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A series of ruthenium(1l) complexes containing BINOL-based monodonor phosphorus ligands have been prepared and applied to the asymmetric
catalysis of the hydrogenation of aryl/alkyl ketones. The best ligands for this application are those which contain an aromatic groups with
either a methoxide or bromide on the ortho position. Using these ligands, alcohols with ee’s of up to 99% are formed.

The asymmetric reduction of ketones remains a pivotal
method for the formation of enantiomerically pure alcoHols.
Catalytic methods include transfer hydrogenation with Ru(ll)
and Rh(lll) complexesand pressure hydrogenation using
organometallic complexes of Ru(ll) and other metdlmntil
recently, the latter process could only be successfully applied
to substrates containing a nearby coordinating grddpw-
ever, a number of researchelmve now introduced hydro-
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genation systems that are capable of the highly enantio-
selective reduction of unfunctionalized ketoésPerhaps
the most notable of these is the Ru(ll) systeémeported by
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Noyori, which contains both a diphosphine and a diamine
(typically DPEN) which cooperatively interact in an ex-
tremely active and enantioselective reduction cat&ly$tis
system works successfully for simple aryl/alkyl ketones,
heterocyclic ketones, and enones. Many variants of this
successful Ru(ll)/diphosphine/diamine combination have
been reportefl.
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A second significant development in asymmetric hydro-
genation has been the introduction of monodonor chiral
ligands, usually based on the BINOL backb8#a example
is Feringa’s MONOPHO®2 8-1° Rhodium complexes d2,
typically containing two ligands per metal atom, are capable
of the asymmetric reduction of=€C bonds in outstanding

enantioselectivities. Best results are obtained with substrates

containing coordinating functions, such asacylamino-
acrylates and unsaturated carboxylic acditisGiven the
excellent results obtained with BINOL-derived monodonor

prepared by the reaction betwe&BINOL and the ap-
propriate bis(dimethylamino)phosphine precursors.

Each ligand was converted to the ;RUCL(DPEN)]
complex by reaction with [Ru@lbenzene)] followed by
(S,S)-DPEN. The complexes were yellow-brown solids and,
in their solid forms, stable to air and moisture. The structures
of the complexes were confirmed by spectroscopic methods
and by high-resolution mass spectrometry. An X-ray crystal
structure of one of the complexes, that derived fr6q3,
was also obtained (Figure 1).

Figure 1. X-ray crystallographic structure of th&S,SS)-Ru(ll)-
DPEN complex derived fror8.

phosphorus ligands, we wished to establish whether such

ligands could also replace diphosphines such as BINAP in
1. If so, then this would have a significant advantage in terms

of practicality, since the monodonor ligands are less expen-

sive and more readily available than most chiral bidentate
ligands. Toward this end, we prepared a series of BINOL-
derived ligands. In addition to phosphoramidi?¢® we
prepared the known phosphieand phosphonitd ®1° We
also prepared a series of ligar&ls9 containing a substituted
aromatic ring attached to the P atom. Ligaidsnd7 have
been reported previous¥:d-ethowever, ligands, 8, and

9 are, to the best of our knowledge, new. The ligands were
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An investigation into the applications of the new com-
plexes to the asymmetric hydrogenation of simple ketones
was undertaken (Scheme 1). In the first stage of the study,

Scheme 1
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the §SSS) complex derived from ligar@(‘BrXuPHOS')1?

was selected for a short statistical experimental design study
(MODDE 6)1314A total of 17 experiments were carried out
with variation of the substrate concentration, mol % of base,
and the temperature. The substrate was acetophenone, S/C
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= 5000, solvent 2-propanol, run tinse 20 h, and hydrogen  of 10 000 with the same ee but only 80% conversion over
pressure=10 bar. This, followed by a series of more focused 26 h. A series of further ketones were reduced using the
studies, revealed that the best conditions with respect to eecomplex from8, under standard conditions (Table 1, entries

were [ketone]= 0.3 M, 1 mol % base (with respect to
substrate), and a temperature of Z Under these condi-
tions, a product of 85% e®) was formed in 56% conversion

12-20). In all but two cases the reactions were essentially
complete after 20 h at 10 bar, and the ee’s generally high
and in some cases better than that for acetophenone. The

after 40 h. Lowering the S/C to 2000 gave a 72% conversion complex derived fronv¥ was also applied to three further

in 86% ee after the same time (Table 1, entry 1). At S/C

ketones, giving enantioselectivities between 88% and 94%

1000 the conversion was complete in 15 h and the ee was(entries 21—23).

84% (entry 2).

Table 1. Asymmetric Hydrogenation of Ketones by
Ruthenium(ll) Complexes of Ligands—%

eec
(%)

[ketone] pressure conv®

ligand Ar sic (M) (bar) (%)

A further improvement could be achieved &t@ A higher
pressure (50 bar) was required to counteract the rate
reduction; however, products were obtained in up to 99%
ee (Table 2).

Table 2. Asymmetric Hydrogenation of Ketones at’G

time convP ee’

e

¢ 8  CeHs 2000 0.30 10 72 86 (R) entry  ligand Ar sic () %) %)

2" 8 CeHs 1000  0.30 10 99 84 (R)

3¢ 2 CeHs 1000  0.30 10 100 54 (R) 1 8 CeHs 2000 4 9%  93(R)

4 3 CeHs 1000  0.30 10 11 43 (R) 2 8 1'-naphthyl 2000 8 92 99 (R)

5 4 CeHs 1000  0.30 10 2 17(R) 3 8 0-BrCeHa 2000 8 93 99 (R)

6 S CoHs 1000~ 0.30 10 7 37(R) a Reactions were conducted in 2-propanol, 0.5 mdtBuOK, and S/C

7 6  GCeHs 1000  0.30 10 5 35(R) = 2000 (autoclave placed in the ice bath) at 50 bar pressure with a 0.15 M
8¢ 7 CeHs 1000 0.30 10 100 88 (R) solution of ketone® Determined by GC ofH NMR. ¢ ee’s were determined

9 9 CeHs 1000 0.30 10 0 by chiral GC or HPLC.
100 8  CeHs 2000 0.30 50 100 90 (R)
119 8  CeHs 10000  0.30 50 80 90 (R) . . -
12 8 pCFsCeHs 2000 0.5 10 100 75(R) The reason_for the high ste_reocont_rol by ligands containing
13 8  p-BrCeH. 2000 0.30 10 100 80 (R) a modestly sizedrtho substitutent is at pre_sent unclear.
14¢ 8  0-BrCgHs 2000 0.15 10 100 91 (R) However, the X-ray structure reveals a tightly packed
15 8 m-CHsCeH, 2000 0.15 10 100 86 (R) conformation of two ligands in ais position. It is possible
16 8  p-CHsCeH. 2000 0.15 10 97 96 (R) that the ortho substituent, which points away from the
178  2-naphthyl 2000 0.15 10 99 85(R) BINOL, is required to provide a “lock” into the structure
188 I-naphthyl = 2000 0.15 10 93 94 (R) which prevents ligand rotation and hence enforces a well-
L 8 PG 2000030 10 B UK defined steric environment on the reaction. In conclusion
20 8 p-OCHsCeHs 2000 0.30 10 100 85 (R) - i ) ’
21 7  pCHsCeHs 1000 0.5 20 100 94 (R) we have d_emonstrated _that it is possible to use monodo_nor,
22 7 l-naphthyl 1000 0.15 20 100 88 (R) BINOL-derived, ligands in Ru(ll) complexes for asymmetric
23 7 p-FCeHs 1000 0.15 20 100 89 (R) ketone hydrogenation. The ligand has an unexpected struc-

aReactions were conducted at-222 °C in 2-propanol for 20 h, 10
equiv of base wrt catalyst.Determined by GC otH NMR. ¢ The eee’s
were determined by chiral GC or HPLC. The absolute configuration was
determined by comparison of the sign of optical rotation or retention time
with literature data¥ Reaction time: 96 h¢ Reaction time: 40 hf Reaction
time: <4 h.9Reaction time: 26 h? Reaction time: 15 h.

tural requirement for optimal results.
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