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Abstract: The reaction of acid hydrazides (1a-¢) with 2-chloro-1-(4-chlorophenyl)ethanone (2a) or 2-bromo-
1-(4-bromophenyl)ethanone (2b) afforded bis-hydrazones 6a-d, while the reaction of 1a-c with 2-oxo-N-aryl-
propanehydrazonoyl chlorides (3a,b) furnished N-(aryl)propanehydrazonoyl chlorides 8a-c. The reaction of the
latter chlorides with sodium benzenesulfinate furnished sulfones 11a-c. On the other hand, treatment of ben-
zothiazole-2-carbohydrazide (1c¢) with the appropriate ketones yielded the corresponding hydrazones 13a,b,
while the reaction of 1¢ with 2-(ethoxymethylene)malononitrile (14) or with 2-[bis(methylthio)methylene]mal-
ononitrile (16) afforded pyrazole derivatives 15 and 17, respectively. In acute toxicity study, no mortalities were
observed for the tested compounds. All the tested compounds showed significant anti-inflammatory activity,
while some of them exhibited potent analgesic activity. In addition, all compounds exhibited lower ulcerogenic

effects than the standard ketoprofen.

Keywords: bis-hydrazones, benzothiazole, sulfones, pyrazoles, anti-inflammatory, analgesic activity

A large number of benzothiazole derivatives
have attracted continuing interest because of their
varied biological activities viz. significant anti-
cancer (1-9), and antioxidant (10, 11) antimicrobial
(12-16), antitubercular (17), antimalarial (18), anti-
convulsant (19), anthelmintic (20), analgesic (21),
anti-inflammtory (22), and antidiabetic (23) activi-
ties. Recently, benzothiazole derivatives have been
evaluated as potential amyloid-binding diagnostic
agents in neurodegenerative disease (24, 25) and as
selective fatty acid amide hydrolase inhibitors (26).
On the other hand, many hydrazones have been
reported as useful bioactive agents. Some
acetyl/arylhydrazones and heteroarylhydrazones
revealed a remarkable antiviral activity against
HSV-1, HIV-1, versus influenza A,, A; and Semliki
Forest viruses (27-29). In addition, various com-
pounds including pyrazole nucleus are known to
possess analgesic, anti-inflammatory, antipyretic,
antiarrhythmic, tranquillizing, muscle relaxant, psy-
choanaleptic, anticonvulsant, hypotensive, antidia-
betic and monoamine oxidase inhibitory activities
(30-34).

Intrigued by the above observations and in
continuation of our study on the synthesis of biolog-
ically active heterocycles (35-38), we synthesized
some new hydrazones incorporated to the benzothi-
azole moiety to investigate their anti-inflammatory
and analgesic activity.

EXPERIMENTAL

Cemistry

All melting points were uncorrected and meas-
ured using an Electro-thermal IA 9100 apparatus
(Shimadzu, Japan). Microanalytical data were per-
formed by Elementar Vario EL apparatus. The IR
spectra were recorded (for potassium bromide pel-
lets) using KBr disc technique on a Perkin-Elmer
1650 Spectrophotometer. NMR experiments were
conducted at ICB-NMR Service Centre (Pozzuoli,
Italy), and were measured in DMSO, (shifts are ref-
erenced to the TMS signal) on a Bruker Avance-400
operating at 400 MHz, and on a JEOL-Ex-300
MHz.The “C NMR spectra were run at 75.46 MHz
in deuterated dimethyl sulfoxide (DMSO-d;) and
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chemical shifts were expressed as ppm (8) values
against TMS as an internal reference (Faculty of
Science, Cairo University, Cairo, Egypt). Mass
spectra were recorded on Shimadzu GCMS-QP-
1000EX mass spectrometer at 70 eV (Cairo
University, Cairo, Egypt). Benzothiazole-2-carbo-
hydrazide (1¢) (39) and 2-oxo-N-arylpropanehydra-
zonoyl chlorides (7a,b) (40) were prepared accord-
ing to the literature procedures.

General procedure for the synthesis of com-
pounds 6a-d

To a solution of carbohydrazides (la-c) (10
mmol) in ethanol (50 mL), 2-chloro-1-(4-
chlorophenyl)ethanone (2a) or 2-bromo-1-(4-bro-
mophenyl)ethanone (2b) (5 mmol) was added. The
reaction was refluxed for 7 h, and then was cooled to
room temperature. The formed solid was filtered off,
washed with ethanol and recrystallized from
EtOH/DMEF to afford compounds 6a-d, respectively.

(Z2)-N’,N*’-(1-(4-Chlorophenyl)ethene-1,2-diyl)
bis(4-methylbenzhydrazide) (6a)

Yield 60%; m.p. 260-262°C; IR (KBr, cm™):
3450-3042 (4NH), 1733-1672 (2C=0); 'H NMR
(DMSO-d,, 8, ppm): 2.34 (s, 3H, CH,), 2.47 (s, 3H,
CH,), 7.19-9.01 (m, 13H; 12ArH + C=CH-), 10.40
(s, 1H, D,0O exchangeable, NH), 11.85 (s, 1H, D,O
exchangeable, NH), 12.91 (s, 1H, D,O exchange-
able, NH), 14.45 (s, 1H, D,O exchangeable, NH);
MS m/z (%): 434 (M*, 18), 313 (17), 119 (100), 91
(30). Analysis: calcd. for C,,H,;,CIN,O, (434.92): C,
66.28; H, 5.33; N, 12.88%; found: C, 66.09; H, 5.16;
N, 13.03%.

(Z)-N’,N’’-(1-(4-Chlorophenyl)ethene-1,2-diyl)
bis(4-nitrobenzhydrazide) (6b)

Yield 66%; m.p. 247-249°C; IR (KBr, cm™):
3430-3082 (4NH), 1735-1670 (2C=0); 'H NMR
(DMSO-dq, 8, ppm): 7.62-9.01 (m, 13H, ArH;
12ArH + C=CH-), 9.65 (s, 1H, D,O exchangeable,
NH), 11.43 (s, 1H, D,O exchangeable, NH), 12.57
(s, 1H, D,0O exchangeable, NH), 14.14 (s, 1H, D,O
exchangeable, NH); MS m/z (%): 496 (M, 19), 312
(30), 136 (100), 101 (41), 75 (28). Analysis: calcd.
for C,H;;CIN,O, (496.86): C, 53.18; H, 3.45; N,
16.91%; found: C, 53.39; H, 3.22; N, 17.17%.

(Z)-N’,N’’-(1-(4-Bomophenyl)ethene-1,2-diyl)
bis(4-nitrobenzhydrazide) (6¢)

Yield 60%; m.p. 271-273°C; IR (KBr, cm™):
3436-3087 (4NH), 1671-1654 (2C=0); 'H NMR
(DMSO-dg, o, ppm): 7.75-8.78 (m, 13H, ArH;
12ArH + C=CH-), 9.62 (s, 1H, D,O exchangeable,

NH), 11.56 (s, 1H, D,O exchangeable, NH), 12.84
(s, 1H, D,O exchangeable, NH), 14.05 (s, 1H, D,O
exchangeable, NH); MS m/z (%): 541 (M*, 45), 182
(100), 101 (87), 75 (48). Analysis: calcd. for
C,H;BIN,O, (541.31): C, 48.81; H, 3.17; N,
15.53%; found: C, 48.70; H, 3.14; N, 15.73%.

(Z)-N,N’-(1-(4-Chlorophenyl)ethene-1,2-diyl)bis
(benzo[d]thiazole-2-carbohydrazide) (6d)

Yield 62%; m.p. 244-246°C; IR (KBr, cm™):
3447-3131 (4NH), 1691-1652 (2C=0), 1610
(2C=N); 'H NMR (DMSO-d, 8, ppm): 7.32-8.39
(m, 12H, ArH), 9.01 (s, 1H, C=CH-), 10.65 (s, 1H,
D,0 exchangeable, NH), 11.83 (s, 1H, D,O
exchangeable, NH), 13.10 (s, 1H, D,O exchange-
able, NH), 14.43 (s, 1H, D,O exchangeable, NH);
MS m/z (%): 521 (M, 15), 490 (59), 473 (66), 356
(100), 162 (81), 135 (90). Analysis: caled. for
C,,H;,CIN(O,S, (521.01): C, 55.33; H, 3.29; N,
16.13; S, 12.31%; found: C, 55.21; H, 3.24; N,
16.05; S, 12.50%.

General procedure for the synthesis of N-aryl-
propanehydrazonoyl chlorides 8a-c

A mixture of carbohydrazides (la-c) (10
mmol) and the appropriate 2-oxo-N-arylpropanehy-
drazonoyl chloride (7a or 7b) (10 mmol) in absolute
ethanol (50 mL) was refluxed for 9 h. The formed
solid was filtered, washed with ethanol and recrys-
tallized from EtOH/DMF to afford the correspon-
ding hydrazonoyl chlorides 8a-c, respectively.

(1Z,2E)-2-(2-(4-Methylbenzoyl)hydrazono)-N’-p-
tolylpropanehydrazonoyl chloride (8a)

Yield 90%; m.p. 241-243°C; IR (KBr, cm™):
3268, 3215 (2NH), 1634 (C=0), 1557 (2C=N); 'H
NMR (DMSO-d, 8, ppm): 2.25 (s, 3H, CH;), 2.36
(s, 6H, 2CH,;), 7.08-7.85 (m, 8H, ArH), 9.92 (s, 1H,
D,0 exchangeable, NH), 10.65 (s, 1H, D,O
exchangeable, NH); *C NMR (DMSO-d,, 8, ppm):
13.45 (-CH,), 20.05 (-CH,), 20.79 (-CH,), 113.69,
123.03, 128.24, 128.45, 129.26, 129.69, 130.72,
141.10, 141.28; MS m/z (%): 342 (M*, 44), 306
(42), 119 (100), 91 (48). Analysis: calcd. for
CH,,CIN,O (342.82): C, 63.06; H, 5.59; N,
16.34%; found: C, 63.14; H, 5.46; N, 16.29%.

(1Z,2E)-2-(2-(4-Nitrobenzoyl)hydrazono)-N’-
phenylpropanehydrazonoyl chloride (8b)

Yield 90%; m.p. 241-243°C; IR (KBr, cm™):
3301, 3176 (2NH), 1665 (C=0), 1598 (2C=N); 'H
NMR (DMSO-d,, 8, ppm): 2.39 (s, 3H, CH;), 6.68-
8.40 (m, 9H, ArH), 10.18 (s, 1H, D,O exchangeable,
NH), 11.12 (s, 1H, D,0 exchangeable, NH); MS m/z
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(%): 359 (M, 18), 323 (52), 206 (24), 150 (29), 104
(38), 92 (100), 65 (65). Analysis: calcd. for
C,(H,,CIN,O, (359.77): C, 53.42; H, 3.92; N,
19.47%; found: C, 53.60; H, 3.88; N, 19.29%.

(1Z,2E)-2-(2-(Benzo[d]thiazole-2-carbonyl)hydra-
zono)-N’-p-tolylpropanehydrazonoyl chloride (8c)

Yield 90%; m.p. 241-243°C; IR (KBr, cm™):
3321, 3256 (2NH), 1692 (C=0), 1600 (2C=N); 'H
NMR (DMSO-dq, 8, ppm): 2.25 (s, 3H, CH,;), 2.46
(s, 3H, CH,), 7.05-8.12 (m, 8H, ArH), 10.03 (s, 1H,
D,0 exchangeable, NH), 11.46 (s, 1H, D,O
exchangeable, NH); MS m/z (%): 385 (M, 19), 349
(28), 268 (100), 69 (28). Analysis: calcd. for
C,;H,(CIN,OS (385.87): C, 56.03; H, 4.18; N,
18.15; S, 8.31%; found: C, 55.94; H, 4.25; N, 18.02;
S, 8.44%.

Synthesis of sulfones 11a-c

To a solution of the appropriate propanehydra-
zonoyl chloride (8a-c) (1 mmol) in absolute ethanol
(50 mL), sodium benzenesulfinate dihydrate (0.4 g,
2 mmol) was added. The mixture was refluxed for
22 h, then left to cool. The reaction mixture was
poured into cold water and the solid product was fil-
tered, washed with water, dried and finally recrys-
tallized from EtOH/DMF to afford the correspon-
ding sulfones 11a-c.

4-Methyl-N’-(1-(phenylsulfonyl)-1-(2-p-tolyl-
hydrazono)propan-2-ylidene)benzohydrazide
(11a)

Yield 63%; m.p. 257-259°C; IR (KBr, cm™):
3216 (2NH), 1642 (C=0), 1522 (2C=N); 'H NMR
(DMSO-d,, 8, ppm): 1.65 (s, 3H, CH,), 1.77 (s, 3H,
CH,), 2.40 (s, 3H, CH,), 6.12-7.20 (m, 13H, ArH),
11.55 (s, 1H, D,O exchangeable, NH), 12.89 (s, 1H,
D,0 exchangeable, NH); MS m/z (%): 448 (M*, 74),
307 (62), 119 (100), 106 (73), 91 (50). Analysis:
calcd. for C,,H,,N,O,S (448.54): C, 64.27; H, 5.39;
N, 12.49; S, 7.15%; found: C, 64.11; H, 5.36; N,
12.60; S, 7.03%.

4-Nitro-N’-(1-(2-phenylhydrazono)-1-(phenylsul-
fonyl)propan-2-ylidene)benzohydrazide (11b)

Yield 63%; m.p. 257-259°C; IR (KBr, cm™):
3339 (2NH), 1684 (C=0), 1596 (2C=N); 'H NMR
(DMSO-d,, 8, ppm): 2.49 (s, 3H, CH,), 6.93-8.40
(m, 14H, ArH), 11.94 (s, 1H, D,O exchangeable,
NH), 14.43 (s, 1H, D,O exchangeable, NH); MS m/z
(%): 465 (M, 27), 324 (36), 92 (100), 77 (58), 65
(36). Analysis: calcd. for C,,H,;,N;O4S (465.48): C,
56.77; H, 4.11; N, 15.05; S, 6.89%; found: C, 56.59;
H, 3.98; N, 15.22; S, 7.03%.

N’-(1-(Phenylsulfonyl)-1-(2-p-tolylhydrazono)-
propan-2-ylidene)benzo[d]thiazole-2-carbohy-
drazide (11c¢)

Yield 63%; m.p. 257-259°C; IR (KBr, cm™):
3434, 3352 (2NH), 1687 (C=0), 1587 (2C=N); 'H
NMR (DMSO-d,, 8, ppm): 2.51 (s, 3H, CH;), 5.97-
7.45 (m, 14H, ArH), 11.37 (s, 1H, D,O exchange-
able, NH), 13.22 (s, 1H, D,O exchangeable, NH);
MS m/z (%): 491 (M*, 42), 350 (33), 106 (100), 77
(48). Analysis: calcd. for C,,H,,N5O,S, (491.59): C,
58.64; H, 4.31; N, 14.25; S, 13.05%; found: C,
58.76; H, 4.20; N, 14.36; S, 12.93%.

Synthesis of hydrazones 13a, b

A mixture of 2-benzothiazolecarboxylic acid
hydrazide (1¢) (0.19 g, 1 mmol) and the appropriate
ketone (1 mmol) in absolute ethanol (30 mL) was
refluxed for 8 h then left to cool. The solid product
was collected by filtration, washed with ethanol and
dried. Recrystallization from the EtOH/DMF afford-
ed the corresponding hydrazones 13a, b.

N’-(1-Phenylethylidene)benzo[d]thiazole-2-car-
bohydrazide (13a)

Yield 78%; m.p. 275-277°C; IR (KBr, cm™):
3320 (NH), 1681 (C=0), 1517 (2C=N); 'H NMR
(DMSO-dq, 6, ppm): 1.77 (s, 1H, CH;), 6.53-7.48
(m, 9H, ArH), 10.87 (s, 1H, D,O exchangeable,
NH); MS m/z (%): 295 (M*, 13), 294 (33), 135
(100), 77 (23). Analysis: calcd. for C,;H;5sN;0S
(295.36): C, 65.06; H, 4.44; N, 14.23; S, 10.86%;
found: C, 64.92; H, 4.31; N, 14.25; S, 10.98%.

N’-(1-(4-Tolyl)ethylidene)benzo[d]thiazole-2-car-
bohydrazide (13b)

Yield 76%; m.p. 213-215°C; IR (KBr, cm™):
3345 (NH), 1689 (C=0), 1502 (2C=N); 'H NMR
(DMSO-d,, 8, ppm): 1.75 (s, 1H, CH;), 1.86 (s, 1H,
CH,), 6.45-7.40 (m, 8H, ArH), 11.12 (s, 1H, D,O
exchangeable, NH); *C NMR (DMSO-d,, 8, ppm):
14.45 (-CH,), 20.83 (-CH;), 120.71, 122.98, 124.1,
125.84, 126.54, 127.01, 127.21, 128.76, 128.98,
134.63, 135.95, 139.72, 152.56, 155.89, 157.77; MS
m/z (%): 309 (M, 20), 308 (47), 147 (59), 135 (100),
117 (44), 91 (36). Analysis: calcd. for C,;H,sN;OS
(309.39): C, 66.00; H, 4.89; N, 13.58; S, 10.36%;
found: C, 66.16; H, 4.77; N, 13.65; S, 10.49%.

General procedure for synthesis of pyrazoles 15
and 17

To a solution of hydrazide (1c) (0.19 g, 1
mmol) in ethanol (20 mL), 2-(ethoxymethyl-
ene)malononitrile (14) or 2-(bis(methylthio)methyl-
ene)malononitrile (16) (1 mmol) was added. The
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mixture was refluxed for 10 h and then allowed to
cool. The formed solid was filtered off, washed with
ethanol and recrystallized from EtOH/DMF to
afford the corresponding pyrazole derivatives 15
and 17, respectively.

5-Amino-1-(benzo[d]thiazole-2-carbonyl)-1H-
pyrazole-4-carbonitrile (15)

Yield 71%; m.p. 208-210°C; IR (KBr, cm™):
3391, 3291 (NH,), 2205 (C=N), 1644 (C=0), 1507
(C=N); 'HNMR (DMSO-dq, 8, ppm): 5.71 (s, 2H, D,O
exchangeable, NH,), 7.52-8.29 (m, SH, ArH); MS m/z
(%): 269 (M, 29), 268 (20), 220 (11), 193 (63), 135
(100), 108 (25). Analysis: caled. for C,,H;N;OS
(269.28): C, 53.52; H, 2.62; N, 26.01; S, 11.91%;
found: C, 53.58; H, 2.74; N, 25.88; S, 11.84%.

5-Amino-1-(benzo[d]thiazole-2-carbonyl)-3-
(methylthio)-1H-pyrazole-4-carbonitrile (17)

Yield 78%; m.p. 256-258°C; IR (KBr, cm™):
3379, 3199 (NH,), 2215 (C=N), 1706 (C=0), 1664
(C=N); 'H NMR (DMSO-d,, 8, ppm): 4.49 (S, 3H,
CH,), 5.80 (s, 2H, D,O exchangeable, NH,), 7.52-
8.29 (m, 4H, ArH),; MS m/z (%): 315 (M, 22), 298
(6), 269 (13), 162 (92), 135 (100), 108 (34).
Analysis: caled. for C;HyN;OS, (315.37): C, 49.51;
H, 2.88; N, 22.21; S, 20.33%; found: C, 49.51; H,
2.88; N, 22.21; S, 20.33%.

PHARMACOLOGY

Animals

White adult mice Mus musculus (weighing
25-30g) and adult Wistar rats (weighing 100-150g),
of either sex were used in the present study. The ani-
mals were kept under natural conditions (tempera-
ture: 21 + 2°C; 12h/12h light-dark cycle) and were
allowed free access to water and food. Experiments
were carried out on groups of 5 animals each. All
experimental procedures used in the present study
followed the Institutional Animal Ethics Committee
regulations. All experiments were performed in the
morning, according to the guidelines for the care of
laboratory animals (41).

Chemicals

Formaldehyde, DMSO (dimethyl sulfoxide) and
acetic acid were obtained from Sigma Chemical Co.
(St. Louis, MO, USA), while ketoprofen oral suspen-
sion (5 mg/mL) was obtained from a local pharmacy.

Acute toxicity and lethality test
The acute toxicity and lethality (LDs;,) of the
tested compounds was estimated in mice using the

method described by Lorke (42). In the first stage of
the test, three groups (n = 3) were used for each test-
ed compound, each one of these compounds was
administered orally in the form of DMSO/water sus-
pension (1% w/v ) at a dose of 10, 100, or 1000
mg/kg (n = 3) . Animals were observed continuous-
ly for the first three hours for any toxic symptoms
after administrations and number of deaths within
24 h. Since no deaths occurred in any of these
groups for each compound, a second stage of the test
was conducted in which 1500, 2000 and 3000 mg/kg
doses of each compound were administered to a
fresh groups of animals (n = 1) and no death was
recorded within 24 h. Thus, the oral LDs,in mice
were found to be greater than 3000 mg/kg for each
tested compound.

Anti-inflammatory activity

Anti-inflammatory activity were assessed
using formalin induced rat paw edema method
according to Dharmasiri (43).Wistar albino rats of
either sex weighing 100-120 g were divided into 13
groups of 5 animals each. They were treated via
oral route as follows: the 1% group was given
DMSO (1%, w/v) aqueous suspension and kept as
control. The 2™ group received ketoprofen (10
mg/kg body weight) as standard drug; the tested
compounds, in the form of DMSO aqueous sus-
pensions, were given at a dose of 100 mg/kg body
weight to the rest of these groups. After one hour,
0.1 mL of 2% formaldehyde was injected into the
footpad of the left hind paw of each rat for induc-
tion of paw edema (43). The initial paw thickness
was measured for each animal using Vernier
caliper before induction of edema. The increase in
this thickness was determined after 30 min, 1, 2
and 3 h after formaldehyde injection. The anti-
inflammatory activity was expressed as inhibition
percent in paw thickness in the treated groups com-
paring with the control one using the formula by
Adedapo (44).

Edema inhibition percent = [(T, - T,) / T.] x 100

where, T, and T, represent the average paw thickness
in the control and treated groups, respectively.

Analgesic activity
Hot plate test

Analgesic activity was determined in mice by
hot plate method described by Vogel and Vogel
(45). The animals were divided into control, stan-
dard and tested groups of 5 mice each. DMSO aque-
ous solution (2%, v/v) (5 mL/kg) were orally admin-
istered to animals in the first group and served as
control, ketoprofen (10 mg/kg) as standard to the
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Figure 1. Anti-inflammatory activity of the tested compounds (100 mg/kg p.o.) against formalin induced paw edema
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Figure 2. Analgesic activity of the tested compounds (100 mg/kg p.o.) against thermal stimulation using hot plate method
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second group. The tested compounds in the form of (Model 7280, Ugo Basile, Italy) was maintained at
DMSO aqueous suspensions (100 mg/kg) were 55.0 + 0.2°C and each animal was placed separately
given to animals of the rest groups. The hot-plate into a glass beaker on the heated surface and the
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Scheme 2. Synthetic route to compounds 8a-c¢ and 11a-c
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Table 2. Analgesic activity of the tested compounds (100 mg/kg p.o.) against thermal stimulation using hot plate method.

Latency time (s) Pain inhibition % ( PIP )
Compound 30 min 1h 2h 30 min 1h 2h
Control 2.5+0.08 2.5+£0.07 2.5+£0.09 0 0 0
Ketoprofen 6.4+£0.22 8.3+0.31 13.6 £ 0.42 156 232 444
6b 11 £0.58 <~ 4.5+£0.37 <" 4.5+ 0.36 < 340 80 80
6¢ 45+0.19 45+0.19 4.8+0.22 80 80 92
8a 3.5+£0.12 < 374012 3.7+£0.14 < 40 48 48
8b 35+0.11 < 35+0.12< 35+0.11< 40 40 40
8c 8.5 £0.39 <" 8.0+£0.37¢ 8.0£0.37 < 240 220 220
11a 11.0 £ 0.52 = 11.37 £ 047 = 12.5+0.51 < 292.86 321.11 362.96
11c 3.0+0.12" 5.0+ 0.23 < 5.0+ 0.24 20 100 100
13a 55023« 5.0£0.22 < 4.8+ 0.19 < 120 100 92
13b 2.5+0.18" 45+0.21 43+0.22 0 80 72
15 40+£0.17 < 8.0+£0.35¢ 8.5+ 0.36 < 60 220 240
17 4.0+ 0.07 7.0£0.28 < 6.0+ 0.29 < 60 180 140

Values with superscript letter b and ¢ in the same column are significantly different from the control group at p < 0.01 and 0.001, respec-
tively. Values with superscript stars are significantly different from ketoprofen * at p < 0.05, ** at p < 0.01 and *** at p < 0.001. Values

are represented as the mean + SE; n = 5.

time (in s) to discomfort reaction (licking paws or
jumping) was recorded as a response latency time,
prior to and 30, 60 and 120 min after administration
in each group. A cut-off period of 15 s was consid-
ered as maximal latency to avoid injury to the paws
(46). The pain inhibition percentage (PIP) (47) was
calculated according to the following formula:
Pain inhibition percentage (PIP) =
= [(T,- T,) / T.] x 100

where T, is drug latency time and T, is control laten-
cy time.

Ulcerogenic liability

The ulcerogenic liability was determined in
albino rats according to the standard method of
Barsoum (48) and Hamza (49). Rats of either sex
weighing 100-120 g were divided into thirty groups
of five animals each. The animals were fasted 18 h
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Table 3. Ulcerogenic liability of the synthesized compounds.
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Ulcer index Averqge nﬁr‘r/lfgealrg Zf % I ncidence No..of animals Treatment
severity ulcers divided by 10 with ulcers
Control 0/5 0 0 0 0

Ketoprofen 5/5 10 7.24 2.06 19.30 £ 0.94
6b 5/5 10 4.28 1.53 15.81 £ 0.64*
6¢c 5/5 10 5.13 1.04 16.17 £ 0.71*
8a 5/5 10 4.16 1.5 15.66 £ 0.73*
8b 5/5 10 4.56 1.18 16.74 £ 0.65
8c 5/5 10 3.73 1.7 15.43 £ 0.63**
11a 5/5 10 34 0.8 14.2 £ 0.46%*
11c 5/5 10 2.8 0.6 13.4 £ 0.53%**
13a 4/5 8 3.54 1.24 12.78 £ 0.47%%*
13b 5/5 10 3.08 0.86 13.94 + 0.53%#%%*
15 4/5 8 3.29 0.94 12.23 + 0.44%#%%*
17 4/5 8 3.13 1.13 12.26 + 0.45%:#*

Values with superscript stars *, **, *** are significantly different from the ketoprofen value at p < 0.05; 0.01 and 0.001; results are repre-

sented as the mean £ SE. n = 5.

before drug administration. The animals were treat-
ed via oral route either with 1 mL of DMSO aque-
ous solution (2%, v/v) as control group, ketoprofen
(10 mg/kg body weight) as standard one. The tested
compounds 1-13 in the form of DMSO aqueous sus-
pensions (100 mg/kg body weight ) were adminis-
tered each in one of the other groups. Treatment was
continued once daily for 3 successive days in all
groups. One hour after the last dose, the animals
were sacrificed and the stomach was removed,
opened along the greater curvature and rinsed with
saline. The gastric mucosa were examined with a
magnifying lens (10x) for the presence of lesions in
the form of hemorrhages or linear breaks and ero-
sions. The ulcer index was calculated (Table 3) and
the degree of ulcerogenic effect was expressed in
terms of:
1. Percentage incidence of ulcer divided by 10.
2. Average number of ulcers per stomach.
3. Average severity of ulcers.

The ulcer index is the sum of the above three
values.

Statistical analysis

Results of anti-inflammatory and analgesic
activity are presented as the mean = SE (standard
error). The significant difference between groups
was tested using one way ANOVA followed by
Dunnett’s test at p = 0.05, 0.01, 0.001.

RESULTS AND DISCUSSION

Chemistry

The reaction of carbohydrazides (1a-c) with 1-
aryl-2-bromoethanone (2a,b) in refluxing ethanol
afforded a single product (based on TLC). The ele-
mental analysis and mass spectrum of the reaction
product proved that the reaction proceeded in 2 : 1
molar ratio (la-c : 2a,b). The 'H NMR spectra were
characterized by the presence of four signals in the
regions & 9.62-14.05 ppm assigned to the 4 NH
groups. The IR spectra showed two absorption bands
in the region 1652-1735 cm™ due to the two carbonyl
groups in addition to the bands of 4 NH functions in
the region 3042-3430 cm. The mechanistic pathway
of latter reaction is assumed to proceed via a prelim-
inary formation of the non-isolable intermediates 3a-
d followed by its reaction with another molecule of
hydrazide (1a-c) with elimination of water molecule
to form the intermediate (5a-d) (Scheme 1) which
was consequently tautomerized into compounds 6a-
d as final products. These results were in agreement
with those recently reported (50).

Next, the reaction of 2-oxo-N-arylpropanehy-
drazonoyl chlorides (3a,b) with acid hydrazides (1a-
¢) in refluxing ethanol afforded, in each case, a sin-
gle yellow product. IR spectra of the latter products
revealed a carbonyl absorption band in the region
1634-1692 cm™ in addition to the absorption bands
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of 2 NH functions in the region 3268-3256 cm.
Their 'H NMR spectra exhibited two D,0 exchange-
able signals of 2 NH groups in the regions 8 9.92-
11.46. The “C NMR spectrum of 8a showed three
signals of 3 methyl groups at & 13.45, 20.05 and
20.79 ppm, respectively. The latter spectroscopic
data of the reaction products and their satisfactory
elemental analyses supported the structure N-aryl-
propanehydrazonoyl chlorides (8a-c) as postulated
in Scheme 2. This observation is also in accordance
with the results in the literature (51).

Furthermore, 8a-c reacted with sodium benzene-
sulfinate in refluxing ethanol, yielding sulfones 11a-c,
respectively as shown in Scheme 2. The latter reaction
was found to give a single product as evidenced by
TLC analysis and its structure was established on the
basis of elemental analysis and spectral data.

In addition, the reaction of benzothiazole-2-
carbohydrazide 1c with ketones 12a,b afforded
hydrazones 13a,b. Their '"H-NMR spectra showed a
singlet proton at & 1.75-1.77 ppm attributed to
methyl group. On the other hand, reaction of
hydrazide 1c¢ with 2-(methoxymethylene)malononi-
trile 14 or bis(methylthio) derivative 16 afforded the
pyrazole derivatives 15 and 17, respectively
(Scheme 3). The IR spectra of compounds 15 and 17
showed characteristic absorption bands in the range
2215-2205 cm due to carbonitrile group, also their
IR spectra showed absorption bands in the range
3391-3199 cm’ indicating the presence of amino
groups.

PHARMACOLOGY

Acute toxicity

Oral administration of the tested compounds in
mice in doses ranging from 1000 to 3000 mg/kg
body weight caused no acute toxic symptoms and no
mortalities. Thus, the oral LDs, in mice were found
to be greater than 3000 mg/kg for each tested com-
pound, what implies a remote risk of acute intoxica-
tion and indicates a high degree of relative safety for
oral administration of these compounds.

Anti-inflammatory activity

Injection of formalin (0.1 mL 2%) into the
footpad provoked marked, time-related, progressive
increases in the hind paw diameters of the control,
untreated rats. Although pedal inflammation
(edema) was always evident within 5-10 min fol-
lowing formalin injection, maximal swelling and/or
edema occurred approximately 90 min following
administration. Acute inflammation induced by
formaldehyde results from cell damage, which pro-

vokes the production of endogenous mediators, such
as, histamine, serotonin, prostaglandins, and
bradykinin (52). It is well known that inhibition of
edema induced by formalin in rats is one of the most
suitable test procedures to screen antiarthritic and
anti-inflammatory agents as it closely resembles
human arthritis. Arthritis induced by formalin is a
model used for the evaluation of an agent with prob-
able anti-proliferative activity (53).

All the tested synthesized compounds in oral
doses of 100 mg/kg each showed significant (p <
0.05-0.001) anti-inflammatory activity against for-
malin induced paw edema (Table 1). The obtained
edema inhibition percent are shown in Figure 1.
Among the tested compounds 8a showed the highest
anti-inflammatory activity with edema inhibition of
91.23%, 3 h after formalin injection. High activity
was exhibited by compound 8b and 11c¢ with inhibi-
tion % of 71.15-78.95, 30 min to 3 h after edema
induction, respectively, for both compounds.
Previous studies revealed that the substitution of
electron withdrawing groups in 2-aminobenzothia-
zole increased anti-inflammatory activity (54). Also
different studies showed that many benzothiazole
derivatives display anti-inflammatory activity (54-
57). Some of these were investigated for their abili-
ty to inhibit human cyclooygenase enzyme-2 (58).
Moderate activity was obtained by tested compound
6b followed by lower activity for 8c and 6c.
Compounds 11a, 13a and 13b demonstrate the low-
est anti-inflammatory activity between the tested
compounds.

Analgesic activity

Hot-plate test: Analgesic effect was assessed in
a thermal model using hot-plate test; this method
was selected to evaluate centrally mediated effects
of the tested compounds (59). In hot plate test, keto-
profen (10 mg/kg, p.o.) significantly (p < 0.001)
increased the latency time to thermal stimulation
(Table 2). The tested benzothiazole derivative 11a
was found to be the most potent in increasing the
latency to thermal stimulation with increased pain
inhibition percent from 292.86 to 362.96% at 30 min
to 2 h after administration, respectively. This fol-
lowed by the derivative 8¢ with 240-220 PIP, 30 min
to 2 h post administration, respectively. Compound
6b demonstrated very high analgesic activity only
after 30 min with pain inhibition 340% that was
more potent than the reference drug, this activity
dramatically declined after that to be 80% at 1 h and
2 h indicating bad pharmacokinetic profile for this
compound. Compound 15 exhibited gradually
increased analgesic activities with pain inhibition of
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240%, 2h post administration. Compound 17
demonstrates moderate analgesic activity with peak
PIP% of 180, 1 h post administration (Fig 2).

Ulcerogenic effect

The ulcerogenic liability for the tested com-
pounds was determined in albino rats and the obtained
data are recorded in Table 3. It has been observed that
all the tested compounds possess less ulcerogenic
potentialities (ulcer index of 12.23-16.74) compared
to that of the standard drug ketoprofen (ulcer index of
19.30 ) as shown in Figure 3. Compounds 13a, 13b,
15 and 17 showed the least ulcerogenic liabilities com-
pared to the other compounds.

CONCLUSION

We reported here the convenient synthesis of
some bis-hydrazones. All of the tested compounds
exhibited promising anti-inflammatory activity
compared to ketoprofen, with marked decrease in
the ulcerogenic side effects. Additionally, some of
synthesized compounds, 6a, 11a, 11b demonstrate
analgesic activity.

Acknowledgments

This work was supported by the Nationl
Research Centre, Dokki, Cairo, Egypt. We are also
grateful to Istituto di Chimica Biomolecolare
Consiglio Nazionale delle Ricerche, Via Campi
Flegrei, Pozzuoli, Naples, Italy for facilities and
support. Special thanks to Prof. Dr. Guido Cimino,
Dr. Margrita Givengi and Dr. Maria Letizia Ciavatta
for their valuable help.

REFERENCES

1. Mortimer C.G., Wells G., Crochard J.P., Stone
E.L., Bradshaw T.D., Stevens M.F.G.,
Westwell A.D.: J. Med. Chem. 49, 179 (20006).

2. Kok S.H.L., Chui H.C., Lam W.S., Chen J., Lau
F.Y., Wong R.S.M., Cheng G.Y.M. et al.:
Bioorg. Med. Chem. Lett. 17, 1155 (2007).

3. Caleta 1., Kralj M., Marjanovi¢ M., Bertosa B.,
Tomic¢ S., Pavlovi¢ G., Paveli¢ K., Karminski-
Zamola G.: J. Med. Chem. 52, 1744 (2009).

4. Weekes A.A., Westwell A.D.: Curr. Med.
Chem. 16, 2430 (2009).

5. Kini S., Swain S.P., Gandhi A.M.: Indian J.
Pharm. Sci. 69, 46 (2007).

6. Lion C.J., Matthews C.S., Wells G., Bradshaw
T.D., Stevens M.F.G., Westwell A.D.: Bioorg.
Med. Chem. Lett. 16, 5005 (2006).

7. Mortimer C.S., Wells G., J-Crochard P., Stone
E.L., Bradshaw T.D., Stevens M.F.G, Westwell
A.D.: J. Med. Chem. 49, 179 (20006).

8. Wells G., Berry J.M., Bradshaw T.D., Burger
A.M., Seaton A., Wang B., Westwell A.D.,
Stevens M.E.G.: J. Med. Chem. 46, 532 (2003).

9. Hutchinson 1., Jennings S.A., Vishnuvajjala
B.R., Westwell A.D., Stevens M.F.G.: J. Med.
Chem. 45, 744 (2002).

10. De Brabander M.J., Josephine A.S., Leysen
JJEMF.: PCT Int. Appl., WO 9625931 A2
19960829 (1996).

11. Singh J., Gurney M.E., Alex B., Kiselyov A.,
Rao M., US Patent Appl., WO 275164 Al
20090130076 (2009).

12. Yamazaki K., Kaneko Y., Suwa K., Ebara S.,
Nakazawa K., Yasuno K.: Bioorg. Med. Chem.
13, 2509 (2005).

13. Latrofa A., Franco M., Lopedota A., Rosato A.,
Carone D., Vitali C.: Farmaco 60, 291 (2005).

14. Yalcin 1., Oren 1., Sener E., Akin A., Ucarturk
N.: Eur. J. Med. Chem. 27, 401 (1992).

15. Bujdakova H., Muckova M.: Int. J. Antimicrob.
Agents 4, 303 (1994).

16. Rajeeva B., Srinivasulu N., Shantakumar S.M.:
Eur. J. Med. Chem. 6, 775 (2009).

17. Palmer F.J., Trigg R.B., Warrington J.V.: J.
Med. Chem. 14, 248 (1971).

18. Burger A., Sawhey S.N.: J. Med. Chem. 11, 270
(1968).

19. Chakole R.D., Amnerkar N.D., Khedekar P.B.,
Bhusari K.P.: Indian J. Heterocycl. Chem. 15,
27 (2005).

20. Jayachandran E., Bhatia K., Naragud L.V.G.,
Roy A.: Indian Drugs 40, 408 (2003).

21. Siddiqui N., Alam M., Siddiqui A.A.: Asian J.
Chem. 16, 1005 (2004).

22. Gurupadayya B.M., Gopal M., Padmashali B.,
Vaidya V.P.: Indian J. Heterocycl. Chem. 15,
169 (2005).

23. Diaz H.M., Molina R.V., Andrade R.O., Cou-
tino D.D., Franco L.M., Webster S.P., Binnie M.
et al.: Bioorg. Med. Chem. Lett. 18, 2871 (2008).

24. Henriksen G., Hauser A.L.,, Westwell A.D.,
Yousefi B.H., Schwaiger M., Drzega A., Wester
H.-J.: J. Med. Chem. 50, 1087 (2007).

25. Mathis C.A., Wang Y., Holt D.P., Haung G.-F.,
Debnath M.L., Klunk W.E.: J. Med. Chem. 46,
2740 (2003).

26. Wang X., Sarris K., Kage K., Zhang D., Brown
S.P., Kolasa T., Surowy C. et al.: J. Med. Chem.
52, 170 (2009).

27. Abdel-Aal M.T., El-Sayed W.A., El-Ashry E.H.:
Arch. Pharm. Chem. Life Sci. 339, 656 (2006).



480

28.

29.
30.

31.

32.

33.

34.

35.

36.

37.

38.

39.
40.
41.

42.
43.

NEHAL A. HAMDY et al.

Brouwer W.G., Osika E.M.: US patent 5914351
(1999).

Abdulla R.F.: US patent 4670437 (1987).
Palaska E., Erol D., Demirdamar R.: Eur. J.
Med. Chem. 31, 43 (1996).

Bruno O., Ranise A., Bondavalli F., Schenone
F., D’Amico M., Filipelli A., Filipelli W.,
Francesco R.: Farmaco. 48, 949 (1993).
Bondavalli F., Bruno O., Ranise A., Schenone
F., Addonizio P., De Novellis V., Loffreda A.,
Marmo E.: Farmaco 43, 725 (1988).

Bruno O., Ranise A., Bondavalli F., Schenone
P.: Farmaco 48, 967 (1993).

Mazzone G., Puglisi G., Corsaro A., Panico A.,
Bonina F., Amico-Roxas M., Caruso A.,
Trombadore S.: Eur. J. Med. Chem. 21, 277
(1986).

Hamdy N.A., Gamal-Eldeen A.M.: Eur. J. Med.
Chem. 44, 4547 (2009).

Hamdy N.A., Gamal-Eldeen A.M., Abdel-Aziz
H.A., Fakhr .M.1.: Eur. J. Med. Chem. 45, 463
(2010).

Abdel-Aziz H.A., Gamal-Eldeen A.M., Hamdy
N.A., Fakhr I.LM.I.: Arch. Pharm. 342, 230
(2009).

Abdel-Aziz H.A., Hamdy N.A., Gamal-Eldeen
AM., Fakhr I.M.I.: Z. Naturforsch. 66¢c, 7-16
(2011).

Campaigne E., Thompson R.L., Van Werth
J.E.: J. Med. Chem. 1, 577 (1959).

Dieckmann W., Platz O.: Ber. Dtsch. Chem.
Ges. 38, 2989 (1906).

Zimmermann M.: Pain 6, 109 (1983).

Lorke D.: Arch. Toxicol. 53, 275 (1983).
Dharmasiri M.G., Jayakody J.R.A.C, Galhena
G., Liyanage S.S.P., Ratnasooriya W.D.: J.
Ethnopharmacol. 87, 199 (2003).

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Adedapo A.A., Sofidiya M.O., Maphosa V.,
Moyo B., Masika P.J., Afolayan A.J.: Rec. Nat.
Prod. 2, 46 (2008).

Vogel G.H., Vogel W.H.: Drug Discovery and
Evaluation. Springer-Verlag, Berlin, 413, 51
(1998).

Franzotti E.M., Santos C.V.F., Rodrigues
HM.S.L., Mourao R.H.V., Andrade M.R.,
Antoniolli A.R.: J. Ethnopharmacol. 72, 273
(2000).

Yin W., T., Wang T.-S., W., Yin F.-Z., Cai B.-
C.: J. Ethnopharmacol. 88, 205 (2003).
Barsoum F.F., Hosni H.M., Girgis A.S.: Bioorg.
Med. Chem. 14, 3929 (20006).

Hamza Y.E., Sammour O.A., Abdel-Latif H.A.:
Pharm. Ind. 56, 286 (1994).

Abdel-Aziz H.A., Mekawey A.A.L, Dawood
K.M.: Eur. J. Med. Chem. 44, 3637 (2009).
Abdel-Aziz H.A., Mekawey A.A.L: Eur. J.
Med. Chem. 44, 3985 (2009).

Yuh-Fung C., Huei-Yann T., Tian-Shung W.:
Planta Med. 61, 2 (1995).

Gupta R., Lohani M., Arora S.: Int. J. Pharma.
Sci. 3, 003 (2010).

Venkatesh P., Pandeya S.N.: Int. J. Chem. Tech.
Res. 1, 1354 (2009).

Gurupadyya B., Gopal M., Padmashali B.,
Manohara Y.: Indian J. Pharm. Sci. 70, 572
(2008).

Srivastava N., Salahuddin M., Shantakumar S.:
E.-J. Chem. 6, 1055 (2009).

Yadav P.S., Devprakash, Senthilkumar G.P.:
Int. J. Pharm. Sci. Drug Res. 3, 1 (2011).
Paramashivappa R., Phanikumar P., Subbarao
P., Srinivasarao A.: Bioorg. Med. Chem. Lett.
13, 657 (2003).

Abbott F.V., Melzack R.: Brain Res. 251, 149
(1982).

Received: 04. 06. 2012




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>







    /HEB (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


