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Abstract : Asymmetric hydrogenation of prochiral keto groups with (S.5) and (R.R)- SkewphosRuBr, prepared in situ is

described. Good enantiomeric excesses up 1o Y5 were ohtained. © 1997 Elsevier Science Ltd.

It is now well established that homogeneous Ru(ll)-catalyzed asymmetric hydrogenation is a highly
efficient technology.! The development of new systems capable of catalyzing homogeneous asymmetric
hydrogenation for a wide variety of prochiral substrates is highly desirable. The most commonly used
P*PRuX> (figure 1) are those containing atropoisomeric chiral diphosphines2-3 such as Binap 1 or MeO-
Biphep 2, etc... Having developed a general in situ preparation of chiral Ru(Il)-catalysts3, we found that
bis(phospholane) ligands#2 such as Me-DuPHOS 3 were efficient for the asymmetric hydrogenation of various
prochiral olefins and keto groups.3 This was extended to chiral bis(phospholane) ligand BPE4b that allowed
highly enantioselective hydrogenation of B-keto esters. Less attention has been focused on Ru-Skewphos 45
mediated hydrogenation although this 1,3-substituted diphosphine showed a high efficiency in rhodium
asymmetric hydrogenation,52.6
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figure 1

In our preliminary studies, low enantioselectivities (22% e.e.) were obtained in the asymmetric
hydrogenation of methyl acetoacetate carried out at 80°C under 20 atm hydrogen pressure with (S,S)-
SkewphosRuBr; preformed in two steps.3 Recently, Brunner et al. described that [Ru(CgHg)Clz]2 complexed
with Skewphos was an efficient catalyst for asymmetric hydrogenation of 2,4-pentanedione.3¢ Thus, we
anticipated that the ruthenium-Skewphos mediated hydrogenation might be dependent of reaction conditions.
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Table 1 : Asymmetric hydrogenation of B-keto esters with (R.R) and (5.5) Skewphos-Ru(ll) catalysts

Entry  Substrate Ligand® Conditions Product Yield®e.e©

P Temp.Time

\i/ﬁ (bars)(°C) (h) H
R,R)-Skewphos 10 30 24 \U 100 89
! OMe (R.R)-Skewphos OMe
5 OH
2 " (5,5)-Skewphos 10 30 24 OMe 100 89
OH
3 OFt (R.R)-Skewphos 10 40 24 OEt 100 90
6 OH
4 " (5.5)-Skewphos 10 40 24 "o 10 9

(a) Chiral Ru (IT) catalyst (1% mol.). (b) Yields arc detcrmined by 'H NMR (¢) E. e. were determined by GC analysis
(lipodex A, column )

These results were extended to the B-ketophosphonate 7 and the phenylthio ketones 8 and 9 using
(R,R) and (§,5)-Skewphos (table 2). All reactions were carried out under 30 bars and room temperature.
Under these conditions, diethyl 2-oxopropyiphosphonate 7 was quantitatively reduced using the two
enantiomers of Skewphos with 95% and 94% of optical purities (entries 5 and 6). In the case of functionalized
ketones 8 and 9 bearing a sulfur group, the hydrogenation of 4-phenylthio-2-butanone 8 and 5-phenylthio-3-
pentanone 9 performed with (R,R) and (5,5)-Skewphos afforded (R) and (S)-4-phenylthio-2-butanol with
92% and 94% e.e. (entries 7 and 9) and (R) and (S)-5-phenvlthio-3-pentanol with 88% and 95% of
enantioselectivity (respectively entries 8 and 10).

Table 2 : Asymmetric hydrogenation of B-keto phosphonate and phenylthio sulfides.

Entry  Substrate Ligand® Conditions Product YieldPee©
P Temp.Time

9 (bars) (°C)  (h) OH 9
5 J\/P(OEt)z (R.R)-Skewphos 30 1 0 /!\,P(OEt)z 100 95

7 OH
6 " (§,5)-Skewphos 30 ri. 60 _~_POEY, 100 94

OH

(R,R)-Skewphos
3O T

7 8R=Me 30 rn 30 97 92
8 9-R=Et 0 o 30 96 88

(5.,5)-Ski h oH

,3)-Skewphos R

9 8R=Me 30 o 30 R"SPh 100 94
0 9-R=Ei 0 o 30 100 95

(a) Chiral Ru (II) catalyst (1 to 2% mol.). (b) Yields arc determined by 'H NMR (c) E. e. were determined by GC analysis
(Megadex S column).
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Indeed, careful studies in the asymmetric hydrogenation of methyl acetoacetate as standard substrate
demonstrated that adequate choice of conditions (temperature, pressure) were required to obtain high
enantioselectivities (figure 2).

O O OH O
J t S
1% (S,5)-SkewphosRuBr;

CH;OH

figure 2

As shown in figure 2, enantiomeric excess of (§)-B-hydroxybutyrate is highly dependent on the reaction
temperature. An increase in enantioselectivity was observed by lowering the temperature and when the
hydrogenation was performed under 20 atm of hydrogen pressure, the best selectivity was reached at room
temperature (e.c. 58%). At lower pressure (10 bars), the same temperature effect is observed with a maximum
selectivity of 77% at 25°C although under 5 bars, the hydrogenation reaction proceeded with fair
enantioselectivity whatever the temperature. This spectacular temperature effect may be due to conformationnal
effect of the catalyst.? Therefore under these optimized conditions, the (R,R) and (S,S)-SkewphosRuBr
catalysts prepared3 in situ from CodRu(2-methylallyl)> were highly efficient for homogeneous asymmetric
hydrogenation of a wide range of functionalized keto groups (scheme 1).

O H, OH
/IL X (R.R) or (5,5)-SkewphosRuBr,
Rn _ 15 10 to 30 atm., room temp. t0 40°C R % ()F
X = COOMe or COOEL Yield =97 to 100%
P(O)OEt), or SPh ee.=88t095%
R=Me,EL iPr

Scheme 1

As shown in Table 1, some B-keto esters were quantitatively hydrogenated under 30°C or 40°C and 10
bars of hydrogen pressure to secondary alcohols with high chemical yields and satisfactories e.e.'s.
Asymmetric hydrogenation was extended to methyl 3-oxopentanoate § (entries 1 and 2) leading to the two B-
hydroxyesters enantiomers with a 89% enantiomeric excess. A good selectivity was also obtained for the
asymmetric hydrogenation of ethyl 4-methyl-3-oxopentanoate 6 affording (R) and (S)-ethyl-4-methyl-3
hydroxypentanoate, respectively with 90% and 91% of enantioselectivity (entries 3 and 4).
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In summary, asymmetric syntheses of optically enriched alcohols were achieved with good

enantiomeric excesses up to 95% using both enantiomers of SKEWPHOS. A general orientation of the

enantioselectivity is observed allowing a general prediction of the absolute configuration of the alcohols by the
appropriate choice of SKEWPHOS.
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According to Bosnich's group, by comparison with rhodium chemistry and catalytic hydrogenation of
dehydroaminoacids, the Ru-catalyst may adopt a six membered chelate system for which the chelate ring
is stabilized in a chiral skew conformation (b) with both methyl groups in a preferred equatorial
disposition rather than the two chair conformation () and (¢) having one destabilizing axially disposed
methyl group and the phenyl groups which are not disposed in a chiral array in respect to ruthenium

center.
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The sense of the enantioselectivity obtained using (5.5)-Skewphos for asymmetric hydrogenation of
phenyl thiosulfides could be explained by the preferred transition state where interactions between the
phenyl group of the Skewphos and the alkyl chain of the keto group are minimized.
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