
Synthesis of Indolizines via Reaction of 2‑Substitued Azaarenes with
Enals by an Amine-NHC Relay Catalysis
Hongxian Li,† Xiangmin Li,† Yang Yu,† Jianjun Li,† Yuan Liu,† Hao Li,*,† and Wei Wang*,†,‡

†State Key Laboratory of Bioengineering Reactor, Shanghai Key Laboratory of New Drug Design, and School of Pharmacy, East
China University of Science and Technology, 130 Mei-long Road, Shanghai 200237, China
‡Department of Chemistry and Chemical Biology, University of New Mexico, Albuquerque, New Mexico 87131-0001, United States

*S Supporting Information

ABSTRACT: A metal-free catalytic strategy for the facile
synthesis of biologically relevant molecular architectures
indolizines and imidazopyridines has been developed. The
process is promoted by amine and N-heterocyclic carbene
(NHC) relay catalysis via Michael addition-[3 + 2] fusion of
simple azaarenes and α,β-unsaturated aldehydes. The prepa-
rative power is demonstrated in the synthesis of anxiolytic drug
saripidem via two simple one-pot operations with overall 45% yield.

The synthesis of “privileged” structures indolizines and
imidazopyridines has received significant attention

recently,1 mainly fueled by their attractive and broad biological
properties,2 such as anti-HIV,3 anti-inflammatory,4 and CNS
depression agents5 activities. In addition to the traditional
methods such as the Scholtz and the Tschitschibabin reactions,6

the more efficient catalytic processes have been developed for
their preparation, but dominated by transition metal catalysis.
The attractive features of these approaches employ readily
accessible reactants of alkynes7−11 or activated alkenes such as
α,β-unsaturated carboxylic acids and nitroolefins,12,13 and
pyridines. However, to the best of our knowledge, an
organocatalytic formation of indolizines and imidazopyridines
has not been reported.
Great success has been achieved in NHC catalysis in the

recent past, contributed from many laboratories including
Enders, Bode, Rovis, Scheidt, Glorius, Chi, Ye, and others.14 In
typical NHC catalysis with aldehydes, the “Breslow inter-
mediate” is generally formed.15 The interaction of NHC with
aldehydes and enals generates essential enolates (Umpolung)
and homoenolates for direct16 (Scheme 1, eq 1) and β-
functionalizations (eq 2), respectively.17 Herein, we wish to
report a new NHC promoted (diacetoxyiodo)benzene (PIDA)
medicated oxidative C−N bond formation between α-carbon of
aldehydes and “N” of pyridine in 3″ (Scheme 1, eq 3).
Importantly, the new bond connection provides the first metal-
free approach to heterocyclic structures 3 with a broad reaction
scope, capable of producing indolizines and imidazopyridines.
Furthermore, by careful manipulation of reaction conditions,
we are able to engineer amine and NHC catalysis into a
synthetically efficient operation. We found that, unlike the
reported cases of metal catalysis with α,β-unsaturated carboxylic
acids,13 in which the essential carboxylic acid serves as
activation and leaving group, the versatile aldehyde group is
retained in the frameworks, thus giving trisubstituted structures.

Such substitution pattern is not easily accessed,18 but is present
in molecules with a wide range of biologically activities.19
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Scheme 1. Synthesis of Indolizines via Amine and NHC
Carbene Relay Catalysis of Azaarenes and Enals
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The chemistry was inspired by our recent studies via
harnessing new reactivities of vinylpyridines as nonclassic
electrophiles for organocatalyzed Michael and aza-Morita−
Baylis−Hillman reactions.20 We designed 2-substituted pyr-
idine derivatives 1 as a new class of nucleophiles for an iminium
mediated Michael addition reaction with enals 2. The adducts
then serve as precursors for the subsequent NHC catalyzed [3
+ 2] annulation reaction.
The complicated nature of the amine catalyzed Michael

addition and subsequent NHC promoted [3 + 2] annulation
reaction required probing a number of factors. The simple
combination of amine Ia (20 mol %) and NHC IIa (20 mol %)
with 2-pyridylacetate 1a (0.2 mmol) and trans-cinnamic
aldehyde 2a (0.4 mmol) in the presence of 4-dimethylamino-
pyridine (DMAP) (3.0 equiv) as base and PIDA as oxidant (4.0
equiv) in toluene did not produce the desired product 3a rather
than a complicated mixture (Table 1). However, we found that

the preformation of the Michael adduct 3a′ from the reaction
of 1a with 2a in the presence of amine catalysts Ia (20 mol %)
in toluene for 24 h was necessary. Without requiring
purification of the Michael adduct, direct addition of IIa,
PIDA, and DMAP (3.0 equiv) into the reaction mixture for
another 18 h at rt enabled to deliver the desired trisubstituted
indolizine product 3a in 61% yield (entry 1). The oxidant was
essential for the cyclolization reaction. The process could not
occur without it (entry 2). Furthermore, the carbene catalyst
was also very important for this reaction. Only a trace amount
of product was detected when NHC IIa was removed from the
reaction system (entry 3). The solvent screening revealed that
toluene was the choice for this reaction.21 The bulky carbene
catalyst IIb gave poorer results (entry 4). However, the

hindered amine catalyst Ib delivered the better outcome (75%
yield, entry 5). Different bases were tested for this process too
(entries 6 and 7). TEA afforded a similar yield to that of DMAP
(entry 6). However, no reaction took place when 1,8-
diazabicyclo[5.4.0]undec-7-ene (DBU) was used (entry 7).
Further optimization of reaction conditions revealed that the
oxidant was critical for this reaction as well. Other oxidants
produced inferior yields (entries 8 and 9). Decreasing the
amount of PIDA to 1.5 equiv could still retain the similar
reaction efficiency (entry 10). A similar trend was observed
with decreasing the catalyst loadings to 10 mol % of Ib and 5
mol % of IIa (entry 11) and base DMAP (0.5 equiv, entries 12
and 13).
With the optimal conditions in hand, we turned our attention

to probe the scope of α,β-unsaturated aldehydes for this new
process (Scheme 2). The results of the studies showed that the

reactions serve as a general approach to structurally diverse
indolizines 3. Both electron-withdrawing and -donating
substituents on enals were tolerated, providing the products
in good yields. Highly active enals bearing electron-withdrawing
groups proceeded more smoothly (3b−e and 3h−i). Longer
reaction time were required for the Michael addition reaction
for electron donating enals but without affecting the total yields
(3f−g). Moreover, generally difficult enal (much less reactive)
(E)-3-(furan-2-yl)acrylaldehyde 2j still delivered product 3j in
39% yield.
Next, we examined the structural effect of pyridine

components using trans-cinnamic aldehyde 2a as a reaction
partner (Scheme 3). Electron-donating and-withdrawing

Table 1. Optimization of Reaction Conditionsa

entry cat (mol %) [O] (equiv) base (equiv) yield (%)b

1 Ia (20)/IIa (20) PIDA (4) DMAP (3) 61
2 Ia (20)/IIa (20) DMAP (3)
3 Ia (20)/- PIDA (4) DMAP (3) trace
4 Ia (20)/IIb (20) PIDA (4) DMAP (3) trace
5 Ib (20)/IIa (20) PIDA (4) DMAP (3) 75
6 Ib (20)/IIa (20) PIDA (4) TEA (3) 71
7 Ib (20)/IIa (20) PIDA (4) DBU (3) trace
8 Ib (20)/IIa (20) CAN (4) DMAP (3) trace
9 Ib (20)/IIa (20) H2O2 (4) DMAP (3) 22
10 Ib (20)/IIa (20) PIDA (1.5) DMAP (3) 79
11 Ib (10)/IIa (5) PIDA (1.5) DMAP (3) 72
12 Ib (10)/IIa (5) PIDA (1.5) DMAP (1.5) 76
13 Ib (10)/IIa (5) PIDA (1.5) DMAP (0.5) 81

aUnless specified, 2-pyridylacetate 1a (0.2 mmol), trans-cinnamic
aldehyde 2a (0.4 mmol), and amine catalysts (20 mol %) in 2 mL of
toluene were stirred for 24 h. Then NHC catalyst (20 mol %), oxidant
(4 equiv) and DMAP (3 equiv) were added into the reaction mixture
for another 18 h at rt. bIsolated yield.

Scheme 2. Scope of α,β-Unsaturated Aldehydesa

aReaction conditions: unless specified, see experimental section,
Supporting Information. bThe first reaction was run for 3 d at rt.
cThe first reaction was run for 7 d at rt. dTwenty mol % A was used in
the second step.
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groups have limited impact on the process (3k−l). It is noted
that the Michael addition step was sluggish for 1l. Notably,
medicinally interesting substrate ethyl 2-(pyrimidin-2-yl)acetate
1m displayed a comparable reactivity to form the correspond-
ing product 3m in 60% yield. In addition to esters, ketone was
found as an alternative to afford indolizine 3n bearing a
versatile carbonyl functionality. Furthermore, we also identified
pyridyl as an activating moiety, thus delivering new bispyridine
structure 3o in high yield (85%). Finally, in addition to carbon-
centered nucleophiles, we found 2-aminopyridines “N” could
serve as effective Michael donors for the conjugate addition
reaction assisted by HOAc (2.0 equiv). Importantly, under the
standard conditions, the adducts were smoothly transformed
into medicinally relevant imidazopyridines 3p−q, the scaffold
of anxiolytic drugs saripidem, zolpidem, and alpidem.22

The synthetic utility of the process is demonstrated in the
synthesis of biologically valuable targets. The versatile aldehyde
handle in imidazo[1,2-α]pyridine 3r produced from the
reaction of 2-aminopyridine 1r with enal 2c under the slightly
modified conditions enabled to prepare saripidem, an anxiolytic
drug,22a,23 efficiently executed by a 3-step “one-pot” operation
with overall 45% yield (Scheme 4). Reductive amination with
aldehyde 3r was followed by acylation delivered the target.
A tentative catalytic cycle of the IIa promoted cyclization

reaction is proposed (Scheme 5). The IIa catalyzes the

complexation of the oxygen anion, produced from IIa and
aldehyde adduct, with PIDA to give A. Such a complexation
blocks 1,2-H migration to oxygen anion to form the critical
Breslow intermediate in a typical NHC carbene catalysis. This
hypothesis is supported by our deuterium labeling experiment
using deuterated aldehyde 2a−d as reactant (Scheme 5). We
observed that the deuterium was retained in the aldehyde
product 3a−d under the above optimized reaction conditions.
An intramolecular attack takes place subsequently between the
electrophilic I(III) and the enhanced nucleophilic pyridine “N”
by a base (DMAP or IIa) assisted deprotonation of acidic α-
H24 and concurrent release of NHC IIa to give intermediate
aldehyde B. An intramolecular cyclization between the
nucleophilic α-carbon promoted by IIa deprotonation of α-H
and pyridine “N” produces intermediate C and PhIOAc.
Finally, oxidative aromatization of the resulting intermediate C
by PIDA delivers the indolizine product 3.
In summary, we have developed the first metal-free strategy

for the synthesis of indolizines and imidazopyridines by using
an efficient Michael-[3 + 2] annulation reaction from azaarenes
and α,β-unsaturated aldehydes. The reactions are catalyzed by
the amine and NHC relay catalysis in the presence of PIDA as
oxidant with broad scope. Notably, a new reactivity without
forming a Breslow intermediate is harnessed for a new bond
construction between α-carbon of aldehydes and “N” of
pyridines. The synthetic efficiency is demonstrated for practical
synthesis of anxiolytic drug saripidem through two operation-
ally simple “one-pot” reactions in overall 45% yield. The
detailed mechanistic insights of NHC-PIDA mediated process
and further exploration of the new reactivity for novel
transformations are under investigation in our laboratories.

Scheme 3. Scopes of Azaarenesa

aIsolated yields. bThe first reaction was run for 4 d at 50 °C. cTwenty
mol % A was used in the second step. dThe first reaction was run for 6
d at 50 °C. eThirty mol % II and 2 equiv of HOAc were used in the
first step; 20 mol % A and 3 equiv of PIDA were used in the second
step.

Scheme 4. Efficient Synthesis of Imidazopyridine Drug
Saripidem

Scheme 5. Proposed Catalytic Cycle and Deuterated
Labeling Study
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