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Syntheses of novel [{(3-dialkoxy-phosphoryl)-(substituted-phenyl-methyl)-2-oxo-2-phenyl-2,3-dihy-
dro-21°-benzo [1,3,2] diazaphosphol-1-yl}-(substituted-phenyl)-methyl]-phosphonic acid  diethyl/di-
methyl esters (3a—j) were conveniently accomplished by cyclocondensation of [(2-{(dimethoxy-

phosphoryl)-phenyl-methyl)-amino }-phenyl

amino)-phenyl-methyl|phosphonic

acid diethyl/dimethy]l

esters (2a—j) with phenyl phosphonic dichloride in dry toluene in the presence of triethylamine at 40°C.
The title compounds were characterized by physicospectral techniques. All the synthesized compounds

were found to possess antimicrobial properties.
J. Heterocyclic Chem., 48, 221 (2011).

INTRODUCTION

Trisphosphates are chiefly used as additives in a variety
of industrial products, such as flame retardants, elastomers,
fiberglass resins, surface coatings, scalants, and rigid foams
[1,2]. Synthesis of high quality flame retardants with low
flammability and melt dripping limits is an urgent need
now-a-days [3,4]. Phosphorus based fire retardants are
known to act in both gas and condensed phases and also
concurrently in both phases [5,6]. Phosphatidylinositol
3,4,5-triphosphate is attracting much attention due to its
several biological roles [7], in signal transduction [8], non-
capacitative calcium influx [9], cell regulation, etc [10].
Phosphoric acid derivatives play a major role in driving
some metabolic processes by energy release that accompa-
nies the cleavage of a phosphate group [11].

In this research, synthesis of [{(3-dialkoxy-phos-
phoryl)-(substituted-phenyl-methyl)-2-oxo-2-phenyl-2,3-
dihydro-2A’—benzo-[1,3,2]-diaza-phosphol-1-yl }-(substi-
tuted-phenyl)-methyl]-phosphonic acid diethyl/dimethyl
esters (3a—j) was accomplished successfully and they
exhibited moderate to high antimicrobial activity.

SYNTHESIS AND DISCUSSION

The titled compounds (3a—j) were conveniently syn-
thesized by a two-step process. In the first step [(2-

{ (dimethoxy-phosphoryl)-phenyl-methyl)-amino } -phenyl
amino)-phenyl-methyl]-phosphonic acid diethyl/dimethyl
esters (2a—j) were prepared by reacting the correspond-
ing aldimines (la—j) and dialkylphosphite in the pres-
ence of catalytic amount of tetramethyl guanidine
(TMG) in dry toluene at reflux condition. Compounds
2a—j on further cyclocondensation with phenyl phos-
phonic dichloride in dry toluene in the presence of trie-
thylamine at 40°C (Scheme 1) afforded compounds 3a—
j. Progress of the reaction was monitored by TLC
analysis.

The chemical structures of 3a—j were confirmed by
elemental analysis, IR, IH—, 13C—, 31P—NMR, and mass
spectra. Compounds 3a—j exhibited characteristic IR
stretching frequencies in the regions 1259-1272, 1192—
1219, and 749-769 cm™ ! for P=0 (phosphonates),
P=0 (diazaphosphole), and P—C,jiphatic)» respectively
[12].

The aromatic protons in the compounds 3a—j gave as
multiplet in the region § 6.1-8.4. The P—C—H protons
resonated as doublet [13] in the region & 4.74-5.83 (d,
YJp_c—u = 10.3-11.8 Hz) due to its coupling with phos-
phorus. The two methoxy group protons of two dimethyl
phosphate moiety in compounds 3a—e resonated as two
distinct doublets in the range of & 3.43-3.61 (d, *Jp_p
= 10.0-11.4 Hz) and & 3.54-3.67 (d, *Jp—y = 9.3-11.3
Hz) indicating their nonequivalent electronic and
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magnetic environment [14]. Similarly, the two methyl
groups of the two diethyl phosphate moiety in com-
pounds 3f-j resonated as two distinct triplets in the
region & 1.22-1.31 (t, J/ = 8.0-8.5 Hz) and 6 1.09-1.16
(t, J = 7.7-8.1 Hz). Their methylene protons directly
attached to oxygen showed multiplets in the region
3.61-4.17 ppm due to their coupling with both the phos-
phorus and adjacent methyl protons [14].

The P—C—H carbon chemical shift signal appeared
as a doublet [14] in the range of & 50.0-54.2 (d, U
= 163.0-167.42 Hz). The methoxy carbon of dimethyl-
phosphonate group resonated as a singlet at & 55.03—
57.49. Two distinct >'P signals [15] were observed, one
at & 22.13-40.65 (P=O0, phosphonates) and the other at
6 0.27-4.03 (P=0, diazaphosphole) for 3a—j. The mass
spectra of compounds 3a, 3b, 3f, and 3j showed their
respective molecular ion peaks in the expected m/z mass
values.

EXPERIMENTAL

The melting points were determined in open capillary tubes
on a Mel-Temp apparatus and were uncorrected. The IR spec-
tra (Vimax, cm 1) were recorded as KBr pellets on Perkin Elmer
1000 unit. The 'H-, '*C-, and *'P-NMR spectra were recorded
on a Varian AMX 400 MHz NMR spectrometer operating at
400 MHz for 'H, 100.57 MHz for "°C, and 161.7 MHz for
3P All the compounds were dissolved in CDCly or DMSO-
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de, and chemical shifts were referenced to TMS ('H and 130C)
and 85% H5PO, ('P). Microanalyses data were obtained from
Central Drug Research Institute, Lucknow, India.

Typical experimental procedure.

General procedure for preparation of (3a).

[{(3-Dimethoxy-phosphoryl)-(phenyl-methyl)-2-oxo-2-phenyl-
2,3-dihydro-2X>-benzo [1,3,2]diazaphosphol-1-yl}-(phenyl)-
methyl]-phosphonic acid dimethyl ester (3a). To a stirred solu-
tion of N,N-dibenzylidenebenzene-1,2-diamine (1a, 0.005 mol)
in dry toluene (25 mL), a solution of dimethylphosphite (0.01
mol) in dry toluene (15 mL) was added dropwise at 0°C in the
presence of TMG. After completion of addition, the tempera-
ture was raised and kept at room temperature for half an hour
and then refluxed at 70°C for 3 h. Progress of the reaction
was monitored by TLC analysis. The obtained intermediate
[(2-{(dimethoxy-phosphoryl)-phenyl-methyl)-amino }-phenyla-
mino)-phenyl-methyl]-phosphonic acid methyl ester (2a) was
evaporated in a rotaevaporator. To the concentrated solution
of compound 2a (0.005 mol) in dry toluene in the presence
of triethylamine (0.01 mol), a solution of phenyl phosphonic
dichloride (0.005 mol) in dry toluene (15 mL) was added
slowly at 35°C over a period of half an hour. After addition,
the temperature of the reaction mixture was raised and main-
tained at 60°C for 2 h with stirring. Progress of the reaction
was monitored by TLC analysis. The solid triethylamine
hydrochloride was filtered and the solvent was removed in a
rotaevaporator to get the crude product, and it was purified
by column chromatography on 60-120 mesh silica gel using
ethylacetate:hexane (3:1) as eluent to obtain pure compound
3a, 1.70 g (71%), mp 189-191°C. Compounds 3b-j were
synthesized by adopting the above procedure.
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Table 1
Antibacterial activity of compounds 3a—j (png/mL).

Zone of inhibition (%)

Staphylococcus
Escherichia coli aureus
Compounds 100 50 25 100 50 25
3a 7 5 3 7 3 3
3b 12 9 7 12 8 7
3¢ 12 8 6 10 7 6
3d 10 8 7 10 7 6
3e 9 6 3 9 6 4
3f 8 6 5 8 6 5
3g 12 9 7 10 7 6
3h 13 7 6 6 6 3
3i 10 7 6 9 6 4
3j 12 8 7 11 7 6
Penicillin® 12 8 - 10 7 6

#Reference compound.

[{(3-Dimethoxy-phosphoryl)-(phenyl-methyl)-2-oxo-2-phenyl-
2,3-dihydro-2X’-benzo [1.3.2]diazaphosphol-1-yl}-(phenyl)-
methyl]-phosphonic acid dimethyl ester (3a). Yield 72%, mp
189-191°C. IR (KBr) em~ ' 1269 (P=0, phosphonate), 1219
(P=0, diazaphosphole), 769 (P—C); '"H-NMR (DMSO-dj):
6.5-7.5(m,19H), 4.74 (2H, d, J = 11.0 Hz, P—CH), 3.43 (6H,
d, J = 10.0 Hz, POCHj;) 3.63 (6H, d, J = 11.3 Hz, POCH,);
BC-NMR data: 127.35 (C-3a and C-7a), 113.42 (C-4 and C-
7), 117.74 (C-5 and C-6), 50.01 (d, C-1" and C-1'a, J = 132
Hz), 142.78 (C-2' and C-2'a), 127.13 (C-3/,C-7' and C-3'a,C-
7'a), 128.39 (C-4',C-6' and C-4'a,C-6'a), 126.43 (C-5' and C-
5'a), 135.13 (C-1"), 129.67 (C-2" and C-6"), 128.62 (C-3" and
C-5"), 131.69 (C-4"), 55.12 (POCH,); *'P-NMR data: § 24.65
(P=0, phosphonates), 3.00 (P=0, diazaphosphole); FAB-MS
mfz: 626 (M"); Anal. Calcd. for: C30H33N,0,P5: C, 57.51; H,
5.31; N, 4.47. Found C, 57.47; H, 5.26; N, 4.41.

[{(3-Dimethoxy-phosphoryl)-(4-chloro-phenyl-methyl)-2-oxo-
Z-phenyl-Z,3-dihydr0-2)\5-benzo[] ,3,2]diazaphosphol-1-yl}-(4-
chloro-phenyl)-methyl]-phosphonic  acid  dimethyl  ester
(3b). Yield 70%, mp 197-199°C. IR (KBr) cm™': 1271 (P=0,
phosphonate), 1210 (P=O, diazaphosphole), 753 (P—C); 'H-
NMR (DMSO-dg): 6.8-8.2 (m, 17H, ArH), 5.51 (2H, d, J =
11.3 Hz, PCH), 3.51 (6H, d, J = 10.1 Hz, POCH3) 3.54 (6H,
d, J = 9.90 Hz, POCH3); '*C-NMR data: 127.39 (C-3a and C-
7a), 113.62 (C-4 and C-7), 118.31 (C-5 and C-6), 50.93 (C-1
and C-1'a, d, J = 139 Hz), 140.61 (C-2' and C-2'a), 128.79
(C-3,C-7" and C-3'a,C-7'a), 128.97 (C-4',C-6/ and C-4'a,C-
6'a), 130.98 (C-5" and C-5'a), 134.98 (C-1"), 129.78 (C-2" and
C-6"), 128.69 (C-3" and C-5"), 131.57 (C-4"), 55.72 (POCH3);
3'P_NMR data: & 40.65 (P=0, phosphonates), 4.03 (P=0, dia-
zaphosphole); FAB-MS m/z: 694 (M™"), 696 (M+2); Anal.
Calcd. for: C;30H3;N,O,P3Cl,: C, 51.81; H, 4.91; N, 4.03.
Found C, 51.77; H, 4.85; N, 3.97.

[{(3-Dimethoxy-phosphoryl)-(3-nitro-phenyl-methyl)-2-oxo-
2-phenyl-2,3-dihydro-2X’-benzo[1 3,2 ]diazaphosphol-1-yl}-(3-
nitro-phenyl)-methyl]-phosphonic ~ acid  dimethyl  ester
(3c). Yield 72%, mp 204-206°C. IR (KBr) cm ™ ': 1264 (P=0,
phosphonate), 1205 (P=O, diazaphosphole), 761 (P—C); 'H-
NMR (DMSO-dg): 6.4-7.9 (m, 17H, ArH), 5.67 (2H, d, J =
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10.9 Hz, PCH), 3.48 (6H, d, J = 10.3 Hz, POCH3) 3.54 (6H,
d, J = 9.30 Hz, POCH;); *'P-NMR data: § 28.63 (P=0, phos-
phonates), 2.63 (P=O, diazaphosphole); Anal. Calcd. for:
C30H31N40]1P3Z C, 5029, H, 436, N, 7.82. Found C, 5025,
H, 4.30; N, 7.77.
[{(3-Dimethoxy-phosphoryl)-(3-chloro-phenyl-methyl)-2-oxo-2-
phenyl-2 3-dihydro-2X’-benzo[1 3 2 ]diazaphosphol-1-yl}-(3-chloro-
phenyl)-methyl]-phosphonic acid dimethyl ester (3d). Yield 69%,
mp 201-203°C. IR (KBr) em ™ 1272 (P=O, phosphonate),
1192 (P=0, diazaphosphole), 749 (P—C); '"H.NMR (DMSO-
de): 6.61-7.81 (m, 17H, ArH), 5.75 (2H, d, J = 10.7 Hz, PCH),
3.43 (6H, d, J = 11.4 Hz, POCH3) 3.51 (6H, d, / = 10.3 Hz,
POCH;); *'P-NMR data: § 21.24 (P=O0, phosphonates), 0.27
(P=0, diazaphosphole); Anal. Calcd. for: C3oH3;N,O,P;Cl,: C,
51.81; H, 4.91; N, 4.03. Found C, 51.78; H, 4.88; N, 3.97.
[{(3-Dimethoxy-phosphoryl)-(3,4-dimethoxy-phenyl-methyl)-
2-0x0-2-phenyl-2,3-dihydro-2X>-benzo[ 1,32 ]diazaphosphol-1 -
yl}-(3,4-dimethoxy-phenyl)-methyl]-phosphonic acid dimethyl
ester (3e). Yield 67%, mp 207-209°C. IR (KBr) cm ' 1272
(P=0, phosphonate), 1192 (P=O, diazaphosphole), 749
(P—C); 'H-NMR (DMSO-dg): 6.2-7.9 (m, 29H, ArH), 5.49
(2H, d, J = 11.0 Hz, PCH), 3.61 (6H, d, J = 10.4 Hz,
POCH3) 3.67 (6H, d, J = 10.5 Hz, POCH3), 3.71 (s, 12H,
OCH;); *'P-NMR data: & 26.12 (P=0, phosphonates), 1.32
(P=0, diazaphosphole); Anal. Calcd. for: C34H4;N>O¢,P5: C,
54.70; H, 5. 54; N, 3.75. Found C, 54.65; H, 5.50; N, 3.70.
[{(3-Diethoxy-phosphoryl)-(phenyl-methyl)-2-oxo-2-phenyl-
2,3-dihydro-2 N-benzo [1 ,3,2]diazaphosphol-1-yl}-(phenyl)-
methyl]-phosphonic acid diethyl ester (3f). Yield 71%, mp
183-185°C. IR (KBr) em™ ! 1259 (P=0, phosphonate), 1207
(P=0, diazaphosphole), 760 (P—C); "H-NMR (DMSO-dj):
6.10-7.70 (m, 19H, ArH), 5.47-5.62 (2H, d, J = 10.3 Hz,
PCH), 3.62-4.08 (m, 8H, POCH,CH3), 1.31 (6H, t, /] = 8.3
Hz, POCH,CHj3) 1.16 (6H, t, J = 8.1 Hz, POCH,CH;); "*C-
NMR data: 126.30 (C-3a and C-7a), 115.20 (C-4 and C-7),
117.74 (C-5 and C-6), 49.01 (C-1’ and C-1'a, d, J = 132 Hz),
146.78 (C-2' and C-2'a), 125.19 (C-3/,C-7" and C-3'a,C-7'a),
128.01 (C-4,6/ and C-4a,C-6'a), 124.43 (C-5' and C-5'a),
133.13 (C-1"), 128.60 (C-2" and C-6"), 127.69 (C-3” and

Table 2
Antifungal activity of compounds 3a—j (ug/mL).

Zone of inhibition (%)

Helminthosporium

Aspergillus niger oryzae
Compounds 100 50 25 100 50 25
3a 8 5 4 9 7 4
3b 14 8 6 13 10 7
3c 12 7 6 12 10 7
3d 8 5 3 10 8 5
3e 10 6 5 10 6 5
3f 10 6 5 11 7 6
3g 13 7 5 9 5 3
3h 13 7 7 12 10 7
3i 9 8 7 10 8 7
3j 12 7 6 12 9 6
Griseofulvin® 12 7 - 12 9 -

#Reference compound.
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Table 3
Minimum inhibitory concentration of compounds 3a—j (pg/mL).
Bacteria 3a 3b 3c 3d 3e 3f 3g 3h 3i 3j
Escherichia coli 600 380 380 540 580 630 390 300 550 400
Staphylococcus aureus 550 400 310 300 410 500 300 620 410 340
C-5"), 132.61 (C4"), 635 (d, ZJPOC = 7.3 Hz, C-7'a), 134.02 (C-1"), 128.09 (C-2" and C-6"), 127.71 (C-3" and

P—OCH,—CHj3), 15.3 (d, */pocc = 6.1 Hz, P—OCH,—CHs);
3IP_NMR data: & 31.49 (P=0, phosphonates), 1.91 (P=0, dia-
zaphosphole); Anal. Calcd. for: C34H4N,O;P5: C, 59.82; H,
6.05; N, 4.10. Found C, 59.78; H, 6.00; N, 4.05.

[{(3-Diethoxy-phosphoryl)-(4-chloro-phenyl-methyl)-2-oxo-2-
phenyl-Z,3-dihydro-2)\5-benzo[] 3,2]diazaphosphol-1-yl}-(4-
chloro-phenyl)-methyl]-phosphonic acid diethyl ester (3g). Yield
68%, mp 195-197°C. IR (KBr) cm™': 1261 (P=0, phospho-
nate), 1201 (P=O0O, diazaphosphole), 757 (P—C); "H-NMR
(DMSO-dg): 66.6-8.4 (m, 17H, ArH), 5.58 (2H, d, J = 11.5
Hz, PCH), 3.61-4.04 (m, 8H, POCH,CH3), 1.25 (6H, t, J =
8.0 Hz, POCH,CHj3), 1.09 (6H, t, J = 7.9 Hz, POCH,CH3);
SIP.NMR data:  29.82 (P=0, phosphonates), 2.47 (P=0, dia-
zaphosphole); Anal. Calcd. for: C34H30N,07P5Cly: C, 54.34;
H, 5.23; N, 3.73. Found C, 54.30; H, 5.20; N, 3.69.

[{(3-Diethoxy-phosphoryl)-(3-nitro-phenyl-methyl)-2-oxo-2-
phenyl-2,3-dilydro-2X’-benzo[ 1,3 2 ]diazaphosphol-1-yl}-(3-nitro-
phenyl)-methyl]-phosphonic acid diethyl ester (3h). Yield 69%,
mp 227-229°C. IR (KBr) cm b 1271 (P=O, phosphonate),
1211 (P=O0, diazaphosphole), 762 (P—C); 'H-NMR (DMSO-
de): 6.1-8.3 (m, 17H, ArH), 5.24 (2H, d, J = 10.8 Hz, PCH),
3.73-4.17 (m, 8H, POCH,CHj), 1.22 (6H, t, J = 8.5 Hz,
POCH,CH3), 1.12 (6H, t, J = 7.8 Hz, POCH,CH;); *'P-NMR
data: & 22.13 (P=O0O, phosphonate), 3.12 (P=0, diazaphosp-
hole); Anal. Calcd. for: C34H39N40O,,P5: C, 53.85; H, 5.09; N,
7.25. Found C, 52.80; H, 5.03; N, 7.20.

[{(3-Diethoxy-phosphoryl)-(3-chloro-phenyl-methyl)-2-oxo-2-
phenyl-2,3-dihydro-2X>-benzo[1,3,2]diazaphosphol-1-yl}-(3-
chloro-phenyl)-methyl]-phosphonic  acid  diethyl  ester
(3i). Yield 65%, mp 220-222°C. IR (KBr) cm ': 1267 (P=0,
phosphonate), 1197 (P=O, diazaphosphole), 759 (P—C); 'H-
NMR (DMSO-dg): 6.8-8.5 (m, 17H, ArH), 531 (2H, d, J =
11.4 Hz, PCH), 3.72-4.11 (m, 8H, POCH,CH3), 1.28 (6H, t,
J = 8.1 Hz, POCH,CH;), 1.11 (6H, t, J = 7.7 Hz,
POCH,CH;); *'P-NMR data: & 24.12 (P=O, phosphonates),
2.11 (P=0O, diazaphosphole);  Anal.  Calcd. for:
C34H39N207P3C12. Found C, 5434, H, 523, N, 3.73 C, 5428,
H, 5.19; N, 3.70.

[{(3-Diethoxy-phosphoryl)-(3 4-dimethoxy-phenyl-methyl)-2-
oxo-2-phenyl-2 3-dihydro-2X’-benzo[ 1,3 2] diazaphosphol-1-yl}-
(3, 4-dimethoxy-phenyl)-methyl]-phosphonic acid diethyl ester
(3j). Yield 70%, mp 215-217°C. IR (KBr) em ™'t 1269 (P=O0,
phosphonate), 1203 (P=O, diazaphosphole), 749 (P—C); 'H-
NMR (DMSO-dg): 6.2-8.2 (m, 29H, ArH), 548 (2H, d, J =
11.8 Hz, PCH), 3.69-4.08 (m, 8H, POCH,CH3), 1.26 (6H, t,
J = 84 Hz, POCH,CH;) 1.14 (6H, t, J = 8.1 Hz,
POCH,CH3), 3.73 (s, 12H,(OCH;); ?C-NMR data: 126.51 (C-
3 and C-7a), 113.92 (C-4 and C-7), 116.13 (C-5 and C-6),
51.13 (C-1" and C-1'a, d, J = 133 Hz), 134.72 (C-2' and C-
2'a), 113.22 (C-3’ and C-3'a), 146.20 (C-4’ and C-4'a), 144.12
(C-5" and C-5'a), 114.96 (C-6' and C-6'a), 118.02 (C-7' and
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C-5"), 131.90 (C-4"), 55.13 (OCH;) 62.5 (d, “Jpoc = 7.5 Hz,
P—OCH,—CH3), 16.3 (d, *Jpocc = 6.9 Hz, P—OCH,—CHs);
3P.NMR data: § 25.32 (P=0, phosphonate), 1.02 (P=0, diaza-
phosphole); Anal. Calcd. for: C33H49N,0¢P5: C, 56.86; H, 6.15;
N, 3.49. Found C, 56.80; H, 6.10; N, 3.44.

Antimicrobial activity. Antimicrobial activity of 3a—j was
tested against the growth of Staphylococcus aureus (ATCC
25923) (Gram -+ve) and Escherichia coli (ATCC 25922)
(Gram —ve) by disc diffusion method at various concentrations
(100, 50, and 25 ppm; Table 1) [16]. All the compounds
showed moderate activity against both the bacteria. The high-
light is that the five compounds, 3b, 3¢, 3g, 3h, and 3j were
more effective than even the standard penicillin.

They were also screened for antifungal activity against As-
pergillus niger (ATCC 16404) and Helminthosporium oryzae
(ATCC 11000) species along with the standard fungicide Gris-
eofulvin (Table 2) by the disc diffusion method at three differ-
ent concentrations (100, 50, and 25 ppm). It is gratifying to
observe that majority of the compounds (3a—j) exhibited
higher antifungal activity when compared with that of Griseo-
fulvin. Significant result is that 3b, 3¢, 3g, 3h, and 3j exhibited
higher activity than the standard Griseofulvin against both the
fungi. Thus new group of compounds with very high antimi-
crobial/fungicidal activity than the presently used commercial
bactericides/fungicides have been discovered.

Determination of minimum inhibitory concentration. Mini-
mum inhibitory concentration was determined for the com-
pounds 3a—j (Table 3) that showed total growth inhibition
using the protocol described below. The compound concentra-
tion of 50-700 png/mL in steps of 25 pg/mL was evaluated.
Specifically 0.1 mL of standardized inoculum (1-2 x 107
CFU/mL) was added to each test tube. Two controls (DMSO
with bacteria and antibiotics with bacteria) were maintained
for each test sample. The tubes were incubated aerobically at
37°C for 18-24 h [17].
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