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Unusual Catalysis with Nickel(0) Complexes

By RaLpa J. DE PASQUALEY
(Shell Development Co., Emeryville, California 94608)

Summary Several nickel(0) complexes are excellent
catalysts for the formation of alkylene carbonates from
alkylene oxides and carbon dioxide.

SOLUBLE low-valent transition metal complexes have been

recognized as important agents for effecting stoicheiometric

and catalytic transformations of various organic sub-

strates. While numerous catalytic reactions have been

reported involving transition-metal-activation of organic
t Current address, PCR, Inc., Gainesville, Florida 32601.

substrates containing carbon-halogen bonds,! carbon-
carbon 7r-bonds,? and strained o-bonds,? there are few data
describing similar catalysis with compounds containing
carbon-oxygen bonds.4

We report that a series of co-ordinatively unsaturated
zerovalent nickel complexes catalyse the formation of
alkylene carbonates! from certain epoxides and carbon
dioxide. When epoxyethane and carbon dioxide are heated
at 100° in benzene solution containing L,Ni% (L = Ph,P),

i All inorganic complexes were satisfactorily characterized by elemental analyses, molecular wieght determinations, and ir. and
n.m.r. spectroscopy while the organic carbonates gave mass, i.r., and n.m.r. spectra consistent with their structures.
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TABLE
Preparation of alkylene carbonates catalysed by Ni® complexes®

CatalystP Reactants® Time Epoxide Products
(0-25 g) (¢/h) conversion (%)
(A) Epoxyethane 4 25 Ethylene carbonated
(A) » 12 50 ” d
(B) " 4 60 . a
© N 24 25 " a
(D)e - 24 ca. 1l "
(B) 2-Methyl-1,2-epoxypropane 48 ca. 100 1,1-Dimethylethylene carbonated
(€) ' 48 ca. 25 "
(B) 2,3-Epoxybutane 24 ca. 1 1,2-Dimethylethylene carbonate
(A) 1-Chloro-2,3-epoxypropane 10 100 Chioromethylethylene carbonated
(E) . 10 75 . ¢

a Reactions were run in 80 ml stainless steel autoclaves with rigorous exclusion of moisture and air in 15 ml of C,Hg at 100°.
b (A): (PhyP),Ni; (B): [(CeHy)sPLNi; (C): (CeHyy)sP; (D): (cyclo-octadiene),Ni; (E): Ph,P. ¢ 15 ml reactant charged with 500
psi gauge CO, pressure throughout. 4 > 959 selectivity. ¢ 0-11 g catalyst. ! Ca. 709/ selectivity. & 709 selectivity.
o

ethylene carbonate is formed in >959, selectivity. Under The rate of alkylene carbonate formation is dependent on
similar conditions (see Table) 2-methyl-1,2-epoxypropane the structure of the epoxide and catalyst; it decreases in the
and 1—ch]qr0-2,3-f3p0xypr0_p&ne are -convert(.ad into their order H, (':_(SjCH CH,Cl > H2C'FCH2 - MezCFCHz

corresponding carbonates in good yields while 2,3-epoxy- —
butane (cis- and frans-mixture) is converted slowly into the > MeHC-O-CHMe and [(cyclohexyl);P1,Ni > (Ph,P),Ni >
corresponding carbonate. (cyclohexyl),P > (cyclo-octadiene),Ni > PhyP. This sug-
gests that the catalyst, behaving as a nucleophile, directly or

//0 indirectly induces epoxide ring opening. This interpretation

/CHZ\ /¢ LoNi ~CHa H resembles the reported® base-catalysed formation of alkylene
L,Ni CH, LyNi h CI: 2 carbonates from epoxides and carbon dioxide.

N\ 0 7 \o 0 0 The catalytic scheme may be viewed as a repeating

\c ~ sequence of oxidative addition, insertion, and reductive

It elimination steps involving intermediates such as (I) and/or
(IT)7 and (I1I). Various L,Ni complexes proved to be useful
8] () () catalysts in other nucleophile-promoted reactions,® e.g., the

Control experiments demonstrated that Ph,P or Ph,P—0 trimerization of methyl isocyanate to the isocyanurate and

are not catalysts for the preparation of ethylene carbonate the dimerization of keten dimer.

under simulated reaction conditions. Triphenylphosphine Thal;.{ks.uartz due to M. Izean f(zlr ;e?ni\i;ﬂ daSSiStT n;:e,
does catalyse carbonate formation from 1-chloro-2,3- C. A. Reilly for nm.r. spectra, an - A Wadsworth Hor

epoxypropane and similarly tricyclohexylphosphine yields ™a%% spectral data.

carbonate from 2-methyl-1,2-epoxypropane, but at appre-

ciably slower rates and reduced selectivities than their

derived nickel complexes. (Received, 4th December 1972; Com. 2022.)
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