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Solvent and temperature dependence of the pattern of the v(Si- H) absorption band and H-NMR 
spectra of the (CH3hHSiCH2 Y compounds with Y = CI, Br and I are reported and the former 
discussed in terms of the (X-effect and rotational isomerism in these compounds. Data on the 
(X-effect in the cx-carbofunctional compounds having hydrogens bonded to" silicon have been 
compiled and hydrogen's response to the (X-effect in these compounds is shown to be small. 

An intramolecular interaction between a functional group and silicon termed the (X-effect1 was 
put forward 2,3 to illuminate unexpected properties of the cx-carbofunctional organosilicon 
compounds (ref.4,5 and refs included therein) and was treated by means of CNDO/2 calcula
tion6 . As to the compounds having hydrogen bonded to the silicon atom, many evidence of an un
usual properties of the cx-carbofunctional group or silicon atom in these compounds can be met 
in literature. First order rate constants for the acid-catalyzed hydrolysis of the RR'R"SiH com
pounds (the reaction slightly facilitated by electron withdrawal from the silicon atom) were 
found to correlate with Taft polar constant LU:R'R" and substantial deviation from the cor
relation line (decreased reactivity) for the chloromethyldimethylsilane was ascribed to the direct 
interaction between filled p orbitals 'of the chlorine atom and vacant d-orbitals of the silicon 
atom2. IR hydrogen-bonding study of the CH30CH2MH3 compounds (M = C, Si) revealed 
that the organosilicon ether acts as a weaker proton acceptor than methylethylether, indicating 
thus, contrary to electro negativity prediction, H 3Si group to be less electron releasing than H3C 
group3. The (X-effect in chloromethyldimethylsilane was detected by an increase in the 35CI-NQR 
frequency of this compound with regard to its carbon analogue1 . Finally, the decrease of the 
Ilc-y bond dipole moment in the H 3SiCH2 Y compounds (Y = CI, Br) was deduced from the 
dipole moment measurement of these compounds, and intramolecular interaction between 
halogen (especially chlorine) and the silicon atom was proposed to be responsible for it 7 . The 
last conclusion has support from the paper4. 

We dealt with an intramolecular interaction in chloromethylsilanes4 and halogeno
methylsilanes in general5

• Recently published paper of Khorshev and coworkers8 

on the same phenomenon occurring in chloromethylsilanes having the hydrogen(s) 
bonded to the silicon forced us to report some our IR and NMR data on these 
compounds in order to show an erroneous conclusions on the o:-effect made by the 
above authors. 

Collection Czechoslov, Chem. Commun. [Vol. 42] [1977] 



Silylmethyl Halides (CH3hHSiCH2 y 2915 

DISCUSSION AND RESULTS 

The rate controlling step of the acid-catalysed hydrolysis of organosilicon hydrides 
was assumed9 to be nucleophilic attack of the water molecule to the complex formed 
by the electrophilic attack of hydronium ion to the organosilicon hydrides. The 
diminished reactivity of chloromethyldimethylsilaneB has therefore to reflect chiefly 
the fact that electron density on silicon is higher than it would correspond to the I 
effect of the chloromethyl group. There are indications of lower electron density 
on a functional group in a-carbofunctional silylhydrides. The hydrogen-bonding 
studies demonstrate a decreased electron density on oxygen in H 3SiCH20CH3 
compound3, and 3sCl-NQR spectroscopy demonstrate a lower C- CI O"-bond 
order in chloromethyldimethylsilanel . Recent I H-NMR data on the H3Si( CH2)n' 
.OCH3 compounds (n = 1- 6) revealed the remarkable constancy of the 13C-H 
(OCH3) coupling constants and r(OCH3) values in all these compounds and show 
thus the inability of the inductive effect to travel efficiently through the CH2- O 
systemlO. (The methylene group was pointed out to absorb the changes in polar 
effect of the terminal molecular parts X and Y of the X3MCH2 Y compounds with 
M = Si, Ge, Sn in generalS.) The greater magnitude ofthe 29Si-H coupling constant 
for the compound with n = 1 compared to those with higher n indicates an increased 
s character of the Si orbital1o. Mechanism proposed6 for the a-effect (n - 0" + O"~i-C 
orbital interaction) presumably results in some increase of the dipole moment of the 
Si- C bond, the fact being shown4 not contradictive to the experimental dipole 
moment found for chloromethylsilane 7 • 

All the above data appear to be in harmony with the a-effect resulting in a de
crease of electron density on a functional group, an increase of electron density 
on silicon and labilization of the Si-C bond. A question then arises how the hydrogen 
atoms on silicon experience the influence of the a-effect in the Hn R3- n SiCH2 Y 
compounds. 

The proton chemical shift of H 3Si group in the H 3SiCH2 Y compounds (Y = 
= halogen) were reported to move with a variation of halogen in the opposite 
direction to that found for the proton chemical shift of the methylene groupll. 
This empirical regularity is analogous to that reported for the r::J. and ~ hydrogens of al
kyl halides12. Proton chemical shifts of the methylene group in (CH3)2HSiCH2 Y 
compounds bear a linear relationship to the Huggins electronegativity13 of halogen, 
X (Y), as is also observed with other silylmethylhalidess, but both rH(Si) and rCH3(Si) 
values are with these compounds for all Y unexpectadly constant (Table I). There 
is however difficult to put this "anomaly" into connection with the a-effect, since 
obscure situation is also met with alkyl halides12 and deshielding effects of the halo
gens are not quite well understood at present14,IS. (The methyl proton shits in the me
thyl derivatives and the methylene proton shifts in the ethyl derivatives are correlated 
well with substituent electronegativities, but the methyl proton shifts in the ethyl 
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derivatives are not16. The trend of the dependance TH(C-Y) vs electronegativity 
of Y for isopropyl halides is even reversed to that for methyl halides12 .16.) We there
fore only point out here that substitution of hydrogen in the H 3SiCH2 Y compounds 
for CH3 groups significantly changes the character of TH(Si) vs X(Y) plot equalizing 
all the TH(Si) quantities regardless ofthe halogen nature. 

Khorshev and coworkers8 have recently attributed the IR doublet belonging 
to v(Si-H) stretching vibration in HnSiR3 -nCH2Cl compounds with n = 1- 3 
to the occurence of two types of molecules, the one without and the other with the 
"intramolecular coordination Cl-+Si bond". The component of the bifurcated 
v(Si- H) absorption band appearing at higher wavenumber was claimed to belong 
to the molecule in that the a-effect operates and the component appearing at lower 
wavenumber was considered to be due to the molecule free of the coordination bond. 
Furthermore, the concentration ratio of the both types of moleq~les was assesed 
from the components' intensitles. Appearance of two or three bands for v(Si- H) 
in di- or trihydrides is however inherent property of these compounds - it was 
convincingly shown to be the manifestation of the two types of stretching v(Si- H) 
vibration-on-phase and out-.of-phase one17 .18

. The double v(Si- H) absorption with 
the compounds having only one hydrogen bonded to sili<;on was already earlier 
observed in our laboratory for some alkoxy(alkyl)silanes Rn(RO)3_nSiH with which 
the most pronounced phenomenon was ascertained with dialkoxysilanes19. Another 
recent findings that bifurcated v(Si- H) band appears also in the spectra ofhalogeno
methyldimethylsilanes was taken as evidence of at least two rotational isomers2o. 

Hence, several v(Si-H) absorption bands appear to be characteristic not only 
for chloromethylsilanes and not solely pertaining to the result of the a-effect. Tempera
ture and solvent IR spectral measurements on the H(CH3)2SiCH2 Y compounds 
with Y = Cl, Br, I carried out in this work were hoped to provide information 
on defined individual rotamers in these compounds and to shed more light on 
features determining the above v(Si-H) band pattern. Our IR spectral measu
rements on the H(CH3)2SiCH2 Y compounds in different solvents are in harmony 
with results reported for the ClCH2SiHnR3- n series by Khorshev and cowor
kers8. The pattern of the v(Si-H) band in different solvents, as illustrated 
in Fig. 1, is strongly affected by solvent polarity. A single, almost symmetrical ab
sorption band is observed in polar acetone (curve 6), acetonitrile (curve 5), and also 
in diethyl ether (curve 4). Contrary to this finding, in nonpolar solvents as n-heptane 
(curve 2), and tetrachloromethane (curve 3), two bands appear symmetrically at both 
sides of the original v(Si-H) wavenumber found in polar solvents. The doublet is also 
met in gases (Y = Cl, Br, I), while spectra measured in neat liquids provide one 
broader band, probable superposition of the aforementioned components. The sepa
ration of both maxima in n-heptane increases when going from chloride via bro· 
mide to iodide (Table I), and the intensity of the low-wavenumber component is 
in this solvent higher for all the halides, while the reverse situation is observed in CCl4 
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and diethyl ether (Fig. 1). Based on our solvent measurement in the 3200-400 cm- 1 

region we consider the v(Si-H) vibration the most sensitive to solvent changes 
of all spectral modes, since no other apparent changes were observed elsewhere 
in the IR spectra. The relative intensity decrease of the low-wavenumber component 
when going from n-heptane to CCl4 or diethyl ether may reflect the shift in con
formation equilibrium and temperature IR spectral measurements provide con
vincing evidence for it. The v(Si- H) pattern showed itself, similarly as in solvent 
spectral measurements, to be the most sensitive to temperature variations of all 
other modes. As seen from Fig. 2 the intensity of the high-wavenumber component 
diminishes with decreasing temperature in n-heptane and tetrachloromethane as well. 
This shows the low-wavenumber component to belong to the rotamer with lesser 
energy content. 

We can assume the presence of two most stable rotamers with H(CH3)2SiCH2 y 
compounds and a shift in their conformation equilibrium to be responsible for the 
observed variation of the v(Si-H) pattern with temperature (Fig. 2), the low-wave
number component being due to the more stable rotamer I and high-wavenumber 
component being due to the less stable rotamer II. The above observed IR spectra 
variation induced by the change of solvent enable us further to show the rota mer I 
to be less polar than rotamer II, because the intensity ratio of both the components 

2100 2200 2100 >,\cm-1 2200 

FIG. 1 

IR Absorption Band of v(Si-H) Stretching 
Vibration of Dimethyl (chloromethyl)silane 
in Gaseous State and Different Solvents 

1 Gas; 2 n-heptane; 3 tetrachloromethane; 
4 diethyl ether; 5 acetonitrile; 6 acetone. 
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FIG. 2 

The v(Si-H) Absorption Band of Dimethyl
(chloromethyl)-silane at Different Tempera
tures 

a In n-heptane: 160°C; 230°C; 3 -90°C; 
b in tetrachloromethane: 190°C; 230°C; 
3 -2SoC. 
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changes in favour of the low-wavenumber one when going from n-heptane to CCl4 

or diethyl ether. 

H*H.H s· 
H]C 1 CH, 

Y 

1 

H~Y 
H]C~CH3 

H 

II 

We are aware of possibility of an intermolecular solute-solute interaction inferred 
for the H 3SiCH2 y (Y = CI, Br, I) compounds on the grounds -of the IH-NMR 
dilution shift datall . The v(Si-H) pattern with the (CH3)2HSiCH2 Y compounds 
in neat liquids appears to be consistent with such type of interactions as well, since 
only solute-solute interactions in neat liquids could have brought about the coales
cence of both the v(Si- H) band components. On the grounds of the concentration 
of H( CH3)2SiCH2 Y compounds used (lO-IM), and of the dependence of the v(Si-H) 
pattern on the solvent polarity we are however inclined to assume solute-solvent 
interaction as being dominant with the solutions of the (CH3hHsiCH2 Y compounds 
in polar solvents like acetone and acetonitrile. We can therefore presume that the 
v(Si-H) pattern with the halogenomethylsilanes can be accounted for by the rota
tional isomerism, and the less polar rotamer with antiperiplanar arrangement of Si-H 
and C-Cl bonds is oflower energy content, i.e. more stable. 

The n - cr + cr;i -c molecular interaction was recommended as explanation of the 
a-effect in the H 3SiCH2X compounds (X = F, OH, NH2), but relevance of the 
other possible modes like n - cr + cr;i-H importance of those would differ for 
rotamers I and II was put forward to0 6

. This arises the question whether one rotamer 
could possess more suitable conditions for the a-effect operation than the other. 
The interaction of polar molecules like acetone, CH3CN and alike with organosilicon 
compounds without proton-donating groups are generally assumed to be realized 
chiefly through participation of the silicon atom. Such intermolecular interaction 
can be suggested also with (CH3)zHSiCH2 Y compounds, since intermolecular 
interactions including their halogen seem to be of less importance, and so do the 
interactions including solely negatively charged hydrogen of Si-H bond. Assuming 
then the rotamer I as being less polar (even if the a-effect operates only in rotamer I, 
it can hardly overweight the influence of total molecular polarity by mutual arrange
ment of polar Si- H and C-Cl bonds), solute-solute interactions in neat liquids 
or solute solvent interactions in polar solvents were above shown to decrease its 
concentration, what may apparently reflect its lower electron density on silicon com
pared to that in rotamer II. This would imply the a-effect operation in conformer II, 
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TABLE I 

The v(Si- H) Wavenumbers, in cm - 1, and 1 H-Chemical Shifts, r(H) in ppm units for the (CH3h 
.HSiCH2 Y Compounds 

r(H)a 

Y 
H(Si) CH3 CH2 n-heptane 

--~---- -

CI 5·91 9·78 7·19 

Br 5·88 9'76 7·51 

5·89 9·78 7'98 

a 15% (v/v) CCI4 solutions. 

FIG. 3 

Plot of the v(Si- H) Value us Lo-: R' R" 
Constant for RR'R"SiH Compounds ' , 

The numbering of the points pertaining to 
line a corresponds to the following data from 
references27 - 30 (number, RR'R"Si, v(Si- H) 
in cm -1, Lo-:R' R"): 1, (s-C4H9hSi, 2093, 
- 0'63; 2, (i-C3H7hSi, 2088, -0'57; 3 
(i-C4H9hSi, 2100, -0'38; 4, (n-C3H7hSi, 
2100, -0'35; 5, (C2H5hSi, 2097, - 0'30; 
6, (CH3hSi, 2118, 0; 7, (i-C4H 9)(CH2= 
= CHCH2hSi, 2120, 0' 10; 8, (CH3h . 
. (CF3CH2CH2)Si, 2123, 0' 32; 9, CH3 . 
. (CH2= CHCH2hSi, 2125, 0'40; 10, C2H 5 . 
. (CF3CH2CH2hSi, 2125, 0 '54; 11, CH3. 2150 
.(CF3CH2CH2hSi, 2132, 0'64; 12, (C6 H 5 . 
. CH2hSi, 2127, 0'65; 13, (CH3h(JCH2)Si, .;(Si-H) 

2132, 0'85; 14, (CH3h<BrCH2)Si, 2135, 
1-00; 15, (CH3h<CICH 2 )Si, 2138, 1'05; 2130 
16, (CH3MCI2CH)Si, 2156, 1'94; 17, 
CH3(CICH2hSi, 2159, 2'10. Asterisks relate 
to the v(Si- H) band components with the 2110 
H(CH3hSiCH2 Y compounds where Y = 

2127 
2147 
2124 
2148 
2120 
2147 

= CI, Br and I, and the dependence of the 0>4 

v(Si- H) of high-vawenumber and low-vave- 7 05 

v(Si- H) 

CCI4 CH3CN 

2126 2137 
2143 
2123 2131 
2142 
2118 2130 
2139 

----~--- --

4s 
71°714 12 

10 

c 

number component on the halogen variation 2090 ~2 
is depicted by line band c respectively. L.;.=---..,f--------:1~2.-6';-.R-.. R-. _-;!;---l 
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that manifests itself by the highwavenumber component of the v(Si-H) absorption 
band. 

The magnitude of the v(Si-H) stretching frequency might be a good indicator 
of a role of the ex-effect in both the rotamers, since its very high sensitivity21 to the 
polar effects of substituents bonded to silicon and its sensitive response to back 
bonding between some substituents and silicon is well documented22 - 25 . However, 
the v(Si- H) vs L::R'R" plot for the organosilicon hydrides RR'R"SiH having both 
R, R' , R" groups operating solely through their inductive effect (alkyl and CF3 CH2 . 
. CH2 groups) and CH2X groups, X substituent of those is claimed to be engaged 
in the ex-effect, seems to be the same for both series of the compounds26 . This situation 
is seen with more data on Fig. 3, in which the v(Si- H) wavenumbers observed 
for both the components of bifurcated v(Si-H) band with (CH 3)zHSiCHz Y com
pounds (Table I) are marked by asterisks. Low-wavenumber compenent was claimed 
by Khorshev8 to belong to a "molecule with Cl -+Si coordination bond". However, 
we have demonstrated that if the ex-effect is responsible for the double v(Si-H) 
absorption it has to be of greater importance in rotamer II which manifests itself 
by the high-wavenumber component and the v(Si- H) of that are seen on Fig. 3 not 
to deviate downward from the correlation line. 

We can therefore conclude that the pattern of the v(Si- H) absorption band is 
chiefly determined by the conformation heterogeneity, i.e., by different dipole- dipole 
and steric interactions in neighbourhood of the Si- H bond in both the conformers. 
In a view of greater sensitivity of the v(Si-H) value of rotamer II (low-wavenumber 
component) to halogen variation (Fig. 3, Table I) the effect of dipole-dipole interac
tion appears to dominate. The ex-effect convincingly demonstrated to playa significant 
rQle in determining of the properties of the cx-carbofunctional organosilicon com
pounds with hydrogens bonded to silicon turns' out to influence the nature of the 
Si-H bond unimportantly. 

EXPERIMENTAL 

Halogenomethyldimethylsilanes (CH3hHSiCH2 Y with Y = Cl, Br, I were prepared according 
to the described procedures31 - 33. Their physical constants agreed with those reported in litera
ture. The purity of all the compounds was checked by gas-liquid chromatography. 

Infrared spectra of halogenomethyldimethylsilanes were recorded in gas, neat liquids and 
different solvents with a double beam Zeiss, Model UR-20 spectrometer. Concentration of the 
compounds in CCI4 , CSz, heptane, CH3CN, diethylether, and acetone was about 10-lM . The 
frequency scale of the instrument was calibrated in the usual way. The IR spectra of the solutions 
of the compounds in n-heptane and CCI4 were measured at different temperat ures(+90°C 
to - 90°C) in temperature controled cell with AgCl windows produced by RIlC. Thickness of the 
cell was 0'01 cm. IH-NMR spectra were recorded for the CCI4 solutions of the compound~ 
(15% v/v) on a modified Tesla BS 467 spectrometer (60 MHz), using cyclohexane as intel' 
nal reference compound. Chemical shifts were determined with an accuracy of ± 0'01 ppm. 

We thank Mr M . Puftr for NMR measurement. 
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