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The influencing of reactivity of the compounds ( C H 3 ) 3 M C H 2 O X (M = Si, Ge; X = H, alkyl, 
C(0)CH 3 , S i (CH 3 ) 3 ) by the electronic effect of ( C H 3 ) 3 M C H 2 groups depends on the nature of 
the second reactant. (CH 3 ) 3 MCH 2 -g roups are weakly electron-accepting in reactions with 
nucleophiles (X = Si(CH 3 ) 3 , base-catalysed methanolysis; X = C ( 0 ) C H 3 , alkaline hydrolysis) 
while strongly electron-donating in interactions with electrophiles (intei action with proton donors; 
X = C(0 )CH 3 , interaction with ZnCl 2 ; X = H, addition to C H 2 C O , C 6 H 5 N C O ) . These facts 
are in agreement with the electron back donation f rom the oxygen to the a tom M in the ground 
state of ( C H 3 ) 3 M C H 2 O X compounds (proved by N M R and IR spectroscopy), which it not 
reduced by interaction with nucleophiles, but it is fully suppressed by interaction with electrophiles. 

The suitable geometry and energetic proximity of molecular orbitals enables their mutual (through 
space or through bond) 1 interaction, which in the case of full and empty molecular orbitals 
localised at separated centers leads to electron distribution different f rom that resulting f rom 
operation of inductive and/or mesomeric effects only. The extent of such non-inductive and/or 
non-mesomeric electron transfer between two centers (i.e. a substituent and the rest of the mole-
cule or another group) depends on the structure of the rest of the molecule (of another group) 
and makes for the variance of the polar effect of the substituent in a series of similar compounds. 
Such a substituent has then amphoteric behaviour2 ~~ 9 , which can be invoked not only by structural 
changes in the rest of the molecule, but also in transition state (TS), a complex or an intermediate 
occurring during interaction of the molecule with another partner. Deviation of the polar effect 
of the substituent during such interaction f rom that exerted in the ground state (GS) of molecules 
is classified as the anchimeric ass is tance 1 0 , 1 1 . As for organic compounds of Group IVb elements, 
terms amphoteric behaviour and anchimeric assistance have been used to explain the behaviour of 
trialkylsilyl12 '13 and poly(alkylsilyl)14 groups attached to an aromatic system and to account 
for the reactivity of trialkylchloromethylsilanes15 toward nucleophiles. 

This paper deals with behaviour of (CH3)3MCH2 groups (M = Si, Ge) in oxygen-
-containing a-carbofunctional compounds. Our earlier reported results concerning 
the ground state properties and reactivity of oxygen-containing a-carbofunctional 
compounds (CH3)3MCH2OX (M = Si, Ge; X = H, alkyl, C(0)CH3 , Si(CH3)3) 
toward nucleophiles and electrophiles have shown that in the ground state of the above 

* Part CXXXIX in the series Organosilicon Compounds; Part CXXXVIII : This Journal 41, 
391 (1976); Part XXIII in the series Organogermanium Compounds; Part XXII: This Journal 40, 
2063 (1975). 
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compounds the electron-donating effect of (CH3)3MCH2 groups is reduced. This 
fact together with the finding that these groups do not influence the reactivity of com-
pounds (CH3)3MCH2OX in reactions with electrophiles and nucleophiles in the same 
way compelled us to carry out some additional measurements and to interpret all 
the data at our disposal on compounds (CH3)3MCH2OX with the aim to clarify 
the behaviour of (CH3)3MCH2 groups in these substances. 

Since 1949, when Taft a* substituent constant for (CH3)3SiCH2 group -0-26 
was calculated from the ionisation constant of trimethylsilylacetic acid16 and from 
the rate of hydrolysis of its methyl ester17, this group — in agreement with another 
numerous evaluations of its substituent effect in the compounds (CH3)3SiCH2Y 
(Y = functional group) (see ref.18 and refs therein) — is considered to be strong 
electron donor. As to (CH3)3GeCH2 group, its electron donor effect was shown 
to be somewhat higher than that of (CH3)3SiCH2 group when this group is attached 
to the ortho position of the benzoic acid or trimethylsilylbenzene19. The lower pKa 

value for (CH 3 ) 3 GeCH 2 C0 2 H compared to (CH 3) 3SiCH 2C0 2H was ascribed19 to 
different steric hindrance to solvation of the anion formed in both cases on disso-
ciation. 

RESULTS AND DISCUSSION 

REACTIONS OF (CH3)3MCH2OX (M = Si, Ge) WITH NUCLEOPHILES 

It has been reported that (CH3)3MCH2 groups (M = Si, Ge) influence in the same 
way (by strong electron-donating effect) also O-functional groups in the compounds 
(CH3)3MCH2OX (X = H, C(0)CH 3 , alkyl, Si(CH3)3) when these react with electro-
philes. Thus, the reactivity of the alcohols (CH3)3M(CH2)nOH(M = Si (ref.20-21); M= 
Ge (ref.22); n = 1—4) toward ketone or phenyl isocyanate is the highest for the 
a-homologues (n — l). The rate-determining step of both reactions is nucleophilic 
attack of the alcohol oxygen on the electron-defficient carbon of ketene or C6H5NCO 
(structure J). The highest reactivity of the a-homologues thus proves that in these 
compounds the oxygen displays the highest nucleophilicity. Another evidence for 
electron-donating effect of these groups in the compounds (CH3)3MCH2OX 
follows from the IR measurements of the ability of (CH3)3M(CH2)n0C(0)CH3 

compounds to interact with ZnCl2 (ref.23). The highest v C—O—(C) wavenumber 
shifts for the a-homologues (M = Si, Ge) when going from the esters of this series 
to their corresponding complexes with ZnCl2 can be ascribed to the highest electron-
donating effect of the (CH3)3MCH2 groups. 

Strong electron-donating effect of (CH3)3MCH2 groups controls also protonation 
equilibrium. Changes of the v(OH) of phenol on its interaction with (CH3)3- . 
. M(CH2)nOX were reported earlier (for M - Si, X = H (ref.21), a more detailed 
discussion of these values is presented in the work24, (CH2)nSi(CH3)3 (ref.25), 
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Si(CH3)3 (ref.26); for M = Ge, X = H (ref.22), Si(CH3)3 (ref.27)) those for the 
compounds with M = Si, X = CH 3 are reported in this work. Basicity of the oxygen 
is the highest for the a-homologues of all the series studied (Fig. 1). Moreover, the 
Av(OH) values for the compounds X = H (ref.27), Si(CH3)3 (ref.28), CH3 (Fig. 2) 
correlate well with Taft CT* constants of groups R and the point for R = (CH3)3SiCH2 

does not deviate from the line if its a* constant is considered to be —0-26.* As to the 
(CH3)3GeCH2 group, the basicity of the compounds (CH 3 ) 3 GeCH 2 OX is comparable 
to that of the P-homologues, but higher than the basicity of y- or 5-homologues27.** 

In addition, the electron-donating effect of (CH 3 ) 3 MCH 2 groups (M = Si, Ge) 
influences also the reactivity of ( C H 3 ) 3 M C H 2 0 C ( 0 ) C H 3 in acid-catalysed hydroly-
sis32. 

Information about the Ground State of the Compounds ( C H 3 ) 3 M C H 2 O X (M = 
= Si, Ge) 

The ability of a-carbofunctional compounds ( C H 3 ) 3 M C H 2 O X (M = Si, Ge) to in-
teract with electrophiles is in sharp contrast to their spectral properties which provide 
information about ground states of these molecules. Not all of the data reflect electro-
nic effect of (CH 3 ) 3 MCH 2 groups solely, but some are influenced also by steric effect 
and conformational population. However, most of them were analyzed in more detail 
and they do show that the electron-donating effect of (CH 3 ) 3 MCH 2 groups is strongly 
reduced in the ground state of (CH 3 ) 3 MCH 2 OX molecules. 

Thus from 1 3 C - N M R spectra of the compounds (CH 3 ) 3 M(CH 2 ) n OX and (CH3)3 . 
. CCH2OX (Table I) it follows that the C H 2 ( 0 ) group in the compounds (CH3)3 . 
. Si(CH2)nOX with n — 1 is shielded more than in analogous carbon compounds 
or P- or y-homologues. However, shielding of the atom of the functional group 
attached to the oxygen is smaller in (CH 3 ) 3 SiCH 2 OX (with respect to the same types 
of compared compounds). It is worthy of note that shielding of the silicon atom of 
the (CH3)3Si(CH2)n group is greater in the a-homologues than in the J3- or y-homo-
logues. 

* The lesser increase of Av(OH) values when going from the P- to a-homologues, compared 
to analogous increase from the y- to P-homologues (Fig. 1), was considered 2 5 ' 2 6 earlier as not 
being in harmony with the polar effect of the electron-donating ( C H 3 ) 3 S i group 3 0 , keeping in 
mind the ability of the C H 2 - group to attenuate 3 1 substituent polar effects. It was supposed 
that the highest basicity for the a-homologues in the ( C H 3 ) 3 S i ( C H 2 ) n O X series is still lower than 
one would expect from the electron-donating properties of the ( C H 3 ) 3 S i group alone. In the 
light of the above correlations Av(OH) vs a* for R O X and the fact that the point for R = ( C H 3 ) 3 . 
• SiCH2 lies on the line it follows that the slopes of the Av(OH) vs n plots (Fig. 1) can be rationalized 
in terms of either strong electron-donating effect of the ( C H 3 ) 3 S i ( C H 2 ) 2 group, or (more likely), 
its high polarizability. 

** Comparable basicities of the a- and P-homologues of the series ( C H 3 ) 3 G e ( C H 2 ) n O X 
could be explained similarly as in the case of analogous organosilicon compounds. 
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Also influenced similarly are functional group atoms more distant f rom the oxygen. 
Deshielding of CH 3 —C(O) protons in ( C H 3 ) 3 S i C H 2 0 C ( 0 ) C H 3 is illustrated in 
Table II. Substituent chemical shifts of the acetates R ' 0 C ( 0 ) C H 3 relative to methyl 
acetate have been found to be controlled mainly by polar effect of the R' group and 
also by six number effect36 , and the above (5H value for trimethylsilylmethyl acetate 
can be therefore attributed to reduced electron-donating effect of (CH 3) 3SiCH 2 group 
in this compound. Additional evidence for such a reverse effect of the (CH3)3SiCH2 

group in this compound is provided by trend in the absorptivity of the v(C = 0) 
band for the series of acetoxyalkyltrimethylsilanes (Table II). 

The IR evidence for reduced or reverse electron-donating effect of (CH 3 ) 3MCH 2 

-groups in ( C H 3 ) 3 M C H 2 O X (X = H (ref.2 7 '3 7) , C ( 0 ) C H 3 (ref.23)) was reported 
earlier. With the alcohols ( C H 3 ) 3 M C H 2 O H , the y(OH) wavenumber is lower com-
pared to the higher homologues and the absorptivity of the v(OH) band is comparable 
to that found for neopentanol. With regard to the value of a* (CH 3 ) 3SiCH 2 —0-26, 
small C = 0 bond weakening and small C—O bond strengthening in ( C H 3 ) 3 M C H 2 0 . 
. C ( 0 ) C H 3 (V(C = O) and v ( C — O — ( C ) ) vs a*, plots for various acetates R ' O C ( O ) . 

FIG. 1 
Basicity Odv(OH) Values) of the Compounds 
(CH 3 ) 3 M(CH 2 ) n OX; M = Si (o ) , Ge ( • ) ; 
X = (CH 2)nSi(CH 3) (J), Si(CH3)3 (2, 3), 
CH 3 (4), H (5, 6) 

FIG. 2 
Correlation of Basicity (zfv(OH) Values) of 
the Compounds R—OCH 3 with Taft <r* 
Constant of Group R 

Jv(OH) values for the compounds ROCH3 

with R = ( C H 3 ) 3 C — (1), n-C5HU— (3), 
« - C 4 H 9 — (4), CH 3 — (5), C H 2 C H = C H -
(6), C1(CH2)2— (7), C1CH2— (8), were 
taken from ref.2 9 , point 2 corresponds to 
the (CH 3 ) 3 SiCH 2 group. 
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. CH 3 were considered2 3) seems to be real since mass effect can not be responsible 
for this result3 8 . The authors suppose that the reduction or reversal of the electron-
-donating effect of ( C H 3 ) 3 M C H 2 groups is also responsible for general decrease of 
v(C—O) wavenumbers observed in all series of ( C H 3 ) 3 M ( C H 2 ) n O X for n = 1 
(ref.2 7 , 3 6) . 

To estimate the polar effect of (CH 3 ) 3 SiCH 2 and ( C H 3 ) 3 G e C H 2 groups in GS 
of ( C H 3 ) 3 M C H 2 O X we made use of satisfactory correlation of chemical shifts <5(Si) 
with er*constant of R in the silane ROSi(CH 3 ) 3 (ref.3 9) . By using this correlation 
(CH 3 ) 3SiCH 2 group was found to be weakly electron-accepting (with a* = ±0-15 ± 
+ 0-05). The same correlation allowed to establish analogous decrease of the electron-
-donating effect of the ( C H 3 ) 3 G e C H 2 group (a = +0-18 ± 0-05) (ref.4 0) . 

Decrease of the electron-donating effect of ( C H 3 ) 3 M C H 2 groups was termed the 
a-effect, ascribed to electron transfer f rom the funct ional group to the silicon (struc-
ture / / ) and interpreted in various ways (n ->• d(ref.2 5) , n —>• <7|;_ c(ref.4 1 '4 2) , <rc_x —> J 
(ref.43) interactions). 

Interpretation of the Reactivity of ( C H ) 3 M C H 2 O X Toward Electrophiles 

Let us turn again to the reactivity of the alcohols ( C H 3 ) 3 M C H 2 O H toward electro-
philes (CH 2 CO, C 6 H 5 N C O ) , basicity of the compounds ( C H 3 ) 3 M C H 2 O X (Av(OH) 
of phenol) and the ability of the compounds ( C H 3 ) 3 M C H 2 0 C ( 0 ) C H 3 to interact 
with ZnCl2 . In the light of the GS properties of ( C H 3 ) 3 M C H 2 O X , the ability of these 
compounds to interact with electrophiles can be explained by change of substituent 
effects o f ( C H 3 ) 3 M C H 2 groups, this change being induced by interaction of ( C H 3 ) 3 . 
. M C H 2 O X with electron acceptors, i.e. by cancellation of the a-effect due to electro-
nic demands of the attacking electrophile (structure III). 

REACTIONS OF ( C H 3 ) 3 M C H 2 O X W I T H N U C L E O P H I L E S 

From the above standpoint it was of interest to examine the behaviour of (CH 3 ) 3 . 
. MCH 2 OX during their interaction with nucleophiles. These reactions (structure IV) 
do not include such polarisability of ( C H 3 ) 3 M C H 2 O X molecules as during their 
interactions with electrophiles ( s t ruc tu re / / / ) . Moreover, they could provide informa-
tion about how the a-effect is influenced by interaction with electron donors. 
Two reactions in which rate-determining step is nucleophilic attack at the funct ional 
group X were studied: alkaline hydrolysis of the acetate 4 4 and base-catalysed methano-
lysis of (CH 3 ) 3 SiO derivative4 5 . In both cases the ease of format ion of TS depends 
not only on the electron deficiency of the reaction centre but also on its steric shielding. 

As to the alkaline hydrolysis, we compared 4 4 reactivities of the individual series 
( C H 3 ) 3 M ( C H 2 ) n 0 C ( 0 ) C H 3 (M = C, Si, Ge). Steric shielding of all the ( C H 3 ) 3 M 
groups in the y-position (carboxylic carbon) should be very similar and electronic 
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effect of (CH3)3MCH2 groups would play predominant role, since the alkoxy 
group oxygen transfers electronic effect of substituent R rather well46. About the 
same decrease in the rate when going from y- to a- via p-homologues in all the series 
and the lower reactivity for organosilicon and organogermanium derivatives were 
explained by decreased electron-donor ability of (CH3)3MCH2 groups and by the 
fact that the carboxylic carbon is more sterically hindered in organosilicon and 
organogermanium compounds. 

The other reaction, methanolysis of (CH3)3MCH2OX (X = Si(CH3)3), was exa-
mined in more detail45. TS of this reaction can be depicted by structure V. Relative 
importance of steric and electronic effects of group R in RO-Si(CH3)3 was estimated 
by using the Taft equation. Providing that (CH3)SiCH2 and (CH3)3GeCH2 groups 
exhibit the same inductive effect expressed as a* = —0-26, the Es constant for these 
groups acquires unlikely high value of —0-09 and +0-40, respectively.*** The re-

<5 + 
z=c-t Z = CH; or C 6HSN ( C H , ) j M ^ ( O — X 

H—O—(CH : ) „M(CH 3 ) 3 CH; 
I II 

( C H 3 ) 3 M f > - X ( C H 3 ) , M ^ ^ - X R - 0 - M ( C H 3 ) 3 

i CH; 

e l e c t r o p h i l e 

III 

CHJ—O—-H--B 

V 

activity of the compounds (CH3)3MCH2OSi(CH3)3 (M = Si, Ge) is therefore 
attributable to the fact that the electron acceptor ability of the Si and Ge atom of 
(CH3)3M groups is higher than one would expect on the ground of <t*(CH3)3MCH2 

being about —0-26. 
Reactivity data for reactions of (CH3)3MCH2OX with nucleophiles thus speak 

for preserving the ground state a-interaction in transition states of reactions of these 
compounds with electron donors. 

EXPERIMENTAL 

Trimethylsilylmethyl methyl ether was prepared49 by reaction of sodium methylate with (chloro-
methyl)trimethylsilane in methanol (71% yield, b.p. 85°C, 1-3879, 0-7576; ref.50: b.p. 
83°C/740 Torr, 1-3878, 0-7576). 

*** This statement is in harmony with the observation that Taft Es values are linear function , 
of van der Waals radii47 and also with the value of the steric constant v for (CH3)3Si grouP 
introduced by Chart on 4 8 . 
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TABLE I I 

Proton Chemical Shift, <5H (Hz), of the CH 3C(0)-Group and the Absorptivity, A (1 mol~ 1 era"1) , 
of the v ( C = 0 ) Band in the Compounds (CH 3 ) 3 Si(CH 2 ) n 0C(0)CH 3 

n «5H Aa n <5H A° 

1 116-84 500 4 116-10 560b 

2 115-20 650 5 116-00 575b 

3 116-19 650 

a Ref.3 4 . b These lower values can be interpreted similarly as those for (C 2H 50) 2CH 3Si(CH 2 ) n -
(n = 4, 5) groups (see ref.35). 

2-Trimethylsilylethyl methyl ether was obtained4 9 by reaction of trimethylsilylmethyl-
magnesium chloride with chloromethyl methyl ether in ether (43% yield, b.p. 80—82°C/168 Torr, 
n l ° 1-4001, d l 5 0-7682; ref.5 1 b.p. 112-5°C, 1-4037, 0-7809). 

3-Trimethylsilylpropyl methyl ether was prepared by reaction of 3-trimethylsilylpropyl chloride 
with sodium methylate in methanol (85% yield, b.p. 142°C, n 1 - 4 0 9 5 ; ref.5 2 b.p. 140°C/764 Torr, 

1-4102). 
Relative basicity of the compounds (CH 3) 3Si(CH 2) nOCH 3 (n — 1 — 3) was determined from 

the spectra of hydrogen bonds in the region of LiF prism in NaCl cells (0-1 cm thickness) with 
a double-beam Zeiss, Model UR-20, spectrophotometer. Phenol (0-02M) was used as a proton 
donor; the concentration of studied compounds in pure CC14 was 0-1 — 0-2M. Wavenumbers of 
absorption band maxima were obtained as an average of three measurements. For (CH3)3 . 
. Si(CH2)nOCH3 (n, Av(OH) in c m - 1 ) : 1,278; 2,274; 3,264. 

Absorptivity of the sample at wavenumberof the C = 0 stretching vibration (around 1 700 c m - 1 , 
LiF prism) was measured for 01M solutions of the compounds in CC14 (spectrograde) in 0-01 cm -
cells. The values presented are the average of six times recorded maxima for twice prepared 
0-1M solutions. Relative experimental error did not exceed 3%. 

Chemical shifts of the CH 3 C(0) group of the acetates (CH 3 ) 3 Si(CH 2 ) n 0C(0)CH 3 in CC14 

were recorded on a modified Tesla BS-477 spectrometer (60 MHz), using TMS as internal refe-
rence compound; the accuracy was ±0-2 Hz. All esters were used in concentrations of 100 mg of 
the ester per 1 ml of CC14. 
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