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Ethyl benzoate thiocarbohydrazone,  which exists in solution with a c i s - to - t r ans  i somer  rat io 
of 4.5 : 1, was obtained by react ion of ethyl imidobenzoate hydrochloride with th iocarbohydra-  
zide. In polar solvents the product readily splits out a molecule of alcohol to give 3-phenyl-  
4 -amino- l ,2 ,4 - t r i azo l ine -5 - th ione  and on oxidation with hydrogen peroxide in glacial acetic 
acid it is converted to 6 ,6 ' -d iphenyl -3 ,3 ' -b iz ( sym- te t raz iny l )  disulfide, which can be reduced 
to 6-phenyl-  1 ,2 -d ihydro-sym- te t raz ine -3- th ione .  

In a search  for new methods for the heretofore  difficult-to-obtain sym-te t raz ineth iones  we car r ied  out 
the react ion of ethyl imidobenzoate hydrochloride (EIB" HC1) with thiocarbohydrazide (TCH). In this case we 
assumed that the initially formed product of nucleophilic addition (I, see the scheme below) would give, by 
splitting out of a molecule of alcohol, amidrazone  derivative II, which subsequently after splitting out of NH4C1 , 
would be converted,  depending on elimination of a hydrogen atom f rom 1-N or 2-N, to 6 -pheny l - l ,2 -d ihydro-  
sym- te t r az ine -3 - th ione  (IV) or to 3 -pheny l -4 -amino- l ,2 ,4 - t r i azo l ine -5 - th ione  (V}. We found that the reaction 
of ethyl imidobenzoate hydrochloride with thiocarbohydrazide actually leads to the above-mentioned thiones IV 
and V, but via a different pathway. 
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A substance with the composit ion C10H14N4OS , which has ethyl benzoate thiocarbohydrazone s t ruc ture  III 
(see below), precipi tates  in ~ 75% yield when the react ion is ca r r i ed  out in aqueous media. The previously 
described [2] 3 -pheny l -4 -amino- l ,2 ,4 - t r i azo l ine -5 - th ione  (V), the s t ruc ture  of which was confirmed by its con- 
ve rs ion  to 5 -phenyl - l ,2 ,4 - t r i azo l ine-3- th ione ,  was isolated as a second react ion product  in 17% yield f rom the 
mother  liquor. 

*See [1] for communicat ion IV. 
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Fig. 1. PMR spec t rum of thiocarbohydrazone III in 
perdeuterodimethyl  sulfoxide. 

Thiocarbohydrazone III undergoes cyclizat ion when it is heated in polar  solvents [H20 , C2H5OH , dimethyl-  
formamide  (DMF), dimethyl sulfoxide (DMSO), and C2HsNO2] and especial ly readi ly in acids (HC1, CHaCOOH ) 
with splitting out of a molecule of alcohol to give triazolinethione V. This t ransformat ion  can be followed dis-  
tinctly f rom the change in the PMR spec t rum in perdeuterodimethyl  sulfoxide. Signals of ethanol at 1.08 (t, 
CHa) and 3.46 ppm (q, CH20 ) appear even at room temperature .  The formation of tr iazolinethione V is detected 
f rom the increase  in the signals at 5.80 (NH2) and 14.85 ppm (NH), which coincide with the signals of V obtained 
by an independent method. Splitting out of a molecule of alcohol f rom thiocarbohydrazone III is accelera ted  to 
such an extent in CFaCOOH solution that tr iazolinethione V is formed quantitatively even when III is dissolved 
in this solvent. Triazolinethione V p-ni t rophenylhydrazone was also obtained in an attempt to protec t  the free 
hydrazine group in III by react ion with p-ni trobenzaldehyde.  

Signals of two different CH20 groups at 4.31 and 4.01 ppm, protons of the thiocarbohydrazide residue at 
4.90 ppm (NH2) , the superposi t ion of three broad NH signals at  9.15, 9.55, and 9.75 ppm (2H), and a complex 
multiplet of a romat ic  protons at 7.3-7.8 ppm are  observed in the PMR spec t rum of III in (CD3)2SO. The doubling 
of the CH20 signals is evidently due to the presence  in solution of a second isomer .  Thione- th io l  tau tomer ism 
does not exist  for  III, since the charac te r i s t i c  SH bands at 2500-2600 cm -1 are  completely absent in the IR 
spec t rum of the compound in DMSO. It is known [3] that thiocarbohydrazides can exist  in the cyclic form, for 
example, in the form of covalent alcoholate IIIa. However, the assumption of the equilibrium existence of 
i somer  IIIa is not in ag reement  with the high chemical  shifts of the CH20 protons,  which are  charac te r i s t i c  for 
an es ter  grouping (s t ructure  Ill) in cont ras t  to the e ther  grouping (s tructure IIIa). 

The data f rom the PM1R spec t ra  of III can be sa t is factor i ly  explained by assuming c i s - t r a n s  i s o m e r i s m  
rela t ive  to the C ---- N bond, which is well known for many hydrazones [4]. A cis configuration with less bulky 
substituents attached to the carbon atom usually predominates  [5]. Thus the less intense quartet  of CH20 protons 
at  4.31 ppm can be assigned to the trans i somer ,  and the more  intense quartet  at  4.01 ppm can be assigned to 
the cis i somer  (Fig. 1). Judging f rom the relat ive intensities of the components of the CH20 quartets ,  the ratio 
of the i somers  in solution is 1 : 4.5. 

When thiocarbohydrazone III is oxidized with hydrogen peroxide in glacial  acetic acid, it undergoes 
tetrazine r ing c losure  to give purp le - red  c rys ta l s  of 6 ,6 ' -d iphenyl -3 ,3 ' -b is (sym-te t raz inyl )  disulfide (VI) in 
good yield. The e lect ronic  spec t rum of VI contains two absorption bands charac te r i s t i c  for te t razine compounds 
at 290 and 534 nm. 

In conformity with the disulfide s t ruc ture ,  the IR spec t rum does not contain vibrations of a thioamide 
group or  absorpt ion bands of NH and SH groups. At the same time, the spec t rum contains a s t rong narrow band 
at 550 cm -1, which is related to the s t re tching vibrations of an S - S  grouping [6]. The disulfide s t ruc ture  was 
conf i rmed by al ternat ive synthesis .  A compound identical to disulfide VI was obtained when hydrogen sulfide 
was bubbled through a pyridine solution of 6 -pheny l -3 -b romo- sym- t e t r az ine  (VII) and hydrogen peroxide was 
subsequently added to the mixture.  Yellow crys ta l s  of 6 -phenyl - l ,2 -d ihydro te t raz ine-3- th ione  (IV) were 
obtained when the disulfide was reduced with zinc dust in glacial  acetic acid. This compound does not add a 
molecule of alcohol ei ther  in the cold or  when it is heated, f rom which it follows that it is not converted to 
covalent alcoholate IIIa. This may serve  as another piece of evidence against  the existence in solution of ring 
i somer  IIIa along with the chain form. In acidic media the dihydro compound is readi ly i somerized with ring 
contract ion,  as in the case  of other dihydrotetrazines [7], to tr iazole derivative V. This sor t  of conversion of 
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III to V is also observed when it is heated in alcohol and other solvents. Dihydro compound IV is rapidly 
oxidized to disulfide VI under the influence of hydrogen peroxide. 

The mater ia l  set  forth above provides a basis for the following conception of the I I I ~ V I  react ion (see 
the scheme above). 6 -Pheny l - l ,2 -d ihydro te t raz ine -3 - th ione  (IV) is initially formed as a resu l t  of in t ramolecu-  
lar  attack by the NH 2 group of III at the C = N carbon atom, possibly through a step involving the extremely 
unstable covalent alcoholate IIIa. Under the react ion conditions IV undergoes rapid i somer iza t ion  to t r iazoi ine-  
thione V but in the presence  of an oxidizing agent gives 6-phenyl -3-mercapto te t raz ine ,  which is subsequently 
oxidized to disulfide VI.* 

The authors thank V. M. Mamaev and E. G. Kovalev for part icipation in the discussion of this research .  

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

The UV spec t ra  of dimethylformamide (DMF) solutions of the compounds were recorded with a Specord 
UV-vis spec t rometer .  The IR spect ra  of mineral  oil (NaC1 prism) and per f luorocarbon oil (LiF prism) sus-  
pensions of the crys ta l l ine  compounds were recorded with a UR-20 spectrophotometer .  The PMR spect ra  of 
(CD3)2SO solutions of the compounds were recorded  with a P e r k i n - E l m e r  R 12B spec t rometer  with hexamethyl-  
disiloxane as the internal  standard.  

Ethyl Benzoate Thioearbohydrazone (III) and 3 -Pheny l -4 -amino- l , 2 ,4 - t r i azo l ine -5 - th ione  (V). An l l . l - g  
(60 mmole) sample of ethyl imidobenzoate hydrochloride was added all at  once to a boiling solution of 6 g (57 
mmole) of thiocarbohydrazine in 120 ml of water ,  after  which the mixture was cooled rapidly, and the result ing 
color less  precipi ta te  was removed by filtration, washed with water,  and air dried to give 10 g (74%) of a product 
with mp 154-155 deg C [alcohol with DMF (1 : 1)]. Crysta l l izat ion must  be ca r r i ed  out as rapidly as possible in 
view of the convers ion of IIt to tr iazolinethione V on heating. Found: C 50.5; H 5.9; N 23.3; S 13.6%. 
C10H14N4OS. Calculated: C 50.4; H 5.9; N 23.5; S 13.5%. IR spect rum:  3258 m (NH2), 3174 w (NH), 2970 w 
(aromatic  CH), 1622 m (NH2, C6H5) , 1508-1542 vs (C-----N, a romat ic  C = C ) ,  1448-1467 s br ( N - C - S ) ,  1313 s 
( N - C - S ) ,  1260-1274 m br ( C = S ) ,  1101 s, 1074 m, 1017 s, 927 w, 776 m (C6H5) , and 698 s cm -1 (C6H5). ~ 

The aqueous mother  l iquor obtained after  separat ion of III was evaporated to 50-60 ml, and the concen-  
t rate  was allowed to stand for 24 h for completion of crystal l izat ion.  The color less  precipi tate  of 3-phenyl-4-  
amino- l ,2 ,4 - t r i azo l ine -5 - th ione  (V) was removed by fi l tration to give 1.85 g (17%) of shiny plates f rom ethanol 
with mp 208-209 deg C (mp 204-206 deg C [2]). Found: C 50.2; H 4.3; N 29.4; S 16.8%. CsHsN4S. Calculated: 
C 50.0; H 4.2; N 29.1; S 16.7%. IR spec t rum:  3300 m (NH2) , 3195 w, 3105 m br (NH); 2934 w (aromatic CH), 
1639 s, 1536 s narrow,  1503 vs nar row (C-----N, a romat ic  C-----C), 1457-1472 s ( N - C - S ) ,  1323 vs ( N - C - S ) ,  1237 
w (C-----S), 790 s (CsHs) , 690 s (C6H5) , 603 m, and 508 w cm -t.  

Compound V was also obtained: a) in 60% yield by heating 0.5 g (2.3 mmole) of III in 10 ml of 2 N HC1 
for 2 h; b) in a lmost  quantitative yield by heating 6-phenyl - l ,2 -d ihydro t r iaz ine-3- th ione  (IV) in 2 N HC1. 

Compound V gave br ight-yel low fine c rys ta l s  of a hydrazone with mp 225-227 deg C (from ethanol) on 
react ion with p-ni trobenzaldehyde.  Found: C 55.2; H 3.5; N 21.5; S 9.7%. CIsHIIN502S. Calculated: C 55.4; 
H 3.4; N 21.5; S 9.9%. This hydrazone was identical to the compound obtained f rom III by heating in ethanol 
with p-ni trobenzaldehyde.  

Deamination of V with sodium nitr i te in glacial  acetic acid by the method in [2] gave crys ta ls  with mp 
254-256 deg C (rap 256 deg [2]). Found: C 54.3; H 3.5; N 23.5; S 18.0%. CsH~NsS. Calculated: C 54.2; H 
4.0; N23 .2 ;  S 18.1%. 

6 ,6 ' -Diphenyl -3 ,3 ' -b i s ( sym-te t raz iny l )  Disulfide (VI) [10]. A) A 1.5-ml  sample of 30% hydrogen peroxide 
was added with s t i r r ing  to a suspension of 1.65 g (7.4 mmole) of III in 8 ml of glacial  acetic acid. At the end of 
the reaction,  the tempera ture  was ra ised to 60-70 deg C. The purp le - red  precipi tate  was removed by fi l tration 
and washed with water ,  alcohol, and ether  to give 1 g (76%) of p r i sms  with mp 200-201 deg C [from a l c o h o l -  
DMF (1 : 1)]. Found: C 50.7; H 2.8; N 29.5; S 16.8%; M 370 (by t h e R a s t  method). C16H10NsS 2. Calculated: 
C 50.8; H 2.7; N 29.6; S 16.9%; M 378. IR spec t rum:  NH and SH bands at 2400-3500 are  absent;  1600 w (C = 
N, a romat ic  C -----C), 1466 m narrow,  1422 m narrow,  1346 vs ( N - C - S ) ,  1186 s (tetrazine?),  1165 m, 1072 m, 

*The react ion of an iminoester  with thiocarbohydrazide,  as a resu l t  of which 4 -amino-3-R- t r i azo l ine -5 - th ione  
(R --- C17H35) was isolated,  has been described in the patent l i terature [8]. The prepara t ion  of the corresponding 
tetrazinethtone is not mentioned (see [9]). 
TThe authors thank I. I. Mudretsova for record ing  the IR spectra .  

1255 



900 m, 762 s (C~Hs), 690 s (C6H5) , and 562-570 s cm -1 (S-S).  UV spectrum,  ~max (log s 290 (4.60) and 534 
nm (2.45). 

B) Hydrogen sulfide was bubbled through a solution of 0.95 g (4.0 mmole) of 6 -phenyl -3-bromote t raz ine  
(VII) [11] in pyridine until the red color  of VII vanished, af ter  which 5 ml of 15% hydrogen peroxide was added. 
The red precipi ta te  was removed by fi l tration and crys ta l l ized f rom a l c o h o l - D M F  (1 : 1) to give 0.2 g (26%) 
with mp 198-202 deg C. No melt ing-point  depression was observed for a mixture of this compound with a 
sample  of the compound obtained f rom thiocarbohydrazone III. 

A suspension of the disulfide in alcohol became color less  when it was shaken with zinc dust, but the 
compound was rapidly reoxidized to the red disulfide in air .  This t ransformat ion  can be repeated many t imes.  

6 - P h e n y l - l , 2 - d i h y d r o - s y m - t e t r a z i n e - 3 - t h i o n e  (IV). Zinc dust was added in portions to a suspension of 
0.5 g (1.3 mmole) of disulfide VI in 20 ml of glacial  acetic acid until the red color disappeared. The excess 
zinc was removed by filtration, crushed ice was added to the f i l trate,  and the resul t ing precipi ta te  was separated 
and washed with water  and alcohol to give 0.25 g (49%) of yellow plates with mp 201-203 deg C (from ethanol). 
Found: C 50.0; H 4.1; N 29.1%. CsHsN4S. Calculated: C 50.0; H 4.2; N 29.2%. IR spect rum:  3276 m, 3160 
m (NH), 2920 w (aromatic  CH), 1645 m, 1605 w, 1552-1580 m ( C = N ,  aromat ic  C-----C), 1470 s, 1410-1428 vs 
(N--C-S) ,  1308-1327 s ( N - C - S ) ,  1246 vs (C--~--S), 1100 m, 1032 m, 780 s nar row (C6H5) , 690 vs (C6H5), 610-620 
m br,  and 507 m cm -t .  

The product  was soluble in 2 N NaOH. The result ing yellowish solution gradually turned red (because of 
format ion of the disulfide). Conversion to the disulfide is accomplished rapidly if hydrogen peroxide is added 
to a solution of the compound in glacial  acet ic  acid. 
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