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The hydrolysis reaction of Ky(MeZzn),(PSitBus), in THF/toluene solution yields the [(MeZn)sZn(zes-PSitBus)a(uts-
0),]* anions independent of the applied stoichiometry. If the applied molar ratio resembles the composition of the
anion, [(thf)K][(775-toluene)K];[(MeZn)sZn,(us-PSitBus)s(ua-0)s] (1) crystallizes from a mixture of THF and toluene.
In the case with less water, a phosphanediylzincate moiety is bonded to this anion, and [Zn(PSitBus),K4(thf)s]>-
[(MeZn)sZny(us-PSitBus)a(us-0)] (2) crystallizes. However, again the major product is 1. The same anion is also
observed with larger and softer cations, and [(thf)sCs;]o[(MeZn)sZn,(us-PSitBus)a(ces-0)] (3) is obtained if the cesium
zincate is used in this reaction. In all of these compounds, the anion is a slightly distorted ZnsO,P, double-
heterocubane cage with a central Zn,O, ring having Zn—0 bond lengths of approximately 207 pm.

Introduction is an oxygen-centered Ztetrahedron that was first described

Oxide-containing zinc compounds attracted the interest of PY Corbett and Hoskins 35 years agdhereafter, many
many research groups because of their application in manyreports of ZRO fragments with the same structu_ral moiety
fields. For example, oxygen-centered zinc cages can serveAd a general formula of Z(u.-O)Ls have been published?®
as support for organometallic framewotkand as porous These fragments can be interconnected via vertexes giving
materials for hydrogen storadeinvestigations regarding ~ ZM7(u4-O). stoichiometrieSor via edges giving Zifus-O)z
these cages as catalysts for Cadtivation are in progress cages. In molecules with a Zifus-O) cage, the edges are
as well® The common structural feature of all of these oxides
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bridged by ligands; a deficit of ligands and steric require-

ments lead to the aggregation of this structural element. Thes |[™

L ligands in Zn(u4-O)Ls are often multidentate anions such

as, for example, carboxylates. The arrangement of the six L

ligands and the four zinc atoms in £n,-O)Ls resembles
an adamantane-like structure.

The synthesis of these oxygen-centered zinc tetrahedrons
succeeds by reaction of the corresponding zinc compounds

with water or even NaOH. A different reactivity has been

observed for zincates. In heterobimetallic zincates such as”.

[M2ZnA N(SiMes)2} 4(O2)«(0)1—x] (M/x = Na/0, K/1) with M-
ZmN4 cycles, the oxide is surrounded planarily by the metal
atoms, which justifies looking at these molecules as “inverse
crown ethers® An oxygen atom in an octahedral environ-
ment has been observed for,Zn,(ue-O)Lg With L being
N,N'-diphenylbenzamidinate; however, on the basis of the
bond lengths, the authors suggest as an interpretation a line
Li,O unit that is encapsulated by an organometallic frame-
work? Dialkylzinc, in the absence of a second metal, inserts
oxygen from dry air into the ZrC bond under the formation
of alkoxides [RZn;(OMe)g] or alkylperoxides [REtZn,-
(OOEt)).%0

The metalation of alkylzinc trialkylsilylphosphanides with
alkali metals yielded the complexés and B with central
Zn,P, cycles (Scheme 1; M= Na, K; R = tBu) depending
on the stoichiometry; the alkali metals bind to the phos-
phanediide ligand&thus giving tetracoordinate phosphorus
atoms. In these two zincates, the ;Bnring shows its
structural flexibility because i\ a bent cycle is realized,
whereas irB a centrosymmetric cycle is formed.
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(9) Bond, A. D,; Linton, D. J.; Schooler, P.; Wheatley, A. E.XdChem.
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Soc.2003 125 12698-12699.
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During the synthesis and isolation of the zincateand
B, and in the course of the investigations regarding their
reactivity, the extreme sensitivity toward moisture was
striking. Therefore, hydrolysis reactions were investigated
in order to study the possibility of building organometallic
frameworks that incorporate oxide anions.

Results and Discussion

Synthesis.The complexe#\ andB with M = K reacted
with moisture, according to eq 1, to form the potassium oxo-
phosphanediylzincate [(thf)K[[#°-toluene)K}(MeZn)sZn,-
(uz-PSiBuU3)4(u4-O)] (1) with a chemicaP'P NMR shift of
0 = —248. Furthermore, the other hydrolysis producs; H
PSiBu; (0 = —264.3)!? has also been detected in this
solution.

SiR,
R,Si /
Me M
) B ~, \—P e
T1R3 "\P)z;l
/P ;]};g“g‘% (toluene)K, /|Zn /\\\-"K‘(thD
(thf) WO TS0,
Me \ /K "l -4 MeH (thor™ [ Zn “K(toluene)
R=1Bu
—P
SlR /Zn/ \/\Zn
Me 3 \‘
[(thH,K"] Sik, - Me
R,Si

With the knowledge of the structure &f we mixed the
components potassium, dimethylzinc, and téributyl)-
silylphosphane in a THF/toluene solution in a molar ratio
of 2:3:2. This solution was then exposed to air for a few
minutes by opening the Schlenk tube (or, alternatively, by
exchange of the argon atmosphere by air), and was stirred
at room temperature for several days. After we reduced the
volume and cooled the solution to°€, colorless crystals
Pf 1 precipitated; the coordination spheres of potassium were
saturated by THF and toluene molecules. Nevertheless, the
coordination numbers of the potassium cations were very
small because of the steric shielding by the demanding tri-
(tert-butyl)silyl groups.

A lower content of water yielded a few crystals of the
complex [Zn(PSBus) K 4(thf)g]2[(MeZn)sZny(us-PStBus)s-
(u4-O)7] (2) (Scheme 2) along with tii¢rt-butyl)silylphos-
phane and. The central cage is the same adjrhowever,
additional bis(potassium-phosphanediyl)zinc moieties coor-
dinate to this central cage. The coordination number of the
inner potassium atoms is also very small because of steric
shielding by the bulky triert-butyl)silyl substituents. There-
fore, the reaction was repeated; however, methylzintetti(
butyl)silylphosphanide was metalated by the softer cesium
metal. After exposure to air for a few minutes, [(#@%].-
[(MeZn)sZny(us-PSitBuz)4(us-O),] (3) (Scheme 2) was iso-
lated after a similar workup procedure. The central fragment
is identical to those ofl and2. The larger alkali metal is

(12) (a) Wiberg, N.; Schuster, ihem. Ber1991, 124, 93—95. (b) Wiberg,
N.; Worner, A.; Lerner, H.-W.; Karaghiosoff, K.; Fenske, D.; Baum,
G.; Dransfeld, A.; Schleyer, P. v. Bur. J. Inorg. Chem1998 833~
841.
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SiR,
R;Si /
Me M
<\
(thf),K ZnZ\" 1 \Zn/ K(thf),
R,Si—P., ‘ “P—SiR,
Zn\ - Zn\o \“ 7n
K" [ Zn Kl
RS ’ ‘ \ P—SiR,
_|—P K(thf)
(thf),K /Zn\P \/\Zn s
Me \
/ SR, Me
R,Si
2
) Figure 1. Molecular structure and numbering scheme of [(th§]&]°-
) SiR, toluene)Kp[(MeZn)sZny(us-PSiBus)a(us-0)2] (1). The ellipsoids represent
R;Si / a probability at the level of 50%; the carbon atoms are drawn with arbitrary
Me—__ _ p\ _Me small radii. The H atoms and silicon-bondkedit-butyl groups are neglected
Z“\P_'/— n for clarity reasons. Selected bond lengths (pm): Qi 264.0(3), K+
(thf)Cs 02 257.7(6), K2-01 260.9(3), K2-C27 (-C) 350.6(7), K2-C28 (0-C)
ISR TR O N B Cs(thf) 335.2(8), K2-C29 (m-C) 320.2(8), K2-C30 (p-C) 318.3(9), K2-C31 (M
Do‘ |4 C) 332.6(9), K2-C32 (0-C) 347.3(8).
f,,' ‘\‘\-' \Z — O@
Lo n ‘., N
(thf)Cs ‘
) Cs(thf)
T
N _——"Zn
Me P \ . Me
/s,
R,Si
3 R=1Bu

bonded to the oxide and to a THF ligand. Another THF
molecule coordinates to two cesium cations.

The addition of water or the exposure of the reaction
solutions to pure water vapor leads to complete decomposi-
tion, and an unintelligible variety of as-of-yet unknown
hydrolysis products has been observed®*# NMR spec-
troscopy dominated by major,ASiBus. Therefore, exposure
of the reaction solutions to air gives the highest yields;
however, because of difficulties in predicting the stoichi-
ometry, it is necessary to follow up the reaction witR
NMR spectroscopy.

Molecular Structures. The molecular structures df 2, Figure 2. Molecular structure and numbering scheme of [Zn(B&)K -
and3 and their numbering schemes are represented in Figuregthf)el2[(MeZn)aZna(us-PStBug)a(us-0)z] (2). The ellipsoids represent a

1—3. The inner Z P, cage consists of a double-hetero- probability at the level of 50%;_ ;he carbon atoms are drawn with arbitrary
602P% cag small radii. The H atoms and silicon-bondeedt-butyl groups are neglected

cubane cage Wi_th_a central ZB ring _and external ZiP, for clarity reasons. Selected bond lengths (pm):—Il 266.9(4), K2
cycles. The deviations from the cuboid geometry are rather O1 268.3(4), K+-P3 321.4(2), K2-P4 327.1(3), K3-P3 318.7(3), K4

small and mainly the consequence of the different radii of P4 321.8(3).

oxygen and phosphorus. The outer tetracoordinate phospho-

rus atoms are bound to the extremely bulkytétitbutyl)- 01 distance is approximately 10 pm shorter than the-Zn1
silyl groups, whereas the outer zinc atoms carry methyl O1 and Zn3-O1 bond distances. A comparable observation
substituents. Whereas the inner zinc atoms are tetracoordi-accounts for the ZaP bonds. These structural data give a
nate, the oxygen atoms are coordinated to the two additionaldouble-heterocubane that is laced in at theQarplane. As
alkali metal atoms KX and2) and Cs 8). Therefore, the  a consequence, the ZrD1-Zn3 as well as P1Zn2—P2

oxide anions present the center of a distortedZiM angles deviate from linearity by nearly °10
octahedron with the electropositive metals in a cis arrange- The octahedral environment of atom O1 shows distortions
ment. due to the larger distances to the alkali metal cations and

The outer zinc atoms are bound to alkyl groups, which due to the deviation of the M101-Zn2 and M1-0O1—
reduces their charge in comparison to that of the inner zinc Zn2 angles (M= K, Cs) from linearity. The latter fact results
atoms. Therefore, the electrostatic attraction of the anionsfrom the bulky trigert-butyl)silyl groups, which open only
to the inner zinc atoms leads to a shortening of the bonds toa small coordination site at O1. These alkali metals are
the neighboring phosphorus and oxygen atoms. Selectedsqueezed into this aliphatic environment and realize rather
structural parameters are summarized in Table 1. The-Zn2 small coordination numbers. Id, two potassium atoms

Inorganic Chemistry, Vol. 45, No. 1, 2006 411



Figure 3. Molecular structure and numbering scheme of [G8)].-
[(MeZn)aZnp(us-PSiBus)a(1s-O)] (3). The ellipsoids represent a probability
at the level of 50%; the carbon atoms are drawn with arbitrary small radii.
The H atoms and silicon-bondedrt-butyl groups are omitted for clarity
reasons. Selected bond lengths (pm): -©81 294.8(3), Cst02 328.5-

(6), Cs1-04 303.5(6), Cs201 292.1(3), Cs202 331.8(6), Cs203
309.8(6).

Table 1. Selected Bond Lengths (pm) and the Coordination Sphere of
the Oxygen Atom of the [(MeZn¥ny(ua-O)(us-PSitBus)4]*~ Anion in
1, 2, and3 with M = K (1 and2), Cs @)

1 2 3
01-zn1 216.4(3) 214.6(4) 213.1(4)
01-Zn2 206.2(3) 209.2(4) 207.0(4)
01-Zn3 216.2(3) 214.6(4) 211.8(4)
01-Zn2 208.6(3) 208.4(4) 208.1(4)
Znl-P1 247.0(2) 245.8(2) 246.7(3)
Znl-p2 243.4(2) 246.2(2) 247.5(3)
Znl-C25 203.4(8) 202.9(7) 203.4(6)
Zn2-P1 233.3(2) 232.5(1) 233.6(2)
Zn2-p2 233.4(2) 233.2(1) 233.6(3)
Zn3-p2 244.3(1) 245.8(2) 245.8(3)
Zn3-P1 248.4(2) 245.4(2) 244.5(3)
Zn3-C26 203.2(7) 203.2(7) 202.7(8)
P1-Sil 221.7(2) 219.4(3) 220.8(3)
P2-Si2 221.7(3) 220.0(3) 221.1(3)
Zn1-01-Zn2 93.7(1) 91.8(1) 92.9(1)
Zn1-01-Zn2 93.1(1) 92.4(1) 92.5(1)
Zn1-01-Zn3 172.9(2) 173.8(2) 173.4(2)
Zn2-01-Zn2 87.4(1) 87.1(1) 88.2(1)
Zn2-01-Zn3 91.3(1) 91.9(2) 91.8(1)
Zn3-01-zZn2 92.2(1) 92.8(1) 92.3(1)
M1-01-Zn2 168.9(1) 175.2(1) 176.4(2)
M2-01-Zn2 174.7(1) 176.5(1) 178.0(2)

coordinate to THF molecules, and the others bind to toluene
in a n8-fashion. The arenemetal coordination is quite
common for soft cations, and has been investigated in detail
by NMR spectroscopy; Zhu et al. could show that’/Ags",

and K" coordinate to benzene, whereas the hard bad

Li* cations form only weak adducts with benzene in an
aqueous alkali metal chloride or silver nitrate solutidin

1, the coordination gap between the extremely bulkyetri{
butyl)silyl groups and the bulkiness of THF and toluene
determine which solvent molecule binds to the potassium
cation. The shape of the coordination gap at K2 is also
responsible for the tilted coordination and the variation of
the K2—Ciouene distances between 318 and 351 pm.
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Special attention must be given to the outer fragments of
2. These moieties can be formulated as Zn[B{&)K(thf) 3],
and can be regarded as a bis[tris(tetrahydrofuran)potassium]
bis(trialkylsilylphosphanediylzincate). Because of the small
coordination number of 2 for Zn4, a very short average
Zn4—P bond of 221.2 pm is observed. The deviation of the
P3—Zn4—P4 angle of 163.38(8)rom linearity is a common
feature for such structural fragments, and has been observed
earlier416

In 3, each cesium atom binds to a THF molecule, whereas
another THF ligand shows a rather scarce coordination
behavior and bridges two alkali metal atoms. Therefore, the
Cs—0 bhond lengths differ depending on the charge and the
binding modus: The Cgf—O1 distances show an average
value of 293.5 pm; the bond lengths to the terminally bound
THF molecules lie at 306 pm, whereas the distances between
cesium and the bridging THF molecule lie at 330 pm. The
latter is a characteristic value for a gsthf) moiety, and
has already been reported for-thf)Cs[u-P(H)CH2-2,4,6-
tBus], with comparable valuels.Even though this structural
unit of a THF molecule in a bridging position between two
cesium atoms is rather unique, it has also been published
for [(thf)(u-thf),C{ Me;SiN(H)Si(MelN} 2] «, '8 (u-thf)Cs-
{Si(SiMey)3}2,'° and [(u-thf)Cs{ Ph(M&SiN)P},].2° with
similar Cs—O bond lengths.

Conclusions

The anion [(MeZnyZny(us-PSitBus)4(u4-O),]*~ is the only
oxide-containing product that has been observed and isolated
during protolysis reactions of alkali metal phosphanediyl-
zincates. An oxide deficit leads to zincate moieties that are
bonded at the periphery of the alkali metals. An excess of
water leads to decomposition and numerous as-of-yet
unknown and partly insoluble compounds. Because of the
large coordination number at the oxygen atoms and the
shielding of the alkali metals by the demanding trialkylsilyl
substituents, the formation of organometallic frameworks or
nets is prevented. Only small solvent molecules such as THF
and toluene can bind to these alkali metals; an interconnec-
tion of two of these [(MeZn¥Zny(uz-PStBus)a(us-O)]*~
anions seems to be impossible. These complexes also show

(13) Zhu, D.; Herbert, B. E.; Schlautman, M. A.; Carraway, E.R.
Environ. Qual. 2004 33, 276-284. For the importance of Karene
interactions in chemistry, biochemistry, and biology, see for ex-
ample: (a) Gokel, G. W.; Barbour, L. J.; De Wall, S. L.; Meadows,
E. S.Coord. Chem. Re 2001, 222, 127-154. (b) Ferdani, R.; Hu,
J.; Leevy, W. M.; Pajewska, J.; Pajewski, R.; Villalobos, V.; Barbour,
L. J.; Gokel, G. W.J. Inclusion Phenom. Macrocyclic Che2001
41, 7-12. (c) Gokel, G. W.; Barbour, L. J.; Ferdani, R.; HuAZc.
Chem. Res2002 35, 878-888. (d) Gokel, G. WChem. Commun.
2003 2847-2852.

(14) Westerhausen, M.; Sapelza, G.; Zabel, M.; Pfitzneg.Aaturforsch.
2004 59b, 1548-1550.

(15) Westerhausen, M.; Bollwein, T.; Warchhold, M.;tNpH. Z. Anorg.
Allg. Chem.2001, 627, 1141-1145.

(16) Westerhausen, M.; Sapelza, G.; MayerARgew. Chem2005 117,
6391-6393; Angew. Chem., Int. ER005 44, 6234-6237.

(17) Rabe, G. W.; Heise, H.; Yap, G. P. A,; Liable-Sands, L. M.; Guzei,
I. A.; Rheingold, A.Inorg. Chem.1998 37, 4235-4245.

(18) Kottke T.; Stalke, DOrganometallics1996 15, 4552-4558.

(29) Kllnkhammer K. W.Chem—Eur. J. 1997, 3, 1418-1431.

(20) Wingerter, S.; Pfeiffer, M.; Baier, F.; Stey, T.; Stalke, D.Anorg.
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Table 2. Crystallographic Data of, 2, and3 and Details of the Structure Solution and Refinement Procedures

1 2 3
formula GogH168K404P4SiaZns C1agH324K8014PsSisZng Cr6H168C108P4SiaZns
fw (g mol=1) 2075.24 3636.31 2370.20
T (K) 200(3) 183(2) 200(3)
space group P1 (No. 2) P1 (No. 2) P1(No. 2)

a(A) 14.0515(3) 17.3763(5) 13.2359(3)

b (A) 15.2891(4) 18.4589(4) 15.0135(3)
c(A) 15.4475(5) 18.5341(6) 15.1417(3)
o (deg) 62.4254(9) 75.204(2) 115.2883(17)
B (deg) 69.291(1) 64.5460(10) 92.8817(10)
y (deg) 70.318(1) 84.868(2) 104.3971(9)
V (A3) 2691.0(1) 5188.3(3) 2592.72(9)

z 1 1 1

deatca (g cnTd) 1.281 1.164 1.518

u (mmY) 1.616 1.222 2.900
measured data 27 160 36 680 29111
data withl > 20(1) 6839 14 478 6435

unique dataRint) 9321 23584 9999

WR22 (all data, onF?) 0.1586 0.3174 0.1185

R [l > 20(1)] 0.0577 0.0941 0.0516

a Definition of theR values: Ry = (3||Fo|l — |Fe||)/3|Fol; WR = { T [W(Fo? — FcA))/ T [W(Fo?)?]} 2 with w1 = 0%(Fo?) + (xP)2 4+ yP whereP = (Fo? +
2F2)/3.

how already small amounts of water lead to large cages thusfor a minute, we stirred the reaction mixture for 5 days. The solution
binding a manifold stoichiometric amount of phosphane- was then concentrated to a few milliliters. At°€, 280 mg of
diides. colorless crystals (0.135 mmol, 36%) precipitated. Mp300 °C

The formation of a heterocubane cage with strong devia- dec.*H NMR: 6 —0.33 (s, ZnMe), 1.40 (¢Bu). *C{*H} NMR:
tions from the tetrahedral environment of the zinc atoms of 9 24-3 (S, @), 32.5 (stBu). *P NMR: 6 —248.5 (s). Anal. Calcd
the ZnO, plane is favored in comparison to oxygen-centered T CraHisXaP404SiaZns, 1866.11 g mot* (without toluene): C,
Zn, tetrahedrons. With monodentate ligands such as the7:02 H: 8.10. Found: C, 47.08; H, 8.19. IR (ctp » 1605 w,
trialkylsilylphosphandiide substituents that would be bound 149> 7 1475 15, 459 15, %387 4s, 1956, 12848, 1798, 2059
above the Zn-Zn edges, an adamantane-like structure would \rf 627 Svg’ll S 5\5IZ’m 58’; ’S 491/351 477\'\2 462\':'/’5 41 4mr’n
arise; however, all bonds from the zinc atom would show to | ' ' ‘ ' o ’ ’
the same side of the metal atom, with a vacant coordination [Z"(PSitBUg2K(thDl(MeZn) «Znz(usPStBUs)(usO)a] (2).
site directed to the outside of the cage. Therefore, this A solution of 1.0 mmol of ZnMe (0.5 mL d a2 M solution in .
Srucur s knoun oly or S O) PSR n wiich 5942 et 0 ks sbn f 6 ol st
the vacant coordination site is occupied by agostic bonds to( -1 M) ' . yDsilylphosp ( 9

-~ ' ’ in a solvent mixture of 10 mL of toluene and 5 mL of THF. After
the alkyl group thus giving a strongly distorted trigonal o, -hanging the inert gas atmosphere by air, we stirred the reaction

bipyramidal coordination sphere for the strontium atéis.  mixture for 5 days. The volume of the solution was then reduced
With bidentate ligands _SUCh as carboxylates and phospho- a few milliliters. At 4°C, a few colorless crystals were obtained.
nates, the metal atoms in molecules such ag#+O)Ls are 31p{1H} NMR: 0 —251.0 (s, KP(SBus)Zn), —246.0 (s, ZnMePSi).

embedded in distorted tetrahedral environments. [(th) 5Cs:]2[(MeZn) aZn o(u3-PSitBUs)a(s-0)s] (3). ZnMe, (1.50
mmol, 0.75 mL & a 2 M solution in toluene) was added to a
colorless solution of 133 mg of cesium (1.0 mmol) and 233 mg of
General. All experiments and manipulations were carried out tri(tert-butyl)silylphosphanide (1 mmol) in a solvent mixture of 10
under purified argon. Reactions were performed by using standardmL of toluene and 5 mL of THF. After exchange of the inert gas
Schlenk techniques and dried, thoroughly deoxygenated solvents.atmosphere by air and keeping an air stream for a minute, we stirred
Starting HPStBu; was prepared by known literature procedufes.  the reaction mixture for 5 days. The volume of the solution was
NMR spectra were recorded on JEOL spectrometers GSX270 andreduced to a few milliliters. After cooling and storage of the solution
EX400. All NMR spectra were recorded at room temperature as at 4 °C, we obtained 182 mg of colorless crystals (0.077 mmol,
[De]benzene solutions. A Perkin-Elmer Paragon 1000 PC spectro- 319%). Mp: >270°C dec.23C{1H} NMR: § 23.3 (s, Q). 319 (s,
photometer was used to record the IR spectra. tBu). 29Si{ 1H} NMR: ¢ 28.8 (br s, SiP)3P{1H} NMR: ¢ —242.1
[(thf)(#m°-toluene)Kzlo[(MeZn) aZn(us-PSitBus)a(us-O)z] (1). (s).3%P NMR: 6 —242.1 (s). Anal. Calcd for &H16sCSiP4OsSia-
ZnMe, (1.12 mL d a 2 M solution in toluene, 2.25 mmol) was Zne, 2370.34 g motl: C, 38.72; H, 6.46. Found: C, 37.72; H,
added to a colorless solution of 58.7 mg of potassium (1.5 mmol) 7.15. IR (cnTl): v 1562 w, 1478 vs, 1469 vs, 1444 m, 1388 s,
and 350 mg of tri(ert—butyl)silylphosphane (1.5 mmol) in a solvent 1383's, 1365 m, 1306 m, 1245 vs, 1186 m, 1133 m, 1062 m, 1062

mixture of 10 mL of toluene and 5 mL of THF. After exchange of ., 1044'm 1029 m 1012s. 985s. 963 s. 943 5. 934 5. 815 Vs, 772
the inert gas atmosphere by air (by evacuating the Schlenk tube ;' 755\ 736 w 727 w. 696 w. 650 vw. 604 S. 569 s. 510 S. 473
after freezing of the solution, warming up to room temperature, ¢ ’458 S ' ' ' ' ' ’ ' '

and then letting air into the Schlenk tube) and keeping an air stream ™’

Experimental Section

Structure Determinations. Data were collected on a Nonius
(21) Westerhausen, M.; Digeser, M. H.:'tio H.; Knizek, J.Z. Anorg. Kappa CCD diffractometer with graphite monochromated Mo K
Allg. Chem.1998 624, 215-220. radiation ¢ = 0.71073 A) using oil-coated rapidly cooled single
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crystals. Crystallographic parameters, details of data collection, andsymmetry at the corresponding carbon atoms. The quality of the
refinement procedures are summarized in Table 2. structure determination & is rather poor because of very small

All structures were solved by direct methods with the programs Crystals that became dull during handling and mounting on the
SIR972and SHELXS 923 and refined with the software package diffractometer. In addition, rather large motion of the bulky tri-

SHELXL-9723 Neutral scattering factors were taken from Cromer (tert-butyl)silyl groups and nonresolved disordering damages the

and Manr?* and from Stewart et al. for the hydrogen atoth$he data set and leads to artificial distortions of these groups. Neverthe-
non-hydrogen atoms were refined anisotropically. The H-atoms l€ss, the structural motif & is clearly deduced from this structure

were considered with a riding model under restriction of ideal determination, and the standard deviations of the structural param-
eters show no unusually large uncertainty within the inner core.

(22) Altomare, A.; Burla, M. C.; Camalli, M.; Cascarano, G. L.; Giaco- Cry§tallog.raphic data (e?(cluding structure fgctors) have been
vazzo, C.; Guagliardi, A.; Moliterni, A. G. G.; Polidori, G.; Spagna, deposited with the Cambridge Crystallographic Data Centre as
R.J. Appl. Crystallogr.1999 32, 115-119. supplementary publication CCDC-279302 1oiICCDC-278847 for

(23) Sheldrick, G. M.SHELXL-93; Universita Goettingen: Gettingen,

Germany, 1993SHELXL-97andSHELXS-97Universiti Gettingen: 22 21d CCDC-279303 o8, Copies of the data can be obtained
Gottingen, Germany, 1997 free of charge on application to CCDC, 12 Union Road, Cambridge
(24) Cromer, D. T.; Mann, J. BActa Crystallogr.1968 24, 321—324. CB2 1EZz, U.K. E-mail: deposit@ccdc.cam.ac.uk.
(25) Stewart, R. F.; Davidson, E. R.; Simpson, WJTChem. Physl965
42, 3175-3187. 1C0515195
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