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The d8--d heterobimetallic Rh'Au'(tfepma),(CN'Bu),Cl, (1) com- first synthesized by Langrick and Shavand recently
plex (tfepma = bis[bis(trifluoroethoxy)phosphino]methylamine) is characterized by X-ray crystallographyrhough the com-
oxidized by KAU"'Cl, to give the first structurally characterized d’— pound has been the subject of spectroscopic investigtitns,
d® Rh'—Au" singly bonded metal complex [Rh'Au'(tfepma)(CN'BU),- the reaction chemistry of Rh-Au' and more generally®d

--d'0 cores has been underdeveloped. We now report the
synthesis, characterization, and redox chemistry of 'a-Rh
-Au' complex to generate a two-electron oxidized' RAu"
Cla (4). complex, which contains a formal metahetal bond.
RhAU'(tfepma)}(CN‘Bu),Cl, (1) can be synthesized by the
sequential addition of tfepma [tfepma CH3N(P[OCH:-
Bimetallic Rh complexes bridged by three dfpma ligands CFs],], tert-butylisonitrile, and Al(tht)Cl (tht = tetrahy-
[dfpma = CHs;N(PF).] are photocatalysts for hydrogen drothiophene) to a concentrated solution of [RIOD)CI],
production from homogeneous HX solutiohfReactivity in CH,Cl, in 83% vyield. The NMR spectrum df in CDs-
studies suggest that 2 equiv of HX add to aFlcenter to CN shows a sharp singlet at 1.45 ppm for tieet-butyl
generate a dihydridodihalo RH (H)x(X). complex from  protons of the terminal isonitriles and a pseudotriplet at 2.98
which H; is photoeliminated. The RH—X bond of the ppm €Jp—y = 3.0 Hz) for the bridgeheal-methyl protons.
resulting dihalide R} (X), photoproduct may be activated 3P{*H} NMR shows two multiplets at 136.9 and 151.3 ppm.
by excitation into the d — do* absorption manifolé of the Single crystals ofl. may be obtained from C}I, solutions
bimetallic core to give back the B center, thus closing  of the complex layered with ED. The solution of the X-ray
the photocyclé:® Rh'—X bond activation is the overall  crystal structure is shown in Figure 1 (left). The ligand
determinant of the photocycle efficiency and consequently geometries about the Rh and Au centers are in accordance
the efficiency of H production? One way to increase the  With that expected for their respective d electron counts. The
photocycle efficiency is to increase the photochemical RN center is approximately square-planar, and thecgater
quantum vyield for M-X bond activation. Gold halide is trigonally distorted as defined by PiAu(1)—P(2) and
complexes are light-sensitive and thus are attractive targetsP(1)-Au(1)—CI(1) angles of 151.41(3)and 101.39(3)
for photochemical studi€sTo this end, we have begun to respectively. The chloride counterions show close metal
develop a chemistry of heterobimetallic RhAu complexes contacts ot[Au(1)---Cl(1)] = 2.6632(9)Aancﬂ[Rh(l)---CI—
with the objective of managing +at the Rh end and Xat ()] = 2.6027(9) A. The Rh(t)-Au(l) distance is 2.8181-
Au end of the bimetallic core. The majority of RhAu (3) A. The structural motif ofL is similar to that of other

heterobimetallics to date have employed either dppm [bis- SB"'dlo M(;--(;Au' dig]?(;s.(MT Rhl’j Irl, 12 Ni”’lzpﬂl ) V\;htint h
(diphenylphosphino)methane] or dcpm [bis(dicyclohexyl- bpm and dcpm bridging figands are used, except that the

phosphino)methane] as bridging ligands. Of pertinence to (7) | angrick, C. R.; Shaw, B. L1. Chem. Soc., Dalton Tran985 511

the chemistry reported here, Rlo'(dppm}(CNBu),Cl, was 516. .
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Cl3]*JAU'Cly]~ (2). Complex 2 undergoes a thermal intermetal redox
reaction to generate fac-Rh"(tfepma)(CNBu)Cl3 (3) and Au,"(tfepma),-
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Figure 1. Ellipsoid plots ofl (left) and2 (right). H atoms, noncoordinating
counterions, and-Me and—CH,CF; groups are omitted for clarity. Data
collected at 100 K with thermal ellipsoids drawn at the 50% probability

level. Figure 2. UV —vis absorption spectra from 300 to 600 nm (5 CHs-

CN) for 1 (—) and immediately after the addition of 1.05 equiv of KiAu
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closely associated chlorides dispose thé danter toward a

trigonal geometry in lieu of the nearly linear geometry Figure 3. DFT calculation of the orbitals involved in theod— do*

observed in other systerft$> 14 transition of RHAU" (HN[PHz]2)2(CNH),Cl,2". Geometry optimization was
The highest occupied molecular orbital (HOMO) of initiated using coordinates obtained from the crystal structuge Ofcillator

de-+-dl® bimetallic centers, as is the case for the-RAU' strengths and transition energies were calculated by time-dependent DFT.

complex, is a highly destabilized and occupied drbital

arising from a g@—dz interaction®-1115 Notwithstanding, ~ ~4-65, 4.99, and 5.79 ppm. TR&{*H} NMR spectrum of

oxidation of1 with outer-sphere one-electron oxidants such 2 indicates a large structural deviation framas the two

as NO" and RN** gives intractable product mixtures. Similar  distinct*'P NMR resonances df at 136.9 and 151.3 ppm

results are obtained for Pf@l,, which is an oxidant and ~ are lost and replaced by a complex set of overlapping

chlorine delivery agent. Conversely, a prompt color change Multiplets centered at-98 ppm. Single-crystal X-ray dif-

from orange to red is observed upon the addition of KAu fraction studies o2 unequivocally establish its identity as

Cls to CH,CN solutions ofl at low temperature (Scheme [Rh'Au'(tfepma}(CN'Bu)Cls] [Au'Clz] ~ (Figure 1, right);

1). A UV—vis absorption spectrum of the reaction mixture the RH' center is pseudooctahedral, and the' Aenter is

confirms that the conversion proceeds smoothly. The diag- "oughly square-planar. Metahalide bonding interactions are

nostic absorption bands dfat 380 and 421 nm, which are reflected by Rh(LyCI(3) and Au(1)-CI(1) distances of

in line with those reported for a RhAuci — CNR 7z*/ 23764(9) and 24267(8) A, reSpeCtiver. Addltlona”y, the

RhAU po transition!! are replaced by two new absorption Short Rh(1)-Au(1) distance of 2.6549(4) A igis indicative

bands at 329 and 460 nm (Figure 2). of a formal metatmetal bond, thus affording the first
Oxidation produc® may be isolated as a strawberry solid Structural characterization of a RhAu" interaction:® A

in 44% yield after removal of KCI and subsequent recrys- chloride ion is loosely associated at an apical position of

tallization from CHCI, layered with pentane. The NMR  the AU' square plane at a contact distance of 2.8492(9) A.

signals of2 are significantly shifted from those df A H The cationic complex is charge-balanced by an outer-sphere
NMR singlet for the equivaleriert-butyl protons is observed ~ Au'Clz™ counterion.

at 1.61 ppm and a pseudotripl&l{_; = 4.4 Hz) is observed Density functional theory (DFT) calculations were initiated
for the bridgehead NMe groups at 3.05 ppm. TheOCH,- using the coordinates obtained from the crystal structure of

CF; protons appear as a series of complex multiplets at 2 (see the Supporting Information, Sl). H atom surrogates
were used in place ofMe, —'Bu, and—OCH,CF; groups.
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Figure 4. Ellipsoid plots of the cocrystallized produ@gleft) and4 (right)
when solutions oR were left to stand at room temperature in £CHl. H
atoms and-Me and—CH,CF; groups are omitted for clarity. Data collected
at 100 K with thermal ellipsoids drawn at the 50% probability level.

(dB)d*—(d®)d, where the odd electron on each of the
individual metal centers resides in a drbital#

Butyronitrile glasses (77 K) of display a weak emission
band at 565 nm and a strong band at 707 g & 420
nm), with lifetimes of <10 ns and 2Qus indicating an
excited-state parentage that is singlet and triplet, respec-
tively,®19 or indicating intermolecular association (for the
short-lifetime component) of a bimetallic containing Au.
Complex2 is also emissive at 77 K and displays two bands
at 529 and 733 nm. As id, the red band is assigned as
phosphorescence based on the observed lifetime @fs30

The low-energy phosphorescence is consistent with emissior!

from do* excited states, as is observed for bimetallic Rh
cores® The lifetime of the emissive state centered at 529
nm was<10 ns.

At ambient temperatures, compl2xs unstable in solution
and thermally reacts in G&N or CH,Cl, over the course
of several hours. The complex multiplet centered@8 ppm
in the 3*P{H} NMR spectrum of2 disappears with the

chelating tfepma ligand. The overall structural motif is
analogous to that observedfac-Rh" (dppm)(CHCN)Cl.2°
Complex4 sits on a special position in the crystal lattice,
and the bimetallic core is bisected by a crystallographic
inversion center. The coordination geometry about the Au
center in4 is analogous to that of with similar Au—P
distances of 2.2973(18) and 2.2878(17) A; the Aw¢O)-

(4) contact is long at 2.6364(16) A. The distorted trigonal
geometry is defined by P(3)Au(1)—P(4) and P(3)Au(1)—
Cl(4) angles of 159.40(8)and 98.00(6), respectively. The
tfepma ligand engenders an Au{tAu(1A) distance of
2.8390(5) A. This intermetal distance is shorter by about
~0.1 A with respect to Au dimers of similar formulations
with bridging dppm or dcpm ligand®:2*

The thermal reaction d? to yield 3 and4 indicates that
the RH—Au" metalmetal-bonded core is eradicated by
intermetal charge transfer and disproportionation by the
overall stoichiometry:2 — 3 + />4 + Au'(CNBuU)CI. It is
not unreasonable, on the basis of electronegativity differ-
ences, to invoke a bonding interaction between th&ld
and @& Au" centers that is highly polarized toward Au; in
this instance, a % d'° electron count for a Rh — AU
interaction is the limiting oxidation state formalism. If this
electronic contribution was significant, then the high-valent
Rh!" center would be expected to expel neuttahcceptor
igands in lieu of anionict-donor ligands such as ClIn
light of this possibility, further investigations on the two-
electron redox chemistry ofd-d'° cores may be facilitated
by replacing the group 9 metal center with one from group
10142223 The d orbital energies for Pt and Au metal
fragments are expected to be better matched, leading to more
covalent M-M interactions, which could aid in the stabiliza-
tion of the P¥—Au"-bonded d-d° core and avoid the

i i i i | 1l
concomitant appearance of a singlet resonance at 134.4 ppnfliSProportionation chemistry observed for'RiAu'' cores.

and a sharp doublet at 75.5 ppm with'&n-p coupling
constant of 141.9 Hz, in a 1:1 ratio. Although thé NMR
spectrum contains multiple overlapping-Nie resonances,

The elaboration of such compounds is currently under
investigation.
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