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Thiadiazoles and Dihydrothiadiazoles. Part 5.’ Synthesis of 2.3-Dihydro-I ,3,4- 
thiadiazoles by Reaction of Aldehydes or Ketones with Thioaroylhydrazines 

D. Michael Evans, Lawrence Hill (in part), and David R.  Taylor’ 
Chemistry Department, University of Manchester Institute of Science and Technology, Manchester M60 I OD 
Malcolm Myers 
Department of Medicinal Chemistry, Reckitt and Colman PL C, Hull HUB 7DS 

A general method for the synthesis of 2,5- and 2,2,5-substituted 2,3-dihydro-l,3,4-thiadiazoles 
is described, involving the condensation of aldehydes or ketones with thioaroyl hydrazines. Evidence 
for the cyclic nature of the products is discussed. The reaction of 4-methoxythiobenzoylhydrazine 
with P-chloropropiophenone gives 1 - (4- methoxythiobenzoyl) - 3 - phenyl-4,5-di hydro- 1 H- pyrazole, 
whereas the corresponding reaction with a-chloroacetophenone gives the known compound 2- 
(4-methoxyphenyl) -5-phenyl-6H-1,3,4-thiadiazine. 4- Methoxybenzoylhydrazine also reacts with 
pentane-2,4-dione to give a mixture of 5- hydroxy-1 - (4-methoxythiobenzoyl) -3,5-dimethyl-4,5- 
di hydro- 1 H- pyrazole and 2 -acetony1 - 5- (4- methoxyphenyl) - 2- methyl - 2,3-di hydro- 1,3,4- t hiadiazole, 
and with 4-0x0- and 5-0x0-alkanoic acids to give 2-(2-carboxyethyl) - and 2-(3-carboxypropyl)-5- 
(4-  met hoxypheny I) - 2 -methyl - 2,3-di hydro- 1,3,4- t hiad iazoles which are readily cyclized to  3 - (4- 
met hoxyphenyl) - 5-methyl -4-thia- 1,Z-diazabicyclo [3.3.0] oct- 2-en-8-one and 8- (4-methoxyphenyl) - 
6- methyl -7 -thia - 1,9-diazabicyclo[4.3.0] non -8-en - 2-one. 

In a preliminary communication’ we reported the unexpected 
formation of 2,3-dihydro- 1,3,4-thiadiazoIes (2) when thioaroyl- 
hydrazines (1) are treated with aldehydes or ketones. We now 
report the details of our investigation into this general reaction 
[equation (l)], which includes a study of the use of aliphatic 
aldehydes and of ketones containing additional functionality. 

A r C S N H N H  + R’ co R~ 

room temp. 
15- 60 min I ( 1  1 

(1  1 
a ; A r  = Ph 

b; A r  = 4-MeOC6H 4 

a; A r  = 
b; Ar  = 
c ;  A r  = 
d; A r  = 
t; A r  = 
1 ;  Ar = 
g; Ar  = 
h ; A r  = 
i ;  Ar  = 
j ;  A r  = 
k, Ar = 
I; A r  = 

m ; A r  = 
n ; A r  = 
0 ;  Ar = 
p; A r  = 
q; A r  = 
r ;  A r  = 
5 ;  A r  = 

At the outset of this work it was assumed, on the evidence of 
a number of earlier ~ t u d i e s , ~ - ~  that a thioaroylhydrazine (l) ,  
unsubstituted at N2, would react with an aldehyde or ketone 
in the same manner as a thiosemicarbazide or dinitrophenyl- 
hydrazine, i.e., to give an acyclic thioaroylhydrazone (3) by a 

ArCSNHN=CR’R* 

straightforward addition-elimination pathway. Only when 
such a pathway was blocked by N’-substitution in the 
aroylhydrazine was cyclization expected to lead to 3-substituted 
2,3-dihydro-l,3,4-thiadiazoles (4), a reaction [equation (2)] 

4 - MeOC 6HbCSN H N H R’ + R’COR 

EtOH,  
rctlcx ( 2 )  1 

N-N 

extensively investigated by Wuyts and co-workers’ and by 
others, ’J 

Indeed, Sandstrom’ had specifically rejected a cyclic 
structure such as (2) for the product he obtained by treating 
phenylthioacetylhydrazine with benzaldehyde, on the basis of 
a comparison of its U.V. spectrum with those of known 2,3- 
dihydro- 1,3,4-thiadiazoles (4), and in spite of its ready oxidation 
to the corresponding 1,3,4-thiadiazole (5). Accordingly, our 
objective was to prepare acyclic thioaroylhydrazones (3) and to 
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Table 1. N.m.r. data for aldehyde-derived 3-dihydro-l,3,4-thiadiazoles ( 2 a - h )  and (1  la-b) 

ha 6ch 
r A 

7 r A 
-l 

Cmpd. ArH 2-H NH Other COR C=N 
7.2--7.7 
7.1-7.7 
6.7-7.8 
7.2-7.8 
6.8-7.8 
6.9-7.7 
6.7-7.6" 

6.9-7.6' 
7.1-7.8 
6.9-7.6!' 

6.3 
6.3 
6.3 
6.3 
6.6 
6.3 
6.3 

6.3 
4.8(2) 
4.8(2) 

6.25 - 

6.0 2.3 (Me) 
6.45 3.7 (OMe) 
6.0 

6.3 3.8 (OMe) 
5.9 3.8 (OMe). 

3.7 (OMe) 
(/ 3.8 (OMe) 

- 4.9 (NCH,N), 

- 

2.9 ( O H )  

- 4.9 (NCH,N) 

3.8 (OMe) 

- 
- 

159.0 

152.4 
160.7 
160.2, 
160.8 
160.6 

160.8 

- 

- 

46.3 
46.1 
45.7 
46.3 
44.4 
46.3 

46.6 
46.2 
46. I 
46. I 

Ar 
26.6 I4 1.6 
24.6-1 38.7 
26.61 32.3 
25.9-1 39.0 
16.7-132.2 
13.8-140.6 

13.8-132.7 
13.7-138.9 
26.8-131.3 
13.9-128.3 

c-2 Other 
74.7 - 
74.5 20.9 (Me) 
74.4 54.7 (OMe) 
73.7 - 
67.6 - 

74.4 55.0 (OMe) 

74.6 55.2 (2 x OMe)  
73.6 55.0 (OMe) 
59.2 72.6 (NCN) 
59.2 72.9 (NCN), 

55.2 (OMe) 

90 MHz; CDCI, unless otherwise indicated. 20.1 MHz; CDCI,. ' In CZH,]acetone. Masked by aromatic signals. ' Two AA'BB' systems, JAB 
9 Hz. At 220 MHz. One AA'BB' system, J A B  9 Hz. 

ArCCI=NN=CHR 

t 1 2  
A r C = N H - N = C R  R 

I 
S- 

( 7  1 

study their reactions in the presence of strong, non-nucleophilic, 
bases. 

Reaction of Thioaroylhydrazines with Aromatic Aldehydes.- 
Treatment of thiobenzoylhydrazine (la) with benzaldehyde in 
ethanol gave, after 15 min at room temperature, the single 
product (2a) in 88% yield; no acidic catalyst was required and 
no evidence for the formation of any intermediate was obtained 
(e.g., by t.1.c. analysis). The outcome of such reactions seems to 
be independent of both solvent [dichloromethane, methanol, 
toluene, diethyl ether (hereafter called ether), and aqueous 
ethanol may all replace ethanol] and temperature (in the range 
20-100 "C), except that the formation of a by-product 
identified as the corresponding 2,s-disubstituted 1,3,4- 
thiadiazole (5) is slightly faster at reflux in ethanol. 

The generality of the reaction was established by the use 
of four other aromatic aldehydes (Cmethyl-, 4-methoxy-, 4- 
chloro-, and 2-hydro~y-benzaldehyde)~ and by treating 4- 
methoxythiobenzoylhydrazine (1 b) with three of these aromatic 
aldehydes, giving in all instances the corresponding 2,5- 
disubstituted 2,3-dihydro-1,3,4-thiadiazoles (2a -h)  in good 
yield (64--97%, not optimized) [equation (l)]. 

In three cases (2a,c,e) these compounds had been reported 
p rev i~us ly~ .~  but with the alternative acyclic structure (3) 
assigned. We are convinced that the cyclic structure (2) is 
correct on the basis of the following evidence (n.m.r. data shown 
in Table 1). 

( 1) The ' 3C n.m.r. shift of the C-2 usually in the range 73-75, 
is incompatible with sp2-hybridization, which would be 
required for the acyclic structure (3), but supports sp3- 
hybridization with a deshielding environment. 

(2) The 'H n.m.r. signal of the methine proton at C-2 is 
normally situated at 6-7, i.e. upfield of the aromatic region, 
which is incompatible with the imino-proton of a hydrazone. 

(3) The key n.m.r. shifts discussed above are very similar 
to those shown by known 3-substituted 2,3-dihydro-1,3,4- 

thiadiazoles (4), such as those we have prepared by repeating 
the experiments of Wuyts and co-workers6 or by treating 
chlorodiazabutadienes ( 4 )  with t hioureas. 

We have also tested for the occurrence of solvent-dependent 
tautomeric equilibria between dihydrothiadiazoles (2) and 
various alternative structures such as (3) and (7). Such equilibria 
have been proposed by other investigators of these com- 

who have claimed that acyclic forms arise in polar 
solvents such as dimethyl sulphoxide (DMSO) and in the solid 
state. 'H and I3C n.m.r. analysis of a ['H,]DMSO solution 
of compound (2g) was hindered by rapid oxidation to the 
thiadiazole, and no n.m.r. evidence for acyclic isomers was 
obtained in CDCI,, C,$6, or ['H,]acetone. The i.r. spectra 
of solid samples of (2) reve+aled no bands attributable to 
H-N + vibrations [cJ PhCH=NH-N=C(S-)CH,Ph, vmaX, 2 480 
cm-l I 2  1, although rapid 'H n.m.r. analysis of a freshly prepared 
['H,]DMSO solution of compound (2g) revealed a diminution 
in the intensity of the 2-CH signal (6, 6.5), accompanied by 
the appearance of a low-intensity singlet at tiH 13.2, possibly 
compatible with the existence of some of the zwitterionic 
form (7). However, when compound (2g) was dissolved in 
[2H,]acetone and the solution was shaken vigorously with 
NaOD-D,O immediately prior to n.m.r. analysis, a I n.m.r. 
signal at 6,153.8 replaced that of C-2 (normally at 6,74.9 in this 
solvent), suggesting that deprotonation is accompanied by ring- 
opening [equation (3)]. 

The behaviour of these dihydrothiadiazoles is thus similar to, 
but not the same as, thiosemicarbazones (8), which have been 
shown to cyclize to 2-aminodihydrothiadiazoles (9 )  in acidic 
solution, but which apparently exist predominantly or 
exclusively in the open-chain form in neutral and basic solution. 

Reaction of Thioaroylhydrazines with Aliphatic Aldehjdex- 
When the thioaroylhydrazine (la) was treated with an excess 
of formaldehyde in ethanol, a single product was obtained. 
Although the absence of NH stretching in the i.r. spectrum of 
this product is compatible with the structure (10) proposed for it 
by H~lmberg,~ and the m.p. of our product (89-90 "C) suggests 
that it is the same as that isolated by Holmberg, the correct 
structure appears to be (1 la), since its 'H  n.m.r. and broad-band 
13C n.m.r. spectra do not reveal any =CH, group, only two 
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Table 2. N.m.r. data for ketone-derived 2,3-dihydro- 1,3,4-thiadiazoles (2k-p) 

ha FCb 
A 

\ r -  
A 

\ 

Other Cmpd. ArH NH Other COMe C=N Ar c - 2  
(2k) 7.2-8.1 4.2-5.8' 1.7 (2  x Me) 
(21) 7.2-7.8 5.6-6.2' 1.2-2.4 

( 5  x CH,) 

(2m) 6.8-7.6 5.7 3.8 (OMe), 

(2n)" 6.9-7.5" 5.6 3.9 (OMe). 
1.7 (2 x Me) 

1.2-2.4 
( 5  x CH,) 

(20) 6.9-7.8 5.5-6.5' 3.8 (OMe), 
2.1 (Me) 

- 146.5 126.3-131.7 79.9 29.0(2 x Me) 
- 145.3 126.5-132.0 85.8 39.1(2), 

24.7( 1 ), 
24.4( 2) 

29.2 (2 x Me) 

38.4(2). 
24.7( I ), 
24.5(2) 

29.2 (Me) 

60.4 146.9 113.&-129.1 79.9 54.9 (OMe), 

60.4 147.0 113.6-129.1 85.6 55.0 (OMe), 

60.5 144.2 112.5-132.4 83.9 55.0 (OMe), 

(2p) 6.9-7.6 5.8 3.8 (OMe), 160.5 146.1 113.6-128.0 82.9 55.0 (NCH,), 
1.8-2.8 53.9 (OMe), 

2.3 (NMe) 38.4 (NMe) 
(4 x CH,), 45.4 (CCH,). 

" At 90 MHz in CDCI, unless otherwise indicated. 20.1 MHz. ' Broad signal. At 220 MHz. ' AA'BB' system, JAB 9 Hz. 

acid N -NH 
R'R'NC S N H N = C R 3  R 4  - - R1R2N(( ) R 3 R 4  

S neutral  or 
a1 kal  ine 

( 8 )  ( 9 )  

A r  CSNN = C H 2 
I 
CH2 
I 

ArCSNN= CH2 

(10) 
(11 1 

a; A r  = Ph 

b; A r  = 4-MeOC6H, 

different types of deshielded CH, groups (ratio 2: 1). An 
analogous product ( l l b )  was readily obtained from the 
corresponding reaction of compound ( 1  b) (74%). 

We were unable to detect any intermediate products such as 
(2ij) by t.1.c. analysis of aliquots withdrawn during the reactions 
leading to compounds (l la,b) and attempts to extend this 
synthesis to higher aliphatic aldehydes, or to aromatic 
aldehydes used in large excess, were unsuccessful in that pure 
products could not be isolated. Since the preliminary report of 
our work appeared' Zelenin and co-workers have reported 
similar reactions between thiobenzoylhydrazine ( l a )  and 
acetaldehyde and propionaldehyde; they isolated 2-alkyl-2,3- 
dihydrothiadiazoles from such reactions, albeit in low yield.' 

Reuction c!f' Tliiouroi~~lh_r,~ru~ines with Ketones.-Both of 
the thioaroylhydrazines studied react readily with simple 
ketones such as acetone and cyclohexanone to give, in 51--98% 
yield, 2,2-disubstituted 2,3-dihydr-o- 1,3,4-thiadiazoles (2k-n) 
[equation ( l)], and comparable reactions of the hydrazine ( 1  b) 
with acetophenone (79%), and 1 -methyl-4-piperidone (7 l%), 
gave dihydrothiadiazoles (20,p) respectively. These reactions 
proceed to completion within I h at room temperature. 

Holmberg3 had previously assigned an acyclic structure (3) to 
one of these products (2k), but although the 'H n.m.r. data 
are less conclusive than in the case of aldehyde-derived 
dihydrothiadiazoles, owing to the higher substitution at C-2, the 
' 3C n.m.r. spectra of these ketone-derived dihydrothiadiazioles 
all show signals corresponding to the sp3-hybridized C-2 of 
compounds (2), and no evidence of even small amounts of an 
acyclic isomer such as (3) (no signal at 6 ,  ca. 158) (Table 2). 

These products are less stable, especially those from cyclic 
ketones, and less easily crystallized, than those derived from 
aldehydes. 

During the course of our investigation, Zelenin and co- 
w o r k e r ~ ~ ~  reported a similar study with aliphatic ketones, using 
the equivalence of the 2-Me 'H n.m.r. signals as proof of the 
structure of compound (2k). 

Treatment of the hydrazine ( lb )  with chloroacetone gave 
unstable products which were not identified. However, the same 
hydrazine ( lb )  when treated with z-chloroacetophenone in the 
presence of acid gave a single product. This proved to be the 
thiadiazine (12), previously reported" to result from the 
corresponding reaction of this hydrazine with z-bromoaceto- 
phenone, and not the hoped-for dihydrothiadiazole. Reasoning 
that closure to a seven-membered thiadiazepine ring (13) would 

4-MeOC6H4 {-J ' ' P h  

(12  1 (13 1 

4-MeOCcHLCSNHNH~ -t PhCOCH2CH2CI 

( l b )  I \ 

4-MeOC6H4( ) C t H 2  

P h  

4-MeOC6H,(/ 
P h  

(15)  

1 
4 -  MeOCGH4CSN -N 

Ph 

(16)  
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Table 3. Mass spectrometric data for 2,3-dihydro- 1,3,4-thiadiazoles 

Intensity of ions relative to base peak (%)" 
< A 

-3 

M - R 2  ArCS 
27 37 
84 43 

5 13 
73 48 

5 62 
16 27 
13 53 
30 28 

(100) 15 
18 

(I@)) 5 
17 

(100) 22 
25 

68 70 
5 40 

63 17 
5 13 
5 58 

27 
18 

- 

- 

~- 

- 
- 

ArCNS 

(100) 
62 
34 
53 
20 
24 
20 
15 
5 
5 
5 
5 
5 
5 

29 
5 

I I  
5 

24 
52 
7 

ArCHN 
32 
25 
15 
56 
39 
31 

(100) 
49 
I I  
23 
14 
27 
9 

16 
37 

13 
17 
12 
59 
28 

(100) 

ArCN 
55 
43 

(loo) 
69 
79 
54 
40 
10 

5 
25 
27 
23 
15 
96 
54 
8 

23 
36 
49 

(100) 

R ' R ~ C N  
32 
63 
23 
48 
18 
38 

(100) 
18 
29 

5 
71 

5 
22 
12 
5 

(1W 
6 

17 
12 
- 

- 

Base (1009;) 
PhNCS+ 
M +  
PhCN+ 
PhCN 
Ph+ 
PhCN + 

ArCHN+ 
mi: 227 
( M  - Me)' 
( M  - Pr)' 
( M  - Me)' 
(M - Pr)' 
( M  - Me)' 

(M - CH,O)+ 
ArCHN' 
( M  - C,H,)+ 

C7H7 + 

(M - C,H,N)+ 

( M  - CHlN)' 

C,H,N,S+ 
ArCN+ 

be less likely to compete with dihydrothiadiazole formation 
than would closure to a six-membered thiadiazine ring, we 
treated the hydrazine (1 b) with p-chloropropiophenone, 
intending to attempt the conversion of the expected 
(chloroethy1)dihydrothiadiazole (14) into the bicyclic derivative 
(15). The product contained no halogen atom, and was shown 
spectroscopically to be the thioaroyldihydropyrazole (I@, 
possibly formed as shown in equation (4). 

We next attempted to obtain dihydrothiadiazoles with 
carboxyl substitution at C-2. Reactions of hydrazines (1) with 
pyruvic acid afforded no  identifiable products. The thio- 
aroylhydrazine (1 b) was next treated with pentane-2,4-dione in 
the hope of obtaining the 2-acetonyl-2,3-dihydrothiadiazole 
(a), from which a haloform reaction might lead to the same 
end-product as would be obtained using acetoacetic acid. The 
reaction proceeded readily and the product analysed correctly 
for (2q). However, n.m.r. analysis indicated that a mixture of 
two isomers was present, the major product being the 3,5- 
dimethyl-5-hydroxydihydropyrazole (17) [equation (91. In 
CDCI, the isomer ratio is estimated to be 5:2 [(17):(2q)], but 
all attempts to isolate the two substances by chromatography 
failed. We suspect that the two isomers are in equilibrium while 
in contact with silica gel. A similar observation has been made 
by Zelenin and co-workers using thiobenzoylhydrazine (la) and 
pen tane-2,4-dione. 

In  contrast to pyruvic acid, levulinic acid (4-oxopentanoic 
acid) and compound (Ib) reacted cleanly to give, in 76% yield, 
the 2-(2-~arboxyethyl)dihydrothiadiazole (219. Good structural 

( l b )  + MeCOCH,COMe 

( 5 )  I 4 - McOC,H,CS, 

EtOH, 
room temp 

- .  

N - N U  'N-N 

Me HO 
(17) 

evidence was provided for this compound by its i.r. (C0,H at 
2 950 cm-I, NH at 3 280 cm-') and n.m.r. spectra (C-2 6 ,  82.9). 
It proved possible to cyclize this y-amino acid quite readily, by 
intramolecular amide-bond formation using dicyclohexyl- 
carbodi-imide (DCC) [equation (6)]. A single product was 
obtained, with the expected molecular ion (m/z 262). Its n.m.r. 
spectra were entirely in accord with the thiadiazabicyclo- 
[3.3.0]octenone structure (18a), and its i.r. spectrum showed 
neither the NH nor the OH stretching bands of its precursor. 

( l b )  + MeCO[CHzlnCO2H 

4-MeOC6H4< 
S 

Me 

(18a) 

( 6 )  

N-N % 
.tJ' G- M ~ O C ~ H J !  S 

Me 

(18b) 

To test the generality of this diazathiabicycloalkenone 
synthesis, the next higher homologue of levulinic acid, 5- 
oxohexanoic acid, was treated with the thioaroylhydrazine ( lb)  
under similar conditions. Unexpectedly, the product obtained 
after recrystallization of an initially formed oil displayed neither 
NH nor OH i.r. stretching bands, and inspection of its n.m.r. 
spectra, in comparison with those of product (18a), revealed 
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that cyclization had occurred spontaneously during recrystal- 
lization to provide the analogous 7-thia- 1,9-diazabicyclo- 
[4.3.0]nonenone (18b) in 80% yield. 

Muss Specrrometric Fragmentations of' 2,3-Dihydro- 1,3,4- 
thiadiaxles (2)-When the mass spectra of N-substi- 
tuted dihydrothiadiazoles were reported by Wolkoff and 
Hammerum,' they noted that thiadiazolium ions (19), formed 
by loss of a radical from C-2, are important intermediates in the 
fragmentation of such structures. As can be seen from Table 3 of 
the 3-substituted dihydrothiadiazoles (4a-d)  investigated only 
(4b) behaves as predicted. The 3-H analogues (2) do not usually 
show significant abundances of such ions unless they are derived 
from acyclic ketones. This may be due to the intervention of 
alternative pathways, or to more rapid fragmentation of the 
thiadiazolium ions (19) when R Z  = H. The other principal 

pathway noted by the previous workers, namely S-C-2 fission 
followed by loss of HS' to give diazabutadienyl cations (20), is 
also not obvious in the mass spectra of 2,3-dihydrothiadiazoles 
(2), unless it accounts for the high abundance of ions such as 
ArCHN', RLRZCN+,  and ArCN+. 

Experimental 
General techniques and spectroscopic apparatus were as 
described previously," except that in addition a Perkin-Elmer 
R34 220 MHz n.m.r. spectrometer was available. Light 
petroleum refers to the fraction boiling in the range W-80 "C 
except where stated otherwise. 

Thiobenzoylhydrazine (la), m.p. 68-70 "C {light petroleum 
(40--60)-ether (1 : l)] (lit.,3 70 "C), and 4-methoxythio- 
benzoylhydrazine (7b), m.p. 125-127 "C (from water) (lit.,4 
126-1 28 "C), were prepared by hydrazinolysis of the corres- 
ponding sodium thiobenzoylthioglycolates at 0 "C, followed by 
acidification to pH 4 (conc. HCI) and recrystallization. 4- 
Methoxythiobenzoylthioglycolic acid was prepared by addition 
of carbon disulphide to a chilled solution of the corresponding 
phenylmagnesium bromide in anhydrous ether, followed by 
reaction of the liberated dithioacid with sodium chl~roacetate.~ 
Thiobenzoylthioglycolic acid was prepared by the reaction of 
potassium hydrogensulphide with benzotrichloride (x ,x,x-  
trichlorotoluene), followed by treatment of the dithio acid with 
sodium chloroacetate.'' 

Reactions of Thioaroylhydrazines with Aromatic Aldehydes.- 
The following general procedure was used. Benzaldehyde (2.71 
g, 25.6 mmol) was added in a single portion to a stirred solution 
of thiobenzoylhydrazine ( la)  (3.77 g, 24.8 mmol) in ethanol (100 
cm3). After 15 min at room temperature the solvent was 
removed under reduced pressure and the residue was recrystal- 
lized from aqueous ethanol to yield white crystals, identified 
spectroscopically (n.m.r. data in Table 1) as 2,5-diphenyl-2,3- 
dihydro-1,3,4-thiadiazole (2a) (5.2 g, 88%), m.p. 78-80 "C (lit.,3 
81-82 "C)* (Found: C, 70.0; H, 4.7; N, 11.7; S, 12.9%; M + ,  240. 
C14Hl2N2S requires C, 70.0; H, 5.0 N, 11.7; S, 13.3%; M, 240). 

The following compounds (n.m.r. data in Table 1) were 

* Compounds have previously been prepared, but were assigned 
incorrect structures (3) in the literature cited; they are therefore 
designated as being 'new'. 

prepared in this way, with minor variations of solvent, reaction 
time, and recrystallization solvent. 

5- Phenj+2-(p-toljd)-2,3-dihydro- 1 ,3,4-tbiadiuzole (2b) (69::,), 
m.p. 52-54 "C (from EtOAc-light petroleum) (Found: C, 71 .O; 
H, 5.4; N, 11.0; S, 12.57:); M + ,  254. CI5Hl4N2S requires C, 70.8; 
H, 5.6; N, 11.0; S, 12.6%; M ,  254). 

2-(4- Metho.uyphenyl)-5-phenj~l-2,3-dih3~dro- 1,3,4-thiuJiuzole 
(2c) (71%), m.p. 82-84 "C (from light petroleum) (lit.,4 84 C)* 
(Found: C, 66.7; H, 5.1; N, 10.2; S, 11.4%; M + ,  270. 
C,  sH,4N20S requires C, 66.7; H, 5.2; N, 10.4; S, 11.9"/, M ,  270). 

2-( 4-Chlorophenj~l)-5-p/ien~~l-2,3-di~ij~dro- I ,3,4-thiudiuzolr~ 
(2d) (64%), m.p. 1 0 6 1 0 8  "C (from light petroleum) (Found: C, 
61.5; H, 4.2; CI, 12.9; N, 10.1; S, 11.5%; M + ,  274, 276. 
C14H1135C1N2S requires C, 61.2; H, 4.0; CI, 12.9; N, 10.2; S, 
11.7%; M, 274). 

2-( 2-H~~dro.u~phen~~l)-5-phenj~l-2,3-dihydro-1 ,3,4- thiudiuzole 
(2e) (72%), m.p. 152-154 'C (from EtOH) (lit.,3 155 '-C)* 
(Found: C, 65.7; H, 4.5; N, 10.9; S, 12.32,; M + ,  256. 
Cl4H1 ,N,OS requires C, 65.6; H, 4.7; N, 10.9; S, 12.5%; M ,  256). 

5-(4- Metho.uypheny1)-2-phenyl-2,3-dihydro- 1,3,4-rhiudiuzole 
(20 (82%), m.p. 97-99 "C (from EtOH) (Found: C, 66.4; H, 5.0; 
N, 10.4; S, 11.9%; M + ,  270. C,,H,,N20S requires C, 66.6; H, 
5.2; N, 10.4; S, 11.9%; M, 270). 

25- Bis-(4-metho.uyphenyl)-2,3-dihydro- 1,3,4-thiadiuzole (2g) 
(9773, m.p. 120-122 "C (from EtOH) (Found: C, 63.7; H, 5.2; 
N, 9.2; S, 10.7%; M + ,  300. C,,H,,NzOzS requires C, 64.0; H, 
5.3; N, 9.3; S, 10.7%; M, 300). 

2-(4-Chlorophenyl)-5-( 4-metho.vyphenyl)-2,3-dihj~fro- 1,3,4- 
rhiadiazole (2h) (64%), m.p. 116-1 18 "C (from EtOH) (Found: 
C, 59.1; H, 4.1; N, 9.0; S, 10.5%; M + ,  304,306. C,5H,335CINOS 
requires C, 59.1; H, 4.3; N, 9.2; S, 10.5%; M, 304). 

Reactions of Thioarovlhydrazines with Formu1dehjqde.- 
Formaldehyde (40% aqueous solution; 1.5 cm3, 20 mmol) was 
added in a single portion to a solution of thiobenzoylhydrazine 
(la) (2.70 g, 18 mmol) in ethanol (50 cm3). After 30 min at room 
temperature the solution was concentrated to CQ. 5 cm3 under 
reduced pressure and cooled in ice. A white precipitate was 
recrystallized from ethanol and identified spectroscopically 
(n.m.r. data in Table 1)  as bis-(5-phenyl-2,3-dihydro- 1,3,4- 
thiadiazol-3-yl)methane ( l l a )  (2.1 1 g, 69%), m.p. 89-90 T 
(lit.,3 90-91 "C) (Found: C, 59.8; H, 4.6; N, 16.2"; M + ,  340. 
Cak. for CI7H,,N4Sz: c ,  60.0; H, 4.7; N, 16.5%; M ,  340). 

Also prepared by this procedure was his-[5-(4-methos?.- 
phenyl)-2,3-dihydro- 1,3,4-thiadia=ol-3-yl]methane ( 1 1 b) (7473, 
m.p. 128-130 "C (from aqueous EtOH) (Found: C, 56.7; H, 5.3; 
N, 14.3; S, 15.8%; M+, 400. C,,H2,N40,S, requires C, 57.0; H, 
5.0 N, 14.0 S, 16.0%; M ,  400); n.m.r. data are in Table 1. 

Reactions q f Thioaro~.lh?~dra--ines with Ketones.- Ace tone 
(520 mg, 9 mmol) was added in a single portion to a solution of 
thiobenzoylhydrazine ( la)  (7.5 mmol) in ethanol (50 cm3), and 
after about 30 min at room temperature the solvent was 
removed under reduced pressure. The residue was recrystallized 
from aqueous ethanol to give a pale-yellow solid identified 
spectroscopically (n.m.r. data in Table 2) as a 2,2-dimethyl- 
5-phenyl-2,3-dihydro- 1,3,4-thiadiazole (2k) (640,), m.p. 49- 
51 "C (lit.,3 52 "C) (Found: M ' ,  192. Calc. for C,,H,,N,S: M ,  
192). 

The following compounds (n.m.r. data in Table 2) were 
prepared by minor modification of the above procedure. 

From (la) and cyclohexanone, 2-phenj91- 1 -thia-3,4-diaza- 
spiroC45Jdec-2-ene (21) (52%) m.p. 52-54 "C (from EtOAc- 
light petroleum) (Found: C, 67.3; H, 6.7; N, 11.8; S, 13.7",,; M + ,  
232. C,,H,,NzS requires C, 67.2; H, 6.9; N, 12.1; S, 13.87:'; M ,  
232). 

From (1 b) and acetone, 5-(4-metho.uj~hen~~/)-2,2-dimet/r~~l- 
2,3-di/ijydro- 1,3,4-thiadiazole (2m) (982,), m.p. 5 1-53 ' C  (from 
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Table 4. N.m.r. data for N-substituted 2,3-dihydro-1,3,4-thiadiazoles ( 4 a 4 )  

h I "  
c A 

\ 

Cmpd. ArH 2-H M e 0  Other 
(4a) 6.7-7.7 3.8 - l .  

(4b) 6.9-7.5 - 3.8 3.4 (CHMe), 
1.6 (2 x Me, s) 
1.3 (d. J 7 Hz, 
CHMe,) 

(4c) 6.8-7.6 6.1 3.8 3.1 (CHMe,), 
1.3 (d, Me,)' 
1.1 (d. Me,)' 

6.8-7.7 5.9 3.8 4.5 (d, CH,) 
3.95 (d, CH,,, 
J 16 Hz) 

1 

COMe C=N A r  C-2 OCH, Other 
159.6, 142.1 114.0-144.3 73.0 56.0, - 

160.6 55.1 
159.6 137.6 113.6-127.2 82.8 55.2 47.9 (CH), 

27.8 (CMe,), 
23.7 (CHMe,) 

160.0(2) 142.4 113.8-130.6 75.6 55.2(2) 51.5 (CHMe,), 
22.3 (Me), 
17.4 (Me) 

161.5(2) 143.6 113.3-136.6 78.2 55.2(2) 55.8 (CH,) 

" At 90 MHz in CDCI, unless otherwise indicated. At 20.1 MHz. ' Masked by aromatic signal. At 220 MHz. ' J ,  7.5 Hz; collapses to a singlet when 
irradiated at frequency of 3. I signal 

aqueous EtOH) (Found: C, 59.4; H, 6.3; N, 12.4; S, 13.9%; M+,  
222. C ,  ,H, ,N20S requires C, 59.4; H, 6.3; N, 12.6; S, 14.4%; M, 
222). 

From (1 b) and cyclohexanone, 2-(4-metho.uyphenyl)- 1 -thia- 
3,4-diazaspiro[4.5]dec-2-ene (2n) ( 5  1 %), m.p. 65-67 "C (from 
aqueous EtOH) (Found: C, 64.0; 11, 6.6 N, 10.4; S, 12.3",; M + ,  
262. Cl4HIBN,OS requires C, 64.1; H, 6.9; N, 10.7; S, 12.2"/,; M ,  
232). 

From (1 b) and acetophenone, 5-(4-metho.uyphenyI)-2-methyl- 
2-p/ren~+2,3-diiiydro- 1,3,4-thiadiu:ole (2p) (79%), m.p. 8 6 -  
87 :C (from aqueous EtOH) (Found: C, 67.7; H, 6.0; N, 9.8; S, 
11.2%; M + ,  284. C,,H,,N20S requires C, 67.6; H, 5.6; N, 9.9; S, 
1 l.3xl; M, 284). 

From ( 1 b) and N-methyl-4-piperidone, 2-(4-metho.uyphenyl)- 
8-methyl- I -rhiu-3,4,8-tria:aspiro[4.5]dec-2-ene (20) (7 1 %), m.p. 
132-134°C (from EtOH) (Found: C, 60.2; H, 7.1; N, 15.0%; 
M + ,  277. CI4H,,N,OS requires C, 60.6; H, 6.9; N, 15.1%; M, 
277), and, after treatment of compound (2p) with anhydrous 
hydrogen chloride in ether, the corresponding dihydrochloride 
(6904), m.p. 206-208 "C (from EtOH-ether) (Found: C, 48.3; 
H, 6.1; N, 11.8%; M + ,  277. C,4H,,C12N,0S requires C,48.0; H, 
6.0 N, 12.0%; M ,  349). 

Reaction of Thioaroj*lhydru:ine ( 1 b) with Penzune-2,4-dione.- 
Pentane-2,4-dione (250 mg, 2.5 mmol) was added in a single 
portion to a solution of compound (Ib) (440 mg, 2.4 mmol) in 
ethanol (25 cm3). After 2 h at room temperature a single product 
was detected by t.1.c. [light petroleum-EtOAc (1 : l)], which was 
isolated by evaporation under reduced pressure and trituration 
of the residual red oil with light petroleum (40-60). Re- 
crystallization (EtOH) gave off-white crystals (430 mg, 68%), 
m.p. 82-84 "C (Found: C, 59.1; H, 6.2; N, 10.3; S, 12.2%; M + ,  

M ,  264) believed to be a mixture (2: 5 in CDCI,) of 2-acetonyl-5- 
(4-met hoxyphenyl)-2-methyl-2,3-dihydro- 1,3,4-thiadiazole (29) 
and its tautomer 5-hydroxy-l-(4-methoxythiobenzoyl)-3,5-di- 
methyI-4,5-dihydro-l H-pyrazole (17) on the basis of the 
following data: v,,,,(KBr) 3 300-3 150br [OH str. of (17)], 
1 638w, [C=O str. of (Zq)], and 1 250s cm-' [C-0 str. of (17)]; 6, 
(90 MHz) 7.6 and 6.8 (dd, J 9  Hz, 2 x Ar), 6.95 [s, NH of (2q) 
and OH of (17)], 3.83 (2 x OMe), 3.20 and 2.85 [ABdd, JAB 20 
Hz, CH, of (17)], 3.18 [weak s, CH, of (2q)], 2.10 and 2.0 
[2 x s, 2 x Me of (17)], and 2.17 and 1.76 [2 x s, 2 x Me of 
(Zq)]; 6, (20.1 MHz) 193.24 (C=S), 161.24 (COMe), 158.81 
(C=N), 135-1 12.5 (Ar), 96.37 (CMeOH), 55.2 (OMe), 52.04 
(CH,), and 25.08 and 16.25 (Me) [all attributable to (17); no 
signals assignable firmly to (2q)l. 

264. Cak. for C,3H,6N202S:  c ,  59.1; H, 6.1; N, 10.6; s, 12.1%; 

Remtion of' 4- Metho.u).thiohen:oylhydra=ine ( 1 b) with Keto 
Acids.-(a) Levulinic acid. A solution of aroylhydrazine (1 b) 
(546 mg, 3.0 mmol) in ethanol (40 cm3) was treated with 4- 
oxopentanoic acid (levulinic acid) (350 mg, 3.0 mmol) for 12 h at 
room temperature. The single product (t.1.c.; EtOAc; R,  0.34) 
was isolated by evaporation and was recrystallized (from 
aqueous EtOH) to give 3-[5-(4-metho.uyphenyf)-2-methyl-2,3- 
dihydro- 1,3,4-thiadiazol-2-yl]propanoic acid (2r) (64 1 mg, 
76%), m.p. 105-107 "C (Found: C, 56.0 H, 5.8; N, 9.7; S, 11.4%; 
M + ,  280. C,,H,,N,O,S requires C, 55.7; H, 5.7; N, 10.0; S, 
11.4%; M ,  280); 6,  (CDCI,; 90 MHz) 7.5 and 6.8 (dd, J 9 Hz, 
ArH), 6.55 (2 H, br exchangeable, OH and NH), 3.8 (s, OMe), 
2.65 and 2.2 (m, 2 x CH,), and 1.7 (s, Me); 6, 177.59 (CO,H), 
160.70 (COMe), 147.23 (C=N), 128.75 (2 C) 123.96 ( 1  C), and 
113.87 (2 C) (all Ar), 82.86 (C-2), 55.20 (OMe), 35.68 
(CH,CO,H), 30.33 (CH,CMe), and 29.15 (Me). 

(b) 5-O.rohe..uanoic acid. The acid (0.44 g, 3.38 mmol) was 
added to a solution of the aroylhydrazine ( lb)  (0.56 g, 3.08 
mmol) in ethanol (25 cm3) and the mixture was stirred at 
ambient temperature for 24 h. T.1.c. [EtOAc-light petroleum 
(1  : l)]  indicated total consumption of starting material, and 
evaporation under reduced pressure gave an oil believed to be 
the dihydrothiadiazole (2s) [vmax. 3 280br (NH str.) and 2 950 
cm-I (H-bonded OH str.)]. After having been kept for 10 days, 
the oil slowly solidified. The solid was recrystallized (aqueous 
MeCN) and identified as 8-(4-metho.r~.phenyI)-6-methyl-7-thia- 
1,9-diuznhicyclo[4.3.O]non-8-en-2-one (18b) (0.67 g, 7973, m.p. 
156-158 "C (Found: C, 60.8; H, 5.9; N, 9.9; S, 11.60;,; M',  276. 
C14H1,N202S requires C, 60.8; H, 5.8; N, 10.1; S, 11.6%; M ,  
276); 6 ,  (CDCI,; 90 MHz) 7.73 and 6.94 (dd, J 9  Hz, ArH), 3.82 
(s, OMe), 1.9-2.7 (br m, 3 x CH,), and 1.71 (s, Me); 6, 163.85 
(C=O), 161.28 (COMe), 153.56 (C=N), 128.87 (2 C), 121.95 ( 1  
C), and 113.15 (2 C) (all Ar), 76.90 (C-6), 54.58 (OMe), 33.07 
(CH,C=O), 29.44 (CH,CMe), 28.63 (CH,), and 17.04 (Me). 

Treatment of compound ( lb)  with pyruvic acid under similar 
conditions yielded no identifiable product. 

Reuction of' Tltiouro?,l/i~,drazine ( 1 b) tc-itii Ciiloroulkj~l 
Ketones.-Glacial acetic acid (2 drops) was added to a solution 
of compound (Ib)  (300 mg, 1.6 mmol) and z-chloro- 
acetophenone (290 mg, 1.9 mmol) in ethanol (25 cm3), and after 
3 h the mixture was cooled; the precipitate was collected and 
recrystallized (EtOH) to give 2-(4-methoxyphenyl)-5-phenyl- 
6H-1,3,4-thiadiazine (12) (290 mg, 640<)), m.p. 142-144 'C 
(Iit.,l4 142 -C)  (Found: C, 68.2; H, 5.1; N, 9.9; S, 1 l . l y O ;  M + ,  282. 

6, (60 MHz) 7.0-8.25 (ArH), 3.85 (s, OMe), and 3.45 (s, CH,). 
CdC. for C,,H ,,N,OS: c ,  68.1; H, 5.0; N, 9.9; s, 11.42); M ,  282); 
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In a similar reaction to that described above, compound (1 b) 
(510 mg, 2.8 mmol) and P-chloropropiophenone (490 mg, 2.9 
mmol) gave, after 18 h, 1 -(4-metho?rj,thiobenzoy~-3-phenyl-4,5- 
di/ij.dro-lH-pyrazole (16) (600 mg, 72%), m.p. 138-140 "C 
(Found: C, 68.7; H, 5.4; N, 9.5; S, 10.6%; M + ,  296. C,,H,,N20S 
requires C, 68.9; H, 5.4; N, 9.5; 10.8%; M, 296); 6 ,  (90 MHz) 
6.82-8.0 (ArH), 4.6 (t, J 10 Hz, CH,N), 3.8 (s, OMe), and 3.3 
(=CCH,); 6, (20 MHz) 191.43 (C=S), 160.67 (C=N), 112.16- 
161.27 (all Ar), 55.05 (OMe), 51.30(NCH2), and 31.06 (XCH,). 

Treatment of compound (1 b) with chloroacetone under 
similar conditions yielded an unstable product which could not 
be characterized. 

Reactions of N'-substituted Thioaroylhjpdrazines with Al- 
deii jvdes and Ketones.-( a) N l -( 4- Met h o q  t h io ben zoy& N ' - 
phenjdhj*dra=ine. Treatment of N ' -(4-me t hox yt hio benzoyl)-N2 - 
phenylhydrazine" (600 mg, 2.3 mmol) with 4-methoxy- 
benzaldehyde (400 mg, 2.9 mmol) and AcOH (3 drops) in 
ethanol (25 cm3) at reflux for 26 h gave, on cooling the partially 
evaporated solution, 2,5-bis-(4-metho.ur,henyl)-3-phenj*l-2,3- 
dihydro- 1,3,4-thiadiazole (4a) (608 mg, 70%), m.p. 120-1 22 "C 
(from EtOH) (Found: C, 70.3; H, 5.1; N, 7.7; S, 8.5%; M + ,  376. 
C,,H,,N,O,S requires C, 70.2; H, 5.4; N, 7.4; S, 8.5%; M ,  376); 
n.m.r. data are in Table 4. 

(b) N'-lsopropyl-N -(4-metho.uythioben;o)d)hj~drazine. Simi- 
larly (reflux for 48 h) was obtained, from acetone (in excess), 3- 
isopropyl-5-(4-metho.uyphenyl)-2,2-dimethyl-2,3-dihydro- 1,3,4- 
rhiadiazole (4b) (226 mg, 8673, m.p. 84-85 "C (from light 
petroleum) (Found: C, 63.8; H, 7.5; N, 10.6; S, 12.0%; M', 264. 
C,,H,,N,OS requires C, 63.6; H, 7.6; N, 10.6; S, 12.1%; M, 264); 
n.m.r. data are in Table 4. 

By the same method was obtained, from 4-anisaldehyde, 3- 
isopropyl-2,5-bis-( 4-metiio.uyphenyI)-2,3-dihydro- 1,3,4-thiadi- 
azole (4c) (81%), m.p. 89-90 "C (EtOH) (Found: C, 66.8; H, 6.5; 
N, 8.0 S, 9.4%; M + ,  342. C,,H,,N,O,S requires C, 66.6; H, 6.5; 
N, 8.2; S, 9.4%; M, 342); n.m.r. data are in Table 4. 

(c) N2- Benzyl-N -4-methoxythiobenzoyl)hydrazine. Similarly 
(reflux for 12 h) was obtained, from 4-anisaldehyde ( 1 mmol), 3- 
benz~+2,5-bis-( 4-metho.uyphenyl)-2,3-dihydro- 1,3,4-thiadiazole 
(4) (8673, m.p. 84-86 "C (from aqueous EtOH) (Found: C, 
70.6; H, 5.6; N, 7.0; S, 8.1%; M + ,  390. C,,H,,N,O,S requires C, 
70.7; H, 5.7; N, 7.2; S, 8.2%; M, 390); n.m.r. data are in Table 4. 

Reaction of' Dihydrothiadiazole (2q) with Dicyclohe-uyl- 
carbodi-imide.-A solution of DCC (387 mg, 1.9 mmol) in 
dichloromethane (25 cm3) was added dropwise at 0 ° C  to a 
solution of the dihydrothiadiazole (2q) (513 mg, 1.8 mmol) in 
CH,CI, (100  cm3). After 15 min a white precipitate of 
dicyclohexylurea was observed, and the mixture was allowed to 
attain room temperature while being stirred for 12 h. T.1.c. 
(EtOAc) indicated a single soluble product; the solution was 
filtered to remove dicyclohexylurea (304 mg) and the filtrate was 
evaporated. The white residue was taken up in a little 
chloroform, and the solution was filtered to remove additional 

dicyclohexylurea (total 348 mg, 83%) and further purified by 
column chromatography (silica; EtOAc) to give 3-(4-metho.uj7- 
phenjd)-5-merhyl-4-thia- 1,2-diazabicyclo[ 3.3.01oct-2-en-8-one 
(1 8a) (369 mg, 7773, m.p. 124- 126 "C (Found: C, 59.6; H, 4.6; 
N, 10.7; S, 12.3%; M f ,  262. C,,H,,N,O,S requires C, 59.5; H, 
5.4; N, 10.7; S, 12.2%; M ,  262); 6, (CDCI,; 220 MHz) 7.8 and 6.4 
(dd, JAB 9 Hz), 3.83 (s, MeO), 3 . k 2 . 4 5  (complex m, CH,CH,), 
and 1.71 (Me); 6, (CDCI,; 20.1 MHz) 168.28 (NC=O), 161.70 
(COMe), 159.99 (C=N), 129.07 (2 C), 122.20 ( 1 C), and 1 1 3.47 (2 
C) (all Ar), 80.19 (C-5), 54.81 (OMe), 33.66 (CH,C=O), 31.65 
(CH,CMe), and 29.57 (Me). 
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