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ABSTRACT

A series of novel urea/thiourea derivatives of éipyiphosphoramidate have been synthesized in &ps.sin the
first step, 4-aminoaniline/4, 4'diaminodiphenylsuié (Dapsone) was reacted with diphenyl chlorophaspin the
presence of triethylamine (TEA) to get intermediattitermediates further treated with various sitbstd
aromatic isocyanates/ isothiocyanates in the presaf TEA to obtain the title compounds. The stmast of newly
synthesized compounds were confirmed by IR, NMR{C, and*'P), mass and elemental analysis. The title
compounds showed good antibacterial activities aglaGram-positive and Gram-negative bacteria.

Key words. Urea /thiourea derivatives, Dapsone, 4-Aminoaailiintimicrobial activity.

INTRODUCTION

Bacterial infections have increased dramaticallygoent years. Bacteria have been the cause ahdsé deadly
diseases and widespread epidemics in human chuilizanfectious diseases caused by bacteria amgi fiemain as
a major world health problem due to rapid developimef resistance to the existing antimicrobial drug
(antibacterial and antifungal). In other words, ithereasing use and misuse of the existing antwbiaf drugs have
resulted in the development of resistant pathodengarticular, the emergence of multi-drug resisgram-positive
and gram-negative bacteria has caused life-thriegtenfectious diseases in many countries arouedvtbrid [1].

In addition, systemic and dermal fungal infectidrsve significantly increased, specifically in indivals with
suppressed immune systems such as AIDS patientd&Jfgh and thiourea derivatives show a broad spectf
biological activities such as antibacterial, amital, antiviral, anticancer, anticonvulsant, ansigeand HDL-
elevating [3-8].

Urea was the first synthesized organic compounaag artificially synthesized in synthetic laborgtby Wohler in
1828. Urea is synthesized in the body of many degas as part of the urea cycle. Urea productionuscin the
liver and found in the urine of mammals, dissohiadblood, plants, birds, yeast and many microorgasi
Aromatic urea derivatives such as N-phenyl-N-(2sobéthyl) urea and hetero cyclic urea derivativiesws good
anti-cancer activity due to their good inhibitomgtigity against receptor tyrosine kinases(RTKs) [9tea has many
applications in agriculture, industries, laborateri automobiles, fertilizers, medicines, urinethgrand enzyme
urease. Diphenyl urea derivatives are inhibitorstrahsketolase [10]. Urea derivatives show goodobioal
activities such as antimicrobial, anticancer [14d anaplastic lymphoma kinase (ALK) inhibitors [12]

Numerous compounds containing thiourea group deetsee ligands for 5-HT family receptors, includi®-HT,a,
5-HT,s and 5-HBc [13-14]. Structural studies of active thiourea datives have shown that these compounds
contain a central hydrophilic part and two hydrdplomoieties forming a butterfly-like conformati¢b5]. This
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conformation is a part of structure of NNRTIs (Nowneleoside reverse transcriptase inhibitors) anidHlly agents
[16]. Thiourea derivatives have been found to pesgeany promising biological activities [17], maofythem
being used as herbicides [18], insecticides [18¥ntpgrowth regulators [20], antibacterial [21],tifumgal [22],
tuberculostatic [23], antitumor [24], anticonvuls§26] and antiviral properties[26].

Compounds that have phosphoramidate derivativesaicmmg P-N function have a wide range of biologica
activities. The nitrogen atom source could be aereal additive like guanidine and urea derivatij&g or direct
linkage of nitrogen to the phosphorous atom inda®e of phosphoramidates [28]. Study and developoferewer
phosphoramidate derivatives are more important doepossible phosphorous-nitrogen (P-N) synergism
phenomenon. Phosphoramidate is a phosphate thdivbasf its OR groups and —NR group. An exampleaof
natural phosphoramidate is phosphocreatine, it wmecardioprotective agent and cyclophosphoramsdani
anticancer drug. Most of the phosphoramidate dévies have a range of biological activities suctaas-HIV and
anti-viral (Reverse-Transcriptase (RT), DNA polyass and proteasi@hibiting properties [29].

Owing to the biological activities of urea, thioareand phosphoramidates, we have designed and sizatie
biologically active compounds through the combioratdf different pharmacophores in one structure.

MATERIALSAND METHODS

Experimental

Chemistry

All chemicals were purchased from Sigma Aldrich avidrck, and used as such without further purifimati
Solvents used for spectroscopic and other phystogies were reagent grade and were further pdrfieliterature
methods [30]. Melting points were determined usingapillary thermometer by GUNA Digital Melting Pbi
Apparatus and are uncorrected. IR spectra wererdedoas KBr pellets on SHIMADZU FT-IR 8400S
spectrophotometett & *C NMR spectra were recorded in DMS@eth Bruker AVANCE300 MHz spectrometer
operating at 300 MHz folH NMR, 75 MHz for*C NMR and 121 MHz fof'P NMR. The'H, **C and®*'P NMR
chemical shifts were expressed in ppid, and*C NMR spectra referenced to tetramethylsilane #RINMR
spectra referenced to 85%R0,. E.S.| mass spectra were recorded on a MLP2103 spectrometer. Elemental
analysis was performed on Thermo Finnigan FLASHIHA? instrument.

General procedurefor synthesis of title compounds 4 a-e and 7a-e.

4,4'-Sulfonyldianiline{)/4-aminoanilinef) (0.001mol) was taken in 50 mL round bottom flaskpresence of
triethylamine (0.001mol) and 10 mL of dry THF anghnylchlorophosphat&) (0.001 mol) in 10 mL of dry THF
was added drop wise through a dropping funnel atSI%C. After completion of the addition, the temperatwras
slowly raised to 40-48C continued for 3-5 h to form the product. The pesg of the reaction was monitored by
TLC using ethyl acetate and hexane (3:2). Thehylamine hydrochloride was removed from reactiontare by
filtration to get the diphenylphosphoramidate iniediate 8/6). Various aromatic substituted isocyanates/
thioisocyanates (0.001mol) were added to tB& in presence of triethylamine, after addition of
isocyanates/thioisocyanates, the temperature waslyslraised to 60-65°C and stirred for 2-4 h to obtain
urea/thiourea derivatives of diphenylphosphoraneidaa-e / 7a-€). The progress of the reaction was monitored by
TLC using ethylacetate and hexane (3:2). The sol&s removed from reaction mixture in a rotaevafmrto get
the crude product, it was purified by column chrtogeaphy to obtain the title compountla-e and7 a-e with high
yields (65-75%). The synthesis of title compourslpresented ifchemel.

Diphenyl 4-(4-(3-phenylthiour eido) phenylsulfonyl) phenylphosphoramidate (4a).

Colourless solid, yield 68%, M.wt:615, m.p 150-184 IR(KBI), (v max cm?), 3470(N-Hy), 1593(N-Hend, 1447
(C=S), 1405(C-N), 1260(P=0), 1183(P-Qufmaid, 960(P-N); *HNMR (DMSO-d), 5 ppm, 9.75(s, 2H, NH),
9.55(s, 1H, Ar-NH), 7.80-6.80 (m, 23H, Ar-HCNMR (DMSO-@), & (ppm), 184.4(C-13, 153.3(C-1), 148.9(C-
1Y, 148.4(C-16), 143.4(C-1Y), 142(C-7), 136(C-4), 135(C-3&C-5), 134(C-®RC-5Y), 133.4(C-3'&C-5,
132.8(C-8&C-12%), 132.4 (C-4Y, 130.2(C-2'&C-6), 129.1(C-9&C-11"), 127.2(C-4), 120(C-2&C-6), 117.3(C-
2'&C-6"); *PNMR (DMSO-@), 10.0 ppm, E.S.I. mass, m/z, (%), 615*{§100%), 384(30%); Ana.cal.for
C31H26N305PS2; C, 60.48; H, 4.26; N, 6.83; Found@36; H, 4.21; N, 6.75.

Diphenyl 4-(4(3(4-chlor ophenyl)thiour eido)phenylsulfonyl)phenylphosphor amidate(4b).

Browncolour solid, yield 71%, M.wt:650, m.p238-240, IR(KBI), (v max .cm"), 3477(N-H,), 1592(N-Hyend,

1489(C=S), 1398(C-N), 1280(P=0), 1165(P-Qsid, 969(P-N); 'H NMR (DMSO-d)), 5 (ppm), 10.8(s, 2H, Ar-
NH), 8.8(s, 1H, Ar-NH), 7.1-7.8(m, 22H, Ar-H)’C NMR (DMSO-d), & (ppm), 184.2(C-13, 153.0(C-1),
148.4(C-1), 148.2(C-18), 141.5(C-7), 141(C-1%), 136.4 (C-4Y, 136(C-4), 135.2(C-2'&C-6"1), 135(C-3&C-5),
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134(C-3&C-5"), 133.4(C-3'&C-5%), 132.8(C-8&C-12%), 128.5(C-8&C-11%), 127(C-4), 120.1(C-2&C-6),
117.3(C-2&C-6%); *'P NMR, (DMSO0-d6), 10.15 ppm; E.S.I. mass, m/z, (899 (M") (100), 651(M+2)(33%);
Ana.cal.for G;H,sCIN;OsPS; C, 57.27; H, 3.88; N, 6.46. Found: C, 57.20; 823N, 6.40:

Diphenyl 4-(4-(3-(4-chlor ophenyl)ureido)phenylsulfonyl)phenylphosphor amidate(4c)

Pale orange solid, yield 69%, M.wt:634, m.p 138-1@DIR(KBr), (v max ,cmi?), 3474(N-Hy), 1697(C=0), 1592(N-
Hpend, 1400(C-N), 1280(P=0), 1183(P-Qi&naid, 950(P-N); '"H NMR(DMSO-d;), 5(ppm), 8.80(s, 2H, Ar-
NH),8.50(s, 1H, Ar-NH), 6.80-7.70(m, 22H, Ar-H}*C NMR(DMSO-d), &(ppm), 153(C-13, 152.8(C-1),
148.6(C-1), 148.2(C-16), 136.0(C-1), 142(C-7), 135.8(C-4), 135(C-3&C-5), 134(C-&C-5%), 133.3(C-3'&C-

5, 132.6(C-8&C-12"), 132.4 (C-4"), 130.2(C-2'&C-6), 127.2(C-4), 123.7(C}&C-11%), 120(C-2&C-6),
117.3(C-2&C-6%); *P NMR (DMSO-@), 10.45 ppm; E.S.I, mass m/z (%), 633[100%), 635(M+2)(33);
Ana.cal.for G;H,5CIN3OgPS; C, 58.72; H, 3.97; N, 6.63. Found: C, 58.863189; N, 6.58.

Diphenyl4-(4-(3-(2-nitrophenyl)ur eido)phenylsulfonyl)phenylphosphor amidate(4d)

Yellow solid, yield 70%, M.wt:644, m.p 258-26C, IR (KBr), (mas cM), 3471(N-Hy), 1714(C=0), 1592(N-
Hpend, 1403(C-N). 1280(P=0), 1184(P-Qifmaid, 955(P-N);’H NMR (DMSO-d;), 8(ppm), 10.20(s,1H, NH),
10.10(s, 1H, NH), 9.8(s, 1H, NH), 8.5(d, 1848.4 Hz,Ar-H), 8.15(d, 1H,J=8.2 Hz, Ar-H), 7.1-7.85(m, 20H, Ar-
H); *C NMR (DMSO-@), & (ppm), 153.2(C-13, 153(C-1), 148.9(CY), 148.4(C-16), 143.4(C-1Y, 142(C-P),
136.4(C-4), 136(C-3%), 135(C-3&C-5), 134(C-&C-5%, 132.8(C-8&C-12%), 130.4(C-3%, 130.2 (C-4Y,
147.2(C-2%, 123.4(C-8Y, 123.1(C-9&C-11%), 127.2(C-4), 120(C-2&C-6), 117.3(C&C-6%); P NMR (DMSO-
dg) 11.50ppm; E.S.I. mass m/z(%), 644()R0%), 458(100%); Ana.cal.fors@,sCIN,Og PS; C, 57.76; H, 3.91; N,
8.69. Found: C, 57.70; H, 3.87; N, 8.65.

Diphenyl 4-(4-(3-(4-nitr ophenyl)thiour eido)phenylsulfonyl)phenylphosphor amidate(4e).

Yellow solid, yield 72%, M.wt:660, m.p 158-16C, IR(KBI), (max CmMY), 3481(N-H), 1593(N-Hend,
1443(C=S), 1395(C-N), 1262(P=0), 1180(P-Qsfid, 967(P-N);’'H NMR (DMSO-d)), dppm, 10.5(s, 2H, Ar-
NH), 8.65(s, 1H, Ar-NH),7.95(d, 2H]=8.2 Hz,Ar-H), 6.94-7.7(m, 20H, Ar-H)}*C NMR (DMSO-@), 5 (ppm)
184.2(C-13), 153.3(C-1), 148.9(C?), 148.4(C-18), 149.4(C-1%), 142(C-?), 136(C-4), 135(C-3&C-5), 134(C-
3'&C-5Y), 129.2(C-3'&C-5'), 132.8(C-8&C-12Y), 147.9 (C-4%, 128.8(C-2'&C-6'), 129.1(C-9&C-11Y),
127.2(C-4), 120(C-2&C-6), 117.3(C&C-6%; *P NMR (DMSO-d¢), 10.25 ppm; E.S.. mass m/z(%),
660(M")(20%), 306(100); Ana.cal.for H,sCIN,O;PS; C, 56.36; H, 3.81; N,8.48. Found: C, 56.30; H/63.N,
8.42.

Diphenyl 4-(3-phenylthiour eido) phenylphosphoramidate(7a).

Yellow solid, yield 70%, M.wt:475, m.p 115-198, IR(KBI), (Vmax €M), 3477(N-Hy), 1590(N-Hyen9, 1450(C=S),
1380(C-N), 1260(P=0), 1163(P-QyGnaid, 950(P-N);"H NMR(DMSO-d),5(ppm), 10.2(s, 2H, Ar-NH), 8.8(s, 1H
Ar-NH), 6.9-7.5(m, 19H, Ar-H);*C NMR(DMSO-@), &, 184.6(C-7), 150(C-1), 138.8(C"), 138.5(C-1),
129.9(C-3&C-5), 128.6(C, 128.5(C-3'&C-5), 128.2(C-4Y), 127(C-3&C-5%, 126.1(C-2'&C-6), 121(C-4),
119.8(C-2&C-6), 118.3(C*&C-6"); *'P NMR (DMSO-¢) -7.71 ppm; E.S.I. mass m/z (%) 475.50'[N20%], 229
(100%), Ana.cal.for gH».N3O3PS; C, 63.15; H, 4.66; N, 8.84; Found: C, 63.10418]1; N, 8.79.

Diphhenyl 4-(3-(2-nitrophenyl)ureido) phenylphosphoramidate(7b).

Orange red solid, yield 75%, M.wt:504, m.p 88%@2 IR(KBI), (v max €M), 3478 (N-H,), 1732 (C=0), 1570 (N-
Hbend, 1390 (C-N), 1280 (P=0), 1069(P-Qi&raid, 948 (P-N);'H-NMR (DMSO-d), & (ppm), 10.15(s, 1H, Ar-
NH), 9.80(s, 1H, Ar-NH), 8.70(s, 1H, Ar-NH), 8.50(tH, Ar-H), 8.20(d, 1H, Ar-H), 7.2-7.8(m, 16H, AiH); °C
NMR (DMSO-d) & (ppm), 152.7 (C-4, 150.1 (C-1), 142.1(C*9), 138.8(C-1), 131.5(C-1%), 131(C-5%), 129.9(C-
3&C-5), 129.2(C-3), 125.2(C-4Y,125(C-3%), 122(C-3&C-5%), 121(C-4), 119.8(C-2&C-6), 118.3(C&C-6Y);
118.2(C-8%, P NMR (DMSO-@) & (ppm), -10.20 ppm; E.S.I. mass m/z (%) 504 TM5%], 413 (30%), 301
(100%), 288 (11%), 260 (13%),; Ana.cal.foss8,:N,O6P: C, 59.53; H, 4.20; N, 11.11; Found : C, 59.454126;
N, 11.02.

Diphhenyl 4-(3-(3-chlor o-4-fluor ophenyl)ur eido)phenylphosphomidate(7c).

“Light brown solid, yield 72%, M.wt:511, m.p 21822C, IR (KBr), (v max ,cm?), 3487(N-H,), 1700(C=0),
1563(N-Hyend, 1400(C-N), 1260(P=0), 1175(P-QiGraid, 945(P-N);"H NMR(DMSO-d), § (ppm), 9.5(s, 1H, Ar-
NH), 8.6(s, 1H, Ar-NH), 8.2(s, 1H, Ar-NH), 7.0-78( 17H, Ar-H)**C NMR (DMSO-d), &(ppm), 160(C-%),

152.2(C-7), 150.1(C-1), 138.2(C?), 135.5(C-1Y, 130.5(C-8"), 129.9(C-3&C-5), 129(C*, 122.2(C-3&C-5Y),

121.6(C-8%, 121(C-4), 119.8(C-2&C-6), 116.7(C3, 116.3, (C-2&C-6"), 111.3(C-2Y; *P NMR (DMSO-g) -

12.08 ppm ; E.S.I. mass m/z (%), 511[M 100%)], 513(M+2, 32%); Ana.cal.for ,8,,CIFN;O,P; Elemental
Analysis: C, 58.66; H, 3.94; N, 8.21; Found : 8,8®; H, 3.88; N, 8.15.
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Diphhenyl 4-(3-(4-chlor ophenyl)thiour eido)phenylphosphomidate(7d).

Yellow solid, yield 70%, M.wt:510, m.p.147-15%C, IR (KBr), (v max ,cm-), 3470(N-Hy), 1590(N-Hend,
1488(C=S), 1400(C-N), 1284(P=0), 1164(P-Qsfi), 950(P-N);'H NMR(DMSO-d), 8(ppm), 10.5(m, 2H, Ar-
NH), 9.45(m, 1H, Ar-NH), 7.0-7.7(m, 18H, Ar-H)*C NMR(DMSO-d), 5(ppm), 185(C-%, 150(C-1), 138.6(C-
1Y, 136.5(C-1), 133.5(C-4%), 131.4(C-2'&C-6), 129.8(C-3&C-5), 129(C-3&C-5%), 128.5(C-4), 127(C-
3'&C-5%), 121(C-4), 119.8(C-2&C-6), 118.3(C&C-6%); *'P NMR (DMSO-@), 5 -6.75 ppm; E.S.I. mass (%), 510
[M "] (100%), 512(M+2)(33%); Ana.cal.for,8H,,CIN;OsPS; C, 58.88; H, 4.15; N, 8.24; Found: C, 58.744122;
N, 8.32.

Diphenyl 4-(3-(4-chlor ophenyl)ur eido)phenylphosphoramidate(7e).

Pale yellow solid, yield 73%, M.wt:494, m.p(246-3%D, IR (KBr), (v max ,cM%), 3496(N-H,), 1694(C=0),
1595(N-Hyend, 1397(C-N), 1285(P=0), 1161(P-QzGraid, 948(P-N);*H NMR (DMSO-d;), 5ppm, 8.9(s, 2H, Ar-
NH), 8.6(s, 1H, Ar-NH), 7.1-7.6(m, 18H, Ar-H}*C NMR (DMSO-d), 8 (ppm) 152.4(C-%, 150.1(C-1), 138.8(C-
1Y, 138.5(C-1Y, 133.7(C-4Y, 129.9(C-3&C-5), 128.6(CH, 128.5(C-3'&C-5), 125(C-3&C-5%), 121(C-4),
120.1(C-2'&C-6"), 119.8(C-2&C-6), 118.3(C*&C-6"); *'P NMR (DMSO-@), -7.40 ppm; E.S.l.mass (%), 494
[M*](100), 496(M+2)(33%), 281(40%); Ana.cal.fops8,,CIN;O,P; C, 60.80; H, 4.29; N, 8.51; Found: C, 60.71;
H, 4.22; N, 8.45.

Antimicrobial Assay

Antibacterial Assay

Antimicrobial activity of the newly synthesized arthiourea derivatives of diphenylphosphoramiddteq and7a-
€) was assayed against two Gram positive bactedh agB. substilisand Staphylococcus aurewnd two Gram
negative bacteria such &saeruginosaand E.coli by agar well diffusion method [31-32]. 2Q@ of the tested
compounds were dissolved in 1 mL of DMSO solvergni@fuged pellets of bacteria from 24 h old cudtur
containing approximately £00° colony forming unit (CFU) per mL was spread on sueface of Muller Hinton
Agar (MHA) plates. Nutrient agar medium were preghby suspended nutrient agar 28 g in 1 liter efiltéd
water, autoclaved and cooled to 45 °C, then it seeded with 15 mL of prepared inocula to have @BU/mL.
Petri dishes were prepared by pouring 10 mL of e@euditrient agar. Wells were created in medium tithhelp of
a sterile metallic borer and test solution was dddexperimental plates were incubated for 24 h &C3and
antibacterial activity was defined as the diamdram) of the clear inhibition zone formed around thell.
Ciprofloxacin was used as standard drug for antdved assay.

Deter mination of Minimum Inhibitory Concentration (MIC)

The minimum inhibitory concentration (MIC) is th@alest concentration of the antimicrobial agent firavents the
development of visible growth after overnight inatibn [33]. Minimum inhibitory concentrations amaportant in
diagnostic laboratories to confirm resistance o€rourganisms to antimicrobial agents and also tmitap the

activity of new antimicrobial agents. MIC measuretsewere performed using a modified agar well diffa

mehod.

Antifungal assay

Antifungal activity of newly synthesized urea/thiea derivatives of diphenylphosphora midata-¢ and7a-€) was
tested withTrichoderma viridae and Aspergillus nigby the poison plate technique [34]. Tested compsumere
dissolved in DMSO before mixing with potato dexeramgar (PDA). The final concentration of the compmsiin
the medium was fixed at 2Q@/ mL. Two kinds of fungi were incubated in PDA2& +1 °C for 5 days to get new
mycelium for antifungal assay, and then a myceigk @f approximately 0.45 cm diameter cut from thdture
medium was picked up with a sterilized inoculatiseedle and inoculated in the center of the PDAeplate
inoculated plates were incubated at 25 +1 °C fdaes. DMSO solvent was added as negative contrdétermine
possible inhibitory activity of the solvent, whileiconazole was used as positive control. For eggdtrhent, three
replicates were carried out and the mean of thaelier of the inhibition zones was calculated.

RESULTSAND DISCUSSION

Chemistry

Thetitle compoundsvere synthesized in two steps. In the first stefdigminodiphenyl sulfone (Dapsond)/(4-
amimoaniline ), was reacted with diphenylchlorophosphagif presence of triethylamine in dry THF €03-65
C for 3-5 h to obtain intermediates)(and 6). Intermediates) and ) further treated with various aromatic
substituted isocyanates/ thioisocyanates in presehdriethyl amine in dry THF &80-65 °C for 2-4 h to get the
urea and thiourea derivativetd-e & 7a-€). The progress of the reaction was monitored b Tising ethyl acetate
and hexane (3:2).
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The chemical structures of title compounds wererattarized by IR, NMR 'f, °C, *P), mass spectra and
elemental analysis. The title compounds exhibifRdstretching absorptions in the regions 3500-333@0-1680,
1600-1560, 1500-1450, 1430-1400, 1265-1150, 1242-Bhd 970-920 for N-fg, C=0, C=S, N-lng C-N, P=0,
P-O-Guomaic@nd P-N respectively. ItH NMR spectra, aromatic protons of the title commisi@a-e & 7a-€) gave
complex multiplets in the regioh 8.0-6.3, Aromatic N-H protons resonated as sisgietthe range of 8-10 ppm.
The® C NMR spectral data ofa-e & 7a-e showed characteristic chemical shifts for aromegicbons. The carbon
chemical shifts of C=S, C=0 appeared as singlel¥at185 ppm and152-155 ppm respectively. The autieal
13C numbering for compoundi-e and7a-e is represented in Figure 1.Tfi® NMR signals appeared as singlets in
the region -12 to 12 ppm in all the title compounds

BIOLOGY

ANTIMICROBIAL ACTIVITY

Biological results reveal that all the synthesizedhpounds exhibited moderate to high antibactedtlity against

both Gram-Positive S.aureus, B.subtijsand Gram negativeP(aeruginosa E.coli) (Table 1). Among the
synthesized compound®, 7c, 4e and 4d exhibited good activity against both gram positared gram negative
bacteria as compared with standard ciprofloxaciugdiThe compoundad, 7e, 4b and4c exhibited high activity.

On the basis of zone of inhibition against testiéwd& four compoundgb, 7c, 4e and4d showed zone of inhibition
nearer to the standard drug ciprofloxacin.

Antifungal activity results of title compounds revethat compound§a, 7b and 7c exhibited good antifungal
activity as compared with standard miconazole d@ampoundre exhibited moderate activity (Table 2).

For the whole series, MIC of the synthesized comgpsuanged between 9-2H/mL against both gram positive
and gram negative bacteria (Table 3). Among allsyrghesized compound&) exhibited the lowest MIC value at
9-13 pug/mL towards both Gram positive and Gram negatagtdria in comparison to standard drug having MIC 5
ug/mL.

Table.l. Antibacterial activity of title compounds

Zone of inhibition(mm)
Compound? B. subtillis | S.aureug P. aeruginosa E.coli
7a 11 10 13 10
7b 24 23 25 21
7c 23 23 24 20
7d 18 17 16 14
Te 18 17 17 15
4a 10 09 12 6
4b 18 16 15 13
4c 18.3 16.5 15.5 14.3
4d 22 22 21 19
de 23 22 22 20
Ciprofloxacin® 25 25 26 24
2200ug/mL
200g/mL

Table.2. Antifungal activity of title compounds

Zone of Inhibition (mm)
Compound® | Trichoderma viridae | Aspergilllus niger
7a 17 19
7b 19 17
7c 16 14
7d 11 9
Te 12 12
4a 9 7
4b 9 6
4c 8 7
4d 6 5
4e 10 8
Miconazole” 20 20
#200ug9/mL
200g/mL

1198

Scholar Research Library



C.NagaRaju et al Der Pharmacia Lettre, 2012, 4 (4):1194-1201

Table.3 Minimum I nhibitory Concentration of the title compounds

Minimum Inhibition Concentration (MIC) in pg/mL
Compound B. subtilis S. aureus P. aeruginosa E.coli
7a 25 24 26 30
7b 9 10 11 13
7c 10 12 13 14
7d 17 19 20 22
7e 18 19 21 24
4a 23 24 25 27
4b 18 20 22 24
4c 16 18 20 22
4d 11 14 14 17
4e 11 13 14 16
Ciprofloxacin 5 5 5 6
C Q R Q
H,N NH, HoN i NH,
H_f’? 5 (I? 2 ?
HoN N=P~OPh PhO—P—ClI HZN@
6 o THF/EEN OPh THREGN
60-65°C, 35 h 1 60-65°C, 3-5 h
R-NCX
THF/ELN
60-650C
24h

X

Compound R X Compound R
NO,
4a,7a S 4d,7b
4b,7d S 4c,7e ©
Cl Cl
4e S 7c
Cl
NO, F

Scheme-1 Synthesis of title compounds 4a-e & 7a-e
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4a-e

(O Ny/) 11 4]H 1 1
P\N4< >*N\ Tk 3t
1 : 21 31 ﬁ 211
6 2 O
5 3
4
Ta-e

Figure 1. *C Numbering of title compounds

CONCLUSION

In conclusion, synthesis of a series of novel umed thiourea derivatives of diphenylphosphoramidiaim 4, 4'-
sulfonyldianiline/4-aminoaniline, diphenylchloro@pmhate and various aromatic substituted isocyanates
/thioisocyanate in presence of triethylamine aB60C was accomplished.

All the synthesized compounds exhibited promisingibacterial and antifungal activities. Among ahlet
synthesized compoundgh, 7c, 4e and4d) exhibited good antibacterial activity. NQyroup substituted7p, 4d &
4e) urea and thiourea derivatives exhibited goodvagtand two halogen containing urea and thioureavdtives
(7c) exhibited high activity.

Antifungal activity of synthesized compounds regetthat compounds74, 7b, 7c) exhibited good antifungal
activity and compoundgd, 7e, 4¢€) exhibited moderate activity.

A definite SAR could not be established due to lat&tructural diversity of the investigated compds and further
research is needed to identify lead structure ttter activity.
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