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Abstract 

The one-pot synthesis of Ph3SiOH, tBu2Si(OH)2, (Me3Si)3CSi(OH).~ and (Me3Si)3CSiMe2OH directly from the corresponding bulky 
silicon hydrides using KMnO, t is described, The size of the substituents, the silane" KMnO 4 stoichiometry, the solvent and the application 
of ultrasound were all shown to influence the rate of the reactions. 
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1. Introduction 

The synthesis of bulky silanols such as t Bu 2 Si(OH)2, 
TsiSi(OH)~ [Tsi = (Me~Si)~C], TsiSiMe2OH or TsiSi° 
Ph2OH requires either long reaction times in aqueous 
solutions or multiple stage reactions [1]. The most com- 
mon precursors to the majority of silanols ate the 
chlorosilanes [2]. The smaller chlorosihmes, e.g. 
Me~SiCI, are readily hydrolysed, but this is not the case 
for sterically hindered chlorosilanes in which attack at 
the reactive centre is inhibited by bulky substituents. 
Although KMnO4 has been shown to be a good oxidis- 
ing agent in organic chemistry, the direct synthesis of 
silanols from the corresponding silicon hydrides using 
this reagent (Eq. (1)) has received relatively little atten- 
tion, the only previously reported examples being those 
of the oxidation of 'rsiSiEt2H to TsiSiEtzOH and of 
(Me3Si)2C(SiMezH)(SiMe2CH=CH 2) to (Me~Si) 2- 
C(SiMe2OH)(SiMe2CH=CH:,) [3,4]. It was therefore 
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decided to investigate the potential of KMnO4 and to 
look at the influence of the solvent (THF or methanol), 
the size of the substituents, and the silane:salt stoi- 
chiometry in the synthesis of silanols. 

R ,Silt4~o ~ + KMnO4 ~* R.,Si(OH)4~, + MnO2 (I)  

x~o 1 , 2 o r 3  

The sohtbilization of KMnO 4 in organic solvents can 
be achieved by crownoethers [5,6] or by phase°transfer 
agents, such as quaternary ammonium salts that form 
quaternary permanganates soluble in solvents immisci- 
ble with water [7] (e.g. purple benzene) [8]. Ultrasonic 
power is increasingly being used in a variety of hetero- 
geneous systems [9], where it can increase reaction rates 
and allow the use of phase-transfer agents (which may 
contaminate products) to be avoided. Ando and Kimura 
[8] have studied the influence of ultrasound on the 
oxidation of various organic substrates by KMnO4 in 
hydrocarbon solvents, and found the reactions to be 
generally accelerated by ultrasound. Such increases in 
the rates of reaction were thought to be due to ultrasonic 
destruction of the crystal lattice of the KMnO 4, which 
both increases the surface area and the number of active 
sites on it. This paper describes the successful synthesis 
of Ph~SiOH, tBu2Si(OH)2, TsiSi(OH)~ and TsiSiMe2 o 
(OH) using KMnO 4, together with the attempted syn- 
thesis of TsiSiPh2OH and [(HO)Me2Si]aSi. The results 
are summarised in Table I. 
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2.  R e s u l t s  a n d  d i s c u s s i o n  

2.1. PhsS iOH 

When a mixture of  Ph3SiH and KMnO 4 was stirred 
at room temperature in T H F  for 22 h the colour of  the 
reaction mixture went gradually from colourless to pale 
purple then to brown. After  removal of  the solids by 
filtration using silica-gel, and removal of  THF from the 
filtrate under vacuum, a white solid identif ied as 

Ph3SiOH (88%) was isolated. When  the cleaning bath 
or the probe were used to accelerate the oxidation 
process, the formation of  the violet  and brown solutions 
was much  more rapid than with stirring. The sonication 
was terminated after complete  disappearance of  the 
S i - H  resonance in the t H N M R  spectrum, giving iso- 
lated yields  of  66 and 92% respectively in 4 and 1 h for 
the cleaning bath and the probe. This  corresponds to aza 
approximate 22-fold rate of  increase when using the 
probe with respect to the silent reaction. The rate accel- 

Table I 
Oxidation of bulky silanes using KMnO 4 

Starting Method a Solvent and 
material reagent 

ratio 

Time (h) Product Yield (%) 

Ph~SiH 

tBu2SiH, 

stirring THF 1.05 KMnO 4 
c.b. THF !.05 KMnO 4 
probe THF !.05 KMnO 4 

stirring THF 2.12 KMnO+ 

stirring MeOH 2,12 KMnO4 

c.b. THF 2.12 KMnO 4 

probe THF 2.12 KMnO+ 

TsiSiH ~ stirring 
stirring 

stirring 

stirring 

stirring 
probe 

I~IF 3.15 KMnO+ 
MeOH 3. ! 5 KMnO~ 

MeOH 3.65 KMnO+ 
MeOH 1.0 KMnO+ 

MeOtl 2.0 KMnO~ 

THF 1.0 KMnO+ 
THF 1.5 KMnO+ 

+ 1.0 KMnOa 

+ 1.0 KMnOa 

22 Ph.~SiOH 88 ~ 
4 Ph 3SiOH 66 u 
I Ph ~SiOH 92 u 

23 'Bu 2St(OH) 2 51 c 
+aBu,Si(OH)H 3 ¢ 

23 t Bu 2 Si(OH):, 40 c 
+ t B u 2 S i ( O H ) H  6 c 

10 'Bu2Si(OH) 2 42 c 
+'Bu2Si(OH)H 5 c 

5 tBu2Si(OH) 2 72 c 
+'Bu2Si(OHJH 2 c 

I TsiSi(OH)~ 83 t, 
0.75 TsiSi(OH)~ 90 ¢ 

+ TsiSiH,OH 10 c 
0.75 TsiSi(OH)~ 77 t, 
0,75 TsiSiH ~ 27,2 " 

+ TsiSiH ~Otl 18 '~ 
+ TsiH 44 " 
+ unknown I I ' 

0,75 TsiSitl tOH 20 ' 
+ TsiH 28 " 
+ unknown 52 ~' 

24 TsiSitt ~OH 5 ' 
I TsiSi(OH).~ 28 c 

TsiSiH ~ 41 
TsiSiH,:OH 31 ¢ 

I TsiSi(OH)~ 62 ¢ 
+ TsiSiH:OH 37 " 
+ TsiSiH ~ trace 
+ TsiH trace 

5 rain TsiSi(OH)~ 86 ¢ 
+TsiH 14 " 

TsiSiMe~ H stirring THF 1.20 KMnO~ 6 TsiSiMe:OH 
stirring MeOh 1,20 KMnOa 6 "rsiSiMe,OH 
c,b, THF 1,20 KMnO,~ 1,5 TsiSiMezOH 
c,b, MeOH 1,20 KMnO+ 1,5 TsiSiMe:OH 
probe MeOH i.20 KM~!O,I 0,5 TsiStMczOI+! 

TsiSiPh ~ H probe THF 1,05 KMnO 4 2 --+ 
MeOH 1,05 KMnOa 4 

(HMe~Si)+Si p|'obe Tt|F 4,25 KMnO 4 2 siioxanes 

8'I |~ 
54 + 
82 b 
63 < 
92 t, 

+ Stirring at room temperature, cleaning bath (c,b,): 20 ± 2°C in the reactor, probe: 20 + 3°C in dle reactor 
b Isolated yield, 

Yield determined by I H NMR spectroscopy or by GC, 
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elation is most likely due to better solubilization of 
KMnO 4 in sonicated THF, and improved mass transport 
to and from the solid surface in the heterogeneous 
system: 

2.2. tBu.,Si(OH)., 

After stirring tBu2SiH2 and KMnO 4 for 23 h in 
THF, the products were identified by GC/GC-MS and 
IH NMR spectroscopy as 'Bu2Si(OH):, (51%) and 
tBu2SiH(OH) (3%). The same reaction in MeOH for 23 
h at room temperature gave tBu2Si(OH) 2 (40%) with 
'Bu 2 Sill(OH) (6%). A net acceleration is achieved when 
using the cleaning bath and THF, as only 10 h is needed 
to obtain a similar yield; use of the probe increased the 
yield further (see Table I). The improvement due to the 
probe corresponds to an approximate six-fold rate of 
increase with respect to the silent reaction, and gave a 
72% yield in 5 h at room temperature. A previous 
preparation of tBu_,Si(OH)2 by hydrolysis of the fluo- 
ride tBu2SiF 2 required 20 h under reflux in 1/1 (v /v)  
Me,,.SO/H,O and gave only a 16% yield [10]. 

2.3. TsiSi(OH) s 

Silane triols are usually only stable if prepared under 
critically controlled conditions and if the organic group 
is relatively large [10]. Phenylsilane triol (m.p. 128- 
130°C) results from the hydrolysis of PhSi(OMe)~, it 
dehydrates readily to cross-linked polysiloxanes and 
ultimately to the three-dimensional polymer (PhSiOj.~),, 
[I I]. The very bulky ligand (Me~Si)aC allows a stable 
silanelriol TsiSi(O!t)~ (m.p. 285-290°C) to be prepared 
by the route sllown in Scheme I [I]. It was therelk~re of 
interest, to see if oxidation with KMnO 4 wouhl give a 
direct route fi'om TsiSiH,~ to TsiSi(OH)~, to investigate 
potential reammgements involving 1,3°migrations of 
silyi groups from C to O [I 2] in the presence of KMnO 4 
and to check the influence of the quantity of oxidising 
agent used on the reaction rate. 

(i) When TsiSiH.~ and 3 mol equivalents of KMnO 4 
were stin'ed in THF, the solution became immediately 
pale yellow and gradually darkened. The absence of a 
violet colour suggested that the solubilized salt reacts 
immediately with the silane. The stirring was stopped 
after I h and 83% TsiSi(OH).a was isolated. 

(ii) It has been shown that rearrangements involving 
1,3-migrations of silyi groups from C to O, e.g. (Me:~- 
Si)2C(SiMe~)(SiR2Olt) ~ (Me~Si)zCH(SiR,OSiMe~), 

I i , 0  
TsiSiH .~ ~ TsiSiH 21 ~ TsiSiH 2OH 

/ 

H ~/) [!, 
TsiSi(OH) 3 ~ TsiSiH(OH)| 

Scheme I. 

(R---Me or Ph) can occur on treatment of suitable 
silanols with base [12]. The influence of the solvent on 
the reaction was therefore investigated because of possi- 
ble MeOK formation when using methanol. The course 
of the reaction between TsiSiH 3 and ca. 3 equivalents 
of KMnO 4 in methanol was monitored by "H NMR 
spectroscopy and no further change was detected after 
45 min. Integration of the singlets corresponding to the 
protons of the Tsi ~oups in TsiSi(OH) 3 (0.240 ppm) 
and TsiSi(OH)H 2 (0.207 ppm) gave a 9 / I  ratio. Al- 
though a slight excess of salt had been used (5%), the 
oxidation appeared to be incomplete, probably due to 
consumption of KMnO 4 by the solvent. In a second 
experiment a 20% excess of KMnO 4 was used and, after 
stirring (45 min) and work-up, silanetriol was isolated 
(77%) and characterised by MS(CI), suggesting that 
there is a competition between oxidation of the solvent 
and oxidation of the silane. In neither THF nor methanol 
was any rearrangement product detected. 

(iii) The last investigation of the oxidation of TsiSiH 
by KMnO4 was on the influence of the KMnO 4 • silane 
stoichiometry and the possibility of forming TsiSiH 2 
(OH) only. The stirred reaction carried out in THF at 
room temperature with 1.0 equivalent of KMnO4 gave 
back the starting material with only less than 5% Tsi- 
SiH,(OH) after 24 h. When the ultrasonic probe was 

5 ° vsed under the same conditions during I h at 2, C and 
using 1.5 equivalents of KMnO 4, three singlets due to 
the Me3Si protons in TsiSiHa (0.165 ppm), TsiSiH,, 
(OH) (0.207 ppm) and TsiSi(Olt)~ (0.240 ppm) were 
visible by I I~l NMR spectroscopy in a ratio of 
I '0 .75 '0 .70 rcs~ctively. A futahet addition of i 
equivalent of KMnO4 (total 2.5 equivalents) to the 
reaction mixture, followed by anotller 5 rain of sonica- 
lion, gave a ratio of O. I '  3' 5 ibr the same compounds. 
At this point a very small peak showed the presence of 
TsiH. Addition of a fin'ther molar equivalent of oxidis° 
ing agent (total 3.5 equivalents) resulted in the complete 
disappe~u'ance of the starting material and formation of 
TsiSi(OH)a (86%) plus TsiH (14%). No by-products 
due to intramolecular rearrangements were detected. 

When the solvent was changed to methanol, stin'ing 
of TsiSiH.~ with 1.0 equivalent of KMnO 4 gave a brown 
colouration immediately. The reaction mixture, worked- 
up after 45 min, gave an oil which 'I~1 NMR spec° 
troscopy and GC/GC-MS analysis 41owed to be a 
mir~ture of compounds (Eq. (2) at~J see Table i). Two 
singlets at 0.376 and 0.330 ppm in the a l~l NMR spec- 
trum could not be identified but might correspond to 
rearranged products containing Si-O-SiMe~ groups 

TsiSiH 3 + ! KMnO 4 M ~  TsiSiH,~ + TsiSiH ?OH 

+ T~i~t + unknowri (2) 

TsiH has often been found as a cleavage product of 
reactions between TsiSiX~ compounds and a base, and 
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TsiSiH.~ has previously been found to break down on 
treatment with 1.5 M NaOMe in MeOH at 50°C for 3 
days to give five main products, one of them being 
TsiH [1]. The formation of TsiH from reactions of 
Tsi-Si compounds is probably due to an initial nucle- 
ophilic attack at the silicon centre, followed by expul- 
sion of the Tsi- anion, which then acquires a proton 
from the solvent [ 13]. 

2.4. TsiSiMezOH 

TsiSiMe2OH has been studied in detail by Eabom 
and coworkers [12] and it can be prepared by the 
reaction of TsiSiMe2I with an H20/dioxane mixture at 
reflux for 16 h [1]. In a similar way to TsiSiH2(OH), 
TsiSiMe2OH is also prone to intramolecular rearrange- 
ments (Eq. (3)) and cleavage reactions (Eq. (4)) [14] 

C6H6 
TsiSiMe~OH + K ........ ; (Me~Si)2CHSiMe2OSiMe 3 

(3) 
MeOH 

TsiSiMe2OH + NaOMe ~ (Me~Si)2CHSiMe,OMe 
(4) 

(i) When THF was used as solvent, the stirred solu- 
tion first went pink-violet and after 5 min turned 
brown. The course of the reaction, monitored by ~H 
NMR spectroscopy, showed the complete disappearance 
of the stm'ting material after 6 h. The silanol was 
isolated as a wmle solid (84%). When using the clean- 
ing bath, at around 25°C and during 1.5 h, 82% 
TsiSiMezOH was isolated. 

(ii) Using methanol with 20% excess KMnO,~ reo 
suited in an incomplete reaction. After 4.5 h the oxid,~o 
tion stopped and TsiSiMet~OH (54~) plus 'lstSIMe,i:l 
(46%) were detected by H NMR spectroscopy. I( is 
likely that the slower rate of oxidation of TsiSiMe,H, 
due to an increase in steric hindrance at silicon, results 
in more KMnO~ being consumed by the solvent. Soni- 
cation improved the results, as the cleaning bath at 
'around 20°C and during 1.5 h gave 67% TsiSiMe2OH 
~ d  33% starting material. Under the same conditions 
using the probe, all the starting material was consumed 
in 0.5 h giving 92% of the silanol. When the course of 
the reaction in methanol was monitored by GC analysis 
to check more carefully for the presence of rea~anged 
silanols, I1% of the rearranged (Me,~Si)zCHSiMe,- 
(OSiMea) was identified by GC/GC-MS from the neat 
reaction mixture. Surprisingly, after filtration and isola- 
tion of the product, the ~H NMR spectrum and the GC 
trace showed only the presence of TsiSiMe~OH. It is 
possible that the intramolecular rearrangement occutxed 
in the oven of the GC instrument, which is heated at 
300°C, in the presence of KOH or KOMe when samples 
are taken from the neat reaction mixture. The proportion 
of rearranged product increased on the GC trace when 
the concentration of reactants was doubled, which sug- 
gests that the rearrangement process is linked with the 

concentration of the base [13]. Again, after work-up of 
the more concentrated reaction solution, the silanol was 
isolated pure. This is also consistent with a thermolytic 
rearrangement occurring in the GC oven, possibly by 
the mechanism known to occur in solution [12]. 

2.5. TsiSiPh2(OH) 

TsiSiPh2(OH) can be synthesised in 60 days by 
hydrolysis of TsiSiPh2I in H20-MeCN (5 vol.%) un- 
der reflux, or 24 h in H20-MeESO under reflux [3]. As 
the oxidation was expected to be more difficult than for 
TsiSiMe,_H, because of a greater steric hindrance at 
silicon, only the most efficient method, i.e. the probe, 
was used. When the sonication was carried out in 
methanol for 4 h or in THF for 2 h, with the tempera- 
ture inside the reaction vessel at around 25°C, ~H NMR 
spectroscopy showed that only the starting material was 
present, neither silanoi nor TsiH was detected. It would 
thus seem that KMnO 4 is an unsuitable oxidising agent, 
even under the influence of ultrasound, for the most 
hindered silanes. 

2.6. [(HO)Me2Si].sSi 

Tetrakis(dimethylsilyl)silane is a low melting solid 
(m.p. 40-42°C) with four very reactive Si-H bonds 
[15]. It is readily oxidised and tends to foml polysilox. 
anes if not stored under an inert atmosphere. The tetrasi- 
lanol [(HO)Me2Si]4Si is unknown, ann the attempted 
oxidation of (HMc;Si)4Si was carried out in THF with 
the probe on power level 7 for 2 h at 25°C. The reaction 
mixture was then filtered and the solvent ~moved under 
vacuum, yielding an oil instead of the e~xpected solid, 
~tt NMR s~ctroscopy showed that the septet and douo 
bier resonances due to the starting material had disap, 
peared, giving place to two sets of broad resonances in 
the 0.0~0.5 ppm region. IR spectroscopy showed a 
broad absorption between 1030 and 1120 cm~ ~, typical 
of a siloxane linkage. Given the complicated product 
obtained, probably a mixture of siloxanes formed by a 
base-catalysed rearrangen|ents, the reaction was not re- 
peated. "line carbon centred analogue (HOMe2Si)4C is 
known to be both teml~rature and base sensitive, and it 
is likely that the silicon centred compound is even more 
sensitive to reammgements [ 16]. 

3. Conclusions 

Sterically hindered silanols containing ~Bu, Ph or 
(Me~Si)~C groups call be oeadily synthesised directly 
from the con~sponding silicon hydrides and KMnO,a. 
The rate of oxidation is generally accelerated by ultra~ 
sound, but tile efficiency o| the method depends on 
various factors: cleaner reactions occur in THF as 
KMnO~ is p~ially consumed by reaction with the 
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solvent in methanol when the reaction is slow, no 
oxidation occurs when steric hindrance is too great as in 
(Me3Si)3CSiPh2H, and side reactions can take place 
when the product is sensitive to base-catalysed rear- 
rangements. 

4. Experimental section 

The t H and 29Si NMR spectra were recorded at 90 
and 17,9 MHz respectively on a JEOL EX-90 FT-NMR 
spectrometer, chemical shifts are in parts per million 
relative to TMS. The IR spectra were recorded on a 
Perkin-Elmer 1710 FT-IR spectrometer, using Nujol 
mulls between KBr plates. Analyses by gas liquid chro- 
matography were recorded on a Perkin-Elmer 8320 
capillary GC instrument with a flame ionisation detector 
having a 25 m non-polar BPi column. Mass spectra 
were obtained by chemical ionisation (CI, NH3) or 
electron impact (El) at 70 eV on a Finnigan 4500 
quadrupole mass spectrometer, For analysis by linked 
GLC-mass  spectrometry, a Varian GC 3400 gas chro- 
matograph with a 25 m BPI non-polar column was 
used. 

All reactions involving a bath were carried out in a 
rectangular Puisatron 125H ultrasonic cleaner from 
Kerry Ultrasonics, using a frequency of 38 5:10 kHz. 
All reactions in the bath were carried out in round-bot- 
tomed flasks or Schlenk tubes, and the reaction vessel 
was placed in the position of maximum intensity (or 
agitation in the reaction vessel), which was generally 
found to be between the two transducers in the centre of 
the cleaning tank. Temperature control Ibr reactions in 
the bath was achieved by periodic changing of the 
water, giving the following temperature accuracy: T ± 
3°C, In all cases the wmer level was kept between 2 alld 
4 cm lyelow the top level of the tank, depending on the 
activity visible in the reaction vessel. 

A Sonic and Mmerials VC 300 sonifier consisting of 
a 20 kHz ultrasound generator with a variable power 
output up to 300 W was used to drive a converter, kept 
in a sound-proof box (all reactions were carried out in 
the dark) with a lead zirconate titanate transducer. A 
stepped horn plus tip, 14 cm long with a 12 mm 
diameter at the radiating surface, was used. The hom 
was equipped with a joint to allow sonication in glass 
vessels in an inert atmosphere. A Suslick cell (15 ml) 
was used for all reactions using the probe, and tempera- 
ture control was carried out by immersing the reaction 
vessel, fitted to the probe, partially into a coohmt. The 
inside of the sonicated vessel was generally found to be 
between 20 and 25°C. 

Tetrahydrofuran was heated under reflux with sodium 
wire mid ~nzophenone until a deep purple co!our~tion 
was obtained, and it was freshly distilled before use. 
Anhydrous methanol was obtained from the Aldrich 
Chemical Company and was used as received. 

4.1. Starting materials 

%iSi l~  [1], TsiSiMe2tl [12], FsiSiPh2~l [31 and 
(HMezSi)4Si [15] were synthesised according to the 
literature methods, tBu2SiH2 was generously donated 
by FMC Ltd., Lithium Division. 

4.2. Silent reactions at room temperature 

The silane (0,40 mmol) and KMnO 4 (0.42 mmol) 
were cha~ed in a 25 mi round-bottomed flask equipped 
with a magnetic stirrer bar under a stream of nitrogen 
followed by the solvent (7.5 ml), The heterogeneous 
reaction mixture was stirred, and the course of the 
reaction monitored by ~H NMR and IR spectroscopy or 
by GC analysis. The reaction mixture was then removed 
from the bath and the solids were removed by filtration 
using a 2 cm layer of silica gel followed by washing 
with THF or MeOH (20 ml). The solvent was then 
removed from the combined filtrates under vacuum to 
yield the desired silanol. 

4.3. Reactions using the cleaning bath 

The silane (0.40 mmol) and KMnO4 (0.42 mmoi) 
were charged in a 25 ml round-bottomed flask under a 
stream of nitrogen followed by the solvent (7.5 ml). The 
flask was then positioned in a cleaning bath at 20°C for 
best agitation and the sonicatiun started. The course of 
the reaction was monitored by ~H NMR and IR ,~pec- 
troscopy or by GC analysis. The reaction flask was then 
removed frorn the bath and the sihmol isolated as above 
for the stin'ed ~actions. 

4.4. Reactions using the probe 

To a 15 mi reactor under aitrogen, charged with 
KMnO4 ({).85 retool) and silane (0.8 retool) and fitted to 
the probe, was added the solvent (15 ml). The reaction 
mixture was cooled by an ice/water slush bath and 
sonication started on power setting 7. 'the course of the 
reaction was monitored by ~i-1 NMR spectroscopy and 
stopped upon complete disappearance of the silane. The 
reaction vessel was then removed from the probe and 
the silanol isolated as described above. 

4.5. Product ident(flcation 

The following data were used to identify the products 
in the various reactions. 

Ph)SiOH: 8(H) (CDCI;) 2.48 (s, I H, SiOH), 7.36- 
7.70 (br, 15 H, Ph) rn.p. 152- ! 53°C (lit. i 52- i 53°C 
[17]). 

*Bu2Si(OH)2: 6(H) [(CD~)2SO] 0.99 (s, 18 H, 'Bu), 
5,58 (s, 2 H, SiOH), m/z  (E/ I )  176 (3, [M]* ), I19 (14, 
[M-Bu]+), 77 (100), 57 (8, [Bu]+), 56 (I i, [C4H8]' ). 

tBu2SiH(OH): 8(H) [(CD3)2SO] 0.97 (s, 18 H, 'Bu), 
Sill and SiOH not observed, m/z  (E/I)  160 (5, [M] +), 



~L~ P.D. Lit'kiss, R. Lucas / Journal of Organometallic Chemistry 521 (1995) 229-234 

103 t15. [M-Bu]+). 102 (14. [M-Bu-H]+), 75 (100), 
61 (60). 57 (29, [Bu] +). 

TsiSi(OH)¢: 8(H) (CDCI 3) 0.24 (s. 27 H, SiMe3), 
4.30 (s, 3 H, SiOH), m/z (CI) 328 (100, [M + NH 3 + 
HI+), 295 (15, [M-Me]+), 277 (10, [M-Me-H20]+), 
Vsio_ a 3381 cm -I (br), m.p. 280-282°C (lit. 285- 
290°C [ 11). 

TsiSiHzOH: 8(H) (CDCI 3) 0.207 (s, 27 H, SiMe3), 
4.55 (s. 2 H, Sill), m/z (EI) 277 (44, [M-H]÷), 217(5), 
187 (25, [M-SiMe3-H20]+), 73 (100, [SiMe3]+). 

TsiH: 8(H) (CDCI 3) 0.08 (s, 27 H, SiMe3), -0 .8  (s, 
I H. c - a ) .  m/z (El) 217 (45, [M-Me]+), 114 (85) 
[M-SiMe~-3Me] +). 73 ( 100, [SiMe~] +). 

TsiSiMezOH: 8(H) (CDCI 3) 0.236 (s, 27 H, SiMe3), 
0.322 (s, 6 H, SIMe2), OH resonance not observed, 
m/z (CI) 291 (34, [M-Me] +). 275 (44, [M-2Me-H] +). 
73 (100, [SiMe3]+), Vsio_ . 3691 cm -I, m.p. 322- 
324°C (lit. 325°C [ I ]). 
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