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A general synthesis of 1,2,3-thiadiazole-4-thiolates 1 and their derivatives 2-3 by an extension of the Hurd-
Mori 1,2,3-thiadiazole synthesis is described. Treatment of methyl (or ethyl) [1{alkylthio)alkylidene}hydra-
zinocarboxylates 11 (thiocarbazonate esters) or other N-acylthichydrazonate esters [Y = ureido (12) or
arenesulfonyl (13)] with thionyl chloride affords 2-3 efficiently. Intermediates 11-13 are readily obtained
from the N*thioacylcarbazates 8, N>-thioacylsemicarbazides 9, or N*thioacyl-N'{p-toluenesulfonyl)hydra-
zides 10, respectively, by S-alkylation. Physicochemical properties of the 1,2,3-thiadiazoles 1-3 and N-acyl-

thiohydrazonate esters 11-13 are also described.
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Since the initial report by von Pechmann and Nold
describing the synthesis and characterization of a 1,2,3-
thiadiazole [1], there has been limited research on this
rarest of the isomeric thiadiazoles. Early chemical investi-
gations of the 1,2,3-thiadiazole nucleus have yielded infor-
mation concerning its theoretical and physical chemical
properties [2,3]; more recently, researchers have reported
on the potential synthetic utility of 1,2,3-thiadiazoles for
highly reactive intermediates (e.g. thioketenes [4] and
alkynethiolate salts [5]), other heterocycles [6], and meso-
ionic derivatives [7]. With the recent discovery of several
biologically active agents incorporating the 1,2,3-thiadia-
zole moiety [8], emphasis has been placed on the develop-
ment of general syntheses of functionalized 1,2,3-thiadia-
zoles [9].

With the exception of specialized syntheses involving
the rearrangement of other heterocyclic systems [6b,10),
two classes of synthetic approaches to mononuclear 1,2,3-
thiadiazoles are known. These are classified as ‘“‘diazo”’
and “‘non-diazo” approaches. The *‘diazo’ approaches
based on either a) the [3+2] dipolar cycloaddition of
diazoalkanes to isothiocyanates [1,6¢,11] or other thiocar-
bonyl components [11] (modified Pechmann synthesis) or
b) the thionation of a-diazoketones [12] (Wolff synthesis)
are infrequently utilized due to the inherent hazards.
Often the cycloadditions are also complicated by the lack
of regiospecificity [13]. The method of choice, a conve-
nient “‘non-diazo’’ approach, developed by Hurd and
Mori involves the oxidative cyclization of N-acylhydra-
zones with thionyl chloride, but no detailed mechanistic
study was reported subsequently [14]. Subsequently this
reaction was utilized by Raap and Micetich for the syn-
thesis of 4-aryl-1,2,3-thiadiazoles [15}. In principle, numer-
ous 1,2,3-thiadiazoles could be realized with the Hurd-
Mori synthesis by substituent variations in the starting N-
acylhydrazones [16].
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As part of a synthetic investigation we required a facile,
regiospecific synthesis for the unreported 1,2,3-thiadi-
azole-4-thiolates 1. Conceptually, at least, the presence of
the 4-thiolate substituent in 1 suggested that extension of
the Hurd-Mori cyclization to methyl (or ethyl) [1<alkyl-
thio)alkylidene]hydrazinocarboxylates 11 (henceforth
referred to as thiocarbazonate esters) or other N-acylthio-
hydrazonate esters [Y = ureido (12) or arenesulfonyl (13)]
[17], in lieu of N-acylhydrazones, might be an attractive
approach to 1. The thiocarbazonate esters 11 could be ob-
tained by S-alkylation of the appropriate N*(thioxoalkyl)-
carbazates (or N’-thioacylcarbazates) 8, obtainable by
thioacylation of methyl (or ethyl) hydrazinocarboxylate.
Thus various C-5 and S-alkyl (or S-aryl) substituents could
be introduced into the 1,2,3-thiadiazole nucleus (Scheme
D).

The synthesis of the requisite N*thioacylcarbazates 8,
N-thioacylsemicarbazides 9, or N%thioacyl-N'-arene-
sulfonylhydrazides 10 begins with thicacylation of methyl
(or ethyl) hydrazinocarboxylate, semicarbazide, or an
arenesulfonylhydrazide, respectively, with S-thioacylthio-
glycolate esters 7 [18]. In contrast to the reported lability
of thiohydrazides [19], the desired N*thioacyl-N'-acyl-
hydrazides 8-10 are thermally stable and easily purified
by chromatography over magnesium trisilicate or silica gel
(Table I and II). The thioacylation agents 7 were prepared
by sulfhydrolysis (hydrogen sulfide-ethanol) of the
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S-carboxymethylthiopiperidium bromides (or iodides) 5-6,
obtained from N-thioacylpiperidides 4, by a modification
of the procedure of Jensen and Pedersen [20].

While preparation of 8-10 was accomplished readily
from S-thioacylthioglycolate esters 7, a more expedient
synthesis of 8-10 was desired. Similarly, treatment of the
readily available methyl (or ethyl) dithioalkanoates 14 with
methyl hydrazinocarboxylate afforded mixtures of the
thiocarbazonate esters 11 (major component) and the
desired N*thioacylcarbazates 8 [21,22]. Modification of
the reaction conditions had minimal effect on the ratios of
11:8, but preference for formation of the Z(syn)-thio-
carbazonate esters 11Z was consistently observed (vide in-
Jra). Since the N*-thioacylcarbazates 8 are sufficiently
acidic (¢f. Experimental), separation of 8 from 11 was ac-
complished efficiently be extraction with aqueous alkali.
Acidification then afforded 8 in a pure state (>95%), as
determined by proton magnetic resonance spectroscopy
and infrared spectral analyses. Similar results were also
observed with semicarbazide and p-toluenesulfonylhydra-
zide.

With 8-10 in hand, the S-alkylation of these intermedi-
ates was then explored. The alkylation of 8-10, under ther-
modynamic conditions, occurred exclusively on sulfur with
various alkylating agents (e.g. allyl bromide, benzyl
bromide, 2,4-dinitrofluorobenzene, iodomethane, methyl
bromoacetate) to yield E(anti)/Z(syn)-isomeric mixtures of
the requisite esters 11-13 in excellent yields (>85%) with
a preponderance of the Z(syn)-isomers [Z(syn): E(anti) =
40 to 3:1] (vide infra). Separation of the isomers could be
accomplished by hple, on silica gel; in general, with each
pair of isomers, the least polar component was the Z(syn)-

22 R=H or alkyl; R'=Cl
23 R=Cl; R'=H or alkyl

3 R'=alky! (or aryl); n=0
15 R'=CH3; n=1

isomer. In several cases the crystalline Z(syn)-thiocarbazo-
nate esters (11Za-11Zb, 11Zp) were easily separated from
the corresponding oily E(anti}-isomers by fractional
crystallization. Generally the isomer mixtures were utiliz-
ed in the subsequent cyclization without separation of the
isomers.

The proton nuclear magnetic resonance spectra of the
E(anti) and Z(syn)isomers of 11-13 revealed significant
differences between the isomeric pairs. In the absence of
appropriate models for the thiocarbazonate esters, it was
initially not possible to ascertain unambiguously the
relative position of the nitrogen and sulfur atoms with
respect to the carbon-nitrogen double bond. Structural
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Figure 1. X-Ray crystal structure of thiocarbazonate ester 11Ef
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Table 1

Physical Constants of N*Thioacylcarbazates 8, N>-Thicacylsemicarbazides 9, N*-Thioacylarylsulfonylhydrazides 10

S
RCH2—<
NHNHY
Compound R Y Yield, % Mp, °C Formula Analysis (Calcd./Found)
C H CK(F) N S
8a H CH,0,C 75 ivory crystals C,H,N,0,S 3242 544 1890 21.64
99.0-100.5° [a} 32.68 5.27 19.23  21.31
8b H C,H,0,C 79 ivory crystals C;H,,N,0,S 37.02 621 17.27  19.76
54.0-57.5° [b] 3682 6.11 1747  19.71
8¢ t-butyl CH,0,C 81 ivory crystals C,H,(N,0,S 47.04 789 13.71  15.69
72.5-73.0° [b] 47.18  7.84 1387 1598
8d C.H, CH,0,C 85 yellow crystals C,.H,;)N,0,5 5355  5.39 1249 14.29
93.5-94.0° [c] 53.76  5.20 1252 1429
8e 4-CH,CH, CH,0,C 91 ivory crystals C,H,N;0,S 55.44 592 11.76 1345
104.5-105.5° [d] 55.57 5.87 11.75  13.50
8f 4-t-BuCH, CH,0,C 97 ivory crystals C.H;,N,0,S 5997 719 999 1143
93.0-94.0° {b} ’ 60.27 7.29 996 11.17
8g 4-CH,0CH, CH,0,C 81 yellow crystals C,,H,N,0,S 5195  5.55 11.02 1261
94.5-95.0° [d] 5214 581 11.25 1258
8h 3,4,5{CH,0),C,H, CH,0,C 85 ivory crystals C,H,N,0,S 49.67  5.77 891 10.20
133.5-134.0° [c] 49.51  5.59 9.12 10.17
8i 2-naphthyl CH,0,C 89 yellow crystals C,H,N,0,S 6129 5.14 10.21  11.69
129.0-131.0° [c] 61.46 5.12 10.23  11.50
8j 2-thienyl CH,0,C 75 yellow crystals C.H(N,0.S, 4172  4.38 12.16  27.84
74.0-75.0° [e] 4187 431 1232 28.08
8k 4-CIC,H, CH,0,C 78 ivory crystals  C, H,,CIN,0,S 4643  4.29 13.70 1082 1239
147.5-148.0° [c] 46.39 4.25 13.78 1090 12.34
81 4-FCH, CH,0,C 80 ivory crystals C,H,,FN,0,S 49.58 458 7.84 11.56 13.23
149.5-151.5° [c] 4980  4.59 8.05 11.61 1335
8m 3-CH,0CH, CH,0,C 96 ivory crystals C,,H,)N,0,S 5195  5.55 1102 1261
56.0-58.0° [c] 51.80  5.50 11.07 1275
8n 3-CF,C,H, CH,0,C 96 yellow crystals  C H, F,N,0,S 4520 3.79 19.50 9.58 10.97
131.0-132.5° [c] 45.38 380 19.25 996 11.15
8o C,H,0,C CH,0,C 60 yellow oil C,H,,N,0,8 38.18  5.49 1272 14.56
38.05 5.35 1285 14.48
8p C.H,S CH,0,C 65 yellow oil C,H;;N,0,8, 4686 4.72 1093 25.01
46.73 4.73 10.79 2499
8q 2-Tetrahydro- CH,0,C 85 ivory crystals C,H,,N,0,S 46.53  6.94 12.06 13.80
pyranyl 109.5-110.5° {f] 46.46 6.99 12.10  14.06
9a C.H,CH, NH,CO 85 white crystals C,,H,,N,08 53.79  5.87 1882 14.36
118.0-119.0° [c] 53.92 5.73 19.16 14.48
9b CH, NH,CO 65 white crystals CH,N,0S 3264 6.16 28.55 21.78
136.0-137.0° [g] 32.52 5.92 28.56 21.90
9c C,H, NH,CO 70 white crystals C,H,,N,0S 3725  6.88 26.06 19.89
134.5-136.0° [g] 3720 671 26.03 19.88
10a H 4-CH,C,H,SO, 80 white crystals C,H,,N,0,S, 4424 495 1147 26.25
136.5-137.0° {f] 4410 5.00 1129  26.09
10b CH, 4-.CH,CH,SO, 85 white crystals C, H.N,0,S, 4644 546 10.84 24.82
83.5-84.5° [f] 46.40 5.38 10.65 24.53

{a] Toluene-methylcyclohexane. [b] Methylcyclohexane. [c] Toluene. {d] Toluene-hexane. [e] Methylcyclohexane-diisopropyl ether (9:1). [f] +-Butyl

methyl ether. {g] Ethanol-ethyl acetate.

assignments for several prototypical thiocarbazonate
esters (11Ef and 11Zu) were determined unequivocally by
single crystal X-ray analyses. The ORTEP drawings are
presented in Figures 1 and 2. Correlations of the proton

magnetic spectra and isomeric structures could then be
obtained. Routinely, structural assignments could be
made based on the relative chemical shifts of the methy-
lene unit (3-carbon) for isomeric pairs of esters 11-13. For
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Table 11

Spectroscopic Properties of V*-Thioacyl-N'-acylhydrazides 8-10

Compound 'H NMR (6 [ppm], deuteriochloroform) [a]

8a 2.42 (s, 3H, CH,CS), 3.76 (s, 3H, OCH,), 8.55 (bs, 1H, NH), 9.56 (bs, 1H, NH)

8b 1.30 (t, 3H, J = 7.4 Hz, CH,CH,), 2.55 (s, 3H, CH,CS), 4.25 (q, 2H, CH,CH,), 8.75 (bs, 1H, NH), 10.35 (bs, 1H, NH)

8c 1.07 (s, 9H, t-butyl), 2.63 (s, 2H, CH,CS), 3.80 (s, 3H, OCH,), 8.75 (bs, 1H, NH), 9.65 (bs, 1H, NH)

8d 3.79 (s, 3H, OCH,), 4.11 (s, 2H, CH,CS), 7.33 (bs, 5H, C,H,), 8.65 (bs, 1H, NH), 9.55 (bs, 1H, NH)

8e 2.38 (s, 3H, CH,), 3.79 (s, 3H, OCH,), 4.07 (s, 2H, CH,CS), 7.23 (s, 4H, C,H,), 8.68 (bs, 1H, NH), 9.52 (bs, 1H, NH)

8f 1.30 (s, 9H, e-butyl), 3.74 (s, 3H, OCH,), 4.04 (s, 2H, CH,CS), [7.20 (d, 2H, J = 8.0 Hz) and 7.38 (d, 2H) (C,H,)], 8.54 (bs, 1H,
NH), 9.35 (bs, 1H, NH) .

8g 3.78 (s, 3H, OCH,), 3.80 (s, 3H, OCH,), 4.03 (s, 2H, CH,CS), [6.89 (d, 2H, J = 8.2 Hz) and 7.21 (d, 2H) (C,H,), 8.60 (bs, 1H, NH),
9.40 (bs, 1H, NH)

8h 3.77 (s, 3H, OCH,), 3.85 (s, 3H, OCH,), 3.87 [s, 6H, OCH, (2 x)], 4.04 (s, 2H, CH,CS), 6.52 (s, 2H, H arom), 8.51 (bs, 1H, NH),
9.15 (bs, 1H, NH)

8i 3.75 (s, 3H, OCH,), 4.27 (s, 2H, CH,CS), 7.30-8.00 (m, 7H, H arom), 8.55 (bs, 1H, NH), 9.50 (bs, 1H, NH)

8j 3.79 (s, 3H, OCH,), 4.30 (s, 2H, CH,CS), {7.00 (m, 2H) and 7.30 (m, 1H) (H arom)], 8.65 (bs, 1H, NH), 9.72 (bs, 1H, NH)

8k 3.80 (s, 3H, OCH,), 4.03 (s, 2H, CH,CS), 7.31 (bs, 4H, C,H,), 8.60 (bs, 1H, NH), 9.90 (bs, 1H, NH)

81 3.77 (s, 3H, OCH,), 4.03 (s, 2H, CH,CS), [7.10 (dd, 2H, *Jyr = 8.5 Hz, 8.5 Hz) and 7.30 (dd, 2H, “Jur = 6.0 Hz) (C(H,)}, 8.60
(bs, 1H, NH), 9.60 (bs, 1H, NH)

8m 3.78 (s, 3H, OCH,), 3.82 (s, 3H, OCH,), 4.04 (s, 2H, CH,CS), [6.90 (m, 3H) and 7.30 (dd, 1H, J = 8.0 Hz, 8.0 Hz) (C;H,)], 8.65 (bs,
1H, NH), 9.80 (bs, 1H, NH)

8n 3.80 (s, 3H, OCH,), 4.10 (s, 2H, CH,CS), 7.55 (m, 4H, CH,), 8.55 (bs, 1H, NH), 9.90 (bs, 1H, NH)

8o 1.30 (t, 3H, CH,CH,0), 3.87 (s, 3H, OCH,), 3.91 (5, 2H, CH,CS), 4.27 (q, 2H, OCH,CH,), 8.85 (bs, 1H, NH), 11.52 (bs, 1H, NH)

8p 3.79 (s, 3H, OCH,), 4.18 (s, 2H, SCH,CS), 7.32 (bs, 5H, C;H,), 8.55 (bs, 1H, NH), 10.55 (bs, 1H, NH)

8q {b] 1.35-1.85 {m, 6H, (CH,),CH,0], 2.92 (m, 2H, CHCH,CS), 3.55 (m, 2H, CH,0), 3.79 (s, 3H, OCH,), 4.10 (m, 1H, CHCH,), 8.72
(bs, 1H, NH), 10.98 (bs, 1H, NH)

9a 2.95 (m, 2H, CH,), 3.12 (m, 2H, CH,), 4.79 (bs, 2H, NH,), 7.28 (bs, 5H, C,H,), 8.83 (bs, 1H, NH), 9.75 (bs, 1H, NH)

9b 1.20 (¢, 3H, J = 7.4 Hz, CH,), 2.60 (q, 2H, CH,CS), 5.70 (bs, 2H, NH,), 9.33 (bs, 1H, NH), 11.33 (bs, 1H, NH)

9¢ 0.95 (1, 3H, J = 7.5 Hz, CH}), 1.80 (m, 2H, CH,CH,), 2.64 (t, 2H, J = 7.4 Hz, CH,CS), 5.85 (bs, 2H, NH,), 9.27 (bs, 1H, NH),
11.27 (bs, 1H, NH)

10a 2.37 (s, 3H, CH,), 2.43 (s, 3H, aryl-CH,), [7.30 (d, 2H, J = 8.3 Hz) and 7.80 (d, 2H) (C,H,)], 9.50 [bs, 2H, NH (2 x)]

10b 1.13 @, 3H, J = 7.5 Hz, CH,CH,), 2.43 (s, 3H, aryl-CH,), 2.57 (g, 2H, CH,CH,), (7.30 (d, 2H, J = 8.3 Hz) and 7.80 (d, 2H)

(C,H,), 9.50 [bs, 2H, NH (2 x)]

[a] 90 MHz. [b] 300 MHz.
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Figure 2. X-Ray crystal structure of thiocarbazonate ester 11Zu

esters with aromatic substituents on the B-carbon and an
alkoxycarbonylethyl substituent (or alkoxycarbonylmethyl,
cyanoethyl, cyanomethyl, or aromatic) on the sulfur, the

chemical shifts of the methylene group (B8-carbon) in the
Z(syn)-isomers was always downfield of that for the corre-
sponding E(anti)-isomers (Class I). In contrast, for thio-
hydrazonate esters, not satisfying the above structural
features, the shifts of the methylene group for the
Z(syn)-isomer were upfield of that for the corresponding
E(anti)-isomers (Class II, e.g. 11q-11t).

At this juncture in the synthesis of 1, the S-alkyl unit
serves a crucial function as a thiol protecting group for the
1,2,3-thiadiazoles. We anticipated that the 1,2,3-thiadi-
azole-4-thiolates 1 would be more stable then the corre-
sponding thiols by analogy to the reported physical
chemical properties of potassium 1,2,3-thiadiazole-5-thio-
late [23]. Accordingly, the optimal S-alkyl unit should
satisfy two constraints- a) stability to the acidic cyclization
conditions and b) ease of removal to yield the thiolate salts
directly. The 3-alkoxycarbonylethylthio protecting group
was selected for its ease of incorporation into 8-10 (ethyl
acrylate, organic base catalyst or ethyl 3-iodopropionate,
anhydrous potassium carbonate) and presumed ease of
removal from 2 [metal alkoxides or 1,5-diazabicyclo[5.4.0}
undec-5-ene (DBU)]. Subsequently, the majority of the syn-
thetic studies were performed with the 3-alkoxycarbonyl-
ethylthio functionality.
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Table III
Physical Constants of Ethyl (or Methyl) 3{1,2,3-Thiadiazol-4-ylthio)propionates 2
N SCH,CH,COOR"
N \
N
N R
S
Compound R R" Yield, % [a] Mp, °C Formula Analysis (Calcd./Found)
C H CI(F) N S
2a H CH, 50 (A) light yellow oil C.H,N,0,S, 35.28 395 13.71 3140
35.10  4.00 13.55 31.35
2b H C,H; 50 (A) light yellow oit  C,H,,N,0,S, 3852  4.62 12.83  29.37
60 (C) 38.34 455 12.78  29.55
2c CH, C,H; 50 (B) light yellow 0il ~ C,H,N,0,S, 4136  5.21 1205  27.60
65 (C) 41.27  5.30 12,00 27.75
2d C,H; C.H, 65 (B) light yellow oit ~ C,H,N,0,S, 4388 5.73 11.37  26.03
44.01  5.64 11.25 2599
2e t-butyl CH, 67 (A)[b]  light yellow oil  C,,H,,N,0,S, 4613  6.19 10.76  24.63
4594  6.08 1047  24.34
2f t-butyl C,H; 60 (A) [b])  light yellow oil  C;,H,,N,0,S, 4815 6.61 10.21  23.36
4805  6.55 10.16  23.05
2g CH; C.H, 95 (A) white cubes C,,H,N,0,S, 5305 480 9.52 21.78
57.5-58.5° [c] ) 53.09  4.69 946 21.77
2h 4-CH,CH, C,H; 80 (A) ivory needles C,H,N,0,S, 5452 523 9.08  20.79
88 (D) 68.5-69.5° [c] 5441 515 892  20.67
2i 4-t-BuCH, C,H, 83 (A) yellowish-orange CH,,N,0,S, 58.25  6.33 7.99 1830
oil 5841 643 831 18.20
2j 4-CH,0CH, C,H; 60 (A) ivory needles C,H,N,0,S, 5183 497 863 19.77
50.5-51.5° [d] 5210 5.18 895 19.63
2k 3,4,5{CH,0),CH, C,H, 35 (A) ivory needles CH,oN,O,S, 4998 524 7.29 16.68
27.0-27.5° [e] 50.19  5.30 7.20  16.61
21 2-naphthyl C.H, 38 (A) ivory crystals C,HN,0,S, 59.28  4.68 813 18.62
46.5-41.5° [e] 59.59  4.97 8.07 18.89
2m 2-thienyl C,H, 45 (A) light orange oil  C;H,N,0,S, 4398  4.03 932  32.02
44.05 399 9.24 3198
2n 4-CICH, C,H; 65 (A) ivory cubes C;;H;;CIN,0,S, 4748 398 10.78 852 19.50
71.5-73.5° [d] 4777  4.23 10.69 826 19.62
20 4-FCH, C,H, 75 (A) ivory needles C,,H,,FN,0,S, 49.98 4.19 6.08 897  20.53
76.5-71.5° [d] 49.62  4.21 6.06 891 20.78
2p 3-CH,0CH, C,H; 82 (A) light orange oit C ,H,N,0,S, 5183 4.97 8.63 19.77
52.00 4.97 845 19.56
2q 3-CF,CH, CH, 45 (A) light orange oil C,,H,,F,N,0,S, 4482 3.18 16.36 8.04 18.42
4475  3.00 1645 8.00 1848
2r C,H,CH, CH, 60 (B) light orange oil  CH,,N,0,S, 53.04 4.79 9.51 21.78
5295 475 9.61 21.85
2s C.H,S C,H, 65 (A) light orange oil  C,,H,,N,0,S, 47.83  4.32 8.58 2947
4775 4.25 835 29.55
2t 2-tetrahydropyranyl CH, 40 (A) light yellow 0il  C, H(N,0,S, 4582 5.59 9.71 22.24
45.75 545 9.65 22.03

[a] A = Cyclization of thiocarbazonate ester; B = Cyclization of thiosemicarbazonate ester; C = Cyclization of p-tosylthiohydrazonate ester; D =
Alkylation of thiolate salt. [b] Cyclization done in refluxing chloroform. [c] Methylcyclohexane. [d] Diisopropyl ether. [d] Diethyl ether (-40°).

As expected, treatment of 11-13 with thionyl chloride
(ca. 2 equivalents) in chlorinated solvents afforded the
1,2,3-thiadiazoles 2-3 in moderate to excellent yields
(Scheme I). In contrast to the crystalline 1,2,3-thiadiazoles,
some of the oily 1,2,3-thiadiazoles (e.g. 2a-d,3a,3l)
discolored on exposure to direct light; however, for further
synthetic studies this was of no major consequence (Table
III and IV). Deprotection of the 4<3-alkoxycarbonylethyl-
thio)-1,2,3-thiadiazoles 2 with sodium (or potassium) ethox-

ide occurred smoothly to yield the desired thiolates 1 in
>75% yields. Alternatively, the 4-methylthio-1,2,3-thia-
diazoles (3, R = aryl; R’ = CH,) could be converted to the
thiolates 1 via a modified Plummerer rearrangement of
the corresponding sulfoxides 15, albeit in inferior yields.
With the exception of the parent thiolate la, the thiolates
were stable to nonacidic organic solvents for spectroscopic
studies and chemical transformations. The infrared spec-
tra of the thiolates 1 (potassium or sodium), in potassium
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Compound

3a
3b
3c
3d
3e
31
3g
3h
3i
3j
3k
31

3m
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Table IV

Physical Constants of 4<{Alkylthio)or Arylthio}1,2,3-thiadiazoles 3

SR’
N
'/ \
> R
Ns
R R’ Yield, % [a] Mp, °C Formula Analysis (Calcd./Found)
C H CI(F) N S

H C,H, 45(A)  lightyellowoil  CH,N,S, 3286 4.4 1915 43.86
32.56 3.89 1897 44.03
(CH,,C CH, 75 (A) yellow oil C.H,NS, 5756 564 119 2561
57.97 5.61 11.43  25.51
CH, C.H, 65 (A) yellow oil C,H,N,S, 62.19 3.73 10.36  23.72
62.33 3.83 10.13  23.42
C,H,0,C CH, 45 (A) ivory cubes C.H,N,0, 3528 395 13.71  31.39
64.5-65.5° [b] 34.99 3.87 13.60 31.70
2-thienyl CH, 75 (A) yellow platelets C.HN,S, 39.23 2.82 13.07 4488
49.0-49.5° [c] 39.54 2.80 13.20 44.64
4.CH,0CH, CH, 82 (A) off-white needles  C,,;H,,N,0S, 5040  4.23 11.75 2691
60.5-61.0° [d] 50.45 4.01 11.77  26.81
3-CF,CH, CH, 92 (B) light orange oil G, H,F,N,S, 4347 255 2063 1014 23.21
43.67 2.79 2040 10.16 2298
4-CH,CH, C,H,0,CCH, 75 (A) ivory cubes C,H,N,0,S, 5304 479 9.52 21.78
85 (B) 60.0-60.5° [e] 53.39 5.05 9.55 22.06
4-t-BuC,H, C,H, 55 (A) yellow oil C,.H NS, 60.39  6.52 10.06  23.03
95 (B) 60.61 6.66 10.14 22,77
4+BuCH,  CH,=CHCH, 90 (B) yellow oil C.H,N,S, 6203 625 9.64 22.08
61.95 6.12 955 2195
4-t-BuCH, C,H,0,CH, 78 (A) white needles C,H,N,0,S, 5712 599 832 19.06
92 (B) 62.5-63.5° [f] 57.32 6.03 824 1897
C,H,CH, C,H,0,CC(CH,), 78 (B) light orange oil  C,H,,N,0,8, 5588  5.63 8.68 19.89
55.73 5.46 835 19.74
C.H, NCCH,CH, 66 (A) ivory crystals C,,H,N,S, 5342  3.67 1699  25.93
63.5-64.5° [f] 53.30 3.60 1700 2595

[a] A = Cyclization of thiocarbazonate ester; B = Alkylation of thiolate salt. [b] Diisopropyl ether. [c] Diisopropyl ether-heptane. [d] t-butyl
methyl ether. [d] Diethyl ether-petroleum ether (80-105°). [f] Methylcyclohexane.

Compound

2a
2b

2c

2d

2e
2f

2
2h

Table V

Spectroscopic Properties of 1,2,3-Thiadiazoles 2-3

'H NMR (8 [ppm), deuteriochloroform [a]

276 ¢, 2H, J = 6.5 Hz, CH,CO,), 3.48 (t, 2H, SCH,), 3.71 (s, 3H,
OCH,), 8.33 (s, 1H, H-5)

1.28 (t, 3H, J = 7.0 Hz, CH,), 2.79 (t, 2H, J = 6.5 Hz, CH,CO,), 3.48
(1, 2H, SCH,), 416 (g, 2H, OCH,), 8.35 (s, 1H, H-5)

1.26 @, 3H, J = 7.0 Hz, CH,CH,0), 2.55 (s, 3H, CH,), 2.70 ¢, 2H, J =
7.0 Hz, CH,CO), 3.39 (¢, 2H, SCH,), 4.14 (q, 2H, OCH,)

1.27 (t, 3H, J = 7.2 Hz, CH,CH,0), 1.36 (1, 3H, J = 7.0 Hz, CH,CH,),
2.73 (t, 2H, CH,CO), 2.96 (q, 2H, CH,C=), 3.43 (t, 2H, SCH,)

1.51 (s, 9H, e-butyl), 2.85 (1, 2H, J = 6.5 Hz, CH,CO), 3.60 (1, 2H,
SCH,), 3.70 (s, 3H, OCH,)

1.23 (1, 3H, J = 7.0 Hz, CH,), 1.49 (s, 9H, t-butyl), 2.84 (t, 2H, J = 7.0
Hz, CH,CO), 3.59 (t, 2H, SCH,), 4.14 (q, 2H, OCH,)

1.22 (t, 3H, J = 7.0 Hz, CH,), 2.76 (t, 2H, J = 6.5 Hz, CH,CO), 3.52
(t, 2H, SCH,), 4.08 (q, 2H, OCH,), 7.53 (bs, 5H, C,H,)

1.22 (1, 3H, J = 7.0 Hz, CH,), 2.42 (s, 3H, CH,C,H,), 2.80 (¢, 2H, J =
7.5 Hz, CH,CO,), 3.58 (1, 2H, SCH,), 4.15 (g, 2H, OCH,), [7.27 (d, 2H,
J = 8.0 Hz) and 7.50 (d, 2H) (C,H,)]

IR (» [em™]

[c] 3120 (m), 1740 (s), 1260-1125 (s), 946-885

[c] 1735 (s), 1460 (w), 1420 (w), 1370 (m), 1342 (m),
1285 (m), 1245 (m), 1218 (m), 1170 (m), 1140 (m), 1045
(m), 1040 (m), 1025 (m), 1010 (m), 890 (m)

[c] 1735 (8), 1460 (w), 1415 (w), 1370 (m), 1342 (w),
1285 (w), 1245 (w), 1220 (m), 1170 (m), 1140 (m), 1045
(m), 1025 (m), 1010 (m), 890 (m)

fc] 1735 (s), 1460 (m), 1430 (m), 1400 (m), 1355 (m),
1245 (m), 1210 (m), 1170 (m), 1150 (m), 925 (m)

{d] 1740 (s), 1225 (s), 1195 (8), 1175 (s), 1155 (s),
1015 (s), 932 (s), 758 (s), 685-690 (s)

[d] 1735 (s), 1518 (w), 1480 (w), 1460 (w), 1440 (w),
1412 (w), 1400 (w), 1365 (w), 1230 (m), 1200 (s),
1160 (m), 1021 (m), 935 (m), 820 (m)
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2i

2

2k

21
2m

2n

20

2p

2q

2r

28

2t

3a

3b

3c

3d

3e

3f

3g

3h

3i
3

3k

31

3m

1,2,3-Thiadiazoles. I

1.24 (¢, 3H, J = 7.0 Hz, CH,), 1.32 (s, 9H, t-butyl), 2.83 (1, 2H, ] = 6.5
Hz, CH,CO,), 3.60 (t, 2H, SCH,), 4.15 (q, 2H, OCH,), 7.55 (s, 4H, C,H,)
1.21 (1, 3H, J = 7.0 Hz, CH,), 2.78 (, 2H, J = 7.0 Hz, CH,CO,), 3.51
(t, 2H, SCH,), 3.85 (s, 3H, OCH,), 4.12 (g, 2H, OCH,), [6.99 (d, 2H,

J = 9.0 Hz) and 7.55 (d, 2H) (C,H,)]

1.24 (1, 3H, J = 7.0 Hz, CH,), 2.82 (1, 2H, J = 6.5 Hz, CH,CO0,), 3.60
{t, 2H, SCH,), 3.91 [s, 9H, OCH, (3 x)], 4.15 (g, 2H, OCH,), 6.81 (s, 2H,
CH,)

1.23 (t, 3H, J = 7.0 Hz, CH,), 2.84 (1, 2H, J = 7.0 Hz, CH,CO,), 3.60 (t,
2H, SCH,, 4.13 (q, 2H, OCH,, 7.45-8.25 (m, TH, H arom)

1.24 (1, 3H, J = 7.0 Hz, CH,), 2.83 (1, 2H, J = 7.0 Hz, CH,CO,), 3.61 (1,

2H, SCH,), 4.14 (g, 2H, OCH,), [6.97 (dd, 1H) and 7.4} (m, 2H) (H arom)]

1.24 (t, 3H, J = 7.0 Hz, CH,), 2.78 (1, 2H, J = 7.0 Hz, CH,CO,), 3.56 G,
2H, SCH,), 4.10 (q, 2H, OCH,), 7.50 (A,B, quartet, 4H, C,H,)

1.23 t, 3H, J = 7.0 Hz, CH,), 2.80 (¢, 2H, J = 7.0 Hz, CH,CO,), 3.56
(t, 2H, SCH,), 4.13 (g, 2H, OCH,), [7.20 (dd, 2H, *Jyp= 8.0 Hz, J = 8.0
Hz) and 7.61 (dd, 2H, *Jyr = 5.5 Hz) (C,H,)]

1.23 @, 3H, J = 7.0 Hz, CH,), 2.79 @, 2H, J = 7.0 Hz, CH,CO,), 3.55
(t, 2H, SCH,), 3.82 (s, 3H, OCH,), 4.10 (q, 2H, OCH,), 6.80-7.55 (m, 4H,
CH,)

2.86 (t, 2H, J = 7.0 Hz, CH,CO,), 3.57 (1, 2H, SCH,), 3.66 (s, 3H,
OCH,), 7.55-7.85 (m, 4H, C,H,)

2.85 (t, 2H, J = 7.0 Hz, CH,CO,), 3.57 (t, 2H, SCH,), 3.65 (s, 3H,
OCH,), 4.31 (s, 2H, CH,CH,), 7.30 (m, 5H, C,H,)

1.27 @, 3H, J = 7.2 Hz, CH,CH,0), 2.79 (1, 2H, J = 7.0 Hz, CH,CO,),
3.44 (t, 2H, SCH,), 4.17 (g, 2H, OCH,), 7.40-7.70 (bs, 5H, C.H,

[b] 1.50-2.20 [m, 6H, (CH,),CH,0], 2.80 {t, 2H, J = 7.0 Hz, CH,CO,),
3.45-3.60 (m, 2H, CH,0), 3.55 (1, 2H, SCH,), 3.70 (s, 3H, CH,0), 5.22
(dd, 1H, J = 7.8 Hz, 6.0 Hz, CHO)

1.38 (t, 3H, J = 7.0 He, CH,), 3.17 (g, 2H, SCH,), 8.25 (s, 1H, H-5)

1.58 (s, 9H, t-butyl), 7.29 (bs, SH, C,H,)

7.28 (bs, 5H, C,Hy), 7.30-7.65 (m, 5H, CH,)

1.37 (t, 3H, J = 7.0 Hz, CH,CH,0), 2.87 (s, 3H, SCH,), 4.39 (q, 2H,
OCH,)

2.85 (s, 3H, SCH,), [6.96 (dd, 1H) and 7.41 (m, 2H) (C,H,S)]

2.81 (s, 3H, SCH,), 3.86 (5, 3H, OCH,), [7.02 (d, 2H, J = 9.0 Hz) and
7.57 (d, 2H, (C,H,)]

2.85 (s, 3H, SCH,), 7.45-8.00 (m, 4H, H arom)

1.21 (¢, 3H, J = 7.0 Hz, CH,), 2.42 (s, 3H, CH,), 4.10 (s, 2H, SCH,),
417 (g, 2H, OCH,), [7.32 (d, 2H, J = 8.0 Hz) and 7.55 (d, 2H) (C,H,)]

1.37 (s, 9H, ¢-butyl), 1.39 (¢, 3H, J = 7.0 Hz, CH,), 3.35 (q, 2H, SCH,),
7.54 (s, 4H, C,H,)

1.39 (s, 9H, ¢butyl), 3.98 (bd, 2H, SCH,), 5.05 (bd, 1H, CH=), 5.20
(bd, 1H, CH=), 5.87 (m, 1H, CH,CH=), 7.55 (s, 4H, C;H,)

1.21(t, 3H, J = 7.0 Hz, CH,), 1.37 (s, 9H, t-butyl), 4.11 (s, 2H, SCH,),
4.15 (q, 2H, OCH,), 7.55 (s, 4H, C,H,)

1.22 (¢, 3H, J = 7.0 Hz, CH,CH,), 1.67 [s, 6H, CH, (2x)}, 4.12 (q, 2H,
OCH,CH,), 4.31 (s, 2H, CH,C,H,), 7.30 (bs, 5H, C,H,)
2.90 (t, 2H, J = 6.5 Hz, CH,CN), 3.55 (1, 2H, SCH,), 7.54 (m, 5H, C,H,)

[a] 90 MHz. [b} 300 MHz. [c] Film. [d] Potassium bromide pellet.
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[c] 1740 (s), 1610 (m), 1522 (m), 1375 (m), 1270 (m),
1250 (m), 1220 (m), 1200 (m), 1180 (m), 935 (s), 840 (s)
[d] 1735 (s), 1615 (m), 1520 (m), 1480 (w), 1465 (w),
1445 (w), 1418 (w), 1400 (w), 1370 (w), 1355 (w),

1265 (m), 1225 (m), 1205 (m), 1180 (m), 1155 (m),
1035 (m), 1018 (m), 835 (m)

[d] 1735 (s), 1580 (s), 1515 (s), 1470 (s), 1415 (s),

1330 (s), 1250 (s), 1240 (m), 1180 (m), 1130 (s)

[d] 1725 (s), 1590 (w), 1500 (m), 1400 (w), 1370 (w),
1280 (w), 1250 (w), 1220 {m), 1175 (m), 1150 (m), 1090
(m), 1010 (m), 930 (m), 830 (m)

[d] 1730 (s), 1605 (w), 1520 (m), 1475 (w), 1440 (w),
1410 (w), 1375 (w), 1355 (w), 1255 (), 1240 (m),

1220 (m), 1200 (w), 1050 (), 1020 (), 930 (m), 830 (m)
[c] 1725 (s), 1590 (m), 1575 (m), 1458 (m), 1450 (m),
1420 (m), 1370 (m), 1345 (m), 1295 (m), 1280 (m),

1245 (m), 1185 (m), 1160 (m), 1051 (m), 936 (m), 860
(m), 780 (m)

[c] 1735 (s), 1495 (w), 1435 (m), 1355 (m), 1245 (s),
1220 (m), 1200 (m), 1170 (m), 705 (m)

[c] 1735 (s), 1575 (m), 1475 (m), 1435 (m) 1385 (m),
1370 (m), 1345 (m), 1245 (s), 1210 (s), 1185 (s), 1150
(8), 1055 (m), 1020 (m), 930-925 (m), 750 (s), 690 (s)

[c] 1742 (s), 1440 (s), 1360 (s), 1295 (w), 1245 (m),
1220 (m), 1200 (m), 1170 (m), 1150 (m), 935 (m)

[c] 3120 (m), 1415 (s), 1265-1245 (s), 1210 (s), 950 (s),
884 (s), 820-720 (m)

[c] 1585 (m), 1480 (s), 1442 (m), 1370 (m), 1250 (m),
1219 (m), 1180 (m), 1028 (w), 926 (s), 745 (m), 710 (s),
695 (s)

[c] 1580 (m), 1475 (s), 1440 (g), 1286 (w), 1265 (m),
1255 (m), 1240 (w), 1025 (w), 1005 (w), 985 (w), 935
(m), 915 (m), 805 (m), 765 (m), 745 (s), 695 (s)

[d] 1710 (s), 1470 (w), 1440 (w), 1430 (w), 1365 (w),
1320 (w), 1305 (s), 1175 (s), 1085 (s), 1085 (s), 1010 (m),
970 (m) g

[d] 1435 (m), 1420 (m), 1390 (s), 1352 (m), 1250 (s),
1220 (m), 1195 (m), 1160 (m), 920 (m), 705 (s)

[d] 1605 (m), 1515 (m), 1460 (w), 1450 (w), 1435 (m),
1400 (m), 1300 (m), 1265 (m), 1245 (s), 1210 (w), 1175
(m), 1022 (s), 930 (m), 830 (s)

[c] 1495 (w), 1465 (w), 1430 (w), 1415 (w), 1325 (s),
1250 (s), 1170 (s), 1125 (s), 1070 (m), 1005 (w), 935 (m),
895 (m), 800 (m), 695 (m)

[d] 1736 (s), 1515 (w), 1475 (w), 1440 (w), 1400 (w),
1380 (w), 1370 (w), 1315 (s), 1290 (w), 1250 (w), 1225
(w), 1175 (s), 1168 (s), 1025 (m), 930 (m), 815 (m)

[c] 1610 (w), 1520 (w), 1475 (w), 1460 (w), 1445 (w),
1405 (w), 1365 (w), 1270 (s), 1175 (s), 936 (s), 820 (s)
[c] 1640 (w), 1615 (w), 1525 (w), 1480 (w), 1475 (w),
1450 (w), 1410 (w), 1370 (w), 1270 (w), 930 (s), 820 (s)
[d] 1739 (s), 1606 (w), 1520 (w), 1480 (w), 1445 (w),
1385 (w), 1365 (w), 1305 (s), 1175 (s), 1040 (w), 935 (s),
840 (s)

[e] 1735 (s), 1495 (w), 1435 (m), 1355 (m), 1245 (s),
1220 (s), 1200 (m), 1170 (m)

[d] 2250 (m), 1430 (s), 1325 (m), 1295 (m), 1260 (s),
1215 (m), 1185 (s), 935 (s), 765 (s), 695 (s)
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Physical Constants of 1,2,3-Thiadiazole-4-thiolates 1

Table VI

SM

i

Vol. 25

Compound R M 'H NMR (6 [ppm], perdeu- IR (v [cm™) (potassium bromide) Formula Analysis (Caled./Found)
teriomethanol) (90 MHz) C H N S
1a H K 786 (s, 1H, H-5) C,HKN,S,
1b CH, Na 253 (s, 3H, CH)) 1620 (m), 1580 (m), 1420 (s), C,H,NaN,S,
1375 (w), 1240 (s), 1200 (s), 1190
(m), 1125 (m), 1061 (s), 1000 (m),
895 (s)
1c C.H, Na 1.31 (t, 3H, J = 6.8 Hz, 1615 (m), 1580 (m), 1455 (m), C,H,NaN,5, 2782 321 1622 3713
CH,), 2.93 (g, 2H, CH,) 1415 (s), 1380 (m), 1240 (m), *0.25 H,0 2765 299 16.06 37.41
1185 (s), 1135 (m)
1d (CH),C  Na 155 (s, 9H, t-butyl) 1605 (w), 1450-1465, 1365 (s), CH,NaN,S, 3511 491 1365 31.24
1255 (m), 1158 (m), 928 (s} ‘0.5 H,0 34.89 508 1344 31.55
le CH; K [7.40 (m, 1H), 7.45 (m, 2H) 1598 (w), 1499 (w), 1405 (w), C,H,KN.,S, 4031 240 11.75 26.90
and 8.06 (m, 2H) (C,H;)] 1262 (m), 1195 (s), 1127 (m), *0.33 H,0 4048 219 1139 26.59
930-940, 760 (s), 680-700 (s)
i 4-CH,CH, K 235, 3H, CH,), [7.24 1605 (w), 1520 (m), 1400 (s), CH,KN,S, 4356 292 11.29 25.84
(d, 2H, J = 8.5 Hz) and 1265 (m), 1195 (s), 1135 (m), ‘0.1 H,0 43.66 299 11.03 26.02
8.05 (d, 2H) (C,H,)] 930 (m), 835 (s), 810 (s)
1g 4tBuCH, K  135(s, 9H, rbutyl), [742 1605 (w), 1520 (m), 1465 (m), C.H, KNS, 4845 474 942 2155
(d, 2H, J = 8.5 Hz) and 1400 (s), 1245-1270, 1170 (s), *0.5H,0 4861 449 921 21.29
8.12 (d, 2H) (C,H,)] 1130 (m), 929 (s), 820 (s)
1h 3.CF,CH, Na [755(m, 2H), 8.20 (m, 1H) 1605 (w), 1442 (m), 1375 (m), ~ C,H,F,NaN,S, 3755 154 9.3 22.28
and 8.75 (m, 1H) (H arom)] 1300-1320, 1240 (m), 1165- ‘0.2 H,0 3726 1.31 959 2235

1180 (s), 1110-1130 (m), 1065
(m), 1002 (m), 920 (s), 878 (s),
794 (s), 687 (s)

bromide, showed intense characteristic absorptions in the
range of 1360-1450 cm™ and 1150-1200 cm™ and a weaker
absorption at 1595-1610 cm™ (Table VI). As expected, the
thiolates 1 underwent reactions smoothly with various
alkylating agents; however attempts to isolate the free
thiols by careful acidification led to decomposition pro-
ducts.

At the planning stage, it was clear that shorter alter-
native syntheses of the desired 1,2,3-thiadiazoles 1-3 could
be devised, provided that the thiocarbazonate esters 11
underwent cyclization. With the realization of this trans-
formation, we then focussed attention on the development
of a more efficient sequence to esters 11-13. The reaction
of hydrazonoyl chlorides (carbazidic chlorides, 20) and
p-toluenesulfonylhydrazonoyl chlorides 21 with mercap-
tans was then investigated [24,25]. The halides 20-21 were
readily obtained from the corresponding /¥*-acylcarba-
zates 16 or N*-acyl-N'-(p-toluenesulfonyl)hydrazides 17 on
treatment with either phosphorus pentachloride or tri-
phenylphosphine dichloride. Direct chlorination (chlorine
or t-butyl hypochlorite) of carbazones 18 or arenesulfonyl-
hydrazones 19 also provided a satisfactory entry to the
halides 20-21. However, this process was not amenable to
substituents prone to electrophilic chlorination (e.g. R =
3,4,5-trimethoxyphenyl). Subsequent treatment of 20-21

with various thiols, in the presence of base, then afforded
esters 11 (or 13) in moderate yields with the Z(syn)-isomers
predominating. This complementary sequence thus allows
access to esters 11 (or 13) not available by S-alkylation of
either 8 or 10 (e.g. R’ = C.H,).

Alternatively, 4-halogeno-1,2,3-thiadiazoles 22, on treat-
ment with sodium sulfide, could possibly yield the desired
thiolates 1. This approach could also provide data con-
cerning the relative reactivity of 4-chloro-1,2,3-thiadi-
azoles 22 vs. the isomeric 5-chloro-1,2,3-thiadiazoles 23
[26]. With this in consideration, attempts to cyclize several
halides 20-21 with thionyl chloride to the desired 22 were
studied, but none were successful.

Scheme II
o SR’ SR’ SR"
kY .
N \S = CRA « ot
N TR R
+ N R
Raaryl R'=CH,CH,COOR"
b) -R'SCN, R=ary!
RC=S*

Q,
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Compound

2a
2b
2¢
2d
2e
2g
2h
2i
?j
2k
21
2m
2n

(M)

204 (3)
218 (2)
232 (4)
246 (5)
260 (20)
294 (4)
308 (5)
350 (2)
324 (10)
384 (10)
344 (2)
300 (4)
330 (1)
328 (3)
312 (3)
324 (9)
348 (5)
294 (8)
250 (50)
270 (25)
204 (40)
214 (30)
238 (20)
276 (10)
294 (5)
278 (10)
290 (18)
336 (60)
247 (2)

[a] 1,3-Dithiolium ion.

Atom 1

Cc3
Cl1
C6
N2
N1
01
01
02
S1
S1
N2
S1

Atom 2 Atom 3
S1 C4
01 C2
04 Cc7
N1 Cc2
N2 C3
C2 02
Cc2 N1
C2 N1
C3 N2
C3 Cc9
C3 C9
C4 C5

Mass Spectra of 1,2,3-Thiadiazoles 2-3

[M-28 (N,)]"

176 (25)
190 (22)
204 (22)
218 (25)
232 (30)
266 (33)
280 (21)
322 (20)
296 (30)
356 (33)
316 (44)
272 (34)
302 (10)
300 (30)
284 (33)
296 (32)
320 (30)
266 (35)
222 (60)
242 (40)
176 (20)
186 (50)
210 (55)
248 (32)
266 (29)
250 (30)

1-.308 (40)
219 (15)

Angle

102.9(1)
116.2(2)
118.93)
121.02)
117.0(2)
124.02)
113.0(2)
123.02)
119.32)
113.1(1)
127.6(2)
112.42)

Table of Bond Angles in Degrees for 11Ef

Atom 1

C4
03
03
04
04
C3
C9
c9
C11
C10
Cl1
C12

1,2,3-Thiadiazoles. I

Table VII
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Mass Spectrum (EI), m/e (Relative Intensity)

[R-CH,S,]"

Il? 28)
131 (29)

179 (72)
193 (52)
235 (66)
209 (60)
269 (43)
229 (80)
185 (69)
215 (20)
213 (50)
197 (70)
209 (64)
247 (65)
193 (50)

(2]

235 (100)

179 (10)

Table VIII

Atom 2

Cs
Co6
C6
Cé
c7
Cc9
C10
C10
Cl10
Cl1
Cl12
C13

Atom 3

Cl1
C15
Cl5
C12
C13
Cl4

[R-C=S}

5; (100)
73 (100)

121 (100)
135 (100)
177 (65)

151 (100)
211 (100)
171 (100)
127 (100)
157 (38)

155 (100)
139 (100)
151 (100)
189 (100)
135 (100)

121 (100)

127 (100)
151 (100)
189 (100)
135 (100)
177 (70)

177 (100)
177 (100)
121 (100)

Angle

114.92)
122.6(3)
125.13)
112.22)
110.1(3)
112.12)
120.8(2)
121.8@2)
117.42)
121.1Q2)
122.02)
116.12)

Numbers in parentheses are estimated standard deviations in the least significant digits.

The mass spectra (ei) of the new 1,2,3-thiadiazoles 2-3
showed a characteristic [M-28]* ion arising from the loss of
nitrogen [3b]; in addition, a prevalent ion observed for
various S-substituted-1,2,3-thiadiazoles was the [R-C=S§]*

Other Major Ions

103 (40)
103 (43)
176 (40), 116 (42), 87 (46), 57 (100)

221 (33), 147 (100)

184 (35)

166 (95), 121 (66), 57 (100)

104 (75), 103 (100), 89 (46), 88 (100)
139 (35)

162 (40), 161 (30), 147 (55)
162 (40), 147 (55)
293 (38), 162 (48), 147 (52)

Atom 1 Atom 2 Atom 3 Angle
C12 C13 Clé 123.12)
Cl4 C13 Cl6 120.7(2)
C13 Ci4 C15 122.0(2)
C10 C15 Cl4 121.3(2)
C13 Cl6 C17 109.7(2)
C13 C16 C18 109.6(2)
C13 Cl16 C19 112.0(2)
C17 Cl16 C18 108.43)
C17 Cl6 C19 107.2(3)
C18 Cl6 C19 109.9(3)

ion. With the 4-(3-alkoxycarbonylethylthio)-5-aryl-1,2,3-
thiadiazoles 2, an additional characteristic 4-aryl-1,3-
dithiolium ion was also observed (Scheme II and Table

VII).
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Atom 1

Sl
S1
01
01
02
03
04
04
N1

Atom 2

C3
C4
Cl1
Cc2
Cc2
C6
Cé6
c?
N2

V.J.Lee, W. V. Curran T. F. Fields and K. Learn

Distance

1.7492)
1.800(2)
1.426(3)
1.332(2)
1.207(2)
1.198(3)
1.321(3)
1.449(4)
1.38%2)

Table IX

Table of Bond Distances in Angstroms for 11Ef

Atom 1

N1
N2
C3

Atom 2

Cc2
C3
C9
G5
C6
c8
C10
Cl
C15

Distance

1.341(3)
1.2702)
1.506(3)
1.497(3)
1.469(3)
1.382(5)
1.526(3)
1.371(3)
1.371(3)

Numbers in parentheses are estimated standard deviations in the least significant digits.

Atom 1

c3
Cl
N2
N2
Cc2
N1
02
02
02
H2
H2
H3
01

C3

Atom 2

S1
02
N1
N1
N1
N2
Cl1
Cl1
Cl
Cl
Cl1
Cl1
C2
Cc2
C2
C3
C3
C3
C4
C4

Atom 3
Cl1

C2
C2

H5

Angle

101.8(1)
114.92)
115.8(2)
120.02)
122.02)
119.9(2)
115.002)
108.02)
111.0(3)
108.03)
102.03)
111.03)
125.02)
125.02)
110.02)
123.6(2)
119.32)
116.9(3)
112.22)
106.02)

Table of Bond Angles in Degrees for 11Zu

Atom 1

C3
G5
G5
H5
C4
C4
C6
G5
Cs
C7
Cé
C6
c8
Cc7
Cc7
c9
C8
C8
Cl10
C5

Table X

Atom 2  Atom 3

C4 Hé6
C4 H5
C4 Heé
C4 Hé
(053 Cé
C5 C10
G5 Cl10
C6 Cc7
C6 H7
Cé H7
c7 C8
c7 H8
Cc7 H8
C8 C9
C8 H9
c8 H9
c9 Clo
Cc9 H10
Cc9 H10
Cl10 c9

Angle

105.0(7)
111.02)
111.02)
112.03)
120.3(3)
122.1(3)
117.6(3)
121.8(4)
119.02)
119.02)
120.2(4)
122.03)
117.0(3)
119.1(4)
117.02)
124.0(2)
121.1(4)
120.02)
119.02)
120.1(3)

Numbers in parentheses are estimated standard deviations in the least significant digits.

Atom 2

C3
Cl
Cc2
Cl1
c2
N2
C2
H1

1

Distance

1.782(3)
1.753(3)
1.194(3)
1.441(3)
1.331(3)
1.371(3)
1.359%(3)
0.83(3)
1.273(3)
1.02(4)
0.8%3)
0.944)
1.521(4)

Table of Bond Distances in Angstroms for 11Zu

Atom 1

Table XI

Atom 2

G5
H5
H6
Cé
Cl10
c?
H7

Distance

1.508(4)
0.90(3)
0.80(3)
1.375(4)
1.380(4)
1.369%(5)
0.91(3)
1.357(5)
0.92(4)
1.363(5)
0.993)
1.37%5)
0.8%4)

Numbers in parentheses are estimated standard deviations in the least significant digits.

Atom 1

Cl1
Cl2
Cl13
C13
Cl4
Cl16
Cl16
Cl6

Atom 1

C5

C9

S1

S1

Cl2
c11
Cll
C13
Ci2
Cl12
Cl4
C13
C13
Cl15
Cl4
Cla
Cl6
Cll
Cl1
C15

Atom 1

Cl0
Cl1
Cl1
Cl12
C12
C13
Ci3
Cl4
Cl4
C15
Cl5
Cl6

Atom 2
C12
Cl13
Cl4
Clé
Cl15
Cl17
C18
Cl19
Atom 2 Atom 3
Cl0 H1l
C10 H11
Cl1 Ci2
Cl1 Cl16
Cl11 Cl6
Cl2 C13
C12 H12
Cl12 Hi2
C13 Cl4
Cl13 H13
C13 H13
Cl4 C15
Cl4 H14
Cl4 H14
C15 C16
Cl15 H15
Cl15 H15
C15 Cl15
Clé Hl6
Clé Hl6
Atom 2
H11
Cl2
Cl6
Cl13
Hi12
Cl4
H13
C15
Hl4
Clé
H15
H16

Vol. 25

Distance

1.382(3)
1.373(3)
1.384(3)
1.537(3)
1.373(3)
1.507(3)
1.511(4)
1.522(4)

Angle

118.02)
122.02)
122.6(3)
118.5(3)
118.7(3)
120.4(4)
116.02)
123.02)
120.3(5)
121.03)
119.03)
119.6(4)
120.02)
120.0(2)
120.8(4)
121.0(3)
118.03)
120.2(4)
116.0(2)
123.0(2)

Distance

1.01(4)
1.366(4)
1.375(4)
1.374(6)
0.93(3)
1.363(6)
0.89(4)
1.348(6)
0.94(4)
1.371(5)
0.90(4)
0.943)
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In conclusion, the cyclization of N-acylthiohydrazonate
esters 11-13 with thionyl chloride provides a facile entry
into derivatives of 1,2,3-thiadiazole-4-thiolates 1. More im-
portantly, as shown by the synthesis of 28, 4,5-bihetero-
atom functionalized 1,2,3-thiadiazoles may be attainable
with the Hurd-Mori synthesis. New chemotherapeutic
agents incorporating 1 will be the subject of further com-
munications from these laboratories.

EXPERIMENTAL

Unless otherwise noted, materials were obtained from commercial sup-
pliers and were used without further purification. All column chromato-
graphic purifications were accomplished on silica gel 60 (E. Merck,
230-400 mesh) or neutral alumina (Aldrich, 70-230 mesh) with the ap-
propriate solvent gradients. Thin-layer chromatography was done on
commercial silica gel plates (Analtech) containing calcium sulfate binder
and fluorescent indicator. Melting points were determined in open Pyrex
capillary tubes on a Meltemp melting point apparatus and are uncor-
rected. The ir spectra were recorded with either a Perkin-Elmer Model
1310 or a Nicolet Model 7199 recording infrared spectrophotometer.
The 'H nmr spectra were determined with either a Varian EM-390 (90
MHz) or Nicolet NT-300WB (300 MHz) spectrometer in appropriate
deuterated solvents and are expressed in parts per million (6, ppm)
downfield from tetramethylsilane (internal standard). Significant '"H nmr
data are tabulated in order: multiplicity (s, singlet; d, doublet; t, triplet;
q, quartet; br, broad), number of protons, coupling constant(s) in Hz, and
assignments. Mass spectra (ms) were obtained on a Varian CH7 mass
spectrometer in electron impact mode (ei).

General Procedure for the Preparation of N-Thioacylpiperidides (4).

All of these reactions were carried out under an argon atmosphere. A
suspension of the N-acylpiperidide and bis(4-methoxyphenyl}1,3,2,4-
dithiaphosphetane-2,4-disulfide (0.5 equivalents) in dry toluene (800
ml/mole of N-acylpiperidide) was heated, at reflux, for 6-8 hours. On cool-
ing, the toluene solution was applied to a column of neutral alumina and
eluted with methylene chloride. The eluate was concentrated in vacuo
and the crude 4 was distilled or recrystallized from an appropriate sol-
vent, as described [(a) all yields were >80%; (b) all unassigned 'H nmr
resonances are on the piperidine moiety).

N{1-Thioxoethyl)piperidine (4a).

This compound was obtained as faint yellow crystals (toluene), mp
46.5-48.0°%; 'H nmr (90 MHz, deuteriochloroform): 6 1.65-1.78 (m, 6H),
2.67 (s, 3H, CH,), 3.60 (m, 2H), 4.25 (m, 2H).

Anal. Caled. for C,H,,NS: C, 58.69; H, 9.15; N, 9.77; S, 22.38. Found:
C, 58.75; H, 9.10; N, 9.72; S, 22.46.

N{1-Thioxopropyl)piperidine (4b).

This compound was obtained as a faint yellow liquid, bp
109.0-110.0°/2.0 mm Hg; 'H nmr (90 MHz, deuteriochloroform): 5 1.25 (t,
3H, CH,), 1.60-1.75 (m, 6H), 2.80 (q, 2H, CH,CH,), 3.60 (m, 2H), 4.21 (m,
2H).

Anal. Caled. for C,H,,NS: C, 61.10; H, 9.61; N, 8.90; S, 20.39. Found:
C, 61.05; H, 9.72; N, 9.00; S, 20.25.

N{1-Thioxobutyl)piperidine (4c).

This compound was obtained as a faint yellow liquid, bp
106.5-108.0°/0.5 mm Hg; 'H nmr (90 MHz, deuteriochloroform): 5 0.98 (t,
3H, CH,), 1.62-1.73 (m, 6H), 1.75 (m, 2H, CH,CH,), 2.75 (1, 2H, CH,CS),
3.60 (m, 2H), 4.21 (m, 2H).

Anal, Caled. for C,H,,NS: C, 63.10; H, 10.00; N, 8.17; S, 18.72. Found:
C, 63.05; H, 9.89; N, 8.25; S, 19.01.
N{3,3-Dimethyl-1-thioxobutyl)piperidine (4d).

This compound was obtained as white platelets [petroleum ether

1,2,3-Thiadiazoles. I 1883

(65-95°)], mp 59.5-60.0°; 'H nmr (90 MHz, deuteriochloroform): § 1.10 (s,
9H, ¢-butyl), 1.70 (m, 6H), 2.96 (s, 2H, CH,CS), 3.72 (m, 2H), 4.30 (m, 2H).

Anal. Caled. for C, H,,NS: C, 66.27; H, 10.62; N, 7.03; S, 16.08. Found:
C, 66.54; H, 10.71; N, 6.68; S, 16.07.

N{2-Phenyl-1-thioxoethyl)piperidine (4e).

This compound was obtained as yellow crystals (methylcyclohexane),
mp 78.5-79.0°; 'H nmr (90 MHz, deuteriochloroform): § 1.32 (m, 2H),
1.67 (m, 4H), 3.60 (m, 2H), 4.29 (m, 2H), 4.37 (s, 2H, CH,CS), 7.32 (bs, 5H,
CHy).

Anal. Caled. for CjH,;NS: C, 71.19; H, 7.81; N, 6.39; S, 14.62. Found:
C, 71.44; H, 1.56; N, 6.27; S, 14.59.

N{2{4-Methylphenyl)}1-thioxoethyljpiperidine (4f).

This compound was obtained as ivory crystals (toluene), mp
117.0-117.5°%; 'H nmr (90 MHz, deuteriochloroform): § 1.33 (m, 2H), 1.66
(m, 4H), 2.32 (s, 3H, CH,), 3.61 (m, 2H), 4.30 (m, 2H), 4.33 (s, 2H, CH,CS),
7.29 (A;B, quartet, 4H, C;H,).

Anal. Caled. for C, H,,NS: C, 72.05; H, 8.21; N, 6.00; S, 13.74. Found:
C, 71.72; H, 8.06; N, 5.80; S, 13.95.

N{24{4-t-Butylphenyl}-1-thioxoethyl]piperidine (4g).

This compound was obtained as ivory crystals (hexane), mp
104.0-105.0°; 'H nmr (90 MHz, deuteriochloroform): & 1.31 (s, 9H,
t-butyl), 1.35 (m, 2H), 1.68 (m, 4H), 3.61 (m, 2H), 4.29 (m, 2H), 4.31 (s, 2H,
CH,CS), 7.30 (bs, 4H, C.H)).

Anal. Caled. for C ,H,;NS: C, 74.13; H, 9.15; N, 5.08; S, 11.64. Found:
C, 74.41; H, 891; N, 4.92; S, 11.82.

N{2{4-Methoxyphenyl)-1-thioxoethyllpiperidine (4h).

This compound was obtained as ivory crystals (toluene-methylcyclo-
hexane), mp 74.5-75.0°; *H nmr (90 MHz, deuteriochloroform): 6 1.33 (m,
2H), 1.63 (m, 4H), 3.61 (m, 2H), 3.79 (s, 3H, CH,0), 4.27 (m, 2H), 4.27 (s,

2H, CH,CS), [6.88 (d, 2H, J = 9.0 Hz) and 7.29 (d, 2H) (C,H,)).

Anal. Caled. for C, H,NOS: C, 67.43; H, 7.68; N, 5.62; S, 12.86.
Found: C, 67.57; H, 7.87; N, 5.63; S, 12.86.

N{243,4,5-Trimethoxyphenyl)-1-thioxoethyljpiperidine (4i).

This compound was obtained as ivory crystals (methylcyclohexane), mp
79.0-81.0°; 'H nmr (90 MHz, deuteriochloroform): § 1.35 (m, 2H), 1.65
(m, 4H), 3.61 (m, 2H), 3.85 (s, 3H, CH,0), 3.87 (s, 6H, CH,0, x 2), 4.27 (m,
2H), 4.31 (s, 2H, CH,CS), 6.60 (s, 2H, C,H,).

Anal, Caled. for C,,H;,NO,S: C, 62.11; H, 7.49; N, 4.53; S, 10.36.
Found: C, 62.10; H, 7.54; N, 4.35; S, 10.25.

N{24{2-Naphthyl)1-thioxcethyl]piperidine (4j).

This compound was obtained as light yellow crystals (methylcyclo-
hexane), mp 89.0-91.0°; *H nmr (90 MHz, deuteriochloroform): 6 1.25 (m,
2H), 1.65 (m, 4H), 3.61 (m, 2H), 4.34 (m, 2H), 4.56 (s, 2H, CH,CS),
7.25-8.00 (m, 7H, C,H,).

Anal. Caled. for C,;H,,NS: C, 75.79; H, 7.11; N, 5.20; S, 11.90. Found:
C, 75.65; H, 6.99; N, 5.15; S, 11.75.

N{242-Thienyl)-1-thioxoethyl]piperidine (4k).

This compound was obtained as ivory crystals (toluene-cyclohexane),
mp 51.5-52.0°; 'H nmr (90 MHz, deuteriochloroform): 6 1.37 (m, 2H),
1.65 (m, 4H), 3.64 (m, 2H), 4.27 (m, 2H), 4.48 (s, 2H, CH,CS), [6.95 (m, 2H)
and 7.20 (m, 1H) (C H,S)].

Anal. Calcd. for C, H,,NS,: C, 58.62; H, 6.71; N, 6.21; S, 28.45. Found:
C, 58.71; H, 6.56; N, 6.00; S, 28.47.

N{2{(4-Chlorophenyl)1-thioxoethyl]piperidine (41).

This compound was obtained as ivory crystals (methylcyclohexane), mp
82.5-84.5°; 'H nmr (90 MHz, deuteriochloroform): § 1.37 (m, 2H), 1.67
(m, 4H), 3.59 (m, 2H), 4.28 (s, 2H, CH,CS), 4.29 (m, 2H), 7.30 (bs, 4H,
C.H).

Anal. Caled. for C;H,,CINS: C, 61.52; H, 6.35; Cl, 13.97; N, 5.52.
Found: C, 61.79; H, 6.43; Cl, 14.00; N, 5.35.
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N{2{4-Fluorophenyl}1-thioxoethyl]piperidine (4m).

This compound was obtained as ivory crystals (methylcyclohexane), mp
68.0-69.5°%; 'H nmr (90 MHz, deuteriochloroform): § 1.35 (m, 2H), 1.66
(m, 4H), 3.59 (m, 2H), 4.25 (m, 2H), 4.31 (s, 2H, CH,CS), [7.02(dd, 2H, J =
3y = 8.5 Hz) and 7.35 (dd, 2H, J = 8.5 Hz; ‘Jyr = 6.5 Hz) (C,H,)}.

Anal. Caled. for C,,H,,FNS: C, 65.79; H, 6.79; F, 8.00; N, 5.90; S,
13.51. Found: C, 65.71; H, 6.75; F, 8.10; N, 5.64; S, 13.61.

N{2{3-Methoxyphenyl}1-thioxoethyl]piperidine (4n).

This compound was obtained as yellow crystals (methylcyclohexane),
mp 53.0-55.0°; 'H nmr (90 MHz, deuteriochloroform): § 1.36 (m, 2H),
1.72 (m, 4H), 3.63 (m, 2H), 3.87 (s, 3H, CH,0), 4.31 (m, 2H), 4.37 (s, 2H,
CH,CS), [6.90 (m, 3H) and 7.27 (m, 1H) (C,H,)].

Anal. Caled. for C, ,H,,)NOS: C, 67.43; H, 7.68; N, 5.62; S, 12.86.
Found: C, 67.48; H, 7.79; N, 5.45; S, 12.75.

N{2{3(Trifluoromethyl)phenyl}1-thioxoethyl]piperidine (40).

This compound was obtained as an orange liquid, bp 181.0-182.0°/3.0
mm Hg; "H nmr (90 MHz, deuteriochloroform): 6 1.37 (m, 2H), 1.70 (m,
4H), 3.59 (m, 2H), 4.31 (m, 2H), 4.39 (s, 2H, CH,CS), 7.55 (m, 4H, C,H,).

Anal. Caled. for C H,,F,NS: C, 58.52; H, 5.61; F, 19.84; N, 4.87; S,
11.16. Found: C, 58.63; H, 5.62; F, 19.58; N, 4.94; S, 11.18.

N{3-Phenyl-1-thioxopropyl)piperidine (4p).

This compound was obtained as yellow crystals (methylcyclohexane),
mp 65.0-66.0° 'H nmr (90 MHz, deuteriochloroform): § 1.65 (m, 6H),
3.10 [bs, 4H, (CH,),CS]), 3.59 (m, 2H), 4.28 (m, 2H), 7.25 (bs, 5H, C,H,).

Anal. Caled. for C, ,H,,NS: C, 72.05; H, 8.21; N, 6.00; S, 13.74. Found:
C, 72.11; H, 8.42; N, 6.04; S, 13.89.

N-[2{Phenylthio}1-thioxoethyl]piperidine (4q).

This compound was obtained as yellow crystals (cyclohexane), mp
84.5-85.0°; 'H nmr (90 MHz, deuteriochloroform): 6 1.72 (m, 6H), 3.69
(m, 2H), 4.24 (m, 2H), 4.30 (s, 2H, CH,CS), 7.35-7.65 (m, 5H, C,H;).

Anal. Caled. for C,,H,,NS,: C, 62.11; H, 6.82; N, 5.57; S, 25.51. Found:
C, 62.25; H, 6.79; N, 5.26; S, 25.24.

(£)-N-[2{Tetrahydro-2H-pyran-2-yl}1-thioxoethylpiperidine (4r).

This compound was obtained as an orange liquid, bp 168.0-172.0°/2.0
mm Hg; 'H nmr (300 MHz, deuteriochloroform): § 1.20-1.90 [m, 12H,
NCH,(CH,), and OCH,(CH,),}, [2.89 (dd, 1H, J,... = 13.4 Hz, ] = 4.2 Hz)
and 3.13 (dd, 1H, J,... = 13.4 Hz; J = 8.1 Hz) (CHCH,CS)], 3.41 (m, 1H,
OCHCH,), 3.70-4.00 (m, 4H), 4.10-4.40 (m, 2H, OCH,).

Anal. Caled. for C,H, NOS: C, 63.39; H, 9.31; N, 6.16; S, 14.10.
Found: C, 63.03; H, 9.12; N, 6.12; S, 13.81.

Ethyl 3-Thioxo-N-piperidinepropionate (4s).

This compound was obtained as an orange liquid, bp 146.0-148.0°/0.5
mm Hg; 'H nmr (90 MHz, deuteriochloroform): 6 1.29 (t, 3H, CH,), 1.69
(m, 6H), 3.65 (m, 2H), 4.01 (s, 2H, CH,CS), 4.19 (q, 2H, OCH,), 4.28 (m,
2H).

Anal. Caled. for C,,H,,NO,S: C, 55.78; H, 7.96; N, 6.51; S, 14.89.
Found: C, 55.74; H, 7.95; N, 6.64; S, 15.15.

General Procedure for the Preparation of 1.[1{(Carboxymethyl)thio}
alkylidenelpiperidinium Bromides 5 (R” = H) and 1{1{(Ethoxycarbonyl-
methyl)thio]alkylidene]piperidinium Bromides 6 (R* = C,H,).

A mixture of the N-thioacylpiperidide 4 and anhydrous bromoacetic
acid (1.05 equivalents) (or ethyl bromoacetate) in anhydrous benzene (7
mlig N-thioacylpiperidide) was stirred at ambient temperature for 12
hours. The resultant hygroscopic crystalline salt 5 (or 6) was collected,
washed with anhydrous ether, and dried in vacuo. The crude material was
then utilized in the subsequent sulfhydrolysis reaction without further
purification.

General Procedure for the Preparation of S-Thioacylthioglycolate Esters
7.

V.J.Lee, W. V. Curran T. F. Fields and K. Learn
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A suspension of salt 3 (or 6) in absolute ethanol (5 ml/g salt) was treated
with hydrogen sulfide (1.5 equivalents) at ambient temperature. The
resulting mixture was stirred and heated at reflux for 6 hours and con-
centrated in vacuo. The semicrystalline residue was suspended in
anhydrous ether and the crystalline piperidine hydrobromide was col-
lected and washed with ether. The filtrate was concentrated in vacuo and
the crude dithioester 7 was flash chromatographed over a short column
of magnesium trisilicate with methylene chloride. Additional purification
of 7 was accomplished by either distillation or crystallization from the
appropriate solvent, as described [(a) all yields were >70%; (b) all
unassigned 'H nmr resonances are on the alkoxy unit (C,H,0 or CH,0)].

Ethyl [(1-Thioxoethyl)thiolacetate (7a).

This compound was obtained as an orange liquid, bp 84.0-88.0°/1.0
mm Hg; ir (film): 1739, 1290, 1260, 1210, 1155, 1095, 1025, 860 cm™; 'H
nmr (90 MHz, deuteriochloroform): § 1.31 (t, 3H), 2.90 (s, 3H, CH,CS,),
4.10 (s, 2H, SCH,CO,), 4.24 (q, 2H).

Anal. Caled. for C;H,,0,S,: C, 40.43; H, 5.65; S, 35.97. Found: C,
40.72; H, 5.69; S, 35.86.

Ethyl [(1-Thioxopropyl)thiolacetate (7b).

This compound was obtained as an orange liquid, bp 93.0-95.0°/1.0
mm Hg; 'H nmr (90 MHz, deuteriochloroform): & 1.28 (t, 3H), 1.38 (1, 3H,
J = 1.4 Hz, CH,CH,CS,), 3.05 (q, 2H, CH,CS,), 4.08 (s, 2H, SCH,CO,),
4.18 (q, 2H).

Anal. Caled. for C;H,;0,S,: C, 43.72; H, 6.29; S, 33.35. Found: C,
43.51; H, 6.10; S, 33.50.

Ethyl {(1-Thioxobutyl)thio]acetate (7c).

This compound was obtained as an orange liquid, bp 100.0-103.0°/0.8
mm Hg; ir (film): 1730 cm™; 'H nmr (90 MHz, deuteriochloroform): &
101 [t, 3H, J = 7.0 Hz, CH(CH,),], 1.27 (, 3H), 1.85 (m, 2H,
CH,CH,CH,), 3.04 (t, 2H, J = 7.5 Hz, CH,CS,), 4.07 (s, 2H, SCH,CO,),
4.15 (g, 2H).

Anal. Caled. for CH,,0,S,: C, 46.57; H, 6.84; S, 31.08. Found: C,
46.46; H, 6.70; S, 31.20.

Methyl [(3,3-Dimethyl-1-thioxobutyl)thio]acetate (7d).

This compound was obtained as a light yellow liquid, bp 82.0-84.5°/0.5
mm Hg; ir (film): 1735, 1470, 1435, 1360, 1285, 1250, 1215, 1190, 1155,
1135, 965, 840 cm™"; *H nmr (90 MHz, deuteriochloroform): § 1.09 (s, 9H,
t-butyl), 3.10 (s, 2H, CH,CS,), 3.72 (s, 3H), 4.10 (s, 2H, CH,CO,).

Anal. Caled. for CH,,0,S,: C, 49.06; H, 7.32; S, 29.10. Found: C,
49.00; H, 7.21; S, 28.95.

Ethyl [(2-Phenyl-1-thioxoethyl)thio]acetate (7e).

This compound was obtained as yellow platelets (methylcyclohexane),
mp 43.5-45.5%; 'H nmr (90 MHz, deuteriochloroform): § 1.27 (t, 3H), 4.08
(s, 2H, SCH,CO,), 4.21 (q, 2H), 4.36 (s, 2H, CH,CS,), 7.33 (bs, 5H, C,H,).

Anal. Caled. for C,H,,0,S,: C, 56.66; H, 5.55; S, 25.21. Found: C,
56.51; H, 5.46; S, 25.15.

Ethyl [2{4-Methylphenyl)-1-thioxoethyl]thio]acetate (7f).

This compound was obtained as yellow needles [petroleum ether
(35-65°)], mp 41.5-42.0°; ir (potassium bromide): 1732, 1515, 1365, 1300,
1165 cm™; 'H nmr (90 MHz, deuteriochloroform): § 1.28 (t, 3H), 2.31 (s,
3H, CH,C,H,), 4.07 (s, 2H, SCH,CO,), 4.20 (g, 2H), 4.37 (s, 2H, CH,CS,),
7.24 (A,B, quartet, 4H, C.H,).

Anal. Caled. for C,H,,0,S,: C, 58.18; H, 6.01; S, 23.89. Found: C,
58.38; H, 6.00; S, 24.17.

Ethyl [[244-t-Butylphenyl}1-thioxoethyl]thiolacetate (7g).

This compound was obtained as a yellow liquid, bp 140.0-144.0/0.5 mm
Hg; 'H nmr (90 MHz, deuteriochloroform): 6 1.28 (t, 3H), 1.35 (s, 9H,
t-butyl), 4.09 (s, 2H, SCH,CO,), 4.19 (q, 2H), 4.37 (s, 2H, CH,CS,), 7.33
(bs, 4H, CH)).

Anal. Caled. for C(H,,0,S,: C, 61.90; H, 7.14; S, 20.65. Found: C,
61.82; H, 7.02; S, 20.51.
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Ethyl [[2{4-Methoxyphenyl)}-1-thioxoethyl]thio]acetate (7h).

This compound was obtained as yellow platelets {methylcyclohexane),
mp 41.5-42.0°; 'H nmr (90 MHz, deuteriochloroform): 6 1.29 (1, 3H), 3.76
(s, 3H, CH,0), 4.03 (s, 2H, SCH,CO,), 4.20 (g, 2H), 4.25 (s, 2H, CH,CS;),
[6.84 (d, 2H, J = 8.0 Hz) and 7.26 (d, 2H) (C,H,)}

Anal. Caled. for C,H,,0,S,: C, 54.90; H, 5.67; S, 22.55. Found: C,
54.82; H, 5.62; S, 22.35.

Ethyl [[244-Chlorophenyl}-1-thioxoethyl]thio]acetate (7i).

This compound was obtained as yellow platelets (methylcyclohexane),
mp 36.5-37.0°% ir (potassium bromide): 1735, 1490, 1375, 1300, 1170
em™; 'H nmr (90 MHz, deuteriochloroform): 6 1.25 (t, 3H), 4.06 (s, 2H,
SCH,CO0,), 4.17 (g, 2H), 4.29 (s, 2H, CH,CS,), 7.29 (s, 4H, C,H,).

Anal. Calcd. for C,,H,,C10,S,;: C, 49.90; H, 4.54; Cl, 12.28; S, 22.20.
Found: C, 49.75; H, 4.62; Cl, 12.10; S, 22.07.

Ethyl [[2{4-Fluorophenyl}-1-thioxoethyl]thiolacetate (7j).

This compound was obtained as yellow platelets (methylcyclohexane),
mp 45.5-47.0%; *H nmr (90 MHz, deuteriochloroform): 8 1.26 (t, 3H), 4.03
(s, 2H, SCH,CO,), 4.18 (q, 2H), 4.30 (s, 2H, CH,CS,), [7.00 (dd, 2H, J =
3Jur = 9.0 Hz) and 7.34 (dd, 2H, “Jyr = 5.5 Hz, J = 9.0 Hz) (C,H))].

Anal. Caled. for C,H,,;FO,S,: C, 52.92; H, 4.81; F, 6.98; S, 23.54.
Found: C, 52.78; H, 4.85; F, 6.82; S, 23.25.

Ethyl [[2{3-Methoxyphenyl)}-1-thioxoethylJthioJacetate (7k).

This compound was obtained as yellow platelets (methylcyclohexane),
mp 29.0-31.0°; 'H nmr (90 MHz, deuteriochloroform): 6 1.27 (t, 3H), 3.86
(s, 3H, CH,0), 4.07 (s, 2H, SCH,CO0,), 4.16 (q, 2H), 4.35 (s, 2H, CH,CS,),
[6.89 (m, 3H) and 7.29 (m, 1H) (C,H,))]

Anal. Caled. for C,,H,,0,5: C, 54.90; H, 5.67; S, 22.55. Found: C,
54.85; H, 5.55; S, 22.70.

Ethyl [1-Thioxo-2{3{triflucromethyl)phenyljthiolacetate (71).

This compound was obtained as a yellowish-orange liquid, bp
176.0-178.0°/5.0 mm Hg; ir (film): 1724, 1440, 1322, 1290, 1155, 1120
cem™ *H nmr (90 MHz, deuteriochloroform): 8 1.25 (t, 3H), 4.05 (s, 2H,
SCH,CO,), 4.15 (q, 2H), 4.36 (s, 2H, CH,CS,), 7.50 (m, 4H, C,H,).

Anal. Caled. for C,H,,F,0,S;: C, 48.44; H, 4.06; F, 17.68; S, 19.89.
Found: C, 48.93; H, 4.23; F, 17.90; S, 19.69.

Ethyl [(3-Phenyl-1-thioxopropyl)thio]acetate (7m).

This compound was obtained as a light orange liquid, bp
180.0-183.0°/0.8 mm Hg; ir (film): 1735, 1295, 1155, 1025 cm™; 'H nmr
(90 MHz, deuteriochloroform): 6 1.28 (t, 3H), 3.00-3.45 [m, 4H, (CH,),],
4.05 (s, 2H, SCH,CO,), 4.19 (q, 2H), 7.24 (bs, 5H, CH,).

Anal. Caled. for C,,H,,0,S,: C, 58.18; H, 6.01; S, 23.89. Found: C,
58.22; H, 5.87; S, 24.05.

Methyl [(2-Phenylthio-1-thioxoethyl)thio]acetate (7m).

This compound was obtained as an orange liquid which was used
without further purification; 'H nmr (90 MHz, deuteriochloroform): é
3.68 (s, 3H), 4.00 (s, 2H, SCH,CO,), 4.31 (s, 2H, SCH,CS,), 7.36 (m, 5H,
C.H,).

Anal. Caled. for C,H,,0,S,: C, 50.32; H, 4.93; S, 33.58. Found: C,
50.15; H, 5.02; S, 33.70.

(x) Ethyl [[2{Tetrahydro-2H-pyran-2-yl}-1-thioxoethyl]thiojacetate (70).

This compound was obtained as a yellow liquid which was used without
further purification; 'H nmr (300 MHz, deuteriochloroform): & 1.27 (t,
3H), 1.25-1.90 [m, 6H, OCH,(CH,),}, [3.03 (dd, 1H, Jo... = 13.7 Hz,J =
5.3 Hz) and 3.31 (dd, 1H, J,... = 13.7 Hz; J = 7.6 Hz) (CHCH,CS,)), 3.42
(m, 1H, OCHCH,), 3.85-4.00 (m, 2H, OCH,), 406 (AB quartet, 2H,
SCH,CO,), 4.19 (g, 2H).

Anal. Caled. for C,,H,,0,5,: C, 50.35; H, 6.91; S, 24.44. Found: C,
50.13; H, 6.98; S, 24.47.

General Procedure for the Preparation of Methyl (or Ethyl)
2{1-ThioxoalkylJhydrazinocarboxylate 8 (V,-Thioacylcarbazates).

1,2,3-Thiadiazoles. I 1885

A mixture of methy! (or ethyl) hydrazinocarboxylate and dithioester 7
(1.0 equivalent) in methylene chloride was heated at reflux for 2 hours
and then concentrated in vacuo, followed by additional concentration
under high vacuum. The crude 8, after chromatography over a short col-
umn of silica gel or magnesium trisilicate with methylene chloride, was
crystallized from the appropriate solvents, as described in Table 1.

General Procedure for the Preparation of Alkanethioic Acid 2{Amino-
carbonylhydrazides 9 (N,-Thioacylsemi