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AROYID-) IEIRAEImRG- AND F'ENCAFLWRDSILICATES. THE F'OSSIBIIJTYOF 

M.G. VORQNKOV, N.M. DERIGLAZOV, E.I. BWIDSKAYA, E.F. KALI- and 

L.I. GUBANOVA 

Institute of Organic Chemistry, Siberian Divisicn of the Academy 

of Sciences, 664033 Irkutsk (U.S.S.R.) 

Some representatives of a new class of fluorosilicon organic ccqounds 

containing a silicon atan with a high coordination number, potassium and 

armpnium (aroylo~thyl)tetraflucro- and pentafluorcsilicates with a gene- 

ral formula M n_3[ArCOOH2SiFn], where M = K+, NH:; n = 4,5 have Been pre- 

pared for the first time. IR and W spectroscopic data shcw that these 

cxqqmds may have a C=O-bSi intrasclecular cccrdinaticn. It is suggested 

that the silicon atom in M2[ArCXCH 2SiF5] is heptacoordinate. 

Organylpentaflwrosilicates of alkali metals and annonium which contain 

a hexaccordinate silicon atom have keen already described [1,2]. Similar 

ccmpounds such as M2[R6_,SiFnl with n = 2-5 [3] and tetraalkylarnrpnium 

organctetrafluorosilicates with a pantacccrdinate silicon atom M[RSiF4] 

have ken studied. Recently some new ccmpcunds of pentacccrdinate silicon, 

(aroylo~yl)trifluorcsilanes(I) containing an intramolecular coordinate 

hd C=O+Si have keen synthesized [4-61. 

The purpose of this research was to transform (aroyloxymethyl)tri- 

fluorosilanes(1) into silicon derivatives such as M[ArCOXH 2SiF41 (II) and 

M2[AtS?XCH2SiF5] (111,IV) with high cccrdination. We hopea that the pre- 

servationof the intran-clecularcocrdinate bond incaaqounds of the type 

M2.[_ 2SiF51 wxldenable ustoobtainhitherto unknownccmpaundsof 
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heptaccordina~ silicon*. Organotin coqxxmds containing a heptaccxxdinate 

tin atom (sterically mxe available than the siliax atom) have keen de- 

scribed in the literature [81. ‘l%e yields and the data of analyses of the 

compounds studied are given in Table 1. 

RESULTS AND DISCUSSION 

Synthesis of (aroylo~thyl)tetrafluxo- and pentafluxosilicates 

(Aroyloxymethyl)pentafluorosilicates of potassium(III) and arrononium 

(IV) containing 4-CH3C6H4 groups as aryl residues were synthesized by the 

reaction of (aroyloxymethyl) trifluxosilane(I) with KF and NH4HF2, respec- 

tively : 

-pF3 + .afF w2)-+byArcoocH p-q 

M = K+(III), NH&Y); Ar = 4-CH3C6H4 

We were not able to prepare anrfonium (aroyloqmethyl)tetrafluorosilicates- 

(II, M= NH:) using this reaction. In excess of ccaqxund I anmrxAun (aroyl- 

oxymethyl)pentafluorosilicates(IV) are form& only. The corresponding 

potassim tetraflxxosilicate(II1) was obtained in a minor amxnt under 

similar conditions. 

Nevertheless, ws have managed to prepare potassium (aroyloxymethyl)- 

tetrafluorosilicate(I1, M = K+) from products of alkaline hydrolysis 

according to a general scheme : 

3~rcooc~~si~~ + ~MDH--)A~CCCCH~S~(OH)~ + M(~2S~41 + 

I V II 

+ % viLamcH2siF51 

III 

Ar = 4-CH3C6H4; M = K+. 

Intermediate (aroyloxyn~thyl)silantriols(V) transform into (ar0ylOxymethyl)~ 

silsesquioxane ( &CCOCH2Si0,.5)m(vI) during isolation. 

* X-ray diffraction data have S~-EWZ~ that silicon in (NH4)3SiF7 is six- 

coordinate [7]. 
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Potassium and annonium (aroylcqmethyl)tetrafluorosilicates and penta- 

fluorosilicates are colourless non-melting @cry 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 ccqounds studied with general 

formula Mn_3 [4-CH3CSH4m2SiFn] (M = K+, NH;; 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- 

C6H4CXEH2R with R = SiO, 5 
. WI), Si(OC2H5)3(VII) and CH3(VIII), and do not 

d.epend on M or n. The ocH2Si group is characterized by a strong band in 

the 750 cm-' region and a weak 
-1 

mzktnnn near 1250 cm . 

The carbonyl group frequencies in the spectrum of compound I contain- 

ing the C=O-+Si intramolecular coordinate bond (n = 3) are shifted as 

compared with those of 4-CH3C6H4CXDCH2R compounds (VI-VIII). For the latter, 

-1 
v(CO) is observed at 1720 cm and vas(CCC) in the 1270-1310 cm-' region. 

The w(C=O) position does not depend on the nature of the substituent R 

wbareas the v as(coC) is shifted to high frequency region for coq~unds VI 

and VII possibly due to geminal interaction in the ocH2Si system [9]. 

The SiF stretch is lcnawn to be in the 800-1000 cm-' region in the spectra 

of organic fluorosilanes containing an sp3 hybridized silicon atom. An 
-1 

SiF absorption in the 400-800 cm region is observed in organic derivatives 

of pentaccordinate and hexaccordinate silicon [3, 101. 

Si-F vibrations in the spectra of (aroyloxynethyl)trifluorosilanes 
-1 

are also observed in the 800-1000 cm range and there is also a strong 

peak in the 780 cm-' region (Fig. 1). The above data on SiP vibrations 

and the absence of the band at 780 cm-' in the spectrum of (y-berlzoyloxy- 

propyl)trifluorosil.ane, CsH5COO(CH2)3SiF3 which shows no C=O+i inter- 
-1 

action [61, supprt the assuqkion that the 780 cm band arises from SiP 

stretching vibrations, since the effective positive charge at the silicon 

atom is increased in (aroyloxymathyl)trifluorosilanes*. Thm in (aroyloxy- 

-1 * The absorption at 780 cm is absent inthe spectraof CompoundsVII 

and VIII which contain no SiF bonds. 



1800 1600 1400 1200 1000 800 600 400 cm-' 
Fig. 1. Infrared spectra of ccmpmds I-IV and VI.(The designation 
is the same as that in Table 2). 
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methyl)trifl~rosilanes(I) the silicon atom hybridization character is 

intermediate between RSiF3 and [RsiF41-. 

To establish the presence and the character of intramolecular 

C=O-_)Si coordination in compounds I-IV we have analyzed the dependence 

of their IR spectra on the number of fluorine atoms, n, attached to silicon. 

TheccO synmetricaland antis~tricalstretchingvibrations in the spectra 

of I are observed at 1379 and 1625 cm 
-1 , respectively. These frequencies 

are characteristic of the carboxylate icn [Ill. The v(CD3) values for I and 

II are similar. At the same time, v(SiF) turned out to be characteristic 

for the [R6_,SiF,12- and_IR5_nScn]- aniops, & they have absorption 

maxima lower than 800 cm [31. 

The absorption bands in the 400-750 -' 
2- 

cm region cornron to the [RSiF51 

group [lo] are present in the spectra of compounds K2[4-CH3C6H4COOCH2SiF51- 

(III; and (NH4)2[4-CH3C6H4COXH2SiF5](IV) (Fig. 1). Upon the introduction of 

an electron-withdrawing substituent, or when the fluorine atom and the 

carbonyl oxygen atom are coming together [I21 a considerable increase in 

v(C=O) and a decrease in vas(COC) might be expected in the absence of 

coordinate interaction [6]. Thus the vas(COC) values observed for ccmpxnds 

III and IV give evidence for intramolecular C=O+Si coordination (Table 2). 

In chloroform solution this interaction is still present (~00) in the 

spectrum of II solution in CHC13 being at 1680 cm-'). The degree of this 

interaction is weaker than in I and II molecules because of steric factors 

and higher co-ordination of the central silicon atom. 'Ihe structure of the 

[4~3C6H4~2SiF51 
2- 

ion of coqounds III and IV is most likely to be 

pentagonal bipyramidal similar to that of -/-co-ordinate tin [8]. 

Ultraviolet absorption spectra 

The absorption in the 230-255 nm region with log E = 4.18-4.30 is due 

to the n-n* transition correspmxling to 'La in the UV spectra of the com- 

pounds listed inTable 3 (in chlorofonnandmethanol). The C=O+Siinter- 

action in compound I causes abatlzchromic shiftofthis~when 

comparedwithVI-VIII. The red shift of this band is also observed in the 

spectra of munds II-IV. The presence of the bathochromic shift in the 

qectra of II-IV solutions ia CHC13 and CH30H shows that the cyclic group 

formed because of C=O-+Si coordination is preserved in methanol. 

This indicates that the silicon atom is hexaaxxdinate in (aroyloxyn&hyl)- 
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tetrafluorosilicates and heptacoordinate in (aroyloxymethyl)pentafluoro- 

silicates. The absorption bands in the spectra of I,IV,VII and VIII solu- 

tions in 80% water-Ethanol are similar. This indicates that there is no 

C=O-_)Si interaction in the presence of water in corqounds I and IV. 

In excess alkali, the absorption maxi.ae of compounds I-IV and VI-VII 

arelocated in the same region as thoseofVIIIbutahout6 nmfromtheband 

of 4-toluic acid (IX). As the SiF bonds are hydrolyzed to Si-OH in an 

alkaline mediunn (from aqerorestric titration data, Fig. 2) it follows that 

the ester group undergoes no hydrolysis inmediately 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 lo-15 hours. 

The spectroscopic data support the possible existence of the heptaco- 

ordinate silicon atom in species of the M2[ ArCDXH2SiF5] type. Evidently 

pentafluorosilicates III and IX7 do not exist in the form of double Salk, 

M[ArCXCH2SiF4].MF'. This is shown by the absence of the 'La transition 

shift in the absorption spectra of ccarrpound VIII in saturated IC? solution 

in CHC13 and CHC13+C2H50H (1:l) containing a I-fold excess of KF relative 

to allqzound VIII. 

We hope to confirm our conclusions on the co-ordinate ndrs by 

X-ray diffraction studies. 

IR spectra of the coqzounds studied (I-VIII) were recorded on a 

Specord 75 IR spectrometer in the 400-3600 cm-' region (in KHr pellets 

and Nujols mulls). Liquid compounds VII and VIII were studied as thin 

layers. 

W absorption spectra as 5.10 
-4 
-5.10-3~1.1 

-1 
solutions were recorded 

on a Spacord W VIS spectrophotomater. The cell thickness was 0.1-0.01 cm. 

Amperomstricmaasureaxsnts were performed in 50%waterethanolon the 

background of 0.1 N LiC104 with catkde potential -1.8 volt relative to 

saturated calornel comparative electrode using an W-7 polarograph and 

amercury drop electrode. 

(4-methylbenzoyloxyn&hyl)trifluorosilane(I) 

was obtained by the previously described method. [al. 
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I I 1 

1 2 3 

NaOH Concentration, mmol*l-' 

1 

4 

Fig. 2. The dependence of the 4-CH3C6H4coocH2SiF3 reduction limiting 

current on the NaOH concentration. The concentration of corqmund I is 

1 ml. 1-l. 

Potassim (4-methylbenzoyloxymthyoxymethyl)pentafluorosilicate(III) (reaction 1) 

25 ml of 0.1 N solution of potassium fluoride in 80% water methanol 

was added to 0.188 g (0.8 W) 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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&mm-km (4-methylbenzoyloxymthymethyl)pentafluorosilicate(IV) 

20 mlof 0.3 l-ml.1 
-1 

solution NH4F.HF in methanol was added to 0.188 g 

(0.8 nM) of solution of substance I in 20 ml of mAhano1. The precipitate 

was filtered, washed with methanol and cried. The yield of compound IV was 

86% (0.212 g). 

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

0.2 ml of 30% water solution of anm-onim hydroxide was added to 0.188 g 

(0.8 KM) of solution of substance I in 20 ml of chloroform. The precipitate 

of substance IV as white flakes was filtered, washed with a minimm amount 

of methanol and dried. The yield was 12% (0.023 g). 

Potassium (4-mthylbenzoyloxymethyl)tetrafluorosilicate(II) 

0.018 g (0.32 IN) 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 guantity 

of methanol and dried. The yield was 16% (0.29 g). 

(4-mathylbenzoyloxyrmsthyl)silsesquioxane(VI) 

0.180 g (3.M) of potassium hydroxide in 20 ml of methanol was added 

to 0.188 g (0.8 mM) of substance I in 20 ml of n~thanol and then to 0.024 g 

(0.64 IN) 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 53.91, H 4.79, 

Si 14.19. CgHgSi03_5. Calculated, %: C 53.73, H 4.51, Si 13.93. 

Potassium (4-methylbenzoyloxym&hyl)pentafluorosilicate(III) 

0.036 g (0.96 IIM) of hydrogen chloride in 1.5 ml of water was added 

to a filtrate previously obtained after renoval of silsesquioxane(VI). 

The white powdery precipitate of substance III was filtered, washed with 

a mall quantity of n&.hanol and dried. The yield was 42% (0.079 g). 
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