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Kondopmarnnonasiii aHanu3 OMCHMHIA30IHEBRIX TUKATHOHOB ¢ KOpoTKuMu amudarundeckumu (C,—C,) u
runpokcmzamerieHHpM (—CH,—CHOH—CH,—) MocTHKaM# BBISBIII IPEINOYTHTEIFHOCTE CTPYKTYP C MAaKCH-
MaJIbHO BBITSHYTOW TPaHCOMTHON KOH(MUTYpaIuel alKkuiIbHBIX (pparMeHToB. MOJIEKyISApHBIA 31eKTPOCTaTH-
YeCKuii MOTEeHIHNAN B JMKATHOHAX pacrpeielieH HepaBHOMEPHO, ¢ MakcuMyMamu B o6mactu C2H umumasona
¥ MOCTHKOBBIX aTOMOB BOOPOJA JJIS OL,(M-aJKCHWIBHBIX, M B 00IaCTH THAPOKCHIBHOTO aToMa BOAOPOA IS
THIPOKCHUIIPOIIAHOBOTO MOCTHKOB. BHYTpuMoekynspHbie Bonopoansie cBsa3u C—H---OH BHOCAT CBO# BKIaR
B CYIIIECTBEHHO GONBIIMI (1O CPABHEHHUIO C TIONMMMETHIIEHOBBIMHU) 6apbep Bpamienus mo ceasu C'~C? B auka-
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JukaTroHHbIe OMCHMUIA30JIMEBBIE COH TPHBIICK-
7 3HAYUTEIbHOE BHUMAaHKE KaK KJacc MepBOHAYAIIb-
HO B Ka4decTBE INpPEIIEeCTBEHHUKOB IeTepOLUKINYe-
CKHX KapOeHOB [ 1-9] 1 METaUTOITMKIIOB Ha X OCHOBE
C KOMIIJIEKCOM YHUKAJIbHBIX KAaTATUTHUYECKUX CBOMCTB
[10, 11], xoTa cWHTE3 OTHENBHBIX MpEACTaBUTENEH
ATOM TPYIIITBI OBLI OCYIECTBICH ropaso paHbine [12].
BrociencTBum  JUIMHHOLIETIOYEYHBIE TPOU3BOIHBIE
OMCHUMUIA30IMEBBIX COJICH B BOAHBIX PacTBOpPaX Mpo-
SIBUJIM CBOWMCTBA MOBEPXHOCTHO AKTHBHBIX BEILECTB
(ITAB) ¢ BBICOKMM TOBEPXHOCTHBIM JaBICHHEM
[13, 14], arperaroobpa3oBareneil ¢ O4YeHb HU3KUMH
KPUTHUYECKUMH KOHIIEHTPAIMsIMH  MHIIEII000pa30-
BaHUs M Pa3HOOOpazHOW MoOpQosorueil accouuaros
[15, 16], GakTepuIMIHOM|, PYHTUIIUAHON U aHTHIIPO-
mudepaTUBHON aKTHBHOCTHIO [17], HOHHBIX XHIKO-
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cteit [ 18], HOHHBIX XKUIKUX KpUCTAILIOB [ 19] 1 MOHHBIX
IIACTHYHBIX KpucTamios [20, 21]. B mocneaame rombl
BO3POCTAET UHTEPEC K APOTOHHBIM HOHHBIM KHJIKO-
ctsim (M2K) [22], noHHBIM KUAKUM KprcTauiaM [23] u
WOHHBIM IJIACTUYHBIM KpUcTaiiam [24, 25], uto cBs-
3aHO C yCIICIIHBIM IPUMEHEHHUEM B Katanuse [26,27] u
C TIEpCIIEKTUBAMHU HCIIONIE30BAHMS B YCTPOHCTBAX TO-
nydenus [28, 29], xpanenus [30] u npeoOpazoBaHUs
[31] sHEprHUM; COOTBETCTBEHHO, BO3pPACTAET 3aIlPOC Ha
HOBBIE BEIIECTBA CO CBOMCTBAMU MOHHBIX JKUKOCTEH
W MOHHBIX KpUCTaIOB. /IMKaTHOHHBIE OMCHMHAA30-
JUEBBIE COJH, KaK KOPHEBAs CTPYKTYpPa, IPETOCTABIISA-
10T HanOoJIee MIUPOKUE CUHTETHYECKIE BOBMOKHOCTH
JUTA CTPYKTYPHBIX U3MEHEHUH (B CPaBHEHUH C MOHO-
KaTHOHHBIMH MMHIa30JINEBBIMH, a TAK)KE aMMOHME-
BBIMU U (pOCHOHNEBBIMH ), HEOOXOJUMBIX JJIsl HATPaB-
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JIEHHOW MOAM(UKAIMK HOHHBIX )UAKOCcTer [32, 33].
[Mogo6Has HampaBIeHHOCTh MOAU(DUKAIINA OHUEBBIX
HNOHHBIX JKUIKOCTEH NOCTMXKHUMA TOJIBKO IIPH SICHOM
MOHUMaHUHU JABWXKYIIUX CHJI U CTPYKTYPHBIX MOTH-
BOB HAJMOJIEKYJSIPHON OpTaHW3alliid MOHHBIX KHJI-
KocTel (HaHO- [32] u MuKpocTpykTypu3anuu [34] B
xuakol dase), u camoacconuanuu [TAB B pacTBopax
[13, 15, 16]. Mexnay TeM HEKOTOpBIC OCOOCHHOCTH
CTPOCHHUSI JMKATHOHHBIX OMCHMHAA30JUEBBIX CO-
Jiel He BIIOJIHE SCHBI Ja)Ke HAa BHYTPUMOJIEKYISIPHOM
YPOBHE, Kak, HallpuMep, MPEUMYIIECTBEHHO TpaH-
coupHas (MakCUMalbHO BBHITSHYTas) KOHQOpMarms
amudarmdeckoro Moctuka [35-38] B TBepmoit ¢aze
u B pactBope [39], npu ToM, yTO Gaphephl BpaleHHs
BOKPYT OPIMHAPHBIX YIVIEPOA-YIIEPOAHBIX M YIJe-
pOI-a30THBIX CBSI3€d B MPOCTBHIX MOJIEKYJaX KpaiHe
HeBenuku [40—42], u B )kuaxoi ¢aze mpeamnonaraet-
Csl CYIIECTBEHHBIN BKJIaJ M30THYTHIX KOH(OPMALUH.
Jnst pereHns STUX CTPYKTYPHBIX 3a7ad B e cliyda-
eB 3 PEKTUBHBIM OKa3aJI0Ch MPUMEHEHUE PACUETHBIX
KBaHTOBO-XMMHUYECKUX METOOB, MPEUMYIIECCTBEHHO
nonysmnupuueckux [43, 44], © MONEKYISIpHOH Me-
xaHuku [39]. Pacumpenue kpyra oObEKTOB pacuera
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U TIPUMEHEHHE PacyeTHBIX METOJOB 0oJiee BHICOKOTO
YPOBHS MOYKET OKa3aThCs MOJIE3HBIM AJI TOHUMAHUS
MpoLECcCOB U JeHcTByIOMUX cuil. IlepcreKTHBHBIM
MPEACTABIISIIOCH MMPOBECTH PACUEThl CTPYKTYPHBIX U
SHEPTEeTHYECKUX XapPAKTEPUCTHK JWKATHOHOB OHCH-
MUa30aueBbIX cosell Ha ypoBHe DFT ¢ ncnomns3osa-
HUEeM (YHKIHOHAaNa, OPHEHTHPOBAHHOIO HA OLIEHKY
HEKOBAJICHTHBIX B3aMMOICHCTBH, C MOCIEIYIOIUM
aHAJIN30M PACIpPEIENICHUS IEKTPOHHON IUIOTHOCTH
Y MOJIEKYJISIPHOTO 3JIEKTPOCTATUYECKOTO IOTEHIIAIA.
JI7151 OLIEHKU CTPYKTYPHBIX OTHECEHUI Ha OCHOBE J1aH-
HeIx SIMP npencraBnsiock moje3HbIM [45] cpaBHUTH
pacueTHbIE M JKCIIEPUMEHTAIbHBIE CIEKTPBI MOJE-
KyJ B pa3HbIX PacTBOPHUTENIX, KaK 3TO ObUIO chena-
HO paHee MPUMEHUTENIBHO K MMHIA30JIUEBBIM COJISIM
[46, 47] u Bropru4HBIM ciupTam [48].

Oo0bekThl nccaenoBanus. OCoOCHHOCTH CTpoOe-
HUS TUKaTHOHOB 1—6 M3ydYeHBI ¢ IPUMEHEHHEM pac-
YETHBIX METOJIOB, PE3YIBTAThl PACYETOB COIIOCTABIIE-
HEI ¢ 9KCIIEPUMEHTAIBHBIMHU TAHHBIMH JIJIS1 THOpOMUIA
ouc(3'-nonmmmMunazonuii-1'-un)merana 7, aubpo-
muga 1,2-6uc(3’-HoHMmTUMUAa30Mui-1'-un)stana 8,
nuxyopuna 1,3-6uc(3'-HoHmnuMua300-1'"-m)-2-ru-
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Tabauna 1. DnekTpoHHBIE 93HEPTUH E(, TEpMUUECKHE TONPaBKH K 3Heprun I nboca G, snepruu ['m66ca G nanbornee cra-
OMIIBHBIX KOH(POPMEPOB AUKATHOHOB OMCHMHIA30JIUEBBIX COJICH M UX OTHOCHTENBHAS cTa0mIbHOCTE AG; (YypoBeHh ®B97X/

def2-SVP, razosas dasza)

Kondopmep E. a e Geom a. €. G,a.e. AG;, x/Ixx/Monb
1 Mo01 —569.277215 0.198419 —569.078796 0
1 M02 —569.276031 0.198139 —569.077892 2.37
2 Mo1 —608.575626 0.225607 —608.350019 0
2 M02 —608.575650 0.225630 —608.350020 0.00
3.Mo01 —647.869758 0.252765 —647.616994 0
3 M02 —647.869628 0.252736 —647.616892 0.27
3 MO03 —647.865882 0.253000 —647.612882 10.81
3 M04 —647.866571 0.253031 —647.613539 9.07
4 M01 —687.160381 0.279949 —686.880433 0
4 M02 —687.160336 0.279961 —686.880375 0.15
4 M03 —687.156490 0.280091 —686.876399 10.60
5Mo1 —723.013186 0.257561 —722.755626 0
5Mo02 —723.013104 0.257522 —722.755582 0.12
5Mo03 —723.012643 0.257515 —722.755128 1.31

npokcunpornana 9, aubOpomuma 1,3-0uc(3'-HOHWMII-
nMHIa300- 1 '-1)-2-ruapokcutiporrana 10, auokcana-
ta 1,3-6uc(umupason-1'-un)-2-rugpokcunponana 11.
Crpykrypsl coneit 1-11 u Hymeparust aToMOB TpHBe-
JEHBI Ha cxeMe 1.

I'eomeTpusi u 3HepreTuyecKkHe XapaKTepHCTH-
KH TMKAaTHOHOB. Bce mpuBeneHHble B Tabn. 1 tep-
MOXHMMHYECKHE Pe3yNbTaThl (JCKTPOHHBIE YHEPTHH,
sHeprun [nbbca, pactpenenenne KOHPOPMEPOB) OT-
HOCATCS K cTaHAapTHBIM ycioBusaM (298 K, 1 atm).

PacuerHbie PHEprUM UCTIBITHIBAIOT 3aMETHOE BIIU-
SIHUE HE TOJIBKO YypoBHS npubOmmkenus (oB97X/
def2-SVP unu ©«B97M-V/def2-TZVPP), Ho u Bup-
TyallbHOU cpeabl (Tabi. 2). D10, B CBOIO 0OYepe/b,
OKa3bIBaCT BJIMSIHHE HAa COOTHOIICHHE KOH(GOPMEPOB
Y BEIMYMHY YCPEIHEHHBIX PACUETHBIX XUMHUYECKHX
cABUTOB B criekTpax SIMP.

MeskaToMHBIE PACCTOSIHUSL M YIJIBI MEXAY CBSI3si-
MH BO BCEX PAaCUYETHBIX CTPYKTYPax COOTBETCTBYIOT
TUMTUYHBIM 3HAYEHUSAM ISl OPTaHUYECKUX COCTUHE-
HUU yraepoaa u a3ota [49], oTIn4us He IPEeBHIIAIOT
0.01 A. B pacyeTHBIX CTPYKTypax JAMKaTHOHOB 1—4 ¢
He()yHKIIMOHAIM30BAaHHBIMU AJIKHUIICHOBBIMH MOCTH-
kamu —(CH,),— BBISIBIICHBI KaK OOIUE CTPYKTYPHBIC
O0COOEHHOCTH, TaK U CTIeNU(UIESCKUE IS OTAETBHBIX
rpymnn koHpopMepoB. Bo Bcex 06e3 UCKITIOUEHHs KOH-
(dopmepax METWIBHBI 3aMECTHTENb B IMOJOKEHUH

3’ pacronioxkeH TakuMm oOpaszom, uto oxna u3z C—H
CBSI3€ HAXOAWTCA B IUIOCKOCTH HMHUIA30JHEBOTO
KOJIbIIa (B 3aCIIOHEHHOW KOH(OpMAINK); Takas KOH-
¢urypanus xapakTepHa U i OCHOBHOTO COCTOSTHUS
npocteitmero N-metunumunazona [42]. AToMsl yrie-
pojia TOJIMMETHIICHOBBIX MOCTHKOB (C YHCIIOM aTo-
MOB ymiepona n = 2, 3, 4) 1 IpUCOeANHEHHBIE K HUM
aTOMBI a30Ta UMHUAA30JIHEBHIX IIUKIOB 00pa3yIoT ILI0-
CKOCTBh BO BCEX HanOOJee yCTOMUMBBIX KOH(DOpMEpax
2—4, OTKJIOHSISICH OT ATOM INIOCKOCTH MEHee 4eM Ha
0.003 A; mpu 5TOM IMKJIBI PAcHoOAraloTCs Ha Mak-
CUMAaJIbHO BO3MOXHOM (B paMKaxX YIJIEPOIHOTO CKe-
JieTa) yaaleHuu apyT oT Apyra. [ImockocTy uMuaazo-
JIUCBBIX IUKIOB 1—4 MOYTU MEPIEHIUKYISIPHBI STOU
IJIOCKOCTH TIEHTpalbHOTO (pparmenTta. Hambomee
crabunbHbIe KoHPOopMepsl MO1 1 M02 onHOTO 1 TOTO
K€ JIMKATHOHA OTJIMYAIOTCS TJIaBHBIM 00pa3oM OpH-
EHTAIMe METHUJIHFHOTO 3aMECTUTENS] OTHOCUTEIHHO
IJIOCKOCTH IIEHTPAIBLHOTO (pparMeHTa: B KOH(pOpMe-
pax M02 MeTHIIbHBIE 3aMECTHTEIH PACIIOI0KEHBI 110
OJTHY CTOPOHY 3TOH IUIOCKOCTH (CyrpadanuaibHo), B
koH(popmepax MO1 — o pasHbie cTOpoHHI (aHTapada-
uanbHo) (puc. 1, Ha mpuMepe TuKaTroHa 4).

OKCHEPUMEHTAJIBHBIE CTPYKTYPhl U3BECTHBI TOJIb-
KO Uil OMCHMHIA30IMEBBIX COJNEH C alKUJICHOBBIMU
moctukamu —(CH,),—. B psnme cinywaeB pacueTHbie
TE€OMETPUHU TUKATHOHOB OJHM3KM K SKCIEPHMEHTANb-
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Tabauna 2. PacuetHbie ogHOTOUEUHBIC 3HEPTHU E,\\(, (0BITM-V/def2-TZVPP//wB97X/def2-SVP), Tepmudeckne nonpaBku
k sHeprun ['nboeca G, (0B97X/def2-SVP), sueprun I'n6dca G (0B97M-V/def2-TZVPP//0B97X/def2-SVP) u ortHOCH-

TEJIBHOE COoAep)KaHue KOH(DOPMEPOB B PA3IMUYHBIX CPeIax

Cpena Kondopmep E. a e Geom 2. €. G,a.e. fBolz
Ias 1 MO01 -569.811843 0.198419 -569.613424 0.73
1 M02 -569.810621 0.198139 -569.612482 0.27

Boma 1 Mo01 -570.083273 0.199087 -569.884186 0.53
1 M02 —570.082858 0.198776 -569.884082 0.47

CHCI, 1 Mo01 —-570.029755 0.198889 -569.830866 0.59
1 M02 —570.029144 0.198631 -569.830513 0.41

Tas 2 Mo01 -609.138535 0.225607 -608.912928 0.50
2 M02 —609.138561 0.225630 -608.912931 0.50

CHC, 2 M01 -609.345582 0.225511 -609.120071 0.57
2 M02 -609.345489 0.225687 -609.119802 0.43

5 M01 ~723.697149 0.257561 —723.439588 0.39

T'a3 5 M02 —723.696951 0.257522 —723.439429 0.33
5 M03 ~723.696794 0.257515 ~723.439279 0.28

5 M01 -723.950100 0.257738 —723.692362 0.31

H20 5 M02 ~723.950264 0.257487 ~723.692777 0.49
5 M03 —723.949717 0.257779 —723.691938 0.20

5 M01 —723.898344 0.256966 ~723.641378 0.11

CHCl, 5 M02 -723.900375 0.257337 -723.643038 0.65
5 M03 —723.899428 0.257284 —723.642144 0.24

HO YCTaHOBJIEHHBIM ISl KpUCTAJIIIMUYECKHUX CTPYKTYDP.
Ha puc. S1 u S2 (cm. /lomonHuTENBHBIE MaTepHaIb)
COIOCTABJICHBl PACUETHBIE U 3KCICPUMEHTAIbHBIC
ctpykrypbl. Kak BunHo u3 puc. S1 u S2, sHepreTu-
YEeCKH BBITOJHAS PACUETHAsl CTPYKTYpa MOXKET IpeBa-
JUPOBaTh W B 3KcnepuMeHte (B kpuctamie). C apy-
oM CTOPOHBI, THOKOCTH MOJIMMETHIICHOBOU IIETIOYKH
MO3BOJIIET PEAJM30BBIBATbCA M APYIMM KOH(OpMa-
uusM. OYeBHUAHO, BIHMSHUE NPOTHUBOAHHOHA U 3(-
(hexTHI yIakoBKHM Ba)KHBI I BHIOOpa KOH(OpMAILIUU
B Kpuctayuie. s ycnoBHO cBoOOIHOI MOJIEKybI (B
ra3oBoii ¢aze, B pacTBOpe) MOXKHO PacCUMUTHIBATh Ha

(a)

SHEPreTHYCCKUE MPEAMOYTEHHUS, HAlICHHbIE B pacue-
Te (Tadm. 1).

Bo Bcex sHepreTnyecku BBHITOJHBIX KOH(OpMepax
THJIPOKCUIICOIEPIKAIETO JTUKAaTHOHA 5 THIPOKCHIIb-
HBIA aTOM BOZOPO/A aHTUIIEPUIITIAHAPEH METHHOBOMY
aroMy Bojopona oTHocutTenbHO cBsizm C—O. B pon-
CTBEHHOH CTPYKType 2-TiporaHojyia 60yiee BBITOIHOM
CUMTAETCS CHHKIIMHANBHAS 2ow-KoHpurypanus [41].
LenTpanbHblii (hparMeHT TUKATHOHA S (TpU yTIIepO-
HBIX aTOMa MOCTHKAa M JBa arOMa HMHIA30JUEBBIX
LUKJIOB) TpPEACTaBIseT COOON cllerka MCKaXKEHHYIO

(©)

Puc. 1. Pa3nuuus B OpHeHTAIIMK METHIIBHBIX 3aMecTuTenel B koHpopmepax mukarinoHa 4 M01 (a) u M02 (0).

JKYPHAJI OBLIEN XUMHU Tom 93 Ne 6 2023
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Puc. 3. 3aBUCHMOCTb OTHOCHTENBHOM 3Hepruu AE,, oT aByrpanHoro yrima ¢; C>’N"C!C? B nuxatuone 5.

W10cKOCTh (ByrpanHsiii yron N''C'C2C3 npepbimaet
167°, MakcuMalbHOE OTKJIOHEHHE OT CpEeAHEH Mmiio-
cxkoctu 0.17 A), 10 OTHOIICHHIO K KOTOPOU MMHIa30-
JIbHBIE IIUKJIbl HAKJIIOHEHBI oA yriioM 38—46°. B stoit
KOH(UTYpalMy aTOM BOJIOPOAA U3 MOJOKEHHS 2’ Win
5" KaXI0r0 MMHUAA30JIMEBOTO IHKIIA TIPUOIMKACTCS K
THUAPOKCHIIBHOMY aToMy KHCJIOpOAa Ha PacCTOSHUE
MeHee cymMMmbl [50-52] BaH-mep-BaaJdbCOBBIX pajau-
ycoB (puc. 2, tabn. ST1, cMm. JlomogHUTEIbHBIC Ma-
TEpHaibl) IJIs pacueTHBIX CTPYKTYp B razoBoi (hase.
OTO MEXAaTOMHOE PACCTOSHUE YBEIMUYUBAETCS B YyC-
JIOBHBIX KOHJICHCUPOBaHHBIX cpenax (tadm. ST1). Omn-
TUMHU3UPOBAaHHBIE TEOMETPHH KOH(POPMEPOB TUKATH-
OHa 6 (IeMETHIMPOBAHHOTO aHAJIOora 5) O4eHb OJIN3KH
CTPYKTYpE COOTBETCTBYIOIINX KOH(OpMEpOoB 5 (puc.
2, mpumep 11 KoHpopMmepos MO1).

Kak cnmemyer w3 pesynasraroB Tabm. 1, pa3HOCTH
SHEpruil KOHPOPMEPOB TUKATHOHOB OMCHMUAA30IIH-
€BBIX COJIe HEeBelMKa, U B CIy4ae HEBBICOKHX IIO-
TEHIMAIbHBIX 0apbepoB Mepexofa MEXIy HUMHU OHH
OyZIyT COCTaBIATH CMECh, COCTaB KOTOPOW 3aBUCHM
OT BHEIIHUX YCJIOBHH H cpelbl. MBI olleHWIn Oaphe-
PBl OTHACNBHBIX KOH(GOPMAIIMOHHBIX IEPEXOJO0B IS
JIUKAaTHOHA 5 B paMKax TEOPUH IEPEXOJHOIO COCTO-
sHus. B3aumonperpamienune koHpopmepor MO1 u
MO02 mocturaeTcs TpH BpaIlICHAH HUMHIA30JEHOTO
IMKJIa BOKPYT OpAMHapHOi cBsasu N''-C'. Duepre-
TUYECKUH MPOoGMIb 3TOTO IpoLecca NPeACTaBlIeH Ha
puc. 3, rne AE,, — otHOcuTenbHas K £, (MO01) sHep-
rus. [lorenumansHast sneprus E,, onpenemnsiach Ha
ypoBHe 0B97X/def2-SVP B 3aBucuMOCTH OT Bapbu-
poBanus aByrpanHoro yria ¢; CYNVC!C), naunnas

JKYPHAJI OBILIEN XUMHWU Tom 93 Ne 6 2023
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Puc. 4. 3aBUCHUMOCTb OTHOCHTENBHOMN 3HEprun AE,, OT AByrpaHHOTo yra ¢, N'C!C2C3 B nukatnone 5.

OT ONITUMANBHOI reomeTpun aukatuona S M01 c mra-
rom 10° (B qumamazone 360°), ¢ penakcarueii ocTainb-
HBIX TEOMETPHUYECKUX MapamMeTpOB Ha Ka)JIOM Iliare
CKaHMPOBAHMS. 3aTeM, U JTy4IIed anmpOKCHMAIlnU
BEJIMYMHBI BpamareIbHoro Oapbepa, CTPYyKTypa, CO-
OTBETCTBYIOI[as MAaKCHMyMy Ha IOTEHIHATbHON
KpUBOM, ObLTa ONTUMHU3UPOBaHA KaK MEPEXOTHOE CO-
crostare (I1C). CooTBETCTBHE MOTyYEeHHOU CTPYKTY-
pPBI CenyoBOi Touke 1-ro Mopsiika MOATBEPIKIATIOCH
pacueToM KoleOaTeNbHBIX YacTOT B TapMOHHYECKOM
MpUONKEHN HAa TOM JK€ YpoBHE (TIONy4YeHa OnHa
MHUMasi KojieOareibHas Mopja, 34i CM’I). Beanuu-
Hy Gapbepa OLEHHBAIM KaK pa3HHIly dHeprui AE7,
MEXIY OHEPTrUsIMH MHUHHMaJIbHO-9HEPTETHYECKOTO
koHpopmepa u coorBercTBytomiero [1C. Kondopmep
MO01 nepexomnutr B M02, mpeomoyieBasi MaKCUMalb-
Hblit 6apbep AE7, = 8.83 kJ[/Moib. YTounenue AET,,
Ha ypoBHe ©B97M-V/def2-TZVPP//0B97X/def2-
SVP mpuBOIuT K YMEHBIIICHUIO BBHICOTHI Oapbepa J0
4.58 x/x/™Monb. B mobom citydae, mpencka3aHHBIC
BEJIMYMHBI 0apbepOB HE3HAYNTENIBHO MPEBBIIIAIOT Te-
I0BY¥O Hepruto [R7(298) = 2.5 xJ{»/Momb], 4To TO-
BOPHUT O JTOBOJBHHO CITa00 3aTOPMOXEHHOM BHYTPEH-
HEM BpPAaIEHIH UMHUAAa30IbHBIX IUKIOB BOKPYT CBSI3U
N'"-C! u nerkocTn KOH(POPMAIMOHHBIX MEPEXOIOB
M01+-M02 B nukaTHoHE 5 MPU HOPMAJBHBIX YCIIO-
BUsX. BeposTHO, Oaphepbl BpallieHUs] UMU1a30JIbHBIX
LUKJIOB B OCTaJbHBIX AUKATHOHAX TAKKE HEBEIUKH.

AHaAJIOrHYHEIM 06p330M ObLIH IMOJIY4YCHbI 3aBU-
CHUMOCTB HOTCHI.[HaJIBHOfI OHEpTruu OT AUSAPAIIBHO-
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ro yma ¢, (N'C!C?0) nna Bpamenus ¢parmenra
ImCH,(CH-) Bokpyr cBssu C'-C? B MocTHKe JuKa-
THOHA 5 U COOTBETCTBYIOILIUU MaKCUMAalbHBIA Bpa-
marenbHbiit 0aprep (puc. 4). Jlokammzauus [1C u
pacder KojeOaTelIbHBIX YacTOT B PaHOHE JKCTpEMYy-
Ma II0Ka3ajl OIHYy MHUMYIO KOJEOaTeJbHYIO 4acTOTy
(761 cm!). Paccunrannas senuunna AE}, = 43.68 u
37.68 xx/momp mis ypoBHel ®B97X/def2-SVP u
®B97M-V/def2-TZVPP//oB97X/def2-SVP cootser-
CTBEHHO, YTO CYIIECTBEHHO BBIIIIE, YEM B CIIydae Bpa-
IIEHHS| KMUIa30/IbHBIX IIMKJIOB BOKPYT cBsizu N!'—C!,

Hesricokue 6apnepsl Bpauienus (< 16 k[ x/Monb)
OBLTH MACHTU(DHUIMPOBAHBI paHee T OMCUMHIA30-
JIUEBBIX conel ¢ anudarudeckumu [43] U QyHKIHO-
HaJbHO 3aMelleHHbIMU [47] MocTukamu. B skcnepu-
MEHTe He3arpyaHeHHoe (B MaciiTabe Bpemenu SIMP)
BpaieHue Bokpyr opauHapHeix C—C u C—-N cBsszeit
HaOmo#aI0ch sl OMCUMHIA30IMEBBIX COJEH ¢ anu-
¢darnueckumu Moctukamu —(CH,),— [44], B oTinume
or coneii ¢ moctukom —CH,CHOHCH,—-. bapsep
~40 k/[)x/MONbP HE MOXET CITy’)KUTh OCHOBaHHEM IS
3aTpyIHEHHOTO BpAIICHHsI HMpU OOBIYHBIX YCIIOBHSX,
KOTOpOe HabOromaeTcs Ui Coliell ¢ TUKaTHOHAMH 5
1 6; O4eBHIHO, IPOBEICHHBIA pacyeT HE yYHUTHIBAET
HEKHX CYIIECTBEHHBIX O0CTOSTEIHCTB.

Pacnpenenenne MoOJeKyJSIPHOIO 3J1eKTPOCTA-
THYEeCKOr0 MOTeHuHuaja B AUKATHOHAaX. Bo Bcex
JIUKaTUOHAX MOJEKYJISAPHBIA AJIEKTPOCTATUYECKUMN
notennuan (M3II) nns U30MOBEPXHOCTH ANEKTPOH-
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(a) . (6)

ESP, keal/mol
16831
; 158.86
F149.41
139,95
130.50
121,05

ESP. keal/mol
168.31
15886
L 14944
- 140,01
130.57
121,14

Puc. 5. Pacnipenenenuie MONEKy/ISIPHOTO IEKTPOCTATHYECKOTO IOTeHIMaa B 1ukatrone 3. (a) konpopmepst M01, (6) M02. Ko-
putHegble MouKiy — 00IaCTb HAaUMOONBILIETO MOJIOKUTENBHOTO ITOTEHIINATIA.

(a) (©)

v

Puc. 6. ComocraBieHne pacueTHOH CTpYyKTypsl kKoH(popMmepa 1 M02 ¢ peallbHOI KpUCTATHIECKON CTPYKTYpOil qudpoMuaa
onc(3-merunmmMuaazonuii-1-mwi)merana [53] (a), pacueTHOI CTpyKTYpbI KoHPopMepa 2 M02 ¢ peabHOI KpUCTAIIMIECKOH CTPYKTY-
poii mubpomuaa 6uc(3'-MeTunmumuazonmii- 1-mwi)arana [54] (0). Kpachvim Beiaenens! oonactu Hanbonpuiero MOIL, kopuunesvim —

AaHHMOHBI OpoMa.

Hot mmotHOCTH 0.001 a. e. MOoNIOXKUTEIBHBIN, OJJHAKO
pacnpeneneH HepaBHOMEPHO (pUC. 5); pa3audus B MO-
TEHIMaJIe OTAENBHBIX YUYACTKOB MOJIEKYJIbI COCTABIIS-
0T JE€CATKHU KI/IHOK&J’IOPI/IEI Ha MoJib. C YBCINYCHUEM
JUTMHBI MOCTHKA Pa3iIN4us B MOTEHIIHAJE OTJEIbHBIX
YYIaCTKOB MOJIEKYIbI (puc. S3—S5, cM. JomomHuTENb-
HbIe MaTepuabl) yMeHbIatoTces. B kpuctannax coneit
orcumua3onus c(heporoo0HbIe rajIoreHN -aHUOHBI
TATOTEIOT K pa3MeIIeHuI0 BOIHM3H MakcuMyMoB MOI1

(puc. 6).

Kak BunmHo 13 puc. 5, 6, S3—S5, B pacueTHBIX CTPYK-
Typax 1-4 ¢ HeyHKIIMOHATH30BAaHHBIMA MOCTUKaMH
—(CH,),—~ HanOONbIINI TOJOKHUTEIBHBIA MOTEHIIHAT
cocpenoToueH BOMM3M atoMoB Bojopopa C?H umu-
JA30JTUEBBIX KOJENl W OMMKaWIInX aTOMOB BOIOPOIA
MOCTHKOBBIX METWJIEHOBBIX Ipymm. BepostHo, 3TO
OIMH M3 (PAaKTOPOB, BBIHYKIAIOIINX UMHIA30IHEBbIC
LIUKJIBI PAcTIONIaraThCsi MAKCUMAJIbHO yAAJEHHO APYT

OT Jpyra (TeM caMbIM BBITSTHBAs MOCTHK B TPaHCO-
WAHYI0 KOHQUTYpanuio) ¥ TOBOPaYMBATHCS TEPIICH-
nukynsapHo miockoctu N—C...C—N mist ctpykryp 2—4
C MOCTUKaMH JUIMHHEE OTHOTO METHJICHA.

Omnnyaromieecss pacnpeseneHne HaiieHo B -
KaThoHax S. [lyig 3Toi CTPYKTYypbl MaKCUMYyM IOJIO-
JKUTEIBHOTO NOTEHLIMAIA JIOKAJIN30BaH BOJIM3U aroMa
BOJIOPOZIa THUAPOKCUIIA U METUIIEHOBBIX aTOMOB BOJO-
pona MocTuka (puc. 7).

B BupTyanpHBIX cpemax ¢ OONBIIEH MOJISIPHO-
CTBIO PA3JIMUMsl B IIOBEPXHOCTHOM IOTEHLHUANE pas-
HBIX YYacCTKOB JMKAaTHOHA 5 ycuimBaroTcs (puc. SO,
cM. JlonomHuTENpHBIE MaTepuaisl). B xondopmepax
nukatnoHa 6 MOII pacnpenenen aHaJIOTHYHBIM 00-
pazom (mpumep ans koHpopmepa MO1 npuBeneH Ha
puc. S6); MakCUMyM TMOJOXHUTEIHHOTO IMOTEHIHANa
pasmeniaercsi BOJIM3H aTOMOB BOJIOPO/A THIPOKCHIIA
1 METUJICHOB MOCTHKA.

JKYPHAJI OBILIEN XUMHWU Tom 93 Ne 6 2023
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Puc. 7. PacnipeneneHne MOJEKYISIPHOTO AIIEKTPOCTATUIECKOTO IMMOTECHIIMAIA B TUKATHOHE 5 B yciIoBHOM Bakyyme: MO1 (a), M02

(6), M03 (5).
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Puc. 8. Kpuruueckue ToUky U myTH cBA3bIBaHUS B KoHopmepax S MO1 (a), M02 (6), M03 (B). Cunum ysemom BBIAEIEHBI aTOM
a30Ta, IMyTH CBSI3BIBAHUSA M KPUTHYECKUE TOUKHU CBA3bIBaHUA (3,—1) U BHYTPUMONIEKYIAPHBIX BogoponHsix cazeid C—H:--OH;
KPACHbIM Y6emoM BBIAETICHBI aTOMBI KUCIIOPO/Ia U IIUKIMYECKUe KpuTuueckue Touku (3,+1).

PacnpenesieHue 3J€KTPOHHOH TMJIOTHOCTH M
CBA3BIBAIOIIME B3aMMOJeHCTBUSA B JAWKATHOHAX.
Pacnpenenenuie 3l€KTPOHHON IUIOTHOCTH B JIMKa-
THOHAaX 1-4 THUMUYHO AN KOBAJICHTHO CBS3aHHBIX
coequHenwnii; misa Bcex cBsa3ed C—H u C—-N BEIsgBITC-
HbI TIYTH CBS3BIBAHUS U KPUTHYECKHE TOYKU CBSI3BI-
BaHUsI C curHarypod (3,—1), Ansd WMHIA30JIUEBBIX
LUKJIOB — MUKINYECKHUE KPUTHYCCKHE TOYKH C CHT-
Hatypoii (3,+1) (cMm. mpumep Ha puc. S7, cMm. [Jomoin-
HUTeNbHbIE Marepuansl). Cpenu aukatuoHoB 1-4 ¢
He(DYHKIIMOHAIM30BAaHHBIMU ~ MOCTUKAaMHU  TIpU3HA-
KU JIOMOJHUTEIHHBIX HEKOBAJICHTHBIX B3aUMOJIEH-
CTBUI BBISBIICHBI TOJBKO B KoH(popMmepe M02 nuka-
THOHA 1, B KOTOPOM 3JIEKTPOHHAS TJIOTHOCTH MEXKITY
OJM3KOPACTIONOKCHHBIMA aTOMaMU BOAOPOAA JBYX
CMEXXHBIX HMMMIA30JIMEBBIX IMKIOB (CS'—H...H—CS'
2.856A) ouens Hepenuka (B MuauMyMe 2.3x1073 a. e.,
puc. S7), HO pacpeeieHue YICKTPOHHOHN IIOTHOCTH
MEXJ1y aTOMaMU TUITUYHO JJIs Iy TH CBSI3bIBAHUS (PHC.
S8, cM. [lononHuTeNbHBIE MaTEPUAIB), U BTOpast KOM-
MMOHEHTA TecCHhaHa ITUIOTHOCTH OTpHIIaTeIbHA. JTO
B3aUMOJICHCTBHE aHAIOTUYHO B3aWUMOJICHCTBUIO JBYX
KOBAJICHTHO CBSI3aHHBIX aTOMOB Bozopozaa [55, 56].
B paMkax KOHIENINW pemxyIPOBAHHOTO TPaJHEHTA
mrotHOCTH (RDG) [57, 58] aTa 00MacTh MpOSBISICTCS
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KaK CXOJ[Hasl C BaH-JIeP-BaabCOBBIM (OYEHB CIIa0BIM)
aTTpakTUBHBIM B3auMonencTBueM (puc. S8). B nuka-
THOHAX 5 OTYETIUBO MPOSBISIOTCS HEKOBAJICHTHEIC
B3anmoneiictBusi C-H--OH (puc. 8), ¢ yuactuem
aroMa KUCIIOpO/ia THAPOKCHIA U (parMeHTOB UMH/Ia-
3onueBbIX k0B C2H u C°H (BHYTpUMOIIEKYIISPHbIE
BOJIOPOIHBIE CBSI3H).

Anamu3 apyrumu Metogamu (RDQG) Taxke BBI-
SBIISICT BHYTPUMOJICKYJISIPHBIC BOAOPOIHBIE CBSI3H
C—H---OH (mpumep mis xordopmepa MO1 auxatu-
oHa u 5, puc. S9, cM. JloNONHUTETLHBIE MAaTEPUAITHI).
AHaNOTHYHOE pacipe/ielieHne IEKTPOHHON MI0THO-
CTH BBISIBJICHO B KOHpOpMEpax JUKaTnoHa 6; Ha puc.
S10 mpuBenen npumep it koudpopmepa MO1 nuka-
THOHA 6 (cM. JlomOTHUTETHHBIC MaTePHAITBI).

[110THOCTB 2MEKTPOHOB P(7') B KPUTHUECKHUX TOU-
Kax cBs3piBaHUA (3,—1) AN BHYTPUMOIEKYISIPHBIX
CBsI3€H B MTUKATHOHAX 5 M 6 HA MOPSAOK BBIIIC, YeM
U1 crmaboi auBogopomHoi cBs3u H:---H B koHMOpP-
Mepe M02 mukatrnona 1, ogHAaKO Ha TOATOpA MOPSAKa
HW)KE COOTBETCTBYIOIINX BEITMYMH JIJIST THITMIHBIX KO-
BaJICHTHBIX CBSI3€H; JaIlJIaCuaH J1€KTPOHHOM IJIOTHO-
cTH Vp2(r) NONOKHUTENIEH, OTHOIIEHH E |V]/G 6iu3ko K
enuawmte (Tadbm. ST2, cM. JlomomHUTEREHBIE MaTEpHa-
7p1). Takue 3HaYEeHUs] THITUYHBI [T B3aUMOJICHCTBHS
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3aKpHITEIX 000mouek [59]. Bxknax aTux BHyTpUMOIIe-
KYJSIDHBIX CBSI3€i B SHEPTUI0 0Opa3oBaHMS MOXKHO
OLICHHUTH TI0 MPUONMKEHHOMY ypaBHEHHIO [60]:

E (xaptpm) = 172V1(7). (1)

Pesynbrare! mist AMKaTHOHA S MIPUBEICHBI B TA0I.
ST3 (cm. JlonmomHUTETbHBIE MaTepPHUalIbl); 3TH OLIEHKH
nepecunTansl B KJk/Mob st ynoOCTBa cpaBHEHUS.
Hpyras omeHka OCHOBaHa Ha KOPPEJSIHMHA SHEPTUU
00pa30oBaHUsA M IJIOTHOCTHU JIEKTPOHOB B KpUTHYE-
CKOM TOUKe CBsI3bIBaHMA [61] Iy Bcero Habopa BOIO-
POIHO-CBSI3aHHBIX KOMIIJIEKCOB:

E (xxan/momnw) =—357.73p(r) + 2.6182. 2)

Jlyis BBIOOPKH KOMIUIEKCOB C yYaCTHEM HECYIIUX
3apsanoB [61] TOHOPOB (aKIENTOPOB):

E (xxan/momns) =—332.34p(r) — 1.0661. 3)

Uucnennele 3HaYeHWs BenuuuHbl FE (29.6—
51.6 x/I»x/mMons) npueneHs! B Tadn. ST3 (cm. Jomor-
HUTEJIbHBIC MaTepuasbl). PacyeT sHepruu BHyTPUMO-
JIEKYJISIPHBIX BOIOPOIHBIX CBSA3EH 110 IPYTUM PUOITH-
YKEHHBIM YpPaBHEHHSM [62] TaeT CXOMHBIC YHCICHHBIE
BennauHEI (~ 30 k/[x/M0B), pa30poc KOTOPHIX TaKKe
noctatoyHo Benuk. OueHku 1o ypaBHeHHsM (1)—(3)
HE OTJIMYAOTCS BHICOKOM TOYHOCTHIO [60, 61], HO 10~
3BOJISIIOT OTHECTH ATH B3aUMOACHCTBUS K BOJOPOI-
HBIM CBSI3SIM CPETHEH CHITBI, TPeHeOperarh KOTOPhIMU
HET OCHOBAHMMA. DTHU BOIOPOIHBIE CBSI3H «CKPYUHBa-
FOT» MOJIEKYJIy JUKAaTHOHOB 5 M 6 B KoH(pOpMaIuH,
OTIIMYHBIE OT XapaKTEPHBIX JJIS TUKAaTHOHOB 2—4, C
VX TIEpIEHANKYISIPHON OpHEeHTanel MMHIa30JIbHBIX
[UKIIOB OTHOCHUTEIHHO IIOCKOCTH YTJIEPOAHBIX aTO-
MOB MOCTHKa (cM. BbIme). M3-3a HUX XKe, MO-BUAN-
MoMy, MakcuMyM MOII cMeleH 0T UMHIA30IHEBBIX
aTOMOB BOJIOPOZia K THAPOKCUIBHOMY (pHC. 7).

Cuextpbl SIMP. Crextpsl IMP 'H coneit 7-10
BBIIAAAT HEOOBIYHO CIIOXKHBIMHU JJISI CHCTEMBI W3
HEeOOIBIIOTO YUClia aTOMOB, U OTHECEHHE CHT'HAJIOB
MOXKET OBITh TMOCTABJIEHO O] COMHEHHE; B TaKHX
CIIy4asgx MOXKET OKa3aThCs IOJIE3HBIM COIOCTaBUTh
TEOPETHUECKA PACCUUTAHHBIE CIIEKTPHI C JKCIEPH-
MeHTanbHbIMU. Pacuer cnektpoB SIMP nocrtarouno
LIMPOKO MPUMEHSETCS IPU aHAIHU3€E CIOXKHBIX CITUHO-
BBIX cUCTEM [45], oqHaKO MPUMEPOB UCIIOJIB30BAHUS
pacdyera MPUMEHUTEIBHO K OMCUMHIA30JIHEBBIM CO-
JIIM B JIUTEpaType o4eHb Mayio [47]; 3pPeKTUBHOCTh

pacyeTHBIX TOJIXOJ0B HE CaMOOYEBHIHA W TpeOyeT
000cHOBaHUS.

Cnexmpovr AMP ouxamuonog 1 u 2: pacuem u
axcnepumenm. Jns mpoBepku 3(h(HEKTUBHOCTH WC-
MOJIB3YEMOTO Toxoaa (pacdeT W COIMOCTaBICHUE C
AKCIIEPUMEHTOM) OBLIT MPOU3BENEH PacyeT CICKTPOB
JIUKaTHOHOB C MOHO- U JMMETHUJICHOBBIM MOCTHKOM 1
1 2; CIIEKTPHI peaJbHBIX OMCHMHIA30IMEBBIX COJICH
C TaKMMHU JAWKATHOHAMHU Hamboyiee MpOCThl, U UX WH-
TepIpeTanys He BbI3bIBaeT COMHEeHWH. B Tabn. ST4
(cM. JlomonHUTENBHBIE MaTepHallbl) TPEACTABICHBI
pacdeTHble (I BOIBI W Xjopodopma) KoH(popma-
[IMOHHO YCPEAHEHHBIC XMUMHYCCKUE CIIBHTH SACP C
MOJIYIEIBIMU CIIMHAMU TUKaTHOHOB 1 ¢ SKCIIepUMEH-
TalbHO OMPENCICHHBIMU B Pa3jIMYHBIX PACTBOPHUTE-
JAX XAMHYECKUMHU CIIBUTAMH TPOTOHOB AMOpOMHIA
7. PacueTHbIe 3HAYCHUS XUMUYECKMX cIABuroB 'H u
13C mano otnnyaroTes s BObI M XJI0poopma, XOTs
3TU PACTBOPHUTENH PE3KO OTIMYAIOTCS MO JUIEKTPU-
YECKON MPOHUIIAEMOCTH/TIONAPHOCTH U CIOCOOHOCTH
COJIbBaTUPOBATh MOHHBIE YacTuilbl. [lo »TOM MpuYM-
He pacueT cnekTpoB JAIMP aukaruona 2 mpousBenieH
ToJBKO It xnopodopma. B tadn. STS (cm. Jomon-
HUTENbHBIE MaTepUalbl) Pe3yabTaThl COMOCTABICHBI
C SKCIEPUMEHTAIBHBIMHA JaHHBIMU IS AUOpOMHIA
8. Kak Bumno u3 ganusix Tabn. ST4 u STS, pacuer-
Hble xumudeckue casuru 'H mukarmonoB 1 u 2 B
YCJIOBHOM XJIOpo(opMe ONHM3KU K SKCIECPUMEHTAb-
HBIM 3HAYEHUSM JIJISI aTOMOB BOJIOPOJIA B TTOJIOKESHH-
sIX 4 1 5 UMHIA30JIUEBBIX IUKIIOB B CHIIBHO JHCCO-
LMUUPYIOIIUX PACTBOPUTEIAX (IUMETHICYIIb(OKCHI,
BOJIa); HAHOOJBIIME OTIUYHS HAOMIOMAIOTCA KaK pa3
T peanbHOTO XJopodopma. BeposiTHO, 3TO cBsA3aHO
C MPEeUMYIIECTBEHHOW KOOpAMHAUMEW TaJoreHuI-
AHUOHA B OOJNACTAX HAUOOJBIIETO IMOJOKUTEIHHO-
ro moTeHnuana (puc. 6), COCPEIOTOYCHHOTO BOIH3U
C’H u BOAOPOIOB MOCTHKA (ISl 3TUX JIUKATHOHOB).
PacuerHble xumuueckue capuru 3C s MMHIa30IT1-
€BBIX aTOMOB YIJIEPOAA BBITJISIST SIBHO 3aBBIICHHBI-
MU, TOTJia KaK JJis alIKWIbHBIX ()ParMEHTOB BITOJTHE
MPaBIOMONO0HBI, OTINYHS OT SKCIEPUMEHTAIBHBIX
COTIOCTaBUMBEI C pa3dpOCOM COOCTBEHHO JKCIIEPH-
MEHTaJILHBIX, 00YCJIIOBJICHHBIM Pa3HBIMU YCIOBHSIMHU
3aIUCH CIIEKTPa. ITO 00CTOATEIBCTBO MO3BOJISET Pac-
CUHTHIBATH HA TIPABIOIIOI0O0HYIO OICHKY (B pacyere)
XUMHYECKHUX CABUTOB B COJIAX C THAPOKCHIICOAEPIKA-
ITUM MOCTHKOM (KpOME CaMOTO THIPOKCUIIA).

JKYPHAJI OBILIEN XUMHWU Tom 93 Ne 6 2023
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Puc. 9. OTHeceHHEe CUTHAIOB MOCTHKOBBIX MPOTOHOB B criekTpe AMP 'H muxnopuna 9 8 CDCl; (a) 1 conocTaBieHHE PacuyeTHBIX
xumudeckux cpuros 'H qukatrona 5 (ycpeHeHHbIe 110 TpeM usomepam M01, M02 u M03) B xiopodopme u Boze (6). / — CDCly

pacuer, 2 — D,0O 3KcHeprMeHT.

CpasHnenue pacuemHuvlx U 3IKCNEPUMEHMATLHBIX
cnexmpog AIMP ons coneti ¢ 2-2u0poKcunponarouim
mocmukom. Jns conelt ¢ 2-rUAPOKCHUIIPONAHOBBIM
MOCTUKOM KPHUCTAJUIMYECKUE CTPYKTYPbl HEU3BECT-
HBI, TI0O3TOMY pe3yJbTaThl HEMPSMBIX CTPYKTYPHBIX
METONIOB (CIEKTPAbHBIX, PACUETHBIX) TIPEIACTaB-
JIAIOT HAmOOJBIIMA WHTEpec. PaccumraHHble IS
cBOGOIHBIX JUKaTHOHOB 5 crekTpel SIMP 'H u 13C
B Boae M xiyopodopme comocraBieHbl (Tadn. ST6,
cM. [lonmoiHUTEeNbHBIE MaTepHalibl) CO CHEKTpaMu
peanbHBIX  guxiopunoB  1,3-0uc(3'-HOHMIMMUIA-
30i-1'-mm)-2-ruapokcuriponiaa 9 u  1,3-6uc(3'-ok-
THIUMHUAA300-1'-1mn)-2-ruapokcunponana 12 [63],
a Takke guOpomuma 1,3-Omc(3’-momenmmumua-
30i-1"-m)-2-ruapoxcuriponana 13 [64]. OtHecenue
CUTHAJIOB IIPUBEJEHO Ha pHcC. 9.

PaccuutanHbpie BeNMUYMHBI XUMUYECKUX CIABUTOB
CH s ycroBHBIX XJ10podopMa U BOABI (Cpenbl, pes-
KO OTJIMYAKOUIMECs MO AUAJIEKTPUUYECKOM IPOHULAE-
MOCTH, TIOJIIPHOCTH W CKIIOHHOCTH CTa0MJIN3HPOBAThH
VMOHHBIE YaCTHUIIbI) HE3HAYUTEIHHO OTIIMYAIOTCS APYT
ot apyra (puc. 9, Tabn. ST6); BeposITHO, Tak ke He-
3HAYUTENBHO OHU oTinuvaroTcs u asa JMCO. Xumu-
YECKUH CABHUI TMJPOKCHIBHOTO NMPOTOHA B pacyere
PE3KO OTJIMYAETCS OT SKCIEPUMEHTAIBHOTO; IO-BU-
quMoMy, pacdet pezoHanca OH 6e3 yuera koopamHa-
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MU C MPOTUBOAHWOHOM U APYTUMH HYKJICO(pHIaMHU
— KOMIIOHEHTaMH cpefibl — He uMeeT cMbicia. CTonb
Majasl YyBCTBUTENBHOCTh IO OTHOLIEHHUIO K BUPTY-
aNbHOM cpele MO3BOJMAET CPaBHMBATH JKCIEPHMEH-
TajbHble cHeKTpsl B xjopodopme u JIMCO c pac-
YETHBIMU criekTpamMu B Bofe. Otinuuus s JIMCO
BECHbMa CyIIECTBEHHBI, OTHAKO IS XJIopodopMa OHU
emte 6ompIe (puc. 10).

Pasznuuns pacyeTHBIX U IKCIICPUMEHTAIBHBIX XU-
MuYeckux cauros 'H B Bozie ropasio MeHbIe (puc.
10). Xoporree COOTBETCTBHE PACUSTHBIX U JKCIICPH-
MEHTaIbHO ONpe/ieJeHHbIX XUMUYECKUX caBUros 'H
JUTs quKatroHa 5 u puxiopuna 9 B D,O (Heckombko
xymmee — s CDCly; u AIMCO-d,) mo3Bonsiet cre-
JIaTh BBIBOJI, YTO B BOJIC COCTOSIHAC IUXJIOPHUIIOB B
HauOOJBIICH CTENCHH NMPUOIMKAETCA K CBOOOIHBIM
noHaM. BeposTHO, B MANOTIONIIPHOM XJIOpOGOpME ITH
COJIM CYIIECTBYIOT B BHJIC HOHHBIX arperaron, mojao0-
HO MHOTHM JPYTHM cOJIIM uMunasonus [32, 34, 50].
KoopauHanus npoTHBOAaHHOHOB HauOoJiee BEpOsSTHA
no rugpokcuny u C2H. Pesynsrarsl pacuera He TIpo-
THUBOpPEYAT paHEe CJICIAHHBIM OTHECEHUSM CUTHAJIOB
MOCTHKOBBIX MTPOTOHOB ISl OMCHMHIA30JIUEBBIX CO-
Jei ¢ 2-THAPOKCUIIPONAHOBBIM MOCTHUKOM (JTUXJIO-
puna 12 [63] u nuOpomuna 13 [64), ocHOBaHHBIM Ha
aHaJ3e MYJbTUILIETHOCTH MPOTOHHBIX PE30HAHCOB,
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Puc. 10. ConocTaBnenne pacueTHbIX (X10pohopM, /) H IKCIIepEMEHTANFHO ONPEIeICHHBIX (2) XMMIdecKuX casuros 'H mus au-
kartuoHa 5 n guxmnopuna 9 B IMCO-dg (a) u CDCl, (6), conmocraBnenue pacdeTHbIX (/) ¥ S9KCIEPHIMEHTAIBHO ONPENEICHHBIX (2)
XUMHYECKHAX CIBUTOB 'H /It TUKATHOHA 5 U muxmnopunaa 9 8 D,O (B).

OJTHAKO TIO3BOJISIFOT CJENIaTh CEPhE3HBIE YTOYHEHUS
OTHOCHUTENFHO CTPYKTYPHI TUKATHOHOB M COCTOSTHUS
HX COJIEM B pacTBOpE.

Cnextpsl SIMP 3C B JIMCO-d, nuxnopuna 9 u
mubpomuaa 10 mpakTuuecku HeoTIUUUMBI (puc. S11,
cM. JlononHurtensHele Matepuaisl). Hago monarars,
BJIMSIHUE IPOTMBOAHUOHA HA CKEJIET TSDKEJIBIX aTOMOB
(TeoMeTpHIO MOJIEKYJIBI) B pacTBope HeBeanKo. CIrek-
tpul IMP 3C muxnopuna 9 B xinopodopme, IMCO
u Boje paznuuarotrcs (puc. S12, cM. JlomonHuTensb-
Hble MaTepuaibl) He3HaYUTeIbHO. BeposTHO, ckener
U, BO3MOXKHO, NPEHMYIIECTBEHHas KOHQUryparms
COXPAHAIOTCS B 3THUX CHJIBHO Pa3IMYarOIIUXCS pac-
tBopuTensx. Crexrpsl AMP 'H nuxnopuna 9 B xio-
podopme, IMCO u Bome pa3nmmyaroTcs B OobImeit
crenenu (puc. S13, cm. JlomomHUTETBHBIC MaTepHa-
7e1). CUTHAJ TUAPOKCHIIBHOTO MTPOTOHA HE PETHCTPH-
pyeTcs B BoJe BCIEACTBHE OBICTPOTO AeiTepooOMeHa
C pacTBOpHUTENIEM, HO OTYETIMBO BUCH KaK AyOJeT B
CDCl; u AMCO-d (puc. S14, cM. lonmonmHUTENbHBIE
Marepuansl). Cyas 1o IUpUHE 3TOTO CUTHAJIA B XJIO-
podopme (>20 ' Ha TOMYBBICOTE), OH MPEACTABISIET
c000¥ CyNepITO3HUIINIO HECKOJIBKUX (FJTH MHOXKECTBA)
oOmenuBaromuxcs Gopm. Hampotue, 8 IMCO aT0T
y3KUH IyOneT packoioT MOYTH JO HYJIEBOH JIMHUWH,
npu He odYeHb Gonbiuoi >J 6 I'tl. CUTHAJIBI MOCTH-
KOBBIX MpoToHOB B Bozxe u JJMCO HakmagbiBarotcs
Ha CUTHAJbI (-METHJICHOBBIX HMPOTOHOB QJIKUIBHOTO
XBOCTa, YTO MPEISATCTBYET aHAJINU3Y TOHKOH CTPYKTY-
pBl Bcex pe3oHaHcoB. OnmHako curHai Bopopona Hy
(cun-nepUIIIaHAPHOTO MO OTHOIIEHUIO K METHHOBOMY

aromy Bogopona H., puc. 9) oT4eTNIuBO pa3inyuM Kak
nyonet (B Bojge) wim ayoner ayoneros (B JIMCO) B
c1aboM T0JIe OTHOCHTENBHO JAPYTHX BOIOPOJOB MO-
cruka (puc. S14, cM. JlomoTHUATEIBHBIC MaTepUAITHI).
B x710podopMe Bce MPOTOHBI MOCTHKA PE30HUPYIOT
KaK OTAENBHO CTOSAIIME MYIBTUIUIETH (puc. S14), u
BCE KOHCTAHTHl CIHMH-CIIMHOBOTO B3aMMOJAEHCTBUS
JIETKO OINpeneNuTh 0€3 MPUMEHEHUS CIEeLUaIbHBIX
npouenyp. JApymepusie ciekrpsl HSQC noarsepxaa-
IOT OTHECEHUE CHTHAJIOB BCEX sIEp MOCTHKa (pHC.
S15, cm. JlomonmHuTensHBIE MaTepuansl). Bo Bcex
pacTBopuTENAX XuMUdeckue casury saep 3C Bospac-
TaroT B NOPAAKE QHQ, XBOCT < QHZ, MOCTHUK < QH(OH)’
B Bozie 1 IMCO oHHM CMeIIeHBl B CHJIBHOE TOJIE 0
CpaBHEHHIO C XJIOPOPOPMOM, KaK H CUTHAJIBI COOTBET-
CTBYIOIIMX aTOMOB BoAopona. MeHee oIpeleseHHbIE
BBIBOZIBI CIECAYIOT U3 aHAIU3a CIIEKTPOB MMHUAA30IIH-
eBbIX (parmMeHTOB. COBEPUICHHO OAHO3HAYHO M BO
BCEX PAaCTBOPHUTENSAX PETUCTPHUPYIOTCA TOJIBKO CUTHA-
11 yriepona u Bogopona C2(H)-dparmenra, nanbomnee
ciabononbHbIe. B pacueTe mopsaoK Bo3pacTaHusl Xu-
MHYECKOro cBura (cMemienue B cnadoe none) C>(H)
< C*(H) xak 14 ymieposia, Tak U 1Jjis BOAOPoaa. DTo
COOTBETCTBYET JMTEPAaTYPHBIM IaHHBIM IO OTHECe-
HUIO CUTHAJIOB B CHIEKTPax OMCUMHIa30JMEBBIX COJIEH
[12]. PesynsraTsl nBymMepHoit criekrpockonnu HSQC
HE MPOTHUBOpeYar TakoMy BeIBoAy (puc. S16, cMm. [lo-
MOJTHUTENIbHBIC MaTeprabl). 3allMCaHHbIE B UACHTHY-
HBIX ycnoBusX (Tsoxenas Boaa, 24°C) cnektpsl IMP
"H puranorenunos 9 u 10 u auokcanara 1,3-6uc(u-
MuAa3oi-1"-mn)-2-rugpokcunponana 11 orinmyarorcs
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(a) (©

(8)

s

Puc. 11. [IByrpannsie yrisl BonopoaoB Hy, (cHH-nepHuIuIaHapHBIX 110 OTHOIIEHUIO K METHHOBOMY aTOMY BOZOPOJIa) METHIICHOBBIX
rPYIIN TUKATHOHA 5 10 OTHOIICHHIO K UMHIa30JIMEBbIM KoJibliaM (a) M01, (6) M02, (8) M03.

OUYeHBb MaJIO B 00JIACTH CUTHAJIOB MocTHKa (puc. S17,
cMm. JlomonHutenbHble Marepuainsl). PaccmoTpeHue
criekTpoB SAIMP nuranoreanmoB 9 u 10 B pa3audHBIX
pactBopurensx (puc. S11-S17, cm. [lomomauTensHbIC
MaTepHallbl) ¥ COMOCTaBIEHNE CO CIIEKTPaMH JUOKCa-
nata 11 (puc. S17) He ocTaBIsIeT COMHEHUH B TOM, YTO
LEHTpabHBIA (parMeHT 3TUX COEOUHEHUH YCTpOCH
O4YeHB OTM3KUM (WJIH UISHTHIHBIM) 00pa3oM (puc. 9).
U3 ananuza cnextpos IMP OncumugasonueBsx co-
Jei ¢ 2-TUAPOKCUITPONIAHOBHIM MOCTHKOM OJHO3HAU-
HO CIIEIy€eT, YTO IEHTPAIIbHAS YaCTh MOJICKYIIbI TIPeJI-
CTaBJsieT COOOM JKECTKYI0 KOHCTPYKLMIO (B OTIHYHE
OT COJIEH C TIOJMMETIICHOBEIMH MOCTHKaMHu). B oT-
CYTCTBHE CBOOOIHOTO BpaIlleHHsI Y9HAHTHOTOIHBIE aTO-
MBI Bogopoaa H, n Hy MeTnineHoBBIX Ipyn MOCTHKA
(puc. 11) cTraHOBATCS MarHUTHO HEIKBHUBAJICHTHBIMH
Y PE30OHUPYIOT MPH Pa3TUIAIONIeCs HAMPSHYKEHHOCTH
nionisi. CHHITepUILIAaHAPHBIN (10 OTHOIICHUIO K METH-
HOBOMY aTOMy BOJIOpoJia) aToM Bozpopona Hy merue-
HOBOU TPYTIITHI ONIAIa€T B 30HY JACHCTBUS KOJIBIIEBO-
r'0 TOKa 7-CUCTEMBI UMHUa301a (3TOT MPOTOH JIEKUT B
IIOCKOCTH WUMHJIA30JIMEBOTO KOJIbIIA, puc. 11), U ero
curHan cmermaercs B cinaboe none. Kak criencrtsue,
pa3iuuns B XUMHUYECKHX CIBHTax aTOMOB BOJOPOAA,
MIPUHAJUISKAIINX OJJHOW METUIICHOBOU IPpyIIIe, MOTYT
npesbimars 100 [

JKecTkoCTh KOHCTPYKITHMHM, KaK J3TO CIEAyeT H3
pacueTa M COIMOCTABIICHHS CIIEKTPOB JUTAIOTCHH-
moB 9 n 10 u guokcanara 11, sBIseTCS BHYTPEHHUM
CBOICTBOM OMCHMUIA30ITIIT-2-THIPOKCUTIPOTIa-
HOBOTO CKeJIeTa, a He CJIEACTBHEM KOOPAWHAIMU C
MIPOTHBOAHUOHOM, KaK 3TO IPEAIOIarajoch paHee
[63, 64]. DTa HKECTKOCTh B HEKOTOPOW CTEICHU 00-
YCIIOBJICHA BHYTPUMOJICKYJSIPHBIMH  BOJOPOIHBIMHU
cBa3aMu C—H---OH. Ananorn4ssle BHYTPUMOJIEKY-
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nsipabie Bomopoxnbie cBsizm C—H---OH Obutn BEISB-
JIEHBI paHee B AuKatnoHax Omc-1,3-(3'-meTmnmmuna-
3071-1'-1)-2-TuapokcuMHUHOIIpoITaHa [47]; BeposATHO,
CKIIOHHOCTH K TTOJJOOHBIM B3aWMOJICHCTBHSIM SIBIISIET-
cs1 OOIIMM CBOWCTBOM OMCHMUIA30IMEBBIX CONEH, CO-
JIepKaIIUX TeTepoaToMHble (PYHKIIMOHAIBHBIE 3aMe-
CTUTEIU B MOCTHKE.

O6pa3zoBaHue LUK BOOOIIE MOKHO paccMaTpH-
BaTh KaK (DaKTOp IMOBBIIICHHS JKECTKOCTU KOHCTPYK-
U (YMEHBIICHHUS JTaOWUIBHOCTH TMOJIMMETHIICHOBOM
LIEMOYKU) B COCOUHEHUAX Oucummmpaszonus. [Iporo-
Hbl Ka)kJIOTO METHJICHOBOTO 3BEHA MAarHUTHO SKBH-
BaJICHTHbI B OHMCHMUAA30IHMIIANKAHAX, OMCHMHUIA30-
JUEBBIX COJSX C TIOJMMMETHUIIEHOBBIM MOCTHKOM, U B
ouckapOenax (IpomyKTax IEIPOTOHUPOBAHUS TI0 TIO0-
JIOKEHHI0 2 MMHJIA30JIbHOTO IUKJIA), KaK U B JIByXb-
SIEPHOM KOMIUIeKkce OuckapbeHa [65] ¢ amMeTrwi-
(rpumerundocdun)aukeneMm. OOHAKO B LUKIHYE-
CKHX MOHOSIJICPHBIX KOMILUIEKCaX OHCKapOCHOB 3Ta
SKBUBAJICHTHOCTh HAapyIIaeTcs OueHb 4acto [66, 7],
YTO OOBSACHSIOT OrPAaHUYCHUEM ITOJIBUKHOCTU MeE-
THJICHOBBIX 3BEHBLEB; TEMIIEPATYPhI KOAJICCICHIIUN U
Oapbepbl KOH()OPMAIIMOHHBIX EPEXOJ0B BAPbUPYIOT
B MUPOKHX Tpenenax [7].

Ommuus B pacnpexenennn MOIl aukaTHOHOB
TTOMOTAIOT OOBSICHUTE PA3INUIHUS B PEAKIIMOHHOM CIIO-
COOHOCTH MHLISIUTSPHBIX CHCTEM, IIOCTPOSHHBIX Ha HX
OCHOBe. B 1menodHoM THIponH3e CIOKHBIX IPUPOB
OMCUMUIA30IMEBBIE CONM C THAPOKCHIICOACPIKAIUM
MOCTHKOM TIPOSIBIISIIOT 0OJiee BHICOKYHO KaTaJUTHYe-
CKYI0 aKTHUBHOCTSH [14], Hexenmu OMCUMUIA30IHEBhIC
comu ¢ anudaTuueckuM MOCTUKOM [26]. Bo3moxkHO,
3TO OOYCIJIOBJIEHO 0O0Jiee BBICOKOW COpOIMei HyKIe-
opuna (HO") B munemnspuyoo ncesgodasy 3a cyer
TUJIPOKCUIIBHON TPYNIBI ¢ BHICOKUM TIOJIOXKUTEb-



852 3APEYHA S, MUXAJIOB

HBIM moteHnuanioM (puc. 7). Ecim perymspHocTs U
MPEACKa3yeMOCTh Pa3MEILleHUs AaHHOHOB B CTPYKTYpE
OMCMMHIA30IMEBBIX cofiell (puc. 6) coXpaHseTcs U B
paciiaBe, 3TO OTKPBIBAE€T BO3MOXKHOCTh HCITOIb30Ba-
HUS UX B KQYECTBE IIEKTPOIUTA ISl HCTOYHUKOB TOKA
C aHMOHHOW TPOBOAUMOCTHIO [67], XapakTepusyro-
IIMXCS BO3MOXKHOCTBIO TOHKOW PEryJTUPOBKH pa3zMme-
IICHUS] HOCUTENEH TOKa B IPOCTPAHCTBE, UX TIOIBHXK-
HOCTH U B IIEJIOM DJIEKTPOIIPOBOTHOCTH.

BrisiBieHHbIE B pacueTe U SKCIEpPUMEHTE 0COOEH-
HOCTHU CTPOCHMS OMCHUMMIA30JIMEBBIX KaTHOHOB I1OJ-
JEeP>KUBAIOT BBIIBUHYTYIO paHee KOHILETLHIO CyIIe-
CTBEHHO DPAa3HOM OpraHM3allM UIMHHOLETIOYCUHBIX
OMCUMHIA30IMEBBIX COJIEH KaK CTPOMTENBHBIX OJ0-
KOB [44] U141 HaAMOJEKYJIAPHBIX arperaroB B BOIHBIX
pacTBopax M B paciuiaBax: OMCHMHAA30JIMEBBIE COIH
C HEYETHBIM YHCIOM aTOMOB YIVIepoJia B MOCTHKE
CKJIOHHBI 00pa3oBbIBaTh U- 1 V-00pa3Hble MOACTPYK-
TYpBI, TOTZa KaKk OMCHMHUIAa30]IUEBBIE CONN C YSTHBIM
YHCIIOM aTOMOB YIJIEPO/Ia B MOCTHKE TATOTEIOT K 00-
pa3oBaHMIO Z-00pa3HBIX MOACTPYKTYP (KOHPOPMEPOB).

Pacuetsr B mpubmmkennn ®B97X/def2SVP anek-
BaTHO BOCIPOM3BOASAT I'€OMETPHUIO OMC-UMHIA30IH-
€BBIX JUKATHOHOB C KOPOTKUMH aau(aTHIeCKUMU
MoCTHKamH. BhIsIBICHHBIC B pacyeTe Hanboee dHep-
TETUYCCKU BBITOJHBIC KOH(MOPMAIUK JUKATHOHOB
MPaBIOMOI00HO MEPEIAr0T COBOKYITHOCTh KOH(OpPMa-
LIMOHHBIX TIPETIOYTEHUHN B paCTBOPE.

Haiinennoe B pacuere pacmpefeneHHe MOJEKy-
JISIPHOTO JIEKTPOCTATHUECKOTO OTEHLMAIIA YCIICIIHO
MpeACKa3bIBaCT JOKATH3ALUIO CHEepUIECKIX aHHOHOB
B KpHUCTaJUIax coyiei. 1o ke pacrpenenenue MOII
OTBETCTBEHHO 3a IPEUMYIICCTBEHHO BBHITSHYTYIO
(TpaHCOMIHYI0) KOH(UTYpAILUIO aKMJICHOBBIX MO-
CTHKOB B PacTBOpPE M TBepAOil Pase.

0,,0-AJTKUJIICHOBBIE MOCTHUKH OMCHMFIa30IHEBBIX
coJieit KoH(OPMAaITMOHHO TIOJBUKHEI, B JKUIKOU (haze
Bparmenne Bokpyr opauHapHBIXx C—C n C—N cBs3eit
MPOUCXOANT OBICTpO B Kase Bpemenn AMP. Hampo-
TUB, 2-TUAPOKCUIIPONUIIEH-1,3-0BbIi MOCTUK BeIET
celbs Kak XKecTKasl CTpykrypa. Pacnpenenenue anek-
TPOHHOU TWIOTHOCTH B 1,3-OMCHMMIA30IWI-2-TH-
JPOKCUIIPOTIAHOBOM JUKATHOHE OMHO3HAYHO YKa3bl-
BaeT Ha CYyIIECTBOBAHUE JABYX BHYTPHUMOJIEKYISIPHBIX
Bopopoansix ceszeir C—H---OH ¢ ygactuem kuciopo-
na ruapokcuia 1 C—H pparMeHToB MMHIA30IHEBBIX
LUKJIOB. BeposTHO, 3TH BHYTPUMOJIEKYIISIPHBIE BOZO-

POJHBIC CBSI3U TOJJICPKUBAIOT KECTKYIO KOH(pHTY-
panuio 2-TUIPOKCUIIPOTIAHOBOTO MOCTHKA, C 3aTPYI-
HeHHbIM (B Macmitabe Bpemenu SIMP) BpameHnem
BOKPYT OpPAMHAPHBIX CBS3eH. 3aTpyqHEHHOE Bpallle-
HUE B MPOU3BOAHEBIX 1,3-OMCHMUIA30IMI-2-THAPOK-
CHIIPOTIaHA SBIISCTCS BHYTPEHHUM CBOWCTBOM 2-TH-
JIPOKCHUIIPOTIIICH-1,3-0BOTO CKejleTa, HE CBSI3aHHBIM
C BIIMSHUEM TIPOTHBOAHHMOHA.

OKCIIEPUMEHTAJIBHA S YACTD

Pyrtunnsie crextpsl 'H u '3C 3anucans! Ha criek-
tpometrpe Bruker Avance II (9.4 T, 400 MI'u ans
MPOTOHOB) C UCTIOJIL30BAHUEM CTaHIAPTHOTO Habopa
napameTpoB npu 24°C. BHyTpeHHU# cTaHzgapT — Te-
tpametmicunan (st CDCly). nst pacteopos B D,O
u (CD;),SO B KauecTBe cTaHIApTa UCTIOIH30BAH CHUT-
HaJ OCTaTOYHBIX MPOTOHOB pacTBOpHTENs. [[Bymep-
uele dkcriepuMeHTel HSQC m COSY npoBeneHs ¢
WCTIOJIh30BAaHMEM CTAaHIAPTHBRIX Tporuenyp hsqcgpph
u cosygpqf n3 ombmmorexku mporpamm TopSpin 2.0,
00paboTKa CUTHAJIOB CHajia CBOOOIHOM WHAYKINU — B
TopSpin 3.6.1.

KomMmepueckn moCTyImHBIE OPTaHUYECKHE PACTBO-
PUTENN HCIIONB30BANIN 0€3 JTOTIONIHUTENIEHOW OYNCT-
ku. Bony nnst puHATBHBIX Omeparyii ABayKIbI IIepero-
HAJIM, €€ XapaKTEePUCTUKU IpuBeacHbl B [44]. Cunre3
Y OYUCTKA BCIIOMOTATEIHHBIX PEareHTOB M IPOMEXKY-
TOYHBIX IPOAYKTOB OnucaHbl B [68]. CuHTE3, BBIACIE-
HHUE U XapaKTEPUCTHKH TUTATOTeHUI0B OMCUMUAA30-
musi 7-10 moxpoOHO omucaHbl B pabote [44].

JAuoxcanar 1,3-0uc(umuaazon-1-ui)-2-rug-
poxcunponana (11). Haecky mmupmazona (2.70 T,
4.0x1072 mMonb) pactBopsnu B cmecu IMCO (12 mn)
u rpybo pacteptoro eakoro kamu (2.70 1, 4.8x
102 Moib) HpM MepeMEIIMBAHMM U JIETKOM Ha-
rpeBanun. K ocTeiBIIell cMmecu mpuiuBaid 2 M
1,3-muxnopnponan-2-ona (2.68 1, 2.08x1072 moib)
noprusimu 1o 0.5—1 mut ipu mepemMenuBaHiy B Te4e-
Hue 15 mua. CMech pu 3ToM pazorpeBaetcs 10 54°C,
¥ TeMIlepaTrypa HauWHaeT CHIKaTbcsa. Yepes momuaca
peakimoHHy0 Maccy HarpeBaiu 10 70°C, u ocTaBis-
71 Ha cyTKA. OCTBIBIIYIO BSI3KYIO MAaccCy pacTHpald
¢ antetoHuTprioM (40 mur) ipu Harpesanuu 10 50°C,
OTIENUBIINICA OCAaJOK OTQWIBTPOBHIBAIN Uepe3
CKIIQUaTblii (WIBTP, MPOMBIBAIN AlETOHUTPUIOM
(2x10 mu). K 6nemHO-KenTOMY QHIBTPaTy MPHINBA-
JIU pacTBOp JWTHpATa IIaBeleBOW KUCIOTHI (5.22 T,
4.14x1072 mosib) B MeTanose (10 mit). Boinapimii oca-
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JOK OT(UIBTPOBBIBAIN Y€Pe3 CTEKISAHHBINA (UIBTP,
MIPOMBIBAJI METaHOIoM (2x10 M), CyIIWIN Ha BO3-
nyxe. Borxon 4.08 1 (55%), 6enblii TOHKHI MTOPOIIOK.
JJ1s1 OUMCTKM NEePeKPUCTAIUIN30BBIBAIN U3 YKCYCHOM
KUCIOTHL (20 M), OCaJOK NMPOMBIBAIIA METAHOJIOM
(5 mn), cymmBanu npu HarpeBanuu Ao 110°C B cy-
mmnsHoM mkady. Cnekrp SIMP 'H (D,0), §, M. a.:
8.66 ym. ¢ (2H), 7.41 v (J 1.7 '), 7.37 1t (J 1.7 T'm),
444 n.1(J2.6,14.1Tn),4.251.1(J2.6,8.81'm),4.13
1. 1(J 8.8, 14.1 T'w). Cuextp SIMP °C (D,0), 8¢, M. 11.:
164.92, 134.65, 121.66, 119.21, 67.55, 51.09. Criextp
SAMP HSQC (D,0), 8, M. a.: kpocc-nuku 8.6—134.6,
7.4-121.6, 7.3-119.2, 4.4-51, 4.1-51, 4.2—-67.5. Haii-
neHo, %: C 42.01; H4.15; N 15.01. C;3H,5N,Oy. BoI-
yucaeHo, %: C 42.05; H 4.07; N 15.09.

CBobOomHOE OCHOBaHHUE 1,3-Ouc(umuna-
3071-1-W1)-2-THAPOKCUTIPOTIaHA BBIACISLIA W3 JTU-
oKcajara peakiyeld ¢ BOJHBIM PACTBOPOM IICIOYH.
XKenroe Macio; MoOay4YWTh B YHCTOM BH/C TMOKa HE
ynanock. Cnexrp AMP 'H (D,0), 8, M. a.: 7.53 ymr. ¢
(2H), 7.04 yur. ¢ (2H), 6.90 ym. ¢ (2H), 4.14-4.04 m
(3H), 3.86 n. 1 (J 8.5, 15.1 T').

Bce pacuersi B pamkax Teopud (PyHKIMOHA-
Jla TJIOTHOCTH BhIMonHEeHBl ¢ maketoM ORCA 5.0.1
[73]. IlpenBapurenpHBIA KOH(OOPMAITMOHHEIN TTOWCK
YCTONYMBEIX KOH(POPMEPOB NUKATHOHOB OHMCHUMHJIA-
30JIMEBBIX COJIeH Ha MOIy3IMIHUPHUECcKOM YpoBHE PM6
OB omrcaH B pabore [44]. PaBHOBeCHBIE TeOMETpH-
YecKue rnapameTpbl Hanbomee CTaOWIbHBIX KOH(MOP-
MEpPOB ONTHMHU3UPOBAIN B OCHOBHOM COCTOSIHWH, B
ra3oBO ¢ase, ¢ UCIIONIB30BaHNEM THOPHIHOTO (DyHK-
uroHana ®B97X [70], 0CHOBHOrO M BCIIOMOTarelb-
Horo 0asucHbix HaObopoB def2-SVP u def2/] [71, 72]
u npubmmwkenus Split-RI-J [73] s anmpoxcumarm
KyJIOHOBCKUX MHTerpaioB (tabm. 1). [eomeTpust koH-
(dhopmepoB 1—6 ObuTa ONTUMU3UPOBAHA TAKKE C y4e-
TOM BIMSHUS BHPTYaJIbHBIX pacTBOpHTENEH (Boaa,
e 80.4, xmopodopm, € 4.9), npuMeHsIT KOHTHHYaIIb-
Hyto Mmozaens conbBartanuu C-PCM [74] co cxemoit
rayCcCOBCKOTO 3apsijia U BaH-JCpP-BaalbCOBBIM THIIOM
nmonoctu (GVDW) [75, 76]. Jlns Bcex onTUMU3HPO-
BaHHBIX CTPYKTYp Ha TOM JX€ YPOBHE OBLIM PacCiu-
TaHbl YaCTOTHI TAPMOHHYECKUX KOJICOAaHUI B IEINsX
MIOJITBEPKACHNS HMCTUHHOCTH MHHHUMYMOB IIOTEH-
IUATBHON SHEpruu (OTPUIIATSIBHBIX 3HAYCHUHA HE
0OHaApy)KE€HO) W OMpENeTIeHNUs TEPMUUYECKUX IOmIpa-
BOK K sHeprum [ub6ca (G). Benmnuwmnbl cBOOOAHOM
sHeprun ['mb0Oca, HEOOXOAMMEIC IJIS OIpPECIICHUS
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OTHOCHUTEIIFHOTO COJIEpXKaHusi KOHPOPMEPOB COTIIAC-
HO pacnpeneneHuto bonbiivana, OpLIM TOMyYeHBI HA
OCHOBE OTHOTOUEUHBIX PacyeToB (BKIIOYAs COOTBET-
CTBYIOIIUI HESIBHBIN pacTBOpUTENb, Mojiens C-PCM)
SNEKTPOHHBIX DJHEPruil Ooiiee BBICOKOTO YPOBHS
®B97M-V/def2-TZVPP u TtepMuueckux MOMPaBOK
u3 coorBercTByommx ©B97X/def2SVP—pacueros
(Tabmn. 2). T'ubpuaneiii ¢pynkimonan ®BI7M-V [77]
C pazJieNieHHeM TI0 AMana3oHaM U MOMpPaBKOW Ha JUC-
nepcuto VV10 [78] pekoMeHI0BaH B UCCIIECIOBAaHUHU
[79] xak OJMH M3 JYYIIMX JJIs OOIIeH TEPMOXUMHUH,
BHYTPH- H MEXMOJICKYISIPHBIX HEKOBaJICHTHBIX B3a-
HWMOJENCTBUH, BKJIIOYAs TaKyKE ralorT€HOBBIE CBA3U U
B3aMMOJCUCTBHSA C MOHHBIMU YaCTHIIAMH Ha OCHOBE
TECTUPOBAHUS OOIIMPHOIN 3TaJOHHOW 0a3bl JAHHBIX
GMTKNSS5. B atux pacderax HCHOIB30BAIU Tpe-
XOKCTIOHEHIIMAILHBIH BaJICHTHO-PACIICIUICHHBI OC-
HoBHOM 0azuc def2-TZVPP ¢ no6apneHnem mossipu-
3anMoHHBIX (yHKIwmiA [71, 72]. g anmpokcuMaiuu
KYJIOHOBCKMX ¥ OOMEHHBIX MHTEIPAJIOB TPUMEHSIIOCH
npubmkenne RIJCOSX ¢ cooTBeTcTBYIOMIUM J10-
MOTHUTEIbHBIM O0a3zucoM [80, 81].

OTtHOCHTENBHOE coJiepXKaHue KoH(opMe-
poB B cmecHu mpu 298 K oIeHEHO 1O ypaBHEHUIO
Bonbimana (4).

i

exp
p = RT_ o

Sex ;(; ’

rae AG; — pa3HoCTh dHepruil [n60ca i-ro u Hanbo-
niee cTabUIIbHOTO KoH(popMepa, X; — CyMMHpOBAaHHE
Mo BceM wieHaM aHcamoOns; T — temmepatrypa, K;
R — yHUBepcanbHas ra3oBasi IOCTOSHHAS.

Teoperudeckue pacuersl crnekrpos AMP mpose-
nenbl B mpubmmkennn GIAO [82, 84], ¢ ucmons3oBa-
HueM ¢yHkuuoHana ®B97M-V u 6a3ucHoro Habopa
pcSseg-2, pa3paboTaHHOTO )1 PACYETOB XUMUUECKUX
caBUTOB [84], B cOUYETaHUH C MOJIENBIO COJIbBATAITIH
C-PCM Ha ocHOBe reomeTpur KOH(GOPMEPOB JHKA-
THOHOB OMCHMUAA30JIMEBBIX COJNIEH, ONMTUMH3UPOBAH-
HBIX C BKIIIOYEHHEM COOTBETCTBYIOIIETO HESBHOTO
pactBopures (Boaa, xiopodopm) Ha ypoBae ®B9I7X\
def2SVP. [Insa onpeneneHuss XUMHYECKUX CIBUIOB B
KadecTBE ATAJIOHA MUCIOJIb30BAHbI YCPEIHEHHBIE 3HA-
YEHUS! SKPAaHUPOBAHMUSA COOTBETCTBYIOLIMX AaTOMOB
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TETpaMETWICHIaHa KaK CTaHAapTa, pPacCUUTaHHbBIC
Ha TOM JX€ YPOBHE M TOW XKe BHUPTYaJbHOU Cpee,
4TO W JUIa OmcuMuaazoiueBbix coneil. Ilocmemyro-
mee ycpenHeHne CUTHajla SKBUBAJICHTHBIX MMPOTOHOB
MIPOBOJIMIIM C YYE€TOM OOJBIIMAHOBCKOTO PacIpe/iesie-
Hu KoH(MopMepoB. KoH(opmarimoHHO-B3BEIICHHBIE
crextpel SIMP reHepupOBaHBI C IOMOIIBIO ITAKETA
Multiwtn v.3.8 [85]. B aTom ke makeTe pacCUUTaHBI
pacnpeneneHre MOJIEKYIIPHOTO JIEKTPOCTaTHIECKO-
ro moreHrmana [86]), JTOKaTU30BaHBI KPUTHYCCKUE
TOUYKH U MyTH CBSI3bIBAHUS B paMKax Teopuu baiinepa
[87], a Takxke 00OMacTH HEKOBAJCHTHOTO B3aMMOJCH-
CTBUS B paMKaX KOHIETIIIHA PEAYIIPOBAHHOTO TPa/In-
eHTa mrotHoctd RDG [88].

J11s1 BU3yanbHOTO TMPENICTABICHHUS PE3yIIbTaTOB HC-
oJIb30BaHbI puiiokeHus Jmol [89] u VMD [90].
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Intramolecular Noncovalent Interactions
in Bis-Imidazolium Dications with Short Aliphatic Spacers
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Stretched all-trans conformations were found preferable in computed structures of bis-imidazolium dications
with short aliphatic (C,—C,) and hydroxyl substituted -CH,—~CHOH—CH,— spacers. Maxima of molecular
electrostatic potential were established near C*H imidazolium and spacer hydrogens, for o,w-alkenyl spacers,
and close to hydroxyl hydrogen for hydroxypropane spacer. Sufficiently higher rotational barrier around C'-C?
bond in -CH,~CHOH—-CH,— spacer compared with polymethylene is supported with intramolecular hydrogen
bonds C-H:--O—H between imidazolium hydrogens and hydroxyl oxygen.

Keywords: bis-imidazolium salts, molecular electrostatic potential, intramolecular hydrogen bonds
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