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In the reaction of g-amino-l-methyltetrazole and 5-amino-2-meth- 
yltetrazole with carboxylic acid anhydrides or chlorides, diacylam- 
ides are obtained in addition to monoacyl derivatives. The results 
of independent synthesis and a study of IR and PMR spectra have shown 
that in the diacylamides considered both acyl groups are attached to 
the same (the exocyclic) nitrogen atom. 

The p r e sen t  work is devoted to a study of the s t r u t -  
ture  of the products  of the reac t ion  of 5 - a e y l a m i n o - l -  
methyl te t razole  and 5 - a e y l a m i n o - 2 - m e t h y l t e t r a z o l e - -  
t au tomer i c  compounds [2-4] capable of dual reac t iv i ty  
[5]--with carboxyl ic  acid anhydrides  and chlorides.  
The diacyl amides  so obtained may theore t ica l ly  have 
e i ther  of s t r u c t u r e s  A or B. 

It has been shown prev ious ly  that the diarylsul fonyl  
der iva t ies  of 5 - a m i n o - l - m e t h y l t e t r a z o l e  and 5 - a m i n o -  
2 -methy l t e t razo le  (1- and 2 -methy l -5 -AT)  have s t r u e -  
ture A [6]. But while the d isul fonamides  of N-h e t e r o -  
cyclic amines  (with he terocyeles  capable of amino -  
imino t au tomer i sm)  have been  studied ex t remely  
in tens ive ly  [7, 8], diaeyl der iva t ives  eontaining earbox-  
ylie acid r e s idues  have been studied to an incomparably  
s m a l l e r  extent. 

Diacyl der iva t ives  of 1- and 2 - m e t h y l - 5 - A T  are  
obtained together  with the monoaeyl der iva t ives  by 
the reac t ion  of these  amines  with acid anhydrides .  
The reac t ion  of the monoacyl  der iva t ives  with the c o r r e -  
sponding acyl chlor ides  in pyr id ine  gives the same 
d iaey lamides .  

/ A r  
NH 2 NHAr II ! ~ \ A r  N--Ac 

N ~-" N~ ~ N'~"N N ~ - N  
A 

I Ac20 

At C| (pyridine) 
Ac20 = (CH3CO)~O, (C2H5CO)2 ~ ; AcCl ~ CH3COC[, C6H 5 COOl 

Structure of the diacyl derivatives of 2-methyl-5- 

AT was established by the independent synthesis of 
diacy lamides  having different  aeyl res idues .  The r e -  
act ion of 5 - aee ty l amino -2 -me thy l t e t r azo l e  with benzoyl 
chlor ide in pyr id ine  gave compound XI, mp 109-110 ~ C. 
A substance  with the same mel t ing  point is formed by 
heat ing 5 -benzoy lamino-2 -me thy l t e t r azo le  with acet ic  
anhydride.  

The two subs tances  proved to be identical  with one 
another  in respec t  to the i r  e l emen ta ry  ana lyses ,  IR 

*For pa r t  VI, see [1]. 

spec t ra ,  and a mixed -me l t i ng  point test ,  which is 
poss ib le  only if the two acyl groups are attached to the 
exoeyel ic  ni t rogen atom. 

.~-coc.~ g.~co-~-coc.~ ,~-coc~.~ 
N;C~N C6Hs COCI N;C~.N ( CH3CO)-~O ~C~N r 

I f II I (CsH~N) II I ~__N._CH3 N--N--CH 3 N--N--CH~ Xl 

In the case of the diacyl der iva t ives  of 5 - a m i n o - 1 -  
methyl te t razole ,  it was imposs ib le  to effect the syn-  
thesis  of a diacylamide containing different  aeyl r e s i -  
dues. When 5 - a c e t y l a m i n o - l - m e t h y l t e t r a z o l e  and 5- 
p rop iony lamino-2 -me thy l t e t r azo le  were t reated with 
benzoyl  chloride in the p re sence  of pyr idine ,  a t r a n s -  
aeylat ion reac t ion  took place with the format ion  of the 
mono-  and dibenzoyl der iva t ives  of 5 - a m i n o - l - m e t h y l -  
te t razole .  In exactly the same way, the react ion of 5- 
b e n z o y l a m i n o - l - m e t h y l t e t r a z o l e  with acetic anhydride 
formed the mono-  and diaeetyl der iva t ives  of 5 -amino-  
1-methyl te t razo le .  In the case of the d iaeylamides  of 
5 - a m i n o - l - m e t h y l t e t r a z o l e ,  the t r ansaey la t ion  r e a c -  
tion gives grounds for a s suming  a s t ruc tu re  in form 
A for  these compounds.  In actual fact,  if the second 
acyl group were attached to a r ing  ni t rogen atom (s t ruc-  
ture  B), t r ansacy la t ion  would most  probably not take 
place s ince of two aeyt groups attached to the exoeyclic 
and to a r ing  n i t rogen  atom the acyl group attached to 
the r ing  n i t rogen atom would split  out f i r s t  (this has 
been shown for  the case of disulfonamide der iva t ives  
of 2-aminoth iazole  [9]). 

The t ransaey la t ion  reac t ion  also takes place in the 
case of 5 - amino -2 -me thy l t e t r azo l e  der iva t ives ,  but  to 
a s m a l l e r  extent. Consequently,  it is poss ib le  to i so -  
l a t e - i n  low yield (25-35%), it is t rue - -d iacy lamides  
containing different  acyi groups (benzoyl and acetyl). 
However, in at tempts  to obtain a diaeyl der ivat ive  
containing acetic  and chloroacet ic  res idues ,  for ex-  
ample by the reac t ion  of the ehioroacetyl  der ivat ive  of 
5 - amino -2 -me thy l t e t r azo l e  with acet ic  anhydride,  only 
5 -d iace ty lamino-2 -me thy lamino te t r azo le  was isolated. 

In the carbonyl  region,  the IR spec t ra  of the diacyl 
der iva t ives  of 5 - a m i n o - l - m e t h y l -  and 5 - a m i n o - 2 -  
methy l te t razo les  (Table 1) taken in the c rys ta l l ine  
state and in CH3C1 solution there  is a single band, 
which shows the s t ruc ture  of the diacyl der iva t ives  
as fo rm A for  both 5 - a m i n o - 2 - m e t h y l -  and 5 -amino-  
1 -methy l te t razo les .  It could be assumed that if the 
d iacylamides  have the s t ruc ture  of form B, there 
should be two carbonyl  bands in the IR spec t rum c o r r e -  
sponding to the p resence  of aeyl groups both in the r ing  
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Table I 

IR Spectra (cm -1) of Diacyl and Monoaeyl Derivatives of 5- 
Amino-l-methyltetrazole  and 5-Amino-2-methyltetrazole 

N / R  
i \R,  

Com- 
pound 

R' 
~CO 

Crystals .. 

vibrations of 
i 

Solution in CHCI 3 

vibrations of 
the C=N and 
N=N bonds 

of the ring 

~CO 
the C=N and 
N=N bonds 

of the ring 

I 

II 
III  

IV 
V 

VI 

COCHs 

H 
COC~H5 

H 
COCsH5 
H 

COCHa 

COCHs 
COC2Hs 

COC2Hs 
COC6Hs 
COC6H5 

1-Methyl derivatives 

1718, 1770 

I709 
1730 

1813 V.W. 
1720 
1714 
1692 

1537 

1582 
1528 

1584 
1538 
1576 

1744 
1748" 

1711 

1530 
1533' 

1522 

1527 

VII 
VII I  

IX 
X 

XI 

COCH3 
H 
COC6Hs 
H 
COCH3 

COCHs 
COCH3 
COCsHs 
COC.H5 
COCsH5 

2-Methyl derivatives 

1725 
1726 
1703 
1711 

1702, 1723 

1505 
1577 
1499 
1567 
149~ 

1732 

1~8 
150i 

l~S 

*In CCI 4 solution 
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T a b l e  2 

5 - ( D i a e y l a m i n o ) - l - m e t h y l -  and  - 2 - m e t h y l t e t r a z o l e s  

Corn- I Method 
pound ! 

a 
I * a 

b 
VII ~ a 

IX** b 
XI a, b 

Reaction 
time, 
rain 

90 
180 
60 
30 

150 
60 

Mp, ~ 

68--69 
129--130 
109--110 

Empirical 
formula 

C6HgNsOa 
CsHlaNsOa 
CtgHI3NsO2 
C6HgNsOa 
C,gHIzN~O2 
CnHnN~O2 

Found, % 

c I s 

39.32 I 5.01 
46.01 ] 5.90 
62.40 1 4.34 
39,67 / 4,99 
62.28[ 4.19 
54.09 / 4,52 

C a l c u l a t e d ,  
% 

C I H 

39.34 4.91 
45.48 I 6.20 
62.53 I 4.26 
39.34 { 4.91 
62.53 4.26 
53.87 4.52 

Yield, 
% 

30 
0.96 
66 
48 
50 
37 

*The main product (yield 67%) was 1-methyl-S-propionylaminotetrazole (IV), mp 85-86 ~ C 
(needles, f rom benzene). Found,  %: C 38.87; H 6.07. Calculated for CsHgNsO , %: C 38.70; H 5.84. 

**The reaction was carried out at the boil in a tenfold exees~-~pyridine.  

and  on  the  e x o c y c l i c  n i t r o g e n  a t o m .  J u s t  s u c h  a p a t t e r n  
w a s  o b s e r v e d ,  f o r  e x a m p l e ,  in t he  IR s p e c t r a  o f d i a c y l  

d e r i v a t i v e s  of 2 - a m i n o t h i a d i a z o l i d i n e  ( s t r u c t u r e  B),  
w h i c h  s h o w e d  two c a r b o n y l  b a n d s  in the  c r y s t a l l i n e  
s t a t e  and  in  s o l u t i o n ,  the  d i f f e r e n c e  b e t w e e n  t h e s e  
b a n d s  b e i n g  2 0 - 3 0  c m  -1 [ i 0 ] .  

A m o n g  t h e  d i a e y l a m i d e s  c o n s i d e r e d ,  a n  e x c e p t i o n  
is  f o r m e d  b y  t he  d i a e e t y l  d e r i v a t i v e  of 5 - a m i n o - l -  
m e t h y l t e t r a z o l e  w h i c h ,  in the  c r y s t a l l i n e  s t a t e ,  s h o w s  
two e q u a l l y  s t r o n g  b a n d s  in  the  c a r b o n y l  r e g i o n ,  a t  

1718 and  1770 c m  -1. Bu t  in  s o l u t i o n  t h i s  c o m p o u n d ,  

l ike  a l l  t h e  o t h e r  d i a e y l a m i d e s ,  h a s  a s i n g l e  b a n d  in  
t he  1744 c m  -1 r e g i o n .  The  p h e n o m e n o n  o b s e r v e d ,  the  
e x i s t e n c e  of two e a r b o n y l  b a n d s  in the  c r y s t a l l i n e  s t a t e  

and  one b a n d  in s o l u t i o n ,  i s  s i m i l a r  to  t he  a n a l o g o u s  
p h e n o m e n o n ,  a l s o  d i f f i c u l t  to  e x p l a i n ,  in  t he  c a s e  of 
s o m e  c a r b o x y l i c  a c i d  a n h y d r i d e s  [11]. T h e  s p l i t t i n g  

of t he  e a r b o n y l  b a n d  in the  c a s e  of the  d i a c y l a m i d e  XI  
i s  c o m p l e t e l y  n a t u r a l ,  s i n c e  i t  i s  a p p a r e n t l y  c o n n e c t e d  
w i t h  the  d i f f e r e n t  n a t u r e  of t he  acy l  g r o u p s  p r e s e n t .  

The  P M R  s p e c t r u m  of 5 - ( d i a c e t y l a m i n o ) - l - m e t h y l -  
t e t r a z o l e  h a s  two s h a r p  s i n g l e t s  a t  3.10 and  1.59 p p m  
w h i c h ,  f r o m  t h e i r  p o s i t i o n  and  i n t e n s i t y  r a t i o  (1: 2) 
c an  b e  a s c r i b e d  to the  N - m e t h y l  g r o u p  and  two c h e m -  

i c a l l y  e q u i v a l e n t  m e t h y l  g r o u p s  of a c e t y l  r e s i d u e s .  
S i m i l a r l y ,  in  the  s p e c t r u m  of 5 - ( d i a c e t y l a m i n o ) - 2 -  
m e t h y l t e t r a z o l e  t h e r e  a r e  two s i g n a l s  a t  3.61 and  1.32 
p p m ,  a s s i g n e d ,  r e s p e c t i v e l y ,  to t he  a b s o r p t i o n  of the  
t h r e e  p r o t o n s  of a N - - C H  a g r o u p  and  t h e  s ix  p r o t o n s  
of two e q u i v a l e n t  a e e t y l  g r o u p s .  I t  i s  u n d e r s t a n d a b l e  
t h a t  if t he  aey l  g r o u p s  w e r e  p r e s e n t  on d i f f e r e n t  n i t r o -  
g e n  a t o m s ,  t h e i r  m e t h y l  g r o u p s  cou ld  not  b e  e q u i v a l e n t  
and  t h e n  the  s i g n a l  c o r r e s p o n d i n g  to the  p r o t o n s  of 

t h e s e  m e t h y l  g r o u p s  would  b e  sp l i t .  
The  o b s e r v e d  f e a t u r e s  of t h e  NMR s p e c t r a ,  and  a l s o  

t h o s e  of t he  IR s p e c t r a ,  p e r m i t  the  c o n c l u s i o n  t h a t  the  
d i a c y l a t e d  5 - a m i n o - l - m e t h y l -  and  5 - a m i n o - 2 - m e t h y l -  
t e t r a z o l e s  h a v e  s t r u c t u r e  A,  i . c . ,  t h e  d i a c y l a m i d e s  
of 5 - a m i n o - l - m e t h y l -  and  5 - a m i n o - 2 - m e t h y l t e t r a z o l e s  
h a v e  t he  s a m e  s t r u c t u r e  a s  the  d i a r y l s u l f o n y l  d e r i v a -  
t i v e s  of t he  s a m e  a m i n e s  [6]. T h u s ,  a d e c r e a s e  in  t he  
e l e c t r o p h i l i c i t y  of the  acy l  r e s i d u e  i n v o l v e s  no  c h a n g e  
in  the  n a t u r e  of t h e  s t r u c t u r e  of t he  d i a e y l a m i n o t e t r a -  

z o l e s .  

EXPERIMENTAL 

The IR spectra* were obtained on an IKS-14 instrument with the 
substances in the crystalline state in the form of mulls in paraffin oil 
and in solution in CHCI~ (concentration 1%, layer thickness 0.25 mm). 
The PMR spectra* were recorded on a ~MH-3 instrument at 40 MHz. 
The substances were studied in the form of 10~ solutions in CHC13. 
The chemical shifts were measured in CHC13 and calculated relative 
to tetramethylsilane. 

For the syntheses of the 6-acylamino-l-methyl- and -2-methyl- 
tetrazoles, see [2]. 

The diacylaminotetrazoles were obtained: a) by boiling the corre- 
sponding amine with anhydride of the acid; or b) by the reaction of an 
acylamino derivative with an acyl chloride in the presence of pyridine. 
Examples of the procedures are given below. 

fi-Diaeetylamino-l-methyltetrazole (I). A) A mixture of 6.3 g of 
5-amino-l-methyltetrazole and 31 ml of acetic anhydride was boiled 
for 1.g hr. After cooling, the precipitate of 5-acetylamino-l-methyl- 
tetrazole (II) was filtered off and was washed with benzene. Yield 4 g, 
mp 164" C (from ethanol). The filtrate was evaporated, and the residue 
was washed with water and recrystallized from ethanol. This gave 8.6 
g (30~ of I, mp 79 ~ C (prisms.) 

137 Equimolar amounts (O.01 mole) of II, pyridine, and acetylchioride 
were heated at 80 ~ C for 1 hr. After cooling, g ml of water was added 
and the colorless precipitate was filtered off. The yield of I was 0.5 g 
(27%), mp 78-79 ~ C (from ethanol). The substance was identical with 
the diacylamine obtained in the preceding experiment. All the diac- 
ylamines obtained, unlike the monoacylamines, were readily soluble 
in benzene and insolubie in water and alkalis in the cold. 

The experimental details and characteristics of the diacylamines a r e  

given in Table 2. 
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