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Abstract:
The work reports facile synthesis of novel ten a-aminophosphonate derivatives coupled with 3-
formyl chromone moiety, namely diethyl ((4-oxo-4H-chromen-3-yl)((5-sustituted phenyl-1,3,4-

thiadiazol-2-yl)amino)methyl)phosphonate 6(a-j). The derivatives 6(a-j) were synthesized through

“One-pot three component Kabachnik-Fields reaction, by using ultrasound in presence of zirconium

oxychloride (ZrOCl,) as a catalyst, to give the final compounds in better yields and in shorter
reaction time. Thiadiazole and its derivatives possess a broad range of biological and pharmacological
properties. 5-substituted phenyl-1,3,4-thiadiazol-2-amine is widely used as starting material for the
synthesis of a broad range of heterocyclic compounds and as substrates for drug synthesis. Several 3-
formylchromone derivatives possess a broad range of biological and pharmacological properties. The
a-amino phosphonate derivatives constitute an important class of organophosphorus compounds on
account of their versatile biological activity. Considering the importance of the three pharmacophores,
promoted us to club all pharmacophores in a single molecule using green protocol. The Principles of

Green chemistry are followed while performing the synthesis.

Keywords: Kabachnik-Fields reaction; Ultrasound, thiadiazol; 3-formyl chromone; a-amino

phosphonate; zirchonium oxychloride.
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INTRODUCTION

In recent years, numerous promising multicomponent reactions have appeared as an innovative
synthetic platform in the field of organic chemistry. This boosted not only drug discovery but
also the construction of new synthetic skeletons. Multicomponent reactions triggered new
synthetic applications in organic chemistry. Among many multicomponent reactions reported so
far, we were particularly interested in exploring Kabachnik-Fields reaction because it can afford
a-amino phosphonates in good yield. The Kabachnik -Fields reaction is one of the well known
multicomponent reaction. The Kabachnik -Fields reaction corresponds to the classical method
for the synthesis of organophosphorus compounds. It was discovered in 1952 independently by
Kabachnik and Medved' [1] and Fields [2]. The reaction occurs in a three-component system
consisting of a hydrophosphoryl compound, a carbonyl compound and an amine and results in
a-aminoalkylphosphonates commonly named as o -amino phosphonates.

Recently, a-aminophosphonates have attracted the attention of organic chemists due to their

biological activities, such as antibiotic, enzyme inhibitor, HIV protease and as anti-tumor agents

[3].



a-Aminophosphonic acids, considered as phosphorus analogues of a-amino acids, have
attracted much attention in drug research due to their low mammalian toxicity. The a-
aminophosphonates are considered to be structural analogues of a -amino acids and
transition state mimics of peptide hydrolysis [4]. In agrochemistry a-aminophosphonates
are used as plant growth regulators, herbicides, insecticides and fungicides [5]. Several a-
aminophosphonates have also been used in organic synthesis. For example, phosphorylated

allenes are used as versatile building blocks in organic synthesis [6].

They are important targets in the development of antibiotics, antiviral species,
antihypertensives, and antitumour agents based on their effect as inhibitors of GABA-
receptors, enzyme inhibitors and anti-metabolites [7—13]. Diaryl a-amino-phosphonate
derivatives are selective and highly potent inhibitors of serine proteases, and thus can
mediate the patho-physical processes of cancer growth, metastasis, osteoarthritis or heart
failure [14]. Dialkylglycine decarboxylase [13] and leucine aminopeptidase [15] are also
inhibited by a -amino-phosphonates. Cyanoacrylate [16] and amide derivatives [17] of a-
aminophosphonates are active antiviral compounds and inactivators of the tobacco mosaic

virus.



Certain a-aminophosphonates were proved to be suitable for the design of continuous
drug release devices due to their ability to increase the membrane permeability of a

hydrophilic probe molecule [18].

Chromone and chromone derivatives are ubiquitous structures that constitute a variety of
naturally occurring and synthetic bioactive compounds [19]. Chromones are oxygen-
containing heterocycles with a benzoannelated y-pyrone ring. Several biological activities
have been ascribed to simple chromones and their analogues such as anti-inflammatory
[20], antiplatelet [21], anticancer [22], antimicrobial [23], antiulcers [24], antioxidants
[25], antiarrhythmic and hypotensive agents [26], aldose reductase and calpain inhibitors
[27-29], MAO inhibition [30] Due to potential pharmacological properties, chromones

are topic of great interest among a number of research groups.

Five membered aromatic systems having three hetero atoms at symmetrical position have
interesting physiological properties [31, 32]. Sulphur-nitrogen heterocycles are important
compounds due to their significant and versatile biological activity [33], and therefore

these compounds have retained the interest of the researchers.



Among these, 1,3,4-thiadiazoles represent one of the most promising class of heterocycles in
drug discovery. During recent years there has been intense investigation of different classes of
thiadiazole compounds, many of which known to possess interesting biological properties such
as antimicrobial [34, 35, 36], anti-inflammatory [37, 38, 39], anticonvulsants [40], antioxidant
[41], anticancer [42] and antifungal [43] activities. The activity of 1,3,4-thiadiazoles is possibly
due to the presence of the N—C-S moiety [44]. In view of these facts, we have synthesized
novel 1,3,4-thiadiazole with spliced chromone and a-amino-phosphonate under ultrasound
irradiation using Green protocol. Ultrasound assisted techniques were reported to be more
effective in perspective of environment, reaction time, high yields, ease of work-up and
isolation of products [45].

Ultrasound-promoted synthesis has various advantages over conventional synthesis techniques
»highly accelerated reaction rate,

»reasonable good yields,

» cheaper, very less amount of solvents required ,

»eco friendly method ,

»clean heating system, neat and clean synthetic protocol,

> milder reaction conditions.



Mechanism of ultrasound irradiation in synthesis:

The waves of ultrasound can be transmitted through any substance containing elastic
property. The motion of these sounds is transferred to the particles of the environment,
which vibrate in the route of the ultrasound wave. As the molecules oscillate, the molecular
distance decreases in the compaction cycle and increases during rarefaction. When the
molecular distance exceeds the critical amount necessary to hold the liquid perfect, the
liquid collapse; bubbles and cavities are generated. This procedure (cavitation), refers to the
generation and the energetic life of bubbles in liquids. The bubbles absorb energy from the
waves of ultrasound and grow. Then bubble collapse consequences in pressure changes and
high temperature. The solvent vapor suffers fragmentation to produce reactive particles, such
as carbenes or free radicals. These high-energy particles are concentrated and lead to
intermolecular reactions. In general, the yield of product increases, reactions occur faster,

with lower temperatures and minor percentage of by-products achieved [10].



MATERIALS AND METHODS
General

All the reactions were performed in oven-dried glassware’s. All reagents and solvents were used
"as obtained from the supplier or recrystallized /redistilled unless otherwise noted. The
ultrasound sonicator (Sonics Vibra-cell, Modelno. VCX 500) equipped with solid synthetic
probe, 13 mm in tip diameter, operating at 20 kHz with a maximum power output of 500 W,
was used for synthesis of final title compounds. The purity of the synthesized compounds was
monitored by ascending thin layer chromatography (TLC) on silica gel-G (Merck) coated
aluminium plates, visualized by iodine vapour and melting points were determined in open
capillary tubes. The homogeneity of the compounds was monitored by ascending thin layer
chromatography(TLC) on silica gel-G (Merck) coated aluminium plates, visualized by iodine

vapour.

The "H NMR and 3C NMR spectra of synthesized compounds were recorded on Bruker Avance
IT 400 NMR Spectrometer at 400 MHz Frequency in deuterated DMSO and CDCl; and using
TMS as internal standard (chemical shift & in ppm). Mass spectra of some compounds were

scanned on FTMS+p ESI full mass (100.00-1500.00).



Procedures:

Step I:General Procedures for the Synthesis of 3(a-j) using Ultra sound method

To the equimolar quantity of differently substituted benzoic acids 2(a-j) (0.05 mol),

| thiosemicarbazide (1) (0.05 mol) in 5-8 ml of ethanol, catalytic amount of sulphuric acid was
added and the reaction mixture was subjected to Ultrasound irradiation for 30-40 min at room
temperature. The completion of the reaction was checked by TLC. After completion of the
reaction, the reaction mixture was poured into the ice cold water, filtered, dried and
recrystallized from ethanol.

Step I1: General procedure for synthesis of diethyl ((4-o0xo-4H-chromen-3-yl)((5-sustituted
phenyl-1,3,4-thiadiazol-2-yl)amino)methyl) phosphonate derivatives 6(a-j) under
ultrasound irradiation.

A mixture of substituted thiadiazole derivatives 3(a—j) (0.05mol), 3-formyl chromone (4)
(0.05mol), triethyl phosphite (5) (0.05mol) and the catalytic amount of zirconium oxychloride in
absolute ethanol, was sonicated at a 25 °C temperature and frequency 20 kHz for a specified
time as shown in Table 2. The progress of the reaction was monitored by TLC. After completion
of the reaction, the reaction mixture was poured into the ice-cold water and filtered under

suction; the precipitate thus obtained was washed with water and recrystallized from ethanol.



Identification
»>Silica gel thin-layer chromatography (TLC)

»1H, BC and 3'P Nuclear Magnetic Resonance (NMR) spectroscopy
» Infrared (IR) spectroscopy



SCHEME OF SYNTHESIS
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Scheme 1: Synthesis of Diethyl (4-0x0-4H-chromen-3-yl)(5-substituted phenyl-1,3,4-thiadiazol-
2-ylamino)methyl phosphonate derivative 6(a-j).



RESULTS AND DISCUSSION

Chemistry:

Here in we report the ultrasound promoted green synthesis of ten novel 3- Formyl Chromone
Spliced Thiadiazole, a-Amino Phosphonate derivatives 6(a-j) from three component reactions
of an 3-formyl chromone (4), 5-substituted phenyl-1,3,4-thadiazole-2-amine 3(a-j) and triethyl
phosphite (5) in presence of ethanol as an solvent and ZrOCIl, catalyst under ultrasound
irradiation as shown in Scheme 1. 5-Substituted phenyl-1,3,4-thiadiazol-2-amine derivatives
3(a-j) were synthesized by reacting thiosemicarbazide (1) (0.05 mol) with various substituted
benzoic acid 2(a-j) (0.05 mol) in ethanolic solvent in presences of catalytic amount of sulfuric
acid under ultrasound irradiation. The synthesized compounds were characterized and confirmed
by FTIR, 'H NMR, 3C NMR, 3'P NMR, MS and elemental analyses. The purity of the
synthesized compounds was checked by TLC and melting points were determined in open
capillary tubes and are uncorrected. Physical constant data for synthesized compounds diethyl
((4-oxo0-4H-chromen-3-yl)((5-sustituted phenyl-1,3,4-thiadiazol-2-yl)amino)methyl)

phosphonate 6(a-j) is as shown in Table 1.



Table 1. Physical characterization data of the synthesized compounds 6(a-j).

Code R Molecular formula Molecular weight % Yield R
(gm) value
6a @/ C,,H,,N;0,PS 471.47 90 0.45
6b C,,H,,CIN;04PS 505.91 92 0.35
[
HO
6d C,3H,,N;0-PS 485.49 90 0.35
6e ©j C,,H,,N;0,PS 487.47 89 0.50
S TOH
6f _O/,ﬂp C,,H,,N,O,PS 516.46 88 0.40
6g Q/ C,,H,,BrN;0; 550.36 94 0.35
Br
6h O/\/ C24H24N305PS 497 .50 92 0.40
6i o C,,H,,N;0,PS 529.50 87 0.35
o)K
6j o C,,H,(NsO,PS 561.46 84 0.45

o)

\
z
4

o)
/
o=z
4



Table 2: Details of synthesis of diethyl ((4-oxo-4H-chromen-3-yl)((5-sustituted phenyl-
1,3,4-thiadiazol-2-yl)amino)methyl) phosphonate derivatives 6(a-j) under ultrasound

irradiation.

Compound Time required for ultrasound method
(minutes)
6a 40
6b 30
6c 35
6d 45
Ge 50
6f 40
6g 35
6h 40
6i 35

6j 40




6a Diethyl (4-oxo0-4H-chromen-3-yl)(5-phenyl-1,3,4-thiadiazol-2-ylamino)methyl phosphonate

Yield 90%; M. P.: 165-168°C ; IR (KBr v,,,, in cm-1): 3363.25 (N-H stretching), 3016.12 (C-H stretching of
aromatic), 2773.14 (C-H stretching of alkyl), 2271.73 (C=N Stretching), 1725.02 (C-O stretching), 1665.10
(C=0 stretching), 1527.35 (C-N Stretching), 1041.37 (O- stretching), 663.39(C-S Stretching); 'HNMR (400
MHz, DMSO, &, ppm): 1.29 (t, 6H, 2xOCH,CH,), 4.70 (q, 4H, 2xOCH,CH,), 5.05 (d, 1H, -CH), 7.41-8.08
(m, 10H, aromatic), 8.61 (s, 1H, -NH); 3CNMR: (DMSO)déppm: 16.3, 16.3, 62.3, 62.3, 61.0, 128.7, 123.4,
129.2, 135.2, 125.8, 130.9, 116.9, 123.9, 133.5, 183.0, 150.6, 157.2, 174.1, 164.2; 3'PNMR (200 MHz,CDCl,)
d: 19.90; Molecular formula: C,,H,,N;OsPS; Elemental Analysis: calculated: (C,H,N): 56.05, 4.70, 8.91;
found: (C,H,N): 56.17, 4.82, 8.87

6b Diethyl(5-(4-chlorophenyl)-1,3,4-thiadiazol-2-ylamino)(4-oxo-4H-chromen-3-yl)methyl phosphonate

Yield 92%; M. P.:135-137°C; IR (KBr v,,,, in cm-1): 3303.25 (N-H stretching), 3096.12 (C-H stretching of
aromatic), 2783.14 (C-H stretching of alkyl), 2241.73 (C=N Stretching), 1715.02 (C-O stretching), 1685.10
(C=0 stretching), 1527.35 (C-N Stretching), 1041.37 (O- stretching), 660.39(C-S Stretching); 'THNMR (400
MHz, DMSO, &, ppm): 1.28 (t, 6H, 2xOCH,CH,), 4.71 (q, 4H, 2xOCH,CH,), 5.05 (d, 1H, -CH), 7.47-8.08
(m, 9H, aromatic), 8.61 (s, 1H, -NH); 3C NMR: (DMSO) é ppm: 16.3, 16.3, 62.3, 62.3, 61.6, 123.4, 135.2,
125.8, 128.9, 116.1, 129.3, 128.9, 129.3, 116.9, 123.9, 131.6, 183.0, 150.6, 157.2, 134.3, 174.1, 164.2;
3IPNMR (200 MHz,CDCl,) 6: 19.84; Molecular formula: C,,H,,CIN;OsPS; Elemental Analysis: calculated:
(C,H,N): 52.23, 4.18, 8.31; found: (C,H,N): 52.35, 4.30, 8.27



6¢ diethyl (5-(4-hydroxyphenyl)-1,3,4-thiadiazol-2-ylamino)(4-oxo-4H-chromen-3-yl)methyl phosphonate
Yield 95%; M. P.:158-160°C ; IR (KBr v, in cm-1): 3303.25 (N-H stretching), 3106.12 (C-H stretching of
aromatic), 2773.14 (C-H stretching of alkyl), 2271.73 (C=N Stretching), 1709.02 (C-O stretching), 1675.10
(C=0 stretching), 1527.35 (C-N Stretching), 1051.37 (O- stretching), 698.39(C-S Stretching); 'HNMR (400
MHz, DMSO, §y ppm): 1.29 (t, 6H, 2xOCH,CH,;), 4.71 (q, 4H, 2xOCH,CH,), 5.09 (d, 1H, -CH), 5.35 (s,
1H, OH), 6.87-8.08 (m, 9H, aromatic), 8.60 (s, 1H, -NH); *CNMR: (DMSO) & ppm: 16.3, 16.3, 62.3, 62.3,
61.0, 123.4,135.2, 125.8, 128.9, 116.4, 116.1, 128.9, 116.4, 116.9, 123.9, 126.1, 158.5, 183.0, 150.6, 157.2,
174.1, 164.2; 3'PNMR (200 MHz,CDCl,) 8: 19.54; Molecular formula: C,,H,,N;OPS; Elemental Analysis:
calculated: (C,H,N): 54.21, 4.55, 8.62; found: (C,H,N): 54.32, 4.67, 8.58

6d Diethyl (4-ox0-4H-chromen-3-yl)(5-p-tosyl-1,3,4-thiadiazol-2-ylamino)methyl phosphonate

Yield 90%; M. P.: 159-161°C ;IR (KBrv,,, in cm-1): 3357.25 (N-H stretching), 3016.82 (C-H stretching of
aromatic), 2763.14 (C-H stretching of alkyl), 2271.73 (C=N Stretching), 1705.02 (C-O stretching), 1695.10
(C=0 stretching), 1597.35 (C-N Stretching), 1041.37 (O- stretching), 676.39(C-S Stretching); 'HNMR (400
MHz, DMSO, 6,4 ppm): 1.29 (t, 6H, 2xOCH,CH,;), 2.34 (s, 3H, aromatic C-CH;),4.71 (q, 4H, 2xOCH,CH,),
5.09 (d, 1H, -CH), 5.35 (s, 1H, OH), 7.40-8.09 (m, 9H, aromatic), 8.60 (s, 1H, -NH); '*CNMR:(DMSO)
oppm: 16.3, 16.3, 21.3, 62.3, 61.0, 123.4, 135.2, 129.5, 125.8, 127.4, 116.1, 129.5, 127.4, 131.7, 123.9, 116.9,
123.9, 130.5, 183.0, 150.6, 157.2, 174.1, 164.2;3'PNMR (200 MHz,CDCl,;) &: 19.54; Molecular formula:
C,;H,,N;O4PS; Elemental Analysis: calculated: (C,H,N): 56.90, 4.98, 8.66; found: (C,H,N): 57.02, 5.10, 8.62



6e diethyl (5-(2-hydroxyphenyl)-1,3,4-thiadiazol-2-ylamino)(4-oxo-4H-chromen-3-yl)methyl phosphonate
Yield 89%; M. P.:169-170°C ; IR (KBr v,,,. in cm-1): 3363.25 (N-H stretching), 3016.12 (C-H stretching of
aromatic), 2753.14 (C-H stretching of alkyl), 2281.73 (C=N Stretching), 1710.02 (C-O stretching), 1685.10
(C=0 stretching), 1617.35 (C-N Stretching), 1081.37 (O- stretching), 663.39(C-S Stretching); 'THNMR (400
MHz, DMSO, &y ppm): 1.29 (t, 6H, 2xOCH,CH,;), 4.70 (q, 4H, 2xOCH,CH,), 5.08 (d, 1H, -CH), 5.35 (s,
1H, OH), 7.01-8.08 (m, 9H, aromatic), 8.55 (s, 1H, -NH); *CNMR: (DMSO) & ppm: 16.3, 16.3, 62.3, 62.3,
61.60, 123.4, 135.2, 125.8, 128.9, 116 .4, 116.1, 128.9, 116.4, 116.9, 123.9, 126.1, 158.5, 183.0, 150.6, 157.2,
174.1, 164.2; 3'PNMR (200 MHz,CDCl,) 8: 19.04; Molecular formula: C,,H,,N;O(PS; Elemental Analysis:
calculated: (C,H,N): 54.21, 4.55, 8.62; found: (C,H,N): 54.32, 4.67, 8.58

6f Diethyl(5-(4-nitrophenyl)-1,3,4-thiadiazol-2-ylamino)(4-oxo-4H-chromen-3-yl)methyl phosphonate

Yield 88%; M. P.: 130-132°C ; IR (KBr v,,,, in cm-1): 3293.25 (N-H stretching), 3016.12 (C-H stretching of
aromatic), 2773.14 (C-H stretching of alkyl), 2271.73 (C=N Stretching), 1725.02 (C-O stretching), 1715.10
(C=0 stretching), 1527.35 (C-N Stretching), 1041.37 (O- stretching), 689.39(C-S Stretching); 'HNMR (400
MHz, DMSO, &, ppm): 1.28 (t, 6H, 2xOCH,CH,), 4.71 (q, 4H, 2xOCH,CH,), 5.09 (d, 1H, -CH), 7.47-8.38
(m, 9H, aromatic), 8.61 (s, 1H, -NH); BCNMR:(DMSO) dppm:16.3, 16.3, 62.3, 62.3, 61.60, 123.4, 135.2,
125.8, 128.9, 1164, 116.1, 128.9, 116.4, 116.9, 123.9, 126.1, 158.5, 183.0, 150.6, 157.2, 174.1, 164.2;
3S'IPNMR (200 MHz,CDCl,) 8: 19.64; Molecular formula: C,,H,,N,O,PS; Elemental Analysis: calculated:
(C,H,N): 51.16, 4.10, 10.85; found: (C,H,N): 51.28,4.22, 10.81



6g diethyl (5-(4-bromophenyl)-1,3,4-thiadiazol-2-ylamino)(4-oxo-4H-chromen-3-yl)methyl phosphonate
Yield 94%; M. P.: 138-140°C; IR (KBrv,,,. in cm-1): 3293.25 (N-H stretching), 3096.12 (C-H stretching
of aromatic), 2763.14 (C-H stretching of alkyl), 2271.73 (C=N Stretching), 1715.02 (C-O stretching),
1675.10 (C=0 stretching), 1527.35 (C-N Stretching), 1041.37 (O- stretching), 668.39 (C-S Stretching);
'THNMR: (DMSO) & ppm: 1.28 (t, 6H, 2xOCH,CH,), 4.71 (q, 4H, 2xOCH,CH;), 5.05 (d, 1H, -CH), 7.40-
8.08 (m, 9H, aromatic), 8.56 (s, 1H, -NH); *CNMR:(DMSO) dppm: 16.3, 16.3, 62.3, 62.3, 61.0, 123 .4,
135.2, 125.8, 129.7, 116.1, 132.1, 129.7, 132.1, 116.9, 123.9, 132.5, 183.0, 150.6, 151.2, 123.1, 174.1,
164.2; 3’ PNMR (200 MHz,CDCl,) 6: 19.94; Molecular formula: C,,H,,BrN;OsPS; Elemental Analysis:
calculated: (C,H,N): 48.01, 3.85, 7.63; found: (C,H,N): 48.13, 3.97, 7.59

6h (E)-diethyl (4-oxo-4H-chromen-3-yl)(5-styryl-1,3,4-thiadiazol-2-ylamino)methyl phosphonate

Yield 92%; M. P.:150-152°C  ; IR (KBr vmax in cm-1): 3293.25 (N-H stretching), 3116.12 (C-H
stretching of aromatic), 2703.14 (C-H stretching of alkyl), 2298.73 (C=N Stretching), 1710.02 (C-O
stretching), 1705.10 (C=0 stretching), 1527.35 (C-N Stretching), 1041.37 (O- stretching), 653.39(C-S
Stretching); 'HNMR (400 MHz, DMSO, &, ppm): 1.28 (t, 6H, 2xOCH,CH,), 4.71 (q, 4H, 2xOCH,CHy),
5.09 (d, 1H, -CH), 6.59-6.99 (m, 2H, -CH), 7.33-8.10 (m, 9H, aromatic), 8.55 (s, 1H, -NH);
BCNMR:(DMSO)éppm:16.3, 16.3, 133.4, 116.9, 62.3, 62.3, 61.0, 127.9, 128.6, 128.6, 123.4, 135.29,
128.5, 125.8, 116.1, 128.5, 137.5, 116.9, 123.9, 183.0, 150.6, 157.2, 158.9, 164.2; 3'PNMR (200
MHz,CDCl;) o: 19.65; Molecular formula: C,,H,,N;O,PS; Elemental Analysis: calculated: (C,H,N):
57.94, 4.86, 8.45; found: (C,H,N): 58.06, 4.98, 8.41



61 2-(5-((diethoxyphosphoryl)(4-oxo-4H-chromen-3-yl)methylamino)-1,3,4-thiadiazol-2-yl)phenyl acetate
Yield 87%; M. P.:168-170°C ; IR (KBr vmax in cm-1): 3283.25 (N-H stretching), 3056.12 (C-H stretching of
aromatic), 2773.14 (C-H stretching of alkyl), 2271.73 (C=N Stretching), 1715.02 (C-O stretching), 1695.10
(C=0 stretching), 1598.35 (C-N Stretching), 1089.37 (O- stretching), 679.39(C-S Stretching); "THNMR (400
MHz, DMSO, §; ppm): 1.28 (t, 6H, 2xOCH,CH,;), 2.28 (s, 3H, -CH,), 4.71 (q, 4H, 2xOCH,CH,), 5.09 (d, 1H, -
CH), 7.33-8.10 (m, 9H, aromatic), 8.55 (s, 1H, -NH); *CNMR:(DMSO) dppm: 16.3, 16.3, 20.3, 62.3, 62.3,
169.0, 61.0, 129.4, 126.0, 129.1, 135.2, 125.8, 127.9, 123.2, 116.1, 116.9, 123.9, 129.4, 151.1, 183.0, 150.6,
157.2,174.1, 164.2; 3'PNMR (200 MHz,CDCl,) é: 19.45; Molecular formula: C,,H,,N;0-PS; Elemental
Analysis: calculated: (C,H,N): 54.44, 4.57, 7.94; found: (C,H,N): 54.56, 4.69, 7.90

6j Diethyl (5-(3,4-dinitrophenyl)-1,3,4-thiadiazol-2-ylamino)(4-oxo-4H-chromen-3-yl)methyl phosphonate
Yield 84%; M. P.:165-168°C; IR (KBr vmax in cm-1): 3303.25 (N-H stretching), 3106.12 (C-H stretching of
aromatic), 2711.14 (C-H stretching of alkyl), 2225.73 (C=N Stretching), 1710.02 (C-O stretching), 1685.10
(C=0 stretching), 1587.35 (C-N Stretching), 1091.37 (O- stretching), 673.39(C-S Stretching); "THNMR (400
MHz, DMSO, 6 ppm): 1.29 (t, 6H, 2xOCH,CH,), 4.71 (q, 4H, 2xOCH,CH,), 5.05 (d, 1H, -CH), 7.10-8.08 (m,
5H, aromatic), 8.49 (s, 1H, -NH), 8.52-8.99 (m, 3H, aromatic); 3*CNMR:(DMSO) éppm:16.3, 16.3, 62.3, 62.3,
61.0,123.4,135.2, 125.8, 116.1, 134.5, 125.3, 123.7, 116.9, 123.9, 140.5, 144.8, 145.3, 183.0, 150.6, 157.2,
174.1, 164.2; 3'PNMR (200 MHz,CDCl,) 6: 19.56; Molecular formula: C,,H,,N;O,PS; Elemental Analysis:
calculated: (C,H,N): 47.06, 3.59, 12.47; found:(C,H,N):47.18, 3.71, 12.43



CONCLUSION

The novel ten diethyl ((4-oxo-4H-chromen-3-yl)((5-sustituted phenyl-1,3,4-thiadiazol-2-
yl)amino)methyl) phosphonate derivatives 6(a-j) were synthesized under ultrasound
irradiation. The present protocol is also extendable to a wide variety of substrates. The
advantages of this protocol are the use of eco-friendly catalyst, short reaction time, easy
work-up, ease of product isolation, and high yield. The present protocol is also extendable

to a wide variety of substrates.



REFERENCES

1. M I Kabachnik, T Ya Medved Dokl. Akad. Nauk SSSR .1952, 83, 689

2. E K Fields Journal of American Chemical Society. 1952,74, 1528

3. Atherton, F. R.; Hassall, C. H.; Lambert, R. W.;Paige, L. A.; Zheng, G. Q.; DeFrees, S. A.; Cassady, J. M.; Geahlen, R. L.;
Peyman, A.; Stahl, W.; Wagner, K.; Ruppert, D.; Budt, K. Bioorg.;Jin, L.; Song, B.; Zhang, G.; Xu, R.; Zhang, S.; Gao, X.;
Hu, D.; Yang, S. Bioorg. Med. Chem. Lett. 2006, 16, 1537.

4. Kukhar, V. P,, Hudson, H. R., Eds.; Moonen, K.; Laureyn, I.; Stevens,; Laureyn, I.; Stevens, C. V.; Soroka, M.; Malyse, P.
Arkivoc; Redmore, D; Boutin, J. A.; Cudennec, C. A.; Hautefaye, P.; Lavielle, G.; Pierre, A.; Schaeffer, Aminophosphonic
and Aminophosphinic Acids Chemistry and Biological Activity. J. Org. Chem. 1978, 43, 992

5. Miliszkiewicz, D.; Wieczorek, P.; Lejczak, B.; Kowalik, E.; Kafarski, P. Pestic. ;Maier, L.; Spoerri, H. Phosphorous, Sulfur
Silicon Relat. Elem. 1991, 61, 69-72

6. Schuster, H. F., Coppola, G. M., Eds.; Patois, C.; Ricard, L.; Savignac, Perkin Trans. Allenes in Organic Synthesis. 1990,
1577, 247-252

7. Zefirov, N.S.; Matveeva, E.D. Catalytic Kabachnik-Fields reaction: New horizons for old reaction. ARKIVOC. 2008, 1-17.
8. Kukhar, V.P,, Hudson, H.R., Eds. Aminophosphonic and Aminophosphinic Acids: Chemistry and Biological Activity;
Wiley: Chichester, UK, 2000

9. Fields, S.C. Synthesis of natural products containing a C-P bond. Tetrahedron. 1999, 55, 12237-12272.

10. Kafarski, P.; Lejczak, B. Aminophosphonic acids of potential medical importance. Curr. Med. Chem. Anticancer Agents
2001, 1, 301-312.

11. Bird, J.; De Mello, R.C.; Harper, G.P.; Hunter, D.J.; Karran, E.H.; Markwell, R.E.; Miles-Williams, A.J.; Rahman, S.S.;
Ward, R.W. Synthesis of novel N-phosphonoalkyl dipeptide inhibitors of human collagenase. J. Med. Chem. 1994, 37, 158—
169.

12. Liu, W.S.; Rogers, C.J.; Fisher, A.J.; Toney, M.D. Aminophosphonate inhibitors of dialkylglycine decarboxylase:
Structural basis for slow binding inhibition. Biochemistry. 2002, 41, 12320-12328.

13. Mucha, A.; Kafarski, P.; Berlicki, L. Remarkable potential of the [J-aminophosphonate/ phosphinate structural motif in
medicinal chemistry. J. Med. Chem. 2011, 54, 5955-5980.

14. Sienczyk, M.; Oleksyszyn, J. Irreversible inhibition of serine proteases—Design and in vivo activity of diaryl alpha-
aminophosphonate derivatives. Curr. Med. Chem. 2009, 16, 1673—1687.

15. Grembecka, J.; Mucha, A.; Cierpicki, T.; Kafarski, P. The most potent organophosphorus inhibitors of leucine
aminopeptidase. Structure-based design, chemistry, and activity. J. Med. Chem. 2003, 46, 2641-2655.



il

167 Long, N.; Cai, X.J.; Song, B.A.; Yang, S.; Chen, Z.; Bhadury, P.S.; Hu, D.Y.; Jin, L.H.; Xue, W. Synthesis and
antiviral activities of cyanoacrylate derivatives containing an alpha-aminophosphonate moiety. J. Agric. Food Chem.
2008, 56, 5242-5246.

17. Hu, D.Y.; Wan, Q.Q.; Yang, S.; Song, B.A.; Bhadury, P.S.; Jin, L.H.; Yan, K.; Liu, F.; Chen, Z.; Xue, W. Synthesis
and antiviral activities of amide derivatives containing the alpha-aminophosphonate moiety. J. Agric. Food Chem.

\ 2008, 56, 998—1001.

| 18. Danila, D.C.; Wang, X.Y.; Hubble, H.; Antipin, L.S.; Pinkhassik, E. Increasing permeability of phospholipid
bilayer membranes to alanine with synthetlc alpha- amlnophosphonate carriers. Bioorg. Med. Chem. Lett. 2008, 18,
2320=2323.

19. Gaspar, A., Matos, M. J., Garrido, J., Uriarte, E. & Borges, F. Chromone: A Valid Scaffold in Medicinal
Chemistry. Chem. Rev. 2014, 114, 4960—4992

20. M. Gabor. Anti-inflammatory and anti-allergic properties of flavonoids: Progress in Clinical and Biological
Research. 1986, 213, 471-480.

21. M. Mazzei, E. Sottofattori, M. D1 Braccio, A. Balbi, G. Leoncini, E. Buzzi, M. Maresca. Synthesis and
antiplatelet activity of 2-(diethylamino)-7-ethoxychromone and related compounds. Eur. J. Med. Chem. 1990, 25,
617-622.

22. C. Dyrager, L. N. Mollers, L. K. Kjill, J. P. Alao, P. Dinér, F. K. Wallner, P. Sunnerhagen, M. Grgtli. Design,
synthesis, and biological evaluation of chromone-based p38 MAP kinase inhibitors. J. Med. Chem. 2011, 54, 7427-
7431.

23. S.V. Jovanovic, S. Steenken, M. Tosic, B. Marjanovic, M.G. Simic. Flavonoids as antioxidants. J. Am. Chem. Soc.
1994, 116, 4846-51.

24. N.S. Parmer, M. Tariq, A.M. Ageel. Effect of thromboxane A2 and leukotriene C4 inhibitors on the
experimentally induced gastric lesions in the rat. Res. Commun. Chem. Pathology Pharmacology. 1987, 58, 15-25.

25. N. Phosrithong, W. Samee, P. Nunthanavanit, Ungwitayatorn. In vitro antioxidant activity study of novel
chromone derivatives. J. Chem. Biol. Drug Des. 2012, 79, 981-989.

26. Z. Jedrych, G. Borkowska. Investigation of new benzofurane, benzopiran and furanochromone derivatives--
potential antiarrhythmic and hypotensive agents.Pol. J. Pharmacol. Pharm. 1983, 35, 392-403.

27.K. S. Lee, S. H. Seo, Y. H. Lee, H. D. Kim, M. H. Son, B. Y. Chung, J. Y.Lee, C. Jin, Y. S. Lee. Bioorg. Med.
Chem. Lert. 2005, 15, 2857.

28. S. H. Kim,Y. H. Lee, S. Y. Jung, H. J. Kim, C.Jin, Y. S. Lee. Eur. J. Med. Chem. 2011, 46, 1721.
29.Y. Zhang, S. Y. Jung, C.Jin, N. D. Kim, P. Gong, Y. S. Lee. Bioorg. Med. Chem. Lett. 2009, 19, 502.

30. R. Singh, Geetanjali, N. Sharma. Monoamine Oxidase Inhibitors for Neurological Disorders: A review. Chem.
Biol. Lett. 2014, 1, 33-39.



il

34. A. Hetzhein, K. Mockel J. Adv. Heterocycl. Chem. 1996, 7, 183
32.J. Sandstrom. J. Adv. Heterocycl. Chem. 1968, 9, 165.

33. Rakitin OA (2009) One-pot synthesis of sulfur heterocycles from simple organic substrates. Arkivoc. 2008, 1,129—
\ 149.

34 A. Demirbas, D. Sahin, N. Demirbas, S.A. Karaoglu Synthesis of some new 1,3,4-thiadiazol-2-ylmethyl-1,2,4-
triazele derivatives and investigation of their antimicrobial activities. Eur. J. Med. Chem. 2009, 44, 2896-2903.

35. A.A. Kadi, N.R. El-Brollosy, O.A. Al-Deeb, E.E. Habib, T.M. Ibrahim, A.A. El-Emam, Synthesis, antimicrobial,
and anti-inflammatory activities of novel 2-(1-adamantyl)-5-substituted-1,3,4-oxadiazoles and 2-(1-adamantylamino)-
5- substituted-1,3,4-thiadiazoles. Eur. J. Med. Chem. 2001, 42,235-242.

36. A.A. Bekhit, T. Abdel-Aziem, Design, synthesis and biological evaluation of some pyrazole derivatives as anti-
inflammatory-antimicrobial agents. Bioorg. Med. Chem. 2004, 12, 1935-1945.

37. M.D. Mullican, M.W. Wilson, D.T. Connor, C.R. Kostlan, D.J. Schrier, R.D. Dyer, Design of 5-(3,5-di-tert-butyl-
4-hydroxyphenyl)-1,3.4-thiadiazoles, 1,3,4-oxadiazoles, and 1,2,4-triazoles as orally-active, nonulcerogenic,
antiinflammatory agent. J. Med. Chem. 1993, 36, 1090-1099.

38. V. Mathew, J. Keshavayya, V.P. Vaidya, D. Giles, Studies on synthesis and pharmacological activities of 3,6-
disubstitued-1,2,4-triazole-[3,4-b]-1,3,4-thiadiazoles and their dihydro analogues. Eur. J. Med. Chem. 2007, 42, 823-
840.

39.Y. Song, D.T. Connor, A.D. Sercel, R.J. Sorenson, R. Doubleday, P.C. Unangst, B.D. Roth, V.G. Beylin, R.B.
Gilbertson, K. Chan, D.J. Schrier, A. Guglietta, D.A. Bornemeier, R.D. Dyer, Synthesis, structure-activity
relationships, and in vivo evaluations of substituted di-tert-butylphenols as a novel class of potent, selective, and orally
active cyclooxygenase-2 inhibitors.;1,3,4-and 1,2—4-thiadiazole series. J. Med. Chem. 1999, 42, 1161-1169.

40. C.B. Chapleo, M. Myers, PL. Myers, |.F. Saville, A.C.B. Smith, M.R. Stilling, |.F. Tulloch, D.S.Walter, A.P.Welbourne,
Substituted I,3,4-thiadiazoles with anticonvulsant activity. |. Hydrazines. |. Med. Chem. 1986, 29,2273-2280.

4].D. Cressier, C. Prouillac, P. Hernandez, C. Amourette, M. Diserbo, C. Lion, G. Rima, Synthesis, antioxidant properties
and radioprotective effects of new benzothiazoles and thiadiazoles. Biol. Med. Chem. 2009, 17,5275-5284.



gassem

~42.J. Matysiak, A. Nazulewicz, M. Pelczynska, M. Switalska, I. Jaroszewicz, A. Opolski, Synthesis and
antiprolipherative activity of some 5-substituted 2-(2,4-dihydroxyphenyl)-1,3,4-thiadiazoles. Eur. J. Med. Chem.
2006, 41, 475-482.

43.S:N. Swamy, Basappa, B.S. Priya, B. Prabhuswamy, B.H. Doreswamy, J.S. Prasad, K.S. Rangappa, Synthesis of
‘-..Eharmaceutically important condensed heterocyclic 4,6-disubstituted-1,2,4-triazolo-1,3,4-triadiazole derivatives as
antimicrobials. Eur. J. Med. Chem. 2006, 41, 531-538.

44. W. Bauer, W.M.M. Kirby, J.C. Sherris, M. Turck, Antibiotics susceptibility testing by a standardized single disk
method. Am. J. Clin. Pathol. 1966, 45, 493-496.

45. Tiwari, S.V.; Seijas, J., Vazquez-Tato, M.P.; Sarkate, A. P.; Lokwani, D.K.; Nikalje, A.G. Ultrasound Mediated
One-Pot Three Component Synthesis, Docking and ADME prediction of Novel 5-amino-2-(4-chlorophenyl)-7-
substituted phenyl-8,8a- dihydro-7H-[1,3,4] thiadiazolo[3,2-a] pyrimidine-6-carbonitrile derivatives As anticancer
Agents. Molecules, 2016, 21, 1-13.






