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Metal ketyls in solution can react with alkyl halides according to a mecha~
nism which can vary with the concentration of the ketyl and the reactivity of
the halide . One of the main reasons that this effect remained obscure may be
the failure to study ketyl reactions under conditions of ketyl concentrations
varying within a wide range1 « Solutions of metal ketyls contain a multitude
of species which differ in the degree of association , the type of ion pairing,
the magnetic state and, most probably , in reactivity . The relative amount of
these species might as well be concentration dependent2 « We report here re-
sults on magnetochemical kinetic measurements3 at ketyl concentrations of the
order of 1 M . These results differ from those reported by others1 .

Decay of paramagnetism in lithium benzophenone ketyl (L1+Ph20=0:) and Li -
thium fluorenone ketyl (L1+F1=0=) in the presence of Bu"Br and PhCHzcl y T8~
spectively , follows zero-order kinetics (Fig.l , lines A and B ) . With the
more reactive substrates EtI and PhZCHCI the respective change obeys first-
order kinetics (Fig.l , lines C and D) . It must be emphasized that first-or-
der klnetics were obtained under conditions of strict stoichiometric concentra-

tions of (ketyl:halide) 2:1 . Hence this effect is real .
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Magnetic titration3 (fig.2) results indicate that indeed the stoichiometry
"

of the reaction 1is 2:1 , a ratio which has been always assumed' but had never
accurately been determined so far5 .

The different kinetic behaviour of a given ketyl (e.g. Li+Ph C=0:) towards

2
two substrates which differ markedly in their reactivities {(e.g. EtI , Bu"Br)
can be taken as evidence for the existence of at least two ketyl species which
vary significantly in their reactivities ., The occurence of a diamagnetic spe-~
cies which exhibits a higher reactivity towards alkyl halides than any other
paramagnetic specles , can explain the zero-order kinetics . This species could
be produced in a reversible step from paramagnetic ones . The reversible step
becomes rate determining in cases where the substrate halide is of low reactiv-
ity , capable of discriminating between the ketyl species of varylng reactivity.
A different situation could occur with a reactive halide which can react with
paramagnetic species faster than the paramagnetic-diamagnetic equilibrium can
be established .

One of the few (?) possible diamagnetic species that could be involved in
the reaction is the dianion ArZC=O=L12++ . Reaction between the dianion and a
halide of low reactivity could result to an increase in paramagnetism :

Ph.C=0" + Bu™l ——> Ph,C=0" + Bu® °* + C1”

2
Actually Ph20=O=L1

2

2++ was found to react very readily even with Bu"Cl in THF ’

6
but no increase in the paramagnetism of the solution was observed .
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Fig.l : Decay of paramagnetism in L1+Arzc=0=.- RX systems . A: L%+Ph2c=0' -
Bu"Br ; B: Li"F1=0" - PhCH,Cl ; C: Li’Ph,C=0" - EtI ; D: L1*F1=0" - Ph,CHC1

2
Magnetic titration of L1+Ph20=0' against ethyl lodide .
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Fig.3 NiCl2 catalyzed reaction of L1+Ph20=0= with Bucl .
A: 4% mole ; B: 10% mole catalyst ; C: no additives .
Fig.4 : Magnetic titration of L1+Ph20=0' against Bu"Br in
the presence of nickel chloride .

A pronounced catalytic effect by transition metals was observed with the
least reactive halides / (chlorides with Li*Ph,C=0" and bromides with Li*F1=0%).
The chlorides of CuI, CoII, N1 ana pall amongst other metal salts and com-
plexes tested have a remarkable catalytic effect in this reaction ., With NiCl2
for example , (Fig.3) the half life 1s reduced to a few minutes , whereas the
uncatalyzed reaction is so sluggish that it did not reach completion during a
six month period ! It is noteworthy that the accelerating effect of an increas-
ed amount of catalyst is accompanied by a change in mechanism (lines B and C).
This is in accord with the explanation given above . Alternatively , this could
be due to the possibility that the catalyst , under these conditions becomes a
co~reactant .

The product of the catalyzed reaction (L1+Ph20=0=, Bu'cl ’ NiC12) was shown
to be a mixture of benzhydrol , benzophencne and butyldiphenyl carbinol at a
molar ratio of 1:1.7:2.8 , respectively , and only trace amounts of O-alkylat-

ion product : NicCl
2

L1+Ph20=0' + Bucl ——— Ph20=0 + Ph20H0L1 + th(Bun)COLi
Thus the reaction resembles , at least qualitatively , that of Ph2C=0 + BunLi8

Magnetic titration of Li+Ph2C=O' against Bu"Br s in the presence of NiCl2
indicated a stoichiometry of ketyl:halide 2:19 (Fig.4) o
Equivalent (2:1) ketyl:NiCl2 quantities react rapidly with evolution of heat

apparent discharge of the ketyl and reduction of the nickel chloride . This
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mixture was found to be ineffective in bringing about reduction of n-hexyl chlo-
ride . This result suggests that in some fundamental reaction step both the ca-
talyst and the ketyl are involved simultaneously .

The data presented in this letter clearly indicate that in order to gain a
thorough understanding of the chemistry of ketyls , detailed kinetic studies
are needed , especially at high ketyl concentrations . An investigation of the
chemistry of diamagnetic species which possibly take part in the complex equi-
libria of metal ketyl solutions may also prove to be of value . As far as the
catalytic effect is concerned , we anticipate that it could be generally oper-
able in the reactions of radical anions as well as in dissolving metal reactions

Perhaps the oldest known example of this type of catalysis is the ferric ion

catalyzed amidation of alkali metals dissolved in liquid ammonia10 .
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