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Pedepar:

1. Incepralis npucBg4YeHa 3'sICyBaHHIO 3aKOHOMIpPHOCTel Nepediry peakuiil N-asKkeHiIbHUX(AJKIHIIbHUX) TOXiAHUX

4(5)-dyHK1i0HaNI30BaHMX [1ipa30JliB 3 PI3HUMU €JIeKTPOQiIbHUMY peareHTamu, po3poolii npernapaTuBHUX METO/IB

CHUHTE3Y raJIoOr€HO- Ta TEeJYPOBMICHUX I€TEPOLMKIIIB HA OCHOBI ITipa30J1y, OLiHLi IEPCIIEKTUBU 3aCTOCYBaHHS

OTPMMAaHUX CIOJYK. JI71s1 BU3HAUEHHS HAIPSIMKY €J1eKTPOo(dinbHOI reTepoLrKizalii 6yiv NpoBeeHi penepHi

IOCJIiIKeHHS], 1[0 BKJIIOYAJIM raJoreHyBaHHS Ta TeJlyporajoreHyBaHHs anidpaTnyHux N-ajibHUX Ta IPONapriibHUX

amifiB, TioaMifiiB i amifuHiB. BusHaueHo, 110 He3a1eXXHO Bif BULy €/1eKTPO(]iJIbHOrO peareHTy, Taki

aJIKiTHEeHacu4yeHi CIIOJIYKU HE BILaTHi LlI/IKJ'IiBYBaTI/ICH 6e3 y‘IaCTi AJOOATKOBUX ,I[OI'IiHI’OBI/IX CIIOJIYK, a YTBOPIOIOTH



[IPOJYKTU NPHAENHAHHS, IPOTOHOBAHI COJIi YY1 MOJIEKYJISIPHI KOMILIEKCH. CTPYKTYPHi (paKTOPH, SIKi HasIBHI y 4-
dyHKIiOHATI30BaHUX (KUCJIOT, €CTepiB, anbperiniB) N-ajaKeHibHUX(aIKiHIIbHUX) ITIPa30J1iB, CIIPUSIIOTh
IIPOXOJIKEHHIO eJIeKTPOo(PiIbHOI reTepoLyKIIizallii Mif, Aieto rajloreHis 4y TelyprajoreHinis. BctaHoBieHo, o Ais
€KBIMOJIIPHUX KiJIbKOCTe! M0y 4 6pOMy Ha TepMiHa/IbHI N-aJIKeHilbHi(aJKiHiIbHI)1ipa3o-4-KapOOHOBI KUCJIOTU
4y eCTepy NPUBOAUTD A0 NPOXOJAKEHHS 010~ 41 OPOMO-iHIyKOBAaHOI reTepoLMKIIi3allii 3 yTBOPEHHSIM COJiei
raJloreHoMeTuliziennipasoso[1,2-a]nipuasuHiio, siki KpUCTAi3YIOThCS Y BUTJISAL IEHTalOAUAIB, TPUAOIUTIB,
O6pomizis, Tpu6poMifiB. EKCIEPMMEHTHU 110 TOMOSIAEPHUX KOPEJIALisIX Ta PEHTTeHOCTPYKTYPHUM aHajli3 JOBOISTh
CTEpPEOCEJIEKTUBHICTD IIPOLIECY, BHACILOK YOT0 YTBOPIOEThCS OAMH i3omep E-KoHirypauii. BBeieHHS B peakuio
IBOKPATHOI KiJIbKOCTi €/1eKTPOQisbHOrO peareHTy He BIUIMBA€ Ha CTPYKTYPY Ta CKJIaJ, OTPUMaHUX COJIeil, aje
36ibLIye ix BUxonu. BusHauyeHi eKcliepuMeHTasIbHi pe3yJIbTaTH [ajly 3MOT'y 3alIPOIIOHYBATU MEXaHi3M peakiii
rajloreHyBaHHs1. HaMy BUKOPUCTAHO $IK rajIoreHyIodi areHTy ribpyjiHi rajoreHu (6pomif, Ta Xjaopup, 1oy) B peakuii
3 N-aJIKiJTHEeHaCUYE€HVMU MOXiIHMMU I1ipa30J1y i BCTAHOBJIEHO, 10 PE3YJIbTATOM € IPOXOIKEHHS M010-iHIYKOBAHOI
reTepoLMKIIi3alii 3a 3anporoHOBaHUM MexaHizMoM. OCOOGJIMBICTIO € 3HaIeHUH 33 pe3yJibTaTaMU €J1eMEHTHOTO
aHasli3y CKJajl YTBOPEHUX COJIEN 3 Pi3HMMU aHioHaMU. TaKoX CJIif BigMiTUTY, 110 B peaklii rajoreHyBaHHs 6yJIo0
BUKOPUCTAHO SIK iHAMBiyasbHUI 6pOMiZ flo/ly B OLITOBIl KMCJIOTI, TaK i OTpuMaHuii in situ. B 060x Bunanxax npu
fono-iHAyKOBaHiN HuKJIi3aLii BuaineHo nopogubpomiay 4-¢yHk1ioHanizoBaHux ogometusigeHnipazomno[1,2-
a|nipupasuHiB. 3aMiHa ecTepHOI YM KapOOKCUJIBHOI I'PYI B [T0JI0KEHHI 4 N-IIeHTHHINNIPa30sy Ha ajibJeriny rpymny
He BIIJIMBA€ HA PETio- i CTEPEOCENIeKTUBHICTb FeTePOLMKIII3aLil Mif Iiel0 MOJIEKYJIIPHUX YU ri6pUOHUX TajIOTeHiB.
Pi3Hu1s BU3HAYAETHCS CKIIAIOM YTBOPEHUX COJiel. CTiMKiCTh YTBOPEHOI'O KaTiOHY a32aHEJIbOBAHOTO I1ipa30iy
niATBEpAKEHA 3a OIIOMOTOI0 peakliiil HoHHoro ooMminy. [1pu aii HaTpiil nepxyiopaTy Ha rajioreHinu nipasosno[l,2-
a|nipupasuHio e(peKTUBHO YTBOPIOIOTHCS BifTIOBIIHI IEPXJI0paTy. 3aMiHa [10J105KeHHs QYHKIIOHAIBHOI IPYyIU Y
nipasoJi 3 MoJI0KeHHs! 4 Ha NOJI0KeHHs 3(5) pU aJKillyBaHHI epen6adyBaHO IIPU3BEJIO 4O YTBOPEHHS CyMillli €ThJI
N-nenTuninnipazosnkap6okcunaTis. ['agoreHyBaHHS Takoi CyMillli BUSIBUJIO, 1110 TaJIOT€HOreTePOLUKITi3aliii
MiJ0a€eThCs TIIbKYU OJIUH i3 i30MepiB — eTus1 N-NIeHTUHIINipa3oa-5-KapOboKCuaT, o JOBeleHO eKCIIEPUMEHTOM I10
rOMO- Ta -TeTepOosIEPHUM KOpeJsLisax. XpoMarorpadiyHe po3fisieHHs CyMillli i HACTyIIHe rajJloreHyBaHHS i30MePiB
e nigTeepanso. Etun N-neHTruHinnipason-5-Kap60KCUIaT Npu Jii MOJEKYJISIPHUX Ta FiOpUIHUX TajoreHiB
YTBOPIOBAaB rajloreHiiy rajJloreHoMeTulifieHnipasoso[l,2-ajnipugasusito. HaTomicTs, etun N-nieHTuHinNipa3on-3-
KapOOKCHUJIaT B aHAJIOTIYHUX YMOBAX YTBOPIOBAB CyMilll IPOAYKTY NPUEHAHHS Ta BUXiIHUI ecTep, 1110, iIMOBIpHO,
MOSICHIOETHCS BIIJIMBOM KapOOKCUJIBHOI TPYIIM B [IOJIOXKEHH] 3 Ha HyKJleodinbHicTs N2 mipazosy.
TenyporanorenyBanHs N-aJIKiHiIipa3oJiiB IPU3BEJIO 10 HEOUIKYBAaHOTO pe3ysbTary. Tax, 1is Teayp HiOKCHULy B
HaJJIMIIKY rajJlor€HOBOJHEBOI KUCJIOTU Ha N-TIeHTUHiNNipa3oi-4-KapOOHOBY KACJIOTY 3a KIMHAaTHOI TeMIIepaTypu
YTBOPIOE IIPOAYKT CTEPEOCENEKTUBHOI TENYPO-iHAYKOBAHOI IMKIIi3alii y BUTJIA] LBITEP-MOHY 3 YOTMPYBATIEHTHUM
II'SITUKOOPAMHOBAHUM TEJIyPOM, 110 JOBEJ€HO PEHTT€HOCTPYKTYPHUM JOCJiIPKeHHIM. Lle nepmunii npukiaf,
YTBOPEHHSI TEJIyPOBMiCHOTO 1IBiTEP-HOHY METOIOM €JIeKTPOodiNbHOI IMKIIi3alii Ta 3alIPOIIOHOBAHO HOTO MEXaHi3M.
3MiHa criocoby reHepatlii TeaypreTpabpominy 3 in situ Ha iHAKMBITyaNbHMI TAaKOX HE BIJIMHYB Ha CKJIAJ, i OyIOBY
KiHLIEBOTO MPOAYKTY TE€JIypO-iHAYKOBAaHOI reTepOLMKIIi3aLii N-IeHTUHININipa3oi-4-KapOOHOBOI KUCJIOTH.

2. The dissertation is devoted to elucidating the regularities of the reactions of N-alkenyl(alkynyl) derivatives of
4(5)-functionalized pyrazoles with various electrophilic reagents, developing preparative methods for the synthesis
of halogen- and tellurium-containing heterocycles based on pyrazole, and estimation of the prospects for the
application of the obtained compounds. To determine the direction of electrophilic heterocyclization, benchmark
studies were carried out, which included halogenation and tellurohalogenation of aliphatic N-allyl and propargyl
amides, thioamides, and amidines. It was determined that, regardless of the type of electrophilic reagent, such
alkyl unsaturated compounds are not able to cyclize without the participation of additional doping compounds,
but form addition products, protonated salts or molecular complexes. Structural factors, which present in 4-
functionalized (acids, esters, aldehydes) N-alkenyl(alkynyl) pyrazoles, contribute to the electrophilic
heterocyclization under the action of halogens or tellurium halides. It was established that the action of equimolar
amounts of iodine or bromine on terminal N-alkenyl(alkynyl)pyrazole-4-carboxylic acids or esters leads to the
passage of iodine- or bromine-induced heterocyclization with the formation of halomethylidenepyrazolo[1,2-



a]pyridazinium salts, which crystallize in the form of pentaiodides, triiodides, bromides, tribromides. Homonuclear
correlation experiments and X-ray structural analysis prove the stereoselectivity of the process, resulting in the
formation of one isomer of the E-configuration. The introduction of a double amount of electrophilic reagent into
the reaction does not affect the structure and composition of the obtained salts, but increases their yields. The
determined experimental results made it possible to propose a mechanism for the halogenation reaction. We used
hybrid halogens (iodine bromide and chloride) as halogenating agents in the reaction with N-alkyl unsaturated
pyrazole derivatives and found that the result is iodine-induced heterocyclization according to the proposed
mechanism. A feature is the composition of the formed salts with different anions found by the results of elemental
analysis. It should also be noted that both individual iodine bromide in acetic acid and that obtained in situ were
used in the halogenation reaction. In both cases, iodine-induced cyclization isolated iododibromides of 4-
functionalized iodomethylidenepyrazolo[1,2-a]pyridazines. The replacement of the ester or carboxyl groups in
position 4 of N-pentynylpyrazole with an aldehyde group does not affect the regio- and stereoselectivity of
heterocyclization under the action of molecular or hybrid halogens. The difference is determined by the
composition of the formed salts. The stability of the formed cation of azaannelated pyrazole has been confirmed by
ion exchange reactions. When sodium perchlorate acts on pyrazolo[1,2-a]pyridazinium halides, the corresponding
perchlorates are effectively formed. The replacement of the position of the functional group in pyrazole from
position 4 to position 3(5) during alkylation predictably led to the formation of a mixture of alkylation products.
Halogenation of such a mixture revealed that only one of the isomers, ethyl N-pentynylpyrazole-5-carboxylate,
undergoes haloheterocyclization, which was proven by an experiment on homo- and heteronuclear correlations.
Chromatographic separation of the mixture and subsequent halogenation of the isomers confirmed this. Ethyl N-
pentynylpyrazole-5-carboxylate under the action of molecular and hybrid halogens formed
halomethylidenepyrazolo[1,2-a]pyridazinium halides. In contrast, ethyl N-pentynylpyrazole-3-carboxylate under
similar conditions formed a mixture of the addition product and the initual ester, which is probably explained by
the influence of the carboxyl group in position 3 on the nucleophilicity of N2 of pyrazole. Tellurohalogenation of
N-alkynylpyrazoles led to an unexpected result. Thus, the action of tellurium dioxide in excess of hydrohalic acid
on N-pentynylpyrazole-4- carboxylic acid at room temperature forms a product of stereoselective tellurium-
induced cyclization in the form of a zwitterion with tetravalent five-coordinated tellurium, as proven by X-ray
structural studies. This is the first example of the formation of a tellurium-containing zwitterion by electrophilic
cyclization and its mechanism is proposed. Changing the method of generation of tellurium tetrabromide from in
situ to individual also did not affect the composition and structure of the final product of tellurium-induced
heterocyclization of N-pentynylpyrazole-4-carboxylic acid.
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VIII. 3ak1104Hi BiZOMOCTI

Biiacue IlpisBume Im's ITo-6aThKOBI CimBka Muxaisio Bacuibosid
rOJIOBH pajau

Bsacue IlpisBume Im'st [T0-6aThKOBI Cimexa Muxaitno BacunboBnd
TOJIOBYIOYOTO Ha 3acCiaHHi

BiamoBiganbHUH 32 MiZTOTOBKY Cabos BikTopist [BaHiBHA

00JIiIKOBHX JOKYMEHTIB

PeecTpartop YkpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




