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MYNIbTUTETEPOUUKNBI HA OCHOBE 1,3-BUC(ANKWUN)YPALIMIIOB - HOBBLIE
BbICOKOJ3®PEKTUBHbLIE AHTUMUKPOBHbBIE COEAUHEHURA

CemeHnoe B.3., Kpbinosa E.C., Hukonaes A.E., Bonowuna A.[].,
Kynuk H.B., 30606 B.B., Pe3nux B.C.

MHCTUTYT opraHu4eckoi v dusudeckor xumun uM. A E. Apbysosa KazaHckoro HayuHoro LexTpa PAH
KasaHb, Poccus
e-mail; sve@iopc.ru

1,3-buc(ankun)ypauvnsl ssnsaoTcs yaobHow nnatdopmoid ANS KOBANEHTHOrO CBA3LIBAHUS HYKNEOTUA-HbIX
OCHOBaHWU ypauuna, TUMUHA U Gpyrux 5(6)-3aMelleHHbIX ypauunos ¢ pasnuyHbiMKU 5- U 6-uneHHbIMU N.S-
rerepounknamMu. Takue COEAUHEHUA - MyNbTUreTEPOLIMKNLL, B KOTOPbIX PasMUYHOE YUCNO reTepoLMKNUYECcKUX
parMeHToB COE4UHEHO NOMUMETUNEHOBLIMUA LUENOYKaMU C ypauunom unu ero Npou3sogHbiM MOFyT NPOSBNATH
pasHonnaHoByto Ouonorudeckyilo akTuBHOCThL. B faHHOM coobuieHUM paccMaTpuBalTCs aHTUMUKPOOHbIE
CBOUCTBA NOAODOHLIX coeauHEeHUN,

MCXoaHBbIMU peareHTamun Ana CUHTe3a MyNbTUreTEPOUMKNOB Ha ocHoBe 1,3-6Buc(ankun)ypauunos sB-nAKTCS
1,3-buc(bpomankun)ypaumner 1 1,3-6uc(6pomankun)-5(6)-samelienHsle  ypauunel 1. [eTepouuknu-yeckue
CbpaI'MEHTbI B YacTHoOCTK 1,2 3—TpHElSDJ'IOBbIe M 1,2,4-Tpnasonosblie UMKb BBOAATCA NUB0 HE-NOCPenCTBEHHBIM
3amelieHvemM aTomoB Br B ankunbHbiX tenoykax coeauHeHus 1 retepouuknamu —1,2 4-tpuasonamu, nubo ¢
MCNONb30BaHUEM KOHAEHCAUWUOHHLIX MeToauK. Tak, 4-3amerleHHble 1.2 3-praaonoab|e LUWKNblI  BBOAATCA B
ankunbHble Uenoydkn 1,3-buc(bpomneHTun)-6-metunypauyvina 1 (R1 H, R°=CHs;, n= 5) B ABe CcTaauu: nepsas
cTagua — 3ameuieHue atoMoB Br asugo-rpynnamu peakuuen ,D,M6pomu,u.a 1 ¢ NaNj, sTopas cragua - 13-
LuKnonpucoeguHeHne TepMUHanNbLHOro aueTuneHa B npucyTcTaun conn Cu(l) kK asuao-rpynnam, B 4aHHOM cry4ae
1-peunna [1]. [anee, konbuesble aToMbl N TpuasonosBbix parMeHTOB KBATEPHU3IUPYIOT GPOMUCTBIMU H-
NEHTUNOM U H-aeuunom [1] — TakuMm oDpa3om cuHTesupoBaHsl coeauHenua 2a,b u 3. CTpykTypa nonyyYeHHbIX
coefuHeHuiA — aubpomupos 1,3-6uc[5-(3-ankun-4-oktun-1,2,3-TpnasonuHuid-1-)neHtTun]-6-ypauunos 2a,b u 1,3-
ouc[S-(2-aeumn- 1,2,4—TpM830ﬂHHHH 1-)neHTUn}-6-ypauuna 3 nNoATBEPXKAEHA KOMMNEKCOM (U3NKO-XUMUYECKNX
mMeTonoB — cnekrtpockonued HAMP, B TOM uyucne C npuUMEHeHUeM KOppensiUMOHHBIX MEeTOAUK Mace-
CNeKTpOMETPUEU, ANEeMEeHTHbIM aHANU3OoM.
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MuHuManeHeie uHrMbUpyrowue koHueHTpaunu (MUK) coeaguHenuii 2a,b, 3 1 MmogenbHOro coeauHeHus 4 B

ur/MN No oTHoweHur K psgy Bbakrepuid u rpubos npeacrasnedsl B Tabnuue. CoeguHenua 2a u 3 Bbico3d-
JeKTUBHLI NO OTHOLWEHUIO K rpaM-nonoxurencHoiM baktepuam Staphylococcus aureus w Bacillus cereus, K
nepmatoputy Trichophyton mentagrophytes w gpoxkesomy rpubky Candida Albicans. Kpome ToOro,
coeguHeHwe 3 QEeMOHCTpupyeT AaocratoyHo wManyw BenuduHy MUK no oTtHoweruw Escherichia coli
bakrepuocrtaTtudeckas U (oyHrucrTatuyeckan akTUBHOCTbL coeuHeHUM 2a, 3 HaxXo0QUTCA Ha YPOBHE

CoefuHeHue Sa Bc Ec m Ca
T 2a 04 3.1 31.3 3.1 31
2b 15.6 62.5 62.5 6.3 6.3

3 1.9 3.9 7.8 3.1 0.8

4 62.5 62.5 125 - -

MCNONb3yEeMbiX B MeaULUIUMHCKOW NpaKTuKe aHTUMUKPODHbIX npenapaToB. [pumedartenbHo, 4TO coeguHeHue 2a ¢
H-NeHTUNbHLIMU paguvkanamu npu 1,2, 3-TpuUasonoBbIX KoNbUax 3HavYUTeENbHO Bbonee akTUBHO, YeM coeuHeHue
2b ¢ nuno@uUnbHbIMU  H-Ae-UUNbHbIMWA - pagukanamy. Takoh npodPunb axkTUBHOCTWA HexapakTepeH [NS
coefuHEHWA, aHTUMUKPODHaA aKTUBHOCTbL KOTOPbLIX ONpefenfaeTca  UCKAKYUTENbHO AeTepreHonoAo00HbLIM
MexaHusMoMm penctsun. Kpome TOro, ouqeBugHa BaXHOCTb ypauunoBoro gparMeHtra B NPOsBASEMOU
coeavHeHusMun 2a,b, 3 aHTUMUKPODHOro AelcTBUA — 3TO NOATBEpPXAAeTCA NpakTU4eCKUM QTCYTCTBUEM
aKTUBHOCTU Y MOAENLHOro coeauHeHun - bpomuga 1-nentun-2-geuun-1,2,4-tpuasona (4).

Takum obpa3omMm, HaMu nony4eHbl HOBble coeauHeHus, obnagawwme 3Ha4YUTENbHOW DakTepuoCcTaTUYEC-CKON
U DYHMCTATUYECKOW aKTUBHOCTLIO, Hecylwue B ceoeM coctaee 1,2,3-Tpuasonosblie U 1,2,4-TpuasonoBble LUKNbI
C KBAaTrepPHU3OBAHHbLIMU KOoNbuUEBbIMA aTtoMamMu N, CBA3aHHbie MEeHTaMeTUNEeHOBLIMU LenodYkamMu cC B-me-
TUnypauunosbiM hparmMeHToM. Umerowinecs AaHHbIE NO3BONSAIOT FOBOPUTL O CneuudPu4eckoM aHTUMUKPOOHOM
MEXaHWU3Me AelCTBUA 3TUX COeQUHEHWUA, OTNUYHOM OT MeXaHU3IMa aHTUMUKPODOHOro AeNCTBUA ODbIMHLIX
NOBEPXHOCTHO-aKTUBHbLIX BELWeCTs.

Pabota nogaepxaHa rpaHTaMu POPI Ne13-03-00709, 12-03-31862, nporpammon N9 OXHM PAH, LI «Hay4uHble
Hay4HO-neaaroruyeckue Kaapbt MHHoBaUMOHHOW Poccuuy» (T K Ne8432).

Jlumepamypa:
1. V. E. Semenov, A. E. Nikolaev, E. S. Krylova, D.R. Sharafutdinova, V.S. Reznik. Russ. J. Org. Chem. 2012, 481, 582-587.
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MULTIHETEROCYCLES BASED ON 1,3-BIS(ALKYL)URACILS AS NOVEL ANTIMICROBIAL COMPOUNDS
WITH HIGH ACTIVITY

Semenov V.E., Krylova E.S., Nikolaev A.E., Voloshina A.D.,
Kulik N.V., Zobov V.V., Reznik V.S.

A.E. Arbuzov Institute of Organic and Physical Chemistry of the Russian Academy of Sciences
Russian Federation, Kazan, e-mail: sve@iopc. ru

1,3-Bis(alkyl)uracils can be used for covalent linking of nucleotide bases, in paricular uracil, thymine and other
5(6)-substituted uracil derivatives with different 5- and 6-membered N,S-heterocycles. The compounds of this
type called multineterocycles consist of different number of heterocyclic moieties bridged with uracil or uracil
derivatives. It is presumed that these compounds can possess a versatile biological activity.
1,3-Bis(bromoalkyl)uracils and 1,3-bis(bromoalkyl)-5(6)-substituted uracils 1 are excellent initial reagents to
synthesize the multiheterocycles. Heterocyclic moieties, in paricular 1,2,3- and 1,2,4-triazolic rings can be
Introduced in polymethylene chains of the compound 1 by direct substitution of atoms of Br with 1.2 4-triazoles or
by methods of condensation. Especially, 4-substituted-1,2,3-triazoles were introduced in alkyl chains of the 1,3-
bis(bromopentyl)-6-methyluracil 1 (R'=H, R*=CHa, n=5) through two steps. The first step was a substitution of
atoms of Br with azido-groups by the reaction of the dibromide 1 with NaN3, and the second step was a 1,3-
dipolar cycloaddition of the azido-groups with terminal acetylenes, in particular 1-decyne in the presense of Cu(l)
salts [1]. The compounds obtained were subjected to quaternization with n-pentyl bromide and n-pentyl bromide
at the 1,2,3-tnazole and 1,2 4-triazole nitrogen atoms to afford compounds 2a,b and 3 [1]. Dibromides of 1,3-
bis[5-(3- alkyl-4 octyl-1,2,3-triazolynium-1)alkyl]-6-methyluracils (2a,b) and 1,3-bis[5- (2 ~decyl-1,2 4-triazo|yn|um-
1)alkyl]-6-methyluracil (3) were unambiguously identified basing on the mass spectra, 'H NMR spectra including
correlation spectra and elemental analysis data.

AN©D _ /\\
O (CH,),Br O /(CHg)j_N EN"'R O (CHz)j N

_ _/ —_
N N \__< 0 N CSHH }{&N
R \ >:O \ >:O (CH,),CH, >= CoH 11 S Nﬂ
N N

N.® \
N W\ N~ WNWi-R HC O YCH).—N" N 105 12t
R (CH,) Br Hjcmro (CH),—N" N . (CHy); N .
1 — 3 N—
2: R=C;H,,(a); C\ H,,(b) C H / ®
(CHI)?Cf{j 10" 721

Minimal inhibitory concentrations in png/mil of the compounds 2a,b, 3 and model compound 4 against a series
of bacteria and fungi are presented in the table below. Compounds 2a and 3 exhibit high activity against gram-
positive bacteria Staphylococcus aureus and Bacillus cereus, pathogenic fungi Trichophyton mentagrophytes and
yeast Candida Albicans. Moreover, compound 3 shows a small enough MIC value against Escherichia coli.
Bacteriostatic and fungistatic activity of the screened comgounds 2a and 3 are comparable with

Compound E E T Ca
a C C m
2a C 3 3 3 3.1
4 N 1.3 N
2b 15.6 62.5 62.5 6.3 6.3
3 1 3 7 3 0.8
9 .9 .8 N
4 62.5 62.5 125 - -

the standard antibacterial and antifungal drugs. It is noteworthy that the activity of the compound 2a with n-
pentyl radicals at the 1,2,3-triazolic ring is significantly higher than the one of the compound 3 with lypophilic n-
decyl radicals at the 1,2,3-triazolic ring. The structure-activity profile of this kind is not typical for compounds with
exclusively detergentlike mechanism of antimicrobial activity. It is obvious that uracilic moiety is crucial In
antimicrobial activity of the compounds 2a,b, 3, and the lowest activity of the model compound bromide of 1-
pentyl-2-decyl-1,2 4-triazole (4) among the screened compounds confirms this observation.

Thus, we have prepared the novel antimicrobial compounds with high bacteriostatic and fungistatic activity,
these compounds consist of 6-methyluracil fragment bridged by pentamethylene chains with 1,2,3- and 1,2,4-
triazolic moieties. Atoms of N in triazolic rings are quaternized with alkyl radicals. The data obtained demonstrate
specific mechanism of the antimicrobial action of the multiheterocycles which differs from the antimicrobial action

of the standard surfactants.
This work was supported by the Basic Research Program N 9 of the Russian Academy of Sciences, RFBR grants (13-03-

00709 and 12-03-31862) and by the Federal goal-oriented program «Scientific and Scientific-Pedagogical Personnel of the
Innovative Russia» (contract N 8432).
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