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ABSTRACT

A series of biologically active phenoxy derivatives of 2-substituted benzazoles organophosphates have
been synthesized by the reaction of S,S-(benzoxazolyl-2)phosphorochloridothioate /
phosphorochloridodithioate and NH,NH-bis (phenyl benzothiazolyl-4)methyl phosphorochloridoamidate /
phosphorochloridoamidothioate with phenol/4-chlorophenol/4-nitrophenol in 1:1 molar ratio. These
compounds have been characterized by elemental analysis, IR, '"H NMR and *'P NMR spectral studies. The
antibacterial activity of these 2-substituted benzazolephenoxyderivatives has been evaluated against
pathogenic bacteria staphylococcus aureus (+ve) and Escherichia Coli (—ve). All the compounds were found to
have significant antibacterial and antifungal activity.
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INTRODUCTION

Organophosphates are biodegradable, short lived chemical compounds, and their
mode of action involves inhibition of acetylcholinesterase (AChE) [1]. Organophosphorus
compounds are well known for their broad spectrum biocidal activities [2-5]. These
compounds have found numerous applications in insectides, fungicides, herbicides and
pesticides [6-9]. These compounds find considerable use as asymmetric hydrogenating
catalysts, medicines and flame retardants [10, 11]. Heterocyclic compounds are an
important group of ligands in organophosphorus chemistry and find a critical role in various
fields. Organophosphorus compounds containing a heterocyclic moiety increase the
protonation at the site of pesticides and enhance their biological activity [12]. Being a
heterocyclic compounds, benzoxazole and benzothiazole are structurally releated to
biologically important bases and are used in research as a starting material for the synthesis
of bioactive compounds. The reported biological activity of benzoxazoles [13-17] and
benzothiazoles [18-21] and organophosphorus compounds stimulated our interest to
synthesize several organophosphate derivatives. In continuation of our research work on
organophosphates [22-25], we report here the synthesis, characterization and biological
activity of organophosphate phenoxy derivatives derived from 2-substitutedbenzoxazole
and benzothiazole.

RESULTS AND DISCUSSION

Thereaction of S, S-bis(benzoxazolyl-2) phosphorochloridothioate /
phosphorochloridodithioate and NH,NH-bis (phenyl benzothiazolyl-4)methyl-
phosphorochloridoamidate/phosphorochlorido-amidothioatewith molar ratio(1:1) of phenol
/ 4-chlorophenol / 4-nitrophenol in stoichiometric amounts of triethylamine in dry
tetrahydrofurane (THF) has offered a series of the corresponding organophosphate phenoxy
derivatives (1-12). A schematic presentation of these reactions is given in Scheme-1 and
Scheme-2. The physical and analytical data of the compound are given in Table-1.
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Scheme-I :Schematic presentation of organophosphate phenoxy derivatives derived from 2-substituted
benzoxazole (1-6)
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Scheme-2 :Schematic presentation of organophosphate phenoxy derivatives derived from 2-substituted

benzothiazole (7-12).

Table-1 Physical properties and Analytical data of organophosphate phenoxy derivatives (1-12) derived from

substituted benzoxazole and benzothiazole.

Compound Yield Analysis (%) Found (Calcd.) Mol. Wt. Found
0,
(%) c H N S p p (Calcd)
5454 | 2.95 6.36 14.54 7.04 440.00
1. (GHaNOS)(CeHsO)P(O) 30 (54.55) | (2.97) | (6.38) | (14.56) | (7.06) ) (440.43)
52.63 | 2.85 6.14 21.05 6.78 456.00
2. (GHaNOS)(CoHsO)P(S) 42 (52.64) | (2.87) | (6.15) | (21.07) | (6.79) ) (456.50)
50.57 | 2.52 5.90 13.48 6.53 7.48 4745
3. (GHINOS)(CICEHA0)P(0) 3 (50.58) | (2.54) | (5.92) | (13.50) | (6.54) | (7.49) (474.88)
48.90 | 2.44 5.70 19.57 6.32 7.23 490.50
4. (GHINOS)(CICeH0)P(S) 25 (48.92) | (2.46) | (5.72) | (19.59) | (6.35) | (7.24) (490.94)
5. (C;H,;NOS),(0,NCsH,0)P( 3 49.45 | 2.47 8.65 13.19 6.39 ] 485.00
0) (49.48) | (2.49) | (8.68) | (13.21) | (6.40) (485.43)
6. (C;H4;NOS),(0,NCsH,0)P(S 50 47.90 | 2.39 8.38 19.16 6.18 ] 501.00
) (47.92) | (2.41) | (8.39) | (19.18) | (6.19) (501.49)
66.01 | 4.36 9.06 10.35 5.01 618.00
7. (C1aHuNS)(CeHs0)P(O) 42 (66.05) | (4.39) | (9.07) | (10.38) | (5.04) ) (618.71)
64.35 | 4.25 8.83 15.14 4.88 634.00
8. (CuaHaNaS)y(CeHsO)P(S) 38 | (6a.38) | (4.28) | (8.85) | (15.16) | (a87) | (634.77)
62.52 | 3.98 8.58 9.80 4.75 5.44 632.50
9. (CaaHuN;5);(CICeHL0)P(0) 46 (62.54) | (4.01) | (8.57) | (9.81) | (4.77) | (5.46) (635.15)
61.03 | 3.88 8.37 14.36 4.63 5.31 668.50
10, (C1aH1aNaS)(CICHLO)P(S) 28 (61.05) | (391) | (8.38) | (14.37) | (4.65) | (5.35) (669.22)
11. (Cy4H12N5S)5(0,NCsH,0)P( 30 61.53 | 3.92 | 10.55 9.65 4.67 ] 663.00
0) (61.55) | (3.94) | (10.57) | (9.66) | (4.69) (663.70)
12. (Cy4H11N5S)5(0,NCgH,0)P( 33 60.05 | 3.82 | 1030 | 14.13 4.56 ] 679.00
s) (60.07) | (3.85) | (10.32) | (14.15) | (4.58) (679.77)
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IR SPECTRA

The assignments of some important bands are summarized in Table-2. The
absorption band due to v(P-Cl) of 2-substituted benzoxazole and benzothiazole, disappearin
the spectra of organophosphate phenoxy derivatives(1-12) due to the dechlorination of the
P-Cl group. New band appears in the region 930-1190 cm™ due to the v (P-O-C) (aryl). The
v(P=0) band is observed at 1180-1245 cm™. The v (P=S) (I) and v (P=S) (II) bands are
observed at 820-900 cm™ and 665-715 cm™ respectively [26]. The v P-NH and v P-N-C bands
are observed at 2935-2950 cm™ along with 2850-2860 cm™ and 1020-1050 cm™ along with
620-655 cm™ respectively. The absorption band at 1520-1530cm™ and 1320-1330 cm™ are
due to v (NO,).

Table-2 IR Spectral data (cm_l) of organophosphate phenoxy derivatives (1-12)

Compound v(P-0—C) v(P-N-C) v(P=0) v(P=S) v(P-NH) v(NO,)
1. (CH4NOS),(CeHsO)P(O) 1160-940 - 1180
2. (C;H4NOS),(CeHsO)P(S) 1140-950 675(())((|I|))
3. (C;H4NOS),(CICH,0)P(0) 1130-940 - 1245
4. (C7H4NOS),(CICeH,0)P(S) 1125-945 ggg((lll))
5. (C7H4NOS),(0,NCeH,0)P(0) 1160-975 - 1205 1153332
6.  (C;HsNOS),(0,NCcH,0)P(S) 1150-965 ?113 ((|I|)) i 11233%
7. (C1aH1aNS),(CeHs0)P(O) 1170-935 1233 1235 ) 2zgsiss
8. (C1H11N,S)(CeHsO)P(S) 1160-930 12558 ; fszg ((u?) 229856%
9. (CiaH11N,S)y(CICeH,0)P(0) 1180-945 1602200 1225 ) 2221;(())
10. (C14H11N,S)(CICsH,0)P(S) 1180-935 160;00 - 6862_'-? ((|I|)) 2zgs;;(;
11, (C14H1N,S)2(0;NCeH,0)P(0) 1195-960 1603255 1220 ) Zzgsi% 11222(;
12, (C1aH11N;5)5(0,NCgH40)P(S) 1180-955 1605550 ) ;‘;8 ((|I|)) zzgsi% 112222

'H NMR and 3'P NMR SPECTRA

The characteristic signals in '"H NMR and 3P NMR spectra of organophosphate
phenoxy derivatives (1-12) are summarized in Table-3. All the organophosphate phenoxy
derivatives show multiplets in the region of & 6.8-8.5 ppm attributable to the aromatic
protons of a phenyl ring along with benzoxazolyl and benzothiazolyl ring. In the *H NMR
spectra of organophosphate phenoxy derivatives derived from 2-substituted benzothiazole
the —NH proton signal was observed at 6 5.4-6.0 ppm The 3p NMR spectra of these

organophosphate phenoxy derivatives have been observed at somewhat downfield at &
55.5-70.8 ppm [27].
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Table-3 'H NMR and *'P NMR spectral data (5, ppm) of organophosphate phenoxyderivatives (1-12)

'H NMR
Compound *p NMR
P-NH Ar-H (m)
1. (C;H4NOS),(CeHsO)P(0) - 6.8-7.2 60.1
2. (C;H4NOS),(CsHsO)P(S) - 7.4-8.0 70.4
3. (C,H4NOS),(CICgH,0)P(0) - 7.8-8.2 72.1
4. (C;H4NOS),(CICgH,0)P(S) - 7.2-7.9 73.5
5. (C;H4NOS),(0,NCH,0)P(0) - 8.1-8.5 70.8
6. (C;H4NOS),(0O,NCgH,0)P(S) - 7.9-8.3 72.9
7. (Cy4H11N,S),(CHs0)P(O) 5.4 7.3-8.1 59.5
8.  (C14H11N,S),(CeHsO)P(S) 5.7 6.9-7.7 62.7
9. (C14H11N,S),(CICsH,0)P(0O) 5.5 7.0-7.9 56.8
10. (Cy4H11N,S),(CICsH,0)P(S) 5.7 7.5-8.2 59.2
11. (Cy4H11N,S),(0,NCgH,0)P(0) 5.6 6.9-7.4 55.7
12. (Cy4H11N,S),(0,NCgH,0)P(S) 5.9 7.5-8.3 56.5

ANTIBACTERIAL ACTIVITY

The results of the antibacterial activity of organophosphate phenoxy derivatives (1-
12) have been compared with standard streptomycin and are summarized in Table-4. The
organisms selected for the studies are staphylococcus aureus (+ve) and Escherichia Coli (—
ve). The antibacterial activity was evaluated by a paper disk plate method. The results
reveal that 4-chlorophenoxy derivatives show highest bactericidal activity among all
derivatives but they show less activity than standard streptomycin.

EXPERIMENTAL

All the commercial reagents and solvents were dried and distilled by common
methods before use. Phosphorus oxychloride / Phosphorus thiochloride were purchased
from fluka.All operations involving phosphorus compounds were carried out in dry
equipment under nitrogen atmosphere. The IR spectra of the compounds were recorded as
KBr disks on a SHIMADZU 8400 S FT IR spectrophometer. The *H NMR spectra were
recorded on a JEOL Al 300 MHz FT-NMR spectrometer in CDCl; using TMS as an internal
reference. The *'PNMR spectra were recorded on a JEOL AL 300 MHz FT-NMR spectrometer
at 121.49 MHz in CDCl3 using TMS and 85% HsPO, as internal and external reference
respectively. Nitrogen was estimated by the Kjeldahl’s method and sulfur was estimated
volumetrically by the volhard method. Phsophorus was estimated as ammonium
phosphomolybdate. The molecular weights were determined by the Rast camphor method.

January - February 2014 RJPBCS 5(1) Page No. 28



[ =

ISSN: 0975-8585

Table-4 Antibacterial Screening Data of organophosphate phenoxy Derivatives (1-12)

Diameter of inhibition zone after 24 hours
(conc. in ppm)
Compound Staphylococcus Aureus Escherichia Coli

500 1000 500 1000
15 25

1. (C;H4NOS),(CsHsO)P(O) 13 17
20 27

2. (C,H4NOS),(CeHsO)P(S) 21 23
28 40

3. (C;HNOS),(CICsH,0)P(O) 21 30
30 45

4.  (C;H4NOS),(CICsH,0)P(S) 25 42
23 35

5. (C,H4NOS),(0,NCzH,0)P(0) 20 25
25 38

6. (C;H4NOS),(O,NCgH,0)P(S) 24 37
24 36

7. (Ci4H11N,S),(CeHsO)P(O) 22 35
27 38

8.  (C14H11N,S),(CeHsO)P(S) 25 36
22 42

9.  (Cy4H11N,S),(CICgH,0)P(O) 25 38
25 47

10. (Cy4H11N,S),(CICsH,0)P(S) 28 40
25 37

11. (Cy14H11N;S)5(0,NCsH,0)P(O) 23 30
28 40

12. (Cy14H11N;S)5(0,NCsH,0)P(S) 27 38
52 64

Streptomycin (standard) 45 60

Synthesis of (C7H4NOS)2(C5H50)P(O) [1] / (C7H4NOS)2(C5H50)P(S) [2]

To an ice cold solution of S, S- bis-(benzoxazolyl-2) phosphorochloridothioate/
phosphorochloridodithioate (0.001 mol) in dry THF (30 ml) and EtsN (0.001 mol) in dry THF
(20 ml), a solution of phenol (0.001 mol) in dry THF (30 ml) was added dropwise in a
nitrogen flushed round bottom flask equipped with a mechanical stirrer.After mixing the
reactants, stirring was continued for 4 hours at 0°C. Further the reaction mixture was
removed from the ice bath and then refluxed further under nitrogen atmosphere for 14-16
hours with continuous stirring. Then it was cooled and the adduct (EtsN.HCI) that formed
was filtered off with closed sintered funnel. Then the filterate was concentrated and
recrystallized.

Synthesis of (C;H4NOS),(CICsH;,0)P(0) [3] / (C;H4NOS),(ClsH40)P(S) [4]
In the fast stirring solution of S,S-bis-(benzoxazolyl-2)phosphorochloridothioate/

phosphorochloridodithioate (0.001 mol) in dry THF (30 ml) and EtsN (0.001 mol) in dry THF
(20 ml), a solution of 4-chlorophenol(0.001 mol) in dryl THF (30 ml) was added dropwise by
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dropping funnel. The mixture was refluxed for 14-16 hours. Then the reaction was carried
out in a manner similar as described above.

Synthesis of (C7H4NOS)2(02NC5H40)P(O) [5] / (C7H4NOS)2(02NC5H40)P(S) [6]

In the fast stirring solution of S,S-bis-(benzoxazolyl-2)phosphorochloridothioate/
phosphorochloridodithioate (0.001 mol) in dry THF (30 ml) and Et3N (0.001 mol) in dry THF
(20 ml), a solution of 4-nitrophenol (0.001 mol) in dry THF (30 ml) was added dropwise by
dropping funnel. Then the reaction was carried out in a manner similar as described above.

Synthesis of (C14H11N>S)2(CsHsO)P(O) [7] / (C14H11N,S)2(CsHsO)P(S) [8]

In the fast stirring solution of NH,NH-bis-(phenybenzothiazolyl-4)methyl
phosphorochloridoamidate/ phosphorochloridoamidothioate (0.001 mol) in dry THF (30
ml) and EtzN (0.001 mol) in dry THF (20 ml), a solution of phenol (0.001 mol) in dry THF (30
ml) was added dropwise by dropping funnel. Then the reaction was carried out in a manner
similar as described above.

Synthesis of (C14H11N25)2(C|C5H40)P(0) [9] / (C14H11st)2(C|C5H40)P(S) [10]

In the fast stirring solution ofNH,NH-bis-(phenyl benzothiazolyl-4)methyl
phosphorochloridoamidate/phosphorochloridoamidothioate (0.001 mol) in dry THF (30ml)
and Et3N (0.001 mol) in dry THF (20 ml), a solution of 4-chlorophenol (0.001 mol) in dry THF
(30 ml) was added dropwise by dropping funnel. Then the reaction was carried out in a
manner similar as described above.

Synthesis of (C14H11N,S)2(02NCsH40)P(0) [11] / (C14H11N,S)2(02NCsH40)P(S) [12]

In the fast stirring solution ofNH,NH-bis-(phenyl benzothiazolyl-4)methyl
phosphorochloridoamidate/phosphorochloridoamidothioate (0.001 mol) in dry THF (30ml)
and Et3N (0.001 mol) in dry THF (20 ml), a solution of 4-nitrophenol (0.001 mol) in dry THF
(30 ml) was added dropwise by dropping funnel. Then the reaction was carried out in a
manner similar as described above.

ACKNOWLEDGEMENTS

The authors are thankful to the Head, Department of Chemistry, University of
Rajasthan, Jaipur, India for providing necessary facilities to carry out this research work.
Chandni Jain is grateful to university grant commission, New Delhi, India for the financial
support in the form of Junior Research fellow wide grant number 09/149(0591)/2011 EMR-
l.

REFERENCES
[1] Karanth S, Olivier K, Liu J, Pope C. Toxicol Appl Pharmacol 2001;9:247.

[2] Chandra R, Pandey OP, Sengupta SK. J Argric Food Chem 2005;53:2181-2184.
[3] Lakshman B, Gupta RL. Indian J Chem 2005;44(8):152-157.

January - February 2014 RJPBCS 5(1) Page No. 30



[4]
[5]
[6]
[7]
[8]
[9]
[10]
[11]
[12]
[13]
[14]

[15]
[16]
[17]

[18]
[19]

[20]
[21]

[22]
[23]
[24]
[25]
[26]
[27]

[ =

ISSN: 0975-8585

Gupta AK, Acharya J, Dubey DK, Kaushik MP. Synth Commun 2007;37:3403-3407.
Reddy PVG, Reddy CS, Raju CN. Chem Pharm Bull 2003; 51:860-863.

Cao H, Wang H, Fang F, Wang J, Lue Z. Nongyaoxue Xuebao 2003;5(1):21.
Chattopadhyay TK, Gupta RL. Indian J Chem 2002;41(B):1718.

Shi D, Liu J, Sheng Z, Liu X, Wu H. Nongyaoxue Xuebao 2002;4(4):79.

Sun FM, Shi DQ. Elem 2008;183:2615-2620.

Perez RM, et al. ] Mat Sci Lett 2006;41:8347.

Anthony L, Mark W, Petra D, Eugenio PM. PCT Int Appl 2005;09:5425.

Vyas PC, Kaur N, Vyas S. Heterocycl Commun 1997;3:91.

Jeyanthi P, Sheela K, Pazhanisamy P. J Pharma Sci Res 2011;3(11):1561-1565
Srikantha L, Naik U, Jadhav R, Raghunandan N, Rao JV, Manohar KR. Pharma
Chemica 2010;2(4):231-243.

Srinivas A, Vidyasagar J, Sarangapani M. Int J Pharma Sci 2010; 2(1): 7-12

Yadav RC, Sharma PK. Acta Ciencia Indica Chem 2011;37(4):297-302.

Lokwani P, Nagori BP, Batra N, Goyal A, Gupta S, Singh N. J Chem Pharma Res 2011;
3(3):302-311.

Patel P, Pillai J, Darji N, Patel B. Med Chem 2012;2:71-76.

Parvathy NG, Prathap M, Mukesh M, Thomas L. Int J Pharma Pharma Sci
2013;5(2):101-106.

Thakur AS, Jha AK. Int J Pharm Tech 2013;4(4):4961-4967.

Bandsod NH, Chaudhari GN, Thihale MS, Patil SD. Pharma Chemica 2013;5(2):144-
148.

Pareek S, Vyas S, Seth G, Vyas PC. Chem Inform 2009;40(15).

Jhajharia P, Samota MK, Seth G. Chem Inform 2010;41(30).

Jhajharia P, Samota MK, Seth G. Heteroatom Chem 2010;21(2):84-88.

Soni K, Mittal S, Seth G. Elec J Environ Agric and Food Chem 20, 9(3), 582-593.

Gupta N, Kbra V, Saxena V, Jain S, Bhatanagar K. Elem 2003;178:851-861.

Tebby JC. In Phosphorus-31 NMR spectroscopy in Stereochemical analysis; Verkade,
J.G, Quinn. L.D. (Eds.); VCH: Deerfield Beach, USA 1987, 8(1).

January - February 2014 RJPBCS 5(1) Page No. 31



