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Abstract: Intramolecular CH arylation of imidazole derivatives is
carried out in the presence of apalladium catalyst to form fused het-
eroaromatic compounds. The reaction of imidazole with 2-iodoben-
zyl bromide with NaH gives the cyclization precursor in an
excellent yield. Thisthen undergoes a palladium-catalyzed intramo-
lecular CH arylation at 100 °C to form 5H-imidazo[5,1-a]isoindole
in 78% yield.

Key words: intramolecular C—H arylation, palladium catalyst, imi-
dazole derivatives, one-pot reaction

Synthesis of fused heteroaromatic compounds is of con-
siderableinterest in organic synthesis since awide variety
of such molecules show biological activities as pharma-
ceutical and agrochemical compounds.! Intramolecular
arylation of the C—H bond of a heteroaromatic compound
isthe method of apractical choice. Several studies with a
palladium-catalyzed strategy, which have been performed
to construct C-fused bicyclic compounds by Suzuki and
Robert,> while intramolecular version of N-[2-(halo-
aryl)akyl] heteroaromatics has rarely been studied so
far.3# Since introduction of the cyclization precursor can
easily be performed by the N-alkylation of the unsub-
stituted heterocycle, the reaction can be a facile method
to congtitute the fused ring system. Although the inter-
molecular CH arylation reported by Miura has shown to
proceed in good to excellent yields, the reaction some-
times cause difficulties in the selectivity of 5-arylation
and 2,5-diarylation.® Thereby, the intramolecular version
might be a solution for such selectivity problem. On the
other hand, we have been studying a transition-metal-
catalyzed CH arylation of heteroaromatic compounds
such as thiazoles and thiophenes, which is shown to pro-
ceed under mild conditions when a certain additive is
employed.® By contrast, the related CH arylation reaction
of heterocycles bearing nitrogen atoms, as represented by
imidazoles, pyrroles, and pyrazoles, occurs under harsh
conditions.” We therefore envisaged that the reaction
takes place at a lower temperature when the reaction is
applied to the intramolecular manner. Our effort on the
design of the cyclization precursor and the intramol ecular
palladium-catalyzed CH arylation is described herein.
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Synthesis of the cyclization precursor 1a was carried out
by the reaction of imidazole with 2-iodobenzyl bromide.
Treatment of imidazole with sodium hydride followed by
addition of 2-iodobenzyl bromide afforded la in 88%
yield. Therelated aryl bromide 1a’ was also prepared in a
similar manner.

Theintramolecular CH arylation of 1a wassummarizedin
Table 1. When the reaction was carried out with 1a in the
presence of 5 mol% of Pd(OAc),—2(PPh;) and K,CO; (2
equiv) in DM SO at 100 °C for 22 hours, 5H-imidazo[5,1-
alisoindole (2a) that is the intramolecular CH arylation
product at the 5-position of imidazole was obtained in
78% yield. The use of PdCl,(PPhg), was also found to be
similarly effective. Among several aprotic polar solvents
examined, DM SO resulted to give the highest yield, while
other solvents such as DMF, DMAc (N,N-dimethylaceta-
mide), NMP (N-methylpyrrolidone) were found to be
dlightly inferior. The effect of additive was also examined
and potassium carbonate was found to be superior. The
use of cesium carbonate, which was shown to be similarly
effective to K,CO; by Miura in the intermolecular cou-
pling of imidazole, resulted in lower yield (38%).5 On the
other hand, the reaction in the presence of silver(l) oxide
and silver(l) fluoride as an activator did not afford the cy-
clization product 2a at al. Although the reaction of la
with a catalytic or stoichiometric amount of Cul was at-
tempted, the reaction at the 2-position of the imidazole
was found to be unsuccessful. When a catalytic amount of
Cul was employed for the reaction, the product reacted at
the 5-position of 1a was obtained in alower yield. How-
ever, 2awas not obtained at all along with amixture of un-
identified products in the reaction with 200 mol% of Cul.
Although the reason for the unsuccessful reaction with
Cul for the intramolecular cyclization has not been clear
yet, the difficulty would be due to the strained structure of
the product that is reacted at the 2-position of the imida-
zolering. Several examples of the intramolecular cycliza-
tion by generation of radical has shown to produce the
similar fused heteroaromatic compounds, however, the
palladium-catalyzed reaction seems to proceed with high-
er efficiency.®

The intramolecular CH arylation reaction appeared to
proceed under milder conditions than the intermolecular
reaction. Indeed, the attempted reaction of N-methyl-
imidazole with 2-iodotoluene resulted in no reaction
under similar conditions (100 °C, 24 h). The reaction was
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Tablel Intramolecular CH Arylation of 1lain the Presence of aPal-
ladium Catalyst?

N Pd(OACc);, (5 mol%)
[ 3 PPhs (10 mol%)
| N K,CO3

N
()
@) 100 °C, 22 h B &
la 2a
Catalyst (mol%) Solvent  Additive Yield (%)

Pd(OAC),~2PPh, (5) DMSO K,CO, 78
DMF K,CO, 41
DMAc  K,CO, 47
NMP K,COz 58
DMSO CsCO, 38

DMSO  Ag,0Ob 0

DMSO  AgF 0
PdCI,(PPhs), (5) DMSO K,CO, 55
Pd(OAC),—2PPh, (5) Cul (2) DMSO  K,CO, 42
Pd(OAC),—2PPh, (5) Cul (10) DMSO  K,CO, 18

Pd(OAC),—2PPh, (5) Cul (2000 DMSO  K,CO,  0°

aUnless noted, the reaction was carried out with 1a (0.5 mmol), addi-
tive (1.0 mmol), and 3 mL of solvent at 100 °C for 22 h.

b The amount of Ag,0 was 0.5 mmol.

¢ No cyclization at the 2-position was observed to afford amixture of
unidentified products.

found to take place at the elevated temperature (140 °C),
however, the reaction was hardly controlled to afford the
mixture of 5-arylated product 3 and 2,5-diarylated product
4 in 50% and 21% yields, respectively (Scheme 1).° The
results suggest that the intramolecular CH arylation
reaction shows regiochemical control aswell as enhanced
reactivity.

Table2 Intramolecular CH Arylation in the Presence of
PdCl,(PPhg),2

1 Temp (°C) Time (h) Yied (%)
N 100 24 61
£
Br N 140 24 77
1
B 100 27 82
| N
1b
F\ 140 24 0
N
| N
1c

aThe reaction was carried out with 1 (0.5 mmol), PdCl,(PPhs), (5
mol%), K,CO; (1.0 mmol) in 3 mL of DM SO under an argon atmo-
sphere.

Table 2 summarizes the intramolecular reactions of imi-
dazole derivatives and other five-membered heteroaro-
matic compounds. The reaction with bromide 1a’ wasalso
found to take place. Although the reaction at 100 °C re-
sulted in giving lower yield, the yield was improved to
77% at 140 °C. The reaction with pyrrole derivative 1b,
whose preparation was carried out with 2-iodobenzy! bro-
mide and pyrrole in 63% yield, also proceeded smoothly
to give 5H-pyrrolo[2,1-a]isoindole (2b) in 82% yield. Al-
though the related intramolecular reaction with pyrazole
derivative 1c was examined, the desired cyclized product
was hot obtained.

It was also found that the construction of afused heteroar-
omatic ring is possible by the one-pot reaction of the sodi-
um sat of imidazole with 2-halobenzyl bromide.
Treatment of the sodium salt of imidazol e, which was pre-

Pd(OAC); (5 mol%)
" Me PPhs (10 molot) Me Me M@
o0 BTG 0D
N DMSO N D
Me Me Me
3 4
100 °C: 0% 0%
140 °C: 50% 21%
Scheme 1
Br
Pd(OAC); (5 mol%) z
x PPh; (10 mol%) / 3
z 2 K,CO3 N
&
N DMSO 140°C
Na

2a(X=1,Z=N): 55%
2a (X = Br, Z=N): 44%
2b (X =1, Z = CH): 48%

Scheme 2
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pared by the reaction of imidazole with sodium hydridein
situ, with 2-iodobenzyl bromide followed by the addition
of the palladium catalyst and potassium carbonate afford-
ed 2a in 55% yield after stirring for 48 hours at 140 °C.
The reaction with 2-bromobenzyl bromide also afforded
2a although the yield was slightly lower (44%). In addi-
tion, the reaction with pyrrole to form 2b proceeded in
48% yield in asimilar one-pot protocol (Scheme 2).

In summary, palladium-catalyzed CH arylation of imida-
zole derivative was performed in the intramolecular ver-
sion, which was afacile preparation protocol for the fused
heteroaromatic compounds. The reaction was found to
proceed under mild conditions compared with the corre-
sponding intermolecular CH arylation. The method would
be applicable for severa other ring systems and heteroat-
Om Species.

1-(2-1odobenzyl)-1H-imidazole (1a)

To a25-mL two-necked flask equipped with a magnetic stirring bar
were added NaH (48.0 mg, 2 mmol) and 3 mL of THF under an ar-
gon atmosphere. Imidazole (68.1 mg, 1 mmol) was then added. Af-
ter the evolution of hydrogen stopped, 2-iodobenzyl bromide (296.9
mg, 1 mmol) was added and stirring was continued at r.t. for 1 h.
The mixture was poured into amixture of 20 mL of H,O and 20 mL
of Et,O and the two phases were separated. The agueous layer was
extracted with Et,O twice and the combined organic layer wasdried
over anhyd Na,SO,. Concentration of the solvent under reduced
pressure left a crude oil, which was purified by column chromatog-
raphy on silicagel using hexane—EtOAc = 1.1 asan eluent to afford
236.7 mg of 1a as a colorless oil (88%). *H NMR (300 MHz,
CDCl,): 6 =5.10(2H, s),6.81 (1 H,d, J=75Hz),6.88 (1 H, s),
6.97(1H,dd,J=7.8,7.8Hz),7.06 (1H,s), 726 (1H,dd, J=75
Hz), 754 (1 H, s), 7.82 (L H, d, J= 7.8 Hz). 13C NMR (75 MHz,
CDCl3): & = 55.6, 98.3, 119.6, 128.8, 129.1, 129.9, 130.2, 137.9,
138.8, 140.0. IR (KBr): 3109, 1508, 1238, 1074, 1014, 868, 748,
735, 663 cm™. HRM'S: m/z calcd for 283.9810; found: 283.9826.

5H-Imidazo[5,1-a]isoindole (2a)

Toa25-mL Schlenk tube equipped with amagnetic stirring bar was
added K,CO; (138.2 mg, 1 mmol). The Schlenk tube was heated at
140 °C for 2 h under vacuum and the atmosphere was replaced with
argon. Then, 1a (142.1 mg, 0.5 mmal), Pd(OAc), (5.6 mg, 0.025
mmol), PPh;(13.1 mg, 0.05 mmol), and 3 mL of DM SO were added
and the resulting mixture was heated at 100 °C for 22 h. After cool-
ing to r.t. the mixture was diluted with 20 mL of EtOAc and passed
through a Celite® pad. The cake was washed with 10 mL of EtOAcC.
Tothefiltrate was added 20 mL of H,O. The mixture was vigorous-
ly shaken and the two phases were separated. The organic layer was
washed twice with H,O and dried over anhyd Na,SO,. Removal of
the solvent under reduced pressure | eft a crude solid, which was pu-
rified by chromatography on silica gel using hexane-EtOAc = 1:3
as eluent to afford 61.1 mg of 2a. *H NMR (300 MHz, CDCl,): & =
500(2H,9),7.18(1H,s),724(1H,dd, J=75,75Hz),7.37 (1
H, dd, J=8.1, 81 Hz), 7.39 (1 H, d, J=7.5 Hz), 7.55 (1 H, d,
J=72Hz), 7.72 (1 H, s). *C NMR (CDCl;): § = 48.8, 118.6,
120.3, 123.9, 126.6, 128.6, 130.7, 132.5, 138.9, 140.6. IR (KBr):
3103, 1618, 1485, 1454, 1437, 1084, 929, 758, 652 cmm . HRM S
m/z caled for 156.0687; found: 156.0676.

One-Pot Synthesis of 2a with 1a and Imidazole Sodium Salt

To a 25-mL Schlenk tube equipped with a magnetic stirring bar
were added NaH (12.0 mg, 0.5 mmol), imidazole (34.0 mg, 0.5
mmol) and 3 mL of DMSO. The mixturewas stirred for 2 h at r.t. to
form the sodium salt. Then, 2-iodobenzy! bromide (148.5 mg, 0.5
mmol) was added and stirring was continued for further 3 h at r.t.
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Then, K,CO; (138.2 mg, 1 mmoal), which was dried under vacuum
at 140 °C for 2 h, Pd(OAc), (5.6 mg, 0.025 mmoal), and PPh; (13.1
mg, 0.05 mmol) were added to the mixture and stirring at 140 °C
was continued for 27 h. After the reaction is compl ete, isolation and
purification procedures were carried out in a similar manner to the
above-mentioned palladium-catalyzed reactions.
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