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CHAPTER I

INTRODUCTION

The g o a l  o f  t h i s  r e s e a r c h  e f f o r t  h as  b e e n  m u l t i - f a c e t e d .  I n c lu d ­

e d  a r e  t h e  s y n th e s e s  o f  n o v e l  h e t e r o c y c l i c  com pounds o f  p o t e n t i a l  b io ­

l o g i c a l  a c t i v i t y ,  p ro v id in g  s u f f i c i e n t  c h a r a c t e r i z a t i o n  o f  t h e s e  com­

p o u n d s , p r o v id in g  s p e c t r a l  e v id e n c e  h i t h e r t o  u n p u b l is h e d ,  and  r e f i n i n g  

t h e  l a b o r a t o r y  s k i l l s  n eed ed  by c h e m is t s .  A f t e r  d i s c u s s in g  th e  chem­

i s t r y  o f  th e  c y a n to  g ro u p  some o f  t h e  i n t e r e s t i n g  r e a c t i o n  p a th w ay s 

u t i l i z e d  in  t h i s  work a r e  d i s c u s s e d  i n  d e t a i l .  I n  p a r t i c u l a r ,  t h e  

s y n th e s e s  o f  (a ) 2 - ( 5 - a r y l o x y ) - 4 ,6 - d i m e r c a p t o - s - t r i a z i n e s ,  (b) 5 - a r y l -  

o x y t e t r a z o l e s ,  (c) 5 - a r y l o x y - l - a r y l t e t r a z o l e s ,  a n d  t h e i r  s u b s e q u e n t 

i d e n t i f i c a t i o n  v i a  m ass  s p e c t r a l  e v id e n c e ,  IR , a n d  UV s p e c t r a  w i l l  

b e  p r e s e n te d .
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CHAPTER I I

ARYL CYANATES 

S y n th e s i s

The f u n c t i o n a l i t y  known a s  t h e  c y a n a to  g ro u p  JL h a s  b ee n  s t u d i e d  

f o r  a  lo n g  t im e .  N e f (1) i s  c r e d i t e d  w i t h  t h e i r  i n i t i a l  d i s c o v e r y ,  an d

R-O-CHN
1

R = A lk y l o r  A ry l 

F ig u r e  1 . C y a n a te  F u n c t i o n a l i t y

s i n c e  t h a t  t im e  o t h e r s  h av e  a l s o  p u r s u e d  t h e i r  s t u d y .  In  1960 S tr o h

a n d  G e rb e r ,  a n d  in  1961 H o y er (2) p r e p a r e d  t r u e  c y a n ic  e s t e r s ,  a l th o u g h

i n  b o th  c a s e s ,  th e y  a ssu m ed  t h a t  s t e r i c a l l y  h in d e r e d  p h e n o ls  m u s t b e

u s e d .  G r ig a t  an d  P t i t t e r  (3 ) f i r s t  d i s c o v e r e d  t h e  m eth o d  o f  c h o ic e  f o r

p r e p a r i n g  c y a n a te s  i n  1 9 6 4 , a n d  i t  u t i l i z e d  th e  r e a c t i v i t y  o f  cy an o g en

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

c h l o r i d e  was u s e d  e x c l u s i v e l y  in  t h e i r  i n i t i a l  w o rk  (F ig u r e  2 ) .

Ar-OH + Cl-C=N ~ ~ ~ ~ —* Ar-0-C=N + B ase*H Cl A c e to n e . ^

F ig u r e  2 . O r i g i n a l  S y n th e s i s  o f  A ry l C y a n a te s

D i e t e r  M a r t in  ( 4 , 5 ) ,  i n  .19.64, d i s c o v e r e d  an  a l t e r n a t e  s y n t h e s i s  

o f  c y a n a te s - , b o th ,  a r y l  and a l k y l .  H is  r e a c t i o n  schem e was a s  f o l lo w s  

(F ig u re  3 ).. T h is  p a th w a y  seem ed  l e s s  d e s i r a b l e  d u e  t o  t h e  i n s t a b i l i t y  

o f  some o f  t h e  a l k o x y t h i a t r i a z o l e s ,  some o f  w h ich  decom posed  v i o l e n t l y .

2
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A r-O -C -S ^  < DMF

S ' . '

II s
E t  N., C l-C -C l ||

Ar-OH ■L——  ----- i— ;— Ar - O- C- Cl  + E t.N -H C lB en zen e  J

NaN.

3

A
I

>

Ar-OCN + N2 + S

F ig u r e  3 . A l t e r n a t e  S y n th e s i s  o f  C y a n a te s  ( I )

I n  1965 J e n s e n  an d  Holm (6 ) w e re  a b l e  to  o b t a i n  a l k y l  c y a n a te s  b y  

an  a n a lo g o u s  p r o c e d u r e  t o  t h a t  o f  M a r tin  ( F ig u r e  4 ) .

f  H N O
C_H -O-C-NH-NH- ------  ) C_Hc-0 -C -S v

2 5 2 2 5 (1 \
4

~  . ;i* :
N2 + S + C2 H5-0-C=N

F ig u r e  4 . A l t e r n a t e  R o u te  t o  C y an ate - ( I I )  S y n th e s i s

The r e a c t i o n  u t i l i z i n g  4_ s u f f e r e d  from  th e  sam e p ro b le m s  a s  t h a t  

o f  M a r t i n 's ,  n am ely  t h e  d e c o m p o s it io n  o f  t h e  a l k o x y t h i a t r i a z o l e s , th u s  

l e a d in g  t o  lo w e r  y i e l d s  and h a z a r d o u s  r e a c t i o n  c o n d i t i o n s .

One o f  t h e  m a jo r p ro b le m s  f a c i n g  c h e m is ts  f o r  th e  p r e p a r a t i o n  

o f  c y a n ic  a c id  e s t e r s  h a s  b e e n  th e  te n d e n c y  o f  t h e  c y a n a to  g ro u p  1 to  

u n d e rg o  r e a r r a n g e m e n t  t o  th e  i s o c y a n a to  g ro u p  ( F ig u r e  5)..

R-0-C=N -------» R-N=C= 0

. 1 5

F ig u r e  5. C y a n a te  I s o m e r iz a t i o n

To d a t e ,  t h i s  r e a c t i o n  h a s  b e e n  o b s e rv e d  o n ly  w ith  a lk y l  s u b s t i ­

t u e n t s ,  s i m i l a r  t o  t h e  r e a r r a n g e m e n t  o f  t h i o c y a n a t e s  t o  i s o t h i o c y a n a t e s .
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A ry l c y a n a t e s ,  on t h e  o t h e r  h a n d , do  n o t  e x h i b i t  t h i s  t e n d e n c y .  G r ig a t  

an d  P t i t t e r  (3) , a s  w e l l  a s  M a r tin  e t  a l . , have  r e p o r t e d  th e  a r y l  cy an ­

a t e s  t o  b e  s t a b l e  com pounds p o s s e s s in g  a  m o d e ra te  s h e l f  l i f e .

E x p e r im e n ta l

A l l  th e  c y a n a te s  l i s t e d  in  T a b le  1 w e re  p r e p a r e d  a c c o r d in g  to

T a b le  1 

A ry l C y a n a te s  P re p a re d

G

^ ^ ^ - O C N

G

H 4-S-C H 3

4 -C l 4 —C l; 3 ,5-C H 3

2 ,4 -C l 4 - i P r

3 ,4 -C l ch3o

2 ,4 ,5 - C l 4-0-CH -C-0-CH 3

2 ,4 -B r 2 , 6 - t - B u

4-A r 2 —F

G e n e ra l  P ro c e d u re  I , w h ich  f o l l o w s .

G e n e ra l  P ro c e d u re  I : S y n th e s i s  o f  A ry l C y a n a te s

I n  a  d ry  i c e /2 - p r o p a n o l  b a t h ,  0 .1  m ol o f  t h e  a p p r o p r i a t e  p h e n o l

a n d  0 .1  mol (1 0 .5 2  g) o f  cy an o g en  b ro m id e  w ere  d i s s o lv e d  in  300 iL  o f  '

d r i e d  (4& m o le c u la r  s i e v e s )  a c e to n e .  O ver a  10 m in u te  p e r io d ,  0 .1  

25
m ol (1 0 .1 2  g ,  d  0 .7 2 6 ,  1 3 .9 4  mL) o f  d r i e d  t r i e t h y l a m i n e  was added  w i th  

c o n s t a n t  hand s t i r r i n g .  The t r i e t h y l a m i n e  had  b e e n  p r e v io u s ly  d r ie d
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o v e r  p o ta s s iu m  h y d ro x id e  p e l l e t s .  A f t e r  a p p r o x im a te ly  tw o m in u te s ,  a  

w h i te  p r e c i p i t a t e  o f  t r ie th y la m m o n iu m  b ro m id e  s t a r t e d  fo rm in g . A f t e r  

t e n  m in u te s ,  th e  w h i t e  s o l i d  was f i l t e r e d ,  w a sh e d  w i th  c o ld  a c e to n e  an d  

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

an d  c r y s t a l l i z e d  on  c o o l i n g .  T he c r y s t a l s  w e re  l i g h t  y e l lo w  and  w axy . 

R e c r y s r a l l i z a t i o n  w as p e r fo rm e d  u s in g  h e x a n e s .  Y ie ld s :  90-99%

I n  a  l a t e r  w o rk , M a r t in  (7) s u g g e s te d  t h e  p o s s i b l e  u s e  o f  c y a n o ­

gen b ro m id e  a s  th e  n i t r i l e  s o u r c e  f o r  t h e  f o r m a t io n  o f  c y a n a te s .  The 

com pounds show n in  T a b le  1 w ere  t h u s  p r e p a r e d  b y  t h i s  m ethod  (F ig u re

t ; h i l e  a t  l e a s t  one c y a n a t e ,  2 , 4 - d ic h lo r o p h e n y l  c y a n a t e ,  had  a  

s h e l f  l i f e  o f  o v e r  s i x  m o n th s , i t  was fo u n d  t h a t  t h e  s u b s e q u e n t  r e a c ­

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

t h e  a p p r o p r i a t e  c y a n a te  w as p r e p a r e d  f r e s h .  I n  g e n e r a l ,  t h e  m ost 

commonly e n c o u n te r e d  p ro b le m  w i th  c y a n a te s  t h a t  h ad  b e e n  s t o r e d ,  w as 

t h e i r  te n d e n c y  to  t r i m e r i z e  t o  t h e  t r i a r y l o x y - s - t r i a z i n e  ( F ig u r e  7 1 .

D is c u s s io n

6 )

Ar-OH + Br-C=N
'  E t3N
A c e to n e  ? 
Dry I c e /
2- P r o p a n o l

•» A r-0-C=N  + E t^N -H Br

F ig u r e  6 . S y n th e s i s  o f  A ry l C y a n a te s

3 Ar-OCN
A c id  o r

B ase
‘OAr

F ig u r e  7 . C y a n a te  T r i m e r i z a t i o n  p ro d u c t
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T h is  p ro b le m  was a l s o  e n c o u n te r e d  on a t t e m p t s  t o  r e c r y s t a l l i z e  t h e  

c y a n a te  p r o d u c t s .  R e c r y s t a l l i z i n g  a t t e m p t s  i n  a c e t o n e ,  t h e  r e a c t i o n  

s o l v e n t ,  w h i l e  b e in g  s u c c e s s f u l ,  s t i l l  l e d  t o  some f o r m a t io n  o f  t h e  

t r i m e r .  The c r y s t a l s  o b t a in e d  s t i l l  w e re  q u i t e  w axy , a s  w e l l .  T h is  

p ro b le m  was o b s e r v e d  i n  h e x a n e s  a s  w e l l ,  h o w ev er, t h e  y e l lo w  d i s c o l o r a ­

t i o n  was rem o v ed .

E ach  o f  t h e  c y a n a t e s  l i s t e d  i n  T a b le  1 was i d e n t i f i e d  by  i t s  

i n f r a r e d  a b s o r p t i o n ,  n am e ly  th e  2 1 5 0 -2 2 5 0  cm ^ b a n d , w hich  was s t r o n g  

and  s h a r p  ( 2 ) ,  p l u s  t h e  p h e n o l i c  e t h e r  s t r e t c h ,  (A r-O -C ), a t  1160 cm 

The a r o m a t ic  C=C a b s o r b a n c e s ,  1 5 5 0 -1 6 5 0  cm ^ w ere a l s o  u s e d .  The 

few  m e l t in g  p o i n t s  a v a i l a b l e  f o r  th e  c y a n a t e s  w ere u s e f u l  o n ly  i n  one 

i n s t a n c e ,  2 , 4 - d i c h l o r o p h e n y l  c y a n a t e ,  s i n c e  a l l  t h e  p r o d u c t s  te n d e d  

t o  b e  q u i t e  w axy.

The p ro p o s e d  m ech an ism  f o r  t h e  f o r m a t io n  o f  t h e  a r y l  c y a n a t e s  i s  

i n  a g re e m e n t w ith  t h a t  p ro p o s e d  b y  B a c a lo g lu  e t  a l .  (3) i n  t h e i r  com­

p r e h e n s iv e  s t u d y .  F o llo w in g  t h e  i n i t i a l  f o r m a t io n  o f  th e  N _-cyano-N ,N ,N - 

tr ie th y la m m o n iu m  b ro m id e  s a l t  v i a  th e  v o n  B rau n  r e a c t i o n  (9 -1 1 )

( F ig u r e  8 ) ,  t h e  n u c l e o p h i l i c  a t t a c k  by th e  p h e n o l  o n  th e  q u a t e r n a r y

Br-C= r 3n - c n

B r

+

R = E t
( I )

F ig u r e  8 . Von B raun  R e a c t io n

( I I )

ammonium s a l t  was r a p i d  (F ig u re  9)

R ^ -C N  + PhOH 

B r"

\  PhOCH + R3HN B r

F ig u r e  9 . P ro p o s e d  M echanism  f o r  t h e  F o rm a tio n  o f  
A ry l  C y a n a te s .
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As a  c l a s s ,  t h e  a r y l  c y a n a te s  r e p r e s e n t  a n  i n t e r e s t i n g  s e t  o f  

v e ry  r e a c t i v e  com pounds. Many o f  th e  p h y s i c a l  p a r a m e te r s  f o r  t h e i r  

fo rm a tio n  h av e  b ee n  p r e v io u s l y  s t u d i e d ,  In  p a r t i c u l a r ,  s o lv e n t  e f f e c t s

(1 1 ) ,  r a t e  c o n s t a n t s  (12) ,  and  a c t i v i t y  c o e f f i c i e n t s  (13) f o r  a  v a r i ­

e ty  o f  s o lv e n t s  h av e  b een  i n v e s t i g a t e d .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



CHAPTER I I I

2-ARYLOXY-4 , 6-DIMERCAPT0-1, 3 , 5-TRIAZINES 

S y n th e s is

The te n d e n c y  f o r  a r y l  c y a n a te s  t o  t r i m e r i z e  t o  th e  c o r r e s p o n d in g  

s - t r i a z i n e s  l e d  G r ig a t  a n d  P l l t t e r  t o  i n v e s t i g a t e  t h e  p o s s i b i l i t y  o f  

r e a c t i n g  o t h e r  s i m i l a r  n i t r i l e  b e a r in g  com pounds w i th  t h e i r  a r y l  

c y a n a te s  ( i 4 ) .  V a r io u s  m o le c u le s  c a p a b le  o f  1 ,2 - c y c l o a d d i t i o n s  w ere  

u s e d ,  th u s  a l t e r i n g  th e  s u b s t i t u e n t s  on  th e  t r i a z i n e  r i n g .  Some, 

l i k e  th e  r e a c t i o n  o f  t h e  a r y l  c y a n a te s  w ith  a n h y d ro u s  am m onia, d id  

n o t  l e a d  t o  d i r e c t  r i n g  c l o s u r e .  In  t h e  p re s e n c e  o f  an  a c i d i c  medium, 

ho w ev er, t h e  r e a c t i o n  p ro c e e d e d  t o  fo rm  th e  t r i a z i n e  r i n g .

I n  an  a c i d i c  aq u eo u s m edium , ammonium' t h io c y a n a te  d i s s o c i a t e s  t o

th io c y a n ic  a c id  an d  th e  ammonium c a t i o n  (F ig u re  1 0 ) .
H+

NH4 SCN + H20  v HSCN + NH3 + H20 

F ig u r e  10 . T h ic y a n ic  A c id  F o rm a tio n .

The r e a c t i o n  t o  fo rm  s - t r i a z i n e s  t y p i c a l l y  w e n t a s  f o l l o w s .  One e q u iv ­

a l e n t  o f  t h e  a r y l  c y a n a te  d i s s o lv e d  i n  e t h e r ,  r e a c t s  w ith  tw o  e q u iv a ­

l e n t s ,  o f  t h io c y a n ic  a c id  i n  w a te r .  T h u s , t h e  r e a c t i o n  u se d  f o r  t h e  

fo rm a tio n  o f  2 - a r y l o x y - 4 ,6 - d i m e r c a p t o - s - t r i a z i n e s  i s  shown i n  F ig u r e  

11. .

H S O
(1) Ar-0-C=N + 2NH4SCN — - * Ar-O

E t2°

F ig u re  I t  S y n th e s is  o f  2 - A r y lo x y ^ 4 ,6 - d im e r c a p to - s - t r ia z in e s .

8
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I n  a d d i t i o n  to  t h e  a b o v e  r e a c t i o n ,  many o t h e r  s t u d i e s  h a v e  b e e n  done 

o n  th e  t r i m e r i z a t i o n  o f  c y a n ic  a c id  (14) a n d  o th e r  s - t r i a z i n o  sy s tem s  

U S ) .

E x p e r im e n ta l

A ll  th e  2 - a r y l o x y - 4 ,6 - d im e r c a p to - s - t r i a z i n e s  i n  T a b le  2 w e re  

p re p a re d  a c c o rd in g  to  G e n e ra l  P ro c e d u re  I I ,  w hich f o l lo w s .  T h in  l a y e r  

ch ro m a to g rap h y  was p e r fo rm e d  u s in g  a  h ex an e  s /2 - p r o p a n o l  (1 :5 ) s o lu ­

t i o n  w ith  th e  a p p r o p r i a t e  sam p le  d i s s o lv e d  i n  a c e to n e .  D i e th y la c e to -  

am id o m alo n a te  w as u s e d ,  a s  t h e  s t a n d a r d .  T h in  l a y e r  c h ro m a to g rap h y  

e s t a b l i s h e d  t h a t  th e  sam p le s  c o n s i s t e d  o f  o n ly  one com ponen t. A l l  

m e l t in g  p o i n t s  w ere  o b ta in e d  u s in g  a  Thom as-H oover m e l t in g  p o i n t  a p p a -  . 

r a t u s .  A l l  NMR s p e c t r a  w ere o b ta in e d  from  a  V a r ia n  A-60 NMR. The 

m ass  s p e c t r a  w ere  o b ta in e d  u s in g  b o th  a D uPont 41-290B  a n d  F in n ig a n  

MAT GC/MS. A Beckman DU-6  UV/VIS s p e c tr o p h o to m e te r  was u s e d  t o  c o l ­

l e c t  th e  UV s p e c t r a .  A l l  IRs w ere o b ta in e d  u s in g  a  Beckman A ccu lab  

8 s p e c tro p h o to m e te r .

G e n e ra l P ro c e d u re  I I ;  S y n th e s i s  o f  2 - a r y l o x y - 4 ,6 - d im e r c a p to - s - t r i a z i n e s

An aqueous.- s o l u t i o n  o f  ammonium th io c y a n a te  w as p r e p a re d  b y  d i s ­

s o lv in g  0 .1 5 0  m ol (1 1 .4 2  g) o f  NH^SCN in  50 mi, o f  d i s t i l l e d  w a te r .  To 

t h i s  was added  11 mL o f  c o n c e n t r a te d  I^SO ^. A f te r  c o o l i n g ,  a  s o l u t io n  

o f  0 .075  m ol o f  th e  a r y l  c y a n a te ,  d i s s o lv e d  i n  50 mL o f  d i e t h y l  e t h e r ,  

was ad d e d . The h e te ro g e n e o u s  r e a c t i o n  m ix tu r e  was s t i r r e d  u s in g  a  mag­

n e t i c  s t i r r e r .  The r e a c t i o n  m ix tu r e  was th e n  s t i r r e d  f o r  t h i r y  m in­

u t e s  w hereupon t h e  s o l i d  p ro d u c t  form ed a t  t h e  i n t e r f a c e  o f  th e  two
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T a b le  2

R e a c t io n  D a ta  f o r  2 - A r y lo x y - 4 ,6 - d im e r c a p to - s - t r i a z in e s

A r-0 ' -SH

A r Y ie ld  (%) E le m e n ta l  A n a ly s is
C a lc u la te d  F ound

4 -C l 82 C •39.79 3 9 .4 9
H 2 . 2 1 2 . 2 2
N 1 5 .4 6 . 1 5 .8 1
S 2 3 .6 0 2 3 .0 7

2 ,4 - C l 77 C 3 5 .3 1 3 5 .2 5
H 1 .6 4 1 .8 3
N 1 3 .7 2 1 3 .4 9
S 2 0 .9 5 2 0 .6 9

l a y e r s .  T he s o l i d  was rem oved b y  f i l t r a t i o n  an d  w ashed w i th  c o ld  

w a te r .  The p r o d u c ts  w ere  r e c r y s t a l l i z e d  u s in g  h o t  d i e t h y l  e th e r  f o l ­

low ed by h e x a n e s .

D is c u s s io n  and S p e c t r a l  D ata f o r  '
2 - A r y lo x y - 4 ,6- d i m e r c a p t o - s - t r i a z i n e s

■Mass S p e c t r a l  E v id en ce

E ach  o f  th e  t r i a z i n e s  a n a ly z e d  showed a  s i m i l a r  f r a g m e n ta t io n  

p a t t e r n .  In  a d d i t i o n ,  m o le c u la r  io n s  w ere a l s o  p r e s e n t .  T he f r a g ­

m en ts w ere r e a d i l y  i n d e n t i f i b l e  w ith  t h e  p a t t e r n  shown in  F ig u re  1 2 .
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F ig u r e  12 . F ra g m e n ta tio n  P a t t e r n  f o r
2-Aryloxy-4,6-dimercapto-s-triazine

T a b le  3 c o n ta in s  th e  s p e c i f i c  f ra g m e n ts  f o r  o n e  o f  t h e  compounds 

ex am in ed .

T ab le  3

F ra g m e n ta tio n  o f  2 -  (_4*-C hlorophenoxy) - 4 , 6 - d i m e r c a p t o - s - t r i a z i n e

Fragment Mass

C l © 111 SH

N . M+ 
C l - / o V o - l (  J - S H

127 M-33(SH) = 238

Ci-^C^-O -CN 153

c l © o c f " 167 M-59(HSCN) = 2 1 2

IR-

C lo se  e x a m in a tio n  o f  t h e s e  compounds u s in g  i n f r a r e d  s p e c tr o s c o p y  

c o n f irm e d  s u s p ic io n s  t h a t  t h e  t r i a z i n e  sy s tem  was c a p a b le  o f  t a u t o -  

m e r iz a t io n  (F ig u re  1 3 ) .  The a b s o rb s  ":es f o r  th e  m erc ap to  g ro u p s , 

240Q-260.0 and 90.0 cm. \  w ere  a b s e n t  from t h e  s p e c t r a .  I n s t e a d ,  C=S 

a b s o rb a n c e s ,  1550-1600  cm , w ere d e t e c t e d .  The p h e n o l ic  e t h e r  s t r e t c h
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F ig u r e .-13. D im er c a p to -s -tr ia z in e  Tautom erization.

(Ar-O-C) was v e ry  s t r o n g  and  s h a r p ,  V = 1180 cm \

The a b s o rb a n c e s  b e tw een  3200-3600  cm ^ o f  th e  s p e c t r a  c o u ld  b e  

a s s ig n e d  a s  N-H s t r e t c h e s  a s s o c i a t e d  w i th  t h e  d i th io n o d ia m id o  fo rm .

The t a u to m e r i z a t io n  was n o t  o b s e rv e d  i n  s o l u t i o n  (NMR,UV), n o r  

in  th e  g a s  p h a se  (MS). S in c e  t h i s  was o b s e rv e d  o n ly  i n  th e  s o l i d  p h ase  

p e rh a p s  t h e  c a u se  f o r  i t  l i e s  i n  th e  c r y s t a l l i n e  l a t t i c e  f o r m a t io n .  

E x a m in a tio n  o f  t h i s  phenom ena was n o t  in c lu d e d  in  t h i s  p a p e r .  T a b le  

4 c o n ta in s  a  summary o f  t h e  IR  an d  UV d a t a  o b ta in e d .

UV

The u l t r a v i o l e t  s p e c t r a  f o r  tw o o f  th e  t r i z a i n e s  w ere r e c o r d e d  in  

p -d io x a n e .  The A ■ w ere  d e te rm in e d ,  a s  w e l l  a s  th e  m o la r a b s o r p t i v i t y  

t o  s e rv e  a s  a  q u ic k  c h a r a c t e r i z a t i o n  m eth o d . The v a lu e s  w ere  s i m i l a r ,  

a s  ohe w ould  p r e d i c t .  A maximum o f  324 nm w as o b s e rv e d  f o r  b o th  t r i -  

a z in e s .

Each s o l u t io n  was p r e p a r e d  b y  d i s s o lv i n g  th e  a p p r o p r i a t e  num ber 

o f  gram s i n  25 mL o f  p - d io x a n e .  The a b s o r b a n c e -o f  p -d io x a n e  (<242 nm) 

was s u f f i c i e n t l y  low  a s  n o t  t o  i n t e r f e r e  w ith  th e  v a lu e  o b s e rv e d . A 

1 cm q u a r tz  c e l l  w as u s e d  f o r  a l l  th e  UV s p e c t r a  o b ta in e d  p e r t i n e n t  

t o  t h i s  p a p e r .  The s p e c tro p h o to m e te r  was e q u ip p e d  w i th  an  E pson MX-90
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T a b le  4

S p e c t r a l  D ata  f o r  2 - A r y lo x y - 4 ,6 - d im e r c a p to - s - t r i a z in e s

A r v(cm  "S g (x  i c f 2) M('/X 10- 3 ) ’ X (nm) . max e * ( 1/m o le * se c )

4-C1 C=S 3 .5 1 5 .1 6 8 324 445
1560-1575 

C=S 
1580-1590 

C-O-C 
1180 

' N-H
3100-3600

’2 ,4 -C l  C=S 3 .8 5  5 .0 3 2  324 173
1560 

C=S 
1570 

C-O-C 
1180 

N-H 
3050-3500

* o
S o lu t io n s  in  25 mL o f  p -d io x a n e  a t  25 C

s e r i a l  p r i n t e r  w hich  s e rv e d  a s  th e  r e c o r d e r .  F o r each  o f  th e  s p e c t r a ,  

a  b ack g ro u n d  s c a n  o f  th e  s o l v e n t  was u se d  f o r  c a l i b r a t i n g  th e  i n s t r u ­

m ent. The s o lv e n t  sp e c tru m  was th e n  a u to m a t i c a l l y  s u b t r a c te d  from  th e  

. t r i a z i n e ’ s  s p e c tru m . '

NMR

T he NMR s p e c t r a  o f  th e  tw o t r i a z i n e s  d i s c u s s e d  above w ere a l s o  

o b ta in e d ,  a l b e i t  w i th  g r e a t  d i f f i c u l t y .  The e n t i r e  c l a s s  o f  t r i a z i n e s  

p ro v e d  t o  be  i n s o l u b le  in  m o s t s o l v e n t s .  The tw o s p e c t r a  w ere o b ta in e d  

by  r e p e a t e d ly  d i s s o l v i n g  t h e  t r i a z i n e s  i n  d e u t e r a t e d  d im e th y l  s u l f o x id e  

(DMSO-dg). To f a c i l i t a t e  s o l u b i l i z a t i o n ,  th e  sam p le s  r e q u i r e d  h e a t in g  

and  c o n c e n t r a t i o n .  A f t e r  t h r e e  c o n c e n t r a t i o n s ,  s p e c t r a  w ere r u n .  T a b le  

5 c o n ta in s  th e  r e s u l t s  o f  t h e s e  d e te r m in a t io n s .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



14

T a b le  5

NMR Pjroton R eso n an ces  f o r  2 -A ry lo x y -4 , 6- d i m e r c a p t o - s - t r i a z i n e s

Ar A ssig n m en t M u l t i p l i c i t y (ppm)

2 ,4 -C l A ro m a tic M u l t ip l e t 7 .3 - 7 .8

S-H S i n g l e t 4 .9 - 5 .4

4-C1 A ro m a tic M u l t ip l e t 7 .0 - 8 .0

S-H S in g l e t 6 .8 - 7 .0

The m echanism  f o r  th e  t r i a z i n e  fo r m a t io n ,  a s  p ro p o se d  i n  t h i s  p a p e r ,  

i s  sum m arized i n  F ig u r e  14. F o llo w in g  th e  i n i t i a l  a t t a c k  on t h e  ca rb o n

Ar-OCN + 2NH.SCN 4

'SH

, A »

A r - O - ^  J  -SH 
N

AT'

N

-0-!!-N =£
I
SH

r  I
C>

N
II

+/SH
‘N

I

F ig u re  1 4 . P ro p o sed  M echanism  f o r  th e  F o rm a tio n  o f  
2 - A r y lo x y -4 ,6- d i m e r c a p t o - s - t r i a z i n e s .

o f  t h e  c y a n a to  g ro u p  by  th e  n i t r o g e n  o f  one o f  th e  th io c y a n a to  g ro u p s , 

th e  c a rb o n  o f  t h e  a t t a c k in g  g ro u p  th u s  d e v e lo p s  a  p o s i t i v e  c h a rg e ,  s i ­

m u lta n e o u s ly  t o  t h e  i n i t i a l  a t t a c k ,  t h e  n i t r o g e n  o f  th e  c y a n a to  g ro u p  

d e v e lo p s  a  n e g a t iv e  c h a rg e .  The a d d i t i o n  o f  a sec o n d  m o le c u le  o f  t h i o -  

c y a n ic  a c id  p r o c e e d s ,  s i m i l a r  t o  th e  f i r s t  a d d i t i o n .

The m e rc a p to  g ro u p s  can  b e  a l k y l a t e d  e a s i l y ,  o r  a c y la t e d  t o  y i e l d  

th e  t h i o  e t h e r s  an d  t h i o  e s t e r s  r e s p e c t i v e l y .  A lk y la te d  m e rc a p to  t r i ­

a z in e s  ca n  a l s o  b e  p re p a re d  b y  an a n a lo g o u s  c y c l i z a t i o n  o f  th e
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c o r re s p o n d in g  a lk y l r h i o c y a n a t e  w ith  o th e r  1 , 2- c y c l o a d d i t i o n  a d d u c ts .

I t  s h o u ld  be  m e n tio n e d  t h a t  some 2 , 4 - d i a r y l o x y - 6 - m e r c a p t o - s - t r i -  

a z in e s  w ere  fo rm ed  d u r in g  t h e  r e a c t i o n  o f  th e  a r y l  c y a n a te s  w i th  

ammonium t h i o c y a n a te . The r e l a t i v e  am ounts o f  t h e s e  c o n ta m in a n ts  

was n o t  a s c e r t a i n e d ,  h o w ev er, t h e .v e r y  s m a l l  f ra g m e n t p e a k s  i n  th e  

m ass s p e c t r a  f o r  th ie se  com pounds im p l ie s  t h a t  t h e y  w ere n o t fo rm ed  i n  

a p p r e c i a b l e  am o u n ts .
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CHAPTER IV

TETRAZOLES

S y n th e s i s

The r e a c t i o n  o f  a r y l  c y a n a te s  w i th  sodium  a z i d e  b e lo n g s  t o  a  w ide 

v a r i e t y  o f  r e a c t i o n s  u se d  i n  t h e  fo rm a tio n  o f  t e t r a z o l e s .  The f i r s t  

a v a i l a b l e  m a te r i a l  r e g a r d in g  t h i s  r e a c t i o n  a p p e a re d  in  a  p a p e r  by  

G r ig a t  a n d  P U t te r  (16) . T hey u sed  a n  a c e to n e - w a te r  s o lv e n t  sy s tem  

(F ig u re  1 5 ) .

O th e r  s o lv e n t s  h a v e  b een  s u g g e s te d  a s  t h e  r e a c t i o n  m edium. The 

m o s t commonly m e n tio n e d  s o l v e n t  i s  N ,N -d im eth y lfo rm am id e  (DMF) (1 7 ) .  

O th e r  p r o c e d u r e s  have  a l s o  b e e n  p u b l is h e d .  An a l t e r n a t e  s y n t h e s i s  (.18) 

c a l l e d  f o r  th e  u s e  o f  two e q u i v a l e n t s  o f  sodium  a z i d e ,  b u t  no sodium  

b ic a r b o n a te  in  an  a c e to n e - w a te r  s o lv e n t  sy s te m . T he r e a c t i o n  o f  a r y l  

c y a n a t e s ,  sodium  a z id e ,  and ammonium c h lo r id e  in  DMF was a l s o  s u g g e s te d  

(F ig u re  1 6 ) .

4

Ar-0-C=N + NaN

+ NaHCO

—   >3 A ce to n e
W a te r

3 R e f lu x  -
30 m in u te s

Ar-

F ig u re  1 5 . S y n th e s i s  o f  5 - A r y lo x y te t r a z o le s

A r-0 -C = N  + NaN3 + NH4 C l  >

48 ho u rs  
r e f l u x

Ar-O + NH3

H*HCl

F ig u r e  1 6 .  A l te r n a te  S y n th e s i s ' o f  5 - A r y lo x y te t r a z o le s

16
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Two co m p re h en s iv e  r e v ie w  a r t i c l e s  (1 9 ,2 0 ) c o n c e rn in g  t h e  v a r io u s  

m ethods o f  p r e p a r in g  and  r e a c t i n g  t e t r a z o l e s , s p e c i f i c a l l y  5 - a r y lo x y -  

t e t r a z o l e s , h a v e  b ee n  p r e p a r e d .

E x p e r im e n ta l

The eq u ip m en t u s e d  t o  o b t a in  t h e  v a r io u s  s p e c t r a  a n d  m e l t in g  

p o i n t s  was t h e  same a s  t h a t  d e s c r ib e d  in  t h e  t r i a z i n e  e x p e r im e n ta l  s e c  

t i o n .  G e n e ra l  P ro c e d u re  I I I  was u s e d  f o r  a l l  b u t  one p r e p a r a t i o n .

F o r  th e  one e x c e p t io n ,  sod ium  b ic a r b o n a te  was o m i t te d ,  b u t  t h e  am ount 

o f  sod ium  a z id e  was d o u b le  t h a t  u s e d  in  G e n e ra l P ro c e d u re  I I I .  T a b le  

6 c o n ta in s  t h e  r e a c t i o n  d a t a  fo r  t h e  5- a r y l o x y t e t r a z o l e s  p r e p a re d .

T ab le  6

R e a c t io n  D ata  f o r  t h e  F o rm atio n  o f  5 - A r y lo x y te t r a z o le s

Ar . m .p . Y ield(% )

4 -C l 157-158 58

2 ,4 -C l    41

G e n e ra l P ro c e d u re  I I I ;  S y n th e s i s  o f  5 - A r y lo x y te t r a z o le s

An aq u eo u s s o l u t io n  o f  0 .1  mol (6 .5  g) o f  sodium  a z id e  i n  100 mL 

o f  w a te r  was com bined  w ith  a  s o l u t io n  o f  0 .2  mol (8 .4  g) o f  sodium ' b i ­

c a rb o n a te  in  100 mL o f  w a te r .  The r e s u l t i n g  m ix tu re  w as th e n  added  to_ 

a n  a c e to n e  s o l u t i o n  o f  f r e s h l y  p r e p a re d  a r y l  c y a n a te  ( 0 .1  m o l) .  The 

r e a c t i o n  m ix tu r e  was th e n  s t i r r e d  w i th  a  m a g n e tic  s t i r r e r  an d  r e f l u x e d  

f o r  0 .5 - 2 .0  h o u rs  p ro d u c in g  a  re d  s o l u t i o n .  A f t e r  c o o l in g  t o  room 

te m p e r a tu r e ,  t h e  s o l u t io n  was p o u re d  o n to  a  200 mL ic e - w a te r  s l u r r y
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t o  w h ich  one e q u i v a l e n t  o f  6M HC1 h a s  b e e n  a d d e d . The r e s u l t i n g  w h ite  

c r y s t a l s  w ere f i l t e r e d  and d r i e d .  The p r o d u c ts  w ere  r e c r y s t a l l i z e d  

from  m e th a n o l .  In  t h e  i n s t a n c e s  w here o i l s  w ere o b ta in e d  r a t h e r  th a n  

c r y s t a l s ,  t h e  f o l lo w in g  p ro c e d u re  w as u s e d .  The o i l  was e x t r a c t e d  

s e v e r a l  ( t h r e e  o r  m ore) t im e s  i n t o  d i e t h y l  e t h e r ,  c o n c e n t r a te d ,  and 

p e t ro le u m  e t h e r  was ad d e d  t o  i n i t i a t e  c r y s t a l l i z a t i o n .  In  m o st c a s e s ,  

t h e  f i r s t  b a tc h  o f  c r y s t a l s  w ere  d a r k  r e d ,  w h e rea s  r e c r y s t a l l i z a t i o n  

fro m  m e th a n o l y ie ld e d  w h i t e - l i g h t  brown c r y s t a l s .  T h ese  w ere s u b s e ­

q u e n t ly  c o l l e c t e d  by f i l t r a t i o n  an d  w ashed w ith  c o ld  w a te r .

S p e c t r a l  D a ta  a n d  D is c u s s io n  

M ass S p e c t r a l  E v id e n c e  '

The m ost u s e f u l  m eans o f  i d e n t i f y i n g  5 - a r y l o x y t e t r a z o l e s  i s  

th ro u g h  m ass s p e c t r a l  means s in c e  i n  each  c a s e ,  m o le c u la r  io n s  w ere 

p r e s e n t .  In  a d d i t i o n  t o  t h i s ,  th e  f r a g m e n ta t io n  p a t t e r n  was r e a d i l y

d i s c e r n e d .  In  h i s  re v ie w  a r t i c l e ,  B u t le r  (20) p r e s e n t s  a  th o ro u g h ly  

i n v e s t i g a t e d  s e c t io n  o n  th e  f r a g m e n ta t io n  p a t t e r n s  f o r  mono- and  

d i s u b s t i t u t e d  t e t r a z o l e s .  T a b le  7 c o n ta in s  th e  r e s u l t s  from  th e  m ass 

sp e c tru m  o b ta in e d  th ro u g h  c o o p e r a t io n  w ith  The U pjohn Company, K alam azoo, 

M I.. W hile  o t h e r  s p e c t r a  w ere o b ta in e d ,  an d  f ra g m e n ts  i d e n t i f i e d ,  t h i s  

p a r t i c u l a r  sp e c tru m  w as o b ta in e d  u s in g  a h ig h  r e s o l u t i o n  MS and  th u s  

c o n f irm e d  th e  p a t t e r n  m e n tio n e d  ab o v e .

IR

The i n f r a r e d  s p e c t r a  f o r  t h i s  c l a s s  o f  t e t r a z o l e s  w ere  a l s o  u s e f u l
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T a b le  7

M ass S p e c t r a l  D a ta  f o r  5 - ( 4 - c h lo r o p h e n o x y ) te t r a z o le

F rag m en t Mass

M+ 196

C1“C6 H4 111
C1-C..H . - 0  1276 4
C l-C 6H4-OCN . 153

C l-C .H -O C N H  1686 4 2
CN. 684

f o r  t h e i r  . i d e n t i f i c a t i o n .  . T he N-H. s t r e t c h  (.3500-360.0). c o n f irm e d  th e  

p r e s e n c e  o f  th e  am ino p r o to n .  The p h e n o l ic  C-O-C s t r e t c h i n g  w as v e ry  

i n t e n s e  and  som ewhat b ro a d  i n  some i n s t a n c e s .  T a b le  8 c o n ta in s  a  sum­

m ary o f  th e  s p e c tr o p h o to m e tr ic  d a ta  o b t a in e d  f o r  t h e s e  com pounds.

T a b le  8

S p e c t r a l  D ata  f o r  5 - A r y lo x y te t r a z o le s

Ar v(cm  ) g (x  10- 2 ) M(x 10 - 3 ) A (nm) .max e (1/m o le • cm)

4-C1 N-H
3400

C-O-C
1200.

2 .4 3 4 .9 4 4 274 555

2 ,4 -C l N-H
3600

C-O-C
1180

2 .9 3 5 .0 7 2 ' 267 594

UV

The u l t r a v i o l e t  s p e c t r a  f o r  th e  5 - a r y l o x y te t r a z o l e s  p r o v id e  a q u ic k

m ethod f o r  th e  c h a r a c t e r i z a t i o n  o f  t h e s e  com pounds. The A f o r  th e s emax
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m o n o s u b s t i tu te d  t e t r a z o l e s  w as 274 nm. The m o la r a b s o r p t i v i t y  w as a l s o  

c a l c u l a t e d  f o r  th e s e  com pounds (T a b le  8) .  T h is  m ethod a l s o  p r o v id e s  a  

means o f  a s c e r t a i n i n g  th e  p u r i t y  o f  t h e  sam p le  ex am in ed . In  o n e  in ­

s t a n c e ,  th e  p r e s e n c e  o f  2 ,4 - d ic h lo r o p h e n o l .  was a l s o  d e t e c t e d .

NMR

The NMR s p e c t r a  f o r  tw o o f  th e  m o n o s u b s t i tu te d  t e t r a z o l e s  w ere  

o b ta in e d .  T h ese  a l s o  c o n f irm e d  th e  p ro p o s e d  s t r u c t u r e .  I n  b o th  c a s e s ,  

t h e  p h e n y l p r o to n s  w e re  e v i d e n t ,  a s  w e l l  a s  th e  p r o to n  a s s o c i a t e d  w ith  

t h e  n i t r o g e n s  o f  th e  t e t r a z o l e  r i n g .  DMSO-d^ was u se d  a s  th e  s o lv e n t  

f o r  a l l  d e te r m in a t io n s  i n  t h i s  s e c t i o n .  I n  one i n s t a n c e ,  5 - ( 2 , 4 - d i -  

c h lo r o p h e n o x y ) te t r a z o le , t h e  sp e c tru m  was d i f f i c u l t  to  o b ta in  d u e  to  

s o l u b i l i t y  p ro b le m s . The sp e c tru m  w as r e s o lv e d  eno u g h , h o w ev er, t o  

a s s ig n  th e  n e c e s s a r y  r e s o n a n c e s .  T a b le  9 c o n ta in s  th e  d a t a  f o r  th e s e  

com pounds.

T a b le  9

P ro to n  NMR D ata f o r  5 - A r y lo x y te t r a z o le s

Ar A ssig m en t M u l t i p l i c i t y (ppm)

2 ,4 -C l A ro m a tic M u l t ip l e t 6 . 8 - 7 .6

N-H S in g l e t 7 .7 - 7 .9

4 -C l A ro m a tic M u l t ip l e t 7 .1 - 7 .6

N-H S in g l e t 7 .9 - 8 .3

A lo o k  a t  t h e  p ro p o s e d  m echanism  f o r  t h i s  r e a c t i o n  w i l l  a s s i s t  in  

d e s c r ib in g  a  c o n t r o v e r s y  r e g a r d in g  th e  s i t e  o f  p r o t o n a t i o n ,  Nl v e r s u s
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N 2. I t  a p p e a r s  w e l l  d o c u m e n te d  (JL9, 20J t h a t ,  i n  t h e  g a s  p h a s e ,  5 - s u b

s t i t u t e d  t e t r a z o l e s  h a v e  N2 a s  th e  p ro to n  l o c a t i o n .  T h is  d i f f e r s  from  

l i q u i d  a n d  s o l i d  s t a t e  d a ta  which, a l th o u g h  som ew hat i n c o n s i s t e n t ,  i s  

o v e r a l l ,  c o n v in c in g . In  t h e  s o l i d  s t a t e ,  , i t  a p p e a rs  t h a t  th e  N l n i t r o  

g en  i s  t h e  l o c a t i o n  o f  th e  h y d ro g e n  on t h e  r i n g .  F ig u r e  17 c o n ta in s  . 

t h e  p ro p o se d  m e c h a n is t ic  schem e.

I n  te r m in a t in g  t h i s  s e c t i o n  o n  5 - a r y l o x y t e t r a z o l e s ,  i t  s h o u ld  b e  

m e n tio n e d  t h a t  th e s e  com pounds p r e s e n t  some d a n g e r  in  h a n d l in g .  D u rin g  

t h e  w ork -up  o f  th e  a q u e o u s  p h a s e  fro m  th e  p r e p a r a t i o n  o f  5 - ( 2 ,4 - d i -  

c h lo ro p h e n o x y ) t e t r a z o l e ,  a  v i o l e n t  e x p lo s io n  r e s u l t e d  when a s m a l l  

am ount o f  r e s id u e  w as to u c h e d  w ith  a  m e ta l  s p a t u l a .  T h is  e x p lo s io n  

o c c u r r e d  a f t e r  th e  compound had  b e e n  p re p a re d  f o r  th e  t h i r d  t im e .  D u r­

in g  th e  f i r s t  two p r e p a r a t i o n s ,  m e ta l  s p a t u l a s  w e re  u se d  to o , w i th  no  

d e t o n a t i o n s .  I t  was assum ed  t h a t  some u n re a c te d  h y d ra z o ic  a c i d ,  , 

w as p r e s e n t .  The i n s t a b i l i t y  o f  t h i s  compound, a s  w e ll  a s  t h a t  o f 

v a r io u s  m e t a l l i c  a z i d e s ,  c r e a t e s  s i t u a t i o n s  r e q u i r in g  e x t r a  c a r e .  T h u s 

m e ta l  i o n s ,  o t h e r  t h a n  so d iu m , s h o u ld  be a v o id e d  i n  r o u t i n e  p r e p a r a ­

t i o n s  o r  h a n d l in g  o f  t e t r a z o l e s .  A number o f  o t h e r  t e t r a z o l e s  have 

b ee n  shown to  s p o n ta n e o u s ly  decom pose v i o l e n t l y .  T h ese  a r e  th o ro u g h ly

F ig u r e  1 7 . p ro p o se d  M e c h a n is t ic  Pathw ay f o r  t h e  F o rm a tio n  o f  
5 - A r y lo x y te t r a z o l e s .
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d e s c r ib e d  i n  t h e  a p p r o p r i a t e  l i t e r a t u r e  r e f e r e n c e s  l i s t e d  i n  t h i s  s e c ­

t i o n .

A s id e  fro m  th e  h a z a rd 's  a s s o c ia te d  w i th  th e  p r e p a r a t i o n  o f  th e s e  

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

v a r io u s  b i o l o g i c a l  a c t i v i t i e s .  I t  sh o u ld  be n o te d  t h a t ,  i n  c o n t r a s t  

t o  th e  l i t e r a t u r e  a v a i l a b l e ,  a d d i t i o n a l  r e f l u x  t im e s ,  som etim es up t o  

fo u r  d a y s ,  w ere  r e q u i r e d  i n  o r d e r  t o  o b t a i n  y i e l d s  c o n s id e r e d  good ( 21 ) .  

T h is  c o n c lu d e s  th e  s e c t i o n  o n  a  v e r y  i n t e r e s t i n g  c l a s s  o f  com pounds 

w hich a r e  w o rth y  o f  a d d i t i o n a l  s tu d y .
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CHAPTER V

5-ARYLOXY- 1-ARYLTETRAZOLES

S y n th e s is

W hile a  w ide v a r i e t y  o f  s y n t h e t i c  r o u te s  have b e e n  u s e d  f o r  t h e  

fo rm a tio n  o f  d i s u b s t i t u t e d  t e t r a z o l e s ,  th e  r e a c t i o n  o f  p h e n y l a z id e s  

and a r y l  c y a n a te s  h a s  n o t  y e t  a p p e a re d  in  t h e  l i t e r a t u r e .  T hus, t h i s  

r e p o r t  r e p r e s e n t s  a  n o v e l s y n th e s i s  o f  1 , 5 - d i s u b s t i t u t e d  t e t r a z o l e s .

The r e a c t i v i t y  o f  t h e  c y a n a to  g ro u p  r e a d i l y  l e n d s  i t s e l f  to w ard  n u c le o -  

p h i l i c  a t t a c k ,  and  th e  a z id e  f u n c t i o n a l i t y  o f  s u b s t i t u t e d  b e n z e n e s  

p ro v e d  to  b e  s u f f i c i e n t  t o  p ro m o te  t h i s  a d d i t i o n .

An a l t e r n a t e  p ro c e d u re  f o r  th e  s y n t h e s i s  o f  5 - a r y l o x y - 1 - a r y l t e t r a ­

z o le s  h a s  b e e n  d e v e lo p e d  p ro d u c in g  good  y i e l d s  o f  t h e s e  compounds (2 1 ,

2 2 ) . The r e a c t i o n  in v o lv e s  th e  d is p la c e m e n t o f  th e  c h l o r i n e  o f  5 - c h lo r o -  

1 - p h e n y l t e t r a z o l e s  by p h e n o ls  (F ig u re  18)'.

+ C l“ \ ^ |  "Acetone"^ “ ' “ ‘ V  II
N— N N—N

Ph. Ph

F ig u r e  18. A l t e r n a t e  S y n th e s i s  o f  5 - A r y lo x y - l - A r y l t e t r a z o l e s .

E x p e r im e n ta l

A l l  s p e c t r a  w e re  o b ta in e d  u s in g  t h e  in s t ru m e n ts  m en tio n ed  i n  Chap­

t e r  I I I .  The fo rm a tio n s  o f  the- a ry ld ia z o n iu m  s a l t s  an d  p h e n y l a z id e s  

w i l l  b e  in c lu d e d  a s  w e ll  a s  th e  e x p e r im e n ta l  p r o c e d u r e s .  A l l  th e

23
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d i s u b s t i t u t e d  t e t r a z o l e s  w ere  p r e p a re d  a c c o rd in g  t o  G e n e ra l  P ro c e d u re  

IV . A l l  d iazo n iu m  s a l t s  w ere  p r e p a re d  a c c o rd in g  t o  G e n e ra l P ro c e d u re  

V; a l l  p h e n y l a z id e s  w ere  p r e p a r e d  a c c o rd in g  t o  G e n e ra l  P ro c e d u re  V I.

G e n e ra l P ro c e d u re  IV ; S y n th e s is  o f  5 - A r y l o x y - l - a r y l t e t r a z o l e s

The p r e p a r a t i o n  o f  5 - a r y l o x y - l - a r y l t e t r a z o l e s  was s i m i l a r  t o  t h a t  

o f  G e n e ra l  P ro c e d u re  I I I .  F r e s h ly  p r e p a r e d  a r y l  c y a n a te  (0 .1  m ol) was 

d i s s o lv e d  i n  50 mL a c e to n e .  The a p p r o p r i a t e  a r y l  a z id e  ( 0 .1  m ol) was 

a l s o  d i s s o lv e d  i n  50 mL a c e to n e .  A sodium  b ic a r b o n a te  s o l u t i o n  (op­

t i o n a l )  was p re p a re d  b y  d i s s o lv i n g  0 .1  m ol (8 .4  g) i n  100 mL o f  w a te r .

The s o l u t io n s  w ere  th e n  com bined an d  r e f l u x e d  0 .5 - 1 .0  h o u r .  The r e a c ­

t i o n  m ix tu r e  was th e n  e x t r a c t e d  t h r e e  t im e s  i n t o  d i e t h y l  e t h e r  an d  th e  . 

com bined  e x t r a c t s  w ere  d r i e d  o v e r  MgSO^. A f t e r  c o n c e n t r a t i o n  o f  th e  

d r i e d  e x t r a c t s ,  p e tro le u m  e t h e r  was a d d e d , w ith  d a r k  re d  c r y s t a l s  th e  

r e s u l t .  F o llo w in g  c o l l e c t i o n  o f  t h e  f i l t e r e d  s o l i d s ,  th e  c r y s t a l s  

w ere r e c r y s t a l l i z e d  u s in g  m e th a n o l .  The r e c r y s t a l l i z e d  com pounds were 

l i g h t  p i n k - l i g h t  o ra n g e  in  c o l o r .

G e n e ra l P ro c e d u re  V; S y n th e s i s  o f  A ry ld ia z o n iu m  C h lo r a te s

The fo l lo w in g  r e p r e s e n t s  a  p ro c e d u re  w hich  was m o d if ie d  from  t h a t  

p r e s e n te d  by Adams, Jo h n so n  an d  W ilcox  ( 2 3 ) .

A f t e r  d i s s o lv i n g  th e  a p p r o p r i a t e  a n i l i n e  (0 .2  mol) on  a  s o l u t io n  

o f  30 mL w a te r  and  15 mL h y d r o c h lo r ic  a c i d ,  an  a d d i t i o n a l  25 mL o f  HCl 

was ad d ed  t o  p r e c i p i t a t e  th e  a n i l in iu m  h y d r o c h lo r id e .  The su sp en d ed  

s a l t  was th e n  c o o le d  t o  2-5°C  in  an  i c e  b a t h .  A s o l u t i o n  o f  sodium
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n i t r i t e  was p r e p a r e d  b y  d is s o lv in g -  0 .2  mol (1 3 .8  g) i n  40  mL o f  w a te r .  

T he n i t r i t e  s o l u t i o n  w as th e n  c o o le d  t o  -5 °C  and  p la c e d  i n  a  125 mL 

s e p a r a t o r y  f u n n e l .  A p p ro x im a te ly  10.-25 g o f  i c e  was th e n  added  t o  th e  

a n i l i n iu m  h y d ro c h lo r id e  s u s p e n s io n .  The s tem  o f  th e  s e p a r a to r y  con­

t a i n i n g  th e  n i t r i t e  s o l u t i o n  was p la c e d  s l i g h t l y  b e lo w  t h e  s u r f a c e  o f  

t h e  su sp en d ed  s a l t .  (iThis i s  t o  a v o id  l o s s  o f  n i t r o u s  a c id  v i a  a i r  

o x id a t io n  to  n i t r o g e n  o x id e s ) . .  The n i t r i t e  s o l u t i o n  was added  o v e r  a  

p e r io d  o f  te n  m in u te s ,  t h e  te m p e r a tu r e  b e in g  k e p t  below  10°C. Approx­

im a te ly  0 .1  g o f  s u lf a m ic  a c i d  was th e n  ad d ed  s lo w ly  (fo am in g ) t o  d e s ­

t r o y  any  u n r e a c te d  n i t r o u s ,  a c i d .  A f t e r  hand  s t i r r i n g  f o r  f i v e  m in u te s , 

a p p ro x im a te ly  0 .5  g o f  N o r i t  was ad d ed  and t h e  s o l u t io n  was s t i r r e d  an  

a d d i t i o n a l  t h i r t y  m in u te s  i n  th e  i c e  b a th .  The d e c o lo r i z e d  s o lu t io n  

w as th e n  f i l t e r e d  to  rem ove t h e  c h a r c o a l  an d .w as  u sed  w i th in  tw e n ty  

m in u te s . I s o l a t i o n  o f  th e  d ia z o n iu m  s a l t  was n o t  a t te m p te d  s in c e  t h i s  

w as n o t  n e c e s s a r y .  D ry d iazo n iu m  s a l t s  te n d  t o  decom pose v i o l e n t l y ;  i n  

s o l u t i o n ,  t h e r e  i s  no p ro b le m  in  h a n d l in g  a s  lo n g  a s  th e . te m p e ra tu re  i s  

k e p t  b e lo w  10°C . K eep ing  t h e  s o l u t io n  c o ld  p r e v e n t s  t h e  h y d r o ly s i s  t o  

p h e n o ls .

G e n e ra l P ro c e d u re  V I; S y n th e s is  o f  A ry l A z id e s  (24)

Assum ing t h e  r e a c t i o n  t o  form  th e  a ry ld ia z o n iu m  c h l o r i d e  w en t to  

1 0 0 % c o m p le t io n ,  th e  r e a c t i o n  to  fo rm  th e  a r y l  a z id e s  w as a l s o  c a r r i e d  

o u t  on a  0 .2  m o le  s c a l e .  A f t e r  fo rm a tio n  o f  th e  d iazo n iu m  s a l t ,  th e  

a c i d i c  r e a c t i o n  m ix tu re  was b ro u g h t  t o  n e u t r a l  pH by th e  a d d i t i o n  o f  6M 

sodium  a c e t a t e .  The sod ium  a c e t a t e  s o l u t io n  was p r e p a re d  by d i s s o lv in g  

3 .0  mol (2 4 6 .1  g) in  500 mL o f  w a te r .  A f te r  n e u t r a l i z a t i o n ,  th e
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d iazo n iu m  s a l t  s o l u t i o n  was p la c e d  in  a  d r y  i c e / .  2 -p ro p a n o l  b a th  and 

c o o le d .  H y d ra z in e  h y d r a te  was p r e p a r e d  from  an h y d ro u s  h y d ra z in e  by 

m ix in g  6 .4  g  o f  t h e  h y d ra z in e  in  10 mL o f  w a te r .  The h y d ra z in e  h y d r a te  

s o l u t i o n  was th e n  c o o le d .  A f te r  c o o l in g ,  t h e  h y d ra z in e  s o l u t i o n  was 

added  t o  t h e  d ia z o n iu m  s a l t  s o l u t i o n  i n  s m a l l  p o r t i o n s  o v e r  a  tw e n ty  

m in u te  p e r io d ,  w i th  c o n t in u e d  c o o l in g  i n  t h e  i c e  b a t h .  The r e a c t i o n  

was th e n  s t i r r e d  an  a d d i t i o n a l  t e n  m in u te s  a t  w h ich  t im e  a  y e l lo w  

s o l i d  fo rm e d . The s o l i d  w as rem oved by f i l t r a t i o n  an d  w ashed w ith  

c o ld  w a te r .  In  one i n s t a n c e ,  th e  a z id e  tu r n e d  t o  a  r e d  o i l  w h ich  w ould  

n o t  r e c r y s t a l l i z e  from  w a te r ,  e t h a n o l ,  o r  e t h e r .  In  e a c h  p r e p a r a t i o n ,  

t h e  s o lv e n t  was rem oved u n d e r  vacuum on a  r o t a r y  e v a p o r a to r .  The 

c ru d e  o i l  an d  c r y s t a l s  w ere th e n  u s e d  w i th o u t  f u r t h e r  p u r i f i c a t i o n .  

Y ie ld s :  66—95%

D is c u s s io n  and S p e c t r a l  D ata

The r e a c t i o n  in v o lv in g  th e  1 , 3 - c y c lo a d d i t io n  o f  a r y l  a z id e s  t o  

a r y l  c y a n a te s ,  a s  n o te d  in  T a b le  10 a p p e a rs  t o  b e  q u i t e  low  y i e l d i n g .

T ab le  10

R e a c tio n  D a ta  f o r  t h e  F o rm atio n  o f  5 - A r y lo x y - l - A r y l t e t r a z o l e s .

A r Ar* mp( C) y i e l d (%)

2 ,4 - C l 1 o h* 9 3 -9 5 9

2 ,4 -C l 3 ,4 -C l 7 5-78 21

3 ,4 -C l 3-CF3 187-190 27

3,4-C -l 4-C1 216-219 2

3 ,5 -C l 4 -C l 174-175 8

3 ,5 -C l 3-CF 3 170-171 3
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The r e a c t i o n ,  h o w ev er, w a s  ru n  f o r ' a  maximum o f  one h o u r .  I t  w ould 

seem t h a t  a d d i t i o n a l  r e a c t i o n  t im e s  w o u ld  i n c r e a s e  t h e  y i e l d s ,  s i n c e  

th o s e  w h ich  w ere r e f l u x e d  f o r  o n e  h o u r com pared t o  0 .5  h o u r  showed a  

l a r g e  i n c r e a s e  i n  y i e l d  £ 2 1 'a n d  27% com pared t o  2-9%) (F ig u re  1 9 ) .

Ar-0-C=N + A r ' -N=S=N~ — c ,e^ one~> A r-O -C ^  jj
^ N —N

A r '

F ig u re  1 9 . N o v e l S y n th e s i s  o f  1 ,5 - D i s u b s t i t u t e d  T e t r a z o l e s .

The p ro p o se d  m echanism  f o r  t h i s  r e a c t i o n  i s  a n a lo g o u s  t o  t h a t  f o r  

th e  fo rm a tio n  o f  m o n o s u b s t i tu te d  t e t r a z o l e s .  F o llo w in g  th e  a t t a c k  on 

th e  c y a n a te  c a rb o n  by th e  a z id e ,  c y c l i z a t i o n  w as co m p le ted  d u r in g  th e  

r e f l u x  p e r io d .  F ig u r e  20 shows o u r  p ro p o se d  m echan ism .

N
, -  + ' II +*\

ArOCN +■ A r '  -N-N=N ------------ > A r-0-C -N -N =N

I A r'

N N j  
II +

A r-O -C  | |  (------   A r-0-C -N -N =N

N-— N A r '
' IA r'

F ig u r e  2 0 .  P ro p o se d  M echanism f o r  th e  F o rm a tio n  o f  
5 - A r y l o x y - l - a r y l t e t r a z o l e s .

As i s  o b v io u s ,  th e  fo rm a tio n  o f  2 , 5 - d i s u b s t i t u t e d  t e t r a z o l e s  i s  a l s o

p o s s i b l e .  The am ounts o f  t h i s  iso m e r was n o t a s c e r t a i n e d .  Mass s p e c t r a l

e v id e n c e ,  a s  w e ll a s ,  i n f r a r e d  d a t a  show t h a t  n o t  m uch, i f  a n y , o f  t h e

2 , 5 - d i s u b s t i t u t e d  iso m er w as o b ta in e d .

D i f f e r e n t  s o lv e n t s  w e re  u se d  t o  c a r r y  o u t th e  r e a c t i o n .  A cetone

was u se d  in  th e  h i g h e s t  y i e l d i n g  r e a c t i o n s .  DMF, a c e to n e - w a te r ,  and
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D M F-acetone c o m b in a tio n s  w ere  a l s o  t r i e d .  The r e s u l t s  w ere  in c o n ­

c l u s i v e ,  h o w e v er, due t o  th e  s h o r t  r e f l u x  t im e s .  I n  th e  E x p e r im e n ta l  

s e c t i o n ,  aq u eo u s sodium  b ic a r b o n a te  w as c a l l e d  f o r ,  th e  r o l e  o f  th e  

b i c a r b o n a te  p e rh a p s  q u e s t i o n a b l e .  I t  was fo u n d  t h a t  t h i s  w as a c t u a l l y  

n o t  n e c e s s a ry ;  b e t t e r  y i e l d s  w ere  o b ta in e d  when w a te r  and  b ic a r b o n a te  

w e re  o m i t te d .  A g a in , h o w e v e r, th e  r e s u l t s  o f  t h i s  w ere  q u e s t io n a b le  

d u e  to  t h e  s h o r t  r e f l u x  tim e s  u s e d .

M ass S p e c t r a l  E v id en c e

None o f  th e  compounds i n  t h i s  s e r i e s  e x h i b i t i e d  a  m o le c u la r  io n  

p e a k  when s u b je c te d  t o  m ass s p e c t r a l  c o n d i t i o n s ,  ev en  w ith  t h e  u s e  o f  

" s o f t "  i o n i z a t i o n  p o t e n t i a l .  T h is  f i n d in g  was c o n s i s t e n t  w i th  o th e r  

i n v e s t i g a t i o n s  o n  1 ,5 - d i s u b s t i t u t e d  t e t r a z o l e s .  B u t l e r  (20) h a s  sum­

m a riz e d  t h e s e  i n v e s t i g a t i o n s ,  an d  a l s o  p r e s e n te d  a  f r a g m e n ta t io n  p a t t e r n  

(F ig u re  2 1 ) w h ich  i s  c o n s i s t e n t  w ith  th e  r e s u l t s  r e p o r t e d  i n  t h i s  p a p e r .

As one. w ould  e x p e c t ,  th e  p h e n o x id e  fra g m e n t was l o s t  e a s i l y ,  and 

w as d e t e c t e d  in  g r e a t  ab u n d a n c e . The m ost n o ta b le  fra g m e n t se e n  was 

o f  th e  m o le c u la r  fo rm u la ;  C^H^ClN^. In  t h i s  c a s e ,  th e  A r ' g ro u p  was 

t h e  4 -c h lo ro p h e n y l  g ro u p . T h is  f ra g m e n t i s  c o n s i s t e n t  w ith  th e  p r e d ic ­

t e d  M-161 peak  c o r re s p o n d in g  t o  th e  p ro d u c t  t e t r a z o l e  m inus th e  p h en ­

o x id e  r e s id u e .  I n  th e  c a s e  o f  th e  2 , 5 - d i s u b s t i t u t e d  t e t r a z o l e s  (1 9 ,

i i N -i—N

A r1

F ig u re  2 1 . F ra g m e n ta tio n  Scheme f o r  5 - A r y l o x y - l - a r y l t e t r a z o l e s
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20) ,  m o le c u la r  io n  p e a k s  w ere  d e t e c t e d  and d i f f e r e n t  f ra g m e n ts  w e re

d e t e c t e d  th a n  th o s e  fo u n d  in  th e  1 , 5 - d i s u b s t i t u t e d  m o le c u le s .  T a b le  

11 c o n ta in s  a  summary o f  th e  m ass s p e c t r a l  r e s u l t s  o b ta in e d  f o r  o n e  

o f  t h e  p r e p a re d  t e t r a z o l e s .

T a b le  11

Mass S p e c t r a l  D ata f o r  t h e  F o rm a tio n  o f  
5 -C 2 ,4 -D ic h lo ro p h e n o x y ) .- l- ( ’4 -c h lo ro p h e n y l)  t e t r a z o l e

F rag m en t Mass

C l 161

Cl, 111

Cl—i •N=N=N 153

217

167(168) CcH .C lN .6 ‘1 4

Cl

179

IR

In  t h e i r  s tu d y  o f  5 - c h l o r o - l - p h e n y l t e t r a z o l e s ,  K auer an d  S h ep p ard
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(25) o b s e rv e d  f o u r  c h a r a c t e r i s t i c  IR  b a n d s . T h ese  v a lu e s  w e re  a l s o  

c o n s i s t e n t l y  o b s e rv e d  w i th  o th e r  1 , 5 - d i s u b s t i t u t e d  t e t r a z o l e  s y s te m s . 

S u r p r i s i n g l y ,  t h e s e  b an d s w ere  a b s e n t  from  t h e  2 , 5 - d i s u b s t i t u t e d  t e t r a ­

z o le s  th e y  i n v e s t i g a t e d .  T h is  in fo rm a t io n  th e n ,  p ro v id e s  an  e a sy  m ethod 

o f  d i f f e r e n t i a t i n g  b e tw een  any  2 , 5 -  v e r s u s  1 , 5 - d i s u b s t i t u t i o n  p r e s e n t  

on th e  t e t r a z o l e  r i n g .  The a b s o rb a n c e s  o b s e rv e d  by K auer a n d  S h ep p ard  

w ere  a t  a p p ro x im a te ly  9 6 0 , 1000, 1 090 , and  1210 cm \  In  t h i s  w ork , 

v a lu e s  c lo s e  t o  t h e s e  w e re  a l s o  s e e n ,  b u t  th e  p h e n o l ic  e t h e r  s t r e t c h  

o b s c u re d  th e  h ig h e r  v a lu e  i n  m ost i n s t a n c e s . '  The a b s o rb a n c e s  a ro u n d  

1200 cm 3 i n  one exam ple i n  t h i s  w ork a p p e a re d  a s  s h o u ld e r s  on th e  

b ro a d  C-O-C s t r e t c h  m e n tio n e d  ab o v e . The p r e s e n c e  o f  th e  a ro m a tic  su b ­

s t i t u t e d  c h lo r in e  atom s a l s o  made th e  o th e r  t h r e e  a b s o rb a n c e s  d i f f i c u l t  

t o  a s s ig n .  The p r e s e n c e  o f  th e s e  b a n d s  d id ,  h ow ever, a s s i s t  i n  t h e  

s t r u c t u r e  c o n f i r m a t io n .  T a b le  12 c o n ta in s  a  summary o f  th e  s p e c t r o -  

p h o to m e tr ic  d a t a  o b ta in e d .

T a b le  12

S p e c t r a l  D a ta  f o r  5 - A r y l o x y - l - a r y l t e t r a z o l e s

. A r . A r' v(cm  "*■) g ( x l 0 2 ) M (xl0~3) \  (nm) max e( 1/m ole*  cm)

3 ,4 -C l  3-CF C-O-C 4 .5 1  
1240 

C=C 
1500-1650 

1 , 5 - t e t  
9 4 0 ,1 0 2 0 , 
1 110 ,1210

4 .9 6 8 324 378

3 ,4 -C l  4-C1 C-O-C -------
1250

C=C
1500-1650

1 , 5 - t e t
9 8 0 ,1 0 3 0 ,
1120 ,1210

339

S o lu t io n  in 25 mL o f  p -d io x a n e  a t 25°C
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The a r y l  a z id e s  w ere i d e n t i f i e d  by th e  c h a r a c t e r i s t i c  a b s o rb a n c e s  

a t  2 0 4 0 , 2 0 6 0 , and  2140 cm

UV

T he u l t r a v i o l e t  s p e c t r a  f o r  t h e s e  t e t r a z o l e s  y i e ld e d  maximum 

a b s o rb a n c e s  o f  324 and  339 nm r e s p e c t i v e l y  f o r  t h e  two d i s u b s t i t u t e d  

t e t r a z o l e s .  1 ,4 - d io x a n e  (p -d io x a n e). was u se d  a s  th e  s o l v e n t  f o r  th e  

d e te r m in a t io n s .  The o r i g i n a l  c o n te n t io n  t h a t  UV a b s o rb a n c e s  w ould 

s e rv e  a s  a  q u ic k  m eans o f  c h a r a c t e r i z a t i o n ,  w h i le  b e in g  t r u e ,  i s  n o t  

i r r e f u t a b l e .  T h is  i s  s o ,  due t o  th e . s i m i l a r i t y  b e tw een  th e  t r i a z i n e s  

and  t e t r a z o l e s .  O nly  one b i t  o f  UV s p e c t r a l  d a t a  i s  in c lu d e d  in  T a b le  

12 b e c a u s e  th e  IR  s p e c t r a  p ro v e d  t o  b e  a  m ore c o n v e n ie n t  m eans o f  

s t r u c t u r e  c o n f i r m a t io n .

NMR

The p ro to n  m a g n e tic  r e s o n a n c e s  f o r  t h e s e  d i s u b s t i t u t e d  t e t r a z o l e s  

w ere i n d i r e c t l y  u s e f u l  in  t h e i r  i d e n t i f i c a t i o n .  The a b s e n c e  o f  a l l  

r e s o n a n c e s  o t h e r  th a n  a ro m a tic  p r o to n s  s u p p o r te d  th e  c o n te n t io n  t h a t  

th e s e  com pounds w ere  c y c l i c  i n  s t r u c t u r e .  S p e c i f i c a l l y ,  th e  a b se n c e  o f  

amino h y d ro g e n s , an d  a l s o  l a c k  o f  m ethane p ro to n  re s o n a n c e s  e l im in a te d  

any a c y c l i c  p r o d u c t  c o n s i d e r a t i o n s , w ith  th e  e x c e p t io n  o f  a  z w i t t e r i o n i c  

s p e c i e s ,  i . e .  t h e  p ro p o se d  r e a c t i o n  in t e r m e d ia t e .

The a ro m a tic  h y d ro g en  re s o n a n c e s  y i e ld e d  com plex  m u l t i p l e t s  b e tw een  

6 .8 - 7 .9  (ppm) f o r  e a c h  o f  t h e  s p e c t r a  o b ta in e d .  E x ac t p ea k  a s s ig n m e n ts

w ere n o t  a t te m p te d  a s  th e  p e a k s  w ere  n o t  w e ll  r e s o lv e d .  The NMR s p e c t r a
'

w ere u s e d  o n ly  a s  an  a d d i t i o n a l  q u a l i t a t i v e  s t r u c t u r e  c o n f i r m a t io n .
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F o r  th e  NMR s p e c t r a ,  b o th  DMSO-cL, and a c e to n e -d , .  w ere  em ployed6 o

a s  s o lv e n t s  f o r  t h i s  s e r i e s  o f  t e t r a z o l e s .  R e s o lu t io n  o f  t h e  s p e c t r a  

in  b o th  s o lv e n t s  w as p o o r a t  b e s t .

I n  c o n c lu d in g  t h i s  s e c t i o n ,  i t  s h o u ld  b e  m e n tio n e d  t h a t  w h ile  

o th e r  h ig h e r  y i e l d i n g  m ethods a r e  a v a i l a b l e  f o r  t h e  p r e p a r a t i o n  o f

5- a r y l o x y - l - a r y l t e t r a z o l e s , th e  f u l l  p o t e n t i a l  o f  th e  m ethod p r e s e n te d  

h e re  h a s  y e t  t o  be e x p lo r e d .  The p o s s i b i l i t y  f o r  b i o l o g i c a l  a c t i v i t y  

sh o u ld  a l s o  b e  i n v e s t i g a t e d ,  s i n c e  a  m y ria d  o f  t e t r a z o l y l  com pounds 

have b e e n  p r e p a re d  w hich h a v e  b e e n  shown to  b e  a c t i v e  i n  v a r io u s  

d i f f e r e n t  b i o l o g i c a l  s y s te m s . T h is  f a c t  s h o u ld  n o t  b e  to o  s u r p r i s i n g ,  

c o n s id e r in g  t h a t  t h e  t e t r a z o l e  m o ie ty  h a s  b een  shown t o  be a  non- 

c l a s s i c a l  i s o t e r e  f o r  th e  c a r b o x y l i c  a c id  f u n c t i o n a l i t y  (.26)..
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CHAPTER V I

CONCLUSION

In  c o n c lu d in g  t h i s  e f f o r t ,  s e v e r a l  p o i n t s  h av e  b ee n  made r e g a r ­

d in g  th e  r e a c t i v i t y  o f  a r y l  c y a n a te s .  D i f f e r e n t  s y n t h e t i c  r o u t e s  have 

been  u sed  t o  p r e p a r e  a r y l  c y a n a te s ;  t h e  m ethod p ro v id e d  i n  t h e  E x p e r i ­

m e n ta l  S e c t io n  o f  t h i s  p a p e r  g iv e s  q u a n t i t a t i v e  y i e l d s .  E la b o r a te  

a p p a r a tu s  was n o t  n e c e s s a r y ,  an d  th e  r e a c t i o n  r e q u i r e d  o n ly  t e n  m in­

u t e s  t o  c o m p le te . The u s e  o f  cy an o g en  b ro m id e , r a t h e r  th a n  cyanogen  

c h l o r i d e ,  h a s  im proved  t h e  s a f e t y  o f  c a r r y in g  o u t  t h e  r e a c t i o n .  In  

a d d i t i o n ,  t h e  cy an o g en  b ro m id e  was much more c o n v e n ie n t  t o  work w i th .

I d e n t i f i c a t i o n ,  v ia  i n f r a r e d  s p e c tr o s c o p y ,  h a s  b e e n  d i s c u s s e d ,  

n o t  o n ly  f o r  a r y l  c y a n a t e s ,  b u t  a l s o  f o r  2 - a r y lo x y - 4 , 6- d im e r c a p to - s -  

t r i a z i n e s ,  mono- an d  e s p e c i a l l y  d i s u b s t i t u t e d  t e t r a z o l e s .  O th e r 

s p e c t r o s c o p ic  m e th o d s , in c lu d in g  MS, UV, and NMR p ro v id e d  a d d i t i o n a l  

d a ta  f o r  e l u c i d a t i o n  o f  t h e  v a r io u s  r e a c t i o n  s t r u c t u r e s .  The s y n th e ­

se s  o f  th e  p r o d u c ts  p r e p a re d  h av e  a l s o  been  d i s c u s s e d .

T h e 's y n th e s e s  and  e l u c i d a t i o n  o f  s t r u c t u r e s  f o r  t h e  v a r io u s  h e t ­

e r o c y c l i c  com pounds p r e s e n te d  h e r e  hav e  p ro v e n  t h i s  p r o j e c t  to  

be a  v a lu a b le  l e a r n i n g  t o o l .  B e s id e s  t h e  e d u c a t io n a l  a s p e c t s  o f  t h i s  

p r o j e c t ,  i t  h as  b e e n  i n t e r e s t i n g  and  l a s t l y ,  fu n .
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