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Direct 2-acetoxylation of quinoline N-oxides via copper
catalyzed C–H bond activation†

Xuan Chen,a Chongwei Zhu,a Xiuling Cui*ab and Yangjie Wu*a

An efficient and direct 2-acetoxylation of quinoline N-oxides via

copper(I) catalyzed C–H bond activation has been developed. This

transformation was achieved using TBHP as an oxidant in the

cross-dehydrogenative coupling (CDC) reaction of quinoline

N-oxides with aldehydes, and provided a practical pathway to

2-acyloxyl quinolines.

Esters are ubiquitous and important functional groups, prevalent
in a wide range of organic compounds: natural products, polymers,
and fine chemicals.1 Conventionally, esters were synthesized by the
esterification of alcohols with carboxylic acids, acyl halides and
anhydrides in the presence of a strong acid or base, which results
in a multistep transformation accompanied by pollution and
waste.2 In the past decade, transition-metal catalyzed oxidative
esterification of aldehydes with alcohols, boronic acids and aryl
halides has provided a convenient alternative approach to prepare
esters (Scheme 1, path A).3 However, stoichiometric amounts of
metal salt as an oxidant, complicate ligand and excess Lewis acid or
base as additives are required, which make these transformations
environmentally unfriendly. Recently, the cross-dehydrogenative
coupling (CDC) reaction has emerged as a powerful protocol for
C–C, C–heteroatom bond formation.4 Such a strategy is attractive
because it avoids pre-functionalization and provides a more direct
approach to build a carbogenic core of complicated molecules.
Several examples of constructing esters using this strategy have
emerged.5 For example, Wang6 and Patel7 groups have reported
pioneering work on the benzylic C–H acyloxylation of alkylarenes
catalyzed by copper and Bu4NI. However, this procedure is only
limited to benzylic C–H bond activation.

On the other hand, 2-acyloxyl quinoline is an important
skeleton in drugs used in the treatment of neurological and
psychiatric disorders including schizophrenia, mania, anxiety
and bipolar disorder (Scheme 2).8 Building such skeletons still
relies on prefunctionalized quinoline derivatives and acyl chloride
or lactams, and gives up to only 37% yield.8,9 The direct and
efficient catalytic transformation via dual C–H bond activation to
2-acyloxyl quinoline has not been exploited. Herein, we utilized
quinoline N-oxides and aldehydes as the substrates, tert-butyl
hydroperoxide (TBHP) as an oxidant and Cu(I) as a catalyst to

Scheme 1 Different approaches for synthesizing esters.

Scheme 2 Examples illustrating the importance of 2-carboxyl quinoline.
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synthesize a series of 2-acyloxyl quinoline N-oxides under mild,
operationally simple and environmentally friendly conditions
(Scheme 1, path B).

The condensation of quinoline N-oxide 1a with benzaldehyde 2a
was initially chosen as a model reaction to screen the reaction
parameters. The results are listed in Table 1. To our delight, the
desired product 3a was observed with an isolated yield of 57% in
CH2Cl2 (DCM), using 5 mol% CuBr as a catalyst and 70% TBHP in
water as an oxidant (entry 1, Table 1). Product 3a was not detected
with or without a catalyst using H2O2 as an oxidant instead of TBHP
(entries 2–3, Table 1). CuBr provided a higher yield compared to
other Cu salts tested, such as CuI, CuBr2 and Cu(OAc)2 (entry 1 vs.
4–6, Table 1). TBHP in decane (5–6 M) could improve this transfor-
mation and give the desired product 3a in 67% yield (entry 7,
Table 1). The yield could be increased slightly to 69% when the
temperature was increased up to 70 1C (entry 8, Table 1). Changing
the amount of the catalyst loading to 3 mol% or 10 mol%
disfavoured this reaction and gave 11% and 52% yields, respectively
(entries 9 and 10, Table 1). The solvent also played a crucial role. The
desired product was not observed using other solvents, such as
1,4-dioxane, DMSO and MeOH (entries 11–13, Table 1). As is well
known, the acidity of the C(2)–H bond in the heteroaromatic ring
can be enhanced by using a Lewis acid (LA) catalyst.10 To improve
this transformation, the catalyst was switched from CuBr to more
Lewis acidic CuOTf and afforded 77% yield (entry 14, Table 1). 84%
yield could be achieved by shortening the reaction time to 8 h (entry
16, Table 1). However, the yield decreased to 71% when the reaction
time was 4 h (entry 17, Table 1). The optimized reaction conditions
were identified as 3 equiv. of benzaldehyde in the presence of
3 equiv. TBHP in (CH2)2Cl2 and 5 mol% CuOTf as a catalyst at 70 1C
for 8 h (entry 16, Table 1).

With the optimized reaction conditions in hand, the scope and
generality of substrates were investigated. Acetoxylation occurred at

C2 of quinoline N-oxides in all cases (Table 2). When quinoline
N-oxide (1a) was subjected to the optimized reaction conditions
various electron-rich arylaldehydes could be converted into 2-acyl-
oxyl quinoline N-oxides in moderate to good yields (3a–3f, Table 2).
Benzaldehyde and 2-methoxybenzaldehyde provided the desired
products in 84% and 78% yields, respectively (3a and 3b,
Table 2). Different quinoline N-oxides were tested for this transfor-
mation with electron-rich arylaldehydes. 4-Methylquinoline N-oxide

Table 1 Screening reaction parameters for the reaction of quinoline N-oxide 1a
with benzaldehyde 2aa

Entry Catalyst Oxidant Solvent T/1C t/h Yieldb

1 CuBr TBHPc DCM 40 48 57
2 — H2O2 DCM 40 60 n.r.
3 CuBr H2O2 DCM 40 60 n.r.
4 CuI TBHPc DCM 40 48 30
5 CuBr2 TBHPc DCM 40 48 47
6 Cu(OAc)2 TBHPc DCM 40 48 39
7 CuBr TBHPd DCM 40 48 67
8 CuBr TBHPd DCE 70 24 69
9e CuBr TBHPd DCE 70 24 11
10 f CuBr TBHPd DCE 70 24 52
11 CuBr TBHPd Dioxane 70 24 n.r.
12 CuBr TBHPd DMSO 70 24 n.r.
13 CuBr TBHPd MeOH 70 24 n.r.
14 CuOTf TBHPd DCE 70 24 77
15 CuOTf TBHPd DCE 70 12 72
16 CuOTf TBHPd DCE 70 8 84
17 CuOTf TBHPd DCE 70 4 71

a Conditions: 1a (0.2 mmol), 2a (0.6 mmol), oxidant (0.6 mmol), solvent
(2 mL), catalyst (5 mol%). b Isolated yields. c TBHP (70 aq.%). d TBHP
(5–6 M in decane). e 3 mol% CuBr. f 10 mol% CuBr. n.r. = no reaction.

Table 2 2-Acetoxylation of quinoline N-oxides with aldehydesa

a Conditions: 1 (0.2 mmol), 2 (0.6 mmol), CuOTf (5 mol%), TBHP
(0.6 mmol, 5–6 M in decane), (CH2)2Cl2 (2 mL), 70 1C, 8 h.
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gave the corresponding desired products in 36–75% yield (3g–l,
Table 2). 6-Methylquinoline N-oxide reacted smoothly with 2-meth-
oxybenzaldehyde and 3,4-dimethoxybenzaldehyde, affording the
desired products in 94% and 82% yields, respectively (3n and 3r,
Table 2). 6-Methoxyquinoline N-oxide and 7-hydroxyquinoline
N-oxide provided the desired products in 55% and 75% yields,
respectively (3s and 3t, Table 2). Notably, cyclohexylaldehyde could
also be used as a substrate in this catalytic system and gave
2-(cyclohexylcarboxy)quinoline N-oxides in 56%, 59% and 52%
yields, respectively (3e, 3k and 3q, Table 2), which made the present
transformation attractive for future applications. However, this
reaction was limited to the electron-withdrawing aldehydes and
heterocyclic aldehydes. No desired product was detected for the
2-pyridinecarboxylaldehyde. And furfural only gave the desired
product in 10% yield.

To clarify the reaction mechanism and the oxygen source, control
experiments were performed (Scheme 3). When the reaction of
quinoline N-oxide 1a with benzaldehyde 2a was carried out under
an oxygen atmosphere in the absence of TBHP, no desired product
was detected (Scheme 3, eqn (1)). Whereas, the above reaction
proceeded smoothly under a nitrogen atmosphere using 3 equiv.
TBHP as an oxidant and provided the desired product 3a in 82%
yield, which is close to the result obtained under the optimal
reaction conditions (84% yield, 3a, Table 2) (Scheme 3, eqn (2)).
These results indicate that TBHP served as a terminal oxygen source.

The reaction mechanism was proposed according to the litera-
ture11 and results obtained are shown in Scheme 4 and eqn (1) and
(2). Copper(I) was oxidized to copper(II) by TBHP, generating a
Cu(II) species A and a hydroxyl radical (eqn (1)). Then Cu(II) species
A reacted with the second molecule of TBHP to give a tert-butyl-
peroxy complex B and t-BuOH (eqn (2)). B and the hydroxyl radical

could react with benzaldehyde to form intermediate C. Then C was
attacked by the quinoline N-oxide radical which was formed by
TBHP to form species D. Finally, D released the desired product and
CuOTf as well (Scheme 4).

CuOTf þ t-BuOOH! CuOTfðOBu-tÞ
A

þ HO� (1)

t-BuOOHþ A! CuOTfðOOBu-tÞ
B

þ t-BuOH (2)

In summary, we have developed a direct acetoxylation of quino-
line N-oxides catalyzed by a cheap copper(I) salt. This novel protocol
provided a simple pathway to synthesize pharmaceutically active
quinoline-containing esters. The method features direct dual C–H
bond activation as a key step and uses a minimally toxic and
relatively cheap copper salt as a catalyst. The scope, applications
and mechanism of this reaction are under investigation.

This work was supported by NSF of China (21102133,
21172200) and the NSF of Henan (082300423201).
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Scheme 4 Proposed mechanism for the oxidative esterification.

Scheme 3 Control experiments.
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