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The dipole moments of the compounds RC(0)OSi(p-FCgH,)(CH3), with R = H, CH,, CICH,
have been determined in benzene, and are discussed together with those for the compounds
RC(0)OSi(CH3); with the same groups R in terms of the conformation heterogenity. The
YF.NMR spectra of the former compounds revealed RC(O)OSi(CH;), groups to have electron
withdrawing effect and free rotation about C(O)—O(Si) bond.

With the esters RC(O)OR’ having isotropic R group the only possible internal rota-
tion — rotation about C(O)—O bond may result in equilibrium I 2 II. This equi-
librium is mostly shifted to the left, and significant amounts of a high energy con-
former 1I were reported only for bulky substituents R’ like (CH;);C, (C,H;),C,
and (C4Hs);C, destabilizing conformer I due to their repulsion with the carbonyl
group' “*. In our previous work* we dealt with acyloxytrimethylsilanes RC(O)OSi.
(CH,),, IR spectral study of those has revealed the existence of solely one conformer
in solution. (This finding is surprising with regard to a large steric effect of the
trimethylsilyl group, that was recently estimated® to be even greater than steric
effect of the t-butyl group.) It has become worthwhile to determine which conformer
it is, and to answer this question in this work we present the study of the dipole
moment of the acyloxytrimethylsilanes RC(O)OSi(CH;); with R = H, CH; and
CICH,. The same study of the acyloxy(p-fluorophenyl)dimethylsilanes RC(O)OSi.
(p-FCgH,)(CH;), with the same R groups was carried out to examine the effect
of the substitution in a silyl group on the conformation equilibrium. Being familiar
with the observed response of the !°F chemical shift to conformational heterogenity
of the fluorophenyl formamides® we also attempted to examine the Jatter problem
by '*F-NMR spectroscopy.

Part CXLIX in the series Organosilicon Compounds; Part CXLVIII: This Journal 42, 484
1977).

*

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



490 Varlamov, Papoukovi, Pola, Trika, Chvalovsky ¢

EXPERIMENTAL
Materials

Acyloxy(p-fluorophenyl)dimethylsilanes RC(O)OSi(p-FC4H,)(CH3), with R=H, CH,,
CH,Cl were prepared by treatment of an appropriate acid with p-fluorophenyldimethylchloro-
silane in the presence of stoichiometric amounts of triethylamine in dry diethyl ether, and were
obtained by rectification. Their purity was checked by gas-chromatography and their identity
was confirmed by TH-NMR spectroscopy and elemental analysis. RC(O)OSi(p-FC¢H,)(CH3),
(R, yield (%), b.p. (°C/Torr), n3%): H, 22, 82—83/9, 1-4770; CHj, 75, 85— 87/9, 1:4723;CICH,,
64, 118—119/9, 1-4915. The preparation of acyloxytrimethylsilanes RC(O)OSi(CH;); with
R = H, CH;, CICH, was described elsewhere”.

(p-Fluorophenyl)dimethylsilanol and bis(p-fluoropheryl)dimethyldisiloxane, both the pro-
ducts of hydrolysis of the compounds RC(O)OSi(p-FC4H,)(CH3), were prepared for the
19F.NMR measurement to avoid an erronecus interpretation cf 9F.NMR spectra of the
RC(0)0Si(p-FCgH,) (CH;), compounds. (p-Fluorophenyl)dimethylsilanol .was prepared by
hydrolysis of (p-fluorophenyl)dimethylchlorosilane with 26% aquecus solution of ammonia
in diethyl ether performed at 0°C and obtained in 31% yield as a fraction with b.p. 94°C/9 Torr.
Bis((p-fluorophenyl)dimethyl)disiloxane was prepared by hydrolysis of (p-| ﬂuorophenyl)dxmethyl-
chlorosilane (50% yield, b.p. 146—148°C/11 Torr, n2° 1-4939).

Measurements

The dipole moments were determined on the bases of dielectric constants and refractive indices
of solution of the acyloxysilanes in benzene over a concentration range from 1072 10 107 3m.
The dielectric constants were determined by the resonance method at a frequency of 0-05 MHz.
The refractive indices were measured by Zeiss immersion refractometer. All the measurements
were carried out at 25°C. The dlpole moments were calculated from the experimental data ac-
cording to the procedure of Smith®.

The '°F-NMR spectra were recorded with Varian XL-100 spectrometer (94-1 MHz) with
!H-noise decoupling using solutions of the compounds in CDCl; or C¢gDg and fluorobenzene
as internal standard. The spectra were recorded at different temperatures from 37°C to 70°C
in benzene and from —25°C to 60°C in CDCl5.

RESULTS AND DISCUSSION

The experimental and calculated dipole moments of acyloxytrimethylsilanes and
acyloxy(p-fluorophenyl)dimethylsilanes are shown in Table I. Dipole moments
were calculated by vector addition of the individual group moments as determined
for C—H, C=0, C—O0 and (CH,),Si—O groups in papers''"'?. From the:'same
works were taken also the values for SIOC, OCO, and HCO bond angles. The value
of the dipole moment for (p-FC4H,)(CH,),Si—O group 046 D was calculated
from. the dipole moment of p-fluorophenyltrimethylsilane'®. From the Table I
it is apparent, that the values of the dipole moments of the compounds RC(O)OSi.
(CH,); are close to those calculated for conformer I with R’ = Si(CHs),. The existence
of only one conformer for these compounds was also inferred from their IR spectra®
without distinguishing which conformer it is. The dipole moment values enable us
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to discern between conformer I and II in favour of the former. The dominant major-
ity of conformer I in solution can be, with regard to a great volume of (CHj;),Si
group?, likely attributed to its stabilization by the (p — d)o C=0-Si interaction.
As it follows from Table I, the dipole moments for the compounds RC(O)OSi.
(p-FCsH,)(CH,), are compatible with the significant occurrence of the conformer I/
(R" = (p-FC¢H,)(CH,),Si). The shift in conformation equilibrium I = II changing
(CH,);Si group for (p-FCsH,)(CH,),Si group is evidently a consequence of the
enhancement of a steric effect of a silyl group.

We now report the dipole moments of the compounds CICH,C(O)OSiR(CHj,),
with R = CH; and p-FC4H, in relation to the additional conformation equi-
librium associated with internal rotation of the CH,—C(O) bond. The calculated
dipole moments for all the conformers of the above compounds illustrated in Scheme 1
together with the determined dipole moments are shown in Table 1I. Presuming
the conformer I is very significantly favoured with the acyloxytrimethylsilanes, one
would expect conformation equilibrium 4 %5 B with CICH,C(O)OSi(CH,); com-
pound. As a matter of fact this equilibrium was recently detected by the IR spectra®.
From the comparison of the determined dipole moments of CICH,C(O)OSi(CHj),
compound with those calculated for all the conformers A — D, it turns out that the
experimental value closely fits that of conformer B. The dipole moment of CICH,—

TaBLE I

Determined and Calculated Dipole Moments in Debye Units, D, of Some RC(O)OSi(CHj),
and RC(0)OSi(p-FCgH,4)}(CH;3), Compounds

R R’ = Si{CH;);**  R’= Si(p-FC,H,)(CH;),"
H 205 (1:63,3-33) 215 (2:76, 1-92)
CH, 1-85¢ (163, 3-33) 210 (276, 1:92)

“In parentheses, the first value relates to conformer 7, the second one to conformer 17, The rota-
:)i0n about O—Si bond was considered to be free in RC(0)OSi(p-FC¢H,)(CH3), compounds.
Ref.%, € In agreement with ref.'°.
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—C(0)Si(CH;); compound 2-78 D is thus in very good agreement with equilibrium
A = B being shifted in favour of conformer B.

The comparison of the determined and the calculated dipole moments of CICH,.
.C(0)OSi(p-FCsH,)(CH;), compound (Table II) favours the conformers B or D
and justifies thus statement, that conformational phenomena for this compound
can be described as equilibrium B = D. However assuming the finding, that
p-FCsH,4(CHs3),Si group dislikes a proximity of the carbonyl group, equilibrium
C 2 D and its dominant shift to the side of the conformer D explains internal rota-
tion of this compound better.

o Si(CH3),R o Si(CH,),R
\\\ Y i(CHa), \\ Y (CH,).
Cc—0 a cC—0O -
wy, S S
C C
7 N\ N\
cl
A B
O\ O\
\C—O \C—O
VAN Cl, /7 "N\
C Si(CH3).R C Si(CH;),R
- N\ 7 N\
Cl
C D

SCHEME 1

The relatively high sensitivity of the '°F-NMR shielding to intramolecular
changes'* and recently reported response of the *°F chemical shift to conformation
heterogenity of the fluorophenyl formamides® led us to examine also !*F-NMR
spectra of the compounds RC(O)OSi(p-FCsH,)(CHs),. The F-NMR signals
of the above compounds were found not to be splitted and their values are shown
in Table IIL* The estimation of the polar effect of RC(O)OSi(CH,), groups (R = H,
CH,, CICH,) was carried out on the ground of papers'”**® and it shows these groups
to have rather strong electron withdrawing effect (Table 111).

The unanswered question still remained if the occurrence of the only *?F-NMR
signal in spectra of the RC(O)OSi(p-FC¢H,)(CH,), compounds might be caused
by the presence of one conformer or by the occurrence of both I and IT conformers

* In fact, almost negligible peaks with 6F 1-52 and 1-78 p.p.m. were also found in spectra

and ascribed to p-fluorophenyldimethylsilanol and bis(p-fluophenyldimethyl)disiloxane respecti-
vely.
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with unhindered rotation about C(O)—O(Si) bond. In the following consideration
we have used the presumption of limited mutual interference of fluorine and R groups
in para-substituted benzenes (despite that we are aware of its limited correctness).
The dipole moments of the compounds p-FCsH,R with R = (CH;),N, NH,, OH,
OCH;, OC¢Hs, CH; and Cl (ref.'®) and those of the compounds of the same type
measured in this work (R, p(D): OCHs, 2:15; H, 1:45; Cl, 0-30; Br, 0-45) linearly
correlate with Hammett o, constants of group R. Having used this correlation, o,
constants of RC(O)OSi(CH), groups where R = H, CH, in conformers I and II
of acyloxysilanes RC(O)OSi(p-FCsH,)(CH,), were acquired from the dipole mo-
ments calculated for both I and IT conformers of the RC(O)OSi(p-FCsH,)(CH,),
compounds (Table I), and the difference between them was found about 0-4. As-

TABLE 1T
Calculated Dipole Moments in Debye Units, D, of CICH,C(0)OSi(CH,),R Compounds

Conformer R = CH;"* R = p-FCH,*¢

4 017065 1-58—1-55
B 270—320 303—3-40
c 1:90—1-68 0-88—1-17
D 4-00—4-42 2:45—2:90

“ The values of m¢_ ¢ 1:55D (ref.’¥) and 2:05 D (ref.”’) were used in the calculation and the
calculated dipole moments (reported in table) follow this order; "experimental value 2:78 D;
¢ experimental value 271 D.

TasLe 11
The 'F-NMR Chemical Shifts, 8(F) of the Compounds RC(0)0Si(p-FCsH,)(CH3), and Cal-
culated o, Constants of RC(0)OSi(CHj), Groups

The symbol &(F) is used for 19F NMR shifts given in ppm units relative to fluorobenzene
as internal standard, positive values §(F) refer to upfield shift; the conditions of the measure-
ment were identical with those used by Taft!”.

&(F) in CDCl, &(F) in CgDyg

R — — s — a,
20°C —25°C 70°C 37°C

H 3-66 3-76 3-28 3-28 0-23

CH, 3-08 321 2-81 2:83 0:26

CICH, 3-89 395 3-55 3:60 0-21
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suming further the linear correlation between the **F-NMR chemical shift and g,
values for para-fluorosubstituted benzenes'’, the above, a relatively great, dif-
ference in o, values yields a difference in 19F-NMR shifts between conformers. I
and II of RC(0)OSi(p-FC¢H,)(CH;), compounds being several ppm units. Based
on our tcmperaturé measurement of the {°F-NMR spectra of the above acyloxysilanes
— 1°F-NMR signal does not split when going from 70°C to —25°C — and in con-
nection with the comparison of the determined and calculated dipole moments
for these compounds (Table 1),. we suppose rather conformational equilibrium
I 2 II, that is shifted significantly neither to conformer I nor II. Chemical. shift
8(F) for all the RC(O)OSi(p-FC¢H,)(CH,), compounds is not affected by the:tem-
perature changes in C4Dy, but it increases in CDCl; with the decrease of the tempera-
- ture. This phenomena can be ascribed to the interaction between the carbonyl oxygen
of acyloxysilanes and deuterium of the deuteriochloroform, that“becomes more
significant at lower temperature. Relatively free rotation about C(O}—O(Si) bond
with RC(0)OSi(p-FCsH,)(CH,), compounds thus deteriorates distinguishing of con-
formers I and II, but differs these compounds from acyloxytrimethylsilanes, that
have equilibrium I = II shifted dominantly to the left.
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