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Abstract

The + ul.r,,,I

MeSi(SiMe, SiMe,),E (E = P, As) have been prepered in high yields (up to 50%) from the afkali

metal phosphide or arsenide Na,E/K,E and the heptasilane MeSi(SiMe,SiMe,C1),

SiMe; — SiMe,Cl
MeSiZSiMe; — SiMeCl + NogE/KoE
SiMe, — SiMe,Cl

E =P As

Sible,— SiMle,
N

—a  MeSi—SMe,— SiMe, __F

Me, — Sikle~”

Thecagcswmlsolawdbynysdhmmﬁomhmmﬂﬂnuysﬂmﬁﬂmwwdmmmm

of the heptasilane MeSHSiMe,SiMe,C1), is described too. All

were ch ized by multinuclear NMR spectroscopy (‘H,

si, °C, *'P) as well as elemental analysis.

Keywords: Silicon; Phosphorus; Arsenic

1. Introduction

Just a few bicyclof2.2.2Joctanes composed exclu-
sively of second row elements of Group XIV (Si, Ge,
Sn, Pb) and /or Group XV (P, As, Sb, Bi) are known at
present.

Tetradecamethyibicyclof2.2.2Joctasilane was reported
to form in 5% yield in the reaction of Na/K alloy with
a mixmre of trichloromethylsilane and dichlorodimeth-
ylsilane, together with octadecabicyclof4.4.0)decasilane
[1]. The latter reamranges to form a silyl substituted

* Comespoading author.

bicyclc[Z.Z.Z]octasilane [2] (Scheme 1). A detailed and
complete review of all cychc and polycyclic silames
presently known is given in Ref. [3]

When sodium potassium phosphide, arsemide, amti-
monide or bismuthide Na;E/K,E (prepared from the
elements E and Na/K alloy) react with 1,2-dichlorote-
tramethyldisilane, the 1.4 diphospha-, diarsa-, distiba-
and dibismutha-2,3,5,6,7,8-hexasilabicyclof2.2.2Joc-
tanes are formed [4,5] (Scheme 2). In an analogous
manner, P(SnMe,SnMe,),P is formed in the reaction
between white phosphores and 1,1,2,2-tetramethyldi-
stannane [6]

The marked tendeacy of the heavier elements of
Groups XIV and XV to form six-membered ring sys-
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MeSIiCly + Me,SiCl L/K— +
N N
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ALt MeMgBr
N N AV
@ = SiMe, n =023

tems prompted us to choose the title compounds as
synthetic targets.

2. Syntheses

Starting from methyltri(chlorodimethylsilyDsilane
(prepared from MeSi(SiMe,), and Me,SiCl [7) and

NosE/KsE  +

//

As

TN

\J/ /

I

AN

® = SiMe,,

PhMe,SiLi, we were able to synthesize
MeSi(SiMe,SiMe, Ph), in reasonable yield (50%). The
heptasilane was then easily converted to
MeSi(SiMe,SiMe,Cl); using HC1/AICl; or
CF,S0,H/LiCl (Scheme 3). The subsequent reactions
of the trichloroheptasilane with Na,P/K,P and
Na,As/K;As, carried out in DME, gave the desired

CiMe,SiSiMe;C)

\ N

AN \

N

E = P, As, Sb, Bi

Scheme 2.
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Scheme 3.

cages in astonishingly high yields (48% and 30% re-
spectively).

3. Crystal structure of tridecamethyl-1-arsa-
2,3,4,5,6,7,8-heptasilabicyclo[2.2.2]octane

Pale yellow single crystals of tridecamethyl-1-arsa-
2,3,4,5,6,7,8-heptasilabicyclo[2.2.2]octane suitable for
X-ray diffraction analysis were grown in heptane. The
data collection was performed under a stream of N, at
—186°C using a modified STOE four-circle diffrac-
tometer and graphite monochromated molybdennm Ko
radiation (A = 071073 A). The crystal was mounted on
the tip of a glass fibre in an inert oil.

Space group P2(1)/n was chosen and later con-
firmed by successful structure solution. The structure
was solved using Xs {8] and refined by full-matrix
least-squares with SHELXL-93 [9], minimizing the residu-
als for F2. No absorption comection was applied. Hy-
drogen atoms were included in the model at their calcu-
lated positions. Anisotropic displacement parameters
were assigned to all non-hydrogen atoms, isotropic dis-
placement parameters were used for hydrogen atoms. A
summary of crystal data, data collection and refinernent
is given in Table 1.
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Table 1
Crystal data, data ion and refi of tric thyl-1-arse
23,4,5.6,7 8-heptasilabicy[2.2 2]octane grown i a-hepease
empirical formula C;H, AsSi,
formula weight (gmot ') 456.98
crystal system monocknic
Space group PAVD/n
a(d) 16.327
b(A) 9.807
c(A) 16.887
a (deg) 90.00
B (deg) 10639
¥ (dep) 90.00
volume (A%) 2592.5(8)
¥4 4
temperature (K) 88(2)
wavelength (A) 0.71073
density (cak) (gem ™) 1.196
absorption coeff. (mm™') 1.63
F(00V) 992
26 range (deg) 292102249
index ranges —17shsih —10<k<IG;
-18<i<18
reflections collected 4332
independent reflections 3236 [ Rtizmt) = 0.043]
data 2676
parameters 150
goodness of fitan F? 1.041
final R indices [7> 2¢(7)] =00422, wR, =0.1214

R indices (all data)
targest difference peak (eA~3)
largest difference hole (¢A ™)

R, = 00569, wR;, = 0.1409
0.43%
—0353

Table 2
and eq isotrop (A2) for

unit of trids 1-0r32-2.3.4.5.6,7,3 heptasi-
lablcyclo[L?.Z]mzne
Atom x y z Uy
As 00917TK(3)  0222446) 0466993 0.01833)
Si,  DI140479)  031929(15) 0360219) 0.0155(4)
Si;  02846%(9)  038316(15) 0.39640(9) 00160(4)
Si,  0.35866(10) 0.26853(14) 051669(9) 0.014H4)
Sis  031000010) 03474(2)  0.62596(9) 0.0187(4)
Sig  0.16056(10) 03596(2)  05820%9) 0.0189%(4)
Si,  O.17383(10)  0.02021(15) 049381(9) 00i83K4)
Siy  031841(9)  0.039715) ©.49583(9) 0.0156(4)
C21 01184 0.19096)  0273K3) 0.0238(13)
c2  00728(8) 04729(6)  03217(4)  QU278(15)
C31  03348(4) 03401(6)  03110(4)  0.0304(15)
Cc32  0290%4) 0575H{6)  04103(4)  0.0265(14)
Cal  04776(4) 0.2956(6)  05383(4)  0.0245(14)
CS51  0.3554(4) 05219(6)  0.6578(4)  D.0BK2)
C52  0.3461(4) 0232%(6)  0.7191(3)  0.030(2)
cel  0.12TH4) 05424(6)  ©5557(3)  0.025%(14)
C62  0.1165(4) 0.30727) 06693(4)  0.033(2)
C7t  0.170%4) ~0.0462(6) 0S9TH4)  0.305(15)
C2  0.1161(4) —0.108K6) 0415K4)  0.0274(14)
Cc81  0.3858(4) —00700(6) 05813(4)  00291S)
c82  03339) —0.02526) 03961(3)  0.0220(13)

Uq
tensor.

is defined as owe third of the trace of the orthogonalized Uj;



54 K. Hassler e1 al. / Journal of Organomeallic Chemistry 533 (1997) 51-56

Fig. 1. Motecul of trid
the direction of the C, axis.

The space group PA1)/n is centrosymmetric and
characterized by a two-fold screw axis perpendicular to
a glide plane. Therefore the unit cell comprises both
enantiomers of tridecamethyl-1-arsa-2,3,4,5,6,7,8-
beptasila bicyclof2.2.2]octane. Two molecules of each
enantiomer are present in the unit cell.

The molecular structure of the cage and the number-
ing scheme are shown in Fig. 1. Fractional coordinates
and equivalent isotropic thermal parameters for the
asymumetric unit are given in Table 2, selected intra-
molecular angles, torsional angles and distances in Table
3. The estimated standard deviations in parentheses
refer to the last digit.

Detailed crystallographic data have been deposited at
the Cambridge Crysiallographic Data Centre, Cam-
bridge, UK.

The structure of MeSi(SiMe,SiMe,);As is com-
posed of three SigAs six-membered rings that adopt a
twisted boat conformation with mean torsion angles of

Table 3 i
Sei i lar di (A) and angles (deg) for tride-
camethyl-1-arsa-2,3,4.5,6,7,8-heprasilabicyclof2.2 2]octane
AsSig 2.368(2) SigSi, As 116.49(7)
AsSi, 2.365(2) SigSigAs 116.17(7)
AsSi, 2.365(2) Si,Si;Si, 109.43(8)
Si4Siy 2.33%2) Si4SisSig 108.80(8)
SiySig 2335(2) SiSiySi, 108.53(8)
Si Sig 23372) $iSi,Sig 108.63(8)
Si,Si; 2.345(2) SisSi, Siy 107.05(8)
SigSis 2.346(2) §i,5i,5ig 106.07(8)
i,Si; 2.358(2) C218i,C22 107.6(3)
C618i4C62 107.3(3)
SigAsSi, 102.28(6) CT18i,C72 106.6(3)
Sig AsSi, 101.94(6) C318i,C32 107.23)
Si, AsSi, 100.82(5) C5181,C52 107.4(3)
Si,Si,As 115.98(7) CR18i,C82 107.0(3)

1-ars5a-2,3,4.5,6,7.8-heptasilabicyclof2.2.2Joctane: {a) view perpendicular to the C, axis; (b) view in

40.57, 20.44, —68.34, 46.58, 20.44 and —64.12° (Fig.
1(a)). To a good approximation, the molecule belongs to
point group C, (Fig. 1(b)). In solution, the average
symmetry is C,, as deduced from the NMR spectra (see
Section 4).

The average SiAs bond length (236.5 pm) compares
well with the distances in largely unstrained SiAs com-
pounds such as K,8iAs, (237.0pm [10]), As,(SiMe;),
(239.7pm [11D or As(SiH,), (235.2pm [12]. For
strained systems, values as large as 246 pm have been
reported [13-15),

The mean SiSi distance of the bonds adjacent to the
As atom (234.97pm) is shorter by 1.34pm than the
mean distance to the apical Si atom (233.63 pm), reflect-
ing the steric repulsions of the nearly staggered methyl
groups (torsional angle C21Si28i3C31 18.8°). All SiC
bond distances are in the usual range, the average being
188.6(6) pm.

4. NMR spectroscopy

NMR experiments were performed in C,Dj at 22°C
on a Bruker 300 MSL spectrometer. ’Si spectra were
recorded at 59.6 MHz using INEPT pulse sequences [16]
with 'H decoupling. The INEPT—INADEQUATE pulse se-
quence [17] was used for the determination of coupling
constants, *'P spectra were recorded at 121.50, °C
spectra at 75.47 MHz. Chemical shifts are reported rela-
tive to TMS (*Si), 75% H,PO, (*'P) and TMS (PC).
All chemical shifts (ppm) and coupling constants (Hz)
are summarized in Table 4.

On thke NMR timescale the two carbon atoms on a
particular Si atom are equivalent. In solution, the cages
thus exhibit the time averaged symmetry C,,. The
corresponding large amplitude motion (essentially a tor-
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hyl-1-arse-2,3,4,5.6,7,8-heptasilabicyclof2.2.2}octane
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sional vibration) is frozen in the solid state. The two
minima of the associated double minimum potential
characterize the two enantiomers.

79

6.1
6.5

5. Experimental details

5.1. Techniques

514
500
533
525

All operations were carried out under a mitrogen
atmosphere, solvents were distilled from potassium. The
C, H analyses were camied out on a Hereacus Micro U
apparatus (tolerances +0.3% C, +02% H). Despite
the addition of PbBO, for complete fusios, the mea-
sured carbon content of (PhMe,SiSiMe,),SiMe fell
below the tolerance, presumably due to the formation of
silicon carbide.

66,7
nse
774
785

5.2. Synthesis of (PhMe, SiSiMe, ),SiMe

25.96g (95.96 mmol) of Me, PhSiSiPhMe, was dis-
solved in 200ml of THF and 4.0 g of powdered lithium
was added at — 10°C. The sohstion tureed dark immedi-
ately and was stimed overnight at —10°C. Excess
lithium was then filtered off and the solvent removed in
vacuo. The solid residue was suspended in 500ml of
heptane and a solution of 20g (61.73mmol) of
58 MeSi(SiMe,CD); in 500ml of heptane was added drop-
T wise at —20°C. Afier completion, the reaction :nixture
was refluxed for Sh. Subsequently, the salts and solvent
were removed by filtration and distiliation respectively,
""" and the yellowish oily residue was fractionated in vacso
10 give 17.3g (45%) of a colourless liguid, bp.gg; =
230-240°C.

Anal. Found: C, 58.76; H, 8.84. Calc.: C, 59.73; H,
8.73%.

—238.7

5.3. Synthesis of (CF,0,50SiMe,SiMe, ), SiMe

10g (1604 mmol) of (PhMe,SiSiMe,),SiMe was
dissolved in 150ml of pentane. At a temperature of

Sd —40°C, 72g (48.13mmol) of CF,SO,Hl was added
++ quickly. After stiming for another 2h at —40°C, the

solvent was removed in vacuo. According o the Si
2dcge NMR spectra, the residue comsists of pure

(CF,SO;Me,SiSiMe, ), SiMe, which was used immedi-
ately for the preparation of (CIMe,SiSiMe, );SiMe.

b

(TfMe, Si* SiMe,); * SiMe ©

5.4. Synthesis of (ClMe, SiSiMe, ), SiMe

53g (1549 mmol) of tris(triflucromethane-
sulfonyloxy)heptasilane was suspended in  approxi-
mately 200 ml of Et,0 and 5 g (18.3 amnol) of LiCl was
added at 0°C. After stirring overnight (0°C), the solu-
tion was decanted from LiCl and the solvent removed in
vacuo, The residue was dissolved in b and fil-

‘¥

2 2HPC) = 17.5; ® 2(Si* Si) = 1.8; € J(Si* i) = 2.5; ° *J(Si" Si) = 2.4,

P(SiMe; SiMe,); * SiMe ®
As(SiMe; SiMe,); * SiMe
(PhMe,Si* SiMe,); * SiMe
(CIMe,Si* SiMe,); " SiMe ¢
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tered. After removal of the heptane, a semicrystalline
solid of pure (C1Me, SiSiMe, ), SiMe was isolated. Yield
7.3g (95%).

5.5. Synthesis of P(SiMe,SiMe, ),SiMe

0.37g (12.04mmol) of white phosphorus was sus-
pended in 50ml of dimethoxyethane (DME) and 1.08g
(36.11mmol) of sodium potassium alloy (4:3) was
added. After refluxing for 12h, 6.0g (12.04 mmol) of
(ClMe,SiSiMe,),SiMe in 50ml of DME was added
dropwise. The reaction mixture was refluxed for another
18h. The salts were then filtered by suction and the
sotvent removed in vacuo. 25ml of heptane was added
and the remaining salts were removed by filtration.
Crystallization at —70°C yields 2.42g (48%) of pure
P(SiMe,SiMe, ),SiMe as colourless crystals.

Anal. Found: C, 36.25; H, 9.27. Calc.: C, 36.91; H,
9.29%.

5.6. Synthesis of As(SiMe,SiMe, ), SiMe

09g (12.04mmol) of powdered arsenic was sus-
pended in 50ml of DME and 1.08g (36.11 mmol) of
sodium potassium alloy (4:3) was added. The reaction
mixture was refluxed for two days. Three times per day,
the mixture was activated using an ultrasonic bath.
After this time, 6.0 g (12.04 mmol) of
(CIMe, SiSiMe, ),SiMe dissolved in 50mt of DME was
added dropwise without interrupting the reflux. The
refluxing was cammied on for 12k, followed by a re-
moval of the salts by filtration and an evaporation of the
solvent. Again, 25ml of heptane was added and the
remaining salts were separated by filtration. Crystalliza-
tion at —70°C yields 1.7 g (30%) of yellowish crystals
of As(SiMe, SiMe,),SiMe.
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