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Abstract: An efficient ruthenium catalysed asymmetric hydrosilylation of ketones has been developed

using high-throughput, parallel screening to optimise ligand combinations.
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The ruthenium catalysed asymmetric hydrosilylation of ketones remains a relatively undeveloped reaction
compared to its rhodium counterpart.! The foremost study by Zhang and co-workers revealed that
enantiomerically pure P-P chelating ligands such as 1 or the trusty tridentate nitrogen ligand 2 were either non-
selective or inactive in the ruthenium catalysed hydrosilylation of acetophenone. The key discovery was that
mixed P-N ligands were necessary for activity and selectivity (Scheme 1).> The best result for an asymmetric
ruthenium catalysed hydrosilylation reaction was realised when utilising the enantiomerically pure tridentate
ligand 3 to afford the product alcohol with 54% ee.
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In this communication we wish to highlight the key resuits obtained in a parallel screening programme
directed towards the discovery of new ruthenium catalysts for enantioselective hydrosilylation reactions. Mixed-
ligand ruthenium complexes have proved to be efficient pre-catalysts for the enantioselective hydrogenation of
ketones (up to 99% ee).” Ruthenium complexes of the type shown in Figure 1 can be prepared by the sequential
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treatment of [RuCL(CH,)], with first (S)-BINAP then (S,S)-DPEN to OO Phy 1t _ph

NS

afford an air stable pre-catalyst. The preparation of ruthenium complexes Ru(

from different enantiopure phosphorus and nitrogen-containing ligand p:z Cl H, “Ph
components allows the assembly of an array of pre-catalysts suitable for

parallel screening.* The strategy is illustrated in Scheme 2 along with the

ligand components necessary to prepare a small library of 50 pre-catalysts. Figure 1
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Scheme 2

We adopted the screening strategy pioneered by Burgess which involves performing the transformations in
parallel in individual reaction vessels and following the reactions by automated GC and chiral HPLC analysis.*
This approach is most viable when the basic features of the reaction are established and optimisation involves a
narrow range of variables. In our case this was the different permutations of phosphorus and nitrogen ligands
that could comprise a mixed-ligand ruthenium complex. The complexes were tested in the hydrosilylation of
acetophenone as outlined in Scheme 3, the screening experiments revealed some interesting and unanticipated
results which confirms the benefits of evaluating all ligand combinations.®
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s e - o ; : - s The first point to note was
i that the Noyori system employing
ligand 6 was completely inactive

combinations and despite this

' being a rare transformation we
observed several very high
conversions (Chart 1). The
highest enantioselectivity of 63%
was observed  with the
Chart 1 combination of ligands 4 and 16
(Chart 2). The cyclohexyl

substituent was  significantly

superior to both the phenyl and naphthyl substituted ligands in the same ligand set, this was confirmed in the
case of pyrrole ligand 28 which in combination with 4 afforded the product alcohol with 52% ee . The
complexes containing the (R)-enantiomer of tol-BINAP 4 predominantly gave the (R)-enantiomer of product.
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This was not reflected in the case of the enantiomeric ligand 5. It was not surprising to note that the relative
stereochemistry of the two ligands had a significant effect on reaction enantioselectivity. For example, the
diastereomeric combinations of 4/15 and 4/16 gave 0% ee and 63% ee (R) respectively. This indicates the
likelihood of “matched” and “mis-matched” ligand pairs.

To confirm the validity of the results from parallel screening, the

7 complex that gave the highest enantioselectivity (Figure 2) was isolated and
cl \ tested in the hydrosilylation of acetophenone by traditional serial experiments.
B2y N

ie = The results obtained were consistent with the parallel experiments, the product

IOPl; CI\N alcohol being repeatedly obtained in 60-63% ee. Changing the reaction solvent

CO H had a detrimental effect on the enantioselectivity: MeCN (8% yield, 10% ee
Me (R)); CCl, (11% yield, 12% ee (S)); DME (92% yield, 12% ee (R)); toluene

(24% yield, 21% ee (R)). The addition of AgOTf increased the
enantioselectivity further to 82% ee.” This is consistent with the observations
Figure 2 Complex 4/16 reported previously for both ruthenium and rhodium catalysed hydrosilylation
and is due to the generation cof coordination sites for binding the ketone and
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activating the Si-H bond.®> The optimised system proved to be effective for the hydrosilylation of different
ketones (Scheme 4).
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In conclusion, a parallel screening approach has been used to identify mixed-ligand ruthenium complexes

that are effective pre-catalysts for the asymmetric hydrosilylation of ketones. The study revealed unusual ligand
combinations that gave reproducible good enantioselectivities and activities at low loadings. It is important to
note that neither the diphosphine ligand nor the bidentate nitrogen ligand are effective on their own, only in
combination do we observe any enantioselectivity. Work is in progress to ascertain the origin of the asymmetric
induction in this process and other systems are being tested to build on these preliminary results.
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