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A series of novel trans -ruthenium hydride borohydride complexes with chiral phosphinite and diamine ligands were synthesized. They can be
used in the asymmetric transfer hydrogenation of aryl ketones, including base-sensitive ones, to give chiral alcohols in moderate to good
enantioselectivities (up to 94% ee). They are also efficient catalysts for the Michael addition of malonates to enones with enantioselectivities

of up to 90%. This kind of catalyst allows a one-pot tandem Michael addition/H

centers.

» hydrogenation protocol to build structures with multiple chiral

Combinatorial catalyst discovery is recognized as a powerful high enantioselectivity22¢ For example, they recently
method for the development of homogeneous enantioselec+eported that among hydride borohydride complexes of the

tive reactiong. This usually involves creating a library of

catalysts by using ligands of modular design and combining
them with transition-metal precursors. This approach is g

type RuH(BH)(diphosphine)(diamine) the combination of
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readily applicable to the catalytic asymmetric hydrogenation Pham, T.; Kozawa, M.; Murata, K.; Katayama, E.; Yokozawa, T.; Ikariya,

of prochiral ketones and olefiris? Noyori's group used

ruthenium catalysts composed of chelating diamine and,:

binap-type ligand modules to discover-Rydrogenation

reactions that convert prochiral aryl ketones to alcohols with
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(R)-xylbinap ([R)-2,2-bis[di(3,5-xylyl)phosphino]-1,1bi-
naphthyl) and (R,R)-dpen ((1R,2R)-1,2-diphenylethylenedi-
amine) ligands produce catalysts for the asymmetric H
hydrogenation of base-sensitive ketohAe®ur group has
shown that combinations of binap, aminophosphine, and
diamine ligands with the precursor RUHCI(RRHead to a
wide variety of active catalysts for the,#hydrogenation or
transfer hydrogenation of ketones and imihesd for
Michael additior?® We show here that a diverse set of

catalysts can be created by use of phosphinite ligands based

on the binol module, one of the cheapest chiral auxiliaries
currently available. These ligands are attractive and also
widely used in rhodium, iridium, and palladium complexes
for asymmetric catalytic reactiofi3?—12

The reaction of the complexémnsRuHCI(phosphinite)-
(diamine)la—4aP¢with NaBH;, in benzene/alcohol produces
the complexestransRuH(;*-BH,)(phosphinite)(diamine)
1b—4bin excellent yields (up to 99%), [phosphinite (R)-
2,2"-bis(diphenylphosphinoyl)-1'binaphthyl (R)-binop) or
(R)-2,2-bis[bis(3,5-dimethylphenyl)phosphinoyl]-1;thi-
naphthyl ((R)-xylbinop); diamine= (1R,2R)-1,2-diphenyl-
ethylenediamine §R)-dpen) or (B,25)-1,2-diphenylethyl-
enediamine ((S,S)-dpen)] (Scheme 1).
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1b: diphosphinite = (R)-BINOP (Ar = Ph), diamine = (R,R)-DPEN
2b: diphosphinite = (R)-BINOP (Ar = Ph), diamine = (S,S)-DPEN
3b: diphosphinite = (R)-xylBINOP (Ar = 3,5-Me,CgH3), diamine = (R,R)-DPEN
4b: diphosphinite = (R)-xyIBINOP (Ar = 3,5-Me,CgH3}, diamine = (S,S)-DPEN

The pale yellow solid products consist of two diastereo-
mers in a ratio of 3/1 foflb and 2/1 for2b but only one for
3b and4b. The source of the isomerism is the placement of
the trans hydride and borohydride groups relative to the
folded backbone of the diphosphinite ligand. The isomers
interconvert readily in solution and it is assumed that both
are present during catalysis.

The crystal structures &b and4b were determined by
use of X-ray diffraction (Figures 1 and 2). These structures
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Figure 1. Structure of complegb. Only hydrogen of the hydride
and borohydride ligands are shown.

are similar to that oftrans-RuHCI((R)-xylbinop)((R,R)-
dpen¥e with the PPNN atoms in the equatorial plane of a
slightly distorted octahedron and with the RdHBH3; bond
leaning toward the NN side to form BHHN hydrogen
bonds.

The complexeslb—4b were tested in the base-free
asymmetric transfer hydrogenation of simple ketones and
showed good activities and enantioselectivities (Table 1).
They are less active for the,Hhydrogenation of ketones.

The ruthenium complexb with the (R)-xylbinop and
matching diamine ligand (R,R)-dpen gives the best results
for acetophenone (compare entries 1—5).

This complex was extensively investigated with a variety
of substrates. The electronic properties of the substituent on
the phenyl ring of the ketone changed the reduction rate but
had little effect on the enantioselectivity. A para-substituted
acetophenone with an electron-donor substituent, i'e., 4
methyl or 4-methoxyl, is reduced more slowly than ac-
etophenone (entries 3, 12, and 16). The ortho-substituted
acetophenone, Zhloroacetophenone, is reduced slowly and
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Figure 2. Structure of complexb.

shows a lower enantioselectivity (entries 6 and 7). The
enantioselectivities dropped with the extended reaction time
(entry 3 vs 4, entry 6 vs 7, entry 12 vs 13, entry 16 vs 17).
The catalysBb is also efficient for the hydrogenation of
the base-sensitive substrate 4-acetylbenzoate ethyl®dster
transfer hydrogenation from 2-propanol. Only the ethyl ester
of alcohol is produced in 98% conversion and 92% Rg (
in less than 20 h. No transesterification product was observed

Complexeslb—4b are also efficient catalysts for the
enantioselective Michael addition of malonates to enones.
The complexdb is the most enantioselective and provides
the product in 90% ee in the-form when THF or benzene
is the solvent (Scheme 3).

Scheme 3

o O

QO

1b/CH,(CO,CHa),

BenzenelAr, 72 h ‘(’CH(COCH3)2
Yield: 91 %, 90% ee (R)
OH
@ ¥
" CHCO,CH),
Yield: 99 %, Trans/cis = 10/1

1b/400 psi. Hy

S

OH

-,

Benzene, 48 h I"CH(COZCHg)g

(Scheme 2).

Table 1. Transfer Hydrogenation of Ketones Catalyzed by
Complexeslb—4k?

o C:)H
~ oH Cat N 2 o)
+ +
l@* N[ L

entry cat. R time (h) conv (%) ee (%)
1 1b H 6 92 80 (R)
2 2b H 6 94 49 (R)
3 3b H 8 92 93 (R)
4 3b H 76 97 88 (R)
5 4b H 8 91 60 (R)
6 3b 2'-Cl 8 47 86 (R)
7 3b 2'-Cl 76 98 84 (R)
8 3b 3'-Cl 8 70 88 (R)
9 3b 3'-Cl 76 99 85 (R)
10 3b 4'-Cl 6 92 91 (R)
11 3b 4'-Cl 8 98 90 (R)
12 3b 4'-Me 8 80 94 (R)
13 3b 4'-Me 76 96 87 (R)
14 3b 3'-MeO 6 90 91 (R)
15 3b 3'-MeO 8 96 91 (R)
16 3b 4'-MeO 8 64 93 (R)
17 3b 4'-MeO 76 79 82 (R)

aThe reactions were carried out in an Ar glovebox at room temperature.
The molar ratio of substrate/catalyst 100/1. The concentration of aryl
methyl ketone is 0.1 M.
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When the protic solvents ethanol or 2-propanol were used,
the enantioselectivity dropped sharply. The compleXes
3b, and4b gave Michael addition products with the enantio-
meric excess of 30% in the-form (2b), 44% in th&k-form
(3b), and 52% in th&s-form (4b), respectively. They allow
a one-pot tandem Michael additionAdydrogenation proto-
col as in our previously disclosed research results tréths
RuH(7*-BH,)(binap)((R,R)-Pnor) complexes (Schemé*3).
In conclusion, we have developed a new catalytic system
for the base-free transfer hydrogenation of simple ketones
and this system is also effective for the asymmetric Michael
addition. The modular construction of these catalysts and
their flexibility toward hydrogenation, transfer hydrogenation,
Michael addition, and tandem reaction make these promising
systems to pursue.
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