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OBILIAA XAPAKTEPUCTUKA PABOTHBI

AKTYyaJIbHOCTb TeMbI U CTelleHb ee pa3padoraHHocTH. lccienoBaHue mnpoieccoB
dbopmupoBaHus MOTUMOPPHBIX GOPM XUMUUYECKUX COCIUHEHUH SBIISIETCS BAXKHOM 3a/aueil Ha
OyTH WX CO3JaHus, MOAU(GUKAIMU M peno3ultuoHupoBaHusd. llomumopdHBIE CKPUHUHT
ABJIAETCA HEOOXOJIMMBIM 3TallOM CO3/aHMSI JIEKAPCTBEHHBIX COEIMHEHUMN, YTO MO3BOJISET HE
TOJILKO OOHAapyXHUTh (QOpMy € TpeOyeMbIMU (U3UKO-XHUMHYECKUMH CBOWCTBAMH, HO U
MUHUMU3HPOBATh PUCK BBIBOJA HA PBIHOK JEKAPCTBEHHOTO COEAMHEHMSI B METACTaOMIbHOU
nonmuMopdHoii  popme. Ha cerogHsAmHUI JA€Hb HET OJHO3HAYHOIO TOHUMAHHUS U
UHTEpPIIpETallM  IpollecCOB o0Opa3oBaHusi NoauMoOpdHbIX (OpM U3  pacTBOpPOB, a
NOJIMMOP(HBIA CKPUHUHT TMPOBOAMUTCS IO M3BECTHBIM aJrOpUTMaM, KOTOpbIE HE BCeEria
paboTaloT KOPPEKTHO. B CBSA3M ¢ 3TUM, pa3BUTHE JAHHOTO HAINPABJICHUS aKTyaJlbHO U MOXKET
OBITh pPEaTU30BaHO 3a CYET (POPMUPOBAHMS HAYYHONH OCHOBBI, MO3BOJISAIOIIEH BBISIBUTH
0COOEHHOCTU MPOTEKAaHUs MPOLECCOB HYKJEAlMU B HACBHIIIEHHBIX pacTBopax. B HacTosien
JUCCepTallMOHHOW paboTe OyAeT NMPOBENEHO OMNpEeleieHHE MapaMEeTPOB CTPYKTYpPbl MallbIX
MOJICKYI psana ¢dbenamatos, 00J1a1ar0 X KOH(OPMAITMOHHO-OTIPEACIISIEMBIM
noauMoppu3sMoM, M JIMJOKauHa C MPUBICYEHHUEM METOJOB CHEKTPOCKONUU SJAEPHOIO
MarHuTHoro peszoHanca (SIMP). denamarbl — HECTEPOUIHBIE MPOTUBOBOCTAIUTEIbHbBIC
npenapatsl (HIIBII), 1o HenaBHEro BpeMEeHH HCIOJIB3YIONIMECS B MEIUIIMHCKON MPAKTUKE B
KayecTBE JIEKAPCTBEHHBIX COEIUHEHUN C NPOTUBOBOCHAIUTEIBHBIM M 00€300JMBAIOIIUM
apdpexrom. Omnako c¢ 2012 roma ¢eHamaTsl HE PEKOMEHIOBAHBI K HCIOJIB30BAHUIO B
HEKOTOPBIX CTPaHaX B COOTBETCTBUU C IIOCTAHOBJIEHWEM YIPABJICHUS IO CAHUTAPHOMY
HA/I30pY 3a KaueCTBOM IHUIICBBIX MPOJYKTOB M MenukameHnToB (anri. FDA — U.S. Food and
Drug Administration). HecMoTps Ha wumeromuecss moOodHble 3(QEKThI, CBsI3aHHBIE C
npumenennem HIIBII, nocnegnue HayuHble JaHHBIE CBUACTEIBCTBYIOT 00 aKTUBHOCTH CaAMHX
dbenamaToB, WX MPOU3BOAHBIX U KOMIUIEKCOB Ha WX OCHOBE B OTHOIIEHUU PAKOBBIX KIIETOK
yesnoBeka. deHaMaTbl UMEIOT IIUPOKUHN MOTEHUUAN K PETNO3UIIMOHUPOBAHHUIO, HAIpUMeED, 3a
CYeT BO3MOXXHOCTU CO3JaHMsI PA3TUYHBIX TBEPABIX (POPM C 3a/laHHBIMH CBOWCTBAMHU, B TOM
yrciie OOYCIIOBJICHHBIX KOH(POPMAIMOHHO-OMpeneasieMbiM nonmuMmopduzmMoM. Kpome Toro,
peryaupympoIme opranbl, Takue kak FDA, mpeabsBisior Bce Oojiee KeCTKHEe TpeOOBaHHUS K
YUCTOTE TMOJYy4aeMOro MpOAYKTa. B CBSI3M C ATUM, MOUCK aIbTEPHATUBHBIX «3EJICHBIX»
TEXHOJIOTUH U MOAXOIANIMX (PU3UKO-XMMUYECKUX METO/OB JUIS OINpENEeNIeHUs OCOOCHHOCTEH
MPOIECCOB TONYyYEHHUs MONMUMOPPHBIX (HOPM C MPUMEHEHHUEM TaKUX TEXHOJOTHHA TaKke
SBIISICTCSI BaXHOW 3aJauyeil coBpeMeHHOW ¢u3ndeckoi xumuu. Ha cerogusmHuil 1eHb,
MCIIOJIb30BAHUE CBEPXKPUTHUYECKOTO nuokcuja yriepoja (ckCO;) B KauecTBE pacTBOPUTEIS
paccMmaTpuBaeTcs Kak 0oJjiee DKOJIOTHYECKH YHCTas 3aMEHa TPATUIIMOHHBIM OPTaHHMYECKUM
pactBoputensiM. [ToaToMy, MOHMMaHUe OCOOEHHOCTEH CTPYKTYPHI U KOH(MDUTYpAIIUU MOJICKYIT

B cpene ckCO; umeeT 0coOyr0 MPAKTUYECKYI0 3HAYUMOCTh. JIMIOKaWH BBHIOpAaH B KadyeCTBE



OJTHOTO U3 00BEKTOB MCCIIEIOBAaHUS 0J1aroaaps ero BeICOKoii pacTBopuMocTH B ckCO,. Bmecte
C TEM JIMJIOKaWH, KaKk U (eHaMaThl, 00JIaJaeT OMOJIOTHYECKOW aKTUBHOCTHIO, TAKKE IUIOXO
pacTBOpPHUM B BOJIe, KaK B (hopMe OCHOBaHUS, Tak U B (hOpME MOHOTHJIpATa, YTO 00YCIOBIUBAET
MEPCHEKTUBY €ro MOAU(MUKAIMU C IEJIbI0 MOJY4YeHUs TBEPIAbIX (OPM C YyIy4IIEHHBIMU
XapaKTePUCTUKAMU PACTBOPUMOCTH.

B mnactosiiiee Bpemsi CYIIECTBYET OTpaHUUYEHHBIH HA0Op METOJOB KOHTPOJSI M
KOJJMYECTBEHHON OIEHKH KOH(OPMAIMOHHBIX PABHOBECHN MaJbIX MOJIEKYJ] B HACBHIIICHHBIX
pacTBopax, M OJHMM W3 HEMHOTMX sBiseTcs crnekrpockonus AMP, B wyacTtHOCTH,
cnektpockorus saeproro ¢ dexra OBepxayzepa (NOESY). HecmoTpst Ha psin TpeboBaHMil K
UCCIeAyeMbIM 0Opa3naM, JaHHbId  (U3UKO-XUMUYECKHI METOJl TO3BOJISIET peuiaTh
YHUKAJIbHbIE Hay4YHBIC 3aJa4ll M TMOJydaTh KOJMYECTBEHHYIO HH(OpPMALMIO O TapameTpax
CTPYKTYPBI MOJIEKYJI B pacTBOpax U (Ironax.

B pamkax gucceprauMoHHOW pabOThl MpOBEAEHA OLEHKa KOH(POPMAIMOHHBIX
paBHOBecHil (eHamMaTOB M JHAOKaMHA, KaK XOPOIIO pPacTBOPUMOTO COCIUWHEHHUsS, B
HACBHIIIICHHOM  PAacTBOPE  CBEPXKPUTHUYECKOTO  JUOKCHAA  yriepoja TMpU  MOMOIIU
cunexktpockorrmu NOESY. Kpome Toro, paspabotaH mMoaxoj, IO3BOJSIONIUN IPEOIOJICTH
cymectBytone orpannueHuss metoga NOESY anms  pemieHus TTOCTaBJICHHOW —3ajavd
MPUMEHUTETBHO K MaJIbIM MOJIEKYJIaM (peHaMAaTOB.

Hear auCCEPTAIIMOHHOTO  HCCAEIOBAHUSl  3aKi04yansach B YCTaHOBJICHUU
3aKOHOMEPHOCTEH KOH(OPMAIMOHHOTO pABHOBECHS MallbIX MOJEKYJ JIEKapCTBEHHBIX
coenvHeHUN (MaokamHa M pAna ¢eHaMaToB) B HACBHIIIEHHBIX pPacTBOpax B cpefe
CBEPXKPUTUYECKOTO JTUOKCHJA YTIIEpOoJa MPU TOMOIIM CHEKTPOCKOMHH SAEpHOro 3ddekra
Ogepxay3sepa.

JI71s1 1OCTHKEHUSI IOCTABICHHOM 11€JIM PEIIAINCh CIEIYIOIINE OCHOBHBIE 3a1a4H:

1. Pa3paboTka moaxoaa aJisi OMpeeeHHs TapaMeTpOB MPOCTPAHCTBEHHON CTPYKTYPhI
¥ KOH(QOPMAITMOHHBIX PABHOBECUH JIUJIOKAaWHA U psifa (peHaMaToB B HACHIIIEHHBIX pacTBOPaxX
B cpene ckCO, ¢ mpuMEeHEHHuEeM METOJ0B crekTpockonuu SAMP u KBaHTOBO-XUMHYECKUX
pacyeToB.

2. Anpobarus MoaudumpoBaHHOro mnoaxoma K moiydeHuto naHHeIx NOESY Ha
npuMepe xopoiio pactBopumMoro B ckCO, coeiMHEHUs — JIMI0KanHa.

3. AHanu3 BIMSHUA TApaMETPOB COCTOSIHUS (TeMmepartypbl W JaBJICHUS) Ha
pacnpeneneHus JoJiei rpymnn KoHGOPMEpOB JTUAOKAWMHA B HACBIIIEHHBIX PAacTBOpax B Cpele
ckCOs.

4. OmnpeneneHue CHEKTPAJIbHBIX XapaKTePUCTHK, MapaMETpPOB MPOCTPAHCTBEHHOM
CTPYKTYpBI, a TaK)Ke pacHpeleieHus J0JeH TPymm KOHPOPMEpOoB MoJeKyd ¢GeHaMaTOB B
HACBINEHHBIX pacTBopax B cpene ckCO, ¢ npumenenueM criekrpockonnu NOESY u ganHBIX

KBAHTOBO-XUMHWYCCKHUX PACUYCTOB.



5. BbisiBieHne 3aKOHOMEPHOCTEH B KOH(POPMAIMOHHBIX PABHOBECHSIX B psay
dbenamaToB (MmedeHamoBoi, ToieHaMOBON U (uryheHaMOBON KHCJIOT) B HACHIIICHHBIX
pacTBOpax B Cpefie CBEPXKPUTUUECKOTO TUOKCHIA YIIIEpOAa.

Hayynass HoBu3Ha. B 1uccepraniioHHON paboTe BIEpBbIE TMPOBEJICH aHAIN3
IPOCTPAHCTBEHHOW CTPYKTYPBI MAJIBIX MOJIEKYJ psiia eHaMaTOB B CPEJI€ CBEPXKPUTHUECKOTO
JTUOKCHJIA YTIIEpo/ia C UCIOJb30BAaHUEM KOMILIEKCHOTO 1Moax0/1a Ha ocHoBe naHHbIX NOESY u
KBaHTOBO-XMMHUYECKHUX pacueToB. PazpaboTana u amnpoOupoBaHa HOBas SKCIIEPUMEHTAIbHAS
METOJIMKa JUIsl OmpenaesieHus: KOH(POpMalMOHHBIX paBHOBecHil (peHamaroB B cpene ckCO».
BriepBble yCTaHOBIIEHO BJIMSHUE [AapaMETPOB COCTOSHHUA (IJaBICHHS M TEMIIEpaTypbl) Ha
pacnpeneneHue AoJeil rpynn KOHPOPMEpPOB JUAOKAMHA B HACBIIIEHHBIX PacTBOpaxX B Cpelie
ckCO,, obHapyx)eHa KOH(OpMAIlMOHHAS WHBEPCHUS JIMJIOKAWHA TPU TOBBIIICHUN ABJICHUS B
U30TEPMHUUYECKUX YCJOBHSX. BBISBIEHO BIUSHUE 3JIEKTPOOTPULIATEILHOCTH ATOMOB,
BXOJILIIMX B COCTaB 3aMECTUTENIE LUKINYECKUX (parMeHTOB MOJIEKYJ psiia (eHamaToB, Ha
KOH(OpMALIMOHHBIE PABHOBECHSI.

Teopernueckasi U NpaKTHYecKas 3HAYUMOCTb padorbl. Pa3paboran moaxon k
aHaJIU3y MPOCTPAHCTBEHHOW CTPYKTYpPhI MaJIbIX MOJIEKYJ JIEKAPCTBEHHBIX COEIMHEHUU psiaa
¢denamatoB B cpeae ckCO,. UccnenoBanbl KoH(OpPMALMOHHBIE paBHOBECHsS (eHAMaTOB B
HACBIIIEHHBIX pAacTBOpax B CpeAe CBEPXKPUTHUUYECKOTO JAMOKcHAa yriepona. JlanHas
uH(pOpMalLMs paclIupuiIa UMEIOLIUECs IPEICTAaBICHUS O BO3MOKHOM BJIMSIHUM 3aMECTUTENEH
MoJleKyal ¢eHamMaToB Ha KoH(opmalMoHHble paBHOBecus. Ha mpumepe mnuaokamHa
YCTaHOBJIEHO, YTO BapbHPOBAHUE NMAPAMETPOB COCTOSHUS CBEPXKPUTHUECKOTO (PIIIOH1a MOXKET
CTaTh CPEACTBOM KOHTPOJISI KOH(POPMAIIMOHHBIX PaBHOBECHIl MoJiekyl B pacTBope. C TOuku
3peHUsl TEOPETUYECKON 3HAYMMOCTH, MTOJIY4EHHBIE PE3YJIBTAThl BHOCIT 3HAYUTENIbHBIN BKIIAJ B
NOHMMAaHUE pOJM  TNPOCTPAHCTBEHHOM  CTPYKTypbl B  mpoueccax  (opmupoBaHus
NPEIHYKICAIIMOHHBIX  COCTOSHUM  TBEpAbIX (OPM  JIEKAPCTBEHHBIX COEAMHEHUH ¢
UCTOJIb30BAHUEM CBEPXKPUTUUYECKUX (DIFOMIHBIX TEXHOJIOTHUH.

MeTtono/10rusi 1 METOABI HCCAeAOBAHUA. MeTonon0rnueckasl OCHOBa MCCIIEIOBaHUS
Oasupyercss Ha OOIIEHAYyYHBIX WM CIEHUAIBbHBIX METOJaX M IMOJAX0JaX CIIEKTPOCKOIUU
AIEPHOIO  MAarHUTHOTO pPE30HaHCa M JAHHBIX  KBAaHTOBO-XMMHUYECKHX  PACUETOB.
[IpobonoaroroBka OOBEKTOB WCCIENOBAHUS JJISi TPOBEACHHUS HKCHEPUMEHTOB B cpeje
CBEPXKPUTHYECKOTO (JIIOMAa BBINOJIHEHA C HCIOJNB30BAHUEM CHCTEMBl CO3JaHUS U
NOJACP)KaHUS BBICOKOTO JABJICHHS B PEXHME PEalbHOTO BPEMEHM, Ha 0a3e yHUKaIbHOU
HayyHoi ycTtaHoBku «®Pmonn-Crextp» (https://ckp-rf.ru/usu/503933/) Uucturyra xumun
pactBopoB uMm. I.A. Kpecroa PAH. Perucrpauus SAMP cnekrpoB mnpoBeneHa Ha
cnektpomerpe Bruker Avance III 500 ¢ ucmonp3oBaHHEM MHPOTrpaMMHOrO makera TopSpin
3.6.1. Tlognepxanue Temreparypbl oOpas3ia ¢ ToyHOCThIO = 1 °C BBINMOIHEHO MPU MOMOIIH

onoka TtemneparypHoro koHtpoiisi (BVT-2000) u mnpucraBku (BCU-05). IIpoBenenue



CHEKTPAJIbHOI'O aHAJIM3a MOJIEKYJ UCCIIEYEMBIX COEMHEHUM C LI€TbI0 OTHECEHUS! CUTHAJIOB B
onHoMepHbIX SIMP cniexrpax "H u *C Bemonneno IIPY TIOMOILX JBYMEPHBIX MeTO0B JMP,
takux kak "H-C HSQC, 'H-"*C HMBC, a taxxe 'H-"H TOCSY ¢ pasnndHbIME BpeMEHAMH
cMemMBaHus. Perucrpanus M aHanu3 pe3yiabTaTOB CHEKTPOCKONHUHU siepHOro 3(dekra
Ogepxaysepa ("H-"H NOESY) BHIMONHEHBI C LEIbI0 ONMPEISTCHHS MEKbAIEPHBIX PACCTOSHHMIT
B CTPYKTYpE MOJIEKYJI OOBEKTOB UCCIIEI0OBaHUA. PacueT BeNMUMH MEXBAAEPHBIX PACCTOSHUM
IPOBEJIEH C HCIOJIb30BAaHUEM JAaHHBIX JIMTEPATYPbl, KBAHTOBO-XMMHUYECKHX pPACYETOB H
skcriepumernTa NOESY. PacueTHbie 3HaueHUS MEXbSIACPHBIX PACCTOSIHUM B CTPYKTYpe
MOJIEKYJ OOBEKTOB HCCIEAOBAHMS pPACCUUTAHBl MPU IOMOIIM CIEHHATBHBIX MOJENEn
yCpeaHEeHus, BBIOOp KOTOPBIX 3aBUCEI OT TUIA BHYTPUMOJIEKYJISPHOW JTaOUIBHOCTH
¢parmenToB. Ompenenenre KOH(POPMAIMOHHBIX PABHOBECUM BBIMIOJHEHO HAa OCHOBE
pacyeTHbIX U SKCIEPUMEHTAIbHBIX 3HAYEHUH MEXbSIEPHBIX PACCTOSHUM IO JIaHHBIM
cnektpockorrmn  NOESY ©  KBaHTOBO-XMMHUYECKHX PACUETOB B paMKaX  MOJICIH
JIBYXTIO3UIIMOHHOTO OOMEHa.

IHon0keHnsi, BBIHOCMMbIEC HA 3AILNUTY:

1. TMonxon x ompeneneHu0 KOH(OPMALMOHHBIX PAaBHOBECHHA MOJIEKYJ JIMJOKaUHA U
¢dbenamaroB B cpeae ckCO, ¢ mpuMeHeHUeM CrieKTpockonuu sinepHoro s dexra OBepxaysepa
Y KBAHTOBO-XMMUYECKUX PACUETOB.

2. TlapameTpbl TPOCTPAHCTBEHHON CTPYKTYpPHl W KOH(OPMAIMOHHBIX PaBHOBECHI
MOJIEKYJI JTUAOKanHa U psAna ¢eHamatoB B cpene ckCO, ¢ nmpuMeHEeHHEM arnpoOUPOBAHHOTO
noaxoza k nonygernto NOESY SIMP mauubix, a taroke 1D (*H, *C) u 2D (*H-*C HSQC, *H-
3C HMBC, *H-'H TOCSY, *H-'H NOESY) SIMP skcriepuMeHTOB.

3. BnmsHue  mapamMeTpoB  COCTOSHUS  (HaBiIeHWsT M TEMIEpaTyphl)  Ha
KOH(OpMAaIMOHHBIE PAaBHOBECHS JIUI0KaWHA B HACBHIILIEHHBIX pacTBopax B cpene ckCO,.

4. 3aKkOHOMEpPHOCTH BIIMSHUS 3aMecTUTeNlel Ha KOH(OpPMAIMOHHBIE PAaBHOBECHSX
¢dbeHamMaTOB B HACHIIICHHBIX pacTBOpax B cpene ckCO;.

Jl0CTOBEPHOCTh TMOJYYeHHBIX Ppe3yJIbTATOB H BbIBOAOB oO0OecleyeHa 3a CcueT
IPUMEHEHHUs] COBPEMEHHOI'0 BBICOKOTOYHOTO OOOpYIOBaHHMS M OOLIEH3BECTHBIX METOOB
crnekrtpockornu AMP. Kpome TOro, orcyrcrBue NpOTUBOPEUMM MEXKIY ITOJTYyYEHHBIMU B
JUCCEPTAllMOHHOW paboTe NaHHBIMU M Pe3ylbTaTaMU CTOPOHHHX MeTo/0B (Hampumep, MK-
CHEKTPOCKOIINHN) SIBIISIETCSI JOTIOJIHUTEIBHBIM MOATBEPKACHUEM JOCTOBEPHOCTH M TOYHOCTH.
PesynbraThl, mnpuBeneHHbIE B paboTe, OBUIM B TONHOH Mepe OIMyOJIMKOBaHBI B
BBICOKOPENUTUHIOBbIX HAy4YHBIX W3/1aT€IbCTBAX, MHAEKCUPYEMBIX 0a3amMHu JaHHBIX SCOpPUS U
Web of Science.

CBsI3b TeMBbI 1M CCEPTAIUM C IITIAHOBBIMH MCCJIE0BAHUSIMM.

Pabora BeImONHEHAa B HayuyHO-UccienoBatenbckoMm otaene Nel, maboparopun SAMP

CIEKTPOCKONUU PACcCTBOPOB M QuirongoB DenepaqbHOT0 TOCYJApPCTBEHHOTO OIOKETHOTO



yupexaenus Hayku Muctutyra xumun pactBopoB uM. I'.A. KpectoBa Poccuiickoil akagemun
HayK, B pamkax [IporpamMmbl QyHIaMEHTAIBHBIX HAYYHBIX HCCIIEIOBAaHUI TOCYIapCTBEHHBIX
akamemuii Hayk «HayuyHble W TEXHOJOTMYECKHE OCHOBBI TMOJYYEHHUS (PYHKIHOHATBHBIX
MaTepHaJIOB U HAaHOKOMITO3UTOB» (HOMep rocynapctBeHHOU peructpanuu: 122040500044-4)
npu nojaepkke rpanToB PH®: Ne 22-13-00257 «[lomydeHne MUKPOTIOPHCTHIX MAaTEPHATIOB B
cpene cBepxkputuueckux ¢uronmaoBy; Ne 24-23-00318 «Koundopmarmornoe MHOTooOpasue
KaK OMpeesiomuil pakTop Au3aiiHa HOBBIX (HOPM JIEKAPCTBEHHBIX COCIUHEHUIN.

AnpobGauusa padorbl. Pe3ynbrarel pabOThl MpeACTaBlIEHbl B BUAE HAYYHBIX CTaTei,
OonyOJUKOBAaHHBIX B BEAYIIMX M3/IaHUSIX, BKIIIOYAs KypHaIbl iepBoro kBaptuii. Kpome Toro,
pe3ynbTartel  paboTel  oOcyxjganuch Ha 18- MexayHapogHol —mIKoJie-KOH(pEpEeHIUN
«MarautHbl pe3oHaHc U ero npuioxenus» (Spinus 2021, r. Cauxt-IlerepOypr, 2021 r.);
XXVIII MexayHapoaHoil Hay4yHOW KOH(EpEeHUUU CTYIEHTOB, ACIHPAHTOB M MOJIOJBIX
yuéHbix «JlomonocoB-2021» (r. Mocksa, 2021 r.); XI HayuHo-nipakTruieckoil KOHQEpeHIH ¢
MEXAYHAapOIHbIM y4yacTueM «CBepxkpuTHueckue GIouabl: (yHIaMEHTalIbHbIE OCHOBBI,
TexHoJoruu, uHHOBauum» (r. HoBocubupck, 2021 r.); XI MexnyHapoqHo Hay4yHOU
koH(pepeHnn «KuHeTHKa W MeXaHu3M Kpucramumszanuu. Kpucrammmzauus u martepuaibl
HOBOTO TokosieHus» (r. MiBanoso, 2021 r.); IX Mononexuoi kondepenunun MOX PAH (r.
Mockga, 2021 r.); MexayHapoAHONH HayYHO-TEXHUYECKON KOH(EPEHLHH MOJIOABIX YUEHBIX
«HHOBanMoOHHbIe MaTepuansl W TexHonoruw» (IMT — 2022, r. Munck, 2022 r.); IX
Bcepoccuiickoil HaydHON MOJIOMEKHON IIKOJIe-KOHPEpeHIInn «XuMus, (U3UKa, OHOJOTHS:
nyTd uHTerpamum» (r. MockBa, 2022 r1.); XVII Bcepoccuiickoil KoH(pepeHITUH
«BpIcokouncThie BellecTBa U Matepuansl. [lomydenue, ananus, npumenenue» (r. Hrokauit
Hogropon, 2022 r.); XXIII MexnyHapoHoii KOH(MEPEHIINHN 110 XUMUYECKON TepMOIMHAMUKE
B Poccun (RCCT-2022, r. Kazans, 2022 r.); XXVI Bcepoccuiickoit koHGEpEHIIMH MOJIOIBIX
YUEHBIX-XUMHUKOB (C MexAayHapoAaHeiM yuactuem) (T. Hwxkuuit Hosropon, 2023 r.); XII
MexnayHnapogHoit HayuyHOW KoHpepeHIMM «KuHETHKAa W MEXaHW3M KPHUCTaJUTH3aIUu.
Kpucrannuzanus u maTepuansl HOBOTro nokojeHus» (r. Usanoso, 2023 r.).

JIn4HBIH BKJIAJ aBTOPA 3aKIIOYACTCSA B YUaCTHUU B MOCTAHOBKE 3aJa4 U COCTaBJICHUU
IUTaHA  BBITIOJIHEHUS JWCCEPTAIMOHHOW palOThl; TPOBEIEHWU NPOOOMOATOTOBKU H
BbINoNHEHUU psga SAMP skcnepuMeHTOB ¢ mocneayomeld 00paboTKoi dKCIIepUMEHTAIBHBIX
JIAHHBIX; TMPOBEICHUN aHain3a CrekTpaidbHbIX 1D u 2D AMP na"HbIX 11 yCTaHOBJICHUS
IIPOCTPAHCTBEHHOM CTPYKTYpbI 00BEKTOB UCCJIeI0BaHUs; pacueTre  3HAYECHUI
XapaKTEPUCTUUECKUX MEXbAJIEPHBIX PACCTOSHUNU C UCIIOJIB30BAHMEM HM3BECTHBIX MOJENEeH U
METOJINK; OTPEJCICHUH BEPOSTHBIX KOH(POPMEPOB OOBEKTOB HCCIEAOBAHHS B PA3TUIHBIX
cpelax Ha OCHOBE JaHHBIX CHEKTpOCKOmuu saepHoro 3¢ddexra Opepxaysepa. Ydactue B
HAIMCAHUM CTaTel, OMyOJIMKOBAHHBIX B BEAYIIUX MEXIYHAPOIHBIX U3AaHUSX, IPEICTABICHUE

MOJTYYCHHBIX PE3yJIbTAaTOB HAa KOH()EPEHLIUAX PAa3TUYHOTO YPOBHSI.



Iyoaukanun. Pe3ynpTaThl IUCCEPTALIMOHHOTO HCCIENOBAaHUS B IIOJHOM Mepe
oTpakeHbl B 10 cTaThsiX, OMyOJUKOBAaHHBIX B )KYypHajaX, BKIIOUEHHBIX B [lepeuens u3mganui,
pexomennoBanHbIX BAK npu MunucrepcTBe Hayku W Bbicuiero odpazoBanus Poccuiickoi
@denepan 118 OMyOJIMKOBAHMS OCHOBHBIX HAy4YHbIX pe€3YyJbTaTOB JUCCEPTALMA Ha
COMCKaHME YYEHOW CTENeHM KaHAuAaTa HayK 10 COOTBETCTBYIOIIMM OTpaciu H
CHEIMAIBHOCTH, a TaKKe B Te3Ucax 8§ JOKJIaJ0B, ONYOIMKOBAaHHBIX B COOpPHUKax TPYAOB
KOH(epeHIMI pa3Iu4Horo ypoBHs. Bece cTtaTbu onmyOnMKOBaHbI B pELIEH3UPYEMBIX KypHajax,
MHJEKCUPYEMBIX B MEXIYHApOJHBIX 0a3zax HayyHoro nutupoBanus Web of Science u Scopus,
B TOM uucie, ¢ kBaptwismMu Q1(6 crateit), Q2(1 crartes), Q3(3 crathu), kareropueir K-1 (7
crateit), K2 (3 crarbn).

CTpykTypa auccepranmu.

Huccepranms uznoxena Ha 190 crpaHmiax MamMHONMCHOTO TeKCTa, BKimodaeT 91
pUCYHOK U 26 Tabmun. Pabora cocTOMT W3 BBEIEHHS, TpeX IJaB (JIUTEpaTypHBIM 0030p,
AKCIIEPUMEHTAJIbHAS YaCTh U 00CYKJI€HUE PE3yIbTAaTOB), 3aKII0YEHUS U TpUiI0KeHUsI. CIIMCOK

UTHPYEMOI TUTepaTypsl coaepUT 302 HaMMEHOBAHHS.

OCHOBHOE COAEPKAHUE PABOTbI

BBEJIEHUE Briouyaer O00OCHOBaHHME  aKTyaJIbHOCTH  TEMbl  JUCCEpTalluHu,
GbOopMyIUPOBKY TeNM W 3ajad PabOThI, OMHCAHWE HAYYHOW HOBHU3HBI, TCOPCTHUYCCKOU W
MPAKTUYECKOW 3HAYMMOCTH HCCIEIAOBAHMS, a TaKXKe OTpakaeT JUYHBIA BKJIAJ aBTOpa H
MOJIHOTY MyOJIUKALUN 10 TEME TUCCEPTALIUU.

I'JIABA 1. JlutepatypHblii 0030p TpeICcTaBIseT MOAPOOHBINA aHAIN3 COBPEMEHHOTO
COCTOSIHUSI HCCIIEJJOBAaHUHM TMPOIIECCOB HYKJI€aUu MOTUMOP(DHBIX (HOPM XHUMHYECKUX
COCIMHEHWH W WX BIUSHUS Ha (PU3UKO-XMMHUYECKHE CBOMCTBA, O0O3HAYEHBI OCHOBHBIC
npoOyieMbl B JJaHHOM HampaBiieHuu. [IpencraBineHsl KiiacCUYECKUe U COBPEMEHHBIC TEOPUU
HYKJICAINH, a TaKKe Kiaccuuraius moauMoppHbIX HGopM C akIeHTOM Ha KOH(POPMaIMOHHO-
omnpeznenseMoM mnonuMmoppuzme. OTMEUEeHO, 4YTO CHEKTPOCKOmusl simepHoro sddexra
Osepxaysepa (NOESY), saBnsercs omauM #3 3((PEKTHUBHBIX METOJOB HCCICAOBaHUS
MPOCTPAHCTBEHHOW CTPYKTYpPhl MajbiX KOH(OPMAIIMOHHO-THOKMX MOJIEKYJI B pacTBOpaX.
[TpoBenena xapakTepuCTHKa OOBEKTOB MCCIIENOBAHUS — JIMJIOKAWHA M TPEJICTAaBUTENCH psiaa

¢denamaror (Pucynok 1).
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OO6cyxaaroTcsi 0COOEHHOCTH XUMHUYECKOM M MPOCTPAHCTBEHHON CTPYKTYpPHI MOJIEKYJ

HCCIICAYCMBIX COGHHHCHMﬁ, HOJII/IMOp(bI/ISM, HpO6JIeMBI " ICPCIICKTHUBLI UX HCIIOJIIL30BaHUA B
Ka4CCTBC OCHOBBLI JICKAPCTBCHHBIX COGHHHGHHﬁ, BO3MOJXHBIC ITIYTH MO,Z[I/I(bI/IKaI_II/II/I (bOpM

JICKApCTBCHHBIX COCHHH@HHﬁ, B TOM YHCJIC C UCIIOJIb30BAHUCM CBCPXKPUTHUYCCKUX (bHIOH,Z[HBIX

TEXHOJIOTHM.
Masteie monekynsi
" Pucynox 2 — 3asucumocmv unmencueHocmu
:j 14 \ cucnana 6 NOESY om wr,, 3enenoti obnacmoio
% 0 —ﬁl | - 0003Ha"eH VUAcmox epaghuka c
S 1 0.1 1 10 W, XapaKkmepHuIMU GeIUYUHAMU UHIMEHCUBHOCIU
é OJI51 MATIBIX MOTIEK)Y T

I'maBa 2. JkcnepuMeHTAJbHAs 4YacThb JUCCEPTALMOHHOW pPAaOOTBI COIAEPIKUT
OMHMCAHUE HCMOJB3yEeMbIX COEAMHEHUU, MpuOopHOM 0Oaspl, metoauk SAIMP c akineHTom Ha
cnekTpockonuto spepHoro 3ddexra Oepxayzepa (NOESY), a Takke pacdyeTHBIX acHeKTOB,
CBA3aHHBIX C ONpENCICHUEM JI0JIed TpyII KOH()OPMEPOB HCCIAEAYEMBIX COEAMHEHUI.
OTtaenbHOE BHUMaHUE B IU1aBe 2 y/IEJIEHO MPOOOMOAroTOBKE 00pa3oB U NoA00pYy MapaMeTpoB
COCTOSIHMSL mpoBeAeHUs dKcnepuMeHToB AMP. OrTMeueHo, 4YTO Uil MajbiX MOJIEKYJ
XapaKTepUCTUYECKUE BpEMEHa BpallaTeIbHON KOppesiuu (T.) Haxoaarcs B Auana3one ot 10°
% 10 10°® cex., pu 3TOM 3HAUYEHHE O, TIe © — HUKIHYECKas 4acTOTa CrieKTpomeTpa. Lpu
TaKUX 3HAYCHUsAX UHTEHCHBHOCTH curHaia NOE waxomurtcs BOim3u Hyns (Pucynok 2), 4ro
3aTpyIHAET aHAIU3 CIIEKTPAIbHBIX JaHHBIX.

B cBa3u ¢ sTuM, B paboTe mpeuiokeHa CrelnuaibHas METOAMKA, IO3BOJSIONIAs
npeooneTh cymiecTBytomue orpanndenus wmeroga NOESY. Jlo6aBnenue 2 wmon. %
neiitepupoBanHoro  aumetwicyibpokcuga (JAMCO-1g) mo3BoisieT HW3MEHUTh BpeMeHa
BpalaTeIbHON KOPPENAINH, YBEIHMUYUTh MHTEHCHBHOCTH cUTHaIOB NOESY u ycTaHOBUTH

napaMeTpbl MPOCTPAHCTBEHHONW CTPYKTYpbl MoyeKkyn (eHnamaTtoB. M3MeHeHHe BpeMeH
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BpAIATEIbHON KOPPEJSILIMY BEPOSTHO CBSA3AHO C SKCIIOHEHIUAIbHBIM U3MEHEHUEM BA3KOCTH
CO, mpu npob6asiaenun IAMCO-mg. Takke, COrjJacHO [aHHBIM JIMTEPATypbl O CBOMCTBax
¢azoBoro pasHoBecus B cucreMe JIMCO c¢ ckCO, omnpenenensl pabodne mnapaMeTpsbl
COCTOSIHUSL JUIsl MCCIIeJOBaHUsI KOH(OPMAllMOHHBIX paBHOBecHi (eHamaToB. OOHapyKeHO,
yT0 MUHUMAabHas MoibHas aoist [JIMCO B CO, cocraBnser 2 moit. % u HaOmrogaercs mpu 9
MIla u 45°C.

B rmaBe 2 npuBeneHa uH@OpMamMs O METOAAX M MOAXOAAaX HCIOJIb3YEMbIX IpHU
IIPOBEJICHUN KBAaHTOBO-XMMHYECKHX PAaCyYETOB, a Takke OOOCHOBaHMS MX NPUMEHHMOCTU B
KOHTEKCTE HACTOSIIEW JUCCEePTALlMOHHOM paboThl. 3HAUEHUs DSHEPruum JUIsl Kaxaoro
KoH(popMepa 0OBEKTOB UCCIIEIOBAHUS PACCUUTAHBI C UCTIONb30BaHueM QyHKuHoHanoB APFD
(Austin-Petersson-Frisch Functional with Dispersion correction) u B3LYP (Becke, 3-
parameter, Lee-Yang-Parr), a taxke 0a3ucHoro Habopa 6-311++g(2d,2p). IIpenBapurensHoe
CKaHHMPOBAaHHE TMIEPIIOBEPXHOCTH MOTEHLUMAIBLHOM 3HEPTHUHM MPOBEIECHO MOJY3IMIHPUYECKUM
merogom PM3 (anrn. Parametric Method 3), a 3aTtem momydeHHbI HaOOp KOH(GOPMEPOB
MOBTOPHO ONTHUMH3UpPOBAJICA ¢ moMolbio pyHknuonana APFD ¢ yka3aHHBIM Bblllle HAOOpOM
0a3ucoB.

I'naBa 3. O0cy:kaeHue pe3yjbTATOB, TUCCEPTAMOHHON PabOTHI, BKIIOYACT aHAIU3
MOJYYECHHBIX JKCIEPUMEHTAIBHBIX AaHHbIX AMP c wmenpro omnpeneneHus O0J€d TpyIn
KOH(pOpMEpPOB OOBEKTOB HCCIENOBAaHUS B Cpelle CBepXKputuyeckoro ¢urouaa. Ha npumepe
JUI0KaWHA TTOKA3aHO, YTO MPEAIOKEHHAss METO/IMKA MTO3BOJISIET MPOBOJAUTH KOJMYECTBEHHYIO
OIICHKY KOH()OPMAIIMOHHOTO paBHOBECHUsI MaiblX Mosiekys. [Ipu sTom, omubka B pacyeTax He
npeBbimaeT mnorpemHoctu dkcnepumernta NOESY (£ 5%), a 3HadeHHs WIACHTHYHBI
noJiyueHHbIM B cpefie ckCO, IpH aHAJIOTMYHBIX ITapaMeTPax COCTOSHMSI, YTO MOATBEPKAaeTCs
pesynbratamMmu  MK-cnektpockonuu. [loka3zaHo BiMsSHME IapaMETPOB COCTOSIHUS Ha
pactpeneieHue  jgosied  rpynn  KoHpopMmepoB  suaokauHa.  [IpoBeneHa  oleHKa

KOH(OPMAIIMOHHOTO PaBHOBECHS JIUJOKAHA B M30TEPMUUYECKUX B U300aPHBIX YCIOBHSIX.

3.1. Onpenenenne Bausinus JIMCO-g5 B ckCQO, Ha pacnpenejieHue 10Jieil rpynn
KOH(OpPMepoB 00bEKTOB UCCIEA0BAHUS

BaxHpIM 3TamoM BBITIOJHEHHS AMCCEPTALMOHHON palOOThI SBISETCS MOATBEPXKACHUE
OPUMEHUMOCTH  pa3palOTaHHOW  METOAMKHM  HCClieZloBaHUS  (eHaMaToB B  cpeje
cBepxkputnueckoro ¢mouga wmerogom NOESY. Jlns 3Toro mnpoBeAeHO CpaBHEHHE
pEe3yIbTaTOB SKCIIEPUMEHTOB M COOTHOILIEHUS JA0JeH rpynn KOHPOpMEpoB IuaokanHa. Beroop
O0yCJIOBJIEH CXOXXHM dJHepretndeckuM mnpo¢wiem nByxrpaHHbix yriioB Ti(N-C-C-N)
(mamokanH) u T, (C-N-C-C) (dhenamaTpl), MOJTYUCHHBIX MO JaHHBIM KBaHTOBO-XUMHUYECKUX
pacdeToB B pamkax Teopun ¢yHkuumonama muotHoctu (DFT). Beutn 3apeructpupoBanbl U

npoananu3upoBanbl ciekTpel NOESY munokanna B ckCO, u ckCO;, + 2mon. % AMCO-1g.
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BBuny o0coO€HHOCTENl XapaKTEpUCTUUYECKUX BPEMEH BpAIIATEIbHOM KOPpEISLUU IS
UCCIIEYEMBIX CHCTEM OBLIH IMOIYYEHBI CIIEKTPHI C BEICOKON MHTeHCHBHOCTHIO curHanoB NOE,
YTO MO3BOJIUJIO IIPOBECTH KOJIMYECTBEHHBIN aHANU3 J0JIed TpyIIl KOH()OPMEPOB JIMJOKAauHA B

JBYX CpeAax CpaBHEHUS.

3.2. Bausinne JIMCO-n¢ B ckCO;, Ha pacnpenesieHue J0Jeil rpynn KoH(popMepoB
JHMI0KauHA

Uccnenosanus, npoenéHubie B paMkax cnekrpockonuu AMP mist nunokanna B ckCO,
u ckCO, ¢ no6asnennem 2 moi. % JAMCO-ns, noka3anu, 4YTO 3aperuCTPUPOBAHHBIE CUTHAJIBI
ma ‘H u NOESY CIIEKTpax MJisi ABYX HCCIEAYEMbIX CHCTEM O0O0JIalal0T WJECHTUYHBIMU
CICKTPATbHBIMHU XapaKTEPUCTHKAMH (XUMHYCCKHUN CIABUT, MHTCHCUBHOCTH | Jip.) (Pucynok 3).
Jns pacdeta gosied rpynn KOHPOPMEPOB JIMOKaUHA, CBA3aHHBIX C U3MEHEHUEM JIBYTPAHHOTO
yrna N-C-C-N, 6b111 BEIOpaHBI ABa PENpe3eHTaTHBHEIX paccTosaua: H6-H14/15 (3.18 A), n
H6-H7 (3.09 A u 2.35 A). Umenno paccrosuue H6-H7 sBisieTcs XapakTepUCTHUECKUM s
paccMaTpUBaeMbIX T'PYIN KOHGOPMEPOB, a €ro 3HAYCHHS MO3BOJIUIU CHOPMUPOBATH TPYIIIIHI

Trans- u Cis- koHGOpMEPOB.

H H
l. 15 10 IH “ 15 10 1H
H 3 . -t 8 _-CHy Ho 3 s O 8_CHy
~ s o H,C’ T? 1) H,C”
| | /
/2‘“\.71/1‘!{* 6 f@\{/’lk /’CH" 2 |\\ /56\‘\5/’1"\‘\ 7,/"|V*\ /'C""; H1471S
T RoOR H14/15 o EER H10/11
CHy GCHy
b - H10/11 " H8/9
H2/3/4
H2/3/4
17 H7
H6 J 1 He 1
_J\ A "
I L A \ \ T T T T T T T T \
9 8 7 6 5 4 3 2 ppm 9 8 7 6 5 4 3 2 ppm
(a) (6)
R | AA jl ppm L A_)Lu ppm
; H8/9-H10/11 H8/9-H14/1S T H8/-H10/11  HSO-HIYIS
H6-H10/11 /M uf“ﬁ\mw/"liu‘l*- 10/ He-H10/11 fHZ!J’l-HIﬂ’II ITEATTTITIN /HIJ."IS—;IG!II
o o oo ¥ LI Ja ) .
He-H14/15 H234-HI41S HI-HI4/15 . [ H14/ H2/3/4-H14/15 HT-H14/15 fi -
J N o HT-H8/9 0 -’ ° - 2 e ¢ TATTNSY 4 ! 2
* HG-HS/9 *H2/3/4-HS0 ‘V '] 4 t *HG-HS/9  \H2(3/4-H8/9 &
\ 6-H7 v A H6-HT ’ ' ‘ f— 4
v : H}f./cn, L
;,,";g_m:' - 6
S . ' ey |
NOESY [ 8
{ & - o i 09s
NE T T T T " T "1 T 1 10
10 9 8 109 8 7 6 5 4 3 2 1 ppm

Pucynox 3—"H (a, 6) u NOESY (s, 2) AMP cnexmpui mudokauna 6 ckCO; (a, 8) u ckCOy + IMCO-06
(6, 2)
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Ha ocHoBe mony4deHHbIX pe3ynbraToB B paMkax crnekTpockomnu NOESY u mannbIX
KBAaHTOBO-XMMHUYECKMX pacuyeToB OBUIO YyCTAHOBIEHO, YTO Aoiu Tpymm Trans- u Cis-
KOH(OpMEpOB MOJEKYH JuaAoKanHa cocTaBisiioT 92.3 % / 7.7 % u 88.3 % / 11.7 % B cpene
ckCO,; u ckCO, c¢ pobGasmenuem 2 wmon. % JMCO-gg, coorBercTBeHHO (PucyHok 4).
[TorpemHoCTh onpeeaeHus: MOJy4eHHBIX BeIUYUH cocTaBiisieT + 3 %. Jlo6aBnenue 2 moiu. %
JIMCO-ng He oOKa3ajno 3HAYUTEIBHOTO BIHMSIHUS Ha paclpeneieHue MA0oJed Tpymm
KOH(OPMEPOB JMAOKANHA — HE TPEBBINIAsl MOTPEITHOCTH dKcnepuMmenTta + 5 %. [lomydyennas
TEHACHIUS OXUaaeMa W s (eHaMaToB B CHIIYy CXOXHX OHEPreTHYECKHX Mpoduiei

JBYXTPAHHOTI'O yIJIa.

1 Nnpaokamnh B ckCOz 1 ckCO+AMCO-g6 /
3 -
1 92.3+3%
| 88.3+3%
2.8
oL . Pucynox 4 — Paccuumannas 3asucumocmo
;% ] VCPEOHEHHO20 MEeHCHPOMOHHO20 PACCIMOSHUS
2.6 - H6-H7 npu 08yxnosuyuonnom obmene medicoy
] Trans- u Cis- om oonu Trans- xougopmepos
- NpeocmasneHHbIX N0 OCU ADCYUCC
2.4
L | L | LI | L | LI I I I I
0 20 40 60 80 100

BAons Trans- KOHGOPMepOB NMAOKaNHA, %

3.3. Bausinme mnapaMeTpoB COCTOSIHMSI PAaCTBOPUTEJs Ha KOH(opManuoOHHbIE
paBHoBecus JuaokauHa B ckCO,

JIOMOMHUTENPHO B paMKax JUCCEPTAllMOHHON paboThl NpOBEAECHAa  OLIEHKa
KOH(OPMAIIMOHHBIX PABHOBECHUI JHJIOKaMHA B IIMPOKOM JHAla30HEe MMapaMeTpPOB COCTOSHUSA
cBepxkputnueckoro Qurronga. Obpasen augokanHa B ¢ckCO, HCMOIB30BaH ISl pEeTUCTpaIlid
NOESY AMP cnexrpos npu temneparype 35°C B mmpokoM auanaszone aasienuit ot 10 go 30
MIIa ¢ marom 1 MITa.

Pacuer gmoneit rpynm KoH(GOPMEpOB JMAOKaWHA C HUCIOJb30BaHHEM paHee
IIPEICTABICHHBIX METOJMK MMO3BOJIMI YCTAaHOBUTH, UTO MOBbIIeHHE naBiaeHus oT 10 MIla no
30 MIla npuBOIUT K MHBEPCUM OTHOIIEHUS Jojie rpynn koHpopmepoB Trans- u Cis- ¢ 99.4
% /0.6 % 1o 4.8% / 95.2 % (Pucynox 5).
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Pucynox 5 — Coommuowenue Trans- u Cis-
KoHghopmepos monexyol uookauna 8 ckCO,

npu sHauenusix oaeaneruss om 10 Mlla oo 30

Mlla u memnepamype 35°C

Pacnpenenenne kondopmepos, %

10 15 20 25 30
Jlasaenune, MIla

HabGmonaemble n3mMeHEeHUs KOHPOPMAIIMOHHOTO PAaBHOBECHS CBA3aHBI C YBEIMUYEHUEM
KOHIEHTPALUU JIMI0KauHa B 00beMe pacTBopa npu yBennueHuH 1iotTHoctu ckCO, ¢ pocTom
naBieHus. Takue U3MEHEHHs TPUBOJAT K TOBBILIEHUIO BEPOATHOCTH KOHTAKTa MOJIEKYJ APYT
C IpyroM U o0pa3oBaHUIO accouaToB. KBaHTOBO-XMMHUYECKHUE PACUEThl JEMOHCTPUPYIOT, UTO
IpoLECcC accouuanuu ocialbiaseT BHYTPUMOJEKYISIPHYIO BOJOPOIHYIO CBA3b MU CMEIIAET
KOH(OPMALIMOHHOE pAaBHOBECHUE OT MpPEeUMyIllecTBeHHO Trans-tuma KoHpopmauuu (c
BHYTPUMOJICKYJISIPHOW BOJOPOAHON CBsi3bto) kK Cis-tuny (0e3 BHYTPUMOJICKYJISIPHOU
BOJIOPOJIHOM CBSI31) MOJIEKYJT JIUAOKANHA.

B pamkax auccepTanMOHHON paboThl BBINOJHEH pacueT Jojied rpynn KoH(OpMeEpoB
JMIOKaNHA, CBSI3aHHBIX C MIOBOPOTOM STHIBHBIX (parmenToB Moiyekyn. Ha cmekrpax NOESY
HAOJTIOATUCh KPOCC-TTMKH, COOTBETCTBYIONIHE paccTosHusm H6-H8/9, H6-H10/11, H7-H8/9 u
H7-H10/11, 3HauyeHHs KOTOPHIX 3aBUCAT OT IMOJIOKEHHUS STHIBHBIX (PArMEHTOB MOJICKYII
nujokanHa. PacueT mokasal, 4To COOTHOIICHUE J0JeH rpynn KoHGOPMEPOB COCTaBIsAET 67 =+
0.6 % k 33 £ 0.7 %, KOTOpOE COXpaAHAETCS MPHU BCEX HCIOJIb3YEMbIX 3HAUYCHHSIX JIaBICHUS B

npejesax MmorpenrHocT skcnepumenTa (PucyHok 6).

H
8

Pacnpeaeienne kondopmepos, %
2 2
o
~
i
2
Pacnpejenenue kondopmepor, %
g ]
-3
o
-3
®

&
i

t
s

M {_a_{»{.'+_afff'.§++3s.3%
Pucyrnox 6 — Pacnpedenenue Trans- u

HeR10/1T Cis-konghopmepos MOJIEK) bl

10 15 20 25 30 10 15 20 5 30
£ 0 Jasaerme, MIla qmookauna 6 ckCOp npu 3HAUEHUsX
oasnernuss om 10 Mlla oo 30 Mlla u

memnepamype 35°C

Jasnenne, MIla

80 )
t i 68.8%
" i 1

Pacnpegenenue kondopmepos, %

Pacnpejencnne kondopmepor, %
3 B8
2
=]
Ed

) ) ) H7-HB/9 H7-H10/11
1 15 20 kS 30 10 15 20 25 30

Jasaenne, MITa Jasaenne, MITa
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B pamkax nuccepranoHHOW pabOTHI MPOBEIEHBI WCCIEIOBAHUSA KOH()OPMAIMOHHBIX
paBHOBecuil nuaokanHa B ckCO, mpu m300apHbIX ycioBusax. 3apeructpupoBansl NOESY
SAMP cnektpsl pu pa3nuuHbIX TeMieparypax 35, 50 u 70 °C B npenenax tpex uzobdap (10, 20
u 30 Mlla). na ouenku nosield rpynn KoH(OPMEpPOB JUIOKaMHa BBIOpPAHO 3HAYECHUE
paccrostans H6-H7, n3smenenne KoToporo B COBOKYITHOCTH C TaHHBIMU KBAHTOBO-XHUMHUYECKUX
pacyeTroB IMO3BOJIMJIO YCTAaHOBUTH 3HAUEHHUs J0JIEW TIpynn KoOH(OpPMEpPOB JHIOKaWHA B

n300apHbIX ycrnoBusax (PucyHok 7).

Pucynox 1 — Pacnpedenenue ooneti

SpyNn  KOHGhOpMepos — MONEK)

21.7% Cis-
57.3% Cis.
53.5% Cis-

qmookauna 8 ckCOy npu OasneHusx
10 MIla (a), 20 MIla (6) u 30 MIla
(8) u memnepamypax 35, 50 u 70 °C,

15 11.1% Cis-
s 46.7% Cis-

20 Mlla
30 Mlla

 Trans-

99,4% Trans- 0.6% Cis-

&
=
.v
~
w
=
-

&
o
v

Pactpejencrme kondopsiepan, %
1270

Pacnpepeactne Kondopsepon, %o

s0°C T0eC 35°C s0°C TeC

'(é)ﬂ‘ N - (%) (8) nonyuernvie no oarnnoim NOESY u

K6AHMOBO-XUMUHECKUX pACHEMO8.

Ananu3 pacopeneneHus Jojed rpynn  KoH(GOpMEpOoB JIMJOKAauHAa IO JTAaHHBIM
crnektpockorrnn  NOESY mnokaseiBaer, uto npu pnasienun 10 Mlla ¢ noseimenuem
TeMIeparypsl yBenuuupaerca coxaepxkanue Cis-koHdopmepos. g uzobap 20 u 30 Mlla
HaOJtolaeMble  W3MEHEHUs  JI0JIed TIpynn  KOH(QOpPMEPOB  CBS3aHbl C  pa3pbIBOM
BHYTPUMOJIEKYJISIPHBIX ~BOJOPOAHBIX CBsI3ed TpU  yBEIIMYEHUH TEMIIEpaTyphl. 3aTem
OTpPEJIENIEHbI IO TPyN KOHGOPMEPOB JMOKaNHA, CBSI3aHHBIX C U3MEHEHUEM IOJIOKEHUS
TWIBHBIX (PAarMEHTOB B H300apuyecKux YyciaoBHsX. [lomydeHHble NaHHbIE HE MOKa3alu
KaKoW-1100 3aMETHOW 3aKOHOMEPHOCTH B U3MEHEHHU COOTHOLIEHUS TPYII KOH(POPMEPOB B
3aBUCUMOCTU OT TeMIiepaTyphl. bonee Toro, Bo BceX MCCIIEIOBAaHHBIX ClAy4asX MPOLIEHTHOE
COOTHOILIEHUE Tpynn KOH(POPMEPOB, CBSI3AHHBIX C MOABUKHOCTHIO JIUATHII3AMEIICHHOTO
dparmeHTa B MOJEKyJe JHAOKaWHA, BapbupoBaioch oT 67.9 mo 32.1% ¢ MOrpemHoCThIO
+8.1%.

3.4. Onpenesienue noJieii rpynn koHgopmepoB medenamoBoii kuciaorol B ckCO;
npu 9 Mlla u 45°C

[IpennoxxeHHas MeToIMKa, MO3BOJIAIOMIAS 3(P(PEKTUBHO YBEIMYUTH HHTEHCUBHOCTH
curHaioB B crnektpax NOESY 3a cuer m3MeHeHMs] 3HAUYCHHM ®T., MO3BOJIIET MPOBOIUTH
uccienoBaHue KoH(opMalMoHHbIX paBHOBecuil (eHamatoB B cpene ckCO,. I[lomydyen,
o6paboTan ¥ mpoaHanmM3KpoBaH MaccuB crektpanbasix 1D (*H, ©°C) u 2D (HSQC, HMBC,
TOCSY, NOESY) nannsix SIMP nans ucciemyemMbix COCIWHEHUN B Pa3IMYHBIX Cpelax,
BKJIFOUasi opranmueckuii pacrsopureib (AMCO-xg), cBepxkputnueckuii pmonn (ckCO,). Ha
nepBOM JTare ObUl MpoBelneH pacueT Aojiei rpymnn koHdopmepoB MK — mpowusBogHOro
AHTPAHUJIOBOM KHUCJIOTHI, B KOTOPOM OAMH U3 aToMOB Bojopona NH, rpynnsl 3amemiexn 2,3-

muMeTuipeHuapHbIM  (pparmeHTOM.  Kondopmepst  monexkyn MK xapakrepusyroTcs
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U3MEHEHUEeM 3HaveHuil nByrpaHHbiX yrioB: T; [C,-N-Cs3-C7], 00ycioBiIeHHOrO MOBOPOTOM
OenzonbHbIX KoJiel, U T, [O=C;-Cy3-Cg], moka3pIBarOIIMM OPHEHTAIUI0 KapOOKCHILHOU
rpynmsl. JlaHHBIE KBAHTOBO-XUMHUYECKUX PACUCTOB IMOKA3AJIM HATMYHE YEThIpEX KOHDOPMEPOB

MK, nipesicTaBiieHHBIX Ha PHCYHKE 8.

@
o ® @

Pucyrnox 8 — Cmpyxmypot kongopmepos
monexynvt MK ¢ 0gyepannvim yenom tl
[C-N-C-C] (svbi0enenvr kpachvim) u
2[0O=C-C-(] (svioenemnvi curum)

[Io pesynpTaTaM aHanmM3a CHEKTPAIbHBIX JAHHBIX TMOJy4YyeHa uWHpopManus o0
OTHECEHUHU PE30HAHCHBIX CUTHAJIOB M Kpocc-mukoB Ha 1D u 2D cnekrpax AMP, kotopas
cTaJjla HaJC)KHOW OCHOBOM JiIsl 0003HaUeHus1 kpocc-mukoB Ha criekTpax NOESY (Pucynox 9).
Kpocc-nuku Ha cnektpe NOESY coorBercTBYt0T 13 BHYTPUMOJEKYISIPHBIM IPOTOH-
IIPOTOHHBIM paccTosHusAM MeHee 5 A. COOTBETCTBYIOIME PACCTOSHHS ObLIM BBIYMCIEHBI 110
JAHHBIM KBaHTOBO-XMMHUYECKHX PACUETOB C MCIOJIb30BAaHUEM COOTBETCTBYIOIIMX MOJENEH

YCPEAHCHUA IJIA PA3JIMYHBIX TUIIOB BHYTpI/IMOJIeKYH}IpHOﬁ IIOJBHXKHOCTH.

ppm HsC H Pucynox 9 — Crnesa — cnexmp
! LIS 12015 'H-H NOESY MK ¢ JIMCO-0s,
OH-HIS/ Hs-H1/ pos .
E T 3apecucmpuposartbiu npu
2 N 50
ot NEHCS memnepamype 25°C u oaenenuu
104 omn 0.1 Mlla. Cnpasa - xumuieckas
, oo cmpykmypa monekyiwt MK ¢
15 ML/mLm// Hymepayueu amomoe,
' 116 ' 1'4' ]'2 ' 1'0' ' UCNONIL3YeMOU NpU  OMHeceHuu

KpOCC-nUKO8

AHanu3 paccTosiHul, onpeneneHHbIx MetonoM NOESY, nmoka3piBaer, 4To CyImecTBYIOT
JIBE Mapbl aTOMOB, PACCTOSTHUE MEXAY KOTOPBIMHU 3aBUCHUT OT KOH()OPMAIIMOHHBIX U3MEHEHHI.
910 H9/10-H11/12, yyBcTBUTENbHBIE K TOBOPOTY OEH30JIbHBIX KoJiell BOKpYT cBsizu NH-C3, u
OH-H6, cBuaeTenbCcTByIONIME O MOBOPOTE KapOOKCUIIBHOM TpyMIbl OTHOCUTENBbHO cBsizu Cl-
C13. PacuetHoe pacctosaue B nape OH-H6 cocrasnser 3.27 = 0.01 A B rpynne A + B u 4.34
+0.01 A B rpynne C + D. Pacuernoe 3Hauenue paccrosaus H9/10-H11/12 cocrasnser 3.14 £
0.02 Au4.61 +£0.02 A B rpynnax A + C u B + D, cOOTBETCTBEHHO.
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3HaYeHHs pacCTOSHUM, MoydeHHbIe B paMkax mozaenu ISPA, mia map atromoB H9/10-
H11/12 u OH-H6 MK B JIMCO-1g coctaBunu 3.13+£0.01 A u 3.24+0.04 A, cooTBeTCTBEHHO;
m1gs MK B ckCO, - 3.25+0.06 A u 3.51+0.09 A, coorBercTBeHHO. JlambHEHIINI aHAIN3
MoKa3aJ, 4YTO TMPH TONXYYCHHBIX 3HAYCHHUAX MEXKBSACPHBIX PACCTOSHUN  ypaBHEHHE
JBYXTO3UIIMOHHOTO OOMEHa, HE NPUMEHHMO. YCTAaHOBJIEHO, YTO OIIMOKA OIpeaeiIeHHS
3HAYCHUI PAaCCTOSHUI CBsI3aHA C BIHMSHUEM «CKPBITHIX» KoHPopmepoB AA u BB (Pucynok
10). B coOTBETCTBUU C T€OMETPHUSCKIMH KPUTEPHUSIMH PACCMOTPEHBI TPYIIBI KOHGOPMEPOB
A+C+AA u B+D+BB npu Bpamenun Ha yroi 1, [C,-N-C3-C;] (moBopoT 6eH30IbHBIX KOJICIT),
a rpynnsl A+B+AA+BB ¢ C+D - npu wmsmenenun yriaa 1, [O=C;-Cy3-C¢] (moBoport
KapOOKCWIbHOM rpynnbl). Takxke poOaBieHa HOBas Ipynna Juisl pa3fesIbHOM OIEHKU JI0JIH
koH(popmepoB rpynn A+B u AA+BB, B koTopoii kpurepuem sBisiercst yroi t3 [0O=C;-O-H]
(MOBOPOT THIPOKCUIILHOW TPYIIIBI). YUET «CKPBITHIX» KOH()OPMEPOB OBLI MPOBEICH Ha BCEX

JTanax onpeseseHus KOHPOPMAIMOHHBIX paBHOBECUH psiia (peHamaToB.

AA 9 o
170.66° B @ )
Pie o9 1,

%y
RO
| A g

Pucynox 10  —  Cmpykmypa
Konghopmepos MK AA (crneea) u BB
(cnpasa) u osyepannvie yevl 1[Co-
N-C3-C;/ (kpacmwiit), 1o)[O=C1-Cs-
Ce/ (curur) u 1[O=Ci-O-H]

(3enenas cmpenxa)

Paccrosuue H9/10-H11/12 B rpynnax A+C+AA cocrasnser 3.12 A, a B B+D+BB -
4.62 A. Paccrosuue OH-H6 npunumaer ciexayromue 3Hadenus: 2.09 A B A+B+AA+BB, 4.34
A B C+D, 3.27 A B A+B u 1.88 A B AA+BB. Hcnonb3ys npeacTaBieHHBI paHee MeTos
anammsa naHHeix NOESY, paccuuransl gonu rpymnmn koHpopmepoB A+B+AA+BB u C+D s
MK B IMCO-ng. YcTaHoBIIEHO, UTO OHU COCTaBISAIOT 6.3 £ 1% u 93.9 + 1%, coOOTBETCTBEHHO

(Pucynox 11).

. 93.9%
100 C+D
ao—f Pucynox 11 — Pacnpeoenenue konghopmepos MK

] 6 /IMCO-0s, paccuumannoe no Habmooaemomy
601
] KOHGhOpMAYUOHHO-0NpedensieMomy paccmosHUIO

40 6.1% OH-H6 ¢ yuemom cyuwjecmeosanuus «CKpbmbixy

201 A+B+AA+BB

o]

KoHgopmepos AA u BB

PacnpepgeneHune koHpopmepos, %
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Ha cnenmyromem stane Obum ompexaeneHsl aoiu rpymnn koHpopmepoB MK B ckCO,,
CBSI3aHHBIX C MOBOPOTOM KapOokcmibHOU rpymmbl (yron 1, [O=C;-Cy3-Cg]), npu 45 °C u 9
MIIa (Pucynok 12).

00 100 C+D Pucynox 12— Pacnpedenenue
5 100 ]

i ] xongopmepos MK ¢ ckCO, npu 45°C u 9
- 80 55.9% 80 (ﬁ pmep 2 1p

1 A+B 41.1% Mlla, paccuumannoe c ucnonvzosanuem

60
] SHAYEHUA KOquOpMabﬂ/lOHHO'

€ 60
] Cc+D ]
40 40
: . 3.3% onpedensiemoeo paccmosrus OH-H6 6e3
204 20
=] A+B+AA+BB
] ] yuema (cnesa) u ¢ yyemom (cnpaea
0] 0] —= ( ) i ( 'p )

«CKpoImblxy Kongopmepos (AA u BB)

PacnpepeneHue Kondopmepos, %

Paci

C y4eToM BIMSHUS «CKPBITBIX» KOHPopMepoB MK ObLTM paccuuTaHbl JOJIU TPYIIT
A+C+AA u B+D+BB B ckCO,, CBS3aHHBIX C pPa3dUYHBIM IIOJOKCHHEM 3aMEIICHHOTO
apoMaTHyeckoro (pparmMeHTa MoJieKysbl oTHocuTenbHO cBsi3u NH-C3 (Pucynok 13).

99.7%

93.9% 97.7%
D | A+C+AA s
* 100 2 moz 2 100
o & o Pucynox 13 — Jonu epynn
L& 0 L kongpopmepe MK ¢ JIMCO-0g
40 4oi 40:; _ _
1% : e ;‘ ) (a-6¢) u cxCO, (c-e) npu
N R i 1 B/D+BB § | ANSB  COODRKDUIUHECIIX
= 0] ﬁ a_i —— 04 —_— p p
(@  9%6.7% ©) a7 (®) napamvempax COCMOSIHUA,
Cc+D " +
100 2797 75.3% 100
5 ACCHAR e paccuumanmule us
80 80 80
o ] IKCNEPUMEHMATLHO
60 E 604
24.7% 1 Y s _
P o woies 1 Hatidennvix paccmosinuti OH-
3.3% ]
] nrsianren - i 03% 6w HY/10-H11/12
> 01 e - 0 o] o

@) ‘ () ‘ (©

3.5. Onpenenenne aoJei rpynn koHgpopmepon TojigeHamoBoii Kucaorsl B ckCO,

npu 9 MIla u 45°C
AHanu3 CIEKTpalbHBIX JaHHBIX, MOJy4eHHbIX 11 TK, Mo3BoiawiI OnpenenuTs, 4To
crektpbel NOESY conepxat 17 map Kpocc-IMKOB, COOTBETCTBYIOLIUX BHYTPUMOJIEKYJISPHBIM
paccTosiHUAM MEX]y aToMamu Bojpopona. Paccrosuue NH-H14 sBnsiercs penpe3eHTaTUBHBIM
JUIA pa3ieNieHusl HU3KodHepreTuueckux kKoHpopmepoB TK, momydeHHBIX B paMKax KBaHTOBO-
XMMHYECKUX pacueTos, Ha ase rpynnbl A+C u B+D, u cocrapnser 2.86 A nna A+C, u 3.82 A
s B+D (Pucynok 14). Paccrossume H6-H11 Obuto BbIOpaHO B KadecTBe pe)epeHCHOTO,
MOCKOJIbKY OHO coctabisieT 2.47 + 0.02 A Bo Bcex paccMarpuBaeMbix koHpopmepax. s
NPOBEPKH MOJTYYCHHBIX JAaHHBIX OBLIO BBIOPAHO €Il OJHO XapaKTEPUCTUYECKOE PACCTOSIHHE
NH-H10, cBs3anHOe ¢ yriaoMm t;, 3HaueHUs KOTOporo cocTapisior 3.50 A u 2.61 A B

COOTBETCTBYIOIIMX TPYMIax KOH(HOPMEPOB.
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®opma | ®opma 11

¢ ®
B
o 8 | ® ()} AO %9
<% b P
6 8 9| & ©
(z 09@ & % ® " Pucynox 14 — Cmpykmypol  kongopmepos
] ﬂ'®

monexyvl TK ¢ osyepannviv yenom 1y [C-N-C-
C] (svioenenvi kpacuvim) u [O=C1-Cy3-Cgl

(8b10enetbl CUHUM)

el) ®
8

@E@)/@“O

Ha ocHoBe paHee mpeAcTaBlIEHHBIX METOAMK U C YYETOM «CKPBITBIX» KOH(OPMEpPOB
npoBeACHO ompeaenenue aoseid rpymn  kKoHpopmepo TK (Pucynoxk 15.) Ilpu stom
KoH(popMallMoHHOEe paBHOBecue B cpene ckCO, cmemaercs B CTOpoHy rpymmbsl B+D mo
cpaBHeHuto ¢ JIMCO-gg.

[Tpu nepexone ot AMCO-16 k ckCO, noas rpynn koHdpopmepoB A+C yMeHbIIaeTcs, a
noisist koHbopmepoB B+D, cOOTBETCTBEHHO, YBEIWUYMBAETCS. JTO WU3MEHEHUE MOXET OBITh
CBA3aHO ¢ M3MeHeHHeM KoHueHTpauuu TK B pacTtBopuTene mpu mepexojie K XUMUYECKU
uHepTHOMYy  cKCO,, BCIEACTBHE YEro YMEHBIIAETCS  YHCIO  MEXMOJEKYISIPHBIX
B3aMMO/JICHCTBUM, U3MEHAETCA BEPOSITHOCTh 00pa3oBaHMs HanboJiee BEPOSITHBIX TMMEPOB, a
3aTeM W3MEHSIeTCSI M BHYTPUMOJEKYJSIpHAsS THOKOCTh, YTO HEU30€XKHO TMPUBOAUT K

nepepacnpeeneHuto poaei koundopmepon B cpeae ckCO,.

91.9%

100 A+C TK 8 IMCO-as TK B crCO2
NH-H14 100 NH-H14

201 62.3%

A+C

60 37.7%
B+D
40
8.1%
B+D 20 - Pucynox 15 —  Pacnpeoenenue
— 07 KOH@O TK 6 JIMCO-05 (a, 6)
® pmepos TK 6 6 (a, 6) u

80

60

40 -

20

Pacnpegenexue KoHhopMepos, %
Pacnpegenexue koHpopmepos, %

@)

98.7% ~
ckCOs (b, 2), Havdennoe u3 amanusa

1 A+C TK 8 IMCO-a6 TK B ckCO2 2 ( )

] 100 - o«
2" NH-H10 * 72.4%  NHHIO paccmosimuii NH-H14 (a, 6) u NH-H10
g o ] A+C
‘E’_ 803 80 (6, 2)
$ 60 % 60
£ 27.6%
H 40 40+ B+D
i ]
g 204

1.3% 20-
B+D 8
—_— 04
(r)

(®)
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3.6. Onpenesienue noJieii rpynn kongopmepon ¢uiydenamoBoii kucjorbl B ckCO,
npu 9 MIla u 45°C

Ha 3apeructpupoBannbix crnektpax NOESY ®K nabmiogaercs 8 map KpoCC-TIHMKOB,
COOTBETCTBYIOUIMX BHYTPHUMOJEKYJISIPHBIM PpAcCTOSIHUSIM MEXJIy aTroMaMd BOJOpOAA.
Paccrosane NH-H7 sBisercss penpe3eHTATHMBHBIM Ul Pa3ACiICHUS] HU3KODHEPIETHYECKHUX
koH(popmepoB DK, moxydeHHBIX B paMKax KBaHTOBO-XUMHUECKUX pacueroB (PucyHok 16),
3HaYeHHs KOTOporo Bapbupyiorcs ot 2.49 A no 3.58 A B rpynmnax xonpopmepos A+C u B+D,
COOTBETCTBEHHO. B KkauectBe pedepencHoro paccrosiuus BbiOpano H6-HI11, 3nauenue

KOTOpOro cocTaniser 2.46 A.

Pucynox 16 — Cmpykmyper KoHghopmepos
monekyl @K ¢ osyepannvim yenom r, [C-N-C-

(] (8vioenenvt yeprvim).

Ycranosneno, uro B ciaydae [IMCO-ng nonu rpynn kougopmepo A+C (49 %) u B+D
(51 %) paBHBl B mpenmenax TouyHOCTH wu3MepeHuit (¥4 %), torma kak B cpene ckCO,
KoH(popMmanMoHHble paBHOBecus paznuyatorcs: A+C (17 %) u B+D (83 %). Ilonyuenunsie

JTAHHBIE TIPE/ICTaBJICHbI HA pUCyHKe 17.

] B+D
21 ®K B IMCO-16 '] ®KBckCO:1 g3,
. 80 . 80}
1 49% 51% . Pucynox 17— Pacnpeoenenue
€ 604 A+C B+D b 60—:

kongopmepos K 6 JIMCO-0s (a) u

cxCO, (), HatidenHoe u3 aHanU3a

paccmosnuti NH-H7

Pa

40; 40—3 17%
; 1 A+C
2 207 L 20
(a)

07

(©)

B ormmuun or MK u TK, naunGonee BepositTHbIM TunioM KoH(pOpMepoB DK sBisroTCs
B+D B HE3aBHCHMOCTH OT HCIOJIB3YEMOr0 pacTBOpUTeNs. Takoi TN KoH(OpMEpoB
COOTBETCTBYET HaON0JaeMbIM B CcTaOmiIbHON monmuMopduoit ¢opme. Koubopmarmonusie
paBHoBecusi @K, BhISIBJICHHBIE C TIOMOIIBIO CIIEKTpocKonuu sifepHoro dddexra OBepxaysepa

(NOESY), cornacyroTcs ¢ pe3ynbTaTaMi KBAaHTOBO-XUMHUYECKUX PACUETOB.
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3.7. CpaBHeHHMe Ppe3yJbTaTOB pacyeTa KOH(GOPMAIMOHHBIX PaBHOBeCHIl
(peHAMATOB B HACBILIEHHBIX PACTBOPAX B Cpele CBEPXKPUTHYECKOI0 THOKCH/IA YIJIepoaa

B xoxe auccepranmoHHON paOOThI MPOBEIEH pacdyeT KOHPOPMALMOHHBIX PaBHOBECHUI
Mosiekyn ¢enamatoB B cpene ckCO, ¢ MpUMEHEHHEM METOAMKH Ha OCHOBE PE3YIhTaTOB
CHEKTPOCKONHUH siiepHOro 3¢ dexra OBepxay3epa U JaHHBIX KBAHTOBO-XUMUYECKUX PACUETOB.
Matepran U3M0KEH B KOHTEKCTE CpPABHEHHUS IOJYYEHHBIX peE3YyJIbTaTOB C JIaHHBIMH,
nosyueHHbIMU B cpeae [IMCO-gg npu KOMHATHOM TemrepaType M aTMOC(EpPHOM JaBICHUU
(Pucynox 18).

100 ‘
|
[

|
|

17 % A+C
8
49 % A+C

62 % A+C
98 %A+C
92 % A+C

Pucynox 18 — Pacnpeoenenue Oorneti
epynn  Koughopmepos  heHamamos:
MK, TK u @K 6 ckCO, u JIMCO-04

AMCO-a,

Pacnpeaenenne xondopmepon, %
8
X

ckCO,
Pacnpegenenue kondopmepos, %

a

S

o
ﬁﬂ)
38 % B+D

83 % B+D

o

8
2 % B+D
8 % B+D
51 % B+D

MK TK PK MK TK

HecMoTps Ha TO, 4TO BBIBOABI O BIMSHUU CaMOU Cpelibl CBEPXKPUTHUUECKOTO (uirouaa
Ha KOH(pOpMAalMOHHBIE paBHOBECHs (eHaMaTOB cJlelaTb 3aTPYAHHUTEIbHO  BBUIY
JOTIOJTHUTENILHOTO BIIMSHUSA IapaMeTPOB COCTOSIHUS, TOJy4YE€HHas HHQPOpMalus SBISETCS
LEHHOW M JIEMOHCTPUPYET TOT (akT, YTO MpPH pealn3allH IMPOLECCOB C UCIOJb30BAHUEM
CK® TtexHonmoruii mpocTpaHCTBEHHas CTPYKTypa (peHamaToB MpETeprieBAECT 3HAUUTEIbHBIC
U3MEHEHUS.

[TonydyeHHble pe3ynbTaThl JEMOHCTPUPYIOT YBEJIMUYEHHUE IO TPynn KOH(OpPMEpOB
B+D B pagy MK — TK — ®K. Tenaenmus cobmronaercs kak s cuctemsl ¢ ckCO, ipu 45°C u
9 MlIla, tak n qs IMCO-ng. IIpu 5TOM BO BCex paccMaTpuBaeMbIX cucreMmax nepexon or MK
k TK comnpoBoxgaeTcst usSMEHEHHEM JIOJIK Tpymi KoHpopMepoB B npeaenax 15%, B To Bpems
kak nepexos oT TK k @K — B npenenax 45%. OaHoM W3 BEpOSATHBIX NMPHYUH HAOII0aeMBbIX
U3MEHEHUH  SBIAIOTCA  3aMECTUTENM C  PA3NIMYHOM  3JIEKTPOOTPULATEIBHOCTBIO B
apomatuieckoMm (pparmente moinekyn ¢peHamatoB. MK umeer nBe metmnbHble rpymmbl, TK —
aTOM XJIOpa, KOTOPBIN 3aMeliaeT oAHy U3 MeTHIbHbIX rpymn MK, a @K - tpudTopmMeTibHYIO
IpYIIy U aTOM BOJOPOJa B AHAJIOTHYHBIX MOJIOKEHUSIX B CTPYKType (PeHMIBHOTO paaukana. B
pesyapTare, TOJ JEHCTBHEM (TOPCONEPIKAIIETO0 3aMECTHUTENsl MOJIEKyJa MPUHUMAeT
koHpopmammio B+D, mMeHee OmaronmpuaTHYIO JUISI MEXMOJIEKYJSIPHBIX B3aumojeicTBuil. C
JIPYrol CTOPOHBI, aTOM XJIOpPA B KA4E€CTBE 3aMECTUTEIIS ITO3BOJISIET MOJIEKYJIE CYILIECTBOBATH B
Oonee «ruOKOM» peXHME, TeM CaMbIM Nepepacrpeneisiss IOJIM TPymn KOH()OPMEPOB C
npeobnananuem rpynmbl A+C, kotopas Oosee OmarompusiTHa A7 MEXKMOJIEKYISPHBIX

B3aMMOJICVICTBUI BHE 3aBUCHUMOCTH OT CPEBL.
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3AK/IIOYEHHUE

HToru BbINOJHEHHOT0 HCC/IeJ0BAHUS

1. Pa3zpaboran u amnpoOuUpoBaH MOAXOJA K ONPEAECICHUIO KOH(POPMAIMOHHBIX
PaBHOBECHI MaJIbIX MOJIEKYJI JICKAPCTBEHHBIX COCIMHEHMM (JIMKOJanHa U psifa peHamaToB) B
HACBIIICHHBIX PACTBOPAX B CPE/€ CBEPXKPUTHUECKOTO AMOKCHAA YIJIepoaa, OCHOBAHHBIA Ha
nauHbX oxHo- ("H u 13C) U IBYMEPHBIX (1H-13C HSQC, *H-C HMBC, 'H-'H TOCSY, 'H-'H
NOESY) noaxonoB cnekrpockonuu SAMP u KBaHTOBO-XMMHUYECKHUX PaCUETOB BO3MOXKHBIX
KOH(OpMEpOB UCCIEAYEMBIX COeIMHEHUN. MeToiMKa OCHOBaHA Ha aHAJIW3€ MHTEHCUBHOCTEH
KPOCC-TIMKOB B CIEKTpax sjuepHoro sddekra OBepxay3epa B 3aBUCUMOCTH OT BpPEMEHU
CMEIIMBAaHMUs, pPacueTe CKOpPOCTEH KpocC-peslakcallii C MOCJIEIYIOUIMM ONpPEIeICHUEM
IKCIIEPUMEHTATBHBIX MEXBSIACPHBIX PACCTOSHUN MEXITY OMOPHBIMU HECBSI3aHHBIMU aTOMaMU
U CPaBHEHHMH MX C PaCUCTHBIMH PACCTOSHUSIMHU B PA3IMYHBIX KOHPOPMEpPax C IEIbI0 OIEHKHU
JIOJIeH rpymn KOHGOPMEPOB.

2. C wucnonb3oBaHUMEM pPa3pabOTaHHOrO MOAXOAA YCTAaHOBJIEHBI — MHapaMeTphbl
MPOCTPAHCTBEHHOM CTPYKTYPhI MOJIEKYJI IUJJOKaWUHA B HACKIIIIEHHOM pacTBope B cpeze ckCOy,
OMpEeNeNIeHbl COOTHOIICHUS TpPaHC- W IIUC-KOH(DOPMEPOB HCCIEIYEMOTO COCIMHEHUS.
[Tokazano, uro pu no6asnenuu 2 moi. % JIMCO-gg k ckCO, u3MeHeHne B pacnpeeieHun
nosie rpymn KoHopMepoB coctaBisieT mMeHee 4%, 4YTO COMOCTAaBUMO C TMOTPEITHOCTHIO
HKCIIEPUMEHTA.

3. Ilokazano BIUSHUE TApPAMETPOB COCTOSHUS (JaBJICHUA U TEMIEPATyphl) Ha
pacmipenenenie Jojied Tpymnm KOHGOPMEpPOB JHIOKaWHA B Cpelle CBEPXKPUTHYECKOTO
JUOKCHUJIa yIiepoja. YCTaHOBJIEHa WHBEPCHS COOTHOIIEHWS JOJed TpaHc- U LHC-
koHpopMepoB muaokanHa ¢ 99.4 % / 0.6 % no 4.8% / 95.2 % ¢ noBeImeHneM JaaBieHus ot 10
MIIa no 30 MIla npu noctostHHOW Temmeparype 35 °C, 4TO CBSI3aHO C BO3pacTaHUEM
KOHLIGHTPAllUM HACBIIIEHHOTO pPAcCTBOpAa M NPOLIECCAMH MEXMOJIEKYJIAPHON accolMaluu.
[ToBeimenue Temneparypsl ¢ 35 °C no 70 °C B mpenenax tpex uzobap 10, 20 u 30 Mlla
NPUBOJUT K YMEHBIICHHUIO JOJU Tpymmbl TpaHnc-koHpopmepoB npu 10 MIla u pocty monwu
TpaHc-KOH(POpMEPOB TpH 00Jiee BHICOKUX JABICHUSX.

4. JIns pspa denamatoB (MedeHamoBasi, ToiadeHamoBas u (uydeHaMmoBasi KUCIOTHI)
OTIPEJICJICHO COOTHOIICHHE JOJieH TpyIn KOH(POPMEPOB B HACHIIIEHHOM pPAacTBOpE B cpefe
ckCO; ¢ nobasnenueM 2 moa. % JAMCO. [lokazano, 4To BeposITHbIE KOH(OPMEPH 0OBEKTOB
UCCJICIOBAHUSI OTIIMYAIOTCS MEXBSJACPHBIMU PACCTOSHUSMU, OMPEISISIONIMI OPUEHTAITUIO
OEH30JIbHBIX KOJIEI OTHOCUTENIBHO APYT Apyra.

5. CpaBHeHUE MOTYyYECHHBIX JAaHHBIX [10KA3aJ0, YTO U3MEHEHUS B pACIIPEICICHUN T0JIeH
rpynn KoHGOpMepoB (eHaMaToB KOPPEIHPYET C YBEIUYEHHUEM DJIEKTPOOTPHUIIATEILHOCTH

aTOMOB, BXOJISIIIMX B COCTAB 3aMECTUTENEH B CTPYKType ¢peHamaroB. B pany 3amectureneit H,
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Cl, F mabmomgaercs m3MeHeHue mpeodnanaromnieii rpymnmsl kKoHpopmepoB ¢penamaroB ¢ A+C
(75%) nns medenamoBoit kuciotel Ha B+D (83%) mns dbnydenamoBoii kucnotel. B cpene
JAMCO-ng ipu KOMHATHOM TeMIlepaType U aTMOoc(hepHOM NaBJICHUU CMEHa Ipeoliagaroien
rpynnsl  KoHGopMepoB B psany (eHamartoB Takke mnposBiaserci— ¢ 96% (A+C) nmus
MedeHaMmoBoil kuciotel Ha 51% (B+D) mns guydenamoBoil kucinotel. CpaBHEHHE JTaHHBIX
yKa3bIBaeT HA 3HAYMTEIbHBIC N3MEHEHHS MMPOCTPAHCTBEHHOU CTPYKTYpHI (peHaMaTOB B cpeje
CBEPXKPUTHUYECKOTO (Iroua.

PexomeHpanum, nepcneKTUBLI AaJbHeled pa3padoTKH TeMbl

Pe3ynbTaThl, HOMy4E€HHBIE B pAMKaX JUCCEPTALIMOHHOMN paboThl, 1al0T MPEACTABICHUE O
KOH(OPMAIIMOHHBIX PAaBHOBECHAX MOJIEKYN (DeHaMaTOB B CPEJEe CBEPXKPUTHYECKOTO (IIIoHIa
¥ MOTYT OBITh IPUMEHEHBI B OYIyIINX HCCIEIOBAHUIX IO PETO3MIIMOHUPOBAHHUIO JTAHHBIX
COEJIMHEHUHN C LIENBI0 CO3/IaHUs TBEPABIX (OPM C 3aJaHHBIMH CBOMCTBaMHU. Takue (OpMbI
NO3BOJIST 3(PPEKTUBHO YMEHBIIUTHh MOOOUYHbIE ACHCTBUS (heHAaMaTOB, TEM CaMbIM BEPHYB HMX

Ha (apMalleBTUUECKHUI PBIHOK.
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