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Metallacycles

The paramagnetic ruthenium complex [(3°-CsMes)RuCl,-
(SbiPr3)] (2), which is prepared from [(n°-CsMe;s)RuCl,], (1)
and SbiPr;, reacts with Mg/Hg in THF to give the coordinati-
vely unsaturated 16-electron species [(n°-CsMes)RuCl-
(SbiPr3)] (3). Compound 3 is obtained in much better yield
from [(n5-CsMes)Ru(ps-Cl)]4 (4) and SbiPr; (molar ratio 1:4).
While 3 reacts with CO to give the 18-electron complex [(n°-

CsMes)RuCl{CO){SbiPr;3)] (5), on ftreatment of 3 with
HC=CCO,Me the metallacycle [{n5-CsMes)RuCl{k*(C,C)-
C{CO,Me)=CHC(CO,;Me)=CH}(SbiPr;)] (6) is obtained. The
reaction of 4 with SbiPr; in the molar ratio of 1:2 affords the
binuclear compound [(n3-CsMes)(SbiPr;)Ru(u-Cl);Ru(ns-
CsMes)] (7). The molecular structures of 2 and 7 have been
determined by X-ray crystallography.

One of the most remarkable features of halfsandwich-
type ruthenium complexes containing 13-CsMes (Cp*) as a
ligand is that 16-electron compounds of the general compo-
sition {Cp*RuCI(PR3)] can be isolated, provided that the
phosphane ligand is sufficiently bulky and possesses a cone
angle of at least 160°1 =3, These coordinatively unsaturated
Cp*Ru derivatives are quite labile and react, e.g., with
PMe; or HC=CSiMe; to give products in which the metal
centre has an 18-electron configurationl!-4},

Since we showed quite recently that the replacement of
PiPr; by SbiPr; as a ligand in low-valent rhodium and irid-
ium complexes leads to a significant difference both in the
thermodynamic stability and the reactivity of these com-
pounds!>®l, we were interested to find out how triisopropyl-
stibane would behave towards [Cp*RuCl] as a molecular
unit. The question was whether SbiPr; would afford, simi-
larly to PiPr;l"2 a 16-electron species [Cp*RuCl(SbiPr3)]
or, due to its smaller cone angle compared with PiPr;["),
would prefer to form an 18-electron complex. The work de-
scribed in this paper reveals that with SbiPr; as ligand a 16-
electron compound is indeed accessible, and that it can be
prepared via two different routes. Moreover, a 17-electron
species [Cp*RuCl,(SbiPr;)} can also be isolated, as well as
a novel binuclear Cp*Ru complex which has one coordi-
natively saturated and one coordinatively unsaturated me-
tal centre.

Mononuclear Complexes with [Cp*Ru(SbiPr;)] as a
Molecular Unit

The two routes known for the synthesis of [Cp*RuCl-
(PiPr3)]'2 can also be applied to [Cp*RuCl(SbiPr;)] (3).
Treatment of a solution of [Cp*RuCl,], (1) with an equimo-
lar (for n = 1) amount of SbiPr; causes a gradual change
of color from red-brown to red-orange and leads, after re-
moval of the solvent and addition of pentane, to the iso-
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lation of [Cp*RuCl,(SbiPr3)] (2) in 84% yield. The 'H-
NMR spectrum (in C¢Dg) of the orange-red, moderately
air-sensitive compound displays at room temperature three
broad signals at & = 26.8, 14.2, and 5.7 which, by increasing
or decreasing the temperature, are considerably shifted to
higher or lower fields. The ESR spectrum of 2 (in THF)
shows, similarly to [Cp*RuCl,(PiPr;)]?l, one broad signal
at g = 2.06, which is consistent with the presence of one
single unpaired electron in the molecule. The conclusion is
that 2 can be formulated as a monomeric 17-electron spec-
ies with ruthenium in the oxidation state +III.
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The result of an X-ray structural analysis of 2 is shown
in Figure 1. The ORTEP plot reveals that the molecule has
the expected piano-stool configuration with Sb—Ru—Cl
and CI—-Ru~—Cl angles between 82.74(4) and 99.33(6)°. The
Ru—Cl bond lengths [2.375(1) and 2.392(1) A] are almost
identical to the Ru—Cl distance in the 16-electron species
[Cp*RuCl(PiPr;)] [2.365(2) A]'Y; they are, however, signifi-
cantly shorter than in the coordinatively and electronically
saturated complex [Cp*RuCl(PPhs),] [2.453(2) AJP®l The
Ru—Sb distance [2.613(3) A] in 2 is the same as that found
in [Ru(m3-C:Hs),(SbiPrs),] [2.610(4) A]®) and also quite
similar to the bond lengths in the tris- and tetrakis(stib-
ane)ruthenium(II) derivatives [RuCl,(CO)(SbiPr3);]
[2.596(1)—2.666(1) AJ'D  and  trans-[RuCly(SbPh;),]
[2.625(1)—2.632(1) AJU'Y, In spite of the different o- and n-
bonding capabilities of the SbiPr; and chloro ligands, the
Cp* ring of 2 is symmetrically coordinated, the difference
in the Ru—C(1-5) distances being less than 0.042 A,

Figure 1. Molecular structure (ORTEP plot) of 20

lal Qelected bond lengths [A] and angles [°]: Ru—Sb 2.613(3),
Ru—-CI1 2.375(1), Ru—CI2 2.392(1), Ru—Cl 2.190(4), Ru—-C2
2.178(5), Ru—C3 2.220(5), Ru—C4 2.216(4), Ru—C5 2.216(4);
Sb—-Ru—CIl 82.74(4), Sb~Ru—Cl2 84.46(4), ClI—-Ru—CI2
99.33(6).

Whilst treatment of 2 with Zn or Zn/Hg affords a mixture
of products, the reduction of 2 with magnesium amalgam
in THF gives the monochlororuthenium(Il) derivative [Cp*
RuCI(SbiPr;)] (3) in modest yield. A more favorable method
of synthesis is the reaction of the tetramer [Cp*Ru(i;-Cl)]4
(4) with SbiPr; in the molar ratio of 1:4 (Scheme 1), which
leads to the formation of 3 in 63% yield. As the 'H-NMR
data and molecular weight measurements indicate, the
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brownish-yellow air-sensitive stibane complex 3, like the
phosphane analogue [Cp*RuCl(PiPr;)]!"-2, is monomeric in
solution, and thus contains a coordinatively unsaturated
metal centre.

Therefore, it is not surprising that 3 reacts quite rapidly
with CO to give the 18-electron compound [Cp*
RuCl(CO)(SbiPr3)] (5) in good yield. Complex 5 is an or-
ange, almost air-stable solid showing a single v(CO) band
at 1910 cm ™! in the IR spectrum. The '*C-NMR spectrum
of 5 displays besides the signals for the CO, CsMes, and
SbCH carbon nuclei, two singlets for the diastereotopic car-
bon atoms of the methyl groups of the stibane ligand, which
is in agreement with the chirality of the molecule.

In contrast to the “pseudo-16-electron” complex [Cp*
RuCl{x*(P,0)-iPr,PCH,CO,Me}], which reacts with meth-
ylpropiolate to give the vinylideneruthenium(Il) species
[Cp*RuCl(=C=CHCO,Me){k(P)-iPr.PCH,CO,Me}[!!%, the
reaction of 3 with HC=CCO,Me affords a 70% yield of the
ruthenacyclopentadiene  [Cp*RuCl{x*(C,C)-C(CO,Me)=
CHC(CO>Me)=CH}(SbiPr3)] (6) rather than [Cp*
RuCl(=C=CHCO,Me)(SbiPr;)]. Compound 6 is related
to cobalt complexes of the general composition
[CsHsCo{x*(C,C)-CR=CR'-CR=CR'}(L)] (L = CO,
PPh; etc.) which are also formed by alkyne-alkyne coupling
from [CsHsCo(L),] as the precursor!'3l. It should be men-
tioned that the phosphane derivative [Cp*RuCl(PiPr3)] re-
acts with acetylene to yield the binuclear ruthenacyclopen-
tadiene [Cp*RuCl,{x*(C,C)-u-C4H4}RuCp*], in which the
five-membered metallacycle behaves as a bridging -
gand'". The most typical features of the NMR data of 6
are the two doublets for the CH protons of the RuCj ring
at rather low field (6 = 9.23 and 7.70) in the '"H-NMR
spectrum and the four signals for the four different carbon
atoms of the metallacycle at & = 188.4, 179.6 (a-C), and
& = 147.4 and 140.2 (B-C) in the *C-NMR spectrum, re-
spectively. The 1?*C-NMR spectrum of the electronically un-
saturated ruthenacyclopentadiene [CsHsRuBr{x?(C,C)-
CPhCH=CHCPh}] shows one resonance for the CPh car-
bon atoms at 8 = 271.1 and one for the CH carbon atoms
at § = 156.0, which is consistent with a bis(carbenoid)-type
resonance structure of the metallacyclel4],

The Preparation and Structure of the Binuclear Complex
[Cp* (SbiPr;)Ru(p-Cl),RuCp*]

The observation made by Chaudret (and independently
by Koelle et al. for the n°-CsMe4Et derivative)!'”! that the
tetrameric compound 4 can be converted to binuclear com-
plexes [Cp*(L)Ru(p,-CD)], under certain conditions and by
using “flat” ligands such as pyridinel’, prompted us to
study the reaction of 4 with SbiPr; in a molar ratio of less
than 1:4. Thus, if a solution of 4 in benzene is treated with
two equivalents of the stibane at room temperature, the or-
ange compound 7 is formed which, according to the el-
emental analysis, contains one SbiPr; for every two Cp*
RuCl fragments. The 'H-NMR spectrum of 7 (in C¢Dy) dis-
plays, besides the resonances for the protons of the isopro-
pyl groups, two singlets at & = 1.61 and 1.38 which can be
assigned to the CH; protons of the two differently coordi-
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nated CsMes units. The new complex 7 is also obtained by
storing a solution of 3 in acetone for 12 h at —20°C and
can be reconverted to 3 by addition of one equivalent of
the stibane (Scheme 2).

Scheme 2
[Cp*Ru(us-CN,
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(Cp* = n5-CsMes)

An ORTEP drawing of the structure of 7 is shown in
Figure 2. The molecule contains a central unsymmetrical
Ru,Cl, fragment which, in contrast to [(n>
CsMe,Et)(CHy)Ru(p-CDL!'™ and [Cp*(CHRu(p-ChL!™,
is not planar. The dihedral angle between the planes
[Rul,Cl1,CI2] and [Ru2,Cl1,CI2] is 29.9(4)°. The bond
lengths of the bridging chlorides to the electronically satu-
rated metal centre Rul are significantly longer [2.504(7) and
2.506(5) A] than those of Ru2 [2.427(4) and 2.40(1) A]
which has only a 16-electron configuration. It is worth men-
tioning that the distances Ru2—Cll and Ru2—CI2 are al-
most the same as those in the 17-electron species 2 (see
Figure 1), while the bond lengths Rul-Cll and Rul-CI2
are almost identical to those in the tetramer 4
[2.513(3)—2.537(3) A]!8L An analogous situation to that
found in 7 exists in the binuclear copper(I) complex
[(PPh3),Cu(p-Br),Cu(PPh;)], which also contains an un-
symmetrical M,X, core in which one copper has an 18-
electron and the other a 16-electron configuration'"). The
bond length Rul—Sb in 7 is 2.656(7) A and is therefore
similar to the Ru—Sb distance in the mononuclear com-
pound 2.

Conclusion

The work described in this paper has shown that there
are similarities as well as differences in the behavior of PiPr;
and SbiPr; toward starting materials containing Cp*RuCl
as a molecular unit. The oligomeric (possibly polymeric)
ruthenium(II) complex [Cp*RuCl,], (1) reacts with both
triisopropylphosphane and -stibane to generate a paramag-
netic 17-electron compound [Cp*RuCl,(EiPr;)] (E = PB,
Sb), which upon reduction with Zn or Mg/Hg yields the 16-
electron species [Cp*RuCl(EiPr;)]. The tetramer [Cp*
Ru(p;-Cl)]y (4), however, behaves somewhat differently
towards PiPr; and SbiPr;. Whereas the reaction of 4 with
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Figure 2. Molecular structure (ORTEP plot) of 70!

fal Selected bond lengths [A] and angles [°]: Rul—Sb 2.656(7),

Rul—Cll 2.504(7), Rul—Cl2 2.506(5), Ru2—Cll 2.427(4),
Ru2—CI2 2.40(1), Rul—Ru2 3.524(2), Rul—-Cl0 2.162(8),
Rul-Cll 2.159(8), Rul—-CI2 2.168(9), Rul-Cl3 2.17(1),
Rul-Cl4 2.174@8), Ru2—C20 2.09(2), Ru2—C21 2.12Q2).
Ru2-C22 2.10(2), Ru2-C23 2.13(2), Ru2—C24 2.09Q2);
Sb—Rul—-Cll 88.2(3), Sb—Rul—Cl2 85.6(2), Cll—Rul—CI2
82.4(3), Cl1-Ru2—Cl2 86.2(2), Rul-CII—Ru2 91.2(2),

Rul—-CI2—Ru2 91.7(3).

the phosphane gives only the mononuclear complex [Cp*
RuClI(PiPr5)], the corresponding stibane derivative 3 as well
as the unsymmetrical binuclear compound 7 can be ob-
tained upon treatment of 4 with SbiPr;. The reactivity of
the coordinatively unsaturated species [Cp*RuCl(PiPr;)]
and 3 towards terminal alkynes also differs in some re-
spects. In contrast to the phosphane complex, which in the
presence of HC=CH yields the binuclear ruthenacyclopen-
tadiene [Cp*RuCl, {x* C,C)-p-C,H,} RuCp*]l'?], the stibane
analogue 3 reacts with HC=CCO,Me to give the mononu-
clear metallacycle 6. Finally, it should be noted that in spite
of recent progress made in this field®™>®? trialky/stibane
compounds of the late (electron-rich) transition metals are
still quite rarel?”l, Moreover, the species 2, 3 and 5, 6 are
the first halfsandwich-type ruthenium complexes with
SbR.

This work was supported by the Deutsche Forschungsgemein-
schaft (SFB 347) and the Fonds der Chemischen Industrie. We are
also grateful to Mrs. 4. Spenkuch for technical assistance, to Dr.
T. Linker for ESR spectra, to Mrs. R. Schedl, and Mr. C. P. Kneis
for performing the elemental analyses and DTA measurements, and
to the Degussa AG for generous gifts of chemicals.

Experimental Section

All operations were carried out under argon in carefully dried
solvents. The starting materials 1224, 422 and SbiPr;?* were pre-
pared by known methods. — IR: Perkin-Elmer 1420. — NMR:
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Bruker AC 200 and AMX 400. — ESR: Bruker ESP 300. — Melting
points were determined by DTA.

1. Preparation of [ (7°-CsMes) RuClL(ShiPr;) ] (2): To a solution
of 98 mg (0.32 mmol for n = 1) of 1 in 5 ml of CH,Cl,, 66 ul (0.32
mmol) of SbiPr; was added dropwise and the mixture was stirred
for 10 min at room temp. The solvent was then removed in vacuo,
and the residue was treated with 3 ml of pentane to give an orange
microcrystalline solid; yield 150 mg (84%), m.p. 64°C (dec.). — 'H
NMR (200 MHz, C¢D¢): 8 = 26.8, 14.2, 5.7 (all s, br). — ESR
(9.76 GHz, THF, 293 K). g = 2.06 (s, br). — C;sH3sCL,RuSb
(558.2): caled. C 40.88, H 6.50; found C 40.50, H 6.38.

2. Preparation of [ (n*-CsMes) RuCl(SbiPr;) ] (3): (a) A solution
of 80 mg (0.15 mmol) of 2 in 10 ml of THF was treated with Mg/
Hg (2.0 g Hg, 9.97 mmol; 30 mg Mg, 1.23 mmol) and stirred for 1
h at room temp. The solution was then filtered and the filtrate was
concentrated in vacuo. The residue was extracted with 10 ml of
benzene, and the extract was filtered. After removal of the solvent,
the residue was treated with 1 ml of pentane (—78°C) to give a
brownish-yellow microcrystalline solid; yield 22 mg (29%). — (b)
To a solution of 163 mg (0.15 mmol) of 4 in 10 ml of benzene, 123
ul (0.60 mmol) of SbiPr; was added dropwise and the mixture was
stirred for 5 min at room temp. The solvent was then removed in
vacuo, and the residue was worked-up as described for a); yield 197
mg (63%). — (¢) To a solution of 70 mg (0.09 mmol) of 5§ in 10 ml
of benzene, 18 ul (0.09 mmol) of SbiPr; was added dropwise and
the mixture was stirred for 5 min at room temp. The solvent was
then removed in vacuo, and the residue was worked-up as described
for a); yield 76 mg (82%); m.p. 58°C (dec.). — 'H NMR (200 MHz,
Cg¢Dg): 8 = 1.93 (m, br, SbCHCH3;), 1.62, 1.30 (both s, br, CsMes
and SbCHCHj;). — CoH34CIRuSb (522.8): caled. C 43.65, H 6.94;
found C 43.57, H 6.96; mol. mass 480 (osmometric in CH,Cl,).

3. Preparation of [(n’-CsMes)RuCl(CO)(SbiPrs)] (5): A
stream of CO was passed for 1 min through a solution of 86 mg
(0.16 mmol) of 3 in 2 ml of CH,Cl, at room temp. The solvent was
removed in vacuo, and the residue was treated with 3 ml of pentane
to give an orange microcrystalline solid; yield 69 mg (76%), m.p.
95°C (dec.). — IR (CgHg): ¥ = 1910 cm™! [W(C=0)]. — 'H NMR
(400 MHz, C¢Dg): & = 2.03 (m, 3H, SbCHCHj,), 1.51 (s, 15H,
CsMes), 1.24 [d, JAHH) = 7.2 Hz, 9H, SbCHCHj;), 1.15 [d,
J(HH) = 7.6 Hz, 9H, SbCHCH;3]. — '3C NMR (100.6 MHz,
Ce¢Dg): 8= 207.0 (s, CO), 92.8 (s, CsMes), 22.5, 22.3 (both s,
SbCHCH3), 17.7 (s, SbCHCHa3), 9.5 (s, CsMes). — CyoH36ClO-
RuSb (550.8): caled. C 43.62, H 6.59; found C 43.10, H 6.00.

4. Preparation of [(’-CsMes)RuCl{®(C,C)-C(CO,Me)=
CHC(CO,Me)=CH}(SbiPr;)] (6). A solution of 150 mg (0.28
mmol) of 3 in 5 ml of CH,Cl, was treated with 120 ul (1.40 mmol)
of HC=CCO,Me and the mixture was stirred for 5 min at room
temp. The solution was concentrated to ca. 1 ml in vacuo, and then
chromatographed on Al,O; (neutral, activity gradce V, length of
column 7 ecm). With CH,Cl,, an orange fraction was eluted, from
which the solvent was removed. The residue was treated with 5 ml
of pentane to give an orange microcrystalline solid; yield 96 mg
(70%), m.p. 98°C (dec.). — IR (C4Hg): ¥ = 1685 cm™! [V(C=0)].
— 'H NMR (400 MHz, C4Dg): 8 = 9.23 [d, J(HH) = 3.3 Hz, 1H,
RuCH], 7.70 [d, JJHH) = 3.3 Hz, 1 H, RuC(CO,CH,;)CH], 3.66,
3.57 (both s, 3H each, CO,CH,), 2.44 (sept, J(HH) = 7.4 Hz, 3H,
SbCHCHs;), 1.40 (s, 15H, CsMes), 1.29 [d, J(HH) = 7.4 Hz, 9H,
SbCHCH>), 1.25 [d, J(HH) = 7.4 Hz, 9H, SbCHCH;]. — 3C
NMR (100.6 MHz, C¢Dg): § = 188.4 [s, RuC(CO,CH;)], 179.6
(s, RuCH), 1759, 1623 (both s, CO,CHj), 1474 s,
RuCH(CO,CHs;)], 140.2 [s, RuC(CO,CH;)CH], 102.9 (s, CsMes),
50.7, 50.1 (both s, CO,CHj;), 22.5, 22.0 (both s, SbCHCHS), 19.1
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(s, SbCHCH3), 9.8 (s, CsMes). — CyHa4CIO4RuSb (690.9): caled.
C 46.94, H 6.42; found C 47.50, H 6.70.

5. Preparation of [(n’-CsMes)(SbiPr;)Ru(u-Cl)>Ru(n’-
CsMes) ] (T): (a) A solution of 133 mg (0.25 mmol) of 3 in 4 ml
of acetone was cooled to —20°C. After ca. 12 h orange crystals
precipitated, which were filtered off, washed with 2 ml of pentane
and dried in vacuo; yield 57 mg (56%). — (b) To a solution of 70
mg (0.06 mmol) of 4 in 10 ml of benzene, 26 pl (0.13 mmol) of
SbiPr; was added dropwise and the mixture was stirred for 5 min
at room temp. The solvent was then removed in vacuo, and the
residue was treated with 1 ml of pentane (—-30°C) to give an orange
microcrystalline solid; yield 85 mg (89%), m.p. 75°C (dec.). — 'H
NMR (200 MHz, C¢Dg): 6 = 2.03 [sept, J(HH) = 6.9 Hz, 3H,
SbCHCH,), 1.61 (s, 15H, CsMes), 1.38 (s, br, 15H, CsMes), 1.37
[d, J(HH) = 6.9 Hz, 18 H, SbCHCH;]. — C,3H5;Cl,Ru,Sb (794.5):
caled. C 43.84, H 6.47; found C 43.02, H 6.98.

6. Determination of the X-ray Crystal Structure of 212¥: Single
crystals were grown from methanol. Crystal data (from 25 reflec-
tions, 4° < @ < 21°): triclinic, space group P1 (No. 2); a =
8.4576(9), b = 8.616(1), ¢ = 18.226(3) A, o= 102.52(1), B=
90.69(1), ¥y = 177.93(1)°, ¥V = 1135.5(3) A3 Z =2 dyeq = 1.633
g em ™, u(Mo-K,) = 2.088 mm™!; crystal size 0.25 X 0.30 X 0.36
mm; Enrz}f-Nonius CAD4 diffractometer, Mo-K, radiation
(0.70930 A), graphite monochromator, zirconium filter (factor
15.4); T= 293(2) K; w/® scan, max. 20 = 48°; 3823 reflections
measured, 3549 independent reflections, 2751 reflections with [ >
26(l), 3548 independent reflections included in data set. Intensity
data were corrected for Lorentz and polarization effects, an empiri-
cal absorption correction (¥-scan method) was applied (minimum
transmission 75.68%). The structure was solved by the direct
methods (SHELXS-86). Atomic coordinates and the anisotropic
thermal parameters of the non-hydrogen atoms were refined by full
matrix least-squares on F? {352 parameters, weighting scheme ap-
plied in the last cycle: w = 1/[c2(F2) + (0.0288 - P)*> + 0.2569 - P]
where P = (F2 + 2F2)/3, SHELXL-93}. The positions of all hydro-
gen atoms were found and refined isotropically. Conventional R =
0.0274 [for 2751 reflections with I > 2o(/)] and weighted wR2 =
0.0632 for all 3548 data reflections; reflex/parameter ratio 10.08;
residual electron density +0.388/—0.315 eA~3,

7. Determination of the X-ray Crystal Structure of T?¥: Single
crystals were grown at —30°C from acetone. Crystal data (from 25
reflections, 8° < @ < 15°): orthorhombic, space group Phca (No.
61); a = 18.369(5), b = 23.871(6), c = 14.86(1) A, V' = 6516(4) A3,
Z =8, dpea = 1.620 gcm 3, p(Mo-K,) = 1.172 mm™!; crystal size
0.25 X 0.35 X 0.50 mm; Enraf-Nonius CAD4 diffractometer, Mo-
K, radiation (0.70930 A), graphite monochromator, zirconium fil-
ter (factor 16.4); T = 173 K; »/® scan, max. 2@ = 46°; 6032 reflec-
tions measured, 3677 independent reflections, 2872 reflections with
1> 20(1), 3677 independent reflections included in data set. Inten-
sity data were corrected for Lorentz and polarization effects, an
empirical absorption correction (W¥-scan method) was applied
(minimum transmission 86.3%). The structure was solved by the
direct methods (SHELXS-86). Atomic coordinates and the aniso-
tropic thermal parameters of the non-hydrogen atoms were refined
by fuli-matrix least-squares on F? {247 parameters, weighting
scheme applied in the last cycle: w = 1/[c?(F2) + (0.0345 - P)> +
156.1142 - P] where P = (F2 + 2F2)/3, SHELXIL.-93}. The positions
of all hydrogen atoms were calculated according to ideal geometry
and were refined by using the riding method. Conventional R =
0.0481 [for 2872 reflections with T > 2o(J)] and weighted wR2 =
0.1554 for all 3677 data reflections; reflex/parameter ratio 9.0; re-
sidual electron density +1.062/~0.978 eA~3,
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* Dedicated to Professor Cornelius G. Kreiter on the occasion of
his 60th birthday.
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