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Abstract—A simple and convenient reduction of 3,4-diamino derivatives of 2,5-thiadiazole-1-oxide to the corresponding 1,2,5-thia-
diazoles has been accomplished using Ph;P and CCly in dichloromethane.

© 2007 Elsevier Ltd. All rights reserved.

3,4-Disubstituted 2,5-thiadiazoles are important hetero-
aryl pharmacophores in drug discovery. For example,
the widely used p-adrenergic antagonist' Timolol® 1, a
drug for ocular hypertension, has a 3,4-disubstituted
1,2,5-thiadiazole motif. Xanomeline> 2 and an H-2
antagonist® 3, which were in early stage clinical develop-
ment, also possess the 1,2,5-thiadiazole motif. Owing to
the importance of this pharmacophore in drug discovery
programs in addition to our own efforts to discover a
CXCR2 antagonist* for anti-inflammatory conditions,
we became interested in the synthesis of 3,4-diamino
derivatives of 1,2,5-thiadiazole 4 from readily available
thiadiazole-1-oxide 4a. Herein we report a simple syn-
thesis of 3,4-diamino substituted 1,2,5-thiadiazoles from
the corresponding thiadiazole-1-oxides through a reduc-
tion procedure using triphenyl phosphine and carbon
tetrachloride.
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Previous reports®> suggest the inability to directly re-

duce thiadiazole 1-oxide to thiadiazole by conventional
methods. The reported synthesis of 3,4-disubstituted
1,2,5-thiadiazole requires two steps from the corre-
sponding thiadiazole-1-oxide (Scheme 1). In general, fol-
lowing introduction of the 3- and 4-substituents by
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Scheme 1. Hydrolysis route.

treatment of readily available 3,4-diethoxy thiadiazole-
1-oxide 5 with various amines and alcohols, acid hydro-
lysis of the resulting sulfoxide 4a results in the formation
of diimine 4b. Subsequent treatment of diimine 4b with
N,N-thiobisphthalimide generates the desired thiadiaz-
ole 4. This Letter demonstrates a more concise approach
to avoid the acid catalyzed hydrolysis of sulfoxide and

4

reintroduction of sulfur, by use of a direct reduction
without ring cleavage.

The known 3.4-diethoxy 2,5-thiadiazole-1-oxide 5 was
treated with phenolic amine 6* to generate the corre-
sponding singly substituted compound 7. Sulfoxide 7
was again treated with the commercially available benz-
yl amine 8 and diisopropylethylamine in methanol to
afford the corresponding diamino-thiadiazole-1-oxide
9. At this stage, we extensively studied the reduction
of diamino thiadiazole-1-oxide 9 to the corresponding
thiadiazole 10 using standard reduction procedures.
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After several unsuccessful attempts, reduction was final-
ly accomplished by treating a solution of monoxide 9 in
dichloromethane with triphenylphosphine, followed by
the drop-wise addition of carbon tetrachloride at
0 °C. The resulting reaction mixture was slowly warmed
to room temperature and then refluxed for 3 h. The
purification of the final thiadiazole was accomplished
by removal of the solvent under vacuum and subsequent
column chromatography or preparative thin layer chro-
matography using methanol and dichloromethane (1:20
ratio) to afford the desired thiadiazole 10 in 85% yield
(Scheme 2).

A plausible mechanism® for the reaction includes the
formation of the intermediate 11, which then undergoes
an elimination of chloride ion and triphenylphosphine
oxide, resulting in the thiadiazole 4 (Scheme 3). Both
the X-ray crystal structure and ab initio theoretical cal-
culations have shown that thiadiazole sulfoxides are
non-aromatic’ and have pyramidal sulfur. The driving
force for this reduction may be the formation of a more
stable, aromatic 1,2,5-thiadiazole.

After successfully developing the reduction procedure, a
number of thiadiazoles (10a-h) were synthesized in good
yield as shown in Table 1. The reduction procedure is
quite compatible with functional groups including
amines, phenols, amides, esters, furans, and thiophenes.
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The following table shows the synthesis of a variety of
thiadiazoles from the corresponding thiadiazole oxides
using the Ph3P/CCl, reduction procedure. The mono-
oxide intermediates (9a to 9h) were prepared from the
corresponding amines**? and 3,4-diethoxy 2,5-thiadiaz-
ole-1-oxide 5 in excellent yield, using the same procedure
described for compound 9. The yields for the reduction
step vary from 72% to 82% in some cases.

In summary, we have accomplished a simple and mild
reduction of 2,5-thiadiazole-1-oxide to the correspond-
ing 1,2,5-thiadiazole using Ph;P and CCl,. A plausible
mechanism has been proposed and can be used for the
synthesis of substituted 1,2,5-thiadiazoles in one step
from the corresponding thiadiazole-1-oxide.

Spectral data: Compound 7: 'H NMR (400 MHz,
DMSO-di): 9.58 (1H, br s), 7.64 (1H, d, J=28.0 Hz),
7.04 (1H, d, J=7.6 Hz), 6.92 (1H, t, J=8 Hz), 4.52
(2H, m), 2.89 (6H, s), 1.42 (3H, t, J=7.0 Hz): LCMS
(m/z): 325.2 (M-I—H)+ 280.2, 234.1; HRMS calcd for
C3H7N40,4S (M+H)™: 325.09705; found: 325.09662.

Compound 9: '"H NMR (400 MHz, DMSO-dg): 9.72
(1H, br s), 8.77 (1H, s), 7.63 (1H, d, J = 7.6 Hz), 7.36-
7.40 (4H, m), 7.27 (1H, s), 7.01 (1H, d, J=7.6 Hz),
6.91 (IH, t, J=7.2Hz), 477 (1H, s), 2.94 (6H, s),
1.84-1.97 (2H, m), 0.935 (3H, t, J= 6.8 Hz): LCMS
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Scheme 2. Reagents and conditions: (i) diisopropylethylamine, CH;O0H, rt, 12 h, 90%; (ii) CH;OH, diisopropylethylamine, rt, 12 h 80%; (iii) PPh;

(3 equiv), CCly, CH,Cl,, 0 °C-reflux, 3 h; 85%.
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Scheme 3. Proposed mechanism for the reduction.
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Table 1. Examples of reduction of 2,5-thiadiazole-1-oxide to 1,2,5-thiadiazole
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(mfz) : 4142 (M+H)*, 351.2,279.2, 233.1; HRMS caled ~ 4.74-4.84 (2H, m), 3.19 (6H, s), 2.06 (1H, m), 1.89
for ChHxuNsO3S (M+H)':  414.15998; found:  (1H, m), 0.95 (3H, t, J=7.2 Hz): *C NMR, (CDCl5):
414.16200. 172.0, 149.1, 147.3, 143.4, 142.6, 130.2, 128.5, 128.5,

127.3, 126.8, 126.8, 120.9, 119.4, 118.6, 116.7, 60.2,
Compound 10: 'H NMR (400 MHz, CDCly): 10.70 (IH,  38.5, 38.5, 29.9, 10.8; LCMS (m/z): 398.2 (M+H)™,
s), 8.19 (1H, d, J=7.6 Hz), 7.2-7.4 (5H, M), 7.16 (IH,  280.2, 235.1; HRMS caled for CooH»sN50,S (M+H)":
s), 6.96 (IH d, J=72Hz), 685 (1H, t, J=8Hz),  398.16507; found: 398.16538.



5282 P. Biju, Y. Yu | Tetrahedron Letters 48 (2007) 5279-5282

Acknowledgements

We thank Dr. Arthur Taveras, Dr. Christopher Boyce,
Dr. Robert Aslanian, and Dr. John Piwinski from the
Schering-Plough Research Institute. We also thank the
NMR and Mass spectral groups of SPRI for the spectral
data.

References and notes

1. (a) Kivikoski, J.; Vepsalainen, J.; Suontamo, R.; Pohjala,
E.; Laatikainen, R. Tetrahedron: Asymmetry 1993, 4, 709—
722; (b) Sorensen, S. J.; Abel, S. R. The Annals of
Pharmacotherapy 1996, 30, 43-54.

2. (a) Ward, J. S.; Merrit, L.; Calligaro, D. O.; Bymaster, F.
P.; Shannon, H. E.; Mitch, C. H.; Whitesitt, C.; Brunsting,
D.; Sheardown, M. J.; Olesen, P. H.; Swedberg, M. D. B;
Jeppesen, L.; Sauerberg, P. J. Med. Chem. 1998, 41, 379—
392; (b) Sauerberg, P.; Olesen, P. H.; Nielsen, S.; Treppen-
dahl, S.; Sheardown, M.; Honore, T.; Mitch, C. H.; Ward,
J. S.; Pike, A. J.; Baymaster, F. P.; Sawyer, B. D.; Shannon,
H. E. J. Med. Chem. 1992, 35, 2274-2283; (c) Quimby, S. J.;
Shannon, H. E.; Bymaster, F. P.; Sauerberg, P.; Olesen, P.
H.; Sheardown, M. J.; Suzdak, P. D.; Mitch, C. H. Bioorg.
Med. Chem. Lett. 1994, 4, 2205-2210.

3. Starrett, J. E., Jr.; Montzka, T. A.; Crosswell, A. R
Cavanagh, R. L. J. Med. Chem. 1989, 32, 2204-2210.

4. (a) Dwyer, M. P.; Yu, Y.; Chao, J.; Aki, C.; Chao, J.; Biju,

P.; Girijjavallabhan, V.; Rindgen, D.; Bond, R.; Mayor-
Ezel, R.; Jakway, J.; Hipkin, R. W.; Fossetta, J.; Gonsi-
orek, W.; Bian, H.; Fan, X.; Terminelli, C.; Fine, J;
Lundell, D.; Merritt, J. R.; Rokoz, L. L.; Kaiser, B.; Li, G.;
Wang, W.; Stauffer, T.; Ozgur, L.; Baldwin, J.; Taveras, A.
G. J. Med. Chem. 2006, 49, 7603-7606; (b) Merritt, J. R.;
Rokoz, L. L.; Nelson, K. H.; Kaiser, B.; Wang, W.;
Stauffer, T.; Ozgur, L.; Schilling, A.; Li, G.; Baldwin, J.;
Taveras, A. G.; Dwyer, M. P.; Chao, J. Bioorg. Med. Chem.
Lett. 2006, 16, 4107-4110; (c) Murphy, P. M.; Tiffany, H. L.
Science 1991, 253, 1280-1282; (d) Walz, A.; Burgener, R.;
Carr, B.; Baggiolini, M.; Kunkel, S. L.; Strieter, R. M. J.
Exp. Med. 1991, 174, 1355-1362; (e) White, J. R.; Lee, J.
M.; Young, P. R.; Hertzberg, R. P.; Jurewicz, A. J,;
Chaikin, M. A.; Widdowson, K. L.; Foley, J. J.; Martin, L.
D.; Griswold, D. E.; Sarau, H. M. J. Biol. Chem. 1998, 273,
10095-10098; (f) Widdowson, K. L.; Elliot, J. D.; Veber, D.
F.; Nie, H .; Rutledge, M. C.; McCleland, B. W.; Xiang,
J. -n.; Jurewicz, A.; White, J. R.; Sarau, H. M. J. Med.
Chem. 2004, 47, 13191321, and references cited therein.

. Algieri, A. A.; Luke, G. M.; Standbridge, R. T.; Brown,

M.; Partyka, R. A.; Crenshaw, R. R. J. Med. Chem. 1982,
25, 210-212.

. Koutentis, P. K.; Rees, C. W. J. Chem. Soc., Perkin Trans.

1 2000, 1081-1088.

. Amato, J.; Karady, S.; Reamer, R. A.; Schlegel, B.;

Springer, J.; Weinstock, L. M. J. Am. Chem. Soc. 1982,
104, 1375-1380.



	A new synthesis of 3,4-disubstituted 1,2,5-thiadiazoles
	Acknowledgements
	References and notes


