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ABSTRACT

A novel copper-catalyzed tandem reaction was developed by utilizing two famous copper-catalyzed reactions, CuAAC and Ullmann coupling. The
trapping of the C�Cu intermediate produced in CuAAC led to further formation of an aryl C�C bond through intramolecular Ullmann C�C coupling.

Copper-catalyzed azide�alkyne cycloaddition (CuAAC)1

has been the subject of intensive research and has played
an outstanding role in various fields of organic synthesis,
medicinal chemistry, molecular biology, and materials
science since its initial discovery by Fokin/Sharpless2 and
Meldal3 groups independently. Another famous copper-
catalyzed reaction is the Ullmann-type coupling, which
is one of the most efficient methods for constructing
carbon�heteroatombonds, and has been extensively studied

in academia and widely applied in industry.4,5 To our
surprise, although both the Ullmann-type coupling and
CuAAC were catalyzed by copper salts, research about
the combination of the two kinds of reactions is relatively
rare. One example was the one-pot reaction of aryl halides,
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sodium azide, and alkyne reported by Fokin et al.6 in
which the aryl azide was generated in situ through an
Ullmann C�N coupling reaction and immediately con-
sumed in the CuAAC reaction to form 1,4-substituted
1,2,3-triazoles.7 Ackermann et al. further developed this
one-pot reaction8 through a sequential C�H functionali-
zation by reacting the 1,4-disubstituted 1,2,3-triazoles and
aryl iodides at 140 �C with t-BuOLi as the base to afford
fully decorated 1,2,3-triaoles. Similar strategies were also
successfully applied in the Pd-catalyzed direct arylation of
1,2,3-triazoles.9,10

ThemechanismofCuAAChasbeen clearly documented
as a [3þ 2] process with the formation of a highly reactive
C�Cu intermediate that undergoes rapid protonation to
form the stable 1,4-disubstituted 1,2,3-triazoles.2 It has
been reported that the organocopper intermediates could
also be trapped by electrophiles such as ICl, alkyl halides,
or acyl halides to produce 1,4,5-trisubstituted 1,2,3-tria-
zole rather than protonation.11 However, such reactions
always needed stiochiomeric amounts of copper salts for
efficient producing of the organocopper intermediate and
excessive electrophiles for the trapping. During our con-
tinuing work in developing novel catalyzed tandem reac-
tions by trapping organocopper intermediates,12 we
envisioned that the C�Cu species produced in CuAAC
may be a reactive intermediate for further Ullmann C�C
coupling reaction and would lead to the formation of 1,4,
5-trisubstituted 1,2,3-triazoles directly. Recently, we re-
ported a copper-catalyzed tandem reaction of N-(2-
haloaryl)propiolamides with sodium azide for the synth-
esis of [1,2,3]triazolo[1,5-a]quinoxalin-4(5H)-ones.12d The
tandemreactionwas proposed toproceed througha [3þ 2]

cycloaddition/copper-catalyzed intramolecular Ullmann
C�N coupling process.13 However, to the best of our
knowledge, no combination of CuAAC and Ullmann
C�C coupling has been reported for developing novel
tandem reactions. In this paper, we want to disclose our
research in the trapping of the C�Cu intermediate pro-
duced in the CuAAC reaction through an intramolec-
ular Ullmann C�C coupling reaction, leading to the
formation of 1H-[1,2,3]triazolo[4,5-c]quinolin-4(5H)-ones
(Scheme 1).14

To test the idea of intramolecular trapping of the
organocopper intermediate produced in the CuAAC reac-
tion, we initially explored the copper-catalyzed reaction of

Scheme 1. Design of CuAAC�Intramolecular Ullmann C�C
Coupling Tandem Reactions

Table 1. Condition Screeninga

entry substrate solvent product yieldb (%)

1 1a DMSO 3a c

2 1b DMSO 3b 97d

3 1c DMSO 3c 99

4 1d DMSO 3d 97

5 1e DMSO 3a 32

6 1b DMF 3b 87

7 1b MeCN 3b 85

8 1b 1,4-dioxane 3b 72

9 1b H2O 3b 21

aReagents and conditions: 1 (0.5 mmol), 2a (0.5 mmol), CuI
(0.05 mmol), K2CO3 (1.0 mmol), solvent 1 mL, rt, 1 h. b Isolated yields.
cNo 3a was detected. d 23% of 3b was isolated without the base.
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N-(2-iodophenyl)propiolamide 1a with BnN3 2a. As
shown in Table 1, no desired product 3a was obtained
either with K2CO3 or without the base. The only isolated
product was the CuAAC product 4a. Similar results have

been observed in our previous research, and it could be
explained by the rapid quench of the C�Cu intermediate
by the proton attached to the amide bond.12a To overcome
this problem, a variety of N-substituted substrates 1b�d

Table 2. Screening of Substrate Scopea

aReagents and conditions: substrate 5 or 1b (0.5mmol), 2 (0.5mmol), CuI (0.05mmol),K2CO3 (1.0mmol), solvent 1mL, rt, 1�2 h.For entries 1�12,
2a was used as the reactant; for entries 13�18, other organic azides 2b�d were used. b Isolated yields. cAryl bromide was used as the reactant at 60 �C.
d 50 �C. e 90 �C.
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were tested for the CuI-catalyzed tandem reactions15 in
DMSO at room temperature with K2CO3 as the necessary
base.As expected, all delivered the correspondingproducts
3b�d in good to excellent yields (Table 1, entries 2�4). The
reaction of 1a with 2a failed to afford the tandem product
3a; however, when N-acetyl-3-(tert-butyldimethylsilyl)-
N-(2-iodophenyl)propiolamide 1ewasused in the reaction,
the deprotected product 3a was delivered in 32% yield
(Table 1, entry 5). When 1b was reacted with 2a, other
solvents such asDMF, 1,4-dixone,MeCN, andwater were
also screened, and all gave reduced outcome (Table 1,
entries 6�9). It is noticeable that the reaction of 1bwith 2a
even delivered the product 3b in 21% yield at room
temperature with H2O as the solvent, with the recovery
of most starting materials (Table 1, entry 9).
With the optimized conditions in hand,we then explored

the substrate scope, and the results are shown inTable 2. In
most cases, the tandem reactions of N-methyl-N-(2-
iodoaryl)propiolamides withBnN3 2a afforded the desired
products in good to excellent yields in 1�2 h at room
temperature. Both the electron-donating and -withdraw-
ing groups on the aryl ring were well tolerated (Table 2,
entries 1�9). To further explore the substrate scope,
other substrates such as 2-iodo-N-methyl-N-(prop-2-ynyl)-
benzenamine derivatives 5j�l were also tested in our reac-
tions; althoughonlymoderate yieldswere obtained at room
temperature, much better results were obtained at elevated
temperatures of 50 �C (Table 2, entries 10�12). Aryl bro-
mides were also tested under our reaction conditions, and
the corresponding products were obtained in moderate
yields at 60 �C, with most of the CuAAC product being
isolated (Table 2, entry 1). However, for aryl chlorides,
only a small amount of the desired products was detected
even at 90 �C (data not shown).
Further, different organic azides such as n-BuN3 and

allyl azide were also explored by reaction with 1b and
afforded the corresponding tandem products in good
yields (Table 2, entries 13 and 14). However, when PhN3

was reacted with 1b, no desired product 6owas detected at
room temperature, and it was obtained only at low yield
even when the reaction temperature was elevated to 90 �C,
with most of the starting material 1b recovered (Table 2,
entry 15). Similar results were observed when 2-iodo-N-
methyl-N-(prop-2-ynyl)benzenamine 5j was reacted with
different organic azides (Table 2, entries 16�18).
On the basis of the literature reports2,11 and our experi-

mental observations, a plausible reaction mechanism was
proposed as shown in Scheme 2. First, the reactive C�Cu
intermediate B was formed through the CuAAC reaction
mechanism, which was then inserted into the aryl halide
bond and led to the formation of aryl C�C bond.
However, the products may also be formed through a

two-step sequential process similar to Ackermann’s
report.8,9 First, a stable CuAAC product was formed,
which then underwent C�H functionalization under basic
conditions to produce the desiredC�C coupling products.

To exclude such a mechansim, we then performed a con-
trolling experiment by heating 1-benzyl-N-(2-iodophenyl)-
N-methyl-1H-1,2,3-triazole-4-carboxamide 4b in DMSO
at the presence of CuI and K2CO3 at 90 �C (Scheme 3).
However, no coupling product was detected after 24 h,
which proved that the desired product was not formed
through the two-step sequential process but most possibly
through direct rapid trapping of the reactive organocopper
intermediate B.

In summary,wehavedevelopedanovel tandemreactionby
utilizing two famous copper-catalyzed reactions,CuAACand
Ullmann coupling. The intramolecular trapping of theC�Cu
intermediate produced inCuAAC led to further formation of
an aryl C�C bond through Ullmann C�C coupling. The
process tookplace efficientlywhenavarietyofN-(2-iodoaryl)-
propiolamides or 2-iodo-N-(prop-2-ynyl)benzenamineswere
used, and it displayed a wide range of functional group
compatibility. This chemistry should be interesting for
further application in drug discovery and other fields.
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