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2-Acy l imino- l , 3 ,4 - th i ad iazo le s  were  obtained f rom 1 - m e t h y l - l - t h i o a c y l h y d r a z i n e s  and the 
appropr ia te  acyl  i so th iocyanates ,  while 2 -benzoy l imino- l ,3 ,4 -oxad iazo le  was obtained f rom 
1 -pheny l - l -benzoy lhydraz ine  and benzoyl iminocarbonic  acid dichlor ide.  The mesoionic  
s t ruc tu re  of the compounds obtained was p roved  by the i r  IR and m a s s  spec t r a .  Reduction, 
hydro lys i s ,  and s a l t - f o rm a t i on  reac t ions  of them were  studied. 

The compound obtained by reac t ion  of 1 - th iobenzoy l - l -me thy lhydraz ine  (I, R = C6H 5) with benzoyl  
isothiocyanate  [1] co r r e sponds  in composi t ion  to the product  of s t r ipping of hydrogen sulfide f rom the i n t e r -  
media te  th iosemica rbaz ide ,  but i ts  IR s p e c t r u m  differs  substant ia l ly  f rom the expected s p e c t r u m  of the 
mesoionic  1 ,2 ,4 - t r i azo le -3 - th ione  (II1) [2]. 

For  a more  detai led study, we obtained a number  of de r iva t ives  f r o m  I and benzoyl,  acetyl ,  and ben-  
zenesulfonyl  i sothiocyanates  (Table 1). In addition to the molecu la r  ion, there  is an intense peak  of an 

R C ~  ~ ion (R = C6H5, p-CHzC6H o and p-CH3OC~H4) in the m a s s  spec t r a  of the synthes ized compounds 
(Table 2); this is an a rgument  in favor  of 1,3,4- thiadiazole s t ruc tu re  II [3-5]. In a lmos t  all  of the s p e c t r a  

+ + 

one obse rves  an intense CH 3-  N=-- C - R  ion, which, along with the RC --  S ion. conf i rms  the r ing s t ruc tu re .  

Thus,  judging f r o m  the m a s s  s pec t r a ,  the mesoionic  acy l imino- l ,3 ,4 - th i ad iazo le  s t ruc tu re  can be 
ass igned to II. 

CHs--N--N 

- t 
tCH,--N--NH--C--N.~'~ ~ l ~  R" 

c n / - - N n 2 . - - N  § R ' N C S  ~ I " 1 II / ~ -  ' "  
R--C=$ ~ R--C~S S ! . . ~ , . . .  

I ~  ~'~" CH~,--N~N 

II a - g  

II  a R=CsHs, R'=C6HsCO; b R=p-CHzC6H4, R'=C6HsCO; c R=p-CH3OC6H4, R'= 
=C~HsCO; d R=C6Hs, R'=CsHsSO2; e R=p-CHzC~H4, R'=C6H~SO2; f R=p-CHzOC~H4, 

R'=C6HsSO2; g R=C6Hs, R'=C~CO. 

S imi la r  mesoionie  compounds,  which were  obtained by reac t ion  of th ioacylhydraz ines  with phenyl-  
iminophosgene,  were  desc r ibed  in [5]. By rep lac ing  phenyliminophosgene with benzoyl iminocarbonic  acid 

d i ch lo r ide ,  we obtained IIa, which is identical  to the compound obtained f rom 1 - t h i o b e n z o y l - l - m e t h y l h y d r a -  
zine and benzoyl  i so th ioeyanate .  It can the re fo re  be cons ide red  to be proved  that  the products  of the r e a c -  
tion of 1- th ioacylhydraz ines  and acyl  i so th ioeyanates  are  mesoionic  iminothiadiazoles .  The mesoionic  2-  
benzoy l imino- l ,3 ,4 -oxad iazo le  (IV) was obtained by this same  method.* 

*When this work  was a l ready  in p r e s s ,  there  appeared  a communicat ion [10] in which the reac t ion  of 1- 
a ey l -  and 1- th ioacylhydraz ines  with acyl iminocarbonic  acid dichlor ides  was used to obtain mesoionic  1,3,4- 
oxa-  and - th iad iazo les .  
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c6Hs--~--N H 2 C6HB~N~N 
C6H~C=S + CI2C=NCOCBH 5 ~, C6~IS-~COC6H~ 

'IV 

2-Benzoy l -  and 2 -ace ty l imino - l , 3 ,4 - th i ad i azo l e s  have three  intense c h a r a c t e r i s t i c  absorpt ion bands 
in the IR spec t r a  at  1358-1378, 1458-1470, and 1546-1570 c m  - i ,  while the sulfo de r iva t ives  have only one 
c h a r a c t e r i s t i c  absorpt ion  band at  1478-1483 c m  -I . In addition to the absorpt ion  at  1627 c m  - I ,  IV also ab-  
so rbs  in tensely  at 1535 c m  -I  and l e s s  in tensely  at  1300 and 1350 c m  - I .  The nitrogen a tom of the exocycl ie  
groupings of II and IV p a s s e s  f r o m  the p2 to the sp 2 state on sa l t  format ion ,  the eonjugaUon is d is rupted,  
and the f requency  of the carbonyl  group i n c r e a s e s ,  a s  is obse rved  in acylsydnonimines  [6] and mesoionic  
1 ,3-disubsUtuted 4 - a c e t y l i m i n o - l , 2 , 3 - t r i a z o l e  [7]. Absorpt ion at 1670 c m  -I  appea r s  in the s p e c t r a  of the 
hydrochlor ide  and methiodide of IIa (VII and VIII), while the hydrocMoride  of IV abso rbs  at  1725 cm -~, and 
no absorpt ion  is  obse rved  at  1627 cm -~ . Consequently,  the absorpt ion at 1627 c m  -~ in the spec t rum of IV 
can be a sc r ibed  to an exocyel ic  carbonyl  group.  A band at  1550 e m  -I  is a lso p r e s e n t  in the s p e c t r a  of VII  
and VIII,  and it is the re fo re  ha rd ly  poss ib le  to unambiguously  cons ider  the absorpt ion  band at 1546-1570 
cm -I  in the spec t r a  of II to be due pure ly  to a carbonyl  group.  Thus the p re sence  of carbonyl  groups in the 
b a s e s  can be conf i rmed  f rom the s p e c t r a  of the sa l t s .  

4 -Methy l -5 -pheny l -2 -benzoy l imino- l , 3 ,4 - th i ad iazo le  (IIa) r e a c t s  with hydrogen chlor ide  in anhydrous 
media  to give Lhe hydrochlor ide  and with methyl  iodide to give the methiodide.  The r ing  is not des t royed  
by refluxing in a lcohol -concen t ra ted  hydrochlor ic  acid, heating with ammonia ,  or  refluxing with anil ine.  
Judging f r o m  the UV s p e c t r u m ,  IIa  ex i s t s  as a sa l t  even in weak hydrochlor ic  acid solution.  It is not r e -  
duced by sodium borohydr ide  in w a t e r .  Reduction with l i thium aluminum hydride leads to r ing opening and 
the fo rmat ion  of 1 , 4 - d i b e n z y l - l - m e t h y l t h i o s e m i c a r b a z i d e  (IX). Saponification with alkal i  gives benzoic 
acid and VI. Judging f r o m  the m a s s  spec t rum,  this is not 4 - m e t h y l - 5 - p h e n y l - l , 3 , 4 - t h i a d i a z o l e - 2 - i m i n e  
(V), as might  have been expected,  but r a t h e r  1 ,2 ,4 - t r i azo le -3 - th ione ,  the s t ruc tu re  of which is c o n f i r m e d  
by  a l te rna t ive  synthes is  [8]. The same  compound (VI) is obtained by saponif icat ion of mesoionic  2 - a c e t y l -  
im ino -4 -me thy l -5  -pheny l -  1 ,3,4- thiadiazole  (IIg). 

In con t r a s t  to the benzoyl  der iva t ive ,  2 -pheny l su l fony l -4 -me thy l -5 -pheny l - l , 3 ,4 - th i ad iazo le  (lid) 
f o rms  1 -benzoy l -4 -pheny l su l fony l - l -me thy l th io semica rbaz ide  (X) on saponificat ion with alkali ;  the s t r u c -  
ture  of X was proved  by a l te rnat ive  syn thes i s .  

ua, . .  .oO Fc"~-,n-~ ] .~o CHoNNHCSNHCH2CaH~ ~ Ila " ~ / / \ - / ~. I 1~  
"1 ~ ~ HO-- / C 6 H s ~ .  + / ~ - - N H ]  HO-  
c.~co.~ ~ J ' t  L - - s  j 

S Cl-- S I -  " N /  C6HBCO 

VII V i i i  Vl 

H20 
lid ~ CH3 IN NHCSNHSO2C~Hs ~-CHaINNH2 -I- CBH~SO2NCS 

C6HsCO CGHsCO 
X 

The oxadiazole s y s t e m  of IV undergoes  reac t ion  cons iderab ly  more  r ead i l y  than the thiadiazole ring, 
as seen  f rom the scheme p resen ted  below: 

c,. r I ~ - - N - - N  I! 

,,a 
i " \ " ~ %  0 • CoCsH5 

C6Hs--N--N, / \ ' C ~ H s N N  HCON it GO C6Hs C6Hs~ N HCON HCOC6H5 
 oc0.  

GI- 
~ V  XII Xlll 
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Judging from the mass spectrum, structure XII should be proposed for the product of reaction of IV 
+ 

with aniline; this is confirmed by the presence of C6H5C ~ NC6H 5 and C6H5CONCO + ions. 

EXPERIMENTAL 

The mass spectra were obtained with an MKh-1303 mass spectrometer with a system for direct in- 
troduction of the samples into the ion source. The IR spectra of KBr pellets were recorded with a UR-20 
spectrophotometer. The UV spectra were recorded with an SF-4 spectrophotometer. The melting points 
were determined with a heating stage. Thin-layer chromatography (TLC) was carried out in a fixed layer 
of HF254 AI203 (Merck, West Germany) with elution with chloroform. 

Mesoionic 2-Acylimino-4-methyl-5-aryl-l,3,4-thiadiazoles (IIa-IIf, Table I). A mixture of 5 mmole 
of acyl isothioeyanate and 5 mmole of l-thioacyl-l-methylhydrazine in I0 ml of absolute toluene was re- 
fluxed for 8 h. The following day the precipitated thiadiazole was separated; IIa-IIc Rf 0.59, IId and lie 

R/0.22, and Rf 0.2 7 

Mesoionic 2-Acetylimino-4-methyl-5-phenyl-l,3,4-thiadiazole (IIg). A 3.13 g (3 mmole) sample of 
acetyl isothiocyanate and 3.13 g (2 mmole) of l-thiobenzoyl-l-methylhydrazine were mixed in 20 ml of ab- 
solute toluene. After the violent reaction had ceased, the mixture was refluxed for 4 h. The precipitate 
(3.5 g) was recrystallized (after decolorization with charcoal) from alcohol to give 1.18 g of fig (with an 
impurity with Rf 0.08). Treatment of the filtrate with ether gave 1.28 g of pure IIg with Rf 0.25. 

Mesoionic 2-Benzoylimino-4-methyl-5-phenyl-l,3,4-thiadiazole (IIa). A 0.59 g (3 mmole) sample of 
the benzoyliminocarbonic acid dichloride [9] and 0.47 g (3 mmole) of l-thiobenzoyl-l-methylhydrazine 
were mixed in 15 ml of benzene. After the vigorous reaction had ceased, the mixture was refluxed for 30 
rain and worked up to give 0.82 g (96~) of a compound identical (according to the [R spectrum) to VII. 
Treatment with aqueous bicarbonate gave a quantitative yield of thiadiazole IIa. 

2-Benzoylimino-4-methyl-5-phenyl-l,3,4-thiadiazolium Chloride (VII). An 0.4 g sample of IIa was 
allowed to stand for 12 h in 30 ml of methylene chloride saturated with dry HCI. The addition of absolute 
ether precipitated 0.4 g (90~) of VII with mp 230 ~ (dec.). IR spectrum: 1670, 1550, 1310, 1270 cm -I. 
Found,~c: C1 I0.I. C16HI3N3OS. HCI, Calculated,go: C1 10.2. 

2-(N-Methyl-N-benzoylimino)-4-methyl-5-phenyl-l,3,4-thiadiazolium Iodide (VIII). An 0.50 g 
sample of IIa was heated in a sealed ampul at I00 ~ with 5 ml of absolute alcohol and 1 ml of methyl iodide 
for 1.5 h. The alcohol was evaporated, and the residue was treated with ether and acetone to give 0.50 g 
(68%) of VIII with mp 144-145 ~ IR spectrum: 1671, 1556, 1338, 1310, 1270 cm -i. Found,Z: N 9.6. 
C17H~61N30. Calculated,%: N 9.6. 

4-Methyl-5-phenyl-l,3,4-triazole-2-thione (VI). A. ~ 1 g sample of IIa was refluxed in a solution 
containing 20 ml of alcohol, 5 ml of water, and 0.4 g of KOH for 3 h, after which the mixture was acidified 
to pH 2 with concentrated hydrochloric acid. The precipitate was washed with water, dried, and extracted 
with heptane. The heptane yielded 0.26 g (63%) of benzoic acid, while the residue [0.52 g (80~)] was found 
to be VI with mp 206-208 ~ (from dimethylformamide-acetone). IIR spectrum: 2500-3100 (broad band), 
1512, 1483, 1437, 1373, 1218 cm -I. UV spectrum (CH3OH), Amax, nm (loge): 242 (4.25), 304-308 (3.44). 

+ 4- 4- 
Mass spectrum, m/e:  191 (92) M. , 118 (9.6) C6H 5 ~ NCH3, 104 (100) C6HsCNH +, 103 (33.8), C6HsCN" : 
88 (74) CH3N2CSH. Found,~c: C 56.2; H 4.9; S 16.7. CgH9N3S. Calculatedyc: C 56.5; H 4.7; S 16.8. 

B. ,a 0.5 g sample of 1,4-dibenzoyl-l-methylthiosemicarbazide was refluxed for 3 h in a solution of 
0.11 g of sodium in 20 ml of absolute alcohol, after which the mixture was diluted with an equal volume of 
water and acidified to pH 5-6 with concentrated hydrochloric acid. Brief standing yielded 0.25 g of a pre- 
cipitate that was identical to Vl according to its melting point and IR spectrum. 

1,4-Dibenzyl-l-methylthiosemicarbazide (IX). A 0.9 g sample of IIa was added to a solution of 0.6 g 
of LiAIH 4 in 20 ml of absolute ether at such a rate that the ether continued to boil, after which the mixture 
was allowed to stand for 2 h. The excess hydride was decomposed, initially with ether and then with water, 
and the mixture was made weakly acidic with 1 N HNO 3. It was then extracted continuously- with ether for 
8 h, after which the ether was evaporated and the residue was recrystallized from alcohol to give 0.35 g 
(45gc) of IX with mp 144-145 ~ IR spectrum: 3350, 3180, 3018, 2842, 1560, 1535, 1470, and 1250 cm -i. 
Mass spectrum, m/e: 285 (0.3) M+. ,252 (19) (M-SH) +, 120 (17) (CH3NCH2CsHs) +, 50.5* (285~120), 91 
(I00) (CGHsCH2) +, 69* (120 ~ 91). Found,~ C 66.6; H 6.6; N 15.0; S II.I. CI6HI9N3S. Calculated,~: C 
67.3; H 6.7; N 14.7; S II.2. 
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1-Benzoy l -4 -pheny l su l fony l - l "me thy l th io semica rbaz ide  (X). A. A 0.5 g sample  of IId was ref luxed 
for  2 h in a mixture  of 10 m l  of alcohol,  3 ml  of water ,  and 0~2 g of KOH. Acidification with concent ra ted  
HC1 yielded 0.35 g (52%) of X with mp  167-168 ~ (from aqueous alcohol).  IR spec t rum:  3260, 3070, 1664, 
1365, 1183, 1143, 1083 cm - i .  Found,%: C 51.3; H 4.5; N 2.0; S 18.4. C15HIsN~OaS 2. Calcula ted ,Z:  C 51.6; 
H 4.3; N 12.0; S 18.4. 

B. A mixture  of 0.76 g (5 mmole)  of 1 -benzoy l - l -me thy lhyd raz ine  and 0.70 ml  (5 mmole)  of benzene-  
sulfonyl isothiocyanate  was heated at 100 ~ for  5 rain, a f t e r  which it was cooled, and the prec ip i ta te  was r e -  
c rys t a l l i zed  f r o m  methanol -CC14to  give 0.3 g of a substance that  was ident ical  to X according to i ts  m e l t -  
ing point and IR s p e c t r u m .  

Mesoionic 2 -Benzoy l imino-4 ,5 -d ipheny l - l ,3 ,4 -oxad iazo le  (IV). A mix ture  of 1.10 g (5 mmole)  of the 
benzoyl iminocarbonic  acid dichloride and 1.15 g (5 mmole)  of 1 -benzoy l - l -d ipheny lhydraz ine  in 20 ml of 
absolute benzene was ref luxed for 1.5 h, a f te r  which 3.0 ml of t r ie thylamine  was added, and the mixture  
was ref luxed for  another  40 min .  The prec ip i ta te  was dr ied and then washed with wate r ,  5~ sodium b i -  
carbonate  solution, again with water ,  and dr ied to give 0.96 g (51~) of IV with mp 205-206.5 ~ (from b e n z e n e -  
ace toni t r i le ) .  UV s pec t rum  (CH3OH) , ~t max,  nm (log ~): 330 (3.80), 234 (3.40). Absorpt ion  at  330 nm is 
observed  immedia te ly  a f te r  dissolving,  s ince,  p robab ly  in connection with the low s tabi l i ty  of IV in acids .  
i t  falls  rapidly  with t ime .  IR spec t rum:  1645, 1535, 1355, 1300 c m  -1. Mass spec t rum,  m / e :  147 (24) 
CsHsCONCO +, 105 (100) C6H5CO+ , 75.5* (147- -105) ,  77 (67)CsH5 +, 56.5* (105 - -77) .  Found.~: C 73.4; 
I-I 4.4; N 12.3. Cl~HIsN302. Calcula ted ,Z:  C 73.9; H 4.4; N 12.3. 

2 -Benzoy l imino-4 ,5 -d ipheny t - l , 3 ,4 -oxad iazo t ium Chloride (XV). A suspension of 0.5 g of IV in 25 
ml  of absolute e the r  was sa tu ra ted  at  10 ~ with d r y  HCI. The prec ip i ta te  was washed with absolute e the r  to 
give 0.40 g (70%) of XV with mp 234-240 ~ (dec.). IR spec t rum:  1745, 1558, 1370 cm - l .  Found,%: C1 10,7. 
C21HtsN302 �9 HC1. Calculated,%: C1 11.1. 

4 , 5 -D ipheny l - l , 3 , 4 - t r i a zo l -2 -one  (XI). A. A 0.7 g sample  of IV was ref luxed in a mix ture  of 10 ml  
of alcohol,  2 ml  of water ,  and 0.2 g of KOH for  40 min .  The mixture  was diluted with two volumes of water  
and acidified to pH 2 with concent ra ted  HC1. The prec ip i ta te  was separa ted ,  dried,  and ex t rac ted  with 
heptane.  The heptane ex t r ac t  yielded 0.15 g (60~c) of benzoic acid.  The heptane- insoluble  solid was r e -  
c rys t a l l i zed  f r o m D M F - a c e t o n e  to give 0.30 g (6(fie) of a substance that did not me l t  up to 300 ~ IR spec -  
t rum:  1610, 1580, 1520, 1470, 1430 cm - l .  Mass spec t rum,  m / e :  237 (100) M +, 134 (32.6) C6HsNlvHCO + , 
76* (237--  134), 106 (21.5) C6H5NNH + , 105 (15) CsHsN2 +, 104 (84.5) C6HsCNH +, 45.5* (237 ~ 104), 91 {26.6) 
CsHsN +, 77 (50) C6H~+ , 57* (104 - -77) .  Found,Z: C 70.0; H 4.5; N 17.6. C14HlllV30. Calcula ted ,~:  C 70.9; 
H 4.7; N 17.7. 

B. A 0.5 g sample  of 1 ,4 -d ibenzoy l - l -d ipheny l semica rbaz ide  was ref luxed for  30 min in 20 ml  of 
absolute alcohol in which 0.39 g of sodium had been d issolved.  The prec ip i ta te  was removed  by f i l t ra t ion 
and dissolved in w a t e r .  The solution was acidif ied to pH 5 to give 0.15 g of a substance that did not me l t  
up to 300 ~ and was identical  to XI according  to the IR s p e c t r u m .  

1 ,4 -Dibenzoy l - l - pheny l semica rbaz ide  (XIII). A 0.5 g sample  of IV was ref luxed for 40 rain in a mix -  
ture  of 5 ml  of alcohol and 1 ml  of concent ra ted  HC1. After  12 h, the prec ip i ta te  was r emoved  by f i l t ra t ion 
to give 0.36 g (68%) of XIII with mp 214-215 ~ ( f rom a c e t o n i t r i l e - a l c o h o l ) .  IR spec t rum:  3330, 3260, 3080, 
1725, 1625, 1510, and 1480 cm -i. Found,Z: C 69.9; H 4.8; N 11.8. C12HITN303. Calculated,~: C 70.2: H 
4.8; N 11.7. Evaporation of the filtrate in vacuo gave 0.I0 g of a substance that was identical to XI accord- 
ing to its melting point and IR spectrum. 

B. A 0.83 g sample of benzoyl isocyanate and 1.2 g of 1-benzoyl-l-phenylhydrazine were mixed in 
10 ml of absolute tetrahydrofuran, after which the mix,ire was refluxed for 4 h and worked up to give 1.5 
g of a substance that was identical to XIII according to its melting point and IR spectrum. 

1,4-Dibenzyl-l-phenylsemicarbazide (XIV). A 1.0 g sample of IV was added gradually, while main- 
taining continuous refluxing, to 0.82 g of LiAIH4 in 25 ml of absolute ether. After 12 h, the mixture was 
decomposed with moist ether and water, and 2 N HNO 3 was added to completely dissolve the aluminum 
oxide. The mixture was extracted continuously with ether for 6 h. The ether solution was evaporated, and 
the residue was recrystallized from aqueous alcohol to give 0.47 g (48~) of XIV with mp 148.5-149 ~ LR 
spectrum: 3420, 3210, 3025, 3075, 3032, 2925, 1680, 1540, 1495, 1450 cm -i, Mass spectrum, m/e:  331 
(8) M+., 198 (5) C6HsN(CH2C6Hs)NH2. + , 182 (34) C6HsNCH2C6H5 +, 181 (76) C6H5NCHC6H5 +, 99.5 * (331 -- 181), 
133 (6) C6HsCH2NCO. +, 107 (92) C6HsNNH2 +, 57.9* (198 ~ 107), 91 (100) C6HsCH2 +. 
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1-Phenyl-l-(N-phenylbenzamido)-4-benzoylsemicarbazide (XII). A mixture of 1 g of IV and 0.7 ml 
of aniline in 5 ml of absolute alcohol was refluxed for 1.5 h and worked up to give 0.82 g of XII with mp 
162-163 ~ (from alcohol). IR spectrum: 3380, 3280, !740, 1645, 1650, 1610, 1530, 1515, 1475, 1365, and 
1282 cm -1. Mass spectrum, m / e :  180 (72.5) C6HsNCC6H5 +, 75* (434 -~ 180), 147 (12.5) C6HsCONCO +, 
121 (46.0) C6HsCONH2 +, 105 (78) C6I-I5C0 +, 77 (100) C6H5 +. Found,~c: C 74.5; H 5.1; N 13.0. C27H22N402. 
Calculated,To: C 74.6; H 5.1; N 12.9. 
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