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Abstract The readily synthesized 3-(4-Hydroxy-1-methyl-1,2-dihydro-2-oxoquinolin-3-yl)-1-

phenyl-1H-pyrazole-4-carbaldehyd (5) and 3-(2-Oxo-2H-chromen-3-yl)-1-phenyl-1H-pyrazole-

4-carbaldehyde (6) were utilized as a convenient starting precursor materials for synthesis of

novel enone system 4-hydroxy-1-methyl-3-(4-(2H-2-oxo-chromen-3-yl)prop-2-enoyl)-1-phenyl-1H-

pyrazol-4-yl)quinolin-2(1H)-one (7) and4-hydroxy-1-methyl-3-(2E)-3-(3-(2-oxo-2H-chromen-3-yl)-

1-phenyl-1H-pyrazol-4-yl)acryloyl)quinolin-2(1H)-one (8). Simple homonuclear NOE experiment

(NOESY 1D) method was performed for structure elucidation of the novel quinolinyl chalcones.

The synthesized compounds have been estimated for their effect of growth on some selective crop

of plants (Hibiscus, Mint and Basil).
� 2020 Published by Elsevier B.V. on behalf of King Saud University. This is an open access article under

the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Synthetically, 2-quinolinones are considered as active classes
of heterocyclic organic compounds. They received much inter-
est in the latter years because of their wide variety of applica-

tions in organic chemistry (Huang and Chang, 2008). Also,
coumarine (2H-1-benzopyran-2-one) derivatives had recently
a considerable interest due to their significant usage as starting

material for synthesis of many active organic compounds
(Špirtović-Halilović et al., 2014). A growing interest in synthe-

sis of compounds with the backbone of chalcone as a reactive
keto-vinyl chain (ACOACH‚CHA). Chalcones had con-
firmed their efficiency in considerable biological and pharma-

cological effectiveness like, antimicrobial (Solankee et al.,
2010), anti-inflammatory (Bandgar et al., 2010; Vogel et al.,
2010; Kim et al., 2007), antimalarial (Hans et al., 2010), anti-
fungal (Bag et al., 2009) antitumor (Echeverria et al., 2009;

Modzelewska et al., 2006), and antioxidant activity
(Venkatachalam et al., 2012; Doan and Tran, 2011; Vogel
et al., 2008). In the light of this information, we expected that

the conjunction between both 2-quinolinone and coumarine
moieties via chalcone linkage may promote their activities.
We planned to prepare a new crossbred chalcones type of

quinolinone and coumarine nucleus together in the same
framework. Homonuclear NOE (NOESY 1D) spectral tool

http://crossmark.crossref.org/dialog/?doi=10.1016/j.arabjc.2020.05.024&domain=pdf
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was used for structure elucidation of the novel chalcones in
addition to their spectral data (IR, 1H NMR, and ESI-MS).

It is important to remind that chalcone derivatives attracted

researchers interest not only for their synthetic uses but also
for their biological implementations. Recently, Kalambe
et al., (Kalambe et al., 2015) reported the effects of the substi-

tuted chalcones on different crop plant growth as the medici-
nal plants cultivation needs more new fertilizers for the
enhancement of their growth (Bhattacharjee et al., 2020). In

view of these facts, our newly synthesized chalcons were exam-
ined for the growth effects on some selective agriculture crop
plants namely; Hibiscus, Mint and Basil because of its various
medical and pharmaceutical applications.

Hibiscus (Malvaceae) have gained researchers attention.
The Hibiscus genus contains more than 300 species, but kenaf
(Hibiscus cannabinus L.) and roselle (Hibiscus sabdariffa L.)

are the most two important species within the genus (Wang
et al., 2012). Hibiscus anthocyanins (HAs), as a set of natural-
istic dyes present in the plant calyx, showed antioxidant action.

Many researchers indicated that anthocyanins have the ability
to slow down the development of cancer cells and depresses the
lipoprotein (LDL) oxidation (Mohamed et al., 2012). Roselle

seeds are perfect lipid source which dissolve antioxidants, in
particular copherol. Diversity of plant kinds are widely utilized
due to its hypoglycemic or anti-diabetic character (Puro et al.,
2014).

Mint is one of the most famous flavors coming after vanilla
and citrus aromas. Fresh or dried leaves of menthe species are
used as a condiment and also their essential oils are produced

(Arslan et al., 2010). Mint is considered as one of the most
public and cultivated aromatic plants. Mint showed a wide
range of uses of carminative and antiemetic in addition to pro-

viding a major source of dietary phenolic compounds, which
are considered the most abundant natural antioxidants
(Figueroa Pérez et al., 2014; Dorman et al., 2003). Mint oil

is widely spread as an effective ingredient in trade medicines,
for example in cough drops and syrups. It can also be applied
for local analgesic, cramps, arthritis, sprains, and muscle
aches. Mint oil has antibacterial activities because it was con-

tained menthol (Schuhmacher et al., 2003). It is also examined
as environmental secure pesticides (Akbari et al., 2015).

Basil or sweet basil (Ocimumbasilicum L.) is considered as

an perennial shrub which follows Lamiaceae (Labiatae) family.
Traditionally, the plant has been employed in folk medicine for
its carminative, stimulant, and antispasmodic properties

(Marotti et al., 1996). Basil is used as a medicinal herb in med-
ical treatments such as for headaches, coughs, diarrhea,
worms, and kidney malfunctions. Basil considered as a source
of aroma compounds, and it possesses a range of biological

activities such as insect repellent, nematocidal, antibacterial,
antifungal agents and antioxidants activities (Telci et al.,
2006).

2. Results and discussion

2.1. Synthesis and structure elucidation of the novel quinolinyl

chalcones

Treatment of 3-acetyl-4-hydroxyquinolin-2(1H)-one (1)

(Tomita, 1951) and/or 3-acetyl-2H-chromen-2-one (2)

(Siddiqui et al., 2009; Sahu et al., 1996) with phenylhydrazine
afforded the corresponding hydrazones 3 and 4 according to
the literature methods (Kappe et al., 1995; Stadlbauer and
Hojas, 2004; Chodankar et al., 1986). The synthesized

hydrazones were reacted with Vilsmeier-Haack reagent
(DMF-POCl3) (Singh et al., 2005) furnishing the pyrazolo-4-
carbaldehydes 5 and 6, respectively (Abdel-Megid et al.,

2007; Laxmi et al., 2013).
The desired chalcones yielded efficiently under the well

established conditions of the base-catalyzed Claisen– Schmidt

reaction (Mogilaiah et al., 2010). Hence, condensation of
equivalent quantities of pyrazole-4-carbaldehydes 5 and 6 with
the proper 3-acetyl derivatives in the presence of piperidine as
catalyst furnished the desirable chalcones 7 and 8 (Scheme 1).

The assuming novel E-form enones 7 and 8 were identified
from their spectral analysis. 1H NMR spectrum displayed
the vanishing of both pyrazolo-4-carbaldehydes 5 and 6

(ACHO) protons (Abdel-Megid et al., 2007; Laxmi et al.,
2013) and instead the outcrop of ortho-coupled two doublets
at d range between 7.00 ppm and 8.00 ppm characteristic for

both Ha and Hb. Coupling constant in the range among 15–
16 Hz confirm the trans geometry at the vynilic protons of
both 7 and 8 products. The structure of the suggested chal-

cones 7 and 8 were also supported on the basis of their mass
(ESI) spectra which showed the promising peaks at m/z 538
[(M + Na)]+ and 518 [(M + H)]+, respectively.

Common analytical methods were not able to distinguish

between both 7 and 8 products due to their similar spectrum
data. In a very elegant way, the structures elucidation was per-
formed using homonuclear NOE experiments (NOESY 1D) as

an excellent distinguishable tool. Using this approach has
never been used according to our knowledge for structural
determination of such chalcones. NOE experiment was carried

out on the distinct OH groups at the quinolinone moiety of
both products 7 and 8 (Fig. 1). Thus, irradiation of the OH sin-
glet of one of the resulting chalcones that exhibits a high pro-

ton frequency (d11.50 ppm), gives an adverse impact on one of
the olefinic chalcone protons beside H-5 of the quinolinone
ring indicating the proposed structure of chalcone 7 (Fig. 2),
whilst running the same experiment on the other chalcone pro-

duct gave a positive effect on only H-5 of the quinolinone ring
as a strong support for the other suggested chalcone structure
8 (Fig. 3).

2.2. Growth promoting effect of the novel quinolinyl chalcones

On an open field a beds of black cotton ground were arranged.

Selective seeds of Hibiscus, Mint and Basil were selected accu-
rately. The three types of seeds were separately planted and
irrigated in the ready beds using the conventional way. From
every bed crops were divided to two separate categories, cate-

gory A (control category) and category B (treated category).
Category (A) group were preserved without spraying, while
that from category (B) were treated with the examined com-

pounds. Category (B) were addressed with examined com-
pounds before sowing to test promoting growth effects.
Novel chalcones solutions were prepared individually in 1,4-

dioxane (0.01 M) and were used for bed spraying thrice at fort-
nightly intervals (15, 30, 45, 60, 75 and 90 days).

Tests were performed to match the category (B) plants with

that plants from category (A). Samples were taken at 15, 30,
45, 60, 75 and 90 days after sowing. Plants were accurately
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Scheme 1 Synthesis of the new chalcones 7 and 8.
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checked, and the number of functional leaves and heights of

shoots were registered accurately. The percent of change in
the shoot height and the No. of leaves was calculated accord-
ing to the following equation:

% of change ¼ Final parameter� Initial parameterð Þ
Initial parameter

� 100

Results in Tables 1 and 2 show that all treated plants pos-
sess noteworthy growth in shoot in addition to a remarkable

enhancement in the leaves numbers against the untreated sam-
ples. This enhancement of the growth in the treated plants is
similar to (Kalambe et al., 2015) who reported the positive

effect of substituted chalcones on some crop plants. The posi-
tive effect of substituted chalcones can be attributed to the fact
that chalcones as flavonoids in plants have several roles such as

suppression the inhibitors of auxin (the key growth hormones),
pigments production, phytoalexins production, UV protec-

tants, signal molecules in plantmicrobe interactions, antioxi-
dants, and pollinator attractants or feeding deterrents
(Rozmer and Perje´si, 2016). These compounds have a critical

role in the interaction of plants with their environment (Dao
et al., 2011).

Interestingly chalcone 8 displayed more strong vegetative

growth than chalcon7, as this appeared in the percent of
the change in the chalcone 8 treated plants were obvious
higher than that in chalcon 7 treated plants (Tables 1

and 2). This may be attributed to the far distance between
the olefinic chalcone proton and the (AOH) group at the
quinolinone moiety in chalcone 8 which permitted more sta-
bility in aqueous soil and more effective due to its free-soil

mobility so be easy to be absorbed with plants (Salem
et al., 2019).
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Fig. 2 Confirmation of compound 7 structures utilizing NOE effect.

Synthesis, structure elucidation and plants growth promoting 6187
3. Materials and methods

3.1. General

Optimal automated melting point system was applied for

melting points measurements and are not corrected. Purifica-
tion of products was performed using thin layer chromatogra-
phy with 0.2-mm silica gel F-254 (Merck) plates, visualization
with ultra violet source (254 and 366 nm) exposure. (JASCO,
V-670 UV–VIS–IR) double-beam spectrophotometer were
applied for recording of IR spectra. Micro mass LC-ZMD
spectrometric apparatus was used for detecting electrospray

ionization (ESI) mass spectra. Varian Mercury VX-
400apparatus was used for proton 1H NMR spectral detec-
tion using(CD3)2SO as solvent and TMS as a reference.

Perkin-Elmer 2400I was used for elemental microanalyses.



Table 1 Effect of 4-hydroxy-1-methyl-3-(4-((2H-2-oxo-chromen-3-yl)prop-2-enoyl)-1-phenyl-1H-pyrazol-4-yl)quinolin-2(1H)-one

(7).

Periodicity of

the

observation

(days)

Cultivated Crops

Hibiscus Mint Basil

Shoot height No. of leaves Shoot height No. of leaves Shoot height No. of leaves

C T %

change

C T %

change

C T %

change

C T %

change

C T %

change

C T %

change

15 8 13 62.5 5 8 60.0 8 10 25.0 8 10 25.0 10 13 30.0 14 18 28.6

30 16 22 37.5 8 11 37.5 11 13 18. 2 14 18 28.6 14 16 14.3 24 32 33.3

45 36 44 22.2 9 14 55. 6 13 15 15.4 17 20 17.6 16 22 37.5 38 46 21.1

60 54 62 14.8 11 16 45. 5 16 18 12.5 30 39 30.0 20 25 25.0 44 51 15.9

75 72 78 8.3 14 18 28.6 19 22 15.8 32 39 21.9 24 32 33.3 53 62 17.0

90 89 95 6.7 16 22 37.5 20 24 20.0 38 42 10.5 26 33 26.9 61 74 21.3

Fig. 3 Confirmation of compound 8 structures utilizing NOE effect.
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3-(4-Hydroxy-1-methyl-1,2-dihydro-2-oxoquinolin-3-yl)-1-
phenyl-1H-pyrazole-4-carbaldehyd (5) and 3-(2-Oxo-2H-

chromen-3-yl)-1-phenyl-1H-pyrazole-4-carbaldehyde (6) have
been synthesized according to the reported methods (Abdel-
Megid et al., 2007; Laxmi et al., 2013).

3.2. Procedure for preparation of 3-(4-Hydroxy-1-methyl-1,2-

dihydro-2-oxoquinolin-3-yl)-1-phenyl-1H-pyrazole-4-carbalde-
hyde (5)

Phosphoryl chloride POCl3 (30 mmol) was added up to DMF
(30 mmol) with continuous stirring. The reaction content was
left to cool down before adding the hydrazone3 (10 mmol)

solution in DMF (10 ml). Stirring condition was maintained
for 1 h at room temperature and then gradually raised to
70–80 �C for 4 h. The reaction content was decanted onto
mashed ice and then cold potassium carbonate solution was

used for neutralization. The precipitated product was sepa-
rated by filtration before subjected to purification using
flash-chromatography with ethyl acetate/petroleum ether as

eluent (1:1, v/v). Finally crystallization was performed from
ethanol to yield the product as yellow crystals; (40% yield);
m.p 230–232 �C (Lit. 228–230 �C, Abdel-Megid et al., 2007).

3.3. Procedure for preparation of 3-(2-Oxo-2H-chromen-3-yl)-

1-phenyl-1H-pyrazole-4- carbaldehyde (6)

POCl3 (14 mmol) was added to cold DMF solution (14 mmol)

at 0–5 �C. 3-[1-(phenyl-hydrazono)-ethyl]-chromen-2-one (4)

(3.5 mmol) was added and the content was subjected to



Table 2 Effect of 4-hydroxy-1-methyl-3-((2E)-3-(3-(2-oxo-2H-chromen-3-yl)-1-phenyl-1H-pyrazol-4-yl)acryloyl)quinolin-2(1H)-one

(8).

Periodicity of

the

observation

(days)

Cultivated Crops

Hibiscus Mint Basil

Shoot height No. of leaves Shoot height No. of leaves Shoot height No. of leaves

C T %

change

C T %

change

C T %

change

C T %

change

C T %

change

C T %

change

15 7 20 185.7 4 10 150.0 9 12 33.3 7 19 171.4 11 17 54.5 16 30 87.5

30 17 30 76.5 9 14 55.5 12 14 16. 7 14 26 85.7 13 20 53.8 22 38 72.7

45 32 50 56.3 11 18 63.6 14 17 21.4 18 35 94.4 25 30 20.0 36 54 50.0

60 55 74 34.5 13 20 53.8 17 20 17.6 28 44 57.1 26 35 34.6 42 66 57.1

75 73 85 16.5 16 22 37.5 20 23 15.0 31 59 90.3 30 38 26. 7 50 78 56.0

90 90 100 11.1 18 25 38. 9 21 26 23.8 36 66 83.3 31 40 29.0 63 89 41.3
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contentious stirring for 4 h at room temperature. Accomplish-
ment of the reaction was adjusted by TLC. The reaction con-

tent was poured to ice before neutralization with 10% NaOH
solution. The precipitate was filtered off, dried, and recrystal-
lized from ethanol as yellow crystals; (60% yield); m.p 179–

182 �C (Lit.180–185 �C, Laxmi et al., 2013).

3.4. Procedure for preparation of 4-hydroxy-1-methyl-3-(4-
((2H-2-oxo-chromen-3-yl)prop-2-enoyl)-1-phenyl-1H-pyrazol-
4-yl)quinolin-2(1H)-one (7)

Magnetically stirred solution of 5 (1 mmol) and 2 (1 mmol) in
absolute ethanol (15 ml) was heated at 80 �C for 8 h with addi-

tion of catalytic piperidine drops. The resulted crystalline pro-
duct that produced while hot was separated by filtration and
purified by crystallized from ethanol to yield 7 as pale-yellow

crystals, yield (0.412 g) 80%, m.p. > 300 �C. IR (KBr), (mmax,
cm�1): 3430–3200 (br, OH), 3040 (CAHarom.), 2930
(CAHaliph.),1660–1630 (3C‚O), 1590 (C‚N), 1530 (C‚C)

cm�1. 1H NMR (400 MHz, DMSO): d 3.65 (s, 3H,
NCH3),7.50 (d,1H,J 15.6 Hz, Ha), 7.26–8.15(m, 15H, Ar–H),
8.00(d, 1H, J 15.8 Hz, Hb),11.50 (s, 1H, OH). MS(ESI) m/z:

MS (ESI) m/z 538 [(M + Na)+, 45%], 516 [(M + H)+,
20%], 515(1 0 0). Anal.calc. for C31H21N3O5 (515.52): C,
72.23; H, 4.11; N, 8.15. Found: C, 72.10; H, 3.95; N, 8.00%.

3.5. Procedure for preparation of 4-hydroxy-1-methyl-3-((2E)-
3-(3-(2-oxo-2H-chromen-3-yl)-1-phenyl-1H-pyrazol-4-yl)

acryloyl)quinolin-2(1H)-one (8)

Solution of 6 (1 mmol) and 1 (1 mmol) in absolute ethanol
(15 ml) was heated under reflux for 8 h with addition of drops
of catalytic piperidine. The resulted crystalline product that

produced while hot was filtered and recrystallized using
ethanol to yield 7 as pale yellow crystals, yield (0.386 g)
75%, m.p. > 300 �C. IR (KBr), (mmax, cm�1): 3410–3250
(br, OH), 3030 (CAHarom.), 2910 (CAHaliph.),1665–1635

(3C‚O), 1580 (C‚N), 1510 (C‚C) cm�1.1H NMR
(400 MHz, DMSO): d 3.60 (s, 3H, NCH3),7.40 (d,1H,J
15.6 Hz, Ha), 7.26–8.15(m, 15H, Ar–H), 7.95(d, 1H, J

15.8 Hz, Hb),11.60 (s, 1H, OH).MS(ESI) m/z :MS (ESI) m/z
538 [(M + Na)+, 25%], 516 [(M + H)+, 40%], 515(1 0 0).
Anal.calc. for C31H21N3O5 (515.52): C, 72.23; H, 4.11; N,

8.15.Found: C, 71.95; H, 3.50; N, 7.90%.
4. Conclusion and prospective

In our research work, we reported simple synthesis of new

hybrid chalcones 7 and 8 via base-catalyzed claisen– schmidt
condensation reaction. It allows some advantages including
moderate conditions, high products yield and simple work-

up procedure. The novel synthesized chalcones were character-
ized using homonuclear (NOE) experiments in addition to
their IR, NMR, mass spectral data and elemental analyses.
Finally, growth promoting effect was done in the soil field

and the results shows an important feature about the ability
of the synthesized chalcons to enhance the growth of selective
agriculture crop plants. The toxicity of the new synthesized

chalcones should be studied in subsequent studies to ensured
their use as a crop fertilizer.
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