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ABSTRACT

A variety of 3-triazolyl-2-iminochromenes were synthesized in a one-pot, catalytic, three component condensation. In this event, a Cu(I)-catalyzed
cycloaddition between 2-azidoacetonitrile and an acetylene formed a triazole and activated the neighboring methylene group, inducing an
aldol�cyclization�dehydration sequence in the presence of a salicylaldehyde. Further elaboration led to more complex polyheterocycles.

The efficient construction of diverse and elaborated
heterocycles from simple starting materials is highly desir-
able in medicinal chemistry and material sciences yet
remains a continuing challenge in organic synthesis.Multi-
ple component reactions (MCRs), due to their convergent
nature, are ideal tools to address this demand.1,2 Combin-
ing a series of “two-component” reactions in a reaction
vessel can be operationally efficient. However, many of
these one-pot, stepwise procedures require a specific order
of addition of components/reagents or different conditions
for each individual transformation. In contrast, “ideal”
MCRs are conducted under the same conditions by adding
all startingmaterials at the same time.2a,e Therefore, better
control of interactions among components/intermediates
and, thus, more organized reaction pathways are essential
in the design of new MCRs from existing reactions of
lower dimensions. In principle, there are two requirements in
“ideal” three-component reactions: (1) the direct product of
the first two component reaction should be able to react with
the next component automatically; (2) the third component

does not react irreversibly with the first two components to
complicate the outcome of the condensation.2e,f

In efforts to develop new MCRs, we were interested in
exploiting the high chemoselectivity of the Cu(I) catalyzed
azide�alkyne cycloaddition (CuAAC) reaction. This “click
chemistry” has found many applications in drug discovery,
bioconjugation and material sciences in the past decade.3�5

CuAAC reaction is attractive for participation in multiple
component assembly processes due to its superior selectiv-
ity, reliability, and efficiency. In addition, alkyne and azide
groups have a uniquewindow of reactivity thatmakes them
compatible with many other reactants. Utilizing these char-
acteristics, some groups have successfully combined triazole
formation with other reactions to construct more complex
structures.6 Nevertheless, the utility of the electronic out-
come of this powerful transformation has received little
attention.We reasoned that switching from the azide group
to the triazole group could have an impact on the reactivity
of its neighboring groups in subsequent transformations. In
accord with the design principles mentioned before, this
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aspect of the CuAAC reaction provides opportunities to
construct new “ideal” MCRs.
Recently, we disclosed a general “click-and-activate”

protocol in Scheme 1: a click reaction on azide 1 provided
triazole 2 which led to activation of the leaving group
substituted conjugated double bond toward nuleophilic
attack togive3 in onepot.7This conceptwasdemonstrated
in a facile synthesis of a triazolyl-pyridazinone library7a

and, later, in a one-pot assembly of triazole-fused pyrazi-
nopyridazindione tricycles.7b

Here we propose a conceptually different “click-and-
activate” protocol in Scheme 1: CuAAC of azide 4 should
make the methylene group in the resulting triazole 5more
acidic and easily deprotonated by a base. Consequently,
the stabilized carbanion should be a good substrate to be
captured by a variety of electrophiles to afford 6 in one pot.
Compared to the first “click-and-activate electrophiles”
(CAE) protocol, this second “click-and-activate nucleo-
philes” (CAN) strategy should have even broader applica-
tion in terms of both the substrate scope and reaction types
involving stabilized carbanions.

Coumarins and chromenes are interesting biocompati-
ble heterocycles.8,9 Recently, 3-triazolylcoumarins 8 have
attracted particular attention afterWang’s group reported
an elegant fluorogenic CuAAC reaction between 3-azido-
coumarins 7 (as the profluorophore) and acetylenes
(Scheme 2).10 This fluorogenic chemistry has found many

applications in the fields of drug discovery,11 bioconjua-
tion, and sensors.12,13

Nevertheless, the existing preparations of 3-azidocou-
marins 7 require several synthetic steps involving strongly
acidic conditions to install the azide group.10 Apparently,
these procedures are tedious and particularly unsuitable for
the synthesis of acid labile 3-triazolyl-2-iminochromenes
which have not been reported in the literature. Here we
report a facile, one-pot synthesis of 3-triazolyl-2-imino-
chromene 9 directly from the condensation of 2-azidoa-
cetonitrile 10, acetylene 11, and salicylaldehyde 12 in a
tandem “CuAAC�aldol�cyclization�dehydration” se-
quence (Scheme 3) as the first case study of our “click-and-
activate nucleophiles” (CAN) approach toward MCRs.

In the literature, the CuI/NR3 combination has been a
convenient catalytic system for CuAAC reactions in or-
ganic solvents. Meanwhile, efficient deprotonation of the
activated methylene group is also desirable in an aldol
reaction. Therefore, it would be possible and beneficial to
use the same weak base to facilitate both steps in one pot.
Here we were also curious to see if the third component,

salicylaldehyde, hadanyeffecton theCuAACstep (Table1).
When 0.1 equiv of 5-methylsalicylaldehyde 12awas added
to a 0.5 M ethanol solution of 2-azidoacetonitrile 10,14

1.0 equiv of phenylacetylene 11a, and 5 mol % of CuI,

Scheme 1. “Click and Activate” in Two Different Ways

Scheme 2. Wang’s Fluorogenic Click Reaction

Scheme 3. One-Pot Synthesis of 3-Triazolyl-2-iminochromenes
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virtually no effect was observed on the rate of triazole
formation (7% and 8% conversion at 2 h, entries 1 and 3,
respectively). Interestingly, a combination of 0.1 equiv of
12a and 0.1 equiv of triethylamine greatly accelerated the
CuAAC reaction (entry 4, Table 1). The reaction rate under
this condition is 2-fold faster than that in the presence of
only triethylamine, and over 20-fold faster than that in the
absence of the base, as indicated by the approximate t1/2 of
the three parallel reactions (∼1 h, ∼2 h, and >24 h for
entries 4, 2, and 1, respectively). It is known that deproto-
nated salicylaldehyes act as versatile bidentate ligands to
form a wide variety of Cu complexes with different coordi-
nation numbers and geometries.15 In the literature, some
ligands significantly accelerate the CuAAC reaction via
activation or stabilization of the catalytic Cu(I) species.16

So it is feasible that deprotonated 12a can play a similar
chelating role to promote the reaction, albeit to a lesser
extent. Another possible reason for this intriguing rate
acceleration could be the ability of 12a to buffer the basicity
of the triethylamine and facilitate the protonation of the
5-cuprated 1,2,3-triazole key intermediate in the final stage
of the CuAAC catalytic cycle.16f

The “click-and-activate” concept was demonstrated in
the following control experiments (Scheme 4). Treatment
of triazole 13a in ethanol with 1 equiv of 12a and 1 equiv
of triethylamine led to 85% conversion to 3-triazolyl-2-
iminochromene 9a in 24 h. In comparison, azide 10 failed
to afford any amountof 3-azido-2-iminochromene14under
the same conditions. Benzylnitrile was also tested, and only
a trace of conversion to 3-phenyl-2-iminochromene 15 was
detected after 24 h.

Since the same base and solvent can be used in both
steps, it was convenient to run the entire three component
condensation in one pot (9a in Scheme 5) as follows: To a
1M ethanol solution of 10were added 11a (1.1 equiv), 12a
(1 equiv), and triethylamine (2 equiv). As expected from
control experiments, no desired transformation was ob-
served. Upon adding a catalytic amount of CuI (5mol%),
the mutually promoted CuAAC�aldol�cyclization�
dehydration cascade was triggered. Both the intermediate
13a and the final product 9a were detected by HPLC in
5 min. After stirring for 24 h, the solvents were removed
under reduced pressure and the residue was suspended in
water and then filtered. The collected solid was sequen-
tially washed with 2% of NH4OH, water, and methanol
and was air-dried on the filtering funnel for 1 h to give
analytically pure product 9a (68% yield). It should be
mentioned that the easy purification by filtration and
washing was critical not only for operational simplicity
but also because attempts to purify the product by silica gel
column led to partial hydrolysis of the 2-iminochromene to
the corresponding coumarin.
In this three component condensation, two rings and

four bonds of three different types (one C�C, one C�O,
and two C�N bonds) are formed in one pot. It is striking
that all four newbonds are formedwith 2-azidoacetonitrile
(10) which comprises only six heavy atoms. This small
molecule of remarkable bond-forming potential remains
latent in the presence of the other two components until a
catalyst is introduced to stitch them together via our designed
pathway.
The easy execution of this three component reaction pro-

vides rapid access to substituent diversity on the 3-triazolyl-
2-iminochromene scaffold by condensing a variety of
salicylaldehydes 12 and alkynes 11 with 10 as shown
in Scheme 5. Both electron-donating groups such as
alkoxy- and electron-withdrawing groups such as bromo-,
dichloro-, and fluoro- are tolerated at various positions
on the salicylaldehyde component. On the other side, a
range of alkynes bearing electron-rich (9h�j, 9n) and
electron-poor (9k�m, 9o) aryl or heteroaryl groups can
be easily incorporated. Several less reactive alkyl sub-
stituted acetylenes were also installed in decent yields
(9f, 9p�r).

Table 1. Additive Effects on CuAAC Reaction

aThe conversion was calculated based on relative HPLC peak area
integrations of 13a and 11a at 215 nm.

Scheme 4. Control Experiments on 2-IminochromeneFormation
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Thebond-formingefficiencyof thisnovelMCRwasfurther
showcased in a one-pot synthesis of a star-shaped coumarine
trimer 16 by condensing tripropargylamine with an excess of
10 and 5-tert-butylsalicylaldehyde, followed by a facile hy-
drolysis in the same pot (Scheme 6). A total of 12 bondswere
formed in this pseudo-seven component assembly process.
In addition, this three-component condensation gener-

ated new functionalizable sites on 9. Further elaboration
was quickly explored to afford a more complex scaffold
(Scheme 7):Treatment of 9rwith 2-bromo-4-methylaniline
provided 17. Then, an intramolecular C�H functionaliza-
tion on the triazole moiety led to a diazepine ring.17 Over-
all, a novel 6�6�7�5�6 pentacycle 18 was constructed in
a very short reaction sequence.

In conclusion, the “click-and-activate nucleophiles”
(CAN) protocol is a simple and powerful strategy in the
rational design of novel multiple component reactions. As
exemplified in this early case study, this approach utilizes
the subtle change in the electronic character following
triazole formation, along with the narrow distribution of
reactivity of azides and alkynes, to manage the reaction
sequence in an orderly fashion in one pot. Future efforts
will focus on the designofother catalyticMCRsemploying
this concept and postcondensation manipulations2b to
construct other complex scaffolds.
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Scheme 5. Reaction Scope Scheme 6. One-PotCondensationLeading toCoumarinTrimer 16

Scheme 7. Further Elaboration
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