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ABSTRACT
Novel chromono[2,3-e][1,2,4,3]triazaphosphepines 3−7, chromono[2,3-d][1,3,2]diazaphosphinine 8, chro-
monyl α-hydrazinophosphonic acid 10, chromono[3,2-d][1,2]azaphosphole 11 and diethyl N-chromony-
lphosphonoacetamide 12 were synthesized from treatment of 2-amino-3-[(2-phenylhydrazinylidene)
methyl]chromone (2) with some phosphorus reagents such as phosphorus halides, phosphorus sulfides,
and phosphonic acid and its diesters, in dry dioxane. The cytotoxic effects of the synthesized compounds
were evaluated in vitro in relation to hepatocellular Hep-G2, breast MCF-7 and colon HCT-116 human cancer
cell lines, using a crystal violet viability assay. Compounds 6, 7, 8, and 10 had significant cytotoxic effects
against the three cancer cell lines. Their IC50 values ranged between 1.56 and 12.4 µg/mL in comparison to
doxorubicin (IC50 = 0.426-0.469 µg/mL).

GRAPHICAL ABSTRACT

Introduction

Chromones are one of an important class of heterocyclic systems
for new drug development which attracted much attention due
to their broad spectrum of pharmaceutical and biological activ-
ities such as antiviral,1 antimicrobial,2 analgesic,3 anticancer,4
and anti-inflammatory.5 On the other hand, organophos-
phorus compounds are distributed in nature and they have
important practical applications in fields of pharmacy and
agriculture.6,7 In the last years, several preparative procedures
have been reported for the providing of organophosphorus
compounds 8–11 and their synthetic applications for the
preparation of heterocyclic compounds via multicomponent
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reactions MCRs.12–17 In particular, phosphorus heterocycles
have attracted interest due to large variety of biological activities
such as herbicidal,18 antitumor,19 and fungicidal.20

In continuation of our work on synthesis of chromone
compounds contain phosphorus moieties,21–24 we would
like to focus here on the reaction of 2-amino-3-[(2-
phenylhydrazinylidene)methyl]chromone (2) as a multi-
functional compound with some active phosphorus reagents,
resulting in chromone annulated phosphorus heterocycles.
The cytotoxicity properties of the synthesized compounds were
evaluated against Hep-G2,MCF-7, andHCT-116 human cancer
cell lines.
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Result and discussion

Chemistry

2-Amino-3-[(2-phenylhydrazinylidene)methyl]chromone (2)
as starting material was prepared in good yield via conden-
sation of 2-amino-3-formylchromone (1) with phenylhy-
drazine in absolute ethanol according to the reported method
(Scheme 1).25

Scheme .

We have found that addition of some phosphorus halides
such as phosphorus tribromide, phosphorus oxychloride,

and phenyl phosphonic dichloride to a solution of hydra-
zone 2 in dry dioxane at room temperature followed
by heating under reflux resulted in the chromono[2,3-
e][1,2,3,4]triazaphosphepin-2-oxides 3-5, respectively, in
moderate yields (Scheme 2). The former reactions might
proceed through cyclocondensation of NH2 and NHPh with
phosphorus halides, followed by hydrolysis providing the final
products with loss of hydrogen halide in presence of two
equivalent amount of triethylamine (Scheme 2).

The structures of compounds 3-5were confirmed by elemen-
tal analysis and spectroscopic tools. The mass spectra showed
their molecular ion peaks atm/z 325, 341, and 401, respectively.
The IR spectra of compounds 3-5 revealed in each case the
presence of characteristic absorption bands assigned to NH
(3240–3115), C=O (1663–1640) and P=O (1227–1294) cm−1.
Their 1H-NMR spectra showed D2O-exchangeable signals for
NH protons at δ 10.94–10.06 ppm, in addition to the expected
P–H in form 3B (phosphorus pentavalent) in compound 3 was

Scheme .
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Scheme .

not detected which supported its existence in form 3A (phos-
phorus trivalent). However, the P–OH protons of compounds 3
and 4 were observed at δ 3.05 and 3.32 ppm, respectively. Also,
the 13C-NMR spectrum of compound 4 recorded the character-
istic carbon atoms attributed to C═N, C−2, and C═Opyrone at
δ 145.4, 156.1 and 175.5 ppm, respectively, while the 31P-NMR
spectrum of compound 5 showed a singlet peak at δ 32.1 ppm.26

It was known that phosphorus sulfides could make diverse
bifunctional compounds transform into interesting phospho-
rus heterocycles.27–29 This promoted us to study the reac-
tion of hydrazone 2 with some phosphorus sulfides. Thus,
treatment of hydrazone 2 with Lawesson’s reagent and O,O-
diethyldithiophosphoric acid in dry dioxane produced the
corresponding chromono[2,3-e][1,2,3,4]triazaphosphepine-2-
sulfides 6 and 7, respectively (Scheme 3). However, the reaction

of hydrazone 2 with phosphorus pentasulfide under the same
conditions could not generate the desired phosphorus hetero-
cycle 9, but produced the interesting chromono[2,3-d][1,2,3]
triazaphosphinine-2-sulfide 8 (Scheme 3). The formation of
compounds 6, 7, and 8 did not undergo any thionation of
carbonyl groups and occurred via cyclization of phosphorus
atoms with mobile hydrogens NH2 and NHPh except in case
of compound 8 which underwent condensation viaNH2 group,
followed by a nucleophilic cycloaddition of nitrogen atom of
azomethine bond at PS2 fragment (Scheme 3).27

The IR spectra of the isolated products 6, 7 and 8 revealed
the presence of absorption bands at ranges 3274–3195, 1668–
1635, and 808–750 cm−1 attributable to NH, C═O, and
P═S groups, respectively. Their 1H-NMR spectra showed the
presence of endocyclic NH and CH=N protons at ranges δ
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Scheme .

10.46–10.06 and 9.35–8.43 ppm, respectively. Also, the char-
acteristic protons of OMe and OEt for compounds 6 and
7 were displayed as singlet at δ 3.77 and multiplets at δ

1.05–1.19, 3.35–3.80 ppm, respectively, while the exocyclic
NH proton in compound 8 was appeared at δ 11.90 ppm.
Moreover, the 13C-NMR spectrum of compound 6 showed
some specific carbon atoms at δ 55.4 (OMe), 132.8 (d,
JPC = 9.0 Hz, C−1methoxyphenyl), 145.4 (CH═N) and 175.4
(C=Opyrone), while its 31P-NMR spectrum recorded a singlet at
δ 72.5 ppm. All compounds 6, 7, and 8 displayed their molec-
ular ion peaks at the expected values m/z 447, 385, and 373,
respectively.

Next, the behavior of hydrazone 2 towards phosphonic
acid and its esters was investigated. When hydrazone 2 was
allowed to react with phosphonic acid in dry dioxane contain-
ing 4-toluenesulfonic acid as a catalyst under Pudovik reaction
conditions, 30 the novel α-hydrazinophosphonic acid 10 was
isolated (Scheme 4). The structure of the acid 10 was proved
by elemental analysis, molecular weight determination (MS),
IR, and NMR spectra (cf. experimental). Similarly, fusion of
hydrazone 2 with diethyl phosphite at 80–90°C in the pres-
ence of trifluoroboron etherate as a catalyst under Pudovik
reaction conditions for 6 hours gave the nonisolable diethyl
hydrazinophosphonate E, which underwent cyclization via
removing of ethanol molecule to afford the novel interesting
chromeno[3,2-d][1,2] azaphosphole derivative 11 (Scheme 4).31
The IR spectrum of compound 11 displayed the specific absorp-
tion bands at 3398, 3270, 3229 (3 NH), 1654 (C=Opyrone),

1240 (P═O) and 1040 (P–O–C) cm−1. Its 1H-NMR spec-
trum recorded the P–CH proton as two doublets at δ 4.55
(JPCH = 21 Hz) and 4.64 (JPCH = 18 Hz) ppm, which supported
the existence of compound 11 in two diastereomeric forms.
This suggestion was confirmed by measuring its 31P-NMR
spectrum that displayed two singlets at δ 15.3 and 15.8 ppm.
Moreover, the appearance of its molecular ion peak at m/z 371
supported the cyclization process. Finally, when compound 2
was heated under reflux with triethyl phosphonoacetate in dry
dioxane containing few drops of triethylamine, it gave diethyl
[2-oxo-2-{3-[(2-phenylhydrazinylidene)methyl]−4-oxo-4H-
chromen-2-yl)amino}ethyl]phosphonate (12) (Scheme 4).
Several attempts were done to cyclize compound 12 under
different basic conditions into the corresponding chromono-
triazepine derivative 13. Unfortunately, these attempts failed to
give the desired structure 13 and gave the staring material 2 via
hydrolysis process during the reaction (Scheme 4).

The IR spectrum of compound 12 showed some characteris-
tic absorption bands at 3251, 3121 (2 NH), 1694 (C=Oamide),
1655 (C═Opyrone), and 1255 (P═O). The mass spectrum
recorded its molecular ion peak at m/z 457. Also, its 1H-NMR
spectrum displayed characteristic signals at δ 10.30, 11.20 (two
NH protons, D2O-exchangeable) and 4.19 (d, JPCH = 15 and
9Hz, CH2–P) ppm together with other signals for CH3 and CH2
at δ 0.92−1.36 and 3.88−4.03 ppm, respectively. Moreover, its
13C-NMR spectrum confirmed its structure via displaying the
characteristic carbon atoms CH2–P, C═Opyrone, and C═Oamide
at δ 43.5 (d, J = 110 Hz), 175.4, and 188.9 ppm, respectively.
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Table . Cytotoxicity (IC, µg/mL) of the synthesized compounds 3-12 against
Hep-G, MCF-, and HCT- human cancer cell lines.

IC (µg/mL)

Compound Hep-G MCF- HCT-

 > . .
   .
  . .
 . . .
 .  .
 .  .
 . . .
  . .
   .
Doxorubicin . . .

Cytotoxicity evaluations

The in vitro cytotoxicity of the synthesized compounds 3–12
was evaluated against hepatocellularHep-G2, breastMCF-7 and
colon HCT-116 human cancer cell lines, using the crystal vio-
let viability assay.32–34 The IC50 values of the synthesized com-
pounds (IC50 = 1.56–52.7 µg/mL) were comparable to that
of doxorubicin and summarized in Table 1. We observed that
compounds 6, 7, 8, and 10 exhibited high cytotoxicity against
the Hep-G2 cell line, with IC50 values of 4.29, 1.61, 2.49, and
7.16 µg/mL, respectively, in relation to the less active com-
pounds (3, 4, 5, 11, and 12). Compounds 6 and 10 (IC50 = 5.36
and 12.4 µg/mL, respectively) showed good cytotoxicity against
MCF-7, as did compounds 6, 7, 8, and 10 (IC50 = 6.19, 1.72,
1.56, and 9.85 µg/mL, respectively) against the HCT-116 cell
line. Compounds 3, 4, 5, 11, and 12 were found to be less active
against all investigated cancer cell lines, except for compound
12 (IC50 = 14 µg/mL), which demonstrated moderate activity
against MCF-7. Our results showed that compounds 6, 7, 8, and
10 had the lowest IC50 values againstHep-G2 andHCT-116 can-
cer cells, while compounds 6 and 10 recorded the lowest IC50
against MCF-7 cell lines that employed in relation to doxoru-
bicin. Based on the results in Table 1, it can be concluded that the
type of substituent attached to the phosphorus atom is a major
determinant of the pharmacological properties of the parent
structure chromono[2,3-e][1,2,4,3]triazaphosphepines. There-
fore, the presence of thiophosphoryl groups P═S in compounds
6, 7, and 8 could be considered to be the factor responsible for
the high cytotoxicity against cancer cells in comparison with
the phosphoryl groups P═O in compounds 3, 4, and 5. These
results provide evidence that the characteristic chemical features
of thiophosphoryl groups are key factors for their cytotoxicity
and play a useful role in elucidating the mechanisms of action
in relation to the synthesized compounds in future research
programs. Additionally, compound 10 displayed good activities
against all cancer cell lines while compound 11 had lower activ-
ity due to the presence of the bioactive α-hydrazinophosphonic
acid group.

Experimental

The melting point was determined in an open capillary tube on
a digital Stuart SMP-3 apparatus. Infrared spectra were mea-
sured on Perkin-Elmer 293 spectrophotometer using KBr disks.
1H- and 13C-NMR spectra were measured on Gemini-300BB

spectrometer (300MHz), using DMSO-d6 as a solvent and TMS
(δ) as an internal standard. 31P-NMR spectra were registered on
a Bruker (160 MHz) spectrometer at room temperature using
DMSO-d6 as a solvent and TMS as an internal standard and
85% H3PO4 as external reference. Mass spectra were recorded
on a Gas Chromatographic GCMSqp 1000 ex Shimadzu
instrument at 70 ev. Elemental microanalyses were performed
Perkin-Elmer 2400II at the Chemical War department, Min-
istry of Defense. The purity of the synthesized compounds was
checked by thin layer chromatography (TLC) and elemental
microanalyses.

Synthesis of 2-hydroxy-3-phenyl-2,3-dihydrochromeno
[2,3-e][1,2,4,3] triazaphosphepin-6-(1H)-one (3)

A solution of phosphorus tribromide (0.5 ml, 5 mmol) in dry
dioxane (5 ml), was added dropwise to a solution of compound
2 (1.39 g, 5 mmol) in dry dioxane (60 ml) in presence of a cat-
alytic amount of triethylamine (0.7 ml, 10 mmol) at 5–10°C for
30 minutes. The mixture was heated under reflux for 10 hours.
The reaction mixture was concentrated into its half volume
and left to cool. The obtained oily product was dissolved in
distilled water (15 ml). The formed solid was filtered off and
crystallized from diluted ethanol to give green solid in 49%
yield; mp 208–211°C. IR (KBr), (νmax, cm–1): 3400 (br, OH),
3240 (NH), 3061 (C–Harom), 1640 (C=Opyrone), 1610 (C=N),
1529 (C=C). 1H-NMR (300 MHz, DMSO-d6): 3.05 (brs, 1H,
P–OH exchangeable with D2O), 6.49 (m, 1H, H−6), 6.69 (t,
1H, J = 9 Hz, Ph–H), 6.98 (t, 1H, J = 6.1 Hz, H−8), 7.19 (t, 1H,
J= 6.5 Hz, H−7), 7.36−7.43 (m, 1H, Ph–H), 7.63−7.69 (m, 2H,
Ph–H), 7.85 (d, 1H, J = 6 Hz, Ph–H), 8.00 (d, 1H, J = 6.6 Hz,
H−5), 8.43 (s, 1H, CH=N), 10.06 (s, 1H, NH exchangeable with
D2O). MS (m/z): 325.12 (M+). Anal. Calcd for C16H12N3O3P
(325.25): C, 59.08; H, 3.72; N, 12.92. Found: C, 58.86; H, 3.43;
N, 12.58%.

Synthesis of 2-hydroxy-2-oxido-3-phenyl-2,3-
dihydrochromeno[2,3-e][1,2,4,3] triazaphosphepin-
6-(1H)-one (4)

A solution of phosphorus oxychloride (0.5 ml, 5 mmol) in dry
dioxane (5 ml), was added dropwise to a solution of compound
2 (1.39 g, 5 mmol) in dry dioxane (60 ml) in presence of a cat-
alytic amount of triethylamine (0.7 ml, 10 mmol) at 5−10°C for
30 minutes. The mixture was heated under reflux for 10 hours.
The reaction mixture was concentrated into its half volume and
left to cool. The obtained oily product was dissolved in distilled
water (15 ml) and heated for 30 minutes. The formed solid was
filtered off and crystallized from dilute ethanol to give orange
solid in 43% yield; mp 230–232°C. IR (KBr), (νmax, cm−1):
3421 (OH), 3115 (NH), 3058 (C–Harom), 1641 (C=Opyrone),
1602 (C=N), 1571 (C=C), 1294 (P=O). 1H-NMR (300 MHz,
DMSO-d6): 3.32 (s, 1H, P–OH exchangeable with D2O), 6.74
(m, 2H, H−6 and H−8), 7.05 (d, 1H, Ph–H), 7.19 (t, 1H, J =
6 Hz, H−7), 7.50 (t, 1H, J = 6 Hz, Ph–H), 7.67 (d, 1H, J= 9 Hz,
Ph–H), 7.81 (t, 1H, J = 6.5 Hz, Ph–H), 7.96 (s, 1H, Ph–H), 8.11
(d, 1H, J = 6 Hz, H−5), 8.77 (s, 1H, CH=N), 10.39 (s, 1H, NH
exchangeable withD2O). 13C-NMR (75MHz, DMSO-d6): 119.0
(C−3), 119.4 (C−8), 120.0 (C−4′

Phenyl), 123.6 (C−4a), 125.6
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(C−5), 126.1 (C−6), 128.3 (C−2′,6′
Phenyl), 129.7 (C-3′,5′

Phenyl),
134.7 (C−7), 142.8 (C−1′

Phenyl), 145.4 (CH=N), 152.8 (C−8a),
156.1 (C−2), 175.5 (C=Opyrone). MS (m/z): 341.09 (M+). Anal.
Calcd for C16H12N3O4P (341.25): C, 56.31; H, 3.54; N, 12.31.
Found: C, 56.02; H, 3.18; N, 12.09%.

Synthesis of 2,3-diphenyl-2-oxido-3-phenyl-2,3-
dihydrochromeno[2,3-e][1,2,4,3] triazaphosphepin-
6-(1H)-one (5)

A solution of phenyl phosphonic dichloride (0.7 ml, 5 mmol)
in dry dioxane (5 ml), was added dropwise to a solution of
compound 2 (1.39 g, 5 mmol) in dry dioxane (50 ml) in pres-
ence of a catalytic amount of triethylamine (0.7 ml, 10 mmol)
at 5–10°C for 30 min. The mixture was heated under reflux for
4 hours then filtered off to remove triethyl ammonium chlo-
ride. The filtrate was concentrated into its half volume and left
for 2 days. The formed solid was filtered off and recrystallized
from diluted ethanol to give the product as pale yellow solid
in 65% yield; mp 236−239°C. IR (KBr), (νmax, cm−1): 3122
(NH), 3087 (C–Harom), 1663 (C═Opyrone), 1611 (CH=N), 1567,
1535 (C=C), 1227 (P=O). 1H-NMR (300 MHz, DMSO-d6):
6.83–6.93 (m, 1H, H−6), 7.34−7.48 (m, 6H, H−8 and Ph–H),
7.54−8.11 (m, 4H, H−7 and Ph–H), 8.70 (s, 1H, H−5), 9.01
(s, 1H, CH=N), 10.94 (s, 1H, NH exchangeable with D2O). 31P-
NMR (160MHz, DMSO-d6): 32.1 ppm.MS (m/z): 401.12 (M+).
Anal. Calcd for C22H16N3O3P (401.35): C, 65.84; H, 4.02; N,
10.47. Found: C, 65.49; H, 3.79; N, 10.12%.

Synthesis of 2-(4-methylphenyl)-3-phenyl-2-sulfido-2,3-
dihydrochromeno[2,3-e] [1,2,4,3]triazaphosphepin-
6-(1H)-one (6)

Lawesson’s reagent (1.6 g, 4 mmol) was added to a solution of
compound 2 (1.11 g, 4 mmol) in dry dioxane (50 ml). The mix-
ture was heated under reflux for 8 hours. The solution was con-
centrated to its half volume and left to cool. The oily product
was treated with diethyl ether to give solid which was filtered
off and recrystallized from acetonitrile to give red crystalline
solid in 64% yield; mp 220−225°C. IR (KBr), (νmax, cm−1): 3195
(NH), 3062 (C–Harom), 2956 (C–Haliph), 1668 (C═Opyrone), 1602
(C=N), 1571, 1559 (C═C), 1032 (O–C), 796 (P=S). 1H-NMR
(300 MHz, DMSO-d6): 3.77 (s, 3H, OCH3), 6.74 (t, 1H, J =
6.0Hz,H−6), 6.88−6.99 (m, 2H, Ph–H), 7.05 (d, 1H, J= 6.3Hz,
H−8), 7.19 (t, 1H, J = 6.5 Hz, H−7), 7.51 (t, 2H, J = 6.2 Hz,
Ar–H), 7.52−7.61 (m, 3H, Ph–H and Ar–H), 7.81 (t, 1H, J =
6.0, Ph–H), 7.95 (s, 1H, Ph–H), 8.11 (d, 1H, J = 6.0 Hz, H−5),
8.79 (s, 1H, CH=N), 10.46 (s, 1H, NH exchangeable with D2O).
13C-NMR (75 MHz, DMSO-d6): 55.4 (OCH3), 119.0 (C−8),
119.4 (C−3), 120.0 (C−4′

Phenyl), 123.7 (C−3′′,5′′
Aryl), 125.0

(C−2′,6′
Phenyl), 125.6 (C−4a), 126.1 (C−5), 126.9 (C−6), 129.5

(C−3′,5′
Phenyl), 130.0 (C−2′′,6′′

Aryl), 132.8 (d, JPC = 9.0 Hz,
C−1′′

Aryl), 134.7 (C−7), 140.4 (C−1′
Phenyl), 145.4 (CH=N),

152.7 (C−4′′
Aryl), 155.9 (C−8a), 161.7 (C−2), 175.4 (C=O).

31P-NMR (160 MHz, DMSO-d6): 72.5 ppm. MS (m/z): 447.33
(M+). Anal. Calcd for C23H18N3O3PS (447.44): C, 61.74; H,
4.05; N, 9.39; S, 7.17. Found: C, 61.41; H, 3.79; N, 9.11; S, 6.81%.

Synthesis of 2-ethoxy-3-phenyl-2-sulfido-2,3-
dihydrochromeno[2,3-e][1,2,4,3] triazaphosphepin-
6-(1H)-one (7)

A solution of phosphorus pentasulfide (2.22 g, 10 mmol) in
absolute ethanol (30 ml) was heated under reflux for 1 hour to
giveO,O-diethyldithiophosphoric acid. A solution of compound
2 (1.39 g, 5 mmol) in dry dioxane (30 ml) was added to the pre-
vious ethanolic solution. The mixture was heated under reflux
for 8 hours. The reaction mixture was concentrated into its half
volume and left to cool. The formed solid after adding some
water, was filtered off and recrystallized from acetonitrile to give
green crystalline solid in 52% yield; mp 235–237°C. IR (KBr),
(νmax, cm−1): 3254 (NH), 2965 (C–Haliph), 1641 (C=Opyrone),
1600 (C=N), 1532 (C═C), 1077 (P–O–C), 750 (P=S). 1H-NMR
(300 MHz, DMSO-d6): 1.05–1.19 (m, 3H, CH3), 3.35–3.80 (m,
2H, CH2), 6.69 (t, 1H, J= 6.0 Hz, H−6), 6.88 (d, 2H, J= 6.3 Hz,
Ph–H), 7.19 (m, 2H,H−8 andH−7), 7.34−7.43 (m, 2H, Ph–H),
7.66 (t, 1H, J = 8.0, Ph−H), 8.00 (d, 1H, J = 6.0 Hz, H−5), 8.43
(s, 1H, CH=N), 10.06 (s, 1H, NH exchangeable with D2O). MS
(m/z): 385.26 (M+). Anal. Calcd for C18H16N3O3PS (385.37):
C, 56.10; H, 4.18; N, 10.90; S, 8.32. Found: C, 55.92; H, 4.01; N,
10.59; S, 7.93%.

Synthesis of 3-(phenylamino)-2-sulfido-2-sulfanion-1,2-
dihydro-5H-3λ4-chromeno [2,3-d][1,3,2]
diazaphosphininum-5-one (8)

A mixture of phosphorus pentasulfide (1.11 g, 5 mmol) and
compound 2 (1.39 g, 5mmol) in dry dioxane (50ml), was heated
under reflux for 7 hours. The reactionmixture was concentrated
into its half volume and left to cool. The formed solidwas filtered
off and recrystallized from ethanol to give orange crystalline
solid in 60% yield; mp 263–265°C. IR (KBr), (νmax, cm−1): 3274,
3227 (2NH), 3055 (C–Harom), 1635 (C=Opyrone), 1617 (CH═N),
1598, 1548 (C=C), 808 (P=S). 1H-NMR (300MHz, DMSO-d6):
7.20 (t, 1H, J = 6.5 Hz, H−6), 7.37 (m, 2H, H−8 and H−7),
7.53 (d, 2H, J = 6.6 Hz, Ph–H), 7.78–7.89 (m, 2H, Ph–H), 8.03
(d, 1H, J = 6.8 Hz, Ph–H), 8.26 (s, 1H, H−5), 9.35 (s, 1H,
CH=N), 10.11 (s, 1H, NH exchangeable with D2O), 11.90 (s,
1H, NH exchangeable with D2O).MS (m/z): 373.07 (M+). Anal.
Calcd for C16H12N3O2PS2 (373.39): C, 51.47; H, 3.24; N, 11.25;
S, 17.18. Found: C, 51.13; H 2.96; N, 10.86; S, 16.84%.

Synthesis of [(2-amino-4-oxo-4H-chromen-3-yl)(2-
phenylhydrazinyl)methyl] phosphonic acid (10)

Phosphonic acid (0.50 g, 6 mmol) was added to a solution of
compound 2 (1.39 g, 5mmol) in dry dioxane (60ml) in presence
of a catalytic amount of 4-toluenesulfonic acid (0.1 g). The mix-
ture was heated under reflux for 12 hours. The reaction mixture
was concentrated into its half volume. After adding some water,
the formed solid was filtered off and crystallized from abso-
lute methanol to give orange crystalline solid in 42% yield; mp
117–120°C. IR (KBr), (νmax, cm−1): 3389, 3247 (br, OH, NH2
andNH), 3058 (C–Harom), 1628 (C=Opyrone), 1603 (C=C), 1279
(P=O). 1H-NMR (300 MHz, DMSO-d6): 3.38 (br, 2H, P–OH
exchangeable with D2O), 4.61 (d, 1H, JPCH = 24 Hz, CH–P),
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6.08 (s, 1H, NH exchangeable with D2O), 6.68 (t, 1H, J = 6 Hz,
H−6), 6.85 (d, 1H, J = 6 Hz, H−8), 7.16 (t, 1H, J = 6.6 Hz,
H−7), 7.29–7.70 (m, 4H, Ph–H), 7.99 (d, 1H, J= 6.1Hz, Ph–H),
8.42 (s, 1H, H−5), 8.95 (s, 1H, NH exchangeable with D2O),
10.07 (s, 1H, NH exchangeable with D2O), 10.70 (s, 1H, NH
exchangeable with D2O). MS (m/z): 361.02 (M+). Anal. Calcd
for C16H16N3O5P (361.28): C, 53.19; H, 4.46; N, 11.63. Found:
C, 52.82; H, 4.12; N, 11.35%.

Synthesis of 2-ethoxy-2-oxido-3-(2-phenylhydrazinyl)-2,3-
dihydrochromeno[3,2-d] [1,2]azaphosphol-4-(1H)one (11)

A mixture of diethyl phosphite (1.38 ml, 10 mmol) and com-
pound 2 (1.39 g, 5 mmol) in presence of trifluoroboron ether-
ate (0.1 ml) as a catalyst, was fused on water bath for 6 hours.
The oily product was dissolved in hot diluted ethanol and left to
cool to give pale yellow solid in 44% yield; mp 262–265°C. IR
(KBr), (νmax, cm−1): 3398, 3270, 3229 (3 NH), 3070 (C–Harom),
2982, 2938 (C–Haliph), 1654 (C=Opyrone), 1610 (C=C), 1240
(P=O), 1040 (P–O–C). 1H-NMR (300 MHz, DMSO-d6): 1.00–
1.09 (m, 3H, CH3), 3.26–3.45 (m, 2H, CH2), 4.55 (d, 0.6H, JPCH
= 21 Hz, CH–P), 4.64 (d, 0.4H, J = 18 Hz, CH–P), 5.83 (brs,
1H, NH exchangeable with D2O), 6.65−8.20 (m, 9H, Ar–H),
8.50 (brs, 1H, NH exchangeable with D2O), 9.60 (brs, 1H,
NH exchangeable with D2O). 31P-NMR (160 MHz, DMSO-d6):
15.3 and 15.8 ppm. MS (m/z): 370.94 (M+). Anal. Calcd for
C18H18N3O4P (371.32): C, 58.22; H, 4.89; N, 11.32. Found: C,
57.92; H, 4.66; N, 10.94%

Synthesis of diethyl
[2-oxo-2-{3-[(2-phenylhydrazinylidene)methyl]−4-oxo-4H-
chromen-2-yl)amino}ethyl]phosphonate (12)

A mixture of triethyl phosphonoacetate (1.12 ml, 5 mmol)
and compound 2 (1.39 g, 5 mmol) in dry dioxane (50 ml) in
presence of a catalytic amount of triethylamine (0.1 ml) as a
catalyst, was heated under reflux for 10 hours. The reaction
mixture was concentrated into its half volume and left to cool.
After adding some water, the formed solid was filtered off
and recrystallized from ethanol to give yellow solid in 53%
yield; mp 117–119°C. IR (KBr), (νmax, cm−1): 3251 (NH), 3121
(NH), 3059 (C–Harom), 2950 (C–Haliph), 1694 (C=Oamide), 1655
(C=Opyrone), 1615 (C=N), 1568, 1533 (C=C), 1255 (P=O),
1030 (P–O–C). 1H-NMR (300 MHz, DMSO-d6): 0.92−1.36
(m, 6H, CH3), 3.88−4.03 (m, 4H, CH2), 4.19 (d, 2H, J = 15
and 9 Hz, CH2–P), 6.93 (t, 1H, J = 6 Hz, H−6), 7.57 (d, 1H,
J = 6.5 Hz, H−8), 7.75 (d, 2H, J = 6 Hz, Ph–H), 7.85 (t, 2H, J =
9 Hz, Ph–H), 8.12–8.29 (m, 2H, H−7 and Ph–H), 8.52 (s, 1H,
H−5), 9.00 (s, 1H, CH=N), 10.30 (s, 1H, NH exchangeable with
D2O), 11.20 (s, 1H, NH exchangeable with D2O). 13C-NMR
(75 MHz, DMSO-d6): 16.7 (CH3), 18.8 (CH3), 43.5 (d, J =
110 Hz, CH2–P), 62.1 (CH2O), 117.3 (C−8), 119.0 (C−3),
120.8 (C−4′

Phenyl), 124.7 (C−3′,5′
Phenyl), 125.7 (C−4a), 126.4

(C−5), 130.9 (C−6), 134.3 (C−2′,6′
Phenyl), 135.4 (C−7), 140.7

(C−1′
Phenyl), 144.1 (CH=N), 156.2 (C−8a), 163.9 (C−2), 175.4

(C=Opyrone), 188.9 (C=Oamide). MS (m/z): 457.12 (M+). Anal.

Calcd for C22H24N3O6P (457.41): C, 57.77; H, 5.29; N, 9.19.
Found: C, 57.46; H, 5.12; N, 8.86%.

Cell lines
Human hepatocellular (Hep-G2), breast (MCF-7) and colon
(HCT-116) carcinoma cells were obtained from VACSERA
Tissue Culture Unit. The cells were propagated in Dulbecco’s
modified Eagle’s medium (DMEM) supplemented with 10%
heat-inactivated fetal bovine serum, 1% L-glutamine, HEPES
buffer and 50 µg/ml gentamycin. All cells were maintained
at 37°C in a humidified atmosphere with 5% CO2 and were
sub-cultured two times a week.

Evaluation of cytotoxicity activity

Cytotoxicity of all compounds was tested in Hep-G2, MCF-7
and HCT-116 cells. All the experiments and data concerning
the cytotoxicity evaluation were performed in Regional Center
for Mycology and Biotechnology RCMB, Al-Azhar University,
Cairo, Egypt. For cytotoxicity assay,22–24 the cells were seeded
in 96-well plate at a cell concentration of 1×104 cells per well in
100 µl of growth medium. Fresh medium containing different
concentrations of the test samplewas added after 24 h of seeding.
Serial twofold dilutions of the tested compounds were added to
confluent cell monolayers dispensed into 96-well, flat-bottomed
microtiter plates (Falcon,NJ,USA) using amultichannel pipette.
The microtiter plates were incubated at 37°C in a humidified
incubator with 5% CO2 for a period of 48 h. Three wells were
used for each concentration of the test sample. Control cells were
incubated without test sample and with or without DMSO. The
little percentage of DMSO present in the wells (maximal 0.1%)
was found not to affect the experiment. After incubation of the
cells for at 37°C, various concentrations of sample were added,
and the incubation was continued for 24 h and viable cells yield
was determined by a colorimetric method. In brief, after the end
of the incubation period, media were aspirated and the crystal
violet solution (1%) was added to each well for at least 30 min.
The stain was removed and the plates were rinsed using tap
water until all excess stain is removed. Glacial acetic acid (30%)
was then added to all wells and mixed thoroughly, and then the
absorbance of the plates were measured after gently shaken on
Microplate reader (TECAN, Inc.), using a test wavelength of
490 nm. All results were corrected for background absorbance
detected in wells without added stain. Treated samples were
compared with the cell control in the absence of the tested
compounds. All experiments were carried out in triplicate.
The cell cytotoxic effect of each tested compound was calcu-
lated. The optical density was measured with the microplate
reader (SunRise, TECAN, Inc, USA) to determine the number
of viable cells and the percentage of viability was calculated
as:

The percentage of cell viability = [1 − (ODt/ODc)] × 100%

where ODt is the mean optical density of wells treated with
the tested sample and ODc is the mean optical density of
untreated cells. The relation between surviving cells and
drug concentration is plotted to get the survival curve of
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each tumor cell line after treatment with the specified com-
pound. The 50% inhibitory concentration (IC50), the con-
centration required to cause toxic effects in 50% of intact
cells, was estimated from graphic plots of the dose response
curve for each concentration, using Graphpad Prism software
(San Diego, CA. USA).
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