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NICKEL-CATALYZED STEREODIFFERENTIATING DISPLACEMENT REACTION BETWEEN PROCHIRAL
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The displacement reaction between optically active AlBu. solvates and vinylidene al-
kenes, in the presence of Ni(mesal)j, affords optically active trialkylalanes and hence, upon
hydrolysis or oxidative procedure, alkanes or l-alkanols.

In an earlier paper,1 we have reported that chiral discrimination phenom
ena are operative in the isomerization of racemic 1-alkenes by the homogeneous
(R)—N,N—dimethyl—1—phenylethylamine—AlBuJ;—Ni(N—methylsalicylideneamine)2 cata-
lytic system. This finding has prompted us to further investigate the possibil
ity to use chiral organocaluminium solvates for converting prochiral substrates
into optically active intermediates. Herein we report that a stereodifferenti-
ating displacement reaction between prochiral vinylidene alkenes and chiral
AlBui solvates occurs in the presence of N-methylsalicylideneamine nickel (II)
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The experiments were carried out at room temperature and in the absence
of solvent, by treating the chiral AlBug solvate1 with 3 equivalents of the
1-alkene, in the presence of Ni(mesal)2 (molar ratio Al/Ni=50). (-)-N,N-Dimeth
ylmenthylamine (DMMA),2 (+) -N,N-dimethylbornylamine (DMBA),3 (+) (R) ~N,N-dimeth
yl-1-phenylethylamine (DMPEA),4 (+) (S,8)-2,3-dimethoxy-1,4-bis(N,N-dimethylami
no)butane (DDB),5 and (—)DIOP6 were used as chiral ligands. The extent of the
asymmetric induction was estimated by converting the optically active trialkyl

7,

alane formed into the corresponding alkane or alcohol,7'9 by hydrolysis or
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oxidative procedure respectively. The results obtained are collected in the

Table.

i
3
slow in comparison with the reaction carried out with uncomplexed triisobutyl=-

The displacement reaction. of 1-alkenes with AlBu. solvates is generally
aluminium (entry 1). Nevertheless the yields are practically quantitative and
high conversions can be accomplished by prolonging the reaction time. The rate
of the reaction depends moreover on the nature and steric requirements of the
1-alkene and mainly on the nature of the ligand to the aluminium atom: in par-
ticular no displacement reaction occurs when the DMPEA—AlBug solvate is used
(entry 4). However, in all the cases investigated, optically active products
were recovered from the reaction mixtures, indicating the occurrence of enan-
tioface differentiating processes. The enantiomeric purities of the products
are generally related to the nature of the ligand used. In this context, it is
noteworthy that (-)DIDP, which is reported to determine appreciable asymmetric
induction values, e,g. in metal-catalyzed cross-coupling reactions,1ogives the
lowest enantioselectivity in this kind of reaction (entry 8). Good results
are obtained using DDB and DMMA: in this last case, the enantiomeric purity of
the products is somewhat sensitive to the size of the substituents on the star-
ting 1-alkene and the trend of the extent of enantioselectivity in the series
of the phenylalkanes used (entries 2,3,5,6, and 10) resembles that encountered
in the reduction of the analogous series of alkyl phenyl ketones by optically
active trialkylalanes.11

The following is a typical experimental procedure. An oven-dried 25-ml
round-bottom flask, equipped with a septum-capped side arm, magnetic stirring
bar, and a stopcock adaptor, was charged, under a dry argon atmosphere, with
AlBu§ (3.42 mmol) and then (-)DMMA, a;5—46.59°(1=1) was added at -20°C. The tem-
perature was raised to 0°C and Ni(mesal)2(0.068 mmol) was added by means of a
sealed angular piece of glass tubing; after a 2-min agitation, 1-phenyl-2-meth-
yl-1-butene (10.26 mmol) was injected by hypodermic syringe through the cap.
The resulting mixture was stirred at room temperature for 40 h,then anhydrous
heptane (10 ml) was added and dry air was bubbled into the solution for 8 h.
After hydrolysis with dilute sulphuric acid, (-)(R)-2-phenyl-3-methyl-1-butanol
(61% yield),[a];5 -1.41 (neat),7 was recovered.

As shown, the reaction is easy to perform and large-scale procedures do
not cause any problem. Moreover, the chiral ligand may be recovered quantita-

tively and recycled without any noticeable racemization. Therefore, the reac-
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tion appears to be of a potentially practical value for the preparation of op-
tically active products from vinylidene alkenes via optically active trialkyl-
alanes.

1 1
2,13 it is notewor-

As regards the mechanistic aspects of the reaction,
thy that no stereodifferentiating process was observed in the displacement re-
action between AlBuz and 2-phenyl-3,3~dimethyl-1-butene in the presence of
(=) DIOP Niclz. The overall results suggest therefore that, according to that
previously reported, the actual catalyst is a complex system, in which nickel
and aluminium atoms are close together, containing the chiral ligand bound to

the aluminium atom too.
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