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An efficient copper catalyst system, Cu,0/p-ketoimine L;, for the N-arylation of nitrogen-containing
heterocycles with aryl iodides and bromides has been developed. The system works well with the
electron-rich, -neutral, and -deficient aryl bromides to afford the products in good to excellent yields.
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The Ullmann-type coupling reactions are one of the most pow-
erful approaches for the formations of N-Arylazoles (N-arylimidaz-
oles, N-arylpyrroles, N-arylindoles, etc.) which are the structural
motif found in many biologically active natural products and phar-
maceutically interesting compounds.! The traditional copper-cata-
lyzed Ullmann coupling reactions were conducted under harsh
conditions, including high temperature, stoichiometric amount of
copper agent, and extended periods of time. Moreover, the method
has the drawback of low functional group tolerance and poor sub-
strate generality.? Since Buchwald® and Taillefer* reported, respec-
tively, that copper-based coupling reaction of nitrogen-containing
heterocycles with aryl halides could be improved with an addition
of diamines and oxime/imine derivatives as additives, exhaustive
efforts have been paid to exploring efficient ligands. Indeed, vari-
ous compounds have been found to be efficient as ligands for these
coupling reactions, including amino acids, diamines, diimines,
aminoarenethiol, oxime-phosphine, 8-hydroxyquinoline, 1,10-
phenanthrolines, etc.> However, the majority of the reactions are
limited to the coupling of imidazoles with aryl iodides or of hetero-
arylamines possessing strongly electron-donating groups or aryl
halides with strongly electron-withdrawing groups or of unhin-
dered substrates.

Only very recently have significant advances been achieved for
the copper-catalyzed coupling reactions of imidazoles with aryl
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bromides or of hindered substrates or of functional substrates by
use of the new ligands explored, such as 4,7-dimethoxy-1,10-
phenanthrolines,® (s) pyrrolidinylmethylmidazoles,” N,N'-dimeth-
ylethylenediamine,® 2-aminopyrimidine-4,6-diol,° and pB-keto
esters.!® Therefore, the further discovery of new facile ligand
structures for the copper-catalyzed cross-coupling reactions of
imidazoles with aryl halides is still an area of considerable interest.
Here we report the efficient use of p-ketoimine for the copper
catalyzed N-arylation of imidazoles with aryl bromides bearing
electron-donating groups (see Scheme 1).

The ligands L,;-L; were synthesized by known literature meth-
ods (Fig. 1)'" Reaction of iodobenzene with imidazole was con-
ducted with varied copper salt, ligand, base and solvent in order
to find the optimum conditions. The results are listed in Table
1.12 No desired coupling product was obtained without the pres-
ence of copper salt and ligand. It was notable that the reaction with
Cu,0 catalyst and KO'Bu as the base could afford the coupling
product in 47% yield at 60 °C after 24 h without ligand (Table 1,
entry 2)."> Upon addition of a ligand, however, the remarkable

Cu,0(5-10%), L;(10-20%)
t-BuOK, DMF, 45-130 °C

Ar-X +

Het-NH Ar-N-Het

X=I,Br
Ar=Aryl
Het-NH=N-Heterocycle

Scheme 1.
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Figure 1. Ligands for copper-catalyzed N-arylation of imidazoles.

increase in reactivity was observed (Table 1, entries 6 and 14-19).
Among the ligands L;-L; tested, L; is the most efficient, while steric
hindered B-diketiimine L; and B-diketiimine with strong electron-
withdrawing groups Ls are less efficient. For example, the reaction
with L; afforded the coupling product in 90% yield using 5 mol %
Cu,0 at 60 °C after 24 h while only 53% and 60% yields were ob-
tained for the same reaction with Ls and L, respectively (Table 1,
entries 6, 17, and 19). The catalytic activity of cuprous salts was
compared and Cu,0O was found to be the most efficient. The de-
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Table 1
Effect of ligand, base, solvent,and copper salt on the coupling of imidazole with
iodobenzene®
Entry Ly Copper salt Base Solvent Yield® (%)
1 — — t-BuOK DMF NR®
2 — Cu,0 t-BuOK DMF 47
3 Ly CuBr t-BuOK DMF 63
4 Ly CuCl t-BuOK DMF 7
5 Ly Cul t-BuOK DMF 75
6 Ly Cu,0 t-BuOK DMF 90
7 L Cu0 CsCO3 DMF 65
8 Ly Cu,0 K5PO4 DMF 58
9 L Cu,0 K,CO5 DMF 45
10 Ly Cu,0 Na,CO5 DMF NR®
11 L CuO t-BuOK DMSO 70
12 L Cu,0 t-BuOK TOL NR¢
13 Ly Cu,0 t-BuOK CH5CN <5
14 L, CuO t-BuOK DMF 80
15 L Cu,0 t-BuOK DMF 76
16 Ly Cu,0 t-BuOK DMF 67
17 Ls Cu,0 t-BuOK DMF 53
18 Le Cu,0 t-BuOK DMF 78
19 L, Cu,0 t-BuOK DMF 60
20 Ly Cu,0 t-BuOK DMF 100¢
21 L CuO t-BuOK DMF 84¢

2 Reaction conditions: iodobenzene (1 mmol), imidazole (1.2 mmol), Cu,0
(0.05 mmol), ligand (0.1 mmol),base (2 mmol) and DMF (1 ml) under Ar atmosphere

at 60 °C for 24 h.
b Isolated yields.
¢ No reaction.
4 At 80 °C.
e

Cu,0 (0.1 mmol), L; (0.2 mmol) at 45 °C.

Table 2
Catalytic N-arylation of diazoles with aryl halides by Cu,0?
Entry Aryl halide Diazole Product Temperature (°C) Yield® (%)
2N /=N 110 90
1 N7 °NH
@Bf \—/ @N\%
2 @Br NCNH C}N/\j‘ 130 92
2N /=N
3 N7 NH 130 99
Om \—/ ON\%
N /=N
4 N” "NH 130 92
oo )sr ) owe— )
OMe OMe
5 N7 ONH /SN 130 91
Br \—/ N\)
MeO OMe
6 NZONH /=N 130 73
Br \—/ N _
a /=
7 OHOBr N”NH HOON - 130 95
2N /=N
8 NHZOBr N\/:/NH HZNON B 130 85
N 2 /=N
N7 °NH
9 /NOBr ) N N_J 130 98

(continued on next page)
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Table 2 (continued)
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Entry Aryl halide Diazole Product Temperature (°C) Yield® (%)
AN /=~
10 C|Ogr N\/:/NH cl N\J 130 95
1 OZNOBr N@NH oZNON/i i 130 53/70¢
N =
12 HgCOCOBr N\/:/NH HacocON/: i 130 57/73¢
o v
13 NC/NH - 130 92
s
it ==
3 O & oG 0
\/ =
it ==
15 @Br ONG 110 82
W =
N
E O- co O
H ~
N
17 @Br @E} @,@ 130 45
H =

@ Reaction conditions: aryl halide (1.0 mmol), Het-NH (1.2 mmol), KO'Bu (2.0 mmol) in the presence of L; (20 mmol %) and Cu,0 (10 mmol %) in 1.0 ml of DMF under Ar

atmosphere for 24 h.
b Isolated yields.
€ Cuy0 (0.05 mmol), L; (0.1 mmol).
4 Cs,C0; (2 mmol) instead of KO'Bu.

crease in the order Cu,0 > Cul > CuBr > CuCl was observed (Table 1,
entries 3-6). Base influenced the progress of the reaction greatly.
The highest yield was obtained when KO'Bu was used (Table 1,
entries 6-10). Of the solvents investigated, DMF was found to be
the most effective, whereas CH3;CN and toluene were ineffective
(Table 1, entries 12 and 13). It was notable that the reaction could
be conducted at temperatures as low as 45 °C with 10 mol % Cu,0
and KO'Bu in DMF to give the product in 84% yield (Table 1, entry
21).

The arylation of imidazole with various aryl bromides and of N-
containing heterocycles with aryl halides was further examined
under the optimum conditions to evaluate the scope and the
generality of Cu,0/L; system.

The reaction of imidazole with electron-rich, -neutral, and -defi-
cient aryl bromides was first tested, since substrates which contain
certain functional groups have proven to be problematic in the aryl-
ation of imidazoles. The results are collected in Table 2. As shown
in Table 2, the reactions with these aryl bromides proceeded
smoothly with 10 mol % Cu,O to provide the corresponding cou-
pling products in good to excellent yields. Notably, the present
catalyst system could facilitate the arylation of imidazole with
ortho-substituted aryl bromides. For example, the reaction of
imidazole with 2-methyl bromobenzene and 2-methoxybromo-
benzene afforded the corresponding coupling products in 92%
and 73% yields at 130 °C (Table 2, entries 2 and 6). Generally, the
Ullmann-type condensations are sensitive to steric hindrance near
the halogen atom, and only a few examples concerning with the
Cu-catalyzed arylation of imidazole with hindered aryl halides
were found in the literatures.® The reaction with 4-NO,CgH4Br
and 4-CH3COCgH4Br afforded the corresponding product in moder-
ate yields, 53% and 57%. The yields can be improved to 70% and
73%, respectively, when CsCO; was used, instead of KO'Bu as the
base (Table 2, entries 11 and 12).

Arylation of other N-containing heterocycles with aryl halides
was then examined (Table 2). The present catalyst system was
found to be efficient for the arylation of pyrrole with iodobenzene
at 80 °C to afford the product in 96% yield after 24 h, even the
amount of Cu,0 decreased to 5 mol % ( Table 2, entry 14). Further-
more, the catalyst system could also be applied in the reaction of
indole with iodobenzene. The corresponding product in high yield
(95%) was obtained at 110 °C with the same amount of Cu,0 (Table
2, entry 16). It was expected that the same two reactions with bro-
mobenzene were relatively difficult. To obtain the coupling product
in good yield (82%) for the reaction of pyrrole with bromobenzene,
the amount of Cu,0 needs to increase to 10 mol % and the reaction
temperature should raise to 110 °C related to that with iodobenz-
ene (Table 2, entry 15). The arylation of indole with bromobenzene
afforded the product in moderate yield, even the reaction tempera-
ture increased to 130 °C (Table 2, entry 17).

In summary, B-ketoimine was found to be an efficient, inexpen-
sive, and facile ligand for the Cu,0O-catalyzed N-arylation of imida-
zoles with aryl iodides and bromides. Particularly, the system
works well with the electron-rich, -neutral, and -deficient aryl bro-
mides. The further study on design and application of new ligands
in copper based Ullmann-type coupling reaction is currently
ongoing.
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