Available online at www.sciencedirect.com

SQIENCE<dDIHEOTG

JOURNAL OF
MOLECULAR
CATALYSIS

A: CHEMICAL

CAAGGER{IT]

o 4,»._ b e
ELSEVIER Journal of Molecular Catalysis A: Chemical 245 (2006) 210-216

www.elsevier.com/locate/molcata

Cyclic B-iminophosphine: New P-stereogenic ligand for the
asymmetric catalysed hydrogenation of ketones

M. Lorraine Chrisf, Maria Zablockd, Sally Spencet, Rebecca J. Lavender
Marc Lemairé**, Jean Pierre Majoraf*
@ Laboratoire de Catalyse et Synthése Organique, CNRS, UCBLyon 1, CPE, bat. 308, 43, bd du 11 novembre 1918, 69622 Villeurbanne, France

b Centre of Molecular and Macromolecular Studies, Polish Academy of Sciences, Sienkiewicza 112, 90-363 Lodz, Poland
¢ Laboratoire de Chimie de Coordination, CNRS, 205 route de Narbonne, 31077 Toulouse, France

Received 29 June 2005; received in revised form 19 September 2005; accepted 28 September 2005
Available online 15 November 2005

Abstract

A novel type of asymmetric €0 hydrogenation catalysts based on chg-ininophosphine rhodium and ruthenium complexes was developed.
The chirality of the ligand is centered on the phosphorus atom which can induce moderate enantioselectivity. A synergetic effect on both activity an
enantioselectivity is observed when amines are introduced as co-ligands. Acetophenone is thus completely hydrogenated with ee values up to 68
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction bond hydrogenation, ketone hydrosilylation, allylic substitution
and Diels—Alder reaction8-5,7-9]

Asymmetric hydrogenation of prochiral ketones is a major Some of us developed a series of new P, N compounds and
route to enantiopure chiral alcohols which are especially imporreported the synthesis of bi- and tricycficiminophosphines
tant in the synthesis of biologically active compoufidl2]. The  [10] as well as the use of their palladium complexes in cat-
use of catalysts in the hydrogenation process has led to excellealytic Stille coupling reaction§11]. Enantiopure derivatives
conversions as well as high enantioselectivifigls However, were prepared in the case of the tricygiéminophosphind.
the ligands employed are generally air and moisture sensitivE€his compound presents therefore chirality at the framework and
diphosphines. Diamines or other ligands containing two nitro-at the phosphorus atom itself. In th&] enantiomer depicted in
gen functions have the stability that the diphosphines lack buscheme 1the C8 and C11 atoms have &inonfiguration while
are generally less enantioselecti#g Mixed phosphorus nitro- the P atom has aR configuration12].
gen compounds offer a compromise between the stability of We are now investigating the asymmetric properties of the
nitrogen ligands and the activity of diphosphines. Among theP-stereogenic ligand in metal catalysed reactions such as
development of bidentate P, N-ligands for asymmetric catalysithe Pd-mediated allylic substitutigfi2] in which encouraging
[5], we can point out two main types of bidentate P, N-ligandsresults are already observed. The use of several P-chirogenic
have been developed according to the hybridization of the nitrodiphosphine ligands in catalytic asymmetric hydrogenation of
gen atom: on one hand, a large variety of aminophosphine8-keto esters proved to be succes$fi8] and prompted us to
[4-6] containing a spN atom, and on another hand, a seriesconsider ligand as a potential chiral inductor for=® reduc-
of iminophosphine$3,5,7] and phosphinooxazolind8,5,8,9]  tions. For this purpose, we first checked the ligand stability under
bearing a sp-N atom. The donor properties of this’spitrogen  hydrogenation conditions: no imine reduction was observed.
atoms allow the formation of very efficient P, N-ligands contain-Herein, we report the use of chiral tricyclgziminophosphine
ing catalysts for enantioselective transformations such=#8 C rhodium and ruthenium complexes as new catalysts for the

asymmetric hydrogenation of aryl ketones. In a second time, we
describe the synergetic effects observed in presence of amine
* Corresponding authors. co-ligands.
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iminophosphine ruthenium (II) compldd4]. We used simi-

lar conditions for acetophenone reduction by isopropanol at
70°C with 0.5mol% of NaOH and 0.2 mol% of the catalyst.
We evaluated the catalytic properties of the pre-formed com-
plex [1-(Rp)]Ru(PPR)CI, and of the in situ species prepared
from 1-(Rp) ligand and [Rug-cymene)Cl],. No reduction was
observed overnight but slow acetophenone reduction occurs
after 2 days (15% conversion) without any enantioselection,
using the in situ formed catalyst.

¢ 2.1.1. Reduction without base
RU(PPhy):Cle + 1-(Ap) or 1-(Sp) \ In previous work using chiral diamine complexd$], we
1 hr N—T“\ noticed that hydrogen pressure could lead to better ketone reduc-
PPhs tion yields than HTR conditions. We thus tested the cyclic
B-iminophosphine ligand as chiral inductor in presence of
various Ru, Rh and Ir metallic precursors. The active species
were formed in solution by stirring the starting complex with the
2. Results and discussion iminophosphine compound in a defined molar ratie: igand
molecules/metal atom) for at least 30 min. To these in situ
Catalytic tests were carried out with in situ and ex situ formedfiormed catalyst solutions were added the corresponding amount
complexes. The in situ species were obtained by mixing the chiof ketone before transfer of the resulting mixture to an autoclave
ral tricyclic B-iminophosphine liganéiwith a metallic precursor  which was then purged with argon and pressurized with dihydro-
in the reaction solvent before adding the substrates. Both enagen and the solutions stirred overnight. Conversions, yields and
tiomers of the 16 electron compl@xvere prepared and isolated enantiomeric excess values were determined by chiral gas chro-
ex situ. The 1-(Rp)]Ru(PPR)Clz and [I-(Sp)IRU(PPR)Cl2  matography (see Sectidi). Results are summarizedTable 1
were easily synthesized from Ru(PJp4CI; and the correspond-  The discrepancy in some cases between conversion and yield is

CH,Cl,

Scheme 2. Synthesis of both enantiomers of complex

ing B-iminophosphine enantiomerS¢heme P[11]. due to over-reduction producing a second alcohol (characterized
by coupled CPG/mass spectrum) formed by the simultaneous

2.1. Asymmetric ketone reduction induced by cyclic hydrogenation of the ketone and of the aromatic ring. In all

B-iminophosphine ligand those cases we noticed a slight formation of grey Rh or Ir parti-

cles, which indicates that tigziminophosphine complex is not
Initial work was carried out using a hydrogen transfer reac-enough stable under these particular reduction conditions. It is
tion (HTR), according to a successful method using an achiraio notice that the metallic precursors employed in this study are

Table 1
Ketone hydrogenation catalysed with in situ prepgdathinophosphine complexes
o} 'SOH

_ A H, ; solvent; 50°C; 15 hrs g

. | Metallic precursor, L*/M =n
L*=1-(&)

Entry R Metallic precursor (%emol vs. ketone) L*/M Solvent H (bar) % Conversion (% yiel@) % ee R)
1 CHs [RhCODCIL (2.5) 25 MeOH 50 99 0
2 CO,CH;3 [RhCODCIL (2.5) 25 MeOH 50 81 11
3 1) 3 56 33
4 (0.5) 3 50 30
5 0.1) 3 29 29
6 CO,CH;3 [RhCODCIL (0.5) 2 MeOH 50 58(52) 0
7 (0.5) 25 18 23
8 (0.5) 5 36 29
9 CO,CH;3 [RhCODCIL (0.5) 3 MeOH 20 35 19

10 (0.5) 10 16 10

11 CO:CHsz [RhCODCIL (0.5) 3 THF 50 3 2

12 (0.5) CHCl» 46 (28} 7

13 CO:CHsz [IrCODCI]2 (0.5) 3 MeOH 50 93(56) 0

14 [RuCODC}], (0.5) MeOH 12 0

15 CHs [RhCOD,]SOsCF; (2.5) 25 MeOH 0 0 0

16 CQ,CHs [RhCOD;,]SOsCF; (2.5) 25 MeOH 50 39 0

@ Formation of 1-cyclohexyl-ethanol as by-product.
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able to catalyse the ketone hydrogenation leading to the racemi/.2. Reductions in basic media

alcohol when used without ligard Asymmetric ketone reduction can also be achieved in basic
We used acetophenone as substrate but as no enantioselatzohol media under dihydrogen pressure. We tested both sub-

tion was observed despite complete conversion, we focussadrates, acetophenone and phenylglyoxylate methyl ester in iso-

our efforts on a more reactive ketone, such as phenylglyoxypropanol solutions with a KOH/metal = 4/1. Better results were

late methyl ester. As the few tests we carried out with cationiobtained for acetophenone hydrogenation catalysed @Ath

rhodium precursors lead to very low hydrogenation yieldsiminophosphine ruthenium complexé&able 2.

(entries 15-16), we will focus on the results obtained with neu- We first noticed that slight amounts of base are needed to

tral species. obtain 1-phenylethanol without hydrogenation of the aromatic
First of all, we fixed the metal amount by varying the molarring. The configuration of the main enantiomer form&jl ¢r

ratio of the metallic precursor from 2.5% to 0.1% (entries 2-5):(S) strongly depends on the metallic ruthenium precursor: no

as activity decreases, enantioselectivity rises up to 30%, therenantioselectivity occurs with agf aromatic ligand, while the

fore further studies were ran with 0.5% of [RhCODLIPne  presence of the twg? bonds with cyclooctadiene led to as)

can notice that g-iminophosphine ligand to metal ratio equal enriched alcohol mixture. In contras®)(alcohol is favoured

to 2 does not allow the in situ formation of stable catalysts andvhen at least one extra triphenylphosphine is coordinated to the

racemic alcohol is formed (entry 6). A molar ratio of 3 gave ruthenium centre.

better results and there is no need to increase it to 5 which leads The use of the ex situ prepared complexXRp)|Ru(PPR)Cl>

to similar ee and lower conversion (entries 4 and 8). We caimproved the catalytic activity of the corresponding in situ

thus assume that during the formation of the in situ catalysts, aformed species (entries 4 versus 5) but a highgmpkessure

equilibrium between various species occurs and that the enais needed to avoid its decomposition (entries 4-6), although

tioselective catalyst is formed when a certain ligand to metaknatioselectivity remains disappointing (17% ee). NaOH was

ratio is reached. chosen instead of KOH due to the higher solubility of the for-
Comparison of entries 4, 9 and 10 shows that the catalytismer under the reaction conditions; both bases lead to similar ee

system needs significant hydrogen pressure (50 bar) to avoidvalues.

decrease on both activity and enantioselectivity. The catalytic

species are sensitive to the solvent used and can be stabilize@®. Synergetic effect of amines and cyclic

by THF which is a coordinating solvent (almost avoiding the g-iminophosphine ligands

hydrogenation, see entry 11). On another hand, a chlorinated

solvent can lead to partial decomposition of the catalyst thus As seenin SectioB.1, the use off-iminophosphind as chi-

forming rhodium particles which increases the conversion witfral ligand in presence of metallic precursors containing Cl and

no significant ee (entry 12). Other alcohols were tested as solvenyclooctadiene could notinduce good conversions for the hydro-

giving similar results than MeOH. genation of aryl ketones. Moreover, the presence of a phosphine
Using the optimised reaction conditions, we tested similadigand in the metallic precursor afforded complete acetophenone

iridium and ruthenium precursors. In this later case, low conhydrogenation but with low enantioselectivifjable 2 entries

version and the lack of metal particles precipitation, reflects th&—7). This trend suggest the use of co-ligands to stabilize the

formation of stable Ru- species under these reaction condi-catalytic species. Co-ligands can have a key role in catalytic

tions. This is opposite to the iridium precursor which does nobehaviour and the most impressive example is the extremely

complex ligand and decomposition occurs (entries 13 and 14) active catalysts developed by Noyori combining BINAP lig-

Ruthenium species are therefore more encouraging than iridiuands with diamine co-ligand46]. A series of diamines as well

ones. as various monoamines were first chosen. We also focussed
Table 2
Acetophenone hydrogenation catalysed v@ithminophosphine-ruthenium complexes
OH
»
©)J\ H, ; 'PrOH; 50°C; 18 hrs @/\
0.5% catalyst
Entry Catalyst KOH eq. vs. Ru Hbar) Conversion (%) (yield98) ee (%)
1 [RUCODC}], + 3 eq.1-(Rp) 0 20 18 26)
2 2 20 29 (25% 10(5)
3 4 20 72 17%)
4 Ru(PPh)3Cl; + 3 eq.1-(Rp) 4 20 50 4R)
5 [1-(Rp)]RU(PPR)CI, © 4 20 89 (76} 17 (R)
6 [1-(Rp)]Ru(PPR)CI ° 4 50 100 15R)

@ Formation of 1-cyclohexyl-ethanol as by product.
b 0.2 mol% vs. acetophenone.
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on the effect of the chirality of the co-ligands (chiral or non- NH,
chiral amines) for the rutheniufiminophosphine catalysed
acetophenone hydrogenation.

l::smal\:i
2.2.1. Monoamines as co-ligands

Non-chiral or chiral monoamines can be used as co-ligands
for the rutheniunf-iminophosphine catalytic system: the co- Scheme 3.
ligand is added to the catalytic precursor solution just before
the Substrate to be reduced_ A pre"minary study on rutheand ee Values for bOth Chiral amineS are Only reported in the case
nium catalysed acetophenone hydrogenation pointed out tHf thea-methylbenzylamine (entries 4-5) and in the other cases
(Rp)]RU(PPR)Cly. The structure of the employed amines andthe results obtained with the opposite amine enantiomer.

the corresponding results are reportedTable 3 For chiral Steric hindrance seems to be an essential factor for the amine
amines both enantiomers were tested as co-ligands in separ&@ligand: interesting ee values (62-68%) are obtained:for
tests. methyl-benzylamine, 1-(2-naphthyl)-ethylamine and 1-cyclo-

Primary amines afforded good conversions for acetophenornf@exyl-ethylamine in which a “large/small” geometry is observed
hydrogenation whilst secondary amines induced a lower activitfor the alkyl or aromatic substituentS¢heme B
(entries 1 versus 2 and 7 versus 8). Some tests were carried
with tertiary amines as co-ligands leading to less than 20% of.2.2. Diamines as co-ligands
acetophenone hydrogenation with low ee values (<12). Use of diamines in a slight excess towards the complex
Except for dibenzylamineTable 3 entry 3), all ee values (1.1-1 molar ratio) was then undertaken as co-ligand in non-
are higher (38-67% ee) than those obtained without an amirghiral and chiral series. The obtained results for acetophenone
co-ligand: 15-17% eeR] (Table 2 entries 5-6), also favouring hydrogenation are listed ifables 4 and 5
the formation of theg) alcohol. As seen for the monoamines, good conversions of the ace-
When using chiral monoamines as co-ligands, we observtophenone hydrogenation are attained if the co-ligand has at least
that the enantioselection mainly depends on the chirality of th@ne primary amine group. When addifig-symmetric diamines
B-iminophosphine ligand present in the starting complex [ derived from ethylenediamine, asymmetric induction is almost
(Rp)]Ru(PPR)Cl,: (R) and ) monoamines led to the major lost (entries 1-4). Using the compled-(Rp)]Ru(PPR)CI;
formation of the same 1-phenylethanol enantiomer. Conversiowithout co-ligand induces low enantioselectivitieakle 2
entries 5-6) that are enhanced in presence/,dfdimethyl-
ethylenediamine or 1-(2-aminoethyl)-pyrrolidine, affording up

Tabl
A?:Ztishenone hydrogenation catalysed @iiminophosphine rutheniumcom- {0 43% €e R). It is to notice that this effect favours the same
plexes and monoamines as co-ligands 1-phenylethanol enantiomer, that was the major product formed
0 v OH without the co-ligand.
20 bars H, [S0°C: 15 frs, PrOH;NaOH A With no co-ligand, the [RuCODG],,/-iminophosphine lig-
0.2% of [1-(Rp)IRu(PPh,)Cl, @ and 1-(Rp) catalyst Table 2 entry 3) gave 72% of 1-phenyl
+0.44% of co-ligand ethanol and 17% ee&). The opposite enantiomer is the major
Entry Co-ligand Conv. (%) ee (%)
Table 4
1 @NH? 90 38 (R) Acetophenone hydrogenation catalysed \8{iminophosphine ruthenium com-

plexes and racemic diamines as co-ligands

NH O . OH
2 ©/\‘ 75 52 (R) 20 bars H, ;50°C; 15 hrs, 'PrOH; NaOH :
3 u@ 13 16 (R) 0.2% cat. + 0.22% co-ligand @A

Entry  Catalyst Co-ligand Conversionee (%)
4 @/LNH (R 96 61 (R) %)
5 (S) 100 68 (R) 1 [1-(Rp)]Ru(PPh)Cl, H2N’ \NH2 100 116)
6 NHE (S 86 62 (R) 2 [1-(SP)IRU(PPR)Cl2 ezN/ N\ Me, 29 565)
3 [1-SPIRU(PPR)Cl.  p1e,N NHMe 9 116)

NH;
(R) 100 67 (R) 4 [1-(Rp)]RU(PPR)Cl, MeQN/ \NH2 88 43R)

ﬁ/ ®) 47 40 (R) 5 [1-(Rp)]RU(PPR)Cl ( :N NHz 71 37R)
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Table 5
Acetophenone hydrogenation catalysed v@ithminophosphine ruthenium complexes and chiral diamines as co-ligands
OH
20 bars H, ;50°C; 20 hrs, 'PrOH; NaOH PN
0.2% of cat. prec. + 0.22% of co-ligand @
Entry Catalytic precursor Co-ligand structure Co-ligand configuration Conv. (%) ee (Vo)
1 [RuCODCL]," (1R,2R) 22 42(R)
P (1R,2R) 100 45(8)
3 [RuCODCI,], + 1.1 eq. 1-(Rp) @ (15,25) 100 14 (R)
4 % racemic 100 34(5)
5 N e IR,2R 100 5(8
[RuCODCl,], + 1.1 eq. 1-(Sp) (1R.2R) )

6 (15,25) 100 53 (R)

racemic 99 34 (R)
8 [RuCODCl; ]y + 1.1 eq. 1-(Rp) @ 80 14 (R)

3 (1R,2R)
? [RUCODCh], + 1.1 eq. 1-(Sr) Mo—HN  NH—Me 44 32(5)
10 [1-(Rp)IRu(PPh;)Cl; @ (1R.2R) 100 64 ()
11 7 (15,28) 100 56 (R)
HyN NH,

12 [1-(Rp)]Ru(PPh;)Cl, O/ (1R,2R) 100 57(8)

13 [1-(Sp)IRu(PPh;)Cl, () 9 3(8)
SN
30.5 mol% of catalyst.
product of acetophenone hydrogenation in 42% Re \fhen In previous work{15] we have demonstrated the interest of

(1R, 2R)-N,N'-1,2-diphenyl-ethylenediamine is used as chiralusing a secondary diamine such ag,(2R)-N,N'-dimethyl-1,2-
ligand (Table § entry 1). When these two ligands are useddiphenyl-ethylenediamine for the asymmetric hydrogenation of
simultaneously, a noticeable synergetic effect on activity andketones. In the present study, adding this diamine as co-ligand
enantioselectivity is observed in favour of tt$# élcohol: com-  gave the opposite enantiomer in lower excess: 149Rpeqm-
plete hydrogenation with 45% ee is observ@dhle 5 entry  pared to the 17% e&) obtained without the diamindéble 2

2). The same trend is noticed with the opposite couple of ligentry 3).

ands: 1-(Sp) combined to (X, 2S) diamine, improving both As above described for the Ru/CQAB(Rp) catalytic system,
conversion and ee towards thg)(enantiomer of the alco- a synergetic effect is also evidenced for the RUPR[Rp)

hol (Table 5 entry 6). For these catalysts, the chiral induc-species. Using compleXd{(Rp)|Ru(PPR)CI, alone ([able 2

tion is thus determined by the chirality of both, ligand andentries 6—7) or combined to th€ N -dimethyl-1,2-diphenyl-
co-ligand. A mismatch16] effect is observed for the couple ethylenediamine we observe an enhanced chiral induction
of ligands1-(Rp) and (IR, 2R) diamine, which led to poor towards the opposite enantiomer: 64% &g (Table 5 entry
enantioselectivities (as well as the coupl¢Sp) and (1S, 2S) 10) in presence of the diamine co-ligand instead of 17%R&e (
diamine) Table 5 entries 3 and 6). The results obtained with without diamine.

racemic diamines are indeed an average of the enantioselectiv- As the results obtained with the ex situ prepared
ities attained by each of the co-ligand enantiomers (entries Ru/3-iminophosphine complexe3{Rp)]Ru(PPR)Cl> and [1-

and 7). (Sep)]Ru(PPR)CI; are better than those obtained with the in situ
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species (by comparing entries 10 anddble 5versus entries 2
and 3,Table 5, we directly used compleXin order to evaluate w
other diamine co-ligands. &1 2R)-cyclohexanediamine has a | Ph Q—Q @
co-ligand effect close to the one off12R)-N,N'-dimethyl-1,2- é{” — P, — ®
diphenyl-ethylenediamine, favouring the formation of ti&® ( NG cp “op Cp,ZrPh,
alcoholin 57% ee. Besides, tH8){1,1-binaphthyl-2,2-diamine EJ:[
caused dramatic loss of both, activity and enantioselectivity; _ o ,

Scheme 4. Retrosynthesis of enantiofsieninophosphines-(Rp) and1-(Sp)

very stable ruthenium species seem to be formed, thus avoiding

the ketone hydrogenation.
4.2. Ligand synthesis

3. Conclusion Chiral tricyclic B-iminophosphined-(Rp) and 1-(Sp) were
obtained via a reductive elimination reaction of the correspond-

In this study we have shown that enantiopure tricy@ic  ng chirala-phosphino zirconocene—iminoacyl complef&a).

iminophosphine compounds are interesting P, N-ligands fofrhese zr derivatives were prepared from the separapdr(d

ruthenium catalysed asymmetric hydrogenation of aryl ketonegs) phospholene enantiomerSdheme % NMR data[11] and

slightly basic conditions are requested probably to formthe dihyfq] 20; D values measured for ligands(Rp) and 1-(Sp) are
dride catalytic species from the dichloride precur§®®. The  analogous to those reportgeDn,21]

low chiral induction afforded by th@-iminophosphine ligand

(~17% ee) can be significantly improved by using N co-ligands; 3 Catalysts

as monoamines (61-68% ee) or diamines (45-64% ee). Even if

the best ligand synergy is observed f§)-(nethylbenzylamine, 43 ; £y simu catalysts

it is noticeable that some non-chiral amines clearly led to an  guih enantiomers of compleXwere prepared according to
asymmetric activation (37-52% ee). Those synergetic effectge method previously described for the corresponding racemic
strongly depend on the involved mechanism which is alsqpecies. A degassed solution of the enantiopure tricydic
related to the nature of all the ligands surrounding the ruthejminophosphine ligandi-(Rp) or 1-(Sp) (0.17g, 0.46 mmol
nium center. In other ruthenium hydrogenation catalys8, i, 10mL of CH,Cl,) was added to a Ru(PE}g,Clg (0.44g

we already noticed that COD and Rfdften lead to the for- g 46 mmol in 10 mL of CHCI,) solution under argon atmo-
mation of opposite alcohol enantiomers, except when chira{pphere The reaction mixture was stirred 1h at room temper-
diamines are added as co-ligands. In those cases, diamines atlre. then evaporated to ca. 5mL of a deep brown solution.
as bidentate ligands and ruthenium coordination sphere is COMfa miljliters of pentane were slowly added to precipitate the
pleted by P, N-ligand and hydrides. From these results, we jegjred complex as a brown microcrystalline powder. The solid
can infer chiraB-iminophosphine-amine compounds as promis-as washed with 5 mL of pentane and dried under vacuo. NMR
ing N, P, N-ligands for asymmetric catalysis. Synthetic effortsyaia are analogous to those obtained for the racemic sgtjes

to develop such molecules are on course. As the enantioselegymplex [I-(Rp)JRU(PPR)Clo: 57% vyield (0.212 g). Complex
tive hydrogenation of imines can be achieved with a diverSTl-(Sp)]Ru(PPI@)CIz: 42% yield (0.156 g).

library of ruthenium diphosphine/diamine precatalyiis] it Preparation of the ex situ catalytic solutions: starting com-
should be interesting to evaluate the synergetic effect of ruth&siey 2 was dissolved in 2 mL of the chosen solvent under argon
nium/1/diamine systems for this reaction. atmosphere and stirred at room temperature for 15 min before

adding the ketone.
4. Experimental section
4.3.2. In situ catalysts
4.]1. General For the catalytic solutions of in situ prepared catalysts, the
metallic precursor and the ligand were dissolved in 2 mL of the
All the inorganic and organic reagents, organometallic comchosen solvent under argon atmosphere and stirred at room tem-
plexes and enantiomerically pure diamines were used as pugerature for 1 h before adding a corresponding co-ligand (when
commercial products. The solvents were degassed or distilleaeeded). Stirring was then pursued over 30 min before adding
under nitrogen atmosphere before use. All manipulations werthe ketone.
carried out under an argon atmosphere with standard Schlenk
tube techniquesd] 20; D was determined with a Perkin-Elmer 4.4. Ketone hydrogenation
241 polarimeter/(= 1 dm; 25°C; concentratiom in g dm3).1H,
13c and 3P NMR spectra were recorded on a Bruker AC- In atypical hydrogenation procedure, the ketone (1.55 mmol
200 (200.13MHz for'H, 50.32 MHz for13C, 81.1 MHz for  in) was added to the solution containing the catalytic species.
31p). ee values and yields were determined by analytical GL@&hen needed, a KOH or NaOH solution (total solvent volume
with a chiral Lipodex A (25 m) column on Shimadzu GC-14A ca. 4 mL) was added and the reaction mixture was immediately
chromatograph using a flame-ionization detector and Shimadzuansferred to an argon purged stainless steel reactor. The auto-
C-R6A integrator. clave was then purged and pressurized with dihydrogen (up
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