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In order to .~tudy the connection between the structure of sulfanilamides 
and their antibacterial action, sulfanilamide derivatives of 1- and 2- 
methyl-5-aminotetrazoles and of 1,3-dimethyl-5-iminotetrazole have 
been synthesized. A study of their IR spectra has shown that 1-methyl- 
5-sulfanilimidotetrazole has the imide structure in the crystalline state 
and 2-methyl-5-sulfanilamidotetrazole the amide structure. The sul- 
fanilamide derivatives of 1- and 2-methyl-5-arntnotetrazoles possess 
a considerable antibacterial activity, while 1,3-diraethyi-5-sulfanil- 
imidotetraznle is inac}ive. 

The prepara t ion  of sulfanilamide der ivat ives  of 1- 
me thy l -5 -amino te t razo le  (1-methyl-5-AT) and 2- 
methyl -5-AT)  and 2-methy i -5-AT** is of in teres t  for  
the study of the connection between s t ruc ture  and anti-  
bac te r ia l  activity. There  is a hypothesis ,  f i r s t  put 
foward as ear ly  as 1940 by I. M. Potyakova and A. V. 
Kirsanov [4], that the activity of sulfanilamide de r iva -  
t ives of ni trogen-containing heteroeycles  depends to a 
considerable  extent on the position of the amide- imide  
t au tomer i sm,  the p resence  of the imido fo rm playing 
an essent ia l  role  in activity.  The resu l t s  obtained by 
Shepherd et al. [5] may apparently be regarded  f rom 
the same point of view; they showed that the product of 
the methylat ion of 2-sutfani lamidothiazole (norsulfa-  
zole) at the t e rmina l  nitrogen atom (imide s t ructure)  
had an activity not infer ior  to that of norsulfazole  i t -  
self,  while the i s om er  having the methyl group a t -  
tached to the cyclic nitrogen atom (amide s t ructure)  
possessed  no activity.  

As shown previously ,  acyl der iva t ives  of 1- and 2- 
me thy l -5 -ATs  have different  posit ions of the amide-  
imide tautomer ic  equil ibrium [6-8].  With a sufficiently 
e lee t ronegat ive  acyl residue,  while the acyl de r iva -  
t ives  of 1 -methy l -5 -AT readi ly  pass  into the imide 
fo rm,  acyl der iva t ives  of 2 -me thy l -5 -AT with any acyl 
res idue  exist  only in the amide fo rm,  both in the c r y s -  
tall ine s tate  and in solution. On this bas i s ,  a compa r i -  
son of the bac ter ios ta t ie  activity of sulfanilamide de- 
r iva t ives  of 1- and 2 -m e t hy l -5 -ATs  is of definite in- 
t e r e s t  and could p romote  the deveIopment of ideas on 
the connection between the s t ruc tu re  of the sul fani lam- 
ides and their  ant ibacter ia l  action. 

Sulfanilamide der iva t ives  of 1 -methy l -5 -AT could 
not be obtained by the usual method for  the synthesis  
of su l fani lamides- - the  react ion of 1 -methy l -5 -AT with 
p-acetylaminobenzenesulfonyl  chloride in pyr idine--  
because  to obtain arylsulfonyl  der iva t ives  of 1 -methy l -  

*For  communicat ion V, see [1]. 
**The sulfani lamide of 5 -aminote t razo le  has been de- 

scr ibed in the l i t e ra tu re  [2, 3]. 

5-AT the duration of a react ion of this type would have 
to be not less  than 19-20 hr [7], and during this t ime 
considerable resintf icat ion and, apparent ly,  hydroly-  
s is  of the acetyl  group takes place. As a resu l t  of this ,  
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IR spectra :  1) 1 -methy l -5-su l fan i l -  
imidote t razole  (VII); 2) 2 -methy l -5 -  
sulfani lamidotetrazole  (IV); 3) 1 ,3 -  
dimethyl-  5- sulfani l imidotetrazole  

(VI) (all in the crys ta l l ine  state). 

it is impossible  to isolate the product  obtained f r o m  
the react ion mixture .  It was found that this sul fani lam- 
ide can be obtained in good yield by the el imination 
of the methyl  group p resen t  on the Na atom in 1,3-di-  
methy l -5-a ry l su l fonyl imidote t razo les  under the action 
of such a strong nucleophilie agent as hydrazine hy- 
drate  [9]. The 1,3-dimethyl der ivat ive  V n e c e s s a r y  for  
this purpose was obtained by methylat ing 2 -me thy l -5 -  
p-ace ty laminobenzenesul fonamidote t razole  (II) [10] 
with dimethyl sulfate in an anhydrous medium*. When 
V was heated with hydrazine hydrate ,  not only did the 
splitting off of the methyl  group but also the saponifi-  
cation of the aeetyl  group take place ,  and 1 -methy l -5 -  
sul fani lamidote t razole  (VII) was obtained. 

*The s t ruc tu re  of V is not a ma t t e r  of doubt, since 
by studying the reac t iv i ty  of acyl der iva t ives  of 2- 
me thy l -5 -AT in their  react ion  with dimethyl  sulfate 
in an anhydrous medium it was found that methylat ion 
takes  place under such conditions at the ring nitrogen 
a tom in position 4 [7, 11]. 
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The su i f an i l amides  IV and VI were  obtained by the 
hydro lys i s  of compounds IT and V ,  r e spec t ive ly ,  with 
hydrochlor ic  acid. 

The s t r u c t u r e  of the su l fan i t amides  syn thes ized ,  
IV, VI, and VII, was conf i rmed  by  a s tudy of t he i r  I R  
spec t ra**  (see f igure) .  As has been shown p rev ious ly  
[7], the s t r u c t u r e  of the a ry l su l fony l  de r iva t ives  of 1- 
and 2 - m e t h y l - 5 - A T s  can be es tab l i shed  f r o m  the pos i -  
t ion of the abso rp t ion  bands  r e l a t ing  to the s y m m e t r i -  
cal  (Vs) and a s y m m e t r i c a l  (Vas } s t r e t ch ing  v ib ra t ions  
of the SO2 group: compounds with the amide  s t r u c t u r e  
have bands  in the 1158-1190 cm -1 (~'s) and 1325-1380 
cm -I  (Vas } r e g i o n s ,  and those with the imide  s t r u c t u r e  
in the 1130-1150 cm -1 (Z~s) and 1260-1285 cm -1 (gas) 
reg ions .  

F r o m  a cons ide ra t i on  of the IR spec t r a  of the su l -  
f an i l amides  obta ined,  taking these  data i n t o  account ,  it 
follows that ,  as was to be expected,  the de r iva t i ve s  of 
2 - m e t h y l - 5 - A T  (IV} have the amide  s t r u c t u r e ,  while 
the de r iva t i ve s  of 1 - m e t h y l - 5 - A T  have the imide  
s t r u c t u r e  in the c r y s t a l l i n e  s ta te .  

It is i n t e r e s t i n g  that  the bands  r e l a t i ng  to the 
s t r e t ch ing  and de fo rmat ion  v ib r a t i ons  of the NI-I2 group 
in the s p e c t r u m  of 1 - m e t h y l - 5 - s u l f a n i l a m i d o t e t r a z o l e  
have a much lower  f requency  and a re  in  the 3145 

-1 cm (vNH2) and 1599 cm -1 (SNH2) reg ion .  The s a m e  
d i s p l a c e m e n t  of the f r equenc i e s  of the s t r e t ch ing  and 
de fo rmat ion  v i b r a t i o n s  of the NI-I~ group has been found 
in the 11~ s p e c t r a  of the su l fan f l amides  of th iazole  and 
th iad izao le  [12]. In a l l  p robab i l i t y ,  these  facts  indica te  
that  in the su l f an i l amides  (nonmethylated)  having the 
imide  s t r u c t u r e  in the c r y s t a l l i n e  s ta te  t he re  is ex-  
t r e m e l y  c o n s i d e r a b l e  i n t e r m o l e c u l a r  i n t e r ac t i on  due to 
the fo rma t ion  of hydrogen  bonds of the type > N I t . . .  
� 9  NH2--. At the s a m e  t i m e ,  in the s p e c t r u m  of the 
su l f an i l amide  of 2 - m e t h y l - 5 - A T ,  which has the amide  
s t r u c t u r e ,  the pos i t ions  of the bands  of the s t r e t ch ing  
and de fo rma t ion  v i b r a t i o n ,  3480 and 3367 cm -1 (zJNHz) 

*For  the s t r u c t u r e  of the d i a ry l su l fony l  d e r i v a t i v e s  

of 2 - m e t h y l - 5 - A T ,  see  [10]. 
* * T h e  IR s p e c t r a  were  r e c o r d e d  on an IKS-14 s p e c -  
t r o m e t e r .  The s u b s t a n c e s  were  s tudied in the c r y s t a l -  
l ine s ta te  in the f o r m  of mu l l s  in paraf f in  oil (NaC1 
pr i sm} and in p e r f l u o r o h y d r o c a r b o n s  (LiF pr ism}.  We 

take  this  oppor tuni ty  to e x p r e s s  our  thanks  to I. I. 
Mudre t sova  for  r e c o r d i n g  the spec t r a .  

and 1630 cm -~ (SNH~), a re  the same  as in the s p e c t r u m  
of i ts  methyla ted  de r iva t ive ,  1 , 3 - d i m e t h y l - 5 - s u l f a n i l -  
imido te t razo le  (VI), which has no acidic  hydrogen 
atom.  This  shows that  in the su l fan i l amide  of 2 - m e t h y l -  
5-AT (IV) the amino group of the su l fan i ly l  r e s idue  
does not take pa r t  apprec iab ly  in the fo rma t ion  of hy-  
drogen bonds of the > N H . . .  NH~-- type. 

P r e l i m i n a r y  e xpe r i me n t s  on the i r  a n t i ba c t e r i a l  ac -  
t ion in l iquid nu t r i t i ona l  media  (Hottinger~s bouillon} 
have shown that  the su l f an i l amide  de r iva t ives  of 1- and 
2 - m e t h y l - 5 - A T s  (VII, IV) and a lso  5 -AT i t se l f  pos -  
s e s s  approx ima te ly  the s ame  a n t i ba c t e r i a l  ac t iv i ty .  
These  su l f an i l amides  r e t a r d  the growth of s taphylo-  
cocci  and s t rep tococc i  and dyse n t e r y  and coli  bac t e -  
r i a  to a somewhat  g r e a t e r  extent  than 2 - s u l f a n i l a m i -  
dothiazole (norsul fazole) ,  while the de r iva t ives  of 1- 
m e t h y l - 5 - A T  and 5-AT pos se s s  b a c t e r i c i d a l  and the 
de r iva t ive  of 2 - m e t h y l - 5 - A T  only b a c t e r i o s t a t i c  p rop-  
e r t i e s .  In a study of a n t i ba c t e r i a l  ac t ion in sol id nu-  
t r i t i ona l  media  (agar) it was found that  the der iva t ive  
of 1 - m e t h y l - 5 - A T ,  which has the imide  s t r u c t u r e ,  
p o s s e s s e s  a g r e a t e r  ac t iv i ty  than the de r iva t ive  of 2- 
m e t h y l - 5 - A T  (amide s t ruc tu re ) .  So fa r  as conce rns  
the su l f an i l amide  with a meso ion i c  s t r u c t u r e  VI this  
p o s s e s s e s  no ac t iv i ty  in e i the r  l iquid or  sol id n u t r i -  
t ional  media .  

EXPERIMENTAL 

5-SulfanflamMotetrazole was synthesized by a published method 
[3], mp 202-203 ~ C (decomp.). The preparation of 2-methyl-g-p- 
acetylaminobenzenesulfonamidotetrazole (II) has been described pre- 
viously [10]. 

2-Methyl-5=sulfanilamtdotetrazole (IV), One gram (~4 mM) of II 
was boiled in 10 ml of 2 N hydrochloric acid for 15 min. The soIution 
obtained was evaporated on the water bath, the residue was treated 
with concentrated ammonia solution, and the mixture was then acid- 
ified with 50% acetic acid. The precipitate which deposited was fil- 
tered off and washed with cold water. This gave 0.75 g (87%) of IV. 
After crystallization from water, mp 145-146 ~ C (plates). The sub- 
stance was readily soluble kn ethanol and dioxane and insoluble in ben- 
zene. Found, %: C 38.16; H 4.17; N 33.34. Calculated for 
CsH1oNsOzS, %: C 37.80; H 3.94; N 33.10. 

1,8-Dimethyl=5- p- acetylaminobenzenemlfonimidot etrazole (V). 
A mixture of 4.5 g (0.015 mole) of II, 1.57 ml (0.017 mole) of di- 
methyl sulfate, and 2 ml of anhydrous dioxane was heated with stir- 
ring in the boiling water bath for 1 hr. The resulting red-brown mass 
was treated with 10 ml of methanol and 4 ml of concentrated ammo- 
nia solution. After 3-4 hours' standing in the cold (at -5  to -3  ~ C). 
the precipitate was filtered off and washed with ethanol. In this way 
2.8 g (60%) of V was obtained with mp 244-245~ C (flat prisms, from 
water). The substance was readily soluble in ethanol and insoluble in 
alkalies and dilute hydrochloric acid. Found, %: N 27.20; S 9.92. 
Calculated for C11H14NsO3S , %: N 27.11; S 10.30. 

1,3-Dlmethyl-5-sulfanflimidotetrazole (VI). A mixture of 2 g of 
V and 7 ml of concentrated HC1 was boiled for 10 min. Then the so- 
lution was cooled and made alkaline, and the precipitate that depos- 
ited was filtered off. The weight of the precipitate was 1.47 g (85%), 
mp 252-253~ C (decomp., plates, from water). The compound was 
insoluble in ethanol and alkalies and readily soluble in concentrated 
and dilute HC1. Found, %: C 40.47; H 4.70; S 11.91. Calculated for 
CgH~NsO2S, %: C 40.31; H 4.48; S 11.92. 

l=Methyl,5,sulfanillmidotetrazole (VII), A mixture of 2 g ("7 
raM) of V and 10 ml of hydrazine hydrate was boiled for 4 hr. The 
solvent was distilled off in vacuum, the residue was treated with 5 ml 
of 2 N NaOH, and the mixture was evaporated to dryness on the water 
bath. It was acidified with concentrated HC1, which was then evapo- 
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rated, and the residue was extracted with hot ethanol (2 x 10 ml). The 
ethanolic extracts were combined, the ethanol was distilled off, and 
the residue was washed with 2 ml of cold water. This gave 1.2 g (72%) 
of VII, mp 175-176 ~ C (small needles, from water). Found, %: C 
37.97; H 4.06; N 33.41: S 12.76. Calculated for CsHIoN602S , ~ C 
37.80; H 3.94; N 33.10; S 12.59. 
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