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SUMMARY

Some representatives of a new class of fluorosilicon organic compounds
containing a silicon atom with a high coordination number, potassium and
amonium (aroyloxymethyl)tetrafluoro- and pentafluorosilicates with a gene-
ral formula Mn-3 [ArOOOHZSiFn] , where M = K+, NHZ; n = 4,5 have been pre-
pared for the first time. IR and UV spectroscopic data show that these
compounds may have a C=O—+Si intramolecular coordination. It is suggested

that the silicon atom in M2[A1:COOCHzSiF5] is heptacoordinate.

INTRODUCTION

Organylpentafluorosilicates of alkali metals and ammonium which contain
a hexacoordinate silicon atom have been already described [1,2]. Similar
compounds such as M2[R6_nSiFn] with n = 2-5 [3] and tetraalkylammonium
organotetrafluorosilicates with a pentacoordinate silicon atom MIRSiF 4]
have been studied. Recently some new compounds of pentacoordinate silicon,
(aroyloxymethyl) trifluorosilanes(I) containing an intramolecular coordinate
bond C=0— Si have been synthesized [4-6].

The purpose of this research was to transform (aroyloxymethyl)tri-
fluorosilanes (I) into silicon derivatives such as M[ArCX)OCHZSiF4] (IT) and
M2 [Ar@OCHZS:LF5] (III,IV) with high coordination. We hoped that the pre-
servation of the intramolecular coordinate bond in compounds of the type
Mz[ArCOOCH251F5] would enable us to obtain hitherto unknown compounds of
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heptacoordinate silicon*. Organotin compounds containing a heptacoordinate
tin atom (sterically more available than the silicon atom) have been de-
scribed in the literature [8]. The yields and the data of analyses of the
compounds studied are given in Table 1.

RESULTS AND DISCUSSION

Synthesis of (aroyloxymethyl)tetrafluoro- and pentafluorosilicates

(Aroyloxymethyl)pentafluorosilicates of potassium(III) and ammonium-—
(IV) containing 4—CH3C6H 4 9Youps as aryl residues were synthesized by the
reaction of (aroyloxymethyl) trifluorosilane(I) with KF and NH 4HF2, respec-
tively :

ArCOOCH,SiF; + 2MF (MHF,) —p M, [ArCOOCH,SiF ]

M = K'(ITI), NHj (IV); Ar = 4-CH,C(H,
We were not able to prepare ammonium (aroyloxymethyl)tetrafluorosilicates-—
(IT, M = NHZ) using this reaction. In excess of campound I ammonium (aroyl-
oxymethyl)pentafluorosilicates (IV) are formed only. The corresponding
potassium tetrafluorosilicate (III) was obtained in a minor amount under
similar conditions.

Nevertheless, we have managed to prepare potassium (aroyloxymethyl)-
tetrafluorosilicate(II, M = K+) from products of alkaline hydrolysis
according to a general scheme :

3Ar(mc1—IZSiF3 + 3M.')H—}A:|:C®CHZSi (OH)3 + M[AICCX)CI—I2S:'1F4] +
I v I1I
+ MZ[AIQDCI-izsiFS]
11T
+
Ar = 4-CI'13C6H4; M=K.

Intermediate (aroyloxymethyl)silantriols{V) transform into (aroyloxymethyl)
silsesquioxane (l-\rCOOCHzSiO1 5)m(V'JZ) during isolation.

* X-ray diffraction data have shown that silicon in (1\11-14)3SiF7 is six~

coordinate [7].
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Potassium and ammonium (aroylomymethyl)tetrafluorosilicates and penta-
fluorosilicates are colourless non-melting powdery substances. They are
scarcely soluble in the majority of organic solvents, almost insoluble in

water, but readily soluble in dimethylsulphoxide.

Infrared spectra

The spectral characteristics of the compounds studied with general
formula Mn—3 [4—CH3C6H4COOCHszFn] M = K+, NHZ; n = 3-5) are represented
in Table 2. The aromatic ring vibrations in the spectra of these compounds
are similar to and coincident with those for the compounds such as 4—CH3—
C6H4COOCHZR with R = SiO1 .S(VI) ’ Si(OC2H5)3(VII) and CH3 (VIII), and do not
depend on M or n. The OCHZSi group is characterized by a strong band in
the 750 c:m--1 region and a weak maximum near 1250 cm_1.

The carbonyl group frequencies in the spectrum of compound I contain-
ing the C=0—Si intramolecular coordinate bond (n = 3) are shifted as
compared with those of 4—CH3C6H4OOOCH2R compounds (VI-VIII). For the latter,
v(C0) is observed at 1720 cm | and v, (00C) in the 1270-1310 cm ' region.
The v(C=0) position does not depend on the nature of the substituent R
whereas the Vais (COC) is shifted to high frequency region for compounds VI

and VII possibly due to geminal interaction in the OCH,Si system [9].

The SiF stretch is known to be in the 800-1000 cm-1 retjion in the spectra
of organic fluorosilanes containing an sp3 hybridized silicon atom. An
SiF absorption in the 400-800 cm—1 region is observed in organic derivatives
of pentacoordinate and hexacoordinate silicon [3, 10].

Si-F vibrations in the spectra of (aroyloxymethyl)trifluorosilanes
are also observed in the 800-1000 cm_1 range and there is also a strong
peak in the 780 (:m_‘I region (Fig. 1). The above data on SiF vibrations
and the absence of the band at 780 cm_1 in the spectrum of (y~benzoyloxy-
GHSCOO (CH2)3SiF3 which shows no C=0—)Si inter-
action [6], support the assumption that the 780 cm_1 band arises from SiF

propyl)trifluorosilane, C

stretching vibrations, since the effective positive charge at the silicon

atom is increased in (aroyloxymethyl)trifluorosilanes*. Thus in (aroyloxy-

* The absorption at 780 cm_1 is absent in the spectra of compounds VII
and VIII which contain no SiF bonds.
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Fig. 1. Infrared spectra of compounds I-IV and VI. (The designation
is the same as that in Table 2).
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methyl) trifluorosilanes (I) the silicon atom hybridization character is
intermediate between RSiF; and [RSiF,] .

To establish the presence and the character of intramolecular
C=0— S8i coordination in compounds I-IV we have analyzed the dependence
of their IR spectra on the number of fluorine atoms, n, attached to silicon.
The COO symmetrical and antisymmetrical stretching vibrations in the spectra
of I are observed at 1379 and 1625 c:m-'1 , respectively. These frequencies
are characteristic of the carboxylate ion [11]. The v(CO0) values for I and
II are similar. At the same time, v (SiF) turned out to be characteristic
for the [R6__nSiFn] C and [RS—nSiFn]— anions, i.e. they have absorption
maxima lower than 800 cm | [3].

The absorption bands in the 400-750 cm | region common to the [RSiF5]2_
group [10] are present in the spectra of compounds K2[4—CH C H COOCH2SJ'JE‘5]—

(III) and (NH4)2[4—CH3C6H4OOOCH251F5] (Iv) (Fig. 1). Upon tﬁeej_?ltroduction of
an electron-withdrawing substituent, or when the fluorine atom and the
carbonyl oxygen atom are coming together [12] a considerable increase in
v(C=0) and a decrease in Vas (COC) might be expected in the absence of
coordinate interaction [6]. Thus the Vas (COC) values observed for compounds
ITI and IV give evidence for intramolecular C=0-—4Si coordination (Table 2).
In chloroform solution this interaction is still present (v(C=0) in the

, being at 1680 en™!). The degree of this
interaction is weaker than in I and ITI molecules because of steric factors
and higher co-ordination of the central silicon atom. The structure of the
[4-CH,C_H,COOCH, S1F ] 2" jon of compounds III and IV is most likely to be
pentagonal bipyramidal similar to that of 7-co-ordinate tin {8].

spectrum of II solution in CHC1

Ultraviolet absorption spectra

The absorption in the 230-255 nm region with log € = 4.18-4.30 is due
to the m-1* transition corresponding to 1La in the UV spectra of the com-
pounds listed in Table 3 (in chloroform and methanol). The C=O—4Si inter-
action in compound I causes a bathochromic shift of this maximum when
compared with VI-VIII. The red shift of this band is also observed in the
spectra of compounds II-IV. The presence of the bathochromic shift in the
spectra of II-IV solutions im CHCl3 and CH3OH shows that the cyclic group
formed because of C=0-—4Si coordination is preserved in methanol.

This indicates that the silicon atom is hexacoordinate in (aroyloxymethyl)-



305

0291 085l
0zZLL 0l2L  OLbL 09L GLGL 0gLl 020l 8F8 30 TITA
229l 186GtL
0zLL YOCL  €ibL LS2L SGL  GLGL OLLL O€OL 6 €(%:C00)TS IIA
019l LLGL €061
gLLL LOCL  LOVL 1921 LvL 0921 LLLL LLOL Lfs $"lots A
oL9L
L2l ] €161 G0GL LG2L €LLL
099 126 00§ Lot obv LL9L Ll2€L 0L2L €6L €21l €LLL LLOL O€8 ¢ Tun AT
€191
Lyl 089 geht LLGL LoGL 092L €LLL
169 1€S €06 0Ly €Fb €691 OEEL  90vL SL2ZL LGL  G2LL GLLL 020L LES G 111
€6L €LL 0LGL €161l Ghel €81l
OLL L5G OLG OLY €6b 0€9L 08€L  OLbL Sh2L €9L  €€LL €211 910l LES v I
€19t 0LG1
L6 LS8 OLGL OFLL OztL
€8l 8LL L¥G 06 OLv 629l 6LEL  €2¥L 06zl LGL 062l 28LL GLOL 8fg tats I
Ugtg 000 15-%H0-0 Y9 uo-v ¥ u N punodwop

w0000 1% o~y pus ﬁqmﬁmmmoooo¢m@ommo-¢gmu I jo sajosds uwt (,_wo) sarousnbery dnox3 parsIyuT

¢ TTEVL



306

- (HOVEN N 1°0) HOPHD %06 UT *#x °uUOT4nTOS ouy Jo Furxederd Ie1JB SINOY Gl

xlo€€e  LU€€2 9°2cz 2'g€z  0°9€2 LeGhz 1000V u%Ho~¥ s
«£occz €esee 2rle  L's€z  zeEr  €U6€e t1o ITIA
- - L*6€2 9*0vz  0°6€2 ostve  €(%w0)1s IIA
xL*¥€2  0°L¥2 6°8€2 - - €6¢2 “"lorg IA
«9°C€2  C'obe 06z 8°lbz  @Che  9°252 ¢ Tun AT
¥6°€€2 - #%0°6€2 - 0°2¥z - ¢ TIT
*0°7€2 - 6°8€2 - G-2he veise v I
«6°€€2  L°6E2 L6€2 Lrovz  Legbz Gr¢sz tars I
Ho‘mogos ur  mO‘mO%Os UT c c
HOY N L*0 HOY N L°0 HOHOS08  HO'HD TOHD ¢ u o punoduos
0000 u20 o4 pus ﬁqmﬂmmmoooo¢mwommo-ﬁum-ﬁﬁ 70 BI10eds pn uT (wu Ty ) spusq WOTHTSUBLY T,

€ TTEVL



307

tetrafluorosilicates and heptacoordinate in (aroyloxymethyl)pentafluoro-
silicates. The absorption bands in the spectra of I,IV,VII and VIII solu-
tions in 80% water-methanol are similar. This indicates that there is no
C=0— Si interaction in the presence of water in compounds I and IV.

In excess alkali, the absorption maxima of compounds I-IV and VI-VII
are located in the same region as those of VIII but about 6 nm from the band
of 4-toluic acid (IX). As the SiF bonds are hydrolyzed to Si-OH in an
alkaline medium (from amperometric titration data, Fig. 2) it follows that
the ester group undergoes no hydrolysis immediately after preparing the
alkaline solutions of I-IV and VI-VIII compounds. The absorption bands of
alkaline solutions of these compounds become identical with the band of
4-toluic acid after 10-15 hours.

The spectroscopic data support the possible existence of the heptaco-
ordinate silicon atom in species of the MZ[AJ:(X)OCHZSJ'_FS] type. Evidently
pentafluorosilicates III and IV do not exist in the form of double salt,
M[ArCOOCHZSiF‘l] MF. This is shown by the absence of the 1La transition
shift in the absorption spectra of compound VIII in saturated KF solution
in CHCl3 and CHC1
to compound VIII.

3+C2H50H (1:1) containing a 4-fold excess of KF relative
We hope to confirm our conclusions on the co-ordinate nuwbers by
X-ray diffraction studies.

EXPERIMENTAL

IR spectra of the compounds studied (I-VIII) were recorded on a
Specord 75 IR spectrometer in the 400-3600 z:m_1 region {(in KBr pellets
and Nujols mulls). Liquid compounds VII and VIII were studied as thin
layers.

UV absorption spectra as 5.10
on a Specord UV VIS spectrophotometer. The cell thickness was 0.1-0.01 cm.

4 3

~5.10" n‘ol.l“1 solutions were recorded

Amperometric measurements were performed in 50% water ethanol on the
background of 0.1 N LiClO4 with cathode potential -1.8 volt relative to
saturated calomel comparative electrode using an LP-7 polarograph and
a mercury drop electrode.

(4-methylbenzoyloxymethyl) triflucrosilane (I)
was obtained by the previously described method [4].
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Fig. 2. The dependence of the 4—CH3C6H4COOCIHZSJ'.F3 reduction limiting

current on the NaOH concentration. The concentration of compound I is
-1

1 mmol. 1 .

Potassium (4-methylbenzoyloxymethyl)pentafluorosilicate (IIT) (reaction 1)

25 ml of 0.1 N solution of potassium fluoride in 80% water methanol
was added to 0.188 g (0.8 mM) solution of substance I in 25 ml of 80% water
methanol. The precipitate was washed with methanol and dried. The yield was
61% (0.172 g).
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Ammonium (4-methylbenzoyloxymethyl) pentafluorosilicate (IV)

1 solution NH,F.HF in methanol was added to 0.188 g

20 ml of 0.3 mol.1” ’
(0.8 mM) of solution of substance I in 20 ml of methanol. The precipitate
was filtered, washed with methanol and dried. The yield of compound IV was

86% (0.212 g).

Ammonium (4-methylbenzoyloxymethyl)pentafluorosilicate (IV) (reaction 2)

0.2 ml of 30% water solution of ammonium hydroxide was added to 0.188 g
(0.8 mM) of solution of substance I in 20 ml of chloroform. The precipitate
of substance IV as white flakes was filtered, washed with a minimum amount
of methanol and dried. The yield was 12% (0.023 q).

Potassium (4-methylbenzoyloxymethyl)tetrafluorosilicate (II)

0.018 g (0.32 mM) potassium hydroxide solution in 2 ml of methanol
was added to 0.188 g (0.8 mM) solution of substance I in 20 ml of methanol.
The precipitate of compound II was filtered, washed with a small quantity
of methanol and dried. The yield was 16% (0.29 g).

{4-rethylbenzoyloxymethyl) silsesquioxane (VI)

0.180 g (3.2mM) of potassium hydroxide in 20 ml of methanol was added
to 0.188 g (0.8 mM) of substance I in 20 ml of methanol and then to 0.024 g
(0.64 mM) of hydrogen chloride in 1 ml of water. The white precipitate of
(4-methylbenzoyloxymethyl) silsesquioxane (VI) was filtered, washed with
methanol and dried. The yield was 51% (0.096 g).Found, %: C 53.9%1, H 4.79,

Si 14.19. C9H9SiO3 5 Calculated, %: C 53.73, H 4.51, Si 13.93.

Potassium (4-methylbenzoyloxymethyl)pentafluorosilicate (I1T)

0.036 g (0.96 M) of hydrogen chloride in 1.5 ml of water was added
to a filtrate previously obtained after removal of silsesquioxane(VI).
The white powdery precipitate of substance III was filtered, washed with
a small quantity of methanol and dried. The yield was 42% (0.079 g).
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