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Abstract The isolobal displacement methodology for the synthesis of biscyclopentadienyl-
bridged transition-metal cluster complexes has been developed. This methodology involves
various isolobal displacement reactions between tetrahedral cluster substrates and
Mo/W-containing isolobal reagents, leading to a series of linear biscyclopentadienyl-bridged
cluster complexes and cyclic biscyclopentadienyl-bridged cluster crown ethers, respectively.

INTRODUCTION

Since the mid-1970s transition-metal cluster complexes have been intensively studied, largely because
of their potential applications such as in catalysis, as well as the novelty and diversity of their structures
and reactions [1-4]. Among the reactions studied so far, the isolobal displacement reactions have been
shown to be very useful for the rational synthesis of various transition-metal cluster complexes [3-23],
particularly for the synthesis of those cluster complexes containing the bridging biscyclopentadienyl
ligands [24-30]. In this paper, we wish to summarize our recent work related to isolobal displacement
methodology for the synthesis of the biscyclopentadienyl-bridged cluster complexes.

SYNTHESIS OF DOUBLE CLUSTER COMPLEXES CONTAINING VARIOUS BRIDGING
BISCYCLOPENTADIENYL LIGANDS

We found that reaction of 1,4-succinylbiscyclopentadienydisodium with M{(®©OF Mo,W) can pro-

duce M/disodium salts, which react further with two molecules of tetrahedral cluster K&Q)y(1s-S)

in refluxing tetrahydrofuran (THF) to give double clusters containing 1,4-succinylbis- cyclopentadienyl
ligands2 [24] (Scheme 1). Similarly, if the saltsreactin situwith two molecules of tetrahedral clus-
ters (i-PhGR-L)Co,(CO)s in THF at reflux, then double cluste3scontaining the same bridging bis-
cyclopentadienyl ligand, can be yielded [25] (Scheme 1). Interestingly, these bridged doubleZlusters
and3 are actually produced through a double isolobal displacement of two Co(@®). ) units in

two molecules of such tetrahedral clusters F€C0)y(15-S) and (-PhCR-u)Co,(CO)g by the bridg-

ing double isolobal fragments (CM)[7°-CsH,C(O)CH,],M(CO), (d°ML -bridge-®ML ) generated

in situfrom 1 [24, 25].

*Lecture presented at the XtXnternational Conference on Organometallic Chemistry (XIX ICOMC), Shanghai, China, 23—28
July 2000. Other presentations are published in this issue, pp. 205-376.
tCorresponding author: E-mail: lcsong@public.tpt.tj.cn
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Scheme 1

We also found [28,29] that reaction of the ether chain-bridged biscyclopentadienyl disodium salts
with M(CO),; (M = Mo,W), followed by treatment of the intermediate M/disodium shltsth cluster
FeCg(CO)y(Us-S) in THF yields a series of double clustgrsontaining the corresponding length-var-
ied, ether chain-bridged biscyclopentadienyl ligands, as shown in Scheme 2.
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Scheme 2

Obviously, double clusters are produced, similar t8 and 3, through a double isolobal dis-
placement of two Co(CQ)d°ML ;) units in two molecules of FeQE€O)(15-S) by the bridged dou-
ble isolobal fragments (CGNI[ 7°>-C<H,CH, (CH,OCH,),CH,C:H,-1°] M(CO), (®®ML c-bridge-dML ¢)
generatedn situ from 4 [28,29]. Similarly, the double clusters containing other organic chain-bridged
biscyclopentadienyl ligands can be also synthesized by such a type of double displacement reac-
tions[25].

SYNTHESIS OF TRANSITION-METAL CLUSTER CROWN ETHERS CONTAINING
BRIDGING BISCYCLOPENTADIENYL LIGAND

We found [30,31] that the ether chain-bridged biscyclopentadienyl M/Nadsadtsct with the same
chain-bridged biscyclopentadienyl double clusteins THF at reflux to afford a series of single, dou-
ble, and triple cluster crown ethe8s8, all containing tetrahedral Me(us-S) cluster cores and the
ether-chain bridged biscyclopentadienyl ligands (Scheme 3).

In the first step of the suggested pathway [30,31] (Scheme 4), the bridged M/Nacsaitbe
converted into their decarbonylated intermediatgsThen, while these intermediates react further with
double clusters through intermolecular single isoloball /d°ML  displacement to give two mole-
cules of intermediates,, the reactions afn, with 5 via intermolecular single isolobaPML ;/d°ML 5
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displacement give intermediates. While m, undergo an intramoleculaPML ;/d°ML ; single isolob-
al displacement to give the single cluster crown eth&rdhe intramolecular single isolobal
d°ML /d°ML , displacement ofin, affords the double cluster crown eth&réowever, ifm, react with
mj; through intermolecular®L ;/d°ML 5 single isolobal displacement, then the intermediatgsill
be produced. Finally, the intramolecular single isoloBMLd/d°ML ; displacement ofn, yields the
triple cluster crown ethei&
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CONCLUSION

We have briefly summarized some of our recent new findings, which include the first synthesis of a
series of linear biscyclopentadienyl-bridged tetrahedral MQaF®) and MCoG(M = Mo,W) cluster
complexes and cyclic biscyclopentadienyl-bridged tetrahedsge;-S) (M = Mo, W) cluster crown

ethers by using isolobal displacement methodology. Apparently, this methodology for synthesis of such
linear and cyclic cluster complexes is novel and would have more wider applications for synthesis of
valuable transition-metal cluster complexes by using other cluster substrates and isolobal displacement
reagents, particularly the bridging dinuclear and even polynuclear isolobal displacement reagents [27].
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