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SUMMARY

‘The chemical shifts of the hydroxyl protons of p-(trimethylsilyl)- and p-(penta-
methyldisilanyl)phenol have been measured, and used in the derivation of ¢ -
constants of +0.06 and +0.02, respectively, for the p-Me;Si and p-Me;Si, group.
The carbonyl stretching frequencies of p-(trimethylsilyl)-, p-(pentamethyldisilanyl)-,
p-(trimethylsiloxy)-, and p-(pentamethyldisilanoxy)acetophenone have been deter-
mined and used to give ¢ "-constants for p-Me;Si, p-Me;Si,, p-Me;Si0, and p-
MesSi,O of 0.0, —0.23, —0.60, and —0.60, respectively.

It is concluded that the p-MesSi, group has a larger + I and also a larger —-T
effect than the p-Me;Si group.

INTRODUCTION

There is much interest in the ultraviolet spectra of polysilanes®, and these
have provided evidence for conjugation between a silicon—silicon bond and an adja-
cent n-electron system.

There are arguments in favour of (p— 4), bonding in the silicon-phenyl bond?,
but it is difficult to provide conclusive evidence for such interactions since silicon
exerts an electron-releasing inductive effect (+ I effect) that may offset any electron-
accepting effect due to (p—d), bonding between the m-electrons of the ring and the
d-orbitals of silicon (—T effect). For example, Hammett g-constants for the Me;Si
group are variable depending on varying importance of the —T effect. The positive
value of o, for the Me;Si group obtained from acidity constants of anilinium ions or
from ionization constants of phenols?, clearly indicates substantial contributions to
the ground state from structures such as

-+ - -+ —
HoN SiMeg HO SiMe;

In this paper, the preparation and properties of pentamethyldisilanyl-sub-
stituted phenol, acetophenone, and some related compounds are described, and the
properties are used in analysing the eifects of the silicon—silicon bond on (p—d),
ground state interactions.
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RESULTS AND DISCUSSION

The following route was used for the preparation of p-(pentamethyldisilanyl)-
phenol (I). In solvolysis of the intermediate (III) the procedure used with (trimethyl-
silyl)phenol (I1)® had to be modified because ethanolysis in acidic or neutral conditions
gave only phenol, because of extensive desilylation. Ethanolysis in the presence of a

MeBSiO—@MgBr MesSiSiMeCl e Me,si0 —@—SiMezsiMeg,

(@239

NH5 , EtOH
(m) —————= HO SiMe,SiMe3
[o}

(1)

trace amount of ammonia at 0° was found to be successful. Prolonged heating of (I)
also resulted in an extensive rearrangement to phenoxypentamethyldisilane, and flash
distillation was indispensable in the purification.

p-(Pentamethyldisilanyl)acetophenone (V) was prepared without difficulty
by the procedure used for p-(trimethylsilyl)acetophenone (IV)*.

CHy CH
| ~O0—CH, 2 0—CHj,
er ‘QC< l MgBr~</:\>—(II< I
O—Ch, — O—CH;
) MesSisiMeCt MesSiSiMes cocH;
2 1t

(&)

p-(Trimethylsiloxy)acetophenone (VI) and p-(pentamethyldisilanoxy)aceto-
phenone (VII) were prepared by condensation of p-hydroxyacetophenone with the
corresponding chlorosilanes.

Table 1 lists the hydroxyl chemical shifts of (I) and (II) measured in dimethyl

TABLE 1

THE HYDROXYL PROTON CHEMICAL SHIFTS OF SILYL-SUBSTITUTED PHENOLS

Phenol o° Ad '
(ppm) {(ppm)

p-(CH;),;SiC¢H, ,OH 9.38 0.08 0.06

p~(CH,),SiSi(CH,),CsH,OH 9.33 003 002

¢ The J values of some other reference phenols were (values in literature are cited in parentheses): phenol,
9.30 (9.22%, 9.325%); p-MeOCH,OH, 8.83 (8.83%, 8.76%); p-Cl-m-MeCgH;OH, 9.49 (9.45%, 9.50%%).
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sulfoxide (DMSO) solution. Recent studies of meta- and para-substituted phenols in
DMSO solution have shown a good linear correlation of the hydroxyl chemical shifts
with the Hammett ¢ ~-constants>-5. Although the chemical shifts were found to vary
slightly with temperature the values for some reference compounds agree well with
those in literatures. The positions of the hydroxyl chemical shifts of (I) and (II) are
definitely at low field relative to those of phenol, though the differences are small.
This means that (I) and (II) are more acidic than phenol. The ¢~ values were cal-
culated from the equation, 6~ =0.7 Ad’, and are listed in the last column of Tabie 1.
The hydroxyl chemical shift of (I) has previously been reported®, and indicated that
(1) was slightly less acidic than phenol. We cannot account for this disagreement, but
it is noteworthy that our ¢~ value for (I) (+0.06) resembles very closely that cal-
culated from the apparent ionization constants of phenols (+0.07)°.

TABLE 2
THE CARBONYL STRETCHING FREQUENCIES OF SILYL- AND SILOXY-SUBSTITUTED ACETOPHENONES
Acetophenone v(C=0)" Av ot

(cm™?) (cm™?)
p-(CH3),SiCH,COCH , 1691.0 0 0
p~(CH,)SiSi(CH 3),C¢H,COCH; 1688.5 2.5 —023
p-(CH,)»SiOC(H,COCH, 1683.5 70 —0.60
p-(CH,)3SiSi(CH,),0C4H,COCH, 1683.5 70 —~0.60

« The v(C=0) of some other reference acetophenones were: C¢H;COCH;, 1691; p-CH;3CsH4COCH,
1688 ; p-CH3;OC-H,COCHj,, 1683; p-NH,CsH,COCH 3, 1678.

Table 2 lists the carbonyl stretching frequencies of four substituted aceto-
phenones. The C=O stretching frequencies of substituted acetophenones in dilute
carbon tetrachloride solution correlated well with Brown—Okamoto’s ¢ *-constants,
according to the equation, ™ =0.0877 Av(C=0)'°. The frequencies measured in this
study are again in good agreement with those of the previous studies, and the equation
derived from our values for a limited number of compounds is 6" =0.085 Av(C=0).
The o7 values of Me;Si-, Me;SiSiMe,-, Me;SiO-, and Me;SiSiMe,O-groups cal-
culated from this equation are listed in Table 2. ’

Interestingly, the pentamethyldisilanyl group is more electron releasing than
the trimethylsilyl group as indicated by the ¢*-constants. Thus, for an electron
deficient centre the former group donates electrons more strongly than the latter.
Previously we used the free-radical copolymerization of vinylpentamethyldisilane
with styrene and acrylonitrile’' to separate the resonance (Q) and polar (e) effects
in the Price-Alfrey’s Q—e scheme'?, and the more negative e value for Me;SiSiMe,
(—0.6) than for Me;Si (—0.1) was attributed to a greater electron releasing effect of
the former group. The present study confirms this conclusion. Thus, the + 1 effect
of the Me;SiSiMe, group is greater than that of Me,Si. Since the Me,;SiSiMe, group
has practically the same o~ or o value* as the Me;Si group despite the great +1
effect suggests that the Me,SiSiMe, group exerts a greater — T effect than the Me;Si
group, as would be expected in view of the conjugating effect of the Si—Si bond.

* Chemyshey et al. have reported K, values of PhCO,H, p-Me;SiCgH,CO,H, and p-Me;SiSiMe,-
CsH.CO-H in 6077 EtOH at 25° to be 1.12-107°, 1.17-107¢, and 1.20- 10~¢, respectively*>.
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Finally it should be noted that Me,SiO and Me;SiSiMe,O groups have the
same ¢ *-value, which is slightly smaller than that of MeO. The electron-releasing
effect of an RO group is a composite of —I effect and + T effect, the latter arising
from the electron-pair donation of oxygen to a benzene ring. Since the former effect
must be in the order MeOQ > Me;SiO >Me;SiSiMe,O because the increasing +1
effect of R in RO, the observed order for the composite effect may be taken as an
evidence for (n—d), interactions in silyl aryl ethers, with such interaction greater
for Me;SiSiMe,OAr than for Me;SiOAr. We plan to evaluate this effect more ac-
curately from other results in a forthcoming paper.

EXPERIMENTAL

Spectra

NMR data were obtained with a Jeol model INM-C-60H spectrometer for
DMSO solutions at 23.5°. It was established that the chemical shifts of hydroxyl
proton do not depend on concentration, and so 1 mole ¢ solutions were used
throughout.

The carbonyl stretching frequencies of ketones were measured as approximate-
ly 0.005 M solutions in carbon tetrachloride, using a Nippon Bunko model 402G
double beam grating spectrophotometer.

Preparation of p-(trimethylsilyl)phenol, (II)
This compound was prepared by Neville’s method?, m.p. 73° (lit. 74°).

Preparation of p-(pentamethyldisilanyl)phenol, (I)

[p-(Trimethylsiloxy)phenyl] pentamethyldisilane, (III). This compound was
prepared by the method of Neville* with pentamethylchlorodisilane in place of tri-
methylchlorosilane; b.p. 142°/15 mm, ng® 1.4983, d3° 09115, MRy, 95.60 (calcd.:
95.46) in 44% yield (Found: Si, 28.50. C;,H,30Si; calcd.: Si, 28.40%,.) From the
residue, [ p-(pentamethyldisilanoxy)phenyl | pentamethyldisilane was obtained in 1794
yield, b.p. 118-120°/4 mm, n3° 1.5020, d2° 0.8932, MR, 117.23 (calcd.: 115.81).

p-(Pentamethyldisilanyl) phenol, (I). In repeated attempts, acid hydrolyxis of
(TII) gave only phenol as a product.

Dry ammonia was bubbled into dry ethanol to make an ethanol solution of
ammonia. The solution was diluted to about 0.1 N with absolute ethanol. To 50 g of
(IIf) in 300 ml of ethanol added 8 ml of 0.1 N ethanol solution of ammonia thus
prepared as above with external cooling by ice/salt bath. After stirring for 1 h, the
mixture was kept over night in a refrigerator. Ethanol was then removed in vacuo,
and the residue was distilled quickly through a 13 cm-column packed with a glass
helices to give 14 g (419 yield) of pure (homogeneous to GLC) (1), b.p. 124°/13 mm,
m.p. 38° (Found: C, 58.84; H, 8.89. C,,H,,0Si, calcd.: C, 58.86; H, 8.98%.)

Preparation of p-trimethylsilyl- and p-pentamethyldisilanyl-substituted acetophenone,
(IV) and (V)

Compound (IV), b.p. 120-130°/20 mm, n3° 1.5161, d%° 0.9688, was prepared
by Neville’s method*. (V) was prepared by a similar method, b.p. 120°/5 mm, n3°
1.5283, d2° 0.9442, MRy, 81.72 (calcd. : 80.46) (Found: C, 62.11; H, 8.69. C,3H,,05i,
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caled.: C, 62.34; H, 8.85%.)

Preparation of p-(trimethylsiloxy)acetophenone, (V1)

A benzene solution of p-hydroxyacetophenone (13.6 g, 0.1 mole) and trimethyl-
chlorosilane (13 g, 0.12 mole) was refluxed for 50 h in the presence of triethylamine
(11 g,0.11 mole). After removal of triethylamine hydrochloride by filtration, 15 g (0.072
mole, 72.1%; yield) of p- (tnmethylsdoxy)acetophenone was distilled from the mixture,
b.p. 117-119°/4 mm, n3® 1.5131, d3° 1.0100 (Found: C, 63.19; H, 7.65. C,,H,0,Si

caled.: C, 63.42; H, 7.74%.)

Preparation of p-(pentamethyldisilanoxy)acetophenone, (VII)

By essentially the same procedure as above, 11 g (0.081 mole) of p-hydroxy-
acetophenone and 15 g (0.090 mole) of pentamethylchlorodisilane in the presence of
10 g of triethylamine gave 17 g (0.064 mole, 79.0%/ yield) of p-(pentamethyldisilanoxy)-
acetophenone, b.p. 126-127°/3 mm, n3° 1.5204, d2° 0.9749 (Found: C, 58.60; H, 8.39.
C,5H,,0,8Si, caled.: C, 58.59; H, 8.329()
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