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Abstract-The course of the reaction between dithiocartxuic acid and aldehydes and ketones has been 
examined. Aliphatic and ?rdeticient heterocyclic aldehydes and ketones form 1,3+thiadiaxolidin 
tthiones. Aromatic and nexcessive heterocyclic aldehydes and ketones, however, form axines. A 
similar course occurs in the reaction between the hydraxones and carbon disulphide. 

Alkyl dithiocarbaxic acids (axine formation being excluded) form 3-aikyl-1,3,4-thiaddine-2- 
thiones with aliphatic, aromatic as well as with beterocyclic aldehydes and ketones. These thiones 
can also be prepared from alkyl hydrazones and carbon disulphide. Aryl hydraxones, however, do 
not react with carbon disulphide. 

RBCBNTLY, Grashey et al. Isa obtained 3,44isubstituted 1,3&hiadiazolidine2_thiones 
(III; RI = II) from reaction of carbon disulphide with the addition product of 
symmetrically disubstituted hydrazines and aldehydes. 

Before these publications, the synthesis of the 1,3,4-thiadiazolidine-2-thione ring 
system (III) had only been achieved for the 4-aryl-1,3,4-thiadiazolidine-2-thiones 
(III; R1 = H; R, = aryl) obtained by reaction of 3-aryldithiocarbazic acids (II; 
Rr = H; Rs = aryl) with aldehydes and ketones (I).a*’ 

Reactions of aldehydes and ketones with aliphatic dithiocarbazic acids (II; R, or 
Rs = alkyl) or with dithiocarbazic acid itself (II; Ri = RB = I-I) had not been 
investigated. The 1,3,4-thiadiazolidine-2-thiones, unsubstituted in the 3- and 4- 
positions (III; R, = R, = H) or with an alkyl group in the 3- or Cpositions (III; 
R, or Rs = alkyl), are not known in the literature. 

\ 
M+HS-C=S ‘c’ ‘c=s 

R’ 
I 

. RI-HN-N-R, - R’ I 1 
Rf--N-N-R, 

I II Ill 

The reactions of dithiocarbazic acid and alkyldithiocarbazic acids with aldehydes 
and ketones are reported and a new preparation for 3-alkyl-1,3,4-thiadiazolidine-2: 
thiones is presented. 

I. 5-Rs,&-1,3,4-Thiadiazolidine-2-thiones 

(a) Reaction of dithiocarbazic acid with aldehydes and ketones. Although the 3- 
aryldithiocarbazic acids readily undergo ring closure with the most divergent kinds of 

* R. Grashey, R. Huisgen, K. K. Sun and R. M. Mariarty, J. Org. C/rerrz. 30,74 (1965). 
* I. L. Karle, J. Karle and R. M. Mariarty. Tetrahedron Letters No. 47, 3579 (1964). 
* J. F. Willems. Forts&r. Chem. Forsch. 4, 631 (1964). 
’ E. Taeger and Zaki El-Hewehi, J. Prukt. Gem. [4] 18,255 (1962). 
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aldehydes and ketones the course of the reaction with dithiocarbazic acid itself 
depends on the aldehyde or the ketone used. 

RI 
\ 

R, OH R, S 

C=O + H,N-NH-C&S@ + ‘C’ ‘C’ \c=s 

R’ , R ’ ‘NH-NH-C-S” - . R ‘AH-AH ‘ 

1 

I II (R, = R, = H) IV (R, = H) III (R, = R, = H) 

RI 
\ 

co 

R’ . I 

OH OH 
R, RI 

\ 
C=N-N==C + H,O + HOCSS@ + 

\ bR’ 
C-HN-N-C 

R’ . ‘R . R’ ’ ‘R , !&c-S” , 

VI VII V 

Aliphatic aldehydes and ketones react with an aqueous solution of ammonium 
dithiocarbazate at room temperature or by heating the mixture slightly. The 1,3,4- 
thiadiazolidine-2-thones formed are precipitated from the solution by acidification 
(Table 1). 

In the case of aromatic aldehydes and ketones, instead of the 1,3,44hiadiazolidine- 
2-thiones, the corresponding azines (VI) are formed in practically quantitative yield. 
The azine formation occurs by addition of a second molecule of aldehyde or ketone 
to the intermediary N-substituted dithiocarbazate anion (IV) followed by elimination 
of water and the dithiobicarbonate anion (VII). This elimination isstrongly favoured 
by substituents with high ~-electron density which facilitate the formation of 7~ 
orbitals in the chain whereby the electrons between the chain and the aryl nuclei are 
withdrawn, stabilizing the azine system. 

Electron attracting substituents make azine formation difficult so that ring closure 
dominates. This is clearly illustrated by the behaviour on the one hand of the 
pyridine aldehydes and on the other of 2-furaldehyde. With the former (n-deficient) 
a practically quantitative conversion into 1,3,4-thiadiazolidine2-thiones occurs 
whereas from the latter (r-excessive), 2-furaldehyde-azine is obtained (Table 1). 

The adverse influence of electron-attracting substituents on azine formation is 
illustrated by the reaction of dithiocarbazic acid with pdiethylaminobenzaldehyde 
hydrochloride and with pdiethylaminobenzaldehyde itself. The free base is immedi- 
ately converted into the aldazine, but the reaction with the hydrochloride yields 
5-@-diethylaminophenyl)-I ,3,4-thiadiazolidine-2-thione hydrochloride. As distinct 
from the diethylamine group (VIII), the diethylammonium group (IX), having an 
electron-attracting effect, counteracts azine formation. 

The 5-(p-diethylaminophenyl)- 1,3,4-thiadiazolidine-2-thione hydrochloride is, how- 
ever, very unstable and during separation is converted into the p-diethylamino- 
benzaldehyde azine (VI ; R, = p(&H,),N+H, ; % = H) by splitting off hydrochloric 
acid, water and dithiocarbazic acid. 
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WA -NH-C-SH 
II 
S 

VIII 

S 

IX 

(b) Reaction of carbon disulphide with hycirazones. During the study of this reaction, 
a new method was found for the preparation of 1,3,44hiadiazolidine_2_thiones. The 

hydrazones of aliphatic aldehydes or ketones (X) react with carbon disulphide yielding 
5-R&-l ,3,44hiadiazolidint+24hiones (III; R1 = R, = H). 

RI RI RI S 
\ 

&N-NH, f& 
\ 

C==N-NH-CAH + ‘c’ \c=s 

/ / 
R4 R4 ! R,‘k+kH 

X(R1EI-0 XI (R, = H) III (R, = R, = H) 

RI 
\ 

&N-NH, 

R’ 
J 

. 
NHNH, 

RI I /Ra RI \ /“’ 
<==N-N-C -’ C-N-N=C + H,N-NH-H 

/ 
-rt I ‘R 

UH ’ 
1 R’ 4 ‘R 4 1 

XII VI II (R, = R, = H) 

This ring closure occurs only with aliphatic and r-deficient heterocyclic aldehydes 
or ketones (Table 1, method B). When Ra or R4 is a substituent with a high 7r-electron 
density the hydrazones are converted into azines. This conversion probably occurs 
via XII as an intermediate. In addition to the azine (VI), dithiocarbazic acid is found 
in the reaction medium. 

When RS or R, is a nitro-substituted phenyl group no azine formation is observed 
and 1,3,44hiadiazolidine_2_thione ring closure does not occur or only with great 
difficulty. Only o-nitrobenzaldehyde hydrazone yields a small quantity of 5-(o- 
nitrophenyl)-1,3,4-thiadiazolidine-2-thione but m- andpnitrobenzaldehyde hydrazones 
are recovered unchanged. 

The hydrazones of nicotinaldehyde, picolinaldehyde and isonicotinaldehyde react 
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exothermaIIy with carbon disuIpbide to form the co~espon~ng 1,3,~~a~~o~~ne- 
24hiones. 

The reactions of carbon disulphide and hydrazones are listed in Table 1 under 
method B. 

TABLE1 

Aldehyde or ketone 
(method A) 
Hydrazone 
(method B) 

l!H 
CH: 
CH,CW, 
C& 

CH,CH,CH,CH, 
CH,CH,CH,CH,CH, 

Z-pyridyi 
3-pyridyl 
4-pyridyl 
*4NC;H, 
PDINCIHI 
m-O,NC,H, 
CJ% 
CJ% 
o-ClC,H, 
“,“dz”HI 

o-HO&& 
P-HOC& 
m-HOC& 
3.4-(OCH,O)C,H, 
t-fury1 

H 

5: 
H 
H 
H 
CH, 

: 

ii 
H 
H 

E 
H 

i- PRODUCT OBTAINED 

RI \c/s\_ 
,a-AJii 

m.p. 

9v 
116” 
120;;125o 

1% 
126” 
13sMO0 
118-125° 
120-125O 
13sMO0 
MO-150” 

Yield in % Yield in % 

Method Method 
AQ w 

41 

z: 21 
27 
17 

:z 80 

Z! 
86 
13* 
0 
0 

RI Rk 
\ / 

C===N-N=C 
/ 

rL 
\ 

It 

m.p. 
Litera- 

ture 
Method Method 

A0 BE 

2os” 5 
260° 
190-192° : 
123-124O 6 

0 

1% 
7 
8 

211° 9 
141° 
213’ :‘I 
239-240° 12 
20se 
203” :: 
112-113’ 7 

o method A: aldehyde or ketone and dithiocarbazic acid method B: hydrazones and carbon disulphide. 
b 69 % of unreacted ~~~~dehyde hydrazone. 
c 50% of unreacted 2-fbaldehyde hydrazone. 

II. 5-~R&Alkyl-l,3,4-thiadiazolidine-2-thiones 

(a) Reaction of N~Iky~ith~ocarbazate~ with a~~hyde~ and ketones. The reaction of 
alkylhydrazines (XIII) with carbon disulpbide occurs with the most nucleophilic 
nitrogen atom (viz. the alkylated nitrogen in view of the electron-releasing properties 

i K. Mijatake, J. Phmm. Sot. Japm 72,1162 ($952); Ckem. Abstr. 47,6885a (1953). 
* L. Homer, L. Hockenlxrger and W. Kirmse, Chem. Ser. 94,2% (1961). 
7 E. R Blout and R. M. Gofstein, J. Amer. Chem. SM. 67, 16 (1945). 
0 G. Lock and K, Stach, Ber. Dfsch. Chem. Ges. 76, 1252 (1943. 
* M. Busch and W. Foerst, J. Prakt. Chem. (2), 119,302 (1928). 

lo T. Curtius, J. Prukt. Chem. (2) 85, 178 (1912). 
I1 T. Curtius and H. Franzen, J&r. Drsch. Chem. Ges. 35,3234 (1902). 
I* H. Franzen and T. Eichler, J. Prukt. Chem. (2), 82,247 (1910). 
lb T. Curtius, b. Prakt. Chem. (2), 85,398 (1912). 
I’ T. Curtius, J. Prukf. Chem. (2), S&461-475 (1912). 
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of the alkyl group) resulting in the exclusive formation of 2-alkyldithiocarbazic acids 
(IT; R, = H). 

R. 

‘C==0 

d 
R, OH 

R,--NH-NH, cs,_ RI-N-NH, B ‘&-NH-N-R 1 

S==LSH R’ ‘ S==LH 

XIII II (R, = H) 

-‘C=N N R --1 

R’ &-SH 4 

m(R,=H) XI 

This reaction is analogous to the formation of 2-methylthiosemicarbazide from 
methy~y~~ne and thiocyanic acid.16 

When 2-alkyhlithiocarbazic acids react with aldehydes and ketones, 3-alkylsub- 
stituted 1,3,4-thiadiazolidine-24hiones (III; Rp = H) are formed. Since the products 
obtained show in their IR spectra specific NH-bands at 3.15 p it may be concluded 
that products with open-chain structure (XI) are not formed in this reaction or only 
as intermediary products. Only in the 1,3,4-thiadiazolidine-2-thiones the NH-group 
occurs. Moreover, the relatively high stability of the silver salts of the products 
obtained points to the 1,3,~~a~~oli~n~2-~one structure rather than to a dithio- 
carbazic acid derivative (XI). 

Since azine formation is impossible in the reaction of N-alkyldithiocarbazic acids 
with carbonyl compounds, aliphatic, aromatic as well as heterocyclic aldehydes and 
ketones react to fo~~eco~spon~ng 3-~1-5-Rs,~-l,3,~~~~~~n~2-~ones 

- _ (Table 2, method A). 
(b) Reaction of carbon disulphide with N-alkyl hydrazones. The N-alkylhydrazones 

R* RI 
\ cs, \ 

&N-NH-R1 + G=N-N-C-SH w 

R’ 
/ 

. R4 k! I 

X XI 

Rz S 
\c/ ‘M 

dl I 
HN-N-RI 

ni(R* =H) 

of aliphatic, aromatic and heterocyclic aldehydes or ketones readily undergo ring closure 
in carbon disulphide to form the corresponding 3-~~1-5-R~,%-1,3,~thiadiazolidine- 
2-thiones (III; Re = H; Table 2-method B). The products formed are identical 
with those obtained from the carbonyl compounds and the alkyldithiocarbazic acids 
(method A), This is additional proof that the reaction of carbon disulphide with 
alkyl hydrazones occurs with the formation of a2-alkyldithiocarbaic acid (Ii ; & = H) 

X4 W. R. McBride, W. G. Fiigan and R. A. Henry, J. Org. Chem. 22,153 (1957). 
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and not a 34kyldithiocarbazic acid, otherwise the Csubstituted 5-R&-1,3,4- 
thiadiazolidine-24hiones (III; Rr = H) would be formed according to the first 
method. 

The 3-alkyl-5-R,,%-1,3,44hiadiazolidine-24hiones can be titrated with alkali 
although these compounds contain no enolisable thioxo group. In order to examine 
the possibility of rearrangement of the alkyl group from N(,, to Nto, the position of 
the group in these compounds was determined. For this purpose the reaction product 
of benzaldehyde methylhydrazone and carbon disulphide was oxidized with iron(III) 
chloride. The reaction products and the consumption of iron(II1) chloride depend on 
whether this oxidation is carried out on the 3-methyl-(XIV) or on the Cmethyl-(XV) 
5-phenyl-I ,3,4-thiadiazolidine-24hione. 

2 / \ o- “, 2Fec’s+ 
I 

-H,C-N- 

xv 

xx xv 

Experimentally it was found that two moles of iron (III) chloride are consumed 
per mole of alkyl-1,3,4-thiadiazolidine-24hione. The oxidation product corresponds 
to the empirical formula CsHsN& and is identical with the 3-methyl-5-phenyl- 
1,3,4-thiadiazoline-2-thione (XVI), independently prepared by desalkylation in 
pyridine of product (XVII), which was prepared by methylation of 2-methyl-thio-5- 
phenyE1,3,44hiadiazole (XVIII). This excludes the occasional sydnone (XX) forma- 
tion by pyrolysis of the disulphide (XIX). As a result of this examination it may be 
assumed that all alkyl-1,3,4-thiadiazolidine-24hiones possess the 3-alkyl structure, no 
matter whether they have been prepared by reaction of alkyldithiocarbazic acids and 
carbonyl compounds or by reaction of alkyl hydrazones and carbon disulphide. The 
3-alkyl-1,3,4-thiadiazolidine-24hiones prepared from alkyl hydrazones and carbon 
disulphide are listed in Table 2 under method B. 

The methylhydrazones of 2,4dinitrobenzaldehyde and o-nitrobenzaldehyde and 
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the &hydroxyethylhydrazone of 2+dinitrobenzaldehyde do not react with carbon 
disulphide. 

TABLE 2 

R. S 

‘c’ ‘CA 
R/AH-IL-R I 

CH, CHI 
CH,CH,CH&H&H, 

E$~H,CH. 
CH, 
H 

2-pyridyl H 

4pridyl H 
GH, H 
GH, H 
o-CIGH. H 
o-HWH. H 
2-Fury1 H 

m.p. 
Method 

A0 Be 

Ch 82 31 56 

CH, 123-U” 35 85 
CH,CH,OH oil 2.5 

CH, 60” 90 
CT% 97” 73 
CHI 116” 70 

CH. 96” 14 96 
CH,CH,OH 90” 65 
CH, 170” 30 
C% 140” 70 
CH, 120” 52 

Yield in % 

l Method A: aldehyde or ketone and dithiocarbazic acid Method B: hydrazones and carbon 
disulphide. 

III. 3-Aryl-5-R~,R,-l,3,4-fhiadiazolidine-2-thiones 

Attempts to cyclize arylhydrazones of aldehydes and ketones (X; R, = aryl) 
with carbon disulphide to form 3-aryl-5-~,R,-l,3,4-thiadiazolidine-~iones (III; 
R, = arylf & = H) were unsuccessful. 

RI R, S 
\ 

C=N-NH-At-y1 + CS* + ‘c’ ‘C+ 

R’ 4 R’I 1 
‘I-m -N-Ar 

X&=aryl) III(R,=aryl; R,=H) 

The low electron density of the aryl substituted nitrogen atom 
nucleophilic attack on the carbon disulphide. 

EXPERIMENTAL* 

I. PotassiumN-methyldithiocarbuzute (K-salt of II; Rr = CHs; R, = H) 

prevents the 

To methylhydrazine (5 g; 0.108 mole) and 6% alcoholic KOH (100 ml), Cs, (8.2 g; 0.108 mole) 
was added dropwise with stirring at room temp. 
the EtOH distilled off under red. press. 

The solution was kept overnight at room temp and 
The residue (145 9, was recrystalhzed from EtOH, yield 5 g, 

m.p.: 219-220”. (Found: C, 1488; H, 3.21; N, 17.50-17.34; C,H&N&K requires: C. 15.01; 
H, 3.15; N, 17.51%.) 

II. Synthesis of the hydrazones 

The hydrazones not described in literature were prepared as follows: 
(a) Isonicotinaldehyde methylhydruzone (X; R1 = CH,, R, = H; R, = Cpyridyl). Isonicotin- 

aldehyde (10.7 g; O-1 mole) dissolved in a solution of methylhydrazine sulphate (14.4 g; @l mole) in 

+ All m.p.s were determined on a Kofler hot bench. 
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water (50 ml) was refluxed for 2 hr. made alkaline with N&OH and then extracted with CHCI,. 
After evaporation of the CHCI,, the residue was distilled, yield 8 g (60%); b.p. 130”/@25 mm; m.p. 
64-65” after recrystallization from Ccl,. (Found: C, 62.04; H, 672; C,HsNI requires: C, 62.27; 
H, 6-72x.) 

(b) PiwEnakiehyyde methylhydrazone (X; R, = CH,; R, = H; R, = 2-pyridyl) was prepared 
by a method similar to that described under (a), b.p. 135-140”/12 mm, yield 73 %. 

(c) 2,4-Dinitrobenzu&hy& methyt!hydruzone (X; R1 = CH*; R, = H; R, = 2,4(O,N),C,H,). 
To a solution of methylhydrazine sulphate (7.2 g; 0.05 mole) in water (10 ml), a solution of 2,4- 
dinitrobenzaldehyde (9.8 g; 0.05 mole) in EtOH (50 ml) was added. The pH of the reaction mixture 
was adjusted to 7 by addition of pulverized sodium acetate and EtOH (100 ml) added in order to 
precipitate all inorganic salt. The mixture was filtered and the filtrate evaporated till crystallization 
began. The mixture was cooled and the crystals fIltered off by suction, yield 3 g (27 %), m.p. 97-99”. 
(Found: C, 4254; H, 3.85; N, 24.57-24-55; GH,O,N, requires: C, 42.89; H, 360; N, 25-O%.) 

(d) Acetone methylhydrazone (X; R1 = R1 = R, = CH,). A solution of methylhydrazine 
sulphate (28.8 g; 0.2 mole) in water (35 ml) was added to acetone (100 ml) while stirring. The reaction 
mixture was retIuxed for 15 min and dehydrated with anhydrous Na,CO,. The inorganic salts were 
filtered off and the liltrate evaporated, yield 8-5 g (50%). 

(e) Hydrocbmumuldehyuk methylhydruzone (X; R1 = CHs; RI = H; R, = C,H,CH,CH,). A 
solution of hydrocinnamaldehyde (11.5 g; 0.88 mole) in EtOH (100 ml) was added to 8.8M methyl- 
hydrazine in water (100 ml). The mixture was refluxed for 2 hr and the EtOH distilled off and the 
aqueous layer extracted with ether. The extract was dried over anbydrous Na,SO, and the ether 
evaporated. The residue was distilled, yield 7 g (49 o/o), b.p. 118”/2 mm. 

(f) o-Chlorobenzalukhyak methylhydrozone (X; Ri = CH*; RI = H; R, =o-Cl-C,H,). This 
was prepared by a method similar to that described under (e), b.p. 114119”/1*5 mm, yield 31%. 

(g) o-Nltrobenzukkhyak methyfhydruzone (X; Ri = CHs; R, = H; R, = o-N0,C.H.). This 
was prepared by a method similar to that described under (e), b.p. 143’/@5 mm, yield 55% ,m.p. 
37-39” after recrystallization from hexane by cooling to -65”. (Found: C, 53.56; H, 490; N, 
23-47-23-22; GI&O,N, requires: C, 53.68; H, 5.07; N, 23-48x.) 

(h) Eenzclldehyde t!3-hydroxyethylhyuiozone (X; R1 = CH,CH,OH; R, = H; R, = C,H,). This 
was prepared by a method similar to that described under (e). b.p. 162-163’11 mm, yield 73 %. 

(i) 2,4_Dinitrobenzuk&hy& /I-hydroxyethy!hy&zone (X; R1 = CH,CH,OH; R1 = H; R, = 2, 
4(O,N),GH&. This was prepared by a method similar to that described under (e) but extraction was 
turn-. The product crystallii on concentration of the solution, m.p. 117” after recrystalliza- 
tion from isopropyl alcohol, yield 81%. (Found: N, 2227-21.58; C,HIDOsNI requires: N, 22.06 %.) 

III. Synthesis of IJ,4-thiadiarolidine-2-thiones 

(a) 1,3,4-thiudiazolfdine-2-thione (III; R, = R, = R, = R, = H). A 37% formaldehyde solu- 
tion (8.1 g; 0.1 mole) was added to an aqueous 1M solution of ammonium dithiocar~tei~ (100 ml). 
After keeping the reaction mixture for 24 hr at room temp. 1,3,4-thiadiazolidii2-thione was pre- 
cipitated by acidification with 5N HCl. The sticky precipitate was purified by dissolving in 1N NaOH 
and precipitation with HCl, yield 5 g (41 “A, m.p. 98” (with dec). The product is instable. (Found: 
C, 19-83-2061; H. 3.19-294; N. 18*08-18.26; C,&N,S, requires: C, 20.02; H, 3.36; N, 2325 %.) 

(b) 5-methyl-1,3,4-thifidine-2-thione (III; R1=R,=R1=H; R,=CH& This was 
prepared by a method similar to that descrii under (a), m.p. 116”. yield 45 %. (Found : C, 26.93- 
27.29; H, 4.2W57; N, 20.80; S, 47.55; C,I-IaN,S, requires: C, 26.89; H, 4.51; N, 20.91; S, 
47.86 %.) 

(c) 5,5-Dimethyl-1,3,4-thiudiazohifine-2-thione (III; R1 = R, = H; RI = R, = CH,). Method 
A. To ammonium dithiocarbazate (7.5 g; 0% mole) suspended with stirring in acetone (100 ml), 
water was added dropwise until a clear solution was obtained. After 5 min at room temp. a white 
precipitate formed and by boiling the reaction mixture precipitation was completed. The mixture was 
cooled and the precipitate filtered off by suction, yield 6 g (68%), m.p. 120-125”. A mixed m.p. of 
the product and an analytically pure specimen prepared according to method B was 120-125“. 

Method B. Acetone hydrazonei’ (380 g; 5.3 moles) was added gradually with vigorous stirring 

r‘ S. M. Losanitch, J. Chem. Sot. 763 (1921). 
” R. Von Rothenburg. Ber. Dtsch. Chem. Ges. 2.6, 2060 (1893). 
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to Cs, (500 ml). The reaction prooxded exothermally and after keeping the mixtum overnight at 
room temp the cryxtalline product formed was filtered off by suction and washed with hexane, yield 
162 g (21%), m.p. 120-125”. (Found: C. 3264; H, 5.55; N, 18.68; C,HaN,S, rtquim: C, 3246; 
H, 5.45; N, 18.93%.) 

(d) ~Ell?yl-5-methyl-l,3,~~~~~~~~-~~~~ (III; R1 = H; R, = CH*; R, = C,H,). 
This was prepared by a method similar to that described under (a), m.p. 68”. yield 27%. (Found: 
C, 27.00; H, 6.61; N, 17.44; C&fi& requires: C, 27-07; H, 622; N, 17.29%.) 

(e) ~Methyl-~~ri~o~ripuoromerlryl-l,3,~r~~ol2-~~~ (III; R1 = R, = H; R, = Cl-I,; 
R, - CF,). This was prepared by a method similar to that described under (a), m.p. 176”, yield 17 %. 
(Found: N, 13.67-13-82; S, 31.97; C,H‘F,N,S, requires: N, 13.87; S, 31*75%.) 

(f) S,S-retrMlcthylene-l,3,~t~~olidi (III; RI = R, = H; RI + R, = (CH&). 
This was prepared by a method similar to that described under (a), m.p. 126”. yield 49%. (Found: 
N, 16.26; C,H,,N,S, requinx N, 16*10%.) 

(g, 5,5-pentmnerhy~ne-l,3,~~h~~zo~~-2-~h~~ (III; R1 - R, = H; R, + R, = (CH,),). 
Method A was similar to that described under (a), m.p. 153”. yield 85 %. (Found: C, 44.45; H, 6.50; 
S, 33.89; C,H~,N,S, requires: C, 44.72; H, 6.43; S, 34*11%.) 

Method B. To cyclohexanone hydraz.one1n (11.5 g; O-11 mole) dissolved in CHCl, (30 ml), CS, 
(40 ml) was added. The reaction mixture was kept overnight and the crystallime product filtered off 
by suction and washed with n-h-, yield 15 g (80’%), m.p. 156” after recrystallization from CHCl,- 
n-hexane 1: 1. (Found: C, @67; H, 6.65; N. 15~14-15~03; C,H,,N,S, n+res: C, 44.72; H, 6.43; 
N, 14+X%.) 

(h) 5-(o_Ni~ropheny[>l,3.~thiadimolidine_2t~~(III; R1 = Rs = R, = H; R, = o-0,NC.H.). 
This was prepared by the method described under (g), yield 13 %, m.p. 140-l 50”. By evaporation of the 
CHCl,-CS, tiltrate 69% o-nitrobenzaldehyde hydrazone’* was recovered. (Found: C, 40.19; H, 
2.81; N. 17.30-17.37; CBH,N,O,S, requinx C, 39.87; H, 2.93; N, 17*44%.) 

(i) 5_(~~~~y~l,3,~rhiadiazol-t~~e (III; R1 = R, = R, = H; R, = Cpyridyl). This 
was prepared by method B described under (g) starting from isonitocinaldehyde hydrazone,*D yield 
86%, m.p. 138-140”. (Found: C, 42.91; H, 3.69; C,H,N,S, requires: C, 42.68; H, 3*58%.) 

(j) 5+Pyr@y~1,3,4-&a&zo0aYnt-2- h’ t wne (III; R1 = RI = R, = H; R, = Zpyridyl). This 
was prepared by method B described under (g), starting from picolinaldehyde hydrazone,” yield 98 “/ 
m.p. 118-125”. (Found: C. 42.35; H, 3.45; C,H,N& requires: C, 4268; H, 3*58%.) 

Q yr~f~y~l,3,4-rhiadiazor2-t~~ (III; R1 = R, = R, = H; R, = 3-pyridyl). This 
was prepared by method B described under (g), starting from nicotinaldehyde hydrazone,* yield 85 “/, 
m.p. 120-125”. (Found: C, 42.53; H, 3.55; N, 21.65-21.41; C,H,N,S, requires: C, 4268; H, 3.58; 
N, 21.33 %.) 

(1) 3,5.5-Trime~~yl-1,3,4-liriocliazolidine~I; R1 = R, = R, = CH,; R, = H). Method 
A. Methylhydrazine sulphate (14 g; 01 mole) dissolved in water (40 ml) was made alkaline by 
addition 5N NaOH (60 ml) and CS, (7.6 g; 01 mole) was added dropwise with vigorous stirring 
which was continued until a completely clear solution was obtained. Acetone was added and the solu- 
tion kept overnight at room temp and neutmlized with HClaq. yield 5 g (31”%). m.p. 78-79’; 82” 
(Found: C, 36.93; H, 6.33; N, 17.20-17-36; C&,N,S, requires: C, 37.07; H, 622; N, 17.29%.) 

Method B was similar to that described under (c) starting from acetone methylhydrazone, yield 
56%, m.p. 7b79”, 82”. (Found: C, 37.05; H, 6.16; N, 17.27-17.31; C,I-I,,N,S, requires: C, 37.07; 
H, 6.22; N, 17.29 %.) 

(m) 3-Mer~yl-5,5-pentMtellrylene-l,3,4-thladiaIolidine-2-thio~ (III; R1 = CH*; R, = H; R, + 
R, = (CH&). Medtod A. The procedure as described under (l), method A, starting from cyclo- 
hexanone yield 35 %, m.p. 123-124” after recrystallization from hexane-CH Cl,. (Found: C, 47.82; 
H, 7.09; N, 13.82; G,H,,N,S, requires: C, 47.56; H, 699; N, 13.87%.) 

Method B. The procedure as d&bed under (l), method B. starting from cyclohexanone methyl- 
hydrazone,” yield 850/, m.p. 123-124”. The mixed m.p. of the product and a specimen prepared 
according to method A was 123-1X’. 

‘a A. N. Kost and I. I. Grandberg, J. Gen. Chem. USSR. (Eng. Transl.) 25,1673 (1955). 
‘* T. Curtius and A. Lublin, Ber. Dtsch. Chetn. Gez. 33,2462 (1900). 
m H. H. Szmant and C. M. Harmuth. J. Amer. Chem. Sot. 81,962 (1959). 
‘I 1. D. Bower and G. R Ramage, J. Chem. Sot. 4506 (1957). 
‘* R. H. Wiley and G. Irick, J. Org. Chem. 24, 1926 (1959). 
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(n) 3-~et~ylIS~~y~ethy~-i~3,~t~~l~-2-thion~ OKI; RI = CH,; R, = Aa = H; R., = 
C&H&H&H&. The procedure as described under (c), method B, starting from hymaldehyde 
~~~~~~~~8 yi8ld 90 Y_ m.p. 60”, (Found: N, 1 l-83; &Ht*N& requirea: N, 1 l-77 %.) 

(0) 3-Met~yi-S~~~yl-l,3,~t~indiorolidine-Z-thioffe (III; Ri = CH,; R, = RI = H; R, = 
C$H&). Method A. The procedure as described under (l), method A, starting from benxaldehyde 
yielded 14”/, m.p. 96”. The mixed m.p. of the product and a specimen prepared according to method 
B was 96”. 

Method B. %I8 procedure described under (c), method B, starting from benxaldehyde methyl- 
hydrakne.‘1 yielded 78 %, m.p. 96” after recrystailixation from EtOH. (Found: C, 51.56; H, 492; 
N, 13X&1341; C,Hz,N& requires: C, 51-47; H, 480; .N, 13*34x.) 

(p) 3-Methyr-S-(~~ro~~nyl)-l,3,~tWadiazolldine-2thtrione (III; RI = CHI; R, = Rt = H; 
RI = o-CiC;H,). The procedure described under (c), method B, starting from ~~oro~~dehy~ 
methylhydraxone yielded 30x, m.p. 170”. (Found: N, 11.45; C,HsN,!$C1 requires: N, 11.46%) 

(9) 3-Met~yf-S-f~,3,~t~~o~~j~e-2-z~~ {III; RI = CHa; Rs = Ra = H; 
Rs = o-HOC&I& The procedure described under (@, method B, snuting from s&cylaldehydemethyl- 
hydraxone,” yielded 67y_ m.p. 140”. (Found: C,4779; H,4*48; N, 12-47-1258; GHXgN,OS, 
requires: C,4793; H, 446; N, 12@%.) 

(r) 3-Methy~-S-(2-jkry&l,3,4-th~o~id~-Z-th~w (III; Rt = CH,; R, = RI = H; RI = 2- 
C,tr,O). The procedure, described under 0, method B, starting from 2-furaldehyde methyihydra- 
wfle,” was followed. The mixture shouid be heated gently to start the reaction, yield 52x, m.p. lu)9 
after recrystalllltion from CC&. (Found: C, 42.17; HP 4.07; N, X3-81-13-76; C,H~N,O!& requires: 
C, 4200; H, 400; N, 14*00%.) 

(s) 3-Methyl-S-(2-pyridyl)-l,3,4thkdiozoltiim-2-thione (III; R1 = CH,; Rt E= Rt = H; R, = 
2-C&N). The reaction, as described under (c), method 3, starting from p~o~m~dehy~ methylhy- 
drazone, proceeds exothermaliy, yield 73 %, m.p. 97’ after recrystallization from CHC&-CCl,, 1: 3. 
(Found: N, 1999-19.71; cH,N$, requires: N, 1992%) 

(t) 3-Methyl-~~~yr~dy~1,3clrfiiadiazolidin (III; R, = CR,; RI = R, = H; R, = 4- 
GH,N), The procedure described under (g>. starting from ~~~~~yd8 ~~y~y~~, 
yielded 73%. m.p. 116O. (Found: C, 45*5145+67; H, 3.98-&15; C,H&S, requites: C, 4554; H, 
450X.) 

fu) 3-Rydtoyeth~~-S,S_t~yl-~,3,~th~~oi~~-2-:~~o~ @I; IQ = HocH,cH,; R, = H: R 
s = R, = CBS). To acetone hydroxyethylhydraxone” (Il.6 g; @l mole) dissolved in CHC& (20 mi), 

C!$ (20 ml) was added with stirring. The reaction mixture was kept overnight at room temp and 
evaporated. The residue, a viscous oil which decomposes on distillation, yielded 5 g (25 %). Micro- 
analysis of the crude product gave the foIlowing results. (Found: C, 36*4S-3665; Ii, 677493; 
N, 1501~1497; GH,,N,O& requires: C, 37.53; H, 6.30; N, 14.59x.) 

(v) 3-HydPoxyethyl-S-phenyl-1,3,44hithiom (III; Ri = HOCH&H,; Rt = RI = 
II; R$ = C,H& The procedure described under(c), method B, starting from benzaldehyde hydroxy- 
ethylhydraxone yielded 65 %, m.p. PO)” after recrystalliition from CHCl,-CCl, 1: 1. (Found : N, 
11.74; C,&I,,ON,S. requires: N, 11-67 %.) 

Method 1. To 3-methyl-S-phenyl-1,3,4-thiadiazolidine-2-thione 19.5 g; (@OP4 mole) dissolved in 
EtOH (580 ml) and heated to 60-70”, 1M FeQaq (188 ml) was added dropwise by means of a burette 
until a positive reaction of thiocyanate ions (red colour) was obtained. During addition a precipitate 
was gradualiy formed and, after cooling, was separated from the solution by filtration, yield 17 g (88 %). 
After recrystalliition from acetone 15 g of XVI were obtained, mp. 12Y’. (Found : mol. wt. 210-208; 
C, SI~8O-S1*42; H, 396-4.05; C$H*N,f& requires: mol. w-t. uf8; C, Si.97; H, 3-SS”fo,) 

Me<!& 2. Z-Me~ylt~~5-phenyI-l,3,~t~~le” (62.5 g; @3 mole) dissolved in dimethyl 
eulphate (30 ml) was heated for 2 hr on a oil bath at 130”. The reaction mixture was cooled, treated 
with ether and the solid product is filtered otI by suction. The precipitate (102 & is washed with ether, 

‘s G. Gever, C. O’Keefe, G. Drake, F. Ebetino, J. Michels and K. Hayes, J. Amer. CJtem. Sot. ?7,2277 
(1955). 

se R, W. Young and K. H. Wood, f. Amer. Chm. Sot. TT, 400 (19Ss). 
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dissolved in anhydrous EtOH and precipitated with acetone. In this way 48 g of 2-methylthio-3- 
methyl-S-phenylthiazolium methylsulphate (XVII) were obtained, m.p. 95-102, suspended in 
pyridine (100 ml) and the suspension relhrxed for 1 hr. The reaction mixture was cooled, taken up in 
ether and the N-methylpyridinium methylsulphate filtered off. The filtrate was evaporated to dryness 
and the residue (26 9, recrystahized from EtOH using decolourizing carbon, yield 11 g, m.p. 125”. 
A mixed m.p. of the product and a specimen prepared according to method 1 was 125”. 
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