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Controlled, Reversible Conversion of a Ketene be recoupled upon addition of chloride. This opens the way to
Ligand to Carbene and CO Ligands on a Single studying the fundamental interconversion illustrated by eq 1 in
Metal Center both directions on the same metal fragment ML

Our strategy for studying ketene cleavage was to prepare a
Douglas B. Grotjahn;* Galina A. Bikzhanovd, ketene complex with a ligand which could be easily removed
Laura S. B. Colling, Thomas Concoliné, under mild conditions. We hoped that removal of such a ligand
Kin-Chung Lami and Arnold L. Rheingold cisto the ketene would lower the formal electron count and result

in breaking the ketene ligand into carbene and CO ligaigi
each other. Our experience with ketene complexesof-CIM-
(PRy)2 (M = Ir'315 or Rh9 fragments has thus far involved
monodentate, bulky phosphines £ which two phosphines

i appear mutuallyrans to each other, leaving the two remaining
Receied January 24, 2000  coordination sitesrans, notcis as desired. Therefore, the use of

The formation of ketenes from metal-coordinated carbenes and® chelating diphosphine was explored. Combination of the
CO is implicated as a key step in several useful synthetic reactions.PhosphinetBul,PCHP(t-Bu); (dtbpm) with the iridium(l) dimer

Carbene-CO complexes (eq 1) can be used as sources of ketenel(4-ChIr(cyclooctene)] leads to a very air-sensitive cyclooctene-
intermediates in benzannulation reactidnketene-imine or free species, formulated as halide-bridged dithéfWhen this

ketene-alkene cycloaddition$pr electrophilic substitution reac-
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tions2 In a few cases, ketene ligands have actually been observed @ g?{P(F;?
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on single metal centers after coupling of carbene and CO ("BU)ZP\ el N
ligands*~® In contrast, the reverse reaction, cleavage of a ketene /Ir\/\ (EBUlP P(BY)
ligand to carbene and CO ligands, has never been seen on a single (t-Bu),P 2 NS 2
metal center, until this work. The interaction of ketenes with some 1 4

transition metal complexes has given carbene complexes, but these . . .

reactions have led tinuclear’® or trinuclear® carbene complexes ~ ligand exchange reaction is performed in the presence of
featuring a bridging carbene ligand, which is not related to ketene- diphenylketene, ketene compl@xs formed in 61% yield. The
forming reactions used in organic synthesis. Amoranawclear  7°-(C.C) binding of the ketene ligand i2 was suggested by the
systems, a few ketene complexes have been shown to decompos@rong IR absorption at 1728 cand the**C NMR shifts of

to meta-CO complexes and alkenes (probable carbene dimer- the ketene carbons [195.50 (db= 6.2, 3.5 Hz, G=C=C) and
ization products}®!! Starting with an iror-ketene complex,  23.6 (d,J= 47.5 Hz, G=C=C)].***>**Furthermore, the fact that
incorporation of externafCO into the bound ketene ligand has all four ortho protons appeared as a single resonance was
been seen, presumably by way of an undetected caf@@e  consistent with an>(C,C) complex, whereas ayt-(C,0) isomer
intermediaté? However, from these reactions a carbe@O (not shown) would have inequivalent phenyl groups. We note
complex has not yet been isolated. Here, we report such anthat the same phosphine and same ket_ene on I_\I|(0) gavoé an
occurrence for the first time. Removal of a chloride ligand from (C.0) complex!® The phosphorus nuclei i are inequivalent

a 16-electron k-ketene complex breaks the keteneC bond, (—8.39 and—22.39 ppm, two doublets, = 30.3 Hz). An X-ray
giving an Ir complex with carbene and CO ligands, characterized diffraction study verified the proposed structure (Figuré®Dply

by X-ray diffraction. Moreover, the carbene and CO ligands can the fifth structure of a ketene ip*(C,C) binding mode*~2*
Complex2 cannot be described as having square planar geometry.
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Figure 1. ORTEP diagrams a?. Thermal ellipsoids at 30% probability. Hydrogens have been omitted for clarity. Key bond distances (A) and angles:
C(1)-C(2), 1.488(7); C(1yO(1), 1.222(6); I+C(1), 1.986(5); 1+-C(2), 2.245(4); I1+-P(1), 2.3176(12); kP(2), 2.3833(11); kCI(1), 2.3941(12);
P(1)-Ir—P(2), 73.59(4); P(tyIr—CI(1), 152.16(4); P(2yIr—CI(1), 91.78(4). Figure 1b emphasizes the distortion from square planar geometry. Distances
of coordinated atoms from to the plane defined by P(1), Ir, and P(2): center of the Q@) bond, 1.206(5) A; C(1), 1.694(5) A; C(2), 0.716(5) A;
Cl(1), —0.976(2) A & and— values signify points on opposite sides of the plane).

The narrow P(LyIr—P(2) angle [73.59(4] enforced by the one-
carbon bridge of the diphosphine ligand is to be expettes.
However, the profound deviation from square-planar geometry
is shown by Figure 1b. The ketene=C bond [as defined by the cn2!
C(1)-C(2)-0(1) plane] is almost orthogonal (82)9to the
P—Ir—P plane. In2, the C-C bond of the ketene is the longest
reported amongy?-(C,C)-bound keteneg: 24

When an orange solution @in CD,Cl, or CH,Cl, is treated
with 1 equiv of AgPFk to remove the chloride ligand, darkening
of the solution color begins immediately. Spectral data indicate
that within 2 h, formation of the deep red-brown compkis
complete. Filtration and use of benzene allows crystallization of
31in 53% yield. A pure sample @ in solution is stable at room
temperature for several days. The ligand seBiis clear from
the spectral data. A CO ligand Bis indicated by IR %co 1999
cm!, very strong absorption) andlC NMR [181.63 ppm (d,
J = 78.6 Hz)] data. Most importantly, the presence of a carbene 129
ligand is secured by observation of a signal far d(_)wn_field at 326.1 Figure 2. ORTEP diagram o8. Thermal ellipsoids at 30% probability.
ppm (dd,J = 2.0, 60.9 Hz). The effect of a deshielding carbene yyqrogens and RF ion have been omitted for clarity. Key bond distances
ligand on the ipso carbons of the phenyl rings is shown by their (&) and angles (deg): #C(1), 1.996(8); Ir-C(14), 1.859(9); C(14}
downfield chemical shiftd 158.87 ppm), compared to 144.31 (1), 1.133(11); -P(1), 2.417(2); I-P(2), 2.391(2); P(B}Ir—P(2),
ppm for the same carbons &7° In distinct contrast to what is 72.92(7); P(1yIr—C(1), 101.1(2); P(2)Ir—C(14), 93.9(3); C(1)}Ir—
seen ir2, the crystal structure & (Figure 2§’ reveals a somewhat  C(14), 91.8(3).
distorted square-planar geometry: the central Ir and four atoms
directly bound to it are within 0.084 A of the plane defined by
those five atoms. The #CPh, distance of 1.996(8) A can be
compared to a shorter #C distance of 1.868(9) A in an Ir&
CH, complexX® and a similar distance of 1.997(5) A in an Ird)
dialkylcarbene comple®, and to the M=CPh, distances of
1.863(4) A intrans-(Cl)Rh(CPh)[Sb(-Pr)].® and 2.13-2.15-
(2) A in (CORW(CPH).3 The large diphenylcarbene ligand
experiences more steric repulsion with the neartyBR{, groups
than does the CO ligand [angle P{1)—C(1)= 101.1(2}, angle
P(2)-Ir—C(14) = 93.9(3y].

C{30)

Significantly, reaction of3 with chloride ion regenerate,
with the intact ketene ligand. Addition of a solution of the salt
[PhsP=N=PPR]Cl in CD,Cl, to a deep red solution &in CD,-

Cl, at room temperature led to loss of the carbene ligand, but
when the addition was performed a60 °C, with subsequent
warming to room temperature within 0.5 h, a brownish-orange
solution containing both ketene compl2x64%) and CO complex

4 (31%) was formed. Conditions for the regeneratior2dfom

3 have not yet been optimized, hilite results clearly show that
we hae found a system for studying both ketene e and
formation on a single metal center for the first tinfde extension
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