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SYNTHESIS AND RESEARCH OF COORDINATION
COMPOUNDS OF GERMANIUM(YV) WITH GALLIC ACID
AND ETHYL GALLATE

Optimal methods of synthesis of germanium(IV) complexes with gallic acid (H,Gal) and ethyl
gallate (H,EtGal) in aqueous solution have been developed. The compounds have been char-
acterized by research methods: elemental analysis, thermogravimetry, infrared spectroscopy,
and mass spectrometry. The composition and structure of the studied compounds have been
determined. It has been shown that the complexes [Ge(H,Gal)(H,Gal),]-H,O (1) [Ge(HEtGal)
(H,EtGal),]-2H,0 (2) have a germanium : H,Gal (H,EtGal) ratio of 1:3, in coordination with
Germanium(IV) involved two hydroxyl groups from each ligand, forming an octahedral co-
ordination polyhedron of this metal.

Key words: germanium, gallic acid, ethyl gallate, coordination compounds, IR spectroscopy,
thermogravimetric analysis, ESI mass spectrometry.

Gallic acid (H,Gal) has been used in the production of blue ink and photographic
developers, but it has recently emerged as a high-value compound with important
biological activities such as antioxidant [1-3], anti-inflammatory [4], anticancer [5-7],
and antimutagenicity [8].

According to the authors [9], aliphatic gallic acid esters were prepared, and their
anti-thrombotic effects were evaluated in the mouse thrombosis model. It has been
shown that ethyl ester (H,EtGal) treatment significantly lowered the death rate and
increased the recovery from paralysis due to the thrombotic challenge. The gallic
acid’s methyl, ethyl, and propyl esters were examined for their antimicrobial potential,
preservative efficacy and antioxidant potential. They can be used as lead compounds to
further explore their application as preservative agents in pharmaceuticals and the food
industry [10].

It was found that the cytotoxicity of a drug based on Paeonia lactiflora roots against
human breast cancer cells is primarily related to the presence of gallic acid and methyl
gallate as an essential backbone of pentahaloylglucose in its composition. By studying
the relationship between the structure and activity of gallic acid, it was found that three
hydroxy groups are important for its cytotoxicity. In addition, the drug’s efficacy was
confirmed by increasing its lipid affinity by synthesizing various ester derivatives of
gallic acid [11].

In recent years, at the Department of Inorganic Chemistry and Chemical Education
of the Odesa I.I. Mechnikov National University various metal and various ligand
coordination compounds of germanium(IV) with aliphatic hydroxycarboxylic acids
(tartaric, malic, citric, gluconic) were studied [12-15]. The least studied are the
complexes of this element with carboxylic acids containing aromatic fragments.
The optimal synthesis method of Ge(IV) coordination compound with H,Gal and
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1,10-phenanthroline (phen) in a water solution was developed. During the X-ray
analytics, it was established that [Ge(H,Gal), (phen)] is a different-ligand complex
with a distorted octahedral polyhedron formed with four oxygen atoms of two gallic
acid molecules and two nitrogen atoms of 1,10-phenanthroline. In the crystal, three
molecules are bonded between each other through hydrogen bonds and form a three-
dimensional net [16].

This work continues these studies; its goal is to synthesize germanium(IV)
coordination compounds with gallic acid and ethyl gallate and to research their
composition, structure, and properties.

MATERIALS AND METHODS

The starting reagents (all were purchased from Sigma Aldrich) for the synthesis —
germanium(IV) oxide (GeO,, CAS 1310-53-8, 99.99%)), gallic acid (H,Gal, CAS 149-
91-7), ethyl gallate (H,EtGal, CAS 831-61-8).

Synthesis. In the synthesis of the compounds various molar ratios Ge : ligand =
1:2and 1: 3 were tested. A mixture of GeO, (10 mmol, 1.046 g), H ,Gal (20 mmol,
3,40 g — variant @ and 30 mmol, 5,10 g - — variant b) or H,EtGal (20 mmol, mmol,
3,96 g — variant @ and 30 mmol, 5,94 g - — variant b) was dissolved in 500 mL of water
under heating and evaporated to a volume of 150 mL. When the solutions were cooled
to room temperature, white precipitates of substances 1a, 1a, 2b, 2b formed. They were
separated on a Schott filter, washed with water and dried at room temperature.

Elemental analysis was performed in the C,N,H-analyzer Elemental Analyzer CE-
440. Germanium content was determined by inductively coupled plasma atomic emis-
sion spectroscopy with an Optima 8000 PerkinElmer.

The elemental analysis results of sediments obtained in options a and b were identi-
cal.

Calculated for C, H GeO,, (1) (%): C —42.24, H — 2.68, Ge — 12.17. Found (%):
C—-41.78, H —2.39, Ge — 12.67.

Calculated for C, H, GeO,, (2) (%): C —46.38, H — 4.29, Ge — 10.39. Found (%):
C —45.69,H —4.31, Ge — 10.55.

Thermogravimetric analysis was performed on a Q-1500D device with a heating
rate of 10°C/min in an air atmosphere in the temperature range of 20-1000°C.

The IR spectra in the range of 4000-400 cm™! were recorded as potassium bromide
pellets on a Frontier spectrometer (PerkinElmer). IR spectra were interpreted based on
literature data on the characteristic absorption bands of organic molecules [17-19] and
complex compounds of germanium(IV) and other metals [12-16, 20].

The ESImass spectra were taken on TSQ Fortis Triple Quadrupole Mass Spectrometer
(ThermoFisher Scientific, USA). Sample solutions in methanol were infused with a
Chemyx Fusion 100T2 syringe pump with a 500 pL Hamilton gas-tight syringe no
81265 (1750RNR) at a 20 pL/min flow rate. The electric potential to initiate ESI was
3.0 to 3.5 kV in positive ionisation mode and 2.0 to 2.5 kV in negative ionization mode.
The ion transfer tube temperature was set at 300 °C, the vaporiser temperature was set
at 150 °C, the sheath gas flow was 20 L/min, and the aux gas flow was 6 L/min. Mass
spectra were collected in centroid mode in the m/z range of 50-500 Da using Q1 full
scan mode with FWHM resolution set at 0.4 Da at a scan rate of 250 Da/sec. All spectra
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were measured in methanol-water (1/1, v/v) solutions with complexes about 20-50 pg/
mL concentrations. Isotope distribution was calculated using [21].

RESULTS AND DISCUSSION

The complexes 1 and 2 are white homogeneous substances stable in air. The
elemental analysis revealed that the complexes have a molar ratio of Germanium : gallic
acid (ethyl gallat) = 1:3, regardless of the initial ratio of reactants.

The thermogravimetric study of coordination compounds 1 and 2 showed that
the complexes are hydrates. The thermodecomposition of both compounds is simi-
lar (fig. 1): in the temperature range of 80-200 °C (for 1) and 100-170 °C (for 2), an
endothermic effect with a maximum at 100 °C and 150 °C, respectively, is observed
(fig. 1). This effect is accompanied by a decrease in mass by 3.10% (Am, = 3.02%)
for complex 1 and 5.10% (Am, = 5.15%) for 2, which corresponds to one and two
molecules of crystallisation water, respectively. The final product at 1000°C is GeO,
(Am_ . =79.50%, Am, = 82.46% (1), Am .= 80.0%, Am, = 85.00% (2)).
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Fig. 1. Thermogravigrams of complexes 1 (a) and 2 (b)
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When analyzing the IR spectra of 1, 2 (fig. 2) it was noted that the existence of bound
OH groups in the molecules of the complexes is unambiguously determined by the pres-
ence of a broad band at 3419 and 3436 cm’!, as well as the Ge-O valence vibrations at
833 (for 1) and 829 cm! (for 3).

The coordination of phenoxy oxygen atoms is accompanied by a split of the C | -O-H
strain vibration band from 1266 cm™! in gallic acid to 1268 and 1238 cm™! in complex 1
and by a low-frequency shift of the bending vibration band from 1257 cm™! in ethyl gal-
late to 1221 cm™! in complex 2. The carboxylic group of the gallic acid is uncoordinated
because there are no changes in this area (v(COOH) = 1716 cm™).
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Fig. 2. IR spectra of complexes 1 (@) and 2 (b)

The ESI(-) mass spectrum of compound 1 (fig. 3a) in negative polarity contains the
signal of the gallic acid anion H,Gal™~ (m/z=169), two signals of the complex anions
[Ge(H,Gal),]* (m/z=289), [Ge(H,Gal)(H,Gal),]” (m/z=579) and several signals that can
be formed during fragmentation of the complex anion, e.g. m/z=437, 439, 441.
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In ESI(-) mass spectrum of complex 2 (fig. 3b) also found the signal of the ligand anion
H,EtGal~ (m/z= 197). The signal with m/z= 330 corresponds to the two-charged anion
[Ge(HEtGal),]*, with m/z=663 — to the anion [Ge(H,EtGal)(HEtGal),|". Particles with
signals m/z=481, 483, 495 497 are formed due to the fragmentation of the molecule 2
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Based on the combined results of elemental analysis, thermogravimetry, infrared
spectroscopy, and mass spectrometry, considering the coordination number 6
characteristic of Ge(IV), the structure schemes for the synthesized complexes were
proposed (Fig. 4).
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Fig. 4. Schemes of the structures of complexes 1 (a) and 2 (b)
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Thus, the complexes [[Ge(H,Gal)(H,Gal),]-H,O (1) [Ge(HEtGal)(H,EtGal),]-2H,0

(2) have a germanium : H,Gal (H,EtGal) ratio of 1:3, in coordination with Germa-
nium(IV) involved two hydroxyl groups from each ligand, forming an octahedral coor-
dination polyhedron of this metal.
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CHUHTE3 TA JOCJIII)KEHHS KOOPIUHAIIMHUX CIIOJYK
I'EPMAHIIOUV) 3 TAJIOBOIO KUCJIOTOIO TA ETHJITAJIATOM

Po3pobneno ontuManbHi Metoau cuHTe3y KomiuiekciB [epmanito(IV) 3 ramoBoro kucio-
toro (H,Gal) Ta ermnranarom (H,EtGal) y BomHoMy posumni. Criofyku oxapakTepuso-
BaHO CYYaCHHMH METOJAMH IOCIIUKEHHS: €JIEMEHTHHM aHajli30M, TepMOTpaBiMETpi€ro,
iH(pauYepBOHOIO  CHEKTPOCKOMiclo, — Mac-criekTpomerpieto.  Kommieken  [Ge(H,Gal)
(H,Gal),]-H,0 (1) [Ge(HEtGal)(H,EtGal),]-2H,0 (2) € 6inumu onHOPiTHAME PEUOBHHAMH,
CTIHKMMHM Ha TIOBITpi. BCTaHOBNIEHO, 110 B CHOIYKaX peasi3yeTbCs MOJIbHE CITiBBITHOLICHHS
TepMaHiif : rajmoBa KUcIoTa (eTmwiranar) = 1:3 He3aleXHO BiJl BUXITHOTO CITiBBIIHOIICHHS
pearenTiB. TepMmorpaBiMeTpHYHE JOCIHIUKCHHS KOOPAMHALIMHMX CHOMYK IOKa3ajo, 10
KOMIUIEKCH € Tifpatamu. Tepmopo3man 000X CIONyK MOAIOHWH, B iHTEpBalli TeMIEparyp
80-200 °C cmocrepiraeTbcsi eHAOTEPMIYHUN €(EKT, SKHH CyNPOBOKYEThCS 3MEHIICHHIM
Macu Ha 3,10% nns xomrmekey 1 i Ha 5,10% mns 2, mo BiAmoBizae OmHIN i JBOM Molre-
KyJlaM KpucTaiizauiinoi Boau. Ilpu ananizi [Y-criekTpiB KOMIUIEKCIB JIOBEAEHA HasBHICTh
3B’s3aHUX OH-rpyn B iX Monekynax, iX KOOpAMHAIS 10 [epMaHil0 BH3HAYAETHCS SK CMYy-
o0 BaJIHTHUX KoiauBaHb V(Ge-O), Tak i po3LIeIUIeHHAM cMyTH Ae(opMalifHUX KOJIMBaHb
S(Cph-O-H) = 1266 cm' y ranosiit kucnori g0 1268 i 1238 cm! y xomruiekci | Ta Hu-
3bKOYACTOTHUM 3MIIIEHHSIM CMYTH KoJuBaHb Aedopmaniii Bix 1257 cm! B ermnranari 1o
1221 cm! B xommrekci 2. Kap%OKCI/UILHa rpymna rajoBoi KHCIOTH HEKOOpAMHOBAaHA, MPO
o cBiguuth cmyra V(COOH) = 1716 e, Mac-criekrp ESI(-) criosyku 1 MicTHTh CHTHAT
amiony ramoBoi kucnotn H,Gal™ (m/z = 169), nBa cHrHanm KOMIUIEKCHUX aHiOHIB
[Ge(H,Gal),]* (m/z=289), [Ge(H,Gal)(H,Gal),]” (m/z=579) Ta kinpka curnamis, sKi Mo-
KYTh (bOpMZBaTI/ICH i gac parmeHTanii KoMIuiekcHOro aniony. Y mac-crektpi ESI(-)
KOMILIEKCY 2 TaKo BHSABJIEHO CUIHan aHioHy jiranny H EtGal™ (m/z = 197). Curnan 3 m/z
= 330 BiAMOBIIAE JBO3APSIHOMY aHIOHY Ge(HEtGal)z]z’, 3 m/z = 663 — aHioHY
[Ge(H,EtGal)(HEtGal),] . Yactunku 3 curnanamu m/z = 481, 483, 495 497 yTBoproloThes
BHACIIZOK (parmenTanii monexynan 2. IlokaszaHo, mo y crmoinykax B koopauHamii 3 Ie-
pmaniem(IV) GepyTh y4acTb 1Bi TiAPOKCHIIBHI TPYNHU BiJ KOXXHOTO JIraHIy, YTBOPIOIOUH
OKTaePUYHUI KOOPAMHALIHWIA TTostienp.

Kirouosi cioBa: I'epmaniif, rajmoBa KHCIOTa, €TWITanaT, KOOPAMHALINHHI CIOIYKH,
I4 cnexrpockomis, TepMorpasimerpuunmii anaiis, ESI mac-criekrpomerpist.
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