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ABSTRACT

A condensation-cyclization reaction of a 4-[N-alkyl-N-(tert-
butyl oxycarbonyl)amino]phenylacetic acid (12a-b) with 2-bromo-4-
(methylsulphonyl)acetophenone (6) in the presence of triethylamine and
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1,8-diazabicyclo[5.4.0]undec-7-ene afforded 4-[4-(methanesul
phonyl) phenyl]-3-[4-(N-alkyl-N-tert-butyl oxy carbonyl)amino)phenyl]-5H-
furan-2-ones (13a-b) which upon reaction with HCl—saturated methanol
gave non-protected furanones (14a-b). Subsequent reaction of the furanone
(14a) with nitric oxide (40 psi) proceeded viaaN-methylamino-N-diazen-1-
ium-1,2-diolate intermediate that undergoes protonation of the more basic
diazen-1-ium-1,2-diolate N?-nitrogen and then loss of a nitroxyl (HNO)

species to furnish the N-nitroso product (15).
© 2013 Trade Sciencelnc. - INDIA

INTRODUCTION

The development of celecoxib (Celebrex®)™,
rofecoxib (Vioxx®)@ and va decoxib (Bextra®)® vali-
dated the origina concept that sd ective cyclooxygenase-
2 (COX-2) inhibitorswould be effective anti-inflam-
matory agentswith adiminished gastrointestina (Gl)
and renal toxicity*”. Unfortunately, some selective
COX-2 inhibitory drugs that include rofecoxib and
valdecoxib ater thenatural balanceinthe COX path-
way. In this regard, the amount of the desirable
vasodilatory and anti-aggregtory prostacyclin (PGL,)
produced is decreased together with asimultaneous
increaseinthelevel of theundesirablevasocondtrictory
and prothrombotic thromboxaneA,, (TxA, )%, These

two adversebiochemica changesinthe COX pathway
are believed to beresponsiblefor theincreased inci-
dencesof high blood pressure and myocardial infarc-
tionthat ultimately prompted thewithdrawa of rofecoxib
(Vioxx®) and valdecoxib (Bextra®)™12, Nitric oxide
(NO) exhibitsanumber of useful pharmacological ac-
tionsthat includevascular relaxation (vasodilation), and
inhibition of platelet aggregation and adhesion*3. Ac-
cordingly, attachment of aNO-donor moiety to highly
selective COX-2 inhibitors (NONO-coxibs) offersa
potentia drug design concept to circumvent theadverse
cardiovascular events. Recently, we reported NONO-
coxib ester prodrugshavingaNO-donor diazen-1-ium-
1,2-diolate moiety that are effectively cleaved by es-
terasesto release NO™¢, \WWe now report an investi-
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gation directed toward NO donor selective COX-2
inhibitory anti-inflammatory agentsthat would be de-
void of adversecardiovascul ar effects. (seestructure 1
inFigurel).

?
R. N
MeO,S, NI -ONa
o O
(1), R= alkyl|

Figurel: Sructureof putativehybrid nitric oxidedonor N-
diazen-1-ium-1,2-diolate derivatives of selective COX-2
inhibitory 4-[4-(methanesulphonyl)phenyl]-3-[4-(N-
alkylamino)phenyl]-5H-fur an-2-ones.

EXPERIMENTAL

Chemigtry

Melting points were determined on a Thomas-
Hoover capillary apparatus and are uncorrected. In-
frared (IR) spectrawere recorded as films on NaCl
platesusing aNicolet 550 Series|l MagnaFT-IR spec-
trometer. *H NM R spectrawere measured on aBruker
AM-300 spectrometer in D,O, CDCI,, CD,0OD or
DMSO-d, withTMSastheinterna standard, whereJ
(coupling constant) values are estimated in hertz (Hz).
Microanalyses were performed for C, H, N (Micro
Analytica ServicelLaboratory, Department of Chem-
istry, University of Alberta). The prepared compounds
showed asingle spot on Macherey-Nagel Polygram
Sil G/UV254 silicagel plates (0.2 mm) using alow,
medium, and highly polar solvent system, and noresi-
dueremained after combustion, indicating apurity of
>95%. Silicagel column chromatography was per-
formed using Merck silica gel 60 ASTM (70-230
mesh). All other reagents, purchased fromtheAldrich
Chemical Company (Milwaukee, WI) and were used
without further purification.

4-(Methylsulphonyl)acetophenone(5)
4-Fluoro-acetophenone (2) (2.76 g, 20 mmoles)

and sodium methanesulfinate (2.25 g, 22 mmol es) were
dissolvedindimethyl sulphoxide(15mL). Themixture
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was stirred at 120 °C for 15 hours and then poured
over 50 g of ice. Thesolid thusformed was collected
anddriedtogive5 (2.77 g, 70%) aswhite powder: mp
117-119 °C as reported, IR (film) 1684 (CO), 1318,
1154 (SO,) cm™; *H NMR (CDCl,) 6 2.68 (s, 3H,
COCH,), 3.09 (s, 3H, SO,CH,), 8.06 (dd, J = 1.8,
6.7 Hz, 2H, phenyl H-2, H-6), 8.14 (dd, J= 1.8, 6.7
Hz, 2H, phenyl H-3, H-5).

2-Bromo-4-(methylsulphonyl)acetophenone (6)

To asolution of 4-(methyl sulphonyl)acetophenone
(5) (4.1 g, 20.65 mmoles) in 50 mL of chloroform,
cooledto-5°C and under argon, 1.0 mg of aluminium
chlorideand (0.89 mL, 17.75 mmoles) of brominein 6
mL of chloroform wereadded. The mixturewasmain-
tained at -5 °C for 1 hour with stirring, 50 mL water
was added and the layerswere separated. The aque-
ous phase was extracted with ethyl acetate, and the
combined organic phaseswere dried over anhydrous
sodium sulphate and concentrated under reduced pres-
sure. Theresduewaspurified by silicagel column chro-
matography using ethyl acetate /hexane (1:1, v/v) as
theeluent to give 6 (4.2 g, 74%) as awhite powder:
mp 124 - 126 °C, IR (film) 1655 (CO), 1317, 1151
(SO,) cm™; *HNMR (CDCL,) 6 3.11 (s, 3H, SO,CH,),
4.47 (s, 2H, CH,Br), 8.08 (dd, J= 1.5, 7.6 Hz, 2H,
phenyl H-2, H-6), 8.18 (dd, J= 1.5, 7.6 Hz, 2H, phe-
nyl H-3, H-5). Anal. Calcd for CH,BrO,S: C, 39.00;
H, 3.27; S, 11.57. Found: C, 39.10; H, 3.20; S, 11.60
Ethyl 4-aminophenylacetate (8)

A mixtureof 4-aminophenylaceticacid (7) (2129,
13.9 mmoles) and concentrated sulphuric acid (2 mL,
27.8 mmoles) in absoluteethanol (30 mL) was heated
under reflux for 20 minutes. Thereaction mixturewas
cooled and mixed with agueous sodium carbonate so-
lution (till pH 8) and extracted with ethyl acetate. The
organic extract wasdried using anhydrous sodium sul-
phate and the sol vent wasremoved under reduced pres-
sureto givetheester 8 (2.4 g, 94%) asapure brown
oil: '"H NMR (CDCl,) & 1.25 (t, J = 7.1 Hz, 3H,
CH,CH,), 3.50 (s, 2H, CH,COO0), 3.59 (br. s, 2H,
NH,, D,O exchangeable), 4.14 (g, J = 7.1 Hz, 2H,
CH,CH,), 6.66 (d, J = 8.3 Hz, 2H, phenyl H-2, H-6),
7.08(d, J=8.3Hz, 2H, phenyl H-3, H-5). And. Calcd
for C H,.NO,: C, 67.02; H, 7.31; N, 7.82. Found:
C, 67.20; H, 7.50; N, 7.60
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Ethyl 4-(N-for mylamino)phenylacetate (9a)

Formicacid (1.4 mL, 35.9 mmoles) wasadded to
acetic anhydride (2.8 mL, 29.2 mmoles) at 0 °C and
then the mixture was heated at 50 °C for 30 minutes.
Themixturewascooled to 0 °C and tetrahydrofuran (20
mL) added. A solution of 8 (2.0 g, 11.2 mmol es) in tet-
rahydrofuran (20 mL) was added drop wiseand the so-
lutionwasgtirredat -10 °C for 30 minutes. The solvent
wasremoved under reduced pressuretogive9a(2.1g,
92%) asayelow syrup: IR (film) 3275 (NH), 2985 (C-
H aromatic), 2937 (C-H dliphatic), 1732 (CO,), 1692
(CO) cm*; *H NMR (CDCl,) 6 1.26 (t, J = 7.1 Hz,
3H, CH,CH,), 3.59 (s, 2H, CH,CO0Q), 4.15(q, J =
7.1Hz,2H, CH,CH,), 7.24(d, J=8.5Hz, 2H, phenyl
H-3, H-5), 7.49 (d, J=8.5 Hz, 2H, phenyl H-2, H-6),
8.33 (br. s, 1H, NH, D,O exchangeabl€), 8.34 (s, 1H,
HCO).Anal. Cacdfor C H,,NO,: C,63.76; H, 6.32,
N, 6.76. Found: C, 63.60; H, 6.30; N, 6.70

Ethyl 4-(N-acetylamino)phenylacetate (9b)

A mixtureof aceticanhydride(3.1g, 30.6 mmoles)
and ethyl 4-aminophenylacetate (8) (1.8 g, 10.20
mmoles) wasstirred at -10 °C for 30 min. The solvent
wasremoved under reduced pressureto give (9b) (1.8
0, 81%) asyelowishwhitesolid: mp 75- 77 °C, IR
(film) 3305 (NH), 2984 (C-H aromatic), 2936 (C-H
aliphatic), 1733 (CQO,), 1667 (CO) cm™; *H NMR
(CDCI,) 6 1.25(t,J=7.1Hz,3H,CH,CH,), 2.16 (s,
3H, COCH,), 3.58 (s, 2H, CH,COO0), 4.15(q, J =
7.1Hz,2H, CH,CH,), 7.23(d, J= 8.6 Hz, 2H, phe-
nyl H-3, H-5), 7.45 (d, J = 8.6 Hz, 2H, phenyl H-2,
H-6). And. Calcd for C ,H,.NO,: C,65.14; H, 6.83;
N, 6.33. Found: C, 65.20; H, 6.80; N, 6.30

Ethyl 4-(N-methylamino)phenylacetate (10a)

Toasolution of 9a(2.73 g, 13.3 mmoles) in tet-
rahydrofuran (40 mL), 2M solution of borane
dimethylsulfide (16.6 mL, 33.25 mmol es) was added
dowly. The solution wasstirred at room temperature
for 1 hour, methanol (4 mL) carefully added, the mix-
turestirred for 15 minutes. 1 M hydrochloric acid (4
mL) was added and the mixturestirred at 40 °C for 30
minutes. The solvent wasremoved under reduced pres-
sure and the residue partitioned between ethyl acetate
(80 mL) and saturated aqueous sodium bicarbonate
(80mL). theagueousfraction wasextracted with ethyl
acetate (40 mL ), the combined organic fractionswere
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dried over anhydrous sodium sul phateand concentrated
under reduced pressure. The residue was chroma
tographed, eluting with ethyl acetate/ light petroleum
ether (1:4) togive10a(1.84 g, 72 %) ascolorlessoil:
IR (film) 3380 (NH), 2977 (C-H aromatic), 2930 (C-
H aliphatic), 1732 (CO,); 'HNMR (CDCl,) 5 1.25(t,
J=7.1Hz, 3H, CH,CH,), 2.86 (s, 3H, NCH,), 3.52
(s, 2H, CH,C00), 4.14(q, J=7.1Hz, 2H, CH,CH,),
6.72 (d, J=8.5Hz, 2H, phenyl H-2, H-6), 7.15(d, J
= 8.5 Hz, 2H, phenyl H-3, H-5). Anal. Calcd for
C,H.NO,: C, 68.37; H, 7.82; N, 7.25. Found: C,
68.30; H, 7.70; N, 7.30

Ethyl 4-(N-ethylamino)phenylacetate (10b)

Thetitle compound was prepared from ethyl 4-
(N-acetylamino)phenylacetate (9b) usngthesamepro-
cedure described above as ayellowish brown oil in
51%yied: IR (film) 3347 (NH), 2972 (C-H aromatic),
2927 (C-H diphatic), 1734 (CO,); *HNMR (CDCl,)
41.23(t,J=7.1Hz, 3H, COOCH,CH,), 1.27 (t, J =
7.3 Hz, 3H, NCH,CH,), 3.19 (g, J = 7.3 Hz, 2H,
NCH,CH,), 3.52 (s, 2H, CH,C0OQ), 4.13(q,J=7.1
Hz, 2H, COOCH,CH,), 6.77 (d, J=8.6 Hz, 2H, phe-
nyl H-2, H-6), 7.16 (d, J = 8.5 Hz, 2H, phenyl H-3,
H-5).And. Cdcdfor C H,.NO,S: C, 69.54; H, 8.27,
N, 6.76. Found: C, 69.39; H, 8.40; N, 6.70
Ethyl 4-[N-methy-N-(tert-butyloxycarbonyl)
amino] phenylacetate (11a)

A solution of (10a) (1.84 g, 9.63 mmoles), 1 M
solution of di-tert-butyl dicarbonate (14.4 mL, 14.4
mmoles) and 4-dimethylaminopyridine (117 mg, 0.96
mmoles) intetrahydrofuran (40 mL) washested at re-
flux temperaturefor 16 hours. The solution was cooled
to room temperature and the solvent removed under
reduced pressure. theres due partitioned between ethyl
acetate (40 mL) and saturated agueous sodium bicar-
bonate (40 mL) and the aqueousfraction wasextracted
with ethyl acetate (2 x 40 mL), the combined organic
fractionswerewashed with water (2x 40 mL), brine
(40 mL), dried over anhydrous sodium sulphate and
concentrated under reduced pressure. Theresiduewas
purified by slicagd column chromatography using gra
dient ethyl acetate/ light petroleum ether (10— 30%)
aseluenttogivella(1.32g,47%) asaydlowail: IR
(film) 2977(C-H aromatic), 2935 (C-H diphétic), 1735,
1701 (CO,); *H NMR (CDCl,) § 1.26 (t, J = 7.1 Hz,
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3H, CH,CH,), 1.46 (s, 9H, C (CH,),), 3.25 (s, 3H,
NCH,), 3.59 (s, 2H, CH,COOQ), 4.16 (q, J = 7.1 Hz,
2H, CH,CH,), 7.23 (m, 4H, phenyl H). Anal. Calcd
for C H,,NO,: C, 69.29; H, 8.36; N, 5.05. Found:
C, 69.39; H, 8.40; N, 5.15.

Ethyl 4-[N-ethyl-N-(tert-butyloxycar bonyl)amino]
phenylacetate (11b)

Thetitlecompound was prepared from ethyl 4-(N-
ethylamino)phenyl acetate (10b) using the same proce-
duredescribed aboveasayedlow oil in56%yield: IR
(film) 2961 (C-H aromatic), 2928 (C-H diphatic), 1737,
1703 (CO,); 'HNMR (CDCl,) 4 1.15 (t, J= 7.3 Hz,
3H, NCH,CH,), 1.21 (t, J = 7.1 Hz, 3H,
COOCH,CH,), 146 (s, 9H, C (CH,),), 3.53 (s, 2H,
CH,CO00), 3.64(q, J=7.3Hz, 2H,NCH,CH,), 4.13
(9, J=7.1Hz, 2H, COOCH,CH,), 7.14 (d, J= 8.1
Hz, 2H, phenyl H-2, H-6), 7.21 (d, J = 8.1 Hz, 2H,
phenyl H-3,H-5). And. Cdcdfor C_H,NO,: C, 70.07;
H, 8.65; N, 4,81. Found: C, 70.10; H, 8.70; N, 4.90.
4-[N-Methyl-N-(tert-butyloxycarbonyl)ami
no]phenyl aceticacid (12a)

A solution of (11a) (1.329, 4.53 mmol es) in metha-
nol (16 mL) and 1M lithium hydroxide (22.6 mL, 22.6
mmoles) wasstirred at 50 °C for 30 minutes. The solu-
tionwascooled a 2 °C, washed with ether (20 mL) and
the pH was adjusted to 4 with 5 M hydrochloric acid.
Thesuspensonwasstirred at 2 °C for 30 minutes and
filtered to give (16a) (0.68 g, 65%) asawhite powder:
mp 113 - 115 °C; IR (film) 3405 (O-H), 2978 (C-H
aromatic), 2931 (C-H diphatic), 1733, 1699 (CO,); 'H
NMR (CDCl,) 6 1.46 (s, 9H, C (CH,),), 3.25 (s, 3H,
NCH,), 3.63 (s, 2H, CH,COQ), 7.24 (m, 4H, phenyl
H).Ana. Cdcdfor C H,,NO,: C,67.45; H, 7.68; N,
5,62. Found: C, 67.49; H, 7.70; N, 5.50.
4-[N-Ethyl-N-(tert-butyloxycarbonyl)ami
no]phenyl aceticacid (12b)

Thetitle compound was prepared from ethyl 4-
[ N-ethyl-N-(tert-butyl oxycarbonyl)amino] phenyl ac-
etate (11b) using the same procedure described above
as awhite powder in 54% yield: mp 96 - 98 °C; IR
(film) 3425 (OH), 2961 (C-H aromatic), 2928 (C-H
aliphatic), 1735, 1697 (CO,); '"H NMR (CDCl,) 6
1.15(t,J=7.3Hz, 3H, NCH,CH,), 1.44 (s, 9H, C
(CH,),), 3.63(s, 2H, CH,CO0), 3.69 (q, J= 7.3 Hz,
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2H,NCH,CH,), 7.13(d, J=8.1 Hz, 2H, phenyl H-2,
H-6), 7.22 (d, J = 8.1 Hz, 2H, phenyl H-3, H-5).

Anal. Calcd for C_H, NO, C, 68.42; H, 8.04; N,
5.32. Found: C, 68.39; H, 8.10; N, 5.39

4-[4-(methanesulphonyl)phenyl]-3-[4-(N-methyl-
N-tert-butyloxycar bonyl)amino)phenyl]-5H-furan-
2-one(13a)

Toamixtureof 4-[ N-methyl-N-(tert-butyl oxycarb-
onyl)amino] phenylacetic acid (12a) (0.54 g, 2 mmoles),
8 mL of acetonitrileand (0.61g, 2.25 mmoles) of 2-
bromao-4-(methyl sul phonyl)acetophenone (6), triethyl
amine (0.7 mL, 5 mmoles) was added drop wise and
under argon. Theresulting mixturewasstirred for 1
hour at room temperature and then cooled to 0 °C fol-
lowed by adding (0.58 mL, 3.88 mmoles) of
diazabicycl0[5.4.0]-undec-7-eneand the mixturewas
stirred for another 2 hoursat thistemperature. Then 7
mL of 1 N hydrochloric acid was added and the mix-
turewasextracted with ethyl acetate. The organic ex-
tract was dried over anhydrous sodium sul phate and
concentrated under reduced pressure. Theresiduewas
chromatographed, €l uting with ethyl acetate/ hexane
(2:1)togive(13a) (0.48 g, 54%) asayedlow gum: IR
(film) 2974 (C-H aromatic), 2930 (C-H diphatic),
1751, 1697 (CO,), 1318, 1151 (SO,) cm™; 'H NMR
(CDClL,) 6 1.48 (s, 9H, C (CH,),), 3.09 (s, 3H,
SO,CH,), 3.29(s, 3H, NCH,), 5.19 (s, 2H, furanone
CH,), 7.29(d, J=8.5Hz, 2H, N-methylaminophenyl
H-3, H-5), 7.39 (d, J = 8.5 Hz, 2H, N-methylamin
ophenyl H-2, H-6), 7.56 (d, J = 7.1 Hz, 2H,
methanesulfonylphenyl H-3, H-5), 7.95(d, J=7.1 Hz,
2H, methanesulfonyl phenyl H-2, H-6). Anal. Cacdfor
C,,H,.NO.S: C, 64,62; H, 5.89; N, 3.28. Found: C,
64.60; H, 5.70; N, 3.30
3-[4-(N-Ethyl-N-tert-butyloxycar bonyl)amino)
phenyl]-4-[4-(methanesulphonyl)-phenyl]-5H-fu-
ran-2-one(13b)

Thetitle compound was prepared from ethyl 4-
[N-ethyl-N-(tert-butyl oxycarbonyl)amino] phenyla
cetate (12b) and 2-bromo-4-(methyl sulphonyl) acetoph
enone (10) us ng the same procedure described above
in 51% as ayellow gum: IR (film) 2975 (C-H aro-
matic), 2933 (C-H aliphatic), 1753, 1699 (CO,),
1318, 1154 cm™; 'HNMR (CDCl,)) 6 1.16 (1, J=7.1
Hz, 3H, CH,CH,), 1.47 (s, 9H, C (CH,),), 3.09 (s,

Au Tudian Yournal



OCAIJ, 9(9) 2013

Mohamed A.Abdelgawad et al.

345

3H, SO,CH,), 3.69 (g, J = 7.1 Hz, 2H, CH_CH,),
5.19 (s, 2H, furanone CH,), 7.26 (d, J=8.5Hz, 2H,
N-ethylaminophenyl H-3, H-5), 7.39 (d, J = 8.5 Hz,
2H, N-ethylaminophenyl H-2, H-6), 7.55(d, J=8.5
Hz, 2H, methanesulfonylphenyl H-3, H-5), 7.94 (d, J
=7.1Hz, 2H, methanesulfonyl phenyl H-2, H-6). Anal.
Calcd for C,,H,,NO.S: C, 65.28; H, 6.16; N, 3.17.
Found: C, 65.30; H, 6.10; N, 3.30
4-[4-(methanesulphonyl)phenyl]-3-[4-(N-methyl-
amino)phenyl]-5H-furan-2-one(14a)

A solution of (13a) (0.446 g, 1 mmoles) in HCI —
saturated methanol (25 mL) was stirred at room tem-
peraturefor 1 hour. Thesolvent wasremoved under re-
duced pressure, aqueous sodium carbonate was added
to theresiduetill pH 8 and the aqueous solution was
extracted withethyl acetate. Theorganicextract wasdried
using anhydrous sodium sul phate and the solvent was
removed under reduced pressureto give (14a) (0.326
0, 95%) asan orangegum: IR (film) 3223 (NH), 2985
(C-H aromatic), 2925 (C-H diphatic), 1744 (CO),
1305, 1147 (SO,) cm™; *H NMR (CDCl,) 6 2.90 (s,
3H, NCH,), 3.09 (s, 3H, SO,CH,), 5.14 (s, 2H,
furanone CH,), 6.76 (d, J = 8.5 Hz, 2H, N-methy
laminophenyl H-3, H-5), 7.31 (d, J=8.5Hz, 2H, N-
methylaminophenyl H-2, H-6), 7.57 (d, J=8.5Hz, 2H,
methanesulfonylphenyl H-3, H-5), 7.97 (d, J=8.5Hz,
2H, methanesulfonyl-phenyl H-2, H-6). MS344.04 (M
+1).And. Cacdfor C H, NO,S: C, 62.96; H, 4.99;
N, 4.08. Found: C, 62.90; H, 5.00; N, 4.00.
3-[4-(N-Ethylamino)phenyl]-4-[4-(methane
sulphon-yl)phenyl]-5H-fur an-2-one(14b)

Thetitle compound was prepared from 3-[4-(N-
ethyl-N-tert-butyl oxycarbo-nyl)amino)phenyl]-4-[4-
(methanesul phonyl)phenyl]-5H-furan-2-one (13b) us-
ing the same procedure described abovein 91% asan
orange gum: IR (film) 3225 (NH), 2983 (C-H aro-
matic), 2925 (C-H diphatic), 1742 (CO), 1307, 1147
(SO,) cm™; *H NMR (CDCl,) 6 1.16 (t, J= 7.1 Hz,
3H, CH,CH,),3.10(s, 3H, SO,CH,), 3.69(q, J=7.1
Hz, 2H, CH,CH,), 5.15(s, 2H, furanone CH,), 6.77
(d, J=8.5Hz, 2H, N-ethylaminophenyl H-3, H-5),
7.31(d, J=8.5Hz, 2H, N-ethylaminophenyl H-2, H-
6), 7.57 (d, J=8.5Hz, 2H, methanesulfonyl phenyl H-
3,H-5),7.94(d, J=8.5Hz, 2H, methanesulfonyl phenyl
H-2, H-6). MS 358.11 (M + 1). Anal. Calcd for
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C,H,NO,S: C, 63.85; H, 5.36; N, 3.92. Found: C,
63.85; H, 5.35; N, 3.90.
3-[4-(N-methyl-N-nitr osoamino)phenyl]-4-[4-
(methanesulphonyl)phenyl]-5H-furan -2-one(15)
4-[4-(Methanesul phonyl)phenyl]-3-[4-(N-
methyl)phenyl]-5H-furan-2-one (14a) (0.343 g,
1 mmole) was added to a solution of sodium methoxide
(1 mmole, 0.22 mL of'a 25% w/v solution in mehanol)
anddiethyl ether (5 mL) with stirring at 25 °C. This mix-
turewaspurgedwith dry nitrogenfor 5 minutes, and then
the reaction was alowed to proceed under an atmo-
gphereof nitric oxide (40 psi internal pressure) with stir-
ring at 25 °C for 24 hours. The solvents were removed
under reduced pressure and theresiduewaspurified by
slicagd column chromatography using ethyl acetate/
hexane(1:1, v/v) asthedluentto give (15) (4.2 9, 45%)
asaydlow solid: IR (film) 2988 (C-H aromatic), 2923
(C-H diphatic), 1744 (CO), 1309, 1147 (SO,) cm™;
'H NMR (CDCI,) 6 3.09 (s, 3H, SO,CH,), 3.47 (s,
3H, NCH,), 5.23(s, 2H, furanone CH,), 7.55(m, 4H,
N-methylaminophenyl H-2, H-3, H-5, H-6), 7.57 (d, J
=8.5Hz, 2H, methanesulfonyl phenyl H-3, H-5), 7.98
(d, J=8.5Hz, 2H, methanesulfonyl phenyl H-2, H-6).
MS394.99 (M +Na).And. Cacdfor C H N.OS.1/
4H.0: C,57.32, H, 4.41; N, 7.43. Found: C, 57.39; H,
4.70; N, 7.39.

RESULTSAND DISCUSSION

The synthetic strategy employed to prepare puta-
tivemode compoundsof genera structurel (seeFig-
ure 1) is illustrated in Schemes 1, 2, 3. Thus, 4-
(methylsulphonyl)acetophenone (5) was prepared from
4-(methylthio)benzonitrile (3) in 2 stepsaccording to
reported procedures®”18 or by sulfinate anion replace-
ment of an activated fluorideinvolving an aromatic nu-
cleophilic subgtitution reaction. Bromination of 5using
brominein chloroform gave the precursor compound
(6) (schemel).

4-[N-Methy/ethyl-N-(tert-butyl oxycarbonyl)
amino] phenylacetic acids (12a-b) were prepared by
estrification of the commercially available 4-
aminophenylacetic acid (7) followed by acylationusing
either amixtureof formic acid and acetic anhydride, or
aceticanhydrideaoneto giveacyl derivatives(9a-b).
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E SCH;
O07(2)CHs C&\I)
SO,CHj SCH,
d
SO,CHj
07 (5)CHs OZ(4)CH;,
b
O7(B)CH,Br

Scheme 1: Reagentsand conditions: a) DM SO, CH,SO,Na,
120°C, 15 hours; b) CHCI,, AICI,, Br,, -5°C, 1 hour; ¢) 1.
THF, Meli,-78°C,2.25°C, 3 hours, 3. 3N HCI, 25 °C, 18

hours; d) CHZCIZ, mMCBPA, 18 hours.

—>

COOH 8) COOEt
O
: R
(10a-b) "COOEt (9a- b)ECOOEt
(10a), R= Me; _
(10b), R = Et (9a), R=H;
+d (9b), R=CHj4
R. .BOC
; N
(11a-b) "COOEt (12a-b) "COOH
(11a), R= Me; (12a), R= Me;
(11b), R=Et (12b), R = Et

Scheme2: Reagentsand conditions: a) EtOH, H,SO,, reflux,
20 minutes; b) THF, (RCO),0, -10°C, 30 minutes; ¢) THF,
BH..DM S RT, 1hour d) THF, di-tert-butyldicarbonate, DM AP,
reflux, 16 hours; €) MeOH, 1M LiOH, 50°C, 30 minutes.

@W CHEMISTRY —

Reductionof (9a-b) usngboranedimethylsulfideafforded
therespectiveN-dkyl phenylacetate esters(10a-b) which
were protected asthe BOC derivatives (11a-b) using
di-tert-butyl dicarbonate and 4-dimethylaminopyridine.
Selective hydrolysisof theseestersprovided theacids
(12a-b) asillugtrated in scheme2.

Reaction of the bromoketone 6 with phenylacetic
acid derivatives (12a-b) proceeded viaa2-step con-
densation-cyclization reaction that wasperformed asa
one-pot procedure®®. Thus reaction of the
bromoacetophenone 6 with (12a-b) inthe presence of

SO,CHj

; ECHZBr (12a- biCOOH

a (12a), R= Me;
(12b) R = Et

H3CO,S N’BOC

o~ ~O
(13a-b)
(13a), R=Me; (13b), R = Et

H3CO,S

{5 ©

Scheme 3: Reagentsand conditions: a) 1. MeCN, Et,N, 25
°C, 1 hour, 2. MeCN, DBU, 25 °C, 2 hours; b) MeOH, HCl, 25
°C, 1 hour; c) For 14a, Nitric oxide (40 psi), MeOH, ether,
MeONa, 25°C, 24 hours.
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triethylamineyiel ded the ester intermediate. Subse-
qguent cooling to 0 °C and addition of 1,8-
diazabicycl0[5.4.0] undec-7-eneinduced thecycliza-
tion reaction to afford the 3,4-diaryl-5H-furan-2-one
derivatives(13a-b). Therequired alkylamino deriva-
tives (14a-b) were obtai ned by deprotection of (13a-
b) using HCl—saturated methanol.

Reaction of 4-[4-(methanesul phonyl)phenyl]-3-[4-
(N-methylamino)phenyl]-5H-furan-2-one (14a) with
nitric oxide gas (40 psi) at 25 °C in the presence of
sodium methoxideyielded aproduct whichexhibited a
molecular ioninthemass spectrum (m/z 394.95 (M +
Na)) and microanaytical datathat wascons stent with
the N-nitroso product 3-[4-(N-methyl-N-nitrosoamino)
phenyl]-4-[4-(methanesul phonyl) phenyl]-5H-furan-2-
one (15). The spontaneousdecomposition pathway of
the N-a kyl-N-diazen-1-ium-1,2-diolate moiety (see
Figure 1) isdependent upon the site of protonation. In
thisregard, protonation at the aminenitrogen and then
decomposition would produce the amineand 2 mol -
eculesof NO asillustrated bel ow.

DI .
Ne O™ N, -0
R,N"* N R,N” N
EQ o — ReNH +2NO
+ ~ //
RNQ N
H

0.9
0.8

= Fyl) Paper

Alternatively, protonation of thediazen-1-ium-1,2-
diolate N*-nitrogen and then decomposition would fur-
nish anitrosamine (such as product 15 in Scheme 3)
and anitroxyl species (HNO) asindicated below.

O e
R,NF N R,N™ N
= R,N—N=0
(I{)l) — 2 +
~i-0 HNO
RN &N

T

Theformation of the N-nitroso product (15) indi-
catesthat (i) theintermediate N-alkyl-N-diazen-1-ium-
1,2-diolate product (see structure 1 in Figure 1) must
undergo protonation of the more basic diazen-1-ium-
1,2-diolate N*-nitrogen that isunstabl e undergoing sub-
sequent eimination of aHNO species species®?4, and
(ii) that the attachment of an a kyl substituent to O? po-
sition prevents the spontaneous decomposition of
diazen-1-ium-1,2-diolates?!.

Anti-inflammatory activity

Anti-inflammatory activity wasevaduated usng car-
rageenan - induced paw edemad?J. Adult male rats
weighing between 150-180 g were maintai ned under
normal laboratory con-ditions and kept in standard
polypropylene cages at room temperature of 25-30°C,
60 to 65% relative humidity and provided with stan-

s 0.7

2 08

"]

@ After 1hr

NESS:

E 0.5
0.4 4

| After 3 hrs

0.3 1

O After 5 hrs

0.2 1
0.1 1

T T

ISSS

o

Increase in paw volume following
carrageenan administration

S

7

LN L N N M

o

Control Rofecoxib

14a 14b |

Figure2

dard diet and water ad libitum. Four groups each of
fiveratswereused and treated asfollow; Group | served
ascontrol (administered saline), Group 11 administered
rofecoxib (20 mg/kg bw) followed by carrageenan in-
jection, GroupslIl and IV administered tested com-
pounds (20 mg/ kg bw) followed by carrageenanin-

jection. rofecoxib and tested compounds were admin-
istered ordly. After 30 min., all animalswereinjected
with 0.1 ml of 1% carrageenan solution (prepared in
norma sdine) intotheright hind paw of al groups. The
edemawasquantified by measuring the hind paw thick-
nessimme-diately before subplantar injection, and at
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1, 3, 5 hours post carrageenan treatment with ami-
crometer cdiber. Theincreasein paw volumeafter car-
rageenan administration was recorded.

It wasfound that both tested compounds signifi-
cantly decreased the effect of carrageenan in compari-
sonwith control group at 1, 3and 5 hourspost injec-
tion. Moreover, it was observed that the second com-
pound ismore potent than thefirst oneat 5 hours post
injection.(TABLE 1)

TABLE1
Treatment After 1hr After 3hrs After 5hrs
Control 0.57+4.02%  0.78:2.4% 0.78+1.65%
Rofecoxib ~ 0.25+0.163° 0.16£0.22° 0.46+2.07°
1l4a 0.18+1.53 ¢ 0.34+3.0¢ 0.26+2.38°
14b 0.31+0.06°  0.16+3.8°  0.11+4.41¢

Means, in the same columns, which are not significantly
different, are followed by the same letters

CONCLUSIONS

Compounds 14awas showed thesameactivity with
Rofecoxib after onehour but |esspotent after 3 hours.
After 5 hours compound 14ashowed potent activity
than Rofecoxib.

Compound 14b had the same potency of Rofecoxib
after 1 or 3hoursbut showed pronounced activity after
5hours.

After 1 or 5hoursbut isthe sameafter 3 hours.

ACKNOWLEDGEMENT

| amindebtedto Dr. E.E.Knausfor hissupport and
hel pful discussions.

REFERENCES

[1] T.D.Penning, J.J.Tally, S.R.Bertenshaw, J.S.Carter,
P.W.Collins, S.Doctor, M.J.Graneto, L.F.Lee,
J.W.Malecha, J.M.Miyashiro, R.S.Rogers,
D.J.Rogier, S.S.Yu, GD.Anderson, E.G.Burton,
J.N.Cogburn, S.A.Gregory, C.M.Koboldt,
W.E.Perkins, K.Seibert, A.W.Veenhuizen,
Y.Y.Zhang, P.C.Isakson; J.Med.Chem., 40, 1347
(1997).

[2] P.Prasit, Z.Wang, C.Brideau, C.C.Chan,
S.Charleson, W.Cromlish, D.Ethier, J.F.Evans,

A.W.Ford-Hutchinson, J.Y.Gauthier, R.Gordon,
J.Guay, M.Gresser, S.Kargman, B.Kennedy,
Y.Leblanc, S.Leger, J.Mancini, G.P.O’Neill,
M.Quellet, M.D.Percival, H.Perrier, D.Riendeau,
I.Rodger, PTagari, M.Therien, PVickers, E.Wong,
L.J.Xu, R.N.Young, R.Zamboni, S.Boyce,
N.Rupniak, M.Forrest, D.Visco, D.Patrick;
Bioorg.Med.Chem.Lett., 9, 1773 (1999).

[3] JA.Taley, D.L.Brown, J.S.Carter, M.JMasferrer,
W.E.Perkins, R.S.Rogers, A.F.Shaffer, Y.Y.Zhang,
B.S.Zweifel, K.Seibert; J.Med.Chem., 43, 775
(2000).

[4] M.E.Turini, R.N.DuBois; Ann.Rev.Med., 53, 35
(2002).

[5] C.R.Rodrigues, M.PVeloso, H.Verli, C.A.Fraga,
A.L.Miranda, E.J.Barreiro; Curr.Med.Chem., 9,
849 (2002).

[6] C.Bombardier, L.Laine, A.Reicin, D.Shapiro,
R.Burgos-Vargas, B.Davies, R.Day, M.B.Ferraz,
C.J.Hawkey, M.C.Hochberg, T.K.Kvien,
T.J.N.Schnitzer; Engl.J.Med., 343, 1520 (2000).

[7] FE.Silverstein, GFaich, J.L.Goldstein, L.S.Simon,
T.Pincus, A.Whelton, R.Makuch, G.Eisen,
N.M.Agrawa, F.W.Stenson, A.M.Burr, W.W.Zhao,
J.D.Kent, J.B.Lefkwith, K.M.Verburg, GS.Gel's,
JAMA, 284, 1247 (2000).

[8] B.Hinz, K.Brune; J.Pharmacol .Exp.Ther., 300, 367

(2002).

[9] H.H.Patel, GJ.Gross; JMol.Cell Cardiol., 34, 1
(2002).

[10] D.Mukherjee; Biochem.Pharmacol., 63, 817
(2002).

[11] A.Scheen; J.Rev.Med.Liege., 59, 565 (2004).

[12] JM.Dogné, C.T.Supuran, D.Pratico; J.Med.Chem.,
48, 2251 (2005).

[13] A.R.Butler, D.L.H.Williams, Chem.Soc.Rev., 22,
233 (1993).

[14] K.R.A.Abddllatif, Y.Dong, Q.H.Chen, M.A.Chow
dhury, E.E.Knaus; Bioorg.Med.Chem., 15, 6796
(2007).

[15] K.R.A.Abdellatif, M.A.Chowdhury, Y.Dong,
Q.H.Chen, E.E.Knaus; Bioorg.Med.Chem., 16,
3302 (2008).

[16] K.R.A.Abdellatif, M.A.Chowdhury, Y.Dong,
E.E.Knaus; Bioorg.Med.Chem., 16, 6528 (2008).

[17] A.Moreau, Q.H.Chen, P.N.Praveen Rao,
E.E.Knaus; Bioorg.Med.Chem., 14, 5340 (2006).

[18] H.C.Huang, J.J.Li, D.J.Garland, T.S.Chamberlain,
E.J.Reinhard, R.E.Manning, K.Seibert,
C.M.Koboldt, S.A.Gregory, G.D.Anderson,

Onganic CHEMISTRY o
Au Tudian Yournal



OCAIlJ, 9(9) 2013 Mohamed A.Abdelgawad et al. 349

> Fyl/ Poper
A.W.Veenhuizen, Y.Zhang, W.E.Perkins, E.GBur [21] M.A.Chowdhury, K.R.A.Abdellatif, Y.Dong,

ton, J.N.Cogburn, P.C.Isakson, D.B.Reitz; E.E.Knaus; Bioorg.Med.Chem., 16, 8802 (2008).

J.Med.Chem., 39, 253 (1996). [22] D.K.Taylor, |.Bytheway, D.H.R.Barton, C.A.Bayse,
[19] M.T.Therien, J.Y.Gauthier, Y.Leblanc, S.Leger, M.B.Hall; J.Org.Chem., 60, 435 (1995).

H.Perrier, PPrasit, Z.Wang; Synthesis, 1778 (2001). [23] C.A.Winter, E.A.Risely, GN.Nus; Proc.Soc.Exp.
[20] J.PToscano, C.M.Pavlos, PK.Boppana; Interna- Bioal., 111, 544 (1962).

tional PCT Patent, WO 2005/074598 A2, Issued
August 18 (2005).

e, Onganic CHEMISTRY
Au Tudian Yournal



