12416 J. Am. Chem. So@001,123,12416-12417

Octa(aminophenyl)silsesquioxane as a A key problem with almost all of the materials explored to

Nanoconstruction Site date is that the aliphatic components limit the thermal stability
of the resulting nanocomposites, strongly influence (lovigy)

Ryo Tamakif Yasuyuki Tanaka,Michael Z. Asuncion, and decrease mechanical properties potentials. Hence we sought

Jiwon Choi, and Richard M. Laine* more rigid, thermally stable nanoplatforms while expanding the

types of functionality available for nanoconstruction projects.

. ) . We report here the synthesis of octa(aminophenyl)silsesqui-
Uniuersit’\;%?rl?/lrirzzﬂiz(;ﬁa,rAﬁr?i?ggrarl\l/ﬁclEqinggelxrr]\efgln&gelIggr oxane (OAPS), an aromatic amine-functionalized silsesquioxane
’ ’ free from aliphatic components. OAPS appears to offer excellent
Receied July 23, 2001  Potential as a nanoconstruction site for preparing materials ranging
] ) ) ) . from high-temperature nanocomposites, to precursors to organic
The field of nanomaterials science and engineering has a|ight-emitting diodes, to multiarmed stars, to templates for high-

continuing need for well-defined building blocks that allow the - temperature porous materials of use in catalysis, sensing, separa-
construction of a wide variety of materials nanometer-by- tions, etc.

nanometer with precise control of the nanoarchitecture and that
imbue functionality:? Octahedral or cubic silsesquioxanes (cubes)
and the related polyhedral oligomeric silsesquioxanes (POSS)
offer one solution to this need in that they provide the opportunity
to design and “construct” materials with extremely well-defined
dimensions and behaviér!! In this regard, we have prepared a
wide variety of octafunctional cubes with polymerizable moieties
that offer access to highly cross-linked (thermoset) nanocompos-

|(t2e)s Eg\ylqu;néi)h gg{g?”g?oggg gglezs ;\r/]|(tjh g)g]hh}sgur:fa}[ﬁirﬁ]ﬁ;?s, reductiorf*~2® using formic acid and triethylamine (Pd/C catalyst

o o o . A
stabilities (see below). In a complementary fashion, POSS 60 °C/N,/5 h) resulting in quantitative conversion (Schemé*1).

materials offer access to robust thermoplastics with good-to- *H and**C NMR data (Supporting Information) support the
excellent properties including resistance to atomic oxygén. formation of equal quantities of theetaandpara nitration and

Our approach to generating functionalized cubic silsesquioxane @mine products?*Si NMR spectra of ONPS show two peaks at
macromonomers that offer access to nanocomposites has relied79.2 and—83.0 ppm for theparaandmetaisomers, respectively.
primarily on introducing functionality by hydrosilylation using ~ Likewise,?Si NMR spectra of OAPS also show two respective
(HSIiOy )" or (HMe;SiOSIQ, 5)s nanoplatformg® > We have peaks at-73.3 and—77.4 ppm. Thermal gravimetric and chem-
successfully introduced functional groups including methacry- ical analyses (TGA) of the ONPS and OAPS products are shown
lates! mesogenic grougsepoxiesz1® and alcohold? in Table 1. The TGA ceramic yield for ONPS was 33.7 versus

In a departure from this approach, we recently reported the 34.5 wt % theory. The TGA ceramic yield for OAPS was 41.1
synthesis of octa(aminopropyl)silsesquioxane which offers accessversus 41.7 wt % theory. More importantly C, H, and N analyses
to novel amides and imides with good high-temperature properties agree with the calculated values. These results support formation
and hints of liquid crystalline behaviét.Feher et al. reported ~ 0f monosubstituted ONPS and its quantitative conversion to
the same synthesis almost simultaneodsly.
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OAPS is easily prepared in two steps by nitration of octaphe-
nylsilsesquioxane (OP%)in fuming nitric acid to form octa-
(nitrophenyl)silsesquioxane (ONPS)pllowed by mild reduction.
OPS nitration was described briefly 40 years ago, but the resulting
product was poorly characterized, and the material was reported
to be unreactive. Slight modification of this procedgrovides
ONPS with one nitro group per phenyl (see Supporting Informa-
tion). ONPS is easily transformed to OAPS by hydrogen-transfer
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Table 1. Properties of the Silsesquioxafes

ceramic
POSS C% H% N% yield (%)
(FW) Mn Mw  Mu/M, (cal) (cal) (cal) (cal)
OPS 718 733 1.022 - - - 9.1¢
(1033.5) (46.5)
ONPS 1030 1111 1.078 413 23 8.0 33.7
(1393.5) (41.4) (2.4) (8.0) (43.5)
OAPS 1057 1133 1.072 494 43 9.2 41.1¢
(1153.7) (50.0) (4.2) (9.7) (41.7)

@ Obtained by GPC
polystyrene standard®Calculated by TGA at 1000C in air. ¢ OPS
sublimes.d Allowing for residual solvent (slight decrease below 300
°C) the ceramic yield was calculated as 33.7% at 1WDCE The OAPS

using THF as eluent and calibrated with

J. Am. Chem. Soc., Vol. 123, No. 49, 202417

simply on heating an NMP solution of OAPS and phthalic
anhydride at 350°C/Ny/4 h (Supporting Information). The
obtained powder is soluble in common polar organic solvents and
behaves as expected per NMR, TGA, and GPC analyses. The
corresponding maleimide (OMIPS) was also easily made (Sup-
porting Information). Both compounds are stable-#30°C (5%
mass loss temperature). No exotherms corresponding to maleimide
polymerization were observed by DSC although the heated
product was no longer soluble. The maleimide group offers access
to diverse thermosets via self-polymerization or via Michael-
addition reactions with dithiols or diamines to form high-
temperature resirts: 2

Nanocomposites.OAPS when reacted with diepoxides or
dianhydrides should provide high cross-link density materials with
good thermal stability, and good-to-excellent tensile and compres-
sive strengthd? Reacting OAPS, with pyromellitic anhydride
(PMA) at >300°C, provides complete curing and a material that
exhibits a 5% mass loss temperature of 3€0(air and N) and
75 wt % char yield at- 1000°C/N,. This robustness is exemplary
and offers potential for many diverse applications. The properties
of these materials will be discussed elsewttére.

Fluorene Derivative (OFPS).Pd-catalyzed coupling of bro-
mofluorene to OAPS (Supporting Information) provides a po-
tential route to hole-transport materials for organic light-emitting

ceramic yield was calculated as 41.1 wt TGA for both ONPS and OAPS diodes?”?8 Potassium phosphate was found to be superior to other

demonstrated the decomposition onset temperatures360 °C.

Scheme 2.Reactions of Octaminophenylsilsesquoxane
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aj) 1:8.4 OAPS:phthalic anhydride in NMP 35C/N; /4 h. ii) 1:8
OAPS:maleic anhydride in DMA 60C/N./3 h with acetic anhydride
and EgN. iii) 1:8 OAPS:pyromellitic anhydride in NMP 35%C/N,/3 h;
iv) 1:8 OAPS:epoxy heat at 200C/6 h/N; v) 1:8.8 OAPS:2-bromo-
9,9-dimethylfluorene, Rddba}, (dcbp)P, glyme 100C/N,/5.5 h; vi) 1:8
OAPS:2-pyridinecarboxaldehyde p&O/ THF/rt/No/22 h.

bases testédin limiting Si—O bond cleavage. On average, 0.66
fluorene groups/N+5 fluorene groups/cube) were introduced as
confirmed by*H NMR. Steric hindrance may make complete
substitution difficult. Diverse coupling reactions are available for
adding other functional species to the aromatic nitrogers?

Schiff Base Derivative (OSPS)OAPS reacts rapidly with the
2-pyridinecarboxaldehyde under mild conditions, giving an imine
that emits green light under UV illumination. This type of imine
offers potential for forming metal chelate complexes for sensor,
electrochemical, photonic, and catalytic applicatighg!

OAPS contains an inorganic core as a foundation and rigid
arylamine moieties that serve as highly functional anchors to this
foundation. As suggested in Scheme 2, it provides access to
numerous materials with a high density of functional groups in a
very small volumey~1 nm. Some of these materials can be used
as starting points to construct a large number of thermally robust
nanocomposite materials nanometer-by-nanometer. For example,
we successfully prepared cershell materialg® Still other
derivatives appear to offer potential for numerous nonstructural
applications. OAPS represents the first example of a new class
of materials that are very promising nanoconstruction sites. In
future papers, we will describe the syntheses of ketones, esters,
bromo- and acid-functionalized octaphenylsilsesquioxane nano-
construction sites.
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Supporting Information Available: NMR data (PDF). This material

OAPS. The decomposition onset for both ONPS and OAPS is is available free of charge via the Internet at http://pubs.acs.org.

~350°C.

Table 1 also provides GPC (THF) data giving molecular
weights for ONPS, OAPS, and OPS of 1394, 1154, and 1034
Da, respectively. These values differ from calculated values
because polystyrene was used as a calibration standard. All of
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