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The present research has studied the spectral data, thermochemical transformations and hydrolysis of
hexafluorosilicates with guanidine containing cations (C,,H,,CI,N,,)SiF, (1) and (C,,H,sNy)(SiFg), 5 (1)
for their potential use as caries-preventive and antibacterial agents. Hexafluorosilicates of the com-
position | and Il were separated as crystalline products of interaction of hexafluorosilicic acid with the
methanol solutions of chlorhexidine hydrochloride and polyhexamethylene guanidine hydrochloride.
The compounds isolated have been characterized by IR, NMR °F, mass-spectrometry, thermogravi-
metric analysis, potentiometry. According to IR spectroscopy data, “onium” hexafluorosilicates | and
I have ionic structures. The vibrations of the groups v(NH), v(N*H,) in salts | and Il appear as strong
absorption bands at 3360-3180 cm'; 3(N*H,) vibrations appear at 1634 and 1637 cm". The strong
v(SiF) and 3(SiF,) stretches of SiF 2 anions are observed in their characteristic regions (at 744, 734
and 482 cm', respectively). The singlet character of v(SiF) and 8(SiF,) vibrations indicates the ab-
sence of noticeable distortion of symmetry of SiFz~ anion with regard to O,. The NMR "°F spectra of
compounds | and Il (in DMSO-d, solutions) have one resonance at —136,70, —135,09 ppm (SiF*);
additional resonance at —123,14 ppm, in the case of Il it can be related to the octahedral complex
anion [SiF(MCQ)J.. The results of thermogravimetric analysis are consistent with a multi-stage
thermolysis scheme for hexafluorosilicates | and Il. The temperatures of thermolysis beginning of
complexes | and Il are 270 and 100°C, respectively. The compounds | and Il studied are characterized
by the predicted tendency to hydrolysis in dilute aqueous solutions with formation of orthosilicic acid
and fluoride ions, and it allows considering these salts as potential anticaries agents. The study of the
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biological activity of these compounds is the subject of further investigations.

In recent years, several research groups consisting
of experts from Japan, the United States [10-13] and Ar-
menia [1, 8] demonstrated the possible use of ammonium
and amino acids hexafluorosilicates as caries-preventive
and hyposensitive agents in dental practice. These results
[1, 8, 10-13] allow to consider the “onium” hexafluoro-
silicates as a promising new class of drugs possessing
a number of advantages compared to the conventional
agents of fluoride caries therapy such as sodium and po-
tassium fluorides, silver diamine fluoride, tin fluoride and
sodium monofluorophosphate. The active components of
treatment and prevention of dental caries are also anti-
bacterial agents, including high efficient guanidine de-
rivatives (chlorhexidine, polyhexamethylene guanidine
hydrochloride, etc.) [9, 13]. In principle, introducing guani-
dine containing cations possessing the antibacterial ac-
tion into the composition of hexafluorosilicate allows to
obtain compounds for which the caries-preventive effect
of the anion is intensified by the bactericidal action of the
cation. The aim of this work is the synthesis, the study of
the structure and properties of chlorhexidine (CH) and po-
lyhexamethylene guanidine (PHMG) hexafluorosilicates —
the first representatives of fluoride-containing salts com-
bined with cations exhibiting the antibacterial activity.

Materials and Methods

The synthesis of hexafluorosilicates was performed
by the ion exchange reaction between methanol solu-

tions of the corresponding hydrochloride (HC) (Hang-
zhou dayangchem Co., Ltd, China) and the solution of
45% fluorosilicic acid (the molar ratio of HC : H,SiF,
=1 : 3). The reaction mixtures were kept at room tem-
perature to evaporate the solvents and obtain colourless
crystalline products. The nitrogen content was determined
according to Kjeldahl [5] and the silicon content by the
photocolorimetric method [6].

The IR-absorption spectra were recorded on a Spect-
rum BX II FT-IR System spectrophotometer (Perkin-
Elmer) (the range was 4000-350 cm!, the samples were
in the form of tablets with KBr). The EI mass spectra
were recorded on a MX-1321 spectrophotometer (a di-
rect introduction of a sample into the source, the energy
of ionizing electrons was 70 eV), FAB mass spectra —
on a VG 7070 spectrometer (VG Analytical) (desorp-
tion of ions from the surface of the liquid phase was
performed by a beam of argon atoms with the energy
of 8 keV, m-nitrobenzyl alcohol was used as a matrix). The
F NMR spectra were recorded on a Varian VXR-300
spectrometer (282 MHz, the solvent was DMSO-d, with
CFCl, as a standard, the temperature was 27°C). Ther-
mogravimetric analysis was performed on a Q-1500 D
derivatograph of F. Paulik — J. Paulik — L. Erdey’s sys-
tem (platinum crucibles, samples of 80-100 mg, the tem-
perature range was 20-1000°C, the sample weight heat-
ing rate was 10 °/min, Al,O, as standard).
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Table 1

Wave numbers (cm™) of the absorption band
maxima in IR spectra of chlorhexidine (I) and
polyhexamethylene guanidine (II) hexafluorosilicates

| Il Assignment
3401 s.br. 3354 s.br.
3251 sh. v(NH), v(N*H,)
3207 s.br. 3187 sh.
2926s. 2936s. v,(CH,)
2862 sh. 2861 m. v,(CH,)
1690 s. 1656 s. v(C=N)
1634 m. 1637 sh. O(N*H,)
1550 m. V(CO),om
1493 m. V(CO),om
1462 m. 1473 m. 5,(CH,)
1384 m.br. S8(NH) + v(CN)
1249 m. v(C,,,mN)
1095 s. V(C,,mCl)
1017 m. 1026 w. V(Ca_,ith)
744 s, 734 s, v(SiF)
482 m. 482 m. 8(SiF,)

Note: w = weak, m = medium, s = strong, v = very, sh = shoulder,
br = broad.

The pH values of aqueous solutions of hexafluorosi-
licates were determined using an EV-74 universal ionomer.

Results and Discussion

The composition of the compounds isolated has been
determined by the elementary analysis data.

Found, %: N —21.41; Si —4.50.

For (C,,H;,CLN,)SiF, (I) calculated,%: N —21.56;
Si—4.32.

Found, %: N — 19.89; Si — 4.22.

For (C,;HsNy)(SiFy), s (IT) calculated, %: N — 19.70;
Si—4.39.

The mass spectrum EI I: [CIC,H,CH,N,]" (m/z =153,
I=8%), [CICH,NH,]" (m/z =127, I = 100%), [SiF,]*
(m/z=85,1=20%), [CH,,]" (m/z=72,1=9%), [C;H ]
(m/z=42,1=6%).

The mass spectrum FAB I: [M,;;]" (m/z= 505, =2%)).

The mass spectrum EI II: [NH(C=NH)NH(CH,),+H]"
(m/z=142,1=2%), [SiF,]" (m/z=85,1=100%), [C;H,,]"
(m/z=172,1=5%), [CH,,]" (m/z="T11,1=T7%), [C,H,]
(m/z=55,1=17%), [C;H(]" (m/z=42, = 15%).

Characteristics of IR spectra of compounds I and 11
are presented in Table 1, with vibration rating carried
out using the data in [7]. Stretching v(NH), v(N*H,) and
deformation 8(N*H,) vibrations of cations occur in the

Table 2

The pH values of aqueous solutions of salts I and II

-3 ”
Compound pH of 1310 M pH of 1x10* M
solutions solutions
| 3.14 516
I 3.21 5.14

areas of 3400-3180 and 1640-1630 cm™, respectively;
a diffused nature of v(NH) and v(N*H,) maxima may
indicate the participation of groups =NH and —-N"H, in
H-bonds of NH--F with fluorine atoms of hexafluoro-
silicates anions. A singlet type of vibration bands v(SiF)
and &(SiF,) for anions SiF >~ (identified in characteristic
spectral regions T and II at 744, 734 and 482 cm™, re-
spectively) reflect apparently proximity of the anions
structure to the idealized O,-symmetry.

Low solubility of I and II in chloroform did not al-
low to carry out the registration of ’F NMR spectra
of salts in the medium of the given solvent. In the '°F
NMR I and II spectra in the solution of dimethyl sulf-
oxide (DMSO) singlet signals with chemical shifts 6, =
—136.70-135.09 ppm, respectively, correspond to SiF >
anion. Along with SiF > anion signal, the signal with
O = —123.14 ppm referred to equatorial fluorine atoms
of octahedral anion [SiF,(DMSO)]" — the product of
SiF > anion solvolysis is also recorded in F NMR II
spectrum.

Judging by the thermogravimetric analysis data the
thermal decomposition of compound I is accompanied
by elimination of 2 moles of HF in the gas phase (the
endothermic effect on the curves of DTG and DTA at ¢,
=270°C, t,,, = 300°C; Am,,, = 8.3%, Am,,,, = 6.2%),
1 mole of SiF, (the endothermic effect at 7,=350°C, ¢,
=400°C; Am,,, = 33.3%, Am,,,. = 22.2%), degradation
products of CH and their oxidation (endothermic and
exothermic effects at ¢, = 440°C, ¢, = 480°C and ¢, =
690°C, ¢, = 750°C, respectively). The evident excess
of the value of the weight loss I experimentally deter-
mined compared to the calculated value in the case of
SiF, removal effect may be due to the superposition of
CH expansion effect. The total weight loss of the sam-
ple Iis 93.3%.

Complex II is differentiated by lower thermal resis-
tance than complex 1. Thermolysis II begins at 100°C,
on DTA and DTG curves a series of endothermic effects
is fixed at ¢, = 120, 170, 200, 270, 340, 480°C and
exothermic effect at 7, = 660°C. The total weight loss
of sample II is 98.3%. The proximity of the thermal sta-
bility Il and PHMG HC studied earlier by the pyrolysis
mass spectrometry method should be noted [4].

Attempt to determine the extent of hydrolysis of com-
pounds I and IT at 1x10* M of the aqueous solution using
the spectrophotometric method [3, 6] based on the ability
of orthosilicic acid — the product hydrolysis — to form a
yellow-coloured silico-molybdic complex with ions MoO,*-
failed due to intense opalescence of solutions. But the
fact of hydrolysis of SiF > ion according to the scheme
(1) is confirmed by the expected development of a yellow
coloration of the solution after addition of (NH,),MoO,:

SiF2 +4H,0 = Si(OH), + 6F +4H'. (1)

The results of pH determination of diluted aqueous
solutions of salts (Table 2) indicate the hydrolytic instability
of compounds I and II: pH values are in the “acidic”
region and close to the corresponding values for the aqueous
solutions of pyridinium hexafluorosilicates [2].
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CONCLUSIONS ture of hexafluorosilicates of chlorhexidine and polyhexa-
The synthesis has been performed, the spectral charac-  methylene guanidine as potential caries-preventive and an-
teristics and physico-chemical properties have been studied,  tibacterial agents. Evaluation of the biological activity of the
and the conclusion has been made about the probable struc-  compounds obtained will be the subject of our further research.
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FEKCA®TOPOCWUIIKATU 3 N'YAHIAUHOBMICHUMU KATIOHAMMU, LLIO BUABNAIKOTb
AHTUBAKTEPIAIIbHY AKTUBHICTb

B.O.lenbm605150m, B.KO.AHicimoe, O.B.llpodaH

Knroyosi crnioea: cekcachmopocunikamu; 6akmepuyudHi kamioHu; 6ydoea; mepmMoxiMidHi
repemeopeHHs; 2iéporni3

3 sukopucmaHHsM peakyiti ioHHO20 0BMIHY MiX 2idpoxrnopudamu Xr1opo2eKcUOUHyY (ronieekcamemu-
JieHeyaHIiOUHy) i KpeMHegmopo8oOHE8OK KUCIIOMO 8 cepedosulli MemaHOorly CUHMEe308aHi 2eKca-
gmopocurnikamu 8i0nogioHux ayaHiouHosmicHux kamioHis (C,,H,,CILN,,)SiF (1) ma (C,,H,sNg)(SiFy), 5 (1),
W0 cmaHoerisimse iHmepec y sKkocmi MomeHyilHUX KapiecripomeKmopHUX i 6akmepuyudHUX azeHmis.
BudineHi crionyku cknady | i Il oxapakmepu3soeaHi memodamu I4-, AMP °F-, mac-crnekmpockoriii,
mepmMozpagiMempu4yHoO20 aHanisy, nomeHuiomempii. 32i0H0 3 OaHumMmu I4-criekmpockKoriii «OHIe8i»
eekcagpmopocurnikamu | i Il matoms ioHHy 6ydosy. KonusaHHs v(NH), v(N*H,) y cnekmpax | i Il su-
s6nsmbcs y guensdi iHmeHCcUsHUX cMye roenuHaHHsA npu 3360-3180 cv’; konueaHHs d(N*H,) —
npu 1634 i 1637 cm'. IHnmeHcusHi cmyau konueaHb v(SiF) i 8(SiF,) aHioHie SiF 2~ crnocmepieatombcsi 8
xapakmepucmu4Hux obrnacmsix criekmpie npu 744, 734 i 482 cm' 8idnogioHo. CuHanemHul xapak-
mep konueaHb v(SiF) i 8(SiF,) eka3ye Ha 8idcymHicmb MoMimHuUXx 8i0xuneHb eeomempil aHioHie SifF ;2
gioHocHo O,-cumempii. ¥ cnekmpax SAMP "°F posuuHis coned I i Il ¢ AMCO-d, aHioHam SiF 2~ gidnosi-
Oaromb pe30HaHCHI cueHarnu 3 XimidHumu 3cysamu —136,70, —135,09 m.0.; dodamkoesuli pe3oHaHCHUU
cueHan npu —123,14 m.0. y ciekmpi Il Mmoxe gidHocumucsi 90 okmaedpu4HO20 KOMIMIIEKCHO20 aHiOHa
[SiF(OMCOQ)}. Pesynsmamu mepmMmoepasiMmempu4yHo20 aHani3y y3200XXyrombcs 3 bazamocmyniH-
yacmoro cxemoro mepmonisy | i ll. Temnepamypu nodyamky mepmonisy komrnekcig | i Il cknadaromb
270 i 100°C gidnoegidHo. Crionyku | i Il xapakmepu3yrombCsi O4iKy8aHOK CXUSTbHICMI0O 00 2i0posizy
8 po3gedeHUX B0OHUX PO3HUHaX 3 YMEOPEHHSIM OPMOKPEMHIE8OI Kucriomu i gpmopud-ioHig, ujo 0o-
3e07s15€ po3enssdamu 3a3HadyeHi cosi 8 AKoCcmi NomeHuiliHUX aHmukapiecHuUx azeHmie. BusyeHHs1 6io-
J102i4HOI akmueHOCmMi ompumMaHux crosyk 6yde npedmemom Hawux nodanbuiux 00CHIOKEHb.

FEKCA®TOPOCUITUKATBI C 'YAHUWOUHCOOEPXALUMU KATUOHAMU, NPOABNAOLLUNMU
AHTUBAKTEPUAIIbHYIO AKTUBHOCTDb

B.O.lenbm60s150m, B.KO.AHucumoe, O.B.[lpodaH

Knroueenie crnoega: eekcacpmopocusniukamel; 6akmepuyulOHbIe KamUOHbI; CMPOEHUe;
mepmMoxumuyecKue rpespawjeHuss; 2udposnus

C ucnionb3oeaHueM peakyul UOHHO20 obMeHa Mex0y audpoxropudamu xrop2ekcuduHa (ronuzekca-
MemureHayaHUOUHa) U KpeMHeghmopo8oOopoOHOU KucriomoUl 8 cpede MemaHosia CUHMe3upo8aHsb!
2eKkcaghmopocusnuKkamsl coomeemcmayowux eyaHuduHcolepxawux kamuoHos (C,,H,,Cl,N,,)SiF, (1)
u (C,H,Ny)(SiF), s (1), npedcmasnsowue uHmepec 8 kaiecmee nomeHyuanbHbIX Kapuecrnpomekx-
MOopHbIX U bakmepuyudHbix aceHmMos. BbideneHHble coeduHeHus1 cocmasa | u Il oxapakmepu3osaHsbi
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memodamu VK-, SIMP °F-, macc-criekmpocKonuu, mepmMo2pasuMempu4yecko2o aHanusa, rnomeHyuo-
mempuu. CoanacHo 0aHHbIM VIK-criekmpockonuu «oHueabie» eekcagpmopocusiukamsi | u Il umerom
uoHHoe cmpoerue. Konebarus v(NH), v(N*H,) e cnekmpax | u Il nposiensiromcsi 8 sude UHMEHCUBHbIX
nonoc noanoweHusi npu 3360-3180 cv'; konebaHusi 8(N*H,) — npu 1634 u 1637 cv'. IHmeHcugHbie
nonocel konebaHul v(SiF) u 3(SiF,) aHuoHos SiF >~ Habmodaomesi 8 xapakmepucmu4eckux obna-
cmsix criekmpos npu 744, 734 u 482 cm~' coomeemcmeeHHo. CuHernemHbIl xapakmep KornebaHul
v(SiF) u 3(SiF,) ykasbieaem Ha omcymcmeue 3aMemHbIX UCKaxXeHUl 2eoMmempuu aHUoHo8 SiF
omHocumerbHo O,-cummempuu. B cnekmpax SIMP "F pacmeopos coneli | u Il  MCO-d, aHuoHam
SiF - coomsemcmeyom pe3oHaHCHbIe CugHarlbl ¢ XuMudeckumu cosueamu —136,70, —135,09 m.0.;
dononHuUmenbHbIU pe30HaHCHbIU cueHarn rpu —123,14 m.0. 8 cnekmpe Il Moxem omHOCUMBbCS K OK-
maadpudeckomy KomririekcHoMy aHuoHy [SiF(IMCO)J. Pesynbmamsi mepMmoepaguMempuyecKoeo
aHarnusa coafacyromcesi ¢ MHo2ocmyrneH4Yamou cxemol mepmonu3a | u ll. Temnepamypb! Hadana
mepmornu3sa kommekcos | u Il cocmaenstom 270 u 100°C coomeemcmeeHHO. CoeduHeHusi | u Il
Xapakmepu3yromcsi oxudaemMol CKITOHHOCMbIO K 2udposiu3y 8 pa3baesreHHbIX 800HbIX pacmeopax ¢
o0bpasosaHuUeM OpMOKPEeMHUEB0U KUCITOmMbI U (hmopud-uoHO8, Ymo no380sisiem paccMampueams yKa-
3aHHble COMU 8 Ka4ecmee NomeHyuaibHbIX aHMuUKapuecHbIX azeHmos. M3yyeHue 6uonoaudyeckol
akmusHocmu rosy4yeHHbIx coeduHeHul 6ydem npedMemom Hawux OanbHelwux uccriedosaHuu.



