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Although enantiomerically pure diarylmethylamines constitute
many biologically important compounds,1 their preparation by
asymmetric synthesis has not been well developed.2 Especially,
the synthesis by asymmetric catalysis is a formidable challenge
in synthetic organic chemistry. To our knowledge, there have been
no successful reports on catalytic asymmetric synthesis of
diarylmethylamines either by asymmetric reduction of imines of
diaryl ketones or by asymmetric arylation of aldehyde imines.3,4

We have made efforts to find a new chiral catalyst system for
the asymmetric addition of arylmetal reagents to imines derived
from aromatic aldehydes and found that some rhodium complexes
coordinated with chiral monodentate phosphine ligands, MOP’s,5

catalyze the addition of arylstannanes toN-alkylidenesulfonamides
to give sulfonamide of diarylmethylamines with high enantio-
selectivity (up to 96% ee). Here we wish to report the preliminary
results of the new catalytic asymmetric addition reaction.

In numerous studies carried out in this laboratory, we have
found thatN-alkylidenesulfonamides (Ar1CHdNSO2Ar3), readily
accessible by condensation of aromatic aldehydes (Ar1CHdO)
with arenesulfonamides (H2NSO2Ar3) in the presence of triethoxy-
silane,6 undergo asymmetric arylation with arylstannanes under
the catalysis by a rhodium complex coordinated with a chiral
monodentate phosphine ligand (Scheme 1). The reactivity of
sulfonamides1-3 toward the rhodium-catalyzed arylation is
dependent on the substituents at the 4 position on the phenyl ring
Ar3 of sulfonamides. Sulfonamide1a containing nitro group at
the 4 position gave higher yields of arylation product5am in the
reaction with phenyltrimethylstannane (4m) than that containing
4-chloro (2a) or 4-methyl (3a). The enantioselectivity is also
higher with the 4-nitro group than with the 4-chloro or 4-methyl
group. Thus, for example, the reaction of1a with 4m in the
presence of 3 mol % of a rhodium catalyst, generated from Rh-
(acac)(C2H4)2 and (R)-MeO-MOP5 (Rh/P ) 1/2), and lithium

fluoride7 in dioxane at 110°C for 12 h gave 82% yield of
(+)-[N-(4-trifluoromethylphenyl)phenylmethyl]-4-nitrobenzene-
sulfonamide (5am) ([R]20

D +7.2 (c 1.00, chloroform)), whose
enantiomeric purity was determined to be 92% by HPLC analysis
with a chiral stationary phase column (entry 1 in Table 1). On
the other hand, the reaction of2a and 3a with 4m gave the
corresponding arylation products6am and 7am, in 66% yield
(87% ee) and 64% yield (75% ee), respectively (entries 2 and 3).
In addition to the higher reactivity and higher enantioselectivity,
4-nitrobenzenesulfonamide has another important advantage over
others in that it is readily removed from diarylmethylamine moiety
without loss of enantiomeric purity. Treatment of (+)-5am (92%
ee) with benzenethiol and potassium carbonate in DMF8 gave
(+)-(4-trifluoromethylphenyl)phenylmethylamine (8am)9 of 92%
ee ([R]20

D +13.4 (c 1.00, ethanol)) in 80% yield. The enantiomeric
purity was determined by the HPLC analysis of toluenesulfona-
mide 7am obtained by treatment of8am9 with toluenesulfonyl
chloride, triethylamine, and 4-(dimethylamino)pyridine (Scheme
2).

The choice of the MOP ligand is essential for the present
catalytic asymmetric arylation. With chelating bisphosphine
ligands the arylation was very slow, the yields of5am being 6%
and 10%, with rhodium catalysts of binap10 and diop,11 respec-
tively (entries 5 and 6). Higher yield and enantioselectivity were
observed with newly developed MOP ligand, (R)-Ar*-MOP,12

which gave 90% yield of5am with 96% ee (entry 4).
The present catalytic asymmetric arylation was also successful

for the reaction of imines derived from benzaldehyde1e and
aromatic aldehydes substituted with electron-withdrawing groups,
methoxycarbonyl (1b), fluoro (1c), and chloro (1d), on the phenyl.
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The phenylation with phenyltrimethylstannane (4m) gave high
yields of the corresponding sulfonamide of aryl(phenyl)methyl-
amines (+)-5bm, 5cm, and5dm with 92% enantioselectivity in
the reaction catalyzed by the rhodium-(R)-Ar*-MOP complex
(entries 8, 10, and 12). Addition of the 4-methoxyphenyl group
to 1a and1ealso proceeded with high enantioselectivity to give
(+)-5an (96% ee) and (+)-5en (92% ee), respectively (entries
14 and 16). The reaction of imine1ewith 4-trifluoromethylphe-
nyltrimethylstannane (4o), which is a reverse combination of the
reaction of1a with 4m, gave a lower yield of product (-)-5eo
that is an enantiomer of (+)-5am (entry 17). Absolute configu-
ration of 5 produced here in the asymmetric arylation with (R)-
MOP ligands was determined to be (S)-(+) for 5dm, which is
assigned by comparison of the specific rotation ([R]20

D +10.4 (c

1.00, ethanol)) of (S)-(+)-4-chlorophenyl(phenyl)methylamine
(8dm), obtained by the deprotection of the sulfonamide of (+)-
5dm (Scheme 2), with the reported value.2a,13 Considering the
similarity in the stereochemical pathway where thesi face of the
imine was attacked by an aryl group, other diarylamines obtained
with (R)-MOP ligands should have the same absolute configu-
ration as5dm, which is depicted in Scheme 1.

The present catalytic asymmetric arylation can be applied to
sulfonamide of anR,â-unsaturated aldehyde, the phenylation of
9 catalyzed by rhodium-(R)-Ar*-MOP complex giving allylic
amine10 of 93% ee14 (Scheme 3). The catalytic cycle of the
present asymmetric arylation probably involves a rhodium-aryl
species generated from arylstannane and its enantioselective
addition to the carbon-nitrogen double bond of imine. Mecha-
nistic studies are now in progress.
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Table 1. Catalytic Asymmetric Arylation of Imines1-3 with
Arylstannanes4 Catalyzed by Rhodium/(R)-MOP Complexesa

entry imine
Ar2SnMe3

(4) ligand
yield (%)b
of amine

% eec of
amined,e

1 1a 4m (R)-MeO-MOP 82 (5am) 92 (+)-(S)
2 2a 4m (R)-MeO-MOP 66 (6am) 87 (+)-(S)
3 3a 4m (R)-MeO-MOP 64 (7am) 75 (+)-(S)
4 1a 4m (R)-Ar*-MOP 90 (5am) 96 (+)-(S)
5 1a 4m (R)-binap 6 (5am) 91 (+)-(S)
6 1a 4m (+)-diop 10 (5am) 40 (-)-(R)
7 1b 4m (R)-MeO-MOP 75 (5bm) 89 (+)-(S)
8 1b 4m (R)-Ar*-MOP 90 (5bm) 92 (+)-(S)
9 1c 4m (R)-MeO-MOP 61 (5 cm) 90 (+)-(S)

10 1c 4m (R)-Ar*-MOP 69 (5 cm) 92 (+)-(S)
11 1d 4m (R)-MeO-MOP 68 (5dm) 83 (+)-(S)
12 1d 4m (R)-Ar*-MOP 83 (5dm) 92 (+)-(S)
13 1a 4n (R)-MeO-MOP 82 (5an) 92 (+)-(R)
14 1a 4n (R)-Ar*-MOP 89 (5an) 96 (+)-(R)
15 1e 4n (R)-MeO-MOP 77 (5en) 91 (+)-(R)
16 1e 4n (R)-Ar*-MOP 86 (5en) 92 (+)-(R)
17 1e 4o (R)-MeO-MOP 31 (5eo)f 82 (-)-(R)

a The reaction was carried out in dioxane at 110°C for 12 h with 5
equiv of4 in the presence of LiF (10 equiv to imine) and 3 mol % of
the catalyst generated from Rh(acac)(C2H4)2 and (R)-MOP. b Isolated
yields by column chromatography on silica gel (pretreated with
methanol and dried) using ethyl acetate as an eluent.c Determined by
HPLC analysis with a chiral stationary phase column (Daicel Chiralcel
OD-H, hexane/2-propanol) 80/20).d Specific rotations ([R]20

D (c 0.5-
1.0, chloroform)) of the products,6am (entry 2),7am (entry 3),5am
(entry 4),5bm (entry 8),5cm (entry 9),5dm (entry 12),5an (entry
14), and5en(entry 16) are+9.4,+8.0,+7.6,+6.4,+2.4,+0.4,+18.6,
and +15.9, respectively.e The absolute configuration of5dm was
determined to be (+)-(S) by comparison of the specific rotation of
free amine8dm (see text). For other products, the configurations were
assigned by consideration of the stereochemical reaction pathway.
f Enantiomer of5am.
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