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Cyclometalated “pincer” complexes (Chart 1, A) have become Chart 1
important in the last 30 yeatspoth in the variety of known
compounds and in the range of their catalytic applicatidReaction

[/\ c
D Ne N-R
types now include diverse transformations: alkane dehydrogena- CgL X Y PhoR
|\T/||_,, .
D

tion,22Pactivation of small molecules (e.g., G®and N2%), C—X E—"’”—n 7MLy
bond formatioA¢ and activatior¥"d (X = C, N, O), polymerization N N-R th@
of alkyneg" and alkenes}i and transfer hydrogenation cataly&is. X \—/

Applications as sensd® and “molecular switche3™ have also D = PRy, NRy, OR, SR E=C(x=1)

emerged. E=N{x=0,1)

A few cyclometalated pincer N-heterocyclic carbenes (NHCS) ¢ pome 1.
(Chart 1, B; E= C) have recently been reported by Crabtraed
Danopoulos. RelatedC,N,C (NHC) pincers (Chart 1, B; E= N) e Q
have b_eer_l u_sed as catalysts in alkene ollgomerlzatlon and , Phy P-(;) PPhg + [RhCI(cod)l, —= 2 PR +2 [HC(PPhg),l[CI]
polymerizatior? Heck3a¢5 Sonogashirétransfer hydrogenatiot§;* Y
and oxidative cleavadereactions.

In extending our studies of phosphorus-stabilized pincer carbene
complexes of the late metal§we have investigated the chemistry  indicative of sg hybridization. The RR-C(1) bond (2.165(2) A) is
of the carbodiphosphoranes;F/R=C=PR; (R:P*—C? —"PRy). longer than those reported for RNHC complexes (2.082.10
Although a formal carbene resonance form (six valence electrons A)13 and can be regarded as a single bond. The -€®{}) and
on C) cannot be drawn for these compounds, we feel that they haveC(1)—P(2) distances are indistinguishable despite the asymmetry
strong (and underappreciated) parafiélswith Bertrand- and of the ligand. Comple can be formulated as a 16-electron Rh(l)
Arduengo-type carbenes in that they are stable, neutral, two-electroncomplex wherein the central C atom acts as a net neutral, 2-electron,
o-donors, with bent structures in the solid state, and have ylidic g-donor. The bidentate carbene ligand2ris reminiscent of our
resonance forms that place eight valence electrons on the “carbenic’C,N-bidentate bis(phosphoranimine) carbene complex of Pt (see
carbon. While the NHCs are recognized as “pupbsh” carbenéy Supporting Information, Figure SI).
and the Bertrand-type (phosphangilyl) carbenes as “push Reaction o2 with 2 equiv of PMg gave the Rh(lII)C,C,Cpincer
pull”,1! carbodiphosphoranes may be conceptualized as a~pull carbene complex, HRh(PMg[#3-C{ PhP(CsH4)}2] (3), in 85%
pull” variety considering that the positively charged phosphonium  yield (Scheme 2) by replacement of the cod ligand and a second
substituents withdraw electron density from the central, formally phenyl orthometalation event on the free RBhd of the ligand.
C2~ atom to give it a distinct carbenic character. Here, we describe Complex3 represents a distinctly new class of pincer complexes
new members of the small class GfC,C pincer complexes and  (Chart 1, C) and is the first example of a pincer carbene complex
introduce a unique category of pincer carbenes (Chart 1, C) which, derived from 1. The second orthometalation step is probably
unlike B, incorporates only a single carbene donor and two, as facilitated by (i) a strongr-donor contribution from PMgand (ii)
opposed to one, cyclometalated phenyl rings. Rh(Ill) and Pt(ll) displacement of cod to alleviate the requirement for the mutual cis
prototypes are presented, with the Rh case also yielding a Rh(l) orientation of ancillary ligands. Sud®,C,Cpincer systems are rare;
C,C bidentate carbene intermediate.

Treatment of [RhCI(cod)] (cod = 1,5-cyclooctadiene) with
PhP=C=PPh (1)'? gave (cod)Rhj*-C{ P(GH4)P}{ PPh}] (2)
in 78% yield and the phosphonium salt, [HC(BBKCI] (Scheme
1). Complex2 is air sensitive but is thermally stable under an inert
atmosphere to at least 8G. We propose an initial bridge splitting
coordination ofl to Rh followed by phenyl orthometalation at one
end of the ligand to form a putative hexacoordinated Rh{lIl)
hydride intermediate which is dehydrohalogenated by free

Structural characterization & (Figure 1) shows a Rh(l) atom
in a characteristic distorted squanglanar coordination geometry.  Figure 1. ORTEP illustration of the molecular structure &f (20%

Synthesis of 2

S
1 Phof” 4

2

The C(1) center is trigonal planar (sum of angkes360.0), ellipsoids) showing only cod H atoms and only tipso carbon atoms of
the phenyl rings, except for those in the orthometalated ring. Selected bond
t Hiroshima University. lengths (A) and angleg). Rh—C(1) 2.165(2), RR-C(12) 2.072(2), C(br
* University of Alberta. P(1) 1.692(2), C(:yP(2) 1.693(2), P(£yC(1)—P(2) 124.50(13).
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Scheme 2. Synthesis of 3
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Figure 2. ORTEP representation of the molecular structure8 ¢20%
ellipsoids). Only the hydride H atom is shown. All but tipso C atoms of

the phenyl rings are omitted except for those on the orthometalated rings.
Selected bond lengths (A) and anglés (Rh—C(1) 2.202(3), C(1}P(1)
1.672(3), C(1)P(2) 1.675(3), P(})C(1)—P(2) 138.32(18).

PhoR

=Pt=SMe,

Ph,P.

Scheme 3. Synthesis of 4
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we know of only two other reported types: a Pt complex of urs
(Figure S1) and three substitutional variants of a group of Pd
NHC complexes of type B (& C) from the groups of Crabtrée
and Danopoula¥

The Rh center ir8 has a distorted octahedral geometry (Figure
2). The RR-C(1) bond (2.202(3) A) is slightly longer than that in
2. The sum of the angles around C(1) is 359,88dicative once
again of sp hybridization. We formulat® as an 18-electron Rh-
(Il1) species in which the central carbon atom, again, acts as a
neutral, 2-electrong-donor.

Although the C(1)-P bonds ir2 and3 are in the range previously
reported for LM—C(PPh), complexes (M= Re, Ni, Cu, Au;
1.66-1.78 A)14those in2 (av 1.693(2) A) are slightly longer than
those in3 (av 1.674(3) A), indicating lower C(HP bond orders
in 2. The stronger RRC(1) bond in2 may act to reduce the
negative charge on C(1) and, consequently,stigionation from
C(1) to P. The P(£yC(1)—P(2) angle (138.32(18) in 3 is the
greatest throughout the range of complexes (#23.1-136.0),14
including 2 (124.50(13)).

Reaction ofl with [Me,Pt(SMe)], gave an analogou§,C,C
pincer carbene complex of Pt(Il#) directly via double orthometa-
lation with elimination of 2 equiv of Cil(Scheme 3). No inter-

mediate species were observed. The complex is stable in the same

fashion a2. Full details are given in the Supporting Information.
Preliminary DFT electronic structure calculatidhsising the
model complex, HRh(PE[73-C{ H,P(GsH4)} 2] (3'), revealed one
net bonding MO ofo symmetry with respect to the RtCcarene
axis, which is best described as a bonding overlap betweerfan sp
hybridized orbital on C and a d-orbital on Rh. The HOMO is
predominantly a Gmendd-Orbital with a small antibonding d-orbital

contribution on Rh (Figure S2). This picture is similar to that given
by Le Floch and co-workers for the HOMO of ttf&C,Spincer
carbene complex, (RR)Pd[Q PhP=S},].16 Calculated Mulliken
charges fo3' are Rh+0.26, Garene—0.87, P40.40 (including H
atoms), and Greny1 +0.17. Detailed calculations are in progress as
are reactivity studies of these new pincer carbene complexes.
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