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The chemistry of rhodium is generally associated with the Rh-
() and Rh(lll) oxidation states. Although many rhodium(ll)
dimers have been characteriZzetew monomeric rhodium(Il)
complexes have been isolatetiHerein we report the synthesis
and characterization of monomeric rhodium(ll) bis(oxazoline)
complexes bearing ne@-symmetric ligands. These new ligands
also enforce unsaturated coordination spheres for rhodium(lll),
giving rise to square pyramidal complexes.

Transition metal complexes witi,-symmetry, such as those
formed with bis(oxazoline) ligands, have proven to be versatile
catalysts for asymmetric transformatidrdn recent years, several
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benzene §S)-benboxMe) ligands(1a—h) (eq 1) which were
expected to resist metalation in the 4- and 6-positions of the
aromatic ring? These ligands were synthesized in a three-step
sequence fromm-xylene, using an amino alcohehitrile con-
densation similar to that reported by Witte and Bolm for the
phebox ligandd® Ligandsla—h were obtained as off-white or
yellow solids (41-96%).

OH 0O
CN R2>[ \Nj{/Rz
R NH; Ry )
Cd(OAC),2H,0, N-_R
CN  CHsCl, C TRy
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1a-h

a-series: Ry = Me, R, = H;
c-series: R, ='Pr, R,=H; d-series: R, = Bu, R, = H;
e-series: R, ='Bu, R, =H; f-series: R, = Ph, R, = H;
g-series: Ry = Me, R, = Me; h-series: R, =H, R, =H.

b-series: R, = Et, R, = H;

Addition of RhCk(H,0); to refluxing ethanolic solutions of
ligandsla—g led to the new cyclometalated rhodium(lll) pincer
complexestransRhCL((S,S)-benbox(M8)] (2a—g), and in some
cases to the unexpected rhodium(ll) complexestRhCL((SS)-

groups have explored the chemistry of ligands such as phEbOXbenbox(MQ)H)] (3e, 39 (Scheme 1). The rhodium(lll) complexes

(phebox= bis(oxazolyl)phenyl¥,which feature botiC,-symmetry
and the robust “NCN pincer” binding modé Our ligand design
was guided by preliminary molecular mechanics modeling, which
suggested that homologation of phebox would widen the ligand’s
N—Rh—N bite-angle. We predicted that a widening of this angle
would draw the oxazolyl alkyl groups closer to the metal center,
providing a well-defined, sterically congested chiral environment.
Thus, we prepared th&g)-bis(oxazolyl-methyl)-4,6-dimethyl-
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were isolated as orange, air-stable microcrystalline compounds
(8—59%). In contrast to previously reported “NCN pincer”
rhodium(lll) complexes (which were obtained as 18 valence-
electron HO adduct&®), compounda—h are coordinatively
unsaturated (vide infra). This unsaturation is presumably a result
of steric shielding of the open coordination site by the pincer
ligand.

Orange crystals of the bise-propyl-substituted complex were
obtained by layering a Ci€l, solution of2c with pentane at room
temperature. The molecular structure is shown in Scheme 1. The
rhodium atom occupies a square pyramidal coordination environ-
ment, with the aryl ring of the pincer ligand in the apical position.
The six-membered metaligand chelate ring results in an
N—Rh—N angle (178.01(13) much larger than that in the related
five-membered chelate complex, [RREBUNC)((SS)-ip-
phebox))] (157.3(2).5¢ Consequentially, the liganiso-propyl
groups are placed quite close to the metal center in conffiex
The Rh--C(21) (3.11 A) and Rh-H(C(21)) (2.38 A) distances
are consistent with a weak Rl interaction between thiso-
propyl group and rhodium.

Further evidence for interactions between the oxazoyl alkyl
groups and the rhodium center was obtained by infrared spec-
troscopy. Although no bands for a rhodidthydrogen interaction
were identified for complefc, the complex bearing aso-butyl
substitutent at the oxazoline ringd) shows two bands of medium
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Scheme 1. Structures and Reactions of Rhodium(ll) and plexes exhibit unusually high thermal stability (mp: 9193
Rhodium(IIl) Pincer Complexes °C (39); 190-192 °C (3g)), and are stable to air at room
temperature. The yield of the rhodium(Il) compl@eis improved
by running the reaction at low concentration, resulting in an
optimized yield of 57%.

The paramagnetism and mononuclearity of compl&esnd
3g were established using several spectroscopic and magnetic
techniques. X-band EPR spectra Rxand3g were obtained in
glassy frozen 2-methyl-tetrahydrofuran, yieldiggyalues ofg;
= 2.864,9, = 2.320, andyz = 1.903 for3g (spectrum obtained
at 57 K). Doublet splitting from the hyperfine interaction with

'-“,CLR1 A %}/Sz (\L\J{/Ez 0Rh (I = Y/,) was observed fog, (A; = 14.5 G) andgz (As =
RHE 2 mieRe ot 28.3 G). Complex3e also shows threg values: g; = 2.926,9,
N 2R CIN_R, CIN__R, = 2.307, andy; = 1.881 (spectrum obtained at 1.2 K). Re,
o~ Re o Re 6 Ry hyperfine coupling (doublet) t&#°Rh of only gz is observed4s
6b, 6¢ €O, 75°C 2 36, 39 = 23.7 Hz). Consistent with the asymmetrical coordination
a9 ’ environments around the rhodium centers in these complexes, the
o1 l EPR spectra for botBe and 3g are rhombicf
‘NC‘;"BU Complex 3g exhibits Curie-Weiss behavior between 5 and
“Rh—Cl 289 K, with an average magnetic moment of 2.00¢2) The
OC/NT‘BU 'BUNC, 1, Rcts 30 solution paramagnetism of the rhodium(ll) complexes was
o reflux determined by the Evans method, yieldpmg values of 1.87g
4d (3e) and 1.98uz (3g).** The solid- and solution-phase magnetic
o 9LR2 measurements are both consistent withSan %/, ground state,
\Nl..igu N"R, as expected for a monomeric low-spihrdetal complex.
rileneu Ne_R The molecular structure o8g is shown in Scheme 1. No
cn‘/fu Bu 4 j*«R‘z unusually close intermolecular contacts were observed, further
s OT 1a_h° confirming that the rhodium(ll) center is mononuclear in the solid

state. The geometry at the rhodium atom is approximately square-
. . . planar (maximum deviation of 0.137(2) A from the plane defined
strength (2764 and 2756 cH) in the agostic GH region:* by rhodium’s four ligands). The aryl group of the ligand is roughly
Reaction of2d with excess CO at 75C leads to the formation  parajiel (17) to the coordination plane of rhodium. The relatively
of [RNCL{(S9-ib-benbox(Mg)} (CO)] (4d) in 81% yield. The short rhodium-ipso-carbon distance of 2.575(5) A indicates an
corresponding reaction withBuNC at room temperature leads  agostic interation between these two atoms. Notably, this rhegium
to [RhCE{(SS)-ib-benbox(Me)} (t-BUNC)] (5d) in 82% yield carbon distance is somewhat longer than that in a related cationic

(Scheme 1). In both reactions, displacement of the-Rh  «pcp pincer” rhodium(l) complex containing am? agostic
interaction by the incoming ligand is indicated in the IR (fak Rhe+-C—H bond (2.273(5) A5

veo = 2070 ent?; for 5d vey = 2177 cnih). In conclusion, we have prepared a series of new NCN bis-
_ Treatment of benzene solutions 26 and 2c with Hy results  (gxazoline) pincer ligands, and applied these ligands to give
in formation of the hydride complexegb (85%) and6c (45%) unique, coordinatively unsaturated rhodium(lll) compounds and
(Scheme 1), in reactions analogous to those reported by Milstein opyst mononuclear rhodium(ll) complexes. We have found both
and Fryzuki® A distinctive feature of the produc@b and6cis the rhodium(ll) and rhodium(lil) complexes to be competent for

that their'H NMR spectra display coupling from the rhodium  asymmetric catalysis and will describe these results in forthcoming
hydride to the proton on thigso carbon of the aromatic ring publicationst®

(Jp—n = 2.5-3.1 Hz; confirmed by spin saturation transfer and
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