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Ruthenabenzenes and Their Derivations as Catalysts for Transfer Hydrogenation of Aromatic Ketones Abstract

Abstract

Although metallabenzenes were predicted and successfully synthesized 20 years ago, and then
few researches on its photic and electric properties were reported; it was rarely found that
metallabenzenes could be as catalysts for transfer hydrogenation of aromatic ketones and this was
probably because most ruthenabenzenes are thermally labile at ambient temperature. Recently,
Professor Haiping Xias group has reported the synthesis of stable ruthenabenzenes
Ru(CsH3)(PPh3)4Cls. In the solid state, the ruthenabenzenes are air-stable, which is a significant
essential for its potential application as catalysts since the complex contains two single phosphorus
ligands, which is similar to a series of well-known ruthenium catalysts with a general formula as
[RuClo(PPh3),(N-N)](N-N = bidentate nitrogen ligands). In this dissertation, we focus on the
employments of ruthenabenzenes and their derivates as efficient catalysts for transfer hydrogenation
of aromatic ketones and synthesis of a pair of new chiral nitrogen-containing tridentate ligands
derived from proline and their applicatons in the asymmetric transfer hydrogenation of aromatic
ketones. The main results are obtained as follows:

1. Ruthenabenzenes Ru(CsH3)(PPhs)4Cls were applied as efficient catalysts for the transfer
hydrogenation of aromatic ketones with high yields for the first time. Conseguentialy, the
conversion for acetophenone was as high as 96% after reacting at 82°C for 36h. It was found that
the activity was delicately dependent on the steric bulk of the alkyl group of the substrate PhCOR.
When the size of R increased from methyl to cyclohexyl, the conversion decreased rapidly from 96
% to 62%. The position of the ring substituent could aso influence hydrogenation results. The
introduction of a methyl or chlorine in the ortho-position lead to a high conversion, no matter the
substituent was electron-donating Me or electron-withdrawing Cl, while that to the para-position
lowered the conversion lightly. Among all selected ketones, the best results were achieved in the
reduction of 1,1-diphenyl- acetone, 2'-M ethylacetophe-none and 2'-Chloroacetophenone, al giving >
99% conversion. Finally, ruthenabenzenes was reacted with ampy [2-(aminomethyl)pyriding] to
form a new catalytic system, which was much more reactive than the above ruthenabenzenes system.

2. A pair of new chiral nitrogen-containing tridentate ligands L(L)-1 and L(D)-2 [(R) and (-
N-(pyridin-2-ylmethyl)pyrrolidine-2-carboxamide] derived from L-proline or D-proline were
designed and synthesized from an easy way, which have been carefully characterized by IR, NMR,
MS, EA and optica rotation. And then, they were reacted with ruthenabenzene respectively to
prepare apair of novel chiral ruthenabenzene complexes, which were characterized by *'PNMR, CD
spectra and electric conductivity.

3. The new tridentate ligands were reacted with kinds of Ru, Rh, or Ir precursor complexesin
situ to generate different catalytic systems, which were employed in asymmetric transfer
hydrogenation of prochiral aromatic ketones. As a result, [IrHCI,(COD)]./L(L)-1 system could
exhibit best activity, which could reduce most aromatic ketones to corresponding alcohols with high
yields up to about 90 % but only low to moderate e.e.’s (up to 51 %). Adjusting the amounts of the
base or the chira ligands had little effect on improving enantioselectivity, except the
substrate-to-catalyst molar ratio was lowered.

Keywords: Ruthenabenzene; Transfer hydrogenation; Tridentate ligand derived from proline.
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