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The reaction of triphenylsilyl chloride with 2-propanol in CC14 has been reinvestigated and a mechanism 
proposed. The HC1 produced in the reaction is catalytic. The rate of the uncatalyzed reaction, as determined 
by extrapolations to zero time, increases more rapidly with 2-propanol concentration than would be 
required for an order of one in the alcohol. The rate of the HC1-catalyzed path is independent of the 2- 
propanol concentration in the range studied (5 to 15 volume %) but first order in the HC1 concentration, 
suggesting that the reactive alcohol species in this case is of the form ROH ... ClH. 

Canadian Journal of Chemistry, 47, 1263 (1969) 

The reactions of triphenylsilyl chloride with proposed that in alcoholysis and hydrolysis, the 
H,O in dioxan (1) and with 2-propanol in CCl, (2) reactive nucleophilic species is of the form 
are autocatalytic. The reactions may be repre- ROH . . . B, where B is any entity that can act as a 
sented generally by base and assist proton removal from the OH 

group. 
(C5Hs)3SiC1 + ROH + (C5H6)3SiOR + HCI R R 

The HC1 and chloride ions have been shown to be 
catalytic species (1, 2). 

Petersen and Ross (2) concluded that there 
was little or no reaction of triphenylsilyl chloride 
and 2-propanol in the absence of HCl and that 
the order in the alcohol was one. They interpreted 
their results as support for a mechanism involving 
formation of a pentacovalent silicon intermediate 
followed by HCl-catalyzed decomposition to 
products. 1 

Allen and Modena ( I )  assumed that no HC1 
was present initially in their reaction mixtures 
and obtained pseudo first-order rate constants 
for the uncatalyzed reaction of triphenylsilyl 
chloride and water in dioxan by extrapolation to 
zero time of plots of log [R,SiCl] against time. 
The initial slopes of these plots were constant at 
any one water concentration. The order in water 
was greater than one. Multiple orders in alcohol 
or water have been noted in a number of other 
systems (3-6) involving substitution at silicon 
in non-hydroxylic solvents. Allen and Modena 

I I 
B . .  . H  R 

Transition state 

This type of mechanism has been used to explain 
the action of certain catalysts, the high order in 
the nucleophile, and temperature effects in a num- 
ber of systems (1, 3-7). 

Analyses of samples of triphenylsilyl chloride, 
combined with the observation that CC1, solu- 
tions of the silicon halide failed to  show any de- 
tectable acid, led us to conclude that the samples 
used in this work did not contain HCl impurity. 
This suggested that, contrary to the arguments of 
Petersen and Ross, it should be possible to deter- 
mine rate constants for the uncatalyzed reaction 
of triphenylsilyl chloride and 2-propanol in CC1, 
by extrapolations to zero time, and to determine 
the order in 2-propanol from the rate constants 
obtained. We have reinvestigated this reaction 
using a direct titrimetric method to determine the 
HC1 produced in the reaction. 
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Results and Discussion 

The reaction of 2-propanol and triphenylsilyl 
chloride in CCI, solvent is catalyzed by the HCI 
produced in the reaction, but HC1 need not be 
present to initiate the reaction. The first-order 
plot shown in Fig. 1 is typical. Extrapolations to 
zero time on such plots for runs to which no HC1 
has been added give pseudo first-order rate con- 
stants, k,, applicable to the uncatalyzed reaction. 
The results are summarized in Table I. All data 
were obtained at 25.2". 

From the data in Table I it can be seen that at 
any one alcohol concentration, k, is reasonably 
constant. The rate increases with 2-propanol con- 
centration more rapidly than would be required 
for an order of one in the alcohol. A plot of log 
k, against log (volume % of ROH) is linear with 
slope equal to 2.4 in the range studied. The multi- 
ple order in 2-propanol is consistent with the 
mechanism proposed by Allen and Modena (1); 
B is another alcohol molecule. It is known that 
2-propanol exists to a large extent as a polymer 
in CCI, (8,9), and that the pseudo first-order rate 
constants for the 2-propanolysis of acetyl chloride 
in CCI, are proportional to the concentration of 
associated alcohol (9). 

When HCi is added to the reaction mixtures, 
the pseudo first-order rate constants obtained by 
extrapolation, k, ,  are higher than the k, value at 

TABLE I 
Pseudo first-order rate constants for the uncatalyzed 

reaction of (C,H,)3SiCl and 2-propanol at 25.2' 
- 

[W3SiCl]o x 103 [ROHlo k, x 105 
(MI (volume %) is - 

- .  - -  
Mean: 0.69 

2 .6  
2.8 
2 .6  
2.3 
2.6 

Mean: 2.6 
5 . 9  
5 .5  
6 .2  

Mean: 5.9 
10.2 
9.6 
9 .3  

Mean: 9 .7  

FIG. 1. First-order plot for 2-propanolysis (CSH5)3' 
SiCl in CCI, at 25.2"; [R,SiCl], = 1.374 x lo-' M, 
[ROHl,, = 10 volume "/,. V, = volume of Et,N solu- 
tion cdEresponding to t'hi i i t i a l  silyl chloride-concen- 
tration, Vx = volume of Et,N solution corresponding to 
the HCl produced in the reaction. 

the same alcohol concentration. The increments, 
k, - k,, are linear in HCI concentration, but 
appear to be independent of the alcohol concen- 
tration in the range studied (5 to 15 volume % 
2-propanol), as can be seen from the kc entries in 
column 6 of Table 11. Catalysis by HCl is ex- 
plained in terms of the increased basicity towards 
silicon of the oxygen of an alcohol molecule 
hydrogen-bonded through its proton to the 
chloride of the HCI. If this association of alcohol 
and HC1 is virtually complete, so that the concen- 
tration of the reactive alcohol species is equal to 
the analytical concentration of HCl, then the 
independence of alcohol concentration shown by 
kc is explained. 

The rate equation appears to have the form 

dxjdt = k,[R3SiC1] + k,[HCI] [R3SiCl] 

where k, varies with alcohol concentration but 
kc does not. The first term refers to the uncata- 
lyzed path, the second to the HC1-catalyzed path. 
For runs to which no HC1 is added initially, po 
equals zero. The integrated form of this rate law is 
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TABLE I1 

Rate constants for the HC1-catalyzed reaction of (C6H5)3SiCl and 2-propanol at 25.2" 

(kt - k,) x 10' 
= kc x 10' 

[R3SiClIo x lo3 [ROHJo [HCl],, x lo3 kl x lo5 (kt - k,) x lo5 [HClIo x 1013 
( M )  (volume %) (MI (s- l) 6-I )  (M-  s - l) 

within & 10% of the values obtained by extrap- 
olation, the best kc values are close to those cal- 
culated from the extrapolation data, (b) sets of k ,  
and kc values for runs with and without added 
HCI at the same alcohol concentration show best 
agreement in the neighborhood of the values ob- 
tained by extrapolation, (c) the kc values at any 
one alcohol concentration are reasonably con- 
stant, and (d) the k ,  values appear to be indepen- 

= (kCao f kcpo +- k,)t + log, [GI 
where 

dent of the alcohol concentration. 
Data a t  various percentages of reaction are, 

therefore, consistent with the rate law deduced 

and 

B = 
kcao - kcpo - ku 
kcao + kcpo + ku from extrapolations to zero time. Typical results 

are shown in Table I11 and a typical plot of log, 
[(I - M)/( l  + M ) ]  is shown in Fig. 2. 

When tetraethvlammonium chloride is added 

If values fork, and kc are assumed, values of log, 
[(I - M)/(l  + M ) ]  can be plotted against time 
for any run. Then the linearity of the plot can be 
checked and the slope of the least squares straight 
line through the points compared with the theo- 
retical slope (kcao + kcpo + k,). This was done 
for a wide range of kc values at each of several k ,  
values for each run. In general, for each value of 
k, there exists a value of kc at which the theoretical 
and least squares slopes are essentially equal, and 
the deviation of points from the least squares 
straight line is very small. Other values of kc with 
this k, result in much greater deviations. How- 
ever, for any one run several sets of k,  and kc with 
different k ,  values meet the requirements given 
above equally well. Despite this complication, 
the following points are evident (a) for k ,  values 

to the reaction mixtures, the pseudo first-order 
rate constants obtained by extrapolation, k , ,  are 
higher than those for the uncatalyzed reaction. 
The increments to the rate constant appear to be 
linear in salt concentration, as evidenced by the 
values of k,  at any one alcohol concentration in 
column 5 of Table IV. As in all other cases, runs 
containing Et4NC1 eventually showed autocatal- 
ysis by the HC1 produced in the reaction. 

Pseudo first-order rate constants obtained by 
extrapolation for runs with both HCl and Et4NCI 
added show that the effect of one catalyst is not 
diminished in the presence of the other. This ob- 
servation does not agree with the rate law for the 
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TABLE 111 

Slope of 
Required least 1 - B Intercept of 

ku kc slope squares log, - least % reaction 
(s- I) (M-I s-I) (SKI) line (s - ') 1 + B squares line followed 

c 
0 800 1600 2400 3200 4000 

TIME ( 5 )  

FIG. 2. Plot of log, [(I - M)/(l  + M ) ]  against time 
with least squares line shown; [R,SiCl], = 1.040 x 
lo-' M = a,, [ROH], = 10 volume %, [HCI], = 3.21 
x M = 

salt-catalyzed reaction proposed by Petersen and 
Ross (2). The results for samples containing both 
catalysts are shown in Table V. 

Since k, > kc, Et,NCl is more effective as a 
catalyst than HC1. It seems reasonable to con- 

clude that the C1 in both catalysts acts by associa- 
tion with the proton of the alcohol OH group. 
Such association is known to occur between 
quaternary ammonium halides and alcohols in 
CCl, (10). The HCl may not be appreciably dis- 
sociated (2), while the tetraethylammonium chlo- 
ride may be present as ion pairs (1 1). 

It is impossible to tell from our kinetic data 
whether the reaction of the silyl chloride and 
ROH . . . B proceeds by an S,2 mechanism or by 
formation of a pentacovalent silicon intermediate. 
We favor the former after considering collectively 
the information dealing with substitution of 
chloride at silicon by more basic groups as pre- 
sented in refs. 1, 3, 7, 12-14. 

Experimental Details 
A. Solvents 

Carbon Tetrachloride. Reagent grade CCI, was used 
without further purification or drying. Numerous blanks 
containing only triphenylsilyl chloride and CCI, were run, 
and in all cases no more than 1 % reaction occurred over 
a 24 h period; there was no detectable acidity produced in 
the length of time for which normal kinetic runs were 
followed. 

2-Pvopanol. Molecular sieves were used for drying. The 
water content was reduced to 0.008 % or less (Karl Fisher 
titration) in 3 to 4 days. 

Dioxan. Reagent grade dioxan was refluxed with sodium 
until formation of resin ceased and the sodium remained 
shiny. It was then distilled. 
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TABLE IV 
Kate constants for the Et4NC1-catalyzed reaction of (C6H5),SiCI with 2-propanol at 25.2" 

(kl - k,) x 105 
= k, x I0 

[R3SiCl], x 103 [ROH], [Salt] x lo4 kl x lo5 [Salt] x lo4 
(MI (volume %) ()MI W 1 )  (M-I s-I) 

11.74 5.0 0.422 2.69 4.7 

TABLE V 

Rate constants for the Et,NCl-catalyzed reaction of (C,H5),SiCI with 2-propanol as determined 
from runs containing added HCI 

(kl - k ,  - k,p,) x 10' 
= k, x 10 

[R3SiCl], x 103 [ROH], [HClIo x 103 [Salt] x lo4 k ,  x 105 [Salt] x 104 
[lwl (volume %) (MI  (MI (s-l) ( ~ 4 - I  s-I) 

Benzene. Reagent grade benzene was dried by distilla- 
tion from sodium. 

Diethyl Ether. Anhydrous diethyl ether was distilled 
from sodium or used as obtained from Mallinckrodt 
(A.R., A.C.S., 0.01 % H20).  

B. Prepnrntiolz of Triphenylsilyl Chloride 
(C,H5)3SiC1 was prepared by chlorination of 

(C6H5)&H in CC14. 
The reaction vessel was immersed in an ice-water bath. 

The CC14, C12, and dissolved HCl were pumped off fol- 
lowing completion of the reaction. The crude product 
was recrystallized from benzene and petroleum ether and 
then distilled at reduced pressure (boiling point 147 "C 
at 0.01 mm Hg). 

Anal. Calcd. for (C,H5)3SiCl: C, 73.33; H, 5.12; C1, 
12.03. Found: C, 73.41; H, 5.21; GI, 11.92. 

C. Procedure Follo~ved in Kinetic Runs 
Separate solutions of (C6H5),SiC1 and 2-propanol in 

CC14 were made up quantitatively at 25.2- and then 
mixed. Aliquots were removed from the reaction mixture 
at intervals, quenched in dry benzene or ether, and titrated 
immediately for HCl with a dioxan solution of Et3N. 
Neutral red dissolved in 2-propanol was used as the indi- 
cator. Total acid values were obtained by titration of an 
aliquot run into 95% ethanol; production of HCI was 
complete and rapid in the ethanol. 

Solutions of HCl in CC14 were prepared with HCI which 
had been passed through a H2S04 drying train. 

Tetraethylammonium chloride was dried over P,05 

under vacuum at the temperature of boiling methanol for 
several hours. 

1. A. D. ALLEN and G. MODENA. J. €hem. Soc. 3671 
(1 957) 
\ - -  - 1 .  

2. R. C. PETERSEW and S. D. Ross. J. Am. Chem. Soc. 
$5, 3164 (1963). 

3. A. D. ALLEN, J. C. CHARLTON, C. EABORN, and G. 
MODENA. J. Chem. Soc. 3668 (1957). 

4. 6. MODENA and P. TODESCO. Boll. Sci. Fac. Chim. 
Ind. Bologna, 18, 109 (1960). 

5. G. SCHOTT, H. KELLIUG, and R. SCHILD. Chem. 
Ber. 99, 291 (1966). 

6. R. H. PRINCE and R. E. TIMMS. Inorg. Chim. 
Acta. 1. 133 (1967). 

7. J. R: CHIPPERFIELD and R. H. PRINCE. J. Chem. 
SOC. 3567 (1 963). 

8. E. G. HOF~MAN;. Z. Physik. Chem. Leipzig, B, 53, 
21 1 (1942-1943). 

9. R. F. HUDSON and I. STELZER. Trans. Faraday Soc. 
54, 213 (1958). 

10. A. ALLERHAND and P. VON R. SCHLEYER. J .  AIII. 
Chem. Soc. 85, 1233 (1963). 

11. H. S. HARNED and B. B. OWEPI. The physical chem- 
istry of electrolytic solutions. Reinhold Publishing 
Corp., New York. 1963. 

12. L. H. SOMMER. Stereochemistry, mechanism and 
silicon. McGraw-H111 Book Co., Inc., New York. 
1965. 

13. C. G. SWAIN, R. M. ESTEVE, JR., and K. H. JONES. J. 
Am. Cheni. Soc. 71, 965 (1949). 

14. C. A. BURKHARD, E. 6. ROCHOW, H. S. BOOTH, and 
J. HARTT. Chem. Rev. 41, 120 (1947). 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

FL
O

R
ID

A
 I

N
T

L
 U

N
IV

 G
L

 8
10

 o
n 

10
/0

3/
13

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 




