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New Synthetic Route to the Hydridospherosiloxanes 
Oh-H&i8012 and DSh-Hl&iloOls 

Oligomeric silsesquioxanes are compounds of general formula 
(XSiOI,s), where n is an even number (n 1 4) and X is either H,  
CI, or any of a large number of organic The name 
"spherailoxanes" is sometimes used to describe these compounds,6*' 
since they have polyhedral structures that are topologically 
equivalent to a sphere. 

The first hydridospherosiloxane was synthesized serendipitously 
in 1959 by Muller, Kohne, and Sliwinskis ( < I %  yield from 
HSiC13) and shown to be Oh-HsSisOl2. Subsequently, in 1970 
an improved synthesis of this compound was reported by Frye and 
Collins3 (ca. 13% yield from HSi(OCH3)3). They also reported 
an unusual preparative procedure that yielded a mixture of hy- 
dridospherosiloxanes in highly variable yields (1 5-35% from 
HSiC13). Agaskar, Day, and Klemperer reported in 19879 that 
a modification of this procedure gave more reproducible yields 
(>30%) and also described a purification protocol that yielded 
gram quantities of four pure hydridospherosiloxanes. The 
structures of these compounds Oh-HsSigOI2, DS~-H1,,Si10015, 
D 2 ~ H l 2 S i I 2 O l 8 ,  and D3h-H14Si14021r which were obtained in ca. 
0.5, 3.5, 3.5, and 0.5% yields, respectively, are shown in Figure 
1. 

We wish to report here that we have now developed a new 
synthetic procedure that is extremely easy to implement and that 
gives a mixture of Oh-H8Si8OI2 and DSh-HI,,Si10015 (ca. 3-91)  
in ca. 27.2% yield. Pure Oh-HSSi8Ol2 can be isolated from the 
mixture of crystals in ca. 17.5% yield as described below, while 
pure DSh-Hl$iloO15 can be isolated from the remainder by fol- 
lowing procedures published earlier.I0 

The fundamental feature of this procedure is the use of a 
partially hydrated metal salt solution to create "scarce-water" 
hydrolysis conditions similar to those involved in the preparation 
that uses sulfuric a ~ i d . ~ , ~  

The hydridospherosiloxanes are potentially a very useful class 
of c o m p o ~ n d s ~ l - ~ ~  whose chemistry has remained underdeveloped 
because of the lack of a facile method of making them in syn- 
thetically useful quantities. The experimental procedure that is 
described below should make at  least two of these widely ac- 
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Figure 1. Structures of the four pure hydridospherosiloxanes that have 
been prepared in gram quantities: (a) Oh-H8SiSOI2; (b) D5~-HISi1001s ;  
(c) DwHizSi12018; (d) D ~ ~ H I ~ S ~ I ~ O Z I .  

cessible, while modifications of this procedure could lead to ef- 
ficient and convenient synthesis of other compounds of this type. 

Experimental Procedure. FeC13 (anhydrous, 50 g) was taken 
in a round-bottomed flask, and concentrated HCI (20 mL) was 
added followed by C H 3 0 H  (40 mL). C6Hl4 (mixture of isomers, 
350 mL) and C7Hs (50 mL) were then added, and the biphasic 
mixture was stirred by a heavy magnetic stirrer. A solution of 
HSiCI, (20 mL, -0.2 mol) in C6H,4 (150 mL) was added 
dropwise by using a pressure-equalizing dropping funnel over a 
period of 9 h. After an additional 30 min of stirring, the upper 
hexane layer was transferred to another round-bottomed flask 
along with some suspended yellow solid (the FeC13-containing layer 
can be reused after addition of concentrated HCl).IS K2CO3 (14 
g) and CaCI, (10 g) were added to the flask and the contents 
stirred overnight. The mixture was filtered, and the filtrate volume 
was reduced by evaporation until it was ca. 20 mL. The crystals 
that were deposited weighed 1.86 g after they were separated from 
the mother liquor and washed with some hexane. The washings 
were combined with the mother liquor, and the volume was re- 
duced further by evaporation until it was <IO mL. A second crop 
of crystals was collected (1.02 g) and washed with hexane. The 
total yield of white crystals was 2.88 g. The mother liquor con- 
tained 4.9 g of a soluble product. 
IH N M R  spectroscopy (C6D6, 270 MHz) showed that these 

crvstals were a mixture (ca. 3.5:1) of Oh-HnSinO,, ( 6  = 4.203 " .- . 
~ d m ) ~  and D S ~ - H I ~ i l 0 O I s ( S  = 4 . 2 4  p ~ m j : ~  'fhe total yield based 
on HSiC13 was 27.2%. 
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When this mixture was washed with hexane (ca. 45 mL), all 
the Dsh-HI,-,SiI0OlS was removed along with some Oh-H8Si8OI2. 
The residue was pure Oh-HaSia0,2 (1.85 g; yield based on HSiC13 
17.5%).16 

(16) Since the crystals were obtained from a filtered solution and were 
observed to dissolve completely in C D it was assumed that they were 
not contaminated with SOl. The %$satellites (IJSCH = -170 Hz) 
were used to rule out any significant contamination by other (HSiOl.l), 
species. 
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The functionalized cyclodextrin 6-deoxy-6-(N-histamino)-~-cyclodextrin was synthesized, and an NMR, EPR, pH-metric, and 
calorimetric investigation was carried out in aqueous solution in order to ascertain its behavior toward protonation and copper(l1) 
complexation. Spectroscopic results as  well as thermodynamic data give evidence of the influence of the jkyclodextrin cavity. 
In particular, the NMR spectra data show a protonation-promoted inclusion of the imidazole ring, while the coppe.r(II) coordination 
is markedly affected by the presence of the cyclodextrin cavity, as shown by the All value decrease, with respect to the analogous 
histamine complex. 

Introduction Scheme I 

Cyclodextrins have been proposed as artificial enzymes due to 
their ability to form inclusion compounds and to show regiospe- 
cificity and stereospecificity with respect to the substrate and to 
the product during catalytic processing." The introduction of 
functional groups has provided more efficient models of natural 
enzymes and receptors.'-" Furthermore, for more sophisticated 
molecular recognition, double (or multiple) recognition systems 
have been obtained by means of the metal complexes of func- 
tionalized cyclodextrins where the additivity of cavity and met- 
al-ligand interaction has been demonstrated.l"la 
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inclusion compounds have also been reported for the metal 
complexes of cobalt(III), iron(O), rhodium(l), ruthenium(O), and 
platinum(II), in which cyclodextrins behave like second-sphere 
ligands.'%25 
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