FULL PAPER

The First Triisopropylstibane Ruthenium(Il) and Ruthenium(0) Complexes
Including the X-ray Crystal Structure of [Ru(1>-C5Hs),(SbiPr3),]™

Helmut Werner*, Claus Griinwald, Matthias Laubender, and Olaf Gevert

Institut fiir Anorganische Chemie der Universitit Wiirzburg,
Am Hubland, D-97074 Wiirzburg, Germany

Received May 23, 1996

Key Words: Ruthenium complexes / Stibane complexes / Dihydrogen complexes / Butadiene complex / n-Allyl complex

The hydridoruthenium(ll) complexes [RuHCI(H,)(SbiPr3)s]
(2) and [RuH,(H,)(SbiPr3);] (3), containing dihydrogen as li-
gand, were prepared from [RuCl,(CgH1,)], (1) as the starting
material. Compound 3 reacts with CO by displacement of H,
to yield [RuH,(CO})(SbiPr3)5] (4) and with C,H, to give both
[RuH3(C,H,)2(SbiPry),] (5) and [RuHy,(CyH,) (SbiPry)s] (6), the

latter as the more stable and isolable product. Treatment of
3 with propene leads to the formation of [Ru(n®-
C3Hj5),(SbiPrs),] (7) while the reaction of 3 with butadiene
affords the pentacoordinated ruthenium(0) compound
[Ru(n*-C4Hg)2(SbiPr3)] (8). The molecular structure of the bis-
(allyl) complex 7 was determined by X-ray crystallography.

We recently showed that the replacement of triisopropyl-
phosphane by triisopropylstibane as ligand in low-valent
rhodium and iridium complexes leads to significant differ-
ences in the reactivity of these compounds!™?. A striking
example is that in contrast to trans-[RhCI(C,H,)(PiPr3),]
which is not an appropriate starting material for the
preparation  of  carbene—metal derivatives  trans-
[RhCl(=CRR")(PiPr3),]", the corresponding bis(stibane)
compound  trans-[RhCI(C,Hy)(SbiPr3),] reacts  quite
smoothly with Ph,CN, and other diazoalkanes to give the
carbene complexes trans-[RhCl(=CRR")(SbiPr;),] almost
quantitatively!'®4, As far as iridium as the metal center is
concerned, an interesting facet is that the reaction of
[IrCI(C,Hy),], with PiPr; yields trans-[IrCI(C,H,)(PiPr3),] !
while on treatment of the same dimeric precursor with
SbiPr; the pentacoordinated product [IrCl(C>Hy),(SbiPr3),]
is obtained,

These widely unexpected results initiated our attempts to
develope also synthetic pathways to ruthenium complexes,
either coordinatively saturated or unsaturated, with bulky
stibane ligands. In this paper we describe the preparation
and characterization of some new mono-, bis-, and tris(tri-
isopropylstibane)ruthenium(Il) and -ruthenium(0) deriva-
tives.

“Nonclassical” Tris- and Tetrahydrido Ruthenium(II)
Complexes

The polymeric cycloocta-1,5-diene compound [RuCl,-
(CgH 1), (DI, which on treatment with triisopropylphos-
phane in 2-butanol in the presence of H, yields the hexaco-
ordinated ruthenium(IV) complex [RuH,Cl,(PiPr4),]U"], re-
acts with SbiPry under dihydrogen in 2-propanol to give
[RuH;CI(SbiPr3);] (2) in low yield. In contrast, the same
reaction in the presence of Na,CO; leads nearly quantita-
tively to the tetrahydrido complex [RuH4(SbiPrs);] (3)
(Scheme 1). Compound 2 can be obtained in ca. 80% yield
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by the reaction of a solution of 3 in 2-propanol with aque-
ous HCI. Both complexes 2 and 3 are yellow, moderately
air-stable solids which readily dissolve in hydrocarbon sol-
vents such as benzene and pentane. The '"H-NMR spectra
of 2 and 3 at room temperature display only one set of
signals for the isopropyl protons and only one resonance
for the hydrides at 8 = —13.74 (2) and —10.66 (3), indicat-
ing that these molecules are highly fluctional in solution.
The NMR data are in good agreement with those of the
bis- and tris(phosphane) derivatives [RuH;CI(PR;),]"®! and
[RuH4(PR)5]®! (R = Cy, iPr) of which the latter are not
stable in solution and dissociate to give the corresponding
bis(phosphane)ruthenium species.

Scheme 1
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Since it had been shown by Chaudret® and Crabtree!!'%
that the tris- as well as the tetrahydrido compounds
[RuH;CI(PR3),] and [RuH4(PR3);] are “nonclassical” hy-
drides and thus should be better formulated as
[RuHCI(H,}(PR3),] and [RuH,(H,)(PR3);], respectively, we
attempted to find out what the correct structure of 2 and 3
1s. The most widely used criterion for differentiating be-
tween “classical” and “nonclassical” structures of metal hy-
drides is the T; method which measures the longitudinal
relaxation time T of the hydride resonance in the '"H-NMR
spectrum at various temperatures!'!l, The general rule is
that if at 250-MHz the T, value at the minimum is smaller

0009-2940/96/1010~1191 $ 15.00+.25/0 1191



FULL PAPER

H. Werner, C. Griinwald, M. Laubender, O. Gevert

than 80 ms, the polyhydrido compound has a “nonclassi-
cal” structure (i.e. it contains a side-on bonded H, ligand),
and if Ty (min) is larger than 150 ms, a “classical” structure
with covalently bonded hydrido ligands can be assumed.
For complex 2 we found in [Dgltoluene the value T,
(min) = 63 ms at —41°C and 400 MHz (corresponding to
39 ms at 250 MHz), from which we consider that in analogy
to the phosphane derivatives [RuHCI(H,)(PCy3)>]® and
[RuHCI(H,)(CO)(PiPr3),])*?1 the correct formulation is
[RuHCI{H,)(SbiPr3);]. In the case of the RuH, compound
3, it was (in [Dg]toluene at 400 MHz) not possible to accu-
rately measure the intrinsic minimum T; of the system.
Since we determined, however, at —71°C a T, value of 84
ms (corresponding to 52 ms at 250 MHz), we assume that
3 like the analogous complex [RuH,(I1,)(PPha);]'"! pos-
sesses the “nonclassical” structure [RuH,(H;)(SbiPr3)s]. In
contrast t0 [RuH.(H,)(PiPr;);]®, the tris(stibane) com-
pound 3 is stable in solution which we explain by a decrease
in steric hindrance along the series [MX,(PR3),] >
[MX,,(AsR3),] > [MX,,(SbR3),]"?.

Ligand Displacement Reactions of Compound 3

The extensive chemistry, which has been developed with
the tris(triphenylphosphane)ruthenium(II) complex
[RuH,(H,)(PPhs),] as starting material'¥l, prompted us to
investigate also the reactivity of the new polyhydrido com-
pound 3 toward various substrates. In agreement with the
assumption that the dihydrogen ligand is only weakly
bound, 3 reacts quite smoothly with CO to give the car-
bonyl complex [RuH,(CO)SbiPr3);] (4) in about 75% yield.
While the '"H-NMR spectrum of 4 in [Dg]toluene at room
temperature displays rather broad signals, indicating a fluc-
tional behavior under these conditions, upon cooling to
~40°C sharp resonances for the isopropyl as well as for the
hydrido protons are observed. The appearance of two sig-
nals in the high-field region at 8 = —10.62 and —12.71 sup-
ports the structural proposal in Scheme 2 with a mer ar-
rangement of the stibane ligands and cis-disposed hydrides
in the octahedral coordination sphere.

Scheme 2
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The reaction of 3 with C,H, in benzene under an ethene
pressure of 1.0—1.5 bar leads to two products
[RuH>(C,Hy)x(SbiPr3);] (5) and [RuHx(C,H4)(SbiPrs)s] (6)
of which the first could only be characterized by 'H-NMR
spectroscopy. If the ethene atmosphere is replaced by argon
and the solvent removed in vacuo, complex 6 is isolated as
the sole product. The conclusion is that in solution, in the
presence of an excess of C,H,, an equilibrium between 5
and 6 exists which, after removal of excess ethene, is com-
pletely shifted to the side of the monoolefin derivative. The
'TH-NMR spectrum of 6, in analogy to that of 4, shows two
hydride signals at § = —12.02 and —17.72 and thus a simi-
lar structure for both the carbonyl- and the etheneru-
thenium(IT) compounds can be assumed.

Treatment of 3 with propene does not afford an olefin
complex but instead gives the bis(allyl) compound [Ru(n?’-
C3Hs),5(SbiPr3),] (7) in excellent yield. According to the 'H-
and *C-NMR data there is no doubt that the two allyl
ligands of 7 are symmetrically n-bonded as found in the
bis(phosphane) derivative [Ru(1*-C3Hs)»(PPhs),] 14151,

The result of the X-ray crystal structural analysis of 7 is
shown in Figure 1. The ORTEP plot reveals that the ge-
ometry around the metal center is distorted tetrahedral with
the antimony and the central carbon atoms {C2, C2¥) of
the C; units at the corners of the polyhedron. The ru-
thenium atom lies on a crystallographic center of symmetry
and, therefore, only eight halves of the molecule are found
in the unit cell. The angles Sb—Ru—Sb* and C2—Ru—C2*
are 101.6(2)° and 103.5(4)°, respectively. The bond length
Ru—C2[2.131(6) A] is significantly shorter than the Ru—C
distances [2.231(7) and 2.215(8) A] to the terminal carbon
atoms of the allyl groups. As mentioned above, a similar
bonding mode exists in the triphenylphosphane complex
[Ru(n>-C;Hs)»(PPh;),]!3. The Ru—Sb bond length in 7
[2.610(4) A] is similar to the Ru—Sb distances in the car-
bonyl compound [RuCL(CO)(SbiPr3)s] (average value 2.633
A)'% as well as in the triphenylstibane derivative trans-
[RuCl,(SbPhs),] (average value 2.629 A)l7L

Figure 1. Molecular structure (ORTEP plot) of 7

Selected bond lengths [A] and angles [°]: Ru—Sb 2.610(4), Ru—Cl1
2.231(7), Ru—C2 2.131(6), Ru—C3 2.215(8), C1—-C2 1.40(1),
C2-C3 1.40(1); Ru—Sb—C10 118.5(2), Ru=Sb—C11 113.9(3),
Ru—Sb—C12 125.2(2), C1-Ru—C2 37.3(3), C1-Ru—C3 65.7(3).
C2-Ru—C3 37.3(3), Ru—C1-C2 67.4(3), Ru-C2—-Cl 75.2(4),
Ru—-C2~C3 74.7(4), Ru—C3-C2 68.1(4), C1-C2-C3 119.5(8),
C2-Ru—-C2* 103.5(4), Sb—-Ru—Sb* 101.6(2).
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In contrast to the reaction of 3 with propene which leads
to 7, i.e., to a ruthenium(IT) compound, treatment of 3 with
butadiene yields the ruthenium(0) complex [Ru(n*-
C4Hg)2(SbiPr3)] (8). The starting material therefore behaves
analogous to the triphenylphosphane  derivative
[RuH»(H,)(PPhs);] which with butadiene reacts stepwise to
give first [Ru(m*C,Hg)(PPhs);] and then [Ru(n*
C4Hg),(PPh;)]1#7l, The 'H-NMR spectrum of 8 displays
for the butadiene protons three distinct signals at & = 4.10,
1.67, and 0.03 which are of equal intensity and correspond
to an AA’BB'CC’ pattern. In the '*C-NMR spectrum of 8
two resonances at & = 72.7 and 28.1 for the “inner” and
the “outer” carbon atoms of the two C4Hg ligands are ob-
served, the position of which is similar to those of other n*-
butadiene ruthenium(0) complexes!'8,

In conclusion, the results summarized in Scheme 2 illus-
trate that the reactions of the tris(triisopropylstibane) de-
rivative 3 with ethene, propene, and butadiene lead to differ-
ent types of products. We assume that also during the gen-
eration of 7 and 8, dihydridoruthenium(ll) species are
formed as intermediates. However, these are probably very
labile and on treatment with an excess of propene or buta-
diene, by further hydrogenation and dehydrogenation steps,
afford the final products. We are presently attempting to
prepare dihydridoruthenium(Il) complexes with chelating
stibane ligands which if used as catalysts for hydrogenation
or hydroformylation reactions could be more reactive than
the corresponding phosphane species.

This work was supported by the Deutsche Forschungsgemein-
schaft (SFB 347) and the Fonds der Chemischen Industrie. We are
also grateful to Mrs. R. Sched! and to Mr. C. P. Kneis for per-
forming the elemental analyses and DTA measurements, to Dr. W,
Buchner for determining the T; values, and to the Degussa AG for
generous gifts of chemicals.

Experimental

All operations were carried out under argon with the Schlenk-
tube technique, The starting materials 1! and SbiPr,l'"! were pre-
pared as described in the literature. — TR: Perkin-Elmer 1420. —
NMR: Bruker AC 200 and AMX 400.

1. Preparation of [RuHCI(H,)({SbhiPr;);] (2): A suspension of
363 mg (1.29 mmol for = 1) of 1 in 60 ml of 2-propanol was
treated with 1.10 ml (5.31 mmol) of SbiPr; and an excess (ca. 4 g)
of Na,y(CO; and stirred under hydrogen (1.0—1.5 bar) for 4 h at
80°C. Upon cooling to room temp., the solution was filtered
through Celite and 26 ml of a 0.1 N aqueous solution of HCI was
added to the filtrate. A rapid evolution of gas took place, and after
this was finished, the solution was concentrated to ca. 20 ml in
vacuo. A yellow microcrystalline solid precipitated which was fil-
tered off, washed with 10 ml of methanol (0°C) and dried; yield
892 mg (78%), m.p. 52°C (dec.). — 'H NMR (C¢Ds, 25°C, 400
MHz): 6 = 2.16 [sept, JLHH) = 7.4 Hz, 9H, CHCH,], 1.42 [d,
JHH) = 7.4 Hz, 54H, CHCH;], —13.74 (s, 3H, RuH). — 13C
NMR (CsDg, 25°C, 100.6 MHz): 8 = 21.9 (s, CHCHa,), 19.9 (s,
CHCHa,). — Cy7HeCIRuSb, (892.6): caled. C 36.33, H 7.45, Sb
40.92; found C 36.02, H 7.42, Sb 41.80.

2. Preparation of [ RuH,( H,)(SbiPr;)z] (3): A suspension of 421
mg (1.50 mmol for n = 1) of 1 in 60 ml of 2-propanol was treated
with 1.25 ml (6.23 mmol) of SbiPry and an excess (ca. 4 g) of
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Na,COs and stirred under hydrogen (1.0— 1.5 bar) for 4 h at 80°C.
Upon cooling to room temp., the solvent was removed, and the
residue was extracted 4 times with 20-ml portions of pentane. The
combined extracts were concentrated in vacuo, and the brown oily
residue was crystallized by stirring with 10 ml of methanol. The
yellow solid was filtered off, washed with 5 ml of methanol
(—78°C) and dried; yield 1.12 g (87%), m.p. 147°C (dec.). — 'H
NMR (Cy¢Dy, 25°C, 200 MHz): & = 1.81 [sept, JJHH) = 7.3 Hz,
9H, CHCHjy], 1.31 [d, JLHH) = 7.3 Hz, 54H, CHCH,], —10.66 (s,
4H, RuH). — *C NMR (CgDs. 25°C, 50.3 MHz): § = 21.3 (s,
CHCHS;), 19.0 (s, CHCHj;). — C5;Hg7RuSb; (858.1): caled. C 37.79,
H 7.87; found C 37.65, H 7.76.

3. Preparation of [RuH,(CO)(SbiPrs);] (4): A slow stream of
CO was passed through a solution of 164 mg (0.19 mmol) of 3 in
10 ml of benzene at room temp. Upon heating at §0°C for 45 min
and then cooling to 25°C, the solvent was removed in vacuo, and
the residue was recrystallized from 3 ml of methanol to give white
crystals; yield 123 mg (73%), m.p. 86°C (dec.). — IR (CcHg): v =
1900 cm™! [v(CO)]. — 'H NMR (C¢DsCD;, —40°C, 400 MHz):
& = 1.86 [sept, J(HH) = 7.1 Hz, 6 H, CHCH], 1.73 [sept, J(HH) =
7.2 Hz, 3H, CHCH,], 1.32, 1.31 [both d, J(HH) = 7.1 Hz, 36H,
CHCH,), 1.27[d, J(HH) = 7.2 Hz, 18H, CHCH;], —10.62, —12.71
[both d, J(HH) = 7.0 Hz, 2H, RuH]. — "*C NMR (C¢Ds, 25°C,
100.6 MHz): 8§ = 209.0 (s, CO), 21.6, 21.4, 21.2 (all s, CHCH,),
20.5, 20.0 (both s, CHCH;). — C,gHgsORuSb; (884.1): caled. C
38.04, H 7.41; found C 37.84, H 7.39.

4. Reaction of 3 with Ethene: In an NMR tube, a slow stream of
ethene was passed for 1 min through a solution of 20 mg (0.02
mmol) of 3 in 0.5 ml of C¢Dg at room temp. Upon heating at 70°C
for 15 min and then cooling to 25°C, the 'H-NMR spectrum of
the solution confirmed the formation of 5. — 'H NMR (C¢Dg,
25°C, 200 MHz): & = 2.12 [sept, J(HH) = 6.9 Hz, 6 H, CHCH;],
1.72 (s, 8H, C,Hy), 1.28 [d, JHH) = 6.9 Hz, 36H, CHCH,],
—13.33 (s, 2H, RuH).

5. Preparation of [ RuH,(C>H,)(SbiPr;);] (5): A slow stream of
ethene was passed for 1 min through a solution of 249 mg (0.29
mmol) of 3 in 10 ml of benzene at room temp. Upon heating at
70°C for 15 min and then cooling to 25°C the solvent was removed
in vacuo, and the residue was recrystallized from 3 ml of methanol
to give yellow crystals; yield 187 mg (73%), m.p. 123°C (dec.). —
"H NMR (CgDg, 25°C, 400 MHz): 8§ = 2.61 (s, 4H, C,Hy), 2.09
[sept, JLIHH) = 7.2 Hz, 6H, CHCHS,], 1.81 [sept, 3H, J(HH) = 7.4
Hz, CHCHj,), 1.36, 1.35 [both d, J(HH) = 7.2 Hz, 36 H, CHCH,],
1.31 [d, J(HH) = 7.4 Hz, 18H, CHCH,], —12.02, —17.72 [both d,
JHH) = 8.0 Hz, 2H, RuH]. — '3C NMR (Cg¢Dg, 25°C, 100.6
MHz): 6 = 220, 21.6, 21.5 (all s, CHCH3), 20.9, 20.8 (both s,
CHCH3), 19.68 (s, C;H,). — CoHgRuSb; (884.2): caled. C 39.39,
H 7.87; found C 39.03, H 7.83.

6. Preparation of [ Ru(#*-CsH;),(SbhiPr;);] (7): A suspension of
411 mg (1.47 mmol for n= 1) of 1 in 60 ml of 2-propanol was
treated with 1.20 ml (5.75 mmol) of SbiPr; and an cxcess (ca. 4 g)
of Na,CO; and stirred under hydrogen (1.0—1.5 bar) for 4 h at
80°C. Upon cooling to room temp., the solvent was removed, and
the residue was extracted with three 20-ml portions of hexane. The
combined extracts were concentrated to ca. 30 ml in vacuo, and
then a slow stream of propene was passed through the solution for
2 min. The reaction mixture was heated at 70°C for 15 min, and
upon cooling to room temp. it was concentrated in vacuo. The oily
residue was stirred with 10 ml of methanol to give a yellow crystal-
line solid; yield 795 mg (80%), m.p. 56°C (dec.). — 'H NMR
(CeDg, 25°C, 400 MHz): &= 388 (m, 2H, H,), 2.82 [dd,
JH,,Hy) =24, J(Hy Hy) = 6.0 Hz, 2H, Hy/], 1.99 [sept, J(HH) =
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7.5 Hz, 6H, CHCHj,], 1.89 [d, J(H,H,) = 9.6 Hz, 2H, H], 1.58 [d,
JH,,H) = 9.0 Hz, 2H, H,], 1.37 (m, 2H, H,), 1.27, 1.23 [both d,
J(HH) = 7.5 Hz, 36 H, CHCH;]. — "*C NMR (C¢Ds, 25°C, 100.6
MHz): § = 73.0 [s, CH(CH,),), 25.7, 25.4 [both s, CH(CH)], 22.3,
21.9 (both s, CHCHj3), 20.3 (s, CHCH3). — C,3Hs,RuSb, (685.2):
caled. C 42.07, H 7.65; found C 41.73, H 7.35.

7. Preparation of [ Ru(n*-C,Hyg),(ShiPr;) ] (8): A slow stream of
butadiene was passed through a solution of 163 mg (0.19 mmol)
of 3 in 10 ml of benzene at room temp. Upon heating at 70°C for
45 min, the reaction mixture was worked up as described for 5.
White crystals; yield 64 mg (74%), m.p. 70°C (dec.). — 'H NMR
(CeDyg, 400 MHz): 4.10 (m, 4H, H, ), 2.12 [sept, J(HH) = 7.4 Hz,
3H, CHCHs], 1.67 (m, 4H, H, ), 1.28 [d, J(HH) = 7.4 Hz, 18H,
CHCH,), 0.03 (m, 4H, H,,"). — '3C NMR (C¢Ds, 100.6 MHz):
8 = 72.7 (s, CH=CH,), 28.1 (s, CH=CH,), 21.8 (s, CHCH,), 19.2
(s, CHCH3). — C7H3;RuSb (460.3): caled. C 44.36, H 7.23; found
C44.27, H 7.16.

He Her
H_ﬂH,.
He Her

8. Determination of the X-ray Crystal Structure of T?%: Single
crystals were grown at —10°C from hexane. Crystal data (from 25
reflections, 6° < ® < 25°): monoclinic, space group C2/¢ (No. 15);
a= 21.053), b= 890(3), c = 1546(3) A, B = 102.98(3)°, V' =
2822(12) A%, Z = 4 (8/2), duwea = 1.613 g cm™3, W(Mo-Ka) = 2.44
mm~'; crystal size 0.30 X 0.25 X 0.10 mm; Enraf-Nonius CAD4
diffractometer, Mo-Ko radiation (0.70930 A), graphite mono-
chromator, zirconium filter (factor 15.4); T = 293(2) K; o/0® scan,
max 20 = 54°; 4091 reflections measured, 1985 independent reflec-
tions, 1567 reflections with I > 20(/), 1984 independent reflections
included in data set. Intensity data were corrected for Lorentz and
polarization effects, a linear decay correction (loss of intensity
3.6%) and an empirical absorption correction (W-scan method)
were applied (minimum transmission 80%). The structure was
solved by the Patterson method (SHELXS-86). Atomic coordinates
and the anisotropic thermal parameters of the non-hydrogen atoms
were refined by full-matrix least squares on F? {149 parameters,
weighting scheme applied in the last cycle: w = 1/[c?(F2) + (0.0772
- P)2 + 16.7651 - P] where P = (F2 + 2F2)/3, SHELXL-93}. The
positions of all hydrogen atoms were calculated according to ideal
geometry and were refined by using the riding method. Conven-
tional R = 0.030 [for 1567 reflections with 7 > 2o(J)] and weighted
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wR2 = 0.1014 for all 1984 data reflections; reﬂection-t(?-parametcr
ratio 13.32; residual electron density +0.655/—0.575 eA 3.

* Dedicated to Professor Markus Wieber on the occasion of his
60th birthday.
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