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Incompletely-condensed silsesquioxane framewofksave
attracted attention as models for silicd, as ligands in
homogeneous models for aluminosilicdfe$* and silica-
supported catalyst$; 2! and as building blocks for network

solids??2® They have also emerged as versatile precursors to

new families of silsesquioxane-containing polym&ss A

variety of incompletely-condensed silsesquioxane frameworks
can be prepared in synthetically useful quantities via hydrolytic

condensation reactions of alkyl- or aryltrichlorosilahé$:27-29

In most cases, however, hydrolytic condensation reactions of
trifunctional organosilicon monomers afford complex resins and/

or polyhedral oligosilsesquioxanes (i.e., [Rgif3), rather than
incompletely-condensed framewod®-35 In light of the fact
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that many structurally well-defined [RS#J, frameworks can

be prepared in good to excellent yields from readily available
organosilicon monomers, there are enormous incentives for
developing methodology capable of effecting the partial hy-
drolysis of completely-condensed silsesquioxane frameworks.
In this paper we report the first practical procedure for preparing
incompletely-condensed silsesquioxane frameworks from a
polyhedral [RSiQ)], framework3¢ In addition to providing
access to several interesting new Si/O frameworks, our results
have important implications for efforts to devise practical
syntheses of incompletely-condensed silsesquioxanes from
completely condensed [RSig], frameworks.
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Reactions of incompletely-condensed silsesquioxanes with
HBF4/BF3 occur quickly upon mixing in ether/Gi€l,. Forl,
the reaction produces a quantitative NMR yield of trifluorizie
after 10 min at 23C.37 A wide variety of other incompletely-
condensed frameworks also react rapidly with HBIF; to
afford quantitative yields of products resulting from conversion
of Si—OH to Si—F with 100% inversion of stereochemistry at
Si®8 Provided that a silsesquioxane framework contains only
unstrained S0, rings (e.g., SiO4 or SkOs) conversion of St
OH to Si—F occurs several orders of magnitude faster than
cleavage of S+tO—Si linkages within the framework. The
situation is entirely different for frameworks containing@G4
rings, which are rapidly cleaved under the reactions conditions.

The reaction of excess HBBF; with 3,57 occurs within
minutes of mixing at 25C to afford a quantitative NMR yield
of 2. Itis not clear whether conversion of-SDH to Si—F is
faster than cleavage of the 38§ ring, but the quantitative
formation of2 indicates that both reactions proceed rapidly with
complete inversion of stereochemistry at Si. The stereochemical
outcome of both reactions is consistent with our previous work
involving reactions ofl with HBF4/BF3,3” as well as the general
observation that nucleophilic substitution at Si favors inversion
of stereochemistry with good leaving groups and/or weakly
nucleophilic (i.e., “soft") reagent®¥ 41

A similarly rapid reaction is observed when HBBF; is
added to a solution o#>27in CDClL. When the reaction is
performed with 4.5 equiv of HBFOMe, and 7 equiv of
BF3-OEb, analysis of the product mixture BYC, 2°Si, and°F
NMR spectroscopy reveals the presence of three Si/O/F
frameworks. The major product (56%) exhibits resonances
consistent with5, a C-symmetric framework derived from
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cleavage of both 903 rings at points staggered by 12@lative
to the G axis of 442 The minor product (13%) exhibits
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spectroscopic features attributablesta C,,-symmetric frame-
work derived from cleavage of boths8}; rings along a single
plane parallel to th€; axis of4. The?°Si and!*F NMR spectra
for 6, as well as the methine region of thH&€ NMR spectrum,
are nearly superimposable with spectra Tothe cycloheptyl-
substituted tetrafluoride obtained via the reaction of [(EHG)e-
SigO7(OH)4] (8)%8 with HBF4/BF3.38 The third product (32%)
exhibits a singleé®F resonance, two low-fiel@®Si resonances
indicative of a SiO3 ring, and othe®Si and13C resonances
attributable to9, the Cssymmetric product derived from
cleavage of a single $Ds ring of 4. Difluoride 9 appears to
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(CHyp), 23.01, 22.01 (dJ = 23.5 Hz) (1:2 for CH);?°Si{H} NMR (99
MHz, CDCl, 25 °C) 0 —65.23 (d,J = 275 Hz),—66.47 (2:1);'%F{H}
NMR (470 MHz, CDC4, 25°C) 6 —137.31. For9: 13C{*H} NMR (125
MHz, CDCk, 25 °C) ¢ 27.33, 27.29, 27.26, 27.23, 26.63, 26.60, 26.55,
26.18, 26.16, 26.15, 25.98 (GH 22.95, 22.88, 22.30, 22.23 (d= 23.4
Hz) (2:1:1:2 for CH);29Si{*H} NMR (99 MHz, CDC}, 25°C) 6 —55.74,
—56.70,—64.03 (d,J = 273 Hz),—66.09 (1:2:2:1)1°F{*H} NMR (470
MHz, CDCl, 25 °C) 6 —138.63; MS (70 eV, direct inlet; rel intensity)
m/e 831 (M" — H, 1%), 749 (M" — CeH11, 100%). Forl0: 2°S{*H} NMR

(99 MHz, CDCE, 25 °C) ¢ —55.80,—57.05,—57.60, —63.40 (1:1:1:1);
resonances for SiF and one Si in the 8D; ring are not resolvable from
resonances fds, 6, and/or9. For11: 'H NMR (500 MHz, CDC}, 25°C)

0 2.31 (s, SiOH, 2 H), 1.73 (vbr m, 30 H), 1.25 (vbr m, 30 H), 0.83 (vbr
m, 6 H); 33C{*H} NMR (125 MHz, CDC}, 25°C) 6 27.50, 27.49, 27.42,
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be a stable product formed via the reactiondofvith HBF4/

BF3;, and it is a logical intermediate along the way to béth
and6. When4 is reacted with a large excess of HIBBF; (or
when additional HBEBF; is added to crude reaction mixtures
containing9), the only products observed by NMR spectroscopy
are5 and6. Spectroscopically purg can be isolated in good
yield (57%) from mixtures ob and6 by fractional crystalliza-
tion from acetone, but we have thus far been unable to isolate
a pure sample 06.

The observation that a#t is consumed to produce mixtures
containing relatively large amounts &f indicates that4 is
significantly more susceptible to cleavage by HHFF; than
9. This suggested that it would be possible to prepare
selectively via the reaction dfwith smaller amounts of HBF
BF;. Thisisindeed the case. Whéiis reacted with 1.5 equiv
of HBF4,-OMe, and 2.3 equiv of BE-OEL (CHCIs, 10 h, 25
°C), the reaction is considerably slower than reactions performed
with a large excess of HBMBF;, but the major product observed
by NMR spectroscopy i8 (68%). Resonances attributable to
unreacted (8%), as well as small amounts 5f(14%) and6
(<1%), are also detectable, consistent with the expectation that
9 is a direct precursor t6 and6. Also observable in thé®Si
NMR spectrum are small resonances for a fourth compound,
which is produced in approximately 10% yield. On the basis
of 29Si chemical shift data, mass spectral analysis of the crude
product mixture, and the fact that this compound is not observed
when reactions are performed with larger amounts of HBF
BF3, we suspect that this new compound.; a logical initial
product derived from framework cleavagedénd an attractive
intermediate along the way @

Preliminary efforts to isolate pu&have not been successful,
but samples containing onfand unreacted can be obtained
in good yield by washing the crude product with €3N and
recrystallizing from CHGJCH3;CN. Subsequent hydrolysis
using procedures developed for the hydrolysi2df quanti-
tatively converts9 to 11, which can be easily separated from
unreacted! by extraction with pyridiné€. Recrystallization from
CHCI3/CH3CN affords pure disilanall. The overall yield for
the sequence is greater than 50% based on the amouht of
consumed.

The transformations described here represent an important
advance in the chemistry of silsesquioxanes: it is clearly
possible to effect the net hydrolytic cleavage of completely-
condensed silsesquioxane frameworks without initiating the
formation of undesirable T-gels. Our results have important
implications for efforts to devise practical large-scale syntheses
of incompletely-condensed silsesquioxanes from readily avail-
able polyhedral [RSig,] frameworks, and efforts to expand
both the scope and utility of this methodology are underway.
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