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The Pt/C cat a lyzed hydrosilylation of Si8O12(CH=CH2)8 and 8 equiv of HSiMe2Cl pro duced
Si8O12(CH2CH2SiMe2Cl)8 that was de-hydrochlorinated with 4 equiv of Z-HOCH2CH2=CHCH2OH in the
pres ence of ex cess TMEDA. This prep a ra tion re sulted in the at tach ment of four sur face bridges
(-CH2CH2SiMe2OCH2CH=CHCH2OSiMe2CH2CH2-Z-) on the quasi-cube Si8O12 frame work. As a par al lel
study, the the o ret i cal cal cu la tions of Si8O12(-CH2CH2SiH2OCH2CH=CHCH2OSiH2CH2CH2-Z-)4 were car -
ried out at PM3 semi-empirical level to find op ti mized ge om e tries for use in four sub se quent ab in itio com pu -
ta tions us ing stan dard ba sis sets of 3-2lG* and 6-31G*. The cal cu la tions sug gest that one should ex pect about
equimolar mix ture of the tetra-adducts pro duced by the bridg ing over the edges of the quasi-cube, ei ther over
four par al lel edges or over two or thogo nal pairs of par al lel edges, but not by bridg ing across the faces of the
quasi-cube.

IN TRO DUC TION

Poly he dral oligomeric silsesquioxanes with a gen eral
for mula (RSiO3/2)n have a pre cisely de fined in or ganic core,
where R maybe hy dro gen, or ganic or in or ganic sub stitu ents,
and n is an even num ber greater than 4. They are top o log i -
cally ideal in the prep a ra tion of in ti mate nanocomposite
ma te ri als.1 With a quasi-cube shape sil ica core,2,3 the best-
 studied octasilsesquioxanes Si8O12R8 are com monly ob tained 
in the hydrolytic polycondensation of RSiCl3 or RSi(OEt)3.4

For in stance, the acidic hy dro ly sis of (CH2=CH)Si(OEt)3

leads to Si8O12(CH=CH2)8,5 in which the 8 branch-end vi nyl
groups are equiv a lently at tached to the rigid core, each Si po -
si tion be ing mimic to a cor ner Si-atom of sil ica sur face.

With an elec tron-withdrawing sil ica core, the self-
 metathesis of Si8O12(CH=CH2)8 is ex pected to be ther mo dy -
nam i cally fa vor able. Yet the 1H NMR spec tra of re ac tion
mix tures con tain ing Si8O12(CH=CH2)8 and ei ther the Grubbs’
cat a lyst Ru(=CHPh)(PCy3)2Cl2

6 or the Schrock’s cat a lyst
Mo(=CHCMe2Ph)(=NC6H3{2,6-i-Pr2})(OCMe {CF3}2)2

7

never ex hibit vinylic 1H res o nances at trib ut able to the for ma -
tion of prod ucts from self-metathesis.8 Al ter na tively Si8O12 -
(CH=CH2)8 alkylates ben zene in a lin ear fash ion to pro duce
Si8O12(CH2CH2Ph)8,9 whereas nor mal -ole fins alkylate to
yield fa vor ably branched prod ucts in stead. These data are in -

dic a tive that the Si8O12 core next to the vinylic dou ble bonds
is sterically de mand ing and pre vents the for ma tion of gem
Si8O12 and Ph sub stitu ents or the for ma tion of metallacyclo -
butanes con tain ing two ad ja cent Si8O12 frame works.

In ad di tion to the large steric en ergy, Si8O12(CH=CH2)8

has the most densely pop u lated ter mi nal olefins on its sur -
face. It is surely of in ter est to build mul ti ple rings on the
Si8O12 frame work, mak ing use of the vinylic func tions for
chem i cal elab o ra tion. This re port deals with the cal cu la tions
of Si8O12(-CH2CH2SiH2OCH2CH=CHCH2OSiH2CH2CH2-Z-)4

1, and the ex per i men tal prep a ra tion of Si8O12 (-CH2CH2 -
SiMe2 OCH2CH=CHCH2OSiMe2CH2CH2-Z-)4 2, each be ing
with 4 macrocyclic rings based on Si8O12 quasi-cage. As the
cen tral Si8O12 quasi-cage is looped with four chains, struc -
tural iso mers (e.g., 1a, 1b, and 1c, vide in fra) arise, that are
com puted in or der to clar ify the rel a tive energetics. Cage
com pounds have fre quently been com puted10 as spe cies of
fo cused in ter est of both ex per i ment and the ory.

CAL CU LA TIONS

All ge om e try optimizations of 1a, 1b, and 1c were car -
ried out at the PM3 semi-empirical level us ing the Spar tan
pro gram pack age.11 The optimizations were per formed with
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the an a lyt i cal first de riv a tives of en ergy. For sim plic ity, the
ge om e try optimizations started with just one added wing for
the macrocyclic chain whose low est-energy con for ma tion
was found by means of the con former search, be gin ning from
a mo lec u lar me chan i cal level and then re fin ing at the PM3
semi-empirical level. The com plete tetra-adducts were stud -
ied af ter pre lim i nary cal cu la tions. The PM3 op ti mized ge om -
e tries found for the mono-adducts were used as a start ing con -
for ma tion for the tetra-adducts and again fully op ti mized.
Then, in the fixed PM3 op ti mized mo lec u lar ge om e tries, four 
sub se quent ab in itio com pu ta tions were car ried out in two
dif fer ent stan dard ba sis sets, i.e., 3-2lG* and 6-31G*, us ing
the G98 pro gram pack age.12 Two cal cu la tions are of the
Hartree- Fock (HF) type and two are based on the den sity
func tional the ory at B3LYP level. Over all, four ap prox i ma -
tions have been ap plied: HF/3-2lG*, B3LYP/3-21G*, HF/6-
 31G*, and B3LYP/6-31G*.

EX PER I MEN TAL SEC TION

Gen eral
All re agents were ob tained from com mer cial sources

and used with out fur ther pu ri fi ca tion. All sol vents were dis -
tilled from an ap pro pri ate dry ing agent.13 The 1H NMR and
13C NMR spec tra were ob tained on a Bruker AC300 spec -
trom e ter with 1H and 13C chem i cal shifts re ported in  val ues,
downfield pos i tive, rel a tive to the re sid ual sol vent res o nance
of CDCl3 (1H,  7.24; 13C, 77.0). Mass spec tra were ob -

tained on a VG sys tem, model 70-250S spec trom e ter. Mi -
cro-analytical data were ob tained with the use of a Perkin-
 Elmer 240C el e men tal an a lyzer in de pend ently op er ated by
the In sti tute of Chem is try, Ac a de mia Sinica. Si8O12 (CH2 -
CH2 SiMe2Cl)8 was pre pared from Si8O12(CH=CH2)8 ac cord -
ing to a lit er a ture pro ce dure.14

Prep a ra tion of 2
To a so lu tion of 0.278 g (0.20 mmol) of Si8O12(CH2 -

CH2 SiMe2Cl)8 in 20 mL of to lu ene was added 0.36 mL (2.4
mmol) of TMEDA and 0.06 mL (0.80 mmol) of Z-HOCH2 -
CH=CHCH2OH. Af ter be ing stirred for 3 h at 60 °C, the so lu -
tion was fil tered and sol vent re moved un der vac uum to give a
res i due that was then ex tracted with pentane to re sult in a
white prod uct of 2 (0.19 g, 65%). 1H NMR:  5.57 (b, 8H,
-OCH2CH=CHCH2O-), 4.22, 4.16 (b, 16H, -OCH2CH=
CHCH2O-), 0.61 (b, 32H, -SiCH2CH2SiMe2-), 0.09 (m, 48H,
Me); 13C NMR:  130.0 (-OCH2CH=CHCH2O-), 59.2
(-OCH2CH=CHCH2O-), 7.2, 3.8 (-SiCH2CH2SiMe2-), -2.5
(Me); MS (neg a tive-ion FABMS): m/z 1450; Anal. Calcd.
(Found): C, 39.78% (38.50%), H, 7.18% (7.21%).

RE SULTS AND DIS CUS SION

The o ret i cal study
The PM3 op ti mized struc ture of ge neric Si8O12H8 does -

n’t re duce top o log i cal sym me try of the cage (Oh). This ge -
neric cage was derivatized by bridg ing with four chains, lead -
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ing to three iso mers that are con sid ered for the energetics:
(i) bridg ing over four par al lel edges of the cage 1a,
(ii) bridg ing over four edges, one pair of which is or -

thogo nal to the other pair 1b, and 
(iii) bridg ing over four face di ag o nals, leav ing two

trans-faces with out a bridge, 1c.
The PM3 op ti mized struc tures of (i)/(ii) and (iii) mono-
 adducts had been fi nal ized at the low est en ergy con for ma tion
of the chains (global min i mum), or at least a con for ma tion
par tic u larly low in en ergy. Af ter cal cu la tions of mono-
 adducts, the spe cies with the four chains were ar ranged ac -
cord ing to the (i) - (iii) pat terns. Then again the con for ma -
tions par tic u larly low in en ergy were found. Find ing the
global min i mum for the tetra-adducts would be a con sid er -
ably more de mand ing task than for the mono-adducts.

Ta ble 1 shows the rel a tive energetics for the tetra-
 adducts, at the se lected five lev els of the ory. The main con -
clu sion is that spe cies 1a and 1b are al most isoenergetic
while spe cies 1c is placed rather high in the po ten tial en ergy
term. The re sults of the four ap plied ab in itio treat ments are
mu tu ally well con sis tent. The cal cu la tions sug gest that we
should ex pect about equimolar mix ture of the tetra-adducts
pro duced by the bridg ing over the edges, ei ther over four par -
al lel edges or over two or thogo nal pairs of par al lel edges, but
not by bridg ing across the faces. The PM3 op ti mized struc -
tures for the tetra-adducts 1a and 1b are il lus trated in Figs. 1
and 2, re spec tively. That of 1c, the high-energy iso mer, is not
shown. There is ap par ently a sym me try low er ing in the op ti -
mized struc tures, when com pared to the re spec tive ide al ized
to pol o gies (D4h for 1a, D2d for 1b, and D4 for 1c, see mo lec u -
lar draw ings).

The com pu ta tional study is com ple mented with the
PM3 cal cu la tions of the vi bra tional spec tra. As none ex hib its
any imag i nary fre quency, we have in deed ar rived at the true
lo cal min ima (though we can not be sure that they are the
global min ima ow ing to the com plex ity of the prob lem).

Syn the sis of 2
Be cause of short arm length of the vi nyl groups of

Si8O12(CH=CH2)8, it is cross-metathesis ring-formation in -
ert. We there fore de cided to em ploy other meth ods to cre ate
the sur face bridges. A hydrosilylation re ac tion was car ried
out on Si8O12(CH=CH2)8 first. In the pres ence of a Pt/C cat a -
lyst, the H-Si bond of HSiMe2Cl (1 equiv per ole fin) was
added to the vinylic dou ble bond of Si8O12(CH=CH2)8, form -
ing smoothly Si8O12(CH2CH2SiMe2Cl)8. Si8O12(CH2CH2 -
SiMe2Cl)8 was fur ther stirred with ex cess TMEDA and 4
equiv of Z-HOCH2CH2=CHCH2OH at 60 ºC in to lu ene for 3 h 
un der an in ert at mo sphere. The de-hydrochlorination re ac -

tion gave 2 suc cess fully, as con firmed with NMR spec tro -
scopic meth ods, EA and MS with sat is fac tory data.

De spite the mul ti ple chlo ride na ture of Si8O12 (CH2 CH2 -
SiMe2Cl)8 and the diol na ture of Z-HOCH2CH2=CHCH2 OH,
the de-hydrochlorination re ac tion did n’t pro duce poly meric
film, gel, or sol ids un der the cur rent ex per i men tal con di tion.
It was judged ac cord ingly that the re ac tion here was only
intramolecular. The MS data clearly shows a monomeric mo -
lec u lar peak. The 1H NMR sig nals for the olefinic pro tons are
very char ac ter is tic: at  5.57 (-OCH2CH=CHCH2O-Z-) and
4.22, 4.16 (-OCH2CH=CHCH2O-Z-).

Given that the den dritic Si8O12(CH2CH2SiMe2Cl)8,
with a hard-core, is con fined within a cube of ap prox i mately
2 × 2 × 2 nm, the chloro-concentration is about 1.6 M, which
is an in trin sic con stant and is the max i mum pos si ble chloro-
 concentration in a so lu tion of Si8O12(CH2CH2SiMe2Cl)8. The
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Fig. 1. The PM3 op ti mized struc ture for the tetra-
 adduct 1a.

Table 1. Relative Energetics (Kcal/mol) of the Tetra-adducts 1a,
1b, and 1c

Methoda 1a 1b 1c
Parallel edges Orthogonal

edges
Face diagonals

PM3 0.0 0.9 6.9
HF/3-21G 0.0 1.7 9.3
B3LYP/3-21G 0.0 4.0 15.7
HF/6-31G 0.0 -1.9 13.4
B3LYP/6-31G 0.0 0.2 16.7
a All computations carried out in the PM3 optimized geometries.



ap par ent molarity of Si8O12(CH2CH2SiMe2Cl)8 used in the
ex per i ment (ca 10-3 M) was 3 or ders of mag ni tude lower. Be -
cause of high chloro-concentration in side the con fine ments
and void else where, a strong prox im ity ef fect was pres ent. It
is likely that an an ionic diol sub sti tutes the chlo rides
nucleophilically at a much greater rate on the same Si8O12

frame work twice than two chlo rides on sep a rate Si8O12

frame works. As a con se quence, the prod ucts were al ways
intramolecular.

In a nice agree ment with the re sults of com pu ta tion, the
pres ence of 2a and 2b is sup ported by the split pat tern in the
1H NMR spec trum, at  4.22 and 4.16 (Fig. 3). Sep a ra tion of
2a and 2b has been at tempted but not yet in a suc cess. The

line-shape of the peaks is sig nif i cantly broad ened for these
nano-sized octasilsesquioxane com pounds, re flect ing a tran -
si tion from sim ple mol e cules to solid state ma te ri als.

As a sum mary, a Pt/C cat a lyzed hydrosilylation re ac -
tion on the quasi-cube Si8O12(CH=CH2)8 with 8 equiv of
HSiMe2Cl pro duc ing Si8O12(CH2CH2SiMe2Cl)8, fol lowed
by a de-hydrochlorination re ac tion on Si8O12(CH2CH2 -
SiMe2Cl)8, with 4 equiv of Z-HOCH2CH2=CHCH2OH and
ex cess TMEDA, re sulted in four sur face bridges on the
quasi-cube Si8O12 frame work. Com pu ta tions were per formed 
to re veal rel a tive energetics of the iso mers.
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F. J.; Budzichowski, T. A.  J. Organomet. Chem. 1989, 379,
33. (k) Müller, R.; Köhne, R.; Sliwinski, S.  J. Prakt. Chem.
1959, 9, 71. (l) Frye, C. L.; Col lins, W. T.  J. Am. Chem. Soc.
1970, 92, 5586. (m) Agaskar, P. A.  Inorg. Chem. 1991, 30,
2707-8. (n) Agaskar, P. A.  U.S. Pat ent US 5106604 (A),
1992.

 5. Bon homme, C.; Tolédano, P.; Maquet, J.; Livage, J.; Bon -
homme-Coury, L.  J. Chem. Soc., Dal ton Trans. 1997, 1617.

 6. Schwab, P.; France, M. B.; Ziller, J. W.; Grubbs, R. B. 
Angew. Chem. Int. Ed. Engl. 1995, 34, 2039-2041.

 7. Schrock, R. R.; Murzdek, J. S.; Bazan, G. C.; Rob bins, J.;
DiMare, M.; O’Regan, M.  J. Am. Chem. Soc. 1990, 112,
3875.

 8. Feher, F. J.; Soulivong, D.; Eklund, A. G.; Wyndham, K. D. 
Chem. Commun. 1997, 1185.

 9. Voronkov, M. G.; Kovrigin, V. M.; Lavrent’ev, V. I.;
Moralev, V. M.  Dokl. Akad. Nauk SSSR 1985, 281, 1374.

10. (a) Cioslowski, J.  Elec tronic Struc ture Cal cu la tions on
Fullerenes and Their De riv a tives, Ox ford Uni ver sity Press:
Ox ford, 1995. (b) Slanina, Z.; Lee, S. L.; Yu, C. H.  Rev.
Comput. Chem. 1996, 8, 1.

11. Hehre, W. J.; Burke, L. D.; Schusternan, A. J.  SPARTAN, Re -

lease 4.1.1; Wavefunction Inc.: Irvine, 1996.
12. Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.;

Robb, M. A.; Cheeseman, J. R.; Zakrzewski, V. G.; Mont -
gom ery, J. A. Jr.; Stratmann, R. E.; Burant, J. C.; Dapprich,
S.; Millam, J. M.; Daniels, A. D.; Kudin, K. N.; Strain, M. C.; 
Farkas, O.; Tomasi, J.; Barone, V.; Cossi, M.; Cammi, R.;
Mennucci, B.; Pomelli, C.; Adamo, C.; Clif ford, S.;
Ochterski, J.; Petersson, G. A.; Ayala, P. Y.; Cui, Q.;
Morokuma, K.; Malick, D. K.; Rabuck, A. D.; Raghavachari, 
K.; Foresman, J. B.; Cioslowski, J.; Ortiz, J. V.; Stefanov, B.
B.; Liu, G.; Liashenko, A.; Piskorz, P.; Komaromi, I.;
Gomperts, R.; Mar tin, R. L.; Fox, D. J.; Keith, T.; Al-Laham,
M. A.; Peng, C. Y.; Nanayakkara, A.; Gon za lez, C.;
Challacombe, M.; Gill, P. M. W.; John son, B.; Chen, W.;
Wong, M. W.; Andres, J. L.; Gon za lez, C.; Head-Gordon,
M.; Replogle, E. S.; Pople, J. A.  GAUSSI AN 98, Re vi sion
A.5; Gaussi an, Inc.: Pitts burgh, PA, 1998.

13. Perrin, D. D.; Armarego, W. L. F.; Perrin, D. R.  Pu ri fi ca tion
of Lab o ra tory Chem i cals; Pergamon Press: Ox ford, U. K.;
1981.

14. Coupar, P. I.; Jaffrès, P.-A.; Mor ris, R. E.  J. Chem. Soc., Dal -
ton Trans. 1999, 2183.

Octasilsesquioxane Chemistry J. Chin. Chem. Soc., Vol. 49, No. 5, 2002     947


