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Abstract: Chiral t-buglaminocarbonylpyrrolidine acetylacetonate Ni(IIj hexajluorophosphare and 
the corresponding supported complexes on silica and on a modified VSY-zeolite are readily 
prepared The application of these free and supported complexes as catalysts in the addition of 
dierhylzinc to a series of different substituted enones affords chiral B-ethylated ketones in high 
yields with an enantiomeric excess up to 95%. 

Several methods have been described for enantioselective conjugate addition of organometallic 

reagents to enones that, provide useful chiral Psubstituted ketones. Mainly, they require stoichiometric or even 

excess amounts of chiral reagentst, but only a few papers have been reported on this reaction where the chiral 

inductor was used in catalytic quantitiesz, and in all cases it was not easily recovered. There remains therefore 

the unresolved problem of developing an enantioselective catalyst, that could easily be Ecovered and reused, 

for this reaction. We describe herein the preparation of t-butyl- and 3-(triethoxysilyl)propyl- 

aminocarbonylpyrrolidine acetylacetonate Ni(II) hexafluorophosphates [Za,b] and the corresponding 

complexes anchored by covalent bonding to silica or a modified USY-zolite, and their application as catalysts 

in the enantioselective 1,Caddition of diethylzinc to different substituted enones. 

The ligands 1a.b were prepared in three steps from (L)-proline; protection as the N-carbobenzyloxy 

derivative, amide formation by treatment with the corresponding amine in the presence of ethyl chloroformate 

and triethylamine and finally deprotection using Pd/C as catalyst with cyclohexene as the hydrogen source3. 

The reaction of (acach Ni(I1) with nitrogen ligands la,b, in the presence of a non coordinative anion 

(hexafluorophosphate or perchlorate) yields the corresponding cationic Ni-complexes 2a,b in almost 

quantitative yield, as amorphous solids, where an acetylacetonate anion has been replaced by the bidentate 

N,N-ligand (2a or 2b p (Schema I). 

The complex 2b. bearing a reactive triethoxysilyl group, was reacted with silicas and a modified USY- 

zeolite6 that presents a well developed supermicropore system and a large quantitiy of silanol groups on its 

surface, to give immobilized complexes Sil-2b and ZeotZb respectively. 

845 



846 A. CORMA et al. 

L-Pro --t) 

1 2a,b Sil-Zb, Zeol-2b 

R = a: C(CH3)3; b: (CH2)3Si(OEt)3 

The supporting process involves hydrolysis of (EtO)$?G groups on the complex and reaction with 

silanols on the framework of support forming stable covalent bonds (Si-O)sSiR without changing the 

environment around the metal 7. The process was completed by stirring the inorganic solid into a solution of 

2b in toluene at room temperature for 24 hours. The crude catalyst was then submitted to Soxhlet extraction 

[CH2ClZ/Et20 (l/l)], in order to remove any residual non-bonded complex, and was finally dried at 50°C 

under 0.01 torr. 

The loading of metal was always 1.0 f 0.1% wt measured by atomic absorption of digested samples. 

The soluble and immobilized catalysts, where Ni-complexes are covalently bonded to the silanol present in the 

support surface, are stable under air at room temperature for long periods and no special storage conditions 

were required. The structure of the immobilized complexes appears to be the same as the non-anchored 

complexes since the frequencies and relative intensities of i-r. spectra are comparable for both types of 

materials. 

The enones of type 3 (R = Ph, Me) were reacted with diethylzinc, following the standard homogeneous 

conditions8, in the presence of the chiral Ni-complex 2a (5% molar amount) in hexane/TH@ at - 10°C. After 

column chromatography, the ketones (IQ-4 (R = Ph, Me) were obtained in good yield (75-85%) with moderate 

e.e’s (75-77%) (Table 1). 

3a,b 4a,b 

R = a: Ph; b: Me 
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When the additions, were catalyzed by supported nickel-complexes Sil-2b and Zeal-2b the ethylation 

took place mote slowly than under homogeneous conditions, to give ketones (R)-4 with similar yields, after 

filtration and column chromatography. The e.e.‘s of 3alkylketones are improved over those obtained with 

homogeneous catalysts, aa shown in Table 1, presumably due to the additional steric constrains at the surface 

of the support. In USY-zeolite anchored complexes, where the reactions must take place within mesopores 

containing the anchored Ni-complex, this effect is more evident and e.e’s up to 95% ate obtained (Table 1). 

Table 1. Conjugate addition of Et@ to enones- catalyzed by chiral Ni-complexes 

Entry Subst. Catal. Solvent Temp.(V) Time (h) Yield(%)” 

1 3a 2a THF 20 2 73 

2 3a 2a HexanelTHF -10 2 75 

3 3a Sil-2b THF 20 14 70 

4 3a Zeal-2b THF 20 14 85 

5 3a ZeoL2b Hexane/THF -10 18 80 

6 3b 2a THF 20 6 50 

7 3b 2a Hexane/THF -10 18 85 

8 3b Sil-2b THF 20 18 49 

9 3b Zeol-2b THF 20 22 61 

10 3b Zeal-2b Hexane/THF -10 24 74 

a After column chromatography (silica, ethyl acetate:hexane [ 1:30]) 

b Based on rotation values” (Also by NMR with Eu(ltfc)s for entries 7 and 10) 

ee( %)b 

32 

77 

34 

46 

91 

29 

75 

37 

38 

95 

When reactions were carried out at room temperature in THF yields and enantioselectivities decreased, 

but the observed surface effects were comparable with optical selectivities being enhanced compared with 

homogeneous catalysts. 

The relatively high enantioselectivities observed with a Ni(II)/N,N-ligand ratio (l:l), compared to 

reported ratios of more than 10 for high selectivity, could be explained because the chiral inductor is 

incorporated into the catalyst and possible catalysis by the achiral (acac)z Ni(II)ll cannot take place as happens 

in the homogeneous catalysis studies. 

The reaction of methyl (2)cinnamate with EtZZn under the same conditions affords a mixture of 

diastereomeric compounds resulting from addition of the primary Michael-adduct to a second molecule of 

ester, and the mono adducts are not isolated. 

Thus, heterogenization of chiral nickel catalysts by supporting adequately substituted complexes on 

inorganic matrices, particularly USY-zeolites. plays a decisive role in increasing the enantioselectivity of 

diethylzinc additions to enones. This is in addition to the increased ease of handling, greater stability and 
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simple recovery and recycling of cataiyst, and thus constitutes a powerful alternative to homogeneous 

catalysis. 
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