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Abstract: A series of novel diaziridinyl quinone thiadiazole hybrids (9a-9j) were synthesized starting from 2-hydroxy-5-
methoxybenzoic acid 1 in a 7 steps synthetic sequence. The key step in the scheme involves the nitrile sulfide cycloaddition reaction of
oxathiazolone 4 with p-tosylcyanide to obtain 1,2,4-thiadiazole derivative 5. We have demonstrated that p-tosyl group of thiadiazole 5 can
be displaced with various nitrogen heterocycles to generate unknown 3,5-disubstituted thiadiazole derivatives.

The quinone containing compounds have been widely demand for the discovery of new and novel anti-tumor
used for their antitumor and anticancer activities. But the agents.' In the last few decades, a significant progress has
problems associated with these compounds such as been made towards the screening of quinone containing
toxicity and drug resistance has stimulated an increasing compounds for antitumor activity’. Mitomycin C,
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Fig 1: Structure of the drugs conatining aziridinyl quinone moiety

drugs containing aziridinyl quinones from the clinical

Triaziquone, Carboquone, Diaziquone (AZQ), 2,5-bis(2’- perspective. Essentially, these drugs has three potential
hydroxyethylamino)-3,6-diaziridinyl-1,4-benzoquinone active constituent’s viz. quinone, an unusual aziridine, and
(BZQ) and 2,5-diaziridinyl-3-(hydroxymethyl)-6-methyl- a C-10 carbamate groups’. Several studies have shown
1,4-benzoquinone (RH-1) (Figure 1) are the best known that all three constituents are essential and play a
Key words: Nitrile sulfide, Cycloaddition, Quinone, Thiadiazole, functional role in the cytotoxic action of these quinones.
Diaziridine quinone Reduction oxidation reactions of the quinone group may
Corresponding author:Satyanarayana Yennam lead to the formation of oxygen free radicals which can
Email: satya@gvkbio.com induce DNA damage4, and this has been observed with

Mitomycin C’ and Diaziquone (AZQ)°. Several aziridinyl
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benzoquinone drugs have undergone clinical trials as
potential antitumor drugs. These bioreductive compounds
are designed to kill cells preferentially within the hypoxia
tumor microenvironment’. The strain and reactivity of the
aziridine ring possessed molecules has interesting
biological activity and the efforts in this area has been
summarised®. Most of the interest in biological activity of
aziridine has focused on those chemically modified DNA.

Thiadiazoles represent an important class of
heterocyclic compounds that exhibit different types of
biological activity.” In the past decade, a number of potent
compounds based on thiadiazoles have been discovered.'
Indeed, compounds containing a 1,2,4-thiadiazole fragment
have anti-inflammatory,'""'? antihypertensive,
antibacterial,'"” and  anticonvulsant  properties.'®
Furthermore, it has been confirmed that many thiadiazole-
related compounds are potential drugs in the treatment of
disorders of the central nervous system such as Alzheimer’s
disease due to the antioxidant properties, influence on
muscarinic acetylcholine receptors,” and inhibition of
acetylcholinesterase activity.” Compounds containing a
1,2,4- thiadiazole fragment also display high inhibitory
activity against glycogen synthase kinase-3f and, therefore,
can be used for treatment of neuropathology, disordered
motor function, chronic inflammatory process, cancer, and
diabetes of type—H.20 Recently, 2,5-disubstituted-1,2,4-
thiadiazole derivatives are shown to be selective S1P1
agonists.”'

Our approach to develop new chemotherapeutic
agents involves the conjugation of two biologically active
compounds viz. diaziridinylquinone and thiadiazole to
prepare a single hybrid molecule. Based on this hypothesis,
we previously synthesized quinone isoxazole (QI) hybrid
molecules in this laboratory”. There are few quinone
natural product hybrid molecules has been reported in
literature.”> But there are no reports of diaziridinyl
quinone five membered heterocyclic hybrids, as per the
literature search. The promising biological results of
diaziridinylquinone™”" and - thiadiazole  derivatives
motivated us to <synthesize new diaziridinylquinone
heterocyclic hybrids. We herein, report the synthesis of
novel diaziridinylquinone thiadiazole (DAQT) derivatives
as new hybrid molecules to identify more potent biologically
active compounds.

The synthesis starts with the commercially available 2-
hydroxy-5-methoxybenzoic acid 1 (Scheme 1) which was
converted to methyl 2,5-dimethoxybenzoate 2 using
Mel/K,CO3/DMF condition. Compound 2 was treated with
aqueous ammonia in sealed tube at 80 °C for 6 h to obtain
2,5-dimethoxybenzamide 3 in very good yields. The
compound 3 was characterized by '"H NMR and MS data.
The compound 3 on reaction with chlorocarbonyl sulfenyl
chloride in toluene at 80 °C for 6 h gave 2,5-dimethoxy
substituted 1,3,4-oxathiazol-2-one 4. The compound 4 was
characterized by '"H NMR and MS data. M+1 peak at 240 in
the MS spectra along with 'H NMR data indicate the

product formation. We did not observe any isomer
formation in the reaction. The key step nitrile sulfide
cycloaddition reaction*® of 1,3,4-oxathiazol-2-one 4 with p-
toluenesulfonylcyanide =~ was  performed in  1,2-
dichlorobenzene at 165 °C for 2 h to obtain p-tosyl
substituted thiadiazole derivative 5. The nitrile sulfides
generated in situ by thermal decomposition of 1,3,4-
oxathiazol-2-one 4 reacted with dipolarphile tosyl cyanide
in a 1,3-dipolar cyclization reaction to - provide the
thiadiazole  intermediate containing a labile 5-tosyl
substituents. No side product was observed during the
cycloaddition reaction as determined by LC-MS analysis.
The compound 5 was characterized by spectroscopic
analysis. '"H NMR shows peak at 2.4 & corresponds to
methyl proton and two singlets at 3.8 & correspond two
methoxy groups. MS analysis shows M+1 peak at 377
which confirmed the formation of compound 5.
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Scheme 1: Synthesis of tosyl substituted thiadiazole derivative

After obtaining the key intermediate 5, we want to explore
the displacement reaction with various nitrogen
nucleophiles. Thus, treatment of compound 5 with pyrazole
6a in presence of K,;COs/DMF at room temperature gave
the 5-pyrazolyl-3-phenyl thiadiazole derivative 7a in good
yield (Scheme 2). The compound 7a on oxidation using
cerium ammonium nitrate in acetonitrile/water (1:1) at
room temperature for 1 h gave quinone thiadiazole hybrid
derivatives 8a in very good yield. The compound 8a was
characterized by 'H NMR, "°C NMR, and HRMS data. The
characteristic quinone proton at 6.9 & in "H NMR spectrum
confirms the oxidation of compound 7a to generate
compound 8a. IR spectrum of the compound 8a shows the
carbonyl peaks at 1655 cm'. The two carbonyl peaks at
187.3 and 183.8 & in "C NMR spectrum validate the
benzoquinone moiety. All the benzoquinones are
characteristic yellowish solid. Finally the aziridine moiety
was introduced into the quinone ring system by reaction of
compound 8a with freshly prepared aziridine*' in the
presence of Cu(OAc), in MeOH at room temperature to
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afford novel diaziridinyl benzoquinone
derivatives 9a as orange solid with good yield (Scheme 2).
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Scheme-2: Synthesis of diaziridinylbenzoquinone thiadiazole derivatives

Figure 2:NOEs and HMBC studies of Compound Sa

In order to confirm the positions of aziridine moiety in
compound 9a, NMR studies were conducted (Fig 2). The
NOESY spectra explain the substitution regioselectivity in
compound 9a. We utilized Heteronuclear Multiple Bond
Correlation (HMBC) to obtain proton-carbon long

thiadiazole

distance couplings over 2 to 3 bonds. HMBC
spectroscopy of 9a where the delay in pulse sequence was
optimized for 8 Hz shows both two and three bond
coupling cross peaks. Absence of correlation of proton
(H7, 6.055 ppm) to the C-2 (114.824 ppm) confirmed the
structure of 9a with aziridine moiety at 3-position and 6-
position respectively. NOESY data also supported the
structure by showing special correlation of H7 (6.055
ppm) proton with one of the aziridine moiety C8 and C8a.

Once the reaction condition was standardized,
various highly substituted nitrogen heterocycles were
subjected to displacement reaction to give the compounds
7a-7j (Table 1). We followed the same two step synthetic
protocol to obtain diaziridinyl benzoquinone thiadiazole
derivatives 9a-9j. All the compounds 9a-9j was well
characterized by 'H NMR; IR, MS and *C NMR. The
purity of the diaziridinyl benzoquinone thiadiazole
derivatives was obtained by HPLC analysis. It is
noteworthy to mention here that previously inaccessible
triazole, 5-phenyl-pyrazole and azaindole analogues were
synthesized in moderate yield (entries 9, 6 and 10). As
indicated in Table 1, triazole substituted quinone gave the
aziridine product in very low yield. Although, 5-
pyrazolyl-3-phenyl thiadiazole derivatives having both
alkyl as well aryl substituted pyrazole are undergoing the
two step reaction protocol smoothly to generate
diaziridinyl benzoquinone thiadiazole derivatives, it was
observed that aryl substitution gave better yield compared
to alkyl group.
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Table 1: Synthesis of 2, 5-diaziridinyl-quinone-1,2,4-thiadiazole derivatives
Sl. No  3,5-diaryl-1,2,4-thiadiazole Yield(%) Quinone-1,2,4-thiadiazole Yield(%) 2,5-Diaziridinyl-quinone- Yield(%)
ybrlds 1,2,4-thiadiazole derivatives
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Conclusion: Acknowledgements:

In conclusion, we developed an efficient and simple method
to synthesize the diaziridinyl benzoquinone thiadiazole
derivatives using nitrile sulfide cycloaddition and oxidation
reactions as key steps in good yields. We believe that this
methodology will find a wide spread application for synthesis
of aziridine quinone and its derivatives. The biological
activities of these synthesized compounds for potential
antitumor application is undergoing in our group.

Authors are grateful to GVK Biosciences Pvt. Ltd., for the
financial support and encouragement. Help from the
analytical department for the analytical data is appreciated.
We thank Dr. Sudhir Kumar Singh for his invaluable
support and motivation.
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Supplementary Material

The spectroscopic data (experimental procedure, 'H NMR,
BC NMR, IR and HRMS) associated with this article can be
found in the online version

References

1. Mans, R.A.; Van Maanen, J. M. S.; Lafleur, M. V. M_;
Van Schaik, M. A.; Pinedo, H. M.; Lankelma, J. Br. J.
Cancer 1990, 62, 54.

2. (a) Itahara, T. J. Org. Chem. 1985, 50, 5546; (b) Hadden,
K. M.; Hill, S. A.; Davenport, J.; Matts, R. L.; Blagg, B. S.
J. Bioorg. Med. Chem. 2009, 17, 634.

3. Inoshita,S.; Uzu, K.; Nakano, M.; Shimizu, A.; Ahasha,
T.; Atszi, M. J. Med. Chem. 1971, 14, 103.

4. Bachur, N. R.; Gordon, S. L.; Gee, M. V. Cancer Res.
1978, 38, 1745.

5. (a) Lown, J. W_; Begleiter, A.; Johnston, D.; Morgan, A.
R.; Can. J. Bio Chem, 1976, 54 110; (b) Doroshow, J. H.
Proc. Nat. Acad. Sci. USA. 1986, 83, 4514.

6. King, C. L.; Hittelman, W. N.; Loo. T. L. Cancer Res.
1984, 44, 5634.

7. Yang, Y, P.; Kuo, H. S.; Tsai, H. D.; Peng, Y. C.; Lin, Y.
L. Breast Cancer Res 2005, 7, R19.

8. Robert H. J. Hargreaves, John A. Hartley and John Butleri,
Frontiers in Bioscience, 2000, 5, e172.

9. Surov, A. O.; Bui, C. T.; Proshin, A. N.; Roussel, P.;
Idrissi, A. J. Phy. Chem. B 2013, 117, 10414

10. Li, Y.; Geng, J.; Liu, Y.; Yu, S.; Zhao, G. Chem. Med.
Chem. 2013, 8, 27.

11. Unangst, P. C.; Shrum, G. P.; Connor, D. T.; Dyer, R.
D.; Schrier, D. J. J. Med. Chem. 1992, 35, 3691.

12. Song, Y. T.; Connor, D. T.; Sercel, A.D.; Sorenson, R.
J.;Doubleday, R.; Unangst, P. C.; Roth, B: D.; Beylin, V.
G.; Gilbertsen, R. B.; Chan, K.; J. Med. Chem. 1999, 42,
1161.

13. Kohara, Y.; Kubo, K.; Imamiya, E.; Wada, T.; Inada,
Y.; Naka, T. J. Med. Chem. 1996, 39, 5228.

14. Hara, R.; Sakamoto, K.; Hisamichi, H.; Nagano, N. J.
Antibiot. 1996, 49, 1162.

15. Ishikawa, T.; lizawa, Y.; Okonogi, K.; Miyake, A. J.
Antibiot. 2000, 53, 1053.

16. Castro, A.; Castan, T.; Encinas, A.; Porcal, W.; Gil, C.
Bioorg. Med. Chem: 2006, 14, 1644.

17. Kumar, D.; Maruthi Kumar, N.; Chang, K. H.; Shah, K.
Eur. J. Med. Chem. 2010, 45, 4664.

18. Macleod, A. M.; Baker, R.; Freedman, S. B.; Patel, S.;
Merchant, K. J.; Roe, M.; Saunders, J. J. Med. Chem. 1990,
33,2052.

19. Martinez, A.; Fernandez, E.; Castro, A.; Conde, S.;
Rodriguez-Franco, I.; Bannos, J. E.; Badfa, A. E. Eur. J.
Med. Chem. 2000, 35, 913.

20. Alonso, M.; Martinez, A. Curr. Med. Chem. 2004, 11,
755.

21. Ren, F.; Deng, G.; Wang, H.; Luan, L.; Meng, Q.; Xu,
Q.; Xu, H.; Xu, X.; Zhang, H.; Baowei, Z.; Li, C.; Guo, T.
B.; Yang, J. Zhang, W.; Zhao, Y.; Jia, Q.; Lu, H.; Xiang, J.
N.; Elliot, J. D.; Lin, X. J. Med. Chem. 2012, 55, 4286.

22. Ravi Kumar, P.; Behera, M.; Raghavulu, K.; Jaya Shree,
A.; Yennam, S.; Tetrahedron Lett. 2012, 53, 4108

23. (a) Dewick, P. M. Medicinal Natural Products 2nd Ed.,
Wiley, Chichester, UK, 2002; (b) Teresa, M. V. D.; Pinho e
Melo. Curr. Org. Chem. 2005, 9, 925.

24. a) Tietze, L. F.; Bell, H. P.; Chandrasekhar, S. Angew.
Chem. Int. Ed. 2003, 42, 3996; (b) Mehta, G.; Singh, V.
Chem. Soc. Rev. 2002, 31, 324; (c) Decker, M. Curr. Med.
Chem. 2011, 18, 1464.

25. (a) Alcaide, B.; Almendros, P.; Salgado, N. R.
Tetrahedron Lett. 2001, 42, 1503; (b) Santos, M.; Faria, N.
M. M;; lley, J. ; Coles, S. J.; Hursthouse, M. B.; Martins,
M. L.; Moreira, R. Bioorg. Med. Chem: Lett. 2010, 20, 193.;
(c) Gang, S.; Blagg, B. S.J. Org. Lett. 2005, 7, 2157.

26. (a) Yuta, F.; Domingo, V:; Seiple, I. B.; Gianatassio, R.;
Del Bel, M.; Baran, P. S. J. Am. Chem. Soc. 2011, 133,
3292; (b) Kotha, S.; Mandal, K:; Banerjee, S.; Mobin, S. M.
Eur. J. Org. Chem. 2007, 8, 1244.

27. Kaliappan, K:P.; Ravikumar, V. Org. Biomol. Chem.
2005, 3, 848.

28. Hoppen, S:; Emde, U.; Friedrich, T.; Grubert, L.; Koert,
U. Angew. Chem. Int. Ed., 2000, 39, 2099.

29. Mehta, G.; Ramesh, S. S. Can. J. Chem., 2005, 83, 581.
30. (a) Kano, H.; Ogata, M.; Yukinaga, H. U.S. Patent
3835168, 1974; (b) Kano, H.; Ogata, M.; Yukinaga, H. U.S.
Patent 3933828, 1976.

31. Nepovimova, E.; Uliassi, E.; Korabency, J.; Pena-
Altamira, L. E.; Samez, S.; Pesaresi, A.; Garcia, G. E.;
Bartolini, M.; Andrisano, V.; Bergamini, C.; Fato, R
Lamba, D.; Roberti, M.; Kuca, K.; Monti, B.; Bolognesi, M.
L. J. Med. Chem., 2014, 57, 8576.

32. Skibo, E. B.; Xing, C.; Dorr, R. T. J. Med. Chem., 2001,
44, 3545; (b) Ghodousi, A.; Huang, X.; Chemg, Z.; Skibo,
E. B. J. Med. Chem., 2004, 47, 90; (c) Skibo, E. B.; Islam,
L; Schultz, W. G.; Zhou, R.; Bess, L.; Boruah, R. Synlett
1996, 4, 297; (d) Skibo, E. B.; Xing, C. Biochemistry. 1998,
37, 15199; (e) Labarbera, D. V.; Skibo, E. B. J. Org.
Chem., 2013, 78, 11887; (f) Skibo, E. B.; Jamil, A.; Austin,
B.; Hansen, D.; Ghodousi, A. Org. Biomol. Chem., 2010, 8,
1577; (g) Khdour, O.; Skibo, E. B. Org. Biomol. Chem.
2009, 7, 2140; (h) Hoang, H.; Huang, X.; Skibo, E. B. Org.
Biomol. Chem. 2008, 6, 3059; (i) Labarbera, D. V.; Skibo,
E. B. Bioorg. Med. Chem. 2005, 13, 387; (j) Ghodousi, A.;
Huang, X.; Cheng, Z.; Skibo, E. B. J. Med. Chem., 2004,
47,90.

33. Khan, A. H.; Driscoll, J. S. J. Med Chem. 1976, 19,
313-317.

34. Chou, F.; Khan, A. H.; Driscoll, J. S. J. Med. Chem.
1976, 19, 1302-1308.

35. Gibson, N. W.; Hartley, J. A.; Butler, J.; Siegel, D.;
Ross, D. Mol. Pharmacol. 1992, 42, 531.

36. Eagan, R. T;, Dinapoli, R. P.; Cascino, T. L.;
Scheithauer, B.; O'Neill, B. P.; OFallon, J. R. J Neurooncol
1987, 5, 309

37. Rubin, J; van Hazel, G. A.; Schutt, A. J.; Moertel, C. G.;
O'Connell, M. J. Am. J. Clin. Oncol. 1982, 5, 539.

38. (a) Butler, J.; Hoey, B. M.; Ward, T. H. Biochem.
Pharmacol., 1989, 36, 923; (b) Nemeikaite, A . Céeniené.;



6 Tetrahedron Letters

Sarlauskas, J.; Anuseviius, Z.; Nivinskas, H.; Cénas, N.
Arch. Biochem. Biophys., 2003, 416, 110.

39. (a) Ward, T. H.; Danson, S.; McGown, A. T.et al. Clin.
Cancer Res. 2005, 11, 2695; (b) Hussein, D.; Holt, S. V.;

Brookes, K. E. Br. J. Cancer, 2009, 101, 55; (c) Danson, S.

J.; Johnson,P.; Ward, T. H. Ann. Oncol. 2011, 22, 1653.

40. (a) Unangst, P. C.; Shrum, G. P.; Connor, D. T. J. Het.
Chem. 1993, 30, 357; (b) Crosby, J.; McKie, M. C.; Paton,
R. M.; Ross, J. F. ARKIVOC, 2000, V, 720.

41. Wystrach, V. P.; Kaiser, D. W.; Schaefer, F. C. J. Am.
Chem. Soc., 1955, 77, 5915.



*Highlights

Highlights

e Synthesis of novel diaziridinyl quinone thiadiazole hybrids.
e 1,2,4-Thiadiazole derivatives by nitrile sulfide cycloaddition reaction.

e Preparation of a large set of 3,5-disubstituted thiadiazole derivatives.



