
One-Pot Sequential Synthesis of Alkenylated Dihydroquinolinones
and Hexahydroacridinones in Deep Eutectic Solvent Medium
Sundararajan Suresh and Fazlur Rahman Nawaz Khan*

Cite This: ACS Omega 2024, 9, 36198−36219 Read Online

ACCESS Metrics & More Article Recommendations *sı Supporting Information

ABSTRACT: The sequential synthesis of N-heterocycles from
saturated ketones poses significant challenges and has rarely been
reported. Herein, an efficient synthesis of alkenylated dihydroquino-
linones 7 and hexahydroacridinones 8 is achieved from saturated
ketones 1 or 2 via dehydrogenation, cyclization, oxidation, and α-
alkenylation in choline chloride-based deep eutectic solvent (DES)
medium. This strategy provides alkenylated dihydroquinolinones 7
and hexahydroacridinones 8 in excellent yield from low-cost, readily
available starting materials under environmentally benign conditions.
Furthermore, the synthesized compounds (4, 5, 7, and 8) were
investigated for their photophysical properties through absorption and
emission spectral studies.

■ INTRODUCTION
Nitrogen heterocyclic scaffolds are prevalent in pharmaceutical
lead compounds, natural products, and functional materials.1−4

Specifically, dihydroquinolinone and hexahydroacridinone
derivatives have attracted considerable interest due to their
role as essential structural motifs and their presence in
numerous natural products and drugs with diverse bioactiv-
ities,5,6 including anticancer,7−9 antipsychotic, HIV-1 RT-
inhibiting,10 anti-inflammatory,11 hypertensive,11 antibiotic,12

and antidiabetic activity.13 Some bioactive compounds
containing dihydroquinolinone and hexahydroacridinone as
the central core units are shown in Figure 1.9,14−16

Therefore, researchers have developed numerous synthetic
strategies for the synthesis of these notable heterocycles. For
example, in 2010, Srivastava and co-workers developed the
stepwise synthesis of dihydroquinolinone derivatives via
cyclization and dehydrogenation using chalcone, NH4OAc,
and 1,3-diketone (Scheme 1a, eq 1).17 Later, in 2013,
Mukhopadhyay and co-workers reported an MCM-41-
supported hexafluorophosphoric acid-catalyzed synthesis of
dihydroquinolinones through dehydrative cyclization followed
by dehydrogenation utilizing aldehyde, acetophenone, 1,3-
diketone, and (NH4)2CO3.

18 In 2015, the same group
investigated the Cu/SiO2-catalyzed one-pot synthesis of
dihydroquinolinones through condensation, Michael addition,
and cyclization followed by oxidation using NH4OAc as a
nitrogen source (Scheme 1a, eq 2).19 Recently, Yan and co-
workers developed the iron-catalyzed synthesis of dihydroqui-
nolinone derivatives using α,β-unsaturated ketoxime acetates
and enaminones (Scheme 1a, eq 3).20 Likewise, in 2014,
Tkachev and co-workers reported the microwave-assisted,

iron-catalyzed synthesis of hexahydroacridinone derivatives via
condensation utilizing pinocarvone oxime and enamines
(Scheme 1a, eq 4).21 However, all the above-mentioned
methods have faced several drawbacks, such as the usage of
volatile organic solvents, unstable starting materials, and
hazardous and expensive reagents.

Recently, researchers in academia and industry have aimed
to develop the synthesis of pharmaceutically important
molecules using green solvents to reduce chemical
waste.22−24 In this regard, deep eutectic solvents (DESs) are
considered green solvents. DESs possess unique properties
such as biodegradability, low toxicity, water solubility,
recyclability, nonvolatility, low cost, and simple prepara-
tion.25−30 Furthermore, DESs have potential applications in
synthetic organic chemistry by serving as catalysts and solvents
for organic transformations.31−33

Regarding this, our group has recently developed a DES-
mediated synthesis of biologically active functionalized nitro-
gen heterocyclics including quinoline,34−36 acridinone,37

spirooxindoles,38 benzophenanthroline, and benzonaphthyr-
idine derivatives.39 Continuing this line of research, we have
now developed a choline chloride-based DES-mediated one-
pot sequential synthesis of α-alkenylated dihydroquinolinones
7 and hexahydroacridinones 8 through dehydrogenation,
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cyclization, oxidation, and α-alkenylation from saturated
ketones utilizing CAN or Cu(OAc)2/TEMPO as a catalyst
(Scheme 1b).

■ RESULTS AND DISCUSSION
To determine the optimized reaction conditions for the
synthesis of dihydroquinolinone 4a and hexahydroacridinone
5a via dehydrogenation, cyclization followed by oxidation
using saturated ketones 1a or 2a, diketones 3a, and NH4OAc
under various reaction conditions has been investigated. A
comprehensive optimization table for the synthesis of
dihydroquinolinone 4a and hexahydroacridinone 5a is
provided in the Supporting Information (Tables S1−S3).

Based on the optimization results (Tables S1−S3,
Supporting Information), we determined that the optimal
reaction conditions for synthesizing dihydroquinolinone 4a
involved saturated ketone 1a (0.2 mmol), CAN (20 mol %) as
an efficient catalyst, TEMPO (20 mol %) as an oxidant
catalyst, and TBAB (100 mg) as reaction medium at 100 °C
for 3 h to achieve the dehydrogenated ketone. Subsequently,
diketone 3a (0.2 mmol), NH4OAc (2.0 mmol), and
ChCl:PTSA (1:1) (200 mg) were added in O2 atm, and the
reaction was continued by heating at 100 °C for 4 h, resulting
in 85% yield of the dihydroquinolinone 4a.

Likewise, for the optimal synthesis of hexahydroacridinone
5a, we employed ketone 2a (0.2 mmol), Cu(OAc)2 (20 mol
%) as a catalyst, TEMPO (20 mol %) as an oxidant catalyst,
2,2′-bipyridyl (20 mol %) as a ligand, and TBAA (100 mg) as
reaction medium at 100 °C for 3 h to achieve the formation of
the unsaturated ketone. Then, we added diketone 3a (0.2
mmol), NH4OAc (2.0 mmol), and ChCl:PTSA (1:1) in O2
atm and continued heating at 100 °C for 4 h, resulting in 83%
yield of the desired product 5a.

The optimizations, including the variation of catalysts,
oxidants, ligands, N-source, temperatures, and solvents, were
explored as explained in the Supporting Information (Tables
S1−S3). The key findings are summarized in Table 1, as
discussed below. Under the standard optimized conditions,
dihydroquinolinone 4a was obtained in 85% yield, while
hexahydroacridinone 5a was obtained in 83% yield (Table 1,
entry 1). Decreasing the load of NH4OAc, utilizing various
DESs, and varying temperatures resulted in decreased yields of
products 4a or 5a (Table 1, entries 2−5). In the absence of a
catalyst or oxidant catalyst, the corresponding product 4a or 5a

was not formed (Table 1, entries 6−7). When the reaction was
carried out in the absence of TBAX (X = Br), the yield of 4a
was decreased, and in the absence of TBAX (X = OAc),
product 5a was not observed (Table 1, entry 8). In the
reaction examined in the absence of a ligand, the
dihydroquinolinone 4a yield was 85%, whereas the hexahy-
droacridinone 5a product was not observed (Table 1, entry 9),
underscoring that the ligands play a crucial role in the synthesis
of 5a. Entries 2−9 demonstrate that a combination of CAN,
TEMPO, TBAB, and ChCl:PTSA (1:1) is necessary for the
formation of 4a. Upon changing the ligands, the 5a product
formation was affected (Table 1, entry 10). Decreasing the
load of the oxidant and catalyst has resulted in the detrimental
yields of both 4a and 5a products (Table 1, entries 11, 12).
Furthermore, a decrease in the load of ligands led to a
decreased yield of product 5a (Table 1, entry 13).

We further investigated the scope of substrates suitable for
the synthesis of 4 and 5 by employing the optimized reaction
conditions from Table 1, entry 1, and the results are tabulated
in Table 2. Various unsymmetrical saturated ketones were
efficiently transformed into the desired products through this
method. The synthesis of dihydroquinolinones 4, by employ-
ing a range of neutral (H) and electron-donating group (EDG)
(CH3 and OCH3)-substituted unsymmetrical saturated
ketones 1, along with diketones (H), gave a good yield of
4a−4c (83−85%). Conversely, when electron-withdrawing
groups (EWGs) (Br or F) were present in the unsymmetrical
saturated ketones 1, reactions with substituted diketones (H or
CH3) resulted in higher yields of 4d−4e (86−89%). The
EWG-substituted unsymmetrical saturated ketones exhibited
higher yields compared to the EDG-substituted saturated
ketones. When the reaction was conducted using EDG-
substituted unsymmetrical saturated ketones 1 with EDG-
substituted diketones (CH3), it resulted in the formation of the
desired products (4f, 4g) with yields ranging from 81 to 85%.
Notably, the EDG substitution in diketones (CH3) did not
significantly affect the yield. Additionally, the reaction was
explored with alkyl alkanoates, providing 82% yield of the
desired product (4h).

Similarly, in the synthesis of hexahydroacridinones (5a, 5b),
employing electron-neutral (H) and EWG (Cl)-substituted
symmetrical saturated ketones 2 yielded 81−83% of 5a and 5b.
In particular, the EWG-substituted symmetrical saturated
ketone 2 yielded less than those with neutral substituents.

Figure 1. Bioactive compounds bearing dihydroquinolinone and hexahydroacridinone motifs.
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Moreover, when we investigated the reaction with heterocyclic
symmetrical saturated ketone 2, it resulted in 71% yield of 5c
(Table 2).

Moreover, we explored a one-pot sequential synthesis for α-
alkenylated dihydroquinolinones 7a and hexahydroacridinones

8a by examining the various reaction conditions. The complete
optimization, including variations in the metal catalyst, oxidant,
solvent, and temperature, was conducted as outlined in the
Supporting Information (Tables S4 and S5). The notable
deviation from the optimized conditions is discussed below

Scheme 1. (a) Previous Work: (1) Synthesis of Dihydroquinolinones and (2) Synthesis of Hexahydroacridinones and (b)
Present Work: Synthesis of Dihydroquinolinone and Hexahydroacridinone Derivatives
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(Table 3). The optimized reaction conditions (Tables S4 and
S5, Supporting Information) for the synthesis of 7a and 8a
involved several steps. Initially, the reaction was performed by
following the standard reaction conditions from Table 1 to
obtain 4a or 5a. Subsequently, the reaction proceeded by
introducing alcohol 6a or 6b, CAN (10 mol %) as a catalyst,
and TEMPO (10 mol %) as an oxidant in ChCl:PTSA (1:1)
medium at 100 °C to achieve a generous yield (79%) of α-
alkenylated dihydroquinolinone 7a and α-alkenylated hexahy-
droacridinone 8a (73%) (Table 3, entry 1).

When the reaction was performed under the standard
reaction conditions from Table 1 and continued with the
addition of an aldehyde instead of alcohol 6a and an additional
DES at 100 °C, it provided the α-alkenylated dihydroquino-
linone 7a in 70% yield. Likewise, the hexahydroacridinone 5a
reaction with an aldehyde instead of alcohol 6b and an

additional DES provides 63% of α-alkenylated hexahydroacri-
dinone 8a (Table 3, entry 2). The α-alkenylation of ketone
with other catalysts (RuCl3, NiCl2) gave less than 35% yield of
7a and less than 10% of 8a (Table 3, entry 3). Further
screening of the reaction with other choline chloride-based
DES catalysts or solvents yielded less than 38% of 7a and less
than 30% of 8a (Table 3, entry 4). Furthermore, decreasing or
increasing the reaction temperature as well as decreasing the
loadings of the catalyst or oxidant resulted in decreased
product yields of 7a and 8a (Table 3, entries 5−8). However,
without the catalyst and oxidant, both α-alkenylated
dihydroquinolinone 7a and hexahydroacridinone 8a were not
formed (Table 3, entries 9−10).

Nevertheless, we investigated the substrate scope for the
one-pot sequential synthesis of α-alkenylated dihydroquinoli-
nones 7 and hexahydroacridinones 8 using the optimized

Table 1. Optimization Study for the Synthesis of 4a and 5aa,b

yieldc (%)

entry variation from the optimized conditions 4a 5a

1. nonea,b 85 83
2. decrease NH4OAc loading (2.0−8.0 equiv) <71 <63
3. other choline chloride-based DES <65 <52
4. decreased temperature (90 °C) 52 40
5. increased temperature (110 °C) 80 76
6. absence of the catalyst - -
7. absence of the oxidant - -
8. absence of TBAX (X = Br, OAc) <10 -
9. absence of the ligand 85 -
10. other ligands NA <65
11. decreasing oxidant loading (10 mol %) 54 39
12. decreasing catalyst loading (10 mol %) 68 51
13. decreasing ligand loading (10 mol %) NA 42

aStandard reaction conditions for 4a: 1a (0.2 mmol), CAN (20 mol %), TEMPO (20 mol %), and TBAB (100 mg) were added at 100 °C for 3 h.
Then, 3a (0.20 mmol), NH4OAc (2.0 mmol), and ChCl:PTSA (1:1 mmol) (200 mg) were added in O2 atm at 100 °C for 4 h. bStandard reaction
conditions for 5a: 2a (0.2 mmol), Cu(OAc)2 (20 mol %), TEMPO (20 mol %), 2,2′-bipyridyl (20 mol %), and TBAA (100 mg) were added at 100
°C for 3 h. Then, 3a (0.20 mmol), NH4OAc (2.0 mmol), and ChCl:PTSA (1:1 mmol) (200 mg) were added in O2 atm at 100 °C for 4 h. cIsolated
yields.

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.4c02058
ACS Omega 2024, 9, 36198−36219

36201

https://pubs.acs.org/doi/suppl/10.1021/acsomega.4c02058/suppl_file/ao4c02058_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acsomega.4c02058/suppl_file/ao4c02058_si_001.pdf
https://pubs.acs.org/doi/10.1021/acsomega.4c02058?fig=tbl1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.4c02058?fig=tbl1&ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.4c02058?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


Table 2. Substrate Scope for the Synthesis of Dihydroquinolinones 4 and Hexahydroacridinones 5a

aAll reactions were performed according to the standard reaction conditions given in Table 1 (entry 1).
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conditions (Table 3, entry 1), and the results are summarized
in Table 4. When α-alkenylated dihydroquinolinone synthesis
was carried out with various neutral (H) group-, EDG (CH3
and OCH3)-, and EWG (Br)-substituted unsymmetrical
saturated ketone 1 with electron-neutral (H) group-, EDG
(CH3, OCH3, and N(CH3)2)-, and EWG (F and Cl)-

substituted alcohols 6, a moderate to good yield of 7a−7l
and 7n−7o (72−84%) was achieved. The EDG-substituted
alcohol provides a higher yield compared to the EWG-
substituted alcohol. When the reaction was carried out with
α,β-unsaturated alcohol, it resulted in 77% yield of the
corresponding product (7m). Further synthesis of α-

Table 3. Optimization Study for the One-Pot Synthesis of 7aa and 8ab

yieldc (%)

entry variation from the optimized conditions 7a 8a

1. nonea,b 79 73
2. using aldehyde instead of alcohol 70 63
3. other catalysts (RuCl3, NiCl2) used instead of CAN <35 <10
4. other choline chloride-based DESs <38 <30
5. decreased temperature (90 °C) 48 32
6. increased temperature (100 °C) 76 68
7. decreasing catalyst loading (5 mol %) 51 45
8. decreasing oxidant loading (5 mol %) 44 34
9. absence of CAN - -
10. absence of TEMPO - -

aStandard reaction conditions for 7a: 1a (0.2 mmol), CAN (20 mol %), TEMPO (20 mol %), and TBAB (100 mg) were added at 100 °C for 3 h.
Then, 3a (0.20 mmol), NH4OAc (2.0 mmol), and ChCl:PTSA (1:1 mmol) (200 mg) were added under O2 atm at 100 °C and heated for 4 h,
followed by the addition of 6a (0.2 mmol), CAN (10 mol %), TEMPO (10 mol %), and ChCl:PTSA (1:1 mmol) (200 mg) at 100 °C and
maintained for 2 h. bStandard reaction conditions for 8a: 2a (0.2 mmol), Cu(OAc)2 (20 mol %), TEMPO (20 mol %), 2,2′-bipyridyl (20 mol %),
and TBAA (100 mg) were added at 100 °C for 3 h. Then, 3a (0.20 mmol), NH4OAc (2.0 mmol), and ChCl:PTSA (1:1 mmol) (200 mg) were
added in O2 atm at 100 °C and heated for 4 h, followed by the addition of 6b (0.2 mmol), CAN (10 mol %), TEMPO (10 mol %), and
ChCl:PTSA (1:1 mmol) (200 mg) at 100 °C and maintained for 2 h. cIsolated yields.
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alkenylated hexahydroacridinone 8 was conducted using
electron-neutral (H) group-, EDG (OCH3)-, and EWG (Cl)-
substituted symmetrical saturated ketone 2 with EDG (OCH3

and N(CH3)2)- and EWG (F and Cl)-substituted alcohols,
resulting in moderate to good yields of the desired products
8a−8d (73−78%) (Table 4). Especially, when the reaction was
performed with the EWG-substituted symmetrical saturated

ketone 2 and EDG-substituted alcohol 6, it provided a higher
yield (8d) compared to other alkenylated hexahydroacridinone
(8a−8c).

The structure of 4a and 7h was confirmed by single-crystal
X-ray analysis (the ORTEP view is shown in Tables 2 and 4)
(CCDC: 2201957, 2211655). Furthermore, 7l was confirmed

Table 4. Scope of One-Pot Sequential Synthesis of α-Alkenylated Dihydroquinolinones 7a,b and Hexahydroacridinones 8a,b

a,bAll reactions were conducted according to the standard reaction conditions given in Table 3 (entry 1).
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by two-dimensional (2D) spectroscopic studies, as explained in
Supporting Information S16 and S17.

To understand the role of the catalyst, oxidant, solvent, and
DES in the sequential synthesis of α-alkenylated dihydroqui-
nolinone 7, a series of control experiments were conducted and
are shown in the Supporting Information (Scheme S1).
Reaction condition 1: In step 1, TBAB played a crucial role in

converting saturated ketone 1a to 1a′. Similarly, in step 2, the
ChCl:PTSA (1:1) DES is essential for the conversion of 1a′ to
4a. Reaction condition 2: CAN as a catalyst and TEMPO as an
oxidant were used for the oxidation of alcohol and DES was
utilized for the formation of α-alkenylated products. This
indicates that the DES acts as a solvent as well as a catalyst for
the step 3 reaction. Reaction condition 3: Utilizing tetrahydro-

Scheme 2. Proposed Mechanistic Pathways for the Synthesis of α-Alkenylated Dihydroquinolinone (7)
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5H-chromen-5-one 13 instead of 4a did not lead to the feasible
formation of the α-alkenylated product 14.

A plausible reaction mechanism for the synthesis of α-
alkenylated dihydroquinolinone 7 is proposed based on our
control experiments (Scheme S1, Supporting Information) and
previously reported literature,18,19,40−414243 which is illustrated
in Scheme 2. Initially, TEMPO abstracts the hydrogen from
saturated ketone 1, forming radical intermediate A (this
process involves the O2 (dioxygen) being reduced to water
(H2O) through the oxidation of Ce3+ to Ce4+, and at the same
time, TEMPOH is oxidized to the TEMPO form through the
conversion of Ce4+ to Ce3+). Then, radical intermediate A
reacts with TEMPO to form α-TEMPO-substituted ketone
intermediate B. After that, intermediate B was converted into
chalcone intermediate I and TEMPOH. Subsequently,
molecular oxygen (O2) is reduced to form H2O through the
oxidation of Ce3+ to Ce4+. Meanwhile, TEMPOH is oxidized to
TEMPO, which is achieved through the conversion of Ce4+ to
Ce3+, and this process completes the dehydrogenation of the
saturated ketone cycle. In the second step, chalcone
intermediate l reacts with diketone 3a and NH4OAc via a
Michael-type addition reaction to form intermediate ll. Next,
intermediate ll undergoes cyclization, followed by dehydration,
leading to the formation of intermediate lV. Subsequently,
intermediate IV readily undergoes dehydrogenation in an
oxygen atmosphere to form the dihydroquinolinone inter-
mediate 4. Further, the dihydroquinolinone intermediate 4
undergoes enolization in DES medium, forming intermediate
V.18,19 Meanwhile, dioxygen (O2) was reduced to H2O
through the oxidation of Ce3+ into Ce4+, and TEMPO got
oxidized to an N-oxoammonium cation with the aid of Ce4+

into Ce3+. After that, the N-oxoammonium cation oxidizes
alcohol 6 to form aldehyde 6′.42,43 Finally, intermediate V
underwent a reaction with aldehyde 6′ and provided the α-
alkenylated dihydroquinolinone product 7.

Similarly, a series of control experiments were performed to
elucidate the reaction mechanism for the synthesis of
alkenylated hexahydroacridinone 8, as shown in the Support-
ing Information (Scheme S2). Reaction condition 1: In step 1,
TBAA played a crucial role in converting saturated ketone 2a
to 2a′, and in the step 2 reaction condition, the ChCl:PTSA
(1:1) DES is essential for the conversion of 2a′ to 5a. Reaction
condition 2: DES serves as a solvent and catalyst for the step 2
reaction.

A plausible reaction mechanism for the synthesis of 8 is
proposed based on our control experiments (Scheme S2,
Supporting Information) and previously reported litera-
ture,18,19,42−434445 which is presented as Scheme 3. Initially,
Cu(II) reacts with saturated ketone 2 to form the metal-
enolate complex A. After that, homolysis of the Cu(II)-enolate
bond generates the intermediate B. Then, the intermediate B
readily reacts with TEMPO to form the α-TEMPO-substituted
ketone C. Further, the α-TEMPO-substituted ketone C
undergoes the fast elimination of TEMPOH, resulting in the
formation of intermediate D. After that, the intermediate D
reacts with Cu(II) to form the metal-enolate complex E. Then,
the intermediate F is formed by the homolysis of the Cu(II)-
enolate bond. Further, the intermediate F reacts with TEMPO
to form the α-TEMPO-substituted intermediate G. Then, it
undergoes the fast elimination of TEMPOH to form the
chalcone intermediate 2′.44−47 The step 2 and step 3
mechanisms follow similar mechanisms as in Scheme 2.

Scheme 3. Proposed Mechanistic Pathways for the Synthesis of α-Alkenylated Hexahydroacridinone (8)
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Generally, most of the fluoro-substituted alkenylated
quinolinone motifs are more biologically potent molecules.48,49

Therefore, we explored the gram-scale applicability of the
current approach for the synthesis of alkenylated dihydroqui-
nolinones (7c). The reaction was scaled up to 1.27 g of

saturated ketone 1a and conducted under the standard
conditions from Table 3, utilizing diketone 3a, NH4OAc,
and alcohol 6b, yielding 72% of the desired product 7c

(Scheme 4a).

Scheme 4. (a) Scale-Up Batch and (b) Synthetic Application
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Furthermore, we investigated the synthetic utility of the
synthesized alkenylated dihydroquinolinone 7 and hexahy-
droacridinone 8 compounds (Scheme 4b).

1. Synthesis of α-alkenylated dihydroquinolinones 7p and
7q: Alcohol 6c or 6d was used under the standard
reaction conditions from Table 3 to yield 77% of the
pyrazole-containing product 7p and 74% of the
chromone-containing product 7q.

2. Selective reduction of the carbonyl group: The carbonyl
group in compound 7c was selectively reduced using
NaBH4 as a reducing agent in a methanol solvent at
room temperature for 15 min, resulting in an 89% yield
of the expected product (9).

3. Synthesis of hexahydrochromenoquinolinone 10 and
hexahydrochromenopyranoacridinone 12: The hexahy-
drochromenoquinolinone 10 was synthesized via
Michael addition followed by intramolecular cyclization
using compound 7j and diketone 3a in DMU:malonic
acid DES medium at 90 °C for 3 h to afford 82% yield;
similarly, the hexahydrochromenopyranoacridinone 12
was synthesized via Michael addition followed by
intramolecular cyclization of 8a with 11 in DMU:ma-
lonic acid DES medium at 90 °C for 4 h to yield 85% of
the corresponding product (12).

Photophysical Property. The photophysical properties of
quinolinone (4 and 7) and acridinone (5 and 8) derivatives
were investigated using UV−visible and fluorescence spectros-
copy (Tables 5 and 6). This comprehensive study delved into

the absorption, emission, solvatochromism, aggregation-
induced emission (AIE), and acidochromism properties of
the synthesized derivatives. The quinolinone (4 and 7) and
acridinone (5 and 8) derivatives exhibited absorption bands in
the visible region due to π−π* and n−π* electronic transitions
of an intramolecular charge transfer nature. The 4, 5, 7, and 8
series of compounds showed absorption (c = 1.0 × 10−5 M)
and emission (c = 1.0 × 10−5 M) bands between 273.5 and 424
nm and 350 and 579 nm, respectively, in an acetonitrile
solvent. The corresponding Stokes shifts ranged from 59.5 to
174.5 nm, as tabulated in Tables 5 and 6. From the absorption
and emission spectral data, it is evident that compound 8b has
the highest emission band maximum of 579 nm and 4h has the
highest Stokes shift of 174.5 nm due to intramolecular charge

transfer and the EDG (−OCH3) present in the motif.
Compound 7e has observed the highest quantum yield of
0.94% in the acetonitrile solvent. The absorption and emission
spectra of the 4, 5, 7, and 8 series of compounds are shown in
the Supporting Information (Figures S8−S11).

In addition, to perform an aggregation-induced emission
(AIE) study of 7n in a water/DMSO mixture, we excited 7n at
438 nm and observed the corresponding emission at 566 nm,
as shown in Figure 2a. In the emission spectra, we observed
that until 40% of the water/DMSO mixture, no significant
difference was noted in the emission intensity. However, with
further increases in the water percentage in the mixture of
water/DMSO, the emission intensity has slowly increased. The
maximum emission intensity was observed with a 60% water/
DMSO mixture. This indicated the formation of the nano-
particles, as noted due to the Tyndall phenomenon and Mie
light scattering. A further increase in the water percentage in
the water/DMSO mixture decreased the emission intensity by
70−99% due to the aggregation-caused quenching (ACQ)
effect. This phenomenon was observed due to the twisted
intramolecular charge transfer (TICT) process of 7n, resulting
in the formation of the aggregation-caused quenching (ACQ)
effect. This result revealed that compound 7n reached its
maximum intensity in a 60% water/DMSO mixture.
Furthermore, it is visually confirmed in Figure 2b,2c.

Similarly, for the AIE study of 8b in a water/DMSO mixture,
it was excited at 433 nm, and emission was observed at 565
nm, as shown in the Supporting Information (Figure S15). In
the emission spectrum, it was observed that up to 30% of the
water/DMSO mixture resulted in a decrease in emission
intensity. The maximum emission intensity was observed with
a 60% water/DMSO mixture, indicating the formation of
nanoparticles, as evidenced by the Tyndall phenomenon and

Table 5. Optical Spectroscopy Data for 4a−4h and 5a−5c
Derivativesa

compd λabs (nm) λem (nm) ΦF (%) Stokes shift (nm)

4a 295.5 371 0.11 75.5
4b 305 391 0.02 86
4c 292 356 0.07 64
4d 294 445 0.03 151
4e 287.5 350 0.11 62.5
4f 295.5 355 0.09 59.5
4g 305 395 0.10 90
4h 273.5 448 0.62 174.5
5a 348 437 0.10 89
5b 341 416 0.15 75
5c 338 498 0.14 160

aAll the absorption (c = 1.0 × 10−5 M) and emission (c = 1.0 × 10−5

M) spectra were recorded in ACN solutions at room temperature.
Fluorescence quantum yield was determined relative to quinine
sulfate in 0.1 M H2SO4 (ΦF = 0.54) as a standard.

Table 6. Optical Spectroscopy Data for 7a−7q and 8a−8d
Derivativesa

compd λabs (nm) λem (nm) ΦF (%) Stokes shift (nm)

7a 338 446 <0.01 108
7b 350 440 0.07 90
7c 341 446 0.08 105
7d 336 446 0.05 110
7e 336 443 0.94 107
7f 337 447 0.12 110
7g 338 436 0.12 98
7h 360 448 0.13 88
7i 357 454 0.17 97
7j 348 436 0.06 88
7k 349 427 0.07 78
7l 350 442 0.05 92
7m 364 451 0.05 87
7n 424 574 0.07 150
7o 336 438 0.15 102
7p 355 448 0.16 93
7q 334 449 0.56 115
8a 368 441 0.03 73
8b 420 579 0.11 159
8c 373 493 0.44 120
8d 364 467 0.05 103

aAll the absorption (c = 1.0 × 10−5 M) and emission (c = 1.0 × 10−5

M) spectra were recorded in ACN solutions at room temperature.
Fluorescence quantum yield was determined relative to quinine
sulfate in 0.1 M H2SO4 (ΦF = 0.54) as a standard.
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Mie light scattering. However, with an increase in the
percentage of water in the water/DMSO mixture, the emission
intensity decreased slowly to 70−99%. This result reveals that

compound 8b achieved its maximum intensity in a 60% water/
DMSO mixture.

Figure 2. (a) Emission spectra of compound 7n (50 μM) in a water/DMSO mixture with fw = 0−99%, excited at 438 nm with the increasing
percentage of the water fraction in the solution. (b) Photo image of 7n in different water/DMSO mixtures under normal light. (c) Photo image of
7n in different water/DMSO mixtures under 365 nm.

Scheme 5. Acidochromism Properties of 7n
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Additionally, the acidochromism property of compound 7n
was investigated using trifluoroacetic acid (TFA) in an ACN
solvent at room temperature (Scheme 5), and its emission
spectra are shown in Figure 3. The emission spectral result
revealed that upon the equivalent addition of trifluoroacetic
acid (TFA) to 7n, a blue shift is observed, accompanied by a
gradual decrease in emission at 574 nm, and additionally, a
new band was formed at 518 nm. This property indicates the
formation of quaternary salts of 7n (due to the N,N-dimethyl
amino group of 7n and the presence of TFA), leading to the
deactivation of the resonance system. Conversely, with a
proportional increase in the equivalent addition of triethyl
amine (TEA), the emission exhibited a red shift.

Similarly, the acidochromism study for 8b with TFA in an
ACN solvent is presented in the Supporting Information
(Figure S16). The emission spectral result reveals that the
equivalent addition of TFA in 8b to the formation of new
peaks at 539 nm at the same time decreases the emission
intensity at 581 nm. With the reversal addition of TEA in 8b,
the emission shifts to a red shift (555 nm).

Notwithstanding, the solvatochromism of different com-
pounds, such as 4h, 7h, 7o, and 8c, was recorded in various
polarities of organic volatile solvents, and the results are
tabulated in Table 7. In the solvatochromism study, compound
8c exhibited its highest emission at 508 nm in the DMSO
solvent, while compound 7h displayed the highest quantum
yield of 45.63% in the pet ether solvent. Among the four
derivatives, compound 4h shows the highest Stokes shift of
167 nm in the DMSO solvent due to its solvent polarity and
the electron-donating (−OCH3) substituent in nicotinate
motifs. Detailed optical studies revealed that all of the
dihydroquinolinone and hexahydroacridinone derivatives
showed a positive solvatochromism due to an increased
emission with increasing solvent polarity. The absorption and
emission spectra of compound 8c in various polarities of
organic solvents are shown in Figure 4. The absorption and
emission spectra of compounds 4h, 7h, and 7o were recorded
in various polarities of organic solvents and are shown in the
Supporting Information (Figures S12−S14).

The photophysical properties revealed that all the
synthesized derivatives exhibit absorption and emission
properties. Notably, compounds 7n and 8b exhibited the
AIE and acidochromism properties. The AIE properties of
compounds 7n and 8b will pave the way for potential
applications in the development of OLED and chemosensor

fields. Moreover, the acidochromism properties of 7n and 8b
compounds have potential applications for the development of
pH sensors.

■ CONCLUSIONS
In summary, we synthesized α-alkenylated dihydroquinoli-
nones and hexahydroacridinones from saturated ketones using
a CAN- or Cu(OAc)2/TEMPO-catalyzed dehydrogenation
pathway in DES medium. The features of this reaction include
the use of readily available starting materials, avoidance of
volatile organic solvents, mild reaction conditions, and easy
scalability for the production of α-alkenylated dihydroquino-
linone compounds. Additionally, we explored the synthetic
versatility of the synthesized compounds through selective
reduction and Michael addition, followed by intramolecular
cyclization. Optical studies revealed that derivatives 7n and 8b
exhibit aggregation-induced emission (AIE) and acidochrom-

Figure 3. (a) Emission spectra of 7n upon equivalent addition of TFA in ACN at 25 °C. (b) Emission spectra of 7n upon equivalent addition of
TEA in ACN at 25 °C.

Table 7. Solvatochromism Properties for 4h, 7h, 7o, and 8ca

compd solvent λabs (nm) λem (nm) ΦF (%) Stokes shift (nm)

4h pet ether 262 363 2.55 101
DCM 264 402 8.80 138
EA 263 401 7.13 138
DMSO 268 435 15.37 167
MeOH 263 428 8.04 165

7h pet ether 343 414 45.63 71
DCM 363 435 0.29 72
EA 354 444 0.13 90
DMSO 364 439 0.27 75
MeOH 355 440 16.20 85

7o pet ether 330 393 0.04 63
DCM 336 413 0.10 77
EA 332 394 0.51 62
DMSO 341 438 0.08 97
MeOH 333 438 0.79 105

8c pet ether 378 430 8.10 52
DCM 390 470 0.05 80
EA 381 445 3.00 64
DMSO 389 508 0.21 119
MeOH 384 501 4.57 117

aAll the absorption (c = 1.0 × 10−5 M) and emission (c = 1.0 × 10−5

M) spectra were recorded in various polarities of solvents at room
temperature. Fluorescence quantum yield was determined relative to
quinine sulfate in 0.1 M H2SO4 (ΦF = 0.54) as a standard.
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ism properties. Furthermore, the synthesized dihydroquinoli-
none, α-alkenylated dihydroquinolinone, and hexahydroacridi-
none derivatives exhibit positive solvatochromism. Moreover,
the biological activities of the synthesized molecules are
currently being investigated in our laboratory.

■ EXPERIMENTAL SECTION
General Information. All reactions were performed in

oven-dried reaction tubes in a parallel synthesizer. Solvents and
reagents were transferred at room temperature using oven-
dried syringes and spatulas. The entire reaction was performed
using glass reaction vials in a parallel synthesizer from App-Tec
Instrument Ltd. The reagents and chemicals were purchased
from Sigma-Aldrich, Merck, and TCI chemicals and were used
without any purification. The reaction progress was monitored
by Merck precoated alumina TLC sheets (F-254) using UV as
a visualizing agent. Columns were packed as a slurry of silica
gel in pet ether and ethyl acetate solvents. The reaction
mixture was quenched in water and extracted with CH2Cl2 and
the solvent was distilled out to provide crude products. Further
crude products were purified by column chromatography on
silica gel (100−200 meshes) from Merck Ltd. The 1H and 13C
spectra were recorded in CDCl3 or DMSO-d6 using a Bruker
AVANCE-III (400 MHz). Chemical shifts were reported in δ
values (ppm) relative to CDCl3 (1H NMR: 7.26 ppm, 13C
NMR: 77.16 ppm) or TMS (0.00 ppm). The IR spectra were
recorded on a Thermo Nicolet iS50 with an inbuilt ATR
(Shimadzu IR Tracer-100) spectrometer. νmax is reported in
cm−1. The X-ray single-crystal determination was performed
on a D8-QUEST single-crystal XRD diffractometer. High-
resolution mass spectra (HRMS) were recorded on a
WATERS-XEVO G2-XS-QToF. The UV−visible absorption
spectra were measured by a JASCO (V-670 PC). FL spectra
were measured by a HITACHI (F-7000) fluorescence
spectrophotometer.
General Procedure for the Synthesis of Dihydroqui-

nolinone (4). To a saturated ketone 1 (0.2 mmol, 1.0 equiv),
CAN (20 mol %) as a catalyst, TEMPO (20 mol %) as an
oxidant, and TBAB (100 mg) were added in an oven-dried
reaction vessel, and the mixture was allowed to stir at 100 °C
for 3 h in the parallel synthesizer. After the complete formation
of the dehydrogenative products, as monitored by TLC, 1,3-
cyclohexadione 3 (0.2 mmol, 1.0 equiv), NH4OAc (2.0 mmol,
10.0 equiv), and choline chloride:PTSA (1:1 mmol) (200 mg)
were further sequentially added under O2 atm at 100 °C and
maintained for 4 h. After the complete formation of cyclized

product 4 (as monitored by TLC), the reaction mixture was
then diluted with water (20 mL) and the CH2Cl2 solvent, and
the crude reaction mixture was extracted with CH2Cl2 (2 × 10
mL2). The organic extracts were dried over anhydrous Na2SO4,
and after the removal of CH2Cl2, the crude mixture was passed
through silica-packed column chromatography to obtain the
pure products 4a−4h (81−89% yield).
General Procedure for the Synthesis of Hexahydroa-

cridinone (5). To a saturated ketone 2 (0.2 mmol, 1.0 equiv),
Cu(OAc)2 (20 mol %) as a catalyst, TEMPO (20 mol %) as an
oxidant, 2,2′-bipyridyl (20 mol %) as a ligand, and TBAA (100
mg) were added in an oven-dried reaction vessel, and the
mixture was allowed to stir at 100 °C for 3 h in the parallel
synthesizer. After the complete formation of dehydrogenative
products, as monitored by TLC, 1,3-cyclohexadione 3 (0.2
mmol, 1.0 equiv), NH4OAc (2.0 mmol, 10.0 equiv), and
choline chloride:PTSA (1:1 mmol) (200 mg) were further
sequentially added under O2 atm at 100 °C and maintained for
4 h. After the complete formation of cyclized product 5 (as
monitored by TLC), the reaction mixture was then diluted
with water (20 mL) and the CH2Cl2 solvent, and the crude
reaction mixture was extracted with CH2Cl2 (2 × 10 mL2).
The organic extracts were dried over anhydrous Na2SO4, and
after the removal of CH2Cl2, the crude mixture was passed
through silica-packed column chromatography to obtain the
pure products 5a−5c (71−83% yield).
General Procedure for the Synthesis of α-Alkeny-

lated Dihydroquinolinone (7). To a saturated ketone 1 (0.2
mmol, 1.0 equiv), CAN (20 mol %) as a catalyst, TEMPO (20
mol %) as an oxidant, and TBAB (100 mg) were added in an
oven-dried reaction vessel, and the mixture was allowed to stir
at 100 °C for 3 h in the parallel synthesizer. After the complete
formation of the dehydrogenative products, as monitored by
TLC, 1,3-cyclohexadione 3 (0.2 mmol, 1.0 equiv), NH4OAc
(2.0 mmol, 10.0 equiv), and choline chloride:PTSA (1:1
mmol) (200 mg) were further sequentially added under O2
atm at 100 °C and maintained for 4 h. After the complete
formation of cyclized product 4, substituted benzyl alcohol 6
(0.2 mmol, 1.0 equiv), CAN (10 mol %) as a catalyst, TEMPO
(10 mol %) as an oxidant, and choline chloride:PTSA (1:1
mmol) (200 mg) were added at 100 °C and maintained for 2
h. After the complete formation of alkenylated product 7 (as
monitored by TLC), the reaction mixture was then diluted
with water (20 mL) and the CH2Cl2 solvent, and the crude
reaction mixture was extracted with CH2Cl2 (2 × 10 mL2).
The organic extracts were dried over anhydrous Na2SO4, and
after the removal of CH2Cl2, the crude mixture was passed

Figure 4. Absorption and normalized emission spectra of compound 8c in various polarities of the solvent.

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.4c02058
ACS Omega 2024, 9, 36198−36219

36211

https://pubs.acs.org/doi/10.1021/acsomega.4c02058?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.4c02058?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.4c02058?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.4c02058?fig=fig4&ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.4c02058?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


through silica-packed column chromatography to obtain the
pure products 7a−7o (72−84% yield).
General Procedure for the Synthesis of α-Alkeny-

lated Hexahydroacridinone (8). To a saturated ketone 2
(0.2 mmol, 1.0 equiv), Cu(OAc)2 (20 mol %) as a catalyst,
TEMPO (20 mol %) as an oxidant, 2,2′-bipyridyl (20 mol %)
as a ligand, and TBAA (100 mg) were added in an oven-dried
reaction vessel, and the mixture was allowed to stir at 100 °C
for 3 h in the parallel synthesizer. After the complete formation
of the dehydrogenative products, as monitored by TLC, 1,3-
cyclohexadione 3 (0.20 mmol, 1.0 equiv), NH4OAc (2.0
mmol, 10.0 equiv), and choline chloride:PTSA (1:1 mmol)
(200 mg) were further sequentially added under O2 atm at 100
°C and maintained for 4 h. After the complete formation of
cyclized product 5, substituted benzyl alcohol 6 (0.2 mmol, 1.0
equiv), CAN (10 mol %) as a catalyst, TEMPO (10 mol %) as
an oxidant, and choline chloride:PTSA (1:1 mmol) (200 mg)
were added at 100 °C and maintained for 2 h. After the
complete formation of alkenylated product 8 (as monitored by
TLC), the reaction mixture was then diluted with water (20
mL) and the CH2Cl2 solvent, and the crude reaction mixture
was extracted with CH2Cl2 (2 × 10 mL2). The organic extracts
were dried over anhydrous Na2SO4, and after the removal of
CH2Cl2, the crude mixture was passed through a silica-packed
column chromatograph to obtain the pure products 8a−8d
(73−78% yield).
Gram-Scale Experiment for the Synthesis of 7c. To a

saturated ketone 1a (1.27 g, 5.0 mmol, 1.0 equiv), CAN (548
mg, 20 mol %), TEMPO (156 mg, 20 mol %), and TBAB (2.5
g) were added in an oven-dried reaction vessel, and the
mixture was allowed to stir at 100 °C for 3 h in the parallel
synthesizer. After the complete formation of the dehydrogen-
ative products as monitored by TLC, 1,3-cyclohexadione 3
(560 mg, 5.0 mmol, 1.0 equiv), NH4OAc (3.85 g, 50.0 mmol,
10.0 equiv), and choline chloride:PTSA (1:1) were further
sequentially added under O2 atm at 100 °C and maintained for
4 h. After completion of cyclization, 4-fluoro benzyl alcohol 6b
(631 mg, 5 mmol, 1.0 equiv), CAN (274 mg, 10 mol %),
TEMPO (78 mg, 10 mol %), and choline chloride:PTSA (1:1)
were added at 100 °C and maintained for 2 h. After
completion of the reaction (as monitored by TLC), the
reaction mixture was then diluted with water (50 mL) and the
CH2Cl2 solvent, and the crude reaction mixture was extracted
with CH2Cl2 (2 × 50 mL2). The organic extracts were dried
over anhydrous Na2SO4, and after the removal of CH2Cl2, the
crude mixture was passed through silica-packed column
chromatography to obtain the pure product 7c (72% yield).
Product Functionalization. Synthesis of Heterocyclics

Containing α-Alkenylated Dihydroquinolinone (7p and 7q).
The (1,3-diphenyl-1H-pyrazol-4-yl)methanol50,51 6c and 3-
(hydroxymethyl)-4H-chromen-4-one52 6d synthetic procedure
follows the standard procedure as per the literature. To a
saturated ketone 1a (51 mg, 0.2 mmol, 1.0 equiv), CAN (22
mg, 20 mol %), TEMPO (6 mg, 20 mol %), and TBAB (100
mg) were added to an oven-dried reaction vessel, and the
mixture was allowed to stir at 100 °C for 3 h in the parallel
synthesizer. After the complete formation of the dehydrogen-
ative products as monitored by TLC, 1,3-cyclohexadione 3 (22
mg, 0.2 mmol, 1.0 equiv), NH4OAc (154 mg, 2.0 mmol, 10.0
equiv), and choline chloride:PTSA (1:1) (200 mg) were
further sequentially added under O2 atm at 100 °C and
maintained for 4 h. After completion of cyclization, 6c or 6d
(50 mg or 35 mg, 0.2 mmol, 1.0 equiv), CAN (11 mg, 10 mol

%), TEMPO (3 mg, 10 mol %), and choline chloride:PTSA
(1:1) (200 mg) were added at 100 °C and maintained for 2 h.
After completion of the reaction (as monitored by TLC), the
reaction mixture was then diluted with water (20 mL) and the
CH2Cl2 solvent, and the crude reaction mixture was extracted
with CH2Cl2 (2 × 10 mL2). The organic extracts were dried
over anhydrous Na2SO4, and after the removal of CH2Cl2, the
crude mixture was passed through a silica-packed column
chromatograph to obtain the pure product 7p (77% yield) or
7q (74% yield).

Synthesis of (E)-6-(4-Fluorobenzylidene)-4-(4-methoxy-
phenyl)-2-(p-tolyl)-5,6,7,8-tetrahydroquinolin-5-ol (9). (E)-
6-(4-Fluorobenzylidene)-4-(4-methoxyphenyl)-2-(p-tolyl)-7,8-
dihydroquinolin-5(6H)-one 7c (90 mg, 0.2 mmol, 1.0 equiv)
in 10 mL of methanol was taken in a round-bottom flask at
room temperature with stirring. Sodium borohydride45 (8 mg,
0.2 mmol, 1.0 equiv) was slowly added and maintained for 15
min at room temperature. After complete formation of the
reduction product (as monitored by TLC), the crude reaction
mixture was distilled out under reduced pressure. After that,
the crude reaction mixture was diluted with water (20 mL) and
extracted with the CH2Cl2 (2 × 15 mL2) solvent. The organic
extracts were dried over anhydrous Na2SO4, and after the
evaporation of the organic solvent, they yielded 89% of the
pure product 9.

Synthesis of 7-(4-Fluorophenyl)-1,3-bis(4-methoxyphen-
yl)-5,6,7,9,10,11-hexahydro-8H-chromeno[2,3-f ]quinolin-8-
one (10). DMU:malonic acid34 (7:3) (300 mg) was added to
the reaction vessel and heated to 90 °C for 10 min. After that,
α-alkenylated dihydroquinolinone 7j (93 mg, 0.2 mmol, 1.0
equiv) and 1,3-cyclohexadione 3a (22 mg, 0.2 mmol, 1.0
equiv) were added at 90 °C for 3 h. The reaction was
monitored by TLC. After completion of the reaction, the
reaction mixture was then diluted with water (20 mL) and the
CH2Cl2 solvent, and the crude reaction mixture was extracted
with CH2Cl2 (2 × 10 mL2). The organic extracts were dried
over anhydrous Na2SO4, and after the removal of CH2Cl2, the
crude mixture was passed through a silica-packed column
chromatograph to obtain the pure product 10 (82% yield).

Synthesis of (E)-11-Benzylidene-7-(4-fluorophenyl)-15-
phenyl-8,9,11,12,13,14-hexahydro-6H,7H-chromeno-
[3′,4′:5,6]pyrano[2,3-a]acridin-6-one (12). The DMU:ma-
lonic acid (7:3) (300 mg) DES34 was added to the reaction
vessel at 90 °C for 10 min. After that, α-alkenylated
hexahydroacridinone 8a (94 mg, 0.2 mmol, 1.0 equiv) and
4-hydroxycoumarin 11 (32 mg, 0.2 mmol, 1.0 equiv) were
added at 90 °C for 4 h. The reaction was monitored by TLC.
After completion of the reaction, the reaction mixture was then
diluted with water (20 mL) and the CH2Cl2 solvent, and the
crude reaction mixture was extracted with CH2Cl2 (2 × 10
mL2). The organic extracts were dried over anhydrous Na2SO4,
and after the removal of CH2Cl2, the crude mixture was passed
through a silica-packed column chromatograph to obtain the
pure product 12 (85%).
Characterization Data for Starting Materials and

Control Experiment Intermediates. 3-(4-Methoxyphen-
yl)-1-(p-tolyl)propan-1-one (1a). The synthetic procedure
follows the standard procedure as per the literature.34 White
solid (216 mg, 85% yield), Mp: 58−60 °C, Rf = 0.8 (5% ethyl
acetate in petroleum ether); 1H NMR (400 MHz, CDCl3) δ
7.89 (d, J = 8.2 Hz, 2H), 7.27 (d, J = 8.1 Hz, 2H), 7.20 (d, J =
8.6 Hz, 2H), 6.87 (d, J = 8.6 Hz, 2H), 3.81 (s, 3H), 3.27 (t, J =
7.7 Hz, 2H), 3.03 (t, J = 7.7 Hz, 2H), 2.43 (s, 3H). 13C NMR
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(101 MHz, CDCl3) δ 199.08, 158.00, 143.79, 134.49, 133.45,
129.35, 129.28, 128.18, 113.96, 55.28, 40.60, 29.40, 21.62. FT-
IR: ν = 2997, 2923, 2836, 1674, 1603, 1513, 1272, 1243, 1181,
1033, 805, 522 cm−1. GC-MS (m/z): calculated for C17H19O2:
254.1307; found: 254.143.

2,6-Dibenzylcyclohexan-1-one (2a). The synthetic proce-
dure follows the standard procedure as per the literature.53

White solid (462 mg, 83% yield), Mp: 114−115 °C, Rf = 0.8
(5% ethyl acetate in petroleum ether); 1H NMR (400 MHz,
CDCl3) δ 7.27 (t, J = 7.3 Hz, 4H), 7.17 (dd, J = 14.6, 7.2 Hz,
6H), 3.23 (dd, J = 13.9, 4.7 Hz, 2H), 2.57 (td, J = 13.1, 5.1 Hz,
2H), 2.42 (dd, J = 13.9, 8.6 Hz, 2H), 2.10−2.00 (m, 2H),
1.82−1.72 (m, 1H), 1.53 (m, 1H), 1.34 (m, 2H). 13C NMR
(101 MHz, CDCl3) δ 212.86, 140.61, 129.18, 128.29, 125.93,
52.91, 35.51, 34.88, 25.37. GC-MS (m/z): calculated for
C20H22O: 278.395; found: 278.330.

3-(Hydroxymethyl)-4H-chromen-4-one (6d). The 3-(hy-
droxymethyl)-4H-chromen-4-one 6d synthetic procedure
follows the standard procedure as per the literature.52 White
solid (137 mg, 82% yield), Mp: 108−110 °C, Rf = 0.2 (10%
ethyl acetate in petroleum ether); 1H NMR (400 MHz,
CDCl3) δ 8.22 (d, J = 7.6 Hz, 1H), 7.95 (s, 1H), 7.68 (t, J =
7.5 Hz, 1H), 7.50−7.37 (m, 2H), 4.59 (s, 2H), 3.15 (s, 1H).
13C NMR (101 MHz, CDCl3) δ 178.52, 156.62, 152.89,
133.95, 125.62, 125.30, 123.83, 123.31, 118.25, 58.58.

4-(4-Methoxyphenyl)-2-(p-tolyl)-4,6,7,8-tetrahydro-5H-
chromen-5-one (13). The synthetic procedure follows the
standard procedure as per the literature.54 White solid, Rf = 0.5
(10% ethyl acetate in petroleum ether); 1H NMR (400 MHz,
CDCl3) δ 7.51 (d, J = 8.2 Hz, 2H), 7.28 (d, J = 8.4 Hz, 2H),
7.20 (d, J = 8.1 Hz, 2H), 6.85 (d, J = 8.6 Hz, 2H), 5.67 (d, J =
5.0 Hz, 1H), 4.49 (d, J = 5.0 Hz, 1H), 3.79 (s, 3H), 2.78−2.62
(m, 2H), 2.49−2.32 (m, 5H), 2.15−1.96 (m, 2H). 13C NMR
(101 MHz, CDCl3) δ 197.55, 166.13, 158.22, 146.82, 138.69,
137.75, 130.26, 129.25, 129.12, 124.39, 114.13, 113.76, 103.78,
55.24, 37.15, 34.36, 27.78, 21.26, 20.47.

(E)-3-(4-Methoxyphenyl)-1-(p-tolyl)prop-2-en-1-one (1a′).
The intermediate 1a′ was isolated from the control experiment
study and conformed by NMR. White solid (48 mg, 95%), Rf =
0.6 (10% ethyl acetate in petroleum ether); 1H NMR (400
MHz, CDCl3) δ 7.93 (d, J = 8.2 Hz, 2H), 7.78 (d, J = 15.6 Hz,
1H), 7.60 (d, J = 8.7 Hz, 2H), 7.42 (d, J = 15.6 Hz, 1H), 7.30
(d, J = 8.0 Hz, 2H), 6.94 (d, J = 8.8 Hz, 2H), 3.86 (s, 3H),
2.44 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 190.10, 161.60,
144.26, 143.37, 135.93, 130.17, 129.28, 128.58, 127.77, 119.84,
114.41, 55.42, 21.67.

2,6-Di((E)-benzylidene)cyclohexan-1-one (2a′). The inter-
mediate 2a′ was isolated from the control experiment study
and conformed by NMR;. Yellow solid (51 mg, 93%), Mp:
117−118 °C, Rf = 0.5 (5% ethyl acetate in petroleum ether);
1H NMR (400 MHz, CDCl3) δ 7.81 (s, 2H), 7.47 (d, J = 7.4
Hz, 4H), 7.41 (t, J = 7.4 Hz, 4H), 7.38−7.31 (m, 2H), 2.97−
2.91 (m, 4H), 1.85−1.75 (m, 2H). 13C NMR (101 MHz,
CDCl3) δ 190.42, 136.96, 136.22, 136.01, 130.38, 128.60,
128.40, 28.47, 23.04. GC-MS (m/z): calculated for C20H18O:
274.3630; found: 274.6222.
Characterization Data for the Synthesized Products.

4-(4-Methoxyphenyl)-2-(p-tolyl)-7,8-dihydroquinolin-5(6H)-
one (4a). White solid (58 mg, 85% yield), Mp: 115−117 °C,
Rf = 0.6 (10% ethyl acetate in petroleum ether); 1H NMR
(400 MHz, CDCl3) δ 7.97 (d, J = 8.2 Hz, 2H), 7.48 (s, 1H),
7.29 (d, J = 8.0 Hz, 2H), 7.25−7.22 (m, 2H), 6.95 (dd, J = 8.7
Hz, 2H), 3.86 (s, 3H), 3.26 (t, J = 6.2 Hz, 2H), 2.72−2.63 (t, J

= 6.2 Hz, 2H), 2.41 (s, 3H), 2.27−2.16 (m, 2H). 13C NMR
(101 MHz, CDCl3) δ 198.05, 165.00, 159.45, 158.94, 152.23,
140.25, 135.48, 132.72, 129.62, 129.30, 127.36, 124.73, 121.71,
113.55, 55.31, 40.22, 34.05, 21.67, 21.41. FT-IR: ν = 3013,
2950, 2831, 1678, 1532, 1507, 1236, 1177, 1028, 826, 526, 488
cm−1. GC-MS (EI) (m/z): [M] calculated for C23H21NO2:
343.1572; found: 343.356.

2,4-Bis(4-methoxyphenyl)-7,8-dihydroquinolin-5(6H)-one
(4b). Pale-yellow solid (60 mg, 83% yield), Mp: 118−119 °C,
Rf = 0.6 (10% ethyl acetate in petroleum ether); 1H NMR
(400 MHz, CDCl3) δ 8.07 (d, J = 7.8 Hz, 2H), 7.47 (s, 1H),
7.27 (d, J = 10.3 Hz, 2H), 7.00 (dd, J = 15.5, 8.1 Hz, 4H), 3.89
(s, 6H), 3.27 (s, 2H), 2.70 (s, 2H), 2.23 (s, 2H). 13C NMR
(101 MHz, CDCl3) δ 197.96, 165.00, 161.33, 159.43, 158.50,
152.20, 132.81, 130.81, 129.27, 128.92, 124.36, 121.18, 114.25,
113.54, 55.42, 55.31, 40.20, 34.07, 21.67. FT-IR: ν = 2996,
2937, 2839, 1680, 1577, 1532, 1233, 1174, 1031, 830, 558, 529
cm−1. GC-MS (EI) (m/z): [M] calculated for C23H21NO3:
359.1521; found: 359.232.

4-Phenyl-2-(p-tolyl)-7,8-dihydroquinolin-5(6H)-one (4c).
White solid (53 mg, 84% yield), Mp: 130−132 °C, Rf = 0.7
(10% ethyl acetate in petroleum ether); 1H NMR (400 MHz,
CDCl3) δ 8.00 (d, J = 7.7 Hz, 2H), 7.52 (s, 1H), 7.44 (s, 3H),
7.30 (t, J = 5.6 Hz, 4H), 3.31 (s, 2H), 2.70 (s, 2H), 2.44 (s,
3H), 2.25 (s, 2H). 13C NMR (101 MHz, CDCl3) δ 197.77,
164.91, 159.00, 152.53, 140.70, 140.32, 135.39, 129.63, 128.03,
127.75, 127.72, 127.38, 124.64, 121.56, 40.11, 34.01, 21.68,
21.40. FT-IR: ν = 3053, 2937, 2871.49, 1685, 1577, 1526,
1360, 1230, 1175, 1016, 816, 760, 696, 514 cm−1. GC-MS (EI)
(m/z): [M] calculated for C22H19NO: 313.1467; found:
313.188.

2-(4-Bromophenyl)-4-(4-methoxyphenyl)-7,8-dihydroqui-
nolin-5(6H)-one (4d). Pale-yellow solid (73 mg, 89% yield),
Mp: 142−144 °C, Rf = 0.7 (10% ethyl acetate in petroleum
ether); 1H NMR (400 MHz, CDCl3) δ 7.86 (d, J = 8.6 Hz,
2H), 7.51 (d, J = 8.6 Hz, 2H), 7.39 (s, 1H), 7.14 (d, J = 8.7
Hz, 2H), 6.87 (t, J = 8.7 Hz, 2H), 3.77 (s, 3H), 3.17 (t, J = 6.2
Hz, 2H), 2.60 (t, J = 6.4 Hz, 2H), 2.18−2.06 (m, 2H). 13C
NMR (101 MHz, CDCl3) δ 197.85, 165.08, 159.59, 157.56,
152.52, 137.11, 132.39, 132.03, 129.31, 128.98, a125.20,
124.64, 121.70, 113.62, 55.32, 40.20, 33.99, 21.61. FT-IR: ν
= 2932.23, 2824.24, 1680.66, 1529.27, 1509.99, 1243.86,
1175.40, 1007.62, 821.53, 528.40 cm−1. GC-MS (EI) (m/z):
[M] calculated for C22H18BrNO2: 407.0521; found: 407.078.

2,4-Bis(4-fluorophenyl)-7,7-dimethyl-7,8-dihydroquinolin-
5(6H)-one (4e). Pale-yellow solid (62 mg, 86% yield), Mp:
185−187 °C, Rf = 0.65 (10% ethyl acetate in petroleum ether);
1H NMR (400 MHz, CDCl3) δ 8.08 (dd, J = 8.6, 5.5 Hz, 2H),
7.43 (s, 1H), 7.26−7.21 (dd, J = 5.4 Hz, 2H), 7.16 (t, J = 8.6
Hz, 2H), 7.11 (t, J = 8.6 Hz, 2H), 3.18 (s, 2H), 2.54 (s, 2H),
1.16 (s, 6H). 13C NMR (101 MHz, CDCl3) δ 197.79, 165.45,
163.81, 163.72, 162.96, 161.35, 158.32, 151.32, 136.18, 136.15,
134.24, 134.20, 129.66, 129.58, 129.48, 129.39, 123.71, 121.40,
116.01, 115.79, 115.18, 114.96, 53.82, 47.83, 32.59, 28.27. FT-
IR: ν = 2962, 2921, 1687, 1534, 1501, 1274, 1221, 1158, 836,
544 cm−1. GC-MS (EI) (m/z): [M] calculated for
C23H19F2NO: 363.1435; found: 363.132.

4-(4-Methoxyphenyl)-7,7-dimethyl-2-(p-tolyl)-7,8-dihy-
droquinolin-5(6H)-one (4f). White solid (63 mg, 85% yield),
Mp: 121−123 °C, Rf = 0.5 (10% ethyl acetate in petroleum
ether); 1H NMR (400 MHz, CDCl3) δ 7.98 (d, J = 8.1 Hz,
2H), 7.48 (s, 1H), 7.29 (d, J = 8.0 Hz, 2H), 7.24 (d, J = 8.7
Hz, 2H), 6.96 (d, J = 8.7 Hz, 2H), 3.86 (s, 3H), 3.18 (s, 2H),
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2.55 (s, 2H), 2.42 (s, 3H), 1.16 (s, 6H). 13C NMR (101 MHz,
CDCl3) δ 198.10, 163.57, 159.45, 159.29, 151.84, 140.22,
135.49, 132.63, 129.61, 129.36, 127.35, 123.70, 121.56, 113.54,
55.32, 53.97, 47.93, 32.62, 28.32, 21.40. FT-IR: ν = 2955,
2927, 1692, 1531, 1503, 1295, 1243, 1174, 1037, 828, 553
cm−1. GC-MS (EI) (m/z): [M] calculated for C25H25NO2:
371.1885; found: 371.279.

2,4-Bis(4-methoxyphenyl)-7,7-dimethyl-7,8-dihydroqui-
nolin-5(6H)-one (4g). Pale-yellow solid (63 mg, 81% yield),
Mp: 206−207 °C, Rf = 0.45 (10% ethyl acetate in petroleum
ether); 1H NMR (400 MHz, CDCl3) δ 8.05 (d, J = 8.7 Hz,
2H), 7.44 (s, 1H), 7.24 (d, J = 8.6 Hz, 2H), 6.98 (dd, J = 15.1,
8.8 Hz, 4H), 3.86 (d, J = 2.6 Hz, 6H), 3.17 (s, 2H), 2.54 (s,
2H), 1.16 (s, 6H). 13C NMR (101 MHz, CDCl3) δ 198.01,
163.57, 161.33, 159.44, 158.86, 151.81, 132.71, 130.82, 129.34,
128.91, 123.34, 121.04, 114.25, 113.52, 55.41, 55.32, 53.95,
47.94, 32.59, 28.32. FT-IR: ν = 2959, 1675, 1511, 1526, 1240,
1171, 1027, 825, 539 cm−1. GC-MS (EI) (m/z): [M]
calculated for C25H25NO3: 387.1834; found: 387. 5448.

Ethyl 4-(4-methoxyphenyl)-2-methyl-6-(p-tolyl)nicotinate
(4h). Colorless liquid (59 mg, 82% yield), Rf = 0.7 (10% ethyl
acetate in petroleum ether); 1H NMR (400 MHz, CDCl3) δ
7.84 (d, J = 8.2 Hz, 2H), 7.43 (s, 1H), 7.29 (dd, J = 8.8 Hz,
2H), 7.18 (d, J = 8 Hz, 2H), 6.88 (dd, J = 8.8 Hz, 2H), 4.08 (q,
J = 7.1 Hz, 2H), 3.76 (s, 3H), 2.61 (s, 3H), 2.32 (s, 3H), 1.01
(t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 169.36,
159.98, 157.34, 155.52, 148.36, 139.33, 136.16, 131.32, 129.50,
129.24, 127.07, 126.49, 114.16, 114.06, 61.31, 55.37, 23.16,
21.32, 13.86. FT-IR: ν = 2952, 2833, 1682, 1577, 1509, 1253,
1157, 1097, 1021, 822, 595, 511 cm−1. GC-MS (EI) (m/z):
[M] calculated for C23H23NO3: 361.1678; found: 361.175.

(E)-5-Benzylidene-9-phenyl-3,4,5,6,7,8-hexahydroacridin-
1(2H)-one (5a). White solid (61 mg, 83% yield), Mp: 228−
230 °C, Rf = 0.6 (10% ethyl acetate in petroleum ether); 1H
NMR (400 MHz, CDCl3) δ 8.12 (s, 1H), 7.49−7.33 (m, 7H),
7.29 (d, J = 8.0 Hz, 1H), 7.05 (t, J = 8 Hz, 2H), 3.22 (t, J = 6.2
Hz, 2H), 2.85 (t, J = 6.0 Hz, 2H), 2.58 (t, J = 6.8 Hz, 2H), 2.39
(t, J = 6.1 Hz, 2H), 2.21−2.10 (m, 2H), 1.75−1.65 (m, 2H).
13C NMR (101 MHz, CDCl3) δ 197.93, 161.31, 155.56,
150.99, 139.42, 137.61, 135.75, 130.75, 130.52, 129.82, 128.31,
128.18, 127.24, 126.96, 126.93, 124.55, 40.37, 33.95, 27.62,
27.48, 22.70, 21.72. FT-IR: ν = 2923, 2909, 2846, 1675, 1530,
1351, 1270, 930, 762, 696, 522 cm−1. HRMS (ESI) (m/z): [M
+ H]+ calculated for C26H24NO+: 366.1854; found: 366.1857.

(E)-5-(2-Chlorobenzyl idene)-9-(2-chlorophenyl)-
3,4,5,6,7,8-hexahydroacridin-1(2H)-one (5b). White solid (70
mg, 81% yield), Mp: 195−197 °C, Rf = 0.7 (10% ethyl acetate
in petroleum ether); 1H NMR (400 MHz, CDCl3) δ 8.26 (s,
1H), 7.47 (d, J = 8.7 Hz, 2H), 7.41−7.32 (t, J = 9.6 Hz, 3H),
7.28 (d, J = 12 Hz, 2H), 7.03 (d, J = 2.8 Hz, 1H), 3.27 (s, 2H),
2.77−2.56 (m, 4H), 2.40 (s, 2H), 2.20 (s, 2H), 1.76 (s, 2H).
13C NMR (101 MHz, CDCl3) δ 197.73, 161.53, 155.40,
147.98, 138.26, 137.20, 136.05, 134.61, 131.44, 130.83, 130.42,
129.51, 129.35, 128.58, 128.25, 127.84, 126.96, 126.20, 124.58,
39.98, 33.83, 27.44, 26.87, 22.55, 21.67. FT-IR: ν = 2950,
2855, 1674, 1534, 1434, 1273, 1033, 736, 700, 542 cm−1.
HRMS (ESI) (m/z): [M + H]+ calculated for C26H22Cl2NO+:

434.1078; found: 434.1083.
(E)-9-(Furan-2-yl)-5-(furan-2-ylmethylene)-3,4,5,6,7,8-

hexahydroacridin-1(2H)-one (5c). Green solid (49 mg, 71%
yield), Mp: 245−248 °C, Rf = 0.75 (10% ethyl acetate in
petroleum ether); 1H NMR (400 MHz, CDCl3) δ 7.95 (s,
1H), 7.53 (d, J = 12.0 Hz, 2H), 6.64−6.45 (m, 3H), 6.33 (d, J

= 3.1 Hz, 1H), 3.16 (t, J = 6.1 Hz, 2H), 3.00 (t, J = 5.6 Hz,
2H), 2.71−2.59 (m, 4H), 2.23−2.10 (m, 2H), 1.89−1.76 (m,
2H). 13C NMR (101 MHz, CDCl3) δ 197.42, 161.35, 155.93,
153.77, 149.05, 143.02, 142.38, 138.06, 132.80, 131.64, 125.36,
118.38, 112.91, 111.96, 110.90, 109.52, 39.97, 33.61, 27.86,
26.92, 22.02, 21.70. FT-IR: ν = 2918, 2846, 1514, 1448, 1264,
1133, 1018, 767, 679, 566 cm−1. HRMS (ESI) (m/z): [M +
H]+ calculated for C22H20NO3

+: 346.1443; found: 346.1441.
(E)-6-Benzylidene-4-(4-methoxyphenyl)-2-(p-tolyl)-7,8-di-

hydroquinolin-5(6H)-one (7a). Pale-yellow solid (68 mg, 79%
yield), Mp: 120−123 °C, Rf = 0.55 (10% ethyl acetate in
petroleum ether); 1H NMR (400 MHz, CDCl3) δ 8.00 (d, J =
8.2 Hz, 2H), 7.79 (s, 1H), 7.58 (s, 1H), 7.49−7.39 (m, 4H),
7.39−7.28 (m, 5H), 6.99 (d, J = 8.7 Hz, 2H), 3.87 (s, 3H),
3.23 (s, 4H), 2.42 (s, 3H). 13C NMR (101 MHz, CDCl3) δ
187.26, 163.53, 159.58, 158.94, 152.51, 140.26, 136.92, 135.74,
135.66, 135.56, 132.50, 130.00, 129.64, 129.42, 128.77, 128.53,
127.36, 125.52, 121.85, 113.76, 55.30, 32.84, 25.91, 21.42. FT-
IR: ν = 2952, 2907, 2835, 1671, 1576, 1509, 1244, 1177, 822,
692, 537 cm−1. HRMS (ESI) (m/z): [M + H]+ calculated for
C30H26NO2

+: 432.1964; found: 432.1844.
(E)-6-(4-Methoxybenzylidene)-4-(4-methoxyphenyl)-2-(p-

tolyl)-7,8-dihydroquinolin-5(6H)-one (7b). Pale-yellow solid
(74 mg, 80% yield), Mp: 135−137 °C, Rf = 0.4 (10% ethyl
acetate in petroleum ether); 1H NMR (400 MHz, CDCl3) δ
8.00 (d, J = 7.4 Hz, 2H), 7.75 (s, 1H), 7.57 (s, 1H), 7.45 (d, J
= 7.4 Hz, 2H), 7.31 (d, J = 6.0 Hz, 4H), 6.97 (t, J = 8.6 Hz,
4H), 3.86 (s, 6H), 3.23 (s, 4H), 2.42 (s, 3H). 13C NMR (101
MHz, CDCl3) δ 187.32, 163.36, 160.13, 159.53, 158.78,
152.30, 140.16, 136.84, 135.63, 133.71, 132.54, 131.89, 129.62,
129.42, 128.31, 127.33, 125.72, 121.81, 114.04, 113.73, 55.37,
55.28, 32.78, 25.94, 21.40. FT-IR: ν = 2961, 2836, 1665, 1579,
1506, 1247, 1176, 1021, 816, 538 cm−1. HRMS (ESI) (m/z):
[M + H]+ calculated for C31H28NO3

+: 462.2069; found:
462.1986.

(E)-6-(4-Fluorobenzylidene)-4-(4-methoxyphenyl)-2-(p-
tolyl)-7,8-dihydroquinolin-5(6H)-one (7c). Yellow solid (67
mg, 74% yield), Mp: 128−131 °C, Rf = 0.55 (10% ethyl
acetate in petroleum ether); 1H NMR (400 MHz, CDCl3) δ
8.00 (d, J = 7.7 Hz, 2H), 7.74 (s, 1H), 7.58 (s, 1H), 7.45 (t, J =
8.0 Hz, 2H), 7.31 (t, J = 6.5 Hz, 4H), 7.12 (t, J = 8.3 Hz, 2H),
6.99 (d, J = 8.1 Hz, 2H), 3.87 (s, 3H), 3.21 (s, 4H), 2.42 (s,
3H). 13C NMR (101 MHz, CDCl3) δ 187.07, 163.39, 159.60,
158.98, 152.52, 140.28, 135.69, 135.53, 135.43, 132.45, 131.91,
131.83, 129.63, 129.40, 127.36, 125.45, 121.84, 115.77, 115.55,
113.76, 55.28, 32.75, 25.83, 21.39. FT-IR: ν = 2923, 2826,
1676, 1607, 1536, 1503, 1226, 1179, 954, 824, 579, 527, 496
cm−1. HRMS (ESI) (m/z): [M + H]+ calculated for
C30H25FNO2

+: 450.1869; found: 450.1912.
(E)-6-(2-Fluorobenzylidene)-4-(4-methoxyphenyl)-2-(p-

tolyl)-7,8-dihydroquinolin-5(6H)-one (7d). Yellow solid (66
mg, 73% yield), Mp: 123−125 °C, Rf = 0.54 (10% ethyl
acetate in petroleum ether); 1H NMR (400 MHz, CDCl3) δ
8.00 (d, J = 8.1 Hz, 2H), 7.80 (s, 1H), 7.58 (s, 1H), 7.35−7.20
(m, 6H), 7.19 (t, J = 7.5 Hz, 1H), 7.12 (t, J = 9.2 Hz, 1H),
6.99 (d, J = 8.6 Hz, 2H), 3.87 (s, 3H), 3.23 (t, J = 6.4 Hz, 2H),
3.11 (t, J = 6.1 Hz, 2H), 2.42 (s, 3H). 13C NMR (101 MHz,
CDCl3) δ 186.60, 163.77, 161.98, 159.60, 158.99, 152.83,
140.31, 137.71, 135.49, 132.55, 130.63, 130.60, 130.51, 130.42,
129.63, 129.39, 127.39, 125.23, 123.91, 123.87, 123.71, 121.89,
116.02, 115.80, 113.74, 55.29, 32.90, 26.24, 21.39. FT-IR: ν =
2922, 2824, 1673, 1604, 1535, 1505, 1224, 1179, 1040, 955,
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823, 527, 496, 476 cm−1. HRMS (ESI) (m/z): [M + H]+
calculated for C30H25FNO2

+: 450.1869; found: 450.1872.
(E)-6-(2-Chlorobenzylidene)-4-(4-methoxyphenyl)-2-(p-

tolyl)-7,8-dihydroquinolin-5(6H)-one (7e). Pale-yellow solid
(72 mg, 77% yield), Mp: 137−138 °C, Rf = 0.6 (10% ethyl
acetate in petroleum ether); 1H NMR (400 MHz, CDCl3) δ
7.95 (d, J = 4.4 Hz, 2H), 7.89 (s, 1H), 7.58 (s, 1H), 7.44 (s,
1H), 7.33 (d, J = 20.2 Hz, 7H), 7.00 (s, 2H), 3.87 (s, 3H), 3.22
(s, 2H), 3.09 (s, 2H), 2.42 (s, 3H). 13C NMR (101 MHz,
CDCl3) δ 186.65, 163.81, 159.56, 159.05, 152.93, 140.34,
137.14, 135.48, 135.04, 134.34, 133.82, 132.63, 130.30, 129.86,
129.71, 129.65, 129.34, 127.39, 126.41, 125.16, 121.95, 113.73,
55.30, 33.07, 26.03, 21.42. FT-IR: ν = 2922, 2857, 1667, 1577,
1532, 1245, 1178, 823, 760, 547 cm−1. HRMS (ESI) (m/z):
[M + H]+ calculated for C30H25ClNO2

+: 466.1574; found:
466.1461.

(E)-6-(2,4-Dichlorobenzylidene)-4-(4-methoxyphenyl)-2-
(p-tolyl)-7,8-dihydroquinolin-5(6H)-one (7f). Dark-yellow
solid (72 mg, 72% yield), Mp: 144−146 °C, Rf = 0.7 (10%
ethyl acetate in petroleum ether); 1H NMR (400 MHz,
CDCl3) δ 8.00 (d, J = 7.6 Hz, 2H), 7.80 (s, 1H), 7.58 (s, 1H),
7.47 (s, 1H), 7.30 (s, 6H), 6.99 (d, J = 7.9 Hz, 2H), 3.87 (s,
3H), 3.23 (d, J = 5.2 Hz, 2H), 3.06 (s, 2H), 2.42 (s, 3H). 13C
NMR (101 MHz, CDCl3) δ 186.37, 163.68, 159.61, 159.14,
152.98, 140.40, 137.67, 135.79, 135.42, 134.90, 132.88, 132.54,
130.97, 129.78, 129.64, 129.33, 127.40, 126.84, 125.04, 121.96,
113.75, 55.29, 32.95, 26.06, 21.40. FT-IR: ν = 2956, 2915,
2845, 1674, 1581, 1527, 1469, 1245, 1175, 1027, 956, 823, 574
cm−1. HRMS (ESI) (m/z): [M + H]+ calculated for
C30H24Cl2NO2

+: 500.1184; found: 500.1251.
(E)-6-(2,4-Dichlorobenzylidene)-4-phenyl-2-(p-tolyl)-7,8-

dihydroquinolin-5(6H)-one (7g). Yellow solid (74 mg, 79%
yield), Mp: 148−151 °C, Rf = 0.7 (10% ethyl acetate in
petroleum ether); 1H NMR (400 MHz, CDCl3) δ 8.01 (d, J =
8.2 Hz, 2H), 7.78 (s, 1H), 7.59 (s, 1H), 7.45 (d, J = 8.0 Hz,
3H), 7.39−7.33 (m, 3H), 7.30 (dd, J = 4.5, 3.4 Hz, 4H), 3.25
(t, J = 6.88 Hz, 2H), 3.07 (m, 2H), 2.42 (s, 3H). 13C NMR
(101 MHz, CDCl3) δ 186.22, 163.64, 159.22, 153.29, 140.52,
137.46, 135.80, 135.31, 134.93, 132.83, 132.70, 130.99, 129.78,
129.68, 128.80, 128.22, 127.93, 127.80, 127.42, 126.84, 124.98,
121.89, 32.96, 26.11, 21.43. FT-IR: ν = 2944, 2841, 1672,
1582, 1530, 1280, 1184, 1133, 825, 695, 577 cm−1. HRMS
(ESI) (m/z): [M + H]+ calculated for C29H22Cl2NO +:
470.1078; found: 470.0982.

(E)-6-(4-Methoxybenzylidene)-2,4-bis(4-methoxyphenyl)-
7,8-dihydroquinolin-5(6H)-one (7h). Yellow solid (74 mg,
78% yield), Mp: 158−159 °C, Rf = 0.4 (10% ethyl acetate in
petroleum ether); 1H NMR (400 MHz, CDCl3) δ 8.07 (d, J =
7.9 Hz, 2H), 7.74 (s, 1H), 7.53 (s, 1H), 7.45 (d, J = 7.7 Hz,
2H), 7.31 (d, J = 7.7 Hz, 2H), 6.98 (dd, J = 20.1, 9.1 Hz, 6H),
3.87 (d, J = 3.5 Hz, 9H), 3.22 (d, J = 6.3 Hz, 4H). 13C NMR
(101 MHz, CDCl3) δ 187.24, 163.37, 161.28, 160.11, 159.51,
158.36, 152.29, 136.75, 133.74, 132.63, 131.87, 130.97, 129.38,
128.89, 128.34, 125.34, 121.29, 114.26, 114.04, 113.71, 55.42,
55.37, 55.28, 32.81, 25.94. FT-IR: ν = 2954, 2837, 1658, 1582,
1507, 1243, 1173, 1022, 829, 532 cm−1. HRMS (ESI) (m/z):
[M + H]+ calculated for C31H28NO4

+: 478.2018; found:
478.1923.

(E)-6-(3,4-Dimethoxybenzylidene)-2,4-bis(4-methoxy-
phenyl)-7,8-dihydroquinolin-5(6H)-one (7i). Yellow solid (85
mg, 84% yield), Mp: 175−177 °C, Rf = 0.4 (10% ethyl acetate
in petroleum ether); 1H NMR (400 MHz, CDCl3) δ 8.07 (d, J
= 8.7 Hz, 2H), 7.73 (s, 1H), 7.54 (s, 1H), 7.31 (d, J = 8.5 Hz,

2H), 7.11 (d, J = 8.2 Hz, 1H), 6.99 (dd, J = 11.3, 9.0 Hz, 5H),
6.92 (d, J = 8.3 Hz, 1H), 3.92 (d, J = 8.8 Hz, 6H), 3.87 (d, J =
3.7 Hz, 6H), 3.25 (d, J = 4.5 Hz, 2H), 3.22 (d, J = 3.8 Hz, 2H).
13C NMR (101 MHz, CDCl3) δ 187.19, 163.34, 161.30,
159.53, 158.40, 152.26, 149.77, 148.79, 136.91, 134.05, 132.56,
130.94, 129.41, 128.89, 128.61, 125.32, 123.50, 121.29, 114.27,
113.72, 113.28, 110.99, 55.97, 55.43, 55.29, 32.79, 25.99. FT-
IR: ν = 2964, 2834, 1665, 1510, 1442, 1241, 1170, 1026, 836,
575 cm−1. HRMS (ESI) (m/z): [M + H]+ calculated for
C32H30NO5

+: 508.2124; found: 508.2135.
(E)-6-(4-Fluorobenzylidene)-2,4-bis(4-methoxyphenyl)-

7,8-dihydroquinolin-5(6H)-one (7j). Yellow solid (72 mg, 77%
yield), Mp: 148−150 °C, Rf = 0.6 (10% ethyl acetate in
petroleum ether); 1H NMR (400 MHz, CDCl3) δ 8.08 (d, J =
8.8 Hz, 2H), 7.73 (s, 1H), 7.54 (s, 1H), 7.44 (dd, J = 8.5, 5.5
Hz, 2H), 7.31 (d, J = 8.6 Hz, 2H), 7.11 (t, J = 8.6 Hz, 2H),
7.00 (t, J = 9.3 Hz, 4H), 3.87 (d, J = 3.1 Hz, 6H), 3.20 (s, 4H).
13C NMR (101 MHz, CDCl3) δ 187.02, 163.97, 163.41,
161.49, 161.36, 159.56, 158.56, 152.49, 135.63, 135.43, 132.52,
131.92, 131.84, 130.84, 129.38, 128.93, 125.06, 121.34, 115.77,
115.55, 114.28, 113.74, 55.43, 55.29, 32.77, 25.83. FT-IR: ν =
2959, 2841, 1662, 1582, 1504, 1236, 1174, 1021, 831, 516
cm−1. HRMS (ESI) (m/z): [M + H]+ calculated for
C30H25FNO3

+: 466.1818; found: 466.1965.
(E)-6-(4-Chlorobenzylidene)-2,4-bis(4-methoxyphenyl)-

7,8-dihydroquinolin-5(6H)-one (7k). Yellow solid (73 mg,
76% yield), Mp: 123−125 °C, Rf = 0.6 (10% ethyl acetate in
petroleum ether); 1H NMR (400 MHz, CDCl3) δ 8.08 (d, J =
8.5 Hz, 2H), 7.71 (s, 1H), 7.54 (s, 1H), 7.39 (s, 4H), 7.31 (d, J
= 8.3 Hz, 2H), 7.00 (t, J = 9.1 Hz, 4H), 3.87 (d, J = 2.9 Hz,
6H), 3.20 (s, 4H). 13C NMR (101 MHz, CDCl3) δ 186.90,
163.43, 161.39, 159.58, 158.61, 152.54, 136.16, 135.40, 134.64,
134.19, 132.49, 131.21, 130.81, 129.37, 128.94, 128.80, 124.99,
121.35, 114.29, 113.74, 55.43, 55.29, 32.74, 25.89. FT-IR: ν =
2951, 2833, 1666, 1580, 1528. 1242, 1178, 1021, 833, 570, 525
cm−1. HRMS (ESI) (m/z): [M + H]+ calculated for
C30H25ClNO3

+: 482.1523; found: 482.1526.
(E)-6-(2-Chlorobenzylidene)-2,4-bis(4-methoxyphenyl)-

7,8-dihydroquinolin-5(6H)-one (7l). Yellow solid (70 mg, 73%
yield), Mp: 105−108 °C, Rf = 0.6 (10% ethyl acetate in
petroleum ether); 1H NMR (400 MHz, CDCl3) δ 8.08 (d, J =
7.0 Hz, 2H), 7.89 (s, 1H), 7.54 (s, 1H), 7.44 (s, 1H), 7.31 (d, J
= 19.8 Hz, 5H), 7.01 (s, 4H), 3.87 (s, 6H), 3.21 (s, 2H), 3.08
(s, 2H). 13C NMR (101 MHz, CDCl3) δ 186.59, 163.82,
161.40, 159.54, 158.63, 152.90, 137.17, 135.03, 134.37, 133.73,
132.72, 130.79, 130.31, 129.85, 129.70, 129.33, 128.98, 126.41,
124.79, 121.43, 114.29, 113.72, 55.43, 55.30, 33.08, 26.04. FT-
IR: ν = 2948, 2841, 1666, 1606, 1508, 1237, 1170, 1023, 831,
547 cm−1. HRMS (ESI) (m/z): [M + H]+ calculated for
C30H25ClNO3

+: 482.1523; found: 482.1552.
(E)-4-(4-Methoxyphenyl)-6-((E)-3-phenylallylidene)-2-(p-

tolyl)-7,8-dihydroquinolin-5(6H)-one (7m). Yellow solid (71
mg, 77% yield), Mp: 141−143 °C, Rf = 0.6 (10% ethyl acetate
in petroleum ether); 1H NMR (400 MHz, CDCl3) δ 8.00 (d, J
= 7.5 Hz, 2H), 7.60−7.43 (m, 4H), 7.37 (t, J = 7.0 Hz, 2H),
7.31 (t, J = 7.4 Hz, 5H), 7.17 (t, J = 12.8 Hz, 1H), 6.98 (d, J =
9.1 Hz, 3H), 3.87 (s, 3H), 3.28 (s, 2H), 3.12 (s, 2H), 2.42 (s,
3H). 13C NMR (101 MHz, CDCl3) δ 186.82, 163.82, 159.54,
158.66, 152.45, 141.29, 140.19, 136.61, 136.18, 135.59, 134.91,
132.60, 129.63, 129.40, 128.84, 127.35, 127.24, 125.78, 123.55,
121.81, 113.72, 55.29, 32.73, 24.63, 21.41. FT-IR: ν = 2923,
2846, 1663, 1577, 1507, 1286, 1241, 1177, 970, 822, 575 cm−1.
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HRMS (ESI) (m/z): [M + H]+ calculated for C32H28NO2
+:

458.2120; found: 458.2022.
( E ) -2 - (4 -B romopheny l ) -6 - (4 - (d imethy lamino) -

benzylidene)-4-(4-methoxyphenyl)-7,8-dihydroquinolin-
5(6H)-one (7n). Red color solid (89 mg, 82% yield), Mp:
185−187 °C, Rf = 0.4 (10% ethyl acetate in petroleum ether);
1H NMR (400 MHz, CDCl3) δ 7.97 (d, J = 8.3 Hz, 2H), 7.75
(s, 1H), 7.60 (d, J = 8.3 Hz, 2H), 7.55 (s, 1H), 7.44 (d, J = 8.5
Hz, 2H), 7.30 (d, J = 8.4 Hz, 2H), 6.96 (d, J = 8.4 Hz, 2H),
6.71 (d, J = 8.5 Hz, 2H), 3.85 (s, 3H), 3.26 (d, J = 5.6 Hz,
2H), 3.20 (d, J = 6.1 Hz, 2H), 3.02 (s, 6H). 13C NMR (101
MHz, CDCl3) δ 187.20, 163.38, 159.60, 157.10, 152.24,
150.78, 138.27, 137.42, 132.37, 132.28, 132.00, 131.04, 129.46,
128.93, 126.62, 124.39, 123.39, 121.77, 113.76, 111.70, 55.29,
40.16, 32.75, 26.04. FT-IR: ν = 2931, 2848, 1562, 1508, 1239,
1169, 957, 825, 521 cm−1. HRMS (ESI) (m/z): [M + H]+
calculated for C31H28 BrN2O2

+: 539.1334; found: 539.1339.
(E)-2-(4-Bromophenyl)-6-(2,4-dichlorobenzylidene)-4-(4-

methoxyphenyl)-7,8-dihydroquinolin-5(6H)-one (7o). Yellow
solid (88 mg, 78% yield), Mp: 149−151 °C, Rf = 0.6 (10%
ethyl acetate in petroleum ether); 1H NMR (400 MHz,
CDCl3) δ 8.01 (s, 2H), 7.84 (s, 1H), 7.62 (d, J = 18.3 Hz, 3H),
7.49 (s, 1H), 7.33 (s, 4H), 7.02 (s, 2H), 3.89 (s, 3H), 3.24 (s,
2H), 3.09 (s, 2H). 13C NMR (101 MHz, CDCl3) δ 186.28,
163.78, 159.74, 157.78, 153.25, 137.46, 137.05, 135.81, 135.01,
132.81, 132.07, 130.96, 129.81, 129.37, 129.00, 126.88, 125.53,
124.79, 121.99, 113.82, 55.31, 32.88, 26.00. FT-IR: ν = 2967,
2933, 2836, 1676, 1609, 1576, 1511, 1463, 1247, 1177, 1032,
957, 820, 573, 440 cm−1. HRMS (ESI) (m/z): [M + H]+
calculated for C29H21BrCl2NO2

+: 564.0133; found: 564.0118.
(E)-6-((1,3-Diphenyl-1H-pyrazol-4-yl)methylene)-4-(4-me-

thoxyphenyl)-2-(p-tolyl)-7,8- dihydroquinolin-5(6H)-one
(7p). Yellow solid (89 mg, 77% yield), Mp: 185−187 °C, Rf
0.3 (10% ethyl acetate in petroleum ether); 1H NMR (400
MHz, CDCl3) δ 8.14 (s, 1H), 7.96 (d, J = 8.2 Hz, 2H), 7.81−
7.73 (m, 3H), 7.66−7.60 (m, 2H), 7.53−7.42 (m, 3H), 7.39−
7.27 (m, 4H), 7.39−7.27 (m, 4H), 6.90 (m, 2H), 3.79 (s, 3H),
3.25 (t, J = 6.3 Hz, 2H), 3.16 (t, J = 6.5 Hz, 2H), 2.37 (s, 3H).
13C NMR (101 MHz, CDCl3) δ 186.38, 163.28, 159.52,
158.80, 154.68, 152.45, 140.22, 139.66, 135.59, 133.91, 132.60,
132.24, 129.63, 129.58, 129.31, 128.77, 128.66, 128.51, 127.67,
127.34, 127.20, 127.12, 125.63, 121.90, 119.18, 117.10, 113.75,
55.24, 32.60, 26.36, 21.39. FT-IR: ν = 3127, 2943, 2839, 1658,
1583, 1509, 1249, 1180, 1026, 950, 757, 689, 567, 515 cm−1.
HRMS (ESI) (m/z): [M + H]+ calculated for C39H32N3O2

+:
574.2495; found: 574.2558.

(E)-4-(4-Methoxyphenyl)-6-((4-oxo-4H-chromen-3-yl)-
methylene)-2-(p-tolyl)-7,8-dihydroquinolin-5(6H)-one (7q).
Yellow solid (74 mg, 74% yield), Mp: 179−181 °C, Rf = 0.2
(10% ethyl acetate in petroleum ether); 1H NMR (400 MHz,
CDCl3) δ 8.28 (dd, J = 8.0, 1.2 Hz, 1H), 8.04 (s, 1H), 8.01 (s,
1H), 7.99 (s, 1H), 7.75−7.62 (m, 2H), 7.57 (s, 1H), 7.52−
7.41 (m, 2H), 7.30 (t, J = 7.6 Hz, 4H), 6.98 (d, J = 8.6 Hz,
2H), 3.87 (s, 3H), 3.25 (t, J = 5.7 Hz, 2H), 3.09 (t, J = 5.7 Hz,
2H), 2.42 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 186.07,
176.00, 163.66, 159.58, 159.00, 156.09, 155.01, 152.85, 140.31,
138.15, 135.48, 133.98, 132.49, 129.63, 129.41, 127.39, 126.95,
126.33, 125.66, 125.11, 124.07, 121.95, 121.00, 118.14, 113.74,
55.30, 32.94, 26.88, 21.41. FT-IR: ν = 2918, 2846, 1604, 1508,
1464, 1242, 1176, 1033, 823, 768, 530 cm−1. HRMS (ESI)
(m/z): [M + H]+ calculated for C33H26NO4

+: 500.1862;
found: 500.1852.

5-((E)-Benzylidene)-2-((E)-4-fluorobenzylidene)-9-phenyl-
3,4,5,6,7,8-hexahydroacridin-1(2H)-one (8a). Yellow solid
(69 mg, 73% yield), Mp: 201−203 °C, Rf = 0.55 (5% ethyl
acetate in petroleum ether); 1H NMR (400 MHz, CDCl3) δ
8.23 (s, 1H), 7.64 (s, 1H), 7.47 (t, J = 7.2 Hz, 4H), 7.43−7.34
(m, 5H), 7.30 (t, J = 7.3 Hz, 1H), 7.17−7.04 (m, 4H), 3.17 (d,
J = 6.4 Hz, 4H), 2.88 (t, J = 5.2 Hz, 2H), 2.46 (t, J = 6.1 Hz,
2H), 1.80−1.66 (m, 2H). 13C NMR (101 MHz, CDCl3) δ
187.00, 163.91, 161.43, 159.85, 155.49, 151.50, 139.21, 137.60,
135.82, 135.61, 135.46, 131.90, 131.84, 131.76, 131.03, 130.80,
129.84, 128.33, 128.19, 127.28, 127.24, 127.15, 125.35, 115.70,
115.49, 32.74, 27.65, 27.63, 25.98, 22.72. FT-IR: ν = 3061,
2926, 2838, 1672, 1601, 1536, 1506, 1276, 1230, 1149, 836,
765, 697, 504 cm−1. HRMS (m/z): [M + H]+ calculated for
C33H27FNO +: 472.2077; found: 472.2077.

5- ( (E ) -Benzy l idene) -2 - ( (E ) -4 - (d imethy lamino) -
benzylidene)-9-phenyl-3,4,5,6,7,8-hexahydroacridin-1(2H)-
one (8b). Yellow solid (76 mg, 76% yield), Mp: 281−283 °C,
Rf = 0.40 (10% ethyl acetate in petroleum ether); 1H NMR
(400 MHz, CDCl3) δ 8.20 (s, 1H), 7.65 (s, 1H), 7.51−7.43
(m, 4H), 7.38 (d, J = 7.7 Hz, 4H), 7.28 (d, J = 7.1 Hz, 1H),
7.25 (s, 1H), 7.12 (d, J = 7.1 Hz, 2H), 6.69 (d, J = 8.3 Hz,
2H), 3.19 (d, J = 6.2 Hz, 4H), 3.01 (s, 6H), 2.87 (s, 2H), 2.44
(d, 2H), 1.72 (d, 2H). 13C NMR (101 MHz, CDCl3) δ 187.17,
159.80, 154.86, 151.10, 150.64, 139.47, 137.85, 137.77, 136.00,
132.10, 130.82, 130.24, 129.82, 128.19, 128.15, 127.38, 127.12,
126.98, 126.01, 123.67, 111.69, 40.14, 32.85, 27.69, 27.66,
26.23, 22.81. FT-IR: ν = 2957, 2923, 2848, 1656, 1569, 1518,
1357, 1151, 821, 697, 522 cm−1. HRMS (m/z): [M + H]+
calculated for C33H33N2O +: 497.2593; found: 497.2599.

2-((E)-2,4-Dichlorobenzylidene)-5-((E)-4-methoxybenzyli-
dene)-9-(4-methoxyphenyl)-3,4,5,6,7,8-hexahydroacridin-
1(2H)-one (8c). Yellow solid (88 mg, 75% yield), Mp: 232−
235 °C, Rf = 0.65 (5% ethyl acetate in petroleum ether); 1H
NMR (400 MHz, CDCl3) δ 8.08 (s, 1H), 7.64 (s, 1H), 7.36
(d, J = 8.9 Hz, 3H), 7.18 (t, J = 2.2 Hz, 2H), 6.94 (q, J = 8.8
Hz, 4H), 6.86 (d, J = 8.7 Hz, 2H), 3.79 (s, 3H), 3.77 (s, 3H),
3.09 (t, J = 6.3 Hz, 2H), 2.91 (t, J = 5.7 Hz, 2H), 2.78 (t, J =
5.2 Hz, 2H), 2.38 (t, J = 6.0 Hz, 2H), 1.67−1.62 (m, 2H). 13C
NMR (101 MHz, CDCl3) δ 186.55, 160.06, 158.94, 158.67,
156.00, 151.46, 137.96, 135.74, 134.74, 134.10, 133.03, 132.27,
131.40, 131.34, 131.27, 131.00, 130.76, 130.19, 129.70, 128.44,
126.78, 125.02, 113.86, 113.71, 55.31, 55.16, 32.94, 27.80,
27.62, 26.29, 22.73. FT-IR: ν = 3062, 2936, 2838, 1671, 1601,
1535, 1510, 1459, 1281, 1245, 1156, 1031, 818, 550, 442 cm−1.
HRMS (m/z): [M + H]+ calculated for C35H30Cl2NO3

+:
582.1603; found: 582.1607.

5-((E)-2-Chlorobenzylidene)-9-(2-chlorophenyl)-2-((E)-4-
methoxybenzylidene)-3,4,5,6,7,8-hexahydroacridin-1(2H)-
one (8d). Yellow solid (85 mg, 78% yield), Mp: 220−223 °C,
Rf = 0.6 (5% ethyl acetate in petroleum ether); 1H NMR (400
MHz, CDCl3) δ 8.26 (s, 1H), 7.68 (s, 1H), 7.53−7.48 (m,
1H), 7.45 (dd, J = 7.6, 1.5 Hz, 1H), 7.41−7.32 (m, 5H), 7.31−
7.27 (m, 1H), 7.25−7.21 (m, 1H), 7.07 (dd, J = 5.9, 3.3 Hz,
1H), 6.93 (d, J = 8.8 Hz, 2H), 3.84 (s, 3H), 3.26−3.13 (m,
4H), 2.81−2.65 (m, 2H), 2.42 (t, J = 6.2 Hz, 2H), 1.81−1.72
(m, 2H). 13C NMR (101 MHz, CDCl3) δ 186.93, 160.10,
160.07, 155.04, 148.43, 138.30, 137.36, 137.14, 136.09, 134.61,
133.31, 131.86, 131.81, 130.87, 129.52, 129.32, 128.67, 128.54,
128.44, 128.34, 127.65, 126.92, 126.21, 125.60, 113.99, 55.36,
32.73, 27.49, 26.97, 26.10, 22.59. FT-IR: ν = 2923, 2832,
1655, 1586, 1538, 1512, 1430, 1250, 1156, 1033, 831, 744,
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533, 526 cm−1. HRMS (m/z): [M + H]+ calculated for
C34H28Cl2NO2

+: 552.1497; found: 552.1499.
(E)-6-(4-Fluorobenzylidene)-4-(4-methoxyphenyl)-2-(p-

tolyl)-5,6,7,8-tetrahydroquinolin-5-ol (9). White solid (80
mg, 89% yield), Mp: 280−282 °C, Rf = 0.4 (10% ethyl acetate
in petroleum ether); 1H NMR (400 MHz, CDCl3) δ 7.89 (d, J
= 8.2 Hz, 2H), 7.57−7.48 (m, 3H), 7.27 (s, 2H), 7.24 (d, J =
7.5 Hz, 2H), 7.08−6.99 (m, 4H), 6.50 (s, 1H), 5.24 (d, J = 2.8
Hz, 1H), 3.90 (s, 3H), 3.48 (dt, J = 15.9, 6.9 Hz, 1H), 3.22−
3.00 (m, 2H), 2.96−2.85 (m, 1H), 2.40 (s, 3H), 1.95 (d, J =
3.0 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 159.77, 158.64,
156.46, 150.07, 139.75, 138.91, 136.59, 132.94, 130.80, 130.44,
130.37, 129.44, 128.39, 126.96, 126.68, 119.91, 115.36, 115.15,
113.98, 72.33, 55.39, 32.55, 23.41, 21.28. FT-IR: ν = 2955,
2922, 2854, 1596, 1506, 1440, 1229, 1177, 1032, 818, 564
cm−1. HRMS (m/z): [M + H]+ calculated for C30H27FNO2

+:
452.2026; found: 452.2025.

7- (4 -F luoropheny l ) -1 ,3 -b i s (4 -methoxypheny l ) -
5,6,7,9,10,11-hexahydro-8H-chromeno[2,3-f ]quinolin-8-one
(10). White solid (92 mg, 82% yield), Mp: 295−297 °C, Rf =
0.6 (10% ethyl acetate in petroleum ether); 1H NMR (400
MHz, CDCl3) δ 7.96 (d, J = 8.6 Hz, 2H), 7.40 (s, 1H), 7.30 (t,
4H), 7.06−6.85 (m, J = 14.7, 6.6 Hz, 6H), 4.35 (s, 1H), 3.89
(s, 3H), 3.85 (s, 3H), 3.10−2.98 (m, 1H), 2.98−2.82 (m, 1H),
2.46−2.31 (m, 2H), 2.32−2.06 (m, 4H), 1.78 (d, J = 5.1 Hz,
2H). 13C NMR (101 MHz, CDCl3) δ 197.28, 165.51, 160.55,
159.24, 158.44, 154.65, 145.05, 141.53, 140.08, 134.19, 131.48,
129.99, 129.91, 129.15, 128.17, 120.53, 120.44, 116.78, 115.25,
115.03, 114.27, 114.15, 113.53, 113.19, 55.53, 55.36, 38.91,
36.92, 32.03, 26.66, 24.44, 20.22. FT-IR: ν = 2940, 2918,
1712, 1604, 1508, 1241, 1173, 1041, 829, 576 cm−1. HRMS
(m/z): [M + H]+ calculated for C36H31FNO4

+: 560.2237;
found: 560.2237.

(E)-11-Benzylidene-7-(4-fluorophenyl)-15-phenyl-
8,9,11,12,13,14-hexahydro-6H,7H-chromeno[3′,4′:5,6]-
pyrano[2,3-a]acridin-6-one (12). White solid (71 mg, 85%
yield), Mp: 287−290 °C, Rf = 0.65 (10% ethyl acetate in
petroleum ether); 1H NMR (400 MHz, CDCl3) δ 8.08 (s,
1H), 7.53−7.42 (m, 4H), 7.42−7.30 (m, 8H), 7.23 (s, 1H),
7.15 (d, J = 8.3 Hz, 1H), 7.05−6.91 (m, 3H), 6.17 (d, J = 7.9
Hz, 1H), 4.54 (s, 1H), 3.20−3.05 (m, 1H), 3.05−2.95 (m,
1H), 2.90 (m, 1H), 2.86−2.76 (m, 1H), 2.47 (dt, J = 15.1, 8.1
Hz, 1H), 2.40 (t, J = 6.2 Hz, 1H), 2.38−2.23 (m, 2H), 1.79−
1.62 (m, 2H). 13C NMR (101 MHz, CDCl3) δ 161.47, 155.60,
155.19, 152.11, 151.36, 143.76, 142.02, 139.91, 138.33, 137.96,
135.85, 131.65, 130.21, 130.13, 129.95, 129.74, 128.85, 128.61,
128.56, 128.43, 128.10, 127.79, 127.71, 126.81, 123.49, 123.32,
120.93, 117.25, 116.12, 115.54, 115.33, 113.98, 102.94, 40.63,
32.36, 28.32, 27.79, 25.47, 23.09. FT-IR: ν = 2931, 2845,
1708, 1622, 1492, 1384, 1228, 1173, 757, 705, 551 cm−1.
HRMS (m/z): [M + H]+ calculated for C42H31FNO3

+:
616.2288; found: 616.2288.
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