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ABSTRACT

A lthough a  g re a t  many ^ - s u b s t i tu te d  te t r a z o le s  a re  known, very  

few 1 - s u b s t i tu te d  te t r a z o le s  have been re p o rte d  up to  th e  p re se n t t im e . 

I t  was th e  purpose o f  t h i s  s tudy  to  in v e s t ig a te  the  p re p a ra tio n  and 

p ro p e r t ie s  of f a r th e r  compounds of the 1 - s u b s t i tu te d  te t r a z o le  s e r i e s .  

The p re p a ra tio n  of such a s e r ie s  would a lso  a llo w  com parative sp e c tro 

scop ic  s tu d ie s ,  in  the  u l t r a v io l e t  and in f ra re d  re g io n s , o f a lk y l-  and 

a r y l te t r a z o le s ,  in c lu d in g  b o th  1-  and 5-m onosubstitu ted  compounds, as 

w ell as 1 , 5-d is u b s t i tu te d  t e t r a z o le s .

Of th e  methods employed to  o b ta in  th e  seven known 1 - s u b s t i tu te d

te t r a z o l e s ,  th re e  have p o s s i b i l i t i e s  as gen era l m ethods. O liv e r i-  

Mandala and Alagna ( l )  added hydrazoic ac id  to  v a rio u s  isocyan ides to  

o b ta in  th e  corresponding  t e t r a z o le .

Dimroth and DeMontmollin (2) p rep ared  s e v e ra l 1 - a ry l te t r a a o le s  by ad

d i t io n  o f th e  a p p ro p ria te  diazonium c h lo rid e  to  an a lk a l in e  s o lu tio n  of 

d ifo rm y lh y d raz in e .

R -  N -  C -  HI II
N N

ArNa+ 0H“ + H H * A r - N - C - H
I II

+ H30aH + Ha0

*
Two o f th e se  were u t i l i z e d  i n  th e  p re se n t in v e s t ig a t io n .
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During th e  p re se n t s tu d y , a  s e r ie s  o f seven 1 - a lk y lte t r a z o le s  were 

p repared  from the  corresponding  iso c y a n id e s . Attempts to  p repare  

1 -p h e n y lte tra z o le  b o th  by th e  iso cy an id e  and Dimroth methods showed th a t  

n e i th e r  procedure i s  e n t i r e ly  s a t i s f a c to r y .  Consequently a new method 

was developed fo r  th e  sy n th es is  o f 1 - a r y l te t r a z o le s .  The procedure 

employed i s  an e x ten s io n  o f th e  von Braun method fo r  th e  p re p a ra tio n  o f 

1 ,5-d is u b s t i tu te d  te t r a z o le s  ( 3) ,  and c o n s is ts  in  the  r e a c t io n  o f 

phosphorus p e n ta c h lo rid e  w ith fo rm a n ilid e s , fo llow ed by the  a d d itio n  of 

hydrazoic ac id  to  th e  re a c tio n  m ix tu re . A s e r ie s  o f e ig h t 1 - a r y l t e t r a -  

z o le s  was p repared  by th i s  m ethod. The same method was su c c e ss fu lly  

extended to  the  sy n th e s is  o f 1 - is o b u ty l te t ra z o le  from N -isobutylform am ide. 

S ix  o f th e  a lk y l te t r a z o le s  and s ix  o f th e  a r y l te t r a z o le s  p repared  a re  

new compounds.

In fra re d  and u l t r a v io l e t  a b so rp tio n  s p e c tra  were ob ta in ed  on a l l  

th e  compounds sy n th e s iz e d . For com parison, sp e c tra  were a lso  ob tained  

on o th e r a lk y l  and a r y l te t r a z o le s .  T e trazo le  and i t s  a lk y l  d e r iv a tiv e s  

show l i t t l e  a b so rp tio n  in  the  u l t r a v io l e t  reg io n  examined. The 1 -a ry l

te t r a z o le s  show co n sid e rab le  a b so rp tio n , w ith curves s im ila r  to  those  

ob ta ined  by W ilson (k ) f o r  ^ - a r y l te t r a z o le s . In  b o th  a ry l  s e r i e s , the 

maxima a re  s h i f t e d  to  s h o r te r  wavelengths when s t e r i c  f a c to rs  in t e r f e r e  

w ith  th e  c o p la n a r ity  o f  th e  phenyl and te t r a z o le  r in g s .

In fra re d  sp e c tra  were o b ta in ed  fo r  a  t o t a l  o f 1*6 t e t r a z o le s ,  of 

which f i f t e e n  were 1 - s u b s t i tu te d ,  seventeen were ^ - s u b s t i tu te d ,  and 

th i r t e e n  were 1 ,5 - d is u b s t i tu te d . An a ttem pt lias been made to  id e n t i f y  

bands c h a r a c te r i s t i c  o f  the  te t r a z o le  r in g ,  and e ig h t such bands have
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been te n ta t iv e ly  id e n t i f i e d ,  th re e  o f which seem to  be s p l i t  in to  two 

peaks in  many of th e  s u b s t i tu te d  compounds. T his confirm s and 

extends th e  conclusions o f L ie b e r, e t  a l . ( 5 ) ,  who found th a t  the 

reg io n  from 9 to  10 m icrons (1111 to  1000 cm X) con ta ined  from one to  

th ree  bands c h a r a c te r is t ic  o f t e t r a z o l e s .
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INTRODUCTION

Although a  g re a t many ^ - s u b s ti tu te d  te t r a z o le s  a re  known, very  

few  1 - s u b s t i tu te d  te t r a z o le s  have been rep o rted  up to  th e  p re se n t tim e . 

In  h is  rev iew  o f the chem istry  o f te t r a z o le s  in  19U7, Benson ( l )  l i s t s  

on ly  seven exam ples, in c lu d in g  1 -h y d ro x y te traz o le ,  th e  id e n t i ty  of 

which he q u e s tio n s . I t  was th e  purpose o f t h i s  s tudy  to  in v e s t ig a te  

th e  p re p a ra tio n  and p ro p e r t ie s  o f f u r th e r  compounds of th e  1 - s u b s t i tu te d  

te t r a z o le  s e r i e s .

The p re p a ra tio n  of such a  s e r ie s  would a lso  a llo w  com parative 

sp ec tro sco p ic  s tu d ie s ,  in  the  u l t r a v io l e t  and in f ra re d  re g io n s , o f 

a lk y l-  and a r y l te t r a z o le s ,  in c lu d in g  bo th  1 -  and m onosubstitu ted  

compounds, as w e ll as  l ,£ - d i s u b s t i tu te d  t e t r a z o le s .

Of th e  methods employed to  o b ta in  th e  seven 1 - s u b s t i tu te d  t e t r a 

z o le s  l i s t e d  by Benson, th re e  have p o s s i b i l i t i e s  as genera l m ethods, 

w hile o th e rs  are  s p e c ia l  methods fo r  p rep arin g  one p a r t ic u la r  compound. 

O liveri-M andala and Alagna (2) ob ta ined  th e  1 -rae th y l- , 1 - e th y l- ,  and 

1 -p h e n y lte tra z o le s  by th e  a d d itio n  o f hydrazoic a c id  to  th e  correspond

in g  iso cy an id es  i n  e th e r  s o lu t io n .

E -  N -  C -  H

The re a c ta n ts  were mixed and allow ed to  s tan d  o v ern ig h t a t  room 

tem perature o r warmed s e v e ra l hours on the  steam b a th .  D ilu tio n  o f



th e  r e a c t io n  m ix ture  w ith e th e r  was found to  slow  th e  r e a c t io n .

1 -A ry lte tra z o le s  were p repared  by Dimroth and De M ontmollin ( 3) 

by  adding th e  ap p ro p ria te  diazonium ch lo rid e  to  an a lk a l in e  s o lu tio n  

o f d ifo rray lh y d raz in e .

The 1 -p h en y l, 1 - p - to ly l - ,  and 1 -p -n itro p h e n y lte tra z o le s  were ob ta in ed  

by  t h i s  method.

The o x id a tio n  of l - s u b s ti tu te d -5 -m e rc a p to te tra z o le s  has fu rn ish ed  

1- s u b s t i tu te d  te t r a z o le s  in  two cases  (h , $ ) .  The m ercap to te trazo le s  

were o b ta in ed  by r e a c t io n  o f sodium az id e  o r  hydrazoic a c id  w ith an 

iso th io c y a n a te , fo llow ed by c y c liz a t io n  through th e  use o f h ea t o r  an 

a lk a lin e  re a g e n t. Although only th e  1 -m ethyl- and 1 -p h e n y lte tra z o le s  

have been prepared  by th i s  p ro ced u re , a number o f o th e r  1- s u b s t i tu te d -  

5-m e rc ap to te traz o le s  have been re p o rte d  (1) .

* A r - N - C - H
II

+ HBOgH + Ha0
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A number o f more l im ite d  methods have fu rn ish ed  in d iv id u a l com

pounds o f t h i s  s e r i e s .  The a lk y la t io n  o f te t r a z o le  w ith  diazomethane 

fu rn ish e d  1 -m e th y lte tra zo le  ( i t ) ,  while a lk y la t io n  o f  the  s i l v e r  s a l t  

of t e t r a z o le  w ith e th y l  io d id e  produced a  m ixture o f  1 - ,  and 2 -e th y l-  

te t r a z o le s  ( 6 ) .

N itra t io n  o f 1 -p h e n y lte tra z o le  produced a  1 -n itro p h e n y lte tra z o le ,  

a p p a ren tly  w ith  th e  n i t r o  group in  the p ara  p o s i t io n ,  a lthough  th e  

d e t a i l s  o f  i d e n t i f i c a t io n  o f t h i s  compound were no t given (5) . The 

corresponding  am inopheny lte trazo le  was a ls o  p repared  by re d u c tio n  of 

th e  n i t r o  group. Thermal decom position o f 1 -phenyl-2 - a n i l in o te tr a z o le  

produced some 1 -p h e n y lte tra z o le  ( 7 ) ,

I t  w i l l  be no ted  from th e  above th a t  th e  only 1 - a lk y lte t r a z o le s  

p re v io u s ly  known a re  th e  m ethyl and e th y l compounds, A s e r ie s  o f 

seven 1 - a lk y l te t r a z o le s ,  in c lu d in g  1 - e th y l te t r a z o le , has been p repared  

in  th e  p re se n t s tu d y  from th e  corresponding iso c y a n id e s .

Four 1- a ry l te t r a z o le s  were known p re v io u s ly . A ttem pts to  p repare

1 -p h e n y lte tra z o le  bo th  by th e  isocyan ide and Dimroth methods have 

shown th a t  n e i th e r  procedure i s  e n t i r e ly  s a t i s f a c to r y .  Consequently 

a new method was developed fo r  th e  sy n th e s is  o f 1 - a r y l t e t r a z o la s .

The procedure employed i s  an ex ten s io n  of th e  von Braun method fo r  

the  p re p a ra tio n  o f 1 ,5 -d is u b s t i tu te d  te t r a z o le s  ( 8 ) ,  and c o n s is ts  in  

th e  r e a c t io n  o f phosphorus p en tach lo rid e  w ith fo rm a n ilid e s , fo llow ed 

by th e  a d d it io n  of hydrazoic a c id  to  th e  re a c t io n  m ix tu re . In  one 

in s ta n c e , th e  same method has been s u c c e ss fu lly  extended to  the 

p re p a ra tio n  o f a  1 - a lk y lte t r a z o le  from an N -alkylform am ide.
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The in f r a r e d  and u l t r a v i o l e t  s p e c tra  of th ese  compounds and 

o th e r  a lk y l-  and a ry ls u b s t i tu te d  te t r a z o le s  have been o b ta in ed . 

Although a  number o f p rev io u s workers have rep o rted  sp ec tro sco p ic  

d a ta  on t e t r a z o le  d e r iv a t iv e s ,  most o f the  compounds included  have 

been  £ -am in o te traz o le s , where th e  a s s o c ia t io n  o f  sp ec tro sco p ic  d a ta  

w ith  s t r u c tu r a l  fe a tu re s  i s  com plicated by the  p o s s ib i l i ty  o f 

tautom erism .
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DISCUSSION

Three methods f o r  th e  sy n th e s is  o f 1 - s u b s t i tu te d  te t r a z o le s  were 

employed in  th e  course o f t h i s  in v e s t ig a t io n .  In  th e  fo llow ing  

s e c t io n s , each of th e se  procedures w i l l  be d iscu ssed  in d iv id u a l ly .

The r e a c t io n  o f an a lk y l  o r a r y l  isocyan ide  w ith  hydrazoic ac id  to 

form a  1 - s u b s t i tu te d  te t r a z o le  i s  r e fe r re d  to  in  the d isc u ss io n  below 

as th e  iso cy an id e  m ethod. The coup ling  o f a  diazonium s a l t  w ith  d i -  

forraylbydraaine and subsequent c y c l iz a t io n  o f th e  product to  a  1 - a ry l -  

te t r a z o le  i s  c a lle d  th e  Dimroth method. The tre a tm en t o f a  fo rraan ilid e  

or N-alkylformamide f i r s t  w ith  phosphorus p e n tach lo rid e  and th en  w ith 

hydrazoic a c id  to  y ie ld  th e  d e s ire d  te t r a z o le  i s  r e fe r re d  to  as the  

formamide method. The work on th e  sp e c tra  o f th e  compounds prepared  

by th ese  methods,  and o f o th e r  t e t r a z o le s ,  w il l  be considered  in  th e  

l a t t e r  p a r t  o f  t h i s  d isc u s s io n .

Isocyanide Method

Since th e  most g en era l method o f  p re p a ra tio n  f o r  1 - s u b s t i tu te d  

te t r a z o le s  appeared to  be th a t  u t i l i z i n g  the  corresponding  iso cy a n id e s , 

th e  f i r s t  phase o f the  s tudy  was th e  s e le c t io n  o f a  s u ita b le  method 

f o r  o b ta in in g  th e se  compounds. Isocyan ides were f i r s t  recogn ized  as 

new compounds by G au tier ( 9 ,1 0 ) ,  who ob ta in ed  them from th e  re a c tio n  

o f s i l v e r  cyanide w ith v a rio u s  a lk y l io d id e s .  He c a l le d  a t t e n t io n  

to  a  number o f in s ta n c e s  in  which members o f th e  s e r ie s  had been
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o b ta in ed  p re v io u s ly  w ithout re c o g n itio n  of t h e i r  i d e n t i ty .  Almost 

s im u ltan eo u sly , Hofmann ( U )  re p o rted  th e  re a c t io n  o f a n i l in e  w ith  

chloroform  and a lc o h o lic  potassium  hydroxide to  form phenyl iso cy a n id e .

C6HgNH2 + 3K0H + CHQ13  > CsHgNC + 3KC1 + 3Ha0

F u r th e r  re fe re n c e s  i n  th e  l i t e r a t u r e  to  the p re p a ra tio n  o f isocyan ides 

r e p o r t  th e  u se  o f m o d ifica tio n s  o f one o r the o th e r  o f th e  above 

r e a c t io n s .  For th e  Hofmann method, th e  more d e ta i le d  d i r e c t io n s  given 

by Nef (12) a re  u s u a lly  c i t e d .  However, B iddle (13) suggested  th a t  

th e  low y ie ld s  u su a lly  ob ta in ed  probably  were due to  in te r a c t io n  of 

the  p roduct w ith  a lc o h o l.  He re p o rte d  a  p re p a ra tio n  o f phenyl isocyan ide  

i n  which a lc o h o l was excluded and powdered potassium  hydroxide was 

employed as  th e  re a g e n t. The y ie ld  was 35-1*0$, in  c o n tra s t  to  th e  15$ 

y ie ld  re p o rte d  by N ef. Hammick, e t  a l .  (ll*) o b ta in ed  a  50$ y ie ld  of 

phenyl isocyan ide  by u sin g  powdered sodium hydroxide and sm all amounts 

o f m ethanol, added only  as n ecessary  to  keep the  r e a c t io n  going.

Lindemann and "Wlegrebe (15) a lso  re p o rt  a  50$ y ie ld  from a  s im ila r  

procedure u sing  sm all amounts o f  e th a n o l. L a te r ,  M a la te s ta  (16) 

d esc rib ed  a  s im ila r  m o d if ic a tio n , using  powdered potassium  hydroxide 

and excess chloroform  as s o lv e n t .  E x ce llen t y ie ld s  were re p o rte d  f o r  

bo th  a lk y l  and a r y l  iso c y a n id e s , b u t more re c e n t workers have been 

unable to  confirm  th e se  high  y ie ld s  (1 7 ) . In  th e  p re se n t s tu d y , phenyl 

iso cy an id a  was p rep ared  accord ing  to  M ala testa*s d i r e c t io n s .  The 

y ie ld  i n  th i s  in s ta n c e  was 30$, w hile M ala te s ta  rep o rted  a 70$ y ie ld .  

S ince t h i s  i s  a  heterogeneous r e a c t io n ,  d iffe re n c e s  i n  the  p a r t ic le
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s iz e  o f th e  potassium  hydroxide and in  th e  degree o f h ea tin g  a re  

p robab ly  re sp o n s ib le  fo r  th e  wide v a r ia t io n s  in  th e  r e s u l t s .

The method d esc rib ed  by  G au tie r f o r  p re p a ra tio n  of a lk y l  i s o 

cyanides proved q u ite  su c c e s s fu l ,  w ith  s l i g h t  m o d if ic a tio n s . The a lk y l  

io d id e  and d ry  s i l v e r  cyanide were heated  under r e f lu x  on a  steam b a th  

f o r  th e  d e s ire d  re a c t io n  tim e . P rogress o f the re a c tio n  was fo llow ed 

by in s p e c tio n . For a  p erio d  o f t im e , vary ing  fo r  each member o f th e  

s e r i e s ,  no change was e v id e n t. The s t a r t  o f th e  re a c tio n  was marked 

by  a  crum bling , m oist appearance in  th e  r e a c t io n  m ix tu re . The double 

s a l t  o f  a lk y l  iso cy an id e  and s i l v e r  cyanide g ra d u a lly  formed a  syrupy 

la y e r ,  vary ing  from c o lo r le s s  to  dark  red-brow n, w hile s i l v e r  io d id e  

formed a  compact low er la y e r .

According to  G a u tie r , excessive h ea tin g  causes marked darkening 

and decom position o f th e  double s a l t .  In  th e  p re se n t s e r ie s  o f p repa

r a t io n s ,  a l l  h ea tin g  was c a r r ie d  ou t on a  steam b a th  in s te a d  o f th e  

s a l t  w ater b a th  and o i l  b a th  d escrib ed  by G au tier f o r  th e  h igher 

homologues. The leng thened  re a c t io n  tim e n ecessa ry  a t  low er tem pera

tu re s  appeared to  be due, a t  l e a s t  in  p a r t ,  to  a  longer in d u c tio n  

p e r io d . The tim e o f t o t a l  h e a tin g  v aried  i n  in d iv id u a l cases from 

th re e  to  e ig h t  h o u rs .

The double s a l t  was decomposed by a d d itio n  of w ater and potassium  

c y an id e , and the  p roduct was i s o la te d  by steam d i s t i l l a t i o n .

RI + 2AgCN » HNC’AgCN + Agl

RNOAgCN + KCN \  ENC + AgCN-KCN
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Crude y ie ld s  by th is  method were e x c e l le n t .  Except fo r  p re lim in a ry  

s tu d ie s  w ith  b u ty l  iso c y a n id e , th e  p ro d u c ts  were not fu r th e r  p u r if ie d  

o r c h a ra c te r is e d ,  bu t were used im m ediately f o r  p re p a ra tio n  o f  th e  

corresponding  t e t r a z o l e .  A l i s t  o f  th e  compounds p repared  i s  given 

in  Table I .

The s e le c t io n  of s u i ta b le  re a c t io n  co n d itio n s  was g re a tly  s im p li

f ie d  by th e  d a ta  assembled by  Guillem ard (1 8 ) ,  who in v e s tig a te d  t h i s  

r e a c t io n  in  g re a t d e t a i l .  He s tu d ie d  th e  re a c t io n  of e th y l io d id e  

w ith  a  v a r ie ty  o f  m e ta ll ic  and complex cyanides a t  tem peratu res from 

80° C. to  160° C. f o r  vary ing  p e rio d s  o f  tim e . Each re a c t io n  was 

c a r r ie d  ou t in  a  se a le d  tu b e , and th e  p ro p o rtio n s  o f th e  n i t r i l e  and 

iso cy an id e  formed i n  th e  r e a c t io n  m ixture were determ ined by  a n a ly t ic a l  

p ro ced u res . Only s i l v e r  cyanide was found to  form a lk y l  isocyan ides 

e x c lu s iv e ly  a t  low er tem p era tu re s , while even in  t h i s  case  some n i t r i l e  

was o b ta in ed  a t  130° C. and above. The optimum y ie ld  was ob ta ined  by 

h ea tin g  a t  80° C. f o r  fo u r  to  e ig h t h o u rs .

In  a  second s e r ie s  o f experim ents, Guillem ard p repared  o th e r  a lk y l  

isocyan ides by h ea tin g  equal w eights o f the a lk y l  io d id e  and s i lv e r  

cyanide f o r  fo u r hours a t  tem peratu res from 80° to  160° C. A gain, the 

b e s t  y ie ld s  were ob ta ined  a t  80° C. Although no n i t r i l e  was d e te c te d  

a t  t h i s  tem p era tu re , th e  h igher homologues formed some n i t r i l e  a t  

tem peratu res a s  low as  100° C. I t  i s  in te r e s t in g  to  no te  t h a t  no i s o 

cyanide and only  tra c e s  o f  n i t r i l e  were ob ta ined  from 2-iodohexane, 

th e  only  secondary io d id e  s tu d ie d  by G uillem ard. G au tier had noted  

th e  fo rm ation  o f an  alkBne and hydrogen cyanide i n  c e r ta in  re a c tio n s
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TABLE I  

A lkyl Isocyanides

RNC

R Moles RI
H eating Time 

( h r s . )
Y ield  Crude Product 

Grains P ercen t

c 3h6 0 .1 5 .5a 100

c3h7 0 .2 13.6 99
0 .2 — 12.9 93

C4H9-n 0 .1 1+ 7.1+*, 89
0 .1 h (3 .2 ) (1+0)
0 .2 1+ li+.O 81+

C4H9- is o 0 .2 31 15.8 95

c s Hn -n 0 .2 9.1 hi

CgH^j-iso 0 .1 5.5 8 .8a 91
(1+ .8) (1+9)

0 .2 8 11.9 61

G^H ŝ-n 0 .2 s0 8.1+ 38

O7Hjg-n 0 .2 8 22.8 91
0 .2 8 13.6 51+

(a )  Crude p ro d u c t.

(b ) Determined by t i t r a t i o n  -  see page 11.
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where th e  a lk y l  io d id e  was probab ly  the  secondary isom er o r a  mix

tu r e .

Since th e  a lk y l  iso cy an id es  in  th e  p re se n t s tudy  were to  be con

v e r te d  im m ediately to  te t r a z o le s  w ithou t p u r i f i c a t io n ,  a  ra p id  

e s tim a tio n  o f isocyan ide  co n ten t in  th e  crude m a te r ia l  appeared h ig h ly  

d e s ir a b le .  In  p re p a ra tio n  f o r  th e  in v e s t ig a t io n s  d escrib ed  above, 

G uillem ard developed s e v e ra l  methods fo r  th e  a n a ly s is  o f  iso cy a n id e s . 

“When a  known amount o f  bromine was added dropwise to  e th y l  iso cy a n id e , 

bo th  r e a c ta n ts  being  d i lu te d  w ith  the  same s o lv e n t,  th e  bromine c o lo r  

d id  n o t appear u n t i l  e x a c tly  one molar p ro p o rtio n  o f bromine had been 

added. The extrem ely  u n stab le  compound, C2HcNCBr2, was i s o la te d  and 

d e sc rib e d . A nalysis gave 7 3 *9% bromine c o n te n t,  as  compared to  a  

th e o r e t ic a l  value o f  7U.3#* Nef (12) had rep o rted  e a r l i e r  the  p rep a

r a t io n  and a n a ly s is  o f  the more s ta b le  c h lo r in e  compounds, RNCC1S, from 

a number o f a ry l  iso cy a n id e s . A number o f d e r iv a tiv e s  were a lso  p re 

pared  by re a c tio n  w ith w ater, a n i l in e ,  e th a n o l, and o th e r  re a g e n ts .

The p ro d u cts  in  each case confirm ed th e  o r ig in a l  compound as the  

a d d itio n  product o f  one mole o f ch lo rin e  w ith  one mole o f  iso cy an id e . 

Bromine and io d in e  were a ls o  s a id  to  be absorbed im m ediately by s o lu 

tio n s  o f an iso cy an id e  a t  0° C .,  b u t th e  r e s u l t in g  p ro d u c ts  were o i l s  

and were n o t p u r i f i e d .  G u illem ard ^  method involved th e  re a c t io n  o f 

the iso cy an id e  w ith  bromine o r hypobromite and decom position of th e  

p roduct i n  the  p resence o f  w ater to  re le a s e  carbon d io x id e , which 

was p r e c ip i ta te d  as barium carbonate  and weighed. A lthough G u illem ard ^  

g rav im e tric  p rocedure was f a r  too  long f o r  th e  purposes o f th e  p re se n t
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s tu d y , th e  r e p o r t  o f  in s t a n t  a b so rp tio n  o f bromine and a p p a ren tly  

q u a n t i ta t iv e  r e a c t io n  suggested  th a t  a t i t r a t i o n  method m ight be 

f e a s i b l e .

A number o f workers have determ ined phenols by th e  re a c tio n  w ith  

broraide-broraate s o lu t io n ,  w h ic h  a c t s ,  under a c id  c o n d itio n s , as a 

s tan d a rd  s o lu t io n  o f bromine (1 9 ,2 0 ) . S ince bromine i s  re le a se d  on ly  

on a d d it io n  o f a c id ,  and s in ce  the $xcess i s  converted  to  bromide io n  

on a d d it io n  o f potassium  io d id e , brom ination  tim e i s  e a s i ly  c o n tro lle d .  

The a d d it io n  o f potassium  io d id e  re le a se s  io d in e  in  p ro p o rtio n  to  th e  

excess brom ine. The iod ine  i s  then  determ ined by t i t r a t i o n  w ith 

s tan d a rd  th io s u l f a te  w ith s ta r c h  as th e  in d ic a to r .  An a ttem pt was made 

to  app ly  t h i s  de te rm in a tio n  to  iso c y a n id e s . The eq u a tio n s  fo r  th e  

re a c tio n s  involved  a re :

KBrOa + 5KBr + 6HC1------- » 3Bra + 6KC1 + 3Ha0

HNC + B r2 ----- » ENCBra

B ra + 2KI ----- » I a + 2KB r

Xa + 2NaaSa0a — 2NaI + NagS^Og

The crude iso cy an id e  was taken  up in  benzene, d r ie d ,  and d i lu te d  

to  a  known volume. A fte r  a l iq u o ts  were removed fo r  a n a ly s is ,  th e  

rem aining s o lu tio n  was used im m ediately to  form th e  t e t r a z o l e .  The 

method was a p p lie d  to  s e v e ra l  ru n s ,  b u t t e s t s  on weighed samples o f 

supposedly pure b u ty l isocyan ide  gave low r e s u l t s . The work i s  

summarized i n  Table I I .  Wien th e  d i lu t io n  o f crude isocyan ide w ith  

benzene appeared to  slow  th e  subsequent re a c t io n  w ith  hydrazoic ac id
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too  much, f u r th e r  work on t h i s  a n a ly t ic a l  method was abandoned. 

Although i t  has n o t been p o s s ib le  to  s u b s ta n tia te  th e  v a l id i ty  o f the 

method,  i t  s t i l l  appears to  show prom ise.

I t  w i l l  be n o tic e d  th a t  th e  samples o f b u ty l  isocyan ide  used were

no t un ifo rm . The d ark  co lo r  in  crude sample B , and th e  h ig h er d e n s ity

of th e  tw ic e - d i s t i l l e d  product p robab ly  r e f l e c t  th e  p resence of b u ty l

io d id e  as a contam inant. Davis and Y elland (21) re p o rt  th e  b o il in g
*

p o in t o f n -b u ty l isocyan ide  as  12li-125° C. a t  761.5 mm. G au tier (10) 

re p o rts  th e  d e n s ity  o f  m ethyl isocyan ide  as 0.7557 a t  h0 , and th a t  o f 

e th y l iso cy an id e  as  0.7591 a t  ii° and O.7J4I 7 a t  2 1 .3 ° . He a lso  re p o r ts  

a value o f 0.7873 a t  lt° fo r  the  b u ty l  compound he p rep a red , b u t i t  i s  

do u b tfu l whether he a c tu a l ly  had th e  n -b u ty l isom er in  hand. In  any 

c a s e , i t  may r e a d i ly  be seen th a t  sample G approaches th ese  p h y s ica l 

co n s ta n ts  most c lo s e ly ,  and th a t  i t  a lso  g iv es th e  b e s t  r e s u l t s  by 

t i t r a t i o n .  I t  seems p o s s ib le  th a t  sample C i s  s t i l l  no t e n t i r e ly  p u re , 

p a r t ic u la r ly  s in ce  th e  d e n s ity  i s  somewhat h ig h er th an  th a t  expected 

from th e  v a lu es  re p o rte d  fo r  o th e r  members o f  the  s e r i e s .  I f  t h i s  i s  

t r u e ,  th e  value ob ta in ed  may re p re s e n t th e  a c tu a l  isocyan ide  c o n te n t. 

The in c rea sed  p re c is io n  in  the determ in a tio n s on sample C may be due 

to  the in s e r t io n  o f one m inute b rom ination  tim e between a d d itio n  of 

th e  a c id  and o f  th e  potassium  io d id e . T his agreement o f  d u p lic a te  

d e te rm in a tio n s  perform ed a t  th e  same time on th e  same sam ple, and the  

drop in  th e  app aren t iso cy an id e  co n ten t w ith  t im e , a s  shown in  the  

case o f sample A, i s  an o th er b i t  of evidence in  fav o r o f th e  id e a  th a t  

th e  iso cy an id e  i s  a c tu a l ly  determ ined by th i s  r e a c t io n .  The gradual
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drop in  th e  apparen t isocyan ide  co n ten t i s  n o t s u rp r is in g  in  view o f 

the  known ease  w ith  which th ese  compounds po lym erize .

In  most p re p a ra t io n s ,  a s  has a lre a d y  been m entioned, th e  crude 

iso cy an id e  was i s o la te d  by steam d i s t i l l a t i o n ,  d r ie d  b r i e f l y  over 

sodium s u l f a t e ,  and im m ediately mixed w ith  a  s o lu t io n  of hydrazoic ac id  

in  benzene f o r  conversion  to  the t e t r a z o le .  The m ixture was warmed 

on th e  steam b a th  under r e f lu x  f o r  one to  f iv e  h o u rs , a f t e r  which the  

so lv e n t was removed and th e  resid u e  was b o ile d  w ith  a  s tro n g  s o lu tio n  

o f hy d ro ch lo ric  ac id  in  an a ttem pt to  hydrolyze any polym eric isocyan ide  

p re s e n t .  The 1 - a lk y lte t r a z o le s  were th en  p u r if ie d  by f r a c t io n a l  

d i s t i l l a t i o n  through a  sm all V igreux column. S evera l d i s t i l l a t i o n s  

were u s u a lly  n ecessa ry . In  e a r ly  ru n s ,  b o th  r e f r a c t iv e  index  and 

in f r a r e d  spectrum  were o b ta in ed  f o r  each f r a c t io n .  I t  soon became 

a p p a re n t, however, th a t  th e  l - a lk y l te t r a z o le s  showed rem arkable s im i

l a r i t y  to  one a n o th e r , b o th  i n  in f ra re d  sp e c tra  and in  r e f r a c t iv e  

in d ic e s .  T h e re a f te r ,  i t  was only  n ecessary  to  o b ta in  in f ra re d  sp e c tra  

fo r  th e  f r a c t io n s  c lo se  to  th e  expected r e f r a c t iv e  in d e x . The compounds 

ob ta ined  are  l i s t e d  in  Table I H .  Two of th ese  gave analyses s l ig h t ly  

o u ts id e  th e  accep tab le  ra n g e , b u t show marked s im i la r i ty  in  p h y s ic a l 

p ro p e r t ie s  to  o th e r  members o f th e  s e r i e s .  I t  would appear t h a t  th e  

con tam inan t, in  the case o f  th e  isoam yl compound, i s  o f h igher r e f r a c 

t i v e  index  th an  th e  t e t r a z o le .  Pure 1 - is o b u ty l te t r a z o le , ob ta in ed  by 

th e  forraamide method d esc rib ed  below , has a lower r e f r a c t iv e  index  th an  

th e  normal iso m er. T h e re fo re , 1 - iso a ra y lte tra z o le  should  p robably  have 

a  r e f r a c t iv e  in d ex  somewhat low er than  t h a t  re p o r te d .
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A lthough y ie ld s  o f pure m a te r ia l  a re  somewhat low , th e  above 

method i s  reasonab ly  s a t i s f a c to r y  f o r  the  p re p a ra tio n s  o f 1 -a lk y l-  

t e t r a z o le s .  The c h ie f  d i f f i c u l ty  i s  th e  unp leasan t c h a ra c te r  o f  the  

in te rm e d ia te s , which a re  both  h ig h ly  to x ic  and d i f f i c u l t  to  o b ta in  

in  pure form . I t  seems probable th a t  the  low y ie ld s  a re  due c h ie f ly  

to  th e  f i r s t  s te p .

The s in g le  a ry l  compound prepared by th is  method was 1-pheny l-  

t e t r a z o le .  The low  y ie ld  o f phenylisocyanide by M ala testa*s m o d ifi

c a t io n  o f the Hofmann re a c tio n  has a lread y  been m entioned. The y ie ld  

in  the second s te p ,  c a lc u la te d  on th e  weight o f  crude isocyan ide  u sed , 

was a lso  q u ite  low . The method th e re fo re  appeared u n s a tis fa c to ry  f o r  

p re p a ra tio n  of a  s e r ie s  o f compounds.

Dimroth Method

The procedure d esc rib ed  by Dimroth and De Montmollin ( 3) appeared 

to  be convenient f o r  p rep arin g  th e  1 - a ry l te t r a a o le s .  The procedure 

in v o lv es  a d d itio n  o f a  n e u tra l iz e d  so lu tio n  of a  d ia z o tiz e d  arom atic 

amine to  an a lk a lin e  s o lu tio n  o f  a  d iacy lh y d raz in e . In te ra c t io n  o f 

th ese  r e a c ta n ts  le a d s  to  th e  form ation  of a  d iazohydrazide and th e  

l a t t e r  undergoes c y c l iz a t io n  to  form a  s u b s t i tu te d  te t r a z o le  w ith 

e lim in a tio n  of a  m olecule o f  a  carb o x y lic  a c id .  When ap p lied  to  d i -  

fo rm ylhydrazine ,  th e  end p roduct i s  a  1 - a ry l te t r a z o le  .

D iform ylhydrazine was e a s i ly  ob tained  from sodium form ate said 

hydrazine s u l f a te  accord ing  to  th e  d ire c t io n s  o f P e l l i z z a r i  (2 2 ) .

The f in e ly  ground s o l id s  were heated  to g e th e r  on th e  steam b a th ,



a f t e r  which th e  product was e x tra c te d  from i t s  m ix ture  w ith  sodium 

s u l f a te  by means o f hot a lc o h o l. On c o o lin g , the  e x tr a c t  d ep o s ited  

w hite c r y s ta l s  o f  d ifo rray lh y d raz in e . The tim e of h ea tin g  d esc rib ed  

by  P e l l i z z a r i  appeared to  be inadequate fo r  a  s a t i s f a c to r y  y ie ld .

The c h ie f  d i f f i c u l ty  w ith  th e  Dimroth method .when ap p lied  to  the  

p re p a ra tio n  of 1 - a ry l  te t r a a o le s  i s  th e  marked s e n s i t i v i t y  o f the  

diazonium s a l t  to  b o th  pH and tem p era tu re . C arefu l c o n tro l o f th e  

n e u tr a l iz a t io n  s te p  would appear to  be an im portan t c o n s id e ra tio n . 

N e u tra liz a tio n  to  litm u s  causes immediate darkening o f th e  s o lu tio n ; 

n e u tr a l iz a t io n  to  Congo Red appears to  be more s a t i s f a c to r y .  A ll 

s ta g e s  o f  the re a c t io n  re q u ire  c o n tro l o f th e  tem perature below 0° C.

A v e ry  sm all amount o f impure 1 -p h e n y lte tra z o le  was ob ta ined  by t h i s  

method. F u rth e r in v e s t ig a t io n  o f s u ita b le  co n d itio n s  f a r  th e  r e a c t io n  

was no t c a r r ie d  o u t ,  s in ce  th e  formamide method d esc rib ed  below proved 

a  more convenient ro u te  to  th e  1 - a r y l te t r a z o le s .

Formamide Method

The d i f f i c u l t i e s  encountered i n  th e  sy n th e s is  o f  1 - a ry l te t r a z o le s  

by th e  two methods d esc rib ed  above le d  to  a  sea rch  fo r  a  more con

v en ien t p ro ced u re . One method which had been a p p lied  s u c c e ss fu lly  to  

th e  p re p a ra tio n  of 1 ,5 -d is u b s ti tu te d  te t r a z o le s  was the a d d itio n  of 

hydrazoic a c id  to  th e  a p p ro p ria te  iraide c h lo r id e .  The in te rm ed ia te  

i s  b e lie v e d  to  be an im ide a z id e , which c y c liz e s  to  th e  t e t r a z o le .
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The f i r s t  r e p o r t  o f  t h i s  r e a c t io n  was made by F o rs te r  (2 3 ) ,  who ob ta in ed

l-h y d ro x y -5 -p h en y lte tra z o le  from benzhydroximic c h lo r id e  and powdered

sodium a s id e .  The p re p a ra tio n  o f  1 ,5 -d ip h e n y lte tra z o le  by a  s im ila r

procedure was c a r r ie d  ou t by S ch ro e te r (21+), w ith  s i lv e r  az id e  as

th e  re a g e n t. L a te r ,  von Braun and Rudolph (8) p o in ted  ou t t h a t  th e

re a c t io n  could  be extended to  more s e n s i t iv e  imide c h lo r id e s  by th e

use o f hydrazo ic  a c id ,  which re a c ts  a t  a  lower tem perature th an  the

m eta l a z id e s .  W ith t h i s  m o d if ic a tio n , von Braun and Rudolph were ab le

to  apply the  re a c t io n  su c c e s s fu lly  to  th e  p re p a ra tio n  of a  whole

s e r ie s  of 1 ,5 - d ia r y l -  and l - a lk y l - 5 - a r y l t e t r a z o le s .  No compounds were

prepared  co n ta in in g  a lk y l  groups in  th e  5 -p o s i t io n , s in ce  von Braun*s

prev ious work on the  p re p a ra tio n  and p ro p e r tie s  o f  im ide c h lo r id e s

had shown t h a t  compounds o f th e  type R -  N = CJ -  CHR2 *, where R i s  an
Cl

a lk y l  o r a r y l  group and R* i s  hydrogen or an a lk y l group, a re  u n s tab le  

and r e a d i ly  rea rran g e  and condense, w ith  lo s s  o f hydrogen c h lo r id e ,  

to  an a m id in e -lik e  s t r u c tu r e ,  formed from two m olecules o f  th e  imide 

c h lo r id e  (2 5 ,2 6 ) .

CHa -  <? -  N -  C6He ----- » CH2 » <? -  NHC6He
Cl Cl

CH3 -  9 = N -  C6H6 + CH2 * C -  NHC6H8  > CHa -  C * N -  C6He
Cl Cl |

CHS = C -  N -  C6H6
Cl

+ HC1

The imide c h lo r id e s  o b ta in ed  from N -su b s titu te d  benzamides were found 

to  be f a r  more s ta b le .  At h ig h  tem p e ra tu re s , th ese  compounds decompose
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to  a  n i t r i l e  and an a lk y l  or a ry l  c h lo r id e  ( 25) .

Ar -  9 « N -  B ------> ArCN + RG1

H a r v i l l , H e rb s t, S ch re iner and R oberts (27) showed th a t  th e  r e 

a c tio n  could  be extended to  l - a r y l - 5- a lk y l te t r a z o le s ,  and even to  

1 ,5 -d ia lk y l te t r a z o le s  i f  the imide c h lo rid e  was no t i s o la te d .  T h e ir 

procedure c o n s is te d  in  the  tre a tm e n t o f an N -su b s titu te d  amide in  

benzene s o lu t io n  w ith  phosphorus p e n ta c h lo r id e ,  and a d d itio n  o f a  

benzene s o lu tio n  o f hydrazoic a c id  to  th e  r e a c t io n  m ix ture  a t  room 

tem p era tu re . The re a c t io n  was brought to  com pletion by th e  a p p lic a t io n  

o f h e a t .  The y ie ld s  rep o rted  v a r ie d  from 10 to  15%.

The a p p lic a t io n  o f t h i s  method to  th e  s y n th e s is  o f 1 - a r y l t e t r a 

zo le s  would re q u ire  the  use o f s u b s t i tu te d  fo rm an ilid es  as  s ta r t in g  

m a te r ia ls .  Tffallach (28) had s tu d ie d  th e  re a c t io n  o f fo rm an ilid e  w ith 

phosphorus p e n ta c h lo rid e  and rep o rted  th a t  the p roduct was N, N '-d ip h en y l-  

formamidines

C6Hg -  N ■ 3 -  -  C6H8

However, he d id  n o t use a so lv e n t o r  c o n tro l th e  tem peratu re  o f th e  

exotherm ic r e a c t io n .  P roducts were f re q u e n tly  is o la te d  by d i s t i l l a t i o n  

o f  th e  r e a c t io n  m ixture  a t  atm ospheric p re s s u re . T h e re fo re , i t  

appeared q u ite  p robable  th a t  th e  N, N’-diphenylform am idine was formed 

from therm al decom position p ro d u cts  o f th e  imide c h lo r id e  o r  fo rm a n ilid e . 

I f  e i th e r  th e  im ide c h lo r id e  o r the  isocyan ide  formed by in te r a c t io n  

of phosphorus p e n tac h lo rid e  and fo rm an ilid e  could be s ta b i l i z e d  by
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c o n tro ll in g  th e  tem peratu re  and d i lu t in g  th e  r e a c t io n  m ix tu re , th e  

subsequent a d d it io n  o f  hydrazoic a c id  could le a d  to  fo rm ation  o f the  

d e s ire d  1 - a r y l te t r a z o le s .

In  th e  experim ents re p o rte d  i n  t h i s  t h e s i s ,  to lu en e  was used as 

a  d i lu e n t  and so lv e n t f o r  th e  r e a c ta n ts .  The r e a c t io n  m ixture was 

kept a t  o r below  room tem perature during  th e  a d d itio n  of th e  phosphorus 

p e n ta c h lo r id e . On s e v e ra l  o ccas io n s , s t i r r i n g  was stopped and th e  ic e  

b a th  low ered du ring  th e  course o f th e  r e a c t io n .  In  th ese  c a s e s ,  a  

heavy o i l ,  rang ing  from yellow  to  b r ig h t  re d , was noted below  the 

to lu en e  l a y e r .  With th e  ic e  b a th  in  p la c e ,  t h i s  sometimes appeared 

as a  p a s ty  s o l id  on th e  w alls o f the  f l a s k .  While th e  r e a c t io n  m ixture 

remained c o ld ,  l i t t l e  o r  no e v o lu tio n  of hydrogen c h lo rid e  was d e te c te d  

a t  th e  to p  o f th e  condenser. However, i f  th e  re a c t io n  m ix tu re  was 

allow ed to  reach  room tem perature d u rin g  the  f i r s t  s te p ,  ev o lu tio n  of 

hydrogen c h lo r id e  was n o ted . These o bservations were in te rp r e te d  by 

assuming t h a t  th e  co lo red  o i l  was the  amide c h lo r id e ,  R-NH-CBE12, which

C6HbNHDB0 + PC16 ___ ^  C6H6NHCHC12 + P0C1

CeHsNHCtfilg » C ^N  * CHC1 + IE1

C6H6N * CH31 ----- » C6HgN ff C ♦ H31

II

C6He -  N -  C -  H
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i s  known to  be q u ite  u n s tab le  and which decomposes to  g ive  hydrogen 

c h lo r id e  and th e  im ide c h lo r id e .

Cooling and s t i r r i n g  were continued  during  th e  a d d itio n  o f hydra- 

zo ic  a c id  to  th e  re a c t io n  m ix tu re . Towards th e  end o f  t h i s  a d d it io n , 

the  ic e  b a th  was removed and the s o lu tio n  was allow ed to  warm to  room 

tem p era tu re . Vigorous ev o lu tio n  of hydrogen c h lo r id e  occurred  as 

soon as  th e  a d d itio n  of the  hydrazoic a c id  was begun. E v o lu tio n  of 

hydrogen c h lo r id e  con tinued  fo r  hours a t  a  g rad u a lly  d ecreasin g  r a t e .  

■When th e  a d d it io n  o f hydrazoic a c id  was com plete, th e  r e a c t io n  m ixture 

had become homogeneous. In  most o f th e  p re p a ra tio n s  o f the 1 -a ry l  

s e r i e s ,  f i n e ,  w hite need les  were g rad u a lly  d e p o s ite d . This s o l id  

was a t  f i r s t  thought to  be the  1 - a r y l te t r a z o le . Attempts to  f i l t e r  

t h i s  m a te r ia l  a t  the  end o f the  r e a c t io n  showed th a t  i t  was q u ite  

so lu b le  i n  w ater i n  some c a s e s , w hile in  o th e rs  trea tm en t w ith  w ater 

m erely changed th e  c h a ra c te r  o f  th e  s o l id  w ithou t d isso lv in g  a l l  of 

i t .  The w ater s o lu t io n  was a c id  to  l i tm u s . These o b serv a tio n s  

suggest t h a t  th e  w hite need les  formed in  each case m ight be th e  hydro

ch lo rid e  o f the  expected p ro d u c t.

To s im p lify  th e  hand ling  o f th e  p ro d u c t, which appeared to  occur 

in  p a r t  as  th e  f r e e  base in  to lu en e  s o lu t io n ,  and in  p a r t  as  th e  e a s i ly  

hydrolyzed h y d ro ch lo rid e , th e  whole r e a c t io n  m ixture was poured over 

ic e  to  d e s tro y  phosphorus o x y ch lo rid e , and th en  made a lk a lin e  to  con

v e r t  a l l  o f th e  p roduct to  the  f r e e  b a se . I t  was soon found th a t  

c h i l l i n g  o f th e  r e s u l t in g  tw o-phase m ixture brought b o th  p roduct and 

la rg e  q u a n t i t ie s  o f  in o rg an ic  m a te r ia l  ou t o f  s o lu t io n .  The m ix ture
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was th e re fo re  f i l t e r e d  and th e  f i l t e r  cake washed cop iously  w ith  w a te r. 

In  many c a s e s ,  a l l  o f th e  s o l id  re d isso lv e d  a t  t h i s  p o in t .  Any s o l id  

which d id  n o t d is so lv e  was considered  as p a r t  o f  th e  crude p ro d u c t.

The aqueous la y e r  o f th e  two-phase f i l t r a t e  was s e p a ra te d , combined 

w ith  th e  aqueous w ashings, and e x tra c te d  w ith  to lu e n e . The to luene  

e x tr a c t  was combined w ith  th e  to lu en e  la y e r  from th e  f i l t r a t e ,  and th e  

so lu t io n  was co n cen tra ted  to  a  sm all volume.

The crude p ro d u c t was u su a lly  contam inated w ith  h ig h ly  co lo red  

im p u r i t ie s .  In  most c a s e s , a  s e r ie s  o f r e c r y s ta l l i z a t io n s  and t r e a t 

ments w ith  d e c o lo r iz in g  ch arco a l were n ecessary  to  o b ta in  th e  p u re , 

c o lo r le s s  m a te r ia l .  Pure m a te r ia l  was most e a s i ly  ob tained  by th e  use 

o f  99% iso p ro p y l a lco h o l f o r  r e c r y s ta l l i z a t io n .  However, most o f th e  

1 - a r y l te t r a z o le s  a re  f a i r l y  so lu b le  i n  b o th  e th y l and iso p ro p y l 

a lc o h o ls ,  so t h a t  lo s s e s  du ring  r e c r y s ta l l i z a t io n s  were la r g e .  The 

use o f  aqueous iso p ro p y l a lco h o l caused le s s  lo s s  o f m a te r ia l on each 

r e c r y s t a l l i z a t i o n ,  b u t a lso  le d  to  g re a te r  r e te n t io n  of co lo red  im

p u r i t i e s  i n  th e  r e c r y s ta l l i z e d  p ro d u c t. Since th e  low -m elting members 

of th e  s e r i e s  d id  no t c r y s ta l l i z e  w ell from a lc o h o ls , cyclohexane was 

used fo r  th e se  compounds. The crude m a te r ia l was e x tra c te d  re p e a te d ly  

w ith  sm all amounts o f warm cyclohexane, and th e  two la y e rs  were 

se p a ra te d  by d e c a n ta tio n . Although t h i s  p ro cess  was te d io u s , th e  

y ie ld  was f a r  b e t t e r  than  i n  the cases where low -m elting  compounds 

were r e c r y s ta l l i z e d  from iso p ro p y l a lc o h o l.  Two r e c r y s ta l l i z a t io n s  

from cyclohexane u su a lly  s u f f ic e d  to  o b ta in  pure m a te r ia l ,  w hile the  

use  o f  iso p ro p y l a lco h o l re q u ire d  a  number o f r e c r y s t a l l i z a t i o n s ,  w ith
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co n s id e ra b le  lo s s  o f m a te r ia l .  The 1 - a ry l te t r a z o le s  p repared  by the 

fo rm an ilid e  method a re  l i s t e d  i n  Table IV. Tflhile th e  y ie ld s  a re  

f a i r l y  low , th e  d i f f i c u l t y  would appear to  l i e  more i n  th e  p u r i f i 

c a t io n  o f  th e  p roduct than  in  th e  fo rm ation  of th e  t e t r a z o le .

S ev era l a ttem p ts  to  p rep are  l - a lk y l te t r a z o le s  accord ing  to  th e  

p rocedure used fo r  the  1 -a ry l  derivatiT ^ ^ ^ a ^ l e d  to  y ie ld  any of the  

d e s ire d  p ro d u c t. In  th ese  u n su ccessfu l sy n th e se s , i t  was noted th a t  

e v o lu tio n  o f hydrogen ch lo rid e  began b e fo re  a d d itio n  o f hydrazoic a c id .  

I t  seemed p o s s ib le  th a t  the more re a c tiv e  a lk y l  im in o -ch lo rid es  might 

form th e  isocyan ide  b e fo re  re a c t io n  w ith hydrazoic  a c id .  The long 

s t i r r i n g  a t  room tem perature  would a llow  many s id e - r9 a c tio n s  to  i n t e r 

f e re  w ith  the  r e a c t io n  between isocyan ide  and hydrazoic a c id .  

C onsequently , th e  r e a c t io n  co n d itio n s  were m odified somewhat. The 

reag en ts  were added w ith  co o lin g  and s t i r r i n g  as b e fo re ,  and s t i r r i n g  

was con tinued  a t  room tem perature f o r  one h o u r. The r e a c t io n  m ixture 

was th en  heated  on th e  steam b a th  f o r  th re e  hours to  complete th e  

r e a c t io n .  A fte r th e  re a c t io n  m ixture was poured over ic e  and made 

a lk a l in e ,  th e  to lu en e  la y e r  was d r ie d  and d i s t i l l e d  a t  reduced p re s s u re .  

By t h i s  means, a  \yjL y ie ld  o f 1 - is o b u ty l te t r a z o le  was o b ta in e d . The 

p roduct gave a  s a t i s f a c to r y  e lem en ta l a n a ly s is  fo r  th e  te t r a z o le  and 

had th e  same r e f r a c t iv e  index  as  th e  b e s t sample o f 1 - is o b u ty l te t ra z  ole 

o b ta ined  by th e  iso cy an id e  m ethod. The in f r a r e d  s p e c tra  o f  th e  com

pounds p repared  by th e se  two methods a re  the  same except i n  those  a reas  

b e lie v e d  to  in d ic a te  im p u r i t ie s .  I t  would appear th e re fo re  th a t  th e  

formamide method i s  a lso  a p p lic a b le ,  w ith s u ita b le  m o d if ic a tio n , to
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th e  p re p a ra tio n  of 1 - a lk y l te t r a z o le s . While th e  y ie ld  and p u r i ty  o f 

th e  p ro d u c t appear no g re a te r  th an  in  th e  iso cy an id e  method, th e  

advantage o f th e  formamide method l i e s  in  th e  e a s ie r  a c c e s s ib i l i ty  of 

th e  in te rm e d ia te s .  In  the a r y l  s e r i e s ,  the formamide method i s  f a r  

more convenien t than  th e  o th e r two methods s tu d ie d .

S pectroscop ic  S tud ies

Although Benson ( l )  s ta te d  in  19ii7 th a t  no sp ec tro sco p ic  s tu d ie s  

o f t e t r a a o le s  had been made up to  th a t  tim e , a  number o f workers have 

s in c e  rep o rted  in v e s t ig a t io n s  in  t h i s  f i e l d .  U l t r a v io le t  sp e c tra  o f 

a  sm all number o f compounds were re p o rte d  by Havinga and V e ld s tra  (29) 

and by S ch u e le r, Wang, F ea th e rs to n e  and Gross ( 30) .  In  the  course  of 

a  s tu d y  o f th e  a lk y la t io n  o f 5-p h e n y lte tra z o le , E lpern  and Nachod (31) 

used th e  u l t r a v i o l e t  s p e c tra  o f the  p roduct and re fe re n c e  compounds 

as evidence th a t  a lk y la t io n  occurred in  the 2 -p o s it io n  on th e  te t r a z o le  

r in g .  Some o f t h e i r  r e s u l t s  w il l  be fu r th e r  d iscu ssed  below i n  con

n e c tio n  w ith  th o se  ob ta ined  in  the p re se n t s tu d y .

L ie b e r , L evering and P a tte rs o n  (32) s tu d ie d  th e  in f r a r e d  sp e c tra  

o f th i r t y - e ig h t  h ig h -n itro g e n  compounds, in c lu d in g  13 t e t r a a o le s .  

U n fo rtu n a te ly , many o f th e se  compounds were s e n s i t iv e  to  shock and could  

not be ground long  enough to  g ive  sharp  r e s o lu t io n  to  th e  sp e c tra  

ob ta in ed  on o i l  m u lls . Assignments were suggested  f o r  a  number o f 

bands. The reg io n  from 9 .0  to  10 microns (1111 to  1000 cm*1) was 

co n sid e red  th e  re g io n  in  which bands c h a r a c te r is t ic  o f  th e  te t r a z o le  

r in g  a p p ea r . Although the number o f bands i n  th i s  re g io n  v a r ie d  from
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one to  th r e e ,  th re e  bands were found in  roost c a s e s . These r e s u l t s  

h are  been confirm ed by th e  p re se n t s tu d y .

The u l t r a v i o l e t  ab so rp tio n  o f te t r a z o le  i t s e l f  and o f se v e ra l 

a m in o -te tra zo le s  has been  exp lo red  by M ihina (33a) in  a c id ,  b a s ic  and 

n e u tra l  s o lu t io n .  G arrison  (3^) examined b o th  u l t r a v i o l e t  and i n f r a 

red  s p e c tra  o f some n itra m in o te tra z o le s . P e rc iv a l (35) s tu d ie d  th e  

in f r a r e d  sp e c tra  o f s e v e ra l types o f s u b s t i tu te d  am in o te trazo le s  and 

im in o te tra a o lin e s  and p o in ted  o u t th a t  th e se  types could be d i s t i n 

guished from one an o th e r by in f r a r e d  s p e c tra ,  Murphy and P icard  ( 36) 

a lso  s tu d ie d  bo th  in f r a r e d  and u l t r a v i o l e t  s p e c tra  o f am in o te trazo le s  

and im in o te tra z o lin e s .  On th e  b a s is  o f th e  r e s u l t s  ob ta in ed  in  th e se  

in v e s t ig a t io n s ,  a ttem p ts  have been  made to  e s ta b l is h  th e  s tru c tu re  o f 

th ese  two groups o f compounds (3U ,35 ,36 ), b u t no agreem ent has been 

reached .

More r e c e n t ly ,  W ilson ( 37) s tu d ie d  th e  u l t r a v i o l e t  sp e c tra  o f a 

s e r ie s  o f  5~ar y l t e t r a a o l e s , Since th e  r e s u l t s  o f  th e  p re se n t in v e s t i 

g a tio n  p a r a l l e l  and supplem ent those  ob ta ined  by W ilson, h is  conclu

s io n s  w i l l  be d iscu ssed  more f u l l y  l a t e r  on.

U l t r a v io le t  A bsorption  S pectra

U l t r a v io le t  a b so rp tio n  s p e c tra  were ob ta in ed  f o r  a l l  e ig h t o f the 

1 - a r y l te t r a z o le s  p rep a red , and f o r  th re e  members o f  th e  1 -a lk y l s e r i e s .  

Two 5 -a lk y l compounds were in c lu d ed  f o r  com parison. W ilson (37) had 

p re v io u s ly  s tu d ie d  th e  u l t r a v i o l e t  sp e c tra  o f a s e r ie s  o f 5-*ar y l -  

t e t r a a o le s .  Since he had no t examined th e  5 -ro -to ly l and 5 -p - to ly l  

d e r iv a t iv e s ,  th ese  were inc luded  in  th e  p re se n t in v e s t ig a t io n  to
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com plete th e  com parison. A ll o f  the a r y l  te t r a z o le s  were examined as 

1 x  10" M so lu tio n s  in  95% e th an o l between 210 and 300 mp. The 

a b so rp tio n  maxima and e x t in c t io n  c o e f f ic ie n ts  a re  l i s t e d  in  Table V.

The curves a re  shown in  F ig u res  1 through 10 .

A com parison o f th ese  r e s u l t s  w ith  th o se  ob ta ined  by "Wilson shows 

a marked s im i l a r i t y  f o r  corresponding  s u b s t i tu e n ts  in  the  one and f iv e
a

p o s i t io n s .  In  b o th  c a s e s , p a ra -s u b s t i tu te d  compounds absorb a t  

s l i g h t ly  lo n g e r  wavelengths th an  meta d e r iv a t iv e s ,  while o rth o  d e r iv a 

t iv e s  show a  pronounced s h i f t  to  s h o r te r  w avelengths. The peak in  

1 -o -c h lo ro p h e n y lte tra a o le  has s h if te d  below 210 mp, so th a t  only  a 

shou lder occurs i n  th e  range examined. Although 5 -o -c h lo ro p h en y lte tra -  

z o le  e x h ib i ts  a  maximum a t  2%. mp, th e  5-o-bromophenyl d e r iv a tiv e  shows 

a  p ic tu re  s im ila r  to  th e  1 -o -ch lorophenyl compound. The 5 - a r y l t e t r a -  

z o le s  have maxima a t  s l i g h t ly  longer w avelengths th an  th e  corresponding  

1 - a r y l t e t r a z o le s . E x tin c tio n  c o e f f ic ie n ts  a re  a ls o  somewhat h ig h er 

f o r  5 - s u b s t i tu te d  compounds.

N e ith e r  t e t r a z o le  nor i t s  monoalkyl d e r iv a t iv e s  e x h ib i t  any
_ 3

a p p rec iab le  ab so rp tio n  in  th e  range examined. The curves fo r  1 x  10 M 

so lu tio n s  in  95% e th an o l o f te t r a z o le  and i t s  1 - b u ty l ,  1-am yl, 1 -h ex y l, 

5-b u ty l ,  and 5-hexyl d e r iv a t iv e s  a re  g iven  in  F igu re  11 . Although 

p lo t te d  on te n  tim es th e  sca le  used fo r  the a r y l  d e r iv a t iv e s ,  the  

a b so rp tio n  i s  s t i l l  no t s ig n i f i c a n t ,  and no maxima can be d e te c ted  

above 210 mp. The 5 -b u ty l and 5 -h e x y lte tra a o le s  gave id e n t ic a l  c u rv e s , 

w ith in  th e  e r ro r  o f  th e  in s tru m e n t. The same p a t te r n  o f a b so rp tio n  i s  

a lso  shown by 5 -c y c lo h e x y lte tra z o le  (3 1 ) . These r e s u l t s  confirm  those
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TABLE 7

U lt r a v io le t  A bsorption Maxima o f Soma A ry lte tra z o le s

Compound Max. (mp)

1 -p h e n y lte tra z o le 236 9,260

1 -m -to ly lte  t r a z  o le 239 8,7UO

1 - p - to ly l te t r a z  o le 2li3 10,100

1 -o -ch lo ro -p h en y l-  
te t r a z o le

( 2 l5 ) a (10,1^0)

1-m -chlorophenyl-
te t r a z o le

GO 
0

 
CM 

CM

8,830
8,780

1 -p -ch lo ro p h en y l-
t e t r a z o le

2lt0.5
2lt3.5

ilt,oUo 
lit  ,050

1-o-m ethoxyphenyl- 
te t r a z o le

235
282.5

5,800
3,81tO

1-p-m ethoxyphenyl-
te t r a z o le

255 10,930

5 -m -  to ly l t e t r a z o le 2lt3 13,6itO

5 - p - to ly l te t r a z o le 2U6 16,720

(a ) Shoulder
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o b ta in ed  by M ihina (3 3 a ) , who examined th e  u l t r a v i o l e t  spectrum  of 

te t r a z o le  i n  a c id ,  n e u tr a l  and b a s ic  aqueous medium. The ab so rp tio n  

in  b a s ic  s o lu t io n  was somewhat h ig h er th an  th a t  i n  a c id ic  o r n e u tra l  

s o lu t io n ,  b u t no peak occurred  in  th e  reg io n  examined. Re-exam ination 

o f the u l t r a v i o l e t  a b so rp tio n  spectrum  of te t r a z o le  i n  b o th  aqueous 

and a lc o h o lic  so lu tio n s  d u rin g  th e  p re se n t in v e s t ig a t io n  re v e a led  

s l ig h t ly  h ig h er ab so rp tio n  in  a lco h o l than  w a te r , bu t no maximum in  

e i th e r  c a s e .

The above r e s u l t s  show th a t  th e  te t r a z o le  r in g  i t s e l f  i s  no t 

capab le  o f s tro n g  ab so rp tio n  in  the reg io n  examined. In  t h i s  r e s p e c t ,  

i t  i s  s im ila r  to  th e  carboxyl group. An analogy between th ese  two 

groups has been suggested  p rev io u s ly  (3 3 b ) , and has f re q u e n tly  proved 

u s e f u l .  Tiilson (37) ex p la in ed  h is  r e s u l t s  w ith th e  5 - a r y l t  e t r a z  o le  s 

by a t t r i b u t in g  th e  s tro n g  ab so rp tio n  to  resonance in te r a c t io n  o f th e  

phenyl and te t r a z o le  r in g s .  The s h i f t  to  much s h o r te r  w avelengths in  

o rth o  d e r iv a t iv e s  was th en  exp la ined  by in te r fe re n c e  w ith  the  a t t a i n 

ment o f  a  cop lan ar c o n f ig u ra tio n  between th e  two r in g s ,  due to  a  bulky 

group in  th e  o rth o  p o s i t io n .  The r e s u l t s  ob tained  here support t h i s  

in te r p r e ta t io n ,  and suggest f u r th e r  th a t  s te r i c  h indrance may be 

g re a te r  i n  the  1 -p o s i t io n  th an  in  the  5 -p o s i t io n .

I f  th e  p o s s i b i l i t i e s  fo r  resonance in te r a c t io n  between th e  two 

r in g s  a re  examined, th e  fo llow ing  s tru c tu re s  may be considered  fo r  

1 -p h e n y lte tra z o le :



(2 forms)

I n te ra c t io n  here  i s  l im ite d  to  th e  s h i f t  o f a p a i r  o f  e le c tro n s  towards 

th e  phenyl r in g .  The unshared p a i r s  o f  e le c tro n s  on the r in g  n itro g e n s  

p rev en t th e  phenyl group from a c t in g  as an e le c tro n  so u rce .

In  th e  f iv e - p o s i t io n ,  th e  p o s s i b i l i t i e s  a re  much g r e a te r .  F i r s t  

o f a l l ,  th e  r in g  hydrogen atom might be a tta c h e d  to  any one o f  th e  

fo u r  n itro g e n s . E lpern  and Nachod ( 31) suggested  on th e  b a s is  of 

sp ec tro sco p ic  evidence th a t  th e  isom er i n  which the  hydrogen occurs on 

th e  2 -  o r  3 -p o s it io n  i s  th e  most probable s tru c tu re  f o r  £ -p h e n y lte tra -  

a o le .  The s t r u c tu r e s  c o n tr ib u tin g  to  th e  resonance o f  5 -p h e n y lte tra z o le  

would th en  in c lu d e 1

N = C
- Q

(-)

O

(+) (-)
:N  -  C

O
(+)

H -  N s N :
\ N 7/

(2 form s)

In  th e  above s t r u c tu r e s ,  e le c tro n  s h i f t s  a re  tow ards th e  t e t r a z o le  

r in g .  S tru c tu re s  can a ls o  be w r itte n  fo r  s h i f t  o f e le c tro n s  away from 

th e  te t r a z o le  r in g :
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(-)

s ' i ' O  i - r O ' w
\ . W  M  " v  

••
(2 forma)

*

The tau tom er w ith  th e  hydrogen a t  the 1 p o s it io n  on th e  r in g ,  

a llow s fo r  th e  c o n tr ib u tio n  of more forms to  th e  resonance hybrid  

th an  th e  2-H isom er.
(+)

H -  N -  C =( \ ( + )  H -  N H -  NO '
( - )  sN: N: ^ ^

V

II
/N

:Nt
n/
♦ •

c

N Ns
\ N^

(2 forma)

H -  N -  C -

sN N:

(2 forms)

J D  (♦)
H -  N -  C «,

! I
-)  sNs Ns 

'N *
•  •

(2 forms)

' \  
v

H -  N -  C *

:N sNs . . 
% * ' (->

E lp ern  and Nachod (31) have po in ted  out th a t  a  lin e a r-c o n ju g a te d  

s t r u c tu r e ,  such a s  s tr u c tu re  I ,  might be expected to  absorb a t  about 

270-290 m|x, w hile a  c ro ss-co n ju g a ted  compound, such as s tru c tu re  I I ,  

shou ld  absorb a t  s h o r te r  w avelengths.
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R -  N -  C
- O

N = C
■ O

I I I

They o b ta in e d , by m eth y la tio n  of 5 -p h e n y lte tra z o le , a  p roduct d i f f e r in g  

in  m eltin g  p o in t  from th e  known l-m e th y l-5 -p h e n y lte tra z o le . This new 

p ro d u c t showed a  maximum o f  2b0 mp, c o n s is te n t  w ith  t h e i r  p re d ic t io n  

f o r  s tr u c tu r e  I I  (R = CHa) . Since 5 -p h e n y lte tra z o le  showed a  maximum 

o f  239 mji, i t  was a lso  co n sid e red  to  have s tru c tu re  I I  (R « H ).

However, 1 -me th y l-5  -p h en y lt e t r a z  o le  d id  not conform to  th e  th e o ry , 

s in c e  i t  absorbed  a t  232 mp, in s te a d  o f  i n  the p re d ic te d  270-290 mu 

re g io n . The au th o rs  ex p la in ed  th i s  in c o n sis ten cy  on th e  b a s is  o f 

charge s e p a ra tio n  in  s o lu t io n .  However, a c o n s is te n t ex p lan a tio n  can 

a ls o  be given  on th e  b a s is  o f  s te r i c  f a c to r s .

I f  th e  ab so rp tio n  in  th e  u l t r a v io l e t  reg io n  i s  due to  th e  resonance 

in te r a c t io n  of the  phenyl and te t r a z o le  r in g s ,  any f a c to r s  which 

in te r f e r e  w ith c o p la n a r i ty  o f th e  two r in g s  should s h i f t  th e  ab so rp tio n  

to  low er w avelengths. Since n e i th e r  r in g  system alone absorbs to  an 

ap p rec iab le  e x te n t in  th e  reg io n  examined, s u f f ic ie n t  in te r fe re n c e  

w ith  c o p la n a r i ty  should  s h i f t  th e  a b so rp tio n  maximum below th e  a v a i l 

ab le  ra n g e . T his has a lre ad y  been shown to  occur in  th e  case o f 

1 -o -ch lo ro p h en y lte  t r a z  o le  and 5-o-bromophenyl t e t r a z o l e . I t  i s  th e re fo re  

conceivab le  th a t  a  m ethyl group on th e  ad jacen t r in g  atom should i n t e r 

f e r e  w ith  th e  c o p la n a r i ty  o f th e  two r in g s ,  th u s  s h i f t in g  th e  maximum
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to  low er w avelengths, r a th e r  th an  to  th e  h ig h er v a lu e  p re d ic te d  fo r  

a  com pletely  p la n a r  system .

The fo rm u la tio n  o f  5 - a ry l te t r a z o le s  as s tr u c tu r e  H  (R = H) could 

a lso  be defended on s t e r i c  grounds, in  s p i te  o f th e  g r e a te r  number o f 

resonance s tru c tu r e s  which may be w r itte n  f o r  s tru c tu re  I  (R = H).

In  1 - a r y l te t r a z o le s ,  th e  hydrogen on th e  ad ja ce n t carbon atom i s  

f irm ly  h e ld ,  and any in te r fe re n c e  which may occur w ith s u b s t i tu e n ts  

on the  phenyl r in g  cannot be avo ided . In  5 - a r y l te t r a z o le s ,  however, 

in te r f e re n c e  can be avoided i f  th e  hydrogen occupies th e  tw o -p o s itio n . 

T his would e x p la in  th e  ap p aren tly  g re a te r  degree of s t e r i c  h indrance 

a lre a d y  n o ted  f o r  a r y l  s u b s t i tu e n ts  i n  the  o n e -p o s itio n  as compared 

w ith  th e  same s u b s t i tu e n ts  in  th e  f iv e -p o s i t io n .  A d if fe re n c e  of 

3-5 mp between th e  a b so rp tio n  peaks o f corresponding isom ers i s  noted 

th roughout th e  s e r i e s ,  except f o r  th e  o -m ethoxypheny lte trazo les, 

which d i f f e r  by U  mp. I t  i s  in te r e s t in g  to  n o te  th a t  A raax  ̂ f o r  

th e se  l a t t e r  two compounds reaches the range p re d ic te d  by E lpern  and 

Nachod. W ilson (37) has a lread y  suggested  th a t  some m olecules of 

5 -o -m ethoxypheny lte trazo le  may reach  c o p la n a r ity  through in te r a c t io n  

o f  th e  methoxy group w ith  th e  hydrogen on the t e t r a z o le  r in g .  The 

second peak a t  s h o r te r  wavelength i n  each case may re p re se n t th e  

expected s h i f t  to  s h o r te r  wavelengths due to  in te r fe re n c e  between th e  

bu lky  methoxyl group and th e  r in g .

The above e x p la n a tio n  i s  n o t in tended  to  exclude e le c tro n ic  

e f f e c t s .  P re se n t d a ta  a re  no t s u f f ic ie n t  to  e v a lu a te  th e  r e la t iv e
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ro le s  o f  e l e c t r i c a l  and s te r i c  f a c to r s .  However, the  sp ec tro sco p ic  

d a ta  so f a r  c o l le c te d  can be c o r re la te d  on th e  b a s is  o f s te r i c  con

s id e r a t io n s .  I t  may be noted th a t  the  u l t r a v i o l e t  ab so rp tio n  maxima 

determ ined fo r  l -a ry l-5 -a m in o te tra z o le s  by Murphy and P ic a rd  ( 36) do 

n o t f i t  th e  above p a t te r n  a t  a l l .  F ac to rs  o p e ra tin g  in  th e  two 

s e r ie s  would appear to  be q u ite  d i f f e r e n t .
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F i g u r e  1 1 .  U l t r a v i o l e t  A b s o r p t i o n  S p e c t r a  o f  T e t r a a o l e  a n d  S o m e  A l k y l t e t r a s o l e s .  
U p p e r i  5 - B u t y l t e t r a » o l e  L o w e r  t  A .  T e t r a a o l e

5 - H e j c y l t e t r a a o l e  B .  1 - n - B u t y l t e t r a a  o l e
C .  1 - n - A n y l t e t r a a  o l e
D .  1 - n - H e a y l t e t r a a o l e
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In f ra re d  A bsorption S pectra

In f ra re d  s p e c tra  were o b ta in ed  fo r  a l l  f i f t e e n  o f th e  1- s u b s t i 

tu te  d t e t r a a o l e s . The s o lid  a r y l - s u b s t i tu te d  compounds were found 

to  be s u f f i c i e n t ly  so lu b le  in  chloroform  to  a llo w  s p e c tra  i n  s o lu tio n  

as w e ll as  in  o i l  m u ll. In  two c a s e s ,  a spectrum  in  carbon t e t r a 

c h lo rid e  was a lso  o b ta in ed . The 1 -a lk y l compounds were examined only  

as  pure l iq u id s .

For purposes o f com parison, th e  corresponding ^ - s u b s ti tu te d  

te t r a a o le s  were a lso  examined. A t o t a l  o f seven teen  o f  th e se  com

pounds were a v a i la b le ,  in c lu d in g  e ig h t w ith a lk y l  s u b s t i tu e n ts  and 

n ine  w ith  a r y l  s u b s t i tu e n ts .  A group o f  th i r t e e n  d is u b s t i tu te d  t e t r a -  

z o le s  were a lso  in c lu d e d . In  th ese  groups, only  the  s o lid  m ulled in  

w hite m inera l o i l  was examined, except fo r  a  s in g le  l iq u id  example in  

th e  l a t t e r  c l a s s .  In  a l l ,  s p e c tra  were ob ta ined  f o r  a  t o t a l  o f  f o r ty -  

s ix  t e t r a a o l e s .

A fte r  e lim in a tio n  o f a l l  bands which a re  known to  be due to  th e  

phenyl r in g  o r to  a lk y l  groups ( 38) ,  a  search  was made fo r  bands com

mon to  a l l  members o f  a p a r t ic u la r  subgroup. Tables XI through XV in  

th e  Appendix co n ta in  th e  ta b u la te d  r e s u l t s .  The c h a r a c te r is t ic  bands 

found f o r  each group o f raonosubstitu ted  compounds a re  summarised in  

Tables VI th rough IX on bo th  th e  wave le n g th  and wave number s c a le s .  The 

s p e c tra  vary  w idely in  r e s o lu t io n ,  p a r t ic u la r ly  among th o se  ob ta ined  

from m u lls .  For t h i s  re a so n , weaker_bands m ight no t be d e te c ta b le  in  

the  p o o rly  d efined  s p e c tra .  A lso , s in g le  bands i n  some compounds 

may be s p l i t  in to  two or more bands in  o th e r  members o f th e  s e r i e s .
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To a llo w  f o r  such s i tu a t io n s ,  th e  th i r d  column in  Tables VI through 

IX reco rd s  th e  number o f confounds in  which th e  band ap p ears . The 

fo u r th  column in  each ta b le  in d ic a te s  th e  r e l a t iv e  in te n s i ty  o f th e  

band.

In  the a r y l  compounds,  th e  c e r ta in  id e n t i f i c a t io n  and e lim in a tio n  

of a l l  bands due to  th e  phenyl r in g  was not p o s s ib le ,  s in ce  ab so rp tio n s  

due to  th e  phenyl and te t r a z o le  r in g s  appear in  the  same re g io n s , and 

probab ly  o v e r la p . In  the  1600-1500 cm"1 re g io n , somewhat a r b i t r a r y  

assignm ents were made, and th i s  has been in d ic a te d  by in c lu d in g  th e  

bands a t t r ib u te d  to  phenyl i n  th e  summary. Below 1000 cm"1, th e  s i t u 

a t io n  i s  l e s s  c le a r - c u t ,  s in ce  v ib ra tio n s  due to  th e  whole m olecule 

occur in  t h i s  re g io n , and th e  sp e c tra  consequently  vary  more widely 

th an  a t  h ig h er f re q u e n c ie s .

In  Table X, an a ttem pt has been made to  c o r re la te  bands in  th e  

v a rio u s  types o f compounds, and to  make te n ta t iv e  assignm ents f o r  some 

of th e se  bands. These assignm ents a re  d iscu ssed  in  g re a te r  d e ta i l  

below . The assignm ent "ring*  in d ic a te s  m erely th a t  th e  band appears 

to be c h a r a c te r is t i c  o f some p a r t  o f  th e  te t r a z o le  r in g  system , and 

does n o t n e c e s s a r i ly  invo lve a  s t r u c tu r a l  v ib ra tio n  of th e  r in g  as a  

w hole. In  s e v e ra l c a s e s ,  a more d e f in i te  assignm ent i s  a lso  suggested  

in  p a re n th e se s , based on an a lo g ies  to  o th e r types o f compounds.

The s in g le  numbers rep o rted  in  th e se  ta b le s  a re  each the mid

p o in t of a  range o f v a lu e s .  The e x te n t o f th e  range i s  a lso  in d ic a te d  

i n  each c a s e .  I t  should  be noted t h a t  the wider ranges in  Table X 

sometimes obscure d if fe re n c e s  between sub-g roups. For in s ta n c e ,
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5 -a lk y lte t r a z o le s  have a band a t  101*2 -6  cm**1, w hile in  most of th e  

5 -a ry l  compounds, two bands ap p ear, a t  1053 -7 cm"1 and a t  1037 -It 

cm . The summary in c lu d es  th e  whole range by reco rd in g  th e  band as 

101+7 - lk  cm , a lthough  v a r ia t io n s  w ith in  each sub-group are  much 

l e s s  th a n  t h i s .

In  th e  spectrum  of te t r a z o le  and in  th e  ta b u la tio n s  i n  Tables 

XI to  XV in  th e  Appendix, square b ra ck e ts  have been used to  in d ic a te  

d o u b tfu l bands, which cannot be d is tin g u ish e d  w ith  c e r ta in ty  from 

background a b so rp tio n . In  many c a s e s ,  t h i s  procedure has been 

j u s t i f i e d  by th e  appearance o f  a  more d e f in i te  band a t  th e  same f r e 

quency in  th e  s p e c tra  o f  o th e r members o f th e  same s e r i e s ,

T e trazo le  i t s e l f  would th e o r e t ic a l ly  be expected to  show 3N -  6, 

o r 15 , fundam ental bands. I t  seems probable th a t  te n  o f th ese  a re  

the  bands a t  151+3, 1508, 1328, 1252, lll+O, 1081, 101*1+, 1005, 898, and 

661 cm"1 . The o th e r  f iv e  may be rep resen ted  by bands a t  3135, 1805, 

11+1+9, 952, and 721 cm"1 .

In  th e  s u b s t i tu te d  te t r a z o le s ,  the p ic tu re  i s  n o t c le a r -c u t  above 

2000 cm"1 . R eso lu tio n  i s  com paratively  poor in  th i s  reg io n  w ith a  rock 

s a l t  p r ism , so v ib ra tio n s  o f d i f f e r e n t  atom p a ir s  may be grouped 

to g e th e r  h e re . The weak and i l l - d e f in e d  ab so rp tio n  found in  th e  

1+000 cm"1 reg io n  o f most te t r a z o le s  i s  alm ost c e r ta in ly  due to  o v er- 

tone o r  com bination bands. The band n ear 3135 cm in  te t r a z o le  and 

in  b o th  m onosubstitu ted  s e r ie s  i s  e s p e c ia lly  p u zz lin g . The re g io n , 

in  g e n e ra l ,  i s  c h a ra c te r iz e d  by h y d ro g en -s tre tch in g  v ib ra t io n s ,  b u t 

whether C-H o r N-H bonds, o r  b o th , a re  invo lved  here  i s  unknown.
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TABLE VI

Summary of C h a ra c te r is t ic  In fra re d  Bands of 
5 -A lk y lte tra z o le s  (8 Compounds)

Number o f R e la tiv e
'Wave Length ( (i ) Wave Number (cm~1) Compounds I n te n s i ty

2 . 32- 2 .1*7 1*310 - 1*01*9 8 weak

3 .1 9 - .02 3135
+

20 8 medium

3.60-1*.75 2778 - 2105 8 s tro n g , i l l -  
defin ed

5.51  - .09 1811* + 28 8 weak, broad

6.33 - .02 1579
+

1* 8 medium to  s tro n g

6.1*1* i .05 1553
+ 10 7 weak to  medium

7.09  ± .01* 11*11
+

8 7 weak to  medium

7.72 i .17 1295 + 28 6 weak to  medium

7.95 - .06 1258 + 10 8 v a r ia b le

9.00 i .08 1111 + 10 8 medium to  s tro n g

9.21* i .01* 1082
+

5 5 medium to  s tro n g

9.60 - .05 101*2 + 6 8 v a r ia b le

10.12 - .08 988
+ 8 6 weak to  medium

13.99 - .09 715
+

5 8 weak to  medium
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TABLE VII

Summary of C h a ra c te r is t ic  In fra re d  Bands of 
5 -A ry lte tra z o le s  (9  Compounds)

Number o f R e la tiv e  
Tffave Length (p) Dfeve Number (cm*1) Compounds In te n s i ty

2.35 - 2.1*5 1*2# - 1*082 8 weak

3.60 - U.32 2778 - 2315 8 v a r ia b le ,  i l l -  
defined

5 .36 - 5.1*3 1866 - 181*2 2 weak, broad

6.22 + .06 1607 + a
15 7 weak to  medium

6.36 + .09 1573
+

23 9 weak to  medium

6.1*8 +
.11 15U5

+
25 9 weak to  medium

7.0^ + .09 11*19 + 18 9 weak to  medium

7.71 + .15 1298 + 26 6 weak to  medium

8.00 + .06 1250 + 9 9 v a ria b le

8.56
+

.13 1168 +
17 9 v a ria b le

8.97
+

.13 1115
+ 16 7 weak to  medium

9.20 + .07 1087 + 8 7 weak to  medium

9.50 +
.07 1053

+
7 8 medium to  s tro n g

9.61* + .01* 1037 + 1* 6 medium to  s tro n g

9.86 + .10 1011* + 10 8 weak to  medium

10.12
+ .08 988 + 8 7 v a r ia b le

13 .38 + .10 71*8 + 6 8 medium to  s tro n g

13.91
+

.12 719
+ 6 5 v a ria b le

ll*. 87
+

.51 673 + 23 8 weak to  medium

(a ) A ssigned to  phenyl group.
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TABLE VIII

Summary o f C h a ra c te r is t ic  In fra re d  Bands of 
1-JLLkylta t r a z o le s  (7 Compounds)

"Ware Length (p) % ve Number (cm-1 )
Number o f 
Compounds

R e la tiv e
In tensity -

2.28  - 2.50 1*386 -  1*000 6 very  weak to  weak

2.82 - 2.89 351*6 -  31*60 5 weak

3.19  ± .03 3135 -  20 7 medium to  s tro n g

i*.50 - .02 2222 2 £ 6 weak to  medium

5.70  2 .01 1751* -  3 1* very  weak to  weak

6.03  - .11 165 8 2 32 5 v ery  weak to  weak

6.73 - .03 11*87 -  6 7 medium to  s tro n g

6.80  2 .02 11*70 -  1* 6 medium to  s tro n g

7.32 - .05 1366 i  9 6 medium

7.69 - .07 1301 2 12 7 weak

7.86  : .05 1273 -  7 5 very weak to  medium

8.01 2 .06 121*9 -  10 7 weak to  medium

8.21 - .11* 1219 2 21 5 weak to  medium

8.56 2 .03 1168 2 k 7 stro n g

8.99 - .02 1113 2 3 7 stro n g

9.20 - .10 1087 -  12 7 v a r ia b le

9.80  2 .01* 1020 2  5 7 weak to  medium

10.33 2 .05 968 2 5 7 medium to  s tro n g

1 1 .1*2 i .01* 876 -  3 7 v a r ia b le

13.22 i .15 757 -  9 5 weak to  medium

13.91  - .06 719 -  3 weak to  medium

ll*.80 - .01* 676 2 2 5 medium to  s tro n g

15.05 - .08 665 -  1* 7 medium to  s tro n g

15.1*6 - .03 61*7 -  1 1* v a r ia b le
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TABLE X

Summary o f C h a ra c te r is t ic  In fra re d  Bands of T e traz o le s

T e trazo le  ^ -S u b s titu te d  1 -S u b s titu te d  1 ,5 -D isu b s titu te d
U n su b stitu te d  T e tra z o le s  T e tra zo le s  T e tra zo le s  T e n ta tiv e
1 Compound 17 Compounds 1$ Compounds 13 Compounds Assignments

i*2$$-l*082 1*310-1*01*9 1*5 87—li000a l*27l*-l*200 overtones?

3663- 31*25

3135 3135
+ . a t  -  20 311*5 -  30

2760
2320

2778-2105 2658-201*5 a sso c ia te d  forr 
hydrogen bondii

180$ 1826 -  1*0 r in g  N-H

151*3 1573 -  23 r in g  N-H

1520
1508

151*5 i  25 1539 -  58 1539 -  33 r in g  ( |  * N)

11*99
11*1*9

11*67 i  7 r in g  C-H

1328
11*19
1295

-  18 
i  28

1380 * 23 
1310 ± 21

1399 -  18 
1300 -  20 r in g  (9 “ N)

N
r in g  (C-N) 

exocyclic  C-N?

1252 1251* - 1 3 1261 -  22

1219 -  2L 
1192 -  11

1258 -  17 

1205 -  22a

111*0 1168 -  17 1168 -  7 1166 -  13 r in g

1081
1115
1086

-  16 
t  8

1111* -  19 
1085 -  13

1121 -  21* 
1081 -  16 r in g

101*1* 101*7 -  11* 1038 -  22b 1039 -  19a r in g

1005 1011*
988

~ l ° a  -  8
1013 -  8̂  

995 -  ?
1010 -  9a 

986 -  13
r in g

952 961 -  12 No c o r re la t io n s  attem pted

932
898

902 -  12b 
869 -  18

721 717 ± 8 718 -  1*

661 673 i  23b 662 -  16

(a )  Band m issing  in  3 o r more of the compounds i n  th e  group.
(b ) Band found only in  a r y l - s u b s t i tu te d  compounds.



The d i f f u s e ,  i l l - d e f in e d  a re a  o f  ab so rp tio n  between 2800 and 2100 ora 

i n  ^ ^ su b s ti tu te d  compounds appears to  be s im ila r  to  th a t  d escribed  

f o r  d im eric  and polym eric forms o f th e  ca rb o x y lic  a c id s ,  and i s  th e re  

a t t r ib u te d  to  hydrogen bonding . An analogous ex p lan a tio n  i s  suggested  

h e re . However, t h i s  cannot account fo r  ab so rp tio n  in  t h i s  reg io n  in  

1 - s u b s t i tu te d  t e t r a z o l e s .

Since th e  weak band n ear 1800 cm 1 occurs only in  te t r a z o le  and 

i t s  ^ - s u b s t i tu te d  d e r iv a t iv e s ,  i t  has been assig n ed  to  the  r in g  N-H 

bond. A re c e n t s tudy  o f amino a c id s  (39) a ssig n ed  a  band a t  s l ig h t ly  

h ig h er fre q u e n c ie s  (U.7 m icrons, o r 2128 cm” 1) to  the N-H bond in  

th e  NH3 + group. While a  s im i la r i ty  between th e  N-H ab so rp tio n  in  

5 - s u b s t i tu te d  te t r a z o le s  and th e  z w it te r - io n  form of amino a c id s  was 

n o t p re d ic te d ,  i t  would n o t be u n reaso n ab le . In  each c a se , th e  hydrogen 

atoms a re  d e sc rib e d  as " a c id ic ” , whereas the  N-H bonds in  amines and 

amides a re  much s tro n g e r , The d if fe re n c e  i n  bond s tre n g th  should be 

r e f le c te d  in  d if fe re n c e s  in  p o s it io n  of a b so rp tio n  peaks.

The 1600-1500 cm-1  reg io n  i s  com plicated  by th e  presence o f b o th  

phenyl and te t r a z o le  a b so rp tio n . To co n sid e r f i r s t  th e  a lk y l compounds, 

the  5 - a lk y lte t r a z o le s  show a t  l e a s t  two peaks w h ic h  a re  absent in  th e  

co rresponding  1 - s u b s t i tu te d  conpounds. Both might be due to  th e  r in g  

N-H bond. However, i t  seemed p o ss ib le  th a t  th e  band ju s t  below 1500 

cm*1 in  th e  1- a lk y l  compounds was th e  co u n te rp a rt of one o f the  above- 

m entioned bands, p robably  th e  one a t  lower f re q u e n c ie s . For t h i s  

re a so n , th e  band a t  1579 cm (see  Table Vi) was t e n ta t iv e ly  

a ss ig n ed  to  r in g  N-H and the  bands a t  1553 -10 cm (Table VI) and
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a t  II487 -6  cm 1 (Table V III)  to a r in g  v ib ra t io n .  The band a t  1579 

cm i s  j u s t  above the  range given fo r  the amide I I  band in  secondary 

amides ( 38) .  A lthough th e  o r ig in  o f t h i s  band has been debated , th e re  

i s  good support f o r  i t s  assignm ent to  an N-H defo rm ation .

The 1 - a r y l t e t r a z o le s , in  w h ic h  no N-H bond would be p r e s e n t ,  show 

th re e  bands in  t h i s  reg io n  (see  Table IX ). Somewhat a r b i t r a r i l y ,  the  

h ig h e s t and low est o f th e se  were a t t r ib u te d  to  the 1600 and 1500 cm”1 

bands of th e  phenyl r in g ,  w hile th e  c e n te r  one was assig n ed  to  a 

te t r a z o le  r in g  v ib r a t io n .  A lthough th e  range i s  much w ider f o r  th i s  

band , th e  m idpoint co in c id es  w ith  t h a t  in  th e  5-a -lk y lte tra a o le  s e r i e s .  

These assignm ents seemed ju s t i f i e d  when th e  1 ,5 -d is u b s ti tu te d  compounds 

a lso  e x h ib ite d  a  band in  t h i s  re g io n .

A new problem arose  in  th e  5 - a ry l te t r a z o le s ,  where only  th re e  

bands a re  fo und , in s te a d  o f  th e  fo u r expected (see  Table V II) .  

A bsorp tion  ranges can be brought in to  l in e  w ith th e  o th e r  s e r ie s  by 

a s s ig n in g  th e  1607 cm band to  the phenyl r in g ,  the  one a t  1573 cm
' - l

to  r in g  N-H, and th e  one a t  15h5 cm to  th e  te t r a z o le  r in g . T his 

in v o lv es  the  assum ption th a t  th e  band u s u a lly  found in  phenyl compounds 

a t  1500 cm , i s  too  weak to  d e te c t ,  or has merged w ith  nearby t e t r a 

zo le  a b so rp tio n . I t  should be r e c a l le d  th a t  o p p o rtu n ity  f o r  i n t e r 

a c t io n  between th e  two r in g s  i s  g re a te r  in  th e  5 -p o s it io n  th an  i n  the  

1 - p o s i t io n .  The th re e  l - a lk y l - 5 - a r y l te t r a z o le s  a lso  la c k  a band a t  

1500 cm \  a lthough  i t  i s  p re se n t in  th e  l - a r y l - 5 - a lk y l  s e r i e s .

There appears to  be some e x tr a  ab so rp tio n  near II467 cm” 1 in  th e  

1 - s u b s t i tu te d  compounds and t h i s  has been assigned  to  r in g  C-H.
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However, t h i s  assignm ent i s  d o u b tfu l, s in ce  th e  r in g  carbon would 

n o t be expected  to  show as  much sing le-bond  c h a ra c te r  as  a b so rp tio n  

i n  t h i s  reg io n  su g g e s ts . No o th e r  c le a r -c u t  band due to  r in g  C-H 

has been found .

From 11*00 cm 1 to  1000 cm , occur a s e r ie s  o f bands which appear 

to  be c h a r a c te r i s t i c  o f  the  te tra zo lfe  r in g .  Some o f th e se  bands 

appear to  be double i n  many of th e  compounds examined, so th e  ranges 

f o r  each peak have been recorded in d iv id u a lly .  Since th e  band near 

11*00 cm**1 does no t appear i n  t e t r a z o le ,  i t  has been grouped w ith the 

one a t  1300 cm as a  p o ss ib le  double peak . A lte rn a t iv e ly ,  th e  form er 

may be due to  s in g le  bond C-N ab so rp tio n , obscured in  te t ra z o le  by the 

w hite  o i l  peaks nearb y . Prim ary amides have a  band n ear ll*00 cm”1 

assig n ed  to  th e  C-N bond ( 38) .

F re q u e n tly , i t  has been h e lp fu l in  te t r a z o le  chem istry  to  draw

an a lo g ies  between carb o x y lic  a c id s  and th e  te t r a z o le  r in g .  The systems

C = 0 and ^ * N might a lso  be expected  to  give s im ila r  a b so rp tio n ,
6 N
s in c e  the atoms involved  a re  c lo se  in  atomic w eigh t. Since th e  c a r -  

b o x y la te  io n ,  ^ * 0~, has bands a t  I 6l 0- 1$50 cm”1 and a t  11*20-1300 cm 

( 38) ,  i t  has been suggested  in  Table X th a t  th e  te t r a z o le  bands near 

l£ l*0 cm”1 and 1300 cm”1 may be due to  th e  corresponding  ca rb o n -n itro g en  

system . The band n ear 1250 cm”1 i s  in  a  reg io n  f re q u e n tly  a ss ig n ed  to  

C-0 and C-N s tr e tc h in g  v ib ra t io n s ,  and has th e re fo re  been a t t r ib u te d  

to  th e  C-N s in g le  bond o f th e  te t r a z o le  r in g .  Since th e  nearby band 

a t  1200 cm 1 occurs o n l y  i n  th e  two groups c o n ta in in g  a  carbon atom 

a tta c h e d  to  r in g  n itro g e n , an ex o cy clic  C-N v ib ra tio n  has been su g g ested .
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The s e r ie s  o f bands from 1170-1000 cm-1  has been assigned  

sim ply to  th e  te t r a z o le  r in g ,  and many o f  them may w all be due to  

v ib ra tio n  o f th e  whole r in g  as  a  u n i t .  Not a l l  o f th e se  bands occur 

in  every  compound, and wide v a r ia t io n s  i n  in t e n s i ty  occur i n  d i f 

f e r e n t  subgroups. The band n ea r 1168 cm"1, f o r  in s ta n c e ,  f re q u e n tly  

e x h ib ite d  th e  most in te n se  a b so rp tio n  in  th e  whole spectrum  of 

1 - a lk y l te t r a z o le s , which were examined as l i q u id s .  The same band i s  

very  weak in  some o f th e  o th e r  c la s s e s ,  and d isap p ears  e n t i r e ly  in  

the m ulls o f most o f  th e  £ - a lk y l te t r a z o le s . I t  does, however, appear 

as a  d e f in i t e  b u t weak band in  one c a se , and a s  a  s l ig h t  d ip  in  

background ab so rp tio n  in  o th e rs .

Below 1000 cm X, v ib ra tio n s  c h a r a c te r is t ic  o f  the whole m olecule 

m ight be ex p ec ted , as  w ell as  those  due to  carbon-carbon bonds. 

T h e re fo re , no assignm ents in  th i s  reg io n  w ill  be attem pted a t  th e  

p re se n t tim e .
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EXPERIMENTAL

P re p a ra tio n  o f A lkyl Isocyam 'dcs

A ll o f  th e  a lk y l isocyan ides were prepared  by e s s e n t ia l ly  the

same procedure th a t  was used by G au tier (9 ,1 0 ) , w ith  v a r ia t io n s  only
*

in  the  tim e o f h e a tin g . The ap p ro p ria te  a lk y l iod ide  was added to  

s o l id  s i lv e r  cyanide in  th e  p ro p o rtio n s  o f one mole o f io d id e  to  two 

o f  cy an id e . This m ix ture  was heated  under r e f lu x  on a steam b a th  f o r  

th e  d e s ire d  le n g th  of t im e , a f t e r  which w ate r, potassium  cyanide and 

sodium hydroxide were added to  th e  re a c tio n  f la s k .  The m ixture was 

th en  d i s t i l l e d  over a  f re e  flame u n t i l  the d i s t i l l a t e  became c le a r .

The aqueous s o lu tio n  in  th e  d i s t i l l i n g  f la s k  was d isca rd e d . The crude 

iso c y a n id e , which formed a c o lo r le s s  o r pa le  yellow -green  upper la y e r  

in  the  d i s t i l l a t e ,  was sep ara ted  from the  low er water l a y e r ,  d ried  

over anhydrous sodium s u l f a t e ,  and used im m ediately to  p rep are  the 

corresponding  t e t r a z o l e . In  a  few  ru n s , th e  isocyanide was taken  up 

in  benzene b e fo re  d ry in g , b u t t h i s  d i lu t io n  appeared to  slow  the  

subsequent r e a c t io n  w ith hydrazoic a c id .

The compounds prepared  by th is  method a re  l i s t e d  in  Table I .

S ince th e  crude p roducts were no t p u r if ie d  b efo re  u s e , only a rough 

e s tim a te  o f the y ie ld  can be made from th e  weight o f crude m a te r ia l .

In  a  few c a s e s , as in d ic a te d  by fo o tn o te s , th e  weight was taken  b e fo re  

d ry in g  over sodium s u l f a t e .  Y ields c a lc u la te d  from bromide-bromate 

t i t r a t i o n s  have a lso  been in c lu d ed  fo r  comparison in  two c a se s .
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U nless o therw ise  in d ic a te d ,  th e  weight o f p roduct i s  th e  d iffe re n c e  

between th e  weight o f  f l a s k ,  sodium s u lf a te  and p ro d u c t, and the 

weight o f  f la s k  and wet sodium s u lf a te  a f t e r  d ecan ta tio n  o f the  crude 

iso c y a n id e . The p re p a ra tio n  o f n -b u ty l isocyan ide  i s  given below as 

an exam ple.

n-B utyl Isocyanide

A m ixture o f 53 .6  g . (O.li mole) o f s i lv e r  cyanide and 36.8  g .

( 0.2  mole) o f n -b u ty l io d id e  was heated  under r e f lu x  on the steam 

b a th  f o r  fo u r  hou rs. W ater, 70 g . o f  potassium  cyanide and 16 g . of 

sodium hydroxide were added, and th e  condenser was arranged fo r  downward 

d i s t i l l a t i o n .  On g en tle  h ea tin g  w ith a f re e  flam e , the s o lid  mass in  

th e  d i s t i l l i n g  f la s k  began to  d is s o lv e , and an o i ly  la y e r  formed above 

th e  aqueous l a y e r .  A cloudy d i s t i l l a t e  formed as th e  crude product 

s te a m - d is t i l le d  from th e  re a c tio n  m ix tu re . "When th e  d i s t i l l a t e  became 

c le a r  and th e  low er aqueous la y e r  o f th e  d i s t i l l a t e  began to  in c re a se  

n o tic e a b ly  in  b u lk , d i s t i l l a t i o n  was sto p p ed . The d i s t i l l a t e  was 

t r a n s f e r r e d  q u ick ly  to  a  sm all se p a ra to ry  fu n n e l. A fte r th e  lower 

aqueous la y e r  had been drawn o f f  and d isc a rd ed , the  upper la y e r  was 

tr a n s fe r re d  to  a  ta re d  f l a s k ,  and th e  weight o f  f la s k  and co n ten ts  

re c o rd e d . The weight o f c ru d e , wet n -b u ty l isocyan ide  was 16.2  g . {98%). 

Anhydrous sodium s u lf a te  was added to  th e  f l a s k ,  which *©s sto p p ered , 

sw ir le d , and allow ed to  s tan d  a  few m inutes u n t i l  th e  l iq u id  appeared 

c l e a r .  During th i s  tim e , the  f la s k  and con ten ts  were weighed. The 

d rie d  p roduct was decan ted  in to  a round-bottom  f la s k  and used
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im m ediately fo r  p re p a ra tio n  o f the  t e t r a z o l e . The weight o f th e  d ry 

ing  f la s k  and wet sodium s u lf a te  was reco rd ed . By d if f e re n c e , the  

weight o f  crude n -b u ty l isocyan ide  was 1U.0 g . ( 8 i$ ) . The lo s s  in  

weight du rin g  d ry in g  i s  no t e n t i r e ly  due to  removal of w ater, s in ce  

some p roduct i s  tra p p e d  in  the m oist sodium s u lf a te  m ass.

E stim atio n  o f Isocyan ides by T i t r a t io n

An a ttem p t was made to  es tim ate  c o n cen tra tio n  of isocyan ides in  

benzene s o lu t io n  by trea tm en t w ith  excess s tan d a rd  bromide-bromate 

s o lu t io n ,  a d d it io n  of potassium  io d id e , and b a c k - t i t r a t io n  w ith  

stan d ard  t h io s u l f a t e ,  a  method which has been used su c c e ss fu lly  fo r  

d e te rm in a tio n  of phenols (1 9 ) . The procedure follow ed i s  e s s e n t ia l ly  

th a t  used by  S p lie th o ff  (20) fo r  th e  t i t r a t i o n  of pheno ls.

Reagents s

Approxim ately 0 .1M  Sodium T h io su lfa te

A s o lu t io n  o f 2$ g . o f sodium th io s u l f a te  i n  975 m l. 

of w ater was s tan d a rd ized  a g a in s t potassium  io d a te . Each 

sample o f potassium  io d a te  was weighed in to  an iod ine f la s k  

and t re a te d  w ith  30 m l. o f water and 30 m l. of 10$ potassium  

io d id e . Beyond th i s  p o in t ,  th e  d e te rm in a tio n  was completed 

was each sample befo re  proceeding w ith  the  nex t one. Three 

m i l l i l i t e r s  o f 6 N hydroch lo ric  ac id  was added through the  

s to p p e r ; th e  s o lu t io n  was mixed by s w ir l in g , and im m ediately 

t i t r a t e d  w ith th e  sodium th io s u lf a te  s o lu tio n  to  a s ta rc h  

en d p o in t.
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Approxim ately 0 .1  N Bromate-Bromide S o lu tion

A m ixture o f  2 ,8  g , o f potassium  bromate and 15 g . 

o f  potassium  bromide was d isso lv ed  in  980 m l. o f  w ater,

10% Potassium  Iodide

One hundred grams of potassium  iod ide  was d isso lv ed  

in  900 m l, o f w ater.

S ta rch  S o lu tio n

One gram of so lu b le  s ta rc h  was added to  100 m l. of 

b o il in g  w ater and s t i r r e d  u n t i l  a c le a r  s o lu tio n  was 

o b ta in e d .

P rocedure:

The samples o f isocyan ide  in  benzene so lu tio n  were t r a n s 

fe r re d  by p ip e t te  to  2£0 m l. io d in e  f la s k s ;  a f la s k  co n ta in in g  an 

equal volume o f benzene was used as the  b lan k . Ten m i l l i l i t e r s  o f 

bromate-brom ide s o lu t io n  was added to  each f l a s k ,  u s in g  a  volum etric  

p ip e t t e .  Beyond th i s  p o in t ,  th e  d e term ina tion  was completed w ith 

each sample b e fo re  p roceeding  w ith  th e  next one. Five m i l l i l i t e r s  of 

co n cen tra ted  h y d ro ch lo ric  ac id  was added through the  s to p p e r , washed 

down w ith  d i s t i l l e d  w a te r , sw irled  and t i t r a t e d  im m ediately w ith 

s tan d ard  sodium th io s u l f a te  s o lu t io n .  From th e  d iffe ren c e  between 

b lank  and sam ple, th e  isocyan ide  con ten t was c a lc u la te d .

P re p a ra tio n  o f sample:

A weighed, sample of n -b u ty l isocyanide was p laced  in  a 

vo lum etric  f la s k  and d i lu te d  to  th e  mark w ith benzene. A liq u o ts  were
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analyzed by th e  above procedure and the  isocyanide con ten t o f the 

t o t a l  sample was c a lc u la te d .  The r e s u l t s  a re  summarized in  Table I I .

The r ig h t  hand column g ives th e  time in te rv a l  between p u r if ic a t io n  of 

the sample and com pletion of t i t r a t i o n s .  Sample A was p u r if ie d  by 

steam d i s t i l l a t i o n  a lo n e . Samples B and C were p u r if ie d  by steam 

d i s t i l l a t i o n ,  follow ed by two d i s t i l l a t i o n s  a t  atm ospheric p re ssu re . 

Sample B was dark  a f t e r  steam d i s t i l l a t i o n ,  while sample C was c o lo r

l e s s  a t  t h i s  p o in t .  In  d e te rm in a tio n s  on sample C, one minute brom i- 

n a tio n  tim e was allow ed between a d d itio n  o f ac id  and a d d itio n  of 

potassium  io d id e .

P re p a ra tio n  o f 1 -A lk y lte tra z o le s  from Isocyanides

The crude iso cy an id e  was p laced  in  a round-bottom  f la s k ,  tre a te d  

w ith 100 m l. o f  approxim ately  16% hydrazoic ac id  in  benzene and heated  

under r e f lu x  on th e  steam b a th  f o r  one to  f iv e  h o u rs . Ifiiere th e  

s h o r te r  h ea tin g  tim es were u sed , the m ixture was allow ed to  stand  

o v ern igh t a t  room tem perature b e fo re  removal o f the  s o lv e n t.  The s o l 

ven t was removed a t  reduced p re ssu re  and th e  re s id u e  was heated over 

a f re e  flame fo r  one hour w ith  8 m l. o f w ater and 10 m l. of co n cen tra ted  

h y d roch lo ric  a c id .  The cooled ac id  s o lu tio n  was made a lk a lin e  w ith  

sodium hydrox ide . The m ix tu re , which now co n sis ted  o f two la y e r s ,  was 

tra n s fe r r e d  to  a  se p a ra to ry  fu n n e l. The low er la y e r  was drawn o f f ,  

washed w ith  e th e r ,  and d isc a rd e d . The e th e r  e x tr a c t  and upper la y e r  

were combined and d r ie d  over sodium s u l f a t e . The e th e r  was s tr ip p e d  

o f f  a t  reduced p re s s u re ,  and th e  p roduct was f r a c t io n a l ly  d i s t i l l e d
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th rough a  sm all V igreux column a t  a  p re ssu re  o f 1-2 m illim e te rs  o f 

m ercury. S ince th e  b o i l in g  p o in ts  o f th ese  compounds are  q u ite  h igh , 

even a t  t h i s  p re s s u re ,  h e a tin g  was done w ith a  f r e e  flam e. R e frac tiv e  

in d ic e s  and in f r a r e d  s p e c tra  were used as  c r i t e r i a  in  s e le c t in g  f r a c 

t io n s  fo r  a n a ly s is .  The 1 -a lk y lte t r a z o le s  ob ta ined  by th i s  method 

a re  l i s t e d  i n  Table I I I ,  to g e th e r  w ith  t h e i r  b o i l in g  p o in ts ,  r e f r a c t iv e  

in d ic e s ,  and a n a ly s e s . Due to  the  d i f f i c u l t i e s  o f p u r ify in g  such 

sm all sam ples, no adequate p ic tu re  o f th e  y ie ld s  could be o b ta in ed .

In  s e v e ra l  c a s e s ,  a n a ly s is  showed th e  compound to  be im pure. However, 

the  r e f r a c t iv e  index  and in f r a r e d  spectrum  in  each case resem bled so 

c lo se ly  those  ob ta in ed  on compounds which gave s a t i s f a c to r y  a n a ly se s , 

t h a t  th e se  impure p ro d u cts  a re  a lso  inc lu d ed  in  Table I I I .

The d e t a i l s  o f  p re p a ra tio n  o f 1-n -am y lte trazo le  and l-n -h e x y l-  

te t r a z o le  a re  g iven  a s  exam ples. The l a t t e r  i s  the only  case in  which 

a  s in g le  d i s t i l l a t i o n  proved s u f f i c i e n t .

1-n -A m yite trazo le

A m ix tu re  o f 8.6  g . o f  crude n-amyl isocyan ide  and 100 m l. of a 

16# s o lu t io n  of hydrazoic ac id  in  benzene was heated  under r e f lu x  

on th e  steam  b a th  f o r  fo u r  h o u rs . The crude p roduct was i s o la te d  as 

d escrib ed  above and f r a c t io n a l ly  d i s t i l l e d .
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F ra c tio n Temperature 
_ & . )

P re ssu re
(mm.)

R e fra c tiv e
Index/20°C.

Tfeight
(g.)

1 123-128 1 1.1*592 0.07

2 128-131 1 1.1*603 0 .58

3 128-132 1 l.i+601* 0 .1*8

k 131-13!? 1 1.1*610 3.93

5 132-135 1 1.1*610 3.21

re s id u e — — — 0.51

F ra c tio n s 1* and 5 were combined and r e d i s t i l l e d .

F ra c tio n Temperature
(5c. )

P ressu re
(mm.)

R e fra c tiv e  
Index/20°C .

6 up to  133 1-8 1.1*589

7 131-136 1 1.1*592

8 136-137 1 1.1*600

9 138-139 1 1.1*608

10 138-139 1 1.1*603

F ra c tio n  9 was shown by elem ental an a ly s is  to  be pure p ro d u c t. 

On th e  b a s is  o f r e f r a c t iv e  in d e x , f r a c t io n s  1* and 5 from th e  f i r s t  

d i s t i l l a t i o n  would appear to  be m ostly  1 -n -a m y lte tra z o le . From th i s  

d a ta ,  th e  y ie ld  may be considered  approxim ately 7 ,1  g , (37% o f th e  

th e o r e t ic a l  y ie ld ,  based on th e  weight o f  isocyan ide  u sed .)

1 -n -H e x y ite tra z o le

A m ixture o f 8 .0  g . o f crude n -hexyl isocyanide and 100 m l. o f 

a  16% s o lu t io n  of hydrazoic a c id  in  benzene was heated  under r e f lu x
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f o r  th re e  hours on th e  steam  b a th .  The crude p roduct was i s o la te d  

as d esc rib ed  above and f r a c t io n a l ly  d i s t i l l e d .

F ra c tio n Tem perature
( X )

P ressu re
(mm.)

R e frac tiv e  
Index /20°C.

Tfeight
(fit)

1 126-138 1 1.1*631 0.20

2 133- 11*2 1 1 . 1*632 o.oi*

3 11*2-11*5 1 1.1*627 0.33

1* ll*i*-ll*6 1 1 . 1*610 6.31

$ 1U8 1 1.1*606 0.31*

F ra c tio n  1* was shown by e lem ental a n a ly s is  to  be pure 1

t e t r a z o le .  This re p re s e n ts  $}% o f th e  th e o r e t ic a l  y i e ld ,  based on th e  

weight o f iso cy an id e  u sed .

P re p a ra tio n  of Phenyl Isocyanide

Phenyl isocyan ide  was p repared  by the method of M ala te s ta  (1 6 ).

A s o lu tio n  o f 30 g . (0 .32  mole) o f a n i l in e  in  75 g . (0.61* mole) of 

chloroform  was added very  slow ly to  a  suspension  of 80 g . ( 1 .1*3 moles) 

o f powdered potassium  hydroxide i n  200 m l. of benzene in  a th r e e 

necked f la s k  equipped w ith  r e f lu x  condenser, s t i r r e r  and a d d itio n  

fu n n e l. The m ixture was heated  f o r  15 m inutes on th e  steam b a th ,  

co o led , and d ecan ted . The s o l id  re s id u e  was washed w ith  benzene and 

th e  washings added to  th e  main l iq u id .  The benzene s o lu tio n  was 

e x tra c te d  w ith  0.12 M hydroch lo ric  a c id ,  then  washed once w ith  a  0.2  M 

s o lu tio n  o f sodium hydroxide and re p e a te d ly  w ith  water u n t i l  th e  f in a l  

washing was n e u tr a l  to  l i tm u s . The benzene was d i s t i l l e d  a t
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atm ospheric p re s su re  u n t i l  th e  tem perature ro se  to  about 100° C. The 

resid u e  was d i s t i l l e d  a t  reduced p re s s u re . The p ro d u c t, which b o ile d  

a t  67-69° C . a t  10 mm., weighed 9 .9  g . (3050.

In  an o th e r ru n , fo llo w in g  the  same procedure except th a t  97 g . 

(1.1*3 m oles) o f powdered sodium hydroxide was used  in  p lace  o f  the  

potassium  hydrox ide , th e  y ie ld  was l i t . 2 g . (h2%) o f p ro d u c t, b o i l in g  

a t  62- 68°  C. a t  12 mm.

P re p a ra tio n  o f 1 -P h e n y lte tra z o le  from Phenyl Isocyanide

A m ixture o f l i t . 2 g . o f  crude phenyl isocyan ide  ( b .p .  62-68° C. 

a t  12 mm.) and 100 m l. of an approxim ately  16% s o lu t io n  of hydrazoic 

ac id  in  benzene was heated  under r e f lu x  f o r  one hour on the steam b a th ,  

th en  allow ed to  s ta n d  a t  room tem perature  f o r  2b h o u rs . The so lv e n t 

was removed a t  reduced p re s s u re ,  and a few drops o f phenyl isocyan ide  

d i s t i l l e d  a t  60-68° C. a t  l i t  mm. The re s id u e  was cooled  and t r e a te d  

w ith w a te r . Although some c r y s ta l s  form ed, th e  r e s u l t in g  o i l  d id  no t 

s o l id i f y  co m p le te ly . The w ater la y e r  was decanted and th e  re s id u e  

tak en  up in  iso p ro p y l a lc o h o l. The c r y s ta l s  which formed were f i l t e r e d  

and washed w ith  w a te r. The m other l iq u o r  was t r e a te d  w ith  w ater to  

fo rce  more of th e  p roduct o u t o f  s o lu t io n .  This second crop was taken  

up i n  a  sm all amount o f iso p ro p y l a lc o h o l, f i l t e r e d ,  and th e  c r y s ta l s  

added to  th e  f i r s t  c ro p . The t o t a l  p roduct was washed sp a rin g ly  w ith  

iso p ro p y l a lco h o l and p ressed  ou t on f i l t e r  paper to  d ry . The crude 

y ie ld  was 2 .5  g . ,  m .p . 56-62° C. (1 2 ,b% of th e  th e o r e t ic a l  y ie ld ,  

based  on th e  w eight o f  phenyl iso c y a n id e ) . One r e c r y s ta l l i z a t io n  from 

iso p ro p y l a lc o h o l gave 1 .6  g . ,  m .p. 63-61*° C.



125

P re p a ra tio n  o f D iform ylhydraz ine

A m ix ture  o f  5 .2  g . (0 ,076 mole) o f sodium form ate and h .9  g . 

(0,038  mole) o f hydrazine  s u lf a te  was ground in  a  m o rta r, t r a n s fe r r e d  

to  a  c r y s ta l l i z in g  d is h ,  and h ea ted  one hour on the steam b a th  w ith 

o c c a s io n a l s t i r r i n g .  The mass so ften ed  to  a p a s te ,  th en  hardened 

ag a in . The s o l id  mass was e x tra c te d  th re e  tim es w ith 20 m l. p o r tio n s  

of ho t 95# e th a n o l. The rem aining s o lid  was d isc a rd e d . On co o lin g , 

th e  e x tr a c t  d ep o s ited  d iform ylhydrazine as w hite n e e d le s . The p roduct 

weighed one gram ( 30#) and m elted  157-162° C, P e l l i z z a r i  (22) re p o rts  

a 77# y i e ld ,  m .p. 161° C. by t h i s  method.

P re p a ra tio n  of 1 -P h e n y lte tra z o le  by the  Dimroth Method

Fourteen  m i l l i l i t e r s  o f  7 N hydroch lo ric  a c id  was added to  1 .9
o

g . o f  a n i l in e  and th e  r e s u l t in g  suspension  cooled to  0 C. and

m echanically  s t i r r e d .  A s o lu t io n  o f l.U li g . of sodium n i t r i t e  in  5 m l.

of w ater was added d ropw ise, so th a t  th e  tem peratu re remained below 
o

5 C. This d ia z o tiz e d  a n i l in e  s o lu tio n  was c a re fu l ly  n e u tra liz e d  to  

li tm u s  w ith  s o l id  sodium carbonate  and added dropwise to  a  w e l l - s t i r r e d  

s o lu t io n  o f 1 .8  g . of d ifo rm ylhydrazine in  20 m l. of 5 W sodium
o

hydroxide and 20 m l. o f w a te r. The tem perature was kept below  5 C. 

A fte r  s tan d in g  o v e rn ig h t, th e  re a c t io n  m ixture was e x tra c te d  w ith  

e th e r .  A fte r  ev ap o ra tio n  of th e  e th e r  on the steam b a th ,  the re s id u e  

was wanned w ith  7 N hyd ro ch lo ric  a c id ,  and n e u tra l iz e d  w ith  sodium 

hydrox ide . C h il l in g  and s c ra tc h in g  o f th e  w alls caused s e p a ra tio n  of 

a  brown s o l id  weighing about 90 mg. R e c ry s ta l l iz a tio n  from aqueous
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iso p ro p y l a lco h o l gave a few m illig ram s o f p a le  tan  n e e d le s , m.p.

60-61° C .

P re p a ra tio n  o f Formamides

The a p p ro p ria te  amine was mixed c a u tio u s ly  w ith  an excess o f 88# 

form ic a c id ,  and d i s t i l l e d  u n t i l  the tem peratu re o f th e  vapor reached 

105 C. The re s id u e  th en  c o n s is te d  o f th e  d e s ire d  p ro d u c t, co lo red  

im p u r i t ie s ,  and some excess form ic a c id .  S everal methods of p u r i f i 

c a t io n  were u se d . L iqu ids were d i s t i l l e d  a t  reduced p re s s u re . S o lid s  

were taken  up in  e th an o l and poured over i c e ,  w ith s t i r r i n g  and s c ra tc h 

in g  to  induce c r y s t a l l i z a t i o n .  A lthough crude y ie ld s  were e x c e l le n t ,  

d i f f i c u l t y  in  removing the  co lo red  im p u ritie s  and th e  tendency of 

th e se  compounds to  se p a ra te  as o i l s  made complete p u r i f i c a t io n  d i f f i 

c u l t .  In  many c a s e s ,  the  once r e c ry s ta l l iz e d  p roduct s t i l l  r e ta in e d  

a  f a i n t  c o lo r ,  b u t was n ev e r th e le ss  considered  pure enough fo r  use in  

th e  p re p a ra tio n  o f the corresponding  t e t r a z o le .

D e ta i ls  o f p re p a ra tio n  a re  g iven below f o r  s e v e ra l compounds to  

i l l u s t r a t e  the  p re p a ra tio n  o f fo rm an ilid es  and o f N -alkylform am ides.

A ll of th e  formamides p repared  a re  known.

o-Form otoluidide

A m ix ture  o f  107 g . (one mole) o f o - to lu id in e  and 66 m l. o f 88# 

form ic ac id  was d i s t i l l e d  u n t i l  th e  tem perature o f th e  vapor reached

105° C. The red  re s id u e  was poured in to  an Erlenmeyer f la s k  and
\

c h i l l e d .  S c ra tch in g  of th e  w alls o f  th e  f la s k  w ith  a g la ss  ro d  induced 

s o l i d i f i c a t i o n .  The crude p roduct was s t i r r e d  w ith  100 m l. o f co ld
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e th a n o l, f i l t e r e d  and washed w ith  a  sm all amount o f e th a n o l. The 

f i l t r a t e  was t r e a te d  w ith  ic e  and s o lid  sodium carbonate  to  give a  

second c ro p . The combined crude product weighed 117.2 g . One 

r e c r y s ta l l i z a t io n  from aqueous e th an o l and one from carbon te t r a c h lo r id e  

gave h i .5  g . (3 !$) o f alm ost c o lo r le s s  m a te r ia l ,  m .p. 57-60° C.

S ev era l v a lu es  fo r  the m elting  p o in t of t h i s  compound have been recorded :

62, 57-59, 56.5-57.5° c .  U o ,li2 , i 2 ) .

p-Formanj s id id e

A m ix tu re  o f 123 g . (one mole) of p -a n is id in e  and 66 m l. o f 88# 

form ic a c id  was d i s t i l l e d  u n t i l  th e  vapor tem perature reached 105° C.

The re s id u e  was poured in to  an Erlenmeyer and c h i l le d  to  induce 

s o l i d i f i c a t i o n .  The crude p roduct was f i l t e r e d  by su c tio n  and d r ie d .

The crude p roduct weighed 76 g . ,  m .p. 7^-80 C. The m a te r ia l  was 

d isso lv e d  in  warm e th a n o l,  t r e a te d  w ith  d e c o lo r iz in g  c h a rc o a l, f i l t e r e d ,  

and poured over i c e .  T h is o n c e - re c ry s ta ll iz e d  p roduct weighed 67 ,h g . 

(It5#) and m elted  7 9 .5 -8 1 .5 °  C. The m elting  p o in t  given in  B e i ls te in  

fo r  p -fo rm an is id id e  i s  80-81° C. ( ip .) . The method d escrib ed  above 

was a lso  used  to  o b ta in  p -fo rm o to lu id id e  (1+2), o -fo rm an isid id e  (1+3),

o -ch lo ro fo rm an ilid e  (W t), m -chloroform anilide (1 |5), and p -c h lo ro -  

f  o rm an ilide  (It6) .

M-Is obutylformamide

A m ixture o f 3 6 .5  (0 .5  mole) of isobuty lam ine and 52 g . o f 88# 

form ic a c id  was d i s t i l l e d  a t  atm ospheric p re ssu re  u n t i l  th e  vapor 

tem peratu re  ro se  above 105° C, The re s id u e  was allow ed to  cool
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somewhat, and th en  was d i s t i l l e d  a t  reduced p re s s u re .  A fte r  a fo re 

ru n  had been  d isc a rd e d , th e  m a te r ia l b o il in g  1014- 113° C. a t  13 mm. was 

c o l le c te d .  The l i t e r a t u r e  value fo r  th e  b o il in g  p o in t of the product 

i s  111° C. a t  12 mm. ( ii7 ) . The p roduct th u s  c o l le c te d  was a  c o lo r le s s  

l iq u id  weighing hi .2 g . (93%) . I t  was used w ithout f u r th e r  p u r i f i 

c a t io n  fo r  th e  p re p a ra tio n  of the  t e t r a z o l e .  T his method was a lso  

used to  o b ta in  fo rm an ilid e  (1|2), m -form otoluidide (1*8), N-raethyl- 

formamide (10) , and N-ethylformamide (1*9).

P re p a ra tio n  o f 1 -A ry lte tra z o le s  from Form anilides

A s o lu tio n  o f s lu r ry  o f 0 .2£  mole o f  th e  fo rm an ilid e  in  100 m l. 

o f to lu en e  was p laced  in  a th ree-n eck ed  f l a s k  equipped w ith condenser, 

m echanical s t i r r e r  and ru b b er tube connected to  a f la s k  co n ta in in g  

powdered phosphorus p e n ta c h lo r id e . The m ixture was cooled by means 

o f an ic e  b a th  and s t i r r e d  ra p id ly  during  th e  g radual a d d itio n  of $2 .1  

g . (0 .2 5  mole) o f phosphorus p e n ta c h lo r id e , A p a s ty  s o l id  o r a heavy 

o i l  u s u a lly  appeared a t  t h i s  tim e , b u t th e re  was no evidence of 

hydrogen c h lo r id e  ev o lu tio n  th rough  the  condenser in  most c a s e s . A fte r 

f iv e  to  te n  m inutes f u r th e r  s t i r r i n g ,  100 m l. of an approxim ately  16$ 

s o lu t io n  o f hydrazo ic  ac id  i n  benzene was added slow ly from an 

a d d it io n  fu n n e l. Vigorous ev o lu tio n  o f hydrogen c h lo r id e  was no ted  

du ring  th i s  s t e p . A c le a r  s o lu t io n  formed as the hydrazoic a c id  was 

added. The ic e  b a th  was removed towards the end o f t h i s  s te p ,  and 

th e  s o lu t io n  was s t i r r e d  a t  room tem perature fo r  2h h o u rs , during  

which tim e f in e  w hite need les  were d ep o sited  in  q u a n t i t ie s  vary ing  

w ith  th e  compound being  p re p a re d . At th e  end o f 2h h o u rs , th e  re a c tio n
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m ixture was poured over i c e ,  made a lk a lin e  w ith  sodium hydroxide , and 

f i l t e r e d .  The f i l t e r  c a te  was washed w ith w ate r, whereupon most o f  

i t  r e d is s o lv e d . Any s o l id  rem aining was crude p ro d u c t. The to luene  

la y e r  was se p a ra te d  from the  f i l t r a t e .  The aqueous la y e r  was combined 

w ith th e  aqueous washings and e x tra c te d  w ith to lu e n e . The to luene 

s o lu tio n s  were combined and evaporated  to  a  sm all volume. The crude 

p roduct which s e p a ra te d  was f i l t e r e d  and r e c r y s ta l l i z e d .  H igh-m elting 

members o f  th e  s e r ie s  were r e c ry s ta l l iz e d  from isop ropy l a lc o h o l, 

w ith  th e  u se  o f d e c o lo r iz in g  c h a rc o a l. Cyclohexane was found to  be a 

moire s u i ta b le  so lv e n t f o r  r e c r y s ta l l i z a t io n  of the low -m elting  compounds.

The 1 - a ry l te t r a z o le s  ob ta ined  by th i s  method a re  l i s t e d  in  Table 

IV. D e ta ils  o f p re p a ra tio n  a re  g iven below fo r  1 -m - to ly lte tra z o le  and 

1 -p -c h lo ro p h e n y lte tra z o le , to  i l l u s t r a t e  su c c e ss fu l p re p a ra tio n s  o f a 

low -m elting  and a  h ig h -m eltin g  compound, r e s p e c t iv e ly .  U nsuccessfu l 

a ttem p ts  to  o b ta in  1 - o - to ly l te t r a z o le  a re  a lso  d e sc rib e d .

1 -m -T o ly lte traz  o le

A s o lu t io n  o f 33.8  g . (0 .2 5  mole) o f m -form otoluidide in  100 m l. 

o f to lu en e  was s t i r r e d  and cooled  during  th e  a d d itio n  o f  52.1 g . (0 .2 5  

mole) o f phosphorus p e n ta c h lo r id e . To th e  r e s u l t in g  b r ig h t  yellow  

s o lu tio n  was added 100 m l. of a  16$ so lu tio n  o f hydrazoic ac id  in  

to lu e n e . The m ixture was s t i r r e d  a t  room tem perature  fo r  2lt h o u rs , 

poured over i c e ,  made a lk a l in e  w ith  sodium hydrox ide , and f i l t e r e d .

The f i l t e r - c a k e  was s t i r r e d  w ith a  s o lu t io n  o f U g . o f sodium hydroxide 

in  100 m l. of w a te r, and f i l t e r e d .  The so lid  so ob ta ined  was s t i r r e d  

w ith  100 m l. o f d i s t i l l e d  w ater, f i l t e r e d ,  and washed with w ate r.
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The aqueous washes and the  w ater la y e r  from th e  f i r s t  f i l t r a t e  were 

d isc a rd e d . The to lu en e  la y e r  from th e  f i r s t  f i l t r a t e  was evaporated  

to  d ryness to  g ive a  second crop  of crude p ro d u c t. The t o t a l  crude 

p roduct weighed 3 6 .5  g . (9 1 $ ). The two crops were combined and 

r e c r y s ta l l i s e d  from aqueous iso p ro p y l a lc o h o l, in c lu d in g  trea tm en t 

w ith  d e c o lo r iz in g  c h a rc o a l. The once r e c r y s ta l l iz e d  m a te r ia l weighed 

20 ,1  g . and s t i l l  con ta ined  co lo red  im p u r i t ie s .  The p roduct was 

r e c r y s ta l l i z e d  from cyclohexane by re p e a te d  e x tra c tio n s  w ith  sm all 

amounts o f th e  h o t s o lv e n t.  The cyclohexane la y e r  was decanted and 

c h i l l e d  to  cause se p a ra tio n  of c o lo r le s s  c r y s ta l s .  Only sm all amounts 

of p ro d u c t d is so lv e d  in  each e x tr a c t io n ,  b u t r e p e t i t io n  o f t h i s  p ro 

cedure f i n a l l y  l e f t  on ly  a  sm all amount o f h igh ly  co lo red  waxy re s id u e . 

The t o t a l  y ie ld  o f pure 1 -m - to ly lte tra z o le  ob ta ined  in  t h i s  way was 

13 .6  g . ( M ) ,  m .p . 5 3 -& °  C.

1 -p -C h lo ro p h en y lte trazo le

A m ix tu re  o f 38 .9  g .  (0 .25  mole) o f p -ch lo ro fo rraan ilid e  and 100 

m l. of to lu e n e  was s t i r r e d  and cooled  during  th e  a d d itio n  of 52.1 g. 

of phosphorus p e n ta c h lo r id e , fo llow ed by the a d d itio n  o f 100 m l. of 

a  16% s o lu t io n  o f hydrazoic ac id  in  to lu e n e . The re a c t io n  m ixture 

was s t i r r e d  a t  room tem peratu re  f o r  2k h o u rs, poured over i c e ,  made 

a lk a l in e  w ith  sodium hydroxide , and f i l t e r e d .  The f i l t e r  cake was 

washed by s t i r r i n g  w ith  d i lu te  sodium hydroxide , f i l t e r e d  and d r ie d . 

The crude y ie ld  was iiU.U g . (9&%) o f  s l ig h t ly  co lo red  p ro d u c t, m .p, 

1143-1500 C. The crude p roduct was r e c r y s ta l l i z e d  th re e  tim es from 

iso p ro p y l a lc o h o l,  w ith  th e  use o f  d eco lo riz in g  charcoal i n  the f i r s t
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tw o. A fte r  d ry in g  in  th e  oven a t  110° C. ,  th e  pure m a te r ia l weighed 

9 .0  g . and m elted  155.5-156° C. M a te ria l recovered from the  r e c r y s ta l 

l i s a t i o n  mother l iq u o rs  and from ev ap o ra tio n  of th e  to luene la y e r  o f 

th e  r e a c t io n  m ix tu re  was r e c r y s ta l l i a e d  tw ice from iso p ro p y l a lco h o l 

to  fu rn is h  an a d d it io n a l  5.5 g . o f pure p ro d u c t, m .p. 155-156° C.

The to ta l yield of pure 1-p-chlorophenyltetrazole was lit .5 g. (32%).

l - o - T o ly l te t r a a p le

A m ix tu re  o f 20.25 g . (0 .1 5  mole) of o -fo rm o to lu id id e  and 60 m l. 

o f  to lu en e  was s t i r r e d  and cooled  during  the  a d d itio n  o f 31.3 g . ( 0.15  

mole) o f phosphorus p e n ta c h lo r id e , follow ed by the  a d d it io n  of 60 m l. 

o f  a  16$ s o lu tio n  o f hydrazoic a c id  in  to lu e n e . The r e a c t io n  m ixture 

was s t i r r e d  a t  room tem perature f o r  38 h o u rs. The m ixture was poured 

over i c e ,  n e u tr a l iz e d ,  and c h i l l e d .  The w ater la y e r  was sep ara ted  and 

d isc a rd e d . Removal o f  th e  to lu en e  a t  reduced p re ssu re  l e f t  23.3 g . 

o f  a d a rk -red  o i l  from which no s o lid  could be i s o la te d .  Since a  survey  

o f  m eltin g  p o in ts  o f th e  o th e r  1 - a ry l te t r a z o le s  on hand suggested  th a t

1 - o - to ly l te t r a z o le  might m elt v e ry  c lo se  to  room tem p era tu re , th e  

p re p a ra tio n  was re p e a te d .

On th e  a d d it io n  o f phosphorus p en tach lo rid e  in  th e  second ru n , 

the fo rm ation  o f an orange lower la y e r  was n o ted . A fte r  a d d itio n  of 

th e  hydrazo ic  a c id ,  a  c le a r  s o lu t io n  was o b ta in e d . The m ixture was 

s t i r r e d  f o r  2k h o u rs , du ring  which tim e a w hite p r e c ip i ta te  appeared .

The r e a c t io n  m ix tu re  was worked up in  the same manner as the  f i r s t  

ru n . A f te r  removal o f the  to lu e n e , an a ttem pt was made to  d i s t i l l  

the re s id u e  a t  reduced p re s s u re . When no d i s t i l l a t e  was ob ta ined
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even on h e a tin g  to  200° C. a t  1 mm., th e  h e a tin g  was d iscon tinued  

and th e  ap p ara tu s  p a r t i a l l y  d isassem bled . At t h i s  p o in t ,  th e  re s id u e  

began to  decompose w ith  v igorous e v o lu tio n  o f g a s . Although no ex

p lo s io n  o c cu rred , i t  was f e l t  t h a t  f u r th e r  a ttem p ts  to  d i s t i l l  t h i s

m a te r ia l were in a d v isa b le .
*

P re p a ra tio n  o f l - I s o b u ty l te t r a g p le  by the  Fprmamide Method

A ttem pts to  p rep are  1 - is o b u ty l te t ra z o le  accord ing  to  th e  procedure

d e sc rib e d  above fo r  the  p re p a ra tio n  o f the  1 - a ry l te t r a z o le s  f a i l e d  to

y ie ld  th e  d e s ire d  p ro d u c t. The fo llo w in g  m o d ifica tio n  le d  to  th e

fo rm ation  o f  th e  expected compound in  low  y ie ld .

A m ix ture  o f 17 .9  g . (0 .1 8  mole) o f is o b u ty l  forroamide and 100

m l. of to lu en e  was s t i r r e d  and cooled during  th e  a d d itio n  o f 37.1 g .

(0 .18  mole) of phosphorus p e n ta c h lo r id e , fo llow ed by th e  a d d itio n  of

100 m l. o f  a  16% s o lu t io n  o f hydrazoic a c id  in  to lu e n e . The re a c tio n

m ixture was s t i r r e d  a t  room tem peratu re  f o r  one hour, and th en  on the

steam b a th  f o r  th re e  h o u rs . The m ixture was poured over i c e ,  and made

a lk a l in e  w ith  sodium hydroxide . The w ater la y e r  was s e p a ra te d , washed

w ith  to lu en e  and d is c a rd e d . A fte r  removal o f so lv en t a t  reduced

p re ssu re  from th e  combined to lu en e  s o lu t io n s ,  th e  re s id u e  was f r a c -
o

t io n a te d  a t  reduced p re s s u re .  The f r a c t io n  b o il in g  a t  121-123 C. a t  

1 ram. gave th e  c o r re c t  e lem en ta l a n a ly s is  fo r  1 - is o b u ty l te t r a z o le ,  and 

e x h ib ite d  an in f r a r e d  spectrum  s im ila r  to  th a t  o f th e  o th e r  1 -a lk y l-  

t e t r a z o l e s .  T h is f r a c t io n  weighed 2.88 g . and had a  r e f r a c t iv e  index  

o f  1.1*590 a t  20° C. F u rth e r  a ttem p ts  to  d i s t i l l  th e  re s id u e  were 

accompanied by evidence of decom position and r e s u l ta n t  v a r ia t io n  in
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the  p r e s s u re .  A f r a c t io n  b o il in g  a t  127-130° C. a t  2-3 mm. had a 

r e f r a c t iv e  index  o f  1.1*587 a t  20° C. ,  and may re p re se n t a  fu r th e r  

amount o f  impure p ro d u c t. This l iq u id  had a f a in t  ye llow  t in g e ,  in  

c o n tr a s t  to  the pure p roduct which was c o lo r le s s . The impure m a te r ia l  

weighed 1 .1  g . The y ie ld  m ight th e re fo re  be estim ated  as U.O g . , o r 

18% c ru d e , and as  2 .9  g . ,  or 13^, o f  pure m a te r ia l .

U l t r a v io le t  A bsorption S pectra
-4

The u l t r a v i o l e t  s p e c tra  were o b ta in ed  on 1 x  10 M so lu tio n s  in

9$% e th a n o l. In  a  few c a s e s ,  sp e c tra  were a lso  ob ta ined  fo r  1 x 10 M 
_ 2

and 1 x  10 M so lu tio n s  in  th e  same s o lv e n t .  Readings were made on a 

Beckmann Model DU Spectrophotom eter u s in g  one cen tim ete r c e l l s , w ith 

9$% e th an o l a s  th e  b la n k . The reg io n  from 210 to  300 mji was scanned 

a t  f iv e  mp i n t e r v a l s .  Near a  maximum, read in g s  were made a t  in te rv a ls  

o f one mp.

In f ra re d  A bsorp tion  S p ec tra

The in f ra re d  s p e c tra  were ob ta ined  on a  Perkin-ELmer Doublebeam 

Recording S pectrophotom eter, Model 21. The reg io n  from 2 to  15 p  was 

examined, u s in g  a  ro ck  s a l t  p rism . S pectra  were o b ta in ed  on o i l  m u lls , 

so lu tio n s  in  ch loroform  or carbon te t r a c h lo r id e ,  or pure l iq u id  

sam ples. Only th e  1 - s u b s t i tu te d  te t r a z o le s  were p repared  during  th e  

p re se n t in v e s t ig a t io n .  The 5 -^ lk y l te t r a z o le s  were p repared  by M ihina 

(3 3 b ). The 5 - a ry l te t r a z o le s  were p repared  by W ilson (37) and by 

M ihina (3 3 b ) . The 1 ,5 -d is u b s t i tu te d  compounds were re fe re n c e  samples 

from th e  work of H a r v i l l ,  e t  a l . (27) except fo r  1 ,5 -pentam ethylene- 

t e t r a z o l e ,  which was a  commercial sample o f M etrazo le , ob ta ined  from 

E. B ilh u b e r , I n c .  and used w ith o u t f u r th e r  p u r i f i c a t io n .
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SUMMARY AND CONCLUSIONS

Seven 1 -a lk y lte tra z .o le s  have been prepared  from th e  correspond

in g  iso cy an id es  by a  known method. E ig h t 1 - a ry l te t r a z o le s  have been
•i

p rep ared  from s u b s t i tu te d  fo rm an ilid es  by a  new method which c o n s is ts  

i n  t r e a t in g  a  to lu en e  s o lu t io n  o r suspension of th e  fo rm an ilid e  f i r s t  

w ith  phosphorus p e n ta c h lo r id e , and th en  w ith a  s o lu t io n  of hydrazoic 

a c id  in  to lu e n e . One 1 - a lk y lte t r a z o le  has a lso  been o b ta ined  by th i s  

new method. Of th e  compounds p rep a red , s ix  of th e  1 -a lk y lte t r a z o le s  

and s ix  o f th e  1 - a r y l te t r a z o le s  a re  new compounds.

U l t r a v io le t  and in f r a r e d  a b so rp tio n  sp e c tra  o f th e  new compounds 

have been s tu d ie d . T e tra zo le  and i t s  a lk y l d e r iv a tiv e s  show l i t t l e  

a b so rp tio n  in  th e  u l t r a v i o l e t  reg io n  examined. The a ry l  te t r a z o le s  

show co n sid e rab le  a b so rp tio n , w ith  maxima s h if te d  to  s h o r te r  wave

le n g th s  when s t e r i c  f a c to rs  in te r f e r e  w ith  th e  c o p la n a r ity  o f the 

phenyl and te t r a z o le  r in g s .  In f ra re d  ab so rp tio n  s p e c tra  were a lso  

ob ta ined  f o r  seven teen  ^ - s u b s t i tu te d  te t r a z o le s  and fo r  th i r t e e n  

1 ,5 -d is u b s t i tu te d  t e t r a z o l e s .  A t o t a l  of 1*6 te t r a z o le s  were examined 

in  th e  in f r a r e d  re g io n , and an attem pt has been made to  id e n t i fy  bands 

c h a r a c te r i s t i c  o f  the t e t r a z o le  r in g .
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A b b rev ia tio n s Used in  Tables

¥  = weak

M medium

S s tro n g

B = broad

sh = shoulder

P p la te a u

[ ] - v ery  weak

XI through XV

d o u b tfu l



TABLE XI

C h a r a c te r is t ic  Bands in  th e  In f ra re d  S p ec tra  o f 5 -A lk y lte tra z o le s

A lkyl
Group

iiOOO
Region 3X35

2800-
2000 1811 1579 1553 H il l

M ethyl U27I4W
li2021feh

3l55Msh [2778-
2326]

1812WB 1582M 1S63M [ l i a 23sh

E th y l l3 1 0 ¥
i*219Wsh

3l2$Msh [2778-
2326]

1795W 1575M [151*13
l563Wsh

llil8M

n-P ropyl l2#W 3l35^sh 2717Ssh 1?86M 
[ 2703- 
2326]

1577S H a ss

n-B uty l b27bW
b219W

3ll5Msh 27lOSsh 1808W
2591Ssh
[2U393

1582M 151* ai lliOJMsh

n-Amyl h292
h0b9W

3135S [2778-
2105]

183$HB I577sh I565sh
1555M

lii08lfeh

i-Amyl b27b¥
l;202T&h

3l25^sh 27^0S-
2353M

l61i2kB 1582W 1550M li t03M

n-Hexyl h27b¥
l|202Wsh

3115Msh 2703S-
2I463S

1818WB 1575M I 5 5 » h
l 51*JWsh

n-H eptyl U219W 3125M 2710S-
2I4.69

18321© 1580M 1553M
15>li3Msh

lUOllM
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Table XI Continued

1295 1258 1111 1082 101*2 988 715

1267V 125&1

1307M 1253M

[131*6] 1259S 
[1307]
1276M

1259M

1112M 101*7
1103sh

1101M 1082S 10l*3S

1106S 1078S 10l*0B

1107 S

1267V 1109M

132 %  1267Vs h
1259M 
1253Vsh 

|1307] 126i*V 
12l*8V

1121S 
111 CM

IO36VB

[1305] 1263sh 1110M 1087M IO36B
1253M

10l*CM

1082S 10l*3S

1107S 1086M 10i*lS

995V

[990-
893JS

[1015]
[980]

985v

99l*M

98m

[719]

[715]

715M

715M

7l 5Msh

[733-
716]

710W
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fĉ Erfissi

I
O rH r “'v

9  O 

f t

aoo
CM
rH

i - i - F
6 & S  

3 5 3
CJ ft
E

XJ
£XA
Ov
O
rH

S
vO
rH
H

I £
H  O  
r -  ov 
CM rH 
H  H

CO
vO
3

COXAOO
O

CO
-= t
CM
3

CO

§Q

co
v£>
OO
o

m3
CM
S

CO
CO
vO

1
O  iH  r -v

r -v

O r H H

1&s S&S M353 353 t
Cj> f t f t *
f t f t o

f t« r
co vA CO
S t vO \A  

CM CM 
CM rH H  
H  <-»*

co

oCA
iH

f rH r ?
§  
U

CO
N
vO

CO
CMOO

COOO
Ov

3

CO CO 
CM C*- 0O-=t 
CM CM 
H  rH

CO
CM

I *

I

I
I I sSf a
O



1U3

f t

I

f tos
3

a s
3 3

s£>
rH
H

Os

3

8o
CSI
H

C--3 
CM CM 
H  H

J* f® 
j  SH  O  rs rs

J M■P fl> o
^  p . w  

p .

CO
CM
O s
O
p H

CO
O

CO

SO

&
I •— '  

a - s o  r- r-
CM H

X !
CO

CO CO os-d- 
H  O  
c a  r p | 
pH i—I

I PS
SfrHH
3  S B
-P  ©  O

X ? ^  
p .

* •pr

s
s O

•LA
rH

O v
s O03

CSIo
O s

O s
CA
O s

sO
■LA
O s

XA
O s
O s

CA
rH
O
H

Jb«a* O

8
COsO

CM
co
03

5
iH
Ov

f tCA
s O
O s

J3
m

£ 5
O s O s  
O s  O s

H  H  

& oJg w
to

COc~-
co
sO

CO
O so
O s

CO
c—
XA
O s

CO
S t
O s
O s

f t

H  p >
H  *

H O  rH rH
> » W  J>»C3CO CO
^ ̂  ,C  ^
to to

co
so

g s
C-X A
SO so

f t o COco
O s O s O s
O s O st.rzJ O s

Os
Os

CO
0 3
Os
Os

f t
Os
Os

H
O
rH

CO
03
Oo

f t
H
r—

i*
sO
H
t>- C*—

M
CO

f t
XA
03

Cl 
1 r - > 

XA O  
XA-Of
0 3  03
ti_j

5
c—
CO

f t
XA
03

f t
CO
oo

CO

3
OO

sO
Os

f t
CO
03

CO
CSIo
Os

i»o
Os
CO

oo
H f
Os
fcasj

Si

&
s j
Os

ft
S t
Os

S i

1
CSJ
Os

is
XA
Os

3*s
Os

CO
Os
XA
Os

S.SO
Os

i
OS

S i
Ee
XA
XA
Os

CO
Os

CO
CA
Os
OS

o
rH

S 30 O EH —•
1 
8

m
H  H

S BO o
E-i s p

g

rH / s

S 3o  o  
e , . —

Or

Cl
rH rH
S B
O  O  

E H ' - ’

to

I

P ‘•1 
o  & g
tjl fts-P

£ ^ rH 1
,§ S BXX o 
o

C
on

tin
ue

d 
ne

xt
 

pa
ge



TA
BL

E 
XIV

 
- 

C
on

tin
ue

d

1 hh

$
\D
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TABLE XVI

U ltr a v io le t  Absorption Spectrum o f  1 -P h en y lte tra zo le
( l  x  10”4 M s o lu t io n  in  9$% eth an ol)

Tfeivelength O p tica l D ensity

210 .826 8,260
215 .531 5,310
220 .568 5,680
225 .709 7,090
230 .81*8 8,1*80
235 .921 9,210
236 .921 9,210
237 .925 9,250
238 .920 9,200
239 .909 9,090
2U0 .899 8,990
21a .881 8,810
2U2 .861 8,610
2h3 .836 8,360
2kb .811 8,110
2h$ .783 7,830
250 .611* 6,ll*0
255 .1*27 1*,270
260 .268 2,680
265 .159 1,590
270 .088 880
275 .01*6 1*60
280 .020 200
285 .011 110
290 .010 100
295 .009 90
300 .005 50



11*8

TABLE XVII

U lt r a v io le t  A bsorption Spectrum o f 1 -m -T o ly lte tra zo le
(1  x  10"4M s o lu t io n  in  9$% e th an ol)

"Wavelength O p tica l D ensity &

210 1.889 18,890
215 l.U*7 11,1*70
220 .658 6,580
225 .608 6,080
230 .732 7,320
235 .837 8,370
236 .852 8,520
237 .865 8,650
238 .870 8,700
239 .871* 8,71*0
2l*0 .869 8,690
2lil .861; 8,61*0
21*2 .851* 8 ,51*0
2l*3 .81*2 8 ,1*20
2l*i* .821* 8 , 21*0
2U5 .808 8,080
250 .675 6,750
255 .503 5,030
260 .31*3 3,1*30
265 .217 2,170
270 .11*1* 1 , 1*1*0
275 .107 1,070
280 .065 650
285 .016 160
290 .Oil; 11*0
295 .011 110
300 .009 90
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TABLE XVIII

U lt r a v io le t  A bsorption Spectrum of 1 -p -T o ly lte tra z o le  
( l  x  10 M s o lu t io n  in  95% e th an o l)

H kvelength O p tic a l D ensity  £ .

210 1.102 11,020
215 .578 5,780,
220 .1*55 l*,55o
225 .51*5 5,1*50
230 .726 7,260
235 .896 8,960
237 .91*5 9,1*50
239 .981 9,810
2jU0 1.000 10,000
21*1 1.001 10,010
21*2 1.008 10,080
21+3 1.010 10,100
2UU 1.006 10,060
214.5 1.002 10,020
250 .903 9,030
255 .731* 7,3U0
260 .5M* 5,1*1*0
265 .362 3,620
270 .212 2,120
275 .119 1,190
280 .051* 5i*o
285 .007 70
290 -.003 0
295 -.003 0
300 -.005 0
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TABUS XIX

U lt r a v io le t  A bsorption  Spectrum of 1 -o -C h lo ro p h en y lte trazo le  
(1 x 10“4 M s o lu t io n  in  95/6 e th an o l)

W avelength O p tic a l D ensity  S*

208 1.587 15,870
209 1.571 15,710
210 1.1*72 Hi ,720
211 1 .360 13,600
215 1.01*1* 10,1*1*0
220 J h 6 7,1*60
225 .5 la 5,1*10
230 .UUl 1*,1*10
235 .359 3,590
2l*0 .261 2,610
2i*5 .165 1,650
250 .091* 91*0
255 .055 550
260 .01*6 1*60
265 .01*7 1*70
270 .01*6 1*60
275 .038 380
280 .015 150
290 .001 10
300 .001 10
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TABLE XX

U ltr a v io le t  A bsorption Spectrum o f 1-m-Chlorophenyl T etrazo le
( l  x  1C-4  M s o lu t io n  in  95/S eth an ol)

Ifeveleng th  O p tica l D ensity  £>

210 2.1*3 2k , 300
215 2.01 20,100
220 1.129 11,290
225 .691* 6 , 91*0
230 .71*6 7 , 1*60
232 .788 7,880
2 3k .822 8,220
235 .852 8,520
236 .857 8,570
237 .872 8,720
238 .883 8,830
239 .873 8,730
2l*0 .878 8,780
21*1 .858 8,580
2i*2 .81*3 8,1*30
2l*3 .822 8,220
21*5 .781* 7,81*0
250 .616 6,160
255 .1*17 i*,170
260 . 21*6 2,1*60
265 .130 1,300
270 .092 920
275 .073 730
280 .060 600
290 .017 170
300 .005 50
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TABLE XXI

U lt r a v io le t  A bsorption Spectrum o f 1 -p -C h lorop h en y ltetrazo le
( l  x  10“4 so lu t io n  in  95% e th an ol)

^Wavelength O p tica l D ensity £*

210 1.21+7 12 , 1+70
215 .767 7,670
220 .701 7,010
225 .863 8,630
230 1.101 11,010
23* 1.289 12,890
237 1.31+7 13,1+70
239 1.391 13,910
2U0 1.1+02 11+ ,020
2l+l 1.1+01 ll+,010
2l+2 1.399 13,990
2l+3 1.1+00 11+,000
21+1+ 1.1+03 ll+ ,030
2b5 1.393 13,930
2i+6 1.381 13,810
21+8 1 .336 13,360
250 1.270 12,700
255 1.01+3 10,1+30
260 .773 7,730
265 .605 6,050
270 .300 3,000
275 .187 1,870
280 .102 1,020
290 .038 380
300 .025 2*0
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TABLE XXII

U ltr a v io le t  A bsorption Spectrum o f 1-o-M ethoxyphenyltetrazole
(1  x  1CT4 M s o lu t io n  in  9$% ethanol;

Tfavelength O p tica l D ensity  £>■

210 1.652 16,520
215 1.277 12,770
220 .792 7,920
225 .551* 5,51*0
230 .519 5,190
232 .51*7 5,1*70
23U .565 5,650
235 .580 5,800
236 .576 5,760
238 .575 5,750
2k0 .573 5,730
2i*5 .1*88 it, 880
250 .351* 3,51*0
255 .213 2,130
260 .131* 1,31*0
265 .151 1,510
270 .221* 2,21*0
275 .311* 3,11*0
278 .352 3,520
280 .371* 3,71*0
281 .380 3,800
282 .381* 3,81*0
283 .381* 3,81*0
281* .381 3,810
285 .375 3,750
290 .29U 2,91*0
295 .183 1,830
300 .086 860
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TABLE XXIII

U lt r a v io le t  A bsorption  Spectrum o f 1 -p-M ethoixyphenyltetrazole
(1  x  10“4 M s o lu t io n  in  95% ethan ol)

"Wavelength O p tic a l D ensity  6^

210 1.110 11,100
21$ .6$6 6,$60
220 -hl5 l4,l$0
22$ .377 3,770
230 .U68 li,680
23$ .633 6,330
2U0 .809 8,090
2h$ .912 9,120
2$0 1.07$ 10,7$0
2$2 1.082 10,820
2$U 1.086 10,860
2$$ 1.093 10,930
2$6 1.079 10,790
2$8 1.0$8 10 ,$80
260 1 .0U0 10,1*00
26$ 1.031 10,310
270 .772 7,720
27$ .623 6,230
280 .U& U,810
28$ .326 3,260
290 .182 1,820
29$ .070 700
300 .018 180
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TABLE XXIV

U lt r a v io le t  A bsorption Spectrum o f  5 -m -T o ly lte tra zo le
(1  x  10-4 m s o lu t io n  in  %% ethanol)

Wavelength O p tic a l D ensity £

210 1.839 18,390
215 1.01*2 10 , 1*20
220 0.553 5,530
225 0.613 6,130
233 1.061* 10,61*0
23k 1.119 11,190
235 1.166 11,660
236 1.210 12,100
237 1.21*8 12,1*80
238 1.283 12,830
239 1.319 13,190
2l*0 1.3U5 13,1*50
2hl 1 . 31*8 13,1*80
2h2 1.360 13,600
2k3 1.361* 13,61*0
2hh 1 . 31*6 13,1*60
2ii5 1.332 13,320
2l*6 1.295 12,950
2JU7 1.265 12,6£0
250 1.151 11.510
255 0.789 7,890
260 0.1*59 1*,590
265 0.15U 1,51*0
270 0.100 1,000
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TABLE XXV

U ltr a v io le t  A bsorption Spectrum o f 5 -p -T o ly lte tr a z o le
(1  x  10“4 M s o lu t io n  in  9%% ethan ol)

Tfevelength O p tic a l D ensity

210 1.1*08 lU ,080
215 0.51*6 5,1*60
220 0.1*31 i*,310
225 0.615 6,150
230 0.930 9,300
233 1.137 11,370
23U 1.20U 12,01*0
235 1.269 12,690
236 1.333 13,330
237 1.392 13,920
238 1.1*1*9 li*,l*90
239 1.1*93 11*, 930
2i*0 1.539 1^ 390
21*1 1.578 15,780
2I4.2 1.622 16,220
21*3 1.61*0 16,1*00
2l*l* 1.657 16,570
2l*5 1.672 16,720
2 1*6 1.672 16,720
2l*7 1.672 16,720
2kd 1.61*5 16 ,1*50
2k9 1.618 16,180
250 1.599 15,990
255 1.3U7 13,1*70
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TABLE XXVIa

U lt r a v io le t  A bsorption Spectrum o f T etrazo le
( in  95$ e th a n o l, a t  co n cen tra tion s g iven  below)

Tfevelength

£

10"4 M

11

s«10rH

1 1 0 '3 M

210 350 215 181
215 310 107 87
220 310 59 36
225 350 39 Ik
227 370 - -

229 380 - *»
230 370 32 5
232 360 - -

23U 350 - -
235 3 ho 26 2
237 280 - -
2l;0 270 20 2
2U5 210 lU 1
250 160 16 1
255 210 13 1
260 200 9 1
265 120 8 1
270 110 7 1

275 110 9 1
280 120 9 1
289 70 7 -

290 70 6 0
295 70 7 -

300 60 h 0
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TABLE XXVIb

U lt r a v io le t  A bsorption  Spectrum of T e trazo le  
( in  w a te r , a t  c o n c en tra tio n s  given below)

W avelength 10"4 M

a

10“3 M

210 280 118
215 130 hi
220 70 17
225 30 6
230 30 3
235 ko 2
2ii0 30 1
2U5 30 1
250 10 1
255 20 1
260 20 1
265 20 1
270 20 1
275 30 1
280 30 1
285 20 0
290 20 0
295 20 0
300 20 0
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TABLE XXVII

U lt r a v io le t  A bsorption Spectrum o f  1 -n -B u ty lte tr a z o le
( in  95$ e th a n o l, a t  co n cen tra tion s g iven  below)

'  '  ' '     ......
l& veleng th  10"*' M 10~3 H 10”^ M

210 U30 350 255
215 230 186 lUo
220 160 10U 68
225 100 62 31
230 30 37 15
235 30 27 8
2i+0 20 20 5
2U5 10 16 k
2£0 20 I k h
255 10 10 3
260 0 6 3
265 0 9 2
270 0 8 2
275 0 8 2
280 0 9 2
285 0 8 2
290 0 8 2
295 0 9 -

300 0 9 1
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TABLE XXVIII

U lt r a v io le t  A bsorption Spectrum of 1 -n-A m yltetrazole 
( in  95% e th a n o l,  a t  c o n c e n tra tio n s  given below)

W avelength
£.

H O
1 *

K 10"3 M 10“ :3 H

210 690 ia ? 256
215 il20 21*8 139
220 330 179 6li
225 260 1U3 27
230 200 131 11
235 170 112 5
2k0 120 76 3
2U5 80 57 2
250 60 53 2
255 30 50 2
260 30 k7 2
265 30 37 1
270 30 31 1
275 50 29 1
280 70 28 1
285 50 21* 1
290 h0 20 1
295 1*0 17 -
300 0 13 1
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TABLE XXIX

U ltr a v io le t  Absorption Spectrum o f 1 -n -H ex y lte tra zo le
( in  9$% e th a n o l, a t  co n cen tra tion s g iven  below)

W avelength 10“3 M 10’ 2 M

210 b66 283
215 309 273
220 198 185
225 12h 116
230 71 70
235 b$ U2
2U0 31 27
2h5 25 22
250 21 19
255 17 16
260 13 12
265 10 9
270 8 7
275 7 6
280 7 5
285 - b
290 5 h
300 6 2
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TABLE XXX

U lt r a v io le t  A bso rp tion  Spectrum o f 5 -n -B u ty lte tra z o le  
( in  95% e th a n o l,  a t  c o n ce n tra tio n s  g iven  below)

W avelength 10“ 3 M 10” 2 M

210 37U 299
215 175 157
220 67 62
225 21 19
230 9 5
235 7 2
2ho 7 1
2h$ h 1
250 b 0
2 55 k 1
260 k 0
265 2 1
270 2 0
275 3 0
280 2 0
285 3 0
290 2 0
295 3 0
300 3 0
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TABLE XXXI

U lt r a v io le t  A bsorption Spectrum o f 5 -n -H e x y lte tra z o le  
( in  95% e th a n o l , a t  c o n c e n tra tio n s  given  below)

W avelength
e

10"4 M 10~3 M 10":3 M

210 , 110 377 260
215 70 167 160
220 0 66 61
225 0 22 19
230 0 8 9
235 0 6 2
2lj0 0 3 1
2h5 0 1 0
250 0 1 0
255 0 1 0
260 0 1 0
265 0 1 0
270 0 0 0
215 0 0 0
280 0 2 0
285 0 0 0
290 0 1 0
300 0 0 0


