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ABSTRACT

An immense effort has been made to develop an efficient strategy for the carbon-carbon bond formation between aldehyde and nitrile
intramolecularly using an N-heterocyclic carbene catalyst to derive 3-aminochromone derivatives in good to excellent yields (80-95%).

Chromone is one of the most common heterocyclic motifs
found in pharmaceutically active compounds.1 One of the
most important subfamilies of chromone is 3-aminochromone,
whose derivatives show interesting therapeutic effects.2 From

previous research efforts, a wide variety of functionalized
3-aminochromone derivatives have been identified to possess
anti-inflammatory (T-614) (I),3 antirheumatic (I),4 leukemic
B-cells apoptosis (II),5 and antimutagenic (II) activities.6

They were found to be effective in the selective inhibition
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of v-abl tyrosine protein kinase (III).7 Thus, facile prepara-
tion of chromone derivatives remains an essential research
topic in organic synthesis.

It is evident from prior research that the synthesis of the
chromone scaffold often suffers lengthy steps, harsh reaction
conditions, and absence of diversified substrate scope. The
potential utility of 3-aminochromones has prompted organic
chemists to look for alternatives to replace conventional
chromone syntheses.8 In this context, the N-heterocyclic
carbene (NHC) catalyzed carbon-carbon bond formation
strategy is, in our opinion, a more attractive and innovative
approach.9 This approach generally facilitates the reactions
such as benzoin condensation,10 aza-benzoin condensation,11

Stetter reaction,12addition reactions to homoenoloate inter-
mediate,13 intramolecular nucleophilic addition of carbonyl
anion,14 etc. These reactions involve an alternating acceptor
and donor reactivity pattern called umpolung,9 which de-
velops a new carbon-carbon bond and shortens the con-
ventional synthetic routes in organic synthesis. Thus we felt
that this umpolung derived strategy would allow the synthesis
of 3-aminochromones in an expeditious manner.

Our synthetic strategy was acquired from the observation
of two NHC-catalyzed reactions (Scheme 1): the reaction

between two aldehydes (Benzoin condensation, eq 1) and
between an aldehyde and an imine (aza-benzoin condesation,
eq 2). The central core of both the reactions is trivial variation
of polarity of the carbonyl and imine bonds which is
effortlessly attacked by the Breslow intermediate15 to form
a carbon-carbon bond. We envisioned that this umpolung
derived reactivity could be applied to the intramolecular
carbon-carbon bond formation reaction between aldehyde
and nitrile, which would significantly simplify traditional
synthetic routes and allow an easy access to diversity-oriented
3-aminochromones (eq 3).

Our initial efforts were focused on the systematic evalu-
ation of various catalysts and reaction conditions to optimize
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Scheme 1. Blueprint for NHC-Catalyzed C-C Bond Formation
Strategy
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the reaction. To gauge the performance of the reaction, a
simple phenyl (1a) was used as a model substrate. The scope
of this transformation was examined using the NHC catalyst
precursors (A-F) (Table 1, entries 1-6). Among the tested

catalysts, catalyst D was found to be efficient (entry 4). Use
of solvent other than dichloromethane gave diminished yields
(entries 9-12). DBU was found to be the best among the
bases tested (entries 13-15). With this optimized condition,
we ensued to scrutinize the scope and generality of the
method using a variety of substrates.

Our results show that cross coupling could be adapted for
various salicylaldehyde derivatives ranging from electron-
poor to electron-rich aromatic rings (Table 2). The alkyl-
substituted aldehydes (entries 1-6) and employment of the
fused ring aromatic system (entry 4) exhibited prominently
good yields. A variety of methoxy (entries 7-10) and
hydroxy substituents (entry 11) also provided excellent
yields. Notably, halo (entries 12-18) and nitro (entries 19
and 20) substituents were observed to give excellent yields.
Thus, the scope of the reaction is wide, allowing the facile
generation of a variety of 3-aminochromones. The high yields

of the halo-substituted derivatives prompted us to study the
biologically viable7 fluoro derivatives (entries 21-28). For
the fluoro-substituted substrate study, results were equally
good. Further hearten implementation was the inclusion of
methyl phenyl substituents at the R4 position which produced
the desired products in good to excellent yields (entries
26-30). The structure of the 3-amino-chromone motif was
further confirmed by X-ray crystallography (Figure 2, 7b).

On the basis of the results, we propose the reaction
mechanism as illustrated below (Scheme 2). Presumably, the

Table 1. Optimization of Intramolecular Aldehyde-Nitrile
Cross Coupling

entrya catalyst (equiv) baseb solvent (0.1 M) yieldc (%)

1 A (0.10) DBU CH2Cl2 53
2 B (0.10) DBU CH2Cl2 trace
3 C (0.10) DBU CH2Cl2 65
4 D (0.10) DBU CH2Cl2 83
5 E (0.10) DBU CH2Cl2 77
6 F (0.10) DBU CH2Cl2 67
7 D (0.15) DBU CH2Cl2 84
8 D (0.05) DBU CH2Cl2 70
9 D (0.10) DBU THF 59
10 D (0.10) DBU CH3CN 63
11 D (0.10) DBU Toluene 54
12 D (0.10) DBU DMF 72
13 D (0.10) DBACO CH2Cl2 43
14 D (0.10) Cs2CO3

d CH2Cl2 69
15 D (0.10) LiHMDS CH2Cl2 53

a Unless otherwise specified, all of the reactions were carried out with
freshly distilled dry solvents at room temperature for 24 h. b Equal mol %
with respect to catalyst. c Isolated yields. d 3 equiv of base was used with
respect to catalyst.

Table 2. Reaction Scope for 3-Aminochromone Derivatives

entrya substrate R1 R2 R3 R4 product yieldb (%)

1 1a H H H H 1b 83
2 2a Me H H H 2b 81
3 3a tBu H tBu H 3b 88
4 4a H H -Ph- H 4b 83
5 5a H H Me H 5b 85
6c 6a Allyl H H H 6b 81
7 7a OMe H H H 7b 92
8 8a H OMe H H 8b 95
9 9a H H OTBS H 9b 91
10 10a H H OMe H 10b 89
11 11a H H OH H 11b 86
12 12a H H Cl H 12b 95
13 13a Cl H Cl H 13b 93
14 14a H H Br H 14b 86
15 15a Br H Br H 15b 91
16 16a I H I H 16b 82
17 17a OMe H I H 17b 89
18 18a Br H Cl H 18b 93
19 19a OMe H NO2 H 19b 90
20 20a H H NO2 H 20b 83
21 21a F H H H 21b 83
22 22a H F H H 22b 87
23 23a F H F H 23b 81
24 24a H H OCF3 H 24b 88
25 25a H H F H 25b 85
26 26a H F H Me 26b 90
27 27a F H H Me 27b 81
28 28a H H F Me 28b 80
29 29a OMe H H Me 29b 83
30 30a OMe H H Ph 30b 85
a See Supporting Information for a detailed experimental procedure.

b Isolated yield. c Isolated as an acetamide derivative due to the unstable
nature of amine upon column purification.

Figure 1. 3-Aminochromone scaffold.
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reaction proceeds through the Breslow intermediate 1 (step
1), which reacts intramolecularly with the nitrile to give imine
3 (steps 2 and 3) which subsequently tautomerizes to form
3-aminochromone 4 (step 4). The second step of the
mechanism is crucial since an imine anion intermediate 2
(step 2) has been formed when the mesomeric carbanion 1′
from Breslow intermediate 1 attacked the sp carbon of the
nitrile. Subsequent proton exchange and NHC elimination
results in imine 3, which further tautomerizes to form

3-aminochromone. Compound 1b served as a model to
straightforwardly illustrate this synthetic potential of amine
functionalization (Scheme 3). Delightfully, similar morpho-

line attached chromones are being synthesized and actively
investigated in our laboratory to evaluate the potent anti-
cancer activity.1

In conclusion, we have developed a novel method for
carbon-carbon bond formation between sp2 carbon (alde-
hyde) and sp carbon (nitrile). This method allows the usage
of salicylaldehyde derivatives to assemble a variety of
heterocycles at room temperature, and good to excellent
yields were obtained. The results herein disclose considerable
extension of the substrate scope for the synthesis of a wide
pool of 3-aminochromones in an expeditious, straightforward,
and efficient manner. This methodology is likely to find
immediate synthetic applications, given that it is the first
example of a carbon-carbon bond formation between
aldehyde and nitrile.
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Scheme 2. Plausible Reaction Mechanism

Figure 2. X-ray structure of 3-amino-8-methoxy-4H-chromen-4-
one (7b).

Scheme 3. Amine Functionalization
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