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The equilibrium constants K of alcoholysis of triethylalkoxysilanes were determined at 20 °C and 40 °C.
Iodine monobromide was used to promote the reactions associated with the tertiary alkoxyl groups, while the

other reactions proceeded in the presence of iodine.

The K values of the reaction systems with ethoxyl or pro-

poxyl—primary, secondary, and tertiary alkoxyl pairs were 1 or above, about 0.5, and about 0.05, respectively.
These values reflect the extent of the binding abilities of the alkoxyl groups to silicon, which is in the expected

order of primary>>secondary>>tertiary alkoxyl groups.

A mechanism is postulated for the reaction which in-

volves participation by the iodine or iodine monobromide.

Alcoholysis of alkoxysilanes had been carried out
previously in the absence of catalyst,!) but it was noted
that under anhydrous conditions alkoxysilanes were
generally quite stable and that non-catalytic alcoholysis
procceded only slowly.>»? Various acids and bases
have been employed to catalyze such reactions,?11) as
well as alkali metals.2-4919 Reaction mechanisms
have been proposed in some of these cases,?~% but
quantitative data concerning the equilibria of such re-
actions cannot be found in the literature, although a
few kinetic studies have been reported.81)

Alkoxyl-alkoxyl exchange reactions are promoted by
iodine or interhalogen compounds such as iodine mono-
bromide, and the equilibrium compositions of such
systems can be ascertained by gas chromatography as
described in the previous paper.!?) Thus, the iodine-
or iodine monobromide-catalyzed reactions of triethyl-
alkoxysilanes with various alcohols were examined, and
the equilibrium constants at two different temperatures
were determined. For reactions with tertiary alcohols,
iodine monobromide was employed because of its su-
perior catalytic activity, while iodine was used in the
other cases.

Results and Discussion

Alcoholysis Equilibria of Triethylalkoxysilanes.
Thirteen reaction systems with different OR-OR’ pairs
were studied at 20.0 °C and 40.0 °C in the presence
of iodine or iodine monobromide.

Et;SiOR + R'OH —= Et;SiOR’ + ROH

The equilibria were established from both forward
and reverse directions. In most cases the compositions
of the reaction mixtures became constant within a
few hours. Equilibrium constants, K, for these reac-
tions are summarized in Table 1. The K values are
close to unity when both alkoxyl groups have about
the same binding ability to silicon and both alcohols
have similar reactivity. The reaction systems with
ethoxyl-methoxyl, propoxyl and butoxyl, and prop-
oxyl-butoxyl pairs seem to correspond to such cases,
as the K values are 1.00—1.12. (entries 1—3,13 in
Table 1)

In the reaction systems with ethoxyl-isobutoxyl, pent-
yloxyl, and isopentyloxyl pairs, K values somewhat
larger than unity were observed. (entries 4,7,8) Cor-

responding free-energy changes for these reactions are
—0.62——1.02 kJ, which suggest that the products
are slightly more stable than reactants.

The K values of reaction systems associated with
secondary alkoxyl groups are considerably less than
unity (entries 5,9,10,12), so that the reverse reactions
are spontaneous. Therefore, the alkoxyl groups with
a side chain in the a-carbon appear to be attached
more loosely to silicon than are the primary alkoxyl
groups.

Since tertiary alcohols react slowly with triethyleth-
oxysilane, iodine monobromide was used to accelerate
the reactions. The K values observed for these reac-
tions were small, about 0.05. (entries 6,11) These
small values may be attributed to the steric hindrance
of tertiary alkoxyl groups in the triethylalkoxysilanes.

The equilibrium constants determined at 20 °C and
40 °C were virtually the same, as shown in Table 1,
so that the enthalpy changes in these reactions appear
to be very small.

Proposed Reaction Mechanism. For the base-cat-
alyzed alcoholysis of alkoxysilanes, some mechanisms
with five- or six-coordinate intermediates have been
proposed.289% However, in the case of iodine- or io-
dine monobromide-catalyzed alcoholysis, a mechanism
via a four-centered transition state as given below
seems to be most suitable.

Iodine or iodine monobromide forms charge transfer
complexes with alcohols,'® and also with alkoxy-
silanes,'? and hence the dative form of the complexes,
e.g. [R'OH--I]*I- or [EtSiOR---I]*I-, may be
regarded as the reaction intermediate. In addition,
alkoxysilane-alcohol complexing has been suggested,'®
so that the four-centered transition states are still more
readily formed. The following mechanism may be de-
rived.
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Et,Si0R + [R/OH. 11717 =

== [Et,S10R"+++11°1" + ROH

or
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TABLE 1. ALCOHOLYSIS EQUILIBRIUBJ CONSTANTS OF TRIETHYLALKOXYSILANES
E4,SiOR 4+ R'OH — Et,SiOR’ + ROH
K= {[E,SiOR’][ROH]}/{[Et,SiOR][R’OH]}
Substituent Temp Equilibrium constant K

OR OR’ G Forward reaction Reverse reaction Mean value®

20 1.08+0.03 1.08+0.02 1.08+0.03

1 OEt OMe 40 1.06%0.03 1.06%0.01 1.06%0.02
. 20 1.1140.02 1.1140.02 1.1140.02

2 OEt OFr 40 1.09%0.02 1.10%0.02 1.09%+0.02
. 20 1.1240.03 1.13+0.03 1.1240.03

3 OFt OBu 40 1.09-0.04 1.08£0.04 1.090.04
] . 20 1.52+0.03 1.5240.02 1.52+0.03

4 OFEt OBu 40 1.4840.03 1.4840.04 1.48%0.03
20 0.510.01 0.50+0.01 0.51£0.01

5 OFt OBu? 40 0.5520.02 0.54+0.02 0.54%0.02
20 0.050-£0.003 0.049£0.003 0.050+0.003
6 OEt OBu? 40 0.05320.002 0.052+0.003 0.053+0.002
. 20 1.3140.02 1.3240.03 1.32+0.03

7 ORt OC;H,, 10 1.280.03 1.29%0.02 1.29%0.03
. 20 1.2940.03 1.3040.03 1.30+0.03

8 OEt OG:H,, 40 1.270.04 1.27%0.03 1.27%0.03
. 20 0.52+0.02 0.5040.03 0.51-£0.03

9 OEt OCHMePr 40 0.53£0.01 0.530.03 0.530.02
. 20 0.4340.03 0.42+0.01 0.4340.02

10 OFEt OCHEt, 40 0.45+.0.01 0.44+0.02 0.45+0.02
20 0.047-0.003 0.04740.004 0.047-0.004

1 OFEt OC;Hy,* 40 0.050-£0. 002 0.050-£0.005 0.050+0.003
12 OPr» OPrsé 20 0.40+0.01 0.40+0.01 0.40-£0.01
13 OPr» OBur 20 0.99-+0.01 1.0040.02 1.000.03

a) Mean value of equilibrium constants of both forward and reverse reactions.
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== Et;S10R’ + [ROH:««11%1"

Experimental

General Procedure. In a reaction vessel (volume about
5 cm?®) with a sealing-cap, measured amounts of triethyl-
alkoxysilane and alcohol were placed. Molar ratios of alkoxy-
silanes to alcohols in the reaction mixturcs were in the range
of 1:0.5 to 1:6. I, or IBr was added to the reaction mix-
tures as the solution in each alcohol. The reaction was
promoted using about 0.001 (mole fraction) of catalyst.

Each reaction mixture thus prepared was divided into
two or three parts and maintained in a thermostat set at
(20.0£0.1) °C or (40.0%0.1) °C. One of them was used
to monitor the time course of the reaction until the com-
position became constant. The others were then used to
determine the equilibrium composition.

Analysis. Analyses were performed by means of GLPC
using a Shimadzu model GC-4B gas chromatograph with
a thermal conductivity detector. The stationary phases of
the packings used in this investigation were as follows:

PEG 4000+SPAN 80 (entries 1,8 in Table 1), SPAN
80 (entries 2,4,5,7,13), PEG 1000+ DOP-B (entry 3), PEG
4000 (entry 6), PEG 6000 (entries 9,10), PEG 1000 (entry
11), SPAN 80+4+PEG 6000 (entry 12).

Reagents. Triethylmethoxysilane and triethylethoxy-
silane were prepared by the reaction of tetramethoxysilane

or tetraethoxysilane with ethylmagnesium bromide. The oth-
er triethylalkoxysilanes were preparcd by iodine or iodine
monobromide-catalyzed alcoholysis of triethylethoxysilane.
After the resulting ethanol and excess alcohol had been
removed by distillation, each triethylalkoxysilane was ob-
tained by fractional distillation. These triethylalkoxysilanes
were purified by repeated fractional distillation, and the
following compounds were prcpared.

Et;SiOMe, EtSiOEt, Et;SiOPr?, Et,SiOPr¢, Et,SiOBu”,
Et;SiOBut, EtSiOBu®, E;SiOBut, Et;SiOC;H,,”, Et;-
SiOC;H,,¢, EtSiOC;H,,¢, Et;SiOCHMePr»: bp 205.1°C;
ny 1.4243; BCNMR (neat) 6=4.78 (t, 3C), 6.22 (q, 3C),
13.58 (q), 18.48 (t), 23.31 (q), 41.96 (t), 67.63 (d). Found:
C, 65.04; H, 13.259%. Caled for C;;H,eSiO: C, 65.27;
H, 12.95%. ILt;SiOCHEt,: bp 206.2 °C; ny 1.4272; BC
NMR (neat) 6=4.88 (t, 3C), 6.27 (q, 3C), 8.83 (q, 2C),
28.94 (t, 2C), 74.12 (d). Found: C, 65.08; H, 13.259%.
Calcd: G, 65.27; H, 12.959%,.

The last two alkoxysilanes are unreported compounds, while
the boiling points and refractive indices of the others were
virtually identical with the reported values.®

The alcohols were purified by fractional distillation. Meth-
anol, ethanol, 1- and 2-propanol were previously freed from
water by refluxing with magnesium or magnesium activated
with iodine. ¢-Butyl alcohol was repeatedly recrystallized
after distillation.!®

Iodine was purified by repeated sublimation with calcium
oxide and potassium iodide. Iodine monobromide was pre-
pared and purified by recrystallization.!?
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