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ABSTRACT: Asymmetric addition of arylboroxines to
cyclic N-sulfonyl ketimines proceeded in the presence of a
rhodium catalyst coordinated with a chiral diene ligand to
give high yields of benzosultams, where a triaryl-
substituted stereogenic carbon center was created with
high enantioselectivity (93−99% ee). The chiral benzo-
sultams were transformed into the chiral (triaryl)-
methylamines by breaking the cyclic structure.

The transition-metal-catalyzed asymmetric addition of
organometallic reagents to imines offers one of the

most reliable methods available for the synthesis of
enantioenriched α-chiral amines.1 A variety of useful catalytic
systems based on copper,2 zirconium,3 rhodium,4 and
palladium5 complexes have been reported in the asymmetric
alkylation and arylation of imines derived from aldehydes. In
contrast, the asymmetric addition of organometallic reagents to
ketimines, which provides chiral amines bearing an α-
tetrasubstituted carbon stereocenter, remains significantly
underdeveloped,6 and there have been only a few reports to
date.7−10 Copper-catalyzed asymmetric addition of allylboro-
nates have been reported by Kanai and Shibasaki.7 The
asymmetric addition of dialkylzinc has been reported by
Charette (Cu),8 and Snapper and Hoveyda (Zr).9 In this
context, we recently reported the rhodium-catalyzed asym-
metric addition of arylboron reagents to N-sulfonyl ketimines
derived from alkyl aryl ketones giving α-diaryl alkyl amines with
high enantioselectivity.11 In the rhodium-catalyzed arylation of
imines, the enantioface of the CN bond is differentiated by
the steric interactions between a substituent on the chiral ligand
and a sulfonyl moiety on the nitrogen atom of the imine.4 Thus,
the geometry (E or Z) of the imine greatly affects the
enantioselectivity. It follows that the arylation of ketimines
derived from diaryl ketones has inherent difficulty in
controlling the enantioselectivity due to the lack of sufficient
steric difference between the two aryl rings.12 To the best of
our knowledge, there have been no examples to date that report
the catalytic asymmetric arylation of diaryl-substituted
keimines.13 We focused on the cyclic N-sulfonyl ketimines
bearing the diaryl-substituted azomethine carbon toward the
synthesis of benzosultams bearing a triaryl-substituted stereo-
genic carbon center, which can lead to chiral (triaryl)-
methylamines (Scheme 1).14

Enantiopure sultams are an important class of compounds in
organic and medicinal chemistry, which have been used as
chiral auxiliaries15 and as key intermediates for the synthesis of

biologically active compounds.16 Enantioselective synthesis of
benzosultams possessing an α-trisubstituted carbon center has
been reported in the metal-catalyzed intramolecular C−H
amination17 and asymmetric reduction of cyclic N-sulfonyl
ketimines.15a,16b,18 As an example of constructing an α-
tetrasubstituted carbon center of benzosultams, the chiral
NHC-catalyzed enantioselective annulation of a cyclic N-
sulfonyl ketimine with cinnamaldehyde has been reported by
Bode et al.19 Here we report the rhodium-catalyzed asymmetric
addition of arylboroxines to cyclic N-sulfonyl ketimines to give
high yields of benzosultams with high enantioselectivity.
We found that cyclic N-sulfonyl ketimine 1a, which is readily

derived from saccharin,16b,20 is a good substrate for
constructing a triaryl-substituted stereogenic carbon center
enantioselectively in the rhodium-catalyzed addition of
arylboroxines. Thus, treatment of 1a with p-tolylboroxine
(2m) (2 equiv of B) in the presence of a rhodium/
bisphosphine catalyst [RhCl((R)-binap)]2

21 (5 mol % of Rh),
K3PO4 (1 equiv), and tert-amyl alcohol (3 equiv) in 1,4-dioxane
at 60 °C for 12 h gave benzosultam 3am in 93% yield, whose
enantiomeric purity was 39% (Table 1, entry 1). A higher
enantioselectivity (71% ee) for 3am was observed by use of
(R)-segphos (entry 2), but the bulky ligand DTBM-segphos
decreased both the catalytic activity and enantioselectivity (10%
yield, 9% ee; entry 3). Chiral diene ligands22 were effectively
applied to the present arylation. Thus, the reaction by use of
[RhCl((S,S)-Fc-tfb*)]2

23 (Fc = ferrocenyl), which is one of the
most active catalysts displaying high enantioselectivity in the
rhodium-catalyzed arylation, gave 3am in 96% yield with 90%
ee (entry 4). Chiral diene ligands L1−L3,4c,l,24 which are
readily prepared from a natural product in enantiopure form,
also displayed high catalytic activity (entries 5−7), and the use
of ligand L3 bearing a bulky (2,6-diisopropyl)phenyl ester
moiety gave 3am in 99% yield with 98% ee (entry 7).25 The
absolute configuration of 3am was assigned to be R by analogy
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Scheme 1. Asymmetric Arylation of Cyclic N-Sulfonyl
Ketimines
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with (R)-3au, which was determined by X-ray crystallography
(vide infra).
The present catalytic system can be applied to the

asymmetric addition of several arylboroxines 2 to cyclic N-
sulfonyl ketimines 1 with high enantioselectivity (Table 2). Aryl
groups having a variety of substituents at the ortho, meta, and
para position of phenyl were successfully introduced to the
azomethine carbon of 1a to give the corresponding
benzosultams 3am−3aw in high yields with over 94% ee
(entries 1−11). The addition of phenylboroxine (2x) to
ketimine 1b substituted with a p-tolyl group, which is a reverse
combination of the reaction of 1a with 2m, gave an opposite
enantiomer ((S)-3bx) of 3am in 94% yield with 97% ee (entry
12). A benzosultam 3bn substituted with a meta- and a para-
tolyl group was also synthesized with 97% ee (entry 13). The
addition of p-tolylboroxine to ketimines 1c−1g possessing
several aromatic rings substituted with both an electron-
donating (MeO) and -withdrawing groups (F, Cl, CF3)
proceeded to give the corresponding benzosultams 3cm−
3gm in high yields with high enantioselectivity (entries 14−18).
Ketimines bearing heteroaromatic rings, 2-furyl (1h) and 2-
thienyl (1i), are also good substrates to give the corresponding
benzosultams 3hm and 3im with 99% and 93% ee, respectively
(entries 19 and 20).

The reaction of the cyclic ketimine 4 with p-tolylboroxine
(2m) in the presence of the Rh/(R)-L3 catalytic system also
proceeded to give the sulfamidate 5 in 71% yield with 99% ee
(Scheme 2).

The absolute configuration of the benzosultam 3au was
determined to be R by X-ray crystallographic analysis (Figure
1). The absolute configuration is in good agreement with the
stereochemical model shown in Scheme 3. Thus, imine 1a
coordinates to a rhodium with its re-face avoiding the steric
interaction between the sulfonyl moiety of 1a and the ester
group on the ligand, which is similar to the arylation of imines
that we previously reported.4c

Table 1. Rhodium-Catalyzed Asymmetric Addition of p-
Tolylboroxine (2m) to Ketimine 1aa

aReaction conditions: ketimine 1a (0.20 mmol), 2m (0.13 mmol),
[RhCl(L*)]2 (5 mol % of Rh), K3PO4 (0.20 mmol), tert-amyl alcohol
(0.60 mmol), 1,4-dioxane (0.8 mL) at 60 °C for 12 h. bIsolated yields.
cDetermined by chiral HPLC analysis.

Table 2. Rhodium-Catalyzed Asymmetric Addition of
Arylboroxines 2 to Ketimine 1a

aReaction conditions: ketimine 1 (0.20 mmol), arylboroxine 2 (0.13
mmol), [RhCl((R)-L3)]2 (5 mol % of Rh), K3PO4 (0.20 mmol), tert-
amyl alcohol (0.60 mmol), 1,4-dioxane (0.8 mL) at 60 °C for 12 h.
bDetermined by chiral HPLC analysis. cAt 80 °C for 24 h using 0.33
mmol of 2m with tert-amyl alcohol (1.50 mmol). dFor 24 h using 0.20
mmol of 2 with tert-amyl alcohol (0.90 mmol). ePerformed using 0.20
mmol of 2 with tert-amyl alcohol (0.90 mmol).

Scheme 2. Asymmetric Arylation of Ketimine 4
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The benzosultams obtained here with high enantioselectivity
can be converted into chiral (triaryl)methylamines (Scheme 4).

Thus, introduction of a Boc group on the nitrogen atom of

3gm (98% ee) followed by reductive cleavage of the S−N bond

by magnesium in methanol26 gave (triaryl)methylamine 6 in

90% yield in two steps, although partial racemization was

observed (85% ee).27 On the other hand, treatment of

sulfamidate 5 (99% ee) with LiAlH4
18d gave the corresponding

(triaryl)methylamine 7 in 81% yield without loss of the

enantiomeric purity.

In summary, we have developed the asymmetric synthesis of

benzosultams bearing an α-triaryl-substituted stereogenic

center in the enantioselective addition of arylboroxines to

cyclic N-sulfonyl ketimines catalyzed by a rhodium/chiral diene

complex.
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Wang, Q.; Gueŕitte, F. Chem.Eur. J. 2011, 17, 9576.
(13) For examples of the asymmetric addition of cyanide to diaryl-
substituted azomethine carbons, see: (a) Funabashi, K.; Ratni, H.;
Kanai, M.; Shibasaki, M. J. Am. Chem. Soc. 2001, 123, 10784.
(b) Wang, J.; Wang, W.; Li, W.; Hu, X.; Shen, K.; Tan, C.; Liu, X.;
Feng, X. Chem.Eur. J. 2009, 15, 11642.
(14) For examples of catalytic enantioselective synthesis of
triarylmethane stereogenic centers, see: (a) Shi, B.-F.; Maugel, N.;
Zhang, Y.-H.; Yu, J.-Q. Angew. Chem., Int. Ed. 2008, 47, 4882. (b) Yu,
X.; Wang, Y.; Wu, G.; Song, H.; Zhou, Z.; Tang, C. Eur. J. Org. Chem.
2011, 3060.
(15) (a) Oppolzer, W.; Wills, M.; Starkemann, C.; Bernardinelli, G.
Tetrahedron Lett. 1990, 31, 4117. (b) Oppolzer, W.; Wills, M.; Kelly,
M. J.; Signer, M.; Blagg, J. Tetrahedron Lett. 1990, 31, 5015.
(c) Oppolzer, W.; Rodriguez, I.; Starkemann, C.; Walther, E.
Tetrahedron Lett. 1990, 31, 5019. (d) Oppolzer, W.; Kingma, A. J.;
Pillai, S. K. Tetrahedron Lett. 1991, 32, 4893.
(16) (a) Baker, D. C.; Jiang, B. U.S. Patent 6,353,112 B1, 2002.
(b) Mao, J.; Baker, D. C. U.S. Patent 6,458,962 B1, 2002. (c) Singh, S.
K.; Reddy, P. G.; Rao, K. S.; Lohray, B. B.; Misra, P.; Rajjak, S. A.; Rao,
Y. K.; Venkateswarlu, A. Bioorg. Med. Chem. Lett. 2004, 14, 499.
(17) Ichinose, M.; Suematsu, H.; Yasutomi, Y.; Nishioka, Y.; Uchida,
T.; Katsuki, T. Angew. Chem., Int. Ed. 2011, 50, 9884.
(18) For recent examples, see: (a) Enders, D.; Seppelt, M. Synlett
2011, 402. (b) Chen, F.; Li, Z.; He, Y.; Fan, Q. Chin. J. Chem. 2010,
28, 1529. (c) Yu, C. B.; Wang, D.-W.; Zhou, Y.-G. J. Org. Chem. 2009,
74, 5633. (d) Wang, Y.-Q.; Yu, C.-B.; Wang, D.-W.; Wang, X.-B.;
Zhou, Y.-G. Org. Lett. 2008, 10, 2071.
(19) Rommel, M.; Fukuzumi, T.; Bode, J. W. J. Am. Chem. Soc. 2008,
130, 17266.
(20) Davis, F. A.; Towson, J. C.; Vashi, D. B.; ThimmaReddy, R.;
McCauley, J. P. Jr.; Harakal, M. E.; Gosciniak, D. J. J. Org. Chem.
1990, 55, 1254.
(21) Hayashi, T.; Takahashi, M.; Takaya, Y.; Ogasawara, M. J. Am.
Chem. Soc. 2002, 124, 5052.
(22) For reviews, see: (a) Defieber, C.; Grützmacher, H.; Carreira, E.
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