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Since a breakthrough enhancing catalytic activity and

enantioselectivity by use of axially chiral monophosphine

ligands (MOP) was reported in the hydrosilylation of 1-

octene,1a the substrate scope has been broadened to terminal

alkenes, cyclic alkenes, β-substituted styrenes, conjugated

1,3-dienes, and 1,3-enynes by use of the MOP family.1  Of

those MOP ligands, (R)-Ar-MOP (L1) and its derivative (R)-

L2 are the most enantioselective ligands for cyclic 1,3-

dienes (Figure 1).2 Meanwhile, chiral monodentate phos-

phorus ligands, such as phosphoramidite ligands, planar

chiral ligands, and helically chiral phosphine ligands have

been reported to induce excellent enantioselectivities and

catalytic activities in the hydrosilylation of styrenes.3-5  How-

ever, only a few examples related to asymmetric hydrosil-

ylation of olefins other than styrenes with those mono-

dentate phosphorus ligands have appeared in the literatures.6

Recently, we reported asymmetric hydrosilylation of cyclo-

hexa-1,3-diene using chiral phosphoramidite ligands includ-

ing a sterically demanding phosphoramidite (S)-L3 (Figure

1).6b  It has been found from our previous study that the

enantioselectivities varied dramatically depending on the

ligands applied and the highest enantioselectivity of 87% ee

ever observed for the substrate has been achieved by use of

(S)-L3.

Herein, we wish to report as an extension of our studies

that asymmetric hydrosilylation of cyclohexa-1,3-diene (1)

with trichlorosilane in the presence of palladium catalysts

coordinated with chiral phosphoramidite ligands (L4)

prepared from 3,3'-disubstituted (S)-1,1'-binaphthols and

secondary amines7 were examined in order to evaluate the

influence of binaphthyl part of the phosphoramidite ligands

in both catalytic activity and enantioselectivity (Scheme 1).

Thus, the hydrosilylation was carried out without solvent in

the presence of 1.0 mol % of palladium catalysts generated

in situ by mixing [PdCl(π-C3H5)]2 and chiral phosphora-

midites L4 (Pd/P = 1/2).  The reactions proceeded smoothly

at 20 oC in 20 h to give (R)-3-(trichlorosilyl)cyclohexene (2)

in high yields and the resulting allyl(trichloro)silane 2 was

subsequently reacted with benzaldehyde in DMF to produce

(3S,1'R)-3-[hydroxyl(phenyl)methyl]cyclohexene (3), which

was subjected to HPLC analyses with a chiral stationary

phase column for the determination of enantioselectivities.

The catalytic activity by the present catalytic system with L4

was also high when compared with the hydrosilylation of the

substrate by use of Ar-MOP (L1)2a and the phosphorami-

dites from unmodified binaphthol.6b However, the enantio-

selectivity varied between 23% ee and 65% ee at 20 oC

according to the ligands applied. From the results sum-

marized in Table 1 and our previous report, it was revealed

that enantioselectivities were dependent on the substituents

at 3,3'-positions of the binaphthyl part. Overall, the ligands

having phenyl substituents at 3,3'-positions induced higher

enantioselectivities than others.  Thus, the enantioselectivities

with L4a and L4c were higher than L4f and L4g, respec-

tively (entries 1, 3, 7, and 8). In case of the ligands L4b and

L4c having 3,3'-diphenylbinaphthyl part also showed  higher

selectivities than the corresponding ligands having unmodi-

fied binaphthyl part (entries 2 and 3).6b It was also found that

the reactions with L4d gave an unsatisfactory result in both

catalytic activity and enantioselectivity (entry 5). On the

other hand, methyl substituents at 3,3'-positions were not

beneficial on the enantioselectivity but catalytic activities

were high enough. For example, the dimethyl groups on

binaphthyl part in ligands (S,R,R)-L4h and (S,S,S)-L4i had

detrimental effects on enantioselectivity, giving lower en-

antiomeric excesses than the corresponding ones having

unmodified binaphthyl part (entries 9 and 10).6b It is shown

in this study that the ligands combined 3,3'-diphenylbi-

naphthyl with di(isopropyl)amino or dibenzylamino part

showed the highest selectivities among the ligands examined

(entries 1 and 3). 

The highest enantioselectivity of 72% ee was achieved

with L4c by lowering the reaction temperature (entry 4).

In summary, chiral phosphoramidite ligands (L4) prepared

from 3,3'-disubstituted (S)-1,1'-binaphthols is applied inFigure 1
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palladium-catalyzed asymmetric hydrosilylation of cyclo-

hexa-1,3-diene with trichlorosilane to show that diphenyl

substituents at 3,3'-positions of the binaphthyl induced

higher enantioselectivity.  Our efforts to expand the substrate

scope of the hydrosilylation by use of various monodentate

phosphorus ligands are on progress.
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Scheme 1. Pd-catalyzed asymmetric hydrosilylation of cyclohexa-1,3-diene using chiral phosphoramidites L4.

Table 1. The hydrosilylation of cyclohexa-1,3-dienea

Entry L*
Time 

(h)

Temp 

(oC)

Yieldb 

(%)
% eec 

1 (S)-L4a 20 20 97 64 (R)

2 (S)-L4b 20 20 88 45 (R)

3 (S)-L4c 20 20 90 65 (R)

4 (S)-L4c 72 -10 61 72 (R)

5 (S)-L4d 20 20 53 37 (R)

6 (S)-L4e 20 20 96 23 (R)

7 (S)-L4f 20 20 99 53 (R)

8 (S)-L4g 20 20 99 37 (R)

9 (S,R,R)-L4h 20 20 99 33 (R)

10 (S,S,S)-L4i 20 20 52 31 (R)

aThe reaction was performed with 2 mmol of 1.  The initial ratio of 1/
HSiCl3/Pd/L* was 1.0/1.2/0.010/0.020. bIsolated yield of 2 by bulb-to-
bulb distillation. cDetermined by HPLC analyses of 3 with a chiral
stationary column (Daicel Chiralpak OB-H).


