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Abstract

A series of sixteen 8-azacoumarin derivatives bearing aryl moieties at C-5 and C-7 was designed and synthesized by a con-
cise and facile procedure utilizing grinding and ultrasound approaches. The efficient multi-component protocols proceeded
smoothly and in the absence of solvent to furnish the target products in moderate to good yields. All the synthesized mol-
ecules were characterized via 'HNMR, PCNMR, IR, mass spectra, and elemental analyses. The density functional theory
(DFT) was then used to discover the structural and electronic characteristics of such compounds. Finally, an insecticidal
study against Plutella xylostella and Helicoverpa armigera on the synthesized compounds is reported. The bioassay results
indicated that some of the tested compounds showed potency ranging from good to moderate. In particular, analogs 6i and
61, among the tested compounds, showed even more potency than commercial chlorpyrifos. On the other hand, the rest of

the tested compounds showed moderate to weak activities.
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Introduction

A plethora of coumarin and coumarin-related compounds in
nature and their broad range of therapeutic potential make
them some of the most promising targets [1]. Natural and
synthetic coumarin derivatives have proved for many years
to have diverse and significant therapeutic potential such
as antimicrobial [2], anti-inflammatory [3], analgesic [4],
anticancer [5], anticoagulant [6], antioxidant [7], and anti-
HIV activities [8]. In particular, a large number of deriva-
tives have shown cytotoxic activity both in vitro and in vivo
[9, 10]. Furthermore, coumarins have been widely applied
in fluorescent probes and caging chemistry [11]. It is also
worthy to mention that coumarin derivatives have shown a
wide range of activities as insecticidal and acaricidal agents
[12—14]. Due to all of the aforementioned facts, the synthesis
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of analogs having a coumarin moiety is an urgent demand.
Moreover, coumarin has become an important scaffold to
construct different analogs of coumarin-containing com-
pounds to carry out more biological investigations. The
synthetic routes for coumarins have been well developed by
conventional strategies such as Perkin [15], Knoevenagel
[16], Wittig [17], Clasien [18], Michael [19], Reformatsky
[20], and Pechmann reactions [21]. In recent years, eco-
friendly procedures have been reported to proceed with
high selectivity and yield. Such non-conventional proce-
dures include solid phase catalysts [22, 23] and microwave-
assisted irradiation [24]. Accelerated concern about environ-
ment and safety has attracted global efforts to develop green
eco-friendly procedures. Therefore, ultrasound promoted
synthesis in aqueous media and solvent-free synthesis [25,
26] had emerged and increasingly used in organic synthe-
sis. Compared with the aforementioned conventional meth-
ods, these methods are much more environmentally tolerant
and easily controlled. As an advantage, a large number of
organic reactions have been carried out with higher yield,
shorter reaction time, and milder condition. In all reactions,
organic solvents are always used. Recently, organic reac-
tions in water as the solvent instead of using harmful organic
solvents have drawn much more attention, because water
is a cheap, safe, and environmentally benign solvent. More
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convenient and rapid synthetic procedures that are energy
efficient have become highly desirable such as grindstone
[27, 28] and one-pot multi-component reactions [29]. This
kind of green chemistry is widely used nowadays and has
become significant in combinatorial chemistry due to its pro-
cess simplicity, mild conditions, atomic economy, and exten-
sion of the scope of substrates. Replacement of a phenyl
with a pyridyl in coumarin leads to azacoumarin (isostere
of coumarin), and such replacement is one of the most suc-
cessful strategies not only to increase the hydrophilicity, but
also to improve metabolic stability. Therefore, azacoumarins
have emerged as a plausible class of biological candidates,
but they have not received enough attention. In particular,
8-azacoumarins showed remarkable applications such as
fluorophores [30]. Few reports about the synthetic strategy
regarding 8-azacoumarin derivatives have been reported,
most likely because access to this scaffold is challenging.
The synthetic routes for coumarins have been well devel-
oped, but on the other hand the corresponding synthesis of
azacoumarins is difficult and, as far as we know, until 2012
there was only one paper published concerning the prepara-
tion of a 7-azacoumarin in water as the reaction medium
[31]. Recently, in some studies, 8-azacoumarin derivatives
have been synthesized by electrophilic aromatic substitu-
tion reactions (SEAr), using 2-hydroxyl-6-electron-donating
groups of substituted pyridines as the starting material under
acidic [32] or PPhj; activation conditions [33, 34]. Only few
8-azacoumarins, however, were prepared by this method
due to the inherent poor nucleophilicity of pyridines, which
means that this method is only suitable for those electron-
rich pyridines, resulting in a limited number of accessible
targets. To address the problem, later on, a new method for
the synthesis of 8-azacoumarins that would greatly extend
the substrate scope has been reported [35]. Recently, a cou-
ple of articles have been published utilizing better methods
for 8-azacoumarin synthesis via the microwave-assisted
method [34, 36, 37].

(0]
Cl F R? (Z ACO'NH,*
+
O O Reflux COOCH,CH;4
R1 COZEt
+
Cl cl

1a) R'= Me, R2=H

1b) R1 = Me, R2 =Cl Z =CN, COCH3, COzEt

Scheme 1 Reaction under conventional thermal condition
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Results and discussion
Chemistry

On attempting to synthesize the target compounds under
conventional condition of thermal heating, the reactions
did not proceed to completion and only one molecule
of the active methylene compound was incorporated as
shown in scheme 1.

It was previously reported that the reaction of chal-
cone la, b with different active methylenes such as
ethyl cyanoacetate, ethyl acetoacetate, diethyl malonate,
and malononitrile in the presence of ammonium acetate
afforded the pyridine esters 2a—f and 2-pyridone deriva-
tives 3a—f under thermal and microwave reaction condi-
tions [38—41].

In the present work, we report on the one-pot reaction
of chalcone (1a—c), 2-substituted ethyl acetate, and ammo-
nium acetate in which they were subjected to react in a
multi-component reaction (MCR) by grindstone chem-
istry, together without using tetrahydrofuran (THF) for
25-30 min (Scheme 2). Afterward, the reaction mixture
was left overnight at room temperature to yield crude yel-
low solid products (6a—p). Nevertheless, in ultrasonic irra-
diation, the requisite amount of THF was used to yield
the same products. Some comparative data regarding the
yield, reaction time, and melting points of both procedures
are shown in Table 1. However, in ultrasonic irradiation,
2-pyridone 3 can be isomerized to the reactive lactim com-
pound 4 (Scheme 2) that proceeds to afford the energeti-
cally favorable azacoumarin product 6 (see more in DFT
section).

Upon using two equivalents of the same active meth-
ylene such as ethyl cyanoacetate, ethyl acetoacetate,
or diethyl malonate in a two-component reaction, the
pyrano[2,3-b]pyridine derivative was obtained as a sole

X =NH2, CH3, OH
2a-f

3a-f
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Scheme 2 Outline of the course of the reaction via ultrasonic irradiation
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COOEt
NH3

COOCH,CH,

Table 1 Synthesis of 4-X-5-(4-

chlorophenyl)-7-(3.4-dimethy] Substrate Product R, R, X Y Si;i;sa(ﬁlolrcl Zmld (;r(lélliillll;g Yield % m.p. (°C)

phepyl)—Z—oxo—ZH—pyrano[2,3—b] T (min).

pyridine- 3-Y (6a-p)
la 6a Me H NH, CN 25 82 35 40 180-182
la 6b Me H CH; COCH; 25 90 30 44 168-170
la 6¢ Me H OH CO,CH,CH; 20 90 25 45 118-120
la 6d Me H NH, COCH; 25 37 30 36 234-236
la 6e Me H CH; CN 25 45 30 40 138-140
la of Me H NH, CO,CH,CH; 25 45 30 40 146-148
la 6g Me H OH CN 25 40 30 30 116-118
la 6h Me H CH; CO,CH,CH; 25 85 30 50 116-118
1b 6i Me ClI NH, CN 25 88 25 50 180-182
1b 6j Me ClI CH; COCH;4 25 90 30 43 174-176
1b 6k Me ClI OH CO,CH,CH; 20 83 25 50 136-138
1b 6l Me ClI NH, COCH; 25 40 30 50 202-204
1b 6m Me ClI CH; CN 20 40 30 40 130-132
1c 6n OMe H NH, CN 25 80 30 55 194-196
1c 60 OMe H CH; COCH;4 25 75 30 35 156-158
1c 6p OMe H OH CO,CH,CH; 25 85 30 35 176-178
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product. For example, when compounds 1la—c were treated
with two moles of ethyl cyanoacetate, ethyl acetoacetate,
or diethyl malonate, the azacoumarin derivatives 6a—c, and
6i-k and 6n-p, respectively, were the sole products in each
case (Scheme 3). The reaction possibly proceeded accord-
ing to the following mechanism (Scheme 4).

When the reactions were carried out using two equiva-
lents of the same active methylene such as ethyl cyanoac-
etate, ethyl acetoacetate, or diethyl malonate in a pseudo-
three-component reaction, one pyrano[2,3-b]pyridine
derivative was obtained as a sole product. For example,
when compounds 1 were treated with two moles of ethyl
cyanoacetate, ethyl acetoacetate or diethyl malonate, the
azacoumarin derivatives 6a—c, 6i-k and 6n—p were the
sole products in each case. On the other hand, by applying
a three-component reaction strategy using a mixture of two
different active methylene compounds, e.g., ethyl cyanoace-
tate and ethyl acetoacetate and vice versa, two pyrano[2,3-b]
pyridine derivatives 6d and 6e were produced, respectively.
Both of the above supposed techniques provided products
in good to excellent yields with simple and mild reaction
conditions. But in case of using ethyl cyanoacetate and ethyl

o)
of = R, z
7L
R, CO,Et
1a-c

Z = CN, COCHa, CO,Et

1a) R1 = Me, R2 =H
1b) R, = Me, R, =Cl
1C) R1 = OCH3, R2 =H

Scheme 3 Synthesis of compounds 6a—p

a NCCH,CO,Et
AcO'NH,*

acetoacetate with chalcone 1 via three-component reaction,
two products of pyrano[2,3-b]pyridine derivatives 6d and
6e were produced, respectively. Similarly to the latter reac-
tion with ethyl cyanoacetate and diethyl malonate, chalcone
1 yielded correspondingly 6f and 6g. On the other hand,
subsequent treating of chalcone 1 with ethyl acetoacetate fol-
lowed by diethyl malonate in the same manner yielded one
product of pyrano[2,3-b]pyridine derivative 6h that inverses
the reactivity of the diethyl malonate precursor rather than
ethyl acetoacetate (Table 2 and as outlined in Scheme 5).
Figures 1 and 2 indicate the stability of the desired azacou-
marin product 6a than the corresponding chromone product
Sa. As stated vide supra, both of the above supposed tech-
niques provided products in good to excellent yields with
simple and mild reaction conditions. A mechanistic illustra-
tion of the three-component strategy for 6d and 6e formation
is shown in Scheme 6.

Similarly, on treatment of 1a with ethyl cyanoacetate fol-
lowed by diethyl malonate and vice versa, the correspond-
ing 6f and 6g were obtained, respectively. On the other hand,
subsequent treatment of chalcone 1a with ethyl acetoacetate,
followed by diethyl malonate in the same manner yielded one

AcO'NH,*
us

X= NH2, CH3, OH
Y= CN, CO,Et, COCHs

Scheme 4 Mechanistic illustration of the two-component strategy for 6a synthesis

@ Springer



Journal of the Iranian Chemical Society (2018) 15:2093-2105 2097
Table 2 .Outlir.w Of, th.e one- Comd. no. Two-component reaction Three-component reaction
pot reaction with similar and
different active methylene Active methylene (2 moles) Product Active methylene Product
compounds
1st molecule 2nd molecule
la CH,(CN)COOEt 6a
la CH,(COCH;)COOEt 6b
la CH,(COOC,Hy), 6¢
la CH,(CN)CO,Et CH;COCH,CO,Et 6d, 6e
la
la CH,(CN)COOEt  CH,(COOC,Hs), 6f, 6g
la
la CH;COCH,CO,Et CH,(COOC,Hs), 6h, 6i
1b CH,(CN)COOEt 6j
1b CH,(COCH;)COOEt 6k
1b CH,(COOC,Hy), 6l
1b CH,(CN)COOEt  CH,(COCH;)COOEt 6m, 6n
1b
1c CH,(CN)COOEt 60
1c CH,(COCH;)COOEt 6p
1c CH,(COOC,Hy), 6q

product of pyrano[2,3-b] pyridine derivative 6h that inversed
the reactivity of the diethyl malonate precursor rather than
ethyl acetoacetate (Table 2).

The structures of all synthesized compounds were estab-
lished on the basis of elemental and spectral analyses (IR,
NMR, and MS). As an evidence, the characteristic peak at
1660 cm™! corresponding to (vVC=0) in the IR spectrum
of chalcones of 1a—c disappeared in the IR spectra of all
7-(3-chloro-4-methylphenyl)-5-(aryl)-2-oxo-2H-pyrano[2,3-
b]pyridine derivatives (6a—p).

Moreover, the appearance of the stretching vibration of NH,
as broad bands in the region 3440-3300 and another band at
2216 cm™! corresponding to C=N confirmed the formation
of the desired compounds 6a and 2i. The "H-NMR spectrum
of 5-(4-chlorophenyl)-7-(3,4-dimethylphenyl)-2-oxo-2H-
pyrano[2,3-b]pyridine derivatives 6¢c, 6g, 6k, and 6p revealed
characteristic singlet peaks in the §=10.22-11.82 ppm region,
corresponding to the OH group. On the other hand, '"H-NMR
spectra of 6a, 6d, 6f, 6i, 61, and 6n revealed characteristic
singlet peaks at the §=10.22—11.82 ppm region correspond-
ing to NH, moieties. In addition, a multiplet peak at the
0=6.79-8.01 ppm region (protons of benzene and 1H proton
of pyridyl ring) emerged, which clearly ascertained their cor-
responding molecular structures.

Bioassay for insecticidal activity of the synthesized
compounds

The results listed in Table 3 indicate that most of the title
compounds showed weakly insecticidal activity against

the two pests. However, some of the compounds displayed
good insecticidal activities. For example, compounds 6i
and 6l showed 100% activities at 500 ug mL~! and 50%
activities at 50 ug mL~! against both Plutella xylostella
and Helicoverpa armigera. Meanwhile, the activities of
compounds 6i and 6l against Helicoverpa armigera were
better than those of chlorpyrifos at 200 pg mL~!; com-
pound 6i and 61 showed 75.0 and 86.1% activity, respec-
tively, against Helicoverpa armigera at 200 pg mL~". In
addition, compounds 6] and 6k also showed good insecti-
cidal activities, and their mortalities against Plutella xylos-
tella were 95.2 and 92.9%, respectively (500 pg mL™1),
and with 200 ug mL~! concentration the activity of 6j
against Plutella xylostella was still 94.2%. Furthermore,
the activity of compounds 6j against Helicoverpa armig-
era at 200 ug mL~! was 67.9 and 78.1% for 6k, which is
better than that of chlorpyrifos. Moreover, compounds 6¢
and 6d had 55.1 and 55.9% activities on Plutella xylostella
and Helicoverpa armigera at 500 pg mL™ !, respectively.
The LCs, values of compounds 6i, 6j, 6k, and 61 were
further evaluated and the results listed in Table 4. The LCj
values of 6i, 6j, and 61 on Plutella xylostella were much
lower than that of chlorpyrifos, which indicated that the
activities of these compounds on Plutella xylostella. On
the other hand, the LCs, values of 6i, 6k, and 6l on Plu-
tella xylostella were much lower than that of chlorpyrifos,
which indicated that the activities of these compounds on
Helicoverpa armigera were better than that of chlorpyrifos.
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Scheme 5 Ultrasonic reac-
tion of chalcone 1b with active
methylene via three-component
reaction

15t mole
NCCH,CO,Et

15t mole

CH3COCH,CO,Et
cl

Minimization Energy of Reaction progress for
synthesized compounds 1-6

Fig. 1 Outline of the energy value (Kcal/ mol) for two series (1 and
2) of compounds 1-6 during the reaction progress of chalcone 1a and
1b with ethyl cyanoacetate, indicating that the thermal stability of
2-pyridone 3 is more than that of chalconel as represented in Fig. 2
(la—6a) and scheme 2 (1b, 2d-6d)

The toxic ratio is defined as the ratio of imidacloprid’s LCj
value for baseline toxicity and the compounds’ LCs, value.
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more stable

2nd mole sole product

NCHIaCOCH2CO,Et
o Cl
36 NH
COOCH,CH3
Cl
o
CN
Cl o
Energitic favorable
2" mole sole product
COCH;3 _
NCCH,CO,Et

o

DFT “studies”

The optimized molecular structures of the synthesized com-
pounds are formed as stable energetic structure geometry.
Such geometrical structure of the compounds as an exam-
ple, compounds 1-6 is gradually optimized and its energy is
continuously decreased until the fluctuations in the molecule
energy are minimized (Fig. 1). The optimized geometrical
structures of two series of compounds 1-6 under ultrasonic
reaction condition in addition to their solvation with tet-
rahydrofuran (THF) displayed wholly distributed energies
over every molecular structure (Fig. 2). Frontier molecu-
lar orbitals possess the highest occupied molecular orbital
(HOMO), excited during ultrasonic energy HOMO_ | and
the lowest unoccupied molecular orbital (LUMO) (Fig. S1)
[42-45]. The regions of highest electron density (HOMO)
characterize the electrophilic-attacking sites, while the
LUMO imitates the nucleophilic-attacked sites [46, 47].
Quantum chemical computation can be explained the mecha-
nism of the reaction at the different condition to afford the
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lactim 4a ba Azacoumarin derivative (6a)

Fig.2 The effect of ultrasonic energy for optimized isomerization by computational chemical calculation converted chalcone 1a to azacoumarin
6a via 2-pyridone 3a. Color index: white H, gray C, blue N, red O, green Cl and blue wire mesh THF solvent

Cl

P /< %
o} NCCH,CO,Et

1a
+

o)
CH3COCH,CO,Et
Followed by NCCH,CO,Et

Scheme 6 Mechanistic illustration for the three-component strategy
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Table 3 Insecticidal activity

. . Comp. no Insecticidal activity (%) at different concentrations (ug mL™")
(%) at different concentrations
(ug mL™" of the synthesized Plutella xylostella Helicoverpa armigera
compounds against Plutella
xylostella and Helicoverpa 500 200 100 50 25 500 200 100 50 25
armigera 6a 40 33 22 10 5 35.6 18.7 5.8 - -
6b 30.8 227 16.9 114 8.2 36.0 11.7 7.7 3.6 -
6¢ 55.1 19.4 12.6 7.1 2.3 342 10.8 53 1.8 -
6d 55.9 40.1 36.2 20.2 11.9 35.1 13.3 - - -
6e 24.6 14.0 12.2 9.5 7.2 36.7 14.9 44 - -
6f 22.3 16.5 8.9 - - 38.2 14.6 - - -
6g 28.2 11.2 3.2 - - 11.2 - - - -
6h 29.6 12.3 6.1 33 - 31.3 16.4 7.5 32 -
6i 100 80.0 66.4 53.7 37.1 100 75.0 63.2 50.4 27.8
6j 95.2 94.2 43.8 345 252 89.4 67.9 45.1 31.2 26.7
6k 92.9 56.2 33.8 23.8 16.9 92.2 78.1 452 24.5 17.9
61 100 87.2 63.7 537 24.1 95.2 86.1 67.2 51.0 22.8
6m 90.4 76.2 55.1 33.8 19.6 88.7 66.6 52.0 29.8 11.9
6n 44.6 29.8 14.3 9.0 6.2 452 235 11.4 9.8 2.3
60 335 24.1 19.6 10.2 7.8 24.1 13.5 7.7 2.8 -
6p 247 14.2 9.9 7.6 - 33.1 23.6 14.2 33 1.9
Chlorpyrifos 100 100 100 92 81 84.2 67.9 56.9 33.1 20.1
z;?ée]i 6Iicasr(1)dv(a:lll1111§:p(;fri‘}1;s Insects Compd. LCs, (mg/L) y=a+bx Toxic ratio®
against Plutella xylostella and Plutella xylostella 6i 43.85 y=3.1852+1.0493x 0.98
Helicoverpa armigera 6j 95.58 y=2.35527+1.59130x  0.98
6k 167.7 y=2.15892 + 1.2746x 0.99
61 50.77 ¥=2.09929 + 1.7009x 0.98
Chlorpyrifos 7.64 y=3.732+1.46x 0.98
Helicoverpa armigera 6i 58.8 y=2.3643+1.5001x 0.99
6j 111.76 y=2.6981+1.1224x 0.98
6k 77.10 y=3.4268+0.8336x 0.98
6l 65.29 y=2.3290+1.4716x 0.97
Chlorpyrifos 103.56 y=2.2280+1.3748x 0.97

4Toxic ratio

different products. The competitive reaction of the second
molecule of ethyl cyanoacetate, under ultrasonic reaction
conditions, preferred to attack 2-pyridone 3 that has lower
AE=LUMO-HOMO_ =2.930 ev than chalcone 1 that has
AE=LUMO-HOMO =5.664 ev to yield the desired prod-
uct 6. In the thermal reaction condition, it prefers attacking
chalcone 1 that has AE=LUMO-HOMO =10.044 ev to
yield 2-pyridone 3 (Table 5). So, the 2-pyridone product 3
was preferred to yield in the thermal reaction condition as
outlined in Fig. 1. On the other hand, dipole moment (u) is
a promising measurable parameter for molecular polarity. It
is clearly evident from Table 5 that compounds 6 (j, k and
1) exhibit high polarities, and so they have the most potent
insecticidal activity [48]. The hydration energy echoes the
more solvated parts of azacoumarin that be contributed to

@ Springer

attack the insect, resulting in the most potent activity of such
compounds (Tables 4, 5) [49, 50]. The nucleophilicity index
(@) and the surface area can be confirmed the insecticidal
activity and followed the order: 6i> 61> 6j> 6k > 6d and
conforms to environmental insecticidal activity [51-53].
Accordingly, the DFT data are in accordance with the pre-
viously obtained results (cf. Tables 3, 4, 5).

Experimental

Materials and methods

Melting points were determined in open glass capillaries

and were uncorrected. The IR spectra (v,,,, in cm™') were
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Table 5 DFT parameters calculated for the synthesized compounds

Compno  Eygyo (V) Eyomo-1 (€V) Ej ymo (€V) AE AE ultrasonic Dipole moment  Hydration E (k  Surface area, Nucleo-
thermal yyoomo)  (LUMO- u (Debye) cal mol™!) A (nm?) philicity, @

HOMO™") V)

1 —10.93 —-6.55 —-0.886 10.044 5.664 —-0.526 —20.691 1183.34 4.12

2 -742 -3.82 —-0.342 7.078 3.478 0.4520 —50.462 909.23 4.34

3 —11.05 -3.84 -0.910 10.140 2.930 —6.682 —15.84 112225 5.24

4 —-8.17 -3.62 —1.261 6.909 2.359 3.810 —29.331 1034.24 338

5 -7.85 —-3.49 -0.752 7.089 2738 4.733 —59.942 1187.32 327

6d —-7.87 -343 -0.821 7.049 2.609 12.318 —53.321 1209.58 2.61

6i -17.75 -3.84 —-0.810 6.940 3.030 13.879 —55.453 1354.25 5.24

6j -8.07 -3.58 —-0.861 7.209 2.719 13.863 —54.765 1314.67 4.83

6k -7.85 -3.89 —-0.798 7.052 3.092 14.121 —55.963 1281.15 3.93

61 -797 -3.53 -0.872 7.98 2.658 14.118 —54.621 1336.34 5.11

6m =172 -329 —-0.843 6.877 2.447 12.256 —53.272 1126.34 2.47

recorded on FT-IR Shimadzu-8400S Spectrophotometer
using KBr pellets (New York, NY, USA). '"H-NMR spec-
tra were recorded on JEOL-AL 300 spectrophotometer
(Rheinstetten, Germany, 400 MHz) using CDCI;/DMSO-
ds as solvents. TMS was taken as the internal standard.
I3C-NMR spectra were recorded on the same spectrometer
(Rheinstetten, Germany) at 100 MHz and referenced to sol-
vent signals 6=39.50 ppm for DMSO-d,. The mass spec-
tra were recorded on Shimadzu GCMS-QP-1000 EX mass
spectrometer (Kyoto, Japan) using the electron ionization
technique at 70 e.v. Elentar Vario EL III automatic CHN
analyzer was used for elemental analyses. The CHN analyses
were recorded at the Central Armed Force in Egypt. Sonica-
tion was performed in a Toshcon model SW 4 cleaner with
a frequency of 37 KHz and operating at maximum power
of 150 W. The purity of compounds was checked by TLC
using silica gel (60—120) mesh as adsorbent, UV light, or
iodine to accomplish visualization. All common reagents
and solvents were used as obtained from commercial suppli-
ers without further purification. Chalcone (1) was prepared
by the method described in literature [54].

General procedure for the synthesis of 7-(3-chloro-4-methyl
phenyl)-5-(4-methylphenyl)- 2-oxo-2H-pyrano[2,3-b]
pyridine derivatives (6a—p)

Method (i): Chalcone (1a—c) (0.05 mol), active methylene
compounds, e.g., ethyl cyanoacetate, ethyl acetoacetate
and/or diethyl malonate (0.05 mol), and ammonium acetate
(0.04 mol) were ground together in a mortar. Then, this mix-
ture was transferred into a 250-mL round bottom flask with
the addition of ethanol (5 mL). The reaction flask was then
placed in the maximum energy area in an ultrasonic clean-
ing bath (observation of the surface of the reaction solution
during vertical adjustment of flask depth shows the optimum
position by the point at which maximum surface disturbance
occurs). The bath temperature was controlled by addition

or removal of water at 30 °C. The progress of the reaction
was monitored by TLC using CHg: EtOAc v/v 95:5 as the
solvent system. Sonication was continued until the start-
ing reactants disappeared as indicated by TLC. A yellow
solid product was obtained within 20-25 min of irradiation
(Table 1). After the completion of the reaction, the mixture
was poured into crushed ice with constant stirring to obtain
a yellow solid mass, which was dried and recrystallized from
95% ethanol.

Method (ii): Chalcone (1a—c) (0.05 mol), active meth-
ylene compounds, e.g., ethyl cyanoacetate, ethyl acetoac-
etate, and/or diethylmalonate (0.05 mol), and ammonium
acetate (0.04 mol) were ground together in an agate mortar
and pestle for 25-30 min. The color of the reaction mixture
turned into light yellow from colorless starting reactants.
The progress of the reaction was monitored by TLC using
C¢Hg: EtOAc 95:5 as a solvent system. Then the reaction
mixture was left overnight, whereby a yellow solid crude
product was obtained which was recrystallized from 95%
aqueous ethanol.

4-Amino-7-(3-chloro-4-methyl phenyl)-5-(4-methylphenyl)-
2-ox0-2H-pyrano[2,3-b]pyridine-3-carbonitrile ~ (6a) Yel-
low crystal, IR (v, cm™Y): 3284, 3180 (NH,), 3050 (ArH),
2216 (C=N), 1743 (C=0), MS (m/z) 403.5/401.5. '"H NMR
(400 MHz, CDCl,) 8: 2.25 (s, 6H, 2Me), 5.62 (s, 2H, NH,),
7.38-7.79 (m, 8H, ArH): '*C NMR (100 MHz, CDCl,)
6: 194, 21.7, 77.8, 103.9, 115.1, 123.3, 123.9, 126.4 (2),
128.4, 129.1 (2), 130.2, 131.7, 134.2 (2), 134.5, 135.2,
137.4, 144.2, 145.9, 156.1, 163.5 181.2; Anal. Calcd. for
C,3H,(CIN;0, (401.5): C 68.75, H4.01, N 10.46. Found: C
68.39, H 4.35, N 10.01.

3-Acetyl-7-(3-chloro-4-methyphenyl)-4-methyl-5-(p-tolyl)-
2H-pyrano[2,3-b]pyridin-2-one (6b) Yellow crystal, IR (v,
cm™1): 3045 (ArH), 1741, 1682 (C=0), MS (m/z) 419/417.
"H NMR (400 MHz, CDCl;) &: 2.25 (s, 6H, 2Me), 2.62 (s,
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3H, CH,), 7.43-8.19 (m, 8H, ArH): *C NMR (100 MHz,
CDCly) §: 19.6,22.4,25.6,58.1, 105.5, 121.6, 122.7, 127.4,
127.9 (2), 129.1 (2), 131.3, 132.6, 134.2, 134.4, 134.7,
138.1, 141.6, 143.0, 145.2, 1456.7, 158.5, 164.3; Anal.
Caled. for Cp,H,,CINO; (417.5): C 71.02, H 4.97, N 3.45.
Found: C 71.43, H 4.72, N 3.77.

Ethyl-7-(3-chloro-4-methylphenyl)-5-(4-methylphenyl)-4-
methyl-2-oxo-2H-pyrano [2,3-b]pyridin-2-on-3-yl acetate
(6¢) Yellow crystal, IR (v, cm™!): 3460 (OH), 3045 (ArH),
1750, 1734, 1670 (C=0). MS (m/z) 451.5/449.5. '"H NMR
(400 MHz, CDCl,) é: 1.2 (t, 3H, CHy), 2.29 (s, 6H, 2Me),
4.2 (q, 2H, CH,), 7.18-7.99 (m, 8H, ArH), 11.82(s, 1H, OH
exchangeable in D,0). >*C NMR (100 MHz, CDCl,) §: 14.4,
20.3, 61.9, 99.7, 103.7, 123.0, 123.5, 126.4 (2), 127.9 (2),
129.1 (2), 131.0, 132.4, 134.2, 134.5, 134.8, 136.4, 144.7,
146.2, 158.9, 164.2, 165.6; Anal. Calcd. for C,sH,,CINO,
(449.5): C 66.74, H 4.48, N 3.11. Found: C66.72, H 4.21,
N, 3.40.

3-Acetyl-4-amino-7-(3-chloro-4-methylphenyl)-5-(4-
methylphenyl)-2H-pyrano [2,3-b] pyridin-2-one (6d) Yel-
low crystal, IR (v, cm™Y): 3243, 3186, (NH,), 3055 (CH),
1738, 1681 (C=0), MS (m/z) 420/418. "H NMR (400 MHz,
CDCly) &: 2.29 (s, 6H, 2Me), 2.6 (s, 3H, CH;), 7.06-7.67
(m, 8H, ArH), 12.12 (s, 2H, NH, exchangeable in D,0).!*C
NMR (100 MHz, CDCl,) é: 19.6, 21.8, 30.3, 103.2, 108.7
123.7, 123.9, 127.4, 127.7, 129.7 (2), 130.5, 131.8 (2),
133.4, 134.2, 134.6, 138.1, 145.5, 147.4, 160.6, 163.7,
170.8, 197.5; Anal. Calced. for CyH,4CIN,0; (418.5): C
68.82, H4.57, N 6.69. Found: C 68.56, H4.17, N 6.31,

7-(3-Chloro-4-methylphenyl)-5-(4-methylphenyl)-
4-methyl-2-oxo0-2H-pyrano[2,3-b]pyridin-3-carbonitrile
(6e) Yellow crystal, IR )v, cm™Y): 3070 (ArH), 2215 (CN),
1745 (C=0); MS (m/z) 402/400. '"H NMR (400 MHz,
DMSO-dy) 6: 2.21 (s, 6H, 2Me), 2.5 (s, 3H, CH;), 7.32-7.87
(m, 8H, ArH). 3C NMR (100 MHz, CDCl,) &: 14.8, 19.2,
22.0, 97.1, 104.6, 116.8, 123.2, 123.8, 127.4, 127.7 (2),
129.1 (2), 131.1, 132.5, 134.3, 134.5, 134.8, 138.3, 146.3,
146.9, 156.8, 165.1, 170.2; Anal. Calcd. for C,,H;,CIN,O,
(400.5): C 71.91, H 4.27, N 6.99. Found: C 70.98, H 4.68,
N 6.58.

Ethyl-4-amino-7-(3-chloro-4-methylphenyl)-5-(4-methylph
enyl)-2-oxo-2H-pyrano[2,3-b] pyridin-3-yl acetate (6f) Yel-
low crystal, IR (v, cm™Y): 3445 and 3380 (NH,), 3090
(ArH), 1745, 1738 (C=0), MS (m/z) 450/448. '"H NMR
(400 MHz, CDCl,) é: 1.2 (t, 3H, CHj;), 2.29 (s, 6H, 2Me),
4.24 (q, 2H, CH,), 7.11-7.87 (m, 8H, ArH), 10.62 (s, 2H,
NH, exchangeable in D,0). *C NMR (100 MHz, CDCl,)
6:14.7.20.2,22.4,60.8, 101.2, 104.9, 123.3, 123.79, 127 .4,
127.5 (2), 129.8 (2), 131.6, 132.8, 133.8, 134.2, 134.7,
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138.5, 144.6, 146.4, 159.1, 164.0, 165.4, 174.1; Anal. Calcd.
for C,5H,,CIN,0, (448.5): C 66.89, H 4.72, N 6.24. Found:
C 66.78, H4.32, N 6. 49.

7-(3-Chloro-4-methylphenyl)-5-(4-methylphenyl)-2,4-di-
oxo2H-pyrano[2,3-b] pyridin-3-carbonitrile (6g) Yellow
crystal, IR (v, cm™Y): 3460 (OH), 3087 (ArH), 2217(CN),
1732 (C=0), 1620 MS (m/z) 404/402. '"H NMR (400 MHz,
DMSO-d,) 6: 2.29 (s, 6H, 2Me), 7.18-7.99 (m, 8H,
ArH), 11.22 (s, 1H, OH exchangeable in D,0). '*C NMR
(100 MHz, CDCl,) 6: 19.9, 21.8, 71.5, 104.8, 116.3, 123.4,
123.9, 127.4 (2), 127.8, 129.1 (2), 131.4, 132.8, 134.6,
134.8,135.1, 136.5, 146.3, 146.9, 155.6, 165.9, 169.6; Anal.
Calcd. for Cy3H;5CIN,O;4 (402.5): C 68.58, H 3.75, N 6.95.
Found: C 69.31, H3.97, N 7.21.

Ethyl-7-(3-chloro-4-methylphenyl)-5-(4-methylphenyl)-4-m
ethyl-2-oxo-2H-pyrano[2,3-b] pyridin-3-yl acetate (6h) Yel-
low crystal, IR (v, Cm_l): 3050, 2913 (CH), 1748, 1732
(C=0), MS (m/z) 449/447. "H NMR (400 MHz, CDCl,) &:
1.2 (t, 3H, CHy), 2.29 (s, 6H, 2CH,), 2.54 (s, 3H, CH,),
4.2 (q, 2H, CH,), 7.18-7.99 (m, 8H, ArH), 11.82 (s, 1H,
OH exchangeable in D,0). '*C NMR (100 MHz, CDCl,)
6:15.1, 19.9, 21.3, 21.8, 62.8, 103.9, 111.2, 121.3, 124.1,
126.4, 128.3 (2), 129.5 (2), 131.6, 133.4, 134.6, 134.8,
135.8,137.5, 145.9, 147.0, 160.2, 162.8, 163.9, 167.0; Anal.
Calcd. for C,4H,,CINO, (447.5): C 69.72, H 4.95, N 3.13.
Found: C 69.33, H 4.67, N 3.45.

4-Amino-5-(3-chloro-4-methylphenyl)-7-(3-chloro-4-me-
thyl phenyl)-2-oxo-2H-pyrano[2,3-b]pyridine-3-carbonitrile
(6i) Yellow crystal, IR (v, cm_l): 3315 and 3175 (NH,),
3051 (ArH), 2215 (CN), 1745 (C=0), 'H NMR (400 MHz,
CDCl,) 6: 2.25 (s, 6H, 2CH,), 5.62 (s, 2H, NH,), 7.38-7.79
(m, 7H, ArH); '*C NMR (100 MHz, CDCl;) &: 19.5 (2),
76.4,103.9, 116.3, 121.7, 124.2, 125.8, 127.4, 127.7, 131.5
(2), 133.3, 134.3, 135.1 (2), 136.9 (2), 144.4, 145.7, 157.7,
163.5, 181; Anal. Calcd. for C,3H,sC1,N;0, (435): C 63.32,
H 3.47, N 9.63. Found: C 62.01, H 3.77, N 9.91.

3-Acetyl-5-(3-chloro-4-methylphenyl)-7-(3-chloro-4-methyl
phenyl)-4-methyl-2H-pyrano[2,3-b] pyridin-2-one (6j) Yel-
low solid, IR (v, cm™"): 3060, 2900, 2868(CH), 1739, 1689
(C=0), MS (m/z) 439/436. "H NMR (400 MHz, CDCly), &
2.25 (s, 6H, 2CHj;), 2.62 (s, 3H, CHj;), 7.43-8.19 (m, 7H,
ArH); 3C NMR (100 MHz, CDCl,) 6: 19.9 (2), 22.4, 29.59,
104.8, 123.7, 124.2, 125.1, 126.9, 127.7, 129.4, 131.3 (2),
134.6, 134.8 (2), 135.7, 137.4 (2), 144.6, 147.4, 159.4,
160.1, 163.9, 197.6; Anal. Calcd. for C,sH,oCI,NO; (451):
C 68.38, H 4.23, N 3.10. Found: C 68.71, H 4.66, N 3.39.
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Ethyl-5-(3-chloro-4-methylphenyl)-7-(3-chloro-4-methyl-
phenyl)-4-methyl-2-oxo0-2H-pyrano[2,3-b] pyridin-2-on-3-yl
acetate (6 k) Yellow solid, IR (v, cm™"): 3502 (OH), 3045
(ArH), 1750, 1734, 1670 (C=0). 'H NMR (400 MHz,
CDCl,) &: 1.18 (t, 3H, CH;), 2.19 (s, 6H, 2Me), 4.74 (q, 2H,
CH,), 7.18-8.13 (m, 7H, ArH), 11.82 (s, 1H, OH exchange-
able in D,0). '*C NMR (100 M Hz, CDCl,) &: 14.2, 19.5
(2), 60.9, 101.3, 105.1, 122.1, 122.7, 126.5, 126.9, 131.3
(2), 133.9, 134.2, 134.8 (2), 136.1 (2), 144.8, 145.3, 147.6,
160.4, 165.0, 165.2, 171.4; Anal. Calcd. for C,sH,oCI,NO;
(483): C 62.00, H 3.95, N 2.89. Found: C 61.88, H 3.65, N
2.63.

3-Acetyl-4-amino-5-(3-chloro-4-methylphenyl)-7-(3-chloro
-4-methylphenyl)-2H-pyrano[2,3-b]pyridin-2-one (6 I) Yel-
low solid, IR (v, cm™"): 3310, 3267 (NH,), 3100, 2975 (CH),
1738, 1681 (C=0), MS (m/z) 455/452. "H NMR (400 MHz,
CDCl,) 6: 2.29 (s, 6H, 2Me), 2.6 (s, 3H, CH,), 7.06-7.67
(m, 7H, ArH), 12.12 (s, 2H, NH, exchangeable in D,0). 1°C
NMR (100 MHz, CDCly) é: 19.9 (2), 30.2, 103.8, 110.3,
121.9, 124.2, 124.6, 127.6, 127.8, 131.3 (2), 134.6, 134.8
(2), 135.1, 136.1 (2), 146.6, 148.1, 159.1, 165.9, 171.7,
197.4; Anal. Calcd. for C,,H;sCL,N,05 (452): C 63.59, H
4.00, N 6.18. Found: C 63.22, H 4.35, N 6.34.

5,7-Bis(3-chloro-4-methylphenyl)-4-me-
thyl-2-o0x0-2H-pyrano[2,3-b]pyridine-3-carbonitrile
(6 m) Yellow solid, IR (v, cm™): 3070 (ArH), 2215 (CN),
1745 (C=0); MS (mlz) 437.5/435.5 '"H NMR (400 MHz,
CDCl,) 6: 2.21-2.23 (s, 6H, 2CH,), 2.51 (s, 3H, CHj;), 7.32—
7.87 (m, 7H, ArH). *C NMR (100 MHz, CDCl;) §: 14.8,
21.0 (2), 97.9, 104.7, 115.1, 123.5, 123.9, 126.5, 127.4,
127.9, 130.2 (2), 134.6, 134.8 (2), 135.1, 136.8 (2), 146.2,
146.8, 155.6, 165.6, 170.6; Anal. Calcd. for C,,H,,C1,N,O,
(434): C 66.22, H 3.70, N 6.44. Found: C 66.65, H 3.81, N
6.16.

4-Amino-7-(3-chloro-4-methylphenyl)-5-(4-methoxypheny
1)-2-ox0-2H-pyrano[2,3-b]pyridine-3-carbonitrile (6n) Yel-
low solid, IR (v, cm™'): 3284 and 3180 (NH,), 3050 (ArH),
2216 (CN), 1743 (C=0), MS (m/z) 419/417. 'H NMR
(400 MHz, CDCl,) é: 2.25 (s, 3H, Me), 4.71 (s, 3H, OCH,),
5.62 (s, 2H, NH,), 7.38-7.79 (m, 8H, ArH); *C NMR
(100 MHz, CDCly) 6: 20.2, 56.8, 78.4, 104.7, 115.2 (2),
115.9, 123.2, 124.2, 128.4, 129.3 (2), 131.5, 133.2, 134.1,
134.6,135.1, 146.1, 146.7, 157.2, 160.7, 165.9, 181.2; Anal.
Calcd. for Cp3H,(CIN;04 (417.5): C 66.11, H 3.86, N 10.06.
Found: C 66.32, H 3.96, N 10.33.

3-Acetyl-7-(3-chloro-4-methylphenyl)-5-(4-methoxyphen
yl)-4-methyl-2H-pyrano[2,3-b]pyridin-2-one (60) Yellow
solid, IR (v, cm™1): 3045, 2912 (CH), 1745, 1689 (C=0).
'H NMR (400 MHz, CDCl,) &: 2.25 (s, 3H, Me), 2.62

(s, 3H, CH3), 2.87 (s, 3H, COCHj), 4.63 (s, 3H, OCH,),
7.43-8.19 (m, 8H, ArH); '3*C NMR (100 MHz, CDCI,)
5: 19.6, 25.3, 56.4, 58.9, 103.8, 115.1 (2), 121.9, 124.1,
127.3,129.0 (2), 131.3, 132.9, 133.6, 134.2, 134.8, 136.2,
140.5, 143.4, 146.3, 146.9, 160.1, 161.4, 165.3; Anal.
Calcd. for CysH,CINO, (421.11): C 68.33, H 4.78, N
3.32. Found: C 68.71, H 4.56, N 3.61.

Ethyl 7-(3-chloro-4-methylphenyl)-4-hydroxy-5-(4-meth
oxyphenyl)-2-oxo-2H-pyrano  [2,3-b]pyridine-3-carbox-
ylate (6p) Yellow solid, IR (v, cm™'): 3460 (OH), 3045
(ArH), 1751, 1732, 1674 (C=0). 'H NMR (3400 MHz,
CDCl,) 6: 1.2 (t, 3H, CHj), 2.29 (s, 3H, Me), 4.2 (q, 2H,
CH,), 4.91 (s, 3H, OCHj;), 7.18-7.99 (m, 8H, ArH), 11.82
(s, 1H, OH exchangeable in D,0). '*C NMR (100 MHz,
CDCl,) 6: 14.6, 19.5, 56.4, 61.8, 101.7, 105.4, 115.0 (2),
123.4,123.8, 128.3, 129.4 (2), 131.6, 133.7, 134.2, 134.7,
135.9, 146.4, 146.9, 160.3, 161.8, 165.0, 165.9, 171.9;
Anal. Calcd. for C,5H,,CINOg (465.89): C 64.45, H 4.33,
N 3.01. Found: C 64.88, H 4.04, N 3.39.

Insecticidal activity

The insecticidal activities of compounds 6a—p were meas-
ured against Plutella xylostella and Helicoverpa armigera
according to the standard test*® with a slight modifica-
tion. The test analogs were dissolved in DMF and serially
diluted with water containing Triton X-80 (0.1 mg/L) to
obtain the required concentrations. The insects were reared
at 25 (x 1)°C and groups were transferred to glass Petri
dishes. All experiments were carried out in three replicates
for the purpose of statistic requirements. Assessments of
mortality were calculated 72 h by the number and size of
the live insects relative to those in the negative control.
Evaluations were based on a percentage scale of (0=no
activity and 100 =complete eradication). The mortality
rates were subjected to probity analysis [39]. Chlorpyrifos
was used as positive control, while water containing Triton
X-80 (0.1 mg/L) was used as negative control.

Computational methods

DFT studies were carried out for the azacoumarin com-
pounds (6a-p) using Materials Studio 6.0 (MS 6.0) soft-
ware from Accelrys, Inc. DMol3 module was used to per-
form the DFT calculations using Perdew and Wang LDA
exchange—correlation functional and DND basis set. The
calculated parameters involved the electron density, dipole
moment and frontier molecular orbitals, and the molecu-
lar surface area. Frontier molecular orbitals include the
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highest occupied molecular orbitals (HOMOs) and the
lowest unoccupied molecular orbitals (LUMOs) [38, 39].

Conclusion

The present report is the first study of the synthesis and
insecticidal activities of some 8-azacoumarin derivatives.
8-Azacoumarin derivatives 6a—p were synthesized via
two-step, simple, novel and eco-friendly synthetic proto-
cols. Comparative study regarding the outcome yields and
the time or reactions was done on ultrasound-assisted and
grinding strategies. Full structural elucidations for all syn-
thesized compounds were based on elemental and spectro-
scopic analyses. Insecticidal evaluations were done on all
of the products. In particular, compounds 6i, 6j, 6k, and 61
showed much better activities against Plutella xylostella and
Helicoverpa armigera than the rest of the tested compounds.
DFT-based bioassay of such compounds that have introduc-
tion of N at C-8 instead of CH= in coumarin enhanced the
possibility of binding with insecticidal arginine 265, which
in turn favored the insecticidal activities. However, the struc-
tures of the synthesized compounds need to be optimized
and structural modification and biological evaluation are
currently underway to explore the full potential of this kind
of azacoumarin derivatives with various hydrophobic and
hydrophilic substituents based on these findings.
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