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KHCO3; and DBU Promoted Cascade Reaction to Synthesize 3-
benzyl-2-phenylquinolin-4(1H)-ones

Haojie Ma, Xiaogiang Zhou, DaiDong Wei, Jinhui Cao, Chong Shi, Yuxing Fan and Guosheng Huang*

A novel and convenient one-pot route for the synthesis of 3-benzyl-
2-phenylquinolin-4(1H)-ones has been developed under transition-
metal-free conditions. This new strategy is featured by high yield and
good functional groups tolerance. In addition, proposed mechanistic
study has been confirmed for this reaction.

4-Quinolones, as an indispensable class of bicyclic structures,
are frequently found in natural products and biologically active
compounds (Scheme 1). 2 They are also regarded as
“privileged building blocks” for pharmaceutics in anticancer and
antibiotic medicines.® Especially, 2-aryl-4-quinolones and their
derivatives have been found as potential treatments for a range
of diseases because they exhibit antiviral activities,®
antiplatelet,” antimalarial,’ xanthine oxidase,” cathepsins
inhibitory activities® and have positive cardiac effects.’ For
example, current researches present kinesin spindle protein
(KSP) inhibitors as promising anti-proliferative agents for cancer
chemotherapy through potent antimitotic antitumor effects.?
More recently, certain 3-benzyl-2-phenylquinolin-4(1H)-ones
were evaluated and proved to have potent inhibitory activities in
KSP ATPase.? Due to the “privileged” status, quinolones have
attracted considerable attentions in the development of practical
synthesis.

Scheme 1. Examples of bioactive compounds and nature products containing
4-quinolones.
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Numerous synthetic strategies, especially Conrad-Limpach,®
Niementowski reactions* and transition-metal catalyzed
reactions including titanium-mediated reductive coupling,*
palladium-catalyzed carbonylation,** and ruthenium-catalyzed
reduction reactions,’ have been developed to construct
varieties of this valuable scaffolds. In 2007, Buchwald’'s group
presented a base-promoted synthetic methodology for 4-

quinolones by using N-(2-propionylphenyl)-acetamide (scheme 2,

a)."® In 2012, Pitchumani's group obtained 2-aryl-2,3-dihydro-4-
quinolone from 1-(2-aminophenyl)ethan-1-one and aldehyde
(scheme 2, b).*® Subsequently in 2015, Long’s group reported a
novel synthesis of diverse 2-aryl-4-quinolone derivatives via a
TEMPO-promoted intramolecular oxidative Mannich reaction
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(scheme 2, c),” in this procedure, simple narylmethyl-2-
aminophenyl ketones was used as starting materials.
Nevertheless there are only methyl or no functional groups at
the C-3 position of 2-aryl-4-quinolone that could be synthesized
by this approach.

Scheme 2. Novel routes to synthesize 4-Quinolones.

previous work

Stephen L. Buchwald's group

R2 NaOH
= _ (335equiv) ‘ (@
= TrR3 1 4-dioxane

N
HO 1-2h, 110 °C
Pitchumani's group
[e) Per-6-ABCD
* I “ohanorwater ~ (b)
R ethanol:water
15h, -5 °C
Long's group
& TEMPO, KOtBu
Z /\O DMSO, 80 °C (c)

This work

KHCO;3; (2 equiv)
DBU (2 equiv)
(d)
DMSO 120 °C

Although the synthetic routes of 4-quinolones have been well
developed, in general they require multiple steps®® ¥, transition
metal catalysts.'® *® and harsh reaction conditions, such as high
temperature and strong acids.’® '* Moreover, various C-3
modified products are still difficult to form due to the unefficient
way for the preparation of starting materials. Herein, inspired by
pioneering works, we have developed a novel route for the
synthesis of 3-benzyl-2-phenylquinolin-4(1H)-ones from N-(2-
acetylphenyl)-picolinamides and aldehydes under base
conditions. To our knowledge, transition-metal-free synthesis of
3-benzyl-2-phenylquinolin-4(1H)-ones has not been reported
before.

Our initial efforts commenced with N-(2-acetylphenyl)-
picolinamide la and benzaldehyde 2a as the model substrates
in the presence of 2 equiv of K,COzat 100 °C for 10 h in DMSO,
and the desired 3-benzyl-2-phenylquinolin-4(1H)-one 3aa was
able to isolated in 47% vyield (Table 1, entry 1). The structure of
3aa was further confirmed by X-ray crystallography.*® Then the
investigation of the solvent effects on the yield of the target
product was carried out. As a result, toluene and xylene failed to
come up with any useful conversions, and DMSO was superior
to DMA and DMF (Table 1, entries 2-5). In order to find the best
additives, we chose K>COs;, Na,COs;, KHCOs;, NaHCOs;, DBU,
DABCO, Et;N and KO'Bu as candidates, the results showed that
KHCO3; was more favorable than other bases, the yield of 3aa
was increased to 55%(Table 1, entries 1, 6-12). Gratifyingly, the
yield of 3aa was dramatically increased to 64% by using the
combination of KHCOs; and DBU as additive (Table 1, entry 13).
Meanwhile, when the dosage of KHCO3z; and DBU was increased
to 2 equiv, the yield was improved to 71% (Table 1, entries, 14).
Further surveys of the reaction temperature indicated that
120 °C was beneficial for the formation of the desired product
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3aa and the yield was raised to 84% (Table 1, entries, 15-16).
The research of reaction atmosphere presented that air was
more outstanding than N, and O, (Table 1, entries 17-18).
Furthermore, the choice of an adequate reactant 1 for this
conversion is evaluated. We attempted to use N-acetyl, N-
benzoyl, N-pyrazine-2-carbonyl, N-6-methylpicolinoyl, N-6-
chloropicolinoyl amides and N-H amine as reactants under
standard conditions, the results showed that all these substrates
could transform this reaction successfully with moderate yields.
And the highest yield was given when N-picolinoyl amide was
employed (Scheme 3). These results matched well with the role
of N-aryl groups which stabilized the iminium intermediate and
increased the yield. Finally, the optimized reaction conditions are
as follows: N-picolinoyl amide 1 (0.2 mmol), aldehyde 2 (3 equiv),
KHCOs (2 equiv) and DBU (2 equiv) in 1mL of DMSO at 120 °C
under air for 10 h.

Table 1. Optimization of reaction conditions®.

L e N
i I ¥
~ ; o o ‘% \‘r}‘\‘,\—/d\.f’ L.
‘ _ N . H base O ‘ \lr\r—l ! {
N 3 solvent N \ 9

Entry additive (equiv) Solvent Temp (°C) Yields™ (%)

1 K>CO3(2) DMSO 100 47
2 K.CO3 (2) DMA 100 14
3 K.CO3 (2) DMF 100 5
4 K2CO3(2) Toluene 100 trace
5 K>CO3(2) Xylene 100 trace
6 Na,COj3 (2) DMSO 100 20
7 KHCO; (2) DMSO 100 55
8 NaHCO; (2) DMSO 100 25
9 DBU (2) DMSO 100 40
10 DABCO (2) DMSO 100 trace
11 Et:N (2) DMSO 100 trace
12 KO'Bu (2) DMSO 100 43
13 KHCO; (1)+ DBU (1) DMSO 100 64
14 KHCOj3 (2)+ DBU (2) DMSO 100 71
15 KHCO; (2)+ DBU (2) DMSO 80 41
16 KHCOs (2)+ DBU (2) DMSO 120 84

17 KHCOs (2)+ DBU (2) DMSO 120 69

18 KHCO; (2)+ DBU (2) DMSO 120 50

“Reaction conditions: 1a (0.2 mmol, 1 equiv), 2a (0.6 mmol, 3 equiv), additive
(2 equiv), solvent (1 mL), 10 h. ®lisolated yields. “Reaction was performed
under N, atmosphere. IReaction was performed under O, atmosphere.

Scheme 3. Synthesis of 3-benzyl-2-phenylquinolin-4(1H)-one 3aa from
different amide sources®.
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With the optimized reaction conditions in hand, we studied the
scope of aldehydes in this reaction. As shown in Scheme 4, a
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Scheme 4. Synthesis of 3-benzyl-2-phenylquinolin-4(1H)-ones from

substituted aldehydes and N-(2-acetylphenyl)-picolinamide®.
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diverse array of aldehydes, bearing electron-donating, electron-
withdrawing or sterically hindered group substituted aromatic
rings, and heterocycle-aldehyde were examined. All of them
underwent the reaction conditions smoothly and gave the
corresponding products in excellent yields (Scheme 4, 3aa-3ay),
ensuring a broad range of substrate scope. It can be seen
clearly that the electron-withdrawing groups exhibited more
outstanding results in terms of providing the desired compounds
than electron-donating groups (Scheme 4, 3ab-3av), which
indicated that electron-withdrawing groups on the aromatic ring
were more compatible with this reaction process. Furthermore,
substrates having ethyl or aryl group at the para position of
benzaldehyde also furnished the reaction in good yields
(Scheme 4, 3aj—3ak). In addition, the reactions of benzaldehyde
with substituents at the ortho, meta, and para positions were
carried out, and the results showed that those with groups at the
ortho position gave higher yields, followed by meta and para
position (Scheme 4, 3ab—3ad, 3af-3ag, 3al-3an, 3ap-3at).
Meanwhile, based on the results of benzaldehyde with mono or
methyl or methoxy groups (Scheme 4, 3ab—3ai), it represented
distinctly that the steric effect also has significant influence on
the efficiency. Additionally, heteroaromatic and condensed ring
structures were also competent to produce the products
efficiently (Scheme 4, 3aw—3ay), and 1-naphthaldehyde reacted
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excellently. However, an aliphatic aldehyde can not be
introduced into desired product by this protocol (Scheme 4, 3az).

Scheme 5. Synthesis of 3-benzyl-2-phenylquinolin-4(1H)-ones from
benzaldehyde and Substituted N-(2-acetylphenyl)picolinamides®.
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Scheme 6. Control Experiments.
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To further explore the applicability and compatibility of this
synthetic route, we examined the scope of N-(2-
acetylphenyl)picolinamide under the same reaction conditions as
shown in scheme 5. Notably, a wide range of functional groups
was tolerated well under the reaction conditions, such as methyl,
methoxy, halogen, etc. Concerning the electronic effects of
substituents on phenyl rings, the substrates bearing either
electron-withdrawing or electron-donating groups afforded the
desired products in good to excellent yields (Scheme 5, 3ba—
3ma). The results also showed that the electron-withdrawing
groups were more effective for the transformation. Moreover, N-
(acetylphenyl)-picolinamide  bearing halogen substituents
(Scheme 5, 3ga—3la) at meta position worked better than those
at para position. The similar effects were also observed towards
N-(acetylphenyl)-picolinamide with methyl substituents (Scheme
5, 3ba—3da).
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To gain insight into the reaction mechanism, we carried out
several control experiments (Scheme 6). Firstly, we carried out a
reaction of 1a and 2a under the optimized conditions for 1.5 h,
the desired product 3aa was gained in low yield, whereas the
intermediate 4aa was harvested as major product (Scheme 6, a).
The structure of 4aa was confirmed by X-ray crystallography.?
Then we performed the intermediate 4aa under standard
conditions and 4aa could convert to 3aa successfully, though the
efficiency was not desirable (Scheme 6, b).

Scheme 7. Proposed mechanism.
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Based on the above results and previous literature, a plausible
mechanism is depicted as shown in Scheme 7. The reaction is
initiated by the formation of intermediate A through Aldol
reaction of la and 2a with addition of DBU and KHCOjs. Then
DBU and KHCOg3; convert A to B by a hydrogen abstraction
process, which may undergo intramolecular cyclization via the
Michael addition to generate intermediate C. Intermediate C
further reacts through Aldol reaction with 2a to gain the
intermediate D. The elimination of hydroxyl give intermediate
4aa, and the isomerization of 4aa affords E, which can
hydrolyze to the desired product 3aa.

In summary, a novel and efficient synthesis of 3-benzyl-2-
phenylquinolin-4(1H)-ones has been developed for the first
time by using 1 and 2 as starting materials under transition-
metal-free conditions. This protocol has provided a broad
substrate scope for the synthesis of 3 with good yields
under mild conditions. Step economy and ease of operation
make this transformation highly useful, which will promote
the development of synthesis of natural products and
pharmaceutics in anticancer and antibiotic medicines.

Experimental Section

A test tube was charged with 1a (0.2mmol), 2a (0.6mmol), KHCO3 (0.4
mmol) and DBU (0.4 mmol) in DMSO (1 mL). Then the reaction mixture
was stirred at 120 °C (oil bath temperature) under air atmosphere for 10
h. After cooling to room temperature, the solvent was extracted with ethyl
acetate and washed with brine, dried with Na,SO,. After the solvent was
evaporated in vacuo, the residues were purified by column
chromatography, eluting with petroleum ether / ethyl acetate to afford
pure 3aa.

Keywords: 4-quinolones - aldol reaction ¢ aldehydes -
cycloaddition « michael addition

[1] a) H. Huse, M. Whiteley, Chem. Rev. 2011, 111, 152; b) C.
Mugnaini, S. Pasquini, F. Corelli, Curr. Med. Chem. 2009, 16, 1746;
c) G. Manfroni, R. Cannalire, M. L. Barreca, N. Kaushik-Basu, P.
Leyssen, J. Winquist, N. lIraci, D. Manvar, J. Paeshuyse, R.

For internal use, please do not delete. Submitted_Manuscript

This article is protected by copyright. All rights reserved



Chemistry - An Asian Journal

[2

(3]

[4]

(5]

(6]

(71
(8]

Guhamazumder, A. Basu, S. Sabatini, O. Tabarrini, U. H.
Danielson, J. Neyts, V. Cecchetti, J. Med. Chem. 2014, 57, 1952; d)
Y. zZhi, L. X. Gao, Y. Jin, C. L. Tang, J. Y. Li, J. Li, Y. Q. Long,
Bioorg. Med. Chem. 2014, 22, 3670. e) S. Cretton, S. Dorsaz, A.
Azzollini, Q. Favre-Godal, L. Marcourt, S. N. Ebrahimi, F. Voinesco,
E. Michellod, D. Sanglard, K. Gindro, J. L. Wolfender, M. Cuendet,
P. Christen, J. Nat. Prod. 2016, 79, 300; f) M. A. Beniddir, E. L.
Borgne, B. I. lorga, N. Loaec, O. Lozach, L. Meijer, K. Awang, M.
Litaudon, J. Nat. Prod. 2014, 77, 1117.

Ch. Jiang, L. Yang, W. T. Wu, Q. L. Guo, Q. D. You, Bioorg. Med.
Chem. 2011, 19, 5612.

J. A. Wiles, B. J. Bradbury, M. J. Pucci, Expert Opin. Ther. Patents
2010, 20, 1295.

a) S. F. Wang, J. P. Lin, P. L. He, J. P. Zuo, Y. Q. Long, Acta Chim.
Sin. 2014, 72, 906; b) R. P. Frutos, N. Haddad, |. N. Houpis, M.
Johnson, L. L. Smith-Keenan, V. Fuchs, N. K. Yee, V. Farina, A.-M.
Faucher, C. Brochu, B. Hache, J.-S. Duceppe, P. Beaulieu,
Synthesis, 2006, 2563; c) M. Llinas-Brunet, M. D. Bailey, E. Ghiro,
V. Gorys, T. Halmos, M. Poirier, J. Rancourt, N. Goudreau, J. Med.
Chem. 2004, 47, 6584; d) A. Baxter, M. Chambers, F. Edfeldt, K.
Edman, A. Freeman, C. Johansson, S. King, A. Morley, J. Petersen,
P. Rawlins, L. Spadola, B. Thong, H. Van de Poel, N. Williams,
Bioorg. Med. Chem. Lett. 2011, 21, 777; e) F. X. H. Wu, S.
Nakajima, Y. S. Or, Z.-H.Lu, Y. Sun, Z. Miao, Z. Wang, Aza-Peptide
Macrocyclic Hepatitis C Serine Protease Inhibitors. PCT Int. Patent
WO 2005/010029, 2005.

L. J. Huang, M. C. Hsieh, C. M. Teng, K. H. Lee, S. C. Kuo, Bioorg.
Med. Chem. 1998, 6, 1657.

a) Y. Q. Zhang, J. A. Clark, M. C. Connelly, F. Y. Zhu, J. K. Min, W.
A. Guiguemde, A. Pradhan, L. lyer, A. Furimsky, J. Gow, T.
Parman, F. El Mazouni, M. A. Phillips, D. E. Kyle, J. Mirsalis, R. K.
Guy, J. Med. Chem. 2012, 55, 4205; b) A. Nilsen, G. P. Miley, I. P.
Forquer, M. W. Mather, K. Katneni, Y. X. Li, S. Pou, A. M. Pershing,
A. M. Stickles, E. Ryan, J. X. Kelly, J. S. Doggett, K. L. White, D. J.
Hinrichs, R. W. Winter, S. A. Charman, L. N. Zakharov, |. Bathurst,
J. N. Burrows, A. B. Vaidya, M. K. Riscoe, J. Med. Chem. 2014, 57,
3818.

W. Hu, J. P. Lin, L. R. Song, Y. Q. Long, Org. Lett. 2015, 17, 1268.

a) R. Dhiman, S. Sharma, G. Singh, K. Nepali, P. M. Singh Bedi,
Arch. Pharm. Chem. Life Sci. 2013, 346, 7; b) J. Greeff, J. Joubert,
S. F. Malan, S. van Dyk, Bioorg. Med. Chem. 2012, 20, 809; c) E. F.
Marques, M. A. Bueno, P. D. Duarte, L. R. S. P. Silva, A. M.
Martinelli, C. Y. dos Santos, R. P. Severino, D. Brémme, P. C.
Vieira, A. G. Correa, Eur. J. Med. Chem. 2012, 54, 10.

[9]

[10]

[11]

[12]

[13]

[14]
[15]
[16]

[17]
[18]

[19]
[20]

10.1002/asia.201600901

WILEY-VCH

T. Osawa, H. Ohta, K. Akimoto, K. Harada, H. Soga, Y. Jinno,
4(1H)quinolone Derivatives. Eur. Patent 0 343 574, 1994.

a) R. H. Reitsema, Chem. Rev. 1948, 43, 43; b) J. C. Brouet, S. Gu,
N. P. Peet, J. D. Williams, Synth. Commun. 2009, 39, 1563; c) A.
Romek, T. Opatz, Eur. J. Org. Chem. 2010, 5841; d) B. Staskun, S.
S.Israelstam, J. Org. Chem. 1961, 26, 3191; e) G. A. M. Giardina,
H. M. Sarau, C. Farina, A. D. Medhurst, M. Grugni, L. F. Rveglia, D.
B. Schmidt, R. Rigolio, M. Luttmann, V. Vecchietti, D. W. P. Hay, J.
Med. Chem. 1997, 40, 1794.

a) S. Niementowski, Ber. Dtsch. Chem. Soc. 1894, 27, 1394; b) F.
R. Alexandre, A. Berecibar, T. Besson, Tetrahedron Lett. 2002, 43,
3911; ¢) R. C. Fuson, D. M. Burness, J. Am. Chem. Soc. 1946, 68,
1270; d) Y. Ogata, A. Kawasaki, K. Tsujimura, Tetrahedron, 1971,
27, 2765; e) J. K. Son, S. I. Kim, Y. Jahng, Heterocycles, 2001, 55,
1981.

A. Fu “rstner, A. Hupperts, A. Ptock, E. Janssen, J. Org. Chem.
1994, 59, 5215.

a) V. N. Kalinin, M. V. Shostakovsky, A. B. Ponomaryov, Tetrahedron
Lett. 1992, 33, 373; b) S. Torii, H. Okumoto, L. H. Xu, M. Sadakane,
M. V. Shostakovsky, A. B. onomaryov, V. N. Kalinin, Tetrahedron,
1993, 49, 6773.

S. Tollari, S. Cenini, F. Ragaini, L. Cassar, J. Chem. Soc., Chem.
Commun. 1994, 1741.

C. P. Jones, K. W. Anderson, S. L. Buchwald, J. Org. Chem. 2007,
72, 7968.

K. Kanagaraj, K. Pitchumani, J. Org. Chem. 2013, 78, 744.
D.Cheng, J. L. Zhou, E. Saiah, G. Beaton, Org. Lett. 2002, 4, 25.

a) J. Huang, Y. Chen, A. O. King, M. Dilmeghani, R. D. Larsen, M.
M. Faul, Org. Lett. 2008, 10, 2609; b) S. Torii, H. Okumoto, L. H. Xu,
Tetrahedron Lett. 1991, 32, 237; c) O. Seppanen, M. Muuronen, J.
Helaja, Eur. J. Org. Chem. 2014, 4044; d) T. K. Zhao, B. Xu, Org.
Lett. 2010, 12, 212; e) R. Bernini, S. Cacchi, G. Fabrizi, A.
Sferrazza, Synthesis-Stuttgart, 2009, 1209; f) X. D. Fei, Z. Zhou, W.
Li, Y. M. Zhu, J. K. Shen, Eur. J. Org. Chem. 2012, 3001.

CCDC 1469946.

CCDC 1469947.

For internal use, please do not delete. Submitted_Manuscript

This article is protected by copyright. All rights reserved



Chemistry - An Asian Journal

COMMUNICATION

7R2
~ ~_0 o KHCOj; (2 equiv) 0]
| HoT R2 DBU (2 equiv) A~
N/ N\]//:‘\Q + ‘ H DMSO. 120 °C ' R1 i NN R2
0 . ;\_:;. N ’ ENC—ZaN N
R’ H

37 examples
up to 94%

For internal use, please do not delete. Submitted_Manuscript

10.1002/asia.201600901

WILEY-VCH

Haojie Ma, Xiaogiang Zhou, DaiDong
Wei, Jinhui Cao, Chong Shi, Yuxing Fan
and Guosheng Huang*

Page No. - Page No.
KHCO3; and DBU Promoted Cascade

Reaction to Synthesize 3-benzyl-2-
phenylquinolin-4(1H)-ones

This article is protected by copyright. All rights reserved



