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Employing ethyl 2-oxocyclohexanecarboxylate as a novel, efficient, and versatile ligand, the copper-
catalyzed coupling reactions of various N/O/S nucleophilic reagents with aryl halides could be successfully
carried out under mild conditions. A variety of products includiigrylamidesN-arylimidazoles, aryl
ethers, and aryl thioethers were synthesized in good to excellent yields.

Introduction

N-Arylamides,N-arylimidazoles, aryl ethers, and aryl thio-
ethers are valuable compounds widely employed in organic
synthesis, pharmaceutical, or biological ark@se of the most
common synthetic protocols for their preparation is copper-
catalyzed Ullmann coupling. However, classic Ullmann reac-

tions are usually conducted under harsh conditions, and

therefore, their applications would be restricted. Recently, much
enthusiasm has been paid to the improvement of Ullmann
coupling, and significant progress has been nfadén 2001,
Taillefer et al. discovered that pyrazoles were successfully
N-arylated when several oxime/imine-type ligands (Cristau
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Taillefer ligands) were use¥.In 2002, Buchwald et al. found
that several diamino-type ligands could greatly facilitate the
reactions between aryl halides and amides at low temperatures.
Recently, they reported the copper-catalyzed NCcoupling
reactions of aliphatic amines with aryl iodides promoted by
p-diketone at room temperature, and satisfying results were
achieved in relatively shorter reaction tinfe¥ery recently,
BINOL was used as a new ligand for copper-catalyzed N-
arylation of aliphatic amines at room temperature by Fu and
co-workers® Ma et al. reported a €C bond formation at
surprisingly low temperatures facilitated Igans-4-hydroxy-
L-proline, and they extended the Ullmann coupling to the area
of enantioselective synthesiShe above reports revealed that
proper ligands could obviously accelerate the reaction rates and
substantially lower the reaction temperatures. However, the
applications of these Ullmann methods might be limited in a
certain degree by the high expense, unavailability, or specificity
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TABLE 1. N-Arylation of 2-Pyrrolidinone in Different Conditions 2
(@)
I Cat./Ligand 73
(7' Qo o
H

Base Solvent
r.t.

M M
OMe
B OEt c OEt

o o0 o o0
OEt o | ¢
Et N A
D E E
entry cat/L base solvent yield®o

1 Cul/A CsCOs DMF trace

2 CulB CsCOs DMF 36

3 CullC CsCOs DMF 30

4 CulD CsCOs DMF 78

5 CulE CsCOs DMF trace

6 CulF CsCOs DMF 34

7 Cul/~ CsCOs DMF trace

8 CulD K,CO3 DMF 16

9 CulD K3POy DMF 55
10 CulD CsCOs CHsCN 83
11 CulD CsCOs NMP 70
12 CulD CsCOs dioxane 22
13 CulD CsCOs [Bmim]BF4 trace
14 CulD CsCOs DMSO 93
15 CuBrD CsCOs DMSO 96
16 CuCID CsCOs DMSO 11
17 CuO/D CsCOs DMSO 7

aReaction conditions: iodobenzene (1.0 mmol), amide (1.2 mmol), Cu(l)
catalyst (0.1 mmol), ligand (0.2 mmol), andC©; (2.1 mmol) in indicated
solvent (1.0 mL) at rt£25 °C) under N for 22 h.? Isolated yields.
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FIGURE 1. The effect of the ligand in the N-arylation of 2-pyrroli-
dinone.

to not be suitable for this coupling either (entry 3). Another
cyclic p-keto esterD was tested, and moderate result was
achieved (entry 4). Interestingly, ansubstituted cyclig-keto
esterE was introduced into the reaction to compare with ligand
D, but it seemed to be inefficient (entry 5). Maybe the Et group
blocked the formation of the enolate. An amino a®igN-
dimethyl glycine (ligand-), once reported as a good ligand for
vinyl C—N coupling, was examinetl.However, low yield
revealed thatF was inefficient in this reaction condition
(entry 6). Finally, a blank test without any ligand was carried
out, and almost no product was detected in the same condition
(entry 7). The effects of these ligands on the reaction were
clearly demonstrated by Figure 1.

A brief study of several other reaction conditions was carried
out after the best ligand was determined. As shown in Table 1
(entries 4, 8, and 9), with their basicities increasingCRx,
K3PQy, and CsCO; led to sharply ascending efficiencies in the

of the ligands. Recently, several examples have been presentedy|ation of pyrrolidin-2-one. GEO; was found to be the most

to apply the same ligands for various carbdreteroatom

appropriate base (entry 4). Then the effect of solvent was

coupling reactions, and their applications seem to be of more gy51yated (Table 1, entries 4 and-1D4). Dioxane was not

and more importanc&:¢3d8Therefore, more efficient, versatile,
and facile ligands for facilitating these coupling reactions under
relatively milder conditions are still in demand.

Inspired by Buchwald's activg-diketone-type ligands, we
examined more commercially available and fagiketo esters
as ligands. Fortunately, we found one of them could facilitate
various copper(l)-catalyzed carbeheteroatom coupling reac-
tions. Herein we report that, promoted by ethyl 2-oxocyclo-
hexanecarboxylate, aryl halides could successfully couple with
N/O/S nucleophilic reagents at relatively lower temperatures
(no higher than 80C).

Results and Discussion

Optimization of the Coupling Condition. Initially, we tried
to seek the optimal ligand from compounds-F for Cu(l)-
catalyzed CG-N bond formation. lodobenzene and 2-pyrrolidi-

none were chosen as the model substrates with Cul as the

catalyst. The lineafs-keto estersA and B were employed
(Table 1, entries 1 and 2). However, there was only a trace
amount of the product detected in the presendg;dlie reaction
promoted byB gave low yield. The cyclig-keto esteC seemed

(8) () Ouali, A.; Laurent, R.; Caminade, A.-M.; Majoral, J.-P.; Taillefer,
M. 2006 128 15990. (b) Ouali, A.; Renard, B.; Spindler,
J.-F.; Talillefer, M.Chem—Eur. J.2006 20, 5301. (c) Rao, H.; Jin, Y.; Fu,
H.; Jiang, Y.; Zhao, Y| . 2006 12, 3636. (d) Cristau, H.-J.;
Cellier, P. P.; Spindler, J.-F.; Taillefer, \haiinini 2004 10, 5607.
(e) Bates, C. G.; Gujadhur, R. K.; Venkataraman gkt 2002 4,
2803.
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suitable as a solvent. To our surprise, the reaction in the RTIL
(room-temperature ionic liquid) gave a disappointing result
(entry 13). DMSO performed as the prime solvent; DMF,:€H
CN, and NMP were fairish, but were not as good as DMSO.
The copper(l) resources also were proved to have remarkable
effects on the reaction (entries 147). Both Cul and CuBr
were satisfying, whereas CuBr was a little better than Cul. CuCl
and CuO performed improperly for the coupling reaction.
Therefore, the optimized conditions employed 10 mol % of
CuBr, 20 mol % of ligandD, and 2.1 equiv of G&£O; in
DMSO.

Coupling Reactions of Aryl Halides with Amides under
the Catalysis of CuBr/Ethyl 2-Oxocyclohexanecarboxylate.
After the best reaction condition was set, we screened different
aryl halides and amides to explore the scope of theNC
coupling reactions. The-Cl andp-Br groups on the aryl iodides
were tolerated, and good results could be obtained at room
temperature (Table 2, entries 2 and 3). Electron-donating groups
on the aryl halides usually depressed the efficiencies of the
reactions to a certain extent. Those halides withMe group
generally required higher temperatures (entries 4 and 10). Para-
methoxy aryl halides gave the worst results and needed higher
temperatures and longer reaction time (entries 5 and 11).

Coupling Reactions of Aryl Halides with Imidazoles under
the Catalysis of CuBr/Ethyl 2-Oxocyclohexanecarboxylate.
The C—N coupling reactions between aryl halides and imida-

(9) Pan, X.; Cai, Q.; Ma, DRttt 2004 6, 1809.
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TABLE 2. CuBr/Ethyl 2-Oxocyclohexanecarboxylate-Catalyzed N-Arylation of Amidé

Oy R O+ R
A+ " cuBr/D Cs,COs ¥
T HN ~75 ° N
Xl. Br R DMSO rt~75°C , - R
entry ArX amides product temp, time yield %°

1

QQO &NQ “ r.t,22h 96

S
2 oy 4}0 &N ore . rt,23h 90
Sy 4}0 &N Uarlc rt,22h 85
¢ 4}0 &N @Meld 60°C,24h 86
sy (o & o N 75°C,25h 85
6 Y . <’j o 60°C,22h 95
T Qﬁ o e 60°C,24h 84
. o 0 0
8y @)LNHZ e N 60°C,24h 83
" A )‘1” O, 75°C,28h 84
0 oy {o 1d 75°C,26h 81
ot G le 75°C,30h 76
2y 4}0 C &H 60°C,22h 95

aReaction conditions: halide (1.0 mmol), amide (1.2 mmol), CuBr (0.1 mmol), liga@2 mmol), and G£O; (2.1 mmol) in DMSO (1.0 mL) under
N2. P Isolated yields.

zoles were examined. The CuB#eto ester-catalyzed protocol work: C—S bond formations via coupling of thiols with aryl
could also facilitate this type of €N coupling efficiently iodides. The results showed that this ligand also could success-
(Table 3). The reactions of imidazole with some aryl iodides fully promote these reactions, and the desired products were
successfully occurred at an especially low temperaturé 45 gained in good to excellent yields (Table 5).
entries 1 and 2). It was found that they could handle the In summary, we found that the novel and commercially
electronic effects (entries 2, 6, and 8). Unfortunately, the available ethyl 2-oxocyclohexanecarboxylate was an efficient
reactions seemed to be sensitive to the steric hindrance on theand facile ligand. It could promote CuBr-catalyzed g, C—0O,
nucleophilic reagents.H-Benzoimidazole seemed to be more and C-S coupling reactions. Generally, good to excellent yields
difficult to react with aryl halides compared to imidazole, but of the desired products could be successfully obtained. Note-
once higher temperatures were provided, moderate to goodworthy was that the readily available ligand would be versatilely
results were achieved (entries 3 and 7). used, and the coupling reactions promoted by this ligand
Coupling Reactions of Aryl Halides with Phenols under occurred under mild conditions. Given these advantages, this
the Catalysis of CuBr/Ethyl 2-Oxocyclohexanecarboxylate. method would have wilder implications for further development
We also applied this ligand to the copper-catalyze¢CC of Ullmann reactions.
coupling reactions of phenols with aryl halides. Fortunately, the
catalysis system was found to be efficient in the arfl@bond- Experimental Section
forming reactions. The diaryl ether products from the coupling ) . i i )
between phenols and aryl iodides were obtained in good to Scﬁlzgekr?)lr ggpf&%zrsatg:d fﬂlln rﬁggg?gﬁ ;"t’;rgsgﬁg';%“mﬁfm
excellent y|eldsd l(TabIe 4 ef“”e.s‘ﬂ and 8). V\/|h|ledh|ghher Ithe copper sources, ligands, and bases were commercially available.
temperature and longer reaction imes were employed, three ary Organic solvents, also were commercially available, were dried over

bromides also gave good yields (entries?. 4 A molecular sieves before being used. All amides, imidazoles,
Coupling Reactions of Aryl lodides with Thiols under the phenols, and thiols were used as received. Thin-layer chromatog-

Catalysis of CuBr/Ethyl 2-OxocyclohexanecarboxylateThe raphy (TLC) was carried out with 0.2 mm thick silica gel plates

same catalytic system was applied for the last portion of our (GF 254) and visualized by UV light. The columns were packed
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TABLE 3. CuBr/Ethyl 2-Oxocyclohexanecarboxylate-Catalyzed N-Arylation of Imidazol@

- (‘"::\
. CuBr/ D Cs;CO; 1}
ArX + Uz LuBr D ©%%0s | W A Ar
NH — .
X=1. Br \N/; DMSO 45~75 °C \N/; N
entry ArX imidazoles product temp, time yield % b
I ~ = [
! ©/ r«E/\NH ,\E/\NO 2a 45°C,22h 96
| = = .
2 C,/©/ I‘Q/NH NE/\N‘QC' 2b 45°C,23h 91
’ & | Q Q\ 60 °C, 25 h 85
NﬁNH NﬁN/Q zc (45 OC, 28 h) (55)
Br = > .
O {Ow O we 5q 75241 %
5 ©/Br I\E/\NH 2a 75°C,22h 7
6 Br K\NH 2b 75°C, 24 h 93
mg Ns/
7 ©/Bf Q\ 2¢ 75 OC, 28 h 72
= (45°C, 24 h) (23)
Br = = .
i M_EOO [ O )owe 2e 75°C,24h 91

aReaction conditions: halide (1.0 mmol), imidazole (1.2 mmol), CuBr (0.1 mmol), ligaf@.2 mmol), and C£O; (2.1 mmol) in DMSO (1.0 mL)
under N. ° Isolated yields.

TABLE 4. CuBr/Ethyl 2-Oxocyclohexanecarboxylate-Catalyzed O-Arylation of Phend

CuBr/D Cs;CO3 Ar

DMSO 60~80 °C \O/

ArX + ArOH
X=1,Br

entry ArX phenols product temp, time yield %°

o ©/°\© 3 60°C,20h 97
a

° 80°C,22h 85
SR G

o ° 75°C,26h 82
S S

Q

ol
Q Qg

4 o8 e 3b 60°C, 22 h 95

5 @/B' ©/°H 3a 80°C,26h 81

6 Q/B' ©/°H 3b 80°C,36h 84
Me

7 o o 3 80°C,36h 72
Meo/©/ ©/ ¢

2
%

0 60°C,22h 93
"

aReaction conditions: halide (1.0 mmol), phenol (1.2 mmol), CuBr (0.1 mmol), liga@2 mmol), and C£O; (2.1 mmol) in DMSO (1.0 mL) under
N2. P Isolated yields.

with silica gel 60 (206-300). All products were confirmed b\ mg, 2.1 mmol), CuBr (15 mg, 0.10 mmol, 10 mol %), and ethyl

NMR and 3C NMR. An unknown compound was additionally = 2-oxocyclohexanecarboxylate (34 mg, 0.20 mmol, 20 mol %). The

confirmed by IR and elemental analysis. tube was evacuated and backfilled with {this procedure was
General Procedure.An oven-dried Schlenk tube equipped with  repeated three times). Under a counter flow of BMSO (0.5

a Teflon valve was charged with a magnetic stir bapGIT3 (684 mL) was added by syringe and pre-stirred for 0.5 h at room
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TABLE 5. CuBr/Ethyl 2-Oxocyclohexanecarboxylate-Catalyzed S-Arylation of Thiot
CuBr/ D Cs,CO3 Ar. Ar'

Arl + Ar'SH ——Mmm N
DMSO 60~75°C S
entry ArX thiols product Temp., Time  yield %"

Q

©/SH ©S© A 60°C,20h 97
a

s 60°C,20h 94
©/ \©Me 4b

s 60°C,24h 85
oA O 4

s 75°C,22h 93
Me0/©/ \©\Me 4d

\"/\;( I Ny Soen 75°C,24h 81
2 ZN
4e

(:]A SPh a 60°C,22h 92
S~ 60°C,22h 90
"

Q
Y

M

+ w
O 2
= 4
3 g
Q Q
j2} 1%}
I I

M

Zz
1)
I

12}
T

Q@ a qQ
4

aReaction conditions: halide (1.2 mmol), thiol (1.0 mmol), CuBr (0.1 mmol), ligen@.2 mmol), and G£0; (2.1 mmol) in DMSO (1.0 mL) under
N,. P Isolated yields.

temperature. Then a solution of halide (1.0 mmol forN and (1:1) as eluent to give a white solid of 1-phenylpyrrolidin-2-one
C—0 coupling; 1.2 mmol for €S coupling) and nucleophilic (155 mg, 96%): white solic®tH NMR (400 MHz, CDC}) 6 7.60
reagent (1.2 mmol for EN and C-0O coupling; 1.0 mmol for €S (2H,d,J=8.0Hz),736 (2H,t)=7.8Hz), 713 (1 H, tJ =
coupling) in DMSO (0.5 mL) was added via syringe under a counter 7.4 Hz), 3.82-3.86 (2 H, m), 2.57#2.61 (2 H, m), 2.16-2.17
flow of N,. The tube was sealed, and the mixture was allowed to (2 H, m);*C NMR (50 MHz, CDC}) 6 174.4, 139.6, 129.0, 124.7,
stir at the temperature indicated in Tables32 The reaction was 120.2, 49.0, 33.0, 18.3 (CDELH 77.3).

monitored by TLC. After the starting material was completely

consumed, the reaction was stopped and the mixture was cooled Acknowledgment. This work was financially supported by

to room temperature. The reaction mixture was directly passed the Natural Science Foundation of China (No. 20372058).
through Celite. After being rinsed with another 60 mL of ethyl

acetate, the combined filtrate was washed with saturated brine
(10 mL x 2). After the organic layer was dried by p&O,, it was
concentrated by rotatory evaporation. The residue was purified by
column chromatography on silica gel using hexane/ethyl acetate
as eluent to give the pure product.

1-Phenylpyrrolidin-2-one (1a)2d The residue was purified by
column chromatography on silica gel using hexane/ethyl acetate JO070443M

Supporting Information Available: Typical experimental
procedure, characterization data, and copietHoind 13C NMR
spectra for all of the coupling products with additional IR spectra
for the unknown compound. This material is available free of charge
via the Internet at http:/pubs.acs.org.
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