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Synthesis and Characterization of Rhodium(l) Boryl and Rhodium(lll) Tris(Boryl) Compounds:
Molecular Structures of [(PMe3)4Rh(B(cat))] and fac-[(PMe3s)sRh(B(cat));] (cat = 1,2-0,CgH )
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Transition metal monoboryl (MBR;) complexe$ have
received considerable attention due to their role in the metal-
catalyzed hydroboratidnof unsaturated organic substrates.
Recently, the first well-characterized polyboryl complexes
M(BRy), (n = 2,3) have been isolatéd® particularly from the
oxidative additio® of By(cat) (cat= 1,2-Q,CeH,) (1) and its
analogues to low-valent unsaturated metal fragments. This is
of importance with regard to the metal-catalyzed diboration of
alkyne$ and alkenésand the related formation of ArBpin
(Ar = aryl, pin= OCM&CMe,0) compoundsfrom ArX +
B,(pin), catalyzed by a Pd system.

In order to study the reactivity of the B bond in low-
valent, electron-rich, late metal boryl complexes, and to examine
the reversibility of the B-B bond oxidative addition process,
we sought to prepare a rhodium(l) boryl complex; the only
previous exampfe being the poorly characterized species
[(PPh)sRh(BBr)]. Our previous attempts to prepare Rh{I)
B(cat) compounds via reactions of [(PHRhH] or [(PLPCH-
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CH,PPr)Rh(3-2-Me-allyl)] with HB(cat)l%® resulted in the
formation of compounds such as [(PHRN]", [(PMes)sRh-
(H)2]™ and the zwitterion [(dippe)Rhf-(cat)B(cat))]. We
reasoned that reaction @fwith [(PMes)sRhMe] (2), however,
would likely lead to [(PMg)sRh(B(cat))] @) via oxidative
addition of the B-B bond followed by rapid reductive elimina-
tion of MeB(cat) 4) (eq 1).

—PMe;

[((PMey);Rh(Me)(B(cat))] (1)

[(PMe,) ,RhMe] + B,(cat),
2 1

PMe,
—MeB(cat)d)

[(PM%)4§h(B(Cat))]

Indeed, when this reaction was conducted using a 1:1 mola
ratio of 1:2 in heptane,3 and 4 were formed rapidly in
essentially quantitative yiell as evidenced byH, 1'B{'H},
13C{1H}, and3P{*H} NMR spectroscopy. The presencedof
in solution was confirmed additionally by ambient temperature
vacuum transfer of all volatiles to a separate vessel anc
subsequent examination of these by GC/MS.

Compound3 is fluxional in solution as evidenced by the
appearance of one doubletZ1.9 ppm,Jrp-p = 137 Hz) in
the room temperaturéP{H} NMR spectrum which displays
a sharp doublet of doublets-22.0 ppm Jrn—p = 157,2p_p =
48 Hz, 3P) and a broader overlapped doublet of quartel8 @
ppm, Jrn-p = 91, 2Jp_p = 48 Hz, 1P) at 193 K. The low-
temperature limiting spectrum indicates a trigonal bipyramidal
geometry with the B(cat) ligand occupying an axial site. This
structure was confirmed by single-crystal X-ray diffracfibn
(Figure 1, top). That the B(cat) group prefers an axial rather
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Figure 1. Top: view of the molecular structure of [(PN)gRh(B(cat))]

(3) with thermal elipsoids at 50% probablility and H atoms omitted
for clarity. Selected bond distances (A) and angles (deg): RIg()
2.047(2), Rh(1)}P(1) 2.3049(6), Rh(BP(2) 2.2891(6), Rh(HP(3)
2.3096(6), Rh(1}P(4) 2.3404(6), B(:yRh(1)-P(1) 87.32(7), B(Ly
Rh(1)-P(2) 83.07(7), B(1XRh(1)-P(3) 80.39(7), B(1}Rh(1)-P(4)
174.74(7). Bottom: view of the molecular structure of [(P)Bh-
(B(cat))}] (5) as above. Selected bond distances (A) and angles (deg):
Rh(1)-B(1) 2.055(4), Rh(1)B(2) 2.053(4), Rh(1)B(3) 2.061(4), Rh-
(1)—P(1) 2.3913(8), Rh(X)P(2) 2.3906(9), Rh(HP(3) 2.3920(9);
B—Rh—B 79.34(14)-82.05(14), P-Rh—P 94.42(3)-99.69(3).

than equatorial site suggeStshat it is a strongr-donor and a
poor s-acceptor (cf. [(PMg4Rh(C=CPh)])i1? if B(cat) were a
strongmr-acceptor, it would be expected to occupy an equatorial
site and to lie perpendicular to the equatorial plane in such a
d8-ML 4—B(cat) complex in order to maximize R¥B z-bond-
ing.

Direct reaction o2 with 2 equiv of1 generates the triboryl
complexfac-[(PMes)sRh(B(cat)}] (5)**in 95% yield with loss
of one PMg group and formation o# (eq 2). Reaction of

—MeB(cat) @)

[(PME‘@)42h(B(Cat))] @)

[(PMe;),RhMe] + B,(cat),
2 1

+B(cat),

fac-[(PMe;);Rh(B(cat)}]

—PMe;
5
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isolated3 with 1 equiv of1 also gives5 cleanly by3'P and'H
NMR. The only previously reportéditris(boryl) complexes are
[(8-arene)lr(B(caty] (6) derivatives, one of which was found
to react with 3 equiv of Pkt yielding fac-[(PEt)slr(B(cat))s]
(7) analogous to5. Compound5 is the first structurally
characterizet phosphine or Rh containing tris(boryl) complex
(Figure 1, bottom). Thdac-arrangement of the three B(cat)
groups is evidence of their very strotgnsinfluence which
is most likely a reflection of their strong-donating ability. In
fact, there are, as yet, no well character#®dais- or tris(boryl)
complexes in which two boryl groups occupy mutualigns
coordination sites.

In order to examine the possibility that the secondEBbond
oxidative addition 8 — 5) might be reversible5 was reacted
with one equiv of2 in the presence of one drop (excess) of
PMe; giving 3 + 4 in quantitative yields (eq 3). The simplest

fac-[(PMey);Rh(B(cat)}] + [(PMe;),RhMe]+ PMe,
5 2
(3)
— 2[(PMe;y),Rh(B(cat))]+ MeB(cat)
3 4

pathway consistent with eq 3 is the reductive elimination of
By(caty from 5 to give the transient complex [(PMeRh-
(B(cat))] which is rapidly trapped by PMéorming 1 equiv of

3, the free B(cat), then reacting witt2 as in eq 1 to give a
second equivalent & and 1 equiv o#4.

While studies of the reactivity o8 and 5 with organic
substrates and small molecules are in progress, as are studi
of the reaction o with other boron compounds, the preliminary
results described herein demonstrate the steedgnor ability,
strongtrans-influence, and poar-acceptor ability of the B(cat)
group, and the apparent reversibility of the-B bond oxidative
addition process, and provide a simple route to a novel electron
rich rhodium(l) boryl complex.
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(15) Crystal data fob: Cy7H39B30sPsRN0.5CGHg, M, = 733.90 triclinic,

P1, a=9.4861(9) Ab = 11.5356(11) Ac = 17.8907(18) Ao =
73.055(3), B = 83.211(2), y = 68.390(23, V= 1741.03) R, 2=

2, Dealca = 1.400 g cnt?, u = 0.668 mnt! (Mo Ka, 4 = 0.710 73

A), F(000)= 758, T = 160 K. Procedures as f@&; crystal size 0.48

x 0.40 x 0.38 mm,Omax = 25.74, 7712 reflections measured, 5643
unique Rnt = 0.0354), transmission 0.67D.936. Weightingw 1

= 04Fs?) + (0.063P)2 + 2.154P, geometrical and displacement
parameter restraints on toluene molecule disordered over inversior
center. FinaR,, = 0.1023 for all data, convention®= 0.0375 onF
values of 5433 reflections with,2 > 20(F.?), S= 1.050 for all data,

416 parameters, and 164 restraints. Final difference map betweer
+0.96 and—1.22 e A3,
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