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Abstract: The molecular structure of the acetyl CoA synthase enzyme has clarified the role of individual
nickel atoms in the dinickel active site which mediates C—C and C—S coupling reactions. The NiN.S;
portion of the biocatalyst (N.S, = a cysteine-glycine-cysteine or CGC*" tripeptide ligand) serves as an
S-donor ligand comparable to classical bidentate ligands operative in organometallic chemistry, ligating
the second nickel which is redox and catalytically active. Inspired by this biological catalyst, the synthesis
of NiN,S, metalloligands, including the solid-phase synthesis of resin-bound Ni(CGC)?~, and sulfur-based
derivatization with W(CO)s and Rh(CO)," have been carried out. Through comparison to analogous well-
characterized, solution-phase complexes, Attenuated Total Reflectance FTIR spectroscopy establishes
the presence of unique heterobimetallic complexes, of the form [Ni(CGC)]M(CO),, both in solution and
immobilized on resin beads. This work provides the initial step toward exploitation of such an evolutionarily
optimized nickel peptide as a solid support anchor for hybrid bioinorganic—organometallic catalysts.

Introduction Gly Cys F e/S

With the discovery of the dinickel site in the acetyl CoA (){\N/I\y S/\s\5 _Fe

synthase (ACS) metalloenzyme (Figure 1), a new paradigm for
di- and polymetallic enzyme active site construction has been _\)!d. S
recognized. In this case, one nickel is incorporated into a Cys- 2 —=Nig | —Cys
Gly-Cys tripeptide motif, bound by two carboxyamido nitrogens
Of a Cyste|ne and the glyc|ne along W|th the Sulfurs Of both F/gure 1. Representatlon of the A-cluster active site of acetyl CoA
cysteines, in a secure, square-plana®i\toordination sité; 3 synthasé.
The cysteinyl sulfur atoms in turn capture a second nickel ion
whose coordination environment is well-suited for the organo-
metallic reactions required of the ACS enzymatic cycle which
include oxidative addition of Ckt, methyl-CO migratory
insertion, and reductive elimination of RS&D)R .# It has been
suggested, and corroborated by computational chemistry, that
the NiN,S, portion of the active site may be considered as a
supporting ligand, capable of stabilizing the second nickel in a
low-valent redox level required for the oxidative addition of
Me™.# Another possible advantage of the N metalloligand
in the ACS active site is its hemilabile, ring-opening property
which generates an open site on the catalytic ntetal.
Interestingly there is a passage between ACS and its partner
carbon monoxide dehydrogenase (CODH), in the form of a
hydrophobic channel through which CO is directed from its site

of production in CODH to its site of utilization in ACBWhile
the evolutionary design in proteins produces channels through
protein folding, synthetic chemists may crudely mimic such
isolated catalyst sites by embedding active site mimics in solid
support$ Semiporous resin beads with solvent channels or
mlcrodomalns formed by lengthy poly(ethylene glycol) chains
permit attached catalyst site isolation with possibilities for
substrate size recognitién!! The goal of the work described
below is to lay the foundation for the use of natural metallo-
peptides as resin-bound ligands for potentially catalytically
active metals.

The structures of numerous inorganic polymetallic compounds
‘confirm the notion that NibS, complexes may be considered
as molecular construction units whose S-based aggregation
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properties can lead to unique, albeit largely unreactive,
clusterst?-14 This aggregative tendency can be controlled by
use of interacting electrophiles with low affinity for sulfur or

by steric blocks. The latter reaches a pinnacle in catalyst site
isolation found in proteins, as demonstrated by the ACS active

site.
Small molecule models of metalloenzyme active sites are

valuable as synthetic analogues of inorganic or organometallic

natural products with the potential for catalytic activiizrom

an array of di- and tetraanionic tetradentat&Nigands bound

to nickel(ll) we have established the following fundamental
properties of NiNS, complexes as metalloligands: (1) They
are good electron donors as established by {®) spectros-
copy of W(CO), derivatives!® (2) NiN,S, complexes can bind

Chart 1.2

?

A
[Ni{ema)W(CO),]*

c
[(Ni-1)Pd(Me)CI]

[(Ni-1)W(CO),]

a Abbreviations: Ni(emd& = nickel(ll) (N,N'-ethylenebis-2-mercap-
toacetamide)Ni-1 = nickel(ll) (N,N'-bis-2-mercaptoethyN,N'-diazocy-
clooctane).

as mono- or bidentate ligands, a property fundamental to as the free amine termini (0.4 mmol/g loading). Plastic-fritted syringes,

hemilability;>15 (3) the additional lone pair on each sulfur donor

10 mL, were used as reaction vessels to facilitate the multiple additions

site imposes an asymmetrical feature to this ligand quite unlike and removal of reagents and wash solvents. Mixing of beads and
other planar ligands. This steric feature is expressed in termseéagents was accomplished by an automated shaker.

of a hinge angle defined by the Nif, plane with respect to
the binding site of the exogenous metal. Most important to our
studies is the/(CO) spectroscopy of tungsten carbonyl deriva-
tives which can be used to identify Ni&, ligands. With this

Solution infrared spectra were recorded on a Bruker Tensor 27 FTIR
spectrometer using 0.1 mm NaCl sealed cells. The Pike MIRacle
attachment from Pike Technologies was used for Attenuated Total
Reflectance Infrared Spectra for solid-state samples—U¥ spectra
were recorded on a Hewlett-Packard HP8452A diode array spectrom-

database, we can demonstrate that the naturally optimizedeter. Mass spectrometry (ESI-MS) was performed by the Laboratory

Ni(CGCY ligand of acetyl CoA synthase behaves as a typical
NiN,S; ligand to W(CO) moieties k = 4, 5) and it can also

for Biological Mass Spectrometry at Texas A&M University. Elemental
analyses were performed by the Canadian Microanalytical Servies, Ltd.,

serve as an anchor for organometallics to polystyrene resinDelta, British Columbia, Canada.
beads. Through Attenuated Total Reflectance Fourier Transform ~ Synthesis of Resin-Bound [Ni(CGC) . The N-acylated CysGly-

Infrared Spectroscopy, ATR-FTIR, the solid-supported Ni(CGC)

Cys peptide was constructed on the TentaGel resin beads using standard

is readily detectable as metal-carbonyl derivatives matching Fmoc techniques. Deprotection of the Mmt (4-methoxytrityl) protected

assignments of/(CO) vibrational spectra to solution phase

analogues. Such an Aufbau of characterization permits exten-

sions to other resin-bound hybrid biological/organometallic

cysteine with minimal cleavage of the tripeptide from the resin was
accomplished via a 1:94:5 mixture of trifluoroacetic acid/dichloro-
methane/triisopropylsilane. The solution was deployed in 5 mL aliquots
at 5 min intervals until the deprotection mixture removed from the

moieties with the potential as isolated single site catalysts, e.9., peptide-bound resins was no longer yellow, indicating removal of the

{Ni(CGC)Rh(CO)}.
Methods and Materials

General. (Abbreviations for ligands used are found in Chart 1.)

cysteinyl Mmt thiol-protecting group. Following washes £35 mL
each) with pure CECl, and MeOH solvents, a basic solution of green
nickel acetylacetonate (25 mg, 0.1 mmoR2 mg, 0.4 mmol KOH) in

5 mL of dichloromethane was introduced to the resin bed. The light-

Solvents were reagent grade and were purified according to standardyellow color of the beads changed to a bright orange within 30 s. After

procedured® The Ni-1 (see Chart 1), Ni(CGC)] and cis-(pip),W-
(CO) (pip = piperidine) complexes were prepared as descriféd.

10 min, the solution containing the nickel source was removed, and
the beads were again washed with £OH solvent until the residual

Other reagents were purchased from commercial sources and used agashes were completely colorless. The beads were dried in vacuo and
received unless noted. Syntheses of air-sensitive Ni(ll) complexes werestored in a vacuum desiccator. They were frequently handled in air
performed under anaerobic conditions using distilled/degassed solventswith no apparent deleterious effects.

and standard Schlenk line techniques under an argon atmosphere. The Synthesis of Resin-Bound Ni(CGC)M(CO)"~, O—Ni(CGC)W-

preparation of KINi(CGC)W/(CO)] and KNi(CGC)W(CO}] followed
procedures developed for neutral N8 ligands®*®
Standard Fmoc Merrifield techniques were employed for all peptide

(CO)s>~, and O—Ni(CGC)Rh(CO),!". A portion of O—Ni(CGC),
was placed in a syringe, and @, was used to swell the resin beads.
A yellow solution of (pip}W(CO), in CH.Cl, was drawn up into the

syntheses. The solid supports, TentaGel-S RAM Fmoc resin-beadssyringe, and the mixture was agitated for 10 min on an automated

(Advanced Chem Tech) averaging 8fh in diameter, are composed
of polystyrene with cross-linking via divinylbenzene and grafted with
poly(ethylene glycol) bearing a Rink linker (trialkoxybenzhydrylamine)
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shaker. The color of the beads slowly changed from bright orange to
burnt yellow. The beads were washedX6L0 mL CHCl,) and dried
under a vacuumv(CO): 1967w, 1917s, 1850w cth An alternative
route to the same product utilized (THF)W(GO)

In the same way a red solution of (Rh(GO)), in MeOH/CHCl,
was exposed to the resin-bound nickel tripeptide. The resulting dark
red beads after washing and drying h&€O) at 2067s and 1990s
cm L,

Synthesis of [E4N]x[Ni(ema)Rh(CO),]x (x = 1,2), Complex E.
Under an Ar atmosphere, red solids (Rh(@Q),, vco (MeCN) 2097,
2026 cn1?, (30 mg, 0.077 mmol) and (Ht).Ni(ema) (80 mg, 0.154
mmol) were dissolved in 25 mL of GJ&N and stirred fo 1 h and
filtered through a Celite pad. A solid was obtained after precipitation
with ether, and removal of supernatant fluid via cannula yielded a red/
brown solid. Crude product yield was 0.0434 g (51%). Further
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Table 1. CO Stretching Frequencies (NiN2S;W(CO), in Dimethylformamide, DMF, and NiN2S;W(CO)s in Tetrahydrofuran, THF, Solvent)
and Calculated Force Constants (FC) for the W(CO)x (x = 4, 5) Derivatives of the Tripeptide Ni(CGC)?~ and the Ni(ema)?~ Complex lons?

N
N
Q\-—N\ 8k2 S= Nj-N
|I|,,._S IIII | . co \S)
N =Wy ke
s~ ~co oc.. Jvm,.....co
C
o0k, oc” | >co
g
K2[Ni(CGC)] 1988w, 1863s, 1845sh, 1793msTtm 2061w, 1974sh, 1917s, 1869m tin
FC (mdyn/A) ki = 13.43 ko = 14.92 k = 0.45 ki = 15.55 k, = 14.28 k = 0.36
[NEtg][Ni(ema)] 1986w, 1867s, 1837sh, 1791mdin 2060w, 1967sh, 1918s, 1868m cin
FC (mdyn/A) k= 13.41 k= 14.77 k = 0.46 ki = 15.56 k, = 14.28 k = 0.35

aThe vibrational mode assignments and the calculation of force constants are according to ref 20.

Lo
(o]

o 2- o N z N
N PPh,

oS Ne S Neutral (
;'Nl‘s ~ OﬂCN/N'\s > NiN,S, 2 (N > PPh,
o Z

0=C

i o bipy dppe

Ni(ema)* Ni(CGC)

Figure 2. Rank of electron donor ability as evidenced by (N®)W(CO) derivatives and their respectiv¢CO) IR bands and force constants; see ref 16.

purification involved redissolving the solid in GBH, precipitation
with ether, and removal of the supernatant fluid followed by further
washing with E2O. Due to air sensitivity, CO lability, and solvation
proclivity, efforts to obtain analytically pure compound were not entirely
successful. Crystals of crystallographic quality were obtained by
layering the acetonitrile solution with ether. ESI-MS (MeCHjNi(ema)-
Rh(CO}]}~ 420 (100%)»(CO) (CHCN): 2061s, 1996s cm. Anal.
Calcd (found) for [NEf]2[Ni(ema)(Rh(CO}),]-CHsOH or CssHsoNe-
Ni.OsRh:S,: C, 34.88 (35.85); H, 5.32 (6.91); N, 7.40 (6.98).

Preparation of [(Ni-1)Rh(CO),][PFe], Complex D. Under Ar a
sample of [Rh(CQXI], (0.0281 g, 0.072 mmol) was dissolved in 5
mL of CHs;CN resulting in a pale yellow solution. In a separate flask,
Ni-1 (0.042 g, 0.144 mmol) and TIRK0.0503 g, 0.144 mmol) solids
were mixed and dissolved in 10 mL of GEN. Cannula transfer of
the purpleNi-1 solution to the Rh source resulted in immediate
formation of an orange solution with a yellow precipitate of TICI.
Following 2 h of stirring the solution was filtered through Celite,
(CO) (CHCN): 2077s, 2017s cm. The solvent was removed in vacuo
leaving behind a red brown solid, with a crude yield of 0.013 g, 15.1%
yield. ESI-MS (CHCN): {[(Ni-1)Rh(CO}]} " 420 (100%). Diffraction
quality red needles were obtained by layering a concentratefLRH
solution with EtO. Anal. Calcd (found): C, 24.2 (24.5); H, 3.39 (3.49);
N, 4.71 (4.83).

X-ray Diffraction Analysis: Experimental conditions for data
collection and the crystal data are shown in the Supporting Information.
Complete reports for structur@andE are deposited in the Cambridge
Databaseld, E: CCDC No. 291355, 291353). Low temperature (110
K) X-ray diffraction data were collected on a Bruker SMART CCD-
based diffractometer (Mo Kradiation,A = 0.710 73 A) and covered

a hemisphere of space upon combining three sets of exposures.

Results and Discussion

Synthesis and Characterization of [Ni(CGC)][W(CO)]~
and [Ni(CGC)][W(CO) s]2~. According to Riordan’s repofg
we have prepared the CysGlyCys tripeptide derivative of nickel-
(1), and through analogous syntheses which produced the series
of NiN,S, derivatives of W(CO) and W(CO3), the Ky[Ni-
(CGC)W(CO)] (x = 4, 5) compounds were prepared and
isolated as yellow, air-sensitive noncrystalline sofidsThe
potassium salt of [Ni(CGC)W(CGJF~ was also synthesized via
the addition of a THF solution of W(CQ)THF), prepared by
photolysis of W(COy in THF, to a MeOH solution of K[Ni-
(CGCQ)]. Similarly, the [Ni(CGC)W(CQJ%~ complex anion was
prepared in DMF solution by displacement of the labile
piperidine ligands in (pipV(CO) by the thiolato donors from
K,[Ni(CGC)].1°

Thev(CO) IR bands and associated CO force constants given
in Table 1 for [Ni(CGC)W(CQ)]?~ and [Ni(CGC)W(CO3]?~
are similar to those reported for the analogous [Ni(ema)W-
(CO).5)%~ complexes (see Chart 1 for abbreviations). Shown
in Chart 1 are the molecular structures derived from X-ray
diffraction analysis of [Ni(ema)W(CQJ?~ (A) and the W(CQ)
and Pd(Me)ClI derivatives dfii-1, B, andC, respectively:> As
the [Ni(ema)W(CO3J%2~ compound has not been crystallized,
structureB serves as its neutral analogue.

The comparison of the/(CO) stretching frequencies and
calculation of the CottonKraihanzel force constants ranks the
donor ability of the Ni(CGC)~ ligand with that of the dianionic
NiN>S, complex, Ni(ema&)~, and better than the neutral NiSh

Structures were solved by direct methods. Programs used for data@S ligands; the latter are in turn better electron donors toward

collection and cell refinement, Bruker XSCANS; data reduction,
SHELXTL,; absorption correction, SADABS; structure solution, SHELXS-
97 (Sheldrick); structure refinement, SHELX-97 (Sheldrick); and
molecular graphics and preparation of material for publication,
SHELXTL-Plus, version 5.1 or later (Bruker).

the W(CO) fragments than are classical diphosphine or diimine
ligands, Figure 25 This ranking has been extended to com-
parisons ofv(CO) of o-phenanthroline and Ni}$, ligand
complexes of PHin [(L2)Pd(CO)(CEO)CHs]+.15 We conclude
that Ni(emaj~, with its carboxyamido nitrogens and its cis
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O H o 4 the beads developed into a bright orange. The orange beads
N N\ﬂ/ were dried and stored in a vacuum desiccator; however limited
(a) O‘H \8/\*' exposure to air caused no discoloration or difference to the
] SMmt SMmt reactions described below.

;’:g CF3COOH:HSiPr; A portion of the dryO—Ni(CGC)~ was swelled with Cht

Ha CHCl; Cl; and exposed to a THF solution of W(CQ¥hereupon the

Z | Ni(acac)z, KOH beads changed from bright orange to a burnt yellow. Several

B CH,Cl, washes with CHCI, solvent preceded vacuum-drying of the

beads prior to infrared analysis. That the last wash was free of
metal carbonyl was verified by its FTIR solution spectrum which
(b) O'"_ \ / showed the diatomic region (186@100 cnt?) to be clear of
‘( absorptions. The dried beads were placed on the sample plate
of the ATR-FTIR attachment. The resulting spectrum, Figure
3, showed a pattern match with THF solution phase [Ni(CGC)-
{THF)W(CO)s W(CO)s] ; the position of the intense E mode is identical. The
CHCl, 20 cnm! shift in position of the low frequency, medium intensity
Aq2 band, is attributed to ion-pairing effects, more operable for
this band which is associated with the CO group trans to the
S-donor. The high energy ;A band of the solution complex
was barely observable in the resin-bound analogue.

It should be noted that the addition of a greetl Bolution
to the peptide-free polystyrene resin beads, with both Fmoc
protected and deprotected N-termini, resulted in no change in
the color of the beads. Additionally, when (pidJ(CO), was
added to both sets of beads, no color change was observed and
there were no observabi¢CO) bands. Importantly, the addition
of Ni" to deprotecte@—CysGly, a potentially tridentate ligand,
produced deep red colored beads. Altogether these controls
suggest a cysteine peptide is required for binding nickel to the
resin. Furthermore, the CysGlyCys tripeptide creates g8 N
ligand with similar ligating properties to that of solution
L S I Ni(CGC)W(CO)?~ (x = 4, 5).

2000 1900 1800 An interesting contrast to the reactivity of the unsupported
Figure 3. (a) TheO—CGC; (b) the bright orange beads consistin@efNi- 9 y pp

(CGCF~ suspended in CHC; () the O—[NI(CGC)W(CO)2 and its  NI(CGCF™ with (pip)2W(CO) (which produces [Ni(CGC)W-
ATR-FTIR spectrum. (CO))%) was noted as follows: When (piy/(CO) in CHy-

Cl, was added to swelle®—Ni(CGCY~, the ATR-FTIR
dithiolate donors which induce a hinge effect at the bridging spectrum acquired was identical to the one obtained when
sulfurs, is a good model for the distal nickel,qNof the acetyl W(CO)(THF) was used as the tungsten carbonyl source. This
CoA synthase active site, Figure 1. It is similar in electron donor suggests that CO is released during the synthesis, possibly by
properties to the nickel-containing CysGlyCys tripeptide motif both the (pip)W(CO), precursor and the initial produ@t?and
which supports the organometallic chemistry at thg. Ni the released CO is taken up by anotferNi(CGC)W(CO)?".

Preparation of Resin-BoundO—Ni(CGC)W(CO)s2~. Fol- This CO-scavenging reaction occurred both within the confines
lowing the design of nature in the construction of the ACS active Of the closed syringe reaction vessel and when the derivatized
site, we strategized that the resin-bound CysGlyCys tripeptide Peads were placed in a larger Schlenk flask kept at constant (1
should capture a nickel ion in4S, coordination and that this ~ atm) pressure or bubbled with CO. The capture of CO leads to
O—Ni(CGCY might be detected by derivatization with W(GO)  the thermodynamically favored pentacarbonyl! prod@etNi-

(x = 4, 5). The TentaGel-S RAM solid support was chosen for (CGC)W(CO}?*", expected to be structurally similar Boabove.
this process as such resins are expected to contain microporou$lotably for both resin-bound and resin-free forms of the- Wi
domains and they are capable of excellent swelling in a range complexes, there is no evidence of further substitution of the
of solvents. The latter feature is crucial to the synthesis of Ni(CGCF~ by CO to produce W(C@) As found for neutral
peptides as well as derivatives of resin-bound peptides. ThusNiN2SW(CO) complexes, the Ni(CGE) is tenacious as a
according to the experiment depicted in Figure 3, and discussedmonodentate S-donor ligand to the 16-electron W(C€pe-

in detail in the Experimenta| Section’ 10 mL p|astic fritted cies>15The ATR-FTIR spectra of derivatized resin beads, stored
syringes were used as reaction vessels into which ca. 35 mg ofas dried solids without exclusion of air, are identical to those
TentaGel, polystyrene/poly(ethylene glycol) beads were placed. of freshly prepared samples, indicating stability at a minimum
The N-acylated CysGlyCys peptide was constructed on the resinof 2 weeks. Consistently, there is no discoloration of solvent
using standard Fmoc techniques. Following removal of the used to swell the stored beads.

cysteinyl Mmt protecting group, a basic solution of Ni(agac) Preparation of Resin-BoundO—Ni(CGC)Rh(CO),". Fur-

in CH,Cl, was introduced to the resin bed. Concomitant with ther derivatization of the resin-bound Ni tripeptide has been
bleaching of the green nickel solution, the light yellow color of directed toward metal carbonyl moieties of potential catalytic

(c)

6496 J. AM. CHEM. SOC. = VOL. 128, NO. 19, 2006
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ability. Analogous to diimine and diphosphine derivati¢és,
neutral NiNS; ligands form Ni-Pd binuclear complexes of od
(CHg), or Pd'(CHg3)(CI), structureC, which exhibit organo-
metallic reactivity of CO addition and insertion characteristic
of the CO/olefin copolymerization catalysis of polyketdh&he
rhodium(l) dicarbonyl unit, chelated by bidentate diimine or
diphosphine ligands, is also known to catalyze a range of
processes including intramolecular hydroamina®##¥,decar-
bonylation?4 and carbonylation of methan#-2” As an ana-
logue to the Pd complexes, RBO)," derivatives of Ni(CGCJ
were pursued.

Addition of a CHClI; solution of [Rh(CO)Cl], as the source
of RH(CO),* to samples of the solvent-swell€d-Ni(CGCY~
led to an immediate change in the orange color of the beads to
a dark purple/brown hue. Upon washing with ££Hp and drying
as described before, the ATR-FTIR spectrum of the beads
revealed two sharp bands of equal intensity at 2067 and 1990
cm™!, indicative of the A symmetric and B asymmetric
vibrational modes of the cis-CO groups at°%hgles [/Is =
tar? 0) as would be expected for a square plangRI§CO)
unit within the O—Ni(CGC)Rh(CO) bimetallic complex8

The ability of NiN,S; to bind to Rh(CO)"™ was corroborated
by synthesis of solution analogues that might be amenable to
isolation and crystal structure analysis. On mixing of acetonitrile
solutions of the red [Rh(CGIl], dimer and the dark red
[NEt4]2[Ni(ema)] compound, a purple/brown solution developed
within an hour. The/(CO) IR spectrum of this solution exhibited
two sharp bands of equal intensity at 2063 and 1992m
consistent with the expected [Nf{Ni(ema)Rh(CO)] product
and similar in pattern and position to the solid-state IR spectrum
of O—Ni(CGC)Rh(CO)". The negative mode of ESI-MS
corroborated the presence of Ni(fema)Rh(€Oyia the ap-
propriate isotopic bundle at 421%Vz. The analogous cationic
complex based on the neutral NiB complex, [Ni-1)Rh(CO}]-
[PFe], was similarly prepared by addition of [Rh(C£Q)], to
Ni-1 in CH3CN. The symmetrical two-band(CO) IR absor-
bances for the red-orangeNit1)Rh(CO)]* are positioned at
2085 and 2017 crt. The significant shift to higher frequencies
as compared to [NEJ[Ni(ema)Rh(CO)], and the O—Ni-
(CGC)Rh(COy is consistent with the charge differences in
the cationic vs anionic derivatives.

Both the [EtN]z[Ni(lema)Rh(CO)]. and [(Ni-1)Rh(CO}]-
[PFe] salts were crystallized and subjected to X-ray diffraction

analysis. The solid-state structures are given as thermal ellipsoid

plots in Figures 4 and 5 along with ball-and-stick drawings of
alternative views. In both structures the' Rhin S,(CO), square
planar coordination with cis CO groups. Th&li{1)Rh(CO)}]™*
cation is a simple heterobimetallic with a single N8 unit
serving as a bidentate ligand to 'Rh the same manner as the
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Figure 4. Two views of [(Ni-1)Rh(CO}]*, D, represented by a thermal
ellipsoid plot as well as a ball-and-stick drawing;esPFanion excluded.
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Figure 5. Two views of [(Ni-ema)Rh(CQJ,?", E, represented by a thermal
ellipsoid plot and a ball-and-stick drawing, with,Bt" cations excluded.

NiPd complex, structur€ above!® The Ni(emaj~ derivative,
however, crystallizes as a tetrametallic in which two Ni(etna)
units serve as bidentate bridges to two Rh(£€Q@pmponents.
The two SRh(CO) planes irE are largely eclipsed with a slight
deviation resulting in SRhRhS torsion angles averaging 16
Figure S1. The two fRh(CO) planes are also, for the most
part, parallel. The extrapolated intersection of these two planes
is 3.7.
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The intersection of NilS, and Rhg(CO), square planes of  resins’3° Nevertheless in both the heterobimetallic and the
cationD is 106", which is slightly larger than the 10Jangle heterotetrametallic [(NiBS;)Rh(CO)]x complexesX = 1,2) the
found in the Ni-1)Pd(Me)CI structureC above. An analogous S donors produce a ligand field about' Rt reflects the donor
hinge angle is defined for the tetrametallic struct&res the ability of the respective Nip&; ligands. Interestingly, the sulfur
intersection of a NiNS, plane with the best plane defined by  donors from the dianionic Nip&,, [Ni(ema)Rh(CO)~ or O-Ni-
S:Rhp. This turns out to be 10724and 98; as the two NiNS; (CGCY, create a Rh(CQJ moiety that has electronic proper-
units arrange to produce different angles with the dirhodium ties similar to those of Rh(C@)~ (»(CO) values of 2059 and
core. 1988 cn11),25 which is a catalyst precursor for the Monsanto

There are minor differences in the metric data between the Acetic Acid Process. Notably, the industrial catalysis invokes
free and bound Nib5; ligand. TheOs ni-s of 84.65(3 is the same key steps of methyl oxidative addition, CO insertion,
slightly smaller in compound than that of the free ligand,  ang ultimately reductive elimination, a process very similar to
i.e.,Ni-1, which is 89.4(1). The analogous angles in compound  the mechanism of ACSThe catalytic potential cb—Ni(CGC)-

E and its free ligand (Ni(emd)) are 98.82(5) and 97.44(8). Rh(CO)~ and solution analogues awaits exploration.
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