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Novel Organophosphorus Compounds as Potential
Antimicrobial Agents

S. R. Lokhandwala and K. R. Desai
Department of Chemistry, Veer Narmad South Gujarat University,
Surat 395 007, India

The 4-Thiazolidinone derivatives of phenophosphazines were synthesized by a reac-
tion of Schiff base derivative of phenophosphazine with Thyoglycollic acid in molar
ratio of 1:3 using DMF as solvent. Possible structures have been proposed based on
elemental analysis, IR and 1H NMR spectral studies. The antibacterial and anti-
fungal activities of these derivatives have been evaluated against pathogens E. coli,
S. typhi, S. aureus, B. subtilis, A. niger, and C. Albicans.

Keywords  Antibacterial activity; Antifungal activity; Phenophosphazine;
Thiazolidinone

INTRODUCTION

Phosphorus has important and multifaceted functions in the biochem-
istry of the body. It is ubiquitous in an anatomical term and is of great
importance in a host of reactions throughout virtually all organs and
tissues. The unexpected relationship between the antibacterial activ-
ity and the aggregation behavior in aqueous solution (i.e., lyotropic
liquid-crystalline properties) was revealed through systematic studies
on the antibacterial activity of the phosphonium salts as a novel class of
cationic biocides.! Organophosphorus compounds are associated with
antiviral,? anticancer,® antifungal,*~" and antibacterial?*~" activities.
These observations encouraged us to synthesize the above derivatives,
as Schiff bases and thiazolidinone derivatives themselves have good
antibacterial and antifungal activities.

RESULTS AND DISCUSSION

2-amino-10-0x0-5,10-dihydro-101°-phenophosphazin-10-0l and substi-
tuted aromatic aldehydes were taken in 1:1 molar ratio in presence
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of methanol as solvent to yield 2-[(substituted benzylidene)-amino]-
10-0x0-5,10-dihydro-10-15-phenophosphazin-10-ol which was subse-
quently reacted with Thyoglycollic acid in molar ration of 1:3
using DMF as solvent to give corresponding 3-(10-hydroxy-10-
0x0-5,10-dihydro-101°-phenophosphazin-2-yl)-2-(substituted phenyl)-
thiazolidin-4-one (Scheme 1). Physical and analytical details of the com-
pounds are given in Table 1.

MethanoI/H P.
H

H
N
R=4-OCHj; 3-Cl; 3-Br; -CH=CH; Hl
2-NO,; 3-OC¢Hs; 3-OC,H; 4-OH; g o/P%o N—C@
3-OCH; 4-OH; H; 3,5-OCH, 4-OH \
SCHEME 1
IR SPECTRA

The formation of Schiff base derivatives was identified by the disappear-
ance of v (N—H) absorption band at 1250-1340 cm~! and thiazolidinone
derivatives were identified by the disappearance of v (C = N) stretch-
ing vibration at 1595-1610 cm~! present in monoamino and Schiff base
derivatives respectively. Moreover the v (C = O) stretching vibration
was observed at 1710-1750 cm™!. The v (C-S-C) stretching vibration
and was observed at 700-750 cm~!, which proves thiazolidinone nu-
cleus. In phenophosphazine derivatives characteristic stretching vibra-
tion v (P = O)® appeared at 1240-1250 cm 'and v (P—OH)? appeared
at 910-1040 cm ™! (Table II).

NMR SPECTRA

'H NMR spectra of 2-[(substituted benzylidene)-amino]-10-0x0-5,10-
dihydro-10-A%-phenophosphazin-10-ol showed a benzylideneimine pro-
ton signal at § 8.35 as singlet, which disappeared in thiazolidinone
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derivative. Instead of that, a characteristic proton signal at § 5.90 ap-
peared showing the presence of N—CH group. A proton signal at § 2.0
was observed as singlet in each compound confirming the presence of
P—OH. The other signals were observed in accordance with the sub-
stituent groups and confirming their presence which are summarized
in Table IV.

TABLE IV Assignment of Main 'H NMR Bands (6) of Thiazolidinone
Derivatives of Phenophosphazine Compounds

Comp.

no. Molecular formula R Assignments (§)

SN-01 Cg9H19O4N3oPS 4-OCHj; 3.8(s,1H,N-H);1.9(s,1H,P-OH);
5.90(s,1H,N-CH);3.37(d,2H,C-CHy);
3.71(t,3H,C-OCHjy); 6.5-7.0(m,11H,
Aromatic)

SN-02 Cg1H1503N3PCIS 3-Cl 3.6(s,1H,N-H);2.0(s,1H,P-OH);

5.91(s,1H,N-CH);3.36(d,2H,C-CHy);
6.5—7.08(m,11H,Aromatic)

SN-03 021H1603N2PBI'S 3-Br 3.7(S,1H,N-H);1.8(S,1H,P-OH);
5.88(s,1H,N-CH);3.40(d,2H,C-CHy);
6.5—7.24(m,11H,Aromatic)

SN-04 Cg3H19O3NoPS CH=CH 3.8(s,1H,N-H);1.8(s,1H,P-OH);
5.95(s,1H,N-CH);3.39(d,2H,C-CHy);
7.59(s,1H,C-CH); 6.5-7.65(m,12H,
Aromatic)

SN-05 Cg1H1405N3PS 2-NO,y 3.65(s,1H,N-H);1.7(s,1H,P-OH);
5.92(s,1H,N-CH);3.36(d,2H,C-CHy);
6.5-8.07(m,11H,Aromatic)

SN-06 Cz7H2104N2PS 3-OCGH5 3.8(5,1H,N-H);1.9(S,1H,P-OH);
5.90(s,1H,N-CH);3.37(d,2H,C-CHy);
6.5-7.21(m,16H,Aromatic)

SN-07 023H2105N2PS 3-OCQH5 4-OH 3.7(8,1H,N-H);2.0(S,lH,P-OH);
5.91(s,1H,N-CH);3.37(d,2H,C-CHy);
3.96 (d,2H,C-CHy); 4.9(s,1H,C-OH);
1.32(t,3H,C-CH3);6.5-7.0(m,9H,
Aromatic)

SN-08 022H1905N2PS 3-OCH3 4-OH 3.6(S,1H,N-H);1.9(S,1H,P-OH);
5.90(s,1H,N-CH);3.37(d,2H,C-CHs);
3.72(t,3H,C-OCH3);5.1(s,1H,C-OH);
6.5—7.2(m,9H,Aromatic)

SN-09 021H1703N2PS H 3.8(5,1H,N-H);1.7(S,1H,P-OH);
5.93(s,1H,N-CH);3.37(d,2H,C-CHs);
6.5—7.14(m,12H,Aromatic)

SN-10 Cy3Hgy1 06Ny PS 3,5-OCH3 4-OH  3.7(s,1H,N-H);1.9(s,1H,P-OH);
5.90(s,1H,N-CH);3.37 (d,2H,C-CH,);
3.74(t,3H,C-OCH3);4.7(s,1H,C-OH);
6.5-7.1(m,8H,Aromatic)
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ANTIMICROBIAL ACTIVITY

Antimicrobial activity was carried out for the synthesized test com-
pounds using Agar Cup method!®!! which used Mueller-Hinton agar
and Sabouraud Dextrose agar (pH-7.3 + 0.2 at 25°C) for bacterial
and fungal activity respectively and a dose of 50 ppm. Results of the
antibacterial and antifungal activities measured as zone of inhibi-
tion (mm) for thiazolidinone derivatives of phenophosphazines against
S aureus and B Subtilis (gram positive bacteria), E coli and S Ty-
phi (gram negative bacteria), Candida albicans and Aspergillus niger
(fungus) are summarized in Table III. The antimicrobial activities
of these compounds were found to be exceeding than the correspond-
ing Schiff base!? derivatives of phenophosphazine. These compounds
were compared to commercial antibacterial and antifungal drugs like
Streptomycin and Cotrimazole. Among all the compounds, the antibac-
terial activity against B Subtilis was more prevalent. Compound SN-09
showed promising activity against S Aureus (50%) and Compound SN-
06 showed promising activity against B Subtilis (68.3%), E coli (40%),
S Typhi (60%), C albicans (50%) and A niger (37.1%) respectively as
compared to the standard drugs.

EXPERIMENTAL

All commercial reagents and solvents were dried and distilled by com-
mon methods before use. Melting points were determined by capillary
method and are uncorrected. The operations involving phosphorus com-
pounds were carried out in dry equipment in nitrogen atmosphere. IR
spectra were recorded on Perkin-Elmer 577 grating spectrometer in
KBr discs in the region of 4000-200 cm~!. NMR were recorded on JEOL
FX-90Q spectrophotometer using CDCl3 as solvent.

Synthesis of 3-(10-hydroxy-10-ox0-5,10-dihydro-10,°-
phenophosphazin-2-yl)-2-(substituted phenyl)-
thiazolidin-4-one

In a 250 ml round bottom flask, 2-[(4’-methoxy-benzylidene)-amino]-
10-0x0-5,10-dihydro-10-15-phenophosphazin-10-ol ( 3.6433 g, 10 mmol)
and thioglycolic acid ( 2.76 g, 30 m mol) were dissolved in DMF (60 ml)
as a solvent. The reaction mixture was refluxed for 10-12 h. Excess
of solvent was then removed by distillation and cooled. The solid thus
separated was filtered, washed, dried, and recrystallized with glacial
acetic acid. The process was repeated using different substituted Schiff
bases (10 mmol) to obtain different compounds.
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CONCLUSION

It can be concluded from the above synthetic work that phosphorus
if incorporated with the standard antimicrobial agents may enhance
their activities. The results at primitive stage are satisfactory and it
may be thought that phosphorus- containing antimicrobials may cover
the broad spectrum in antimicrobial world.
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