
and the ch loroform extract  was dried with calc ium chloride.  The ch loroform was evaporated, and the solid 
precipi ta te  was c rys ta l l i zed  f rom chloroform.  

27Imino-3-methyl -5-benzyl ideneth iazol id in-4-one  (V). A mixture of 2.20 g (0.017 mole) of 2- imino-3-  
methylthiazol idin-4-one,  2.21 g (0.02 mole] of benzaldehyde, three to four drops of pyridine, and 30 ml of ab- 
solute ethanol was refluxed for  45 rain, a f ter  which the undissolved star t ing compound was removed by filtra- 
tion, and the f i l t rate was evaporated to precipi ta te  the product,  which was c rys ta l l ized  f rom ethanol. 
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SYNTHESIS AND STUDY OF THE PROPERTIES 

OF TETRAZOLES, AZIDES, TRIAZENES, AND 

AZO COMPOUNDS OF THE THIADIAZOLE 

SERIES 

L. I. Skripnik, I. A. Ol'shevskaya, 
L. N. Fedorova, N. I. Rybalka, 
and N. F. Plaksienko 

UDC 547.794.3'796.1.07+773.7 

Azo compounds and b i s t r iazenes  were obtained by diazo coupling of diazotized 5 -amino-2 -R-  
1, 3, 4-thiadiazoles;  te t razolo [ 4, 5-b ]- 1, 3, 4-thiadiazoles,  to which a z i d o -  te t razole  tau tomer i sm 
is peculiar ,  were obtained by replacement  of the diazo group by an azido group. The s t ruc -  
tures of the products  were conf i rmed by their  IR and UV spectra .  

Research on the synthesis of azides, tetrazoles, triazenes, and azo compounds on the basis of 5-amino- 
2-R-l,3,4-thiadiazoles with the general formula 

~-~-N~ 
was ca r r i ed  out in o rder  to search  for efficient s tabi l izers  of s i lver  halide photographic emulsions,  as well as 
new l ight-sensi t ive  and photosemiconduetor  mater ia ls .  

5 -Amino-2-R-1 ,3 ,4- th iad iazoles  have the properties of a romat ic  amines.  Their  diazotization can be 
rea l ized in hydrochloric acid with an aqueous solution of sodium nitr i te or  in a mixture of concentra ted p r o -  
pionie and acetic acids or  in or thophosphoric  acid with ni t rosylsulfur ie  acid. The corresponding azo com-  
pounds Ia-e  (Table 1) are  formed by coupling the resul t ing diazonium salts with aniline hydrochloride in an 
aqueous medium (pH 4-5}; diazotizat ion in the p resence  of excess  s tar t ing amine leads to the format ion of 
triazenes IIa-e (Table 1): 

N - -  N N - - N  N--N 

I a - e  H a - e  

T. G. Sheveherd~o Kiev State Universi ty,  Kiev 252017. Vinnitsa Po l~eehn ic  Institute, Vinnitsa 286021. 
Vinnitsa Medical Institute, Vimfitsa 286018. Translated from Khimiya Geterotsiklicheskikh Soedinenii, No. 7, 
pp. 933-936, July, 1980. Original article submitted November 29, 1978; revision submitted February 13, 1980. 
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TABLE 1. Azo Compounds and Triazenes  of the 1,3,4"Thiadiazole 
Series  

Com- 
pound 

Ia 
Ib 
IC 
Id 
le  

l la 
l ib 
IIC 
lid 
IIe 

Illa 
IIIb 
l l Ic  
Illd 
IIIe 

H 
CH3 
C2H5 
p-C3H7 
C6H5 
H 
CH3 
~H5 
p-C3H7 
C6H5 
H 
CH3 
C2H5 
p-C~Hv 
C6Hs 

rap, ~ 

8I 
84 
90 

103 
t08 

89--90a 
l l l - - l l 2  a 
93--94 a 
95--96 a 

137--138 a 
93--94b 

155--156 c 
l l l - - t l 2  c 
124--125 c 
168--169 c 

•I'fl a,x ' 
nm (in 
ethanol) 

505 
~t80 
486 
490 
510 
320 
333 
342 
346 
400 
525 
495 
502 
510 
52O 

N 
found, 

% 

33,8 
31,6 
30,2 
28,6 
24,5 
40,1 
40,9 
36,8 
33,0 
27,2 
23,2 
22,5 
21,8 
20,4 
1-9,2 

Empiricalformula IN calc.,% 

CsHvNsS 
CgHgNsS 
CLoHtIN~S 
CuHlaNsS 
C~4HHN6S 
C4HaN7S2 
C6HvNvS2 
CsHuNTS2 
CloHI6NTS2 
CI6HIINvS2 
CIlHvBrN6S~ 
Ct~HgBrNsS2 
C13HHBrN6S2 
CI4H;3BrN6S2 
CITHIIBrN6S2 

34,1 
31,9 
30,0 
28,3 
24,9 
45,9 
40,6 
36,4 
32,9 
26,8 
23,3 
22,6 
21,9 
20,5 
19,4 

Yield, 
% 

31 
32 
33 
32 
51 
43 
37 
31 
38 
45 
32 
42 
44 
35 
38 

aWith decomposit ion,  b F r o m  acetone, e F r o m  ethanol. 

Azo compounds I I Ia-e  (Table 1) a re  also formed by coupling a diazonium salt  with a 2-aminothiazole 
that has a f ree 5 position: 

N - -  N 

R 4 --NH2 
S 

I I I  a * c  

When the 1,3,4-thiadiazole diazonium salts  a re  t reated with sodium azide in an acidic medium by the 
method in [ 1], the diazo group is replaced by an azido group to give IVa-e,  to which az ido- te t razole  tau tomer-  
i sm [2] is pecul iar  (Table 2): 

N--N N~ 

IV a - e  

a R=tl, b R=CH~,c R=C~Hs.d R=n-C,Mz, e R=CGH,5 

We obtained IVa for  the f i r s t  t ime in this r e sea rch ;  according to the data in [3],  IVb-e are  te t razoles ,  and the 
substances that we obtained have the same melting points. 

We undertook special  studies in o r d e r  to ascer ta in  the t rue s t ruc tures  of these compounds (Table 2). 
According to [4],  azides can be identified f rom the intense band in the IR spec t rum that cor responds  to the 
a symmet r i ca l  s t re tching vibrat ions of the azido group at 2100-2200 cm -t, while te t razoles  can be identified 
f rom the band at 950-1250 era -1, which cor responds  to the skeletal vibrations of the te t razole  ring [5].  It is 
apparent  f rom Table 2 that IVa-c exist  in the crys ta l l ine  state in the form of t e t r azo lo [4 ,5 -b ] - l , 3 ,4 - th i ad i a -  
zoles,  while both tautomers  of IVb, e a re  p resen t  in solution in chloroform,  and only the azide form of the 
compounds is p resen t  in carbon te t rachlor ide .  Compound IVd has the azide s t ruc ture  in both the individual 
state and in solutions, while IVe always exists in the azide ~ te t razole  tautomeric  equilibrium. The phenom- 
enon of azide ~ te t razole  equil ibrium is consequently pecul iar  to te trazolo [ 4, 5-b J-1,3 ,4- thiadiazoles ,  just  as 
it is to other  condensed te t razoles  [6]. 

In addition to their  theoret ical  value, the synthesized azides,  t r iazenes ,  and azo compounds a re  also of 
prac t ica l  interest .  They can be used as l ight-sensi t ive  mate r ia l s  in unusual s i lver less  photography [7] and as 
sens i t izers  of s i lver  halide photoemulsions.  
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TABLE 2. A z i d o - l , 3 , 4 - t h i a d i a z o l e s  

Decora- 
position 
temp. 
(from 
ethanol) 

k) 

@- 

q..., 

z 

IVa 93--94 54,7 

lVb 92 -.93 48,9 

IVe 45-.46 1,t4,6 

IVd bp 39,1 
77 

(1 rmra) 
IVe 103-.-104 33,8 

,~ UV spec- [ 
. trum, ,1 

d Xraax, nr~ 

Z ~ (loge) / 

C,.,t INsS 55, l 

C;d [sNsS 
i 

Cil IsNsS [ 

Cr, l l~Nr, S 

C~I IsNsS 

2[2 
(,L6721 ) 

49,0 247 
(4,7220) 

o i . tS , I  _.~7 
',3,7931 ) 

39,3 2-15 
',3,7093} 

34,5 I 287 
21,19(}3) 

IR spectrum, cra-t [ 

In Kl~r t In CHCh In col, 'I ~- 
~ l  L tetra- te~ra- 2 

N~ ~2~ N~ Izol e N~ zole o 
~" Fring ring ~2 

--- 9d0 i %10 
1450 1350 
9(0 _)f35s 940 

]J3401 v~40 
1450 
9t0  !133s 950 

1380 1380 
440 

2 1 3 5 s  - -  

9601 .)136 n: 980 
1390 1330 

4.t0 

EXPERIMENTAL 

2 1 3 5  s 

2135 s 

2135s 

2134m 

940 43 
I450 

52 

53 

--- 65 

960 60 
[380 
I-i40 

The electronic absorption spectra of the compounds were recorded with an SF-10 spectrophotometer. 

The IR spectra were recorded with a UR-10 spectrometer. 

The starting 2-amino-l,3,4-thiadiazole and 5-amino-2-alkyl-l,3,4-thiadiazole were obtained by the 

method in [ 8 ], and 5- amino- 2-phenyl- I, 3,4- thiadiazole was obtained by the method in [ 9 ]. 

5- (p-Aminophenylazo)- I, 3,4-thiadiazoles (In-e). A 5-mmole sample of 5-amino- I, 3, 4-thiadiazole was 

dissolved in 120 ml of concentrated HCI by heating on a water bath, and the solution was cooled to -5~ and 

treated with a solution of 5 mmole of sodium nitrite in 6.5 ml of water. The diazotization was monitored 
from the presence of free nitrous acid in the diazonium solution. The resulting diazonium yellow-diazonium 

solution was used in the diazo coupling reaction. For this, 5 mmole of a solution of aniline hydrochloride and 

1.7 ml of concentrated HCI in 4 ml of water and a solution of 46 g of sodium acetate in i00 g of water were 

added to the diazonium solution while maintaining the pH of the solution at no higher than five. The reaction 

mixture was allowed to stand for I0 rain in ice and for 20 rain in air, after which the red precipitate was re- 
moved  by f i l t r a t i on ,  washed  s u c c e s s i v e l y  with cold and hot w a t e r ,  and p u r i f i e d  by c r y s t a l l i z a t i o n  f r o m  alcohol  

(Table  1). 

Bis  ( 2 - t h i a d i a z o l y l ) t r i a z e n e s  ( I I a - e ) .  A 5 - m m o l e  s a m p l e  of 5 - a m i n o - l , 3 , 4 - t h i a d i a z o l e  was d i s so lved  
by hea t ing  in  50 ml  of c o n c e n t r a t e d  HC1 on a w a t e r  bath,  a f t e r  which the so lu t ion  was cooled to - 5 ~  and a 
so lu t ion  of 2.5 m m o l e  of sod ium n i t r i t e  in  3.5 ml  of w a t e r  was  added d ropwise  with s t i r r i n g .  The r e s u l t i n g  
b r i g h t - y e l l o w  d i a z o n i u m  so lu t ion  was a l lowed to s tand  in  ice  for  15 rain,  a f t e r  which 100 ml  of a s a t u r a t e d  
so lu t ion  of sod ium ace ta t e  (pH 5) was added. The p r e c i p i t a t e  was r e m o v e d  by  f i l t r a t ion ,  washed  with benzene ,  
and p u r i f i e d  by c r y s t a l l i z a t i o n  f r o m  to luene  (Tab le  1). 

2 - [ 2 - A m i n o - 4 - ( p - b r o m o p h e n y l ) - 5 - t h i a d i a z o l y a z o ]  [-  1 ,3 ,4 - th i ad i azo le s  ( I I I a - c ) .  A 1 0 - m m o l e  s ample  of 
f ine ly  g round  sod ium n i t r i t e  was  added with cool ing  to 5 m l  of 98% su l fu r i c  acid,  a f t e r  which a m i x t u r e  of 
p rop ion ic  and ace t ic  ac ids  (3 : 17) was added in  s m a l l  po r t i ons ,  du r ing  which the t e m p e r a t u r e  was r a i s e d  to 
60~ The t e m p e r a t u r e  was  l owered  to 24~ and 10 m m o l e  of 5 - a m i n o - l , 3 , 4 - t h i a d i a z o l e  was  added at  24~ 
in  the c o u r s e  of 25 rain.  A 2 . 4 - m m o l e  s a m p l e  of 2 - a m i n o - 4 - ( p - b r o m o p h e n y l ) t h i a z o l e  was d i s s o l v e d  in the 
m i n i m u m  a m o u n t  of a lcohol ,  c r y s t a l l i n e  sod ium ace t a t e  was  added,  and the d i a z o n i u m  so lu t ion  was  added 
s lowly  at  pH 5-6. The r e s u l t i n g  p r e c i p i t a t e  was  r e m o v e d  by f i l t r a t ion ,  washed  on the f i l t e r  with wa te r ,  a l co -  
hol, and e the r ,  and c r y s t a l l i z e d  f r o m  acetone .  R e d - b r o w n  c r y s t a l s  of the azo compounds  (Table  1) w e r e  i s o -  

la ted  by slow c r y s t a l l i z a t i o n .  

A z i d o - l , 3 , 4 - t h i a d i a z o l e s  ( IVa -e ) .  A 1 0 - m m o l e  s a m p l e  of 5 - a m i n o - l , 3 , 4 - t h i a d i a z o l e  in  a m i x t u r e  of 1.5 
ml  of p rop ion ic  ac id  and 8.5 ml  of ace t i c  ac id  o r  in  10 ml  of o r thophosphor i c  ac id  was  added s lowly  to n i t r o -  
s y l s u l f u r i c  ac id  p r e p a r e d  f r o m  30 m m o l e  of g round  sod ium n i t r i t e  and 15 ml  of c o n c e n t r a t e d  H2SO4, and the 
m i x t u r e  was  m a i n t a i n e d  at f r o m  24 to 42~ in  the c o u r s e  of 0.5 h. It was  then cooled,  20-30 m m o l e  (a c e r t a i n  
e x c e s s )  of sod ium azide  in  the m i n i m u m  a m o u n t  of w a t e r  was added with s t i r r i n g ,  and the m i x t u r e  was  made  
alkaline with respect to litmus with a 30% solution of alkali. The precipitated salts were removed by filtra- 
tion, and the resulting azide or tetrazole was extracted from the filtrate with organic solvents (benzene and 

chloroform). The product was purified after the solvent was removed (Table 2). 
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S Y N T H E S I S  A N D  S T E R E O C H E M I S T R Y  O F  

1 - A  L K Y L -  2 - M E  T H O X  Y C A R B O N Y L -  3 -  

P H E N Y L A Z I R I D I N E S  

A.  V. E r e m e e v  a n d  V.  G.  S e m e n i k h i n a  UDC 547.717.07:541.634:543.422.25 

Mixtures  of e i s -  and t r a n s - 1 - a l k y l - 2 - m e t h o x y c a r b o n y l - 3 - p h e n y l a z i r i d i n e s  a r e  fo rmed  in the 
reac t ion  of methyl  a - b r o m o e i n n m a t e  with excess  amine,  amino alcohol,  and amino acid 
methyl  e s t e r  hydrochlor ide .  The ra t ios  of the i s o m e r s  depend on the solvent  used. 

The reac t ions  of ~ ,  f i -d ib romo ketones ,  as well as ~ , f i - d i b r o m o  ca rboxyla tes ,  with excess  amine lead 
to a roy laz i r id ines  and az i r i d i ne - ca rboxy l a t e s  [ 1-7].  In addition, i t  is known that the only product  in the r e a c -  
tion of methyl  e ry t h ro - (~ , f l - d i b rom ohydroc i nn ama te  or  methyl  e s t e r s  of c i s -  and t r a n s - ~ - b r o m o c i n n a m i c  
acids with benzylamine  is c i s -  1-benzyl-  2 -me thoxyca rbony l -  3-phenylazi r id ine  [ 8 ]. 

The p r e s e n t  p a p e r  is devoted to the synthes is  and study of the s t e r e o c h e m i s t r y  of a number  of 1-a lkyl -  
2 -me thoxyca rbony l -  3-phenylaz i r id ines .  

1 -Alky l -2 -me thoxyca rbony l -3 -pheny laz i r i d ines  ( I I Ia ,b-Xa,b,  Table 1) were  obtained by the action of 
excess  amine ,  amino alcohol,  o r  amino acid methyl  e s t e r  hydrochlor ide  on a methanol  or  benzene solution of 
methyl  ~ - b r o m o e i n n a m a t e ,  which is produced in the fo rm of a mix tu re  of approx ima te ly  equal amounts  of 
s t e r e o i s o m e r s  (Ia, b) as a r e su l t  of dehydrobromina t ion  of the ~ , f l -d ib romohydroc innamic  acid e s t e r  [8]. 

%H.\ /COOCH~ C,~H~.. ,jCOOCfl 3 C6H5\ /COO(.Na 
~ R N I |p ' -C - -C" "  Br - - -  t l / ~ \ H  " H/C -C\'Br H "" ~H N 

I a " 'x  I I  a I -~.. rNll: / r 

CGHs\ /Br C6Hs. JH C6 H s " ~ . - - ~  H 
R N Hm"-C--C,-. Br H" \N  / COOCH 3 .  

II/C~; C\COOCH3 H'" 'NtCOOCH3 " I 
la t t b  R 

III--X c 

It  was es tab l i shed  on the bas i s  of the PMR spec t roscop ic  data that  the t rans  i s o m e r s  a r e  fo rmed  along 
with c i s - l - a l k y l - 2 - m e t h o x y c a r b o n y l - 3 - p h e n y l a z i r i d i n e s  and that their  ra t ios  depend on the solvent  used. 
Thus, the main  product  in methanol  is  the cis  i s o m e r  (Table  1). In an aprot ic  solvent  (benzene) the amount 
of the t r ans  i s o m e r  i n c r e a s e s  to 42-45%, as demons t r a t ed  in the case  of VI-VIII.  The p r e s e n c e  o f c i s  and 
t rans  i s o m e r s  in the react ion  mix tu re  can be explained by the f o r m a t i o n  of in te rmedia te  methyl  d l - e r y t h r o -  
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