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Easily accessible chiral sulfinamide 2 has been developed as the first highly efficient and enantioselective organocatalyst relying solely on
a chiral sulfur center for stereochemical induction. In the presence of 20 mol % of 2, a broad range of N-aryl ketimines 1 were reduced by
trichlorosilane to produce amines 3 in high yield and enantioselectivity.

In recent years, there has been intense research interest iallyltrichlorosilanes in asymmetric allylatiodsand in one
asymmetric organocatalysis, and significant progress has beemrase, high enantioselectivities were obtaiffetiiowever,
made in the development of metal-free chiral organocata- these sulfoxides were not catalytic and were all used in at
lysts! The vast majority of the currently available enanti- least a stoichiometric amount. Herein, we report the first
oselective organocatalysts rely on chiral carbon centers forexample ofS-chiral compounds as highly effective organo-
stereochemical induction. Although chiral sulfur centers have catalysts (Figure 1), which promoted the asymmetric reduc-
been well established as efficient and versatile stereocon-tion of ketimines with trichlorosilane (HSig)lin high yield
trollers and have been extensively used as the chirality sourceand enantioselectivity.
of chiral auxiliaries and ligandsprganocatalysts incorporat- We recently initiated a program focusing on developing
ing chirality solely at sulfur have been rarely explored. enantioselective Lewis base organocatalysts for the activation
Recently, severa-chiral sulfoxides were reported to activate = of HSiCl; for the asymmetric reduction of iminé8a useful

yet challenging reaction for the production of chiral amihes.

T Chengdu Institute of Biology. We were particularly interested Bchiral sulfinamides due
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Figure 1. Structures of the catalysts.

to their ease of synthesis, chirality about sulfur, and the
potential for silicon coordination through the Lewis basic
oxygen aton?:1° In our initial practice, we examined the
commercially available R)-tert-butanesulfinamide 1), a
well-known Ellman’s chiral auxiliary®"!'as the catalyst in
the hydrosilylation of ketiminéa with HSICl; at 0 °C in
CH,Cl,. To our delight, in the presence of 20 mol % Iyf
the product was furnished in 60% isolated yield and 21% ee
in 24 h (Table 1, entry 1). Encouraged by this preliminary
result, we prepared a setteft-butanesulfinamide derivatives
2—4 via simple reductive amination df(see the Supporting
Information for experimental details) and examined their
catalytic efficiencies in the reduction &fa.

While no obvious improvement of efficacy was observed
with either N-benzylated catalys?a or N-benzhydrylated
catalyst 2b compared withl (entries 1-3), catalyst3a
bearing arN-2-hydroxybenzyl group exhibited significantly
improved reactivity and enantioselectivity, affording the
product in 76% yield and 86% ee (entry 4). Apparently, the
phenolic hydroxyl group irBa played a crucial role. Moving
this group from theortho to the metaposition @b) led to
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Table 1. Asymmetric Reduction of Ketimin&a?

_Ph ~Ph
)NI\ 20 mol % catalyst H/Nk
Ph HSICl5, CH,Cl, Ph
5a 6a
entry catalyst T (°C) yield® (%) ee? (%)
1 1 0 60 21
2 2a 0 42 27
3 2b 0 54 6
4 3a 0 76 86
5 3b 0 72 77
6 3c 0 45 75
7 3a —-20 84 89
8 3b —-20 75 86
9 3c —-20 62 81
10 3d 0 38 26
11 3e 0 53 9
12 4a 0 75 58
13 4b 0 72 74
14 4c 0 81 89
15 4c —20 92 92

a8 Reactions were carried out with 2.0 equiv of HSiGh a 0.2 mmol
scale in 1.0 mL of solvent for 24 R.solated yield based on the imine.
¢ The ee values were determined using chiral HPY.Broduct6a was S
configured in all cases, as revealed by comparison of the optical rotation
with the literature data.

slightly decreased reactivity and enantioselectivity (entry 5).
Further moving this group to thgara position @c) caused

a relatively large decrease in reactivity but had little effect
on the enantioselectivity (entry 6). Notably, when the reaction
temperature was lowered from 0 to20 °C, 3b and 3c
became closer tBain terms of catalytic efficacy, particularly

in terms of enantioselectivity (entries-B). These results
seem to suggest that tloetho phenolic hydroxyl group in
3ais much more likely to play a major role as a Brgnsted
acid than as a chelating Lewis base in the enantiodifferen-
tiating process. This was further supported by the observation
that methylation §d) and acetylation3e) of the hydroxyl
group of3aresulted in a dramatic decrease in enantioselec-
tivity (entries 10 and 11). Thus, it was not surprising to
observe that the electron nature of the substituent on the
phenol ring of4a—c had a strong effect on the enantiose-
lectivity (entries 12-14)'% and 4c with an electron-
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s loading, at—20 °C and with dichloromethane as solvent,

Table 2. Asymmetric Reduction of Ketimines with Catalyst the substrate generality was probed using a variety-afyl

4 ketimines ba—t). As illustrated in Table 2, the electron-
R® RS deficient and electron-rich aromatis-phenyl ketimines
N\ HSICl;, CH,Cl,, -20 °C HN 5a—g underwent facile reduction to yield the desired products
R "R® 20 mol % 4c¢ T RTR 6a—g in high yield and enantioselectivity (928% yield,
5 6 90—-93% ee, entries-17). Moreover, ketimineSp—t bearing
=y — T — a relatively bulky R group, such a8Et, "Pr, "Bu, and'Bu,
(h) %) (%) were well tolerated by catalydt (82—94% vyield, 86-93%
= ee, entries 1620). Such tolerance was previously only
) o ;{_CF3 o2 2 observed with our piperazine-2-carboxylic acid baséd
3 A 5c  p-NO; 24 94 90 formamide catalyst systeffwhich, however, is much less
4 L 5d  p-Br 24 92 92 tolerant thardc toward ketiminessj—p with a substituent
5 X Se  p-OMe 8 %% on the arene ring of R33—84% yield and 55 75% ee for
] N‘/Ph “ . o o0 the .formefb). l\.lotablly, cgtglyst4c alsq provgd to be
7 ‘ : b 52 OMe 18 97 o1 g)ppllcable to aliphatic ketimineSh and5j (entries 8 and
8 WP 5h c-CeHy, 24 78 74 In summary, we have demonstrated the first example of
9 XN S5i Pr 24 78 79 S-chiral compounds being used as highly effective organo-
10 —~ 5 pCl 24 94 9 catalysts, yvh_ich promoteq the reduction of a brogd range of
11 S 5k p-Me 24 87 91 N-aryl ketimines with trichlorosilane in high yield and
12 N 51 p-OMe 48 97 91 enantioselectivity. The mechanistic asp&ctand the further
13 5m 0-OMe 24 73 88 o
application of the present catalyst system and the develop-
14 N PMP 5n  p-CFsPh 24 80 90 ment of otherS-chiral organocatalysts are under active
15 X~ 5o 2-Np 24 8 88 investigation.
N PMP
16 N 5p 24 84 92 Acknowledgment. We are grateful for financial support
from the Chinese Academy of Sciences (Hundreds of Talents
}g "‘(Ph g‘r‘ ?;r ;3 33 g? Program) and from the National Natural Science Foundation
19 \ : X 55  "Bu 24 94 93 of China (20402014).
20 5t ‘Bu 24 82 86
aReactions were carried out with 2.0 equiv of HSiGh a 0.2 mmol Supporting Information Available: Experimental pro-

scale in 1.0 mL of solvent at20 °C for 24-48 h." Isolated yield based ~ cedures and spectral and analytical data for the products.
on the imine.* The ee values were determined using chiral HPLC. This material is available free of charge via the Internet at
http://pubs.acs.org.

withdrawing 4-F group and thus with a phenolic hydroxyl

group having the strongest Brgnsted acidity exhibited the

hlgheSt enantloselectlwty among those examined (entrles 14 (17) A clear, positive, nonlinear effect was observed indbeatalyzed

and 15). hydrosilylation of5a (see the Supporting Information for the graphically
We next selected catalydt for further studies. After the depicted results), which seems to suggest that more than one molecule of

optimal reaction condition was established (see the Support_catalyst is involved in the stereochemistry-determining step.

) ; ; (18) A notable feature of this reaction system is that it becomes
ing Information for details), namely 20 mol % of catalyst heterogeneous after initiation, which complicates the mechanism study.
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