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Introduction

The structure of vinylsilane, $$iCH=CH, has been studied
extensively by microwave spectroscop¥. This compound
possesses an eclipsed conformation, i.e., oreHSbond is
synperiplanar to the €C double bond, with a 3-fold potential
for internal rotation around the-€Si bond and a barrier of ca.
1.50 kcal mot?®. Ab initio calculationd“demonstrate that
d)z-bonding between silicon and thesystem of the vinyl group
(“hyperconjugation”) is negligible in contrast to the interpreta-
tion of spectral effect’. Gas phase structures are also reported
for some substituted derivatives, where the silyl hydrogen atoms
are replaced by methyl or chlorine: MgBICH=CH,,°® Me;-
SiCH=CH,,” Me;CISiCH=CH,,2 and CSiCH=CH,.° All
compounds possess eclipsed structures with onr®%®iond (R
= H, Me or CI) synperiplanar to the=€C double bond. The
C(sP)—Si bond length depends on the substituents in the silyl
group. In the present study, we are interested in the effects of
fluorination of the vinyl group and report the structure inves-
tigation of MgSICF—CF, by using gas electron diffraction
(GED) andab initio calculations. We and others have studied
the chemistry of fluorinated silanes in detail. They are generally
highly useful reagents for the introduction of fluoroalkyl (CF
CsF7) and fluoroaryl (GFs) groups into a variety of substratés.,
However, we find the trifluorovinyl silane M8ICF=CF,; to
be quite unreactive under reaction condititions useful for the
introduction of Clz and GFs moieties with CESi(Me); or CeFs-
Si(Me).

Experimental Section

The silane GF;Si(Me); is prepared by procedures reported in the
literature’® The GED intensities are obtained with a gas diffractograph,
KD-G2' at nozzle-to-plate distances of 25 and 50 cm and with an
accelerating voltage of ca. 60 kV. The electron wavelength is
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determined from ZnO powder diffraction patterns. The sample reservoir
is cooled to—28 °C and the inlet system and gas nozzle are at room
temperature. The camera pressure never excegds®® Torr during

the experiment. The photographic plates (Kodak Electron Image, 13
x 8 cm) are analyzed with the usual proceddfegwveraged molecular
intensities for both camera distances in heanges 26-180 and 86-

135 nntt are shown in Figure 1.

Ab Initio Calculations

The geometry of MgSICF=CF, is optimized for various torsional
orientations of the SiMggroup with the HF/3-21G* method by using
the Gaussian 92 program systéinThe potential function for internal
rotation around the C(8p—Si bond is presented in Figure 2. The global
minimum occurs ap(C=C—Si—C) = 60°, where the methyl groups
on silica stagger the €C double bond. A second and very flat
minimum, 0.42 kcal mol* higher in energy, occurs for the eclipsed
conformation $(C=C—Si—C) = 0°). This calculated potential func-
tion can be approximated by a superpositiorVgfand Vs terms

V(p) = (V4/2)(1+ cos 3p) + (Vg/2)(1 — cos @)

with V3 = 0.42 andVs = 0.34 kcal mof™. The geometric parameters
for the staggered conformation are given in Table 1 together with the
experimental values.

Structure Analysis

The experimental radial distribution function (RDF) is derived
by Fourier transform of the modified molecular intensities and
is shown in Figure 3. Model calculations demonstrate that the
staggered conformation with(C=C—Si—C) = 60° leads to
better agreement with the experimental curve than the eclipsed
conformation. In the least-squares analysis, the molecular
intensities are multiplied with a diagonal weight matrix and
known scattering amplitudes and phases are ifsdthe choice
of the molecular model is supported by the results of dbe
initio calculations. (1) The €C bond length, which is very
similar to the C-F bond lengths, could not be refined and was
set to 131 pm with an estimated uncertaintyze# pm. This
length corresponds to the value reported fe€+CF, (131.1-

(7)) pm2® (2) The C—F bond lengths in the GFgroup were
assumed to be equal (EF2 = C2—F2). If the calculated
difference between these two bond lengths (1.5 pm) is used in
the GED analysis, the=€C—F bond angles change by less than
their error limits. The difference between €E bond lengths
and the C-F bond adjacent to the SiMgroup (C1t-F1) was

set to theab initio value (ACF = C1—F1 — C2—F) = 4.1
pm). (3) All three G=C—F bond angles are allowed to be
different. These angles are well determined by the strong
contributions of the nonbonded -Sk distances. (4)Cs,
symmetry is assumed for the Siyigroup. Attempts to refine

a tilt angle between th€; axis and the €Si bond direction
results in a small value with a large error limit (1.1(98)
Therefore, the tilt angle is set to zero for subsequent analyses.
The ab initio calculations predict a tilt angle of 2.5 (5) The

CHs; groups are assumed to possésssymmetry and to stagger
the opposite S+C bonds. Vibrational amplitudes were collected
in groups according to length and type of distance. The
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Figure 1. Experimental (dots) and calculated (full line) molecular
intensities for 50 cm (above) and 25 cm nozzle-to-plate distances
(below) and differences.
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Table 2. Interatomic Distances (Without Nonbonded Distances
Involving Hydrogen) for the Staggered Conformation and
Vibrational Amplitudes for the Large Amplitude Model

uO

W
o V(Kcalmol'l)
7 (? I
gt

distance  amplitude distance  amplitude
131 3.6 Si-F3 318 223.7(76}s
132-136 4.7(2 F1---F3 353 6.0
187-188 5.0[5¢ F3--C4 343
0.0 v * F2-F3 217 C2-:C4 354 12.4(9)as
-60 0 60 C2+F1 229 5092 [1C4 3%
$(C=C-Si-C) C1--:F3 230 : 2 SiF2 413
. . . _ ClwF2 237 C2-C3 426 6.8(9)a
Figure 2. Calculated (HF/3-21G*) potential curve for internal rotation
X Si:F1 274 13.6(29) F2---C4 477 15.0
around the C(sh—Si bond. Sj---C2 287 : 3 E3.c3 490 100
Table 1. Geometric Parameters for M&CF=CF, from GED FlF2 276 75 F2-C3 532
* . L. : C1.--C3 298
Analysis (Large Amplitude Model) andb Initio Calculations
S 4 Conf F1---F3 299 11.7(10)ay
(Staggered Conformer) C3--:C4 311
GED* HF/3-21G aValues in pm; error limits are®values. Atom numbering is given
C—H 110.0 (5) b1) 108.8 in Figure 4.» Not defined. Not refined but varied within the given
Cc=C 131.0[20%} 130.3 range.
Cor2 1324 ) () 1344 . . e monricid beau
C1—F1 136.5 (5) 1378 (Figure 2) suggest that this molecule exhibits nonrigid behavior
C1—Si 187.7 (10) 9) 188.6 and the SiMe group undergoes a large amplitude torsional
Si—C,¢ 186.5 (4) ps) 187.6 motion. Therefore, a large amplitude model with internal
C1=C2—F2 127.7 (6) s) 128.4 rotation around the €Si bond was used in the final refinements.
Cl=C2—F2 122.0 (6) () 120.8 Conformations with rotational angleg from O° (eclipsed
C2=C1—F1 118.0 (8) §07) 117.2 ; : ; AR _
: orientation) to 60 (staggered orientation) in steps&d = 10°
C2=C1-Si 127.7 (13) fps) 124.5 . : .
C.—Si—Ci 113.0 (10) o) 1116 are ta_k_en into gcc_ognt in the calc_ulat|on of t_he molecular
H—C—H 109.2 (9) f10) 107.7 intensities. The individual conformations are weighted by exp-

. . . . (—V(¢)/RT), whereV(¢) is the potential function for internal
ar, distances in pm andl, angles in degree. Error limits arer3 ; " . . . .
values and include possible systematic errors (see text). For atoerta,“on' In addition tp this rotation, a Igrge amplitude bending
numbering see Figure 4Not refined, but varied within the given range. ~ motion of the G=C—Si angle was taken into account. Accord-
¢ The difference between CIF1 and C2-F2 is fixed to theab initio ing to theab initio calculations, this angle increases from 124.5
value. C,, methyl carbon atom. in the staggered conformation to 13Di6 the eclipsed form.

A linear increase of this angle upon internal rotation is assumed
amplitude of the St-C bonds was not refined, but its value was in the GED analysis. Refinements are performed with different
varied within£0.5 pm. A possible systematic error due to this potential functions for internal rotation, \4 potential, and a
assumption is included in the error limit for the-ST bond V3/Ve potential as predicted bab initio calculation. It is not
distances. Further constraints are evident from Table 2. possible to refine any of these potential constants in the least-

Refinements based on a rigid model with a staggered $iMe squares analysis. In the case o¥apotential the best fit is
group and the above assumptions do not lead to a good fit of obtained forVs = 0.25(20) kcal mot™. For theVs/Vs potential
the experimental intensities. The fitimproves if the Sigeoup the ratio of the two potential constants is set to #ieinitio
is allowed to deviate from the exact staggered orientation with value ¥/3/Vs = 0.42/0.34= 1.25). The lowest agreement factors
(¢p(C=C—Si—C) = 32(3f. This effective dihedral angle and are obtained fo3 = 0.20(15) andvs = 0.15(15) kcal mot™.
the potential function obtained from ttab initio calculations The estimated uncertainties correspond to an increa$®of
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Figure 4. Molecular model with atom numbering.

by 10% Rsois the agreement factor for the long camera distance

intensities). TheR factors for both analysesys or Vs/Vs
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Table 3. C(sp)—Si Bond Lengths and €C—Si Bond Angles in
Vinylsilane and Substituted Derivatives

compound C(sh—Si C=C—Si
HsSiCH=CH,* 185.3(3) 122.9(3)
Me;HSICH=CH,° 185.0 124.5
MesSiCH=CHy® 186.7(3) 124.6(18)
Me;CISiCH=CH,* 183.8(6) 127.8(12)
CH:SiICH=CH,® 181(2) 121(3)
MesSiCF=CF/ 187.7(10) 127.7(13)

aReference 2° Reference 6; no error limits giveAReference 7.
d Reference 8¢ Reference 9 This work.

contacts. In the eclipsed conformer the shortest nonbonded
distance between a fluorine atom and methyl hydrogen atoms
is 265 pm (F2--H), and in the staggered form 290 pm (FH).
Both contacts, however, are longer than the respective van der
Waals distance of 255 p#i.

The ab initio calculations predict the-€F bond adjacent to
the SiMg group to be ca. 4 pm longer than those in the; CF

potential, are indistinguishable and the geometric parametersgroup. This difference cannot be determined in the GED
are identical. In these least-squares analyses, 10 geometriexperiment. The €C—F angles, however, are well detemined

parameterg; and seven vibrational amplitudes are refined
simultaneously. The following correlation coefficients have
values larger thai0.6: ps/ps = —0.94,ps/ps = —0.66, pa/ps

= 0.62,ps/ps = —0.72,pglag = —0.67,pglas = —0.75,ag/as =
0.68. The final results are listed in Table 1 (geometric
parameters) and Table 2 (vibrational amplitudes).

Discussion

Two aspects of this structural study are of special interest:
(1) the staggered orientation of the SijMgroup with respect
to the G=C double bond with a very low barrier to internal
rotation around the €Si bond and (2) the strong distortion of
the trifluorovinyl group. As pointed out in the Introduction,

by the experiment and are strongly distorted from those in
F.C=CF; (123.8(2}.1> The angles in MgSiCF—=CF, vary from
118.0(8) for C2=C1—F1 to 127.7(6) for C1=C2—F2. These
angular distortions are well reproduced by thé initio
calculations.

Table 3 compares C(3p-Si bond lengths and<€C—Si bond
angles in vinylsilane and substituted derivatives. The {{spi
bond in the parent compound is only ca. 1 pm longer than the
C(sp’)—Si bond in BSi—CHjz (186.4(1) pm)° although the
covalent single bond radius of&hybridized carbon is 3.6 pm
smaller than that of Sghybridized carbon (73.5 vs 77.1 pid).
Substitution of silyl hydrogens by methyl groups has a minor
effect on the €-Si bond length. The bond lengthens by ca. 1

vinylsilane possesses an eclipsed conformation and internalpm between BSiICH=CH, and MgSiCH=CH,. Chlorination

rotation of the SiH group can be described with a 3-fold
potential withVs = 1.488(24) kcal moit. The staggered form
corresponds to a maximum in this potential function. Eclipsed

of the silyl group, however, leads to shortening of this bond by
ca. 4 pm between $$iCH=CH, and C}SiCH=CH,. Fluorina-
tion of the vinyl group causes only a slight lengthening of the

conformations are also observed for the substituted vinylsilanesC—Si bond from 186.7(3) pm in M&ICH=CH, to 187.7(10)

MestiCH=CH2,6 M63SiCH=CH2,7 M62C|SiCH=CH2,8 and
ClsSiCH=CH,.° Mixtures of two conformers occur in com-
pounds with unsymmetrically substituted silyl groups (M8H
and MeCISi), but in both conformers one-SR bond (R=H,
Me or Cl) is synperiplanar to the=€C double bond. Similarly,
propené® and its fluorine-containing derivatives @EH=CH,!"
and CRCF=CF,!® exhibit eclipsed conformations, and the

pm in MegSIiCF—=CF,, which is within the experimental
uncertainties for these bond lengths. The small effect of
fluorination of the vinyl group on the C(3p-Si bond is in
contrast to the very strong effect in the methyl compounds,
where the C(sP—Si bond lengthens from 186.4(1) pm in
H3Si—CH32 to 192.3(3) pm in HSi—CFs.2! This observation

is consistant with the lack of reactivity of the fluorinated vinyl

staggered forms correspond to maxima in the potential curve compound as compared to £&ilanes.

for internal rotation that are 1:52.0 kcal mot? higher in
energy. In MgSiCF=CF, however, the staggered form is
favored, which implies that one -SMe bond is synperiplanar
to the CI-F1 single bond. According to ouab initio
calculations the eclipsed conformation corresponds to a fla
minimum in the potential function for internal rotation (Figure
2). This conformation is predicted to be 0.42 kcal mdiigher
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