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Synthesis of Higher-Nuclearity Clusters by Use of Small Cluster Units as Building Blocks:
Synthesis and X-Ray Structure Analysis of [CICCo3(CO)s]2(u-dppe) and
[CICCo3(CO)7][CICCo3(CO)s](L-TRIPHOS) (dppe=1,2-bis(diphenylphosphino)ethane;
TRIPHOS=bis(2-diphenylphosphinoethyl)phenylphosphine)!
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Two ClCCoS(CO)g units are, after treatment with Me3NO,
linked at basal cobalt atoms by dppe spacer to yield
[ClCC03(CO)8]2(|J~dppe) and by TRIPHOS to yield [C1CCos-
(CO)7][ClCCo3(C0)8]QJ—TRIPHOS); they are characterized by
single crystal X-ray molecular structure analysis and two
Cl atoms in the TRIPHOS derivative are found to be located
in close proximity.

To construct higher-nuclearity clusters with well
defined dimensions and structures provides a new field of
chemistry with potential applications in areas including
nanotechnology, molecular recognition, and catalyst.2 We
have been interested in the synthesis of higher-nuclearity
clusters with purported arrangement of small cluster
units of RCC03(C0)9 by the technique of molecular design
(Scheme 1); linearly arranged supraclusters are expected
to show interesting electronic properties such as quantum
wire if their lengths are in the range of approximately
10 nm. In this regard, we have reported recently the
synthesis of several prototype clusters in which two
—CC03(CO)9 units are linked by benzene, biphenyl, and
1,1"-bis(diphenylphosphino)ferrocene, dppfe.3 In addition
to application to molecular electronics, such supra-
clusters should have an opportunity to form a field for

Scheme 1.

excellent molecular recognition, because various kinds of
substituents R can be introduced to such supraclusters
and also it is possible to employ different functional
groups of R in a single supraclusterS; an appropriate
combination of R should endow enzyme-like behavior for
such clusters. The most efficient field for such molecular
recognition among the proposed architechtures in Scheme 1
is apparently formed by c which resembles calix arenes in
the shape of central cavity. In order to synthesize such
a cyclic and/or helical supraclusters, it is an essential
stratagem to glean informations from prototype clusters on
what kind of spacer will be able to form such an archi-
techture. The previous paper has shown that dppfe is
not a favorable spacer for such supraclusters, because
the iron atom in dppfe lies on the inversion center for
[MeCCo3(CO)8]2(li—dppfe),3 although dppfe has been shown
to be a compliant ligand and to be able to change the
angle required for tethering two metal sites in relevant
multinuclear complexes.6 Therefore, we have examined dppe
and TRTPHOS as a bridging spacer for construction of
prototype clusters in which at least two RCCoq(CO)q units
are incorporated. We have found that TRIPHOS is a
favorable spacer for such an architechture. Here we report
the synthesis and X-ray structure analysis for dppe- and
TRIPHOS-bridged prototype clusters.

The cluster [ClCCo3(C0)8]2(1J—dppe) (2) was easily
prepared from ClCCog(CO)g (1) and dppe. A THF solution
(25 ml) of 1 (450 mg, 0.95 mmol) was treated under Ar
with equimolar amount of Me3NO which was dissolved in a
minimun amount of methanol and THF. After CO evolution
was ceased, the volume of the solution was reduced to half
by vacuum distillation of the solvent. Then solid dppe
(185 mg, 0.46. mmol) was added. The mixture was stirred at
25°C for 2 h. The solvent was vacuum-stripped to leave
dark brown solid. This solid was subjected to silica-
gel chromatography (Wako-gel C-200, eluted with hexane—
benzene 4 : 1) to give brown cluster 2 in 19 7 yield. The
dark brown cluster [ClCCo3(CO)7][ClCCo3(CD)8](u -TRTIPHOS)
(3) was synthesized by adding 1/3 equivlent of solid
TRIPHOS (170 mg, 0.31 mmol) to similarly prepared THF
solution of 1 and by the same procedure of purification as
above in 12 % yield.7 The molecular structures of these
clusters are shown in Figure 1.8 2 has the center of
inversion at the midst of the —CHy—CH,- bond in dppe. The
main framework of the cluster 2, that is, Co-P-C-C-P-Co,
composes a zigzag structure and two Cl atoms point to
opposite directions along this chain. Therefore, if this
prototype cluster is linked by dppe spacer further, the
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Col—C02:2.509(1) Col_Pl :2.213(1) Cl_COZ :1.883(2)
Coy—Co3:2.473(1) C14-Cy :1.744(2) C1~Cog :1.895(3)
Coq-C0y:2.477(1) C{-Coy :1.860(2) Py-Cy :1.843(2)
Coy~Coy~C04:59.62(2) P1~Coy-Co,:100.33(2)
Coy—Coy~C0;:60.92(2) Py-Co;-Coq:158.36(2)
Cog~Loy—Co,:59.46(2) Col—Pl—C10:113.7(1)

Figure 1. Structures, bond*lengths(x) and angles(®): 2

supracluster b in Scheme 1 will be constructed. The main
framework of the cluster 3, that is, Co—Co-P-C-C-P-Co
composes a zigzag structure. However, two Cl atoms are
located in close proximity; the distance between two Cl
atoms is 3.29(1) k. Thus, the prototype cluster 3 is a
possible candidate to fabricate a cyclic supracluster c
in Scheme 1 or a helical supracluster if further accumu-
lation of this cluster on TRIPHOS is viable. Attempts
along this line are now in progress in this laboratory.

UV and CV data for 2 and 39
which suggests interaction between two cluster units, the
case of which has been demonstrated for p—[(OC)9C03C]2C6HA
Thus, two cluster units, ClCCo3(C0)X are
''insulated'' from each other.

This work was supported by The DAIKOU FOUNDATION and
by a Grant-in-Aid for Scientific Research No. 05640627
from the Ministry of Education, Science and Culture, Japan.

do not show any anomaly

recently.3
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