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Abstract The cyclization reaction between 2-(arylvinyl)aniline and acetophenone in presence of iodine was reported, which
offered an efficient and cost effective strategy to generate 2-acylquinoline derivatives under mild and metal-free conditions.
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1 Introduction lyzed construction of quinoline from 2-alkenylaniline and
sulfoxonium ylide. Although many synthetic methods of
quinoline have been reported, it is deficient because raw
material preparation is relatively complicated!'”. Recently,
Wu group!"! reported the non-metal promoted synthesis of
quinoline derivatives from alkenes and aryl amines in the
presence of iodine. The development of non-metals pro-
motes the synthesis of quinoline rings with great potential.
These cases need to be further enriched and expanded. Our
group is interested in the preparation of some N-hetero-
cycle derivatives using 2-(arylvinyl)aniline.''” Owing to its
potential ability to synthesize heterocyclic compounds,!"”
we have developed an important substructure of 2-acyl-
quinoline route which directly obtained from 2-(arylvinyl)-
aniline and acetophenone mediated by iodine.

The quinoline skeleton is a common structural unit
mainly found in various natural compounds and has excel-
lent pharmacological activity and biological activity, espe-
cially in anticancer drugs.!"! Furthermore, in terms of or-
ganic synthesis, the quinoline ring is of great importance as
a guiding group and some common ligands.”” Because of
its prominence in the field of chemistry, it is still a chal-
lenging research hotspot to develop convenient, efficient
and green synthetic methods for the preparation of quino-
line and its derivatives."!

Based on the efforts made in quinoline, many classical
cases have been developed in the past decades, such as the
synthesis of doebner-vonmiller,' combes!”! and povarov-
reaction®. Recently, Li er al”’ reported that the highly
substituted quinoline product was obtained by oxidative 2 Results and discussion
tandem cyclization of a-(N-arylamino)carbonyl com-
pounds with aryl olefins under the action of copper. Jiang
group®™ reported a new approach that 2,3-disubstituted
quinoline was obtained by Pd-catalyzed oxidative cycliza-
tion of o-vinylanilines and alkynes containing molecular
oxygen. Ma et al”! have developed the ruthenium-cata-

Initially, the reaction conditions of 4-methylacetophe-
none (1a) and 2-(1-phenylvinyl) aniline (2a) were screened
in dimethyl sulfoxide (DMSO) at 80 ‘C (Table 1). When
2,3-dichloro-5,6-dicyanobenzoquinone (DDQ), K,S,0g,
and H,O, were used as oxidants, the target product was not
obtained (Entries 1~3). Subsequently, when 0.5 equiv. of

* Corresponding authors. E-mail: quanzhengjun@hotmail.com; wangxicun@nwnu.edu.cn
Received November 24, 2019; revised January 9, 2020; published online January 15, 2020.
Project supported by the National Natural Science Foundation of China (No. 21562036).
SRR FE 4 (No. 21562036) K BT H .

Chin. J. Org. Chem. 2020, 40, 1337~1344 A

P

© 2020 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/ 1337




BIHE

R

I, was used as the oxidant, the target product 3a was
achieved in 47% yield (Entry 5). Then the amount of I,
was explored, and it was found that when I, increased to
1.5 or 2 equiv., the target product 3a can be obtained in
yields of 76% and 80% (Entries 7, 8). Taking into account
the economic benefits and green policy, 1.5 equiv. of I,
was chosen as the best quantity (Entry 7). The screening of
temperature suggested that 80 ‘C was the best choice for
the transformation. Next, some reaction solvents were
screen- ed. It was found that DMSO was the most excellent
solvent. The reaction did not occur smoothly in other sol-
vents, such as CH;CN, 1,4-dioxane, N,N-dimethylfor-
mamide (DMF) (Entries 11~13). When bases were added
into the reaction system, the target product was not ob-
tained (Entries 14~17). Finally, when DMSO (2 equiv.)
was used as the additive and CH;CN as solvent, the target
product was not obtained under standard conditions. At the
same time, other iodine sources were optimized. It was
found that the target product could not be obtained (Entries
20~22). Thus, the optimal conditions were got. When
DMSO was used as solvent, I, was used an oxidant, the
compound 3a was isolated in yield of 76% by reacting for
12hat 80 ‘C (Table 1, Entry 7).

Table 1 Optimized reaction conditions”

o Ph Ph
oxidant O A O
+ - -
Ivent =
e
1a 2a 3a 0

Entry Oxidant (equiv.) 17°C Solvent Base Yield”
1 DDQ (1.0) 80 DMSO — Trace
2 K5S,05 (1.0) 80 DMSO — Trace
3 H,0,(1.0) 80 DMSO — Trace
4 1, (0.2) 80 DMSO — Trace
5 1, (0.5) 80 DMSO — 47%
6 L (1.0) 80 DMSO — 63%
7 I, (1.5) 80 DMSO — 76%
8 L (2.0) 80 DMSO — 80%
9 L (1.5 60 DMSO — 67%
10 L (1.5 40 DMSO — 52%
11 I, (1.5) 80 Dioxane — Trace
12 I, (1.5) 80 DMF — Trace
13 I, (1.5) 80 CH;CN — Trace
14 I, (1.5) 80 DMSO Cs,CO;  Trace
15 I, (1.5) 80 DMSO KOH Trace
16 L (1.5 80 DMSO K,CO, Trace
17 I, (1.5) 80 DMSO #BuONa Trace
18¢ L (1.5) 80 CH;CN — N.R.
19 L (1.5 100 DMSO — 78%

20 KI(1.5) 80 DMSO — NR

21 NH,I (1.5) 80 DMSO — NR

22 Nal (1.5) 80 DMSO — NR

“Reaction conditions: 1a (0.12 mmol), 2a (0.1 mmol), I, (1.5 equiv.), DMSO
(2mL), 80 °C, 12 h. *Isolated yields. *DMSO (2 equiv.), CH;CN (2 mL).

With the optimized conditions in hand, the scope of the
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reaction was explored (Table 2). The result shows that a
wide range of acetophenones and 2-(arylvinyl)anilines are
effective substrates in this system. When the para-substi-
tuted acetophenone is electron-donating group or elec-
tron-withdrawing group, the corresponding target product
can be obtained in a superior yield. Fortunately, the sub-
strate that contains electron-rich group [N(CH3;),] or elec-
tron-withdrawing group (NO,) can obtain the target prod-
uct (31 and 3k) in 70% and 61% yields. Similarly, ortho-
and meta-substituted acetophenones have also successfully
provided quinoline products with excellent yields. It is
noteworthy that 1-naphthylethyl ketone and 2-acetylfuran
also obtain the target products in moderate yields (3m, 3n).
Under the standard reaction conditions, the substrate con-
taining OH is compatible, and the target product (3x) is
obtained in 53% yield. For 2-(1-arylvinyl)aniline, the elec-
tron-donating group (CHz, OMe, Et) (3¢, 3p, 3q) or elec-
tron-withdrawing group (Cl) (3y~3ab) can obtain the tar-
get production in moderate to good yield. All in all, the
position of substituents does not affect the yield. When
2-(1-arylvinyl)aniline is disubstituted, the target products
can also be obtained in moderate yields (3ad~3ag). Due
to some target products contain halogens and other active
sites, we can continue to further studies!')) such as Heck
and Suzuki coupling reactions and so on.

To verify the possible mechanisms, a series of controlled
experiments have been done (Scheme 1). Firstly, aryl me-
thyl ketone (1a, 1.0 mmol) and I, (1.5 mmol) were heated
in DMSO at 80 C to provide phenylglyoxal 1b and cor-
responding hydrate 1¢ (Scheme la). When acetophenone
was replaced by iodoacetophenone 1d under the standard
conditions, the target product 3¢ was obtained by reacting
with 2a, and the yield was 78% (Scheme 1b). These results
confirm that benzoyl iodide and phenylglyoxal are inter-
mediates of the reaction. Next, intermediate 1c¢ also ob-
tained the target product in 80% yield under standard con-
ditions (Scheme 1c), and the target product was not ob-
tained without I,. What’s more, the free radical inhibitor
2,2,6,6-tetramethylpiperidinooxy (TEMPO) was added to
obtain the target product (3¢) in 67% yield under standard
conditions, which proved that the reaction was not a free
radical process (Scheme 1d). In addition, 3¢ was obtained
in good yield under argon atmosphere (Scheme le). This
result shows that the oxidation process is carried out under
the promotion of iodine. In summary, I, plays a vital role
in this reaction.

Based on our experimental studies and related literature
reported, we proposed a reasonable reaction mechanism in
Scheme 2. Acetophenone is converted to phenylglyoxal by
iodization/Kornblum oxidation sequence, meanwhile HI
and DMS are released. The obtained aldehyde 1b reacts
with amine 2a to obtain the corresponding imine B. Inter-
mediate B reacts with HI to form intermediate C, then in-
termediate C is cyclized intramolecularly to form interme-
diate D. Finally, the intermediate D is deprotonated to ob-
tain E. By aromatization of E under the action of iodine
obtain the final product 3d.

[15]
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Table 2  Scope of 2-acylquinolines of vinyl anilines with acetophenone

I> (1.5 equiv.)

X
_ R2-— DMSO, 80 °C, 12 h
=

Me Me
oI, O)
-
N\ | N7 |
O Ph O Ph

3a, 76% 3b, 74%

NH,

-
N

3¢, R'=H, 82%
3d, R'= 4-CH3, 75%
3e, R' = 3-CHg, 73%
3f, R' = 4-OCHj, 79%
39, R =4-Br, 71%
3h, R' = 3-Br, 70%
3i, R'= 2-Br, 67%

3j, R' = 4-1, 66%

3k, R' = 4-NO,, 61%
31, R = 4-N(CH3),, 70% Me 3m,56%  3n,67%

Me
N/ N~
Ph

3z, 64% Cl  3aa, 60% 3ab, 63%

3q,R"=H, 78%

3r, R" = 4-CHj, 80%
3s, R" = 3-CHj, 76%
3t, R" =4-Br, 79%
3u, R" = 3-Br, 74%
3v, R" = 2-Br, 66%
3w, R" =41, 63%
3P, 76% 3X, R" = 4-OH, 53%

Me
o
N ’
" ®
Me
Me
3ac, 52% 3ad, 66% 3ae, 59% 3af, 53% 3ag, 64%
@ Q o O O OH 0 DMSO DMS
I, (1.5 equiv.) +Hy,0 o /@J\ ;4, /©)J\/
DMSO, 80°C - H0 |
HI + DMSO —= DMS + H,0 + |
1a 1b 1c Ph e
® o | Ph Ph Q o 2
Standard condition — Ph & E HI
+ / =
NH, N O N
1b B le)
1d 2a 3c, 78% Ph Ph
© Standard condition N + -H*
1c + 2a A . L
N
H N
c© D
with I,: 3d, 80%
(d) o without I, 3d, 0% Ph
©_< + 2 Standard condition 3¢ N [0]
TEMPO (2 equiv.) 67% — 3d
© 1e H
e + 2a I (1.5 equiv.) E le}

C
DMSO, 80°C, Ar 729,

Sch 2 P d hani
Scheme 1 Control experimental cheme Toposed mechamsm
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3 Conclusions

In summary, we have developed an iodine-mediated
strategy for the synthesis of aryl (4-arylquinolin-2-yl) ke-
tone. In this reaction system, without metal participation
and additional additives, the quinoline derivatives are syn-
thesized easily, efficiently, and have good substrates toler-
ance. This method not only enriches the non-metal libraries
involved in the synthesis of quinoline derivatives but also
explores the cyclization potential of vinyl aniline.

4 Experimental

4.1 General information

Unless otherwise noted, all commercially available
compounds were used as provided without further purifi-
cation. "H NMR and *C NMR analyses were performed on
a Varian Mercury plus-400 and Agilent 600 MHz DD2
instruments with CDCl; and DMSO-d; as solvent and tet-
ramethylsilane (TMS) as the internal standard. Flash
chromatography was performed using 200 ~300 mesh
silica gel with the indicated solvent system according to
standard techniques. Analytical thin-layer chromatography
(TLC) was performed on pre-coated, glass-backed silica
gel plates. Melting points were measured with an XT-4
apparatus. High-resolution mass spectra (HRMS) (ESI)
were obtained with a 6502B Q-TOF mass spectrometer.
Column chromatography was performed generally on sili-
ca gel (200~300 mesh) and TLC analyses were conducted
on silica gel GF254 plates. All reagents were used directly
without any further purification unless otherwise specified.

4.2 General procedure

A sealed tube was charged with acetophenone (1a) (0.12
mmol) and iodine (0.15 mmol) at room temperature, and
DMSO (2 mL) was added. The resulting mixture was
stirred at 80 ‘C after disappearance of the reactant (moni-
tored by TLC), then 4-methyl-2-(1-phenylvinyl)aniline
(2a) (0.1 mmol) was added at 80 ‘C for another 12 h. Af-
ter the reaction completed, 40 mL of water was added to
the mixture, and then the mixture was extracted with
EtOAc (40 mLX3). The extract was washed with 10%
Na,S,0; solution, dried over wanhydrous Na,SO, and
evaporated. The residue was purified by column chroma-
tography on silica gel [V(petroleum ether) . V(EtOAc)=
20 : 1] to yield the desired product 3¢ as yellow solid (26.5
mg, 82% yield).

(4-Phenylquinolin-2-yl)(p-tolyl)methanone (3a): 24.6
mg, 76% yield. Yellow solid, m.p. 92~94 ‘C; 'H NMR
(600 MHz, CDCl;) ¢: 8.27 (d, J=8.4 Hz, 1H), 8.18 (d, J=
8.4 Hz, 2H), 8.02 (s, 1H), 8.01 (d, J/=8.4 Hz, 1H), 7.80~
7.76 (m, 1H), 7.62~7.58 (m, 1H), 7.58~7.49 (m, 5H),
7.33 (d, J=7.8 Hz, 2H), 2.46 (s, 3H); *C NMR (150 MHz,
CDCly) 0: 193.55, 154.62, 149.55, 147.33, 143.98, 137.70,
133.56, 131.61, 130.91, 129.80, 129.58, 128.91, 128.64,
128.62, 128.29, 127.36, 125.78, 120.96, 21.78; HRMS
(ESI) caled for C,3HgNO [M-+H]" 324.1383, found
324.1384.
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(4-Phenylquinolin-2-yl)(m-tolyl)methanone (3b): 23.9
mg, 74% yield. Yellow solid, m.p. 72~74 °C; 'H NMR
(600 MHz, CDCl;) o: 8.27 (d, J/=8.4 Hz, 1H), 8.05~7.99
(m, 4H), 7.80~7.77 (m, 1H), 7.63~7.59 (m, 1H), 7.58~
7.51 (m, 5H), 7.44 (d, J=7.2 Hz, 1H), 7.40 (t, J=7.8 Hz,
1H), 2.45 (s, 3H); °C NMR (150 MHz, CDCl;) J: 194.23,
154.47, 149.59, 147.34, 137.95, 137.68, 136.15, 133.89,
131.68, 130.94, 129.82, 129.58, 128.84, 128.64, 128.34,
128.00, 127.40, 125.79, 120.92, 21.41; HRMS (ESI) calcd
for C,3H sNO [M—+H]" 324.1383, found 324.1386.

(6-Methyl-4-phenylquinolin-2-yl)(phenyl)methanone
(3¢): 26.5 mg, 82% yield. Yellow solid, m.p. 133~135 C
(1it." 125~128 C); 'H NMR (600 MHz, CDCl3) o:
8.26 (d, /=7.8 Hz, 2H), 8.15 (d, /=8.4 Hz, 1H), 8.02 (s,
1H), 7.74 (s, 1H), 7.64~7.60 (m, 2H), 7.56 (d, J/=4.2 Hz,
4H), 7.52 (t, J=17.8 Hz, 3H), 2.51 (s, 3H); °*C NMR (150
MHz, CDCl;) o: 193.89, 153.41, 148.78, 145.92, 138.79,
137.90, 136.34, 132.90, 132.13, 131.44, 130.66, 129.54,
128.61, 128.50, 128.08, 127.44, 124.50, 121.06, 22.00;
HRMS (ESI) caled for CpsH;gNO [M+H]" 324.1383,
found 324.1385.

(6-Methyl-4-phenylquinolin-2-yl)(p-tolyl)methanone
(3d): 25.3 mg, 75% yield. Yellow solid, m.p. 124~126 C
1t 113~115 ‘C); '"H NMR (600 MHz, CDCL3) o:
8.18 (d, /=7.8 Hz, 2H), 8.16 (d, /=9.0 Hz, 1H), 7.99 (s,
1H), 7.74 (s, 1H), 7.61 (dd, J=8.4, 1.8 Hz, 1H), 7.56~
7.49 (m, 5H), 7.32 (d, J=7.8 Hz, 2H), 2.51 (s, 3H), 2.46
(s, 3H); °C NMR (150 MHz, CDCl5) d: 193.57 , 153.76,
148.71, 145.91, 143.80, 138.64, 137.94, 133.73, 132.08,
131.59, 130.63, 129.54, 128.85, 128.60 ,128.48, 127.38,
124.49, 121.09, 21.99, 21.74; HRMS (ESI) caled for
C,,HyoNO [M-+H]" 338.1539, found 338.1534.

(6-Methyl-4-phenylquinolin-2-yl)(m-tolyl)methanone
(3e): 24.6 mg, 73% yield. Yellow solid, m.p. 114~
116 C; 'H NMR (600 MHz, CDCl3) J: 8.16 (d, J=8.4
Hz, 1H), 8.06~8.03 (m, 2H), 8.00 (s, 1H), 7.75 (s, 1H),
7.62 (dd, J=8.4, 1.8 Hz, 1H), 7.56 (s, 2H), 7.56 (d, J=1.2
Hz, 2H), 7.53~7.50 (m, 1H), 7.45~7.42 (m, 1H), 7.40 (t,
J=7.8 Hz, 1H), 2.51 (s, 3H), 2.45 (s, 3H); °C NMR (150
MHz, CDCly) o: 194.22, 153.63, 148.73, 145.95, 138.71,
137.93, 137.86, 136.37, 133.73, 132.10, 131.67, 130.68,
129.54, 128.82, 128.61, 128.49, 127.94, 127.42, 124.50,
121.05, 21.99, 21.39; HRMS (ESI) calcd for C,sHyNO
[M-+H]" 338.1539, found 338.1534.

(4-Methoxyphenyl)(6-methyl-4-phenylquinolin-2-yl)-
methanone (3f): 27.9 mg, 79% yield. Yellow solid, m.p.
131~133 C (it."" 127~129 C); '"H NMR (400 MHz,
CDCl) o: 8.33 (d, J=8.4 Hz, 2H), 8.17 (d, J=8.4 Hz,
1H), 7.99 (s, 1H), 7.76 (s, 1H), 7.62 (dd, J=8.4, 2.0 Hz,
1H), 7.57~7.50 (m, 5H), 7.01 (d, J/=8.4 Hz, 2H), 3.90 (s,
3H), 2.51 (s, 3H); *C NMR (150MHz, CDCl5) d: 192.31,
163.65, 154.08, 148.71, 145.84, 138.57, 137.94, 133.92,
132.11, 130.55, 129.56, 129.12, 128.62, 128.50, 127.30,
124.51, 121.18, 113.50, 55.48, 22.00; HRMS (ESI) calcd
for C,4H,0NO, [M+H]" 354.1489, found 354.1490.

(4-Bromophenyl)(6-methyl-4-phenylquinolin-2-yl)-
methanone (3g): 28.5 mg, 71% yield. Yellow solid, m.p.
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179~180 C (lit"' 169~72 C); '"H NMR (600 MHz,
CDCly) o: 8.18 (d, J=8.4 Hz, 2H), 8.13 (d, J=8.4 Hz,
1H), 8.03 (s, 1H), 7.74 (s, 1H), 7.66 (d, J=28.4 Hz, 2H),
7.62 (dd, J=8.4, 1.8 Hz, 1H), 7.58~7.50 (m, 5H), 2.51 (s,
3H); “C NMR (100 MHz, CDCls) §: 192.70, 152.82,
148.96, 145.84, 139.10, 137.76, 135.09, 133.02, 132.29,
131.38, 130.60, 129.51, 128.65, 128.58, 128.21, 127.53,
124.54, 120.98, 22.05; HRMS (ESI) calcd for C,3H;7BrNO
[M+H]" 402.0488, found 402.0485.
(3-Bromophenyl)(6-methyl-4-phenylquinolin-2-yl)-
methanone (3h): 28.1 mg, 70% yield. Yellow solid, m.p.
153~154 °C; '"H NMR (600 MHz, CDCLy) 6: 8.45 (t, J=
1.8 Hz, 1H), 8.23 (dt, J/=7.8, 1.2 Hz, 1H), 8.15 (d, /=84
Hz, 1H), 8.05 (s, 1H), 7.75~7.73 (m, 2H), 7.63 (dd, J=
9.0, 2.4 Hz, 1H), 7.56~7.52(m, 5H), 7.39 (t, J=7.8Hz,
1H), 2.51 (s, 3H); °C NMR (150 MHz, CDCl;) J: 192.17,
152.64, 148.99, 145.91, 139.16, 138.23, 137.78, 135.58,
134.30, 132.29, 130.72, 130.02, 129.58, 129.51, 128.65,
128.58, 127.59, 124.54, 122.25, 120.92, 22.03; HRMS
(ESI) caled for C,3H;;BrNO [M~+H]" 402.0488, found
402.0485.
(2-Bromophenyl)(6-methyl-4-phenylquinolin-2-yl)-
methanone (3i): 26.9 mg, 67% yield. Yellow solid, m.p.
145~147 °C; 'H NMR (600 MHz, CDCl;) : 8.13 (s, 1H),
8.03 (d, /=9.0 Hz, 1H), 7.73 (s, 1H), 7.66 (dd, J=8.4, 1.2
Hz, 1H), 7.59 (dd, J=7.2, 1.2 Hz, 1H), 7.57 (d, /=1.8 Hz,
1H), 7.56 (d, J/=4.2 Hz, 4H), 7.54~7.50 (m, 1H), 7.47~
7.43 (m, 1H), 7.40~7.36 (m, 1H), 2.49 (s, 3H); °C NMR
(150 MHz, CDCl;) o: 196.09, 151.73, 148.76, 146.48,
140.43, 139.33, 137.88, 133.00, 132.07, 131.30, 131.04,
130.44, 129.56, 128.62, 128.53, 127.85, 126.81, 124.49,
120.59, 120.11, 22.03; HRMS (ESI) calcd for Cp;H,BrNO
[M-+H]", 402.0488, found 402.0484.
(4-Todophenyl)(6-methyl-4-phenylquinolin-2-yl)-
methanone (3j): 26.5 mg, 66% yield. Yellow solid, m.p.
174~176 °C; 'H NMR (600 MHz, CDCLy) é: 8.13 (d, J=
8.4 Hz, 1H), 8.03 (s, 1H), 8.01 (d, /=8.4 Hz, 2H), 7.89 (d,
J=8.4 Hz, 2H), 7.74 (s, 1H), 7.62 (dd, /=8.4, 1.8 Hz,
1H), 7.58~7.50 (m, 5H), 2.51 (s, 3H); “C NMR (150
MHz, CDCly) d: 192.93, 152.84, 148.94, 145.88, 139.05,
137.81, 137.36, 135.72, 132.86, 132.25, 130.63, 129.50,
128.63, 128.55, 127.55, 124.54, 120.94, 101.01, 22.01;
HRMS (ESI) caled for Cp3H;sINO [M-+H]" 450.0349,
found 450.0353.
(6-Methyl-4-phenylquinolin-2-yl)(4-nitrophenyl)-
methanone (3k): 22.6 mg, 61% yield. Yellow solid, m.p.
174~176 C (lit!"'"Y 157~160 C); "H NMR (600 MHz,
CDCly) o: 8.44 (d, J=9.0 Hz, 2H), 8.36 (d, J=9.0 Hz,
2H), 8.13 (s, 1H), 8.11 (d, J=8.4 Hz, 1H), 7.76 (s, 1H),
7.64 (dd, J=9.0, 1.8 Hz, 1H), 7.59~7.51 (m, 5H), 2.52 (s,
4H); “C NMR (150 MHz, CDCl;) J: 192.02, 151.90,
149.96, 149.22, 145.95, 141.71, 139.64, 137.64, 132.48,
132.30, 130.67, 129.48, 128.70, 128.69, 127.78, 124.62,
123.02, 120.73, 22.06; HRMS (ESI) calcd for Cp;H;7N,04
[M+H]" 369.1234, found 369.1239.
(4-(Dimethylamino)phenyl)(6-methyl-4-phenylquinolin-
2-yl)methanone (31): 25.6 mg, 70% yield. Yellow solid,
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m.p. 145~147 ‘C; '"H NMR (400 MHz, CDCl;) J: 8.25
(d, J=8.8 Hz, 2H), 8.18 (d, /=28.8 Hz, 1H), 7.92 (s, 1H),
7.74 (s, 1H), 7.61 (dd, J=38.8, 2.0 Hz, 1H), 7.57~7.52 (m,
5H), 6.72 (d, J=9.2 Hz, 2H), 3.09 (s, 6H), 2.51 (s, 3H);
C NMR (150 MHz, CDCl;) §: 191.79, 155.26, 153.63,
148.43, 145.84, 138.10, 138.01, 133.81, 131.87, 130.46,
129.57, 128.55, 128.36, 127.07, 124.45, 123.85, 121.30,
110.60, 40.03, 21.96; HRMS (ESI) caled for C,sH,N,O
[M+H]" 367.1805, found 367.1803.
(6-Methyl-4-phenylquinolin-2-yl)(naphthalen-1-yl)-
methanone (3m): 20.9 mg, 56% yield. Yellow solid, m.p.
154~156 ‘C; '"H NMR (400 MHz, CDCl;) J: 8.50~8.46
(m, 1H), 8.18 (s, 1H), 8.07 (d, /=8.8 Hz, 2H), 7.96~7.93
(m, 2H), 7.78 (s, 1H), 7.60~7.52 (m, 9H), 2.51 (s, 3H).
C NMR (150 MHz, CDCl;) d: 196.74, 153.95, 148.73,
146.31, 139.03, 137.93, 134.47, 133.93, 132.32, 132.15,
131.62, 131.14, 130.91, 129.59, 128.66, 128.56, 128.43,
127.61, 127.49, 126.24, 125.97, 124.48, 124.13, 121.00,
22.05; HRMS (ESI) caled for C,;H,NO [M + H] '
374.1539, found 374.1542.
(Furan-2-yl)(6-methyl-4-phenylquinolin-2-yl)methanone
(3n): 21.0 mg, 67% yield. Yellow solid, m.p. 137~139 C
(1it."Y 135~138 C); 'H NMR (400 MHz, CDCL3) o:
8.32 (dd, J/=3.6, 1.2 Hz, 1H), 8.19 (d, /=8.8Hz, 1H), 8.16
(s, 1H), 7.79 (dd, J=1.6, 0.8 Hz, 1H), 7.74 (s, 1H), 7.64
(dd, J=8.8, 2.0 Hz, 1H), 7.57~7.48 (m, 5H), 6.68 (dd,
J=3.6, 1.6 Hz, 1H), 2.51 (s, 3H); *C NMR (150 MHz,
CDCl) 0: 179.49, 152.22, 151.26, 148.77, 147.70, 146.15,
139.02, 137.80, 132.22, 130.55, 129.54, 128.61, 128.53,
127.80, 124.62, 120.23, 112.47, 22.04; HRMS (ESI) calcd
for C, H;NO, [M+H]" 314.1176, found 314.1180.
(8-Methyl-4-phenylquinolin-2-yl)(p-tolyl)methanone
(30): 24.6 mg, 73% yield. Yellow solid, m.p. 114~
116 C; '"H NMR (400 MHz, CDCl3) J: 8.36 (d, J=8.0
Hz, 2H), 8.14 (s, 1H), 7.86 (d, J=8.4 Hz, 1H), 7.65 (d, J=
7.2 Hz, 1H), 7.58~7.48 (m, 6H), 7.36 (d, J/=8.0 Hz, 2H),
2.87 (s, 3H), 2.50 (s, 3H); *C NMR (150 MHz, CDCl;) ¢:
193.10, 152.85, 149.66, 146.38, 143.55, 139.04, 138.21,
133.94, 131.90, 129.87, 129.63, 128.65, 128.54, 128.44,
128.08, 127.44, 123.67, 120.68, 21.76, 18.47, HRMS (ESI)
caled for C,4H,oNO [M+H]" 338.1539, found 338.1543.
(6-Ethyl-4-phenylquinolin-2-yl)(p-tolyl)methanone (3p):
26.7 mg, 76% yield. Yellow solid, m.p. 125~127 C; 'H
NMR (400 MHz, CDCl;) J: 8.19 (dd, /=8.8, 5.6 Hz, 3H),
8.01 (s, 1H), 7.78 (s, 1H), 7.66 (dd, J/=8.8, 2.0 Hz, 1H),
7.60~7.51 (m, 5H), 7.33 (d, J/=7.9 Hz, 2H), 2.81 (q, J=
7.8 Hz, 2H), 2.46 (s, 3H), 1.29 (t, J=7.8 Hz, 3H); "°C
NMR (100 MHz, CDCl;) o: 193.90, 154.03, 149.11,
146.36, 145.11, 144.11, 138.19, 133.93, 131.87, 131.23,
131.05, 129.82, 129.13, 128.88, 128.76, 127.65, 123.57,
121.37, 29.54, 22.03, 15.74; HRMS (ESI) caled for
C,sH,NO [M+H]" 352.1696, found 352.1698.
(6-Methoxy-4-phenylquinolin-2-yl)(phenyl)methanone
(3q): 26.5 mg, 78% yield. Yellow solid, m.p. 146~148 C
(1it."'Y 144~146 C); 'H NMR (400 MHz, CDCL3) o:
8.28~8.25 (m, 2H), 8.16 (d, /=9.2 Hz, 1H), 8.05 (s, 1H),
7.63~7.50 (m, 8H), 7.44 (dd, J=9.2, 2.8 Hz, 1H), 7.27 (d,
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J=2.8 Hz, 1H), 3.83 (s, 3H); >°C NMR (150 MHz, CDCl;)
0: 193.74, 159.51, 151.97, 147.92, 143.38, 138.03, 136.51,
132.77, 132.51, 131.42, 129.31, 128.80, 128.73, 128.54,
128.03, 122.48, 121.47, 103.56, 55.53; HRMS (ESI) calcd
for C,3H gNO, [M+H]" 340.1332, found 340.1336.
(6-Methoxy-4-phenylquinolin-2-yl)(p-tolyl)methanone
(3r): 28.3 mg, 80% yield. Yellow solid, m.p. 143~
145 °C; 'H NMR (600 MHz, CDCl3) J: 8.18 (d, J=7.8
Hz, 2H), 8.15 (d, /=9.0 Hz, 1H), 8.02 (s, 1H), 7.59~7.48
(m, 5SH), 7.42 (dd, /=9.0, 3.0 Hz, 1H), 7.32 (d, /=7.8 Hz,
2H), 7.26 (d, J=3.0 Hz, 1H), 3.82 (s, 3H), 2.45 (s, 3H);
C NMR (150 MHz, CDCl;) J: 193.40, 159.42, 152.31,
147.84, 143.65, 143.37, 138.07, 133.87, 132.48, 131.58,
129.32, 128.81, 128.72, 128.52, 122.41, 121.50, 103.56,
55.51, 21.73; HRMS (ESI) calcd for C,,H5NO, [M+H]"
354.1489, found 354.1485.
(6-Methoxy-4-phenylquinolin-2-yl)(m-tolyl)methanone
(3s): 26.9 mg, 76% yield. Yellow solid, m.p. 116~
118 °C; 'H NMR (600 MHz, CDCl3) J: 8.16 (d, J=9.6
Hz, 1H), 8.05~8.03 (m, 2H), 8.02 (s, 1H), 7.59~7.53 (m,
4H), 7.52~7.48 (m, 1H), 7.43 (dd, J=9.0, 3.0 Hz, 2H),
7.39 (t, J=7.8 Hz, 1H), 7.26 (d, J=3.0 Hz, 1H), 3.82 (s,
3H), 2.4 (s, 3H); *C NMR (150 MHz, CDCl;) J: 194.13,
159.47, 152.13, 147.87, 143.39, 138.03, 137.85, 136.48,
133.65, 132.52, 131.65, 129.33, 128.81, 128.76, 128.74,
128.55, 127.91, 122.48, 121.49, 103.52, 55.53, 21.42.
HRMS (ESI) caled for CH,)NO, [M+H]" 354.1489,
found 354.1491.
(4-Bromophenyl)(6-methoxy-4-phenylquinolin-2-yl)-
methanone (3t): 33.0 mg, 79% yield. Yellow solid, m.p.
184~186 °C; 'H NMR (600 MHz, CDCl3) 6: 8.18 (d, J=
8.4 Hz, 2H), 8.13 (d, /=9.0 Hz, 1H), 8.06 (s, 1H), 7.66 (d,
J=28.4 Hz, 2H), 7.58~7.50 (m, SH), 7.43 (dd, /=9.0, 3.0
Hz, 1H), 7.26 (d, J=3.0 Hz, 1H), 3.82 (s, 3H); °C NMR
(150 MHz, CDCl;) o: 192.51, 159.67, 151.41, 148.06,
143.31, 137.91, 135.27, 133.00, 132.47, 131.32, 129.29,
128.93 , 128.76, 128.61, 128.05, 122.65, 121.39, 103.54,
55.55; HRMS (ESI) calcd for Cp3H,;BrNO, [M+H]"
418.0437, found 418.0436.
(3-Bromophenyl)(6-methoxy-4-phenylquinolin-2-yl)-
methanone (3u): 30.9 mg, 74% yield. Yellow solid, m.p.
125~127 °C; '"H NMR (600 MHz, CDCL3) 6: 8.44 (t, J=
1.8 Hz, 1H), 8.21 (dt, J=7.8, 1.8 Hz, 1H), 8.14 (d, /=9.6
Hz, 1H), 8.06 (s, 1H), 7.74~7.71 (m, 1H), 7.58~7.49 (m,
5H), 7.43 (dd, J=9.0, 3.0 Hz, 1H), 7.39 (t, J=7.8 Hz,
1H), 7.26 (d, J=3.0 Hz, 1H), 3.82 (s, 3H); *C NMR (150
MHz, CDCl;) d: 192.05, 159.75, 151.16, 148.08, 143.35,
138.35, 137.89, 135.48, 134.28, 132.56, 130.02, 129.57,
129.30, 128.99, 128.78, 128.64, 122.69, 122.21, 121.35,
103.53, 55.56; HRMS (ESI) calcd for C,3H;BrNO, [M+
H]" 418.0437, found 418.0436.
(2-Bromophenyl)(6-methoxy-4-phenylquinolin-2-yl)-
methanone (3v): 27.5 mg, 66% yield. Yellow solid, m.p.
124~126 °C; 'H NMR (600 MHz, CDCl;) : 8.13 (s, 1H),
8.03 (d, J=9.0 Hz, 1H), 7.65 (dd, J=7.8, 1.2 Hz, 1H),
7.59~7.49 (m, 6H), 7.46~7.42 (m, 1H), 7.39~7.35 (m,
2H), 7.24 (d, J=2.4 Hz, 1H), 3.80 (s, 3H); *C NMR (150
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MHz, CDCl;) d: 195.96, 159.89, 150.30, 147.85, 143.95,
140.51, 137.97, 132.98, 132.91, 131.23, 130.35, 129.34,
129.28, 128.76, 128.60, 126.81, 122.51, 120.55, 120.53,
103.49, 55.53; HRMS (ESI) calcd for C3H(;BrNO, [M+
H]" 418.0437, found 418.0439.
(4-Iodophenyl)(6-methoxy-4-phenylquinolin-2-yl)-
methanone (3w): 29.3 mg, 63% yield. Yellow solid, m.p.
182~184 °C; 'H NMR (600 MHz, CDCL;) J: 8.12 (d, J=
9.0 Hz, 1H), 8.05 (s, 1H), 8.01 (d, J/=8.4 Hz, 2H), 7.88 (d,
J=8.4 Hz, 2H), 7.56 (s, 2H), 7.55 (d, J=4.2 Hz, 2H),
7.54~7.49 (m, 2H), 7.43 (dd, J=9.0, 3.0 Hz, 1H), 3.82 (s,
3H); *C NMR (150 MHz, CDCl;) o: 192.83, 159.67,
151.37, 148.05, 143.32, 137.91, 137.33, 135.83, 132.87,
132.48, 129.29, 128.94, 128.77, 128.62, 122.66, 121.38,
103.54, 100.92, 55.56; HRMS (ESI) calcd for Cp3H,7INO,
[M+H]" 466.0298, found 466.0296.
(4-Hydroxyphenyl)(6-methoxy-4-phenylquinolin-2-yl)-
methanone (3x): 18.8 mg, 53% yield. Yellow solid, m.p.
99~101 °C; 'H NMR (600 MHz, CDCl;) ¢: 8.17 (d, J=
9.0 Hz, 1H), 8.09 (d, /=9.0 Hz, 2H), 7.94 (s, 1H), 7.58~
7.47 (m, 5H), 7.43 (dd, J=9.0, 3.0 Hz, 1H), 7.26 (d, J=
3.0 Hz, 1H), 6.86 (d, J/=8.4 Hz, 2H), 3.81 (s, 3H), 2.05 (s,
1H); *C NMR (100 MHz, CDCl;) o: 193.14, 161.38,
159.58, 153.01, 148.62, 143.25, 138.07, 134.16, 131.93,
129.55, 129.02, 128.99, 128.90, 128.85, 123.08, 121.90,
115.81, 103.88, 55.80; HRMS (ESI) calcd for Cy3H sNO;
[M+H]" 356.1281, found 356.1286.
(6-Chloro-4-phenylquinolin-2-yl)(p-tolyl)methanone
3y): 24.7 mg, 69% yield. Yellow solid, m.p. 120~
122 °C; 'H NMR (600 MHz, CDCl3) J: 8.19 (d, J=9.0
Hz, 1H), 8.16 (d, J=8.4 Hz, 2H), 8.04 (s, 1H), 7.96 (d, J=
2.4 Hz, 1H), 7.71 (dd, J=9.0, 1.8 Hz, 1H), 7.59~7.51 (m,
5H), 7.32 (d, J=7.8 Hz, 2H), 2.46 (s, 3H); °C NMR (150
MHz, CDCly) o: 193.13, 154.74, 148.84, 145.69, 144.13,
137.03, 134.49, 133.38, 132.44, 131.54, 130.85, 129.44,
128.95, 128.93, 128.86, 128.07, 124.64, 121.75, 21.78.
HRMS (ESI) caled for Cy3H;CINO [M-+H]" 358.0993,
found 358.0990.
(6-Chloro-4-phenylquinolin-2-yl)(m-tolyl)methanone
3z): 229 mg, 64% yield. Yellow solid, m.p. 108~
110 ‘C; 'H NMR (400 MHz, CDCl3) J: 8.20 (d, J=8.8
Hz, 1H), 8.05 (s, 1H), 8.03~8.00 (m, 2H), 7.97 (d, J/=2.4
Hz, 1H), 7.72 (dd, J=9.2, 2.4 Hz, 1H), 7.60~7.51 (m,
5H), 7.47~7.44 (m, 1H), 7.41 (t, J=7.8 Hz, 1H), 2.45 (s,
3H); *C NMR (150 MHz, CDCl;) o: 193.82, 154.59,
148.87, 145.72, 138.02, 137.01, 135.99, 134.56, 134.00,
132.48, 131.59, 130.89, 129.44, 128.95, 128.87, 128.78,
128.12, 128.03, 124.64, 121.71, 21.41; HRMS (ESI) calcd
for C,3H;CINO [M+H]" 358.0993, found 358.0995.
(3-Bromophenyl)(6-chloro-4-phenylquinolin-2-yl)-
methanone (3aa): 25.2 mg, 60% yield. Yellow solid, m.p.
116~117 C; "H NMR (400 MHz,CDCl;) 6: 8.43 (t, J=
2.0 Hz, 1H), 8.20 (d, J/=8.8 Hz, 2H), 8.10 (s, 1H), 7.98 (d,
J=2.0 Hz, 1H), 7.78~7.72 (m, 2H), 7.61~7.52 (m, SH),
7.41 (t, J=8.0 Hz, 1H); °C NMR (150 MHz, CDCl;) ¢:
191.82, 153.57, 149.15, 145.67, 137.84, 136.87, 135.84,
134.97, 134.23, 132.51, 131.09, 129.96, 129.69, 129.41,
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129.03, 128.91, 128.28, 124.69, 122.33, 121.59; HRMS
(ESI) calcd for Cy,H4BrCINO [M—I—H]+ 421.9942, found
421.9945.
(8-Chloro-4-phenylquinolin-2-yl)(p-tolyl)methanone
(3ab): 22.5 mg, 63% yield. Yellow solid, m.p. 134~
136 ‘C; '"H NMR (400 MHz, CDCl;) J: 8.50 (d, J=8.4
Hz, 2H), 8.20 (s, 1H), 7.92 (dd, J=8.0, 2.4 Hz, 2H),
7.57~7.49 (m, 6H), 7.37 (d, J=8.0 Hz, 2H), 2.48 (s, 3H);
C NMR (150 MHz, CDCly) d: 191.80, 154.32, 150.20,
143.99, 143.67, 137.42, 135.45, 133.42, 132.20, 129.91,
129.57, 128.86, 128.84, 128.82, 128.69, 128.06, 124.86,
121.77, 21.78; HRMS (ESI) calcd for CpH7CINO [M—+
H]" 358.0993, found 358.0996.
(4-Phenylbenzo[g]quinolin-2-yl)(p-tolyl)methanone
(3ac): 19.4 mg, 52% yield. Yellow solid, m.p. 165~
167 C (1it"Y 165~168 C); '"H NMR (400 MHz,
CDCly) o: 8.21 (d, J=38.0 Hz, 2H), 8.10 (d, J=9.2 Hz,
1H), 8.05 (s, 1H), 8.03 (d, /=8.8 Hz, 1H), 7.90 (d, J=7.2
Hz, 1H), 7.78 (d, J=8.4 Hz, 1H), 7.56~7.51 (m, 4H),
7.49~7.45 (m, 2H), 7.34 (d, J=7.6 Hz, 2H), 7.24~7.18
(m, 1H), 2.47 (s, 3H); *C NMR (150 MHz, CDCl;) o:
193.24, 153.12, 149.44, 148.48, 143.92, 142.28, 133.70,
133.64, 131.93, 131.59, 129.38, 129.30, 129.00 , 128.90,
128.66, 128.60, 128.35, 128.30, 127.45, 125.77, 125.23,
124.34, 21.78; HRMS (ESI) calcd for Co;H,0NO [M~+H]"
374.1539, found 374.1536.
(6-Methyl-4-(p-tolyl)quinolin-2-yl)(p-tolyl)methanone
(3ad): 23.2 mg, 66% yield. Yellow solid, m.p. 119~
121 “C; '"H NMR (400 MHz, CDCl;) 6: 8.17 (dd, J=12.0,
8.0 Hz, 3H), 8.00 (s, 1H), 7.79 (s, 1H), 7.61 (d, J=8.4 Hz,
1H), 7.47 (d, J=8.0 Hz, 2H), 7.35 (dd, J=16.8, 7.6 Hz,
4H), 2.51 (s, 3H), 2.49 (s, 3H), 2.46 (s, 3H); °C NMR
(100 MHz, CDCl;) o: 193.94, 153.98, 149.02, 146.17,
144.07, 138.79, 138.69, 135.23, 133.95, 132.30, 131.87,
130.86, 129.73, 129.60, 129.12, 127.72, 124.83, 121.33,
22.27, 22.04, 21.59; HRMS (ESI) calcd for C,sH»pNO
[M+H]" 352.1696, found 352.1699.
(4-(4-Fluorophenyl)-6-methylquinolin-2-yl)(p-tolyl)-
methanone (3ae): 21.0 mg, 59% yield. Yellow solid, m.p.
176~178 °C; '"H NMR (400 MHz, CDCLy) 6: 8.17 (t, J=
8,0 Hz, 3H), 7.97 (s, 1H), 7.70 (s, 1H), 7.62 (dd, J=8.8,
2.0 Hz, 1H), 7.57~7.51 (m, 2H), 7.33 (d, J=8.0 Hz, 2H),
7.29~7.22 (m, 3H), 2.52 (s, 3H), 2.46 (s, 3H); *C NMR
(150 MHz, CDCl;) o: 193.48, 163.77, 162.13, 153.70,
147.62, 143.89, 138.86, 133.86 (d, J=3.4 Hz), 133.63,
132.19, 131.60, 131.26 (d, J=28.1 Hz), 130.71, 128.87,
127.35, 124.23, 121.14, 115.72 (d, J=21.5 Hz), 22.03,
21.76; HRMS (ESI) caled for CyH ,FNO [M+H]"
356.1445, found 356.1437.
(4-(2-Fluorophenyl)-6-methylquinolin-2-yl)(p-tolyl)-
methanone (3af): 18.8 mg, 53% yield. Yellow solid, m.p.
161~163 ‘C; '"H NMR (400 MHz, CDCl;) J: 8.23~8.17
(m, 3H), 8.06 (s, 1H), 7.64 (d, /=8.4 Hz, 1H), 7.56~7.43
(m, 3H), 7.37~7.26 (m, 4H), 2.52 (s, 3H), 2.48 (s, 3H).
C NMR (150 MHz, CDCl;) J: 193.35, 160.43, 158.79,
153.62, 145.63, 143.86, 142.93, 138.94, 133.66, 132.31,
131.68 (d, J=3.3 Hz), 131.63, 130.66 (d, /J=8.3 Hz),
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130.62 , 128.88, 127.54, 125.38 (d, J=15.9 Hz), 124.46
(d, J=3.6 Hz), 124.41 (d, J=1.1 Hz), 122.01, 116.02 (d,
J=121.8 Hz), 22.01, 21.77; HRMS (ESI) caled for
C,,H oFNO [M+H]" 356.1445, found 356.1438.

(4-(4-Chlorophenyl)-6-methylquinolin-2-yl)(p-tolyl)-
methanone (3ag): 23.8 mg, 64% yield. Yellow solid, m.p.
171~173 °C; '"H NMR (400 MHz, CDCLy) 6: 8.17 (t, J=
8.0 Hz, 3H), 7.97 (s, 1H), 7.68 (s, 1H), 7.62 (dd, J=8.4,
2.0 Hz, 1H), 7.51 (q, J=8.4 Hz, 4H), 7.32 (d, J/=8.0 Hz,
2H), 2.52 (s, 3H), 2.46 (s, 3H); “C NMR (100 MHz,
CDCly) 0: 193.67, 153.93, 147.64, 146.10, 144.18, 139.21,
136.54, 134.98, 133.81, 132.50, 131.85, 131.10, 130.99,
129.16, 129.14, 127.38, 124.39, 121.28, 22.30, 22.04;
HRMS (ESI) calcd for C,,H;oCINO [M-+H]" 372.1150,
found 372.1152.

Supporting Information The spectroscopic data of 'H
NMR, "*C NMR for 3a~3z and 3aa~3ag. The Supporting
Information is available free of charge via the Internet at
http://sioc-journal.cn.
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