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A ~ r a g t  

The oclahetefobicycl~2.2.2]octanes MeSi(SiMe2SiMe2)3E (E = P, As) have been tn©tna~d in high yields (up to .50%) from the aBga~ 
metal ghosl~ide or arsenide Na~E/K~E and the heptasilane MeSi(SiMe~SiMe2CI)~ 

SiMe= - SiMezCl 
MeSi~$iMe2 $1MezC! + NO]E/K3E 

SiMe= SiMezCl 

E = P. A S  

/ S~e=-- SitAe=_ 
I/,e Si 3--'St'Me2 - -  S iMe=~E 

" " s l u , ~ - - s = = , /  

The cages were isolated by crystaifizafioo from heptane mid the cryslai slractme ~ ~ ~ ~ ~ ~ ~ ~ 
of the heptasilane MeSi(SiMezSiMe2Cl) 3 is described too. All compotmds were c ~  by mukinucIear NIt,~ ~ (tH. 
~Si, 13C, 3ap) as well as elemental analysis. 

Keywords: Silicon: Phosphorus; Arsenic 

1. imreductlea 

Just a few bicyclo[2.2.2]octanes composed exclu- 
sively of second row e ~ n e n ~  of  Group XIV (Si, Ge, 
Sn, Pb) and /o r  Group XV (P, As, Sb, Bi) ate known at 
ptesenL 

Tetradecamethylbicyclc[2.2.2]octa gilan¢ was 
to form in 5% yield in the reaction of N a / K  alloy with 
a mixtme of  t r i c ~ y b i l a n e  and d i c ~  
yl~lane, together with octadecabicyclo[4.4.0]dec~ilane 
[1]. The latter rearranges to form a silyl subslituted 

bicyclo[2.2.2]octasilane [2] (Scheme I). A de t~kd  am/ 
~ review of an cycUc md ~ sea=s 
pn~.ey  kaown ~ Ovea '- Ref. [3~ 

When ~ ~ ~ ,  ~ a ~ -  
m o n i d o  or bismmhide Na3E/K3E ( p , ~ d  f ~ m  the 
elemems E and N a / K  alloy) react with 1,2-dichlomte- 
tramethyldg~iaae, the 1,4 cSpkos0ta-, d ~ a - ,  dist~a- 
and dibismntha-2,3,5,6.7,8-heXa~.il~icyclo[2.2.2]OC- 
,~.es ~se leered [4,5] ( S ~ S ~  2). In m amtoge~ 
manner, P(SnMe2SaMe2)3P is fenaed in the reaction 
betwe~ white ~ ~ad t , L 2 , 2 ~ a -  
~ m ~  [Gt 

The m,v~d - ~ c y  of ~ b c a ~  clcmc~ of 
XW and XV m fcnn s~-me~bonxl .~sg sys- 
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MeSICI 3 + Me25iCI 2 

/ \ 
No/K  = + 

t Q / \ / \  
AICt 3 MeMgBr 

I = SIMe. n = 0,1.2,3 

Scheme I.  

prompted us to choose the title compounds as 
symlctic targets. 

7. s ~  

Starting from methyltri(chlorodimethytsilyl)silane 
(p~repazed from MeSi(SiMe3) 3 and Me3SiCI [7]) and 

PhMeaSiLi, we were able to synthesize 
MeSi(SiMe2SiMe2Ph)3 in reasonable yield (50%). The 
heptasilane was then easily converted to 
MeSi(SiMe2SiMe2CI) 3 using HCI/A1CI 3 or 
CF3SO3H/LiCI (Scheme 3). The subsequent reactions 
of the tricldoroheptasilane with Na3P/K3P and 
Na3As/K3As, carried out in DME, gave the desired 

NatE/K3E + ClMeiSiSible2CI 

I = SiMe z. E = P, As, Sb, Bi 

Scheme 2. 
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MeSi(SiMe=CI)3 + LiSiblezPh Table 1 
Crystal dam, dam col]ectm ~md mfmemem of t rkk~me~L l-m'm- 
2,3,4,5,6,7,8-heptasiL~bicy[2.2.2k~"ga~e grown i~ n-help~me 

empu'ical fonnu~ C~3H~AsSi :, 
f ~  weight (g tool - t  ) 466.9~ 

space group P2(I)/  n 
a (A) 16.327 
b (.~) 9.807 

Ph Ph Ph c (A) 16.8s7 
I,.K~n/AK:t~ or a (deg) 90.00 

I CF~SO3H/L Cl ,~ (deg) 106.39 
1 ~, (deg) 90.00 

vo~me (~?) 2592.~8) 

(K) ~2) 
wavck.ng~h (~) 0.71~3 
density (ca~c) (gcm- ~ ) I.I 

Cl C[ Cl absot10~n ceeff. (nun- t ) 1.63 
F(~O) 992 
20  mage (deg) 2.92 ~o 22.49 

No3E/K3E index r~gcs -- 17 < h < 17; - 10 ~ k < lO; 
--18<l<Ig 

reflections conected 4332 
~!/I independe~ re~-ttons 3236 [~) = 0*0*3] 

parameters 190 
goo~te~ of fit ¢t~ F 2 1.041 
f i~lRindk~[l>2o,(I )]  Rt=O,O422, wR2=O.1214 
R ind~ces (all data) R I = 0.0569, wR 2 = 0.1409 

Scheme 3. L~gest ~Tefen~ peak (e A -3 ) 0.49 
largest diffe~e~e 1 ~  (e,~ -~ ) -0.53 

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

3.  C r y s t a l  s t r u c t u r e  o f  t r i d e c a m e t h y l - l - a r s a -  
2 , 3 , 4 , S , 6 a ~ h e p t a s U a b i c y d e l Z 2 2 b c t a n e  

Table 2 
r ~ u ~  co~rdina~ and e ~ n ~  iu s~ t~  t~ rame~ ~2)  ~ 
the a,symme~i¢ umt of trkh~un~hyl-l~2.3,4,5,6.T,8-1~l~a~- 

Atom z y z ~ 
As 0.09171(3) 0.22244(6) 0.4e699(3) ~ 0 1 ~ 3 )  

Pale yellow single crystals o f  tridecamethyl-l-arsa- si2 0.1404~9) 0.3192~15) 0.36~t(9) 0.0155(4) 
2,3,4,5,6,7,8-heptasilabicyclo[2.2.2]octane suitable for si 3 0.28469(9) 0.38316(15) 0.39640(9) 0.0160(4) 

Si 4 0.35866(10) 0.26853(14) 0.51¢~9(9) 0.Ot47(4) 
X-ray diffraction analysis were grown in heptane. The sis 0.31010(10) 0.3474(2) 0.62596(9) 0.0187(4) 
data collection was performed under a stream of  N 2 at si 6 0.16056(10) 0.3596(2) 0~820~9) 0.0189(4) 
- 1 8 6 ° C  using a modified STOE four-circle diffrac- si 7 0.17388(10) 0.02~1(15) 0.49381(9) 0.0184(4) 
tometer and graphite monochromated molybdenum Kct Sis 0.31841(9) 0.0397E(15) 0.49583(9) 0.0156(4) 
radiation (A = 0,71073A). The crystal was mounted on c21 0.1182(4) 0.1909(6) 0.273~3) 0.023~13) 

c22 0.0728(4) 0.4729(6) 0.3217(4) 0.[]~[(15) 
the tip o f  a glass fibre in an inert oil. c31 0.3348(4) 03401(6) 0.3110(4) 0 . ~ 1 5 )  

Space group P 2 ( l ) / n  was chosen and later con- c32 0*2903(4) 0.5751(6) 0.4103(4) 0.02f~14) 
firmed by successful structure solution. The structure c41 0.4776(4) 0.2956(6) 0.5383(4) 0.0249(14) 
was solved using xs  [8] and refined by full-matrix c51 0.3554(4) 0.5219(6) 0.6578(4) 0.036(2) 
least-squares with St~_XL-93 [9]. minimizing the residu- c52 0.3461(4) 0.2329(6) 0.7191(3) 0.030(2) 

C61 0.127"/(4) 0.5424(6) 0.5557(3) 0.0~J(14) 
als for F 2. No absorption c ~ o n  was applied. Hy- c62 0.1165(4) 0.3072(7) 0.6693(4) 0.m3(2) 
dmgen atoms were included in the model at their ~ c71 0.1~9(4) -0.0462(6) 0.59~4) 0.~¢~15) 
lated positions. Anismropic displacement paramete~ c72 0.1161(4) -0.10g7(6) 0.4150(4) 0.~4(14) 
were assigned to all non-hydrogen atoms, isolropic dis- cs l  0.3858(4) -0*0700(6) 0.5813(4) 0.ff297(15) 
placement parameters were used for hydrogen atoms. A C82 0.3343(4) -0.c~2(6) 0.3961(3) 0.0z.~(13) 

s u n m m ~  of  crystal data, data collection and refinement 
is given in Table 1. 

U~ is defined as eae II~d of Ihe Irate of tke c~q~l~la~m~i U 0 
~nsor. 
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F/g. I. Mo~-uler stmctm¢ of tridecaatethyl-l-arsa-2,3,4,5,6,7,8-heptasilabicydo[2.2.2]ogt,me: (a) view perpendicular to the C 3 axis; (b) view in 
the d/marion of the C3 axis. 

The space group P2(i) /n  is centrosymmetrie and 
character/zeal by a two-fold screw axis perpendicular to 
a glide plane. Therefore the unit cell comprises both 
enaRtiomers of tridecamethyl-l-arsa-2,3,4,5,6,7,8- 
heptasila bicyclo[2.2.2]octane. Two molecules of each 
enanfiomer me present in the unit cell. 

Tha molecular streclme of the cage and the number- 
ing scheme are shown in big. 1. Fractional coordinates 
had equivalent isetrupic thermal paramemrs for the 
asymmetric unit are given in Table 2, selected intra- 

angles, torsional angles and distances in Table 
3. The estimated smadard deviations in parentheses 
refer to the last digit. 

Detailed crystallographic data have been deposited at 
the Cam~dge  Crystallographic Data Centre, Cam- 
bridge, UK. 

The stmeaae of MeSi(SiMe2SiMe2)3As is com- 
posed of three SisAs six-membered rings that adopt a 
twisted boat conformation with mean torsion angles of 

Table 3 
Saectea inaamotecelar distaaces (~) and angles (deg) for 
c.;maethyl-I -m'sa-2,3,4,5,6,7,8-heptasilabicycld2.2.2]octane 

trkle- 

AsSi 6 2.368(2) SisSi~As 116.49(7) 
AsSi 2 2.365(2) SisSieAs 116.17(7) 
AsSi 7 2.365(2) Si4Si3Si 2 109.43(8) 
Si4Si 3 2.337(2) Si4SisSi 6 108.80(8) 
SiaSi s 2.335(2) Si,SieSi 7 108.55(8) 
SL:Sis 2.337(2) Si~Si4Si s 108.63(8) 
Si2Si ~ 2.345(2) Si~Si~Si s 107.05(8) 
Si6Si 5 2.346(2) Si~Si4Si e 106.07(8) 
SiaSi7 2.358(2) C21 Si2C22 IO7.6(3) 

C61SieC62 107.3(3) 
Si6AeS5 2 102.28(6) C71Si7C72 106.6(3) 
Sie/It~Si 7 101.94(6) C31Si~C32 107.2(3) 
Si2 Af~i 7 1{]0.82(5)  C51Si5C52 107.4(3) 
Si3Si~As 115.98(7) C81SisC82 107.0(3) 

40.57, 20.44, -68.34, 46.58, 20.44 and -64.12 ° (Fig. 
l(a)). To a good approximation, the molecuie belongs to 
point group C 3 (Fig. I(b)). In solution, the average 
symmetry is C3~ as deduced from the NMR spectra (see 
Section 4). 

The average SiAs bond length (236.5 pin) compares 
well with the distances in largely unstrained SiAs com- 
pounds such as K2SiAs 2 (237.0pm [10]), As7(SiMej) 3 
(239.7pm [11]) or As(SiI-I3) 3 (235.2pm [12]). For 
strained systems, values as large as 246pm have been 
reported [13-15], 

The moan 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 pro), reflect- 
ing the sterie repulsions of the nearly staggered methyl 
groups (torsional angle C21Si2Si3C31 18.8°). All SiC 
bond distances are in the usual range, the average being 
188.6(6) pm. 

4. NMR spectrosonpy 

NMR experiments were performed in CoD 6 at 22°C 
on a Broker 300 MSL spectrometer. 2~Si spectra were 
recorded at 59.6MHz using UqEvr pulse sequences [16] 
with  I H deconpling. The INEPT--INADEQUATE pulSe se- 
qnenee [17] was used for the determination of coupling 
constants. 31p spectra were recorded at 121.50, ~3C 
spectra at 75.47 MHz. Chemical shifts are reported rela- 
tive to T I~S  (29Si), 75% H 3 P O  4 (31p) and T M S  (t3C). 
All chemical shifts (ppm) and coupling constants (Hz) 
are sommafized in Table 4. 

On tl~ NMR timeseale the two carbon atoms on a 
particular Si atom are equivalent. In solution, the cages 
thus exhibit the time averaged symmetry C3v. The 
corresponding large amplitude motion (essentially a tot- 
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sional vibration) is frozen in the solid state. The two 
minima of the associated d ~ b ] e  n ~ i n m m  pmemial 
characterize the two enamiome~. 

H 

¢,i 

Y 

r.: 

5.1. Techniques 

am,,osphere, solvems were ~sti lkd horn ~ 
C, H analyses were canied out on a ~ M k ~  U 
apparatus (tolerances +0 .3% C, +0.2% 14). l ) e s ~  
the add~tien of  PbBO 3 fer complete fusion, the m a -  
sm~d carbon content of  (PhMe2SiStMe2)3SiMe 
below the tolm'ance, presumably due to the formafi~ of 
silicon carbide. 

5. 2. Synthesis of ( PhMez$iSiMe 2 )3SiMe 

25.96g (95.96mmol) of  M%PhSiSi][~ltMe 2 was dis- 
solved in 200ml of THF and 4 .0g  of  p o w d m ~  lIM~m 
was added at - 10 °C. The solmlon mined dark immed~ 
ately and was stirred overnight at - 10~C.  Excess 
fithium was thcn filtcscd off a~!  the selvcm scmovai  in 
vacuo. The sofid residue was ~ in 500ml o f  
heptane and a solutioa of  2 0 g  ( 6 1 . 7 3 m a ~ )  o f  
MeSi(SiMc2CI) 3 in 500ml of  heptaae was added dsep- 
wise at - 20°C. Afu~r completion, the n~actioa ~ 
was refluxed for 5h. ~ _ w ' n i l y ,  the salts md solveat 
were removed by f i l ~ o u  and e a ~ l l a ~  reslm:~ely,  
and the yellowlsh oily r e s k ~  was f r a c t i o m ~  in vacmo 
to give 17.3g (45%) of a colma'tess liquid, b.P.~e 5 - 
230-240~C. 

Anal. Found: C, 58.76; 14, 8.84. Calc.: C, 59.73; 14, 
8.73%. 

5.3. Synthesis of (CFjOzSOSiMezSiMe2)3SiMe 

10g (16.04nm~ol) of  (PhMe2SiSiMe2)3SiMe was 
dissolved in 15Oral of  penume. At a ~ /~ 
-40°C. 7.2g (48.13mmol) of  CF3SO3|| was 
quickly. After stiffing for anmher 2 h  a/ --40°C, the 
solvemt was removed in vacuo. ~ m the ~Si  
NMR speclra, the residue consists o f  pure 
(CF3SO3Me2SiSiMe2)3SiMt , which was IIsed imm,~dj- 
ately for the preparation of  (CIMe2SiSiMe2)3SiMe. 

5.4. Symhesis of (CIMezSiSiMez)3SiMe 

5 . 3 g  (15 .49mmol )  of  tris(trifluoromelham:- 
s u l f o n y l o x y ~ L ~ m ¢  was suslxmded in q ~ -  
mately 20Oral of Et20 and 5 g ( 18.3 retool) of LiC! was 
added at 0°C. After stirring o v c m / ~  (0"C), eJe 
tion was decamed from LiCI aad the solveat removed ia 
vacue. The t~,sidee was dissolved in hepume m d  ill- 
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tered. After removal of  the heptane, a semicrystalline 
solid of  p~"e (ClMe2SiSiMe2)3SiMe was isolated. Yield 
7.3 g (95%). 
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5.5. Synthesis o f  P(SiMe2SiMe 2 )zSiMe 

0.37g (12.04retool) of white phosphorus was sus- 
pended in 50ml  of  dimethoxyethane (DME) and 1.08g 
(36.11mmol) o f  sodium potassium alloy (4:3) was 
~klecL After refluxing for 12h, 6 .0g  (12.04retool) of  
(CLMe2SiSLMe2)3SiMe in 50ml  of  DME was added 
&opwise. The reaction mixture was refluxed for another 
18h. The salts were then filtered by suction and the 
solvent removed in vacuo. 25 nfl of  heptane was added 
and the remaining salts were removed by filtration. 
Crystallization at - -70°C yields 2 .42g (48%) of  pure 
P(SiMe2SiMe2)3SiMe as colonrless crystals. 

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

5.6. Synthesis Of AMSiMe2SiMe2)sSiMe 

0 .9g  (12.04retool) of  powdered m-senic was sus- 
pended in 50ml  of  DME and 1.08g (36.11 retool) 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. 
A f t e r  th i s  t i m e ,  6 .0  g ( 1 2 . 0 4  m m o l )  o f  
(CIMe2 SiS]Me2 )3 SiMe dissolved in 50 ml of  DME was 
added dropwise without interrupting the reflux. The 
reflexing was carded on for 12h, followed by a re- 
moval  o f  the salts by filtration and an evaporation of  the 
solve~at Again, 25 ml of  heptane was added and the 
remainlng salts were separated by filtration. Crystalliza- 
tion at - 7 0 ° C  yields 1.7g (30%) of  yellowish crystals 
of  As(SiMe 2 SiMe 2 )3SLMe- 
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