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The construction of C�C bond is a perennial subject of
interest for the synthetic chemist. Lately, the homogeneous
gold-catalyzed C�C coupling reaction has emerged as a
powerful method for the synthesis of intricate scaffolds.[1] In
the methods reported, the introduction of a highly function-
alized group or a sacrificial external oxidant was usually
required, thus diminishing the overall sustainability of the
gold-catalyzed process. In recent years, the direct use of two
C�H bonds for C�C coupling has become a promising
strategy, as C�H bonds are ubiquitous in organic molecules.[2]

In 2009 and 2010, the groups of Tse and Nevado reported the
gold-catalyzed oxidative homocoupling of simple arenes and
oxidative ethynylation of arenes with terminal alkynes using
PhI(OAc)2 as an oxidant.[3] However, the gold-catalyzed
oxidative C�C coupling of Csp3�H bonds under aerobic
oxidative conditions is still a challenge.[4–5] Directed toward
such goals, we became interested in the gold-catalyzed
oxidative C�C coupling of amines with various Csp3�H
coupling partners. Although some notable progress has
been achieved in this area, a stoichiometric amount of
dangerous oxidants or pure oxygen (� 1.0 atm), and even
specialized reaction conditions are usually necessary.[6, 7]

These disadvantages have seriously limited the utility of
such methods. Therefore, the development of a more environ-
mentally benign and convenient catalytic system for amine
functionalization is highly desirable. Following the principle
of sustainable chemistry, air is a favorable oxidant, with water
as the only waste product, and it has received considerable
attention in modern oxidation chemistry.[8] To the best of our
knowledge, there is no successful example of a gold-catalyzed
a-C�H functionalization of amines using air as the sole
oxidant.[5, 9] Herein, we wish to report an unprecedented
homogeneous gold-catalyzed amine functionalization proto-
col involving the oxidative C�C coupling of two different C�
H bonds with air as a sustainable and efficient oxidant.

In our initial study, the oxidative C�C coupling reaction of
N-phenyl tetrahydroisoquinoline 7a with nitromethane 8a
was chosen as a model reaction.[10] The results are summar-
ized in Table 1. To our delight, the aerobic oxidative C�C
coupling reaction could occur under the catalysis of 1a

(6 mol%) with methanol as solvent at 60 8C under air, to
afford 9a in 48% yield (Table 1, entry 1). Among the AuIII

catalysts screened 1b showed the best catalytic activity
(Table 1, entries 1–7). The utilization of Ph3PAuCl 6 instead
of a AuIII catalyst resulted in the formation of only a trace
amount of product (Table 1, entry 8). Interestingly, a trace
amount of the desired product 9 a was obtained in the absence
of any catalyst (Table 1, entry 9). When the aerobic oxidative
C�C coupling reaction was performed without a solvent at
60 8C under air, it led to a satisfactory yield of 82% (Table 1,
entry 10). Notably, the yield could be improved to 86 % by
adding a small amount of methanol (Table 1, entry 11).

Table 1: Optimization of the aerobic oxidative C�C coupling reaction of
amines with nitromethane.[a]

Entry Catalyst (mol%) Solvent t [h] Yield [%][b]

1 1a (6) MeOH 6 48
2 1b (6) MeOH 6 71
3 2a (6) MeOH 6 56
4 2b (6) MeOH 6 52
5 3 (6) MeOH 6 45
6 4 (6) MeOH 6 47
7 NaAuCl4 5 (6) MeOH 6 38
8 Ph3PAuCl 6 (6) MeOH 6 trace
9 – MeOH 6 trace
10 1b (6) MeNO2 3 82
11[c] 1b (6) MeNO2 3 86
12[c] 1b (3) MeNO2 3 86
13[c,d] 1b (3) MeNO2 3 12

[a] Reaction conditions: 7a (0.1 mmol, 0.1m), 8a (0.20 mL), catalysts 1–
6 (3–6 mol%), solvent (0.8 mL), air, 60 8C. [b] Yields of the isolated
products. [c] 100 mL MeOH was added. [d] The reaction was carried out
in Ar (1.0 atm).
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Further studies indicated that reducing the catalyst
loading of 1b to 3% barely affected its catalytic
efficiency (Table 1, entry 12). A control experiment
demonstrated that when the aerobic oxidative C�C
coupling reaction was carried out in an Ar atmos-
phere instead of air, a much lower yield was observed
(Table 1, entry 13). Consequently, the optimal reac-
tion conditions include catalysis by 3 mol% of 1b at
60 8C under air in the presence of a small amount of
methanol.

With the optimized reaction conditions estab-
lished, we investigated the scope of this protocol
(Table 2). Initially, different N-aryltetrahydroisoqui-
nolines 7a–f were examined. It was found that
electron-donating as well as electron-withdrawing
groups on the aromatic rings were compatible under
the reaction conditions. They can uniformly furnish
the desired products 9a–f in excellent yield (86–
95%; Table 2, entries 1–6). Intriguingly, the less-
active nitroethane provided the desired products 9g–
j in 85-91% yield (Table 2, entries 7–10). When a
nonbenzylic amine 7g was employed, a satisfactory
yield was also obtained (entry 11).[6c] Furthermore,
we increased the scale of the gold-catalyzed reaction
to 1.05 g of 7a to demonstrate the practicability of
our protocol, and 9a was obtained in a good yield of
81%.

To further illustrate the generality of our method,
we applied this strategy to the aerobic oxidative C�C
coupling reaction of tetrahydroisoquinoline with a
series of unmodified ketones (Scheme 1). Although
several methods, which include CuI/O2 (1.0 atm),
VIV/TBHP, and RuII/photoredox catalytic systems,
have been developed for this transformation either
the yield or the scope was unsatisfactory.[10b,d,j]

Initially, treatment of 7a with acetone 10 a in the
presence of the catalyst 1b and without a solvent
only afforded the desired product 9 l in 35 % yield.
Pleasingly, it was found that addition of an acid and
molecular sieves (4 �) were beneficial to the gold-
catalyzed coupling reaction. Under the optimized
reaction conditions, different N-aryltetrahydroiso-
quinolines 7a–e with acetone could undergo the
coupling reaction smoothly to afford the desired
products 9 l–p in good yield (75–86 %). The bulky
methyl ketones 10b–e were still effective and gave
good results in our catalytic system. Notably, the
inert 3,3-dimethylbutan-2-one could also be coupled
with 7 a to give 9u in satisfactory yield with a longer
reaction time. Besides the methyl aryl and alkyl
ketones, cycloketones could be used to construct C�
C bonds, affording 9 v,w in useful synthetic yields.

To gain insight into the gold-catalyzed C�C
coupling reaction, several control experiments were
carried out to elucidate the mechanism. Adding the
radical inhibitor BHT (2,6-di-tert-butyl-4-methylphenol) to
the reaction of 7a and 8a dramatically decreased the reaction
rate and yield, thus indicating that a radical mechanism could
be involved. On the basis of a mass spectrometry study, a

cationic iminium species was observed to serve as the key
intermediate of the coupling reaction.[11] In the light of the
work of Murahashi et al. on the ruthenium-catalyzed oxida-
tive cyanation of amines,[6g] a plausible mechanism is shown in

Table 2: Aerobic oxidative C�C coupling reaction of amines with nitroalkanes.[a]

Entry 7 t
[h]

Product 9 Yield
[%][b]

1 7a 3 9a 86

2 7b 1.5 9b 90

3 7c 3 9c 91

4 7d 5 9d 88

5[c.d] 7e 2.5 9e 87

6[c] 7 f 3 9 f 95

7 7a 5 9g 90

8 7b 3 9h 91

9[c,d] 7e 1.5 9 i 85

10 7d 2.5 9 j 90

11 7g 30 9k 52

[a] Reaction conditions: 7 (0.1 mmol), nitroalkane 8/MeOH (v/v= 9:1; 1.0 mL),
60 8C, air. [b] Yields of the isolated products. [c] Without methanol. [d] The reaction
was performed at 40 8C.
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Scheme 2. Initially, the AuI species 11 may be generated
in situ from the reduction of AuIII 1 b by the solvent or
substrates.[12] Then, 11 would coordinate to N-phenyltetrahy-
droisoquinoline 7a to give 12. An electron transfer followed
by a hydrogen transfer from amine 7a to gold results in the
formation of an iminium gold hydride complex 13.[6a] The
AuH species may be different from the CuH and AgH
species,[13] and it could form the iminium ion/AuOOH
complex 14 in the presence of air (O2) in a similar way to
PdH and RuH.[14] The iminium species 14 can be trapped with
nitromethane quickly to afford the desired product 9 a, H2O
and the gold(III) oxo complex 15. Subsequently, the AuIII=O
species 15 reacts with another amine 7a to give iminium

intermediate 16 by electron and hydrogen transfer.[15] Finally,
16 could react with nitromethane to yield the product 9a and
complete the catalytic cycle.

In summary, we have developed a highly efficient
homogeneous gold-catalyzed oxidative C�C coupling
method for tertiary amines with nitroalkanes and different
unmodified ketones by using air as the sole oxidant under
mild reaction conditions. The safe, convenient, and environ-
mentally benign process, as well as the broad substrate scope,
low catalyst loading, short reaction time, and good yields
make this protocol very practical. Further studies on the gold-
catalyzed aerobic oxidative C�C coupling mechanisms are
under way in our laboratory.
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Scheme 2. Plausible mechanism (L= 2,2’-bipyridine).
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