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The relative rate constants of the ethylamine catalysed methanolysis of trimethylsiloxyalkanes 
R(CH2)n0Si(CH3h (R = (CH3hSi; (CH3hGe; OCH3; Cl; alkyl) were measured. The loga
rithms of the relative rate constants follow the extended Taft equation and correlate with the u* 
and £ 5 constants of the substituents. The results are consistent with the absence of intramolecular 
(p- d)" interactions in the above compounds with R = (CH3)3M, OCH3, Cl and n > 2. 
The relative rate constants of the (CH3)3MCH20Si(CH3)3 compounds are discussed in terms 
of the a-effect. 

The base-catalysed solvolysis of organosilicon compounds with Si- 0 - C bonding has been 
studied for aryloxysilanes RnR3 _ nSiOAr (R = alkyls, R' = aryl) 1 - 6 . The reactions were 
described by the kinetic equation (J); the rate-determining step included synchronous bond-ma
ing and bond-breaking in the transition state I. 

k = k' + kB(B) , B = base (J) 

The rate constant kB was correlated with various u constants and the sensitivity of the reaction 
towards a change in the polar effect of substituents either on silicon or in the phenoxy group 
is well-known. Nevertheless, the influence of the steric effect of substituents on the solvolysis rate 
has been examined only qualitatively, and then only for groups bonded to silicon1 •2 • Until now, 
no separation of the electronic and the steric effects of the substituent on the reaction rate has 
been carried out. 

Thus, the object of this work was to obtain kinetic data for the base-catalysed 

methanolysis of trimethylsiloxyalkanes R(CH2)n0Si(CH3)J (R = alkyl, (CH3) 3Si, 

(CH3)JGe, Cl, OCH3). It was hoped that such a study would provide not only 

a separation of the two effects (electronic and steric) mentioned above, but also 
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information about the importance of the intramolecular interactions ( o:-effect 7 
•
8 

and (p - d)" coordinate bonding9
•
1 0

) which have been proposed in similar com
pounds. 

EXPERIMENTAL 

All compounds R(CH2)n0Si(CH 3) 3 (R =alkyl, (CH3hSi, (CH3hGe, Cl, OCH 3) were 
prepared by reactions of the appropriate alcohols with either hexamethyldisilazane or trimethyl
chlorosilane in the presence of stechiometric amounts of pyridine in diethyl ether. Yields were 
80-95%. The purity of compounds was checked by gas-liquid chromatography, and the identity 
was confirmed by NMR spectroscopy. The physical constants of those compounds described 
previously are in agreement with literature data 11

•
12

. 

ROSi(CH3h[R, b.p . (°C/Torr), nf>0 ]: C2 H 5 , 76, 1·3731; n-C3H 7 , 102, 1·3819; i-C3H 7 , 87, 
1-3762; n-C4 H 9 , 125, 1·3920; t-C4 H 9 , 102, 1·3856; n-C5 H 11 , 152, 1·3984; n-C6 H 13, 171, 1-4042; 
n-C7 H 15 , 190, 1·4098; n-C8 H 1 7 , 214, 1·4134; n-C9 H 19, 231, 1;,4179; CH2= CHCH2 , 100, 
1·3936; C6 H 5 CH2 , 90/20, 1·4749. Cl(CH2 )n0Si(CH3h [n, b.p. (°C/Torr), nf>0 ]: 2,132, 1·4119; 
3, 154, 1·4166; 4, 173, 1·4229; 5, 196, 1·4282; 6, 127/30, 1·4324. 

(CH3hC(CH2 )n0Si(CH 3) 3 [n, b.p. (°C/Torr), nf>0 ]: 1, 126, 1·3893; 2, 78/44, 1·4010; 3, 96/ 38, 
1·4064; 4, 88/20, 1-4120. (CH 3) 3Si(CH 2 )n0Si(CH 3) 3 [n, b.p. (°C/Torr), nf>0 ]: 1-4 (see 13

), 

5, 120/20, 1·4200; 6, 144/45, 1·4231. (CH3hGe(CH2)n0Si(CH3h [n, b.p. CC/Torr), n~0 ]: I, 
94/ 145, 1·4152; 2, 89/72, 1·4245; 3, 116/67, 1·4272; 4, 122/45, 1·4305. CH30(CH2 )n 0Si(CH3) 3 
[n, b.p. (°C/Torr), nf>0 ]: 2, 131 , 1·3945; 3, 80/ 115, 1·3992; 4,102/ 115, 1·4061; 5,107/70, 1·,4116; 6, 
122/50, 1-4158. 

The following new compounds were first prepared in this study: (CH3hGeCH2 0Si(CH 3) 3 , 

for C7 H 20Ge0Si (220·9) calculated: 38·17% C, 9·15% H; found: 38·00% C, 9·11% H. (CH~) ~ . 
. Ge(CH2h0Si(CH3h, for C8 H 22 Ge0Si (235·0) calculated: 41 ·01 % C, 9·47% H; found: 39·61% 
C, 9·20% H. (CH3hGe(CH2hOSi(CH3h, for C9 H 24Ge0Si (249·0) calculated: 43 ·53% C, 
9·74% H; found: 43·49% C, 9·78% H. (CH 3hGe(CH2) 4 0Si(CH3h, for C10H 260SiGe (263·0) 
calculated: 45·78% C, 9·99% H; found: 45·61 % C, 9·96% H. (CH3hSi(CH2 ) 50Si(CH3h, for 
C 11 H 28 0Si2 (232·5) calculated: 56·82% C, 12·14% H; found: 56·60% C, 12·08% H. (CH 3) 3 . 

. Si(CH2 ) 6 0Si(CH3h, for C12H 300Si2 (246·6) calculated: 58·46% C, 12·27% H; found: 58·15% C, 
12·14% H . (CH3) 3 C(CH2)z0Si(CH3h, for C9 H 22 0Si (174·4) calculated: 61 ·99% C, 12·71/'~ H; 
found: 61·99% C, 12·66% H. (CH3) 3 C(CH2 ) 3 0Si(CH3) 3 , for C10H 240Si (188-4) calculated: 
63·76% C, 12·84% H; found 64·02% C, 13·00% H . Cl(CH2 ) 6 C)Si(CH 3h, . for C9 H 21 ClOSi 
(208 ·8) calculated: 51·77% C, 10·14% H; found: 51·80% C, 10·21 % H . CH30(CH2h0Si(CH 3) 3, 

for C7H 180 2 Si (1 62 ·3) calculated: 51·80%C, 11·1 8%H; found: 51 ·67%C, 11·03% H. CH3 0 . 
. (CH2 ) 4 0Si(CH3h, for C8 H 200 2Si (176·3) calculated: 54·49% C, 11·43% H; found: 54·63% C, 
11 ·47% H. CH3 0(CH2 ) 5 0Si(CH3) 3 , for C9 H 22 0 2 Si (190·4) calculated: 56·79% C, 11·65% H; 
found: 56·80% C, 11 ·54%.H . CH 30(CH 2) 6 0Si(CH3h, for C 10H 240 2 Si (204·4) calculated: 
58 ·76% C, 11 ·84% H; found: 58·53% C, 11·70% H. 

Methanol was refluxed with calcium oxide and rectified. Hydrocarbons (cyclohexane, n-nonane, 
n-decane, n-dodecane, trans-decalin , n-tridecane and n-tetradecane) used in kinetic measurements 
as standards were destilled, dried, and stored over molecular sieve. 

Kinetic measurements. Approximately equimolar amounts of two trimethylsiloxyalkanes 
R(CH2)n0Si(CH3) 3 ( ~ 10- 3 mol) and a standard (hydrocarbon, ~ 5. 10- 4 mol) were ~eighted 
into a 10 ml reaction vessel. The reaction was started by addition of 5 ml of a 0·0016M solution 
of C2 H 5 NH2 in absolute methanol. (At this concentration of catalyst, the reaction reached 50% 
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conversion after a time of not less than 10 hours. The reaction mixture was then analysed 
several times by gas-liquid chromatography and the decrease of the area below the elution curve 
of each of the two trimethylsiloxyalkanes was compared to the area below the elution curve 
of the standard. The analyses were made on chromatograph equipped with thermal conductivity 
detector on a column filled with 8·8% silicon elastomer Sil Eon Chromaton N (carrier gas was 
hydrogen, column temperature was programmed). 

The reaction conditions chosen enabled the relative reaction constants, k rei• to be determined 
from equation (2) 

(2) 

in which A, B, and At> Bt> respectively, are the areas of the elution curves of the trimethylsiloxy
alkane above that of the standard at the beginning of the reaction and at timet during the course 
of the reaction. The relative rate constants were determined as the average of at least 10 values, 
the relative confidence interva!14 of which did not exceed 5%. The relative rate constants with 
respect to trimethylsiloxyethane are summarized in Table I. 

RESULTS AND DISCUSSION 

The relative rate constants of the ethyiamine catalysed methanolysis of trimethyl
siloxyalkanes R( CH2)"0Si( CH3h (Table I) are essentially equal to the relative 
constants kB (equation (1), because methanolysis under neutral conditions is relati
vely slow. The constants krel follow equation (3), where a* and Es are Taft's polar 
and steric constants, respectively, of the (CH 2)

0
R15 group, and r is the correlation 

coefficient. The important influence of the steric effect on the reaction site (the Si 

log krel = o*(a* + 0·10) + c5(Es + 0·07) + c (3) 

o* = 4·64 , c5 = 0·62 , c = - 0·07 , r = 0·96 . 

atom) is similar to that in the base-catalysed hydrolysis of the structurally similar 
esters of acetic acid ( c5 = 0·644 ref. 16

). The positive constant o* is consistent with the 
mechanism of solvolysis recently discussed by Boe6

. This high value of Q* is con
sistent with the high polarizability of the Si-0 bond; this value is apparently aug
mented by the fact the (CH2)nR group can, because of its location on the oxygen, 
influence in the same manner both X-Si bond-making and also Si-0 bond-breaking 
in transition state (I). 

\ I 
X···Si···O(CH2)nR (X= CH30···HB, or B) 

I 

collection czechosl.ov. Chern. Commun. [Vol. 39) (1974) 



3708 Pola, Bellama, Chvalovsky : 

TABLE I 

Relative Rate Constants of Base-Catalysed Methanolysis of Trimethylsiloxyalkanes 
R(CH2)nOSi(CH3h 

R 
0 4 

CH3 l·OOa 0·60a 0·53a 0·54 0·52 0·53b 

(CH3hC 0·010a ,c 0·049a 0·52 0·52 0·51 

(CH3hGe 0·30 0·54 0·52 0·53 

(CH3hSi 0·15d 0-49 0·50 0·52 0·50 0-49 

C6Hs 1·48a 

CH2= CH 3·27 

CH30 2·10a 0·87 0·52 0·55 0·51 

Cl 3·23a 0·82 0·56 0·51 0·52 

a These values were also considered in correlation (3); b n = 7, 0·52; n = 8, 0·49; c 0·078 for 
(CH3hHC (see footnotea); d 0·11 for C2 H 5 (CH3hSi . 

(If the group were positioned on silicon, it could not simultaneously e.g . facilitate 
both bond-making and bond-breaking.) 

This knowledge of the relative importance of the steric and the polar effects now 
makes possible an interpretation of k,e 1 for those compounds in which the proposed 
intramolecular interactions can occur. An interaction (p - d)" was considered to be 
the cause of the cyclization of the (C2H 50)m(CH3) 3 - mSi(CH2)nOSi(CH3) 3 com
pounds10 and it is thus also possible for this interaction to occur in the analogous 
X(CH2)n0Si(CH3) 3 [for X= (CH 3) 3M (M = Si, Ge), 0-> M; for X = OCH3 or Cl, 
X-> Si] compounds. The relative basicity of the oxygen in X(CH2)n0 Si(CH3)J 
(X = (CH3) 3 M, Cl, n > 2) compounds obtained as the shift of the IR absorption 
band v(OH) of phenol during Lewis acid-base interaction with these compounds, 
does not differ from that in the corresponding R(CH2)n0 Si(CH3) 3 (R = CH3 , 

C(CH3h) compounds17
• The basicity, however, is not such a sensitive means of indi

cation of (p - d)a interaction as is the nucleophilic attack on the atom adjacent 
to the oxygen18 (in this case Si). However, the essentially identical values of kret of the 
X(CH2)n0Si(CH3) 3 compounds with X = (CH3) 3M, Cl, OCH3 and R(CH2)n· 
.0Si(CH3)J (R = alkyl) compounds with n > 2 (Table I) do not indicate the pre
sence of a coordination interaction. In the event of (p - d)a interactions it might 
have been expected that the increased electron density at silicon would significantly 
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decrease nucleophilic bond-making at silicon; a lesser effect would be observed 
for bond-breaking. 

The values of k,. 1 of the (CH 3) 3 MCH20Si(CH3) 3 (M = Si, Ge) and (CH 3) 3 . 

. CCH20Si(CH3) 3 compounds are not identical (as they were for the compounds 
where n > 2). The interpretation of the order of their reactivities (C < Si < Ge; 
Table I) is more difficult because the E5 constants for the ( CH3) 3 MCH2-group:; 
were not determined because of the decomposition of the (CH 3) 3MCH2C02 R 
esten during acid-catalysed hydrolysis19

. The (CH3) 3MCH 2 - (M = Si, Ge) groups 
are generally considered strong electron donors20

•
2 1

, stronger than the (CH3) 3 • 

. CCH 2"group. The higher electron donor ability of (CH 3) 3MCH'rgroups in com
parison with the (CH3) 3CCH2-group would be expected to cause a lower reactivity 
of (CH3) 3MCH20Si(CH3h compounds. However, the contrary is true. Therefore, 
the question arises of whether the order of reactivities C < Si < Ge can indeed be 
satisfactorily explained by the different steric effect of the ( CH3) 3MCHz- and ( CH 3) 3C 
.CH2-groups. The steric effect could modify reactivities based on the inductive 
effect in two ways: 1) the application of the overall similarity between constant Es and 
Van der Waal's radius would produce an additional decrease of k,. 1 for (CH 3) 3 . 

. MCH20Si(CH3) 3 compounds, and 2) the relatively higher value of k,. 1 of these 
compounds could be brought about only by the relatively smaller steric effect of the 
(CH 3) 3MCH 2-groups, as was pointed out e.g. in the reactions of alcohols (CH3}J. 
.MCH20H22

•
23

• Considering the inductive effect of both (CH 3) 3MCHrgroups 
to be the same (0'* = 0·26), the determination of the Es constants for these groups 
from Eq. (3) leads to the unlikely values of -0·09 (Si) and +0·40 (Ge).It thus follows 
that the relatively higher k,. 1 of (CH3 ) 3 MCH20Si(CH3) 3 cannot be explained solely 
on the basis of the relatively smaller steric effect of the ( CH3) 3MCH2-groups; these 
values are higher than can be assumed on the basis of the electron donor abilities 
of the (CH 3) 3MCH 2-groups as exhibited in (CH 3) 3MCH2 C02 X (X= R15

, H24
•
2 5

) 

and p-(CH3) 3MCH2-C6 H4 C02H 25 compounds. It would be consistent with the me
chanism of base-catalysed methanolysis to interpret these results by means of an 
intramolecular interaction between the oxygen and atom M, which would lead to a de
crease of the electron density on the silicon of the (CH3) 3SiO"group in the ground 
state of these compounds. The same interpretation could also be applied in the case 
of the C2 H 5(CH3) 2 SiCH20Si(CH3) 3 compound. 
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