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The preparation and electronic structure of dinuclear metal
complexes with a metalmetal bond have been long-standing areas

of interest! Recent work has provided synthetic access to and/or

elucidated the electronic structure of WM complexes (M=
transition metal}. Despite the body of work, structurally well-
defined RR®" complexes have remained an elusive tatgehis

manuscript reports the first unambiguous and fully characterized

dirhodium(lll) paddle-wheel complex, bis(phenyl)dirhodium(lil)
caprolactamate1j, and its synthesis by a novel oxidation of
dirhodium(ll) caprolactamate?) (Scheme 1¥.Isolating 1 allows

a comparative analysis of the Rh complexesif = 4, 5, and 6)
of dirhodium caprolactamate. This analysis demonstrateslttsat
a dinuclear paddlewheel complex without a formal metaktal

bond because of a ligand induced change in its electronic strifcture.

The formation ofl under such mild oxidation conditions implies
that similar species could play a role in the redox chemistry of
dirhodium complexes.

The aerobic oxidation o2 with Cu(l)OTf (10 mol %) in the
presence of NaBRh(5 equiv) providedl in 77% vyield after
purification (Scheme 1b). The structurebWas first indicated by
signals corresponding to two equivalent phenyl ligands in addition
to the caprolactamate ligands observed in botHithand3C NMR
spectra. Aryl ring vibrations at 1583 and 1550 ¢yand the parent
ion corresponding td (M+H) by high-resolution mass spectros-
copy (ESI) provided further evidence. The visible spectruni of
With Amax (¢ M~1 cm™1) at 430 (4540) nm was consistent with
previous reports of electrochemically generated®Rlcomplexes
that were not isolate@iX-ray diffraction of a single-crystal grown
in CH,CI, confirmed thatl was indeed [Ri{cap)](Ce¢Hs), (Figure
1). To complete the Ri™ series, the RIA™ complex, [RB(cap)]-
(OTf)-2H,0 (3), was prepared by treatirgywith Cu(Il)[OTf], in
wet ethyl acetate (Scheme Talhe visible spectrum o8 in
CH,Cl, was typical of RE°™ structures withlmax (¢ M~ cm™1) at
505 (4502) and 970 (1086) nfnAs an odd electron species,
exhibited severe line broadening in thé NMR, but its structure
was confirmed crystallographically to have the typical dirhodium
core with axial aquo ligands and an outersphere triflate®ion.

In terms of the molecular geometry/does not deviate from the
general dirhodium(ll) carboxamidate structure. The coordination
sphere ofl, however, is completed by two axialglds anionic
ligands with notable structural distortions. The-RRh—C angles
(155.#4, 156.2) are significantly distorted from linearity toward
the Rh-O bonds, and the RARh bond of1 (2.519 A) is lengthened
compared to2 (2.422 A). Considering the generatr4d27"o™n
electronic structure of dinuclear paddlewheel compléxeshorter
Rh—Rh bond is expected with increasing bond order upon oxidation
from a Rh** (n = 2) to a RR&" complex (1 = 0).1° Consistent
with this electronic structure, the RiiRh bond length shortens
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Scheme 1. Oxidation of RhyLs = Dirhodium Caprolactamate?
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aConditions: (a) Cu(l)[OTf} (1 equiv) in EtOAc; (b) Cu(l)OTf (10
mol %), NaBPh (5 equiv), and @in CH,Cl,/MeOH (9:1); (c) same as b.

Figure 1. ORTEP drawing of one of two crystallographically independent
molecules of1, CseHsoN4OsRhp, Ry = 3.00%. Selected bondlengths (A)
and angles (deg): RhZRhZ (2.519); Rh2-C60 (2.000), Rh2-040
(2.085); Rh2—050 (2.083); Rh2N40 (2.011); Rh2N50 (2.014); Rh2-
Rh2—C60 (155.4); Rh2-Rh2—N40 (96.4); Rh2-Rh2—N50 (94.0); Rh2-
Rh2—040 (77.4); Rh2Rh2—050 (79.8). Ellipsoids are shown at a 30%
probability level. Solvent and hydrogens are omitted for clarity.

modestly as oxidation occurs frotn(n = 2) to3 (n = 1), 2.422 to
2.384 A, respectively. However, the RRh bond length irl (n
= 0) is approximately 0.1 Aongerthan the corresponding bond
length in2. The lengthening of the bond is an indication of a change
in the electronic structure of the dirhodium céré.

The formation of two new RhC bonds can be expected to
change the hybridization of the Rh-centered orbitals fed(ds|?)
to 1 (d?sp?).12 An alternative electronic configuration dfwould
then ber*6%7™45™ for a dEsp? dimer resulting in the formal cleavage
of the Rh—Rh bond!3 X-ray photoelectron spectroscopy (XPS) of
compoundd—3indicates that a fundamental change in the metal-
centered orbitals indeed occurs whais oxidized tol. The elec-
tron binding energy K,) for the rhodium 3d-orbitals (Rh 3gd)
increased from 308.08 to 309.09 eV upon oxidation frdito 3.
The ~1 eV increase irE, from Rh*" to Rhy°t is consistent with
other dirhodium(Il) complexe¥. However, upon oxidation from
Rh>" to Rh8™ (3to 1), Ex(Rh 3d,) remained virtually unchanged
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Scheme 2. Proposed Mechanism of Formation of 1 from 2.
2 + Phg®
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at 309.11 eV. The binding energy tfsuggests that the complex
does not retain theZr*627*0™" electronic structure witm = 0.
However,Ey(Rh 3d») is consistent with monomeric’si? hybrid-
ized Rh(lll) complexes and a*%7"*3™2 electron configuratioA®
The presence dH and'3C NMR signals, the lack of a measurable
magnetic susceptibility fot, and the disappearance of the 6*
transition at 970 nm in the visible spectrum bfndicate that the
o* orbital is occupied andl is diamagnetic, consistent with the
configuration assignment.

In addition to the structural features df its formation from2
was surprising. How does the oxidation2bccur in the presence
of Cu(ll) and NaBPL? The instability of NaBPhtoward metal
cations has been well documented, including aryl transfer pro-
cessed® but the oxidation of a metal center by a tetraarylborate
salt is unlikely!” The more likely oxidant is a Cu(ll) salt cata-
lytically regenerated in the presence of oxygen. The preparation of
3 from 2 with Cu(Il)[OTf], demonstrated clearly that the first
oxidation was possible. Submittir&to the original reaction condi-
tions gavel in 73% yield after purification (Scheme 1c). This indi-
cated that the key transformation occurs from thg°Rhedox state.

A series of experiments helped determine the role of copper salts
and NaBPhin the reaction. Comple8 was diluted in ethyl acetate,
washed repeatedly with water, and concentrated to dryness to
minimize the amount of residual copper salts from its preparation.
The oxidation of3 to 1 was observed over 60 min via spectral
changes at théna of 1 (430 nm). Under the reaction conditions,
there was no reaction betwe8mand NaBPh (5 equiv) or3 and
excess Cu(I)[OTH. Very little conversion o8 to 1 occurred under
nitrogen while the aerobic reaction in the presence of a catalytic
amount of Cu(l)OTf (10 mol %) rapidly generatddin almost
complete conversion. A simple model can be proposed for the
oxidation of 2 to 1 on the basis of these data (Scheme 2). A
Cu(ll)/Cu(l) couple with oxygen as a terminal oxidant oxidiZes
to 3. An aryl-transfer from NaBPhto 3 gives a transien8-Ph
species whose oxidation potential is low enotidbr Cu(l1)/Cu(l)
couple to oxidize it t3-Ph*.1° Phenyl transfer from an additional
equivalent of NaBPhcompletes the process and generdtes

The isolation ofl provides the first unequivocal example of a
dirhodium(lll) complex. A copper catalyzed aerobic oxidation with
NaBPh, as a phenyl transfer agent provides entry into this novel

Rh,8* species. Structural and spectroscopic data indicate a cleavage(17)

of the Rh-Rh bond resulting from a change in the electronic
structure of the complex. Preliminary data suggest that this synthetic
approach can be employed with other dirhodium(ll) carboxamidates,
and work is underway to explore the structural scope and applica-
tions of dirhodium(lll) complexes.
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