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Abstract

About eleven substituted styryl 4-ethoxy phenyl ketones were synthesized by ultrasound-
promoted greener solvent assisted Crossed Aldol condensation of 4-ethoxy acetophenone
and various substituted benzaldehydes. In this method, the obtained yield was more than 85
%. These unsaturated ketones were characterized by their analytical and spectroscopic data.
The insect antifeedant activity of these ketones was evaluated by castor leaf discs with the
4™ instar larvae Achoea Janata L. All enones showed weak, moderate, and good insect
antifeedant activity.
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1. Introduction

Enones possess a secondary metabolite, and they behave as insect repelling activity. More
than one lakh secondary metabolite compounds occur in terrestrial plants, and they behave
as herbivores in nature [1]. Due to the presence of all kinds of alkaloids, phenolics, and
terpenoids in secondary metabolites, they act as insect-repellent agents [2]. Terpenoids are
well insect repellents among the other compounds present in the secondary metabolites.
Based on the carbon skeleton numbers, the compounds with more than 30 carbons
(triterpenoids-limonin) possess antifeedant insect characters. Secondary clerodanes, the
abietanes, sesquiterpenes lactones, and drimane polygodial also showed insect-repellent
activity [1]. Numerous chemicals are used for insect antifeedant agents. Among synthetic
organics, the chalcones and flavanones showed good antifeedant activities [3]. Numerous
chalcones were employed for the inhibition of insect activity on agricultural plants. Halo-
substituted keto compounds enhance insecticidal activities [4]. Numerous enones were
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synthesized using various methods, including crossed-aldol condensation. The crossed-
aldol condensation consists of a reaction between methyl ketones and aldehydes in the
presence of a Lewis kind of acid-base catalyst to yield the beta hydroxy carbonyl
compounds, and the elimination of water gave an unsaturated carbonyl substrate [4,5].
This condensation was carried out with an ultrasonication process. This ultrasonication
method offered short reaction time, high yields, applying greener solvents, and
environmentally benign reactions. Chalcones are the key transitional species for organic
building blocks. This is employed for the synthesis of pyrazolines, pyrimidines,
thiopyrimidines, oxazine, [R] N-hydroxyethyl-piperidine, pyrrolidine homo aza sugars,
bicyclic di-aza sugars, and 5-hydroxy substituted isofagomine analogs derivatives either
using solvent-free or greener solvent assisted conventional heating or ground chemistry
demonstrations [6-11]. The polar group, ene, and carbonyl segments are important for the
insect antifeedant activities of enones. The insect antifeedant activity of various
substituted naphthyl enones, 9H-fluorenyl chalcones [12], piper ribesioides wall extracts
and alleleo chemicals [13], (+)-isofraxinellone [14], 2,5-dimethyl-3-thienyl enones [15]
and substituted styryl 3,4-dichloro phenyl ketones [16] were investigated by
Thirunarayanan and his co-workers. The Fluorinated methyl imine shows insect
antifeedant activities against 4™ instar larvae [17]. Subramanian et al. has studied the
solvent-free synthesis and insect antifeedant character of 2, 5-dimethyl-3-furyl chalcones
[18]. The essential oil and its derivatives possess insect antifeedant properties [19,20].
Researchers found to be that oxazine derivatives also showed antifeedant activities [21].
The bicyclo norbornyls, carbothioamides-based substrates, halogen-substituted enones,
and Malagasy medicinal plant behaves as insect antifeedants [22, 23]. Keto oxirane,
Troger bases, and 4-substituted naphthacyl ester substances reflect their well-insect
antifeedant activities through castor leaf discs [24-26]. In the present and past, a literature
survey against the synthesis and evaluation of insect antifeedant activities of the title
compounds was not reported. Hence the authors enthusiastically studied the synthesis of
the above-titled compounds in assessing their insect antifeedant activities against the 4™
instar larva Achoea Janata L through castor leaf discs.

2. Experimental
2.1. General

Chemicals and solvents used in this study were procured from Sigma-Aldrich Chemical
Company, Bengaluru, India. Melting points of all enones were measured from Raga Tech
electrical melting point apparatus and are uncorrected. The purities of all enones were
examined with the authentic sample data reported earlier in the literature.

2.2. Synthetic procedure the synthesis of substituted styryl 4-ethoxy phenyl ketones

An equimolar quantity of 4-ethoxy acetophenone and (1 mmol) substituted benzaldehydes
(2 mmol) and 0.5 mL of 1 M potassium phthalate, and 10 mL of ethanol were
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ultrasonicated for 7-12 minutes (Scheme 1) (CITIZEN Ultra Sonicator, 120W, 40 Hz,
230V Ac).
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Scheme 1. Ultrasonicated Crossed Aldol condensation for the synthesis of substituted styryl
4-ethoxyphenyl enones.

The feasibility of the reaction was checked by a thin-layer chromatogram. The
obtained crude (E)-4-ethoxyphenyl enones were filtered at the pump and washed with
water dried. Further, it was recrystallized from rectified spirit to afford the glittering
yellow color solids, which are kept in a desiccator. The yield, time, and physical constants
are presented in  Table 1. The IR and NMR spectral values of these substituted styryl 4-
ethoxyphenyl enones are verified with the data reported in the literature earlier. These
comparisons of spectral data were well in agreement with the reported data and are given
in Table 2.

Table 1. Analytical, time, yield, and melting points of synthesized substituted styryl 4-ethoxypheny! enones.

Entry X M.F. M.W. Time (m)  Yield (%) M.P. (°C)

1 H C17H160, 252 7 88 72-73(71-72) [26]

2 3-Br Cy7H1sBrO, 330 8 87 90-91 (88-89) [26]

3 3-Br Cy7H1sBrO, 330 8 90 133-134 (132-133) [26]
4 3-Cl Cy7H1sCIO, 286 8 89 91-92 (89-90) [26]

5 4-Cl Cy7H15CIO, 286 7 88 127-128 (126-127) [26]
6 4-F Cy7H15FO, 270 10 85 102-103 (101-102) [26]
7 2-OCH; CygH1505 282 11 89 99-100 (98-99) [26]

8 4-OCH; CygH1303 282 8 91 92-93 (91-92) [26]

9 2-CH3 C1sH150; 266 9 86 98-99 (97-98) [26]

10 3-NO, CigHisNO, 297 12 85 93-94 (91-92) [26]

11 4-NO, CigHisNO, 297 10 85 119-120 (118-119) [26]

Table 2. The infrared and NMR characteristic spectral data of synthesized substituted styryl 4-
ethoxyphenyl ketones.

Entry X IR (v, cm™) H (5, ppm) C NMR (3, ppm)
COsis COgtrans Ho HpB X Ca CB Cco X
1 H 1657 1603 7575 7.780 --- 121.89 14322 188.75 ---
2 3-Br 1657 1608 7275 7710 -- 123.02 14215 18819 ---
3 3-Br 1658 1631 7516 7.212 --- 122.43 14246 18841 ---
4 3-Cl 1660 1611 7534 7721 -- 12319 14217 188.24 ---
5 4-Cl 1663 1604 7521 7.768 --- 122.35 14243 18843 ---
6 4-F 1656 1605 7481 7.761 --- 12159 142.63 18855 ---
7 2-OCH; 1652 1603 7.431 7.781 3.792 119.59 143.67 188.81 63.54
8 4-OCH; 1651 1609 7.429 7.765 3.771 119.64 14371 188.82 63.56
9 2-CH; 1650 1600 7512 7.767 2381 120.01 14413 188.77 23.43
10 3-NO, 1659 1616 7671 7.823 --- 122.21 140.76 187.83 ---

11 4-NO, 1664 1623 7763 7.715 --- 123.82 146.56 187.89 ---
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2.3. Insect antifeedant activity

The multi-biological activities present in these different chalcones are intended to inspect
their insect antifeedant activities against castor semi-looper. The larvae of Achoea Janata
L were trained as pronounced on the leaves of castor Ricinus communis in the laboratory
in the range of 26 £1 °C temperature and a comparative humidity of 75-85 %. The leaf—
disc bioassay method [27] was employed against the 4th instar larvae to evaluate the
antifeedant activity. The 4th instar larvae were selected for examination because the
larvae at this level fed very voraciously.

3. Results and Discussion

In our synthetic organic research laboratory, authors attempt to synthesize these enones by
ultrasonication-assisted potassium phthalate-promoted Crossed Aldol condensation of
4-ethoxy acetophenone and various substituted benzaldehydes. This condensation gave
more than 85 % yield and followed the well-known Lewis’s acid-base catalyzed aldol
condensation mechanism. The first step consists of the formation of carbanion of methyl
ketone by loss of proton by the Lewis base catalyst. The second step consists of the attack
of carbonyl carbon of the aryl aldehyde and carbonyl oxygen, getting a negative charge
and then protonated to form a beta-hydroxy carbonyl compound. The third step consists of
beta-elimination of water given the respective enone. These steps are shown in Scheme 2.
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Scheme 2. Ultrasonicated Crossed Aldol condensation mechanistic synthetic route for the synthesis
of substituted styryl 4-ethoxyphenyl enones.

The synthesized ketones existed in s-cis and s-trans conformers based on carbonyl and
an alkene group orientation. These conformers are shown in Fig. 1.
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Fig. 1. The s-cis and s-trans conformers of substituted styryl 4-ethoxyphenyl enones.

The effect of this condensation was investigated using various solvents such as
acetonitrile,  dichloromethane, dioxane, ethanol, methanol, n-propanol, and
tetrahydrofuran. Among these solvents, we found to be the ethanol solvent gave more
yield than other solvents. Dioxane gave the least yield. In general, the electron-donating
substituents yield a higher percentage of products than electron-withdrawing substituents
in all solvents medium. The high electronegative fluorine substituted aldehyde gave lesser
yields than the parent and electron-donating substituent methoxy group. The effect of
solvent effect on this condensation is presented in Table 3.

Table 3. Influence of solvent effects on the ultrasonicated promoted potassium phthalate assisted
Aldol condensation of 4-ethoxy acetophenone and substituted benzaldehydes.

Solvents—

Entry X4 ACN DCM DO EtOH MeOH n-Prop  THF
1 H 78 69 55 86 82 80 65
2 3-Br 76 64 54 85 79 75 64
3 4-Br 80 65 55 87 80 7 65
4 3-Cl 78 63 50 86 75 76 60
5 4-Cl 80 68 56 87 76 78 56
6 4-F 63 59 55 85 74 74 65
7 2-OCH3 82 74 63 90 87 85 72
8 4-OCHj, 84 76 65 92 88 88 75
9 2-CH; 85 73 62 88 76 86 70
10 3-NO;, 65 55 56 86 74 73 51
11 4-NO, 68 56 53 85 75 73 52

ACN: Acetonitrile; DCM: Dichloromethane; DO: Dioxane; EtOH: Ethanol; MeOH: Methanol; n-Prop:
n-Propanol; THF: Tetrahydrofuran

3.1. Insect antifeedant activity

Leaf discs of a span of 1.85 cm were perforated from castor leaves with the petioles intact.
The 4-methoxyphenyl chalcones were dissolved in acetone at 200 ppm concentration and
dipped for 5 min. The leaf discs were well dried and kept in a one-liter beaker holding
little water to enable translocation of water. Therefore, the leaf discs will be fresh
throughout the duration of the rest. The test insect 4th instar larvae were released on the
leaf discs of all enones and permissible to feed on them for 24 h. The insect feed portion
of the leaf discs consumed was measured by Dethler’s” method [27]. The observed
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antifeedant activity of enones exists in Table 4. The consequences of the antifeedant
activity of chalcones are presented in Table 5, and these data reveal that compounds 2-6
are found to reflect remarkable antifeedant among all other compounds. This test was
performed with the insects, which took only a two-leaf disc soaked under the solution of
this compound. Enones 2-6 also showed enough antifeedant activity, but their activities
were lesser than 5. In other words, the +1 effect of electron-withdrawing substituents such
as halogens, including the high electronegative character of fluorine, showed good insect
antifeedant activities other than nitro substituents. The electron-donating -1 effect of
substituents such as methoxy and methyl groups showed less insect antifeedant activities.
It may be associated with the conjugative resonance structure, as shown in Fig. 2. The
conjugation arises from either substituent in styryl moiety or ketone moiety.

Table 4. The measured insect antifeedant activities of synthesized substituted styryl 4-ethoxyphenyl
ketones.

Entry X 4-6 6-8 p.m. 8-10 p.m. 10-12 12-6 a.m.
p.m. p.m.
1 H 1 25 25 15 1
2 3-Br 0.75 0.75 15 1 15
3 3-Br 0.75 0.75 15 1 15
4 3-Cl 0.5 0.5 1 0.5 1
5 4-Cl 0.25 0.25 0.5 0 0.5
6 4-F 0.75 1 1 1 1
7 2- 1 3 3 2 1
OCH;
8 4- 1 3 3 2 1
OCH;,
9 2-CH; 15 3 25 25 15
10 3-NO, 3 3 3 3 2
11 4-NO, 3 3 3 3 2
6-8 8am. -12 12 noon — 2 Total leaf disc consumed
Entry X 2-4 p.m .
p.m. noon p.m. in24h
1 H 1 0 0 0 1.05
2 3-Br 0.5 0 0 0 0.66
3 3-Br 0.5 0 0 0 0.66
4 3-Cl 0.25 0 0 0 0.41
5 4-Cl 0 0 0 0 0.15
6 4-F 0.75 0 0 0 1.02
7 2- 1 0 0 0 1.20
OCH;,
8 4- 1 0 0 0 1.20
OCH;,
9 2-CH; 15 0 0 0 1.38
10 3-NO, 1 0 0 0 1.66

11 4-NO, 1 0 0 0 1.66
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Fig. 2. The Resonance-conjugative structure of 4-methoxystyryl-4-methoxypheny!| ketone.

Further, compound 5 was subjected to measure the antifeedant activity at different 50,
100, and 150 ppm concentrations, and the observation was tabulated in Table 4. These
data reveal that as the concentrations decrease, the activity also decreases. The results in
Table 4 show that chalcone 5 showed considerable antifeedant activity at 150 ppm
concentration.

Table 5. The measured insect antifeedant activities of 4-chlorostyryl-4-ethoxyphenyl ketone in 50,
100, and 150 ppm concentrations.

Entry X Concentration  4-6 6-8 8-10 10-12 12-6

(ppm) p.m. p.m. p.m. p.m. a.m.

50 0.75 0.50 0.25 0 0

100 0.50 0.50 0.25 0.25 0.25

150 0.25 0.25 0 0 0

Concentration  6-8 8am.— 12 noon 2-4 Total leaf disc
5 4-Cl  (ppm) p.m. 12noon -2 p.m. p.m. consumed in 24

h

50 0 0 0 0 0.16

100 0 0 0 0 0.19

150 0 0 0 0 0.05
4. Conclusion

More than 85 % yields of various substituted 4-ethoxy phenyl enones were synthesized by
ultrasound-assisted Crossed Aldol condensation method. These enones were characterized
by their physical constants and spectroscopic data. The greener solvent, ethanol, affords
higher yields in this condensation. The insect antifeedant activities of these enones were
measured using castor leaf discs with the 4" instar larvae Achoea Janata L. All enones
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show insect antifeedant activity. Compound 5 shows good antifeedant activity than 2-4
and 6. The remaining compounds show moderate and weak insect antifeedant activity.
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