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The use of organometallic complexes as catalysts for the
asymmetric transfer of hydrogen from a suitable donor (usually
2-propanol or formic acid) has been the subject of ongoing research
for some decadésHowever, it is only in recent years that the level
of interest in this area has risen to the extent which now makes it
one of intense international activity. This has been the result of the
introduction, initially by NoyoriZ and later developed by othe¥$,
of highly active and enantioselective ruthenium(ll)/arene and
rhodium(lll)/pentamethylcyclopentadienyl complexesfedmino
alcohols and monotosylated 1,2-diamines.

We wished to study ruthenium(ll) arene catalyétand 2 in
which the amino alcohol or monotosylated diamine, respectively,
is covalently bound to theS-arene group.Given the correct length
of tether, such ligands should allow the chiral ligand component
to retain the appropriate conformation for enantiocontrol and benefit
from increased stability resulting from attachment to the metal at
three point$. Furthermore, the “locking” of the aryl group
(otherwise free to rotate) permits control over the spatial positions
of the substituents on this ring.

We envisaged that complexésand 2 could be obtained from
the corresponding ruthenium(ll) dime8sand4 by reaction with a
base (such as KOH or HGB/E:N), in an intramolecular variation
upon the process normally employed for the in-situ preparation of
similar transfer hydrogenation catalysts during their application to
ketone reduction.
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The reaction of5-HCI or 6:HCI” with RuCk under reflux in
ethanot resulted in the formation of the chloro-bridge&arene
ruthenium(ll) complexe8 and4, respectively (Scheme 1). These
complexes were characterized Byt and 13C NMR. The amine
groups in5 and 6 needed to be protonated prior to formation of
the dimers. The attempted reaction with the free amines resulted
only in formation of complex product mixtures, possibly because
the chelation of ruthenium(lll) by the free amine outpaces arene
oxidation, and the resulting complexes were not electronically
disposed toward reduction of the metal.

Treatment of a quantity f with Et;N in refluxing 2-propandg#
resulted in successful conversion2oAn X-ray crystal structure
of this material confirmed its tethered structure (Figure 1). The
diamine ligand is coordinated to the metal in a manner similar to
that observed for the nontethered analogi€€atalyst2 (0.5 mol
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during reaction or BN, 'PrOH, reflux 1 h (preparation o), 57%.

Ph_NH,

Figure 1. X-ray crystallographic structure &

%) was employed in the reduction of acetophendaé HCO,H/
Et;N and gave a product ir 99% vyield and 96% eeR) after 18
h at 28°C (Table 1). The product configuration matched that which
would be predicted to be formed from the ligand enantiomer
employed, on the basis that the tethering does not alter its mode of
actioni0

Although we were unable to isolate crystals of complexom
treatment of3 with base, we felt thal could be formed in situ
under the reaction conditions employed in transfer hydrogenation
when an amino alcohol is the ligand(OH, KOH). In the event,
the addition of 0.25 mol % o8 (i.e., 0.5 mol % with respect tb
and Ru) to a 0.1 M solution ofa followed by 5 mol % of KOH
resulted in reduction to the corresponding alcohol in 96% vyield
and 66% ee aftel h (Table 1). Although modest, the ee obtained
in this reaction represents an improvement on that of 58% ee (86%
yield) reported for the analogous nontethered catalyst derived from
the combination of{R 29-ephedrine and [Ru(benzene)lgF" This
suggests that there is potential for improvement through modifica-
tion of the arene in the catalyst.

Complex3 gave a product of similar enantiopurity when used
at a S/C (with respect to Ru) of 1000. A series of further ketones
7—10 were reduced in similar yields and ee’s (Table 1). As
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Table 1. Asymmetric Transfer Hydrogenation of Aromatic Ketones
7—10 Catalyzed by Ruthenium(ll) Dimer 3, 4, or Complex 22

catalyst ketone time/h % yield® % ee (R/S)°
2 7a 18 >99 96'(R)
3 7a 1 96 66/(R)
3(S/C 1000) 7a 7 83 67 (R)
3 7b 1 88 57 (R)
3 7c 0.5 98 54 (R)
3 7d 1 71 52(R)
3 8 1 44 66(R)
3 9 1 97 58 (R)
4 7a 21 >99 96' (R)
4 (S/C 1000y 7a 45 >99 93' (R
4 7c 12 >99 92/(R)
4 7d 44 98 90 (R)
4 8 14 >99 84(R)
4 9 17 >99 90 (R)
4 10 18 >99 98 (R)

aReaction at 28C in a 0.1 M solution of ketone in propan-2-ol, 5 mol
% KOH, and S/C= 200 (for3) or at 28°C with a 2 Msolution of ketone
in a formic acid/triethylamine azeotrope mixture and $/Q00 (for2 and
4) unless otherwise specifieBlDetermined by GC ofH NMR. ¢ Assigned
by the sign of optical rotatiorfl Determined by GC analysis using a Beta
DEX 120 capillary column® Reaction with a 10 M solution of ketone (12
mmol) in a formic acid/triethylamine (2:1) (1.2 mL) and SA1000. After
12 h, 0.2 mL of formic acid/triethylamine (2:1) was addéBetermined
by HPLC analysis using a Daicel chiralcel OD column.

expected, however, attempts to & formic acid/triethylamine
resulted in failure; no amino alcohol ligand has, to our knowledge,
been successfully employed in this medium for Ru(ll)-catalyzed
transfer hydrogenation reactions.
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7aR=H 7bR=Me
7¢ R=CI 7d R=OMe

We also wished to see if the in-situ strategy could be used for
the generation oR. This would be desirable as it avoids the
requirement to isolatg. We were pleased to find that the addition
of 0.25 mol % of4 (0.5 mol % with respect to ruthenium) to a 5:2
(molar) formic acid/triethylamine solution, followed by acetophe-
none7a, resulted in reduction to the product 1-phenylethanol in
>99 % yield and 96% eeR) after a reaction time of 21 h at 2&
(Table 1). This result was identical to that obtained with the purified
complex2. The significantly improved result as compared to that
obtained with3 may reflect to some extent the lack of reversibility
under the formic acid conditions. As in the casepfurther tests
demonstrated that could be employed at a S/C of 1000 (Table
1). At the 0.5 mol % level o (0.25 mol % of4), a further series
of ketones were reduced to alcohols in high yield and enantiose-
lectivity (Table 1).

We anticipated that the stability & would benefit from the
“three-point” ligand attachment to the metal. Some evidence for
the longevity of2 was obtained in a preliminary study. Specifically,
following a 24 h acetophenone reduction (400 mg of ketone, S/C
= 200), a further portion of acetophenone (400 mg) and fresh formic
acid/triethylamine (1.5 mL) was added to the reaction. After a
further 73 h, full reduction was again observed, without erosion of

ee. This process was repeated again, and full reduction was once

more observed after 176 h. This suggests Zh@&mains intact and
active for some significant time after the initial reduction reaction.
Some important control reactions were also carried out: No
reduction was observed using a combination of RYG5 mol %)
and the oxidized version of eith&ror 6 (0.5 mol %}* under the

same conditions. This eliminates the possibility that the reaction is
catalyzed by a nontethered component in the reaction.

In conclusion, we have developed an effective method for the
synthesis of dimer8 and4, which act as precursors of tethered-
ligand complexed and 2, respectively. These “one-component”
catalysts form the basis for controlled and selective modification
toward the development of “fine-tuned” catalysts for the reduction
of an extended range of substrates. Studies are currently underway
to define the scope and mechanisms of these reagents, and further
results will be reported in due course.
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