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A Stable Dirhodium Tetracarboxylate Carbenoid: mational effect® inherent within a particular system can override
Crystal Structure, Bonding Analysis, and Catalysis electronic factors. When the latter operate, the selectivity of the
rhodium carbenoid intermediate is less predictable.
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While resonance forms representing metal-stabilized carboca-
Receied August 23, 2001  tions and metal carbenes in the classicat framework have

Revised Manuscript Receéd September 20, 2001  peen invoked to explain Rh-carbenoid chemidttje more recent
formulation of a double Half-bond model?1¢ appears to better
describe the RRC linkage. To substantiate the independent
existence of rhodium carbenoids and to more fully characterize
the Rh—Rh—C bonding, we report a combined X-ray crystal-
lographic and quantum chemical evaluation of the first stable
rhodium carbenoid intermediate.

Since the observation of an imidazol-2-ylidene by the Arduengo
group in 1991 a number of stable crystalline carbenes have
been describetf We reasoned that combination of a derivative
of the latter and a dirhodium(ll) tetracarboxylate catalyst would
deliver the desired metal complex. Accordingly, admixture of
carbene4!® (Rs = Me) and the Rh(Il) pivaloaté delivered
compound6 as wine-red crystals suitable for X-ray structure
determination.

Transition metal catalyzed reactionsootliazo ketonesl) are
a powerful means to synthesize complex polycyclic organic
frameworkst In particular, dirhodium(ll) carboxylate and car-
boxamide catalysts mediate a wide range of synthetic transforma-
tions such as cyclopropanatiérGC—H and X—H insertion3#*
aromatic substitutioh,and ylide formatiorf. Enantioselective
transformations promoted by chiral Rh(ll) complexes allow
construction of both carbocyclic and heterocyclic systems in
optically active form’1° and much effort has been directed
toward understanding the factors that control both regio- and
enantioselectivities1*?

The critical intermediate presumed to unify this body of
chemistry is an electrophilic rhodium carbenoid in which a metal
axial carbene adopts a linear RRh—C arrangement3 R, =
CORy). A growing number of examples demonstrate that the
reactivity of rhodium carbenoids is greatly affected by the

) S . R
electronic nature of the bridging ligand attached to the nietal. :<NI ® +  Rhy(t-BuCOO) 6
Accordingly, the reactivity-determining RIC interaction is Rs 2 M
regarded as highly polarizablé? although sterit* and confor- M 5
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Figure 1. KANVAS drawing?! of the X-ray structure of dirhodium(ll)
carbenoid6.
Table 1. Selected Bond Lengths (A) and Angles (deg) for

Rhodium Carbenoi@ Derived from X-ray Crystallography and
Alkyl-Truncated DFT Calculations with Two Basis Sets

Rh—C Rh—-Rh  N-C-N N—-C—-Rh-O*
X-ray 2.057 2.424 102.0 0:52.8
3-21G/ECPd 2.089 2.465 104.4 —-0.1
6-31G*/ECP4  2.110 2.461 104.3 —-0.2

a All geometry optimizations were performed with G-98 (Frisch, M.
J. et al. Gaussian 98, Revision A.3; Gaussian Inc.: Pittsburgh, PA,
1998).° O* is the midpoint between two oxygens bound to a given
Rh.¢3 (R; = Me, Rs = H). B3LYP on all atoms, LANL2DZ basis
set and ECP-2 core potentials on Rh as implemented in G-98.

The effective core potential calculations slightly overestimate
the Rh—C separation and the NC—N bond angle (Table 1).
Nonetheless, by comparison with previously optimized-Rh
bond distances for less stable carbene fragméntd;(= H, R,
= H, COR, 1.92-1.96 A)1216it is clear that the X-ray derived
2.057 A metat-carbon distance i is rather long. An under-
standing of this phenomenon follows from the douliialf-bond
model in which half of the RRC bonding electrons i (R; =
R, = H) derive from thes-donation of the KHC: lone pair to Rh
and half from z-back-donation at Rh to the empty carbon
p-orbital}?1In 6, z-electron repulsion by the flanking nitrogen
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with or without an all-electron treatmefshows slight polariza-
tion of the 4d electron shell, but uniformly places 7#@&1
electrons in it. Both metal sites are thus predicted to be be Rh(ll)
with clear-cut d configurations.

Is rhodium carbenoi® capable of catalyzing the transforma-
tions of a-diazo ketones analogous to ligand-free cata®psfn
intramolecular G-H insertion reaction{ — 8) and two intramo-
lecular alkyne cyclizations for diazo ketone substrates were
performed separately@(— 10; 11 — 12) in the presence of 1
mol % of 2 (Rs = CHs), 5, and 6 under the same reaction
conditions. Products and yields were identical in all three cases.
The most plausible mechanistic scenario is that the weak@Rh
bond engages in a dissociative equilibrium as pictured above
followed by subsequent reaction &fand diazo ketone. The
reactions then proceed normally. Although we have not recovered
elements of comple®, we presume that the small quantitity of
freed carbend (R = Me) reacts with diazo ketone to form the
corresponding diazine as observed in related systéms.
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In conclusion, the first stable dirhodium(ll) carbendchas
been isolated and its structure determined by X-ray crystal-
lography. The compound exhibits an increase in the-Rh
distance expected for carbene complexation, along with a
somewhat long and weak Ri€ bond. NBO population analysis

p-type lone pairs counteracts significant Rh-back-donation to the indicates the latter to be similar in character to that in systems

carbene center and is expected to weaken the@hond. NBO
population analysfd confirms this viewpoint. At the 6-31G*/
LANL2DZ level, 6 registers an RhC bond order of 0.5 (vs 1.0
for 3, R = R, = H) reflecting a bond-antibond interaction
betweens-C,p and a virtual orbital centered on both Rh atoms.
The well-developedr Rh—CH, interaction in3 (R; = R, = H)6

is, however, seriously diminished Gicompatible with the 50%
reduction in bond order. By contrast, bettand6 exhibit partial
mr-character around the carbenoid carbon with identicaC\bond
orders of 1.3.

incorporating more reactive carbenes, but with much reduced
metal back-bonding. Catalytically, compléxmost likely frag-
ments to carbend and the chemically active ligand-free Rh
carboxylate5. The postulated ease of dissociation is entirely
consistent with previous proposals for catalytic action3tgnd

its analogues.
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