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ABSTRACT

Inexpensive copper catalysts enabled modular one-pot multicomponent syntheses of fully decorated triazoles through a sustainable “click”
reaction/direct arylation sequence.

The remarkable efficiency and selectivity accomplished with
copper catalysts1,2 in Huisgen cycloadditions of organic
azides with alkynes3 resulted in its application in various
research areas, ranging from bioorganic and medicinal
chemistry to material sciences.4 This “click” reaction pro-
ceeded highly regioselectively when using terminal alkynes,
thereby providing 1,4-disubstituted 1,2,3-triazoles 2 as the
sole products. On the contrary, [3 + 2] cycloadditions of
the corresponding internal alkynes for the synthesis of fully
decorated 1,2,3-triazoles 4 were found either not generally
applicable or gave rise to mixtures of regioisomers.5

Catalytic C-H-bond functionalizations are attractive be-
cause of their ecologically and economically benign nature.
Among these, regioselective direct arylations of (hetero)are-
nes represent a valuable alternative to traditional cross-
couplings with stoichiometric amounts of organometallic
reagents.6 The overall efficiency of this strategy was
significantly improved by its combination with mechanisti-
cally distinct processes within sustainable one-pot reactions.
Unfortunately, this approach proved thus far restricted to the
use of catalysts based on relatively expensive transition
metals, such as palladium7 or ruthenium.8

As part of our program on the development of sustainable
C-H-bond functionalizations,9 we wished to explore the
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application of less expensive copper complexes10 to direct
arylation-based11 sequential catalyzes. During these studies,
we observed that a single copper precursor sequentially
enabled two sustainable catalytic transformations, namely
atom-economical “click” reactions and novel C-H-bond
functionalizations of 1,2,3-triazoles.12,13 Herein, we report
on this approach, which allowed for modular syntheses of
fully substituted 1,2,3-triazoles 4 through a chemo- and
regioselective one-pot, four-component coupling (Scheme 1).

To probe the viability of the envisioned sequential catalytic
protocol, we first tested copper-catalyzed direct arylations
of 1,4-disubstituted 1,2,3-triazoles 2 (Table 1). Triazoles 2
displaying electron-donating alkyl-substituents on the het-
eroarenes were efficiently converted with a variety of
substituted aryl iodides 3 (entries 1-9). Pronucleophiles with
aryl groups at either position of the heterocycle were
regioselectively functionalized at the electron-rich triazole
moieties (entries 4-8). Notably, the copper-catalyzed direct
arylation of a monosubstituted 1,2,3-triazole proceeded also
exclusively at position C-5, yielding triazole 4i exclusively
(entry 9).

With an effective protocol for copper-catalyzed direct
arylations of triazoles 2 in hand, we tested its application to
the one-pot sequential synthesis of fully14 substituted triazoles
4. At the outset, we chose preformed alkyl-substituted azides
as starting materials for the initial catalytic “click” reaction
(Table 2).

Importantly, these studies revealed that a single inexpen-
sive copper catalyst could be employed for two mechanisti-
cally distinct reactions, providing triazoles 4 in high yields.
This protocol proved broadly applicable, allowing for the
use of alkyl- (entry 1) as well as aryl-substituted alkynes
(entries 2-9). Further, electrophiles with either electron-
donating (entries 1-5) or electron-withdrawing (entries 6-9)
substituents were successfully converted, even when more
sterically demanding (entries 1-4, and 9).

Subsequently, we probed a modular synthesis of N-
aryltriazoles 4 through a chemoselective coupling of four
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Scheme 1. Copper-Catalyzed Sequential Synthesis of Triazoles

Table 1. Copper-Catalyzed Direct Arylations of Triazoles 2a

a Reaction conditions: 2 (1.00 mmol), 3 (3.00 mmol), CuI (10 mol %),
LiO-t-Bu (2.00 mmol), DMF (3.0 mL), 140 °C, 24 h; yields of isolated
product.
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components. A copper catalyst modified with N,N′-dimeth-
ylethylenediamine (DMEDA) as stabilizing ligand yielded
disubstituted triazoles 2 efficiently. Importantly, their regi-
oselective direct arylations were also achieved with the same
copper catalyst (Table 3).15 Therefore, a variety of triazoles
4 were obtained, displaying both electron-rich (entries 1-4)

as well as functionalized electron-deficient (entries 5 and 6)
aryl-substituents. It is noteworthy that this four-component
one-pot synthesis involved the formation of one C-C- and
three C-N-bonds in a highly selective fashion.

In conclusion, a novel copper-catalyzed direct arylation
of 1,4-disubstituted triazoles 2 set the stage for the develop-
ment of a modular one-pot approach to diversely substituted
1,2,3-triazoles 4. The unprecedented direct arylation-based(15) Representative Procedure (Table 3, Entry 2). A suspension of

CuI (19 mg, 0.10 mmol, 10 mol %) and NaN3 (69 mg, 1.05 mmol) in DMF
(3 mL) was treated with 1-hexyne (82 mg, 1.00 mmol), 3-iodobenzene (204
mg, 1.00 mmol), and N,N′-dimethylethylenediamine (13 mg, 0.15 mmol,
15 mol %) and was stirred under N2 at ambient temperature for 2 h. Then,
LiO-t-Bu (160 mg, 2.00 mmol), 2-iodoanisole (702 mg, 3.00 mmol), and
DMF (2.0 mL) were added, and the resulting suspension was stirred under
N2 at 140 °C for 20 h. At ambient temperature, Et2O (50 mL) and H2O (50

mL) were added, and the separated aqueous layer was extracted with Et2O
(2 × 75 mL). The combined organic layers were washed with satd aq NH4Cl
(50 mL), H2O (50 mL), and brine (50 mL), dried over Na2SO4, and
concentrated in vacuum. The remaining residue was purified by column
chromatography on silica gel (n-hexane/EtOAc 12/1 f 10/1) to yield 4g
as an off-white solid (260 mg, 81%).

Table 2. Sequential Copper-Catalyzed Synthesis of Triazoles 4a

a Reaction conditions: (a) 1 (1.00 mmol), AlkN3 (1.00 mmol), CuI (10
mol %), DMF (3 mL), 60 °C, 4 h; (b) 3 (3.00 mmol), LiO-t-Bu (2.00 mmol),
DMF (2.0 mL), 140 °C, 20 h; yields of isolated product. b 3 (3.00 mmol),
CuI (10-30 mol %), LiO-t-Bu (2.00 mmol), DMF (2.0 mL), 140 °C, 20 h.

Table 3. Sequential Copper-Catalyzed Four-Component
Synthesisa

a Reaction conditions: (a) 1 (1.00 mmol), 3 (1.00 mmol), NaN3 (1.05
mmol), CuI (10 mol %), DMEDA (15 mol %), DMF (3.0 mL), 22 °C, 2 h;
(b) 3 (3.00 mmol), LiO-t-Bu (2.00 mmol), DMF (2.0 mL), 140 °C, 20 h;
yields of isolated product. DMEDA ) N,N′-dimethylethylenediamine.
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sequential copper-catalysis combined atom-economical “click”
reactions with sustainable C-H-bond functionalizations,
enabling the chemoselective coupling of up to four compo-
nents through the formation of one C-C- and three C-N-
bonds.
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