o f  ( 103 )  

m i g h t  c o n t r i b u t e  t h e r e f o r e  t o  t h e  o v e r a l l  y i e l d  o f  b i p h e n y l  
i n  t h i s  r e a c t i o n .
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O t h e r  e x p e r i m e n t s  w i t h  t h e  I m i n o p h o s p h o r a n e  o f  1 - a m i n o b e n z o t r i a z o l e .

I t ,  w a s  d e c i d e d  t o  m a k e  u s e  o f  t h e  p r o p e r t i e s  o f  
16^i m i n o p h o  s p h o r  ein  e s  t o  a t t e m p t  t h e  s y n t h e s i s  o f  o t h e r

d e r i v a t i v e s  o f  1 - a m i n o b e n z o t r i a z o l e  w h i c h  m i g h t  d e c o m p o s e  t o  
b e n z y n e  o n  p h o t o l y s i s  i n  a n  e v e n  b e t t e r  y i e l d  t h a n  t h e  

i m i n o p h o s p h o r a n e  ( 1 0 3 ) *

;R -h J=P R ^  + X=0  >. R— N=X + PR O

x = o  = sOg, cOg ,(c s  >, r'r'o o
2

T h e r e  w a s  n o  r e c o r d  i n  t h e  l i t e r a t u r e  t h a t  n i t r o u s  o x i d e  
(XsrO  j= N g O )  r e a c t e d  w i t h  i m i n o p h o  s p h o r  a n e  s  t o  g i v e  a z i d e s ,  b u t  

c o m p o u n d  ( 103 )  w a s  t r e a t e d  w i t h  n i t r o u s  o x i d e  i n  a n  a t t e m p t  t o  

p r e p a r e  1 - a z i d o b e n z o t r i a z o l e  ( I I I ) .

N

( 111)

T h e  r e a c t i o n  w a s  f o l l o w e d  b y  s o l u t i o n  i . r .  s p e c t r o s c o p y  
b u t  t h e r e  w a s  n o  c h a n g e  i n  t h e  i . r .  s p e c t r u m  e x c e p t  f o r  t h a t  d u e  
t o  t h e  a b s o r p t i o n  o f  n i t r o u s  o x i d e  i n  t h e  s o l v e n t ,  a n d  t h e  

i m i n o p h o s p h o r a n e  ( I O 3 )  w a s  r e c o v e r e d  ( 8 2 5 ^ ) .  I f  1 - a z i d o -  
b e n z o t r i a z o l e  ( 1 1 1 )  h a d  b e e n  f o r m e d  i n  t h e  r e a c t i o n ,  i t  w a s  

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

r e a d i l y  t o  b e n z y n e .  P h o t o l y s i s  o f  a  s o l u t i o n  o f  t h e  i m i n o ­
p h o s p h o r a n e  ( 1 0 3 ) ,  a s  n i t r o u s  o x i d e  w a s  b u b b l e d  t h r o u g h  i t ,  
g a v e  l o w e r  y i e l d s  o f  t h e  b e n z y n e - t e t r a c y c l o n e  a d d u c t  t h a n  

p h o t o l y s i s  o f  a  s o l u t i o n  o f  ( 1 0 3 )  w i t h o u t  n i t r o u s  o x i d e .  I t  
w a s  t h e r e f o r e  u n l i k e l y  t h a t  1 - a z i d o b e n z o t r i a z o l e  w a s  f o r m e d  

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

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

f o r m e d  i s o c y e i n a t e  w i t h  i m i n o p h o s p h o r a n e #

R—N = iP R ^  4 - COg ------> R— N = c= 0 4- PR^O

R -N = P R .

R— N =rC =N — R 

P R 3 0

I n  t h e  r e a c t i o n  w i t h ,  t h e  i m i n o p h o s p h o r a n e  ( 103) »  c a r b o n  
d i o x i d e  w a s  p a s s e d  t h r o u g h  a  c h l o r o f o r m  s o l u t i o n  o f  ( I O 3 )  s o  
t h a t  t h e  r e a c t i o n  c o u l d  b e  f o l l o w e d  b y  s o l u t i o n  i . r .  s p e c t r o s c o p y .  
A n y  s u b s e q u e n t  r e a c t i o n  t o  c a r b o d i i m i d e  w o u l d  t h e n  b e  s e e n .  N o  
a b s o r p t i o n s  i n  t h e  i . r .  s p e c t r u m  d u e  t o  t h e  i s o c y a n a t e  g r o u p  
d e v e l o p e d  a n d  £ - t o l u i d i n e  w h i c h  n o r m a l l y  f o r m s  i n s o l u b l e  u r e a s  
w i t h  i s o c y a n a t e s  g a v e  n o  i n s o l u b l e  m a t e r i e i l  w h e n  i t  w a s  a d d e d  
t o  t h e  r e a c t i o n  m i x t u r e .  H o w e v e r  a  n e w  c o m p o u n d  ( 1 1 2 )  w a s  
f o r m e d .  T h e r e  a r e  d o u b t s  a b o u t  t h e  s t r u c t u r e  o f  t h i s  c o m p o u n d  
b u t  i t  w a s  a s s i g n e d  s t r u c t u r e  ( 1 1 2 )  b e c a u s e  t h i s  s t r u c t u r e  
f i t l ; e d  b e s t  t h e  a v a i l a b l e  e v i d e n c e .

N— PPh

(112)
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1 1̂T h e  a b s o r p t i o n  o f  t h e  P = N  b o n d  i n  t h e  u . v .  s p e c t r u m  

o f  c o m p o u n d  ( 103)  o c c u r r e d  a t  2 6 l ,  2 6 ?  a n d  2 7 5  n m .  a n d  t h e r e  
w e r e  s i m i l a r i t i e s  t o  t h i s  a b s o r p t i o n  p a t t e r n  i n  t h e  s p e c t r u m  

o f  c o m p o u n d  ( 1 1 2 )  w h i c h  s u g g e s t e d  t h a t  t h e r e  w a s  a  s i m i l a r  b u t  
n o t  i d e n t i c a l  c h r o m o p h o r e  i n  t h i s  c o m p o u n d .  T h e  i . r *  s p e c t r u m  

c o n f i r m e d  t h e  p r e s e n c e  o f  t r i p h e n y l p h o s p h i n e  ( l 4 4 0  a n d  1 1 0 0  c m . " * * )  

b u t  t h e  a p p e a r a n c e  o f  s t r o n g  a b s o r p t i o n s  a t  l 600 a n d  1 5 8 3  c m . "  

c o u l d  n o t  b e  a c c o u n t e d  f o r  o n  t h e  b a s i s  o f  s t r u c t u r e  ( 1 1 2 ) .  

C o m p o u n d  ( 1 1 2 )  h a d  a  m a s s  s p e c t r u m  v e r y  s i m i l a r  t o  t h a t  o f  t h e  

i m i n o p h o s p h o r a n e  ( 1 0 3 ) i  b u t  i t s  p a r e n t  p e a k  w a s  a t  m / e  386  
i n s t e a d  o f  m / e  3 9 4  w h i c h  s u g g e s t e d  t h a t  i t  w a s  a  c o m p o u n d  

d e r i v e d  b y  l o s s  o f  n i t r o g e n  f r o m  ( 1 0 3 ) *  T h i s  w a s  n o t  s u p p o r t e d  
b y  a n a l y s i s  w h i c h  s h o w e d  a  v e r y  h i g h  n i t r o g e n  c o n t e n t  ( 2 5 % )  
a n d  i n d i c a t e d  a  s t o i c h i o m e t r y  c o n s i s t i n g  o f  t w o  1 - a m i n o b e n z o ­
t r i a z o l e  n u c l e i  a n d  o n e  t r i p h e n y l p h o s p h i n e  s p e c i e s .  O s m o m e t r i c  
m o l e c u l a r  w e i g h t  i n  c h l o r o f o r m  ( 5 9 0  +  3 0 )  o n  t w o  d i f f e r e n t  
c o n c e n t r a t i o n s  w a s  i n  a g r e e m e n t  w i t h  t h i s  s t o i c h i o m e t r y  (M  5 2 6 ) .

C o m p o u n d  ( 1 1 2 )  w a s  p r e p a r e d  i n  b e t t e r  y i e l d  w h e n  a  

s o l u t i o n  o f  t h e  i m i n o p h o s p h o r a n e  ( 1 0 3 )  a n d  t e t r a c y c l o n e ,  
s a t u r a t e d  w i t h  c a r b o n  d i o x i d e ,  w a s  i r r a d i a t e d  b y  t h e  * H a n o v i a * 
m e t h o d  f o r  4  h r . .

T h e s e  c o n d i t i o n s  w e r e  f o u n d  q u i t e  a c c i d e n t a l l y .  I t  h a d  
b e e n  a r g u e d  t h a t  i f  1 - i s o c y a n a t o b e n z o t r i a z o l e  w a s  f o r m e d  i n  t h e  

r e a c t i o n  i t  s h o u l d  d e c o m p o s e  t o  b e n z y n e  o n  p h o t o l y s i s .  T h e  
c o n d i t i o n s  w h i c h  g a v e  g o o d  y i e l d s  o f  c o m p o u n d  ( 1 1 2 )  w e r e  d e s i g n e d  
o r i g i n a l l y  t o  e x a m i n e  t h e  y i e l d  o f  t h e  b e n z y n e - t e t r a c y c l o n e  

a d d u c t  f o r m e d  d u r i n g  t h e  p h o t o l y s i s  o f  t h e  i m i n o p h o s p h o r a n e  ( 1 0 3 )  
i n  t h e  p r e s e n c e  o f  c a r b o n  d i o x i d e .  T h e  y i e l d  o f  t e t r a p h e n y l -  

n a p h t h a l e n e  ( 8 % )  w a s  t h e  s a m e  a s  t h a t  w h i c h  w o u l d  h a v e  b e e n  
e x p e c t e d  i f  c a r b o n  d i o x i d e  h a d  b e e n  o m i t t e d  ( T a b l e  I I ) .  T h e  
s i d e s  o f  t h e  r e a c t i o n  v e s s e l  w e r e  e n c r u s t e d  w i t h  c o l o u r l e s s  

n e e d l e - l i k e  c r y s t a l s  o f  c o m p o u n d  ( 1 1 2 ) .
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T h e  U . 7 .  s p e c t r a  o f  t h e  I m i n o p h o s p h o r a n e  ( 1 0 3 ) .  c o m p o u n d  ( 1 1 2 )  
a n d  t e t r a c y c l o n e *

250nm . 275nm . 300nm , 325nm . 350nm .

T e t r a c y c l o n e

3 4 3265"

C o m p o u n d

( 112)

2b 52 7 62 6 3

I m i n o p h o s p h o r a  

( 1 0 3 )  /

267 i 263-5  
2^1 2 7 5

312

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

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

« □ . t h o u g h  t e t r a c y c l o n e  w a s  b e h a v i n g  a s  a  r a d i a t i o n  f i l t e r ,  i t  
h a d  a  ' w i n d o w *  i n  i t s  a b s o r p t i o n  s p e c t r u m  w h i c h  a l l o w e d  

r a d i a t i o n  c a p a b l e  o f  b e i n g  a b s o r b e d  b y  c o m p o u n d  ( 1 1 2 )  t o  

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

T w o  o t h e r  r e a c t i o n s  o f  t h e  i m i n o p h o s p h o r a n e  ( 103 )  w e r e  

i n v e s t i g a t e d  b r i e f l y .  T h e r m a l  d e c o m p o s i t i o n  o f  ( I O 3 )  i n  
d i m e t h y l s u l p h o x i d e  a t  1 8 0 ^  i n  a n  e f f o r t  t o  p r e p a r e  t h e  s u l p h i m i n e  

o f  1 - a m i n o b e n z o t r i a z o l e  ( 1 1 3 )  g a v e  a n  o i l  f r o m  w h i c h  ( 1 0 3 )  ( 5 0 ^ )  
w a s  r e c o v e r e d  a n d  n o  o t h e r  c o m p o u n d  w a s  i s o l a t e d .
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N = S _ C H

A n  a t t e m p t  t o  d e c o m p o s e  t h e  i m i n o p h o s p h o r a n e  ( 103 )  t o  

b e n z y n e  b y  p y r o l y s i s  f a i l e d .  A  m e l t  o f  ( 103 ) a n d  t e t r a c y c l o n e  

w a s  h e a t e d  a t  2 4 0 ^  f o r  30 m i n . ,  b u t  n o  t e t r a p h e n y l n a p h t h a l e n e  
w a s  d e t e c t e d  i n  t h e  p r o d u c t s .

A n o t h e r  p o s s i b l e  r o u t e  t o  t h e  s u l p h i m i n e  ( 1 1 3 )  w a s  

e x p l o r e d .  1 - A m i n o b e n z o t r i a z o l e  ( 3 )  w a s  t r e a t e d  w i t h  d i m e t h y l -  
s u l p h u r  d i b r o m i d e  i n  t h e  p r e s e n c e  o f  t r i e t h y l a m i n e  w h i c h  b y  
a n a l o g y  w i t h  t h e  p r e p a r a t i o n  o f  t h e  i m i n o p h o s p h o r a n e  ( 103 )  

w a s  e x p e c t e d  t o  g i v e  ( 1 1 3 )1 b u t  t h e  a m i n e  ( 5 )  ( 4 2 % )  w a s  
r e c o v e r e d .

R e e s  a t  a l ^ ^ ^  h a v e  s h o w n  t h a t  o x i d a t i o n  o f  N - a m i n o  
c o m p o u n d s  i n  d i m e t h y l s u l p h o x i d e  g a v e  1 ; 1 - n i t r e n e - d i m e t h y l -  
s u l p h o x i d e  a d d u c t s  ( s u l p h o x i m i n e s )  ( l l 4 ) .  N o  s i m i l a r  a d d u c t s

\  LTA \  ..
N—“NHrt -----------> N— N -

/  ^ /

d i m e  t h y l s u l p h o x i d e  
s o l v e n t

\
(114) N — N = S - O I

116w e r e  i s o l a t e d  w h e n  1 - a m i n o b e n z o t r i a z o l e  w a s  o x i d i s e d  i n  
d i m e t h y l s u l p h o x i d e ,  p r e s u m a b l y  b e c a u s e  i t s  n i t r e n e  f r a g m e n t e d  

t o  b e n z y n e  t o o  q u i c k l y  t o  r e a c t  i n t e r m o l e c u l a r l y .  A n < ! > t h e r  

r o u t e  t o  t h e  s u l p h o x i m i n e  ( 1 1 5 )  s i m i l a r  t o  t h e  o n e  t r i e d  f o r  

t h e  s u l p h i m i n e  ( 1 1 3 )  w a s  a t t e m p t e d .  D i m e t h y l s u l p h o x i d e  w a s  
t r e a t e d  w i t h  b r o m i n e  a n d  g a v e  t h e  u n r e p o r t e d  d i m e  t h y l s u l p h o x i d e
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d i b r o m i d e  a s  a  r e d  o i l .  A d d i t i o n  o f  t r i e t h y l a m i n e  a n d  t h e  

1 - a m i n o b e n z o t r i a z o l e  ( 5 )  g a v e  n o  c o m p o u n d  w h i c h  c o u l d  h a v e  b e e n  
t h e  s u l p h o x i m i n e  ( 1 1 5 ) *  C h l o r i n e  w a s  k n o w n  t o  o x i d i s e  s u l p h o x i d e s  
t o  s u l p h o n e s ,  b u t  w h e n  c h l o r i n e  r e p l a c e d  b r o m i n e  i n  t h i s  r e a c t i o n #  

1 - a m i n o b e n z o t r i a z o l e  w a s  r e c o v e r e d  i n  7 2 %  y i e l d .  T h i s  m i g h t  h a v e  
b e e n  d u e  t o  t h e  r a p i d  h y d r o l y s i s  o f  d i m e t h y l s u l p h o x i d e  d i c h l o r i d e  

b y  a d v e n t i t i o u s  m o i s t u r e ,  l e a v i n g  t h e  a m i n e  ( 5 )  u n r e a c t e d .

O x i d a t i o n  o f  1 - a m i n o b e n z o t r i a z o l e .

D i f f i c u l t y  w ^ s  f o r e s e e n  i n  t h e  u s e  o f  1 - a m i n o b e n z o t r i a z o l e  
a s  a  b e n z y n e  p r e c u r s o r  i n  t h e  p r e p a r a t i o n  o f  b e n z y n e - p l a t i n u m  

c o m p l e x e s  f r o m  z e r o v a l e n t  p l a t i n u m  b e c a u s e  o f  t h e  p o s s i b i l i t y  
o f  a  c o m p e t i n g  o x i d a t i o n  o f  t h e  p l a t i n u m .  H o w e v e r ,  c o m p o u n d  ( 5 )  
w a s  s u c h  a  g o o d  b e n z y n e  p r e c u r s o r ,  e s p e c i e û L l y  w h e n  i t  w a s  
o x i d i s e d  b y  L T A ,  t h a t  i t s  u s e  w a s  t h o r o u g h l y  i n v e s t i g a t e d .

O x i d a t i o n  o f  1 - a m i n o b e n z o t r i a z o l e  ( 5 )  b y  l e a d  t e t r a a c e t a t e ,  
L T A ,  i n  t h e  p r e s e n c e  o f  t h e  t r i p h e n y l p h o s p h i n e - p l a t i n u m  c o m p l e x  
( 4 6 ) ,  g a v e  c i s - d i a c e t a t o b i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m ( I I )  ( l l 6 ) .

PPh_ ^OCOCH^ 

P P h g  OCOCH3 

(116)
c

N o  t r i p h e n y l e n e  w a s  i s o l a t e d .  T h e  h i g h  s t a n d i n g  c o n c e n t r a t i o n  
o f  b e n z y n e ,  g e n e r a t e d  b y  t h e  o x i d a t i o n  o f  t h e  a m i n e  ( 5 ) ,  s h o u l d  

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

c o m p l e x  ( 7 1 )  w a s  p r e s e n t .  B i p h e n y l e n e ,  w h i c h  w a s  d e t e c t e d  i n  
t h i s  r e a c t i o n , w a s  a  n o r m a l  p r o d u c t  f r o m  t h e  o x i d a t i o n  o f  c o m p o u n d  

( 5 )  a n d  t h e r e f o r e  i t  w a s  t h o u g h t  t h a t  t h e  a b i l i t y  o f  t h e  p l a t i n u m ( O )  
c o m p l e x  ( 4 6 )  t o  f o r m  t r i p h e n y l e n e  w a s  d e s t r o y e d  w h e n  i t  w a s  
o x i d i s e d  t o  t h e  d i a c e t a t o - p l a t i n u m ( I I )  c o m p l e x  ( 1 1 6 ) . ^
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T h i s  h y p o t h e s i s  w a s  c h e c k e d  b y  a n  e x p e r i m e n t  i n  w h i c h  

c y c l o h e p t y n e  w a s  g e n e r a t e d  b y  t h e  o x i d a t i o n  o f  1 - a m i n o - 4 , 5 -  
p e n t a m e t h y l e n e t r i a z o l e  ( 2 7 )  w i t h  L T A  i n  m e t h y l e n e  c h l o r i d e  a t  
- 78° .  E x p e r i m e n t s  h a d  s h o w n  t h a t  c y c l o h e p t y n e  h a d  a  l i f e t i m e

(27 )

73o f  2  m i n .  a t  t h i s  t e m p e r a t u r e  a n d  s o  t h e  t r i p h e n y l p h o s p h i n e -  
p l a t i n u m  c o m p l e x  ( 4 6 )  w a s  a d d e d  i m m e d i a t e l y  a f t e r  g a s  e v o l u t i o n  
h a d  c e a s e d  i n  a n  e f f o r t  t o  a v o i d  a n y  r e a c t i o n  o f  L T A .  w i t h  c o m p o u n d  
( 4 6 ) .  A  y e l l o w  p l a t i n u m  c o m p l e x ,  w h i c h  o n l y  s h o w e d  a b s o r p t i o n s  
i n  " t h e  i . r .  s p e c t r u m  d u e  t o  t r i p h e n y l p h o s p h i n e  l i g a n d s ,  w a s  

p r e c i p i t a t e d  w h e n  t h e  s o l v e n t  w a s  e x c h a n g e d  f o r  b e n z e n e .  C i s -  
d i a c e t a t o b i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m ( I I )  ( I I 6 )  s e p a r a t e d  
w h e n  t h e  f i l t r a t e  w a s  r e d u c e d  i n  v o l u m e .  T h e  t r i p h e n y l p h o s p h i n e -  
p l a t i n u m  c o m p l e x  ( 4 6 )  m i g h t  h a v e  r e a c t e d  w i t h  a c e t i c  a c i d  

g e n e r a t e d  f r o m  L T A  d u r i n g  t h e  o x i d a t i o n  a n d  t h e r e f o r e  w a s  
p r e v e n t e d  f r o m  f o r m i n g  a  c y c l o h e p t y n e  c o m p l e x .

T h e r e  w a s  a n  a l t e r n a t i v e  r e a s o n  w h y  a  c y c l o h e p t y n e -  
p l a t i n u m  c o m p l e x  h a d  n o t  b e e n  f o u n d  a n d  w h y  n o  t r i p h e n y l e n e  
w a s  p r o d u c e d  i n  t h e  o x i d a t i o n  o f  1 - a m i n o b e n z o t r i a z o l e .  T h e  
i s o l a t i o n  o f  b o t h  c o m p o u n d s  d e p e n d e d  u p o n  t h e  s t a b i l i t y  o f  

b o n d s  u n d e r  t h e  r e a c t i o n  c o n d i t i o n s .  A c e t i c  a c i d  f o r m e d
167d u r i n g  t h e  r e a c t i o n  c o u l d  h a v e  d e s t r o y e d  t h e s e  b o n d s  .  W h e n  

t h e  o x i d a t i o n  o f  1 - a m i n o b e n z o t r i a z o l e  w a s  r e p e a t e d  i n  t h e  

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

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

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

f o r m a t i o n  t o  w i t h s t a n d  s o m e  o t h e r  c o n d i t i o n s  o f  t h e  r e a c t i o n .

F r o m  t h e s e  i n i t i a l  r e s u l t s  i t  w a s  a p p a r e n t  t h a t  e i t h e r  

a  d i f f e r e n t  o x i d a n t  o r  a  d i f f e r e n t  p l a t i n u m  c o m p l e x  w o u l d  h a v e  
t o  b e  u s e d  i f  a  b e n z y n e - p l a t i n u m  c o m p l e x  w a s  t o  b e  p r e p a r e d  f r o m  
1 - a m i n o b e n z o  t r i a z o l e .
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D i f f e r e n t  o x i d a n t s  f o r  1 - a m l n o b e n z o t r i a z o l e .

T h e  u s e  o f  a  d i f f e r e n t  o x i d a n t ,  w i t h  t h e  t r i p h e n y l p h o s p h i n e -  

p l a t i n u m  c o m p l e x  ( 4 6 )  a s  t h e  b e n z y n e  t r a p ,  w a s  i n v e s t i g a t e d  f i r s t .
A  m e t a l  o x i d e  w o u l d  h a v e  t o  b e  u s e d  a s  t h e  o x i d a n t  s i n c e  a n  

o r g a n i c  c o m p o u n d  ( e . g .  p e r o x i d e )  w o u l d  a l m o s t  c e r t a i n l y  h a v e  

r e a c t e d  w i t h  t h e  p l a t i n u m  c o m p l e x  ( 4 6 ) .

W h e n  s i l v e r ( I I )  o x i d e  w a s  u s e d  t o  o x i d i s e  1 - a m i n o b e n z o -  
t r i a z o l e  ( 5 )  i t  g a v e  b i p h e n y l  i n  6% y i e l d  a n d  b i p h e n y l  w a s  s t i l l
i s o l a t e d  ( 7 % )  i n  t h e  p r e s e n c e  o f  t h e  p l a t i n u m  c o m p l e x  ( 4 6 ) .

115F r i e d m a n n  h a d  n o t i c e d  t h a t  b e n z y n e ,  l i b e r a t e d  i n  t h e  p r e s e n c e  
o f  s i l v e r  i o n s ,  g a v e  b i p h e n y l .  H e  h a d  p o s t u l a t e d  a  b e n z y n e -  

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

t h e  f o r m a t i o n  o f  b i p h e n y l .  I n  t h e  o x i d a t i o n  e x p e r i m e n t s  d e s c r i b e d  
a b o v e ,  t h e .  s i l v e r  r e s i d u e s  ( w h i c h  m i g h t  h a v e  c o n t e i i n e d  a  b e n z y n e -  
s i l v e r  c o m p l e x ) ,  w e r e  f i l t e r e d  o f f  a n d  t r e a t e d  w i t h  n i t r i c  a c i d  
i n  t h e  h o p e  t h a t  a n  o r g a n i c  r e s i d u e  w h i c h  c o u l d  b e  a s c r i b e d  t o  
t h e  r e a c t i o n  o f  b e n z y n e  w i t h  a q u e o u s  n i t r i c  a c i d  w o u l d  b e  

i s o l a t e d .  O n l y  a  t r a c e  o f  a  b r o w n  o i l  w a s  e x t r a c t e d ,  h o w e v e r ,  
a n d  t h e  o r i g i n  o f  b i p h e n y l  i n  t h e s e  e x p e r i m e n t s  w a s  n o t  
i n v e s t i g a t e d  f u r t h e r .

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

o c c u r  o n  t h e  s u r f a c e  o f  t h e  o x i d e .  T h e s e  c o n d i t i o n s  m i g h t  a l l o w  
t h e  t r i p h e n y l p h o s p h i n e - p l a t i n u m  c o m p l e x  ( 4 6 ) ,  w h i c h  w a s  a l s o  
s u s c e p t i b l e  t o  o x i d a t i o n ,  t o  d e c o m p o s e  a n d  t h e r e f o r e  a  d i f f e r e n t  

t y p e  o f  o x i d a n t  w a s  t r i e d .

T h e  r e a c t i v i t y  o f  o x y g e n b i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m  ( 1 1 7 )

PPh

X
PPh 3

(117)
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a s  a n  o x i d a n t " * a r e  w e l l  k n o w n  a n d  i t  w a s  t r i e d  a s  a n  o x i d a n t  

f o r  1 - a m i n o b e n z o t r i a z o l e  ( 3 )  i n  t h e  h o p e  t h a t  i t s  r e d u c e d  f o r m  
w o u l d  t h e n  b e  a b l e  t o  t r a p  t h e  b e n z y n e  w h i c h  h a d  b e e n  l i b e r a t e d .
T h e  o x y g e n - p l a t i n u m  c o m p l e x  ( 1 1 7 )  w a s  m a d e  b y  p a s s i n g  o x y g o n  
t h r o u g h  a  s o l u t i o n  o f  t h e  t r i p h e n y l p h o s p h i n e - p l a t i n u m  c o m p l e x  ( 4 6 ) .  
O x y g e n  w a s  p a s s e d  t h r o u g h  a  s o l u t i o n  o f  ( 4 6 )  a n d  t h e  a m i n e ( 3 )  

i n  o r d e r  t o  p r e p a r e  t h e  o x y g e n  c o m p l e x  ( 1 1 7 )  i n  s i t u .  A f t e r  
t h r e e  h o u r s  a  s c a n t y  p r e c i p i t a t e  o f  c a r b o n a t o b i s ( t r i p h e n y l p h o s p h i n e )  
p l a t i n u m ( I I )  s e p a r a t e d  d u e  t o  t h e  r e a c t i o n  o f  a d v e n t i t i o u s  c a r b o n  

d i o x i d e  w i t h  t h e  o x y g e n  c o m p l e x  ( 1 1 7 ) *  T h i s  m a t e r i a l  w a s  
f i l t e r e d  o f f  a n d  a  d a r k  b r o w n  s o l i d  p r e c i p i t a t e d  b y  t h e  a d d i t i o n  

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

d u e  t o  t r i p h e n y l p h o s p h i n e  l i g a n d s  a n d  w a s  r e j e c t e d ;  c h r o m a t o g r a p h y  

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

W h e n  1 - a m i n o b e n z o t r i a z o l e  ( 3 )  w a s  h e a t e d  w i t h  t h e  o x y g e n  
c o m p l e x  ( 1 1 7 ) ,  w h i c h  h a d  b e e n  p r e p a r e d  s e p a r a t e l y ,  t h e r e  w a s  

a g a i n  n o  e v i d e n c e  f o r  b e n z y n e - p l a t i n u m  i n t e r m e d i a t e s  a n d  n o  
b i p h e n y l e n e ,  t r i p h e n y l e n e  o r  b i p h e n y l  w e r e  d e t e c t e d .

I t  w a s  d e c i d e d  t o  s t o p  a t t e m p t s  t o  i s o l a t e  a  b e n z y n e -  
p l a t i n u m  c o m p l e x  f r o m  a  s y s t e m  i n  w h i c h  n e w  o x i d a n t s  w e r e  u s e d  
a s  t h e i r  a b i l i t y  t o  o x i d i s e  1 - a m i n o b e n z o t r i a z o l e  w a s  i n  d o u b t .

D i f f e r e n t  p l a t i n u m  c o m p l e x e s  a s  b e n z y n e  t r a p s .

P l a t i n u m  c o m p l e x e s  w h i c h  c o n t a i n e d  a  f i ^ b o n d  m i g h t  b e  
m o r e  s t a b l e  t o  o x i d a t i o n .  T h e  p l a t i n u m  * d *  e l e c t r o n s  h a d  b e e n  

u s e d  t o  m a k e  t h e  ^  b o n d  a n d  w e r e  t h e r e f o r e  n o t  a v a i l a b l e  i n  

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

( 3 6 ) m i g h t  b e  m o r e  s t a b l e  t o  o x i d a t i o n  t h a n  t h e  t r i p h e n y l p h o  s p h i n e  

p l a t i n u m  c o m p l e x  ( 4 6 ) .

W h e n  t h e  t o l a n  c o m p l e x  w a s  u s e d  a s  a  b e n z y n e  t r a p  i n  t h e  

o x i d a t i o n  o f  1 - a m i n o b e n z o t r i a z o l e  ( 3 ) ,  i t  w a s  r e c o v e r e d  i n  3 3 %  
y i e l d ,  w h i c h  s u p p o r t e d  t h e  h y p o t h e s i s  t h a t  c o m p l e x e s  w e r e  
m o r e  r e s i s t a n t  t o  o x i d a t i o n  t h a n  t h e  t r i p h e n y l p h o s p h i n e - p l a t i n u m  

c o m p l e x  ( 4 6 )  w h i c h  h a d  n o t  b e e n  r e c o v e r e d  i n  a  s i m i l a r  e x p e r i m e n t .
N o  t r i p h e n y l e n e  w a s  r e c o v e r e d  h o w e v e r ,  b u t  p o t a s s i u m  c a r b o n a t e  
h a d  n o t  b e e n  u s e d  i n  t h i s  r e a c t i o n  t o  r e m o v e  a c e t i c  a c i d  w h i c h
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c o u l d  h a v e  d e s t r o y e d  a n y  b e n z y n e - p l a t i n u m  c o m p l e x e s  f o r m e d .

E t h y l e n e b i s C t r i p h e n y l p h o s p h i n e ) p l a t i n u m  ( l l 8 )  w a s  a n o t h e r  
c o m p l e x  w h i c h  h a d  b e e n  p r e p a r e d  b e f o r e  i n  t h i s  w o r k  a n d  f o u n d  

t o  t r i m e r i s e  b e n z y n e  t o  t r i p h e n y l e n e  u n d e r  s u i t a b l e  c o n d i t i o n s  
( S e c t i o n  O n e ) .  I t  w a s  n o w  u s e d  i n  t h e  o x i d a t i o n  o f  1 - a m i n o -  

b e n z o t r i a z o l e  ( 3 )  a s  a  b e n z y n e  t r a p .  T h e  a m i n e  ( 3 )  w a s  
o x i d i s e d  b y  a  d e f i c i e n c y  o f  L T A  i n  t h e  p r e s e n c e  o f  t h e  e t h y l e n e  

c o m p l e x  ( l l 8 ) .  T h e r e  w a s  a  v i g o r o u s  g a s  e v o l u t i o n  w h i c h  p r o b a b l y

P R , 3  “ *2

(Il8)

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

c o m p o u n d s  s u g g e s t e d  t h a t  a  s t a b l e  b e n z y n e - p l a t i n u m  c o m p l e x  m i g h t  
h a v e  b e e n  f o r m e d ,  a h d  a n  a t t e m p t  w a s  m a d e  t o  i s o l a t e  i t  b y  
c h r o m a t o g r a p h y  o n  a l u m i n a .

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

m i x t u r e  t o  b e  s e p a r a t e d  o n t o  t h e  t o p  o f  t h e  c o l u m n  ( M e t h o d  B ) .  
I r r e v e r s i b l e  a d s o r b t i o n  o r  d e c o m p o s i t i o n  o c c u r r e d  w h e n  t h e  

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

r o t a r y  e v a p o r a t o r .

W h e n  t h e  r e a c t i o n  w i t h  t h e  e t h y l e n e  c o m p l e x  ( l l 8 )  w a s  

c h r o m a t o g r a p h e d  ( M e t h o d  B ) ,  c a r b o n a t o b i s ( t r i p h e n y l p h o s p h i n e )  • 

p l a t i n u m  w a s  i s o l a t e d .  I t  w a s  t h o u g h t  t h a t  t h i s  m i g h t  b e  e v i d e n c e  
t h a t  a  p l a t i n u m ( O )  s p e c i e s  h a d  s u r v i v e d  t h e  r e a c t i o n  c o n d i t i o n s .  

T h e  c a r b o n a t e  c o m p l e x  c o u l d  h a v e  b e e n  f o r m e d  b y  r e a c t i o n  o f  a  

p l a t i n u m ( O )  s p e c i e s  w i t h  a t m o s p h e r i c  c a r b o n  d i o x i d e  a n d  o x y g e n  
d u r i n g  c o l u m n  c h r o m a t o g r a p h y .  I f  p l a t i n u m ( O )  h a d  r e a l l y  

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

c o m p l e x  c o u l d  h a v e  b e e n  f o r m e d  b y  r e a c t i o n  o f  b e n z y n e  w i t h  
p l a t i n u m ( O ) .  N o  t r i p h e n y l e n e  w a s  f o r m e d  w h i c h  s u g g e s t e d  t h a t  
t h e  b e n z y n e - p l a t i n u m  c o m p l e x  h a d  b e e n  d e c o m p o s e d  u n d e r  t h e  

r e a c t i o n  c o n d i t i o n s  t o  g i v e  u n r e c o g n i z e d  p r o d u c t s .

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

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

t r i p h e n y l e n e  ( 3 * 5 % )  w e r e  f o u n d  i n  t h e  p r o d u c t s .  T h i s  w a s  t h e  
f i r s t  i n d i c a t i o n  t h a t  a  b e n z y n e - p l a t i n u m  c o m p l e x  h a d  b e e n  f o r m e d  

i n  t h e  r e a c t i o n .  A  p h o s p h i n e - p l a t i n u m  c o m p l e x  ( 1 5  m g . )  w h i c h  
o n l y  s h o v ; e d  a b s o r p t i o n s  i n  t h e  i . r .  s p e c t r u m  d u e  t o  t r i p h e n y l ­
p h o s p h i n e  l i g a n d s  w a s  a l s o  i s o l a t e d  b y  c h r o m a t o g r a p h y .

I n  a n o t h e r  e x p e r i m e n t ,  t e t r a c y c l o n e  w a s  a d d e d  a f t e r  g a s  
e v o l u t i o n  h a d  c e a s e d  ( 1 0  m i n . ) ,  i n  a n  e f f o r t  t o  t r a p  t h e  b e n z y n e  
i n  t h e  b e n z y n e - p l a t i n u m  c o m p l e x ,  a s  t h e  b e n z y n e - t e t r a c y c l o n e  
a d d u c t .  T h e  a d d u c t  w a s  n o t  d e t e c t e d  b u t  t h e  y i e l d  o f  t r i p h e n y l e n e  

i n c r e a s e d  d r a m a t i c a l l y  t o  2 6 % .  S i m i l a r l y  2 , 6 , 1 1 - t r i m e t h y l -  
t r i p h e n y l e n e  w a s  p r e p a r e d  ( 1 3 % )  f r o n t  5 - m e t h y l - 1 - a m i n o b e n z o t r i a z o l e ,  
b u t  h e r e  i t  w a s  a c c o m p a n i e d  b y  t h e  b e n z y n e - t e t r a c y c l o n e  a d d u c t ,  

6 - m e t h y l - 1 , 2 , 3 , 4 - t e t r a p h e n y l n a p h t h a l e n e  ( 2 % ) .  I t  w a s  a t t r a c t i v e  
t o  c o n s i d e r  t h a t  t h e  t e t r a c y c l o n e  a d d u c t  w a s  d e r i v e d  f r o m  a  
b e n z y n e - p l a t i n u m  c o m p l e x  b u t  a n  a l t e r n a t i v e  o r i g i n  w a s  p o s s i b l e .  

P o t a s s i u m  c a r b o n a t e ,  w h i c h  h a d  b e e n  a d d e d  t o  r e a c t  w i t h  l i b e r a t e d  
a c e t i c  a c i d ,  c o a g u l a t e d  d u r i n g  t h e  a d d i t i o n  o f  L T A .  I t  w a s  

p o s s i b l e  t h e r e f o r e  t h a t  t h e  b e n z y n e - t e t r a c y c l o n e  a d d u c t  w a s  
f o r m e d  d u e  t o  t h e  r e a c t i o n  o f  f r e e  b e n z y n e  l i b e r a t e d  s l o w l y  b y  
L T A  i m p r i s o n e d  i n  t h e  c o a g u l a t e d  m a s s  o f  p o t a s s i u m  c a r b o n a t e .

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

A  t e t r a c y c l o n e b i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m  c o m p l e x  ( 1 1 9 )  w a s  

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

m a d e  ( 4 3 % )  u n a m b i g u o u s l y  b y  t h e  r e a c t i o n  o f  t e t r a c y c l o n e  w i t h  

t h e  e t h y l e n e  c o m p l e x  ( l l 8 ) .
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O n e  e x p l a n a t i o n  o f  i t s  r o l e  w a s  t h a t  i t  c o m p e t e d  f o r  

c o o r d i n a t i o n  s i t e s  i n  t h e  b e n z y n e - p l a t i n u m  c o m p l e x  ( 7 3 ) * .  T h e  
b e n z y n e - p l a t i n u m  c o m p l e x  ( 7 3 ) '  w a s  f o r m e d  i n  t h e  s a m e  w a y  a s  
d e s c r i b e d  i n  S e c t i o n  O n e .  I t  w a s  l i k e l y  t h a t  a  f o u r - e l e c t r o n

PPh
3 \

PPh

( 7 3 ) '

4 -

Ph

PPh
3

(119 )

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

t r i p h e n y l p h o  s p h i n e  w a s  u s e d  i n  p l a c e  o f  t e t r a c y c l o n e  i t  f a i l e d  
t o  i n c r e a s e  t h e  y i e l d s  o f  t r i p h e n y l e n e .  I n  t h i s  e x p e r i m e n t ,  
t r i p h e n y l e n e  w a s  d e t e c t e d  ( t . l . c . )  b e f o r e  t h e  a d d i t i o n  o f  

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

b e n z y n e - p l a t i n u m  c o m p l e x  ( 7 3 ) ' t o  d e c o m p o s e  s p o n t a n e o u s l y  t o  
t r i p h e n y l e n e  e v e n  i n  c o l d  b e n z e n e .  T h e  b e n z y n e - p l a t i n u m  c o m p l e x  

( 7 3 )  h a d  b e e n  a s s u m e d  t o  d e c o m p o s e  i n  t h i s  w a y  w h e n  i t  w a s  
g e n e r a t e d  f r o m  1 , 2 $ 3 - b e n z o t h i a d i a z o l e - 1 , 1 - d i o x i d e  a n d  t h e  

t r i p h e n y l p h o s p h i n e - p l a t i n u m  c o m p l e x  ( 4 6 )  i n  r e f l u x i n g  e t h e r  -  

b e n z e n e .  H o w e v e r  t h e  p o o r  y i e l d s  o f  t r i p h e n y l e n e  w h i c h  w e r e  
i s o l a t e d  w h e n  t e t r a c y c l o n e  w a s  o m i t t e d  f r o m  t h e  r e a c t i o n  

i n d i c a t e d  t h a t  t h e  b e n z y n e - p l a t i n u m  c o m p l e x  ( 7 3 ) '  c o u l d  d e c o m p o s e  
i n  o t h e r  w a y s  t o  g i v e  p r o d u c t s  w h i c h  w e n t  u n r e c o g n i z e d .



T h e s e  e x p e r i m e n t s  i n d i c a t e d  t h a t  t h e  b e n z y n e - p l a t i n u m  
c o m p l e x  ( 7 3 ) ’ w a s  s t a b l e  f o r  a t  l e a s t  1 0  m i n .  i n  s o l u t i o n .  I n  
o n e  e x p e r i m e n t  t h e r e f o r e ,  b r o m i n e  w a s  a d d e d  i n s t e a d  o f  t e t r a c y c l o n e  

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

t r e a t m e n t  s h o u l d  h a v e  g i v e n  o - d i b r o m o b e n z e n e  a n d  2 , 2 * - d i b r o m o -  

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

£ - D i b r o m o b e n z e n e  w a s  i s o l a t e d  f r o m  t h e  r e a c t i o n  m i x t u r e  

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

e x c e s s  1 - a m i n o b e n z o t r i a z o l e  ( 5 )  i n  t h e  r e a c t i o n  m i x t u r e .  A  

c o n t r o l  e x p e r i m e n t  s h o w e d  t h a t  t h e  a m i n e  ( 5 )  w a s  o x i d i s e d  b y  
b r o m i n e  t o  d i b r o m o b e n z e n e  ( 4 5 % ) .  T h e  y i e l d  o f  d i b r o m o b e n z e n e  
b a s e d  o n  t h e  u n o x i d i s e d  a m i n e  ( 5 )  i n  t h e  s o l u t i o n  o f  t h e  b e n z y n e  

c o m p l e x  ( 7 3 ) '  w a s  8 8 %  b u t  i t  w a s  d a n g e r o u s  t o  a s s i g n  t h e  g r e a t e r  

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

t h e  b e n z y n e  c o m p l e x  ( 7 3 ) ' *  T h e  a c t i v i t y  o f  t h e  L T A  u s e d  i n  t h i s  
r e a c t i o n  w a s  u n c e r t a i n  a n d  t h e r e f o r e  t h e  a c t u a l  e x c e s s  o f  a m i n e  
( 5 )  w a s  u n k n o w n .  ( I t  i s  t h e  g e n e r a l  p r a c t i c e  i n  t h i s  L a b o r a t o r y  
t o  a d d  a  s l i g h t  e x c e s s  ( 1 0 % )  o f  L T A  i n  o r d e r  t o  e f f e c t  c o m p l e t e  
o x i d a t i o n  o f  a n  N - a m i n o  c o m p o u n d )

A s  w e l l  a s  o - d i b r o m o b e n z e n e ,  a  m i x t u r e  o f  o t h e r  c o m p o u n d s  

w a s  f o r m e d  w h i c h  w a s  n o t  i s o l a t e d  w h e n  t h e  a m i n e  ( 5 )  w a s  
o x i d i s e d  b y  b r o m i n e .  T h i s  m i x t u r e  ( 1 3  m g . ,  a p p r o x .  4 % )  w a s  s h o w n  

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

w o u l d  i d e n t i f y  a n y  b r o m i n e  c o n t a i n i n g  c o m p o u n d .  A  v e r y  s t r o n g  

p e a k  i n  t h e  m a s s  s p e c t r u m  a t  m / e  2 3 2  i n d i c a t e d  t h e  p r e s e n c e  o f  
a  m o n o b r o m o b i p h e n y l  c o m p o u n d  (M  2 3 2 ) ,  a  p e a k  a t  m / e  3 1 0  

i n d i c a t e d  a  d i b r o m o b i p h e n y l  c o m p o u n d  (M  3 1 0 )  a n d  a  p e a k  a t  

m / e  387 i n d i c a t e d  a  t r i b r o m o b i p h e n y l  f r a g m e n t .  T h i s  w a s  a  
v e r y  s i g n i f i c a n t  r e s u l t  a s  i t  s u p p o r t e d  t h e  r e a c t i o n  m e c h a n i s m  
f o r  t r i p h e n y l e n e  f o r m a t i o n  a n d  t h e  s t r u c t u r e  o f  t h e  b e n z y n e  

c o m p l e x  ( 7 3 ) * *

T h i s  e x p e r i m e n t  s u p p o r t e d  t h e  e x i s t e n c e  o f  t h e  b e n z y n e  

c o m p l e x  ( 7 3 ) *  i n  s o l u t i o n  a n d  a t t e m p t s  w e r e  m a d e  t o  i n v e s t i g a t e  
i t s  s p e c t r a l  c h a r a c t e r i s t i c s  w i t h  a  v i e w  t o  c o n f i r m i n g  o r  

d i s p r o v i n g  t h e  i d e a  t h a t  a  b e n z y n e - p l a t i n u m  c o m p l e x  w o u l d  h a v e  
a  c h a r a c t e r i s t i c  a b s o r p t i o n  i n  t h e  i . r .  s p e c t r u m .
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T h e  r e a c t i o n  w a s  r e p e a t e d  u s i n g  m e t h y l e n e  c h l o r i d e  a s  a  
s o l v e n t  s o  t h a t  s a m p l e s  o f  t h e  s o l u t i o n  c o u l d  b e  t a k e n  a n d  t h e i r  
i . r .  s p e c t r u m  e x a m i n e d .  T h e  s o l u t i o n  i . r .  s p e c t r u m  s h o w e d  an 
a b s o r p t i o n  a t  1 7 1 0  c m .  ^ ( s h o u l d e r  1 7 5 3  c m .  ^ )  d u e  t o  f r e e  a c e t i c  
a c i d ,  b u t  t h e r e  w e r e  n o  o t h e r  a b s o r p t i o n s  i n  t h e  2 0 0 0  -  l 6 0 0  c m .* " ^  
r e g i o n .  O n e  o f  t h e  c r i t e r i a  f o r  t h e  p r e s e n c e  o f  a  b e n z y n e -  
p l a t i n u m  c o m p l e x ,  w h i c h  h a d  b e e n  u s e d  i n  t h e  e a r l i e r  w o r k ,  w a s  

t h e r e f o r e  i n  d o u b t  a n d  a  b e n z y n e - p l a t i n u m  c o m p l e x  m i g h t  h a v e  

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

A f t e r  1 5  m i n . ,  w h e n  t h e  s o l u t i o n  h a d  b e e n  e x a m i n e d  i n  

t h i s  w a y ,  t e t r a c y c l o n e  w a s  a d d e d  a n d  t h e  r e a c t i o n  m i x t u r e  
c h r o m a t o g r a p h e d  ( M e t h o d  B )  o n  b a s i c  a l u m i n a .  A  s m a l l  q u a n t i t y  

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

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

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

c o m p l e x  ( 7 3 ) * .

S e v e r a l  a t t e m p t s  w e r e  m a d e  t o  i s o l a t e  t h e  b e n z y n e  c o m p l e x  
( 7 3 ) *  b y  f r a c t i o n a l  c r y s t a l l i s a t i o n  a s  i t  d i d  n o t  s u r v i v e  
c h r o m a t o g r a p h y .  N o n e  o f  t h e s e  a t t e m p t s  w e r e  s u c c e s s f u l  a n d  
l o w e r  y i e l d s  o f  t r i p h e n y l e n e  ( 6 % )  w e r e  i s o l a t e d  w h e n  t h e  s o l u t i o n  
w a s  e v e n t u a l l y  t r e a t e d  w i t h  t e t r a c y c l o n e .

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

o f  t r i p h e n y l e n e  f r o m  t h e  1 - a m i n o b e n z o t r i a z o l e  w e r e  u s e d  i n  a n  
e x p e r i m e n t  i n  w h i c h  t h e  t r i p h e n y l p h o s p h i n e - p l a t i n u m  c o m p l e x  ( 4 6 )  

r e p l a c e d  t h e  e t h y l e n e  c o m p l e x  ( l l 8 ) .  N o  t r i p h e n y l e n e  w a s  

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

o f  t h e  r e a c t i o n .

T h e s e  r e a c t i o n  c o n d i t i o n s  a n d  t h e  e t h y l e n e  c o m p l e x  ( l l 8 )  
w e r e  u s e d  i n  a n  a t t e m p t  t o  p r e p a r e  c y c l o h e p t y n e b i s ( t r i p h e n y l ­
p h o s p h i n e  ) p l a t i n u m  f r o m  t h e  o x i d a t i o n  o f  1 - a m i n o - 4 , 5 - p e n t a -  
m e t h y l e n e t r i a z o l e  ( 2 7 ) .  N o  c r y s t a l s  p r e c i p i t a t e d  f r o m  t h e
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f i l t r a t e  a f t e r  t h e  l e a d  a n d  p o t a s s i u m  s a l t s  h a d  b e e n  r e m o v e d  
a n d  a s  a  l a s t  r e s o r t  e t h a n o l  w a s  a d d e d  t o  t h e  s o l u t i o n  t o  

e n c o u r a g e  c r y s t a l l i s a t i o n .  I t  w a s  h o p e d  t h a t  a  c y c l o h e p t y n e  
c o m p l e x  w o u l d  b e  s t a b l e  t o  e t h a n o l  l i k e  t h e  c y c l o o c t y n e  c o m p l e x  
( 1 0 2 ) .  A  b r o w n  s o l i d  w h i c h  o n l y  s h o w e d  a b s o r p t i o n s  i n  t h e  i . r .  

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

w a s  u n l i k e l y  t h a t  t h i s  c o m p o u n d  w a s  a  c y c l o h e p t y n e  c o m p l e x  a s  

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

C y c l o h e p t e n o c y c l o p r o p e n o n e  ( 2 8 )  g a v e  c y c l o h e p t y n e  w h e n  
i t  w a s  t h e r m o l y s e d  a t  2 5 0 ^  1 2 7 ^  i t  w a s  f o u n d  t h a t  t h e  c y c l o -  

p r o p e n o n e  ( 2 8 )  a l s o  g a v e  c y c l o h e p t y n e  w h e n  i t  w a s  p h o t o l y s e d  b y  

t h e  *H a n o v i a * m e t h o d  a t  r o o m  t e m p e r a t u r e .  N o  a t t e m p t  w a s  m a d e

hv^
C= 0   > I +  CO

o r

A  2 5 0 *
(28 )

t o  p r e p a r e  a  c y c l o h e p t y n e - p l a t i n u m  c o m p l e x  b y  i r r a d i a t i n g  ( 2 8 )  
i n  t h e  p r e s e n c e  o f  t h e  t r i p h e n y l p h o s p h i n e - p i a t i n u m  c o m p l e x  ( 4 6 ) ,  
a s  t h e  e x p e r i m e n t s  w i t h  t h e  i m i n o p h o s p h o r a n e  ( 1 0 7 )  i n d i c a t e d  
t h a t  a l k y n e - p l a t i n u m  c o m p l e x e s  w e r e  u n s t a b l e  t o  p h o t o l y s i s .

128T r i s ( t r i p h e n y l p h o s p h i n e ) c h l o r o r h o d i u m ( I )  w a s  u s e d

t o  d e c a r b o n y l a t e  t h e  c y c l o p r o p e n o n e  ( 2 8 ) .  T h e  d e c a r b o n y l a t i o n  
w a s  p e r f o r m e d  i n  t h e  p r e s e n c e  o f  t h e  p l a t i n u m  c o m p l e x  ( 4 6 )  
w h i c h  w a s  a d d e d  t o  t r a p  t h e  l i b e r a t e d  c y c l o h e p t y n e .  t r a n s - B i s  

( t r i p h e n y l p h o s p h i n e ) c a r b o n y l c h l o r o r h o d i u m ( I )  w a s  p r e c i p i t a t e d  

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

w h i c h  c o u l d  h a v e  b e e n  a  c y c l o h e p t y n e  c o m p l e x  ( V . - A x l 633 c m .  )  
w a s  i s o l a t e d  f r o m  t h e  f i l t r a t e s  b u t  i t  d e c o m p o s e d  w h e n  a t t e m p t s  
w e r e  m a d e  t o  p u r i f y  i t  b y  r e c r y s t a l l i s a t i o n .  A b r o w n  s o l i d  

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

T h e  c y c l o o c t y n e - p l a t i n u m  c o m p l e x  ( 1 0 2 )  h a s  b e e n  m a d e  
b y  t h e  a d d i t i o n  o f  c y c l o o c t y n e  t o  t e t r a k i s C t r i p h e n y l p h o s p h i n e )  . 
p l a t i n u m ( O ) .  T h e  c o n d i t i o n s  u n d e r  w h i c h  c y c l o h e x y n e ,  c y c l o h e p t y n e  
a n d  b e n z y n e  w e r e  p r e p a r e d  e i t h e r  d e s t r o y e d  t h e  p l a t i n u m  c o m p l e x  
w h i c h  h a d  b e e n  a d d e d  t o  c o m p l e x  w i t h  t h e m  o r  d e s t r o y e d  t h e  

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

A  b e n z y n e - p l a t i n u m  c o m p l e x  ( 7 3 ) *  w a s  n o t  i s o l a t e d  

a l t h o u g h  i t  e x i s t e d  f o r  a  s h o r t  t i m e  i n  s o l u t i o n .
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S E C T I O N  F O U R .  M I S C E L L A N E O U S .

1 .  O t h e r  r o u t e s  t o  a  b e n z y n e - p l a t i n u m  c o m p l e x .

T h e  G r i g n a r d  r e a g e n t  p r e p a r e d  f r o m  o - f l u o r o b r o m o b e n z e n e  
a n d  m a g n e s i u m  w a s  u s e d  a s  a  b e n z y n e  p r e c u r s o r .  T h e  t r i p h e n y l ­
p h o  s p h i n e - p l a t i n u m  c o m p l e x  ( 4 6 )  w a s  a d d e d  t o  a  s o l u t i o n  o f  t h e  

G r i g n a r d  a t  0 ^ .  A  p h o s p h i n e - p l a t i n u m  c o m p l e x  w a s  i s o l a t e d .
T h i s  c o m p l e x  o n l y  s h o w e d  t r i p h e n y l p h o s p h i n e  l i g a n d s  i n  t h e  i . r .  

s p e c t r u m ,  b u t  b e c a u s e  t h e  s p e c t r a l  p r o p e r t i e s  o f  a  b e n z y n e -  
p l a t i n u m  c o m p l e x  w e r e  i n  d o u b t ,  i t  t o o  m i g h t  b e  a  b e n z y n e -  
p l a t i n u m  c o m p l e x .  H o w e v e r  w h e n  t h i s  c o m p l e x  w a s  r e c o m b i n e d  
w i t h  t h e  f i l t r a t e  a n d  r e f l u x e d  w i t h  f u r a n  n o  b e n z y n e  a d d u c t  

w a s  d e t e c t e d .  T h e  a b s e n c e  o f  a n y  b e n z y n e  a d d u c t  s u g g e s t e d  
t h a t  t h e r e  w a s  n o  b e n z y n e - p l a t i n u m  c o m p l e x  i n  s o l u t i o n .

A n  a t t e m p t  w a s  m a d e  t o  s y n t h e s i z e  a  b e n z y n e - p l a t i n u m  
c o m p l e x  b y  t h e  s c h e m e  p r o p o s e d  b e l o w .

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

B r \  .PPhH
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T h e  c o m p l e x e s  ( 1 2 0 ) ,  ( 1 2 1 )  a n d  ( 1 2 2 )  w e r e  p r e p a r e d  i n
1 3 9e x a c t l y  t h e  s a m e  w a y  t h a t  P a r s h a l l  h a d  m a d e  o t h e r  a r y l a z o

a n d  a r y l p l a t i n u m  c o m p l e x e s .  O n l y  s m a l l  q u e i n t i t i e s  o f  t h e  
a r y l p l a t i n u m  c o m p l e x  ( 1 2 2 )  w e r e  i s o l a t e d  w h e n  t h e  a r y l a z o -  
p l a t i n u m  c o m p l e x  ( 1 2 1 )  w a s  t r e a t e d  o n  a n  a l u m i n a  c o l u m n .  T h e  

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

T h e  a r y l a z o p l a t i n u m  c o m p l e x  ( 1 2 1 )  w a s  r e c o v e r e d  u n c h a n g e d  
w h e n  i t  w a s  t r e a t e d  w i t h  m a g n e s i u m  i n  T H F ,  h o w e v e r  a  g a s  w a s  

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

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

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

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

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

2 .  A n  a t t e m p t  t o  s t a b i l i z e  a n  a n t i a r o m a t i c  c o m p o u n d .

169R e e s  ejb a l .  h a v e  s h o w n  t h a t  n i t r e n e s  r e a c t e d  w i t h  
a c e t y l e n e s  a n d  g a v e  1 ( H ) a z i r i n e s  ( 1 2 3 ) .  I t  w a s  t h o u g h t  t h a t  
t h e s e  a n t i a r o m a t i c  s y s t e m s  m i g h t  b e  s t a b i l i z e d  i f  t h e  c a r b o n  -  
c a r b o n  d o u b l e  b o n d  i n  t h e  a z i r i n e  r i n g  w a s  c o m p l e x e d  t o  p l a t i n u m  
b y  a  ^ - T f b o n d .  I n  t h i s  w a y  t h e  a n t i a r o m a t i c  ( 4 n ,  n & 1  )  a z i r i n e  
r i n g  w o u l d  b e  c o n v e r t e d  i n  t h e  c o m p l e x  ( 1 2 4 )  t o  t h e  m o r e  s t a b l e  
a z i r i d i n e  r i n g  s y s t e m .

V
PPh_ R

j j ^ N — R iPtHI JN-R
R

(123) (124)

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

t o  p l a t i n u m  s o  t h a t  a  ^ b o n d  w a s  a l r e a d y  m a d e .  T o l e m b i s -  
( t r i p h e n y l p h o s p h i n e ) p l a t i n u m  w a s  u s e d  a s  a  s o u r c e  o f  a c e t y l e n e
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( t o l a n )  a n d  t h e  n i t r e n e  g e n e r a t e d  i n  i t s  p r e s e n c e  b y  t h e  L T A  
o x i d a t i o n  o f  N - a m i n o p h t h a l i m i d e .  T h e  r e a c t i o n  m i x t u r e  w a s  
f i l t e r e d  t o  r e m o v e  l e a d  d i a c e t a t e  a n d  h e x a n e  w a s  a d d e d  t o  t h e  

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

T h e  r e a c t i o n  h a d  g i v e n  a  n u m b e r  o f  p r o d u c t s  a n d  n o t  a s  
h a d  b e e n  h o p e d  a  m a j o r  c o m p o u n d  w h i c h  w a s  a  s t a b i l i z e d  a z i r i n e .  

T h e  r e a c t i o n  w a s  t h e r e f o r e  n o t  i n v e s t i g a t e d  f u r t h e r .  T h e  u s e  

o f  p o t a s s i u m  c a r b o n a t e  i n  t h e s e  L T A  o x i d a t i o n  r e a c t i o n s  w a s  

n o t  a p p r e c i a t e d  a t  t h i s  t i m e  a n d  i t s  p r e s e n c e  m i g h t  h a v e  g i v e n  
m o r e  e n c o u r a g i n g  r e s u l t s .
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16 .  R .  G o m p e r ,  G .  S e y b o l d  a n d  B .  S c h m o l k e ,  A n g e w .  C h e m .  I n t e r n a t .  

E d n . ,  1968 ,  7 ,  3 8 9 .

17 .  S .  Y a r o s l a v s k y ,  C h e m .  a n d  I n d . ,  1 9 6 5 ,  7 6 5 #

18 .  L . F r i e d m a n ,  P e r s o n a l  c o m m u n i c a t i o n .

19 # G .  W i t t i g  a n d  R .  W. H o f f m a n n ,  A n g e w .  C h e m . ,  1961 ,  7 3 ,  4 3 5 #
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2 0 .  G* W i t t i R  a n d  R .  W . H o f f m a n n ,  C h e m ,  B a r . ,  1 9 6 2 ,  9 5 ,  2 7 l 8 .

2 1 .  R .  W . H o f f o a n n ,  W . S i e b e r  a n d  Q .  G u h a ,  C h e m .  B a r . « 1 9 6 5 »
9 8 ,  3 * 7 0 .

2 2 .  C .  D .  C a m p b e l l  a n d  C .  W. R e e s ,  J .  C h e m .  J g o c . ( C ) ,  1 9 6 9 ,  7 4 2 .

2 3 .  T .  F .  M i c h ,  E .  J .  N i e n h o u s e ,  T .  E .  F a r i n a  a n d  J . J .  T u f s œ i e l l o ,
J .  C h e m .  E d u c . ,  1 9 6 8 ,  2 7 2 .

2 4 .  E .  L e g o f f ,  J .  A m e r .  C h e m .  S o c . ,  1 9 6 2 ,  8 4 ,  3 7 8 6 .

2 5 *  T .  E .  S t e v e n s ,  J .  O r g .  C h e m . ,  1 9 6 8 ,  8 3 3 *

2 6 .  G .  W i t t i g  a n d  H .  F .  E b e l ,  A n n a l e n ,  1 9 6 1 ,  6 ^ 0 ,  2 0 .

2 7 *  R .  F .  C .  B r o w n  a n d  R .  K .  S o l l y ,  C h e m .  a n d  I n d . ,  1 9 6 3 ,  1 4 6 2 .

2 8 .  B .  K .  F i e l d s  a n d  S .  M e y e r s o n ,  C h e m .  C o m m . ,  1963 ,  4 7 4 .

2 9 .  M . P .  C a v a ,  M . J .  M i t c h e l l ,  D .  C .  D e J o u g h  a n d  R .  Y .  V a n  F o s s e n ,
T e t r a h e d r o n  L e t t e r s ,  1 9 6 6 ,  2 9 4 7 .

3 0 .  G .  W i t t i g  a n d  L .  P o h m e r ,  C h e m .  B e r . ,  1 9 5 6 ,  1 3 5 4 .

3 1 .  H .  G i l m a n  a n d  R .  D .  G o r l i c h ,  J .  A m e r .  C h e m .  S o c . ,  1 9 5 6 ,  % 8 ,

22 1 7 .

3 2 .  W . E .  B a c h m a n n  a n d  H .  T .  C l a r k ,  J .  A m e r .  C h e m .  S o c . ,  1 9 2 7 ,

4 9 ,  20 8 9 .

3 3 *  G .  W i t t i g  a n d  L . P o h m e r ,  A n g e w .  C h e m . ,  1 9 5 5 ,  3 4 8 .

3 4 .  J .  F .  B u n n e t  a n d  R .  E .  Z a h l e r ,  C h e m .  R e v . ,  1 9 5 1 ,  2 7 3 ,
( s e e  p a g e  3 8 4 ) .

3 5 *  J *  D .  R o b e r t s ,  H .  É .  S i m m o n s  j r . ,  L . A .  C a r l s m i t h  a n d  
G .  W . V a u g h a n ,  J . A m e r .  C h e m .  S o c . ,  1 9 5 3 ,  3 2 9 0 .

3 6 .  M .  P e n a r  a n d  J .  D .  R o b e r t s ,  J .  A m e r .  C h e m .  S o c . ,  i 9 6 0 ,

8 2 ,  36 2 9 .

3 7 *  R .  H u i s g e n ,  W. M a c k  a n d  L .  M o b i u s ,  T e t r a h e d r o n ,  196O ,  9 ,

2 9 *

3 8 .  G .  W i t t i g  a n d  R .  W . H o f f m a n n ,  C h e m .  B e r . ,  1 9 6 2 ,  2 7 2 9 #

3 9 *  B .  H .  K l a n d e r m a n  a n d  T .  R .  C r i s w e l l ,  J .  A m e r .  C h e m .  S o c . ,

196 9 ,  9 1 ,  5 1 0 .

4 0 .  R .  W . H o f f m a n n ,  G .  E .  V a r g a s - N u n e s ,  G .  G u h n  a n d  W. S i e b e r ,
C h e m .  B e r . ,  1963 ,  9 8 ,  2 0 7 4 .



143.

4 1 .  R .  8 .  B e r r y ,  J .  C l a r d y  a n d  M .  E .  S c h a f e r ,  J .  A m e r .  C h e m .  
S o c . ,  1 9 6 4 ,  8 6 ,  2738 .

4 2 .  R .  S .  B e r r y  a n d  M .  E .  S c h a f e r ,  J .  A m e r .  C h e m .  S o c . .

19 6 3 ,  8 7 ,  4497 .

4 3 .  R .  H o f f m a n n  a n d R . B . W o o d w a r d ,  J .  A m e r . C h e m . S o c

19 6 3 ,  8 7 ,  2 0 4 6 .

4 4 .  R .  H o f f m a n n  a n d R . B . W o o d w a r d ,  J .  A m e r . C h e m . S o c

1 9 6 3 ,  8 7 ,  43 8 8 .

43 .  R .  W . A t k i n  a n d C . W . R e e s ,  C h e m .  C o m m . , 1969 , 1 5 2

4 6 .  I .  T a b u s h i ,  R .  O d a  a n d  K .  O k a z a k i ,  T e t r a h e d r o n  L e t t e r s ,

1968, 3743 .

4 7 .  M .  J o n e s  a n d  R .  L e v i n ,  T e t r a h e d r o n  L e t t e r s ,  1 9 6 8 ,  3 3 9 3 .

4 8 .  H .  V / a s s e r m a n n ,  A .  J .  S o l o d a r  a n d  L .  S k e l l e r ,  T e t r a h e d r o n  

L e t t e r s ,  1 9 6 8 ,  3 3 9 7 .

4 9 .  R .  H o f f m a n n ,  A ,  I m a m u r a  a n d  W . J .  H e h r e ,  J .  A m e r .  C h e m .  

S o c . ,  1968 ,  § 0 ,  1 4 9 9 .

3 0 .  R .  S .  B e r r y ,  G .  N .  S p o k e s  a n d  M .  S t i l e s ,  J .  A m e r .  C h e m .  
S o c . ,  1962 ,  8 4 ,  35 7 0 .

3 1 .  M . S t i l e s ,  U .  B u r c k h a r d t  a n d  A .  H a a g ,  J .  O r g .  C h e m . ,

1 9 6 2 ,  2 7 ,  4713 .

3 2 .  M .  S t i l e s  a n d  U .  B u r c k h a r d t ,  J .  A m e r .  C h e m .  S o c . ,  1 9 6 4 ,  

8 6 ,  3 3 9 6 .

3 3 .  R .  H u i s g e n ,  A n g e w .  C h e m .  I n t e r n a t .  E d n . ,  1 9 6 3 ,  2 ,  3 6 3 .

3 4 .  W . R e i d  a n d  M .  S c h o n ,  A n n a l e n ,  1 9 6 3 ,  6 8 9 ,  l 4 l .

3 3 *  G .  A .  R e y n o l d s ,  J .  O r g .  C h e m . ,  1 9 6 4 ,  3 7 3 3 *

3 6 .  W. R e i d  a n d  M . S c h o n ,  C h e m .  B e r . ,  1 9 6 3 ,  ? 8 ,  3 1 4 2 .

3 7 .  R .  H u i s g e n ,  J .  O r g .  C h e m . ,  1 9 6 8 ,  3 3 ,  2 2 9 1 .

5 8 .  R .  A .  F i r e s t o n e ,  J .  O r g .  C h e m . ,  1 9 6 8 ,  3 3 ,  2 2 8 3 .

3 9 .  R .  K .  H i l l  a n d  M . R a b i n o v i t z ,  J .  A m e r .  C h e m .  S o c . ,  1 9 6 4 ,

% ,  9 6 3 .

6 0 .  J .  A .  B e r s o n ,  R .  G .  W a l l  a n d  H .  D .  P e r l m u t t e r ,  J .  A m e r .  
C h e m .  S o c . ,  1 9 6 6 ,  8 8 ,  187 .
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6 1 .  H .  B .  S i m m o n s ,  J .  A m e r .  C h e m .  S o c . ,  1 9 6 1 ,  8 3 ,  1 6 5 7 .
■

6 2 .  J .  A .  K a m p m e i e r  a n d  A .  B .  R u b i n ,  T e t r a h e d r o n  L e t t e r s ,

1966 , 2833 .

6 3 .  R .  I .  E l l i s  a n d  H .  M .  F r e y ,  P r o c .  C h e m .  S o c . ,  1 9 6 4 ,  2 2 1 .

6 4 .  J . W o l i n s k y ,  B .  C h o l l a r  a n d  M .  D .  B a i r d ,  J .  A m e r .  C h e m .  S o c . ,  

1962 ,  8 4 ,  2775 .

6 3 .  R .  B .  W o o d w a r d  a n d  R .  H o f f m a n n ,  J .  A m e r .  C h e m .  S o c . ,  1 9 6 3 ,

8 7 ,  2511 .

6 6 .  C .  K .  I n g o l d ,  J .  C h e m .  S o c . ,  1 9 5 4 ,  2 9 9 1 *

6 7 .  G .  E h r h a r d t ,  C h e m .  B e r . ,  1 9 6 3 ,  9 . 6 ,  2 0 4 2 .

6 8 .  J .  F .  B u n n e t  a n d  T .  K .  B r o t h e r t o n ,  J .  O r g .  C h e m . ,  1 9 5 8 ,

2 3 ,  9 0 4 .

6 9 .  R .  W . A t k i n ,  P e r s o n a l  c o m m u n i c a t i o n  ( L e i c e s t e r  U n i v e r s i t y ) .

7 0 .  G .  W i t t i g  a n d  E .  B e n z ,  C h e m .  B e r . ,  1 9 5 9 ,  9 2 ,  1 9 9 9 *

7 1 .  G .  W i t t i g  a n d  H .  M a t z u r a ,  A n g e w .  C h e m .  I n t e r n a t .  E d n . ,

1 9 6 4 ,  3 ,  231 .

7 2 .  C .  A .  C o u l s o n ,  C h e m .  S o c .  S y m p o s i a ,  B r i s t o l  1 9 5 8 ,  C h e m .  S o c .  

S p e c i a l  P u b l . ,  N o .  1 2 ,  p 8 5 *

7 3 *  F .  G .  W i l l e y ,  A n g e w .  C h e m .  I n t e r n a t .  E d n . ,  1 9 6 4 ,  138 .

7 4 .  G .  W i t t i g  a n d  U .  M a y e r ,  C h e m .  B e r . ,  1 9 6 3 ,  § 6 *  3 2 9 *  

7 5 *  G .  W i t t i g  a n d  A .  K r e b s ,  C h e m .  B e r . ,  1961 ,  § [ 4 ,  3 2 6 0 .  

7 6 .  G .  W i t t i g  a n d  J .  M e s k e - S c h u l l e r ,  A n n a l e n ,  1 9 6 8 ,  7^1 j ,  6 3 #

7 7 *  G .  W i t t i g  a n d  J .  W e n l i c h ,  C h e m .  B e r . ,  1 9 6 3 ,  5 â »  4 7 1 .

7 8 .  R .  B r e s l o w ,  T .  E i c h e r ,  A .  K r e b s ,  R . . A .  P e t e r s o n  a n d  

J .  P o s n e r ,  J .  A m e r .  C h e m .  S o c . ,  1 9 6 3 ,  ^ ,  1 3 2 0 .

7 9 *  W . R .  M o o r e  a n d  H .  R .  W a r d ,  J .  A m e r .  C h e m .  S o c . ,  1 9 6 3 ,
8 4 ,  8 6 .

8 0 .  G .  W i t t i g ,  H .  L .  D o r s c h  a n d  J .  M e s k e - S c h u l l e r ,  A n n a l e n ,

1 9 6 8 ,  7 1 1 ; 3 5 *

8 1 .  G .  W i t t i g  a n d  J .  M e s k e - S c h u l l e r ,  A n n a l e n ,  1 9 6 8 ,  7 1 1 ,  7 6 .

8 2 .  G .  W i t t i g  a n d  P .  F r i t z e ,  A n n a l e n ,  1 9 6 8 ,  7 1 1 ,  8 2 .
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S u .

8 3 *  M .  T j t t s u i  a n d  H .  Z e i s a ,  J .  A m e r .  C h e m ,  S o c . ,  i 9 6 0 ,

8 2 ,  6255 .

8 4 .  J .  D .  B u n i t z ,  E .  C .  M e z ,  0 .  S .  M i l l s  a n d  H .  M .  M .  S h e a r e r ,  

H e l v .  C h i m .  A c t a . ,  1 9 6 2 ,  4 5 ,  6 4 ? .

8 5 .  J ,  C h a t t ,  G .  A .  R o w e  a n d  A .  A .  W i l l i a m s ,  P r o c .  C h e m .  S o c . ,

1957 ,  208 .

8 6 .  J .  C h a t t ,  B .  L .  S h a w  a n d  A .  A .  W i l l i a m s ,  J .  C h e m »  S o c . ,

1962 ,  3269 .

8 7 # J .  0 .  G 1 a n v i l l e ,  J .  M .  S t e w a r t  a n d  S .  0 .  G r i m m ,

J .  O r g a n o m e t a l l i e  C h e m » ,  1 9 6 7 ,  7 ,  P 9 #

8 8 .  C .  K .  I n g o l d  a n d  C .  W . K i n g ,  J .  C h e m .  S o c . ,  1 9 5 3 ,  2 7 0 2 .

8 9 # J .  C h a t t  a n d  L .  A .  D u n c a n s o n ,  J .  C h e m .  S o c . ,  1 9 5 3 ,  2 9 3 9 *

9 0 .  F .  L .  B o w d e n  a n d  A .  B .  P .  L e v e r ,  O r g a n o m e t a J L .  C h e m .  R e v . ,

1968 ,  3 ,  2 2 7 .

9 1 .  A .  D .  A l l e n  a n d  C .  D .  C o o k ,  C a n a d .  J .  C h e m . ,  1 9 6 4 ,  I O 6 3 .

9 2 .  R .  G .  G u y  e i n d  B .  L .  S h a w ,  A d v .  I n o r g .  C h e m .  R a d i o c h e m . ,

1962 ,  4 ,  77 .

9 3 .  R .  P .  D o d g e  a n d  V .  S c h o m a k e r ,  N a t u r e ,  I 9 6 0 ,  1 ^ ,  7 9 8 .

9 4 .  M .  J .  S .  D e w a r  a n d  G .  J .  G l e i c h e r ,  J .  A m e r .  C h e m .  S o c . ,

1965 ,  8 7 ,  32 5 5 .
. . . . .

9 5 .  H .  J .  S .  W i n k l e r  a n d  G .  W i t t i g ,  J .  O r g .  C h e m . ,  1 9 6 3 ,  2 8 ,  1 7 3 3 *

9 6 .  V .  0 .  B e i k h s f e l ’ d  a n d  K .  L .  M a d o v e t s k i i ,  R u s s .  C h e m .  R e v . ,

1966 , 7 , 5 1 0 .

9 7 .  E .  W . G o w l i n g ,  S .  F .  K e t t l e  a n d  G .  M .  S h a r p i e s ,  C h e m .  C o m m . ,

1968 ,  2 1 .

9 8 .  J .  B l u m ,  H .  R o s e n m a n  a n d  E .  D .  B e r g m a n ,  J .  O r g .  C h e m . ,

1968 ,  3 3 ,  1928 .

9 9 .  G .  W i t t i g  a n d  R .  W . H o f f m a n n ,  O r g .  S y n t h . ,  1 9 6 7 ,  4 .

1 0 0 .  M e t h o d e n  d e r  O r g a n i s c h e n  C h e m i e  ( H o u b e n  W e y l ) ,  e d i t e d  b y  

E .  N ü l l e r ,  1 9 5 5 ,  2 *  3 2 3 .

1 0 1 .  R .  W. H o f f m a n n ,  G .  E .  V a r g a s - N u n e z ,  G .  G u h n  a n d  W. S i e b e r ,  

C h e m .  B e r . ,  1 9 6 5 ,  9 8 ,  2 0 7 4 .
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1 0 2 *  L .  M a l a t e s t a  a n d  C .  C a r i e l l o ,  J *  C h e m *  S o c * ,  1 9 5 8 ,  2 3 2 3 *

1 0 3 *  C* D .  C o o k  a n d  G .  S .  J a u h a l ,  J .  A m e r *  C h e m *  S o c * ,  1 9 6 8 ,
9 0 ,  l 4 6 4 *

1 0 4 .  G .  W i t t i g  a n d  H* L .  D o r s c h ,  A n n a l e n ,  1 9 6 8 ,  7 1 1 ,  4 6 .

1 0 3 *  J .  C .  B a i l a r  e m d  H .  I t a t a n i ,  I n o r g .  C h e m . ,  1 9 6 3 ,  4 , ,  l 6 l 8 .

1 0 6 .  G .  L .  G l o s s  a n d  L .  E .  G l o s s ,  J .  A m e r .  C h e m *  S o c . ,  i 9 6 0 ,

8 2 ,  5 7 2 3 *

1 0 7 *  G .  W i t t i g  a n d  L .  P o h m e r ,  A n g e w .  C h e m . ,  1 9 5 5 $  6 7 ,  3 4 8 .

1 0 8 .  J .  J .  L e v i s o n  a n d  S .  D .  R o b i n s o n ,  C h e m .  C o m m . ,  1 9 6 7 ,  1 9 8 #

1 0 9 *  G .  W i t t i g  a n d  E .  K n a u s s ,  C h e m .  B e r . ,  1 9 5 8 ,  ^ ,  8 9 5 *

1 1 0 .  W . S t r e c k e r  a n d  C .  G r o s s m a n ,  C h e m .  B e r . ,  I 9 l 6 ,  7 4 .

1 1 1 .  0 .  S t e l l i n g ,  Z .  P h y s .  C h e m .  ( L e i p z i g ) . ,  1 9 2 3 ,  1 1 7 ,  1 7 0 .

1 1 2 .  E .  B e r g m a n n  a n d  0 .  B l u m - B e r g m a n n ,  J .  A m e r .  C h e m .  S o c . ,

1 9 3 7 ,  5 9 ,  l 4 4 i .

1 1 3 *  R *  C* H i n t o n ,  F .  G .  M a n n  a n d  I .  T .  M i l l e r ,  J .  C h e m .  S o c . ,
1 9 5 8 ,  4 7 0 4 .

1 l 4 .  K .  D .  B a r t l e ,  H .  H e a n e y ,  D .  W. J o n e s  a n d  P .  L e e s ,
S p e c t r o c h i m .  A c t a . ,  1 9 6 6 ,  2 2 ,  9 4 l .

1 1 3 *  L .  F r i e d m a n ,  J .  A m e r .  C h e m .  S o c . ,  1 9 6 7 ,  S g ,  3 0 7 1 *

116 .  T .  L .  G i l c h r i s t ,  P e r s o n a l  c o m m u n i c a t i o n ,  ( L e i c e s t e r  U n i v e r s i t y ) .

1 1 7 *  C .  S .  M a r v e l  a n d  G .  S .  H i e r s ,  O r g .  S y n t h . ,  C o l l .  V o l .  I ,
321.

1 l 8 .  G .  B .  B a c h m a n  a n d  G .  M .  P i c h a ,  J .  A m e r .  C h e m .  S o c . ,  1 9 4 6 ,
68 , 1601.

1 1 9 *  W . R .  H .  H u r t l e y  a n d  S .  S m i l e s ,  J .  C h e m .  S o c . ,  1 9 2 6 ,  l 8 2 4 .

1 2 0 .  N .  0 .  V .  S o n n t a g ,  S ,  L i n d e r ,  E .  I .  B e c k e r  a n d  P .  £ .  S p o e r r i ,

J .  A m e r .  C h e m .  S o c . ,  1 9 5 5 ,  2 2 8 3 *

1 2 1 .  C .  J .  N y m a n ,  C .  E .  V ^ y m o r e  a n d  G .  W i l k i n s o n ,  J .  C h e m .  S o p .
( A ) , 1968 ,  3 6 1 .

1 2 2 .  C .  D .  C a m p b e l l  a n d  C .  W . R e e s ,  J .  C h e m .  S o c .  ( C ) ,  1 9 6 9 ,  7 4 8 .

123* C .  C .  H a c k ,  C .  V .  B a n k s  a n d  H .  D i e h l ,  O r g .  S y n t h . ,  C o l l .

V o l .  I V ,  2 2 9 *



147.

1 2 4 .  J ,  A d a m s o n ,  P h .  D .  T h e s i s ,  L e i c e s t e r ,  1 9 6 7 .

125.  W .  D i l t h e y ,  W .  S c h o m m e r ,  W ,  H o s c h e n  a n d  H .  D i e r i c h s ,

C h e m .  B e r . ,  1 9 3 5 »  0 »  1 1 5 9 *

126 .  R .  W . H a a r ,  R .  C .  V o t e r  a n d  C .  V .  B a n k s ,  J .  O r g *  C h e m . ,

1949 ,  1 4 ,  8 3 6 .

127 .  R .  B r e s l o w ,  L .  J .  A l t m e m ,  A .  K r e b s ,  E .  M o h a c s i ,  I .  M u r a t a ,
R .  A .  P e t e r s o n  a n d  J .  P o s n e r ,  J .  A m e r .  C h e m .  S o c . ,  1 9 6 5 »  8 7 »
1326 .

128 .  J .  A .  O s b o r n ,  F .  H .  J a r d i n e ,  J .  F .  Y o u n g  a n d  G .  W i l k i n s o n ,

J .  C h e m .  S o c .  ( A ) , 1 9 6 6 ,  1 7 1 1 .

129 * L .  V a l l a r i n o ,  J .  C h e m .  S o c . ,  1 9 5 7 ,  2 2 8 7 .

130.  G .  W i l k e ,  H ,  S c h o f f  a n d  P .  H e i m b a c H ,  A n g e w .  C h e m .  I n t e r n a t .

E d n . ,  1967 ,  6 ,  9 2 .
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Reactions of Some Benzyne Precursors and Cyclo-octyne with a 
Zerovalent Platinum Complex

By T. L. G i l c h r i s t ,  F. J. G r a v e l i n g ,  and C. W. R e e s *

{D epartm en t o f  C hem istry, U n iversity  o f  L eicester, Leicester LEI 7RH)

C o o k  and J a u h a l  have reported attempts to 
stabilize benzyne by co-ordination to platinum.^ 
In their conditions, the benzyne precursors, 1,2,3- 
benzothiadiazole 1,1-dioxide (la)* and benzene- 
diazonium-2-carboxylate (Ilia),® were trapped by 
the zerovalent platinum species, bis(triphenyl- 
phosphine) (ethylene) platinum (0), before they could 
decompose. Our similar experiments with tetra- 
kis(tiiphenylphosphine)platinum(0)* confirm and 
extend their observations and show that the 
reactions of benzyne, generated in the presence 
of the latter complex, are greatly altered.

Compound (la) and its 5-methyl derivative 
(Ib)® react readily with (Ph,P)*Pt in benzene at 
5° to give complexes (Ila), m.p. 177— 179° (79%) 
and (Ilb), m.p. 177— 181° (71%). The spectral 
data for (Ila) are the same as those reported 
additional evidence for structure (lib) is provided 
by the n.m.r. spectrum which integrated 
correctly and showed a singlet at t  8 3.

Unlike Cook and Jauhal,^ we find that complex

(Ila) does generate benzyne on photolysis. When 
(Ila) was irradiated (300 w  sunlamp for 24 hr.) 
in a mixture of furan and tetrahydrofuran the 
benzyne adduct, 1,4-dihy dronaphthalene endoxide, 
m.p. 53— 54° (9%) and its rearrangement product, 
1-naphthol (14%) were isolated. Complex (Ila) 
is thus a new, stable, benzyne precursor, requiring 
only irradiation for its decomposition. However, 
no adduct could be obtained by the thermolysis 
of (Ila) in furan.

When the reaction between complex (la) or 
(Ib) (3 mmol.) and (Ph3P)^Pt (1 mmol.) was 
carried out in a mixture of ether and benzene at 
35°, the reaction took a different course. Tri- 
phenylene, m.p. 192— 196° [38% based on (la)] or 
2,6,11-trimethyltriphenylene,* m.p. 132-133° 
[(35% based on (Ib)] was isolated by chromato­
graphy on alumina. Complex (la) usually gives 
small yields of biphenylene, and no triphenylene, 
when decomposed thermally in solution.®

No triphenylene was formed when (la) was



similarly decomposed in the absence of the 
platinum complex but in the presence of triphenyl- 
phosphine.

O2
(I)

a; K=K 
h; K=Me

O2
(II)

a; R=H  
b; K=Me

N-,""
co'r

(III)
a; Ri =  H. R® =  H 
b; Ri =  H, R® =  NOg 
c; R̂  =  H, R® =  Me 
d; Ri =  H, R* =  Cl 
e; Ri =  Cl. R® =  H

a; Ri =  H. R® =  H, 
m.p. 260—264° 

b; Ri =  H, R* =  NO„ 
m.p. 285—287° 

c; R̂  =  H, R® — Me,
m.p. 261—262° 

d; Ri =  H, R* =  Cl.
m.p. 268—270° 

e; Ri =  Cl, R® =  H, 
m.p. 270—272°

Benzenediazonium-2-carboxylate (Ilia) de­
composes in 1,2-dichloroethane under reflux to 
give benzyne;'' in the presence of (Ph,P)jPt, how­
ever, complex (IVa) was obtained (80%). The 
structure (IVa) was assigned on the basis of the 
i.r. spectrum which was identical to that reported,^

and its reaction with bromine in chloroform; with 
an aqueous work-up this gave o-bromobenzoic 
acid and a platinum complex, m.p. 320°, assigned 
structure (V). An attempt to labilize the 
carboxylate function in the diazonium-carboxylate 
by introducing suitable substituents was un­
successful; the zwitterions (Illb -e) gave good 
yields of the complexes (IVb-e) as the only 
products. Complex (IVa) is unchanged by 
irradiation or by heating at temperatures up to  
200° ; it is not, therefore, a benzyne precursor.

Thus all attempts to isolate a benzyne-platinum  
complex analogous to acetylene-platinum com­
plexes® have failed at the stage of generation of 
benzyne. We are encouraged in this general 
approach, however, by the isolation in high yield 
(70%) of a stable cyclo-octyne-platinum complex, 
m.p. 180— 182°, by the addition of cyclo-octyne® 
to (PhgP)^Pt in benzene. Structure (VI) is 
supported by the n.m.r. and i.r. spectra and, like 
all other new compounds reported, by correct 
analytical data.

PhaP

(v;

PPhs
PPh;,
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