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Synthesis, physical, chemical and biological properties
of 7-ethylxanthinyl-8-aminoalkanoic acids’ derivatives
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Modern antibiotics and synthetic antimicrobial agents play a leading role in the treatment of bacterial infections. Despite their effectiveness,
they cause a number of side effects, and thus the search for new antimicrobial and antifungal agents is currently one of the problems
of pharmaceutical science of current interest. Literary data suggest that xanthine derivatives exhibit activity in relation to some strains
of pathogenic microorganisms and fungi.

The aim of this work is to develop a method for the synthesis of new derivatives of xanthine-8-aminoalkanoic acids and to study their
physical and chemical properties, as well as their antimicrobial and antifungal effects.

Materials and methods. The melting point has been determined with the help of an open capillary method with PTP-M device. Elemental
analysis has been performed with the help of the instrument Elementar Vario L cube, NMR-spectra have been taken on a spectrometer
Bruker SF-400 (operating frequency of 400 MHz, solvent DMSO, internal standard — TMS). Study of antimicrobial and antifungal activity
of synthesized compounds has been performed by a two-fold serial dilution method. Standard test strains have been used for the study:
Escherichia coli ATCC 25922, Staphylococcus aureus ATCC 25923, Pseudomonas aeruginosa ATCC 27853, Candida albicans ATCC
885-653. Dimethylsulfoxide was used as the solvent of the compounds.

Results. The reaction of 8-brom-7-ethylxanthines with an excess of the corresponding aminoalkanoic acid in an aqueous DMF medium
in the presence of an equimolar (in relation to the amino acid) amount of baking soda leads to the formation of the corresponding
7-ethylxanthinyl-8-aminoalkanoic acids. Structure of synthesized compounds was definitely proved by 'H NMR-spectroscopy. Conducting
primary screening research of antimicrobial activity of 7-ethylxanthinyl-8-aminoalkanoic acids derivatives, which revealed moderate and
weak activity in concentrations 50-100 mcg/ml.

Conclusions. A preparative method of synthesis of not described in the literature 7-ethylxanthinyl-8-aminoalkanoic acids is developed.
The structure of the synthesized compounds has been proved with the help of data of the 'H NMR spectroscopy. The antimicrobial and
antifungal effects of the obtained compounds have been studied. The perspective of xanthine-8-alkanoic acids for the further search of
biologically active compounds is shown.

CuHTe3, hizuko-XimiuHi Ta 6ionoriuni BNacTMBOCTI NOXiAHWX 7-eTUNKCAHTUHIN-8-aMiHOaNKaHOBKX KUCTOT

O. . fonrix, M. |. PomaneHko, A. I". IBaHueHko, K. B. Anekcangposa, H. M. Moniwyk

CyyacHi aHTUBIOTMKM Ta CUHTETWUYHI NPOTUMIKPOOHI 3acobm nocigaroTb YinbHe MicLie B NikyBaHHi GakTepianbHWX iHeKuin. HeaBaxatoum
Ha iXHI0 eOEKTUBHICTb, BOHW BUKINMKAOTb HU3KY NOBIYHUX EQEKTIB, @ OT)KE MOLLYK HOBUX MPOTUMIKPOOHWMX i MPOTUrpuBKOBMX 3aCO6iB HUHI
€ OfHi€l0 3 HanakTyanbHiwwx npobnem gapmavesBTVyHOI Hayku. [laHi haxoBoi niTepaTypu cBigyaTh, O NOXiAHI KCAHTWUHY BUSBNSAIOTbL
aKTMBHICTb LIOAO AESIKMX LUTaMIiB NaTOreHHMX MikpoopraHiamis i rpubis.

Meta po6otu — po3pobka METOAY CUHTE3Yy HOBMX MOXIAHWX KCAHTUHIM-8-aMiHOAIKaHOBMX KUCHOT i BUBYEHHS iXHIX (Di3VKO-XiMiUYHUX

Matepianu Ta metoau. Temnepatypy nnaBneHHs BU3Ha4anm BigkpUTUM KaninspHum cnocobom Ha npunagi MTM-M. EnemeHTHUIN aHani3
BUKOHanw Ha npunagi Elementar Vario L cube, MMP-cnekTpw 3HsTi Ha cnektpomeTpi Bruker SF-400 (poboya yactota 400 MITL, po34uHHMK
OMCO, BHyTpiLuHin cTaHaapT — TMC). BueyeHHst aHT1bakTepianbHoi Ta NpoTUrprbKOBOT aKTUBHOCTI CUHTE30BaHWUX PEYOBWH 3AiMCHNIN
3a METOLOM [1IBOPa30BMX CEPilHKX po3BeaeHb. [N JocnimKeHHs 3aCTocyBanum ctaHaapTHi TecT-wramu: Escherichia coli ATCC 25922,
Staphylococcus aureus ATCC 25923, Pseudomonas aeruginosa ATCC 27853, Candida albicans ATCC 885-653. Ak po34MHHIK CMOSyK
BUKOPUCTOBYBaNM AUMETUNCYNbGOKCUA.

Pesynkratu. Peakuisi 8-6pomo-7-eTUNKCaHTWHIB i3 HaOMULLKOM BignoBiAHOT aMiHOaKaHOBOI KUCMOTK B cepeaoBuLi BogHoro IM®A 3a
HasiBHOCTi EKBIMOMNSAPHOI (LLLOAO aMiHOKMCNOTH) KiNlbKOCTi Xap4oBOi COAM NPU3BOANTL 40 YTBOPEHHS BiAMNOBIAHMX 7-€TUIKCAHTUHIN-8-aMmi-
HoankaHoBMX KCOT. CTPYKTypa CUHTE30BaHWX Crosyk 0f4HO3Ha4YHO AoBeaeHa Metogom 'H AMP-cnekTpockonii. [JocnimkeHHs npoTumi-
KpOGHOI Aii CMHTE30BaHMX CMOMyK Mokasanw, Lo MoXiaHi 7-eTUNKCaHTUHIN-8-aMiHoankaHoBKX KUCNOT BUSIBMSIOTL NMOMIPHY Ta criabky
aKTUBHICTb Y KOHLeHTpauisx 50—100 mkr/mn.
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BucHoBku. Po3pobneHa npenapaTtBHa MeToamMKa CUHTE3Y HEOMCAHMX Y axoBiii NiTepaTypi 7-eTUNKCaHTUHIN-8-aMiHOaKaHOBKX KUCTIOT.
3a ponomoroto faHux cnektpockonii 'H AMP poeeneHa bynosa crHTE30BaHMX cronyk. BueyeHa npotumikpobHa Ta npoturpubkosa gis
CMoIyK, Lo oTpumManu. lNokasaHa NepcnekTUBHICTb KCaHTUHIN-8-ankaHoBWX KUCMOT ANs AanbLUoro NoLuyKy 6ionoriyHo akTUBHUX CMOMYK.

Kntouogi crnoea: KCaHTUH, opraHiyHuin cuHTes, MMP-cnekTpockonis, aHTubakTepianbHi, NpoTurpubkosi 3acobu.
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CuHTe3, (hM3NKO-XMMHUYECKME U Ouonoruyeckme CBOWCTBa NPOU3BOAHLIX 7-9TUNKCAHTUHUN-8-aMUHOANKAHOBbIX KUCNOT
O. M. Jonrux, H. W. PomaHeHko, [. I". MiBaH4eHko, E. B. Anekcangposa, H. H. Monuiyk

CoBpeMeHHble aHTUBUOTUKI U CUHTETUYECKIE NPOTUBOMUKPOGHBIE CPEACTBA 3aHUMAIOT NMAMPYIOLLEE MECTO B NieYeHUMn BakTepuarbHbIX
MHCEKLMIA. HecMOoTps Ha UX 3 EKTUBHOCTb, OHY BbI3BIBAKOT Psif, MOGOUHLIX 3G HEKTOB, CriefoBaTENbHO, NOMUCK HOBbIX MPOTUBOMUKPOD-
HbIX 1 NPOTVBOrPUBKOBbLIX CPEACTB — OHA U3 CaMblX akTyasbHbIX Mpobrem dapmaLieBTUYecKoii Hayk. [laHHble crieLmanyuanpoBaHHoi
nuTEpaTypbl CBUAETENLCTBYIOT, YTO MPOU3BOAHBIE KCAHTWHA MPOSIBMSIOT aKTUBHOCTb B OTHOLLEHWUW HEKOTOPbIX LUTAMMOB NaTOreHHbIX
MWUKPOOPraH13MOB 1 rprGoB.

Lenb pa6OTbI - pa3pa60TKa MeToda CMHTE3a HOBbIX MPOM3BOAHbIX KCaHTUHUI-8-aMMHOaNKaHOBbIX KUCIIOT 1 n3yyeHune nx Ct)I/I3I/IKO-XVI-
MWYECKMX CBOWCTB, I'IpOTMBOMVIKpO6HOFO n I'IpOTI/IBOFpM6KOBOFO OevicTBmS.

MaTepuansi n metoabl. TeMnepatypy nnaBneHWUst onpeaensny OTKpPbITEIM KanunispHelM CnocoboM ¢ Mcnonb3oBaHueM npubopa
MTM-M. 3nemMeHTHbI aHanu3 BeINONHUAKM Ha npubope Elementar Vario L cube, MMP-cnekTpbl cHaTbl Ha cnekTpomeTpe Bruker SF-400
(paboyas yactota 400 MI'y, pacteoputens AMCO, BHyTpeHHwii cTaHgapT — TMC). M3yyenne aHTubakTepuanbHoi 1 NpoTMBOrprOKOBOM
AKTUBHOCTN CUHTE3VPOBAHHbIX BELLECTB NPOBOAMNVM MO METOAY ABYKPATHbIX CEPUIHBIX pa3BeaeHwit. [Jnsa uccneqoBaHns UCMonb30Banich
CTaHfapTHble TecT-WwTaMmbl: Escherichia coli ATCC 25922, Staphylococcus aureus ATCC 25923, Pseudomonas aeruginosa ATCC 27853,
Candida albicans ATCC 885-653. B ka4ecTBe pacTBOpUTENst COEANHEHWUI NCMOMb30BaN AMMETUNCYNbGOKCHA.

Pesynirathl. Peakuusi 8-6pom-7-3TUNKCAHTUHOB € U3OLITKOM COOTBETCTBYIOLLEN aMUHOANKAHOBOWM KUCMOTLI B cpefe BogHoro JM®A
B NMPUCYTCTBUW 3KBUMOMSPHOTO (MO OTHOLLEHWUIO K @MUHOKWUCIIOTE) KOMMYeCcTBa NULLEBON cofbl BedeT K 06pasoBaHWio COOTBETCTBYHO-
WX 7-3TUNIKCAHTUHWUN-8-aMMHOAmNKaHOBbIX KMCNOT. CTPYKTypa CUHTE3UPOBAHHLIX COEAMHEHUIn OAHO3HAYHO AokasaHa meTtoaom 'H
AMP-cnekTpockonuu. ViccnegoBaHue NnpoTMBOMUKPOOHOMO AEACTBUS CUHTE3NPOBAHHBLIX COEAMHEHNIA MOKa3ano, YTO TMONPOWU3BOAHbIE
7-3TUIKCAHTUHUIT-8-aMMHOANKaHOBBIX KMCIIOT NPOSIBISAT YMEPEHHYH 1 criabyto akKTUBHOCTb B KOHLEHTpauusx 50—100 mkr/mi.

BeiBoakl. PaspabotaHa npenapaTtvBHas METOAMKA CUHTE3a HEOMUCAHHBIX B CMELannmanpoBaHHoN Iutepatype 7-3TUKCaHTUHWI-8-
aMWHoanKaHoBbIX KCMOT. C NOMOLLbIO AaHHbIX cnekTpockonum 'H AMP [oka3aHo CTPOEHUE CUHTE3MPOBaHHbIX COEAUHEHUIA. M3yyeHo
NPOTUBOMUKPOBOHOE 1 NPOTUBOrPMOKOBOE AECTBME MOMYYEHHbIX coeanmHeHui. Moka3aHa NepcnekTUBHOCTb KCAHTUHMN-8-ankaHOBbIX
KUCNOT ANt AanbHENLLero novcka 61onornyeckn akTUBHLIX COEAVHEHUIA.

KnioueBkle crioBa: KCaHTUH, opraHudeckuin cuHtes, NMMP-cnekTpockonus, aHTubakTepmarnbHbie, NPOTUBOrpUBKOBLIE CPEACTBA.
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Modern antibiotics and synthetic antimicrobial agents play a
leading role in the treatment of bacterial infections. Despite
their effectiveness, they cause a number of side effects, and
thus the search for new antimicrobial and antifungal agents
is currently one of the problems of pharmaceutical science
of current interest. Literary data suggest that xanthine deriva-
tives exhibit activity in relation to some strains of pathogenic
microorganisms and fungi [1-6].

The aim

The aim of this work is to develop a method for the synthesis
of new derivatives of xanthine-8-aminoalkanoic acids and to
study their physical and chemical properties, as well as their
antimicrobial and antifungal effects.

Materials and methods

Reagents from Merk, Avocado, Aldrich companies were
used for synthesis.

The melting temperature was determined by an open capi-
llary method on the PTP-M device (device for determining
the temperature of melting solids, Russia). The elemental
analysis was performed on the Elementar Vario L cube device

(Elementar Analysensysteme GmbH, Germany), the NMR
spectra were taken on a Bruker SF-400 spectrometer (Bruker
Corporation, Germany) (400 MHz operating frequency,
DMSO solvent, TMS internal standard). Elemental analysis
data is in line with the calculated ones.

Analytical data of synthesized compounds are given in
Tables 1, 2.

Table 1. Physical and chemical characteristics of synthesized
compounds (3—10)

q The empirical K

3 >300 C,HNO, 407
4 >300 C,HN.O, 446
5 208299 | C H,N,0, 429
6 214-215 | C H, N0, 44.1
7 244-245 | CH, N0, 407
8 189-190 | C,H,N.0, 433
9 232-233 | C,H,N.0, 438
10 201-202 | CH,N.0, 53.4
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Table 2. The values of the chemical shift in 'H NMR-spectra of synthesized compounds (3-10)

(o]

R\N)‘TN/\
O)\N N/)\H—(CHZ)n-COOH

5-scale, ppm

N'H C*NH N’CH NCH CHC :

3 H 1 |1059 7.38 4.00 3.19 395(d,2H) | 1.18 12.60

4 CH, |1 |- 7.35 4.05 325,310  |395(d,2H) [1.18 -

5 H |2 |1055 7.03 3.93 3.21 344(q, 2H) | 1.08 12.09 2,52 (t, 2H) - CH,CO0

6 CH, |2 |- 7.03 393 325,310  |346(q,2H) [1.09 = 2,52 (t, 2H) - CH,CO0
2.24 (t, 2H) - CH,COO

7 H |3 |1052 6.98 3.95 322 335(q,2H) | 1.11 12.04 1175 (m. 2H) — CEH,

. 2.24 (t, 2H) - CH,COO

8 CH, (3 |- 6.97 3.98 3253110 |335(q,2H) |1.10 12.00 175 (m, 20) - CCH,
217 (t, 2H) - CH,C00

9 H |5 |1052 6.88 3.96 323 333(q,2H) | 1.10 11.94 1.49 (m, 4H)— CCH,; 1.25
(m, 2H) - CCH,
2.14 (t, 2H) - CH,CO0

10 CH, |5 |- 6.90 3.99 329,312  |333(q,2H) [1.12 11.92 150 (m, 4H)— CCH,; 1.26
(m, 2H) - CCH,

Synthesis of 8-brom-3-methyl-7-ethylxanthine (1) is
described in work [7], and the synthesis of 8-brom-7-ethyl-
theophylline (2) is in work [8].

Synthesis of 7-ethylxanthinyl-8-aminoalkanoic acids
(3—10). A mixture of 0.01 mol of 8-brom-7-ethylxanthine
1 or 2, 0.025 mol of the corresponding amino acid, 2.1 g
(0.025 mol) of NaHCO,, 15 ml of water and 25 ml of DMF
are boiled for 6 hours, cooled; 50 ml of water are added, then
the mixtures are filtered. The filtrate is acidified to pH = 2
with chloric acid. After two days, the precipitate is filtered
off, washed with cold water, and purified by redeposition
from aqueous solutions of soda.

The study of antibacterial and antifungal activity of syn-
thesized substances was carried out by the method of serial
dilutions. For the study, standard test strains were used:
Escherichia coli ATCC 25922, Staphylococcus aureus ATCC
25923, Pseudomonas aeruginosa ATCC 27853, Candida
albicans ATCC 885—-653. All test strips were obtained from
the laboratory of the Zaporizhzhia Regional Laboratory Cen-
ter of State Sanitary and Epidemiological Service of Ukraine.

Basic solution was prepared by dissolving 1 mg of syn-
thesized compound in 1 mL of DMSO. The dilution with
the concentration of substance 200 pg / mL was prepared by
the adding of 4 mL of Muller-Hinton broth [9] (for 25923
S. aureusATCC, E. coli ATCC 25922, P. aeruginosa ATCC
27853) or Sabouraud broth [9] (for C. albicans ATCC
885-653) to basic solution. Series of two-fold dilutions
were used for preparation of three additional solutions with
concentrations 100, 50, 25 pg/mL respectively (1 mL each).
The suspension of microbial culture (0.1 mL) was added

into each test tube. The test tubes with S. aureus, E. coli,
P aeruginosa crops were incubated at 37 = 1 °C for 16-24
hours, with C. albicans crops —at 28 + 1 °C for 44-48 hours.
Minimum inhibitory concentration (MIC) was determined
by visual absence of bacterial growth in the test tube with
minimal concentration of investigated compound [10-12].

For determination of minimum bactericidal concentration
(MBC) and minimum fungicidal concentration (MFC),
the content of test tube after MIC determination with no
bacterial growth was inoculated on 0.1 mL of Muller—Hinton
agar [9] (for S. aureus, E. coli, P. aeruginosa) or on 0.1 ml of
Sabouraud agar [9] (for C. albicans); cups were incubated at
3741 °C for 16-24 hours and at 28 + 1 °C for 44-48 hours
respectively. Values of MBC and MFC were detected by
visual absence of bacterial growth of cultures.

Furacilinum and ketoconazole were used as comparison
benchmarks. The results of the study of antimicrobial and
antifungal activity are shown in 7able 3.

Results and discussion

As shown in the scheme (Fig. 1), the reaction of 8-brom-7-
ethylxanthines (1,2) [7,8] with an excess of the corresponding
aminoalkanoic acid in an aqueous DMF medium in the pres-
ence of an equimolar (in relation to the amino acid) amount
of baking soda leads to the formation of the corresponding
7-ethylxanthinyl-8-aminoalkanoic acids (3—10).

It must be said that without the addition of soda, the re-
action does not occur because amino acids exist in the form
of internal salts. Acquired acids 3—10 are white crystalline

12
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Table 3. Antibacterial and antifungal activity of synthesized compounds

Compound
MIC, mcg/ml | MBC, mcg/ml | MIC, mcg/ml | MBC, mcg/ml | MIC, mcg/ml | MBC, mcg/ml | MIC, mcg/ml | MFC, mcg/ml
3 100 200 100 200 100 200 50 100
5 100 200 50 200 100 200 50 50
7 100 200 50 200 100 200 50 50
9 100 200 50 200 100 200 50 50
Furacilinum 125 12.5 6.25 50 50 800 - -
Ketoconazole - - - - - - 25 50
O o
R S R S~
N N H_N-(CH,) -COOH °N N
A A o g L
07 N7 N7 Br H.O0-DMF 07 >N"">N"">N-(CH,), -COOH
| H (NaHCQ,) [ H H
1,2 3-10 R=H, CH,
n=1-3,5

Fig. 1. Scheme of synthesis of 7-ethylxanthinyl-8-aminoalkanoic acids (3—-10).

compounds soluble in dioxane, DMF, DMSO, slightly so-
luble in water and ether. The presence of a carboxy group
is confirmed by reaction with an aqueous solution of soda
(excretion of CO,).

Finally, the structure of xanthynyl-8-aminoalkanoic
acids 3-10 is proved by '"H NMR spectroscopy (Table 2). In
the NMR spectrum of 7-ethyl-3-methylxanthinyl-8-amino-
butyric acid (3), two singlets are clearly fixed at 10.59 ppm
and 3.19 ppm with a 1:3 intensity distribution, which proves
the presence of N'H- and N’CH,-groups of the uracil part
of the molecule. The presence of the N’-ethyl substituent
is proved by a quartet of 4.0 ppm and a triplet at 1.18 ppm.
The NH-group proton in position 8 is recorded in the form
of a triplet at 7.38 ppm, and protons of the methylene group
form a double at 3.95 ppm. In the weakest field, the proton
carboxy group is registered in the form of a common singlet
at 12.6 ppm. In spectra of other acids, proton signals are re-
corded in the corresponding field corresponding to the form
and intensity.

It should be emphasized separately that all the synthesized
xanthynyl-8-aminoalkanoic acids 3—10 are basic compounds
for further modification of the xanthine molecule, both along
the uracil fragment and the carboxy group.

Analysis of the results of the study of the antimicrobial
and antifungal effects of the synthesized compounds (7able
3) indicates that they are practically inactive in relation to
E. coli and P. aeruginosa (their MIC is 100 mcg/ml). Most
of the compounds exhibit moderate activity in relation to
S. aureus. Thus, the administration of glycine to position 8
of the 7-ethyl-3-methylxanthine molecule does not lead to
antimicrobial activity in relation to S. aureus (MIC = 100
mcg/ml). Replacement of glycine with aminopropane,

aminobutane or aminocaproic acid leads to an increase in
antibacterial activity twice (MIC = 50 mcg/ml). It should be
noted that the lengthening of the carbon chain in the position
8 of the xanthine nucleus does not affect the bactericidal
activity (MBC =200 mcg/ml). Compounds 3, 5, 7, 9 exhibit
a moderate antifungal effect (MIC = 50 mcg/ml) and this
indicator is not affected by the length of the carboxylic chain
of the aminocarboxylic acid. For the final conclusions, it is
necessary to significantly expand the library of 7-ethylxan-
thynyl-8-aminoalkanoic acids.

The aforementioned above clearly demonstrates that the ex-
pansion of a number of xanthine-8-alkanoic acids and their
structural modification may lead to the creation of effective
drugs of the noted action.

Conclusions

1. A preparative method of synthesis of not described
in the literature 7-ethylxanthinyl-8-aminoalkanoic acids is
developed.

2. The structure of the synthesized compounds has been
proved with the help of data of the 'H NMR spectroscopy.

3. The antimicrobial and antifungal effects of the obtained
compounds have been studied.

4. The perspective of xanthine-8-alkanoic acids for the fur-
ther search of biologically active compounds is shown.
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