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Introduction

Quinolines are an important class of heterocyclic molecules that
are widely found in natural products, especially in alkaloids, and
in synthetic pharmacologically active substances, due to their
biological activities, such as anticancer, antiviral, antibacterial,
antifungal, anti-inflammatory and antiplatelet aggregation." For
example, cinchophen (A) is a quinoline carboxylic acid used as an
analgesic drug, quinoline derivatives exemplified by B could
inhibit DNA gyrase in antibacterial tests,> and quinoline
compound C has been developed as a 6-phosphofructo-2-kinase/
fructose-2,6-biphosphatase 3 (PFKFB;) inhibitor with an ICs,
137 nM for cancer treatment (Fig. 1).

In view of the importance of quinolines, great endeavors have
been made to develop the procedures for the synthesis of quin-
oline derivatives.* The classical strategies include Skraup, Doeb-
ner-von Miller, Conrad-Limpach, Pfitzinger, and Friedldnder
syntheses.®> Among them, Friedlinder quinoline synthesis,
featuring cyclization of 2-aminobenzaldehydes with ketones
promoted by base or acid, is considered to be the simplest
method, although it suffers from the drawback that the starting
materials 2-aminobenzaldehydes are unstable and easily prone to
self-condensation.® The indirect Friedldnder quinoline synthesis
is subsequently developed to improve Friedlinder synthesis
through the oxidative cyclization of 2-aminobenzylic alcohols
instead of o-aminobenzaldehydes with ketones or their
precursor, alcohols. In general, there are three strategies for the
indirect Friedlinder quinoline synthesis (Scheme 1): (a) using
ketone as the oxidant through Pfitzner-Moffatt oxidation by
adding at least 2 equivalent of starting material, ketone” or
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catalyzed indirect Friedldnder reaction from 2-aminobenzyl alcohol and aryl ketones using DMSO as an
oxidant at room temperature is reported. A series of quinolines were synthesized in acceptable yields.

another ketone, for example, benzophenone.® (b) Using oxygen or
air as the oxidant at high reaction temperature.® (¢) Through
catalytic dehydrogenation, usually under the catalysis of unique
metal complex.*

Although these reported processes facilitate alternative
for quinolines synthesis, they suffer from the drawbacks
such as a waste of starting materials, harsh conditions and/
or the need of special catalyst, which is not easy to prepare.
Therefore, the development of an alternative method for the
indirect Friedldnder quinoline synthesis is still in demand.
Herein, we report a process for the synthesis of quinoline
from 2-aminobenzyl alcohol and aryl ketones under the
catalysis of N-heterocyclic carbene copper complex using
DMSO as an oxidant at room temperature (Scheme 1).

Results and discussion

Our studies began by optimizing the reaction conditions for the
synthesis of quinolines, choosing 2-aminobenzyl alcohol (1a)
and acetophenone (2a) as model substrates. The results are
collected in Table 1. When this reaction was conducted at room
temperature for 6 h under the catalysis of CuCl, using molec-
ular oxygen as the oxidant in the presence of 3.0 equivalent of
KOH in dioxane, which is the solvent usually employed in the
oxidative indirect Friedldnder quinolines synthesis, trace
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Fig. 1 Examples of bioactive quinolines.
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Scheme 1 The synthesis of quinolines from 2-aminobenzylic
alcohols.

amount of the desired 2-phenylquinoline (3aa) was detected by
GC (Entry 1). The results of screening the conventional solvents
suggested that DMSO benefited this transformation most
(Entries 2-4). Unexpectedly, this reaction could take place effi-
ciently in the absence of oxygen, and the yield of desired
product was further improved by running the reaction in
toluene using 8.0 equivalent of DMSO as an oxidant (Entries 5
and 6). When 10 mol% 1,10-phenanthroline was added, the
corresponding quinolone was formed with a higher yield (Entry
7). Probably, the ligand could coordinate copper to form in situ
a homogeneous copper catalysts, which could prevent the
formation of heterogeneous CuO. Encouraged by these prom-
ising results, we turned our attention to copper N-heterocyclic
carbene complexes in consideration of their stability and
activity under basic conditions.™ The testing results suggested

Table 1 Optimizing the reaction conditions®

[Cu] /oxidant
@\/\OH N /l(l KOH (3 equiv) @\/j\
NH, Ph solvent, rt N Ph
1a 2a 3a
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that more sterically demanding IPrCuCl was more beneficial to
this transformation compared with IMesCucCl (Entries 8 and 9).
Catalyst loading was finally investigated. It was found that the
yield of 3aa was increased with the increase of copper complex
loading and 5 mol% was optimal for this process to synthesize
quinolines (Entries 10 and 11). In contrast, the dosage of IPr-
CuCl must be increased to 15 mol% when toluene, DMSO and
KOH were used without drying, for the possible reason that the
inclusive water could make the copper complex decompose
(Entry 12). Performing this reaction in absence of copper led to
a plunge of the yield of expected quinolone (Entry 13), and no
corresponding product was isolated with starting materials
recovered when this reaction took place without DMSO (Entry
14).

The scope of the protocol was further investigated after the
optimal reaction conditions were established. 1a was reacted
with various ketones under the best reaction conditions, and
the results are listed in Table 2. Generally, acetophenones
substituted by either electron-donating groups or electron
withdrawing groups on the aromatic ring could smoothly go
through the cyclization reaction and afforded the correspond-
ing products in moderate to excellent yields (Table 2, 3ba-3ea).
The experimental results indicated that steric hindrance of the
group on the phenyl ring of acetophenones had a significant
effect on the transformation and ortho-substituted

Table 2 Scope of ketones®?

IPrCuCl (5 mol%)

9] DMSO (8 equiv)
@\/\OH + R“\)J\Rg KOH (3 equiv) m
NH, Toluene, rt

1a 2

Entry  Catalyst (mol%) Oxidant (equiv.) Solvent  Yield® (%)
1 CuCl, (5) 0, Dioxane Trace
2 CuCl, (5) 0, Toluene  Trace
3 Cucl, (5) 0, CH)Cl, 0

4 Cucl, (5) 0, DMSO 21

5 Cucl, (5) — DMSO 31

6 CuCl, (5) DMSO (8) Toluene 43

7 CuCly/Phen (5/10) DMSO (8) Toluene 54

8° IMesCuCl (1) DMSO (8) Toluene 65

97 IPrCuCl (1) DMSO (8) Toluene 73

10 IPrCucl (3) DMSO (8) Toluene 86

11° IPrCucl (5) DMSO (8) Toluene 94 (89)
12 IPrCucl (15) DMSO (8) Toluene 93

13 — DMSO (8) Toluene 20

14 IPrCucl (5) — Toluene 0

(j‘

(1‘

“ Reaction conditions: 1a (0.5 mmol), 2a (0.5 mmol), KOH (3.0 equiv.),
catalyst and oxidant (indicated amount) in 3 mL solvent at room
temperature for 12 h. ”GC yleld ¢ IMesCuCl = chloro(1,3-
dimesitylimidazol-2-ylidene)copper(1). IPrCuCl = chloro[l 3-bis(2,6-
diisopropylphenyl)imidazol-2-ylidene]copper(i). ¢ The value in bracket
is isolated yield.

This journal is © The Royal Society of Chemistry 2019

3ba (94%) 3ca (81%) 3da (78%)
X X X
pZ / /
"0
F
3ea (85%) 3fa (82%) 3ga (96%)
X X Me
Pz M /
N ‘ OMe
3ha (90%) 3ia (76%) 3ja (84%)
X \ - Me
/ /
NN N7
S
3ka (90%) 3la 86% 3ma (49%

% Reactions were performed with 1a (0.5 mmol), 2 (0.5 mmol), IPrCuCl
(5 mol%), DMSO (8 equiv.) and KOH (3 equiv.) in Toluene (3 mL) at
room temperature for 6 h. ? Isolated yield.
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acetophenone gave the worst result compared with meta- or
para-substituted ones (Table 2, 3ga-3ia). Heteroaryl methyl
ketones were found to be good partners of 2-aminobenzyl
alcohol, providing the target quinolines in high yields (Table 2,
3ja-3ka). 5, 6-Dihydrobenzo[c]acridine 3la was formed in 86%
yield when 21 was subjected to the optimized reaction condi-
tions. However, aryl ketone with a long-chain substituent fur-
nished the desired quinolines in lower yields (Table 2, 3ma).

A variety of 2-aminobenzylic alcohols were then probed, and
the results are summarized in Table 3. We found that 2-ami-
nobenzylic alcohols substituted by electron-donating groups
and halogens on the phenyl ring could all undergo the trans-
formation and produce the target compounds in good to
excellent yields (Table 3, 3ab-3ag). However, 2-aminobenzylic
alcohols whose a-position was substituted by methyl or phenyl
performed poorly under the standard conditions, delivering the
corresponding products in 19% and 13% yield, respectively.
After further optimization, it was found that they could
smoothly go across the cyclization reaction in the mixture of
DMSO and toluene (2 : 1) and provide the target quinolones in
acceptable yields (Table 3, 3ah-3ai), which demonstrated that
steric effects of a-substituents of hydroxyls influenced the
reaction considerably and a more polar medium benefited this
reaction.

To gain insight into the mechanistic profile, some control
experiments were conducted (Scheme 2). When 2-aminobenzyl
alcohol (1a) was subjected to the standard conditions in the
absence of ketone, 2-aminobenzaldehyde was formed in 20%
with a 100% conversion of 1a determined by GC-MS (eqn (1), see
ESIT). Under the standard conditions, a-methylbenzyl alcohol
was able to react with 2-aminobenzyl alcohol (1a) to provide

Table 3 Scope of 2-aminobenzylic alcohols®?

R! IPrCuCl (5 mol%)
(o] DMSO (8 equiv)
= OH .
Rz_\ | )kPh KOH (3 equiv)
NH, Toluene, rt
1 2a
CQL, oL m
/
N Ph
3ab (93%) 3ac (97%) 3ad (88%)
RO $! m
N” > Ph Br
3ae (86%) 3af (89%) 3ag (84%)
Me Ph
sl el
—
N Ph N” Ph
3ah (27%, 76%°) 3ai (14%, 65%°)

% Reactions were performed with 1 (0.5 mmol), 2a (0.5 mmol), IPrCuCl
(5 mol%), DMSO (8 equiv) and KOH (3 equlv) in toluene (3 mL) at
room temperature for 6 h. ” Isolated yield. ¢ Performed in the mixture
of DMSO and toluene (2 : 1).
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Scheme 3 Possible reaction pathway.

quinoline 3aa in 83% isolated yield (eqn (2)). The reaction
between 2-amino-5-chlorobenzaldehyde and acetophenone (2a)
under the standard conditions afforded target quinoline 3ae in
93% yield (eqn (3)).

On the basis of the above mentioned results and relevant
reports in the literature, a reasonable reaction pathway for
N-heterocyclic carbene copper complex catalyzed indirect
Friedldnder quinoline synthesis is illustrated in Scheme 3.
Firstly, under the catalysis of N-heterocyclic carbene copper
complex, 1la is oxidized into 2-aminobenzaldehyde A by
DMSO in the presence of KOH.'? Aldol condensation
between 2a and A then takes place under a basic condition to
furnish an a,B-unsaturated ketone B, which goes through the
cyclodehydration reaction to give the final quinoline
product.

Conclusions

In conclusion, we have developed a practical and facile process
for the synthesis of quinolines through N-heterocyclic carbene
copper complex catalyzed indirect Friedldnder reaction from
2-aminobenzylic alcohols and aryl ketones using DMSO as an
oxidant at room temperature. This method has broad substrate
scope, tolerating aryl chloride, aryl bromide and 2-amino-
benzylic alcohols substituted at a-position of hydroxyl.
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