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Abstract

The new polydentate mixed-N, P, O chiral ligands have been synthesized by the condensation of bis(o-formylphenyl)-
phenylphosphane and R-phenylglycinol in CHCl;, and fully characterized by IR, NMR and EIMS spectra. These ligands were
employed with a simple Ni complex Ni(PPh),Cl, in situ as catalytic systems for asymmetric transfer hydrogenation of ketones, and
the corresponding optical alcohols were obtained with up to 84% ee under mild conditions.
© 2012 Zhen Rong Dong. Published by Elsevier B.V. on behalf of Chinese Chemical Society. All rights reserved.
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Among the most spectacular recent developments in catalytic asymmetric synthesis, asymmetric transfer
hydrogenation (ATH) is an attractive method for the preparation of optically active alcohols [1,2] because of its
operational simplicity and wide substrate scope. In this reaction, generally, chiral ligands are responsible for obtaining
high enantioselectivity. Therefore, the design and synthesis of new chiral ligands are always a challenge for
researchers. In the past decades, numerous different PP, NN, NO, NPN and PNNP-type ligands have been applied for
this reaction [3], these mixed type ligands have attracted more and more attention because of their better ability to
stabilize metal center and special chiral coordination environments surrounding the metal center. In previous studies of
asymmetric transfer hydrogenation of ketones, however, most of research was focused on the expensive noble
platinum metal-based complexes, such as Ru [4], Rh [5], and Ir [6] complexes. Compared with these precious metals,
the first-row transition metals, which are more abundant and benign, attract more and more research interest because
they are cost-effective and “‘green” catalysts. We reported the first example of iron catalyst used in the ATH reaction of
ketones in 2004 [7], from then on, Morris and co-workers developed very excellent iron catalysts for the reaction in the
recent years [8].

Although there have been some successful examples of iron complexes, as catalysts for ATH of ketones, other first-
row transition metals, such as Ni or Co complexes, are still rarely reported [9].
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Scheme 1. Synthesis of the NPO-type ligands. Reagent and conditions: (a) CHCl;, anhydrous Na,SOy, reflux, 26 h; (b) NaBH,, C,HsOH, reflux, 2
days.

Recently, we synthesized the new PNO-type chiral ligands, which have been fully characterized by IR, NMR and
EIMS spectra [10], and found that these chiral ligands coupled with a simple Ni complex Ni(PPh3)Cl, in situ exhibited
good catalytic activity and enantioselectivity as catalysts for asymmetric transfer hydrogenation of a series of aromatic
ketones.

The Ni complex Ni(PPh3)Cl, was synthesized according to literature [11].

The NPO-type chiral ligands are synthesized as Scheme 1.

The condensation of bis(o-formylphenyl)phenylphosphane 1 [12] with R-phenylglycinol in CHCl; was refluxed for
26 h in the presence of anhydrous Na,SO, under a nitrogen atmosphere. After cooling down to room temperature, the
mixture was filtrated and the solvent was removed in vacuo to afford a light yellow solid 2 in 80% yield, featuring the
MS signals at 557.2 (M+1). The "H NMR spectrum of 2 presented two doublets at § 8.61 and § 8.55 for the imino
protons. The *'P NMR spectrum exhibited a singlet at § —10.83.

A suspension of 2 and NaBH, in absolute ethanol was refluxed with stirring for 2 days. The solution was then cooled to
room temperature and H,O was introduced to destroy the excess NaBH,4. The mixture was extracted with CH,Cl, and
washed successively with saturated NH,4Cl solution and H,O. The organic fraction was dried over anhydrous Na,SOy,,
followed by filtering, concentrating to afford the corresponding NPO-type ligand 3 as a white solid in 60% yield, featuring
the MS signals at 561.3 (M+1). The disappearance of the peaks at § 8.61 and § 8.55 in the "H NMR spectrum of 3 indicated
that the two imino groups were reduced to the corresponding amino groups, and a broad peak (4H) at § 2.68 for the -NH—
and —OH protons was also observed. The *'P NMR spectrum exhibited a singlet at § —26.07.

To examine the catalytic activity of the Ni-based system, several catalytic systems, which was generated in situ
from the new NPO-type ligands 2, 3 and our earlier PNNP ligand 4 [13a] with Ni(PPh3),Cl, respectively, have been
investigated for the ATH of propiophenone. The typical results were listed in Table 1.

Table 1
Asymmetric transfer hydrogenation of propiophenone catalyzed by Ni-NPO system.”

9 Ni(PPhj),Cl,,Chiral Ligands OH NH HN
- *
©)k/ 2-Propanol, KOH ©)\/ Cﬁth Ph2;©

ligand 4: (S,S)-PNNP

Entry Ligand Time (h) Temp. (°C) Yield® (%) Ee® (%)
1 2 22 70 5 -

2 3 21 70 93 84

3 4 20 70 16 67.5

4¢ 3 20 70 81 66

5 3 26 25 - -

% Unless otherwise stated, the reaction was carried out with S/C/OH™ = 100/1/6.
® Yields and enantiomeric excesses were determined by GC analysis using a CP-Chirasil-Dex column.
¢ S/C/OH™ =100/1/4.
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