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ABSTRACT: A copper-mediated, three-component reaction between two different N-Ts hydrazones and elemental sulfur was
developed, leading to a series of unsymmetric 2,5-disubstituted 1,3,4-thiadiazoles in moderate yields with good functional group
compatibility. This procedure features the employment of elemental sulfur and the selective denitrogenation between aryl and
alkyl aldehyde N-tosyl hydrazones, allowing rapid access to unsymmetric 2,5-disubstituted 1,3,4-thiadiazoles frameworks with
chemical diversity and complexity.

1,3,4-Thiadiazoles possess a broad spectrum of biological
activities.1 For example, they could serve as antidepressant,2

anxiolytic,3 antimicrobial,4 antituberculosis,5 anti-inflamma-
tory,6 antidiabetic,7 anticancer,8 antihypertensive,9 and anti-
fungal drugs.10 Therefore, numerous versatile and flexible
approaches have been established to access 1,3,4-thiadiazoles,
including the sulfuration of the corresponding 1,4-dicarbonyl
and acyl precursors (in situ formed or not) by P2S5 or
Lawesson’s reagent,11 cyclization of thiohydrazine,12 and
transformation from other heterocycles.13 However, the
sulfuration still suffers from harsh reaction conditions. P2S5
and Lawesson’s reagent are sensitive to moisture have a strong
odor, despite some modifications.14 Moreover, the synthesis of
S-substituted substrate was tedious and, in most cases,
ineffective to access the 2,5-disubstituted analogues with
carbon-centered groups. Therefore, the development of new
methods to access 1,3,4-thiadiazoles via novel pathways and
reaction partners remains an urgent goal for organic chemists.
The multicomponent coupling reactions (MCRs) between

elemental sulfur and two N-tosyl hydrazones as readily available
starting materials show that denitrogenation15 is an ideal
pathway toward such frameworks with chemical diversity and
complexity.16 However, in the case of two N-tosyl hydrazones,
a great challenge arises from the selective denitrogen step
between two N-tosyl hydrazone molecules, which may result in
various distributions of two homoproducts and one cross-
product.17 Herein, we describe a three-component reaction of
elemental sulfur toward unsymmetric 1,3,4-thiadiazoles with
2,5-disubstituted carbon-centered groups via a selective

denitrogen pathway based on the reactivity discrimination
between aryl and alkyl aldehyde N-tosyl hydrazones.
Initially, we tested the combination of benzaldehyde N-tosyl

hydrazone (1.0 equiv), n-butanal N-tosyl hydrazone (1.2
equiv), and sublimed sulfur in the presence of CuI (20 mol
%) and K2CO3 (2 equiv) in dimethylacetamide (DMAC, 2 mL)
as the model reaction. To our delight, the cross-annulation
product 2-phenyl-5-propyl-1,3,4-thiadiazole 3aa via selective
denitrogenation was isolated in 50% yield, and no homoannu-
lated isomers were detected at 120 °C after 24 h under air
(Table 1, entry 1). Subsequently, other bases such as Na2CO3,
tBuONa, tBuOK, NaOH, Ag2CO3, and NaH2PO4, were
examined. However, they were all inferior to K2CO3, generating
3aa in lower yields (Table 1, entries 2−7). Pleasingly, Cs2CO3
worked well with an acceptable 62% yield (Table 1, entry 8). In
the absence of copper, 3aa was isolated in 44% yield (Table 1,
entry 9). Other tested copper, such as CuCl (39%), and CuBr
(36%), decreased the reaction efficiency (Table 1, entries 10
and 11). The tested solvents, such as DMF, CH3CN, and
dioxane, were inferior to DMAC (24−47%, Table 1, entries
12−14). The reaction efficiency decreased under elevated or
lowered temperature (Table 1, entry 15), as did the procedure
conducted under either N2 or O2, respectively (Table 1, entry
15). Thus, the optimized conditions were established as
follows: benzaldehyde N-tosyl hydrazone (0.1 mmol), n-
butanal N-tosyl hydrazone (0.12 mmol), and sublimed sulfur
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(0.0625 mmol) in the presence of CuI (20 mol %) and Cs2CO3
(0.2 mmol) in dimethylacetamide (DMAC, 2 mL).
After the establishment of the optimized reaction conditions,

the substrates scope and limitation of alkyl aldehyde N-tosyl
hydrazones in the reaction with benzaldehyde N-tosyl
hydrazone and sublimed sulfur were tested, as shown in
Scheme 1. As expected, besides n-propyl, this procedure
allowed rapid construction of 2-phenyl-1,3,4-thiadiazoles
substituted with 5-primary carbon groups, such as n-butyl
(3ga, 54%), n-pentyl (3ha, 41%), and ethyl (3ia, 57%) in
moderate yields (3ga−ia). Importantly, the secondary carbon
groups, such as isobutyl (3ba, 51%), isopropyl (3da, 60%), 2-

ethylethyl (3ca, 52%), cyclohexanyl (3ea, 52%), and (2-
methyl)ethyl (3fa, 47%) were facilely introduced to the 5-
position of 2-phenyl-1,3,4-thiadiazoles.
Next, the scope of aromatic aldehyde N-tosyl hydrazones in

the reaction with n-butanal N-tosyl hydrazone and sublimed
sulfur was studied (Scheme 2). This procedure was compatible

with some functional groups on the phenyl ring, such as methyl
(3ab, 51%), methoxy (3ac, 53%), trifluoromethyl (3ad, 45%),
fluoro (3ae, 45%), chloro (3af, 48%), and cyano (3ag, 43%),
which provided a facile handle for potentially further
functionalization. 2-Naphthaldehyde N-tosyl hydrazine was
also a good reaction partner, giving the corresponding product
3ai in 52% yield. Notably, 2-thienaldehyde N-tosyl hydrazone
served as a reaction partner, and 3aj was isolated in 55% yield.
Notably, this procedure was also applicable in the synthesis

of symmetric 1,3,4-thiadiazoles (Scheme 3). For example, 2,5-
diphenyl-1,3,4-thiadiazoles 4 and 2,5-dicyclohexyl-1,3,4-thiadia-
zoles 5 were isolated in 67% and 44% yields under the standard
procedure, respectively.
To gain insight into the mechanism, control experiments

were conducted. No 15N was detected in the 2-phenyl-5-
isopropyl-1,3,4-thiadiazoles by the reaction of isobutanal N-
tosyl hydrazone, 15N-labeled benzaldehyde N-tosyl hydrazone,
and sublimed sulfur under the standard procedure (Scheme 4,
eq 1). However, 15N was totally incorporated in 2-phenyl-5-

Table 1. Screening of the Optimized Reaction Conditionsa

entry copper base solvent yieldb (%)

1 CuI K2CO3 DMAC 50
2 CuI Na2CO3 DMAC 28
3 CuI tBuONa DMAC 39

4 CuI tBuOK DMAC 29

5 CuI NaOH DMAC 31
6 CuI Ag2CO3 DMAC <5
7 CuI NaH2PO4 DMAC 24
8 CuI Cs2CO3 DMAC 62
9 Cs2CO3 DMAC 44
10 CuCl Cs2CO3 DMAC 39
11 CuBr Cs2CO3 DMAC 36
12 CuI Cs2CO3 DMF 47
13 CuI Cs2CO3 CH3CN 34
14 CuI Cs2CO3 dioxane 24
15 CuI Cs2CO3 DMAC 44,c 28,d 52,e 25f

aReaction conditions: 1a (0.12 mmol), 2a (0.1 mmol), S8 (0.0625
mmol), CuX (20 mol %) in solvent (2 mL) under air at 100 °C.
bIsolated yield. c90 °C. d110 °C. eUnder N2.

fUnder O2.

Scheme 1. Substrate Scope of Alkyl Aldehyde N-Tosyl
Hydrazonesa

aReaction conditions: 1a (0.12 mmol), 2a (0.1 mmol), S8 (0.0625
mmol), Cs2CO3 (0.2 mmol), CuI (20 mol %), DMAC (2 mL), air,
100 °C, 12 h.

Scheme 2. Substrate Scope of Aryl Aldehyde N-Tosyl
Hydrazonesa

aReaction conditions: 1a (0.12 mmol), 2a (0.1 mmol), S8 (0.0625
mmol), Cs2CO3 (0.2 mmol), CuI (20 mol %), DMAC (2 mL), air,
100 °C, 12 h.

Scheme 3. Synthesis of Symmetric 1,3,4-Thiadiazolesa

aReaction conditions: N-Ts hydrazone (0.1 mmol), S8 (0.1 mmol),
Cs2CO3 (0.2 mmol), CuI (20 mol %), DMAC (2 mL), air, 100 °C, 12
h.
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isopropyl-1,3,4-thiadiazoles by the reaction of 15N-labeled
isobutanal N-tosyl hydrazone, benzaldehyde N-tosyl hydrazone,
and sublimed sulfur (Scheme 4, eq 2). This result confirmed
the selective denitrogenation took place in benzaldehyde N-
tosyl hydrazone rather than isobutanal N-tosyl hydrazone.
Moreover, 1,4-diphenylformalazine 6 was subjected to the
standard procedure and no 1,3,4-thiadiazoles was detected,
ruling out the possibility of benzaldehyde 2-butylidenehydra-
zone as the intermediate (Scheme 4, eq 3).
On the basis of these experimental results, a tentative

pathway of this reaction is outlined in Scheme 5. In the case of

the blank experiment, in step 1, under basic conditions, the
sequential elimination of proton and Ts− in benzaldehyde N-
tosyl hydrazone took place leading to a diazo species, which
transformed to carbene species by the extrusion of N2.

17−19

Then, the reaction of carbene species with elemental sulfur
produced benzothialdehyde 7.20 Meanwhile, in the presence of
base, the anion species 8 was formed. In step 2, the nucleophilic
attack of 8 to 7 provided intermediate 9. Then, the
intramolecular nucleophilic attack of 9 produced intermediate
10. Finally, the elimination of Ts− in intermediate 10 delivered
intermediate 11, which transformed to the final product by
aromatization. In the presence of CuI, the copper carbene may
be involved in the procedure.
In conclusion, we have developed a copper-promoted

selective denitrogenation MCR between aryl aldehyde N-tosyl
hydrazone, alkyl aldehyde N-tosyl hydrazone, and elemental
sulfur toward 2-aryl-5-alkyl-1,3,4-thiadiazoles with chemical
diversity and complexity in moderate yields. In this procedure,
the selective denitrogenation took place in alkyl N-tosyl
hydrazone rather than in aryl aldehyde N-tosyl hydrazine.
Notably, this procedure was also applicable in the synthesis of
symmetric 2,5-disubstituted-1,3,4-thiadiazoles.

■ ASSOCIATED CONTENT

*S Supporting Information

The Supporting Information is available free of charge on the
ACS Publications website at DOI: 10.1021/acs.or-
glett.6b02583.

Experimental procedures and NMR spectra (PDF)

■ AUTHOR INFORMATION

Corresponding Author

*E-mail: jiangcheng@cczu.edu.cn.

Notes

The authors declare no competing financial interest.

■ ACKNOWLEDGMENTS
We thank the National Natural Science Foundation of China
(Nos. 21272028 and 21572025), “Innovation & Entrepreneur-
ship Talents” Introduction Plan of Jiangsu Province, the Key
University Science Research Project of Jiangsu Province
(15KJA150001), Jiangsu Key Laboratory of Advanced Catalytic
Materials & Technology (BM2012110), and Advanced
Catalysis and Green Manufacturing Collaborative Innovation
Center for financial support.

■ REFERENCES
(1) For reviews, see: (a) Vadivelu, A.; Gopal, V.; Reddy, C. U. M.;
Evanjelene, V. K. J. Chem. Pharm. Res. 2014, 6, 855. (b) Haider, S.;
Alam, M. S.; Hamid, H. Eur. J. Med. Chem. 2015, 92, 156. (c) Hu, Y.;
Li, C.-Y.; Wang, X.-M.; Yang, Y.-H.; Zhu, H.-L. Chem. Rev. 2014, 114,
5572. (d) Jain, A. K.; Sharma, S.; Vaidya, A.; Ravichandran, V.;
Agrawal, R. K. Chem. Biol. Drug Des. 2013, 81, 557. (e) Christoforou, I.
C.; Koutentis, P. A.; Michaelidou, S. S. ARKIVOC 2006, 7, 207.
(f) Jain, A. K.; Sharma, S.; Vaidya, A.; Ravichandran, V.; Agrawal, R. K.
Chem. Biol. Drug Des. 2013, 81, 557. (g) Khazi, I. A. M.; Gadad, A. K.;
Lamani, R. S.; Bhongade, B. A. Tetrahedron 2011, 67, 3289.
(2) (a) Jatav, V.; Mishra, P.; Kashaw, S.; Stables, J. P. Eur. J. Med.
Chem. 2008, 43, 1945. (b) Sharma, R.; Prasad, Y.; Mishra, G. P.;
Chaturvedi, S. C. Med. Chem. Res. 2014, 23, 252.
(3) (a) Clerici, F.; Pocar, D.; Guido, M.; Loche, A.; Perlini, V.;
Brufani, M. J. Med. Chem. 2001, 44, 931. (b) Jubie, S.; Dhanabal, P.;
Azam, M. A.; Kumar, N. S.; Ambhore, N.; Kalirajan, R.Med. Chem. Res.
2015, 24, 1605.
(4) (a) Manjunatha, K.; Poojary, B.; Kumar, V.; Lobo, P. L.;
Fernandes, J.; Chandrashekhar, C. Pharm. Chem. 2015, 7, 207.
(b) Farghaly, T. A.; Abdallah, M. A.; Masaret, G. S.; Muhammad, Z. A.
Eur. J. Med. Chem. 2015, 97, 320.
(5) (a) Kolavi, G.; Hegde, V.; Khazi, I.; Gadad, P. Bioorg. Med. Chem.
2006, 14, 3069. (b) Oruc, E. E.; Rollas, S.; Kandemirli, F.; Shvets, N.;
Dimoglo, A. S. J. Med. Chem. 2004, 47, 6760.
(6) (a) Salgin-Goksen, U.; Gokhan-Kelekci, N.; Goktas, O.; Koysal,
Y.; Kilic, E.; Isik, S.; Aktay, G.; Ozalp, M. Bioorg. Med. Chem. 2007, 15,
5738. (b) Chidananda, N.; Poojary, B.; Sumangala, V.; Kumari, N. S.;
Shetty, P.; Arulmoli, T. Eur. J. Med. Chem. 2012, 51, 124.
(7) (a) Lee, J.; Lee, S.-H.; Seo, H. J.; Son, E.-J.; Lee, S. H.; Jung, M.
E.; Lee, M. W.; Han, H. K.; Kim, J.; Kang, J.; Lee, J. Bioorg. Med. Chem.
2010, 18, 2178. (b) Pattan, S. R.; Kekare, P.; Dighe, N. S.; Nirmal, S.
A.; Musmade, D. S.; Parjane, S. K.; Daithankar, A. V. J. Chem. Pharm.
Res. 2009, 1, 191.
(8) (a) Kumar, D.; Maruthi Kumar, N.; Chang, K. H.; Shah, K. Eur. J.
Med. Chem. 2010, 45, 4664. (b) Megally Abdo, N. Y.; Kamel, M. M.
Chem. Pharm. Bull. 2015, 63, 369.
(9) (a) Hasui, T.; Matsunaga, N.; Ora, T.; Ohyabu, N.; Nishigaki, N.;
Imura, Y.; Igata, Y.; Matsui, H.; Motoyaji, T.; Tanaka, T.; Habuka, N.;
Sogabe, S.; Ono, M.; Siedem, C. S.; Tang, T. P.; Gauthier, C.; De

Scheme 4. Preliminary Mechanism Study

Scheme 5. Tentative Mechanism

Organic Letters Letter

DOI: 10.1021/acs.orglett.6b02583
Org. Lett. 2016, 18, 5268−5271

5270



Meese, L. A.; Boyd, S. A.; Fukumoto, S. J. Med. Chem. 2011, 54, 8616.
(b) Samel, A. B.; Pai, N. R. J. Chin. Chem. Soc. 2010, 57, 1327.
(10) (a) Zoumpoulakis, P.; Camoutsis, C.; Pairas, G.; Sokovic, M.;
Glamoclija, J.; Potamitis, C.; Pitsas, A. Bioorg. Med. Chem. 2012, 20,
1569. (b) Rezki, N.; Al-Yahyawi, A. M.; Bardaweel, S. K.; Al-Blewi, F.
F.; Aouad, M. R. Molecules 2015, 20, 16048.
(11) (a) Mazzone, G.; Puglisi, G.; Bonina, F.; Corsaro, A. J.
Heterocycl. Chem. 1983, 20, 1399. (b) Stolle, R.; Kind, W. J. Prakt.
Chem. 1904, 70, 423. (c) Augustine, J. K.; Vairaperumal, V.;
Narasimhan, S.; Alagarsamy, P.; Radhakrishnan, A. Tetrahedron
2009, 65, 9989.
(12) (a) Ferrari, S.; Morandi, F.; Motiejunas, D.; Nerini, E.; Henrich,
S.; Luciani, R.; Venturelli, A.; Lazzari, S.; Calo, S.; Gupta, S.; Hannaert,
V.; Michels, P. A. M.; Wade, R. C.; Costi, M. P. J. Med. Chem. 2011,
54, 211. (b) Sayed, A. R. Tetrahedron Lett. 2010, 51, 4490.
(13) (a) Padmavathi, V.; Reddy, S. N.; Reddy, G. D.; Padmaja, A.
Eur. J. Med. Chem. 2010, 45, 4246.
(14) Kaleta, Z.; Makowski, B. T.; Soos, T.; Dembinski, R. Org. Lett.
2006, 8, 1625.
(15) (a) Xiao, L.; Li, Y.; Liao, L.; Liu, L. New J. Chem. 2013, 37, 1874.
(b) Cao, Z.; Hou, B.; Chen, W.; Zhao, Q. Pet. Sci. Technol. 2007, 25,
705.
(16) Reaction of 2 equiv of N-tosyl hydrazone with S2Cl2 leaing to
symmetric 2,5-disubstituted 1,3,4-thiadiazoles in relative low yields:
Okuma, K.; Nagakura, K.; Nakajima, Y.; Kubo, K.; Shioji, K. Synthesis
2004, 1929.
(17) For reviews on the nitro group retaining reaction of diazo
compounds, see: (a) Qiu, D.; Qiu, M.; Ma, R.; Zhang, Y.; Wang, J.
Huaxue Xuebao 2016, 74, 472. For recent examples of the selective
nitro group retaining reaction of diazo compounds, see: (b) Xu, G.;
Zhu, C.; Gu, W.; Li, J.; Sun, J. Angew. Chem., Int. Ed. 2015, 54, 883.
(c) Guo, H.; Zhang, D.; Zhu, C.; Li, J.; Xu, G.; Sun, J. Org. Lett. 2014,
16, 3110.
(18) For reviews on N-Ts hydrazones, see: (a) Zhang, Y.; Wang, J.
Top. Curr. Chem. 2012, 327, 239. (b) Jadhav, A. P.; Ray, D.; Rao, V. U.
B.; Singh, R. P. Eur. J. Org. Chem. 2016, 2016, 2369. (c) Liu, Z.; Wang,
J. J. Org. Chem. 2013, 78, 10024. (d) Liu, Z.; Zhang, Y.; Wang, J. Youji
Huaxue 2013, 33, 687. (e) Xiao, Q.; Zhang, Y.; Wang, J. Acc. Chem.
Res. 2013, 46, 236. (f) Shao, Z.; Zhang, H. Chem. Soc. Rev. 2012, 41,
560.
(19) For selected recent examples, see: (a) Zhang, Z.; Liu, Y.; Ling,
L.; Li, Y.; Dong, Y.; Gong, M.; Zhao, X.; Zhang, Y.; Wang, J. J. Am.
Chem. Soc. 2011, 133, 4330. (b) Zhou, L.; Ye, F.; Zhang, Y.; Wang, J. J.
Am. Chem. Soc. 2010, 132, 13590. (c) Zhang, Z.; Liu, Y.; Gong, M.;
Zhao, X.; Zhang, Y.; Wang, J. Angew. Chem., Int. Ed. 2010, 49, 1139.
(d) Zhou, P.-X.; Ye, Y.-Y.; Liang, Y.-M. Org. Lett. 2013, 15, 5080.
(e) Liu, X.; Ma, X.; Huang, Y.; Gu, Z. Org. Lett. 2013, 15, 4814.
(f) Khanna, A.; Maung, C.; Johnson, K. R.; Luong, T. T.; Van
Vranken, D. L. Org. Lett. 2012, 14, 3233. (g) Tsai, A. S.; Curto, J. M.;
Rocke, B. N.; Dechert-Schmitt, A.-M. R.; Ingle, G. K.; Mascitti, V. Org.
Lett. 2016, 18, 508. (h) Zhou, P.-X.; Ye, Y.-Y.; Ma, J.-W.; Zheng, L.;
Tang, Q.; Qiu, Y.-F.; Song, B.; Qiu, Z.-H.; Xu, P.-F.; Liang, Y.-M. J.
Org. Chem. 2014, 79, 6627. (i) Wu, X.-X.; Zhou, P.-X.; Wang, L.-J.; Xu,
P.-F.; Liang, Y.-M. Chem. Commun. 2014, 50, 3882. (j) Chen, Z.; Yan,
Q.; Liu, Z.; Xu, Y.; Zhang, Y. Angew. Chem., Int. Ed. 2013, 52, 13324.
(20) Latif, N.; Fathy, I. J. Org. Chem. 1962, 27, 1633.

Organic Letters Letter

DOI: 10.1021/acs.orglett.6b02583
Org. Lett. 2016, 18, 5268−5271

5271


