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The tetrahedral cluster compound tetrakis{[tris-
(trimethylsilylymethyl]indium(I)} (1) reacts in boeiling n-hex-
ane with benzil derivatives {p-X-CgH4)C(O)C(O)(p-X-CgxHy)
(X = H, OMe, Br), to yield the 1,4-cycloaddition products of
the monomeric alkylindium(l), In—C(SiMej;);, in which the In
atoms are coordinated by a chelating enediolato ligand, to

form a five-membered InO,C, heterocycle. As shown by two
crystal structure determinations (X = H, OMe), the products
are dimeric in the solid state, with a four-membered In,O,
heterocycle in the molecular center and both C(SiMes)s
groups, as well as both enediolato substituents in a cis arran-
gement,

Tetrakis[tris(trimethylsilyl)methyl]tetragallane(4), with an
undistorted tetrahedron of four Ga atoms in the solid state,
gradually monomerizes with increasing dilution of its solu-
tions in benzenel'l. The monomeric alkylgallinm(I) deriva-
tive Ga—C(SiMe;); is formed, which exhibits strong coor-
dinative and electronic unsaturation, and could also be de-
tected by an electron diffraction experiment in the gas
phasel?!. The In, analogue 1 shows, however, a much lower
tendency to monomerize and remains a lelramer in dilute
benzene solutionll, Although the monomeric formuta unit
is detected as the highest mass peak in conventional mass
spectroscopy, we were not able to determine its structure in
the gas phase due to decomposition and quantitative for-
mation of HC(SiMcs); upon heating!. 1 is easily synthe-
sized by the reaction of InBr with the THF adduct of LiC-
(SiMe;);** and shows an unprecedented chemical reactiv-
ity. For instance, heterocubane-type molecules are formed
with an excess ol the elements sulfur, selenium and tel-
lurium-31, These reactions probably proceed by the gradual
occupation of the faces of the Iny cluster, and an In,S inter-
mediate with only one face of the tetrahedron occupied by
a chalcogen atom could be synthesized by the treatment of
1 with propylene sulfide, and could be characterized by a
crystal structure determination!®. While in boiling n-hexane
those reactions are usually {inished in a short reaction time,
solutions of 1 are unreactive towards most reagents at room
temperature. This remarkable difference may be interpreted
in terms of a partial dissociation of 1 in hot solvents, ac-
companied by the formation of the reactive monomer
In—C(SiMe;);, which needs to be formed in only trace
amounts to account for the enhanced reactivity. The mono-
meric fragment InR is isolobal to carbon monoxide, and we
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indeed succceded in replacing CO ligands in transition
metal carbonyls, but the InR ligand exclusively occupies
bridging positions between two meial centers!”l. Reactive
intermediates like silylenes SiR, or stannylenes SnR, could
be trapped by the 1,4-cycloaddition reaction with
heterobutadiene derivatives like 1.4-diazabutadienes®. We
hoped to realize a similar reaction with tetraindane(4) 1 and
to detect the monomeric fragment InR as a cycloaddition
product. However, these experiments did not succeed with
diazabutadiene compounds®®!, and we treated 1 with benzil
derivatives!!” in order to use the high In—O bond energy
as a driving force.

Reactions of Tetraindane(4) 1 with Benzil Derivatives

The solid benzil derivatives 4,4'-dimethoxy-, 4.4’-di-
bromo-, and unsubstituted benzil were added to deep violet
solutions of 1 in n-hexane at room temperature in a molar
ratio of 4:1 (eq. 1). The mixtures were refluxed for about
one hour, and the color changed from violet to yellow or
brown. The products (2 to 4) crystallized from the reaction
mixtures after concentration and cooling to —50°C, as yel-
low solids in yields of 65 to 75%, and could be recrystallized
from cyclopentane. With the exception of the phenyl deriva-
tive 2, the crystals included solvent molecules (hexane or
cyclopentane) in different amounts: 3 (R = OMe) about
1/3 and 4 (R = Br) about one molecule per formula unit of
the monomer after evaporation. While crystals of 2, 3 and
4 decomposed only very slowly in air, the solutions of all
three products were extremely air-sensitive, and on contact
with air they became deep violet, before an excess of oxygen
led to colorless decomposition products. The constitution
of the deeply colored intermediates could not be clarified
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by spectroscopic methods, and they could not be isolated
in a pure form.

60
o
Iny[C(SiMegl3]y + 4 Arjl-C—C-Aryl ———>

O —Ary]
4 (MegSi)gC—Tn I n
O/C\Aryl

Anyl = -CgHy (2); ~4-MeO-CgHy (3); -4-Br-CgHy (4)

As shown by the cryoscopically determined molar mass,
compound 3 (R = OMe) is monomeric in benzene, while
the unsubstituted derivative 2 (R = H) gives only a partial
monomierization under the same conditions. All products
show sharp singlets for the SiMe; groups in the 'H and "*C
NMR spectra. The carbon atoms bound to indium have
resonances at & = 24.0 (2), 23.2 (3) and 25.4 (4), which lie
in the range normally observed for tricoordinated In
atoms!''-13; chemical shifts of about & = 15 are usually
detected with a coordination number of four[!3l, The ethyl-
ene carbon atoms show signals with expected chemical
shifts!' of § = 127.0, 113.9 and 121.4.

Crystal Structures of 2 and 3

Because the crystal structure of 3 could not be refined
satisfactorily due to strong disorder of the cyclopentane
molecules (see below), an additional compound was also
characterized by crystal structure determination (2). The
molecular structures of compounds 2 and 3 are almost in-
distinguishable; Figure 1 shows the structure and the num-
bering scheme of a complete molecule of 2, while part of a
molecule of compound 3 in Figure 2 gives a more detailed
insight into the molecular center. Five-membered InO,C,
heterocycles were formed by the cycloaddition reaction be-
tween the benzil derivatives and thc monomeric fragment
ol 1, In—C(SiMe»)s; the benzil derivatives contribute enedi-
olato ligands, coordinated by both oxygen atoms of the di-
keto groups to one indium atom. The In atoms become co-
ordinatively saturated by dimerization of the molecules via
In—O bridges and formation of an additional central In,O,
heterocycle with distorted tetrahedral coordination of the
In atoms and pyramidal coordination of the oxygen atoms.
The compounds have a syn-configuration with both enedi-
olato groups on one side of the four-membered ring and
both C(SiMes); groups on the other. Thus, the arrangement
of the heterocycles could be described as an open cage, and
the molecular symmetry is approximately C, with the two-
fold rotation axis perpendicular to the In,O, ring. This
structure is probably caused by steric restrictions, because
each of the bulky C(SiMe;); groups must come very close
to an OC—phenyl group of an enediolato ligand in a hypo-
thetical centrosymmetric molecule.

As expected, we observe two significantly different In—O
distances. Lengths of 203.2 (2) and 203.1 (3) pm on average
are detected for the terminal In—O bond with a bicoordi-
nated O atom,; these distances are among the shortest de-
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Figure 1. Molecular structure and numbering scheme of 2 (X = H);
the thermal ellipsoids are drawn at the 40% probability level; hydrogen
and methyl carbon atoms are omitted for clarity. Only one position of
the disordered SiMe; substituents is drawn. Selected bond lengths [pm]
and angles [°]: In1—01 214.8(3), In1 —03 217.4(3), In1—04 202.7(4),
In1—-C1 216.1(5), In2—01 218.2(3), In2—02 203.6(3), In2—03
215.3(3), In2—-C2 216.5(5), Ol—In1-03 80.3(1), Ol—In1—-0O4
103.6(1), 03—In1—04 80.7(1), 01—1In1—C1 128.5(2), O3—In1-C1
125.6(1), O4—1In1—C1 122.4(2), O1—In2—02 80.3(1), O1—In2—03
80.0(1), 02—In2-03 102.5(1), O1-In2—C2 127.5(1), 02—In2-C2
121.0(1), 03-In2—C2 130.1(1)

st

Figurc 2. Central parl of the molecular structure of 3; the thermal
ellipsoids are drawn at the 40% probability level; methyl and pheayl
groups with the exception of the ipso-C atoms are omitted, Selected
bond lengths [pm] and angles [°]: In1 —0O1 219.3(3), In1—02 203.7(5),
In1—=03 216.7(5), In1--C1 216.4(5), In2—01 216.6(5), In2—03
217.7(4), In2—04 202.5(5), In2—C2 216.2(5), O1—-In1—-02 81.1(2),
O1—In1—03 79.8(1), 02—1In1—03 105.6(2), O1—In1—C1 128.8(2),
02—-In1—C1 119.5(2), O3—In1—-C1 128.1(2), O1—1In2—03 80.2(1),
01-In2—04 105.1(2), 03—In2—04 80.9(2), O1—In2—C2 128.7(2),
03-In2—C2 127.2(2), 04—In2—C2 120.1(2)
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scribed in literature and only few compounds could be
found with comparable short In—O distances below 210
pm!'>-18 1 contrast, the In—O bonds of the In,0, hetero-
cycle with tricoordinated oxygen atoms are very elongated
(216.4 and 217.6 pm) and are in the range normally ob-
served for alkoxides, hydroxides and peroxides of organo
indium derivatives{'®17; most of these derivatives show
[n—0O bond lengths between 216 and 220 pm!!'*¥). The In-O
bond lengths mainly depend on the coordination number
of the oxygen atoms, where smaller bond lengths belong
to lower coordinated atoms; similar conditions have been
observed before in several other compounds with bonds be-
tween the elements of the third main group and chalcogen

Chem. Ber./Recuetl 1997, 130, 1269—1272



Monomeric Alkylindium(I) Compound In—C(SiMe,);

FULL PAPER

atoms!!1?) The transannular In-In (331.2 and 333.3 pm)
and O---O distances (287.6 and 279.8 pm) are shorter than
the sum of the van der Waals radii (In: 380 pm; O: 300
pm[?) and the most acute angles of the ring are found at
the indium atoms (80.1 and 80.0°). The In—C distances
(216.3 pm in both derivatives) are shortened compared to
that of the starting compound 1 (224.9 pm), which might
be caused by the higher oxidation state of In in 2 and 3 and
a stronger electrostatic attraction between In and C; similar
effects have often been observed before in the reaction
products of 157, The C=C double bond lengths (133.7
and 133.8 pm on average) correspond o standard values"),
the C—O distances depend on the coordination number of
the oxygen atom: shorter bonds (136.8 and 137.2 pm) are
observed for the bonds including the bicoordinated oxygen
atoms (02—C24, 04—C44), whereas slightly longer bonds
are found (142.8 and 141.2 pm on average) for the tricoordi-
nated, bridging oxygen atoms (O1—Cl14, O3—C34). The
bonding situation in this part of the molecule is similar to
that in several other enediolato complexes described in the
literature?%,

The normals of the planes of the four- and five-mem-
bered heterocycles enclose angles of about 71° in 2 and 69°
in 3. While the In,0, heterocycles are almost ideally planar
with a2 maximum deviation of 1.3 and 1.0 pm, respectively,
the five-membered rings are folded with the In atoms 42
and 31 pm above the almost ideally planar (maximum devi-
ation 0.4 and 2.5 pm) enediolato groups. The ipso carbon
atoms of the phenyl groups are at most 4.8 and 6.8 pm
above these planes. The phenyl groups are twisted relative
to the C=C double bonds by 39 to 59°, so that no signifi-
cant mesomeric interactions are to be expected. The In—C
bonds are almost coplanar, with small C—In—In—C tor-
sional angles (6.6 and —1.5°). As expected from the molecu-
lar constitution, much larger torsional angles are observed
between the bicoordinated oxygen atoms (O2—1n—In—04;
—35.3° and 38.4°).

We are grateful to the Deutsche Forschungsgemeinschaft and the
Fonds der Chemischen Industrie for generous financial support.

Experimental Section

General: All procedurcs were carried out under an atmosphere
of purified argon in dried solvents (n-hexane and cyclopentane over
LiAlH,). Compound 1 was prepared according to ref. ], the benzil
derivatives {from Aldrich-Chemie were used without further purifi-
cation.

Synthesis of 2 (Benzil): 450 mg (0.325 mmol) of tetraindane(4)
1 and 273 mg (1.299 mmol) of benzil are dissolved in 50 ml of n-
hexane and refluxed for 15 min, until the deep violet color of 1
disappears and a reddish-brown solution has formed. The mixture
is concentrated and cooled to —50°C. Yield: 0.54 g (75%) yellow,
slightly air-sensitive crystals,. — M.p. (argon; closed capillary)
218°C. — 'TH NMR (C¢Dg, 300 MHz): & = 7.64 (4H, multiplett,
m-H of phenyl), 7.09 (4H, pseudo-t, o-H of phenyl), 6.97 (2H,
pseudo-t, m-H of phenyl), 0.21 (27H, SiMe,). — *C NMR (C¢Dq,
75.5 MHz): & = 129.9 (broad, phenyl), 127.0 (C=C), 24.0 (InC),
5.6 (SiMes). — IR (paraffin, CsBr plates): v = 1602 cm™! m
vC=C; 1593 m, 1568 w phenyl; 1464 vs, 1377 vs paraffin; 1319 m,
1305 m, 1288 w, 1263 s, 1254 s 8CHa; 1171 w, 1161 vw, 1155 w,
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1115 m, 1069 m, 1051 w, 1036 m, 1009 s, 995 m vCO, vCC; 920 m,
907 m, 858 vs, 847 sh, 764 s, 721 s pCHa(S1); 694 s, 677 sh v, SiC;
615 m v,SiC; 557 m, 530 m, 497 w, 463 m, 427 w vInC, vInO; 383
vw, 364 vw 6SiC. — CyyH37In0,8i; (556.63): caled. C 51.8, H 6.7;
found C 51.8, H 6.8.

Synthesis of 3 (4,4'-Dimethoxybenzil): 0.370 g (0.267 mmol) of
1 and 0.288 g (1.068 mmol) ol 4,4’-dimethoxybenzil are dissolved
in 50 ml of n-hexane and refluxed for | h, The color changes from
deep violet of 1 to reddish-brown. The mixture is filtered to separ-
ate traces of elemental indium, concentrated up to the beginning
of crystallization and cooled to —50°C. Yicld: 0.49 g (71%) yellow,
slightly air-sensitive crystals, which, afler evacuation, include 0.33
molecules of n-hexane per formula unit of the monomer after evap-
oration. — M.p. (argon; closed capillary) 238°C. — Molar mass
(cryoscopically in benzene): obs. 446; calc. 470 g/imol for the mono-
mer and an NMR spectroscopically determined content of 0.36
cyclopentane molecules per formula unit. — '"H NMR (CyDy, 300
MHz): § = 7.63 and 6.74 (both: 4H, d, Juy = 8 Hz, phenyl), 3.26
(6H, OCHj;), 0.27 (27H, SiMe;). — 13C NMR (C¢Ds, 75.5 MHz):
6 = 159.2, 131.8 and 130.8 (phenyl), 113.9 (C=C), 54.7 (OMe),
23.2 (InC), 5.7 (SiMes). — IR (paraffin, CsBr plates): ¥ = 1597
cm™' m, 1567 w, 1508 m vC=C, phenyl; 1462 vs, 1377 vs paraffin;
1298 s, 1262 s, 1244 vs 3CHs; 1169 s, 1113 m, 1096 s, 1040 s, 1017
s, 993 s vCC, vCO; 912 m, 858 vs, 847 sh, 828 sh, 779 m, 721 m
pCH;(S1); 677 m, 658 m v, SiC; 648 m, 637 m, 619 m, 606 m v.SiC;
588 w, 559 m, 530 w, 513 w, 465 w, 427 w vInC, vInO; 392 vw, 360
vw, 338 w 3SIC. — Cy6H4In0,Si5-0.36 CsHyy (641.9): caled. C
52.0, H 7.0; found C 51.7, H 6.8.

Synthesis of 4 (4,4'-Dibromobenzil): 0.300 g (0.217 mmol) of 1
and 0.319 g (0.868 mmol) of 4,4’-dibromobenzil arc dissolved in
50 ml of n-hexane and refluxed for 10 min. The color changes from
dark violet of 1 to reddish-brown. The mixture is concentrated and
cooled to —50°C. Yield: 0.45 g (65%) yellow, slightly air-sensitive
crystals, which include up to one molecule of n-hexane (or cyclo-
pentane) per formula unit of the monomer. — M.p. (argon; closed
capillary) 162°C (dec.). — 'H NMR (C¢D;, 300 MHz). & = 7.26
and 7.17 (AB spectrum, 8H, phenyl), 0.14 (27H, SiMe;). — '*C
NMR (CsDg, 75.5 MHz): § = 131.7 (broad, phenyl), 121.4 (C=C),
25.4 (InC), 5.5 (SiMe;). — IR (paraffin, CsBr plates): v = 1626
cm™! w, 1584 m, 1566 vw, 1541 vw vC=C, phenyl; 1462 vs, 1377
vs paraffin; 1314 m, 1277 m, 1263 s, 1254 s 3CH3; 1171 w, 1144 w,
1119 m, 1096 m, 1072 s, 1044 m, 1011 s, 999 s vCC, vCO; 912 m,
858 vs, 829 sh, 779 w, 770 sh, 721 m pCHj;(Si): 677 w, 658 w v, SiC;
617 w vSiC; 558 w, 532 w, 521 w, 482 m, 465 m, 427 vInC, vInO,
vCBr; 379 vw, 347 vw 8SiC. — UV/Vis (n-pentane) (g): 240 (12000,
350 nm (1200). ~ C54H35Br,In0-8i5: CgHy, (800.6): caled. C 45.0,
H 6.2; found C 44.6, H 6.0.

Crystal Structure Determinations: Single crystals of 2 and 3 were
obtained by recrystallization from cyclopentane; the crystals of 3
were not evacuated after isolation. Crystal data and structure re-
finement parameters are given in Table 127 Compound 3 crys-
tallizes with solvent molecules, which are strongly disordered and
were refined with restraints of bond length and angles and occu-
pancy factors of 0.25 and 0.5. The cyclopentane content dcter-
mined by the structurc refinement is 1.25 molecules per formula
unit of the dimeric compound 3. A further disorder is observed for
one of the C(SiMe;); groups and for the methoxy groups, which
could however be satisfactorily resolved. 2 crystallizes without sol-
vent molecules, but shows a rotational disorder of both C(SiMea);
substituents with occupancy factors of 0.8 and 0.2 for the trimeth-
ylsilyl groups Sil, Si2 and Si3, and 0.68 and 0.32 for Si4, Si5 and
Si6; such disorder has often becn obscrved before with the axially
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symmetrical substituent7), The bond lengths and angles of the
disordered groups are refined with restrictions to ideal values. The
carbon atoms of the disordered groups are isotropically refined.
Despite the disorder, and in contrast to 3, the structure of 2 could
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be refined to low R-values and satisfactory standard deviations.

Table 1. Crystal data and data collection parameters for 2 and 3l

(31w, Uhl, 1. Hahn, R. Graupner, Z. Anorg. Allg Chem. 1997,

623, 565—572. — W. Uhl, R. Graupner, S. Pohl, W. Saak, W.
Hiller, M. Neumayer, Z. Anorg Allg Chem. 1997, 623,
883 —-891.

(141 H.-Q. Kalinowski, S. Berger, S. Braun, C-NMR-Spekirosko-

pie, Georg Thieme Verlag, Stutigart, 1984,

51D, C. Bradley, H. Chudzynska, D. M. Frigo, M. B. Hursthouse,

M. A. Mazid, J Chem. Soc, Chem. Commun. 1988,
1258—1259. — D. C. Bradley, H. Chudzynska, D. M. Frigo, M.
E. Hammond, M. B. Hursthouse, M. A. Mazid, Polyhedron
1990, 9, 719—-726. — R. C. Matthews, D. Parker, G. Ferguson,

Formula CigH74In;0451¢ Csg.25Ho4 sTn204Sis B. Kaitner, A. Harrison, L. Royle, Polyhedron 1991, 10,

4 4 1951—1953. — T. A. Annan, J Gu, Z. Tian, D. G. Tuck, J
Temperature (K) 3002) 2932) Chem. Soc., Dalton Trans. 1992, 3061-3067. — S. Liu, E.
Crystal system monoclinic monaclinic Wong, V. Karunaratne, S. I. Rettig, C. Orvig, Jnorg Chem. 1993,

Space group
d(:alc. (g ' Cm_”)

P2/n; No. 141231
1.305

P2,/c; No. 141231
1.208

32, 1756—1765. — E. Cole, R. C. B. Copley, J. A. K. Howard,
D. Parker, G. Ferguson, J. E. Gallagher, B. Kaitner, A. Harrison,

a (pm) 1548.0(2) 2400.6(1) L. Royle, J Chem. Soc., Dalion Trans. 1994, 1619—1629. — M.
b (pm) 1535.6(1) 1196.76(5) A. Malyarick, A. B. Tlyuhin, S. B. Petrosyants, Polyhedron 1993,
¢ (pom) 2493.0(3) 2581.7(1) 12, 2403-2409. — J. E. Bollinger, J. T. Mague, C. J. O’Connor,
B 30 3 107.06(1) 101.766(7) W. A. Banks, D. M. Roundhill, J Chem. Soc., Dalton Trans.
V(107 m’) 5665(1) 7261.2(5) 1995, 1677—1688. — E. Wong, S. Liu, S. J. Rettig, C. Orvig,
p(mm~") 0.978 0.777 Inorg. Chem. 1995, 34, 3057-3064. — T. A. Annan, M. A.
Crystal size (mm) 05X 05x04 05X 04 xX04 Brown, A. El-Hadad, B. R. McGarvey, A. Ozarowski, D. G.
Diffractometer Stoe-IPDS AED 2 Tuck, Inorg. Chim. Acta 1994, 225, 207—213.

Radiation Mo-K,;; graphite monochromator 16l S S. Al-Juaid, N. H. Buttrus, C. Eaborn, P. B. Hitchcock, A.

20 range (°)

37=20 =482

3=20 =48

T. L. Roberts, J. D. Smith, A. C. Sullivan, J Chem. Soc., Chem.

Index ranges —-17=h=<16 —27=h=1206 Commiun. 1986, 908—909.
0=k=17 0=k=13 (171 A_J Canty, L. A. Titcombe, B. W. Skelton, A. H. White, Jnorg.
_ 0=17=28 0=1=29 Chim. Acta 1986, 117, L35—L36. — A. ). Canty, L. A. Tit-
Reflections measured 30117 12003 combe, B. W. Skelton, A. H. White, J Chem. Soc., Dalton Trans.
Independent 8884 11373 1988, 35—45. — D. C. Bradley, D. M. Frigo, M. B. Hursthouse,
reﬂectlgns ) B. Hussain, Organomeiallics 1988, 7, 1112—1115. — A. M. Arif,
Reflections F > 6543 7110 A. R. Barron, Polyhedron 1988, 7, 2091-2094. — W. M.
4o(F) Cleaver, A. R. Barron, J A4m. Chem. Soc. 1989, 111,
Parameters o297 791 8966—8967. — N. W. Alcock, I. A. Degnan, S. M. Roe, M. G.
R =Z|F,J-IF/ZIF, 0041 0.0986 H. Wallbridge, J Organomet. Chem. 1991, 414, 285—293. — U.
F > do(F)) . Dembowski, T. Papc, R. Herbst-Irmer, E. Pohl, H. W. Rocsky,
wR? = {3, (F—F2)* 0091 0.1675 G. M. Sheldrick, Acta Crystallogr, Part C 1993, 49,
T F 1306—1311. — H. M. M. Shearer, J. Twiss, X. Wade, J Or-
Max./min. residual ~ 0.753/—0.490 0.663/—0.458 ganomet. Chem. 1980, 184, 309—316. — F. E. I1ahn, B. Schnei-

electron density
(10°° /m>)

] Programmes SHELXL-93, SHELXTL!?Y; solutions by direct meth-

ods; full matrix refinement with all independent structure factors.
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der, F.-W. Reier, Z. Narurforsch., B: Chem. Sci. 1990, 45,
134—140. — A. Blaschette, A. Michalides, P. G. Jones, J Or-
ganomel. Chem. 1991, 411, 57—58. — M. F. Self, A. T. McPhail,
R. L. Wells, .J Coord. Chem. 1993, 29, 27—30.

Search in Cambridge Structural Database: F. H. Allen, O. Ken-
nard, Chem. Des. Autom. News 1993, 8, 131.

J. P. Oliver, J. Organomet. Chem. 1995, 500, 269—281.

U W. Uhl, W. Hiller, M. Layh, W. Schwarz, Angew. Chem. 1992, 204 | E. Huheey, E. A. Keiter, R. L. Keiter, fnorganic Chemistry,
{%4 113%726_1380; Angew. Chem. Int. Ed. Engl 1992, 31, 4th ed., Harper Collins College Publishers, 1993, p. 292.
1200, 211 J, March, Advanced O ic Chemistry, 3rd ed., John Wiley,
12l A, Haaland, K.-G. Martinsen, H. V. Volden, W. Kaim, E. {9851;? 19. ranced Urganic CREmISIy, St@ €€ 10 ey
Wa]dhér, W. L]h]. u. SChfllZ, Organmnetal]ics 1996 15, 22 M f_I Chisholm. J. C. Huffman, A. L. Ratermann, In()rg.
1146-1150. hem. 1983, 22, 4100—4105. — G. Weber, G. M. Sheldrick, A.
Bl 'W. Uhl, R. Graupner, M. Layh, U. Schiitz, J. Organomet. Chem. gll:riz F ]ji'ell,’lnorg. Chim.. Acta 19§4?r’g()~'L] —13. — C7 A.
” 1995, ‘{93* C1-Cs5. Stewart, R. L. Harlow, A. J. Arduengo, J Am. Chem. Soc. 1985,
"'R. D. Schluter, A. H. Cowley, D. A. Atwood, R. A. Jones, J. L. 107, 5543-5544. — P. Hofmann, M. Frede, P. Stauffert. W.
; Atwood, J (,‘ourd. Chem. 1993, 30, 25728. ) Lasser, U. Thewali, Angew. Chem. 1985, 97, 693—694; Angew.
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