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ABSTRACT: The differentiation of two nucleophilic amide groups in malonamides through a copper-catalyzed enantioselective
intramolecular aryl C−N coupling reaction is demonstrated based on an asymmetric desymmetrization strategy. Such a method
afforded enantioenriched 2-oxo-1,2,3,4-tetrahydroquinoline-3-carboxamides in high yields and moderate to good
enantioselectivity.

Enantioselective desymmetrization,1 to differentiate two
enantiotopic groups through simple transformations, is an

efficient and powerful method in asymmetric synthesis. Such a
strategy has been extensively applied in a broad range of
organocatalytic2 and transition-metal-catalyzed3,4 reactions for
the enantioselective synthesis of chiral compounds. Based on this
strategy, our group has recently developed some Cu-catalyzed5

intramolecular asymmetric aryl C−N coupling reactions for the
enantioselective formation of chiral indolines, 1,2,3,4-tetrahydro-
quinolines and 2,3,4,5-tetrahydro-1H-benzo[b]azepines.6 In
these reactions, two aryl halide moieties were differentiated by
intramolecularly reacting with an amine group (Scheme 1a). The
enantioselectivity was well controlled by binol derived6a,b or
amino acid derived6c chiral ligands.

To further explore copper-catalyzed asymmetric desymmetric
aryl C−N coupling reactions, we turned our sights to another
type of desymmetrization process, that is, to differentiate two
symmetric nucleophilic amine-type groups by reacting with one
aryl halide group. The enantiocontrol in this type of asymmetric
desymmetric aryl C−N coupling reaction is more challenging in
comparison to the first type of desymmetric reaction. The twoN-
nucleophilic groups in the substrates themselves are good
chelating ligands for a copper catalyst, which may compete with
the chiral ligands to bind with copper salts. Thus, the choice of
chiral ligands and the design of substrates are very crucial for
better enantioselectivity in such reactions. The Pd-catalyzed
Buchwald−Hartwig reaction7,8 has been used in such desymmet-
rization reactions, by using N-substituted malonamides to
minimize the chelating effects of substrates with a metal catalyst
as reported by Viirre9 and Sasai.10 However, only low to
moderate enantioselectivity was obtained in most cases of these
reactions. To the best of our knowledge, no copper catalyst has
been investigated in such reactions. Herein, we would like to
report the details of our research in a copper-catalyzed second
type of aryl C−N coupling reactions through asymmetric
desymmetrization of unprotected malonamides.
Considering that a strong background reaction may exist in 2-

(2-iodobenzyl)propane-1,3-diamines due to the self-catalytic
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Scheme 1. Design of Copper-Catalyzed Aryl C−N Coupling
Reactions via Asymmetric Desymmetrization Strategy
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effect caused by the strong binding ability of two amine groups
with copper salts,11 we chose the reaction of 2-benzyl-2-(2-
iodobenzyl)malonamide 1a as a model case for the exploration of
chiral ligands and reaction conditions. The binding ability of two
nucleophilic amide groups in such substrates is relatively weaker
by comparing with that of corresponding 1,3-diamines. Thus, it
may be a more suitable model case for better enantiocontrol. As
shown in Table 1, without adding any chiral ligands, the desired
coupling product 2a was obtained in 50% yield under the
catalysis of CuI in acetonitrile, with K3PO4 as the base at room
temperature. For a screening of chiral ligands, binol-derived
ligands L1/L2, which showed excellent enantioselectivity in the
first type of copper-catalyzed asymmetric desymmetric C−N
coupling reactions in our previous studies,6a,b were first examined
in this second type of desymmetric coupling reaction. However,
both of them showed little effect on enantiocontrol (Table 1,
entries 1 and 2). An amino acid derived ligand L3, which also
showed moderate to good enantioselectivity in a previous
study,6c has little effect on enantiocontrol in this model reaction
as well (Table 1, entry 3). We speculated that the binding ability
of binol or amino acidmay not be strong enough to compete with
the two amide groups in the substrate. Thus, chiral bisoxazoline

and diamine-related ligands,12 which were supposed to have a
stronger chelating ability with CuI, were examined. Although
chiral bisoxazole ligand (L4) and BINAM (L5) showed no effect

Table 1. Screening of Reaction Conditionsa

entry L* base solvent temp (°C) yield (%)b ee (%)c

1 − K3PO4 MeCN rt 50 −
2 L1 K3PO4 MeCN rt 48 rac
3 L2 K3PO4 MeCN rt 95 −10
4 L3 K3PO4 MeCN rt 11 12
5 L4 K3PO4 MeCN rt 70 rac
6 L5 K3PO4 MeCN rt 89 rac
7 L6 K3PO4 MeCN rt 64 70
8 L7 K3PO4 MeCN rt 67 67
9 L8 K3PO4 MeCN rt 77 78
10 L9 K3PO4 MeCN rt 62 40
11 L10 K3PO4 MeCN rt 45 60
12 L8 K3PO4 dioxane rt 45 46
13 L8 K3PO4 DMF rt 87 54
14 L8 K3PO4 THF rt 38 67
15 L8 K3PO4 toluene rt 12 14
16 L8 Cs2CO3 MeCN rt 86 67
17 L8 K2CO3 MeCN rt 13 70
18 L8 K3PO4 MeCN 60 86 72

aReaction conditions: 1a (0.25 mmol), CuI (0.025 mmol, 10 mol %),
ligand (0.0375 mmol, 15 mol %), base (0.5 mmol, 2.0 equiv), 24 h.
bIsolated yields. cDetermined by HPLC analysis (Chiralpak AD-H
column).

Table 2. Substrate Scopea,b,c

aReaction conditions: 1a (0.25 mmol), CuI (0.025 mmol, 10 mol %),
ligand (0.0375 mmol, 15 mol %), base (0.5 mmol, 2.0 equiv), 24 h.
bIsolated yields. cDetermined by HPLC analysis. dBromide substrate
(1a′) was tested and afforded 2a in 83% yield and 45% ee at 80 °C.

Scheme 2. Determination of the Absolute Configuration of
Chiral Products through Simple Transformations
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on the enantiocontrol (Table 1, entries 5 and 6), we were pleased
to find that chiral amine ligands L6−L8 worked well on the
model reaction and afforded the desired product 2a in good
yields and higher enantiomeric ratios (Table 1, entries 5−9).
Among them, 1,2-diphenylethane-1,2-diamine ligand L8 ex-
hibited the best enantioselectivity (78% ee, Table 1, entry 9).
Further modification of this ligand led to the cyclized diamine L9
and more sterically hindered diamine L10. However, when these
two ligands were used in the model reaction, no improvement in
either the yield or enantioselectivity was observed. With L8 as the
ligand, other solvents and bases were also screened and all gave
inferior results in enantioselectivity. The results revealed that the
combination of K3PO4 andMeCN gives the best results. A higher
yield was obtained by increasing the reaction temperature to 60
°C with slightly reduced enantioselectivity (72% ee, Table 1,
entry 18).
With the optimized reaction conditions in hand, we further

explored the reaction scope with a series of 2-substituted-(2-
iodobenzyl)malonamides. As shown in Table 2, different
substituents on the aryl ring were well tolerated in the reaction
system. Substrates bearing halides such as F, Cl or electron-
withdrawing groups such as CF3, −NO2, −CO2Me on the
iodoaryl ring proceeded well at room temperature to deliver the
products in high yields and moderate to good enantioselectivity.
Substrates bearing electron-donating groups such as methyl,
methoxyl showed poor reactivity at room temperature. Such
substrates were reacted at 60 °C to afford the desired coupling
products in high yields and moderate ee values (2i and 2h).
Different substituents such as ethyl, n-hexyl, allyl, phenyl on the
prochiral carbon were also examined, and all afforded the desired
products in moderate to good yields and moderate enantiose-
lectivity at 60 °C. What is worth mentioning is that, for practical
use, >90% enantioselectivity could be obtained through simple
crystallization as in the examples of 2a and 2c. Bromide
substrates were also examined and showed poor reactivity at
room temperature or 60 °C. A good yield and moderate
enantiomeric ratio were obtained at higher temperature (80 °C)
as in the case of 2-benzyl-2-(2-bromobenzyl)malonamide (1a′).
To determine the absolute configuration of the coupling

products, we chose 2a as an example. Compound 2awas reduced
into amine 3a by LiAlH4, which was compared with (R)-3a
obtained from the reduction of known compound 4 (Scheme
2).13 Through this approach, the absolute configuration of 2awas
assigned as R. The absolute configurations of other coupling
products were assigned analogously with that of 2a.
In summary, the second type of copper-catalyzed asymmetric

desymmetric aryl C−N coupling reaction through differentiation
of two nucleophilic amide groups was developed by employing a
CuI/chiral 1,2-diamine catalytic system. Such reactions afforded
the desired six-membered quinolinone derivatives in good yields
and moderate to high enantiomeric ratios. Further work for the
modification of chiral ligands to improve enantioselectivity and
broaden the substrate scope is underway in our laboratory.
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