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Abstract: Novel dinuclear rhodium
complexes of the general composition
[Rh,Cl,(u-CRR’),(u-SbiPr;)] (4-6)
were prepared by thermolysis of
the mononuclear precursors trans-
[RhCI(=CRR')(SbiPr;),] in excellent
yield. The X-ray crystal structure anal-
ysis of 4 (R=R’'=Ph) confirms the
symmetrical bridging position of the
stibane ligand. Related compounds
[Rh,Cl,(u-CPh,)(u-CRR)(u-SbiPr;)] (7,
8) with two different carbene units
were obtained either from trans-
[RhCI(=CPh,)(SbiPr3),] @ and

4and 5(R=R'=p-Tol) or4and 6 (R=
Ph, R’ = p-Tol), respectively. While CO
reacts with 4 to give the polymeric
product [{RhCI(CPh,)(CO)},] (9), tert-
butyl isocyanide replaces the bridging
stibane and yields [Rh,Cl,(u-CPh,),-
(u-CNrBu)] (10). The reaction of 4 with
tertiary phosphanes PR; leads to com-
plete bridge cleavage and affords
the mononuclear compounds trans-
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[RhCI(=CPh,)(PR3),] (11-15). In con-
trast, treatment of 4 with SbMe; and
SbEt; yields the related triply bridged
complexes [Rh,Cl,(u-CPh,),(u#-SbR;)]
(16, 17) by substitution of SbiPr; for
the smaller stibanes. The displacement
of the chloro ligands in 4—6 and 10 by
n-cyclopentadienyl gives the dinuclear
complexes  [(1°-CsH;s),Rh,y(u-CRR'),]
(18-20) and [(*-CsHs),Rhy(u-CPhy),-
(u-CNrBu)] (21), of which 18 (R=R'=
Ph) was characterized crystallographi-
cally.

RR'CN, or by a conproportionation of

Introduction

Lewis bases of the general composition ER;, where E is
phosphorus, arsenic, or antimony and R an alkyl or aryl group,
have widely been used as ligands in transition metal chem-
istry.l! With regard to the coordination capabilities of ER; the
common rule (discussed in textbooks,”) monographs,! and
reviews!¥) is that the metal—ligand bond strength decreases
along the series M—PR; > M—AsR; > M—SbR;, and that in
contrast to CO or isocyanides tertiary phosphanes, arsanes,
and stibanes behave only as terminal but not bridging units.!

We have found that this rule has to be revised with regard to
trialkylstibanes. In the continuation of our studies on the
reactivity of square-planar carbenerhodium(l) compounds
trans-[RhCI(=CRR')(L),],l®)  we  observed—absolutely
unexpectedly—that the bis(stibane) derivatives trans-
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[RhCI(=CRR')(SbiPr;),] generate dinuclear rhodium(i) com-
plexes with Rh(u-SbiPr;)Rh as a molecular fragment upon
heating.! Herein we describe in detail the preparation,
molecular structure, and reactivity of these new rhodium
compounds with bridging stibane ligands and also give an
outlook of the direction this chemistry could be extended.
Some preliminary results have already been communicated.”

Results and Discussion

Synthesis and structure of the stibane-bridged complexes: The
starting materials 1-3, which have been prepared from trans-
[RhCI(C,H,)(SbiPr;),] and diaryldiazomethanes,® react on
warming in benzene to give, after chromatographic workup,
the dinuclear complexes 4-6 in about 80 % yield (Scheme 1).
Under the same conditions, the bis(phosphane) derivatives
trans-[RhCI(=CRR")(PX;),] (X;=iPr;, iPr,Ph, Ph;) are quite
inert and, even after stirring a solution of these compounds in
benzene for two days, the starting material is recovered
unchanged. Since during the thermolysis of 1-3 the formation
of free triisopropylstibane was observed, we thought origi-
nally that one SbiPr; ligand from the precursors 1-3 had been
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Figure 1. Chemical shifts of the signals for the protons and carbon nuclei of the isopropyl groups in the NMR spectra of compounds 1 and 4 (in C¢Dy).
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Figure 2. Newman projections of the configurational isomers of compound 6 viewed along the Cl-Rh-Rh-Cl axis.

eliminated and two of the resulting 14-electron species
[RhCI(=CRR')(SbiPr;)] had formed a dimer with either
chloro or diarylcarbene bridges. Although this does not occur,
it is nevertheless conceivable that the supposed dimer
[{RhCI(=CRR")(SbiPr;)},] with two bridging carbene ligands
is generated as an intermediate which on subsequent loss of
one stibane affords the final product.

The dinuclear compounds 4-6, the composition of which
was confirmed by elemental analysis, are red crystalline solids
that are readily soluble in benzene, toluene, and dichloro-
methane. Most remarkably, they decompose only above
180°C. The spectroscopic data of 4—6 differ significantly
from those of the precursors 1-3 insofar as in the 'H NMR
spectra the signal of the SbCH protons appears at higher field
relative to that of the SbCHCH; protons, while in the
BC NMR spectra the SbCH resonance is observed at lower
field than that of the SbCHCH; carbon atoms (Figure 1).

4472
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Another characteristic feature
is that in contrast to 1, in com-
pound 4 the phenyl groups are
spectroscopically inequivalent
which is illustrated in particular
by the double set of signals for
the C¢Hs carbon nuclei. Re-
garding the less symmetrical
Ph C/ _Ph complex 6, the *C NMR spec-

‘|: ¢ trum reveals that all three
possible isomers syn-—syn,
syn—anti, and anti—anti (Fig-
ure 2) with different orienta-
tions of the aryl groups are
present. Based on the observa-
tion that upon stirring a solution of 6 in CsD4 for 12 h the
intensity of the resonances for the carbene carbon atoms of
the three isomers at 6=188.0, 1879, and 187.8 remain
unchanged, we conclude that under the conditions the
isomeric mixture is already at equilibrium.

The X-ray crystal structure analysis of 4 (Figure 3) confirms
the hitherto unknown capability of trialkylstibanes to behave
as bridging ligands and to form two metal—antimony bonds.
Quite surprisingly, there is almost no influence of the bridging
function of the stibane on the Sb—C bond lengths and, despite
the increase of the coordination number of antimony to five,
on the C-Sb-C bond angles (cf. C14-Sb-C16 98.3(1)° in 4 and
100.2° (average value) in 1). The Rh—Rh distance in 4
(2.5349(5) A) is relatively short and indicative of a direct
metal—metal interaction. Equally short Rh—Rh bond lengths
have been found in other carbene-bridged dirhodium com-
plexes of the type [Rh,Cl(py),(#-CPh,),(u-CO)]® and

1,4 Ph Ph
2,5| p-Tol p-Tol
36 Ph  p-Tol

SbiPr;

p-Tol p-Tol

anti—anti
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Figure 3. Molecular structure of 4. Principal bond lengths [A] and angles
[°] (with estimated standard deviations in parathenses): Rh1—Rh2
2.5349(5), Rh1-Sb 2.6868(5), Rh2—Sb 2.6695(5), Rh1-CIl1 2.300(1),
Rh—CI2 2.294(1), Rh1—C1 2.000(3), Rh2—C1 2.007(3), C1—C2 1.504(4),
C1—C8 1.507(5); Rh1-Sb-Rh2 56.49(1), Sb-Rh1-Rh2 61.41(1), Sb-Rh2-Rh1
62.10(1), Sb-Rh1-C1 90.24(9), Sb-Rh2-C1 90.59(9), Rh1-Rh2-CI2
176.35(4), Rh2-Rh1-CI1 175.45(4), CI1-Rh1-Cl1 877(2), C1-Rh2-Cl
87.3(2), Rh1-C1-Rh2 78.5(1), Rh1-Rh2-C1 50.63(9), Rh2-Rh1-C1 50.9(1),
Rh1-C1-C2 115.5(2), Rh1-C1-C8 114.8(2), Rh2-C1-C2 114.5(2), Rh2-C1-
C8 118.4(2), C2-C1-C8 111.5(3), C14-Sb-C16 98.3(1).

[(CsHs),Rh,(1-CPh,),(1-CO)].1"! Noteworthy are the signifi-
cant larger Rh—Sb distances in 4 (2.6868(5) and 2.6695(5) A)
if compared with those in 1 (2.5843(5) and 2.5633(5) A),[6!
which is in agreement with the bridging position of the stibane
ligand. Although the Rh—C_ e, bond lengths in 4 are also
elongated (by ca. 0.14 A) compared with those in 1, they are
nevertheless considerably shorter than in [(CsH;),Rh,-
(u-CPhy),(u-CO)]  (2.094(6) A)® and  [{(dppe)RhCl},-
(u-Cl)y(u-CH,)] (2.057(3) A; dppe = 1,2-bis(diphenylphos-
phanyl)ethane).l'’). The arrangement of the CI-Rh-Rh-Cl
moiety is nearly linear, the somewhat slight bending away
from the antimony atom being possibly due to the steric
repulsion between the chloro ligands and the bulky isopropyl
groups. The Rh—Cl distances in 4 (2.300(1) and 2.294(1) A)
are significantly shorter than the Rh—Cl distance in 1
(2.452(1) A),”® which could be due to the reduced trans
influence of the bridging units compared to the terminal
carbene ligand in 1.

Studies concerned to the ability of the starting material 1 to
undergo C—C coupling reactions with various substrates
offered an alternative route to dinuclear rhodium complexes
with a bridging stibane ligand. While attempts to connect the
CPh, unit of compound 1 with CH, or CH(CO,Et) by using
CH,N, or CH(CO,Et)N, as a carbene source did not generate
the corresponding olefin but gave a mixture of products
(which were not exactly identified), treatment of 1 with (p-
Tol),CN, or Ph(p-Tol)CN, led under the same conditions
(diethyl ether, 25°C) to the formation of the more unsym-
metrical dithodium complexes 7 and 8 in about 75% yield
(Scheme 2). Compounds 7 and 8 are also accessible by
conproportionation of equimolar amounts of 4 and 5 or 4
and 6, respectively. Although the structure and bonding of the
starting materials 4—6 is probably very similar, it is quite
remarkable that after stirring a solution, for example, of 4 and
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5 in diethyl ether for 5 h at room temperature instead of an
equilibrium mixture of 4, 5, and 7 in the ratio of 1:1:2 the less
symmetrical product 7 is obtained nearly quantitatively.
Moreover, we note that in contrast to 1 the dinuclear complex
4 is inert toward (p-Tol),CN, and does not form either 5 or
one of the olefins R,C=CR’, (R, R’ =Ph, p-Tol).

Reactions of the stibane-bridged complex 4 with Lewis bases:
Taking into consideration that 4 is a 26-electron compound
and appears to be not only electronically but also coordina-
tively unsaturated, we anticipated a pronounced reactivity of
the stibane-bridged dirhodium complex toward Lewis bases.
This has been confirmed by a variety of experiments. Whereas
4 is inert toward ethene, phenylacetylene, and 2-butyne even
under UV irradiation, it reacts with CO in benzene at room
temperature to afford a brick-red solid that is practically
insoluble in all common organic solvents. Since the ele-
mental analysis is consistent with the composition
[{RhCI(CPh,)(CO)},] (9) we assume that the (presumably
polymeric) product is identical to that obtained by Sonoga-
shira et al. from [{RhCI(CO),},] and diphenylketene.['!l While
these authors proposed for 9 a structure like A, we think that a
structure like B (see Scheme 3) is also conceivable. The
reason why in contrast to 4 the analogous bridged carbonyl
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complex is not monomeric could be that the steric repulsion
between the bulky triisopropylstibane and the four bridging
chloride ions (in the polymeric structure) prevents the
formation of a polymer. An argument in favor of structure
B is that the compound reacts with NaC;H; to give [(’-
C;sH;),Rh,(u-CPh,),(u-CO)] and with pyridine to afford
[Rh,CL(py),(-CPh,),(u-CO) .1

Treatment of 4 with an equimolar amount of CN7Bu yields
the isocyanide complex 10 (Scheme 4), the proposed compo-
sition of which is supported by the elemental analysis and the
mass spectrum. Similarly to the CO derivative 9, the

1Bu

iPr -

iPr S'b ~iPr I

c

TN CNiB
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Scheme 4.

isocyanide-bridged compound 10 is also thermally quite
stable, but in contrast to 9 moderately soluble in common
organic solvents. In the IR spectrum of 10, the CN stretching
mode is observed at relatively high wavenumbers indicating
that the C—N linkage possibly exhibits some triple-bond
character. Although we are not sure that the isocyanide ligand
is in a bridging position, we consider this as most likely
regarding the structure of the substitution product 21 which is
discussed below.

Attempts to replace the stibane ligand in 4 by a bridging
PiPr; unit failed. Compound 4 reacts with one equivalent of
triisopropylphosphane to give the carbenerhodium(r) complex
11 in about 25% yield. With four equivalents of PiPr;, the
mononuclear product is obtained almost quantitatively. Other
tertiary phosphanes such as PiPr,Ph, PiPrPh,, PPh;, and
PMePh, behave similarly (Scheme 5). The resulting four-
coordinate rhodium() compounds 12-15 (which in each case
are exclusively formed) were already known and had origi-
nally been prepared from 1 and the corresponding phosphane
by ligand exchange.[®®! Although we did not succeed by using
variable-temperature NMR spectroscopy to detect a phos-
phane-bridged intermediate in the reaction of 4 with PiPr; or
the less bulky PPh;, the existence of a species of this type

PR,
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4
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e _p
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should not be excluded. Theoretical work (based on geo-
metrical optimisations with the ZINDO method)!'? at least
indicate that a molecule like [Rh,Cl,(u-CPh,),(u-PiPr;)]
should be stable and could be structurally related to the
stibane-bridged complex 4.l In this context we note that
some years ago van Leeuwen and co-workers reported the
synthesis and structural characterization of a palladium()
dimer with 1,3-bis(diphenylphosphino)propane as ligand in
which one phosphorus atom occupies an asymmetrical bridg-
ing position.['4l

Under the same conditions under which the mononuclear
compounds 11-15 are formed from 4 and PR;, the stibane-
bridged complex 4 is completely inert toward AsiPr;. How-
ever, the SbiPr; ligand of 4 can be replaced by SbMe; or SbEt;
without destroying the CL,Rh,(u-CPh,), part of the molecule.
The reactions of 4 with the smaller stibanes proceed relatively
fast in benzene at room temperature and give the dinuclear
complexes 16 and 17 (see Scheme 5) as red, moderately air-
stable solids in about 90 % yield. It is worth mentioning that
the SbMes-bridged compound 16 is thermally even more
stable than the SbiPr; counterpart and decomposes at 242°C!
The above-mentioned theoretical work supports the assump-
tion that the surprising stability of the novel dirhodium
species 4—8 and 16, 17 might be due to the presence of the aryl
groups at the bridging carbene ligands which could interact
through m donation with the electronically unsaturated metal
centers.[3]

Doubly and triply bridged rhodium complexes with two (77°-
CsHs)Rh units: Both the stibane-bridged compounds 4-6 and
the isocyanide-bridged analogue 10 react with NaCsHs in
THF by substitution of the chloro ligands for cyclopentadien-
yl. After removal of the solvent and chromatographic workup
of the reaction mixtures the dinuclear complexes 18-21
(Scheme 6) were isolated as violet solids in good (18-20) to
moderate (21) yields. The elemental analyses, the mass and
the NMR spectra confirm that while upon treatment of 4—6
with NaC;Hj; the stibane ligand is eliminated, in the corre-
sponding reaction of 10 the isocyanide bridge is preserved.
This different behavior points to a lower thermodynamic
stability of the Rh(u-SbiPr;)Rh compared with the Rh-
(u-CNrBu)Rh unit. Attempts to generate the dinuclear
complex [(7°-CsHs),Rhy(1-CPh,),(u-SbiPr;)] by addition of
triisopropylstibane to 18 failed. Compound 18 is known and
has previously been prepared by
abstraction of CO from the car-
bonyl-bridged  species  [(’-

PR,

B | e C5Hy):Rhy(u-CPhy ), (u-CO)] 211
Ph 13 | PiPtPh, Regarding th.e NMR de‘lta of
14| pen, 18-20, a typical feature is that
15 | PMePn, the BC-!%Rh coupling constant

of the triplet resonance for the
CR, carbon atoms is significantly
larger (ca. 42-43 Hz) than in the
R case of the stibane-containing pre-
cursors 4-6 (ca. 26 Hz). The cor-

17| B responding value of 'J(*C,!®Rh)

p’ 16,17 for 21 is 24.8Hz indicating

Scheme 5. that the coupling constant de-
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creases by expanding the doubly bridged to a triply bridged
system.

The result of the X-ray crystal structure analysis of 18 is
shown in Figure 4. The asymmetric unit contains besides the
unsymmetrical dimer (drawn in the molecular diagram) two
halves of two symmetrical dimers which possess a center of
inversion at the midpoint of the Rh-Rh axis.['"] The distance

Figure 4. Molecular structure of 18. Principal bond lengths [A] and angles
[°] (with estimated standard deviations in parathenses; values only for the
unsymmetrical dimer): Rh1-Rh2 2.4778(16), Rh1—C1 2.040(10), Rh1-C14
2.040(10), Rh2—C1 2.045(10), Rh2—C14 2.037(10), Rh1-C27 2.267(12),
Rh1-C28 2.245(11), Rh1-C29 2.237(12), Rh1-C30 2.224(12), Rh1-C31
2.219(12), Rh2—C32 2.246(13), Rh2-C33 2.253(12), Rh2—-C34 2.247(12),
Rh2-C35 2.220(13), Rh2—C36 2.215(13); C1-Rh1-C14 105.2(4), C1-Rh2-
Cl4 105.1(4), Rh1-C1-Rh2 74.7(3), Rh1-C14-Rh2 74.8(3), C2-C1-C8
113.8(9), C15-C14-C21 114.6(8).

Rh1-Rh2 of 2.4778(16) A is even shorter (by ca. 0.1 A) than
in the doubly CO-bridged dimer [(7>-CsMe;),Rh,(u-CO),] .,
for which a double bond between the two metal centers has
been postulated. The planes of the two cyclopentadienyl rings
are parallel to each other and lie perpendicular to the plane
formed by the rhodium and the carbene carbon atoms. The
dihedral angles are 89.0(4)° and 89.5(3)°, respectively. Like in
the CO-bridged dimer [(7°-CsMe;),Rh,(u-CO),], the two five-
membered rings occupy a staggered conformation. The
averaged bond length between the metal and the carbene
carbon atoms is 2.040 A and thus somewhat shorter than
the Rh—C_, .. distances in the triply bridged compounds
[(7°-CsHs),Rhy(u-CPh,),(u-CO)]*!  and  [(1°-CsMes),Rh,-
(u-CO),(u-CC,Br,)].l'7 The phenyl rings of the bridging
carbene ligands in 18 are twisted forming dihedral angles of
51.1(4)° (between the planes (C2-C7) and (C8-C14)) and
66.7(4)° (between the planes (C15-C20) and (C21-C26)),
respectively.
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series of dinuclear compounds
with Sb-containing species—Sb,
SbX, SbX,, and SbX;—in
bridging position is now com-
plete.l's] Besides the fact that
complexes of the general com-
position  [Rh,Cly(u-CRR"),(u-
SbX;)] (X=DMe, Et, iPr) exist, the interesting facet is that
these dinuclear molecules are remarkably stable, in most
cases decomposing at temperatures around 190°C or even
above. It is conceivable that the thermal stability is at least
partly due to the presence of two aryl substituents at the
bridging carbene carbon atoms which might interact with the
electronically unsaturated metal centers.

However, the novel stibane-bridged dirhodium complexes
are not only exceptional from a structural point of view but
also with respect to their reactivity toward Lewis bases. By
using compound 4 as an example, we found that the bridging
SbiPr; ligand can be substituted by CNs/Bu and—most note-
worthy—also by SbMe; and SbEt; without changing the
Cl,Rh,(u-CPh,), part of the molecule. A similar reaction
between 4 and tertiary phosphanes does not occur which
could be due to the stronger o-donating capabilities of PR;
compared to those of SbR;. Treatment of 4 with NaCsH; does
not lead to the known mononuclear half-sandwich-type
complex [(7°-CsHs)Rh(=CPh,)(SbiPr;)]) but affords the
doubly carbene-bridged dimer 18, the structure of which
was determined crystallographically. With regard to future
studies, it would be interesting to find out whether compounds
such as 4-8, 10, 16, 17, or 21 with Rh(u-CRR’),Rh (R and R’ =
aryl) as the core fragment possess a similar reactivity to the
dinuclear Rh(u-CHR),Rh complexes discovered and thor-
oughly investigated by Maitlis et al.?l in which, however, the
oxidation state of rhodium is + 11instead of +1as in all the Rh,
species described in this work.

Experimental Section

All experiments were carried out under an atmosphere of argon by Schlenk
techniques. The starting materials 1-3 were prepared as described in the
literature.”) NMR spectra were recorded at room temperature on Jeol FX
90Q, Bruker AC 200 and Bruker AMX 400 instruments, IR spectra on a
Perkin-Elmer 1420 or an IFS 25 FT-IR infrared spectrometer, and mass
spectra on a Varian CH7 MAT or a Finnigan 90 MAT instrument. Melting
points were measured by differential thermal analysis (DTA). Abbrevia-
tions used: s, singlet; d, doublet; t, triplet; sept, septet; m, multiplet; v,
virtual coupling; br, broadened signal.

[Rh,Cl,(u-CPh,),(u-SbiPr;)] (4): A solution of 1 (98 mg, 0.12 mmol) in
benzene (10 mL) was stirred for 4 h at 60°C. A slow change of color from
green to red occurred. After the solution was cooled to room temperature,
the solvent was removed in vacuo, the oily residue was dissolved in pentane
(3mL), and the red-brown suspension was chromatographed on Al,O;
(neutral, activity grade V, height of column 3 cm). With hexane, a brown
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fraction was eluted which was withdrawn. With benzene, a deep red
fraction was eluted which was evaporated to dryness in vacuo. The
remaining red solid was washed three times with pentane (10 mL each) and
then recrystallized from acetone (5mL) at —78°C; yield 42 mg (81%);
m.p. 190°C (decomp); MS (70 eV): m/z: 817 [M* — C;H,], 332 [C,Ph,"],
304 [CIRhCPh,*], 251 [SbiPr;+], 138 [RhCI*]; TH NMR (C4Dy, 400 MHz):
0="772,755 (both m, 8H; ortho-H of C¢Hs), 6.70, 6.65 (both m, 8H; meta-
H of C4Hs), 6.58 (m, 4H; para-H of C¢Hs), 1.12 (d, J(H,H) =7.2 Hz, 18H;
SbCHCHs), 0.79 (sept, J(H,H) =7.2 Hz, 3H; SbCHCHj;); *C NMR (C,Dq,
100.6 MHz): d = 1870 (t, J(Rh,C) = 26.3 Hz; RhCRh), 155.2, 152.0 (both s;
ipso-C of CgHs), 128.6, 1276, 1273, 1271, 123.8 (all s; CHs), 23.0 (s;
SbCHCH;), 21.9 (s; SbCHCH,); elemental analysis for C;sH, CLRh,Sb
(860.2) : caled: C 48.87, H 4.80, Rh 23.93, Sb 14.15; found: C 49.09, H 5.02,
Rh 23.95, Sb 14.21.

[Rh,CL{u-C(p-Tol),},(u-SbiPr;)] (5): Compound 5 was prepared as
described for 4, from 2 (103 mg, 0.12 mmol) in benzene (10 mL) at 60°C
(5h); yield 42mg (77%); m.p. 190°C (decomp); 'H NMR (CDCl;,
200 MHz): 6 =713, 7.02 (both m, 8 H; ortho-H of C¢H,), 6.86, 6.50 (both m,
SH; meta-H of C¢H,), 3.13, 2.01 (both s, 12H; p-CH,CHs), 1.20 (d,
J(HH)=6.9Hz, 18H; SbCHCH,), 1.00 (sept, J(H,H)=72Hz, 3H;
SbCHCH,); C NMR (CDCl,, 503 MHz): 6=1883 (t, J(Rh,C)=
26.2 Hz; RhCRh), 151.6, 148.8 (both s, ipso-C of C,H,), 1374, 136.4 (both
s; para-C of C¢H,), 128.9, 127.7, 126.7, 122.9 (all s; ortho- and meta-C of
C.H,), 23.0 (s; SbCHCH,), 21.9 (s; SbCHCH,), 21.0 (s, CH,CH,);
elemental analysis for C3;H,CLRh,Sb (916.3) : caled: C 51.12, H 5.39,
Rh 22.46; found: C 51.01, H 5.31, Rh 22.48.

[Rh,CL{s-CPh(p-Tol)},(#-SbiPr;)] (6): Compound 6 was prepared as
described for 4, from 3 (108 mg, 0.13 mmol) in benzene (10 mL) at 60°C
(5h); yield 46 mg (78%); m.p. 178°C (decomp); 'H NMR (CDCl;,
200 MHz): 6 =7.34-6.49 (m, 18 H; C4H;s and C¢H,), 2.16, 2.05 (both s, 6 H;
CH,CH;), 123 (d, J(HH)=64Hz, 18H; SbCHCH;), 0.97 (sept,
J(H,H)=6.4 Hz, 3H; SbCHCH,); *C NMR (CDCl;, 50.3 MHz): 6=
188.0, 1878 (both t, J(Rh,C)=25.6 Hz; RhCRh), 154.3, 151.7, 1515,
151.4, 148.5, 146.1 (all s; ipso-C of C¢Hs and CgH,), 137.5, 136.7 (both s;
para-C of C¢H,), 128.9, 128.4, 128.3, 127.8, 127.3, 127.1, 126.8, 125.8, 123.0
(all s; C¢Hs and C;H,CHs), 23.1 (s; SbCHCH3), 21.9 (s; SbCHCH3), 21.0 (s;
C¢H,CHs;); elemental analysis for C3;H,sCl,Rh,Sb (888.2) : calcd: C 50.03,
H 5.11; found: C 49.84, H 5.06.

[Rh,CL(u-CPh,){u-C(p-Tol),}(u-SbiPr;)] (7): a) A solution of 1 (81 mg,
0.10 mmol) in diethyl ether (10 mL) was treated with a solution of (p-
Tol),CN, (22 mg, 0.10 mmol) in diethyl ether (5 mL) and stirred for 3 h at
room temperature. The solvent was removed in vacuo, the remaining red
solid was washed three times with pentane (3 mL each) and dried; yield
34mg (76%). b) A solution of 4 (47 mg, 0.06 mmol) and 5 (49 mg,
0.06 mmol) in benzene (10 mL) was stirred for 5 h at room temperature and
then worked up as described for a); yield 93 mg (96%); m.p. 183°C
(decomp); '"H NMR (CDCl;, 200 MHz): 6 =7.34-7.02, 6.89, 6.75, 6.53 (all
m 18H; CHs and CH,), 2.15, 2.04 (both s, 6H; C(H,CH;), 1.23 (d,
J(HH)=69Hz, 18H; SbCHCH;), 098 (sept, J(HH)=69Hz, 3H;
SbCHCH;); *C NMR (CDCl;, 50.3 MHz): 6=188.3, 1875 (both t,
J(Rh,C) =26.5 Hz; RhCRh), 154.2, 151.6, 151.2, 148.8 (all s; ipso-C of
C¢H; and C,H,), 137.4, 136.4 (both s; para-C of C{H,), 128.9, 128.4, 1277,
127.4,127.2,126.9, 126.8, 126.7,123.1,122.9 (all s; C¢H; and C.H,), 23.2,23.0
(both s; CsH,CH3), 21.9 (s; SbCHCHj;), 21.0 (s; SbCHCH;); elemental
analysis for C;;HysClL,Rh,Sb (888.2) : caled: C 50.03, H 5.11, Rh 23.17;
found: C 50.07, H 5.08, Rh 23.21.

[Rh,Cl,(#-CPh,){u-CPh(p-Tol)}(1-SbiPr;)] (8): Compound 8 was pre-
pared as described for 7, either by route a) using a mixture of 1 (76 mg,
0.09 mmol) and Ph(p-Tol)CN, (19 mg, 0.09 mmol) as starting materials, or
by route b) using a 1:1 mixture of 4 (43 mg, 0.05 mmol) and 6 (44 mg,
0.05 mmol) as starting materials; red solid; yield 28 mg (73 %) by route
a) and 83 mg (95 %) by route b); m.p. 196 °C (decomp); 'H NMR (CDCl;,
200 MHz): 6 =7.34-722 (m, 8H; C¢H; and C;H,), 7.15-6.98 (m, 8H; C,H;
and C¢H,), 6.75 (m, 3H; para-H of C¢Hs), 2.15 (s, 3H; C(H,CH;), 1.24 (d,
J(HH)=69Hz, 18H; SbCHCH;), 092 (sept, J(HH)=69Hz, 3H;
SbCHCH;); “C NMR (CDCl;, 50.3 MHz): ¢6=1875, 186.5 (both t,
J(Rh,C) =26.4 Hz; RhCRh), 154.2, 152.4, 151.2, 146.1 (all s; ipso-C of
C¢H; and C¢H,), 131.2 (s; para-C of C;H,), 128.7, 128.5, 127.4, 1272, 1270,
126.9, 126.8, 126.2, 126.0, 124.7, 123.1 (all s; C¢Hs and CsH,), 23.2 (s;
SbCHCH3), 21.9 (s; SbCHCH;), 14.0 (s; CsH,CHj;); elemental analysis for
C;H,;CLRN,Sb (874.2) : caled: C 49.46, H 4.96; found: C 49.33, H 4.62.
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[{RhCI(CPh,)(CO)},] (9): A slow stream of CO was passed through a
solution of 4 (63 mg, 0.07 mmol) in benzene (10 mL) for 20 s at room
temperature. The solution was stirred for 1 h, which led to the precipitation
of a red solid. After 20 min, the mother liquid was decanted, the remaining
solid was washed three times with pentane (5 mL each) and dried in vacuo;
yield 49 mg (quantitative); m.p. 281 °C (decomp); IR (KBr): #=1857 cm™!
(CO); elemental analysis for C,3H,,Cl,O,Rh, (665.2) : caled: C 50.33, H
3.03; found: C 50.32, H 3.09.

[Rh,Cl,(u-CPh,),(u-CNrBu)] (10): A solution of 4 (71 mg, 0.08 mmol) in
benzene (10 mL) was treated with fert-butylisocyanide (9 mL, 0.08 mmol)
and stirred for 1 h at room temperature. The solvent was removed in vacuo,
the remaining orange-red solid was washed three times with acetone and
pentane (5 mL each) and dried; yield 56 mg (98 % ); m.p. 222 °C (decomp);
MS (70 eV): m/z (I,): 692 [M*], 609 [M* — CNrBu], 526 [M* — CPh,], 443
[M* — CPh, — CN¢Bu], 360 [M* — 2CPh,], 332 [C,Ph,*], 304 [CIRhCPh,*],
276 [Rh,Cl,*],249 [Ph,CCN¢Bu*]; IR (KBr): #=1890 cm! (CN); 'H NMR
(CDCl;, 200 MHz): 6=7.34-6.76 (m, 20H; C4H;), 1.54 (s, 9H; CH,);
elemental analysis for C;;H,yCLNRh, (692.3) : caled: C 53.78, H 422, N
2.20, Rh 30.94; found: C 53.8, H 4.49, N 1.88, Rh 31.00.

Reaction of [Rh,ClL,(u#-CPh,),(u-SbiPr;)] (4) with PiPr;: A solution of 4
(41 mg, 0.05 mmol) in benzene (10 mL) was treated with PiPr; (41 pL,
0.20 mmol) and stirred for 30 min at room temperature. A change of color
from red to green occured. The solvent was removed in vacuo and the green
oily residue was dissolved in C,Dy (0.5mL). The 'H NMR spectrum
confirmed that besides SbiPr; the mononuclear complex trans-
[RhCI(=CPh,)(PiPr;),] (11) was formed!); yield virtually quantitative.
The reactions of 4 with PiPr,Ph, PiPrPh,, PPh; and PMePh, were carried
out analogously, using acetone (10 mL) as solvent. The green oily residue
was purified by column chromatography on ALO; (neutral, activity grade
V, height of column 3 cm) with pentane as eluens. The 'H and *'P NMR
spectra of the products revealed that in all cases the complexes trans-
[RhCI(=CPh,)(PR3),] (12-15) were obtained.!*"]

[Rh,Cl,(u-CPh,),(u-SbMe;)] (16): A solution of 4 (82 mg, 0.10 mmol) in
benzene (10 mL) was treated with SbMe; (16 mL, 0.10 mmol) and stirred
for 30 min at room temperature. The solvent was removed in vacuo, the
red-brown residue was suspended in hexane (3 mL) and the suspension was
chromatographed on AlLO; (neutral, activity grade V, height of column
3cm). With hexane, an almost colorless fraction was eluted which
contained free SbiPr; and was withdrawn. With benzene/CH,Cl, (5:1), a
deep red fraction was eluted which was evaporated to dryness in vacuo. The
remaining red solid was washed three times with pentane (10 mL each) and
dried; yield 66 mg (89%); m.p. 242°C (decomp); 'H NMR (CDCl;,
400 MHz): 0 =767 (m, 8H; ortho-H of CHs), 7.11 (m, 8H; meta-H of
C¢Hs), 6.68 (m, 4H; para-H of CHs), 0.84 (s, 9H; SbCH;); C NMR
(CDCl;, 100.6 MHz): 6 = 1874 (t,J(Rh,C) =26.1 Hz; RhCRh), 154.1,152.1
(both s; ipso-C of C¢Hs), 128.3, 127.8, 127.0, 126.7, 126.2, 125.2 (all s; C¢Hs),
13.8 (s; SbCH3;); elemental analysis for C,0H,,CLRh,Sb (776.0) : caled: C
44.89, H 3.77; found: C 45.26, H 3.95.

[Rh,Cl,(u-CPh,),(#-SbEt;)] (17): Compound 17 was prepared as described
for 16, using 4 (73 mg, 0.08 mmol) and SbEt; (14 mL, 0.09 mmol) as starting
materials; deep red solid; yield 57 mg (87%); m.p. 152°C (decomp);
'"H NMR (CDCl;, 400 MHz): 6 =7.64 (m, 8H; ortho-H of C¢Hs), 7.11 (m,
8H; meta-H of C¢Hs), 6.65 (m, 4H; para-H of CiHs), 1.48 (q, J(H,H) =
78 Hz, 6H; SbCH,CH,), 095 (t, J(HH)=78Hz, 9H; SbCH,CH,);
3C NMR (CDCl;, 100.6 MHz): 6 =183.0 (t, J(Rh,C) =25.7 Hz; RhCRh),
154.7,152.7 (both s; ipso-C of C¢Hs), 128.3, 127.8, 127.2, 126.9, 126.5, 125.0
(all s; C¢Hs), 12.7 (s; SbCH,CH3), 10.7 (s; SbCH,CHs;); elemental analysis
for C;,H;5CL,Rh,Sb (818.1) : caled: C 46.98, H 4.31; found: C 47.11, H 4.09.

[ (5-CsHs),Rh,(u-CPh,),] (18): A solution of 4 (87 mg, 0.10 mmol) in THF
(15 mL) was treated with NaCsHjs (44 mg, 0.50 mmol) and stirred for 1 h at
room temperature. A rapid change of color from red to violet occurred. The
solvent was removed in vacuo, the residue was extracted with pentane/
benzene (1:1, 15 mL) and the extract was evaporated to dryness in vacuo.
The remaining brown-violet solid was dissolved in pentane/diethyl ether
(1:1, 5mL) and the solution was chromatographed on Al,O; (neutral,
activity grade V, height of column 4 cm). With pentane/diethyl ether (1:1) a
violet fraction was eluted, which was brought to dryness in vacuo. The
residue was recrystallized from pentane/diethyl ether (1:1) at —20°C to
give violet needles, which were washed with small amounts of pentane
(—20°C) and dried; yield 53 mg (80 % ); m.p. 209 °C (decomp); MS (70 eV):
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Dinuclear Rhodium Complexes 4471-4478
miz: 668 [M*], 603 [M*— CsHs], 538 [M* —2CsHs], 502 [M* — Table 1. Crystal structure data of compounds 4 and 18.
CPh,|, 437 [M'—-CPh,—CsHs], 372 [Rh,CPh,"], 336 4 18
[Rhy(CsHs),*], 334 [CsHsRhCPh,*], 332 [C,Ph,*], 206 [Rh,'], .
168 [RhC,H']; 'H NMR (C,D,, 400 MHz): 6—760 (m, 8H:  ormula CssHu ClRR,Sb CseHsoRh,

mol. mass 860.18 668.45
ortho-H of C¢Hs), 7.22 (m, 8H; meta-H of C,Hs), 701 (m, 4H; crystal size [mm] 03 x 02 %02 0.13 x 0.18 x 0.30
para-H of CgHs), 430 (m, 10H; CsHs); BC NMR (CsD, crzstal system o;thorhombic rr;onocli.nic .
100.6 MHz): 6 =187.9 (t, J(Rh,C)=41.7 Hz; RhCRh), 161.7 (s;
ipso-C of CHy), 1317, 1267, 125.0 (all s; CHy), 885 (vt, N= Sp*ze group f;’;’;“()(;‘o' 62) 11012]1/23(20' 14)
IJ(Rh,C)+3J(Rh,C)=2.5Hz; CsHs); elemental analysis for i[/f\] 13.008(1) 31.86 1( )
CyH3Rh, (668.5) : caled: C 64.69, H 4.52, Rh 30.79; found: C c [[A]] 14'91921§ 15.9652;
64.73, H 4.69, Rh 30.85. . ’ ’

a[’] 90.0 90.0
[(°-CsHs),Rh,{u-C(p-Tol),},] (19): Compound 19 was prepared as B 90.0 98.79(4)
described for 18, using 5 (92 mg, 0.10 mmol) and NaCsHj (44 mg, v [ 90.0 90.0
0.50 mmol) as starting materials; violet solid; yield 56 mg (78 %); V [A%] 3441.0(7) 5600
m.p. 132°C (decomp); MS (70 eV): m/z: 724 [M*], 659 [M*— VA 4 8
CsHs], 594 [M* —2CsHs], 530 [M* — C(p-Tol),], 465 [M* — C(p- Peatea [gem 1] 1.660 178
Tol), — CsHs, 400 [Rh,C(p-Tol),], 336 [Rhy(CsH;),"], 271 diffractometer Enraf-Nonius CAD 4 Enraf-Nonius CAD 4
[Rh,CsHs*], 206 [Rh,*], 194 [Cy(p-Tol),*]; 'H NMR (C¢Ds, radiation (graphite-monochromated) Moy, (0.71073 A) Moy, (0.71073 A)
400 MHz): 6=761 (m, 8H; ortho-H of CsH,), 708 (m, 8H; T [K] 293(2) 293(2)
meta-H of C¢H,), 4.39 (m, 10H; CsHs), 2.28 (s, 12H; C;H,CHs); u [mm] 1.90 0.95
BC NMR (C¢Dg, 100.6 MHz): 6 =187.8 (t, J(Rh,C)=42.8 Hz; transmission min. [%] 95.37 89.0
RhCRh), 159.5 (s; ipso-C of C¢H,), 134.1 (s; para-C of C¢H,), scan method wl6 /0
131.9, 127.3 (both s; ortho- and meta-C of C¢H,), 88.4 (vt, N= 26 (max) [°] 54 47.98
LJ(RhC)+3J(RhC) =2.5 Hz; CsHs), 21.0 (s; C¢H,CH,); elemental total reflections 4264 8752
analysis for C,H3Rh, (724.6) : caled: C 66.31, H 5.29, Rh 28.40; unique reflections 4028 8751
found: C 65.95, H 5.04, Rh 28.44. observed reflections 2777 4004
[(°-CsHs),Rh,{u-CPh(p-Tol)},] (20): Compound 20 was prepared [1>20(1)] [1>20(1)]
as described for 18, using 6 (81 mg, 0.09 mmol) and NaCsH; parameters refined 211 685
(40 mg, 0.45 mmol) as starting materials; violet solid; yield 50 mg R, 0.027 0.0587
(79%); m.p. 157°C (decomp); MS (70 eV): m/z: 696 [M*], 631 [M* WR, 0.033 0.1140
—CsHs], 566 [M*—2CsHs], 516 [M™— CPh(p-Tol)], 451 [M* — reflection/parameter ratio 13.16 13.3

CPh(p-Tol) — CsH;], 336 [Rh,(CsHs),*], 206 [Rh,*], 180 [CPh(p-

residual electron density [e A3

+0.738/ — 0.554 +0.665/ — 0.804

Tol)*]; 'TH NMR (C¢Dy, 200 MHz): 6 =7.69-7.51 (m, 8H; ortho-H
of C¢Hs and C4H,), 7.29-6.95 (m, 10H; meta-H and para-H of
C¢Hs and C¢H,), 4.33 (m, 10H; CsH;), 2.26, 2.09 (both s, 6H;
C¢H,CHj;); BC NMR (C¢Dy, 50.3 MHz): 6 =187.9 (t, J(Rh,C)=43.5 Hz;
RhCRh), 161.9, 159.3 (both s; ipso-C of C¢Hs and C¢H,), 134.2 (s; para-C of
C¢H,), 131.8, 128.6, 128.3, 127.4, 126.6 (all s; C¢H; and C,H,), 88.4 (vt, N=
1J(Rh,C)+3J/(Rh,C) =2.6 Hz; CsHy), 20.7, 20.4 (both s; C,H,CHs); ele-
mental analysis for C;H;3Rh, (696.5) : caled: C 65.53, H 4.92; found: C
65.71, H 5.01.

[ (175-CsHs),Rhy(u-CPh,),(u-CNtBu)] (21): A suspension of 10 (85 mg,
0.12 mmol) in THF (10 mL) was treated with NaCsH; (53 mg, 0.60 mmol)
and stirred for 3 h at room temperature. The solvent was removed, the
residue was extracted with hexane/benzene (1:1, 35 mL) and the extract
was evaporated to dryness in vacuo. The remaining oily solid was
suspended in hexane (5 mL) and the solution was chromatographed on
AlL,O; (neutral, activity grade V, height of column 5 cm). With hexane, a
violet fraction was eluted, which was withdrawn. Subsequent elution with
benzene gave a dark violet fraction which was brought to dryness in vacuo.
The residue was recrystallized from toluene/pentane (1:1, 3 mL) at —78°C
to give dark violet crystals, which were washed three times with pentane
(3 mL each) and dried; yield 37 mg (40%); m.p. 137°C (decomp); MS
(70 eV): mlz: 751 [M*], 668 [M+ — CNrBu], 585 [M* — CPh,], 502 [M* —
CPh, — CNrBu], 233 [Rh(CsH;),"], 168 [RhCsHs*]; IR (KBr): v=
1882 cm™' (CN); '"H NMR (C¢Dg, 400 MHz): 6 =7.25 (m, 8 H; ortho-H of
C¢Hs), 6.92 (m, 4H; para-H of C¢Hs), 6.84 (m, 8H; meta-H of C4H;), 5.04
(m, 10H; CsHs), 1.14 (s, 9H; CH3); *C NMR (C¢Dg, 100.6 MHz): d =164.2,
157.4 (both s; ipso-C of C¢Hs), 146.2 (t, J(Rh,C) =41.3 Hz; RhC(NBu)Rh),
145.5 (t, J(Rh,C) =24.8 Hz; RhCPh,Rh), 131.6, 129.0, 126.6, 126.4, 124.3,
123.8 (all s; C¢Hs), 979 (br s; CsHs), 58.2 (s; CCH;), 30.4 (s; CHy);
elemental analysis for C, H3NRh, (751.6) : caled: C 65.52, H 5.23, N 1.86;
found: C 65.29, H 4.97, N 1.80.

X-ray structure determination of compounds 4 and 18: Single crystals of 4
were grown from a saturated solution in tetrahydrofuran/2-propanol (room
temperature), and those of 18 from a saturated solution in tetrahydrofuran/
methanol (room temperature). Crystal data collection parameters are
summarized in Table 1. Intensity data were corrected for Lorentz and
polarization effects and an empirical absorption correction was applied (¢-
scans). The structures were solved by Direct methods (SHELXS-86 and
97).211 Atomic coordinates and anisotropic thermal parameters of the non-
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hydrogen atoms were refined by the full-matrix least-squares method
(program packet SDP (Enraf-Nonius) and SHELXL-97).12l The positions
of all hydrogen atoms were calculated according to ideal geometry
(distance C—H 0.95 A) and used only in structure factor calculation. !
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