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He0biB0oJ10J1: KBAHTOBO-XIMIYHI BJIACTUBOCTI

Jlocaidoceno K8aHmMoBO-TiMiuHi AACTNUBOCTIVE MOAEKYAU [B-adperobaokamopa webisorony. Pi-
SHOMAHIMHICTNG GYHKUIOHAALHUL 2DYN MOAEKYAU HEDIB0A0AY CEIOUUMD NPO MOHCAUBICMY T
630EMOOLAMU 3 NOAAPHUMY A 3 HENOAAPHUMY CIMPYKMYPAMU Giomembpar. Amom azomy 6i0-
nosidac 3a YmMeoperwns Komnaiexcy 3 B-peyenmopom.

Ka10408t c108a: KBAHTOBO-XIMiYHI BJIACTHBOCTI, (DYHKIIOHAJIBHI Tpyn, HEDIBOJION, [S-aape-
HOOJIOKATOP.

B Vkpaini 3rigHo 3i cTaTUCTUYHUMHU JAHUMHU CEPEJl 3aXBOPIOBAHL CEPIIEBO-CYIMHHOI CUCTEMU
JljibHe Micte 3afiMae aprepiasbha rineprensisa (AT). s sikysanus AT 3acrocoByroTh mpera-
paTu nepiiol Jinii (aiypernku, S-6I0KaTOPH, AHTATOHICTH KaJIbIIiI0, GJIOKATOPH AHTIOTEH3NHOBIX
perenTopis Ta GJ0KATOPH aHIIOTEH3UHIIEPETBOPIOIOYOro (hepMeHTY ), sIKi JOIIIBHO 3aCTOCOBY-
BaTH K y MOHO-, Tak i KombGinoBamiit Tepamil Al ¥V mikyBamui A’ mmpoKo 3acTOCOBYIOTHCS
OJI0KaTOpU [B-aJIPEHOPENENTOPIB, sIKi BUSIBJISIIOTH aHTUTIIEPTEH3UBHY, AHTHIIIEMIYHY, aHTHAPHU-
TMiuHy gifo. IX anTHrinepTOHIYHM BIVIMB TAKOXK IOB’SI3YIOTH 3 GJIOKAO0IO [-aIpeHOpeIenTopiB
B IOKCTaIrJIOMEPYJISIPHOMY alapaTi HUPOK, BHACJIJOK YOr0 3MEHIINYETHCS MPOJYKIlisd PEHIHY Ta
auriorensuny 11 [1, 2].

Y motepeiHIX JOC/IIKEHHSIX BCTAHOBJIEHO, 110 B-a[peH0O/I0KATOPH, B TOMY YHC/H HEOGIBOJIO,
3MEHIIIYIOTh CTYIIIHBL po3caabients MiodiOpua y KapaioMionuTax MpPaBoOro Mepeicepisa IIypiB
3 AT Ta cupusoTh BiHOBIEHHIO MiohiOpU y mepejcepaHuX Kapaiomionurax. ¥ mypis 3 A" He-
61B0JI0JI HOPMAJII3YE TIPOIECH CHHTE3Y Ta CEKPeEIlil epeiCep/HOr0 aHTIY PETHYHOTO HenTuiy [3-5].
Ha kadenpi dapmakosiorii Hamionanmsaoro meguanoro yuisepcutety iM. O. Q. Boromosibis mpo-
BOJSITHCS JOCJIIJIPKEHHST 3 BUBYCHHSI KBAHTOBO-(DAPMAKOJOTIIHUX BJIACTUBOCTEN aHTUTIEPTEH-
3UBHUX Ipernaparis [6].

Hocimxyoun MexasisMu J1il £-apeHobI0KATOPiB, MU CTaBWJIA 38 METy JaHOl PoOOTH BH-
BUYEHHsI KBAHTOBO-XIMIYHAX BJIACTHBOCTEN HEHGIBOJIOJY.

Marepianu i meromu. Hebisosnosn (1-(6-fluorochroman-2-yl)-[2-(6-fluorochroman-2-yl)-2-
hydroxy-ethyllaminoethanol) — cunrerndnuii anTurinepreH3uBHUI IPeApaT, MO HAJIEKATH 10
rpymu [-0710KaTOpiB. 3a XIMIYHOK CTPYKTYPOIO € PAIEMATOM, sIKUil CKJIAJAETHCS 3 JBOX €HAHTI-
omepiB: SRRR-uebisostony (D-nebisosony) ta RSSS-nebisomony (L-uebiBosoiny):
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RSSS, abo L-nebiBosion
MW: 441,90 r/momb

Mexanizm il mpeniapaTy IOJIsITA€ B CEJIEKTUBHIN Ta KOHKYpeHTHil 6siokasi B1-aapenopernenTo-
piB, siKa OLIBIN XapakTepHa Jjisi D-eHaHTiOMepa, Ta MOMIYJSIl CHHTe3y €HJIOTE/aLHOTO pe-
Jakcyodoro dakropy (okcuiay asory) i B3aemosii i3 L-aprininom, mo GLIbII XapakTepHO s
L-emanTiomepa.

B ekcniepumenTi Ha i30/IbOBAHUX CEPIEBO-JIEICHEBUX IIperaparax Oy/ia MMoKa3aHa HalBHUIIA
CeJIeKTUBHICTh HEOiBOJIONY j10 [S1-perenTopiB mopiBHSHO 3 iHImMMEu [-6/10Karopamu. Lle amdo-
dinpaIit f1-aapenobsoKaTOp, MO BiAPI3HAETHC IyzKe BUCOKUM CTYIIEHEM KapIiOoCeIEKTUBHOCTI
(ingekc 6sokyBanns 51/ 32 penenropis cranosuts 293, mo B 10-20 pasis nepeBuIilye aHaIOr aHIH
iHeKe mepeBazkHOI OibImocTi inmmux [-6s0kaTopis). [Ipenapar Bigaocsars mo B-61okaropis 111
ITOKOJIIHHSI.

EnexkTponna cTpykTypa eHanTiomMepiB HeOIBOJIOJY, TX €Hepris coJibBaTallil, BiabHa eHeprid
y BOJIHOMY PO3YUHI 3 ypaxyBaHHsSM e(deKTiB COJIbBATAIII—1eCOIbBATAIT, €HEPIil MOJIEKYJISIPDHUX
opbiTasieil Ta 3HAYEHHS IUIIOJBHONO MOMEHTY OyJIM BCTAHOBJIEHI 3a JOIMOMOTOIO Teopil pyHKITIOo-
nasia rycruan DFT |7] 3 Bukopucranusm ribpuganoro dyukiionana B3LYP (8] y neemmipuanomy
6asuci 6-31G(d,p) 3 nossipusaiiiinumu dyHKIisME Ta cobaraiiiinol mogaeni IEF PCM mpo-
rpamuoro makera GAMESS [9, 10|. Onrumizario npocTopoBoi Oy10BU MOJIEKYJ, TOOTO pO3pa-
XYHKHU B3a€MHOI'O PO3TANIyBaHHS BCiX aTOMIB y IPOCTOPI, IPU AKill MOJIEKyJIa Mae HalMEHIIi
piBeHDb eHepril, MPOBOIMIN HaIiBeMOipumaHmM MeTomoMm PM3.

PesynbpraTu gociaigzkeHsb Ta ix o6roBopenHsi. CTpykTypHa GopMyJ/ia Ta HyMepallis aTo-
MiB eHaHTiOMepiB HeOIBOJIOY HaBeleHa Ha PUC. 1, ONTUMI30BaHI JOBXKWHM BCiX 3B's3KiB — Ha
puc. 2 (nuB. BKIEHKY).

Mounexkysta HeGiBOJIOTY MO/ TI(YHKITIOHAIBHA 38 CBOEIO XIMITHOIO CTPYKTYPOIO, MICTUTh IMiHO-
rpyiLy, sika HeoOXiHa Jijist 3B’ si3yBaHHs 3 3-pernienrropoM [12], rigpokcuibhi rpynu, aromu dbTopy
1 TeTepoaToOMN KHCHIO y CKJIaJi XPOMaHOBUX KIJIEIlb.

OCKiJIbKY Mi2KMOJIEKYJISIPHI B3a€MO/Ii1 Y BOJIHOMY PO3YMHI MAIOTh EPEBAXKHO €JIEKTPOCTATH-
4Hy npupoiy [11], Ba/JMBEUME XapaKTePUCTUKAME MOJIEKYJIM B PO3YMHI € 3aps HA aToMax
(rabi. 1) Ta ejxekTpocTaTHUHMIT MOTEHIHAT (puC. 3, IUB. BKIEHKY).

Sapsiu Ha aToMax KUCHIO B MOJIEKYyJIaX €eHAHTioMepiB HeOIBOJIOY TUIIOBI — BeJIMKI BiJji éMHI
(Bim —0,574461 mo —0,586647 ar. ox). AToM a30Ty IMIHOIPYNU TAKOK MAa€ 3HAUHUIT HAJJIAIIOK
esiekTponHol rycrunn (—0,579358 ta —0,579167 ar. ox1. 3apsity st D- ta L-uebiBostony Bimosii-
Ho). Came aToMm a30Ty BiNOBiae 3a 3B’ s13yBants 3 [S-perentopoM. Jocuth 3HaUHUiT HeraTUBHAN
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Tabruys 1. Bapsanm Ha aToOMax y MOJIEKyJIax €HaHTioMepiB HeGIBOJIOILY

D-uebiBoston L-uebiBoston
Arom 3apsia, at. o Arom 3apsiz, aT. o
H1 0,270277 H1 0,270296
C2 0,310436 C2 0,308142
C3 0,089192 C3 0,091443
04 —0,581671 04 —0,580623
Ch —0,252355 C5 —0,253545
C6 0,164939 Co6 0,146304
Cr —0,222951 Cr —0,208084
C8 0,128622 C8 0,126224
C9 —0,155559 C9 —0,155361
C10 —0,214509 C10 —0,215383
C11 —0,169952 Cl11 —0,170079
C12 0,327169 C12 0,326894
H13 0,128649 H13 0,128310
H14 0,129574 H14 0,129277
H15 0,129711 H15 0,129441
F16 —0,310505 F16 —0,310735
C17 —0,024708 C17 —0,018100
N18 —0,579358 N18 —0,579167
C19 —0,018506 C19 —0,025019
C20 0,308113 C20 0,310617
C21 0,091247 C21 0,089365
022 —0,580796 022 —0,581725
C23 —0,253441 C23 —0,252241
C24 0,146536 C24 0,165095
C25 —0,208062 C25 —0,223153
C26 0,126334 C26 0,129231
Cc27 —0,155249 C27 —0,155700
C28 —0,215167 C28 —0,214769
C29 —0,170155 C29 —0,169857
C30 0,326895 C30 0,327143
H31 0,128285 H31 0,128656
H32 0,129226 H32 0,129670
H33 0,129412 H33 0,129708
F34 —0,310657 F34 —0,310545
035 —0,586440 H35 0,106870
H36 0,106957 036 —0,586647
H37 0,345939 H37 0,345797
H38 0,106670 H38 0,113372
H39 0,105764 039 —0,574488
H40 0,130626 H40 0,132248
H41 0,123857 H41 0,124054
H42 0,117881 H42 0,121758
H43 0,117827 H43 0,121251
H44 0,116356 H44 0,115211
045 —0,574461 H45 0,105473
H46 0,085774 H46 0,090302
H47 0,113533 H47 0,106581
H48 0,090229 H48 0,085748
H49 0,121723 H49 0,118035
H50 0,121201 H50 0,117882
H51 0,132246 H51 0,130715
H52 0,124412 H52 0,123719
H53 0,115049 H53 0,116598
H54 0,343842 H54 0,343791
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F34

L-nebisoston

Puc. 1. Hywmeparis atoMiB enanTiomepiB zHebiBosIOIY

L-uebiBoson

Puc. 2. OnrumizoBaHni JIOBXKWHY 3B’SI3KiB y MOJIEKYyJIaX eHaHTIOMEpiB HeGIBOJIOLY



L-ne6iBoston ~

Puc. 3. Pozmoziii e1eKTpocTaTuaHOro MOTEHIIALY MOJIEKYJT €HAHTIOMEDPIB HEHIBOIOTY



F34

D-nebiBoston

F16

L-ue6iBosion

Puc. 4. Hanpsim aumoibHOro MOMEHTY MOJIEKYJT eHAHTioMepiB HeGIBOJIOTY

3apsijl HecyTh Takoxk aromu dbropy (—0,310505, —0,310657 at. ox. y D-nebisosioni ta —0,310545,
—0,310735 ar. ox. y L-uebiBosioni). 3apsiiu Ha aTOMax BYIVIEIO 3aJI€XKaTh BiJl €JIeKTPOHEraTuB-
HOCTI cycijiaix aromiB. Tak, aromu Byriemo 6t aToMiB (DTOPY Ta NeTepoaTOMIB KUCHIO MAIOTh
sHavHuii nosurusHuil 3apsy (10 0,327169 ta 0,327143 ar. ox. y D- ta L-nebiosiosi BioBiHO),
a aTOMH BYIJIEIIIO, 10 3HAXO/ATHCS B HEMOJISPHOMY OTOYeHH] (y CKJIa/ii XpOMAHOBUX KiJIelb ), He-
CyTh HaJUIMIIKK eJ1eKTpoHHOI rycruan (10 —0,253441 ta —0,253545 ar. ox. y D- ta L-uebiBososi
BIZITOBI/THO).

Takum 9wHOM, aTOM a30Ty IMIHOIDYIHU BiJNOBijae 3a 3B’s3yBaHHs 3 [-perenTopoM. Haii-
OiJIbIT HEraTHUBHO 3aPSA/PKEH]I AaTOMHU KMCHIO MOJIEKYJI €HAHTIOMEePIiB HeDIBOIOY MOXKYTh pearyBa-
TH 3 €JIEKTPOHOAKIIEIITOPHUMHY YI'PYIIOBAHHSIMU 1HIINX MOJIEKYJI, 8 aTOMU 3 J1eDillUTOM €JIEKTPOH-
HOI T'YCTHHM, HABIAKHU, OY/IyTh B3AEMOJISATH 3 €JeKTPOHOJAoHOpaMu. Hampukiias, aToMu BOIHIO
YTBOPIOBATUMYTDH BOJIHEB] 3B’SI3KU 3 KUCHEM, A30TOM Ta 1HIIIMMHU €JIEKTPOHETATUBHUMH ATOMAMHU.

Amnaiis posno/ily eJeKTpoCTaTHIHOrO MOTEHIaly MOJIEKY/I eHaHTIOMepiB HEGIBOIOY (JIUB.
puc. 3) mokasye, 1o 6ijist aTOMiB (PTOPY Ta reTepoATOMIB KUCHIO XPOMAHOBUX KiJIEIb JIOKAi30BaH]
HeFa.TI/IBHi SHaAYCHHA €JIEKTPOCTAaTUIHOI'O HOTeHL[ia.Hy.

Junonpauil MOMEHT MOJIEKYJT eHaHTioMepiB HebiBosoury (puc. 4) cranosuts 1,4202 /1 (D-ue-
6isostos) Ta 1,4713 JI (L-mebiBosion), M0 CBLAYUTH PO X HEBHCOKY MOJISPHICTD.

Eneprernani BiacruBocTi HEOGIBOIOY HaBedeHi B TabJ1. 2.
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Tabruys 2. 3arajbHi eHEPreTHYHI XapaKTePUCTUKU MOJIEKYJI eHaHTioMepiB HeGiBOIOY

Ilokasuuk, po3MipHiCTH ‘ D-uebiBoson L-uebiBosion
Binbaa enepris y BogHOMYy po3uwmHi, a. 0. e. —1408,728646 —1408,728551
Enepris cosmpBartaril y BOZHOMY PO3YHMHI, KKaJI/MOJIb —22,45 —22,44
Egzmo, B —6,59652 —6,60033
EHBMO, eB —0,25822 —0,25632
A6coutorna, »kopcerkicrs (1), eB 3,16915 3,17201
Junonsauit MoMeHT 1o oci X, [ -0,1691 0,1848
Hunonbamit MmomentT 1o oci Y, 1 1,0752 1,1122
Hurnonpauit MOMeHT 10 oci Z, 1 —0,9123 —0,9453
JunonsHuil MOMEHT cyMapHuii, /1 1,4202 1,4713

JlocuTh MOMITHA €HEprid coJIbBaTaIlil MOJEKYJ eHAHTIOMepiB HeOiBOJIOy TOBOPUTDH IIPO Te,
1110, HE3BAYKAIOYN HA JIOMIIBHICTE OCTOBA MOJIEKYJI, X (DYyHKITIOHAILHI IPYIIX HAIAIOTH MOJIEKY-
JIaM TiIpodiIbHIX BJAACTUBOCTEH, 1 BOHI cTaioTh aMmdodinbanmu. Tomi sk gimodinbHi BiracTu-
BOCTI JIOMOMAraloTh Kpallle ITPOHUKATH KpPi3b K/IITHHHI MeMOpaHu i remaroeHnedaiyauii 6ap’-
€p, TiapodiIbHI BJIACTHBOCTI TAKOXK BILIMBAIOTH Ha (DApMOKIHETIKY Ipernapary. 30aJ1aHcoBaHUi
kitipenc amdodinpaux [F-apeHobI0KATOPIB 00YMOBJIIOE 1X OLIBIINY 6e3IeKy y XBOPUX Ha rirep-
TOHIYHY XBOPOOY 3 CyIyTHIMU HOpyIIeHHAMU (DYHKIHT ITe9iHKH 1 HUPOK.

3a 3HAUEHHSMHU €HEPTiil BepXHbOI 3affHATOI Ta HUXKHBOI BIIBHOI MOJIEKY/ISpHUX OpOiTasieit
po3paxoBaHa abCOJIIOTHA YKOPCTKICTh MOJIeKy i HeOiBoJIoTy, sika cTanoBuTh 3,17 eB. Tobro He-
6iBOJTOT MOXKHA BigHecTH 10 M'sKMX peareHTiB. Haitbijbin iMOBIpHO, 110 B OpraHi3mi MoJIeKyJIa
[ILOI'0 MEIUKAMEHTY OyIle pearyBaTu 3 iHIIUMHU M IKUMHU PEAreHTaMU — JIYKHUMHU aMiHOKHUCJIO-
TaMHI Ta aPOMATHUIHAMU CIOJYKaMHU.

Takum guHOM, y PE3yJbTaTi KBAHTOBO-XIMIYHMX PO3PAXYHKIB MOJIEKYJM HEDIBOJIOY BUSIB-
JIEHI OCHOBHI PeakKIiifHi MEeHTPU MOJIEKY/IHU, SKi MOXKYTb OpaTd ydacTh y KOMILIEKCOYTBOPEHHI.
PiznomaniTHiCTh DYHKITIOHAJIBHUX I'PYT CBIITMUTL PO MOXKJIUBICTD B3AEMO/IisITU 3 IOJIIPHUMU Ta,
3 HEMOJIIPHUME CKJIaJIOBUMHU OGioMeMOpaH 3a PaxXyHOK PI3HUX 3a CBOEIO IPUPOIOI0 (DparMeHTiB.

[TpoBeneni po3paxyHKH J1ajau MOXKJIMBICTH BCTAHOBUTH, IO CaMe aTOM a30Ty BiJIOBimae 3a
3B’s13yBaHHsI 3 [-penentopoM. JlocuTh 3HATHNN HEraTUBHUI 3apsij HECYTh aToMu PTopy. AToMuU
ByTJIeIio 6ijist aToMiB (DTOPY Ta reTepoaTOMiB KUCHIO MAIOTh 3HAYHUI TO3UTUBHUN 3aPsijl, & ATOMU
BYIVIEIIO, 110 3HAXO/AThCSI B HEIOJISIPHOMY OTOYeHHI (y CKJIaJl XPOMAHOBHX KiJellb), HeCyTh
HaJJIUIIKNA €JIEKTPOHHOI T'YCTHHM.
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HebuBoJsio1: KBAaHTOBO-XNMHYECKNE CBOICTBa

WNucruryr xumun nosepxHoctn uM. A. A. Hyiiko HAH Vkpaunnsr, Kues
Hanmonanbublii MeguiuHcKuii yaupepceureT uM. A. A. Boromouibiia, Kues

Hszyuenvr K6aHMOBO-TUMUMECKUE CBOUCTEA MOAEKYAbL [(-adpenobrokamopa nebusosona. Pasno-
06pasue PYHKUYUOHANDHDIT 2PYNT MOAEKYADL, HEOUBONOAG CEUIEMEABCMBYEM, 0 BO3MONCHOCTIU €€
630UMO0JeTCMB0BAMD € NOAAPHBIMYU U € HENOAAPHOLMU CIMPYKMYPaMmu duomembpar. Amom azoma
00yca08AUBAEM 00PA30BAHUE KOMNAEKCA C [3-PEUENMOPOM.

Karouesnle €a08a: KBAHTOBO-XUMHUYECKHE CBOWCTBA, (PYHKIMOHAJIBHBIE TDYIIIbI, HEOMBOJIOIN,
[B-aapeHobI0KaTOP.
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Nebivolol: quantum-chemical properties

Chuiko Institute of Surface Chemistry of the NAS of Ukraine, Kiev
0. O. Bogomolets National Medical University, Kiev

Quantum-chemical properties of a molecule of B-adrenoblocator nebivolol are studied. The variety
of functional groups of B-adrenoblocator nebivolol evidences about a possibility of its interaction
with polar and nonpolar structures of biomembranes. An atom of nitrogen promotes the formation
of a complex with (-adrenoreceptor.

Keywords: quantum-chemical properties, functional groups, nebivolol, S-adrenoblocator.
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