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INTRODUCTION

The imidazole-fused six-membered heterocycles are
fundamental chemical structures in biological systems.'
The major interest in ring systems is due to their resem-
blance to biologically important purines. The imidazo[1,2-
alpyridine has recently received increased attention due to
its use in natural products and pharmaceuticals.” Specif-
ically, arylated imidazo[1,2-a]pyridines are used as drugs
to treat various diseases (Fig. 1).> Many recent biological
studies of imidazo[1,2-a]pyridine derivatives have shown
a broad spectrum of activities, such as antibacterial,* anti-
viral,® antiprotozoal,® respiratory virus fusion inhibitor,’
and anticancer activities.® Based on previous biological
studies, minor changes in the chemical structure of imid-
azo[1,2-a]pyridines are responsible for significant changes
in biological activities.

Therefore, organic chemists have reported various syn-
thetic strategies for the construction of imidazo[1,2-a]pyr-
idines.” Although extensive synthetic investigations of imidazo
[1,2-a]pyridines have been performed,'® the development
of new methods remains desirable for the functionalization of
imidazo[1,2-aJpyridines under simple and mild reaction
conditions. Recently, microwave-mediated organic reac-
tions have attracted considerable attention from organic
chemists because microwave heating can accelerate slow
thermal reactions with significant energy savings, high
chemical yields, and cleaner reactions.'" Our group explored
diversification of heterocyclic moieties, such as indole,
azaindole, carbazole, and thiazole under microwave reac-
tions with palladium- or copper-catalyzed cross-coupling
reactions.'” These reactions are powerful synthetic tools
to establish diverse heterocyclic moieties. To establish a
heterocyclic chemical library for biological studies, we require
a convenient and rapid synthetic procedure to obtain diverse
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arylated imidazo[1,2-a]pyridines. In this report, we exam-
ined the microwave-assisted palladium-catalyzed Suzuki
reaction with various bromoimidazo[1,2-a]pyridines, and
substituted arylboronic acids to obtain diversified arylated
imidazo[1,2-a]pyridines.

RESULTS AND DISCUSSION

The 2-substituted imidazo[1,2-a]pyridines were prepared
by condensation of suitable 2-aminopyridine with appro-
priate haloacetyl derivatives in ethanol refluxing for 12—
24 hours, as described previously."* Further bromination
of 2-substituted imidazo[1,2-a]pyridines with NBS pro-
vided the corresponding 3-bromoimidazo[1,2-a]pyridines
(Scheme 1).

Initially, the reaction of 3-bromoimidazo[1,2-a]pyridine
with phenylboronic acid was selected as a preliminary model
to establish standard reaction conditions with microwave
heating. The reaction conditions were optimized by vary-
ing the palladium species, base, solvent, and temperature.
The results are summarized in Table 1.

We investigated the effects of different Pd catalysts,
bases, and solvents under various reaction temperatures to
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Figure 1. Structure of arylated imidazo[1,2-a]pyridines as drugs.
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Scheme 1. Synthesis of substituted imidazo[1,2-a]pyridine.

examine the reactivity and stability of 3-bromoimidazo[1,2-a]
pyridine. The reactions showed reasonable yields of desired
product with debrominated starting material under 150—
170 °C (Entry 1-2), but reactions under 110 °C provided
lower yields of desired products with large amounts of
unreacted starting halides (Entry 4). The reaction was per-
formed at 130 °C with various alkaline carbonates and
provided good yields of desired products (Entries 4-7). The
reaction using Cs,COj3 as a base provided higher yields than
the reaction using Na>COs or K>CO3. The reaction using
different ligand substituted palladium species provided
the best yields of desired product with Pd(PPhs), (Entries
3 and 7-9). Finally, reactions using different solvents were
examined with N, N-dimethylformamide (DMF), N-meth-
ylpyrrolidone (NMP), 1,4-dioxane, and N,N-dimethylac-
etamide (DMA). The reaction using DMF gave higher yields
of desired product compared with other selected solvents
(Entries 3 and 10-12). The vapor pressure of the reaction
mixture in the vial was monitored to maintain 3—5 bar

using an online-programmed Biotage microwave reactor
at 130 °C. The results showed that optimal conditions for
the Suzuki reaction were 1 mol % Pd (PPhs)s and 1 equiv.
Cs2COs, in DMF at 130 °C. The aryl-aryl coupling reactions
with several 3-bromoimidazo[1,2-a]pyridine and functional
group-substituted phenylboronic acids were performed
under established optimal reaction conditions to obtain 3-
arylated imidazo[1,2-a]pyridine. The results are summa-
rized in Table 2.

The reaction using 3-bromoimidazo[1,2-a]pyridine (1a)
with an electron-donating or -withdrawing substituted phen-
ylboronic acid provided reasonable to good yields of desired
product (compound 2a-2i), Based on these results, the
electronic effect of phenylboronic acids did not strongly
influence product yields. The reactions using 2-phenylim-
idazo[1,2-a]pyridine with the electron-withdrawing sub-
stituted phenylboronic acid did not strongly influence yields
of the desired product. Other reactions using 3-bromo-2-
trifuloromethylimidazo[ 1,2-a]pyridine gave about 15% higher
yields than the reaction using 3-bromoimidazo[1,2-a]pyr-
idine with the same arylboronic acid (2j, 2k, and 21). The
reaction using 2-substitutent of 3-bromoimidazo[1,2-a]pyri-
dine did not show significant electronic effects with sub-
stituted arylboronic acids.

We further investigated the scope of the reaction with
different isomeric bromoimidazo[1,2-a]pyridines and various

Table 1. Optimization of palladium-catalyzed Suzuki coupling with 3-bromoimidazo[1,2-a]pyridines

Br B(OH),
A N \ =+ 1 mol % Pd source AN\
A \N 1 eq Base, MW, 40 Minutes X \N
1a 2a
Entry* Pd source Base Solvent Temperature (°C) Isolated yields (%)

1 Pd(PPh3)4 C52C03 DMF 170 58
2 Pd(PPh3)4 C52C03 DMF 150 63
3° Pd(PPhs)s Cs,CO; DMF 130 69 (53)°
4 Pd(PPhs)s Cs:CO; DMF 110 46
6 Pd(PPhs)s KoCOs DMF 130 49
7 Pd(OAc), Cs2CO; DMF 130 37
8 Pd(dppf)Cl» Cs2CO; DMF 130 30
9 Pd(PPh;).Cl Cs:CO; DMF 130 44
10 Pd(PPhs)s Cs:CO; 1,4-dioxane 130 46
11 Pd(PPhs)s Cs:CO; NMP 130 52
12 Pd(PPhs)s Cs:CO; DMA 130 39

All reacions were conducted at the 1.0 mmol scale in 3 mL of solvent in a Biotage 5 mL vial sealed with a crimp cap. Microwave radiation
was supplied with a Biotage Initiator instrument (400 W, 2450 MHz, EXP EU, Biotage).
"Thermal heating reaction provided 53% yield of desired product at 150 °C for 12 hours.
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Table 2. Synthesis of 3-arylated imidazo[ 1,2-a]pyridines with 3-bromoimidazo[1,2-a]pyridines and arylboronic acids

Br Ar
1 mol % Pd (PPh3) y 032003
= N/\g; ¢ ZINN
« J< 7R *  ArB(OH), = 7R
N DMF, MW, 130 °C, 40 minutes N
1a-1c 2a-2l
CHj OCH; CH,
[N
—
~ "N N\ ~ N N\ ~ N N\ ~ N N
XN NN NN NN
(69%) 2b (70%) 2c (47%) 2d (53%)
CHO 0= CF3
° [
ZINN ZINN 7NN O
XN XN XN
2e (52%) f (56%) 2g (74%) (72%)
CHj COCH; CHO
H,COC
O [
= =
i (84%) i (69%) 2k (64%) 21 (68%)

phenyl boronic acids using our established reaction con-
ditions. Reactions using 7-bromoimidazo[1,2-a]pyridine
with electron-donating or -withdrawing substituted aryl-
boronic acid also gave moderate to good yields of 7- arylim-
idazo[1,2-a]pyridine (compound 4a—4j). The reactions also
showed that the electronic effect of arylboronic acid did
not strongly influence product yields.

The reaction using 5- or 6-bromoimidazo[1,2-a]pyridine
also proceeded under mild reaction temperatures with good
yields of desired product (4k—4p). The yields of coupling
product did not depend on the position of bromoimid-
azo[1,2-a]pyridine. Bromoimidazo[1,2-a]pyridine showed
a significantly decreased reaction time for the thermal
reaction (6—24 h) versus the microwave-assisted reaction
(40 min). Specifically, the microwave-assisted palladium-
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catalyzed carbon-carbon was very useful for establishing
a diverse arylated imidazo[1,2-a]pyridine library within 1
hour with low % Pd catalyst.

CONCLUSIONS

The microwave assisted palladium-catalyzed Suzuki
coupling of 3, 5, 6, and 7- bromoimidazo[ 1,2-a]pyridine with
arylboronic acids provided diversified arylimidazo[1,2-a]
pyridine derivatives with a short reaction time. Although
the yields of coupling product varied with arylboronic acid
and isomeric bromoimidazo[ 1,2-aJpyridine substituents, the
reactions could use various arylboronic acids for diversifi-
cation. The catalyst system also showed valuable develop-
ment of green and simple procedures for arylated imidazo
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Table 3. Palladium-catalyzed arylation with 5—7-bromoimidazo[1,2-a]pyridines

1 mol % Pd (PPh3)s, Cs,CO3

Jin-Hee Lee, Seung Yeong Park, Areum Park, and Eul Kgun Yum

=
Br@; R + ArB(OH),

DMF, MW, 130 °C, 40 minutes

3a-3c 4a-4p
AN ZNN 7NN
Ph Ph Ph
$ha - -
HC EtO
4a (72%) 4b (73%) 4c (68%)
=z =z =z
1 e 1S 1 e
XN 0 XN N XN
< L
EtO,C 0 HsC
4d (63%) de (67%) 4f (64%)
=z = =z
N/\yph N/\yph N/\yph
XN Cl XN SN
F4C cl F
4g (60%) 4h (68%) Cl 4 (61%)
0 |
N =
= Nx N/\>
H,CO X~ N NN
F o 4j(60%) k (58%) 41 (59%)
CHs CH3
® )
HsC /Nl = /
N
=z N/\> 7 N/\> = N/\> = N/\>
4m (72%) 4n (84%) 40 (55%) 4p (71%)

[1,2-a]pyridine preparations, for use in biological studies.

General Procedure for Microwave-assisted Palladium-
catalyzed Suzuki coupling
3-Bromoimidazo[1,2-a]pyridines (1.0 mmol), Cs>CO;
(1.0 mmol), phenylboronic acid (1.2 mmol), Pd(PPh;)s
(0.01 mmol), and DMF (3 mL) were added to a 5-mL vial.
The vial was sealed with a crimp cap and placed in a Bio-
tage initiator microwave cavity. After irradiation at 130 °C
for 40 minutes and subsequent cooling, the reaction mix-
ture was diluted with saturated aqueous ammonium chloride.
Products were isolated by extraction into ethyl acetate. The
organic layer was dried over anhydrous magnesium sul-

fate, filtered, and concentrated. Products were purified by
silica gel column chromatography using a hexane: ethyl
acetate: methyl alcohol (4:4:1) eulent. 3-Phenylimidazo
[1,2-alpyridine (2a) was obtained with 69% yields.

'HNMR (CDCls, 300 MHz): 6 8.33 (d, 1H,.J=3.0 Hz,
ArH), 7.70 (s, 1H, ArH), 7.67(d, 1H, J=3.0 Hz, ArH),
7.39-7.56 (m, 5H, ArH), 7.18 (t, 1H, J= 6.0 Hz, ArH),
6.79 (t, 1H, J = 6.0 Hz, ArH). *C NMR (CDCl;, 75 MHz)
10 132.6, 132.2, 132.0, 129.3, 129.3, 128.6, 128.4, 128.2,
128.0, 124.2, 123.4, 118.3, 112.6.
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