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A discussion of dipole moment and NMR and IR spectral data for silylmethyl halides gathered
from literature and obtained in this work is presented. The dipole moments for (CH3)3SiCH,Y
having Y = F, Cl, Br, and I and NMR spectral data for X3SiCH,Y having X = CH,, H,
C,H;0 and halogen appear to be consonant with the assumption of an intramolecular interac-
tion between the halogen and the silicon. Confirmatory evidence for this interaction in X3SiCH,Y
is gained by the oxygen basicity in (C,H50),(CHj3);_,SiCH,Y obtained from the IR spectra
of hydrogen bonds of phenol interacting with (C,H50),(CH;); _,SiCH,Y in CCl,.

Many experimental data reported on silylmethyl chlorides suggest operation of an
intramolecular interaction between chlorine and silicon termed the a-effect’™>.
To date, no detailed study on other silylmethyl halides have been carried out except
the work of Bellama® and MacDiarmid, who suggested that intramolecular inter-
action between the silicon and the halogen diminishes when going from H;SiCH,Cl
via H;3SiCH,Br to H;SiCH,I. As a continuation of our study of a-carbofunctional
organosilicon compounds we discuss in this note dipole moment, NMR, and IR
spectral data for X;SiCH,Y having Y = F, Cl, Br and I with the aim to assess
a role of the a-effect in these compounds.

EXPERIMENTAL

All the compounds studied of the types (CH;3)3SiCH,Y and (C,H;0),(CH3); _,SiCH,Y with
n=1—3, and Y = Br, I, were prepared by usual procedures: iodomethylsilanes were prepared
by a treatment of corresponding chloromethylsilanes with sodium iodide in dry acetone, bromo-
methylsilanes were obtained by the reaction of bromomethyl(chloro)methylsilanes with ethanol
in the presence of pyridine or urea in dry diethyl ether. Purity of all the compounds was checked
by gas-liquid chromatography and by elemental analysis. Physical constants of new compounds
prepared are collected in Table I, and those for the compounds already reported agree with
those found in literature. Dipole moments of (CH3);SiCH,Y with Y = Br and I were determined

* Part CLVIII in the series Organosilicon Compounds; Part CLVII: This Journal 43, 3179

(1978).
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by measuring concentration dependence of the dielectric constant and specific volume of 10~ 2 to
10~ 3M benzene solutions of these compounds. Dielectric constants were measured by resonance
method, using the instrument after LeFévre and Russel'!, and dipole moments were calculated
from experimental data according to Halverstadt and Kumler'?. Proton acceptor ability
of the oxygen in (C,H50),(CH3)3 _,SiCH,Y was determined from the IR spectra of hydrogen
bonds of phenol due to interaction with (C,H50),(CH3);_,SiCH,Y in CCl, as described!3,

RESULTS AND DISCUSSION

Dipole Moments

The dipole moment of polyatomic molecules can be considered as the resultant of the
vectorial combination of the moments of the individual groups or bonds. Provided
that the molecular geometry is known, the calculation of dipole moment is carried
out by vectorial combination of the partial dipole moments. The deviations of ex-
perimental values from those calculated for H;SiCH,Y with Y = Cl, Br, and I were
attributed to nonbonded interaction between the halogen and silicon®. However,
the mechanism of the a-effect was proposed!*to be n—o + g§_x or n—0 + 6 _¢
molecular interaction, which might possibly result in an increase in uy,s; andfor
in pg;_c values. Provided that the a-effect takes plase, the total dipole moment
of X;SiCH, Y is to be controlled by possible changes in three partial dipole moments
Hc—c1s Bsi—c» and py,s;. An analysis of the effect of the three variables on the dipole
moment of X;SiCH,Y, u total, can therefore provide better understanding of dipole
moment data.

TABLE I
Yields and Physical Properties of (CH3);SiCH,Y and (C,H;0),(CH3);_;SiCH,Y

B.p., 20 Yield,

Compound °C/Torr np o Ref.
(CH3)3SiCH,Br 117 1-4464 85 6
(CH3)3SiCH,1 141 1-4898 65 7
C,H5O(CH3),SiCH,Br 1515 1-4420 63 8
C,H;O(CH3),SiCH,I 50/8 1-4807 30 9
(C,H;0),CH;SiCH,Br 112/78 1-4368 67 —
(C,H;0),CH;3SiCH,I 65'5/4-5 *  1-4698 26 —
(C,H;0),SiCH,Br 100/30 1-4272 43 .
(C,H;0),8iCH,1 104/12 1-4572 18 10
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The (CH3)3SiCH2Y having Y = F, CI, Br and I and isotropic trimethylsilyl group
were presumed to possess undistorted tetrahedral angles, which was reported only
for (CH;);SiCH,CI (ref.'®). A change of only a few degrees in the central angle
has been however pointed out to have negligible effect on the molecular dipole
moment®. Molecular dipole moments of (CH )s SlCH Y were calculated by vector

addition of these bond moments: S—C (0:6 D), H—C (0-3 D), Sl——alkyl (02 D),
(all refs*®~!%); bond moments C—F (1-49 D), C—ClI (157 D), C—Br (1'52 D),
C—1I (135 D) used in calculation differ from those customarily used'® due to the

adjustment making C—Y moments consistent with molecular dipole moments
—_—
of CH,Y compounds'® and with recently reported*® value for bond moment H—C.

Calculated and experimental electric dipole moments of (CH,);SiCH,Y are seen
from Table II. The experimental values are always higher than those calculated
and the difference between them is small — 0-10—0-16 D. Pressumed that the intra-
molecular interaction brings about the decrease in pc..y, the total dipole moment
should diminish as well. Following now the theoretical prediction of the mechanism
of the a-effect’®, possible changes of three partial dipole moments pc_y, px,si, and
Usi—c affect p,..., value such as is illustrated in Fig. 1. We mark the values of the
partial dipole moment based on those the calculation of p,,; was made pangara-
The difference between this quantity and the value of the dipole moment considered
to change (due to the a-effect), ptnderd — jchanged is marked as Ap. Fig. 1 then shows
the dependence of the calculated molecular moment, gy, on the changes of partial
dipole moments Ayu; positive value of Au corresponds to the decreass and negative
to the increase of the partial dipole moment. (The changes of partial dipole moments
influence fio4; of all (CH,)3SiCH, Y similarly, (CH;);SiCH,F is therefore arbitrarily
taken to demonstrate the i, vs Ap plot (Fig. 1)). Fig. 1 shows that a decrease

TaBLE 11
Electric Dipole Moments, (D), of (CH3)3;SiCH,Y in Benzene

Y llcalc. ﬂexp. ﬂexﬁ. . ”calc.
F 1-86 1-98¢ 0-12
Cl 1-93 2:03" 0-10
Br 189 1-99 0-10
1 1-72 1-88 016

9 Ref.20; b ref!.
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of the pc_p diminishes p,,,1, which can on the other hand be compensated by an in-
crease in pig;—c andfor pc_y. The former increase is consonant with n—a + og;_c
molecular interaction. Presumed that the a-effect is operative in X3SiCH,Y, the
unlowered or higher value of experimental dipole moments of (CHj;);SiCH,Y
compared to those calculated may thus reflect an important increase in pug_c and
lic—u bond moments.

NMR-Spectra

The proton chemical shifts of the methylene group in X;SiCH, Y having Y = halogen
bear a linear relationship to the Huggins electronegativity?! of the halogen, the fact
having already been reported for X = H (ref.??) and alkyl (ref.?*). We have com-
piled 6(CH,) values of other silylmethyl halides together with those for some of
XCH,Y with Y = halogen. As it is seen from Table III, the methylene proton
chemical shift of all XCH,Y move to higher field as the halogen electronegativity
decreases. The §(H) increase for the CH,(Si) protons when going from I to Cl (or F)
within all the X;SiCH,Y with X = H, CH;, C,H;0, and CI (Table III) appears
to be compatible with the trend of the 5CH2(O) values in triethoxysilylmethyl
halides (SCH,O in ppm, Y: 3-92, Cl (ref.?”); 3-89, Br (ref.?”), 3-84, I (ref.'?)), but
controversial to the trend of the 5(CH38i) protons in trimethylsilylmethyl halides

T T i) T I I
20 4
. 35F /
— 2 i
et 4 7 S(CHy .
3
Q1= + - 25 5 .
L D o= i
~ ] ] | _ L } 1
02 0 Ap 02 27 1y 31
FiG. 1 FiG. 2

The Plot of 4,4, vs A for Trimethylfluoro-

methylsilane

The curves 1 — 4 relate to the Auc—y,
Aug_y, Apcryy,si and Apg; ¢ correspond-

ingly.
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The Plots of the Proton Chemical Shift
a(CH,) in X—CH,Y vs Halogen Electro-
negativity xy

The lines 1—5 relate to the compounds
with X = CHj, Cl;8i, H;38i, (C,H50);Si
and (CH3)3Si respectively.
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[6(CH;Si) in ppm, Y: 0-07, F (ref.>*); 0-11, CI (ref.?®); 0-13, Br (ref.?®); 0-17, 1
(ref.2%).]

The 6CH,Si values in the trimethylsilylmethyl halides reveal the CH, group to be
shielded in chloride more, in bromide about equally, and in iodide even less than
in corresponding triethoxysilylmethyl halides. Bearing in consideration the isotropic
character of both the silyl groups (no influence of a conformational population
on the shielding of CH, protons) and the greater electrondonating effect of (CH),Si
group (Taft ¢* constant for (C,H;0),Si group can be evaluated on the basis of
v(Si—H) for (C,H;0);SiH (ref.?*) and the plot of v(Si—H) vs Taft ¢* constant
of silyl groups reported in paper*? to be 0-96) one might explain these data by electro-
nic effect variation of at least one of both the silyl groups, i.e. by the fact that polar
effect of the silyl group(s) depends on the nature of the halogen. (Trimethylsilyl
group acts as if possessing leveling effect (Fig. 2) making the CH, protons in (CH,);.
.SiCH,Y for Y = I more acidic and for Y = Cl less acidic with regard to those
of corresponding (C,H;0);SiCH,Y.) This explanation can gain some support from
the variation of polar effect of (CH,);Si group when it is bonded to an aromatic
system®®37 or to CH,Cl;_, group® and from recent report on the variation of polar
effect of Cl,(CH,);—,Si groups bonded to the oxygen®®:3°. It can be seen (Table III,
Fig. 2) that different slopes of the §(CH,) vs the halogen electronegativity (xy) plots
for silylmethyl halides represent only the case of general phenomenon. The following
slopes of the 6(CH2) vs xy plot can be obtained on the grounds of the reported
0CH, of the XCH,Y compounds.

TABLE 111
'H — Chemical Shifts, (H) in ppm Units, of XCH,Y

Y
X S S SO SIS
F cl Br 1
H*b - 2:96 2:59 2:04
H,Si*? - 2:94 2:58 2:06
(CH,);Si 43854 2:72° 2:42¢ 1:97%f
(C,H;0),Si - 2829 2:459 1-87"
Cl,Si - 3.21%1 2-90/ 2:65%
CH, 4-36! 3-52¢! 3-36%! 315!
H,;Ge>™ - 3-06 2:63 210
(CH,);5n° S 287" 2-55° 1-90°

? Ref.2%; Y in cyclohexane; ©in CCly; ¢ ref.24; ©ref. 25; / ref.26; 9 ref.2”; " ref.!%; ! this work;
Jref.28; kref. 29 Lref 30; M ref 31, M ref.32; 0 ref.33,
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I) Organic halides: H—CH,Y, 1-79 (ref.??); CH;—CH,Y, 0-74; C,H,—CH,Y,
049; n-C3H,—CH,Y, 0-40; (CH:;)ZCHﬁCHZY, 0-24; CH,=CH—CH,Y, 0-20;
Cl—CH,Y, 0-58; (all ref.?°).

2) Silylmethyl halides: (CZHSO)ssi—CHZY, 1-88; H;Si—CH, Y, 1-71; (CH3)3Si——
—CH,Y, 1-48; CI;Si—CH, Y, 1-08 (all based on Table III).

3) Halides with the CH, group bonded to other IVb group element: H;Ge—CH, Y,
1-86; (CH;)3;Sn—CH, Y, 1-92 (both based on Table III).

It can be concluded that the slope of the 5(CH2) vs xy plotfor organic halides
decreases with increasing polarisability of the alkyl group, the low value for
CICH,Y compounds reflects evidently the special features of the electronic effect
transfer in geminal systems having two electronegative centers with nonbonded
electrons (compare*?). The high value for the X;SiCH,Y compounds appears to
be general and since the same high values for other organometallic halides
X;MCH,Y with M = Ge, Sn are observed as well, the reasons responsible for the
higher slopes for all X;MCH,Y compared to those of alkyl halides could be as-
sumed the same.

The NMR data reported for other centers of X;MCH,Y with M = Si, Ge, Sn
might be of use to explain the high sensitivity of proton chemical shift of the methy-
lene group in silylmethyl halides to the halogen variation and it may be worthwhile
to go throughout them.

Starting with chlorides, significant differences between **CI—NQR frequences
of RR'R"MCH,CI having M = Si, Ge and Sn and those with M = C were observed
for electrondonating R substituents, the difference being diminished when R was
becoming more electronwithdrawing in the case of M=Si, but not in the case
of M=Ge and Sn (ref.*). A decreased C—CI bond order in the RR'R"MCH,ClI
compounds with M=Si, Ge, Sn was ascribed to the electron transfer from chlorine
to the atom M (the a-effect*). Further, no relation was found between quadrupole
splitting and chemical shift in Moessbauer spectra of R3;SnCH,X compounds (X is the
first row element) and the chemical nature of the substituent X, revealing thus ability
of the CH, group to insulate the Sn atom of these compounds from the influence
of the polar effect variation of the substituents X (ref.*!). The proton chemical shifts,
§(CH,) for the Cl;SnCH,Cl and (CHs);SnCH,CI differ however noticeably*?.
The substituent effect of the CICH, group on the *?Si chemical shift varies and de-
pends on the nature of silyl group in the XYZSiCH,Cl (ref.*?). Additionally, in spite
of the anomalous transmission of the inductive effect of the silyl groups to chlorine?,
the magnetic shielding of the protons of the CH, group appears in these compounds
10 be consonant with the operation of inductive effect of the silyl group®. The 11°Sn
chemical shift in (CH3)3SnCH3_ﬂYn with Y = Cl, and Br reveal the Sn atom to be
always slightly more deshielded in bromide than in chloride (the greater bulk and
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polarisability of the bromine was taken for explanation)*®. Analogous situation
is encountered for silyl compounds as well; the silicon turns out from the *°Si-NMR
spectra of (CH;)3SiCH,Y with Y = Cl, Br, to be somewhat more deshielded in tri-
methylsilylmethyl bromide*#. "H-NMR spectra of the (CH;);SnCH,F and (CHj),.
.SnCH,Cl show the CH, group less shielded and the methyl group to be more
shielded in the former compound*>. The proton chemical shifts of the H;M group in
H;MCH,Y having Y halogen and M = Si, Ge move with the variation of halogen
in the opposite direction when compared to proton chemical shifts of the methylene
group??-3°, It seems then fair to conclude that the variation of electronic effect of the X
group modifies properties of the center Y in the X;MCH, Y much less than expected,
and the variation of electronic effect of the Y group (change of chlorine for bromine
and the like) leads to the negligible changes in magnetic shielding of the M (the case
of Si), or it doesn’t affect magnetic shielding of this atom (the case of Sn) at all. The
interposed CH, group and also groups X (CH; or H) do experience the above
electronic effect variations significantly. The methylene group is thus shown to absorb
changes in electronic effect of the adjacent (terminal) molecular parts of X;MCH,Y
which is hardly to account for by an electron tranfer through ¢ bonds but the con-
sideration of a through space intramolecular interaction, mechanism of which can
even vary when going from one compound to another, appears thus reasonable.
Proceeding now to the explanation of the different slopes of 5(CH,) vs xy relationship,
we make use of the fact that the silyl group has been shown by CNDO/2 and SCFMO
calculations to destabilize carbonium cation*®-*7, The similar action may be also
possessed by other X;Si (or X3M) groups. Contrarily to the action of alkyl groups
(these were reported to stabilize an electron deficient center*®*?), the X,Si (or X;M)
groups can be assumed to increase the electron deficiency on the methylene group
of the X;MCH,Y compounds, this action being more significant when the halogen
electronegativity increases. Such destabilizing action of the X3;M groups should
result in a steeper slope of the §(CH,) vs xy for X;MCH,Y when compared to that
for alkyl halides and should put the line for the plot of the X;MCH,CI below the
line for alkyl halides. The latter is not the case, which suggests another phenomenon
increasing relative shielding of the protons of the methylene group in the X;MCH,Cl
to be operative. It might be an intramolecular interaction between the halogen and
the atom M; the §(CH,) in X;MCH, Y should be controlled together with the induc-
tive effect of XM group and its destabilizing action also by an extent of the a-effect.
Provided that inductive effect of the X;Si group does not depend on the halogen
we may guess the slopes of the 5(CH2) vs xy plots for the X;SiCH,Y compounds
to be controlled by both the destabilizing action of the X;Si group and an extent
of the intramolecular interaction, these influences being directed against one another.
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The IR Basicity Data

The IR absorption spectra of hydrogen bonds of phenol interacting with oxygen
of R—O—R’ in CCl, have been reported to reflect the proton acceptor ability (basicity)
of the oxygen and to provide an information on the polar effects of the R and R’
substituents*®-*°~%1. An examination of the IR basicity of (C,H;0),(CHs);-,.
.SiCH,Y with Y = halogen, the oxygen atom of those can be looked upon as the
indicative center giving an information on the polar effect of the YCH, group, can be
made on the basis of linear relationship between the oxygen basicity [Av(OH)]
and ) ¢* parameter, which was reported earlier®*** for R,Si(OC,H;), having R
groups exerting solely inductive effect. The earlier obtained parameters of the Taft
equation (/)

AV(OH) = g*.Ye* + C (1)

for individual R;R,R;SiIOC,Hs, R R,Si(OC,H;),, and R,Si(OC,Hs), are given
in ref.>? and from the linear correlations evaluated inductive effect of YCH, group
in (C,H50),(CH;);-,SiCH, Y is, together with the Av(OH) data for these compounds,
given in Table IV. All the YCH, groups turn out to affect the proton acceptor ability
of the oxygen in (C,H;0),(CH;);-,SiCH,Y by electronwithdrawing action, which
is, with regard to the known —I effect of YCH, groups in organic compounds, re-
duced for all n and all Y. This reduction of —I effect of all YCH, substituents in all

TABLE IV

Wavenumber Shift, Av(OH) in cm ™ *, of Phenol Interacting with the (C,H50),(CH3); _ ,SiCH, Y
Compou.nds in CCl, and Appraised Taft Polar Constants of the YCH, Groups

n Y Av(OH) a@CHZ“

1 cr 238 0-57 4 005
Br 231 068 4 0-05
I 245 0-45 4 0-05

2 cr? 226 0-51 &+ 0-06
Br 226 051 4 006
1 230 0-44 + 0-06

3 cr? 210 0-59 -+ 0-09
Br 210 0-59 -+ 0-09
I 213 0-53 -+ 0-09

“The o*'s customarily used for CICH,, BrCH,, and ICH, are 1-05, 1-00, and 0-85 respectively®*.
b .
Ref.5,
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(C,H;0),(CH;);_,SiCH,Y clearly speaks in favour of intramolecular interaction
leading to the transfer of electrons from Y to the silicon.

An intramolecular interaction earlier proposed for silylmethyl chlorides is thus

also proved for other silylmethyl halides, despite that confirmatory evidence for its
operation in the X3SiCH,Y can not be obtained from dipole moment and NMR
data.
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