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Several pyridothiadiazaphosphepinones (3-9) were synthasized by combining tetraphos-
phorus decasulfide, Lawesson’s reagent, phosphorus tribromide, and P,P-dichlorophenyl phos-
phine with 2-(aminosulfanyl)-6-(3,4-dichlorophenyl)-4-(furan-2-yl)-5-ox0-5,6-dihydropyridine-3-

fide; carbonitrile (2). The reaction mechanisms for these products were discussed. On the basis of elemen-

Lawesson’s reagnt;
Thiadiazaphosphepinone;
Organophosphorous
compounds

tal analysis and spectrum data, the structures of the newly synthesized compounds were determined.
The biological activity of every synthesized compound was examined against various microorgan-
isms using the disc diffusion method. The bulk of the microorganisms tested are effectively inhibited
by the newly synthesized chemicals.

© 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Because of the numerous biological and pharmacological uses for
phosphorus heterocycles, particularly those phosphorus connected to
sulphur atoms, their synthesis has received a lot of attention. Anti-
cancer (EOJ, 2000; Gholivand and Shariatinia, 2012), antibacterial
(Karpagam and Guhanathan, 2014), insecticidal (Fagadar et al.,
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2006), herbicidal (Abdel Rahman, 2002), and antibody properties were
found in some of these heterocycles (Stewart et al., 1993). Phosphorus
heterocycles with multiple rings are also used as polymer stabilizers,
lubricating oil additives, and biocatalysts in organic synthesis
(Bartlett et al., 1990). Contrarily, because they are used as intermedi-
ates in numerous synthetic, biological, and pharmacological processes,
six and seven membered phosphorus heterocyclic rings have attracted
a lot of attention (Aweda et al., 2015). Researchers have recently
become interested in the synthesis of thiazaphosphinine heterocycles
because of their important biological role and several applications in
synthetic chemistry (Younes et al., 2013a,b). In the light of the forego-
ing facts, as well as our ongoing research into the production of new
biologically active heterocyclic organophosphorus compounds
(Ayman and Mohamed, 2022; Ali et al., 2018; Ali et al., 2019a,b;
Hassan et al., 2017; Ali and Hassan 2017), we herein report an effective
approach for the synthesis of novel pyrido[3,2-f][1,2,4,3]thiadiazapho
sphepinone compounds bearing a pyridine moiety, extending our
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applications to phosphorus reagents in addition to their antimicrobial
potencies.

2. Results and discussion

2.1. Synthetic strategies

2-(aminosulfanyl)-6-(3,4-dichlorophenyl)-4-(furan-2-yl)-5-oxo-
5,6-dihydropyridine-3-carbonitrile (2) was synthesized from
amination of our reported starting material 6-(3,4-Dichloro
phenyl)-4-(furan-2-yl)-5-oxo-2-thioxo-1,2,5,6-tetrahydropyri
dine-3-carbonitrile (1) (Ayman et al., 2021). On an ice bath,
pale yellow crystals precipitated when an aqueous solution of
hydroxylamine-O-sulfonic acid (HOSA) with an equimolecular
amount of potassium hydroxide was dropwisely added to an
aqueous solution of 2-thioxocarbonitrile 1 and potassium
hydroxide (Scheme 1). Compound 2’s infrared spectrum dis-
played the NH, and C=N functions at 3460, 3320, and
2195 ecm™!. 'H NMR spectrum showed a singlet signal at &
5.42 ppm which is assigned to the chiral H-6 proton. Also,
the distinctive NH, proton was found as a singlet at ¢
6.62 ppm. Additionally, the carbon atom CN was seen in its
3C NMR spectra at a level of 115 ppm. Additionally, the
molecular ion peak of compound 2 at m/z 377 was observed,
supporting the hypothesized structure.

Because of the versatility of a-aminocarbonitrile substrate 2
in terms of electrophilic and nucleophilic attack, we decided to
investigate its chemical reactivity towards phosphorus
reagents. To synthesize our desired thiadiazaphosphepinone
heterocycles, Compound 2 was allowed to react with
tetraphosphorus decasulfide and Lawesson’s reagent (LR)
under various circumstances. As a result, reaction of
compound 2 and the molar equivalent of tetraphosphorus
decasulfide in dry toluene produced the compound 8-(3,4-dic
hlorophenyl)-6-(furan-2-yl)-3-sulfanyl-5-thioxo-2,3,4,5-tetra
hydropyrido[3,2-f][1,2,4,3]. Thiadiazaphosphepin-7(8H)-one-3
-sulfiden (3) in a yield of 73% (Scheme 2). Compound 3’s IR
spectra showed the presence of a novel C=S group at
1120 cm~" and the absence of a prominent typical nitrile band.
The sulfanyl proton and two NH protons were detected in the
'"H NMR spectra of compound 3 at & 3.84, 9.03 and
10.20 ppm, respectively. The carbon atom of C=S was located
at about 168.43 ppm in the '>*C NMR spectra, which provided
strong support for the hypothesized structure. Compound 3’s
3'P NMR spectra showed a singlet at about 17.32 ppm. Addi-
tionally, its mass spectrum showed the anticipated molecular
ion peak at m/z 505 (M ™", 20%). A rational justification for

HOSA, KOH/H,0,

the synthesis of compound 3 is presented in (Scheme 2). The
reaction suggested to proceed via two steps. First, in the non-
isolable intermediate B, P4S;o was added to the nitrile group,
converting it to a thioamide group. Then, the new
pyridothiadiazaphosphepinonesulfide system 3 is produced
by the heterocyclization of the nearby amino groups by a reac-
tion with the PS, cation via C intermediate.

The equivalent thiadiazaphosphepinone product 4 was pro-
duced when compound 2 reacted with O,0-
diethyldithiophosphoric acid (which was created in situ from
the reaction of tetraphosphorus decasulfide with absolute etha-
nol) (Scheme 3). Compound 4’s mass spectrum revealed a
molecular ion peak at m/z 517, and data from its 'H- and
13C NMR spectra confirmed the presence of the unique ethoxy
group. The thiol group’s nucleophilic addition to the nitrile
group, which creates the nonisolable intermediate D, can be
used to explain how the thiadiazaphosphepinone ring is cre-
ated. Next, the amino functional group attacks the phosphorus
atom. The nonisolable intermediate E was produced by this
intramolecular cyclization, and it was then modified by a Dim-
roth rearrangement to produce the desired fused heterocyclic
system (Scheme 3).

Under stirring conditions, compound 2 interacted with
Lawesson’s reagent in acetonitrile to yield just single product,
8-(3,4-dichlorophenyl)-6-(furan-2-yl)-2,3,4,5-tetrahydro-3-(4-
methoxyphenyl)-3-sulfanylene-5-thioxopyrido[3,2-f][1,2,4,3]
thiadiazaphosphepin-7(8 H)-one (5). The reaction pathway
was assumed to proceed via nucleophilic attack of the amino
group on LR, followed by the addition of SH to the cyano
group. The amino group was phosphorylated to create the
nonisolable intermediate G, which was subsequently cyclized
by combining the SH group with the nitrile group to create
the intermediate H. The latter intermediate was quickly reor-
ganized into the final product 5 (Scheme 4). The IR spectrum
of compound 5 revealed the absence of the NH, and CN
groups of starting material 2, as well as the presence of the
NH at 3428 cm™' as a broad band. Two NH protons were
found in the "H NMR spectra at 9.06 and 10.18 ppm, while
a singlet of OCHj; protons was found at 3.81 ppm. The car-
bon atom bound to the phosphorus atom, which resonant
as a doublet at 134.71 ppm with a coupling constant of
129 Hz, was of particular significance in its '*C NMR spec-
tra. It was also established that the methoxy group, at
55.62 ppm, was present. It also has a singlet at 19.14 ppm
in its *'P NMR spectra. We found that the isolated product
was compound 5 in a greater yield when the preceding reac-
tion was conducted in 100% ethanol rather than acetonitrile.

5//

Scheme 1

30 min, Ice bath

Y

2 (70%)

Synthesis of compound 2.
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P4S;o, Toluene

5h, reflux

3 (73%)

Scheme 2

2 OEt

Formed in situ D

Scheme 3

The LR reagent may react with absolute ethanol to create the
nonisolable 4-MeOCgH4P(S)(SH)(OEt), which subsequently
reacted with the starting material 2 to produce the non-
isolable intermediate F as shown in the hypothesis for the
production of compound 5 by this method (Scheme 4).
Compound 2 was treated with P-(4-methoxyphenyl)-N,N-
diphenylphosphonothioic diamide 6, which was made by react-
ing LR with distilled aniline as described in the procedure
(Clausen et al., 1981). The isolated product 7 (50 %) was
obtained by refluxing the later compound 6 with o-

Air Moistuer Hydrolysis

S

X
(Release HO\IL/OH>

I
S

Synthesis of compound 3.

Dimorth Rearrangement

4(65%)

Synthesis of compound 4.

aminocarbonitrile substrate 2 in dry toluene for 6 h. A nucle-
ophilic attack by the amino group on the phosphorus atom of
reagent 6 can be used to explain how compound 7 is formed.
This attack results in the formation of the nonisolable interme-
diate I and the simultaneous elimination of an aniline moiety.
The ring is then closed by adding NH to the nitrile group. It
was evident that both amino and nitrile groups were involved
when the matching signals from the "H- and '*C NMR spectra
disappeared. The 'H NMR spectra of product 7 also showed
NH protons at 9.51 and 11.20 ppm, multiplets at 6.30—
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66%

5(35%, 66%)

Scheme 4

7.86 ppm that were likely caused by the aromatic protons
introduced by the aniline used and LR, as well as a singlet at
3.75 ppm relevant to the methoxy group. The '*C NMR results
provide unambiguous evidence for the produced product 7.
The LR at 56.70 ppm added a new singlet methoxy group.
The proposed structure is supported by the phosphorus atom
signal at 20.10 ppm in the *'P NMR spectra of this molecule.
The chemical formula and the mass spectra were closely
matched (Scheme 5).

The chemical reactivity of compound 2 towards some phos-
phorus halides was then investigated. However, when com-
pound 2 was reacted with phosphorus tribromide in dry
dioxane with a catalytic quantity of triethylamine, we obtained
the novel 7-(3,4-dichlorophenyl)-5-(furan-2-yl)-3-hydroxy-4-i
mino-3,4-dihydro-2H-pyrido[3,2-¢][1,2,3]thiazaphosphinin-6
(7H)-one-3-oxide (8) (Scheme 6). Compound 8’s IR spectra
revealed specific absorption bands of 3380 (OH), 3200-3100
(2 NH), and 1620 (C=N). Two NH protons were found at
9.15 and 10.02 ppm in the 'H NMR spectra, as well as a typical
singlet of P-OH proton at 5.80 ppm. The C=NH at the
expense of nitrile carbon resulted in a singlet at 160.82 ppm
in the '3C NMR spectrum. The molecular ion peak at m/z
441 (M™, 100 %) was visible in the ESI mass spectrum data
for 8. Furthermore, the proposed structures’ >'P NMR spectra
matched the proposed structures’ chemical shift at ¢
16.30 ppm. It was once assumed that compound 8 was created
through a straightforward condensation reaction that elimi-
nated hydrogen bromide and created the nonisolable interme-

I
wleOOP—S S
| < > l®
LR= S—P OMe =3 I"

OMe

35%

(S]

S OMe

S S

Synthesis of compound 5.

diate J. The latter intermediate’s nitrile group underwent a
nucleophilic addition of the phosphorus atom to produce the
nonisolable intermediate K, which was then hydrolyzed by dis-
tilled water to produce the intermediate L, which was then
rearranged to produce the product 8.

compound 2 was allowed to react with equimolar amounts
of P,P-dichlorophenyl phosphine in dry pyridine at 70-80 °C
for 8-10 h to give 7-(3,4-dichlorophenyl)-5-(furan-2-yl)-4-imi
no-3-phenyl-3,4-dihydro-2H-pyrido[3,2-¢][1,2,3]thiazaphosphi
nin-6(7H)-one 3-oxide (9) (Scheme 7). Compound 9’s IR spec-
trum showed that it exhibits absorption bands at 1250, 1625,
and 3250-3100 cm™', which correspond to P=0, C=N, and
(2 NH), respectively. Two singlet’s in its 'H NMR spectrum,
corresponding to two NH protons, were seen at 9.51 and
10.50 ppm. Compound 9’s *'P NMR chemical shift showed
a singlet at approximately 19.88 ppm, which agreed with the
thiazaphosphinine chemical shift values. The '*C NMR spec-
trum showed the characteristic signals of all carbons, particu-
larly those associated with the thiazaphosphinine ring. Special
attention was paid to the carbon atom that was bound to the
phosphorus atom and resonated as a doublet at a frequency of
128 Hz and 130.13 ppm. Additionally, compound 9’s mass
spectrum confirmed its structure by displaying the proper
molecular ion peak at m/e 501. By nucleophilically attacking
the phosphorus atom of P,P-dichlorophenyl phosphine and
removing one molecule of HCI, the intermediate M was pro-
duced, from which the target product 9 was created. The latter
intermediate’s nitrile group underwent a nucleophilic addition
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OMe
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6h, reflux

Synthesis of compound 7.

H,0/-2 HBr
rearrangement

Rearrangement Cl
-

Cl

Scheme 6  Synthesis of compound 8.

of phosphorous atoms to produce the nonisolable intermediate
N, which was hydrolyzed by distilled water to release the
intermediate O, which was then rearranged to produce the
product 9.

2.2. Biological screening ( Microbiology)

The activity of the synthesised compounds against the vulner-
able organisms Staphylococcus aureus and Bacillus subtilis as
Gram-positive bacteria, Salmonella typhimurium and Escher-

ichia coli as Gram-negative bacteria, and Candida albicans
as a fungus strain was assessed using the standardised disc agar
diffusion method (Gross and DeVay, 1977). To achieve a con-
centration of 100 g mL™!, the chemicals were dissolved in
DMSO, which has no inhibitory activity. The medium potato
dextrose agars (PDA), which comprise an infusion of 250 g
potatoes, 5 g dextrose, and 20 g agar, were used for the test
discs of filter paper of the same size (Bauer, et al., 1966), three
per component, were carefully placed on the inoculated agar
surface and impregnated with an equivalent volume (15 L) of
the particular concentration of the dissolved tested com-
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PhPCl,

—
pyridine, 8h, 70-80°C
-HCI

Cl

Cl

9(70%)

Scheme 7

pounds. The amount of inhibition of the organisms was mea-
sured and used to determine the mean of inhibition zones after
incubation for 48 h at 25 °C in the case of bacteria and for 72 h
at 22 °C in the case of fungi.

2.3. Antimicrobial activities

The data shown in Table | indicate a range of actions against
all types of microorganisms, which may indicate that structural
changes have an impact on how well they grow. The findings
showed that certain chemicals under investigation had low to

H,0/ -HCl

Rearrangement
-

Synthesis of compound 9.

strong antibacterial action versus Gram-positive bacteria,
Gram-negative bacteria, and a fungal strain (Table 1). Baciil-
lus subtilis and candida albicans were both very active against
both compouns 5 and 7 in both concentrations. Candida albi-
cans, Escherichia coli, and Bacillus subtilis were all highly
active against by compound 4. Additionally, compound 3
had strong action against candida albicans and Bacillus sub-
tilis. Surprisingly, compound 8 showed considerable action at
both doses against Staphylococcus aureus, salmonella typhi-
murium and Aspergillus fumigatus. At both concentrations,
compound 2 and compound 9 had negligible effects on some

Table 1 Antibacterial activity data of the novel synthesized heterocyclic derivatives.

Mean* of zone diameter, nearest whole mm.

Organism Gram-positive bacteria Gram-negative bacteria Yeasts and Fungi**

Staphylococcus Bacillus subtilis Salmonella Escherichia coli Candida albicans Aspergillus

aureus typhimurium fumigatus

1 0.5 mg/ml 1mg/ml 0.5mg/ml 1mg/ml 0.5mg/ml I mgml 0.5mg/ml 1mgml 0.5mgml 1 0.5
Comp.no. mg/ml mg/ml mg/ml
2 9 8 - - 11 8 - 10 7 - -
3 11 8 19 16 = = 14 10 20 14 = =
4 12 10 21 18 - - 20 19 21 18 14 12
5 = = 23 21 5 11 19 16 25 21 = =
7 - - 26 22 - - 8 10 24 22 13 12
8 16 12 = = 16 14 10 8 = = 18 14
9 10 8 - - - - 10 6 - - 11 10
Control # 34 25 32 25 35 24 35 26 33 26 35 25

* = Calculate from 3 values.

** = jdentified on the basis of routine cultural, morphological and microscopical characteristics.

— = No effect.

Low activity (Inhibition zone 7-10 mm) = Mean of zone diameter < 1/3 of mean zone diameter of control.

Intermediate activity (Inhibition zone 11-20 mm) = Mean of zone diameter < 2/3 of mean zone diameter of control.

High activity (Inhibition zone 21-28 mm) = Mean of zone diameter > 2/3 of mean zone diameter of control.

#: Chloramphencol in the case of Gram-positive bacteria, Cephalothinin the case of Gram-negative bacteria and cycloheximide in the case of

fungi.
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of the tested microorganisms. The considerable variances in
these compounds’ antibacterial qualities further support the
study’s objectives. Designing more effective antimicrobial
drugs for therapeutic application may benefit from further
research into the links between structure and activity, toxicity,
and biological consequences.

3. Experimental

3.1. Instruments and reagents

An automated melting point technique called Optimelt was
used to calculate the uncorrected melting points. The IR spec-
tra were captured using a Perkin-Elmer 1800 Series FT-IR
spectrometer. The samples were assessed using thin films on
KBr plates. 1H- and "*C-NMR spectra were captured at ambi-
ent temperature in base-filtered DMSO dgs and/or CDCI; as
solvents and TMS (8) as an internal standard on a Bruker
Avance I11-400 MHz instrument running at 400 MHz for pro-
tons, 100 MHz for carbon, and 240 MHz for phosphorus
nuclei. Electrospray ionization (ESI) mass spectra were cap-
tured on a Micromass LC-ZMD single quadrupole liquid
chromatograph-mass spectrometer. Analytical thin-layer chro-
matography (TLC) was carried out using aluminum-backed,
0.2-mm-thick silica gel 60 F254 plates. Using a UV lamp with
a wavelength of 254 nm and/or by giving the plates a suitable
dip and then heating them, eluted plates may be observed. The
retardation factor (Ry) values have been rounded to the nearest
whole number. With silica gel 60 (40-63 Im) as the stationary
phase, column chromatographic separations were carried out
using AR- or HPLC-grade solvents. Starting materials,
reagents, drying agents, and other inorganic salts could all
be purchased commercially and used according to instructions.
6-(3.,4-Dichlorophenyl)-4-(furan-2-yl)-5-oxo-2-thioxo-1,2,5,6-t
etrahydropyridine-3-carbonitrile (1) has been prepared accord-
ing to the reported method (Ayman et al., 2021).

3.2. Synthesis

3.2.1. Synthesis of 2-(aminosulfanyl)-6-(3,4-dichlorophenyl )-4-
(furan-2-yl)-5-0x0-5,6-dihydropyridine-3-carbonitrile (2)

In water (20 ml) that also contained potassium hydroxide
(0.168 g, 3 mmol), HOSA (0.339 g, 3 mmol) was dissolved.
To a solution of compound 1 (3.61 g, 10 mmol) in water
(20 ml) in the presence of potassium hydroxide (0.112 g,
2 mmol) on an ice bath under nitrogen atmosphere, this solu-
tion was added dropwise. After 30 min, the pale yellow precip-
itate was filtered and dried at low pressure. Column
chromatography was used to separate compound 2 from the
residue.

Recryst. Solvent: hexane; pale yellow crystals, R, = 0.45
(EtOAc/hexane, 1:2); Yield: 70%; mp: 210-212 °C; Anal. Calc.
(%) for C;sHoCL,N30,S (376.98): C, 50.81; H, 2.40; N, 11.11;
found: C, 50.87; H, 2.38; N, 11.09; IR (KBr), v (cm™'): 3460,
3322 (NH,), 3070 (C-Harom), 2930 (C—Hyjipn), 2215 (C=N),
1610(C=Ocarbony), 1590 (C=N), 1525 (C=C), 1165 (C-O-
C); '"H NMR (400 MHz, DMSO- dy): 5.42 (s, 1H, H-6), 6.62
(s, 2H, NH,), 7.21-7.34 (d, 2H, Ar-H),7.69-7.77(m, 2H, Ar—

H),8.26-8.28 (d, 1H, Ar—H), 8.50(s, 1H, Ar-H);!*C NMR
(100 MHz, DMSO- dg): 24.14, 114.89(CN), 116.38, 118.03,
132.26, 133.42, 133.44, 135.45, 138.48, 144.21, 147.32, 150.01,
154.50, 160.13, 161.09, 166.30; MS(ESI) m/z 377[(M)™", 7%],
400[(M + Na) ™, 15%].

3.2.2. Synthesis of 8-(3,4-dichlorophenyl)-6-( furan-2-yl)-3-
sulfanyl-5-thioxo-2,3 4,5-tetrahydropyrido[3,2-f][1,2,4,3]
thiadiazaphosphepin-7 (8H )-one 3-sulfide (3)

Tetraphosphorus decasulfide (1.11 g, 2.5 mmol) and com-
pound 2 (0.94 g, 2.5 mmol) were combined and heated under
reflux for 5 h in dry toluene (20 ml). The resulting orange solid
was filtered out, washed with water, and then column chro-
matographed was used to produce product 3.

Recryst. Solvent: ethanol; yellow crystals, R, = 0.4 (ace-
tone/hexane, 1:3); Yield: 73%; mp: 230-232 °C; Anal. Calc.
(%) for CisH;oCl,N;0,PS, (504.88): C, 37.95; H, 1.99; N,
8.30; found: C, 37.90; H, 1.95; N, 8.27; IR (KBr), v (cmfl):
3350, 3300 (br, 2 NH), 3020 (C-Harom), 2900 (C—Hajipn),
2600 (br, SH), 1612(C=Ocrbony), 1580 (C=N), 1570
(C=C), 1130 (C=S), 1050 (C-0-C), 690 (P=S); '"H NMR
(400 MHz, CDCl3): 3.84 (s, 1H, SH); 5.45 (s, 1H, H-6),
7.42-7.44 (d, 2H, Ar-H),7.99-8.01(m, 2H, Ar-H),8.15-8.17
(d, 1H, Ar-H), 8.20(s, 1H, Ar-H), 9.03(brs, 1H, NH); 10.20
(brs, 1H, NH); '*C NMR (100 MHz, CDCls): 24.55, 118.93,
119.74, 128.65, 129.56, 130.63, 133.40, 135.34, 141.50, 142.31,
145.67, 152.18, 157.36, 160.17, 161.03, 168.43; *'P NMR
(240 MHz, DMSO dg): 17.3 ppm; MS(ESI) m/z 505[(M)™,
49%].

3.2.3. Synthesis of 8-(3,4-dichlorophenyl)-3-ethoxy-6-( furan-2-
yl)-5-thioxo-2,3,4,5-tetrahydropyridof3,2-f][1,2,4,3]
thiadiazaphosphepin-7 (8 H )-one-3-sulfide (4)
0,0-diethyldithiophosphoric acid was produced in situ by
heating under reflux a solution of tetraphosphorus decasul-
fide (1.11 g, 2.5 mmol) in absolute ethanol (20 ml) for one
hour. The preceding ethanolic solution was supplemented
with Compound 2 (0.94 g, 2.5 mmol). The mixture was
heated for 6 h while in reflux. The reaction mixture was
reduced to half its original volume and then allowed to cool.
Column chromatography was used on the residue to produce
product 4.

Recryst. Solvent: ethanol; Orange solid; R, = 0.50 (EtOAc/
hexane, 1:2); Yield: 65%; mp: 205-207 °C; Anal. Calc. (%) for
CisH14CILN305PS;5 (516.93): C, 41.70; H, 2.72; N, 8.11; found:
C, 41.75; H, 2.70; N, 8.13; IR (KBr), v(cm ™ '): 3420 (br, 2NH),
3030 (CfHamm)v 2920 (CfHaliph)ﬁ 1615(C:Ocarbonyl)7 1590
(C=N), 1540(C=C), 1125 (C=Y), 1020, 1010 (O-C), 730
(P=S); 'H NMR (400 MHz, DMSO ds): 1.45 (t, 3H,
J = 7.2 Hz, CH3); 3.40 (q, 2H, J = 7.2 Hz, OCH2), 5.40 (s,
IH, H-6), 7.31-7.43 (d, 2H, Ar-H),7.69-7.77(m, 2H, Ar-
H),8.26-8.28 (d, 1H, Ar-H), 8.60(s, 1H, Ar-H),8.83 (brs,
1H, NH); 9.27 (brs, 1H, NH); '*C NMR (100 MHz,
DMSO dg): 15.24, 24.11, 60.11, 116.38, 118.03, 125.20,
128.45, 132.24, 133.50, 133.83, 135.63, 138.50, 142.00, 145.50,
150.11, 154.50, 160.17, 161.03; *'P NMR (240 MHz,
DMSO dg): 16.94 ppm; MS(ESI) m/z 517[(M) ™, 4%], 518[(M
+H)™", 28%], 540[(M+Na)™, 29%].
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3.2.4. Synthesis of 8-(3,4-dichlorophenyl)-6-( furan-2-yl)-
2,3,4,5-tetrahydro-3-(4-methoxyphenyl )-3-sulfanylene-5-
thioxopyrido[3,2-f][ 1,2 ,4,3 ] thiadiazaphosphepin-7 (8H )-one
(5)
Method A: A magnetically agitated solution of compound 2
(0.94 g, 2.5 mmol) in dry acetonitrile (20 ml) kept at 80 °C
was given Lawesson’s reagent (1 g, 2.5 mmol). The reaction
mixture was agitated for 4 h before being decreased in pressure
and concentrated. The residue was extracted with ethyl acetate
after being diluted with water (20 ml). The mixed organic
phases were dried (Na,SOy), filtered, and concentrated under
reduced pressure after being washed with water (2 x 50 ml)
and brine (2 x 100 ml). Column chromatography was used
on the residue to produce orange solid with a yield of 35%.
Method B: Lawesson’s reagent (1.0 g, 2.5 mmol) was dis-
solved in absolute ethanol (20 ml), and the mixture was heated
over reflux for 4 h. The preceding ethanolic solution was mixed
with Compound 2 (0.94 g, 2.5 mmol). The mixture was heated
for 6 h while in reflux. The reaction mixture was reduced to
half its original volume and then allowed to cool. With order
to produce orange solid in a 66 % yield, the produced solid
was filtered out and recrystallized from diluted ethanol.
Recryst. Solvent: ethanol; orange solid; Ry = 0.30 (EtOAc/
hexane, 1:1); mp: 218-220 °C. Anal. Calc. (%) for Cy3H;¢Cl,-
N;03PS; (578.95): C, 47.59; H, 2.78; N, 7.24; found: C, 47.75;
H, 2.20; N, 7.28; IR (KBr), v (cm™"): 3428 (br, 2 NH), 3010
(C—Harom), 2900 (C—Hajiph), 1611(C = Ocarbonyl), 1585 (C=N),
1520(C=C), 1120 (C=8), 1020, 1030 (O-C), 705 (P=S); 'H
NMR (400 MHz, CDCls): 3.81 (s, 3H, OCHj;), 5.46 (s, 1H,
H-6), 5.66-5.68 (dd, 2H, J = 8 and 4 Hz, Ar-H), 7.39-7.40
(d, 2H, Ar-H), 7.41-7.48 (m, 2H, Ar-H), 7.95-8.19 (d, 1H,
Ar-H), 8.21 (s, 1H, Ar-H), 8.51-8.53 (dd, 2H, J = 8 and
4 Hz, Ar-H), 9.06 (brs, 1H, NH), 10.18 (brs, 1H, NH); '*C

NMR (100 MHz, CDCl;): 21.59, 55.62, 115.71 (C-3,
Sary), 11629, 119.67, 122.85,125.83, 126.45 (C-2',6'4ry1),
126.86, 128.93, 129.76,133.90, 134.71 (d, J,. = 129 Hz, C-

Lphenyt), 138.37, 139.91, 142.56, 144.37, 159.71,165.55, 167.44,
169.47; *'P NMR (240 MHz, DMSO dy): 19.14 ppm; MS
(ESI) m/z 579[(M) ™", 16%], 602[(M +Na) ™", 18%].

3.2.5. Synthesis of 8-(3,4-dichlorophenyl)-6-(furan-2-yl)-
2,3,4,5-tetrahydro-5-imino-3-(4-methoxyphenyl )-4-phenyl-3-
sulfanylenepyrido[3,2-f][ 1,2 ,4,3 | thiadiazaphosphepin-7 (8H )-
one (7)
A 2 h reflux-heated mixture of dry toluene, LR (0.5 g,
1.25 mmol), and distillated aniline (0.5 ml, 5 mmol). The pre-
vious solution was heated under reflux for an additional 6 h
after compound 2 (0.94 g, 2.5 mmol) was added. The produced
solid was filtered and dried after cooling. By using column
chromatography, the obtained raw material was purified.
Recryst. Solvent: methanol; pale brown solid; Ry = 0.4
(acetone/hexane, 3:2); Yield: 50%; mp: 180-182 °C. Anal.
Calc. (%) for Cy9H,C1,N405PS; (638.02): C, 54.47; H, 3.31;
N, 8.76;; found: C, 54.44; H, 3.30; N, 8.77; IR (KBr), v
(em™'): 3410 (br, 2NH), 3025 (C—Hgaom), 2950, 2810 (C—
Haiiph), 1615(C=Ocarbony1), 1600 (C=N), 1565 (C=C), 1020
(0-C), 650 (P=S); 'H NMR (400 MHz, CDCl3): 3.75 (s,
3H, OCH3), 5.25 (s, 1H, H-6), 6.30 (d, 2H, J = 7.2 Hz, H-
3,5), 7.10 (d, 2H, J = 8.0 Hz, H-2,6), 7.28-7.29 (m, SH, Ar—
H), 7.31(s, 1H, Ar-H), 7.41(d, 2H, Ar-H), 7.51(t, 1H, Ar—
H), 7.86(d, 2H, Ar-H), 9.51 (brs, 1H, NH), 11.20 (brs, 1H,

NH); *C NMR (100 MHz, CDCl,): 21.74, 56.70, 111.15(C-
3, Sa), 116.12, 117.26, 123.98, 126.38(C-2",64ry1), 128.03,
128.27, 128.46, 128.57, 130.00, 130.42, 135.38 (d, J,. = 129 Hz,
C—1lpheny), 135.58, 136.07,138.95, 144.62, 145.52, 148.06,
150.04, 151.90,158.32, 160.74, 162.68, 165.28,168.95; *'P
NMR (240 MHz, DMSO d): 20.10 ppm; MS(ESI) m/z, 638
(M), 100%], 639[(M+H) ", 38%], 661[(M+Na)*, 4%].

3.2.6. Synthesis of 7-(3,4-dichlorophenyl)-5-( furan-2-yl)-3-
hydroxy-4-imino-3 4-dihydro-2H-pyrido[3,2-e][1,2,3 ]
thiazaphosphinin-6 (7H )-one-3-oxide (8)

In a magnetically agitated solution of compound 2 (1.88 g,
5 mmol) in dry dioxane (30 ml) containing a catalytic quantity
of triethylamine (1.4 ml, 10 mmol) for 30 min at 5-10 °C, phos-
phorus tribromide (0.47 ml, 5 mmol) was added dropwise. For
6 h, the reaction mixture was held at 70 °C. The resulting
orange solid was filtered off, washed with water, and then sub-
mitted to column chromatography to produce the desired
product.

Recryst. Solvent: DMF/EtOH; yellow solid; R, = 0.4
(EtOAc/hexane, 1:2); Yield: 80%; mp: 110-112 °C. Anal. Calc.
(%) for C1gH oCI,N3;04PS (440.95): C, 43.46; H, 2.28; N, 9.50;
found: C, 43.44; H, 2.260; N, 9.57; IR (KBr), v (cm™") 3380
(br, OH), 3200-3100 (br, 2NH), 3010 (C— H.om), 1610
(C=0Ocarbony), 1620 (C=N), 1600, 1550 (C=C), 1220
(P=0); '"H NMR (400 MHz, CDCl;): 4.90 (s, 1H, H-6),
5.80 (brs, 1H, P-OH); 7.45-7.52 (m, 2H, Ar-H),8.01-8.03(dd,
2H, Ar-H),8.10-8.12 (dd, 1H, Ar—H), 8.74(s, 1H, Ar—H),
9.15 (s, 1H, NH), 10.02 (s, 1H, NH); '*C NMR (100 MHz,
CDCl3): 24.10,128.02, 129.60, 130.71, 132.91, 134.09, 142.33,
144.00, 146.33, 147.37, 154.48, 155.55, 157.59, 160.82, 165.47,
166.24; *'P NMR (240 MHz, DMSO dg): 16.30 ppm; MS
(ESI) m/z, 441[((M)™, 100%], 442[(M+H)", 14%)], 464[(M
+Na)™", 12%].

3.2.7. Synthesis of 7-(3,4-dichlorophenyl)-5-( furan-2-yl)-4-
imino-3-phenyl-3 4-dihydro-2H-pyrido[3,2-e][1,2,3]
thiazaphosphinin-6 (7H )-one 3-oxide (9)
P,P-dichloro-(phenyl)phosphine was added to compound 2
(1.88 g, 5 mmol) in dry pyridine (30 ml) under stirring for
15 min at 10 °C, followed by heating under reflux for 8§ to
10 h at 70 to 80 °C. Drops of strong HCI were used to neu-
tralise the solution after it had been cooled and placed into
cold water. Column chromatography was used on the pro-
duced solid to produce product 9.

Recryst. Solvent: ethanol; yellow solid; Yellow solid;
R, = 0.4 (acetone/hexane, 1:4); Yield: 70%; mp: 210-
212 °C. Anal. Calc. (%) for CyH4CI,N305PS (500.99): C,
52.60; H, 2.81; N, 8.37; found: C, 52.64; H, 2.84; N, 8.39; IR
(KBr), v (cm™") 32503100 (br, 2 NH), 3020 (C—H_,om), 1610
(C=0Ocarbony1), 1625 (C=N), 1520 (C=C), 1250 (P=0); 'H
NMR (400 MHz, CDCly): 5.56 (s, 1H, H-6); 7.12-7.14 (d,
2H, Ar-H), 7.25-7.30 (d, 1H, Ar—H), 7.38-7.51(m, 4H, Ar-
H), 7.70-7.75(d, 2H, Ar-H), 7.86-7.88(d, 2H, Ar-H), 9.51 (s,
1H, NH), 10.50 (s, 1H, NH); '*C NMR (100 MHz, CDCl;):
21.22, 121.66, 122.92, 123.96, 124.69,126.29, 127.83(C-
3,5pheny1)s 128.48 (C-2,6pheny1), 130.13 (d, J = 128 Hz, C-
Iphenyt), 135.17, 135.63, 136.17, 137.35, 141.64, 143.49,
145.72, 149.09, 161.68, 165.71, 166.81; *'P NMR (240 MHz,
DMSO d;): 19.88 ppm; MS(ESI) m/z, 501[(M)™, 38%], 524
[(M+Na)™, 10%].
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4. Conclusions

Starting with 6-(3,4-Dichlorophenyl)-4-(furan-2-yl)-5-oxo-2-thioxo-1,
2,5,6-tetrahydropyridine-3-carbonitrile and certain  phosphorus
reagents in various solvents, simple procedures were developed to syn-
thesis new pyridothiazaphosphininones in one step. We expect that
others who are looking for innovative synthetic fragments with unique
features for medicinal chemistry will find our technique useful. The
findings showed that several of the compounds under investigation
have considerable to moderate antibacterial activity against two strains
of Gram-negative and two strains of Gram-positive bacteria. There-
fore, our discovery has increased the potential for creating more linked
heterocycles.
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