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The possibility synthesizing compounds of the
type (h5ÿC5H5)M(CO)3M 'Cl (M = Mo, W; M ' =
Mg, Zn, Cd) by direct metal interaction with
chlorides of cyclopentadienyltricarbonylmolyb-
denum and tungsten was demonstrated. In the
case of magnesium derivatives of the type [(h5

ÿC5H5)M(CO)3]2Mg were observed also. The
kinetics of magnesium, zinc and cadmium
oxidation by Ph3SnCl, (h5ÿC5H5)Mo(CO)3Cl
and (h5ÿC5H5)W(CO)3Cl in tetrahydrofuran
and N,N-dimethylformamide was investigated.
Rate constants and activation energy were
determined. For the process of oxidation a
Langmuir–Hinshelwood scheme was proposed.
The kinetic data obtained make it possible to
calculate the equilibrium constants, enthalpy
and entropy of adsorption of the oxidant and co-
ordinating solvent on metal surface. Copyright
# 2000 John Wiley & Sons, Ltd.

Keywords: organometallic compounds; magne-
sium; zinc; cadmium; kinetics; adsorption;
mechanism; oxidation

INTRODUCTION

The oxidation of magnesium, zinc and cadmium by
hydrocarbon halides is used extensively for pre-
paration of the corresponding organometallic
compounds. However, this method is rarely used
for obtaining organic compounds containing a
bond between different metals. The first report
concerning oxidation of magnesium by triphenyltin
chloride (I ) to give bis(triphenyltin)magnesium

was made by Tamborsky and co-workers.1 The
same interaction of zinc withI leads to formation of
Ph4Sn, metallic tin and phenylzinc chloride.2 A
number of polynuclear organometallic compounds
have been obtained by reaction of RnEXm (E = Si,
Ge, Sn;n, m= 1–3) with rare-earth elements.3–5

There have been some examples of the formation of
organobimetallic compounds by oxidation of mag-
nesium6 and mercury7,8 with halides of cyclopen-
tadienylcarbonylmetal derivatives. The kinetics and
mechanism of these processes have not been
investigated.

Here we report that the compounds containing
M–M' bonds (where M = Sn, Mo, W; M' = Mg, Zn,
Cd) can be obtained by oxidation of metallic
magnesium by Ph3SnCl, and of magnesium, zinc
and cadmium by CpMo(CO)3Cl (II ) and CpW
(CO)3Cl (III ) (Cp =�5-C5H5) in tetrahydrofuran
(THF) andN,N-dimethylformamide (DMFA). The
kinetics of these processes is described and some
thermodynamic parameters of the adsorption of the
reagents on metal surface are presented.

EXPERIMENTAL

All operations were carried out in an argon
atmosphere or in vacuum. Organic solvents were
purified and dried according to the literature.9 Pure
solvents were used for preparation of organobi-
metallic compounds. The kinetic measurements
involved mixtures of coordinating solvent (THF or
DMFA) with benzene.

CompoundsI , Ph3SnSnPh3(IV ),10 II 11 andIII 12

were synthesized by the respective techniques (see
the references indicated). The content of the basic
substance in the compounds received was not less
than 99%. The purity ofI–III was estimated by
elemental analysis and from melting points:

I: Found: C 55.4, H 3.8, Sn 30.6, Cl 9.4; (Calcd: C
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56.0,H 3.9,Sn30.8,Cl 9.3%).M.p. 105.5°C (lit.10

m.p.105–106°C)

II: Found:C 34.0,H 2.0,Mo 34.4,Cl 12.5;(Calcd:
C 34.2,H 1.8,Mo 34.2,Cl 12.6%).M.p. 144.5°C
dec.(lit.11 m.p.145°C dec.)

III: Found:C 26.3,H 1.3,W 49.6,Cl 9.5;(Calcd:C
26.1, H 1.3,W 49.9, Cl 9.6%). M.p. 159°C dec.
(lit.12 m.p.160°C dec.).

CompoundIV was analysedby iodine titration,
elementalanalysisand melting point. Found: C
61.4, H 4.4, Sn 33.8; (Calcd: C 61.7, H 4.3, Sn
34.0%).M.p. 238°C (lit.10 m.p.238°C)

Magnesium,zinc andcadmiumusedfor kinetics
weretakenaswires (diameter0.5mm) with purity
99.9%. Rieke magnesiumwas synthesizedby a
commonmethod13 involving interaction of mag-
nesiumchloride with metallic potassiumin THF.
Kinetic measurementswere carried out by a
resistometric method14 modified for use of an
argonatmosphere.

The quantity of (Ph3Sn)2Mg was determined
after treatmentof the reactionmixture with 1,4-
dioxan (to separate MgCl2 as a precipitate15

accordingto the Schlenkequilibrium), by evalu-
ating the volume of ethylene generatedafter
reaction with 1,2-dibromoethane.16 The gas was
analysedqualitatively and quantitatively by GC
(Tsvet-104 chromatograph;column 1000mm�
5 mm with activated charcoal; temperatureof
column and catarometer110°C; helium flow rate
40ml minÿ1; retentiontime 250s).

Reaction of CpM(CO)3Cl (M = Mo,W)
with magnesium

A solution of 0.42g CpMo(CO)3Cl (or 0.553g
CpW(CO)3Cl) in 5 ml of THF at 20°C wasadded
to 0.144g of magnesiumturnings. The reaction
finished within 6 h. The brown solution and fine
light precipitate were separatedfrom unreacted
magnesium.The precipitate was separatedfrom
solutionby decantationandwashedwith THF.

(a) The brown solution was evaporated, then
hydrolysed with degassedwater, which led
to the formationof a yellow precipitatewhich
was separatedby filtration and purified by
sublimation. We obtained 0.27g of CpMo
(CO)3H (yield 75%) from the CpMo(CO)3Cl,
and0.29g of CpW(CO)3H (yield 58%)from the
CpW(CO)3Cl. The melting points of the
hydridescorrespondedto literaturedata.17

(b) The precipitatewas hydrolysedwith degassed
water,which led to the formation of a yellow
precipitate,which was separatedby filtration
andpurifiedby sublimation.Weobtained0.03g
of CpMo(CO)3H (yield 9%) from the CpMo
(CO)3Cl and 0.06g of CpW(CO)3H (yield
12%) from the CpW(CO)3Cl. The melting
points of hydrides correspondedto literature
data.17

(c) The brown solution was treatedwith 0.422g
HgCl2, then the reactionmixture was evapor-
ated. The yellow residuewas extractedwith
acetoneand recrystallizedfrom ethanol.This
resultedin formationof 0.6g of yellow CpMo
(CO)3HgCl crystals(yield 84%) in the caseof
CpMo(CO)3Cl and 0.61g of CpW(CO)3HgCl
(yield 78%) in thecaseof CpW(CO)3Cl.

Reaction of CpM(CO)3Cl (M = Mo,W)
with zinc

A solution of 0.42g CpMo(CO)3Cl [or 0.553g
CpW(CO)3Cl] in 5 ml of DMFA at 20°C was
added to 0.39g of zinc turnings. The reaction
finishedwithin threedays.Thebrownsolutionwas
filtrated from unreactedmetal and treated with
0.422g HgCl2, then the reaction mixture was
evaporated.Theyellow residuewasextractedwith
acetoneandrecrystallizedfrom ethanol,resultingin
formation of 0.69g of yellow crystals of CpMo
(CO)3HgCl (yield 96%) in the case of CpMo
(CO)3Cl and0.66g of CpW(CO)3HgCl (yield 85%)
in thecaseof CpW(CO)3Cl.

Reaction of CpM(CO)3Cl (M = Mo,W)
with cadmium

The solution of 0.42g CpMo(CO)3Cl [or 0.553g
CpW(CO)3Cl] in 5 ml of DMFA at 20°C was
addedto 0.73g of cadmiumturnings.Thereaction
finishedwithin threedays.Thebrownsolutionwas
filtered from the unreactedmetal and treatedwith
0.422g HgCl2, then the reaction mixture was
evaporated.A yellow residuewas extractedwith
acetoneandrecrystallizedfrom ethanol,resultingin
formation of 0.67g of yellow crystals of CpMo
(CO)3HgCl (yield 95%) in the case of CpMo
(CO)3Cl and0.62g of CpW(CO)3HgCl (yield 80%)
in thecaseof CpW(CO)3Cl.

ThemeltingpointsandIR spectraof themercury
derivativescorrespondedto the literature data.18

All yieldswerecalculatedwith respectto theinitial
quantityof CpMo(CO)3Cl or CpW(CO)3Cl.
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RESULTS AND DISCUSSION

The rateof magnesiumoxidationby I is maximal
in THF. The linear dependenceof the processrate
on THF concentration(Fig. 1) providesevidence
that the adsorptionequilibrium constantof this
ligand on a magnesiumsurfaceis close to zero.
The influenceof the oxidant concentrationupon
reaction rate (Fig. 1) is analogousto that of
alkyl andaryl halides.19,20 The dependenceof the
magnesium oxidation rate upon the Ph3SnCl
concentration has two points of inflection. In
the range0 mol lÿ1< COx< 0.3mol lÿ1 it corre-
spondsto the Langmuir isotherm.Therefore,the
oxidation of magnesium in benzene in the
presenceof THF is carried out according to a
schemeby which the molecule I adsorbedon
magnesiumsurface is attacked by a molecule
of ligand from the bulk of the solution.21 Thus
in the caseof constantligand concentrationthe
rateof the processis expressedby Eqn [1], where
k1 = k'KLCL, CL andCOx arethe concentrationsof
the ligand and oxidant respectively,KL and KOx
are the adsorption constantsof the ligand and
oxidant, k' = kS0, k is the rate constant of the
process and S0 is the concentration of the
adsorptioncentreson the metal surface.

V � k1KOxCOx

1� KOxCOx
�1�

The transformationof Eqn [1] in coordinates1/V,
1/C allows calculationof the equilibrium constant
of adsorption of I on the magnesiumsurface.
Given these values at different temperatures,it
was possibleto calculatethe adsorptionenthalpy
and entropy. The data obtained are given in
Table1.

Curve 1 on Fig. 1 hastwo points of inflection.
One possibleexplanationis that at low oxidant
concentration(lessthan0.3mol lÿ1) a moleculeof
oxidant adsorbedon a magnesiumsurfacereacts
with themetal,forming ananalogueof a Grignard
reagentwhich reactsfurtherwith excessof I (Eqns
[2] and[3]).

Ph3SnCl�Mg ÿ! Ph3SnMgCl �2�
I

Ph3SnMgCl� Ph3SnClÿ! Ph3SnSnPh3 �MgCl2
I IV �3�

Raising the oxidant concentrationincreasesthe
probability of IV formationby meansof attackof
the moleculeof I adsorbedon an activecentreon
the magnesiumsurfaceby an analogousmolecule
from thebulk of thesolution(Eqn [4]).

This processis describedby Eqn [5].

V � k2KOxC2
Ox

1� KOxCOx
�5�

Therateof magnesiumoxidationwill beexpressed
by Eqn [6], which is thesumof Eqns[1] and[5].

V � k1KOxCOx� k2KOxC2
Ox

1� KOxCOx
�6�

Coefficientsk1 andk2 weredeterminedby theleast-
squaresmethodwith respectto KOx obtainedfrom
the solutionof Eqn [1]. Equation[6] givesa good
approximationto experimentaldata(Fig. 2).

ThecompoundIV formedin reactions[3] and[4]
precipitatespartially from a reactionmixture as a
voluminouswhite deposit.Further reactionof IV
with magnesiumin THF at 20°C leads to the
formation of bis(triphenyltin)magnesium(V).1

Figure 1 Magnesiumoxidationratein (1, 4) Ph3SnCl–THF–
benzeneand (2, 3) CpMo(CO)3Cl–THF–benzenesystems.
Curve 1, C(THF) = 12mol lÿ1, 303K; curve 2, C(THF) =
12mol lÿ1, 293K; curve 3, C(CpMo(CO)3Cl) = 0.3mol lÿ1,
293K; curve4, C(Ph3SnCl)= 0.1mol lÿ1, 303K.
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Analysis of the reaction mixture at the moment
whenV beginsto form hasshownthat theyield of
hexaphenylditinis 0.26mol per mol of the initial
compoundI . Theyield of V in thereactionproducts
after the process ends (24h after mixing the
reagents)is 0.425mol per mol of I introducedto
the reaction.

It shouldbe noted that the addition of MgCl2,
MgBr2 or MgI2 in amountsfrom 0.2 to 1 mol per
mol of organotincompound,to aninitial mixtureof
IV with magnesiumin THF, did not lead to
oxidation of the metal during at least 200h at
20°C. Ontheotherhand,theinteractionof IV with
magnesiumcouldbestimulatedby theintroduction
of 1,2-dibromoethane(1 mol permol of IV ) to the
initial reaction mixture. The final product of
reactionis the compoundV, of which the yield is
about0.42mol permol of initial IV (Eqn[7]). The
interactionof hexaphenylditinwith Rieke magne-
sium13 in THF is alsoaccompaniedby formationof
V in 24%yield.Thisconfirmsthefact thatactivated
magnesiumis capableof cleavingthe Sn–Snbond
of hexaphenylditin,

Ph3SnSnPh3 �Mg ÿ! Ph3SnMgSnPh3 �7�
IV V

The interactionof magnesiumwith II and III was
investigatedin order to synthesizeorganopoly-
metalliccompoundsby directmetaloxidation.The
reactionproceedsin THF andDMFA.

Exothermicreactionof II or III with anexcessof
magnesiumturnings in THF at 20°C is finished
within 6 h after mixing the reagents.At the endof
theprocessthereactionmixtureconsistsof abrown
solution and light precipitate.The loss of magne-
sium weight showsthat 1 mol of metalper mol of
initial oxidanthasenteredthereaction.Thesolution
at the endof the processcontainsthe elementsin
the proportion Mo Mg Cl = 1:1.05:1.09(or W Mg
Cl=1:1.1:1.2);in the precipitatesthe elementratio
is Mo(W) Mg = 2:1.

Analysisof areactionmixtureaftertheendof the
processand some reactions of the compounds
obtained(Scheme1, below) haveshownthat the
solution contains CpM(CO)3MgCl, and that a
precipitate is [CpM(CO)3]2Mg (M = Mo, W). A
depositof [CpM(CO)3]2Mg was separatedfrom a
solution by decantationwith subsequentrepeated
washingwith THF. The compoundsobtainedare
white powdersthat begin to decomposewithout
melting at 160 and 185°C for M = Mo andW
respectively.Theseobservationsare in agreement
with known literaturedata.6,22,23

Contraryto reaction[3], derivativesof the type
[CpM(CO)3]2 (M = Mo, W) are not found during
the interaction of II or III with magnesium.
Therefore the most probable route to [CpM
(CO)3]2Mg formation is via reaction [8] and the
equilibrium [9]

CpM(CO)3Cl�Mgÿ!CpM(CO)3MgCl �8�
II; III

2 CpM(CO)3MgCl � �CpM(CO)3�2Mg�
MgCl2 �9�

The additionof the MgCl2 solution in THF to the
insoluble compound [CpM(CO)3]2Mg (M = Mo,
W) causesdissolutionof a precipitateand forma-
tion of a Grignard reagentanalogue.Attempts to
separatethe latter in an individual form failed.
Evacuatingthe reactionmixture in vacuumgives
only a darkoil.

In orderto proveof thenatureof thecompounds
obtaineda numberof reactionswere carried out
(Scheme1).

The organopolymetallic compounds are not
found in productsof reaction of II or III with
magnesiumin DMFA, probably becauseof their
interactionwith thesolvent.17

The dependenceof the reactionrate of magne-
siumwith II or III onTHF concentrationis closeto
linear (Fig. 1), which is further evidenceof a low
valueof theadsorptionequilibriumconstantof the

Figure 2 Magnesium oxidation rate in Ph3SnCl–THF–
benzenesystem.C(THF) = 12mol lÿ1, 313K. &, Experimental
data;&, calculateddata.
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ligand on a magnesiumsurface.The dependence
V=f(COx) is quite a good approximationof the
Langmuir isotherm over the whole interval of
oxidant concentration(Fig. 1). This fact provides
the evidencethat a reactionanalogousto [4] does
notoccurin thecaseof II andIII . Theoxidationof
magnesiumby compoundII or III in THF canbe
describedby the samemodel as in the caseof I
(0 mol lÿ1< COx< 0.3mol lÿ1).

In DMFA the dependenceof magnesiumoxida-
tion rate on ligand or oxidant concentrationis a
curvewith saturationfor bothII andIII (Fig.3).To
discover the characterof the adsorptionof the
reagents,the dependencecurvesV/VMAX = f(COx)
(Fig. 4) were constructed.Since the curves at

various initial ligand concentrationsdo not coin-
cide,it is possibleto concludethattheadsorptionof
reagentsoccurson reactioncentresof the surface
that are of an identical native. In this case the
processcanbedescribedby theLangmuir–Hinshel-
wood scheme21 (Eqns[10]–[12], whereOx is the
oxidant,L is a ligand, S is an activecentreof the
metal surface, and OxS and LS are adsorbed
moleculesof oxidantandligand respectively.

Ox� S�KOx

OxS �10�

L � S�KL

LS �11�

OxS� LS ÿ!k products �12�
The reactionrate can be expressedby Eqn [13],
where k' = kS0

2; S0 = concentrationof the active

Scheme1

Figure 3 Magnesiumoxidationratein (1, 2) CpMo(CO)3Cl–
DMFA–benzeneand (3, 4) CpW(CO)3Cl–DMFA–benzene
systems. Curve 1, C(CpMo(CO)3Cl) = 0.3mol lÿ1, 313K;
curve2, C(DMFA) = 13mol lÿ1, 293K; curve3, C(CpW(CO)3
Cl) = 0.5mol lÿ1, 293K; curve 4, C(DMFA) = 13mol lÿ1,
293K.

Figure 4 DependenceV/Vmax= f(COx) for magnesiumoxida-
tion in theCpW(CO)3Cl–DMFA–benzenesystemat 293K. &,
C(DMFA) = 8 mol lÿ1; * C(DMFA) = 13mol lÿ1.
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centreson a surface;k = rate constant;KOx and
KL = equilibrium constantsof adsorption of an
oxidantandligand respectively.

V � k0
COxCLKOxKL

�1� KOxCOx� KLCL�2
�13�

The transformationof experimentalcurvesto the
coordinates(COx/V)1/2=f(COx) at CL = constantand
(CL/V)1/2=f(CL) at COx = constant,with the subse-
quentjoint solutionof the equationsobtained,has
allowedcalculationof effectiverateconstantsand
equilibrium constantsof adsorption.From their
temperaturedependence,the effective energiesof
activation,enthalpyandentropyof adsorptionfor
both reagents on a magnesium surface were
calculated(Table1).

The interaction of zinc and cadmium with
compound II or III in DMFA is complete in
approximatelythreedaysandresultsin formation
of a yellow–brown solution. The equilibrium
similar to [9] in thecaseof Zn andCdis completely
shifted to the left.24,25 Thereforeonly compounds
of the type CpM(CO)3M'Cl (where M = Mo, W;
M' = Zn, Cd) are formed in the reaction of
CpM(CO)3Cl with Zn or Cd in DMFA. Yields
were 96% (M = Mo M' = Zn), 95% (M = Mo M'

= Cd),85%(M = W M' = Zn) and80%(M = W M'
= Cd).We wereunableto isolatethesecompounds
in theindividual stateasin thecaseof magnesium.
However,addition of the toluenesolution of the
2,2'-bipyridine (2,2'-bipy) to the reactionmixture
after theendof thezinc oxidationwith compounds
II and III gives complexesCpM(CO)3ZnCl�2,2'-
bipy as yellow precipitatesof which the melting
points and IR spectra correspondto literature
data.26 Also, the interaction of the solutions of
CpM(CO)3M'Cl obtainedwith HgCl2 leadsto the
respective mercury derivatives in quantitative
yields (Eqn [14]; M = Mo, W; M' = Zn,Cd).

CpM(CO)3M0Cl� HgCl2ÿ!CpM(CO)3MHgCl �
M0Cl2 �14�
The dependenceof the interaction rate in the
CpMo(CO)3Cl–Zn(Cd)–DMFA–benzene system
upon concentrationof both oxidant and ligand is
shown in Fig. 5. In each case a curve with a
maximumis obtained.The processof oxidation is
well described by the Langmuir–Hinshelwood
modelwith the adsorptionof reagentson identical
centresof a surface21 (Eqns[10]–[13]). Calculated
thermodynamicandkinetic parametersaregivenin
Table1.

CONCLUSIONS

Compoundscontaining bonds betweenGroup 2
metalsandSn,Mo or W wereobtainedby reaction
of themetals(Mg, Zn andCd) with organometallic
halides such as Ph3SnCl, Cp(CO)3MoCl or
Cp(CO)3WCl in coordinatingsolvents.The prob-
able mechanismsof these processeshave been
proposedon the basis of kinetic measurements.
Effective rate constantsand the energyof activa-
tion,equilibriumconstants,enthalpyandentropyof
adsorptionof organometallichalidesandligandson
a metalsurfacehavebeendetermined.

REFERENCES

1. Tamborski C, Soloski EJ. J. Am. Chem.Soc. 1961; 83:
3734.

2. des Tombe FJA, van der Kerk GJM, CreemersHMJC,
Carey NDA, Noltes JG. J. Organomet.Chem.1973; 51:
173–180.

3. BochkarevLN, FedyushkinIL, Holodilova MN, Zhiltsov

Figure 5 Metal oxidation rate in (2, 3) Zn–CpMo(CO)3Cl–
DMFA–benzeneand(1,4)Cd–CpMo(CO)3Cl–DMFA–benzene
systemsat 293K. Curve 1, C(CpMo(CO)3Cl) = 0.2mol lÿ1;
curve2, C(CpMo(CO)3Cl) = 0.3mol lÿ1; curve3, C(DMFA) =
0.25mol lÿ1; curve4, C(DMFA) = 0.5mol lÿ1.

Copyright# 2000JohnWiley & Sons,Ltd. Appl. Organometal.Chem.14, 590–597(2000)

596 A. V. PISKOUNOV,S. V. MASLENNIKOV, I. V. SPIRINA AND V. P. MASLENNIKOV



SF, BochkarevMN, RazuvaevGA. Izv. Akad.NaukSSR.
Ser.Khim. 1987;658–659.

4. BochkarevLN, GrachevOV, Zhiltsov SF J. Organomet.
Chem.1992;436: 299–311.

5. BochkarevLN, GrachevOV, MolosnovaNE, Zhiltsov SF.
J. Organomet.Chem.1993;443: 26–28.

6. Burlitch JM, Ulmer SW. J. Organomet.Chem.1969; 19:
P21–P23.

7. NesmeyanovAN, Makarova LG, VinogradovaVN. Izv.
Akad.NaukSSR.Ser.Khim 1971;1984–1987.

8. NesmeyanovAN, Makarova LG, VinogradovaVN. Izv.
Akad.NaukSSR.Ser.Khim 1972;122–124.

9. GordonN, Ford R. Chemist’sCompanion. Mir: Moscow,
1976;437 (Russianedn)

10. KocheshkovKA, ZemlyanskiyNN, SheverdinaNI, Panov
EM. Methodsof ElementoorganicChemistry:Germanium.
Tin. Lead.Nauka:Moscow,1968;138.(In Russian.)

11. PiperTS,WilkinsonG.J. Inorg.Nucl.Chem.1956;3: 104–
124.

12. Coffey CE. J. Inorg. Nucl. Chem.1963;25: 179–185.
13. Rieke RD, Bales S. J. Am. Chem.Soc.1974; 96: 1775–

1779.
14. Zhukov SA, LavrentyevIP, Nifontova TA. React.Kinet.

Catal. Lett. 1974;1105–1112.
15. Ioffe ST, NesmeyanovAN. Methodsof Elementoorganic

Chemistry: Magnesium. Beryllium. Calcium. Barium.
AcademiaNaukSSSR:Moscow,1963;421.(In Russian.)

16. VyazankinNS, RazuvaevGA, KruglayaOA. Organomet.
Chem.Rev.A. 1968;323–423.

17. NesmeyanovAN, Nikitina TV, NoginaOV et al. Methods
of ElementoorganicChemistry.TheSub-groupof Copper,
Scandium,Titanium, Vanadium,Chromium,Manganese.
Lanthanidesand ActinidesVol. 2. Nauka:Moscow,1974;
609.(In Russian.)

18. MaysMJ, RobbJD. J. Chem.Soc.A 1968;329–332.
19. MaslennikovSV, Kirrillov EN, BerezinaNV, Spirina IV,

Kondin AV. Russ.J. Gen.Chem.1997;67: 714–718.
20. MaslennikovSV,SpirinaIV. Russ.J.Gen.Chem.1998;68:

300–302.
21. BremerG, WendlandKP. Introductioninto Heterogeneous

Catalysis. Mir: Moscow,1981;48 (Russianedn).
22. McVicker GB, MatyasRS.J. Chem.Soc.,Chem.Commun.

1972;972.
23. Ulmer SW, Ska PM. J. Am. Chem.Soc.1973; 95: 4469–

4471.
24. Crotty DE, Oliver JP.Inorg. Chem.1977;16: 2501–2506.
25. MaysMJ, RobbJD. J. Chem.Soc.A. 1969;561–564.
26. DennisJS,Butler W, Glick MD, Oliver JP.J. Am. Chem.

Soc.1974;96: 5427–5437.

Copyright# 2000JohnWiley & Sons,Ltd. Appl. Organometal.Chem.14, 590–597(2000)

SYNTHESISOF ORGANOBIMETALLIC COMPOUNDS 597


