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1. SIkosenko I'.I'. CunTes nipazono[4,3-b]nipuauHoBux cucteMm Ha 0cHOBi N-Boc- 4-amiHomnipazosn-5-
Kapb6anbperiais. — Kpaniikanjiiina HaykoBa npalis Ha IIpaBax pykomnucy. Jluceprauist Ha 3500yTTsI HAYKOBOTO
CTyIeHs foKTopa ¢inocodii 3a cnenianbHicTio 102 «Ximis», crienianisanis «opraniyHa ximis» — HanioHanbHMn
yHiBepcuteT «KueBo-MorunsHcebka akagemis», Kuis, 2021, [Juceprauifina po6oTa prcBsiueHa po3pobieHHIO
IIperapaTyMBHO 3pYYHUX METO/iB CUHTE3y paHillle He ONUCaHuX TUIIB PYHKIIOHAJ30BaHUX Mipa3oso[4,3-
b]nipupuHiB Ta KociAKeHHIO iX TpaHcdopMalliil 3 METOI0 KOHCTPYIOBAaHHS HOBMX a30BMiCHUX

MOJIire TEPOLIMKIIIYHUX CUCTEM. B poJii 6a30BUX CYyOCTPATIB [1711 CUHTE3Y Mipa3oJIoNipuANHOBUX CUCTEM OYyIIN
BrKopucTtaHi N-Boc-4-amiHonipa3oso-5-kapbaibaeriay, siKi 1epeTBOPIOIOTh [TOCIIiTOBHUM JIiHIIOBAHHSIM Ta
nopanbmum gopmimosanHsaMm N-Boc-4- amiHonipasosiis, BUKOPUCTOBYIOUM AUMeTUIIpopamif, abo eTundopmiat, B
3aJIEXKHOCTI Bif cyocTpary. CUHTETMYHUM [ToTeHUian N-Boc-amiHoanbaerinis 6yB BOaao po3KpUTUA Ha IPUKJIaLi
KyacuyHoi peakuii @pinynennepa i3 giankin- Ta ajkizapuakeTOHAMU B CEPEIOBUILi KUIJISTYOi OLITOBOI KUCJIOTH i B

IIPUCYTHOCTI MiPOJIiAHY SIK KaTanidaTopa. Lle 0o3BosniIo B O HY IPENapaTUBHY CTAJiI0 i3 MOMiPHUMU BUXOJaMU



OTPMMATH HOBI 5,6-1iaskin-a6o apunsamimenHi nipasosno[4,3-blnipuaunu. IToganpmmnii HANPSMOK AOCTiIXEHb OYB
cdokycoBaHuii Ha B3aemopii N-Boc- 4-amiHomnipazosio-5-kapbaspAerifis i3 TUKIiYHUMY O-IUKETOHAMHU.
PesynbTaToM nifiopaHux peakuiiiHUX YMOB CTajI0 OfiEep>KaHHsI Nipas3osio[4,3-b]xiHoyiH-8-0HiB, sIKi uepes cTafio
YTBOPEHHS OKCUMiB, 6y IepeTBOpeHi B mipas3osno[3’,4":5,6]nipuno[3,2-blaseninu neperpynyBaHHsM bekmaHa i3
BUKOPUCTAHHSAM TPUDIYOPOMETaHCYIbHOHOBOro aHrigpuay. CUHTeTH4HI MOXINBOCTI N-Boc-4-amiHonipas3ono-5-
KapbasberifiB MpoIeMOHCTPOBAHI B3aEMOI€I0 i3 HU3KOIO al[€TOOILTOBUX eCTepiB Ta 3,3~ TUMETOKCUIIPOTIaHOATOM,
sKa MpUBeJia J0 S-aJKijl-3amileHx-6-KapoodyHKIioHaNi30BaHUX Mipa3oJo[4,3-b]nipuaunis. KatanitTuunum
riipyBaHHSM OCTAHHIX OTpUMMaHi NoxinHi 4,5,6,7-TeTparigpornipasono[4,3-b]nipununy, ki € nipazosaHeIbOBaHUMU
aHasioramu 6i0JIOTiYHO aKTUBHUX HilIEKOTHHOBUX KUCJIOT. HaykoBa HOBU3HA OEP>KaHUX pe3yJbTaTiB. B pamkax
BMKOHAHHS IMCEPTALiliHOrO IPOEKTY, HAMU pO3po06ieHUI e(PEeKTUBHUYM METO], CUHTE3Y MYJIbTUTPAMOBUX
KinbkocTeil N-Boc-4-amiHonipas3osno-5-kapbasnbaerinis. MeToq, 6a3yeTbcsl Ha CeIeKTUBHOMY JliHiloBaHHI N-Boc-4-
amiHomipa3osamiB i3 noganbmum GOPMINIOBaHHSIM AUMETUIPOPMaMiToM abo eTus popmiaTom. BctaHoBuBIIN, IO
oTpumani N-Boc-4-aminomnipasosio-5-kap6anbieriny pearyiorTs i3 Aiajkisi- Ta ajkijapuikeToHaMu B CEpeloBUIL
KHUIJISTY0] OL[TOBOI KUCJIOTU MPUCYTHOCTI €KBIMOJISIPHOI KiNIbKOCTI MipoJIiiuHYy i3 yTBOPEHHSIM HOBUX 5,6-aJKis-
apuinzamineHux nipasosno[4,3-b]nipuauHiB 3 nomipHuME Buxogamu. ONTUMI30BaHi YMOBH, B SIKUX BilOyBa€ThCS
ximiuyHa B3aemoqii N-Boc-4- amiHomnipa3osio-5-kap6anbaerifiB i3 HUKIIYHUMY O-TUKeTOHAMU, TO3BOJIVIIN 3TIiIHCHUTH
cHHTe3 Nipa3os10[4,3-b]xiHoiH-8-0HiB, iX okcumMu npu Aii TpUPayopoMeTaHCYPOHOBOTIO aHTITPULY
neperpynoByBanucs y nipasosno[3’,4':5,6]nipuno[3,2-bJaseninu. JocaimkeHi 3akoHOMipHOCTI KoHeHcallii N-Boc-4-
aMiHOIipa30s10-5- Kap6aiberiniB i3 HU3KOIO alleTOOLTOBUX €CTEPIB Ta 3,3-AUMETOKCUIIPOIIaHOATOM, BOHA
MIPUBOJIUTD MO 5- 3aMileHux nipasosno[4,3-b]nipuarH-6-KapOooKCHUIaTiB. [X BiIHOBJIEHHSI METOIOM KaTaJiTUYHOTO
rinpysanHs Ha Pd /C kaTanizaTtopi, oTpumani noxigHi 4,5,6,7-retparigponipasosno[4,3-bnipuauHis 6ygoBa SKUx
OJIHO3HAYHO JloBeJeHa MeTogoM PCA. TIpakTuyHe 3Ha4eHHSI OlepP>KaHUX Pe3yJIbTaTiB [0JISITAae y PO3pPOOLi
IIpernapaTyMBHO 3pYYHOro MeTony cuHTe3y N-Boc-4-amiHomipa3osio-5-Kap6aiblerifiB y MyJIbTUTPAMOBUX
KiJIbKOCT$IX, 11J0 JJO3BOJIMJIO YCIIIIHO BUKOPUCTATH iX [IJI1 CUHTE3y HOBUX 5,6-(yHKIioHaNMi30BaHUX Nipa3oso[4,3-
b]nipuaHOBUX cucTeM. BOHM BUSBUINCS LiHHUMU NOTi(PYHIIOHATBHUMU MOJIEKYJIIPHUMMU IJ1aTGOPMaMU J71st
KOHCTPYIOBAaHHSI HOBUX MOJIEKYJISIPHUX CUCTEM, a TAKOX 0i0NepCreKTUBHUMU aHAJIoraMu (papMaLeBTUYHUX
00'eKTiB, sIKi nepebyBaloTh Ha PiHANIBHUX CTaAiIX 610JIOTIUHMX NOCHiIKeHb a00 BXXe MaloTh IIPAaKTUYHE
3acrocyBaHH4. Kito4osi cioBa: N-Boc-4-aMiHonipa3osio-5-kapbanbaerigy, nipasono[4,3- blnipunnsuy,
nipazoso[3',4":5,6 mipuno[3,2-blazeniny, imigazo[1,2-a]nipasosno[3,4- e|nipununuy, nipasono[3',4:5,6 Jnipuno[2,3-
d]mipuminuny, peakuis Opignennepa, peaxuis KHboBeHaress, neperpynysanss bekmana, peakuis Kypuiyca,
KaTaJIiTU4HE TigpyBaHHS, reTePOLMKIIi3alis.

2. Yakovenko G. G. Synthesis of pyrazolo[4,3]pyridine systems based on N-Boc- 4-aminopyrazole-5-carbaldehyde.
- The manuscript. Dissertation for Doctor of Philosophy degree by specialty 102 “Chemistry”, specialization
“Organic chemistry”. National University of "Kyiv-Mohyla Academy", Kyiv, 2021. The thesis is devoted to the
development of convenient and efficient preparative methods of synthesis of novel functionalized
pyrazolo[4,3]pyridines and opening the synthetic access to obtain new azoheterocyclic systems. N-Boc-4-
aminopyrazole-5-carbaldehydes were chosen as basic molecular platform for the synthesis of the undescribed
pyrazolo[4,3]pyridines and were obtained from N-Boc-4-aminopyrazoles, via chemoselective reaction with n-BulLi
and further formylation with DMF or ethyl formate. The synthetic potential of N-Boc-4-aminopyrazole-5- can be
observed in classic Friedlander reaction, which consists of the reaction with dialkyl- or alkylarylketones in
refluxing acetic acid in presence of pyrrolidine. This method allowed to obtain novel 5,6-dialkyl- or alkylaryl-
substituted pyrazolo[4,3]pyridines in one preparatory stage. Further research was focused on the interaction of N-
Boc-4-aminopyrazole-5- carbaldehydes with cyclic o-diketones. As a result of such reaction the pyrazolo-[4,3-
b]quinolin-8-ones were obtained, that were then treated with NH2OH to give oximes in high yields. The reaction
of the latter with trifluoromethanesulfonic anhydride in Beckmann rearrangement was used to synthesize
pyrazolo[3',4":5,6]pyrido[3,2- b]azepins. Another approach was found in the reaction of N-Boc-4-aminopyrazole-5-
carbaldehydes with ethyl acetoacetate derivatives and 3,3-dimethoxypropanoate that allowed obtaining 5-
substituted pyrazolo[4,3-b]pyridine-6-carboxylates. The catalytic reduction of the latter gave 4,5,6,7-



tetrahydropyrazolo[4,3-b]pyridine-6-carboxylates, that exhibit some bioactive properties, as analogs of
nipecotinic acid. The chemical structures of the molecules have been determined using X-ray crystallography.
Reaction of malonic acid, o-cyanoacetic acid, malononitrile and o-cyanoacetic amide with N-Boc-4-aminopyrazole-
5-carbaldehydes in refluxing acetic acid or acetonitrile in presence of equimolar amount of pyrrolidine was used
for the synthesis of novel 5-oxo(amino)pyrazolo[4,3-b]pyridine-6-carboxylic acids, carbonitriles and carbamides,
respectively. Scientific novelty and originality of the results. As we expected, the N-Boc- 4-aminopyrazole-5-
carbaldehydes have proven to be effective substrates for the synthesis of a wide range of novel substituted
pyrazolo[4,3-b]pyridines. To achieve the goals of the research the effective method of obtaining N-Boc- 4~
aminopyrazole-5-carbaldehydes in multigram quantity has been developed. The latter were exanimated in
reactions with methylene active compounds such as ketones, o-diketones, ethyl acetoacetate derivatives, malonic
and o-cyanoacetic acids, malononitrile and o-cyanoacetic amid and creatinine. The reaction of N-Boc-4-
aminopyrazole-5-carbaldehydes with dialkyl- and arylalkylketones exhibited basic regularities of proceeding the
Friedldnder reaction and led to alkyl-, aryl- substituted pyrazolo[4,3-b]pyridines. Using o-diketones as reagent
allowed for synthesis of the pyrazolo-[4,3-b]quinolin-8-ones, that were used for obtaining
pyrazolo[3',4:5,6]pyrido[3,2-b]azepines via Beckmann rearrangement. A new effective approach to the synthesis of
potentially bioactive 4,5,6,7- tetrahydropyrazolo[4,3-b]pyridine-6-carboxylates as analogs of nipecotinic acid was
proposed. The new method is based on the reaction of N-Boc-4-aminopyrazole-5- carbaldehydes with ethyl
acetoacetate derivatives or 3,3-dimethoxypropanoate to give 5- substituted pyrazolo[4,3-b]pyridines-6-
carboxylates that subsequently can be successfully converted into target products by catalytic hydrogenation. The
practical significance of the results is to develop convenient preparative method of obtaining N-Boc-4-
aminopyrazole-5-carbaldehydes in multigram quantities for the use in synthesis of novel pyrazolo[3,4-e]pyridines
systems that proved to be valuable polyfunctional molecular platform for constructing a wide range of new
promising heterocyclic systems with potentially wide range of biological activities. Keywords: N-Boc-4-
aminopyrazole-5-carbaldehydes, pyrazolo[4,3- b]pyridines, pyrazolo[3',4":5,6]pyrido[3,2-blazepines imidazo[1,2-
a]pyrazolo[3,4- e]pyridines, pyrazolo[3',4:5,6]pyrido[2,3-d]pyrimidines, Friedldnder reaction, Knoevenagel
reaction, Beckmann rearrangement, Curtius rearrangement, catalytic hydrogenation, heterocyclization.
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