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Abstract 

The reaction of [(c-C6H,I)TSiTOo(OH) s] (1) with PhsPCH 2 (one equivalent) occurs rapidly upon mixing to afford the [PhsPMe] + 
salt of [(c-CeHll)TSiTOm(OH)2]- (2). Assignment of (2) as an ion pair, rather than a five-coordinate adduct of phosphorus, was based 
on compelling multinuclear NMR data. UV-vis studies indicate that trisilanol (1) is completely deprotonated by one equivalent of 
Ph3PCH 2 and that further deprotonation does not occur. Strong hydrogen bonding appears to stabilize (2) and allow its use as a versatile 
monoanionic equivalent of (1). The reactions of (2) with chlorosilanes (e.g. PhMe(Vinyl)SiCl, PhMe2SiC! and Ph3SiCI) result in the 
immediate fommtion of [Ph~PMe]CI and afford the monosilylated derivatives of (1) in virtually quantitative yields. Aspects of this work 
relating to the chemistry of silica surfaces are discussed. 

K¢3".'ords: Silicon; Silsesquioxanes; Silanoi 

Incompletely-condensed silsesquioxanes (e.g. 1) are 
useful models for silica surfaces [I,2] a)~d versatile 
ligands tbr a variety of elements [3,4]. 'll~ey are also 
usefid as comonomers in si!sesquioxane~siloxane polyo 
mers [5]. A number of synthetic strategies have been 
devised for preparing SilO and Si-O~M fi'ameworks 
from incompletely-condensed si!sesquioxanes. In all but 
a few instances, the products ate completely condensed 

i.e. there are no unreacted Si-OH groups. In this 
paper we describe a new and general approach for 
selectively attaching reagents to one silanol group of 
(1). The key to this approach is a surprisingly stable 
monoanion derived from the deprotonation of (1) with 
Ph3PCH z [6]. Several aspects of our work have impor- 
tant implications for the chemistry of silica surfaces; 
these will be discussed in detail. 

The reaction of (1) [I] with yellow C6D 6 solutions of 
Ph~PCH z (one equivalent)occurs rapidly upon mixing 
to afford the colorless [PhsPMe] + salt of (2). 
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butions have forever changed the course of organosilicon chemistry. 

Assignment of (2) as an ion pair, rather than a 

l'ive-coordinate adduct of phosphorus (i.e. 3), was based 
on compelling multinuclear NMR data. Most impor- 
tantly, the ~)p NMR spectrt,n exhibits a sharF), single 
resonance at 8 22.46. This resonance oct urs in the 
range observed for other [PhsPMe] + salts, and it is very 
far downfield from the resonances reported for five°coo 
ordinate R4POR' complexes (the 3)p chemical shift for 
R4POR' is typically - 6 0  to ~90ppm [7]). The )H 
NMR spectrum of the product exhibits characteristic 
resonances for the Ph3PMe cation, as well as a broad 
and strongly deshielded resonance (8 12.05) for the two 
remaining SiOH groups. Finally, both the ~3C and 29Si 
NMR spectra exhibit resonances consistent with a 
time-averaged C3-symmetric Si-O framework. 
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In order to examine the stoichiometry of the reaction 
between (1) and Ph.~PCH,. Ct, Ht, solutions containing 
a constant amount of Ph3PCH 2 were treated with 0-2 
equivalerns of (1). (The ratio of Ph3PCHz:(I) varied 
from 0-4.) The amount of unreacted phosphorane (Am~, 
340nm; e 2003M -~ cn~ -~) was quantitatively deter- 
mined by UV-vis spectroscopy. 

A plot of the absorbance at 340 nm "~ s. the number of 
equivalents of Ph3PCH 2 used in the reaction indicates 
that one equivalent of Ph.~PCH2 completely protonates 
one OH group of trisilanol (1). It also indicates that 
further deprotonation of (2) does not occur because the 
absorbance due to excess Ph~PCH 2 corresponds to a 
Beer's law plot for Ph~PCH: in C6H 6. 

Anion (2) is remarkably stable, ~,nd no noticeable 
decomposition was observed after 31 days in C6D 6. 
This is somewhat surprising because silanols are known 
[8] to react with phosphoranes to give disiloxanes and 
phosphine oxide, and trisilanol (l)  is prone to cyclode- 
hydration reactions [l]. Strong hydrogen bonding ap- 
pears to stabilize (2) and allow its use as a versatile 
monoanionic equivalent of (1). 

The reactions of (2) with chlorosilanes result in the 
immediate formation of [Ph ~PMe]CI. 

In the case of PhMe(Vinyl)SiCI, PhMe~SiCI and 
Ph ~SiCI, the monosilylated derivatives of (I)(i.e. 4a-e) 
are obtained in virtually quantitative yields, as indicated 
by NMR spectroscopy. Except for PhMe,SiCI. none of 
these chlorosilanes react with (I). even in the presence 
of an amine base (e.g. Et~N or pyridine). The reaction 
of (2) with monoochlorosihmes therefore represents an 
important general method for preparing monosilylated 
derivatives of (1), including those containing chiral silyl 
groups. 

Cyo~....o-,1,- sL 
YP ?g 

Cy ¢ ~'Cy 

A a R ~ $iPhMe(vlrtyl) 

[1 $iPhMe;~ 
g $iPa 3 

The unex~cted stability of (2) provides a powerful 
new method tbr preparing monofunctionalized deriva- 
tives of (I), It also supports our rationalization for the 
remarkable selectivities observed during the reactions of 
(I) with Me~SiCI/Et~N/Et,,O [!] and Me~Sb [I], as 
well as our earlier assertions about the ctiemistrv of 
systems containing multiple hydrogen°bonded siioxy 
groups [I], Eslensive hydrogen4~nding increases the 
acidity of I~iyhydroxylic compounds by stabilizing their 
conjugate bases [9], In the case of (2), the anion is so 
stable that it does not coordinate to a phosphonium ion 

even in a hydrocarbon solvent, Stoichiometrically 
simihu- arrangements should be accessible and stable on 

silica, and they should exhibit enormous rate enhance- 
ments during reactions with chlorosilanes and other 
electrophilic reagents. 

2. E x p e r i m e n t a l  Detai l s  

2.1. Synthesis of  (2) 

Solid (1)(150mg; O.154mmol) was added with stirring 
to a solution of Ph3PCH 2 (42.6mg; 0.154moi) in 
toluene (2ml). The yellow color due to Ph3PCH z com- 
pletely disappeared within l min. The product (2) was 
obtained as white needles (153 mg; 80%) by allowing 
acetonitrile to diffuse slowly into the toluene solution 
over a period of 3 days. For (2): ~H NMR (500.06 MHz, 
C6D 6, 21 °C): t$ 12.05 (br, 2 H), 7.29 (m, 6 H), 7.13 
(m, 9 H), 3.12 (d, 3 H, J = 13.1Hz), 2.6-1.2 (br m, 70 
H), !.2-0.9 (br m, 7 H). I~C NMR (125.75 MHz, C6D 6, 
21 °C): ~ 134.29, ! 33.43 (d, J = I !.8 Hz), 130,02 (d, 
J = ! 1.7 Hz), 120.20 (d, J = 86.5 Hz), 28.62, 28.52, 
28.32, 28.23, 28.07, 27.91, 27.78, 27.63, 27.51, 26.96 (s 
for CH:), 25.56, 24.87, 24.37 (s, 3:3:i for CH), 9.21 (d, 
J = 55.1Hz)..~tp NMR /202MHz, C~,D 6, 21 °C): c$ 
22.46. 2°Si NMR (99.36 MHz, C 6 D 6, 21 °C): ~$ -58.87, 
-67.30, -68.31 is, 3:!:3). Anal. Calc. (found) for 
Ct, iFl,~7OizPSiT: C, 58.61 (58.74); H, 7.82 (7.97). M.p.: 
210~212°C. 

2.2. Reactions of (2) with chlorosihmc 

In ;t |ypical reaction, the chlorosilane (0,41 retool) w,ts 
added to "i ,~olution of (2) pl~:pm~:d by addiu~ Ph~IWII, 
(0,316 retool) to tri~ihmol (I) (0.316 retool) in Cii ,CI: 
(5ml). The solution was stirred for 5rain, CI,01~CI~ 
(5 ml) was added to precipitate the product partially, 
then the solvent was evaporated in vacuo (25°C, 
O. i Torr) to a volume of ca. 5 ml. The precipitate was 
filtered, rinsed with CH~CN (3 × 5 ml) then dissolved 
in hexanes. FilmLtion through a sintered glass fi'it and 
evaporation of the volatiles (25°C, 0.1 Ton') afforded 
the crude product in nearly quantitative yield. For 4a: 
the crude product was recrystallized from CH,CI,-  
CH ~CN to afford 255 mg (72% yield) of white rectan- 
gular crystals. I tt NMR (500.06 Mtlz, CD('! ~, 21 °C): 
7.26(;t (m, 2 I!), 7.42~7.34 (m, 3 H), 6.325 (m, i H), 
6.098 (m, I !t), 5.862 (m, i H)3.65 (br. ! H), 3.50 (br, 
I ti), !.73 (br, 35 H), 1.23 ibr, 35 H), 0.75 (br, 7 i/), 
0.503 is, 3 H). a~C NMR i!25.75 MHz, C6Dt,, 21 °C): 
137.58, 137.40, 134.23, 129.70, (s, C~,H~), 133.73, 
127.93 is, C~H~), 27.63, 27.57, 27.53, 27.48, 26.82, 
26.77, 26.62, 26.54, 26.26 (s, CH,), 24.42, 23.94, 
23.48, 23.13, 23.03 (s, i:2:2:!:1 [or CH), - !.56 (s, 
CH~). "~Si NMR (99.36 MHz. CgD 6, 21 °C): a -12.26, 
- 59.25, - 67.69, - 67.79, - 68.80, - 69.91. Anal. 
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Calc. (found) for C51H9oO1_,Si7: C, 54.70 (54.71); H, 
8.10 (8.14). M.p.: 143-144.5°C. For 4b: the crude 
product was recrystallized from CH,CI.,-CH~CN to 
afford 303 mg (87% yield) of colorless blocks. J H NMR 
(500.06MHz, C6D 6, 21 °C): 6 7.63 (m, 2 H), 7.38 (m, 
3 H), 3.52 (br, s, 2 H), 1.73 (v br, m, 35 H), 1.23 (v br, 
m, 35 H), 0.76 (v br, m, 7 H), 0.41 (s, 6 H). 13C NMR 
(125.75MHz, C6D 6, 21 °C): 6 133.23, 129.54, 128.31, 
127.94, 27.53, 27.47, 26.79, 26.63, 26.54, 26.41 (s• 
CH_,), 24.49, 23.90, 23.45, 23.1 I, 23.01 (s, 1:2:2:1:1 for 
CH), 0.41 (s, CH3). For 4c: the crude product was 
recrystallized from CH2CI~-CH3CN to afford 288 mg 
(74% yield) of white rectangular crystals. ]H NMR 
(500.06MHz, C6D6• 21 °C): 6 7.62 (m, 2 H), 7.44 (m, 
I H), 7.38 (m, 2 H), 3.09 (br, 2H), ! .80-! .60 (br, 35 
H), 1.45-1.10 (br, 35 H), 0.80-0.65 (br, 7 H). ]3C 
NMR (125.75 MHz, C6D 6, 21°C): 6 135.43, 135.24, 
129.97• 127.86 (s, C6H5),  27.63, 27.60, 27.56, 27.48, 
27.45, 26.85, 26.77, 26.74• 26.68, 26.59, 26.52 (s, 
CH,), 24.58, 24.03, 23.54, 23.10, 23.03 (i'2:2:1:! for 
CH). 29Si NMR (99.36MHz, C 6 D  6, 21 °C): 6 - 20.74• 
- 59.43, - 67.63, - 67.76, - 69.54, - 69.97. Anal. 
Calc. (found) for C6onqaol~s i8 :  C, 58.49 (58.96); H, 
7.69 (7.87). M.p.: 187.5~ 188.5 °C. 
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