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Hocaimxeno B3aemofilo a3o0-Oic-iaHypXJaopuay3 ABOMA BiHITbHMMHM MNOXiZTHMMH —
BiHileTHJIOBUMeTepoM Ta BiHLtaneratroM. B o000ox Bumagkax OyB BUAJIEHHId oauH 3
perioizomepiB inBepToBanoi peakuii Jlinbca-Ajbaepa, ogHak y BHUNAAKY BiHiJIETHJIOBOIO
eTepy OyB BUALTEHUI MPOAYKT aTAKU a303B' 3Ky y f-M0J105KeHHS BiHIIbHOTO )parmMeHTa, a'y
BUNAAKY BiHinameraty — y a-moJsoskenHs. /s AocailzkeHHs] MPUYUH TaKoi periocejieKTHB-
HoCcTi OyJu mpoBeneHi TepMoauHaMiuHi po3paxynku Ha MO06-2X/6-31G (d, p) piBui. Jdas
peakuii MoeI0BaIOCh YTBOPEHHS JBOX MOXKJMBHX i30MepiB HUKJIONpPUENHAHHSA. BeTraHoB-
JIeHO, 110 Y BHUNAJAKY BiHIJIETHMJIOBOTO0 eTepy YTBOPIOETHCH TePMOAUMHAMIYHO Ta KiHETHYHO
BUTIAHMII NPOAYKT, Y BUNAAKY BiHijameTaTy HanmpsiMOK peakuii KOHTPOJIIOETHCA KiHETHYHO,
y Toii 4ac, sIK eHeprii npoayKkTiB GakTHYHO oaHaKoBi. Onep:xani ‘H-SIMP crexTpn npoayKTis
nodpe y3romkywtbesi 3 GIAO MogenbOBaHMMH Ta 3 Ppe3yJbTaTaMH TEPMOJAMHAMIYHUX
po3paxyukis. Ckiax Ta GyaoBa nmpoaykTis migreepmkena 'H-SIMP, TU- ta Y®-cnekTpo-
CKOMI€I0 TA eJIeMEHTHUM aHATI30M.

Karwuosi cioBa: 1,3,5-tpuasun, peakuin Jdinbca-Anbaepa, DFT-po3paxynku.
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EXPERIMENTAL AND DFT STUDIES
OF AZO-B1S-2,4-DICHLORO-1,3,5-TRIAZINE
AND STYRENE INTERACTION

© Karkhut A. 7., Bolibrukh Ch. B., Samborskyi V. T., Polovkovych S V., Novikov V. P., 2018

An interaction of two vinyl derivatives — ethyl vinyl ether and vinyl acetate with azo-bis-
cyanuric chloride was studied. In both cases one regioisomer of inverse Diels-Alder reaction
was isolated. However, in the case of vinyl ethyl ether, the product of the azo-bond attack in
the g-position of the vinyl fragment wasisolated, and in the case of vinyl acetate the product of
the a-position attack was isolated. To explain the reaction selectivity thermodynamic
calculations on M06-2X/6-31G (d, p) level were performed. For both reactions, the for mation
of two possible cycloaddition isomers was modeled. It has been established that in the case of
vinyl ethyl ether, a thermodynamically and kinetically advantageous product is formed, in the
case of vinyl acetate the direction of the reaction is controlled kinetically, while the energy of
possible products are practically the same. The obtained *H-NMR spectra of products are well
consistent with GIAO modeling and with the results of thermodynamic calculations. Product
structur eswer e confirmed by *H-NMR, IR, UV-Vis spectroscopy and elemental analysis.

Key words: 1,3,5-triazine, Diels-Alder reaction, DFT studies.
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IMocraHoBKa NpoodeMu Ta ii 3B'A30K 3 BAKJIMBHUMHU HAYKOBUMM 3aBAaHHsAMH. Peakitis Jlinbca-
AllbZiepa IIHPOKO 3aCTOCOBYETHCS B OPraHIYHOMY CHHTE3i, OCKUIbKH, BHKOPHCTOBYIOUM Pi3HOMAHITHI
J€HH Ta I€HO(IIH, Ja€ 3MOry YTBOPIOBATH MICCTUWICHHI HHUKIXM B OAHy ctamito [1]. Perio- Tta
CTEPEOCEICKTUBHICTh IIUX PEAKI[ii YacTO € BHUCOKOI Ta MOXe OyTH TependaueHa, BUKOPHCTOBYIOUH
eMripuuHi mpaBwia [2—4], omHaK IS [OrO YacTO BUKOPHUCTOBYIOTbCS METOIM MOJCKYISPHOTO
MOJICJTFOBAHHS, [0 TOYHO IepeadavyaroTh 1 KiIbKICHO OMHMCYIOTh 110 CEJIEKTUBHICTh. LlMKIonpueaHaHHsS
HaJIeXKaTh J0 peakiii, mo Haliere MoIeoThes. Ha oMy erarti po3BUTKY OOUYMCIIOBAIBHOI TEXHIKH
HAWMTPUBAOIMBIIIIMUA METOIAMH PO3paxyHKy € Teopis ¢yHkiionana ryctunau (DFT) sik B “uucromy”, Tak i
y TiopunHOMYy (3 BpaxyBaHHsAM TouHOro HF-o0Miny) BapianTi [5, 6]. DFT po3paxyHK# 3 BUKOPHUCTAHHSIM
cy4acHHX (DYHKI[IOHATIB HAOJMKAIOThCS 110 TOUYHOCTI 10 MP2, onHak Jeriiie MacmTaOyThCs, 1110 POOUTH
ix meromoMm BHOOPY [UII PO3paxyHKY TEPMOJMHAMIYHHUX Ta CIEKTPATBHUX XapaKTEPHCTUK HEBEIUKUX
(~100 aromiB) moneky [7].

A30CMONyKH, OCOONHMBO 3 €NEKTPOHOAC(DIIUTHUMYU 3aMiCHUKaMH, TakuMu sk 1,3,5-TpuasuHoBuii
LUKJ, MOXYTh BHCTyNaTh JmieHodinamu y peakimisx Jinbca-Anbaepa. A30-Oic-miaHypxyopun OyB
CHHTE30BaHUI 1 ONMUCAaHMW SK aKTHBHUH a3a-mieHodin y peakmisx 3 1,3-kapOomieHamMu 3 yTBOpEHHSM
3amineHux mipuaasuHis [8]. Peakilii 3 HOro y4acTio CTaHOBJISITh BEJIMKUHN IHTEpeC, OCKUTbKH 4,6-11XI0po-
1,3,5-Tpuasun € ¢GparMeHToM, 10 Jerko (QYHKIIOHANIZYEThCS Ta MOXKE OYTH CHONYYHOKO JAHKOIO JUIS
MOEHAHHS B OJIHI MOJIEKYJIi pi3HOMaHITHUX (parMeHTiB Ta MOIU(IKyBaHHS BIACTHBOCTEH cronyk. Kpim
TOr0, CTYIIHYACTICTh 3aMIIEHHS AaToOMiB XJIOPY Y TPHA3HMHOBOMY SIIPi JIETKO KOHTPOIIOETHCS
TEeMIEpaTypHUMH YMOBaMH Ta NpUpPoAoi0 Hykieodiny [9]. V 3B's3Ky 3 UM JOCTIHKCHHS peakiii
MUKJIONPUETHAHHS a301aHyPXIIOPUY € aKTya bHUM 3aBJIaHHSIM.

AHami3 octaHHix Aocaimkenb Ta myoaikaniii. O6epuena (IED) peakmis [inbca-Anpaepa s
azo-0ic-mianypxyiopuay 1 Oyia onucaHa Ipy HOro B3a€MOII 31 CTUPEHOM 2, IPH LIbOMY OYB BHIIICHUM
omuH 3 11 perioizomepiB (4) [10]. Onmak perensuuit DFT-aHamis KoOpaWHAT peakiliii MOKa3aB, IO IIs
peakilisi 3aBXK¢ BiIOYBa€ThCs Yepe3 MPOMIKKOBE YTBOPEHHS MPOAYKTY HopMaibHOi [IA peaxii 3, ToOTO
HACTIpaB/i a30-0ic-I[iaHypXJIOPH]T BUKOHYE TYT POJb JIHIe (GOpMaNBHOrO JIIEHY — CIIOYaTKy BiH pearye sk
nieHOdT, a TIOTIM TePMOAMHAMIYHO HecTaOuTbHHA TpoaykT 3 dyepe3 [3,3]-cirmarporiHe neperpynyBaHHs
nepeTBoproeThes y BinmosinHuii |ED-i3omep 4 (Cxema 1).
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Cxema 1

Tomy OyJ10 BUPIIIICHO TOCIIAMTH PEAKIIi0 a30-0iC-1iaHypXJIOpUIY 3 HEHACHUECHUMH CIIONyKaMH, 10
HE MICTATh CIPSHKEHOT CUCTEMH 3B’ SI3KIB Ta HE MOXKYTh BUCTYIATH JIEHAMH CaMi, i BCTAHOBUTH, Yl MOXeE
BiH BUCTymaTH “icTHHHUM” nieHoM y |ED peakmii dinbca-Anbaepa.

Merta po6OTH — JOCHIIUTH peaKIifo a30-Oic-MiaHypXJIOpUAY i3 BIHUIBHUMH TOXIJHHMH —
BIHUJICTHJIOBUMETEPOM Ta BIHLIAIETATOM Ta JOCTIIUTH i PErioCeIeKTUBHICTh METOAAMH MOJICKYJIIPHOIO
MOJICTTIOBAHHSI.

ExcnepumenTaibHa yactuna. DFT-po3paxynku Oynu BukoHani mporpamoro GAUSSIAN 09 [11]
3 BUKOpPUCTaHHsAM ribpuaHoro ¢ynkiionasa M06-2X [12] i 6asucHoro nabopy 6-31G (d, p) [13] y
TEPMOJMHAMIYHHX PO3paxyHKaxX BKJIIOYHO 3 MepexifHUMU craHamu. [IMP-cnektpu MopemroBamucs
meromom GIAOna B3LYP/6-311+G (2d, p)//B3LYP/6-31G (d, p) pieai. Edekr pozunHHHKA
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(muxmopmeraH) BpaxoByBaBcs 3 BuKopuctaHHsaM moxeni PCM (polarisablecontinuummedium) [14]. Ts
MiATBEP/UKEHHS JIOCATHEHHSI CTAliOHApHOI TOYKM 1 pO3paxyHKy TEpPMOJMHAMIYHHX TapaMeTpiB
ONTHMI30BAaHUX CTPYKTYp Oyl TPOBEICHI YacTOTHI PO3paxyHKd Ha TOMY CamMoOMy piBHI Teopii
(mocsrHEeHHsT MiHIMyMy TiITBEPUKYBAJIOCh BIICYTHICTIO YSBHHMX YacTOT MOJICKYJIH, TOCSTHEHHS
MEPEXiHOr0 CTaHy — OJHIEID YABHOIO YacTOTOI, IO BiAMOBigae KoopAWHATI peakiii). ITouaTkosi
reoMeTpii MepexiHuX cTaHiB BHOMpAIHCh MICHS MPOBEACHHS CKaHIB MOBEPXOHb MOTEHIIIHOT eHeprii,
nepen BUOOPOM MOYATKOBUX T'€OMETpiil MPOMYKTIB MPOBOAMBCS iX KoH(pipMmamilinuii anami3. [lopiBHSHO
CTaOUTBHICTIO MPOAYKTIB 1 MEpeXilHUX CTaHIB BUKOPUCTOBYBaNach pi3HMIS ix eHepriii ['i6ca. HaBeneni
MOBHI eHeprii BKkimouHo 3 ZPE Oynu oxepxani muis Temneparypu 298,15 K.

Innexcu ra06anbHOI enekTpodinbHOCTI ® Ta HykieodinsHocTi N [15] po3paxoByBaimch 3a TaAKUMU
PIBHSHHSAMHU:

w=—;
pgl
N = &nomo — EHomo (TCE)
y SKHX [l Ta 1] — Bi/IMOBIJHO, €IEKTPOHETATHBHICTh Ta XiMiUHA KOPCTKICTh:

m= €romo T €Lumo :
2
h =€Lumo ~ Chomo-

[Y-cnextpn 3anmcyBanm Ha crektpodoromerpi “SPECORD M-80" B Tabnerkax 3 KBr 3
miamasoHoM BuMipioBamHs 4000-400 cml.  'H-SIMP-criekTpum  3amucyBamM  HAa  CHIEKTPOMETPI
“VarianMercury” (400 MHz) (CDCl; ta CDiCN, Ximiumi 3cyen 'H Bupameni y &-mkami mozxo
BHYTPIIIHBOTO CTAHAAPTY — TETPAMETHIICHIIAHY, a IHTerpajibHi IHTEHCHBHOCTI BiANOBIIAIOTH 3pOOICHUM
BigHeceHHsM). EneMeHTHUI aHasi3 BUKOHAHWN Ha CTAHAApTHIN amapatypi it MikpoaHaiizy. KoHTpons
3a XOIOM peakiii Ta IHIUBIAYaJbHICTIO pPeYOBHMH mpoBoawian Merogom TIHIX Ha macTHHKax
“Silufol UV-254". Tlix yac BU3HAuYCHHS TEMIIEPaTypH TOIUICHHS CIIONYK TONpaBKa HAa BUCTYMAIOUHA
CTOBIYHUK PTYTi HE IPOBOANIIACS.

6,8-muxisiopo-2-(4,6-mmuxaopo-1,3,5-tpuasun-2-in)-4-eroxkcu-3,4-nurinpo-2H-[1,3,5]  Tpuasuno
[2,1-c][1,2,4] Tpua3un (6a)

Posuna 0,5 r (1,53 mmoms) 1,2-6ic (4,6-auxmopo-1,3,5-tpuasun-2-in) miazeny 1 y 10
auxjaopMmerany oxonomund o -35 °C, momanu Kimbka KpHCTaldiB OyTwirigpokcuroiayoiy (ioHomy) Ta
morepeanbo oxonomkennit pozunu 0,121 r (1,68 mmons, 1,1 exB) BimizerunoBoro erepy 5a y 2 mu
JMXJIOPMETaHy OJIHIEIO TOpIier0. PeakuiiiHy Macy BUTpUMYBAJH IIiJ] 4ac MEpeMilllyBaHHs 3a IIi€i camoi
temrnepatypu 10 XB, IpH IbOMY TEMHO-YEPBOHUH KOMIp a30LiaHypXJIopuay 1 3MiHIOBaBCS Ha CBLIO-)KOBTE
3a0apBIIeHHS IPOIYKTY, MICIIs YOro TEeMIIepaTypy MiHIMAaIM O KIMHATHOI, peakiiHy Macy (GiIbTpyBain
Yyepe3 TOHKUH Iap CHITIKAreNro, MIC/ss YOro PO3UYMHHUK BIATAHSIM Y BakyyMi. JJomaTKOBO MPOIYKT MOXKE
OyTH OYMIICHWH TMepekpucTamizamicro 3 OeHzony. Buxig 68 %, CBITIO-)KOBTHH IOPOIIOK,
T o =149-150 °C.

H-amP (400 MTI't;, CD3sCN), 8, M. 4. (J, I'm): 6,08mr. c. (1H); 5,10; x. a. (13,7; 2,1; 1H); 3,77 m.
(2H); 3,32x. x. (14,1; 1,2; 1H); 1,11 1. (7,2x2; 3H). T4 (KBr, cv™): 1648, 1552 c, 1484 c, 1336, 1248,
1192, 1156, 1136, 1032, 984, 860.

O6uucneno: C;0HgNsCl,O: C 30,18; H 2,03; N 28,15; Cl 35,63.

3naitneno: C 24,96; H 4,25; N 28,26; CI35,51.

6,8-nuxiopo-2-(4,6-muxiaopo-1,3,5-Tpuazun-2-in)-3,4-quriapo-2H-[1,3,5] TPUA3UHO [2,1-
c][1,2,4] Tpuazun-3-ia auerat (7b)

o pozumnay 0,5 r (1,53 mmoms) 1,2-6ic (4,6-muxmnopo-1,3,5-rpuasun-2-in) miazeny 1 y 10 m
JTiOKCaHy MoJaid KibKa KpHCTadiB Oyruiriapokcutonayony (ionomy) ta 0,145 r (1,68 mmonb, 1,1 exB)
BiHinmaneraty 5b onHiero mopiriero. Peakifiro BUTpUMYBaIM MPU KHUIiHHI 4 TO/, TPU IbOMY IHTEHCHBHHIA
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YEPBOHMI KOJIIp PEaKIiifHOT MacH 3MIHIOBABCS Ha JICAb JKOBTHH, IICIIS YOro JIOKCaH BIATAHSIN Y BaKyyMi,
3aJIMIIOK PO3YMHSIN y XJopodopmi, (UIBTPYBalu uepe3 Iap CHIIKArel0 Ta yHaploBad Yy BaKyyMi.
Buxin — 57 %, maitke 6e36apBamil mopomoK T, = 167 — 168 °C.

H-amP (400 MTI';, CDCly), &, m. 4. (J, T'm): 6,65 a. 1. (5,6; 3,3; 1H); 5,02 a. a. (10,2; 6,1, 1H);
4,54n. n. (10,1; 3,6; 1H);2,19¢. (3H); T4 (KBr, cm™): 1752, 1656, 1584, 1544 c, 1484, 1328, 1256 ¢, 1232,
1192, 1036, 952, 868.

O6uucneno: CigHgNgCl4O,: C 29,15; H 1,47; N 27,20; Cl 34,42.

Bmaiineno: C 29,26; H 1,53; N 27,32; Cl 34,29.

Bukaan ocHOBHOro MaTepiajay Ta 00roBopeHHst pe3yJbTaTiB. /i KiIbKICHOT OI[IHKH peakmiiHol
3IATHOCTI pearcHTIiB Oysa po3paxoBaHa iX riio0ajbHa €IEKTPO(UIBHICTh®, IO IOKa3ye CTaOLIbHICTH
eHeprii CMCTeMH T Yac OTPUMAHHS eISKTPUYHOrO 3apsay 330BHI, Ta HykieodinbHicTh N (Tabm. 1). Ili
BEIIMYMHU JIAIOTh 3MOTY WIBHJKO OI[IHATH B3a€MHY aKTHBHICTh pEarcHTIB Ta TMONAPHICThPEaKIii
HUKIONpUEHanHs.  BigmoBigno m0 kinacudikamii  Jominro [16, 17], aso-Gic-mianypxiopun 3
enexkTpodinpricTiO 4,39 € nyXKe aKTHBHHM eNeKTpo(ijioM, M0 MepeBakae MO CHJIl TaKi PEUYOBHHH, SIK
a30JMKapOOHOBUIl ecTep Ta CUM-TeTpa3uH. HaToMicTh BIHUICTHUIIOBUI eTep MOXKHA 3apaxyBaTH JI0 JyXKe
CHJIBHUX HYKIICO(1TiB. 3aMiHa €TOKCH-TPYNHU Ha alleTOKCH ICTOTHO 3HMXKYE HYKICO(DLIBHICTh MOJEKYNH 1
BIJIIIOBIIHO, i OYiIKyBaHY aKTHBHICTb.

Tabnuys 1
I'no6anbHi iHgexkcu peakuiiiHoi 31aTHOCTI peareHTiB
Cnonyka B3MO, eV HBMO, eV 0} N
a30-0ic-mianypxiopun 1 -7,90 -3,92 4,39 1,05
BIHLI-eTUJIOBHH eTep S5a -5,90 1,09 0,41 3,06
Bininanerar 5b -6,82 -0,33 0,99 2,14

Peaxiiist 3 BIHIJICTUIIOBUM €TEpPOM 3a KIMHATHOI TEMIIEpaTypy BiIOYBAEThCS MUTTEBO 3 YTBOPEHHIM
BEJIMKOI KITBKOCTI MOOIYHKMX MPOAYKTIB; ONTUMAJIbHIMH YMOBAaMH BUSIBHJIACh Temmepatypa -30 — -35 °C,
3a sKoi peakiis mpoxomuTh 3a 10 xB 3 JO0OpUM BHXOOM. i xin KOHTPOJIFOETHCS TICII 3HUKHCHHS
IHTCHCHBHO-YEPBOHOTO 3a0apBJIEHHS a30I[iaHypXJIOPHIy Ta 3MIHM HOro Ha JKOBTHUHA KOJIP MPOAYKTY.
Y momepenHix JOCHI/DKEHHSX — a30MIaHypXJOpUAY 3PYYHUM PO3UYMHHHKOM Uil  TIPOBEICHHS
MUKJIONPUETHAHD BUSBHBCS XJIOPOQOPM, IO 32 PaxyHOK CBOEI MOPIBHIHO BEIHMKOI MOJISIPHOCTI CIIPHUSIE
MPOXO/DKEHHIO peaKiii 3 BEIMKOI TMOJSPHICTIO TMepexXigHux craHiB. Po3unH a3omianypxiopumy
y xjopodopmi 3a KIMHATHOI TeMIepaTypd CTaOUTBHHH MPOTATOM KUIBKOX TOAWH, MIO JA€ 3MOryY
MPOBOJIUTH Y HEOMY OUIBIIICTh peakiiid Jlinbca-Asbaepa. Bin Moke OyTH BUKOPHUCTAHMIA SIK PO3UMHHUK 1
Ui i€l peakxiii, oJHAaK MPOAYKT BUMArae IMIBUAKOTO BHJIUICHHS, TOMY SK PO3YMHHHK 3PYYHO
BUKOPUCTOBYBaTH JMXJIOPMETAH, Y KOMY 1 a30IiaHypXJIOPH/I, 1 IPOIYKTH HOr0 MUKIONPUEIHAHD 3HAYHO
cTaOunbHimi. [IpUCyTHICTH BIIOBIIIOBAaYIB BUIBHUX paIdKaliB TaKOK BHSIBHJACh HeoOXimHOw. Habikparmi
pesynbraTy Oynu ofeprkaHi 3 ioHonmoM (2,6-aurperoynuia-4-mernndenoaom).

Bininanerar BHSABHBCS OYiKyBaHO 3HAYHO IHEPTHIIIMM MIOAO Ail a3zomiaHypxiopuay. 3a 24 rox y
xJIopoopMi peakififina Maca 3HEOAPBIIOETHCS, OIHAK IMPOAYKTY HUKIONPHEIHAHHS BUAUIMTH 3 HEl HE
BJIAJIOCH, TaK CaMO HE BJANOCH MPOBECTH PEaKIilo y AWXJIopMeTaHi mpu kumiaai nporsrom 10 romx. ¥V
3B'SI3KY 3 IIUM SIK PO3UMHHHMK BUOpANM JIOKCaH, 110 Ma€ JIOCTATHHO BUCOKY TeMIIEpaTypy KUIIHHS i SKHH
nokasap cebe Jayke cTabiIbHUM MO0 Jii a30I1aHypXJIOpUAY K TEPMIUHO, TaK 1 B YMOBaX OMPOMiHCHHS.
VY nmiokcaHi 3a TeMIepaTypy KUIIIHHS 33 IPUCYTHOCTI 10HOITY PEaKIlist 3aKiHYy€eThCs 38 3—4 TOJI, TIPH IIbOMY
3a0apBIICHHS a30IIaHyPXJIOPUIY 3MIHIOEThCS Ha JIEAb-)KOBTHH KONIp MPOAYKTY. IIpOMyKT n0AaTKOBO
OYHIIABCS MPOIYCKAaHHSAM HOT0 pO3UMHY Y XJI0podopMi Yepe3 TOHKHU Iap CHIIIKAreto JUIst 3B’ I3yBaHHS
MOJISIPHIIINX PEYOBUH, HAcaMIlepel TPOAYKTIB MPUEAHAHHS J0 a30-3B’ 3Ky 10 Mixaenro.

B o06ox Bumajakax OyB BUJIUICHUH TUTBKK OJMH 3 130MepiB iHBepTOBaHOI peakiii [inbca-Anbaepa. 3
METOI0 BU3HAYEHHS OYZOBH TMPOJYKTIB Ta NMPUYMH Takoi periocenekTuBHOCTI OyB mposeneHuit DFT
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PO3paxyHOK TEPMOJMHAMIUHUX MapaMeTPiB MOXKJIMBHUX IUIAXIB PEAKIlii, a TAKOK MOJICIIOBAHHS CIEKTPIB
nponykriB. TepMomuHaMiuHi TapamMeTpu peakmid Oyiau JOCHiKeHi, BHUKOPHCTOBYIOUW TiOpHIHHHA
¢yukiionan M06-2X sk oauH 3 HAUTOYHINIMX HA I[eiH MOMEHT JJIs TEPMOXIMIl Ta KIHETUKH MOJIEKYJI, IO
HE MICTATh NepexXiIHUX MeTaliB. JlocmipKeH] nuisxy 300pa)xeHi Ha cxeMi 2.

Cl N Cl
CI N CI CIYNYCI Y Y
N N
Y Y R Y
TS 1a, (R= —Et) 1 (|) TS 2a, (R= —Et)
6a,b 7a,b

TS 1b, (R= —Ac) N¢N ( TS 2b, (R= —Ac)

B +

CH,

N7 N
| Sa,b
A x PPN A x
cl N cl
Cxema 2

Bukirouna periocenekTHBHICTh MPUEIHAHHS BIiHUIETUIIOBOIOETEPY 3yMOBJICHA HOTO KaHOHIYHHUMH
¢dbopMaMu — PO3MOALT €IEKTPOHHOI TYCTHHH HaIpaBisie eleKTpodinbHY ataky y P-monmoxeHHs. B azo-
uianypxynopuny HBMO nokanizoBaHa Ha a303B 513Ky, BIiIIIOBIHO BiH € HOro eneKTpodiIbHUM IEHTPOM,
10 HacaMIlepe]] ataKye HykieoiTpHMI BiHiITETHIOBHH erep. BimmoigHo, sk 6aunmo 3i cxemu (puc. 1),
nepeximHuil ctaH yTBOpeHHs perioizomepy 6a (TS la) ma ~4 kkan/Moib BUTIIHIIIAA 33 YTBOPEHHS
i3omepy 7a (T S2a), eHeprisi BiAMOBIAHOTO MPOIYKTY TaKOX Ha ~5 KKaJI/MOJIb MEHIINIA BiJl IHIIOrO i30Mepy
— or0 yTBOpEHHS BUTIHE 1 KIHETUYHO, 1 TEPMOIMHAMIYHO. MexaHi3M peakiii 300pakeHnit Ha cxemi 3.

+25.4 kcal/mol AG
TS 2a

+21.7 kcal/mol
TS la

reagents,| 0 kcal/mol

[7a]
6a

-33.6 kcal/mol
-38.7 kcal/mol

Puc. 1. Enepeemuuni npoghini Mosciusux wisixié
4+ 2 yuknonpueonanns azoyianypxaopuoy 1 ma eininemunosoeo emepy 5a

CI\(NTCI Y Y CI N CI
Y He” Y07 Chs _ Eto\\\ Q/ \E Y

N -35°C, 10 min.
r N + u CH,CL,, BHT
2812
© © )\
NZ i\j Hie™ N0 cH, NZ |N
cl N el sa cl N el

Cxema 3
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AmnarnoriuyHoi curyarii MoxkHa Oyno © o4iKyBaTH 1 y BHINAQJIKY BIiHIANETaTy, OJHAK B Pe3ylbTati
peakiii OyB onepkanuii iHmmi perioizomep (7b). TepmomuHamiuHi po3paxyHKH IOKa3aid, IO
nepeximHuii cran ioro yrBoperns (T S2b) purignimmii Bix iHmoro Ha 1,7 kkan/moins, eneprii ['i66ca 060x
NpOAYKTIB (paKTHUHO He BiApi3HsOThCS (pHC. 2).

+30.4 kcal/mol

+28.7 kcal/mol AG TS 1b

TS 2b

reagents, | 0 kcal/mol

7b [6b]

-37.6 kcal/mol -37.6 kcal/mol

Puc. 2. Enepeemuuni npoghini Mosciusux wiisixié
4+ 2 yuxnonpueonanns asoyianypxaopudy 1 ma eininayemamy 5b

Taka celekTHBHICTh 3yMOBJIEHA BTOPHHHOIO B3AEMOJIIEI0 MIXK TT-OpOiTaIsIMU KapOOHITEHOI TPYITH Ta
TPHA3MHOBOTO IHKITY, 0 € MAKCUMAJIBHOO st TeoMeTpii TS 2b i 3HmKye H0ro eHeprio, aHaIOriuHO 10
CHJI0-CEeTICKTHUBHOCTI  OinbiocTi peakniii [inbca-Anbnepa. BHecok KkaHOHIYHHX (OpM  BIiHUIBHOTO
(¢parMeHTa B eHeprii MepexiHOro CTaHy JUIsd BIHLTALETaTy MEHIIMM, HDK JJIS BIHUJICTHUIIOBOTO €Tepy 3a
paxyHOK MEHIIIOI eJIEKTPOHOHACUYCHOCTI mepioro. Peakiniro 300paxeHo Ha cxeMi 4.

N P
T 1 e g Y

1 z 7N
N + HC o CHs dloxane BHT

Cl)\N J\CI )\ )\

Cxema 4

bynoBa mpoaykrie 6a ta 7b miarBepmkena IIMP, TU-ta Y ®-cnekrpockomiero. Y TIMP-crekTpi
000X TPOAYKTIB cIlocTepiraerbcsi xapakrepua AMX cucreMa HOBOYTBOPEHOTO T'eTepolukiay — s 6a
nomupenuid cuarier 6,08 M. 4., mo Bianorigae CH y o-1ojIo)KeHHI 111010 aJIKOKCH-(parMeHTa, Ta JABOX
MOJIBOEHMX TyOJIETIB, IO BiAMOBiZalOTh ABOM miactepeorornuumM mporonam CH, rpymwm (5,10 m. 4., 13,7 i
21T ra 3,32m. 4. 14,11 1,2 T'y), s 7b — moaBoennii ayoser o-CH (6,65 m. 4., 5,6 Ta 3,3 '), Ta aBa
moaBoeHi ayosiern miacrepeoromuux CHp — 5,02 m. 4. (10,2 ta 6,1 T'p) Ta 4,54 m. u (10,1 ta 3,6 I'm).
[MomMpenHs: CUrHANY O-TiAPOreHy NpOAyKTy 6a, mo He crocTepiraetbcs y mpomykti 7D, iMOBipHO
3yMOBJIEHE iX Pi3HOIO KOH(ipMariiHowo skopcrkictio. s 7b He Oymo 3HalizeHo KoH(pOPMEpIiB Vv BikHi
5 kKan/MoIb 11010 T100aIBHOr0 MiHIMYMY, III0 BiAIOBIiZar0OTh KOH(POPMAIIHUM TIepexoaM UKy, Y TO
qac, sik Juts 6a Taki koHdopmepu Oynu 3HaNICHI.

[Mix wac monemtoBanust [IMP-criekTpiB Hemorany 301KHICTh OCpP’KAHO YIS YCIX MPOTOHIB, OJHAK
HaliHpOpMATHBHIIINM BUSBUBCS 3CYB O-TIPOTOHY BIHUIBHOTO ()parMeHTa, SKHH 3HAYHO BiIPI3HIETHCS Y
JIBOX pErioizoMepiB IUKIONPHUETHAHHS SIK 3 BIHUICTUJIOBUMETEPOM, TaK 1 3 BIHIIAIETATOM. Horo 3CyB
MOJICITFOETHCS 3 BUCOKOKO TOUHICTIO. [IOpIBHSIHHS IIUX TaHUX HABEACHO y TadI. 2.
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Tabnuys 2
MopesiboBaHi Ta oJiepkaHi 3HAYEHHS 3CyBY 0-IPOTOHY BiHIILHOTO (hparmeHTa

Perioizomep GIAO o06uucieno, OneprxaHo,
Pearent
MpUETHAHHS d (ppm) 3 (ppm)
Bininerunosuii erep 6a 6,04 6,08
6b 6,67
Bininanerar 7a 6,23 6,65
7b 6,66

OnepxaHi pe3ylnbTaTd Y3TO/DKYIOTBCS 3 TEPMOAWHAMIYHHMH PO3PaxyHKaMH Ta MiATBEPUKYIOTh
OJIepKaHHS OMHUCAHUX PEUOBHH.

B IY-cnmektpax 000X TpPOAYKTiIB, KpiM IHTEHCHBHUX KOJHMBAaHb TPHUA3MHOBUX IIMKIIB,
CIoCTepiraloThest xapakrepHi komuBanHs C=N 3B’si3Ky, YTBOPEHOro rerepouukiy mobiusy 1650 cm™, a
TaKOXK psif oro “Bimburkis maisiis” (1190, 1040 CM'l).

B Y®-cniekTpax croiyk, KpiM OCHOBHHX MakcuMmyMiB (260 uM s 6a ta 256 um mis 7b), Oynu
3aikcoBaHi ¢ialOKi JTiHIT y OJu3bKOMY yiabTpadiolieTi, 10 3yMOBIIIOKOTh iX CBITIO-KOBTE 3a0apBJICHHS Ta
BIIMOBIMAIOTh 3a T-M* Mepexia CHpspKEHOl CHCTEMH HOBOYTBOpeHOro rerepouukiny (324 um mis 6a
ta 314 um aist 7b).

Bucnoku. Excrniepumentanpno ta Ha MO06-2X/6-31G (d, p) piBHI mOCTIKEHO peakilifo a3o-
0ic-1,3,5-TpuasuHy 3 BIHUIbHUMH TOXITHAMH 3 Pi30I0 HYKICOQUILHICTIO — BIHUICTHIOBUM ETEPOM Ta
BIHLJIAIIETaTOM Ta IOKa3aHO, II0 y ILMX PEaKIlisX a30-0ic-IiaHypXJIOpUJ BHKOHYE pOJIb EICKTPOHO-
nedinurHoro aieHy. OOMIBI peakilii MPOXOAATh MOBHICTIO PETiOCEICKTUBHO 3 YTBOPSHHSM KIHETUYHO Ta
TEPMOJMHAMIYHO BUTIJHOTO MPOAYKTY, OIHAK, SKIIO y BHIIAJKy BIHLI-CTHUIOBOTO €TEPY CEICKTHBHICTH
peaxiiii KOHTPOJIIOETHCS PO3MOIIIOM 3apsiaiB (araka a303B’sI3Ky Yy P-TOJOKEHHsS BiHLITY), TO Y BUIAJIKY
BIHIJIAIIETAaTy YTBOPIOETHCS IHIIUI perioizoMep (aTaka y o-MOJ0KEHHS BiHLTY), 10 3yMOBJICHO TTOBHIIIMM
MEePEKPUBAHHSAM Ta, BIANOBIAHO, CHJIBHOK BTOPHHHOI B3a€EMOJIEI0 MDK OpOITAIsIMU pEArcHTIB Yy
nepexigHomy crami. Omepxami ‘H SIMP-cektpn 100pe y3romkyiothest 3 DFT  MomenboBaHMMH
CIIEKTpaMU Ta TEPMOANHAMIYHUMHY JTaHUMH.
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