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Summary

The o x i d a t i o n  o f  a l l  1 , 1 - d i s u b s t l t u t e d  h y d r a z i n e s  i s  

r e v ie w e d  as  a model  f o r  t h e  o x i d a t i o n  o f  N - a m in o h e te r o -  

c y c l i c  compounds and t h e  mechanism o f  t h e  r e a c t i o n s  

d i s c u s s e d .

The o x i d a t i o n  o f  N - a m i n o t r i a z o l e s  i s  s t u d i e d  w i t h  a 

w ide  r a n g e  o f  o x i d a n t s  and shown t o  p ro c e e d  m ost  e f f i c i e n t l y  

w i t h  l e a d  t e t r a a c e t a t e .  The p r o d u c t s  a r e  shown t o  be 

a c e t y l e n e s  o r  n i t r i l e s ,  d ep en d in g  on t h e  s t r u c t u r e  o f  t h e  

t r i a z o l e .  H i g h l y  r e a c t i v e  m ed iu m -r in g  c y c l i c  a c e t y l e n e s  a r e  

a l s o  p roduced  by t h i s  method and may be t r a p p e d  by 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 .  The a c e t y l e n e s  a r e  a l s o  shown t o  be  

p roduced  e f f i c i e n t l y  f rom 1 , 2 - b i s - h y d r a z o n e s  by 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 .

The o x i d a t i o n  o f  N - a m i n o - l , 2 , 3 - b e n z o t r l a z i n - 4 - o n e s  i s  

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

p ro p en o n e s  and in  p a r t  t h r o u g h  i n d a z o l o n e s .  B o th  t y p e s  o f  

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

o x i d a t i o n  o f  i n d a z o l i n o n e s  i s  shown t o  be  a r e l a t e d  r e a c t i o n .

The d i r e c t i o n  o f  o p e n in g  o f  t h e  c y c lo p r o p e n o n e  r i n g  i s  

m ark e d ly  i n f l u e n c e d  by t h e  e l e c t r o n i c  c h a r a c t e r  o f  s u b s t i t u e n t s  

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

s t r u c t u r e .  The r e l a t i o n s h i p  be tw een  b e n z o c y c lo p ro p e n o n e  

and t h e  known c y c lo p r o p e n o n e s  i s  d i s c u s s e d .
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I n t r o d u c t i o n

N - A m in o h e te r o c y c l i c  compounds may be c o n v e n i e n t l y  

c o n s i d e r e d  as  1 , 1 - d i s u b s t i t u t e d  h y d r a z i n e s .  The o x i d a t i o n  

o f  t h e s e  compounds, and r e l a t e d  r e a c t i o n s ,  have  been  s t u d i e d  

i n  some d e t a i l  and v a r i o u s  r e a c t i o n  pa thw ays  have  been  

e l u c i d a t e d .

1 , 1 - D i s u b s t i t u t e d  h y d r a z i n e s  a r e  r e a d i l y  p r e p a r e d  from  

t h e  d i s u b s t i t u t e d  amine e i t h e r  by n i t r o s a t i o n  and r e d u c t i o n  

o r  by d i r e c t  a m i n a t i o n .  The "norm al"  o x i d a t i o n  p r o d u c t  o f
1,2,3 ,4

a 1 , 1- d i s u b s t i t u t e d  h y d r a z i n e  i s  a t e t r a z e n e .

R \  [ o l  Rv / R
y N — NHg —  ^ N —N = N —N \

R R

The f i r s t  anomalous o x i d a t i o n  r e p o r t e d  was by Busch and 

W e i s s ^ in  1900.  They found  t h a t  1 , 1 - d i b e n z y l h y d r a z i n e  was 

o x i d i s e d  t o  d i b e n z y l .

T h i s  d id  n o t  o c c u r  w i t h  a l k y l  o r  a r y l  s u b s t i t u e n t s ,  b u t  was

p e c u l i a r  t o  b e n z y l  g r o u p s .  Many s y m m e t r i c a l l y  s u b s t i t u t e d
6

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

s u b s t i t u t e d  d i b e n z y l s .  Hinman and Harm/ p r e p a r e d  and o x i d i s e d  

a number o f  1 , 1 - d i b e n z y l h y d r a z i n e s  where  one a r o m a t i c  r i n g  

o n l y  was s u b s t i t u t e d .  They showed t h a t  u n s y m m e t r i c a l
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d i b e n z y l s  were p roduced  and c o u ld  f i n d  no e v id e n c e  f o r  

s y m m e t r i c a l  c r o s s  o v e r  p r o d u c t s .

HgO ^

R -C gH 4C H 2 Et OH R-CgH^C
One o f  t h e  b e n z y l  g ro u p s  was r e p l a c e d  by  f u r f u r y l  and t h e

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

t h e r e f o r e  i n t r a m o l e c u l a r .  The y i e l d s  o f  d i b e n z y l s  were

shown t o  depend on t h e  n a t u r e  o f  t h e  s u b s t i t u e n t s ,  which

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

t h e  o x i d a t i o n .  The r e a c t i o n  c o u r s e  was shown a l s o  t o

depend on t h e  o x i d i s i n g  a g e n t .  T h us ,  b e n z o q u in o n e  o r

m e r c u r i c  a c e t a t e  gave t h e  t e t r a z e n e ,  i n  a g reem en t  w i t h  t h e
3

work o f  C u r t i u s .

R e c e n t l y ,  t h i s  r e a c t i o n  has  a t t r a c t e d  a g r e a t  d e a l  o f  

i n t e r e s t  and O v e r b e r g e r  and h i s  c o l l e a g u e s ,  w ork ing  on 

r e l a t e d  s y s t e m s ,  have  done much t o  e l u c i d a t e  i t s  mechanism. 

O x i d a t i o n  o f  l - a m i n o - 2 , 6 - d i c y a n o - 2 , 6 - d i m e t h y l p i p e r i d i n e ^  

w i t h  p o t a s s i u m  pe rm a n g an a te  gave t h e  t e t r a z e n e  and c i s  and 

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

^  KMn0 4  ^

2 6 %  3 2 %

H e r e ,  t h e  n i t r o g e n  s u b s t i t u e n t s  a r e  n o t  b e n z y l i c ,  b u t  do 

c a r r y  cyano g r o u p s ,  and t h e  r e t e n t i o n  o f  n i t r o g e n  t o  fo rm  a 

t e t r a z e n e ,  and l o s s  o f  n i t r o g e n  t o  form a co u p le d  p r o d u c t
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a r e  s t i l l  o b s e r v e d .  When t h e  cyano g ro u p s  a r e  rem oved ,  

t h e  o x i d a t i o n  p r o c e e d s  a s  f o r  a no rm al  d i a l k y l  h y d r a z i n e .  

Thus l - a m i n o - 2 , 6 - d i m e t h y l p i p e r i d i n e  and l - a m i n o - 2 , 5 ~  

d i m e t h y l p y r r o l i d i n e  gave  t h e  t e t r a z e n e s  on o x i d a t i o n .

H g o  .

n  M r
N

The u n s u b s t i t u t e d  r i n g  compounds have  a l s o  been  r e p o r t e d  

t o  g i v e  t e t r a z e n e s ?

O v e r b e r g e r  n e x t  s y n t h e s i s e d  c i s  and t r a n s - l - a m i n o - 2 , 6 -  

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

o x i d e ^  The c i s  i so m er  gave  c i s - l , 2 - d i p h e n y l c y c l o p e n t a n e  

and 1 , 5- d i p h e n y l p e n t - l - e n e ;  n i t r o g e n  l o s s  was i n s t a n t 

a neous  .

^  . - . A ; ] '
^ 6  5  o  5

The t r a n s  i som er  gave t r a n s - 1 , 2 - d i p h e n y l c y c l o p e n t a n e ,  w i th

some c i s  and 1 , 5- d i p h e n y l p e n t - l - e n e .

6 5  5 go H

14®/o

*"6^5



—4 —

O v e r b e r g e r  a rgued  t h a t  t h e  c i s  i so m er  came from i s o m e t i s a t i o n  

p r i o r  t o  o x i d a t i o n ,  and showed t h a t  t h i s  was p o s s i b l e .  The 

r e a c t i o n  t h e r e f o r e  a p p e a r s  t o  be  s t e r e o s p e c i f i c .

The r e a c t i o n  p r o c e e d s ,  t h e n ,  by a c o n c e r t e d  l o s s  o f  n i t r o g e n  

from t h e  n i t r e n e ^ ( e v i d e n c e  f o r  t h i s  i n t e r m e d i a t e  t o  f o l l o w )  

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

l o s s  o f  a p r o t o n  t o  an a l k e n e .

- " H

.N: %

V  R-
I n s e r t i o n  o f  t h e  e l e c t r o n  d e f i c i e n t  n i t r o g e n  i n t o  t h e  

r i n g  t o  form an azo  compound was cons idered^?  An a u t h e n t i c  

sam ple  o f  t h e  a p p r o p r i a t e  azo compound was shown t o  be to o  

s t a b l e  t o  be an i n t e r m e d i a t e ,  h a v in g  a h a l f  l i f e  o f  f i v e  

h o u r s ;  n i t r o g e n  was l o s t  t o  g iv e  t h e  c i s  and t r a n s  i so m e rs  

e q u a l l y .

- N .
5 0 %

+  H'

% " 5

I t  may be a rg u e d  t h a t  t h e  o b se rv e d  s t e r e o r e t e n t i o n  o f  

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

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

g e o m e t r i c  r e s t r i c t i o n s  p l a c e d  on t h e  sy s te m  by a c y c l i c
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s t r u c t u r e .  F o r  t h i s  r e a s o n ,  O verberge r^^ though t  i t  i m p o r t a n t  

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

He p r e p a r e d  a p u re  o p t i c a l  i som er  o f ( X , o U - d i m e t h y l - 1 , 1 -  

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

o x i d e .  Y

HgO
H M MU ----2------N - N H j  ----------- » +  C g H - C H = C H ^

The p r o d u c t ,  2 , 3 - d i p h e n y l b u t a n e ,  was shown t o  be  31^ o f  

t h e  mesoform and o f  o p t i c a l  i so m e rs  which showed a 

p redom inance  o f  t h e  e n a n t io m e r  e x p e c t e d . A t r a c e  o f  s t y r e n e  

was fo u n d .

So t h e  r e a c t i o n  was n o t  t r u l y  c o n c e r t e d ,  and some 

f r a g m e n t a t i o n  must have  o c c u r r e d .  T h is  i s  s u p p o r t e d  by t h e  

p r o d u c t s  o f  r e d u c t i o n  o f  t h e  N - n i t r o s o  compound w i t h  sodium 

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

n i t r e n e ,  b e in g  a lm o s t  i d e n t i c a l  t o  t h o s e  from t h e  o x i d a t i o n .

N a.S gO . C H - C - M e  21%meso 
"  N - N O  -------------------------^

CgH g-C -M e C g H g ^ - M e

42®/o optical 
isomers

n
T h is  r e s u l t  prompted O v e r b e r g e r  t o  l o o k  more c l o s e l y  

f o r  " c r o s s  o v e r"  p r o d u c t s  i n  t h e  d i b e n z y l  s e r i e s .  I f  one 

a r o m a t i c  r i n g  i s  s u b s t i t u t e d  w i t h  an amino g r o u p ,  t h e  

u n c r o s s e d  p r o d u c t  would be b a s i c ,  b u t  one o f  t h e  c r o s s e d  

p r o d u c t s  would be n e u t r a l  t h u s  making s e p a r a t i o n  s im p le  and
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e f f i c i e n t .  I n  f a c t ,  no c r o s s e d  p r o d u c t s  were  found from  

N - n i t r o s o - m - a m i n o - l , l - d i b e n z y l a m i n e  o r  i t s  - d i m e t h y l  

homologue.

^ 6 ^ 5  N a ^ S .Q
N -N O 2.~2 ̂  

NaOH

6  5
7 2 %

C
7 9 %

N aO H  H ^ N -C g l^ C H M gH^N-CgH^C H Me

The r e a c t i o n  must  t h e r e f o r e  p ro c e e d  by f r a g m e n t a t i o n  

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

C g H g - C H ; '
N— N >

-

0:1:N=N

T h i s  would e x p l a i n  t h e  f a c i l i t y  w i t h  which b e n z y l  

s u b s t i t u t e d  h y d r a z i n e s  decompose,  a b e n z y l i c  ca rbon ium  

io n  b e in g  s t a b i l i s e d .  I f  one b e n z y l  g ro u p  c a r r i e d  a 

2 -m ethoxy  g ro u p ,  t h i s  sh o u ld  s t a b i l i s e  t h e  ca rbon ium  i o n  

s t i l l  f u r t h e r ,  and t h e  d i r e c t i o n  o f  o p e n in g  sh o u ld  t h e n  be  

p r e d i c t a b l e .  T h i s  o x id a t io r J ^ g a v e  h y d ro c a rb o n  p r o d u c t s  i n  

q u a n t i t a t i v e  y i e l d ,  w i t h  t h e  r i n g  c l o s e d  p r o d u c t  p red o m in 

a t i n g .
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_p-MgO-Cgl-l^ CgHg CgHg C^H^OMe-^ CgHg CgH^M ® -^
NHg

S u r p r i s i n g l y ,  t h e  a l k e n e s  p roduced  were  n o t  a l l  c o n ju g a te d  

w i t h  t h e  2 - a n i s y l  f u n c t i o n ,  and so a d i s c r e t e  ca rbon ium  io n  

i s  an u n l i k e l y  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 .  S i m i l a r l y ,  i f  

o n l y  one oC-carbon i s  s u b s t i t u t e d  w i t h  a p h e n y l  g r o u p ,  t h e  

d o u b le  bond i s  e x p e c te d  t o  be c o n ju g a t e d  w i t h  t h i s  r i n g  i n  

t h e  p r o d u c t .  However, when l - a m i n o - 2 - p h e n y l p i p e r i d i n e  was
14

added s lo w ly  t o  t h e  m e r c u r i c  o x i d e  s l u r r y ,  h y d ro c a rb o n

p r o d u c t s  were o b t a i n e d  i n  80% y i e l d  b u t  t h e  o l e f i n  f r a c t i o n  

was m a in ly  u n c o n ju g a t e d .  T h i s  a g a i n  a p p e a r s  t o  p r e c l u d e  a 

d i s c r e t e  carbon ium  io n  i n t e r m e d i a t e .

a

HgO, 65° 40%  , ^ ^ 1 5 %  _ ^ 2 5 ' / o

NH2 ^

I t  was n o t e d  i n  t h i s  r e a c t i o n  t h a t  r a p i d  a d d i t i o n  o f  t h e

a m i n o p i p e r i d i n e  gave  t h e  t e t r a z e n e  i^8%) and t h e  t h r e e

h y d r o c a r b o n s  (17%)•

S in c e  t h e  r e a c t i o n  i s  l i t t l e  a f f e c t e d  by e l e c t r o n  r e l e a s i n g
15

g r o u p s ,  O v e r b e r g e r  s t u d i e d  e l e c t r o n  w i th d ra w in g  s u b s t i t u e n t s .  

l - A m i n o - 2 , 6 - d i c a r b o x a m i d o p i p e r i d i n e  was s y n t h e s i s e d ,  a s  was 

t h e  d ic y a n o  compound. O x i d a t i o n  o f  t h e  l a t t e r  w i t h  b rom ine  

o r  p o t a s s i u m  p e rm a n g an a te  gave t h e  t e t r a z e n e .
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B r , / E l O H  y - C " ' : ° ' ' -

o l i o -  ^  Q ' ^
CN NC

M e r c u r i c  o x id e  i n  e t h a n o l  gave no r e a c t i o n ,  b u t  a d i m e t h y l -  

s u l p h o x i d e - w a t e r  m i x t u r e  ( 2 : 1 ) a s  s o l v e n t  gave a r a p i d  

o x i d a t i o n .  P r o d u c t s  were  i s o l a t e d  a s  t h e  m e th y l  e s t e r s  by 

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

^2 +  CO N H

NC Y CN C O . .
NHg H H MgOgC H 2 2

The d ic a rb o x a m id e  was o x i d i s e d  sm o o th ly  i n  e t h a n o l ,  

g i v i n g  a q u a n t i t a t i v e  y i e l d  o f  d i a m i d e s .

HqO j ^ 34°/o ^  66°/.

NHg H^NOC CONH^ 2 2

T hese  r e s u l t s  were  e x p l a i n e d  as  f o l l o w s .  A r a d i c a l  p a th  

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

l i n e a r  p r o d u c t s  by d i s p r o p o r t i o n a t i o n .  I f  t h e  p r o c e s s  went  

t h r o u g h  a carbon ium  i o n ,  d i m e t h y l s u l p h o x i d e  would f a v o u r  

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

on a p p r o t o n .  T h i s  was n o t  fo u n d .  The d i r e c t i o n  o f  n i t r e n e  

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

C y c l i s a t i o n  w i l l  be  p r e f e r r e d  u n l e s s  s t e r i c  f a c t o r s  predom

i n a t e .  The cyano g ro u p ,  b e in g  s m a l l ,  a l l o w s  c y c l i s a t i o n  t o  

o c c u r  r e a d i l y  a t  t h e  ex pen se  o f  o l e f i n  f o r m a t i o n .  The
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carboxam ido  g roup  which i s  much more b u lk y  h i n d e r s  c y c l i s a t i o n  

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

The o x i d a t i o n  o f  a l i p h a t i c  h y d r a z o n e s  i s  a w e l l  known and 

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

compounds.

HgO ^  4 - —
y C ^ N - N H g  ---------  >  C = N - N

R R
16

Bamford and S t e v e n s  showed t h a t  t h e  same r e a c t i o n  c o u ld  be
1 f

a c h ie v e d  by t h e  b a s e  c a t a l y s e d  d e c o m p o s i t i o n  o f  t o l u e n e ^ p -  

s u l p h o n y l h y d r a z o n e s .

> t = N

R R

C a r p in o ^ e x te n d e d  t h i s  r e a c t i o n  t o  g e n e r a t e  n i t r e n e s  f rom

1 , 1- d i s u b s t i t u t e d  h y d r a z i n e s  and compared i t  w i t h  d i r e c t  

o x i d a t i o n  o f  t h e  h y d r a z i n e .  N - T o l u e n e - p - s u lp h o n y l a m i d o d i b e n z -  

a z e p i n e  when t r e a t e d  w i t h  b a s e  gave  9 , 10 - d i h y d r o p h e n a n t h r e n e

( 9 9 # ) .

OH

N - T o l u e n e - p - s u l p h o n y l a m i d o - 1 , 1 - d i b e n z y l h y d r a z i n e  gave  

d i b e n z y l ,  i n  c o m p le te  a n a lo g y  w i t h  t h e  o x i d a t i o n .
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C a rp in o  r e p l a c e d  one b e n z y l  g roup  by v a r i o u s  a l k y l  g ro u p s  

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

o x i d a t i o n .  He found  t h a t  1 - b e n z y l - l - t - b u t y l h y d r a z i n e  

gave  d i b e n z y lm e r c u r y  and n e o - p e n t y l b e n z e n e .

HgO

 ^  > 9  +

C g H g C ^

p N - N H ;

t - C ^ H g 25°/.

W ith  a n - b u t y l  g ro u p ,  n -am y lbenzene  (.20%) was p r o d u c e d ,

w i t h  m e th y le n e  c h l o r i d e  a s  s o l v e n t .  E t h a n o l  a s  s o l v e n t
19p ro du ced  t h e  t e t r a z e n e  and s i l v e r  o x id e  a s  an o x i d a n t

p ro du ced  t h e  p a r e n t  am ine .  P r o d u c t i o n  o f  t h e  amine f rom a
20

h y d r a z i n e  had been  p r e v i o u s l y  n o t e d .  T hus ,  1 , 1 - d i p h e n y l -

h y d r a z i n e  g i v e s  d ip h e n y la m in e  w i t h  m e r c u r i c  o x i d e .

N - A m in o d ih y d r o i s o in d o le  was o x i d i s e d  w i t h  m e r c u r i c  o x id e

and t h e  t o l u e n e - ^ - s u l p h o n y l  d e r i v a t i v e  c l e a v e d  w i t h  b a s e .
21

C a rp in o  r e p o r t e d  i d e n t i c a l  r e s u l t s  f rom t h e  two r e a c t i o n s .

0

^ H 2

The d i m e r i c  p r o d u c t  was c h a r a c t e r i s e d  a s  i t s  d i b r o m i d e .

T h i s  second r e a c t i o n  had p r e v i o u s l y  been  s t u d i e d  w i t h
22

d i f f e r e n t  r e s u l t s .  T h ree  h y d ro c a rb o n  p r o d u c t s  were  r e p o r t e d  

and i t  was s u g g e s t e d  t h a t  t h e y  d e r i v e d  f rom t h e  d i r a d i c a l  

r e m a in in g  a f t e r  n i t r o g e n  l o s s .
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&

a : : +  c  j  -

14®/«2 % " 12*/o
T h i s  was s u p p o r t e d  by t h e  t h e r m a l  d e c o m p o s i t i o n  o f  2 - t h i a -

in d a n e  d i o x i d e  which gave t h e s e  t h r e e  h y d r o c a r b o n s  i n  a lm o s t

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

t o  p ro ce ed  th r o u g h  t h e  d i r a d i c a l .

The 1 , 3 - d i p h e n y l  homologue was a l s o  s t u d i e d  and shown t o

behave  s i m i l a r l y .  D i p h e n y lb e n z o c y c lo b u te n e  (40^) and

9 - p h e n y l - 9 j l O - d i h y d r o a n t h r a c e n e  ( 13^) were  p r o d u c e d .

OH

c H 
6  5 4  0%  13%

A more e l e g a n t  s t u d y  o f  t h i s  r e a c t i o n  was made by  C a rp in o

He s y n t h e s i s e d  t h e  c i s  and t r a n s  i s o m e r s  o f  2 - a m i n o - l , 3 -  

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

m e r c u r i c  o x i d e .

■>1- N H

trans
HgO

>

CI S

cis

HqO >

trans benzodiphenyl 
cyciobutene 

trans and cis low yield
MnO

& CI S 27%
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The t r a n s - l s o m e r  gave  t r a n s - p r o d u c t  i n  h ig h  y i e l d ,  b u t  t h e  

c i s -compound gave b o th  c i s -  and t r a n s -  i n  low y i e l d .  A c t iv e  

manganese d io x id e ^ ^ o w e v e r  gave t h e  c i s - p r o d u c t  o n l y ,  b u t  i n  

low y i e l d .

The im p o r ta n c e  o f  t h e  o - d i m e t h y l e n e  compound a s  an i n t e r 

m e d ia t e  i n  t h i s  r e a c t i o n  was shown by C a rp in o ^ b y  e x t e n d i n g  

t h e  r i n g  sy s tem  t o  r u l e  o u t  c o n t r i b u t i o n s  f rom  t h i s  t y p e  o f  

i n t e r m e d i a t e .  2 -A m in o -2 ,3 -c 3 ih y d ro - lH -b e n z (d e )  i s o q u i n o l i n e  

on o x i d a t i o n  f a i l e d  t o  l o s e  n i t r o g e n  b u t  formed a t e t r a z e n e .

r z
HqO

   >

O th e r  o x i d a n t s  were  t r i e d  b u t  f a i l e d  t o  p ro d u c e  a c e n a p h -  

t h e n e .  A number o f  h y d raz o  sy s te m s  were  s t u d i e d  f o r  comp

a r i s o n  in  an a t t e m p t  t o  c l a r i f y  t h e  mechanism* t h e y  a l l

l o s t  n i t r o g e n  t o  g i v e  h y d ro c a rb o n  p r o d u c t s .

H n

==< ,(si-N=N-N

HgO A

H
H

HgO
>

CH.

H H

MnO.
^  \



- 13 -

I n  an e l e g a n t  s t u d y  o f  t h e  p y r r o l e  and p y r r o l i d i n e  r i n g
25

s y s t e m s ,  Lemal ha s  d e m o n s t r a t e d  t h e  im p o r ta n c e  o f  t h e  

b a s i c i t y  o f  t h e  s u b s t i t u t e d  n i t r o g e n .  He found t h a t  t h e  

t o l u e n e - p - s u l p h o n y l  d e r i v a t i v e  o f  N-amino p y r r o l i d i n e  

decomposed sm o o th ly  i n  b a s e  t o  g i v e  two m o le c u le s  o f  e t h y l e n e  

and n i t r o g e n .

O H -  .  r O ,  .  " ÿ  8 3 ° / '

HNSOgCgHj-M e-^  -N-‘ N

The e t h y l e n e  was t r a p p e d  a t  l i q u i d  n i t r o g e n  t e m p e r a t u r e s  

and c h a r a c t e r i s e d  a s  t h e  d i b r o m i d e .  Lemal supposed  t h a t  t h e  

l o n e  p a i r  on t h e  r i n g  n i t r o g e n  was used  t o  s t a b i l i s e  t h e  

n i t r e n e ,  making i t s  g e n e r a t i o n  e n e r g e t i c a l l y  more f a v o u r a b l e  

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

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

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

was n o t  c o m p le t e .

te tra glynqe

2 7  5*
H

NaNSOgC^I-y-Me-:^ 10 ' /«

C a r b a z o le  i s  more b a s i c  t h a n  p y r r o l e  s i n c e  t h e  l o n e  

p a i r  i s  more a v a i l a b l e .  The c a r b a z o l e  a n a lo g u e  was shown 

t o  decompose more r e a d i l y ,  b u t  i t  gave  c a r b a z o l e  i n  h ig h  

y i e l d .
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te t  ragly me

2 7 5 '' ^

N o

N '
H

8 9 ° /«

Lemal a rg u ed  t h a t  t h e  amine was d e r i v e d  f rom t h e  t e t r a z e n e  

which sh o u ld  decompose und e r  t h e  e x p e r i m e n t a l  c o n d i t i o n s .  

O x i d a t i o n  o f  N - a m i n o p y r r o l i d i n e  i t s e l f  and v a r i o u s  s u b s t i t 

u t e d  a n a lo g u e s  was known t o  g iv e  t h e  t e t r a z e n e .  N-Amino 

c a r b a z o l e  was o x i d i s e d  t o  t h e  t e t r a z e n e  w i th  l e a d  t e t r a 

a c e t a t e  i n  h ig h  y i e l d .

Pb(OAc)

CH^ C N
j-N =N -N  9 4  0/0

The t e t r a z e n e  was r e f l u x e d  i n  t e t r a g l y m e  f o r  f i v e  m in u te s  

t h e n  drowned o u t  i n  w a t e r .  C a r b a z o le  was p roduced  i n  h ig h  

y i e l d .

H 96®/o2 7 5 2 >

However,  t h e  a v a i l a b i l i t y  o f  t h e  l o n e  p a i r  on t h e  r i n g  

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

n i t r o g e n  i s  l o s t .  The d e r i v a t i v e  o f  N-amino p i p e r i d i n e  was 

shown n o t  t o  l o s e  n i t r o g e n  u n de r  c o n d i t i o n s  where  t h e  f i v e  

membered r i n g  f r a g m e n t s .  H e re  t h e r e  i s  no o b v io u s  breakdown 

r o u t e  f o r  t h e  n i t r e n e .
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I n  f u r t h e r  s t u d i e s ,  Lemal n o t e d  t h a t  many anomalous  

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

T hus ,  1 - a r y l - l - b e n z y l h y d r a z i n e  was shown t o  y i e l d  a 

h y d r a z o n e .  T h i s  had a l s o  been  r e p o r t e d  by C a r t e r  and 

S te v e n s ^ /

.H  O H
N—

SO^CgH^-M e-^

>  R~CgH-NH N - C H C ^ H ^

R - C g H 4

The o x i d a t i o n  o f  t h e  h y d r a z i n e  w i t h  m e r c u r i c  o x i d e  gave 

t h e  h yd raz o n e  a n d / o r  t h e  t e t r a z e n e ,  dep en d in g  on t h e  

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

shown t o  be o f  u tm o s t  im p o r t a n c e  i n  d e c i d i n g  which  p r o d u c t s  

were p ro d u c e d .  A p r o t i c  s o l v e n t  l e d  t o  t h e  t e t r a z e n e s

w h i l e  p r o t i c  s o l v e n t s  gave t h e  h y d r a z o n e s .  
4-

R Na Aprotic

S 0 2 C6 H^Me'">p
N = N - N  

R \

R = CH^ , 74% : : R= CHgCH^ , 8 0 ° / . :  R^CHCCHg)^, 7 2 %

-f—
Na

\ SO gC gH ^-M e-^

43%
P r o t ic  1). CHgNH-N^CH^  
 >

2). CH XH -NH —N^^CHCH^ 70®'®

3X(C H- NK-N— C(C H3)2 17 ®/o

and / P r ^
. N -N = N -N , .

pY  \ p r
54%
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The f o r m a t i o n  o f  h y d ra z o n e s  was s t u d i e d  i n  some d e t a i l .  

F i r s t l y  i t  was shown t h a t  azo compounds were n o t  

i n t e r m e d i a t e s  s i n c e  t h e  c o r r e s p o n d i n g  azo compounds were  

shown n o t  t o  r e a r r a n g e  under  t h e  e x p e r i m e n t a l  c o n d i t i o n s .

Then t h e  c o r r e s p o n d i n g  d i a z i r i d i n e s  were  s y n t h e s i s e d  and a l s o  

shown n o t  t o  r e a r r a n g e  und e r  t h e  e x p e r i m e n t a l  c o n d i t i o n s .

R

R>

The o n ly  o b v io u s  mechanism re m a in in g  f o r  t h e  r e a r r a n g e m e n t  

i s  a t a u to m e r i s m  by a p r o t o t r o p i c  s h i f t  from t h e  i n i t i a l l y

\
R-N=N-R <— 11  N

R
^  RHC! NH

formed n i t r e n e ,  w i t h  s u b s e q u e n t  m i g r a t i o n  o f  an a l k y l  g ro u p .

R \
N—N 4 — > T n — NH --------- >  RCH=N—NHR

R RCH
T h is  mechanism has  some r a t h e r  d u b io u s  f e a t u r e s .  M i g r a t i o n

o f  an a l k y l  group  i n  t h e  z w i t t e r i o n  i s  r e m i n i s c e n t  o f  t h e
26

S t e v e n s  r e a r r a n g e m e n t ,  b u t  t h e  l a t t e r  r e a c t i o n  o r d i n a r i l y
28

f a i l s  when o n ly  s im p le  a l k y l  g ro u p s  a r e  a v a i l a b l e  f o r  

m i g r a t i o n .  A t y p i c a l  S tevens*  y l i d  i n t e r m e d i a t e  ha s  a 

n e g a t i v e  c h a rg e  r e s i d i n g  o n ly  on c a r b o n .  H e r e ,  n i t r o g e n  

can s h a r e  t h e  a n i o n i c  c h a r g e  by d e l o c a l i s a t i o n  and b o th  

r e s o n a n c e  forms p l a c e  o p p o s i t e  c h a r g e s  on a d j a c e n t  a to m s .
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NH <------------>  N = N H
I ^

RCH RCH

F o r  t h i s  mechanism t o  be  c o r r e c t ,  r e a r r a n g e m e n t  m ust  be

v e r y  r a p i d  r e l a t i v e  t o  s im p le  r i n g  c l o s u r e  t o  a d i a z i r i d i n e .
2 9A r e l a t e d  r e a r r a n g e m e n t  i s  t h a t  r e p o r t e d  by M i c h a e l i s .

He showed t h a t  an a l l y l - p h e n y l h y d r a z i n e  was o x i d i s e d  t o  an 

azo compound, b e n z e n e a z o p r o p - 2- e n e ,  w i t h  m e r c u r i c  o x i d e .  

F e r r i c  c h l o r i d e  a s  o x i d a n t  gave t h e  u n r e a r r a n g e d  t e t r a z e n e  

however .

V ' t i  < )

H g C ^ C H - C t H z  H 2 ( : = = ( : k + - - C + 4 2  H 2 C — C H - C H 2

C6^%”N^N-“ C Hg-C H=C Hg 

C o n t in u in g  t h e  s t u d y  o f  s o l v e n t  e f f e c t s ,  Lemal r e - e x a m in e d

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

s o l v e n t s ,  i t  was shown t o  g i v e  e t h y l e n e  i n  h ig h  y i e l d ,  b u t

p r o t i c  s o l v e n t s  changed t h e  r e a c t i o n  c o u r s e .  The n i t r e n e

i n s e r t e d  i n t o  t h e  r i n g  g i v i n g  2 , 3 , 4 , 5 - t e t r a h y d r o p y r i d a z i n e

( 5 6 ^ ) .

o
Aprotic rH g  CHp

CH2 CH2
83®/o

N 
III
N

>  Q , H  56»/.
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O th e r  r i n g  sy s te m s  a l s o  showed dependence  on t h e  n a t u r e  

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

a m i d o p i p e r i d i n e  and t h e  m o rp h o l in e  a n a lo g u e  were  shown t o  

g i v e  t e t r a z e n e s  i n  a p r o t i c  s o l v e n t s ,  b u t  a n o t h e r  d im er  was 

formed i n  p r o t i c  s o lv e n t s ! ^

0 Protic
/ N \   _

H  M e ^

H N s ^ N s ,

' X = 0  , 4 0 %

. X =  C H g , 8 0 %

V
T h i s  second  d im er  i s  a n a lo g o u s  t o  t h a t  o b t a i n e d  f rom  N -amino-  

t e t r a h y d r o i s o q u i n o l i n e ,  w i th  a wide  v a r i e t y  o f  o x i d i s i n g
. 32a g e n t s .

>  f: T  +
NH

" n H 2

The d i m é r i s a t i o n  i s  supposed  t o  be  p ro c e e d e d  by a 

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

r e s o n a n c e  s t a b i l i s e d  z w i t t e r i o n  formed may t h e n  l a s t  lo ng  

enough t o  meet  a n o t h e r  z w i t t e r i o n .  The f o r m a t i o n  o f  

t e t r a z e n e s ,  how ever ,  i s  supposed  t o  be  an a t t a c k  o f  a n i t r e n e  

on t h e  s t a r t i n g  m a t e r i a l  i n i t i a l l y ,  f o l lo w e d  by o x i d a t i o n  

o r  l o s s  o f  t o l u e n e - p - s u l p h i n i c  a c i d .  D i r e c t  d i m é r i s a t i o n
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o f  two n i t r e n e s  i s  l e s s  l i k e l y ,  though  s t i l l  a p o s s i b i l i t y .
33

A f u r t h e r  r o u t e  t o  t h e  n i t r e n e  was i n v e s t i g a t e d  by Lemal
34

by t r e a t i n g  s e c o n d a r y  amines  w i t h  A n g e l i ’ s s a l t  (sodium 

n i t r o h y d r o x y l a m a t e , N a 2N2^3 ) a c i d .  T h i s  i n t e r m e d i a t e  had
34

b een  c o n s i d e r e d  by A n g e l i  b e f o r e  1900 ,  when he d i s c o v e r e d  

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

t h e i r  t e t r a z e n e s .  He i s o l a t e d  o t h e r  p r o d u c t s  a s  w e l l  b u t  d id  

n o t  f o r m u l a t e  t h e i r  c o r r e c t  s t r u c t u r e s ' ^

Lemal showed t h a t  d ib e n z y la m in e  gave d i b e n z y l ( 7 0 ^ )  on 

t r e a t m e n t  w i t h  A n g e l i* s  s a l t .  The r i n g  compounds p r e v i o u s l y  

s t u d i e d  were  r e - e x a m in e d  f o r  c o m p a r i s o n ,  though  p r o t i c  

s o l v e n t s  a r e  e s s e n t i a l  f o r  t h i s  r e a c t i o n .  T hus ,  p y r r o l i d i n e  

gave t e t r a h y d r o p y r i d a z i n e  (68^ ) .

N ^ O - /  \   ^ 6 8 %
N

"  :N: "

P i p e r i d i n e  and m o rp h o l in e  gave a t  l e a s t  t h r e e  compounds, a 

t e t r a z e n e ,  a t r i c y c l i c  i som er  and a d ehydro  d e r i v a t i v e  o f  t h i s  

i s o m e r .  T h i s  i s  shown f o r  m o rp h o l in e  b e lo w .

H
:N:

^  II
N
I
N

V
3 4 °/o 1 0 °/o



—20—

I t  i s  o f  i n t e r e s t  t h a t  p y r r o l i d i n e  does  n o t  f r a g m e n t

u n d e r  t h e s e  c o n d i t i o n s .  However,  t h e  3 - p y r r o l i n e s  do show

n i t r o g e n  e x p u l s i o n  and form d i e n e s  w i t h  c o m p le te  s t e r e o -  
33

s p e c i f i c i t y .  The p a r e n t ,  3 - p y r r o l i n e ,  r e a c t s  w i t h  A n g e l i* s  

s a l t  t o  g i v e  l , 3 - ' b u t a d i e n e ( 86^ ) .

N 2 O  3

H

t r a n s - 2 , 5 - D i m e t h y l - 3 - p y r r o l i n e  s i m i l a r l y  gave c i s . t r a n s - 2 . 4 -  

h e x a d i e n e ,  and t h e  c i s - 2 . 5- d i m e t h y l - 3 - r > y r r o l in e  gave t r a n s . 

t r a n s - 2 . 4 - h e x a d i e n e .  No t r a c e s  o f  t h e  c o r r e s p o n d i n g  o t h e r  

i so m e r  w ere  d e t e c t e d  i n  e i t h e r  e x p e r i m e n t .

H - v - H

■>
Mg Mg CIS st r a p s  -

H M,
CIS trans, trans

36
Bum gardner  i n t r o d u c e d  a f u r t h e r  method o f  p r e p a r a t i o n  o f  

n i t r e n e s  a s  a r e s u l t  o f  h i s  work on c y c l o p r o p y lm e th y l a m i n e .

[ > - C H 2 NH2 +  HNF^

m

>  C H g C H -C H ^ C H g

When t r e a t e d  w i t h  d i f l u o r a m i n e ,  n i t r o g e n  was l o s t  and b u t - 1 -  

ene  was p ro du ced  ( 4 6 ^ ) .  No c y c l o b u t a n e  was f o u n d ,  so we can
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sup p o se  t h a t  t h e r e  i s  no h e t e r o l y t i c  c l e a v a g e  o f  t h e  C-N 

bond t o  g i v e  a ca rbon ium  i o n .  No m e th y lc y c lo p r o p a n e  was 

f o u n d ,  so h o m o ly t i c  c l e a v a g e  i s  a l s o  r u l e d  o u t .  The r e a c t i o n  

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

C a r b a n io n s  g e n e r a t e d  n e x t  t o  a c y c lo p r o p a n e  r i n g  a r e  known
37t o  i n t e r a c t  w i t h  t h e  r i n g ;  so we may have  mechanism ( i )  o r

( i i )

( i )

( i i )

H.

P > — ^

CH.

CH.
■ '^ C H = C H 2

CH
■>

2v
C H = C H

CH.

T h i s  i s  v e r y  much l i k e  t h e  d e a m in a t io n  o f  t h e  t o l u e n e - p -  

s u l p h o n y l  d e r i v a t i v e  o f  c y c l o p r o p y lm e th y la m in e  w i th

h y d r o x y l a m in e - O - s u lp h o n i c  a c i d  r e p o r t e d  by N ickon  and S i n z .38

. /H  HpNOSO^H
r > — C H ^ - N  ^  P > - C H 2  N = N H

C K
C H = C H ,

CH.

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

sh o u ld  g e n e r a t e  a n i t r e n e .  D ib e n z y la m in e ,  a z i r i d i n e  and 

a z e t i d i n e ,  when t r e a t e d  w i t h  d i f l u o r a m i n e ,  l o s e  n i t r o g e n  

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

e t h y l e n e  and c y c l o p r o p a n e .

C H 2
NH

HNR, C g H s - C H .
53*/.
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[ > H
HNF. CH

C H
80%

HNF-

4\IH
>

4 0 %

T h ese  r e a c t i o n s  may be  compared w i t h  t h e  d e c o m p o s i t io n  of  

t h e  c o r r e s p o n d i n g  N - n i t r o s o  compounds. N - N i t r o s o a z i r i d i n e  

s p o n t a n e o u s l y  l o s e s  n i t r o u s  o x id e  t o  g i v e  e t h y l e n e .

39

CH

CH.
-f N^O cf.

CH,
4- N,

CH,■2 " " ' 2  

N - N i t r o s o a z e t i d i n e  i s  s t a b l e ,  l i k e  t h e  d i b e n z y l  a n a l o g u e ,  

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

n i t r e n e  which  decom poses ,  a s  b e f o r e ,  t o  c y c l o p r o p a n e .

-N—N—O NaOH -N—N
> [> + N

A more c o m p l i c a t e d  f r a g m e n t a t i o n  o c c u r r e d  when 3 , 3 , 5 - t r i m e t h y l  

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

a c e t o n i t r i l e  and n i t r o g e n .

Hg Me

4  c. 4  N, 
0
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The r i n g  sy s te m  has  been  e x te n d e d  t o  i n c l u d e  many o t h e r
4 0h e t e r o c y c l e s • F o r g i o n e  ^  a l .  s t u d i e d  t h e  o x i d a t i o n  o f

3 - a m i n o - 2 - o x a z o l i d i n o n e  and i s o l a t e d  b o th  c i s  and t r a n s  

t e t r a z e n e s .  They d e m o n s t r a t e d  t h e  e f f e c t  o f  t h e  o x i d a n t  on 

t h e  i so m e r  p r o d u c e d .  With  most  o x i d a n t s ,  t h e  n i t r e n e  i s  

c o n s i d e r e d  t o  be  formed i n i t i a l l y ,  and t h e n  d i m e r i s e s  t o  t h e  

more s t a b l e  t e t r a z e n e  i s o m e r .

f - 9  B rg /H gO  ■ 7 6 %  ^
KIO3 / H N O 3 . 8 2 % ^

NHg K B r O ^ / ô N  HCI. 8 6  "/c ^—  t r a n s

M e r c u r i c  o x id e  o x i d a t i o n ,  however ,  i s  t h o u g h t  t o  p ro c e e d  by 

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

c h e l a t e .  Under t h e s e  c o n d i t i o n s ,  t h e  o x i d a t i o n  and c o u p l i n g  

o f  m o le c u l e s  o c c u r s  w h i l e  t h e y  a r e  h e ld  i n  t h e  syn p o s i t i o n ,  

r e s u l t i n g  i n  t h e  f o r m a t i o n  o f  t h e  c i s - t e t r a z e n e .  Only s i n g l e  

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

s y n t h e s e s .

TH F 
7 d a y s

c i s  50®/oNH^

I t  i s  o f  i n t e r e s t  t h a t  n i t r o g e n  i s  n o t  l o s t  f rom  t h i s  n i t r e n e ,  

s i n c e  a t h e r m o d y n a m ic a l ly  a c c e p t a b l e  breakdown pa thway i s  

a v a i l a b l e .  L oss  o f  n i t r o g e n  and c a rb o n  d i o x i d e  would g i v e  

e t h y l e n e .  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  r i n g  s h o u ld
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s t i l l  r e s u l t  in lo s s  of carbon d ioxide and nitrogen#

:N:

:|(|D
2  i f

N

'c=o

NH

The d i h y d r o  and t e t r a h y d r o o x a d i a z i n o n e s  s t u d i e d  by  Rosenblum 

show t h i s  f r a g m e n t a t i o n .

41

■> CgHg C =  C -C g H g  +  N g +  C O g

M
PbCOAc)^

■» 4 -  N 2  “i" C O 2

'6  5  H H
42

The b a s e  c a t a l y s e d  f r a g m e n t a t i o n  o f  N - n i t r o s o o x a z o l i d i n o n e

does  n o t  p ro ce ed  v i a  a n i t r e n e  and i s  t h e r e f o r e  n o t  d i r e c t l y

c o m p a r a b le ,  though  i t  would be  e x p e c te d  t h a t  t h e  f a c i l e  l o s s
«

o f  n i t r o g e n  and c a rb o n  d i o x i d e  would be  m i r r o r e d  i n  t h e  

o x i d a t i o n #

I n s e r t i o n  o f  t h e  n i t r e n e  p roduced  by o x i d a t i o n  h a s  been

o b s e r v e d  w i th  " N e b e r ' s  l a c t a m ” . N-Aminooxindole  i s  o x i d i s e d
4 3

by  l e a d  t e t r a a c e t a t e  t o  3 - c i n n o l i n o l .

Pb(OAc)4 OH

:N:
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44
1 -A m in o b en z im ld az o le ,  however ,  i s  m e r e ly  d eam in a ted  on 

o x i d a t i o n ,  w i t h o u t  i n s e r t i o n  o r  n i t r o g e n  l o s s .  T h is  i s  

r e m i n i s c e n t  o f  t h e  f a t e  o f  1 , 1 - d i p h e n y l h y d r a z i n e  on o x i d a t i o n
20 4 5

by  m e r c u r i c  o x i d e .  N -A m in o p h th a l im id e  i s  a l s o  d eam in a ted  

when o x i d i s e d  w i t h  l e a d  t e t r a a c e t a t e ;  b u t  o x i d a t i o n  o f  t h i s , .  

N -a m in o b en zo xazo lon e ,  and N - a m in o d ip h e n y lo x a z o lo n e  i n  t h e  

p r e s e n c e  o f  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  r e s u l t s  i n  y e l l o w
45

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

E v id e n c e  f o r  t h e  i n t e r m e d i a c y  o f  a n i t r e n e  h as  been  g iv e n  

by McBridel^ He s t u d i e d  t h e  o x i d a t i o n  o f  1 , 1 - d i m e t h y l h y d r a z i n e  

i n  a c i d  s o l u t i o n s  where  he assumed t h e  n i t r e n e  would be  

p r o t o n a t e d  t o  g i v e  i t s  c o n j u g a t e  a c i d .  F o u r  p o i n t s  o f  

i n t e r e s t  a r o s e  f rom  h i s  i n v e s t i g a t i o n .

( i )  No t e t r a z e n e  was s e e n  in  s o l u t i o n  a f t e r  t h e  o x i d a t i o n  

was c o m p le t e ,  u s in g  s p e c t r o p h o t o m e t r i c  d e t e c t i o n  methods o f  

h ig h  s e n s i t i v i t y ,  b u t  a t e t r a z e n e  was formed when t h e  

s o l u t i o n  was n e u t r a l i s e d .

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

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

( i i i )  When t h e  o x i d a t i o n  was pe r fo rm ed  w i t h  p e r c h l o r i c  a c i d  

i n  e t h e r ,  a s t a b l e  p e r c h l o r i c  s a l t  was i s o l a t e d .

( i v )  O x i d a t i o n  o f  1 , 1 - d i m e t h y l  and 1 , 1 - d i e t h y l b y d r a z i n e  

s e p a r a t e l y  i n  a c i d  s o l u t i o n s  gave  t h r e e  t e t r a z e n e s  when t h e  

s o l u t i o n s  were s u b s e q u e n t l y  mixed and n e u t r a l i s e d .  These  

were  t h e  t e t r a m e t h y l ,  t e t r a e t h y l  and d i e t h y l - d i m e t h y l t e t r a z e n e ,  

p roduced  i n  t h e  r a t i o  o f  1 : 1 : 2  a s  e x p e c te d  f o r  random
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d l m e r l s a t i o n .

[ O ] ^  .. %  _
>1 N H , ^N— N ,N = N  — >  N:
/  /  "  /  . /

M i  Mo Me Me

M e _  Me
iti=NH >  N - N = N — N.

Me Me

) t = N H  ^  >
Me Me

NH

M e E 1 ^  Mg Me

]t|%=NH -j— ^ N ^ ^ N H  — — ^  JN— N— N— N \^

Me Me Mg

M ^ _
•N— N— N— N ^  

Me Et

Et Et

— N— N— N.

Et Et
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I n  t h e  p r e s e n t  work we have  been  i n t e r e s t e d  i n  o x i d a t i o n s  

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

n i t r e n e  would be  more l i k e l y  t o  f r a g m e n t  c o m p l e t e l y .  Thus 

a t t e n t i o n  was f o c u s s e d  on N - a m i n o t r i a z o l e s  and t h e  r e m a in d e r  

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

t h e s e  compounds.
47

N - A m i n o - l , 2 , 3 - t r i a z o l e s  were  f i r s t  p r e p a r e d  by von Pechmann
x48

i n  1900  and S t o l l e  i n  1904,  though  t h e y  b o t h  a s s i g n e d  t h e  

wrong s t r u c t u r e  t o  t h e s e  compounds.  S t o l l e  r e p o r t e d  t h e  

o x i d a t i o n  o f  l - a m i n o - 4 , 5 - d i p h e n y l - l , 2 , 3 - t r i a z o l e  w i t h  brom ine  

g i v i n g  t r a n s - d ib ro m o s t i lb e n e V *  The o x i d a t i o n  o f  t h e  d i m e t h y l  

a n a lo g u e  was r e p o r t e d  by von Pechmann; u s i n g  b rom ine  t h i s  

gave 2 , 2 , 3 , 3 - t e t r a b r o m o b u t a n e .  No mechanism was s u g g e s t e d  

f o r  t h e s e  o x i d a t i o n s .

C

C
:N: c ' h

A number o f  t o l u e n e - £ - s u l p h o n y l a m i d o - l , 2 , 3 - t r i a z o l e s  were
5 0

s t u d i e d  by W i l l e y .  He showed t h a t  t h e  l i t h i u m  s a l t s  o f  t h e s e  

compounds were  t h e r m a l l y  s t a b l e ,  b u t  decomposed p h o t o l y t i c a l l y  

t o  g i v e  t h e  c o r r e s p o n d i n g  a c e t y l e n e s ,  u s u a l l y  i n  h i g h  y i e l d .
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hv
R

I

4- LiSO^CgH^Mg-^

Where t h e  two a l k y l  g roups  (R and R*) formed a r i n g ,  

W i l l e y  showed t h a t  t h e  s t r a i n e d  r i n g  a l k y n e s  were  v e r y  

r e a c t i v e  and c o u ld  be  t r a p p e d  w i t h  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 h i s  i s  i l l u s t r a t e d  f o r  c y c lo h e x y n e .

TC

^ " 5
5 1 ,5 2 ,5 3 .

C y c lo a lk y n e s  were  s t u d i e d  e x t e n s i v e l y  by W i t t i g  u s i n g  

v a r i o u s  s y n t h e t i c  p a th w a y s .  O x i d a t i o n  o f  1 , 2 - b i s - h y d r a z o n e s  

w i t h  m e r c u r i c  o x i d e  was r e p o r t e d  t o  g i v e  c y c l o a l k y n e s  i n  low
51

y i e l d .  A b y p r o d u c t  was shown t o  be  t h e  N - a m i n o t r i a z o l e .

N—NHg

( C ^ l l  +  (CH2)nJ

NHp
The o x i d a t i o n  o f  t h e s e  N - a m i n o t r i a z o l e s ,  n o t  s t u d i e d  by 

W i t t i g ,  w i l l  be  r e p o r t e d  i n  t h i s  t h e s i s  and shown t o  g i v e  

c y c l o a l k y n e s  i n  h ig h  y i e l d .  The work o f  W i t t i g  f o l l o w s  t h a t
5 4

o f  Cope, who o x i d i s e d  b e n z i l - b i s - h y d r a z o n e  t o  d i p h e n y l a c e t y l e n e  

w i t h  m e r c u r i c  o x i d e ,  i n  h ig h  y i e l d .

1 - A m i n o b e n z o t r i a z o l e  was f i r s t  p r e p a r e d  by  T rav e  and
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55 56B i a n c h e t t i .  Campbell  and Rees used  an e x t e n s i v e  m o d i f i c a t i o n  

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

and many s u b s t i t u t e d  a n a l o g u e s .  T hese  w o rk e rs  showed t h a t  

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 i t h  l e a d  t e t r a a c e t a t e  

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

i n t e r m e d i a t e ,  b e n z y n e ,  i n  h ig h  y i e l d .  T h i s  benzyne  h a s  t h e  

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

h ig h  y i e l d ,  u n l i k e  benzyne  g e n e r a t e d  by o t h e r  methods?^^^^

Pb(OAci

D i r e c t  a m i n a t i o n  o f  b e n z o t r i a z o l e  w i t h  h y d ro x y la m in e -O -  

s u l p h o n i c  a c i d  was shown t o  g iv e  t h e  1 -  and 2-amino s u b s t i t -
5 9

u te d  i s o m e r s .  O x i d a t i o n  o f  2 - a m i n o b e n z o t r i a z o l e ,  w i t h  l e a d  

t e t r a a c e t a t e  o r  p h e n y l  i o d o d i a c e t a t e ,  was shown t o  g i v e  c i s .
6 0

c i s - m u c o n o d i n i t r i l e .

N— NH,
PbCOAci

P r e s u m a b ly ,  t h e  o x i d a t i o n  o f  1 -  and 2 - a m i n o b e n z o t r i a z o l e  

p r o c e e d s  v i a  a n i t r e n e  i n t e r m e d i a t e .  T h i s  n i t r e n e  c a n n o t  

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

o t h e r w i s e  t h e  same p r o d u c t s  would be e x p e c te d  f rom  b o t h
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i s o m e r s .

N-arN

F r a g m e n t a t i o n ,  w i t h  l o s s  o f  n i t r o g e n ,  must  be p r e f e r r e d  

t o  t e t r a z e n e  f o r m a t i o n  s i n c e  no t e t r a z e n e ,  o r  p a r e n t  

t r i a z o l e  which  c o u ld  be  d e r i v e d  f rom  a t e t r a z e n e ,  was fo u n d .  

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

c a rb o n  a n a l o g u e s ,  N - a m in o p y r r o l e  and N - a m in o b e n z im id a z o le ,  

b o th  o f  which  a r e  d eam in a ted  t o  t h e i r  c o r r e s p o n d i n g  p a t e n t  

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

// \\

NH
\

NH-
\ /

NH.
4  V

Q

H H
C o n c e r t e d  pa thw ays  f o r  f r a g m e n t a t i o n  a r e  p o s s i b l e  f o r  t h e s e

a n a l o g u e s .

The a r o m a t i c  sy s te m  h as  now been  e x te n d e d  t o  t h e

n a p h t h a l e n e  s e r i e s  t o  g i v e  p r e c u r s o r s  o f  1 , 2 -  and 2 , 3 -
61 6 2  

n a p h t h a l y n e .  A r e l a t e d  compound d e s c r i b e d  by Rees  and S t o r r

i s  l - a m i n o n a p h t h o ( l , 8 ) t r i a z i n e .  O x i d a t i o n  o f  t h i s  w i t h  l e a d

t e t r a a c e t a t e  r e s u l t s  i n  a t r a n s i e n t  i n t e r m e d i a t e ,  1 , 8 - d e h y d r o

n a p h t h a l e n e .  B e i n g ,  i n  e f f e c t ,  a m e ta - a r v n e ,  t h e  c h e m i s t r y

o f  t h i s  v e r y  r e a c t i v e  i n t e r m e d i a t e  d i f f e r s  m ark ed ly  from

o r t h o - a r v n e s  and has  been  e x t e n s i v e l y  s t u d i e d .
61
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The f i r s t  s e c t i o n  o f  t h i s  t h e s i s  w i l l  d e s c r i b e  a d e t a i l e d  

s t u d y  o f  t h e  o x i d a t i o n  o f  1 - a m i n o t r i a z o l e s  w i t h  t h e  a im o f  

g e n e r a t i n g  b o t h  c y c l i c  and a c y c l i c  a l k y n e s .  E x t e n s i o n s  t o  

o t h e r  sy s te m s  w i l l  a l s o  be  r e p o r t e d .

N - A m i n o b e n z o t r i a z i n o n e s , though  a w e l l  known c l a s s  o f  

compounds, have  n e v e r  b een  s t u d i e d  w i t h  a v iew  t o  t h e i r  

o x i d a t i v e  b reakdow n .  The second s e c t i o n  o f  t h i s  t h e s i s  w i l l  

d e a l  w i t h  t h e  o x i d a t i o n  o f  t h e s e  compounds. The c l o s e  

r e l a t i o n s h i p  w i t h  1 - a m i n o t r i a z o l e s  w i l l  be  d e m o n s t r a t e d ,  

and a new r e a c t i v e  i n t e r m e d i a t e ,  b e n z o c y c lo p r o p e n o n e ,  

d e r i v e d  f rom  t h e s e  o x i d a t i o n s  w i l l  be  d i s c u s s e d .
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I n s t r u m e n t a t i o n  and E x p e r i m e n t a l  T e c h n i q u e s .

1 .  I n f r a r e d  ( i . r . )  s p e c t r a  were  ru n  i n  t h e  r a n g e  4000-  

650 cm. on a P e r k i n - E l m e r  237 s p e c t r o p h o t o m e t e r ,  e q u ip ped  

w i t h  sodium c h l o r i d e  o p t i c s .  R o u t i n e  s p e c t r a  o f  s o l i d s  

were  t a k e n  a s  N u j o l  m u l l s  and l i q u i d s  a s  c a p i l l a r y  f i l m s .  

Q u a n t i t a t i v e  work was pe r fo rm ed  on a P e r k i n - E l m e r  225 

h i g h  r e s o l u t i o n  s p e c t r o p h o t o m e t e r ,  u s in g  l i q u i d  c e l l s  o f  

1mm. p a t h  l e n g t h  and s o l u t i o n s  o f  a c c u r a t e l y  known 

c o n c e n t r a t i o n .  The s o l v e n t s  employed were  c a rb o n  t e t r a c h l o r i d e ,  

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

s p e c t r o s c o p i c  g r a d e ,  d r i e d  and s t o r e d  o v e r  m o l e c u l a r  s i e v e s  

( t y p e  4 A ) .

2 .  P r o t o n  m a g n e t i c  r e s o n a n c e  ( p . m . r . )  s p e c t r a  were  t a k e n  on

a P e r k i n - E l m e r  R.IO 60 Mc/s o r  V a r i a n  A. 6 o  i n s t r u m e n t ,  and 

a r e  q u o te d  i n  T v a l u e s  t h r o u g h o u t  t h i s  t h e s i s .  Carbon 

t e t r a c h l o r i d e ,  d e u t e r o c h l o r o f o r m  o r  h e x a d e u t e r o d i m e t h y l -  

s u l p h o x i d e  were  used a s  s o l v e n t s ,  w i t h  t e t r a m e t h y l s i l a n e

as  i n t e r n a l  r e f e r e n c e .

3* Mass (m/e)  s p e c t r a  were  t a k e n  on an A s s o c i a t e d  E l e c t r i c a l

I n d u s t r i e s  M .S .9 s p e c t r o m e t e r  a t  70 e . v . ,  u n l e s s  o t h e r w i s e  

s t a t e d .

4 .  G a s - l i q u i d  ch ro m a to g ra p h y  ( g . l . c . )  was pe r fo rm ed  on a

P e r k i n - E l m e r  F l l  gas  c h ro m a to g ra p h ,  w i t h  n i t r o g e n  c a r r i e r  

gas  and a f l am e  i o n i s a t i o n  d e t e c t o r .  A H oneyw ell  r e c o r d e r
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f i t t e d  w i t h  a d i s c  i n t e g r a t o r  was u s e d .

5 . T h i n - l a y e r  c h ro m a to g raph y  ( t . l . c . )  was used e x t e n s i v e l y  

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

t e s t i n g  t h e  p u r i t y  o f  compounds.  Samples were  e l u t e d  w i th  

s u i t a b l e  s o l v e n t  m i x t u r e s  on g l a s s  p l a t e s  c o a t e d  w i th  a 

250yj t h i c k n e s s  o f  K i e s e l g e l  G (E. Merk), and d e t e c t e d  w i t h  

an i o d i n e  s p r a y .

6 .  Column ch ro m a to g ra p h y  was c a r r i e d  o u t  u s in g  s i l i c a - g e l  

(Hopkin and W i l l i a m s  M . F .C . ) ,  b a s i c  a lu m ina  (Spence  t y p e  H) 

and n e u t r a l  o r  a c i d i c  a lum ina  (Woelm).

"1/Jet-columns" were  p r e p a r e d  by p a c k in g  t h e  a b s o r b e n t  

unde r  p e t r o l ,  and t h e  e l u a n t  was g r a d u a l l y  r e p l a c e d  by 

e t h e r  and t h e n  by m e t h a n o l .  Where s e p a r a t i o n  o f  p r o d u c t s  

p ro v ed  d i f f i c u l t ,  an a u t o m a t i c  g r a d i e n t  e l u t i o n  t e c h n i q u e  

was employed u s i n g  a v e r y  s m a l l  p o l a r i t y  g r a d i e n t .

"D ry -co lum ns"  were  p r e p a r e d  by t h e  method o f  Loev and
63

S n a d e r  and t h e  same e l u a n t s  employed a s  b e f o r e .

I n  a l l  e x p e r i m e n t s  o n l y  c h ro m a to g r a p h ic  f r a c t i o n s  which 

gave  s i g n i f i c a n t  amounts o f  m a t e r i a l  a r e  r e c o r d e d .

7* S o l v e n t s  used i n  o x i d a t i o n  e x p e r i m e n t s :

Benzene  (A .R .)  was d r i e d  o v e r  sodium w i r e ,  r e f l u x e d  

o v e r  and d i s t i l l e d  from c a l c iu m  h y d r i d e ,  and s t o r e d  o v e r  

p h o sp h o ru s  p e n t o x i d e .

M e th y le n e  c h l o r i d e  was r e f l u x e d  o v e r  and d i s t i l l e d  from
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c a l c iu m  h y d r i d e  and s t o r e d  o ve r  m o l e c u l a r  s i e v e s  ( t y p e  4 A ) •

Anhydrous e t h e r  was d r i e d  w i t h  sodium w i r e  and s t o r e d  

o v e r  m o l e c u l a r  s i e v e s .

M ethano l  was d r i e d  by t h e  magnesium method,  d i s t i l l e d  

and s t o r e d  o v e r  m o le c u l a r  s i e v e s .

A c e t o n i t r i l e  was d r i e d  by p r o lo n g e d  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 .
,  o

P e t r o l  r e f e r s  t o  l i g h t  p e t r o l e u m ,  b . p .  4 0 - 6 0 .

E t h e r  and c h lo r o f o r m  e x t r a c t s  were  d r i e d  o v e r  an h yd ro u s  

magnesium s u l p h a t e .

S o l v e n t s  were  removed under  r e d u c e d  p r e s s u r e  i n  a r o t a r y  

f i l m  e v a p o r a t o r .

8 .  Lead t e t r a a c e t a t e  (B .D .H .)  was d r i e d  by f i l t r a t i o n  from 

a c e t i c  a c i d  and s t o r e d  i n  vacuo 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 .

9 . M e l t i n g  p o i n t s  (m .p . )  were  t a k e n  i n  c a p i l l a r y  t u b e s  i n  

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

t h e r m o m e t e r s .

1 0 .  R e a c t i o n  p r o d u c t s  were  i d e n t i f i e d  by com p ar ison  o f  i . r .  

s p e c t r a  and mixed m .p .  d e t e r m i n a t i o n s  w i t h  a u t h e n t i c  

compounds w h e re v e r  p o s s i b l e .  L i t e r a t u r e  m .p .  and b . p .  

v a l u e s  a r e  g iv e n  w i t h  t h e  a p p r o p r i a t e  r e f e r e n c e ,  e x c e p t  

f o r  common o r  w e l l - a u t h e n t i c a t e d  compounds, when t h e  v a l u e s  

a r e  t a k e n  f rom  t h e  H e i l b r o n  D i c t i o n a r y  o f  O rg a n ic  Compounds 

( 3 r d .  and 4 t h .  E d i t i o n s ) .
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S e c t i o n  I
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E x p e r i m e n t a l

P r e p a r a t i o n  o f  l - a m i n o - 4 , 5 - d i p h e n y l - l , 2 , 3 - t r i a z o l e

1 .  From b e n z i l - b l s - b e n z o y l h y d r a z o n e

a) B e n z i l  ( 2 1 g . )  and b e n z h y d r a z i d e  ( 2 7 . 2 g . )  were  i n t i m a t e l y
o

mixed and f u s e d  a t  120 f o r  2 h r .  The r e s u l t a n t  s o l i d  was 

powdered unde r  e t h a n o l  ( 5 0 m l . ) ,  f i l t e r e d  and d r i e d .  

C r y s t a l l i s a t i o n  f rom e t h a n o l  a f f o r d e d  b e n z i l - b i s - b e n z o y l -  

h y d ra z o n e  (93^)  a s  a w h i t e  f l u f f y  m ass ,  m .p .  210-212° ( l i t ? *  

m .p .  2 0 4 - 2 0 6 ° ) .

b i )  The b i s - b e n z o y l h y d r a z o n e  ( 2 2 . 3 g . )  was d i s s o l v e d  i n  e t h a n o l

(5 0 0 m l . )  c o n t a i n i n g  sodium e t h o x i d e  ( 6 . 8 g . )  under  r e f l u x .  

M e r c u r i c  c h l o r i d e  ( 2 7 . 2 g . )  i n  e t h a n o l  (5 0 m l . )  was added 

and t h e  s o l u t i o n  c o o le d  and f i l t e r e d .  The i n s o l u b l e  b i s -  

m e r c u r i c  c h l o r i d e  complex was suspended  i n  anhy d ro us  e t h e r  

(5Cml.)  and i o d i n e  ( 2 $ . 4 g . )  i n  an h yd ro u s  e t h e r  (5Cml.)  was 

added d ro p w is e  w i t h  s t i r r i n g .  The p r e c i p i t a t e  was 

f i l t e r e d  o f f ,  washed w i t h  e t h e r  t o  remove i o d i n e  and t h e  

b i s - h y d r a z o n e ,  w i t h  p o t a s s i u m  i o d i d e  s o l u t i o n  t o  remove 

m e r c u r i c  c h l o r i d e  and f i n a l l y  washed w i t h  w a te r  t o  remove any 

s a l t s  and d r i e d  i n  v a c u o . C r y s t a l l i s a t i o n  from e t h a n o l  

a f f o r d e d  l - b e n z o y l a m i d o - 4 , 5 - d i p h e n y l - l , 2 , 3 - t r i a z o l e  e n o l  

b e n z o a t e  (35%)^ f l o c k s ,  m .p .  183-184°  ( l i t T ^ m . p .  1 8 9 ° ) .  

b i i )  The b i s - b e n z o y l h y d r a z o n e  ( 4 4 . 6 g . )  was d i s s o l v e d  i n

e t h a n o l  u n d e r  r e f l u x  w i t h  d io x an  ( 3 0 0 m l . ,  2 : 1 ) .  Lead 

d i o x i d e  ( 2 4 g . )  was added o v e r  I g m i n . ,  t h e  s o l u t i o n  r e f l u x e d
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f o r  a f u r t h e r  1Ç min.  and t h e n  t a k e n  t o  d r y n e s s .  The 

r e s i d u e  was t a k e n  up i n  co nc .  HCI ( 5 0 m l . ) ,  f i l t e r e d ,  

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

f i l t e r e d  o f f  and washed w i t h  h o t  w a t e r .  C r y s t a l l i s a t i o n  

f ro m  e t h a n o l  a f f o r d e d  l - b e n z o y l a m i d o - 4 , Ç - d i p h e n y l - 1 , 2 , 3 -  

t r i a z o l e  ( 6 4 ^ ) ,  m .p;  249-251° ( l i t ? * m . p .  2 4 8 ° ) .

S i m i l a r  e x p e r i m e n t s  w i th  o t h e r  o x i d a n t s  y i e l d e d  t h e  

e n o l b e n z o a t e  a s  i n  b i ) , when no a c i d  was i n v o lv e d  i n  t h e  

work up .

c) The e n o l b e n z o a t e  ( 4 . 4 g . )  was shaken  w i t h  c o n c .  HCI (2 0m l . )  

f o r  5 m i n . ,  n e u t r a l i s e d  and 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 .  

C r y s t a l l i s a t i o n  f rom  e t h a n o l  a f f o r d e d  l - b e n z o y l a m i d o - 4 , 5- 

d i p h e n y l - l , 2 , 3 - t r i a z o l e  ( 89^ ) ,  n e e d l e s ,  m .p .  and mixed m .p .  

251 - 253° (Found: C, 7 3 . 8 ;  H, 4 . 9 ;  N, I 6 . 3 . C a l c ,  f o r

C, 7 4 . 1 ;  H, 4 . 7 ;  N, l 6 . 5 ^ ) .

d) The b en zo y lam id o  t r i a z o l e  ( 3 . 4 g . )  was d i s s o l v e d  i n  

e t h a n o l  ( 2 0 m l . )  and conc HCI (2 0 m l . )  u n de r  r e f l u x .  The 

s o l u t i o n  was t a k e n  t o  d r y n e s s ,  t h e  r e s i d u e  washed w i th  

sodium h y d r o x i d e  s o l u t i o n  ( 2 0 m l . ,  ^ ) , w a t e r  (20 m l . )

and d r i e d  v a c u o . C r y s t a l l i s a t i o n  f rom b e n z e n e / p e t r o l  ( 1 : 4 )  

a f f o r d e d  l - a m i n o - 4 , 5 - d i p h e n y l - l , 2 , 3 - t r i a z o l e  ( 8 5 ^ ) ,  

w h i t e  f l o c k s ,  m .p .  13 4 -1 3 5 ,  ( l i t î ^ m . p .  135 ) (Found:

C, 7 0 . 9 ;  H, 5 . 1 ;  N, 2 3 . 5 . C a l c ,  f o r  : 0 ,  7 1 . 2 ;

H, 5 . 1 ;  N, 2 3 . 7^ ) .

^  max. 3 3 2 0 , 3150  (NHg) ;  1255 ( t r i a z o l e  r i n g ) ;  745 ,  690cm\ 

( m o n o - s u b s t i t u t e d  benzen e  r i n g . )
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B e n z y l i d e n e  d e r i v a t i v e ,  n e e d l e s  f rom e t h a n o l ,  m .p .  182-  

184 ( l i t T ^ m . p .  1 8 4 ° ) .

2 . From b e n z i l - b i s - t o l u e n e - p - s u l p h o n y l h v d r a z o n e

a) B e n z i l  ( 4 2 g . )  and t o s y l h y d r a z i d e  ( 7 4 g . )  i n  b en ze n e  (2 0 0m l. )

were  r e f l u x e d  f o r  I h r .  w i t h  one d ro p  o f  c o n c .  H2SO4 , u s i n g  

a Dean and S t a r k  r e f l u x  h e a d .  The s o l u t i o n  was t a k e n  t o  

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

C r y s t a l l i s a t i o n  f rom  e t h a n o l  a f f o r d e d  b e n z i l - b i s - t o s y l -  

h y d ra z o n e  ( 7 3 ^ ) ,  m .p .  173-175  ( l i t .  m .p .  1 8 4 ° ) .  

b i )  The t o s y l h y d r a z o n e  ( 5 1 . 4 g . )  was r e f l u x e d  i n  e t h y l e n e  

g l y c o l  ( 250m l . )  w i t h  p o t a s s i u m  h y d r o x i d e  ( 6g . )  f o r  I h r .

The s o l u t i o n  was po u red  i n t o  w a t e r  ( 5 0 0 m l . ) ,  n e u t r a l i s e d  

and f i l t e r e d .  C r y s t a l l i s a t i o n  o f  t h e  r e s i d u e  f rom e t h a n o l  

a f f o r d e d  l - t o l u e n e - p - s u l o h o n y l a m i d o - 4 , 5 - d i o h e n y l - l . 2 , 3 -  

t r i a z o l e  ( 68^ ) a s  p l a t e s ,  m .p .  232° (Found: C, 6 4 . 5 ;  H, 4 . 7 ;

N, 1 5 . 4 . C^^E,^4 0 2 S r e q u i r e s :  C, 6 4 . 6 ;  H, 4 . 6 ;  N, 1 4 . 4 ^ ) .

b i i )  The t o s y l h y d r a z o n e  ( 5 l * 4 g . )  was r e f l u x e d  i n  p r o p i o n i c  

a c i d  ( 250m l . )  f o r  20m i n . ,  poured  i n t o  w a t e r  ( 500m l . )  and 

t h e  s o l i d  f i l t e r e d  o f f .  C r y s t a l l i s a t i o n  from b e n z e n e -  

p e t r o l  ( b . p .  60- 80^ )  ( 1 : 4 )  a f f o r d e d  t h e  c ru d e  p r o d u c t .  

R e c r y s t a l l i s a t i o n  f rom  e t h a n o l  a f f o r d e d  l - t o s y l a m i d o - 4 , 5 -  

d i p h e n y l - l , 2 , 3 - t r i a z o l e  ( 7 7 ^ ) ,  m .p .  and mixed m .p .  232-233?

c) The t o s y l a m i d o t r i a z o l e  ( 2 0 g . )  was su spended  i n  w a t e r  (1 0 0 m l . )  

and s u l p h u r i c  a c i d  ( 4 0 0 m l . ,  98^)  was added d ro p w ise  w i t h
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s t i r r i n g ,  k e e p in g  t h e  t e m p e r a t u r e  be low  IÇO? The s u s p e n s io n  

was h e ld  a t  1 5 0 ° u n t i l  d i s s o l u t i o n  was c o m p le t e ;  t h e  

s o l u t i o n  was c o o l e d ,  pou red  o n to  i c e  and n e u t r a l i s e d .  The 

p r e c i p i t a t e  was f i l t e r e d  o f f  and d r i e d  i n  v a c u o . 

C r y s t a l l i s a t i o n  from b e n z e n e - p e t r o l  ( 1 : 4 )  a f f o r d e d  t h e
o 65

l - a m i n o t r i a z o l e ' ( 92^ ) ,  m .p .  and mixed m .p .  132-133 ( l i t .  

m .p .  1 3 5 ° ) .

3 .  From b e n z i l - b i s - h y d r a z o n e

a) B e n z i l - b i s - h y d r a z o n e  was p r e p a r e d  by t h e  l i t e r a t u r e
54

m ethod .

b i )  B e n z i l - b i s - h y d r a z o n e  ( 2 3 . 8g . )  was d i s s o l v e d  i n  e t h a n o l  

(5 0 0 m l . )  under  r e f l u x .  S e len iu m  d i o x i d e  ( 6 . 7 g . )  i n  w a t e r  

(2 5 m l . )  was added d ro p w ise  o v e r  I h r .  The s o l u t i o n  was 

r e f l u x e d  f o r  I h r . ,  f i l t e r e d  and t h e  f i l t r a t e  t a k e n  t o  d r y n e s s  

The r e s i d u e  was e x t r a c t e d  w i t h  sodium h y d r o x id e  s o l u t i o n  

( 2 x l 0 0 m l . ,  ^ ) , w i t h  w a t e r  (2x25m l. )  and d r i e d  i n  v a c u o . 

T r i t u r a t i o n  w i t h  p e t r o l  (100m l. )  f o l lo w e d  by c r y s t a l l i s a t i o n  

f rom  p e t r o l  ( b . p .  6 0 - 8 0 ° ) - b e n z e n e  ( 4 : 1 )  a f f o r d e d  t h e  1 -am in o -  

t r i a z o l e  ( 7 3 ^ ) ,  m .p .  131-133* 

b i i )  B e n z i l - b i s - h y d r a z o n e  ( 2 3 . 8 g . )  was d i s s o l v e d  i n  benzen e  

(1 0 0 m l . )  and p y r i d i n e  ( 7 * 9 g . ) .  T o s y l  c h l o r i d e  ( 1 9 « 5 g . )  

was added i n  p o r t i o n s  w i t h  sh a k in g  and c o o l i n g .  The s o l u t i o n  

was t a k e n  t o  d r y n e s s ,  washed w i t h  w a t e r  (5 0 m l . )  and t a k e n  

up i n  p r o p i o n i c  a c i d  (1 0 0m l. )  w i t h  r e f l u x i n g  f o r  2 0 m in . ,
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t h e n  poured  i n t o  w a t e r  ( 2 0 0 m l . ) ,  n e u t r a l i s e d  and f i l t e r e d .

The r e s i d u e  was washed w i th  w a t e r  (5 0 m l . )  and d r i e d  i n  v a c u o . 

C r y s t a l l i s a t i o n  from p e t r o l  ( b . p .  6 0 - 8 0 ° ) -b e n z e n e  ( 4 : 1 )  

a f f o r d e d  t h e  1 - a m l n o t r i a z o l e  ( 7 1 ^ ) ,  m .p .  and mixed m .p .  132-
o

133.

The i n t e r m e d i a t e  b e n z i l - m o n o h y d r a z o n e -m o n o to s y lh y d r a z o n e  

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

b e n z i l - m o n o h y d r a z o n e  and from b e n z i l - m o n o t o s y l h y d r a z o n e  by 

t h e  d i r e c t  r o u t e s .  The above m ethod ,  however ,  gave maximum 

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

4 .  A t tem p ted  M e th o d .
66

oC-Phenylazoacetophenone  was p r e p a r e d  by t h e  s t a n d a r d  r o u t e .  

The d i a z o k e t o n e  ( 2 . 2 g . )  was d i s s o l v e d  i n  d ry  m e th a n o l  (40m l. )  

and c o o le d  t o  0 ?  F r e s h l y  d i s t i l l e d  h y d r a z i n e  h y d r a t e  (5 m l . )  

was added and t h e  s o l u t i o n  s t i r r e d  o v e r  a n h y d rou s  c a l c iu m  

s u l p h a t e  f o r  2 h r .  A n a l y s i s  ( t . l . c . )  showed no r e a c t i o n  had 

o c c u r r 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  

2 4 h r . ,  f i l t e r e d  and t a k e n  t o  d r y n e s s .  C r y s t a l l i s a t i o n  o f  

t h e  r e s i d u e  a f f o r d e d  d i p h e n y l  a c e t i c h y d r a z i d e  ( 82^ ) ,  n e e d l e s  

from e t h a n o l ,  m .p .  1 3 2 -1 3 4 °  ( l i t f ^ m . p .  135 ) (Found: C. 7 4 . 4 ;  

H, 6 . 2 ;  N, 1 2 . 4 .  C a l c ,  f o r  C^H^^NgO: C, 7 4 . 3 ;  H, 6 . 2 ;  N, 1 2 .4 ^ )  

H y d r o c h l o r i d e ,  m .p .  2 9 5 - 2 9 7 ° ( l i t ?  m .p .  298 )j 

Mmax. 33 90 , 3300 (NH% ) ; 1635 (C=0) ; 730 ,  695cm! (m o n o su b s t .  

b e n ze n e  r i n g ) .
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O x ld a t lo n  o f  l - a m l n o - 4 , 5 - d l p h e n y l - l , 2 , 3 - t r l a z o l e .

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

t o  d i s s o l v e  t h e  a m i n o t r i a z o l e  i n  t h e  d r y  s o l v e n t  (10m l.  p e r  

mmole.)  and t o  add t h i s  s o l u t i o n  d ro p w ise  o v e r  5 - lO m in .  t o  

a m a g n e t i c a l l y  s t i r r e d  s o l u t i o n  ( o r  s u s p e n s io n )  o f  o x i d i s i n g  

a g e n t  (1 .5m mole .  p e r  mmole, o f  a m i n o t r i a z o l e )  i n  t h e  s o l v e n t  

( c a .  1 0 m l . ) ,  a t  room t e m p e r a t u r e .  I f  no r e a c t i o n  o c c u r r e d  

t h e  s o l u t i o n  was r e f l u x e d  and t h e  o x i d a t i o n  f o l l o w e d  by 

t . l . c .  Work-up p r o c e d u r e  i n v o lv e d  f i l t e r i n g  o f f  any 

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

s u i t a b l e  c h ro m a to g r a p h ic  a d s o r b e n t ,  f o l lo w e d  by column 

c h ro m a to g ra p h y .  T o lan  was e l u t e d  w i t h  p e t r o l ,  sub l im ed
o

(150 / lO m m .) , and r e c r y s t a l l i s e d  f rom  e t h a n o l  a s  p l a t e s ,  

m .p .  59-60° ( l i t .  m .p .  6 0 ° ) .  t r a n s - D i h a l o g e n o s t i l b e n e s  were  

e l u t e d  w i t h  p e t r o l - e t h e r  and r e c r y s t a l l i s e d  from p e t r o l  a s
o o

t r a n s - d i c h l o r o s t i l b e n e ,  c u b e s ,  m .p .  140-141  ( l i t .  m .p .  1 4 0 - 1 4 2 ) ,
o .o

t r a n s - d i b r o m o s t i l b e n e , p l a t e s ,  m .p .  203-204  ( l i t .  m .p .  206 ) ,
o , 68 o

t r a n s - d i i o d o s t i l b e n e .  c u b e s ,  m .p .  201-203 ( l i t .  m .p .  204 ) .  

R e s u l t s  a r e  summarised i n  t a b l e  I .
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TABLE I

O x id a n t S o l v e n t Temp. C.A.
a)

P r o d u c t  Y i e l d

Pb(OAc), CçH0 20° B t o l a n 80

Pb(OAc)^ Ce He 20° B t o l a n 78

PbCPrCq)^ Ce He 20° B t o l a n 93

PhKOAc)^ Ce He 20° N t o l a n 93")

PhlO^ Ce He 80° S 1- a m i n o t r i a z o l e 84

PhlClg % %  " 
C5H5 N 20° N t r a n s - d i c h l o r o 

s t i l b e n e
3 3 b)

NnOg Ce He 60° B t o l a n 93*'

PbOg Ce He 80° B t o l a n 2

PbOg Ce He 80° N 4 , 5 - d i p h e n y l -  
1 , 2 , 3 - t r i a z o l e

60"

NBS Ce He 60° N t r a n s - d i b r o m o 
s t i l b e n e

90 '̂

NalO*
80° B t o l a n 45

NalOj AcOH 80° B t o l a n 80

NalO] AcOH 80° B t o l a n 35

I 2 CgHe 80° B t r a n s - d i i o d o -
s t i l b e n e

17^'

SeOg CfeHg 80° N 1 - a m i n o t r i a z o l e 87

SeOg CgHsCl 134° S t o l a n 8 5 * '

C.A. r e f e r s  t o  t h e  c h r o m a to g r a p h ic  a d s o r b e n t  employed 

i n  t h e  w ork-up  p r o c e d u r e .
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N o te s  t o  T a b l e  I

a )  N = n e u t r a l  a lu m in a ;  B = b a s i c  a lu m in a ;  S = s i l i c a - g e l .

b) I n  t h e  p r e s e n c e  o f  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 e t r a -  

c y c l o n e )  (2 mmole p e r  mmole o f  a m i n o t r i a z o l e ) .

c)  Lead t e t r a - i s o - b u t y r a t e  was p r e p a r e d  by t h e  method o f  

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

t e t r a a c e t a t e  employed .

d) l o d o s o b e n z e n e  d i a c e t a t e  was p r e p a r e d  by t h e  s t a n d a r d  

r o u t e I °  lo d o x y b e n z e n e  and io d o b en z en e  d i c h l o r i d e  were  

o b t a i n e d  d u r i n g  t h i s  s y n t h e s i s .

e)  A c t i v e  manganese d i o x i d e  p r e p a r e d  by t h e  method o f  

M o r r i s o n P

f )  A c t i v e  l e a d  d i o x i d e  p r e p a r e d  by t h e  method o f  Gattermanft!

g) S e le n iu m  d i o x i d e  was sub l im ed  b e f o r e  u s e .  The c h l o r o -  

b e n ze n e  s o l u t i o n  d e p o s i t e d  a p a l e  g re e n  s o l i d  on c o o l i n g .  

C r y s t a l l i s a t i o n  f rom b en ze n e  a f f o r d e d  an unknown compound 

( 1 0 ^ ) ,  m .p .  226° (Found: C, 73*4;  H, 4 . 8 ;  N, 1 2 . 7 ^ ) •

i . r .  1) max. 3373 (NH) ; 1715 (CO); 705 , 690 cml (m o n o su b s t .  

b en ze n e  r i n g ) .

h) A u t h e n t i c  sam ples  o f  t r a n s - d i h a l o g e n o s t i l b e n e s  were  

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

Mixed m .p * s .  showed no d e p r e s s i o n .
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C og na te  O x i d a t i o n

B e n z i l - b i s - h y d r a z o n e  was o x i d i s e d  w i t h  l e a d  t e t r a a c e t a t e  

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

D i p h e n y l a c e t y l e n e  ( 1 0 0 ^ ) ,  m .p .  and mixed m .p .  59-&0°was 

p roduced  i n  t h e  a b se n c e  o r  p r e s e n c e  o f  t e t r a c y c l o n e .
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P r e p a r a t l o n  o f  l - a m l n o - 4 , 5 - d l m e t h y l - 1 . 2 , 3 - t r l a z o l e

The s y n t h e t i c  r o u t e s  a v a i l a b l e  a r e  t h e  same, i n  g e n e r a l ,  

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

a)  D i a c e t y l  ( 4 ? . 3 g . )  was added d ro p w ise  t o  a r e f l u x i n g  

s o l u t i o n  o f  h y d r a z i n e  h y d r a t e  (2 0 0 m l . )  and sodium c a r b o n a t e  

( l 5 0 g . )  i n  w a t e r  ( 2 1 . ) .  The s o l u t i o n  was r e f l u x e d  f o r  5 h r . ,  

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

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

C r y s t a l l i s a t i o n  f rom  m eth an o l  gave  n e e d l e s  ( 9 0 ^ ) ,  m .p .  154-  

1 57°  ( l i t l ^ m . p . , l 5 8 ° ) .

b) . D i a c e t y l - b i s - h y d r a z o n e  ( 2 3 g . )  was d i s s o l v e d  i n  m e th a n o l
O

( 2 5 0 m l . ) ,  s t i r r e d  and c o o le d  t o  0 -5#  S e len iu m  d i o x i d e  

( 23g . )  i n  m e th a n o l  (5 0 m l . )  was added d r o p w is e ,  k e e p in g  t h e  

t e m p e r a t u r e  be low  5° The s o l u t i o n  was s t i r r e d  f o r  1 2 h r .  a t  

room t e m p e r a t u r e ,  f i l t e r e d  and t h e  f i l t r a t e  e v a p o r a t e d .

The r e s i d u e  was e x t r a c t e d  w i t h  sodium h y d r o x id e  s o l u t i o n  

(2  X 50ml. ,  2N), washed w i t h  w a t e r  and d r i e d  i n  v a c u o . 

C hrom atography  on b a s i c  a lu m in a ,  w i t h  m e th a n o l  a s  e l u a n t ,  

gave  a b l a c k  o i l .  D i s t i l l a t i o n  ( 1 5 ^  /  0.001mm.) and 

c r y s t a l l i s a t i o n  f rom  aqueous  e t h a n o l  a f f o r d e d  l - a m i n o - 4 , 5 -  

d i m e t h y l - l , 2 , 3 - t r i a z o l e  ( 5 ^ ) ,  n e e d l e s ,  m .p .  9 4 -9 5 °  ( l l t l ^  

m .p .  95 ) (Found:  C, 4 3 . 0 ;  H, 7 . 1 ;  N, 4 9 . 9 .  C a l c ,  f o r  

C^HgN^: C, 4 2 . 9 ;  H, 7 . 1 ;  N, 5 0 .0 # ) ,  

i . r .  1) max. 3270 ,  3130 (NHg); 1645 (C=C); 1585 (N=N);
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1220 ( t r i a z o l e  r i n g ) ;  I I 8O; 1130;  990; 770;  710 cml ( c i s -  

R—C=C—R ) •

B e n z y l i d e n e  d e r i v a t i v e ,  n e e d l e s  f rom  e t h a n o l ,  m .p .  8 0 - 8 2 ,  

( l i t l ^ m . p .  80° ) .

The m a jo r  p r o d u c t  was e l u t e d  f rom  t h e  column w i t h  e t h e r  

a s  n e e d l e s  ( 8 0 ^ ) ,  m .p .  1 3 0 -1 3 3 ° o f  1 . 1 * - b i s - ( 4 . 5 - d i m e t h v l -  

t r i a z o l y l ) (Found: C, 5 0 .3 ;  H , 6 . 9 ; N, 4 2 . 8 .  Cg 11,2̂ 6 r e q u i r e s :  

C, 5 0 .0 ;  H, 6 . 3 ;  N, 4 3 . 7 # ) .

m/e:  164 ,  1 3 6 , 82 ,  54, 4 1 .  (P )= 1 92 ;  P - % = 1 6 4 ;

P - 2 î̂ = 136;  d i m e t h y l a c e t y l e n e  =54; a c e t o n i t r i l e  =41. 

i . r . ' C m a x .  1585 (N=N); 1250,  1230 ( t r i a z o l e  r i n g ) ;  1050;

925;  710  cm\ ( c i s -R -C = C - R ) .

p . m . r .  'X  7 . 6 4  s i n g l e t  (3 p r o t o n s ) ;  7 . 8 9  s i n g l e t  (3 p r o t o n s ) i



O x id a t io n  o f  l - a m i n o - 4 .5 - d l m e t h y l “ 1 . 2 . 3 - t r l a z o l e

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

t h e  same as  w i t h  t h e  d i p h e n y l  a n a l o g u e .  T e m p e r a tu r e s  were  

u s u a l l y  lo w er  t o  p r e v e n t  l o s s  o f  d i m e t h y l a c e t y l e n e  f rom  

t h e  o x i d i s e d  s o l u t i o n .  Bromine was added when n e c e s s a r y  t o  

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

a c e t y l e n e  as  2 , 2 , 3 , 3 - t e t r a b r o m o b u t a n e .  T h is  was e l u t e d  

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

m .p .  242-243°  ( l i t .  m .p .  2 4 3 ° ) .

R e s u l t s  a r e  summarised i n  T a b le  I I .

C ogna te  O x i d a t i o n

D i a c e t y l - b i s - h y d r a z o n e  was o x i d i s e d  s i m i l a r l y .  2 , 2 , 3 , 3 -  

T e t r a b ro m o b u ta n e  ( 8 0 # ) ,  m .p .  and mixed m .p .  241-243° was 

i s o l a t e d .
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T a b le  I I

a)
O x id a n t  S o l v e n t  Temp. C.A. P r o d u c t  Y ie ld

Pb(OAc)^ CgHe -60° 8 d i m e t h y l a c e t y l e n e  84

P b (O A c \  -60^ B d i m e t h y l a c e t y l e n e  79^^^^

NBS CgHg 20° N 2 , 2 , 3 , 3 - t e t r a -  87

b rom obutane

N o te s  t o  T a b le  I I

a) C.A. r e f e r s  t o  t h e  c h r o m a to g r a p h ic  a d s o r b e n t  employed i n  

t h e  w o rk -u p :  N = n e u t r a l  a lu m in a ;  B = b a s i c  a lu m in a ;

S = s i l i c a - g e l .

b) I s o l a t e d  a s  t h e  t e t r a b r o m o b u t a n e  ( 8 4 ^ ) .

c) 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 e ;  no t r a p p e d  p r o d u c t  was 

d e t e c t e d .

d) E x a c t l y  s i m i l a r  r e s u l t s  were  o b t a i n e d  i n  CHgClg.
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P r e p a r a t i o n  o f  l - a m in 0 ”4 . 5 ” t e t r a m e t h y l e n e - 1 . 2 . 3 - t r l a z o l e

a)  C y c l o h e x a n e - l , 2 - d i o n e  was p r e p a r e d  by t h e  l i t e r a t u r e
74

m ethod .  The p r o d u c t  was r e d i s t i l l e d  and t h e  f r a c t i o n ,  

b . p .  7 5 - 7 7 ° /  l6mm. c o l l e c t e d ,  m .p .  3 4 -3 6  ( l i t ^ m . p .  3 8 - 4 0 ° )

b) The d io n e  ( 1 1 . 2 g . )  i n  e t h a n o l  ( l 5 0 m l . )  was added 

d ro p w ise  o v e r  I h r .  t o  h y d r a z i n e  h y d r a t e  (7 5 m l . )  i n  e t h a n o l  

(3 0 0 m l . )  a t  -10°  The s o l u t i o n  was s t i r r e d  a f u r t h e r  I h r .  

a t  -10° and t h e  s o l v e n t s  t h e n  removed by f r e e z e  d r y i n g .

The o i l y  r e s i d u e  on t r i t u r a t i o n  w i t h  e t h e r  and c r y s t a l l i s a t i o n  

f rom  e t h e r  a f f o r d e d  c y c l o h e x a n d i o n e - b i s - h y d r a z o n e  ( 5 3 # ) ,  

y e l l o w  amorphous s o l i d ,  m .p .  57-59° ( l i t T  m .p .  6 0 - 6 2 ° ) .

c) The b i s - h y d r a z o n e  ( 1 4 g . )  i n  b e n ze n e  ( l 5 0 m l . )  was added 

d ro p w is e  t o  a s u s p e n s i o n  o f  y e l l o w  m e r c u r i c  o x id e  ( 30g . )  and 

a nh y d rou s  sodium s u l p h a t e  ( 2 0 g . )  i n  b e n ze n e  ( 1 0 0 m l . ) ,  w i t h  

s t i r r i n g  and c o o l i n g .  The s u s p e n s i o n  was 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 s ,  f i l t e r e d  and t h e  f i l t r a t e  e v a p o r a t e d .  

C hrom atography  on b a s i c  a lu m in a ,  w i t h  m e th a n o l  a s  e l u a n t ,  

gave  a y e l l o w  o i l  which on d i s t i l l a t i o n  a t  1 3 1 - 1 3 3 ° /  0.01mm. 

and c r y s t a l l i s a t i o n  f rom b e n z e n e - h e x a n e  ( 1 : 4 )  a f f o r d e d  

l - a m i n o - 4 , 5 - t e t r a m e t h y l e n e - l , 2 , 3 - t r i a z o l e  ( 4 3 ^ ) ,  p l a t e s ,  

m .p .  93-94° ( l i t .  m .p .  9 4 -9 5 ,  b . p .  1 2 8 - 1 3 0 ° /  0 .0 1 m m .) .

i . r .  M max. 3275 ,  3170,  3130 (NHg); l 6 5 0  (C=C); 1580 (N=N); 

1495 (-CHg-); 1200 ( t r i a z o l e  r i n g ) ;  1090 ; 990 ; 920;  840;  820;  

755 (-{OHg]- s k e l e t a l  v i b r a t i o n ) ;  705 cm\



O x i d a t i o n  o f  l - a m l n o - 4 , 5 - t e t r a m e t h y l e n e - 1 . 2 . 3 - t r l a z o l e

a) The 1 - a m i n o t r i a z o l e  (138mg.) was d i s s o l v e d  i n  d r y

m e th y le n e  c h l o r i d e  (1 0 m l . )  and added d ro p w ise  o v e r  5- lOmin.  

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

(500mg.)  and t e t r a c y c l o n e  (400mg.)  i n  d r y  m e th y le n e  c h l o r i d e  

( 1 0 m l . ) ,  a t  room t e m p e r a t u r e .  The s o l u t i o n  was f i l t e r e d  

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

t h e  r e s i d u e  c h rom a tog raphed  on b a s i c  a lu m in a .  P e t r o l -  

b e n z e n e  ( 9 : 1 )  e l u t e d  1 , 2 , 3 , 4 - t e t r a h y d r o - 5 , 6 , 7 , 8 - t e t r a -
o

p h e n y l n a p h t h a l e n e ,  cubes  f rom e t h a n o l  ( 2 1 # ) ,  m .p .  284-286
7 5  o

( l i t .  m .p .  271-272 ) (Found: C, 9 3 . 5 ;  H, 6 . 3 . C a l c ,  f o r  

C, 9 3 . 6 ; H, 6 . 4 # ) .

i . r . V m a x .  I 60O ( a r o m a t i c  u n s a t u r a t i o n ) ;  1490 (-CHg - )  ;

1065;  1025;  8OO, 785;  740 [^(CHg s k e l e t a l  v i b r a t i o n s  730,  

695  cml (monosub.  b en ze n e  r i n g ) .

p . m . r . T 3 .O s i n g l e t ,  3 .3  s i n g l e t  (20 a r o m a t i c  p r o t o n s ) ;

7 .5  m u l t i p l e t ,  8 .3  m u l t i p l e t  (8 a l i p h a t i c  p r o t o n s ) .

B enzen e  e l u t e d  t e t r a c y c l o n e  (77# r e c o v e r y ) ,  d a r k  l u s t r o u s  

c u b e s  f rom  b e n z e n e - e t h a n o l  ( 1 : 2 0 ) ,  m .p .  220-221° ( l i t .  m .p .  

2 2 2 ° ) .  No o t h e r  p r o d u c t s  c o u ld  be  e l u t e d  from t h e  co lu m n . 

Gas c h ro m a to g r a p h ic  a n a l y s i s  o f  t h e  e v a p o r a t e d  s o l v e n t  from 

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

a c e t i c  a c i d .

b) The 1 - a m i n o t r i a z o l e  (138mg.)  was d i s s o l v e d  i n  d r y

m e th y le n e  c h l o r i d e  (10 m l . )  and added d ro p w ise  o v e r  5 - lOm in .
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t o  a m a g n e t i c a l l y  s t i r r e d  s o l u t i o n  o f  l e a d  t e t r a a c e t a t e  

( 500mg.) i n  d r y  m e th y le n e  c h l o r i d e  ( 10m l . ) ,  a t  room 

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

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

c h ro m a to g ra p h ed  on b a s i c  a lu m in a .  No s o l i d  p r o d u c t s  were  

o b t a i n e d ,  b u t  an a c e to x y  compound was e l u t e d  w i t h  m e t h a n o l .  

M o l e c u l a r  d i s t i l l a t i o n  a t  10 mm. a f f o r d e d  2- a c e t v l c v c l o -  

hexanone  e n o l  a c e t a t e , m o b i le  l i q u i d ,  (Found: C, 6 6 . 3 ;

H, 8 . 2 .  r e q u i r e s :  C, 6 5 . 9 ;  H, 7 . 7 # ) .

i . r . V  max. 2940 (CH3 ) ;  2840 (CH^); 1750 ( e n o l  e s t e r ) ;

1685 ( k e t o n e ) ;  1435 (CHg); I 36O (CH^); 1210 ( e n o l  e s t e r ) ;  

1120 ( v i n y l  k e t o n e ) ;  900 , 850,  800 cm. 

p . m . r .  i T 7 .9 5  m u l t i p l e t  (4 a l l y l  p r o t o n s ) ;  8 .0 5  s i n g l e t  

(6 m e th y l  p r o t o n s ) ;  8 .4 0  m u l t i p l e t  (4 a l i p h a t i c  p r o t o n s ) .  

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

a g a i n  r e v e a l e d  no v o l a t i l e  p r o d u c t s .  The s o l u t i o n  gave  no 

r e a c t i o n  w i t h  b rom ine  n o r  m a l e i c  a n h y d r i d e .

C o gn a te  O x i d a t i o n

C y c l o h e x a n d i o n e - b i s - h y d r a z o n e  was o x i d i s e d  w i t h  l e a d  

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

From b a s i c  a lu m i n a ,  p e t r o l - b e n z e n e  ( 9 : 1 )  e l u t e d  1 , 2 , 3 , 4 -  

t e t r a h y d r o - 5 , 6 , 7 , 8 - t e t r a p h e n y l n a p h t h a l e n e  ( 1 0 # ) , cubes  f rom  

e t h a n o l ,  m .p .  283-284°. No o t h e r  p r o d u c t s  were  d e t e c t e d .
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P r e p a r a t i o n  o f  l - a m l n o - 4 . 5 - p e n t a m e t h y l e n e - 1 . 2 . 3 - t r l a z o l e

The s y n t h e t i c  s e q u e n c e  was t h e  same a s  t h a t  used  f o r  

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

a)  C y c l o h e p t a n e - l , 2 - d i o n e ,  y e l l o w  o i l ,  b . p .  1 0 7 - 1 0 9 ° /  17mm. 

( l i t ?  b . p .  1 0 7 - 1 0 9 ° /  17mm.)

b) C y c l o h e p t a n e - l , 2 - d i o n e - b i s - h y d r a z o n e ,  w h i t e  amorphous s o l i d ,  

m .p .  71-73°  ( l i t ? ’ m .p .  7 4 -7 5 ° )

c) 1 - A m i n o t r i a z o l e ,  p l a t e s  f rom b e n z e n e - h e x a n e  ( 1 : 4 ) ,  m .p .  57- 

58° ( l i t ? ’ m .p .  5 8 - 5 9 ° ) ,  b . p .  1 5 1 - 1 5 3 ° / 0.01mm. ( l i t ?  b . p .  

1 4 5 - 1 4 8 ° /  0 .01mm.) .

I . r .  max. 3 30 0 ,  3170 (NHj) ;  2910 ,  2840 ( -C H g-) ;  1630  (C=C) ; 

1575  (N=N); 1445 ( - C H j - ) ;  1220 ( t r i a z o l e  r i n g ) ;  790cm.

[(-CH2 -)g s k e l e t a l  v l b r a t l o J  .
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O x l d a t i o n  o f  l - a m l n o - 4 . 5 - p e n t a m e t h y l e n e - 1 . 2 . 3 - t r i a z o l e

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

a) Lead t e t r a a c e t a t e  o x i d a t i o n  i n  m e th y le n e  c h l o r i d e ,  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 e :  f rom  b a s i c  a lu m in a ,  p e t r o l -

b e n ze n e  ( 4 : 1 )  e l u t e d  l , 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 lb e n z e n e  ( 7 8 # ) ,  cubes  f rom  e t h a n o l ,  m .p .  225-226  

( l i t J ^ m . p .  215-216 ) (Found: C, 93*3; H, 6 . 7 .  C a lc ,  f o r  

' ^ 3 5 ^  9 3 -4 ;  H, 6 . 6 ^ ) .

i . r . m a x .  160O ( a r o m a t i c  u n s a t u r a t i o n ) ;  1490 (-CHg - )  ;

1 0 6 5 , 1 0 2 5 , 8 0 0 , 7 7 0 ; 725 
-1

s k e l e t a l  v i b r a t i o n ;-(CH2 ÏT

7 3 0 , 695cm'. (m o n osu bs t .  b e n z e n e ) ,  

p . m . r . 1 ^ 3 .0 4  s i n g l e t ,  3*35 s i n g l e t  (20 a r o m a t i c  p r o t o n s ) ;  

7 . 3 5  m u l t i p l e t  (4 a l l y l i c  p r o t o n s ) ;  8 .3 0  m u l t i p l e t  

(6  a l i p h a t i c  p r o t o n s ) .
o

Benzene  e l u t e d  t e t r a c y c l o n e  (20# r e c o v e r e d ) ,  m . p . 219 -2 2 1 .  

No o t h e r  p r o d u c t s  were  o b t a i n e d .  The same r e s u l t s  were
o o

o b t a i n e d  i n  t h i s  r e a c t i o n  when p e r fo rm ed  a t  20 o r  a t  -6 0  i n  

a d r i k o l d - a c e t o n e  b a t h ,

b) The same o x i d a t i o n  w i t h o u t  t e t r a c y c l o n e  p r e s e n t :  no s o l i d

p r o d u c t s  were o b t a i n e d .  M ethano l  e l u t e d  an u n c h a r a c t e r i s e d  

a c e t o x y  compound.

C o gn a te  o x i d a t i o n

C y c l o h e p t a n e d i o n e - b i s - h y d r a z o n e  was o x i d i s e d  w i t h  l e a d  

t e t r a a c e t a t e  i n  t h e  u s u a l  m anner ,  i n  t h e  p r e s e n c e  o f
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t e t r a c y c l o n e . From b a s i c  a lu m i n a ,  p e t r o l - b e n z e n e  ( 4 : 1 )  

e l u t e d  l , 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  (17#)» 

cu b es  f rom e t h a n o l ,  m .p .  and mixed m .p .  224-225* Gas 

c h r o m a to g r a p h ic  a n a l y s i s  o f  t h e  o x i d i s e d  s o l u t i o n  r e v e a l e d  

no v o l a t i l e  p r o d u c t s  and t h e  s o l u t i o n  gave no r e a c t i o n  

w i t h  b rom ine  n o r  m a l e i c  a n h y d r i d e .
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A ttem p ted  p r e p a r a t i o n  o f  l - a m i n o - 4 . 5 ( 9 . 1 0 - d ) - p h e n a n t h r o -
1 , 2 , 1 - t r l a z o l e

From p h e n a n t h r o - ( 9 . 1 0 - d ) - t r i a z o l e

a) P h e n a n t h r e n e  was o x i d i s e d  t o  t h e  q u in o n e ,  and t h i s  was
7 8 , 7 9

c o n v e r t e d  t o  t h e  d io x im e ,  by s t a n d a r d  p r o c e d u r e s .

b) The d io x im e  ( 7 2 g . )  was d i s s o l v e d  i n  e t h a n o l  (1 l i t r e )  a t  

60 .  S t a n n o u s  c h l o r i d e  (3 0 0 g . )  i n  c o n c .  HCl (7 5 0m l. )  was 

added d ro p w is e  w i t h  s t i r r i n g ,  t h e  s o l u t i o n  c o o le d  and t h e  

c r y s t a l l i n e  mass f i l t e r e d  o f f .  The s o l i d  was washed w i t h  

e t h a n o l  ( 2 0 m l . )  and e t h e r  (200m l. )  l e a v i n g  9 , 1 0 - d i a m i n o -  

p h e n a n t h r e n e  h y d r o c h l o r i d e  (73#) a s  f i n e  n e e d l e s .

c) The h y d r o c h l o r i d e  ( 1 4 g . )  and a n h y d ro us  sodium a c e t a t e  

( 8 . 2 g . )  w ere  shaken  w i t h  warm e t h a n o l  (1 l i t r e )  f o r  l 5 m i n . ,  

t h e n  f i l t e r e d  f rom  t h e  sodium c h l o r i d e  r e s i d u e .  The 

f i l t r a t e  was c o o le d  t o  5° and i so a m y l  n i t r i t e  ( 6 . 4 g . )  i n  

e t h a n o l  ( 2 0 m l . )  was added d ro p w ise  w i t h  s t i r r i n g .  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  I h r . ,  and on

a s team  b a t h  f o r  I h r . ,  and t h e n  d i l u t e d  w i th  w a t e r  (1 l i t r e )  

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

a c i d - w a t e r  a f f o r d e d  p h e n a n t h r o - ( 9 , 1 0 - d ) - t r i a z o l e  ( 5 0 # ) ,  

m .p .  325 - 328° ( l i t .  m .p .  306 °) (Found: C, 7 6 . 6 ; H, 4 . 2 .  

C a l c ,  f o r  : C, 7&.7;  H, 4 . 1 # ) .

i . r . l 3 m a x .  3000 (NH) ; 1625,  l 6 l 5  ( a r o m a t i c  u n s a t u r a t i o n ) ;  

1195  ( t r i a z o l e  r i n g ) ;  750 ,  720 ( 1 , 2  d i s u b s t .  b e n zen e)  cml 

m/e:  P = 219;  P-HNg = I 9O; P-CHN^: l 6 4 .
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M e t h y l a t i o n  w i t h  d im e t h y l  s u l p h a t e  i n  a l c o h o l i c  sodium 

h y d r o x i d e  and c r y s t a l l i s a t i o n  from e t h a n o l  a f f o r d e d
o

1 - m e t h y l p h e n a n t h r o t r i a z o l e ,  f i n e  n e e d l e s ,  m .p .  174-176 

( l i t f ° m . p .  160° )  (Found: C, 77*2;  H, 4 . 9 ;  N, 17*9* C a l c ,  

f o r  : C, 7 7 . 2 ;  H, 4 . 7 ;  N, 1 8 . 0 # ) .

The y e l l o w  I n s o l u b l e  r e s i d u e ,  m .p .^ 4 0 0 °  f rom t h e  

c r y s t a l l i s a t i o n  o f  t h e  t r i a z o l e ,  which gave  a c o r n f l o w e r  

b l u e  c o l o u r a t i o n  w i th  co n c .  H2SO4 , was presumed t o  be 

t e t r a b e n z o p h e n a z i n e  ( l i t .  m .p .  4 8 7 ° ) .
8 0

The p r e p a r a t i o n  o f  p h e n a n t h r o t r i a z o l e  r e p o r t e d  i n  t h e  

l i t e r a t u r e  gave o n l y  t e t r a b e n z o p h e n a z i n e  and an a z i d e  i n  

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

d e c o m p o s i t i o n  o f  t h e  a z i d e  o c c u r r e d  ( i . r . )  and so c h a r a c t e r 

i s a t i o n  was n o t  a t t e m p t e d ,  

d i )  The t r i a z o l e  (219mg.)  was d i s s o l v e d  i n  d ry  d im e th y l

form am ide  (2 0 m l . )  and d r y  b en zen e  ( 2 0 m l . ) .  Sodium h y d r i d e

( 30mg.) was added and t h e  s o l u t i o n  r e f l u x e d  f o r  I h r .  The
81

m i x t u r e  was c o o le d  and e t h e r e a l  c h lo r a m in e  s o l u t i o n  (60mg. 

i n  l 5 m l . )  was added w i t h  s t i r r i n g .  A f t e r  s t i r r i n g  o v e r n i g h t ,  

t h e  t r i a z o l e  ( 89#) was r e c o v e r e d  unchanged ,  

d i i )  The t r i a z o l e  (876mg.) i n  e t h a n o l  (25  m l . )  and p o t a s s i u m  

h y d r o x i d e  s o l u t i o n  ( 600mg. i n  2m l . )  was s t i r r e d  a t  60 °and 

h y d r o x y l a m in e - O - s u lp h o n i c  a c i d  ( l . l g . )  was added i n  s m a l l  

p o r t i o n s .  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  

o v e r n i g h t .  On w o rk -up ,  t h e  t r i a z o l e  (97#) was r e c o v e r e d  

u n c h a n g e d .
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d i i i )  The a t t e m p t e d  a m i n a t i o n  w i t h  h y d r o x y la m in e - O - s u lp h o n ic  

a c i d  was r e p e a t e d  u s in g  sodium m e th o x id e  i n  m e th a n o l .

A g a in ,  t h e  t r i a z o l e  (7&#) was r e c o v e r e d  u n changed .

From l - h y d r o x v n h e n a n t h r o t r i a z o l e

a) P h e n a n th r e n e q u i n o n e  monoxime ( 2 . 2g . )  and t o s y l h y d r a z i d e

( 1 . 9 g O  w ere  r e f l u x e d  i n  e t h a n o l  (2 5 m l . )  and c o n c .  HCl

( 0 . 5 m l . )  f o r  l 5 m in .  The p r e c i p i t a t e  was f i l t e r e d  o f f ,

washed w i t h  h o t  w a te r  ( 50m l . ) ,  h o t  e t h a n o l  ( 50m l . )  and d r i e d ,

t o  g i v e  l - h y d r o x y - 4 , 5 ( 9 , 10- d ) - p h e n a n t h r o - 1 . 2 . 3 - t r i a z o l e  ( 100# ) ,
o

w h i t e  amorphous s o l i d ,  m .p .  275 ( d e c . )  (Found: C, 7 1 . 6 ;

H , 3 . 9 ;  N, 1 8 . 1 ;  by mass s p e c .  235* C,^HgNgO r e q u i r e s :

C, 7 1 . 5 ;  H, 3 . 8 ;  N, 1 7 .9 # ;  m  2 3 5 ) .

i . r . ^ m a x .  2500 (NOH) ; 1625, l 6 l 5  ( a r o m a t i c  u n s a t u r a t i o n ) ;  

1265 ( t r i a z o l e  r i n g ) ;  1140; 1085; 1010; 950; 770, 740cml 

( 1 ,2  d i s u b s t .  b e n z e n e ) .

m /e :  P = 235;  P -0  = 219;  P-HN2 O = 190;  P-CHN3O = 164 .

b) The h y d r o x y t r i a z o l e  (235mg«) was d i s s o l v e d  i n  h y d r a z i n e

h y d r a t e  ( 2m l . )  and b o i l e d  under  r e f l u x  f o r  3d a y s .  The 

s o l u t i o n  was t a k e n  t o  d r y n e s s ,  t h e  r e s i d u e  d i s s o l v e d  i n  

e t h a n o l  ( 1 0 m l . )  and a c i d i f i e d .  F i l t r a t i o n  and w ash ing  gave 

t h e  h y d r o x y t r i a z o l e  ( 97# r e c o v e r y ) .

From 9 - d i a z o p h e n a n t h r e n e q u i n o n e

a) P h e n a n th r e n e q u i n o n e  ( 2 g . )  and t o s y l h y d r a z i d e  ( 1 . 9 g . )



- 58-

were  r e f l u x e d  i n  e t h a n o l  (2 0 m l . )  f o r  lOmin. The s o l u t i o n  

was d i l u t e d  w i t h  w a t e r  ( 1 0 0 m l . ) ,  made s l i g h t l y  b a s i c  

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

and t h e  p r e c i p i t a t e  d r i e d  i n  v a c u o . Chrom atography  on 

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

9 - d i a z o p h e n a n t h r e n e q u i n o n e  ( 5 5 # ) ,  y e l l o w  p l a t e s  from
O 83 o

c y c l o h e x a n e ,  m .p .  106-108  ( l i t .  m .p .  107 -109  ) •

b) The d i a z o k e t o n e  (220mg.)  i n  e t h a n o l  (2 m l . )  and h y d r a z i n e  

h y d r a t e  ( 2 m l . )  was r e f l u x e d  f o r  l 5 m in .  The s o l u t i o n  was 

t a k e n  t o  d r y n e s s  and t h e  r e s i d u e  c r y s t a l l i s e d  from  e t h a n o l -  

w a t e r  t o  g i v e  p h e n a n t h r e n e q u in o n e .

From 4 . 5 - d i p h e n y l t r i a z o l e

A t te m p ts  were  f i r s t  made t o  c o n v e r t  t h e  d i p h e n y l t r i a z o l e  

i n t o  t h e  p h e n a n t h r o t r i a z o l e ,  w i t h  a v iew  t o  e x t e n d in g  

t h e  r e a c t i o n  t o  s u b s t i t u t e d  1 - a m i n o t r i a z o l e s .

a) 4 , 5 - D i p h e n y l - l , 2 , 3 - t r i a z o l e  (200mg.)  was i n t i m a t e l y  

mixed w i t h  an h y d ro u s  a lum in ium  c h l o r i d e  ( 2 g . )  and f u s e d  t o  

a d u l l  r e d  h e a t .  The d i p h e n y l t r i a z o l e  (79#)  was r e c o v e r e d  

u n c h a n g e d .
c t  84

b) The e x p e r i m e n t  was r e p e a t e d  u s i n g  n i t r o b e n z e n e ,  as  s o l v e n t  

and o x i d a n t ,  under  r e f l u x .  The s o l u t i o n  s o l i d i f i e d  t o  a 

deep  r e d  complex which was u n a f f e c t e d  by a c i d s  o r  o r g a n i c  

s o l v e n t s .

c) The t r i a z o l e  (221mg.) was d i s s o l v e d  i n  a c e t i c  a c i d  (10m l. )
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and added t o  p o t a s s i u m  pe rm a n g an a te  (500mg.) i n  a c e t i c  

a c i d  (10ml.)°I^^Tbe s o l u t i o n  was r e f l u x e d  f o r  3 0 m in . ,  t h e n  

p o ured  i n t o  w a t e r  ( 1 0 0 m l . ) .  The d i p h e n y l t r i a z o l e  (92#) was 

r e c o v e r e d  un changed ,

d) The t r i a z o l e  ( 1 . 2 g . )  and i o d i n e  (32mg.)  were  d i s s o l v e d  

i n  c y c lo h e x a n e  (5 0 0m l. )  and p h o t o l y s e d  f o r  2 h r .  w h i l e  a
cf 86

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

t r i a z o l e  (100#) was r e c o v e r e d  u nchanged .
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P r e p a r a t i o n  o f  4 - a m l n o - 3 , 5 - d l p h e n y l - l , 2 , 4 - t r l a z o l e

87
U sing  t h e  l i t e r a t u r e  method,  t h e  f o l l o w i n g  compounds 

were  p r e p a r e d  from  b e n z o n i t r i l e  and h y d r a z i n e  h y d r a t e :

4 - a m i n o - 3 , 5 - d i p h e n y l - l , 2 , 4 - t r i a z o l e ^ ( 4 3 # ) ,  p l a t e s  f rom 

e t h a n o l ,  m .p .  258-260° ( l i t T ^ m . p .  263° )

l . r . ' O m a x .  3 3 6 0 , 3 2 8 0 , 3210 ( N H p ;  163O (0 =®); 7 7 0 , 700cm’.

(m o n o su b s t .  benzen e  r i n g ) .

B e n z y l i d e n e  d e r i v a t i v e ,  n e e d l e s  f rom  e t h a n o l ,  m .p .  208-209° 

( l i t ?  m .p .  207° ) .

l , 2 - d i h y d r o - 3 , 6 - d i p h e n y l - l , 2 , 4 , 5 - t e t r a z i n e  ( 4 6 # ) ,  o r a n g e  

n e e d l e s  f rom e t h a n o l ,  m .p .  189- 190° ( l i t t  m .p .  190- 192° ) .  

I . r . m a x .  3310 (NH); 1655 (C=N) ; 1350;  1110 ( t r i a z o l e  

r i n g ) ;  1 0 6 5 ; 1 0 2 5 ; 9 8 0 ; 8 7 0 ; 7 7 0 , 700 (m o n o su b s t .  b en ze n e  

r i n g ) ; 680cml

N i t r o u s  a c i d  o x i d i s e d  t h e  d i h y d r o t e t r a z i n e  t o  3 , 6 - d i p h e n y l -

1 , 2 , 4 , 5 - t e t r a z i n e  ( 9 3 # ) ,  p u r p l e  n e e d l e s  f rom e t h a n o l -  

w a t e r ,  m .p .  190-192  ( l i t f ^ m . p .  190 - 192° ) ,  and h y d r o c h l o r i c  

a c i d  c o n v e r t e d  i t  i n t o  t h e  a m i n o t r i a z o l e ,  m .p .  and mixed

m .p .  258- 260°.
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O x i d a t i o n  o f  4 - a m l n o - l , 5 - d l p h e n y l - l , 2 , 4 - t r l a z o l e

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

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

s o l u t i o n  was f i l t e r e d  and made u p to  25ml.

G . l . c .  on p o l y e t h y l e n e g l y c o l - c e l i t e :  r e t e n t i o n  t i m e ,  3niin.

7 s e c . ;  a u t h e n t i c  PhCN 3min.  7 * 5 s e c . ;  m i x t u r e  3min.  7 * ? s e c . ;  . 

e s t i m a t e d  y i e l d  97#.

G . l . c .  on a p ie z o n  L-ch rom osorb  P: r e t e n t i o n  t i m e ,  2min.  2 5 s e c .  

a u t h e n t i c  PhCN and m i x t u r e ,  2min. 2 5 s e c . ;  e s t i m a t e d  y i e l d  

97#.
i . r .  (CHgCl^ )A)max. 3040 (OH); 2240 (C^N); 1720 ( 0 = 0 ) ;

1500 ,  1455;  1300 (C-0)  ; 7 65 ,  695cm’. (m o n o su b s t .  b e n z e n e  r i n g ) .
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M i s c e l l a n e o u s  R e a c t i o n s

D e a m in a t io n  o f  l - a m i n o - 4 , 5 - d l p h e n y l - 1 . 2 . 3 - t r l a z o l e

Sodium n i t r i t e  ( 0 . 7 g . )  i n  w a t e r  ( 5 m l . )  was added d ro p w ise  

w i t h  s t i r r i n g  t o  t h e  1 - a m i n o t r i a z o l e  ( 2 . 4 g . )  i n  a c e t i c  a c i d  

( 2 0 m l . )  c o o le d  i n  an i c e  b a t h .  The s o l u t i o n  was s t i r r e d  

f o r  I h r . ,  d i l u t e d  w i t h  w a t e r  (1 0 0 m l . )  and 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  and d r i e d .  C r y s t a l l i s a t i o n  f rom  b e n z e n e -  

p e t r o l  ( 1 : 4 )  a f f o r d e d  4 , 5 - d i p h e n y l t r i a z o l e  ( 9 7 # ) ,  m .p .  135-  

137° ( l i t ? m . p .  138°)  (Found: C, 7 5 . 7 ;  H ,  5 . 1 ;  N, 1 9 . 4 .  

C a l c ,  f o r  C, 7 6 . 0 ;  H, 5 . 0 ;  N, 1 9 . 0 ^ ) .

i . r . l j m a z .  c e n t r e d  on 3000 ( v .  b r o a d )  ( t r i a z o l e  NH); I 6 l 0  

( 0 = 0 ) ;  1590 (N=N) ; 1190 ( t r i a z o l e  r i n g ) ;  1010;  990 ; 7 7 0 ,  

7 00 -6 8 0  (m o n o su b s t .  b e n ze n e  r i n g )  cml

A m in a t io n  o f  4 . 5 - d i p h e n y l - 1 . 2 . 3 - t r l a z o l e

i )  Sodium h y d r i d e  ( 0 . 3 g . )  was added t o  t h e  t r i a z o l e  ( 2 . 2 g . )

i n  b e n z e n e  (10 m l . )  under  r e f l u x  f o r  I h r .  E t h e r e a l
81

c h lo r a m i n e  s o l u t i o n  ( 0 . 6 g .  i n  l 5 m l . )  was added t o  t h e  c o ld  

s u s p e n s i o n  w i t h  s t i r r i n g ,  and t h e  whole  s t i r r e d  f o r  1 2 h r .

The s o l v e n t s  were  removed and t h e  r e s i d u e  c h ro m a tog raph ed  

on s i l i c a ,  w i t h  e t h e r  a s  e l u a n t ,  t o  g i v e  l - a m i n o - 4 , 5 -  

d i p h e n y l - l , 2 , 3 - t r i a z o l e  ( 8 0 # ) ,  m .p .  and mixed m .p .  133-134° 

( l i t l ® m . p .  135°)

i i )  The t r i a z o l e  ( 2 . 2 g . )  was d i s s o l v e d  i n  warm sodium
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h y d r o x i d e  s o l u t i o n  ( I g .  i n  2 0 m l . ) .  On c o o l i n g ,  c o l o u r l e s s  

p l a t e s  c r y s t a l l i s e d  o u t  o f  s o l u t i o n .  F i l t r a t i o n ,  w ash ing  

w i t h  e t h a n o l  and d r y i n g  i n  vacuo  a f f o r d e d  t h e  h y d r a t e d  

sodium s a l t  o f  d i p h e n y l t r i a z o l e ,  m . p . ^ 3 0 0 ° ,  (Found: C, 6 4 . 5 ;  

H, 4 . 7 .  C^H^NaN^O r e q u i r e s :  C, 6 4 . 4 ;  H, 4 . 6 # ) .

i . r . \ 3 m a x .  3620 ,  3480 ,  3350 ,  3000 ( v .  b ro a d )  (OH and NH);

1610 (C=C); 1510;  1255 ( t r i a z o l e  r i n g ) ;  1175;  1090;  990;

920;  7 6 5 , 705  cml (m o n o su b s t .  b e n z e n e  r i n g ) .

The s a l t  r e d i s s o l v e d  on warming.  H y d r o x y la m in e - O -s u lp h o n ic  

ac id®^(2 .4g .)  was added i n  p o r t i o n s  t o  t h e  s o l u t i o n  a t  60°  

w i t h  s t i r r i n g  o v e r  I h r .  C hrom atography  on s i l i c a  a f f o r d e d  

t h e  t r i a z o l e  ( 87#) u nchanged .

A t tem p ted  n i t r o s a t i o n  o f  4 . 5 - d i p h e n v l - 1 . 2 . 3 - t r i a z o l e

Sodium h y d r i d e  ( 0 . 3 g . )  was added t o  t h e  t r i a z o l e  ( 2 . 2 g . )  

u n d e r  r e f l u x  i n  b e n ze n e  ( 1 0 m l . ) .  isoAmyl n i t r i t e  ( l . Ç g . )  

was added and t h e  s o l u t i o n  s t i r r e d  f o r  2 h r .  A n a l y s i s  ( t . l . c . )  

showed t h e  p a r e n t  t r i a z o l e  u n r e a c t e d .  A f t e r  r e f l u x i n g  f o r  

1 2 h r . ,  c h ro m a to g r a p h ic  w ork -up  a f f o r d e d  t h e  unchanged 

t r i a z o l e  ( 9 8 # ) .

A s i m i l a r  e x p e r im e n t  w i t h  e t h y l  n i t r a t e  a l s o  f a i l e d .

4 , 5 - D i p h e n v l - 1 . 2 , 3 - t r i a z o l e  w i t h  A n e e l i ' s  s a l t

A n g e l i ' s  s a l t  ( 2 g . )  was added t o  d i p h e n y l t r i a z o l e  ( 2 . 2 g . )  

i n  a c e t i c  a c i d  (1 0 m l . )  w i t h  s t i r r i n g  a t  room t e m p e r a t u r e .
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No n i t r o g e n  was e v o lv e d ,  and c h r o m a to g r a p h ic  w ork-up  

a f f o r d e d  t h e  d i p h e n y l t r i a z o l e  (88#) unchang ed .

The same e x p e r im e n t  w i t h  3 , 5 - d i p h e n y l - l , 2 , 4 - t r i a z o l e  

a l s o  f a i l e d .

A t tem p ted  p r e p a r a t i o n  o f  4 . 5 - d i m e t h v l - 1 . 2 . 3 - t r i a z o l e

D i a c e t y l - b i s - h y d r a z o n e  (6 .5 g . )  was p y r o l y s e d  a t  1 70 ° f o r  

3 h r .  The p o l y m e r i c  r e s i d u e  was e x t r a c t e d  w i t h  e t h a n o l .  No 

t r i a z o l e  was f o u n d ,  c o n t r a r y  t o  t h e  r e p o r t  by B oyer  

B e n z i l - b i s - h y d r a z o n e  under  t h e  same c o n d i t i o n s  a f f o r d s
89b e n z y l p h e n y l k e t a z i n e .

P r e p a r a t i o n  o f  b e n z o t r i a z o l e - l - c a r b o x a m i d e

P o t a s s i u m  c y a n a t e  ( 1 2 . I g . )  was added p o r t i o n w i s e  t o  

b e n z o t r i a z o l e  ( 1 1 . 9 g . )  i n  a c e t i c  a c i d  ( 7 5 m l . ) ,  w i t h  s t i r r i n g  

f o r  I h r .  The p r e c i p i t a t e  was f i l t e r e d  o f f  and d r i e d .  

C r y s t a l l i s a t i o n  f rom e t h a n o l  a f f o r d e d  1 - c a r b o x a m id o -  

b e n z o t r i a z o l e  ( 8 8 # ) ,  s t o u t  r o d s ,  m .p .  l 5 0 ° ( d e c . )  ( l it^ .*^m.p. 

g r a d u a l  d e c o m p o s i t i o n  above 130°)

I . r .  a) max. 3320, 3220, 3140 (N H ,) ;  1735 (0 = 0 ); 1600 (a rom . 

u n s a t u r a t i o n ) ;  1235 ( t r i a z o l e  r i n g ) ;  1045; 920 ; 780, 745, 

720cml (1 ,2  d i s u b s t .  b e n z e n e ) .

An a n a lo g u o u s  compound was made f rom 4 , Ç - d i p h e n y l t r i a z o l e ,  

m .p .  g r a d u a l  d e c o m p o s i t i o n  above 120I

i . r . \ ) m a x .  3440 , 3260  (NĤ  ) ; 1775 ,  1730 (0 =0 ) ;  l 6 8 5  (a rom .
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u n s a t u r a t i o n ) ; 1565 (N=N); 1235 ( t r i a z o l e  r i n g ) ;  970;

7 6 0 , 685cml (m o n o su b s t .  b e n z e n e ) .

On r e c r y s t a l l i s a t i o n  f rom  e t h a n o l ,  t h e  compound decomposed 

t o  t h e  p a r e n t  t r i a z o l e .

B e n z o t r i a z o l e - l - c a r b o x a m i d e  was u n a f f e c t e d  by  l e a d  

t e t r a a c e t a t e  i n  t o l u e n e  u n d e r  r e f l u x ,  n o r  d id  i t  undergo  

a Hofmann r e a r r a n g e m e n t  w i t h  sodium h y p o c h l o r i t e  i n  

sodium h y d r o x i d e  s o l u t i o n .
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D i s c u s s i o n

56
Forew ord

I t  has  been  r e p o r t e d  t h a t  t h e  o x i d a t i o n  o f  I - a m i n o -  

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

i n t e r m e d i a t e ,  b e n z y n e ,  i n  h ig h  y i e l d .  T h i s  benzyne  has  

t h e  r e m a r k a b l e  p r o p e r t y  o f  r e a d i l y  d i m e r i s i n g ,  u n l i k e
57 ,5 8

b en zy n e  g e n e r a t e d  by o t h e r  m e th o d s ,  t o  g i v e  b i p h e n y l e n e  

i n  h ig h  y i e l d .

T h i s  prompted  an i n v e s t i g a t i o n  c o n c e rn e d  f i r s t l y  w i t h  

a d e t a i l e d  s t u d y  o f  t h i s  o x i d a t i o n  and s e c o n d l y  w i t h  i t s  

e x t e n s i o n  t o  i n c l u d e  o t h e r  a l k y n e s ,  b o th  c y c l i c  and a c y c l i c .

A t t e n t i o n  was f i r s t  f o c u s s e d  on t h e  p r e p a r a t i o n  and 

o x i d a t i o n  o f  l - a m i n o - 4 , 5 - d i p h e n y l - l , 2 , 3 - t r i a z o l e  (2) 

which  i s  c l o s e l y  r e l a t e d  t o  ( 1 ) ,  b u t  i t s  c o r r e s p o n d i n g  

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

compound and would n o t  have  t o  be  " t r a p p e d "  l i k e  b e n z y n e .

NK

Pb(OAc)^
■>

(1)

NH

(2 )

Pb(OAc),

CcH.
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P r e p a r a t l o n  o f  l - a m l n o - 4 , 5 ~ d l p h e n y l - 1 . 2 , 3 ~ t r l a z o l e .

1 .  From b e n z l l - b l s - b e n z o y l h y d r a z o n e .

l - A m i n o - l , 2 , 3 - t r i a z o l e s  were  f i r s t  p r e p a r e d  by von 

Pechmann^ln  1900 and S t o l l é ^ ï n  1904 .  B o th  used t h e  same 

s y n t h e t i c  r o u t e ,  s t a r t i n g  f rom  1 , 2 - d i k e t o  compounds. The 

b i s - b e n z o y l  h y d ra z o n e s  were  r e a d i l y  p r e p a r e d  and o x i d i s e d  

i n  a v a r i e t y  o f  ways t o  " d i b e n z o y l - v - t e t r a z i n e s "  (3) 

which  were  h y d r o l y s e d  t o  t h e  amino t r i a z o l e s ,  a s  d e s c r i b e d  

i n  t h e  E x p e r i m e n t a l  s e c t i o n .  Both  w o r k e r s  i n i t i a l l y  

d e s c r i b e d  a m i n o t r i a z o l e s  a s  " d i h y d r o - v - t e t r a z i n e s "  ( 4 ) ,  

b u t  S t o l l e  changed t h i s  t o  a 2 - a m i n o t r i a z o l e  s t r u c t u r ^ ^ ( 5 ) ,
91

b e f o r e  f i n a l l y  p r o p o s i n g  t h e  c o r r e c t  s t r u c t u r e  (2)  i n  1926 .

V % H ,

R. ^N -N H C O C ^H g R,

R ^ N - N H C O C g H g
■>

N-^-^CO CgH g

F K ^ N '^ ^ ^ C O C g H g

(3)

The " v - t e t r a z i n e s "  have  been  t h e  s u b j e c t  o f  much (5)

d i s c u s s i o n .  A le x an d ro u ^ h as  p ro p o se d  an e n o l b e n z o a t e  

s t r u c t u r e  (6)  f o r  ( 3 ) ,  on t h e  b a s i s  o f  t h e  r e a d y  h y d r o l y s i s  

o f  one b e n z o y l  g rou p  f o l lo w e d  by  t h e  more d i f f i c u l t  

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

(6 )  a r e  i n  c o m p le te  ag re em e n t  w i t h  t h i s  s t r u c t u r e .
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Ffv^N“ NHCOC^Hg R ' y N

fA n- n h c o Cs Hs  rA | I  o c o o h .
N=cf ^  ^  NH2

( 6 ) (2 )

93
However,  K a t r i t z k y  f a v o u r s  a z w i t t e r i o n i c  s t r u c t u r e

(7) f o r  ( 3 ) .  C hem ica l  and s p e c t r a l  e v id e n c e  q u o ted  by 

K a t r i t z k y  i s  a l s o  i n  a g reem en t  w i t h  t h i s  s t r u c t u r e .  

K a t r i t z k y  p r o p o s e s  t h a t  on p y r o l y s i s ,  a 1 , 3  b e n z o y l  

m i g r a t i o n  o c c u r s  t o  g i v e  t h e  1- d i b e n z o y l a m i d o t r i a z o l e
91

( 8 ) r e p o r t e d  by  S t o l l e  a s  t h e  p r o d u c t  o f  t h i s  r e a c t i o n .  

B e n z o y l a t i o n  o f  t h e  b e n z o y l a m i d o t r i a z o l e  a f f o r d s  an 

i d e n t i c a l  compound.

( 7 ) (8 )
R>

4 - C 0 C , H ^  \  J . (CO C^H ÿ2

94
Gibson and Murray  showed t h a t  t r im e t h y l a m i n e - b e n z i m i d o

( 9 ) ,  which h a s  an a n a lo g o u s  Z w i t t e r i o n i c  s t r u c t u r e ,  

decomposes a t  l 8 5 ° i n t o  t r i m e t h y lam in e  and p h e n y l i s o c y a n a t e .

N— fif(Mc)3 -----^  Ndvle)^ +  ^
O O

( 9 )
93

The s t r u c t u r e  p rop o se d  by K a t r i t z k y  s h o u l d ,  by a n a l o g y ,  

y i e l d  p h e n y l i s o c y a n a t e  and 2- b e n z o y l - l , 2 , 3 - t r i a z o l e  ( 10 ) ,  

on p y r o l y s i s .
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(7}

— C O C q H^

(1 0 ) C6H^N=C” 0

The f a c t  t h a t  t h i s  does  n o t  o c c u r  s u g g e s t s  t h i s  s t r u c t u r e  

i s  l e s s  l i k e l y  t o  be  c o r r e c t  t h a n  t h e  e n o l b e n z o a t e  ( 6 ) 

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

2 .  From b e n z i l - b i s - t o l u e n e - p - s u l p h o n y l h y d r a z o n e .

Bamford and S tevens \^  i n  1952,  p r e p a r e d  a number o f  

t o l u e n e - ^ - s u l p h o n y l a m i d o t r i a z o l e s  ( 11 ) by t r e a t i n g  1 , 2 -  

b i s - t o s y l h y d r a z o n e s  w i t h  p o t a s s i u m  h y d r o x id e  i n  e t h y l e n e  

g l y c o l .  T hese  were  s u f f i c i e n t l y  s t a b l e  t o  r e s i s t  t h e  b a s e  

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

d e v e lo p ed  by  C a r p in o 7  Sodium e t h o x i d e ,  however ,  was shown^ 

t o  decompose t h e  b i s - t o s y l h y d r a z o n e s  r a p i d l y  t h r o u g h  t o  

t h e  a c e t y l e n e s .

R' NaOEt
------>

Î
Rv^ N —

The r e a r r a n g e m e n t  o f  a b i s - t o s y l h y d r a z o n e  t o  a t o s y l -  

a m i d o t r i a z o l e  i s  a l s o  a c c o m p l i sh e d  by a c i d  c a t a l y s i s ,  a s  

d e m o n s t r a t e d  by  W i t t i g T  H ere  t h e r e  i s  no p rob lem  o f  

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

u s u a l l y  h i g h e r .
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R ^ N - N  H S OgC 6  M e R

N— N H SO2C ght^M e-J2
(11) l^l-ISOgCgH^Mejg 

T h i s  i s  a g e n e r a l  r e a c t i o n ,  h a v in g  been  a p p l i e d  t o
51

c y c l i c  a s  w e l l  a s  a c y c l i c  1 , 2- b i s - t o s y l h y d r a z o n e s .

A c e t i c  a c i d  w i l l  a c c o m p l i sh  t h e  r e a c t i o n  f o r  c y c l i c  compounds, 

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

f o r  t h e  a c y c l i c  compounds.

3* From b e n z i l - b i s - h y d r a z o n e .

The o x i d a t i o n  o f  b e n z i l - b i s - h y d r a z o n e  w i t h  m e r c u r i c
54

o x i d e  h as  b e en  shown t o  g i v e  t o l a n  i n  h ig h  y i e l d .  S i n c e  

t h e  1- a m i n o t r i a z o l e  ( 2 ) is, i n e r t  t o  m e r c u r i c  o x i d e ,  t h i s  

c a n n o t  be an i n t e r m e d i a t e  i n  t h e  o x i d a t i o n .

NH2

T h is  i s  i n  s h a r p  c o n t r a s t  t o  t h e  c y c l i c - b i s - h y d r a z o n e s

t o  be  d i s c u s s e d  l a t e r .  Manganese d i o x i d e  a l s o  o x i d i s e s
95t h i s  b i s - h y d r a z o n e  q u a n t i t a t i v e l y  t o  t o l a n .

S e le n iu m  d i o x i d e ,  how ever ,  o x i d i s e s  t h e  b i s - h y d r a z o n e  

t o  t h e  1 - a m i n o t r i a z o l e  ( 2 ) which i s  t h e n  i n e r t  t o  f u r t h e r  

o x i d a t i o n  u n d e r  t h e  e x p e r i m e n t a l  c o n d i t i o n s .  T o lan  (9^)
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i s  p roduced  p resu m ab ly  by f u r t h e r  o x i d a t i o n  b e f o r e  r i n g  

c l o s u r e  o ccu rs*

C g H ^ N T - N H s N—NH
h r >

CgHg , ,

■>

T h is  t y p e  o f  r e a c t i o n  has  been  r e p o r t e d  o n ly  once
96 /

p r e v i o u s l y .  Weygand and S ie b en m ark  found  t h a t  2 , 2 -  

d i m e t h o x y b e n z i l - b i s - h y d r a z o n e  ( 1 2 ) ,  on o x i d a t i o n  w i t h  

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

b u t  a r e a s o n a b l e  y i e l d  o f  t h e  1 - a m i n o t r i a z o l e  (13) which 

t h e y  w ro n g ly  d e s c r i b e d  a s  a d i h y d r o - v - t e t r a z i n e .

^1^2 H gO  

o M eO  C H - ^ N —NHg

Q-MeO-C^H^-C^C 

> +
-CLhJj-OMc-o

(12)

NH2

(13)
OC0H^

When one h y d razo ne  f u n c t i o n  i s  s u b s t i t u t e d  w i t h  a 

t o s y l  g ro u p ,  a c i d  c a t a l y s e d  l o s s  o f  t o l u e n e - p - s u l p h i n i c  

a c i d  g e n e r a t e s  a d i a z o  g ro u p  n e x t  t o  t h e  h y d r a z o n e ;  

t h i s  r i n g  c l o s e s  t o  fo rm  a 1 - a m i n o t r i a z o l e  ( 2 ) .

CghWN-NHS02C^H4-CH3-^

C^Hg-^-N-NH2

( 2 )
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4 .  From o Ç -Pheny lazoace tophenone

The f i n a l  a t t e m p t e d  p r e p a r a t i o n  o f  l - a m i n o - 4 , 5 - d i p h e n y l -  

1 , 2 , 3 - t r i a z o l e  ( 2 ) was by i n t r o d u c i n g  t h e  hy d raz o n e  f u n c t i o n  

a f t e r  f o r m a t i o n  o f  t h e  d i a z o  g r o u p .  The d i a z o k e t o n e ,  

h ow ever ,  i s  n o t  s u f f i c i e n t l y  r e a c t i v e  t o  con d en se  w i t h  

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

g e n e r a t i o n  o f  d i p h e n y l  k e t e n e  ( 1 4 ) .  T h i s  t h e n  r e a c t s  w i t h  

h y d r a z i n e  t o  form t h e  a c i d  h y d r a z i d e  ( 1 5 ) .

b=c=o

(14)

\ h - ■NHNH.

(15)

N - N K
9 7

A r e l a t e d  r e a c t i o n  i s  r e p o r t e d  by S c h m itz  f o r  t h e  

c y c l i c  azo  compound ( l 6 ) . At room t e m p e r a t u r e s  i t  l o s e s  

n i t r o g e n  t o  form a k e t e n e  ( 17 ) which  t h e n  r e a c t s  w i t h  

h y d r a z i n e ,  b u t  a t  low er  t e m p e r a t u r e s  i t  w i l l  con d ense  w i t h  

h y d r a z i n e  t o  form t h e  1- a m i n o t r i a z o l e  ( 18 ) •

H2
( 1 6 )( 1 8 )

2 5

N2 H4 H2O

8
—  NHNH/
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O x l d a t l o n  o f  l - a m l n o - 4 , 5 - d l D b e n y l - l , 2 , 3 - t r i a z o l e .

The r e a c t i o n  o f  t h e  1 - a m i n o t r i a z o l e  (2)  w i t h  s e v e r a l  

o x i d a n t s  was s t u d i e d .  I t  was u n a f f e c t e d  by p o t a s s i u m  

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

sodium p e r b o r a t e  and m e r c u r i c  o x i d e  f rom  room t e m p e r a t u r e  

u p to  r e f l u x  in  s o l v e n t s  such a s  b e n z e n e .

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

i o d o d i a c e t a t e  a l l  gave t o l a n  i n  h ig h  y i e l d .  A r e a s o n a b l e  

mechanism f o r  t h e s e  o x i d a t i o n s  i n v o l v e s  two s ix -m em bered  

c y c l i c  t r a n s i t i o n  s t a t e s  ( 19 ) and ( 2 0 ) .

(19)
R

(a)  M = Pb;  X = (OCOŒ^)^ ; R = -CH3

(b)  M = Pb;  X = (OCOCHMe^;^; R = CBMê

(c )  N = I ;  X = CgH^; R = CH3

An a l t e r n a t i v e  mechanism h as  been  proposed^%o e x p l a i n  

t h e  r e a d y  d i m é r i s a t i o n  o f  benzyne  g e n e r a t e d  by 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 m i n o b e n z o t r i a z o l e .  T h i s  

i n v o l v e s  t h e  i n i t i a l  a t t a c k  o f  t h e  o x i d a n t  on two m o le c u le s  

o f  t h e  a m i n o t r i a z o l e .  The b r i d g e d  i n t e r m e d i a t e  (21)  on 

f u r t h e r  o x i d a t i o n  sh o u ld  t h e n  y i e l d  two m o le c u l e s  o f
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t e n z y n e  I n  c l o s e  p r o x i m i t y ,  which  may d i m e r i s e .

■> +  4N,

/  \  
A c O  OAc

( 21) ( 2 2 )

However ,  p h e n y l  i o d o d i a c e t a t e  i s  e q u a l l y  c a p a b l e  o f  

p e r f o r m i n g  t h e  same r e a c t i o n ;  b u t  no b i p h e n y l e n e  (22)
5 8

i s  found  i n  t h i s  o x i d a t i o n ,  though  t h e  2-amino isom er  (23)
6 0

i s  o x i d i s e d  q u a n t i t a t i v e l y  t o  c i s , c i s - m u c o n o d i n i t r i l e  ( 2 4 ) .

OAc H

■>

( 2 2 )

Yl—NH, 

(23)

CgH^l(OAc) N

I- C -
(24 )

I t  would a p p e a r  t h a t  t h e  l e a d  s a l t  i s  a f f e c t i n g  t h e  

c o u r s e  o f  t h e  r e a c t i o n  i n  some o t h e r  way.  One p o s s i b i l i t y  

i s  t h a t  a b e n z y n e - l e a d - b e n z y n e  complex (25) i s  formed i n  

s o l u t i o n .  The two benzyne  m o le c u l e s  h e ld  i n  c l o s e  p r o x i m i t y  

i n  t h i s  way may t h e n  d i m e r i s e .

+ +

( 2 5 )

■> +  Pb

( 2 2 )
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A r e l a t e d  b e n z y n e - s i l v e r  complex h a s  been  r e p o r t e d ,  and 

t h e  e f f e c t  o f  t h e  s i l v e r  i o n  on t h e  c o u r s e  o f  benzyne
9 8

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

P h e n y l  i o d o d i c h l o r i d e  may o x i d i s e  t h e  a m i n o t r i a z o l e  

by  t h e  i n t e r m e d i a c y  o f  a s ix-m em bered  c y c l i c  t r a n s i t i o n  

s t a t e  ( 26 ) ,  o n l y  by t h e  s i m u l t a n e o u s  rem ova l  o f  b o th  

h y d ro g e n s  from t h e  am ine .

( 2 6 )

Q6

The t o l a n  i n i t i a l l y  formed i s  t h e n  a t t a c k e d  by a n o t h e r  

m o le c u l e  o f  o x i d a n t  t o  fo rm  t r a n s - d i c h l o r o s t i l b e n e .

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

o f  t h e  1 - a m i n o t r i a z o l e  to w a rd s  v a r i o u s  m e t a l  o x i d e s .

T h u s ,  m e r c u r i c  o x i d e  has  no e f f e c t  on t h e  am ine ,  and l e a d  . 

d i o x i d e  v e r y  l i t t l e .  A c t iv e  l e a d  d i o x i d ë ^ p r o d u c e s  t h e  

p a r e n t  t r i a z o l e  ( 2 7 ) ,  p r e s u m a b ly  v i a  a t e t r a z e n e  ( 2 8 ) .

■>

( 2 8 )

H

( 2 7 )

6  " 5
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23
A c t i v e  manganes d i o x i d e ,  however ,  p r o d u c e s  t o l a n  i n  h ig h  

y i e l d ,  th o u g h  i t  does  n o t  fo rm  b i p h e n y l e n e  f rom  1 -am in o -  

b e n z o t r i a z o l e f  ^

N -B ro m o succ in im id e  o x i d e s ^ t h e  a m i n o t r i a z o l e  by a f r e e  

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

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

by t h e  f o l l o w i n g  scheme.

NBS — > Br* + S*

-NHg + Br« '—^  HBr + -NH*

HBr + NBS "— >  SH + Br^

Br^ + —NH • —^  Br • + -NHBr 

The new N-bromocompound (29) t h e n  s p o n t a n e o u s l y  l o s e s  

h yd ro g en  b ro m id e ,  a f f o r d i n g  t h e  n i t r e n e  which l o s e s  

n i t r o g e n  a s  b e f o r e .
C«H

(29 )
Br

CgH,

The c h a i n  may be t e r m i n a t e d  by t h e  a c e t y l e n e  removing 

a b rom ine  m o le c u l e  o r  r a d i c a l ,  t o  g i v e  t r a n s - d ib ro m o -  

s t i l b e n e ,  t h e  o b s e r v e d  p r o d u c t .

The o x i d a t i o n  o f  t h e  a m i n o t r i a z o l e  w i t h  s e l e n iu m  

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

No r e a c t i o n  o c c u r s  i n  b en zen e  unde r  r e f l u x ,  b u t  t h e  

r e a c t i o n  p r o c e e d s  e x p l o s i v e l y  when t h e  two s o l i d s  a r e
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h e a t e d  t o  t h e  m e l t i n g  p o i n t  o f  t h e  amine (135°)*  The 

r e a c t i o n  i s  c o n t r o l l a b l e  i n  c h lo r o b e n z e n e  under  r e f l u x  ( 1 3 4 ° ) ,  

and t o l a n  i s  p roduced  i n  h ig h  y i e l d .  An unknown, h ig h  

m e l t i n g  s o l i d  i s  a l s o  p roduced  which was n o t  c h a r a c t e r i s e d  

s i n c e  i t  a p p e a re d  t o  be s e m i - p o l y m e r i c .
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P r e p a r a t l o n  o f  l - a m l n o - 4 ^ ^ - d l m e t h y l - 1 ^ 2 , . l - t r l a z o l e .

U s ing  t h e  s y n t h e t i c  r o u t e  d e s c r i b e d  f o r  t h e  d i p h e n y l
47

a n a l o g u e ,  von Pechmann p r e p a r e d  t h i s  compound from

d i a c e t y l - b i s - b e n z o y l h y d r a z o n e .  Our p r e p a r a t i o n  from

d i a c e t y l - b i s - h y d r a z o n e  p ro c e e d e d  i n  v e r y  low y i e l d  i n

c o ld  m e t h a n o l ,  and n o t  a t  a l l  i n  e t h a n o l  o r  w a t e r ,  o r

w here  h e a t i n g  was employed.  I n  t h e s e  c a s e s ,  a y e l l o w

polym er  was t h e  o n l y  p r o d u c t .  I n  t h e  s u c c e s s f u l  p r e p a r a t i o n ,

t h e  m ajo r  p r o d u c t  was l , l ’ - b i s  ( 4 , 5 - d i m e t h y l t r i a z o l y l )  ( 3 0 ) .

T h i s  s t r u c t u r e  was a s s i g n e d  from a c o n s i d e r a t i o n  o f  t h e

a n a l y s i s  and s p e c t r a l  d a t a .  Two n o n - e q u i v a l e n t  m e th y l

g ro u p s  ( a : b  = 1 : 1 )  were  shown t o  be p r e s e n t  i n  t h e  p . m . r . ,

and t h e s e  were  t h e  o n ly  p r o t o n s  p r e s e n t  i n  t h e  m o le c u l e .

I f  t h e  t r i a z o l e  r i n g s  were l i n k e d  1 -2  ( 3 1 ) ,  t h e n  t h e r e

would be t h r e e  t y p e s  o f  m e th y l  g r o u p s ,  ( a : b : c  = 1 : 1 : 2 )

and a 2 -2  l i n k a g e  ( 3 2 ) would r e s u l t  i n  o n l y  one t y p e  o f

m e th y l  g roup  (c )  . (c) (c)
Me Me

(a )  Me(a)M

( b) Me(b)M

Me (b)

Me Me 
(c) (c)

( 3 0 )  (31)

Me Me
(c)  (c)
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The m o le c u l a r  io n  (P) was n o t  o b s e r v e d  i n  t h e  mass 

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

n i t r o g e n  which h as  been  r e p o r t e d  f o r  t h e  c o r r e s p o n d i n g
59

1 , 1 - d i b e n z o t r i a z o l y l  ( 3 4 ) .

T  \  ( 3 0 )  A  I  .
M g ' ' ' ! /   ^

Me

A

( 3 4 )

Mass s p e c t r a l  f r a g m e n t a t i o n  g e n e r a t e s  t h e  2 , 3 , Ç-6-  

t e t r a m e t h y l - l , 3 a , 4 , 6 a - t e t r a a z a p e n t a l e n e  ( 3 3 ) ,  which i s  

t h e  p eak  o f  h i g h e s t  m/e seen  i n  t h e  mass s p e c t r u m .  The 

r e m a in d e r  o f  t h e  breakdown p a t t e r n  i s  d e r i v e d  f rom  t h e  

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

The 1 , 1 - b i s  ( 4 , 5 - d i m e t h y l t r i a z o l y l )  (30) may p o s s i b l y  

be formed from d i a c e t y l - b i s - h y d r a z o n e  by t h e  f o l l o w i n g  

r e a c t i o n  s e q u e n c e .

M«YN-NH2 SeO g

M e ^ N ^ N H 2M e ^ N —NH

NH
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NH.
M

Me-

Me-

I^H2 
r ^ / M c

Me
T h r i

H

M e \ ^ M

y / M e

S e 0 2

Me

MeMe

Me

( 3 0 )

Many o t h e r  r e a c t i o n  s e q u e n c e s  may a l s o  be invoked  t o  

e x p l a i n  t h i s  n o v e l  r e a c t i o n .
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O x i d a t l o n  o f  l - a m l n o - 4 , ^ - d l m e t b y l - l % 2 , 3 ~ t r l a z o l e

The o x i d a t i o n  o f  t h i s  compound by b rom ine  was r e p o r t e d
47

by von Pechmann t o  g i v e  2 , 2 , 3 , 3 - t e t r a b r o m o b u t a n e .  T h i s  i s  

i n  c o m ple te  a g reem en t  w i t h  our  r e s u l t s .  The o x i d a t i o n  

p r o c e e d s  i n  t h e  same way a s  t h e  d i p h e n y l  a n a lo g u e  w i t h  l e a d  

t e t r a a c e t a t e  and NBS; t h e  n i t r e n e  i n i t i a l l y  g e n e r a t e d  (3 6 ) 

f r a g m e n t i n g  t o  form d i m e t h y l a c e t y l e n e  which  t h e n  adds  

b r o m in e .  ^

^ I
(35) ^  'I (36 )  Y

NH2 ;N: Br

99
W i l l e y  r e p o r t e d  t h a t  d i m e t h y l a c e t y l e n e  p roduced  by t h e  

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  o f  t h e  t o s y l a m i d o t r i a z o l e  

c o u ld  be  t r a p p e d  w i t h  t e t r a c y c l o n e  (2%) i n  t h e  c o l d .  Our 

r e s u l t s  gave no e v id e n c e  o f  t h i s  r e a c t i o n ,  s i n c e  no 1 , 2-  

d i m e t h y l - 3 , 4 , $ , 6 - t e t r a p h e n y l b e n z e n e  ( 3 7 ) was i s o l a t e d .
ryle

I
Me

+ -+ CO

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

t e t r a a c e t a t e  gave t h e  same r e s u l t s  a s  t h e  a m i n o t r i a z o l e ,  

p r o d u c i n g  d i m e t h y l a c e t y l e n e  which was t r a p p e d  w i t h  b rom ine

( 80^ ^ .
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P r e p a r a t i o n  o f  l - a m i n o - 4 , 5 - t e t r a m e t h y l e n e - l , 2 , l - t r i a z o l e

51
W i t t i g  and h i s  c o l l e a g u e s  have o x i d i s e d  a number o f

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

t h e i r  s t u d y ,  t h e y  d i s c o v e r e d  t h a t  c y c l o h e x a n - l , 2 - d i o n e -

b i s - h y d r a z o n e  ( 3 8 ) was o x i d i s e d  by m e r c u r i c  o x id e  i n

b o i l i n g  b en zen e  i n  low y i e l d  t o  c y c lo h e x y n e ,  b u t  i n  f a i r

y i e l d  t o  t h e  c o r r e s p o n d i n g  l - a m i n o t r i a z o l e ^ \ 3 9 ) • The

l a t t e r  was i n e r t  t o  m e r c u r i c  o x i d e .
4- — 4- —

œ NH2 HgO HgO ^

NH2 —NH2

( 3 8 )

NH
( 3 9 )

The b i s - h y d r a z o n e  i s  t h e r m a l l y  u n s t a b l e  and r e a d i l y  

l o s e s  n i t r o g e n  i n  r e f l u x i n g  b e n z e n e .  T h u s ,  by  u s i n g  

W i t t i g s  method b u t  k e ep in g  t h e  t e m p e r a t u r e  a t  5-10°  t h e  

a m i n o t r i a z o l e  was p r e p a r e d  i n  good y i e l d  i n  b e n z e n e .
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O x i d a t i o n  o f  l - a m l n o - 4 , S - t e t r & m e t h y l e n e - l , 2 , 3 - t r l a z o l e

The o x i d a t i o n  o f  t h e  1 - a m i n o t r i a z o l e  (39) w i t h  l e a d  

t e t r a a c e t a t e  g e n e r a t e d  c y c lo h e x y n e  (40) a s  shown by t h e  

i s o l a t i o n  o f  t h e  p r o d u c t  (21^) o f  i t s  r e a c t i o n  w i t h  t e t r a 

c y c l o n e ,  l , 2 , 3 , 4 - t e t r a h y d r o - < , 6 , 7 , 8 - t e t r a p h e n y l n a p h t h a l e n e  

( 4 1 ) .

r \ TC

(41)( 3 9 )  NHg ( 4 0 )

The p . m . r .  sp e c t ru m  o f  t h i s  compound showed a r o m a t i c  p r o t o n s  

(20) and a l i p h a t i c  p r o t o n s  ( 8 ) .  O th e r  s p e c t r a l  and 

a n a l y t i c a l  d a t a  a g re e d  w i t h  t h i s  s t r u c t u r e .  Not  s u r p r i s i n g l y ,  

no e v id e n c e  was o b t a i n e d  f o r  t h e  d i m é r i s a t i o n  o f  c y c lo h ex y n e  

e . g .  none o f  t h e  r e a r r a n g e d  p r o d u c t  (42) was d e t e c t e d ,  hence  

i t s  b e h a v i o u r  i s  n o t  a n a lo g o u s  t o  b e n z y n e f^

■>

( 4 0 )  (42)

The o x i d a t i o n  o f  c y c l o h e x a n - l , 2 - d i o n e - b i s - h y d r a z o n e  (38) 

w i t h  l e a d  t e t r a a c e t a t e  gave  s i m i l a r  r e s u l t s .  I n  a l l  t h e  

o x i d a t i o n s  s t u d i e d ,  t h e r e  was an a p p r e c i a b l e  amount o f  

s t a r t i n g  m a t e r i a l  u n a cc o u n te d  f o r .  Gas c h r o m a to g r a p h ic  

a n a l y s i s  o f  t h e  e v a p o r a t e d  s o l v e n t  f rom t h e s e  o x i d a t i o n s  

f a i l e d  t o  i n d i c a t e  any v o l a t i l e  p r o d u c t s ;  i n  p a r t i c u l a r .
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t h e r e  was a n o t i c e a b l e  a b se n c e  o f  c y c lo h e x e n e  and c y c l o h e x a -

1 , 3 - d i e n e .  T h is  was c o n f i rm ed  by t h e  f a i l u r e  o f  t h e  

e v a p o r a t e d  s o l v e n t  t o  r e a c t  w i t h  b rom ine  and m a l e i c  

a n h y d r i d e .

The c y c lo h ex y n e  cou ld  t h e r e f o r e  have  r e a c t e d  w i t h  l e a d  

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

2 - a c e t y l c y c l o h e x a n o n e  ( 4 3 ) •

CH
( 4 3 )( 4 0 )

I n  a g re em e n t  w i t h  t h i s  t h e  p . m . r .  sp e c t ru m  o f  t h e  l i q u i d  

a c e t o x y  compound p e r fo rm ed  on 5mg. i n  a J a p a n e s e  c e l l ,  

showed 4 a l l y l i c  p r o t o n s ,  6 m e th y l  p r o t o n s  and 4 a l i p h a t i c  

p r o t o n s .  A n a l y t i c a l  and i . r .  d a t a  a l s o  a g re e d  w i t h  t h i s  

s t r u c t u r e .

The r e a c t i v i t y  o f  c y c lo h e x y n e  ( 4 0 ) ,  b e c a u s e  o f  t h e  

s t r a i n  im p a r te d  on t h e  s ix-m em bered  r i n g  by t h e  t r i p l e  

bond ,  i s  d e m o n s t r a te d  by i t s  v e r y  s h o r t  l i f e - t i m e ;  i t  

does  n o t  s u r v i v e  lo ng  enough t o  meet a n o t h e r  c y c lo h e x y n e  

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

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

shows g r e a t e r  r e a c t i v i t y  t h a n  benzyne  which does  e n j o y  

some a r o m a t i c  s t a b i l i s a t i o n .
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Preparation of l-am lno~4,5-T)entam ethyIene~l,2,3"trlazole

The p r e p a r a t i o n  o f  t h i s  a m i n o t r i a z o l e  was c o m p l e t e ly  

a n a lo g o u s  t o  t h a t  employed f o r  t h e  t e t r a m e t h y l e n e  homologue

( 3 9 ) •  A m o d i f i c a t i o n  o f  t h e  method o f  W i t t i g  a f f o r d e d  t h e  

a m i n o t r i a z o l e  (45) i n  good y i e l d .

;N—NHg HgO

O x i d a t i o n

N—NH2

( 4 5 ) NH

+
( 4 6 )

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

which  r e a d i l y  r e a c t e d  w i t h  t e t r a c y c l o n e  t o  a f f o r d  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 h e n z e n e  ( 4 7 ) .  The p . m . r .  

s p e c t r u m  showed 20 a r o m a t i c  p r o t o n s  and 10 a l i p h a t i c  p r o t o n s  

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

s t r u c t u r e .

( 4 6 ) ( 4 7 )( 4 5 )  NH2
W ith t h e  i n c r e a s e  i n  r i n g  s i z e  f rom  s i x  t o  seven  

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

by  t h e  t r i p l e  bond .  Thus ,  t h e  a c e t y l e n e  i s  l e s s  r e a c t i v e
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and s u r v i v e s  i t s  o x i d a t i v e  e n v i ro n m e n t  t o  be t r a p p e d  by
99

t e t r a c y c l o n e .  W i l l e y  d e te r m in e d  t h e  h a l f - l i f e  o f  c y c l o 

h e p ty n e  a t  - 2 5 ° t o  be  two m i n u t e s ,  b u t  c y c lo h e x y n e  was 

to o  s h o r t  l i v e d  f o r  i t s  h a l f - l i f e  t o  be  e s t i m a t e d .

The y i e l d s  o f  t h e s e  two c y c l o a l k y n e s  g e n e r a t e d  by t h e
99

p h o t o l y s i s  o f  t h e  l i t h i u m  t o s y l a m i d o t r i a z o l e s  by W i l l e y  

were  c o m p a rab le  t o  t h o s e  o b t a i n e d  f rom  o u r  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  t h e  a m i n o t r i a z o l e s . The m e r c u r i c
51

o x i d e  o x i d a t i o n ,  q uo ted  by W i t t i g ,  and t h e  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  t h e  b i s - h y d r a z o n e s  i n  g e n e r a l  gave  

much low er  y i e l d s  o f  t h e  c y c l o a l k y n e s .

No e v i d e n c e  was o b t a i n e d  f o r  t h e  d i m é r i s a t i o n  o f  c y c l o 

h e p t y n e ,  and i t  was presumed t h a t  r e a c t i o n  w i t h  l e a d  

t e t r a a c e t a t e  and a c e t i c  a c i d  o c c u r r e d  when no d i e n e  was 

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

y i e l d  o f  a l i q u i d  a c e t o x y  ( i . r . )  compound was o b t a i n e d ,  

b u t  i n  i n s u f f i c i e n t  amount t o  be  c h a r a c t e r i s e d .  Gas 

c h r o m a to g r a p h ic  a n a l y s i s  o f  t h e  o x i d i s e d  s o l u t i o n  gave  

no e v id e n c e  f o r  t h e  p r o d u c t i o n  o f  c y c l o h e p t e n e  o r  c y c lo h e p ta -

1 , 3 - d i e n e ,  o r  o f  r e a r r a n g e d  d im e rs  l i k e  ( 4 8 ) .

( 4 6 ) ( 4 8 )
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A ttem p ted  p r e p a r a t i o n  o f  l - a m l n o - 4 , 5 ( 9 , 1 0 - d ) - D b e n a n t h r o "
1 ^ 2 ^ 3 - t r l a z o l e

From 4 ,  ( 9 ^ 1 0 - d ) - p h e n a n t h r o t r l a z o l e

The d i a z o t i s a t i o n  o f  9 ,1 0 - d i a m in o p h e n a n th r e n e  h as  been
80

r e p o r t e d  t o  g iv e  p h e n a n t h r o t r i a z o l e .  The pH o f  t h e  

d i a z o t i s e d  s o l u t i o n  i s  most i m p o r t a n t ,  s i n c e  i n  s o l u t i o n s  

w i t h  pH5 o r  l e s s ,  p h e n a n th r e n e q u in o n e  i s  p roduced  e x c l u s i v e l y ,

NHMONO

NH

8 0

>

When t h e  l i t e r a t u r e  p r e p a r a t i o n  was f o l l o w e d ,  t e t r a -  

b e n z o p h e n a z in e  (50) and a y e l l o w  a z i d e  were  p r o d u c e d ,  w i t h  

none o f  t h e  e x p e c te d  t r i a z o l e .  However,  when i s o a m y l  

n i t r i t e  was s u b s t i t u t e d  f o r  sodium n i t r i t e ,  t h e  t r i a z o l e  

(49) was p roduced  i n  good y i e l d ,  under  i n i t i a l l y  a n h y d ro u s  

c o n d i t i o n s .

4-

( 4 9 )

D i r e c t  a m i n a t i o n  o f  t h e  t r i a z o l e  w i t h  h y d r o x y l a m in e - 0 -
82 59

s u l p h o n i c  a c i d ,  which was s u c c e s s f u l  w i t h  b e n z o t r i a z o l e ,

o r  w i t h  c h l o r a m i n e ,  which  was s u c c e s s f u l  w i t h  4 , 5 - d i p h e n y l -

1 , 2 , 3 - t r i a z o l e ,  f a i l e d  t o  g i v e  t h e  a m i n o t r i a z o l e .  Only
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s m a l l  amounts  o f  m i x t u r e s  o f  p o ly a m in a t e d  compounds were  

i s o l a t e d  •

From l - h y d r o x y - 4 , 5 ( 9 < 1 0 ~ d ) - - p h e n a n th r o t r i a z o le

The p r e p a r a t i o n  o f  t h e  1 - h y d r o x y t r i a z o l e  ( $ 1 ) ,  f rom  

p h e n a n t h r e n e q u in o n e  monoxime and t o s y l h y d r a z i d e ,  p ro v ed  t o
cf 1 0 0

be  much s i m p l e r  t h a n  t h e  p a r e n t  t r i a z o l e  (4 9 ) •

■4“ H^NNHTos
NOH

(51)

A n a l y t i c a l  and i n f r a r e d  d a t a  f i t t e d  w e l l  f o r  t h i s  compound, 

and t h e  mass sp e c t ru m  showed t h e  p a r e n t  p e ak  a t  2 3 5 , t h e  

t r i a z o l e  a t  219 and a breakdown p a t t e r n  t h e  same a s  t h e  

t r i a z o l e .  However,  s u b s t i t u t i o n  o f  an amino g roup  f o r  t h e  

hydroxy  g roup  by v i g o r o u s  t r e a t m e n t  w i t h  h y d r a z i n e  c o u ld  

n o t  be  a c h i e v e d  ( c f .  r e f .  58 and 6 l ) .

(51) (5 2 )

From 9 - d i a z o - 9 . l O - o h e n a n t h r e n e q u in o n e

97

F o l l o w i n g  t h e  work o f  S chm itz  ( p .  7 2 ) ,  r e a c t i o n  o f  

t h e  d i a z o k e t o n e  (53) w i t h  h y d r a z i n e  sh o u ld  g i v e  t h e
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a m i n o t r i a z o l e ,  i f  c o n d e n s a t i o n  o c c u r s  b e f o r e  l o s s  o f  

n i t r o g e n  f rom  t h e  d i a z o  compound. T re a tm e n t  o f  t h e  

d i a z o k e t o n e  w i t h  h y d r a z i n e  d id  n o t  f o l l o w  e i t h e r  o f  t h e  

e x p e c t e d  r o u t e s  ( p .  7 2 ) ;  i n s t e a d  p h e n a n th r e n e q u in o n e  ($4) 

was i s o l a t e d .

H^NNHTo: O HpO

( 5 4 )  ( 5 3 )

From 4 , 5 - d i n h e n y l - l , 2 , l - t r i a z o l e

The o x i d a t i v e  c o n v e r s i o n  o f  c i s - s t i l b e n e s  (55) t o  

p h e n a n t b r e n e s  (56) has  been  w i d e l y  s t u d i e d ;  w i t h  a lum in ium
64

c h l o r i d e  a l o n e  o r  i n  n i t r o b e n z e n e ,  w i t h  p o t a s s i u m
05  86 

p e rm a n g a n a te  i n  a c e t i c  a c i d ,  and w i t h  i o d i n e  by p h o t o l y s i s .

F o l l o w i n g  t h e s e  e x p e r i m e n t a l  t e c h n i q u e s ,  4 , 5 - d i p h e n y l "

t r i a z o l e  (57)  was a lw ays  r e c o v e r e d  unchanged .

hv

( 5 6 ) H ( 49 )  . ( 5 7 )  H

Had t h e  c o n v e r s i o n  o f  4 , 5 - d i p h e n y l - l , 2 , 3 " t r i a z o l e  (57) 

i n t o  t h e  p h e n a n t h r e n e  t r i a z o l e  been  p o s s i b l e ,  i t  was hoped 

t o  e x te n d  t h e  s y n t h e s i s  t o  a s u i t a b l y  s u b s t i t u t e d  1 -a m in o -  

4 , 5 " d i p h e n y l - l , 2 , 3 " t r i a z o l e  t o  o b t a i n  a d e r i v a t i v e  o f  

l - a m i n o - 4 , 5 ( 9 , 1 0 - d ) - p h e n a n t h r o - l , 2 , 3 - t r i a z o l e  which  c o u ld  

be  d e g ra d e d  t o  t h e  am ine .
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Had t h e  a m i n o t r i a z o l e  been  s y n t h e t i c a l l y  a v a i l a b l e ,  i t  

was hoped t h a t  i t s  o x i d a t i o n  would p ro d u c e  t h e  much s o u g h t  

d im er  o f  p h e n a n t h r y n e ,  t e t r a b e n z o b i p h e n y l e n e .  T h e o r e t i c a l  

c o n s i d e r a t i o n s  p r e d i c t  a d e c r e a s e  i n  s t a b i l i t y  f rom  

b i p h e n y l e n e  t h r o u g h  t h e  b e n z o b ip h e n y le n e s  t o  t e t r a b e n z o 

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

on t h e  c e n t r a l  4-membered r i n g .  The work so f a r  r e p o r t e d
101

on t h e s e  compounds i s  i n  co m p le te  ag re em e n t  w i t h  t h i s  

p r e d i c t i o n .
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P r e p a r a t i o n  o f  4 - a m l n o - l , 5 - d i o h e n y l - l , 2 , 4 - t r l a z o l e .

87
F o l l o w i n g  t h e  l i t e r a t u r e  p r o c e d u r e ,  b e n z o n l t r l l e  and 

h y d r a z i n e  h y d r a t e  a t  100° f o r  3 days  a f f o r d e d  t h e  amino 

t r i a z o l e  (58)  and t h e  I s o m e r i c  d l h y d r o - l , 2 , 4 , 5 - t e t r a z l n e  (59)*

( 5 8 )  + ( 5 9 )
CgHgCN NC-H^Cg

The d l h y d r o t e t r a z l n e  was c o n v e r t e d  I n t o  t h e  a m i n o t r i a z o l e  

(58)  w i t h  d i l u t e  a c i d ,  and t o  t h e  t e t r a z l n e  ( 60 ) w i t h  n i t r o u s  

a c i d .

O x i d a t i o n  o f  t h e  a m i n o t r i a z o l e  (58)  w i t h  l e a d  t e t r a c e t a t e  

a f f o r d e d  b e n z o n l t r l l e  In  h ig h  y i e l d ,  c h a r a c t e r i s e d  and 

e s t i m a t e d  by g . l . c .  The I n t e r m e d i a t e  n i t r e n e  ( 6 l )  

p ro d u ce d  In  t h e  o x i d a t i o n  c a n n o t  I n s e r t  I n t o  t h e  r i n g ,  

a s  t h i s  would have  p ro du ced  t h e  s t a b l e  t e t r a z l n e  ( 6 0 ) .

The t e t r a z l n e  (60) was shown t o  g i v e  b e n z o n l t r l l e  o n l y
o

on p y r o l y s i s  a t  200 . An a l t e r n a t i v e  mechanism f o r  

f r a g m e n t a t i o n  c o u ld  p ro d u ce  t o l a n ,  b u t  t h i s  r o u t e  I s

o b v i o u s l y  n o t  f a v o u r e d .
or-N

2 C Q H g C N 4  2 N 2
NH

y

(61)

H,

A
( 6 0 )
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The o x i d a t i o n  o f  N - a m i n o p y r r o l e s  ( 6 2 ) ,  which h a s  been
25

r e p o r t e d ,  does n o t  l e a d  t o  f r a g m e n t a t i o n  though  t h e  sys tem  

i s  i s o - e l e c t r o n i c  w i th  4 - a m i n o - l , 2 , 4 - t r i a z o l e s  ( 5 8 ) .

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

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

p r o d u c t s ,  an a c e t y l e n e  and a n i t r i l e  a r e  c o m p a ra b le .

NH2
(62 )

^  2  R -C S C -H  4 - 2 N g

R

NH

2 RCN 4-  2N.

( 5 8 )
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M i s c e l l a n e o u s  R e a c t i o n s

D e a m in a t io n  o f  l - a m l n o - 4 , 5 - d l D b e n y l - l , 2 , 3 - t r i a z o l e

D e a m in a t io n  w i t h  n i t r o u s  a c i d  i s  a g e n e r a l  r e a c t i o n  o f
102 , .

N-amino compounds. The a m i n o t r i a z o l e  (2)  a f f o r d e d  t h e

p a r e n t  t r i a z o l e  (57)  q u a n t i t a t i v e l y .

2  r ^ N - O - H  N g O f  H ( 5 7 )

4 - & m i n o - 3 , 5 - d i p h e n y l - l , 2 , 4 - t r i a z o l e  (58) was d e am in a ted

s i m i l a r l y  t o  3 , 5 - d i p h e n y l - l , 2 , 4 - t r i a z o l e  ( 63 ) (97^)*

N—N

HNH2
( 5 8 )  ( 6 3 )

A m in a t io n  and a t t e m p t e d  n i t r o s a t i o n  o f  4 . 5 - d i p h e n y l - 1 . 2 . 3 -
t r i a z o l e

B e c a u s e  o f  t h e  a v a i l a b i l i t y  o f  t h i s  t r i a z o l e  ( 5 7 ) ,  i t s

a m i n a t i o n  was s t u d i e d  a s  a model  f o r  o t h e r  t r i a z o l e s ,  and

p h e n a n t h r o t r i a z o l e  (49) i n  p a r t i c u l a r .  The t r i a z o l e  (57)

i s  a c i d i c ,  a s  shown by i t s  f o r m a t i o n  o f  a h y d r a t e d  sodium

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

t r i a z o l e  w i t h  sodium h y d r i d e  gave t h e  anhy d ro us  sodium
81

s a l t ,  w h ich  t h e n  r e a c t e d  w i t h  c h lo r a m in e  t o  g iv e  t h e  1 -
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a m i n o t r i a z o l e  ( 8 C ^ ) .

< % H ^ ( 5 7 )  (2 )  ^ 6 ^ 6  ^

The n e g a t i v e l y  cha rg ed  t r i a z o l e  r i n g  sh o u ld  show 

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

i n  two p o s i t i o n s  t o  g i v e  1 -amino and 2 - a m i n o t r i a z o l e s .

None o f  t h e  2-amino i so m er  was d e t e c t e d .  A p r e f e r e n c e  f o r  

s u b s t i t u t i o n  a t  t h e  1 - p o s i t i o n  has  a l s o  been  o b s e r v e d  i n  

n a p h t h o ( 1 , 8 ) t r i a z i n e  T
82

A m ina t ion  w i t h  h y d r o x y l a m in e - C - s u l p h o n i c  a c i d  f a i l e d  t o  

g i v e  i s o l a b l e  q u a n t i t i e s  o f  t h e  1-amino o r  2 - a m i n o t r i a z o l e s .  

T h i s  b e h a v i o u r  i s  s u r p r i s i n g  s i n c e  b e n z o t r i a z o l e  i s  n o t
58

a m in a te d  w i th  c h lo r a m in e  b u t  g i v e s  f a i r  y i e l d s  o f  1-amino

(64)  and 2 - a m i n o b e n z o t r i a z o l e  (65) w i t h  h y d r o x y la m in e - 0 -

s u l p h o n i c  a c i d f ^  i ( 6 5 )

OH ( 6 4 )
—12

S i n c e  t h e  a m i n o t r i a z o l e  i s  d e am in a ted  i n  n i t r o u s  a c i d ,  

and t h e  t r i a z o l e  i s  t h e n  i n e r t  t o  t h e  e x c e s s  o f  n i t r o u s  

a c i d ,  t h e  N - n i t r o s o  compound (66) i s  o b v i o u s l y  n o t  e a s i l y  

f o rm e d .  I t  was hoped t h a t  t h e  r e a c t i o n  o f  t h e  a nh y d rou s  

sodium s a l t  o f  t h e  t r i a z o l e  w i t h  i so a m y l  n i t r i t e  would a f f o r d  

t h e  N - n i t r o s o t r i a z o l e  ( 6 6 ) .  T h is  compound was c o n s i d e r e d
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t o  be  o f  i n t e r e s t  s i n c e  i t  c o u ld  f o r m a l l y  decompose t o  

t o l a n ,  N g , and NgO, and s i n c e  i t s  d e o x y g e n a t i o n ,  e . g .  

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

a s  t h a t  p ro p o se d  i n  t h e  o x i d a t i o n  o f  t h e  N-amino compound.

No

CgH

S H 5 7
NO

How ever ,  t h e  t r i a z o l e  was r e c o v e r e d  u nchan g ed .  A s i m i l a r  

r e a c t i o n  w i t h  e t h y l  n i t r a t e  a l s o  f a i l e d ,  a r e a c t i o n  known
103

t o  g i v e  n i t r a m i n e s  w i th  p r im a r y  a m in e s .

R e a c t i o n  o f  4 , 5 - d i n h e n v l t r i a z o l e  w i t h  A n e e l i ' s  s a l t ;

34
The r e a c t i o n  o f  Angeliîp  s a l t  (Na^NgO^) w i t h  s e c o n d a r y  

am ines  h a s  been  shown^%o g iv e  t h e  N - n i t r e n e s  d i r e c t l y .  

H ow ever ,  u n d e r  t h e  same e x p e r i m e n t a l  c o n d i t i o n s ,  4 , 5 -  

d i p h e n y l t r i a z o l e  ( 57) was c o m p l e t e l y  i n e r t .

S i m i l a r l y ,  3 , 5 - d i p h e n y l - l , 2 , 4 - t r i a z o l e  ( 63 ) was a l s o  

i n e r t .

A t t e m p te d  p r e p a r a t i o n  o f  4 . 5 - d i m e t h v l t r i a z o l e .

88
I t  h a s  b een  r e p o r t e d  t h a t  t h e  p y r o l y s i s  o f  d i a c e t y l -
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b i s - h y d r a z o n e  ( 67 ) a t  180° a f f o r d s  4 , 5 - d i m e t h y l t r i a z o l e  ( 6 8 ) .  

We found no e v id e n c e  t h a t  t h i s  t r i a z o l e  i s  p r o d u c e d ,  

p o ly m e r ic  m a t e r i a l  o n l y  b e in g  i s o l a t e d .

Me.

H ( 6 8 )

>  polymer

( 6 7 )
Under s i m i l a r  c o n d i t i o n s ,  b e n z i l - b i s - h y d r a z o n e  ( 6 9 )

a f f o r d s  b e n z y l p h e n y l k e t a z i n e  ( 7 0 ) .  

NH2

4 ^ N — N ^ C g H gC 6"5  
( 6 9 )

P r e p a r a t i o n  o f  b e n z o t r i a z o l e - l - c a r b o x a m i d e .

B e n z o t r i a z o l e  (71) r e a c t s  i n  a c i d  s o l u t i o n  w i t h  c y a n a t e
9 0s a l t s ,  g i v i n g  b e n z o t r i a z o l e - l - c a r b o x a m i d e .

(71)
H O N H 2

T h is  amide (72) i s  s u r p r i s i n g l y  i n e r t  t o  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  which was e x p e c te d  t o  p ro d u c e  c o m p le te
C t 1 0 4

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

( 7 2 )

03
( 7 2 )  CONH2

Pb(OAcL

( 7 3 )  / p — N-
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The i s o c y a n a t e ,  a p o s s i b l e  i n t e r m e d i a t e  i n  t h e  o x i d a t i o n  

seq u en c e  shown, was n o t  p roduced  by  t h e  Hofmann method 

e i t h e r ,  t h ou g h  i t  was hoped t h a t  t h i s  m ig h t  p ro v e  a 

u s e f u l  r o u t e  t o  t h e  N-amino compound.

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

a p p e a re d  t o  be  a s i m i l a r  compound, b u t  a t t e m p t e d  

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

t r i a z o l e ,  so c h a r a c t e r i s a t i o n  was n o t  a t t e m p t e d .
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C o n c lu s io n

The o x i d a t i o n  o f  N - a m i n o t r i a z o l e s  w i t h  l e a d  t e t r a a c e t a t e  

r e s u l t s  i n  f r a g m e n t a t i o n  o f  t h e  r i n g  w i t h  com p le te  l o s s  o f  

n i t r o g e n .  1 - A m i n o b e n z o t r i a z o l e ,  t h e  f i r s t  compound o f
56

t h i s  t y p e  t o  be s t u d i e d ,  has  been  shown t o  g i v e  benzyn e  i n  

h ig h  y i e l d ,  which d i m e r i s e s  r e a d i l y ,  o r  i s  t r a p p e d  by  a

1 , 3 - d i e n e .  l - A m i n o - 4 , 5 - d i p h e n y l - l , 2 , 3 - t r i a z o l e ,  and t h e  

d im e th y l  a n a l o g u e ,  g iv e  t h e  a c e t y l e n e  which  does  n o t  

d i m e r i s e ,  n o r  can i t  be  t r a p p e d  w i t h  1 , 3 - d i e n e s .  1-Amino- 

4 , 5 - t e t r a m e t h y l e n e - l , 2 , 3 - t r i a z o l e ,  and t h e  p e n ta m e t h y le n e  

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

can be t r a p p e d  by a 1 , 3 - d i e n e .  The g r e a t e r  r e a c t i v i t y  o f  

t h e  c y c l i c  a c e t y l e n e s  i s  due t o  t h e  s t r a i n  e x e r t e d  by  t h e  

r i n g  on t h e  t r i p l e  bond;  t h e  s m a l l e r  t h e  r i n g ,  t h e  g r e a t e r
105

t h e  r e a c t i v i t y .  l - A m i n o - 4 , 5 ( 9 , 1 0 - d ) - p h e n a n t h r o - l , 2 , 3 - t r i a z o l e  

c o u ld  n o t  be  s y n t h e s i s e d  and t h u s  i t s  o x i d a t i o n  c o u ld  n o t  

be s t u d i e d .  4 - A m i n o - 3 , 5 - d i p h e n y l - l , 2 , 4 - t r i a z o l e  a l s o  

f r a g m e n te d  s i m i l a r l y  on o x i d a t i o n ,  w i t h  t h e  p r o d u c t i o n  o f  

b e n z o n i t r i l e .

I f  f r a g m e n t a t i o n  o f  t h e  t r i a z o l e  r i n g  r e s u l t e d  i n  a 

s i n g l e t  i n t e r m e d i a t e ,  t h i s  would be  e x p e c te d  t o  d e g e n e r a t e  

t o  a s t a b l e  a c e t y l e n e ,  where  p o s s i b l e ,  f a s t e r  t h a n  any 

o t h e r  r e a c t i o n .  B u t ,  i f  a t r i p l e t  i n t e r m e d i a t e  was fo rm ed ,  

t h i s  m ig h t  be t r a p p e d  b e f o r e  a s p i n  t r a n s i t i o n  a f f o r d e d  

t h e  s i n g l e t ,  which c o u ld  t h e n  d e g e n e r a t e  t o  an a c e t y l e n e .
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The f a i l u r e  t o  t r a p  t h e  i n t e r m e d i a t e  i n  t h e  o x i d a t i o n  

o f  l - a m i n o - 4 , 5 - d i p h e n y l t r i a z o l e  (and t h e  d i m e t h y l  a n a lo g u e )  

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

s t a t e .  Benzyne  and c y c lo h e x y n e ,  g e n e r a t e d  by t h e  same 

m ethod ,  do n o t  have  a s t a b l e  a c e t y l e n i c  ground s t a t e ,  and 

so t h e  s i n g l e t  i n t e r m e d i a t e  h e r e  may be t r a p p e d .
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S e c t i o n  I I
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I n t r o d u c t i o n

P r i o r  t o  1959,  no t h r e e  memhered r i n g  c o n t a i n i n g  a

c a r b o n y l  group had been  r e p o r t e d ,  th o ug h  t h e i r  s t a b i l i t y
1 0 6

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

c h a r a c t e r  o f  t h e  r i n g  

r u l e ,  where  n = 0

b a se d  on H u c k e l ’ s (4n + 2)1T e l e c t r o n s

Rs

R>/

S t a b i l i t y  due t o  t h i s  a r o m a t i c i t y  had been  fo u nd  i n
1 0 7

t r i p h e n y l c y c l o p r o p e n y l i u m  t e t r a f l u o r o b o r a t e .
H,

NC r BF,

N
NC

■>

^ ^ 5
The s t a b i l i t y  o f  t h i s  io n  may be  due i n  p a r t  t o  t h e  

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

c h a r g e .
108 109

B r e s lo w  and V o l ' p i n  i n d e p e n d e n t l y  i s o l a t e d  d i p h e n y l -  

c y c lo p r o p e n o n e  i n  1959* B re s lo w  added p h e n y l c h l o r o c a r b e n e  

t o  a k e t e n e  d i m e t h y l k e t a l .

KOC Me 3

MeMcO
HgO

■>

V o l ' p i n  added d i c h l o r o c a r b e n e  t o  t o l a n  and h y d r o l y s e d  t h e  

gem- d i c h l o r o  p r o d u c t .
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'“6 ^ 5

Cl

Cl HgO

^ e ' ^ 5

" ^ 5

CeHg

110
B r e s lo w  i n t r o d u c e d  a b e t t e r  s y n t h e t i c  method i n  19&3, 

which  was a m o d i f i e d  F a v o r s k i i  r e a c t i o n ,  f rom oc, oc -d ib rom o-

d i b e n z y l k e t o n e .

Br

BrBr
>

T h is  method h as  now been  e x te n d e d  t o  t h e  p r e p a r a t i o n  o f
111,112

many o t h e r  d i s u b s t i t u t e d  c y c l o p r o p e n o n e s . M o n o s u b s t i t u t e d  

c y c lo p r o p e n o n e s  have  been  p r e p a r e d ^ b y  t h e  a c t i o n  o f  l i t h i u m  

t r i c h l o r o m e t h i d e  on an a c e t y l e n e  a t  - 1 0 0 ° .  The u n su b 

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

m ethods o f  p r e p a r a t i o n ,  b u t  ha s  f i n a l l y  been  made, though  

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

w i t h  t r i - n - b u t y l t i n  h y d r i d e  f o l l o w e d  by h y d r o l y s i s 114

2 Bu-iSn H >

The e x t e n t  o f  t h e  c o n t r i b u t i o n  o f  t h e  z w i t t e r i o n i c  

fo rm  t o  t h e  o v e r a l l  s t r u c t u r e  o f  c y c lo p r o p e n o n e s  i s  shown 

by t h e  h ig h  d i p o l e  moments.  C y c lo p ro p e n o n e  i s  n o t  h y d r a t e d  

i n  w a t e r ,  tho u gh  s a l t s  a r e  formed w i t h  s t r o n g  a c i d s ,  and
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t h i s  I s  i n d i c a t i v e  o f  t h e  s t a b i l i t y  o f  t h e  r i n g  sy s te m

and i t s  i n e r t n e s s  t o  n u c l e o p h i l i c  a t t a c k .  S t r o n g  a l k a l i ,
111

however ,  opens t h e  r i n g  t o  g iv e  an a c r y l i c  a c i d .

P y r o l y s i s ,  o r  p h o t o l y s i s ,  o f  c y c lo p r o p e n o n e s  a f f o r d s

t h e  a c e t y l e n e  and ca rb on  monoxide ,  and t h e  r e a c t i o n  i s  
111

i r r e v e r s i b l e .
R

R \  o I
^ 1 9 0  ^

or hv
4 -  CO

R'

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

above i t s  m e l t i n g  p o i n t ,  d i m é r i s a t i o n  o c c u r s  r a t h e r  t h a n

d e c a r b o n y l a t i o n .  A p r o v i s i o n a l  s t r u c t u r e  f o r  t h e  d im er
111has  been  s u g g e s t e d .

T h i s  does  n o t  g iv e  t o l a n  on h e a t i n g  a t  h i g h e r  t e m p e r a t u r e s ,

so c a n n o t  be  an i n t e r m e d i a t e  i n  t h e  no rm al  d e c o m p o s i t i o n .

T h is  s t r u c t u r e  has  a l s o  been  s u g g e s t e d  f o r  t h e  m e th y l

a n a l o g u e ,  and p . m . r .  e v id e n c e  s u p p o r t s  t h i s  s t r u c t u r e .

C a t a l y t i c  h y d r o g e n a t io n  o f  d i p h e n y l c y c l o p r o p e n o n e  h as
111

been  r e p o r t e d  t o  g i v e  d i b e n z y l  k e to n e  and 2 , 3 - d i p h e n y l -
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-cyclopropan-3“Ol 1 0 9

s = 0O OH

L i t h i u m  a lum in ium  h y d r i d e  r e d u c t i o n  o f  t h e  c y c lo p ro p e n o n e  

a f f o r d s  t h e  c y c l i c  a l c o h o l  o n l y ,  no r i n g  o p en in g  h a v in g
115

been  d e t e c t e d .

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

p ro p eno n e  i n t o  e t h o x y d i p h e n y l c y c l o p r o p e n y l  f l u o r o b o r a t e ,  

which r e a c t s  w i t h  d im e th y la m in e  t o  g i v e  d im e th y lam in o  

d i p h e n y l c y c l o p r o p e n y l  f l u o r o b o r a t e •111

^ > - o

BF4-

Et NMe-

The c a r b o n y l  g roup  r e a c t s  w i t h  G r i g n a r d  r e a g e n t s  t o  

g i v e  e t h e r s  which  a r e  c l e a v e d  w i t h  p e r c h l o r i c  a c i d  t o  

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

CgH^MgBr
 ^

e '^5  HoO

D iazom ethane  does  n o t  i n s e r t  i n t o  t h e  r i n g  i n  t h e  no rm al  

way, b u t  adds  a c r o s s  t h e  d o u b le  bond ,  t h e  c y c lo p r o p e n o n e

t h e n  r i n g  o p e n in g  t o  a f f o r d  3 j 5 - d i p h e n y l - 4 - p y r i d a z i n o n e .111
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r > = 0  +  CHgNg >

The r e a c t i o n  o f  hy d ro x y lam in e  w i t h  t h e  c a r b o n y l  g roup

h a s  been  v a r i o u s l y  s t a t e d  t o  a f f o r d  d e o xy b en zo in  oxime,111

3 ,4 - d i p h e n y l o x a z o l o n e ^ a n d  t h e  n o rm a l  oxime

N O H
H

HoN OH

Reppe p roposed  t h a t  d ip h e n y l c y c l o p r o p e n o n e  was an 

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

a c i d  w i t h  n i c k e l  t e t r a c a r b o n y l V ^  T h i s  a p p e a r s  q u i t e  l i k e l y  

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

n i c k e l  t e t r a c a r b o n y l ,  which a f f o r d s  t r a n s -oC-nhenylc innamic  

a c i d  o r  t o l a n  and t e t r a c y c l o n e ,  o r  t r i s ( d i p h e n y l c y c l o 

p ro p e n o n e )  n i c k e l  c a r b o n y l ,  d ep en d in g  on t h e  r e a c t i o n

c o n d i t i o n s .

NI ( C O

E t  OH,  
HCI ^

(-6^6

Ni  ( 0 0 ) 4

^  NI(C0)4

NiCO

E t o n ,
HCI CgHg

Ni (0 0 ) 4  CgHg

CgHe ^
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The c a r b o n y l  g roup  can be  r e p l a c e d  by v a r i o u s  o t h e r  

f u n c t i o n s ;  p h o sp h o ru s  p e n t a c h l o r i d e ^ ^ t h i o n y l  c h lo r i d e ^ ^  

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

m a l o n o n i t r i l e  a f f o r d s  t h e  3 - d i c y a n o m e t h y le n e c y c l o p r o p e n e  

and p h o sp h o ru s  p e n t a s u l p h i d e  a f f o r d s  t h e  thioneV®

X =  C(C N)g 

X =  S

117

>

T h i s  l a s t  r e a c t i o n  h as  a l s o  been  s t a t e d  t o  g i v e  4 , 5 -  

d i p h e n y l t r i t h i o n e .

^ 6  •■'5

The k e to n e  does  n o t  form a t o s y l h y d r a z o n e  d i r e c t l y  and 

t h e r e  i s  d o u b t  c o n c e r n i n g  t h e  s t r u c t u r e  o f  t h e  2 , 4 -
10 9

d i n i t r o p h e n y l h y d r a z o n e  r e p o r t e d .

The f i n a l  r e a c t i o n  r e p o r t e d  o f  t h i s  sy s te m  i s  t h e  1 , 4 -  

and 1 , 2- c y c l o a d d i t i o n  o f  enam ines  t o  t h e  d o u b le  bond .

1 - D i e t h y l a m i n o - l , 3 - b u t a d i e n e  g i v e s  2 , 7 - d i p h e n y l t r o p o n e  

w i t h  d i p h e n y l c y c l o p r o p e n o n e .

2 - ( N - P y r r o l i d l n o ) - 3 , 4 - d i h y d r o n a p h t b a l e n e  g i v e s  a 9-membered 

r i n g  p r o d u c t  a f t e r  1 , 2- a d d i t i o n  t o  t h e  d o u b le  bond .
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5

Some work has  been  p u b l i s h e d  on t h e  r e l a t e d  m e th y le n e

c y c l o p r o p e n e s ,  q u i n o c y c lo p r o p e n e s  and c a l i c e n e s  (a  f o r m a l

c o m b in a t io n  o f  t h e  c y c lo p r o p e n y l iu m  c a t i o n  and t h e  c y c l o -
121

p e n t a - d i e n y l  a n io n )  and t h i s  has  been  r e v i e w 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  has  been  t h o r -
56

o u g h ly  i n v e s t i g a t e d ,  and i t  seemed r e a s o n a b l e  t o  suppose  

t h a t  t h e  r e a c t i o n  c o u r s e  would be l i t t l e  a l t e r e d  by t h e  

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

1
NH2

3 - A m i n o - l , 2 , 3 - b e n z o t r i a z i n - 4 - o n e  i s  r e p o r t e d  i n  t h e  
122

l i t e r a t u r e ,  and so was s y n t h e s i s e d ,  and i t s  o x i d a t i o n  

s t u d i e d .  Our i n t e n t i o n  was t o  p r e p a r e  b e n z o c y c lo p r o p e n o n e  

i n  s o l u t i o n  where  i t s  r e a c t i o n s  m ig h t  be  s t u d i e d ,  and 

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

i n  o r d e r  t o  d e t e r m i n e  i t s  p h y s i c a l  p r o p e r t i e s .  At p r e s e n t .
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few b e n z o c y c l o p r o p e n e s  have  been  r e p o r t e d .  The p a r e n t
nk

and v a r i o u s  1 , 1 - d i s u b s t i t u t e d  b e n z o c y c l o p r o p e n e s , have  been  

p r e p a r e d  by t h e  p h o t o l y s i s  o f  i n d i a z e n e s ,  b u t  i n  low y i e l d .
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E x p e r i m e n t a l  

P r e p a r a t i o n  o f  3 - a m i n o - l , 2 , 3 - b e n z o t r i a z i n - 4 - o n e

a) M ethy l  a n t h r a n i l a t e  ( I C C g . ) ,  h y d r a z i n e  h y d r a t e  ( 4 0 m l . ,  

100^) and w a te r  (40 m l . )  were  h e a t e d  a t  140-150 f o r  3 « 5 h r .

The m i x t u r e  became homogeneous b u t  s e p a r a t e d  i n t o  l a y e r s  

a g a i n  on c o o l i n g .  T r i t u r a t i o n  gave a s o l i d  which  was 

f i l t e r e d  and washed w i t h  w a te r  and c o ld  e t h a n o l .  The 

s o l i d  was c r y s t a l l i s e d  from a l a r g e  volume o f  c h lo r o f o r m  

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

{70%),  m .p .  12 3-125°  ( l i t .  m .p .  1 2 0 - 1 2 2 ° ) .

b) o -A m in o b en z o y lh y d ra z id e  ( l 8 g . )  was d i s s o l v e d  i n  a c e t i c  

a c i d  ( 28m l . )  and w a t e r  ( 1 0 0 m l . ) ,  and sodium n i t r i t e  ( 8 . 8 g . )  

i n  w a t e r  (120m l. )  was added d ro p w ise  o v e r  iÇmin .  t o  t h e
o

w e l l - s t i r r e d  s o l u t i o n  a t  3 - 5 .  The y e l l o w  p r e c i p i t a t e  was 

f i l t e r e d ,  washed w i t h  w a t e r  and d r i e d  i n  v a c u o . The s o l i d  

was t r e a t e d  w i th  c o ld  e t h a n o l  (2x50m l. )  and f i l t e r e d .

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

( c h a r c o a l )  t o  g i v e  3 - a m i n o - l , 2 , 3 - b e n z o t r i a z i n - 4 - o n e  (41^)
o 125

a s  lo n g  g r e y  n e e d l e s ,  m .p .  154-155  ( d e c . ) ,  ( l i t .  m .p .  152-

1 5 3 ° ) .

3 - T o lu e n e - p - s u lp h o n y la m id o - l , 2 , 3 - b e n z o t r l a z i n - 4 - o n e , ( c f .
o

r e f .  1 2 8 ) ,  p l a t e s  f rom e t h a n o l ,  m .p .  193-195  ( d e c . ) ,  (Founds 

C, 5 3 . 0 ;  H, 4 . 0 ;  N, 1 7 . 7 .  C^HigN^OsS r e q u i r e s ;  C, 5 3 .2 ;

H, 3 . 8 ;  N, X7.7fo).

The a l c o h o l - s o l u b l e  component was p r e c i p i t a t e d  f rom
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s o l u t i o n  w i t h  w a t e r ,  f i l t e r e d  and c r y s t a l l i s e d  from p e t r o l  

( b . p .  60 - 80 ° ) -b e n z e n e  ( 5 : 1 )  t o  g i v e  o - a m i n o b e n z o y l a z id e  

(35#)  a s  b r i g h t  y e l l o w  p l a t e s ,  m .p .  81-83°  ( d e c . ) ,  [ l i t \ ^ ^ m .p .  

8 2 - 8 3 ° ( d e c . ) j .

By e x a c t l y  a n a lo g o u s  r o u t e s ,  3 - a m i n o - 6 - c h l o r o -  a n d - 7 -  

c h l o r o - l , 2 , 3 - b e n z o t r i a z i n - 4 - o n e  were  s y n t h e s i s e d  f rom  

m e th y l  5 - c h l o r o -  and 4 - c h l o r o a n t h r a n i l a t e  r e s p e c t i v e l y .

I n  t h e s e  c a s e s ,  t h e  e s t e r s  were  p ro d uced  by t r e a t m e n t  o f  

t h e  c o r r e s p o n d i n g  a c i d s  w i t h  an e q u im o la r  amount o f  

d i a z o m e th a n e  i n  e t h e r e a l  s o l u t i o n f ^  The compounds o b t a i n e d  

w e re :

2 - a m i n o - 4 - c h l o r o b e n z o y l h y d r a z i d e ,  n e e d l e s  from c h l o r o f o r m ,

m .p .  150 - 151° ( l l t ’f^ m .p .  151° ) .

3 -am in o - 7 - c h l o r o - l , 2 , 3 - b e n z o t r i a z i n - 4 - o n e , n e e d l e s  f rom  

e t h a n o l ,  m .p .  184-185° ,  (Founds C, 4 2 . 8 ;  H ,  2 . 8 ;  N, 2 8 . 3 ;

MW by mass s p e c .  1 9 6 .  C^H^CIN^C r e q u i r e s ;  C, 4 2 . 8 ;  H ,  2 . 5 ;  

N, 2 8 . 5 ^ ;  MW 196 ).

i . r . l j m a x .  3420 , 3220 , 3150 (NHg ) ; I 68O ( 0 = 0 ) ;  1590 (N=N); 

1 3 2 0 , 1200 ,  1130 , 1 0 7 0 , 870 ( 1 , 2 , 4  s u b s t .  b e n z e n e ) ;  780cml 

( C - C l ) .

m/es P=198 and I 96 (two c h l o r i n e  i s o t o p e s ) ;  P-NH=lS3, I 8I ;

P-Ng =1 7 0 , 1 6 8 ; P-H% =141,  1 3 9 .
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2 - amlno- 4 - c h l o r o b e n z o y l a z l d e . n e e d l e s  f rom  p e t r o l  ( b . p .  60-  

8 0 ° ) - b e n z e n e  ( 4 : 1 ) ,  m .p .  1 0 7 * 5 ° ( d e c . )  , (Found:  C, 4 2 . 9 ;

H, 2 . 7 ;  N, 2 8 . 5 ;  MW by mass s p e c .  19&. C^H^CIN^O r e q u i r e s :  

C, 4 2 . 8 ;  H, 2 . 5 ;  N, 2 8 . 5 ^ ;  MW 196 ) .

i . r . ^ m a x .  3480,  3350 (NHg); 2130 ( N 3 ) ;  1750 (C=0) ; l 6 8 5  

( a r o m a t i c  u n s a t u r a t i o n ) ; l 6lO ;  1230 (N3 ) ;  1200,  IO3O, 975,  

880 ( 1 , 2 , 4  s u b s t .  b e n z e n e ) ;  840;  8OO ( C - C l ) ; 720cml 

m/e:  P=198,  I 9 6 ; P-NH=l83, I 8 I ;  P-Ü2=170, I 6 8 .

2- a m i n o - 5- c h l o r o b e n z o y l h y d r a z i d e . n e e d l e s  f rom  c h l o r o f o r m ,  

m .p .  140-142°,  (Found: C, 4 5 . 5 ;  H, 4 . 2 ;  N, 2 2 . 4 .  C^HgCl&^O 

r e q u i r e s :  C, 4 5 . 3 ;  H, 4 . 3 ;  N, 2 2 . 6 # ) .

i . r . A ) m a x .  3440,  3410,  3270 (NHg and NH) ; I 6IO (0 = 0 ) ;

1570 ( a r o m a t i c  u n s a t u r a t i o n ) ;  1290,  1245 ,  950,  885 ( 1 , 2 , 4  

s u b s t .  b e n z e n e ) ;  825cm] ( C - C l ) .

3 - amino- 6 - c h l o r o - l . 2 . 3 - b e n z o t r i a z i n - 4 - o n e . n e e d l e s  f rom 

e t h a n o l ,  m .p .  l 6 3 - l 6 4 ° , ( F o u n d :  C, 4 2 . 8 ;  H, 2 . 7 ;  N, 2 8 . 3 ;

MW by mass s p e c .  I 9 6 . C^H^CIN^ 0 r e q u i r e s :  C, 4 2 . 8 ;

H, 2 . 5 ;  N, 2 8 . 5# ;  MW 196 ) .

i . r . \ 5 m a x .  3440,  3380,  3270 (NH^); I 67O (C=0) ; 1580 (N=N) ; 

1 1 5 0 ,1 0 4 0 ,  940, 830 ( 1 , 2 , 4  s u b s t .  b e n z e n e ) ;  8 l5cm\ ( C - C l ) .  

m/e :  P=198,  196;  P-NH=l83,  I 8 I ;  P-N =170, 1 6 8 ; P-HN =141,

1 3 9 .
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2 - amlno- 5- c h l o r o b e n z o y l a 2 l d e . n e e d l e s  f rom  p e t r o l  ( b . p .  60-  

8 0 ° ) - b e n z e n e  ( 4 : 1 ) ,  m .p .  106 ( d e c . )  (Found: C, 4 3 . 0 ;  H, 2 . 6 ;  

N, 2 8 . 3 ;  MW by mass s p e c .  196.  C7H5 CIN4 O r e q u i r e s :  C, 4 2 . 8 ;  

H, 2 . 5 ;  N, 2 8 . 5# ;  MW I 96 ) .

i . r . \ J m a x .  3480 , 3350 (NEg); 2130 (N3 ) ; 1750 (0 = 0 ) ;  l 6 8 5  

( a r o m a t i c  u n s a t u r a t i o n ) ;  I 6IO; 1230 (N3 ) ;  1200,  1030 ,  975,

880 ( 1 , 2 , 4  s u b s t .  b e n z e n e ) ;  840; 8OO ( C - C l ) ;  720cml 

m/e :  P = I 9 8 , I 9 6 ; P-NH = I 8 3 , I 8 I ;  P-N = 17O, I 6 8 .
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O x ld a tio n  o f  th e  3 - a m ln o - l ,2 ,3 - b e n z o t r l a z ln - 4 - o n e s

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

was t o  d i s s o l v e  t h e  a m i n o t r i a z i n o n e  i n  t h e  d r y  s o l v e n t  

(10m l.  p e r  mmole),  and t o  add t h i s  s o l u t i o n  d ro p w is e  o v e r

5- lOm in .  t o  a m a g n e t i c a l l y  s t i r r e d  s o l u t i o n  ( o r  s u s p e n s io n )  

o f  l e a d  t e t r a a c e t a t e  ( l .Çnmiole  p e r  mmole o f  a m i n o t r i a z i n o n e )  

i n  t h e  s o l v e n t  ( c a .  1 0 m l . ) ,  a t  v a r i o u s  t e m p e r a t u r e s .

Work-up p r o c e d u r e  i n v o l v e d  t h e  a d d i t i o n  o f  r e a g e n t s  t o  t r a p  

t h e  r e a c t i v e  i n t e r m e d i a t e s  p r o d u c e d ,  u n l e s s  such  t r a p s  were  

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

Gas c h r o m a to g r a p h ic  a n a l y s i s  was used  f o r  l i q u i d  p r o d u c t s  

and e v a p o r a t i o n  o f  t h e  f i l t r a t e  o n to  a s u i t a b l e  c h ro m a to g r 

a p h ic  a d s o r b e n t  f o l lo w e d  by column ch ro m a to g ra p h y  f o r  s o l i d  

p r o d u c t s .

R e s u l t s  a r e  summarised i n  T a b l e s  I I I ,  IV and V.
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Notes to Table I I I

a) M ethy l  b e n z o a t e  was c h a r a c t e r i s e d  and e s t i m a t e d  by gas  

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

e s t e r - c h r o m o s o r b  P column, by c om p ar iso n  w i t h  s t a n d a r d  

s o l u t i o n s .

b) B e n z o ic  a c i d  e l u t e d  f rom  a s i l i c a  column w i t h  p e t r o l -  

e t h e r  ( 5 : 1 ) ,  was su b l im ed  and c r y s t a l l i s e d  f rom  w a t e r ,
o

m .p .  and mixed m .p .  1 2 0 -1 2 1 .

c) W ate r  was added t o  t h e  r e a c t i o n  a s  m o i s t  e t h e r  t o  keep  

t h e  r e a c t i o n  homogeneous.

d) T e t r a c y c l o n e  was e l u t e d  from t h e  column w i t h  b e n ze n e  and 

c r y s t a l l i s e d  from b e n z e n e - e t h a n o l  ( 1 : 5 )  a s  d a r k  l u s t r o u s  

p l a t e s  ( d , , 550; d a ,  50# r e c o v e r y ) ,  m .p .  2 19 -2 2 1 .

e)  The i n d a z o l o n e  a d d u c t  was c h a r a c t e r i s e d  a s  1 . 4 - c a r b o n o -  

1 . 2 . 3 . 4 - t e t r a n h e n v l - 4 a . 9a- b i s a z a f l u o r e n o n e . y e l l o w  s o l i d ,  

m .p .  180 - 182° (Found:  C, 8 3 . 0 ;  H, 5*0; N, 5*8; MW by mass 

s p e c .  516 . ( ^ ^ 24̂ 2^2 f e g o i r e s :  C, 8 3 . 7 ;  H, 4 . 7 ;  N, 5 . 4 # ;

MW 516) .

i . r . l J m a x .  1720 ( k e t o n e  0 = 0 ) ;  I 63O (amide 0 = 0 ) ;  15&0 (0 = 0 ) ;

1 5 0 0 , 1 4 5 0 , 1405,  1 3 4 0 , 1265;  1 2 2 0 , 1 120 , 1035- 1 0 2 5 , 965 , 760

( 1 , 2  d i s u b s t .  b e n z e n e ) ;  I l 6 5 - l l 5 0 ,  1110,  1070,  7 45 ,  690cm] 

(m o n o su b s t .  b e n z e n e ) .

m /e :  P = 5 l6 ;  T e t r a c y c l o n e  = 384;  I n d a z o l o n e  = 132 .

On h e a t i n g  t h e  a d d u c t  a t  2 0 0 ° /  1mm. t e t r a c y c l o n e  (95#)



—I l 6 —

s u b l i m e d ,  l e a v i n g  an i n t r a c t a b l e  t a r ,  p re su m ab ly  d e r i v e d  

f rom  i n d a z o l o n e .
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N o t e s  t o  TabXe IV

a) M ethy l  g - c b X o r o b e n z o a te  was e s t i m a t e d  by  gas  c h r o m a to g r a p h ic  

an aX y s is  on a diethyXenegXycoX s u c c i n a t e  e s t e r - c h r o m o s o r b  P 

coXmnn, w i t h  r e f e r e n c e  t o  a s t a n d a r d  s o X u t io n .  No coXumn 

was found which was capabXe o f  r e s o X v in g  methyX m- and £ -  

c h X o r o b e n z o a t e .

The e s t e r  was c h a r a c t e r i s e d  by ch ro m a to g ra p h y  on s i l i c a ,  

w i t h  p e t ro X  as  eX uan t ,  foXXowed by h ig h  r e s o X u t i o n  i . r .  

a n a X y s i s ,  which p ro v ed  capabXe o f  r e s o X v in g  an a u t h e n t i c  

m i x t u r e  o f  i s o m e r s .

b) ^ -C hX o ro b en z o ic  a c i d  was eXuted f rom  s i l i c a  w i t h  p e t r o X -  

e t h e r  (2 0 :X ) ,  subXimed and c ry s t a X X is e d  from p e t r o X - e t h e r  

a s  needX es ,  m .p .  and mixed m .p .  2 4 0 - 2 4 2 ° ( X i t . m .p .  2 4 3 ° ) .  

i . r .  Comparison w i t h  an a u t h e n t i c  sampXe c o n f i rm ed  t h e  

s t r u c t u r e .

c)  W ate r  was added t o  t h e  r e a c t i o n  a s  m o i s t  e t h e r .

d) The 6 -chX o ro -3 - in d a zo X o n e  a d d u c t  was c h a r a c t e r i s e d  a s  X ,4 -  

c a r b o n o - 6 -chX oro- X , 2 , 3 . 4 - t e t r a n h e n v X - 4 a , 9a- b i s a z a f X u o r e n o n e . 

yeXXow so X id ,  m .p .  X 9 8 - X 9 9 ° (d e c . ) ,  (Found: C, 7 8 . 7 ;  H, 4 . 4 ;  

N, 5 . 2 ;  MW by mass s p e c .  550. C ^ ^ X N ^ O g  r e q u i r e s ;  C, 7 8 . 5 ;  

H, 4 . 2 ;  N, 5 .x # ;  MW 5 5 0 ) .

i . r . \ ] m a x .  X730 ( k e t o n e  0 = 0 ) ;  X635 (amide 0 = 0 ) ;  X500 (0 = 0 ) ;  

X440, X390, X340; X220, XX50, XX20, X040,970 ,9 X 0 ,  840 (X ,2 ,

4 s u b s t .  b e n z e n e ) ;  Xl50 ,  XXXO, X030, 7X0, 690cm\ (m o n o su b s t .  

b e n z e n e ) .
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m /e;  P=552 and 550 (two c h l o r i n e  i s o t o p e s ) ;  P-C0=524,  522; 

P-C0g=508, 506; T e t r a c y c l o n e  = 384 ;  6 - c h l o r o - 3 - i n d a z o l o n e  

= l 6 8 ,  l 6 6 .

On h e a t i n g  t h e  a d d u c t  a t  2 0 0 ° /  1mm. t e t r a c y c l o n e  (92#) 

su b l im e d ,  l e a v i n g  an i n t r a c t a b l e  t a r ,  p re s u m a b ly  d e r i v e d  

f rom 6 - c h l o r o - 3 - i n d a z o l o n e .

e)  T e t r a c y c l o n e  was e l u t e d  f rom s i l i c a  w i t h  benzen e  and 

c r y s t a l l i s e d  from b e n z e n e - e t h a n o l  ( I ; 5) a s  d a r k  l u s t r o u s  

p l a t e s ,  ( e ^ , 64#;  e ^ ,  52# r e c o v e r y ) ,  m .p .  222°

f )  m -C h lo ro b e n zo ic  a c i d  was e l u t e d  f rom s i l i c a  w i t h  p e t r o l -  

e t h e r  ( 5 0 ;1 )  and su b l im ed  as  n e e d l e s ,  m .p .  and mixed m .p .  

1 5 6 -1 5 7 ,  ( l i t .  m .p .  1 5 8 ° ) ,  w i t h  i . r .  i d e n t i c a l  t o  t h a t

o f  an a u t h e n t i c  sp e c im en .
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N o te s  t o  T a b le  V

a)  The t o t a l  y i e l d  o f  e s t e r s  was e s t i m a t e d  by gas  c h ro m a to 

g r a p h i c  com par ison  w i t h  an a u t h e n t i c  m i x t u r e  o f  t h e  same 

i s o m e r i c  c o m p o s i t i o n .  The i so m er  r a t i o  was o b t a i n e d  by 

h ig h  r e s o l u t i o n  i . r .  a n a l y s i s  o f  t h e  e s t e r s  a f t e r  

c h ro m a to g ra p h y  on s i l i c a .

b)  The y i e l d  o f  e s t e r s  i s  b a se d  on a c om par iso n  w i t h  a 

s t a n d a r d  s o l u t i o n  o f  m e th y l  j ^ - c h l o r o b e n z o a t e .  Low 

r e s o l u t i o n  i . r .  showed t h e  two i s o m e r s  t o  be  p r e s e n t ,  b u t  

no h ig h  r e s o l u t i o n  a n a l y s i s  was a t t e m p t e d ,  due t o  t h e  low 

y i e l d  o f  e s t e r s  o b t a i n e d .

c)  The two a c i d s  were  n o t  s e p a r a t e d  on a s i l i c a  column w i t h  

p e t r o l - e t h e r  ( 2 0 :1 )  a s  e l u a n t ,  b u t  low r e s o l u t i o n  i . r .  

showed t h e  two i s o m e r s  t o  be  p r e s e n t .

d) D e u te r ium  o x id e  i n  e t h e r  was added t o  t h e  r e a c t i o n  m i x t u r e .  

The a c i d s  were  n o t  s e p a r a t e d  by ch ro m a to g ra p h y  on s i l i c a ,  

b u t  low r e s o l u t i o n  i . r .  showed t h e  two i s o m e r s  t o  be  

p r e s e n t ,  and com par ison  o f  t h e  mass sp e c t ru m  o f  t h i s  

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

t h a t  d e u t e r iu m  had been  i n c o r p o r a t e d  on t h e  b e n ze n e  r i n g .

e)  C hrom atography  on s i l i c a  w i t h  an a u t o m a t i c  g r a d i e n t  

e l u t i o n  t e c h n i q u e ,  u s i n g  a low p o l a r i t y  g r a d i e n t  ( p e t r o l -  

e t h e r ;  5 0 : 1 - 2 0 : 1 ;  10 l i t r e )  r e s u l t e d  i n  t h e  s e p a r a t i o n  o f  

t h e  two a c i d s .  m -C h lo ro b e n zo ic  a c i d  was e l u t e d  f i r s t
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and sub l im ed  as  n e e d l e s ,  m .p .  and mixed m .p .  156-157 ( l i t .  

m .p .  1 5 8 ° ) .  JB-Chlorobenzoic  a c i d  was e l u t e d  s h o r t l y  a f t e r  

i t s  i so m er  and sub l im ed  as  n e e d l e s ,  m .p .  and mixed m .p .

2 4 0 - 2 4 2 “ ( l i t .  m .p .  2 4 3 ° ) .

f )  T e t r a c y c l o n e  was e l u t e d  from s i l i c a  w i t h  benzene  and 

c r y s t a l l i s e d  from b e n z e n e - e t h a n o l  ( 1 : 5 )  a s  d a r k  p l a t e s ,

( f^ , 50#;  f g ,  87# r e c o v e r y )  m .p .  220°

g) The 5 - c h l o r o - 3 - i n d a z o l o n e  a d d u c t  was c h a r a c t e r i s e d  a s  1 , 4 -  

c a r b o n o - 7 - c h l o r o - l , 2 , 3 . 4 - t e t r a p h e n v l - 4 a , 9a- b i s a z a f l u o r e n o n e . 

y e l l o w  s o l i d ,  m .p .  1 9 0 - 1 9 2 ° ( d e c . )  (Found: C, 7 8 . 4 ;  H, 4 . 4 ;

N, 5 . 1 ;  MW by mass s p e c .  550. r e q u i r e s :  C, 7 8 . 5 ;

H, 4 . 2 ;  N, 5 .1 # ;  MW 5 5 0 ) .

i . r . ' O m a x .  1730 ( k e t o n e  0=0) ; l 6 5 0  (amide 0=0) ; 1500 (0= 0) ;  

1450 ,  1340;  1220 ,  1140 ,  1030 ,  970,  855 ( 1 , 2 , 4  s u b s t .  b e n z e n e ) ;  

1 1 5 0 , 1 0 2 5 , 7 1 0 , 680cml (m o n o su b s t .  b e n z e n e ) ,  

m/e :  P = 552, 550; P -0 0  = 524, 522; P-00g= 508, 506;

T e t r a c y c l o n e  = 384;  5 - c h l o r o - 3 - i n d a z o l o n e  = I 6 8 , I 6 6 .

On h e a t i n g  t h e  a d d u c t  a t  2 0 0 ° /  1mm. t e t r a c y c l o n e  (95#) 

s u b l im e d ,  l e a v i n g  an i n t r a c t a b l e  t a r .
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P r e p a r a t lo n  o f  3 - In d a z o l in o n e s

A l l  t h e  3 - l n d a z o l i n o n e s  were  p r e p a r e d  from t h e  

a n t h r a n i l i c  a c i d s  by d i a z o t i s a t i o n  a t  0°, r e d u c t i o n  w i t h  

SO 2 and r i n g  c l o s u r e  i n  b o i l i n g  d i l .  HC l ,  f o l l o w i n g  t h e
129

l i t e r a t u r e  p r e p a r a t i o n s  e x a c t l y .  The compounds o b t a i n e d  

w ere :

o 129
3 - i n d a z o l i n o n e ,  n e e d l e s  f rom m e t h a n o l ,  m .p .  249-251 ( l i t .  

m .p .  250- 252° ) .

5 - c h l o r o - 3 - i n d a z o l i n o n e ,  n e e d l e s  f rom  m e th a n o l ,  m .p .  273-

2 7 4 ° 275- 276° ) .

6 - c h l o r o - 3 - i n d a z o l i n o n e ,  n e e d l e s  f rom  m e th a n o l ,  m .p .  284-

2 8 6 ° ( l i t ? \ . p .  2 8 9 ° ) .

6 - n i t r o - 3 - i n d a z o l i n o n e ,  o r a n g e  n e e d l e s  f rom  e t h a n o l ,  m.p 

2 4 4 -2 4 5 °  (lit?V.p. 2 4 4 ° ) .
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O x l d a t l o n  o f  3 - I n d a z o l l n o n e s

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

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

R e s u l t s  a r e  summarised i n  T a b le  V I .
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N o te s  t o  T a b le  VI

a) M e th y l  b e n z o a t e  was c h a r a c t e r i s e d  and e s t i m a t e d  by g . I . e .

b) M e thy l  m - c h l o r o b e n z o a t e  was e s t i m a t e d  by g . l . c .  and 

c h ro m a to g ra p h y  on s i l i c a .  P e t r o l  e l u t e d  t h e  e s t e r  as  an 

o i l ,  which  c r y s t a l l i s e d  on c o o l i n g  t o  0 ° ( l i t .  m .p .  21° ) .  

H igh  r e s o l u t i o n  i . r .  s p e c t r o s c o p y  showed o n l y  one i so m er  

t o  be p r e s e n t .

c) The 5 - c h l o r o - 3 - i n d a z o l o n e - t e t r a c y c l o n e  a d d u c t  was shown t o  

be  i d e n t i c a l  w i t h  t h a t  o b t a i n e d  f rom  3- a m i n o - 6 - c h l o r o - l , 2 ,3
o

- b e n z o t r i a z i n - 4 - o n e ,  m .p .  and mixed m .p .  190-191 ( d e c . ) .

d) M e th y l  g - c h l o r o b e n z o a t e  was e s t i m a t e d  by  g . l . c .  and 

ch ro m a to g ra p h y  on s i l i c a .  P e t r o l  e l u t e d  t h e  e s t e r  a s  p l a t e s ,  

m .p .  4 0 - 4 2 °  ( l i t .  m .p .  4 4 ° ) .  H igh  r e s o l u t i o n  i . r .  showed 

o n l y  one i so m er  t o  be  p r e s e n t .

e) The 6 - c h l o r o - 3 - i n d a z o l o n e - t e t r a c y c l o n e  a d d u c t  was shown t o  

be  i d e n t i c a l  t o  t h a t  o b t a i n e d  f rom  3 - a m in o - 7 - c h l o r o - l , 2 ,3
o

- b e n z o t r i a z i n - 4 - o n e ,  m .p .  and mixed m .p .  196-197 ( d e c . ) .

f )  M e th y l  2 - n i t r o b e n z o a t e  was e l u t e d  f rom s i l i c a  w i t h  p e t r o l  

a s  p l a t e s ,  m .p .  9 3 -9 5 °  ( l i t .  m .p .  96 ) .  H igh  r e s o l u t i o n  

i . r .  showed o n ly  one i so m er  t o  be  p r e s e n t .

g) Chrom atography  on s i l i c a  w i t h  b en zen e  a s  e l u a n t  gave 

t e t r a c y c l o n e  ( 7 0 # ) .  B e n z e n e - e t h e r  ( 1 : 1 )  e l u t e d  a y e l l o w  

s o l i d ,  m .p .  161-163  ( d e c . ) ,  a s s i g n e d  t h e  6 - n i t r o - 3 -  

i n d a z o l i n o n e - t e t r a c y c l o n e  a d d u c t  s t r u c t u r e  (32# ) .
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A s a t i s f a c t o r y  a n a l y s i s  f o r  C and H c o u ld  n o t  be  o b t a i n e d ,  

(Found: N, 7*3;  by  mass s p e c .  5 6 l .  r e q u i r e s :

N, 7 . 5# ;  MW 561) .

i . r .  max. 1730 ( k e t o n e  0 = 0 ) ;  1635  (amide  0 = 0 ) ;  1550,  1345,  

8 2 5 , 760 (NO2 ) ;  7 3 0 , 695 (m o n o su b s t .  b e n z e n e ) ;  805cml ( 1 , 2 , 4  

s u b s t .  b e n z e n e ) .

m /e :  P = 561; T e t r a c y c l o n e  = 384;  6 - n i t r o - 3 - i n d a z o l o n e  = 177*

h) 2 - N i t r o b e n z o i c  a c i d  was e x t r a c t e d  from t h e  o x i d i s e d

s o l u t i o n  w i t h  b a s e ;  t h e  b a s i c  s o l u t i o n  was a c i d i f i e d  and 

e x t r a c t e d  w i t h  e t h e r  t o  g i v e  t h e  a c i d ,  m .p .  and mixed m .p .  

2 38 -240°  ( l i t .  m .p .  2 4 1 . 5 ° ) .
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M i s c e l l a n e o u s  R e a c t i o n s

D e co m p o s i t io n  o f  2 - a m i n o - 4 - c h l o r o b e n 2 o y l a z i d e

The a z i d e  (0 .5 g * )  was h e a t e d  i n  t o l u e n e  (5 m l . )  under  

r e f l u x  f o r  5min. C o l o u r l e s s  n e e d l e s  were  d e p o s i t e d  which 

w ere  f i l t e r e d  o f f  and washed w i t h  benze n e  (20 m l . )  t o  g i v e  

5 - c h l o r o - 2 - b e n z i m i d a z o l i n o n e  ( 9 5 # ) ,  m .p .  317-318  ( l i t .  

m .p . )> 2 7 0 °  ) .

D e co m p o s i t io n  o f  2 - a m i n o - 5 - c h l o r o b e n z o y l a z i d e

The a z i d e  ( 0 .5 g * )  was decomposed i n  t h e  same manner a s  

i t s  i so m er  and a f f o r d e d  t h e  same p r o d u c t ,  5 - c h l o r o - 2 -
o

b e n z i m i d a z o l i n o n e  ( 9 3 # ) ,  m .p .  and mixed m .p .  3 1 7 -3 1 8 .

A t tem p ted  p r e p a r a t i o n  o f  3 - a m i n o - 7 - n i t r o - l . 2 . 3 - b e n z o t r i a z i n '
- 4 - o n e

a)  2 - A m i n o - 4 - n i t r o b e n z o i c  a c i d  ( A l d r i c h )  was c o n v e r t e d  t o
126

t h e  m e th y l  e s t e r  q u a n t i t a t i v e l y  w i t h  d i a z o m e th a n e .

b) The e s t e r  ( 2 0 g . ) ,  h y d r a z i n e  h y d r a t e  (20 m l . )  and w a t e r  

(2 0 m l . )  were  r e f l u x e d  f o r  3 - 5 h r .  W ater  (10 0 m l. )  was added 

t o  t h e  s e m i - s o l i d  c o ld  mass and 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 .  C r y s t a l l i s a t i o n  f rom e t h a n o l  a f f o r d e d  2 . 4 - d ia m in o -

b e n z o y l h y d r a z i d e  ( 7 4 # ) ,  o r a n g e  p r i s m s ,  m .p .  207-208 

(Found: C, 5 0 .4 ;  H, 6 . 0 ;  N, 33*0;  MW by mass s p e c .  l 6 6 .  

C^E,(% 0 r e q u i r e s :  C, 5 0 .6 ;  H, 6 . 0 ;  N, 33*7#;  MW l 6 6 ) .
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m /e :  P = l 6 6 ; P-NHg= 150;  P-NgH^= 135 ;  P-N^H^ = 120 .

b l l )  The e s t e r  ( 2 0 g . ) ,  h y d r a z i n e  h y d r a t e  (2 0m l . )  and e t h a n o l  

(2 0 0 m l . )  were  shaken  f o r  2 days  a t  room t e m p e r a t u r e .  The 

o r a n g e  s o l i d  was f i l t e r e d  o f f  and c r y s t a l l i s e d  f rom  e t h a n o l  

a s  2-a m in o - 4 - n i t r o b e n z o y l h v d r a z i d e  ( 8 3 # ) ,  m .p .  237-238^  

(Found:  C, 4 3 . 1 ;  H, 4 . 3 :  N, 2 8 . 3 ;  MW by mass s p e c .  196 .  

C^HgN^Og r e q u i r e s :  G, 4 2 . 9 ;  H, 4 . 1 ;  N, 2 8 . 6 # ;  MW I 96 ) .  

i . r . x J m a x .  3450,  3420 ,  3305 (NHg); l6 5 0  (0 = 0 ) ;  1580,  1350 ,  

8 3 0 , 730 (NO2) ;  820cm] ( 1 , 2 , 4  s u b s t .  b e n z e n e ) ,  

m /e :  P = I 9 6 ; P-NH = I 8 I ;  P-NgH^= l 6 5 ;  149;

P-N3H3Cg= 1 1 9 .

c) The h y d r a z i d e  ( l O g . )  was d i s s o l v e d  i n  a c e t i c  a c i d  (5 0 0m l. )  

a t  0° Sodium n i t r i t e  ( 3 * 5 g . )  i n  w a t e r  (5 0 m l . )  was added 

d ro p w ise  o v e r  0 . 5 h r .  w i t h  s t i r r i n g ,  and t h e  s o l u t i o n  

s t i r r e d  f o r  a f u r t h e r  I h r .  W ater  (1 l i t r e )  was added 

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

washed w i t h  w a t e r  and d r i e d  i n  v a c u o . The s o l i d  was t r e a t e d  

w i t h  c o ld  e t h a n o l  (2  X 50m l.)  and f i l t e r e d .  The a l c o h o l  

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

w a t e r ,  f i l t e r e d  and c r y s t a l l i s e d  from  p e t r o l  ( b . p .  6 0 - 8 0 ° ) -  

b en ze n e  ( 5 : 1 )  t o  g i v e  2-am in o - 4 - n i t r o b e n z o v l a z i d e  ( 63# ) ,
o

o ra n g e  n e e d l e s ,  m .p .  1 3 3 .5  ( d e c . )  (Found: C, 4 0 . 6 ;  H ,  2 . 6 ;

N, 3 3 . 7 . C7H5K5O3 r e q u i r e s :  C, 4 0 . 6 ;  H, 2 . 4 ;  N, 3 3 . 8 # ) .
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i . r . \ ) m a x .  3470 ,  3550 (NHj);  2160-2140 (Mg); 1735 ,  1670 

( 0 = 0 ) ;  16 4 0 ,  1590 (0=0;  N=u);  l 5 l 5 ,  1355 ,  8 65 ,  735 (HOg);

8 8 0 ,  825cm. ( 1 , 2 , 4  s u b s t .  b e n z e n e ) .

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

y e l l o w  p l a t e s ,  m .p .  2 6 0 - 2 8 0 ° ( s lo w  d e c . ) .  R e c r y s t a l l i s a t i o n  

f rom  e t h a n o l  a f f o r d e d  Ç - n i t r o - 2 - b e n z i m i d a z o l i n o n e  ( 1 7 # ) ,
132 o

m .p .  3 03 -305  ( l i t .  m .p .  308 ) .  

d i )  2 - A m i n o - 4 - n i t r o b e n z o y l h y d r a z i d e  was b e n z o y l a t e d  by  t h e  

Scho t ten -B aum ann  m ethod ,  and t h e  p r o d u c t  d i a z o t i s e d  

d i r e c t l y .  F i l t r a t i o n  and c r y s t a l l i s a t i o n  f rom e t h a n o l  

a f f o r d e d  3 - b e n z o y la m id o - 7 - n i t r o - 1 . 2 . 3 - b e n z o t r i a z i n - 4 - one 

( 63# ) ,  m .p .  208- 209 ° ( d e c . )  (Found: C, 5 4 .0 ;  H, 3*3;

N, 2 2 . 3 ;  MW by mass s p e c .  311* GijEgNsO^ r e q u i r e s :  C, 5 4 .0 ;

H, 3*0;  N, 2 2 . 5# ;  MW 311 )*

i . r .  \ )max.  3200 (NH) ; 1720 ,  l 6 5 5  ( 0 = 0 ) ;  1595 ,  l5 8 0  (0=0;  N=N); 

1530  (NO2 ) ;  8 6 0 , 795 ( 1 , 2 , 4  s u b s t .  b e n z e n e ) ;  7 3 0 , 705cml 

(m o n o su b s t .  b e n z e n e ) .

H y d r o l y s i s ,  i n  h o t  H C l - e t h a n o l  (10#) a f f o r d e d  5 - n i t r o - 2 -  

b e n z i m i d a z o l i n o n e  ( 57# ) ,  m .p .  and mixed m .p .  306 - 3 0 7 *

M i l d e r  c o n d i t i o n s  gave t h e  s t a r t i n g  m a t e r i a l  r e c o v e r e d  

u n r e a c t e d .

d i i )  A t tem p ted  p r e p a r a t i o n  o f  t h e  b e n z y l i d e n e  d e r i v a t i v e  o f

2 - a m i n o - 4 - n i t r o b e n z o y l h y d r a z i d e  a f f o r d e d  a y e l l o w  s o l i d ,  

f i n e  n e e d l e s  f rom e t h a n o l ,  m .p .  209-211°  (Found:  0 ,  6 6 . 4 ;

H, 4 . 3 ;  N, 1 6 . 5 ;  MW by  mass* s p e c .  253* G,^.,iN302 r e q u i r e s :
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c ,  66.4; H, 4 .4 ;  N, l 6 .6 # ;  MV/ 253).
-1

l . r . M m a x .  1710;  1665;  1530 ,  1350 , 830 , 740 ; 800 ; 76 5 ,  695cm.

D é co m p o s i t io n  o f  2 - a m l n o - 4 - n i t r o b e n z o y l a z l d e

The a z i d e  ( 0 . 5 g . )  was h e a t e d  i n  t o l u e n e  (2 0 m l . )  under  

r e f l u x  f o r  5min. Y e l lo w  n e e d l e s  were  d e p o s i t e d  which were  

f i l t e r e d  from  t h e  c o ld  s o l u t i o n ,  washed w i t h  benzen e  and 

d r i e d  t o  g i v e  5 - n i t r o - 2 - b e n z i m i d a z o l i n o n e  ( 9 7 # ) ,  m .p .  3 05 -  

3 0 7 °  ( l i t ? ^ m . p .  308°)  (Found: C, 4 6 . 9 ;  H, 2 . 9 ;  N ,  2 3 . 4 ;

MPW by mass s p e c .  179* C a l c ,  f o r  CyH^NgOg: C, 4 6 . 9 ;  H, 2 . 8 ;  

N, 2 3 .5 # ;  MVJ 1 7 9 ) .

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

K e t e n e ,  g e n e r a t e d  f rom a c e t o n e  w i th  a k e t e n e  lamp 

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

b e n z o i c  a c i d  ( 1 2 g . )  i n  e t h e r  (10 0 m l . )  f o r  17min. The e t h e r  

was removed by  e v a p o r a t i o n ,  l e a v i n g  b e n z o i c  a c e t i c  a n h y d r i d e  

a s  a m o b i l e  o i l .

W ate r  c o n v e r t e d  t h e  mixed a n h y d r i d e  i n t o  b e n z o i c  a c i d  

and a c e t i c  a c i d  q u a n t i t a t i v e l y .  M ethano l  a f f o r d e d  a m i x t u r e  

o f  e s t e r s ,  shown by g . l . c .  t o  be  m e th y l  b e n z o a t e  ( 7 . 5 # )  

and m e th y l  a c e t a t e  ( 9 2 . 5 # ) .
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D ls c u s s io n

B enzocyclopropenone (?6) has been proposed as an 

in te r m e d ia te  in  th e  th e r m o ly t ic  and m a s s - s p e c tr a l
133, . 134

fra g m en ta tio n  o f  in d a n e tr io n e  (74) and p h t h a l ic  anhydride

and i s  a l s o  o f  i n t e r e s t  as a p o t e n t i a l l y  arom atic  system
111

(77) by ana logy  w ith  th e  s t a b le  m on ocyclic  c y c lo p r o p e n o n es .

On p y r o l y s i s ,  in d a n e tr io n e ^^74) has been shown to  l o s e  

carbon monoxide in  a s te p w is e  manner, y i e l d i n g  b e n z o c y c lo -  

b u ten ed ion e  (75) (which was i s o l a t e d ) , benzocyclopropenone  

( 7 6 ) (which d im e r ise s  to  anthraquinone and phenanthraquinone)  

and benzyne (78) (which d im e r ise s  to  b ip h e n y le n e ,  or tr a p s  

benzocyclopropenone to  g iv e  f lu o r e n o n e ) •

(78)

P h th a l ic  anhydride a l s o  fragm ents to  "benzocyclopropenone"  

(7 6 ) (w ith  l o s s  o f  carbon d io x id e  f i r s t )  and benzyne (78)
134

under s im i la r  tre a tm en t ,  and a ttem p ts  have been made to  

c o r r e la t e  t h i s  w ith  th e  breakdown o f  m olecu lar  io n s  on 

mass s p e c t r a l  a n a ly s e s  o f  th e s e  compounds.

As mentioned in  th e  in t r o d u c t io n ,  i t  seemed th a t



-134-

r e a c t i o n s  b ased  on 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
56

t o  benzyne  m ig h t  be m i ld  enough t o  a l l o w  t h e  g e n e r a t i o n  o f  

b e n z o c y c lo p r o p e n o n e  unde r  more u s e f u l  c o n d i t i o n s .  3-Amino- 

b e n z o t r i a z i n - 4 - o n e  (79) was s y n t h e s i s e d  i n  o r d e r  t o  

d e t e r m i n e  w h e t h e r ,  on o x i d a t i o n ,  c o m p le te  f r a g m e n t a t i o n  

t o  benzyne  by l o s s  o f  n i t r o g e n  and c a rb o n  monoxide would 

o c c u r ,  o r  w h e th e r  n i t r o g e n  o n l y  would be  l o s t ,  i n i t i a l l y ;  

t h i s  would g i v e  a d i r a d i c a l  ( 8 0 ) ,  which co u ld  r i n g  c l o s e  

t o  i n d a z o l o n e  (81) o r  l o s e  a n o t h e r  mole o f  n i t r o g e n  t o  

g i v e  a d i r a d i c a l  (82) ( o r  a c o r r e s p o n d i n g  d i p o l a r  s p e c i e s )  

w hich  c o u ld  r i n g  c l o s e  t o  g i v e  b e n z o c y c lo p ro p e n o n e  ( 7 6 ) .

^  ( 7 9 ) (80)

(82) (81)
P r e l i m i n a r y  work p e r fo rm ed  on t h i s  sy s te m  showed t h a t  

t h e  t h r e e  p o s s i b i l i t i e s  may a l l  o c c u r  unde r  v a r i o u s
58

c o n d i t i o n s .  I n  r e f l u x i n g  b e n z e n e ,  benzyne  was g e n e r a t e d  

a s  shown by t h e  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 e n e  (5^)  

( 8 3 ) w i t h  t e t r a c y c l o n e .  The i n d a z o l o n e  a d d u c t  (84) w i t h  

t e t r a c y c l o n e  was formed (30^) a t  t e m p e r a t u r e s  f rom  -8 0°  

t o  8 0 ° and b e n z o ic  a c i d  (3%), f rom t h e  n u c l e o p h i l i c  a t t a c k  

o f  w a t e r  on b e n z o c y c lo p r o p e n o n e ,  was formed under  t h e  same 

c o n d i t i o n s .
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(79 )

/%HS
( 8 4 )

■CeHs

To d e m o n s t r a t e  t h a t  t h e  c y c lo p r o p e n o n e  r i n g  i s  ^ ^ u a l l y

formed i n  t h e  r e a c t i o n ,  t h e  b en ze n e  r i n g  has  t o  be  l a b e l l e d

t o  remove t h e  symmetry o f  t h e  i n t e r m e d i a t e ,  so t h a t

d i r e c t i o n  o f  r i n g  o p e n in g  may be d e m o n s t r a t e d .  T h i s  was

done by s y n t h e s i s i n g  6 -  and 7 - c h l o r o - 3 - a m i n o - l , 2 , 3 - b e n z o -
a b

t r i a z i n - 4 - o n e  (8^)  and ( 8 5 ) .

3 - I n d a z o l i n o n e  ( 8 6 ) ,  on o x i d a t i o n  w i t h  l e a d  t e t r a a c e t a t e ,
135

was r e p o r t e d ,  i n  a p r e l i m i n a r y  com m unica t ion ,  t o  g i v e  t h e  

u n s t a b l e  3 - l n d a z o l o n e  ( 8 l )  i n  s o l u t i o n  a t  low t e m p e r a t u r e s .  

T h i s  compound r e a c t s  w i t h  d i e n e s ,  such  a s  b u t a d i e n e ,  t o  

g i v e  D i e l s - A l d e r  a d d u c t s ,  such  as  ( 8 7 ) ,  and w i t h  n u c l e o 

p h i l e s ,  such as  w a t e r ,  m e th an o l  and a c e t i c  a c i d ,  t o  g i v e  

b e n z o i c  a c i d ,  m e th y l  b e n z o a t e  and b e n z o i c  a c e t i c  a n h y d r i d e  

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

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

i n t e r m e d i a t e  (88) i s  i n i t i a l l y  fo rm ed ,  which s l o w l y  l o s e s  

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



- 1 3 6 -

(8 6 )
H

Cgl̂ coj^c

V V
/HgO 

H 9 D F ^ H O A c

( 8 8 )

(8 4 )

//  ( 8 7 )

135
B a i j ï ^ s  and Ullman r e p o r t e d  t h a t  no p r o d u c t s  were  

formed which  r e s u l t e d  f rom  com p le te  d i s s o c i a t i o n  i n t o  

b e n z y n e ,  b u t  t h e  o x i d a t i o n  i n  r e f l u x i n g  b e n z e n e ,  l i k e  t h e  

3 - a m i n o b e n z o t r i a z i n - 4 - o n e ,  h a s  s i n c e  been  r e p o r t e d  t o  

g i v e  t e t r a p h e n y l n a p h t h a l e n e  (4^)  (83) and t h e  i n d a z o l o n e

a d d u c t  (30^) (84) w i t h  t e t r a c y c l o n e .
5 8

II ( 7 8 )

^ 6 ^ 5

%
( 8 3 )

The o x i d a t i o n  o f  3 - a m i n o b e n z o t r i a z i n - 4 - o n e  (79) and 

3 - i n d a z o l i n o n e  ( 8 6 ) ,  p e r fo rm ed  under  v e r y  s i m i l a r  c o n d i t i o n s ,  

a r e  o b v i o u s l y  c l o s e l y  r e l a t e d ;  t h u s ,  a com p ar iso n  o f  t h e  

p r o d u c t s  o f  t h e  two o x i d a t i o n s  c o u ld  g i v e  some i n s i g h t  

i n t o  t h e  mode o f  d e c o m p o s i t i o n .
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Preparation o f 3 -am in ob en zotrlazln -4-ones.

122
3 - A m i n o b e n z o t r i a z i n - 4 - o n e  (79) was p r e p a r e d  by t h e  

d i a z o t i s a t i o n  o f  jo -am in o b e n z o y lh y d ra z id e  ( 89 ) •  0-Amino- 

b e n z o y l a z i d e  (90) was a l s o  formed i n  t h i s  r e a c t i o n .

iMe

(89)

MONO

( 7 9 ) ( 9 0 )

3 - A m i n o - 6 - c h l o r o b e n z o t r i a z i n - 4 - o n e  ( 8 5 ) ,  and t h e  c o r r e s -
b

p on d in g  7 - c h l o r o  i so m er  (85) were  p r e p a r e d  by an a n a lo g o u s  

method from t h e  h y d r a z i d e  (91) and (92) w i th  t h e  amino-  

a z i d e s  (93) and (94) a g a i n  formed a s  s i d e  p r o d u c t s .  Q

NHNH

L ik e  t h e  p a r e n t  a z i d e ,  t h e s e  were  found  t o  be  a lm o s t  

q u a n t i t i v e l y  c o n v e r t e d  i n t o  5 - c h l o r o - 2 - b e n z i m i d a z o l i n o n e

(95)  by r e f l u x i n g  a s o l u t i o n  o f  e i t h e r  i n  t o l u e n e .  T h i s  

compound p re su m ab ly  a r o s e  by r e a r r a n g e m e n t  o f  t h e  n i t r e n e s

( 96 ) and (97) f o l l o w e d  by i n t r a m o l e c u l a r  c y c l i s a t i o n  o f  t h e  

i s o c y a n a t e s  ( 98) and ( 9 9 ) •  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  

t h e  n i t r e n e  (96  o r  97) r e a r r a n g e s  f a s t e r  t h a n  i t  can be  

t r a p p e d  i n t r a m o l e c u l a r l y  by  t h e  o -am ino  g r o u p .

C ^ C l >  Cl

H

■>

( 9 5 ) ^
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O x id a t lo n  o f  3 - a m l n o b e n z o t r l a z i n - 4 - o n e s .

When a s o l u t i o n  o f  3 - a m i n o b e n z o t r i a z i n - 4 - o n e  (79) i n  

m e th a n o l  was added t o  a s u s p e n s io n  o f  l e a d  t e t r a a c e t a t e  i n  

m e t h a n o l ,  t h e r e  was an im m ed ia te  gas  e v o l u t i o n .  A f t e r  t h e  

a d d i t i o n ,  a gas  c o n t i n u e d  t o  be e v o lv e d  s l o w l y .  Gas 

c h r o m a to g r a p h ic  a n a l y s i s  o f  t h e  s o l u t i o n  showed m e th y l  

b e n z o a t e  i.77%) t o  be t h e  p r o d u c t  o f  t h e  o x i d a t i o n .
o o

S i m i l a r  o x i d a t i o n s  i n  i n e r t  s o l v e n t s  a t  20 t o  80 , w i t h  

t h e  a d d i t i o n  o f  m e th a n o l  when t h e  r e a c t i o n  was c o m p l e t e ,  

gave  m e th y l  b e n z o a te  (15 t o  2 0 ^ ) ,  d e m o n s t r a t i n g  t h e  

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

The a d d i t i o n  o f  m o i s t  e t h e r  t o  an o x i d i s e d  s o l u t i o n  

a f f o r d e d  b e n z o i c  a c i d  ( 5 7 ^ ) ,  c o n f i r m in g  t h i s  p o i n t .

S i n c e  t h e  r e a c t i v e  i n t e r m e d i a t e  may be  i n d a z o l o n e  (81) 

a n d / o r  b e n z o c y c lo p ro p e n o n e  ( 7 6 ) ,  t h e  amine was o x i d i s e d  

i n  m e th y le n e  c h l o r i d e  a t  2 0 ° ,  a s o l u t i o n  o f  t e t r a c y c l o n e  

added  t o  t r a p  t h e  i n d a z o l o n e  ( 8 I )  , f o l l o w e d  by m o i s t  

e t h e r  t o  t r a p  t h e  b e n z o c y c lo p ro p e n o n e  ( 76 ) .  The i n d a z o l o n e  

a d d u c t  (20%) (84) and b e n z o i c  a c i d  (15%) were  b o th  p ro d u c e d ,  

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

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

i n  t h e  o x i d i s e d  s o l u t i o n .
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( 7 9 )

\k

(81 )
(84)

Me OH

(76 )
CgH^CC^

Me OH

When a s o l u t i o n  o f  3 - a o l u o - 7 - c h l o r o b e n z o t r l a z l n - 4 - o n e  

(85)^ i n  m e th an o l  was o x i d i s e d  w i t h  l e a d  t e t r a a c e t a t e ,  

m e th y l  ^ - c h l o r o b e n z o a t e  (68^) was p r o d u c e d ,  and t h i s  same 

e s t e r  was formed ( l 6 ^ )  when m e th a n o l  was added t o  an 

a c e t ^ o n i t r i l e  s o l u t i o n  o f  t h e  o x i d i s e d  am ine .  Chrom atography  

on s i l i c a - g e l  g a v e ,  i n  a d d i t i o n  t o  t h e  e s t e r ,  _ p -ch lo ro -  

b e n z o i c  a c i d  (6^)  which  p re s u m a b ly  r e s u l t e d  from a d v e n t i t i o u s  

h y d r o l y s i s  b e f o r e  t h e  a d d i t i o n  o f  m e th a n o l .  When w a t e r ,  

a s  m o i s t  e t h e r ,  was added t o  t h e  o x i d i s e d  s o l u t i o n ,  

c h l o r o b e n z o i c  a c i d  (24^) was p r o d u c e d .

S i n c e  two r e a c t i v e  i n t e r m e d i a t e s  were  shown t o  be  formed 

f rom  t h e  u n s u b s t i t u t e d  am ine ,  two e x p e r im e n t s  were  d e v i s e d  

t o  d e m o n s t r a t e  t h e  e x t e n t  o f  f o r m a t i o n  o f  each  i n t e r m e d i a t e  

and t o  show t h a t  one i n t e r m e d i a t e  i s  n o t  a p r e c u r s o r  o f  t h e  

o t h e r .

The o x i d a t i o n  i n  m e th y le n e  c h l o r i d e  a t  2 0 ° ,  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 e ,  w i t h  t h e  a d d i t i o n  o f  m o i s t  e t h e r  

t o  t h e  o x i d i s e d  s o l u t i o n  a f f o r d e d  ^ - c h l o r o b e n z o i c  a c i d  ( 2 0 ^ ) ,  

d e r i v e d  f rom  4 - c h l o r o b e n z o c y c l o p r o p e n o n e  ( 1 0 0 ) ,  and t h e
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t e t r a c y c l o n e  a d d u c t  (102) o f  6 - c h l o r o - 3 “ i n d a z o l o n e  ( 1 0 1 ) .

I f  t h e  i n d a z o lo n e  (101) i s  t r a p p e d  a s  soon a s  i t  i s  fo rm ed ,  

t h e n  t h e  b e n z o c y c lo p ro p e n o n e  (100) must  be formed by an 

i n d e p e n d e n t  pa thw ay ,  n o t  i n v o l v i n g  t h e  i n d a z o lo n e  i n t e r 

m e d i a t e  .

The o x i d a t i o n  i n  m e th y le n e  c h l o r i d e  a t  2 0 ° ,  w i t h  t h e  

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

e t h e r  a f f o r d e d  m - c h l o r o b e n z o ic  a c i d  ( 0 . 2 ^ ) ,  j - c h l o r o b e n z o i c  

a c i d  (21^)  and t h e  6 - c h l o r o - 3 - i n d a z o l o n e  a d d u c t  (17^)  ( 1 0 2 ) .  

T h i s  a d d u c t  i s  d e r i v e d  f rom  6 - c h l o r o - 3 - i n d a z o l o n e  (101) 

r e m a in in g  i n  s o l u t i o n  when t h e  o x i d a t i o n  i s  c o m p le t e d ,  and 

s i n c e  t h i s  i s  t r a p p e d  f i r s t ,  t h e  a c i d s  must d e r i v e  f rom  

4 - c h l o r o b e n z o c y c l o p r o p e n o n e  (100) a l s o  r e m a in in g  i n  s o l u t i o n  

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

v e r y  r e a c t i v e  i n t e r m e d i a t e .  S i n c e  t h e  3-membered r i n g  may 

open two ways,  two i s o m e r i c  c h l o r o b e n z o i c  a c i d s  sh o u ld  be 

fo rm ed ;  t h i s  p o i n t  i s  d e a l t  w i t h  l a t e r .

NH2 LTA^

(8 5 )

MeOH Ç
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When a s o l u t i o n  o f  3 - a m i n o - 6 - c h l o r o b e n z o t r i a z i n - 4 - o n e  
a

(85) i n  m e th an o l  was o x i d i s e d  w i t h  l e a d  t e t r a a c e t a t e ,  

m e th y l  m- and ^ - c h l o r o b e n z o a t e  were  p roduced  ( 5 8 .5 ^  and 

11.5% r e s p e c t i v e l y ) .  C hrom atography  on s i l i c a - g e l  a f f o r d e d  

a m i x t u r e  o f  t h e  e s t e r s  and t h e  i so m er  r a t i o  was c a l c u l a t e d  

f rom  h ig h  r e s o l u t i o n  i n f r a r e d  s p e c t r o s c o p y .  A n a l y s i s  o f  

an a u t h e n t i c  m ix t u r e  by p . m . r .  f a i l e d  t o  p ro d u ce  a s a t i s 

f a c t o r y  r e s o l u t i o n .  I t  w as ,  t h e r e f o r e ,  o n l y  used a s  

a d d i t i o n a l  e v id e n c e  f o r  t h e  s t r u c t u r e  o f  t h e  e s t e r s .  M ethy l  

m - c h l o r o b e n z o a t e  c o u ld  be  p ro d uced  by  n u c l e o p h i l i c  a t t a c k  o f  

m e th a n o l  on 5 - c h l o r o i n d a z o l o n e  (103) and 4 - c h l o r o b e n z o 

c y c lo p ro p e n o n e  ( 1 0 0 ) ;  m e th y l  _ p -c h lo ro b e n z o a te  can o n l y

d e r i v e  f rom 4 - c h l o r o b e n z o c y c l o p r o p e n o n e  (1 0 0 ) •
a 0

When t h e  amine (85) was o x i d i s e d  i n  a c e t o n i t r i l e  a t  80 ,

and m e th an o l  added t o  t h e  s o l u t i o n  a f t e r  t h e  o x i d a t i o n

was c o m p le t e ,  a m ix t u r e  o f  m e th y l  c h l o r o b e n z o a t e s  (17%)

and c h l o r o b e n z o i c  a c i d s  (6%) was p r o d u c e d .  No s e p a r a t i o n

o f  i s o m e r s  c o u ld  be o b t a i n e d  by  ch ro m a to g ra p h y  and i som er

r a t i o s  were  n o t  e s t i m a t e d .  The a c i d s  p re su m ab ly  a r o s e

f rom  a d v e n t i t i o u s  h y d r o l y s i s  b e f o r e  t h e  m e th an o l  was ad d ed .

T h i s  r e a c t i o n  was r e p e a t e d  a t  -80°  and D2 O added i n

e t h e r .  C hrom atography  on s i l i c a - g e l  a f f o r d e d  a m i x t u r e

o f  d e u t e r a t e d  c h l o r o b e n z o i c  a c i d s  (35%) a s  shown by m ass-

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

r a t i o s  were  n o t  e s t i m a t e d .
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The o x i d a t i o n  o f  t h e  amine i n  m e th y le n e  c h l o r i d e  a t  20

w i t h  t h e  a d d i t i o n  o f  w a t e r  a f t e r  c o m p le t io n  o f  t h e  o x i d a t i o n

a f f o r d e d  m - c h lo r o b e n z o ic  a c i d  (2%) and p - c h l o r o b e n z o i c

a c i d  (7%)5 s e p a r a t e d  by c h ro m a to g ra p h y  on s i l i c a - g e l  w i t h

a g r a d i e n t  e l u t i o n  t e c h n i q u e .  H e re  t h e  " r e a r r a n g e d "  a c i d

p r e d o m i n a t e s  and t h e  3-membered r i n g ,  once  fo rm ed ,  must

open u n de r  t h e  i n f l u e n c e  o f  t h e  s u b s t i t u e n t  i n  t h e  same

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

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

5 - c h l o r o i n d a z o l o n e  (103) and 4 - c h l o r o b e n z o c y c l o p r o p e n o n e

( 1 0 0 ) ,  t e t r a c y c l o n e  was a g a i n  used  as  a t r a p  i n  two d i f f e r e n t
a

e x p e r i m e n t s .  The amine (85) was o x i d i s e d  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 e ,  and w a t e r  added when t h e  o x i d a t i o n  was

c o m p l e t e .  m -C h lo ro b e n zo ic  a c i d  (0 .3 % ) ,  p - c h l o r o b e n z o i c

a c i d  (3%) and t h e  5 - c h l o r o i n d a z o l o n e - t e t r a c y c l o n e  a d d u c t

(10.5%) (104)  were  s e p a r a t e d  by a g r a d i e n t  e l u t i o n  t e c h n i q u e
a

on s i l i c a - g e l .  When t h e  amine (85) was o x i d i s e d  a l o n e ,  

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

u s i n g  t h e  same w ork-up  p r o c e d u r e ,  m - c h l o r o b e n z o ic  a c i d  (1%), 

p - c h l o r o b e n z o i c  a c i d  (15%) and t h e  5 - c h l o r o - 3 - i n d a z o l o n e  

a d d u c t  (2%) (104) were  o b t a i n e d .  T hese  two e x p e r i m e n t s  

i n d i c a t e  t h a t  5 - c h l o r o - 3 - i n d a z o l o n e  (103) i s  l e s s  s t a b l e  

t h a n  t h e  6 - c h l o r o  i so m er  ( 1 0 1 ) ,  l e s s  b e in g  formed i n i t i a l l y  

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

t h e  d i r e c t i o n  o f  open in g  o f  t h e  3-niembered r i n g .

(8 5 ) a

r  ^

J -
--------> r  1

(103) (104)
A CgHg

M2 OH

OH
(Me)

OH
(Me)

( 1 0 0 )
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P r e p a r a t i o n  o f  3 - l n d a z o l l n o n e s

A n t h r a n i l i c  a c i d  was d i a z o t i s e d  a t  0 - 5  , and t h e  s o l u t i o n  

added d ro p w ise  t o  d i l .  HCl s a t u r a t e d  w i t h  SOg, w h i l e  SO^ 

was c o n t i n u o u s l y  b u b b le d  th r o u g h  t h e  s o l u t i o n .  A d d i t i o n  

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

a c i d  h y d r o c h l o r i d e  (1 0 5 ) •  T h i s  h y d r o c h l o r i d e  was r e f l u x e d

i n  w a t e r  t o  g i v e  t h e  r i n g  c l o s e d  p r o d u c t ,  3 - i n d a z o l i n o n e 129

(86) .

OHOH SO2H HON'

NHNHNH
Hcr

(105) ( 86 )

IH

1 2 9The same p r o c e d u r e  was f o l l o w e d  f o r  5 - c h l o r o - 3 - i n d a z o l -  

in o n e  (IO6 ) , 6 - c h l o r o - 3 - i n d a z o l i n o n e  (107) and 6 - n i t r o - 3 -  

i n d a z o l i n o n e  (IO8 ) •
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O x ld a t lo n  o f  3 - l n d a z o l i n o n e s .

When a s o l u t i o n  o f  3 - i n d a z o l i n o n e  (86) i n  m e th an o l  was 

added t o  a s u s p e n s io n  o f  l e a d  t e t r a a c e t a t e  i n  m e th a n o l ,  a 

s low e v o l u t i o n  o f  n i t r o g e n  o c c u r r e d .  Gas c h r o m a to g r a p h ic  

a n a l y s i s  o f  t h e  s o l u t i o n  a f t e r  I h r .  showed m e th y l  b e n z o a t e  

(46^)  t o  be t h e  o n l y  v o l a t i l e  p r o d u c t .  When t h e  r e a c t i o n  

was p e r fo rm ed  i n  a c e t o n i t r i l e  a t  8 0 ° ,  and m e th an o l  added 

a f t e r  t h e  o x i d a t i o n  was c o m p le t e ,  m e th y l  b e n z o a te  (18^) 

was a g a i n  p r o d u c e d .

( 86 )

Pb(OAc)4 McOH

(81)
A s o l u t i o n  o f  5 - c h l o r o - 3 - i n d a z o l i n o n e  (106) i n  m e th an o l  

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

b e n z o a t e  ( 5 2 ^ ) .  The p r o d u c t  was i s o l a t e d  by ch ro m a to g ra p h y  

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

f a i l e d  t o  show t h e  p r e s e n c e  o f  t h e  ^ ^ c h l o r o  e s t e r .  When 

( 106 ) was o x i d i s e d  i n  m e th y le n e  c h l o r i d e  a t  2 0 ° ,  and a 

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

t h e  5 - c h l o r o - 3 - i n d a z o l o n e - t e t r a c y c l o n e  a d d u c t  (10^) (104) 

was t h e  o n l y  p r o d u c t  i s o l a t e d .  The i n d a z o lo n e  (103) does  

n o t ,  t h e r e f o r e ,  decay  t o  4 - c h l o r o b e n z o c y c l o p r o p e n o n e  ( 1 0 0 ) ,  

and a l l  a c i d  and e s t e r  p r o d u c t s  must  r e s u l t  f rom  n u c l e o -  

p h i l i c  a t t a c k  on t h e  i n d a z o l o n e  (1 0 3 ) •
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PbtOAc)

Cl

_ ( 1 0 4 )
(1 0 6 )  ( 1 0 3 )

I n  a n a lo g o u s  r e a c t i o n s ,  6 - c h l o r o - 3 - i n d a z o l i n o n e  (107) 

a f f o r d e d  m e th y l  _ p - c h lo ro b e n z o a te  (53^) i n  m e th a n o l ,  and 

t h e  6 - c h l o r o i n d a z o l o n e  a d d u c t  (102) (2$%) i n  m e th y len e  

c h l o r i d e  w i t h  t h e  a d d i t i o n  o f  t e t r a c y c l o n e  f o l lo w e d  by 

w a t e r .  S i m i l a r l y ,  6 - n i t r o - 3 - i n d a z o l i n o n e  (108) when 

o x i d i s e d  i n  m e th a n o l  a f f o r d e d  m e th y l  ^ - n i t r o b e n z o a t e  (55^)* 

When (lOB) was o x i d i s e d  i n  m e th y le n e  c h l o r i d e  and m o i s t  

e t h e r  a d d ed ,  £ - n i t r o b e n z o i c  a c i d  { 2 % )  was t h e  o n ly  

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

m - n i t r o b e n z o i c  a c i d  p roved  n e g a t i v e .  A s i m i l a r  r e a c t i o n  

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

a f f o r d e d  t h e  6 - n i t r o - 3 - i n d a z o l o n e  a d d u c t  (109) ( 32^ )*

l t a
N H  >

H
( 1 0 7 )

M»OH

ÇgHg CgHp, 
( 1 0 2 )

MgOH
( 1 0 8 )
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A ttem p ted  p r e p a r a t i o n  o f  3 - a m i n o - 7 - n i t r o - l , 2 , 3 - b e n z o t r l a z i n -
4 -o n e

2 - A m i n o - 4 - n i t r o b e n z o y l h y d r a z i d e  (110) was p r e p a r e d  from 

t h e  m e th y l  e s t e r  w i t h  h y d r a z i n e  i n  e t h a n o l  a t  room 

t e m p e r a t u r e .  When t h e  e s t e r  was b o i l e d  i n  h y d r a z i n e  h y d r a t e -  

w a t e r  ( 1 : 1 )  t h e  n i t r o  g roup  was r e d u c e d ,  t o  g i v e  2 ,4 - d i a m in o  

- b e n z o y l h y d r a z i d e  ( 1 1 1 ) .

D i a z o t i s a t i o n  o f  2 - a m i n o - 4 - n i t r o b e n z o y l h y d r a z i d e  (110)

a f f o r d e d  2 - a m i n o - 4 - n l t r o b e n z o y l a z i d e  ( 63^)  ( 1 1 2 ) ,  and

5 - n i t r o - 2 - b e n z i m i d a z o l i n o n e  (17%) (113) which p re su m ab ly

a r o s e  f rom  t h e  d e c o m p o s i t i o n  o f  t h e  a z i d e  ( 1 1 2 ) .  The n i t r o

g roup  i n  t h e  4 - p o s i t i o n  d e a c t i v a t e s  t h e  amino g ro u p  on t h e

a r o m a t i c  r i n g ,  hen ce  d i a z o t i s a t i o n  o c c u r s  o n ly  on t h e

h y d r a z i d e  f u n c t i o n .  9
Ç  r ^ N H N H s    ^

( 1 1 1 )  Q u ' - W s f  °

(113)
3 - B e n z o y i a m i d o - 7 - n i t r o b e n z o t r i a z l n - 4 - o n e  (114) was 

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

(110) p r i o r  t o  d i a z o t i s a t i o n .  However, a t t e m p t e d  rem o v a l  

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

c l e a v a g e  o f  t h e  t r i a z i n o n e  r i n g ,  a s  d e s c r i b e d  f o r  3 -am ln o -  

l , 2 , 3 - b e n z o t r i a z i n - 4 - o n e  by  G ibson  and Green^^and 5 - n i t r o -

2 - b e n z i m i d a z o l i n o n e  (57%) (113)  was p r o d u c e d .  T h is
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p r o d u c t ,  i d e n t i c a l  t o  t h a t  o b t a i n e d  by  d i a z o t i s a t i o n  o f  

t h e  h y d r a z i d e  (110), was a l s o  p roduced  by  t h e r m a l  f r a g m e n t 

a t i o n  o f  2 - a m i n o - 4 - n i t r o b e n z o y l a z i d e  ( 1 1 2 ) .

Q-l-tCOCl |ÿf"'y^N H N H CO C ^H g

( 110 ) 2
MONO

^ V V  . H C l

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

t h e  h y d r a z i d e  (110)  a f f o r d e d  an unknown y e l l o w  c r y s t a l l i n e  

s o l i d  which  a n a l y s e d  f o r  C O^and t h e  MW from  t h e  mass
^  14  11 3  2

s p e c t r u m  was 253 i n  a g re em e n t  w i t h  t h i s  f o r m u l a .  However, 

no s t r u c t u r e  c o u ld  be a s s i g n e d  t o  t h i s  compound.
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C o n c lu s io n

The work d e s c r i b e d  shows t h a t  3 - a m i n o - l , 2 , 3 - ' b e n z o t r i a z i n -

4 - o n e  i s  o x i d i s e d  w i t h  l e a d  t e t r a a c e t a t e  t o  b e n z o c y c l o p r o p -  

enone and 3 - i n d a z o l o n e  by i n d e p e n d e n t  p a th w a y s .  3 - I n d a z o l o n e  

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

n u c l e o p h i l e s ,  w i t h  l o s s  o f  n i t r o g e n .  B e n zo c y c lo p ro p en o n e  

i s  r a p i d l y  a t t a c k e d  by n u c l e o p h i l e s  which open t h e  3 -  

membered r i n g  t o  g i v e  b e n z o i c  a c i d  d e r i v a t i v e s .  When t h e  

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

r i n g  can open i n  two ways when r e a c t i n g  w i t h  a n u c l e o p h i l e .  

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

which  way t h e  r i n g  w i l l  o p e n .  ^

~  (A) "

( B )

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

mesomeric  and i n d u c t i v e ,  and b o th  o f  t h e s e  sh o u ld  o p e r a t e  

t o  d e s t a b i l i s e  a n e g a t i v e  c h a rg e  _p t o  t h e  c h l o r i n e  more 

t h a n  one m t o  t h e  c h l o r i n e .  Hence 4 - c h l o r o b e n z o c y c l o p r o p 

enone would be e x p e c te d  t o  r i n g  open more i n  one d i r e c t i o n
137

t h a n  t h e  o t h e r ,  i . e .  r o u t e  (B) would be  f a v o u r e d  o v e r  

r o u t e  ( A ) . T h is  i s  b o r n e  o u t  by t h e  e x p e r i m e n t a l  o b s e r v 

a t i o n s  .

I t  would o b v i o u s l y  be i n t e r e s t i n g  t o  i n v e s t i g a t e  t h e
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r e v e r s e  s i t u a t i o n  w i t h  an e l e c t r o n  w i th d r a w in g  g ro u p ,  

p a r t i c u l a r l y  i n  t h e  4  p o s i t i o n ,  i n  b e n z o c y c lo p r o p e n o n e .

F o r  t h i s  r e a s o n ,  t h e  s y n t h e s i s  o f  3 - a m i n o - 7 - n i t r o - l , 2 , 3 -  

b e n z o t r i a z i n - 4 - o n e  was a t t e m p t e d .

3 - I n d a z o l i n o n e  i s  o x i d i s e d  w i t h  l e a d  t e t r a a c e t a t e  t o

3 - i n d a z o l o n e ,  which may be t r a p p e d  w i t h  t e t r a c y c l o n e  o r  

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

3 - I n d a z o l o n e  does  n o t ,  however ,  l o s e  n i t r o g e n  s p o n t a n e o u s l y  

t o  g i v e  b e n z o c y c lo p r o p e n o n e ,  s i n c e  t h i s  would r e q u i r e  t h e  

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

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

The r e a c t i o n  o f  b e n z o c y c lo p ro p e n o n e  w i t h  a c e t i c  a c i d ,  

p ro du ced  i n  t h e  o x i d a t i o n ,  must  be  v e r y  s m a l l  s i n c e  t h e  

a d d i t i o n  o f  D^O a f t e r  t h e  o x i d a t i o n  r e s u l t s  i n  d e u t e r iu m  

i n c o r p o r a t i o n  on t h e  benzen e  r i n g .  B e n z o ic  a c e t i c  a n h y d r i d e  

was a l s o  shown t o  be a t t a c k e d  by m e th a n o l  m a in ly  a t  t h e  

a c e t o - c a r b o n y l  g ro u p ,  l e a d i n g  t o  m e th y l  a c e t a t e  and b e n z o ic  

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

a f f o r d s  good y i e l d s  o f  t h e  e s t e r s  and v e r y  s m a l l  y i e l d s  

o f  t h e  a c i d s .
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