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ABSTEIACT

I n  many in s ta n c e s  th e  s u c c e s s  o f  ch em o th erap y  in  th e  t r e a tm e n t  

o f  b o th  i n f e c t i o u s  and non i n f e c t i o u s  d i s e a s e s  depends upon an a n ta g o n ism  

b e tw een  th e  c h e m o th e ra p e u tic  a g e n t used  and  a m e ta b o l i t e  o f  t h e  p a r a s i t i c  

o rg a n ism  o r  f o r e ig n  s u b s ta n c e  i n  th e  p a t i e n t ’ s  system * One o f  th e  d i r e c t  

m eth o d s o f  a n ta g o n ism  in v o lv e s  c o m p e t i t iv e  i n h i b i t i o n  o f  an  enzyme o r  

t i s s u e  r e c ^ t o r  a s s o c ia te d  w i th  a  m e ta b o l i te  by a s t r u c t u r a l l y  r e l a t e d  

a n ta g o n i s t*  The re se m b la n c e  o f  th e  a n ta g o n i s t  to  th e  m e ta b o l i te  may b e  

th ro u g h  a  g e n e r a l  o v e r a l l  sh ap e  o f  th e  m o lecu le  o r  th e  s i m i l a r i t y  may 

b e  more r e f i n e d  and r e q u i r e  t h e  p re s e n c e  o f  one o r  more f u n c t io n a l  

g ro u p s  p r o p e r ly  sp ac e d  w i th in  th e  s t r u c tu r e *

B ecau se  o f  t h e  a c id i c  n a tu r e  o f  $ -m o n o s u b s ti tu te d  t e t r a z o l e s

( 1 ,2 ,3 )  i t  a p p e a re d  t h a t  th e  i n v e s t i g a t i o n  o f  such compounds a s  p o s s ib le  

a n t i m e t a b o l i t e s  f o r  c e r t a i n  p h y s io lo g ic a l ly  a c t i v e  o a rb o x y lic  a c id s  m ig h t 

p ro v e  f r u i t f u l .

A c c o rd in g ly , th e  t e t r a z o l e  a n a lo g u e s  ( I )  o f  g ly c in e ,  D ,I , - a la n in e ,  

- a l a n i n e ,  D ,L -p h e n y la la n in e  and D ,L - try p to p h a n e  h a v e  b een  p re p a re d *

I
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T hrao  d i f f e r e n t  r o u t e s  have  b e en  d e v e lo p e d  f o r  th e  s y n th e s i s  o f  t h e s e  

5- a m i n o a l k y l t e t r a z o l e s :  1 .  from  o ^ - h a lo a c y l  h a l i d e s  by  way o f  th e

N -b e n z y l-o C -h a lo a m id e s , 2 .  from  a c y l  am ino a c id s  b y  way o f t h e i r  n i t -  

r i l e s ,  3* from  a n  a p p r o p r i a t e ly  a l k y l a t e d  e th y l  a c e ta m id o c y a n o a c e ta te .

The pK v a lu e s  o f  a l l  th e  5 -a m in o a lk y lt e t r a z o l e s ,  e x c e p t in g  th e  

t ry p to p h a n e  a n a lo g u e , h ave  b e e n  d e te rm in e d  p o t e n t i o m e t r i c a l l y  and 

shown to  be  a n a lo g o u s  to  th o s e  o f  th e  c o rre sp o n d in g  amino a c i d s .

The th r e e  is o m e r ic  5 - n i t r o p h e n y l t e t r a z o l e s  and  ( 2 ’-h y d ro x y -

A’- n i t r o p h e n y l ) t e t r a z o l e  have  b een  p re p a re d  from  th e  c o rre sp o n d in g  

b e n zo n i t r i l e s .  R e d u c tio n  o f  th e  5 - n i t r o p h e n y l  t e t r a z o l e s  r e s u l t e d  

i n  t h e  f o im a t io n  o f  th e  c o rre sp o n d in g  5 - a m in o p h e n y lte tr a z o le s  w h ich  

in c lu d e d  th e  a n a lo g u e s  ( I I )  o f  p a r a - aml no b e n zo ic  a c i d ,  m e ta -  am ino- 

b e n z o ic  a c id  and  p a r a - a m in o s a l i c y l l c  a c id .

CN^H

I I

The t h r e e  is o m e r ic  5 - p y r i d y l t e t r a z o l e s  ( I I I )  and  2 , 6 - d i ( 5 ’-  

t e t r a z o l y l ) p y r i d i n e  h a v e  been  p re p a re d  a s  a n a lo g u e s  o f  th e  c o r re s p o n d in g  

p y r id in e  c a r b o x y l ic  a c id s  b y  th e  i n t e r a c t i o n  o f  th e  c y a n o p y r ld in e  w ith  

sodium  a z id e  and  g l a c i a l  a c e t i c  a c id *

■GN̂ H
N'
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R e d u c t io n  o f  th e  $ - p y r i d y l t e t r a z o l e s  h a s  l e d  t o  th e  s y n th e s i s  

o f  th e  c o r re s p o n d in g  5- p i p e r i d y l t e t r a z o l e s .

A g ro u p  o f  s ix  s u b s t i t u t e d  p h e n o x y a c e to n i t r i l e s  h a s  b e e n  p r e p a re d  

from  th e  c o r re s p o n d in g  j i ie n o ls  and c h l o r o a o e t o n i t r i l e . By I n t e r a c t i o n  

w i th  h y d ra  z o ic  a c id  th e s e  w ere  c o n v e r te d  i n t o  s u b s t i t u t e d  5 -p h en o x y - 

m e th y l t e t r a z o l e s  (IV) in c lu d in g  th e  t e t r a z o l e  a n a lo g u e s  o f  2 ,4 -D  and

IV

2 ,4 . ,5 -T . S e v e ra l  5 -p h e n o x y m e th y lte tr a z o le s  h av e  been  p re p a re d  b y  an 

a l t e r n a t e  m ethod t h a t  in v o lv e d  i n t e r a c t i o n  o f s u b s t i t u t e d  p h e n o ls  w i th  

l - b e n z y l - 5 - c h lo r o m e th y l t e t r a z o l e  and su b se q u e n t c a t a l y t i c  d é b e n z y la t io n  

o f  th e  r e s u l t i n g  l - b e n z y l - 5 - p h e n o x y m e th y l te t r a z o le s .

The t e t r a z o l e  a n a lo g u e  o f  3 - in d o le a c e t i c  a c id  h a s  a l s o  b e e n  

p re p a re d  by the  i n t e r a c t i o n  o f  3 - in d o ly la c  e to n i  t r  H e  w ith  alum inum  

a z i d e .

The i n t e r a c t i o n  o f  3 , 4 , 5 - t r  ime th o x y b en zo n i t r  l i e  w ith  sodium  a z id e  

and g l a c i a l  a c e t i c  a c i d  h a s  l e d  t o  th e  fo rm a tio n  o f  5 - ( 3 * ,4 * ,5 * -  

t r i m e th o x y p h e n y l ) t e t r a z o l e .  A lk y la t io n  o f t h i s  compound w ith  d i -  

a lk y  lam in o a lk y l  h a l i d e s  was u se d  to  p re p a re  th r e e  2 - (d i  a l k y l  ami n o a lk y l  ) ■ 

5 - ( 3 ’ >4*f5 ^ - tr ira e th o x y p h e n y l)  t e t r a z o l e s  w hich  have  been  c h a r a c t e r i z e d  

a s  th e  h y d r o c h lo r id e s .

V i
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INTRODUCTION

I n  many I n s ta n c e s  th e  s u c c e s s  o f  chem otherapy  i n  th e  t r e a tm e n t  

o f  b o th  i n f e c t i o u s  and  n o n in f e c t io u s  d i s e a s e s  d epends upon an 

a n ta g o n ism  b e tw een  th e  c h e m o th e ra p e u tic  a g en t u se d  and a  m e ta b o l i t e  

o f  th e  p a r a s i t i c  o rg a n ism  o r  f o r e ig n  s u b s ta n c e s  i n  th e  p a t i e n t ' s  

s y s te m . S in c e  s y n th e s i s  and u t i l i z a t i o n  o f  m e ta b o l i t e s  o r  m e ta b o l ic  

p r o d u c ts  a r e  e s s e n t i a l  to  th e  m a in te n an c e  and p ro d u c t io n  o f  l i v i n g  

c e l l s ,  any i n t e r f e r e n c e  w ith  th e s e  p ro c e s s e s  w ould r e s u l t  i n  th e  

d e a th  o f  th e  o rg a n is m .

One o f  t h e  d i r e c t  m ethods o f  a n tag o n ism  in v o lv e s  c o m p e t i t iv e  i n ­

h i b i t i o n  o f  an enzyme o r  t i s s u e  r e c e p to r  a s s o c ia te d  w ith  a  m e ta b o l i t e  

by a  s t r u c t u r a l l y  r e l a t e d  a n t a g o n i s t .  The re se m b la n c e  o f  th e  

a n t a g o n i s t  t o  th e  m e ta b o l i t e  may be th ro u g h  a  g e n e r a l  o v e r  a l l  sh ap e  

o f  th e  m o le c u le  o r  th e  s i m i l a r i t y  may be more r e f i n e d  an d  r e q u i r e  th e  

p re s e n c e  o f  one o r  m ore f u n c t io n a l  g ro u p s  p ro p e r ly  sp aced  w i th in  th e  

s t r u c t u r e .  T hese  f u n c t io n a l  g ro u p s  a r e  b e l ie v e d  t o  be c a p a b le  o f  

a s s o c i a t i n g  w i th  th e  p r o s t h e t i c  o r  r e a c t i v e  g roup  o f  th e  enzyme 

n o rm a lly  a v a i l a b l e  f o r  th e  m e ta b o l i t e .

One o f  th e  m ost o u ts ta n d in g  an d  w e ll  known ex am ples o f  s t r u c t u r a l  

a n ta g o n ism  a p p l ie d  i n  chem otherapy  i s  t h a t  shown f o r  b a c t e r i a l  p a r a -  

am in o b en zo ic  a c id  by p a r a - a m in o b e n ze n esu lfo n a m id e . I t  i s  s u g g e s te d  

t h a t  th e  i n h i b i t i o n  o f  th e  u t i l i z a t i o n  o f  p a r a - am in o b en zo ic  a c id  in  

b a c t e r i a  p r e v e n ts  i t s  in c o r p o r a t io n  i n t o  f b l i c  a c id ,  a  v i t a l l y  n eed ed  

com ponent f o r  g ro w th  and  r e p r o d u c t io n .
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B ecau se  o f  th e  a c id i c  n a t u r e  o f  5 -n io n o s u b s ti tu te d  t e t r a z o l e s

( 1 ,2 ,3 )  i t  a p p e a re d  t h a t  th e  i n v e s t i g a t i o n  o f  such  compounds a s  

p o s s i b l e  a n t i m e t a b o l i t e s  f o r  c e r t a i n  p h y s io l o g i c a l l y  a c t i v e  c a r b o x y l ic  

a c i d s  m ig h t p ro v e  f r u i t f u l *  T h is  i s  t h e  f i r s t  r e p o r te d  i n s t a n c e  vdiere 

5 -m o n o s u b s t i tu te d  t e t r a z o l e s  have  b een  p re p a re d  a s  a n a lo g u e s  o f  b io ­

l o g i c a l l y  a c t i v e  c a r b o x y l ic  a c i d s .

A c c o rd in g ly , th e  p r e s e n t  woik in v o lv e s  th e  s y n th e s i s  o f  t e t r a z o l e s  

m odeled  a f t e r  v a r io u s  c l a s s e s  o f  m e ta b o lic  an d  p h y s io l o g i c a l l y  a c t i v e  

a c i d s  and  d e r i v a t i v e s  i n  v h ic h  th e  c a rb o x y l g roup  i s  r e p la c e d  by a 

t e  t r a z o l y l  g ro u p  s u b s t i t u t e d  in  th e  5 p o s i t i o n .  F o r c o n v e n ie n c e  and 

c l a r i t y  th e  d i s c u s s io n  and e x p e r im e n ta l  a r e  d iv id e d  i n t o  th e  c l a s s e s  

o f  c a r b o x y l ic  a c id s  u se d  a s  m odels f o r  th e  t e t r a z o l e  s y n th e s e s  a s  

f o l lo w s :

P a r t  1 .  T e t r a z o le  A n alogues o f Amino A c id s .

P a r t  I I .  T e t r a z o le  A nalogues o f  A c t iv e  Ami nob e n z o ic  A cid  

D e r iv a t iv e s .

P a r t  I I I .  T e t r a z o le  A n a lo g u es  o f  N ic o t in i c  A c id  and  O th e r 

P y r id in e  C a rb o x y lic  A c id s .

P a r t  IV . T e t r a z o le  A n alogues o f  P l a n t  A u x in s .

P a r t  V. Di s u b s t i t u t e d  T e t r a z o le s  a s  A n a lo g u es  o f  A c t iv e  B a s ic  

E s t e r s .



HISTORICAL

M o n o s u b s ti tu te d  t e t r a z o l e s  w i th  th e  s u b s t i t u e n t  in  th e  5 p o s i t i o n  

hav e  b e en  p re p a re d  fro m  n i  t r i l e s  b y  a  v a r i e t y  o f  p ro c e d u re s .  The con­

v e r s io n  o f  a r y l  c y a n id e s  t o  5 - a r y l t e t r a z o l e s  by  way o f  th e  im lno  

e t h e r s , a m id ra z o n e s  an d  im ide a z id e s  i n  a  s te p w is e  m anner was 

d e v e lo p e d  by  P in n e r  (4) and  may be i l l u s t r a t e d  s c h e m a t ic a l ly  a s  

f o l lo w s :

G^HcOH > ^^2^5  N ;^4
ArCN ---------------- A r—C

HCl '^NH*HC1

^NoHo NaNOn / N o
A r - C ^  'H C l -------------------   A r - C ^

^ N H

A r-G --------N—H
I I  I

I t  h a s  a l s o  b een  shown t h a t  5 - a r y l  t e  t r a z o l  e s  may be p re p a re d  i n  a  

c o n v e n ie n t  m anner and i n  e x c e l l e n t  y i e l d s  th ro u g h  th e  r e a c t i o n  o f  a r y l  

c y a n id e s  w i th  e q u iv a le n t  am ounts o f  sodium  a z id e  and g l a c i a l  a c e t i c  

a c id  i n  r e f lu x in g  n o rm al b u ty l  a lc o h o l  ( 3 ) .
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The fo rm a tio n  o f  e i t h e r  5 - a lk y l  o r  a r y l t e t r a z o l e s  h a s  b e en  r e ­

p o r te d  b y  M ih in a  and  H e rb s t  (2) to  p ro c e ed  i n  a s i n g l e  s t e p  from  th e  

r e s p e c t i v e  c y a n id e s  b y  h e a t in g  th e  n i t r i l e  w ith  a ben zen e  s o lu t io n  o f  

h y d ra z o ic  a c id  i n  a  s e a le d  tu b e .  T h is  i s  b e l ie v e d  t o  p ro c e e d  th ro u g h  

th e  im ide a z id e  a s  f o l lo w s :

RON +  HN^ R -G ^  ». R -C -------- N-H
•NH II I

More r e c e n t l y  a  v a r i e t y  o f  5 - s u b s t i t u t e d  t e t r a z o l e s  h av e  b e en  p re - 

p a re d  by r e a c t i o n  o f  th e  cyano compound w ith  an e x c e s s  o f  aluminum 

a z i d e ,  g e n e r a te d  i n  s i t u  from  alum inum  (d ilo r id e  and sodium  a z id e  i n  

r e f l u x i n g  t e t r a h y d r o f u r a n .  (5)



PART I

TETRAZOLE ANALOGUES OF AMINO ACIDS 

D is c u s s io n

Num erous exam p les  o f  m e ta b o l i te  a n ta g o n ism  h av e  been  r e p o r t e d  f o r  

com pounds w h ich  a r e  a n a lo g u e s  o f  n a t u r a l l y  o c c u r r in g  o t-am in o  a c id s*  

One o f  th e  m ost th o ro u g h ly  i n v e s t i g a t e d  o f  th e s e  am ino a c id s  i s  

p h e n y la la n in e  ( I ) .  V a r io u s  ch an g es  i n  i t s  m o le c u la r  s t r u c t u r e  have

NH2

/ /  \-r!H^GHG02H

I

b e en  shown to  tr a n s fo rm  i t  i n t o  a n  a n t a g o n i s t  o f  th e  n a t u r a l l y  o c c u r r ­

in g  p h e n y la la n in e  i n  b a c t e r i a l  g ro w th . Among th e s e  ch an g es  s u f f i c i e n t  

to  r e v e r s e  th e  n u t r i t i o n a l  e f f e c t  o f  t h i s  amino a c id  a r e  th e  i n t r o ­

d u c t io n  o f  an  am ino g roup  ( I I )  (6) o r  a  f lu o r o  g roup  ( I I I )  (7) p a r a  

t o  th e  a l a n in e  m o ie ty  i n  th e  b e n z e n o id  p o r t i o n  o f  th e  s t r u c t u r e .

%
/ /  I NH2
//  NVcHoCHCOpH

I I I :  R= F

S u b s t i t u t i o n  o f  c e r t a i n  h e t e r o c y c l i c  r i n g s  f o r  th e  p h e n y l g ro u p , 

su ch  a s  2 - p y r id y l  (IV) ( 8 ) ,  2 - t h i e n y l  (V) ( 9 ) ,  2 - f u r y l  (VI) (1 0 ) ,  and

2 - p y r r y l  (V II) (11) h a s  a l s o  r e s u l t e d  i n  a n a lo g u e s  w hich have a
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RGH2CHCO2H IV : R s
N

V: Rs

V I: R= V II :  R= N' 
H

• p e c i f l c  an tag o n ism  f o r  p h e n y la la n in e *

A n t im e ta b o l i t e s  f o r  t r y p to p h a n e ,  an e s s e n t i a l  amino a c id  f o r  man, 

a r e  fo u n d  in  5 -m e th y ltry p to p h a n e  (12) and  y (9 - in d o le a c ry l ic  a c id  (V II I )  

( 1 3 ) .

.CH=CHC02H

1 I
H

v r i i

T hese  ch an g es  n e c e s s a r y  t o  d e v e lo p  a n t i  m e ta b o l i te  a c t i v i t y  a r e  n o t  

r e s t r i c t e d  to  any one p o r t i o n  o f  th e  am ino a c id  s t r u c t u r e ;  re p la c e m e n t 

o f  th e  o a r  boxy g ro u p  b y  a  s u l f o n ic  a c id  r e s id u e  h a s  l e d  t o  th e  s y n th e s i s  

o f  a n a lo g u e s  o f  g ly c in e ,  v a l i n e ,  a l a n i n e  and l e u c i n e  (1 4 ) .  I n  some 

c a s e s  t h e s e  am ino s u l f o n ic  a c id s  h av e  shown s p e c i f i c  i n h i b i t i o n  o f  th e  

u se  o f  th o s e  am ino a c id s  o f  w hich th e y  w ere th e  a n a lo g u e s  a s  m easu red  

by  b a c t e r i a l  g ro w th  (1 4 ) .
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I t  a p p e a re d  f r u i t f u l ,  t h e r e f o r e ,  i n  v iew  o f  t h i s  e n c o u ra g in g  

e v id e n c e ,  to  p r e p a r e  a n a lo g u e s  o f  n a t u r a l l y  o c c u r r in g  am ino a c id s  in  

w h ich  a  t e  t r a z o l y l  g roup  was s u b s t i t u t e d  fo r  th e  c a rb o x y  g ro u p  a s  th e  

a c i d i c  p o r t i o n  o f  th e  am ino a c i d  m o le c u le .

F iv e  d i f f e r e n t  am ino a c id  a n a lo g u e s  w ere p re p a re d :  th e  a n a lo g u e s

o f  g l y c i n e ,  D ,L - a la n in e ,  /3 -aQ .an in e , D ,L -p h e n y la la n in e  and  D ,L - 

t r y p to p h a n e .  The s y n t h e s i s  o f  each  a m in o a lk y lt e t r a z o l e ,  w i th  th e  

e x c e p t io n  o f  th e  t ry p to p h a n e  a n a lo g u e , was c a r r i e d  o u t  by two d i f f e r e n t  

m e th o d s , m aking i t  p o s s ib le  to  c o r r o b o r a te  t h e  s t r u c t u r e  o f  th e  f i n a l  

p ro d u c t  from  one seq u e n c e  o f  r e a c t i o n s  by  a  seco n d  u n e q u iv o c a l 

s y n t h e s i s .  O th e r  a d v a n ta g e s  o f  u s in g  c e r t a i n  s p e c i f i c  s y n t h e t i c  

m ethods w i l l  be m e n tio n e d  in  th e  d is c u s s io n  o f  t h a t  s p e c i f i c  scheme 

o f  p r e p a r a t i o n .

The t h r e e  g e n e r a l  m ethods u se d  in  th e  p r e p a r a t io n  o f  th e  5 -am in o - 

a l lQ ^ l t e t r a z o le s  a r e  d e s ig n a te d ,  fo r  s i m p l i c i t y ,  schem es A, B a n d  C a s  

f o l lo w s :

Scheme A

T h is  seq u en ce  o f  s te p w is e  c o n v e r s io n s  in v o lv e d  th e  i n i t i a l  r e ­

a c t i o n  o f  an  o c -h a lo a c y l  h a l i d e  w ith  b en zy lam ine  fo rm in g  th e  N -b e n z y l-  

o c -h a lo a m id e .  S u b se q u en t c o n v e r s io n  o f  th e  o o -h a lo am id e  w ith  p h o s­

p h o ru s  p e n ta c h lo r i d e  t o  th e  im ino  c h lo r id e  fo llo w e d  by  t r e a tm e n t  w ith  

h y d ra z o ic  a c id  gave  r i s e  t o  a 1 -b e n z y  1 -5  -  oc - h a lo a lk y  1 t e  t r a z o l e  .  The 

h a l o a l k y l t e t r a z o l e  was th e n  c au sed  to  r e a c t  w i th  p o ta s s iu m  p h th a l im lde 

fo rm in g  th e  l - b e n z y l - 5 - o o - p h th a l i m id o a l k y l t e t r a z o l e .  B ecause  o f  th e  

i r r i t a t i n g  e f f e c t s  o f  th e  © c - h a lo a lk y l te t r a z o le s  on th e  mucous



a
m em branes i t  mas fo u n d  m ore a d v a n ta g e o u s  t o  f i r s t  foxm  th e  ©c- 

p h th a lim id o a m id e  fro m  p o ta s s iu m  p h th a l im id e  an d  th e  © c-h a lo am id e . The 

p ro d u c t  was th e n  t r e a t e d  w i th  p h o sp h o ru s  p e n ta c h lo r i d e  and  h y d ra z o ic  

a c id *  T h ese  se q u e n c e s  o f  r e a c t i o n s  may b e  r e p r e s e n te d  s c h e m a t ic a l ly  

a s  f o l lo w s :

I 9
R"“CHC>*X -{- R—CHCNHCH2C^5

1 .  PC li

2 .  HN,
R-CH-C-

II
N.

"N
N

K R (0 0 )2 C ^ ^

o r

N-CH-0

I 9 ZK(C0)2C6P4
R-GHGNHCH2C^5 --------------------- ^

1 .  PCI

2 .  HN.

The p h t h a l y l  r e s id u e  was c o n v e n ie n t ly  rem oved frcm  th e  1 -b e n z y l-  

5 - o d - p h th a l im i d o a lk y l t e t r a z o le  by t r e a tm e n t  w ith  h y d ra z in e *  The r e ­

s u l t i n g  l - b e n z y l - 5 - o C - a m in o a lk y l te t r a z o le  w as i s o l a t e d  a s  th e  h y d ro ­

c h lo r id e *



T re a tm e n t o f  th e  l - h e n z y l - 5 - o ^ -a m in o a llîy lt e t r a z o l e  w ith  h y d ro g en  

i n  th e  p re s e n c e  o f  p a l la d iu m  on c h a r c o a l  e f f e c t e d  d é b e n z y la t io n  o f  th e  

compound* L i b e r a t i o n  o f  th e  5 -  <x.-ami n o a lk y l  t e  t r a z o l e  from  th e  h y d ro ­

c h lo r id e  was a c c o m p lish e d  by  t r e a tm e n t  o f  an a lc o h o l  s o l u t i o n  o f  th e  

am ine  h y d r o c h lo r id e  w ith  a  s l i g h t  e x c e s s  o f  p y i id in e *  I n  c a s e s  w here 

th e  b a s i c i t y  o f  th e  a n in e  was to o  g r e a t  t o  a l lo w  t h i s  ty p e  o f  exchange 

to  be  c a r r i e d  o u t ,  s i l v e r  o x id e  was u sed  to  p r e p a r e  th e  f r e e  am ine from  

th e  h y d ro c h lo r id e *

r  - v  1 .  N2H4

' Y  I II I 2 .  HCl

°  ^  V
HHo^HCl
I

R-CH-C-------H -CEoC/%
II I 2 e P 5

n-

Pd/C

HEg'HCl

R—CH—C- -N-H

‘N-
N

C5H5N I
R-CH-C-

I I
N,

1/

N-H
I

N

P r e p a r a t io n  o f  th e  5 - a m in o a lk y l te t r a z o l e s  by  t h i s  s e r i e s  o f  r e ­

a c t i o n s  in v o lv e d ,  (1 ) s y n th e s i s  o f  th e  t e t r a z o l e  r i n g  from  an  am ide 

g ro u p  an d  (2 ) fo rm a tio n  o f  t h e  f i n a l  p ro d u c t by  an  unam biguous s e r i e s  

o f  r e a c t io n s *

Scheme B

The r e a c t i o n  o f  t h e  p h th a ly l  d e r i v a t i v e  o f  an  ^ - a m in o  a c id  w i th
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t h l o n y l  c h lo r id e  fo llo w e d  by  t r e a tm e n t  w ith  ammonia g a s  o r c o n c e n tr a te d  

ammonium h y d ro x id e  r e s u l t e d  i n  th e  fo rm a tio n  o f  an o c -p h th a lim id o a m id e *  

D e h y d ra t io n  o f  th e  am ide c a u se d  th e  fo rm a tio n  o f  a n  © c - p h th a l i r a id o n i t r i le *

N-CHCO^H
1 .  SOCl^

2 .  NH^
CHCONH

.H2O
^-CHGN

P r e p a r a t io n  o f  th e  5 - o O - p h th a l im id o a lk y l te t r a z o le  from  th e  

c o r r e s p o n d in g  n i t r i l e  was e f f e c t e d  b y  an  a d a p ta t io n  o f  th e  m ethod o f  

B e h r in g e r  and  K ohl (5 ) w hich in v o lv e d  c o n v e rs io n  o f  th e  cyano  compound 

i n t o  a  5 - s u b s t i t u t e d  t e t r a z o l e  u s in g  alum inum  a z i d e ,  g e n e r a te d  i n  s i t u  

from  sodium  a z id e  and alum inum  c h lo r id e  i n  r e f lu x in g  t e t r a h y d r o f u r a n .

The p ro c e d u re  s u g g e s te d  by B e h r in g e r  and  K ohl f o r  w o rk in g  up th e  

r e a c t i o n  m ix tu r e ,  w h ich  c o n s i s t e d  o f  th e  a d d i t i o n  o f  d i l u t e  h y d r o c h lo r ic  

a c i d ,  e v a p o r a t io n  t o  d ry n e s s  in  vacuo  and  e x t r a c t i o n  o f  th e  p ro d u c t 

w i th  a c e to n e ,  was r e p la c e d  by a m o d if ie d  p ro c e d u re  vdiich in v o lv e d  

d i s t i l l a t i o n  o f  th e  t e t r a h y d r o f u r a n  from  th e  r e a c t i o n  m ix tu re  and  

s im u lta n e o u s  a d d i t i o n  o f  w a te r  a t  such  a r a t e  t h a t  th e  volume o f  th e  

m ix tu r e  rem a in ed  c o n s t a n t .  The in s o lu b le  aluminum s a l t  w hich rem a in ed  

a f t e r  a l l  th e  t e t r a h y d r o f u r a n  had  been  rem oved was th e n  t r e a t e d  w i th
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d i l u t e  h y d r o c h lo r i c  a c i d .  The f r e e ,  i r s o l u b l e  t e t r a z o l e  was l i b e r a t e d  

from  t h e  alum inum  s a l t  in  t h i s  w ay.

R em oval o f  th e  p h t h a l y l  m o ie ty  w i th  h y d ra z in e  r e s u l t e d  i n  th e  fo rm ­

a t i o n  o f t h e  5- oO-ami n o a lk y l  t e t r a z o l e  h y d r o c h lo r id e  from  w hich  th e  f r e e  

am ine was g e n e r a te d  by  t r e a tm e n t  w i th  s i l v e r  o x id e  o r  p y r i d i n e .

S t a r t i n g  w ith  a n  amino a c i d ,  f o r  w hich t h i s  r o u t e  i s  a d a p te d , 

o f f e r s  t h e  p o s s i b i l i t y  o f  c o n v e r t in g  a n  o p t i c a l l y  a c t i v e  am ino a c id  

i n t o  a n  o p t i c a l l y  a c t i v e  t e t r a z o l e  a n a lo g u e .

Scheme G

One s y n t h e t i c  m ethod u se d  i n  th e  p r e p a r a t io n  o f  v a r io u s  oc.«amino 

a c id s  c o n s i s t s  o f  th e  a l k y l a t i o n  o f  e t h y l  a c e ta m id o c y a n o a c e ta te  fo llo w e d  

by  a c i d i c  o r  b a s i c  h y d r o ly s i s  t o  th e  am ino a c i d .

m C O G H o  NHGOGHq
1 ^  K C  I "O2H5O2CCHCN  Gÿl50200CN

R

HgO
NH,
I ^

R-CHCO;^

T re a tm e n t o f  t h e  a l k y l a t e d  e th y l  a c e ta m id o c y a n o a c e ta te  i n t e r ­

m e d ia te  w i th  alum inum  a z id e  a c c o rd in g  t o  th e  m o d if ie d  p ro c e d u re  o f  

B e h r in g e r  and K o h l, w hich  h a s  b een  p re v io u s ly  d is c u s s e d ,  r e s u l t e d  i n  

t h e  c o n v e r s io n  o f  th e  n i t r i l e  i n t o  a  5-mono s u b s t i t u t e d  t e t r a z o l e .
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HHOOCHo KHCOCH3
I ^ 1 .  A K N gjo  1

C^rOoCCCN    > ■ CÆrO^CC-C-------- K-H
1 2 .  HCl ^  ^  I 11 I
R R N .N

E i t h e r  a  s te p w is e  h y d r o ly s i s  o f  th e  fu n c tic a n a l g r o in s  o r  a  s in g le  

s t e p  a c id  h y d r o ly s i s  gave  r i s e  to  d i e  •c -a m in o  a c id  a n a lo g u e .

T h is  r o u te  t o  5 - ^ C - a m in o a lk y l te t r a z o le s  o f f e r s  a minimum num ber 

o f  s t e p s  and m akes u s e  o f  in te r m e d ia te  compounds common to  an in o  a c id  

s y n t h e s i s .

The s y n th e s i s  o f  d ie  i n d iv id u a l  am ino a c id  a n a lo g u e s  i s  c o n s id e re d  

i n  t h e  re m a in in g  p o r t i o n  o f  t h i s  d is c u s s io n ;  m e n tio n  i s  made o f  any 

n o te w o r th y  d i f f e r e n c e s  o r  a n o m a lie s  i n  th e  r e a c t i o n  sequence  o r  i n  th e  

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

5-oC -Ami no m eth y l t e t r a z o l e  -  The ^ y c i n e  an a lo g u e  was c o n v e n ie n t ly  

p r e p a r e d  by scheme A and scheme B.

S in c e  g ly c in e  I s  n o t  o p t i c a l l y  a c t i v e  th e  p u r s u i t  o f  scheme B 

s t a r t i n g  from  th e  am ino a c id  o f f e r e d  no a d v a n ta g e  o v e r  s t a r t i n g  from  

some more e a s i l y  a v a i l a b le  in t e r m e d ia t e .  F o r t h i s  r e a s o n  th e  s y n th e s i s  

o f  5 - 06-a m in o m e th y lt e t r a z o l e  by scheme B was i n i t i a t e d  w ith  p h th a l -  

im i d o a c e t o n i t r i l o  p re p a re d  by  th e  a l k y l a t i o n  o f  p o ta ss iu m  p h th a lira id e  

w i th  c h l o r o a c e t o n i t r i l e .

D .L -5 -o C -A m in o e th y lte tra z o le  -  The s y n th e s i s  o f  th e  t e t r a z o l e  

a n a lo g u e  o f  D ,L -a la n in e  fro m  o c -b ro m o p ro p io n y l b rom ide was e f f e c t e d  

u s in g  schem e A and from  D ,L - a la n in e  a c c o rd in g  to  scheme B .

I n  th e  s y n t h e t i c  r o u t e  fo l lo w in g  scheme A d i f f i c u l t i e s  e x p e r ie n c e d
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i n  h a n d l in g  th e  low  m e l t in g ,  mucous membrane i r r i t a t i n g  o C -c h lo ro -  

m e th y l t e t r a z o l e  i n  th e  g ly c in e  an a lo g u e  s y n th e s is  p rom pted  th e  con­

v e r s io n  o f  t h e  N -b en zy l-o C -b ro m o p ro p io n am id e  i n t o  th e  N -benzyl-e>C- 

p h th a lim ld o p ro p io n a m id e  and t h i s  s u b s e q u e n tly  In to  l - b e n z y l-5 -o O -  

p h t h a l i m i d o e t h y l t e t r a z o l e ,  th e re b y  aw  i  d ing  th e  fc rm a tio n  o f t h e  ©c- 

I m l o a l k y l t e t r a z o l e . The re m a in in g  r e a c t i o n s  i n  t h i s  s e r i e s  w ere c a r r i e d  

o u t  w i th o u t  f u r t h e r  d e p a r tu r e  from  th e  seq u en ce  a s  p r e v io u s ly  d i s c u s s e d .

5-yS -A m in o e th y l te t r a z o ie  -  The a n a lo g u e  o f  -  a la n in e  was syn­

t h e s i z e d  fo l lo w in g  t h e  p ro c e d u re s  o f scheme A and scheme B.

D u rin g  p r e p a r a t i o n  o f th e  p ro d u c t by  schem e A, th e  r e a c t i o n  o f  

N -b e n z y l-^ -b ro m o p ro p io n a m ide w ith  p o ta ss iu m  p h th a l im id e  was fo u n d  to  

r e s u l t  i n  d e h y d ro h a lo g e n a ti  on o f  th e  /9 -h a lo a m id e . The n e c e s s a r y  

a d a p ta t i o n  In  t h a t  p o r t i o n  o f  th e  s y n th e s i s  to  com pensate  fo r  t h i s  

d i f f i c u l t y  c o n s i s t e d  i n  t r e a t i n g  th e  a c id  c h lo r id e  o f  p h th a ly l-y < 3 - 

a l a n i n e  w i th  b e n z y l ami ne to form  N -benzy l-yg  - p h th a l  im i d o p ro p i onaml de .

The su b se q u e n t r e a c t i o n s  in v o lv e d  in  schem e A w ere fo l lo w e d  w i th o u t  

f u r t h e r  c h an g e s .

S y n th e s is  o f  th e  f i n a l  p ro d u c t  fo llo w in g  scheme B was c a r r i e d  o u t  

s t a r t i n g  from  /3 - p h t h a l i m i d o p r o p i o n i t r i l e ,  o b ta in e d  by th e  cyano- 

e t h y l a t i o n  o f  p h th a l im id e  w ith  a c r y l o n i t r i l e .  The re m a in d e r  o f  th e  

s y n th e s i s  was e f f e c t e d  u s in g  th e  s te p w is e  c o n v e r s io n s  p r e v io u s ly  d i s ­

c u s s e d  f o r  t h i s  i ^ n t h e t i c  r o u t e .

C om parison  o f  th e  f i n a l  p ro d u c ts  from  each  scheme o f  p r e p a r a t io n  

f o r  th e  g l y c i n e ,  D ,L -a la n in e  , and - a l a n i n e  a n a lo g u e s  was made by 

m e l t in g  p o in t  and  m ix tu re  m e lt in g  p o i n t .
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The a n a lo g u e s  th u s  f a r  m en tio n ed  w ere s o l i t i l e  in  w a te r ,  aq u eo u s 

a c id s  and aq ueous a l k a l i e s  and e x h ib i t e d  h ig h  m a lt in g  p o in t s  accom pan ied  

by  d e c o m p o s itio n *  The a m in o a lk y l t e t r a z o le s  a r e  in s o lu b le  i n  a c e to n e ,  

e th a n o l  and n o n - p o la r  s o lv e n t s .

U s in g  m ethods a p p l i c a b l e  t o  th e  c h a r a c t e r i z a t i o n  o f  amino a c i d s ,  

th e  a c e t y l ,  b e n z o y l and p h e n y lu re a  d e r i v a t i v e s  w ere p r e p a r e d .

5-oC-Ami nopheny l e  t h y l  t e t r a z o l e  -  Schemes B and  C w ere  u s e d  a s  th e  

s y n t h e t i c  r o u te s  f o r  th e  p r e p a r a t io n  o f  th e  p h e iy la la n in e  a n a lo g u e .

The in t e r m e d ia te  p r o d u c t ,  e t h y l  o 6 -a c e ta m id o -o C -(5 “ t e t r a z o l y l ) -  

- p h e n y lp r o p lo n a t e ,  o b ta in e d  by  fo llo w in g  scheme C, was s u b je c te d  t o  

b o th  s te p w is e  d e g r a d a t io n  an d  s i n g l e  s te p  a c id  h y d r o ly s i s .

NHCOCH'

H^O

-N-H

NH.

C^^5CH20HC'

N,

N-H
I
N

NHCOCH'
H^O

HOgC
N^

N

(CH^C0)20

-CO'

NHCOCH'

C ̂ ^CH^CH—C - 

N.
N

N-H
I
N
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S im i l a r  p ro d u c ts  p r e p a re d  b y  scheme B o r  scheme C w ere shown to  

b e  i d e n t i c a l  b y  m e l t in g  p o in t  an d  m ix tu re  m e lt in g  p o in t  d e te rm in a tio n s *

The D ,L -p h e n y la la n ln e  a n a lo g u e  w hich  p o s s e s s e d  a h ig h  m e lt in g  p o i n t  

acco m p an ied  by  d e c o m p o s itio n  w as s o lu b le  i n  aqueous a c id s  and aq u eo u s 

a l k a l i e s  and  in s o lu b le  i n  e th a n o l  and n o n -p o la r  s o lv e n ts *  I t  was 

s o lu b le  i n  h o t  w a te r  and  c r y s t a l l i z e d  a s  th e  s o l u t i o n  was coo led*

The a c e t y l ,  b e n z o y l and p h e n y lu re a  d e r i v a t i v e s  w ere  u se d  to  

c h a r a c t e r i z e  th e  5-o C -a m in o p h e n y le th y l te tr a z o le *

5 - ( o6 - A m i n o * - i n d o l y l ) e t h y l ) t e t r a z o l e  -  Scheme C was th e  

o n ly  s y n t h e t i c  r o u te  u se d  f o r  th e  p r e p a r a t io n  o f  th e  try p to p h a n e  

a n a lo g u e *

The p ro d u c t  fo rm ed fro m  the  r e a c t i o n  o f  e t h y l  oC -aceta ra ido- 

o C - c y a n o - ^ - ( 3- in d o l y l ) p r o p io n a t e  w ith  alum inum  a z id e  was d eg rad ed  

to  th e  t ry p to p h a n e  a n a lo g u e  i n  a  s te p w is e  m anner u s in g  sodium  h y d ro x id e  

a s  r e p r e s e n te d  s c h e m a t ic a l ly  below*

NHGOCH

CS.2p“0

CoH2^5

NHGOGH3 

CH^C-C- N -H

NHCOCH,

CHoCH-C-------- N -H
II I H 20
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I n  an  a t te m p t  t o  f u r t h e r  s u b s t a n t i a t e  th e  s i m i l a r i t y  o f  5 -  

a lk y la m in o te t r a z o le s  to  <s<:-amino a c id s  t h e  a p p a re n t  pK^ and  pK^ 

v a lu e s  f o r  th e  am ino a c id  a n a lo g u e s  w e re  d e te rm in e d  po t  en  tlo m e  t r i e  a l l y  

i n  aq u eo u s  s o l u t i o n  a t  25^C*

A co m p ariso n  o f  t h e  v a lu e s  o f  th e  am ino a c id s  w ith  th e  

t e t r a z o l e  a n a lo g u e s  i n d i c a t e d  t h a t  th e  t e t r a z o l e  g ro u p  b e h av e s  a s  a  

w eaker a c id  th a n  th e  c a rb o x y l g ro u p  o f  th e  amino a c id .  T h is  w ould  b e  

a n t i c i p i t a t e d  from  th e  work o f  M ih ln a  an d  H e rb s t  (2) w h ich  showed t h a t  

5 - a l k y l t e t r a z o l e s  w ere  w eak er a c id s  th a n  th e  c o r r e s p o n d in g  c a rb o x y lIc  

a c i d s .  E x a m in a tio n  o f  th e  v a lu e s  o f  th e  a m in o a lk y l te t r a z o le s  

s u g g e s ts  t h a t  th e  b a s i c i t y  o f  th e  am ino g roup  i s  l e s s  th a n  t h a t  o f  

th e  am ino g ro u p  i n  th e  am ino a c id s  s e r i e s .

The pK^ v a lu e s  o f  th e  a m in o a lk y l te t r a z o le s  d e c r e a s e  i n  th e  o r d e r : 

5 - ( / 3 - a m i n o e t h y l ) t e t r a z o l e  > 5 - - a m in o e th y l ) t e t r a z o l e  > 5 -am in o ­

m e th y l t e t r a z o l e  > 5 -(o c  -a m in o - ^ - p h e n y  l e  th y l )  t e t r a z o l e .  T h is  o r d e r  

p a r a l l e l s  t h a t  i n  t h e  am ino a c id  s e r i e s  w ith o u t e x c e p tio n *  E x a m in a tio n  

o f  th e  pK^ v a lu e s  shows a s i m i l a r  p a r a l l e l  o r d e r  i n  th e  b a s i c i t y  o f  

th e  a n in o  g ro u p  o f  th e  ami no a lk y l  t e t r a z o l e  s  a s  com pared t o  th e  am ino 

g ro u p  o f  th e  amino a c i d s .  The v a lu e s  d e c re a s e  i n  th e  c r d e r :  5 -

(y 3 -a m in o e th y l)  t e t r a z o l e  > 5-(•=<'-am i no e th y l )  t e t r a z o l e  ^  5 -am in o - 

m e th y l t e t r a z o l e  y  5 - ( ^ - a m i n o - ^ - p h e n o t h y l ) t e t r a z o l e *

T h ese  r e s u l t s  a r e  sum m arized in  T a b le  I  and th e  d a ta  a r e  c o l l e c t e d  

i n  A ppend ix  I*
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TABLE I

APPARENT pK VALUES OF SOME 5-AI.ILNQALOLTETRAZOLES AND 

CORRESPONDING AMINO ACIDS IN AQUEOUS SOLUTION AT 25®C,

T e t r a z o le pKi pK^ Amino A cid^  
A nalogue

pK^

5-Aminome th y l 2 .6 2 8 .5 4 G ly c in e 2 .3 4 9 .6 0

5 - oC -A m inoethyl 2 .6 3 8 .7 7 D ,L -A lan in e 2 .3 4 9 .6 9

5 -  fè -A m in o e th y l 3 .9 9 9 .5 8 /3 -A la n in e 3 .6 0 1 0 .1 9

5 -  -Am ino— /3 -  
p h e n y le th y l

1 .9 3 8 ,1 8 D ,L -H ie n y l-
a la n in e

1 .8 3 9 .1 3

pK v a lu e s  f o r  th e  am ino a c id s  w ere  o b ta in e d  from  r e f e r e n c e  ( 2 8 ) .



1 2
E scp erlm en ta l '

The P r e p a r a t i o n  o f  5 -A m in o m e th y lte tr a z o le  

(G ly c in e  A nalogue)

Scheme A,

(a )  N—B e n z y l-oc- c h lo ro a c  e tam i de * C h lo r o a c e ty lc h lo r id e  

(100 g . , 0 .8 8  m ole) was s lo w ly  added  t o  l8 8 ,5  g* (1 .7 6  m oles) o f  

b e n zy la m in e  d i s s o lv e d  i n  1 l i t e r  o f  b e n z e n e . A f te r  th e  a d d i t i o n  was 

c o m p le te  th e  m ix tu re  was s t i r r e d  o v e r  n i ^ t .  The r e a c t i o n  m ix tu re  

was th e n  f i l t e r e d ,  th e  s o l i d  su sp en d ed  in  w a te r  and a g a in  f i l t e r e d .

The b en zen e  s o l u t i o n  was c o n c e n t r a te d  to  a  sm aU  volum e, c h i l l e d  and 

f i l t e r e d .  T h is  s o l i d  was com bined w i th  th e  w a te r  i n s o l u b l e  m a t e r i a l  

and th e  com bined p ro d u c t  r e c r y s t  a l i i  zed  from  b e n z e n e . T h is  g a v e  106 g .  

(66^  o f  th e o ry )  o f  N -b e n z y l-o C -c h lo ro a c ta m id e , m .p . 92-93*5*^0,

T h is  compound i s  r e p o r t e d  by J a c o b s  and  H e id e lb e r g e r  (15) t o  have 

a  m e l t in g  p o in t  o f  9 3 .5 -9 4 * 5 ^ 0 .

(b) l -B e n z y l - 5 - c h lo r o ia e t h y l t e t r a z o l e .  To 9 8 .6  g .  (0 .5 4 3  m ole) 

o f  N -b e n z y l c h lo ro a c e ta m id e  susp en d ed  i n  1 l i t e r  o f  ben zen e  was added

i n  p o r t i o n s  113 g .  (0*543 m ole) o f  p h o sp h o ru s  p e n t a c h l o r i d e .  The m ix tu re  

was a llo w e d  t o  s t i r  a t  room te m p e ra tu re  f o r  s ix  h o u rs  a f t e r  w hich  i t

^  M ic ro a n a ly s e s  by M icro -T ech  L a b o r a to r i e s ,  S k o k ie , I l l i n o i s .
2

M e lt in g  p o i n t s  w ere  ta k e n  in  open c s p i l l a r y  tu b e s  a n d  a r e  un­

c o r r e c te d *
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was c o n c e n t r a te d  t o  a  volum e o f  500 m l. u n d e r  re d u c e d  p r e s s u r e .  To 

th e  c o n c e n t r a te d  s o l u t i o n  3 8 .1  g .  (0 .8 8 5  m ole) o f  h y d ra z o ic  a c id  i n  

300 m l, o f  x y le n e  was added  w ith  c o o l in g .  A f te r  a l lo w in g  th e  m ix tu re  

to  s t i r  o v e r n ig h t  a t  room te m p e ra tu re  i t  was h e a te d  to  r e f l u x  temp­

e r a t u r e  u n t i l  h y d ro g en  c h l o r i d e  e v o lu t io n  c e a s e d . Rem oval o f  th e  

s o lv e n t  u n d e r  vacuum l e f t  a  t h i c k  sy ru p  to  w h ich  was ad ded  500 g .  o f  

i c e  and w a te r .  F i l t e r i n g  gave a  brown s o l i d  w hich was f u r t h e r  p u r i f i e d  

by r e c r y s t a l l i z a t i o n  from  a n  i s o p ro p y l  sü .co h o l-n o rm al h e p ta n e  m ix tu r e .

The p r o d u c t  w eighed 5 5 .2  g .  (495^ o f  th e o ry )  and m e lte d  a t  6 6 - 6 ? .5 °0 .

T h is  compound i s  d e s c r ib e d  by H a r v i l l  ,  H e r b s t  and  S c h r e in e r  ( l 6 ) ,  

who r e p o r t e d  t h e  m e l t in g  p o in t  as 67-68®C.

(c ) l - B e n z y l - 5 - p h th a l im i  dome th y l  t e  t r a z  o l e .  A m ix tu r e  o f  21 g .

( 0 .1  m ole) o f  l - b e n z y l - 5 - c h lo r o m e th y l t e t r a z o l e  an d  21 g .  (0 .1 1 4  m ole)

o f  p o ta s s iu m  p h th a l im id e  was r e f lu x e d  t o g e t h e r  i n  250 m l. o f  d ry  x y le n e

f o r  f i v e  h o u r s .  The h o t  s o l u t i o n  was f i l t e r e d  w ith  s u c t i o n  and th e

f i l t r a t e  c o o le d .  The p r e c i p i t a t e ,  w hich  was f i l t e r e d  and d r ie d ,  w eighed

2 6 .4  g .  (83^  o f  t h e o r y ) .  The p ro d u c t  was f u r t h e r  p u r i f i e d  by r e c r y s t a l l i -
o

z a t i o n  from  to lu e n e ,  m .p . 132-133  0 .

A n a ly s i s ,  C a lc u la te d  f o r  C, 6 3 .9 4 ; H, 4 .1 0 ;  N , 2 1 .9 3 .

Found; C, 6 4 .0 7 ;  H , 4 .2 3 ;  N, 2 2 .1 6 .

(d ) 1 -B enzyl-5-euainom e t h y l  t e  t r a z o l  e H y d ro c h lo r i d e . To 1 0 .6  g .

(0 .0 3 3  m o le) o f  l - b e n z y l - 5  - p h th a l  im i dome th y l  t e  t r  a z o le  su spended  in

120 m l. o f  a b s o lu t e  e th a n o l  was added 33 m l. o f  a  one m o la r  s o lu t io n  o f  

h y d ra z in e  h y d r a te  in  e th a n o l  (0 .0 3 3  m ole) and th e  r e s u l t i n g  m ix tu re  r e -  

f lu x e d  w ith  c o n tin u e d  s t i r r i n g  f o r  t h r e e  h o u r s .  The m ix tu re  was th e n



20

e v a p o r a te d  to  d ry n e s s  and t r e a t e d  w ith  75 m l. o f  a 2N h y d r o c h lo r ic  a c id  

f o r  te n  m in u te s  a t  50°G . The r e s u l t i n g  s u s p e n s io n  was f i l t e r e d  and  th e  

f i l t r a t e  e v a p o r a te d  to  d r y n e s s .

R o c r y s t a l l i z a t i o n  o f  th e  r e s i d u a l  s o l i d  from  an  i s o p r o p y l  a l c o h o l -  

w a te r  m ix tu r e  g av e  4 .0  g .  (53^ o f th e o ry )  o f  th e  p r o d u c t ,  m .p . 2 2 8 -  

229 0̂.
A n a ly s i s .  C a lc u la te d  f o r  C^H^^CIN^: C, 4 7 .9 0 ;  H, 5 .3 6 ;  C l ,  1 5 .7 1 ;

N, 3 1 .0 4 .  Found: C, 4 8 . l l ;  H, 5 .2 5 ;  0 1 , 1 5 .7 1 ;  N, 3 1 .1 6 .

(e )  5-Aminome t h y l t e t r a z o l e .  1 -B e n zy l-5 -a m i nom ethyl t e t r a z o l e  hy­

d r o c h lo r id e  (1 0 .5  g . , 0 ,0 4 7  m ole) was d i s s o lv e d  i n  a  m ix tu re  o f  200 m l. 

o f  a b s o lu t e  e th a n o l  and 30 m l. o f  w a te r .  A f t e r  a d d i t i o n  o f  2 .5  g . o f  

5% p a l la d iu m  on c h a r c o a l  th e  m ix tu re  was Ë iaken  in  a hy d ro g en  a tm o sp h ere  

a t  a i  i n i t i a l  p r e s s u r e  o f  47 p . s . i ,  and h e a te d  to  m a in ta in  a te m p e ra tu re  

o f  60^C, A f t e r  tw e n ty - f o u r  h o u rs  tba  c a t a l y s t  was rem oved by f i l t r a t i o n  

an d  th e  f i l t r a t e  e v a p o ra te d  to  d ry n e s s  i n  v a cu o .  T h is  gave 6 .2  g .  (97^ 

o f  th e o ry )  o f th e  c ru d e  am ine h y d r o c h lo r id e .

The c ru d e  5-suninom©t h y l t e t r a z o l e  h y d ro c h lo r id e  (6 ,1  g . ,  0 .0 4 5  m ole) 

was d i s s o lv e d  i n  100 m l. o f  a b s o lu te  e th a n o l  to  w hich was th e n  ad d ed  

3 .5 6  g .  (0 .0 4 5  m ole) o f  p y r id i n e .  On a l lo w in g  th e  s o l u t i o n  to  s ta n d  i n  

an  i c e  c h e s t  o v e r n i ^ t  t h e r e  was d e p o s i te d  3 .8  g .  ( 85^  o f  th e o ry )  o f  a  

c r y s t a l l i n e  s o l i d .  T he p ro d u c t was f u r t h e r  p u r i f i e d  b y  d i s s o lv i n g  i t  i n  

a  s m a ll  am ount o f  w a te r  an d  a d d in g  enough a b s o lu t e  e th a n o l  to  g iv e  a  95^ 

e th a n o l  s o l u t i o n .  T h is  s o lu t io n  was a llo w ed  to  s ta n d  i n  an i c e  c h e s t  

o v e r n ig h t  a llo w in g  th e  p u re  p ro d u c t  to  s e p a r a te ,  m .p . 267*^0., w ith  decomp- 

o s i t i  on .
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A n a ly s i s .  C a lc u la te d  f o r  G, 2 4 .2 4 ;  H, 5 .0 9 ;  N, 7 0 .6 8 .

Found: C, 2 4 .4 9 ; H, 5 .1 7 ;  N, 7 0 .5 5 .

Scheme B.

(a ) P h t h a l i m l d o a c e t o n i t r i l e .  P o ta s s iu m  p h th a l im id e  (1 1 0 .4  g . ,

0 .6  m ole) was added  to  450 m l. o f  d i s t i l l e d  dim e th y l  foim am i de c o n ta in in g  

4 0 .8  g .  (0 .5 4  m ole) o f  c h l o r o a c e t o n i t r i l e .  The r e s u l t i n g  w ine c o lo re d  

s o l u t i o n  was s t i r r e d  a t  room te m p e ra tu re  f o r  one h o u r  and  th e n  a t  s team  

h a th  te m p e r a tu r e  f o r  tw o h o u r s .  The r e s u l t i n g  m ix tu re  was t r a n s f e r r e d  

to  a th r e e  l i t e r  b e a k e r  an d  600 m l. o f c h lo ro fo rm  ad d ed  fo llo w e d  by 

1500 m l, o f w a te r .  The o r g a n ic  l a y e r  was s e p a r a te d  and th e  aq ueous 

p o r t i o n  w ashed w ith  an  a d d i t i o n a l  300 m l. o f  c h lo ro fc rm . The two 

o rg a n ic  l a y e r s  w ere  th e n  com bined , washed w i th  300 m l. o f  0 .2  N

sodium  h y d ro x id e  s o lu t io n  and th e n  w ith  300 m l. of w a te r .  E v a p o ra t io n  

o f  th e  c h lo ro fo rm  a f t e r  d ry in g  th e  s o lu t io n  w ith  sodium  s u l f a t e ,  gave  

a  s o l i d  r e s i d u e .

R e c r y s t a l l i z a t i o n  o f  th e  p ro d u c t  g ave  7 0 ,8  g ,  (6 3 .5 ^  o f  th e o ry )  o f  

a  c o l o r l e s s  c r y s t a l l i n e  m a t e r i a l  m e lt in g  a t  1 2 7 .5 -1 2 8 .5 ^ 0 .

A n a ly s is ,  C a lc u la te d  f o r  N, 1 5 .0 5 .  Found: N, 1 5 .3 2 .

T h is  compound i s  r e p o r t e d  by Sonn and  F a lk en h e im  (17) t o  m e lt  a t

ia ; - i2 5 °c.

(b) 5 - ( P h th a l im ld o m e th y l ) te t r a z o le .  To 4 6 .5  g . (0 .2 5  m ole)

o f  p h t h a l i m i d o a c e t o n i t r i l e  and 50 g .  o f  sodLura a z id e  su sp en d ed  in  100 

m l. o f  d iy  t e t r a h y d r o f u r a n  was added 35 g .  (0 ,2 6  m ole) o f  anh y d ro u s 

alum inum  c h lo r id e  d i s s o lv e d  i n  300 m l, of th e  same s o l v e n t .  The 

m ix tu re  was th e n  h e a te d  a t  r e f l u x  te m p e ra tu re  f o r  tw e n ty - fo u r  h o u rs
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w i th  c o n t in u o u s  s t i r r i n g .  A t t h e  end o f  t h i s  tim e  th e  t e t r a h y d r o f u r a n  

was d i s t i l l e d  o u t  o f  th e  r e a c t i o n  m ix tu re  and  w a te r  ad d ed  a t  such  a 

r a t a  t h a t  t h e  volum e re m a in e d  c o n s t a n t .  The r e s u l t i n g  r e s i d u a l  su s ­

p e n s io n  was c o o le d  and th e  s o l i d  f i l t e r e d .  The s o l id  was i n  tu r n  s u s ­

p ended  i n  450 ml# cf w a te r  to  w h ich  w as th e n  added  50 m l. o f co n cen ­

t r a t e d  h y d r o c h lo r ic  a c i d .  The r e s u l t i n g  m ix tu r e  was s t i r r e d  f b r  one 

h c u r  a t  rocm  te m p e ra tu re ,  f i l t e r e d  and  th e  s o l i d  d r i e d .  The c ru d e  

p ro d u c t  w eighed  5 0 .6  g .  (8 8 .5 ^  o f  th e o r y ) ,  m .p . 233 .5 -235*^0 ., wiUi 

d e c o B ç io s i tio n . R e c r y s t a l l i z a t i o n  from  a m ix tu re  o f  e th y l  a c e t a t e -  

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  234-235*^0., wi ih d e c o m p o s itio n .

A n a ly s i s .  C a lc u la te d  f o r  5 2 .4 0 ; H, 3 .0 8 ;  N, 3 0 .5 6 .

Found: C, 5 2 .4 4 ; H, 2 .9 8 ;  N, 3 0 .7 6 .

(c )  5-Ami nom ethy l t e t r a z o l e  ,  A s u s p e n s io n  o f  4 5 .8  g .  (0 .2  m ole) 

o f  5 - ( p h th a l im id o m e th y l ) te t r a z o le  in  300 m l. o f  a b s o lu te  e th a n o l  was 

t r e a t e d  w ith  200 m l. o f  a  one m o la r  s o l u t i o n  o f  h y d ra z in e  h y d ra te  i n  

e th a n o l  and  th e  r e s u l t i n g  m ix tu re  s t i r r e d  a t  r e f l u x  te m p e ra tu re  f o r  

t h r e e  h o u r s .  The m ix tu re  was th e n  c o o le d  i n  a n  ic e -b o x  o v e r  n ig h t  and 

f i l t e r e d .  The s o l id  was susp en d ed  in  450 m l. o f a 2N h y d r o c h lo r ic  a c id  

f o r  f i f t e e n  m in u te s  a t  5 0 -5 5 ^C. The r e s u l t i n g  p r e c i p i t a t e  was f i l t e r e d .  

The f i l t r a t e  was e v a p o ra te d  to d ry n e s s  In  v acuo  le a v in g  2 3 .6  g .  o f  t h e  

c ru d e  5 -a m in o m e th y l te t r a z o le  h y d r o c h lo r id e .  T h is  r e s id u e  was d is s o lv e d  

i n  a b s o l u t e  e th a n o l ,  t r e a t e d  w ith  2 3 .7  g .  (0 .3  m ole) o f p y r id in e  and 

c h i l l e d  to  - 5 ^ 0 .  f o r  t h i r t y - s i x  h o u r s .  The c o l o r l e s s ,  c r y s t a l l i n e  s o l i d  

w hich  form ed was f i l t e r e d ,  washed w ith  a lc o h o l  an d  d r i e d ,  g iv in g  1 4 .6  g .  

(7 3 .7 ^  o f  th e o ry )  o f  5 -e m in o m e th y l te t r a z o le ,  m .p . 268 . 5 *̂0 . ,  w ith
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d e c o m p o s it io n . T h is  p ro d u c t  was i d e n t i c a l  w ith  th e  m a te r i a l  d e s c r ib e d  

OB page  2Gk o b ta in e d  by  fo l lo w in g  Scheme A.

D e r iv a t iv e s

5 - A c e ty la m in o m e th y l te t r a z o le .  One and f i v e - t e n t h s  gram s (0 .0 1 5  

m ole) o f  5-am i nome t h y l  t e t r a z o l e  was added  to  10 m l, o f  g l a c i a l  a c e t i c  

a c i d  c o n ta in in g  1 .5 3  g .  (0 .0 1 5  m ole) o f  a c e t i c  a n h y d rid e  and th e  m ix­

t u r e  r e f lu x e d  f o r  two h o u r s .  The s o lv e n t  was rem oved u n d e r  vacuum and 

th e  r e s i d u e  r e c r y s t a l l i z e d  from  amyl a c e t a t e ,  m*p. 1 5 9 * 5 -l6 l^ C .

A n a ly s i s .  C a lc u la te d  f o r  CyE^N^O: C, 3 4 .0 4 ; H, 4 .9 9 ;  N, 4 9 .6 3 .

F ound: C, 3 4 .1 5 ; H, 4 .9 4 ;  N, 4 9 .5 9 .

5 -B e n z o y la m in o m e th y lte tra z o le  .  To 15 m l. o f w a te r  c o n ta in in g  

1 .0  g . o f  sodium  h y d ro x id e  was added 0 .9 9  g .  (0 .0 1  m ole) o f  5 -am in o - 

me th y l  t e t r a z o l e .  When a c o m p le te  s o lu t io n  h ad  b e en  a t t a i n e d  1 .4  g .  

(0*01 m ole) o f  b e n z o y l c h lo r id e  was added and  t i e  m ix tu re  shaken  fo r  

o ne  h o u r . The r e s u l t i n g  s o l u t i o n  w as th e n  n e u t r a l i z e d  w ith  d i l u t e  

h y d r o c h lo r ic  a c id  an d  a d ju s t e d  t o  a  pH o f  4 - 5 .  T he p r e c i p i t a t e  w h ich  

fo rm ed  was f i l t e r e d  and r e  c r y s t a l l i z e d  from  w a te r ,  m .p . 2 2 9 .5 -2 3 0 ^ 0 .,  

w ith  de<x>m position.

A n a ly s is .  C a lc u la te d  f o r  C ^^N ^O ; C, 5 3 .2 0 ; H, 4*47 ; N, 34*47 . 

F ound: C, 5 3 .3 7 ; H, 4 .4 5 ;  N, 3 4 .3 0 .

N -Pheny 1 - N ( 5 - 1 e t r a z o ly lm e th y l )u r e a . One gram  (O .O l m ole) o f  

5-am i nome t h y l t e t r a z o l e  was d is s o lv e d  i n  12 m l. o f IN  p o ta ss iu m  hy­

d ro x id e  s o l u t i o n  to  w h ich  m s  th e n  ad d ed  15 m l. o f  w a te r .  One and s i x -  

t e n t h s  g ram s o f  p h e iy l  i s o c y a n a te  was th e n  added an d  th e  m ix tu re  shaken
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f o r  one h o u r .  T he s o l u t i o n  was f i l t e r e d  and  th e  f i l t r a t e  a c i d i f i e d  t o  & 

piH o f 4 -5  w i th  d i l u t e  h y d r o c h lo r ic  a c i d .  The p r e c i p i t a t e  w hich form ed 

was f i l t e r e d  and r e c r y s t a l l i z e d  from  w a te r ,  m .p . 1 9 4 .5 -1 9 5 ° C ., w ith  

d ec o m p o s ! tio n .

A n a ly s i s .  C a lc u la te d  f o r  C, 4 9 .5 3 ;  H, 4 .6 2 ;  N, 3 8 .5 2 .

Found: 0 ,  4 9 .6 0 ;  H, 4 .8 1 ;  N, 3 8 .5 3 .

The P r e p a r a t i o n  o f  5 - o C -A m in o e th y lte tra z o le  

(A la n in e  A nalogue)

Scheme A.

(a ) N -B en zy l-c4 -b ro m o p ro p io n am id e .  One h u n d re d  gram s o f =»o- 

b ro m o p ro p io n y l b rom ide (0 .4 6 3  m ole) was added  to  9 9 .1  g .  o f  b en zy lam in e  

d i s s o lv e d  i n  one l i t e r  o f  d iy  b en zen e  o v e r  a p e r io d  o f  t h i r t y  m in u te s  

and  th e  r e s u l t i n g  m ix tu r e  a llo w ed  to  s t i r  cv © m ig h t .  The m ix tu re  was 

th e n  f i l t e r e d ,  t h e  s o l i d  w ashed w ith  w a te r  an d  th e  f i l t r a t e  concen­

t r a t e d  and  c o o le d . The r e s id u e  from  th e  w a te r  wash and the  s o l i d  w hich  

c r y s t a l l i z e d  from  th e  b e n ze n e  c o n c e n t r a te  w ere  com bined and r e c r y s t a l l i z e d  

s e v e r a l  t im e s  from  b en zen e  to  g iv e  5 8 .1  g .  (5 1 .8 ^  o f  th e o ry )  o f  p r o d u c t ,  

m .p . 9 1 .5 -9 2 .5 ° C .

K u sh n e r and c o -w o rk e rs  (18) r e p o r t  a  m e l t in g  p o in t  o f  93»5-9A»5 C .,  

f o r  t h i s  com pound.

A n a ly s i s .  C a lc u la te d  f o r  C^^H^^BrNO: B r, 3 3 .0 1 ;  N, 5 .7 9 .  Found:

B r , 3 3 .1 0 ;  N, 5 .9 9 .

(b ) N -B e n zy l-  o C -p h th a lim i d o p ro p i onami d e . Twenty two and  tw o-
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t e n t h s  gram s (0 .1 2  m ole) o f  p o ta s s iu m  p h th a l im id e  was added  to  24*2 g .

( 0 .1  m ole) o f  N -b e n zy l-o C -b ro n o  p ro  p i  onamid© d is s o lv e d  i n  75 m l. o f  

dim e th y l  f  o r  mami de an d  th e  m ix tu re  h e a te d  on a s team  b a th  f o r  one h o u r  

w ith  c o n tin u e d  s t i r r i n g .  The m ix tu re  was th e n  t r a n s f e r r e d  to  a  500 m l. 

b e a k e r ,  100 m l. o f  c h lo ro fo rm  was added  and  th e  r e s u l t i n g  m ix tu re  

t r e a t e d  w ith  250 m l. o f  w a te r .  The o rg a n ic  l a y e r  was s e p a ra te d  a id  th e  

aq u eo u s  l a y e r  w ashed w ith  50 m l. o f  c h lo ro fo rm . The o rg a n ic  l a y e r  was 

com bined w ith  t h e  c h lo r o f o m  w ash , t r e a t e d  f i r s t  w ith  50 m l. o f  a  0.2N  

sodium  h y d ro x id e  s o l u t i o n  and th e n  w ith  50 m l. o f  w a te r  and  th e n  e v a p o ra te d  

i n  a  s tre a m  of d iy  a i r .  The r e s id u e  v h ic h  re ra a in ed  was d r ie d  a t  7 0 ^ 0 .,  

t o  g iv e  2 3 .4  g .  (7 6 .0 ^  o f  th e o ry )  o f  p ro d u c t ,  m .p . 1 3 0 -1 3 8°C. Re­

c r y s t a l l i z a t i o n  from  to lu e n e  gave  1 8 .0  g .  (5 8 .5 ^  o f  th e o ry )  o f  p ro d u c t  

m e l t in g  a t  140-141*^0. The a n a l y t i c a l  sam ple m e lte d  a t  141-142*^0.

A n a ly s i s .  C a lc u la te d  f o r  7 0 .1 2 ; H, 5 .2 3 ; N, 9 .0 9 .

Found: C, 7 0 .1 3 ; H, 5 .3 4 ;  N, 9 .2 3 .

(c ) 1 -B e n z y l-5 -  ( oC - p h th a l im i  doe t h y l ) t e t r a z o l e .  S ix  and  tw o - te n th s  

gram s (0 .0 2  m ole) o f  N -b e n z y l-  oC - p h t h a l i  mid opr o p i onami de suspended  i n  

100 m l. o f  d ry  b e n z e n e  was t r e a t e d  w ith  4 .1 6  g .  (0 .0 2  m ole) o f  powder­

ed  p h o ^ h o r u s  p e n ta c h lo r i  d e . A f t e r  a few m in u te s  o f  s t i r r i n g  th e  

s o l u t i o n  becauB c l e a r .  A f t e r  tvro h o u rs  o f  c o n tin u e d  s t i r r i n g  2 .7 8  g .

(0 .0 6 5  m ole) o f  h y d ra z o ic  a c id  d i s s o lv e d  i n  20 m l. o f d ry  ben zen e  was 

a d d e d . A f te r  a  s h o r t  tim e  a c o l o r l e s s  p r e c i p i t a t e  s t a r t e d  to  Ibrm .

S t i r r i n g  was c o n tin u e d  f o r  two h o u rs  a t  room te m p e ra tu re  and fo r  two 

h o u rs  a t  r e f l u x  te m p e r a tu r e .  The f l a s k  was th en  c o o le d  u n t i l  th e  

te m p e r a tu r e  o f  the  s o l u t i o n  was 5 ^ 0 . ,  and th e  p r e c i p i t a t e  was f i l t e r e d .
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The s o l i d ,  a f t e r  w ash ing  w i th  w a te r  and d ly in g ,  am ounted to  5 .9  g .

( 88*1^  o f  th e o r y ) ,  m .p . 147 *̂0 .  The a n a l y t i c a l  sam ple  was r e c r y s t a l l i z e d  

from  t o lu e n e ,  m .p . 1 4 5 • 7- 1 4 6 . 7 *̂0 .

A n a ly s i s .  C a lc u la te d  f o r  6 4 . 8 5 ; H, 4 .5 4 ;  N, 2 1 .0 1 .

F ound : G, 6 4 .9 5 ;  H , 4 .5 4 ;  N, 2 0 .9 2 .

(d ) l - B e n z y l - 5 - - a m i n o e t h y l ) t e t r a z o l e  H y d ro c h lo r id e .  F iv e  and 

t h r e e - t e n t h s  gram s (O .O I6 m ole) o f  l - b e n z y l - 5 - ( « ^ - p h th a l im i  doe th y l  ) -  

t e t r a z o l e  was r e f lu x e d  w i th  16 m l. of a  one m o la r  s o lu t io n  o f  h y d ra z in e  

h y d r a te  i n  a b s o lu t e  e th a n o l ,  to  v h ic h  h ad  b een  added 50 m l. o f  a b s o lu te  

e th a n o l ,  f o r  a  p e r io d  o f  t h r e e  h o u rs  w ith  c o n tin u e d  s t i r r i n g .  A f t e r  

t h e  m ix tu r e  h ad  been  e v a p o ra te d  t o  d ry n e s s  vacuo th e  r e s id u e  was 

d ig e s t e d  w ith  40 ml* o f  2N h y d ro c h lo r ic  a c id  f o r  10-15 m in u te s  a t  

40- 50*̂ C. The p r e c i p i t a t e  w hich re m a in ed  was f i l t e r e d  and th e  f i l t r a t e  

e v a p o r a te d  to  d r y n e s s .  The c ru d e  p ro d u c t ,  3 .5  g . ,  was r e c r y s t a l l i z e d  

s e v e r a l  t im e s  from  i s o p r o p y l  a lc o h o l  to  g iv e  2 .3  g .  (6 0 . 5^  o f  th e o ry )  

o f  p u re  p r o d u c t ,  m .p . 184- 1 8 4 . 5 *̂0 .

A n a ly s is .  C a lc u la te d  f o r  C^qH^^CIN^: C, 5 0 .1 0 ; H, 5 .8 9 ; C l ,

1 4 .7 9 ;  N, 2 9 . 2 2 .  Found: G, 50.0 4 ;  H, 5 . 8 9 ; C l, 1 4 .9 2 ; N, 2 9 .1 6 .

(e )  5- 06- A m in o e th y l te t r a z o le .  F i v e - t e n t h s  gram s (0 .0 0 2 1  m ole) o f  

l - b e n z y l - 5- (06- a m i n o e t h y l ) t e t r a z o l e  was d is s o lv e d  i n  a m ix tu re  o f  10 

m l. o f  w a te r  and 65 m l. o f  a b s o lu te  e th a n o l  and th e  m ix tu re  sh ak en  w ith  

0 .5  g .  o f  p a lla d iu m  on c h a r c o a l  i n  a  hy d ro g en  a tm o sp h ere  a t  an  i n i t i a l  

p r e s s u r e  o f  40  p . s . i .  and  te m p e ra tu re  o f  50-55*^0. A f te r  tw e n ty -fo u r  

h o u rs  th e  c a t a l y s t  was f i l t e r e d  and the  f i l t r a t e  e v a p o ra te d  to  d r y n e s s .  

The r e s id u e  v h ich  rem ain ed  was d is s o lv e d  i n  5 m l. o f  h o t  e th a n o l  and
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t r e a t e d  w ith . 0 .5  ml* o f  p y r id i n e .  C o o lin g  o v e r n ig h t  in  an  ic e - b o x  r e ­

s u l t e d  i n  th e  f c rm a t io n  o f  a o o lo r l e s s  p r e c i p i t a t e  w hich w as f i l t e r e d  

and  w ashed w i th  a b s o lu t e  e t h a n o l .  The p ro d u c t  am ounted t o  110 m g ., 

m .p . 2 6 7 -2 6 8 ^ 0 .,  w ith  d e c o m p o s it io n ,

A m ix tu re  m e l t in g  p o in t  w ith  an a n a l y t i c a l  sam ple  o f  5 -oC -am ino- 

e t h y l t e t r a z o l e  p re p a re d  a c c o rd in g  to  Scheme B, page  29» showed no 

d e p r e s s io n .

Scheme B

(a ) P h th a ly l  a l a n i n e .  F i f t y  t l i r e e  and  f o u r - t e n t h s  gram s (0 .6  

m ole) o f  a l a n in e  was m ixed  w ith  8 8 .9  g# (0 .6  m ole) o f  p h th a l I c  a n h y d rid e  

and th e  m ix tu re  h e a te d  i n  an o i l  b a th  f o r  one h o u r a t  l6o-170*^C. The 

m e lt  was c o o le d  and r e c r y s t a l l i z e d  from  w a te r  to  g iv e  1 3 0 .1  g .  (98*75^

o f  th e o ry )  o f  th e  p ro d u c t ,  m .p . 158-159*^0.

A m e l t in g  p o in t  o f  l 6 0 - l 6 2 ° C . , i s  r e p o r te d  f o r  t h i s  compound by  

G a b r ie l  ( 1 9 ) .

(b) oC - P h th a l  im l d o p ro p i on ami d e . To a  s t i r r e d  s u s p e n s io n  o f  6 8 ,5  

g .  (0 .3 3 4  m ole) o f  p h t h a l y l  a l a n in e  i n  500 m l. o f  d ry  benzene was added

6 1 .3  6 .  (0 .5 2  m ole) o f  th io n y l  c h lo r id e .  The m ix tu re  was th en  h e a te d  on 

a  s team  b a th  w i th  c o n t in u e d  s t i r r i n g  u n t i l  a  c l e a r  s o lu t io n  fo rm ed . The 

y e llo w  s o l u t i o n  w hich  r e s u l t e d  a f t e r  two h o u rs  o f  h e a t in g  was th e n  c o o le d  

t o  1 5 ^ 0 .,  an d  ammonia g a s  s lo w ly  b u b b led  in to  th e  s o lu t io n  u n t i l  a  p r e ­

c i p i t a t e  c e a se d  to fo rm . The s o l i d  p r e c i p i t a t e  was f i l t e r e d ,  d r i e d

and  su sp en d ed  in  a  l i t e r  o f  w a te r .  F i l t r a t i o n  and d ry in g  o f  th e  s o l i d  

g av e  4 6 .5  g .  (64^  o f  th e o ry )  o f  t h e  d e s i r e d  p ro d u c t ,  m .p . 209- 210^0 ,
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No f u r t h e r  p u r i f i c a t i o n  was c a r r i e d  o u t .

T h is  compound i s  r e p o r t e d  by  Radde (20) t o  have a  m e lt in g  p o in t  

o f  211-212*^0.

(c )  - P h t h a l i m i d o p r o p i o n i t r i l e .  F o r ty  f o u r  and f i v e - t e n t h s  gram s 

(0 .2 0 4  m ole) o f  <56-p h th a l im id o p r o p i  onami de was r e f lu x e d  w ith  200 m l.

o f  p y r id in e  an d  120 m l. o f b e n z e n e s u lfo n y l c h lo r id e  f o r  te n  m in u te s .

The r e a c t i o n  m ix tu re  was th e n  c o o le d  an d  p o u re d  i n t o  i c e  and w a te r .

A f te r  s ta n d in g  f o r  tw e n ty  m in u te s  th e  s o l i d  p r e c i p i t a t e  was f i l t e r e d  

and d r i e d  an d  am ounted to  4 0 .9  g .  (100$ o f  th e o r y ) ,  m .p . 129-130*^0. 

R e c r y s t a l l i z a t i o n  from  m eth an o l g a v e  a c o l o r l e s s  c r y s t a l l i n e  s o l i d ,  

m .p . 136- 138 *̂0 .

T h is  m a t e r i a l  i s  r e p o r te d  by Radde (20) to  m e l t  a t  1 3 9 -1 4 0 % .

(d ) 5 - o d - P h th a l im ld o e th y l t e t r a z o l e .  To 4 9 .3  g .  (O.2 4 6  m ole) o f  

o C -p h th a lim i d o p ro p i o n i t r i l e  and 48  g .  (0 .7 3 8  mole ) o f  sodium  a z id e  

su sp en d ed  i n  100 m l. o f  d ry  te t r a h y d r o f u r a n  was added  3 2 .7  g . (0 .2 4 6  

m ole) o f  a n h y d ro u s  alum inum  c h lo r id e  d is s o lv e d  in  300 m l. o f  d ry  

t e t r a h y d r o f u r a n .  The r e s u l t i n g  m ix tu re  was r e f lu x e d  w ith  c o n tin u e d  

s t i r r i n g  f o r  tw e n ty - fo u r  h o u r s .  A t th e  end o f  t h i s  tim e  th e  t e t r a h y d r o ­

f u r a n  was d i s t i l l e d  from  th e  r e a c t i o n  m ix tu re  and w a te r  added  a t  su ch

a  r a t e  t h a t  th e  w lu m e  re m a in ed  th e  same. The r e s u l t i n g  s u sp e n s io n  was 

f i l t e r e d ,  th e  s o l i d  re su sp e n d e d  i n  400 m l. o f  w a te r  an d  t r e a t e d  w i th  50 

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 i d .  A f te r  s t i r r i n g  a t  room temp­

e r a t u r e  f o r  o n e  h o u r th e  s o l i d  was f i l t e r e d  and d r i e d  to  g iv e  5 4 .3  g .  

( 90 . 7$  o f  th e o ry )  o f  p r o d u c t ,  m .p . 229-231*^0. A p o r t i o n  o f  th e  p ro d u c t 

was r e c r y s t a l l i z e d  from  aqueous e th a n o l ,  m .p . 230-231*^0., w ith  de comp-
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o s i t i on .

A n a ly s i s .  C a lc u la te d  f o r  C, 5 4 -3 2 ; H, 3 .7 3 ;  N, 2 8 .8 0 .

Found: C, 5 4 .2 9 ;  H, 3 .7 5 ;  N, 2 8 . 7 8 .

(c )  5 -  -Ami no e t h y l  t e  t r a z o  l e .  To 3 7 .1  g .  (0 .1 5 3  m ole) o f  5-f>(:-

p h th a l i m i d o e t h y l t e t r a z o l e  su sp en d ed  i n  400 m l. o f  a b s o lu t e  e th a n o l  was 

ad d ed  153 m l. o f  a  one m o la r e th a n o l  s o lu t i o n  o f  h y d ra z in e  and th e  r e ­

s u l t i n g  m ix tu re  s t i r r e d  u n d e r  c o n tin u e d  r e f l u x  f o r  th r e e  h o u r s .  A t th e  

en d  o f  t h i s  tim e  th e  m ix tu re  was e v a p o ra te d  to  d ry n e s s  and th e  r e s id u e  

t r e a t e d  w i th  400 m l. of 2N h y d r o c h lo r ic  a c id  f o r  f i f t e e n  m in u te s  a t  

55°C . The r e s u l t i n g  s u s p e n s io n  was f i l t e r e d  and th e  f i l t r a t e ,  i n  tu r n ,  

e v a p o r a te d  to  d r y n e s s .

The c ru d e  h y d r o c h lo r id e ,  2 0 .0  g . , was d i s s o lv e d  i n  100 m l. o f  ab ­

s o l u t e  e th a n o l  and  t r e a t e d  w ith  18 g .  of p y r id in e .  A f t e r  th e  m ix tu re  

had  re m a in e d  i n  an i c e  box f o r  t h i r t y - s i x  h o u rs  i t  was f i l t e r e d .  The 

d r i e d  s o l i d  am ounted t o  7 .2  g .  (4 0 .4 $  o f  th e o r y ) ,  m .p . 260- 262% . ,  w ith  

de comp o s i t i  on .

The p ro d u c t  was p u r i f i e d  by d i s s o lv in g  i t  i n  a minimum amount o f  

w a te r  and r e p r e c i p i t a t i n g  i t  by  th e  a d d i t io n  o f  s u f f i c i e n t  a b s o lu t e  

e th a n o l  to  make a 90$ a lc o h o l  s o l u t i o n ,  m .p . 2 7 2 -2 7 3 % .,  w ith  decom po- 

s i  t i  on.

A n a ly s i s .  C a lc u la te d  f o r  C, 3 1 .8 5 ; H, 6 .2 4 ;  N, 6 1 . 9I .

F ound: C, 3 1 .7 9 ; H, 6 .1 0 ;  N, 6 2 .0 9 .
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D e r iv a t iv e s

5 -o < S -A c e ty la m iiio e th y lte tr a z o le .  One and th i r t e e n - h u n d r e d th s  g ram s 

(0 .0 1  m ole) o f  5-oC -am i noe t h y l t e t r a z o l e  a n d  1 .0 2  g .  (O .O l m ole) o f  

a c e t i c  a n h y d r id e  w ere  r e  f lu x e d  f o r  one h o u r  i n  10 m l. o f  g l a c i a l  a c e t i c  

a c i d .  The e x c e s s  a c e t i c  a c i d  was rem oved i n  a vacuum and th e  s o l id  

r e s id u e  r e c r y s t a l l i z e d  fro m  amyl a c e t a t e ,  m .p . 1 4 5 -1 4 5 .5 % .

A n a ly s is .  C a lc u la te d  f o r  C ^^N ^O : C, 3 8 .7 0 ; H, 5 .8 5 ;  N, 4 5 .1 4 .

Found: G, 3 8 .6 9 ; H, 5 .7 1 ;  N, 4 5 .1 3 .

5 -  o^-B enzoylam inoe th y l  t e t r a z o l e  » To 1 .1 3  g .  (0 .0 1  m ole) o f  5 -oC - 

amino e th y l  te t r a z o l©  d is s o lv e d  i n  20 m l. o f  im te r  c o n ta in in g  0 .9  g .  

o f  sodium  h y d ro x id e  was added  1 .4  g . (0 .0 1  m ole) o f  b e n z o y l c h lo r id e .  

The r e s u l t i n g  m ix tu re  was shaken s e v e r a l  tim e s  o v e r a p e r io d  o f  one 

h o u r .  The s o l u t i o n  was th e n  f i l t e r e d  and th e  f i l t r a t e  a c i d i f i e d  to  a 

pH o f  4 -5  w ith  d i l u t e  h y d r o c h lo r ic  a c i d .  The s o l id  w h ich  fb im ed was 

f i l t e r e d  and  r e  c r y s t a l l i z e d  from  w a te r .  The p ro d u c t m e lte d  a t  176- 

1 7 7 % .,  th e n  s o l i d i f i e d  and r e m e lte d  a t  1 9 9 -2 0 0 % .

A n a ly s i s .  C a lc u la te d  f o r  C^qH^^N^O; C, 5 5 .2 9 ; H, 5 .1 1 ; N, 3 2 .2 4 .  

F ound: C, 5 5 .4 9 ; H, 5 .0 9 ; N, 3 2 .4 3 .

N - P h e n y l - N ( o 4  - 5 - t e t r a z o l y l e t h y l ) u r e a .  One and  th i r t e e n - h u n d r e d ­

t h s  gram s (0 .0 1  m ole) o f  5 - « C - a m in o e th y l te t r a z o le  was d i s s o lv e d  i n  12 

m l. o f  a  IN p o ta s s iu m  h y d ro x id e  s o l u t i o n  to  w hich  was th e n  added 18 

m l. of w a te r .  One and  tw o - te n th s  gram s o f  pheny l i s o c y a n a te  was added  

and  th e  m ix tu r e  shaken  s e v e r a l  t im e s  o v e r  a  p e r io d  o f  two h o u r s .  A f te r  

t h i s  tim e th e  s o lu t io n  was f i l t e r e d  and the f i l t r a t e  a c i d i f i e d  to  pH 4
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w ith  d i l u t e  h y d r o c h lo r ic  a c i d .  The p r e c i p i t a t e  w hich  form ed w as 

f i l t e r e d  an d  r e c r y s t a l l i z e d  from  w a te r ,  m .p . 1 8 4 -1 8 5 % .,  w ith  decomp­

o s i t i o n .

A n a ly s i s .  C a lc u la te d  f o r  C, 5 1 .7 1 ; H, 5 .2 1 ; N, 3 6 .2 0 .

F ound: G, 5 1 .8 8 ; H, 5 .3 5 ; N, 3 6 .2 2 .

The P r e p a r a t i o n  o f  5 - (/8-A m i no e th y l )  t e t r a z o l e  

( -A la n in e  A nalogue)

Scheme A.

(a ) P h th a ly l  f t - a l a n i n e .  A m ix tu re  o f  3 5 .6  g .  ( 0 .4  m ole) o f  

/3 - a la n in e  and 5 9 .3  g .  (0 .4  m ole) o f  p h th a l i c  a n h y d rid e  was fu s e d  a t  

1 8 0 % . f o r  a  p e r io d  o f  t h i r t y  m in u te s . A t th e  end o f  t h i s  t im e  th e  

c o n te n t s  o f  the f l a s k  w ere  rem oved and r e c r y s t a l l ! z e d  from  w a te r .  T h is  

g av e  8 0 .0  g .  (9 1 .4 $  o f  th e o ry )  o f  th e  p ro d u c t m e lt in g  a t  1 4 9 -1 5 0 % .

T h is  compound was r e p o r te d  by G a b r ie l  (19) to  m e lt a t  1 5 0 -1 5 1 % .

(b) ^ - P h th a l im id o p r o p io n y l  C h lo r id e .  To 3 9 .1  g . (0 .1 7 9  m ole) 

o f  p h th a ly l - y Q - a la n ine su sp en d ed  i n  500 m l. o f  d ry  b enzene  was added

3 5 .4  g . ( 0 .3  m ole) o f  th io n y l  c h l o r i d e .  The r e s u l t i n g  m ix tu re  was 

h e a te d  j u s t  u n d e r  r e f l u x  te m p e ra tu re  w ith  c o n tin u e d  s t i r r i n g  f c r  t h r e e  

h o u r s .  A f t e r  t h i s  tim e  th e  s o l u t i o n  was c o n c e n tr a te d  i n  a  vacuum u n t i l  

th e  e x c e s s  th io n y l  c h lo r id e  and  a l l  th e  benzene had b een  rem oved. 

T r i t u r a t i o n  o f  th e  r e s id u e  w ith  p e tro le u m  e th e r  g av e  a c o l o r l e s s  c r y s ­

t a l l i n e  m a t e r i a l  w h ich  was f i l t e r e d  and d r i e d .  The a c id  c h lo rl(d e  w eighed  

3 8 .6  g .  (9 0 .9 $  o f  th e o r y ) ,  m .p . 1 0 5 -1 0 6 .5 % .

T h is  co rpound  i s  r e p o r te d  by  G a b r ie l  (21) to  m elt a t  1 0 7 -1 0 8 % ,
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(c )  N-Ben2y l - / 3 -p h th a lIm id o p ro p io n a m id e . To 34*9 g .  (0 .3 2 6  m ole) 

o f  b e n zy la m in e  in  500 m l. o f  d ry  b enzene  was added 3 8 .6  g .  (O .I63 m ole) 

o f /3 - p h th a l im i  d o p ro p i o n y l c h lo r id e  i n  sm a ll  p o r t i o n s  o v e r  a p e r io d  o f  

tw e n ty  m in u tes*  The r e a c t i o n  m ix tu re  was k e p t  a t  room te m p e ra tu re  by  

m eans o f  a n  i c e - w a te r  b a t h .  A f t e r  a l lo w in g  th e  m ix tu re  to  s t i r  o v e r­

n i g h t  th e  p r e c i p i t a t e  was f i l t e r e d ,  d r ie d  and d ig e s te d  w ith  750 m l. o f  

w a te r  f o r  tvjo h o u rs . F i l t e r i n g  and d ry in g  a g a in  g av e  5 0 .9  g .  ( q u a n t i t a t i v e  

y i e l d )  o f  th e  p ro d u c t ,  m .p . 194- 197% .

R e c r y s t a l l i z a t i o n  from  a b s o lu t e  e th a n o l  g av e  4 1 .0  g .  (8 1 .7 $  o f  

th e o ry )  o f  p u re  p ro d u c t  m e ltin g  a t  198- 1 9 9 . 5 % . ;  th e  a n a l y t i c a l  sam ple 

m e lte d  a t  198- 1 9 8 . 5 % .

A n a ly s i s .  C a lc u la te d  f o r  C, 7 0 .1 2 ; H, 5 .2 3 ; N , 9 .0 9 .

Found: C, 6 9 .9 8 ; H, 5 .0 3 ; N, 9 . I 6 .

(d) 1-B engy1 -5 - /3 - P h th a l im id o e th y l t e t r a z o l e .  To 3 5 .1  g . (0 . I I 4 

m ole) o f  N - b e n z y l - - p h th a l im id o p r o p io n a r a ide su sp en d ed  in  500 m l. o f  d ry  

b e n ze n e  was added  2 3 .8  g .  (0 . I I 4  m ole) o f  p h o sp h o ru s  p e n ta c h lo r i  d e . The

m ix tu re  was s t i r r e d  a t  60% .  f o r  a  p e r io d  o f  two h o u rs  d u r in g  w hich  tim e

th e  s o l u t i o n  becam e hom ogeneous. To th e  s l i g h t l y  y e llo w  s o lu t io n  was 

th e n  added I 4 .8  g .  (0 .3 4 4  m ole) o f  h y d ra z o ic  a c id  i n  106 m l. o f  d ry  

b e n z e n e . The s o lu t i o n  was s t i r r e d  fo r  two h o u rs  a t  room te m p e ra tu re ,  

fo llo w e d  by two h o u rs  a t  r e f l u x  te m p e ra tu re .  The r e s u l t i n g  su sp e n s io n  

was c o o le d  and  f i l t e r e d .  A f te r  d ry in g  th e  r e s id u e  i t  was d ig e s te d  i n  

w a te r  and a g a in  f i l t e r e d  and  d r ie d  t o  g iv e  2 2 .8  g .  (6 0 , 0$  o f  th e o ry )  o f  

c ru d e  p r o d u c t ,  m .p . 1 5 3 .5 -1 5 7 % . The b e n ze n e  f i l t r a t e  was c o n c e n tr a te d

in  h a l f  i t s  vo lum e, c o o le d  and f i l t e r e d .  The d r i e d  p r e c i p i t a t e  am ounted
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t o  5 .1  g . (1 3 .4 $  o f  t h e o r y ) ,  m .p . 1 4 8 .5 -1 5 3 % .

R e c r y s t a l l i z a t i o n  o f  th e  com bined  s o l i d s  from  to lu e n e  gave 2 5 .5  g . 

( 6 7 . ^  o f  th e o ry )  o f  p ro d u c t ,  m .p . 156. 5- 158% ,  The a n a l y t i c a l  

sam p le  m e lte d  a t  1 5 9 -1 5 9 .5 % .

A n a ly s i s .  C a lc u la te d  f o r  C, 6 4 .8 5 ;  H , 4 .5 4 ;  N, 2 1 .0 1 .

Found: 0 ,  6 5 .0 3 ; H , 4 .3 3 ;  N , 2 1 .1 9 .

(e )  l - B e n z y l - 5 - ( -a m in o e th y l)  t e t r a z o l e  H y d ro c h lo r id e . To 20*5 g .  

(0 .0 6 2  m ole) o f  l - b e n z y l - 5 - /9 - p h th a l im i  doe t h y l t e t r a z o l e  I n  250 m l. o f  

e th a n o l  was added  62 m l. o f  a one  m o lar e th a n o l  s o l u t i o n  o f  h y d r a z in e .  

The m ix tu re  was s t i r r e d  u n d e r r e f l u x  f o r  t h r e e  h o u rs  an d  th e n  e v a p o ra te d  

t o  d iy n e s s .  The r e s id u e  vœas th e n  t r e a t e d  w ith  200 m l. o f  2K h y d ro ­

c h l o r i c  a c id  a t  50- 55% .  f o r  te n  m in u te s  fo llo w e d  b y  f i l t r a t i o n .  

E v a p o ra t io n  o f  th e  f i l t r a t e  gave 1 1 .1  g .  (7 4 .8 $  o f  th e o ry )  o f  th e  c ru d e , 

c o l o r l e s s  p ro d u c t  m e l t in g  a t  126- 129% .

R e c r y s t a l l i z a t i o n  from  a m ix tu re  o f w a te r  and is o p r o p y l  a lc o h o l  

r a i s e d  th e  m e l t in g  p o in t  to  138 . 5- 139 . 5 % .

A n a ly s i s .  C a lc u la te d  f o r  Cg^gS^^GlN^: C, 5 0 .1 0 ; H, 5 .8 9 ;  C l,  1 4 .7 9 ;

N, 2 9 . 2 2 .  Found: G, 4 9 .8 8 ; H, 6 .0 0 ; C l, 1 4 .9 8 ; N, 2 8 ,9 7 .

( f )  5 -  -  Ami noe th y l  t e t r a  z o le  Hydro c h lo r id e .  F our and  e i g h t -

t e n t h s  gram s (0 .0 2  m ole) o f  l - b e n z y l - 5- - a m i  noe th y  I t  e t r a z o  l e  h y d ro ­

c h lo r id e  was d is s o lv e d  in  a m ix tu re  o f  100 m l. o f  a b s o lu te  e th a n o l  and 

15 m l. o f  w a te r .  A f t e r  a d d i t io n  of 1 .2  g .  o f  5$ p a lla d iu m  on c h a rc o a l  

th e  m ix tu re  was shaken  i n  an  a tm o sp h e re  o f  hydrogen  a t  50- 60% . ,  a t  an  

i n i t i a l  p r e s s u r e  o f 50 p . s . i .  f o r  tw e n ty - fo u r  h o u rs .  The m ix tu re  was 

th e n  f i l t e r e d  and th e  f i l t r a t e  e v a p o ra te d  t o  d ry n e s s ;  th e  r e s id u e  was
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r e c r y s t a l l i z e d  from  e t h a n o l - e t h e r ,  and  gave  1 .1  g . (3 6 .8 $  o f  th e o ry )  

o f  p r o d u c t ,  m .p . 1 2 7 .5 -1 2 8 .8 % .

A n a ly s i s .  C a lc u la te d  fo r  C^H^GIN^: G, 2 4 .0 9 ; H, 5 .3 9 ;  C l, 2 3 .7 0 ;

N, 4 6 . 82 .  Found: C, 2 4 .0 9 ; and 2 4 .2 4 ; H, 5 .5 4  and 5 .4 5 ;  C l, 2 3 .5 1 ;

N, 4 6 . 6 9 .

Scheme B

(a )  5 - / 3 - P h th a l im id o e th y l t e t r a z o l e .  To 50 g . (0 .2 5  m ole) o f

/S - p h th a l im id o p r o p io n i t r i l e  (22) an d  50 g .  o f  sodium  a z id e  su sp en d ed  i n  

100 m l. o f  d ry  te t r a h y d r o f u r a n  was added 35 g . (0 .2 6  m ole) o f  an h y d ro u s  

alum inum  c h lo r id e  d is s o lv e d  in  300 m l. o f  d ry  t e t r a h y d r o f u r a n .  The r e ­

s u l t i n g  m ix tu r e  was r e f lu x e d  fo r  tw e n ty - f o u r  h o u rs  w ith  c o n t in u e d  

s t i r r i n g .  A t th e  end o f  t h i s  tim e th e  te t r a h y d r o f u r a n  was d i s t i l l e d  

from  th e  m ix tu re  an d  w a te r  added  a t  su ch  a r a t e  t h a t  th e  TOlume o f  th e  

c o n te n ts  o f  th e  f l a s k  rem ain ed  th e  sam e. The r e s u l t i n g  s u s p e n s io n  was 

f i l t e r e d  and  t h e  s o l i d  r e  su sp en d ed  in  450 m l. o f  w a te r  and  t r e a t e d  w ith  

50 m l. o f  c o n c e n tr a te d  h y d ro c h lo r ic  a c id .  A f te r  one ho u r o f  s t i r r i n g

t h i s  was f i l t e r e d  and  th e  s o l i d  d r ie d  to  g iv e  5 7 .3  g .  (9 4 .2 $  o f  th e o ry )
o

o f  c ru d e  p ro d u c t ,  m .p . 2 4 0 -2 4 4 .5  G ., w ith  d e c o m p o s itio n .

R e c r y s t a l l i z a t i o n  from  a m ix tu re  o f  e th a n o l  and e th y l  a c e tia te

r a i s e d  th e  m e lt in g  p o in t  to  2 4 9 .5 - 2 5 0 .5 % .,  w ith  d é c o m p o s itio n .

A n a ly s is .  C a lc u la te d  f o r  C H N 0 ; C, 54*32; H, 3*73; N , 2 8 . 8 0 .
■ix 7 5 2

Found: C, 5 4 .3 3 ; H , 3 .9 3 ;  N, 2 8 .9 9 .

T h is  compound i s  r e p o r te d  by B e h r in g e r  and K ohl (5) to  m e lt a t
o

241  G.
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(b ) 5 * /3 - A m in o e th y l te t r a a o le  Hydro c h lo r id e »  To 24*3 g .  (0 .1  

m ole) o f  5 - /^ - p b th a l im id o © th .y l te t r a z o le  su sp en d ed  i n  360 m l. o f  a b s o lu te  

e tb a n o l  was added 100 m l. o f  a  one m o la r s o l u t i o n  o f  h y d ra z in e  h y d ra te  

i n  e th a n o l  and  th e  r e s u l t i n g  m ix tu re  r e  f lu x e d  w ith  c o n tin u e d  s t i r r i n g  

f o r  th r e e  h o u r s .  The s o lv e n t  w as rem oved i n  a vacuum and t h e  d ry  r e s id u e  

t r e a t e d  w i th  225 m l. o f  2N h y d r o c h lo r ic  a c id  a t  50-55*^0* f o r  a  p e r io d

o f  te n  m in u te s .  The r e s u l t i n g  m ix tu re  was f i l t e r e d  and th e  f i l t r a t e  

e v a p o r a te d  t o  d ry n e s s  on a  steam  b a th  in  a  j e t  o f  d ry  a i r .  The r e s i d u e ,  

13*3 g* (89*3^ o f  th e o r y ) ,  was r e c r y s t a l l i z e d  from  e t h a i o l ,  m .p . 13 0 - 

132°0 .

The m e l t in g  p o i n t  f o r  t h i s  compound i s  r e p o r te d  a s  128-129°C . by 

A in sw o rth  (23) and 132^0 . by B e h r in g e r  and K ohl ( 5 ) .

(c )  5 - / 3 - A m in o e th y l te t r a z o le .  A s o l u t i o n  o f  7*45 g* (0 .0 5  m ole) 

o f  5 - - a m in o e th y l t e t r a z o l e  hydro c h lo r id e  was d is s o lv e d  in  65 m l. o f  

w a te r  to  w hich  was th e n  added 6 .1  g ,  (0*0264 m ole) o f  pow dered s i l v e r  

o x id e*  The r e s u l t i n g  m ix tu re  was p r o t e c t e d  frcm  l i g h t  and a llo w ed  to  

s t i r  f o r  tw e n ty - e ig h t  h o u rs .  The s u s p e n s io n  was f i l t e r e d  and th e  

f i l t r a t e  was s a t u r a t e d  w ith  hydrogen  s u l f i d e .  The r e s u l t i n g  b la c k  

p r e c i p i t a t e  o f  s i l v e r  s u l f i d e  was rem oved by f i l t r a t i o n  and th e  f i l t r a t e ,  

a f t e r  t r e a tm e n t  w ith  N o r i t e ,  was e v a p o ra te d  to  a  sm a ll v o lum e. T r i ­

t u r a t i o n  w i th  a c e to n e  gave  a c o l o r l e s s  p r e c i p i t a t e  id iich  was f u r t h e r  

p u r i f i e d  by d i s s o lv in g  in  a  s m a ll  amount o f  w a te r  fb llo w e d  b y  p r e c ip ­

i t a t i o n  w i th  a c e to n e *  The p u re  p ro d u c t  w eighed  3 .0  g . (58*3^ o f  th e o ry )  

and m e lte d  a t  2 2 3 - 2 2 4 ,  w ith  d eco m p o sitio n *
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A n a ly s i s ,  C a lc u la te d  f o r  ; C, 3 1 ,8 5 ; H, 6 ,2 4 ;  N, 6 1 ,9 1 ,

F ound: C, 3 2 ,1 1 ;  H, 6 ,3 2 ;  N, 6 2 ,0 2 ,

D e r iv a t iv e s

5 - ( /3 - A c e ty la m in o e t t iy l )  t e t r a z o l e *  One an d  th i r t e e n - h u n d r e d th s  

gram s (O .O l m ole) o f  5 - ( /^ - a m in o e th y l ) t e t r a z o l e  was added to  10 m l. o f  

g l a c i a l  a c e t i c  a c id  c o n ta in in g  1 .0 2  g . (O .O l m ole) o f  a c e t i c  a n h y d rid e  

and th e  m ix tu re  re  f lu x e d  f o r  one h o u r . Rem oval o f  th e  s o lv e n t  i n  a  

vacuum l e f t  a  s o l id  r e s id u e  which was re  c r y s t a l l i z e d  from  aiqyl a c e t a t e ,  

m .p . 2 0 2 -2 0 3 '^C.

A n a ly s i s .  C a lc u la te d  f o r  G, 3 8 .7 0 ; H, 5*85; N, 45*14*

Found: G, 3 8 .8 1 ; H, 6 .0 6 ;  N, 4 5 .2 8 .

5 -  ( /6 -B en zo y lam i no e th y l  ) t e t r a z o l e .  One and  th i r t e e n - h u n d r e d th s

g ram s (O .O l m o les) o f  5 - ( /3 - a m in o e th y l ) t e t r a z o le  was added  to  20 m l.

o f  w a te r  c o n ta in in g  0 .8  g .  (0 .0 1  m ole) o f  sodium  h y d ro x id e . To th e

r e s u l t i n g  s o l u t i o n  was th e n  added 1 .4  6* (O .O l m ole) o f  b e n z o y l

c h lo r id e  and  th e  m ix tu re  shaken f o r  one h o u r . The s o l u t i o n  was th e n

n e u t r a l i z e d  w ith  d i l u t e  h y d r o c h lo r ic  a c id  and a d ju s t e d  to  a pH o f  4-5*

'Hie r e s u l t i n g  p r e c i p i t a t e  was f i l t e r e d  and r e c r y s  t a l l i z e d  tw ic e  from
o

w a te r ,  m .p . 2 0 0 .5 -2 0 1 .0  C . , w ith  d e c c ra p o s itio n .

T h is  compound i s  r e p o r t e d  by A in sw o rth  (23) to  m e lt a t  206^C.

A n a ly s i s .  C a lc u la te d  fo r  0 H N 0 : 0 , 55*29; H, 5 .1 1 ; N, 32.24*10 11 5

Found: C, 5 5 .1 3 ; H, 5 .1 6 ; N, 3 2 .2 7 .

N - P h e n y l - N * - ( /3 - 5 - t e t r a z o ly l e th y l ) u r e a .  One and th i r t e e n - h u n d r e d th s  

g ram s (O .O l m ole) o f  5 - ( / ^ - a m i n o e t h y l ) t e t r a z o l e  was d is s o lv e d  in  12 m l.
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o f  IN p o ta s s iu m  h y d ro x id e  s o l u t i o n  to  w hich  was th e n  added 18 m l. o f  

w a te r .  To th e  r e s u l t i n g  s o l u t i o n  w as added 1 .2  g .  o f  p h e n y l i s o c y a n a te  

and  th e  m ix tu re  sh ak en  f o r  one h o u r . The s u s p e n s io n  was f i l t e r e d  and 

th e  f i l t r a t e  a c i d i f i e d  to  a  pH o f  4—5 w ith  d i l u t e  h y d r o c h lo r ic  ac id *

The p r e c i p i t a t e  w h ich  form ed was f i l t e r e d  and  r e c r y s t a l l i z e d  from  aq ueous 

a l c o h o l ,  m*p. 1 9 9 -1 9 9 .5 ^ 0 .,  w ith  d e c o m p o s itio n .

A n a ly s i s .  C a lc u la te d  f o r  G, 5 1 .7 1 ; H, 5 .2 1 ; N, 3 6 .2 0 .

F ound: G, 5 1 .9 3 ; H, 5 .4 3 ;  N, 3 6 .3 3 .

The P r e p a r a t i o n  o f  5 - -A m in o p h e n y le th y l)  t e t r a z o l e  

(P h e n y la la n in e  A nalogue)

Scheme B

(a )  o C -P h th a lim id o - /6  -p h e n y lp ro p io n y l  C h lo r id e .  D ,L -P h e n y la la n in e  

(25 g . , 0 .1 5 2  m o le ) , was fu s e d  w ith  2 2 .4  g . (0 .1 5 2  m ole) o f  p h th a l i c  

a n h y d r id e  a t  145-150°C. f o r  a p e r io d  o f t h i r t y  m in u te s .  The r e s u l t i n g  

m e l t  was p o u re d  in to  i c e  and w a te r  w ith  s t i r r i n g  an d  th e  s o l i d  p h th a lim ld o  

d e r i v a t i v e  f i l t e r e d  and  d r ie d  t o  g iv e  4 3 .5  g .  (9 7 .4 ^  o f th e o ry )  o f  

p r o d u c t ,  m .p . 1 7 4 -1 7 6 ^0 .

W ith o u t f u r t h e r  p u r i f i c a t i o n  th e  c ru d e  a c id  was added  t o  500 m l. 

o f  d ry  ben zen e  c o n ta in in g  3 1 .0  g* (0 .1 4 9  m ole) o f  f i n e l y  g ro u n d  p h o sp h o ru s  

p e n ta c h lo r id e  and  th e  r e s u l t i n g  m ix tu re  h e a te d  t o  5 0 -5 5 ^ 0 . on a s team  

h a th  w ith  c o n tin u e d  s t i r r i n g  f o r  one h o u r .  A f t e r  t h i s  tim e  th e  s o lv e n t  

and  p h o sp h o ru s  o x y c h lo r id e  w ere  rem oved in  a vacuum and th e  r e s id u e  

t r i t u r a t e d  w ith  p e tro le u m  e t h e r .  The s o l id  w hich form ed was f i l t e r e d  

an d  d r i e d .  The y i e ld  o f  a c id  c h lo r id e  was 4 3 .9  g . (96.5%  o f  t h e o r y ) .
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m.p# 134—136 0.

S h eeh an  and F ra n k  (24) r e p o r t e d  th e  a c id  t o  m e lt  a t  1 7 7 .5 -1 7 9 ° C ., 

and  th e  a c id  c h lo r id e  to  m e lt a t  124- 126^ 0 .

(b ) 06 -P h th a l im id o - /3  -p h e n y lp ro p i  onami d e . o t - P h t h a l i m i d o - ^ -

p h e n y lp ro p io n y l  c h lo r id e  (10 g . , 0 .0 3  m ole) was ad d ed  a l l  a t  once to  50 

m l. o f  a  c o ld  ammonium h y d ro x id e  s o lu t io n  and  s t i r r e d  w ith  c o n tin u e d  

c o o lin g  f o r  t h i r t y  m in u te s . The am id e , v;hich s e p a r a te d  a s  a s o l i d  was 

f i l t e r e d  and d r i e d  a t  70 C. g iv in g  9*0 g .  ( 96% o f  th e o ry )  o f  c ru d e  

p r o d u c t ,  m .p . 2 3 1 -2 3 3 ^ 0 . The p ro d u c t  was n o t  p u r i f i e d  f u r t h e r  b u t u sed  

i n  th e  c ru d e  s t a t e .

The pure  am ide  i s  r ^ o r t e d  to  m e l t  a t  2 3 6 - 2 3 7 b y  P e te r s o n  an d  

Wieman ( 2 5 ) .

(c )  0 6 - P h t h a l i m id o - /3 - p h e n y lp r o p io n i t r i l e .  To 1 9 .5  m l. o f  b e n ze n e - 

s u l f o n y l  c h lo r id e  and 3 2 .6  ml* o f  p y r id in e  was added 9 .0  g .  (0 .0 3 2  m ole) 

o f  o C -p h th a lim id o -/S -p h e n y lp ro p io n a m id @  and th e  r e s u l t i n g  m ix tu re  r e ­

f lu x e d  f o r  t e n  m in u te s .  The m ix tu re  was a llo w e d  to  c o o l  and was p o u red  

in to  i c e  and w a te r .  The p r e c i p i t a t e  w hich  form ed was f i l t e r e d  and d r i e d .  

The p ro d u c t  w eighed  8 .1  g . , m .p . 1 2 7 -1 3 0 ^ 0 ., and was n o t  f u r t h e r  p u r i f i e d  

f o r  u s e  i n  th e  n ex t r e a c t i o n .

T h is  compound, p re p a re d  in  e x a c t ly  th e  same m anner, i s  r e p o r te d  by
o

N ionann  and  P e te r s o n  (25) to  m e lt a t  134-135 C. vhen p u re .

(d) 5 - («2,- P h t h a l i m i d o - / ^ - p h e n y l e t h y l ) t e t r a z o l e .  To 8 .1  g .

(0 .0 3 0 5  m ole) o f  06 - p h t h a l i m l d o - - p h e n y l p r o p i o n i t r i l e  and 6 .5  g .  (0 .1  

m o l e )  o f  s o d i u m  a z i d e  w a s  a d d e d  75 m l. of d r y  t e t r a h y d r o f l i r a n  c o n t a i n i n g

4 .4  g .  (0 .0 3 3  m o l e )  o f  a n h y d ï D U S  a l u m i n u m  c h l o r i d e .  The r e s u l t i n g
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m ix tu re  was s t i r r e d  u n d e r r e f l u x  f o r  a  p e r io d  o f  tw e n ty - fo u r  h o u r s .

The t e t r a h y d r o f h r a n  was th e n  d i s t i l l e d  o u t o f  th e  r e a c t i o n  m ix tu re  and 

w a te r  added a t  su ch  a r a t e  t h a t  th e  volum e o f  th e  m ix tu re  rem a in ed  con­

s t a n t .  The s o l i d  m a te r i a l  was th e n  f i l t e r e d  o f f ,  re su sp e n d e d  in  175 

m l. o f  w a te r  and  t r e a t e d  w i th  20 m l. o f  c o n c e n tr a te d  h y d r o c h lo r ic  a c i d .  

The m ix tu re  was f i l t e r e d  and th e  s o l i d  p ro d u c t washed w i th  w a te r  and 

d r i e d .  The y i e l d  o f  t e t r a z o l e  was 9*2 g .  (94.5%  o f  th e o r y ) ,  m .p . 2 1 2 - 

213°C .

R e c r y s t a l l i z a t i o n  frcm  e th y l  a c e t a t e  r a i s e d  th e  m e l t in g  p o in t  to  
o

2 1 2 .5 -2 1 3  C . , w ith  s l i g h t  d e c o m p o s itio n .

A n a ly s i s .  C a lc u la te d  fo r  C, 6 3 .9 4 ; H, 4 .1 0 ;  N, 21 .94#

Found: C, 6 3 .9 7 ; H, 4 .3 9 ;  N, 2 2 .1 9 .

(e) 5 - ( o 6 - A m in o - /3 - .p h e n y le th y l) te t r a z o le .  F iv e  gram s (0 .0 1 6 2

m ole) o f  5 - - p h t h a l i m i d o - ^ - p h e n y l e t h y l ) t e t r a z o l e  was added  to  l 6 . 2  

m l. o f  a  one m o la r e th a n o l i c  s o l u t i o n  o f  h y d ra z in e  fo llo w e d  by  t r e a tm e n t  

w ith  50 m l. o f  a b s o lu te  e th a n o l .  The r e s u l t i n g  m ix tu re  was r e f lu x e d  f o r  

two h o u r s ,  a llo w ed  t o  c o o l and th e n  e v a p o ra te d  to  d r y n e s s .  The r e s id u e  

was t r e a t e d  w i th  40 m l. o f  2N h y d ro c h lo r ic  a c id  and  warmed fb r  te n  

m in u te s  a t  5 0 -5 5 ^ 0 . The m ix tu re  was th e n  f i l t e r e d  and th e  f i l t r a t e  

n e u t r a l i z e d  to  a pH o f  5 . The r e s ’o l t in g  p r e c i p i t a t e  was f i l t e r e d ,  

w ashed w ith  c o ld  w a te r  and d r i e d .  The y i e l d  o f  p ro d u c t was 2 .5  g .

(81.5%  of t h e o r y ) ,  m .p . 271-272*^0., w ith  d e c o m p o s itio n .

M ix tu re  m e lt in g  p o in t s  w ith  an  a n a l y t i c a l  sam ple  o f  5 -(« C -am in o - 

^ - p h e n y l e t h y l ) t e t r a z o l e  p re p a re d  by  a n  a l t e r n a t e  m ethod , showed no 

d e p r e s s io n .
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Scheme C.

(a ) E th y l  o d -a c e ta m ld o -o 6 -c y a n o - /3 -p h e n y lp ro p io n a te *  To a  

a o lu t io n  o f  4 .6  g .  (0*2 m ole) o f  sodium  i n  100 m l. o f  a b s o lu te  e th a n o l  

was added  3 4 .0  g .  (0 .2  m ole) o f  e th y l  ac e tam i docyanoac e t a  t e . ^ The r e ­

s u l t i n g  s o l u t i o n  was h e a te d  and  s t i r r e d  w h ile  26.6  g .  (0 .2 1 5  m ole) o f  

b e n z y l  c h lo r id e  was ad d ed  o v e r a  p e r io d  o f  f i f t e e n  m in u te s .  Re f lu x in g  

an d  s t i r r i n g  w ere  c o n t in u e d  fo r  two h o u rs  a f t e r  W iich th e  m ix tu re  was 

c o o le d  and  p o u red  on to  500 g , o f  i c e  and w a te r .  The s^Tup v h ic h  r e ­

s u l t e d  w as s e p a r a te d  by d é c a n ta t io n  of th e  w a te r  and d i s s o lv e d  i n  a 

b e n z e n e -c y c lo h e x a n e  m ix tu r e .  D ry in g  by a z e o t r o p ic  d i s t i l l a t i o n  fo llo w e d  

by c o o lin g  and s c r a tc h in g  g av e  a  l i g h t  ta n  p r e c i p i t a t e  w h ich  was f i l t e r ­

ed  and  d r i e d .  The y i e l d  o f  c ru d e  p ro d u c t was 3 1 .4  6« (59.6% o f  t h e o r y ) ,  

m .p . 1 2 9 .5 -1 3 0 ^ 0 .

R e c r y s t a l l i z a t i o n  from  aqueous a lc o h o l  r a i s e d  th e  m e ltin g  p o in t  to

130- I 3i ° c .

The compound i s  r e p o r te d  by  A lb e r ts o n  and T u l l a r  (26) to  m e lt  a t

134°C .

(b ) E th y l  o d -ace tam id o - « 6 -( 5 - t e t r a z o l y l ) - /3 -p h e n y lp ro p io n a te  an d  

5 -  (<*i -A m in o - /3 -p h e n y le th y l)  t e t r a z o l e .  To 6 7 .8  g . (0 .2 5 6  m ole) o f  

e t h y l  «6-a c e ta m id o -o C -c y a n o -y S -p h e n y lp ro p io n a te  and  4 9 .9  g . (0 .7 6 8  

m ole) o f  sod ium  a z id e  was added 3 4 .1  g . (0 .2 5 6  m ole) o f  a n h y d ro u s  

alum inum  c h lo r id e  d is s o lv e d  in  550 m l. o f  d ry  t e t r a h y d r o f u r a n . The 

r e s u l t i n g  m ix tu re  was r e f lu x e d  w i th  c o n tin u e d  s t i r r i n g  f o r  tw e n ty - f o u r

^  Win t  h r  op L a b o r a to r i e s
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h o u rs*  A t th e  en d  o f  t h i s  tim e  t h e  t e t r a h y d r o f h r a n  was d i s t i l l e d  o u t  

o f  t h e  r e a c t i o n  m ix tu re  and  w a te r  ad d ed  a t  s u c h  a r a t e  t h a t  th e  volum e 

re m a in e d  c o n s ta n t .  The s u ended alum inum  s a l t  was f i l t e r e d  and  d r ie d *  

The f i l t r a t e  was made a c i d  t o  Congo r e d  and  c o o le d  o v e r n ig h t .  The 

p r e c i p i t a t e  v h ic h  f o m e d  was f i l t e r e d  and  d r i e d  t o  g iv e  8 .0  g .  o f  

c ru d e  p r o d u c t .  R e c r y s t a l l i z a t i o n  from  aqueous a lc o h o l  gave th e  p u re  

e t h y l  * » ^ -a c e ta m id o - t> 6 - (5 - te t r a z o y l) - /3 -p h e n y lp ro p io n a te ,  m.p* 1 4 7 .5 -  

U 8 .5 ° C .

A n a ly s is *  C a lc u la te d  f o r  C H N O : C, 5 5 .4 3 ; H, 5 .6 5 ;  N, 2 3 .0 9 .
14  17 5 3

F ound: G, 5 5 .4 1 ; H , 5 .4 0 ;  N, 2 3 .0 9 .

The d r i e d  alum inum  s a l t  was r e f lu x e d  w i th  450 m l. o f  c o n c e n tr a te d  

h y d r o c h lo r ic  a c id  f o r  t h r e e  h o u rs  and th e  m ix tu re  e v a p o ra te d  a lm o s t t o  

d r y n e s s .  The r e s id u e  was ta k e n  iq> in  250 m l. o f  95% e th a n o l  and t r e a t ­

e d  w i th  30 gram s o f  p y r id i n e .  C o o lin g  o f  th e  m ix tu re  o v e r n ig h t  i n  an 

ic e - h o x  r e s u l t e d  i n  th e  fo rm a tio n  o f  a  c r y s t a l l i n e  p r e c i p i t a t e  o f  

5 - ( o d - a m in o - /3 - p h e n y le th y l ) te t r a z o le *  The y i e l d  a f t e r  f i l t e r i n g  and 

d iy in g  was 25*9 g .»  m .p . 2 6 1 .5 -2 6 3 ° G ., w ith  d e c o m p o s itio n . R e-
o

c r y s t a l l i z a t i o n  fro m  w a te r  r a i s e d  th e  m e lt in g  p o in t  t o  270*5-271*5 C . , 

w i th  d é co m p o s itio n *

A n a ly s is .  C a lc u la te d  fo r  C^H ^N ^: C, 5 7 .1 2 ; H, 5 .8 6 ; N, 37 .02*

Found: C, 56*85; H. 5 .9 5 ;  N, 3 7 .2 4 .

(c )  «a^-Acetami d o - o C - ( 5 - te t r a z o ly l ) - /3 - p h e n y lp r o p io n ic  a c id *  One

an d  f i v e - t e n t h s  gram s (0*005 m ole) o f  e th y l  c < .-ace tam id o -o 6 -{ 5 -

t e t r a z o l y l ) - / 3 - p h e n y l p r o p i o n a t e  was added to  l6  m l. o f  w a te r  c o n ta in in g

0 .8  g .  o f  sodium  h y d ro x id e  and th e  m ix tu re  r e f lu x e d  f o r  a  p e r io d  o f  one 

h o u r .  The r e s u l t i n g  s o lu t io n  w as f i l t e r e d  and th e  f i l t r a t e  a c i d i f i e d
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w ith  d i l u t e  h y d r o c h lo r ic  a c id  t o  a  pH o f  2 - 3 .  S c r a tc h in g  i n i t i a t e d  

th e  fo n aa tiO Q  o f  a  c o l o r l e s s  c r y s t a l l i n e  p r e c i p i t a t e #  A f te r  a l lo w in g  

th e  m ix tu re  t o  s ta n d  o v e r n ig h t  in  an ic e - b o x  th e  s o l i d  was f i l t e r e d  

an d  a i r  d r ie d #  The p ro d u c t m e lte d  a t  a p p ro x im a te ly  110^C* w ith  de­

c o m p o s i t io n , r e s o l i d i f i e d  and  m e lte d  a g a in  a t  224 -225^0 .

The compound was p u r i f i e d  b y  d i s s o lv in g  i t  i n  t e t r a h y d r o  f u r  a n , 

d e c o lo r i z in g  th e  s o lu t io n  w i th  N o r i t e  and  r e p r e c i p i t a t i n g  w ith  

p e tro le u m  e th e r #

A n a ly s is .  C a lc u la te d  f o r  C, 5 2 .3 6 ; H, 4 .7 6 ;  N,

2 5 .4 5 .  F ound: C, 5 2 .6 8 ; H, 5 .0 0 ;  N, 2 5 .5 5 .

(d ) 5 - ( o C - A c e ta m id o - ^ - p h e n y le th y l ) te t r a z o le #  Tw enty m il l ig r a m s  

o f  o C - a c e ta m id o - o c - ( 5 - te t r a z o ly l ) - /3 - p h e n y lp r o p io n ic  a c id  was h e a te d  

a t  170*^0.; a f t e r  r e c r y s t a l l i z a t i o n  from w a te r  i t  m e lte d  a t  226^0 .

A m ix tu r e  m e l t in g  p o in t  w i th  th e  p ro d u c t  form ed b y  th e  a c é t y l a t i o n  

o f  5 - ( ^ - Q J o in o - ^ - p h e n y le th y l )  t e t r a z o l e ,  p age  43 , showed no d e p r e s s io n .

(e ) 5 -(oo  -A m ino-/3 - p h e n y l e t h y l ) t e t r a z o l e . Two g ram s (0 .0 0 6 6  m ole) 

o f  e t h y l  o 6 - a c e ta m id o - o 6 - ( 5 - t e t r a z o ly l ) - / 3 - p h e n y lp r o p io n a te  was r e f lu x e d  

i n  25 m l. o f  c o n c e n t r a te d  h y d ro c h lo r ic  a c id  f o r  two h o u rs . A t th e  end 

o f  t h i s  t im e  th e  pH o f  th e  s o l u t i o n  was a d ju s te d  to  a p p ro x im a te ly  5 w ith  

ammonium h y d ro x id e  a t  w hich p o in t  a p r œ l p i t a t e  s t a r t e d  to  fo rm ; a t  a 

pH o f  6 th e  p r e c i p i t a t i o n  was c o m p le te . F i l t e r e d  and d r i e d ,  th e  s o l i d  

w e ig h ed , 1 .2  g .  (96% o f  th e o r y ) .  The m a t e r i a l  was r e c r y s t a l l i z e d  frcm  

w a te r  to  g iv e  Q .9 g .  (72% of t h e o r y ) ,  o f  p u re  p ro d u c t ,  m .p . 2 7 6 -2 7 7 °C ., 

w ith  d e c o m p o s it io n .

A m ix tu r e  m e lt in g  p o in t  w i th  an  a n a l y t i c a l  sam ple o f  5 -(o ^ -u m in o -
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- p h e n y l e t h y l ) t e t r a z o l e  p r ^ a r e d  by a d i f f e r e n t  m ethod  showed no 

d e p r e s s io n .

D e r iv a t iv e s

5 - ( o C - A c e ta m id o - /3 - p h e n y le th y l ) te t r a z o le .  To 20  m l. o f  g l a c i a l  

a c e t i c  a c id  was added I .8 9  g .  (0 .0 1  m ole) o f  5 - (ex̂  - a m in o - /3 -p h e n y l-  

e t h y l ) t e t r a 2X)le and 1 .1  g .  o f  a c e t i c  a n h y d rid e  and  th e  m ix tu re  r e f lu x e d  

f o r  one hour*  The s o l u t i o n  was c o o le d  and  poured  on t o  50 g .  o f  i c e  

and w a te r .  The r e s u l t i n g  s o l i d  was f i l t e r e d  and r e  c r y s t a l l i z e d  from  

a q u eo u s  e th a n o l  to  g iv e  1 .7 5  g . o f  a c e t y l  d e r i v a t i v e ,  m .p . 2 2 4 .5 -2 2 5 .5 ^ 0 ,

A n a ly s i s .  C a lc u la te d  f o r  C, 5 7 .1 3 ; H , 5 .6 ? ;  N, 3 0 .2 9 .

Found: C, 5 7 .1 7 ; H, 5 .7 9 ; N, 3 0 .1 5 .

5- ( 06-B e n zo y lam in o - / 3 - p h e n y l e t h y l ) t e t r a z o l e .  To 0 .9 4  g .  (0 .0 0 5  

m ole) o f  5 - ( c C - a m in o - - p h e n y le th y l )  t e t r a z o l e  d is s o lv e d  i n  10 m l. o f  

w a te r  c o n ta in in g  0 .4 5  g .  o f  sodium  h y d ro x id e  was added 0 .7  g .  (0 .0 0 5  

m ole) o f  b e n z o y l c h l o r i d e .  A f te r  sh ak in g  th e  m ix tu re  s e v e r a l  tim e s  

o v e r  a  p e r io d  o f  two h o u rs  the  m ix tu re  was f i l t e r e d  and th e  f i l t r a t e  

a c i d i f i e d  w ith  d i l u t e  h y d ro c h lo r ic  a c id  to  a  pH o f  4 - 5 .  The p r e c ip ­

i t a t e  w hich  form ed w as r e c r y s  t a l l i z e d  s e v e r a l  t im e s  from  aqueous
o

e th a n o l ,  m .p . 234-235 G ., w ith  d e c o m p o s itio n .

A n a ly s i s .  C a lc u la te d  f o r  C H N O; C, 6 5 .5 1 ; H, 5 .1 5 ; N, 2 3 .8 8 .
I d  15 5

Found: 0 , 6 5 .5 2 ; H , 5 .0 0 ;  N, 2 3 .9 7 .

N -P heny l-N  * -  (o^ -  ( 5 -  t e  t r a z o l y l  ) -  - p h e n y le th y l  ) u r e a .  One and  n in e -  

t e n t h s  g ram s (0 .0 1  m ole) o f  5 - (o C -a m in o - /^ -p h e n y le th y l) t e t r a z o l e  was 

d is s o lv e d  i n  12 m l. o f  a IN p o ta ss iu m  h y d ro x id e  s o l u t i o n  and th e n



44

d i l u t e d  w i th  18 ml* o f  w a te r .  One and  tw o - te n th s  g ram s o f  p h en y l 

i s o c y a n a te  w as a d d ed  to  t h e  s o l u t i o n  and th e  m ix tu re  sh aken  s e v e r a l  

t im e s  o v e r  a  p e r io d  o f two h o u r s .  The r e s u l t i n g  m ix tu re  was th e n  

f i l t e r e d  and th e  f i l t r a t e  a c i d i f i e d  to  a  pH o f  4 -5  w ith  d i l u t e  h y d ro ­

c h l o r i c  a c id .  The p r e c i p i t a t e  was f i l t e r e d  and r e c r y s  t a l l i z e d  from  

aq u eo u s  e t h a n o l ,  m ,p , 1 8 8 ,5 - 1 8 9 ,5 ^ 0 , ,  w ith  d e c o m p o s itio n .

A n a ly s i s .  C a lc u la te d  f o r  C ,H N.O: C, 6 2 .3 2 ; H, 5 .2 3 ;  N, 2 7 .2 6 .
16 16 D

F ound: C, 6 2 .4 0 ;  H, 5 .2 4 ;  N, 2 7 .4 2 .

The P r e p a r a t i o n  o f  5 - ( - A m i n o - (3 ' - i n d o l y l ) e t h y l ) t e t r a z o l e

(T ry p to p h an e  A nalogue)

Scheme C

(a ) E th y l  - a c e ta m id o - o c - c y a n o - /3 - ( 3 - in d o ly l ) p r o p io n a te .  I n  a

one l i t e r  th r e e  n eck ed  f l a s k  f i t t e d  w i th  a m e c h a n ic a l s t i r e r ,  r e f l u x  

c o n d e n s e r  a n d  n i t r o g e n  i n l e t  was p la c e d  5 .1  g , o f  d ry  pow dered sodium  

h y d ro x id e  a n d  400 m l. o f  d ry  to lu e n e .  The te m p e ra tu re  w as r a i s e d  to  

90- 9 5 ° C ., and a  m ix tu re  o f  75 g .  ( 0 ,4 3 2  m ole) o f  g ram ine  (2 7 ) and  

7 3 .3  g .  (0 .4 3 2  m ole) o f  e th y l  a ce tam i do c y a n o a c e ta te  was added  o v e r  a  

p e r io d  o f  tw e n ty  m in u te s .  A f t e r  th e  a d d i t i o n  was c o m p le te  th e  r e a c t i o n  

s t a r t e d  and d im e th y lam in e  commenced to  b e  l i b e r a t e d .  The t a a p e r a t u r e  

w as r a i s e d  to  t h e  r e f l u x  p o in t  and h e ld  a t  t h i s  p o in t  f o r  tw e lv e  h o u rs  

d u r in g  w h ich  t im e  s t i r r i n g  and n i t r o g e n  p e r f u s io n  w ere  c o n t in u e d .

The r e a c t i o n  m ix tu re  w as f i l t e r e d  w h ile  s t i l l  warm and th e  s o l i d  

a i r  d r i e d .  S u sp e n s io n  o f  th e  d r i e d  s o l id  i n  w a te r  fo llo w e d  by f i l ­

t r a t i o n  and  d ry in g  a t  5 0 ^ 0 ., g av e  7 6 ,4  g . ( 5 9 . ^  of th e o ry )  o f  th e
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p r o d u c t ,  nup« 193-195*^0. R e c r y a t a l l l z a t l o n  from  aqueous e th a n o l  o r  

n o rm al b u t y l  a lc o h o l  r a i s e d  th e  m e l t in g  p o in t  to  195*5-197^0*

T h is  compound i s  r e p o r te d  b y  A lb e r ts o n  and T u l l a r  (26) to  m e l t  a t  

1 9 6 -1 9 8 °C .

(b) E th y l  eC - a c e tM i l  do- gb- ( 5 - t e t r a z o l y l ) -  -  ( 3 * - ln d o ly l )  p r o p io n a te .  

To 19*5 g* (0 .3  m ole) o f  sodium  a z id e  i n  50 m l. o f  d ry  t e t r a h y d r o f u r a n  

w as added  1 3 .3  g* ( 0 .1  m ole) o f  an h y d ro u s  aluminum c h lo r id e  d is s o lv e d  

i n  200 m l. o f  th e  same s o l v e n t .  The r e s u l t i n g  m ix tu re  was h e a te d  to  

r e f l u x  te m p e ra tu re  w ith  c o n t in u e d  s t i r r i n g  f o r  one h o u r .  A f te r  a l lo w ­

in g  th e  m ix tu re  to  c o o l to  room te n g a e ra tu re  29*9 g* (0 .1  m ole) o f  e th y l

o 6 - a c e ta m ld o - a C - c y a n o - - ( 3 - ln d o ly 1 ) p r o p lo n a te  was added  and r e f lu x in g  

and  s t i r r i n g  c o n t in u e d  f o r  a n  a d d i t i o n a l  tw e n ty - fo u r  h o u r s .  A t th e  end

o f  t h i s  tim e  150 m l. o f w a te r  was added t o  th e  r e a c t i o n  m ix tu re  fo llo w e d
o

by  c o o l in g  w i th  an  i c e - w a te r  b a th  to  5 C. To th e  c o o le d  m ix tu re  was 

ad d ed  50 m l. o f  c o n c e n t r a te d  h y d ro c h lo r ic  a c id  o v e r  a p e r io d  o f  tw e n ty  

m in u te s .  T he c o n te n t s  o f  th e  f l a s k  w ere  th e n  p o u red  i n t o  300 m l. o f  

e t h e r  and  th e  o r g a n ic  l a y e r  s e p a r a te d .  The aqueous l a y e r  was washed 

w i th  100 m l. o f  a  m ix tu re  o f  e q u a l  v o lim e s  o f  e t h e r  and t e t r a h y d r o f h r a n ,  

th e  o rg a n ic  l a y e r s  ccc ib ined , washed w ith  100 m l. o f  w a te r  and d r i e d  o v e r  

sodium  s u l f a t e .

Rem oval o f  th e  o r g a n ic  s o lv e n t  in  vacuo l e f t  a  s o l i d  r e s id u e  W iich 

was d i s s o lv e d  in  500 m l. o f  b o i l i n g  c h lo ro fo rm . Upon c o o l in g  i n  an  i c e -  

w a te r  b a th  t h e r e  was d e p o s i te d  a  c r y s t a l l i n e  p r e c i p i t a t e  which was 

f i l t e r e d  and  d r ie d *  C o n c e n tr a t io n  o f t h e  m o th er l i q u o r  y ie ld e d  an  

a d d i t i o n a l  b a tc h  o f  p r o d u c t .  C om bina tion  o f  th e  s o l i d s  g a v e  1 1 .1  

g ram s (32.5%  o f  t h e o r y ) ,  o f th e  d e s i r e d  p ro d u c t ,  m .p . l7 8 - l8 l^ C .
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R e c r y s t a l l i z a t i o n  from  c h lo ro fo rm  r a i s e d  th e  m e l t in g  p o in t  to

183 . 5- 1 8 5 w ith  s l i g h t  d e c a m p o s itio n .

A n a ly s i s .  C a l c u la te d  f o r  C, 5 6 .1 3 ; H, 5*30; N, 2 4 .55*

Found: C , 5 6 .0 0 ; H, 5*29; N , 2 4 .54*

(c )  -Ac e t  ami d o - 06- (  5 * - te  t r a z o l y l ) -  /&- ( 3 - in d o ly l  ) p ro p io n ic  a c id .  

S ix  and e i g h t - t e n t h s  gram s (0 .0 2  m ole) o f  e th y l  o c -a c e ta m id o -o C -(5

t e  t r a z o l y l ) -  (3 - ln d o ly  1 ) p r o p io n a te  and  3*2 g .  (0 .0 8  m ole) o f  sodium  

h y d ro x id e  w ere h e a te d  i n  32 m l. o f  w a te r  a t  r e f l u x  t e n t e r a t u r e  f o r  fo u r  

h o u r s .  The r e s u l t i n g  s o l u t i o n  was t r e a t e d  w ith  N o r i t e ,  f i l t e r e d  and 

a c i d i f i e d  w i th  8 ,4  m l. o f  c o n c e n tr a te d  h y d ro c h lo r ic  a c i d  (0 .1 0  m o le ) . 

C o n tin u e d  c o o l in g  and s c r a tc h in g  c a u se d  th e  fo rm a tio n  o f  a  c r y s t a l l i n e  

p r e c i p i t a t e .  A f t e r  a l lo w in g  th e  m ix tu re  to  re m a in  o v e rn ig h t  in  an  i c e ­

box  th e  s o l i d  w as f i l t e r e d  and  w ashed w ith  a  sm a ll am ount o f  c o ld  w a te r .
o

D ry ing  gave 4*0 g .  (64% o f  th e o ry )  o f  th e  p ro d u c t ,  m .p . 146-150 0 . ,  w ith  

d e c o m p o s itio n .

R e c r y s t a l l i z a t i o n  from  w a te r  r a i s e d  th e  m e ltin g  p o in t  to  1 5 3 -1 5 5 ^ 0 ., 

w i th  d e c o m p o s itio n . The p ro d u c t  c r y s t a l l i z e d  a s  a d ih y d r a te .

A n a ly s i s .  C a lc u la te d  f o r  C ^ ^ ^ ^ ^ 0 ^ .2 H ^ 0 :  N, 23*99 . Found: N , 

24*15 and  2 3 . 8 9 .

C a lc u la te d  f o r  C H : N, 2 6 .7 4 .  Found: N, 26 .65*
14  14 ® 3

(d) 5 - ( o c - A c e ta n i i d o - /5 - ( 3 * - iu d o ly l ) e th y l ) t e t r a z o l e .  Seven and 

f o u r - t e n t h s  g ram s (0 .0 2 4  m ole) o f  « sd -a ce ts sn id o -o c -(5 * - t e t r a z o l y l ) - / 3 -  

( 3 - in d o ly l ) p r o p io n ic  a c id  was h e a te d  a t  r e f l u x  t e n t e r a tu r e  in  200 m l. 

o f  w a te r  f o r  two and a h a l f  h o u r s .  The r e s u l t i n g  s o lu t io n  was th e n  

t r e a t e d  w ith  N o r i te  and  f i l t e r e d  w h ile  h o t .  C oo ling  o f  th e  f i l t r a t e
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c a u s e d  th e  f o r m a t io n  o f  a  p r e c i p i t a t e  w hich vthen f i l t e r e d  and d r i e d  

am ounted  to  5 .8  g .  ( 91. 4% o f  t h e o r y ) ,  m .p . 2 2 0 . 5- 221 . 5 *̂0 . ,  w ith  decomp­

o s i t i o n .

R e c r y s t a l l i z a t i o n  from  w a te r  r a i s e d  th e  m e lt in g  p o in t  t o  223- 

2 2 3 .5 ^ 0 . ,  w ith  d e c c m p o s it io n .

A n a ly s i s .  C a lc u la te d  f o r  G, 5 7 .7 6 ; H, 5 .2 2 ; N, 3 1 .1 0 .

F ound: C, 5 7 .8 7 ; H, 5 .2 6 ; N, 3 1 .1 8 .

(e ) 5-  (oc -Ami no -  /8 -  ( 3 * -  j  ndo l y l  ) e t h y l  ) t  e t r a  zo l e .  One and  t h r e e -

t e n t h s  gram s (0 .0 0 5  m ole) o f  5 - ( ^  - a c e ta m id o - ^  - ( 3 * - i n d o l y l ) e t h y l ) -  

t e t r a z o l e  was d i s s o lv e d  i n  16 m l. o f  w a te r  c o n ta in in g  1 .3  g . o f  sodium  

h y d ro x id e  an d  th e  s o l u t i o n  r e f lu x e d  f o r  tw e lv e  h o u r s .  W ith o u t a llo w ­

in g  th e  s o l u t i o n  t o  c o o l  to  any e x te n t  2 .7  m l. o f  c o n c e n t r a te d  h y d ro ­

c h l o r i c  a c id  was added  a l l  a t  once and th e  pH a d ju s te d  to  5 wL th  d i l u t e  

ammonium h y d ro x id e  s o l u t i o n .  C o o lin g  and s c r a tc h in g  cau sed  th e  fo rm a tio n  

o f  a c r y s t a l l i n e  p r e c i p i t a t e  w hich was f i l t e r e d  and d r i e d .  The p ro d u c t  

w e ig h ed  0 .8  g . (70% o f  th e o r y ) ,  m .p . 246-249*^0., w ith  d e c o m p o s itio n . 

R e c r y s t a l l i z a t i o n  from  w a te r  r a i s e d  th e  m e ltin g  p o in t  to  2 6 8 .5 -2 6 9 ^ 0 .,  

w i th  d e c o m p o s itio n .

A n a ly s i s .  C a lc u la te d  f o r  C^^H  ̂ C, 5 7 .8 8 ; H, 5 .3 0 ; N, 3 6 . 82 .

Found: C, 5 7 .8 3 ; H, 5 .4 7 ;  N, 3 6 .9 2 .

The D e te rm in a t io n  o f  th e  A p paren t pK V a lu es  o f  

Some 5 -A m in o a lk y lt e t r a z o l e s

The a p p a r e n t  pK v a lu e s  o f  th e  5 - a r a in o a lk y l te t r a z o le s  w ere d e te rm in e d  

by t i t r a t i o n  o f  w eighed  sam ples i n  aq ueous s o lu t io n  w ith  s ta n d a rd  sodium  

h y d ro x id e  and h y d r o c h lo r ic  a c id  s o l u t i o n s .  The w eighed  sam p les  w ere
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t r a n s f e r r e d  t o  a  th r e e  n eck ed , 250 m l. f l a s k  and d is s o lv e d  i n  100-125 

m l. o f  w a te r .  The s o l u t i o n  was th e n  t i t r a t e d  in  a  th e rm o s ta te d  b a th  

a t  25 dr 1°G . The pH was d e te rm in e d  a f t e r  e a c h  a d d i t i o n  o f  t i t r a n t  

w i th  a  Beckman pH M e te r , M odel H -2 . From th e s e  d a ta  th e  r e g io n  o f  

h a l f  n e u t r a l i z a t i o n  was p l o t t e d  on a l a r g e  s c a le  an d  th e  b e s t  s t r a i g h t  

l i n e  d raw n . The pH a t  th e  m id -p o in t  o f  t h i s  l i n e  was d e te rm in e d  from  

th e  p l o t  an d  a s s ig n e d  th e  v a lu e  o f th e  pK o f  th e  f u n c t io n a l  g ro u p  

b e in g  t i t r a t e d .  The t i t r a t i o n  c u rv e s  i n  e a c h  in s ta n c e  e x h ib i t e d  th e  

form  n o rm a lly  o b ta in e d  f o r  an  amino a c id .

C om parison  o f  th e  and pK^ v a lu e s  o f  th e  amino a c id s  an d  th e  

t e t r a z o l e  a n a lo g u e s  a r e  p r e s e n te d  i n  T a b le  I .  The d a ta  f o r  th e  

p o t e n t io m e t r i e  t i t r a t i o n s  a r e  re c o rd e d  i n  A ppendix  I .



PART I I

TETRAZOLE ANALOG-UES OF ACTIVE AMINOBENZOIC ACID DERIVATIVES

D is c u s s io n

D u rin g  r e c e n t  y e a r s  two a ra inobenzo ic  a c id  d e r i v a t i v e s  have been  

p ro m in e n t i n  chem otherapy*  P a r a - am in o b en zo ic  a c id  i t s e l f  p la y s  a  

u n iq u e  r o l e  in  m e ta b o lism  a s  a  p o r t i o n  o f f o l i c  a c id  ( I ) ,  a n  e s s e n t i a l  

m a te r i  a l  f o r  th e  s y n th e s i s  o f  n u c le i c  a c id s .

y C O m C E  ( CHg ) gCOgH 

C02H

E v id en c e  t h a t  c e r t a i n  d ru g s  s t r u c t u r a l l y  r e l a t e d  t o  p a r a - ami op-  

b e n z o ic  a c i d  c o u ld  i n h i b i t  i t s  in c o r p o r a t io n  in to  f o l i c  a c id  (29) r e ­

s u l t e d  from  th e  a p p l i c a t i o n  o f  th e  a n t im e ta b o l i t e  c o n c e p t in  chemo­

th e ra p y  as  a  m eans o f  com bating  b a c t e r i a l  in v a s io n  o f  th e  b o d y .

Those d ru g s  v h ic h  have b een  m ost e f f e c t i v e  i n  i n t e r f e r i n g  w ith  

th e  u t i l i z a t i o n  o f  p a ra  ami no b en zo l c a c id  l^ v e  b een  shown to  be r e l a t e d  

to  s u l f a n i la m id e  ( I I )  (3 0 ) .  One o f  th e  b e s t  b a c t e r i o s t a t i c  d ru g s  t o  

r e s u l t  fro m  e x te n s iv e  i n v e s t i g a t i c n s  i s  s u l f a t h i a z o l e  ( I I I )  (31)» 

lA iich  i s  m ost w id e ly  u sed  i n  th e  th e ra p y  o f s ta p h y lo c c o c c a l  and pneumo­

c o c c a l  i n f e c t i o n s .
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HG N

I I  I I I

The seco n d  d e r i v a t i v e  o f  a in inobenzo ic  a c i d ,  im p o r ta n t  f o r  i t s  

t u b e r c u l o s t a t i c  a c t i v i t y  (3 2 ) ,  i s  2 -h y d ro x y -^ -a m in o b e n z o ic a c id  commonly 

r e f e r r e d  to  a s  p a r a - a m in o s a l ic y l ic  a c id .

I n  v iew  o f  th e  s i m i l a r i t y  o f  5-m o n o s u b s t i tu te d  t e t r a z o l e s  to  c a r -  

b o x y l ic  a c i d s ,  th e  s y n th e s i s  o f  t e t r a z o l e s  r e l a t e d  t o  p a r a - am inobenzoio  

a c id  and 2 -h y d ro x y -4 -a n iin o b e n z o ic  a c id  was u n d e r ta k e n . The r e s p e c t iv e  

n i t r o p h e n y l t e t r a z o l e s  w ere  r e a d i l y  s y n th e s iz e d  from  s u b s t i t u t e d  b e n -  

z o n i t r i l e s .  R e d u c tio n  o f th e  n i t r o p h e n y l t e t r a z o l e s  l e d  t o  th e  d e s i r e d  

a m in o p h e n y l te t r a z o le s .  A c c o rd in g ly , $ - ( 4 '- a m in o p h e n y l ) te t r a z o le  (IV) 

w as o b ta in e d  i n  good y ie ld s  th ro u g h  th e  r e d u c t io n  o f  5 - ( 4 * - n i t r o p h e n y l ) -  

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

IV
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5 " ( 3 ’—A m inopheny l)t e t r a z o l e ,  a l s o  p r e p a r e d  f o r  e v a lu a t io n  a s  an  a n t i ­

m e ta b o l i t e  f o r  p a ra —am in o b en zo lc  a c id ,  was s y n th e s iz e d  from  th e  c o r r e s ­

p o n d in g  n i t r o  compound u s in g  e i t h e r  z in c  and h y d r o c h lo r ic  a c id  o r  

h y d ro g en  and  p la tin u m  o x id e  c a t a l y s t  a s  r e d u c in g  a g e n t s .  5 * (2 ’-H y d ro x y - 

4 *—a m in o p h e n y l) te tra 2 5 o le , th e  a n a lo g u e  o f  p a r a - a m in o s a l ic y l ic  a c i d ,  

was p re p a re d  frcan 5 - ( 2 ’- h y d r o x y -4 ’- n i t r o p h e n y l ) t e t r a z o l e  by  r e d u c t io n  

w i th  h y d ro g en  and p la t in u m  o x id e .

The h ig h  m e lt in g  a m in o p h e n y l te t r a z o le s ,  w h ich  c o u ld  b e  r e a d i l y  

r e c r y s t a l l i z e d  frcm  w a te r  o r  aqueous e th a n o l ,  p o s s e s s  a m p h o te ric  

c h a r a c t e r ;  th e y  a r e  r e a d i l y  s o lu b le  i n  b o th  aqueous a c id s  and aq ueous 

a l k a l i e s .

The a c e t y l  d e r i v a t i v e s ,  u se d  to  c h a r a c t e r i z e  th e  am inopheny l­

t e t r a z o l e s ,  w ere  p re p a re d  by r e f lu x in g  ttie  r e s p e c t i v e  am in es  w ith  

g l a c i a l  a c e t i c  a c id  c o n ta in in g  a n  e q u iv a le n t  am ount o f  a c e t i c  a n h y d r id e .

T he n i t r o p h e n y l t e t r a z o l e s  u se d  a s  i n t e r m e d ia te s  f o r  th e  am ino- 

p h e n y l t e t r a z o l e  s y n th e s e s  w ere p re p a re d  from  th e  c o rre sp o n d in g  n i t r o -  

b e n z o n i t r i l e s  a c c o rd in g  t o  th e  p ro c e d u re s  o f  H e rb s t  and W ilso n  (3 ) by 

h e a t in g  th e  a r y l  c y a n id e s  w ith  sodium  a z id e  and g l a c i a l  a c e t i c  a c id  

in  n o rm a l b u ty l  a l c o h o l  a t  r e f l u x  te m p e ra tu re  f o r  s e v e r a l  d a y s .

W ith  t h e  e x c e p t io n  o f 2 - h y d r o x y - 4 - n i t r o b e n z o n i t r i l e  th e  n i t r o -  

b e n z o n i t r i l e s  w ere c o m m e rc ia lly  a v a i l a b l e .  2-Hyd ro x y - 4 -n i t r o b e n z o n i t r i l e  

w as s y n th e s iz e d  by a  s e r i e s  o f  r e a c t i o n s  s t a r t i n g  w i th  p h e n y la c e t ic  a c id  

(33) w hich  may be i l l u s t r a t e d  s c h e m a t ic a l ly  a s  fo l lo w s :

fj  \  fum ing  / /  \ \  HCl
V \VnH2C0^  O2N-V ^VgH2C0^  ---------

HNO^ \  ■—/  C H ^H
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n-bu  t y l
 V -
n i t r i t e

0 —1\

C—
1 . KOE

2* HCl

5 - ’- A m in o p h e n y l) te tr a z o le ,  5 - ( 3 ’- a m in o p h e n y l) te t r a z o le  and 

t h e i r  d e r i v a t i v e s ,  a s  w e ll  a s  5 - (2 * -h y d ro x y -4 * -a m in o p h e n y l) te tra z o le  

w ere  s u b m itte d  f o r  p h a rm aco lo g ie  a l  s c r e e n in g .



E x p e rim e n ta l  

The P r e p a r a t i o n  o f  N i t r o p h e n y l t e t r a z o l e s

5 * (2 * * N i t r o p h e n y l ) te t r a z o le #  O r th o -n i t r o b e n z o n i t r i 1 e (25 g . ,

0 .1 7  m o le ) ,  1 6 .2  g .  (0 .2 5  m ole) o f  sodium  a z id e  an d  15 g .  (0 .2 5  m ole) 

o f  g l a c i a l  a c e t i c  a c id  w ere  added t o  100 m l. o f  n o rm al b u ty l  a lc o h o l  

and  th e  m ix tu re  r e f l u x e d  f o r  f o u r  d a y s . A t th e  end o f  t h i s  tim e  an 

a d d i t i o n a l  5 g* o f  sodium  a z id e  and 10 g ,  o f  g l a c i a l  a c e t i c  a c id  w ere 

ad d ed  and  th e  h e a t in g  c o n t in u e d  f o r  an  a d d i t i o n a l  two d a y s . The con­

t e n t s  o f  t h e  f l a s k  w ere th e n  t r a n s f e r r e d  to  a  l a r g e r  f l a s k ,  200 m l. o f  

w a te r  added  and th e  m ix tu re  d i s t i l l e d  u n t i l  a l l  th e  a lc o h o l  had  b een  

rem oved . The s o l u t i o n  w as f i l t e r e d ,  and th e  f i l t r a t e  t r e a t e d  w ith  

c o n c e n t r a te d  h y d r o c h lo r ic  u n t i l  a  p r e c i p i t a t e  no lo n g e r  fo rm ed . The 

s o l i d  was f i l t e r e d  and d r i e d ;  th e  y i e l d  o f  c ru d e  p ro d u c t was 1 2 .2  g .  

(37*6% o f  t h e o r y ) .

R e c r y s t a l l i z a t i o n  from  w a te r  gave  a c o l o r l e s s  c r y s t a l l i n e  p ro d u c t 

(n e e d le s )  m e l t in g  a t  1 5 9 # 5 - l6 l°C .

A n a ly s i s .  C a lc u la te d  f o r  C, 43*99; H, 2 .6 4 ; N, 3 6 . 6 4 *

Found: C, 44*13; H, 2 . 8 4 ; N, 36.37*

5 - ( 3 * - N i t r o p h e n y l ) t e t r a z o l e .

(a )  P r e p a r a t i o n  from  a  B enzene S o lu t io n  o f H y d razo ic  A c id . M eta- 

n i t r o b e n z o n i t r i l e  (1 5 .6  g . , O .IO 6 m ole) was added t o  50 m l. o f  x y le n e  

c o n ta in in g  6 .8  g .  o f  h y d ra z o ic  a c id  and  th e  m ix tu re  s e a le d  in  a  P y rex  

co m b u stio n  tu b e  w hich in  tu r n  was h e a te d  f o r  125 h o u rs  a t  1 4 0 -1 4 5 ^ 0 .

A t th e  end o f  t h i s  tim e  th e  tu b e  was c o o le d  and opened , and  th e  c o n te n ts
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w ashed  o u t  w i th  a  s m a ll  amount o f  b e n z e n e . C h i l l i n g  o f  th e  b e n ze n e — 

x y le n e  m ix tu re  g av e  a c r y s t a l l i n e  m a te r i a l  w h ich  was f i l t e r e d  and 

d r ie d #  R e c r y s t a l l i z a t i o n  o f  th e  p ro d u c t  from  w a te r ,  u s in g  N o r i te  to  

d e c o lo r i z e  th e  s o l u t i o n ,  g av e  8 ,6  g# (39*0^ o f  th e o ry )  o f  a  c r y s t a l l i n e  

s o l i d  m e lt in g  a t  1 5 0 .5 -1 5 1 # 5 ^ C .

A n a ly s is .  C a lc u la te d  f o r  C, 43*99; H, 2 .6 4 ;  N, 36. 6 4 *

F ound: C, 44*19; H, 2 .6 8 ;  N, 36.93*

T h is  ccanpound i s  r e p o r te d  by L o ssen  (34) to  m e lt a t  145 C.

(b ) P r e p a r a t io n  fro m  Sodium  A z id e  and G la c i a l  A c e tic  A c id . M eta- 

n i t r o b e n z o n i  t r i l e , (3 2 .5  g . , 0 .2 5  m o le ) , 22 g .  o f  sodium  a z id e  and 20 g . 

o f  g l a c i a l  a c e t i c  a c id  w ere h e a te d  a t  r e f lu x  te m p e ra tu re  in  100 m l. o f  

n o rm al b u t y l  a lc o h o l  f o r  f o u r  d a y s .  A t t h e  end  o f  t h i s  tim e  an a d d i t i o n ­

a l  5 g* o f  sodium  a z id e  and 10 g . o f  g l a c i a l  a c e t i c  a c id  w ere  added  

and th e  r e f lu x in g  c o n tin u e d  f o r  two m ore d a y s .  The r e a c t i o n  m ix tu re  

was th e n  p o u re d  in to  a  l a r g e r  f l a s k ,  300 m l. o f  w a te r  added  and th e  

m ix tu re  d i s t i l l e d  u n t i l  a l l  th e  a lc o h o l  had  been rem oved. C o o lin g  o f  

th e  a q u e o u s , r e s i d u a l  s o l u t i o n  c au se d  th e  s e p a r a t io n  o f  a  pal©  y e llo w  

s o l i d  w h ich  i ^ e n  f i l t e r e d  and  r e c r y s  t a l l i z e d  from  w a te r ,  u s in g  N orit©  

to  rem ove th e  c o lo r ,  g ave  41*^ g .  (87.5%  o f  th e o ry )  o f  th e  p a le ,  y e llo w  

p ro d u c t  ( n e e d le s ) ,  m .p . 1 5 0 .5 -1 5 1 .5 °G.

A m ix tu re  m e l t in g  p o in t  w i th  th e  p ro d u c t form ed from  th e  s e a le d  

tu b e  r e a c t i o n  o f  m e ta -n i t r o b e n z o n i t r i l e  and h y d ra z o ic  a c id  showed no 

d e p r e s s io n .

5 - ( 4 * - N i t r o p h e n y l ) t e t r a z o l e

(a )  P r e p a r a t io n  from  a  B enzene S o lu t io n  o f  H y d razo ic  A c id . P a r a -
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n i  trob©  n zo n i t r i l e  {15 .6  g . ,  0 .1 0 6  m ole) was added  t o  50 m l. o f  x y le n e  

c o n ta in in g  6 .8  g .  (0 .1 5 8  m ole) o f  h y d ra z o ic  a c id  and th e  m ix tu re  s e a le d  

i n  a  P y re x  co m b u stio n  tu b e .  The tu b e  and i t s  c o n te n t s  w ere  th e n  h e a te d  

a t  1 4 0 -1 4 5 ^ 0 . f o r  125 h o u r s .  A f t e r  t h i s  tim e  th e  tu b e  was a llo w e d  to  

c o o l ,  o pened  and th e  c o n te n ts  w ashed o u t w i th  a s m a ll  am ount o f  b e n z e n e .

The s o l i d  m a te r i a l  w as f i l t e r e d  an d  r e c r y s  t a l l i z e d  from a b s o lu te  e th a n o l  

u n t i l  th e  c o l o r l e s s ,  c r y s t a l l i n e  p ro d u c t m e lte d  a t  218. 5- 219*̂0 .

The c ru d e  y i e l d  am ounted to  l 6 ,6  g .  (77% o f  th e o r y ) .

A n a ly s is .  C a lc u la te d  f o r  CyH^N^O^: C, 4 3 .9 9 ; H , 2 .6 4 ;  N , 3 6 . 6 4 .

Found: C, 4 4 .1 5 ; H, 2 .7 0 ;  N, 3 6 .7 4 .

T h is  compound i s  r e p o r t e d  by P in n e r  (35) t o  m e lt  a t  219^0 .

(b) P r e p a r a t i o n  from  Sodium  A zid e  and G la c ia l  A c e tic  A c id . P a r a -  

n i t r o b e n z o n i t r i l e  (3 2 .5  g .»  0 .2 5  m o le ) , 22 g .  o f  sodium  a z id e  and  20 g ,  

o f  g l a c i a l  a c e t i c  a c id  w ere  ad d ed  to  100 m l. o f  norm al b u ty l  a lc o h o l  

and  th e  m ix tu re  h e a te d  a t  r e f lu x  te m p e ra tu re  f o r  f o u r  d a y s . A t th e  end 

o f  t h i s  tim e  a n  a d d i t i o n a l  5 g . o f  sodium  a z id e  and  10  g .  o f  g l a c i a l  

a c e t i c  a c id  w e re  added  and th e  h e a t in g  c o n tin u e d  f o r  two more d a y s .

The r e a c t i o n  m ix tu re  w as th e n  t r a n s f e r r e d  to  a l a r g e r  f l a s k ,  300 m l. 

o f  w a te r  a d d ed  and  th e  m ix tu re  d i s t i l l e d  u n t i l  a l l  th e  a lc o h o l  had been  

rem oved . On c o o l in g  th e  c l e a r  s o l u t i o n  a y e llo w  p r e c i p i t a t e  form ed w hich 

was f i l t e r e d  and  d r i e d .  The s o l i d  was th e n  d is s o lv e d  in  a  minimum amount 

o f  h o t  w a te r  and t r e a t e d  w ith  c o n c e n tr a te d  h y d ro c h lo r ic  a c id  u n t i l  th e  

s o l u t i o n  w as a c id  to  Congo r e d  p a p e r .  D u rin g  th e  a c i d i f i c a t i o n  a p re ­

c i p i t a t e  fo im ed  w h ich , a f t e r  c o o l in g ,  was f i l t e r e d  and d r ie d .

T h is  c ru d e  p ro d u c t  am ounted to  3 7 .0  g . (77.8%  o f t h e o r y ) ,  and 

c o u ld  b e  f u r t h e r  p u r i f i e d  by r e c r y s t a l l i z a t i o n  from  w a te r ,  m .p . 218 . 5- 219°C,
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A m ix tu re  m e l t in g  p o in t  d e te r m in a t io n  w ith  th e  p ro d u c t from  th e  

r e a c t i o n  o f  p a r a - n i t r o b e n z o n i t r i l e  and h y d ra z o ic  a c id  in  a  s e a le d  

tu b e  showed no d e p r e s s io n .

5 -  (2  *-H y d ro x y -4 * - n i  t r o  ïh e n y l)  t e t r a z o l e .  2 -H y d ro x y -4 -n itro b e n z o -  

n i t r i l e  (33) (4 1 .0  g . , 0 .2 5  m o le ) ,  22 g ♦ o f  sod ium  a z id e  and  20 g .  

o f  g l a c i a l  a c e t i c  a c id  w ere  h e a te d  a t  r e f l u x  te m p e ra tu re  in  100 m l. 

o f  n o rm al b u t y l  a lc o h o l  f o r  s i x  d a y s .  A t th e  end o f  t h i s  tim e  th e  

r e a c t i o n  m ix tu re  was t r a n s f e r r e d  t o  a l a r g e r  f l a s k ,  300 m l. o f  w a te r  

ad d ed  and d i s t i l l e d  u n t i l  250 m l. o f  d i s t i l l a t e  had  b e e n  c o l l e c t e d .

On c o o l in g  a s o l i d  c r y s t a l l i z e d  from  th e  r e s i d u a l  s o l u t io n ;  th e  s o l i d  

was f i l t e r e d  and r e  c r y s t a l l i z e d  tw ic e  fro m  w a te r  t o  g iv e  5 3 .5  g . (86.6%  

o f  th e o r y )  o f  p u re  p r o d u c t .

A n a ly t i c a l  d a ta  i n d i c a t e s  t h a t  t h i s  was th e  sodium  s a l t  o f  th e  

c o rre sp o n d in g  t e t r a z o l e .

A n a ly s i s .  C a lc u la te d  f o r  G^^N^O^Na: N, 3 0 .5 7 . Found: N, 3 0 .3 7

and 30 . 1 4 .

The sodium  s a l t  was c o n v e r te d  q u a n t i t a t i v e l y  i n t o  th e  f r e e  t e t r a z o l e  

b y  t r e a t i n g  a  h o t  aq ueous s o l u t i o n  o f  th e  sodiim i s a l t  w ith  c o n c e n t r a te d  

h y d r o c h lo r ic  a c id  u n t i l  i t  was a c id  to  Congo re d  p a p e r .  The m ix tu re  

was th e n  c o o le d ,  f i l t e r e d  and  th e  p ro d u c t  r e  c r y s t a l l i z e d  from  e th a n o l ,  

m .p . 283- 283 . 5 ^0 . ,  w ith  d e c o m p o s itio n .

A n a ly s i s .  C a lc u la te d  f o r  C ^^N ^O ^: C, 4 0 .5 9 ; H, 2 .4 3 ;  N, 3 3 .8 1 .

F ound: C, 4 0 .7 2 ;  H, 2 .8 2 ;  N , ,3 3 ^ 7 2 ,

The P r e p a r a t i o n  o f  A m in o p h e n y lte tra z o le s

5 - ( 3 * -A m in o p h e n y l) te tr a z o le . C o n c e n tra te d  h y d ro c h lo r ic  a c id
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(85 m l .)  was a d d ed  t o  a  m ix tu re  o f  1 7 .2  g .  (0 .0 9  m ole) o f  5 - ( 3 * - n i t r o -  

p h e n y l)  t e t r a z o l e  and 35 g .  o f  g r a n u la r  t i n  c o n ta in e d  in  a 300 m l . , t h r e e  

n e ck e d  f la sk . The r e a c t i o n  s t a r t e d  a lm o s t im m ed ia te ly  and c o o lin g  was 

n e c e s s a r y .  A f t e r  s t i r r i n g  th e  r e a c t i o n  m ix tu re  f o r  an  a d d i t i o n a l  

f i f t e e n  m in u te s  th e  c l e a r  s o l u t i o n  was d e c a n te d  fro m  th e  u n re a c te d  t i n  

vdiich  was th e n  w ashed w ith  a  sm a ll am ount o f  w a te r .  The w ash in g s  w ere 

com bined w i th  th e  d e c a n te d  a c id  s o lu t io n  and th e  r e s u l t i n g  s o lu t io n  

made b a s ic  w i th  cone a i t r a  t e d  ammonium h y d ro x id e . The t i n  h y d ro x id e  was 

f i l t e r e d  and th e  f i l t r a t e  made a c id  w i th  g l a c i a l  a c e t i c  a c id  u n t i l  a  

p r e c i p i t a t e  no lo n g e r  form ed on th e  a d d i t io n  o f  more a c i d .

The c ru d e  5 - ( 3 * - u m in o p h e n y l) te t r a z o le  was f i l t e r e d  and d r ie d  

g iv in g  1 1 .5  g . (79.5%  of th e o ry )  o f  a c o l o r l e s s  c r y s t a l l i n e  s o l i d  w hich 

may b e  f u r t h e r  p u r i f i e d  by  r e c r y s t a l l i z a t i o n  from w a te r , m .p . 199 -2 0 0 ^0 .

A n a ly s is .  C a lc u la te d  f o r  C ^ ^ N ^ i C, 5 2 .1 7 ; H , 4 .3 8 ;  N, 4 3 .4 6 .

Found: C, 5 2 .1 2 ; H, 4 .4 9 ;  N, 4 3 .1 1 .

5 -  ( 4  * -  Ami n  opheny 1 ) t e t r a z o l e

(a )  R e d u c tio n  U sin g  T in  and H y d ro c h lo ric  A c id . 5 - ( 4 '- N i t r o p h e n y l ) -  

t e t r a z o l e  (1 7 .2  g . , 0 .0 9  m ole) and 35 g . o f  g r a n u la r  t i n  i n  a 300 m l. two 

n eck ed  f l a s k  w ere t r e a t e d  w ith  75 m l. o f  c o n c e n t r a te d  h y d r o c h lo r ic  

a c i d .  C o o lin g  was n e c e s s a r y  once t h e  r e a c t i o n  s t a r t e d .  IVhen th e  

r e a c t i o n  h ad  s u b s id e d ,  th e  c l e a r  h o t s o lu t io n  was s t i r r e d  f o r  an  a d d i t i o n a l  

f i f t e e n  m in u te s  and  th e n  d e c a n te d  from  th e  u n re a c te d  t i n .  The t i n  was 

w ashed w i th  a s m a ll  am ount o f w a te r  and th e  w ash in g s  com bined w ith  th e  

h y d r o c h lo r ic  a c id  s o l u t i o n .  The a c id  s o l u t i o n  was made s t r o n g ly  b a s ic  

w i th  c o n c e n t r a te d  ammonium h y d ro x id e , th e  s ta n n o u s  h y d ro x id e  f i l t e r e d
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and w ashed w ith  d i l u t e  ammonium h y d ro x id e  and th e  b a s ic  s o lu t i o n  

n e u t r a l i z e d  w ith  g l a c i a l  a c e t i c  a c id  u n t i l  a p r e c i p i t a t e  no lo n g e r  

form ed*

F i l t r a t i o n  and  d ry in g  o f  th e  s o l i d  gave  1 2 .7  g .  (87.5%  o f  th e o ry )  

o f  th e  c ru d e  p ro d u c t ,  w h ich  may be f u r t h e r  p u r i f i e d  by r e c r y s t a l l i z a t i o n  

from  e th a n o l - w a te r  m ix tu r e ,  m .p . 2 6 7 ^ 0 .,  w ith  d e c o m p o s itio n .

A m ix tu re  m e l t in g  p o in t  w i th  th e  p ro d u c t  from  the  c a t a l y t i c  r e ­

d u c t io n  o f  th e  c o rre sp o n d in g  n i t r o  compound showed no  d e p r e s s io n  i n  th e  

d e c o m p o s it io n  p o i n t .

(b) R e d u c tio n  U sin g  P la t in u m  O xide and  H ydrogen . 5 - ( 4 ’- N i t r o p h e n y l ) - 

t e t r a z o l e  (7 .3  g . , 0 .0 3 8 2  mole)^ su spended  in  150 m l. o f g l a c i a l  a c e t i c  

a c id ,w a s  sh ak en  w ith  150 mg. o f  p la tin u m  o x id e  in  a  hyd rogen  a tm o sp h e re  

a t  an  i n i t i a l  p r e s s u r e  o f  4 8 .5  p . s . i .  A t th e  end o f  tw e n ty - fo u r  h o u rs  

th e  t h e o r e t i c a l  am ount o f  h y d rogen  h ad  b een  ta k en  up and th e  c h i l l e d  

su s p e n s io n  o f  c a t a l y s t  and  a w h ite  s o l i d  was f i l t e r e d  w ith  s u c t i o n .

T he s o l i d s  w e re  t r e a t e d  w ith  h o t  e th a n o l ,  th e  p la tin u m  f i l t e r e d  o f f  

and  th e  a lc o h o l  rem oved i n  a vacuum . The s o l i d  r e s id u e  was r e  c r y s t a l l i z e d  

frcm  e th a n o l - w a te r  m ix tu r e ,  u s in g  No r i t e  to  d e c o lo r iz e  th e  s o lu t io n ,  

g iv in g  5 .0  g . (8 l.5 %  o f  th e o ry )  o f  5 - ( 4 '- a m in o p h e n y l ) te t r a z o le  a s  

c o l o r l e s s  n e e d le s  m e l t in g  w ith  d e c o rc p o s itio n  a t  26 7 ^0 .

A n a ly s is .  C a lc u la te d  fo r  C^H^N^: C, 5 2 .1 7 ; H , 4 .3 8 ;  N, 4 3 . 4 6 .

Found: C, 5 1 .9 3 ; H, 4 .3 4 ;  N, 4 3 .2 9 .

5 - ( 2 *- H y d r o x y - 4 '- a m in o p h e n y l) te t r a z o le .  The h y d ra te d  sodium  s a l t  

o f  5 - ( 2 '- h y d r o x y - 4 ' - n i t r o p h e n y l ) t e t r a z o l e  (2 4 .7  g . , 0 .1 0  m ole) was 

su sp e n d e d  in  150  m l. o f  w a te r  w ith  250 mg. o f  p la tin u m  o x id e  and
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h y d ro g e n a te d  a t  an  i n i t i a l  p r e s s u r e  o f  50 p . s . i .  A f te r  tw e n ty - fo u r  

h o u rs  th e  r e a c t i o n  was c c m p le te  and th e  c a t a l y s t  w as f i l t e r e d  o f f .  The 

f i l t r a t e  was h e a te d  w ith  a  s m a ll  amount o f a sodium  hydro  s u l f i t e  s o l u t i o n  

to  rem ove any  t r a c e s  o f  o ra n g e  c o l o r .  T h is  was fo llo w e d  by t r e a tm e n t  

w i th  N o r i t e  and f i l t r a t i o n .  C o n c e n tra te d  h y d ro c h lo r ic  a c id  was th e n  

ad d ed  to  th e  c o o le d  f i l t r a t e  u n t i l  a  p r e c i p i t a t e  no lo n g e r  fo rm ed . 

F i l t e r i n g  and d ry in g  g av e  a c o l o r l e s s ,  c r y s t a l l i n e  s o l i d  w hich am ounted 

to  1 3 .0  g . (73.5%  o f  t h e o r y ) ,  m .p . 2 6 l-2 6 2 ^ C ., w ith  d e c o m p o s itio n .

F u r t h e r  r e c r y s t a l l i z a t i o n  from, w a te r  d id  n o t  change th e  d e c o m p o s itio n  

p o i n t .

A n a ly s i s .  C a lc u la te d  f o r  C^H^N^O: C, 4 7 .4 5 ; H, 3 .9 9 ; N, 3 9 .5 5 .

Found! C, 4 7 .3 2 ; H, 4 .1 7 ;  N, 3 9 .7 2 .

D e r iv a t iv e s

5 - ( 2 '- A c e ty la m in o p h e n y l ) te t r a z o le .  5 - ( 2  *-N i tro p h e  n y l ) t e t r a z o l e  

(7 .7  g . , 0 .0 4 0  m ole) was m ixed w ith  15*7 g .  o f  t i n  and  th e  m ix tu re  

t r e a t e d  w ith  35 m l. o f  c o n c e n tr a te d  h y d ro c h lo r ic  a c id ;  c o o lin g  was 

n e c e s s a r y  once th e  r e a c t i o n  s t a r t e d .  IWhen th e  r e a c t i o n  had  su b s id e d  

th e  c l e a r  s o l u t i o n  was d e c a n te d  from  th e  u n re a c te d  t i n .  The t i n  was 

w ashed w ith  a  s m a l l  am ount o f  w a te r  a n d  th e  w ash in g s  com bined w ith  

th e  h y d ro c h lo r ic  a c id  s o l u t i o n .  The a c id  s o l u t i o n  was made s t r o r g l y  

b a s ic  w i th  ammonium h y d ro x id e  and th e  t i n  h y d ro x id e  f i l t e r e d .  The 

e x c e s s  ammonium h y d ro x id e  was n e u t r a l i z e d  w ith  g l a c i a l  a c e t i c  a c id  

and t h e  s o l u t i o n  a d ju s te d  to  a  pH o f  5 . C o n tin u ed  c o o l in g  d id  n o t  

p r e c i p i t a t e  th e  a m in o p h e n y l te t r a z o le .

The s l i g h t l y  a c id  s o l u t i o n  was th e n  e v a p o ra te d  to  d iy n e s s  and th e



60

r e s id u e  r e f lu z e d  w i th  4 .0 8  g ,  (O.0 4 0  m ole) o f  a c e t i c  a n h y d rid e  in  25 

m l. o f  g l a c i a l  a c e t i c  a c i d .  A f t e r  two h o u rs  th e  m ix tu re  was c o o le d  and  

p o u re d  i n t o  i c e  and  w a te r .  T h is  p ro v id e d  th e  c ru d e  p ro d u c t a s  a brown 

s o l i d .  Re c r y s t a l l i z a t i o n  frcan w a te r ,  u s in g  N orl t e  t o  d e c o lo r iz e  th e  

s o l u t i o n ,  g a v e  th e  p u re  p ro d u c t  a s  a c o l o r l e s s  s o l i d ,  m ,p , 1 7 6 -1 7 7 ^0 ,

A n a ly s i s .  C a lc u la te d  f o r  C ^^N ^O : C, 5 3 .1 9 ; H, 4 .4 6 ;  N, 34*47.

Found: C, 5 2 .8 7 ; H, 4 .4 4 ;  N, 3 4 .3 7 .

5 - ( 3 * - A c e ty la m in o p h e n y l ) te t r a z o le ,  5 - ( 3  ^-Amin o p h e n y l) t e  t r a  z o le  

(7 .0  g , , 0 ,0 4 3 5  m ole) was re  f lu x e d  w i th  5 .0  g ,  o f  a c e t i c  a n h y d rid e  

i n  30 m l. o f  g l a c i a l  a c e t i c  a c id  f o r  tw o h o u r s .  A t th e  end o f  t h i s  

tim e  th e  m ix tu re  was p o u re d  i n t o  50 m l. o f  i c e  and w a te r  and th e  

s o l i d  f i l t e r e d .  R e c r y s t a l l i z a t i o n  o f  th e  p ro d u c t from  w a te r ,  u s in g  

N o r i te  t o  d e c o lo r iz e  th e  s o lu t i o n ,  g ave  5 .7  g .  (65?» o f  th e o ry )  o f  th e  

a c e t y l  d e r i v a t i v e  a s  a  c o l o r l e s s  c r y s t a l l i n e  s o l i d  m e lt in g  w ith  decomp­

o s i t i o n  a t  254-255*^0.

A n a ly s i s ,  C a lc u la te d  f o r  C^^N ^O : C, 5 3 .1 9 ; H, 4 .4 6 ;  N, 3 4 .4 7 .

Found; 0 ,  5 3 .2 2 ;  H, 4 .5 ^ ;  N, 3 4 .5 0 ,

5 - ( 4 *-Ace t y la m in o p h e n y l ) te t r a z o le ,  5 - (4 * -A m in o p h e n y l) te tra z o le  

(10 g , , 0 ,0 6 2  m ole) was r e f l u r e d  w ith  7 .0  g . o f  a c e t i c  a n h y d rid e  in  30 

m l, o f  g l a c i a l  a c e t i c  a c id  f o r  a p e r io d  o f  two h o u r s .  The m ix tu re  was 

th e n  p o u re d  i n t o  50 m l. o f  i c e  and  w a te r  and th e  s o l i d  m a te r i a l  f i l t e r ­

e d .  The d r ie d  c ru d e  p ro d u c t am ounted to  1 2 .5  g . (999^ of th e o ry )  and 

was f u r t h e r  r e  c r y s t a l l i z e d  w ith  d i f f i c u l t y  from g l a c i a l  a c e t i c  a c id  

g iv in g  a c o l o r l e s s  pow der m e lt in g  w ith  d eco m p o s itio n  a t  278 C.
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A n a ly s i s .  C a l c u la te d  f o r  C ^^N ^O : G, 5 3 .1 9 ; H, 4 .4 6 ;  N, 3 4 .4 7 .

Found: C , 5 3 .0 9 ; H, 4 .6 8 ;  N, 3 4 .2 7 .

5 -  (2 *-Hydroxy«-4 * -a c e ty la m ln o p I ie n y l)  t e  t r a  z o le .  5 - (2 * -H y d ro x y -4 ’-  

a m in o p h e n y l ) te t r a z o le  (2 .6 6  g . ,  0 .0 1 5  m ole) was h e a te d  w ith  1 ,5  g . 

o f  a c e t i c  a n h y d r id e  in  15 m l. o f  g l a c i a l  a c e t i c  a c id  a t  r e f l u x  temp­

e r a t u r e  f o r  tw o h o u r s .  The s o l u t i o n  was th e n  p o u red  in to  50 m l. o f
o

i c e  and  w a te r ,  th e  s o l i d  f i l t e r e d  and oven d r ie d  a t  70 C. T h is  gave  

3 .2  g ,  (9 7 .5 ^  o f  th e o ry )  o f  a cream  c o lo r e d  m a te r i a l  m e lt in g  w ith  

d e c o m p o s itio n  a t  2 7 7 .5 ^ 0 . F u r th e r  r e c r y s t a l l i z a t i o n  from  w a te r ,  i n  

w hich  i t  i s  d i f f i c u l t y  s o lu b le ,  g ave  a c o l o r l e s s ,  c r y s t a l l i n e  p ro d u c t 

( n e e d le s ) ,  m .p . 281-282*^0., w ith  d eco m p o siti cn.

A n a ly s i s .  C a lc u la te d  fo r  C ^ ^ ^ O ^ î  0 , 4 9 .3 1 ; H, 4*14; N, 3 1 .9 5 .

Found: C, 4 9 .1 5 ;  H, 4 .3 1 ;  N, 3 2 .0 6 .



PART I I I

TETRAZOLE ANALOGUES OF NICOTINIG ACID 
AND OTHER PYRIDINE CARB02TLIC ACIDS

D is c u s s io n

One o f  th e  f i r s t  i n s t a n c e s  o f  v i ta m in  a n ta g o n ism  was t h a t  o b se rv e d  

i n  th e  c a se  o f  p y r id i  n e -3 -s u lfo n a m id e  ( I )  (3 6 ) f o r  n ia c in  ( I I )  and 

n ia c in a m id e  ( I I I ) .

I :  R% S 0 ; ^ 2

I I :  R= CO2H

I I I  : R= CONH2

3-A ce t y lp y r id in e  (37) and th ia z o le - 5 -c a rb o x a m id e  (IV) (3 8 ) have 

a l s o  b e en  r e p o r t e d  to  e x h i b i t  n i c o t i n i c  a c id  a n ta g o n ism .

.CONE'

N.

IV

N ia c in  i s  im p o r ta n t  in  b o th  a n im a l and  b a c t e r i a l  m e ta b o lism  and 

e x i s t s  a s  a  p o r t i o n  o f  coenzyme I  (V) and coenzyme I I ,  b o th  e s s e n t i a l  

enzym es in  b i o l o g i c a l  o x id a t io n s .
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The p o s s i b i l i t y  t h a t  3 - ( 5 ’- t e t r a z o l y l ) p y r i d i n e  (VI) m igh t a c t  a s

VI

a n i c o t i n i c  a c id  a n ta g o n i s t  p ro irp ted  i t s  s y n t h e s i s ,  a s  w e l l  a s  t h a t  o f  

th e  two o th e r  p o s i t i o n a l  iso m e rs , th e  2 -  and  4 - ( 5 ’- t e t r a z o l y l ) p y r i d i n e s .  

The p ro c e d u re  f o r  th e  s y n th e s is  was t h a t  em ployed by H e rb s t  and 

W ilson  (3) f o r  th e  p r e p a r a t i o n  o f  5 - a r y l t e t r a z o l e s  and  c o n s is te d  o f  

h e a t i n g  t h e  r e s p e c t i v e  c y a n o p y r id in e s  w i th  sodium  a z id e  and g l a c i a l  

a c e t i c  a c id  i n  r e f l u x i n g  n o rm al b u ty l  a l c o h o l .  A lth o u g h  th e  m ethod 

r e q u i r e s  c o n tin u o u s  h e a t in g  a t  r e f lu x  te m p e ra tu re  f o r  s ix  d a y s , th e  

y i e l d s  w ere , i n  e v e ry  c a s e ,  o v e r  90^ o f  th e o r y .  I t  was found in
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s e v e r a l  ru n s  t h a t  r e d u c in g  th e  h e a t in g  p e r io d  to  th r e e  o r  f o u r  d ay s  

d id  n o t lo w e r  th e  y i e l d s  to  an y  e x te n t*

I n  a l l  th e  p r e p a r a t io n s  o f  th e  p y r l d y l t e t r a z o l e s ,  re p la c e m e n t 

o f  th e  b u ty l  a lc o h o l  s o lv e n t  by  w a te r ,  d u r in g  th e  w ork ing  up o f  th e  

r e a c t i o n  m ix tu r e ,  r e s u l t e d  in  a  c l e a r  s o l u t i o n  o f  th e  sodium  s a l t  o f  

th e  t e t r a z o l e .  A c i d i f i c a t i o n  o f  t h i s  s o l u t i o n  w ith  c o n c e n tra te d  

h y d r o c h lo r ic  a c id  fo llo w e d  by c o o lin g  and  f i l t r a t i o n ,  p ro v id e d  th e  

c o r re s p o n d in g  p y r i d y l t e t r a z o l e  in  a r e l a t i v e l y  p u re  s t a t e *  F u r th e r  

p u r i f i c a t i o n  was c a r r i e d  o u t by re  c r y s t a l l i z a t i o n  from  w a te r ,  in  w hich  

th e  t e t r a z o l e s  w ere m o d e ra te ly  s o lu b le  when h o t and in s o lu b le  when 

co ld *

A l l  th e  p y r l d y l t e t r a z o l e s  w ere s o l i d s  w hich e x h ib i te d  d eco m p o s itio n  

a t  t h e i r  m e lt in g  p o i n t s .  They d is p la y e d  t y p i c a l  a m p h o te ric  c h a r a c te r  

b e in g  s o lu b le  in  b o th  aq u eo u s  a c id s  and a l k a l i e s  and p o s s e s s e d  an  

i s o e l e c t r i c  p o in t  a t  a  pH o f  a b o u t 5* T h e ir  s o l u b i l i t i e s  in  w a te r ,  

a l th o u g h  c o n s id e r a b ly  l e s s  th a n  t h a t  o f  th e  p y r id in e  e a r b o x y l ic  a c id s ,  

fo l lo w e d  th e  same o r d e r  a s  t h a t  o b se rv e d  in  th e  e a r b o x y l ic  a c id  s e r i e s .

I . e . , 2 - is o m e r  > 3 - is o m e r  > 4 - iso m e r .

The p y r l d y l t e t r a z o l e s  w ere shown to  u n d erg o  norm al r e d u c t io n  i n  

g l a c i a l  a c e t i c  a c id  u s in g  h ydrogen  and a p la tin u m  o x id e  c a t a l y s t  to  th e  

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

S in c e  th e  r e d u c t io n  o f  th e  p y r id in e  r in g  to  a  pi p e r  id y l  s t r u c t u r e  

was accom pan ied  by th e  fo rm a tio n  o f  a more b a s ic  sec o n d a ry  am ino g ro u p , 

th e  p h y s ic a l  c h a r a c t e r i s t i c s  o f  th e  p i p e r i d y l t e t r a z o l e s  d i f f e r e d  

m ark ed ly  from  th o s e  o f  th e  s t a r t i n g  p y r l d y l t e t r a z o l e s .  In  a d d i t io n  to  

b e h a v in g  a s  a m p h o te r ic  s u b s ta n c e s  th e  p i p e r i d y l t e t r a z o l e s  had  h ig h e r
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d e c o m p o s itio n  p o in t s  an d  a n  in c r e a s e d  w a t e r - s o l u b i l i t y .

P u r i f i c a t i o n  o f  th e  t h r e e  is o m e r ic  p i p e r i d y l t e t r a z o l e s  was 

a c c o m p lish e d  b y  d i s s o lv in g  th e  m a t e r i a l  i n  a  minimum amount o f  w a te r$  

t r e a t i n g  w ith  N o r i te  and a f t e r  f i l t e r i n g ,  p r e c i p i t a t i n g  w ith  a c e to n e .

The a c e ty l  d e r i v a t i v e s  o f  th e  p i p e r i d y l t e t r a z o l e s  w ere  p re p a re d  

c o n v e n ie n t ly  and in  m o d e ra te ly  good y i e ld s  by  ro f lu x in g  them  in  g l a c i a l  

a c e t i c  a c i d  c o n ta in in g  an  e q u iv a le n t  am ount o f  a c e t i c  a n h y d r id e .

The a c e ' l l  p i p e r i d y l t e t r a z o l e s  w ere  a ls o  p re p a re d  w ith o u t i s o l a t i o n  

o f  th e  in te r m e d ia te  p i p e r i d y l t e t r a z o l e  b y  r e d u c t io n  o f  th e  r e s p e c t iv e  

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

m ix tu re  fro m  th e  c a t a l y s t  and  su b se q u e n t r e f l u a i n g  o f  th e  f i l t r a t e  

w ith  th e  r e q u i r e d  am ount o f  a c e t i c  a n h y d r id e .

The ace  ty  Ip  ip  e r  i d y l  t e t r a z o l e s ,  w hich  c o u ld  b e  p u r i f i e d  by r e -  

c r y s t a l l i z a t i o n  from  w a te r  o r  i s o p r o p y l  a l c o h o l ,  e x h ib i te d  m o d e ra te ly  

h ig h  m e lt in g  p o i n t s .

B ecau se  o f  i t s  p o s s ib le  an tag o n ism  tow ard  2 , 6 - p y r id in e d ie a r b o x y l ic  

a c i d ,  a  m a te r ia l  in v o lv e d  in  s p o re  fo r m a t io n ,  2 , 6 - d i ( 5 * - t e t r a z o l y l ) — 

p y r id i n e  ( T i l l )  w as a ls o  p r e p a r e d .

H-N — O'
I I

V

-N-H

T in
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The s y n th e s i s  was c a r r i e d  o u t  u n d e r  th e  c o n d i t io n s  s u g g e s te d  f o r  

th e  p y r l d y l t e t r a z o l e s .  A lth o u g h  th e  r e a c t i o n  m ix tu re  o f th e  2 , 6 - d i -  

o y a n o p y r id in e ,  g l a c i a l  a c e t i c  a c id  and sod ium  a z id e  in  b u ty l  a lc o h o l  

showed no a p p a re n t  change in  p h y s ic a l  a p p e a ra n c e  a f t e r  one day o f  r e -  

f l u x i n g ,  th e  r e a c t i o n  p e r io d  was e x te n d e d  f o r  f o u r  d a y s .

A c i d i f i c a t i o n  o f  th e  c l e a r  aqueous s o l u t i o n  a f t e r  th e  b u ty l  a lc o h o l  

h ad  b e e n  d i s p la c e d  by  w a te r ,  g ave  a c o p io u s  p r e c i p i t a t e  o f  th e  c o r r e s ­

p o n d in g  2 , 6 - d i ( 5 ’- t e t r a z o l y l ) p y r i d i n e  in  a  q u a n t i t a t i v e  y i e l d .

A tte m p ts  t o  p u r i f y  th e  p ro d u c t by  r e c r y s t a l l i z a t i o n  from  v a r io u s  

s o lv e n t s  was n o t a p p l i c a b l e  to  a v e ry  la r g e  q u a n t i ty  and th e  m ethod o f  

d i s s o lv in g  th e  p ro d u c t  in  b a se  fo llo w e d  b y  t r e a tm e n t  w ith  No r i t e  and 

r e a c i d i f i c a t i o n  p ro v id e d  p u r i f i c a t i o n  o f  th e  c ru d e  p ro d u c t .  C om parison  

o f  th e  d e c c m p o s itio n  p o in t s  o f  sam ples p u r i f i e d  i n  t h i s  m anner w ith  

t h a t  o f  th e  a n a l y t i c a l  sam ple w hich was r e  c r y s t a l l i z e d  from  a l a r g e  

volum e o f  w a te r  shows no a p p re c ia b le  d i f f e r e n c e .

The d i t e t r a z o l y l p y r i d i n e ,  a l th o u g h  in s o lu b le  in  m ost s o lv e n t s ,  

d i s s o lv e s  i n  s t r o n g  a c id s  and aq u eo u s a l k a l i e s .  I t  m e l ts  w ith  spon­

ta n e o u s  d e c o m p o s itio n  w hich  ex p e l I s  th e  m a te r i a l  o u t  o f t h e  to p  o f  th e  

c a p i l l a r y  tu b e .

The p y r l d y l - ,  p i p e r i d y l -  and a c e t y l p i p e r i d y l t e t r a z o l e s  w ere sub ­

m i t t e d  f o r  s c r e e n in g  a lo n g  w ith  th e  2 , 6 - d i ( 5 ’- t e t r a z o l y l ) p y r i d i n e .
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The P r e p a r a t i o n  o f  5 - P y r i d y l t e t r a z o l e s

5 - ( 2 * - P y r i d y l ) t e t r a z o l e .  2 - C y an o p y rid in e  (26 g . ,  0 .2 5  m o le ),

20  g .  ( 0 .3 3  m ole) o f  g l a c i a l  a c e t i c  a c id  and 22 g . (0 .3 3  m ole) o f  

sodium  a z id e  w e re  added  t o  100 m l. o f  norm al b u ty l  a lc o h o l  and th e  

m ix tu re  h e a te d  a t  r e f l u x  te m p e ra tu re  f o r  a p e r io d  o f  fo u r  d a y s . At 

t h i s  tim e  a n  a d d i t i o n a l  5 g . o f  sodium  a z id e  and 10 g . o f  g l a c i a l  

a c e t i c  a c id  w ere added and th e  h e a t in g  c o n tin u e d  f o r  two more d a y s .

The c o n te n t s  o f  th e  f l a s k  w ere t r a n s f e r r e d  t o  a  500 m l. f l a s k ,  300 m l. 

o f  w a te r  was added  an d  th e  m ix tu re  d i s t i l l e d  u n t i l  300 m l. o f  d i s t i l l a t e  

h a d  c o l l e c t e d .  The r e s i d u a l  s o l u t i o n  was th e n  t r e a t e d  w ith  concen­

t r a t e d  h y d r o c h lo r ic  a c id  u n t i l  a p r e c i p i t a t e  no  lo n g e r  fo rm ed .

The s o l id  was f i l t e r e d ,  re  c r y s t a l l i z e d  from  w a te r  and f i n a l l y  

oven  d r i e d  a t  70*^0. to  g iv e  3 3 .4  g . (919^ of th e o ry )  o f a  c o l o r l e s s  

c r y s t a l l i n e  s o l i d  m e l t in g  a t  2 1 1 -2 1 1 .5°C .

A n a ly s i s .  C a lc u la te d  fo r  C^H^N^: C, 4 8 .9 8 ; H, 3 .4 3 ;  N, 4 7 .6 0 .

Found: C, 4 9 .1 6 ; H, 3 .6 7 ; N, 4 7 .8 1 .

5 - ( 3 * - P y r id y l )  t e t r a z o l e .  3 -0  y ano p y r id i  ne (26 g . ,  0 .2 5  m o le ) , 22 

g . (0 .3 3  m ole) o f  sod ium  a z id e  and 20 g .  (0 .3 3  m ole) o f  g l a c i a l  a c e t i c  

a c id  w ere h e a te d  in  100 m l. o f  norm al b u ty l  a lc o h o l  a t  r e f l u x  te m p e ra tu re  

f o r  a  p e r io d  o f  fo u r  d a y s . A t th e  end o f  t h i s  tim e a n  a d d i t i o n a l  5 g . 

o f  sod ium  a z id e  and 10 g . o f  g l a c i a l  a c e t i c  a c id  w ere added and th e  

r e  f lu x in g  c o n t in u e d  f o r  two a d d i t i o n a l  d a y s . The r e a c t i  on m ix tu re  was 

th e n  t r a n s f e r r e d  t o  a 500 m l. f l a s k ,  300 m l. o f  w a te r  added and th e  

m ix tu re  d i s t i l l e d  u n t i l  300 m l. o f  d i s t i l l a t e  had  b een  c o l l e c t e d .
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C o n c e n tra te d  h y d r o c h lo r ic  a c id  was added  to  th e  r e s i d u a l  aqueous 

s o l u t i o n  u n t i l  a  p r e c i p i t a t e  no lo n g e r  fo rm ed . The s o l i d  was f i l t e r e d ,  

r e c r y s t a l l i z e d  from  w a te r  an d  d r i e d  g iv in g  3 3 .3  g . (9 0 .5 ^  o f  th e o ry )  o f 

a  c o l o r l e s s  c r y s t a l l i n e  s o l i d  m e lt in g  a t  234-235*^0.

A n a ly s i s .  C a lc u la te d  f o r  C^H^N^: C, 4 8 . 9 8 ; H, 3 .4 3 ; N, 4 7 .6 0 .

Found; G, 4 9 .1 7 ;  H, 3 .4 2 ;  N, 4 7 .6 6 .

5 - ( 4  * -P y r id y l)  t e t r a z o l e .  4 -C y a n o p y rid in e  (26 g . , 0 .2 5  m o le ) ,

22 g .  {0 .33  m ole) o f  sodium  a z id e  and 20 g . (0 .3 3  m ole o f  g l a c i a l  

a c e t i c  a c id  w ere added  to  100 m l. o f  norm al b u ty l  a lc c h o l  and  th e  

m ix tu re  h e a te d  to  r e f l u x  te m p e ra tu re  f o r  a p e r io d  o f  f o u r  d a y s . A f te r  

t h i s  tim e  an  a d d i t i o n a l  5 g . o f  sodium  a z id e  and 10 g .  o f  g l a c i a l  

a c e t i c  a c id  w ere added  and  th e  h e a t in g  c o n tin u e d  f o r  t w  more d a y s .

The c o n te n t s  o f  th e  f l a s k  w ere th e n  t r a n s f e r r e d  t o  a 500 m l. f l a s k ,

300 m l. o f  w a te r  added and th e  m ix tu re  d i s t i l l e d  u n t i l  a l l  th e  a lc o h o l  

had  been rem oved . The r e s i d u a l  aqueous s o lu t io n  was th e n  t r e a t e d  w ith  

c o n c e n t r a te d  h y d r o c h lo r ic  a c id  u n t i l  a p r e c i p i t a t e  no lo n g e r  form ed 

on th e  a d d i t i o n  o f  more a c id .

The s o l i d  was f i l t e r e d ,  r e c r y s t a l l i z e d  from  w a te r  and d r i e d  g iv in g

3 4 .3  g . ( 9 3 . 2^  o f  th e o ry )  o f  p u re  p ro d u c t ,  m .p . 253- 254*̂0 . ,  w ith  de­

com posi t i o n .

A n a ly s is*  C a lc u la te d  f o r  C N  : C, 4 8 . 98 ; H, 3 .4 3 ; N, 4 7 .6 0 .
0 5 5

Found: G, 4 9 .1 9 ; H, 3 .5 7 ;  N, 4 7 .3 3 .

2 . 6 -P l  ( 5 ’- t e  t r a z o l y l  ) p y r  id  in e  ♦ 2 , 6-D i cya n o p y r id in e  (2 7 .5  g .»

0 .2 1 3  m o le ) , 3 8 ,2  g .  (0 .5 8 6  m ole) o f sodium  a z id e  and 38 m l. o f  g l a c i a l  

a c e t i c  a c id  w ere added  to  100 m l. o f  norm al b u ty l  a lc o h o l  and th e
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m ix tu re  r e f lu x e d  f o r  two d a y s . A t th e  end of t h i s  tim e  an a d d i t i o n a l  

10 g . o f  so d iu m  a z id e  and 20 m l. o f  g l a c i a l  a c e t i c  a c id  w ere added 

and th e  r e f l u x i n g  c o n t in u e d  f o r  a n  a d d i t i o n a l  two d a y s . The c o n te n ts  

o f  th e  f l a s k  w ere  th e n  t r a n s f e r r e d  t o  a l a r g e r  f l a s k ,  300 m l. o f  w a te r  

added  and th e  m ix tu re  d i s t i l l e d  u n t i l  a l l  th e  a l c c h o l  had b een  rem oved. 

C o n c e n tra te d  h y d r o c h lo r ic  a c id  was added  to  th e  aqueous r e s i d u a l  s o lu t io n  

u n t i l  a  p r e c i p i t a t e  no lo n g e r  fo rm ed on th e  a d d i t io n  o f m ore a c i d .  The 

s o l i d  was f i l t e r e d  g iv in g  4 5 .6  g , (9 9 .5 ^  o f  th e o ry )  o f  a c o l o r l e s s  

c r y s t a l l i n e  m a te r i a l  w h ich  decom posed a t  287°C .

The c ru d e  p ro d u c t  was f u r t h e r  p u r i f i e d  by d is s o lv in g  i n  aq ueous 

b a se  a n d  r e p r e c i p i t a t i n g  w ith  a c id .  The a n a l y t i c a l  sam ple was r e -  

c r y s t a l l i z e d  fro m  w a te r ,  i n  "which th e  p ro d u c t i s  v e ry  s l i g h t l y  s o lu b le ,  

m .p . 290*^C., w i th  d e co m p o s itio n .

A n a ly s i s .  C a lc u la te d  f o r  C ^ ^ N ^ : G, 39*07; H, 2 .3 4 ; N, 58.59*

F ound: C, 39*15; H, 2 .5 7 ;  N, 5 8 .6 0 .

The P r e p a r a t i o n  o f  5 -P i p e r  id y l  t e t r a z o l e s

5 - ( 2 '- P i p e r i d y l )  t e t r a z o l e .  5 - ( 2 '- P y r id y l )  t e t r a z o l e  (1 1 .0  g . ,

0 .0 7 5  m ole) w as su sp e n d e d  in  150 n il. o f  g l a c i a l  a c e t i c  a c id  and 

h y d ro g e n a te d  i n  a hyd ro g en  a tm o sp h ere  o v e r  250 mg. o f  p la tin u m  o x id e  

c a t a l y s t  a t  an  i n i t i a l  p r e s s u r e  o f 50 p . s . l . ; th e  r e a c t i o n  was com­

p l e t e  i n  tw e n ty - fo u r  h o u rs . The c a t a l y s t  was f i l t e r e d  from  th e  s o lu t io n  

and  th e  f i l t r a t e  c o n c e n t r a te d  to  a s m a ll  volum e. The a d d i t io n  o f  

e t h e r  c a u se d  th e  p r e c i p i t a t i o n  o f  a c o l o r l e s s  s o l i d  w hich was f u r t h e r  

p u r i f i e d  b y  d i s s o lv in g  i n  w a te r ,  t r e a t i n g  w ith  N o r i te  and  p r e c i p i t a t i n g  

w i th  a c e to n e .  T h is  g av e  1 0 .5  g .  (91.5%  o f  th e o ry )  o f  p u re  p r o d u c t .
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m .p . 287- 2 8 7 .2 ^ 0 . ,  w ith  d e c o m p o s itio n .

A n a ly s is .  C a lc u la te d  f o r  C, 4 7 .0 5 ;  H, 7 .2 4 ;  N, 4 5 .7 2 .

Found: C, 4 7 .0 3 ;  H, 7 .1 2 ;  N, 4 5 .9 8 .

5 - ( 3 ’- P i p e r i d y l ) t e t r a z o l e .  5 - ( 3 ’- P y r l d y l ) t e t r a z o l e  (1 1 .7  g . ,

0 .0 7 9 5  m ole) was su sp en d ed  i n  150 m l. o f  g l a c i a l  a c e t i c  a c id  and hy­

d ro g e n a te d  o v e r  300 mg. o f  p la tin u m  o x id e  c a t a l y s t  i n  a  h y d ro g en  a t ­

m o sp h ere  a t  an  i n i t i a l  p r e s s u re  o f  50 p . s . i .  A f t e r  tw e n ty - fo u r  h o u rs  

th e  r e a c t i o n  was c o m p le te  and  th e  c a t a l y s t  was rem oved b y  f i l t r a t i o n .

The f i l t r a t e  was c o n c e n tr a te d  to  a sm a ll volum e and e t h e r  added to  

p r e c i p i t a t e  th e  p r o d u c t .  T h is  gave 1 2 .2  g , (99.7%  o f  th e o iy )  o f  th e  

c ru d e  p r o d u c t .

The p ro d u c t  was f u r t h e r  p u r i f i e d  by d is s o lv in g  in  a  minumum am ount 

o f  w a te r  an d  c o o l in g .  The p r e c i p i t a t e  w hich was fo rm ed  was f i l t e r e d  

and  u sed  a s  th e  a n a l y t i c a l  sam ple , th e  re m a in d e r  o f  th e  p ro d u c t was 

p r e c i p i t a t e d  from  th e  aqueous f i l t r a t e  b y  th e  a d d i t io n  o f  a c e to n e .

The c o l o r l e s s  c r y s t a l l i n e  p ro d u c t m e lte d  w ith  d e c o m p o s itio n  a t  296-297*^0.

A n a ly s is .  C a lc u la te d  f o r  C, 4 7 .0 5 ; H, 7 .2 4 ; N, 4 5 .7 2 .

Found: C, 4 7 .1 0 ;  H , 7 .3 1 ; N, 4 5 .6 6 .

5 - ( 4 ’- P ip e r id y l ) t e tr a z o le .  5 - ( 4 ’- P y r id y l ) t e t r a z o le  (14 .7  g . ,

0 .1  m ale) was su sp en d ed  in  200 m l. o f  g l a c i a l  a c e t i c  a c id  and shaken  

w i th  400 mg. o f  p la tin u m  o x id e  c a t a l y s t  in  a hydrogen  a tm o sp h ere  a t  

a n  i n i t i a l  p r e s s u r e  o f 50 p . s . l .  A f te r  tw e n ty - f o u r  h o u rs  th e  r e a c t i o n  

m ix tu re  was f i l t e r e d .  C o n c e n tra t io n  o f  th e  f i l t r a t e  fo llo w e d  by th e  

a d d i t i o n  o f  e t h e r  gave a s o l i d  p r e c i p i t a t e  w hich  was f u r t h e r  p u r i f i e d  

by  d i s s o lv i n g  in  a minimum am ount o f  w a te r ,  t r e a t i n g  w ith  N o r i te ,  and
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r e p r e c i p i t a t i n g  by th e  a d d i t i o n  o f  a ce to n e  t o  g iv e  1 3 ,2  g . {86. o f  

th e o ry )  o f  c ru d e  p ro d u c t .  The p ro d u c t  c r y s t a l l i z e d  from  w a te r  a s  

c o l o r l e s s  c u b ic  c r y s t a l s ,  w h ich  d id  n o t decom pose a t  370°C. b u t showed 

s h r in k in g  and b row n ing  a t  237^0 ,

A n a ly s is ,  C a lc u la te d  f o r  C. 4 7 ,0 5 ; H, 7 .2 4 ;  N, 4 5 .7 2 ,

Found: 0 ,  4 6 ,9 7 ;  H, 7 .2 2 ;  N, 4 6 .0 3 .

The P r e p a r a t i o n  o f  A c e t y l p i p e r i d y l t e t r a z o l e s

(a )  5 -  (2*- N - A c e ty lp ip e r id y l )  t e t r a z o l e ,  5 - ( 2 '- P i p e r i d y l )  t e t r a z o l e  

(10 g , , 0 ,0 6 6  m ole) was r e f lu x e d  w i th  6 ,7  g . (0 ,0 6 6  m ole) o f  a c e t i c  

a n h y d r id e  i n  30 m l, o f  g l a c i a l  a c e t i c  a c id  f o r  a p e r io d  o f  two h o u rs .  

The s o lv e n t  was th e n  rem oved in  a  vacuum and th e  r e s id u e  r e c r y s t a l l i z e d  

from  w a te r ,  d e c o lo r iz in g  w i th  N o r i t e ,  t o  g iv e  6 ,0  g , (46.6%  o f  th e o ry )  

o f  th e  c o l o r l e s s  c r y s t a l l i n e  p ro d u c t  w hich  m e lte d  a t  1 3 5 .4 -1 3 6 ,5 ^ 0 .

A n a ly s is .  C a lc u la te d  f o r  GgH^^N^O; C, 4 9 .2 2 ; H, 6 .7 1 ; N, 3 5 .8 8 , 

Found: C, 4 9 .1 4 ;  H, 6 .6 4 ;  N, 3 5 .6 1 ,

(b) 5 - ( 2 ' - P y r i d y l ) t e t r a z o l e  (2 2 .5  g . , 0 ,1 5  m ole) was suspended  

i n  150 m l. o f  g l a c i a l  a c e t i c  a c id  and sh ak en  w ith  150 mg. o f  p la tin u m  

o x id e  c a t a l y s t  i n  a  h y d rogen  a tm o sp h ere  a t  a n  i n i t i a l  p r e s s u r e  o f

50 p . s . i .  A f te r  th e  t h e o r e t i c a l  am ount o f  h y d rogen  had  been  ta k e n  

up th e  c a t a l y s t  was rem oved by f i l t r a t i o n .  The f i l t r a t e  was t r e a t e d  

d i r e c t l y  w ith  l 6 , 3  g , ( 0 , l 6  m ole) o f  a c e t i c  a n h y d rid e  and  th e  m ix tu re  

r e f lu x e d  f o r  two h o u r s .  E v a p o ra tio n  o f  th e  s o lv e n t  l e f t  2 4 .6  g ,

(8 4 , 0% o f  th e o r y )  o f  th e  c ru d e  p ro d u c t w hich was p u r i f i e d  by r e -  

c r j ^ t a l l i z a t i o n  f r a n  w a te r ,  d e c o lo r iz in g  th e  s o lu t io n  w ith  N o r i te ,  

m .p . 1 3 5 .5- 136. 5°C .
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A m ix tu re  m e l t in g  p o in t  d e te r m in a t io n  w i th  th e  p ro d u c t  form ed 

from  th e  r e a c t i o n  o f  a c e t i c  a n h y d rid e  and  5“ ( 2 '—p i p e r i d y l ) t e t r a z o l e  

showed DO d e p r e s s io n ,

5 - ( 3 ’- N - A c e ty lp ip e r id y l )  t e t r a z o l e  (a ) 5 - ( 3 ’- P ip e r id y l )  t e t r a z o l e

(9 .0  g , , 0 ,0 5 9  m ole) was r e  f lu x e d  f o r  two h o u rs  i n  30 m l. o f  g l a c i a l  

a c e t i c  a c id  c o n ta in in g  6 ,0  g ,  (0 ,0 5 9  m ole) o f  a c e t i c  a n h y d r id e .  At 

th e  end o f  t h i s  t im e  th e  s o lv e n t  was rem oved in  a vacuum and th e  

r e s id u e  r e c r y s t a l l i z e d  from  is o p ro p y l  a lc o h o l  g iv in g  5 .6  g .  

o f  th e o r y )  o f  th e  c o l o r l e s s  c r y s t a l l i n e  a c e t y l  d e r iv a t iv e  which m e lte d  

a t  1 7 0 -1 7 1 °G,

A n a ly s i s ,  C a lc u la te d  f o r  C^^^N ^O ; C, 4 9 .2 2 ; H, 6 ,7 1 ; N, 3 5 .8 8 , 

Found: G, 4 9 .4 5 ;  H, 6 ,7 4 ;  N, 3 6 .0 6 .

(h) 5 - ( 3 ’- p y r l d y l ) t e t r a z o l e  (2 2 ,5  g . , 0 ,1 5  mole) was suspended

i n  125 m l, o f  g l a c i a l  a c e t i c  a c id  and shak en  w ith  150 mg, o f  p la tin u m  

o x id e  c a t a l y s t  in  a hydrogen  a tm o sp h ere  a t  an i n i t i a l  p r e s s u r e  o f  50 

p . s . i .  A f te r  tw e n ty - f o u r  h o u rs  th e  r e a c t io n  was co m p le te  and  th e  

c a t a l y s t  w as f i l t e r e d  from  th e  r e a c t i o n  m ix tu re . S ix te e n  and t h r e e -  

t e n t h s  gram s (0 « l6  m ole) o f  a c e t i c  a n h y d rid e  was th e n  added  t o  t h e  

f i l t r a t e  and th e  s o lu t io n  r e f lu x e d  f o r  two h o u rs .  At th e  end o f  t h i s  

tim e  th e  s o lv e n t  was rem oved in  a vacuum and th e  r e s id u e  r e c r y s t a l l i z e d  

from  is o p r o p y l  a l c o h o l  to  g iv e  th e  a c e ty l  d e r i v a t i v e ,  ra ,p . 1 6 9 -1 7 0 ,5 °G, 

A seco n d  r e c r y s t a l l i z e t i o n  r a i s e d  th e  m e lt in g  p o in t  to  1 7 0 ,5 -1 7 1  G.> 

and  g av e  1 5 ,5  g . (53% o f  th e o ry )  o f  th e  d e s i r e d  p ro d u c t .

A m ix tu re  m e lt in g  p o in t  w ith  5 - ( 3 ’- a c e t y l p i p e r i d y l )  t e  t r a z o l e ,  

fo rm ed from  th e  r e a c t i o n  o f  a c e t i c  a n h y d rid e  and 5 - ( 3 ’- p i p e r i d y l ) -
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t e t r a z o l e ,  showed no  d e p r e s s io n .

(4 *-N-Ac 0 t y l p i  p e r  i  d y l ) t e  t r a z o l e  (a ) 5 - ( 4 ’- P i p e r i d y l ) t e t r a z o l e

{1 2 .2  g . , 0 .0 8  m ole) was r e f lu x e d  w i th  8 .2  g . (0 .0 8  m ole) o f  a c e t i c  

a n h y d r id e  i n  30 m l. o f  g l a c i a l  a c e t i c  a c id  f o r  two h o u rs . The s o lv e n t  

was th e n  rem oved in  a  vacuum and  th e  r e s id u e  r e c r y s t a l l i z e d  from  

i s o p r o p y l  a l c o h o l  g iv in g  9*2 g . ( 5 ^  o f  th e o ry )  o f  a  c o l o r l e s s  c ry ­

s t a l l i n e  p ro d u c t  m e l t in g  a t  156.5-157*5*^0.

A n a ly s i s .  C a lc u la te d  fo r  C ^ ^ ^ O :  C, 4 9 .2 2 ;  H, 6 .7 1 ;  N, 35*88 .

Found: C, 49*25; H, 6 .8 4 ;  N, 3 5 .8 1 .

(b) 5 - ( 4 ’- P y r i  d y l)  t e t r a  z o le  (2 2 .5  g . > 0 .1 5  m ole) was su spended

w ith  200 mg. o f  p la tin u m  o x id e  c a t a l y s t  In  125 m l. o f  g l a c i a l  a c e t i c  

a c id  and sh ak en  in  an a tm o sp h e re  o f  hydrogen a t  a n  i n i t i a l  p r e s s u r e  o f  

50 p . s . i .  A f t e r  tw e n ty - f o u r  h o u rs  th e  r e a c t i o n  was c o m p le te  and th e  

c a t a l y s t  was f i l t e r e d  from  th e  r e a c t i o n  m ix tu r e .  S ix te e n  and th r e e -  

t e n th s  g ram s ( 0 . l 6  m ole) o f  a c e t i c  a n h y d rid e  was added  to  th e  f i l t r a t e  

and th e  s o l u t i o n  r e  f lu x e d  f o r  two h o u rs .  A f te r  t h i s  tim e th e  s o lv e n t  

was rem oved in  a  vacuum and th e  r e s id u e  r e c r y s t a l l i z e d  from  is o p r o p y l  

a l c o h o l  g iv in g  1 9 .7  g .  (67.4%  o f  th e o ry )  o f  th e  p ro d u c t w hich m e lte d  

a t  156 -157°C .

A m ix tu re  n e l t i n g  p o in t  d e te r m in a t io n  w ith  th e  p ro d u c t from  th e  

r e a c t i o n  o f  a c e t i c  a n h y d r id e  and 5 - ( 4 ’ - p i p e r i d y l ) t e t r a z o l e  showed no 

d e p r e s s io n .



PART IV

TETRAZOLE ANALOGUES OF PLANT AUXINS 

D is c u s s io n

I s o l a t i o n  an d  i d e n t i f i c a t i o n  o f  i n d o l e - 3 - a c e t i c  a c id  ( I )  a s  a  

n a t u r a l  g row th  hormone in  p l a n t s  i n i t i a t e d  a s e a rc h  f o r  o th e r  sub­

s t a n c e s  w hich  c o u ld  e l i c i t  t h i s  ty p e  o f  a c t i v i t y .  Among th o s e  s y n th e t i c  

m a t e r i a l s  w h ich  w ere  shown to  s t im u la t e  g ro w th  was a  g ro u p  o f  c h lo r in ­

a t e d  c h e m ic a l coimpounds d e r iv e d  from  p h e n o x y a c e tic  a c id *  V a ry in g  de­

g r e e s  o f  a c t i v i t y  w ere d e m o n s tra te d  depending  on th e  num ber and  p o s i t i o n  

o f  th e  c h lo r in e  atom s In  th e  b e n z e n o id  p o r t i o n  o f  th e  s t r u c t u r e .  Of 

th e  p h e n o z y a c e tlc  a c id  d e r i v a t i v e s  s tu d ie d ,  2 ,A -d ic h lo ro p h e n o 2y a c e t i c  

a c id  (2 ,4 -D ) ( I I )  and 2 ,4 ,5 - t r i c h lo r o p h e n o x y a c e t ic  a c id  ( 2 , 4 , 5-T ) w ere 

shown to  be  th e  m ost a c t i v e .  (39)

I I

K o e p f l i  and  h i s  c o -w o rk e rs  (4 0 ) ,  in  an  a tte m p t t o  c o r r e l a t e  

m o le c u la r  s t r u c t u r e  w ith  a u x in  a c t i v i t y ,  p o s tu la te d  some o f  th e  minimum 

s t r u c t u r a l  r e q u ire ra e n ts  a  s u b s ta n c e  sh o u ld  p o s s e s s  in  o r d e r  to  e l i c i t  

g ro w th  s t im u la t io n  in  p l a n t s .  T hese  in c lu d e d :
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a .  a  r i n g  s y s t a n  a s  n u c le u s

b .  a  d o u b le  bond in  t h i s  r i n g

0 » a  s id e  c h a in

d* a  c a rb o x y l g ro u p  on th e  s id e  c h a in  a t  l e a s t  one ca rb o n  r e ­

moved from  th e  r in g

e* a  p a r t i c u l a r  sp ac e  r e l a t i o n s h i p  betw een th e  r in g  and th e  

c a rb o x y l g ro u p

The r e q u ire m e n t  t h a t  t h e r e  be  a  c a r b o ^ l  g ro u p  on th e  s id e  c h a in  

f i n d s  e x c e p t io n  i n  t h a t  th e  c o rre sp o n d in g  a ld e h y d e s , n i t r i l e s ,  e s t e r s  

and  am ides a l s o  show, t o  a  c e r t a i n  d e g re e , ho rm onal a c t i v i t y *  Ex­

c e p t io n  to  th e  e a r b o x y l ic  a c id  r u l e  h a s  a l s o  b een  shown by  a c t i v e  

c h em ica l compounds in  w h ich  th e  e a r b o x y l ic  a c id  g ro u p  i s  r e p la c e d  by 

a  s u l f o n ic  a c id  m o ie ty  ( I I I )  o r  a  n i t r o  g roup  (IV) (41)#

2NO2

I I I IV

B ecau se  o f  t h e  a c i d i c  c h a r a c t e r  o f  m o n o s u b s ti tu te d  t e t r a z o l e s  

w i th  a  s u b s t i t u t e n t  i n  th e  5 p o s i t i o n  i t  a p p e a re d  o f  i n t e r e s t  i n  t h i s  

s tu d y  t o  in c o r p o r a te  th e  t e t r a z o l e  n u c le u s  in to  th e  c h em ica l s t r u c t u r e  

o f  an  a c t i v e  p l a n t  au x in  in  p l a c e  o f  th e  c a rb o x y l g ro u p .

I t  was a n t i c i p a t e d  t h a t  th e  a n a lo g u e  c o u ld  d i s p la y  s e v e r a l  ty p e s
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o f  p h y s io lo g ic a l  b e h a v io r ;  i t  c o u ld  p e rfo rm  s im i l a r  t o  a p la n t  horm one 

and  s t im u la t e  g ro w th , i t  c o u ld  p o s s e s s  a c t i v i t y  a s  a p la n t  g row th  i n ­

h i b i t o r ,  e i t h e r  by p re v e n t in g  g ro w th  th ro u g h  an tag o n ism  o f  th e  s p e c i f i c  

horm one o f  w hich  i t  i s  th e  a n a lo g u e  o r  by i n h i b i t i o n  o f  th e  n a tu r a l  

p l a n t  h o rm ones, o r  th e  t e t r a z o l e  c o u ld  be t o t a l l y  i n a c t i v e  in  e i t h e r  

f a c i l i t a t i n g  o r i n h i b i t i n g  p la n t  g ro w th .

The e a r b o x y l ic  a c id  a n a lo g u e s  s y n th e s iz e d  f o r  t h i s  s tu d y  w ere 

th o s e  o f  i n d o l e - 3 - a c e t i c a c id  and v a r io u s ly  s u b s t i t u t e d  p h e n o x y a c e tic  

a c id s *

The s y n th e s i s  o f  5 - ( 3 * - in d o ly lm e th y l ) te t r a z o le  (v) was c a r r i e d  

o u t  in  88^ y i e l d s  by th e  r e a c t i o n  o f  3 - i n d o l y l a c e t o n i t r i l e  w ith  

alum inum  a z id e  by a d a p ta t io n  o f  th e  p ro c e d u re s  o f B e h r in g e r  and  K ohl 

( 5 ) .

H

-N-H
I I  I

The s u b s t i t u t e d  p h e n o x y m e th y lte t ra z o le s  w ere s y n th e s iz e d  b y  two 

g e n e r a l  p ro c e d u re s .  The f i r s t  in v o lv e d  th e  r e a c t i o n  o f  th e  ap p ro p ­

r i a t e l y  s u b s t i t u t e d  p h e n o x y a c e to n i t r i l e  w ith  sodium  a z id e  and a c e t i c  

a c id  in  r e f lu x in g  norm al b u t y l  a lc o h o l  fo llo w in g  th e  p ro c e d u re  o f  

H e r b s t  and W ilson  ( 3 ) .  T h is  was a p p l i c a b le  to  th e  s y n th e s is  o f  th e

2 ,4 - d i c h l o r o - ,  2 , 4 , 5 - t r i c h l o r o -  and u n s u b s t i t u te d  p h e n o x y m e th y l te t r a z o le s .
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A tto n ip te d  f o r m a t io n  o f  th e  c o r re sp o n d in g  tr ic h lo ro p h e n o z y -

m e t h y l ) t e t r a z o l e  (V I) b y  th e  u se  o f th e s e  c o n d i t io n s  r e s u l t e d  i n  a  

d eep  brow n c o l o r a t i o n  o f  th e  r e a c t i o n  m ix tu re  due t o  e x te n s iv e  

d e c o m p o s itio n *

,01

01- N-H

01

VI

H ie r e a c t i o n  o f  th e  2 - c h l o r o - ,  4 -c h lo rO "  and 2 , 4 , 6 - t r i c h l o r o -  

phenoxyace  ton  I t r i l e s  w ith  alum inum  a z id e  i n  r e  f lu x in g  t e t r a h y d r o f u r a n ,  

u s in g  an  a d a p ta t io n  o f  th e  p ro c e d u re  o f  B e h r in g e r  an d  K o h l, r e s u l t e d  

i n  v e r y  good y i e l d s  o f  th e  c o rre sp o n d in g  t e t r a z o l e s .

The a l t e r n a t e  m ethod u se d  f o r  th e  fo rm a tio n  o f  th e  phenoxy- 

m e th y l t e t r a z o l e s  in v o lv e d  th e  a l k y l a t i o n  o f  th e  a p p r o p r i a t e ly  sub­

s t i t u t e d  p h e n o l w ith  l - b e n z y l - 5 - c h lo r o m e th y l t e t r a z o l e  ( l6 )  fo llo w e d  

b y  rem o v a l o f  th e  b e n z y l  g roup w i th  hyd ro g en  and p a lla d iu m  on c h a r c o a l  

a s  i l l u s t r a t e d  s c h e m a t ic a l ly  be lo w ;

OCHo—C+  CIGH^-G N-CH2C6H5

%

Pd/C
ÎÏ-H 4- 

N
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I n  s e v e r a l  i n s t a n c e s ,  nam ely in  th e  c a se s  o f  th e  2 ,4 - d i c h l o r o -  

an d  2 , 4 , 6 —tr i c h lo ix ) — is c s n e rs , d é b e n z y la t io n  was accom panied  by  de— 

h a lo g é n a t io n  and  p o s s ib ly  r e d u c t io n  m aking i d e n t i f i c a t i o n  and co m p ariso n  

w ith  t h e  compounds p r e p a re d  by  th e  a l t e r n a t e  r o u te  d i f f i c u l t .  Com­

p a r i s o n s  w here  m ade, w sre  done by m e lt in g  p o in t  and m ix tu re  m e ltin g  

p o i n t s .

A lth o u g h  d e r i v a t i v e s  o f  th e  s u b s t i t u t e d  phenoxym ethy l t e t r a z o l e s  

w ere  n o t  p re p a re d ,  th e  5—( 3 * - in d o ly lm e th y l ) t e t r a z o le  was c h a r a c te r i z e d  

a s  a  m o n o p ic ra te .

A l l  th e  3- m o n o s u b s t i tu te d  t e t r a z o l e s  p re p a re d  in  t h i s  g roup  were 

s o l i d s  e x h ib i t i n g  m o d e ra te ly  h ig h  t o  h ig h  m e lt in g  p o i n t s .  A l l  w ere 

a c i d i c  s u b s ta n c e s  r e a d i l y  s o lu b le  in  aqueous a l k a l i e s .  5 - (Phenoxy­

m e th y l)  t e t r a z o l e  and  5 - ( 3 ^ - i n d o ly lm e th y l ) t e t r a z o le ,  in  a d d i t io n  to  

b e in g  r e c r y s t a l l i z a b l e  from  w a te r ,  w ere s o lu b le  in  a c e to n e  and e th a n o l .  

The c h lo r in a t e d  p h en o x y m eth y lte  t r a  z o le  s ,  a l th o u g h  in s o lu b le  in  c o ld  

w a te r  and  v e ry  s l i g h t l y  s o lu b le  in  h o t w a te r , c o u ld  be r e  c r y s t a l l i z e d  

from  e th a n o l ,  aqueous e th a n o l  o r  to lu e n e .

The n i t r i l e s  u s e d  a s  in te im e d i a t e s  f o r  th e  phenoxym ethyl t e t r a z o l e  

s y n th e s e s  w ere  p re p a re d  from  th e  p h e n o ls , c h l o r o a c e t o n i t r i l e  and 

p o ta s s iu m  c a r b o n a te  in  r e f lu x in g  a c e to n e .  T h is  m ethod o f  p r e p a r a t i c n  

o f f e r e d  a  d i s t i n c t  a d v a n ta g e  o v e r  th o s e  w hich  in v o lv e d  s y n th e s i s  o f  

th e  n i t r i l e ,  e i t h e r  from  th e  a c id  by  way o f the  a c id  c h lo r id e  and am ide 

o r  from  phenoxym ethy l c h lo r id e  an d  sodium  c y a n id e  (4 2 ) ; b o th  o f  th e s e  

l a t t e r  m ethods in v o lv e  a  s e r i e s  o f  s te p w is e  c o n v e rs io n s  s t a r t i n g  from  

th e  p h e n o l .
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S u b s ta n t i  a t i o n  o f  th e  i d e n t i t y  o f th e  p h e n o x y a c e to n i t r i l e s  was 

made by c o m p a riso n  w i th  p h y s ic a l  c o n s ta n t s  in  th e  l i t e r a t u r e ,  

e le m e n ta l  a n a l y s i s ,  and in  some c a s e s  h y d ro ly s is  to  th e  c o rre sp o n d in g  

p h e n o x y a c e tic  a c i d s .
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E x p é r im e n ta l  

The P r e p a r a t i o n  o f  Phenoxyace to n  i t r i l e s

P h en o x y ac e t o n i t r i l e .  A m ix tu re  o f  23 .5  g .  (0 .2 5  m ole) o f  

p h e n o l ,  1 8 .7  g . (0 .2 5  m ole) o f  c h lo ro a c e  t o n i t r  l i e  and 3 4 .5  g . (0 ,2 5  

m ole) o f  p o ta ss iu m  c a r b o n a te  in  75 m l. o f  d ry  a c e to n e  was h e a te d  a t  

r e f l u x  te m p e ra tu re  f o r  e i g h t  h o u r s .  The m ix tu re  was th e n  p o u red  in to  

200 m l. o f  w a te r  c o n ta in in g  10 g . (0 .2 5  m ole) o f  sodium  h y d ro x id e  and 

e x t r a c t e d  w i th  e t h e r .  The e t h e r  l a y e r  was s e p a r a te d ,  d r ie d  o v e r  

sodium  s u l f a t e  and th e  e t h e r  rem oved In  a  vacuum . A r e d d is h  o i l  

(3 4 .5  g . ) w hich  re m a in ed  when d i s t i l l e d  gave 2 7 .2  g .  (82^ o f  th e o ry )  

o f  a c l e a r  o i l y  H q u ld  b o i l i n g  a t  7 3 -7 6 ^ 0 . a t  1 mm.

T h is  p ro d u c t was p r e v io u s ly  d e s c r ib e d  by  P o w e ll and Adams (43) 

who r e p o r te d  b . p .  132^0 . a t  30 mm.

2 - C h lo r o p h e n o x y a c e to n i t r i l e .  A m ix tu re  o f  3 2 .0  g .  (0 .2 5  mole) 

o f  2 -c h lo r o p h e n o l ,  1 8 .7  g . (0 .2 5  m ole) o f c h l o r o a c e t o n i t r i l e  and

3 4 .5  g . (0 .2 5  m ole) o f  p o ta s s iu m  c a rb o n a te  i n  8o m l. o f  d ry  a c e to n e  

was h e a te d  a t  r e f l u x  te m p e ra tu re  w i th  c o n tin u e d  s t i r r i n g  f o r  tw en ty  

h o u r s .  A f t e r  t h i s  t im e  th e  m ix tu re  was p o u red  i n t o  200 m l. o f  w a te r  

c o n ta in in g  10 g . (0 .2 5  m ole) o f sodium  h y d ro x id e  and e x t r a c te d  w ith  

e t h e r .  On e v a p o r a t io n  o f th e  d r ie d  e t h e r  l a y e r  t h e r e  rem ain ed  3 8 .7  g . 

o f  a d a rk  o i l .  On d i s t i l l a t i o n  th e r e  was o b ta in e d  a f o r e  ru n  and an  

a f t e r  r u n ,  1 0 2 -1 0 7 ^ 0 . a t  1 mm. and 1 0 9 -H 4 °C . a t  1 mm., w hich to g e th e r  

am ounted to  1 2 .5  g . The m id d le  f r a c t i o n  w hich d i s t i l l e d  a t  107-109 

a t  1 mm. am ounted t o  18 .3  g . ( 4 3 . ^  o f  th e o ry )  and was r e d i s t i l l e d  to  

o b ta in  an a n a l y t i c a l  sam p le , b . p .  109^0 * a t  1 mm.



a i

A n a ly s i s .  C a lc u la te d  f o r  CgH^ClNO; C l, 2 1 .1 6 ;  N, 8 . 36 .  Found;

C l ,  2 1 .0 7 ;  N, 8 .1 0 .

4 - O h lo r o p h e n o x y a c e to n i t r i le .  To 100 m l. o f  dry  a c e to n e  w ere 

ad d ed  3 2 .0  g .  (0 .2 $  m ole) o f  4 - c h lo ro p h e n o l ,  1 8 .7  g .  (0 .2 $  m ole) o f  

c h lo ro a c  e to n i  t r i l e  and 34# 5 g . (0 .2 $  m ole) o f  p o ta s s iu m  c a rb o n a te  and 

th e  r e s u l t i n g  m ix tu re  r e  f lu x e d  f o r  e ig h te e n  h o u r s .  The m ix tu re  was 

th e n  p o u re d  in to  1$0 m l. o f  w a te r  c o n ta in in g  10 g . (0 .2 $  m ole) o f  

sodium  h y d ro x id e  an d  e x t r a c t e d  w i th  e t h e r .  The e t h e r  l a y e r  w as 

s e p a r a te d ,  d r i e d  o v e r  sodium  s u l f a t e  and th e  e t h e r  rem oved i n  a 

vacuum . The r e s id u e  c o n s i s t e d  o f  a  d a rk  re d  o i l  w hich s o l i d i f i e d  on 

s ta n d in g ,  39*0 g .  (933^ o f  th e o r y ) .  R e c r y s t a l l i z a t i o n  from  p e tro le u m  

e t h e r  g a v e  a c o l o r l e s s  c r y s t a l l i n e  p ro d u c t m e l t in g  a t  4 6 . $ - 4 7 #5 ^G.

A n a ly s i s .  C a lc u la te d  f o r  C^^CIN O : C l, 2 1 .1 6 ; N, 8 . 36.  Found:

C l, 2 1 .1 7 ;  W, 8 .1 7 .

2 . 4 - P ic h lo ro p h e n o x y a c e to n i t r i l e .  A m ix tu re  o f  40 g . (0 .2 $  m ole) 

o f  2 ,4 -  d i  c h lo r  o p h e n o l, I 8 .7  g .  (0 .2 $  m ole) o f  c h lo ro a c e  to n i  t r i l e  and 

34#6 g .  (0 .2 $  m ole) o f  p o ta s s iu m  c a rb o n a te  i n  60 m l. o f  dry  a c e to n e  

WELS r e  f lu x e d  f o r  tw en ty  h o u rs .  The p in k  c o lo r e d  m ix tu re  was th e n  

p o u re d  i n t o  200 m l. o f  w a te r  c o n ta in in g  10 g .  (0 .2 $  m ole) o f  sodium  

h y d ro x id e  an d  t h e  m ix tu re  e x t r a c t e d  w i th  e t h e r .  The e t h e r a l  l a y e r  was 

s e p a r a t e d ,  d r i e d  w ith  sodium  s u l f a t e  and the s o lv e n t  removed in  a  

vacuum . The r e s id u e  c o n s i s t e d  o f  43*1 S# (8 $ .2 ^  o f  th e o ry )  o f  a  d i r t y ,  

w h ite  s o l i d  w h ich  m e lte d  a t  4$-46 .$® C . R e c r y s t a l l i z a t i o n  from p e tro le u m  

e t h e r  r a i s e d  th e  m e lt in g  p o in t  to  4 8 . $ - 49^0 . ,  ( c o lo r l e s s  n e e d le s ) .

A n a ly s i s ,  C a lc u la te d  fo r  C ^^C lgl^O ; C, 47#$$; H, 2 ,5 0 ;  C l, 35*10;
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N, 6 .9 3 .  F ound; C, 4 7 .5 7 ; H, 2 .5 1 ;  C l, 3 5 .2 4 ;  N, 6 . 8 i ,

T h is  p r o d u c t  h a s  b een  p r e v io u s ly  r e p o r t e d  by  B e rb e r ,  e t .  a l ,  (42) 

a s  m e l t in g  a t  44-46^0*

2 . 4 . 5 - T r i  c h l o r  oph enozy a ce to  n i  t r i  l e .  A m ix tu re  o f  4 9 .4  g . (0 .2 5  

m ole) o f  2 ,4 » 5 - t r i e h l o r o p h e n o l , l8 * 7  g . (0 .2 5  m ole) o f  c h l o r o a c e t o n i t r i l e  

an d  3 4 .5  g .  (0 .2 5  m ole) o f  p o ta s s iu m  c a rb o n a te  i n  75 m l. o f  d ry  a c e to n e  

was r e  f lu x e d  f o r  tw e n ty - f o u r  h o u rs . The m ix tu re  was th e n  p o u re d  in t o  

200 m l. o f  w a te r  c o n ta in in g  10 g .  (0 .2 5  m ole) o f  sod ium  h y d ro x id e  and  

e x t r a c t e d  w ith  e t h e r .  The e t h e r  l a y e r  was s e p a r a te d ,  d r ie d  o v e r  sodium  

s u l f a t e  and th e  s o lv e n t  removed in  a  vacuum . The r e s id u e  c o n s i s t e d  o f

5 2 .8  g .  (8S.23& o f  th e o ry )  o f  a cream  c o lo re d  s o l i d  w hich  m e lted  a t  

8 6 -9 0 ^ 0 . R ec ry  s t a l l  i z a t  i  on frcm  p e tro le u m  e th e r  r a i s e d  t h e  m e ltin g  

p o in t  t o  9 1 .5 -9 2 .5 ^ 0 .

A n a ly s i s .  C a lc u la te d  f o r  C ^ ^ C l^ O :  C, 4 0 .6 3 ; H, 1 .7 1 ;  0 1 , 4 4 .9 8 ;

N, 5 .9 2 .  Found: C, 4 0 .8 8 ; H, 1 .9 6 ;  C l ,  4 4 .8 3 ;  N, 5 .7 9 .

2 .4 .6 - T r i c h lo r o p h e n o x y a c e to n i t r i l e .  A m ix tu re  o f  4 9 .4  g . (0 .2 5  

m ole) o f  2 , 4 ,6 - t r i c h l o r o p h e n o l ,  1 8 .7  g . (0 .2 5  m ole) o f  c h lo r o a c e to -  

n i t r i l e  and 3 4 .5  g . (0 .2 5  m ole) o f  p o ta ss iu m  c a rb o n a te  w ere r e f lu x e d  

to g e th e r  i n  75 m l. o f  d ry  a c e to n e  fo r  e ig h t  h o u r s .  The m ix tu re  was 

th e n  p o u red  i n t o  200 m l. o f  w a te r  c o n ta in in g  10 g . o f  sodium  h y d ro x id e  

an d  e x t r a c t e d  w i th  e t h e r .  The e t h e r  l a y e r  was s e p a r a te d ,  d r ie d  o v e r  

sodium  s u l f a t e  and th e  s o lv e n t  rem oved in  a vacuum . The r e s id u a l  p ro d u c t  

c o n s i s t e d  o f  5 8 .0  g .  (9 8 .5 ^  o f  th e o r y )  o f  a  c o l o r l e s s  c r y s t a l l i n e

s o l i d  m e lt in g  a t  1 01 -102°C . R e c r y s t a l l i z a t i o n  from  e th a n o l  r a i s e d  th e  

m e lt in g  p o in t  to  102- 1 0 3 ^0 .
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T h is  p ro d u c t was r e p o r t e d  b y  D ra in , P eak  and W hitm ont (44) to  

m e l t  a t  1 0 3 ^0 .

A n a ly s i s .  C a lc u la te d  f o r  C gH ^C l^O ; C, 4 0 .6 3 ;  H, 1 .7 1 ;  C l ,  4 4 .9 8 ; 

N, 5 .9 2 .  F ound: C, 4 0 .6 3 ;  H, 1 .6 3 ;  C l, 4 4 .8 7 ; N, 5 .6 8 .

H y d ro ly s is  o f  Phe noxya ce to n i  t r i l e  s

P h e n o x y a c e tic  a c i d .  F iv e  and t h r e e - t e n t h s  gram s (0 .0 4  m ole) o f  

phenoxyace  t o n i t r i l e  was added  to  100 m l. o f  a  25^ sodium  h y d ro x id e  

s o l u t i o n  and th e  m ix tu re  r e  f lu x e d  f o r  tw e lv e  h o u r s .  A t th e  end o f  

t h i s  t im e  th e  s o l u t i o n  was a c i d i f i e d  w ith  d i l u t e  h y d ro c h lo r ic  a c id .

The p r e c i p i t a t e  w hich  fo rm ed  was f i l t e r e d  and d r i e d ;  i t  w eighed  4 .9  g .  

( 80 . 53S o f  th e o r y ) ,  m .p . 9 8 -9 9 °C ., a f t e r  r e c r y s t a l l i z a t i o n  from  iv a te r .

S a b e n je f f  and  D w orkow itach (45) r e p o r te d  a  m e lt in g  p o in t  o f  

9 7 ^ 0 . f o r  t h i s  compound.

2 .4 -D ic h lo ro p h e n o x y a c e t ic  a c id .  F iv e  grams (0 .0 2 5  m ole) o f

2 , 4 -d ic h lo ro p h e n o x y a c  e to n i  t r i l e  was added to  50 m l. o f a 253  ̂ s o lu t io n  

o f  sodium  h y d ro x id e  and th e  r e s u l t i n g  m ix tu re  r e f lu x e d  f o r  tw e lv e  

h o u r s .  The p r e c i p i t a t e  w hich fo rm ed  on c o o lin g  th e  r e a c t i o n  m ix tu re  

was f i l t e r e d  and  d is s o lv e d  i n  200 m l. o f  h o t  w a te r .  A c id i f i c a t i o n  o f  

t h i s  s o l u t i o n  w i th  d i l u t e  h y d ro c h lo r ic  a c id  g ave  a c o lo r l e s s  c r y s t a l l i n e  

p r e c i p i t a t e  w h ich  when f i l t e r e d  and d r ie d  m e lte d  a t  1 3 7 -1 3 8 .5 ^ 0 . R e- 

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

1 3 8 .5 -1 3 9 °C .

T h is  compound was p re v io u s ly  r e p o r te d  t o  m e lt  a t  138 G ., by  

P o rk o rn y  (4 6 ) .
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2 ,4 .5 - T r io h lo r o p h e n o x y a o e t i  o a c id .  F o u r  and  s e v e n - te n th s  g ram s 

{0 .0 2  m ole) o f  2 ,4 * 5 - t r i c h l o r o p h e n o x y a c e t o n i t r i l e  was added t o  6o m l, 

o f  a  25^ sodium  h y d ro x id e  s o lu t io n  and  th e  m ix tu re  r e f lu x e d  f o r  tw e lv e  

h o u r s .  A t th e  end o f  t h i s  t im e  th e  s o l u t i o n  was c o o le d  and  th e  p re ­

c i p i t a t e  f i l t e r e d .  The s o l i d  was d i s s o lv e d  in  h o t w a te r ;  a sm a ll 

am ount o f  in s o lu b le  m a te r i a l  was ro n o v ed  by f i l t r a t i o n .  A c i d i f i c a t i o n  

o f  t h e  f i l t r a t e  w i th  d i l u t e  h y d ro c h lo r ic  a c id  g a v e  a c o l o r l e s s  p r e ­

c i p i t a t e .  F i l t r a t i o n  and d ry in g  gave 4 ,3  g .  ( 84 , 55̂  o f  th e o ry )  o f

2 , 4 , 5 - t r i c h lo r o p h e n o x y a c e t ic  a c id ,  m .p . 1 5 0 .5 -1 5 2 ° C ., a f t e r  r e c r y ­

s t a l l i z a t i o n  from  b e n z e n e .

T h is  compound was p r e v io u s ly  d e s c r ib e d  b y  P o rk o rn y  (4 6 ) who 

r e p o r t e d  th e  m e ltin g  p o in t  a s  153^0,

The P r e p a r a t io n  o f  P henoxym ethyl t e t r a z o l e s

5 -  (P henoxym ethyl ) t e t r a  z o le . A m ix tu re  o f  1 6 .3  g .  (0 .1 2 5  m ole) 

o f  phenoxya ce  to  n i  t r i l e ,  11 g . (O .I65 m ole) o f  sodium  a z id e  and 10 g . 

(0 ,1 6 5  m ole) o f  g l a c i a l  a c e t i c  a c id  in  60 m l. o f  no rm al b u ty l  a lc o h o l  

w as b o i l e d  u n d e r  r e f l u x  f o r  fo u r  d a y s . Sodium a z id e  (2 ,5  g . )  and 5 g . 

o f  g l a c i a l  a c e t i c  a c id  w ere  th e n  added  and th e  h e a t in g  c o n tin u e d  f o r  

an  a d d i t i o n a l  tw o d a y s . A t th e  end o f  t h i s  tim e th e  c o n te n ts  o f  th e  

f l a s k  w ere t r a n s f e r r e d  t o  a  l a r g e r  c o n ta i n e r ,  200 m l. o f  w a te r  added 

and th e  m ix tu re  d i s t i l l e d  u n t i l  a l l  th e  a l c o h o l  had b een  rem oved. 

A c i d i f i c a t i o n  o f  th e  r e s i d u a l  aqueous s o l u t i o n  w ith  d i l u t e  s u l f u r i c  

a c id  g av e  a c o l o r l e s s  p r e c i p i t a t e ,  w hich when f i l t e r e d  and d r i e d  

w eighed  2 2 .1  g . ( q u a n t i t a t i v e  y i e l d ) .

R e c r y s t a l l i z a t i o n  from  w a te r  gave c o l o r l e s s  c r y s t a l s  m e ltin g  a t



Ô5

127.5-129®C.

A n a ly s i s .  C a l c u la t e d  f o r  C, 5 4 .5 4 ; H, 4 .5 8 ;  N, 3 1 .8 0 .

Found: C, 5 4 .5 0 ; H, 4 .6 5 ;  N , 3 1 .9 3 .

5 -  (2 *-Q]iloroptLenoxynieth,yl) t e t r a z o l e .  To a  s u s p e n s ! cn o f  l 6 .7  g .

( 0 .1  m ole) o f  2 - c h lo r o p h e n o x y a c e to n i t r i l e  and 19*5 g . ( 0 .3  m ole) o f  

sodium  a z id e  i n  50 ml* o f  d ry  te t r a h y d r o f u r a n  m s  added  13*3 g .

(O .l  m ole) o f  a n h y d ro u s  alum inum  c h lo r id e  i n  l6 0  m l. o f  th e  same s o l ­

v e n t .  The r e s u l t i n g  m ix tu re  was r e f lu x e d  w i th  c o n tin u e d  s t i r r i n g  f o r  

tw e n ty - f o u r  h o u r s .  A t th e  end o f  t h i s  tim e  th e  o rg a n ic  s o lv e n t  was 

d i s t i l l e d  and w a te r  added  a t  s u c h  a r a t e  t h a t  th e  volum e re m a in ed  

c o n s t a n t .  A f te r  th e  s o l i d  w h ich  s e p a r a te d  had b e e n  f i l t e r e d ,  i t  was 

su sp e n d e d  i n  250 m l. o f  w a te r ,  t r e a t e d  w i th  30 m l. o f  c o n c e n tr a te d  

h y d r o c h lo r ic  a c id  and  th e  r e s u l t i n g  m ix tu re  s t i r r e d  a t  rocm  te m p e ra tu re  

f o r  one  h o u r .

F i l t e r i n g  and d ry in g  o f  th e  p r e c i p i t a t e  gave 18*8 g* ( 8 9 , 5^  o f  

th e o ry )  o f  th e  p ro d u c t m e lt in g  a t  1 3 1 -1 3 5 ^ 0 .; t h i s  was f u r t h e r  p u r i f i e d  

by r e  c r y s t a l l i z a t i o n  from  a n  a lc o h o l - w a te r  m ix tu r e ,  n u p . 1 3 4 -1 3 5 .5 ° 0 .

The a n a l y t i c a l  sam ple  was r e c r y s  t a l l i z e d  from  to lu e n e ,  m .p . 1 3 4 .5 -1 3 5 .5 ^ 0 *

A n a ly s i s .  C a lc u la te d  f o r  C ^^CIN ^O : C, 4 5 .6 2 ;  H , 3 .3 5 ; C l, I 6 . 8 3 ;

N, 2 6 . 6 0 .  Found: C, 4 5 .9 2 ;  H, 3 .6 3 ; 0 1 , l6 .9 4 ;  N, 2 6 .5 8 .

5 - ( 4 *-C h lo rophenox3rm ethyl) t e t r a z o l e .  To a s u sp e n s io n  o f  l 6 .7  g .

( 0 .1  m o le ) o f  4 -G h lo ro p h e n o x y a o e to n i t r i le  and 1 9 .5  g . (0 .3  mole) o f  

sodium  a z id e  in  50 ml* o f  d ry  te t r a h y d r o f u r a n  was added 1 3 .3  g .

( 0 .1  m ole) o f  anhydrous alum inum  c h lo r id e  d i s s o lv e d  in  160 m l. o f d ry  

t e t r a h y d r o f u r a n .  The m ix tu re  was r e f lu x e d  w ith  c o n tin u e d  s t i r r i n g
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f o r  tw e n ty —f o u r  hours*  A t th e  end o f  t h i s  tim e  th e  t e t r a h y d r o f u r a n  was 

d i s t i l l e d  from  th e  r e a c t i o n  m ix tu re  and w a te r  g r a d u a l ly  added a t  such  

a  r a t e  t h a t  th e  volum e re m a in ed  c o n s ta n t*  A f te r  th e  s o l i d  t h a t  sep ­

a r a t e d  was f i l t e r e d ,  i t  was su sp en d ed  in  225 ml* o f  w a te r ,  t r e a t e d  w ith  

30 m l. o f  c o n c e n t r a te d  h y d ro c h lo r ic  a c id  and  th e  r e s u l t i n g  m ix tu re  

s t i r r e d  a t  room te m p e ra tu re  f o r  one h o u r .

F i l t e r i n g  and d ry in g  o f  th e  s o l i d  gave  2 0 .6  g .  (9S^ o f  th e o ry )  

o f  th e  c ru d e  p r o d u c t .  T h is  was r e  c r y s t a l l i z e d  frcm  an a lc o h o l - w a te r  

m ix tu re  to  g iv e  13*9 g . (66^ o f  th e o ry )  o f  p u re  p r o d u c t ,  m .p . l6 5 - l6 6 ° C .

A n a ly s is *  C a lc u la te d  f o r  C^HyClN^O; 0 , 4 5 .6 2 ;  H, 3 .3 5 ; C l, 16. 83 ; 

N, 2 6 . 60 . Found: G, /^5.72; H, 3 .6 3 ;  C l ,  1 6 .7 8 ; N, 26 . 4 8 .

5 -(2 * .^ ,^ -D ic h lo ro p h e n o x y m e th y l) t e t r a z o l e .  A m ix tu re  o f  2 5 .2  g .  

(0 .1 2 5  m ole) o f  2 ,4 - d ic h lo r o p h e n o x y a c e to n i t r i l e , U  g . (O .I65 m ole) 

o f  sodium  a z id e  and 10 g .  o f  g l a c i a l  a c e t i c  a c id  in  60 m l. o f  no rm al 

b u ty l  a lc o h o l  was r e  f lu x e d  f o r  f o u r  d a y s . At th e  end o f  t h i s  tim e  

a n  a d d i t i o n a l  2 .5  g .  o f  sodium  a z id e  and 5 g .  o f  g l a c i a l  a c e t i c  a c id  

w ere  added and th e  h e a t in g  c o n tin u e d  f o r  two more d a y s . The c o n te n t s  

o f  th e  r e a c t i o n  f l a s k  w ere  th e n  t r a n s f e r r e d  to  a  500 m l. round  b o tto m  

f l a s k ,  200 m l. o f  w a te r  added and th e  m ix tu re  d i s t i l l e d  u n t i l  a l l  th e  

a lc o h o l  had  b e en  rem oved . The r e s i d u a l  aqueous s o lu t io n  was t r e a t e d  

w i th  N o r i t e ,  f i l t e r e d  and  a c i d i f i e d  w ith  c o n c e n tra te d  h y d ro c h lo r ic  

a c id  u n t i l  a  p r e c i p i t a t e  no lo n g e r  form ed* The s o l i d  w as f i l t e r e d  

and d r i e d ;  i t  w eighed  2 5 .6  g .  (83, 7^  o f  th e o r y ) .

R e c r y s t a l l i z a t i o n  from  to lu e n e  gave c o l o r l e s s  n e e d le s  m e l t in g  a t

1 2 4 .5 -1 2 5 .5 ° C .
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A n a ly s i s .  C a lc u la te d  f o r  C ^^C l^N ^O : C, 39*21; H, 2 .4 7 ;

C l, 2 8 .9 4 ; N, 2 2 .8 6 . Found: C, 3 9 .4 0 ; H, 2 .5 9 ;  0 1 , 2 9 .0 4 ; N, 2 2 .9 6 .

5 - ( 2 * .4 * .5 * - T r ic h lo r o p h e n o x y m e th y l) te t r a z o le .  A m ix tu re  o f

2 9 .6  g .  (0 .1 2 5  m ole) o f  2 ,4 ^ 5 - t r i c h lo r o p h e n o x y a c e to n i t r i l e ,  11 g .

(0 .1 6 5  m ole) o f  sodium  a z id e  and  10 g* (O .I65 m ole) o f  g l a c i a l  a c e t i c  

a c id  i n  60 m l. o f  norm al b u t y l  a l c o h o l  was b o i l e d  u n d e r  r e f l u x  f o r  

f o u r  d a y s . An a d d i t i o n a l  2 .5  g . o f  sodium  a z id e  and 5 g . o f  g l a c i a l  

a c e t i c  a c id  w ere  added  and  th e  h e a t in g  c o n tin u e d  f o r  two m ore d a y s .

The e n t i r e  c o n te n t s  o f  th e  f l a s k  w ere t r a n s f e r r e d  t o  a l a r g e r  f l a s k ,

200 m l. o f  w a te r  added  and th e  m ix tu re  d i s t i l l e d  u n t i l  ab o u t 175 m l. 

o f  d i s t i l l a t e  h ad  b een  c o l l e c t e d .  The h o t r e s i d u a l  s o lu t io n  was 

t r e a t e d  w ith  N o r i t e ,  f i l t e r e d  and a c i d i f i e d  w i th  c o n c e n tra te d  h y d ro ­

c h l o r i c  a c id  u n t i l  a p r e c i p i t a t e  no lo n g e r  fo rm ed .

The s o l i d  was f i l t e r e d  and d r ie d  g iv in g  2 5 .4  g .  (73^ o f  th e o ry )  o f  

c ru d e  p ro d u c t ,  nup . 155-162°0 . R e c r y s t a l l i z a t i o n  frcm  to lu e n e  gave 

a  c o l o r l e s s  c r y s t a l l i n e  p ro d u c t ( p la t e s )  w hich m e lte d  a t  1 6 3 .5 -1 6 5 ^ 0 .

A n a ly s i s .  C a lc u la te d  f o r  CgH^Gl^N^O: C, 3 4 .3 7 ; H, I . 8O;

0 1 , 3 8 . 0 6 ; N, 2 0 . 0 5 . Found; C , 3 4 .7 4 ; H, 1 .7 7 ; 0 1 , 3 8 . 2 8 ; N, 2 0 .1 1 .

5- ( 2  * .4 * .6  * -T ri c h io ro p h e n o x y m e th y l) te t r a z o le .  A su sp e n s io n  o f

5 .8  g .  (0 .0 2 4 6  m ole) o f  2 ,4 ,6 - t r i c h l o r o p h e n o x y a c e t o n i t r i l e  and  4 .8  g .  

(0 .0 7 4  m ole) o f  sodium  a z id e  in  30 m l. o f  d ry  te t r a h y d r o f u r a n  was 

t r e a t e d  w ith  2 .9 8  g .  (0 .0 2 5  m ole) o f  an h y d ro u s  aluminum c h lo r id e  

d i s s o lv e d  in  60 m l. o f  d ry  t e t r a h y d r o f u r a n .  The m ix tu re  was r e f lu x e d  

w ith  c o n t in u e d  s t i r r i n g  f o r  tw e n ty  h o u rs . A t th e  end o f  t h i s  tim e 

t h e  o rg a n ic  s o lv e n t  was d i s t i l l e d  and  w a te r  g r a d u a l ly  added a t  su ch  a
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r a t e  t h a t  th e  volume re m a in e d  c o n s t a n t .  A f te r  th e  s o l i d  udiich p r e ­

c i p i t a t e d  h a d  b een  f i l t e r e d  i t  w as su sp en d ed  i n  150 m l. o f  w a te r ,  20 

m l. o f  c o n c e n t r a te d  h y d ro c h lo r ic  a c id  was added  and th e  m ix tu r e  

s t i i r e d  a t  room te m p e r a tu r e  f o r  one h o u r.

The s o l i d  was f i l t e r e d  and d r i e d  a t  7 0 ®C., g iv in g  6 .6  g . (96.55^ 

o f  th e o ry )  o f  c ru d e  p r o d u c t ,  m .p . 1 5 9 -1 6 1^0 .  The p ro d u c t was r e -  

c r y s t a l l i z e d  from  to lu e n e  an d  th e n  from  e th a n o l ,  n u p . l 64- l 65^C.

A n a ly s i s .  C a lc u la te d  f o r  C g H ^C l^^ : 0 , 34*37; H, 1 .8 0 ;  C l ,

3 8 . 0 6 ; N , 20 .05*  Found: C, 34*62; H, 2 .0 6 ;  C l ,  37*90; N, 2 0 .0 2 .

The P r e p a r a t io n  o f  1 -B e n z y l-5-phenozym e th y l  t e  t  r a  z o l  e s  .

l - B e n z y l -5 -P h e n o x y m e th y l te t r a z o le .  A m ix tu re  o f  8 .3  g .  (O.0 4  

m ole) o f  l - b e n z y l - 5 - c h lo r o m e th y l t e t r a z o l e  ( I 6 ) ,  4*7 g* (0 .0 5  m ole) o f  

p h e n o l and 2*7 g* (0 .0 5  m ole) o f  sodium  m e ti iy la te  i n  75 m l. o f  ab­

s o l u t e  m e th an o l w as b o i l e d  u n d e r r e f l u x  f o r  t e n  h o u rs  w ith  c o n tin u e d  

s t i r r i n g .  The e n t i r e  c o n te n t s  o f  th e  f l a s k  was t h a i  p o u red  i n t o  150 

m l. o f  w a te r  an d  th e  s o l i d  p r e c i p i t a t e  f i l t e r e d .  R e c r y s t a l l i z a t i o n  

from  aqueous m e th a n o l g a v e  3*8 g .  ( 3 5 * ^  o f  th e o ry )  o f  th e  d e s i r e d  

p ro d u c t  m e lt in g  a t  6 6 .5 -6 7 ^ 0 .

A n a ly s i s .  C a lc u la te d  f o r  C ^ ^ ^ N ^ O ; C, 67*65; H, 5*30; N, 2 1 .0 4 , 

F ound: C, 67*40; H , 5*36 ; N, 2 1 .0 8 .

l - B e n z y l - 5 - ( 2 *.4 * - d ic h lo r o p h e n o x y m e th y l) te t r a z o le .  A m ix tu re  o f

8 .3  g* (0 .0 4  m ole) o f  l - b e n z y l - 5 - c h lo r o m e th y l te t r a z o l e , 8 .1 5  g* (0 .0 5  

m ole) o f  2 , 4 - d i  c h lo r  opheno 1 an d  2 .7  g* (0 .0 5  m ole) o f sodium  m e th y la te  

w as r e  f lu x e d  i n  75 m l. o f  a b s o lu t e  m e th a n o l w ith  c o n tin u e d  s t i r r i n g  

f o r  s ix t e e n  h o u r s .  A t th e  end o f  t h i s  tim e  th e  c o n te n t s  o f  th e  f l a s k
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w ere  ad d ed  to  150 m l. o f  w a te r  and  th e  p r e c i p i t a t e  w hich fo im ed  

f i l t e r e d  and d r i e d  to  g iv e  1 2 .4  g .  (92 . 5^  o f  th e o ry )  o f  c ru d e  p r o d u c t ,  

9 5 -9 7 ^ 0 . R e c r y s t a l l i z a t i o n  from  m e th a io l  g a v e  8 .6  g .  ( 64 . 29̂  o f  

th e o r y )  o f  p u re  p r o d u c t ,  m .p . 1 0 7 .5 -1 0 8 °C .

A n a ly s i s .  C a lc u la te d  f o r  C, 5 3 .7 5 ; H, 3 .6 1 ;  0 1 ,

2 1 .1 6 ;  N , 1 6 .7 2 .  Found: C, 5 3 .8 3 ; H, 3 .9 0 ;  C l ,  2 1 .0 4 ; N , 1 6 .7 6 .

l - B e n z y l - 5 - ( 2 * .4 * .5 * - tr ic h lo ro p h e n o z y m e th y l)  t e t r a z o l e .  A m ix tu re  

o f  6 .9 3  g .  (0 .0 3 3  m ole) o f  l - b e n z y l - 5- c h lo ro m e th y l te  t r a  z o l e ,  8 .1 5  g .  

(0 .0 4 1 6  m ole) o f  2 ,4 ,5 - t r i c h l o r o p h e n o l  and 2 .2 4  g .  (O.04 1 6  m ole) o f  

sodium  m e th y la te  was r e f l u x e d  in  75 m l. o f  a b s o lu t e  m e th an o l w ith  con­

t in u e d  s t i r r i n g  f o r  s ev e n  h o u r s .  The r e s u l t i n g  m ix tu re  was c o o le d  and  

p o u re d  i n t o  150  m l. o f  w a te r .  The p r e c i p i t a t e  was f i l t e r e d  and  d r ie d  

g iv in g  1 0 .6  g .  (86 . 29G o f  th e o ry )  o f  c ru d e  p ro d u c t ,  m .p . 101 , 5- 105°G. 

R e c r y s t a l l i z a t i o n  from  m eth an o l g av e  6 .4  g . (52gG o f  th e o ry )  o f  t h e  

c o l o r l e s s ,  c r y s t a l l i n e  p r o d u c t  m e lt in g  a t  113 . 5- 114. 5^0 .

A n a ly s i s ,  C a lc u la te d  f o r  C ^ ^ ^ C l ^ ^ :  G, 4 8 .7 4 ; H, 3 .0 0 ;  C l,

2 8 .7 8 ;  N, 15. 1 6 .  F ound: C, 4 8 . 6 I ;  H , 3 .1 2 ; C l, 2 8 .7 1 ; N, 1 5 .3 1 .

l - B e n g y l - 5 - ( 2 * .4 * . 6 * - t r ic h lo r o p h e n o x y m e th y l ) te t r a z o le .  A m ix tu re

o f  6 .9 3  g .  (0 .0 3 3  m ole) o f  1 - b e n z y l - 5- c h l o r o m e th y l te t r a z o le ,  8 .1 5  g .

(0 .0 4 1 6  m ole) o f  2 , 4 , 6- t r i c h lo r o p h e n o l  and 2 .2  g .  (O.0 4 1 6  m ole) o f

sodium  m e th y la te  was r e  f lu x e d  in  75 m l. o f a b s o lu t e  m e th an o l w ith

c o n t in u e d  s t i r r i n g  f o r  tw e n ty  h o u rs .  The c o n te n ts  o f  th e  f l a s k  w ere

th e n  p o u re d  in t o  150 m l. o f  w a te r  and th e  p r e c i p i t a t e  w hich form ed
o

f i l t e r e d ,  an d  d r i e d ,  1 2 .3  g . ( q u a n t i t a t i v e  y i e l d ) ,  irup . 109-111 C. R e- 

c r y s t a l l i z a t i o n  from  m eth an o l gave 9 .1  g .  (7 4 .0 ^  o f  th e o ry )  o f  th e



90

c o l o r l e s s  c r y s t a l l i n e  p ro d u c t  m e l t in g  a t  1 1 2 -1 1 3 ^0 ,

A n a ly s i s .  C a lc u la te d  f o r  C, 4 8 .7 4 ;  H, 3 .0 0 ;  C l ,

2 8 .7 8 ; N , 1 5 .1 6 .  Found: C, 4 8 .7 5 ; H, 3 .0 1 ;  C l ,  2 8 .9 2 ; N, 1 4 .9 8 .

B eb en zy la  t i  on o f  l -B e n z y l-5 -p h e n o z y m e th y lte  t r a z o l e s

5— (P h enozym etby l) t e t r a z o l e .  Two and s e v e n - te n th s  gram s (0 .0 1  m ole) 

o f  1—b e n z y l—5 "p h e n o 3 q n iie th y lte tra z o le  was sh ak en  w ith  1 g .  o f  55̂  

p a l la d iu m  on c h a r c o a l  in  100 m l.  o f  a b s o lu te  e th a n o l  i n  a  hyd ro g en  

a tm o sp h e re  a t  a n  i n i t i a l  p r e s s u r e  o f  50 p . s . i .  f o r  tw e lv e  h o u rs .  The 

c a t a l y s t  w as th e n  f i l t e r e d  and  th e  s o lv e n t  ran o v ed  in  a  vacuum . The 

r e s id u e  v h ic h  re m a in e d  was t r e a t e d  w ith  d i l u t e  b a se  and f i l t e r e d .

From th e  a l k a l i  i n s o lu b le  s o l i d  1 .3  g . (499^) o f  s t a r t i n g  m a te r i a l  

was r e c o v e r e d .  On a c i d i f i c a t i o n  o f  th e  f i l t r a t e  w ith  d i l u t e  h y d ro c h lo r ic  

a c id  a  p r e c i p i t a t e  fo rm ed  w hich  when f i l t e r e d  and d r i e d  g ave  400 mg. 

(43.49^ o f  th e o ry )  o f  th e  c ru d e  p ro d u c t ,  m .p . 125-127^0*

R ec ry s  t a l l i z a t i o n  o f  th e  p ro d u c t  from  w a te r  r a i s e d  th e  m e l t in g  

p o in t  t o  1 2 7 .5 - 1 2 8 .5 ®C.

A m ix tu r e  m e lt in g  p o in t  w ith  a sam ple o f  th e  same compound p re ­

p a re d  from  th e  c o r re sp o n d in g  n i t r i l e ,  sodium  a z id e  and g l a c i a l  a c e t i c  

a c i d , showed no d e p r e s s io n .

5 - ( 2 * .4 * .5 * - T r ic h lo ro p h e n o x y m e th y l) te t r a z o le .  One and  e i g h t -  

t e n th s  g ram s (0 .0 0 5  m ole) o f  l - b e n z y l - 5 - (2 * ,4 % 5 * - tr ic h lo ro p h e n o x y -  

m e t h y l ) t e t r a z o l e  and 1 g .  o f  5^ p a lla d iu m  on c h a rc o a l  w ere su sp en d ed  

i n  75 m l. o f  a b s o lu te  e th a n o l  and sh aken  in  an a tm o sp h ere  o f  h y d ro g en  

a t  a n  i n i t i a l  p r e s s u r e  o f  50 p . s . i .  f o r  tw e lv e  h o u r s .  The c a t a l y s t  

was th e n  f i l t e r e d  and  w ashed w ith  warm e th a n o l ;  th e  w ash in g s  w ere
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com bined  w ith , th e  f i l t r a t e . Rem oval o f  th e  s o lv e n t  i n  a  vacuum l e f t  a  

r e s id u e  w hich  when r e  c r y s t a l l i z e d  from  to lu e n e  g av e  0 ,8 5  g .  (6 l^  o f  

th e o ry )  o f  p ro d u c t  m e l t in g  a t  149-155^0* H ^ e a t e d  r e  c r y s t a l l i z a t i o n s  

from  to lu e n e  r a i s e d  th e  m e lt in g  p o in t  t o  l6 0 -l6 2 °C *

The m ix tu r e  m e lt in g  p o in t  ( l 6 2 . 5 - l 6 4 ° 0 . ) ,  w ith  a n  a n a l y t i c a l  

sam p le  o f  th e  same p r o d u c t ,  m .p . l6 3 .5 - l 6 5 ° C . , fo rm ed  from  th e  

r e a c t i o n  o f  th e  co i r e  sp en d in g  n l t r i l e  w ith  sodium  a z id e  and  a c e t i c  

a c i d  i n  r e f l u x i n g  b u ta n o l ,  was n o t m ark ed ly  d e p re s s e d .

A tte m p te d  d é b e n z y la t io n  o f

1 - B e n z y l- 5 - (2 * .4 '-d ic h lo ro p h e n o x y m e th y l) t e t r a z o l e

One and  s e v e n - te n th s  gram s (0 .0 0 5  m ole) o f  l - b e n z y l - 5 - (2 * ,4 * - 

d ie h lo r o p h e n o x y m e th y l) te t r a z o le  an d  1 g .  o f  59& p a lla d iu m  on c h a r c o a l  

w ere  sh ak en  in  an a tm o sp h e re  o f  hyd rogen  a t  a n  i n i t i a l  p r e s s u r e  o f  50 

p . s . i .  w h ile  su sp en d ed  i n  100 m l. o f  a b s o lu te  e th a n o l .  A f t e r  tw e lv e  

h o u rs  th e  c a t a l y s t  was f i l t e r e d  and w ashed w i th  warm e th a n o l .  The 

com bined f i l t r a t e  and  w ash in g s  w ere e v a p o ra te d  in  a  vacuum and th e  

r e s id u e  r e c r y s t a l l i z e d  from  to lu e n e  s e v e r a l  t im e s ,  m .p . 1 0 1 -1 0 2 ^0 .

A tte m p te d  d é b e n z y la t io n  o f

l - B e n z y l - 5 -  (2  * . 4 \ 6 ' - t r i c h l o r o  phenoxym ethyl) t e t r a z o l e

T h ree  and  s e v e n - te n th s  grams (0*01 m ole) o f  l - b e n z y l - 5 - ( 2 * ,4 ’ , 5 ’-  

t r i c h l o r o  phenoxyme th y l )  t e t r a z o l e  and 1 g .  o f 5^ p a lla d iu m  on c h a r c o a l ,  

su sp e n d e d  i n  100 m l. o f  a b s o lu te  e th a n o l ,  w ere shaken  in  an a tm o sp h ere  

o f  h y d ro g en  a t  an i n i t i a l  p r e s s u r e  o f  50 p . s . i .  f o r  te n  h o u rs . The 

c a t a l y s t  was th e n  f i l t e r e d  from  th e  r e a c t i o n  m ix tu re  and w ashed w i th



92

wazm e th a n o l*  The com bined  f i l t r a t e  and w ash in g s  w ere e v a p o ra te d  i n  

a  vacuum a n d  th e  r e s id u e  r e c r y s t a l l i z e d  from  to lu e n e *  I n  s p i t e  o f  r e ­

p e a te d  r e c r y s t a l l i z a t i o n s  th e  s o l i d  m e lte d  o v e r  a  w ide r a n g e .  The 

p ro d u c t  was th e n  t r e a t e d  w ith  d i l u t e  b a se , f i l t e r e d  and th e  f i l t r a t e  

a c i d i f i e d .  The p r e c i p i t a t e  fb im ed  was r e  c r y s t a l l i z e d  from  to lu e n e ,  

m .p . 1 0 9 -H 2 ® 0 .

The P r é p a ra  t i  on o f  I n d o ly l m e th y l t e t r a z o le

5 - ( 3 * - I n d o ly lm e th y l ) t e t r a z o l e .  Seven  and e i g h t - t e n t h s  gram s 

(0 .1 2  m ole) o f  sodium  a z id e  was c a u se d  to  r e a c t  w ith  5 .3 2  g* (0*04 

m ole) o f  a n h y d ro u s  alum inum  c h lo r id e  In  120 m l. o f  d ry  r e f  l u r i n g  

te t r a h y d r o f u r a n  f o r  one h o u r . To th e  r e s u l t i n g  m ix tu re  was added  5 .8  

g .  (0 .0 3 7  m ole) o f 3 - i n d o l y l a c e t o n i t r i l e and th e  r e f lu x in g  c o n tin u e d  

w i th  s t i r r i n g  f o r  an  a d d i t i o n a l  tw e n ty - f o u r  h o u r s .  A f te r  t h i s  tim e  

th e  t e t r a h y d r o f u r a n  was d i s t i l l e d  from  th e  r e a c t i o n  m ix tu r e  and  w a te r  

ad d ed  a t  su ch  a  r a t e  t h a t  th e  volum e o f  th e  m ix tu re  rem ained  c o n s ta n t .  

A f t e r  a l l  th e  o r g a n ic  s o lv e n t  had  b een  rem oved th e  s o l id  p r e c i p i t a t e  

was f i l t e r e d ,  re su sp e n d e d  in  250 m l. o f  w a te r  and t r e a t e d  w ith  s u f f i c i e n t  

c o n c e n t r a te d  h y d ro c h lo r ic  a c id  t o  make th e  pH o f  t h e  s o l u t i o n  2 .  A f t e r  

t e n  m in u te s  th e  s o l i d  m a te r i a l  was f i l t e r e d  and w ashed w ith  a  s m a ll  

am ount o f  w a te r .  D ry in g  gave 6 .5  g .  (88.4%  o f  th e o ry )  o f  th e  c ru d e  

p ro d u c t  m e l t in g  a t  1 7 3 - 1 7 6 .5 ^ 0 .,  w ith  d e c c m p o s itio n . The p ro d u c t 

was r e c r y s t a l l i z e d  from  e th y le n e  d i c h lo r id e  and th e n  from  w a te r  to  g iv e  

4 .5  g .  (61.2%  o f  th e o ry )  o f  p u re  p ro d u c t ,  m .p . 1 7 9 -1 8 0 ^ 0 ., w ith  

deoom posi t i  on .

A n a ly s i s .  C a lc u la te d  f o r  ®^o^9^5* ^ * 6 0 .2 9 ; H, 4 .5 5 ; N , 3 5 .1 6 .
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Found: 6 0 .3 4 ;  H , 4 .7 5 ;  N, 3 5 .0 0 .

The m onopi c r a t e  was p re p a re d  in  and  r e c r y s  t a l l i z e d  from  w a te r ,  

m .p . 1 3 1 -1 3 2 °C .

A n a ly s is .  C a lc u la te d  f o r  HgO^: C, 4 4 .8 6 ;  H, 2 .8 3 ;  N, 2 6 ,1 6 .

F ound : C, 4 5 .5 2 ;  H , 3 .2 0 ;  H , 2 5 .8 3 .



PART 7

DISUBSTITÜTED TETRAZOLES AS ANALOGUES OF ACTIVE BASIC ESTERS

P i s c u s s lo n

R e c o g n i t io n  o f th e  h y p o te n s iv e  a c t io n  o r  th e  b lo o d  p r e s s u r e  

lo w e r in g  a b i l i t y  o f  th e  e x t r a c t s  o f  R a u w o lf ia  s e r p e n t in a  r e s u l t e d  in  

a n  e x te n s iv e  i n v e s t i g a t i o n  in to  th e  c h e m is try , pharm aco lo g y  and 

m e d ic in a l  a s p e c t s  o f  th e  R a u v o lf ia  a l k a l o i d s .

H e s e rp in e  ( I ) ,  one o f  th e  m ost im p o r ta n t a l k a l o i d s  o f t h i s  g ro u p , 

w h ich  was f i r s t  I s o l a t e d  i n  th e  p u re  s t a t e  i n  19 5 2 , by S c h l l t t l e r  and  

h i s  c o -w o rk e rs  (4 7 ) ,  h a s  been  shown by p h a rm a c o lo g ic a l and c l i n i c a l  

i n v e s t i g a t e r s  n o t  o n ly  t o  b e  one th o u san d  tim e s  a s  p o te n t  a  h y p o te n s iv e  

a g e n t  a s  th e  c ru d e  d ru g , b u t  to  h av e  th e  u n iq u e  p ro p e r ty  o f  p ro d u c in g  

a  s t a t e  o f q u ie s e n c e  v h ic h  h a s  v a lu e  i n  th e  t r e a tm e n t  o f  m en ta l i l l n e s s .

F o llo w in g  th e  p ro p o s a l  f o r  th e  s t r u c t u r e  o f  r e s e r p in o  by 

S c h l i t t l e r  (48) and  th e  c o n f irm a tio n  o f  t h i s  s t r u c t u r e  by  an u n e q u iv o c a l 

s y n th e s i s  (49)» an in te n s e  s e a rc h  to  d e te rm in e  th e  a c t i v e  p o r t i o n  o f  

th e  r e s e r p i n e  m o le c u le  showed t h a t  re p la c e m e n t o f  th e  3 ,4 » 5 - t r i ­

me th o z y b e n z o y l m o ie ty  b y  o t h e r  a c id  g ro u p in g s  e i t h e r  lo w ered  o r  d e s ­

t r o y e d  i t s  p h y s io lo g ic a l  a c t i v i t y  (5 0 ) .  T h is  su g g e s te d  t h a t  th e  

pharm acodynam ic a c t i o n  w as d u e , n o t t o  th e  p o r t io n  o f  th e  m o lecu le  

c o n ta in in g  th e  in d o le  r i n g ,  b u t  to  th e  re m a in d e r  o f  th e  s t r u c t u r e  

w hich in c lu d e d  th e  tr im e th o x y b e n z o y l e s t e r  grotqping (5 1 ) .

I n  an e f f o r t  t o  s u b s t a n t i a t e  t h i s  th e o ry  W einbeig and M i l l e r  

p re p a re d  a  s e r i e s  o f  d ia lk y la m in o a lk y l  3 ,4 ,5 - t r im e th o x y b e n z o a te s ,  t h e
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n o s 't  a c t l y o  o f  w h ich ./n a s  d lc th y la m in o -iL -p p o p y l 5 ,4 # 5 ^ trin ie th o % y b o n zo a te  

( I I )  •

pCH.
OOH.

iCH

GHr.0

I I

I n  e x p lo r in g  th e  a n a lo g y  o f  5 H n o n o su b s titu te d  t e t r a z o l e s  t o  

c a r b o x y l ic  a c id a  i t  w as a n t i c i p a t e d  t h a t  a l k y l a t i o n  o f  5 -(3 * # 4 * # 5 * - 

trim e th o x y p h ex q rl)  t e t r a z o l e  w ould l e a d  to  a  s t r u c t u r e  s i m i l a r  t o  th o s e  

s y n th e s iz e d  by  W einberg* i n  id iic h  th e  e s t e r  g ro u p in g  w ould be  r e p ia c e d  

b y  a  d l s u b s t i t u t e d  t e t r a z o l e *

B ecau se  o f  th e  ta u to m e r ic  e q u i l ib r iu m  w h ich  e x i s t s  i n  5-m ono- 

s u b s t i t u t e d  t e t r a z o l e s *  a l k y l a t i o n  co u ld  and  does l e a d  to  th e  fo r m a tio n
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o f  tw o I s o m e r ic  p r o d u c ts  (5 2 ) :

R— G - N-R R *X R— 0  N-R •
II I - - - - - - - - - - ^  II I
V  V

R— 0 = H  R»x R—0 = N
I I   I I

P r e v io u s  i n v e s t i g a t i o n s  c a r r i e d  o u t  on  th e  a l k y l a t i o n  o f  5-mono— 

s u b s t i t u t e d  t e t r a z o l e s  w ith  d ia lk y la m in o a lk y l  h a l i d e s  have  shown t h a t  

b y  th e  u s e  o f  s e l e c t i v e  s o lv e n ts  o n e  c o u ld  i s o l a t e  th e  p re d o m in a tin g  

is o n e r *  th e  2 *5- d i s u b s t i t u t e d  p r o d u c t , f r e e  from  c o n ta m in a tio n  b y  th e  

o t h e r  is o m e r  (5 3 ) .

A lk y la t io n s  o f  th e  5 - a r y l t e t r a z o l e s  w e re  c a r r i e d  o u t  u n d e r  t h e  

c o n d i t io n s  s u g g e s te d  by B lp e rn  (53) and th e  p r o d u c t  i s o l a t e d  i n  s u c h  

a m anner t h a t  i t  p ro v id e d  o n ly  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 .  The

2 - d i  a lk y la m in o a lk y l - 5 -  ( 3 * # 4  * » 5 * -tr im e th o x y p h e n y l ) t e  t r a z o l e  s  ( I I I  ) * 

id i ic h  w ere  i n i t i a l l y  i s o l a t e d  a s  o i l s *  w ere  r e a d i l y  c o n v e r te d  t o  s t a b l e  

h y d r o c h lo r id e s  by b u b b lin g  d ry  hyd rogen  c h lo r id e  g a s  i n t o  a n  e t h e r a l  

s o l u t i o n  o f  th e  b a se  * The hydro  c h lo r id e s  w ere u s e d  to  c h a r a c t e r i z e  t h e  

p ro d u c ts  an d  w ere a l s o  th e  fo rm  m ost s u i t a b l e  f o r  p h a rm a c o lo g ic a l 

t e s t i n g  p u rp o s e s .
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CHoO

GH^O

CH^O

I I I

The s t a r t i n g  m a t e r i a l  f o r  t h i s  s e r i e s  o f  p r é p a r a t i o n s ,  5 -(3 * ,4 * * 5 * -  

t r i r a o th o z y p h o n y l ) t e t r a z o le ,  was s y n th e s iz e d  in  th e  fo l lo w in g  m anner:

3 ,4 $ 5 - tr im e th o z y b e n z o ic  a c id  was c o n v e r te d  t o  th e  a c id  c h lo r id e  and  

s u b s e q u e n t ly ,  by  r e a c t i o n  w ith  a  c o n c e n tr a te d  ammonium h y d ro x id e  i n t o  

th e  c o rre sp o n d in g  am ide i n  good y ie ld s *  The am ide , in  t u r n ,  was con­

v e r t e d  to  th e  n l t r i l e  a c c o rd in g  to  th e  g e n e r a l  p ro c e d u re  o f  F ah ren b ach  

(54) • The n i  t r i l e  was th e n  c a u se d  to  r e a c t  w ith  sodium  a z id e  and g l a c i a l  

a c e t i c  a c id  i n  r e f l u x i n g  n o rm al b u ty l  a lc o h o l ,  fo l lo w in g  th e  m ethod o f  

H e r b s t  a n d  W ilson  ( 5 ) ,  and  y ie ld e d  th e  c o rre sp o n d in g  a r y I t e t r a z o l e *



E x p é r im e n ta l

5 -T rIm e th o x y b en zam ld e* The a c id  c h lo r id e  form ed from  th e  

r e a c t i o n  o f  94 g* ( 0 .4 4  m ole) o f  3 ,4 ,5 - t r im e th o x y b e n z o ic  a c id  and  100 

m l. o f  t h io n y l  c h l o r i d e  was ad d ed  i n  sm a ll p o r t i o n s  t o  400 m l. o f  

c o n c e n t r a te d  ammonium h y d ro x id e  a t  O^C* A f t e r  two h o u rs  o f  s t i r r i n g  

th e  m ix tu re  was a l lo w e d  t o  warm up t o  room te m p e ra tu re  and  was f i l t e r e d .  

The in s o l u b l e  p ro d u c t  a f t e r  d ry in g , am ounted to  7 4 .5  g . (8 0 .3 ^  o f  

t h e o r y ) , m .p . 1 7 8 -1 8 0 °C.

G aebe and  Su t e r  (55) r e p o r t  a  m e ltin g  p o in t  o f  1 7 6 -1 7 7 °C ., f o r  

t h i s  compound.

3 . 4 . 5 -T r  ime th o z y b e n z o n i tar i l  e .  T h i r ty  th r e e  a n d  f i v e - t e n t h s  gram s 

(0 * l6 8  m ole) o f  3 ,4 * 5 - tr im e th o x y b e n z a m ide was r e f lu x e d  w ith  1 8 .4  g ,  

(0 .0 9 7  m ole) o f  sodium  m e t a b i s u l f i t e  and 5 9 .5  g . o f  p h o sp h o ru s  oxy- 

c h lo r id e  f o r  one h o u r .  The w ine c o lo re d  s o l u t i o n  was th e n  pou red  

c a r e f u l l y  on to  i c e .  The g re y  s o l i d  w h ich  form ed  was f i l t e r e d  and d r ie d ;  

th e  c ru d e  y i e l d  was 2 9 .8  g .  (9 1 .9 ^  o f  th e o r y ) ,  m .p . 9 3 -9 4 .5 °C*

H e f f t e r  and C apellm ann  (56) r e p o r t  t h i s  compound t o  m elt a t  95°G.

5 - ( 3  * .4  * « 5 *-T rlm e th o x y p h e n y l) t e t r a z o l e .  3*4* 5 -T rim e th o x y b en zo -

n i t r i l e  (2 9 .8  g . , 0 .1 5 4  m o le ) , 1 4 .9 5  g .  (0 .2 3  m ole) o f  sodium  a z id e  

and  1 3 .8  g .  (0 .2 3  m ole) o f  g l a c i a l  a c e t i c  a c id  w ere  added  to  100 m l. 

o f  n o rm al b u ty l  a lc o h o l  and th e  m ix tu re  r e f lu x e d  f o r  f o u r  d a y s . At 

th e  end o f  t h i s  t im e  a n  a d d i t i o n a l  5 g .  o f  sodium  a z id e  an d  10 g .  o f  

g l a c i a l  a c e t i c  a c i d  w ere added and th e  h e a t in g  c o n tin u e d  f o r  two m ore 

d a y s .  The c o n te n t s  o f  th e  f l a s k  w ere th e n  t r a n s f e r r e d  to  a l a r g e r
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f l a s k ,  250 m l. o f  w a te r  ad d ed  and th e  m ix tu re  d i s t i l l e d  u n t i l  a l l  

th e  a l c o h o l  had  b e e n  rem oved* The r e s i d u a l  s o lu t io n  was c o o led  an d  

enough  h y d r o c h lo r ic  a c id  a d d ed  to  c o m p le te ly  p r e c i p i t a t e  th e  t e t r a z o l e *  

The s o l i d  was f i l t e r e d  and re  c r y s t a l l i z e d  fro m  a w a te r - i s o p r o p y l  a lc o h o l  

m ix tu r e ,  3 3 .9  g .  ( 9 3 . ^  o f  t h e o r y ) ,  m*p. 1 9 9 -2 0 0 ^ 0 .

A n a ly s i s .  C a lc u la te d  f o r  5 0 .8 4 ; H, 5 .1 2 ;  N, 2 3 .7 2 .

F ound : C, 5 1 .0 7 ; H, 5 .2 2 ;  N, 2 3 .5 5 .

2 -  (D ie th y la m in o e  th y l )  - 5 - ( 3 ' . 4 * . 5  tr lm e  th o x y p h en y l) t e t r a z o l e  

H y d ro c h lo r id e .  5 - ( 3 * » 4 * ,5 * -T r im e th o x y p h e n y l) te tr a z o le  (1 1 .8  g . ,  0 .0 5  

m ole) and  8 .6  g* (0 .0 5  m ole) o f  d ie th y la m in o e th y l  c h lo r id e  hydro c h lo r id e  

w ere  su sp en d ed  in  ^  m l. o f  a c e to n e  to  w hich was th e n  added  8 .4  g .

(0 .2 1  m ole) o f  sodium  h y d ro x id e  i n  7 .5  m l. o f  w a te r .  The m ix tu re  w as 

h e a te d  u n d e r  r e f l u x  w i th  c o n tin u e d  s t i r r i n g  f o r  t h r e e  h o u r s .  A t th e  

end o f  t h i s  tim e  50 m l. o f  w a te r  was ad d ed , and th e  m ix tu r e  e x t r a c te d  

w i th  b e n z e n e . The ben zen e  l a y e r  was s e p a r a te d ,  d r i e d  by a z e o t r o p ic  

d i s t i l l a t i c n  and  th e  s o lv e n t  rem oved i n  a vacuum . The o i l y  r e s id u e  

w hich  re m a in ed  was d i s s o lv e d  in  250 m l. o f  c o ld  e t h e r  and d ry  h y d ro g en  

c h lo r id e  b u b b le d  i n t o  th e  s o lu t io n  u n t i l  a  p r e c i p i t a t e  no lo n g e r  fo rm ed .

The s o l i d  was f i l t e r e d  and d r ie d  t o  g iv e  1 5 .4  g .  (8 3 .2 ^  o f  th e o ry )  

o f  c r u d e  p r o d u c t .  R e c r y s t a l l i z a t i o n  from  is o p ro p y l  a lc o h o l  gave  th e  

p u r e ,  c o lo r l e s s ,  c r y s t a l l i n e  p ro d u c t  m e lt in g  a t  1 4 7 -148  0 .

A n a ly s i s .  C a lc u la te d  f o r  C, 5 1 .6 7 ; H , 7 .0 5 ;

C l , 9 .5 3 ;  N, 1 8 .8 4 .  F ound: C, 5 1 .6 9 ; H, 6 .9 5 ;  0 1 , 9 .5 2 ;  N, 1 9 .0 5 .
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2 -  ( 3 * -D le t hy lam in o p ro  p y l  ) -5 - (3 * « 4 * .5  *- t r lm e  th o x y p h e n y l ) t e t r a z o l e  

H y d ro c h lo r id e .  5 -(3 * # 4 * * 5 ’-T r im e th o x y p h e n y l ) te t r a z o le  (1 8 .0  g . ,

0 .0 7 6  m ole) a n d  14*5 g . (0 .0 7 8  m ole) o f  3—d i  e th  y lam lno pro  p y l  c h lo r id e  

h y d r o c h lo r id e  w ere  su sp en d ed  i n  100 m l. o f  a c e to n e  t o  w hich  was th e n  

ad d ed  1 2 .6  g .  (0 .3 2  m ole) o f  sodium  h y d ro x id e  in  12 m l. o f  w a te r .  The 

m ix tu re  was r e f lu x e d  w ith  c o n t in u e d  s t i r r i n g  f o r  e ig h t  h o u rs .  A f te r  

d i l u t i o n  w i th  80 m l. o f  w a te r  th e  m ix tu re  was e x t r a c t e d  w ith  benzene#

The ben zen e  l a y e r  w as th e n  s e p a r a te d ,  d r ie d  by a z e o tr o p ic  d i s t i l l a t i o n  

and th e  s o lv e n t  rem oved i n  a  vacuum . The o i ly  r e s id u e  w hich  re n a ln e d  

was d i s s o lv e d  i n  300 m l. o f  c o ld  e t h e r  and d ry  h y d ro g en  c h lo r id e  

b u b b le d  i n t o  th e  s o l u t i o n  u n t i l  a  p r e c i p i t a t e  no lo n g e r  fo im ed .

The s o l i d  w as f i l t e r e d  and d r i e d ;  t h i s  g av e  2 7 .1  g .  (9 2 .5 ^  o f  

th e o ry )  o f  c ru d e  p ro d u c t ,  m .p . 1 5 0 -1 5 5 ^ 0 . R e c r y s t a l l i z a t i o n  from  i s o ­

p r o p y l  a l c o h o l  g av e  2 1 .8  g .  (74.39^ o f  th e o r y )  o f  a  c o l o r l e s s  c r y s t a l l i n e  

p ro d u c t  m e l t in g  a t  l6 0 - l6 l^ C .

A n a ly s i s .  C a lc u la te d  f o r  C^,^^gClN^O^: C, 5 2 .9 2 ; H, 7 .3 1 ;  C l,

9 .1 9 ;  N, 1 8 .1 5 . Found: C, 5 2 .9 0 ; H, 7 .2 5 ;  C l, 9 .4 1 ;  N, 1 8 .3 1 .

2 -  (3 '-D lm e th y la m in o p ro p y l)  - 5 -  (3 *. 4  *. 5 * - tr im e th o x y p h e n y l)  t e t r a z o l e  

H y d ro c h lo r id e .  5 - ( 3 ’ , 4 * , 5 ^ -T r im © th o x y p h e n y l) te tra z o le  (1 8 .0  g . ,

0 .0 7 6  m ole) and 1 2 .0  g . (0 .0 7 6  m ole) o f  3 -d im e th y la m in o p ro p y l c h lo r id e  

h y d r o c h lo r id e  w ere  su sp en d ed  in  l 60 m l. o f  a c e to n e  t o  w hich  was th e n  

ad d ed  1 2 .6  g .  (0 .3 2  m o le) o f  sod ium  h y d ro x id e  d is s o lv e d  in  12 m l. o f  

w a te r .  The r e s u l t i n g  m ix tu re  was r e f l u x e d  w ith  c o n tin u e d  s t i r r i n g  

f o r  e i g h t  h o u rs .  A t th e  end o f  t h i s  tim e 80 m l. o f  w a te r  was added  

A nr) th e  m ix tu r e  e x t r a c t e d  w ith  b ^ iz e n e .  The benzene l a y e r  was s e p -
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a r a  t e d ,  d r i e d  b y  a z e o t r o p ic  d i s t i l l a t i o n  and  th e  s o lv e n t  rem oved in  

a  vacuum . "Die o i l y  r e s id u e  w hich re m a in ed  was d is s o lv e d  in  300 m l. 

o f  c o ld  e t h e r  and d ry  h y d ro g en  c h lo r id e  b u b b le d  i n t o  th e  s o lu t io n  

u n t i l  a  p r e c i p i t a t e  n o  lo n g e r  fo rm ed .

The f i l t e r e d ,  d r i e d  s o l i d  am ounted t o  1 3 .6  g .  (50.3%  o f  th e o ry )  

a f t e r  r e c r y s  t a  H i  z a t i  on from i s o p r o p y l  a l c o h o l ,  m .p . 1 6 2 .5 -1 6 3 .5 ^ 0 *  

A n a ly s i s .  C a lc u la te d  f o r  C ^ ^ ^ G IN ^ O ^ : C, 5 0 .3 4 ; H, 6 .? 6 ;

C l,  9 .9 1 ;  N, 1 9 .5 7 . Found: C, 5 0 .1 7 ; H, 6 .8 9 ;  C l ,  9 .9 8 ;  N, 1 9 .3 7 .



SUMMARY

1* T h ree  d i f f e r e n t  r o u t e s  f o r  t h e  s y n th e s i s  o f  5-a m in o a lk y  1 -  

t e t r a z o l e s  have b een  d e v e lo p e d  t o  p re p a re  th e  t e t r a z o l e  a n a lo g u e s  o f  

g l y c i n e ,  D ,L - a la n ln e , - a l a n i n e ,  D ,L -p h e n y la la n in e  and D , l - t r y p t o ­

p h a n e . The a c e t y l ,  b e n z o y l and  p h e n y lu re a  d e r i v a t i v e s  o f  th e  5 -nm ino- 

a l k y l t e t r a z o l e s  h av e  b e e n  p re p a re d  and i n  one  in s ta n c e  t h e  h y d ro ­

c h lo r id e  h a s  b e en  d e s c r ib e d ,

2 .  The a p p a re n t  pK^ and v a lu e s  o f  th e  5 - a m ln o a lk y l te t r a z o l e s ,  w ith  

th e  e x c e p t io n  o f th e  try p to p h a n e  a n a lo g u e , have  b e en  d e te rm in e d  and shown 

t o  be  a n a lo g o u s  t o  th o s e  o f  th e  c o rre sp o n d in g  amino a c i d s ,

3 . S t a r t i n g  from  th e  a p p r o p r i a t e ly  s u b s t i t u t e d  n ltro b e n z o n  i t  r i l e s  

t h e  t h r e e  is o m e r ic  5 - n i t r o p h e n y l t e t r a z o l e s  and 5 - ( 2 * - h y d r o x y - 4 '- n i t r o -  

p h e n y l ) t e t r a z o l e  have b e e n  p r e p a r e d .

4 .  R e d u c tio n  o f  th e  5 - n i t r o p h e n y l t e t r a z o l e s  u s in g  two d i f f e r e n t  

m ethods h a s  b e en  ;^ow n t o  r e s u l t  i n  th e  fo rm a tio n  o f  th e  c o r re s p o n d in g  

5- a m in o p h e n y l te t r a z o le s  w h ich  in c lu d e d  th e  t e t r a z o l e  a n a lo g u e s  o f  

p a r a - am ln o b en zo ic  a c i d ,  m e ta -am in o b en zo lc  a c id  and p a r a - a m in o s a l ic y l ic  

a c i d .  The a c e ty l  d e r i v a t i v e s  o f  a l l  th e  am inopheny l t e  t r a z o l e s  h av e  been  

p r e p a r e d .

5 .  The th r e e  is o m e r ic  5 - ( p y r i d y l ) t e t r a z o l e s ,  in c lu d in g  th e  

t e t r a z o l e  a n a lo g u e  o f  n i c o t i n i c  a c i d ,  have been  p re p a re d  from  th e  

c o r re s p o n d in g  c y a n o p y r id in e  s .  The p r e p a r a t io n  o f  2 , 6 - d i (5 * - t e t r a z o l y l ) -  

p y r id i n e  h a s  a l s o  b een  d e sc r ib e d *
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6 .  The 5— ( p y r i d y l ) t e t r a z o l e s ,  on t r e a tm e n t  w ith  hydrogen  and 

p la t in u m  o x id e ,  h av e  been  re d u c ed  t o  th e  c o rre sp o n d in g  5—( p ip e r id y l )  

t e t r a z o l e s .

7 .  A g ro u p  o f s i x  s u b s t i t u t e d  p h e n o x y a c e te n i t r i l e s  h a s  been  

p r e p a r e d  ft"cm th e  c o rre sp o n d in g  p h e n o ls  an d  c h lo ro a c  e to n i  t r i l e  * The 

h y d r o ly s i s  o f  t h r e e  o f  th e s e  h a s  been  shown to  l e a d  to  t h e  fo rm a tio n  

o f  th e  c o r re s p o n d in g  p h e n o x y a c e tic  a c id .

8* A g ro u p  o f  s i x  s u b s t i t u t e d  5 -p h e n o x y m e th y l te t r a z o le s ,  in c lu d in g  

th e  t e t r a z o l e  a n a lo g u e s  o f  2,4D  and 2 ,4 * 5 T , h a s  b een  p re p a re d  from  th e  

c o r re s p o n d in g  n l t r i l e .

9# A g ro u p  o f  f o u r  l - b e n z y l- 5 - p h e n o x y m e th y l te t r a z o le s  h a s  b een  

p r e p a r e d .  D é b e n z y la t io n  in  two c a s e s  h a s  b een  shown to  l e a d  t o  th e  

fo rm a tio n  o f  th e  s i m i l a r l y  s u b s t i t u t e d  5 -p h en o x y m e th y lte  t r a z o l e .  I n  

t h e  o th e r  two c a s e s  d é b e n z y la t io n  was accom panied  by de h a lo g é n a t io n  and 

p o s s ib ly  r e d u c t io n .

1 0 . The t e t r a z o l e  a n a lo g u e  o f  3 - in d o l e a c e t i c  a c id ,  5 - ( 3 '- I n d o l y l ) -  

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

1 1 . The i n t e r a c t i o n  o f  3*4»5 - t r im e th o x y b e n z o n i t r i l e  w ith  h y d ra -  

z o ic  a c id  h a s  l e d  t o  th e  fo r m a tio n  o f  5 - ( 3 '* 4 * ,5 '- t r lm e th o x y p h e n y l ) -  

t e t r a z o l e .  A lk y la t io n  o f  t h i s  compound w ith  d la lk y la m in o a lk y l  h a l id e s  

h a s  r e s u l t e d  In  th e  fo rm a tio n  o f  t h r e e  2 - (d i a lk y l  a m in o a lk y l) - 5 - ( 3 ' , 4 %  5 '-  

t r im e th o x y p h e n y l ) t e t r a z o le s  w hich h av e  been  c h a r a c t e r i z e d  a s  th e  h y d ro ­

c h l o r i d e s .



AETTODIX I

POTENTIOMETRIG TITRATION DATA

Compound pH
M l. o f  Aq. HCl 

0 .1 0 1 7 5  K
A p p aren t

p E i

5-Ami nom ethy I t  e  t r a  zo 1 e
0 .3 1 8 4  g . /1 2 5  m l.
aq u eo u s s o l u t i o n

5 .7 0 0 .0
3 .6 5 4 .0
3 .5 5 5 .0
3 .4 7 6 .0
3 .3 9 7 .0
3 .3 5 8 .0
3 .2 7 9 .0
3 .2 1 1 0 .1
3 .1 5 1 1 .0
3 .1 1 1 2 .0
3 .0 5 1 3 .0
3 .0 0 1 4 .0
2 .9 5 1 5 .0
2 .9 2 1 6 .0
2 .8 8 1 7 .0
2 .8 3 1 8 .0
2 .8 0 1 9 .0
2 .7 6 2 0 .0
2 .7 1 2 1 .0
2 .6 3 2 3 .0
2 .6 0 2 4 .0
2 .5 6 2 5 .0
2 .5 2 2 6 .1
2 .4 9 2 7 .0
2 .4 1 2 9 .0
2 .3 8 3 0 .0
2 .3 4 3 1 .0
2 .3 0 3 2 .0
2 .2 5 3 3 .0
2 .2 0 3 5 .0
2 .1 5 3 6 .0
2 .1 2 3 8 .0
2 .0 5 4 0 .0
2 .0 0 4 2 .0
1 .9 8 4 4 .0

2 .6 2
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APPENDIX I  (Continued)

Compound pH
M l. o f  Aq. HCl 

0 .10175  N
A p p a ren t

5- (aC - A m in o e th y l ) te t r a z o le  
0 .2 9 5 0  g . /1 2 5  m l. 
aq ueous s o lu t io n

5 .6 o 0 .0
3 .9 2 2 .0
3 .6 0 4 .0
3 .4 0 6 .0
3 .1 0 1 0 .0
3 .0 5 1 1 .0
3 .0 0 1 1 .5
2 .9 5 1 2 .5
2 .9 0 1 3 .5
2 .8 5 1 4 .5
2 .8 0 1 6 .0
2 .7 5 1 7 .0
2 .7 0 1 8 .0
2 .6 5 1 9 .0
2 .6 2 2 0 .0
2 .5 9 2 1 .0
2 .5 5 2 2 .0
2 .5 0 2 3 .0
2 .4 5 2 4 .0
2 .4 3 2 5 .0
2 .4 0 2 6 .0
2 .3 5 2 7 .0
2 .3 3 2 8 .0
2 .3 0 2 9 .0
2 .2 7 3 0 .0
2 .2 3 3 2 .0
2 .1 3 3 6 .0
2 .0 2 4 0 .0
1 .9 5 4 5 .0
1 .8 8 5 0 .0

2 .6 3
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APPENDIX I  (Continued)

Compound
M l. o f  Aq. HCl A p p aren t

pH 0 .1 0 1 7 5  N pK,

5 - ( /^ -A m in o e th y l) t e t r a z o l e  
0 .2 9 0 6  g ./lO O  m l. 
aq u eo u s  s o l u t i o n

6 .5 2 0 .0
5 .0 5 2 .0
4 .8 5 3 .0
4 .7 5 4 .0
4 .6 0 5 .0
4 .4 5 7 .0
4 .3 5 8 .0
4 .2 2 1 0 .0
4 .1 5 1 1 .0
4 .1 0 1 2 .0
4 .0 7 1 2 .5
4 .0 3 1 3 .0
4 .0 0 1 3 .5
3 .9 8 1 4 .0
3 .9 2 1 5 .0
3 .8 6 1 6 .0
3 .8 0 1 7 .0
3 .7 2 1 8 .0
3 .6 6 1 9 .0
3.5 0 2 1 .0
3 .4 3 2 2 .0
3 .3 5 2 3 .0
3 .2 4 2 4 .0
3 .1 3 2 5 .0
2 .8 0 2 8 .0
2 .4 0 3 3 .0
2 .2 8 3 6 .0
2 .1 8 3 9 .0
2 .0 5 4 3 .0
1 .9 8 5 0 .0

3 .9 9
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APPENDIX I  (Continued)

Compound pH
M l. o f  Aq. HCl 

0 .1 0 1 7 5  N
A p p a ren t

5 -  (cjC -Ami n o - /?  -p h e n y l-
e t h y l ) t e t r a z o l e  ..........

0 .1 3 5 3  g ./lO O  m l. 
aque ous s o la  t i  on

5 .2 0 0 .0
3 .2 8 2 .0
2 .9 0 4 .0
2 .6 7 6 .0
2 .5 2 8 .0
2 .3 6 1 0 .5
2 .3 0 1 2 .0
2 .1 9 1 4 .5
2 .1 4 1 6 .0
2 .1 2 1 6 .5
2 .1 0 1 7 .0
2 .0 5 1 9 .0
1 .9 8 2 2 .0
1 .9 4 2 4 .0
1 .9 0 2 5 .5
1 .8 8 2 7 .0
1 .8 3 3 0 .0
1 .7 8 3 5 .0
1 .7 2 4 0 .0
1 .6 9 4 5 .0

1 .9 3
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A PSnoIZ I  (Continued)

M l. o f  A q . NaCH A p p a ren t
Compound fQ 0 .0 9 6 8 8  N

^ 2

SrnAminomethyl t e  t r a z o l e  
0 ,3 0 2 2  g . /1 2 5  m l. 
aq u eo u s  s o l u t i o n

5 .7 5 0 .0
7 .6 0 3 .0
7 .9 5 6 .0
8 ,1 0 8 .0
8 .2 7 1 0 .0
8 .3 8 1 2 .0
8 .5 0 1 4 .0
8 .6 3 1 6 .0
8 .7 3 1 8 .0
8 .8 5 2 0 .0
8 .9 9 2 2 .0
9 .0 5 2 3 .0
9 .1 3 2 4 .0
9 .2 0 2 5 .0
9 .2 9 2 6 .0
9 .3 4 2 6 .5
9 .3 9 2 7 .0
9 .4 5 2 7 .5
9 .5 0 2 8 .0
9 .5 8 2 8 .5
9 .6 5 2 9 .0
9 .8 5 3 0 .0
9 .9 7 3 0 .5

1 0 .1 3 3 1 .0
1 0 .3 1 3 1 .5
1 0 .5 1 3 2 .0
1 0 .6 8 3 2 .5
1 0 .8 4 3 3 .0
1 0 .9 5 3 3 .5
11 . U 3 4 .5
1 1 .2 5 3 6 .0
1 1 .4 5 3 9 .0

8 .5 4
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SŒTÆÜIX I (C o n tin u ed )

Ml* o f  Aq* NaOH A p p a ren t
Compound pH 0*09688 N

5 - -Ami  n o e th y l)  t e t r a z o l e 5 .8 0 0 .0 8 .7 7
0 .3 1 8 3  g . /1 2 5  m l. 7 .6 0 2 .0
aq u eo u s  s o l u t i o n 7 .9 5 4 .0

8 .1 5 6 .0
8 .3 0 8*0
8 .4 5 1 0 .0
8 .5 5 1 2 .0
8 .7 0 1 4 .0
8 .8 2 1 6 .0
8 .9 5 1 8 .0
9 .0 8 2 0 .0
9 .2 2 2 2 .0
9 .4 0 2 4 .0
9 .4 5 2 4 .5
9 .5 0 2 5 .0
9 .5 9 2 5 .5
9 .6 5 2 6 .0
9 .8 0 2 7 .0

1 0 .0 9 2 8 .0
1 0 .4 5 2 9 .0
1 0 .8 4 3 0 .0
1 1 .0 9 3 1 .0
1 1 .3 0 3 3 .0
1 1 .5 0 3 5 .0

* 1 1 .6 5 3 8 .0
1 1 .7 6 4 2 .0
1 1 .8 6 4 6 .0
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Gompotmd pE M l. o f  Aq. NaOH A p p a ren t
0 .0 9 6 8 8  N

* 2

5 » (y ^ -> A m iiio e th y l) ta tra z o le  6«65 0 .0 9 .5 8
0#3106 g , / l 2 5  m l. 8 .8 5 6 .0
aq u eo u s  so lu tlO D . 8 .9 5 7 .0

9 .1 3 9 .0
9 .2 0 1 0 .0
9 .3 5 1 2 .0
9 .4 0 1 3 .0
9 .5 0 1 5 .0
9 .6 5 1 7 .0
9 .7 0 1 8 .0
9 .8 5 2 0 .0
9 .9 0 2 1 .0
9 .9 9 2 2 .0

1 0 .0 5 2 3 .0
1 0 .1 5 2 4 .0
1 0 .2 5 2 5 .0
1 0 .3 9 2 6 .0
1 0 .4 5 2 6 .5
1 0 .5 0 2 7 .0
1 0 .6 4 2 8 .0
1 0 .7 9 2 9 .0
1 0 .9 0 3 0 .0
1 1 .0 2 3 1 .0
1 1 .1 0 3 2 .0
1 1 .2 1 3 3 .5
1 1 .2 5 3 4 .5
1 1 .3 5 3 6 .0
1 1 .4 9 4 0 .0



I l l

APPENDIX I  (C o n tin u ed )

Ml. o f Aq« NaQS Apparent
Compound IH 0.09688 N I«2

5-  ( «C -Ami no» /3 -phenyl- 
e tfa y l-te tra zo le  

0.1796 g . / l 25 m l. 
aqueous aolubion

5 .2 7 0 .0
7 .1 5 1 .0
7 .5 0 2 .0
7 .7 5 3 .0
7 .9 5 4 .0
8 .1 5 5 .0
8 .2 8 6 .0
8 .4 0 6 .5
8 .4 5 6 .7
8 .5 0 7 .0
8 .6 0 7 .5
8 .7 5 8 .0
8 .8 5 8 .3
8 .9 3 8 .4
8 .9 7 8 .5
9 .1 0 8 .8
9 .3 0 9 .0
9 .3 5 9 .1
9 .5 5 9 .3
9 .7 0 9 .4

1 0 .0 0 9 .6
1 0 .2 5 9 .8
1 0 .4 0 1 0 .0
1 0 .6 5 1 0 .5
1 0 .8 5 1 1 .0
1 1 .0 5 1 2 .0

8.18
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