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The work is devoted to development of the method for the synthesis of 8-amino-7-(2-hydroxy-2-
phenylethyl)-3-methylxanthines and the study of their physicochemical and biological properties.
Purine derivatives have long been used as antiviral agents (acyclovir, ganciclovir, etc.) in medical
practice, and further research to find new antimicrobial and antiviral agents among purine derivatives
are justified and promising. Reactions of 8-bromo-7-(2-hydroxy-2-phenylethyl)-3-methylxanthine with
the primary and secondary amines proceed when boiling in the aqueous dioxane medium with
formation of the corresponding 8-amino derivatives. The structure of the compounds synthesized has
been confirmed by the results of elemental analysis and the data of 'TH NMR-spectrometry. Proton
signals of the uracil moiety of the molecule in the spectra of all compounds are recorded as two singlets
of the corresponding intensity in the range of 10.98-10.54 ppm (NH) and 3.38-3.26 ppm (N°CH,).
Protons of the substituent in position 7 form several groups of signals with the corresponding intensity.
Aromatic proton signals are recorded as multiplets in the range of 7.46-7.18 ppm. The proton signal
of the secondary alcohol group is fixed in the form of a doublet at 5.78-5.45 ppm. Intensity, shape and
location of other proton signals fully correspond to the structure of the compounds synthesized. For
the initial screening study of the new substances synthesized the reference testing cultures of both
gram-positive and gram-negative bacteria and fungi, which belong to clinically significant groups of
causative agents of infectious diseases that are different by their morphophysiological properties, have
been used. 7-(2-Hydroxy-2-phenylethyl)-8-(4-methylpiperidine-1-yl)-3-methylxanthine has exhibited
the antimicrobial and antifungal activity against Staphylococcus aureus and Candida albicans, and it
is higher than that of the reference drugs — ampicillin and nistatine. The regularities in the «chemical

structure — biological activity» relationship have been determined.

It is well known that the most promising direction
for creation of new synthetic drugs is the structural mo-
dification of the known drugs of the natural origin. The
xanthine derivatives play a special part in this regard
since a great number of effective drugs (diprophyllinum,
etofylline, theofibrate, trental, etc.) has been created on
the basis of 1,3-dimethylxanthine (theophylline), and 3,7-
dimethylxanthine (theobromine) [3]. Recent studies indi-
cate that 7,8-disubstituted xanthines reveal a wide range of
the pharmacological activity [2, 5-10], therefore, further
synthetic and biological studies in this series of hetero-
cyclic compounds are well justified.

The aim of our work was the synthesis of xanthine
derivatives previously undescribed and the study of their
biological action.

Materials and Methods

The melting point was determined by the open capillary
method on a PTP-M device (a device for determining the
melting temperature of solid substances, Russia). Elemental
analysis was performed on an Elementar Vario L cube de-
vice (Germany), The PMR-spectra were taken on a Bruker
SF-400 spectrometer (Germany) (the working frequency —
400 MHz, the solvent — dimethylsulfoxide (DMSO), the in-
ternal standard — tetramethylsilane). The data of elemental
analysis corresponded to the calculated ones.

The analytical data of the compounds synthesized are
given in Tab. 1, 2.

The assessment of the antimicrobial and antifungal
activity was carried out using the standard test strains of
microorganisms obtained in the bacteriological labora-
tory of the SI “Zaporizhzhia Regional Laboratory Centre
of the State Sanitary and Epidemiological Service of Uk-
raine”. Such strains as Escherichia coli (ATCC 25922),
Staphylococcus aureus (ATCC 25923), Pseudomonas aeru-
ginosa (ATCC 27853), Candida albicans (ATCC 885-653)
were used in our studies. The sensitivity of microorga-
nisms to the new promising antimicrobial compounds
synthesized was determined according to the methodical
recommendations [1]. To incubate bacteria the Mueller-
Hinton broth and agar (pH 7.2-7.4) were used, and for
fungi the Sabouraud’s medium (pH 6.0-6.8) was applied.

The minimal inhibitory concentration (MIC) was de-
termined. Dimethylsulfoxide (DMSO) was used as a sol-
vent for the compounds in our studies, the initial solu-
tions were adjusted to the concentration of 1 mg/ml.
Additionally, monitoring of nutrient media and the sol-
vent was performed using conventional methods. As the
reference drugs ampicillin (PJSC “Kyivmedpreparat”,
Ukraine) and nistatine (PJSC SIC “Borshchahivskiy
CPP”, Ukraine) were used.
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Table 1
The values of the chemical shift in PMR-spectra of 8-amino-7-(2-hydroxy-2-phenylethyl)-3-methylxanthines
T O-scale, ppm
>
o)
a | NH . OH | OCH N’CH, N:CH, .
g (c, 1H) CH, om C8NH W, 1) | m, 1H) | (m, 20 (s, 3H) Other signals
O
1 11.40 7.38 (m, 5H) - 5.92 5.11 4.40-4.15 3.23 -
7.42 (d, 2H); 7.36 6,52 : 1.94-1.59 (m, 5H);
2 10.66 (t 2H);:7.29 (4, 1H) | (d, TH) 5.51 494 4.17-4.12 3.30 1.33-1.29 (m, 5H); 3.61 (m, 1H)
3 10.66 |7.44-7.22 (m, 10 H) (,(6’19ﬁ) 5.72 494 4.17-4.05 3.26 453 (t, 2H)
7.46 (d, 2H); 7.29 ) 7.63 (s, TH); 6.43 (t, TH);
4 10.73 7.38 (m, 3H) t, 1H) 5.72 4,96 4.14-4.10 3.32 6.36 (d, TH); 4.54 (t, 2H)
6,73 3.60 (m, 4H); 3.38 (m, 2H);
5 10.60 | 7.40-7.21 (m, 5H) t 1H) 5.78 492 4.20-3.93 3.30 2.41 (m, 6H)
] 6,74 ] 3.60 (m, 4H); 3.37 (m, 2H);
6 10.61 7.44-7.27 (m, 5H) t 1H) 5.69 492 4.12-4.03 3.30 2.34 (m, 6H); 1.69 (m, 2H)
5.06 4.19
7 10.87 | 7.38-7.35(m, 5H) - 5.67 (t TH) (d, 2H) 3.32 2.96 (s, 6H)
8 10.90 | 7.36-7.26 (m, 5H) - 5.67 5.12 4.12-4.09 3.32 3.24 (qv, 4H); 1.08 (t, 6H)
] - 465 (d, 1H); ,
9 10.88 | 7.36-7.23 (m, 10H) 5.75 5.09 446(d, 1H) 3.32 414 (s, 2H); 2.87 (s, 3H)
) B 4.26 3.62 (t, 2H); 3.47 (t, 2H);
10 | 10.65 | 7.36-7.23 (m, 5H) 5.65 4.87 (d, 2H) 3.28 1.85 (m, 4H)
] ] 3.19 (m, 2H); 2.94 (m, 2H);
11 10.95 | 7.33-7.22 (m, 5H) - 5.68 5.08 4.15-4.01 3.32 1.53 (m, 6H)
3.65 (d, TH); 3.18 (d, TH);
12 | 1097 | 7.37-7.18 (m, 5H) - 5.71 5.1 4.12-4.03 3.30 2.80 (m, 2H); 1.70-1.09 (m,
5H); 0.93 (d, 3H)
] } 3.49 (m, 4H); 1.75 (m, 4H);
13 | 10.57 | 7.32-7.22 (m, 5H) - 5.59 4,98 420-4.13 3.30 1,59 (m, 4H)
] B ] 3.65 (m, 4H); 3.29 (m, 2H);
14 10.98 7.39-7.20 (m, 5H) 5.72 5.13 4.17-4.10 3.30 2.95 (m, 2H)
) 3.28 (m, 2H); 2.98 (m, 2H);
15 | 10.92 7.30 (m, 5H) - 5.69 5.12 4.18-4.05 3.30 239 (m, 4H); 2.20 (s, 3H)
3.38
) ) 3.07 (m, 2H); 2.45 (m, 4H);
16 | 1054 | 7.42-7.18 (m, 5H) - 545 5.22 4.15-4.0 (nlw\iéi:)+ 2.40 (qv, 2H); 1.08 (t, 3H)
2

Results and Discussion

8-Bromo-7-(2-hydroxy-2-phenylethyl)-3-methyl-
xanthine (1) previously synthesized [4] by the interac-
tion of 8-bromo-3- methylxanthine with phenyloxirane
was selected as a starting compound. The reactions of
bromoxanthine 1 with the primary and secondary amines
were studied. It has been found that regardless of the
amine structure boiling of the synthons specified in the
aqueous dioxane medium leads to formation of the cor-
responding 8- amino derivatives 2-16 (Scheme). The com-
pounds obtained are white crystalline substances, inso-
luble in water and soluble in hot ethanol, propanol-2,
dioxane-1,4, dimethylformamide (DMF), DMSO. Com-
pounds 5, 6, 15, 16 containing the basic nitrogen atoms
are readily soluble in dilute acids, and this fact can be
used in further studies.

The structure of the compounds synthesized has been
proven on the basis of the data of PMR-spectroscopy
(Tab. 1). Proton signals of the uracil moiety of the mole-

cule in the spectra of all compounds are recorded as two
singlets of the corresponding intensity in the range of
10.98-10.54 ppm (NH) and 3.38-3.26 ppm (N*CH,).
Protons of the substituent in position 7 form several groups
of signals with the corresponding intensity. Aromatic pro-
ton signals are recorded as multiplets in the range of
7.46-7.18 ppm. The proton signal of the secondary alco-
hol group is fixed in the form of a doublet at 5.78-5.45 ppm.
The presence of the chiral centre conditions multiplicity
of signals of the methylene and methine protons of the
substituent, they are fixed at 5.22-4.87 ppm (CHO) and
4.18-3.93 ppm (N'CH,). The exception is §-dimethyl-
aminoxanthine 7, in its spectrum the methylene and me-
thine protons are registered as a classical doublet and
triplet, respectively. In the spectrum of 8-N-methylben-
zylamino derivative 9 the methylene protons of the sub-
stituent in position 7 form two doublets at 4.65 ppm (1H)
and 4.46 ppm (1H). The methylene protons of 8-N-py-
rolidiniumoxanthine 10 are registered as a doublet at
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Table 2

The physicochemical characteristics of the compounds
synthesized (2-8)

Table 3
The biological activity of the compounds synthesized

c g MIC, pg/ml

iri ompoun

Compound M. p.,°C Th?oirr?qzllgcal Yield, % P E.coli | S.aureus | P.aeruginosa | C. albicans
2 259 C,oH,.N.O, 51.8 3 100 50 100 100
3 220-221 C,,H,,N.O, 64.1 5 100 | 200 100 100
4 196-197 CoH16NsO, 34.6 6 100 100 100 25
5 205-206 C,oHN.O, 43.9 5 200 | 200 100 100
6 200-201 C,1H,N,O, 51.1
7 221-222 C,.H,.N.O, 69.6 10 200 | 25 100 50
8 203-204 C,gH,5sN.O, 48.0 11 100 400 100 100
9 206-207 C5,HyNSO; 32.5 12 100 6.25 50 25
11 215 C,,H,5N O, 65.0

14 100 200 100 100

12 217-218 CyoH,sN.O, 63.1
13 209-210 C,oH,.N.O, 50.0 15 100 | 100 50 50
14 207-208 C,.H,,N.O, 40.5 16 100 100 100 100
15 229-230 C,,H,,NO, 473 Ampicillin | 12.5 50 25 -
16 212-213 CooHoNO, 45.0 Nistatine | 200 | 100 100 50

4.26 ppm (2H). In the spectra of aminoxanthine 2-6 the
protons of the NH-group in position 8 are clearly re-
corded in a weak field at 6.74-6.52 ppm (1H) as triplets
or a doublet in the case of the cyclohexylamino sub-
stituent 2. Intensity, shape and location of other proton
signals of the amine residue in position 8 fully corres-
pond to their structure.

The analysis of the data concerning the study of the
antimicrobial and antifungal action of the compounds
under research (Tab. 3) shows that the amino alcohols

HzCﬂ (4);

0 (0N~

o »
(6) HN (0]
(H2C)3/N\/ / |
(0]

synthesized exhibit a moderate inhibitory action against
the strains studied. It should be noted that 8-(4-methyl-
piperidine-1-yl)xanthine 12 shows the high activity aga-
inst S. aureus and C. Albicans, whereas unsubstituted
piperidinoxanthine 11 does not almost show any activity.
Extension of the heterocyclic ring (13), introduction of
atoms of oxygen (14) or nitrogen (15, 16) does not lead
to increase in the antimicrobial or antifungal activity.
Only N-methylpiperazine xanthine 15 reveals a marked
inhibitory effect on the growth of Ps. aeruginosa and
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C. albicans in the concentration of 50 pg/ml. 8-Pyroli-
dinium xanthine 10 (25 pg/ml) also has the high inhibi-
tory activity against S. aureus. In addition to the most
active compound 12, morpholinopropylaminoxanthine
6 (25 pg/ml) exhibits the high antifungal activity. Re-
duction of the carbon chain by one methylene group (5),
or a direct bond of the morpholine core with a carbon
atom in position 8 (14) lead to a sharp decrease in the
antifungal activity.

The above facts clearly demonstrate reasonability
and prospects for further search of antimicrobial and
antifungal agents in the series of xanthines, especially
among their 8-heteryl substituents. For final conclu-
sions it is necessary to significantly expand both the

spectrum of pathogenic microorganisms, and the num-
ber of the compounds synthesized.

CONCLUSIONS

1. The simple laboratory method for the synthesis of
8-amino-7-(2-hydroxy-2-phenylethyl)-3-methylxanthi-
nes — potential biologically active compounds and the
initial synthons has been developed for further structural
modification of the xanthine molecule.

2. The PMR-spectroscopic studies of the compounds
synthesized have been conducted, and their structure has
been confirmed.

3. The activity of the substances obtained against
Escherichia coli, Staphylococcus aureus, Pseudomonas
aeruginosa, Candida albicans has been studied.
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CUHTES3, ®I3UKO-XIMIYHI TA BIONOrI4YHI BITACTUBOCTI 8-AMIHO-7-(2-MNAPOKCU-2-

DEHINETUIM)-3-METUITIKCAHTUHIB

M.l.PomaHeHko, [.I"IeaHyeHko, M.B.Ha3zapeHko, M.B.[s4koe, O.M.KamuwHui, H.M.lMoniwyk
Knroyoei crnoea: kcaHmuH; opeaHiyHuti cunme3s; NMP-crniekmpockonisi; aHmubakmepiarbHi,

npomuapubkosi 3acobu

Poboma nipucesidyeHa po3pobui MemoOUKU CUHMe3y He ornucaHux y jgimepamypi 8-amiHO-7-(2-
2i0poKcu-2-hbeHinemur)-3-MemurikcaHmMUHI8 ma 8U84EHH!0 iX hi3UKO-XiMiYHUX i BiornoaiyHuUX enac-
mueocmed. NoxidHi nypuHy dagHO 8UKOPUCMOBYHOMbLCS 8 MEOUYHIU npakmuuyi 8 SKocmi npomusi-
pycHuUX 3acobig (ayuKrnosip, 2aHUUKIo8Ip ma iH.), a omxe rnodanbli O0CIOKEHHS 3 MOWYKY HO8UX
aHmMuMIKpobHUX ma npomusipycHuUx 3acobig y psdy MypuHOBUX MOXiIOHUX € surnpasdaHUMuU ma nep-
criekmugHUMuU. Peakujii 8-6pomo-7-(2-2idpokcu-2-gheHinemuri)-3-memurnkcaHmuHy 3 NepeuHHUMU ma
8MOPUHHUMU aMiHamu nepebiearompb rpu Kurm’ssmiHHi 86 cepedosulli 600H020 GiOKCaHy 3 ymeOopeH-
Hsm 8i0nogidHUX 8-amiHornoxiOHUX. Cmpykmypa cuHme308aHuUX Criosyk nidmeepoxeHa pesyrbma-
mamu eneMeHmMHoz20 aHarnisy i daHumu SIMP 'H-criekmpomempii. Y criekmpax ycix crionyk cugHanu
MIPOMOHI8 ypayurosoi YacmuHU MOreKynu peecmpytomscs y guarnsdi 080X cuHaremie 8idrnogioHoIl
iHmeHcusHocmi 8 iHmepeanax 10,98-10,54 m.4. (NH) ma 3,38-3,26 m.4. (N*CH,). lTpomoHu 3amicHu-
Ka 8 MosioXXeHHi 7 ymaoptotome OeKiflbka epyr cuzHarie 8idrnosioHoi iHmeHcusHocmi. CueHanu apo-
Mamuy4HUX MPOMOHI8 peecmpytombcs y suansidi Mynbmurisemis y diana3oHi 7,46-7,18 m.y. CuzHan
MIPOMOHY 8MOPUHHOI criupmoesoi epynu ikcyembcs y guansadi Oybnemy e obnacmi 5,78-5,45 m.u.
IHmeHcusHicmb, chopma ma MiCUErnonoXeHHs IHWUX cueHarlie rnpomoHie nogHicmio 8idrnogidaroms
6ydosi cuHme3osaHuUX crosnyk. [ns nep8uHHO20 CKpUHiHe08020 O0CTIOXEeHHSI HOBOCUHME308aHUX
PEYOBUH 8UKOPUCMOBY8asiu emarioHHi mecm-Kyrbmypu K 2paMno3umusHUX, makK i 2pamMmHezamus-
Hux 6akmepilti ma epubig, wo Hamexampe 00 Pi3HUX 3@ MOpPGhoizionociyHUMU 8rracmueocmsamu
KMiHIYHO 3HadYyuwux epyn 36yOHUKi8 iHGbeKyiliHux 3axgoprosaHb. 7-(2-Iidpokcu-2-chbeHinemur)-8-(4-
memunninepud@uH-1-im1)-3-memunkcaHmMuUH 8usi8U8 3Ha4YHy aHMUMIKPOOHYy ma npomuepubkosy ak-
muesHicmb, siKka nepesuwusna ripernapamu fMopieHIHHS aMniiyuiiH ma HicmamuH o 8i0HOWeHHK 00
wmamie Staphylococcus aureus ma Candida albicans. bynu ecmaHoerneHi negHi 3akoHOMIipHOCMi 8
psdy «xiMiyHa cmpykmypa — biorioeiyHa akmueHIiCmb».
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CUHTE3, ®U3NKO-XUMUYECKUE U BUONTOMMYECKUE CBOUCTBA 8-AMUHO-7-(2-
r’MAPOKCU-2-PEHUNITUIN)-3-METUITIKCAHTUHOB

H.U.PomaHeHko, [].I.-NeaHyeHKko, M.B.Ha3apeHko, M.B.[si4koe, A.M.KamMbiwHbIU,
H.H.Monuwyk

Knrodesnbie criosa: kKcaHmMuH, op2aHudeckuli cuHmes; NMMP-criekmpockonus;
aHmubakmepuarbHble, Npomugoz2pubkossie cpedcmea

Paboma nocssiweHa paspabomke MemoOuKU CUHMe3a HeomnucaHHbIX 8 Tumepamype 8-aMuHo-7-(2-
2UOpOKCU-2-gheHuUnamu)-3-MemusKCaHmMuUHO8 U U3y4YeHUK UX (bU3UKO-XUMUYECKUX U buomnoaude-
cKux ceoticms. pou3eo0HbIe nMypuHa 0asHO UCMOIb3YHMCs 8 MeOUUUHCKOU rpakmuke 8 Ka4yecmae
rIpomMuBoBUPYCHbIX Cpedcms (auukosup, 2aHyuKnosup u op.), a, crredosamerbHo, danbHeluwue uc-
criedosaHusi Mo NMoucKy HO8bIX MPOMUBOMUKPOOHbIX U MPOMUB08UPYCHbIX cpedcme & psidy MypuHO8bIX
rpou3eodHbIx onpasdaHHbIe U nepcrnekmuseHbie. Peakyuu 8-6pom-7-(2-2udpokcu-2-cheHunamur)-
3-memurnikcaHmMuHa ¢ rnep8uYHbIMU U 8MOPUYHbLIMU aMUuHaMu fpomekarom rpu KursgyeHuu 8 cpe-
0e 800HO20 OuoKcaHa ¢ obpa3ogaHueMm coomeemcmeyrwux 8-aMuHONpPou3800HbIX. Cmpykmypa
CUHMe3Upo8aHHbIX geujecmes nodmeepxoeHa pe3yribmamamu EMEHMHO20 aHanu3a u 0aHHbIMU
SAMP "H-cnekmpomempuu. B cnekmpax ecex coeduHeHuUl cuzHarbl MPOMoHO8 ypauunoeol yacmu
MoneKyIbl peaucmpupyromcsi 8 sude 08yx CUHa/1emo8 coomeemcemayrou,eli UHMeHCUBHOCMU 8 UH-
mepeanax 10,98-10,54 m.0. (NH) u 3,38-3,26 m.0. (N*CH,,). [lpomoHbI 3amecmumeris 8 nonoxeHuu 7
06pasyrom HeCKOIbLKO 2Py cugHanoe coomeemcemaeyrowel uHmeHcusHocmu. CuzHaribl apomMamu-
YecKuX MpoImMOHO8 peaucmpupyromcs 8 sude Mynbmurisiemos 8 duarna3oHe 7,46-7,18 m.0. CueHan
rpomoHa 8mopu4HoU criupmosol epynbi pukcupyemcs 8 sude dybriema e obriacmu 5,78-5,45 m.0.
WHmeHcusHocmb, (hopma U MecmoriosnioxxeHue Opyaux cugHaoe rnpomoHOo8 NosTHOCMb omeeya-
rom cmpykmype CUHme3upo8aHHbIX coeOUHeHUl. [ns nep8uyHo20 CKPUHUH208020 ucciedosaHus
HOBOCUHME3UPOBaHHbIX 8EUIECME UCI0b308aJIUCL 9MAasiOHHbIE Mecm-KyIbmypbl KaK 2pamonoxu-
mernbHbIX, makK u 2pamompuyameribHbix bakmepul u epubos, npuHadnexawux K pasHbIM M0 Mop-
goghusuonoesuyeckuM ceolicmeam KITUHUYECKU 3Ha4YUMbIX epyrn 8036ydumenel UHGEKUUOHHbIX
3abornesaHull. 7-(2-ludpokcu-2-¢peHunamur)-8-(4-memunnunepuduH-1-umn)-3-MmemurnkcaHmuH rokasar
3Ha4YUMesIbHY0 aHMUMUKPOBHYIO U Tpomueo2pubKosyo akmugHOCMb, Komopasi peeabicuna npena-
pambi cpagHeHUs aMnuyuIIuH U HUCmamuH ro OmHoweHuro K wimammam Staphylococcus aureus u
Candida albicans. YcmaroerieHb! oripederieHHble 3aKOHOMEePHOCMU 8 psdy «xuMmuyecKkasi cCmpyKmy-
pa — buornoauyeckasi akmueHOCMb».



