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Abstract A facile and efficient protocol for the synthesis of 3,5-bis-
mercapto-1,2,4-thiadiazoles by the oxidative dimerization of S-alkyl
dithiocarbamates using periodic acid as an inexpensive and commer-
cially available oxidant is reported. High to excellent yields and short re-
action times are the main advantages of this procedure.
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1,2,4-Thiadiazoles are important heterocyclic com-
pounds due to their widespread use as pesticides, fungi-
cides, herbicides, dyes, and corrosion inhibitors.1 Com-
pounds containing the substituted 1,2,4-thiadiazole motif
also possess a wide range of biological activities, including
antibacterial,2 antitumor,3 anticonvulsant,4 antibiotic,5
anti-inflammatory,6 and antidiabetic properties.7 Further-
more, 1,2,4-thiadiazoles are pharmacophores in the design
of novel enzyme inhibitors for targeting the cysteine resi-
dues of proteins via disulfide bond formation.8

Various methods have been reported for the synthesis
of 1,2,4-thiadiazole derivatives, including oxidative di-
merization of thioamides and imidoyl thioureas, reaction of
N-sulfenylamidines with isothiocyanates, reaction of ami-
dines and amidoximes with carbon disulfide, reaction of
thioamidates with chloramine, 1,2,4-thiadiazole ring modi-
fications, ring transformations of oxadiazoles and isoxaz-
oles in the presence of isothiocyanates, rearrangement of
dithiazolidines, oxidation of thioacylamidine derivatives,
and 1,3-dipolar cycloaddition reactions of nitrile sulfides
with nitriles.9 Among these methods, the oxidative di-
merization of thioamides and intramolecular oxidative S–N
bond-formation reactions have been extensively investigat-

ed. For this purpose, various oxidants in the presence of a
transition metal or under transition metal-free conditions
have been developed.10 Recently, Yoshimura and co-work-
ers reported the synthesis of 1,2,4-thiadiazoles via oxida-
tive dimerization of carbothioamides using oxone as an in-
expensive and eco-friendly oxidant (Scheme 1, Eq. 1).11 Ad-
ditionally, Muthusubramanian and co-workers reported the
synthesis of 3-substituted-5-amino-1,2,4-thiadiazoles via
intramolecular oxidative S–N bond formation in the pres-
ence of hypervalent iodine(III) (Scheme 1, Eq. 2); 12 while
Kim and co-workers reported a copper catalyzed approach
to 3-substituted-5-amino-1,2,4-thiadiazoles from amidine
hydrochlorides and isothiocyanates (Scheme 1, Eq. 3).13 In a
continuation of our interest in the development of dithio-
carbamate chemistry,14 we report herein a direct route for
the synthesis of 3,5-bis-mercapto-1,2,4-thiadiazoles via the
simple oxidative dimerization of dithiocarbamates using
periodic acid (H5IO6) as oxidant (Scheme 1, Eq. 4).

Initially, the model oxidative dimerization of benzyl car-
bamodithioate 1a was investigated using an equimolar
amount of H5IO6 in various organic solvents (Table 1, en-
tries 1–6) for 1 h at room temperature. The best result was
observed in CH2Cl2 and the corresponding 1,2,4-thiadiazole
2a was obtained in 55% isolated yield (entry 3). Additional-
ly, the corresponding benzyl thiocyanate was also observed
in the reaction mixtures (15–35%). After optimization of
the solvent, other oxidants including NaIO4, KMnO4, CuCl2,
and K2Cr2O7 in CH2Cl2 were examined; but lower yields of
1,2,4-thiadiazole 2a were obtained in comparison to H5IO6
(entries 7–10). Next, we focused on preventing the forma-
tion of side-products. Upon decreasing the reaction time
from 1 h to 15 min, the yield of thiadiazole 2a increased
from 55% to 65% (entries 11–13); however, further decreas-
ing the reaction time to 10 min resulted in a lower yield
(entry 14). Furthermore, whereas raising the reaction tem-
perature from room temperature to 50 °C decreased the
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yield to 40% (entry 16), lowering the reaction temperature
to 0 °C improved the yield to 85% (entry 15). Under these
conditions, no benzyl thiocyanate was observed in the reac-
tion mixture. Finally, lower yields were obtained using 0.5
or 2 equivalents of periodic acid (entries 17 and 18). Thus,
the oxidative dimerization of dithiocarbamates using an
equimolar amount of H5IO6 in CH2Cl2 at 0 °C for 15 min was
considered as the optimal reaction conditions for further
derivatization.

After optimization of the reaction conditions, the gener-
ality of this protocol was examined using various S-alkyl
dithiocarbamates (Table 2).16 The S-alkyl dithiocarbamates
were prepared according to the reported method via a one-
pot, three-component reaction between ammonia, CS2, and
an electrophile (alkyl halides or α,β-unsaturated carbonyl
compounds).15 Various S-alkyl and ester containing dithio-
carbamates were applied successfully in this oxidative di-
merization protocol and the corresponding 3,5-bis-mercap-
to-1,2,4-thiadiazoles were obtained in high to excellent
yields (80–95%). It is notable that no oxidation was ob-
served at the sulfur in the alkylsulfanyl chains.

The possibility for the cross-oxidative dimerization of
dithiocarbamates was investigated using S-alkyl dithiocar-
bamates 1l and 1e (Scheme 2). The products were separat-
ed by preparative TLC. Characterization of these products
confirmed that two self-dimerization products, 2l and 2e,
were obtained as major components and cross-dimeriza-
tion compounds, 3a and 3b, were isolated as minor prod-
ucts.

Scheme 2  Cross-oxidative dimerization of 1l and 1e

Scheme 1  Synthetic strategies using oxidative dimerization and intra-
molecular N–S bond formation
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Table 1  Optimization of the Reaction Conditions for the Preparation 
of 2a from 1a

Entry Solvent Oxidant (equiv) Time 
(min)

T (°C) Yield (%)a,b

1 MeOH H5IO6 (1) 60 25 30

2 EtOH H5IO6 (1) 60 25 27

3 CH2Cl2 H5IO6 (1) 60 25 55

4 THF H5IO6 (1) 60 25 35

5 DMF H5IO6 (1) 60 25 38

6 n-hexane H5IO6 (1) 60 25 20

7 CH2Cl2 NaIO4 (1) 60 25 41

8 CH2Cl2 KMnO4 (1) 60 25 49

9 CH2Cl2 CuCl2 (1) 60 25 34

10 CH2Cl2 K2Cr2O7 (1) 60 25 35

11 CH2Cl2 H5IO6 (1) 120 25 50

12 CH2Cl2 H5IO6 (1) 30 25 53

13 CH2Cl2 H5IO6 (1) 15 25 65

14 CH2Cl2 H5IO6 (1) 10 25 45

15 CH2Cl2 H5IO6 (1) 15 0 85

16 CH2Cl2 H5IO6 (1) 15 50 40

17 CH2Cl2 H5IO6 (2) 15 0 60

18 CH2Cl2 H5IO6 (0.5) 15 0 45
a Isolated yield.
b Reaction conditions: dithiocarbamate 1a (0.5 mmol) and solvent (2 mL).
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A proposed mechanism for the oxidative dimerization
of dithiocarbmates is given in Scheme 3. Initially, reaction
of dithiocarbamate 1 with periodic acid affords intermedi-
ate A, which undergoes further reaction with dithiocarba-
mate 1 to provide intermediate B after elimination of H2S,
2H2O, and HIO4. Then, intramolecular N–S bond formation
in the presence of periodic acid followed by loss of HIO3 and
three equivalents of water gives the corresponding 1,2,4-
thiadiazole 2.

The structures of all products were confirmed by IR, 1H
and 13C NMR spectroscopy, and CHN analysis. The protons
of the two alkyl groups of the S-alkyl moieties were ob-
served at similar chemical shifts in the 1H NMR spectra. The
13C NMR spectra showed all carbons of both alkyl groups
distinctively and the two carbons of the 1,2,4-thiadiazole
ring appeared at 170–171 and 187–188 ppm, for all com-
pounds. Compounds 2g and 2l were obtained as mixtures of
three stereoisomers (including a meso-compound), which
were not separated.

Table 2  Diversity in the Oxidative Dimerization Reaction of Dithiocarbamates 1a

Scheme 3  Proposed mechanism for oxidative dimerization of dithiocarbamates
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Table 2 (continued)

In conclusion, we have developed a facile and efficient
approach for the synthesis of 3,5-bis-mercapto-1,2,4-thia-
diazoles by the oxidative dimerization of S-alkyl dithiocar-
bamates in the presence of periodic acid. High to excellent
yields and short reaction times are the main advantages of
this protocol.
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(16) Synthesis of 3,5-(Bismercaptoorganyl)-1,2,4-thiadiazoles;
General Procedure: To a solution of dithiocarbamate 1 (0.5
mmol) in CH2Cl2 (2 mL), periodic acid (0.5 mmol) was added.
The resulting mixture was stirred at 0 °C for 15 minutes. After
completion of the reaction, water (3 mL) was added and the
mixture was extracted with CH2Cl2 (3 × 3 mL). The combined
organic extracts were dried over Na2SO4, filtered and evapo-
rated under reduced pressure. The desired product 2 was puri-
fied by column chromatography (silica gel; ethyl acetate/hex-
ane, 1:10).
Characterization Data for Selected Compounds
3,5-Bis(benzylthio)-1,2,4-thiadiazole (2a): Yield: 70 mg (85%);
yellow oil. IR (KBr): 1424, 1211, 1041, 699 cm–1; 1H NMR (300
MHz, CDCl3): δ = 4.47 (s, 4 H), 7.27–7.45 (m, 10 H); 13C NMR (75
MHz, CDCl3): δ = 36.4, 38.4, 127.4, 128.1, 128.5, 128.8, 129.0,
129.1, 135.0, 136.8, 170.2, 187.2; Anal. Calcd (%) for C16H14N2S3:
C, 58.15; H, 4.27; N, 8.48; Found: C, 58.27; H, 4.17; N, 8.35.
3,5-Bis(isopentylthio)-1,2,4-thiadiazole (2b): Yield: 65 mg
(89%); yellow oil. IR (KBr): 1427, 1209, 1041 cm–1; 1H NMR (300
MHz, CDCl3): δ = 0.93–0.96 (m, 12 H), 1.63–1.76 (m, 6 H), 3.19–
3.25 (m, 4 H); 13C NMR (75 MHz, CDCl3): δ = 22.1, 22.2, 27.4,
27.5, 30.2, 32.3, 37.5, 38.1, 171.1, 187.9; Anal. Calcd (%) for
C12H22N2S3: C, 49.61; H, 7.63; N, 9.64; Found: C, 49.32; H, 7.55;
N, 9.49.
Dibutyl 3,3'-[(1,2,4-Thiadiazole-3,5-diyl)bis(sulfanediyl)]di-
propanoate (2k): Yield: 81 mg (80%); yellow oil. IR (KBr): 1735,
1465, 1430, 1350, 1213, 1063 cm–1; 1H NMR (300 MHz, CDCl3):
δ = 0.88–0.93 (m, 6 H), 1.31–1.39 (m, 4 H), 1.57–1.62 (m, 4 H),
2.78–2.85 (m 4 H), 3.40–3.50 (m, 4 H), 4.07–4.12 (m, 4 H); 13C
NMR (75 MHz, CDCl3): δ = 13.6, 19.0, 26.9, 29.0, 30.5, 33.1, 33.8,
34.0, 34.4, 34.7, 64.6, 64.8, 169.9, 171.1, 171.6, 187.2; Anal.
Calcd (%) for C16H26N2O4S3: C, 47.26; H, 6.45; N, 6.89; Found: C,
47.17; H, 6.32; N, 7.05
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