J. Am. Chem. Soc. 1994, 116, 2143-2144 2143

Cluster-Linking Reactions: Synthesis and Structure of
the Dicluster Complex

[(Ph3P);N][{Fe3(CO)o(u3-PMe) (u3-P)}2Au] and the
Definitive 3'P NMR Spectroscopic Characterization of
Tricluster and Tetracluster Complexes in Oligomer
Mixtures

Maria T. Bautista, Peter S. White, and Cynthia K. Schauer®

Department of Chemistry
The University of North Carolina
Chapel Hill, North Carolina 27599-3290

Received October 15, 1993

A new solid-state chemistry is emerging that utilizes tools from
coordination chemistry and organometallic chemistry to develop
new synthetic routes and to devise new structural types.! Weare
exploring methods for preparing extended assemblies incorpo-
rating transition-metal clusters from functionalized cluster
“building blocks”.23 Our strategy for assembling these cluster-
based materials utilizes reactions at the phosphorus heteroatoms
of the bifunctional cluster building block Fe;(CO)q(u3-PH), (1),45
which can potentially be linked to form a linear array of clusters
(seeI). The possibility of stepwise synthesis attending a building-

—(metal cluster)-[(linker)—(metal cluster)],—(linker)- I

block approach allows the synthesis of oligomeric species,
intermediate between the molecular and the solid-state regimes.
We report here our initial studies of cluster-linking reactions
employing a Au(I) ion /inker metal center, including the synthesis
and structural characterization of the gold-bridged dicluster
complex [{Fe;(CO)q(u3-PMe)(us-P)};Au]- (4) and the prepa-
ration of extended cluster chains.

The monofunctional cluster Fe;(CO)q(us-PMe)(u3-PH) (2)4
can bedeprotonated to produce the anion [(Ph;P),N]*[Fe;(CO),-
(u3-PMe)(u3-P)]- ([PPN]*{3]), which has a phosphorus ione pair
with high coordinating potential.® The orange-red dicluster
complex 47 is quantitatively prepared in CH,Cl, solution by the
reaction of 1 equiv of [PPN]*[3] with 0.5 equiv of the Au(I)
source, CIAu(THT) (THT = tetrahydrothiophene)® (Scheme
1). The formulation of 4 as a dicluster complex is established
by 3'P{'H} NMR spectroscopy, where the two sets of symmetry
equivalent but magnetically inequivalent phosphorus nuclei give
rise to two identical AA’XX’ patterns at 6 357.1 (P-Au) and
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336.8 (P-Me) (Scheme 1).° The large 2Jpa,p value of 257 Hz
is in the range expected for trans orientation of the phosphorus
nuclei,'® and the 2Jpg.p value of 214 Hz is similar in magnitude
to those observed for metal complexes of the [Fe;(CO)o(u3-P);]%
unit.!! After removal of [PPN]CI, the dicluster [PPN]*[4] is
crystallized by vapor diffusion of pentane into a CH,Cl, solution
and is isolated in 85% yield.

The proposed structure of [PPN]*[4] was confirmed by a single
crystal X-ray diffraction study;!2 a ball-and-stick diagram of the
anion 4 is displayed in Scheme 1. The Au(l) ion sits on a center
of inversion in the space group C2 /¢, with four dicluster complexes
in the unit cell, rigorously restricting the P-Au-P angle to 180°.
The single unique Au-P distance (2.305(2) A) is similar in
magnitude to the Au-P distances for other two-coordinate gold-
(I) phosphine complexes,'® implying that steric interactions
between the two cluster ligands do not affect the Au-P bonding.
Although there are no symmetry constraints for the P2.-P1—Au
angle (unlike for the PI—Au—P1’ angle), the observed value of
177° indicates that a nearly linear orientation is the preferred
configuration, despite the asymmetric coordination environment
about the phosphorus atom. Thus, longer oligomers should be
essentially linear, irrespective of the reiative orientations of the
open edges in adjacent cluster units.

Extended cluster chains can be prepared by utilizing a mixture
of bifunctional 1 and monofunctional 2 as the cluster source. The
3IP{'H} NMR spectrum of the orange-red oligomer mixture
obtained from reaction of a 2:1 mixture of 1 and 2 with Au(I)
ion (eq 1)!3is shown in Figure 1a. Crucial aids in the assignment
of 3'P NMR spectra of the oligomers were provided by obtaining
the spectra of largely pure samples of the tri- and tetracluster
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Figure 1. (a) 3'P{!H} NMR spectrum of the oligomer mixture with
assignments, (b) Simulated spectrum of tricluster 8 with assignments
and [¥Jpp| values. (c) Simulated spectrum of tetracluster 6 with
assignments and [2Jpp| values. In spectra b and ¢, inclusion of small
four-bond couplings (]4/pp| = 0-6 Hz) is required to fit the experimental
spectra.
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complexes under different reaction conditions (see supplementary
material). Simulated 3'P{!H} NMR spectra of the tricluster
complex (5, an AA’'MM’XX’ spin system) and the tetracluster
complex (6, an AA’KK’MM’XX’ spin system) are shown in
Figures 1b and Ic, respectively.! The chemical shifts for the
Au-bound phosphorus nuclei are quite sensitive to the identity of
both cluster ligands bound to the gold(I) ion. For example, in
tetracluster 6, the resonance for the Au-bound phosphorus nucleus
shifts progressively downfield as one proceeds to the center of the
chain (8 373 for M, 6 398 for K, and 5 407 for A). The difference
in the chemical shifts for each successive movement toward the
center of the chain becomes smaller.

Additional information is provided by the splitting patterns
observed in the spectrum. In analyzing the spectrum of a

(14) Coupling constants were obtained by simulation of the spectra with
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particular cluster oligomer, the splitting pattern will appear first
order until the center of the chain, where the two sets of two
symmetry equivalent phosphorus nuclei are coupled.’® For
tetracluster 6, first-order patterns are observed for the X and M
resonances with splitting due to the adjacent phosphorus nuclei
inthechain. The central [Ps«P—Au—P-P] portion of the chain
is an AA’KK’ spin system (like the dicluster 4). For the K
resonance, however, an additional first-order splitting is observed
as a result of coupling to the adjacent M nuclei in the chain. The
samerationale applies for the interpretation of the NMR spectrum
of tricluster § as for 6.16

In Figure la (the 3'P{!H} NMR spectrum for a reaction with
appropriate stoichiometry to prepare a tricluster complex)
overlapping resonances are observed for dicluster, tricluster, and
tetracluster complexes, as well as for higher order oligomers.
Obvious features in the oligomer spectrum are observed for the
A resonance of tetracluster 6 as well as for the A resonance of
tricluster 8. Oligomers of higher order than tetracluster are
evident by the broad downfield resonance at 4 409, 2 ppm further
downfield than the central tetracluster resonance. The central
cluster resonances of all higher order oligomers beyond tetracluster
would be expected to fall near & 410 on the basis of the observed
chemical shift trends. The efficiency of the oligomerization
reaction is evidenced by the fact that no resonances are observed
in the spectrum for P-H-capped clusters (8 230-270) or clusters
with substituent-free P atoms (8 500-530).

Coordination of Au(I) ions to bifunctional clusters with face-
capping phosphorus ligands is an effective way to prepare cluster
chains. Our current efforts are focused on understanding the
fundamental issues in these coordination polymerizationreactions
taking advantage of the 3!P NMR characterization tool, including
an assessment of the factors influencing the M—P bond lability
together with attempts to control these factors to prepare
monodisperse oligomers. The electrochemical properties of these
cluster chains are also receiving attention, where the individual
cluster units in model systems undergo a single two-electron
oxidation reaction.’
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Supplementary Material Available: Detailed experimental
procedures, details of spectral simulations, and crystallographic
results for [PPN]+[4], including fractional atomic coordinates,
thermal parameters, and complete bond lengths and angles (15
pages). This material is contained in many libraries on microfiche,
immediately follows this article in the microfilm version of the
journal, and can be ordered from the ACS; see any current
masthead page for ordering information.
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