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Abstract An expeditious room temperature protocol for the synthesis
of 1,4-disubstituted 1,2,3-triazoles from terminal alkynes and substi-
tuted azides has been achieved using the combination of CuSO4-ascor-
bate/1,4-diazabicyclo[2.2.2]octane/acetic acid. This expeditious proto-
col is applicable to aryl, alkyl, and sulfonyl azides. Acetic acid
accelerates the protonation of cuprated triazole and thus avoids the
possible side reactions. Devoid of acetic acid, the reaction pathway al-
ters to the ketinimine route and results in the formation of sulfon-
amides.

Key words CuAAC, DABCO, alkynes, azides, 1,4-disubstituted 1,2,3-
triazole

Copper-catalysed azide–alkyne cycloaddition (CuAAC)
has been the ultimate in click chemistry since the Huisgen
[3+2] cycloaddition under catalytic condition was rediscov-
ered independently by the groups of Sharpless1 and
Meldal.2 Many research groups have devoted attention to
finding different catalytic systems and studying the mecha-
nistic aspects of the reaction. A literature survey reveals
that there is plethora of catalytic systems using different
copper(I) sources,2,3 solvents,4 and additives for CuAAC
when alkyl or aryl azides are used. However, electron-defi-
cient azides are challenging substrates since they frequent-
ly do not provide the corresponding 1,2,3-triazoles. N-Sul-
fonyl azides usually react with alkynes in the presence of
the corresponding catalytic system giving amidines, imi-
dates, or amides via a ketinimine intermediate.5

The reaction rate and product distribution of CuAAC de-
pends upon the copper(I) source, solvent, ligand used, and
the type of azide used. It is well-known that use of ascor-
bate as a mild reductant for the in situ generation of cop-
per(I) has provided a convenient and practical protocol.

Water is the solvent of choice as it is capable of supporting
the in situ generated copper(I) acetylide in a reactive state.
Furthermore, in aqueous medium the ability of copper(I) to
engage the terminal alkyne by σ-and π-interactions and the
rapid exchange of these with other ligands in its coordina-
tion sphere becomes pronounced.6 A delay in the onset of
catalysis by copper(I) is observed in some cases, due to the
formation of unreactive polynuclear copper(I) acetylide
clusters.7

Previous experimental and DFT investigations8 of the
mechanism of CuAAC suggest that formation of unreactive
copper(I) acetylide clusters and delay in the protonation of
cuprated triazole constitute bottlenecks in the develop-
ment of an efficient protocol for the formation of triazoles.
Overcoming these two hurdles should therefore enhance
the rate of the reaction as well as minimizing the formation
of side products such as diacetylenes, bistriazoles, and 5-
hydroxytriazole.9 The addition of an electron-rich ligand in-
creases the electron density at copper and N1 and decreases
the binding energy of the C5–Cu bond, which improves the
stability of the N1–N2 bond.10 Acetic acid (AcOH) is known
to be the best proton source for the protonation of cuprated
triazole and it accelerates both cycloaddition and protona-
tion steps.3a,10,11

We speculated that 1,4-diazabicyclo[2.2.2]octane (DAB-
CO) could primarily prevent the formation of the unreactive
polynuclear copper(I) acetylide and facilitate the coordina-
tion of azide to copper during the ligand exchange step.
Acetic acid may accelerate the conversion of the copper-
metallated triazole to triazole and buffer the basicity of
DABCO. With the aim of designing a simple, efficient, and
expeditious protocol that should be modular with respect
to aryl/alkyl/sulfonyl azides, we present herein a DABCO–
AcOH accelerated aqueous ascorbate method for the syn-
thesis of 1,4-disubstituted 1,2,3-triazoles (Scheme 1).
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Scheme 1  DABCO–AcOH accelerated CuAAC

To confirm our hypothesis, control experiments were
undertaken as shown in Table 1. In preliminary experi-
ments, CuAAC reactions were conducted in CuSO4·5H2O (10
mol%), sodium ascorbate (40 mol%), and a binary mixture of
solvents. In an i-PrOH–H2O system (1:1) product 3a was ob-
tained in moderate yield; while CH2Cl2–H2O system (1:1)
and THF resulted in lower yields. However, when DABCO
was added to the reaction system, the substrates reacted
within four hours to give 3a in moderate yield (Table 1, en-
try 6). Addition of triethylamine as an additive hampered
the reaction resulting in a lower yield (Table 1, entry 7).
Various commercially available copper(I) salts such as CuCl
and CuI were also tested in the presence of DABCO (20
mol%) and AcOH (20 mol%), however, the outcomes were
not encouraging. In addition to this, formation of the di-
acetylene product via Glaser–Hay coupling12 was also ob-
served.

To our satisfaction, the CuSO4-ascorbate/DABCO/AcOH
catalytic system effectively catalysed the reaction and com-

plete conversion of the starting alkyne and azide was ob-
served within 15 minutes, resulting in a 86% yield of 3a (Ta-
ble 1, entry 12). The reaction with this catalyst system (Cu-
SO4·5H2O/sodium ascorbate/DABCO/AcOH) in different
proportions (Table 1, entries 13–15) was studied, and it was
observed that the catalytic system with a 1:4:2:2 propor-
tion proved most productive (Table 1, entry 14).

To explore the generality of this protocol, cycloaddition
between various alkynes and azides was tested. Benzyl-
and substituted phenyl azides react smoothly in this acid
and base jointly accelerated CuAAC reaction to afford 1,4-
disubstituted 1,2,3-triazoles within 15 minutes in water
with excellent yields (Scheme 2, 3a–i).13 The structure of
compound 3f was confirmed unequivocally by X-ray crys-
tallographic analysis (Figure 1).14

R1 H

N
N

N

R1

R2

R2 N3+
H2O, rt

CuSO4, Na ascorbate 
DABCO, AcOH

1a,b 2a–j 3a–o

Table 1  Screening of Catalyst, Additive, and Solvent for the Synthesis of 3aa

Entry Copper source (mol%) Reducing agent (mol%) Solvent Additive (mol%) Proton source Time (h) Yield (%)b

 1 CuSO4·5H2O (10) Na ascorbate (40) i-PrOH–H2O (1:1) – –  3 59

 2 CuSO4·5H2O (10) Na ascorbate (40) CH2Cl2–H2O (1:1) – – 20 56

 3 CuSO4·5H2O (10) Na ascorbate (40) THF – – 12 20

 4 CuSO4·5H2O (10) Na ascorbate (40) CH2Cl2–H2O (1:1) DABCO (20) –  6 59

 5 CuSO4·5H2O (10) Na ascorbate (40) EtOH–H2O (1:1) DABCO (20) –  6 59

 6 CuSO4·5H2O (10) Na ascorbate (40) H2O DABCO (20) –  4 63

 7 CuSO4·5H2O (10) Na ascorbate (40) H2O Et3N (20) –  4 45

 8 CuSO4·5H2O (10) Na ascorbate (40) H2O DABCO (20) AcOH (20)  0.25 86

 9 CuCl (10) – DMSO–H2O (1:1) Na2CO3 –  5 50

10 CuCl (10) – H2O DABCO (20) AcOH (20)  1 66

11 CuI (10) – H2O DABCO (20) AcOH (20)  1 36

12 CuSO4·5H2O (5) Na ascorbate (20) H2O DABCO (10) AcOH (10)  0.25 86

13 CuSO4·5H2O (4) Na ascorbate (16) H2O DABCO (8) AcOH (8)  0.25 86

14 CuSO4·5H2O (3) Na ascorbate (12) H2O DABCO (6) AcOH (6)  0.25 86

15 CuSO4·5H2O (2) Na ascorbate (8) H2O DABCO (4) AcOH (4)  0.25 70
a A mixture of 1a (1 equiv) and 2a (1 equiv) was tested at r.t.
b Isolated yields.

Ph + PhN3

N

NN

Ph

Ph

1a 2a 3a

Figure 1  ORTEP diagram of 3f (CCDC 1479799)
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To improve the substrate scope of the process further,
various sulfonyl azides (2h–j) were also tested. N-Sulfonyl-
triazoles arising from the reaction of sulfonyl azides and
alkynes can undergo rearrangement leading to the forma-
tion of mixture of triazoles and their ring-opened α-diazo-
imino tautomers.15 We found the present catalytic system
(DABCO/AcOH) to work well with sulfonyl azides and solely
afford N-sulfonyltriazoles with excellent yields (Scheme 2,
entries 3j–o).

To confirm the role of AcOH in the reaction, a control
experiment for the reaction of phenyl acetylene (1a) and 4-
methylbenzenesulfonyl azide (2j) was performed using the
optimized reaction conditions but excluding AcOH.16 N-Sul-
fonyl amide 4a was obtained exclusively instead of the de-

sired N-sulfonyltriazole (3o). The pathways for formation of
both cyclic product 3o and chain product 4a share the 5-cu-
prated 1,2,3-triazole as a common intermediate (Scheme
3). In the presence of AcOH subsequent protonation of this
intermediate results in the formation of N-sulfonyl triazole
(3o) but in the absence of AcOH, the protonation step is de-
layed and consequently, N1–N2 bond cleavage takes place
to give the N-sulfonyl amide via the ketinimime intermedi-
ate.

In summary, we have developed a robust and highly ef-
ficient catalytic system of copper(I)/DABCO/AcOH for the
synthesis of 1,4-disubstituted 1,2,3-triazoles. The DAB-
CO/AcOH combination provides a buffer and dramatically
decreases the reaction time from hours to minutes. The de-

Scheme 2  Synthesis of 1,4-disubstituted -1,2,3-triazole from various alkynes and azides
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Scheme 3  Mechanistic steps involved in the formation of N-sulfonyl amide
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veloped protocol is versatile and tolerant of most functional
groups. The addition of DABCO improves the stability of the
N1–N2 bond by increasing the electron density at copper
and N1 and decreasing the binding energy of the C5-Cu
bond. AcOH accelerates the protonation of cuprated triazole
and buffers the basicity of DABCO. We further conclude that
delay in the protonation of the cuprated triazole intermedi-
ate results in ring opening with the cleavage of the N1–N2
bond to form the ketinimine intermediate which is trapped
with water to form N-sulfonyl amides. This study demon-
strates the role of AcOH in the development of an expedi-
tious protocol for CuAAC and also opens a way to control
the selectivity of formation of ring with regard to ring-
opened product during the reaction of electron-deficient
azides with alkynes.
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