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ABSTRACT

A rhodium-catalyzed addition of sodium tetraarylborates to azomethine imines has been described. Highly efficient asymmetric catalysis has
also been achieved by employing a chiral diene ligand to give 1-(diarylmethyl)pyrazolidin-3-ones with high enantioselectivity.

Azomethine imines are a class of 1,3-dipoles typically em-
ployed in the [3 + 2] cycloadditions with alkenes or alkynes
to give five-membered nitrogen heterocycles,1 and some effec-
tive asymmetric variants by using chiral catalysts have also been
reported.2 Among the known azomethine imines in the litera-
ture, 2-alkylidene-5-oxopyrazolidin-2-ium-1-ides (e.g., 1a in
Table 1) derived from pyrazolidin-3-ones and aldehydes have
been most widely utilized primarily because of their stability
and ease of handling,3 and the cycloadducts thus obtained
constitute a family of compounds with interesting biological
activity.4 Despite the high utility of these azomethine imines
in cycloaddition reactions, their use as substrates for the catalytic
asymmetric addition of organometallic reagents has been

scarcely explored. In fact, although uncatalyzed addition of
Grignard reagents to these dipoles was reported more than 30
years ago,5 only one recent report by Shibata and co-workers
addressed this issue to date, achieving asymmetric trifluorom-
ethylation under phase transfer catalysis.6,7 In this context,
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Table 1. Rhodium-Catalyzed Addition of Phenylboron Reagents
to Azomethine Imine 1a: Effect of Catalyst and Nucleophile

entry Rh-catalyst Ph-B yield (%)

1 [Rh(OH)(cod)]2 PhB(OH)2 0
2 [Rh(OH)(cod)]2 PhB(OR)2

a 0
3 [Rh(OH)(cod)]2 (PhBO)3 13b

4 [RhCl(cod)]2 Ph4BNa 77
5 [RhCl(cod)]2 PhBF3K 0
6 [RhCl(binap)]2 Ph4BNa 0

a (OR)2 ) OCH2CMe2CH2O. b Determined by 1H NMR of the crude
material.
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herein we describe the development of a rhodium-catalyzed
asymmetric arylation of azomethine imines by the use of
sodium tetraarylborates as the nucleophile in the presence
of a readily available chiral diene ligand.

Initially, we conducted a reaction of azomethine imine 1a
with phenylboronic acid (2.0 equiv) in the presence of [Rh(OH)-
(cod)]2 (5 mol % Rh) in anhydrous dioxane at 90 °C, but no
addition product 2a was observed under these conditions with
partial decomposition of 1a and full consumption of phenyl-
boronic acid (Table 1, entry 1). The use of phenylboronic acid
neopentylglycol ester instead of phenylboronic acid also resulted
in no formation of 2a (entry 2). Although the reaction did
proceed by using phenylboroxine as the nucleophile, compound
2a was obtained in only 13% yield (entry 3). In contrast, the
desired phenylation smoothly took place by employing sodium
tetraphenylborate8 under the catalysis of [RhCl(cod)]2, giving
2a in 77% yield (entry 4).9 In comparison, the use of potassium
phenyltrifluoroborate10 as the nucleophile (entry 5) or [RhCl-
(binap)]2

11 as the catalyst (entry 6) did not promote this reaction
under otherwise the same conditions as in entry 4.

As we previously proposed in the 1,4-addition to �,�-
disubstituted R,�-unsaturated ketones,12 the uniquely high
reactivity of sodium tetraphenylborate under the Rh/cod catalyst
system may be attributed to the activation of substrate 1a by
Lewis acidic triphenylborane,13 which is presumably generated
upon transmetalation of a phenyl group from tetraphenylborate
to rhodium. To support this hypothesis, we conducted the
following two experiments. (1) A stoichiometric reaction of 1a
with Rh(cod)(η6-C6H5)BPh3 (3), which is readily prepared from
[RhCl(cod)]2 and sodium tetraphenylborate,14 smoothly pro-
ceeded to give 2a in 77% yield after aqueous workup (eq 1).
(2) In addition, a rapid and clean formation of stable 1:1 adduct
of 1a and triphenylborane was observed in THF-d8 at room
temperature by mixing these two components, and the structure
of this adduct was confirmed by X-ray crystallographic analysis
as depicted in Figure 1.

On the basis of the above consideration, a proposed
catalytic cycle for the reaction of 1a with sodium tetraphe-

nylborate is illustrated in Scheme 1. Thus, complex 3,
initially formed by the reaction of [RhCl(cod)]2 with sodium

tetraphenylborate, undergoes transmetalation to give a phe-
nylrhodium species 4 and triphenylborane. Subsequent
activation of 1a with Lewis acidic triphenylborane toward
phenylation by 4 gives intermediate 5. Ligand exchange of
this intermediate with sodium tetraphenylborate then releases
the phenylated product along with regeneration of complex
3 to complete the cycle.
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Figure 1. X-ray crystal structure of 1a-BPh3 adduct (hydrogen
atoms are omitted for clarity).

Scheme 1. Proposed Catalytic Cycle for the Rhodium-Catalyzed
Addition of Sodium Tetraphenylborate to 1a ([Rh] ) Rh(cod),

Ar ) 2-FC6H4)
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Because the present transformation is effectively catalyzed
by a Rh/cod complex, we examined chiral diene ligands15-17

to develop an asymmetric addition of sodium tetraphenylbo-
rate to azomethine imine 1a. The use of (R,R)-Ph-bod*18 as
the ligand gave 2a in 66% yield with 95% ee (eq 2), and
higher yield and ee were achieved by changing the substit-
uents on the olefins from phenyl to benzyl ((R,R)-Bn-bod*;18b

80% yield, 98% ee). Further improvements on both yield
and enantioselectivity were realized by using ester-attached
chiral diene (R)-L1 (84% ee, >99.5% ee), which can be
readily synthesized from commercially available (R)-R-
phellandrene in a stereoselective manner.19

Under the conditions using [RhCl((R)-L1)]2, several steri-
cally and electronically different aryl groups are tolerated at
the imine portion of substrates 1 to give the corresponding
phenylation products 2 in high yield with excellent enanti-
oselectivity (75-85% yield,g98% ee; Table 2, entries 1-6).
With regard to the nucleophilic component, not only phenyl
but also some other aryl groups can be effectively installed
with similarly high enantioselectivity (50-84% yield, 96-98%
ee; entries 7-10). Preparation of addition products having
substituents on both of the aryl groups is also possible as

shown in entry 11 (80% yield, >99.5% ee). The absolute
configuration of 2c obtained in entry 3 was determined to
be R by X-ray crystallographic analysis after recrystallization
from EtOAc/pentane (Figure 2).20

In addition to unsubstituted pyrazolidinone-derived azome-
thine imines 1 described so far, 4,4-dimethyl substrate 6 also
smoothly undergoes addition of sodium tetraphenylborate
under the same conditions to give product 7 in 82% yield
with 99% ee (eq 3). Furthermore, when a racemic mixture
of 3-phenyl azomethine imine 8 (1.5 equiv) is employed,
one enantiomer preferentially reacts over the other,2f giving
phenylation product 9 in 53% yield (out of 75% ideal
maximum yield) with good diastereoselectivity and excellent
enantioselectivity (eq 4).21
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Table 2. Rhodium-Catalyzed Asymmetric Addition of Sodium
Tetraarylborates to Azomethine Imines 1: Scope

entry 1 (Ar1) Ar2 product
yield
(%)

ee
(%)a

1 1a (2-FC6H4) Ph (R)-2a 84 >99.5
2 1b (2-MeC6H4) Ph (R)-2b 75 99
3 1c (3-ClC6H4) Ph (R)-2c 82 98
4 1d (3-MeOC6H4) Ph (R)-2d 83 >99.5
5 1e (4-MeO2CC6H4) Ph (R)-2e 85 99
6 1f (4-MeC6H4) Ph (R)-2f 75 99
7b 1g (Ph) 4-MeC6H4 (S)-2f 63 98
8b 1g 4-(i-Pr)C6H4 (S)-2g 79 98
9c 1g 4-MeOC6H4 (S)-2h 50 96
10b 1g 3-MeC6H4 (S)-2i 84 98
11 1a 3-MeC6H4 (R)-2j 80 >99.5

a Determined by chiral HPLC with hexane/2-propanol. b 8 mol % of
catalyst was used. c 10 mol % of catalyst was used.

Figure 2. X-ray crystal structure of (R)-2c (Flack parameter )
0.00(6)).
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In summary, we have described the development of a
rhodium-catalyzed arylation of azomethine imines by the use

of sodium tetraarylborates as the nucleophile. Highly efficient
asymmetric catalysis has also been realized to give chiral
1-(diarylmethyl)pyrazolidin-3-ones by employing chiral diene
(R)-L1 as the ligand.
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