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L-Pipecolinic acid derived formamides have been developed as highly efficient and enantioselective Lewis basic organocatalysts for the reduction
of N-aryl imines with trichlorosilane. Catalyst 4b afforded high isolated yields (up to 98%) and enantioselectivities (up to 96%) under mild
conditions with an unprecedented substrate spectrum.

Catalytic enantioselective reduction of imines represents oneavailable for the reduction of imines, and the development
of the most important methods for preparing chiral amines, of efficient catalysts with high enantioselectivity has proven
a ubiquitous structural motif of natural products, drugs, and to be much more difficult. In particular, the highly enantio-
agrochemicals. Since the 1970s, considerable effort has beeselective catalyst with a satisfactorily broad substrate scope
devoted to the development of this transformation, and remains elusive. Factors contributing to the difficulty of this
remarkable progress has been mhtlelowever, compared  transformation include the difference in reactivity among
with the reduction of alkenes and ketones, relatively limited imines containing different nitrogen substituents, the exist-
numbers of highly enantioselective procedures are currentlyence of acyclic imines as inseparable mixtures E¥
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isomers, and the ease of interconversion between these twdrigure 2. Structures of the catalysts evaluated in this study.
isomers in solution. Therefore, the search for efficient

catalysts for highly enantioselective reduction of imines still . i ) o i
remains a challenging task. commercially available -pipecolinic acid as the template.

Currently available chemical catalysts for the enantiose- IN OUr initial practice, we observed that compoute(Figure
lective reduction of imines are mostly limited to chiral 2) exhibited significantly higher reactivity and selectivity than
transition metal complexes, which often require elevated IS congenerla in the reduction of imineba with HSICl;
pressures and/or additives to afford high yields and ee (entries 1 and 2, Table 1). This observation prompted us to

values?® Recently, some attention has been turned to the
development of chiral organocataly3t§ Effective catalysts _

reported thus far in the literature include the Lewis bases Table 1. Asymmetric Reductions of Ketiminga?

142and2® (Figure 1) for the hydrosilation with trichlorosi- _Ph _Ph
lane (HSIC}) and the Brgnsted acida® and 3b® for the Nl HSICl, HIN
transfer hydrogenation with Hantzch esters. High enantiose- r)\ e
lectivities have been obtained wigrand3b in the reduction 5a catalyst 6a

of a few N-aryl ketimines'®>* However, the generality of
these catalysts is far less than satisfactdigrein, we report entry catalyst solvent temp (°C) yield (%)* ee (%)

our discovery of the novel Lewis basic organocatalist 1 1a CH,Cl, 0 75d 594
(Figure 2) that promotes the reduction faryl ketimines 2 4a  CH.Cl, 0 94 73
with HSICl; in high yield and excellent enantioselectivity 3 4b  CH.CL 0 97 94
with an unprecedented substrate spectrum. 4 4c  CHxClp 0 97 93
Recently, great progress has been made in the development?® 4d  CHCl, 0 71 47
of highly enantioselective Lewis basic organocatalysts for 4b  CHCL 0 97 92
- ) . . T 4b  CICHCH:Cl, 0 91 94

the nucleophilic reactions of trichlorosilyl derivativésVe
. . . . 4b toluene 0 81 94
are particularly interested to design novel formamide-based g 4b  CH,Cl, "t 97 90
Lewis basic catalysts for the relatively less advanced 19 4b CHoCl, —920 71 95
asymmetric hydrosilation of imines with HSilising the 11¢ 4b  CHCl, 0 87 94
12/ 4b  CH.Cl, 0 61 85

(4) (a) lwasaki, F.; Onomura, O.; Mishima, K.; Kanematsu, T.; Maki,
Iﬂ.émi?]ﬁsinﬁu'{;\éc\ggiggnego&!_ ﬁ%ﬁgeiéz’p@?ﬁ?'&. g/loagl;og, 2A25V3 catalyst and 2.0 equiv of HSi€bn a 0.2 mmol scale in 1.0 mL of solvent

; . ; . . : . for 16 h.PlIsolated yield based on the imin€The ee values were
Org(;S)L(eeg ZR(;JOeSp |$937'\g1 S(g)g:_?gfcf)ﬁqgﬁnAzSap,Sge.{y;ge;ssmgrlrils,:én%%lﬁ M. determined using chiral HPLC.The yield and ee at room temperature
Chem.. Int Ed2605 44 7424 T e ' ' reported in ref 4a are 97 and 55%, respectively.mol % of catalyst was

., Int. 3 . f
(6) For organocatalysis, see leading reviews: (a) Dalko, P. I.; Moisan, US€d-' 1 mol % catalyst was used.

L. Angew. Chem., Int. EQR001, 40, 3726. (b) List, B.Tetrahedron2002
58, 5573. (c) Jarvo, E. R.; Miller, S. Jetrahedron2002 58, 2481. (d)
Dalko, P. I.; Moisan, LAngew. Chem., Int. EQ004 43, 5138. Two major o . - L. .
journals have recently dedicated special issues to organocatalysis. See: (eBJFQpare compoundéb—d, starting fromc-pipecolinic acid

Acc. Chem. Ref004 37 (8), 487. (f)Adv. Synth. Catal2004 346 (9— and corresponding chiral 2-amino-1,2-diphenylethanols (see
10), 1007. . . ; ) i
(7) At the time of the submission of this manuscript, an analogu@& of Su.p.portl_ng Informatlon)’ and W? examm,ed th?lr caFaIytlc
(R = SiPhy) was reported to catalyze the reduction of in situ prepared imines €fficiencies (Table 1). In the testing reaction of imis&in
with Hantzch esters in high enantioselectivity with broad substrate the presence of 10 mol % catalyst in @, at 0°C for 16

?;%Zﬂ“&jé%?@ gfa”era' D. E Ni, Y., MacMillan, W. L.Am. h, 4b afforded the highest yield and ee (97% yield and 94%

(8) For recent reviews, see: (a) Denmark, S. E.; Heemstra, J. R.; Beutner,ee, entry 3¥. Its diastereome#c gave the same yield and
G. L. Angew. Chem., Int. EQR005 44, 4682. (b) Rendler, S.; Oestreich, ; ; sndimati
M. Synthesi€005 1727. (c) Koboyashi. S.- Sugiura, M.. Ogawa ATb. marginally lower ee (entries 3 and 4), indicating that the
Synth. Catal2004 346, 1023. (d) Denmark, S. E.; Fu,Ghem. Re. 2003
103 2763. (e) Denmark, S. E.; Fu, Chem. Commun2003 167. (f) (9) The analogous-proline derivative gave 71% yield and 75% ee under
Denmark, S. E.; Stavenger, R. Acc. Chem. Re00Q 33, 432. identical conditions.

aUnless specified otherwise, reactions were carried out with 10 mol %
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absolute configuration of see4b for labeling) has litte || GGG

impact on the reactivity and selectivity. In contraéd, was Table 2. Asymmetric Reduction of Ketimines with Catalyst

found to be much less selective and reactive thhrand 42
4c, affording only 71% vyield and 47% ee under identical R RS
conditions (entry 5). Thus ars)-configuration proved to be Nl/ HSICl. CH.CI HNT
distinctly preferred for the € , J\ 2 . A

We also examined the influences of different reaction 5 10 mol % 4b R 6
parameters on the performanceddin the reduction oba entry imine vield  ee
(entries 6-12, Table 1). Chloroform, dichloroethane, and ) (%)
toluene were all found to afford the same high level of =

. o . . 1 52 H 97 95

enantioselectivities as dichloromethane (entrie$)% Low- 2 P sb  p-CF; 85 %
ering the reaction temperaturet@0 °C had little effect on 3 P 5¢ p-NO, 96 95
the selectivity (entry 10), but the reactivity was significantly g )'(// :: I;fl;r gg gi
decreased. The lowest effective catalyst loading was found ¢ St p-OMe 95 93
to be 10 mol %. The ee value remained at the same level TP"
with 5 mol % of4b, but the reaction slowed to some extent ; :ﬁ gMe gf 3(3)
(entry 11). Further decrease of the catalyst loading to 1 mol
% caused an unacceptable loss of reactivity and selectivity 5i p-OMe 08 9
(entry 12). 10 N/@ N 5 p-Me 90 95

To probe the generality of catalydb, a broad range of }; h*\ e g:glMe 9932,, gg
N-aryl ketimines $a—s) was reduced with HSiGlunder 13 P 5m p-Cl 08 93
optimal conditions. As illustrated in Table 2, for the aromatic 14 S5n  p-Br 91 93
N-Ph andN-p-MeOPh ketimine&a—i, the desired products s C 3x S0 pBr 1Eo//Zl 0 95
6a—i were obtained in very good yields (828%, entries 16 \ sp H 101 81 95
1-9) with excellent ee values (9®6%). The sterically 17 O)\ 5q¢ o-OMe &1 75 87
hinderedN-o0-MeOPh iminesk and5q (entries 11 and 17) NP
and imines5l—o with electron-withdrawing—Cl and —Br 18 Y'K 5r 61 8 91
groups on the arene of°Rentries 12-15) all reacted well NP
to give high ee values of 85% and yields of 7598%. 19 SN 5s 2/1 81 87
Furthermore, catalystb also exhibited high enantioselec-
tivities for the challenging aliphatic ketimin&®—r despite 2 Unless specified otherwise, reactions were carried out with 2.0 equiv

.. . . . of HSiClz on a 0.2 mmol scale in 1.0 mL of solvent at°C for 16 h.
that all the imines were used &8Z isomeric mixtures, b|solated yield based on the imin&The ee values were determined using

affording 87-95% ee values with 7586% yields (entries  chiral HPLC.4 The reaction time is 48 h.
15—-18). Additionally, in the presence of cataly&h, oS-

unsaturated iminés (E/Z = 2/1) was chemo- and enanti-  agpects and the full application scope of this catalytic system

oselectively reduced to afford allylic amiisin 81% yield  gre under exploration and will be reported in due course.
and 87% ee. Overall, the high enantioselectivit¢biproved
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