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Relative basicity of the oxygen in the compounds Cl,(CH,;);_,SiOR with various electron
donating and electron accepting groups R and n = 1—3 was measured by the IR spectroscopy
and is discussed together with that for the above compounds with n= 0.CI,(CH3);_,Si groups
have been revealed to display strongly dichotomal behaviour as a consequence of their enormous
polarizability.

Several organosilyl groups have been reported to change their polar effect on the substitution
in the rest of the molecule, or to participate in anchimeric assistance. This concerns of the tri-
methylsilyll'2 and poly(a]kylsilyl)3 groups when attached to an aromatic system and trimethyl-
silylmethyl group in oxygen-containing o-carbofunctional compounds4. The electron accepting
character of the trimethylsilyl group in the (CH,)3;SiOR compounds was also recently found
to depend on the nature of the group R (ref.5'6), and the anchimeric assistance of some silyl
groups may be inferred from the observed dependence of the relative basicity of some silyl
ethers on the strength of the interacting acid’.

The methylchlorosilyl groups were, up to now, considered to possess a significant
electron withdrawing effect when attached, e.g. to an aromatic system® or to an oxy-
gen (see e.g. ref.®). The examination of the relative basicity of the oxygen in the
compounds Cl,(CH,);-,SiOR with n = 13 and R = (CH,;),SiCH,, (CH;),CH,
C,Hs, (CH2)3C1, (CHZ)ZCI, CH,CHCl,, and CH,CCl; presented in this work
is being directed toward gaining an understanding of the electronic effect of
Cl,(CHy);_,Si groups.

EXPERIMENTAL

The preparation of the compounds Cl (CH3); _,SiOR where n = 0--3 and R = (CH3;),SiCH,,
(CH3),CH, C,Hj, (CH,),Cl, (CH,);3Cl, CH,CHCI,, and CH,CCl; has been described else-
where'1°. The relative basicity of the oxygen atom was determined from hydrogen bond IR
spectrfg of the Cl (CH,);_,SiOR compounds interacting with phenol in CCl, as described
before”.

Part CXLVIII in the series Organosilicon Compounds; Part CXLVII: This Journal 42,
480 (1977).
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RESULTS AND DISCUSSION

The relative basicity of the oxygen atom in the compounds (CH,);SiOR defined
as Av(OH) of phenol due to its interaction with the oxygen of Si—O~—C grouping
is not linearly dependent on the Taft ¢* constant of group R (ref.®). The deviation
of the experimental data (Fig. 1, curve 1) from the line depicting the trend of the
relative basicity calculated for (CHj),Si group having constant polar effect (6% =
= —0-72) increases with increasing electron donating ability of group R. The match
of the experimental and calculated relative basicity of the above compounds for the
groups R with ¢* = 0-5—1 proved the lack of back bonding in Si-—O bond of these
compounds and progressively increasing deviation between experimental and cal-
culated basicity, when going from ¢* = 0-5 to lower values, was interpreted®:®
by the variation of polar effect of (CH,),;Si group, this being stronger electron
acceptor with more electron donating groups R.

The examination of the oxygen relative basicity of the chloro(methyl)alkoxysilanes
Cl,(CH;),-,SiOR (Table I) reveals its linear dependence on ¢* constant of group R
(Fig. 1). The response of the oxygen relative basicity to the change of group R dif-
fers with n — the Taft ¢* constant in the equation Av(OH) =p¥. 0¥+ C is
—178-4, —88-2, and —39-5 when going from n = Oton = 2. We suppose dichotomal
behaviour of Cl,(CH;);_,Si groups to be responsible for very significant variance
of the o* constant with n. We presume the above groups to behave as progressively
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becoming greater electron acceptors when group R of the compounds Cl (CH;);.
.SiOR becomes greater electron donor, and vice versa, to increase their electron
donating effect when group R progressively changes for greater electron acceptor.
The former ability of Cln(CH3)3_nSi groups would result in similar deviation of the
experimental basicities from calculated line (the constant polar effect of Cl,(CH;);_ .
.Si groups) as observed for the (CH,);SiOR compounds® (Fig. 1). It can be depicted
as in structure I and its consequence illustrated by the curve a in Fig. 2. The latter
ability of Cl,(CH;);_,Si groups, imagined as in structure I1, would lead to the op-
posite deviation of the experimental relative basicity from the calculated line con-
sidering constant polar effect of Cl,(CH;);,Si groups and ought to yield the curve b
in Fig. 2. Both the interactions illustrated in structures I and II can reasonably
explain the decrease in the sensitivity of the oxygen relative basicity to the polar effect
of group R in the Cl,(CH;);-,SiOR compounds when being brought together as
the levelling effect of CI,(CH,);_,Si groups, that becomes more significant with in-
creasing number of the chlorine atoms.

T c1—ﬁi—O—~~‘i R

Fig. 3 gives a decrease of the relative oxygen basicity in the Cl,(CH;);-,SiOR
compounds with R = C,H; and CH,CCl, with an increasing number of the chlorine
atoms in the silyl group. From the data shown in Table I it appears that the slope

TaBLE I :
Relative Basicity, Av(OH) in cm ™!, of the CI,(CH3); _,SiOR Compounds in CCl,

n
R __
0" 1 2 3
(CH;);SiCH, 293 . 212° 141° 121°
(CH,),CH 277 208 142 86
C,Hs 280 207° 136 84"
(CH,);Cl 264 186 130 i
(CH,),Cl 233 161 120 i
CH,CHCl, 193 130 103 i
 CH,CCly 135 115 120 130

9 Ref.%; ¥ ref.14; € very flat absorption band v(OH)***°°* of low intensity.
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of the linear dependence Av(OH)wvsn for the compounds Cl,(CHs);_,SiOC,Hs
is practically the same as for all the other compounds Cl,(CH,);-,SiOR except
those with R = CH,CCl,;. The only point that deviates from the correlation line
is that for compound Cl,SiOCH,Si(CH,);. With regard to the correlation line
higher value of A¥(OH) can be ascribed to a more extensive Si—C hyperconjuga-
tion'*™** in this compound compared to that in the compounds CI,(CH,);_,.
SIOCH,Si(CH;), with n = 0—2.

The linear character of the dependence Av(OH) s n is not observed for the com-
pounds Cl,(CH,);_,SiIOCH,CCl; (Fig. 3). Going from the point for n = 0 to the
point for n = 1, the AW(OH) value decreases much less than in the case of all the
other Cl,(CH;);-,SiOR compounds, and going on further to higher n Avy(OH) value
even increases. This type of the dependence serves as an additional support for the
dichotomal behaviour of CI,(CH,);_,Si groups inferred from the above reported
variance of ¢* constant with n. The oxygen relative basicities are very alike for all the
compounds Cl“(CHS)a_nSiOCHZCCb and they demonstrate almost the same polar
effect of all the Cl,(CH,),_,Si groups (n = 0—3) in the compounds Cl,(CH;);_,.
.SiOR, when R is very strong electron accepting substituent, and an enormous
polarizability of Cl,(CH,);-,Si groups.

More scrutinizing insight into never before reported variation of polar effect
of Cl,(CHj;),-,Si groups attached to the oxygen, a study of the possibility of the
polar effect variation of other silyl groups, and finally the development of a method
for the group polarizability estimation are in progress.

We thank Dr Z. Papouskovd for IR basicity measurement.

300 - T r
av(CH)— , B
200~ R
FiG. 3 r -
The Dependence of the Quantity Av(OH) 2
in the Systems Cl (CHj);_,SiOR-Phenol- 100 - |
—CCl, on the Number of Chlorine Atoms (1)

R = C,H; (1), R= CH,CCl; (2 ! L ;

Collection Czechoslov. Chem. Commun. {Vol. 42) (1977}



488 Pola, Chvalovsky

o W=

(=

REFERENCES

. Soffer H., de Vries T.: J. Amer. Chem. Soc. 73, 5817 (1951).
. Chernyshev E. A, Tolstikova M. G.: Izv. Akad. Nauk SSSR /961, 455.
. Traven V. F., Korolev B. A., Pyatkina T. V., Stepanov B. 1.: Zh. Obshch. Khim. 45, 954

(1975).

. Pola J., Chvalovsky V.: This Journal 47, 581 (1976).
. Pola J., Papouskova Z., Chvalovsky V.: This Journal 47, 239 (1976).
. Pola J., Papoudkova Z., Chvalovsky V.: Communication at VIIth International Conference

on Organometallic Chemistry. Venezia, Italy 1975.

. Pitt C. G., Bursey M. M., Chatfield D. A.: J. Chem. Soc., Perkin 2, 1976, 434.
. Vo-Kim-Yen, Papou$kova Z., Schraml J., Chvalovsky V.: This Journal 38, 3167 (1973).
. Pestunovich V. A., Voronkov M. G., Lukevits E. Y., Motsarev G. V., Zhagata L. A., Pestu-

novich A. E.: Teor. Eksp. Khim. 7968, 668.

. Jakoubkovd M., Papouskova Z., Pola J.: This Journal 42, 471 (1977).

. Hanstein W., Berwin H. J., Traylor T. G.: J. Amer. Chem. Soc. 92, 7476 (1960).

. Pitt C. G.: J. Organometal. Chem. 617, 49 (1973).

. Eaborn C., Emokpae T. A., Sidurov V. L., Taylor R.: J. Chem. Soc., Perkin 2, 1974, 1454.
. Jakoubkova M., Papouskova Z., Chvalovsky V.: This Journal, in press.

Translated by the author (J. P.).

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





