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CUHTE3 U AHTUMUKPOBHAA AKTUBHOCTb AMOUDUTTIBHBLIX KPUATAHOONOAOOBHbLIX U
HAHOPASMEPHbLIX YPALUITIODAHOB

Cemeros B.3., Tunusamynnux P.X., Muxaiunoe A.C., Hukonaee A.E., BonowuHa A.[J., Kynuk H.B.,
3ob6oe B.B., Pearuk B.C.

MHCTUTYT opranuyeckon u dusndeckonr xumuu nm. A.E. Apbysoea Kasanckoro HayuHoro yeHTtpa PAH, Kasalb, Poccus
e-mail: sve@iopc.ru

Makpouuknuyeckme coefuHeHust, coaepxawue nMpuMmuanHoBele parMeHThl, COeUHEHHbIE APYr C APYFOM -
yrnesogopogHblMit MOCTUKAMWU, MO aHanorun ¢ UuknogaHaMmu nonyydmnu HaspaHuve nupummnanHodaHbl, U B
HYaCTHOCTU Yypauunodaunbi. Hamu obHapyxeHa BbICOKas aHTubakTepuanbHas axkTUBHOCTb amMdPudunbHbIX
ypauunodaHos opmynbl 1a [1,2]. B AaHHOM CO0DLEHUN ONUCBIBAIOTCA CUHTETUYECKUE NYTU ANA MoAndukauum
Makpouuknos 1a,0 n aHTUMUKPOOHbLIE CBOMCTBA NONYYEHHbIX COeANHEHNHA.

Bnepsblie BBEAEHUEM BHYTPUMONEKYNAPHOrO METUNEHOBOTO MOCTUKA B COCTaB ypauunogaHoe 1 BBeAeHNEM
MEXMONEKYNAPHbIX METUMEHOBbIX U AUUHOBBLIX MOCTUKOB Mexay AByMSA ypauunodgaHamu ¢ nocneayrulein
KBaTEepHWU3aLUNEN MOCTUKOBbLIX aTOMOB N CMHTE3MPOBaHbI KpUNTaHAoNoAo0HbIE aMdudunbHble ypauunodgaHbl 2
C pas3nnyHon ANUHOW anKkunbHbIX COEAUHUTENbLHLIX Llenoyek U amdpudunbHbie ONUroMepHble HaHOPAa3MEpPHbIE
ypauunogaHbl UUKMIUYECKOro — Makpouukn 3 W NUHEWHOro CTPOoeHUa — makpouuknoel 4 u 5. CuHTtes
OCYLLECTBNANN B3aNMOAENCTBMEM COOTBETCTBYIKOLIEro ypauunogada ¢ dopmanbaerviom v OKUNCIUTENbLHLIM
COMETaHMEM NPoNaprunbHbIX rpynn Npu ypayunosbiX (pparmMeHTax.

[Tepexon OT MakpouuknoB 1a K BHYTPUMONEKYNSAPHO KOBANEHTHO CBA3aHHLIM KPUNTAHAONOLOOHBLIM
ampupunbHbiMm - ypaumnodadam 2 U ambundunbHoMy onuroypauunodaHy nNUHEeNHOro CTpoeHus 4 ¢
MEXMONEKYNAPHLIM  METWUMEHOBbIM  MOCTUKOM, COEAWHAIWMM ABa «MOHOMEPHbIX» ypauunogana,
COMPOBOXAAETCA 3HAYUTENbHbIM YCUNEHWEM aHTUMUKPOOHOW akTUBHOCTM MO OTHOLWIEHWUIO KO BCEMY CMEKTPY
NCNONb3YEMbIX MUKPOOPTraHN3MOB — rpam-rnonoXnTeNbHbIM U rpamM-oTpularensHbeiMm Bakrepusam, rpudbam. Ocobo
npumMmedaTenbHbIMU ABNSIOTCA BbICOKaa DakTepuocTaTtuyeckas akTMBHOCTL ypaumncoaepxallmx KpuntaHgos 2 no
oTHoweHuto Kk Staphylococcus aureus (MUK 0.8 mMkr/mMn) v nosiBneHue y BHYTPUMOMEKYNAPHO- W
MEXMOSEKYNAPHO KOBAMEHTHO CBSA3aHHbIX ypauunogaHoB 2 U 4 A0CTAaTOYHO BbLICOKOW (DYHrUCTaTUYECKOU
aKTUBHOCTWU MO OTHOWEHUIO K aepmaTtoduty Trichophyton mentagrophytes (MUK 7.8 Mkr/mn) n apoxxeBoMy
rpudy Candida Albicans (MUK 4.0 mkr/Mn), OTCYTCTBYWOLIEN Y «MOHOMEPHbLIX» Makpouuknos 1a. HanpoTtus,
HaHOPA3MEpPHbIW onuroypaumnogaH 5 AeMOHCTPUPYeT 3HA4YUTENbHOE CHUXEHWEe aHTUMUKPODHOU aKTUBHOCTU MO -
CPABHEHUK C «MOHOMEPHbLIMY» Makpouuknom 106. Kpome TOro, yHuMKanbHbIM NPeacTasndaeTca OTCyTCTBUE
AHTUMUKPOOHOMN aKTUBHOCTU Y ampPupnnsHOro onuroypaumnogana UMKNUMYeCcKoro CTpoeHus 3.

Takum obpas3oMm, ycTaHoBMNeHa 3aBUCUMOCTb aHTUMUKPODHON akKTUBHOCTU aMPUPUNbHLIX ypauunogaHos oT
B3aUMHOIO pacnonoXeHUs U opueHTauuu ypauunosbIiXx parMeHToOB ¥ MOCTUKOBLIX OHWEBLIX TPYNNUPOBOK, YTO
CBUAETENbCTBYET O crneundudeckoM MexaHnime aHTUMUKPODOHOro AencTBua MakpouuknoB. Ha OcHoOBaHUU
MONyYeHHbIX JAHHbLIX NPEACTaBNAETCA BO3IMOXHLIM, U3MEHASR TONONOIMMID ypauunodaHa, BBoas onpeaeneHHble
3aMecTUTENU B ypauunoBbin dparMeHT, 40OUBATLCA 33a4aHHOU aKTUBHOCTW MO OTHOLUEHUIO K onpeneneHHOMY
MWUKPOOPIraHU3IMy Unu rpynne MUKpoOopraHn3MoB.
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Paboma roddepxaHa epaHmamu POOU Ne10-03-00365, MK-64480.2010.3 u npoepammolt N9 OXHM PAH.

Ilumepamypa:
1.V. E. Semenov, A. D. Voloshina, E. M. Toroptzova, N. V. Kulik, etc. Eur. J. Med. Chem. 2006, 41, 1093-1101.
2.V

- E. Semenov, A. D. Voloshina, N. V. Kulik, S. U. Uraleva, etc. Pharm. Chem. J. 2009, 43, 448-453.
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SYNTHESIS AND ANTIMICROBIAL ACTIVITY OF AMPHIPHILIC CRYPTAND-LIKE AND NANOMETRE-
SCALE URACILOPHANES

Semenov V.E., Giniyatullin R.Kh., Mikhailov A.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, Kazan Russia
e-mail. sve@iopc. ru

Molecules with aromatic ring bridged by an aliphatic chain have been called cyclophanes and
pyrimidinophanes are the cyclophanes containing pyrimidine bases as the aromatic ring. Uracilophanes are the
pyrimidinophanes with uracil moieties as pyrimidine derivatives. Previously high antibacterial activity of
amphiphilic uracilophanes with formula 1a was found [1,2]. Herein, synthetic routes for modification of the
macrocycles 1a,b and antimicrobial properties of obtained compounds are described.

For the first time ampbhiphilic cryptand-like uracilophanes 2 with different lengths of polymethylene chains
and oligomeric nanometre-scale uracilophanes with cyclic (macrocycle 3) and linear (macrocycles 4 and 5)
topology have been synthesized by successive intoduction of intramolecular methylene bridge and intermolecular
methylene and diyne bridges, and quaternization of the N atoms in the chains. The synthesis was performed by
the reactions of the corresponding uracilophane with formaldehyde and oxidative coupling of the propargy! groups
at uracil moieties.

Amphiphilic  cryptand-like uracilophanes 2 with intramolecular methylene bridge and linear
oligouracilophane 4 with intermolecular methylene spacer, which bridges two “monomeric’ uracitlophanes exhibit
more high activity against all tested representative Gram-negative and Gram-positive bacteria, moulds and yeast
compared with the “monomers” 1a. It is remarkable that amphiphilic cryptand-like uracilophanes 2 exhibit, first,

high bacteriostatic activity against Staphylococcus aureus with MIC 0.8 ug/mL and, second, high fungistatic
activity against dermatophyte Trichophyton mentagrophytes and yeast Candida Albicans with MIC's 7.8 and 4.0
ng/mt, respectively. It is to note that “monomeric” uracilophanes 1a are not active against the fungi. Contrary,
nanometre-scale uracilophane 5 shows a significant decrease of antimicrobial activity compared with “monomeric”
uracilophane 1b. Meanwhile, in our opinion it is an unique occurrence that amphiphilic oligouracilophane 3
doesn’t exhibit any activity with respect to tested bacteria and fungi.

In conclusion, there is the dependence of the antimicrobial activity of amphiphilic uracilophanes on mutual
arrangement and orientation of uracil moieties and onium fragments in polymethylene chains. It is indicates on
specific mechanism of antimicrobial activity of the studied uracilophanes. Based on the reported results it is
seemed to be possible to achieve a wanted activity against certain microbe or a series of microbes altering a
topology of uracilophanes and nature of substituents at uracil moieties.
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MUACTEHUA TrPABUC U TKAHECNELWDPUYHBIE UHTUBUTOPbLI ALLETUNIXONMUHI3CTEPASDI

230606 B.B., ’empoe K.A., "*Hukumawuna A L., *Pozoxun A.A., *Hukonbckuti E.E., 'PesHuk B.C.

"MHCTUTYT opraHu4eckoi u cduanueckon xumun um. A.E. Apbysosa KasHL| PAH, Ka3zatb, Poccus
32Ka3aHCKMﬁ (MpvBomxckui) desepanbHelil yHueepcuteT, Kadans, Poccus
KasaHckuin MHCTUTYT Buoxumnn n dnodpunsnkm KasH PAH, Kasanb, Poccunsa
*“KasaHckas rocyaapcTeeHHan MeauumHekas akagemus, Kasanbs, Poceus

e-mail. zobov@iopc.ru

PaHee ObINO NOKa3aHO, YTO ANA cuHanc-cneynduyeckoro UHrMOMpoBaHUA aueTunxonunacrepasbl (AX3;
K.®.3.1.1.7) HeobxoaumMo Hanu4ve B CTPYKTYpe YeTBEPTUYHO-aMMOHUEBLIX CoeANHEHUN 2,4-AUOKCO-(PparmeHTa
(ypaumnoBoro Ui UHOTo), YAANEeHHOro Ha pPaccTOsHUE NATU MEeTUNEHOBBIX rPYNN OT aMMOHUEBLIX rpynn [1, 2].
Kak n3BeCTHO, OCHOBHOW npobnemon, orpaHuumMBalOLLEN WUCNONb30OBaHWE BCeX TPaANUMOHHbIX WHIMOUTOPOB
XONUHaCcTepa3s (X3J), AsnaeTcsa oTcyTcTBvNe M3bupaTenbHOCTV NX AeUcTBnS Ha AX3O 13 pasHblX OPraHoB U TKaHEeMu.
Bcnepcreve 3TOro, OOHOBPEMEHHO C BO3AEWCTBMEM Ha opraH, (YyHKUWOHUpOBAHWE KOTOpPOro Tpedyet
chapMKOpPEKUMMK, NPOUCXOAUT MHaKTUBaLMS X3 U B APYrux opraHax, koppekuun He Tpebyrouinx, YTo NpUBOAUT K
PA3BUTUIO MHOXECTBA TOKCUYECKMX 3hdeKkToB, CBA3aHHbLIX C rUNepakTuBauven rnaakon MycKynaTypbl,
MHrMBupoBaHnem ByTUPUNXONUHICTEPA3bl KPOBU, (haTanbHbiM HapyLleHnaMy paboThl AbixaHusa, cepaua n Mo3sra.
3Tnx HepocTaTkos Morny Bbl ObITh NMULLEHBI CENeKTUBHLIE UHIIMDUTOPLI AX3, CNOCODHbLIE n3bupatenbHO BNUATL
Ha paboTy uenesbix OuomMuULLieHen (NOKOMOTOPHbIX MbllWy wNu Mosra). OaHako A0 HACTOSAWEro BpeMeHW
COeAUHEeHUs ¢ NoaoOHbIMU CBONCTBAMU OnucaHbl He Obinu. MNpennocbink BO3MOXHOCTU co34aHnA noaobHbIX
coeguHeHu NosBUnnCL NPy nccnenosaHnn Hamu donee 300 YeTBEPTUUHO-aMMOHKEBLIX NPOU3BOAHBLIX ypauuna
W KCaHTUHA, NPOABAAOUIMX HeOObiMHO BLICOKYKD AN aHTUXONWHICTEepPa3HbIX BewecTB TepaneBTUYeCKyHo
beszonacHocTs J1[150/3050250-100 B TecTe «ber Ha TpetbhaHe» [1]. bbino NokasaHo, YTO COOTHOLUEHUE KOHCTAHT
nHrnbuposanns AXJ/ByTnpunxonuHacTtepasa ans psaa coeauHeHun pgocturaet 100 000 kpart [2], @ kOHCTaHTa
MHIMOMPOBAaHNA ouULLEHHON AX3 M03ra Ha 4 nopsaka Bbllle, Yem ana AX3 mbiw [3, 4]. C NOMOLLBIC MYTaHTHbIX
XUBOTHBIX Be3 G4 nzodopmbl AXD nokasaHO, YTO YCTOUMUBOCTb K UHTUOMPOBAHWUKD KOPPENUPYET C NPUCYTCTBNEM
MMEHHO AaHHoK wn3oopMbl AXO B MOo3re U B Auadparme. AXD cepgua v rnagkov MyCcKynatypbl Takxe
ycTonuvMsa K uHrubuposaHwmio coeguHeHuamu [3, 4]. Bce 570 no3sonuno HavaTb NPOBEPKY I(PPEKTUBHOCTK
coeiHEeHUN ANS NPeOoAOfeHUA NOCMNEACTBUIA 3KCMepUMeHTanbHON Moaenu mwuacteHum rpasuc (Baggs et al,
2003) ¢ vcnonb3oBaHWeM 3NEKTPOU3MONOTMUECKUX N BUOXUMUYECKUX MeToAOoB. [loNyYeHHble [AaHHble
NOKa3bIBaKOT, YTO Haunyuluve coeauHeHus MoryT OblTb pekOMeHAO0BaHbl ANs KIWHWUYECKUX UCNbITaHWW Kak
cpeacTsa Ansi NevYeHns MMacTeHun rpasuc.

Pa6oma sbinonHeHa npu guHaHcosol noddepxke apaHima POOU Ne09-04-12047-o¢pu_m, epanma [lpesudesma PO HLL-
64631.2010.7, npozpammsl (pyHOameHmanbHbix uccredoeanuil Mpe3uduyma PAH « DyHOameHmarbHbie HayKu — MeOUYUHe» -

«Mo3z: ¢hyHOameHnmaneHbie U npuknadHsie npobnemsis, npozpamm pyHOaMeHmanbHbix uccnedosaHut PAH OXHM-5 u-
[Tpesuduyma PAH Ne 3.

flumepamypa:
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MabupaTentHas 6nokaga NOKOMOTOPHBIX  MbIWL  YPaAUUICOAEPXALUMMU  TeTpaankunaMMOHWEBLIMU  UHIMBUTOPaMu
aLeTUNXONMHacTepasbl - oknaabl Poccuitckon akagemun Hayk, 2005, 7. 401, N 1, -c. 120-123.

2 K.A. Anikienko, E.A. Bychikhin, V.S. Reznik, V.D. Akamsin, I.V. Galyametdinova. // Compounds with the dioxopyrimidine cycle
inhibit cholinesterases from different groups of animals - Chem. Biol. Interact., 2008, V. 175, N 1-3, p. 286-292.

3.D.V. Abramochkin, K.A. Petrov, V.V. Zobov, L.O. lagodina, E.E. Nikol'skii, L.V. Rozenshtraukh. // Mechanisms of cardiac
muscle insensitivity to a novel acetylcholinesterase inhibitor C-547 - J. Cardiovasc. Pharmacol., 2009, V. 53, N 2, p. 162-166.
4.K.A. Petrov, L.O. Yagodina, G.R. Valeeva, N.I. Lannik, A.D. Nikitashina, A.A. Rizvanov, V.V. Zobov, E.A. Bukharaeva, V.S
Reznik, E.E. Nikolsky, F. Vlyskodil. // Different sensitivities of rat skeletal muscles and brain to novel anti-cholinesterase
agents, alkylammonium derivatives of 6-methyluracil (ADEMS) - Br. J. Pharmacol., 2011, Jan 14, doi: 10. 1111/].1476-

5381.2011.01211.x. [Epub ahead of print].
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MYASTHENIA GRAVIS AND TISSUE-SPECIFIC ACETYLCHOLINESTERASE INHIBITORS

"*Zobov V.V., "*Petrov K.A., "*Nikitashina A.D., “Rogozhin A.A., *Nikolsky E.E., "Reznik V.S.

'A.E. Arbuzov Institute of Organic and Physical Chemistry, Kazan Scientific Centre of RAS, Kazan, Russia
“Kazan (Volga Region) Federal University. Kazan, Russia
"Kazan Institute of Biochemistry and Biophysics of RAS, Kazan, Russia
*Kazan State Medical Academy, Kazan, Russia
e-mail: zobov@iopc.ru

Earlier it has been shown that for sinapse-specific inhibition of acetylcholinesterase (AChE) presence in
structure of quarter-ammonium compounds 2,4-dioxo-fragment (uracil or other) remoted by distance of five
methylene groups from ammonium groups [1, 2] is necessary. Earlier we have shown a basic possibility of
development in a class of guarter-ammonium inhibitors of cholinesterase (ChE), operating by mechanism of
synapse-specific inhibition of AChE, with minimum striking effects on the vital functions. As known, the basic
problem limiting use of all traditional inhibitors of ChE is absence of selectivity of their action on AChE from
different organs and tissues. Therefore, simultaneously with influence on the organ, which functioning demands
treatment, there is an inactivation of ChE in other. healthy organs, that leads to set of the toxic effects related with
hyperactivation of smooth muscles. inhibition of butyrylcholinesterase of the blood, fatal infringements of breath.
heart and brain. These defects could be deprived the selective inhibitors of AChE capable to selectively influence
targets (locomotory muscles or brain). However till now compounds with such properties haven't been described. .
Possibility of creation of suchlike compounds have appeared by our research of more than 300 quarter-
ammonium derivatives of uracil and xanthine, showing unusually high for anticholinesterase substances
therapeutic safety LDso/ED5p250-100 in the test «run on treadmill» [1]. It has been shown that the parity of
constants of inhibition AChE/butyrylcholinesterase for a number of compounds is reached to 100 000 times, and
an inhibition constant of purified AChE of brain is by 4 order above, than that for AChE of muscles [3, 4]. By
means of mutant animals without G4 isoforms of AChE was shown that stability to inhibition correlates with
presence of this isoform of AChE in brain and diaphragm. AChE of heart and smooth muscles is also steady
against inhibiting compounds [3, 4]. All of this allowed to begin checking of efficiency of compounds to overcome
consequences of experimental model of a myasthenia Gravis (Baggl et al., 2003) by means of
electrophysiological and biochemical methods. Data obtained shows that the best compounds can be
recommended for clinical tests as means for treatment of myasthenia Gravis and myasthenia-like conditions.
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