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TIpo KBaHTOBOXiMi4HY NMPUPOAY CTEPEOXiMi9HOI HEXOPCTKOCTi
KAHOHIYHMX HYKJIEOTMAHHUX OCHOB
. M. I'osopyn*, 4. P. Mimyk, I. B. KonapaTiok

InctutyT MonexynspHoi 6iosorii Ta renetuku HAH Vkpainu
252143, Kuis, Bysn. Axkagemika 3a6onorsoro, 150

HanisemnipuuHumu x8anmosoximiunumu memodamu AM1 ma MNDO/H 6 pexcumi
onmumisayii 8cix cmpykmyprux napamempie 3 Hopmoio epadicnma < 0.01 docnidxero
iHMEpKOHBEPCil0 KAHOHIYHUX HYKNIEOMUOHIX OCHOG — QOEHIHY, ZYaHIHY i YUMO3UHY, a
came: NNOWUHHY IHGEPCII0 Ma aHi30MponHe 6HYMpiwHe 0bEpMAaHHR AMiHOZpYNU Ha-
8KOJI0 eK30uuKniuHo20 36 a3ky C-N, a maxox cmpykmypHi 36ypeHHS npu NPOMOHY-
6anHi ochoé. ITpoananizoeano xapaxmep 63a€Moy3200XKeH0t penaxcayilinoi nogedinKu
icmomHux cmpyxmypHux napamempis, w0 Onucyiome KoHgpicypayio 6aNeHNMHUX
36' 13Ki8 AaMiHHOZ0 amoma a3omy ma cyciOHb020 3 Hum nodaitiozo 36'a3xy C=N. Bcma-
HOGEHO, W40 OCHOGHUM CNEKMPOHHUM HUHHUKOM, KOMPuUii demep minye cmpyKkmypHO-
OuHamiuHi anacmueocmi ex304uUKMMHOT AMIHOZDYNU KAHOHIMHUX HYKNEOMUOHUX OC-
HO6, K 8pewmi-peutm i cCamux OCHO8, € pr-cnpaxenns BEIT aminnoco amoma azomy 3
TC-eNEKMPOHHOIO CUCMeMoi0 Kinbys. ITopad 3 Hum nomimuy poav gidizparome i
BHYMPIULHLOMONEKYNADHI 83AEMO0IT — BHYMPIUHBOMONEKYAAPHI H-38' a3k, Hacam~
neped NH...N, cmepuunuii ¢hakmop, a maxox enexmpocmamunte 8i0uLmosxyeanms
BEII cycionix ( ex304uKniuHO0 | eHOOYUKNIMHOZO0 ) amomia a3omy. Boru cnpununaioms
K HeeKaieaneHmMHicCMmy AmMiHHUX 36’ 13Ki8 maani3omponiio 0bepMaHHa amMiHOZpYNU HA-
8K00 ek304uKaivnoeo 368'a3ky C-N, max i acumempuury opicHmayiio aminozpynu
BIOHOCHO KiNbYs, KA NPOABNIEMbCA, 30Kpema, Y HepieHocmi sanenmuux xymie H' NC
i H'' NC ma abconiomuoi eenununu 08o¢pannux xymie H NC=N i H''-NC = N + 180°.

Bceryn. Panime Hamu 3’scoBano [1, 2], mo kaHOHIYHI HYKJICOTHOHI OCHOBM Ta
iXHi METWIBOBAHI MO IIIKO3WAHOMY A30Ty NOXiAHI HAJEXaTh OO KJACYy CTEPEO-
XiMIYHO HEXOPCTKHX MOJIeKyJa [3], i JoC/igXeHO IXHi OCHOBHI CTPYKTYpHO-IH-
Hamiuni BiacTuBocti. Llg npang € mpoxoexeHHsM monepensix [1, 2] i npucea-
YeHA BHUBUCHHIO KBAHTOBOXiMIUHMX 3aCaj CTEPEOXiMiUHOI HEXOPCTKOCTI KaHO-
HIYHMX HYKJICOTMAHMX OCHOB — aACHiIHY, IryaHiHy i LUTO3MHY 3 OMIsigy Ha ii
BaxJmBe Oiosoriuse 3HaueHHs. PO3IiHIOYM CTEpeoXiMiuHy HEXOPCTKICTh HYK-
JIEOTHAHMX OCHOB SIK OAHY 3 HaWBaxumBimmMx (isMko-xiMiuHUX (OpM IXHBOI
CTPYKTYPHOI MiHJMBOCTi, HaOyTOI €BOMIOLINHAM NUISXOM, aBTOPH BBAXAKOThH il
HeobxinHow nepexyMoBoo GionoriyHoro GyHKUiOHYBAaHHS HYKJICIHOBHX KHCJIOT.

Marepiaiu i Meronu. HaniBemnipmuHnMy KBaHTOBOXIMiUHMMH MeETORAMH
AM1 ta MNDO/H B pexumi onTumizauwii BCiX CTPYKTYpHHX napaMeTpis 3
HopMoto rpagienra < 0,01 BUBUEHO mUISXM iHTEPKOHBEPCil KAHOHIYHMX HYKJIEO-
THAHMX OCHOB, TOOTO IUIOMMHHOI iHBEpCii Ta BHYTpPIHBOro oOepraHHs ami-
HOrpyI# HAaBKOJIO eK30WMKIiyHOro 3B’a3ky C-N, a TakoX XapakTepHi CTpyK-
TypHi 30ypeHHs, IO COOCTEPIralTbCA MPH NMPOTOHYBAHHI OCHOB.

*Correspondence address.
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Pe3yabTaTd i OOroBOpeHHs. Y mpoueci IUIOMMHHOI iHBepcii amiHoOrpymu
ryaniny (Gua), murosuny (Cyt) i ameniny (Ade), mo Mae, 9K NOKa3ylOTh
pO3paxyHKH, EAMHY TONOJIOTIYHY Peasli3alifo I KOXHOI OCHOBH, NMapaJsie/bHO 3i
3MEHIICHHSAM KyTa BHXOAY eK3omukiaiusoro 3B’sa3ky C-N 3 miomuHHR
amimorpyna  H'NH'' ckopouyeTscs HOro ROBXHHA, 30LIBIIYIOTBCS NOBXWMHH
amigHux 38°a3kiB NH' i NH'' ta BanenTri Ky amigHoro aroma asory H'NH"',
H'NC i H''NC. 3MenmenHs mnipaMigajpHOCTI aMiHOTpynM 3auinmae TakoXx i
CTPYKTYPY Kbl OCHOBHM, IOCTYNOBO HOTO CIUIOIIYIOUH: HAHOLIbImI CTPYKTYpHi
3MiHH CIOCTEPIraloThCs A CyCiTHBOIO 3 aMiHOrpyIoIo noABiifHOro 38’ 13Ky C=N,
TOOTO 30LIBIIYETECS HONO MOBXHMHA i HEraTMBHHM 3apai Ha HOrO aToMi a3oTy.

B xomiaHapHOMY NEpexXiZHOMY CTaHi IUIOIMUHHOL iHBEPCil HYKJICOTUAHMX
ocHoB (cuMmetpia C;), mO BignoBigac IIaHApHIN KOH@Iirypamii amiHOrpymnw,
NOBXMHA €K3omukaiyaoro 38’a3Ky C-N MiHiMajbHA, a BiANOBigHI BeIMYMHM
pajsieHTHUX KyTiB aminHoro asory H/NH'', H'NC i H"'NC, noBXuHH aMiHHHX
3p’a3kiB NH' i NH'', moBxwmHa CycigHBOrO 10 eK3onmukiyHoro 3B’ga3ky C-N
noasiiiHoro 3B’a3Ky C=N i HeraTMBHMWi1 3apsgg Ha MOro aToMi asoTy € MakCH-
MaJIbHUMH UIsI KOXHOI ocHOBM (Tabu. 1 i 2).

IIpu upOMy BaJIEHTHi KyTH aMiHHOTO aTOMa a30Ty HANMCHINE BiIXWISIOTBCS
Bin 180°, a aminni 38’s3ku NH' i NH"', gk i B ocHOBHOMY crani Mosnexysn [4],
€ HepiBHOIiHEMMHU. HesanexHO Bin HyKJIEOTHIHOI OCHOBM 3-IOMiX YCiX CTpyK-
TYPHHMX NApaMeTpiB, MO ONMCYIOTh KOH(irypamilo BaJIEHTHHX 3B’S3KiB aMiHHOIO
aToMa asory Ta CYCigHbOro 3 HHM mnopasiitHoro 3B’sa3ky C=N, saume nsa
OEMOHCTPYIOTh NPAKTUYHO JiHiAHY B3aeMosajexHicTh mpu iHBepcii. Lle kyTt
Haxwiy mwiomuH amidorpymu H'NH'' mo eksomuxiiudHoro 3B’sa3ky C-N i
JOBXHHA OCTaHHBOIO. '

B3aemosanexHicTh iHmMMX napaMeTpiB INpH iHBepcii CKJAagHIma, HiX
JiHiifHa, | 3MIiHIOETECS NPH HEepexodi Bix ocHOBM A0 ocHoBH. OxpiM TOro, Mae
MiCIle HACTYNHA CTPYKTYDHO-CHEPreTHYHA KOpeiduid: Oinpmid mipaMizaasHOCTI
aMiHOrpyIIM B OCHOBHOMY CTaHi Biamosizae Ginpmmit 6ap’ep IIOmMUHHOI iHBEpCii
(tabn. 3).

VY mnpoueci BHyTPimHBOro oOepTaHHS aAMIHOPYNHM KAHOHIYHMX HYKJIEOTHA-
HHMX OCHOB HAaBKOJIO €K30LMKJIYHOrO 3B’a3kKy C-N, mo Ha BigMiHy Bix ruiomuH-
HOI iHBepcii 34iHCHIOETBC, 3rifHO 3 pO3paxyHKaMM, ABOMAa TOMOJIOTIYHO He-
€KBiBaJICHTHUMH IUIAXaMM [§], cHocTepiraloTbCsi B3a€MOMOB’SI3aHi CTPYKTYPHIi
penakcauii, xapakTep SKHX AiaMETPaJIbHO NMPOTUACKHUIA ONMHMCAHWM BHIIE.

IMapanespHO 3i 30UIBMEHHSM KyTa BHXOAY €K30LMKJIiYHOro 38’s3ky C-N 3
wromuHn amiHorpynu H'NH'' 36utsmyeTsCst JOBXHMHA OCTAHHBOIO, 3POCTAIOTh
noBxuHM aminHux 38’sa3kiB NH' i NH'' Ta BajieHTHI KyTH aMiHHONO aToMa a3ory
H’'NH"’, H'NC i H""NC. CyrreBe 36L1bmeHHs mipaMigaJbHOCTi aMiHOTpYyIH HpH
ofepraHHi BinOMBAETHCS i HAa CTPYKTYPi Kiibusd, CMMOATHO HOro CILUIOMYIOUM:
HaWOLIbIMX CTPYKTYDHHX 3MiH 3a3HAa€ NpPH IBOMY CyCimHiH monsiiHuit 3B’430K
C=N: 3MeHmyeTbCS HOrO0 NOBXHMHA i BEJIMYHMHA HETATHBHOIO 3apsAy Ha MHOro
aTomi asory. B mwrockocumerpnunnx (cumetpisa C,) mepexigHMx craHax obepraH-
HS aMiHOrpynM, dKi AJId KOXHOI OCHOBHM € HEEKBiBAJICHTHMMM, NOBXHHA €K30-
uMKIiyHOro 38’a3ky C-N MakcuMasbHA, BiNNOBiAHI BEJIMUMHHU BAJIEHTHHUX KYTIiB
amigaoro atoma asory HNH i HNC (H'NC=H'’"NC), noBXuHH pPiBHOLHHHX
aminnux 38’a3kiB (NH'=NH'"), noBxunna cycinaporo o 3B’s3ky C-N moasiitHoro
38’a3ky C=N i HeraTuBHMii 3apsaq Ha HOro aToMi asoTy — MAaKCHMaJIbHI (JUB.
tabn. 1 i 2). IIpu upoMy BajJieHTHIi KyTHM aMiHHOIO aToMa a3oTy HauOuIbme
Bimxmasgiorscsa Bia 120° (zo MEHmMX KyTiB).

Sk i B nomepeaHbLOMY BHMAAKY, 3 YCiX CTPYKTYPHHX NapaMeTpiB, MmO
onucyoTh KOHGIrypauilo BaJICHTHMX 3B’43KiB aMiHHONO aTtoma asory Ta
CyCimHboro 3 HMM nofBiitHoro 38’a3ky C=N, Jume ABa HE3a/JEXHO Bil OCHOBH —
KyT Haxwry womuHn aminorpymu H'NH'' no exksommxaiunoro 3B’ssky C-N i
HOBXHMHA OCTAaHHBOIO — nepefyBaloTh MPAKTHYHO Y JIiHIHHIA B3a€M0O3aJI€XHOCTI.
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PO KBAHTOBOXIMIYHY IPHMPOAY HEXOPCTKOCTI OCHOB

Tabnuys 1

Cmpyllc‘r?:ypui napamempu KQHOHIYHUX HYKICOMUTHUX OCHOS, W0 ONUCYIOMb KOHGizypauio
B8aNeHMHUX 36’ A3Ki6 AMIHHOZ0 aMOMQa a30my ma CyciOHbO2O0 3 HUM nO0Giii0z0 36’ 23Ky C=N 6
OCHOGHOMY CMaHi, @ MAKOX y nepexiOnux cCmanax naouuHHOI ineepcii aminozpynu ma i
aHi30MPOnHOZ0 6HYMPIiULHLOZO 06EPMAHHA HABKONO eX30UUKNIMHO20 36’ 23Ky C-N, pospaxosani
HanieemnipuuHum memodom AM1 8 pexumi onmumizayii 6cix cmpyKmypHux napamempis 3 HOp MO0
epadienma< 0,01

Iepexiani cranu  (cimmosl ToukHM)

Monekyna TMapametp OcuoBauit  CTaH BHYTD r0 obepraHHs  amiHorpynu
aumorrpyrm yuc-opienTanis mpawnc-oplerTanis
Gua C—N 1,4139 1,3899 1,4474 . 1,4398
NH’ 0,9958 0,9864 1,0034 1,0003
NH"' 0,9980 0,9896 1,0034 1,0003
T 39,2 0 53,6 49,8
CNH’ 115,4 121,1 109,9 111,2
CNH"’ 114,6 119,2 109,9 111,2
H'NH"’ 114,0 119,7 111,9 110,0
C=N 1,3551 1,3614 1,3459 1,3394
On —0,2486 —0,2663 —0,2263 —0,1392
Cyt C—N 1,3812 1,3734 1,4359 1,4347
NH'’ 0,9897 0,9897 ' 1,0049 1,0015
NH" 0,9927 0,9866 1,0049 1,0015
7 23,7 0 53,4 54,1
CNH' 119,3 121,0 110,3 109,5
CNH" 117,3 119,2 110,3 109,5
H'NH" 117,7 119,8 108,9 110,6
C=N 1,3452 1,3474 1,3307 1,3263
On —0,2931 —0,3006 + —0,2527 - —0,1667
Ade C—N 1,3686 1,3683 1,4279 1,4286
NH' 0,9890 0,9889 1,0042 1,0033
NH"' 0,9889 0,9888 1,0042 1,0033
T 4,9 0 52,9 55,1
CNH' 120,8 120,9 110,4 109,2
CNH"’ 118,9 119,0 110,4 109,2
H'NH"’ '120,0 120,1 109,3 109.8
C=N 1,3755 1,3756 1,3626 1,3565
On —0,2734 —0,2737 —0,2348 —0,1586

I pm MmiTk a C-N, C-N— nosxuvna ek3oumukiaiuHoro 3s’s3ky C-N Ta Cyciamboro 3 num
noxsifiHoro 38’a3ky C=N Biamoigno; Qy — 3apsg Ha aToMi a3oty octanHboro B e; NH’, NH'' —
noBxunu aminumx 38’s3kis; H'NH'', H'NC, H''NC — BajienTHi KyTM aMiHHOTO atomMa asory; 7 —
KYT BMXOHY EK30UMKJIIYHOro 3p’asky C-N 3 miommuu amidorpynu H'NH’'. oBXuHM 3B’SI3KiB
HaBeIeHO B A, KyTiB — y rpapycax. Lfuc- i mpanc-opieHTauis aMiHOrpynmM B nepeximHux CTaHax
o6epraHHs 3aJaHa BiAHOCHO CYCiXHBLOTO MOABiNHOMO 38’s13Ky C=N

B3aeMo3aneXHICTh iHIMX CTPYKTYPHHX NapaMeTpiB IpH BHYTPImHBOMY 06ep-
TaHHI aMiHOTPYNIX € HEJIHIHHOI i MOMITHO 3MIHIOETHCH NPHM MEpexoni Bix oxmiei
MOJIEKYJIH A0 iHmOi.

XapakTepHi CTPYKTYpPHi 3MiHH CHOCTEpIiraloThCs TaKOX MPH NPOTOHYBAHHI
HYKJICOTHAHHX OCHOB. Tak, NMpOTOHYBaHHS aMiHOIPYNH CIOPHYHMHSE CYTTEBE
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TOBOPYH I. M. TA IH.

Tabnuys 2

Cmpyxmyphi napamempu KGHOHIMHUX HYKIEOMUOHUX OCHOB, Wi0 ONUCYIOMb KOHGizypayilo
éanenmuux 36' 43Kié amMiHHOZ0 aMoMa a3omy ma cycions020 3 HuM nodeilinoeo 36'asxy C=N 6
OCHOGHOMY CMAHi, @ MAKOX Y NePexiOHUX CMaHax NIOWUHHOT inéepcit aminozpynu ma it
aHi30MpoOnHOZ0 BHYMPIilLHb020 06EPMAHHA HABKONO eX30UUKNIMHOZ0 36'23ky C-N, po3paxosaHi
nanieemnipunnum memodom MNDO/H ¢ pexumi onmumisayii 6cix cmpyxmyprux napamempis 3
HopMmoio 2padicuma < 0,01 3 ypaxy8aHHAM 6CiX BHYMDIULHLOMONEKYNADHUX B00HEBUX 38's3Kia [18 ]

Mepexizni cranu  (cimnosi  Toakwu)

Monexyna Tapamerp Y #  cran om0l BHYTPIHBOrO O6EpTAHHN  AMIHOrPYDW
auiuorrpynu nuc-opieﬂmuiﬂ mpanc-opiet—muiﬁ
Gua C—N 1,4087 1,3699 1,4341 1,4316
NH' 1,0059 0,9908 1,0111 1,0102
NH"' 1,0070 0,9938 1,0111 1,0102
T 52,2 0 59,1 56,8
CNH' 11,7 122,2 108,1 109,1
CNH"' 110,0 119,0 108,1 109,1
H'NH"' 109,0 118,8 105,6 106,5
Cc-N 1,3318 1,3416 1,3273 1,3231
On —0,3146 —0,3505 —0,3063 —0,2169
Cyt C—N 1,4032 1,3698 1,4321 1,4352
NH' 1,0061 0,9951 1,0073 1,0066
NH'' 1,0043 0,9919 1,0073 1,0066
T 47,6 0 54,7 56,2
CNH’ 11,3 118,9 109,6 110,0
CNH"' 114,2 122,9 109,6 110,0
H'NH" 110,1 118,2 109,4 109,0
C=N 1,3283 1,3369 1,3181 1,3158
On —0,3567 —0,3933 —0,3349 —0,2473
Ade C—N 1,3921 1,3625 1,4252 1,4284
NH' 1,0042 0,9941 1,0074 1,0081
NH"' 1,0033 0,9932 1,0074 1,0081
T 41,9 0 54,6 55,2
CNH’ 112,6 119,7 109,5 110,0
CNH"' 114,3 121,6 109,5 110,0
H'NH"’ 111,2 118,7 109,4 109,0
C-N 1,3581 1,3643 1,3511 1,3484
On —0,3538 —0,3823 —0,3368 —0,2592

IMpumirtk a Jdus. tabn. 1.

NMOMOBXEHHS OPAMHAPHOrO eK3ouukyHoro 38’ a3ky C-N na 0.087; 0.106 i 0.107
A B ryanmini, anenimi i uMTosMHi BianoBimHO (po3paxyHOK Meronom AMI).
IMpoToHyBaHHS HYKJCOTHRHHX OCHOB IO iHIINX NPOTOMLIBHMX MiCHAIX NPH3BO-
IATh OO IXHBOIO CIUTOmEHHd (cuMerpia C; ). XapakTep CTPYKTYpHHX 3MiH, MmO
Bin6yBalOTbCd NMpPH LBOMY, TAKMif Xe, 9K i MPH MEPEXOAi 3 OCHOBHOIO CTaHy B
nepexigHMii CTaH IUIOMMHHOI iHBepCii — HaiOinbmi iXHi BEIMUYHHM MAIOTh Micue
NpH IPOTOHYBAHHI CHAOLHMKJ/IIYHOIO aTroMa as3oTy CyCiIHPOrO 3 aMiHOrpymnoio
noagiiHOro 38’43ky C=N.

Taka B3a€MOY3rOAXEHA PEJIAKCALiNHA MOBEAIHKA CTPYKTYPHHX IapaMeTpis



MPO KBAHTOBOXIMIYHY [PHMPOAY HEXOPCTKOCTI OCHOB

Tabn 3

Enep:gr’::uuui 6ap’ epu ( kan/ Monb) NAOWUHHOL inéepCit arminozpynu ma it ani30MmponHozo
BHYMPIWHLOZ0 0BEPMAHHA HABKONO eX30UUKNIMHO20 36'23KY C-N, po3paxoeaHi HanieeMnipuHuUMu
x8anmoeoximinnumu memodamu AM1 i MNDO/H @ pexumi onmumisayit 6cix cmpyxmypHux
napamempia 3 Hopmoio zpadicnma < 0,01 ( npu pospaxynxoei memodom MNDO/ H epaxoearo &ci
8HympiwnbomonexyaapHi H-36'asxu [18])

Tnomuuna  insepcis

amisorpynu BHyTpimHe oGepTaHHs  aMiHorpynu

Monekyna
yuc-opieHTanis mparc-opieHTauis
AM1 MNDO/H
AMI1 MNDO/H AMI1 MNDO/H
Gua 600 3090 2206 3305 6715 8847
Cyt 67 2016 6010 3724 11070 10470
Ade 1,4 1522 8370 6270 9450 10068

npu iHTEPKOHBEPCii KAHOHIUHMX HYKJICOTHAHHMX OCHOB, 4 TAKOX INPH IXHBOMY
MPOTOHYBAHHI X0Ope KOPETIOE 3 KOHUEMUIEI prr-CupsXeHHs [7 1.

Y paMkax METOAYy BAaJCHTHMX 3B’A3KiB pPrU-CIPSIKEHHS PpO3MISHAIOTH $K
BHYTPIITHBOMOJIEKYJIIPHY ROHOPHO-3KLENTOPHY B3aEMOAII0 3 MEPEHECEHHSIM 3a-
psany Bix BiIbHOI eyiekTporHOI napu (BEIT) aMiHHOrO atoMa asoTy Ha 7T-CHCTEMY
cycigaporo 3 HuM (apoMatmuHOro) dparmenra monexyau [6, 7]. Lla s3aemonia
3HAYHOIO MipOI0 BH3HAYAEThCS YMOBAaMH nepekpuBaHHs opbitani BEIT amiaHOrO
aroMa asory Ta zz-opOitaji 3B’g3aHOro 3 HHM atoma Bymremio [6, 7]. B cBowo
yepry, cnpoMoxHicte BEIl aminHOro aromMa asory no prr-CIpsXeHHsS BH3Ha-
YaEeTbCsl THNMOM Ii ribpmamsamii — 3i 3pOCTAHHSAM p-XapakKTepy OCTAHHBOL
36inbmyeTncs 3paTHicTh ribpuanoi BEIT no pr-cpsxennsa [8 1.

Y nepexigHumx CTaHAX BHYTPIMIHBLONO OOEPTaHHA aMiHOrpynu p-opbiTanb
BEII amiHHOro aroMa asoTy OpPTOrOHaJbHA 7-OpOiTaJi i TOMYy 3 HEK HE
B3aeMonie. BincyTHicTb prr-cpsXeHHS CIPHYHMHSE MAaKCHMAJIbHY AOBXHHY €K30-
muKTiyHoro 3e’a3ky C-N Ta iforo BuXin 3 IUIOmMMHM aMiHOrpyn® i MiHiManbHE
3HAa4YCHHd BiANOBIAHMX BaJECHTHHX KYyTiB aMiHHOTO aToMa asoTy Ta HOBXHH
aMiHHHMX 3B’S3KiB, a TaKOX JOBXHHY CYCIAHBOIO A0 EK30UHMKJIYHOTO 3B’ 43Ky
C-N nogsiitroro 3B’a3ky C=N i meraTmBHOro sapsgy Ha Horo aromi asory [9,
10]. Kondirypanis aMmiHHOro aroMa a3oTy B LbOMY BHNAAKy OJH3bKa 10
sp>-ri6puausanii. Hasnaxu, B nepexizHoMy cTaHi IUIOIMHHOI iHBEpCii opbiTai €
KOJTiIHEADHMMH i B3a€MOAiIOTP MakcuMmanbHO. Halimoxsmeime mixcwienns pr-
CTIPSIXKEHHS TPU3BOAUTD HO 3BOPOTHOTO €eKTy: MiHiMi3ye ROBXHMHY €K30-
nukiaivyHoro 3B’s3ky C-N, mo exBiBaJIeHTHO AedKi MOro aBo3B’A3HOCTI, Ta
cTabiri3ye IIaHAapHY reoMETpil0 aMiHOrpyIy; MaKCUMAaJli3ye BiNOBiAHI BajeHTHI
KYTH aMiHHOro aroma asory (ix cyMa pmopiBHioe 360°) Ta DOBXMHM aMiHHHX
3B’53KiB, @ TaKOX MHOBXHHY CYyCiTHBOTO A0 €K3OmMKJIiuYHOro 3s’ssky C-N
noasiiiHoro 3B’a3ky C=N i HeraTmBHMIl 3apsan Ha #oro aromi asory [9, 101].
IMnanapHa KoHirypania amiHHOrO atoma asory 61M3bKa [0 sp’-ribpuamsarii.

B immux BHMMazKax, MO BiANIOBiRalOTh OCHOBHOMY CTaHY MOJIEKYJH, MAaec
Micle mpoMiXHa CHTyauis.

ITpoToHyBaHHS OCHOBM IO aMiHOTPYNi YHEMOXJMBIIIOE pr-CipsXeHHs [6];
NPOTOHYBAHHS ii MO iHMMX nporodibHMX MicHgx i, B nmepmy uepry, no aTomy
asory noxsiiiHoro 3B’sa3ky C=N, cycigHporo 3 exsomukaiuamM 3B’s3kom C-N,
HABNaKH, 3HAYHO HOro miacwmoe. B 06ox BAMAaKax CrOCTEPIralOThCs XapaKTEpHi
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rOBOPYH 1. M. TA IH.

CTPYKTYpHi 3MiHH, MO BiaOMBAIOTP 3MiHY BEJMUMHHM DIU-COPSXEHHS, NP0 SKi
HImIocs BUME.

Ha HagBHICTb prr-CpsSXeHHS B KAHOHIYHMX HYKJEOTHAHMX OCHOBaxX BKa3ye
TaKOX BeIWMYMHA criBBixHOmMEHHS [U-iHTEeHCHBHOCTEN «@HTHCHMETPUYHOIO» (I,)
i «cumerpruHoro» (I;) BaseHTHHXx NH-ko/mBaHbL aMiHOrpynm (J1anku O3HA4aKwTh
HAOJMMXEHICTh TAKOIO 3araJIbHONPUAHATONO TIYMAUeHHS CHMETpil BaJIEHTHHX
KOJIMBaHb aAMiHOTPYNH, OCKIbKM aMiHHI 3B’93KM B HYKJICOTHAHMX OCHOBax HE €
pisHOLiHHUMH [4]). [U-iHTEeHCHBHICTD «CHMETPHYHOIO» KOJIMBAHHS aMiHOrPYIIH,
Ha BigMiHY Big TaKoOi «aHTUCHMETPUYHOIO» KOJMBAHHS, KOTPAa BH3HAYaETHCH
JMme eJekTpoonTuyHMMHE BaactuBoctamMu NH-3B’a3kiB i He 3auimae B nepmomy
nabnuxenni BEIT exsomuxiaivHoro aromMa N, iCTOTHO 3asexuTh BiX THmy ii
ri6puau3anii — NOpYmEHHS pr-CIPSIXXEHAS MPU3BOAMUTb N0 3HUXEHHS BiXHOCHOI
inTeHcuBHOCTI «cuMmerpuuHoi» Momu [11]. Tak, y ryaHiHi, ne, 3ri.uHo 3 pospa-
XYHKaMH, BEJIMYWHA PR-CHPSXKEHHS B OCHOBHOMY CTaHi Haiimenma, I~I, [12,
131, a B uMTO3MHI i afeHiHi, K¢ BOHO 3HAYHO 3POCTAE (OCOOIMBO B OCTAHHBOMY
BHNAnKy), I,=2I, [12].

OxpiM TOro, CAME HiACHJICHHSM BEJHUHHM pIT-COPSIKEHHS 33 PaXyHOK
30UIBIIEHHS PO3MIpIiB 7T-eJIEKTPOHHOI cucteMu npm H-3B’d3yBaHHI KAHOHIUHMX
HYKJICOTHAHHMX OCHOB, 30KpeMa YoTcOH-KpHKiBCbKOMY, KOJIM aMiHOrpyIia BHCTY-
Nae BHKJIOYHO B pOJIi MPOTOHONOHOpPA, MOXHA MOSCHMTH Crabimizauiio korwia-
HApHOrO IMEPEXiAHOIO CTaHy IUVIOMMHHOI iHBEpCii BOAHEBO-3B’S3aHMX Map, MO
NpU3BOAMTL A0 HEAOUTHBHOIO 3MEHIEHHS Oap’epa ruxonmnuon imBepcii
MOPiBHSAHO 3 BUIPHMMHM OCHOBamm [14].

HapemrTi, cdMe nocnabieHHs pir-CHpPSKEHHS NPH MEPEXOAi HYKJICOTHIHMX
OCHOB 3 BUIBPHOIO CTaHy B KPHCTaJiYHMN NPU3BOANTH AO ACIKUX XAPAKTECPHUX
3MiH B ocobamBocTax ixHix cnektpiB YO®-nornmuuanus [15]. TIpo nocnabaenns
DIU-CIIPSIXEHHS NP NMEPEXOAi 3 BLIPHOIO CTAHY B KPHCTAJMIYHMH, IO Ma€ CBOIM
HACJIIKOM 3HauyHE 3pocTaHHs 6ap’epa miomuHHOI iHBepcii (>> kT), oNHO3HAUHO
cBimuaTh naui Hedrpororpadii [16]: gk y Kpucranax, Tak i B cmiBKpucrasizatax
HYKJICOTHAHI OCHOBM YTBOPIOIOTh HEKOILIAHAPHI BOXHEBO-3B’SI3aHi Mapw.

OueBngHO, MiXmApoBi B3aeMoOAii (Tak 3BAHUN CTEKiHI), NEpPEBaXKAIOUH
BIJIMB HAa pA-CIPSXEHHS Mixmonekynapuux H-38’a3kis, craGinisyors
nipamiganpHy KoHbirypanio amiHorpynmu (30Kpemad, 3a paxyHOK NiABUMICHHS
s-xapakrepy BEIl amiHHoro aroma asory), MmiIBMIIylOYM THM caMuM ii 6ap’ep
wiomuHHOI iABepcii. Ha Xxanp, excriepmMeHTasIbHI AaHi A9 TEPMOAMHAMIYHUX
XapaKTEPUCTUK iHBEPCii €K3OLMKIIYHOIO aTOMa a30Ty SK KAaHOHIYHHX HYKJIEO-
THIHAX OCHOB B KDMCTaJiYHOMY CTaHi, Tak i B iXHiX chmiBKpucTajisaTax B
nirepaTypi BiacyTHi. BoHnm MoXyTh OyTH OTpMMaHi METOAOM PEHTIE€HOCTPYKTYP-
HOIO aHali3y 3 TEMIEPATYPHOI 3aJIEXHOCTI 3aCEN€HOCTIi aKCHAJbHMX i €KBa-
TOpiaJIbHUX MO3MLINA eK30LMKIIYHOro atoMa asory [17].

OTXe, OCHOBHHM €JIEKTPOHHAM YMHHWKOM, IO ACTEPMiHYE CTPYKTYPHO-IAM-
HaMiyHi BJIACTMBOCTI €K30LMKJIIYHOI aMiHOrpynH KAHOHIYHUX HYKJICOTHAHMX
OCHOB, SIK BPEmTi-pemT i CAMHX OCHOB, € p-cnpsxeHHs BEIT aminHOro aroma
as’oTy 3 7-eJIEKTPOHHOIO cHcTeMol Kimbug. Ilopsm 3 HMM mnoMiTHY posb
BiZirpaloTh iHmMi BHYTPIIMHHOMOJICKYJSPHI B3a€EMOAii, a caMe — BHYTPiIDHBO-
monexkyaspui H-3B’a3km, Hacammepen NH..N [18], crepmunmit cdakTop, a
TakoOX ejekTpocratuyHe BimmroBxyBaHHa BEIl cycimrix (ex3omuxsiyHOro i
EHIOIMKJIIYHOrO) aroMiB a3oty [5]. BoHm cOpruMHSIOTh SIK HEEKBiBAJIEHTHICTH
amigEMX 3B’43KiB [4] Ta amisorpomilo o6epTaHHS aMiHOrpyImM HABKOJO EK30-
uukaiyboro 3B’a3ky C-N [5], Tak i acMMeTpuuHy OpIi€HTALiI0 AMiHOrpynd
BIIHOCHO KUIbLS, SKa NPOSBJISETBCH, 30KPEMa, y HEPIBHOCTI BAJIEHTHUX KYTiB
H'NC i H'NC Tta aGcomorHoi Besimumun psorpaanx kyTiB H'-NC=N i
H''-NC=N+180° [1, 2].
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MPO KBAHTOBOXIMIYHY IPUPOAY HEXOPCTKOCTI OCHOB

A. H. F'osopyw, 5. P. Muwyx, H. B. Kondpamiox

O KBaHTOBOXMMHYECKOM NPHUPOAE CTEPEOXMMHUYECKOH HEKECTKOCTH KAHOHMUYECKMX HYKJICOTHMIHBIX
OCHOBaHWMI

Pesiome

Honysmnupuseckumu k6anmogoxumuseckumu memodamu AM1 u MNDO/ H 6 pexume onmumusayuu
8cex cmpykmypHbiX napamempos ¢ Hopmoii epaduenma <0.01 uccnedosana unmepxonéepcus
KQHOHUHECKIX HYKAeOMUOHbIX OCHOBAHUI — AOEHUHA, ZYAHUHA U YWWMO3UHA, @ UMEHHO: NOCKOCMHAA
UHBEDCUSL U AHUSOMPONHOE BHYMPEHHEE 6DAUEHUE AMULHOZPYNNb BOKDY2 IK30yuKu4ecKoli céasuC-N, a
makxxe CmMpYKMYypHble G03MYUEHUA NPU NPOMOHUPOBAHUU Ochosanuil. ITpoananusuposan xapakmep
683AUMOCOZNACOBAHHO20 PENAKCAUUOHHOZO NOBEOEHUS CYULECMBEHKBIX CIMPYKMYPHbIX hapamempos,
KOMOopbie ONUCHKIGAIOM KOHDUZYPAUUIO BAIEHMHBIX C6A3EI AMUHHOZ0 AMOMA A30MQa U COCCOHER C HuM
060iinoii cés3u C=N. YcmaH0o8eHO, 4MO OCHOBHHIM INEKMPOHHBIM PAKMOPOM, ONnpedenaioujum
CMpYKINYpHO-OUHAMUMECKUE CBOCMBA IKIOUUKIIUHECKOL AMUHOZDYNIbL KAHOHUHECKIUX HYKNEOMUOHBIX
OCHOGaHUL, KAK U CAMUX OCHOBQHWUI, AGNAEMCS PTL-CONPRAXKEHUE HENODENCHHOU INEKMPOHHOU napbl
AMUHHOZ0 AMOMA A30MA C T-3NEKMPOHHOU cucmemoll konvya. Kpome moeo, samemuyio pons uzparom
dpyzue GHYMPUMONEKYNIDHbIE 83aUuMOOelicmeus — 6Hympumonekyasproie H-ceasu, 8 nepsyio
ouepedsb, muna NH...N, cmepuueckuii paxmop, a maxxe daeKmpocmamuyueckoe Ommankuéarue
HenoGeneHHbIX INEKMPOHHBIX NAP COCEHUX (IKIOUUKIUUECKO20 U IHOOUUKAUHECKOZ0 ) AMOMOE a30ma.
OHnu onpedensiiom Kak He3k6uéaneHmuocms césieii NH amunozpynnot u Hecummempuunyio ee
0pUEHMAYUI0 OMHOCUMENLHO KONbUA 8 OCHOBHOM COCMOAHUL, MAK U QHU3OMPONHIL Xapakmep
BHYMPEHHEZO0 8DAUEHUR AMUHOZDYNIbL

D. M. Hovorun, Ya. R. Mishchuk, 1. V. Kondratyuk
On a quantum-chemical nature of a stereochemical nonrigidity of canonical nucleotide bases

Summary

An interconversion of canonical nucleotide bases adenine, guanine and cytosine, exactly aninversion about
a plane, and anisotropic inner rotation around exocyclic C-N bonds, and structural perturbations and the
bases’ protonation as well, have AM1 and MNDOQO/H methods with an optimization of full structural
parameters and a gradient norm <0.01. An mutually coordinated relaxational behaviour of essential struc-
tural parameters which describe valence bond configurations of amino group N atoms and neighbouring
double C=N bonds were analysed. It was found that pr-conjugation of an electron lone pair of an amino
group nitrogen atom with a ring n-electron system is a main factor to determine structural-dynamical
properties of exocyclic amino groups of canonical nucleotide bases, and moreover, of the bases themselves.

Besides appreciable effects of other intramolecular interactions, namely intramolecular H-bonds ( first of
all of NH...N type), steric factors, and an electrostatic repulsion of electron lone pairs of neighbouring
(endo- and exocyclic) nitrogen atoms as well, were estimated. They determine both nonequivalence of
amino group NH bonds (as well as amino group ground-state orientation about a ring plane) and an
anisotropy of amino group inner rotation.
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