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Abstract A series of dimethyl (phenyl(phenylamino)methyl)phosphonates and novel
dimethyl ((phenylamino)(2-(prop-2-yn-1-yloxy)phenyl)methyl)phosphonates as poten-
tial antifungal agents were synthesized via one-pot, three-component condensation
of aldehydes, amines and trimethyl phosphite in solvent-free conditions using
[EtsNH][HSO,] as an efficient, eco-friendly and reusable catalyst. Compared to other
methods, this new method consistently has advantages, including excellent yields, a
short reaction time, mild reaction conditions and catalyst reusability. The newly syn-
thesized propargylated ether containing o-amino phosphonates were evaluated for
antifungal and antioxidant activity and were also analyzed for absorption, distribution,
metabolism and excretion (ADME) properties.
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Introduction

Multi-component reactions have been developed as efficient and influential tools in
modern synthetic organic chemistry, facilitating the facile creation of several new
bonds in one-pot reactions. These days, greener (eco-friendly) reaction media are
gaining greater importance in safe organic transformations. Ionic liquids, referred to
as ‘designer solvents’ due to their physical and chemical properties, can be adjusted
by a careful choice of cations and anions. Ionic liquids have become a promising
alternative media for various chemical processes due to their good solvating
capability, non-inflammability, negligible vapor pressure, ease of recyclability,
controlled miscibility and high thermal stability [1, 2]. In particular, acidic Bronsted
ionic liquids (ABILs) are of special importance, because they simultaneously
possess proton acidity and the characteristic properties of ionic liquids [3]. ABILs
offer environmentally friendly catalyst properties due to the combination of the
advantages of liquid acids and solid acids, such as uniform acid sites, stability in
water and air, easy separation and reusability. Ionic liquids have been proved to be
very excellent catalysts, as well as solvents, for many organic transformations [4].

Phosphonic acids and phosphonates are of immense interest in synthetic organic
chemistry due to their widespread biological activities [5, 6]. They are employed in
the synthetic operations leading to carbon—carbon bond formation [7], and as
transition state analogues in production of antibody catalysts for a wide variety of
reactions [8]. a-Aminophosphonates are an important class of compounds in
pharmaceutical chemistry. In recent years, considerable interest has been focused on
the synthesis of o-aminophosphonates, because they are considered to be structural
analogues of the corresponding a-amino acids and transition-state mimics of peptide
hydrolysis. The utilities of a-aminophosphonates as antibiotics and pharmacologic
agents [9], enzymes inhibitors [10], peptide mimics [11] and haptens of catalytic
antibodies [12] are well documented.
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Numerous syntheses of o-aminophosphonates have been carried out under
various solvents using different types of catalysts: In(OTf);/MgSO, [13], Gal; [14],
BiCl; [15], Cu(OTY), [16], SbCl3/Al,05 [17], InCl; [18] and ZrCl, [19] are well
documented. The synthesis of a-aminophosphonates has also been carried out in the
presence of ionic liquids [20-25], Lewis acid—surfactant-combined catalysts [26]
even in the absence of a solvent and catalyst [27], Lewis acids like ZnCl, [28],
BF3Et,0 [29], Cdl,/Benzene [30] and Cdl,/microwave [31]. Under solvent-free
conditions using trifluoroacetic acid (TFA) [32], TsCl [33], LiClO4 [34], Mg(ClO,),
[35], metal triflate [36], Na,CaP,0, [37] and ZrOCl,-8H,0 or ZrO(ClO,),-6H,O
[38] as catalysts for the preparation of o-aminophosphonates are also reported.
However, most of these procedures are sluggish, require long reaction times, use
strong acidic conditions, give unsatisfactory yields and also suffer from the
formation of many side products.

Consequently, there is still a need to develop a more efficient, simple, mild and
high-yield protocol for the synthesis of o-aminophosphonates. In this regards,
ABILs [Et;NH][HSO,4] would be a good candidate as it is prepared via a simple and
atom-economical, acid-base neutralization reaction from a cheap amine and acid
[39].

Results and discussion

Considering the significance of o-aminophosphonates and in continuation of our
earlier work on solvent-free reactions using catalyst\s such as camphor sulfonic acid
[40], 1-hexanesulphonic acid sodium salt [41] and alum [42] for the synthesis of a-
aminophosphonates, herein, we would like to report a new method for the synthesis
of o-aminophosphonates via a one-pot, multi-component reaction using ABILs
[EtzNH][HSO,4] under solvent-free conditions.

In search of an efficient catalyst and the best experimental reaction conditions,
the reaction of benzaldehyde 1, aniline 2 and trimethyl phosphite 3 at room
temperature was considered as a standard model reaction (Scheme 1).

Initially, the reaction was carried out in the absence of the catalyst; the product
formed in a trace amount (Table 1, entry 1). To determine the appropriate
concentration of the catalyst [Et;NH][HSO,], we investigated the model reaction at
different concentrations of [Ets;NH]|[HSOy], such as 5, 10, 15, 20 and 25 mol%. The
o-aminophosphonates formed in 70, 82, 89, 95 and 95 % yields, respectively
(Table 1, entries 2-6).

MeO. F)/,o
CHO ©/NH2 MeO\P,OMe MeO~
|
©/ + + OMe —_— ©)\ H@
1 2 3 4

Scheme 1 Standard model reaction
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Table 1 Effect of catalyst

concentration Entry [Ets3NH][HSO,] TirTle Yield (%)
mol% (min)

1 - 60 Trace
Reaction conditions Aldehyde 2 5 60 70
(1.25 mmol), aniline 3 10 45 82
(1.25 mmol), trimethyl 4 15 15 89
phosphite (1.25 mmol), solvent- 4 20 10 95
free at room temperature

6 25 10 95

 TIsolated yield

The increase in concentration of catalyst from 20 to 25 mol% does not increase
the yield of product. This indicates that 20 mol% of [Et;NH][HSO,] is sufficient for
the reaction by considering the product yield.

In the next step, we also compared the reported methods [20, 21, 43] using
various ionic liquids for the synthesis of o-aminophosphonates (Table 2, entries
1-8). In comparison with the above methods, [Et;NH][HSO,4] provided better
results in terms of high yield and a solvent-free protocol, and the reaction was
carried out at room temperature (Table 2, entry, 8).

To evaluate the effect of solvents, dichloromethane, tetrahydrofuran, 1,4-
dioxane, toluene, acetonitrile and ethanol were used for the model reaction. It was
observed that the use of solvents retards the reaction rate and affords the desired
product in lower yields than that for neat conditions (Table 3).

The recyclability of the ionic liquid [Et;3NH][HSO,] was also studied and the
results are summarized in Table 4. After the completion of the reaction, the reaction
mixture was quenched with ice crystals and extracted with ethyl acetate. The
residual ionic liquid was washed with diethyl ether, dried under vacuum at 60 °C
and reused for subsequent reactions. The recovered ionic liquid could be used for
five times without obvious loss of catalytic activity (Table 4, entries 1-5).

With these optimized reaction conditions for the model reaction, i.e. 20 mol%
[Ets3NH][HSO4] catalyst, room temperature and solvent-free conditions, we

Table 2 Comparison of ionic liquids used for the synthesis of a-aminophosphonate

Entry  Ionic liquid Catalyst Condition  Time Yield (%)* References

1 [bmim]PFg - RT 8h 82 [20]

2 [bmim]BF, - RT 5h 90 [20]

3 [bmim]OTf Yb(OTf); MW 2 min 55 [21]

4 [bmim]SbFg Yb(OTf); MW 2 min 72 [21]

5 [bmim]PFg Yb(OTf); MW 2 min 86 [21]

6 [bmim]BF, Yb(OTf); MW 2 min 99 [21]

7 [bnmim][HSO4] (50 mol%) - RT 1-3h 96 [23]
[bmim]PFg Sc(OTf); RT 27 h 80 [43]

8 [Et;NH][HSO4] - RT 10 min 95 Present work

 Isolated yield
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Table 3 Screening of solvents

Entry Solvent Yield® (%)
1 Dichloromethane 42
2 Tetrahydrofuran 45
3 1,4-Dioxane 48
4 Toluene 54
5 Acetonitrile 56
6 Ethanol 60
7 I 95

Reaction conditions Aldehyde (1.25 mmol), aniline (1.25 mmol), trimethyl phosphite (1.25 mmol),

[Et;NH][HSO4] at room temperature for 20 min
 TIsolated yield
® 20 mol% [EtsNH][HSO,]

Table 4 Reusability of catalyst

. a . . b
for model reaction Entry Run Time" (min) Yield
1 1 10 95
2 2 10 95
3 3 10 92
# Reaction progress monitored 4 4 10 90
by thin layer chromatography 5 5 10 90
(TLC); ® Isolated yield
MeO. |:,//O
CHO NH, MeO”
/©/ . + (MeO)P 20 mol% [EtsNH][HSO,4] H/Q/th
R Ry R: 5 )
Rs rt, 10 min Ry R, R3
1a-b 2a-k 4a-n
1a, R;= H 2a, Ry= H, Ry= H, R= H 2b, Ry= H, Ry= H, R,= Br
1b,R;=0OMe  2¢,Ry=H,R3=NO,, R;=H  2d, Ry=Me, R3=H, R=H

2e, Ry= H, Ry= H, Ry= NO,
2g, R,= Br, Ry=H, R,=H
2i, Ry=H, Ry=H, R;= Me
2K, Ry= H, Ry= H, Ry= OMe

2f, Ry=H, R3=Br, R,= H
2h, Ry=H, Ry=H, R;=F
2j, Rp=H, Ry= Me, Ry=H

Scheme 2 Synthesis of o-amino phosphonates 4a-n

synthesized a series of o-aminophosphonates (4a-n) by reacting benzaldehyde/
anisaldehyde (1a and 1b), anilines (2a-k) (with electron-donating and withdrawing
groups) and trimethyl phosphite (3) in excellent yields (Scheme 2). The physical
data of the synthesized o-aminophosphonates are in good agreement with the

literature reports (Table 5).
The compounds having terminal a

lkynes are useful intermediates for a 1,3-

dipolar cycloaddition reaction, i.e. click reaction [55-57], and also display various
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Table 5 Synthesis of derivatives of dimethyl (phenyl(phenylamino)methyl)phosphonate 4a-n

Compound Structure Yield Melting point Melting point
(%) (found; °C) (reported; °C)
4a 95 85-86 86 [44, 45]
Swe
4b MeO 93 60-61 60 [46]
4c MeO 92 129-130 130 [46]
“”:“”i Q
4d 93 48-49 48 [46]
4e MeO 0, 95 112-113 112 [47, 48]
4f 92 148-149 148 [47, 48]
2
MeO
4g MeO 93 105-106 105 [49]
MeO-P= /@/
4h 93 98-99 98 [50]
4i MeO 90 51-52 52 [50]
MeO-P=0 /@
MeO
4j MeO 94 52-53 52 [51, 52]

MeO
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Table 5 continued

Compound Structure Yield Melting point Melting point
(%) (found; °C) (reported; °C)
4k MeO 94 95-96 96 [44, 45]
MeO-P= /©/
MeO
41 MeQ 92 86-87 86 [50]
MeO-P= /@\
4m MeQ 91 65-66 66 [53]
MeO-P= /Q
4n MeO 95 118-119 120 [54]
MeO-P=0 /@/
MeO

Reaction conditions Aldehyde (1.25 mmol), aniline (1.25 mmol), trimethyl phosphite (1.25 mmol),
[Et;NH][HSOy4] at room temperature for 10 min

biological activities [58]. For the applicability of the above-developed methodology
for the synthesis of a-amino phosphonates, herein, we utilized the same for the
synthesis of new propargylated ether containing o-amino phosphonates. The
propargylated ether group containing aldehydes Sa—b were synthesized from the
corresponding salicylaldehydes using propargyl bromide in the presence of K,CO3
in good yields. The one-pot, solvent-free, multi-component reaction of aldehydes
Sa-b with various anilines (2b, 2f, 6a—e) and trimethyl phosphate 3 in the presence
of 20 mol% [EtzN]J[HSO4] at room temperature afforded the corresponding
propargylated ether containing new o-amino phosphonates (7a—j) in excellent
yields (Scheme 3). The formation of a-aminophosphonate derivatives 7a—j has been
confirmed by physical data and spectroscopic methods such as proton nuclear
magnetic resonance (lH NMR) and carbon-13 (13 C) NMR. In the starting material
compound Sa, the proton of alkyne C-H was observed at 6 2.57 ppm, and the
singlet at 6 4.79 ppm for methylene protons attached to the oxygen heteroatom and
singlet for aldehyde proton were observed at 5 9.91 ppm. According to the '"H NMR
spectrum of representative compound 7b, the singlet observed at ¢ 2.47 ppm was
for the proton of alkyne C—H, and the singlet at 6 4.77 ppm was for the methylene
proton attached to the oxygen heteroatom. Similarly, a doublet was observed at
3.37 and 3.75 ppm for methoxy protons. In addition to this, a doublet observed at &
5.29 ppm was assigned to the proton present on the methine carbon attached to
phosphorous and nitrogen heteroatoms, and a signal for an aldehydic proton was not
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R4 CHO cho3’ Ry CHO
Br ————>
\©: e DMF, rt o
OH
5a,Ry=H
5b, R, = Br A
MeO. .0 Rs
R1 CHO R5 NH2 R1 MeO’ R
4
\C[ + Q + (MeO);P 20 mol% [EtsNHIHSO,] N
o R4 R, s - o & w
Rs3
sab N 2b 2f 6a-e 7 X%

6a, Ry=H,Ry=H,R;=F,Rs=H  6b, Ry=H, Ry=H, Ry= Cl, Rg= H
6¢, Ry= H, Ry= OMe, R;=H, Rg=H 6d, R,= Cl, Ry= H, Ry= H, Rg= Cl
6e, Ry=F, Ry= H, Ry= H, Rs=H

Scheme 3 Synthesis of new propargylated ether containing o-amino phosphonates

observed, thus confirming the formation of a-amino phosphonates. Furthermore, all
the aromatic protons appeared at expected chemical shifts and integral values. The
synthesis of o-aminophosphonates was further confirmed by '*C NMR spectral data,
in which the carbon signals of —OCH; groups were resonated at & 46.1 and
49.2 ppm, respectively. The signals at ¢ 53.8 ppm indicate the presence of
methylene carbon attached to the oxygen heteroatom, and ¢ 56.1 ppm indicates the
methine carbon attached to the nitrogen and phosphorous heteroatoms. In addition
to this, the signal observed at 6 75.8 and 78.3 ppm indicates the presence of alkyne
carbon, while all other carbons gave peaks at expected values. The physical data,
yield and time required to complete the reactions are given in spectroscopic data.
The proposed structures were confirmed by 'H NMR and '*C NMR (supporting
information).

Plausible mechanism

The two-step reaction mechanism is similar to that reported in the literature using an
acid catalyst. The first step involves the activation of a carbonyl group via
protonation by acidic ionic liquid [Etz;N][HSO,4] and then a nucleophilic attack of
aromatic amine produces imine after removal of water (Fig. 1). In the second step,
the nucleophilic attack of trimethyl phosphite on imine gives a phosphonium
intermediate, which, followed by the attack of water, gave the a-amino phospho-
nate, methanol and regeneration of [Et;NH][HSO,4].

Antifungal activity
All the synthesized, new propargylated ethers containing o-amino phosphonate
derivatives 7a—j showed good to excellent antifungal activity against the five fungal

strains (Table 6). Compound 7d having bromo- at the R position and fluoro- at the
R4 position and compound 7h having bromo- at the R position, chloro- at R, and Rs
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Fig. 1 Plausible mechanism for the formation of o-amino phosphonates

positions of the phenyl ring has been found to be a good inhibitor of C. albicans
with a minimum inhibitory concentration (MIC) value of 25 pg/mL were equipotent
to the standard drug miconazole and less potent as compared to fluconazole.
Compounds 7¢ (chloro- group at Ry) and 7j (bromo- group at Ry and R3) with MIC
values of 25 pg/mL showed equivalent potency for fungal strain A. niger as
compared to the standard drug miconazole.

Antioxidant activity

According to the 1,1-diphenyl-1-picrylhydrazyl (DPPH) assay, compounds 7d
having bromo- at the R; position and fluoro- at the R4 position, 7e having bromo- at
the R, and R4 positions, 7f having bromo- at the R position and chloro- at the Ry
position, 7g having bromo- at the R position and methoxy- at the R position, and 7i
having bromo- at the Ry position and fluoro- at the R, position exhibited better
radical scavenging activity than the synthetic commercial antioxidant butylated
hydroxytoluene (BHT), with half maximal inhibitory concentration (ICs,) values of
12.74, 15.76, 14.30, 12.90 and 14.23 pg/mL, respectively (Table 6). Similarly,
compounds 7d having bromo- at the R; position and fluoro- at the R4 position, and
7g having bromo- at the R, position and methoxy- at the R position shows excellent
antioxidant activity compared to the standard antioxidant drug ascorbic acid with
ICsq values of 12.74 and 12.90 pg/mL, respectively.
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Table 6 In vitro antifungal and antioxidant evaluation of new propargylated ether containing o-

aminophosphonates

Entry  Structure

Antifungal activity

MIC Values in pg/mL

CA FO AF

AN

CN

Antioxidant activity
ICso (ng/mL)
DPPH scavenging
activity

7a MeO. .0

MeOQO”~
N,@—’F
H
(0]

N

7b MeO. -0

MeO
e
H
(¢}

N

Tc MeO._.O

7d MeO._.O

Te MeO.__O

7t MeO.__O

7g MeO.__O

OMe

100 150 100

150 125 150

100 75 75

25 50 50

50 125 100

100 150 125

50 50 125

50

150

25

100

125

50

125

50

50

100

150

150

22.11

18.24

19.14

12.74

15.76

14.30

12.90
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Table 6 continued

Entry  Structure Antifungal activity Antioxidant activity
ICs0 (ng/mL)
MIC Values in pg/mL DPPH scavenging
activity
CA FO AF AN CN
7h MeO\P/,O Cl 25 50 50 * * 16.80
Br MeO”
N
\@(kH
o ¢
X
7i MeO\P,,O 75 100 * * 150 14.23
Br MeO”
N
e
o F
\%
7j MeO\P//O 150 100 100 25 * 16.83

MA - 25 25 125 25 25 NT
FA - 625 625 625 125 625 NT
BHT - - - - - - 16.47
AA - - - - - - 12.69

CA Candida albicans, FO Fusarium oxysporum, AF Aspergillus flavus, AN Aspergillus niger, CN
Cryptococcus neoformans, MA Miconazole, FA Fluconazole, BHT Butylated Hydroxy Toluene, AA
Acsorbic acid

* and — No activity was observed up to 200 pg/mL

In silico ADME prediction

A computational study was performed for prediction of ADME properties and it was
observed that the compounds exhibited a good % absorption (% ABS) ranging from
86.21 to 89.40 % (Table 7). Furthermore, none of the synthesized compounds
violated Lipinski’s rule of five. Therefore, a molecule likely to be developed as an
orally active drug candidate should show no more than one violation of the
following four criteria: miLog P (octanol-water partition coefficient) <5, molecular
weight <500, number of hydrogen bond acceptors <10 and number of hydrogen
bond donors <5 [59]. The larger the value of the drug likeness model score, the
higher is also probability that the particular molecule will be active. Therefore,
compound 7c¢ was found to be most active of the synthesized compounds. All the
tested compounds followed the criteria for an orally active drug and, therefore, these
compounds may have a good potential for eventual development as oral agents.
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Table 7 Pharmacokinetic parameters important for good oral bioavailability

Entry % TPSA n- MV MW miLog n- n- Lipinski  Drug-
ABS (Az) ROTB P ON OHNH violation likeness
model score

Rule - - - - <500 <5 <10 <5 <1 -

7a 89.40 56.80 8 317.10 36332 2.99 5 1 0 0.30
7b 89.40 56.80 8 330.05 42423 3.64 5 1 0 0.12
Tc 89.40 56.80 8 32570 379.78 3.50 5 1 0 0.48
7d 89.40 56.80 8 33498 44222 3.77 5 1 0 —0.40
Te 89.40 56.80 8 34794 503.13 4.42 5 1 1 —0.37
7f 89.40 56.80 8 343.59 458.68 4.29 5 1 0 —0.25
7g 86.21 66.03 9 355.60 454.26 3.64 6 1 0 —0.48
7h 89.40 56.80 8 357.12 493.12 4.90 5 1 0 —0.03
7i 89.40 56.80 8 33498 44222 373 5 1 0 —0.25
7j 89.40 56.80 8 34794 503.13 4.40 5 1 1 —0.41

ABS absorption; TPSA topological polar surface area; n-ROTB number of rotatable bonds; MV molecular
volume; MW molecular weight; ImiLog P logarithm of partition coefficient; n-ON number of hydrogen
bond acceptors; n-OHNH number of hydrogen bonds donors.

Conclusion

In summary, we have developed an efficient, greener and expeditious synthetic
protocol for o-amino phosphonates as antifungal and antioxidant agents. This
technique overcomes some of the problems associated with excessive or wasteful
heating. Remarkable advantages of this synthetic strategy over others are: (1)
reaction performs at ambient room temperature, (2) reduced reaction time, (3) non-
toxic and economically viable catalyst, (4) omission of solvent and (5) simplified
work-up procedure. This is the first report on the use of [Etz;NH][HSO,] catalyst for
the syntheses of a-amino phosphonates.

Experimental

All the solvents and reagents were purchased from commercial suppliers
Spectrochem Pvt. Ltd., Sigma Aldrich and Rankem India Ltd., and were used
without further purification. The progress of each reaction was monitored by
ascending TLC using TLC aluminum sheets, pre-coated silica gel Fps4 (Merck,
Germany) and by locating the spots using ultraviolet (UV) light as the visualizing
agent or iodine vapors. Melting points were taken in an open capillary method and
are uncorrected. "H NMR spectra were recorded [deuterated chloroform (CDCl3)]
on a Bruker Avance 200 NMR spectrometer. '*C NMR spectra were recorded
(CDCl3) on a Bruker Avance 50 NMR spectrometer. Chemical shifts (J) are
reported in parts per million (ppm) using tetramethylsilane (TMS) as an internal
standard. The splitting pattern abbreviations are designed as singlet (s); doublet (d);
double doublet (dd); bs (broad singlet), triplet (t); quartet (q) and multiplet (m).
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Synthesis of [Et;NH][HSO,]

Sulfuric acid (1.96 g, 0.02 mol) 98 % solution in water was dropped into
triethylamine (2.02 g, 0.02 mol) with stirring at 60 °C for 1 h. After the addition,
the reaction mixture was stirred for another 1 h at 70 °C. The water molecule was
removed by heating the residue at 80-90 °C under a high vacuum until the weight
of the residue remained constant.

General procedure for the one-pot synthesis of dimethyl
(phenyl(phenylamino)methyl)phosphonates (4da—n) and dimethyl ((phenylamino)(2-
(prop-2-yn-1-yloxy)phenyl)methyl)phosphonate (7a—j)

A mixture of aldehyde (1.25 mmol), aniline (1.25 mmol), trimethyl phosphite
(1.25 mmol) and [Etz;NH][HSO4] (20 mol%) was magnetically stirred at room
temperature for 10 min. The progress of the reaction was monitored by TLC using
ethyl acetate:hexane as a solvent system. The reaction mixture was quenched with
crushed ice and extracted with ethyl acetate (2 x 25 mL). The organic extracts
were washed with brine (2 x 25 mL) and dried over anhydrous sodium sulphate.
The solvent was evaporated under reduced pressure to afford the corresponding
crude compounds. The obtained crude compounds were recrystallized using
ethanol.

Spectral data

2-(prop-2-yn-1-yloxy)benzaldehyde (5a) Compound 5Sa, as an off-white solid, was
obtained via alkylation of salicylaldehyde with propargyl bromide using K,CO; as a
base in 2 h with a 95 % yield. Melting point (Mp.) 48-50 °C. 'H NMR (400 MHz,
CDCl3, ppm): 6 2.57 (s, 1H, alkyne C-H), 4.79 (s, 2H, -OCH,), 7.10 (d, 2H, Ar-H,
J =8 Hz), 7.87 (d, 2H, Ar-H, J = 8 Hz), and 9.91 (s, IH, CHO).

Dimethyl  (((4-fluorophenyl)amino)(2-(prop-2-yn-1-yloxy)phenyl)methyl)phospho-
nate (7a) Compound 7a, as an off-white solid, was obtained via one-pot, three-
component condensation between 2-(prop-2-yn-1-yloxy)benzaldehyde (5a), 4-flu-
oroaniline (6a) and trimethylphosphite (3) using 20 mol% of catalyst [Et;.
NH][HSO4] in 10 min with a 95 % yield. Mp. 124125 °C. '"H NMR (200 MHz,
CDCls, ppm): 6 2.47 (s, 1H), 3.38 (d, 3H, J = 6 Hz), 3.76 (d, 3H, J = 6 Hz), 4.76
(s, 2H), 5.28 (d, 1H, J = 12 Hz), 6.50 (d, 2H, J = 2 Hz), 6.69-6.73 (m, 2H),
6.91-6.95 (m, 2H), 7.18 (s, 1H) and 7.41 (d, 1H, J = 4 Hz).

Dimethyl (((4-bromophenyl)amino)(2-(prop-2-yn-1-yloxy)phenyl)methyl)phospho-
nate (7b) Compound 7b as an off-white solid was obtained via one-pot, three-
component condensation between 2-(prop-2-yn-1-yloxy)benzaldehyde (5a), 4-bro-
moaniline (2b) and trimethylphosphite (3) using 20 mol% of catalyst [Ets.
NH][HSO,] in 10 min with a 95 % yield. Mp. 110 °C. '"H NMR (200 MHz,
CDCl3, ppm): 6 2.47 (s, 1H), 3.37 (d, 3H, J = 4 Hz), 3.75 (d, 3H, J = 4 Hz), 4.77
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(s, 2H), 5.29 (d, 1H, J = 10 Hz), 6.43 (d, 2H, J = 4 Hz), 6.89-6.95 (m, 2H), 7.09
(d, 2H, J = 4 Hz), 7.18-7.21 (1, 1H) and 7.40 (d, 1H, J = 2 Hz). '>C NMR
(50 MHz, CDCls, ppm): 5 46.1, 49.2, 53.8, 56.1, 75.8, 78.3, 112, 114.9, 122.1, 123,
124.3, 128.4, 129, 144.4, 144.7 and 155.1.

Dimethyl (((4-chlorophenyl)amino)(2-(prop-2-yn-1-yloxy)phenyl)methyl)phospho-
nate (7c) Compound 7c¢ as an off-white solid was obtained via one-pot, three-
component condensation between 2-(prop-2-yn-1-yloxy)benzaldehyde (5a),
4-chloroaniline (6b) and trimethylphosphite (3) using 20 mol% of catalyst
[EtsNH][HSO,4] in 10 min with a 95 % yield. Mp. 110 °C. '"H NMR (200 MHz,
CDCls, ppm): 6 2.47 (s, 1H), 3.37 (d, 3H, J = 4 Hz), 3.75 (d, 3H, J = 4 Hz), 4.77
(s, 2H), 5.29 (d, 1H, J = 10 Hz), 6.48 (d, 2H, J = 2 Hz), 6.89-6.96 (m, 4H),
7.17-7.20 (¢, 1H) and 7.40 (d, 1H, J = 4 Hz). >°C NMR (50 MHz, CDCls, ppm): 6
46.6,49.7,53.9,56.1,75.7,78.4, 112, 114.6, 114.7, 115.4, 115.8, 122, 124.5, 128 4,
128.5, 129.1 and 155.

Dimethyl  ((5-bromo-2-(prop-2-yn-1-yloxy)phenyl)((4-fluorophenyl)amino )methyl)
phosphonate (7d) Compound 7d as an off-white solid was obtained via one-pot,
three-component condensation between 5-bromo-2-(prop-2-yn-1-yloxy)benzalde-
hyde (5b), 4-fluoroaniline (6a) and trimethylphosphite (3) using 20 mol% of
catalyst [EtzNH][HSO,4] in 10 min with a 95 % yield. Mp. 118 °C. 'H NMR
(200 MHz, CDCl;, ppm): 6 2.57-2.60 (m, 1H), 3.58 (d, 3H, J = 10 Hz), 3.84 (d,
3H, J =10 Hz), 4.87 (d, 2H, J =2 Hz), 520-5.51 (m, 2H), 6.50 (d, 1H,
J =2 Hz), 6.59-6.69 (m, 1H), 6.95 (d, 1H, J = 8 Hz), 7.15 (d, 1H, J = 8 Hz),
7.36-7.42 (m, 1H) and 7.54-7.56 (¢, 1H). >C NMR (50 MHz, CDCls, ppm): J 46.6,
49.7, 53.9, 56.4, 76.2, 77.8, 113.8, 113.9, 114.5, 114.6, 115.5, 115.9, 127.2, 131.2,
131.9, 154 and 158.8.

Dimethyl ((5-bromo-2-(prop-2-yn-1-yloxy)phenyl)((4-bromophenyl)amino)methyl)
phosphonate (7e) Compound 7e as an off-white solid was obtained via one-pot,
three-component condensation between 5-bromo-2-(prop-2-yn-1-yloxy)benzalde-
hyde (5b), 4-bromoaniline (2b) and trimethylphosphite (3) using 20 mol% of
catalyst [EtzNH][HSOy4] in 10 min with a 95 % yield. Mp. 136 °C.

Dimethyl ((5-bromo-2-(prop-2-yn-1-yloxy)phenyl)((4-chlorophenyl)amino)methyl)
phosphonate (7f) Compound 7f as an off-white solid was obtained via one-pot,
three-component condensation between 5-bromo-2-(prop-2-yn-1-yloxy)benzalde-
hyde (5b), 4-chloroaniline (6b) and trimethylphosphite (3) using 20 mol% of
catalyst [EtzNH][HSO,4] in 10 min with a 95 % yield. Mp. 140 °C. '"H NMR
(200 MHz, CDCl3, ppm): 6 2.49 (s, 1H), 3.46 (d, 3H, J = 4 Hz), 3.76 (d, 3H,
J = 6 Hz), 4.76 (s, 2H), 5.21 (d, 1H, J = 12 Hz), 6.46 (d, 2H, J = 2 Hz), 6.84 (d,
1H, J =4 Hz), 6.98 (d, 2H, J = 2 Hz), 7.29 (d, 1H, J = 4 Hz) and 7.50 (s, 1H).
3C NMR (50 MHz, CDCls, ppm): 6 46.1, 49.2, 54, 56.3, 76.2, 77.8, 113.8, 114.8,
123.3, 127.1, 129.1, 131.1, 131.2, 131.9, 144.1, 144.4 and 154.
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Dimethyl((5-bromo-2-(prop-2-yn-1-yloxy)phenyl)((3-methoxyphenyl)amino )methyl)
phosphonate (7g) Compound 7g as an off-white solid was obtained via one-pot,
three-component condensation between S5-bromo-2-(prop-2-yn-1-yloxy)benzalde-
hyde (5b), 3-methoxyaniline (6¢) and trimethylphosphite (3) using 20 mol% of
catalyst [EtzNH][HSO,4] in 20 min with a 95 % yield. Mp. 102 °C.

Dimethyl ((5-bromo-2-(prop-2-yn-1-yloxy)phenyl)((2,5-dichlorophenyl)amino)-
methyl) phosphonate (7h) Compound 7h as an off-white solid was obtained via
one-pot, three-component condensation between 5-bromo-2-(prop-2-yn-1-
yloxy)benzaldehyde (5b), 2,5-dichloroaniline (6d) and trimethylphosphite (3) using
20 mol% of catalyst [Et;NH][HSO,4] in 30 min with a 95 % yield. Mp. 142 °C.

Dimethyl  ((5-bromo-2-(prop-2-yn-1-yloxy)phenyl)((2-fluorophenyl)amino)methyl)
phosphonate (7i) Compound 7i as an off-white solid was obtained via one-pot,
three-component condensation between S5-bromo-2-(prop-2-yn-1-yloxy)benzalde-
hyde (Sb), 2-fluoroaniline (6e) and trimethylphosphite (3) using 20 mol% of
catalyst [EtzNH][HSO,4] in 30 min with a 95 % yield. Mp. 92-93 °C.

Dimethyl((5-bromo-2-(prop-2-yn-1-yloxy)phenyl)((3-bromophenyl)amino)methyl)
phosphonate (7j) Compound 7j as an off-white solid was obtained via one-pot,
three-component condensation between S5-bromo-2-(prop-2-yn-1-yloxy)benzalde-
hyde (5b), 3-bromoaniline (2f) and trimethylphosphite (3) using 20 mol% of
catalyst [Et;NH][HSO,] in 20 min with a 95 % yield. Mp. 158 °C. '"H NMR
(200 MHz, CDClj;, ppm): § 2.53-2.60 (m, 1H), 3.54 (d, 3H, J = 10 Hz), 3.83 (d,
3H, J =12 Hz), 4.83 (s, 2H), 5.26 (d, 1H, J = 22 Hz), 6.50-6.57 (m, 2H),
6.77-6.93 (m, 3H), 7.33-7.39 (m, 1H) and 7.57-7.68 (m, 1H).

Experimental protocol for biological activity
Antifungal activity

The antifungal activity was evaluated against five human pathogenic fungal strains,
such as Candida albicans (NCIM 3471), Fusarium oxysporum (NCIM 1332),
Aspergillus flavus (NCIM 539), Aspergillus niger (NCIM 1196), Cryptococcus
neoformans (NCIM 576), which are often encountered clinically and were
compared with standard drug miconazole. MIC values were determined using the
standard agar method [60].

DPPH radical scavenging antioxidant activity

The hydrogen atom or electron donation ability of the some compounds were
measured from the bleaching of the purple-colored methanol solution of DPPH [61].
The spectrophotometric assay uses the stable radical DPPH as a reagent. 1 mL of
various concentrations of the test compounds (5, 10, 25, 50 and 100 pg/mL) in
methanol was added to 4 mL of 0.004 % (w/v) methanol solution of DPPH. The
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reaction mixture was incubated at 37 °C. The scavenging activity on DPPH was
determined by measuring the absorbance at 517 nm after 30 min. All tests were
performed in triplicate and the mean values were entered. The percent of inhibition
(I %) of free radical production from DPPH was calculated by the following
equation: % of scavenging = [(Acontrol — Asample)/(Asampte X 100)], where A qnirol 18
the absorbance of the control (DPPH radical without the test sample) and Agymple 18
the absorbance of the test sample (DPPH radical with the test sample). The control
contains all reagents except the test samples.

In silico ADME prediction

The success of a drug is determined not only by good efficacy but also by an
acceptable ADME profile. In the present study, we calculated molecular volume
(MV), molecular weight (MW), logarithm of partition coefficient (miLog P),
number of hydrogen bond acceptors (n-ON), number of hydrogen bonds donors
(n-OHNH), topological polar surface area (TPSA), number of rotatable bonds
(n-ROTB) and Lipinski’s rule of five [62] using a Molinspiration online property
calculation toolkit [63]. Absorption (% ABS) was calculated by: %
ABS = 109 — (0.345 x TPSA) [64]. Drug-likeness model score (a collective
property of physical-chemical properties, pharmacokinetics and pharmacodynamics
of a compound represented by a numerical value) was computed by Mol Soft
software [65].
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