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ABSTRACT

A new series of N-(5-acetyl-4-methyl-3-(substitutgdhenyl)-thiazol-2-ylidene)-4-methyl
(substituted) benzamideza-o was synthesized by heterocyclization of dbweesponding 1-
substituted benzoyl-3-arylthioureaka-o with 3-chloropentane-2,4-dione under microwave
irradiation in the absence of any solvent or casalyAll synthesized compounds have been
evaluated for their antiviral activity againgitereplication of HIV-1 and HIV-2 activity in MT-4.
However, compoundg and 2n showed activity against HIV-2 with E£of 2.44ug mI* and
1.89 ug ml* (CGso of 60.68ug mit and 49.38:g mlY), respectively, resulting in a selectivity
index of25and 26. The results suggest that these compoumdsecaonsidered as a new lead in
the development of antiviral agents.

Keywords. Anti-HIV activity, benzamides, imino-1,3-thiazolise 1,3-disubstituted thioureas,
NNRTIs.

INTRODUCTION

N-(5-Acetyl-4-methyl-3-(substituted phenyl)-thiaz2(3H)-ylidene)-4-methyl substituted
benzamide derivatives bearing 2-imino-1,3-thiaalior thiazol-2-imine nucleus possess
important pharmacological activities, such as angfl [1,2], anti-allergic [3], anti-hypertensive
[4], anti-inflammatory [5], antibacterial [6], am@sic, antirheumatic, antipyretic and anti-HIV
[7] activities Some fused thiazolines possessed medicinal apiphsain the treatment of
allergies, hypertension, inflammation, schizophmenbacterial and HIV infections [8],
meanwhile 2-thiazolylimino-5-arylidene-4-thiazohdines showed noticeable antimicrobial
activity against bacteria, yeasts and mould [9Fubstituted 2-(cyanoimino)thiazolidines have
been used in agriculture due to their neonicotinoegkcticidal activity [10]Moreover, some 3-
substituted thiazolidines exhibited radioprotectiygoperties againsty-radiations [11].
Quantitative structural—activity relationship (QSA&udy for fungicidal activities of 2-imino-
1,3-thiazoline derivatives against rice blast fun@yricularia oryzae[12] has revealed their
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potent use as fungicides. KHG22394, a 2-imino-hi8zbline derivative, significantly inhibited
melanin production in a dose-dependant mannerabuas a skin whitening agent [13], whereas
pifithrin-a, an imino thiazoline, is a reversible inhibitor pb3-mediated apoptosis and p53-
dependent gene transcription [1#Amidine derivatives, synthesized by condensation2of
cyanopyridine with various 3,4-diaryl-2-imino-4-#ziolines, exhibited good antiinflammatory
activity and analgesic activity [15]. 3-AlkylFBthiazoline derivative PS 028, GP llib/llla
receptor antagonist, is a lead compound for oratffive potent platelet aggregation inhibitor
[16]. On the other hand, acridinyl-thiazoline datives have been found to exhibit moderate
CDK1 inhibitor activity [17]. Several derivativesf d2-acylimino-1,3-thiazolines showed
bleaching herbicidal activity against up-land weedisl proved selectivity against crops [18],
while 2-acylimino-3-alkyl-3H-thiazoline derivatives have been considered aselngsturn
mimics [19]. Recently, 2-alkylimino-1,3-thiazolindgve exhibited promising T-Type calcium
channel inhibitory activity [20], whereas Padtlal. [21] reported that 5-benzylidene-3-(3-fluoro-
4-yl-morpholin-4-ylphenylimino)-thiazolidin-4-one edvatives showed remarkable anti-
microbial activity.

Shi et al. [22] have reported recently the condensationNedryl thioureas with 3-bromo-
acetylacetone in neutral solvent acetone, as \gelha antiproliferative activity of the products.
Such reaction led to the formation of not only Btgit4-methyl-2-(substituted anilino)thiazoles
but 2-imino-3-(substituted phenyl)-4-methyl-5-ad&ty8-dihydrothiazoles, as well.

The above mentioned biological and significancettsstic pathways and in continuation of our
ongoing studies onN-(4-phenyl-3-aroylthiazol-2(3)-ylidene)-substituted-benzamides [23],
thiazoline [24] and thiazol-2-ylidene derivatives], we report here the synthesis of some new
thiazol-2-ylidene benzamide derivatives with evatraof their anti-HIV activity.

MATERIALSAND METHODS

Melting points were recorded using a digital Galiemp (SANYO) model MPD BM 3.5
apparatus and are uncorrectddl NMR spectra were determined as CP&dlutionsat 300 MHz
using a Bruker AM-300 spectrophotometer. FT IR sijgewere recorded using an FTS 3000 MX
spectrophotometer. Mass Spectra (El, 70eV) weresameaon GC-MS instrument. The reactions
were carried out in microwave oven (MW 900 W, freqay 2450 MHz, Power level 1,
Dawlance, Pakistan). All compounds were purifiedtligk layer chromatography using silica
gel from Merck.

General procedure for the synthesis of (E)-N-(5-acetyl-4-methyl-3-(substituted phenyl)-
thiazol-2(3H)-ylidene)-4-methyl substituted benzamides (2a-0).

A completely homogenized mixture of 1-(substituéedyl)-3-(substituted phenyl)thioureéka-

0) (1.0 mmol) with 3-chloropentane-2,4-dione (1.0 ofhwas irradiated for 10-30 seconds in
an alumina bath inside a microwave oven. The pssy@& reaction was followed by TLC
examination using hexane ethyl acetate (4:1). Onpbetion, the residue was purified either by
recrystallization from EtOH or MeOH or by prepavatihin layer chromatography to furnish the
desired product.

N-(3-([1,1'-Biphenyl]-2-yl)-5-acetyl-4-methylthialz®-ylidene)benzamidga)

Yield: 65%; mp 156-157C. IR (KBr,v: cm*): 2932, 1698, 1640 (C=0), 1632, 1555 (Ar-C=C),
1448 (C=N), 1511, 1316, 1292 (C-S), 1165 (C-N),2,1%71, 718, 685'"H NMR (CDCk): &
7.68 (dd 2H,J= 1.8, 7.8 Hz, Ar-H); 7.64 (d®H, J= 1.8, 7.8 Hz, Ar-H); 7.40-7.33 (s, 8H, Ar-
H); 7.14 (t,J= 1.8, 2H, Ar-H); 2.74 (s, 3H, Cit 2.47 (s, 3H, CKCO). *C NMR (CDCb): 5
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171.9 (CHC=0); 165.0 (NC=0); 159.5 (Cpiazo=N); 150.7 (Ciniazo); 149.80, 143.2, 141.3,
137.0, 133.2, 129.8, 128.9, 126.3, 124.4, 126.3,31224.8, 124.6 (Gon); 104.3 (Ciniazo); 30.3
(CHsCO), 14.7 (CH). EIMS: m/z 412. Anal. Calcdfor CysHooN-O,S (412.50): C, 72.79; H,
4.89; N, 6.79. Found: C, 72.83; H, 4.91; 6.76%.

N-(5-Acetyl-3-(3-fluorophenyl)-4-methylthiazol-2dg@ne)-4-nitrobenzamid@b)

Yield: 75%; mp 212-218C. IR (KBr,v: cm*): 2940, 1690, 1645 (C=0), 1630, 1560 (Ar-C=C),
1538 (asym N@), 1448 (C=N), 1343 (sym NQ}1316, 1292 (C-S), 1165 (C-N), 1152, 94/51.
NMR (CDCh): § 7.58 (d, 2HJ = 1.8, 7.8 HZ, F’somno0); 7.44 (d, 2HJ = 1.8, 7.8 Hz, B%om.
Nno2); 7.39-7.31 (m, 4H, Ar-H); 2.72 (s, 3H, GH2.45 (s, 3H, CECO). **C NMR (CDCE): §
173.6 (CHC=0); 164.6 (\C=0); 160.0 (ém.azo.-N) 157.7, 155.0 (dlczarom = 251 Hz, Caronm);
152.5 (dtmazol + C:4arom NOQ 140. 8 140.2 (dv]Clarom F= 7.5 HZ éarorﬁ) 133. 9 132. O . 131.2
(Carom); 130.5, 29.5 (dJcsaromr= 12.8 Hz, Caron); 125.1, 124.6 (dJczarom = 20.0 Hz, éam);
116.7 (dJcgaromr= 3.8 Hz, Caon); 106.2, 104.3 (dlcaaromr= 19.5 Hz, Carom); 105.0 (Cihiazo);
30.2 CHsCO); 14.5 (CH). EIMS 398/400. Anal. Calcdor CigH14FN3O,S (399.40): C, 57.14;
H, 3.53; N, 10.52. Found: C, 75.24; H, 3.57; 10.61%

N-(5-Acetyl-3-(3-chloro-4-fluorophenyl)-4-methylhol-2-ylidene)-4-nitrobenzamid2c)

Yield: 78%; mp 204-208C. IR (KBr,v: cm®): 2973, 1697, 1651 (C=0), 1632, 1556 (Ar-C=C),
1542 (asym N@), 1451 (C=N), 1350 (sym N{ 1511, 1316, 1290 (C-S), 1165 (C-N), 1152,
971, 718, 685'H NMR (CDCh): 6 8.37 (d 2H, J = 1.8, 7.8, B somno02; 8.19 (d 2H, J= 1.8,
7.8 Hz, Hom. nod: 7.42 (d, 1H,Jcearome= 5.5 Hz, éamm) 7.21 (d, 1H,Jc5arome= 8.3 Hz,
C%aron); 6.35 (d, 1HJcrarome= 5.0 Hz, Caron); 2.72 (s, 3H, CH); 2.39 (s, 3H, CECO). °C
NMR (CDChL): § 175.2 (CHC=0); 165.8 (NC=0); 159.9 (ém.azo._N) 154.5 (ém.azo, + Clarom-
no2); 149.5, 152.2 (eaarome= 250 Hz, Caon); 136.5 (Grom); 134.7, 134.2 (Mcrarompe= 7.2
Hz, Ctaom); 130.3, 128.3 (Gon); 123.4, 123.9 (dJcearomr= 12.0 Hz, Eaon); 121.3, 120.1 (d,
Jezarome= 20.5 Hz, Cuom; 119.0, 119.8 (dJcoaomr= 13.5 Hz, éamrr) 113.3, 112.2 (d,
Jesarome= 20.3 Hz, Caom); 104.5 (éthiazop; 30.3 CH3CO); 14.6 (CH). EIMS 432/434. Anal.
Calcd. for CigH13CIFN:O,S (433.84): C, 52.60; H, 3.02; N, 9.69. Found: €,63; H, 3.08;
9.45%.

N-(5-Acetyl-3-(4-fluorophenyl)-4-methylthiazol-2d@ne)-4-flurobenzamid@d)

Yield: 73%; mp 117-118C. IR (KBr,v: cm®): 2945, 1698, 1640 (C=0), 1632, 1555 (Ar-C=C),
1448 (C=N), 1511, 1316, 1292 (C-S), 1165 (C-N), 2171, 71 8, 685'H NMR (CDCk): 5
7.94 (m 2H, H*%%om; 7.64 (M 2H, H**0m0; 7.34 (M, 2HH*40m-0; 7.25 (M 2H, H* 3om-;
2.72 (s, 3H, CH); 2.47 (s, 3H, CKCO).*C NMR (CDCE): § 172.8 (CHC=0); 167.2 (N\C=O);
165.0, 163.0 (dJcaaromr= 252 Hz, Caon); 161.4 (CiniazorN); 159.5, 157.3 (d)cararom = 251
Hz, c“am) 150.7 (Ciazo); 137.0, 136.7 (dJcrarome = 3.5 Hz, éaronp 129.8, 128.9 (d,
Jezarome = 20.1 Hz, Caon); 123.3, 124.8 (d)oraome = 12.8 Hz, Caom); 118.5, 117.04 (d,
Jararom = 23.2 Hz, ém) 116.1, 115.0 (dJczaome= 12.5 Hz, éaronp 104.2 (éth.azop 30.1
(CHsCO); 14.6 (CH). EIMS 371/373. Anal. Calcdor CygH14FN,0,S (372.39): C, 61.28; H,
3.79; N, 7.52. Found: C, 61.86; H, 3.64; 7.47%.

N-(5-Acetyl-3-(2-bromophenyl)-4-methylthiazol-2dgine)-3,4-dichlorobenzamidqge)

Yield: 81%; mp 160-16%C. IR (KBr,v: cmi’): 2937, 1708, 1640 (C=0), 1632, 1555 (Ar-C=C),
1448 (C=N), 1511, 1316, 1292 (C-S), 1165 (C-N),2,1%71, 718, 685:H NMR (CDCk): &
7.66 (dd 1H,J = 3.7, 1.6 Hz, &rom.c); 7.34-7.02 (M, 6HCaron); 2.72 (S, 3H, Ch); 2.45 (s, 3H,
CH3CO).3C NMR (CDCE): 5 172.9 (CHC=0); 168.2 (NC=0); 161.2 (C=N); 150.7 %Guzo):
149.8 (éarom-Br); 141.3 (éaromCIZ); 137.0 (éaromCIZ); 133.2 (éaromC|2+ CO)aromCD; 129.8 (éaromCIZ

+ CﬁaromCI?); 128.9 (éaromcb; 126.3 (daromCD; 118.5 (éaromCD; 117.0 (éaromCD; 104.5 (éthiazob;
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30.3 CHgCO), 14.7 (CH) EIMS 484. Anal. Calcdfor ClnggBrC|2N2028 (48419) C, 47.13;
H, 2.71; N, 5.79. Found: C47.18; H, 2.61; 5.81%.

N-(5-Acetyl-3-(2-bromophenyl)-4-methylthiazol-2dgine)-3,5-dichlorobenzamid2f)

Yield: 65%; mp 150-15%C. IR (KBr, v: cmi?): 2920, 1688, 1640 (C=0), 1632, 1555 (Ar-C=C),
1448 (C=N), 1511, 1316, 1292 (C-S), 1165 (C-N), 2,1%71, 718, 685'H NMR (CDCk): &
7.66 (t, 1H,J = 2.8 Hz, Caromcn); 7.34 @, 2H, J = 2.7 Hz, C%omcr); 7.25-7.02 i, 4H, Carom-
Br); 2.73 (s, 3H, Ch); 2.46 (s, 3H, COCH. **C NMR (CDCh): 6 172.8 (CHC=0), 168.1
(NC=0); 161.3, (C=N); 150.9 (Giazo); 149.8 (Carom-s); 141.3 (Carome); 137.0 (G aromend);
133.2 (daromC|2+ (CgaromBr); 129.8 (éaromCIZ); 128.9 (éaromCIZ'*' CSaromBr); 126.3 (daromBr); 118.5
(CProme); 117.0 (Carome); 104.3 (Ciniazo); 30.2 CH3CO); 14.5 (CH). EIMS 484. Anal. Calcd.
for C1oH1aBrClLN,O,S (484.19): C, 47.13; H, 2.71; N, 5.79. Found: T28; H, 2.65; 5.89%.

N-(5-Acetyl-3-(2-fluorophenyl)-4-methylthiazol-2dg@ne)-3,4,5-trimethoxybenzamiffe)

Yield: 68%; mp 172-178C. IR (KBr,v: cmi®): 2925, 1670, 1640 (C=0), 1632, 1555 (Ar-C=C),
1448 (C=N), 1511, 1316, 1292 (C-S), 1165 (C-N), 2,1%71, 718, 685'H NMR (CDCk): &
7.79-@, 2H,J= 2.7 Hz, C%omomed; 7.23-7.02 1, 4H, Carom-9; 3.52 (s, 3H, OMe); 3.33 (s, 6H,
OMe); 2.72 §, 3H, CHy); 2.43 (s, 3H, CHCO).**C NMR (CDCE): § 173.5 (CHC= O) 168.2
(NC=0); 161.2 (C=N); 152.7, 150.1 (@2.= 252 Hz, Ciiazo* Carom8; 149.8 (Carom-omed;
143.4 (Caom-omed; 134.2, 133.7 (dJe1. = 26.3 Hz, Coom. D: 128.9 (C arom-omed; 126.3 (Carom-
F); 126.2, 125.8 (dJce.= 12.4 Hz, Caroms; 123.3, 122.8 (e = 12.3 Hz, Cargm-d): 117.0,
116.1 (d Jcs.= 26.0 Hz, Caom-; 116.1 (é'ﬁarom_OMeg; 109.2 (Caromomed; 104.4 (Ciiazo); 59.8
(OMe); 55.2 (2xOMe); 30.5 QH;CO); 14.7 (CH). EIMS 443/445. Anal. Calcdfor
CooH21FNLOsS (444.48): C, 59.45; H, 4.76; N, 6.30. Found: ©69; H, 4.77; N, 6.35%.

N-(5-Acetyl-3-(3-fluorophenyl)-4-methylthiazol-2dg@ne)-3,4,5-trimethoxybenzamif)

Yield: 76%; mp 173-174C. IR (KBr,v: cm*): 2929, 1685, 1640 (C=0), 1632, 1555 (Ar-C=C),
1448 (C=N), 1511, 1316, 1292 (C-S), 1165 (C-N),2,1%71, 718, 685'H NMR (CDCh): &
7.87 (d 2H, 3= 2.8 Hz, C%om-omed; 7.02 @t, 1H, Iy 5 aromr= Js'6.arom= 7.9 HZ,J2\5ar0m= 5.5
Hz, , 3.55 (s, 3H, OMe); 3.35 (s, 6H, OMe); 2.733d, CH); 2.47 (s, 3H, CECO).*C NMR
(CDCh): § 172.4 (CHC=0); 169.9 (NC=0); 162.8, 162.3 (@bsarom = 251 Hz, Carom-9; 160.2
(C?thiazo=N); 154.3 (Ciniazo); 153.2 (2xC, 3,5-OM&-Ar); 144.3 (4-OMeC-Ar); 138.4, 138.6 (d,
Jeraome= 9.8 Hz, Caom); 132.7, 132.2 (dJcsarome= 8.3 Hz, Caon); 130.7 (Grom); 123.9,
123.4 (d Jczarom= 18.8 HZ, Caroms); 116.7 (d dcsarome = 0.8 HZ, Caroms); 109.2 (dJesarome=
20.1 Hz, Carom); 105.7 (éth.azo.+ Caron); (Cihiazo); 104.0 (éth.azop 59.8 (OMe); 55.7 (2xOMe);
30.3 CH5CO); 14.6 (CH). EIMS 443/ 445. Anal. Calcdor CysH21FN,OsS (444.48): C, 59.45;
H, 4.76; N, 6.30. Found: C, 59.49; H, 4.79; N, 63

N-(5-Acetyl-3-(4-fluorophenyl)-4-methylthiazol-2dg@ne)-3,4,5-trimethoxybenzamiffe)

Yield: 75%; mp 236-237C. IR (KBr,v: cm®): 2938, 1709, 1640 (C=0), 1632, 1555 (Ar-C=C),
1448 (C=N), 1511, 1316, 1292 (C-S), 1165 (C-N),2,1%71, 718, 685'"H NMR (CDCk): &
7.66 @, 2H,J = 2.7 Hz, Com-omed; 7.34-7.02 1, 4H, Carom-; 3.53 (s, 3H, OMe); 3.34 (s, 6H,
OMe); 2.71 (s, 3H, CHJ; 2.45 (s, 3H, CHCO). *C NMR (CDCE): 6 172.8 (CHC=0), 168.2
(NC=0); 165.2, 163.0 (dJce= 250 Hz, Caom; 161.5 (C=N), 153.5 (Giazo); 150.7
(C** wrom-omed; 143.4 (€ arom-omed; 141.3, 140.0 (dJcr = 12.6 Hz, Carom); 133.2, 131.7 (d,
Jos: = 12.3 Hz, Caomn); 129.8 (C arom-omed; 118.5, 117.04 (d)cs.= 3.8 Hz, c‘ammg 116.1
(d, Jezo= 25.1 Hz, C%uomd: 107.2 (CCuomomed; 104.6 (Cniazo); 60.0 (OMe); 55.3
(2xOMe); 30.3 CH;CO); 14.8 (CH). EIMS 443/ 445. Anal. Calcdor CoH21FN;OsS (444.48):
C, 59.45; H, 4.76; N, 6.30. Found: C, 59.49; H9418, 6.43%.
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N-(5-Acetyl-3-(3-chlorophenyl)-4-methylthiazol-2dg@ne)-3,4,5-trimethoxybenzami(i)

Yield: 69%; mp 93-94C. IR (KBr,v: cm?): 2921, 1710, 1640 (C=0), 1632, 1555 (Ar-C=C),
1448 (C=N), 1511, 1316, 1292 (C-S), 1165 (C-N),211%71, 718, 685'H NMR (CDCk): &
8.06 (d 2H, J = 2.6 Hz, C%omomed; 7.37-6.96 1, 4H, Guom-c); 3.54 (s, 3H, OMe); 3.31 (s,
6H, OMe); 2.73 (s, 3H, Cht 2.45 (s, 3H, ChLCO). 13C NMR (CDCE): 6 173.4 (CHC=0);
169.9 (NC=0); 162.7 (C=N); 153.9 ”(@azop 151.6 (C"*arom-omed; 143.9 (C arom. OMeg 138.4
(Cl arom- CD 133.9 (é arom- CD 133.0 (é arom- CD 130.0 (é arom- OMea 105.1 (é arom-OMe3 t
C’hiazo); 59.8 (OMe); 55.0 (2xOMe); 30.LH;CO); 14.6 (CH). EIMS 460. Anal. Calcdfor
C22H21CIN2OsS (460.93): C, 57.33; H, 4.59; N, 6.08. Found: ©T23; H, 4.62; N, 6.10%.

N-(5-Acetyl-3-(3-chloro-2-fluorophenyl)-4-methylhol-2-ylidene)-3,4,5-trimethoxybenzamide
(2k)

Yield: 76%; mp 255-256C. IR (KBr,v: cmi®): 2926, 1701, 1640 (C=0), 1632, 1555 (Ar-C=C),
1448 (C=N), 1511, 1316, 1292 (C-S), 1165 (C-N),2,1%71, 718, 6851H NMR (CDCk): §
7.81 (dddJ= 2.1, 7.7 HzJs .= 1.8 Hz, Caromr.0); 7.76-7.15 1, 4H, G o omeat c“' arom-F.Cl
); 2.72 (s, 3H, Ch); 3.56 (s, 3H, OMe); 3.36 (s, 6H, OMe); 2.45 (bl, £H;CO). *C NMR
(CDCl): & 174.0 (CHC=0); 170.2 (NC=0); 162.6 (C=N); 154.1 4Gaz0); 151.6 (G aom-
omed; 150.6, 147.9 (dlcz,= 245 HZ, Grom,c); 136.3, 135.0 (djcs= 25.8 Hz, Caom-p; 129.9
(c aromomed; 126.2, 125.7 (dJes= 1.2 Hz, éammpc) 123.9, 122.8 (dJce= 12.7 Hz,
C aromF, C) 116. 6 1155 (dJC4 == 12.5 HZ éaromF C) 107.5 (é aromOMeg 104.8 (étmazoD 59.8
(OMe); 55.6 (2xOMe); 30.2 QHCO); 14.7 (CH). EIMS 477/479. Anal. Calcdfor
CooH20CIFN,OsS (478.92): C, 55.17; H, 4.21; N, 585. Found: C285H, 4.19; N, 5.81%.

N-(5-Acety|-3-(3-methoxyphenyl)-4-methylthiazolh’ﬁqne)-s,4,5-trimethoxybenzami(ﬁb)

Yield: 81%; mp 210-212C. IR (KBr, v: cm) 2928, 1698, 1640 (C=0), 1632, 1555 (Ar-C=C),
1448 (C=N), 1511, 1316 1292 (C-S), 1165 (C-N),2,1%/1, 718, 685'H NMR (CDCh): 6
7.39-7.35 (fn, 3H, G5 omest oo omd; 7.28-6.47 (m, 3H, gae omd; 3.66 (s, 6H,
2xX0OCH), 3.59 (s, 6H, 2xOC%), 2.75 (CH); 2.47 (s, 3H, ChkCO). 3¢ NMR (CDCB): 6 173.0
(CHsC=0), 168.1 (NC=0); 162.9 &Gom-omd; 161.8 (C=N); 154.9 (Giazo); 152.0 (C > arom-
OMeS) 143.5 (d arom- OMeé 142.3 (éarom OMQ 132.1 (éarom OMeé 130.2 (é arom- OMeé 116.2
(C arom- OMQ 111.2 (éarom OMQ 106.1 (é arom- OMe:) 104.5 (étmazoD 101.2 (éarom OMe) 60.9
(OMe), 56.0 (OMe); 55.8 (2xOMe); 30.£K:CO); 14.7 (CH). EIMS 456. Anal. Calcdfor
Ca3H24N206S (456.51): C, 60.51; H, 5.30; N, 6.14. Found: @P&; H, 5.19; N, 6.36%.

N-(5-Acetyl-3-(tert-butyl)-4-methylthiazol-2-ylider2-chloro-4-nitrobenzamid@m)

Yield: 67%; mp 141.148C. IR (KBr, v: cmi‘): 3010, 1676, 1640 (C=0), 1632, 1555 (Ar-C=C),
1542 (asym N@), 1453 (C=N), 1343 (sym NQ1316, 1292 (C-S), 1165 (C-N), 1152, 971, 718,
685."H NMR (CDCk): § 7.89-7.71 (m, 2H, Ea0m); 6.43 (dd, 1H]) = 7.8, 0.9 Hz, &,on); 2.65

(s, 3H, CH); 2.37 (s, 3H, CKCO); 1.17 (s, 9Htert-Bu). *C NMR (CDCE): § 172.4 (CHC=0),
170.1 (NC=0), 162.6 (C=N); 153.9 1Gao); 149.2 (Caom); 140.1 (Carom); 129.1 (Caron);
125.2 (Carom); 123.4 (Carom);, 116.7 (Caron); 104.9 (Ciniazo); 41.2 C-CHsz); 30.0 CHCO); 27.5
(3XCHg); 15.0 (CH). EIMS 395. Anal. Calcdfor C;7H16CIN3O4S (395.86): C, 51.58; H, 4.58;
N, 10.61. Found: C, 51.62; H, 4.61; N, 10.45%.

N-(5-Acetyl-3-(tert-butyl)-4-methylthiazol-2-ylideh3-chloro-4-fluorobenzamid@n)

Yield: 83%; mp 144-145C. IR (KBr,v: cmi‘): 2935, 1670, 1630 (C=0), 1632, 1555 (Ar-C=C),
1542 (asym N@), 1453 (C=N), 1343 (sym N{§1316, 1292 (C-S), 1165 (C-N), 1152, 971, 718,
685.'H NMR (CDCk): & 7.51-7.20 (m, 2H, €on); 6.16 (M, 1H, Gyon); 2.62 (s, 3H, CH);
2.39 (s, 3H, CHCO); 1.19 (s, 9Htert-Bu). **C NMR (CDCk): & 173.8 (CHC=0), 169.5
(NC=0), 162.7 (C=N); 153.5 (Giazo); 149.0, 147.6 (dJcar=252 Hz, Caom); 139.8, 139.1 (d,
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Jerr= 1.3 Hz, Caon); 123.7, 122.0 Joar- 26.2 Hz, Cuom); 121.2, 120.1(d, Jeer= 12.6 Hz,
Caom); 116.2, 114.3c5r-25.8 Hz, Caon); 104.6 (Ciiazo); 30.3 CH;CO) 26.9 (3xCH); 14.6
(CHs). EIMS 367/369. Anal. Calcdor Cy7H1sCIFN,O,S (368.85): C, 55.36; H,

N-(5-Acetyl-4-methyl-3-styrylthiazol-2-ylidene)-2i@hloroenzamid€20)

Yield: 83%; mp 93-94C. IR (KBr, v: cmi): 1671, 1635 (C=0), 1632, 1555 (Ar-C=C), 1542
(asym NQ), 1453 (C=N), 1343 (sym NM1316, 1292 (C-S), 1165 (C-N), 1152, 971, 718,.685
'"H NMR (CDCh): & 7.64 (d, 1HJ= 16.0 Hz, ®la=CHb); 7.30-7.02 (m, 7H, &m); 6.95 (d,J=
16.0 Hz, CHa=E€lb); 6.42 (m, 1H, &, om-c); 2.64 (s, 3H, Ch); 2.41 (s, 3H, CKCO).*C NMR
(CDCls): § 173.9 (CHC=0); 164.0 (C=N); 160.1 (NC=0); 153.1 4Guz0); 149.0 HCa=CHb);
142.8 (Caom-c); 135.4, 133.0, 131.6, 130.2, 128.3, 128.1, 12624.5, 120.3 (Carom +
CHa=CHb); 104.4 (Ciiazo); 30.3 CHsCO), 14.5 (CH). EIMS 431. Anal. Calcd.for
Co1H16CloN2O,S (431.33): C, 58.48; H, 3.74; N, 6.49. Found: &53; H, 3.66; N, 6.46%.

Table 1. In vitro anti-HIV-1 and HIV-2 activity of some new thiazol-2-ylidene benzamides

Comp. | Virus strain| EG (ug mi™) | CGy (ug mr?) Sl
o TS >70.68 70.68 <1
ROD >70.68 70.68 <1
b TS >69.45 69.45 <1
ROD >69.45 69.45 <1
o TS >65.00 65.00 <1
ROD >65.00 65.00 <1
o TS >65.63 65.63 <1
ROD >65.63 65.63 <1
o TS >125.00 >125.00 X1
ROD >125.00 >125.00 X1
o TS >53.30 53.30 <1
ROD >53.30 53.30 <1
R TS >5.08 5.08 <1
9 ROD >5.08 5.08 <1
2h TS >103.08 103.08 <1
ROD >103.08 103.08 <1
” TS >75.38 75.38 <1
ROD >75.38 75.38 <1
, TS >60.68 60.68 <1
J ROD 2.44 60.68 25
o TS >111.00 >111.00 <orx1
ROD >111.00 >111.00 <orx1
N TS >125.00 >125.00 X1
ROD >125.00 >125.00 X1
o TS >125.00 >125.00 X1
ROD 20.55 >125.00 >6
o TS >49.38 49.38 <1
ROD 1.89 49.38 26
o TS >125.00 >125.00 <1
ROD >125.00 >125.00 <1
TS =0.00147 > 25 > 17008
DDN/AZT ROD = 0.000341 > 25 > 73258

2 Anti-HIV-1 activity measured with strain glI° anti-HIV-2 activity measured with strain ROD;
“compound concentration required to achieve 50 %eqution of MT-4 cells from the HIV-1 and 2-induced
cytopathogenic effectcompound concentratighat reduces the viability of mock-infected MT-H#scley 50 %:°
Sl: selectivity index (C4/ECs).
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In vitro anti-HIV assay

Compound#4, 5c¢c,d and5f-1 were tested for theiin vitro anti-HIV-1 (strain 1lIB) and HIV-2
(strain ROD) activity in human T-lymphocyte (MT-4glls. based on MTT assay [29]he
results are summarized in Table 1, in which the dat azidothymidine (DDN/AZT) [30Jvere
included for comparison purposes. Compound indwgsatoxicity was also measured in MT-4
cells parallel with the antiviral activity.

Compound2?j and2n were found to be the only compounds from the sarihibiting HIV-2
replication in a cell culture, which showed ansg6f 2.44pg mi* and 1.8ug mi* with CGs of
60.68ug mi* and 49.38ig mi, respectively, resulting in a selectivity index2& and 26.

Based on the chemical structure of compou)dmd2n, these molecules can be proposed to act
as NNRTIs. However, the activity spectrum thatimited to HIV-2 is completely in contrast
with what was observed with NNRTIs. On the othendhy@m showed some activity against
HIV-2 with ICs0 20.55ug mi* and a C€ >125ug ml*, but with a low selectivity (S| >6).

The synthesis of new analogues of thiazol-2-ylidgubstituted benzamide may lead to the
discovery of more potent and selective analogues till allow the elucidation of their
molecular mode-of-action.

RESULTSAND DISCUSSION

Synthesis

The cyclocondensation of 1-aroyl-3-arylthioureashwéarbonyl compounds bearing afH is
usually achieved in the presence of base in dryestd like acetone, dichloromethane or
acetonitrile in an inert atmosphere [26-28]. Howev the conventional heating, such
condensation required longer reaction time (3-&flux). Microwave irradiation can incredibly
shorten the reaction time with increasing in prddyields and purities. Thus, cyclization of
thioureasla-o with 3-chloropentane-2,4-dione under microwavediation (MWI) for 10-30
seconds led to the formation of the correspondin@-acetyl-4-methyl-3-(substituted phenyl)-
thiazol-2-ylidene)-4-methyl substituted benzami@aso in good to excellent yields (65-83%).
The precursor were prepared according to the puwea@ported earlier involving the reaction of
a aroyl isocyanate with a suitable substitutedr@il27]. The structure2a-o were confirmed by
the IR,'H-, *C NMR and mass spectra. The IR spectra showedhst at 1440-1480 ci
and 1630-1660 cm were characterized for the C=N and acetyl stratghi respectively. In
addition, the disapearance of the free and assacithiourea NH stretching absorption at the
region 3351-3200 cthas well as the thiocarbonyl (C=S) group at théored 630-1660 cht, is

an indicative for the cyclization of thiourea malées 1a-o to the corresponding produ@s-o.
These newly synthesized compounds showed a siMN#R spectral pattern, especially for the
CHz and CHCO groups at C-4 and C-5 of the thiazoline rinthatregions 2.62-2.74 and 2.37-
2.47 ppm, respectively. In tH&C-NMR spectra oPa-0, the resonances at the regi®i75.2-
171.9 ppm were assigned to the carbon atom of d@neonyl group (CHC=0) at C-5 of the
thiazole ring, while the two high-field signalsthe regiond 170.1-164.6 ppm andl162.7-159.5
ppmwere attributed to NC=0 and C=N, respectively. @l C-5 of the thiazole ring displayed
signals at the regiod 154.9-150.7 ppm and 105.1-104.0 ppm, respectively. gdnd CH of
the acetyl group at C-4 and C-5 were resonatetieategions 15.0-14.5 ppm and 30.5-30.0
ppm, respectively. The carbons of aromatic ring @ther substituents were assigned.
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o o0 / N Re
ISUE e “ %%

R MW 30-90's — N
HsC S
1a-0 22-0
o)

R1 R2 R1 R2
1a,2a | ph 4-ph 1i,2i | 3,4,5-tri-OCHs-Ph  4-F
1b,2b | 4-NO,-Ph 3-F 1j,2j | 3,4,5-ri-OCHs-Ph  3-Cl
1c,2¢c | 4-NO,-Ph 3-Cl, 4-F 1k,2k | 3,4,5-ri-OCH;-Ph  2-F, 3-Cl
1d,2d | 4-F-Ph 4-F 11,21 | 3,4,5r-OCHs-Ph  3-OMe
1e,2e | 2-Br-Ph 3,4-di-Cl 1m,2m | t-butyl 4-NOy, 2-Cl
1f,2f | 2-Br-Ph 3,5-di-Cl 1n,2n | t-butyl 4-F, 3-Cl
19,29 | 3,4,5-tri-OCH;-Ph  2-F 10,20 | PhCH=CH- 2,3-di-Cl
1h,2h | 3/4,5-tri-OCH;-Ph  3-F

Scheme-1. Synthesis of (E)-N-(5-acetyl-4-methyl-3-(substituted phenyl)-thiazol-2(3H)-ylidene)-
4-methyl substituted benzamides

Ar N N
D H | Y
H (1)
0] €] @)
. o r
H5C @ H.C
H, 3
o S oH.  -H,0 o s \% - HCl o ST\ CcH
PPN ¢ J o — L :
N A Z =N
Ar N \ Ar N N\ Ar N
Ar Ar' 2) Ar'
Scheme 2

The mechanism of heterocyclization possibly inveltee attack of N-1 proton o) with low
pKavia nucleophilic sulphur to the halobearing carbothef3- chloro pentane-2,4-dione to give
isothiourea intermediate, together with the attati-3 to the carbonyl group resulting in the
intramolecular cyclization. Proton transfer and yathtion was followed by E1 elimination to
yield (2) (Scheme 2).
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CONCLUSION

In conclusion, the above data suggest that thetitutiin of aromatic ring carrying by thiazol-2-
ylidene benzamide backbone, by some potential grovquld enhance the anti-HIV-2 activity.
Such groups are 3,4,5-trimethoxy or halogen atdmoiihe or chlorine).
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