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Abstract - The results of a C-13 NMR study on a series of
acylsilanes and carbon analogs are reported. The results are
rationalized in terms of a theoretical analysis based on the
¢ and & charge components of XH3 and HC=0 moieties.

INTRODUCTION

During the last few years there has been a continuous and considerable inter-
est in the synthesis,1 reactivity,2 and synthetic applications3 of acylsilanes.
All the spectroscopic features point out +the inadequacy of this class of compounds
to be represented by classical ketonic structures; however theoretical investiga-
tions have not been so far performed in order to obtain a detailed insight into
the still unsolved problem of the actual electronic structure of acylsilanes. To
ohtain additional information about the electronic structure of these compounds we
hawe performed a C-13 NMR study of a series of acylsilanes and carbon analogs
coupled with a theoretical analysis of the extent and direction of theo and®
charge components of XH_ and HC=0 moieties. In this paper we report the results of

3
such a study.

RESULTS AND DISCUSSION

We have observed that the C-13 signals of the carbonyl groups in acylsilanes
(RSSi—CO—R') are dramatically shifted downfield with respect to those of the
corresponding ketones (RSC—CO—R'): the values reported in the Table for few se-
lected derivatives indicate that the carbonyls in acylsilanes have chemical shifts
differing by 25 up to 103 ppm from those of the analogous ketones (derivatives 3,9
and 4,7 respectively in the Table). This fact is surprising in that substitution
by silylated groups is expected to move upfield the C-13 signals of a directly
bonded carbon (a-carbon). Indeed we checked (see Table) that sp2 carbons other
than carbonyl (e.g. ethylenic and aromatic) are shifted upfield rather than down-
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field when an a-alkyl is replaced by an a-silyl group (see derivatives 5,10 and
6,11 in the Table). These results might be interpreted in terms of the inverse ef-

5 that an 1increase 1n

fect of ¢ and g charges. It has already been pointed out

total electron population at carbon is accompanied

(i) by a high-field shift when the electron enrichment results from a gain
in & charge prevailing over the concurrent loss in ¢ electrons (a situation
encountered with aromatic and vinyl carbon and carbonyl oxygen atoms) or

(ii) by a downfield shift when the increase in charge is dictated by that of the
¢ population (a situation encountered with sp3 carbon, carbonyl carbon and

dlalkyl ether oxygen atoms).

On the basis of these trends it follows that the silyl group in acylsilanes
should act mainly as a ¢ donor. To confirm this hypothesis we have performed ab-
initio SCF-MO computations6 at STO-3G* level7a on the simple species HSSi—HC=O
and, for the sake of comparison, also on Hsc-HC=O. The computations in the latter
case have been performed at the STO-3G level b with the inclusion of a set of d
orbitals on the methyl carbon. First a full geometry optimisation of the staggered
and eclipsed conformers was performed and it was found that in both cases the
minimum of the torsional potential corresponds to the eclipsed geometry. Details
of the geometrical parameters will be given elsewhere.8 The interest of the
present work mainly focuses on the analysis of the effect of these substituents.

The pertinent informations are summarized in the Scheme below where the total

9
SiH_ and CH_, together with the ¢ and & components

charge of the groups H\C=O, 3 3

have been 'reported.
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The total charges of the fragments have been estimated in terms of the results of
the population analysis while the 6 and s components have been computed on the ba-
sis of a quantitative orbital analysis}o To this purpose, the molecule has been
decomposed into the HSX- and HC=0 fragments.

The comparison shows the following points:

(1) both CH_, and SiH_, act, with respect to a carbonyl group, as electron donors.

3 3
However, while the overall electron transfer associated with the SiH3 group
is significant ( ~ 0.2e), that associated with the CH3 group is negligible
(~0.02e).

(ii) the SiH3 group acts as a 6 donor and a & acceptor, with the o6 effect being
larger and dominant.
(11i) in the CH3 group both effects operate in the same direction and are much

smaller.
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(iv) in both cases we have decomposed the m effect into the contribution asso-
ciated with the s-type orbitals of the XH3 groups and that associated with
dn -type orbitals of the X atoms. We have found that in both cases these

the magnitude of the

groups act as = donors and d“ acceptors: for SiH

XH 3
two contributions are 0.077e and 0.098e respectively, so that the dominant
effect 1s that assoclated with the d“ orbitals, while for CN3 the two
quantities become 0.025 and 0.012 and the dominant effect is that associated

with the nCHa orbitals.
The experimental results of the Table show also a second feature that is worth
mentioning. Whereas the carbonyl of an alkyl phenyl ketone (e.g. Ph-CO-tBu) has a
shift close to its aliphatic analog (e.g. Me-CO-tBu), the difference between the

two corresponding stilylated derivatives (Ph-CO-SiMe_ and CH3-CO-51Ne3). {s quite

3
large in that the CC of the benzoyl:rimethylsilane 3 1{s 14 ppm upfield with
respect to acetyltrimethylsilane 2. This effect might be attributed to the

contribution of resonance structures like

Me Si o (=)
03 l\\c//

+)

that reduce the amount of the positive charge on the carbonyl carbon, thus in-
creasing its shielding and displacing, consequently, the chemical shift upfield
with respect to the case of the aliphatic derivative 2 (CHa-CO-Siﬂea) where such a
resonance contribution obviously does not operate. Apparently this effect does not
occur in the phenylpivaloylketone 9 (Ph-CO-tBu) since the bulky t-butyl group
twists the phenyl ring out of the plane of the carbonyl, thus making the conjuga-
tion much less efficient. As a consequence the carbonyl of 9 has a shift almost
equal to that of !ts aliphatic analog 8. This behaviour can be understood on the
basis of the C-St (:.8% X) that (s larger than the C-C (1,50 R) bond: this makes
less difficult for the phenyl ring %0 adopt the planar arrangement required for

~he conjugattion.

EXPERIMENTAL

Spectra were reco:rded at 75.46 MHz with a B8ruker CXP 300 spectrometer (High
field NMR service of the CNR) in the FT mode with proton decoupling.
Identification of the quaternary sp2 carbon was easily performed on the basis of
their much longer relaxation time. In the case of CH2=CH-X, off-resonance

experiments allowed to assign the signals of CH (a doublet) and CH_ (a triplet).

2
Compounds 5-11, were commercially available and were purified before running
the NMR spectra. Previously reported procedures were employed for the synthesis of

1,2 (ref 1b), 3 (ref 1a), and 4 (ref 13).
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Table. 13C-NMR chemical shifts in CDCl3 (ppm from THS) for

some sp2 carbons directly bonded to SlMe3 and to Cnea. The
difference (A) of the shifts of column 1 and 2 are positive
for 1-4 but negative for the ethylenic and aromatic
derivatives (5,6).

Compound X= SiMe X= CMe 4

Me ,C-CO-X 1 249.0 7 215.1 33.9
CH,-CC-X 2 247.6° 8 210.4 37.2
Ph-CO-X 3 233.6° 9 209.1° 24.5
Me [51-CO-X 4 318.2 1 249.0 69.2
CH,=CH-X 5 140.2 10 148.1 -7.9
Ph-X 6 142.2 11 150.1 -8.0

3 Lit. 248.7, ref 11. 2 Lit. 236.7, ref 11. © Lit. 206.

ref, 12; 209.2, ref ...
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