OCArticle

Ipso- or Cine-Substitutions of 6-Haloimidazo[1,2-a]pyridine
Derivatives with Different Azoles Depending on the Reaction
Conditions
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The reactivity of 6-haloimidazo[1,2-a]pyridine toward different azoles is reported. The process was
shown to be highly dependent on the reaction conditions. Using copper(l) catalyst, the product of
ipso substitution was obtained. In the absence of copper, with cesium carbonate in N,N-

dimethylformamide, a cine substitution took place.

The commercialization of the imidazo[1,2-a]pyridine
derivative zolpidem I (Figure 1) as a hypnotic! demon-
strated the pharmacological potential of fused imidazole
heterocycles with bridgehead nitrogens. Surprisingly,
despite the interest in the imidazo[1,2-a]pyridine series
in medicine,? few studies on the reactivity of the pyridinyl
moiety have been reported. In the course of our work
evaluating the chemical and pharmacological properties
of fused imidazolic derivatives with bridgehead nitro-
gens,® we have recently reported on the reactivity of
6-haloimidazo[1,2-a]pyridines 11 in Suzuki cross-coupling
reactions and palladium- or copper-catalyzed amina-
tions.* In further pursuing investigations on methods of
functionalization which allow the rapid preparation of a
number of structural variants, we became interested in
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FIGURE 1. Structure of zolpidem and related compounds.

the preparation of 6-azolyl derivatives; our results in this
area are the subject of this manuscript.

The use of high temperatures and an excess of aryl
halide required in traditional Ullmann coupling proce-
dures®® is incompatible with the sensitive nature of Il
and I1l. Recently, Ullmann-type methods for the N-
arylation of imidazoles” as well as copper- and palladium-
catalyzed arylations of indole® and other N-heterocycles
have been reported.® We chose to apply the copper-
catalyzed procedure to the reaction of 1. In our first
attempts, the 6-bromo-2-(4-fluorophenyl)imidazo[1,2-a]-
pyridine la was reacted with 1 equiv of azole in the
presence of 5 mol % of copper(l) iodide, 15 mol % of rac-
trans-N,N’-dimethyl-1,2-diaminocyclohexane (ligand A),
and 2.1 equiv of potassium phosphate in toluene (1 mL/
mmol) at 112 °C for 24 h (Table 1). Under these
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TABLE 1. Copper-Catalyzed Couplings of
6-Bromo-2-(4-fluorophenyl)imidazo[1,2-a]pyridine 1a
with Various Azoles in Toluene?

1eq azole
5 mol% Cul
AN 15 mol% ngand Q/ : <:>
F
B N\/./ C 2 1 eq K3PO,
Toluene
1a 112°C, 24 h

HoCHN  NH)CH;  HeC(HN  N(H)CHg
A B
Azole Ligand Product Yield (%)
A A 2 72
N
N B 70
= | A A 3 94
N N B 29
NTOH
A 4a-b 52
\,N
4a/4b 70/30
A 5 44
! ,\N\
N A 20°
I\ A 6 42
N
H
N
[ 3 A 7 18
N
H
N—\ A 8 -
/ \
LN
H
N A 9 -
Nﬁ_\>
N
H
10 -

a All reactions: [1a] =1 M in toluene.  Reaction was run using
K,CO3 as base.

conditions, indole and 7-azaindole were efficiently N-
arylated giving the desired products 2 and 3 in 72 and
94% yield, respectively. Likewise, indazole, pyrazole, and
pyrrole were coupled in moderate yield (42—52%) while
the imidazole derivative 7 was formed in only 18% yield.
No reaction was found when using 1,2,3- and 1,2,4-
triazoles and benzimidazole. In the case of the indazole
coupling reaction, we observed the formation of the two
regioisomers 4a and 4b in a 70/30 ratio with the N-1
derivative 4a as the major compound. Attempts to change
the base to potassium carbonate in the case of the
pyrazole reaction according to the literature® did not
improve the coupling yield.

In consideration of the good results obtained with
indole and 7-azaindole, we decided to study the ap-
plicability of N,N'-dimethyl-1,2-ethylenediamine, a com-
mercially available ligand (ligand B). With ligand B,
indole was arylated in a similar yield as before while a
significant decrease in yield was found for 7-azaindole
(Table 1).
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TABLE 2. Copper-Catalyzed Couplings of
6-lodo-2-(4-fluorophenyl)imidazo[1,2-a]pyridine 1b with
Various Azoles in Toluene?

1 eq azole

5 mol% Cul
15 mol% Ligand A Za
2.1 eq K3P0O4

. N
Toluene, Vt‘:.?

112°C, 24 h
Azole Product  Yield (%)
@j\> 2 74
N
H
4a-b 86
” 4a/4b97/3
5 79
U }‘N
N
H
I\ 6 76
N
H
[l\\l 7 55
N
H
N 9a-b -
Nﬁ_\>
N
H
10 9

12\42

a2 All reactions: [1b] = 1 M in toluene.

In an attempt to increase the efficiency of these
processes, we performed the reaction with the more
reactive 6-iodoimidazopyridine derivative 1b.** Using 1b,
no significant change in the coupling yield was observed
for the reaction of indole (Table 2). However, with
indazole, the yield of the coupling was increased from
52% to 86%. Additionally, the process occurred with a
much improved regioselectivity, 97:3 in favor of the N-1
derivative 4a. The N-arylations of pyrazole and pyrrole
were also more efficient with 1b providing 5 and 6 in 79
and 76% yields, respectively. The imidazole derivative 7
was obtained in 55% yield. However, the benzimidazole
10 was isolated in only 9% yield. As previously observed,
the 1,2,3-triazole was unreactive.

At this point in our study, the coupling reactions of
1,2,4-triazole, 1,2,3-triazole, imidazole, and benzimidazole
needed to be improved. In our first attempt, we decided
to change to a more polar solvent, DMF (Table 3). With
this change, the 1,2,4-triazolyl derivative 8 was obtained
from 1b in nearly 30% yield. Reaction with the 1,2,3-
triazole gave a mixture of N-1 and N-2 derivatives 9a,b
in 59% vyield in a ratio 44/56, the N-2 derivative 9b
predominating. In a second attempt, we investigated the
use of stronger base cesium carbonate. The reaction of
1,2,4-triazole using cesium carbonate in DMF led to the
6-derivative 8 in 45% yield.

Remarkably, the reaction of imidazole and 1a in DMF
gave, in addition to expected product 7 in 31% yield, the
5-(imidazol-1-yl)-2-(4-fluorophenyl)imidazo[1,2-a]pyri-
dine derivative 11 in 37% yield (Table 4). The structure
of the latter compound was easily demonstrated by the
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TABLE 3. Copper-Catalyzed Couplings of
6-lodo-2-(4-fluorophenyl)imidazo[1,2-a]pyridine 1b with
Triazoles in DMF2

1 eq azole
5 mol% Cul N
AN N 15 mol% Ligand A Z :/)_@F
/>—< >—F —_— N
| XN 2.1 eq base, EL&N
1b DMF, 112°C, 24 h
Azole Base Product Yield (%)
N—\ K.PO, 8 31
LN '
” Cs,CO, 45
’\:"\4' \ K.PO, 9a-b 59
N 9a/9b 44/56

a All reactions: [1b] =1 M in DMF.

TABLE 4. Copper-Catalyzed Couplings of

6-Bromo-2-(4-fluorophenyl)imidazo[1,2-a]pyridine 1a
5 mol% Cul
AN A=N
/CN(/>—< ) Q/H )
7

with Imidazole and Benzimidazole in DMF2
15 mol% ngand A WN
F
2 1 eq Cs,CO4 THKVN\;/ C
N 11
i
&N

1 eqazole
DMF, 112°C, 24 h
31 37

Azole (\N
=~

=Z

/
%

-0 Qo0
F F
Azole N/\N N7 Q\‘//
10 N 12
e

@[N\> 12 21

N

H

a All reactions: [1la] =1 M in DMF.

disappearance of the H-5 resonance and the presence of
a signal for H-6 as a doublet of doublets in the *H NMR
spectrum. The structure of the 6-imidazolyl compound 7
was ascertained by X-ray crystallography study. In the
case of benzimidazole, cesium carbonate also led to the
formation of the C-6- and C-5-substituted derivatives 10
and 12 (12% and 21% yields. respectively).

We were then interested in the mechanistic pathway
leading to the 5-substituted derivatives. To determine the
role of the copper catalyst, we ran the reaction with la
in the absence of Cul with cesium carbonate in DMF at
112 °C for 24 h. Under these conditions, the 5-imidazolyl
compound 11 was isolated in 58% yield along with 25%
of unreacted starting material (Table 5). No trace of the
6-substituted derivative was found. These results dem-
onstrated the formation of 11 was not copper dependent.
An attempt to increase the efficiency of the cine substitu-
tion using 6-iodoimidazopyridine 1b as starting material
was unsuccessful leading to compound 11 in only 38%
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TABLE 5. Cine Substitutions on the
6-Bromo-2-(4-fluorophenyl)imidazo[1,2-a]pyridine 1a
in DMF2&
A N=N 1 eq azole = /N: <:> F
>—< >7F R — Vi
g XN / 2.1 eq Cs,CO;, NN
DMF, 112°C, 24 h N
PN

Azole Product Yield (%)
[g 11 58
N 37
J N 13 59
N
N
H
L/—\> 14 40
N
H
@ 15 52
N
H
m 16 55
N
N
NT R

a All reactions: [la] = 1 M in DMF. P Reaction was run at
140 °C.

SCHEME 1.
Product 17

Structure of the Diimidazolyl Side
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yield (data not shown). With the previous conditions, we
were able to obtain the 5-substituted derivatives using
pyrazole, pyrrole, indole, and 7-azaindole leading to
compounds 13—16 in reasonable yields (40—59%). Only
the 1,2,3- and 1,2,4-triazoles were unreactive. Since a
significant amount of starting material was recovered in
the imidazole coupling, we decided to run the reaction
in the presence of imidazole at 140 °C. In this case, the
yield decreased from 58% to 37% and the formation of
the diimidazolyl compound 17 was observed in 20% yield
(Scheme 1).

To the best of our knowledge, no cine substitution has
been reported to date for the imidazo[1,2-a]pyridine
series.’® Only one example of tele-amination has been
described with 3-bromo derivatives.** This unique cine
substitution represents the first methodology that allows
the direct preparation of 5-functionalized-2-arylimidazo-
[1,2-a]pyridine derivatives. Thus, our attempts to form
the 5-halo-2-phenylimidazo[1,2-a]pyridine failed to give
the desired product required for the catalytic amination
chemistry. When 2-amino-6-chloropyridine was allowed
to react with the appropriate phenacyl bromide deriva-
tives, none of the desired imidazopyridine was formed.
Instead, attack of the phenacyl bromide by the anilino
NH, gave the corresponding secondary amine 18 in
moderate yield (Scheme 2).
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SCHEME 2. Condensation of
2-Amino-6-chloropyridine with
o-Bromo-4-fluoroacetophenone

NH,
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It is interesting to consider whether this reaction
occurs through an addition—elimination mechanism or
an aryne mechanism. While we have no evidence, con-
sidering the nature of the base, we feel that the inter-
mediary of an aryne is unlikely.

In conclusion, the coupling of various azoles with
6-bromo- or 6-iodoimidazo[1,2-a]pyridine provided 5- or
6-substituted derivatives depending on the reaction
conditions. Using a copper(l) catalyst in toluene gave ipso
substitution, while treatment with cesium carbonate in
N,N-dimethylformamide led to cine substitution. Further
studies are in progress to ascertain the mechanistic
pathway and determine the scope and limitations of this
reaction and its applicability to the preparation of other
heterocycles containing bridgehead nitrogen.

Experimental Section

General Considerations. Unless otherwise noted, all
chemicals were used as received. trans-N,N’-Dimethyl-1,2-di-
aminocyclohexane,® 6-bromo-2-(4-fluorophenyl)imidazo[1,2-a]-
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pyridine,** and 6-iodo-2-(4-fluorophenyl)imidazo[1,2-a]pyridine*
were prepared according to a literature procedure. All materi-
als were weighed in an air atmosphere.

General Procedure for Cu-Catalyzed Arylations.
Method A. A screw-cap test tube was charged with 6-halo-
geno-2-(4-fluorophenyl)imidazo[1,2-a]pyridine 1a,b (1.00 mmol),
base (2.10 mmol), copper(l) iodide (9.5 mg, 0.050 mmol), and
azole (1.00 mmol). A Teflon septum was attached, the tube
was evacuated and back-filled with argon, and the evacuated/
backfilled sequence was repeated an additional time. Ligand
(0.15 mmol) and solvent (1 mL) were added by syringe under
argon. The screw-cap test tube was sealed with a cap, and the
reaction mixture was stirred magnetically at 112 °C (oil bath)
for 24 h. After cooling, the suspension was diluted with
dichloromethane and filtered through Celite. The filtrate was
concentrated and the residue chromatographed to afford pure
product.

General Procedure for Cine Substitutions. Method B.
A screw-cap test tube was charged with 6-bromo-2-(4-fluoro-
phenyl)imidazo[1,2-a]pyridine 1a (291 mg, 1.00 mmol), cesium
carbonate (684 mg, 2.10 mmol), and azole (1.00 mmol). A Tef-
lon septum was attached, the tube was evacuated and back-
filled with argon, and the evacuated/backfield sequence was
repeated an additional time. N,N-Dimethylformamide (1 mL)
was added by syringe under argon. The screw-cap test tube
was sealed with a cap, and the reaction mixture was stirred
magnetically at 112 °C (oil bath) for 24 h. After cooling, the
suspension was diluted with dichloromethane and filtered
through Celite. The filtrate was washed with water, dried over
magnesium sulfate, and concentrated under vacuo. The crude
product was chromatographed to afford pure product.

Crystal Structure for Compound 7. The structure of the
imidazolyl compound 7 was confirmed by X-ray analysis
(Supporting Information).
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