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Abstract A novel class of sulfonylurea and thiourea
derivatives substituted with pyridazine and triazolopyrid-
azine were designed and synthesized. The target com-
pounds were assayed for their effects on the insulin release
of alloxan-induced diabetic rats. The results showed that
derivatives 4a, 4c, 8a, 11a, and 11b have significant anti-
hyperglycemic effect in an experimental model of diabetes
mellitus. No significant differences in cholesterol levels
were observed between the diabetic group and diabetic
groups that received the test compounds. However, the
triglycerides level was reduced significantly by compound
8a when compared with the diabetic group.
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Introduction

Non-insulin-dependent diabetes mellitus (NIDDM, type
2 diabetes) is a condition characterized by chronic
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hyperglycemia and a relative insulin deficiency. The
kinetics of insulin secretion are changed with reduced or
absent acute insulin release in response to stimulation by
meals or glucose (Defronzo et al., 1983), NIDDM has also
been associated with an increased risk for premature
arteriosclerosis due to increase in triglycerides and low-
density lipoprotein levels and increased levels of alkaline
phosphate and transaminases (Shanmugasundaram et al.,
1983).

About 70-80 % of deaths in diabetic patients are due
to vascular disease. An ideal treatment of diabetes would
be a drug that not only controls the glycemic levels but
also prevents the development of arteriosclerosis and
other complications of diabetes (Haliwell and Gutteridge,
1985).

Over the last forty years oral therapy for type 2 diabetes
has focused on sulfonylureas and biguanides (Defronzo,
1999; Kecskemeti et al., 2002). Sulfonylurea drugs
improve glucose levels by stimulating insulin secretion by
the pancreatic B-cells (Jawale et al., 2012). Also, several
studies have focused on changing the urea group with its
bioisosterist thiourea to check the change of hypoglycemic
activity (Zhang et al., 2009; Faidallah et al., 2011).
Recently, compounds containing the pyridazine nucleus
have been reported as aldose reductase (AR) inhibitors
(Coudert et al., 1991; Costantino et al., 2000). It has been
considered worthwhile to attach a pyridazine ring to sul-
fonylurea derivatives.

In the present study, some novel pyridazine and triazo-
lopyridazine substituted sulfonylurea and thiourea deriva-
tives were synthesized from corresponding sulfonamide
derivatives. These were characterized by elemental analy-
sis and various spectroscopic methods. Oral antihypergly-
cemic and hypolipidemic activities were assessed for some
derivatives in normal and alloxan-induced rats.
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Materials and methods
Chemistry

All melting points were determined in open glass capil-
laries and are uncorrected. IR spectra were recorded on a
BRUKER Vector 22 Germany spectrometer (KBr). 'H-
NMR spectra were recorded on Varian Gemini 200 MHz
spectrometer and '>C-NMR spectra on JMS-AX500
(125 MHz), using tetramethylsilane (TMS) as an internal
reference. The Electron Impact mass spectra were obtained
at 70 eV using Shimadzu QP-2010 Plus mass spectrometer.
The reactions were followed up by thin layer chromatog-
raphy (TLC) on silica gel Fps4 aluminum sheets (Merck),
the spots were detected by UV lamp at 254-365 nm. The
synthesis of 4,5,6-triphenylpyridazine-3(2H)-thione (1a)
(Deeb and Said, 1990), ethyl 5,6-diphenylpyridazine-
3(2H)-thione (1b) (Radwan and Bakhite, 1990), and 6,7,8-
triphenyl-[1,2,4]triazolo[4,3-b]pyridazine-3-thiol (5) (Deeb
et al, 2005) were conducted according to known
procedure.

Preparation of pyridazine-3-sulfonylchloride
derivatives (2a, b)

To a solution of 3-mercapto derivatives (1a, b) (2.9 mmol)
in acetic acid (19 mL) and water (1 mL), chlorine gas was
bubbled at 0 °C for 1 h. The reaction mixture was poured
into water (250 mL) portion-wise with stirring, the pre-
cipitate was filtered, washed with water several times and
dried to give 3-sulfonylchloride derivatives (2 a, b) yield
92 and 84 %, respectively. The respective crude sulfonyl-
chloride, was used in the next step without further
purification.

Preparation of pyridazine-3-sulfonamide
derivatives (3a, b)

A mixture of 3-sulfonylchloride (2a, b) (2.46 mmol) and
ammonium hydroxide (20 mL), was stirred at room tem-
perature for 12 h then refluxed for 30 min. The solution
was filtered on hot and the filtrate was neutralized with
6 N HCI. The solid product formed was filtered, washed
with water, and recrystallized from ethanol.

4,5,6-Triphenylpyridazine-3-sulfonamide (3a) White crys-
tals, yield 40 %, mp 198-200 °C; IR (KBr, cmfl): 3,393,
3,239 (NH,), 3,038 (CHaom), 1,338, 1,144 (SO,), MS
mlz (%): 387 [M*] (75.61), 323 [M" —-S0,] (40.0), 307 [M*
—SO,NH,] (32.0), '"H-NMR (DMSO-dy), 6 = 7.8-7.5 (m,
15H, 3Ph), 2.7 (s, 2H, NH,), "*C-NMR (DMSO-dy): § (ppm):
158.9 (C-6), 157.9 (C-3), 135.4 (C-4), 134.7(C-5), 134.5(C-
6), 133.7(C-5"), 132(C-4), 128.2, 127.7, 126.5(3Ph). Anal.
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Calcd. for C5,H7N505S; C, 68.20; H, 4.42; N, 10.85. Found:
C, 68.05; H, 4.30; N, 10.70.

Ethyl 5,6-diphenyl-3-sulfamoylpyridazine-4-carboxylate (3b)
White crystals, yield 45 %, mp 190-192 °C, IR (KBr,
em™Y): 3,420, 3,320 (NH,), 2,922 (CHatiph), 3,055(CHgrom ),
1,723 (C=0), 1,375, 1,110 (SO,), MS m/z (%): 382 [M*]
(1.27), 368[M ™ -NH,] (1.47), 264 (100), "H-NMR (DMSO-
dg), 6 = 7.8-7.5 (m, 10H, 2Ph), 3.9 (q, 2H, CH,), 2.7 (s,
2H, NH,), 1.8 (t, 3H, CH3). >C-NMR (DMSO-dy) & (ppm):
166.9 (C=0), 159.7 (C-3), 159 (C-6), 139 (C-5'), 136.1(C-
5), 134(C-6), 129.2, 128.7, 127.5 (2Ph), 124.3 (C-4),
61.9(CH,), 14.1(CHy).

Anal. Calcd for CoH7N30,4S: C, 59.52; H, 4.47; N,
10.96. Found: C, 59.40; H, 4.32; N, 10.80.

General procedure for the preparation of substituted
pyridazine-3-sulfonylureas (4a, c)

To a solution of sulfonamide derivatives 3a, b (2.6 mmol)
in benzene (20 mL), phenyl isocyanate (0.31 g, 2.6 mmol)
and potassium hydroxide (0.146 g, 2.6 mmol) were added,
the reaction mixture was refluxed for 5 h. The solvent was
evaporated under reduced pressure; the residue was dis-
solved in water and neutralized with HCI. The solid
product was filtered, dried, and recrystallized from ethanol.

4,5,6-Triphenylpyridazine-3-sulfonyl-N-phenyl urea (4a) Yel-
low crystals, yield 84.6 %, mp 262-264 °C, IR (KBr,
em™h): 3,317, 3,450 (NH), 1,642 (C=0), 1,339, 1,107
(SO,), MS m/z (%): 506 [M*] (0.51), 429 [M* —Ph] (0.01),
369[M™ —urea] (0.45), 55 (100); '"H-NMR (DMSO-dj)
0 = 8.4(s, 2H, NHCONH), 7.53-7.32 (m, 15H, 3Ph),
7.06-7.01 (m, SH, NHPh). 3C-NMR (DMSO-dg) § (ppm):
158.9 (C-6), 157.9 (C-3), 151(C=0), 138.4 (NHCg¢Hj5),
135.4 (C-4), 134.7 (C-5), 134.5 (C-6'), 133.7 (C-5"), 132
(C-4), 128.2, 127.9, 127.7, 127, 126.5 (4Ph), 120.6 (C-2/,
NHPh). Anal. Calcd for C50H,,N,O5S: C, 68.76; H, 4.38;
N, 11.06. Found: C, 68.60; H, 4.20; N, 10.87.

Ethyl 3-(sulfonyl-N-phenyl urea)-5,6-diphenylpyridazine-
4-carboxylate (4c) White crystals, yield 76.9 %, mp
241-242 °C, IR(KBr, cm™'): 3,390, 3,274 (2NH), 3,030
(CHyrom)» 2,918 (CHyjipn), 1,783 (C=0 ester), 1,680 (C=0
amide), 1,310, 1,144 (SO,), MS m/z (%): 502 [M*]
(65.22), 501 [M™-1] (63.39),455 [M" —OC,Hs] (67.51),
173 (100), 'H-NMR (DMSO-ds), o = 8.72(s, 2H,
NHCONH), 7.5-7.3(m, 10H, 2Ph), 7.06-7.01(m, 5H,
NHPh), 3.38(g, 2H, CH,), 1.3(t, 3H, CHj). *C-NMR
(DMSO-dg) 6 (ppm): 164.9 (C=0, ester), 157.7 (C-3), 157
(C-6), 151 (C=0, amide), 138.4 (C-1, NHPh), 137(C-5'),
134.1(C-5), 132 (C-6), 128.2, 127.9, 127.7, 127, 126.5
(3Ph), 123.3(C-4), 120.6 (C-2, NHPh), 61.9 (CH,), 15.1
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(CHs). Anal. Calcd for C,6H,oN4OsS: C, 62.14; H, 4.41; N,
11.15. Found: C, 62.01; H, 4.26; N, 10.90.

Preparation of 4,5,6-triphenyl pyridazine-3-sulfonyl-N-
ethyl thiourea (4b)

Sulfonamide derivative 3a (1.0 g, 2.6 mmol), ethyl isothi-
ocyanate (0.23 g, 2.6 mmol), and potassium hydrox-
ide(0.146 g, 2.6 mmol) were refluxed in benzene for 5 h,
the solvent was evaporated under reduced pressure, and the
residue was dissolved in water and neutralized with HCIL.
The solid product was filtered, dried, and recrystallized
from ethanol to give (4b). Yellow crystals, yield 75.0 %,
mp 286-288 °C, IR (KBr, cm™'): 3,404, 3,350 (NH), 3,080
(CHarom.)> 2,917 (CHaiiph), 1,368, 1,150 (SO»), 1,246 (C=S),
MS m/z (%): 474 [M1] (0.02), 387 [M" -C,H5NCS] (0.10),
339 (100), "H-NMR (DMSO-dy), 6 = 7.48-7.23 (m, 10H,
2Ph), 4.43 (q, 2H, NHCH,CH3;), 4.3 (q, 2H, CH,CH,), 3.5
(s, 2H, NHCSNH), 1.8-1.75 (m, 6H, 2CH;), "*C-NMR
(DMSO-dg) ¢ (ppm): 186.2 (C=S), 161.9 (C-6), 160.9 (C-
3), 138.4 (C-4"), 137.7 (C-5), 137.5 (C-6'), 136.7 (C-5), 135
(C-4), 131.2, 130.7, 129.5 (3Ph), 42 (CH,), 17.2 (CHj).
Anal. Calcd for C25H22N402Szl C, 6327, H, 467, N, 11.80.
Found: C, 63.10; H, 4.50; N, 11.65.

Preparation of 6,7,8-triphenyl-[1,2,4]triazolo[4,3-
b]pyridazine-3-sulfonylchloride (6)

To a solution of 3-mercapto derivative (5) (1.0 g, 2.6 mmol)
in acetic acid (19 mL) and water (1 mL), chlorine gas was
bubbled at 0 °C for 1 h, then the reaction mixture was added
to water drop wise with stirring, the formed precipitate was
filtered, washed with water several times and dried, yield
90.5 %.

Preparation of 6,7,8-triphenyl-[1,2,4]triazolo[4,3-
b]pyridazine-3-sulfonamide (7)

A mixture of sulfonylchloride 6 (1.0 g, 2.2 mmol) and
ammonium hydroxide (20 mL), was stirred for 12 h then
refluxed for 30 min. The reaction mixture was filtered while
hot and the filtrate was neutralized with 6 N HCI. The solid
product was filtered, washed with water and recrystallized
from ethanol to give the corresponding sulfonamide 7. Yield
60 %, mp 180-182 °C. IR(KBr, cm_l): 3,361, 3,200 (NH,),
3,038 (CHyrom.), 1,360, 1,168 (SO»), MS m/z (%): 428 [M™
+11(16.83), 427 [M1](49.05), 347 [M' —SO,NH,] (21.38),
426 (100), '"H-NMR (DMSO-dy), d = 7.8-7.5 (m, 15H,
3Ph), 2.72 (s, 2H, NH,), *C-NMR (DMSO-dy) & (ppm):
158.7 (C-6),153.1(C-8'),150(C-3), 138.4 (C-8"), 138 (C-8),
137.4 (C-7), 136.7 (C-7"), 135 (C-6'), 131.2, 130.7, 129.5
(3Ph). Anal. Calcd for C53H;7N50,S: C, 64.62; H, 4.01; N,
16.38. Found: C, 64.48; H, 3.87; N, 16.24.

Preparation of 6,7,8-triphenyl-[1,2,4]triazolo[4,3-
b]pyridazine-3-sulfonyl-N-phenylurea (8a)

To a solution of sulfonamide derivative 7 (1.0 g, 2.3 mmol)
in benzene (20 mL), phenyl isocyanate (0.28 g, 2.3 mmol)
and potassium hydroxide (0.131 g, 2.3 mmol) were added,
the reaction mixture was refluxed for 6 h. The solvent was
evaporated under reduced pressure, the residue was dis-
solved in water and neutralized with HCI. The solid product
was filtered, dried, and recrystallized from ethanol to give
8a. Yield 78.0 %, mp 236-238 °C, IR (KBr, cm™"): 3,400,
3,335 (NH), 3,052 (CHgyom.), 1,627 (C=0), 1,273, 1,148
(SO,), MS mlz (%): 546 [M*] (0.06), 548 [M* —Ph], (0.02),
439 (100), "H-NMR (DMSO-dy), 5 = 7.8 (s, 2H, NHCONH),
7.09-6.8(m, 15H, 3Ph), 6.7-6.4(m, 5H, NHPh). '*C-NMR
(DMSO-dg) ¢ (ppm): 157.7 (C-6), 153 (C=0), 152.1 (C-8'),
149 (C-3), 140.4 (C-1, NHPh), 137.4 (C-7), 137 (C-8),
136.4 (C-7), 135.7 (C-7), 134 (C-6'), 130.2, 129.9, 129.7,
129, 128.5 (4-Ph), 122.6 (C-2, NHPh). Anal. Calcd for
C30H22NGO3SZ C, 6592, H, 406, N, 15.38. Found: C,
65.78; H, 3.89; N, 15.20.

Preparation of N-(ethylcarbamothioyl)-6,7,8-triphenyl-
[1,2,4]triazolo[4,3-b [pyridazine-3-sulfonamide (8b)

To a solution of sulfonamide derivative 7 (1.0 g, 2.3 mmol)
in benzene ethyl isothiocyanate (0.31 g, 2.3 mmol) and
potassium hydroxide (0.131 g, 2.3 mmol) were added, the
reaction mixture was then refluxed for 6 h, then solvent was
evaporated to dryness at reduced pressure, residue was
triturated with water, neutralized with HCI, filtered, dried,
and recrystalized from Ethanol to give 8b. Yield (75.0 %),
m.p. 198-200 °C, IR (KBr, cm™'): 3,423, 3,257(NH), 3,073
(CHarom)s 2,929 (CHajipn.), 1,333, 1,146 (=SO,), 1,289
(—C=S), MS m/z (%): 514 (M™, 0.04), 437(M+—Ph, 0.03),
486(MT—CH,CHj, 0.03), 426(100), "H-NMR (DMSO-dj),
0 = 7.58-7.35 (m, 15H, 3Ph), 3.48 (s, 2H, NHCSNH), 4.43
(q 2H, NHCH,CHj3), 1.8 (t, 3H, CH3), '*C-NMR (DMSO-
dg) 0 (ppm): 185.2 (C=S), 157.7 (C-6), 152.1 (C-8'), 149
(C-3), 137.4 (C-8"), 137 (C-8), 136.4 (C-7), 135.7 (C-7"),
134 (C-6'),130.2, 129.7, 128.5 (3Ph), 41 (CH,), 16.2 (CH3).
Anal. Calcd for C26H22N602521 C, 6068, H, 431, N, 16.33.
Found: C, 60.50; H, 4.15; N, 16.18.

General procedure for the preparation of sulfonylurea
derivatives (11a, b)

To a solution of sulfonamide derivatives 10a, b (2.3 mmol)
in benzene (20 mL), phenyl isocyanate (2.3 mmol) and
potassium hydroxide (2.3 mmol) were added. The reaction
mixture was refluxed for 6 h. The solvent was evapo-
rated under reduced pressure, the residue was dissolved in
water (10 mL) and neutralized with HCI. The solid product
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was filtered, dried, and recrystallized from ethanol to give
(11a, b).

4-((4-Cyano-5,6-diphenylpyridazin-3-yl)amino)-N-(phenylc-
arbamoyl)benzenesulfonamide (11a) Yellow crystals,
yield 86.6 %, mp 220-222 °C, IR (KBr, cm_l): 3,404,
3,259, 3,117 (NH), 3,055(CHgom.), 2,215 (CN), 1747
(C=0), 1,338, 1,149 (SO,); MS miz (%): 547 M+ +1]
(9.6), 453 M —PhNH] (13.73), 427 [MT —CONHPh]
(41.49), 57 (100), "H-NMR (DMSO-d,), d = 3.8(s, 1H,
NH), 8.4(s, 2H, NHCONH),7.89-7.8(m, 10H, 2Ph),
7.73-7.43(m, 5H, NHPh), 7.42-7.26(m, 4H, CcH,). Bc-
NMR (DMSO-dy) 6 (ppm): 164.4 (C-3), 153 (C=0), 152
(C-6), 145.1(C-5), 140.4(C-1", NHCONHPh), 134 (C-6'),
133.2 (C-5"), 131(C-3’, NHC4H,), 130.2, 129.9, 129.7, 129,
128.5, 122.6, 114.8 (4Ph), 113.7 (CN), 98.8 (C-4). Anal.
Caled for C3gH,oNgOsS: C, 65.92; H, 4.06; N, 15.83.
Found: C, 65.77; H, 3.91; N, 15.20.

Ethyl 5,6-diphenyl-3-((4-(N-(phenylcarbamoyl)sulfamoyl)
phenyl)amino)pyridazine-4-carboxylate (11b) Yellow
crystals, yield 72 %, mp 278-280 °C, IR (KBr, cmfl):
3,330, 3,250 (NH), 3,055 (CHurom), 2,920 (CHyjipn), 1,711
(C=0 ester), 1,662 (C=0 amide), 1,394, 1,152 (SO,), MS
mlz (%): 592[M* —1] (0.21), 564 [M* —C,Hs] (0.21), 472
[MT —CONHPh] (0.24), 457 [M* -NHCONHPh] (0.22),57
(100); "H-NMR (DMSO-d,), 6 = 8.74(s, 2H, NHCONH),
7.38-7.33 (m, 10H, 2Ph), 7.06-7.01(m, 5H, NHPh), 3.42
(q, 2H, CH,), 1.9 (t, 3H, CH3). *C-NMR (DMSO-d;) ¢
(ppm): 164.9 (C=0, ester), 158.2 (C-3), 151(C=0, amide),
143.2 (C-6), 143.1(C-1', NHC¢H,), 1384 (C-17,
NHCONHPh), 137 (C-5"), 136.1 (C-5), 132(C-6'), 129.8,
129, 128.2, 127.9, 127.7,127, 126.5, 120.6 (4Ph), 111.6 (C-
4), 609(CH2), 141(CH3) Anal. Calcd for C32H27N505S:
C, 64.74; H, 4.58; N, 11.80. Found: C, 64.60; H, 4.43; N,
11.65.

General procedure for the preparation of
sulfonylthiourea derivatives (11c, d)

To a solution of sulfonamide derivatives 10a, b (2.3 mmol)
inbenzene (20 mL), ethylisothiocyanate (0.25 g,2.3 mmol)
and potassium hydroxide (0.12 g, 2.3 mmol) were added;
the reaction mixture was refluxed for 6 h.; the solvent was
evaporated under reduced pressure; and the residue was
dissolved in water and neutralized with HCl. The solid
product was filtered, dried, and recrystallized from ethanol to
give (11c, d).

4-((4-cyano-5,6-diphenylpyridazin-3-yl)amino)-N-(ethylcar
bamothioyl) benzenesulfonamide (11c) White crystals,
yield 80.4 %, mp 208-210 °C, IR (KBr, cm_l): 3,396,
3,329, 3,281 (NH), 2,215 (CN), 1,327, 1,145 (SO,), 1,217
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(C=S), MS m/z (%): 482 [M"] (19.93), 452 [M* —CH,CH5;]
(15.24), 426 [MT —CN, —CH,CH;] (100.0), '"H-NMR
(DMSO-dy), 6 = 7.58-7.43 (m, 10H, 2Ph), 7.48-7.35 (m,
4H, C¢Hy), 4.4 (s, 1H, NH), 4.43 (q, 2H, NHCH,CH3), 3.5
(s, 2H, NHCSNH), 1.82 (t, 3H, CH;), ">*C-NMR (DMSO-
dg) 0 (ppm): 183.2 (C=S), 162.4(C-3), 150 (C-6), 143.1 (C-
1), 132 (C-6), 131.2 (C-5"), 129, 128.2, 127.7, 126.5 (4Ph),
112.8 (CN), 96.8 (C-4), 41 (CH,), 16.2 (CH3). Anal. Calcd
for C,6H2oNg0,S5: C, 60.68; H, 4.31; N, 16.33. Found: C,
60.50; H, 4.15; N, 16.17.

Ethyl 3-((4-(N-(ethylcarbamothioyl)sulfamoyl)phenyl)amino)-
5,6-diphenylpyridazine-4-carboxylate (11d) White crys-
tals, yield 67 %, mp 268-270 °C, IR (KBr, cmfl): 3,561,
3,435 (NH), 3,061 (CHyrom.), 2,918 (CHyiipn), 1,712 (C=0
ester), 1,400 (C=S), 1,360, 1,150 (SO,), 'H-NMR (DMSO-
dg), 0 = 7.58-7.43 (m, 10H, 2Ph), 7.48-7.35 (m, 4H,
CeHy), 4.4 (s, 1H, NH), 4.32 (q, 2H, NHCH,CH,), 4.25 (q,
2H, CH,CHj3), 3.51 (s, 2H, NHCSNH) 1.83-1.75 (m, 6H,
2CH3), *C-NMR (DMSO-dy) d (ppm): 186.2 (C=S), 167.9
(C=0), 161.2 (C-3), 146.2 (C-6), 140 (C-5'), 139.1 (C-5),
135 (C-6), 132, 131.2, 130.7, 129.5, 115.8(3Ph), 114.6
(C-4), 62.9 (OCH,), 41 (NHCH,), 16.2(NHCH,CH,),
14.1(0CH,CH3). MS m/z (%): 560 [M" —1] (6.08), 43
(100), Anal. Calcd for C,gH,7N50,4S: C, 59.87; H, 4.85; N,
12.47. Found: C, 59.70; H, 4.71; N, 12.32.

Preparation of 4-((4-cyano-5,6-diphenylpyridazin-3-yl)
amino)-N-(phenylcarbamothioyl)benzenesulfonamide (11e)

Sulfonamide derivative 10a (1.0 g,2.3 mmol), phenyl iso-
thiocyanate (0.31 g, 2.3 mmol), and potassium hydroxide
(0.13 g, 2.3 mmol) were refluxed in benzene (20 mL) for 6 h.
The solvent was evaporated under reduced pressure; the res-
idue was dissolved in water and neutralized with HCI. The
solid product was filtered, dried, and recrystallized from
acetone to give 1le, white crystals, yield 80.6 %, mp
203-205 °C, IR (KBr,cm'): 3,400, 3,350,3,277 (NH), 2,215
(CN), 1,229 (C=S), 1,324, 1,147 (SO,), '"H-NMR (DMSO-dy),
0 = 7.8-6.81(m, 19H, ArH), 4.4 (s,2H, NHC¢H,, NHPh), 3.5
(s, 1H, NHCSNHPh), '*C-NMR (DMSO-d,) J (ppm): 182.2
(C=S), 161.4 (C-3), 149 (C-6), 142.1 (C-5), 136.5 (C-1",
NHCSNHPh), 131 (C-6'), 130.2 (C-5'), 129.8, 128, 127.2,
127,126.7,126.4,125.5,124.5 (4Ph), 111.7 (CN), 95.8 (C-4).
MS mlz (%): 562 [M"] (7.32), 426 [M* —CN, —Ph] (100.0),
Anal. Calcd for C5oH,,NeO,S,: C, 64.04; H, 3.49; N, 14.94.
Found: C, 63.84; H, 3.81; N, 14.80.

Results and discussion

The sulfonylurea derivatives as the target compounds
depicted in (Scheme 1) were obtained by allowing the
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Scheme 1 Synthesis of derivatives 2, y, 34, 4a—c, 6, 7, and 8, ;,. Reagents
and iv RNCX, C¢Hg, KOH

pyridazinethione derivatives (1a, b) (Deeb and Said, 1990;
Radwan and Bakhite, 1990) to oxidatively chlorinate with
chlorine gas in the presence of 90 % acetic acid at 0 °C, the
corresponding sulfonyl chlorides (2a, b) were obtained. In
the same manner, triazolopyridazine-3-sulfonyl chloride
(6) was prepared starting from triazolopyridazine-3-thiol
(5) (Deeb et al., 2005).

Because of the instability of sulfonyl chlorides, the
crude products of sulfonyl chloride derivatives 2a, b and 6
were converted directly to the more stable sulfonamides 3
and 7 by treatment with aqueous ammonia. The sulfonyl
chloride derivatives 2 and 6 were identified by their cor-
responding sulfonamides 3 and 7. The IR spectra of 3 and 7

Ph
N
—_—
N/
S NP \(
7
v
Ph

Ph_~ /N\N
~ N/
Ph” N7 X
SO,NHCNHR
8a,b
a,R=Ph , X=0
b,R=Et X=S

s

and conditions i Cl,, AcOH, H,O; ii NH,OH; iii R'NCX, C¢Hg, KOH;

are characterized by bands at 3,300-3,200 cm_l(NH), and
characteristic absorption bands in the regions of
1,134-1,152 and 1,358-1,377 cm”! corresponding  to
symmetrical and asymmetrical vibrations of SO, group.
Compound 3b shows an additional carbonyl band at
1,740-1,720 cm™ " these sulfonamide derivatives 3 and 7
on further treatment with phenyl isocyanate and with ethyl
isothiocyanate in dry benzene containing KOH yield the
desired substituted sulfonylureas (4a—c) and (8a, b). These
were characterized by elemental analysis and various
spectroscopic methods such as IR, IH-NMR, and MS.
Finally, for further extension of SAR study, we aimed to
synthesize a new series of sulfonylureas (1la—e) to
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investigate the effect of the aniline group which is posi-
tioned para to the sulfone group and sulfonylurea deriva-
tives to study the effect of this modification upon the
required activity as antidiabetic agents.

The synthesis of 4-(4-cyano-5, 6-diphenylpyridazin-3-
ylamino)benzene sulfonamide (10a) was prepared using a
previously described method (El-Mariah et al., 2009)
wherein 4-aminobenzene sulfonamide was condensed with
3-chloro-4-cyano-5,6-diphenylpyridazine (9a).

Similarly, ethyl 3-chloro-5,6-diphenylpyridazine-4-car-
boxylate (9b) (Schmidt and Druey, 1954) reacted with
4-aminobenzene sulfonamide in refluxed 1-butanol to form
ethyl 5,6-diphenyl-3-[(4-sulamoyl)phenyl amino]pyrida-
zine-4-carboxylate (10b) in 83 % yield.

These sulfonamide derivatives 10a, b on further treatment
with phenyl isocyanate in dry benzene containing KOH yield
the desired substituted sulfonylureas (11a, b) (Scheme 2).
Similarly, refluxing compound (10a, b) with ethyl isocya-
nate in benzene/KOH produces substituted sulfonylthiou-
reas (11c, d).

In the same manner, refluxing compounds 10a, b with
phenyl isothiocyanate in benzene/KOH produces substi-
tuted sulfonylthioureas 1la—e. Elemental and spectral
analyses of all prepared compounds described are consis-
tent with the assigned structures.

Hypoglycemic activity
The hypoglycemic activity of sulfonylurea derivatives 4a,

4c, 8a, 11a, and 11b was studied in diabetic rats and
was induced by administration of alloxan at a dose of

Ph Ph
R
Phjl/\/[ Phjl/%LR
HaN SO,NH _
+ 2 2NH;
N =~ N
~ >

9a,b
a,R=CN
b, R =CO,Et

150 mg/Kg. The reference drug was Gliclazide (Diami-
cron). Standard environmental conditions such as temper-
ature (26 £ 2 °C) and relative humidity (45-55 %) were
maintained. All the animals were fed with rodent pellet diet
and water was allowed ad-libtum under strict hygienic
conditions. Ethical clearance for performing the experi-
ments on animals was obtained from Institutional Animal
Ethics Committee.

The animals fasted for 24 h before induction of diabetes.
The induction of hyperglycemia involves the intra-perito-
neal injection of freshly prepared alloxan monohydrate.
Forty-eight hours later, blood sample were collected from
8 h fasted animals from the retro-orbital plexus in capillary
tubes (Micro Hemocrit capillary, Mucaps) and serum was
separated within 30 min. after collection using centrifuge
at 2,000 rpm for 2 min for estimation of glucose and lipid
profile.

The rats were randomly divided into seven groups and
labeled. Drugs were orally administrated at a dose of
20 mg/kg daily for two weeks after diabetes induction as
follows:

Group 1: received saline and served as diabetic group.

Group 2: received gliclazide and served as standard
group.

Groups 3, 4, 5, 6, and 7: received compounds 4a, 4c, 8a,
11a, and 11b, respectively. Following the administration of
the drugs outlined above, blood was withdrawn from rats
on day 15 and used for measurement of glucose (Trinder,
1969), triglycerides (Fassati and Prencipe, 1982), and
cholesterol (Richmond, 1973). Glucose, triglycerides, and
cholesterol were estimated by enzymatic methods using
diagnostic kit (Biodiagnostic Company).

SO,NH,

! 10,

X
N ~ Il
N H SO,NH-C-NHR!

11,

a,R=CN, X=0,R'=Ph
b,R=COEt, X=0,R'=Ph
¢c,R=CN, X=S,R‘=Et
d,R=CO,Et, X=S,R'=Et
e,R=CN ,X=S,R'=Ph

Scheme 2 Synthesis of derivatives 10, and 11,_.. Reagents and conditions i R’'NCX, benzene, KOH, reflux
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The results of the present study indicate that the com-
pounds were found to reduce the glucose levels in animals
and demonstrated significant antidiabetic activity. The
results also indicated that these compounds can reduce the
levels of serum triglyceride which confirms the possibility
that the major function of the compounds depends on the
protection of vital tissues (liver) including the pancreas,
thereby reducing the incidence of diabetes in the experi-
mental animals.

It was found that compounds 4a, 4c, 8a, 11a, and 11b in
tests reduced the blood glucose content by 77.5, 84.93,
86.3, 83.4, and 81.4 %, respectively (Table 1; Fig. 1).

No significant differences in cholesterol levels were
observed between the diabetic group and diabetic groups
that received the test compounds (Table 2; Fig. 2).

Table 1 Hypoglycemic activity of compounds in rats with alloxan-
induced diabetes

Groups Day 2 Day 15

851.11 £ 20.23
501.15 & 40.05

294.05 £ 10.01
160.70 & 3.52*

Diabetic rats
Gliclazide 20 mg/kg

4a 662.15 & 8.46 184.70 &+ 3.52

4c 870.00 £ 100.05 131.10 £+ 7.18%*
8a 780.48 £ 37.58 129.4 £ 2.71%
11a 756.37 £ 15.65 140.50 £ 3.75%
11b 1037.05 £ 20.28 142.40 £ 5.94*

Glucose level: mg/dl
Values represent the mean =+ s.e. of 6 rats for each group

* P < 0.05 versus diabetic control using one way ANOVA followed
by Dunnett’s as post hoc test

Glucose level on the 15" day

mg/dL

Drugs

Fig. 1 Values represent the mean =+ s.e. of 5-6 rats for each group.
*P < 0.05 versus diabetic control using one way ANOVA followed
by Dunnett’s as post hoc test

Table 2 Cholesterol and triglycerides mg/dl

Groups Cholesterol Triglycerides
Diabetic rats 66.70 £+ 5.05 167.20 &+ 10.52
Gliclazide 20 mg/kg 48.65 + 3.45 152.23 + 12.26
4a 97.85 + 7.76* 197.70 + 9.01
4c 76.88 £ 7.22 121.50 £+ 7.99
8a 66.77 + 6.91 99.55 £ 5.19*
11a 66.61 £+ 7.1 137.10 + 4.99
11b 72.37 + 6.28 161.30 £+ 5.21

Values represent the mean =+ s.e. of 6 rats for each group

* P < 0.05 versus diabetic control using one way ANOVA followed
by Dunnett’s as post hoc test

150 - Total Cholesterol

100

nim
W

mg/dL

50 4

0
d;b" & RN Y RN
3
,9'0
Drugs

Fig. 2 Values represent the mean =+ s.e. of 5-6 rats for each group.
*P < 0.05 versus diabetic control using one way ANOVA followed
by Dunnett’s as post hoc test

Triglycerides

Drugs

Fig. 3 Values represent the mean =+ s.e. of 5-6 rats for each group.
*P < 0.05 versus diabetic control using one way ANOVA followed
by Dunnett’s as post hoc test
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However, the triglycerides level was reduced by com-
pound 8a by 40.5 % when compared with the diabetic
group (Table 2; Fig. 3).

Conclusion

In summary, we have developed a novel class of sulfo-
nylurea derivatives substituted with pyridazine and triazo-
lopyridazine derivatives as potential hypoglycemic agents,
these compounds increase the insulin release of rats in the
alloxan-induced diabetes. Compound 8a with triazole ring
fused with pyridazine nucleus showed a remarkable anti-
hyperglycemic activity than that of the non-condensed
pyridazine nucleus in case of compound 4c¢. Also, it is
noticeable that when regarding substitutions at position 3
of the pyridazine nucleus in case of compounds 11a and
11b, it is clear that the presence of cyano group on the ring
give higher activity than that in case of ester group, this in
turn reveals that there is a significant relation between
activity and substituent on the pyridazine nucleus.
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