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We have recently developed a well-defined chiral ruthenium Scheme 1
amido complex, RuR,R-Tsdpen]fs-arene) (RR)-TSDPEN = o o
(1R,2R)-N-(p-toluenesulfonyl)-1,2-diphenylethylenediaming)), ( chiral Ru cat 1
which has sufficient Brgnsted basicity to effectively deprotonate + CH(COCHg), olvert
: . - ( 9, CO,CHg
hydrogen donors such as 2-propanol or formic acid and acidic 10 30-60 °C
organic com- 2 sa CO,CHs

pounds, leading to a hydrido amino complex and amino complexes
bearing a metal bonde@-nucleophile, respectively, in a highly
diastereoselective mannetSince the hydrido amido complex ster-
eoselectively reacts with ketonic substrates through a pericyclic six-

chiral Rucat: ~ Cot's

Ff Rn
N\
Ru
W N/
H

CeHs®

L. . . . 1a: R=Ts Rp= 1-CH3-4-CH(CHjg)o: p-cymene
membered transition state to give optlcglly active alcohols and the b Ts 1,3,5-(CHa)g: mesitylene
amido complex, enantioselective reduction of ketones can be cata- 1c: Ts 1,2,4,5-(CHg),: durene
lytically performed in a highly efficient mannét.These results 1d: Ts 1,2,3,4,5-(CHg)s: pmb

. - 1e: Ts 1,2,3,4,5,6-(CH3)g: hmb
prompted us to extend the conceptual mebdH bifunctional effect 1#: Me 1/2.3,4.5,6-(CHa)g: hmb

to enantioselective €C bond formation, Michael reaction, cata-

Iyzed by the amido complexes acceptor: n =1, 2a donor: CH,(CO,CH3),, 3a
i NN o =2,2b CH2(CO,C2Hs),, 3b
The catalytic asymmetric Michael reaction is one of the most =3, 2¢ CH(CH3)(CO»CHa), 3¢

important organic synthetic procedures for a stereoselectiv€ C
bond forming reaction partly due to its high atom economy; there-

fore, there are many reports on enantioselective Michael type reac-

tions catalyzed by chiral metal catalyst systeriige now disclose

CH5(COCH3)(CO,CHa), 3d

Table 1. Asymmetric Michael Reaction of Enones and Malonates
or Acetoacetates Catalyzed by Chiral Ru Amido Complexes?

that chiral Ru amido complexes promote asymmetric Michael addi- ’\ﬁichael | | tegép, tinp]e, yi;'g ee, ‘;/o
tion of malonates to cyclic enones, leading to Michael adducts with 1o 9onor  carast sovent ¢ (config)
excellent ee’s (Scheme 1) in which the chiral Ru amido complexes 22 3a la  (CHy)COH 40 24 87 829
. Lo . ; 2a 3a 1b  (CHg)sCOH 40 24 99 899
react with malonates to give isolable catalyst intermediates, new 54 3a 1c  (CHg)sCOH 40 24 99 959
organometallic complexes bearing a metal-bo@ducleophile. 2a 3a 1d (CHg)sCOH 40 24 99 979
A well-defined chiral Ru catalyst, RURR)-Tsdpen]gS-arene) 2a  3a le  (CH)COH 40 24 98 989
_ : - . . 2a 3a 1c toluene 30 24 99 959
(1a—e), efficiently effected enantioselective reactions of cyclicen- 5 3a 1c  THE 30 24 99 959
ones Ra—d) and malonates or acetoaceta8a-<d), giving the 2a 3a lc  CHCl, 30 24 88 939
corresponding Michael adducts with excellent ee’s. For example, gg gg ﬂ, ggﬂ%%gﬂ gg gi gg g?%
the reaction of dimethyl malona&a and cyclopentenon®a in a 2a 3p 1e (CHz)jaH 40 24 96 969
1:1 molar ratio in 1 mL otert-butyl alcohol containing the amido 2b 3a le (CH3)sCOH 30 48 93 969
complex1b (malonate:enone:Re& 50:50:1) proceeds smoothly at %E gg i; §8:333g8: 38 jg gg >9§§ig
40°C to provide the correspondin§)(Michael adduct in 99% yield 2¢ 3a 1f (CHz)zCOH 30 72 75 >9%(9
and with 89% ee. The outcome of the reaction was delicately 2d 3a lff (CIH3)3(?OH 30 72 83 >99 (-%f)
; [P ; 2a 3c 1 toluene 30 48 51 97 (-
influenced by the structure of the arene and diamine ligands as 3d le  toluene 0 24 99 S

well as the reaction conditions. As shown in Table 1,heymene
complexla, which is an excellent catalyst for the transfer hydro-
genation of ketones, worked but with unsatisfactory enantiose-
lectivity. Noticeably, enantioselection increases in the ordereof

< 1b < 1c < 1d andle and a more sterically congested complex
with pentamethyl-1d) or hexamethylbenzenéd) displays a better
reactivity than thep-cymene complex, indicating the electron-do-
nating ability of the multisubstituted arene ligands should cause
the increase in a nucleophilicity of the metal-bonded Michael do-
nors. tert-Butyl alcohol, toluene, and THF worked equally well,
while CH,Cl, gave a reasonably high ee albeit a slightly lower
activity. In particular, the methanesulfonyl-substituted diamine
(MsDPEN) complex1f) exhibited much better catalyst performance
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a2 Unless otherwise noted, the reaction was carried out using 1.0 mmol
of Michael acceptors and donors (1:1) in 1.0 mL of solvent. The molar
ratio of acceptor:donor:Ru is 50:50:1 (S#50).  Isolated yield after flash
chromatography on the silica gélDetermined by HPLC analysis, see
Supporting Informationd S/C = 100.¢Determined by3C NMR of
corresponding ketals derived from the products afRj3R)-butanediof.Not
determined? Obtained as a 1:1 mixture of diastereomers with a single
stereogenic center on cyclopentanone ring.
in terms of activity and enantioselectivity as well as thermal sta-
bility.4 The reaction at 60C with 1f proceeded faster without ser-
ious loss of the ee values to give the products even at ar-S/aD.

A variety of cyclic enone2b—d, and Michael donors, malonates
3a—c and acetoacetafd, can be successfully transformed with
to corresponding optically active Michael adducts with high ee’s

10.1021/ja035435b CCC: $25.00 © 2003 American Chemical Society
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as shown in Table 1. Cyclohexenone and cycloheptenone reactedScheme 2

with 3ain the presence dff to give 1,4-adducts in 99% (98% ee) Rn

and 75% yields £99% ee), respectively. The reaction of 4,4-di- R A R

methylcyclopentenon2d with 3a gave the product witkr 99% ee Ar h',\ y " Keq Ar ,Q\

and in 83% yieldo-Methyl-substituted malonaféc readily reacted \[ _Ru || + CHx(COxCHa)y —= \[ Ry co.cH
. . . . . WSN X WSN 4y o002V

with 2ato give the Michael adduct with 97% ee and in a moderate A" Ar Wl ;XH

yield. Acetoacetat@d can be used as a donor, giving the Michael . _ ¢4y 1 4 H\O”C\OCHQ,

adducts oR2ain 99% vyield and with 91% ee, although with a 1:1
diastereomer ratio. The reaction of linagf-unsaturated ketones Acknowledgment. This work was financially supported by a
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