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1,2,4-TRIAZINE AND TRIAZOLE DERIVATIVES 

FROM ~-KETO ACIDS AND THIOSEMICARBAZIDES 

E .  A.  R u s a k o v , *  A.  B .  T o m e h i n ,  
K .  N.  Z e l e n i n ,  A .  E .  D r a b k i n ,  
a n d  N.  P .  S a m o i l e n k o  

UDC 547.873 

Thiosemica rbaz ides  of 2-hydroxyphenylglyoxylic  acid, which, depending on the conditions, undergo 
cycl izat ion to in t e rconver t ib l e  5 - (2 -hyd roxypheny l ) -6 -oxo - l , 2 ,4 - t r i a z ine -3 - th iones  or  (2-hydroxy-  
benzoyl ) -A2-1 ,2 ,4 - t r i azo l ine-5- th iones ,  a re  fo rmed  by the action of th iosemica rbaz ide  and its 
homologs on coumarindione.  The th iosemica rbazones  of 2-hydroxyphenylglyoxlyic  and other  2-  
subst i tuted phenylglyoxylic acids undergo cycl izat ion to 6 - (2 -hyd roxypheny l ) -5 -oxo - l , 2 , 4 - t r i -  
az ine-3- th iones .  

The reac t ion  between cr-keto acids and th iosemica rbaz ide  der iva t ives  lies at the foundation of s e v e r a l  
s chemes  for the synthes is  of he terocycl ic  s t ruc tu re s .  One of the unexplored pathways may cons i s t  in p r i o r  
condensat ion at the carboxyl  group to give the co r respond ing  th iosemica rbaz ides  of ~-ke to  acids and the i r  sub-  
sequent cycl iza t ion to 1 ,2 ,4- t r iaz ine  and t r i azo le  der iva t ives .  Because of the high activi ty of the carbonyl  group 
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N O H -  I l l a - e  R 

'NN ouL> 
/ A  :,,,,,o?: �9 
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H 

V I - X I  ' ; I I - X V l l  a ,  b 

I a R = R ' = R " - H ,  b R = R " = H ,  R '=CHa.  c R - R ' = H ,  R"=CHa.  d R-CHa ,  R ' = R " - I I .  
e R=p-C4Hg. R ' = R " = H :  II a R = R ' = R " = H ,  b R = R " = H .  R'=CHa.  c R = R ' = H ,  
R " = C H a . d  R=CH3, R ' = R " = H ,  e R=n-C4Hg. R ' = R ' = H :  i l I a  R = R ' = H .  b R = H ,  
R '=CHa,  d R=CHa. R ' = H ,  e R=;z-C4Hg, R ' = H :  IV a R = R ' = H ,  e R=n-C~Hg. R ' = H :  
V R = R ' = H :  VI X = H .  a R ' = R " = H ,  b R'=CH,~. R " = H ,  r R ' = H ,  R"=CHa;  VII X=OH,  
a R ' = R " = H ,  b R '=CHa,  R " = H ;  VIII  X=NHa, a R ' = H ;  IX X=Br ,  a R ' = R " = H ,  b 
R '=CHa,  R " = H ;  X X=NO2, a R ' = R ' = H . b  R'=CHa,  R " = H .  e R ' = H .  R"='CHa: Xt 
X=COOH,  a R ' = R " = H .  b R'=CHa,  R " = H ,  c R ' = H .  R"=CHa;  XII X=H, a R = H ,  b 
R '=CHa;  XlII  X=OH,  a R ' = H ,  b R '=CHa:  XIV X=NH2. a R ' = H ;  XV X=Br .  b R '=CH,c  

XVIX=NO2.  a R ' = H . b  R ' = C H a ; X V I I X = C O O H .  a R ' = H ,  b R ' = C H a  
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as compared  with the c a r b o x y l  group, t h i o s e m i c a r b a z i d e s  of this  so r t  have r ema ined  unknown. Our a t tempts  to 
obtain them with the aid of d i cyc lohexy lca rbod i imide  led to the fo rmat ion  of i s o m e r i c  t h i o s e m i c a r b a z o n e s  (TSC 
It is known [1] that  2 -hydroxyphenylg lyoxyl ic  acid t h i o s e m i c a r b a z i d e  is fo rmed by the action of t h i o s e m i c a r b a -  
zide on cou rmar ind ione  in anhydrous media .  We extended this r eac t ion  to t h i o s e m i c a r b a z i d e s  Ia -e  and syn-  

thes ized  the des i r ed  1 - a c y l t h i o s e m i c a r b a z i d e s  I Ia -e  (Table 1). 

The i r  IR s p e c t r a  contain two intense absorp t ion  bands at 1650 (ketone C = O) and 1700 cm -1 (amide C = O). 
In addition to the s ingle t  of a phenolic hydroxyl  group (10-11 ppm) and an a romat ic  mul t ip le t  (4H) at 6-8 ppm, 
the PMR s p e c t r a  of II contain broad N 1 = H and N 2 = H s ing le t s  (10.5 and 9.0 ppm, respec t ive ly)  and a c h a r a c t e r -  
i s t ic  th ioamide  two-pro ton  s ignal  at 7.1-7.8 ppm, which vanished in the case  of subst i tut ion of homologs IIb, e. 

When t h i o s e m i c a r b a z i d e s  IIa, b, d, e a r e  heated b r i e f ly  in po la r  so lvents ,  they lose  water  and a r e  con-  
ve r ted  to 6 - o x o - l , 2 , 4 - t r i a z i n e - 3 - t h i o n e s  (IIIa, b, d, e) (Table 2) .  The i r  IR s p e c t r a  have C=N (1630) and C=O 
(1670-1700 cm -1) absorp t ion .  On pass ing  f rom II to t r i a z i n e s  III, the s igna l  of the th ioamide  group vanishes  
ia the PM:R spec t rum,  but the mul t ip l e t s  of four a r o m a t i c  protons  (6.2-8.6 ppm) and the hydroxyl  s i ag le t  (~  
11.5 ppm) a re  r e t a ined .  The s ignal  of a proton a t tached to N 1 (13.5 ppm), is  p r e s e n t  only in the case  of IHa, 
c, whe rea s  the N2-H proton is not obse rved  in the s p e c t r a  of any one of the compounds,  although the r e su l t s  

of in tegra t ion  of the s p e c t r a  indicate  that  it is  p r e sen t .  

When IIa, e a re  heated in a lkal ine  media ,  they a r e  r ap id ly  conver ted  to the i s o m e r i c  3-acyl -A2-1 ,2 ,4  - 
t r i a z o l i n e - 5 - t h i o n e s  (IVa, e), which a r e  a lso  r e a d i l y  obtained by t r e a t m e n t  of s t a r t i ng  t h i o s e m i c a r b a z i d e s  IIa, 
e with a lka l i .  Like III, these  subs tances  have bands of C =N and C =O bonds (1630 and 1700 cm -1) in the i r  I:R 
s p e c t r a  but differ  marked ly  f rom them with r e s p e c t  to the i r  UV absorp t ion  and ch romatograph ic  behavior  
(Table 2). The PMI=t s p e c t r a  of IVa, e at weak field a re  c h a r a c t e r i z e d  by an a roma t i c  mul t ip le t  (4H) at 6.5-8.6 
ppm, and the lab i le  protons  of the f i v e - m e m b e r e d  r ing  and the phenolic hydroxyl  group give an averaged broad 
s ignal  at ~ 14.5 ppm. 

Chemica l  proof  of the s t r u c t u r e  of t r i a z o l i n e s  IV is the i r  abi l i ty  to form der iva t ives  involving the c a r -  
bonyl group; this  abi l i ty  d i s t inguishes  them f rom the i s o m e r i c  t r i a z i n e s  III [2 ,4-d in i t rophenylhydrazone  V (Table 

2) was i so la ted  and c h a r a c t e r i z e d ] .  

It is i n t e r e s t i ng  to note that  t r i a z o l i n e s  IVa, e a re  r econve r t ed  to t r i a z ine s  III even on b r i e f  standing in 
po la r  so lvents .  Thus the I I I~ IV  r ecyc l i za t i on  is r e v e r s i b l e .  It can be cons ide red  to be i n t r a m o l e c u l a r  t r a n s -  
aminat ion that p roceeds  in neut ra l  media  at the more  act ive ketone carbonyl  group and in a lkal ine  media  at the 
amide ca rbony l  group, which is also in ag reemen t  with the cyc l i za t ion  of s t a r t i ng  t h i o s e m i c a r b a z i d e s  II.* 

Another  scheme cons i s t s  in cyc l i za t ion  of the TSC of c~-keto acids  - products  of condensat ion at the 
ca rbony l  group r a t h e r  than at the ca rboxy l  group. This scheme,  which leads to the co r re spond ing  5 - o x o - l , 2 , 4 -  
t r i a z i n e - 3 - t h i o n e s ,  is well  known [3, 4], and we examined it in pa r t  as applied to the TSC of 2 -subs t i tu ted  
phenylglyoxyl ic  acids  [5-7]. 

Our c o r r e l a t e d  data,  which are  n e c e s s a r y  for c om pa r i s on  of the c h a r a c t e r i s t i c s  of the i s o m e r i c  TSC and 
t h i o s e m i c a r b a z i d e s  II, as well  as the i r  de r iva t ives  - t r i a z o l e s  IV and t r i a z i n e s  III - with the i somer i c  produc ts  
of cyc l i za t ion  of the TSC, a r e  p resen ted  below. Th iosemica rbazones  VI-XIa-c  (Table 3) were  synthes ized  for  
this  purpose .  The i r  UV s p e c t r a  a re  of the same  type but differ  subs tan t ia l ly  f rom the UV s p e c t r a  of t h i o s e m i -  
c a r b a z i d e s  II. Intense C =O absorpt ion  at 1700-1740 cm -1 and a band of medium intensi ty  at 1560-1600 cm -1 
(C =N) a re  p r e s e n t  in the It{ s p e c t r a  of TSC VI-XI.  In addition to an a roma t i c  mul t ip le t  at 6.8-8.0 ppm, the i r  
PMR s p e c t r a  contain a s ignal  of a C S N H  2 grouping (2H) at 8-9 ppm, which vanishes  when it is r ep l aced  by a 
CSN(CH3) 2 grouping.  The s ignals  of COOH and NH protons ,  as well  as of a hydroxyl  group in the 2 posi t ion (for 
VIIa, b) and a COOH group (for TSC XIa-c) ,  because  of exchange p r o c e s s e s ,  do not show up o r  give broad 
unre l i ab ly  ident i f iable  r e sonance  bands at weak field.  

T h i o s e m i c a r b a z o n e s  VI-XIa,  b undergo cyc l i za t ion  to 1 ,2 ,4 - t r i az ines  XII-XVIIa,  b (Table 4) when they a re  
heated in a lkal ine  media .  In c o n t r a s t  to the s t a r t i n g  TSC, the s ignal  of a r ing  th ioamide group (2H) vanishes  
in the PMR s p e c t r a  of the cyc l i za t ion  produc ts ,  and the labi le  pro tons  of the t r i a z ine  r ing and of the subs t i tuent  
in the 2 posi t ion of the benzene r ing  r e sona t e  in the form of an averaged  s ignal  at 13.8-14.0 ppm, which, when 
the solution is heated,  is shif ted to s t rong  field,  undergoes  broadening,  and f inal ly van ishes  as the t e m p e r a t u r e  
is r a i s e d .  The p r e s e n c e  of this  s o r t  of t e m p e r a t u r e - s e n s i t i v e  s ignal  in this  region can be a s sumed  to be a 
c h a r a c t e r i s t i c  fea ture  of the PMaR s p e c t r a  of t r i a z i n e s  XII-XVII that  d is t inguishes  them f rom i s o m e r i c  t r i a z i n e s  

* Clos ing to a 1 ,2 ,4 - t r i a zo l e  r ing  in a lka l ine  med ia  is  a c h a r a c t e r i s t i c  p r o p e r t y  of 1 - a c y l t h i o s e m i c a r b a z i d e s  [2]. 
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T A B L E  1. 2 - H y d r o x y p h e n y l g y l o x y l i c  A c i d  T h i o s e m i c a r b a z i d e s  
I I a - e  

lla 181 x 

lI b 150 

Iic 153 

l I e  180 

lid 160 

i UV 
~a :Found,% Calc, ,% TLC data spectra in 

:~ ~ I dioxane ~" 
c~ E adsor- I ~f ~" .. . . .  v 
~,,~ bent eluent ,-lure ] '" '~ 

CgHgNaOaS 

CloHuNaOaS 

CHHIaN3O~S 

CloHIINaO3S 

C~aH~vNaOaS 

N S ] N S 

17,9 17,6 13,4 B 

16,7 16,6 12,7 A 

16,0 15,7 12,0 A 

14,7 14,2 10,9 ] A 

16,3 16,6 12.7 A 

Acemne- 
acetic acid, 
15: i 

Chloroform- 
methanol, 

10:1 

Same 

Benzene-- 
acetoni- 
trile, 4:1 

Chloroform- 
methanol, 
5:1 

0,14 255 
354 

0.40 252 
354 

0,60 .~52 
345 

0,23 255 
338 

0,57 260 
339 

4 26!78 
3,55 

4,27 -^ 
3,52 /~ 

4,271 
3,75188 

4,4t} 
3,68I 86 

4,36 90 
3,63 

T A B L E  2.  

T h i o s e m i c a r b a z i d e s  II 

rap, ~ 
, .~ (crystal- 
oE g lization 

~ solvent) 

lIla 296 (DMF) 

237 ~thano~ 

212 ~ -  
butanol) 

127 ~thano~ 

262 ~ -  
butanol) 

IVe 64* 

V 228 (meth- 
anol) 

llIb 

IIId 

I l I e  

IVa 

1 , 2 , 4 - T r i a z i n e s  I I I  a n d  1 , 2 , 4 - T r i a z o l i n e s  IV f r o m  

Empirical 
formula 

CgHzNaO2S 

C~,,HgN302S 

CIoHgNaQS 

C~3H,sN3OzS 

CgHzNaOeS 

Fm n,[,~'c Calc.,% 

A 

A 

A 

B 

TLC data 

eluent 

Benzene - 
acetic 
acid 
7,5:1 

Benzene - 
acetoni- 
trile, 1:1  

Benzene - 
ace tic 
acid. 
10:1 

Benzene - 
acetoni- 
trile, 4 : 1 

Ben zene - 
acetic 
acid, 
7,5:l 

R/ 

ClaHisNaO2S 

CtaHIrNzOsS 

UV pee. 
tra n o 
eth~ nol [~':" ~ "~ 

23 (a) 
27 (b) 
7~i (c) 

~0 (a)  

l!~ (a) 

~o (a) 
7o (c) 

88 (a)  
64 (b) 

84 (a) 
72 (b) 

49 

* T h i s  c o m p o u n d  w a s  c o n v e r t e d  to IIIe on  r e c r y s t a t l i z a t i o n .  

I I I  a n d  t r i a z o l e s  IV.  T h e  c o r r e l a t e d  c o m p a r i s o n  of t h e  s p e c t r a l  c h a r a c t e r i s t i c s  s e e m s  of  i n t e r e s t  in  c o n n e c t i o n  

w i t h  t h e  f a c t  t h a t  t h e  a c t i o n  of  t h i o s e m i c a r b a z i d e s  Ia ,  b on  c o u m a r i n d i o n e  in a q u e o u s  m e d i a  d o e s  n o t  g i v e  t h i o -  

s e m i c a r b a z i d e s  I Ia ,  b b u t  r a t h e r  TSC V I I a ,  b ,  t h e  s u b s e q u e n t  c y c l i z a t i o n  of  w h i c h  g i v e s  i s o m e r i c  t h i a z i n e s  
X I I I a ,  b i n s t e a d  o f  c y c l i c  p r o d u c t s  I I Ia ,  b o r  IV a ,  b .  

E X P E R I M E N T A L  

T h e  IR s p e c t r a  of  m i n e r a l  o i l  s u s p e n s i o n s  of  t h e  c o m p o u n d s  w e r e  r e c o r d e d  w i t h  a U R - 1 0  s p e c t r o m e t e r .  

T h e  UV s p e c t r a  of  5 �9 10 -5 M a l c o h o l  s o l u t i o n s  of  t h e  c o m p o u n d s  w e r e  r e c o r d e d  w i t h  an  S F - 8  s p e c t r o p h o t o m e t e r .  

T h e  P M R  s p e c t r a  o f  10go s o l u t i o n s  of  t h e  c o m p o u n d s  in  d i m e t h y l  s u l f o x i d e  (DMSO),  w h i c h  s e r v e d  a s  t h e  s t a n d a r d ,  

w e r e  m e a s u r e d  w i t h  a T e s l a  B S - 4 8 7  s p e c t r o m e t e r  (80 M H z ) .  T h e  h o m o g e n e i t y  of t h e  s u b s t a n c e s  w a s  m o n i t o r e d  

b y  t h i n - l a y e r  c h r o m a t o g r a p h y  ( T L C )  o n  S i l u f o l  U V - 2 5 4  ( a d s o r b e n t  A) and  A120 3 ( a d s o r b e n t  B) p l a t e s .  
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T A B L E  3. P h e n y l g l y o x y l i c  Ac id  T h i o s e m i c a r b a z o n e s  V I - X I  

Corn- rap, ~ (crystallization 
pound solvent) 

Found, % talc . ,  % UV spectxa 

I v i v  . 
Via 

VIb 

VIc 

vIIa 

Vllb 

1Xa 

IXb 

Xa 

xb 

Xc 

XIa 

Xlb 
XIc 

1888, 19 (water) 

1652~ (ether) 

134 (ethanol) 

206 G (aqueous methanol) 

189 (methanol) 

2197 (aqueous ethanol) 

15W (acetone - petroleum 
ether) 
1905 (water) 

145 z (acetone - petroleum 
ether) - 
147 (ethanol) 

188 (ethanol) 

190 (ether) 
142 (aqueous ethanol) 

C9HgNaO2S 

CIoHnNaO2S 

CuH~aNaO2S 

CgHgNaOaS 

CIoHuNaO3S 

CgHBBrNaO2S 

C~oH~oBrN302S 

CgHsN404S 

CIoHIoN404S 

CnHI2N404S 

CIoHgNaO4S 

CnHnN~O4S 
C I2H 13N3048 

18,4 

17,6 

17,0 

17,7 

16,6 

13,9 

13,5 

21,2 

19,7 

19,2 

15,9 

14,9 
14,5 

I4,3 18,8 14,4 

13,8 17,71 13,8 

12,7 16,7[ 12,8 

13,2 17,6 13,4 

12,6 16,6 12,7 

1.0,9 13,9 10,6 

10,4 13,31 10,1 

12,1 20,9 / 12,0 

11,3 I9,8 t11,4 

10,7 18,9[ 10,8 

12,3 15,71 12,0 

11,2 14,9]11,4 
10,9 14,21 10,8 

ield, 

80 

90 

85 

73 

7O 

94 

89 

58 

47 

74 

63 

68 
58 

TABLE 4. 1 , 2 , 4 - T r i a z i n e s  X I I - X V I I  

C o m -  

pound 

mp, ~C 
(crystalliza- 
tion solven( 

Empirical Foul 
formula ? 

~2V spec - I 
a i n  td, [Cale-. I TLCdata .~/hanol ~ .  

i~ eluent 
aX3 

0,76 Z84 
132~ 

0,67 289 
34~ 

0,56 28C 
344 

0,561 27~ 
39( 

0,73[277 
[334 

0,60] 27~ 
/324 

0~50[ 27z 

1 33~ 

Jo / 271 
32( 

0 /2a 
29~ 

XlIa 257 Is, 19 . 
(ethanoi) 

XIIb 1992~ 
(ethanol) 

XIIIa12668 (n- 
[ propanol) 

XIItb 197 (ethanol) 

XIVa 3306(ethanoI) 

XV 2357 (n-: 
propanoI) 

XVIa 2175(ethanol: 

XVIb 2477 (acetic 
acid) 

XVIIa 2624 (ethano~ 

XVIIb 228 (ethanol) 

CgHzNaOS {0,5 

CIoHgN~OS [9,3 

CoHzNaO2S [9,0 

CIoHgNaO2S [8,1 

CgHsN4OS 25,7 

CmHsBrNaO5 14,3 

CgH6N403S 22,6 

CmHsN4OaS ~0,9 

CIoHrNaOaS 16,8 

CloHgNsOsS 15,e 

15,8 ~.0,5 15,6 

14,5 [9,2 14,6 

14,4 19,0 14,5 

13,2 17,9 13,6 

14,." 25,4 14,5 

10J 14,1 10,8 

12,; 16,8 12,9 

12,( 16,0 12,2 

I 
A Benzene- I 

aeetonitrile, I 
2:1, 

A Same 

Benzene - 
B acetic acid, 

10:I 
.% Chloroform- 

methanol, 
10:1 

A Benzene - 
aeetonitrile, 

2:1 
A Same 

i 

A Ethyl . 
acetate hep 
tane 3 : 2 

A Benzene - 
acetonirile, 

2:1 
A Same 

1t:@8 
t,38i97 
1,1,3 I 
k36/79 
3'88 / 

&,45/86 
t,2o / 

~,,52172 
4,32 / 

t57/Sa 
3,9< 
~,,66 / 94 
•,02/ 
~,,37! 55 
3,75' 

4,51 93 
3,99 

4,15 54 
3.99 

P h e n y l g l y o x y l i c  [91, 2 - b r o m o -  [7, 10] and  2 - n i t r o p h e n y l g l y o x y l i c  [11], and p h t h a l o n i c  [12] a c i d s  and t h i o -  
s e m i c a r b a z i d e s  Ib [13, 14], Ic [15, 16], Id [15, 17], and Ie [15] w e r e  o b t a i n e d  by  known  m e t h o d s .  

2 - H y d r o x y l p h e n y l g l y o x y c l i c  Ac id  T h i o s e m i c a r b a z i d e s  ( I I a -e ) .  A 0 . 0 1 - m o l e  s a m p l e  of t h i o s e m i c a r b a z i d e  
Ib,  c and  12 m l  of a c e t i c  ac id  w e r e  added  at  r o o m  t e m p e r a t u r e  to a m i x t u r e  of 0.01 m o l e  of c o u m a r i n d i o n e ,  and  
the  m i x t u r e  was  s h a k e n .  In t h e  p r e p a r a t i o n  of I Ia ,  the  c o u m a r i n d i o n e  was  added  to a s o l u t i o n  of t he  t h i o s e m i -  
c a r b a z i d e ,  w h e r e a s  in  the  c a s e  of  IId,  e the  t h i o s e m i c a r b a z i d e  was  added  to a s o l u t i o n  of c o u m a r i n d i o n e  in 
a c e t i c  ac id .  T h e  r e a c t i o n  t i m e  was  15 m i n  for  I Ib ,  as  c o m p a r e d  wi th  30 m i n  fo r  the  r e m a i n i n g  c o m p o u n d s .  
A f t e r  s e v e r a l  h o u r s ,  the  m i x t u r e  was  f i l t e r e d ,  and  the  so l i d  m a t e r i a l  was  w a s h e d  wi th  a c e t i c  ac id  (two 2 - m l  
p o r t i o n s )  and  r e p e a t e d l y  wi th  e t h e r ,  a f t e r  wh i ch  i t  was  d r i e d  o v e r  P205. T h i o s e m i c a r b a z i d e s  IIa ,  b ,  d, e u n d e r g o  
p a r t i a l  c y c l i z a t i o n  to I I Ia ,  b ,  d, e u n d e r  t h e  r e c r y s t a l I i z a t i o n  c o n d i t i o n s .  
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5- (2-Hydroxyphenyl ) -6 -oxo- l ,3 ,4 - t r i az ine-3- th iones  (IIIa, b, d, e). A) A 0.01-mole sample of th iosemi-  
carbazide IIa was refluxed in 8 ml of acet ic  acid for 10 min. In the case of IIb, d, e, the amount of acid was 
increased to 15 ml, and the heating t ime was increased to 2 h. The mixture was allowed to stand at room 
tempera tu re  for 4 h, after  which it was filtered and the solid mater ia l  was washed with acetic acid (3 ml) and ether  
(three 3 -ml  portions) and dried at 110 ~ 

B) A solution of 0.01 mole of th iosemicarbazide  II a in 50 ml of alcohol was refluxed for 3 h, and the hot 
suspension was filtered. The solid mater ia l  was washed with hot alcohol (two 10-ml portions) of ether and dried. 

C) A 0.01-mole sample of IVa or IVe was dissolved in 60 ml of DMSO, and the solution was heated at 100 ~ 
for 30 rain. It was then diluted with water ,  and the resul t ing precipi tate  was fil tered, washed with DMSO (two 
5 -ml  portions) and water  (five 2 -ml  portions),  and dried to give IIIa and IIIe. 

3-(2-Hydroxybenzoyl)-A2-1,2 ,4- t r iazol ine-5- thiones  (IVa and IVe). A 0.01-mole sample of th iosemi-  
carbazide IIa in 14 ml of 1 M NaOH or of IIe in 30 ml of 1 M NaOH was refluxed for 4 h, after  which it was 
allowed to stand at room tempera ture  for severa l  hours.  The solid mater ia l  was removed by fil tration and 
recrys ta l l ized .  

2,4-Dinitrophenylhydrazone V. A 1-g sample of triazolinethione IVa was refluxed in 10 ml of DMSO with 
1 g of 2,4-dini trophenylhydrazine,  previously dissolved in 2 ml of concentrated H2SO 4 and 15 ml of alcohol, for 
3 h. The mixture was cooled and diluted with 50 ml of water ,  and the result ing precipitate was removed by 
fi l trat ion and recrys ta l l ized .  

2-Substituted Phenylglyoxylie Acid Thiosemicarbazones  (VI-XI) and 2-Nitrophenylglyoxylic Acid Thiosemi-  
carbazone (Xa). Boiling solutions of 3.8 g of 2-nitrophenylglyoxylic acid in 6 ml of water and 1.75 g of thio- 
semicarbazide  in 10 ml of water  were mixed, and the mixture was refluxed for 2 min and allowed to stand at 
room tempera ture  for 1 h. The solid mater ia l  was removed by filtration, washed with water,  and dried over 
P20~. Thiosemicarbazones  VI and IX-XIa, b, c, were s imi lar ly  obtained (Table 3). 

2-Hydroxyphenylglyoxylic Acid Thiosemicarbazones  (VIIa, b). These compounds were obtained from 
thiosemicarbazide  and coumarindione in water~ 

2-Aminophenylglyoxylic Acid Thiosemicarbazone (VIIIa). This compound could not be isolated, since it 
is unstable and immediately forms t r iazine XIVa in alkaline media. 

5 -Oxo- l ,2 ,4 - t r i az ine -3- th iones  (XII-XVII). A 0.01-mole sample of th iosemicarbazone Via was dissolved 
in 15-20 ml of 1 M NaOH, and the solution was refluxed for 5 h. It was then cooled and acidified to pH 3-4 with 
concentrated HC1, and the resul t ing precipitate was removed by filtration and recrys ta l l ized  (Table 4). The 
remaining derivat ives were s imi lar ly  synthesized.  
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