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Reactions of azides and condensed te~azoles, containing eleclloposi- 
~ve and  electronegarive s~bstituent% with organomagne~um h a l o g e n  

compounds and organolithimn c o m p o u n d s  h a v e  b e e n  studied. T h e  

resul ts  o b t a i n e d ,  tfl~e t h e  s tudy  o f  t h e  IR spec t r a  c a r r i e d  ou t  p rev ious ly ,  

permit the conclusion that the condensed tetrazoles are tautomerie 
compounds and the course of the reaction depends on the position of 
the azido-tetrazole equ~librinm, which is affected by the nature of 
ti~e subaitue~t b~ the nirrogen-conta~ng ring and the chemical hattie 
of ~e  reageut acting. 

I t  iS known [1--31 tha t  o r g a n i c  a z i d e s  r e a c t  wi th  
o r g a n o m a g n e s i u m  ha logen  compounds  wi th  the  f o r m a -  
t-ion of d i s u b s t i t u t e d  t r i a z e n e s .  T r i a z e n e s  a r e  a l so  
f o r m e d  by  the  r e a c t i o n  of o r g a n o l i t h i u m  compounds  
with  a z i d e s  [4 -5 ] .  

In 1951, V. Ya. Poch inok  e t  e l .  [2] showed f o r  the  
f i r s t  t i m e  tha t  t e t r a z o l o b e n z o t h i a z o l e  and i t s  d e r i v a -  
t i v e s  g ive  t r i a z e n e s  wi th  p h e n y l m a g n e s i u m  b r o m i d e  
and a l so  unde r  the ac t ion  of s o d i u m  o r  p o t a s s i u m  c y a -  
nide.  Th is  p e r m i t t e d  the  a s s u m p t i o n  of the  e x i s t e n c e  
in  th i s  type  of compounds  of an a z i d o - t e t r a z o l e  t a u t o -  
m e r i s m ,  and th i s  was  c o n f i r m e d  by the s p e e i a l i n v e s t i -  
ga t ions  of V. Ya. Poch inok  and L. F .  Av-ramenko 
[6, 7] u s ing  UV and IR s p e c t r a  and a l so  s i m u l t a n e o u s l y  
and independen t ly  f r o m  one ano the r  by Sovie t  [8--111 
and f o r e i g n  au tho r s  [12-191.  

I t 
1~=:=::::~ 

In v iew of the  f a c t  tha t  o r g a n o m e t a l l i c  compounds ,  
and a l so  s o d i u m  and p o t a s s i u m  c y a n i d e s ,  r e a c t  only  
wi th  the  az ide  f o r m  of the  compounds  men t ioned ,  we 
s e t  o u r s e l v e s  the  a im  of s tud)4ng in d e t a i l  the r e a c -  
t ions  of v a r i o u s  t y p e s  of  condensed  t e t r a z o l e s  wi th  
o r g a n o m a g n e s i u m  and o r g a n o l i t h i u m  compounds  and 
sod ium cyan ide .  In  the  r e a c t i o n  we u s e d  BrMgC6Hs, 
BrMgC4Hg_n,IMgCH3, C1MgCH2C6Hs, LiC6Hs, LiCaHs-n 
and the condensed  t e t r a z o l e s  l i s t e d  in  the t ab le .  

The r e a c t i o n s  w e r e  c a r r i e d  out  in  a p o l a r  so lven t  
(d ie thyl  e t h e r )  and in  a nonpo la r  so lven t  (benzene) .  

We found tha t  the  t e t r a z o l e s  V and VII do not  r e a c t  
with o r g a n o m e t a l l i c  compounds  in  e t h e r  and benzene  
so lu t ions .  We o b s e r v e d  the s a m e  thing f o r  6 - m c t h y l -  
t h i a z o l e [ 2 , 3 - e ] t e t r a z o l e  (I). If ,  h o w e v e r ,  i n s t e a d  of 
the  m e t h y l  g roup  an e l e c t r o n e g a t i v e  s u b s t i t u e n t  (phenyl) 
i s  i n t r o d u c e d  into  the l a t t e r ,  the  f o r m a t i o n  of t r i a z e n e s  
wi th  BrMgC6H 5, LiC~Hs, and even  wi th  Ha lMgAlk  t a k e s  
p l a c e  r e a d i l y .  I t  i s  obvious  tha t  the  pheny l  r a d i c a l ,  
a b s t r a c t i n g  e l e c t r o n s  f r o m  the nuc l eus ,  t h e r e b y  f a v o r s  
the  open ing  of the  t e t r a z o l e  r i n g  and the p r o d u c t i o n  of 
the  az ide  f o r m .  It  h a s  a l so  been  found tha t  the  
t e t r a z o l e s  ]II ,  IV, and VI f o r m  t r i a z e n e s  only  wi th  

BrMgC6H 5 [2, 3] and LiC6H 5. So f a r  as  HalMgAlk and 
L i A l k  a r e  c o n c e r n e d ,  the  f o r m a t i o n  of n l i p h a t i c - a r o m a -  
t i c  t r i a z e n e s  does  not t ake  p l a c e  e i t h e r  in  e t h e r  o r  in 

Condensed  T e t r a z o l e  U s e d  in R e a c t i o n s  
wi th  O r g a n o m e t a l l i c  Compounds  

D e c o m p .  
Compound N a m e  p., ~ 

1 
II 

HI 
I V  
V 

V I  
VII 

VIII 

6-Methylthiazolo [ 2,:~e I t e t r a z o l e  
6-PhenyRhiazolo[ 2 , ~  ] tetra~ole 
Te/razolo[ 1.5-b ] benzothiazole 
6-Methyltetrazolo[ 1,5-b ] benzothiazole 
4-Methyltetrazolo[ 1,5-b ]benzothiazole 
6-Chlorotetrazolo [ 1,5-b ] benzothiazole 
Pyridinotetrazole 
4-Chioro-2~azidobenzot hiazol�9 

119--1201~] 
102 ,1031 ~] 
l l O ~ l l 2 l ~ l  
121--122[ -~] 
133| ~ l 
123[~l 
15fil~. ~1 
!031q 

be nz e ne  so lu t i ons  on bo i l ing  o r  in  the  c o l d - - t h e  i n i t i a l  
t e t r a z o l e s  a r e  r e c o v e r e d  a l m o s t  quan t i t a t ive ly .  A p -  
p a r e n t l y  not  only  the p r e s e n c e  of a u o n p o l a r  so lven t ,  
f a v o r i n g  the p r o d u c t i o n  of the  az ide  f o r m  but  a l so  a 
de f in i t e  e l e c t r o n e g a t i v i t y  of the  o r g a n i c  r e s i d u e  in  the 
o r g a n o m e t a l l i c  compound,  which  a l so  a f fec t s  the  p o s i -  
t ion  of the  a z i d o - t e t r a z o l e  e q u i l i b r i u m ,  a r e  n e c e s s a r y .  

2 - A z i d o - 4 - c h l o r o b e n z o t h i a z o l e  (VIII) b e h a v e s  in  a 
e o m p l e t e l y o p p o s i t e  m a n n e r .  H e r e ,  u n d e r  the  in f luence  
of the  nega t ive  induc t ive  e f fec t  of the  c h l o r i n e  a t o m ,  the 
f o r m a t i o n  of a t e t r a z o l e  r i n g  i s  qui te  i m p o s s i b l e  [61. 
Th i s  compound e x i s t s  on ly  in  the f o r m  of the  az ide ,  
which r e a c t e d  with  o r g a n o m e t a l l i e  compounds  in  both 
p o l a r  and n o n p o l a r  s o l v e n t s  f o r m i n g  t r i a z e n e s .  Only 
p h e n y l ( 4 - c h l o r o b e n z o t h i a z o l - 2 - y l ) t r i a z e n e  p r o v e d  to 
be s t a b l e ,  and the a l i p h a t i c - a r o m a t i c  t r i a z e n e s  could  
not  be i s o l a t e d  b e c a u s e  of t h e i r  i n s t a b i l i t y .  A s  a r e -  
su l t  of the  r e a c t i o n ,  2 - a m i n o - 4 - e h l o r o b e n z o t h i a z o l e  
was  i s o l a t e d  in a l m o s t  quan t i t a t i ve  y i e ld ,  a s  was  c o n -  
f i r m e d  by the r e s u l t s  of the a n a l y s e s  and a m i x e d  
m e l t i n g  point .  

A p p a r e n t l y ,  c l e a v a g e  of the  a l k y l ( 4 - e h l o r o b e n z o -  
t h i a z o l e - 2 - y l ) t r i a z e n e s  t a k e s  p l a c e  in  the fo l lowing  
way:  

The  t e t r a z o l e s  shown in the  t ab l e ,  a p a r t  f r o m  p y r i -  
d i n o t e t r a z o l e ,  r e a d i l y  f o r m  e y a n o t r i a z e n e s  wi th  s o d i u m  
cyan ide  in  e thano l i c  so lu t ion  [3, 22]. We have  ob ta ined  
a c y a n o t r i a z e n e  wi th  t e t r a z o l e  V f o r  the  f i r s t  t i m e .  

The d a t a  tha t  we have  ob t a ined  and the i n v e s t i g a t i o n s  
of the  IR  s p e c t r a  of the  t e t r a z o l e s  m e n t i o n e d  above  
tha t  have  been  ~ v e n  p r e v i o u s l y  [6-191 show tha t  c o n -  
d e n s e d  t e t r a z o l e s  a r e  t a u t o m e r i c  compounds .  On the  
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b a s i s  o f  t h e  r e a c t i o n s  o f  v a r i o u s  c o n d e n s e d  t e t r a z o l e s  

w i t h  o r g a n o m e t a l l i c  c o m p o u n d s  a n d  s o d i u m  o r  p o t a s -  

s i u m  c y a n i d e  w e  h a v e  s h o w n  t h a t  t h e  c o u r s e  o f  t h e  r e -  

a c t i o n  d e p e n d s  o n  t h e  s t a t e  o f  t h e  a z i d o - t e t r a z o l e  e q u i -  

l i b r i u m ,  w h i c h  i s  a f f e c t e d  b y  t h e  n a t u r e  o f  t h e  s u b -  

s t i t u e n t  i n  t h e  h e t e r o c y c l e  a n d  a l s o  b y  t h e  c h e m i c a l  

n a t u r e  o f  t h e  r e a g e n t  a c t i n g  o n  t h e  c o n d e n s e d  t e t r a z o l e .  

EXPERIMENTAL* 

Phenyl (4-phenyl th iazol -2-y l~ iaz ine .  With stirring, an equivalent 
ansount of phenylmagnesium bromide in 20 ml  of ether (the yield of 
CaHsMgBr was determined by titration with hydrochloric acid) was 
added dropwise over half  an hour to a solution of 2 g (0.01 mole) of 6- 
phenylthiazolo[2,3-eJtetrazole (II) in 200 ml  of absolute ether.  An 
orange precipitate formed. To complete  the reaction,  the  mixture 
was heated in the water bath for 30 mi n .  Then it  was decomposed 
with 150 ml  of 250]0 NHaC1 solution with the  addition of a small  
amount of ammonia .  The trinzene was extracted with ether and the 
ethereal extract  was washed with water and dried with anhydrous 
sodium sulfate.  After the  ether had been distilled off, the yield of 
yellow crystalline substance was 1.82 g (65%). Crystallization from 
ethanol gave orange crystals with decomposition at159-160" C. The 
triazene is insoluble in water and soluble in ether,  benzene,  and 
acetone in the cold and in ethanol on heat ing.  It is decomposed by 
acids with the evointion of nitrogen. Found, %: N 20.00, 20.50. Cal -  
culated for CisHj~NaS, %: N 19.98. 

b)  A solution of 1 g (0.005 mole)  of II in 2OO ml  of absolute ether 
was added dropwise with vigorous stirring to an equimolecular  amount  
of phenylli thinm. The  reaction was carried out in a current of  dry 
nitrogen at -5= C. The mixtalre became yellow-orange and a pre- 
cipitate deposited. Stirting wascondnued fo ranhourwi th the tempera -  
ture of  the reaction mixture rising gradually to room temperature.  
Then it was decomposed with ice water with stirring. The triazine 
formed was extracted with ether, and the ethereal extract was washed 
until the wash-waters were neutral to l i tmos.  The solution was dried 
with anhydrous sodium sulfate.  After the ether had been distilled off, 
a yellow-orange crystalline substance remained.  The  yield was qual i -  
tat ive.  After recrystallization from ethanol,  a mixture  with the  t r ia-  
zene obtained by method ( a )gave  no depression of the mel t ing point. 

Phenyl(4-chloro-2-benzothiazOlyl) triazine, a) An equivaleut 
amount  of  MgBrC6H~ in 25 ml  of absolute ether was added dropwise 
with stirring to a solution of 2 g (0.01 mole)  of  2-azido-4-ehloroben-  
zothiazole in 25 ml  of absolute ether. The reaction took place in the 
cold, the mix tme  acquiring a bright orange color. After standing 10 
hr at room temperature,  it  was decomposed with 100 ml  of 1001o NH~C1 
solution with the addition of  ammonia .  The  triazene deposited in the 
form of an orange precipitate,  which was filtered off, washed with 
water,  and dried. The yield of crude reaction product was 2 .6  g 
(almost quantitative).  The  product consisted of yellow-orange needles 
with decomposit ionat 174 ~ C(from ethanol). The t t i azene i s inso inb le in  
water,  sparingly soluble in ether and petroleum ether, readily soluble 
in toluene and acetone,  and soluble in ethanol on heating; with acids 
it decomposed with the  evolution of bubbles of nitrogen. Found, 0]0: 
N 19,52,  19.65. Calculated for C~HgC1NaS, %: N 19.04. 

b) Phenyl(4-ehlorobenzo-2-thiazolyl)tr iazine was obtained by 
organolithium synthesis in a similar ma,'mer to phenyl(4-phenyl-2-  
thiazolyl griazine from 2.1 g (0.01 m o l e ) o f  VIII and an equimolecular  
amount  of pheuyllithittm at --10" C in an atmosphere of dry nitrogen. 
The yield of substance reerystallized from ethanol was 1.8 g (62.7%). 
A mixture with the mater ia l  obtained by method ( a )gave  no depres- 
sion of mel t ing  point. 

n-Buryl(4-phenyl-2-t iaiazolyl)tr iazine,  a) With stirring, a solution 
of 1.6 g of n-butylmagnes inm bromide in 15 ml  of ether was added, 
over a 10 min period, to a solution of 1 g (0.005 m o l e ) o f  II in 150 ml  
of absolute ether. The reaction took place rapidly, the mixture be-  
coming slightly warm and forming a bright yellow precipitate.  It was 

*With the participation of L. A. Mel 'uiehenko.  

stirred for another 10 rain, after which i t  was decomposed with 200 ml  
of 10~ ammonitwn chloride solution with the addition of a small  
amount  of ammonia .  The ethereal extract  was washed with water and 
dried with calcined sodium sulfate. After evaporation of the ether, 
the residue was crystallized from petroleum ether. The product con-  
sisted of yellow needles  with decomposition at 88* C. Yield 0.72 g(54%). 
It gives a vigorom explosion with concentrated HzSO a. which is char-  
aetoristic for a l iphat ic-aromatic  triazenes. The triazene is readily 
soluble in many organic solvents. Found, 0]0: N 21.42, 21.68. Cal-  
culated for CgH6NaS, %: N 21.51. 

b)  An equivalent amount  of  butyll i thium in benzene was added 
dropwise with stirring, over a 20 rain period, to a solution of 1 g 
(0.005 mole)  of  II in 50 ml  of dry benzene  cooled to --10" C. The 
reaction mixture became  yellow-orange.  It was stirred for another 
hr,  with the temperature being gradually raised to that of the room, 
after which the mixture was decomposed with ice water with stirring 
and with the addition of another 50 ml  of benzene.  The benzene ex-  
tract was washed with water and dried with anhydrous ca lc ium chlo-  
ride. After the evaporation of the benzene in vacuum, the  solid 
residue was crystallized from petroleum ether.  The mel t ing  point of  
a mixture of  the substance obtained with the  n-butyl(4-phenylbenzo-  
th iazol -2-y l ) t r iaz ine  prepared by method Ca) gave no depression. 

2-Amino-4-chloxobenzothia-ole*.  With stirring, an equivalent 
amount of  n-buty lmagnes ium bromide was added dropwise, over a 
30 rain period, to a solution of  2.1 g (0.01 mole)  of  VIII in 50 ml  of 
absolute ether at room tempera tme.  The mixture immedia te ly  became 
yellow and deposited a precipitate.  Stirring was continued for another 
20 rain. After standing for 2 hr, the reaction mixture  was decomposed 
with 100 ml  of 10010 ammonium chloride solution with cooling. The 
yellow precipitate immedia te ly  became colorless and bubbles of  gas 
were evolved. The precipitate was filtered off, washed with water, 
and dried. Yield 95~ The product, after reerystallization from 
toluene, consisted of colorless crystals. A mixture with authentic 
2-amino-4-chlorobenzothiazole  mel ted at 208" C. Found, 0]0: 
N 15.19, 15.29. Calculated fo r CTHsC1NzS, %: N 15.17. 

Cyano{4-methylbenzothiazol-2-yl) t r iazine.  Over a 30 mill period 
1.9 g (0.01 mole)  of V was added to a solution of 2 g of  sodium cy-  
anide and 0.2 g of  caustic soda in 40 ml  of 75~ ethanol,  and the  m ix -  
ture  was heated in the  water bath under reflux.  The  solution was 
poured into 100 m l  of water and the mixture was filtered and made  
acid with 500]0 acetic acid.  The resulting precipitate was filtered off, 
carefully washed with water,  and dried. After recrystallization from 
ethanol it  formed small  bright yellow needles with decomposition at i 57 ~ C. 
Yield 1.63 g (79%). Found, 0]~: N 32.43, 31.97. Calculated for 
CgHsNsS, %: N 32.08. 

*2-Amiun-4-chlorobenzothiazole  was obtained similarly by the 
reaction of VIII with CHaMgI and C~CHzlvlgCI  in ether and with 
LiCaH 9 in benzene solution. 
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