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Cyclic 1,3,5,7-tetrakis(trimethylsilyl)tetraphenyltetrasilses-
quioxane (T4OTMS), 3,7,14-tris(trimethylsilyl)heptaphenyltricy-
clo[7.3.3.15;11]heptasilsesquioxane (T7OTMS), and 5,11,14,17-
tetrakis(trimethylsilyl)octaphenyltetracyclo[7.3.3.33;7]octasilses-
quioxane (DDT8OTMS) were found to be formed by the hydro-
lysis of completely condensed polyhedral oligomeric silsesquiox-
anes (POSS) followed by trimethylsilyl (TMS)-capping. The reac-
tion was shown to be a reshuffling process by the scrambling of
substitutents in co-hydrolysis of differently substituted POSS.

Incompletely condensed silsesquioxane frameworks play an
important role as useful building blocks for silsesquioxane-con-
taining polymers,1 silica-supported catalysts, network solids,2

etc. In order to synthesize incompletely condensed POSS conve-
niently, Feher and co-workers have attempted the controlled
cleavage of completely condensed POSS frameworks under both
acidic and basic conditions,3 and the formation of T7 structure was
reported in the presence of tetraethylammonium hydroxide.
Stimulated by this fact, we studied the cleavage of completely
condensed octaphenyloctasilsesquioxane (Ph-T8) under more
strongly basic conditions. Here, we would like to report a new
procedure to form cyclic tetramer, incompletely condensed dou-
ble deck POSS derivatives, through framework rearrangement
of Ph-T8.

Apparent reaction paths are shown in Scheme 1. The synthet-
ic results are summarized in Table 1.

When Ph-T8 was hydrolyzed with water and sodium hydrox-
ide (Ph-T8:H2O:NaOH = 1:2:4 in molar ratio) in 2-propanol at
room temperature for 40 h, a cyclic tetramer (T4OTMS) with all
cis configuration was produced as the major component in the
soluble portion, proven by treatment with trimethylchlorosilane
(No. 1 in Table 1).4,5 It is worthwhile to comment that 1-[bis(tri-
methylsiloxy)]phenylsiloxy-3,5,7-tris(trimethylsiloxy)-1,3,5,7-
tetraphenylcyclosiloxane was observed among the hydrolysis
products from Ph-T8 followed by TMS-capping at rt, although
in small amount.4 This fact may suggest the slower cleavage of
silicon–oxygen bonds in the formed rings through the initial

cleavage of the T8 cage.
A double-deck POSS, DDT8OTMS, was obtained in high

yield, when the hydrolysis was carried out in refluxing 2-propanol
or at 90 �C in 2-methyl-1-propanol for 24 h (Nos. 2 and 3 in
Table 1).4,6

When the ratio of raw materials (Ph-T8:H2O:NaOH) was
changed from 1:2:4 (molar ratio) to 1:1:2 (molar ratio), as shown
in Table 1 (No. 4), 3,7,14-tris(trimethylsilyl)heptaphenyltricyclo-
[7.3.3.15;11]heptasilsesquioxane (T7OTMS) was the main prod-
uct.4,5

Consequently, hydrolysis of Ph-T8 by sodium hydroxide in
water–alcohol solvents was a selective method to obtain cyclic
tetramer, DDT8, and T7 frameworks depending on the reaction
temperature and the ratio of raw materials. Comparing to our
previous report,6 although the yield of T4 and T7 was lower,
a higher yield was obtained for the formation of double deck T8

from cage T8.
In order to find a reasonable mechanism of the hydrolysis

illustrated above, co-hydrolysis of Ph-T8 with octa(phenyl-d5)-
octasilsesquioxane (Ph-d5-T8) and octa(o-methylphenyl)octasil-
sesquioxane (o-MePh-T8) was carried out. Interestingly, scram-
bling of functional groups was found. As shown in Table 1
(No. 5), when co-hydrolysis of Ph-T8 and Ph-d5-T8 was carried

O

O
Si

O O

O

Si
O

Si
OSi

O Si O
R'

SiSi O
Si

O

OR'

R'
R'

O
OR'

R' R' R'

Me3Si
Me3Si

SiMe3
SiMe3

DDT8OTMS

Trimethylchlorosilane

Triethylamine

Si

O

SiO

O Si

Si

O

R'

OSiMe3
R'

OSiMe3

R'

OSiMe3

R'

OSiMe3

T4OTMS T7OTMS

Si
O O

O

Si
O

Si
OSi

O Si O
Ph

SiSi O
Si

O

OPh
O

Ph Ph

Ph

Ph Ph Ph

O +

Si
O O

O

Si
O

Si
OSi

O Si O
R

SiSi O
Si

O

OR
O

R R

R

R R R

O

Si
OO

O

Si
O

Si
O

O
Si

O
R'

Si SiO
Si

O

O R'

O

R'

R'

R'R'R'

O

SiMe3

SiMe3

SiMe3

H2O/NaOH

2-propanol
or 2-methyl-
1-propanol

Ph-T8
R= Ph, o -MePh, Ph-d 5

R'= Ph, o -MePh, Ph-d 5

R-T8

Scheme 1. Formation of incompletely condensed silsesquioxane deriva-
tives via the hydrolysis of completely condensed POSS followed by
TMS-capping.

Table 1. Products in the hydrolysis of completely condensed POSS followed by TMS-cappinga

No. R Solvent Temperature/�C Time/h Products Yield/%

1 Phb 2-propanol rt 40 T4OTMS 24
2 Phb 2-propanol Refluxc 24 DDT8OTMS 72
3 Phb 2-methyl-1-propanol 90 24 DDT8OTMS 69
4 Phd 2-propanol Refluxc 24 T7OTMS 44
5 Ph-d5

e 2-propanol Refluxc 24 DDT8OTMS �36f

T7OTMS �18f

6 o-MePhg 2-propanol Refluxc 24 T7OTMS �42f

7 Ph-d5
h 2-propanol rt 40 Only T4OTMS was detected with MALDI-TOFMS.

aStructures are shown in Scheme 1. bPh-T8:H2O:NaOH = 1:2:4 (molar ratio), Ph-T8/solvent = 1mmol/6mL. cThe temperature of the oil bath was about 90 �C,
at which the reaction solution was kept at reflux under 1 standard atmosphere. dPh-T8:H2O:NaOH = 1:1:2 (molar ratio), Ph-T8/solvent = 1mmol/10mL.
ePh-T8:Ph-d5-T8:H2O:NaOH = 1:1:4:8 (molar ratio), (Ph-T8 + Ph-d5-T8)/solvent = 1mmol/25mL. fThe yield was estimated with average molecular weight
based on MALDI-TOFMS data, because the products have a molecular weight distribution. gPh-T8:o-MePh-T8:H2O:NaOH = 1:1:4:8 (molar ratio), (Ph-T8 +
o-MePh-T8)/solvent = 1mmol/9mL. hPh-T8:Ph-d5-T8:H2O:NaOH = 1:1:4:8 (molar ratio), (Ph-T8 + Ph-d5-T8)/solvent = 1mmol/22mL.
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out, not only DDT8OTMS but also T7OTMS was formed. The
molar ratio of DDT8OTMS to T7OTMS, estimated from
29SiNMR, was about 1.5 to 1. The weight ratio after column chro-
matography was 2.33/1.4 Co-hydrolysis of Ph-T8 and octa(o-
methylphenyl)octasilsesquioxane (o-MePh-T8) under the same
condition gave only T7OTMS as the product (No. 6 in Table 1).4

Steric factors seem also to be operating in the hydrolysis of
completely condensed POSS. In 29SiNMR, peaks of silses-
quioxane frameworks of both T7OTMS and DDT8OTMS were
separated into two different chemical shifts.4 The reason is
that phenyl and phenyl-d5 substituents were randomly distributed
in T7 and the double-deck frameworks, and that the silicon
atoms linked to phenyl and phenyl-d5 substituents have only a
little different electronic effect. More quantitative data were
obtained by MALDI-TOFMS. Deuterated substituents were dis-
tributed randomly in both T7OTMS and DDT8OTMS, as shown
in Table 2.

A similar phenomenon was also found in the co-hydrolysis of
Ph-T8 and o-MePh-T8. The complexity of 29SiNMR of the prod-
uct T7OTMS suggested random distribution of phenyl and o-
methylphenyl in T7OTMS. MALDI-TOFMS clearly indicated
that each T7OTMS component has different phenyl/o-methyl-
phenyl ratio, as listed in Table 2.4 These statistical ratios suggest-
ed random distribution of phenyl and o-methylphenyl substituents
in T7OTMS. Rikowski and Marsmann also reported a similar par-
tial scrambling of POSS derivatives in the formation of deca- and
dodecasilsesquioxane cages from cage octasilsesquioxanes.7

As shown in Table 2, the scrambling of substituents occurred
even at room temperature for T4OTMS, although not as extensive
as that for DDT8OTMS and T7OTMS at refluxing temperature
of the solvent.4

Based on these facts, reaction mechanism was considered. If
the hydrolysis of cage T8 is a simple decomposition process, the
frameworks of T7OTMS and DDT8OTMS should consist of only
one kind of the same substitutent (upper case in Scheme 2), but
this is not the case. Random distribution of substituents in the
products in the co-hydrolysis of Ph-T8 with Ph-d5-T8 and o-
MePh-T8 provides strong evidence for the hydrolysis of these
POSS as a reshuffling process, by which completely condensed
POSS decomposed into smaller fragments, and then reassembled
to form double-deck, and T7 structures.

In summary, incompletely condensed oligosilsesquioxane
frameworks with controlled structure, including cyclic tetramer,
T7, and DDT8, were prepared by the hydrolysis of completely
condensed POSS selectively with the modification of reaction
conditions. The hydrolysis reaction was proved be a reshuffling
process. This process provides opportunities for the preparation
of a variety of new incompletely condensed and functionalized
POSS from the T8 framework.

This work was partly supported by a City Area Program
from the Ministry of Education, Culture, Sports, Science and
Technology, Japan.
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Table 2. MALDI-TOFMS data for T7OTMS, DDT8OTMS, and T4OTMS
obtained from co-hydrolysis of completely condensed POSS followed
by TMS-capping

Compd Ph/R
Relativea m=z [M + Na]þ m=z [M + Na]þ

intensity/% (Found) (Calcd)

T7OTMSb 6/1 25 1174.61 1174.21
R = Ph-d5 5/2 63 1180.15 1179.25

4/3 100 1185.22 1184.28
3/4 99 1189.26 1189.31
2/5 64 1195.16 1194.34
1/6 34 1199.09 1199.37

DDT8OTMSb 7/1 11 1384.50 1384.27
R = Ph-d5 6/2 21 1389.99 1389.30

5/3 40 1394.82 1394.33
4/4 45 1399.65 1399.36
3/5 41 1403.99 1404.39
2/6 26 1409.81 1409.42
1/7 11 1415.48 1414.46

T7OTMSc 6/1 22 1184.49 1183.20
R = o-MePh 5/2 56 1197.51 1197.21

4/3 99 1212.47 1211.23
3/4 100 1226.51 1225.25
2/5 58 1240.53 1239.26
1/6 22 1254.61 1253.28

T4OTMSd 4/0 22 863.16 863.20
R = Ph-d5 3/1 44 867.84 868.23

2/2 96 872.82 873.27
1/3 100 877.91 878.30
0/4 60 883.81 883.33

a100% for the highest peak. bObtained via co-hydrolysis of Ph-T8 and
Ph-d5-T8 under refluxing condition of 2-propanol. cObtained via co-
hydrolysis of Ph-T8 and o-MePh-T8 under refluxing condition of 2-propa-
nol. dObtained via co-hydrolysis of Ph-T8 and Ph-d5-T8 at rt.
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Scheme 2. Expected co-hydrolysis products in two different reaction
mechanisms.
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