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Neutral Cobalt Carbonyl Catalysts for the Equilibration between
CO and P(OPh); Ligands in Carbonylcobaltates

Ennio Ciuffarin, Giuseppe Fachinetti,* Tiziana Funaioli and Mauro Isola

Abstract: The substitution reaction of
[Co(CO),}” by P(OPh), was investigated
in THF. Under a CO atmosphere, the re-
action consists of an equilibrium, which,
in order to be established, needs
[Co,(CO)s(P(OPh),),]. The catalysis by
this neutral carbonyl is formally related to

Introduction

Salts of [Co(CO),]™ are important organometallic reagents ex-
tensively used in both synthetic!!! and catalytic!?! reactions.
Fundamental studies of this carbonyl anion have included in-
vestigations into its electrochemistry,!® nucleophilicity,*! and
hetero-*tand homonuclear!® ion pairing. It was shown that ion
pairing with polarizing countercations in ethereal solvents
makes the CO ligands of [Co(CO),]~ exceptionally labile!”) with
respect to other mononuclear, homoleptic 18-electron carbonyl-
metalates.'® Such a labilizing effect was manifested in *3CO
scrambling!”®! as well as in CO substitution reactions by phos-
phites, phosphines and activated olefins,!”® and was explained
with the assistance of tight ion pairs in promoting a dissociative
mechanism. Accordingly, the 16-electron species [Co(CO),]~
was proposed as an intermediate. However, we envisaged a less
straightforward reaction pathway for !*CO scrambling: we re-
alized, in fact, that Na[Co(CO),] fails to incorporate '*CO in
THEF solution, in spite of apparent formation of tight ion pairs,
when care is taken to avoid any contamination by neutral cobalt
carbonyls.®! On the other hand, unperturbed [Co(CO),]” with
the nonpolarizing PPN* counterion (PPN* = bis(triphenyl-
phosphoranylidene)ammonium) exchanges with !*CO when
[Co,(CO),]) has been added: catalytic amounts of neutral cobalt
carbonyl rather than ion pairing allow the '3CO scrambling
reactions of [Co(CO),]”.1°! The role of the ion pairing is then
limited to the in situ generation of [Co,(CO)g}: the **CO scram-
bling reactions follow a chemical oxidation, and only when per-
turbed by a polarizing counterion does [Co(CO),]™ react with
traces of adventitious oxygen to give the [Co,(CO),] catalyst.l'?]
On these grounds, in place of a dissociative mechanism we pro-
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a previously reported case, where either
[Co,(CO)g] or [Co,(CO),,] was found to

be necessary for the 3CO scrambling in
[Co(CO),] . The kinetic analysis reported
in this paper indicates, however, that the
two CO labilizations differ in their mecha-
nism—the substitution by P(OPh), is as-
cribed to a disproportionation—synpro-
portionation of [Co,(CO)¢(P(OPh),),].
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cobalt com-

posed the fast Equilibrium (a), direct evidence for which was
obtained in ethereal solutions where neutral and anionic cobalt

_Co_h C CO - :
+2C0 [Cos(CONGl (a)

== 1,[C0,(C0O),,] + [Co(CO),]~

[Co(CO),]™ + [Co,(CO)g]

carbonyls are in the same concentration range.l'!! In accord
with such a mechanism, based on a redox condensation equi-
librium, it was shown that, under an inert atmosphere,
[Co,(CO),,] is a catalyst for ligand exchange between [Co-
(CO),}~ and [Co('3CO),]”, and that [Co(CO),]”, in turn,
catalyses the 13CO scrambling reactions of neutral cobalt car-
bonyls.[®!

On these grounds, we can conclude that the thermal dissocia-
tion of CO ligand from [Co(CO),]™ constitutes a high-energy
process even in the presence of ion pairing and that it therefore
cannot even be invoked in [Co(CO),]” substitution reactions by
phosphites, phosphines and activated olefins. On the other
hand, a redox condensation mechanism of the type shown in
Equation (a) also seems unlikely for the latter reactions, which
proceed at a much slower rate with respect to the CO scram-
bling. Furthermore, redox condensation equilibria among sub-
stituted neutral and anionic cobalt carbonyls have never been
observed. In order to better understand these synthetically use-
ful substitution reactions, we investigated the chemistry of [Co-
(CO),]” in the presence of CO and P(OPh), as competing
ligands in tetrahydrofuran (THF) solution.

Results and Discussion

Like the CO scrambling,!®? the substitution reaction of [Co-
(CO),]~ by P(OPh), required the presence of neutral cobalt
carbonyls. When care was taken to avoid any contamination by
adventitious oxidants of the anionic carbonyl, no substitution
products were formed in THF solutions of Na[Co(CO),]!'?! or
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PPN[Co(CO),] (PPN *-1) containing an excess of P(OPh),. On
the other hand, CO substitution by P(OPh), was initiated by
adding catalytic amounts of [Co,(CO),], and we attempted to
subject this catalytic effect to kinetic analysis. Kinetic runs were
carried out at constant concentrations of exchanging ligands,
that is, by keeping the P, constant and by employing a large
excess of phosphite. Under these conditions, however, PPN *-1
and PPN[Co(CO),P(OPh),] (PPN *-2) were found to be in equi-
librium [Eq. (b)]. Moreover, the actual catalyst for the reaction
was [Co,(CO)4(P(OPh),),] (3), rather than [Co,(CO)g4] itself. In
fact, the latter was rapidly and quantitatively converted into 3
by P(OPh),, both under CO or an inert atmosphere; the reac-
tion is fast on the timescale of the CO/P(OPh), scrambling in
[Co(CO),]”. The catalytic activity of 3 was separately con-
firmed: 1) it promoted quantitative formation of 2 upon contin-
uous removal of CO from a THF solution of 1 containing an
excess of P(OPh), and 2) under a CO atmosphere, 3 brought
about gas absorption by 2, which is converted back to 1
[Eq. (b)]. On the basis of these findings, the substitution reac-
tion actually consists Equilibrium (b) catalysed by 3, where CO
and P(OPh), compete for the coordination sphere of the car-
bonylcobaltates. The molar ratio for the 2/1 equilibrium was
determined by gas volumetric measurements or independently
by quantitative IR determinations of the anionic carbonyl con-
centrations in the equilibrium mixture. Both techniques sub-
stantially agreed in giving a value of 0.29 for [P(OPh),] =
0.38 M, P = 540 Torr ([CO} = 8.3 x 10~ 3m)!!31and T = 30°C.
In spite of the large excess of phosphite with respect to CO,
Equilibrium (b) lies to the right, and so we chose to carry out the
kinetic runs with 2 rather than 1 as the substrate. The reaction
was monitored by gas volumetric measurements.

The kinetic runs followed first-order behaviour when the con-
centration of the exchanging ligands (CO and phosphite) in the
solution was kept constant. However, the first-order rate con-
stant (k,,,) was not independent of the initial concentration of 2
and 3. The most relevant kinetic features of this system can be
summarized as follows:

a) The kinetic runs follow first-order behaviour.

b) The substrate 2 alone does nor exchange its ligands. Only in
the presence of the catalyst, can the formation of the product
1 be observed [Eq. (b)].

[Co,(CO)§(P(OPh),),] (3). THF
[Co(CO),P(OPh),]~ + CO T—n® )il o

2 [Co(CO),]™ + P(OPh),
1

¢) The observed rate constant decreases at increasing initial con-
centration of 2. The data are reported in Table 1 and shown
in Figure 1.

Table 1. Observed pseudo first-order rate constants for the CO/P(OPh), scramb-
ling [a].

A2)mm cB)mM K, /x1073s! 2)mm  c3)mM  ku/x1073s7!

25.3 0.0 0.000 253 4.79 6.93
25.3 0.208 2.48 6.15 1.03 5.78
25.3 0.378 2.57 10.0 1.03 4.44
25.3 0.675 4.53 19.8 1.03 3.65
25.3 1.33 5.55 30.3 1.03 3.15
253 2.78 6.08 39.8 1.03 2.98
253 3.67 6.70 72.7 1.03 2.10

fa] In all runs Py = 540 Torr ([CO] = 8.3 x 10”3 m); [phosphite] = 0.38M; T =
30°C; solvent = THF.
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10%Kops/ 57"

c@)x102M
Fig. 1. Effect of the concentration of PPN[Co(CO),P(OPh),] (PPN *-2) on k..

d) The observed rate constant increases at increasing initial
concentration of catalyst, but tends to level off. The data are
reported in Table 1 and shown in Figure 2.

e) The rate becomes independent of the concentration of cata-
lyst at a concentration which is /ower than the substrate’s
concentration.

f) The rate increases with the CO pressure (Table 2).

10%kops/ s°

0 1 2 :li 4 5
c(3)/mM
Fig. 2. Effect of the concentration of [Co,(CO),(P(OPh),),] (3) on &,.

Table 2. Effect of P, on kg, [a].

P,/ Torr 300 530 720 840
kol x 1073571 1.87 3.05 4.18 4.50

[a] o(2) = 2.53x 107 2m; (3) = Sx 10™%m; T = 30°C.

The effect of carbon monoxide on the reaction is consistent
with all mechanisms where CO incorporation occurs at or be-
fore the rate determining step. The other kinetic features out-
lined above, on the other hand, allow one to exclude quite a
number of mechanisms. Since k_,, decreases at increasing con-
centration of 2, we can exclude all mechanisms that assume a
direct reaction (catalysed or not) of the negative ion with carbon
monoxide. At the same time and for the same reasons, a
catalysed predissociation of the substrate [Eq. ()] followed by
reaction with CO can also be excluded.

[Co(CO),P(OPh),]~ === [Co(CO),]~ + P(OPh), ©
2
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Since the reaction of the substrate to yield 1 follows first-
order kinetics, the negative dependence of k. on the initial
concentration of the substrate is quite peculiar; in general when
a reagent forms or disappears according to a first-order rate law,
the observed rate constant is independent of its initial concen-
tration (first-order reversible or pseudo first-order reactions).
Only for reactions that are at equilibrium or near equilibrium,
for relaxation kinetics!'#! or for isotope exchange reactions!!*!
can both first-order kinetics and dependence of the observed
rate constant on the reagents’ concentration be observed.

The data also exclude all mechanisms that assume an interac-
tion of the catalyst with CO followed by reaction of an interme-
diate with the substrate, since they require a positive dependence
of the rate on both catalyst and substrate concentration. CO
absorption by the substrate must occur indirectly. On the other
hand, the experimental fact that the rate of reaction reaches a
plateau at a catalyst concentration lower than the concentration
of the substrate and the negative dependence on the substrate
concentration require the formation of an intermediate whose
concentration depends on the rates of two competing steps.

Since it has been reported that P donor ligands promote the
disproportionation of neutral cobalt carbonyls to Co'/Co ™" !¢l
we suggest that equilibria of this type constitute the root of the
mechanism. In this hypothesis, Equilibrium (d) is largely dis-

P(OPh

)3
[Co,(CO)(P(OPh),),] : [Co(CO),(P(OPh),),]*
3 s 4

—P(OPh
(d)
+ [Co(CO),P(OPh),]~

2

placed to the left, since the cation 4 could not be spectroscopical-
ly detected in solution during the kinetic runs. Its concentration
depends on the concentrations of substrate and catalyst; thus, it
seems reasonable to suggest that this species is important in
determining the rate of reaction. On the other hand, preliminary
investigations confirmed the lability of cationic Co' species
when in presence of neutral cobalt carbonyls.!'”! We can thus
suggest Equilibrium (e). In the same hypothesis of the dispro-

CO + [Co(CO),4(P(OPh),),]* [Co(CO),P(OPh),]* + P(OPh),  (e)
4 5

portionation promoted by P donor ligands, the newly formed
cation § is in equilibrium with the substrate 2 and with the
neutral cobalt carbony! 6 [Eq. (f)]. Even though the global equi-
librium of the combined Equations (d), (e) and (f) is largely

Co(CO),POPh).]" + [Co(CO),P(OPh),|~ 2ty
[ O( )45( )3] +[ 0( )32( )3] ‘W (r)
[Co,(CO),P(OPh),]

6

displaced to the left under the experimental conditions, it repre-
sents the ligand exchange in the neutral cobalt carbonyl com-
plexes, 3=6. The computer simulation of this system!'8! shows
that k_,, decreases with increasing concentration of 2 and reach-
es a plateau at a catalyst concentration lower than the concen-
tration of substrate, when the appropriate set of rate constants
are fed into the program. Thus, the kinetic characteristics of this
mechanism are identical to those found experimentally.

In order to provide a pathway for the substrate to exchange
its ligands (2=1), we must also consider the disproportionation
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Equilibrium (g), in addition to Equilibria (e) and (f). The com-

Ph),

3

[C0,(CO),P(OPh),] [Co(COY,(P(OPh},),]* + [Co(CO))™ (8)
6 4 1

bination of Equilibria (e), (f), and (g) was also subjected to
numerical integration. Again the simulated kinetics followed
first-order behaviour, and the rate depended on the initial con-
centration of the reagents, showing a negative dependence on
substrate concentration and dependence on the concentration
of the catalyst that was initially positive and then levelled off.
These equations represent the substrate’s ligand exchange reac-
tion, 2=1, catalysed by the neutral cobalt complex 3 in the
presence of a small amount of the neutral cobalt carbonyl 6.

Of course, in both reactions ligand exchange of the catalyst
and of the substrate must occur simultaneously. We also tried to
solve the system of the combined Equations (d)-(g) by numeri-
cal integration. It was easy to find sets of parameters for this
system that yielded first-order kinetics, negative dependence on
the concentration of substrate and positive dependence on the
concentration of catalyst. In order to be able to simulate the
levelling off of the rate at increasing concentration of catalyst,
we tried to feed values of rate constants into the program neces-
sary to force a competition between two reaction steps of the
mechanism. In these cases the integrations proceeded through
erratic values (positive and negative) of the positive ion concen-
trations. However, it is known that the Runge—Kutta method
(see Experimental Procedure) may not be adequate in cases of
fast, opposing reactions that compensate each other nearly ex-
actly.!'8 For the time being we have no data on the mechanism
of the catalysed exchange of the positive ions so that we refrain
from making any comment. We would, however, like to mention
that it is possible to suggest exchange reactions for the positive
ions that fall in the same framework of disproportionation equi-
libria. Equation (e) could thus be a simplification of a more
complex mechanism.

Conclusions

A fundamental aspect in cobalt carbonyl chemistry seems to be
that charged and neutral species mutually enhance the labilities
of their respective CO ligands. As a matter of fact, this effect
should almost always be taken into account when dealing with
neutral carbonyls from which charged complexes are generated
with a variety of P, N, or O donor ligands; this is also true for
anionic carbonyls, which are often converted to neutral com-
plexes by oxidants. For the latter case, this effect was hitherto
unrecognized and has been documented here for the first time
on the basis of kinetic measurements. The substitution by
P(OPh), in [Co(CO),]", actually an equilibrium reaction where
CO and phosphite compete for the coordination spheres of car-
bonylcobaltates, was formerly attributed to the CO ligand dis-
sociation assisted by ion pairing. The only role of ion pairing is
actually that of promoting the carbonylmetalate oxidation by
adventitiously present oxidants. We have established that the
product of the oxidation, that is, neutral carbonyls, are respon-
sible for the ligand labilization in carbonylmetalates, both in
13CO scrambling'® and in CO/P(OPh), competition. We there-
fore consider the seemingly most obvious explanation for a sub-
stitution reaction initiated by oxidizing agents, namely, a radical
chain reaction promoted by electron transfer, to be very unlike-
ly.[*91 While evidence for a redox condensation pathway in the
13CO scrambling was initially gathered,'! kinetic analysis of the
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CO/P(OPh), competition indicates a mechanism based on the
ligand-promoted disproportionation of 3. Some details of the
mechanism may have still not been found. They might perhaps
be uncovered by a study of the catalysed exchange in the cations
4 and S.

Experimental

General Methods: Unless otherwise stated, all manipulations were carried out under
prepurified argon by standard Schlenk techniques. CO (<0.1% H,) was purchased
from Matheson. [Co,(CO)s] was purchased from Strem Chemicals and sublimed
(38°C, 0.1 Torr). P(OPh), (Aldrich-Chemie) was distilled under reduced pressure.
THF (Carlo Erba) was distilled from a LiAIH, solution. Liquid samples for infrared
spectra were taken with a syringe and transferred to a 0.1 mm CaF, cell. The IR
spectra were recorded on a Perkin-Elmer Model FT-IR 1725-X instrument. PPN[-
Co(CO),] (PPN*-1) [20], NafCo(CO),] [21]. Na|Co(CO),P(OPh);] [22] and
[Co,(CO)s(P(OPh),),] (3) [23] were prepared as previously described. Complex 3
was recrystallized from refluxing THF. PPN[Co(CO),P(OPh),] (PPN *-2) was pre-
pared by metathesis of the sodium salt with PPNCl in CH,;OH/H,0. Crude 2 was
recrystallized twice from THF/Et,0 in order to remove contaminating traces of 3.

Kinetic and Equilibrium Measurements: The apparatus and procedures for the gas
volumetric measurements was that described in the literature [24]. In a typical
kinetic run, a 15 mL aliquot of a 0.382 M THF solution of P(OPh), was introduced
in the reaction flask. which already contained the appropriate amounts of the solid
catalyst 3 and substrate 2 (the latter sealed in thin-walled vial). The flask was then
connected to the burette, maintained at 30 “C and carefully saturated with CO. After
the attainment of equilibrium conditions, the vial was crushed to start the run. The
complete dissolution of solid 2 occured within 30 s. The observed rate constants
were obtained either from a graphical procedure or from a nonlinear least-squares
fit of the experimental data to a first-order rate law. The two procedures agree
within 3%.

Computer Simulation: Simulations of complex kinetic mechanisms were carried out
on a 486 PC using the authors’ version of subroutines of a nonlinear least-squares
program, kindly supplied by R. Ambrosetti [18]. These subroutines use the Runge -
Kutta procedure for the numerical integration of systems of differential equations
describing the time evolution of the concentration terms of kinetic schemes.

Acknowledgements: This work was supported by Murst Rome. We thank Drs. G.
Fochi and R. Ambrosetti for helpful discussions. and F. Del Cima for technical
assistance.

Received: January 2. 1995 [F46]

[1] a) R. D. W. Kemmit, D. R. Russel, Comprehensive Organometallic Chemistry,
Vol. 5 (Eds.: G. Wilkinson, F. G. A. Stone, E. W. Abels), Pergamon Press,
Oxford. 1982; b) W. A. Donaldson, R. P. Hughes. J. 4m. Chem. Soc. 1982, 104,
4859: c¢) D. Milstein, J. Huckaby. ibid. 1982, 104, 6150; d) P. Gusbeth, H.
Vahrenkamp. J. Organomet. Chem. 1983, 247, C53: e) P. Braunstein, U. Schu-
bert. M. Burgard. Inorg. Chem. 1984, 23, 4057, f) G. Doyle. K. A. Eriksen,
Organometallics 1985, 4, 877; g) W. Schulze, H. Hartl, K. Seppelt. Angew.
Chem. Int. Ed. Engl. 1986, 25, 185. h) M. Roper. M. Schieren. B. T. Heaton. J.
Organomet. Chem. 1986. 299, 131,

[2] a) R. F. Heck, D. S. Breslow, J. Am. Chem. Soc. 1963, 85, 2779: b) H. des
Abbayes, J. Organomet. Chem. 1977, 134, C11;¢c) L. Cassar, M. Foa, ibid. 1977,
134, C15; d) F. Francalanci. M. Foa. ibid. 1982, 232, 59; e) H. des Abbayes, A.
Buloup. G. Tanguy. Organometallics 1983, 2, 1730; f) F. Francalanci. A. Gar-
dano, L. Abis, T. Fiorani, M. Foa, J Organomet. Chem. 1983, 243, 87, g) M.
Foa. F. Francalanci, G. Cainelli, A. Umani-Ronchi, ibid. 1983, 248, 225. h) M.
Foa, F. Francalanci, E. Bencini, A. Gardano. ibid. 1988, 285, 293; i) F. Fran-
calanci, E. Bencini, A. Gardano. M. Vincenti, M. Foa, ibid. 1986. 301, C27.

[3] a) N. Connelly, W. E. Geiger, Jr.. Adv. Organomet. Chem. 1984, 23, 1. b} R. E.
Dessy, P. M. Weissman, R. L. Pohl. J. Am. Chem. Soc. 1966. 88, 5117:¢) C. J.
Pickett, D. . Pletcher, J. Chem. Soc. Dalton Trans. 1975. 879 d) P. Lemoine.
A. Giraudeau M. Gross, Electrochim. Acta1976, 21, 1;¢) D. A. Lacombe, J. E.
Anderson, K. M. Kadish, Inorg. Chem. 1986, 25, 2074 f) D. J. Kuchynka, C.
Amatore, J. K. Kochi, Inorg. Chem. 1986, 25, 4087; g) D. Miholova, A. A.
Vicek, Inorg. Chim. Acta 1980, 41.119; h) A. A. Vicek, Collect. Czech. Chem.
Commun. 1959, 24, 1748 i) Y. Zhen, W. G. Feighery, C. K. Lai, J. D. Atwood,
J. Am. Chem. Soc. 1989, 111, 7832;j) M. Tilset. V. D. Parker, J. Am. Chem. Soc.
1989, 711, 6711,

[4] a) R. E. Dessy, R. L. Pohl, R. B. King, J. Am. Chem. Soc.1966. 88, 5121; b)
R. G. Pearson, P. E. Figdore, J. Am. Chem. Soc. 1980, 102. 1541 ; c) C. K. Lai,
W. G. Feighery, Y. Zhen, J. D. Atwood. Inorg. Chem.1989. 28, 3929.

[5] a) W. F. Edgell. S. Chanjamsri, J. Am. Chem. Soc. 1980. 102, 147: b) P. Chini,
A. Cavalieri, S. Martinengo, Coord. Chem. Rew. 1972, 8, 3; ¢) A. Wong. M.
Harris. J. D. Atwood, J. Am. Chem. Soc. 1980, 102,4529;d)C. D. Pribula, T. L.
Brown, J. Organomer. Chem. 1974, 71, 415; e¢) M. Y. Darensbourg, D. J.
Darensbourg. D. Burns, D. A. Drew, J. Am. Chem. Soc. 1976, 98, 3127; f)
T. M. Beckman, J. K. Kochi, J Am. Chem. Soc. 1988, 110, 1294.

[6] a) G. Fachinetti, G. Fochi, T. Funaioli, J. Organome:. Chem. 1986, 301,91 b)
G. Fachinetti. G. Fochi, T. Funaioli. P. F. Zanazzi, Angew. Chem. In1. Ed. Engl.
1987, 26. 680; ¢) T. Funaioli. P. Biagini, F. Fachinetti, /norg. Chem. 1990, 29,
1440.

[7] a) F. Ungvary. A. Wojcicki. J. Am. Chem. Soc. 1987. 109, 6848 b) F. Ungvary.
J. Gallucci, A. Wojcicki. Organometallics 1991, 10. 3053.

[8] a) A. Davison, J. R. Ellis, J. Organomet. Chem. 1971, 31, 239, b) W. Hieber, K.
Wollmann, Chem. Ber. 1962, 95, 1552; ¢) P. A. Bellus,T. L. Brown, J Am.
Chem. Soc. 1980, {02, 6020.

[9] G. Fachinetti, T. Funaioli. Angew. Chem. Int. Ed. Engl. 1992, 31, 1596.

[10] M. Y. Darensbourg, Prog. Inorg. Chem. 1988, 33, 221.

[11] a) G. Fachinetti, J. Chem. Soc. Chem. Comm. 1979, 396; b) H. N. Adams, G.
Fachinetti, J. Strihle. Angew. Chem. Int. Ed. Engl. 1980, .92, 411.

[12] The extreme air sensitivity of the alkali metal salt required the addition of the
homogeneous reducing agent [CoCp,] [9] to inhibit the reaction

[13] M. W. Payne. D. L. Leussing. S. G. Shore, Organometallics 1991, 10, 574.

[14] C. F. Bernasconi, Relaxation Kinetics. Academic Press, New York, 1976.

[15] A.F. Frost, R. G. Pearson, Kinetics and Mechanism, John Wiley. New York,
London, 1961.

[16] A. Andreetta, G. Montrasi, G. F. Ferrari. G. F. Pregaglia. R. Ugo. Nouv. J.
Chim. 1978, 2. 463.

[17] Fastexchange occurs between [Co(CO),(PPh,),]* and PBu, in a THF solution
containing catalytic amounts of [Co,(CO)¢(PPh,),] (unpublished results).

{18] R. Ambrosetti, G. Bellucci, and R. Bianchini, /. Phys. Chem. 1986, 90. 6261.

{19] T. Graaf. R. M. J. Hofstra, P. G. M. Schilder, M. Rijkhoff, D. J. Stufkens,
J. G. M. Linden, Organometallics 1991, 10, 3668. and references therein.

{20] J. K. Ruff. W. J. Schlientz. /norg. Synth. 1976, 15, 87.

[21] W. F. Edgell, A. Barbetta, J. Am. Chem. Soc. 1974, 96, 415.

[22] W. Hieber. E. Lindner. Chem. Ber. 1961, 94, 1417.

[23] A. R. Manning, J. Chem. Soc. A 1968, 1135.

[24] F. Calderazzo. F. A. Cotton. Inorg. Chem. 1962, 1. 30.

Chem. Eur. J. 1995, 1, No. 4

© VCH Verlagsgesellschaft mbH, D-69451 Weinheim, 1995

0570-0833/95/0404-0235 8 40.00+ .25/0 —F 235



