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Summary

2%Si and !3C NMR spectra of trimethylsilylbenzenes substituted at different
positions by methy! and trimethylsily! groups were investigated with special ref-
erence to steric interactions between the ortho-substituents. The steric effects,
as measured by !3C and ?°Si chemical shifts, are generally smaller in trimethyl-
silyl- than in t-butyl-substituted compounds. Both nuclei follow the same gen-
eral trends in the benzene derivatives.

Introduction

2981 chemical shifts in compounds of the type (CH;);SiOR have been shown
[1] to be sensitive to the nature and stereochemistry of the group R. Complexity
and flexibility of the substituents R did not permit detailed evaluation of the
steric effects on the silicon shielding. The recently synthesized poly(irimethyl-
silyl)benzenes [2] ofiered the possibility of studying such effects in compounds
with a rigid skeleton. Also, as shown by Maciel et al. [ 3], the silicon shielding is
only little affected (2.5 ppm is the overall variation) by electronic interactions
in meta- and para-substituted trimethylsilylbenzenes, and it should be possible
to observe comparatively pure steric effects in ortho-substituted trimethylsilyl-
benzenes. So far only two ortho-substituted trimethylsilylbenzenes (0-CH; and
0-NO,) have been measured by 2°Si NMR spectroscopy [3]. These compounds

* Author to whom corrnspondence should be addressed.
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are also mterestmg for the study of stenc effects on ’3C chemlcal shlfts The ef-
fects caused by bulky groups such as t—butyl are qulte unusual [4—10], but have
been little studied. A better understanding of steric effects in 3C NMR is essen-
tial, because the '>C method is accepted as one of the most useful methods for

. stereochemical studies [11] : : L S

Experimental

The observed carbon-13 and silicon-29 chemical shifts are summarized in
Table 1.

The preparation and properties of the poly(trimethylsilyl)benzenes have been
published [2,13]. The sources of the other compounds are indicated in papers
dealing with studies of phenyl- and benzyl-silanés by **C and ?°Si NMR [14,15].

The !3C and ?°Si NMR spectra were recorded at 15.09 MHz and 11.92 MHz in
the Fourier transform mode. Silicon chemical shifts were measured with respect
to internal hexamethyldisiloxane (chemical shift from internal TMS 6.6 ppm)
and carbon chemical shifts with respect to internal cyclohexane (chemical shift
from internal TMS 27.5 ppm) or internal CCl, (chemical shift from internal
TMS 96.7 ppm), the latter also served as solvent for the compounds VII to XI.
Carbon chemical shifts of p-trimethylsilyltoluene (IV) were measured from ex-
ternal TMS [15].

The problem of assigning ?°Si chemical shifts arises in compounds VIII and
XI, see Table 1. In the first case the signal at —4.6 ppm obviously belongs to the
4-trimethylsilyl group (compare with the compounds VI and VII), but assign-
ment of the other two signals to 1- and 2-trimethylsilyl groups is difficult, al-
though closeness of one remaining shift to that in IX leads to the tentative as-
signment given in Table 1. In the second compound (XI) it is logical (by com-
parison with compound X) to assign the signal at —6.2 ppm to the 4-tr1methy1-
silyl group.

The assignment of carbon chemical shifts to C-2 or C-3 in trimethylsilylben-
zene (I) is based on the well-known fact that meta-carbon shifts in substituted
benzenes vary insignificantly [16]; our results agree well with those of Doddrell
et al. [17]. Assignment of the ring carbon atoms in compounds III, IV, VI'and
VII is justified by the very general applicability of simple additivity relation-
ships for the meta- and para-substituted benzenes [11,16], see Table 2. The sub-
stituted ring carbon atoms in 11, X and XTI are assigned through selective double
resonance experiments, in V and IX on the basis of signal intensities. The re-
maining carbon atoms in XI are assigned by comparison with X, and in VIII by
comparison with I and V (see ref. 16). The assignment of unsubstltuted carbon
atoms in II and V is made by preserving the order of chemical shifts indicated
by the additivity rule; such a method is reasonable, especially as applied to the
shift intervals and general trends, except for the assignment of atoms C-3 and.
C-4 in II, for which the additivity rule gives very close values (see Table 2) The
silylmethyl carbon signals in VIII and XI are easily a551gned by comparison with
other compounds in the series, except for the signals at 2 1 and 2.0 ppm in VIII
that are too close for an unamblguous a551gnment T , ;
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" Results and d.lscussmn -

The s1hcon ehelmcal shlft in tnmethylsﬂylbe'lzene is very hutle affected by

- methyl or trimethylsilyl groups in the meta- or para-p051t10ns (see Table 1, com-
‘pounds I, I11, IV, VI, VII). More significant shifts are induced by the same ‘sub-
‘stituents in the ortho-posmon so that the interval of silicon shifts in the com-
pounds studied increases about tenfold to about 2 ppm. Such increase of the sil-
icon substituent effects can hardly be attributed exclusively to the electronic in-
fluence of the ortho-p051t10ned groups, although in this case the direction of the
substituent effects (upfield for o-Me and downfield for o-SiMe;) corresponds to
the electronic nature of these substituents. Comparison of silicon chemical shift
in the trimethylsilyl group with that of the quaternary carbon atom in t-butyl
group shows good parallelism, i.e. downfield differential shifts in the ortho-di-
substituted benzenes [4]. The silylmethyl carbons are always deshielded by
ortho-methyl, -isopropyl and -trimethylsilyl groups, as are the methyl carbons in
sterically crowded t-butyl groups {4—9]. Finally, methy! carbons in the ortho-
position to the trimethylsilyl groups are always deshielded in comparison with
toluene (about 2 ppm), as a result of the 1,5-interaction [4,10,11,23].

The most important arguments for steric interaction between the ortho-substi-
tuents are based on deviations from additivity of the ring carbon chemical shifts
[11,16]. When in the meta- and para-derivatives of trimethylsilylbenzene the
methyl and trimethylsilyl groups act upon the ring carbon chemical shifts prac-
tically independently (deviations from additivity are as a rule smaller than 0.7
ppm, see Table 2), then in ortho-substituted compounds deviations of more than
1 ppm are usual, and reach 3.8 ppm in the tetrasubstituted compound IX. Es-
pecially characteristic are differences between the sums of deviations (see Table
2). The study of the relationship between the deviations from additivity and the
positions of the corresponding ring carbon atoms is complicated, because we
have no data available about the real geometrical structure of the compounds
studied. On intuitive grounds, using molecular models and data for standard bond
lengtns and bond angles [18] and Van der Waals radii [19], the steric strain should
increase in the order II-V—-IX (see Table 1). The same order corresponds to an
increase in the sum of deviations from additivity in Table 2 (6+6.8—+13.2 ppm).
This method of estimating the magnitude of steric strain also gives a high value
for compound X, but the unexpectedly low value for compound XTI underlines
the limitations of this approach when the symmetry of substituents is changed.

Bulky substituents can cause very significant deformations of the ring. The
carbon analog of compound IX (1,2,4,5-tetra-t-butylbenzene has been studied
by X-rays [20]. It was found that mutual repulsions of ortho-t-butyl groups lead
to substantial bond angle deformations of the benzene ring, especially at the un-
substituted positions, where the internal bond angles increase to 129.5°. Unfor-
tunately, we have no carbon chemieal shift data for this compound, but in dur-

-ene, a compound of closely similar symmetry, in which the internal bond angles
by unsubstituted carbons are also increased [21], deviations from additivity of
the corresponding carbon shifts are positive (A for C-3,6 +1.7 [16]), i.e. these
carbon atoms are deshielded. Because similar deformations are highly likely in |
silicon analogs, large positive deviations from add1t1v1ty for C-3 and C-6 carbon
atoms in compound IX (see Table 2) may be a result of the 1ncreased 1ntema1
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B bond angles in these posmons The same sﬂ:uatlon is found 1n other ortho-substl-'

“tuted compounds IO, V, VIIT and X, where A—values for the unsubstxtuted nng
carbon atoms C-8 and C-6 are also relatlvely large and p051t1ve Of course, non- -
bonded interactions (dependmg on symmetry and nature’ of substltuents see’
compound XI in Table 2), must also be important for the nng ‘carbon chemical
shifts. For example, the short distance between the methyl group: and the ring
hydrogen atom in durene [21] must lead to polarization of the C—H bonds [221
and shield the unsubstituted aromatic carbon atom m the ortho-p051t10n to the
methyl group, i.e. act in the opposite direction.

High carbon chemical shifts i in the substituted posmons must be 1nﬂuenced in’
a complex way, and deviations from additivity for these positions, although most-
ly negative in our compounds, are difficult to understand. So, in o-trimethyl-
silyltoluene (II), the deviations from additivity for the substituted carbon atoms
are very different and in o-bis(trimethylsilyl)benzene (V) the correspondmg A-
values for C-1,2 are surprisingly small.

t is interesting to compare the chemical shifts and steric effects in o- bls(trl-
methylsilyl)benzene (V in Tables 1 and 2) and o-di-t-butylbenzene [4]. In both
cases ortho-positions to the substituted carbons (C-3,6) show the largest positive
deviations from additivity, but in o-di-t-butylbénzene this deviation is more than
twice that in the silicon compound (4.92 ppm vs. 2.2 ppm). Considerably larger
in the carbon analog are also the A-values for the substituted carbons (1.44 ppm
vs. 0.4 ppm). As a result, the sum of deviations from additivity for o-di-t-butyl-
benzene is 14.3 ppm, much larger than 6.8 ppm for o-bis(trimethylsilyl)benzene.
Moreover, larger deviations from additivity for the ring carbon atoms parallel
larger shift effects for the substituent nuclei: in o-di-t-butylbenzene the methyl
carbon and quaternary carbon atoms are shifted downfield from the correspon-
ding resonances in t-butylbenzene by 3.85 and 3.28 ppm [4], in o-bis(trimethyl)-
benzene these increments are 2.5 ppm for the methyl carbon and 0. 6 ppm for sili-
con.

Unfortunately, only the methyl carbon chemical shift is available for o-t-
butyltoluene [23], but comparison of o-trimethylsilyltoluene chemical shift data
with these of o-xylene [4] shows no large differences in steric effects. Summa-
rizing these data, it is difficult to see a stronger steric strain in the silicon anal-
ogs. Indeed, the increased length of the Si—C bonds (in comparison with C—C
bonds) does not appear to lead to increased steric effects in the chemical shifts,
although the trimethylsilyl group is certainly more bulky than the t-butyl group
[24].

When the present text was completed we bacame aware of the studies by
Zuckerman et al. [25,26] who investigated a series of substituted aryltrimethyl-
stannyl derivatives. Our '*C NMR results complement their observations (e.g. the
carbons of trimethylstannyl groups are shielded by 2.57 ppm more in trimethyl-
stannylbenzene than in o-bis(trimethylstannyl)benzene [25]), but they observed
upfield shifts of !'!?Sn resonances with steric compression [26].
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