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Abstract — An efficient three-component reaction has been developed for
functionalization of indolizines with aromatic aldehydes and Hantzsch esters.
Simple Brgnsted acids were successfully employed as catalysts to form reactive
cationic intermediate which could be efficiently trapped by Hantzsch ester.
Different types of substituted indolizines could be efficiently obtained with good

yields.
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Figure 1. Examples of indolizine in active molecules
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Nitrogen-fused bicyclic aromatic systems such as indolizine have been widely investigated to display
various intriguing pharmacological activities depending on the decoration patterns of the rings with

diverse functional groups (Figure 1).! For example, antifungal,? antioxidant,® antibacterial,* anticancer,’
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Meanwhile, they were also found to be potent molecular fluorescent sensor due to their excellent
fluorophores with a high quantum yield.®? Therefore, the development of efficient methods to obtain
indolizines is paid much attention. Because of the importance of these molecules, some graceful methods
have been developed, which could be identified as two ways: 1) construction of the indolizines rings. For
example, pyridinium N-methylides reacted with electron-deficient alkynes or alkenes through 1,3-dipolar
cycloaddition, 3¢ intramolecular cycloisomerization of pyridines catalyzed by transition metals,’-°
[3+2] cyclization of pyridines and alkenyl diazoacetates catalyzed by copper;?® annulation of
2-alkylazaarenes and a,B-unsaturated carboxylic acids with copper,?* I,-mediated oxidative cyclization,??
multicomponent approaches;?*?* 2) direct functionalization of indolizines which has also attracted
considerable interest in the past decades. For instance, direct C-H bond functionalization of indolizines
including arylation,? alkynylation,?® and dimerization?’catalyzed with transition metals, cross-coupling of
indolizines and vinylarenes employing a Pd(OAc)2/Ag.COz catalytic system to afford the branched
o-olefin products,?® acylation of indolizines with a,B-unsaturated carboxylic acids with palladium.?®
Although there are many methods available for functionalization of indolizines,**34 the development of
efficient methods under mild conditions catalyzed with simple Brensted acid catalyst are significant.
Herein we developed an efficient method for functionalization of indolizines with three-component

reactions (Scheme 1).
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Scheme 1. Works for functionalization of indolizine

We reasoned that indolizine 1a could react with aromatic aldehyde 2a to afford product TS1 (Scheme 2),
which could be dehydrated under acid conditions to result the corresponding cationic intermediates TS2
and TS3.
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Scheme 2. Strategy for functionalization of indolizine

Then choose suitable nucleophiles to react with the reactive intermediates would allow for the preparation
of modified indolizines 3 via the three-component reaction. To prove our hypothesis, indolizine 1a and
aromatic aldehyde 2a were reacted under room temperature with TSOH as catalyst. To our delight,
indolizine 3a was obtained with 89% yield based on the amount of 1a, accompanied by 48% unreacted
aldehyde 2a (Scheme 3). Therefore, we inferred that the cationic intermediates TS2 and TS3 should be

formed and attacked by the indolizine itself which was also reported as efficient nucleophiles.
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Scheme 3. Initial study of the reaction without HEH
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Based on the above result, our efforts were focused on the option of suitable nucleophiles. As we know,
Hantzsch ester (HEH) was a type of efficient nucleophile, which was frequently used to reduce the
electrophiles such as imines, nitroolefins, cationic intermediate,®® and so on. Therefore, the
three-component reaction using HEH to attract the in situ formed reactive cationic intermediate was
investigated (Table 1). The results demonstrated that stronger Brensted acids such as TsOH, TfOH and
TFA could catalyze the reaction to afford the corresponding product 4a with different amount of
byproduct 3a (entries 1-4). However, acetic acid could not catalyze the reaction which might be ascribed
to the slightly lower acid property (entry 2). TsSOH was selected as the efficient catalyst considering the
slightly higher yield of 4a. Further screening of the reaction solvent and reaction temperatures revealed
that the yield of 4a could be increased to 92% with toluene as solvent at 60 °C (entries 5-9). Therefore the

optimal reaction condition was finally set as following: 10 mol% TsOH, toluene, 60 °C, 24 h.

Table 1. Optimization of the reaction conditions

H
R = CO,Et
Entry Cata. Solv. Tem.(°C) Yieldb(%)

3a 4a
1 TsOH CHClIs 30 15 60
2 AcOH CHClIs 30 <5 <5
3 TfOH CHCIs 30 10 40
4 TFA CHCI3 30 24 48
5 TsOH toluene 30 8 65
6 TsOH toluene 40 7 68
7 TsOH toluene 50 <5 78
8 TsOH toluene 60 <5 92
9 TsOH toluene 70 <5 92

a. the reaction was run with 0.2 mmol 1a, 0.2 mmol 2a and 0.26 mmol HEH in 2 mL solvent for 24 h;

b. the yield was calculated based on purification with silica-gel column chromatography.

Then we turned to investigate the reaction scope®® (Scheme 4). All sorts of aromatic aldehydes were
screened under the optimal reaction conditions to afford the corresponding products 4 with excellent
yields (85-94%). Generally, aromatic aldehydes with electron withdrawing groups afforded the slightly
higher yields (4b-4g).
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Interestingly, aldehydes with different hetero-aromatics such as pyridine, furan and thiophene, could be
efficiently used to afford the corresponding products with high yields (4h-41). Meanwhile, the indolizine
substrates were also investigated, which revealed that the reaction could smoothly occur to afford the
corresponding products (4c-4d, 4m-40, 4r). Interestingly, when 2-formylbenzoic acid was used as
substrate, the corresponding product was lactone 4p, which might be formed by the nucleophilic attack of
the cationic intermediate with intramolecular carboxylic group. Moreover, ethyl pyruvate was also
investigated. Interestingly, the product obtained was the olefin 4q which might be formed by dehydration
of the in situ formed alcohol intermediate.

In summary, we have succeeded in developing an efficient method for functionalization of indolizines
under mild reaction conditions. Interestingly, all sorts of aromatic aldehydes with different types of
substituents, or aldehydes with different class of hetero-aromatics were systematically used for alkylation
of indolizines. Hantzsch ester could efficiently trap the reactive cationic intermediate under mild Brgnsted
acid condition. Further researches for functionalization of the indolizine based on such methods as well as

the biological activities of the obtained indolizines are underway in our lab.
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