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The reac t ion  of 5 -a ry l - l , 3 ,4 -oxad iazo le -2 - th iones  with hydrazine and hydrazides  proceeds 
with recyc l iza t ion  of the oxadiazole r ing to a t r iazole  r ing.  Depending on the nature of the 
aryl  res idue ,  adducts of 5 -a ry l - l , 3 ,4 -oxad iazo le -2 - th iones  with hydrazine can be isolated 
in a number of ca ses .  6 -Ary l -2 -me thy ld ihydro - l ,2 ,4 ,5 - t e t r az ine -3 - th iones  are  formed 
with methylhydrazine as  a resu l t  of recyc l iza t ion .  

In studying the recycl iza t ion  of f ive -membered  he terocycles  under the influence of hydrazines  we a s -  
sumed that hydrazine acts on azolidones and oxazolones as a two-center  reagent  of the type that involves 
quas i - l ,2 -addi t ion  to the he te rocyc le .  Depending on the re la t ive  positions of the electrophilic centers  in 
the heteror ing,  tr iazolone,  t r iazolethione [2], or t r iazinone [1] derivat ives,  respect ively ,  are  formed in the 
p rocess .  However, it is known [3] that such aromat ic  f ive -membered  he terocycles  as aminooxadiazoles 
are  recyc l ized  to aminotr iazoles  during reac t ion  with hydrazine.  We became interested in other oxadiazole 
derivat ives  activated by eleetronegat ive substituents in the two-posit ion of the heteror ing.  Since oxa- 
diazolones a re  cleaved by the action of hydrazine  [4], we decided to study oxadiazolethiones. 

The hydrazinat ion of oxadiazolethiones has rece ived  very  little study. According to a patent [5], the 
reac t ion  of 5- i sonicot inyl - l ,3 ,4-oxadiazole-2- th ione  with hydrazine hydrate  leads to a compound with em-  
pir ical  formula  CsHsN4S having one of two possible i somer ic  s t ruc tures  - 5 - i son ico t iny l -3 -mercap to -4 -  
amino- l , 2 ,4 - t r i azo le  or 6 - i son ico t iny l - l ,2 -d ihydro- l ,2 ,4 ,5 - t e t raz ine .  In order  to ascer ta in  the pecul iar i -  
t ies of the recycl iza t ion  of oxadiazolethiones under the influence of hydrazine and to definitively establish 
the s t ruc tures  of the final products ,  we investigated the reac t ion  of aryloxadiazolethiones with hydrazine 
and its derivat ives in various media under various t empera tu re  conditions. 

The reac t ion  of 5 -a ry l - l , 3 ,4 -oxad iazo le -2 - th iones  (I) with hydrazine while refluxing in organic solv-  
er~s is completed by recycl iza t ion  to 5 - a r y l - 4 - a m i n o - l , 2 , 4 - t r i a z o l e - 3 - t h i o n e s  (II): 

~ - - N H  N2H 4" 1"120 N ~ N H  

I 
ta-d NH~ Ila-d 

a Ar=C6Hs; b At= p-CHaOCeH4; 
CAr= P-O2NC6H4; d Ar=y-CsH4N 

A more  detailed investigation of the r ea r r angemen t  of oxadiazolethiones demonstra ted that at room 
tempera tu re  adducts IIIa, IIIc, and IIId a re  formed with hydrazine;  these adducts have a high specific e lec-  
t r ica l  conductivity (of the order  of the e lect r ical  conductivities for organic salts) and a number of p rope r -  
ties that make it possible to consider  them to be compounds of ionic cha rac te r .  Thus, acidification p re -  
cipitates the s tar t ing oxadiazole, while the action of benzaldehyde at room tempera ture  gives benzalazine.  

*See [1] for communicat ion VIII. 
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In con t ra s t  to the azolidone analogs,  the hydrazino sa l t s  of oxadiazolethiones a re  comple te ly  stable on 
s to rage  and even on b r i e f  heat ing;  this makes  it poss ible  to c rys t a l l i ze  them f rom alcohol solut ions.  Thei r  
s tabi l i ty  depends to a cons iderable  degree  on the nature  of the subst i tuents  in the a ry l  r e s idue .  The s t ronger  
the e l e c t ron -accep t e r  subst i tuent ,  the m o r e  s table  the adducts [for example ,  with 5 - (p -n i t ropheny l ) - l , 3 ,4 -  
oxadiazole-2- th ione]  prove  to be .  A sa l t  of this type cannot be isola ted at all  in the p r e sence  of a s t rong 
e lec t r  o n - d o n o r  subst i tuent  [for example ,  with 5 - (p -methoxypheny l ) - l ,3 ,4 -oxad iazo le -2 - th ione] .  

The fo rmat ion  of the cor responding  t r iazole th iones  (IIa, IIc,  and lid) is observed  when the adducts a re  
re f luxed  in organic  so lven ts .  Since 5 - a r ~ l - 4 - a m i n o - l , 2 , 4 - t r i a z o l e - 3 - t h i o n e  is a lso  obtained f r o m  specia l ly  
synthes ized  1-benzoyl th iocarbohydraz ide  {IVa) under adequate conditions,  the m e c h a n i s m  of the r e c y c l i z a -  
tion of oxadiazolethiones can be r e p r e s e n t e d  by the scheme 

N2H 4' H20 N ~ N H  At N- -NH 7 N--NH HN--NH 

III a, C, d NH2] IyEt NH 2 NH2 

I --HCI 
C8H51--C' + H2NNH~NHNH 2 -  

O S 

The s t ruc~ l r e s  of the final r eac t ion  products  as aminot r iazole th iones  a r e  conf i rmed  by analyt ical  data 
(with r e s p e c t  to e l e m e n t a r y  and functional composi t ions) .  The cha rac t e r i s t i c  band of the mercap to  grot~p is 
not obse rved  in their  IR s pec t r a  (in KBr pel le ts) ,  and a thione s t ruc tu re ,  at l eas t  in the solid s ta te ,  should 
be p r e f e r r e d  for them.  They do not give a posi t ive  reac t ion  for the hydraz ine  group with Fehl ing ' s  solution 
and do not r e a c t  with benzaldehyde in alcohol as do th iosemica rbaz ide  de r iva t ives .  Benzylidene der iva t ive  
V is  obtained only when the s ta r t ing  components  a r e  ref luxed in acet ic  acid containing sodium aceta te :  

N- -N I t  

V N=CHC6H 5 

Since tetrazines can also be converted to aminotriazoles by heating in acid media [6], a test experi- 
ment with refluxing of the starting lia in acetic acid was specially set up. The stability of IIa under these 
conditions excludes a tetrazine structure for the recyclization products. 

The recyclization of oxadiazolethione la under the influence of benzhydrazide proceeds under com- 
paratively severe conditions by refiuxing the components in dimethylformamide. Since a product that is 
identical to that obtained in the benzoylation of aminotriazolethione lia is formed, it can unambiguously be 
a s s e r t e d  that  i t  has the 5 - p h e n y l - 4 - b e n z a m i d o - l , 2 , 4 - t r i a z o l e - 3 - t h i o n e  (VI) s t ruc tu re :  

C6flsCONHNH2 N--NH C~HsCOCI 
In. ~ | x  I |a 

-- H20 CoHsJ N / ~ S  
I 
NHCC6H 5 

V! O 

An invest igat ion of the r ecyc l i za t ion  of oxadiazolethiones under the influence of methylhydraz ine  
s e e m e d  of i n t e r e s t .  I f  it is  cons idered  that methylhydraz ine  in reac t ions  with azolidones always a t tacks  
the mos t  e lec t rophi l ic  cen te r  of the he t e ro r ing  with the methyla ted  ni t rogen a tom [2], one might expect  that 
compounds with a t e t r az ine  s t ruc tu re  would be obtained in the case  of oxadiazolethiones.  The format ion  of 
aminot r iazo le th iones  is imposs ib le  for this so r t  of d i rect ion of a t tack of the he te ro r ing  by methy lhydraz ine .  
Pro longed  ref luxing of oxadiazolethiones in organic  solvents  with excess  methylhydraz ine  actual ly  leads to 
r ecyc l i za t ion  of the oxadiazole r ing  to a t e t r az ine  r ing:  

I - - N H  CH3NHNH2 N--NIl 

H I 
V I I  CH 3 

The c h a r a c t e r i s t i c  band of the m e r c a p t o  group is  not observed  in the IR spec t r a  (in KBr pellets)  of 
t e t r  azine VII.  
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An intermediate  product of recycl iza t ion  of an oxadiazolethione ~ = C6H~) - 1-benzoyl-4-methyl th io-  
carbohydrazide  (VI~) - can be isolated by brief  heating. The s t ruc ture  of this compound is in agreement  
with the analytical  data and the chemical  p roper t i es .  The formation of benzylidene derivative IX at tests  to 
the presence  of a p r ima ry  amino group. As might have been expected in accordance  with the presupposi -  
tions set forth in [7], carbohydrazide  VIII splits out a molecule of water during refluxing in an alkaline 
medium to give 6 -phenyl -2-methy ld ihydro- l ,2 ,4 ,5 - te t raz ine-3- th ione  (VIIa), identical to the sample obtained 
above by direct  recycl iza t ion;  this unambiguously proves  the s t ruc tu re  of the la t ter .  The proposed mechan-  
i sm of these t ransformat ions  can be e x p r e s s e d  by the following scheme:  

C H 3 N H N H  2 
| ~ -. 

HN--NH HN--N I-1 C~HsCH O 

N--N=CHC~H s 

VII I  NH 2 IX CH 3 

N . . . .  NH 

R-- NH2N-- --SH 

O 

~lt, H O :  f" HN--NH 7 

L cx~ J 

Thus the part icipation of both react ion cen te rs  of the hydrazine in the recycl iza t ion  of such he te ro -  
cycles  as oxadiazolethiones is observed when there  is a substituent at tached to the a -n i t r ogen  atom of the 
hydrazine  added to the he teror ing  under sufficiently severe  conditions. However, if this ni t rogen atom is 
unsubstituted, the formation of a t r iazole  sys tem is p re fe r red ,  and hydrazine acts  as a one-center  reagent .  

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

5-Phenyl- l~3~4-oxadiazole-2-thione iIa). A mixture  of 5 g of 5-phenyl - l ,3 ,4-oxadiazole-2-one  and 
3.5 g of phosphorus pentasulfide in 30 ml of dioxane containing severa l  drops of water was refluxed for 2 h. 
The unchanged solid mater ia l  was fi l tered,  and the f i l t rate was evaporated on a water bath. The res idue  
was t rea ted  with water and fi l tered to give 3.5 g (64?0) of a product with mp 210 ~ (from aqueous alcohol). 
Compound Ia, obtained by another route ,  had mp 212 ~ [8]. Neither sample depressed  the melting point of the 
other .  

1-Benzoyl thiocarbohydrazide ([Va). A solution of 4 ml of benzoyl chloride in 30 ml of dioxane was 
added dropwise with vigorous s t i r r ing  in the course  of 30 rain to a solution of 4.24 g (0.04 mole) of thio- 
carbohydraz ide  in 30 ml of 3 N potass ium hydroxide.  The reac t ion  mixture  was acidified with acetic acid, 
and the resul t ing  precipi ta te  was f i l tered and c rys ta l l i zed  f rom 40 ml of ethanol to give 4.2 g (50%) of co lo r -  
less needles that were insoluble in water ,  were soluble on heating in alcohol, and melted at 143-145 ~ (de- 
comp.,  f rom alcohol). Found ?0. S 15.2. CsHIoN4OS. Calculated %: S 15.0. The mother liquor was t rea ted  
with water ,  and 3 g (24?0) of dibenzoylthiocarbohydrazide with mp 171 ~ (from aqueous alcohol) was obtained 
by fi l trat ion.  Found%: S 10.2. CIsHi4N402S. Calcula ted%. S 10.2. 

Adduct of 5 -Phenyl - l ,3 ,4 -oxadiazo le -2- th ione  with Hydrazine (/Ha). Hydrazine hydrate (0.85 ml) was 
added to a solution of 3 g (0,017 mole) of oxadiazole Ia in 50 ml of dioxane to precipitate 3.2 g (92%) of 
co lor less  c rys ta l s  with mp 131-132 ~ (decomp., f rom dioxane) that were soluble in water ,  less soluble in al-  
cohol, and soluble on heating in dioxane. Found ?0. N 26.8; S 15.2. CsHIoN4OS. Calculated %- N 26.7; S 15.2. 

Adduct of 5-Ni t rophenyl - l ,3 ,4-oxadiazole-2- th ione  with Hydrazine (IIIc). This was s imi la r ly  obtained 
in 9570 yield and had mp 149 ~ (decomp.). Found ?0: N 27. CaHgN503S. Calculated ?0- N 27.4. 

Adduct of 5- Is0nicot inyl - l ,3 ,4-oxadiazole-2- th ione  with Hydrazine (/IId). This was s imi la r ly  obtained 
in 90?0 yield and had rap 226 ~ {from alcohol). Found ?0- N 33.3. CTHgNsOS. Calculated %: N 33.2. 

All of the adducts obtained gave the s tar t ing oxadiazoles on t rea tment  with aqueous hydrochlor ic  acid 
and gave benzalazine and the s tar t ing oxadiazole on t rea tment  with benzaldehyde. 

5 -Pheny l -4 -amino-2 ,3 -d ihydro - l , 2 ,4 - t r i azo le -3 - th ione  (/Ia). A. Adduct IIIa was refluxed in butanol 
for 30-40 rain. The mixture was cooled, and the precipitate was f i l tered to give 80?0 of co lor less  c rys ta l s  
with mp 210 ~ (from ethanol) that were  insoluble in water and soluble on heating in alcohol. Found %: C 
50.0;H 4.3; N 2 9 . 0 ; S  16.6. CsHsN4S. Calculated?o:  C 50.0;H 4 .2 ;N  29.2;S 16.7. 
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B. A 0.5 g sample (2A mmole) of thiocarbohydrazide IVa was refluxed in 2.5 ml of pyridine for 3 h. 
The m i x , r e  was t rea ted  with water ,  and the result ing precipitate was fi l tered to give 0.3 g (65%) of a prod-  
uct  with mp 209 ~ (from ethanol). 

C. Tr iazole  IIa was s imi lar ly  obtained by refluxing benzoylthiocarbohydrazide IVa in d imethyl form-  
amide (43% yield), in amyl alcohol (60% y{eld), xylene (with a D e a n - S t a r k  trap,  55% yield), and in acetic 
acid (75% yield). 

D. Hydrazine hydrate  (1.5 ml) was added to a solution of 1.78 g (0.01 mole) of oxadiazole Ia in 10 ml 
of dioxane, and the mixture was refiuxed for 3 h. The solvent was evaporated,  and the precipitate was 
t rea ted  with water and fi l tered to give 1.15 g (55%) of a product with mp 210 ~ (from ethanol). This product 
did not depress  the melting point of the preceding samples .  

.5- (P-Methoxyphenyl ) -4-amino-2 ,3-d ihydro: l ,2 ,4- t r iazole-3- th ione  (IIb). This was s imi la r ly  obtained 
in 63% yield and had mp 187 ~ (from methanol).  Found %- S 14.7. CgH10N4OS~Calculated %: S 14.4. 

5 - (p-Ni t rophenyl ) -4-amino-2 ,3 :d ihydro- l ,2 ,4 - t r i azo le -3_ th ione  (IIc). Adduct IIIc was refiuxed in 
butanol for 3 h. The solvent was removed  by vacuum distillation, and the res idue  was t rea ted  with water 
and fi l tered to give 78% of yellow c rys ta l s  with mp 209 ~ (from aqueous dioxane) that were soluble in dioxane 
and alcohol and insoluble in water .  Found %: N 30.1. CsHTN502S. Calculated %: N 29.5. 

5 - I son ico t iny l -4 -amino-2 ,3 -d ihydro- l ,2 ,4 - t r i azo le -3 - th ione  (IId). This was s imi la r ly  obtained in 74% 
yield and had mp 238-242 ~ (decomp., f rom aqueous dimethylformamide) [rap 240 ~ (decomp.) [5]]. 

5 -Pheny l -4 -benzamide-2 ,3 -d ihydro - l ,2 ,4 - t r i azo le -3 - th ione  (VI). A. A 0.8 g (6 mmole) sample of 
benzhydrazide was added to a solution of 0.9 g (5 mmole) of oxadiazole Ia in 5 ml of dimethylformamide,  
and the solution was ref luxed for 2 h. The mixture was then cooled, t rea ted  with water ,  and fi l tered to give 
1.1 g (74%) of co lor less  c rys ta l s  with mp 243-244 ~ (from aqueous methanol) that were soluble in alcohol and 
insoluble in water .  Found %: C 60.8; H 4.4; S 10.7. Ci5H12N4OS. Calculated%: C 60.8; H 4.1; S 10.8. 

B. Benzoyi chloride (1.2 ml) was added dropwise with s t i r r ing  to a solution of 1.92 g (0.01 mole) of 
t r iazole  IIa in 5 ml of pyridine.  The mixture was refluxed for 5 h, cooled, t reated with water ,  and fi l tered 
to give 2.1 g (72%) of a product with mp 242 ~ (from aqueous alcohol). The product did not depress  the mel t -  
ing point of the previous sample.  

1 -Benzoyl -4-methyl th iocarbohydraz ide  (VIII). Methylhydrazine (2 ml) was added to a suspension of 
3.56 g (0.02 mole) of oxadiazole Ia  i n 5 0  ml  of n-propanol ,  and the mixture was ref luxed for 5 h with per iod-  
ic washing of the methylhydrazine f rom the condenser walls with small  portions of propanol. The mixture 
was cooled, and the precipi tate  was f i l tered to give 1.2 g (27%) of co lor less ,  needlelike c rys ta l s  with rap 
203 ~ (from dioxane) that were insoluble in alcohol and slightly soluble on heating in dioxane. Found %: C 
48.2; H 5.5; N 24.8; S 14.5. CgHt2N4OS. Calculated %: C 48.2; H 5.4; N 25.0; S 14.3. 

6 -1~henyl -2-methyl - l ,4 -d ihydro- l ,2 ,4 ,5- te t raz ine-3- th ione  (VIIa). A. The filtr ate obtained in the p r e -  
vious experiment  was evaporated on a water bath. The res idue  was t reated with 30 ml of 5% hydrochlor ic  
acid. The resul t ing oily product crysta l l ized,  and the c rys ta l s  were filtered, washed with water ,  and dried 
in vacuo to give 1.9 g (46%) of color less  c rys ta l s  with mp 135-136 ~ (from ethanol) that were  insoluble in 
water and soluble on heating in a lcoho l s .  Found %: C 52.6; H 5.0; N 27.2; S 15.7. CgHt0N4S. Calculated %: 
C 52.4; H 4.9; N 27.2; S 15.5. 

B. A mixture  of 1.78 g (0.01 mole) of oxadiazole Ia and 0.75 ml of methylhydrazine in 8 ml of ethanol 
was heated in a sealed ampule at 100 ~ for 6 h. The ampule was opened, and the contents were poured into a 
dish and evaporated to one- th i rd  the original  volume on a water bath. The mixture was cooled, and the p re -  
cipitate was f i l tered and washed with a small  amount of alcohol. The mother liquor (M) was cooled to stand 
for the subsequent operat ions.  The precipi ta te  was t rea ted  with 3 ml of boiling ethanol, and the undissolved 
res idue ,  which was thiocarbohydrazide VIII, was f i l tered to give 0.05 g (2%) of a product with mp 201-203 ~ 
(from dioxane) that did not depress  the melting point of the sample obtained above. The fi l t rate was cooled 

to give 0.35 g of co lo r l ess  c rys ta l s  with mp 135 ~ that did not depress  the melting point of te t razine Viia ob- 
tained in the previous experiment .  The mother liquor M was t reated with 10 ml of water .  The initially 
isolated oil c rys ta l l ized;  the mixture  was fil tered, and the solid was washed with a small  amount of alcohol 
to give 0.2 g of a product  with mp 134-135 ~ (from ethanol) that did not depress  the melting point of te trazine 
VIIa obtained above. The overal l  yield was 0.55 g (27%). The mother liquor was acidified with 10 ml of 5% 
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hydrochlor ic  acid, and the resu l t ing  prec ip i ta te  was f i l t e red  to give 0.55 g (31%) of a product  with mp 208- 
210 + (from aqueous alcohol) that  did not dep re s s  the mel t ing  point of the s ta r t ing  oxadiazole Ia.  

C. A solution of 0.45 g {1.9 mmole)  of th iocarbohydraz ide  VIII was ref luxed in 3 ml  of piperidine for 
1 h, af ter  which the solution was evapora ted  on a water  bath.  The r e s idue  was t r ea t ed  with 5 ml  of 5% 
hydrochlor ic  acid .  The resu l t ing  oily product  c rys t a l l i zed ,  and the c r y s t a l s  we re  f i l te red  and washed with 
water  and a sma l l  amount of alcohol to give 0.2 g (50%) of a product  with mp  134-135 ~ (from ethanol) that 
did not dep re s s  the mel t ing  point of the cor responding  samples  obtained in the previous  expe r imen t s .  

6 - I s o n i c o t i n y l - 2 - m e t h y l - l , 4 - d i h y d r o - l , 2 , 4 , 5 - t e t r a z i n e - 3 - t h i o n e  {VIId). A mix tu re  of 1.79 g (0.01 
mole)  of oxadiazole Id and 0.75 m l  of methy lhydraz ine  was heated in 10 ml  of n -propanol  at 150-160 ~ for 6 h 
in a sea led  ampule .  A homogeneous solution was fo rmed .  The ampule  was then cooled and opened, and the 
solid was r e m o v e d  by f i l t ra t ion  to give 1.4 g (68%) of co lo r l e s s  needles  with mp  171-172 ~ (from alcohol) that 
we re  insoluble in water  and soluble on heating in a lcohols .  Found %: C 46.5; H 4.5; N 33.7; S 15.6. 
CsHgNsS. Calcula ted  %: C 46.4; H 4.3; N 33.8; S 15.5. 

1 -Benzoy l -4 -me thy l -5 -benzy l idene th ioca rbohydraz ide  (IX). Benzaldehyde (0.1 ml)  was added to a s u s -  
pension of 0.22 g {1 mmole)  of th iocarbohydraz ide  VHI in 3 ml  of ethanol,  and the mix tu re  was heated until 
a homogeneous  solution f o r m e d  {about 5 min) .  The mix tu re  was then cooled, 5 ml  of water  was added, and 
the resu l t ing  prec ip i ta te  was f i l t e red  to give 0.25 g (80%) of a product  with mp 149-150 ~ (from aqueous 
ethanol).  Found%: N 18.0. C t6Ht6N4OS. Ca lcu la ted%:  N 17.8. 

5 -Pheny l -4 -benzy l ideneamino-2 ,3 -d ihydr  o - l ,  2 ,4- t r  i azo le -3- th ione  ~ ! :  A 0.38 g (2 mmole)  sample  of 
t r i azo le  Ha was d isso lved  by  heating in 3 mI  of glacia l  ace t ic  acid,  0.1 g of anhydrous sodium ace ta te  and 
0.21 m l  of benzaldehyde were  added, and the mix tu r e  was ref luxed for 30 mitt.  I t  was  then cooled,  and the 
resu l t ing  prec ip i ta te  was washed with alcohol  to give 0.5 g (90%) of co lo r l e s s  c r y s t a l s  with mp 178 ~ (from 
methanol)  that we re  soluble on heating in alcohols  and insoluble in wa te r .  Found %: N 19.8. C15H12N4S. 
Calcula ted  %: N 20.0. 
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