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ABSTRACT

The two-component, three-molecule reactions between 2,3-dihydroinden-1-ones and aryl chlorides were achieved in the presence of an
NHC�Pd(II)�Im complex. Under the optimal conditions, all reactions performed well to give the corresponding products in moderate to high yields.

Pioneered by the group of Miura,1 Buchwald,2 and
Hartwig,3 the palladium-catalyzedR-arylation of carbonyl
compounds, which was usually promoted by the introduc-
tion of phosphine ligands, has become one of themost use-
ful methods for the formation of C(sp2)�C(sp3) bonds.4

During the past decade, N-heterocyclic carbenes (NHCs),
with the advantages of higher air-, moisture-, and thermal-
stability over their phosphine counterparts, have showed
good catalytic activity along with palladium salts in the
R-arylation of ketones.5 Very recently, we have also
successfully synthesized a well-defined N-heterocyclic

carbene�Pd(II)�1-methylimidazole [NHC�Pd(II)�Im]
complex 1 and found it to be an efficient catalyst in the
R-arylation of carbonyl compounds such as aryl alkyl
ketones and 2-oxindoles with aryl chlorides.6 These results
thus prompted us to further investigate the catalytic activ-
ity of NHC�Pd(II)�Im complex 1 toward the R-arylation
of other carbonyl compounds.
Recently, metals such as palladium and nickel catalyzed

reactions of 2,3-dihydroinden-1-ones with aryl chlorides,
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bromides, and triflates have been reported to give the
normal R-arylated products in the presence of phosphine,
NHC, and N,O ligands, respectively (Scheme 1, Path A).7

However, to our pleasure, when the reactions between
2,3-dihydroinden-1-ones and aryl chlorides were carried
out in the presence of NHC�Pd(II)�Im complex 1, the
two-component, three-molecule reactions were achieved
in moderate to good yields (Scheme 1, Path B). Herein, we
report these preliminary results in detail.

An initial trial was carried out using 2,3-dihydroinden-
1-one 2a (1.2 mmol) and chlorobenzene 3a (0.6 mmol) as
the substrates, in the presence of NHC�Pd(II)�Im com-
plex 1 (2.0 mol %) and LiOtBu (4.0 equiv) in toluene
(1.0 mL) at 80 �C for 12 h, and product 4a was formed in
61% yield (Table 1, entry 1). The structure of product 4a
was unambiguously determined by X-ray single crystal
diffraction (Figure 1).8 Subsequently, the ratio of 2aand 3a
was adjusted to 1:1 and the yield of 4awas not disturbed in
this case (Table 1, entry 2). Finally, the best yield was
achieved when the ratio of 2a and 3a was adjusted to 4:3,
andproduct4awasobtained in 69%yield (Table 1, entry 3).
Based on these results, a variety of bases were then
screened. It was found that, in the presence of NaOtBu,
product 4a can be obtained in 45% yield (Table 1, entry 5),
while, in the presence of other bases such as KOtBu,
K2CO3, Na2CO3, NaOH, KOH, Li2CO3, Cs2CO3, Na3-
PO4 3 12H2O, and K3PO4 3 3H2O, almost no desired pro-
duct was detected (ND) (Table 1, entries 4, 6�13).

Furthermore, the effect of solvents was also investigated.
It was found that in the presence of all other solvents such
as THF,CH3CN, dioxane,DMF, andDMSO, no desired
product can be detected (Table 1, entries 14�18).9

With the optimal conditions in hand, the scope and
limitations of this reaction were first examined using 2,3-
dihydroinden-1-one 2a and a variety of aryl chlorides 3 as
the substrates. The results are summarized in Table 2.
Awide range of aryl chlorides 3 bearing an electron-rich or
-poor group on the phenyl rings gave the corresponding
products 4 in acceptable to high yields (Table 2, entries
1�10). Sterically hindered substituents such as 2-Me,
2-OMe, 2-F, and 2,6-Me2 groups on the phenyl rings of
aryl chlorides 3 did not affect the reactions, giving the
expected products 4b, 4e, 4g, and 4k in good to high yields

Scheme 1. Metal Catalyzed R-Arylation of 2,3-Dihydroinden-
1-ones

Table 1. Optimization for the Reaction Conditions

entrya 2a:3a solvent base yield/%b

1 2:1 toluene LiOtBu 61

2 1:1 toluene LiOtBu 60

3 4:3 toluene LiOtBu 69

4 4:3 toluene KOtBu ND

5 4:3 toluene NaOtBu 45

6 4:3 toluene K2CO3 ND

7 4:3 toluene Na2CO3 ND

8 4:3 toluene NaOH <5

9 4:3 toluene KOH trace

10 4:3 toluene Li2CO3 ND

11 4:3 toluene Cs2CO3 ND

12 4:3 toluene Na3PO4 312H2O ND

13 4:3 toluene K3PO4 3 3H2O ND

14 4:3 THF LiOtBu ND

15 4:3 CH3CN LiOtBu ND

16 4:3 Dioxane LiOtBu ND

17 4:3 DMF LiOtBu ND

18 4:3 DMSO LiOtBu ND

aAll reactions were carried out using 2a, 3a (0.6 mmol), base (4.0
equiv), 1 (2.0 mol %) in solvent (1.0 mL) at 80 �C for 12 h. b Isolated
yields.
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(Table 2, entries 1, 4, 6, and 10). Furthermore, heteroaryl
chloride such as 2-chlorothiophene 3lwas also found to be
an effective substrate in this reaction to give the desired
product 4l in 47% yield (Table 2, entry 11).
Encouraged by the above results, the optimized condi-

tions were further investigated using variations of 2,3-
dihydroinden-1-ones 2 and aryl chlorides 3 as the sub-
strates. To our pleasure, for the reactions with various
combinationsof substrates2 and 3,moderate tohigh yields
of the desired products 4 can be achieved. Substituents
on both substrates of 2 and 3 almost did not affect
the reactions, whether they were electron-rich, -poor, or

sterically hindered groups. For example, sterically hin-
dered 4-F-2,3-dihydroinden-1-one 2d worked well with
all the aryl chlorides 3 tested (Table 3, entries 12�14). In
addition, the reactions involving sterically hindered aryl
chlorides 3with 2-Me, 2-MeO, 2-F, and 2,6-Me2 groups on
the phenyl rings also took place smoothly in all cases to
give the corresponding products 4 in moderate to high
yields (Table 3, entries 2, 5�7, 9, 11, 13, 14, 16, and 17).
Furthermore, for the reaction between 4-methyl-2,3-dihy-
droinden-1-one 2b and 2-chlorothiophene 3l, product 4t
can be obtained in 55% yield (Table 3, entry 8).
Although the real mechanism for this reaction is unclear

at this stage, a plausible pathway for the formation of
products 4 is shown below on the basis of the results
described above (Scheme 2): first, the Pd-catalyzed R-
arylation between 2,3-dihydroinden-1-ones 2 and aryl
chlorides 3 will afford the normal R-arylated intermediate
A. Subsequently, intermediate A was subjected to aldol
condensationwith anothermolecule 2 to give intermediate
B, which will be transformed to the final products 4

by isomerization.
In conclusion, we have reported novel NHC�

Pd(II) complex catalyzed two-component, three-molecule

Table 3. NHC-Pd(II)-Im 1 Catalyzed Reactions of 2,3-Dihy-
droinden-1-ones 2 with Aryl Chlorides 3

aAll reactions were carried out using 2 (0.8 mmol), 3 (0.6 mmol),
LiOtBu (4.0 equiv), 1 (2.0 mol %) in toluene (1.0 mL) at 80 �C for 12 h.
b Isolated yields.

Figure 1. ORTEP drawing of product 4a.

Table 2. NHC�Pd(II)�Im 1 Catalyzed Reactions of 2,3- Di-
hydroinden-1-one 2a with Aryl Chlorides 3

aAll reactions were carried out using 2a (0.8 mmol), 3 (0.6 mmol),
LiOtBu (4.0 equiv), 1 (2.0 mol %) in toluene (1.0 mL) at 80 �C for 12 h.
b Isolated yields.
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reactions between 2,3-dihydroinden-1-ones 2 and aryl
chlorides 3. It seems that three steps such as Pd-catalyzed
R-arylation, subsequent aldol condensation, and final iso-
merization are involved in the reactions. Furthermore, a

broad range of substrates are tolerant in the reactions. For
instance, both substrates bearing electron-rich, -poor, and
sterically hindered substituents can give the corresponding
products in acceptable to high yields. The reactions invol-
ving heteroaryl chloride also work well to give the desired
products in acceptable yields.
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