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IN T R O D U C T IO N

W hile  5 - a m in o te t r a z o le  h a s  b e e n  know n f o r  m a n y  y e a r s  (1), 

i t s  d e r iv a t iv e s  in  w h ic h  a m in o  h y d ro g e n s  a r e  r e p la c e d  b y  a lk y l 

g ro u p s  a r e  n o t, in  g e n e r a l ,  k now n .

A s tu d y  of th is  c la s s  of c o m p o u n d s , th e  5 - d i -  a n d  m o n o -  

a lk y la m in o te t r a z o le  s ,  i s  o f i n t e r e s t  f o r  s e v e r a l  r e a s o n s .  T he 

p a r e n t  s u b s ta n c e ,  5 - a m in o  t e t r a z o l e ,  p o s s e s s in g  b o th  a n  a c id ic  and  

a  b a s ic  fu n c tio n , le a d s  one to  s p e c u la te  c o n c e rn in g  th e  e f f e c t  of 

s u b s t i tu e n ts  on th e s e  f in a c tio n s . F u r th e r ,  s in c e  a lk y la t io n  of 5 - 

a m in o te t r a z o le  le a d s  to  a  m ix tu r e  of m a t e r i a l s  (2), th e r e  i s  n e e d  

f o r  a  d i r e c t ,  u n e q u iv o c a l s y n th e s is  of th e s e  d e r iv a t iv e s .  A lso , 

the  p o s s ib i l i ty  th a t  th is  c l a s s  of c o m p o u n d s  m ig h t  h a v e  u s e fu l 

p h y s io lo g ic a l  a c t iv i ty  s e e m e d  a t t r a c t iv e .

5 - S u b s t i tu te d  t e t r a z o l e s  h a v e  lo n g  b e e n  o b ta in e d  th ro u g h  

th e  a c t io n  of h y d r a z o ic  a c id  on  th e  c a r b o n - n i t r o g e n  t r i p l e  b o n d . 

R e c e n tly , f o r  e x a m p le , a c y l  n i t r i l e s  w e re  sh o w n  to  y ie ld  th e  

c o r r e s p o n d in g  5 - a lk y l -  a n d  5 - a r y l  t e t r a z o l e s  (3). H a n tz s c h  and  

V a g t (4), so m e  f i f ty  y e a r s  ag o , p r e p a r e d  5 - a m in o te t r a z o le  b y  the  

in te r a c t io n  of h y d ra z o ic . a c id  an d  c y a n a m id e . S im i la r ly ,  O l iv e r i -



M a n d a la  (5) p r e p a r e d  5 - b r o m o - ,  5 ~ c y a n o - , a n d  5 - c a r b e t h o x y te t r a -  

z o le  f r o m  c y a n o g e n  b r o m id e ,  c y a n o g e n , a n d  e th y l  c y a n o f o rm a te ,  

r e s p e c t iv e ly .

T he o n ly  5 - d is u b s t i tu te d  a m in o te t r a z o le s  r e c o r d e d  in  th e  

l i t e r a t u r e  a r e  5 -p h e n y lm e th y l- ,  5 -p h e n y le th y l ,  an d  5 -p h e n y lb e n z y l-  

a m in o te t r a z o le .  T h e s e  w e re  p r e p a r e d  b y  S to lle , who h e a te d  th e  

c o r r e s p o n d in g  d i s u b s t i tu te d  c y a n a m id e s  in  a  b e n z e n e  s o lu t io n  of 

h y d ra z o ic  a c id  u n d e r  p r e s s u r e  (6).

T h e  r e a c t io n  of h y d ra z o ic  a c id  w ith  v a r io u s ly  s u b s t i tu te d  

c y a n a m id e s  a p p e a r e d  to  c o n s t i tu te  a  p r o m is in g  m e th o d  f o r  th e  

d i r e c t  a n d  r e l a t iv e ly  u n e q u iv o c a l s y n th e s is  of th e  d e s i r e d  c o m 

p o u n d s . T he r e s u l t s  of th e s e  in v e s t ig a t io n s  a r e  d e s c r ib e d  in  th e  

fo llo w in g  u n d e r  th e  h e a d in g s :

P a r t  I. T he A c tio n  of H y d ra z o ic  A c id  on D ia lk y lc y a n a m id e

P a r t  II . The A c tio n  of H y d ra z o ic  A c id  on  M o n o a lk y l

c y a n a m id e s .

P a r t  H I. T he S y n th e s is  of 5 - M o n o a lk y la m in o te t r a z o le s .

P a r t  IV . T he R e a r r a n g e m e n t  of C e r ta in  A m in o te t r a z o le  

D e r iv a t iv e s .

P a r t  V . T he E f f e c t  of S u b s ti tu e n ts  on  th e  A c id ity  o f C e r 

ta in  T e t r a z o le  D e r iv a t iv e s .



P A R T  I

TH E A C T IO N  O F  H Y D R A Z O IC  A CID  ON DLALKYL.CYANAM IDES

D is c u s s io n

T he s y n th e s is  o f 5 - a m in o te t r a z o le  an d  so m e  of i t s  s u b s t i 

tu te d  d e r iv a t iv e s  h a s  b e e n  a c c o m p lis h e d  by  a  n u m b e r  of m e th o d s .  

T he p a r e n t  c o m p o u n d  w a s  f i r s t  o b ta in e d  b y  T h ie le  (1) th ro u g h  th e  

a c t io n  of n i t r o u s  a c id  on a m in o  g u a n id in e . The r e a c t io n  in v o lv e d  

th e  in i t i a l  f o r m a t io n  of g u a n y l a z id e  w h ic h  r e a d i ly  c y c l iz e d  w ith  

th e  f o r m a t io n  o f 5 - a m in o te t r a z o le .

H N -C = N H  HONO H _N -C = N H  v H N -C — N -H2 i     > 2 » --------* 2 n i
NHNH_ N 0 N  N

L  3  \  //
N

B u sc h  a n d  B a u e r  (7) h a v e  a p p l ie d  an  a n a lo g o u s  r e a c t io n  to  N ,N '-  

d i a r y l - N 1 '- a m in o g u a n id in e s  a n d  h a v e  r e p o r te d  th e  f o r m a t io n  of 

1- a r y l - 5 - a ry la m in o  te t r a z o l e  s .  R e c e n tly  a  s i m i l a r  s e q u e n c e  of 

r e a c t io n s  h a s  b e e n  a p p lie d  to  N - n i t r o - N '- a m in o g u a n id in e  a n d  th e  

f o r m a t io n  of 5 - n i t r o a m in o te t r a z o le  r e p o r t e d  (8).

T he  d i r e c t  f o r m a t i o n  of 5 - a m in o te t r a z o le  b y  th e  a d d itio n  

of h y d ra z o ic  a c id  to  c y a n a m id e  w a s  o b s e r v e d  b y  H a n tz s c h  a n d



V a g t (4). I t  h a s  b e e n  s u g g e s te d  th a t  th e  r e a c t io n  in v o lv e s  th e  f o r 

m a t io n  of a  g u a n y l a z id e  th ro u g h  a d d itio n  of h y d ra z o ic  a c id  to  th e  

c y a n id e  g ro u p  fo llo w e d  a lm o s t  im m e d ia te ly  b y  c y c l iz a t io n  o f th e  

in te  r m e  d ia te .
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S to lle  (6) h a s  a p p l ie d  th e  s a m e  ty p e  of r e a c t io n  to  s e v e r a l  

p h e n y la lk y lc y a n a m id e s  a n d  h a s  d e s c r ib e d  th e  f o r m a t io n  of th e  c o r 

re s p o n d in g  5 - a m in o te t r a z o le s  in  w h ic h  th e  h y d ro g e n s  of th e  a m in o  

g ro u p  w e re  r e p la c e d  b y  a  p h e n y l g ro u p  a n d  a n  a lk y l g ro u p .

The f o r m a t io n  of 5 - s u b s t i tu te d  t e t r a z o l e  d e r iv a t iv e s  b y  th e  

a d d itio n  of h y d ra z o ic  a c id  to  th e  c y a n id e  g ro u p  of n i t r i l e s  h a s  b e 

co m e  r e c o g n iz e d  a s  a  g e n e r a l  p r o c e d u r e  th ro u g h  th e  s tu d ie s  of 

D im ro th  a n d  F e s t e r  w ith  h y d ro c y a n ic  a c id  (9), O l iv e r i - M a n d a la  

w ith  c y a n o g e n , c y a n o g e n  b r o m id e ,  a n d  e th y l c y a n o fo rm a te  (5), 

an d  M ih in a  a n d  H e r b s t  w ith  a n  e x te n s iv e  g ro u p  of a lk y l a n d  a r y l  

c y a n id e s  (3).

S u b s t i tu te d  d e r iv a t iv e s  o f 5 - a m in o te t r a z o le  h a v e  b e e n  p r e 

p a r e d  b y  th e  a c t io n  of s o d iu m  a z id e  on  th io u r e a  d e r iv a t iv e s  in  a  

c a r b o n  d io x id e  a tm o s p h e r e  in  th e  p r e s e n c e  of le a d  o x id e  o r  l e a d



c a r b o n a te .  T h is  r e a c t io n  h a s  b e e n  s tu d ie d  e x te n s iv e ly  b y  S to lle  

a n d  h is  c o - w o r k e r s  (10 ), w ho s u g g e s te d  th a t  th e  r e a c t io n  p r o c e e d e d  

w ith  th e  in i t i a l  f o r m a t io n  of c a r b o d i im id e  d e r iv a t iv e s  fo llo w e d  b y  

a d d it io n  o f h y d ra z o ic  a c id  to  th e  c a r b o n - n i t r o g e n  u n s a tu r a t i o n  an d  

c y c l iz a t io n  to  th e  t e t r a z o l e .

R N H -C S -N H R  -► [R -N = C = N -R ] ->  [R -N H -C = N -R ] - * R ~ N H - C — N -R
N_ N N

SN //

W hen  a  m o n o  s u b s t i tu te d  th io u r e a  d e r iv a t iv e  w a s  u s e d  in  th is  r e a c 

t io n , th e  p r o d u c t  w a s  a  1- a lk y l -  o r  l - a r y l - 5 - a m i n o t e t r a z o l e .

In  a n  a t te m p t  to  p r e p a r e  5 -a lk y l  t e t r a z o l e s  f r o m  n i t r i l e s  

b y  in te r a c t io n  w ith  h y d ra z o ic  a c id  in  the  p r e s e n c e  of c o n c e n t r a te d  

s u l f u r ic  a c id  v o n  B ra u n  and  K e l l e r  (11) o b s e r v e d  th e  f o r m a t io n  of

1- a l k y l - 5 - a m in o te t r a z o l e s . I t  h a s  b e e n  s u g g e s te d  (12) th a t  th is  

r e a c t io n  in v o lv e s  th e  in te r m e d ia te  fo r m a t io n  of an  im id e  a z id e  

w h ic h  u n d e rg o e s  a  C u r t iu s  ty p e  r e a r r a n g e m e n t  to  a  c a r b o d i im id e  

d e r iv a t iv e  an d  th a t  th e  l a t t e r  a d d s  a  s e c o n d  m o le c u le  of h y d r a 

z o ic  a c id  an d  u n d e rg o e s  c y c l iz a t io n  to  th e  t e t r a z o l e .
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A lthough, th e  ab o v e  r e a c t io n s  sh o w  th a t  i t  is  p o s s ib le  to  

a r r i v e  a t  th e  5 - a m in o te t r a z o le  s t r u c t u r e  f r o m  s e v e r a l  d i f f e r e n t  

s t a r t i n g  p o in ts ,  i t  i s  i n t e r e s t in g  to  o b s e r v e  th a t  in  e a c h  s e q u e n c e  

of r e a c t io n s  a  g u a n y l a z id e  s t r u c tu r e  is  p r o p o s e d  a s  th e  i n t e r 

m e d ia te  w h ic h  u n d e rg o e s  c y c l iz a t io n  to  th e  t e t r a z o l e  s ta g e .

tw o a r e  s u i ta b le  f o r  th e  s y n th e s is  o f 5 - d ia lk y la m in o te t r a z o le s .  

S uch  c o m p o u n d s  c o u ld  c o n c e iv a b ly  b e  f o r m e d  b y  th e  a c t io n  of 

n i t r o u s  a c id  on  N ,N - d ia lk y l- N '- a m in o g u a n id in e s  o r  b y  th e  a d d i

t io n  o f h y d ra z o ic  a c id  to  d ia lk y lc y a n a m id e s .

O f th e  s e v e r a l  p r o c e d u r e s  a v a i la b le ,  i t  a p p e a r s  th a t  o n ly

j ; n - c =n - h

&h n h 2

HONC

* > t- c n

HN
N -C — N -H



In  v ie w  of th e  c o m m e r c i a l  a v a i l a b i l i ty  of a  n u m b e r  of d ia lk y l-  

c y a n a m id e s ,  the  a p p ro a c h  f r o m  th is  g ro u p  o f c o m p o u n d s  w a s  s e 

le c te d .  F u r t h e r m o r e ,  th e  p r e p a r a t i o n  o f d ia lk y l  c y a n a m id e s  in  a  

s in g le  s te p  f r o m  s e c o n d a r y  a m in e s  b y  in te r a c t io n  w ith  c y a n o g e n  

b r o m id e  a p p e a r e d  to  b e  m u c h  s im p le r  th a n  th e  p r e p a r a t i o n  of th e  

c o r  r e  sp o n d in g  d ia lk y la m in o g u a n id in e  s .

T h e  a c t io n  o f h y d ra z o ic  a c id  on d i s u b s t i tu te d  c y a n a m id e s  

w a s  s tu d ie d  w ith  th e  fo llo w in g  c y a n a m id e  d e r iv a t iv e s :  d im e th y l - ,

d ie th y l - ,  d i i s o p r o p y l - ,  d i - n - b u ty l - ,  d i i s o b u ty l - ,  d i - n - a m y l - ,  

d i i s o a m y l - ,  d ib e n z y l - ,  b e n z y lm e th y l- ,  a n d  b e n z y le th y lc y a n a m id e ;  

a ls o  in c lu d e d  in  th is  g ro u p  a r e  c y a n o m o rp h o lin e , c y a n o p y r ro l id in e ,  

a n d  c y a n o p ip e r id in e .  T h e se  s t a r t i n g  m a t e r i a l s  w e re  a l l  know n 

s u b s ta n c e s  e x c e p t  d i - n - a m y lc y a n a m id e  an d  c y a n o p y r r o l id in e ,  an d  

w e re  p r e p a r e d  b y  th e  m e th o d  o f M cK ee (13) in v o lv in g  th e  a c t io n  

o f p o ta s s iu m  c y a n id e  a n d  b ro m in e  on  an  a q u e o u s  s u s p e n s io n  of 

th e  a p p r o p r ia te  s e c o n d a r y  a m in e ; o r ,  p r e f e r a b ly ,  b y  th e  d i r e c t  

a c t io n  o f c y a n o g e n  b ro m id e  on  th e  a m in e .

2R  NH P r<^ > R N -C N  + R N H -H B r
L* Ld

T a b le  I s u m m a r iz e s  b o ilin g  p o in t  a n d  r e f r a c t iv e  in d e x  d a ta  

a s  w e ll  a s  r e f e r e n c e s  to  th e  l i t e r a t u r e  f o r  th e s e  m a t e r i a l s .
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T he s e c o n d a r y  a m in e s  w e re  a l l  c o m m e r c i a l ly  a v a i la b le  w ith  

th e  e x c e p tio n  of b e n z y lm e th y la m in e  an d  b e n z y le th y la m in e .  T h e se  

tw o  m a t e r i a l s  w e re  o b ta in e d  b y  re d u c t iv e  a lk y la t io n  o f th e  S c h if f1 s 

b a s e s  r e s u l t in g  f r o m  th e  a c t io n  of m e th y la m in e  an d  e th y l  a m in e , 

r e s p e c t iv e ly ,  on  b e n z a ld e h y d e  (14).

The 5 - d ia lk y la m in o te t r a z o le s  w e re  o b ta in e d  in  g e n e r a l ly  

e x c e l le n t  y ie ld  b y  h e a t in g  th e  a p p r o p r ia te  c y a n a m id e  d e r iv a t iv e  

w ith  e x c e s s  h y d ra z o ic  a c id  in  e i t h e r  a q u e o u s  a lc o h o l , b e n z e n e , 

x y le n e , o r  e th y l a c e ta te  s o lu t io n  f o r  p e r io d s  ra n g in g  f r o m  f iv e  to  

n in e ty  h o u r s .  S in c e  th e r e  w a s  no e f f o r t  m a d e  to  s tu d y  o p tim u m  

r e a c t io n  c o n d it io n s , th e  y ie ld s  c i te d  do n o t in d ic a te  m a x im u m  

y ie ld s  p o s s ib le  a n d  d i f f e r e n t  y ie ld s  o b ta in e d  b y  c h a n g in g  s o lv e n t  

a r e  n o t  n e c e s s a r i l y  s ig n if ic a n t .

T he c h o ic e  of s o lv e n t  w a s  d ic ta te d  b y  th e  fo llo w in g  c o n 

s id e r a t i o n s .  In  a q u e o u s  m e d ia , th e  c y a n a m id e  m a y  u n d e rg o  

h y d r o ly s is  to  a  s u b s t i tu te d  u r e a  d e r iv a t iv e  a n d  th e n  to  a  s e c o n d a r y  

a m in e . T h is  s id e  r e a c t io n  b e c o m e s  m o re  p ro n o u n c e d  a s  th e  s u b 

s t i tu e n ts  b e c o m e  m o r e  b u lk y , h in d e r in g  t e t r a z o l e  f o r m a t io n .  In  

th e  c a s e  of d i is o p ro p y lc y a n a m id e  an d , e s p e c ia l ly ,  d i is o a m y lc y a n a -  

m id e  n o n a q u e o u s  m e d ia  a r e  in d ic a te d .  A lso , w h en  th e  p r o d u c t  is  

w a te r  s o lu b le ,  a s  i s  5 - ( N - m o r p h o l in y l ) - te t r a z o l e ,  th e  e a s e  of



i s o la t io n  is  e n h a n c e d  b y  c a r r y in g  o u t th e  r e a c t io n  in  n o n a q u e o u s  

s o lu t io n . T a b le  II  s u m m a r iz e s  y ie ld s ,  r e a c t io n  m e d ia ,  m e lt in g  

p o in ts ,  a n d  q u a l i ta t iv e  s o lu b i l i ty  d a ta .  T a b le  III  c o n ta in s  a n a ly t ic a l  

r e s u l t s .

A ll of th e  5 - d ia lk y la m in o te t r a z o le s  a r e  a c id ic  s u b s ta n c e s  

a n d  d is s o lv e  r e a d i ly  in  d ilu te , a q u e o u s  a lk a l i .  T h e y  a r e ,  in  g e n 

e r a l ,  l i t t l e  s o lu b le  in  c o ld  w a te r  a n d  r e a d i ly  so lu b le  in  a lc o h o l . 

T h e ir  s o lu b i l i ty  in  e th e r ,  w h ile  v e r y  l im i t e d  w ith  th e  lo w e r  m e m 

b e r s ,  b e c o m e s  m o r e  p ro n o u n c e d  a s  th e  s iz e  of s u b s t i tu e n t  in 

c r e a s e s .  The b a s ic  fu n c tio n , w h ile  n o t c o m p a r a b le  to  th e  a c id ic  

fu n c tio n  in  s t r e n g th ,  is  s u f f ic ie n t ly  w e ll  e x p r e s s e d  to  le n d  a c id  

s o lu b i l i ty  to  m o s t  of th e  t e t r a z o l e s  s tu d ie d ; th e  e x c e p tio n s  a r e  

th o s e  w ith  th e  l a r g e s t  s u b s t i tu e n ts ,  i . e . ,  d i - n - b u ty l - ,  d i - n - a m y l - ,  

d i i s o a m y l- ,  an d  d ib e n z y la m in o te t r a z o le .

A ll of th e  5 - d ia lk y la m in o te t r a z o le s  f o r m  s i l v e r  s a l t s  w h ic h  

a r e  in s o lu b le  in  w a te r ,  a lc o h o l , an d  c o ld  d ilu te  n i t r i c  a c id . T h e s e  

s a l t s  do n o t  a p p e a r  to  b e  l i g h t - s e n s i t iv e  o r  s e n s i t iv e  to  sh o c k , 

a lth o u g h  th e y  d e c o m p o s e  w ith  a  f l a s h  w h en  h e a te d  on  a  s p a tu la .  

T h e y  m a y  b e  d e c o m p o s e d  b y  b o ilin g  in  c o n c e n t r a te d  n i t r i c  a c id .

T he s i l v e r  c o n te n t  of th e  a c id  s o lu tio n s  c a n  s u b s e q u e n t ly  be  d e 

t e r m in e d  b y  th e  c o n v e n tio n a l Y o lh a rd  te c h n iq u e . S i lv e r  s a l t
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f o r m a t io n  b y  th o s e  t e t r a z o l e s  w h ic h  a r e  n o t s u b s t i tu te d  on  the  

r in g  n i t r o g e n s  s e e m s  to  b e  q u ite  g e n e r a l  (3) a n d  c o u ld  b e  a d a p te d  

to  a  v o lu m e tr ic  a n a ly t ic a l  s c h e m e  f o r  th e s e  m a t e r i a l s .

H y d ro c h lo r id e s  m a y  b e  p r e p a r e d  u n d e r  a n h y d ro u s  c o n d it io n s , 

b u t  th e  r e s u l t in g  s a l t s  a r e  of in d e f in i te  m e l t in g  p o in t. T he p o te n 

t i o m e t r i c  t i t r a t i o n  c u r v e s  of th e s e  5 - d ia lk y l a m in o te  t r a z o le  h y d r o 

c h lo r id e s ,  w h ile  c l e a r l y  e x h ib it in g  tw o b r e a k s  c o r r e s p o n d in g  

ro u g h ly  to  th e  c o n su m p tio n  of tw o e q u iv a le n ts  of s ta n d a r d  a q u e o u s  

p o ta s s iu m  h y d ro x id e , w e re  of l i t t l e  q u a n ti ta t iv e  s ig n if ic a n c e .  The 

la c k  of g o o d  c o r r e s p o n d e n c e  b e tw e e n  th e  fo u n d  an d  th e  c a lc u la te d  

e q u iv a le n c e  p o in ts  r e f l e c te d  th e  d if f ic u l ty  in  p r e p a r in g  th e  p u r e  

h y d r o c h lo r id e s .  The m a t e r i a l s  w e re  e i t h e r  p a r t i a l l y  d is s o c ia te d  

o r ,  if c r y s t a l l i z e d  in  th e  p r e s e n c e  of e x c e s s  h y d ro g e n  c h lo r id e ,  

th e y  c o n ta in e d  o c c lu d e d  h y d ro g e n  c h lo r id e ,  in  m o s t  in s ta n c e s .  The 

in i t ia l  lo w  pH  of th e  s o lu t io n s  of the  h y d r o c h lo r id e s  in d ic a te d  th a t  

th e y  w e re  l a r g e l y  d i s s o c ia te d  in  a q u e o u s  m e d ia .  The p o te n t io 

m e t r i c  t i t r a t i o n  o f th e  d ia lk y l a m in o  t e t r a z o l e s  w ith  s ta n d a r d  a q u e o u s  

h y d r o c h lo r ic  a c id  f u r t h e r  s u b s ta n t ia te d  th is  c o n c lu s io n , in  th a t  th e  

pH  o b s e r v e d  w a s  a p p ro x im a te ly  th a t  c a lc u la te d  f o r  th e  c o r r e s p o n d 

in g  h y d r o c h lo r ic  a c id  c o n c e n tr a t io n .  T he co m p o u n d s  w e re  to o
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w e a k  a s  b a s e s  to  p e r m i t  d e te r m in a t io n  of t h e i r  b a s ic  d i s s o c ia t io n  

c o n s ta n ts  b y  th is  te c h n iq u e .

A p p a re n t  a c id ic  d is s o c ia t io n  c o n s ta n ts  a n d  e q u iv a le n t  w e ig h ts  

o f  th e  5 - d ia lk y la m in o te t r a z o le s  w e re  d e te r m in e d  p o te n t io m e t r ic  a l ly  

in  a p p r o x im a te ly  f i f ty  p e r  c e n t  a q u e o u s  m e th a n o l  b y  v o lu m e  a t  

25° C . T he t i t r a t i o n  c u rv e  f o r  e a c h  of th e  c o m p o u n d s  w a s  ty p 

ic a l  o f th a t  f o r  a  w eak  ac id ; no a b n o r m a l i t ie s  w e re  o b s e r v e d .

T h e se  r e s u l t s  a r e  s u m m a r iz e d  in  T a b le  IV a n d  th e  d a ta  a r e  c o l

le c t e d  in  A p p e n d ix  I .  R e p r e s e n ta t iv e  t i t r a t i o n  c u r v e s  a r e  i l l u s 

t r a t e d  in  F ig u r e s  1 a n d  2. A  d is c u s s io n  of th e  a c id ic  c h a r a c t e r  

o f th e s e  m a t e r i a l s  is  in c lu d e d  in  P a r t  V of th is  th e s i s .

U l t r a v io le t  a b s o r p t io n  s p e c t r a  of 5 - a m in o te t r a z o le  an d  5- 

d im e th y la m in o te t r a z o le  w e re  o b ta in e d  u s in g  a  B e c k m a n  q u a r tz  

s p e c t r o p h o to m e te r ,  M o d el DU. T h e se  m a t e r i a l s  a r e  e s s e n t i a l ly  

c o m p le te ly  t r a n s p a r e n t  th ro u g h o u t th e  ra n g e  s tu d ie d , f r o m  220 to 

450 m u .,  a b s o r p t io n  b e g in n in g  to  o c c u r  n e a r  th e  lo w e r  l i m i t  o f 

th e  in s t r u m e n t .  T he a b s o r p t io n  c u r v e s  o b ta in e d  a r e  r e p r e s e n te d  

g r a p h ic a l ly  in  F ig u r e  3; th e  d a ta  a r e  c o l le c te d  in  A p p e n d ix  II.
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T A B L E  I 

D IA L K Y L  C Y A N A M ID E S

C y a n a m id e B . P .  0 C. v c - R ef.

D im e th y lc y a n a m id e  * 4 6 /1 0 m m . 1 .4 0 8 3 /2 5 13

D ie th y lc y a n a m id e  ^ 6 4 /1 0 m m . 1 .4 2 0 6 /2 5 13

D ia lly lc y a n a m id e 9 6 / 1 0 m m . 1 .4 6 2 3 /2 5 15

D iis o p ro p y lc y a n a m id e  ^ 8 2 /1 0 m m . 1 .4 2 4 9 /2 5 —

D i- n - b  u ty l c y  a n a m id e 1 4 7 -1 5 1 /3 5 m m . 1.43 8 2 /2 0 15

D ii s ob u ty l c y an  a m id e 1 2 3 /2 5 m m . 1 .4 3 4 6 /2 0 13
2

D i- n - a m  y lc  y an  a m id e 1 5 4 -1 5 8 /1 2 m m . 1 .4 4 2 2 /2 0 —

D iis o a m y lc y a n a m id e 1 3 4 /1 4 m m . 1 .4 4 0 5 /2 0 13

D ib e n z y lc y a n a m id e

V

1 4 5 -1 4 8 /1 0  
M . P .  54°

m m .
C.

1 6

B e n z y lm e th y lc y a n  a m id e 1 3 9 -1 4 2 /1 2 m m . 1 .5 2 9 7 /2 0 17

B e n z y le  th y l c y a n a m  id e 1 6 0 / 1 2 m m . 1 .5 2 2 3 /2 0 18

N  - c y an o p ip e  r id in e 1 0 2 / 1 1 m m . 1 .4 6 7 8 /2 5 13

N  - c y a n o m o rp h o lin e 1 1 7 -1 1 9 /1 5 m m . 1 .4 7 0 8 /2 5 19
3

N -  c y a n o p y r  ro l id in e 1 0 7 -1 1 0 /1 7 m m . 1 .4 6 7 0 /2 3 —

O b ta in e d  f r o m  A m e r ic a n  C y a n a m id e  C o rp .

A n a ly s is .  C a lc 'd  f o r  ^ 1 1 ^ 2 2 ^ 2 ' 1 5 .3 7 ., F o u n d : N ,

3  A n a ly s is .  C a l c 'd  f o r  C H N : C , 62 .5 ; H , 8 .39; N , 
2 9 .2 . F o u n d : C , 6 2 .2 , 6 2 .1 ; H , 8 .3 8 , 8 .21; N , 2 9 .8 , 29-9 .
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T A B LE II

5-D IA L K Y L A M IN O  T E  T R A Z O L E S

T e t r a z o le

R e a c 
tio n  

C o n d i
t io n s  1

Y ie ld
%

M .P . 2  

0 C .
C r y s t a l l i z e d

F r o m

5 -D im e  th y la m in o A ,
5 .5  h r s .

78 2 3 5 -
236

W a te r

5 - D ie th y la m in o A ,
6  h r s .

43 1 24-
125

-W a te r

5 -D i is o p r o p  y la m in o A ,
48  h r s .
B,
64 h r s .

47

77

d .1 8 4 3 E th y l
a c e ta te

5 - D ia ll  y la m in o A ,
17.5 h r s .
B ,
2 0  h r s .

36

58

9 6 -
97

E th y le n e
d ic h lo r id e

5 -  D i-  n - b  u ty la m in o A ,
15 h r s .

85 1 3 2 .5 -
133 .5

E th y l
a c e ta te

5 -D iis o b u ty la m in o A , 91 190- A q u e o u s
14 h r s . 191 , a lc o h o l

5 - D i - n - a m  y la m in o A
24 h r s .

87 9 1 .5 -
9 2 .5

E th y l
a c e ta te

5 -D iis o a m y la m in o c4 80 1 0 0 - D iis o p r o p y l
D,
9 0  h r s .

79 1 0 1 e t h e r

5 -  D ib e n z y la m in o A ,
46 h r s .

91 1 5 8 -
159

E th y l
a c e ta te
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TA B LE II (C ontinued)

Q u a lita tiv e  S o lu b ility  D a ta

W a te r
D il. A q. D il. A q .

A lc o h o l E th e r
HC1 KOH

SI. Sol. S o l. S o l. SI. S o l. In s o l .

M od. S o l. S o l. SI. S o l.

In s o l . Sol. S o l. S o l. In s o l.

S o l. S o l. S o l.

In s o l. In s o l . S o l. S o l. S o l.

In s o l. S o l. Sol. S o l. SI. S o l.

In s o l . In s o l. So l. Sol. S o l.

In s o l . In s o l. Sol. Sol. S o l.

In s o l . In s o l . S o l. Sol. In s o l .
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T A B L E  II (C ontinued)

T e t r a z o le

R e a c 
tio n  

C o n d i
t io n s  1

Y ie ld
%

M .P . 2  

0 C .
C r y s t a l l i z e d

F r o m

5
5 -B e n z y lm e th y la m in o D,

2 2  h r s .
89 1 3 5 .5 -

136 .5
E th y l
a c e ta t e

5
5 - B e n z y l e th y l  a m in o D ,

57 h r s .
8 8 1 3 4 .5 -

135
E th y l
a c e ta te

5 - ( N - p ip e r id y l ) - A ,
43 h r s .  

25 h r s .

79

85

1 9 9 -
199 .5

E th y l
a c e ta te

5 - ( N - m o rp h o lin y l)  - c,
23 h r s .

78 1 8 0 .5 -
1 9 0

E th y l
a c e ta te

5 -  (N -p y  r r o l id y l )  - A ,
26 h r s .
c,
23 h r s .

54

8 6

d .2 3 1 A b s o lu te
a lc o h o l

H o u rs  in d ic a te d  a r e  r e f lu x  h o u r s .  S o lv e n t  i s  d e s ig n a te d  
b y  c a p i t a l  l e t t e r :  A , a q u e o u s  a lc o h o l ic  s o lu t io n  o f h y d r a z o ic  a c id ;
B , e th y l  a c e ta te  s o lu t io n  o f h y d r a z o ic  a c id ;  C , b e n z e n e  s o lu t io n  o f 
h y d r a z o ic  a c id ; D , x y le n e  s o lu t io n  o f h y d r a z o ic  a c id .

2
M e ltin g  p o in ts  w e re  ta k e n  in  o p e n  c a p i l l a r y  tu b e s  a n d  w e r e  

c o r r e c t e d .

3
E x i s t s  a l s o  in  a  p o ly m o r p h ic  f o r m  w h ic h  m e l t s  a t  162 .5  

-1 6 3 .5 °  C .
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TA B LE II (Continued)

Q u a lita tiv e  S o lu b ili ty  D a ta

W a te r
D il. A q. 

HC1
D il. A q. 

KOH
A lc o h o l E th e r

In s o l . S o l. S o l. Sol. In s o l .

In s o l . Sol. S o l. S o l. In s o l.

In s o l . S o l. Sol. So l. In s o l .

S o l. S o l. In s o l .

In s o l. S o l. S o l. S o l. H o t In s o l.

R e a c tio n  c a r r i e d  o u t in  s e a le d  tu b e  a t  100° f o r  55 h o u r s .

5
R e c e n t ly  p r e p a r e d  f r o m  th e  a p p r o p r ia te  a m in o  g u a n id in e

(20).
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TA BLE IV

A P P A R E N T  A C ID IC  D ISSO C IA TIO N  CO N STA N TS AND E Q U IV A 
L E N T  W EIG H TS O F  SO M E 5 - D IA LK Y L AMINO TE  T R A Z O L E S  IN 

A P P R O X IM A T E L Y  50% A Q U EO U S M E T H A N O L  BY V O LU M E

T e tr a z o le
A p p a re n t

? K a

A p p a re n t
K  x  108 

a

E q u iv a le n t  W t.

C a lc  (d F o u n d

5-A m in o 5.93 1202 85 85

5-A m in o 6 .44 36 85 85

5-D im e  th y la m in o  * 5 .92 120 113 113

5 -D im e th y la m in o 6 .42 38 113 113

5 -D ie th y la m in o  ^ 6.33 47 141 142

5 -  D ie  th y l  a m in o 6 . 9 6 11 141 140

5 -D ib e n z y la m in o 6 .45 36 265 264

5-B e n z y lm e  th y la m in o 6 .42 38 189 189

5 -  B e n z y l e th y la m  ino 6.61 25 203 203

5 -D ia l ly l  a m in o 6 .4 8 33 165 165

5 -D iis o p ro p  y la m in o 7.24 5 .8 169 168

5 - D i- n - b  u ty l a m in o 7 .00 10 197 196

5 -  D i i  s ob u ty la m  ino 7 .14 7 .2 197 196

5 -  D i -  n -  a m y l a m  in  o 7.09 8.1 225 224

5 -D iis o a m y la m in o 7.16 6 .9 225 222

5 -  (N - Mo rp h o lin y l)  - 5.80 160 155 154

5 - ( N - P y r r o l id y l )  - 6 .88 13 139 138

5 - ( N - P ip e r id y l ) - 6 .32 48 153 151

D e te r m in a t io n  c a r r i e d  o u t in  w a te r .
2

The v a lu e  d e te r m in e d  c o n d u c to m e tr ic a l ly  w as 6 .8  x  10
(21).
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1 2
Exp e r im e n ta l  ’

The P r e p a r a t i o n  of D ia lk y lc y a n a m id e s

T he d ia lk y lc y a n a m id e s  w e r e  p r e p a r e d  b y  th e  m e th o d  of 

M cK ee  (13), o r ;  p r e f e r a b ly ,  b y  th e  d i r e c t  a c t io n  of c y a n o g e n  b r o 

m id e  o n  th e  s e c o n d a ry  a m in e . T y p ic a l e x a m p le s  a r e  d e s c r ib e d  

b e lo w .

D i- n - b u ty lc y a n a m id e . To a  m ix tu r e  c o n ta in in g  129 g . (1 .0  

m o le ) of d i -n - b u ty la m in e ,  292 g. (4 .5  m o le s )  of p o ta s s iu m  c y a n id e , 

an d  1 , 0 0 0  m l .  of w a te r  w a s  a d d e d  d ro p w is e  w ith  m e c h a n ic a l  s t i r 

r in g  a n d  c o o lin g  in  an  i c e - w a t e r  b a th  56 m l .  (2 .2  m o le s )  of b r o 

m in e  in  300 m l. of S k e lly s o lv e  “ B . ' 1 The t e m p e r a t u r e  w as  m a in 

ta in e d  b e lo w  15° C. d u r in g  th e  a d d itio n  w h ic h  to o k  a b o u t th r e e  

h o u r s .  The d a rk  r e d  r e a c t io n  m ix tu r e  w as  f i l t e r e d  to  re m o v e  

t a r s .  The o rg a n ic  l a y e r  w a s  s e p a r a te d ,  w a sh e d  w ith  d ilu te  so d iu m  

h y d ro x id e  s o lu tio n , th e n  w ith  w a te r ,  an d  f in a l ly  d r ie d  o v e r  c a lc iu m  

c h lo r id e .  A f te r  r e m o v a l  o f th e  d ry in g  a g e n t, th e  s o lv e n t  w as

M ic r o a n a ly s e s  b y  M ic r o - T e c h  L a b o r a to r i e s ,  S k o k ie , I l l in o is .

2
M e ltin g  p o in ts  w e re  ta k e n  in  o p e n  c a p i l l a r y  tu b e s  and  w e re  

c o r r e c t e d .
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s t r ip p e d  o ff, a n d  th e  r e s id u e  d i s t i l l e d  in  v a c u o . The p r o d u c t  (124 

g ., 80.5%  of th e o ry )  w a s  o b ta in e d  a s  a  f a in t ly  y e llo w  l iq u id  b o il in g  

a t  8 3 -8 8 °  C . a t  3 ,0  m m . A  s a m p le  r e d i s t i l l e d  f o r  a n a ly s is  a n d  

r e f r a c t iv e  in d e x  d e te r m in a t io n  w a s  c o lo r l e s s .

D i i  s o a m y l c y a n a m id e . A  m ix tu r e  c o n ta in in g  78 g . (0 .5  

m o le ) o f d i is o a m y l  a m in e , 34 g. (0 . 6  m o le ) of p o ta s s iu m  h y d ro x id e , 

150 m l .  of w a te r ,  a n d  50 m l .  of e th a n o l w as  t r e a t e d  d ro p w is e , 

w h ile  m e c h a n ic a l ly  s t i r r e d  a n d  c o o le d  in  an  i c e - w a te r  b a th , w ith  

53 g. (0 .5  m o le ) of c y a n o g e n  b ro m id e  in  100 m l .  o f e th a n o l .  The 

a d d it io n  r e q u i r e d  a b o u t one h o u r ,  a f te r  w h ich  s t i r r i n g  a t  ro o m  

t e m p e r a t u r e  w a s  c o n tin u e d  f o r  f o u r  h o u r s .  T he o rg a n ic  l a y e r  

w a s  s e p a r a te d .  The a q u e o u s  l a y e r  w as e x t r a c te d  w ith  e th e r  a n d  

th e  e th e r e a l  e x t r a c t  a n d  o rg a n ic  l a y e r s  w e re  c o m b in e d  a n d  d r ie d  

o v e r  a n h y d ro u s  m a g n e s iu m  s u lf a te .  A f te r  r e m o v a l  of e th e r ,  th e  

r e s id u e  w a s  d i s t i l l e d  in  v a c u o  to  g iv e  70 g . o f s l ig h t ly  y e llo w  o il ,  

b .p . 1 0 0 -1 0 2 °  C . a t  0 . 8  m m . A s a m p le  r e d i s t i l l e d  f o r  a n a ly s is  

an d  r e f r a c t iv e  in d e x  d e te r m in a t io n  w as c o lo r l e s s .

C y a n o p y r ro l id in e .  A n e t h e r e a l  s o lu t io n  o f 53 g. (0 .5  m o le ) 

of c y a n o g e n  b ro m id e  w a s  a d d e d  d ro p w is e  to  a  s t i r r e d  a n d  c o o le d  

e t h e r  s o lu t io n  of 71 g. (1 .0  m o le ) of p y r r o l id in e  o v e r  a  p e r io d  of
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*

tw o h o u r s .  A f te r  c o m p le t in g  th e  a d d itio n  of th e  c y a n o g e n  b r o m id e ,  

th e  s t i r r i n g  w a s  c o n tin u e d  f o r  s e v e r a l  h o u r s  a t  ro o m  te m p e r a t u r e .  

O n  r e m o v a l  of th e  s o lv e n t  b y  w a rm in g  on  th e  s te a m  b a th , a  b ro w n  

liq u id  r e s id u e  r e m a in e d  f r o m  w h ic h  th e  p r o d u c t  w as o b ta in e d  b y  

d i s t i l l a t io n  a s  a  f a in t  y e llo w  o il  w e ig h in g  28 g. (58% of th e o ry ) ,  

b .p .  1 0 7 °-1 1 0 °  C . a t  17 m m . A  s a m p le  r e d i s t i l l e d  f o r  a n a ly s is  

a n d  r e f r a c t iv e  in d e x  d e te r m in a t io n  w as c o lo r l e s s .

D i- n - a m y lc y a n a m id e . A  m ix tu r e  c o n ta in in g  32 g . (0 .2  m o le ) 

of d i - n - a m y la m in e ,  .59 g . (0 .9  m o le )  of p o ta s s iu m  c y a n id e , an d  6 0  

m l.  of w a te r  w a s  s t i r r e d  v ig o r o u s ly  and  c o o le d  w h ile  12 m l.  (0 .45  

m o le ) of b ro m in e  in  40 m l .  of S k e lly s o lv e  " B 1 ‘ w a s  a d d e d  d ro p -  

w is e . T he a d d it io n  r e q u i r e d  a b o u t one h o u r  a f t e r  w h ic h  s t i r r i n g ,  

w h ile  s t i l l  c o o lin g  in  th e  i c e - w a t e r  b a th , w as c o n tin u e d  f o r  one 

h o u r .  T h e  o rg a n ic  l a y e r  w a s  s e p a r a te d ,  w a s h e d  w ith  d i lu te  so d iu m  

h y d ro x id e  s o lu tio n , th e n  w ith  w a te r ,  a n d  f in a l ly  d r ie d  o v e r  a n h y 

d ro u s  s o d iu m  s u l f a te .  A f te r  r e m o v a l  of th e  d ry in g  a g e n t, th e  

s o lv e n t  w a s  e v a p o r a te d  a n d  th e  d a rk  r e d  o ily  r e s id u e  w a s  d i s t i l l e d  

u n d e r  r e d u c e d  p r e s s u r e .  The p r o d u c t  w as  o b ta in e d  a s  a  f a in t  

y e llo w  l iq u id ,  w e ig h in g  31 g . (8 8 % of th e o ry ) ,  b .p . 1 5 4 -158° C. a t  

12 m m . A  s a m p le  r e d i s t i l l e d  f o r  a n a ly s is  and  r e f r a c t iv e  in d e x  

d e te r m in a t io n  w a s  c o lo r l e s s .



The P r e p a r a t i o n  o f H y d ra z o ic  A ci'd  S o lu tio n s

A q u e o u s  a n d  a q u e o u s -a lc o h o l ic  s o lu t io n s  of h y d ra z o ic  a c id  

a r e  e a s i l y  p r e p a r e d  b y  th e  a d d it io n  o f th e  c a lc u la te d  a m o u n t of 

h y d r o c h lo r ic  a c id  to  th e  a q u e o u s  o r  a q u e o u s -a lc o h o lic  s o lu t io n  

of s o d iu m  a z ld e . E t h e r e a l  an d  e th y l a c e ta te  s o lu t io n s  of h y d r a 

z o ic  a c id  a r e  b e s t  p r e p a r e d  b y  e x t r a c t io n  of a q u e o u s  s o lu t io n s  of. 

h y d ra z o ic  a c id  b y  th e  d e s i r e d  s o lv e n t .

A  c o n v e n ie n t m e th o d  f o r  th e  p r e p a r a t io n  of s to c k  s o lu t io n s  

of h y d ra z o ic  a c id  in  b e n z e n e  o r  x y le n e  is  a s  fo llo w s : a  s lu d g e

of 520 g . of s o d iu m  a z id e  an d  500 m l.  of w a te r  i s  c o v e r e d  w ith  

1,500 m l .  of b e n z e n e  (o r  x y len e) in  a  t h r e e - l i t e r ,  ro u n d -b o tto m  

f la s k  f i t t e d  w ith  an  e f f ic ie n t  s t i r r e r ,  d ro p p in g  fu n n e l, a n d  c o n d e n s e  

an d  c o o le d  in  a n  i c e - w a te r  b a th . C o n c e n tra te d  s u l fu r ic  a c id  (250 

m l.)  i s  a d d e d  d ro p w is e  th ro u g h  th e  d ro p p in g  fu n n e l, th e  s te m  of 

w h ic h  sh o u ld  e x te n d  s l ig h t ly  b e lo w  th e  s u r f a c e  o f th e  b e n z e n e , 

o v e r  a  p e r io d  of o ne  a n d  o n e -h a lf  h o u r s .  S t i r r i n g  i s  c o n tin u e d  

f o r  s e v e r a l  h o u r s ,  a f t e r  w h ic h  th e  b e n z e n e  is  d e c a n te d  in to  a  

t ig h t ly  s to p p e r e d  b o t t le  c o n ta in in g  a n h y d ro u s  s o d iu m  s u lf a te .

The s t r e n g th  of th e  h y d ra z o ic  a c id  s o lu t io n s  in  o rg a n ic  

s o lv e n ts  m a y  b e  r e a d i ly  d e te r m in e d  b y  t i t r a t i o n  of a  s m a l l  a l iq u o t  

w ith  s ta n d a r d  a lk a l i ,  u s in g  a  p h e n o lp h th a le in  in d ic a to r .  The ab o v e
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p r o c e d u r e  g iv e s  s o lu t io n s  of in i t i a l  s t r e n g th  of 15 to  17 g r a m s  of 

h y d r a z o ic  a c id  p e r  1 0 0  m l.  of s o lu tio n .

T h e  P r e p a r a t i o n  of 5 - D ia lk y la m in o te t r a z o le s

T he d ia lk y la m in o te t r a z o le s  w e re  p r e p a r e d  b y  s im p ly  h e a t 

in g  th e  a p p r o p r ia te  c y a n a m id e  u n d e r  r e f lu x  in  a  s o lv e n t  c o n ta in in g  

h y d r a z o ic  a c id .  U s u a lly  an  e x c e s s  of h y d ra z o ic  a c id  w a s  u s e d  to  

p ro v id e  f o r  an  a p p r e c ia b le  lo s s  th ro u g h  th e  c o n d e n s e r .  S e v e ra l  

ty p ic a l  e x a m p le s  a r e  d e s c r ib e d  b e lo w .

5 - D i - n - b u ty la m in o te t r a z o le . To a  s o lu t io n  of 39 g. (0 .25  

m o le )  of d i -n - b u ty lc y a n a m id e  in  2 0 0  m l .  o f e th a n o l w as  a d d e d  a n  

a q u e o u s  s o lu t io n  c o n ta in in g  e x c e s s  h y d ra z o ic  a c id .  The a q u e o u s  

h y d ra z o ic  a c id  s o lu tio n  w as  p r e p a r e d  by  ad d in g  40 m l .  of c o n 

c e n t r a te d  h y d r o c h lo r ic  a c id  to  an  i c e - c o ld  s o lu t io n  of 33 g. (0 .5  

m o le ) o f s o d iu m  a z id e  in  100 m l .  of w a te r .  The r e a c t io n  m ix tu r e  

w a s  h e a te d  u n d e r  r e f lu x  f o r  f i f te e n  h o u r s ,  th e n  c o n c e n t r a te d  u n ti l  

t u r b id .  C h illin g  p r e c ip i t a t e d  42 g . (85% of th e o ry )  of f in e , c o lo r 

l e s s  n e e d le s  w h ic h  a f t e r  r e c r y s t a l l i z a t i o n  f r o m  b o il in g  e th y l a c e ta te  

w e ig h e d  41 g. a n d  m e l te d  a t  1 3 2 .5 -1 3 3 .5 °  C .
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5 - B e n z y lm e th y la m in o te t r a z o le . A  s o lu t io n  of 80 g . (0 .55  

m o le ) of b e n z y lm e th y lc y a n a m id e  in  2 0 0  m l .  o f x y le n e  c o n ta in in g  

32 g . o f h y d ra z o ic  a c id  w a s  h e a te d  u n d e r  r e f lu x  f o r  fo u r  an d  o n e -  

h a lf  h o u r s .  A n a d d it io n a l  100 m l .  of th e  x y le n e  s o lu t io n  of h y d r a 

z o ic  a c id  w a s  a d d e d  and  h e a t in g  c o n tin u e d  f o r  e ig h te e n  h o u r s .  

C h illin g  p r e c ip i t a t e d  a  n e a r ly  c o lo r l e s s  s o l id  w h ic h , a f t e r  c o l le c t 

ing  an d  d ry in g , w e ig h e d  92 g . (89% of th e o ry )  an d  m e l te d  a t  134- 

136° C . R e c r y s ta l l i z a t i o n  f r o m  e th y le n e  d ic h lo r id e  g av e  f in e ,  

c o lo r l e s s  n e e d le s ,  m .p .  1 3 5 ,5 -1 3 6 .5 °  C.

5 - D i i s o a m y la m in o te t r a z o le . A s o lu t io n  c o n ta in in g  10 g.

(0 .0 6  m o le ) of d i is o a m y lc y a n a m id e  in  35 m l .  of x y le n e  c o n ta in in g  

4 .5  g. of h y d ra z o ic  a c id  w a s  h e a te d  u n d e r  r e f lu x  f o r  22 h o u rs  w h en  

a n  a d d it io n a l  35 m l. of th e  x y le n e - h y d r a z o ic  a c id  s o lu t io n  w a s  

a d d e d  a n d  h e a t in g  c o n tin u e d  f o r  67 h o u r s .  R e m o v a l of m o s t  of 

th e  s o lv e n t  in  v a c u o  l e f t  a  b ro w n  o il ,  w h ic h , w h en  t r e a t e d  w ith  

d ilu te  a q u e o u s  p o ta s s iu m  h y d ro x id e , . s e p a r a te d  in to  th r e e  l a y e r s .

T he in te r m e d ia te  l a y e r  w as  s e p a r a te d  a n d  n e u t r a l i z e d .  T he o i ly  

s o l id  th u s  o b ta in e d  w as  r e c r y s t a l l i z e d  f r o m  d i is o p ro p y l  e th e r  to 

g iv e  9-8  g . of f in e ,  c o lo r l e s s  n e e d le s ,  m .p . 1 0 0 -1 0 1 ° C .
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5 - D i is o p r o p y la m in o te t r a z o le . A s o lu t io n  c o n ta in in g  6 .3  g. 

(0 ,0 5  m o le ) of d i is o p ro p y lc y a n a m id e ,  4 .2  g . (0 ,1  m o le ) of h y d r a 

z o ic  a c id , 1 0 0  m l.  o f e th a n o l a n d  50 m l. o f w a te r  w a s  h e a te d  

u n d e r  r e f lu x  f o r  65 h o u r s .  M o s t of th e  e th a n o l w a s  r e m o v e d  b y  

d i s t i l l a t io n  a n d  th e  r e s id u e  w a s  m a d e  a lk a l in e  w ith  1 0 % a q u e o u s  

p o ta s s iu m  h y d ro x id e .  U n re a c te d  c y a n a m id e  a n d  a m in e  w e r e  e x 

t r a c t e d  v /ith  e th e r .  O n a c id i f ic a t io n  of th e  a q u e o u s  a lk a l in e  s o lu 

tio n , a  g l is te n in g ,  w h ite  s o l id  p r e c ip i ta te d ,  w h ic h  w h en  c o l le c te d  

a n d  d r ie d ,  w e ig h e d  3 .3  g . (39% of th e o ry )  a n d  m e l te d  w ith  d e c o m 

p o s i t io n  a t  184° C . The t e t r a z o l e  c r y s t a l l i z e d  in  f in e ,  c o lo r l e s s  

n e e d le s  f r o m  b o il in g  e th y l a c e ta te  w ith  n o  c h an g e  in  th e  m e lt in g  

p o in t .

A s u b s e q u e n t  r e p e t i t io n  o f th e  above  e x p e r im e n t  g a v e  a  

p r o d u c t  w h ic h  m e l te d  a t  1 6 2 :5 -1 6 3 .5 °  C. The lo w  m e lt in g  f o r m  

w a s  c o n v e r te d  in to  th e  h ig h  m e lt in g  fo r m  on s ta n d in g  in  a  s to p 

p e r e d  b o t t le  f o r  s e v e r a l  m o n th s . F u r t h e r m o r e ,  s o lu t io n s  of th e  

h ig h  m e l t in g  f o r m  in  e th y l  a c e ta te  d e p o s ite d  th e  h ig h  m e lt in g  f o r m  

s p o n ta n e o u s ly  b u t  w h en  s e e d e d  w ith  the  lo w  m e lt in g  f o r m ,  th a t  

f o r m  s e p a r a te d .
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T he P r e p a r a t i o n  of 5 - D ia lk y la m in o te t r a z o le  H y d ro c h lo r id e s

5- D i - n - b u ty l  a m in o  t e t r a z o l e  h y d r o c h lo r id e . A p p ro x im a te ly  

one g r a m  of 5 - d i - n - b u ty la m in o te t r a z o le  w a s  d is s o lv e d  in  15 m l. 

of e t h e r  an d  th e  m in im u m  a m o u n t of a b so lu te  a lc o h o l . The c o o le d  

s o lu t io n  w a s  t r e a t e d  w ith  an  e x c e s s  of d r y ,  g a s e o u s  h y d ro g e n  

c h lo r id e .  T he c o lo r l e s s  p l a t e s ,  w h ic h  p r e c ip i t a t e d ,  w e re  c o l le c te d  

a n d  r e c r y s t a l l i z e d  f r o m  a  w a r m  s o lu tio n  of h y d ro g e n  c h lo r id e  in  

d r y  e th e r  a n d  th e  m in im u m  a m o u n t of a b s o lu te  a lc o h o l . T he m a 

t e r i a l ,  w h e n  h e a te d  in  a  s e a le d  c a p i l l a r y ,  d e c o m p o s e d  a t  183° C. 

a f t e r  p r i o r  so f te n in g  an d  d a rk e n in g .

A n a ly s is .  C a l c 'd  f o r  2,9.96. F o u n d : N ,

3 0 .3 2 , 3 0 .5 0 .

5 -B e n z y lm e  th y la m in o  t e t r a z o l e  h y d r o c h lo r id e . A pp r  o x im  a te  ly  

one  g r a m  o f 5 -b e n z y lm e th y la m in o te t r a z o le  w a s  d is s o lv e d  in  15 m l. 

of a b s o lu te  e th a n o l an d  th e n  t r e a t e d  in  th e  c o ld  w ith  e x c e s s  d ry , 

g a s e o u s  h y d ro g e n  c h lo r id e .  The c o lo r l e s s  s o l id  w h ic h  p r e c ip i t a t e d  

w a s  c o l le c te d  a n d  r e c r y s t a l l i z e d  f r o m  w a rm  a lc o h o lic  h y d ro g e n  

c h lo r id e .  T he f in e  c o lo r l e s s  n e e d le s  d e c o m p o s e d  a t  179° C . a f t e r  

p r i o r  so f te n in g  an d  d a rk e n in g  in  a  s e a le d  c a p i l l a r y .

A n a ly s is .  C a lc 'd  f o r  C H N_: N , 31 .0 3 . F o u n d : 3 1 .6 ,
9  1 1 5

3 1 .5 .
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T he P r e p a r a t i o n  of th e  S i lv e r  S a lts  of th e  
5 -D ia lk y la m in o te t r a z o le  s

S m a ll  q u a n t i t ie s  (0 .2 -0 .5  g.) of th e  t e t r a z o l e s  w e r e  d is s o lv e d  

in  1 0  m l .  of e th a n o l a n d  th e n  t r e a t e d  w ith  a  s l ig h t  e x c e s s  of aq u eo u s  

s i l v e r  n i t r a t e  s o lu t io n . T he w h ite  p r e c ip i t a t e  o f s i l v e r  s a l t  w as 

d ig e s te d  on  th e  s te a m  b a th  f o r  f i f te e n  m in u te s ,  f i l t e r e d  h o t, w a sh e d  

w ith  h o t  e th a n o l , a n d  f in a l ly  d r ie d  f o r  s e v e r a l  h o u r s  a t  70° C.

S i lv e r  a n a ly s is  w a s  done b y  b o il in g  c a r e f u l ly  w e ig h e d  s a m p le s  of 

th e  s i l v e r  s a l t s  in  a p p r o x im a te ly  30 m l.  o f c o n c e n t r a te d  n i t r i c  

a c id  f o r  t h i r t y  m in u te s ,  c o o lin g , d ilu tin g  w ith  15 m l. w a te r ,  and  

t i t r a t i n g  th e  s i l v e r  io n  w ith  s ta n d a r d  p o ta s s iu m  th io c y a n a te  s o lu tio n  

u s in g  f e r r i c  a lu m  in d ic a to r  (22). T he r e s u l t s  a r e  ta b u la te d  in  

T a b le  H I.

N one of th e  s i l v e r  s a l t s  l i s t e d  in  T a b le  III c o u ld  b e  d e t

o n a te d  b y  sh o c k . A ll of th e m  w e re  s ta b le  to  s h a r p  b lo w s  w ith  a  

h a m m e r  on a n  a n v il .  O n  h e a t in g  o v e r  a  f la m e  on  a  s p a tu la  a l l  

of th e m  e v e n tu a l ly  d e c o m p o s e d  w ith  a  f la s h .  No d e c o m p o s i t io n  o f 

th e  s i l v e r  s a l t s  w a s  e v id e n t  a f t e r  s e v e r a l  m o n th s ' e x p o s u re  to 

d a y lig h t.
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T he D e te r m in a t io n  of A p p a re n t  D is s o c ia t io n  C o n s ta n ts  
of th e  5 - D ia lk y la m in o te t r a z o le s

T he a p p a r e n t  a c id ic  d is s o c ia t io n  c o n s ta n ts  a n d  e q u iv a le n t  

•w eights of th e  5 - d ia lk y la m in o te t r a z o le s  w e re  d e te r m in e d  b y  t i t r a 

t io n  o f w e ig h e d  s a m p le s  in  a q u e o u s  o r  a q u e o u s -m e th a n o lic  s o lu t io n  

w ith  s ta n d a r d  p o ta s s iu m  h y d ro x id e  s o lu tio n . The w e ig h e d  s a m p le s  

w e r e  t r a n s f e r r e d  to  2 5 0 -m l. v o lu m e t r ic  f l a s k s  a n d  m a d e  up to  

v o lu m e  w ith  w a te r  o r  m e th a n o l  a s  r e q u i r e d .  O ne h u n d re d  m l. 

a l iq u o ts ,  d i lu te d  w ith  1 0 0  n i l .  of w a te r ,  w e r e  t i t r a t e d  in  a  t h e r 

m o s ta t  a t  25° ± 1 °  C . T h e  pH  w a s  d e te r m in e d  a f t e r  e a c h  a d d i

t io n  of a lk a l i  w ith  a  B e c k m a n  pH  M e te r ,  M o d e l G. F r o m  th e s e  

d a ta ,  th e  r e g io n  of h a lf  n e u t r a l i z a t io n  w a s  p lo t te d  on  a  l a r g e  

s c a le  a n d  th e  b e s t  s t r a i g h t  l in e  d ra w n . The pH  a t  h a lf  n e u t r a l 

iz a t io n  w a s  d e te r m in e d  f r o m  th e  p lo t  an d  f r o m  i t  w a s  c a lc u la te d  

th e  a p p a r e n t  d i s s o c ia t io n  c o n s ta n t  (23). T he t i t r a t i o n  c u r v e s  in  

e a c h  in s ta n c e  e x h ib i te d  th e  f o r m  n o r m a l ly  o b ta in e d  w ith  a  w eak  

a c id .

In  a  s i m i l a r  m a n n e r ,  s e v e r a l  of the  5- d ia lk y la m in o te t r a 

z o le  h y d r o c h lo r id e s  w e r e  t i t r a t e d  w ith  s ta n d a r d  p o ta s s iu m  h y d ro x 

id e  s o lu t io n .  B e c a u s e  o f th e  d if f ic u l ty  in  o b ta in in g  h y d r o c h lo r id e s  

of r e l i a b l e  p u r i ty ,  th e s e  d a ta  w e re  of l i t t l e  q u a n ti ta t iv e  s ig n if ic a n c e .
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P o te n t io m e t r i c  t i t r a t i o n s  of th e  5 - d ia lk y la m in o te t r a z o le s  

w e re  a ls o  c a r r i e d  o u t u s in g  s ta n d a r d  h y d r o c h lo r ic  a c id  in  an  

a n a lo g o u s  m a n n e r .

T y p ic a l  p o te n t io m e t r ic  t i t r a t i o n  c u r v e s  a r e  p r e s e n te d  in  

F ig u r e s  1 a n d  2; th e  d a ta  a r e  r e c o r d e d  in  A p p e n d ix  I.



P A R T  H

T H E  A C T IO N  O F  H Y D R A Z O IC  A CID  ON 
MONO A L K Y L  CY AN A M ID E S

D is c u s  s io n

In  P a r t  I  o f th is  th e s i s  i t  w a s  show n  th a t  5 - d ia lk y la m in o 

t e t r a z o l e s  c o u ld  b e  p r e p a r e d  b y  in te r a c t io n  of d ia lk y lc y a n a m id e s  

a n d  h y d r a z o ic  a c id .  A s h a s  b e e n  n o te d , H a n tz s c h  a n d  V a g t (4) 

h a d  d e m o n s t r a te d  th a t  c y a n a m id e  w o u ld  r e a c t  r e a d i ly  w ith  h y d r a 

z o ic  a c id  to  f o r m  5 - a m in o te t r a z o le .  C o n se q u e n tly , i t  w o u ld  be  

a n t ic ip a te d  th a t  th e  m o n o a lk y l c y a n a m id e  s w o u ld  a ls o  r e a c t  r e a d i ly  

w ith  h y d ra z o ic  a c id .

I t  sh o u ld  be  e m p h a s iz e d  th a t  th e  g u an y l a z id e  p o s tu la te d  

a s  a n  in te r m e d ia te  in  th e  f o r m a t io n  of 5 - a m in o te t r a z o le  f r o m  

c y a n a m id e  a n d  h y d ra z o ic  a c id  c o u ld  e x i s t  in  tw o in d is t in g u is h a b le  

t a u to m e r ic  f o r m s  e i t h e r  of w h ic h  w o u ld  c y c liz e  to  g iv e  th e  s a m e  

t e t r a z o l e .



W hen th e  s a m e  ty p e  of r e a c t io n  w a s  a p p lie d  to  th e  d ia lk y l

c y a n a m id e s ,  t a u to m e r i s m  of th e  g u a n y l a z id e  in te r m e d ia te  w as  

p r e c lu d e d  b y  s u b s t i tu t io n  of one of th e  a m in o  n i t r o g e n s  w ith  tw o 

a lk y l  g r o u p s .  C o n se q u e n tly , c y c l iz a t io n  c o u ld  ta k e  p la c e  in  one 

d i r e c t io n  o n ly .

RJST-CN --------- * [R  -N -C = N H ] ---------- > R 0 N -C — N -H2 L 2 i 2 i' i
N N  N

3  ' N '

T h e  a d d it io n  of h y d ra z o ic  a c id  to  a  m o n o a lk y lc y a n a m id e  

w o u ld  b e  e x p e c te d  to  l e a d  to  an  in te r m e d ia te  g u a n y l a z id e  w h ic h  

a g a in  c o u ld  e x i s t  in  tw o ta u to m e r ic  m o d if ic a t io n s .  C y c l iz a t io n  

in  th is  c a s e  c o u ld  r e s u l t  in  tw o d is t in c t ly  d i f f e r e n t  5 - a m in o te t r a -  

z o le  d e r iv a t iv e s .  If c y c l iz a t io n  w e re  to  in v o lv e  the  n i t r o g e n  c a r 

r y in g  th e  a lk y l  s u b s t i tu e n t ,  a  1 - a lk y l - 5 - a m in o te t r a z o le  w o u ld  r e 

s u l t .  O n  the  o th e r  h a n d , in v o lv e m e n t of th e  u n s u b s t i tu te d  n i t r o g e n  

in  th e  c y c l iz a t io n  w o u ld  r e s u l t  in  a  5 - a lk y la m in o te t r a z o le .
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S in c e  th e  f o r m a t io n  o f tw o  p r o d u c ts  w a s  to  b e  a n t ic ip a te d  

in  th e  r e a c t io n  of m o n o a lk y lc y a n a m id e s  w ith  h y d ra z o ic  a c id ,  b e n 

z y l c y a n a m id e  w a s  s e le c te d  f o r  th e  e x p lo r a to r y  w o rk . B o th  1- 

b e n z y l - 5 - a m in o te t r a z o le  a n d  5 - b e n z y la m in o te t r a z o le ,  th e  p ro b a b le  

p r o d u c ts  of th e  r e a c t io n ,  w e re  k now n . 1 - B e n z y l - 5 - a m in o te t r a z o le  

h a d  b e e n  o b ta in e d  b y  v o n  B ra u n  a n d  K e l le r  (11) b y  in te r a c t io n  of 

h y d r a z o ic  a c id  a n d  b e n z y l c y a n id e  in  th e  p r e s e n c e  of s u l f u r ic  a c id  

an d  b y  T h ie le  a n d  In g le  (2) a s  a  b e n z y la t io n  p r o d u c t  o f 5 - a m in o 

t e t r a z o l e .  5 -B e n z y la m in o te t r a z o le  h a d  a ls o  b e e n  o b s e r v e d  b y  

T h ie le  an d  In g le  (2) a m o n g  th e  p r o d u c ts  f o r m e d  b y  b e n z y la t io n  

o f 5 - a m in o te t r a z o le .  T h e se  tw o i s o m e r ic  p r o d u c ts  a r e  a lm o s t  

in s o lu b le  in  w a te r  b u t  c a n  b e  s e p a r a te d  e a s i ly  a n d  q u a n t i ta t iv e ly  

b y  v i r tu e  of th e  a c id ic  c h a r a c t e r  of 5 - b e n z y la m in o te t r a z o le  a n d  

i t s  c o n s e q u e n t s o lu b i l i ty  in  d ilu te  a q u eo u s  a lk a l i e s .  T r e a tm e n t  

o f b e n z y lc y a n a m id e  w ith  h y d r a z o ic  a c id  in  e th e r e a l  s o lu tio n  le d  

to  th e  e s s e n t i a l l y  e x c lu s iv e  fo r m a t io n  of l - b e n z y l - 5 - a m i n o t e t r a -  

z o le .  No a lk a l i - s o lu b le  m a t e r i a l  c o u ld  b e  s e p a r a te d  f r o m  th e  

p r o  d u c t.

T he f o r m a t io n  of a  s in g le  p r o d u c t  f r o m  th e  r e a c t io n  of 

b e n z y lc y a n a m id e  w ith  h y d ra z o ic  a c id  w as  r a t h e r  s u r p r i s i n g  an d  

s u g g e s te d  th a t  th e  c h a r a c t e r  of th e  g ro u p  s u b s t i tu te d  on th e
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c y a n a m id e  m ig h t  in f lu e n c e  th e  n a tu r e  an d ' d is t r ib u t io n  of th e  p r o d 

u c t s .  In  th e  r e a c t io n  of p h e n y l t h io u r e a  w ith  so d iu m  a z id e  in  th e  

p r e s e n c e  of l e a d  o x id e , w h ic h  h a s  a ls o  b e e n  a s s u m e d  to  in v o lv e  

a  g u a n y l a z id e  a s  a n  in t e r m e d ia te ,  S to lle  o b s e r v e d  th e  f o r m a t io n  

o f 1 - p h e n y l - 5 - a m in o te t r a z o le  a c c o m p a n ie d  b y  a  t r a c e  of a  p r o d u c t  

w h ic h  h e  a s s u m e d  to  b e  5 - p h e n y la m in o te t r a z o le  on  th e  b a s i s  of 

i t s  a c id ic  c h a r a c t e r  an d  e le m e n ta r y  a n a ly s is  ( 1 0 ).

C , H  N H C SN H   * [C .H  -N = C = N -H ] ■o 5  2  o 5

[C ,H  -N = C -N H  ]  > C , H - N — C -N H ,
6 5 f t .  2 f t  f t3

C ,H r N H -C = N H   > C ,H  -N H -C — N -H
L 6  5 i 6  5 I' »
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R e c e n t ly  th e  c y c l iz a t io n  of a  n i t r o g u a n y l  a z id e , fo r m e d  

u p o n  t r e a tm e n t  of N - n i t r o - N 1-a m in o  g u a n id in e  w ith  n i t r o u s  a c id ,  

h a s  b e e n  d e s c r ib e d  a s  le a d in g  e x c lu s iv e ly  to  th e  f o r m a t io n  of 

5 - n i t r o a m in o te t r a z o le  ( 8 ).

NO - N H - O N H  --------» NO -N H -C = N H  --------> N O  -N H -C — N H
2  NHN H  N , f t  f t

2  3  'N *
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In  o r d e r  to  in c lu d e  a  r e a s o n a b le  ra n g e  o f e l e c t r i c a l  a n d  

s t e r i c  e f f e c t s ,  th e  m o n o  s u b s t i tu te d  c y a n a m id e s  u s e d  in  th is  s tu d y  

in c lu d e d  m e th y l - ,  e th y l - ,  i s o b u ty l - ,  n - a m y l - , n - h e x y l - ,  n - h e p ty l - ,  

n - o c t y l - ,  b e n z y l - ,  p h e n y l - ,  a n d  p -n i t ro p h e n y lc y a n a m id e .  The 

m o n o a lk y lc y a n a m id e s  w e re  p r e p a r e d  b y  t r e a t in g  th e  a p p r o p r ia te  

p r i m a r y  a m in e s  w ith  c y a n o g e n  b ro m id e ,  u s u a l ly  in  e th e r ,  b u t 

a q u e o u s  a lc o h o l fu n c tio n s  a s  w e ll .  T he p - n i t ro p h e n y lc y a n a m id e  

w a s  p r e p a r e d  a c c o rd in g  to  th e  m e th o d  o f P i e r r o n  (24).

W hile  s e v e r a l  of th e s e  m o n o a lk y lc y a n a m id e s  h a v e  b e e n  r e 

p o r te d  in  th e  o ld e r  l i t e r a t u r e  (25), t h e i r  c h a r a c t e r i z a t i o n  le a v e s  

m u c h  to  b e  d e s i r e d .  T h e s e  m a te r i a l s  r e a d i ly  p o ly m e r iz e  in to  

t r i a z in e  d e r iv a t iv e s  a n d  o th e r ,  l e s s  w e l l-d e f in e d , p o ly m e r ic  s u b 

s ta n c e s .  In  a n  e f f o r t  to  p la c e  th e  n a tu r e  of th e s e  in te r m e d ia te s  

o n  a  f i r m e r  b a s i s ,  in  v ie w  of th e  d i f f ic u l t ie s  a c c o m p a n y in g  a t 

te m p ts  to  i s o la te  th e m  in  p u r e  f o r m ,  s e v e r a l  w e re  c o n v e r te d  in  

e x c e l le n t  y ie ld  in to  th e  c o r r e s p o n d in g  a lk y lu r e a s .  W hen  a  m o la r  

e q u iv a le n t  of a lk a l i  w a s  u s e d , th e  r e a c t io n  d id  n o t  p r o c e e d  a p p r e 

c ia b ly ; w h e n  th e  a m o u n t of a lk a l i  w a s  i n c r e a s e d  to  a  f iv e fo ld  

e x c e s s ,  th e  h y d r o ly s is  w a s  r a p id  a n d  n e a r ly  c o m p le te .

T h e s e  e x p e r im e n ta l  r e s u l t s  a r e  in  a c c o r d  w ith  w o rk  on 

th e  h y d r o ly s is  of th e  p a r e n t  s u b s ta n c e ,  c y a n a m id e  (26). C y a n a m id e ,
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_9
w ith  a n  a c id  d i s s o c ia t io n  c o n s ta n t  o f 2 . 1  x  1 0  , i s  q u a n t i ta t iv e ly

c o n v e r te d  to  u r e a  in  a lk a l in e  s o lu tio n s  of pH  g r e a t e r  th a n  12, th e  

r e a c t io n  is  f i r s t  o r d e r  in  a n io n  c o n c e n tr a t io n .  In  s o lu t io n s  of 

lo w e r  pH , a  s e c o n d  o r d e r  r e a c t io n  ta k e s  p la c e  b e tw e e n  th e  a n io n  

a n d  a n  u n d is s o c ia te d  m o le c u le  y ie ld in g  d ic y a n  d ia m id e .

A ll of th e  m o n o  s u b s t i tu te d  c y a n a m id e s  l i s t e d  ab o v e  w e re  

t r e a t e d  w ith  h y d r a z o ic  a c id . E x c e p t in  th e  c a s e  of p - n i t r o p h e n y l 

c y a n a m id e  w h ic h  c o u ld  b e  i s o la te d  in  p u re  f o r m ,  a n  e th e r e a l  s o 

lu t io n  of th e  c y a n a m id e  w a s  p r e p a r e d  b y  ad d in g  c y a n o g e n  b r o m id e  

to  th e  a p p r o p r ia te  p r i m a r y  a m in e  d is s o lv e d  in  e th e r .  W ith o u t 

s e p a r a t in g  th e  a m in e  h y d ro b r o m id e  th a t  p r e c ip i ta te d ,  a  s o lu t io n  of 

h y d r a z o ic  a c id  w a s  a d d e d  to  th e  e th e r e a l  s o lu t io n  of th e  c ru d e  

m o n o a lk y lc y a n a m id e  a n d  th e  m ix tu r e  s t i r r e d  a t  ro o m  te r n p e r a tu r e  

f o r  s e v e r a l  h o u r s .  A f te r  e v a p o r a t io n  of th e  s o lv e n t  a n d  e x c e s s  

h y d r a z o ic  a c id  th e  p r o d u c t  w a s  s e p a r a te d  f r o m  th e  r e s id u e .  The 

p o s s ib le  p r e s e n c e  of a lk a l i - s o lu b le  p r o d u c ts  w a s  in v e s t ig a te d  in  

e a c h  in s ta n c e .  In  e v e r y  c a s e  o n ly  th e  1 -a lk y l-  o r  1 - a r y l - 5 - 

a m in o te t r a z o le  c o u ld  b e  i s o la te d  in  y ie ld s  of 50-80%  b a s e d  on  the  

a m o u n t of p r i m a r y  a m in e  u s e d  f o r  th e  p r e p a r a t i o n  of th e  c y a n a 

m id e .  N o a lk a l i - s o lu b le  p r o d u c ts  w e re  o b s e r v e d .
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T he 1- a lk y l -  a n d  l - a r y l - 5 - a m i n o t e t r a z o l e s  w e re  c h a r a c t e r 

iz e d  b y  a n a ly s i s  a n d  c o m p a r is o n  w ith  s a m p le s  o b ta in e d  b y  the  v o n  

B ra u n  te c h n iq u e  (12) ( s e e  P a r t  I). T h e se  d a ta  a r e  s u m m a r iz e d  in  

T a b le  V I.

O f th e  c o m p o u n d s  d e s c r ib e d  in  th is  P a r t ,  o n ly  1 - p - n i t r o -  

p h e n y l - 5 - a m in o te t r a z o le  h a s  n o t  b e e n  p r e v io u s ly  d e s c r ib e d .  S t r u c 

tu r e  a s s ig n m e n t  w a s  b a s e d  on  the  a n a lo g y  of th e  m e th o d  of i ts  

f o r m a t io n  f r o m  p -n i t ro p h e n y lc y a n a m id e  and e le m e n ta r y  a n a ly s i s .

To p r o v id e  an  in d e p e n d e n t s y n th e s is  l - p h e n y l - 5 - a m in o te t r a z o le  

w a s  s u b je c te d  to  n i t r a t io n .  The 1- n i t r o p h e n y l - 5 - a m in o te t r a z o l e  

o b ta in e d  in  th is  w ay  w as id e n t ic a l  in  a l l  r e s p e c t s  w ith  th e  p r o d u c t  

o b ta in e d  f r o m  p - n i t ro p h e n y lc y a n a m id e .  I t  i s  i n te r e s t in g  to  n o te  

t h a t  th e  t e t r a z o l e  r in g  s y s te m  w h en  a t ta c h e d  to  th e  p h e n y l g ro u p  

th ro u g h  th e  n i t r o g e n  in  p o s i t io n  one e x e r t s  a  p a r a  o r ie n t in g  in 

f lu e n c e .  C a ta ly t ic  r e d u c t io n  of s a m p le s  of th e  1 - p - n i t r o p h e n y l -  

5 - a m in o te t r a z o le  p r e p a r e d  b y  b o th  m e th o d s  r e s u l t e d  in  id e n t ic a l  

1 -p  - a m in o p h e n y l-  5 - a m in o te t r  a z o le  s .
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P e r h a p s  th e  m o s t  r e m a r k a b le  f e a tu r e  of th e  r e a c t io n  l e a d 

in g  to  th e  f o r m a t io n  of 1 - s u b s t i t u t e d - 5 - a m in o  t e t r a z o l e s  f r o m  th e  

m o n o  s u b s t i tu te d  c y a n a m id e s  is  th e  u n id i r e c t io n a l  c h a r a c t e r  o f th e  

c y c l iz a t io n .  T he n a tu r e  o f th e  s u b s t i tu e n t  a p p e a r s  to  p la y  a t  

b e s t  a  m in o r  r o le  in  d i r e c t in g  the  c o u r s e  of th e  r e a c t io n .  Sub

s t i tu e n ts  a s  d i f f e r e n t  in  t h e i r  e l e c t r i c a l  e f fe c ts  a s  th e  m e th y l  

g ro u p  a n d  th e  p - n i t r o p h e n y l  g ro u p  p e r m i t  th e  fo r m a t io n  of th e  

s a m e  ty p e  of co m p o u n d . U su a lly  th e  in d u c tiv e  e f f e c t  of an  a lk y l 

g ro u p  s u c h  a s  m e th y l  is  a s s u m e d  to  m a k e  th e  a to m  to  w h ic h  i t  

is  a t ta c h e d  m o r e  n e g a t iv e .  On th e  o th e r  h a n d , th e  p ro n o u n c e d  

r e s o n a n c e  e f f e c ts  of th e  p - n i t r o p h e n y l  g ro u p  m ig h t  b e  a s s u m e d  

to  c a u s e  th e  a to m  to  w h ic h  i t  is  a t ta c h e d  to  b e c o m e  m o r e  p o s i 

t iv e .
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C .H  -N — C -N H

6 4 fc f t  2
♦ n '

H N.
| h N0 3

+  p -N O  ~ C ,H  -N — C -N H
7  u  A  i  ■*

N
2 6 4 ... £  - — 2

H .

p - n h 2- c 6h 4^ - c - n h 2



43

CH_ N H -C = N H  3 i

S in c e  th e  e l e c t r i c a l  e f f e c t s  o f th e  a lk y l a n d  th e  a r y l  s u b s t i tu e n ts  

w o u ld  a p p e a r  to  h a v e  o p p o s ite  e f fe p ts ,  o th e r  f a c to r s  w h ic h  o v e r 

b a la n c e  th e s e  e f f e c ts  m u s t  b e  o p e ra t iv e  in  d e te r m in in g  th e  c o u r s e  

of th e  r e a c t io n .

A ls o ,  th e  n a tu r e  of th e  s o lv e n t  d o es  n o t  s e e m  to  b e  i m 

p o r ta n t  s in c e  1 - n - o c ty l - 5 - a m in o te t r a z o le  c o u ld  b e  p r e p a r e d  in  

e q u a lly  g o o d  y ie ld  e i t h e r  in  e th e r e a l  s o lu tio n  o r  in  a q u e o u s  a lc o 

h o lic  s o lu t io n .

T he p o s s ib i l i ty  im m e d ia te ly  a r i s e s  th a t  th e  g u a n y l a z id e  

s t r u c t u r e  d o e s  n o t r e p r e s e n t  th e  c o r r e c t  in te r m e d ia te  in  th e  r e 

a c t io n . I t  w il l  b e  r e c a l l e d  ( P a r t  I) th a t  T h ie le  (1) h a d  s u c c e e d e d  

in  p r e p a r in g  5 - a m in o te t r a z o le  b y  t r e a tm e n t  of a m in o  g u a n id in e  w ith  

n i t r o u s  a c id  an d  th a t  i t  w a s  p o s s ib le  to  i s o la te  th e  g u an y l a z id e  

f o r m e d  a s  an  in te r m e d ia te  in  th is  r e a c t io n .  T he a p p l ic a t io n  of 

th is  s e q u e n c e  of r e a c t io n s  to  an  N - a lk y l- N '- a m in o g u a n id in e  sh o u ld  

h e lp  to  c l a r i f y  th e  q u e s t io n  r e g a r d in g  th e  n a tu r e  of th e  i n t e r m e 

d ia te .  N -M e th y l-N '- a m in o g u a n id in e  w a s  p r e p a r e d  f r o m  N - m e th y l -



S - m e th y l  i s o th io u r e a  h y d r io d id e  b y  th e  m e th o d  of K i r s t e n  a n d  

S m ith  (27). T r e a tm e n t  of th e  m e th y la m in o g u a n id in e  w ith  n i t r o u s  

a c id  g a v e  a  p r o d u c t ,  p r e s u m a b ly  th e  g u a n y l a z id e ,  w h ic h  u n d e r 

w e n t c y e l iz a t io n  to  1 -m e th y l - 5 - a m in o te t r a z o le  on  w a rm in g . No 

5 - m e th y la m in o te t r a z o le  w a s  o b s e r v e d  am o n g  th e  p r o d u c ts  o f th e  

r e a c t io n .

A lth o u g h  th is  s e q u e n c e  of r e a c t io n s  h a s  n o t  b e e n  a p p lie d  to  o th e r  

c o m p o u n d s , th is  o b s e r v a t io n  s u p p o r ts  th e  a s s u m p tio n  th a t  g u a n y l 

a z id e s  a r e  a ls o  in te r m e d ia te s  in  th e  r e a c t io n  of th e  m o n o s u b s t i 

tu te d  c y a n a m id e s  w ith  h y d ra z o ic  a c id .

p r o d u c ts  th a t  m ig h t  a r i s e  th ro u g h  c y e l iz a t io n  of th e  g u a n y l a z id e s ,  

th e  r e l a t iv e  r a t e s  o f th e  tw o c y c l iz a t io n s ,  a n d  th e  s ta b i l i ty  of th e  

t a u to m e r ic  f o r m s  c o u ld  p ro fo u n d ly  in f lu e n c e  th e  c o u r s e  of th e  

r e a c t io n .  U n fo r tu n a te ly  th e  a v a i la b le  d a ta  do n o t  p e r m i t  e v a lu a 

t io n - o f  th e s e  e f f e c t s .

In  g e n e r a l ,  th e  e a s e  w ith  w h ic h  h y d ra z o ic  a c id  is  c a u s e d  

to  r e a c t  w ith  a  c a r b o n - n i t r o g e n  U n s a tu ra t io n  to  f o r m  t e t r a z o l e

c h 3n h - c =n h

&HNH 2

O th e r  e f f e c t s ,  s u c h  a s  the  r e la t iv e  s ta b i l i ty  of th e  tw o
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d e r iv a t iv e s  v a r i e s  w id e ly . N e g a tiv e ly  s u b s t i tu te d  c y a n id e s , s u c h  

a s  c y a n o g e n  b r o m id e ,  c y a n o g e n , a n d  e th y l c y a n o f o rm a te ,  r e a c t  

u n d e r  m i ld  c o n d itio n s  (5), w h ile  th e  a lk y l and  a r y l  c y a n id e s  r e 

q u ir e d  m u c h  m o r e  d r a s t i c  c o n d itio n s  of t e m p e r a t u r e  an d  lo n g e r  

r e a c t io n  t im e  (3 ). T h e se  d i f f e r e n c e s  m a y  b e  a t t r ib u te d  to  th e  

r e l a t iv e  e l e c t r o p h i l ic  n a tu r e  of th e  c a rb o n , w h ic h  i s  e n h a n c e d  b y  

n e g a t iv e  s u b s t i tu t io n .  E n h a n c e m e n t  of th e  e le c t r o p h i l i c  n a tu r e  of 

th e  c y a n id e  c a r b o n  w o u ld  b e  e x p e c te d  to  f a c i l i t a t e  f o r m a t io n  o f 

th e  in te r m e d ia te  im id e  a z id e .

HN
Y-«-CN --------------> [Y -C =N H ] ------------- > Y-Cj— N -H

N ,  N  ^
3 'N *

T he m o n o a lk y la m in o  a n d  d ia lk y la m in o  c y a n id e s  (m ono  a n d  d ia lk y l -  

c y a n a m id e s )  a ls o  d i f f e r  g r e a t ly  in  t h e i r  r e a c t iv i ty  to w a rd  h y d r a 

z o ic  a c id .  T he m o n o a lk y la m in o  c y a n id e s  w e re  fo u n d  to  r e a c t  

r e a d i ly  a t  ro o m  te m p e r a t u r e ,  w h ile  th e  d ia lk y la m in o  c y a n id e s  r e 

q u ir e d  m o r e  d r a s t i c  c o n d it io n s . A lso , p -n it ro p h e n y la m in o  c y a n id e  

d id  n o t r e a c t  a s  r e a d i ly  a s  d id  th e  a lk y la m in o  c y a n id e s .  T h e s e  

d i f f e r e n c e s  m a y  b e  c lo s e ly  r e l a t e d  to , a n d  m a y  p o s s ib ly  b e  e x 

p la in e d  b y , th e  a s  y e t  unknow n  f a c to r s  w h ic h  c a u s e  th e  p r e f e r e n 

t i a l  c y e l iz a t io n .



E x p e  r im e n ta l

T he C o n v e r s io n  o f M o n o a lk y lc y a n a m id e s  In to  the  
C o r re s p o n d in g  A lk y lu re a s

S e v e r a l  a lk y l c y a n a m id e  s w e re  c o n v e r te d  in to  th e  c o r r e s 

p o n d in g  a lk y lu r e a s  b y  a lk a l in e  h y d r o ly s i s .  The a lk y lc y a n a m id e s  

w e re  p r e p a r e d  in  e th e r  s o lu tio n  b y  t r e a t in g  th e  a p p r o p r ia te  p r i 

m a r y  a m in e  in  e t h e r  s o lu t io n  w ith  c y a n o g e n  b r o m id e .  E x t r a c t in g  

th e  e t h e r  s o lu t io n  w ith  a q u e o u s  a lk a l i  an d  th e n  w a rm in g  th e  aq u eo u s  

a lk a l in e  s o lu t io n  of a lk y lc y a n a m id e  on  the  s te a m  b a th  s u f f ic e d  to  

c o n v e r t  th e  c y a n a m id e  in to  th e  u r e a .  T y p ic a l e x a m p le s  o f th is  

c o n v e r s io n  a r e  d e s c r ib e d  b e lo w . The r e a c t io n s  c a r r i e d  o u t a r e  

s u m m a r iz e d  in  T a b le  Y.

B e n z y lu r e a . A  s o lu t io n  of 21 .4  g. (0 .2  m o le )  o f b e n z y l -  

a m in e  in  e th e r  w a s  t r e a t e d  d ro p w is e ,  w h ile  s t i r r i n g  a n d  c o o lin g  

in  an  i c e - w a t e r  b a th , w ith  10.6 g. (0 .1  m o le) of c y a n o g e n  b ro m id e  

in  e th e r .  A f te r  r e m o v in g  the  b e n z y la m in e  h y d ro b ro m id e  b y  f i l 

t r a t io n ,  th e  f i l t r a t e  w a s  e x t r a c t e d  w ith  an a q u e o u s  s o lu tio n  c o n 

ta in in g  28 .0  g. (0 .5  m o le ) of p o ta s s iu m  h y d ro x id e  in  100 m l .  of 

w a te r .  T he a lk a l in e  e x t r a c t  w a s  w a rm e d  on th e  s te a m  b a th  f o r  

t h r e e  h o u r s  an d  th e n  c h i l le d .  T he lo n g , l u s t r o u s  n e e d le s  w e re
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c o l le c te d  a n d  d r ie d .  T he c ru d e  p r o d u c t  w e ig h e d  10.2 g ., m .p . 

1 4 8 -1 5 0 ° C . The a n a ly t ic a l  s a m p le ,  a f t e r  c r y s t a l l i z a t i o n  f r o m  

a c e to n e  m e l te d  a t  1 5 0 -1 5 0 .5 °  C.

I s o b u ty lu r e a . A  s o lu t io n  o f 14.6 g . (0 .2  m o le ) of is o b u ty l  -  

a m in e  in  e th e r  w a s  t r e a t e d  d ro p w is e ,  w h ile  s t i r r i n g  a n d  c o o lin g , 

w ith  10.6 g . (0 .1  m o le ) of c y a n o g e n  b ro m id e  in  e th e r .  A f te r  r e 

m o v a l of th e  a m in e  s a l t  b y  f i l t r a t io n ,  th e  c y a n a m id e  w a s  e x t r a c te d  

w ith  100 m l .  of 5N a q u e o u s  p o ta s s iu m  h y d ro x id e . T he a lk a l in e  

e x t r a c t  w a s  w a r m e d  on th e  s te a m  b a th  u n til  th e  u r e a  s e p a r a te d  

a s  a n  im m is c ib le  l iq u id . C h illin g  p ro d u c e d  a  c o lo r l e s s ,  c r y s t a l 

l in e  p r o d u c t  w h ic h  w a s  c o l le c te d  an d  d r ie d .  The c ru d e  p r o d u c t  

w e ig h e d  8.9 g .,  m .p .  1 3 5 .5 -1 3 7 .5 °  C . The a n a ly t ic a l  s a m p le  

c r y s t a l l i z e d  f r o m  a c e to n e  a s  c o lo r l e s s  p la t e s ,  m e l t in g  a t  1 4 1 .5 — 

142° C .

T he A c tio n  of H y d ra z o ic  A c id  on 
M ono s u b s t i tu te d  C y a n a m id e  s

T h e  r e a c t io n  of h y d ra z o ic  a c id  w ith  th e  m o n o a lk y lc y a n a 

m id e s  a n d  w ith  p h e n y lc y a n a m id e  w e re  c a r r i e d  o u t in  e s s e n t i a l ly  

th e  s a m e  m a n n e r .  T he a p p r o p r ia te  p r i m a r y  a m in e , u s u a l ly  in  

e t h e r  s o lu t io n , w as t r e a t e d  in  th e  c o ld  w ith  c y a n o g e n  b ro m id e
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in  e th e r .  T he r e s u l t in g  e th e r e a l  s o lu t io n  of a lk y lc y a n a m id e  w as  

th e n  t r e a t e d  w ith  h y d ra z o ic  a c id  in  e t h e r  fo llo w e d  b y  s t i r r i n g  a t  

ro o m  te m p e r a t u r e  f o r  s e v e r a l  h o u r s .  In  th e  f i r s t  r e a c t io n s  c a r r i e d  

o u t, the  a m in e  h y d ra b ro m id e  w as  s e p a r a te d  b e f o r e  a d d in g  th e  

h y d r a z o ic  a c id  b u t  th is  w a s  fo u n d  to  b e  u n n e c e s s a r y .  The u se  of 

e th y l  a c e ta te  a n d  a q u e o u s  a lc o h o l a s  r e a c t io n  s o lv e n ts  d id  n o t  a p 

p e a r  to  a l t e r  th e  c o u r s e  o f the  r e a c t io n  o r  y ie ld .

S in ce  one  of th e  a n t ic ip a te d  p r o d u c ts ,  5 - a lk y la m in o te t r a -  

z o le ,  w o u ld  b e  e x p e c te d  to  p o s s e s s  a c id ic  c h a r a c t e r ,  an  e f f o r t  

to  e s t a b l i s h  i t s  p r e s e n c e  w a s  m a d e  b y  e x t r a c t in g  th e  r e s id u e  

o b ta in e d  a f t e r  e v a p o r a t io n  of th e  s o lv e n t  f r o m  th e  r e a c t io n  m ix 

tu r e  w ith  a q u e o u s  a lk a l i .  In  g e n e r a l ,  th e  w a te r - s o l u b i l i ty  of su b 

s t i tu te d  t e t r a z o l e s  i s  low , h e n c e  a n y  a p p r e c ia b le  a m o u n t o f 5 -  

a lk y la m in o te t r a z o le ,  if  f o r m e d ,  w o u ld  be  d e te c te d  on  n e u t r a l i z a 

tio n  o f th e  a lk a l in e  e x t r a c t .  The l - a l k y l - 5 - a m in o te t r a z o l e s  w e re  

th e n  i s o la t e d  f r o m  th e  r e s id u e  b y  c r y  s t a l l  iz a t io n  f r o m  a p p r o p r ia te  

s o lv e n ts .

T h e  p - n i t ro p h e n y lc y a n a m id e  w a s  c a u s e d  to  r e a c t  w ith  h y d r a 

z o ic  a c id  in  b o il in g  x y le n e - e th a n o l  s o lu t io n , in  s h a r p  c o n t r a s t  to  

th e  o th e r  r e a c t io n s  w h ic h  w e re  c a r r i e d  o u t a t  ro o m  te m p e r a t u r e .  

S e v e r a l  ty p ic a l  e x a m p le s  a r e  d e s c r ib e d  b e lo w .
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T he r e a c t io n  o f h y d r a z o ic  a c id  w ith  m e th y lc y a n a m id e . A 

s o lu t io n  o f 15.5  g . (0 .5  m o le ) of m e th y la m in e  in  200 m l .  of e th y l 

a c e ta te  w a s  t r e a t e d  d ro p w is e ,  w h ile  s t i r r i n g  m e c h a n ic a l ly  a n d  c o o l

in g  in  an  i c e - w a t e r  b a th ,  w ith  26 ,5  g . (0 .2 5  m o le )  of c y a n o g e n  

b r o m id e  in  100 m l .  d r y  e t h e r .  The a m in e  s a l t  w a s  r e m o v e d  by  

f i l t r a t i o n  a n d  th e  c y a n a m id e  s o lu t io n  c o m b in e d  r a p id ly  w ith  an  

e t h e r  s o lu t io n  c o n ta in in g  a p p r o x im a te ly  one  m o le  of h y d r a z o ic  

a c id  a n d  th e n  s t i r r e d  a t  ro o m  te m p e r a t u r e  f o r  one h o u r .  A f te r  

a l lo w in g  th e  s o lv e n t  to  e v a p o r a te ,  20 g . of c r u d e ,  c o lo r l e s s  p r o d u c t  

r e m a in e d  f r o m  w h ic h  no  a c id ic  m a t e r i a l  w a s  e x t r a c te d  w ith  a q u e o u s  

a lk a l i .  The c r u d e  m a t e r i a l  y ie ld e d  12 g . of f in e  c o lo r l e s s  n e e d le s  

a f t e r  o n e ' c r y s t a l l i z a t i o n  f r o m  100 m l. o f b o il in g  w a te r ,  m .p .  2 2 8 - 

229° C . T he p r o d u c t  w as  id e n t ic a l  in  a l l  r e s p e c t s  w ith  a  s a m p le  

o f  1- m e th y l - 5 - a m in o te t r a z o l e  p r e p a r e d  a c c o rd in g  to  th e  m e th o d  o f 

v o n  B r a u n  a n d  K e l le r  (12).

T he r e a c t io n  of h y d ra z o ic  a c id  w ith  n - o c ty lc y a n a m id e .  To 

3 2 .3  g . (0 .2 5  m o le )  o f n - o c ty la m in e  in  200 m l.  of e th e r  w as  a d d e d  

d r o p w is e ,  w h ile  s t i r r i n g  a n d  c o o lin g , 13 g. (0 .12  m o le ) of c y a n o g e n  

b r o m id e  in  50 m l. of e th e r .  W ith o u t r e m o v a l  o f th e  a m in e  s a l t ,  

a n  e t h e r  s o lu t io n  c o n ta in in g  a p p r o x im a te ly  0 .5  m o le  o f h y d r a z o ic  

a c id  w a s  a d d e d  r a p id ly  an d  th e  r e s u l t in g  r e a c t io n  m ix tu r e  s t i r r e d
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f o r  s e v e r a l  h o u r s  a t  ro o m  te m p e r a t u r e .  O n  r e m o v a l  of s o lv e n t ,  

a n  a lm o s t  c o l o r l e s s  s o l id  r e s id u e  r e m a in e d  w h ic h  w a s  le a c h e d  

w ith  c o ld  w a te r  to  r e m o v e  th e  a m in e  s a l t ,  e x t r a c t e d  w ith  d i lu te ,  

a q u e o u s  a lk a l i  to  s e p a r a t e  a n y  a lk a l i  so lu b le  p ro d u c t ,  a n d  f in a l ly  

c r y s t a l l i z e d  f r o m  e th y l a c e ta t e .  T w en ty  g r a m s  o f c o lo r l e s s  n e e d le s  

w e re  th u s  o b ta in e d , m .p .  1 6 3 .5 -1 6 4 .5 °  C. T h e  p r o d u c t  w a s  id e n 

t i c a l  in  a l l  r e s p e c t s  w ith  a  s a m p le  o f l - n - o c t y l - 5 - a m i n o t e t r a z o l e  

p r e p a r e d  a c c o rd in g  to  th e  m e th o d  o f v o n  B ra u n  an d  K e l l e r  (28).

N o  5 - n - o c ty la m in o te t r a z o le  w a s  o b ta in e d  o n  n e u t r a l i z a t io n  o f th e  

a lk a l in e  e x t r a c t .

D u p lic a t io n  o f th e  ab o v e  e x p e r im e n t ,  e x c e p t  f o r  th e  u s e  of 

a q u e o u s  e th a n o l  a s  th e  s o lv e n t ,  r e s u l t e d  in  th e  f o r m a t io n  of 20 g . 

o f  l - n - o c t y l - 5 - a m i n o t e t r a z o l e ,  m .p . 1 6 3 .5 -1 6 4 .5 °  C . A g a in , no 

a c id ic  p r o d u c t  w a s  o b s e r v e d .

T h e  r e a c t io n  of h y d r a z o ic  a c id  w ith  p h e n y lc y a n a m id e . A 

s o lu t io n  of 93 g . (1 .0  m o le ) o f a n il in e  in  200 m l .  o f d r y  e t h e r  w a s  

t r e a t e d  d ro p w is e ,  w h ile  s t i r r i n g  a n d  c o o lin g , w ith  53 g . (0 .5  m o le )  

o f  c y a n o g e n  b r o m id e  in  200 m l .  of e th e r  o v e r  a  p e r io d  of o ne  an d  

o n e - h a lf  h o u r s .  A n e t h e r  s o lu t io n  c o n ta in in g  a p p r o x im a te ly  2 .0  

m o le s  of h y d r a z o ic  a c id  w a s  th e n  a d d e d  r a p id ly  a n d  th e  r e s u l t 

in g  r e a c t io n  m ix tu r e  s t i r r e d  a t  r o o m  t e m p e r a t u r e  f o r  s e v e r a l
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h o u r s .  T he e t h e r  in s o lu b le  a n il in e  h y d ro b r o m id e  w a s  r e m o v e d  b y  

f i l t r a t i o n  a n d  th e  f i l t r a t e  c o n c e n t r a te d  on  th e  s te a m  b a th .  T he r e d ,  

o i ly  r e s id u e  w a s  d ig e s te d  f o r  s e v e r a l  m in u te s  o n  th e  s te a m  b a th  

w ith  d i lu te ,  a q u e o u s  a lk a l i ,  th e n  c h i l le d  a n d  th e  r e s u l t in g  s o l id  

c o l le c te d  on  a  B u c h n e r  fu n n e l. A ny  5 - p h e n y la m in o te t r a z o le ,  if  

f o r m e d ,  w o u ld  b e  in  th e  a lk a l in e  f i l t r a t e ,  b e c a u s e  o f i t s  a c id ic  

c h a r a c t e r .  T h a t no  a p p r e c ia b le  a m o u n t o f th is  c o m p o u n d  w a s  

f o r m e d  w a s  e v id e n t  s in c e  n e u t r a l i z a t io n  of th e  f i l t r a t e  p r e c ip i t a t e d  

n o  s o l id  m a t e r i a l .

A  r a t h e r  l a r g e  a m o u n t of o ily  c o n ta m in a a t  w a s  re m o v e d  

f r o m  th e  c r u d e ,  a lk a l i - in s o lu b le  m a t e r i a l  b y  e x t r a c t io n  w ith  e th e r .  

T h e  e th e r - in s o lu b le  s o l id  w a s  r e c r y s t a l l i z e d  f r o m  w a te r  f r o m  

w h ic h  i t  s e p a r a t e d  a s  f a in t ly  p in k  p la te s  w e ig h in g  26 g ., w h ic h  

sh o w e d  th e  fo llo w in g  b e h a v io r  on  h e a tin g : m e l te d  a t  1 6 3 -1 6 3 ,5 °

C ., s o l id i f ie d  a t  a b o u t 165° C ., a n d  th e n  r e m e l te d  w ith  d e c o m p o 

s i t io n  a t  2 0 5 -2 0 6 °  C . T he s ig n if ic a n c e  of th is  b e h a v io r  o n  h e a t 

in g  is  d i s c u s s e d  in  P a r t  IV .

A  s m a l l  a m o u n t of m a t e r i a l  th a t  w a s  n o t s o lu b le  in  b o il in g  

w a te r  w a s  r e c r y s t a l l i z e d  f r o m  50% a q u e o u s  e th a n o l  to  g iv e  1 g. 

o f c o l o r l e s s ,  m i c r o c r y s t a l s  w h ic h  w e r e  so lu b le  in  d i lu te  a q u e o u s  

a c id  a n d  in s o lu b le  in  d ilu te  a q u e o u s  a lk a l i ,  m .p .  1 6 3 .5 -1 6 4 .5 °  C .



52

( u n c o r r . ) . T h e  m e la m in e  f o r m e d  f r o m  p h e n y lc y a n a m id e  i s  r e p o r t e d  

to  m e l t  a t  1 6 2 -1 6 3 °  C . (29).

T h e  o i ly  m a t e r i a l ,  o b ta in e d  b y  e v a p o r a t in g  th e  s o lv e n t  f r o m  

th e  e t h e r  e x t r a c t ,  w a s  e x t r a c t e d  w ith  h o t a q u e o u s  e th a n o l .  O n 

c o o lin g  th e  e th a n o l ic  s o lu t io n  12.6 g . of f in e ,  c o l o r l e s s  p la t e s  

w e re  o b ta in e d , m .p .  1 4 6 -1 4 7 °  C . ( u n c o r r . ) ,  s o lu b le  in  d ilu te  

a q u e o u s  a c id ,  in s o lu b le  in  d ilu te  a q u e o u s  a lk a l i .  s -D ip h e n y l-  

g u a n id in e  i s  r e p o r t e d  to  m e l t  a t  147° C . (30).

T h e  r e a c t io n  o f h y d r a z o ic  a c id  w ith  p - n i t r o p h e n y lc y a n a m id e . 

A  s o lu tio n  c o n ta in in g  6 .0 g . of p - n i t r o p h e n y lc y a n a m id e ,  50 m l .  of 

a b s o lu te  e th a n o l ,  a n d  100 m l .  of x y le n e  c o n ta in in g  16 g . of h y d r a 

z o ic  a c id  w a s  h e a te d  u n d e r  r e f lu x  fo r .  tw o  h o u r s .  O n  c o o lin g , 

f in e ,  t a n - c o lo r e d  n e e d le s  s e p a r a te d  w h ic h  w e ig h e d  3 .6  g. The 

c ru d e  p r o d u c t  w a s  r e c r y s t a l l i z e d  f r o m  a  1:1 m ix tu r e  o f a c e to -  

n i t r i l e  a n d  d io 'xane f r o m  w h ic h  i t  s e p a r a te d  a s  p a le  y e llo w  p l a t e s ,  

y ie ld  3 .5- g. O n  h e a t in g  in  a  c a p i l l a r y  tu b e  th e  p r o d u c t  b e g a n  to  

d a r k e n  a t  a b o u t 170° C .,  s h r a n k  s u d d e n ly  a t  a b o u t 176° C ., an d  

m e l te d  w ith  f r o th in g  a n d  d e c o m p o s i t io n  a t  2 2 1 ° -2 2 3 °  C . T he 

c o m p o u n d  w a s  id e n t ic a l  w ith  th e  n i t r a t i o n  p r o d u c t  o f 1 - p h e n y l - 5 -  

a m in o te t r a z o le  ( s e e  b e lo w ). The s ig n if ic a n c e  of th e  c h a n g e s  o b 

s e r v e d  o n  h e a t in g  th is  c o m p o u n d  is  d i s c u s s e d  in  P a r t  IY .
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A n a ly s is .  G a lc 'd  f o r  C „ H ,N .O  • G,  40 .8 ; H , 2 .9 3 ; N ,
7 b b 2

4 0 .8 . F o u n d : C,  4 0 .7 ; H , 2 .9 7 ; N , 4 0 .6 .

F r o m  th e  x y le n e - a lc o h o l  m o th e r  l iq u o r  in  w h ic h  th e  r e a c 

t io n  w a s  c a r r i e d  o u t, 2 .8  g . of p - n i t r o p h e n y lc y a n a m id e  w a s  r e 

c o v e r e d  b y  e v a p o r a t io n  of th e  s o lv e n t  in  a  s t r e a m  of a i r .

T he R e d u c tio n  of 1 - p - N i t r o p h e n y l - 5 - a m in o te t r a z o le

A  s o lu t io n  of 4.1 g . o f 1- p - n i t r o p h e n y l - 5 - a m in o te t r a z o le ,  

o b ta in e d  f r o m  p -n i t ro p h e n y lc y a n a m id e  an d  h y d r a z o ic  a c id , in  200 

m l .  o f a b s o lu te  e th a n o l w a s  s h a k e n  w ith  5% p a l la d iu m  o^i c h a r c o a l  

c a t a l y s t  u n d e r  th r e e  a tm o s p h e r e s  o f h y d ro g e n  u n ti l  th e  c a lc u la te d  

a m o u n t o f h y d ro g e n  h a d  b e e n  a b s o r b e d .  T he c a t a ly s t  w a s  r e 

m o v e d  b y  f i l t r a t i o n  and  th e  r e s id u e  r e m a in in g  a f t e r  e v a p o r a t io n  

o f th e  s o lv e n t  c r y s t a l l i z e d  f r o m  a c e to n i t r i l e  a s  t r a n s p a r e n t ,  f l a t ,  

d ia m o n d - s h a p e d  p l a t e s ,  m .p .  2 0 0 -2 0 1 °  C . The p r o d u c t  w as  r e a d 

i ly  so lu b le  in  d i lu te ,  a q u e o u s  a c id s ,  in s o lu b le  in  d ilu te  a q u e o u s  

a lk a l ie s  a n d  g a v e  a  ty p ic a l  c o u p lin g  p r o d u c t  w ith  ^ 3 -n ap h th o l a f t e r  

t r e a t m e n t  w ith  n i t r o u s  a c id .

A n a ly s is .  C a lc 'd  f o r  C ^H gN ^: C , 47 .7 ; H , 4 .5 8 ; N , 4 7 .7 .

F o u n d : C , 4 7 .8 , 4 8 .0 ; H , 4 .7 3 , 4 .65 ; N , 47 .8 , 4 7 .8 .



54

T he N i t r a t i o n  of 1 - P h e n y l - 5 - a m in o te t r a z o le

T w e lv e  g r a m s  of 1- p h e n y l - 5 - a m in o te t r a z o le  w e r e  d is s o lv e d  

in  50 m l .  o f c o n c e n t r a te d  s u l f u r ic  a c id  an d , w h ile  m e c h a n ic a l ly  

s t i r r e d  a n d  c o o le d  in  a n  ic e - w a te 'r  b a th ,  50 m l .  of c o n c e n t r a te d  

n i t r i c  a c id  w e re  a d d e d  o v e r  a  p e r io d  of tw o h o u r s .  T he r e a c t io n  

m ix tu r e  w a s  p o u r e d  on to  ic e  a n d  th e  n e a r ly  c o l o r l e s s ,  g r a n u la r  

s o l id  w h ic h  p r e c i p i t a t e d  w a s  c o l le c te d  on  a  B u c h n e r  fu n n e l ,  w a s h e d  

r e p e a te d ly  w ith  w a te r ,  a n d  th e n  a i r  d r ie d .  T h e  d r y  p r o d u c t  

w e ig h e d  15 g . a n d  h a d  th e  fo llo w in g  b e h a v io r  w h e n  h e a te d  s lo w ly  

in  a  c a p i l l a r y :  b e g a n  to  d a r k e n  a t  a b o u t 170° C .,  s h r a n k  s u d d e n ly

a t  a b o u t 1 7 6 ° , a n d  m e l te d  w ith  f r o th in g  a n d  d e c o m p o s i t io n  a t  2 2 1 -  

223° C . T h is  m a t e r i a l  w a s  so lu b le  in  d i lu te ,  w a rm , a q u e o u s  

h y d r o c h lo r ic  a c id ,  in s o lu b le  in  c o ld  d ilu te  a q u e o u s  h y d r o c h lo r ic  

a c id  a n d  d i lu te  a lk a l i ,  an d  c r y s t a l l i z e d  a s  p a le  y e llo w  p la te s  f r o m  

a  1:1 m ix tu r e  of a c e to n i t r i l e  and  d io x a n e . The p r o d u c t  w a s  id e n 

t i c a l  in  a l l  r e s p e c t s  w ith  th e  m a t e r i a l  o b ta in e d  b y  in te r a c t io n  of 

p - n i t r o p h e n y lc y a n a m id e  w ith  h y d ra z o ic  a c id .

A n a ly s is .  C a l c 'd  f o r  C H ^N ^O ^: ^  2 .9 3 ; N ,

4 0 .8 . F o u n d : C , 4 1 .1 , 41 .1 ; H , 3 .0 0 , 3 .00; N , 4 1 .4 , 4 1 .4 .
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T he R e d u c tio n  of 1 - p - N i t r o p h e n y l - 5 - a m in o te t r a z o le

A  s o lu t io n  of 3 .1  g . o f l - p - n i t r o p h e n y l - 5 - a m in o te t r a z o l e ,  

o b ta in e d  b y  n i t r a t i o n  o f 1 - p h e n y l - 5 - a m in o te t r a z o le ,  in  200 m l .  of 

a b s o lu te  e th a n o l  w a s  s h a k e n  w ith  5% p a l la d iu m  on  c h a r c o a l  c a t 

a l y s t  u n d e r  th r e e  a tm o s p h e r e s  of h y d ro g e n  u n til  th e  c a lc u la te d  

a m o u n t of h y d ro g e n  h a d  b e e n  a b s o r b e d .  T he c a t a ly s t  w a s  r e m o v e d  

b y  f i l t r a t i o n  a n d  th e  r e s id u e  r e m a in in g  a f t e r  e v a p o r a t io n  of th e  

s o lv e n t  c r y s t a l l i z e d  f r o m  a c e to n i t r i l e  a s  t r a n s p a r e n t ,  f l a t ,  d ia m o n d 

s h a p e d  p l a t e s ,  m .p .  2 0 0 -2 0 1 °  C , T he p r o d u c t  w a s  r e a d i ly  so lu b le  

in  d ilu te  a q u e o u s  a c id s ,  in s o lu b le  in  d i lu te ,  a q u e o u s  a lk a l ie s  a n d  

g a v e  a  ty p ic a l  c o u p lin g  p r o d u c t  w ith  |9 -n a p h th o l a f t e r  t r e a tm e n t  

w ith  n i t r o u s  a c id .  The p r o d u c t  w as  id e n t ic a l  in  a l l  r e s p e c t s  w ith  

th e  1 - p - a m in o p h e n y l - 5 - a m in o  t e t r a z o l e  o b ta in e d  b y  r e d u c t io n  of 

1- p - n i t r o p h e n y l - 5 - a m in o te t r a z o l e  f r o m  p - n i t r o p h e n y lc y a n a m id e .

A n a ly s is .  C a l c 'd  f o r  C ^H gN ^: C , 4 7 .7 ; H, 4 .58 ; N , 4 7 .7 .

F o u n d : C , 4 8 .0 , 4 7 .7 ; H , 4 .6 8 , 4 .63 ; N , 4 7 .8 , 4 8 .0 .

T he A c tio n  o f N i t r o u s  A c id  on  
N -M e th y l-N  ‘- a m in o g u a n id in e

A  s o lu t io n  of 1.5 g . (0 .01  m o le ) o f N - m e th y l - N '- a m in o -  

g u a n id in e  n i t r a t e  (27) in  10 m l. of w a te r  w a s  t r e a t e d  in  th e  c o ld



w ith  a  s o lu t io n  of 1.4 g. (0 .0 2  m o le ) of s o d iu m  n i t r i t e  in  10 m l .  

o f w a te r .  T he c lo u d y  m ix tu r e  w a s  th e n  w a rm e d  g e n tly  on th e  

s t e a m  b a th  f o r  f i f te e n  m in u te s  d u r in g  w h ic h  t im e  a  r e d  g u m m y  

m a t e r i a l  s e p a r a t e d .  T he r e d  m a t e r i a l  w a s  r a p id ly  t r a n s f o r m e d  

in to  a  w h ite  c r y s t a l l i n e  s o l id  w h ic h  w a s  c o l le c te d  a n d  r e  c r y s t a l 

l i z e d  f r o m  a  s m a l l  a m o u n t o f w a te r .-  The c o lo r l e s s  n e e d le s  th u s  

o b ta in e d  m e l te d  a t  22 8 -2 2 9 *  C. a n d  w e re  id e n t ic a l  in  a l l  r e s p e c t s  

w ith  a  s a m p le  of 1- m e th y l - 5 - a m in o te t r a z o le  p r e p a r e d  a c c o r d in g  

to  th e  m e th o d  of v o n  B ra u n  a n d  K e l l e r  (12).
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T A B L E  V

T H E  C O N V E R SIO N  O F  M O N O A L K Y L C Y A N A M ID ES IN T O  TH E 
C O R R E S P O N D IN G  MONO A L K Y L  U R EA S 

RN H C N  -------- ► RN H CO N H

R

Y ie ld

o f i
U re a

%

M .P .
F o r m u la

A n a ly s is , % N
R ef.° c . C a lc  'd F o u n d

I s o b u ty l - 77 1 4 1 .5 -
142 C 5H 12N 2 ° 24 .1 2 3 .9 31

n - A m y l- 52 9 9 -
100

C 6H 14N 2 ° 21 .5 21 .5 32

n - H e x y l - 81 1 0 8 .5 -
109

C 7H 16N 2 °
19.4 19.2 32

n - H e p ty l - 91 1 1 1 .5 -
112.5

C 8H 18N 2 ° 17.7 17.6 32

n - O c ty l - 33 101-
102

C 9H 20N 2 ° 16.3 15.9 32

B e n z y l- 68 150-
150.5

C 8H 10N 2 ° 18.7 18 .8 33

T he y ie ld  w a s  b a s e d  on  th e  a m o u n t o f p r i m a r y  a m in e
u s e d .
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TA B LE VI

1 -S U B S T IT U T E D -5 - AM INO T E T R A Z O L E S  F R O M  
M O N O A L K Y L C Y A N A M ID ES

S u b s t i tu e n t

Y ie ld  
o f T e t  M .P .

F o r m u la
A n a ly s is , % N

R e f .r a z o le  ^
%

0 C .
C a lc 'd F o u n d

M e th y l- 49 2 2 8 -
229

C 2H 5N 5
70 ,7 70 .7 12

E th y l- 53 1 4 7 .5 -
148.5 C 3H 7N 5 6 1 .9 62 .0 12

I s o b u ty l - 50 2 1 2 -
2 1 2 .5 C 5H 11N 5

49.6 49 .9 12

n - A m y l- 52 165-
166 C6H 13N 5

45.1 45 .6 12

n - H e x y l- 54 1 6 5 .5 -
166.5 C 7H 15N 5

41.4 41 .7 11

n - H e p ty l - 74 1 6 5 .5 -
166.5

C 8H 17N 5
38 .2 38 .5 12

n - O c ty l - 82 1 6 3 .5 -
164.5

C 9 H 19N 5
35 .5 35 .5 28

B e n z y l- 69 191-
192

C 8H 9N 5
40.0 39 .9 11

P h e n y l - 32 163-
163.5
2 0 5 -
206

C 7H 7N 5
43 .5 44 .0 11

p - N i t r o -
p h e n y l- 75 2 2 1 -

223
C 7H 6N 5 ° 2

4 0 .8 40 .6

Y ie ld s  w e r e  b a s e d  on  th e  a m o u n t of a m in e  u s e d  e x c e p t  
in  th e  c a s e  of p - N i t r o p h e n y lc y a n a m id e .



p a r t  i n

TH E  SY N TH E SIS  O F  5-M O N O A L K Y L A M IN O T E  T R A Z O L E S

D is c u s  s io n

W hen  th e  a c t io n  of h y d ra z o ic  a c id  on  m o n o a lk y lc y a n a m id e s  

f a i l e d  to  y ie ld  5 - a lk y la m in o te t r a z o l e s ,  i t  b e c a m e  n e c e s s a r y  to  c o n 

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

c o m p o u n d s  o f th i s  ty p e .

T he im m e d ia te ly  o b v io u s  p o s s ib i l i ty  of s u b s t i tu t in g  th e  

m o n o a lk y lc y a n a m id e s  w ith  a n  e a s i l y  r e m o v a b le  b lo c k in g  g ro u p  

th ro u g h  a c y la t io n  s u g g e s te d  i t s e l f .  A c y la tio n , h o w e v e r , p r o v e d  to  

b e  l a r g e l y  f r u i t l e s s .  G e n e r a l ly ,  o n ly  a c y la te d  u r e a  d e r iv a t iv e s  

c o u ld  b e  i s o la t e d  f r o m  th e  r e a c t io n  m ix tu r e  in  p o o r  y ie ld . The 

p o s s ib i l i t y  of a c e ty la t in g  th e  m o n o a lk y lc y a n a m id e s  w ith  k e te n e  in  

a  n o n h y d ro ly z in g  m e d iu m  c o u ld  b e  of p r o m is e ,  b u t  th is  te c h n iq u e  

w a s  n o t  in v e s t ig a te d .  O n ly  in  the  c a s e  of b e n z y lc y a n a m id e  w a s  

a  p a r t i a l  s u c c e s s  o b ta in e d . C a rb e th o x y la t io n  g a v e  a  m ix tu r e ,  

w h ic h  w a s  n o t  c o m p le te ly  s e p a r a te d ,  c o n ta in in g  th e  a c y la te d  cy 

a n a m id e  a n d  b e n z y lu  r e  th a n e . T h is  m ix tu r e ,  w h en  t r e a t e d  w ith  

h y d r a z o ic  a c id  in  b e n z e n e  u n d e r  p r e s s u r e  a t  100° C . f o r m e d  an
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a c id ic  p r o d u c t  w h ic h  g a v e  th e  c o r r e c t  e le m e n ta r y  a n a ly s i s  f o r  

5 ~ b e n z y lc a r b e th o x y a m in o te t r a z o le .  The a c id ic  n a tu r e  of th e  p r o d 

u c t  a n d  th e  e a s e  w ith  w h ic h  i t  c o u ld  be  c o n v e r te d  in to  5 - b e n z y l  -  

a m in o  t e t r a z o l e  b y  h y d r o ly s i s  w e re  in  c o n fo rm ity  w ith  th e  s t r u c 

t u r e  a s s u m e d  o n  th e  b a s i s  o f e l e m e n ta r y  a n a ly s i s .

COOC H
C ,H  -C H  -N H C N  -------------» C . H - C H  -N -C N   >0 5 2 6 5 2

c o o c 2h 5
C . H - C H  -N - C — N -H  ------------------» C . H - C H  -N H -C — N H

6 5 2 h i  6 5 2 m »
N  N  N  N
SN * V '

T he 5 - b e n z y la m in o te t r a z o le  f o r m e d  b y  h y d r o ly s is  of th e  

c a r b e th o x y  d e r iv a t iv e  is  s o lu b le  in  d ilu te  a c id  a n d  d ilu te  a lk a l i  

an d  f o r m s  a n  in s o lu b le  s i l v e r  s a l t .  I t  w a s  c h a r a c t e r i z e d  b y  

a n a ly s i s  a n d  c o m p a r is o n  w ith  th e  a m p h o te r ic  p r o d u c t  w h ic h  r e 

s u l t s  o n  b e n z y la t io n  o f 5 - a m in o te t r a z o le  (2) w ith  w h ic h  i t  w a s  

id e n t ic a l  in  a l l  r e s p e c t s .

T he p o s s ib i l i t y  th a t  a n  N - b e n z y l - N '- c a r b e th o x y c a r b o d i im id e  

s t r u c t u r e  c o u ld  b e  f o r m e d  d u r in g  a c y la t io n  of th e  b e n z y lc y a n a m id e  

w a s  c o n s id e r e d .  T he r e a c t io n  of s u c h  an  in te r m e d ia te  w ith  

h y d r a z o ic  a c id  c o u ld  r e s u l t  in  th e  f o r m a t io n  of e i t h e r  1 -b e n z y l-  

5 - c a r b e th o x y a m in o te t r a z o le  o r  1 - c a r b e th o x y - 5 - b e n z y la m in o te t r a z o le .
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C o m p o u n d s  o f th e  f o r m e r  ty p e  a r e  a c id ic  in  c h a r a c t e r  w h ile  c o m 

p o u n d s  of th e  l a t t e r  ty p e  a r e  n e u t r a l  (34).

C H  OOCC1
C , H r C H _N H C N  --------     »o 5 2

C ,H  CH  N = C = N -C O O C .H .6 5 2 2 5

T h is  c o u r s e  of th e  r e a c t io n  w a s  r a t h e r  u n l ik e ly  s in c e  th e  

f o r m a t io n  o f 1 - c a r b e th o x y - 5 - b e n z y la m in o te t r a z o le  c o u ld  b e  e x 

c lu d e d  b y  th e  a c id ic  c h a r a c t e r  of th e  p r o d u c t  i s o la te d .  O n  th e  

o th e r  h a n d , if  th e  a c id ic  1- b e n z y l - 5 - c a r b e th o x y a m in o te t r a z o le  h a d  

b e e n  f o r m e d ,  h y d r o ly s is  w o u ld  b e  e x p e c te d  to  le a d  to  1 -b e n z y l-  

5 - a m in o te t r a z o le ,  a  w e ll-k n o w n  co m p o u n d  th a t  p o s s e s s e s  o n ly  

w e a k ly  b a s i c  c h a r a c t e r  a n d  no a c id ic  p r o p e r t i e s .  T he a m p h o te r ic  

n a tu r e  of th e  p r o d u c t  f o r m e d  b y  th is  s e q u e n c e  o f r e a c t io n s  a s  

w e ll  a s  th e  m a r k e d  d e p r e s s io n  o f i ts  m e lt in g  p o in t  w h en  m ix e d  

w i th  1- b e n z y l - 5 - a m in o te t r a z o l e  e x c lu d e d  the  p o s s ib i l i ty  of id e n t i ty .  

T h is  o b s e r v a t io n  s u p p o r te d  th e  c o n c lu s io n  th a t  5 - b e n z y lc a r b e th o x y -  

a m in o te t r a z o le  h a d  b e e n  f o r m e d  a s  th e  in te r m e d ia te .

C ,H  CH -N  C -N H C O O C  H 
6 5 2 N  n  2 5

C ,H  CH ' 
6 5 2

N - C O O C h r
A  2 5



A n o th e r ,  p o s s ib ly  p r o m is in g ,  m e th o d  of o b ta in in g  th e  m o n o 

a lk y la m in o te t r a z o le s  w a s  a n  a d a p ta t io n  of th e  v o n  B r a u n  d e g r a -  

d a t iv e  s c h e m e  u s in g  c y a n o g e n  b r o m id e  w ith  th e  5 - d ia lk y la m in o -  

t e t r a z o l e s  (35 ).

__ CN  H „ 0R  C N B r • 2
„ > N -C — N -H     > R -N -C — N -H  + R B r   > R -N H -C — N -H
R  » \ if * ii •

N  N  N  N N  N
Vn '  v

T h is  m e th o d  w a s  n o t  a t te m p te d  f o r  a t  th is  t im e  th e  5 -b e n z y l  -  

m e th y la m in o - , 5 - b e n z y le th y la m in o - ,  a n d  5- d ib e n z y l  a m in o te t r a z o le s  

w e re  a v a i la b le  a n d  th e  s e le c t iv e ,  c a ta ly t ic  d e b e n z y la t io n  (36) 

s e e m e d  m o r e  r e a d i ly  a c h ie v a b le .

T he  5 - b e n z y la lk y la m in o te t r a z o le s  w e re  fo u n d  to  u n d e rg o  

d e b e n z y la t io n  w h en  s h a k e n  in  a  h e a te d  b o t t le  w ith  5% p a l la d iu m  

o n  c h a r c o a l  u n d e r  t h r e e  a tm o s p h e r e s  of h y d ro g e n  p r e s s u r e .



in  th e  c a s e  of 5 - d ib e n z y l a m in o  t e t r a z o l e  s te p w is e  d e b e n z y la t io n  w as  

f e a s ib le  w ith  th e  f o r m a t io n  f i r s t  o f 5 - b e n z y la m in o te t r a z o le  a n d  

th e n  5 - a m in o te t r a z o le .  T he 5 - b e n z y la m in o te t r a z o le  o b ta in e d  in  

th is  w a y  w a s  id e n t ic a l  w ith  th e  p r o d u c t  o b ta in e d  u p o n  h y d r o ly s is  

of 5 - b e n z y lc  a r b  e th o x y  a m in o  t e t r a z o l e .

m o r e  c o m p le te ly  d e s c r ib e d  in  P a r t  I, th ro u g h  a n a ly s i s ,  e q u iv a le n t  

w e ig h t  d e te r m in a t io n ,  s i l v e r  s a l t  f o r m a t io n ,  a n d  d e te r m in a t io n  of 

th e  a p p a r e n t  a c id  d i s s o c ia t io n  c o n s ta n t .  T h e y  a r e  v e r y  s i m i l a r  

to  th e  d is u b s t i tu te d  c o m p o u n d s  in  a l l  r e s p e c t s .

S e v e r a l  a t te m p ts  to  a c y la te  m o n o a lk y lc y a n a m id e s  r e s u l t e d  

in  a  p r e p o n d e r a n c e  of s id e  r e a c t io n s ,  y ie ld in g  u r e a  d e r iv a t iv e s  

a n d  u n id e n t i f ie d ,  g u m m y  m a t e r i a l s .  A  ty p ic a l  e x a m p le  i s  th e  

p r e p a r a t i o n  a n d  a c e ty la t io n  of e th y l c y a n a m id e .  E th y la m in e  (22 .5

N-Cj— N -H  
N  A 
\N *

T h e  5 - m o n o a lk y la m in o te t r a z o le s  w e re  c h a r a c t e r i z e d ,  a s

E x p e r im e n ta l

T he A c y la t io n  of M o n o a lk y lc y a n a m id e s
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g ., 0 .5  m o le )  w a s  d is so lv e d , in  200 m l .  o f c o ld  e th e r .  E ig h ty —fo u r  

g r a m s  (1 .0  m o le )  of s o d iu m  b ic a r b o n a te  w a s  a d d e d  a n d  th e  m ix 

tu r e  w a s  th e n  v ig o r o u s ly  s t i r r e d ,  w h ile  c o o lin g  in  an  i c e - w a t e r  

b a th .  A  s o lu t io n  of 53 g. (0 .5  m o le ) of c y a n o g e n  b r o m id e  in  100 

m l .  o f e t h e r  w a s  a d d e d  d ro p w is e  o v e r  a  p e r io d  o f one  and  o n e -  

h a l f  h o u r s .  T he th ic k , w h ite  s lu d g e  Vras th e n  t r e a t e d  d ro p w is e  

w ith  3 9 .4  g . (0 .5  m o le )  of a c e ty l  c h lo r id e .  T h e  s t i r r i n g  w a s  c o n 

t in u e d  a t  ro o m  te m p e r a t u r e  f o r  tw o h o u r s .  T he s o l id s  w e re  s e p 

a r a t e d  b y  f i l t r a t i o n ,  e x t r a c t e d  w ith  e th y l a c e ta te  a n d  th e  e x t r a c t  

c o m b in e d  w ith  th e  f i l t r a t e  an d  e v a p o r a te d .  T he y e llo w  r e s id u e ,  

on  c o o lin g , c r y s t a l l i z e d  p a r t i a l l y  a s  c o lo r l e s s  b la d e s  w h ic h  w e re  

c o l le c te d ,  w a s h e d  w ith  e t h e r  to  r e m o v e  a  y e llo w  o il , a n d  d r ie d .  

T h e  c ru d e  p r o d u c t  w e ig h e d  7 .8  g. a n d  m e l te d  a t  1 2 0 -1 2 2 ° C.

R e c r y s t a l l i z a t i o n  f r o m  b o il in g  e th y l a c e ta te  r a i s e d  th e  m e lt in g  

p o in t  to  1 2 6 -1 2 7 °  C .

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

th e  m a t e r i a l  o b ta in e d  b y  a c e ty la t io n  of e th y l u r e a  a n d  a  m ix tu r e  

o f th e  tw o g a v e  no  d e p r e s s io n  of the  m e lt in g  p o in t .

A n a ly s is .  C a l c 'd  f o r  C H O N :  N , 2 1 .5 . F o u n d : N,J 5 10 2 2

2 1 .0 .
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T h e  P r e p a r a t i o n  a n d  C a rb e th o x y la t io n  
of B e n z y lc y a n a m id e

A  m ix tu r e  c o n ta in in g  48 g. (0 .45  m o le )  of b e n z y la m in e ,

126 g . (1 .5  m o le s )  o f s o d iu m  b ic a r b o n a te  an d  200 m l .  w a te r  w a s  

c h i l le d  in  a n  i c e - w a t e r  b a th  a n d  v ig o r o u s ly  s t i r r e d .  The m ix tu r e  

w a s  t r e a t e d  d ro p w is e  f i r s t  w ith  53 g . (0 .5  m o le ) of c y a n o g e n  

b r o m id e  in  100 m l .  of e th a n o l a n d  th e n  w ith  54 g . (0 .5  m o le )  of 

e th y l  c h lo r o f o r m a te .  S t i r r i n g  w as  c o n tin u e d  a t  ro o m  te m p e r a t u r e  

u n ti l  th e  g a s  e v o lu tio n  h a d  c e a s e d .  The h e a v y  o rg a n ic  l a y e r  w a s  

e x t r a c t e d  w ith  e t h e r  an d  d r ie d  o v e r  a n h y d ro u s  m a g n e s iu m  s u lf a te .  

A f te r  r e m o v a l  of s o lv e n t ,  th e  r e s id u e  w a s  d i s t i l l e d  th ro u g h  a  2 4 - 

in c h  V ig re a u x  c o lu m n  u n d e r  r e d u c e d  p r e s s u r e .  T he p r o d u c t  w a s  

o b ta in e d  a s  a  c o l o r l e s s  o i l ,  b o il in g  a t  1 3 1 -1 3 5 ° C. a t  2 .0  m m .

T h is  p r o d u c t ,  w h ile  n o t  a  p u r e  s u b s ta n c e ,  w a s  u s e d  w ith o u t  f u r t h e r  

p u r i f i c a t io n  in  th e  n e x t  e x p e r im e n t .  T he m a in  c o n ta m in a n t ,  w h ic h  

p r e c i p i t a t e s  on c h i l l in g  a n d  s e e d in g , is  b e n z y l  u r e th a n e ,  m .p .  4 8 - 

49° C ., sh o w in g  no  d e p r e s s io n  of th e  m e lt in g  p o in t  on  a d m ix tu re  

w ith  a n  a u th e n t ic  s p e c im e n  (37).
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T he A c tio n  o f H y d ra z o ic  A c id  on  
B e n z y l c a  rb  e tho  xy  c y  a n a m  i de

A  s o lu t io n  of 13 .8  g . of im p u r e  b e n z y lc a rb e th o x y c y a n a m id e  

a n d  32 m l .  of b e n z e n e  c o n ta in in g  0 .1  m o le  of h y d r a z o ic  a c id  w a s  

s e a le d  in  a  h e a v y  w a l le d  g la s s  c o m b u s t io n  tu b e  a n d  h e a te d  a t  95° 

C . f o r  54 h o u r s .  A f te r  c o o lin g , th e  tu b e  c o n te n ts  w e re  re m o v e d  

a n d  th e  s o lv e n t  e v a p o r a te d .  T he b ro w n  o ily  r e s id u e  w a s  ta k e n  

up in  e t h e r  a n d  e x t r a c t e d  w ith  d ilu te  a q u e o u s  s o d iu m  h y d ro x id e .

O n n e u t r a l i z a t i o n  o f th e  a lk a l in e  e x t r a c t ,  a  s o l id  s e p a r a te d  a s  f in e ,  

n e a r l y  c o l o r l e s s  n e e d le s ,  w e ig h in g  6 .8  g . a n d  m e l t in g  a t  8 0 -8 3 °

C . C r y s t a l l i z a t i o n  f r o m  c y c lo h e x a n e  g av e  f in e  c o lo r l e s s  n e e d le s ,  

m e l t in g  a t  8 1 -8 1 .5 °  C . T h is  s o l id  w a s  so lu b le  in  d ilu te  a q u e o u s  

a lk a l i  a n d  in s o lu b le  in  d i lu te  a q u e o u s  a c id . T he p r o d u c t  w a s  a s 

s ig n e d  th e  s t r u c t u r e  of 5 - b e n z y lc a r b e th o x y a m in o te t r a z o le  on  the  

b a s i s  of e l e m e n ta r y  a n a ly s i s  a n d  i ts  a c id ic  c h a r a c t e r .

A n a ly s i s .  C a lc 'd  f o r  C ^ H ^ N ^ O ^ :  C , 53 .4 ; H , 5 .3 ; N ,

2 8 .3 . F o u n d : C , 5 3 .4 8 , 53 .65 ; H , 5 .40 , 5 .38; N , 2 8 .2 4 , 2 8 .2 2 .

T he H y d r o ly s is  o f 5 - B e n z y lc a r b e th o x y a m in o te t r a z o le

O ne g r a m  of 5 -b e n z y lc a r b e th o x y a m in o te t r a z o le  w a s  d i s 

s o lv e d  in  25 m l.  of 0 .1  N a q u e o u s  p o ta s s iu m  h y d ro x id e  a n d  th e
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s o lu t io n  b o i le d  f o r  tw e n ty  m in u te s .  A f te r  c o o lin g , n e u t r a l i z a t io n  

p r e c i p i t a t e d  a  w h ite  s o l id  w h ic h  w e ig h e d  0 .8  g . an d  m e l te d  a t  

1 8 1 -1 8 1 .5 °  C . w h en  h e a te d  v e r y  s lo w ly  in  a  c a p i l l a r y  tu b e . W hen  

h e a te d  m o r e  r a p id ly ,  m e l t in g  p o in ts  a s  h ig h  a s  193° C . w e re  ob 

s e r v e d .  T h is  p r o d u c t ,  w h ile  s p a r in g ly  s o lu b le  in  c o ld  w a te r ,  is  

r e a d i ly  s o lu b le  in  e i t h e r  a q u e o u s  a c id  o r  a q u e o u s  a lk a l i .  The 

p r o d u c t  w a s  id e n t ic a l  in  a l l  r e s p e c t s  w ith  5 -b e n z y la m in o te t r a z o le  

p r e p a r e d  a c c o rd in g  to  T h ie le  a n d  In g le  (2).

A n a ly s is .  C a lc 'd  f o r  C gH ^N ^: N , 4 0 .0 . F o u n d : N , 4 0 .3 .

T h e  D e b e n z y la t io n  of 5 - B e n z y lm e th y la m in o te t r a z o le

A  m ix tu r e  c o m p o s e d  of 18.9 g- (0 .1  m o le ) of 5 -b e n z y l-  

m e th y la m in o te t r a z o le  ( s e e  P a r t  I), 150 m l. of a b s o lu te  e th a n o l 

a n d  3 .0  g . of 5% p a l la d iu m  on c h a r c o a l  w a s  p la c e d  in  a  P a r r  

h y d ro g e n a t io n  b o t t l e .  T he h y d ro g e n o ly s is  w a s  c a r r i e d  o u t b y  

sh a k in g  u n d e r  t h r e e  a tm o s p h e r e s  h y d ro g e n  p r e s s u r e  a t  a b o u t 65° 

C . o v e r  a  p e r io d  of tw e n ty - f o u r  h o u r s .  R e m o v a l o f th e  c a t a ly s t  

b y  f i l t r a t i o n  a n d  e v a p o r a t io n  o f th e  s o lv e n t  g av e  9 .5  g . of c o l o r 

l e s s  s o l id  m e l t in g  a t  1 7 1 -1 7 7 °  C. R e c r y s ta l l i z a t i o n  f r o m  a b s o 

lu te  e th a n o l g av e  7 .6  g . of c o l o r l e s s  p l a t e s ,  m e l t in g  in i t i a l ly  a t  

1 8 0 -1 8 2 °  C ., r e s o l id i f y in g  an d  th e n  r e m e l t in g  a t  2 2 5 -2 2 6 °  C . A



68

f u r t h e r  r e c r y s t a l l i z a t i o n  f r o m  th e  m in im u m  a m o u n t of w a te r  r a i s e d  

th e  m e l t in g  p o in t  to  1 8 4 -1 8 4 .5 °  C ., fo llo w e d  b y  r e  s o l id i f ic a t io n  

an d  r e m e l t in g  a t  2 2 5 -2 2 6 °  C . T he b e h a v io r  of th is  c o m p o u n d  on  

m e l t in g  i s  d i s c u s s e d  in  P a r t  IV .

T h e  p r o d u c t  w a s  id e n t i f ie d  a s  5 - m e th y la m in o te t r a z o le  on  

th e  b a s i s  of e l e m e n ta r y  a n a ly s is  a n d  s i l v e r  s a l t  f o r m a t io n  (T ab le  

V H ), a n d  i t s  e q u iv a le n t  w e ig h t a n d  a p p a r e n t  a c id ic  d i s s o c ia t io n  

c o n s ta n t  a s  d e te r m in e d  b y  p o te n t io m e t r ic  t i t r a t i o n  (T a b le  V III).
i

T he D e b e n z y la t io n  of 5 - B e n z y le th y la m in o te t r a z o le

A  m ix tu r e  c o m p o s e d  of 13.7 g. o f 5 - b e n z y le th y la m in o te t r a -  

z o le  ( s e e  P a r t  I ) , 150 m l .  of a b s o lu te  e th a n o l ,  a n d  2 ,0 g . o f 5% 

p a l la d iu m  on  c h a r c o a l  w a s  p la c e d  in  a  P a r r  h y d ro g e n a tio n  b o t t le .  

T he h y d ro g e n o ly s is  w a s  c a r r i e d  o u t b y  sh a k in g  u n d e r  t h r e e  a t 

m o s p h e r e s  of h y d ro g e n  p r e s s u r e  a t  a b o u t 65° C . f o r  e le v e n  h o u r s .  

R e m o v a l of c a t a ly s t  b y  f i l t r a t i o n  an d  e v a p o r a t io n  of s o lv e n t  g av e  

7.6  g . of c o l o r l e s s ,  f in e  n e e d le s ,  m .p . 1 7 2 -1 7 3 °  C . R e c r y s t a l l i z a 

t io n  f r o m  th e  m in im u m  a m o u n t of a b s o lu te  e th a n o l r a i s e d  th e  

m e l t in g  p o in t  to  1 7 5 -1 7 5 .5 °  C . I d e n t i f ic a t io n  of th e  p r o d u c t  a s  

5 - e th y la m in o te t r a z o l e  w a s  b a s e d  on  e le m e n ta r y  a n a ly s is  an d  s i l v e r
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s a l t  f o r m a t io n  (T a b le  V II), a n d  i t s  e q u iv a le n t  w e ig h t  a n d  a p p a r e n t  

a c id ic  d i s s o c ia t io n  c o n s ta n t  (T a b le  V III).

T he D e b e n z y la t io n  o f 5 - D ib e n z y la m in o te t r a z o le

A  m ix tu r e  c o m p o s e d  of 12.5 g. of 5 -d ib e n z y la m in o te t r a z o le ,  

100 m l .  of a b s o lu te  e th a n o l ,  a n d  2 .0  g . 5% p a l la d iu m  on  c h a r c o a l  

w a s  p la c e d  in  a  s h a k e r  b o t t le  of a  B u r g e s s - P a r r  lo w  p r e s s u r e  

h y d ro g e n a t io n  a p p a r a tu s  a n d  s h a k e n  u n d e r  th r e e  a tm o s p h e r e s  of 

h y d ro g e n  p r e s s u r e  a t  a b o u t 65° C . f o r  e le v e n  h o u r s .  R e m o v a l of 

c a t a l y s t  b y  f i l t r a t i o n  a n d  e v a p o r a t io n  of s o lv e n t  g a v e  6 .4  g . of 

c o lo r l e s s  s o l id ,  m e l t in g  a t  1 7 6 -1 7 9 °  C . R e c r y s ta l l i z a t i o n  f r o m  

a b s o lu te  e th a n o l p r o d u c e d  c o lo r l e s s  p la t e s ,  m .p . 1 8 1 -1 8 1 .5 °  C.

T he  p r o d u c t  w a s  id e n t ic a l  in  a l l  r e s p e c t s  w ith  5 -b e n z y la m in o -  

t e t r a z o l e  p r e p a r e d  b y  h y d r o ly s i s  of 5 -b e n z y lc a rb e th o x y a m in o -  

t e t r a z o l e  a n d  b y  b e n z y la t io n  of 5 - a m in o te t r a z o le  a c c o rd in g  to  the  

m e th o d  of T h ie le  a n d  In g le .  F u r t h e r  id e n t i f ic a t io n  of th e  p r o d u c t  

a s  5 - b e n z y la m in o te t r a z o le  w as  b a s e d  on i ts  e l e m e n ta r y  a n a ly s is  

a n d  s i l v e r  s a l t  f o r m a t io n  (T a b le  V II), an d  i t s  e q u iv a le n t  w e ig h t 

a n d  a p p a r e n t  a c id ic  d is s o c ia t io n  c o n s ta n t  a s  d e te r m in e d  b y  p o te n -  

t i o m e t r i c  t i t r a t i o n  (T a b le  V III).
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T h e  D e b e n z y la t io n  of 5 -B e n z y la m in o te t r a z o le

A  m ix tu r e  c o m p o s e d  of 8 .8  g . (0 .05  m o le ) of 5 - b e n z y l-  

a m in o te  t r  a z o le , 100 m l .  a b s o lu te  e th a n o l, a n d  2 .0  g . 5% p a l la d iu m  

on  c h a r c o a l  w a s  p la c e d  in  a  s h a k e r  b o t t le  of a  B u r g e s s - P a r r  lo w  

p r e s s u r e  h y d ro g e n a t io n  a p p a r a tu s  a n d  s h a k e n  u n d e r  th r e e  a tm o s 

p h e r e s  o f h y d ro g e n  p r e s s u r e  a t  65° C . f o r  tw e n ty  h o u r s .  A f te r  

r e m o v a l  of th e  c a t a l y s t  b y  f i l t r a t i o n  a n d  e v a p o r a t io n  o f th e  s o lv e n t ,  

t h e r e  w a s  o b ta in e d  5 .9  g. o f w h ite , c r y s t a l l i n e  s o lid , m .p . 194 - 

197° C . C r y s ta l l i z a t io n  f r o m  w a te r  g av e  a  c o l o r l e s s ,  t r a n s l u c e n t  

s o l id  w h ic h , a f t e r  d ry in g , b e c a m e  o p aq u e  a n d  m e l te d  a t  2 0 1 .5 -  

202° C . A  m ix tu r e  o f th is  p r o d u c t  and  an  a u th e n t ic  s a m p le  of 

5 - a m in o te t r a z o le  (3) p ro d u c e d  no  m e lt in g  p o in t  d e p r e s s io n .

T he P o te n t io m e t r i c  T i t r a t io n  of 
5 -M o n o a lk y la m in o te t ra z o le  s

T he 5 - m o n o a lk y la m in o te t r a z o le s  w e re  t i t r a t e d  p o te n t io m e t

r i c  a l ly  to  d e te r m in e  t h e i r  e q u iv a le n t  w e ig h ts  an d  a p p a r e n t  a c id ic  

d i s s o c ia t io n  c o n s ta n ts .  T he m e th o d  is  d e s c r ib e d  in  d e ta i l  in  

P a r t  I. T he t i t r a t i o n  c u r v e s ,  l ik e  th o s e  f o r  th e  5- d ia lk y l  a m in o - 

t e t r a z o l e s ,  w e re  ty p ic a l  o f th o s e  f o r  w e a k  a c id s .  A  r e p r e s e n ta t i v e
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c u rv e  i s  i l l u s t r a t e d  in  F ig u r e  4. T he t i t r a t i o n  d a ta  a r e  c o l le c te d  

in  A p p e n d ix  I,

T he P r e p a r a t i o n  o f th e  S i lv e r  S a lts  of th e  
5 - M o n o a lk y la m in o te tr  a z o le  s

T h e  5 - m o n o a lk y la m in o te t r a z o le s  f o r m  s i l v e r  s a l t s  w h ic h  

a r e  in s o lu b le  in  w a te r ,  e th a n o l ,  a n d  c o ld  d ilu te  n i t r i c  a c id . T h ey  

do n o t  a p p e a r  to  b e  e i t h e r  s e n s i t iv e  to  l ig h t  o r  s h o c k . O n  h e a t 

in g , th e y  d e f la g r a te  m ild ly .  T he s i l v e r  s a l t  p r e p a r a t i o n  a n d  s i l v e r  

a n a ly s e s  w e r e  c a r r i e d  o u t  in  th e  m a n n e r  d e s c r ib e d  in  P a r t  I. T he  

s i l v e r  a n a ly s e s  a r e  c o l le c te d  in  T a b le  V II.
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TA B LE VII

T H E  A N A L Y SIS O F  5 -M O N O  A L K Y L  AM INO TE  T R A Z O L E S  
AND T H E IR  S IL V E R  SA L T S

A n a ly s is  S i lv e r  S a lts
T e t r a -

F o r m u l a
z o le  C a lc 'd  F o u n d  „  , C a l c 'd  F o u n d

m F o r m u la  A% % % A g % A g

5 - C H N C , C H  A gN  52 .3  52 .5
M e th y l-  2 5 5 2 4 .2  24 .3  2 4 5
a m in o -  H ,

5 .09  5 .10
N ,
70 .7  70 .4

5 - C .H  N  C , C .H ,A g N _  48 .9  49 .2
E th y l -  3 7 5 3 1 .9  31 .9  3 6 5
a m in o -  H ,

6 .2 4  6 .42
N ,
6 1 .9  62.0

5 -  C rH QN 5 N '  C 8H 8A gN 5 3 8 *2 3 8 *4
B en z iy l- 40 .0  40 .2
a m in o -
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TA B LE VIII

A P P A R E N T  A C ID IC  D ISSO C IA TIO N  C O N STA N TS AND EQ U IV A 
L E N T  W E IG H T S O F  SO M E 5 - M O N O A L R Y L A M IN O T E T R A Z O L E S  
IN A P P R O X IM A T E L Y  50% A Q U EO U S M E T H A N O L  BY V O L U M E

T e t r a z o le
A p p a re n t

p K a
A p p a re n t
K x  108 a

E q u iv a le n t  W t.

C a lc 'd F o u n d

5 -M e th y l  a m in o  - ^ 6 .06 87 99 100

5 -M e th y la m in o  - 6 .67 21 99 99

5 -  E th y l a m in o  -  ^ 6 .12 76 113 114

5 - E th y l a m in o  - 6 .66 22 113 113

5 -  B e n z y l  a m in o  - 6 .52 30 175 176

 ̂ The d e te r m in a t io n  w as c a r r i e d  o u t iii a q u e o u s s o lu tio n .



P A R T  IV

T H E  R E A R R A N G E M E N T  O F  C E R T A IN  M O N O S U B S T IT U T E D  
5 - AM INO TE  T R A Z O L E  D E R IV A  TIV ES

D is c u s s io n

In  th e  c o u r s e  of th e  w o rk  w ith  th e  5 - m o n o a lk y la m in o te t r a -  

z o le s ,  5 - m e th y la m in o te t r a z o le  w a s  o b s e r v e d  to  d is p la y  a  d o u b le  

m e l t in g  p o in t ,  th e  h ig h e r  one o f w h ic h  c o r r e s p o n d e d  a lm o s t  e x a c t ly  

w ith  th a t  of 1 - m e th y l - 5 - a m in o te t r a z o le  ( s e e  P a r t  III) . B e f o r e  th is  

o b s e r v a t io n  c o u ld  b e  e x a m in e d  f u r t h e r ,  i t  w a s  c o r r o b o r a t e d  in  a  

p r iv a t e  c o m m u n ic a t io n  f r o m  D r .  R . A . H e n ry , w ho h a d  c h a r a c 

t e r i z e d  th e  h ig h  m e l t in g  m a t e r i a l  a s  1- m e t h y l - 5- a m in o te t r a z o le

A lth o u g h  5 - b e n z y la m in o te t r a z o le  d o e s  n o t sh o w  a  d o u b le  m e lt in g  

p o in t ,  th is  is  p r o b a b ly  d ue  to  th e  c lo s e  p r o x im i ty  of th e  m e lt in g  

p o in t  o f l - b e n z y l - 5 - a m i n o t e t r a z o l e .  W hen 5 - b e n z y la m in o te t r a z o le  

i s  m e l t e d  a n d  k e p t  a t  th e  m e l t in g  t e m p e r a t u r e  f o r  s e v e r a l  m in u te s ,

(20 ).

CH  N H -C — N -H  
3 'L •N  N

c H 3 - r ~ i ? - N H 2
N  N
sv
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c o m p le te  r e a r r a n g e m e n t  to  1 - b e n z y l - 5—a m in o te t r a z o le  o c c u r s .

T h is  o b s e r v a t io n  e x p la in s  th e  d e p e n d e n c e  of th e  m e l t in g  p o in t  of 

5 - b e n z y la m in o te t r a z o le  on  th e  r a te  o f h e a t in g . W ith  v e r y  slow- 

h e a t in g  m e l t in g  p o in ts  a s  lo w  a s  181° C . h a v e  b e e n  o b s e r v e d ,  

w h ile  on  r a p id  h e a t in g  th e  m e l t in g  p o in t  m a y  b e  a s  h ig h  a s  193°

C .

In  P a r t  II , a t te n t io n  w a s  d i r e c te d  to  th e  p e c u l i a r  b e h a v io r

o f 1- p h e n y l - 5 -a m in o  t e t r a z o l e  an d  1 - p - n i t r o p h e n y l -  5 -  a m in o  te  t r  a z o l  e

on  h e a t in g  in  c a p i l l a r y  tu b e s .  The f o r m e r  m e l te d  c o m p le te ly  a t

1 6 3 -1 6 3 .5 °  C ., r e s o l id i f i e d  a t  a b o u t 165° C .,  a n d  th e n  m e l te d

*

a g a in  a t  20 5 -2 0 6 °  C , N o d e c o m p o s it io n  w as a p p a r e n t  a t  th e  lo w e r  

m e l t in g  p o in t .  The l a t t e r  c o m p o u n d , on h e a tin g  in  a  c a p i l l a r y ,  

e x h ib i te d  a  m a r k e d  c h a n g e  in  a p p e a ra n c e  a t  a b o u t 170° C ., a n d  

th e n  m e l te d  w ith  d e c o m p o s i t io n  a t  2 2 1 -2 2 3 °  C . T h is  p h e n o m e n o n  

w a s  f i r s t  f u r t h e r  in v e s t ig a te d  w ith  1 - p h e n y l- 5- a m in o te t r a z o l e .  A 

s m a l l  s a m p le  w a s  h e a te d  a t  1 6 0 -1 6 5 °  C . in  a n  o i l  b a th .  The 

c o m p o u n d  m e l te d  a n d  r e s o l id i f i e d  a t  th e  b a th  t e m p e r a t u r e .  The 

p r o d u c t  h a d  a c q u i r e d  a c id ic  c h a r a c t e r i s t i c s  n o t  p r e s e n t  in  th e  

u n h e a te d  m a t e r i a l  a n d  w a s  c o m p le te ly  s o lu b le  in  d ilu te  a q u e o u s  

s o d iu m  h y d ro x id e .  A f te r  r e c r y s t a l l i z a t i o n  th e  m a t e r i a l  n o w  m e l te d  

a t  2 0 5 -2 0 6 °  C . w ith o u t  p r i o r  m e l t in g  a n d  r e  s o l id i f ic a t io n .  In  a
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c o m p a r a b le  e x p e r im e n t  a  s m a l l  s a m p le  of 1- p - n i t r o p h e n y l—5-

s h o r t  t im e .  A lth o u g h  c o n s id e r a b le  c h a r r in g  w a s  o b s e r v e d ,  a  p r o d 

u c t ,  s o lu b le  in  d ilu te  a q u e o u s  a lk a l i ,  c o u ld  b e  s e p a r a te d  f r o m  th e  

m ix tu r e .  T h is  p r o d u c t ,  a f t e r  r e  c r y s ta l l i z a t io n ,  d id  n o t sh o w  a n y  

c h a n g e  o n  h e a t in g  in  a  c a p i l l a r y  tu b e  u n ti l  i t  m e l te d  w ith  d e c o m -

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

th e  o r ig in a l  c o m p o u n d s . S u b se q u e n tly  i t  w a s  fo u n d  th a t  th e  s a m e  

c h a n g e  c o u ld  b e  b ro u g h t  a b o u t w ith  l e s s  d e c o m p o s it io n  b y  b o il in g  

s u s p e n s io n s  of e i t h e r  co m p o u n d  in  x y le n e . T he r e a r r a n g e m e n t s  

w e r e  c o m p le te  s in c e  no  t r a c e  of a lk a l i  in s o lu b le  m a t e r i a l s  c o u ld  

b e  fo u n d  in  th e  p r o d u c ts .  A  s im p le  e x p la n a tio n  of th e  c h a n g e s  i s  

e x p r e s s e d  b y  th e  r e a r r a n g e m e n t  of th e  1 - a r y l - 5 - a m in o  t e t r a z o l e  

to  5 - a r y l a m in o te t r a z o l e .

a m in o  t e t r a z o l e  w as  h e a te d  a t  170-175° C . in  a n  o i l  b a th  f o r  a

p o s i t io n  a t  2 2 1 -2 2 3 °  C . A n a ly s is  sh o w ed  th a t  b o th  p r o d u c ts  r e -

N  N  
nN ^

D u rin g  th e  p r e p a r a t i o n  o f 1 -p h e n y l -  5 -  a m in o  t e t r a z o l e  f r o m  

p h e n y l t h io u r e a ,  S to ll  e h a d  o b s e r v e d  th e  f o r m a t io n  of a  v e r y  s m a l l  

a m o u n t o f m a t e r i a l  to  w h ic h  he  a s s ig n e d  th e  s t r u c tu r e  of
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5 -p h e n y la m in o  t e t r a z o l e  (10). T h is  p r o d u c t  w a s  d e s c r ib e d  a s  a n  

a c id ic  c o m p o u n d  an d  m e l te d  a t  206° C ., p r o p e r t i e s  w h ic h  w e re  in  

c lo s e  a g r e e m e n t  w ith  th o s e  o b s e r v e d  f o r  th e  m a t e r i a l  f o r m e d  u p o n  

th e r m a l  r e a r r a n g e m e n t  of 1 -p h e n y l - 5 - a m in o  t e t r a z o l e .

I t  is  i n t e r e s t in g  to  n o te  th a t  th e  r e a r r a n g e m e n t  o f 5- a m in o -  

t e t r a z o l e  d e r iv a t iv e s  i s  so  d e p e n d e n t upon  th e  n a tu r e  o f s u b s t i tu e n ts  

a t  th e  1 - p o s i t io n  on  th e  r in g  o r  on  th e  a m in o  g ro u p . I t  i s  n o t  

s u r p r i s i n g  to  f in d  th a t  th e  5 - a lk y la m in o te t r a z o le s  r e a r r a n g e  to  th e  

1- a l k y l - 5 - a m i n o t e t r a z o l e  f o r m  b e c a u s e ,  a s  w a s  p o in te d  o u t in  

P a r t  I I ,  th i s  l a t t e r  f o r m  r e p r e s e n t s  th e  e x c lu s iv e  c y c l iz a t io n  

p r o d u c t  of th e  m o n o a lk y l g u a n y l a z id e s .  S in c e  th e  1 -a r y l - 5 - 

a m in o te t r a z o le s  a r e  th e  o n ly  c y c l iz a t io n  p r o d u c ts  o f th e  m o n o a ry l  

g u a n y l a z id e s ,  i t  i s  r a t h e r  s u r p r i s in g  to  f in d  th a t  th e y  u n d e rg o  

r e a r r a n g e m e n t  to  th e  5 - a r y la m in o te t r a z o le  s t r u c t u r e  so  r e a d i ly .

O th e r  s t r u c t u r e s  c a n  b e  w r i t t e n  f o r  th e  r e a r r a n g e m e n t  

p r o d u c ts  o f th e  1 - a r y l - 5 - a m in o  t e t r a z o l e  s . F o r  e x a m p le , a  F i s c h e r -  

H epp  ty p e  r e a r r a n g e m e n t  c o u ld  fo llo w  th e  f o r m a t io n  o f a  5 - a r y l 

a m in o te t r a z o le .  S u ch  a  c h an g e  w o u ld  le a d  to  a  s t r u c t u r e  in  w h ic h  

th e  a r y l  g ro u p  w as  a t ta c h e d  d i r e c t l y  a t  th e  5 - p o s i t io n  of th e  

t e t r a z o l e  r in g .  T he a b s e n c e  of th e  N -C -N  s y s te m  sh o u ld  m a k e  

s u c h  p r o d u c ts  l e s s  p r o n e  to  r e a r r a n g e m e n t .



T h is  p o s s ib i l i t y  i s  r a t h e r  e f f e c t iv e ly  ru led , o u t b y  th e  a b s e n c e  in  

th e  r e a r r a n g e m e n t  p r o d u c ts  of a n  a m in o  g ro u p  th a t  c a n  b e  d ia z o -  

t i z e d  a n d  c o u p le d . Q u a li ta t iv e  t e s t s  w ith  a  v a r i e ty  o f 1 -a m in o p h e n y l-  

a n d  5 - a m in o p h e n y l te t r a z o le  d e r iv a t iv e s  d e m o n s t r a te d  th a t  s u c h  c o m 

p o u n d s  c a n  be  d ia z o t iz e d  a n d  c o u p le d  e a s i ly .

T h is  a l t e r n a t iv e  is  n o t  v e r y  a t t r a c t i v e .  A ll a t te m p ts  to  p r e p a r e  

p e n ta z in e  d e r iv a t iv e s  h a v e  le d  to  th e  f o r m a t io n  of 5 - a m in o te t r a -  . 

z o le  s t r u c t u r e s  (3 8 ). In  th is  c o n n e c tio n  i t  m a y  a ls o  b e  s ig n if ic a n t  

th a t  m a n y  t e t r a z i n e  s t r u c t u r e s  a r e  know n  to  r e a r r a n g e  r a t h e r  

e a s i l y  to  1 ,2 ,3 - t r i a z o le  o r  1 ,2 ,4 - t r i a z o le  d e r iv a t iv e s  (39). F u r 

th e r m o r e ,  i n t e r p r e t a t i o n  of th e  u l t r a v io le t  a b s o r p t io n  s p e c t r a  of 

th e  a r y l a m in o te t r a z o l e s ,  w h ic h  a r e  c o n s id e r e d  in  a  s u b s e q u e n t  

s e c t io n  o f th is  P a r t ,  c a n  b e  m a d e  w ith o u t r e s o r t i n g  to  a  p e n ta z in e  

s t r u c t u r e .

R e a r r a n g e m e n t  c o u ld  a ls o  l e a d  to  a  p e n ta z in e  s t r u c t u r e .

H



I t  w i l l  b e  r e c a l l e d  th a t  th e  s t r u c tu r e  o f l - p - n i t r o p h e n y l - 5 -  

a m in o te t r a z o le  w a s  s u p p o r te d  b y  i t s  f o r m a t io n  b o th  f r o m  p - n i t r o -  

p h e n y lc y a n a m ld e  a n d  b y  n i t r a t i o n  of 1 - p h e n y l - 5 - a m in o te t r a z o le  ( s e e  

P a r t  II). I t  w a s  th o u g h t th a t  th e  r e la t io n s h ip  b e tw e e n  th e  r e a r 

r a n g e m e n t  p r o d u c ts  of l - p - n i t r o p h e n y l - 5 - a m in o te t r a z o l e  a n d  1- 

p h e n y l-5 -a m in o te tra ^ L o le  m ig h t  b e  e s ta b l i s h e d  in  a  s i m i l a r  m a n n e r .  

U n fo r tu n a te ly ,  n i t r a t i o n  of 5 -p h e n y la m in o te t r a z o le  w ith  m ix e d  a c id  

a t  0* C . r e s u l t e d  in  a  d in i t r o  d e r iv a t iv e .  A lth o u g h  th e  d i s t r i b u 

t io n  of th e  n i t r o  g ro u p s  in  th i s  p r o d u c t  h a s  n o t  b e e n  d e te r m in e d ,  

s e v e r a l  p o s s ib le  s t r u c t u r e s  m u s t  b e  c o n s id e r e d .  B o th  n i t r o  

g ro u p s  m a y  h a v e  b e c o m e  a t ta c h e d  to  th e  b e n z e n e  r in g  in  th e  

o r th o  a n d  p a r a  p o s i t io n s  o r  one of th e  n i t r o  g ro u p s  m a y  b e  a t 

ta c h e d  to  th e  a m in o  g ro u p .

A  c h o ic e  b e tw e e n  th e s e  s t r u c t u r e s  c a n  n o t b e  m a d e  a t  th e  p r e s e n t  

t im e .  T he m i ld n e s s  o f  th e  c o n d itio n s  u n d e r  w h ic h  the  n i t r a t i o n  

w a s  a c c o m p l is h e d  w o u ld  p o in t  to  th e  n i t r o p h e n y ln i t r a m in o te t r a z o le  

a s  th e  m o r e  p r o b a b le  s t r u c t u r e .  I t  h a s  b e e n  show n  (40) th a t  b o th

° s  9
N

6

N H -C — N -H  o i
N  N



5 - a m in o te t r a z o le  a n d  5—m e th y la m in o  te t r a z o l e  c a n  b e  c o n v e r te d  in to  

n l t r a m in o  d e r iv a t iv e s  u n d e r  v e r y  m ild  c o n d itio n s ;  h o w e v e r ,  th e s e  

n i t r a m in o  d e r iv a t iv e s  a r e  r a t h e r  s t ro n g  a c id s ,  a t  l e a s t  te n  t im e s  

a s  s t r o n g  a s  th e  d in i t r o  5 - p h e n y la m in o te t r a z o le .  A c tu a lly , th e  

r a t h e r  s t r o n g ly  a c id ic  c h a r a c t e r  o f th e  d in i t r o  c o m p o u n d  c o u ld  b e  

e x p la in e d  o n  th e  b a s i s  o f e i t h e r  s t r u c t u r e  ( s e e  P a r t  Y ).

B e f o r e  th e  n i t r a t i o n  p r o d u c t  of 5 -p h e n y la m in o te t r a z o le  h a d  

b e e n  id e n t i f ie d  a s  a  d in i t r o  co m p o u n d , th e  s y n th e s is  o f th e  i s o 

m e r i c  m e ta  a n d  o r th o  n i t r o p h e n y l  d e r iv a t iv e s  w a s  u n d e r ta k e n . 

m -N it r o p h e n y lc y a n a m id e  on  t r e a tm e n t  w ith  h y d ra z o ic  a c id  g av e  

o n ly  a  n e u t r a l  p r o d u c t  to  w h ic h  the  s t r u c tu r e  of 1 - m - n i t r o p h e n y l -  

5 - a m in o te t r a z o le  m a y  b e  a s s ig n e d  on  th e  b a s i s  of i t s  e le m e n ta r y  

a n a ly s i s  a n d  c h e m ic a l  p r o p e r t i e s .  O n  h e a t in g  in  a  c a p i l l a r y  tu b e  

th is  c o m p o u n d  sh o w e d  th e  s a m e  ty p e  of b e h a v io r  n o te d  f o r  th e  

p a r a  i s o m e r .  O n  b o i l in g  a  s u s p e n s io n  of th e  m e ta  c o m p o u n d  in  

x y le n e  a  c h a n g e  in  th e  p h y s ic a l  a p p e a ra n c e  of th e  m a t e r i a l  w a s  

n o te d .  A f te r  th is  t r e a t m e n t  th e  co m p o u n d  w a s  fo u n d  to  b e  so lu b le  

in  d i lu te ,  a q u e o u s  s o d iu m  h y d ro x id e  an d  on h e a t in g  in  a  c a p i l l a r y  

tu b e  no  lo n g e r  sh o w e d  th e  ty p ic a l  c h a n g e s  o b s e r v e d  b e f o r e  r e a r 

r a n g e m e n t .  T h e s e  o b s e r v a t io n s  s u p p o r t  th e  b e l ie f  th a t  r e a r r a n g e 

m e n t  to  5 - m - n i t r o p h e n y la m in o te t r a z o le  h a d  ta k e n  p la c e .
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P o te n t io m e t r i c  t i t r a t i o n  d a ta  a n d  u l t r a v io l e t  a b s o r p t io n  s p e c t r a  a l s o  

s u p p o r t  th is  c o n c lu s io n .

m -N O  - C  H  -N H C N  — » m -N O  - C .H  -N — C -N H  
2 6 4 2 6 4 I II 2

N N

I
m«NC>2- C 6H  -N H -(J— N -H

N  N  
nN *

T he s a m e  s e q u e n c e  o f r e a c t io n s  w as  u n d e r ta k e n  w ith  o -  

n i t r o p h e n y lc y a n a m id e .  In  th is  in s ta n c e  th e  c o u r s e  of th e  r e a c t io n  

w ith  h y d r a z o ic  a c id  c o u ld  b e  in f lu e n c e d  n o t  o n ly  b y  th e  e l e c t r i c a l  

n a tu r e  o f th e  s u b s t i tu e n t  g ro u p  b u t  a ls o  b y  in t r a m o le c u la r  h y d ro g e n  

b o n d in g  in v o lv in g  th e  n i t r o  g ro u p  a n d  th e  a m in o  h y d ro g e n  o f th e  

c y a n a m id e  r e s id u e .  I t  w a s  c o n c e iv a b le  th a t  h y d ro g e n  b o n d in g  

c o u ld  p r e v e n t  th e  ta u to m e r ic  s h i f t  of th e  h y d ro g e n  in  th e  o - n i t r o -  

p h e n y l g u a n y l a z id e  a n d  c a u s e  th e  d i r e c t  f o r m a t io n  o f 5 - o - n i t r o -  

p h e n y la m in o te t r a z o le  u p o n  c y c l iz a t io n .  T he s t e r i c  e f f e c t  of th e

o - n i t r o  g ro u p  c o u ld  a ls o  in f lu e n c e  th e  c y c l iz a t io n  in  th e  s a m e  

d i r e c t io n .



In  a n  i n i t i a l  e x p e r im e n t  w ith  o - n i t ro p h e n y lc y a n a m id e  a n d  

h y d r a z o ic  a c id  th e  p r o d u c t  a p p e a r e d  to  b e  a n  a lk a l i  in s o lu b le  

m a t e r i a l .  A f te r  r e c r y s t a l l i z a t i o n  f r o m  x y le n e  th e  p r o d u c t  w a s  

s o lu b le  in  a q u e o u s  a lk a l i  a n d  a p p e a r e d  to  b e  5 -o - n i t r o p h e n y la m in o -  

t e t r a z o l e .  I t  h a s  n o t  b e e n  p a s s ib le  to  r e p e a t  th is  in i t ia l  o b s e r 

v a t io n .  A tte m p ts  to  d u p l ic a te  th e  p r e p a r a t i o n  of an  a l k a l i - i n s o l 

u b le  p r o d u c t  w e r e  u n s u c c e s s f u l .  A t lo w e r  t e m p e r a t u r e s ,  50° an d  

60° C ., n o  r e a c t io n  w ith  h y d ra z o ic  a c id  to o k  p la c e ;  d - n i t r o p h e n y l -  

c y a n a m id e  w a s  r e c o v e r e d  u n c h a n g e d . A t 70° C . o - n i t r o p h e n y l 

c y a n a m id e  r e a c t e d  s lo w ly  w ith  h y d ra z o ic  a c id  to  f o r m  o n ly  5 - o -  

n i t r o p h e n y la m in o te t r a z o le .  A t 80° C . th e  r e a c t io n  w a s  f a i r l y  

r a p id  a n d  f o r m a t io n  of 5 - o - n i t r o p h e n y la m in o te t r a z o le  w a s  c o m 

p le te  in  tw o h o u r s .  P o te n t io m e t r i c  t i t r a t i o n ,  u l t r a v io l e t  a b s o r p t io n
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s p e c t r u m  a n d  b e h a v io r  of th e  p r o d u c t  on  h e a t in g  s u p p o r t  th e  a s 

s ig n e d  s t r u c t u r e .

A lth o u g h  w ith  one  e x c e p tio n  th e  p r o d u c t  fo r m e d  b y  i n t e r a c 

t io n  of o -n i t ro p h e n y lc y a n a m id e  an d  h y d ra z o ic  a c id  h a s  a lw a y s  b e e n  

5 - o - n i t r o p h e n y la m in o te t r a z o le ,  i t  i s  im p o s s ib le  to  e x c lu d e  l - o -  

n i t r o p h e n y l - 5 - a f n in o te t r a z o le  as. an  in te r m e d ia te  in  th e  s e q u e n c e . 

U n fo r tu n a te ly  th e  a lk a l i - in s o lu b le  p r o d u c t  f o r m e d  on  one o c c a s io n  

w a s  c o n v e r te d  in to  th e  a lk a l i - s o lu b le  co m p o u n d  w h en  i t s  s o lu t io n  

in  x y le n e  w a s  h e a te d  d u r in g  a n  a t te m p te d  p u r i f i c a t io n  b y  r e c r y s 

ta l l i z a t io n .

P o te n t io m e t r i c  t i t r a t i o n s  w e re  done w ith  a l l  th e  a c id ic  

r e a r r a n g e m e n t  p r o d u c ts .  The a p p a r e n t  a c id ic  d i s s o c ia t io n  c o n 

s ta n t s  a r e  g iv e n  in  T a b le  X. The a c id s  in  o r d e r  of d e c r e a s in g  

s t r e n g th  a r e  th e  d in i t r o  5 - p h e n y la m in o te t r a z o le ,  5 - o - n i t r o p h e n y l -  

a m in o - ,  5 - p - n i t r o p h e n y la m in o - , 5 - m - n i t r o p h e n y la m in o - ,  a n d  5 - 

p h e n y la m in o te t r a z o le . T h e se  d a ta  a r e  d i s c u s s e d  m o re  e x te n s iv e ly  

in  P a r t  V.

T h e  u l t r a v i o l e t  a b s o r p t io n  d a ta  te n d  to  s u p p o r t  th e  f o r m u 

la t io n  o f th e  a c id ic  r e a r r a n g e m e n t  p r o d u c ts  a s  5 -n i t r o p h e n y la m in o -  

t e t r a z o l e s .  A  ro u g h  c o r r e s p o n d e n c e  e x i s t s  b e tw e e n  th e  a b s o r p 

tio n  o f th e  n i t r o p h e n y la m in o te t r a z o le s  a n d  th e  c o r r e s p o n d in g
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n i t r o a n i l in .e s .  T h u s , tlie  p e n ta z in e  s t r u c tu r e  a s  w e ll  a s  o th e r  

s t r u c t u r e s  w hich, do n o t  r e t a in  th e  a n il in e  c o n f ig u ra t io n  a r e  r a t h e r  

u n l ik e ly .

In  T a b le  IX  a r e  c o l le c te d  th e  w a v e le n g th s  o f m a x im u m  

u l t r a v i o l e t  a b s o r p t io n  f o r  th e s e  a r y la m in o te t r a z o le s .  D a ta  f o r  

c e r t a i n  o th e r  t e t r a z o l e  d e r iv a t iv e s  a n d  th e  n i t r o a n i l in e  s a r e  a ls o  

in c lu d e d  f o r  c o m p a r is o n .  O ne  c a n  m a k e  a  n u m b e r  of in t e r e s t i n g  

o b s e r v a t io n s  f r o m  th e s e  d a ta . T e t r a z o le ,  5 - a m in o te t r a z o le ,  an d  

5 - d im e th y la m in o te t r a z o le  a r e  t r a n s p a r e n t  th ro u g h o u t th e  r a n g e  

s tu d ie d ,  220 to  450 m u . A  p h e n y l g ro u p  in  th e  1 - p o s i t io n  c a u s e s  

no  a b s o r p t io n  w h ile  a  p h e n y l g ro u p  in  th e  5 -p o s i t io n ,  w h e th e r  

d i r e c t l y  l in k e d  o r  l in k e d  th ro u g h  a  5 - a m in o - n i t r o g e n ,  c a u s e s  a  

p e a k  to  sh o w  up a t  230 to  250 m u . A  n i t r o p h e n y l  g ro u p  in  th e  

1 - p o s i t io n  c a u s e s  a  m in im u m  to. sh o w  up a t  235 to  240 m u .,  f o l 

lo w e d  c lo s e ly  b y  a  m a x im u m .

W hen  th e  g ro u p  in  th e  5 -p o s i t io n  is  n i t r o p h e n y la m in o  th e  

p e a k  a t  230 to  250 m u . a g a in  a p p e a r s .  T h is  is  fo llo w e d  b y  a  

m in im u m  a n d  a n o th e r  m a x im u m  c o r r e s p o n d in g  to  th o s e  o b s e r v e d  

in  th e  s p e c t r a  o f th e  n i t r o a n i l in e  s .

In  th e  c a s e  of th e  d in i t r o  5 -p h e n y la m in o te t r a z o le ,  th e  f i r s t  

p e a k  i s  s h i f te d  to w a r d s  th e  r e d  w h ic h  s u g g e s ts  th a t  th e  n i t r o
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g ro u p s  a r e  n o t  b o th  o n  th e  p h e n y l g ro u p . W hen th e  5 - m o n o n i t r o -  

p h e n y la m in o t-e tra z o le s  a r e  c o m p a r e d  to  5 -p h e n y la m in o te t r a z o le ,  

th e  s h i f t  i s  to w a rd s  th e  s h o r t e r  w a v e le n g th s . H o w e v e r , the  m in 

im u m  a n d  s e c o n d  m a x im u m  fo u n d  f o r  th e  d in i t r o  co m p o u n d  s u g g e s t  

th a t  th e  n i t r o a n i l i n e  s t r u c t u r e  is  s t i l l  i n ta c t .
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TA B LE IX

TH E W AVE L E N G T H S  (m u.) O F  M AXIM UM  AND M IN IM U M  
U L T R A V IO L E T  A B S O R P T IO N  O F  C E R T A IN  T E T R A Z O L E  

D E R IV A T IV E S  AND R E L A T E D  C O M PO U N D S

C o m p o u n d

M ax

U lt r a v io le t
A b s o rp tio n

M in . M ax.

T e t r a z o le ^  ................................................ .......................... - - _

5 - A m in o te t r a z o le  ........................ ................................. - - -

5 - D im e th y la m in o te t r a z o le  ..................................... - - -

5 - N i t r  a m in o  t e t r a z o l e   ̂ ............................................... - 237 277

l - P h e n y l - 5 - m e t h y l t e t r a z o l e  .................................. - - -

1- M e th y l - 5 - p h e n y l  t e t r a z o l e  .................................. 232 - -

5 - P h e n y l  t e t r a z o l e .......................................................... 240 - -
2

2 -M e th y l-  5 - p h e n y l te t r a z o le  .................................. 240 - -

1- P h e n y l - 5 - a m i n o t e t r a z o l e ..................................... - - -

1 - p - N i t r o p h e n y l - 5 - a m i n o t e t r a z o l e .................... - 240 265

1 - m - N i t r o p h e n y l -  5- a m in o te t r a z o le  ................. - 235 250

5 - P h e n y la m in o te t r a z o le  .................................. ... 250 - -

5 - p - N i t r o p h e n y la m in o te t r a z o le  ........................... 230 275 3 70
3

p - N i t r o a n i l in e  . ............................................................. - 295 375

5 - m - N i t r o p h e n y a m in o te t r a z o le  ........................... 253 315 360
3

m - N i t r o  a n i l in e  ............................................................. - 320 375

5 - o - N i t r o p h e n y la m in o te t r a z o le  ........................... 243 325 415
3

o - N i t r o a n i l in e  ................................................................ - 320 400

D in i t r o  5 - p h e n y l a m i n o t e t r a z o l e ........................... 260 248 347
290

' 1 ^R e f e r e n c e  40 . R e f e r e n c e  41.
3

R e f e r e n c e 42.
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TA B LE X

A P P A R E N T  A C ID IC  D ISSO C IA TIO N  C O N STA N TS AND E Q U IV A 
L E N T  W E IG H T S O F  SOM E 5-A R Y L A M IN O T E  T R A Z O L E S  

IN  A P P R O X IM A T E L Y  50% A Q U EO U S 
M E T H A N O L  BY V O LU M E

T e tr a z o le A p p a re n t

* K a

A p p a re n t
K  x  106

a

E q u iv a le n t  W t.

C a lc 'd F o u n d

5 - P h e n y la m in o - 5 .49 3 .2 161 161

5 - p - N i t r o p h e n y la m in o - 4 .34 46 206 209

5 ~m -N i t r  op h e n y l a m in o - 4 .85 14 206 208

5 - o - N i t r o p h e n y la m in o - 4 .0 8 83 206 207

D in i t r o  5 -p h e n y la m in o - 3 .3 8 420 251 254



E xpe r im e n ta l

T he T h e r m a l  R e a r r a n g e m e n t  of 
5 -B e n z y la m in o te t r a z o le

C ,  H -  C H - N H -  O —N -H  6 5 2 h <
N  N

O ne g r a m  o f 5 - b e n z y la m in o te t r a z o le  w a s  h e a te d  in  an  o il

b a th  a t  1 8 0 -1 8 5 °  C . f o r  f iv e  m in u te s .  A f te r  c o o lin g , th e  p r o d u c t  

w a s  e x t r a c t e d  w ith  a  fe w  m is .  of a q u e o u s  0 .1  N  p o ta s s iu m  h y d ro x id e . 

T he a lk a l i - in s o lu b le  r e s id u e  w a s  th e n  r e c r y s t a l l i z e d  f r o m  th e  m in 

im u m  a m o u n t of 50% a q u e o u s  e th a n o l; y ie ld , 0.7 g. of f in e  c o lo r 

l e s s  n e e d le s ,  m .p .  1 9 0 .5 -1 9 1 -5 °  C . The p r o d u c t  w as  id e n t ic a l  

w ith  1 - b e n z y l - 5 - a m in o te t r a z o l e  in  a l l  r e s p e c t s .  The a lk a l in e  

e x t r a c t ,  on  n e u t r a l i z a t io n ,  y ie ld e d  no s o lid  p ro d u c t .

Tw o g r a m s  of 1- p h e n y l - 5 - a m in o te t r a z o le  w e re  s u s p e n d e d  

in  20 m l .  o f x y le n e  a n d  h e a te d  u n d e r  r e f lu x  f o r  one h o u r .  A f te r

T he T h e r m a l  R e a r r a n g e m e n t  of 
1 -  P  h e  n y l -  5 -  a m in o  te  t r  a z o le

N N 
\ N /



c h i l l in g ,  th e  s o l id  w a s  c o l le c te d ,  d is s o lv e d  in  d ilu te  a q u e o u s  p o 

ta s s i u m  h y d ro x id e  a n d  f i l t e r e d .  The a lk a l in e  s o lu t io n  w a s  a lm o s t  

c o l o r l e s s .  N e u t r a l i z a t io n  p r e c ip i t a t e d  a  c o lo r l e s s  s o l id  w h ic h  w a s  

c o l le c te d  a n d  th e n  r e c r y s t a l l i z e d  f r o m  e th a n o l. T he p ro d u c t ,  5- 

p h e n y la m in o te t r a z o le ,  w a s  o b ta in e d  a s  c o lo r l e s s  p la te s ;  y ie ld ,

1 .8 g .; m .p . ,  2 0 5 -2 0 6 °  C .

A n a ly s is .  C a lc 'd  f o r  C H N : C , 52 .15 ; H , 4 .38 ; N , 4 3 .4 5 .
7 7 5

F o u n d : C, 5 1 .9 4 , 52 .15 ; H , 4 .5 8 , 4 .38 ; N , 4 3 .7 0 , 4 3 .4 7 .

T h e  p o s s ib le  p r e s e n c e  of a  p r i m a r y  a m in e  fu n c tio n  on th e  

p h e n y l g ro u p  o f th e  r e a r r a n g e m e n t  p r o d u c t  of l - p h e n y l - 5 - a m i n o -  

t e t r a z o l e  w a s  r e n d e r e d  u n lik e ly  b y  th e  fo llo w in g  e x p e r im e n t .  T he 

r e a r r a n g e m e n t  p ro d u c t ,  l - p - a m in o p h e n y l - 5 - m e th y l t e t r a z o le ,  an d  

1 - p  -  a m in o p  h e n y l-  5 -  a m in o  te  t r  a z o l e w e re  t r e a t e d ,  in  id e n t ic a l  q u a l

i ta t iv e  t e s t s ,  w ith  n i t r o u s  a c id  an d  th e n  w ith  ^8 -n ap h th o l. A ll 

g av e  ty p ic a l  r e d  c o u p lin g  p ro d u c ts  e x c e p t  th e  r e a r r a n g e m e n t  

p ro d u c t .  I t  s h o u ld  b e  n o te d  th a t  th e  p r i m a r y  a m in e  fu n c tio n  of 

5 -  a m in o  t e t r  a z o l e s  is  n o t r e a d i ly  d ia z o t iz e d  (43).

T he T h e r m a l  R e a r r a n g e m e n t  of 
1 - p - N i t r o p h e n y l - 5 - a m in o te t r a z o le

»  p -N O  - C ,H  -N H -C — N -H  
2 6 4 n vII v

N  N
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Two g r a in s  of 1 - p - n i t r o p h e n y l - 5 - a m in o te t r a z o le  o b ta in e d  b y  

th e  r e a c t io n  o f h y d r a z o ic  a c id  w ith  p —n itro p h e n y lc y a n a x n id e  w a s  

s u s p e n d e d  in  20 m l. of x y le n e  an d  h e a te d  u n d e r  r e f lu x  f o r  tw o 

h o u r s .  A f te r  c h i l l in g ,  th e  y e llo w  s o lid  w as  c o l le c te d  and  d r ie d .  

Two r e  c r y s t a l l i z a t i o n s  of th e  5 - p - n i t r o p h e n y la m in o te t r a z o le  f r o m  

a c e to n i t r i l e  g a v e  p a le  y e llo w  n e e d le s  w h ic h  m e l t e d  w ith  d e c o m 

p o s i t io n  a t  2 2 1 -2 2 3 °  C . T h is  m a t e r i a l  is  r e a d i ly  s o lu b le  in  d i

lu te  a q u e o u s  p o ta s s iu m  h y d ro x id e , g iv in g  a  d eep  r e d  s o lu tio n , 

an d  i s  in s o lu b le  in  d i lu te  a q u e o u s  h y d r o c h lo r ic  a c id .

A n a ly s i s .  C a lc 'd  f o r  C H .N .O  • C, 40 .77 ; H, 2 .93; N ,7 o o 2

4 0 .7 6 . F o u n d : C,  4 0 .2 4 , 40 .21 ; H, 3 .2 9 , 3 .27 ; N , 4 0 .8 8 , 4 1 .0 3 .

T he p r o d u c t  o b ta in e d  b y  n i t r a t io n  of l - p h e n y l - 5 - a m in o -

t e t r a z o l e  b e h a v e d  in  e x a c t ly  th e  s a m e  m a n n e r  w h en  h e a te d  in  

b o il in g  x y le n e . T he p r o d u c t  d is s o lv e d  in  a q u e o u s  a lk a l i  to  g iv e  

a  d e e p  r e d  s o lu t io n . I t  c r y s t a l l i z e d  f r o m  a c e to n i t r i l e  a s  p a le  

y e llo w  n e e d le s  m e l t in g  w ith  d e c o m p o s it io n  a t  2 2 1 -2 2 3 °  C .

A n a ly s i s .  C a l c 'd  f o r  C ^H ^N ^O ^: C, 40 .77 ; H , 2 .93 ; N ,

4 0 .7 6 . F o u n d : C , 4 0 .6 1 , 40 .79 ; H , 3 .0 2 , 3 .02 ; N, 4 1 .1 0 , 4 0 .9 5 .
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T he R e a c tio n  of H y d ra z o ic  A c id  w ith  
m -N it ro p h e n y lc y a n a m id e

m -N O  - C ,H  -N H -C N  2 6 4 »  m -N O  - C .H  -N H -C = N H  
2 6 4 1

m -N O  - C ,H  -  -N H

A  s o lu t io n  c o n ta in in g  6.0 g . o f m -n i t ro p h e n y lc y a n a m id e  

(24), 100 m l .  of x y le n e  c o n ta in in g  0 .37  m o le  of h y d ra z o ic  a c id , 

a n d  50 m l .  of a b s o lu te  e th a n o l  w as  h e a te d  u n d e r  r e f lu x  f o r  f o u r 

te e n  h o u r s .  A f te r  a llo w in g  m o s t  of the  a lc o h o l to  e v a p o r a te ,

w e re  c o l le c te d  a n d  d r ie d .  The c ru d e  l - m - n i t r o p h e n y l - 5 - a m in o -  

t e t r a z o l e  w e ig h e d  7 .3 g. a n d  m e l te d  w ith  d e c o m p o s it io n  a t  2 2 1 - 

226° C . a f t e r  s h r in k in g  su d d e n ly  a t  a b o u t 170° C . C r y s ta l l i z a t io n  

f r o m  a c e to n i t r i l e  g a v e  f in e ,  y e llo w  n e e d le s ,  m e lt in g  w ith  d e c o m 

p o s i t io n  a t  2 2 6 .5 -2 2 8 °  C . a f t e r  s h r in k in g  a t  a b o u t 170° C . T h is  

p r o d u c t  is  so lu b le  in  w a r m , d ilu te  h y d r o c h lo r ic  a c id  f r o m  w h ic h  

i t  r e p r e c i p i t a t e s  o n  c o o lin g , a n d  i s  in s o lu b le  in  d ilu te  a q u e o u s  

p o ta s s iu m  h y d ro x id e .

c o o lin g  c a u s e d  th e  p r o d u c t  to  sep a f-a te  a s  f in e , ta n  n e e d le s  w h ic h
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A n a l y s i s .  C a l c 'd  f o r  C 7 H 6 N 6 C>2 : C, 40 .77; H, 2 .93; N ,

4 0 .7 6 .  F o u n d :  C, 4 0 .7 3 , 40 .86; H, 2 .90 , 3 .06; N, 40 .80 , 4 0 .9 4 .

T he  T h e r m a l  R e a r r a n g e m e n t  of
1 - m - N i t r o p h e n y l -  5 - a m i n o t e t r a z o l e

m -N O  - C , H  - N — C -N H .
2 6 4 A if  ‘ m -N O  - C . H  - N H - C — N - H2 6 4  A A

n n *

Two g r a m s  of 1 - m - n i t r o p h e n y l - 5 - a m i n o t e t r a z o l e  w a s  s u s 

p e n d e d  in  x y le n e  a n d  h e a t e d  u n d e r  r e f lu x  f o r  one  a n d  o n e - h a l f  

h o u r s .  A f t e r  c o o l in g ,  the  y e l lo w  s o l id  w a s  c o l l e c te d ,  d i s s o lv e d  

in  d i lu te  a q u e o u s  p o t a s s i u m  h y d ro x id e  a n d  f i l t e r e d .  The a lk a l in e  

s o lu t io n  w a s  y e l lo w  in  c o l o r .  N e u t r a l i z a t i o n  p r e c i p i t a t e d  a  p a le  

y e l lo w  s o l id  w h ic h  w a s  c o l l e c t e d  an d  d r i e d .  C r y s t a l l i z a t i o n  f r o m  

e th a n o l  g a v e  f in e ,  p a le  y e l lo w  n e e d l e s  w h ic h  m e l t e d  w i th  d e c o m 

p o s i t i o n  a t  226° C . The 5 - m - n i t r o p h e n y l a m i n o t e t r a z o l e  is  r e a d i l y  

s o lu b le  in  d i lu te  a q u e o u s  p o t a s s i u m  h y d ro x id e  an d  in s o lu b le  in  

d i lu te  a q u e o u s  h y d r o c h l o r i c  a c id .

A n a l y s i s .  C a l c 'd  f o r  C ^H ^N ^O ^: C, 40 .77; H , 2 .93; N ,

4 0 .7 6 . F o u n d :  C, 4 1 .1 2 ,  41 .21 ; H, 3 .17 , 3 .15; N, 41 .07 , 4 1 .0 7 .
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T he  R e a c t io n  of H y d r a z o ic  A c id  w ith  
o -  N i t r  o p h en y l c y a n a m id e

° ~ N 0 2 ~ C 6 H 4 “ N H " C N   ^  o -N O  - C , H  -N H -C = N H

* 3

o - N O - C .  H - N H - C — N -H  
2 6  4 « «

N  N

A  s o lu t io n  of 3 .9  g. o f o - n i t r o p h e n y l c y a n a m id e ,  * 50 m l .  

x y le n e  c o n ta in in g  0 .1 8  m o le  of h y d r a z o ic  a c id ,  a n d  50 m l .  of 

a b s o lu t e  e th a n o l  w a s  h e a t e d  u n d e r  r e f lu x  f o r  tw o h o u r s .  The 

t e m p e r a t u r e  of the  b o i l in g  r e a c t i o n  m i x t u r e  w a s  7 8 ° C. A f te r  

e v a p o r a t i o n  of m o s t  of th e  a lc o h o l ,  th e  p r o d u c t  s e p a r a t e d  a s  y e l 

lo w  n e e d l e s  on  c h i l l in g .  T he  c r u d e  p r o d u c t ,  w e ig h in g  3.1 g .,  w a s  

c o m p le t e ly  s o lu b le  in  d i lu te  a q u e o u s  p o t a s s i u m  h y d r o x id e .  The 

a lk a l in e  s o lu t io n  w a s  d e ep  r e d  in  c o lo r .  N e u t r a l i z a t i o n  of the  

c l e a r  s o lu t io n  p r e c i p i t a t e d  a  y e l lo w  s o l id  w h ic h  w a s  c o l l e c t e d  

a n d  d r i e d .  R e  c r y s t a l l i z a t i o n  f r o m  a c e t o n i t r i l e  g av e  v e r y  f in e ,

o - N i t r o p h e n y lc y a n a m i d e  w a s  p r e p a r e d  e s s e n t i a l l y  a s  d e 
s c r i b e d  b y  P i e r r o n  (24). B e t t e r  r e s u l t s  w e r e  o b ta in e d  w h e n  the  
r e a c t i o n  t im e  w a s  r e d u c e d  f r o m  one  h o u r  to  30 to  40 m i n u t e s .
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b r i g h t  y e l lo w  n e e d l e s  w h ic h  m e l t e d  w ith  d e c o m p o s i t io n  a t  211° C . 

T he  a c id i c  c h a r a c t e r  of th e  p r o d u c t  i n d ic a te d  th a t  i t  w a s  5 - o -  

n i t  r  op h e n y l  a m in o  te  t r  a z o l  e .

A n a l y s i s .  C a l c 'd  f o r  C 7 H 6 N 6 C>2 : C, 40 .77; H, 2 .93; N ,

4 0 .7 6 .  F o u n d :  C, 4 0 .99 , 40 .88; H, 3 .07 , 3 .06; N , 40 .95 , 4 0 .87 .

W h en  th e  r e a c t i o n  w a s  r e p e a t e d  a t  50° an d  60° C ., the  

s t a r t i n g  m a t e r i a l  w a s  r e c o v e r e d  u n c h an g e d ;  a t  70° C . ,  o n ly  th e  

a c id i c  p r o d u c t  w a s  o b ta in e d  a lo n g  w i th  s o m e  u n c h a n g e d  s t a r t i n g  

m a t e r i a l .

In  a  s in g le  e x p e r i m e n t  in  w h ic h  o - n i t r o p h e n y l c y a n a m id e  

w a s  b o i l e d  u n d e r  r e f lu x  in  a  x y le n e  s o lu t io n  of h y d r a z o ic  a c id  

f o r  a b o u t  tw o  h o u r s  ( t e m p e r a t u r e  of the  b o i l in g  r e a c t i o n  m i x t u r e  

w a s  n o t  d e t e r m i n e d ) ,  th e  c r u d e  p r o d u c t  t h a t  s e p a r a t e d  on c o o l in g  

w a s  in s o lu b le  in  d i lu te  a q u e o u s  a lk a l i .  O n h e a t in g  in  a  c a p i l l a r y  

tu b e  th e  c r u d e  p r o d u c t  m e l t e d  a t  151-153°  C .,  r e s o l i d i f i e d  an d  

th e n  m e l t e d  a g a in  a t  201° C. T h is  m a t e r i a l  c o u ld  n o t  b e  c h a r 

a c t e r i z e d  m o r e  c o m p l e t e l y  b e c a u s e  on  r e c r y s t a l l i z a t i o n  f r o m  x y le n e  

i t  w a s  c o n v e r t e d  in to  th e  a l k a l i - s o l u b l e  m a t e r i a l  d e s c r i b e d  a b o v e .  

A l l  a t t e m p t s  to  r e p e a t  t h i s  e x p e r i m e n t  h a v e  b e e n  u n s u c c e s s f u l .



U l t r a v i o l e t  A b s o r p t io n  M e a s u r e m e n t s

T h e  u l t r a v i o l e t  a b s o r p t i o n  s p e c t r a  w e r e  d e t e r m i n e d  w i th  

a  B e c k m a n  q u a r t z  s p e c t r o p h o t o m e t e r ,  M o d e l  DU, u s in g  10 m m .  

q u a r t z  c e l l s  a n d  95% e th a n o l  a s  th e  s o lv e n t .  In F i g u r e s  5 to  11, 

th e  u l t r a v i o l e t  a b s o r p t i o n  s p e c t r a  of th e  fo l lo w in g  c o m p o u n d s  a r e  

r e p r e s e n t e d  g r a p h ic a l l y :

1 - P h e n y l -  5 - a m i n o t e t r a z o l e  

5 - P h e n y l a m i n o t e t r a z o l e  

1 -  m  -  N i t r  ophe n y l -  5 -  a m in o te  t r  a z o l  e 

5 - m - N i t r o p h e n y l a m i n o t e t r a z o l e  

1 - p - N i t r  o p h e n y l - 5 - a m in o  t e t r a z o l e  

5 - p - N i t r o p h e n y l a m i n o t e t r a z o l e  

5 - o - N i t r o p h e n y l  a m in o  t e t r a z o l e  

D in i t r o  5 - p h e n y l a m i n o t e t r a z o l e  

5 - P h e n y l t e t r a z o l e  (3)

1- P h e n y l - 5 - m e t h y l t e t r a z o l e  (44)

T he  d a t a  f r o m  w h ic h  th e  c u r v e s  w e r e  c o n s t r u c t e d  a r e  c o l l e c t e d  

in  A p p e n d ix  II.



P o t e n t i o m e t r i c  T i t r a t i o n s

97

T h e  a c id i c  r e a r r a n g e m e n t  p r o d u c t s  w e r e  a l l  t i t r a t e d  p o 

t e n t i o m e t r i c  a l l y  to  d e t e r m i n e  t h e i r  e q u iv a l e n t  w e ig h ts  a n d  a p p a r e n t  

a c id i c ,  d i s s o c i a t i o n  c o n s t a n t s .  The m e th o d  i s  d e s c r i b e d  in  d e ta i l
v.

in  P a r t  I. A  r e p r e s e n t a t i v e  c u r v e  i s  i l l u s t r a t e d  in  F i g u r e  12.

The  r e s u l t s  a r e  s u m m a r i z e d  in  T a b le  X a n d  th e  d a t a  a r e  c o l 

l e c t e d  in  A p p e n d ix  I ,
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F i g u r e  5. U l t r a v i o l e t  a b s o r p t i o n  c u r v e s :  A, 5 - p h e n y l -
t e t r a z o l e ;  B , 1 - p h e n y l - 5 - m e t h y l t e t r a z o l e .
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F i g u r e  6 . U l t r a v i o l e t  a b s o r p t i o n  c u r v e s :  A ,  5 - p h e n y l a m i n o t e t r a z o l e ;
B , l - p h e n y l - 5 - a m i n o t e t r a z o l e .
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F i g u r e  7. U l t r a v i o l e t  a b s o r p t i o n  c u r v e s :  A , 5 -
m - n i t r o p h e n y l a m i n o t e t r a z o l e ;  B, 1 - m -  
n i t r o p h e n y l -  5 - a m i n o t e t r a z o l e .
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F i g u r e  10. U l t r a v i o l e t  a b s o r p t i o n  c u r v e :  5 - o - n i t r o p h e n y l a m i n o -
t e t r a z o l e .
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P A R T  V

T H E  E F F E C T  O F  S U B S T IT U E N T S  ON T H E  A C ID IT Y  
O F  C E R T A IN  T E T R A Z O L E  D E R IV A T IV E S

T e t r a z o l e  d e r i v a t i v e s  in  'w hich th e  h y d r o g e n  a t t a c h e d  to  

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

a c id i c  c o m p o u n d s .  T he  d e g r e e  of a c id i ty  of th e  c o m p o u n d s  m a y  

b e  p r o f o u n d ly  in f lu e n c e d  b y  th e  e l e c t r i c a l  a n d  s t e r i c  n a t u r e  of th e  

s u b s t i t u e n t  o n  th e  c a r b o n  a to m  in  p o s i t i o n  5 of the  r in g .  A n  a t 

t e m p t  to  c o r r e l a t e  t h e s e  e f f e c t s  w i l l  b e  m a d e  in  th i s  P a r t .  T h e  

a p p a r e n t  a c id i c  d i s s o c i a t i o n  c o n s t a n t s  of th e  5 - s u b s t i t u t e d  t e t r a -  

z o l e s  p r e p a r e d  in  th e  c o u r s e  of t h i s  s tu d y  a r e  c o l l e c t e d  in  T a b le  

X I.

T h e  a c i d i t y  of t e t r a z o l e  i t s e l f  i s  r e a d i l y  e x p la in e d  o n  th e  

b a s i s  of th e  r e s o n a n c e  c o n c e p t ;  i . e . ,  r e s o n a n c e  s t a b i l i z a t i o n  of 

th e  a n io n  b y  v i r t u e  of th e  i n c r e a s e d  n u m b e r  a n d  the  s y m m e t r y  

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

w i th  th e  u n - i o n i z e d  m o le c u le .



M ih in a  a n d  H e r b s t  (3) h a v e  d e t e r m i n e d  th e  a p p a r e n t  a c id ic  

d i s s o c i a t i o n  c o n s t a n t s  of a  s e r i e s  of 5 - a l k y l -  a n d  5 - a . r y l t e t r a -  

z o l e s .  T h e y  p o in t e d  o u t  t h a t  th e  t e t r a z o l e  n u c l e u s  in  s u c h  c o m 

p o u n d s  c a n  b e  c o n s i d e r e d  a s  c o m p a r a b l e  to  th e  c a r b o x y l  g ro u p .

T he  a c i d i t y  of a  s i m i l a r l y  s u b s t i tu te d ,  c a r b o x y l i c  a c id  w a s  u n i f o r m ly  

g r e a t e r  th a n  t h a t  of th e  t e t r a z o l e  d e r iv a t iv e  b y  a  f a c t o r  of a b o u t  

te n .

R -C O O H  R-<jj— b l-H
N N

A n y  e f f e c t  w h ic h  i n c r e a s e s  th e  n e g a t iv e  c h a r a c t e r  of the  r i n g  

s h o u ld  c a u s e  a  d e c r e a s e  in  a c id i ty  of th e  t e t r a z o l e  s y s t e m .  H e n c e ,  

i t  i s  n o t  s u r p r i s i n g  t h a t  a lk y l  g r o u p s  in  th e  5- p o s i t i o n  o n  th e  t e t 

r a z o l e  r i n g ,  t h r o u g h  o p e r a t i o n  of the  in d u c t iv e  e f f e c t ,  c a u s e  a  

s i g n i f i c a n t  d e c r e a s e  in  th e  v a lu e .
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In  th e  c a s e  of 5 - a m i n o t e t r a z o l e  a  f u r t h e r  d e c r e a s e  in  a c id  

s t r e n g t h  i s  o b s e r v e d .  F u r t h e r m o r e ,  th e  b a s i c  f u n c t io n  of 5 - a m i n o 

t e t r a z o l e  i s  v e r y  w e a k .  B o th  of t h e s e  o b s e r v a t i o n s  m a y  b e  a t 

t r i b u t e d  to  th e  ty p e  of r e s o n a n c e  p i c t u r e  in v o k e d  f o r  a n i l in e  (45). 

T h e  f r e e  p a i r  of e l e c t r o n s  of th e  a m in o n i t r o g e n  m a y  b e  c o n s i d e r e d  

to b e  in v o lv e d  in  th e  r e s o n a n c e  of th e  a t t a c h e d  r in g  s y s t e m .  In  

s u c h  a  r e s o n a t i n g  s y s t e m  th e  n e g a t iv e  c h a r a c t e r  of th e  r in g  w o u ld  

b e  i n c r e a s e d .  D i s s o c i a t i o n  of a  p r o t o n  f r o m  th e  r i n g  w o u ld  b e 

c o m e  m o r e  d i f f i c u l t  c a u s in g  a  d e c r e a s e  in  a c id i ty .  S in c e  c h a r g e

s e p a r a t i o n  i m p o s e s  a m m o n iu m  io n  c h a r a c t e r  on the  a m in o  g ro u p ,

th e  b a s i c i t y  of th i s  g ro u p  s h o u ld  a l s o  b e  d e c r e a s e d .

H  H H(+)H H(+)H

y  vA A  A
N  N - H  < --------------------> ( - ) :N  N - H  « ----------------->  |jj N - H
N = l l [  N = N  N— N :(- )

T h e  e f f e c t  upon  th e  a c i d i t y  of r e p l a c i n g  th e  h y d r o g e n s  of 

th e  a m in o  g ro u p  w i th  a lk y l  g r o u p s  a p p e a r s  to  b e  p r i m a r i l y  s t e r i c  

in  n a t u r e .  The in d u c t iv e  e f f e c t  n o te d  w h e n  th e  a lk y l  g r o u p s  w e r e  

a t t a c h e d  d i r e c t l y  a t  th e  5 - p o s i t i o n  (3) a r e  n o t  t r a n s m i t t e d  b y  th e  

a m i n o - n i t r o g e n .  5 - A m in o -  a n d  5 - d i m e t h y l a m i n o t e t r a z o l e  h a v e  the  

s a m e  a p p a r e n t  a c id i c  d i s s o c i a t i o n  c p n s t a n t s .  N e i t h e r  s t e r i c  n o r

XN /n



i n d u c t iv e  e f f e c t s  a r e  a p p a r e n t  in  t h i s  i n s t a n c e .  O t h e r  g r o u p s  

w h ic h  m a y  e x e r t  l i t t l e  s t e r i c  in f lu e n c e  h a v e  e s s e n t i a l l y  no e f f e c t  

o n  th e  m a g n i tu d e  o f  th e  d i s s o c i a t i o n  c o n s t a n t .  T h u s ,  5 - d i b e n z y l -  

a m i n o - ,  5 - b e n z y l m e t h y l a m i n o - , a n d  5 - d i a U y l a m i n o t e t r a z o l e  a r e  

a s  s t r o n g l y  a c id i c  a s  5 - a m i n o t e t r a z o l e  a n d  5 - d i m  e th y l  a m in o  t e t r a 

z o l e .  O n  th e  o t h e r  h a n d ,  t h e r e  is  a  m a r k e d  d e c r e a s e  in  a c id  

s t r e n g t h  in  g o in g  f r o m  5 - d i m e t h y l a m i n o t e t r a z o l e  to  5 - d i e th y l a m in o  

5 - d i i s o p r o p y l a m i n o - ,  5 - d i - n - b u t y l a m i n o t e t r a z o l e  a n d  o t h e r  l a r g e r  

5 - d i a l k y l a m i n o t e t r a z o l e s . S in c e  th e  in d u c t iv e  e f f e c t s  of m o s t  

a lk y l  g r o u p s  a r e  c o m p a r a b l e ,  t h e i r  s t e r i c  in f lu e n c e  a p p a r e n t l y  

p r e d o m i n a t e s .  A  s i m i l a r  d e c r e a s e  in  iacid s t r e n g t h  a c c o m p a n i e s  

th e  c h a n g e  f r o m  5 - b e n z y l m e t h y l a m i n o -  to  5- b e n z y l  e th y l  a m in o  -  

t e t r a z o l e .  T h e r e  i s  a  n i c e  c o r r e s p o n d e n c e  in  th e  o c c u r r e n c e  of 

a  s t e r i c  e f f e c t  in  t h i s  g ro u p  w i th  t h a t  o b s e r v e d  in  c e r t a i n  h in 

d e r e d  c a r b o x y l i c  a c i d s  a n d  d e s c r i b e d  b y  N e w m a n  in  t e r m s  of the  

" s i x - n u m b e r "  (46). T h o s e  c o m p o u n d s  h a v in g  th e  l a r g e s t  " s i x -  

n u m b e r "  a r e  th e  w e a k e s t  a c i d s .
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/ /  \
N  N - H  
X  I

<7 \
N  N - H

*

Ar=Î

(Six, no .)
0 6 12 6

38 11
(K x  , 10 8)

3L
6 10

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

a c i d  s t r e n g t h  of th e  5- m o n o  a lk y l  a m in o  t e t r a z o l e  s .  5 - M e t h y l a m i n o -  

t e t r a z o l e  i s  a  w e a k e r  a c i d  th a n  th e  c o r r e s p o n d i n g  d im e th y la m in o  

c o m p o u n d .  A  s i m i l a r  r e l a t i o n s h i p  is  a p p a r e n t  b e tw e e n  5 - b e n z y l -  

a m i n o -  a n d  5 - d i b e n z y l a m i n o t e t r a z o l e .  O n  th e  o t h e r  h a n d  in  5- 

e t h y l a m i n o t e t r a z o  1 e , w h e r e  th e  s t e r i c  e f f e c t  of th e  s in g le  e th y l  

g r o u p  s h o u ld  b e  a p p r e c i a b l y  l e s s  th a n  t h a t  of th e  tw o  e th y l  g r o u p s  

in  5 - d i e t h y l a m i n o t e t r a z o l e ,  th e  a n t i c i p a t e d  i n c r e a s e  in  a c id  s t r e n g t h  

i s  r e a l i z e d .  A n  e x p l a n a t io n  of the  l a r g e  i n c r e a s e  in  a c id  s t r e n g t h  

o b s e r v e d  w i th  5 - ( N - m o  r p h o l i n y l ) - t e t r a z o l e  i s  n o t  i m m e d i a t e l y  a p 

p a r e n t .

i n c r e a s e d  s t a b i l i z a t i o n  of th e  a n io n  b y  v i r t u e  of th e  c o n ju g a t io n  of 

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

s e v e r a l  r e s o n a n c e  f o r m s  n o t  p r e s e n t  in  th e  t e t r a z o l e  a n io n  i t s e l f .

T h e  e n h a n c e d  a c i d i t y  of 5 - p h e n y l  t e t r a z o l e  a r i s e s  f r o m  th e



I l l

(-)
N— N

5 - P h e n y l a m i n o t e t r a z o l e  is  a  w e a k e r  a c i d  th a n  5 - p h e n y l

t e t r a z o l e  b e c a u s e  th e  c o n ju g a t io n  of th e  p h e n y l  g r o u p  w i th  the  

t e t r a z o l e  n u c l e u s  i s  i n t e r r u p t e d  b y  th e  a m in o  g r o u p .  T he  f a c t  

t h a t  5 - p h e n y l a m i n o t e t r a z o l e  is  s t i l l  m o r e  a c id i c  th a n  5 - a m i n o 

t e t r a z o l e  an d  i t s  a lk y l  d e r i v a t i v e s ,  l e a d s  one  to  s p e c u l a t e  t h a t  

r e s o n a n c e  f o r m s  s u c h  a s  th e  fo l lo w in g  m a y  b e  r e s p o n s i b l e .

S u c h  f o r m s  w o u ld  b e  e x p e c t e d  to  i n c r e a s e  th e  p o s i t i v e  c h a r a c t e r  

o f  th e  t e t r a z o l e  n u c l e u s  i n d u c t iv e ly  a n d  r e s u l t  in  a  g r e a t e r  t e n 

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

a c i d i t i e s  of th e  i s o m e r i c  5 - n i t r  o p h e n y l  a m in o  t e t r a z o l e  s .  The i n 

d u c t iv e  e f f e c t  c i t e d  a b o v e  s h o u ld  b e  a u g m e n t e d  in  d e c r e a s i n g

t h i s  e f f e c t  i s  a  r e s o n a n c e  r e i n f o r c e m e n t  in  th e  c a s e  of th e  o r th o  

a n d  p a r a  i s o m e r s .  T h i s  c o m b in a t io n  of e f f e c t s  s h o u ld  c a u s e  th e

H
H  A— N

T h is  s p e c u l a t i o n  i s  g iv e n  s o m e  w e ig h t  b y  th e  r e l a t i v e

o r d e r  b y  o r th o ,  m e t a ,  a n d  p a r a  n i t r o  g r o u p s .  S u p e r i m p o s e d  on
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o r t h o n i t r o p h e n y l a m i n o t e t r a z o l e  to  be  the  s t r o n g e s t  a c id ,  th e  p a r a  

i n t e r m e d i a t e ,  th e  m e t a  th e  w e a k e s t .  A l l  of th e m  s h o u ld  b e  s t r o n g e r  

a c i d s  t h a n  5 - p h e n y l a m i n o t e t r a z o l e .  T h is  i s  th e  o b s e r v e d  o r d e r .

t i v e l y  l a r g e  i n c r e a s e  in  a c i d i t y  is  o b s e r v e d .  S e v e r a l  p o s s i b l e  

s t r u c t u r e s  w e r e  c o n s i d e r e d  in  P a r t  IY . S u b s t i tu t i o n  of th e  a m in o  

g r o u p  of 5 - a m i n o t e t r a z o l e  w i th  a  p h e n y l  o r  a  n i t r o p h e n y l  g ro u p  

c a u s e s  a  m a r k e d  i n c r e a s e  in  a c id i ty .  S u b s t i tu t i o n  of th e  a m in o  

g r o u p  w i th  a  n i t r o  g ro u p  c a u s e s  a n  e v e n  g r e a t e r  i n c r e a s e  in  

a c i d i t y  (40). I n t r o d u c t i o n  of a  s e c o n d  n i t r o  g ro u p  e i t h e r  on th e  

b e n z e n e  r i n g  o r  on  th e  a m in o  g ro u p  of a  5 - n i t r o p h e n y l a m i n o -  

t e t r a z o l e  s h o u ld  c a u s e  a  f u r t h e r  i n c r e a s e  in  a c id i ty .  B o th  ty p e s  

o f  s u b s t i t u t i o n  w o u ld  c a u s e  a u g m e n t a t io n  of th e  a c id i c  c h a r a c t e r  

o f  th e  t e t r a z o l e  n u c l e u s  b y  s t r e n g t h e n i n g  th e  in d u c t iv e  e f f e c t s  

d e s c r i b e d  a b o v e .  A l th o u g h  th e  i n c r e a s e  in  a c id i t y  o b s e r v e d  f o r  

th e  d i n i t r o  c o m p o u n d  i s  n o t  a s  g r e a t  a s  m ig h t  h a v e  b e e n  e x p e c t e d  

f o r  th e  n i t r  a m in o  s t r u c t u r e ,  th e  d a t a  do n o t  p e r m i t  a  d e f in i te  

c h o ic e  b e t w e e n  th e  s e v e r a l  s t r u c t u r e s .

H

In  th e  c a s e  of th e  d i n i t r o  5 - p h e n y l a m i n o t e t r a z o l e ,  a  r e l a
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T A B L E  XI

A  SU M M A R Y  O F  A P P A R E N T  A CID  D IS S O C IA T IO N  C O N S T A N T S  
O F  5 -S U B S T IT U T E D  T E T R A Z O L E S

S u b s t i t u e n t
8

K x  10 
^ v a te  r)

8
K x  10 

a (50% 
a q u e o u s  

m e th a n o l )

H y d ro g e n *  ............................................. .............. 1 , 6 0 0 .

M e th y l ;  e th y l ;  p r o p y l^  . . . . . . .............. 270; 260; 250 -

A m i n o .............. ... ..................................... .............. 1 2 0 36
D im  e th y l  a m i n o .................................. ..............  1 2 0 38
D ie th y l  a m in o  ...................................... ..............  47 1 1

D i i s o p r o p y l a m i n o  ............................ 6

D i - n - b u t y l  a m i n o ............................... 1 0

D i i s o b u ty l a m in o  ............................... 7
Di -  n -  a m y l  a m i n o ............................... 8

D i i s o a m y l a m i n o  ............................... 7
D ib e n z y la m in o  ................................... 36
B e n z y l m e t h y l a m i n o ........................ ............... 38
B e n z y l e t h y l a m i n o  ............................ 25
D i a l ly l a m in o  ...................................... ................ 33
M e th y l a m in o  ................. .................... .............. 87 2 1

E t h y l a m i n o  ......................................... ..............  76 2 2

B e n z y l a m i n o  ...................................... 30
N - M o r p h o l i n y l  . ............................... . . . . . .  - 1 6 0

N - P y r r o l i d y l  ...................................... 13
N - P i p e r i d y l  .............. ........................... 48 9
P h e n y l  * .................................................... ............... 3,000
P h e n y l a m i n o  ...................................... . . . . . - 320
p - N i t r o p h e n y l a m i n o ..................... ... 4 ,600
m -  N i t r  op h e  n y l  a m in o  ..................... ...............  - 1,400
o - N i t r o p h e n y l a m i n o ........................ ............... 8,300
D i n i t r o  p h e n y la m in o  ..................... 4 2 ,000

R e f e r e n c e  (3).

2
D e t e r m i n e d  in  44% b y  w e ig h t  m e th a n o l .



SU M M A RY

1. T h e  i n t e r a c t i o n  of d ia lk y lc y a n a m id .e s  a n d  h y d r a z o i c  a c id  

in  b o th  p o l a r  a n d  n o n p o l a r  s o lv e n t s  h a s  b e e n  sh o w n  to  g iv e  5 -  

d i a l k y l a m i n o t e t r a z o l e s ,  T h is  c o n s t i t u t e s  a n  e x c e l l e n t  m e th o d  f o r  

th e  p r e p a r a t i o n  o f  t h e s e  t e t r a z o l e  d e r i v a t i v e s .

2. A  g r o u p  of f o u r t e e n  n e w  5 - d i a l k y l a m i n o t e t r a z o l e s  h a s  

b e e n  p r e p a r e d  a n d  c h a r a c t e r i z e d .  The s i l v e r  s a l t s  of a l l  th e  

c o m p o u n d s  h a v e  b e e n  p r e p a r e d  a n d  in  tw o i n s t a n c e s  th e  h y d r o 

c h l o r i d e s  h a v e  b e e n  d e s c r i b e d .

3. T he  i n t e r a c t i o n  o f m o n o  s u b s t i t u t e d  c y a n a m id e s  a n d  

h y d r a z o i c  a c i d  h a s  b e e n  sh o w n  to  g iv e  1 - s u b s t i t u t e d - 5 - a m in o -  

t e t r a z o l e s .  T h is  c o n s t i t u t e s  a  n e w  a n d  s u p e r i o r  m e th o d  f o r  the  

p r e p a r a t i o n  of t h e s e  t e t r a z o l e  d e r i v a t i v e s .  A  g r o u p  of e l e v e n

1 - s u b s t i t u t e d - 5 - a m i n o t e t r a z o l e s ,  two o f w h ic h  a r e  n e w  c o m p o u n d s ,  

h a s  b e e n  p r e p a r e d .

4 . I t  h a s  b e e n  sh o w n  t h a t  th e  t e t r a z o l e  r in g ,  w h e n  a t 

t a c h e d  to  th e  p h e n y l  g r o u p  t h r o u g h  th e  n i t r o g e n  in  th e  1 - p o s i t i o n ,  

e x e r t e d  a n  o r t h o - p a r a  o r i e n t i n g  in f lu e n c e .  The n i t r a t i o n  of
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1 - p h e n y l - 5 - a m in o  t e t r a z o l e  c a u s e d  th e  f o r m a t i o n  of 1 - p - n i t r o p h e n y l -  

5 - a m i n o t e t r a z o l e .

5. B e c a u s e  of th e  d i f f ic u l ty  in  i s o l a t i n g  t h e m  a s  p u r e  c o m 

p o u n d s ,  a  n u m b e r  of m o n o a l k y lc y a n a m id e s  h a s  b e e n  c h a r a c t e r i z e d  

b y  a l k a l i n e  h y d r o l y s i s  to  th e  c o r r e s p o n d i n g  u r e a s .

6 . T he  i n t e r a c t i o n  o f  b e n z y lc a r b e t h o x y c y a n a m i d e  w i th  

h y d r a z o i c  a c i d  r e s u l t e d  in  th e  f o r m a t i o n  o f  5 - b e n z .y lc a r b e th o x y -  

a m i n o t e t r a z o l e .  O n  a lk a l in e  h y d r o l y s i s  th e  l a t t e r  w a s  c o n v e r t e d  

in to  5 - b e n z y l a m i n o t e t r a z o l e .  D ue  to  d i f f i c u l t i e s  e n c o u n t e r e d  in  

th e  p r e p a r a t i o n  of a l k y l a c y l c y a n a m i d e s  th i s  m e th o d  f o r  th e  s y n 

t h e s i s  o f  5 - a l k y l a m i n o t e t r a z o l e s  h a s  n o t  b e e n  e x p l o r e d  e x t e n s iv e ly .

7. A  m e t h o d  f o r  th e  p r e p a r a t i o n  o f  5 - m o n o a l k y l a m i n o t e t -  

r a z o l e s  b y  th e  c a t a l y t i c  h y d r o g e n o l y s i s  of th e  c o r r e s p o n d i n g  5 - 

a l k y l b e n z y l a m i n o t e t r a z o l e s  h a s  b e e n  d e s c r i b e d .  T h r e e  5 - m o n o -  

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

a n d  c h a r a c t e r i z e d .

8 . T h e  r e a r r a n g e m e n t s  of a  n u m b e r  of m o n o  s u b s t i t u t e d

5 - a m i n o t e t r a z o l e s  h a v e  b e e n  d e s c r i b e d .  A t  t h e i r  m e l t i n g  p o i n t s ,  

5 - a l k y l a m i n o t e t r a z o l e s  r e a r r a n g e  to  the  c o r r e s p o n d i n g  1 - a l k y l -
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5- a m i n o  t e t r a z o l e  s .  H o w e v e r ,  a t  th e  t e m p e r a t u r e  of b o i l i n g  x y le n e

l - a r y l - 5 - a m i n o t e t r a z o l e s  r e a r r a n g e  to  th e  c o r r e s p o n d i n g  5 - a r y l -  

a m in o  t e t r a z o l e  s .  T h is  c o n s t i t u t e s  a  c o n v e n ie n t  m e th o d  f o r  the  

s y n t h e s i s  o f  th e  o t h e r w i s e  d i f f i c u l t ly  a c c e s s i b l e  5 - a r y l a m i n o t e t r a -  

z o l e s .

9. T he  u l t r a v i o l e t  a b s o r p t i o n  s p e c t r a  of 5 - a m i n o t e t r a -  

z o l e ,  5 - d i m e t h y l a m i n o t e t r a z o l e ,  th e  l - a r y l - 5 - a m i n o t e t r a z o l e s ,  a n d  

th e  5 - a r y l a m i n o t e t r a z o l e s  h a v e  b e e n  d e s c r i b e d .  A  c o r r e l a t i o n  of 

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

c u s s e d .

10. T he  a p p a r e n t  a c id i c  d i s s o c i a t i o n  c o n s t a n t s  f o r  th e  

5 - d i a l k y l a m i n o t e t r a z o l e s ,  th e  5 - m o n o a l k y l a m i n o t e t r a z o l e s ,  a n d  th e  

5 - a r y l a m i n o t e t r a z o l e s  h a v e  b e e n  d e t e r m i n e d .  P o s s i b l e  e x p l a n a 

t io n s  of th e  e f f e c t  of v a r i o u s  s u b s t i t u e n t s  in  the  5 - p o s i t i o n  on  th e  

s t r e n g t h  o f  th e  t e t r a z o l e  d e r i v a t i v e s  a s  a c id s  h a v e  b e e n  d i s c u s s e d .



A P P E N D IX  I

P O  T E N T IO M E  T R IC  T IT R A T IO N  D A T A

C o m p o u n d pH

M l. of 
Aq. 
K OH 

0 .1 0 4 3  
N

A p
p a r 

e n t
K a

M l. of 
A ik .  a t  
E q u iv .  
P o i n t

5 - A m in o  t e t r a z o l e  ........................  . . 5.50 5.91 1.17 2 3 .64
0 . 2 1 0 0  g . / 2 0 0  m l .  a q u e o u s 5.80 9 .90

X - 6
s o lu t io n 5.83 10.43 1 0

5.87 10.95
5.90 11.47
5.94 1 2 . 0 1

5.99 12.53
6 . 0 2 13.05
6 . 0 6 13.56
7.71 2 3 .16

5 -A m in o  t e t r a z o l e  ............................... 6 .13 7.70 ' 3 .63 23 .80
0 . 2 1 0 0  g . / 2 0 0  m l . 6 .32 10.04 X- 7
50% a q u e o u s  m e th o n o l i c 6 .34 10.56 1 0  7

s o lu t io n 6 .39 11.09
6 .42 1 1 . 6 0

6.46 12.16
6.50 1 2 . 6 8

6.52 13.20
6 .56 13.73
6 .78 16.40
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M̂ ° £ A p -  M l. o f  

C o m p o u n d  p H  K O H  ^ a r  A ik .  a t
0 .1 0 4 3  K̂ a  P o i n t

N

5 - D i m e t h .y l a m i n o t e t r a z o l e  . . . . 5 .65 9 .05 1 . 2 0

0 .3 1 5 7  g . / 2 0 0  m l .  a q u e o u s 5 .82 1 1 . 8 8
X - 6

s o lu t i o n 5 .85 12.45 1 0

5 .89 12.95
5.91 13.50
5.96 14.04
5.99 14.55
6 . 0 1 15.10
6.05 15.64
6.39 19.90

5 - D i m e t h y l a m i n o t e t r a z o l e  . . . . 6 . 0 0 5 .84 3.80
0 .2 6 4 9  g - / 2 0 0  m l .  50% 6.30 9 .46 x _ 7
a q u e o u s  m e t h a n o l i c  s o lu t io n 6.33 9 .9 8 1 0

6.37 10.51
6.40 11.04
6.45 11.56
6 .49 1 2 . 0 6

6 .52 12 .58
8.15 2 2 . 0 0

5 - D i e t h y l a m i n o  t e t r a z o l e ................. 5.90 4 .91 4 .6 8
0 . 2 8 1 8  g . / 2 0 0  m l . 6 .1 8 7.93

x _ 7
a q u e o u s  s o lu t io n 6 .23 8.45 1 0

6 .28 8.95
6 .33 9 .49
6 .38 10.04
6.42 10.55
6 .48 11.07
7.70 18.15

2 6 .85

22.41

19.00
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A P P E N D IX  I (C ontinued)

M l.  of . A p -  M l.  ofAq.
C o m p o u n d  p H  K O H  p a r  ^

0 .1 0 4 3  e n t  Ê Y -
K a  P o i n t

N

5 - D i e t h y l a m i n o t e t r a z o l e .................. 6.60 5.62 1 . 1 0

0 .3 0 8 1  g . / 2 0 0  m l .
50% a q u e o u s  m e t h a n o l i c

6 . 8 8

6.91
9 . 0 0

9.46
s o l u t i o n 6.93 9 .92

6 . 9 6 10.38
6 . 9 8 10.84
6.99 11.29
7.01 11.73
7.27 14.40

5 - D i b e n z y l a m i n o  t e t r a z o l e .............. 6 . 0 6 6 . 0 0 3 .55
0 .5 6 5 5  g . / 2 0 0  m l . 6.29 8.51 X-  7
50% a q u e o u s  m e t h a n o l i c 6 .33 9 .0 8 1 0

s o l u t i o n 6.39 9.52
> 6.42 10.09

6.50 10.55
6.52 1 1 . 0 2

6.56 11.60
6 . 9 0 15.04

5 - B e n z y l m e t h y l a m i n o t e t r a z o l e  . . 6 . 1 2 8.38 3.80
0 .5 0 7 0  g . /2 0 0  m l . 6.31 11.33

X -  7
50% a q u e o u s  m e t h a n o l i c 6.36 11.84 1 0

s o l u t i o n 6.39 12.38
6.41 1 2 . 9 0

6.44 13.42
6 .4 8 13.94
6.51 14.44
6.91 19.94

2 1 .25

20 .56

2 5 .7 8
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A P P E N D IX  I (C ontinued)

C o m p o u n d PH

M l.  of 
Aq.  
KOH 

0 .1 0 4 3  
N

A p 
p a r 
e n t
K a

M l .  of 
A ik .  a t  
E q u i v .  
P o i n t

5 - B e n z y l e t h y l a m i n o  t e t r a z o l e  . . . 6 . 1 0 4.83 2 .46 2 2 .5 7
0 .4 7 8 6  g . / 2 0 0  m l . 6.50 9.73 X-  7
50% a q u e o u s  m e t h a n o l i c 6.53 10.25 1 0

s o l u t i o n 6.57 10.77
6.61 11.31
6 .64 11.81
6 . 6 8 12.32
6.71 12.71
6.92 15.43

5 - D i a l l y l a m i n o  t e t r a z o l e ................. 6 . 0 1 4 .88 3.31 19.85
0 .3 3 7 5  g . / 2 0 0  m l . 6.33 8 . 0  8 x _ 7
50% a q u e o u s  m e t h a n o l i c ' 6.36 8.55 1 0  7
s o l u t i o n 6.40 9.03

6 .44 9.50
6 .49 1 0 . 0 0

6 .52 10.50
6.56 10.99
6 , 6 0 11.49
6.84 14.00

5- D i i s  op  r o p y l a m i n o  t e t r a z o l e  . . . 6 . 9 6 8.94 5.75 29.50
0 .5 1 7 2  g . / 2 0 0  m l . 7 .19 12.95 X-  8
50% a q u e o u s  m e t h a n o l i c 7 . 2 1 13.47 1 0

s o l u t i o n 7.23 13.97
7.26 14.57
7.29 15.07
7.31 15.57
7.35 16.12
7.62 20 .37
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A P P E N D IX  I (C ontinued)

C o m p o u n d p H

M l.  of 
Aq. 
KOH 

0 .1 0 4 3  
N

A p 
p a r 
e n t
K a

M l .  of 
A ik .  a t  
E q u i v .  
P o i n t

5 - D i - n - b u t y l a m i n o t e t r a z o l e  . . . 6 .7 8 9-95 1 . 0 2 7 .30
0 .5 5 9 0  g . / 2 0 0  m l . 6 . 9 0 1 1 . 8 8

X -  7
50% a q u e o u s  m e t h a n o l i c 6 . 9 2 12.38 1 0

s o l u t i o n 6.95 12.95
6 . 9 8 13.45
7.01 13.95
7.05 14.45
7 .08 14.95
7.21 16.95

5 - D i i s o b u t y l a m i n o t e t r a z o l e  . . . . 6.73 5.40 7.24 20 .30
0 .4 1 5 2  g . / 2 0 0  m l . 7.00 8 .48

X- 8 -
50% a q u e o u s  m e t h a n o l i c 7 .04 9 . 0 0 1 0

s o l u t i o n 7 .09 9 .53
7 .12 1 0 . 0 0

7.17 10.55
7.21 11.00
7.25 11.56
7.47 13.75

5 - D i - n - a m y l a m i n o t e t r a z o l e  , . . 6.65 4 .95 8.13 19.15
0 .4 4 7 2  g . / 200 m l . 6 .94 7 .89

X - 8
50% a q u e o u s  m e t h a n o l i c 6 .99 8.45 1 0

s o l u t i o n 7.G3 8.95
* 7 .08 9.50

7.12 9 .95
7.18 10.50
7 . 2 2 11.03
7.44 13.05
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A P P E N D IX  I (C ontinued)

C o m p o u n d PH

M l.  of 
Aq. 
K O H  

0 .1 0 4 3  
N

A p 
p a r 
e n t
K a

M l .  of 
A ik .  a t  
E q u i v .  
P o i n t

5 - D i i s o a m y l a m i n o  t e t r a z o l e  . . . . 6 .72 5.23 6 .92 1 9 . 8 8

0 , 4 5 6 4  g . / 2 0 0  m l . 7.03 8.51
X - 8

50% a q u e o u s  m e t h a n o l i c 7.09 9 .04 1 0

s o l u t i o n 7.11 9.53
'* 7.17 10 .08

7.20 10.56
7.25 1 1 . 0 6

7.29 11 .58
7.53 13.96

5 - ( N - M o r p h o l i n y l ) - t e t r a z o l e  . . . 5.40 6 . 0 0 1.59 2 2 . 2 0

0 .3 5 7 0  g . / 200 m l . 5 .68 9 .52
X - 6

50% a q u e o u s  m e t h a n o l i c 5.71 1 0 . 0 0 1 0

s o l u t i o n 5.73 10.53
5 .78 1 1 . 0 2

5.81 11.50
5 .87 1 2 . 0 0

5.91 12.57
6.45 18.04

5 - ( N - P y r r o l i d y l ) - t e t r a z o l e  . . . . 6.39 5.03 1.32 2 1 . 2 0

0 .3 0 2 4  g . / 2 0 0  m l . 6.76 8.97
X -  7

50% a q u e o u s  m e t h a n o l i c 6.79 9 .52 1 0

s o l u t i o n 6.82 1 0 . 0 2

6 . 8 6 1 0 ,48
6 . 9 0 1 1 . 0 2

6.94 11.55
6.99 12.09
7.35 15.97
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A P P E N D IX  I {Continued)

C o m p o u n d p H

M l .  of 
Aq. 
K O H  

0 .1 0 4 3  
N

A p 
p a r 
e n t
K a

M l.  of 
A ik .  a t  
E  qu iv .  
P o i n t

5 - ( N - P i p e r i d y l ) - t e t r a z o l e  . . . . 5.86 4 .99 4 .79 2 0 .27
0 .3 1 7 2  g . / 2 0 0  m l . 6.19 8.42

X- 7
50% a q u e o u s  m e t h a n o l i c 6 . 2 1 8 . 8 6 1 0

s o l u t i o n 6.25 9 .37
6.29 9 . 8 8

6.34 10.41
6.40 1 0 . 9 6

6.43 11.38
6 .72 14 .48

5 - M e t h y l a m i n o t e t r a z o l e  . . . . . 5.70 5.83 8.71 2 0 .32
0 .2 1 1 3  g . / 2 0 0  m l . 5.92 8.48 X_ 7
a q u e o u s  s o l u t i o n 5 .98 9 . 0 0 1 0

6 . 0 1 9 .52
6 . 0 6 1 0 . 1 0

6 . 1 0 10.69
6.16 11.27
6 . 2 0 11.74
6.46 14.37

5 - M e t h y l a m i n o t e t r a z o l e .............. 6 .48 8 . 9 8 2 .14 24 .40
0 . 2 5 1 8  g . / 2 0 0  m l . 6.56 10.43 X_ 7
50% aqueQjas m e t h a n o l i c 6.59 10.92 1 0

s o l u t i o n 6.62 11.40
6.64 1 1 . 8 8

6 . 6 8 12.38
6.72 1 2 . 8 8

6.74 13.41
7.07 17.95
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C o m p o u n d PH

M l.  of  
Aq. 
KO H  

0 .1 0 4 3  
N

A p 
p a r 
e n t
K a

M l .  of 
A ik .  a t  
E q u i v .  
P o i n t

5 - E t h y l a m i n o t e t r a z o l e  . . . . . . 5.71 5.85 7.59 2 1 . 6 0

0 . 2 5 5 8  g . / 2 0 0  m l . 6 . 0 1 9.49 X-  7
a q u e o u s  s o l u t i o n 6.05 9 .98 1 0

6 . 1 0 10.55
6 . 1 2 10.93
6 . 1 6 11.41
6 . 2 0 1 1 . 9 0 •
6 .25 12.40  .
6 .59 16.00

5 - E t h y l a m i n o t e t r a z o l e ................. 6.39 7.00 2.3.9 2 1 .3 8
0 .2 5 6 4  g . / 2 0 0  m l . 6.53 9.04 x _ 7
50% a q u e o u s  m e t h a n o l i c 6 .59 9 .5 8 1 0

s o l u t i o n 6.61 1 0 . 1 6

6.65 10.62
6.69 1 1 . 2 0

6.72 1 1 . 6 8

6.78 12.24
7.01 14.96

5 - B e n z y l a m i n o t e t r a z o l e .............. 6 . 0 0 5.05 3.02 2 2 . 9 0

0 .4 1 9 7  g . / 2 0 0  m l . 6.40 9 .85 X_ 7
50% a q u e o u s  m e t h a n o l i c 6.43 10.47 1 0

s o l u t i o n 6.47 10.89
6.51 11.42
6.55 11.95
6 .58 12.46
6.61 12.97
6.95 16.83
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C o m p o u n d p H

M l.  of 
Aq. 
KOH 

0 .1 0 4 3  
N

A p 
p a r 
e n t
K a

M l .  of 
A ik .  a t  
E q u i v .  
P o i n t

5 - P h e n y l a m i n o t e t r a z o l e ................. 5 .2 8 9.73 3.24 2 6 .6 8
0 .4 4 9 4  g . / 2 0 0  m l . 5.40 11.95 x -6
50% a q u e o u s  r p e t h a n o l i c 5 .44 12.47 10
s o l u t i o n 5.47 13.02

5.50 13.49
5.52 14.03
5.56 14.55
5.59 15.04
5.73 17.25

5 - p - N i t r o p h e p y l a m i n o t e t r a z o l e 4.19 4 .13 4 .57 11.60
0 .2 5 3 3  g . / 2 0 0  m l . 4 .22 4.53

X- 5
50% a q u e o u s  m e t h a n o l i c 4 .22 4.99 10
s o l u t i o n 4 .27 5.37

4.33 5 .82
4.39 6 .19
4.45 6 .5 8
4.51 6 .95
4 .57 7.35
4.63 7 .75

5 - o - N i t r o p h e n y l  a m i n o  t e t r a z o l e 3 .56 3.50 8.32 17.49
0 .3 7 7 3  g . / 2 0 0  m l . 3.71 4.93 x - 5
50% a q u e o u s  m e t h a n o l i c 3.83 6.01 10
s o l u t i o n 3.90 6.90

3.96 7 .45
4.01 7 .9 8
4.06 8.49
4.10 9.00
4 .16 9.51
4.20 10.03
4.36 11.50
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M l.  of 
A A p -  M l .  ofAq.  r

C o m p o u n d  p H  K O H  ^ a r  * ’
0 .1 0 4 3  ®n t  EDqUiV-

__ K a  P o i n t
N

5 - m « N i t r o p h e n y l a m i n o  t e t r a z o l e  . 4.63 6.04 1.41
0 .3 5 9 1  g . / 2 0 0  m l . 4.70 6.91 X 5
50% a q u e o u s  m e t h a n o l i c 4 .78 7.46 io"5
s o l u t i o n 4.81 7.94

4.85 8.40
4.89 8.86
4.95 9.36
4.99 9.82
5.15 11,30

D i n i t r o  5 - P h e n y l a m i n o t e t r a z o l e  . 3,06 3 .22 4 .17
0 .3 5 4 4  g. /ZOO  m l . 3.19 4.86

X- 4
50% a q u e o u s  m e t h a n o l i c 3 .27 5 .84 10
s o l u t i o n 3.36 6.37

3.40 6 .92
3.46 7.42
3.51 7.95
3 .58 8.45
4.02 11.07

5 - D i e t h y l a m i n o  t e t r a z o l e
H y d r o c h l o r i d e  ..............................   2 .15 0 .00  21 ,14

0 .4 2 7 2  g . / 2 0 0  m l .  2.47 9 .9 8  4 4 .86
a q u e o u s  s o l u t i o n

2.15 0 .00
2.47 9 .98
2.50 10.46
2.51 11.00
2.55 11.55
2.60 12.76
2.63 13.29
2.91 17.02
3.19 18.75
3.29 19.26
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M l.  o f  
A q .  A p ;

C o m p o u n d  p H  K O H  ^ a r
0 .1043  *n t  

N  K a

5 - D i e t h y l a m i n o  t e t r a z o l e  
H y d r o c h l o r i d e  (C on t inued ) 3 .54 2 0 .02

3.67 20 .26
3.85 20 .55
4.01 2 0 .75
4.22 20 .94
4.49 21 .14
4.69 21 .34
4.83 21 .54
5.42 23 .13
5.77 2 5 .26
6 .08 28.61
6.23 31 .06
6.27 31.56
6.30 32 .06
6.37 33 .06
6.45 34 .06
6 .52 35 .06
6.79 3 8 .3 8
6.87 39 .42
7,17 4 1 .6 8
7.35 42 .66
7.66 4 3 .6 8
7.91 4 4 .1 8
8.16 4 4 .46
8.29 4 4 .56
8.48 4 4 .6 8
8.70 4 4 .7 8
9.00 4 4 .8 8
9.26 44 .96
9.49 4 5 .0 8

M l .  of 
A ik .  a t  
E q u i v .  
P o i n t
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A P P E N D IX  I (C ontinued)

A p -  M l .  of
p a r -  A ik .  a t

e n t  E q u i v .
K a  P o i n t

M l.  of 
Aq.

C o m p o u n d  p H  HC1
0 .1080

N

5 - D i m e t h y l a m i n o t e t r a z o l e  
0 .2 5 2 2  g . / 2 0 0  m l .  
a q u e o u s  s o l u t i o n

4.07 0 .00
3.79 0 .2 7
3.31 1.16
2 .92 2.83
2.61 6.29
2.49 8.85
2 .48 9.31
2 .44 10.27
2.40 11.36
2.39 11.88
2 .2 8 15.47
2 .19 19-77
2 .16 21 .26
2.09 2 5 .2 8



A P P E N D IX  II

U L T R A V I O L E T  A B S O R P T I O N  S P E C T R A

5 - A m i n o  t e  t r  a z o 1e 
0 .0 1 8 6  g . / l .  ( in  w a t e r )

5 - D i m e t h y l a m i n o t e t r a z o l e  
0 .0 0 7 2  g . / l .  ( in  w a t e r )

A  in  m u . D X in  m u . D

219 0 .560 219 0 .1 5 5

221 0 .540 221 0 .1 5 5

223 0 .5 1 5 223 0 .1 5 4

225 0 .4 7 8 225 0 .153

227 0 .4 3 4 227 0 .155

230 0 .3 5 5 230 0 .151

233 0 .2 7 6 233 0 .149

235 0 .2 2 4 235 0 .1 4 6

238 0 .160 238 0 .1 3 9

240 0 .1 1 5 240 0 .1 3 2

243 0 .070 243 0 .120

246 0 .0 3 8 246 0 .106

249 0 .0 1 7 249 0 .0 9 2

252 0 .0 0 5 252 0 .0 7 7

256 0 .001 256 0 .0 5 8

260 0 .040

265 0 .024
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A P P E N D IX  II (C ontinued)

5 - P h e n y l t e  t r a z o l e

0 .0 0 1 7  g . / lO O  m l .  
e t h a n o l i c  s o l u t i o n

1 - P h e n y l -  5 - m e t h y l -  
t e t r a z o l e  

0 .0 0 2 0  g . / lO O  m l .  
e t h a n o l i c  s o l u t i o n

X  in  m u . D X i n  m u .  . D

Z20 0 .610 220 0 .843

225 0 .9 3 9 222 0 .846

227 1.06 225 0 .846

230 1.27 227 0 .8 1 8

233 1.48 .2 3 0 0 .759

235 1.54 232 0 .700

237 1.63 235 0 .591

240 1.68 240 .0 .400

243 1.57 245 0 .245

245 1.54 250 0 .1 4 2

250 1.23 255 0 .090

255 0 .790 260 0 .0 6 2

260 0 .4 2 5 265 0 .041

265 0 .1 6 8 270 0 .0 2 2

270 0 .0 9 4 280 0 .0 0 7

275 0 .0 6 9

280 0 .0 4 5

285 0 .020
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A P P E N D IX  II (C ontinued)

1- P h e n y l -  5 - a m i n o -  
t e t r a z o l e  

0 .0 0 1 0  g . / lO O  m l .  
e t h a n o l i c  s o l u t i o n

1 - m - N i t r o p h e n y l -  5- 
a m i n o t e t r  a z o l e  

0 .0 0 1 9  g . / 1 0 0  m l .  
e t h a n o l i c  s o l u t i o n

A  i n  m u . D A  i n  m u . D

220 0 .4 8 8 222 1.33

225 0 .4 8 6 226 1.21

230 0 .4 6 9 230 1.10

235 0 .4 5 4 233 1.05

240 0 .431 235 1.03

245 0 .3 8 8 237 1.04

250 0 .3 2 9 240 1.07

255 0 .260 245 1.13

260 0 .1 8 8 247 1.15

265 0 .1 3 6 250 1.15

270 0 .0 9 7 253 1.11

275 0 .0 7 7 255 1.07

280 0 .0 6 4 260 0 .950

285 0 . 0 5 8 270 0 .5 6 8

290 0 .0 4 8 280 0 .295

300 0 .0 3 6 290 0 .1 7 8

310 0 .0 2 6 295 0 .153

320 0 .0 1 9 300 0 .135

330 0 .0 1 6 310 0 .105

320 0 .0 7 5

340 0 .037

350 0 .031
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A P P E N D IX  II (C ontinued)

5 - P h e n y l a m i n o  t e t r a z o l e  (r e  a r r a n g e m e n t  
p r o d u c t  f r o m  1- p h e n y l - 5 - a m i n o  t e t r a z o l e )  

0 .0 0 1 1  g . / lO O  m l .  e t h a n o l i c  s o l u t i o n

X  i n  m u . D A. i n  m u . D

220 0 .3 2 2 265 0 .500

225 0 .351 270 0 .270

230 0 .4 8 4 275 0 .183

235 0 .691 2 80 0 .150

240 0 .9 3 5 2 85 0 .1 2 9

245 1.14 290 0 .1 0 4

247 1.19 300 0 .0 4 8

250 1.24 310 0 .0 1 7

252 1.21 320 0 .0 0 9

255 1.17 330 0 .010

260 0 .8 5 9
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A P P E N D IX  II (C ontinued)

5 - o - N i t r o p h e n y l a m i n o  t e t r a z o l e  
0 .0 0 0 6  g . / lO O  m l .  e t h a n o l i c  s o l u t i o n

\  i n  m u . D \  i n  m u . D

220 0 .3 8 2 320 0 .0 3 5

225 0 .440 330 0 .033

230 0 .510 335 0 .0 3 6

232 0 .5 4 3 340 0 .0 3 8

235 0 .5 8 7 345 0 .0 4 6

240 0 .6 4 8 350 0 .0 4 9

245 0 . 6 5 8 355 0 .059

247 0 .6 4 6 357 0 .0 6 2

250 0 .6 1 9 360 0 .0 6 9

255 0 .520 370 0 .0 9 4

260 0 .4 2 9 3 80 0 .120

265 0 .341 390 0 .147

270 0 .2 9 3 400 0 .1 7 2

275 0 .2 6 8 410 0 .1 8 7

280 0 .2 4 5 415 0 .190

285 0 .213 420 0 .190

290 0 .1 7 4 425 0 .1 8 7

300 0 .0 9 9 430 0 .181

305 0 .071 435 0 .1 7 2

310 0 .051 450 0 .130



220

225

230

232

235

237

240

242

245

250

255

257

260

265

270

275

280

A P P E N D IX  II (C ontinued)

5 - m - N i t r o p h e n y l a m i n o t e t r a z o l e  
0 .0 0 1 6  g . / lO O  m l .  e t h a n o l i c  s o l u t i o n

D A  in  m u .

0 .6 0 8

0 .800

1.03

1 . 1 1

1.26

1.34

1.47

1.53

1.73

1.78

1.78

1.73 

1.58 

1.26 

0 .9 7 0  

0 .7 1 9  

0 .5 2 7

285 

290 

295 

300 

310 

320 

330 

340 

350 

355 

360 

365 

370 

3 80 

390 

400
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a p p e n d i x  n (C ontinued)

1 - p - N i t r o p h e n y l -  5 - a m i n o - 1 -  p  -  N i  t  r  o p h e n y l  -  5 -  a m  i n o -
t e t r a z o l e  ( f r o m  n i t r a t i o n ) t e t r a z o l e  ( f r o m  c y a n a m i d e )

0 .0 0 2 0  g . / lO O  m l . 0 .0 0 1 7  g . / lO O  m l .
e t h a n o l i c  s o l u t i o n e t h a n o l i c  s o l u t i o n

X in  m u .  D X in  m u .  D

220 . 0 .885 220 0 .7 8 9

225 0 .800 225 0 .7 2 9

230 0 .7 0 5 230 0 .630

235 0 .6 0 9 235 0 .5 4 8

237 0 .5 9 3 237 0 .5 3 7

240 0 .590 240 0 .5 2 2

242 0 .5 9 8 242 0 .5 3 7

245 0 .630 ' 245 0 .5 5 9

250 0 .7 2 2 250 0 .6 3 5

255 0 .7 9 8 255 0 .7 1 8

260 0 .8 4 7 260 0 .760

265 0 .8 6 5 265 0 .763

270 0 .860 270 0 .7 5 8

275 0 .8 4 3 275 0 .7 4 9

280 0 .8 2 8 280 0 .743

290 0 .8 0 0 290 0 .713

300 0 .670 300 0 .600

320 0 .2 7 4 320 0 .243

340 0 .0  86 340 0 .075

350 0 .053 350 0 .0 4 8
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A P P E N D IX  II (C ontinued)

5 - p - N i t r o p h e n y l  a m i n o  t e t r a z o l e  ( r e a r r a n g e d  l - p - n i t r o p h e n y l - 5 -  
a m i n o t e t r a z o l e  o b t a i n e d  f r o m  p - n i t r o p h e n ^ l c y a n a m i d e )  

0 .0 0 1 4  g . / lO O  m l .  e t h a n o l i c  s o l u t i o n

\  i n  m u . D X  in  m u . D

220 0 .7 1 8 290 0 .1 7 3

225 0 .820 295 0 .1 9 6

227 0 .8 3 3 300 0 .2 2 6

230 0 .840 310 0 .3 1 7

233 0 .8 1 8 320 0 .4 5 4

235 0 .7 8 5 330 0 .6 1 9

240 0 .6 4 6 340 0 .790

245 0 .4 9 3 350 0 .9 3 8

250 0 .3 7 5 360 0 .990

255 0 .300 365 1.00

260 0 .251 370 1.02

265 0 .210 375 0 .9 9 8

270 0 .173 3 80 0 .960

275 0 .1 5 2 390 0 .840

280 0 .1 4 8 400 0 .667

285 0 .1 5 7



A P P E N D IX  II (C ontinued)
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5 - p - N i t r o p h e n y l a m i n o  t e t r a z o l e  ( r e a r r a n g e d  l - p - n i t r o p h e n y l - 5 -  
a m i n o t e t r a z o l e  o b t a i n e d  b y  n i t r a t i o n  of 1 - p h e n y l -  5 - a m i n o t e t r a z o l e )

0 .0 0 1 4  g . / lO O  m l .  e t h a n o l i c  s o l u t i o n

X  in  m u .  D in  m u .  D

220 0 .5 7 8 290 0 .1 2 4

225 0 .690 295 0 .151

227 0 .701 300 0 .186

230 0 .720 310 0 .2 8 5

233 0 .701 320 0 .421

235 0 .673 330 0 .585

240 0 .550 340 0 .740

245 0 .410 3 50 0 .860

250 0 .2 9 7 360 0 . 9 2 0

255 0 .221 365 0 .930

260 0 .171 370 0 .930

265 0 .1 3 2 375 0 .9 0 8

270 0 .100 380 0 .880

275 0 .0  86 390 0 .763

280 0 .0 9 0 400 0 .603

285 0 .1 0 3
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A P P E N D IX  II (C ontinued)

D i n i t r o - 5 - p h e n y l a m i n o t e t r a z o l e  ( o b t a in e d  by- 
n i t r a t i o n  o f  5 - p h e n y l a m i n o t e t r a z o l e )  
0 .0 0 2 1  g . / lO O  m l .  e t h a n o l i c  s o l u t i o n

X in  m u . D ^  in  m u . D

222 1.18 290 0 .310

224 1.15 293 0 .3 2 8

226 1.08 295 0 .3 5 2

228 1.05 300 0 .430

230 1.01 305 0 .530

233 0 .940 310 0 .640

235 0 .893 320 0 .880

237 0 .855 330 1.07

240 0 .8 1 7 340 1.17

245 0 .7 6 5 345 1.19

247 0 .760 350 1.19

250 0 .763 355 1.15

253 0 .7 6 5 360 1.09

255 0 .770 370 0 .960

260 0 .7 7 3 375 0 .850

265 0 .750 3 80 0 .770

270 0 .670 3 85 0 .700

275 O'. 560 390 0 .633

280 0 .4 2 3 395 0 .570

285 0 .330 400 0 .4 9 7

287 0 . 3 1 4 .
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