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Abstract

A series of novel 2-substituted 4-hydrazone functionalized pyrido[2,3-d]pyrimidine (8a—f and 9a—e) and 1,2,4-triazole fused
pyrido[2,3-d]pyrimidine derivatives (10a—f and 1la-e) were prepared starting from ethyl 2-amino-6-(trifluoromethyl)
nicotinate 3 via acylation, cyclization, chlorination, hydrazine reaction, hydrazone formation followed by intramolecular
cyclization. All the final products were screened against various Candida strains for determining the antifungal activity,
minimum fungicidal concentration and inhibition of ergosterol biosynthesis. Among the screened, compounds 8c, 8f, 9c,
10f, 11d and 11e were identified as promising antifungal agents. From a mechanistic perspective, the concomitant treatment
of 10f, 11d and 11e on different Candida strains showed inhibition of ergosterol biosynthesis, which also revealed the
possible antifungal action of these compounds on the ergosterol biosynthetic pathway. The binding mode of active
compounds by docking studies showed that they fit well into the active site cavity of target protein. Further, the SAR and
molecular docking studies data presumed that the presence of fluoro, trifluoromethyl, bromo and nitro groups on phenyl and
furyl rings in pyrido[2,3-d]pyrimidine were found to be crucial to promote antifungal activity. All the strains for Miconazole
a control drug showed MIC values equal to 3.9 ug/mL. Lipinski’s parameters of all compounds are within the acceptable
range defined for human use thereby indicating their potential as drug-like molecules.
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Introduction

Fungal pathogens most often colonize the skin and cause
dermal infections in human beings (Brand 2012). They
directly affect internal organs like mucous membrane of the
respiratory, gastrointestinal and urinary tract and cause
infections. In general, the risk of infections caused by
fungal pathogens has increased considerably over the past
two decades (Jessup et al. 2000; Vandeputte et al. 2012),
can be attributed to the increasingly growing number of
individuals with weakened immune system. For example,
those with cancer undergoing chemotherapy, leukemia,
organ transplant, and patients with acquired immune defi-
ciency syndrome (AIDS), diabetes or cystic fibrosis and
patients who are receiving immunosuppressive drugs or
antibiotics (Romani 2004; Neofytos et al. 2013; Al
Mubarak et al. 2013; Tsai et al. 2013; Person et al. 2011;
Tillotson and Tillotson 2015). The superficial mycosis

which is caused by dermatophytes primarily the Candida
species can be treated by administering anti-fungal drugs.
Only a limited number of antifungal drugs approved by
Food and Drug Administration (FDA) are available in the
United States for the treatment of systemic fungal diseases
(Ghannoum and Rice 1999), which include polyenes (e.g.,
Amphotericin-B), azoles (e.g., Fluconazole, Voriconazole,
Itraconazole, etc.), pyrimidines (e.g., 5-Fluorocytosine),
allylamines (ex: Terbinafine) and echinocandins (e.g.,
Caspofungin) (Fig. 1). Amphotericin-B is a most commonly
used polyene class of antifungal drug which targets ergos-
terol, the principal sterol component of fungal membranes
and used to treat systemic fungal infections due to its wide
range of activity (Gibbs et al. 2005). The significant side
effects associated with Amphotericin-B include acute
reactions like fever, headache, vomiting, muscle pain,
shaking chill, nausea, diarrhea and severe toxic side effects
like renal, liver toxicities and neurotoxicity (Johnson and
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Einstein 2007). Fluconazole is an important azole class of
antifungal drug used in managing systemic and superficial
fungal infections due to its broad range of biological
activity, high bioavailability and low protein binding nature
(Grant and Clissold 1990). The common side effects asso-
ciated with fluconazole include vomiting, dizziness, head-
ache, nausea and long-term use will lead to severe liver
toxicity. Major problem associated with azole drugs is their
drug interaction with other classes of drugs like antic-
oagulants and some antihistamines (Hoesley and Dismukes
1997; Albengres et al. 1998). 5-Fluorocytosine is a fluori-
nated pyrimidine class of antifungal drug which has high
fungicidal activity against various Candida strains and the
major side effects include vomiting, headache, nausea, skin
rash, and diarrhea and also causes severe side effects like
renal dysfunction and bone marrow suppression (Bennett
1977). Terbinafine is an important synthetic antifungal drug
of class allylamine that function as an ergosterol biosynth-
esis inhibitor. It showed promising inhibition against der-
matophytes such as C. albicans and Cryptococcus
neoformans under both in vitro and in vivo conditions
(Ryder and Favre 1997). The common side effects of Ter-
binafine include headache, rashes, allergic reactions, dys-
pepsia, abdominal pain, flatulence, urticaria and
constipation (Sinha et al. 2012). Echinocandins (e.g.,
Echinocandin B, Caspofungin, Micafungin and Anidula-
fungin) are synthetic derivatives of lipopeptides and a
specific non-competitive inhibitor of fungal 3f-glucan
synthase, an enzyme that catalyzes the polymerization of
uridine diphosphate glucose into p(1-3)-glucan, the struc-
tural component is responsible for the maintenance of
fungal cell wall integrity and rigidity. The inhibition of p
(1-3)-glucan synthase leads to cell wall destabilization and
to the leakage of intracellular components, resulting in
fungal cell lysis (Denning 2002). It exhibits good fungicidal
activity against Candida and Aspergillus species under both
in vitro and in vivo conditions. However, they are fungi-
cidal in Candida and fungistatic in Aspergillus, and the
reasons for these differences are still unknown (Espinel-
Ingroff 1998; Oakley et al. 1998). These drugs are poorly
absorbed in the gastrointestinal tract due to their high
molecular weights and are thus prescribed for intravenous
use only. The major side effects of echinocandins include
facial flushing, swelling, rash, pruritis, fever and derange-
ment of hepatic transaminases (Keating and Figgitt 2003).

In this context, there is an imperative need for the dis-
covery and development of new safer drugs with minimum
side effects and promising activity against majority of the
fungal pathogens. The rapid use of some triazoles as anti-
fungal agents and development of resistance to existing
antifungal drugs made us to focus our research on developing
hybrid molecules with triazole including two or three

scaffolds possessing antimicrobial and anti-fungal activities.
Pyrido[2,3-d]pyrimidine derivatives are known to exhibit
anti-tumor activity which may be attributed to inhibition of
cyclin dependent kinase (VaanderWaal et al. 2005), mam-
malian target of rapamycin (mTOR) (Malagu et al. 2009).
These are also known to possess wide spectrum of biological
activities such as antibacterial, antifungal, antitubercular,
anticancer, anticonvulsant, antidepressant, analgesic, anti-
inflammatory, antioxidant, antiviral, anthelmintic and hypo-
glycemic activities (Cordeu et al. 2007; Bazgir et al. 2008;
Nasr and Gineinah 2002; Wang et al. 2017). 1,2,4-Triazoles
exhibit significant medicinal and pharmaceutical applications
(Sahu et al. 2013; Pigaew et al. 2015; Kaur et al. 2016) due to
their wide range of biological activities including anti-
microbial (Bhat et al. 2009), anti-fungal (Holla et al. 2003),
anticancer (Turan-Zitouni et al. 2005; Ezabadi et al. 2008;
Nekkanti et al. 2017) and anti-viral, which established them as
an important pharmacophores (Ozdemir et al. 2007; Roma
et al. 2008). Based on these factors and following our con-
tinuous search for the synthesis of biologically active com-
pounds (Adib et al. 2016; Jitender Dev et al. 2017), we
synthesized a series of novel trifluoromethyl substituted tria-
zole fused pyrido[2,3-d]pyrimidine derivatives. All the com-
pounds were evaluated for antifungal activity and promising
compounds were identified.

Material and methods

Melting points were recorded on Casia-Siamia (VMP-AM)
melting point apparatus and are uncorrected. IR spectra
were recorded on an Agilent Technologies Cary 630 FTIR
spectrophotometer using KBr optics. "H NMR spectra were
recorded on Bruker AV 300MHz, AV 400 MHz and
500 MHz in CDCl; and DMSO-d¢ using TMS as internal
standard. Electron impact (EI) and chemical ionization mass
spectra were recorded on a VG 7070 H instrument at 70 eV.
All the reactions were monitored by thin layer chromato-
graphy (TLC) on precoated silica gel 60 F,s,4 (mesh); spots
were visualized with UV light. Merck silica gel (180-200
mesh) was used for column chromatography.

Preparation of ethyl 2-amino-6-(trifluoromethyl)
nicotinate (3) (Onnis et al. 2009)

General procedure

1,1,1-trifluoro-4-butoxy-3-buten-2-one (1.96 g, 0.01 mol)
was added to a solution of FEthyl 3-amino-3-
ethoxypropenoate 2 (1.60 g, 0.01 mol) and ammonium
acetate (0.77 g, 0.01 mol) in ethanol (20 mL). The reaction
mixture was stirred at room temperature for 1 h and then
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refluxed for 2 h. The solvent was removed and the resulting
solid was dried and purified by column chromatography.

Preparation of ethyl 2-(aryl substituted amino)-6-
(trifluoromethyl)nicotinate (4a, b) (Naresh Kumar
et al. 2016)

General procedure

Ethyl 2-amino-6-(trifluoromethyl)nicotinate 3 (5.0 g,
0.02 mol) was taken in different aryl acid chlorides (phenyl
or furyl, 30-40 ml) and was stirred at 60—120 °C for 6-8 h.
The progress of the reaction was monitored by TLC. After
completion of the reaction, reaction mixture was cooled and
n-hexane was slowly added and the separated solid was
filtered, washed with water. The resultant solid was dried
and purified by column chromatography.

2-Substituted-7-(trifluoromethyl)pyrido[2,3-d]
pyrimidin-4(3H)-one (5a-c) (Naresh Kumar et al.
2016)

General procedure

Ethyl 2-amino-6-(trifluoromethyl)nicotinate 3 (5.0¢g,
0.02mol) or Ethyl 2-substitutedamido-6-(trifluoromethyl)
nicotinate 4a, b (0.01 mol) was taken in formamide and
heated upto 140-150 °C for 8—10 h. After completion of the
reaction, the reaction mixture was cooled and then poured
on to crushed ice. Filtered the solid, washed with water
and dried under high vacuum to obtain respective products
Sa—c.

4-Chloro-2-substituted-7-(trifluoromethyl)-3,4-
dihydropyrido[2,3-d]pyrimidine (6a—c)

2-substituted-7-(trifluoromethyl)pyrido[2,3-d]pyrimidin-4
(3H)-one 5a—c (0.01 mol) and thionyl chloride were reacted
at reflux for 3 h. After completion of reaction, mixture was
cooled to room temperature and n-hexane was slowly
added. The separated solid was filtered, washed with water
and dried to obtain respective products 6a—c.

4-Hydrazinyl-2-substituted-7-(trifluoromethyl)-3,4-
dihydropyrido[2,3-d]pyrimidine (7b, c)

4-chloro-2-substituted-7-(trifluoromethyl)-3,4-dihydropyr-

ido[2,3-d]pyrimidine 6a—c (0.01 mol) was taken in ethanol
(32mL) and was added hydrazine hydrate (0.08 mol) and
the reaction was allowed to reflux for 3—4h. After com-
pletion of reaction, ethanol was removed under vacuum.
The crude residue was treated with ice cold water, separated
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solid was collected by filtration, washed with water, dried
and obtained products 7b, c.

Preparation of 2-(4-substituted)-1-(7-
(trifluoromethyl)-2-substitutedpyrido[2,3-d]
pyrimidin-4-yl)hydrazine (8a—f & 9a-e)

General procedure

Compound, 4-hydrazinyl-2-substituted-7-(trifluoromethyl)-
3,4-dihydropyrido[2,3-d]pyrimidine 7b, ¢ (0.01 mol) and
substituted aryl aldehyde (1.5 g, 0.01 mol) were taken in
ethanol, stirred at room temperature for 10 min then cata-
lytic amount of triethylamine (Et3N) (5 mg, 0.007 mol) were
added to the above mixture and refluxed for 24 h. The
progress of the reaction was monitored by TLC. After
completion of the reaction, the reaction mixture was
allowed to cool and diluted with ice cold water and then
extracted with ethyl acetate. The resultant solid was dried
and purified by column chromatography to obtain respec-
tive products 8a—f and 9a-e.

2-(4-Fluorobenzylidene)-1-(7-(trifluoromethyl)-2-
phenylpyrido[2,3-d]pyrimidin-4-yl)hydrazine (8a)

Yield: 88% (brown solid); m.p:180-182 °C; IR (KBr) cm™h:
3416 (NH), 3090 (aromatic-H), 1608 (C=N), 1563
(C=C); 'H NMR (CDCls, 400 MHz) & ppm: 4.73 (br, s,
1 H, -NH), 7.24 (m, 1 H, Ar—H), 7.32 (m, 1 H, Ar-H), 7.67
(m, 3H, Ar-H), 7.81 (s, 1H,=C-H), 841 (t, 2H, J=
9.781 Hz, Ar-H), 8.04 (d, 1 H, J=8.192 Hz, Ar-H), 8.82
(t, 2H, J=9.781 Hz, Ar—H), 9.16 (d, 1H, J=8.192 Hz,
Ar-H); ¥C NMR (CDCl; + DMSO-d,, 100 MHz) & ppm:
116.06, 116.28, 116.79, 120.42 (q, J =275.098 Hz) (CF3),
124.99, 127.08, 129.21, 130.10, 130.18, 130.37, 131.87,
132.74, 135.00, 150.27 (q, J=33.011Hz) (C-CFj),
154.56, 156.82; ESI-MS m/z: 412 (M + H), 434 (M + Na)

2-(4-Methoxybenzylidene)-1-(7-(trifluoromethyl)-2-
phenylpyrido[2,3-d]lpyrimidin-4-yl)hydrazine (8b)

Yield: 86% (light yellow solid); m.p: 187-189 °C; IR (KBr)
cm': 3413 (NH); '"H NMR (CDCl;, 400 MHz) & ppm: 3.89
(s, 3H, -OCHy), 7.01 (t, 2 H, /= 8.545 Hz, Ar-H), 7.63 (m,
5H, Ar-H), 7.80 (t, 2 H, J = 8.545 Hz, Ar-H), 8.19 (d, 1 H,
J=17.172HZ, Ar-H), 8.56 (s, 1 H,=C-H), 8.74 (d, 1H,
J=7.172Hz, Ar-H), 10.62 (br, s, 1 H, -NH); >*C NMR
(CDCl; + DMSO-dg, 100 MHz) & p.p.m.: 55.13, 114.13,
119.20 (q, J =275.090 Hz)(CF3), 126.85, 127.08, 128.85,
129.62, 131.72, 132.32, 134.54, 144.10, 15043 (q, J=
33.011 Hz, Ar-H) (C-CF;), 157.51, 161.83; ESI-MS m/z:
424 (M + H), 446 (M + Na)
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2-(4-(Trifluoromethyl)benzylidene)-1-(7-
(trifluoromethyl)-2-phenylpyrido[2,3-d]pyrimidin-4-
yhhydrazine (8c)

Yield: 79% (off white solid); m.p: 164-166 °C; IR (KBr)
cm™': 3428 (NH); 'H NMR (CDCls, 400 MHz) & ppm: 3.01
(br, s, 1 H, -NH), 7.04 (t, 1 H, Ar—H), 7.05 (m, 1 H, Ar—H),
7.48 (d, 1 H, J=8.087 Hz, Ar-H), 7.58 (t, 2 H, J=7.172 Hz,
Ar-H), 7.59 (m, 3H, Ar-H), 8.04 (t, 2H, J=7.172 Hz,
Ar-H), 848 (m, 1H, Ar—-H), 852 (d, 1H, J=28.087 Hz,
Ar-H); 3C NMR (CDCl; + DMSO-ds, 100 MHz) & ppm:
108.63, 122.92 (q, J=274.356 Hz) (CFs), 127.25, 129.30,
132.19, 135.32, 141.13, 142.36, 143.25, 149.711, 150.01
(q, J=33.011 Hz) (C-CF3), 157.14, 163.55, 168.71; ESI-MS
m/z: 462 (M + H), 484 (M + Na)

2-(4-Nitrobenzylidene)-1-(7-(trifluoromethyl)-2-
phenylpyrido[2,3-d]pyrimidin-4-yl)hydrazine (8d)

Yield: 87% (yellow solid); m.p: 210-212 °C; IR(KBr) cm ™ :
3431 (NH), 1608 (C =N), 1563 (C = C); 'H NMR (CDCl,,
400 MHz) & ppm: 4.40 (br, s, 1 H, -NH), 7.73 (m, 3 H,
Ar-H), 8.04 (d, 1 H, J = 8.697 Hz, Ar-H), 8.08 (t, 2H, J =
8.545 Hz, Ar-H), 8.33 (d, 1 H, J = 8.697 Hz, Ar-H), 8.40
(t, 2H, J=8.545Hz, Ar-H), 8.71 (s, 1 H, Ar-H), 8.79 (d,
1 H, Ar-H), 10.17 (s, 1 H, = C—-CH); '*C NMR (CDCl; +
DMSO-ds;, 100MHz) & p.p.m.: 115.14, 122.87 (q, J=
273.623 Hz)(CF3), 126.09, 127.64, 128.17, 128.86, 130.19,
139.57, 14425, 15131 (q, J=234.478Hz) (C—CF;),
156.52, 162.81, 163.95, 169.11; ESI-MS m/z: 439 (M + H),
461 (M + Na)

2-(4-Bromobenzylidene)-1-(7-(trifluoromethyl)-2-
phenylpyrido[2,3-d]pyrimidin-4-yl)hydrazine (8e)

Yield: 76% (off white solid); m.p: 171-173 °C; IR (KBr)
cm™': 3425 (NH); 'H NMR (CDCls, 400 MHz) & ppm: 3.11
(br, s, 1 H, NH), 7.64 (m, 4H, Ar-H), 7.75 (t, 2H, J=
8.087 Hz, Ar—H), 7.80 (d, 1 H, J=8.240 Hz, Ar-H), 8.18
(t, 2H, J=28.087 Hz, Ar-H), 8.57 (d, 1 H, Ar-H), 8.77 (d,
1 H, J = 8.240 Hz, Ar-H), 10.57 (s, 1 H, = C-H); '*C NMR
(CDCl; + DMSO-ds, 100MHz) & ppm: 120.21 (q, J=
275.824 Hz) (CF3), 125.17, 126.08, 127.75, 129.25, 130.58,
132.05, 133.09, 143.74, 150.17 (q, J=32.277Hz)
(C-CF3), 157.19, 160.84, 166.49, 169.85; ESI-MS m/z: 472
(M + H), 494 (M + Na)

2-(2-Chloro-4-fluorobenzylidene)-1-(7-
(trifluoromethyl)-2-phenyl-pyrido[2,3-d]pyrimidin-4-
yhhydrazine (8f)

Yield: 65% (dark yellow solid); m.p: 204-206 °C; IR (KBr)
cm ' 3416 (NH); '"H NMR (CDCl;, 400 MHz) & ppm: 3.12

(br, s, 1 H, -NH), 7.12 (t, 2 H, Ar-H), 7.30 (m, 3 H, Ar-H),
735 (t, 2H, J=7.934Hz, Ar-H), 748 d, 1H, J=
8.240Hz, Ar-H), 7.71 (t, 2H, J=7.934 Hz, Ar-H), 8.78
(d, 1H, J=8.240Hz, Ar-H), 8.95 (s, 1 H,=C-H); *C
NMR (CDCI; + DMSO-ds, 100 MHz) 6 ppm: 122.24 (q,
J=2717.291 Hz)(CF3), 126.56, 132.42, 134.68, 143.64,
14436, 149.07, 151.14 (q, J=32277Hz) (C-CFy),
154.25, 156.51, 162.92, 165.42, 169.46; ESI-MS m/z: 446
(M + H), 468 (M + Na)

2-(4-Fluorobenzylidene)-1-(7-(trifluoromethyl)-2-
(furan-2-yl)pyrido[2,3-d]pyrimidin-4-yl)hydrazine
(9a)

Yield: 89% (yellow brown solid); m.p: 224-226 °C; IR
(KBr) cm™': 3427 (NH); '"H NMR (CDCl;, 400 MHz) &
ppm: 4.74 (br, s, 1 H, -NH), 7.22 (d, 1 H, Ar-H), 7.67 (m,
2H, Ar-H), 783 (s, 1H,=C-H), 803 (d, 1H, J=
8.192 Hz, Ar-H), 8.16 (d, 1 H, J=28.192 Hz, Ar-H), 8.42
(t, 2H, J=7.947Hz, Ar-H), 8.82 (t, 2H, J=7.947 Hz,
Ar-H); '*C NMR (CDCl; + DMSO-d,, 100 MHz) & ppm:
104.24, 106.74, 108.74, 121.91 (q, J=275.090 Hz) (CF3),
129.86, 131.56, 132.42, 134.68, 149.07, 152.32 (q, J=
33.744Hz, Ar-H) (C-CF;), 154.25, 156.51, 162.92,
165.43, 168.08; ESI-MS m/z: 402 (M + H), 424 (M + Na)

2-(4-Methoxybenzylidene)-1-(7-(trifluoromethyl)-2-
(furan-2-yl)pyrido[2,3-d]pyrimidin-4-yl)hydrazine
(9b)

Yield: 75% (dark brown solid); m.p: 179—-181 °C; IR (KBr)
cm ' 3415 (NH); 'H NMR (CDCls, 400 MHz) & ppm: 3.89
(s, 3H, -OCH3), 7.00 (d, 1 H, J=7.934 Hz, Ar-H), 7.62
(m, 2H, Ar-H), 7.65 (t, 1H, Ar-H), 7.79 (t, 2H, J=
8.392 Hz, Ar-H), 8.18 (t, 2 H, J = 8.392 Hz, Ar-H), 8.57 (s,
1 H,=C-H), 8.74 (d, 1 H, J =7.934 Hz, Ar—H); '*C NMR
(CDCl; + DMSO-ds, 100MHz) & ppm: 55.76, 106.16,
108.04, 119.32 (q, J = 274.356 Hz)(CF3), 127.65, 129.48,
130.25, 132.96, 135.33, 142.24, 144.44, 149.47 (q, J=
33.743Hz) (C—CF;), 155.83, 158.09, 162.46, 165.08,
167.91; ESI-MS m/z: 414(M + H), 436 (M + Na)

2-(4-Bromobenzylidene)-1-(7-(trifluoromethyl)-2-
(furan-2-yl)pyrido[2,3-d]pyrimidin-4-yl)hydrazine
(9¢)

Yield: 88% (white solid); m.p: 204-206 °C; IR (KBr) cm™ L
3428 (NH); 'H NMR (CDCl;, 400 MHz) & ppm: 3.11 (br, s,
1 H, -NH), 6.72 (s, 1 H, Ar-H), 7.12 (t, 1 H, Ar-H), 7.28
(m, 2 H, Ar-H), 7.35 (d, 1 H, J = 7.934 Hz, Ar—H), 7.48 (d,
1H, J=8240Hz, Ar-H), 7.72 (d, 1H, J=7.934Hz,
Ar-H), 8.78 (d, 1 H, J = 8.240 Hz, Ar-H), 8.94 (s, | H, =
C-H); '3C NMR (CDCl; + DMSO-ds, 100 MHz) & ppm:
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106.47, 107.859, 108.85, 114.16, 119.02 (q, J=
275.090 Hz)(CF3), 124.18, 127.06, 132.20, 135.37, 136.52,
143.60, 144.56, 15191 (q, J=35.945Hz) (C—CF;),
153.92, 156.68, 160.56, 164.27, 168.36; ESI-MS m/z: 463
(M + H), 485 (M + Na)

2-(4-Nitrobenzylidene)-1-(7-(trifluoromethyl)-2-
(furan-2-yl)pyrido[2,3-d]pyrimidin-4-yl)hydrazine
(9d)

Yield: 68% (brown yellow solid); m.p: 151-153 °C; IR
(KBr) cm™": 3416 (NH); '"H NMR (CDCls, 400 MHz) &
ppm: 3.16 (br, s, 1 H, -NH), 7.73 (m, 2 H, Ar-H), 8.04 (d,
1H, J=8.697Hz, Ar-H), 8.08 (t, 2H, J=8.545Hz,
Ar-H), 8.33 (d, 1 H, J = 8.697 Hz, Ar-H), 8.40 (t, 2H, J =
8.545 Hz, Ar-H), 8.71 (s, 1 H, = C-H), 8.79 (t, 1 H, Ar-H);
13C NMR (CDCl; + DMSO-ds, 100 MHz) & ppm: 104.25,
104.98, 107.76, 120.56 (q, J =276.557 Hz)(CF3), 127.75,
129.32, 130.45, 132.05, 133.09, 149.09, 150.82 (q, J =
35.935 Hz) (C-CF;), 151.02; ESI-MS m/z: 429(M + H),
451 (M + Na)

2-(2-Chloro-4-fluorobenzylidene)-1-(7-
(trifluoromethyl)-2-(furan-2-yl)pyrido[2,3-d]
pyrimidin-4-yl)hydrazine (9e)

Yield: 89% (yellow solid); m.p: 183-185 °C; IR (KBr) cm b
3418 (NH); 'H NMR (CDCl;, 400 MHz) & ppm: 3.11 (br, s,
1 H, -NH), 6.72 (s, 1 H, Ar—H), 7.12 (t, 1 H, Ar-H), 7.28 (m,
2H, Ar-H), 7.35 (d, 1 H, J=7.934Hz, Ar-H), 7.48 (d,
1H, J=8240Hz, Ar-H), 7.72 (d, 1H, J=7.934 Hz,
Ar-H), 8.78 (d, 1H, J=8.240Hz, Ar-H), 8.94 (s, 1H,
Ar-H), 8.94 (s, 1 H, = C-H); '*C NMR (CDCl; + DMSO-
dg, 100 MHz) & ppm: 103.10, 106.74, 108.30, 118.91 (q, J
=275.090 Hz)(CF3), 126.76, 129.78, 131.68, 134.68,
142.26, 143.83, 148.90 (q, J = 35.945 Hz) (C-CF;) 149.07,
154.25, 154.44, 156.50, 162.43, 168.52; ESI-MS m/z: 436
(M + H), 458 (M + Na)

Preparation of 3-(substituted)-5-substituted-8-
(trifluoromethyl pyrido[3,2-e][1,2,4]triazolo [4,3-c]
pyrimidine derivatives (10a-f & 11a-e)

General procedure

Compound, 2-(4-substituted)-1-(7-(trifluoromethyl)-2-sub-
stituted pyrido[2,3-d]pyrimidin-4-yl)hydrazine 8a—f and
9a—e (54.5 mmol) were dissolved in dry THF (150 mL),
and Chloramine-T (18.5 g, 65.6 mmol) was added at room
temperature. The reaction mixture was heated to 60 °C for
1.5h. The reaction mixture was cooled to room tem-
perature and the organic phase was washed with 10 wt%
aq. sodium sulfite solution and then evaporated to
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dryness. The resultant solid was purified by column
chromatography to obtain respective products 10a—f
and 11a—e.

3-(Fluorophenyl)-5-phenyl-8-(trifluoromethyl)pyrido
[3,2-e][1,2,4]triazolo[4,3-c]pyrimidine derivatives
(10a)

Yield: 83% (yellow solid); m.p: 183-185 °C; IR (KBr) cm b
1608 (C =N), 1563 (C =C); '"H NMR (CDCl;, 400 MHz)
S ppm: 7.49 (m, 2 H, Ar-H), 7.66 (m, 3 H, A-H), 8.04 (d,
1H, J=8.19"2Hz, Ar-H), 8.41 (t, 2H, J=9.781 Hz,
Ar-H), 8.82 (t,2H, J=9.781 Hz, Ar-H),9.17 (d, 1 H, J =
8.192Hz, Ar-H); *C NMR (CDCl; + DMSO-d;,
100 MHz) & ppm: 116.08, 119.93 (q, J = 272.156 Hz)(CF;3),
124.61, 126.69, 129.950, 130.77, 139.07, 145.12, 149.89
(q, J=35.945Hz) (C-CF3), 151.42, 155.10, 155.69,
165.61, 167.96, 171.02; ESI-MS m/z: 410 M + H), 432 (M
+ Na)

2-(4-Methoxybenzylidene)-1-(7-(trifluoromethyl)-2-
(furan-2-yl)pyrido[2,3-d]pyrimidin-4-yl)hydrazine
derivatives (10b)

Yield: 75% (dark brown solid); m.p: 179-181 °C; IR(KBr)
cm: 1601 (C=N), 1578 (C=C); '"H NMR (CDCl,
400 MHz) & ppm: 3.89 (s, 3 H, -OCH3), 7.00 (d, 1 H, J =
7.934 Hz, Ar-H), 7.62 (m, 2 H, Ar-H), 7.65 (t, 1 H, Ar—H),
779 (t, 2H, J=8.392Hz, Ar-H), 8.18 (t, 2H, J=
8.392Hz, Ar-H), 8.57 (s, 1H,=C-H), 8.74 (d, 1H,
J=7934Hz, Ar-H); *C NMR (CDCl;+ DMSO-ds,
100 MHz) & ppm: 55.769, 106.160, 108.047, 119.327 (q, J
= 274.356 Hz) (CFs), 127.653, 129.489, 130.256, 132.960,
135.330, 142.247, 144.443, 149.473 (q, J=33.743 Hz)
(CF5), 155.830, 158.095, 162.464, 165.089, 167.914; ESI-
MS m/z: 414 (M + H), 436 (M + Na)

3-(4-(Trifluoromethyl)phenyl)-5-phenyl-8-
(trifluoromethyl)pyrido[3,2-e][1,2,4]triazolo[4,3-c]
pyrimidine derivatives (10c)

Yield: 85% (light yellow solid); m.p: 173-175 °C; IR(KBr)
em ! 1612 (C=N), 1568 (C=C); 'H NMR (CDCl;,
400 MHz) & ppm: 7.08 (t, 1H, Ar-H), 7.42 (d, 1H, J=
8.087 Hz, Ar-H), 7.56 (m, 3H, Ar-H), 7.62 (t, 2H, J=
7.172 Hz, Ar-H), 8.06 (t, 2H, J=7.172 Hz, Ar—H), 8.48
(m, 1H, Ar—H), 8.52 (d, 1H, J=8.087Hz, Ar-H); 1*C
NMR (CDCl; 4+ DMSO-ds, 100MHz) & ppm: 114.09,
119.27 (q, J = 275.824 Hz)(CF5), 124.56, 125.81, 126.08,
127.61, 128.05, 129.34, 130.19, 134.93, 135.10, 137.85,
138.72, 143.24, 149.08 (q, J=38.146Hz) (C—CF;),
150.26, 151.04, 151.66, 154.59, 155.69, 165.65; ESI-MS
m/z: 460 (M + H), 482 (M + Na)
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3-(Nitrophenyl)-5-phenyl-8-(trifluoromethyl)pyrido
[3,2-e][1,2,4]triazolo[4,3-c]pyrimidine derivatives
(10d)

Yield: 89% (yellow solid); m.p: 232-234 °C; IR(KBr) em™ b
1614 (C =N), 1558 (C =C); 'H NMR (CDCl;, 400 MHz)
& ppm: 7.72 (m, 3H, Ar-H), 8.04 (d, 1H, J=8.697 Hz,
Ar-H), 8.08 (t, 2H, J = 8.545 Hz, Ar-H), 8.33 (d, 1 H, J =
8.697 Hz, Ar-H), 8.40 (t, 2H, J = 8.545Hz, Ar-H), 8.74
(m, 2 H, Ar-H); *C NMR (CDCl; + DMSO-d,, 100 MHz)
& ppm: 123.17 (q, J=275.82 Hz)(CF;), 124.85, 126.01,
127.025, 128.93, 129.86, 130.26, 132.77, 134.25, 149.75
(q, J=238.879Hz) (C-CF;), 150.92, 152.60, 153.34,
155.88, 156.87, 160.52, 163.92, 166.17; ESI-MS m/z: 437
(M + H), 459 (M + Na).

3-(Bromophenyl)-5-phenyl-8-(trifluoromethyl)pyrido
[3,2-e][1,2,4]triazolo[4,3-c]pyrimidine derivatives
(10e)

Yield: 69% (yellow solid); m.p: 196-198 °C; IR(KBr) cm™:
1602 (C=N), 1566 (C=0C), '"H NMR (CDCl3, 400 MHz)
S ppm: 7.62 (m, 3 H, Ar-H), 7.71 (m, 2 H, Ar—H), 7.75 (d,
1H, J=8.240Hz, Ar-H), 7.80 (d, 1H, J=8.240Hz,
Ar-H), 8.17 (t, 2H, J=7.324 Hz, Ar-H), 8.77 (t, 2H, J =
7324Hz, Ar-H); '“C NMR (CDCl;+ DMSO-dj,
100 MHz) & ppm: 114.82, 117.61 (q, J = 277.291 Hz)(CF5),
125.70, 126.43, 127.85, 129.875, 130.84, 132.91, 135.92,
143.93, 15093 (q, J=32.277Hz) (C-CF;), 155.24,
156.20, 159.89, 165.75, 166.51; ESI-MS m/z: 470 (M + H),
492 (M + Na)

3-(2-Chloro-4-fluorophenyl)-5-phenyl-8-
(trifluoromethyl)pyrido[3,2-e][1,2,4]triazolo[4,3-c]
pyrimidine derivatives (10f)

Yield: 81% (brown solid); m.p: 247-249 °C; IR(KBr) cm
1611 (C =N), 1559 (C =C); 'H NMR (CDCl;, 400 MHz)
S ppm: 7.12 (m, 2 H, Ar-H), 7.32 (m, 5 H, Ar—H), 7.49 (d,
1H,J=28.087Hz, Ar—H), 7.72 (s, 1 H, Ar—H), 8.78 (d, 1 H,
J=8.087Hz, Ar-H); *C NMR (CDCl;+ DMSO-ds,
100 MHz) & ppm: 114.07, 118.71 (q, J = 275.824 Hz)(CF;3),
124.29, 125.27, 127.54, 128.44, 129.92, 130.45, 132.52,
135.86, 138.98, 144.04, 14994 (q, J=36.679Hz)
(C-CF3), 152.60, 155.37, 165.12, 167.64; ESI-MS m/z: 444
(M + H), 466 (M + Na)

3-(4-Fluorophenyl)-5-furyl-8-(trifluoromethyl)pyrido
[3,2-e][1,2,4]triazolo[4,3-c]pyrimidine derivatives
(11a)

Yield: 90% (yellow solid); m.p: 236-238 °C; IR(KBr) cm
1603 (C =N), 1560 (C =C); '"H NMR (CDCl;, 400 MHz)

8 ppm: 7.67 (m, 3H, Ar-H), 8.03 (d, 1H, J=8.192 Hz,
Ar-H), 8.16 (d, 1 H, J=8.192 Hz, Ar-H), 8.41 (t, 2H, J =
14.305 Hz, Ar-H), 8.82 (t, 2 H, J = 14.305 Hz, Ar-H); 1*C
NMR (CDCl; + DMSO-d;, 100MHz) & ppm: 104.25,
107.76, 116.89 (q, J = 275.824 Hz)(CF), 124.15, 125.17,
127.75, 129.25, 133.00, 142.40, 143.52, 150.12 (q, J=
33.011Hz) (C-CF3), 152.57, 153.69, 155.32, 163.19,
166.49; ESI-MS m/z: 400 (M + H), 422 (M + Na)

3-(4-Methoxyphenyl)-5-furyl-8-(trifluoromethyl)
pyrido[3,2-e][1,2,4]triazolo[4,3-c]pyrimidine
derivatives (11b)

Yield: 83% (brown yellow solid); m.p: 189-191°C; IR
(KBr) cm™!: 1612 (C=N), 1561 (C=C); 'H NMR
(CDCl;, 400 MHz) & ppm: 3.89 (s, 3 H, -OCH3), 8.73 (d,
1H, J=7.934Hz, Ar-H), 8.17 (t, 2H, J=15.432Hz),
7.79 (t, 2H, J=15.432Hz, Ar-H), 7.62 (m, 3 H, Ar—H),
7.01 (d, 1 H, J=7.934Hz, Ar-H); *C NMR (CDCl; +
DMSO-ds, 100MHz) & p.p.m.: 55.76, 106.16, 108.60,
114.76, 121.53 (q, J = 274.356 Hz)(CF3), 127.49, 129.48,
130.25, 132.96, 135.22, 141.38, 143.51, 149.04 (q, J=
37.412Hz) (C—CF3), 152.03, 156.29, 158.14, 162.52,
165.79; ESI-MS m/z: 412 (M + H), 434 (M + Na)

3-(4-Bromophenyl)-5-furyl-8-(trifluoromethyl)pyrido
[3,2-e][1,2,4]triazolo[4,3-c]pyrimidine derivatives
(11¢)

Yield: 78% (white solid); m.p: 183-185 °C; IR(KBr) cm™:
1614 (C =N), 1559 (C =C); 'H NMR (CDCl;, 400 MHz)
S ppm: 7.50 (d, 1 H, Ar-H), 7.64 (m, 2 H, Ar-H), 7.80 (d,
1H, J=8240Hz, Ar-H), 8.18 (t, 2H, J=137.324 Hz,
Ar-H), 8.77 (d, 1 H, J = 8.240 Hz, Ar-H), 7.70 (t, 2H, J =
17.324Hz, Ar-H); "“C NMR (CDCl; + DMSO-dj,
100MHz) & p.p.m.: 10597, 107.37, 12030 (q, J=
275.090 Hz)(CF3), 127.40, 129.53, 132.19, 135.19, 142.89,
143.71, 149.90 (q, J = 35.212 Hz) (C-CF3),152.22, 154.88,
157.14, 166.06; ESI-MS m/z: 459 (M + H), 481 (M + Na)

3-(4-Nitrophenyl)-5-furyl-8-(trifluoromethyl)pyrido
[3,2-e][1,2,4]triazolo[4,3-c] pyrimidine derivatives
(11d)

Yield: 67% (yellow solid); m.p: 204-206 °C; IR(KBr) cem b
1606 (C =N), 1564 (C =C); '"H NMR (CDCl;, 400 MHz)
o ppm: 6.73 (d, 1 H, Ar-H), 7.73 (m, 2 H, Ar-H), 8.04 (d,
1H, J=8.697Hz, Ar-H), 8.08 (t, 2H, J=14.325Hz,
Ar-H), 8.33 (d, 1 H, J=8.697 Hz, Ar-H), 8.40 (t, 2H, J =
14325Hz, Ar-H); '3C NMR (CDCl; + DMSO-dq,
100MHz) & ppm: 106.57, 108.05, 118.52 (q, J=
275.090 Hz)(CF3), 124.37, 126.72, 128.69, 135.74, 138.50,
143.88, 145.67, 149.81 (q, J=38.146Hz) (C-CF3),
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152.30, 154.18, 155.23, 166.29; ESI-MS m/z: 427 (M + H),
449 (M + Na)

3-(2-Chloro-4-fluorophenyl)-5-furyl-8-
(trifluoromethyl)pyrido[3,2-e][1,2,4] triazolo[4,3-c]
pyrimidine derivatives (11e)

Yield: 82% (yellow solid); m.p: 232-234 °C; IR(KBr) cem ™
1609 (C =N), 1565 (C =C); '"H NMR (CDCl;, 400 MHz)
o ppm: 7.12 (m, 2 H, Ar-H), 7.32 (m, 3 H, Ar-H), 7.49 (d,
1H, J=8392Hz, Ar-H), 7.72 (d, 1H, J=28.392Hz,
Ar-H), 8.78 (s, 1 H, Ar—H); '3C NMR (CDCl; + DMSO-dj,

100MHz) & ppm: 10524, 107.44, 11597 (q,
J=276.557 Hz)(CFz), 124.40, 130.22, 131.73, 132.77,
134.48, 143.67, 144.611, 150.09 (q, J=37.412Hz)

(C—CF3), 152.60, 153.34, 155.04, 165.87, 166.17; ESI-MS
m/z: 434 (M + H), 456 (M + Na)

Biological assay
Antifungal activity assay

Both the synthesized novel 4-hydrazone functionalized
pyrido[2,3-d]pyrimidine derivatives (8a—f and 9a—e) and
1,2,4-triazole fused pyrido[2,3-d]pyrimidine derivatives
(10a—f and 11a—e) were evaluated for their anti-Candida
activity (Kamal et al. 2015; Document M27, 4th Ed. CLSI
2006, 2017) against various Candida strains including
Candida albicans MTCC 227, C. albicans MTCC 1637, C.
albicans MTCC 3017, C. albicans MTCC 3018, C. albi-
cans MTCC 4748, C. albicans MTCC 7315, C. para-
psilosis MTCC 1744, C. glabrata MTCC 3019, C. krusei
MTCC 3020 and Issatchenkia hanoiensis MTCC 4755. All
the yeast strains were cultured in Muller Hinton broth for
24h at 37°C. The cells of the grown Candida strains
(equivalent to 0.5 McFarland standard) of 1 x 10° cfu/ml
were seeded onto the Muller Hinton agar plates. Wells of
6 mm were made with a sterile borer and the derivatives
(8a—f and 9a-e) and (10a—f and 11a—e) were added in a
concentration range of 250-0.9 ug/ml. The derivative loa-
ded plates were incubated at 37 °C for 24 h in an incubator.
Later the wells with lowest concentration of the derivatives
showing zone of inhibition are considered to represent the
minimum inhibitory concentration (MIC). All the experi-
ments were performed in triplicates and the average values
are represented in Tables 3-5.

Minimum Fungicidal Concentration assay
Micro centrifuge tubes of 2 mL were used for determining
the minimum fungicidal concentration (Kamal et al. 2015)

for novel 4-hydrazone functionalized pyrido[2,3-d]pyr-
imidine derivatives and 1,2,4-triazole fused pyrido[2,3-d]
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pyrimidine derivatives. The dose ranges were prepared in
Muller Hinton broth to which the overnight grown cells of
the above listed Candida strains were added to attain a
density of 1x10° cfu mL~'. Later the compound treated
suspension was seeded onto the Muller Hinton agar plates
to incubate at 37 °C for 24 h. The least concentration of the
test derivative that killed the Candida strains was con-
sidered as MFC. All test experiments were carried in tri-
plicates and the mean values were represented as MFC in
the Tables 6-8.

Ergosterol quantification assay
Procedure

The derivatives 10f, 11d and 1le were analyzed for
quantification of the ergosterol content in Candida para-
psilosis MTCC 1744 and C. krusei MTCC 3020. The total
sterol content in the Candida strains treated with the
derivatives namely, 10f, 11d and 11e was quantified by
extraction method of Breivik and Owades (1957) with
slight modifications. The tested Candida strains were
inoculated into conical flasks with 50 mL of Sabouraud
dextrose broth containing 0, 5, 10, and 20 ug/mL of each
of the derivatives, 10f, 11d and 11e. Further, these cul-
tures were incubated overnight at 37 °C and agitation at
150 rpm. After incubation, the cell pellet of each Candida
strain was collected into separate glass tubes and the net
weight was measured. Alcoholic potassium hydroxide
(25%) was added to the pellets, vortexed well and heated
at 85 °C for 1 h in water bath. The resulting suspensions of
each Candida strain was homogenized in distilled water:
n-heptane (1:3) by vortexing. This enables the separation
of the sterols into the heptane layer. These heptane frac-
tions containing sterols were collected and stored at
—20°C for 24h. These heptane fractions were subse-
quently diluted with ethanol and subjected to absorbance
measurements. Absorbance of the extracted sterols was
recorded between 240 and 300 nm employing UV-Visible
spectrophotometer (Lambda 25, PerkinElmer, Shelton,
CT, USA). These spectra are characteristic patterns of the
ergosterol and a late sterol pathway intermediate [24(28)
dehydroergosterol] and their quantities. At 281.5 nm,
ergosterol and 24(28)dehydroergosterol (DHE) showed
absorbance. While 24(28) DHE showed higher absor-
bance at 230 nm. Thus, the percentage of total ergosterol
present in the control and untreated Candida strains can
be quantified by calculating the total ergosterol 4 24(28)
DHE content, and later eliminating this by subtraction
from the total characteristic absorption of 24(28)DHE.
The ergosterol content in the test Candida strains treated
with 10f, 11d and 11e derivatives was calculated using the
following equations:
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Percentage of ergosterol + Percentage of 24(28) DHE =
[(Absorbance at 281.5/ Absorbance at 290) x F] / Cell pellet
weight of Candida strains

Percentage of 24(28) DHE = [(Absorbance at 230/
518) x F] / Cell pellet weight of Candida strains

Thus, Percentage of ergosterol = [Percentage of ergosterol
+ Percentage of 24(28) DHE] - Percentage of 24(28) DHE

Where, F = dilution factor in ethanol, and 290 and 518
are the E values (in percentages per cm) determined for
crystalline ergosterol and 24(28)DHE, respectively.

Computational studies

Docking studies were performed to identify the interactions of
the most active compounds viz., 10f, 11d and 1le with the
crystal structure of sterol 14-alpha demethylase (CYP51) from
a pathogenic yeast Candida albicans strain SC5314 in com-
plex with the antifungal drug posaconazole (PDB ID: 5FSA)
using Molegro Virtual Docker (Thomsen and Christensen
2006) (installed on an Intel Centrino Machine, Intel Cor-
poration, Santa Clara, CA, USA). All the ligand structures
were constructed using Chem3D ultra8.0 software, and then
these structures were energetically minimized by using
MOPAC (semi-empirical quantum mechanics), Jop Type with
100 iterations and minimum RMS gradient of 0.01, and saved
as protein data bank (.pdb) format. The pre-downloaded PDB
structure of protein (SFSA) was imported to the workspace. To
obtain better potential binding sites in the protein, a maximum
of five cavities were detected using parameters such as
molecular surface (expanded Vander Waals), maximum
number of cavities (rn=15), minimum cavity volume (10),
maximum cavity volume (10000), probe size (1.20), max-
imum number of ray checks (n = 16), minimum number of
ray hits (n = 12), and grid resolution (0.30). The chosen cavity
was further refined using side-chain minimization by selecting
the add-visible option at a maximum of steps per residue
(10000) and a maximum of global steps (10000). The setup for
side-chain flexibility by selection of the add-visible option, the
setting for the selected flexible side chain residues of max-
imum 15 during the docking option, and other parameters, all
were kept in default. The binding site on the receptor was
defined as extending in X =15.90, Y=11.73, and Z=18.01
directions around the Dock molecule with a radius of
approximately 15.00 A°. The Mol Dock optimization search
algorithm with a maximum of ten runs was used through the
calculations, with all other parameters kept as defaults. One
pose per run was retained based on root mean square division
clustering using a heavy atom threshold set at 1.0 A° and an
energy penalty of 100. Docking results showed that com-
pounds and having highest MolDock scores, Rerank scores,
hydrogen bond energies and protein-ligand interactions are
shown in the Table 9. Validation of docking studies was done
using active co-crystal ligand as shown in Fig. 2.

Fig. 2 Validation of docking with active co-crystal ligand

Results and discussion
Chemistry

Synthesis of novel pyrido[2,3-d]pyrimidine 4-hydrazone
derivatives (8a—f and 9a—e) involve a series of steps. Ethyl
2-cyanoacetate on reaction with HCl gas in ethanol and
diethyl ether (1:4) resulted hydrochloride salt of ethyl 3-
amino-3-ethoxyacrylate 1 on neutralization obtained ethyl
3-amino-3-ethoxyacrylate 2. Compound 2 on reaction with
4-butoxy-1,1,1-trifluorobut-3-en-2-one in ethanol in the
presence of ammonium acetate resulted ethyl 2-amino-6-
(trifluoromethyl) nicotinate 3. The sequence of reaction
mainly involves the attack of ammonia on p-carbon of
compound 2 from ammonium acetate followed by elim-
ination of ethanol to form 3,3-diamino ethyl acrylate in situ.
This was followed by reaction with n-butyl vinyl acetyl
ether to form product 3. The 3,3-diamino ethyl acrylate
amine nucleophile selectively attacks on vinyl carbon of n-
butyl vinyl trifluoro acetyl ether followed by elimination of
n-butanol and cyclization to form product 3. (Scheme 1)

Compound 3 on reaction with different aryl acid chlor-
ides in the range of 60-120°C resulted ethyl 2-(sub-
stituted)-6-(trifluoromethyl) pyridine-3-carboxylate 4a-b.
Further, compounds 3 or 4a—b in formamide at 140-150 °C
obtained 2-substituted-7-(trifluoromethyl) pyrido[2,3-d]
pyrimidin-4(3 H)-one derivatives 5a—c. Compounds 5Sa—c
were treated with thionyl chloride under reflux for 3h,
resulted 4-chloro-2-substituted—7-(trifluoromethyl)-3,4-
dihydro pyrido[2,3-d]pyrimidine derivatives 6a—c and was
further reacted with hydrazine hydrate in ethanol under
reflux condition obtained 4-hydrazinyl-2-substituted-7-(tri-
fluoromethyl)-3,4-dihydropyrido[2,3-d]pyrimidine deriva-
tives 7b—c. Compounds 7b and 7c¢ were independently
reacted with different substituted aryl aldehydes in ethanol
in presence of triethyl amine at reflux and obtained 2-
substituted pyrido[2,3-d]pyrimidine 4-hydrazone deriva-
tives 8a—f and 9a—e, respectively. Synthetic pathways for
the formation of all the derivatives represented in Scheme 2
and the physical properties of products were tabulated in
Table 1.

Chloramine-T was prepared in situ by treating p—toluene
sulfonamide and aqueous sodium hypochlorite at 0 °C for
1-2 h, followed by addition of compounds 8a—f & 9a—e in
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Scheme 1 Synthesis of ethyl 2-
amino-6-(trifluoromethyl)
nicotinate
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Scheme 2 Synthetic pathways for 2-phenyl-7-(trifluoromethyl)pyrido[2,3-d]pyrimidine derivatives (8a—f) and 2-furyl-7-(trifluoromethyl)pyrido

[2,3-d]pyrimidine derivatives (9a—e)

dry THF yielded 3-substituted 1,2,4-triazole fused pyrido
[2,3-d]pyrimidine  derivatives 10a—f and 1la-e.
Chloramine-T afforded rapid conversions and high yields in
most solvents. Synthetic pathways of all the derivatives
were represented in Scheme 3 and the physical properties of
products were tabulated in Table 2.

Antifungal activity

Two sets of final compounds such as 4-hydrazone func-
tionalized pyrido[2,3-d]pyrimidine derivatives (8a—f, 9a—e)
and 1,2,4-triazole fused pyrido[2,3-d]pyrimidine derivatives
(10a—f, 11a—e) were screened in vitro against ten fungal
pathogenic strains such as C. albicans MTCC 227, C.
albicans MTCC 1637, C. albicans MTCC 3017, C.

@ Springer

Table 1 Physical properties of 2-substituted 4-hydrazone
functionalized pyrido[2,3-d]pyrimidine (8a—f and 9a—e)

S.No. Compd No. R R! R? Yield (%)
1 8a C¢Hs H F 88

2 8b CeHs H OCHj; 86

3 8c C¢Hs H CF; 79

4 8d CeHs H NO, 87

5 8e CeHs H Br 76

6 8f C¢Hs Cl F 65

7 9a C,H;0 H F 89

8 9b C,H;0 H OCHj; 75

9 9c C,H;0 H Br 88

10 9d C,H;0 H NO, 68

11 9e C,H;0 Cl F 89
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F.C | N N/)\ THF, 60°C FsC
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8a-f & 9a-e o 10a-f & 11a-e o

R:Ph?R=E/f R=Ph; R= M
Ry =H,-Cl Ry =H,-CI

R, = -F, -OCH,-CF3, -Br, -NO, R, = -F, -OCHg,-CFy, -Br, -NO,

Scheme 3 Synthetic pathways for triazole fused 7-(trifluoromethyl)
pyrido[2,3-d]pyrimidine derivatives (10a—f and 11a—e)

Table 2 Physical properties of triazole functionalized pyrido[2,3-d]
pyrimidine derivatives (10a—f and 11a—e)

S.No. Compd No. R R! R? Yield (%)
1 10a CeHs H F 83
2 10b CeHs H OCH;,4 79
3 10c CeH; H CF; 85
4 10d CeHs H NO, 89
5 10e CeHs H Br 69
6 10f CeHs Cl F 81
7 11a C4H;0 H F 90
8 11b C,H;0 H OCH;, 83
9 11c C4H;0 H Br 67
10 11d C,H;0 H NO, 78
11 11e C4H;0 cl F 82

albicans MTCC 3018, C. albicans MTCC 4748, C. albi-
cans MTCC 7315, C. parapsilosis MTCC 1744, C. glab-
rata MTCC 3019, C. krusei MTCC 3020 and
Issatchenkiahanoiensis MTCC 4755 using Miconazole as
standard. Among all the 4-hydrazone functionalized pyrido
[2,3-d]pyrimidine derivatives (8a—f, 9a—e), compounds 8c,
8f and 9c¢ showed promising activity and more specifically,
compound 8f showed excellent antifungal activity against
all the fungal strains at MIC value of 3.9 ug/mL, except for
C. albicans MTCC 227, C. albicans MTCC 7315 and C.
parapsilosis MTCC 1744 and is equal to standard Mico-
nazole. Similarly, compound 9c¢ showed high activity
against C. albicans MTCC 3018, C. albicans MTCC 4748
and C. glabrata MTCC 3019 with MIC value of 3.9 pg/mL.
Compound 8c also showed high activity against C. glabrata
MTCC 3019 and Issatchenkiahanoiensis MTCC 4755 with
MIC value of 3.9 ug/mL. The order of activity of com-
pounds is found to be 8c < 9c¢ < 8f. Further, among all the
1,2,4-triazole fused pyrido[2,3-d]pyrimidine derivatives
(10a—f, 11a—e), compounds 10f, 11d and 1le showed
excellent activity against all the fungal strains at the MIC
value of 3.9 ug/mL except for C. albicans MTCC 7315, C.
parapsilosis MTCC 1744, which is equal to the standard
Miconazole. The order of activity is found to be 10f < 11d
= 11e. The antifungal activity data of compounds 8a—f and

9a—e were tabulated in Table 3 and the antifungal activity
data of compounds 10a—f and 1la—e were tabulated in
Table 4 and the antifungal activity data of promising
compounds (8¢, 8f, 9¢c, 10f, 11d and 11e) were tabulated in
Table 5.

Minimum fungicidal Concentration (MFC)

Compounds in each series were further screened for mini-
mum fungicidal concentration against all the ten Candida
strains. In 4-hydrazone functionalized pyrido[2,3-d]pyr-
imidine series, compound 8f showed excellent fungicidal
activity against all the organisms except C. albicans MTCC
227, C. albicans MTCC 7315, C. parapsilosis MTCC 1744
at MFC value of 7.8 ug/mL and is equal to the standard
Miconazole. Compound 9c¢ showed high activity against
C. albicans MTCC 3018, C. albicans MTCC 4748 and
C. glabarata MTCC 3019 at MFC value of 7.8 pg/mL.
Similarly, compound 8¢ showed activity against C. glabrata
MTCC 3019 and Issatchenkia hanoiensis MTCC 4755 at
MFC value of 7.8 ug/mL. The order of activity is confirmed
as 8f>9c>8c. Screening of 1,2,4-triazole functionalized
pyrido[2,3-d]pyrimidine derivatives against these various
Candida strains showed that, compound 11d showed
excellent activity against all the tested strains at MFC value
of 3.9pg/mL, except for C. albicans MTCC 7315, C.
parapsilosis MTCC 1744 which is more than the standard
Miconazole. Compounds 11e and 10f also showed good
activity against all the Candida strains at MFC value of
7.8 ug/mL. The order of activity is confirmed as 11d > 11e
=10f. The minimum fungicidal concentration (MFC) data
of compounds 8a—f and 9a—e were tabulated in Table 6 and
the minimum fungicidal concentration (MFC) data of
compounds 10a—f and 11a—e were tabulated in Table 7 and
the minimum fungicidal concentration (MFC) data of pro-
mising compounds (8c, 8f, 9¢, 10f, 11d and 1le) were
tabulated in Table 8.

Structure-Activity Relationship (SAR)

The structure verses activity of promising 4-hydrazone
functionalized pyrido[2,3-d]pyrimidine derivatives 8f, 9c
and 8c revealed that, the presence of 2-chloro and 4-fluoro
combination (compound 8f) promoted promising antifungal
activity. In the absence of chlorine and fluorine, a furyl
substituent in 2nd position of pyrido[2,3-d]pyrimidine and
4-bromo in 4-hydrazone phenyl (compound 9c¢) also
favoured high antifungal activity. Alternatively, the pre-
sence of 4-CFj3 in 4-hydrazone phenyl (compound 8c) also
showed high activity. Similarly, the structure verses activity
of promising 1,2,4-triazole fused pyrido[2,3-d]pyrimidine
derivatives (10f, 11d and 11e) revealed that, the presence of
4-fluoro-2-chlorophenyl triazole and 2-furyl substituent in
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Table 3 Antifungal activity of

the synthesized derivatives (8af Test Compounds Minimum inhibitory concentration (MIC, pg/ml)

and 9a-e) Ca® Cd Ccda Ca¢ ca¢ cd cpt Ccg' ck LW
8a >125  >125 >125 >125 >125 >125 >125 >125 >125 >125
8b >125  >125 >125 >125 >125 >125 >125 >125 >125 >125
8c >125 7.8 >125  >125 >125 >125 >125 39 7.8 39
8d >125  >125 >125 >125 >125 >125 >125 >125 >125 >125
8e >125  >125 >125 >125 >125 >125 >125 >125 >125 >125
8f >125 39 39 39 39 >125 >125 39 39 39
9a >125  >125 >125 >125 >125 >125 >125 >125 >125 >125
9b >125  >125 >125 >125 >125 >125 >125 >125 >125 >125
9c >125 7.8 >125 39 39 >125 >125 39 >125  >125
9d >125  >125 >125 >125 >125 >125 >125 >125 >125 >125
9e >125  >125 >125 >125 >125 >125 >125 >125 >125 >125

Miconazole (Standard) 3.9 39 39 39 39 39 3.9 39 39 39

C. albicans MTCC 227

°C. albicans MTCC 1637

°C. albicans MTCC 3017

4C. albicans MTCC 3018

°C. albicans MTCC 4748

'C. albicans MTCC 7315

£C. parapsilosis MTCC 1744

he. glabrata MTCC 3019

iC. krusei MTCC 3020

IIssatchenkia hanoiensis MTCC 4755

Table 4 Antifungal activity of

the synthesized derivatives Test Compounds Minimum inhibitory concentration (MIC, pg/ml)

(10a—f and 11a-e) Ca® Cd Cda Ca® Cca¢ Ccd cpt Ccg' ck LW
10a >125  >125 >125 >125 >125 >125 >125 >125 >125 >125
10b >125  >125 >125 >125 >125 >125 >125 >125 >125 >125
10c >125  >125 >125 >125 >125 >125 >125 >125 >125 >125
10d >125  >125 >125 >125 >125 >125 >125 >125 >125 >125
10e >125  >125 >125 >125 >125 >125 >125 >125 >125 >125
10f 39 7.8 3.9 39 3.9 7.8 156 39 39 3.9
11a >125  >125 >125 >125 >125 >125 >125 >125 >125 >125
11b >125  >125 >125 >125 >125 >125 >125 >125 >125 >125
11c >125  >125 >125 >125 >125 >125 >125 >125 >125 >125
11d 39 39 3.9 39 3.9 7.8 156 39 39 39
11e 39 39 3.9 39 3.9 7.8 156 39 39 39

Miconazole (Standard) 3.9 3.9 3.9 39 3.9 39 3.9 3.9 39 3.9

AC. albicans MTCC 227

°C. albicans MTCC 1637

°C. albicans MTCC 3017

4¢. albicans MTCC 3018

°C. albicans MTCC 4748

fC. albicans MTCC 7315

C. parapsilosis MTCC 1744

be. glabrata MTCC 3019

iC. krusei MTCC 3020

ilssatchenkia hanoiensis MTCC 4755
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Zg;brlgosun?lstgcu,ngg ! 9&??/32/ f lf d Test compounds Minimum inhibitory concentration (ug/mL)

and 1le Ca® Cd* Cda Ca® Ca¢ Ccd cpt Ccg' ck LW
8c — 7.8 - — — — — 3.9 7.8 3.9
8f — 39 39 39 39 — — 39 39 3.9
9¢ — 7.8 — 3.9 39 — — 39 — —
10f 39 7.8 39 39 39 7.8 156 39 39 3.9
11d 39 39 39 3.9 39 7.8 156 39 39 3.9
11e 39 39 39 39 39 7.8 156 39 39 39
Miconazole (control) 3.9 39 39 39 39 39 3.9 39 39 3.9
C. albicans MTCC 227
°C. albicans MTCC 1637
°C. albicans MTCC 3017
4C. albicans MTCC 3018
¢C. albicans MTCC 4748
'C. albicans MTCC 7315
£C. parapsilosis MTCC 1744
heC. glabrata MTCC 3019
IC. krusei MTCC 3020
IIssatchenkia hanoiensis MTCC 4755

Izglczriri\ggﬁr?&r; Cf;lr;gflflll(ial Test Compounds Minimum fungicidal concentration (MFC, pg/ml)

synthesized derivatives (8a—f Ca® Cd Cca& ca' ca cd cpt Ccgt kLW

and 9a-e)
8a >125  >125 >125 >125 >125 >125 >125 >125 >125 >125
8b >125 >125 >125 >125 >125 >125 >125 >125 >125 >I25
8c >125 156 >125 >125 >125 >125 >125 7.8 156 78
8d >125  >125 >125 >125 >125 >125 >125 >125 >125 >125
8e >125  >125 >125 >125 >125 >125 >125 >125 >125 >125
8f >125 7.8 7.8 7.8 7.8 >125 >125 7.8 7.8 7.8
9a >125 >125 >I125 >125 >125 >125 >125 >125 >125 >I25
9b >125  >125 >125 >125 >125 >125 >125 >125 >125 >125
9¢ >125 156 >125 7.8 7.8 >125 >125 7.8 >125  >125
9d >125  >125 >125 >125 >125 >125 >125 >125 >125 >125
9e >125  >125 >125 >125 >125 >125 >125 >125 >125 >125
Miconazole (Standard) 7.8 7.8 7.8 7.8 7.8 7.8 7.8 7.8 7.8 7.8

4C. albicans MTCC 227

°C. albicans MTCC 1637
°C. albicans MTCC 3017
4¢. albicans MTCC 3018
¢C. albicans MTCC 4748

fC. albicans MTCC 7315

8C. parapsilosis MTCC 1744
h¢. glabrata MTCC 3019

iC. krusei MTCC 3020

IIssatchenkia hanoiensis MTCC 4755
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Table 7 Minimum fungicidal
concentration (MFC) of the
synthesized derivatives (10a—f
and 11a-e)

Table 8 Minimum fungicidal
concentration (MFC) of
compounds 8¢, 8f, 9¢, 10f, 11d
and 1le

@ Springer

Test Compounds

Minimum fungicidal concentration (MFC, pg/ml)

Ca® Cd® Ca Ca® Ca¢ Cd cpt Ccg'  ck LW
10a >125 >125 >125 >125 >125 >125 >125 >125 >125 >125
10b >125  >125  >125 >125 >125 >125 >125 >125 >125 >125
10c >125 >125 >125 >125 >125 >125 >125 >125 >125 >125
10d >125  >125  >125 >125 >125 >125 >125 >125 >125 >125
10e >125  >125  >125 >125  >125 >125 >125 >125 >125 >125
10f 7.8 15.6 7.8 7.8 7.8 15.6 31.2 7.8 7.8 7.8
11a >125 >125  >125 >125 >125 >125 >125 >125 >125 >125
11b >125 >125 >125 >125 >125 >125 >125 >125 >125 >125
11c >125  >125  >125 >125 >125 >125 >125 >125 >125 >125
11d 7.8 7.8 7.8 7.8 7.8 15.6 15.6 7.8 7.8 7.8
11e 7.8 7.8 7.8 7.8 7.8 7.8 7.8 7.8 7.8 7.8
Mic 7.8 7.8 7.8 7.8 7.8 7.8 7.8 7.8 7.8 7.8
Mic Miconazole (standard)
4C. albicans MTCC 227
°C. albicans MTCC 1637
°C. albicans MTCC 3017
4C. albicans MTCC 3018
C. albicans MTCC 4748
fC. albicans MTCC 7315
£C. parapsilosis MTCC 1744
hC. glabrata MTCC 3019
IC. krusei MTCC 3020
JIssatchenkia hanoiensis MTCC 4755
Test compounds Minimum fungicidal concentration (ug/mL)

Ca® Cd Cda¢ Cda? ca¢ Ccd cpt Ccg' ckK LW
8c — 156 — — — — — 7.8 156 7.8
8f — 7.8 7.8 7.8 7.8 — — 7.8 7.8 7.8
9¢ — 156 — 7.8 7.8 — — 7.8 — —
10f 7.8 156 7.8 7.8 7.8 156 312 7.8 7.8 7.8
11d 3.9 39 39 3.9 3.9 7.8 156 39 39 3.9
11e 7.8 7.8 7.8 7.8 7.8 7.8 7.8 7.8 7.8 7.8
Miconazole (control) 7.8 7.8 7.8 7.8 7.8 7.8 7.8 7.8 7.8 7.8

3C. albicans MTCC 227

°C. albicans MTCC 1637
°C. albicans MTCC 3017
4¢. albicans MTCC 3018
°C. albicans MTCC 4748

fC. albicans MTCC 7315

C. parapsilosis MTCC 1744
be. glabrata MTCC 3019
iC. krusei MTCC 3020

issatchenkia hanoiensis MTCC 4755
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Fig. 3 Inhibition of ergosterol biosynthesis of derivative 10f

Candida krusei MTCC 3020
120 s

100 1

80 m Miconazole

60 1 10f
40
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Concentration pg/mL

Ergosterol %

Fig. 4 Inhibition of ergosterol biosynthesis of derivative 10f

pyrido[2,3-d]pyrimidine (compound 11e) showed excellent
antifungal activity. The 4-nitrophenyl triazole in combina-
tion with 2-furyl pyrido[2,3-d]pyrimidine (compound 11d)
also showed equal antifungal activity. The 2-chloro-4-fluoro
phenyl triazole with 2-phenyl pyrido[2,3-d]pyrimidine
(compound 10f) showed promising antifungal activity.
Based on the activity verses structure, it was felt that the
presence of fluoro, trifluoromethyl, bromo and nitro groups
on phenyl and furyl in pyrido[2,3-d]pyrimidine was crucial
to promote antifungal activity. Further optimization is
underway in order to find a lead molecule. All the strains
showed MIC values equal to 3.9 pg/mL for Miconazole and
therefore all the strains were considered as Miconazole
susceptible isolates.

Ergosterol quantification assay

As ergosterol plays vital role in the cell wall of yeast, it
becomes an important target of many antifungal drugs.
Thus, the derivatives 10f, 11d and 11e were assessed for
their potential ergosterol inhibition. 10f, 11d and 1le
exhibited a dose-dependent decrease in ergosterol content as
comparable to the Miconazole. Where, 10f was effective in
reducing the ergosterol content of Candida parapsilosis

Candida parapsilosis MTCC 1744

120

100
80 = Miconazole

e s

Concentration gg/mL

Ergosterol %

Fig. 5 Inhibition of ergosterol biosynthesis of derivative 11d

Candida parapsilosis MTCC 1744

120
100
80
60
40
20

® Miconazole

u11e

Ergosterol %

0 2 4 8 16

Concentration pg/mL

Fig. 6 Inhibition of ergosterol biosynthesis of derivative 11e

MTCC 1744 (Fig. 3) and Candida krusei MTCC 3020
(Fig. 4) in a dose-dependent manner. While, 11d and 11e
reduced the ergosterol content of Candida parapsilosis
MTCC 1744 as shown the figures (Figs. 5 and 6).

Computational studies

The ergosterol quantification assay confirmed that deriva-
tives 10f, 11d and 11e inhibited the ergosterol biosynthesis
pathway which has prompted us to study the binding modes
of these compounds with the crystal structure of lanosterol
14-alpha demethylase (CYP51) from a pathogenic yeast
Candida albicans in complex with the antifungal drug
posaconazole (PDB ID: 5FSA) using computational tech-
niques. The results indicated that the amino acid residues
present in the active binding site of the protein (PDB code:
SFSA) can frequently interact with compounds as demon-
strated earlier (Thomsen and Christensen 2006). The
docked poses of the compounds with the protein SFSA are
shown in Fig. 7, which clearly demonstrates the binding
positions of ligands with the protein. The docked ligands
and the active co-crystal ligand within the cavity are shown
in Fig. 8. Analysis of the receptor ligand complex models
generated after successful molecular docking of the syn-
thesized compounds with the protein (SFSA) was done
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Fig. 7 Docked ligands with protein (PDB ID: 5FSA)

Fig. 8 Docked ligands and
active co-crystal ligand within
the cavity

based on the parameters such as H-Bond Energy, Protein-
Ligand Interactions, Mol Dock Score of the docked com-
pound within the active site. Protein-ligand interactions like
hydrogen bonds, steric and electrostatic interactions
between the ligand and the active site of the receptor were
found to be responsible for mediating the biological activ-
ity. The results on H-Bond Energy, MolDock Score and
Protein-Ligand Interactions are shown in Table 9 and the
ligand interactions with the specific amino acid residues
were represented in Figs. 9-11. All the potent compounds
were docked in the active site of the target protein. Inter-
estingly, all these docked poses showed interaction with the
target protein in a similar manner. The superimposition of

@ Springer
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all these poses illustrates the binding mode of the com-
pounds which is depicted in Fig. 7. It was observed that
compound 10f interacted with various amino acid residues
such as Gly308, Gly472, Leu204, Cys470, Ala476, Ser312,
Pro375 residues, while compound 11d interacted with
amino acid residues such as Leu276, Leul50, Gly472,
Cys470, Ser312, Pro375, Pro462 and compound 1le
interacted with the amino acid residues such as Leu204,
Gly308, Gly472, Cys470, Alad76, Ser312, Pro375, Thr311
of the target protein. While the standard Miconazole drug
(control) interacted with amino acid residues such as
Leu370, Gly308, Gly472, Cys470, Ser312, 11e304 of the
target protein (Fig. 12).



Medicinal Chemistry Research (2019) 28:1509-1528

1525

Table 9 Protein-ligand interactions of the compounds 10f, 11d and 11e with the target protein (PDB ID: 5FSA)

Ligand MolDock score Rerank score H-bond Protein-ligand interactions
10f —161.541 —131.865 —-3.172 Gly 308, Gly 472, Leu 204, Cys 470, Ala 476, Ser 312, Pro 375
11d —158.089 —134.206 —1.529 Leu 276, Leu 150, Gly 472, Cys 470, Ser 312, Pro 375, Pro 462
11e —146.700 —117.478 —1.300 Leu 204, Gly 308, Gly 472, Cys 470, Ala 476, Ser 312, Pro 375, Thr 311
Miconazole —116.067 —32.638 0.000 Leu 370, Gly 308, Gly 472, Cys 470, Ser 312, Ile 304
(G312
The 311

Fig. 9 Protein-ligand interactions of 10f with protein (PDB ID: SFSA)

=279

Pro 375

Fig. 10 Protein-ligand interactions of 11d with protein (PDB
ID: 5FSA)

The docking study also revealed that the nitrogen of
triazole and pyrimidine ring formed hydrogen bonding
interactions with enzyme in compound 10f suggesting that
triazole and pyrimidine ring were important for inhibiting
the 14-alpha-demethylase of C. albicans when in combi-
nation with pyridine ring (Fig. 9). In compounds 11d and
11e, the nitrogen of triazole and oxygen of furyl ring were
responsible for hydrogen bonding interactions with enzyme
suggesting that triazole and furyl ring is important for

Fig. 11 Protein-ligand interactions of 1le with protein (PDB
ID: 5FSA)

Lou 370

(EZ¥e)

Fig. 12 Protein-ligand interactions of Miconazole (Standard control)
with protein (PDB ID: 5FSA)

inhibiting the 14-alpha-demethylase of C. albicans when in
combination with pyrido[2,3-d]pyrimidine ring (Figs. 10
and 11). Compound 10f showed the best hydrogen bond
interaction (-3.17) with SER312 and CYS470 amino acid
residues. In case of compound 11d and 11e, the nitrogen of
1,2,4-triazole ring and oxygen of furyl ring formed hydro-
gen bond with SER312 and CYS470 amino acid residues,
respectively. On the basis of activity data and docking
results, it was observed that compounds 10f, 11d and 11e
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Table 10 Lipinski’s parameter

Hydrogen bond donor Hydrogen bond acceptor Molar refractivity

data for the synthesized Code  Molecular weight ~ LogP

compounds (8a-f, 9a-e, 10a-f g, 411 909 5.10

and 11a—e) and Miconazole

(Control) 8b 423.000 4.97
8¢ 461.000 5.08
8d 438.000 4.87
8e 471.000 5.72
8f 445500 498
92  401.000 450
9b  413.000 437
9¢  461.000 513
9d 428000 427
9¢ 435500 439
10a  409.000 491
10b  421.000 478
10c  459.000 579
10d  436.000 455
10e  469.000 553
10f  443.500 479
11a  399.000 418
11b  411.000 4.05
11c 459.000 4.81
11d  426.000 427
11e 433.500 438
Mic  416.127 337

104.72
111.32
109.77
111.42
112.46
106.80
96.33
102.92
104.07
103.02
98.41
101.02
107.61
106.06
107.28
108.76
103.10
92.19
98.79
99.94
99.98
95.37
90.95

NS IRV BN BV e Y T = = T Y, B~ e) W R e SN B SV BV I Y e S, |

S O O O O O O O O O O O = = EEE e e e e

Mic Miconazole

showed interaction with the target in a similar manner and
had the potential to inhibit CYP51 of C. albicans and
therefore can be considered as lead moieties for further
optimization.

Compounds bearing a phenyl ring at 2" position of
pyrido[2,3-d]pyrimidine moiety, and bearing 4-methoxy
phenyl, 4-nitrophenyl ring at position-3 of 1,2.4-triazole
moiety (compounds 10b and 10d), did not show any
appreciable  antifungal activity. Presence of 4-
trifluoromethyl phenyl or 4-bromo phenyl at the same
position (compounds 10c¢ and 10e) also resulted in same.
Presence of 2-chloro-4-fluoro substituted phenyl ring at this
position (compound 10f) brought an appreciable change in
the antifungal activity of the compounds. Substitution of 2-
chloro-4-fluoro phenyl with a 4-fluoro phenyl ring resulted
in the loss of the activity (compound 10a) which revealed
the presence of chloro group had an appreciable role in
biopotency of molecules. Substitution of a furyl ring with
phenyl ring at 2™ position of pyrido[2,3-d]pyrimidine
moiety also increases the antifungal activity of compounds
having 4-nitro phenyl, 2-chloro-4-fluoro phenyl ring at
position-3 of 1,2,4-triazole moiety (compounds 11d and
11e). The structure of the designed compounds needs to be
further optimized by placing different substituents at
position-3 of the 1,2,4-triazole moiety or position-2 of the

@ Springer

pyrido[2,3-d]pyrimidine moiety. Another strategy could be
the replacement of the 1,2,4-triazole ring with a different
potent pharmacophore to achieve the best molecular scaf-
fold, which can find use as a future drug.

Lipinski’s rule of five

The Lipinski’s rule of five (Lipinski 2004; Jayaram et al.
2012) was used to analyze drug likeness of compounds. It
was found that all the synthesized compounds complied
with these rules with the exception of 8a, 8c, 8e, 9¢, 10c and
10e. All Lipinski’s parameters are within the acceptable
range, and hence they are considered as drug-like molecules
and the results are depicted in Table 10.

Conclusions

In conclusion, a series of novel 4-hydrazone functionalized
pyrido[2,3-d]pyrimidine and 1,2,4-triazole fused pyrido
[2,3-d]pyrimidine derivatives were prepared under mild
conditions, screened for antifungal activity and promising
compounds in each case have been identified. Among the
compounds tested, 8c, 8f, 9¢c, 10f, 11d and 1le exhibited
significant antifungal activities, while all other 4-hydrazone
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functionalized pyrido[2,3-d]pyrimidine and 1,2.4-triazole
fused pyrido[2,3-d]pyrimidine derivatives showed moderate
antifungal activity as compared with the standard. In addi-
tion, the binding mode of the tested compounds in the active
site of target protein was predicted using a docking tech-
nique. SAR and molecular docking studies provided a clear
understanding that the presence of fluoro, trifluoromethyl,
bromo and nitro groups on phenyl and furyl ring in pyrido
[2,3-d]pyrimidine may result in the development of novel
triazole antifungal agents. Further optimization is underway
in order to find a lead molecule. Lipinski’s parameters of all
compounds are within the acceptable range defined for
human use thereby indicating their potential as drug-like
molecules.
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