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supermolecule formed between o,x'-bis(benzylammonium)-p-xylenie bis(hexa-
fluorophosphate) and BPP34C10 [Sa, 5b).) The 'H NMR spectrum (300 MHz)
of a 3:2 molar ratio of BPP34C10 and 1-H,-3PF, in CD,Cl,/CD,CN (4:1)
at 20 °C showed several broad, featureless peaks, indicating that aggregation
occurs in solution; however, no signals associated with the cage supermolecule
could be identified. Liquid secondary ion mass spectrometry (LSIMS; VG
Zabspec mass spectrometer equipped with a cesium ion source, mera-nitroben-
zyl alcohol matrix) was employed for the characterization of the aggregate in
the “‘gas phase™—no peaks corresponding to the [3 + 2] supermolecule were
observed. Nevertheless, peaks at m/z 2595, 2449, and 2303 were detected,
corresponding to the species [BPP34C10-(1-H,),][PFy)s., with the loss of one,
two, and three PF, counterions, respectively.

Similar arguments have been used by Lehn and co-workers to explain self-
recognition processes involving metal-ligand interactions in helicate self-as-
sembly: R. Kridmer, J-M. Lehn, A. Marquis-Rigault, Proc. Natl. Acad. Sci.
USA 1993, 90, 5394~5398. We note that in this seminal paper the authors
remark that, “These considerations also apply to systems where binding in-
volves interactions other than metal coordination such as hydrogen bonding or
donor-acceptor forces.”

{10] 1-M. Lebn, Angew. Chem. 1990, 102, 1347 -1362; Angew. Chem. Ini. Ed. Engl.
1990, 29, 1304-1319.

A suitable crown ether could be 1,4,7,10,13,26,29,32,35,38-decaoxaf13.0.13.0}-
paracyclophane where the hydroquinone rings of BPP34C10 are replaced by
4.4'-dioxybipheny! units. See P. R. Ashton, D. Joachimi, N. Spencer, J. F. Stod-
dart, C. Tschierske, A. I. P. White, D. J. Williams, K. Zab, Angew. Chem. 1994,
106, 1563 -1566; Angew. Chem. Int. Ed. Engl. 1994, 33, 1503 -1506.
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In,S[C(SiMe;);],: An Organoindium Compound
with an In,S Core Isovalence Electronic to
Pentahydro-closo-pentaborate(2—)**

Werner Uhl,* Rene Graupner, Wolfgang Hiller, and
Markus Neumayer

Novel and unprecedented organoelement cluster compounds
of the heavier elements of the third main group aluminum, gal-
lium, and indium were reported recently.!! ~® Some derivatives
like [AI(CMe)l, 1 K,[Al,,iBu,,],/ [Ga~C(SiMe,),],,* and
[In-C(SiMe,), 1,14 3 were verified by crystal structure determi-
nations, others like [Al-Si(CMe,);],,' [Al-CH,CMe,], !
and [Ga— CH,CMe,],!® by specific reactions, theoretical inves-
tigations, or further characterization. A few sterically highly
shielded cyclopentadienides of the monovalent elements indium
and thallium show a pseudodimeric or a pseudohexameric ar-
rangement of the metal atoms; however, long distances between
the atoms of the clusters confirm only a weak element —element
bonding interaction,® the significance of which has been con-
troversial.['®? Aluminum() and gallium(1) compounds were re-
cently described in a concise survey by Schnéckel et al.™* 1! The
cluster compounds cited above have already been employed in
the syntheses of numerous further products with hitherto un-
known molecular structures.!® 11 713} At present we are interest-
ed in the chemical behavior of the tetrahedral cluster compound
In,[C(SiMe,),], 1,1 %131 which is obtained in high yield by
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treatment of InBr with LiC(SiMe,),-2 THE!™ ! The reactions
of 1 with an excess of elemental sulfur, selenium, or tellurium
give In X,[C(SiMe,);], derivatives that exhibit a In, X, hetero-
cubane framework.!* 13 Because of the easy insertion of four
sulfur atoms under mild conditions, we hoped to synthesize
compounds with the composition In,S,_ [C(SiMe,),], (x =1
to 3) by the reaction of elemental snlfur with an excess of 1;
unlike the heterocubane molecules such derivatives would
still contain indium atoms in an unusual low formal oxidation
state.

However, elemental sulfur proved to be unsuitable for the
syntheses of these compounds, because regardless of the reac-
tion conditions only mixtures of In,S,[C(SiMe,);], and the
starting compound 1 were formed. As a very mild reagent for
the transfer of sulfur atoms we finally used propylene sulfide,
which, however, required extensive optimization of the reaction.
A colorless solid precipitated from the reaction solution that
could not be further characterized because of the small amounts
formed; in addition, the In,S, derivative is partially formed
from the beginning of the reaction by the complete sulfurization
of 1. Nevertheless we found an easy and reproducible method
for the syntheses of a further compound (2): A solution of 1 in
hexane was treated with a small excess of propylene sulfide and
heated to 60 °C for 90 minutes. *H NMR spectra recorded to
monitor the reaction reveal the formation of a mixture of 1
(6 = 0.447), In, SR, (6 =0.443), and the new product 2
(6 = 0.455). Subsequently, additional propylene sulfide was
added in portions, and each time the mixture was heated to
60°C for 90 minutes, until 1 was completely consumed; the
color of the solution changed from violet to red. The addition of
the propylene sulfide in small portions gave a better result than
the addition of a large excess of the reagent at the beginning of
the reaction. Compound 2 and In,S,[C(SiMe,),], are present in
a molar ratio of about 0.6 to 0.4 (NMR spectroscopy), and 2
crystallizes almost quantitatively from a solution in pentane as
the less soluble component. The reaction is summarized in
Equation (a).

S
7\
In4[C(SiMe3)3]4 + H3C-HC—CHy) ——>
1
@
In4S[C(SiMe3)3]4 + H3C-CH=CH,
2

The deep red compound 2 is isolated in 44 % yield (based on
1). According to elemental analysis the In:S ratio is 4:1, and the
molar mass determined cryoscopically in benzene shows that 2
exists in the undissociated form. Single crystals of 2 were ob-
tained from solutions of the compound in diisopropy!l ether;
they exhibit the same cell dimensions and space group as the
starting compound 1; however, one face of the In, tetrahedron
is capped by a sulfur atom leading to the formation of a trigonal
In,S bipyramid (Figure 1).

The addition of the four-electron donor atom sulfur to the
molecular core of 1 makes compound 2 isovalence electronic to
the hitherto unknown compounds pentahydro-closo-pentabo-
rate(2—) [BsH,]>~ and thia-closo-pentaborane(4) B,H,S"*! as
well as to the isolated and completely characterized 1,5-dicarba-
closo-pentaborane(5) B,C,H;.!"} Almost identical structural
parameters were observed or calculated for all three boron
derivatives; the B—B distances to the axial atoms were appropri-
ate for single bonds, the B—B distances in the equatorial plane
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Figure 1. Molecular structure of 2; methyl groups are omitted for clarity, the long
In-In distances in the equatorial plane are indicated by broken lines. Important
bond lengths [pm] and angles [°}: In1-S1 257.6(2), In2-S1 260.7(2), In3-S1
258.9(2). In1 ~In4 283.0(1), In2~1In4 283.3(1), In3-In4 285.0(1), In1-1n2 338.4(1),
In1-In3 336.2(1). [n2-1In3 341.42(9), In1-C1 221.1(8), In2-C2 223.9(7), In3-C3
223.0(8), In4-C4 225.7(7): In1-S1-In2 81.51(6), In1-S1-In3 81.21(6), In2-S1-In3
82.15(6), Ini-Ind-In2 73.37(3), Ini-Ind-In3 72.57(3), In2-Ind-In3 73.85(3), Si-Ini-
In4 87.90(6). S1-In2-Ind 87.23(5), S1-In3-In4 87.22(5).

were considerably longer ((B;H]*”: B,,-B,, 168.1, B,,-B,,
187.4 pm; B,H,S: B -B,, 165.1, B,,-B,, 192.3 pm; B,C,H;:
B-C 155.6, B—B 185.3 pm).!**! The corresponding parameters
for 2 are quite similar: The average In—1In distance to the axial
In atom In4 is 283.8 pm, and thus lies in the range of In—In
single bonds in organoelement derivatives;%1®! it is 16 pm
shorter than the average In—In distance in tetraindane(4) 1.1 In
contrast, the equatorial In—In distances are significantly longer
(338.7 pm); they lie between the value found in 1 (300.2 pm) and
that found in In! derivatives with sterically demanding cyclopen-
tadienyl groups ( > 360 pm)!®! and only negligible In—In interac-
tions. Thus, 2 can be described as the first organoindium analog
of the closo-borate ions, even if a classical description of the
bonding with localized bonds and a hyperconjugative electron
transfer from the -C-Si bonds to the unsaturated In atoms
should not be ruled out completely. An approach towards the
classical, localized bonding mode] with a significant lengthening
of the equatorial B—B distance to 197 pm!"”! is observed in
1,5-dicarbapentaborane(5) on substitution of hydrogen atoms
by amino groups. The latter reduce the participation of the B
atoms in delocalized multicenter bonding through a = interac-
tion with their lone pair of electrons.

The In-S bond lengths in 2 (259.1 pm) are shghtly longer
than those in the In,S, heterocubane (254.9 pm),I*3) which
might be caused by the lower oxidation states of the In atoms;
they still lie in the range normally associated with three-coordi-
nate sulfur atoms."'® The equatorial In-C bonds are shorter
(av 222.7 pm) than the axial In—-C bond (225.7 pm). Inside the
In,S bipyramid the angles are more acute at the axial In atom
In4 (73.26°) than at the sulfur atom S1 (81.62°); in the In; plane
angles of between 59.3 and 60.8° are observed.

Chemically nonequivalent equatorial and axial C(SiMe,),
groups are present in the molecular structure of 2 in the solid
state; however, only one sharp singlet is observed for the SiMe;,
atoms in both the 'H and *3C NMR spectra at room tempera-
ture. The spectra remain unchanged on cooling a solution of 2
in [Dgltoluene to —70°C. Compound 2 decomposes slowly in
polar solvents; thus, solvent-dependent NMR spectra could not
easily be recorded. Only in [D]diethyl ether were we able to
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obtain additonal temperature-dependent 'H NMR spectra
without significant decomposition. These spectra show a split-
ting of the resonance of the SiMe; group below —10°C into two
very narrow signals at & = 0.34 and 0.33 with an intensity ratio
of 3:1. These observations possibly indicate a fast equilibration
of the position of the sulfur atom over all four faces of the In,
tetrahedron in solution at room temperature. The spectroscopic
data of 1 and 2 are very similar, and the differentiation between
1 and 2 is most apparent from the UV/Vis spectra, in which an
absorption at 490 nm (shoulder at 570 nm)™- %' is observed for
1, while the most bathochromically shifted absorption of 2 oc-
curs at only 400 nm.

Experimental Section

A solution of propylene suifide {7 mL, 0.065M solution in toluene) was added to a
solution of 1 (0.489 g, 0.35 mmol) in hexane (50 mL). The mixture was heated to
60 °C for 90 min, and the reaction monitored by NMR spectroscopy. Additional
amounts of the solution of propylene sulfide was added (7 +3 mL) and the mixture
was heated each time to 60°C for 90 min, until 1 was completely consumed. The
solvent was evaporated under vacuum, and the residue was dissolved in a small
volume of pentane and filtered. Compound 2 crystallized on cooling to —30°C.
Yield: 0.22 g (44%); red, slightly air-sensitive crystals. Decomposition at 170°C
(under argon). Molar mass (determined cryoscopically in benzene) {[gmol ™ '): found
1335; caled 1417.66. 'HNMR (C¢D,): & = 0.455; '3C NMR (C,Dq): 6 = 6.95
{SiMe,), x-C atom not detected. IR (Nujol, CsBr): ¥ [em ™ '] = 1327 w, 1289 w, 1252
vs SCH,; 1190 vw, 1167 w, 1127 w, 1111 w, 1015 m (diisopropy! ether); 856 vs, 839
vs, 774 s, 723 m pCH(S1); 673 vs, 648 vs v, SiC; 615 m vSiC: 583 vs vIn,C,; 517
vw, 473 w, 448 vw vInC: 361 w, 311 m 8SiC, vInS. UV/Vis (pentane): 4., [nm]
(1ge) = 250 (4.5}, 400 (3.8).
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TI'[C(SiMe;);]—An Alkylthallium(1) Compound
with a Distorted Tetrahedron of Tl Atoms in the
Solid State**

Werner UhL* Sven Uwe Keimling,
Karl Wilhelm Klinkhammer, and Wolfgang Schwarz

Tetrahedral clusters with monovalent elements of the third
main group are at the center of current research in the field of
organoelement chemistry that has already produced remarkable
novel compounds: B,(CMe,), ") Al,Cp# (Cp* = C,Me,),”!
Al(CH,CMey), Pt AL[Si(CMe, ), Ga,[C(SiMe,), ™!
and In[C(SiMe,),], .15 7 In addition to the preparative aspects,
the chemical bonding has been investigated by theoretical stud-
ies.’®¥) Corresponding thallium compounds are up to now un-
known. Cyclopentadienides of monovalent thallium preferably
form cyclopentadienyl-bridged oligomers and polymers;®- 1% 3
pseudodimer was obtained with the sterically demanding
pentabenzylcyclopentadienyl! ligand, in which the Tl atoms, al-
though they approach each other, show only a weak TI-TI
interaction with a long T1-TI distance.[**- 121

Initially we tried to synthesize an alkylthallium(x) derivative in
an analogous way to the corresponding indium compound by
treating freshly sublimed T1Br with the THF adduct of LiC-
(SiMe,),.[*31 However, we obtained HC(SiMe;); as the main
product; the brief appearance of a red color possibly indicates
the formation of an alkylthallium compound. In contrast, in
addition to insoluble lithium cyclopentadienide, deep red-violet,
almost black crystals of the alkylthallium(l) compound 1, were
obtained from cyclopentadienylthallium(r) and the organo-
lithium compound in toluene under mild conditions, followed
by rapid workup [Eq. (a)]. The product 1 decomposes at 65 °C,
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TICsHs + LiC(SiMe3);-2THF —— >

()
TI[C(SiMe;);] + LiCsHs + 2 THF
1

and thallium deposits even at — 50 °C from the red-violet sotu-
tions in pentane. The organothallium compound is thus consid-
erably less stable than the corresponding gallium!! and indium
derivatives.!”! According to the cryoscopic determination of the
molar mass, 1 1s present as a monomer in benzene, whereas the
indium analog remains tetrameric in solution.!”? Because of the
steric demand of the voluminous substituents and the shorter
element—element distances than in the tretraindium derivative,
the gallium compound forms monomers on increasing the dilu-
tion of its solutions in benzene.[®! In the 'H and !3C NMR
spectra of 1 singlets are observed for the SiMe, groups regard-
less of the temperature, and the most bathochromically shifted
absorption band in the UV/Vis spectra appears similarly as for
the In, derivative at 515 nm.

The crystal structure analysis of 1 (Figure 1)!'* reveals a
tetramer, in which the thallium atoms are in a distorted tetrahe-
dral arrangement with remarkably different T1-T1 distances.

Figure 1. Molecular structure of 1; methyl groups are omitted for clarity. Impor-
tant bond lengths [pm] and angles [°]: T11-TI2 332.2(1), T11-TI3 335.1(1), T12-T13
333.1(1), TI1 -TI4 362.7(1), TI2-Ti4 346.1(1), T13-TI4 363.8(1), TI1-C1 238(1),
Ti2-C2 238(1), T13- C3 238(1), Tl4-C4 233(1); TI2-T11-T13 59.89(2), TI2-TI1-Tl4
59.54(2), TI3-T11-T4 62.69(2), TI1-T12-T13 60.50(2), TI1-TI2-Ti4 64.62(2), T13-TI2-
T14 64.74(2), TI1-TI3-T12 59.62(2), T11-TI3-Tl4 62.37(2), TI2-T13-TI4 59.35(2), T!1-
TI4-TI2 55.84(2), TI1-T14-T13 54.94(2), T12-T14-TI3 55.91(2).

An average T1-Tl distance of 333.5 pm is observed in the plane
(TI1,T12,T13), but the distances to the atom T14 are significantly
longer (346.1-363.8 pm), and lie in the range of weak interac-
tions in pentabenzylcyclopentadienylthallium(t);1* ! the signifi-
cance of these interactions has been discussed controversial-
ly.1'2) A length of approximately 294 pm was established for a
T1-Tlsingle bond;* 151 thus even the shortest T1-T1 distance in
1 is 13% longer than this value. In contrast, in the analogous
compounds with Ga, and In, tetrahedra we observed almost
indistinguishable Ga—Ga and In-In distances, respectively,
which are less than 6 % longer than the respective single bonds
in organoelement compounds. Intermetallic phases with Tl clus-
ters show Ti-TI distances of greater than 300 pm.'*9!

In contrast to the Ga, and In, compounds, in the Tl cluster
the E—C vectors (E = T1) do not point away from the center of
the terahedron, but rather a paddle wheel arrangement of the
substituents is observed; thus, the deviation from the ideal ar-
rangement on projection on a triangular face of the cluster is
close to 35°, and one almost linear T1-T1-C group (155 to 174°)
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