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Development of an N-heterocyclic carbene ligand based
on concept of chiral mimetic
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Abstract—Development of a new N-heterocyclic carbene ligand based on the concept of a chiral mimetic is described. In Pd-cata-
lyzed enantioselective intramolecular a-arylation of N-(2-bromophenyl)-N-methyl-2-arylpropanamide, (4R,5R)-4,5-diphenyl-1,3-
diadamantylmethyl-4,5-dihydro-3H-imidazol-1-ium tetrafluoroborate is shown to function as a good N-heterocyclic carbene
precursor.
� 2005 Elsevier Ltd. All rights reserved.
We have recently been developing a novel chiral phos-
phine ligand 1 mimicking axial chirality, in which a chi-
ral carbon center induces a preferred conformation 2a
by rotation around an N–Ar bond which is fixed by for-
mation of a chelate structure with metal (Fig. 1).1 In
order to expand the scope of our chiral mimetic concept,
we planned to develop a novel N-heterocyclic carbene
ligand2 3. The substituent R on the N group in the car-
bene ligand 3 may be conformationally flexible, but if
the complexation of 3 and metal is reflected by the asym-
metric center in 3, a more stable complex 4a, in which
orientation of the substituent R on the N group is fixed,
is expected to be selectively formed (Fig. 2). Herein, we
would like to report our investigation on the enantio-
selective intramolecular a-arylation of amide 5 with the
novel N-heterocyclic carbene ligands 3 (Scheme 1).

The synthesis of the imidazolium salt 7a as an N-hetero-
cyclic carbene precursor is representatively shown in
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Figure 1.
Scheme 2.3 Amidation of 1-adamantanecarboxylic acid
(10) with (1R,2R)-1,2-diphenyl-1,2-ethanediamine (9),
EDCI, Et3N and DMAP in THF at 60 �C afforded the
coupling product 11. The carbonyl group in 11 was then
reduced with BH3 in THF under reflux to provide the
diamine 12 in 54% yield (two steps). Finally, treatment
of diamine 12 with CH(OEt)3 and NH4BF4 under reflux
gave the imidazolium salt 7a in 98% yield. Other imi-
dazolium salts 7b–d and 8 are prepared in the same
manner.

Hartwig4 and Glorius5 have reported the enantioselec-
tive a-arylation6 of amide 5a, giving oxindole 6a in
57% ee and 43% ee, respectively (Scheme 3). We chose
5a as a substrate and began to screen imidazolium salts
7a–d and 8 as an N-heterocyclic carbene ligand precur-
sor. The results are shown in Table 1, entries 1–5. Reac-
tions were carried out with amide 5a as a substrate,
10 mol % of Pd(OAc)2, 20 mol % of imidazolium salts
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Scheme 1. Enantioselective intramolecular a-arylation of amide 5.
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Scheme 3. Enantioselective intramolecular a-arylation of amide 5a.

Table 1. Effects of ligands and solventsa

Entry Ligand Solvent Yield
of 6a (%)

eeb of
6a (%)

Absolute
configuration

1 7a DME 14c 67 S

2 7b DME 16c 45 S

3 7c DME 8c 41 S

4 7d DME 13c 36 S

5 8 DME 7c 23 S

6 7a 1,4-Dioxane 17c 50 S

7 7a Toluene 8c 46 S

8 7a DMF 0d — —

aThe reactions of 5a were performed using 10 mol % of Pd(OAc)2,
20 mol % of the imidazolium salts and 2 mol equiv of NaOt-Bu in the
shown solvent at 100 �C for 12 h.

b Determined by HPLC analysis.
c Remainder of mass balance was the unreacted starting amide 5a.
d The debrominated product 13 was obtained in 90% yield.
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7a–d and 8, and 2 mol equiv of NaOt-Bu in DME at
100 �C for 12 h. Among the imidazolium salts screened,
7a possessing an adamantyl group as R substituent gave
better asymmetric induction7 (67% ee, entries 1),
although reaction conversion was quite low. With 7a
as an N-heterocyclic carbene ligand precursor, the use
of other solvents such as 1,4-dioxane, toluene and
DMF gave less satisfactory results (entries 6–8). Other
palladium and rhodium complexes were not good metal
sources.

Using the best Pd(OAc)2-7a catalyst in DME, we
screened various bases as shown in Table 2. As can be
seen, the choice of base played an important role in reac-
tion conversion. The use of LiOt-Bu gave the best reac-
tion conversion with 61% enantioselectivity (entry 2).8

Finally, we examined the enantioselective a-arylation
with amides 5b and 5c possessing electron-withdrawing
and donating groups on the benzene ring as shown in
Scheme 4. The reactions with amide 5b and 5c were
found to exhibit 65% and 54% enantioselectivity7,
respectively.

In summary, we have developed a new class of N-het-
erocyclic carbene ligands for asymmetric catalysis, con-
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Scheme 2. Representative synthesis of imidazolium salt.
formation of N-substituents of which was reflected by
chirality on the carbones of heterocyclic moiety and
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Table 2. Effects of basesa

Entry Baseb Yield of 6a (%) eec of 6a (%) Absolute configuration

1 NaOt-Bu 14d 67 S

2 LiOt-Bu 62d 61 S

3 KOt-Bu 5d 41 S

4 NaOH 16d 62 S

a The reactions of 5a were performed using 10 mol % of Pd(OAc)2, 20 mol % of imidazolium salt 7a and 2 mol equiv of the shown base in DME at
100 �C for 12 h.

b LHMDS, KHMDS and LiOH gave less satisfactory results.
c Determined by HPLC analysis.
d Remainder of mass balance was the unreacted starting amide 5a.
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5b: Ar=p-MeO-C6H4-
5c: Ar=p-F-C6H4-

Pd(OAc)2 (10 mol %)
Ligand 5a (20 mol %)

LiOt-Bu (2 mol equiv)
DME, 100 oC, 12 h

6b: Ar=p-MeO-C6H4-  y.59% a (65% ee)
6c: Ar=p-F-C6H4-  y. 51% a (54% ee)
a  Remainder of mass balance was the
unreacted starting amide 5b or 5c.

Scheme 4. Enantioselective intramolecular a-arylation of amides 5b and 5c.
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fixed to be C2-symmetric by complexation with metal.
Further application to other catalytic asymmetric reac-
tions is now in progress.
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(2.0 mL) was refluxed overnight. The suspension was
cooled to rt and concentrated. Purification by silica gel
column (MeOH/CHCl3, 1:30) gave (4R,5R)-4,5-diphenyl-
1,3-diadamantylmethyl-4,5-dihydro-3H-imidazol-1-ium tet-
rafluoroborate (7a) (1.13 g, 98%) as a colorless amorphous.
½a�24D +127 (c 1.21, THF). IR (nujol): m = 1634 cm�1. 1H
NMR (CDCl3): d = 1.42–1.84 (m, 12H), 1.58 (d,
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(Mþ � BF�

4 þ 1). Anal. Calcd for C37H47N2BF4: C, 73.26;
H, 7.81; N, 4.62. Found: C, 73.31; H, 7.56; N, 4.51.
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