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Summary: The first stable rhodium complexing a -keto-
phosphenato ligand, which is a ha@ar congener of g-keto-
iminato ligand, has been synthesized and characterized. Com-
parison of properties between rhodiythketophosphenate®

and rhodiumB-ketoiminate4 revealed the unique character of
the -ketophosphenato ligand, where the trans influence of the
phosphorus atom should be stronger than the nitrogen atom of
the 3-ketoiminato ligand.

The coordination chemistry gi-diketiminato ang3-ketoimi-
nato ligands has attracted much interest especially in the field
of olefin polymerization based on late transitioin mefed3he
principal advantage ¢f-diketiminato angb-ketoiminato ligands
can be summarized as follows: (i) facile preparation, (ii) strong
coordination ability to the transition metal center as a monova-
lent and bidentate ligand, and (iii) steric effect afforded by the
substituent on the nitrogen atom(s). Particularlg;lketoiminato
ligand features unique properties due to its moderate coordina-
tion ability toward a transition metal center lying between
[-diketiminato (stronger) and Shiff base (weaker) ligands to the

based on the difference of the coordinating atoms (N andl O).
On the other hand, the coordination chemistry of phosphaalk-
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etc., around 1980, the idea of kinetic stabilization afforded by
bulky substituents has been proven to be very effective for the
construction of doubly bonded systems containing (a) heavier
atom(s)’ We have also reported the synthesis of a variety of
unique low-coordinated species of main group elements,
barticularly a series of doubly bonded systems between heavier
group 15 elements, AFEEAr (E = P, Sb, Bi), as stable
compounds by taking advantage of our original steric protection

enes, which are heavier analogues of imines, has drawn a greabroups, Tht and Bbt, and revealed their unique propetfes.

deal of recent attention due to their unique electronic properties
of the C=P double bond, whose characteristic low-lyinty
orbital makes it possible to work as a gameacceptor toward

a transition metal centéiHowever, it is difficult to isolate and

Recently, we have reported the application of a Tht group
toward the synthesis of an overcrowdedliketiminato ligand

(7) It has been demonstrated that heavier main group elements can form

handle such a low-coordinated phosphorus compound, since ita stable double-bond compound when they are appropriately protected by

is well-known that a double bond containing a heavier atom
such as a £C double bond is highly reactive to undergo facile
oxidation, hydrolysis, and self-oligomerization. Since the first
isolation of a stable phosphaalkene (Bickelhaupt et*ah),
disilene (West et alj,and a diphosphene (Yoshifuiji et af.),
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and its group 4 metal complex&During the course of our
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Table 1. Observed and Calculated Structural Parameters
for 2b, 4, 6, and 7

C4! Cs'
Ar___RA_
\IIE CIJ E=P,R=H
E=N,R=Me
R/C1\C Z/Cs\
observed calculatéd
2b 4 6 2b 7
bond E=P E=N E=P E=P E=N

lengths/A Ar=Tbt Ar=Dip Ar=Dmp Ar=Tbt Ar=Dmp
Rh—E 2.2404(8) 2.098(1) 2.300 2.332 2.136
E-C. 1.698(3) 1.325(2) 1.723 1.708 1.331
C1—C> 1.396(5) 1.419(3) 1.398 1.405 1.416
C—Cs 1.387(5) 1.372(3) 1.409 1.398 1.393
Cs—0O1 1.278(4) 1.289(2) 1.280 1.286 1.281
O;—Rh 2.043(2) 2.040(1) 2.095 2.089 2.064
Rh—C4 2.108(3)  2.116(2) 2.152 2.146 2.167
Rh—C/  2.119(4) 2.140(2) 2171 2.174 2.191
Rh—Cs 2.195(4)  2.152(2) 2.263 2.252 2.201
Rh—Cs'  2.173(4) 2.125(2) 2.242 2.214 2.174

2 Optimized at B3LYP/6-31G(d) (6-31G(3d) for Si, P; lanl2DZ for Rh).

stable rhodiung-ketophosphenat2b in 26% yield (from3b)
[Scheme 2 (a), eq 2]. In order to make a comparison of
properties betweefirketophosphenato arfiketoiminato ligands,

investigations on the low-coordinated species of heavier group rhodium S-ketoiminate4 was synthesized by the reaction of

15 elements and the extremely budiketiminato ligand, we
designed novelS-ketophosphenato ligand$, which have
features of botlf-ketoiminato and low-coordinated phosphorus

the corresponding lithiuni-ketoiminate, which was generated
from B-enaminoketon&,® with [RhCl(cod)} [Scheme 2 (b)].
Structures of the rhodium complex@g and4, were revealed

ligands!12We report here the synthesis and properties of stable by the X-ray crystallographic analysi,and the observed

rhodium-cod -ketophosphenate® as touchstones for the
elucidation of the properties gkketophosphenato ligands,b.

Precursor8a,b were synthesized as shown in Scheme 2 [(a),
eq 1] Deprotonation reaction &awith LDA in THF afforded
lithium f-ketophosphenate [Li(OBt1a], which was character-
ized by spectroscopic and X-ray crystallographic analy$és.
was found that the €C moiety of3a rotated to form a cyclic
structure with the central lithium atom coordinated by P and O
atoms through lithiation. The reaction of [Li(Ofgtla with
[RhCl(cod)} resulted in the formation of rhodiutketophos-
phenate2a in 98% yield [Scheme 2 (a), eq 2]. In contrast to
the case of lithiation 08a, the reaction o88b with LDA under

structural parameters are shown in Table 1. Comglexvas
found to possess an%hybridized phosphorus atom on the basis
of the almost planar geometry (the sum of the angles around
the P atom is 359%. In addition, it was found that botBb
and4 possessed an almost planar structure for the central six-
membered ring moietyfRh—O—C—C—C—E—] (E = N and

P), where every bond length of the central hexagonal rings was
in the range of values between those of the corresponding single
and double bonds, suggesting their delocalized cycktectron
systems. It should be noted that the two kinds of-&ifcod)
distances ofb were apparently different from each other; that
is, Rh—C4 and Rh-C4 were shorter than RRC5 and Rk-

the same conditions afforded a complicated mixture, as judgedCs, although those oft were similar to each other. These

by theH and3P NMR spectra. Although the purification and
identification of the resulting products were unsuccessful, the
addition of [RhCl(cod)] to the reaction mixture in situ gave
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structural features suggested the stronger trans influence of the
phosphorus moiety @i-ketophosphenato ligarih as compared
with its oxygen moiety, in contrast to the similar degree of trans
influence of N and O atoms in theketoiminato ligand. Such a
unique unsymmetrical electronic featurefbketophosphenato
ligand 1b suggests the higlw-donating ability due to the
electropositive phosphorus atom and the low-lyirigorbital
of the sp-hybridized phosphorus atom, making the back-
donation from the rhodium stronger.

Theoretical calculations have been performed for the model
molecules bearing a less hindered substituent (Bmg,6-
dimethylphenyl) instead of a Tbt or Dip group, i.e., rhodium
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Figure 1. (a, b) ORTEP drawing d2b with thermal ellipsoid plots
(50% probability). Hydrogen atoms are omitted for clarity. (c)
Optimized structure 06. (d) Optimized structure a2b.

B-ketophosphenaté and rhodium -ketoiminate 7.17 The
optimized structural parameters @f were similar to those
observed for4, indicating that the relatively bulky Dip group
have a lesser effect on the structure of the rhodfdketoiminate
skeleton. However, the optimized structuresaghowed a bent
structure for the central six-membered ring moiety, in contrast
to the observed planar structure2i. Although the C-C and
C—0 bonds of6 were found to be highly conjugated, as judged

Organometallics, Vol. 26, No. 15, 203623

should be characteristic of pybridized phosphorus atori$.

In the 13C NMR spectra oRa,b, the chemical shifts of £and

Cs' (96.5 for2a, 96.0 for2b) were observed at lower field region
than those of ¢and G' (64.7 for2a, 64.4 for2b) (the atom
numberings are according to those shown in Table 1). Thus,
the NMR spectra oRab also demonstrated the stronger trans
influence of the P atom than that of the O atonpHietophos-
phenato ligand4. On the other hand, tHéC NMR spectra of
rhodium -ketoiminate4 showed the signals for itsGCy')

and G (Cs') atoms at 75.9 and 81.6 ppm, respectively, indicating
the similar degree of the trans influence of the O and N atoms
in the g-ketoiminato ligand.

Heating of rhodiums-ketophosphenat@b in the presence
of norbornadiene (10 equiv) ingDg at 40°C for 5 h afforded
the corresponding diene-exchange prodRi@imost quantita-
tively, though no diene-changed reaction was observed in the
case of heating of rhodiumi-ketoiminate4 under the same
conditions. The lower barrier of the diene-exchange reaction
of 2b than that of4 would be due to the strong trans effect of
the P atoms of thg-ketophosphenato ligantb.

In conclusion, the first stable rhodiuftketophosphenates
2a,b have been synthesized, and their unique properties due to
the intrinsic nature of the 3ghybridized P atom have been
revealed on the basis of the comparison with those of rhodium
p-ketoiminated. The unique unsymmetrical trans influence of
pB-ketophosphenato ligandswas suggested by spectroscopic
and crystallographic analyses, where that of the phosphorus
moiety should be stronger than the oxygen moieties, in contrast

by their bond |engths1 the phosphorus atom showed a pyramida|t0 the similar degree of trans influence of both sides of N and

geometry (the sum of the angles around the P atom is 347.1
which is indicative of its sphybridization. Therefore, it can be
concluded that the extremely bulky Tbt group plays two
important roles as follows: (i) kinetic stabilization for the
reactive spphosphorus center and (ii) steric effect of the upright
geometry of the two CH(SiMg, moieties atortho positions
for keeping the planar structure of tie&ketophosphenato ligand
with an sp-hybridized phosphorus atom and preventing the
phosphorus atom from pyramidalization. Actually, the theoreti-
cally optimized structure of the real molecuBb showed
structural parameters similar to the planar skeleton experimen-
tally observed for the central six-membered rin@bf(the sum

of angles around the P atom is 359.8"18The31P NMR spectra

of 2ab showed doublet signals at relatively low field, 123-&n

= 174 Hz) and 120'0prn= 175 Hz) ppm, respectively, which

O in the -ketoiminto ligand. The3-ketophosphenato ligands
1lab should be unique and useful ligands. Further investigation
of their chemical reactivity and catalytic abilities of the newly
obtained metal complexes is currently in progress.
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