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SANTRUMPU IR TERMINU SARASAS

[bmim]BF4 1-butil-3-metilimidazolio tetrafluoroboratas

[bmim]SCN 1-butil-3-metilimidazolio tiocianatas

'"H BMR protoninis branduoliy magnetinis rezonansas

BC BMR anglies *C izotopo branduoliy magnetinis rezonansas

Ac,O acto rugsties anhidridas

ACP enoil-acilo nesiklio baltymas

AFO Algaro, Flynno ir Oyamados reakcija

Asn asparagino aminoriigstis

AURS fermentas aurono sintaze

Bn benzil

CAE chiralinis azakrauneteris

CDCls deuteruotas chloroformas

CHI fermentas chalkono sintazé

Chin chinolinas

CHR chalkono reduktazé

CHS chalkono sintaz¢

CNS centriné nervy sistema

CoA kofermentas A

CSD Kembridzo struktiiriné duomeny bazé (angl.
Cambridge Structural Database)

Cys cisteino aminoriigstis

Cu@DBM@ASMNPs silicio dioksidu dengtas magnetinis nanokatalizatorius,
turintis vario jona

Cp ciklopentalenilo jonas

DBU diazobicikloundecenas

DCM dichlormetanas, metileno chloridas
DME 1,2-dimetoksietanas

DMF dimetilformamidas

DMSO dimetilsulfoksidas

Dp 1,2-dihidropentalenilo jonas

His histidino aminortgstis

Ind indenilo jonas

k. t. kambario temperatiira

KO7Bu kalio tret-butoksidas

LiHDMS licio bis(trimetilsilil)amidas

Naph naftalenas

NBS N-bromsukcinimidas

PdCl(dtbpf) [1,1'-bis(di-tret-butilfosfino)feroceno]dichlorpaladis
Pd(OAc): paladZio acetatas

Pd(OAc)./PCps-HBF4 paladzio acetatas komplekse su ciklopentilfosfino
hidrofluorboratu

Ph fenil

Phe fenilalanino aminoragstis
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PKS
PPh;
PTA
PTSA
Pz
TBATB
TBDPSO
TEA
TFA
TH,0
TGA
Th
THF
TsNHOH
X-Phos
ZSM-5
Mobil-5)

piridinas

poliketidy sintazé
trifenilfosfinas
1,3,5-triazo-7-fosfaadamantanas
p-toluensulfono riigstis

pirazolas

tetrabutilamonio tribromidas
tret-butildifenilsilil-

trietilaminas

trifluoracto ragstis
trifluormetansulfonanhidridas
tioglikolio riigstis

tiofenas

tetrahidrofuranas
N-hidroksi-4-toluensulfonamidas
fosfino ligandas
aliumosilikatinis pentasilinis ceolitas (Zeolite Socony
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IVADAS

Chalkonai yra gamtoje aptinkami junginiai, priklausantys flavonoidy $eimai,
randami darZovése, vaisiuose ir kituose augaluose [1]. Dauguma literatiiros Saltiniy,
vartodami terming ,,chalkonas®, nurodo j junginius, turin€ius a.f-nesotyji ketona.
Chalkony Seimos junginiai pasizymi placia strukttros jvairove, pagal struktiira
juos galima suskirstyti 1 dvi grupes: paprastus, arba klasikinius, chalkonus ir
hibridinius chalkonus. Chalkony Seimos junginiai kelia susidoméjimg ne vien dél
sintetiniy ar biosintetiniy galimybiy, bet ir dél biologinio aktyvumo. Jy terapinis
pritaikymas siekia tukstancius mety naudojant augalus ir i$ jy pagamintus tepalus,
iStraukas, mikstiiras uzdegimams, diabetui ar net véziui gydyti [2—5]. Per paskutinius
40 mety buvo atrasta nemazai nattraliy chalkony, pasiZyminciy prie§vézinémis [6—
9], antimaliarinémis [10, 11], antibakterinémis [12—14], prieSuzdegiminémis [15, 16],
antiretrovirusinémis [ 17], antihiperglikeminémis [ 18], tirozinkinaz¢ inhibuojanciomis
savybémis [19].

Nuo Sio tiikstantmecio pradzios ir ypa¢ paskutinj deSimtmetj yra suaktyvejusi
heteroaromatiniy chalkony sintezé. Sukuriama vis daugiau naujy molekuliy,
pasizyminciy placiu pritaikymu medicinoje ir pramongje. Literatiiroje galima rasti,
kad chalkonai su heteroaromatiniais fragmentais, tokiais kaip pirazolas, piridinas,
oksazolas, tiofenas, indolas ir kiti, gali biiti potencialios vaistinés medziagos. Taip pat
chalkono strukttra gali buti pritaikoma ir sudétingesniy junginiy sintezéje.
Heteroaromatiniai ziedai, jterpti j chalkono struktiira, gali pasitarnauti pagerinant jy
biologines savybes. Nemazai rinkoje egzistuojanciy vaistiniy medziagy molekuliy
turi heterociklus ir pasizymi prie§vézinémis, prieSuzdegiminémis, antipsichozinémis,
Hs-receptoriy agonistinémis ir kitomis savybémis [20-26]. Pirazolo Ziedas yra vienas
pagrindiniy heterocikliniy ziedy, naudojamy farmacijos srityje [27]. Celekoksibas,
Rimonabantas ir Sildenafilis yra geriausiai zinomi vaistai, kuriy sudétyje yra pirazolo
7iedas. Zinoma, $is heterociklas yra pritaikomas ir kitose srityse, tokiose kaip
agrochemija [28], polimery [29] ar ligandy kiirimas [30]. Taip pat pirazolo zieda
turin¢ios molekulés gali pasizyméti ir fluorescencinémis savybémis [31, 32].

Chalkonai taip pat yra naudojami ir kaip pradiniai junginiai sudétingesniy
dariniy sintezei. Vieni tokiy yra flavonoliai. Sie junginiai gamtoje randami kaip i$
chalkony gaunami biosintezés produktai. Flavonoliai yra flavanoidy grupei
priklausantys junginiai. Jie gamtoje atsakingi uz spalvas ir augaly apsauga nuo UV
[33]. Mokslininkai bando atrasti flavonoliy pritaikyma medicinos srityje kuriant
priesvézinius [34, 35], nerviniy lasteliy zutj stabdancius [36] ar Sirdies kraujagysliy
sistemg veikianCius [37, 38] junginius. Taip pat placiai tiriamos flavonoliy
fluorescencinés savybés [39, 40].

Darbo tikslas:

I$ 1-fenil-1H-pirazol-3-olio susintetinti nau]us (E)-1-(1-fenil-3-hidroksi-1H-
pirazol-4-il)-3-(hetero)arilprop-2-en-1-onus ir 2-fenil-6-(hetero)aril-5-
hidroksipirano[2,3-c]pirazol-4(2H)-onus ir jy darinius bei iStirti savybes.

Tikslui pasiekti iSkelti uzdaviniai:
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1. IS 4-formil- arba 4-acetil-1-fenil-1H-pirazol-3-oliy ir atitinkamy
acetofenony arba karbaldehidy, panaudojus Claiseno ir Schmidto reakcijos salygas,
susintetinti naujus heterociklinius chalkonus.

2. Istirti gauty heterocikliniy chalkony reakcijas su hidroksilaminu,
nustatyti susidariusiy junginiy struktiirg.

3. I8 gauty heterocikliniy chalkony, panaudojus Algaro, Flynno ir
Oyamados reakcijos salygas, gauti pirano[2,3-c]pirazolo darinius.

4. I§ 6-aril-2-fenil-5-hidroksipirano[2,3-c]pirazol-4(2H)-ony, panaudojus
Pd-katalizuojamas reakcijas, per tarpinius 2,6-difenil-4-okso-2,4-dihidropirano[2,3-
c]pirazol-5-iltrifluormetansulfonatus gauti jvairiai 5-pakeistus pirano[2,3-c]pirazol-
4(2H)-onus.

5. IStirti susintetinty junginiy fotofizikines savybes.

Darbo mokslinis naujumas

Pirma kartg i lengvai prieinamo 1-fenil-1H-pirazol-3-olio per keturias reakcijos
stadijas susintetinti nauji 6-(hetero)aril-5-hidroksi-2-fenilpirano[2,3-c]pirazol-4(2H)-
onai. Sios sintezés metu gauti  (E)-1-(1-fenil-3-hidroksi- 1 H-pirazol-4-il)-3-
(hetero)arilprop-2-en-1-onai buvo panaudoti reakcijose su hidroksilaminu gaunant
pirazolizoksazolus. Taip pat buvo susintetinti >N zymeéti 3/5-(1-fenil-3-metoksi-1H-
pirazol-4-il)-5/3-fenil-'""N-1,2-oksazolai. ~Zyméto N atomo jterpimas |
azaheterociklus yra svarbus metodas tyrinéjant molekuliy struktiiras, kuris smarkiai
iSple¢ia BMR metody naudojimo galimybes. Atliekant 5-hidroksipirano[2,3-
c]pirazol-4(2H)-ony O-alkinilimo reakcijas gauti 2,6-difenil-5-metoksipirano[2,3-
c]pirazol-4(2H)-onas, 2-fenil-6-(1-metilpiridin- 1-i0-4-il)-4-okso-2,4-
dihidropirano[2,3-c]pirazol-5-olatas, 2-fenil-6-(1-metilpiridin-1-io-3-il)-4-okso-2,4-
dihidropirano[2,3-c]pirazol-5-olatas.  Vykdant  5-trifluormetansulfonato  Pd-
katalizuojamas reakcijas gauti atitinkami nauji 5-alkenil-, S5-alkinil- ir 5-
arilhidroksipirano[2,3-c]pirazol-4(2H)-onai. [Saugintas gauto junginio 2-fenil-6-(1-
metilpiridin- 1-ium-4-il)-4-okso-2,4-dihidropirano[2,3-c|pirazol-5-olato kristalas ir
atliktas rentgeno spinduliy difraktometrijos tyrimas. Junginiui suteiktas CCDC-
2287991 kodas CSD duomeny bazéje. Naujai susintetinti junginiai papildo organinés
chemijos junginiy biblioteka, jie potencialiai gali biiti panaudojami kuriant
sudétingesnes molekules ir tiriami dél biologinio aktyvumo. Atlikti junginiy
fotofizikiniai tyrimai parodé¢ flavonoliy gebéjima fluorescuoti dviguba emisija su
dideliu stokso poslinkiu. Sios pirano[2,3-c]pirazol-4(2H)-ony struktiiros gali biti
toliau tyrinéjamos ieSkant pritaikymo kaip potenciallis biozymenys.

Ginamieji teiginiai:

1. 1-fenil-1H-pirazol-3-olis kaip pradinis junginys yra tinkamas
heteroaromatiniy chalkony — (2E)-3-aril-1-(1-fenil-3-hidroksi- 1 H-pirazol-
4-il)prop-2-en-1-ony ir jy analogy bei (£)-1-aril-3-(1-fenil-3-hidroksi- 1 H-
pirazol-4-il)prop-2-en-1-ony ir jy analogy — sintezei.

2. (2E)-3-aril-1-(1-fenil-3-hidroksi- 1 H-pirazol-4-il)prop-2-en-1-ony struktiira
yra tinkama norint gauti pirano[2,3-c]pirazol-4(2H)-onus gpritaikant
Algaro, Flynno ir Oyamados reakcijos salygas.
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6-aril-2-fenil-5-hidroksipirano[2,3-c]pirazol-4(2H)-onai gali bti panaudoti
Pd-katalizuojamose reakcijose gaunant jvairiai S5-pakeistus pirano[2,3-
c]pirazol-4(2H)-onus per tarpinius 2,6-difenil-4-okso-2,4-
dihidropirano[2,3-c]pirazol-5-iltrifluormetansulfonatus.



1. LITERATUROS APZVALGA

Chalkonai yra gamtoje aptinkami junginiai, priklausantys flavonoidy S$eimai,
randami darzovése, vaisiuose ir kituose augaluose [1]. S. Kostaneckis ir J. Tamboras
1899 metais pirmieji publikavo £-1,3-difenilprop-2-en-1-ono sintezg ir pavadinima
,»chalkonas* [41]. Nuo tada priimta, jog chalkonai arba chalkonoidai turi 1,3-diaril-2-
propen-1-ono struktiirg. Si struktiira egzistuoja cis- () ir trans- (E) izomery forma,
taCiau transizomeras yra termodinamiskai stabilesnis [3, 42] (1.1 pav.). Chalkono
molekuléje prie karbonilgrupés prijungtas fenilo Ziedas jvardinamas kaip A ziedas, o
kitas fenilo ziedas — B Ziedas [43]. A ir B ziedai gali biiti pakeisti heterocikliniais,
tokiais kaip: pirazolas, izoksazolas, triazolas, barbittirinés riigsties dariniai ir kt.

FPE G

E-chalkonas Z-chalkonas

1.1 pav. E ir Z chalkono izomerai
1.1. Natiiraliis chalkony Saltiniai

Dauguma literatiiros Saltiniy, vartodami terming ,.chalkonas®, nurodo |
junginius, turinéius a,f-nesoc¢iaja ketono sistema. Taciau chalkony Seimos junginiai
pasizymi placia struktiiros jvairove, jy struktiira galima suskirstyti i dvi grupes:
paprastus, arba klasikinius, chalkonus ir chalkonus hibridus. Klasikiniy chalkony
junginius galime rasti tokiuose augaluose, kaip Toxicodendron vernicifluum, kuris
kaupia buteino chalkona I [44, 45], Biancaea sappan augalo medienoje galima rasti
sappanchalkong II ir 3-deoksisappanchalkong III [46, 47], Cullen corylifolium yra
bavachalkono IV [48], o Piper aduncum — cardamonino V [49]. Chalkony $eimos
junginiai kelia susidoméjimg ne vien dél sintetiniy ar biosintetiniy galimybiy, bet ir
del biologinio aktyvumo. Jy terapinis naudojimas siekia tiikstancius mety naudojant
augalus ir i§ jy pagamintus tepalus, iStraukas, mikstiiras uzdegimams, diabetui ar net
véziui gydyti [2—-5]. Per paskutinius 40 mety buvo atrasta nemazai natiiraliy chalkony,
pasizyminciy pries§vézinémis [6—9], antimaliarinémis [10, 11], antibakterinémis [12—
14], prieSuzdegiminémis [15, 16], antiretrovirusinémis [17], antihiperglikeminémis
[18], t1rozmkmaze; inhibuojanc¢iomis savybemls 19].

OH O
HO OH OH HO OH HO o~ OH
111
o) OH O
~o OH OH HO o~
1A% \%
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1.2 pav. Gamtoje aptinkami klasikiniai chalkonai

Chalkonai hibridai, tokie kaip bischalkonai, savo struktiiroje turi du j vieng
molekule sujungtus chalkono fragmentus. PavyzdZziui, ruschalkonas VI, iSgautas i§
Rhus pyroides augalo, kuris pasiZymi ativirusinémis ir prie§vézinémis savybémis
[50]. G. Wangas ir kiti [51] iSskyré dihidrochalkonus VII i§ Flemingia philippinensis
augalo ir pavadino fleminchalkonais. Si chalkony grupé turi redukuota a.f-nesotyjj
dviguba rysj. Chalkonus imituojancios molekulés VIII ir kondensuoti chalkonai IX
(1.3 pav.) yra struktiiriSkai netradiciniai, taciau turi j a.f-nesotyjj ketong panaSia
sistema. Be to, tokios kondensuotosios struktiiros susidaré i§ chalkony per specialius
biosintezés kelius [52].

OH O

OH O
DASOIENNSORAS
~o OH 0 OH o~

O \OH |

HO O R
VI VII
0 | OH o o HO
NN o HO | OH
a o O
VIII IX

1.3 pav. Gamtoje aptinkami chalkonai hibridai

F. Kreuzaler ir kiti 1972 m. atrado fermentg chalkono sintaz¢ (CHS), kuri
priklauso poliketidy sintazés (PKS) superSeimos trec¢iajam potipiui [53]. CHS yra
aukstesniesiems augalams buidingas fermentas, kuris taip pat buvo atrastas ir keliuose
zemuosiuose augaluose, tokiuose kaip Marchantia polymorpha [54]. CHS
superSeimos fermentai yra susij¢ su jvairiy antriniy metabolity, apimanciy
flavonoidus, stilbenus ir auronus, biosinteze [55]. CHS egzistuoja kaip homodimeras,
o kiekvieno monomero dydis yra mazdaug 4245 kDa. Pagrindinés aminoriigstys,
randamos aktyviajame fermento centre, yra Cys164, Phe215, His303 ir Asn336.
Pastebima, kad Sios aminortigStys randamos visuose CHS ir | CHS panaSiuose
fermentuose, jy aktyviuosiuose centruose [56]. CHS katalizuojama biosintez¢ (1.1
schema) prasideda nuo kumaroilgrupés pernesimo nuo 4-kumaroilkofermento A
(CoA) i Cysl64. Tuo pat metu vyksta poliketido reakcija, kurios metu trys malonilo-
CoA suformuoja tarpinj produkta. Po tetraketido suformavimo jvyksta regiospecifiné
Claiseno tipo ciklinimo reakcija, kurios rezultatas — naujo ziedo susidarymas, gaunant
naringenino chalkong. Naringenino chalkonas toliau modifikuojamas chalkono
reduktazeés (CHR) ir CHS fermenty ir gaunamas 6'-deoksinaringeninchalkonas [56—
62]. Susidariusius chalkonus toliau modifikuoja chalkono izomerazés (CHI)
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fermentas, ir yra gaunami flavonai [56]. Kitame biosintezés kelyje naringenino
chalkonai yra paverCiami auronais augaly katecholoksidazés, aurony sintetazés
(AURS) biidu [63]. Sis virsmas nuo chalkony iki flavanony arba aurony taip pat gali
biti gaunamas chemiskai, pavyzdziui, Algaro, Flynno ir Oyamados reakcijos metu
[64].

O O
CHS Cys164 _
- O
Pirma stadija OH
SEnz

Claiseno tipo ciklizacija

| o,
(0] OH O
CoAS = O O =
+ —
3HOJ\/U\SCOA O
OH HO OH OH

4-kumaroilCoA malonilo-CoA naringenino chalkonas

I |
(~ CHS+CHR R=0H(~ !

0 CHI
=
HO OH on RH o

6'-deoksichalkonas

R O

AU Rg\'

Auronai

1.1 schema. Chalkony, flavanoliu ir aurony biosintezé
1.2. Heteroaromatiniai hibridiniai chalkonai

Heteroaromatiniy chalkony dariniai uzima svarbig vieta kuriant naujas
heterociklines molekules. Chalkonai su pakeistais A ir B Ziedais pasizymi pla¢iu
pritaikymu jvairiose srityse, tokiose kaip medicina, agrokultira [65-68] 3D
spausdinimas [69] ir kt. Mediciningje chemijoje daug aktyvumu pasiZymincCiy
molekuliy turi heterociklus, taip pat tarp sintetiniy chalkony dariniy svarbig dalj
sudaro heterocikliniai chalkonai [70, 71]. Pavyzdziui, geromis prie§vézinémis ir
antimikrobinémis savybémis pasizymi chalkonas X, turintis piridin-2-ilo ziedg [72].
Piridinchalkono darinys XI buvo sukurtas kaip potencialus tubulino inhibitorius su
antiproliferaciniu poveikiu keletui véziniy lasteliy [73]. Taip pat buvo matomas
priesvézinis indolizilo junginio XII aktyvumas, kuris taip pat suzadino nuo kaspazés
priklausoma apoptoze zmogaus limfomos lastelése [74]. Kvinoksalinilo darinys XIIT
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yra aktyvus prie§ MCF-7 lasteliy linijg [75], tien-2-ilo darinys XIV taip pat pasizymi
priesvéziniu poveikiu tiesiosios ar storosios zarnos vézio lasteléms, skatindamas jy
apoptoze [76]. Chalkonas XV tyrimuose parodé¢ puikius rezultatus slopinant
acetilcholino ir monoamino oksidazés B fermentus. Tesiant S$io junginio
tyrimus galima tikétis, kad jis bus iStobulintas iki neurodegeneracinéms ligoms gydyti
skirto ihibitoriaus [77]. Junginys XVI veikia kaip transglutamazés inhibitorius [78].
Pasitelkiant in silico modeliavimo metodus, tokius kaip QSAR virtualus skenavimas,
buvo sukurtas ir susintetintas junginys XVII, kuris, pasizyméjo daug Zadanciu
poveikiu tuberkuliozés patogenams ir kai kurioms Mycobacterium tuberculosis
ruSims, atsparioms izoniazidui ir rifampicinui [79]. In vivo neselektyviu
cikloksigenazés 1 ir 2 inhibuojanciu poveikiu bei prieSuzdegiminémis ir
antioksidacinémis savybémis pasizyméjo indolo pagrindu gautas chalkonas XVIII
[80]. Grupé pirazolo pagrindu gauty chalkony pasiZzyméjo neblogu bioaktyvumu.
Junginys XIX buvo aktyvus kaip prieSuzdegiminis agentas, o junginiai XX ir XXI
(1.4 pav.) — kaip chemoterapiniai agentai prie§ kepeny karcinomos lasteles, sukeldami
siy lasteliy apoptozing mirtj G2/M lastelés augimo fazéje [81, 82].

(0] (0] (e}
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‘ = l\‘l/ N~ ? N\_N__~
O (0]
~ ~N
XI o~ Ph XII
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o o) H o
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| \ &
HoN N Br s NO,
XIIT XI1vV XV

(0] (0] /
M (L
/
o s o N &,
\ NO,
Br

XVIIL XVIII

XIX

1.4 pav. Sintetiniai heteroaromatiniai chalkony dariniai
1.3. Chalkony sintezés budai

Chalkony sintezé laboratorinémis saglygomis zZinoma jau apie 120 mety, ir per
tuos metus buvo iSvystyta ne viena metodika, kaip gauti Siuos junginius. Pagrindiniai
metodai yra: Claiseno ir Schmidto kondensacijos reakcija, kryZminio jungimo
reakcijos ir kiti metodai.
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1.3.1. Claiseno ir Schmidto kondensacijos reakcija

Claiseno ir Schmidto reakcija pavadinta dviejy tyrinétojy, R. L. Claiseno [83] ir
J. G. Schmidto, vardu [84]. Tai yra procesas, kai benzenkarbaldehidas ir metilketonas
kondensuojami katalizatoriumi (1.2 schema). Katalizatorius gali biti stipri bazé ar
rigstis. Bazinés katalizés metu chalkonas formuojasi i§ aldolio produkto per enoliaty
dehidratacijos mechanizmg, o riigStinés katalizés atveju jis susidaro per enoliy
mechanizmg [85]. Sios reakcijos trikumas yra ilgas reakcijos laikas. Paprastai §i
reakcija uztrunka 24-48 val., kol susidaro tikslinis produktas. Taip pat reakcijos
metu gali susidaryti Salutiniy produkty ar likti nesureagavusiy pradiniy junginiy, dél
to pasunkéja galutinio produkto gryninimas. Sios reakcijos iseigos gali svyruoti nuo
10 % iki beveik kiekybinés 100 % iSeigos [85, 86]. Dél savo paprastumo,
ekonomiSkumo ir plataus pritaikymo jvairiems substratams Claiseno ir Schmidto
kondensacijos reakcua iSlieka viena populiariausiy metodiky gaunant chalkonus [87].

©* *@

1.2 schema. Benzenkarbaldehidas ir metilketonas kondensuojami katalizatoriumi

1.3.1.1. Claiseno ir Schmidto kondensacijos reakcija bazinémis salygomis

Klasikiné Claiseno ir Schmidto kondensacijos reakcija paprastai vyksta bazinéje
aplinkoje naudojant kalio tret-butoksidg, natrio hidroksida arba kalio hidroksida
metanolyje ar etanolyje kambario temperatiiroje. Si reakcija pla¢iai naudojama
hidroksigrupe fenilzieduose turinéiy chalkony sintezei, paprastai gaunant geras ar
puikias ieigas (60-90 %). Zemiau pateikiami keli baziniy reakcijy salygy
pavyzdziai gaunant chalkonus.

Q. B. Songas su kolegomis ieSkojo naujy organiniy metalo molekuliy ir
susintetino feroceno chalkong (1.3 schema) naudodami natrio hidroksido baze
kambario temperattiroje per 2 valandas [88].

©\TO o) PN
! NaOH, EtOH !
Fle + H)‘\© —_— Fle S

< k.t. 2 val. <

: : e

1.3 schema. Feroceno chalkono sintezé

D. Armesto ir kiti tyrinégjo organiniy molekuliy fotocheminj reaktyvuma. Jie
susintetino chalkong su ciano pakaitu a-pozicijoje (1.4 schema). Produktui gauti buvo
panaudotos Svelnios sglygos: piperazinas kaip bazé, etanolis ar metanolis kaip tirpiklis
[89].
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©)‘\ J\© piperazinas m
EtOH, k. t. CN O
7

1.4 schema. Chalkono turincio ciano pakaita a-pozicijoje sintezé

J. B. Daskieviczius ir kt. panaudojo li¢io bis(trimetilsilil)amidg (LiHDMS) kaip
baze kondensacijai katalizuoti (1.5 schema). Reakcijos buvo vykdytos tarp jvairiy
acetofenony ir karbaldehidy THF tirpiklyje viena valanda virimo temperatiiroje.
Gauty chalkony iéeigos sieké iki 50 %. [90].

OR1 OR1
LIHMDS
RZO THF, vir. tR o R3
a Ry=Ry=R3=-H; a R4=H; Rs=-OH; 2 R1ZReTReT R, RSLOHE
b R1=R2=H; R3='OH; b R4=R5=-OH; 221 SZ EB_RH 24 55_-8:.’
R1=TBDPS; Ry=Rg=-H; ¢ Ry=H; Rs=TBDPSO-; ! TRDPS: R.oR.CR.
gRlszan; Ny ngstz_ﬁH; d Ry=TBDPS; R,=R3=R4=H; Rs=TBDPSO-;

e R,=Pr; Rs=TBDPSO-; & R1=R27Bn; R3=R4=Rs=-H;
f R4=Pr' R5=TBDMSO- f R1=TBDPS, R2=R3=R4=R5=-H;
’ g R4=TBDPS; Ry=R3=H; Ry=Pr; Rs=TBDPSO-;
h Ry=TBDPS; Ry=R3=H; R4=Pr; Rs=TBDMSO-.

1.5 schema. Claiseno ir Schmidto kondensacijos reakcija panaudojant li¢io
bis(trimetilsilil)amida kaip baze

S. Sebti ir kt. panaudojo natrio nitrato arba licio nitrato ir natiiralaus fosfato (NF)
miSinj kaip baze (natiralus fosfatas buvo iSgautas i§ Maroko Khouribga regione
iSkastos riidos) metanolyje kambario temperatiiroje ir gavo chalkonus geromis
i8eigomis, kurios sieké iki 98 % (1.6 schema). [91].

O

(0]
H ., )\©\ NaNOg/NF O O
R1 R MeOH k. tR R3
R2
n 12 13 (98%)

1.6 schema. Claiseno ir Schmidto kondensacijos reakcija panaudojant natrio nitrato
natiiralaus fosfato (NF) misinj kaip baze

Kaip jau buvo minéta anksc¢iau, heteroaromatiniai fragmentai daznai pastebimi
biologisSkai aktyviuose junginiuose. Stengiantis atrasti vis aktyvesnius chalkony
analogus reikalingi ir efektyvesni sintezés buidai gaunant junginius su heterociklais
chalkony A, B ar AB padétyse. Zemiau pateikiama keletas atlikty tyrimy pavyzdziy,
kaip, panaudojus bazing Claiseno ir Schmidto kondensacijos reakcijg, buvo gauti
chalkonai su skirtingais heterociklais A Ziedo padeétyje.
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S. Sweetingas ir kolegos tyringjo skirtumus tarp paprasty E-chalkony ir
heterocikliniy chalkony tirpumo ir stabilumo. Sio tyrimo metu buvo susintetintas
pirolilchalkonas 15 (1.7 schema) panaudojant stiprias bazines salygas (vandeninis
60 %. KOH tirpalas) ir centrifuguojant reakcijos miSinj pus¢ valandos. Gauto
produkto iSeiga buvo maza (22 %) [92].

O
H (6]
N . H 60% KOH_ ,
\ 30min.
14 15 (22%)

1.7 schema. Pirolilchalkono sintezé

D. M. Lokeshwari su komanda panaudojo panaS$ia strategija, ta¢iau sumazino
kalio Sarmo koncentracija ir pailgino reakcijos laikg (1.8 schema) ir gavo
furilchalkong labai gera iSeiga 87 %[93].

(6]
(6]
(0] + H KOH
\ /] 2val.
16 2 (87%)

1.8 schema. Furilchalkono sintezé

H. Parveenas ir kt. publikavo darba apie beveik kiekybine tien-2-ilkarbaldehido
konversijg kambario temperatiroje vykdant Claiseno ir Schmidto kondensacija su
benzenkarbaldehidu vandeniniame kalio Sarmo ir etanolio tirpale gaunant
tienilchalkong (1.9 schema) [94]

KOH ,EtOH S
M \ |

1.9 schema. Tienilchalkono sintezé

N. Sunduru su kolegomis ieskojo efektyviy junginiy prie§ leiSmaniozg ir
susintetino mazg piridilchalkony bibliotekg. Reakcijos metu (1.10 schema) 1
ekvivalentas 4-acetilpiridino buvo létai sulasintas j 0 °C temperatiiros metanolio ir
10 %. natrio Sarmo vandenin] tirpalg. Po to j miSinj létai sulaSintas atitinkamas
aldehidas. Produktai gauti nuo 67 % iki 76 %. iSeiga [95].

Q 10% NaOH (aq) P

N . JOL MeOH, 0 °C, 30min_ [ R
N~ R” H N. =~

20 21 22
a R=fenil-, 75%; f R=4-tolil-, 76%;
b R=4-metoksifenil-, 67%; g R=4-metoksisulfanilfenil-, 70%;
¢ R=2,5-dimetoksifenil-, 67%; h R=3,4-dimetilfenil-, 67%;
d R=2,4,5-trimetoksifenil-, 67%; i R=4-chlorofenil-, 68%.

e R=3,4,5,-trimetoksifenil-, 67%;
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1.10 schema. Piridilchalkony sintezé

S. Sinha ir bendradarbiai tyrinéjo lipoksigenazés inhibitorius ir pritaike
kompiuterinj modeliavimg sudaré potencialiai aktyviy chalkony sintezés plang (1.11
schema). Tyrime pateikta aStuoniolikos 1,3-tiazolilchalkony 25 a-s sintez¢. Chalkonai
buvo gauti reaguojant tiazolilketonams su jvairiais aromatiniais karbaldehidais
naudojant natrio Sarma ir etanoli, o reakcijos laikas svyravo nuo 2 iki 4 valandy [96].

(0]
=
ArOCHN\( 25 NNaOH — ™ R
EtOH 2-4 val. >\/S
ArOCHN
25
a Ar=Ph-, R=-H, 83%: j Ar=Ph-, R=3,4-diMeO-, 77%;
b Ar=Ph-, R=4-F-, 85%; k Ar=Ph-, R=3,4,5-triMeO-, 81%;
¢ Ar=Ph-, R=4-Cl-, 79%; | Ar=Ph-, R=4-Me-, 95%;
d Ar=Ph-, R=4-Br-, 56%: m Ar=4-FCgH,-, R=4-Me-, 92%;
e Ar=Ph-, R=3-Br-, 66%; n Ar=4-MeOCgH4-, R=4-Me-, 87%;

f Ar=4-MeOCgH,-, R=4-F-, 88%; 0 Ar=Ph-, R=4-Me;N-, 82%;

g Ar=4-O,NCgHy-, R=4-Cl-, 92%; p Ar=4-FCgH,-, R=4-Me;,N-, 86%;

h Ar=Ph-, R=3-O,NCgHy4-, 92%; r Ar=Ph-, R=6-Br-1,3-diokso-5-il-, 95%;

i Ar=Ph-, R=4-MeO-, 85%; s Ar=4-FCgHy-, R=6-Br-1,3-diokso-5-il-, 94%.

1.11 schema. 1,3-tiazolilchalkony sintezé

X. Zhao ir kiti gavo nedidele indolilchalkony serija (1.12 schema). Reakcijos
vyko etanolio virimo temperatiiroje reaguojant aldehidams su 1-(1H-indol-2-il)etan-
1-onais. Gauty produkty iSeigos buvo nuo 60 % iki 90 % [97].

H 0
N O , H = 0,3 M NaOH, MeOH
7 0°C, k. t. O
5 min., 16 val.
26 27 28

a R=2-MeO-;
b R=4-Cl-;
¢ R=2,5-diCl-.

1.12 schema. Indolilchalkony sintezé

C. Hsiehas ir kiti pademonstravo, kad jmanoma gauti chalkonus, turin¢ius
tiazolilfragmentg A Ziedo pozicijoje, panaudojant Claiseno ir Schmidto kondensacija
(1.13 schema). Reakcija buvo atlickama atitinkamus benzenkarbaldehidus iStirpinus
metanolyje, sulaSinus natrio Sarmo tirpalg, misinj atvésinus iki 0 °C. Tuomet létai
sulaSinus 2-acetiltiazolg temperattra pakelta iki 24 °C, reakcija vyko 16 valandy.
Gauti produktai nedidelémis iSeigomis (15-25 %) [98].
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30 k t, 16 vaI
a R—4-MeO-, 24%;
b R=4-Me;,N-, 25%;
Cc R=4-02NC6H4-, 15%.

1.13 schema. Tiazolilchalkony sintezé

Y. Saito ir komanda susintetino benzofurano funkcionalizuotus chalkony
hibridus (1.14 schema). Jie naudojo 5% kalio Sarma etanolyje kambario
temperattroje reakcijg vykdydami 72 valandas. Gautos iSeigos varijavo nuo 20 % iki
97 % [99].

R, Rs O o)
5% KOH, EtOH
R~ ' HJ\QRG k: 16 val. O O Re
0 Rs Rs
R4 R4
32 33 34
a R1=R2=R3=R4=R6=-H, R5=-OH, 63%; I R1=R2=R6=-H, R3=R4=Me0-,
b R1=R3=R4=R6=-H, R2=Me-, R5=-OH, 27%; R5=-OH, 35%;

C R1=R2=Me-, R3=R4=R6=-H, R5=-OH, 81%; m R1=R2=R3=R4=R6=-H, R5=MeO-, 34%;
d R1=R3=R4=R6=-H, R2=t-BU-, R5=-OH, 20%; n R1=R2=Me-, R3=R4=-H, R5=-OH,

e R1=R3=R4=Rg=-H, Ry=Ph-, R5=-OH, 27%; Re=2-MeO-, 70%;
fR1=R2=R3=R5=-H, R4=Me-, R5=-OH, 72%; o R1=R2=Me-, R3=R4=-H, R5=-OH,
g R1=R3=Rg=-H, R,=R4=Me-, R=-OH, 60%; Re=3-MeO-, 61%;
h R1=Ry=R4=Me-, R3=Rg=-H, R5=-OH, 81%); p R1=R2=Me-, R3=R4=-H, R5=-OH,
i R1=R3=R6=-H, R2=t-BU-, R4=Me-, R6=4-Me0-, 68%;

R5=-OH, 30%; r Ri=R,=Me-, R3=R4=-H, R5=-OH,
j R1=R3=Rg=-H, Ry=Ph-, R4=Me-, Rs=2,4-diMeO-, 76%;

R5=-OH, 71%; S R1=R2=Me-, R3=R4=-H, R5=-OH,
k R1=R3=Rg=-H, Rp=4-HOPh-, R4=Me-, Re=3,4-diMeO-, 71%;

R5=-OH, 35%; t R1=R2=R4=R5=R6=-H, R3=-OH, 87%;

u R1=R4=R5=R6=-H, R2=Me-,
R3=-OH, 97%;

v R1=Ro=Me-, R3=-OH, R4=R5=Rg=-H, 80%;
z R1=R2=Me-, R3=R4=-H, R5=OH,
Re=4-MeO-, 68%.

1.14 schema. Benzofuranochalkony sintezé

Claiseno ir Schmidto kondensacija taip pat placiai naudojama ir chalkonams su
heretocikliniu B ziedu gauti. Nemazai moksliniy grupiy panaudojo §j metoda
gaudami chalkonus, B ziedo padétyje turinius furano, pirolo, pirazolo, tiazolo,
tiofeno ziedus, taip pat kondensuotus indolo, benzimidazolo, chinolino ir kitus Ziedus.

J. Li su kolegomis tyrinéjo chalkony dariniy fotoizomerizacijg. Tyrimo metu
buvo susintetintas naujas (E)-1-fenil-3-(1H-pirol-2-il)prop-2-en-1-onas (1.15
schema). Sio junginio sintezé atlikta 2-pirolkarbaldehida kondensuojant su
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acetofenonu etanolyje, kaip baz¢ naudojant praskiesta KOH tirpalg. Reakcija vyko
1 val. 70 °C temperatﬁroje Produktas gautas labai gera (95 %) iSeiga [100]

Q H

©)K KOH, EtOH AN
»\Q 70 °C, 60min. W

36 (95%)

1.15 schema. (E)-1-fenil-3-(1 H-pirol-2-il)prop-2-en-1-ono sintezé

S. Robinsonas su komanda atliko kondensacijg tarp acetofenono ir furfurolo
dariniy (1.16 schema), kurie véliau tyrimuose pasizymeéjo kaip geri monoamino
oksidazés 1nh1b1tor1a1 101].

(0]

:@)\ )X\U NaOH, EtOH RsMR
/ 1
Kt 12val. Ry
39

a R1=-H, R2=-F, R3=-H, 40%;

b R1=Me-, Ry=-H, R3=-Cl, 16%;
¢ Ry=-Cl, Ry=-H, R3=-Cl, 17%;

d Ry=-Br, Ry=-H, R3=-Cl, 51%;
e Ry=-Br, Ry=-F, Ry=-H, 17%.

1.16 schema. Furanochalkony sintezé

Penkis naujus chalkonus susintetino G. Gadhave ir K. Uphade (1.17 schema).
Jie atliko 4-morfolinilacetofenono kondensacija su 4-pirazolkarbaldehidais kambario
temperattiroje. Gauty produkty iSeigos svyravo nuo 60 % iki 77 % [102].

H_O R
m KOH, MeOH
+
N a& k. t., 24 val.
N o)

a R=-H, 70%;

b R=Me-, 77%;
¢ R=-Cl, 73%;

d R=-F, 69%;

e R=MeO-, 60%.

1.17 schema. morfolinil- ir pirazol- fragmentus turinciy chalkony sintezé

A. K. Mallikas ir kolegos atliko tyrimg, kuriame pateiké galima reakcijos
mechanizma, priklausantj nuo pradiniy junginiy santykio reakcijos pradzioje. Norimg
produkta jiems pavyko gauti pasirinkus pradiniy junginiy 43 ir 35 santykj 1:1 (1.18
schema). Ta¢iau didinant aldehido kiekj reakcija vykdavo vis labiau Salutinio
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produkto susidarymo kryptimi. ISanalizavg duomenis autoriai pateiké galima Salutinio
produkto susidarymo reakcijos mechanizma. Jis, tikétina, susidaro dvigubo aldolinio
prijungimo intramolekulinés ciklizacijos-dehidratacijos metu [103].

—

NH
X O H X o X
N KOH, EtoH NN X
\ ) | VR N B
k. t., 72 val. /
R R R
43 44 45
43:35 santykis
1:1 a X=-OH, R=-H a: 46% a: 8%
a X=-OH, R=-H a: 34% a: 31%
40 b X=-OH, R=-CI b: 27% b: 24%
"~ ¢ X=-OH, R=-Me c: 32% c: 26%
d X=-H, R=-H d: 29% d: 29%
a X=-OH, R=-H a: 13% a:41%
1:4 b X=-OH, R=-Cl b: 9% b: 44%
¢ X=-OH, R=-Me c:11% c: 46%
d X=-H, R=-H d: 14% d: 39%

1.18 schema. Junginiy 44 ir 45 sintezé

Kondensuoti heteroaromatiniai aldehidai buvo jungiami su jvairiais
acetofenonais ir buvo gauti chalkonai su pakeistu B ziedu tipinémis Claiseno ir
Schmidto kondensacijos sglygomis. X. Zhao ir kiti susintetino indolo hibridinius
chalkonus panaudodami jvairius acetofenonus ir N-alkilindolilkarbaldehidus,
produkty iSeigos svyravo nuo 60 % iki 90 % (1.19 schema) [97].

— > R4
EtOH 2-4 val.

a R1=4-Br-, R,=Me-;

b R1=4-N02-, R2=Me -
¢ R1=2,5-diOH-, Ry=Me-;
d Ry=4-Br-, R,=Bn-.

1.19 schema. Indolochalkony sintezé

B. Bandgaras ir kiti paruosé nedidele karbazolchalkony biblioteka. Reakcijos
kambario temperatiiroje vyko iki 36 val., o iSeigos svyravo nuo 70 % iki 90 % (1.20
schema) [104].
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o o)
O NaOH, EtOH _ O
A M+ H O Ar O
N k. t., 24-36 val. N
\ \
50

49 Ex
a Ar=Ph-, 83%; h Ar=4-CICgH4 - 86%;
b Ar=4-MeOCgH4-, 70%,; i Ar=2,4-diCICgH4-, 88%);

¢ Ar=3,4-diMeOCgH3-, 77%; j Ar=3,4-diCICgH4-, 88%;
d Ar=2,4,6-triMeOCgH,-, 78%; k Ar=2,5-diCICgH4-, 90%);
e Ar=4-FCgHy4-, 85%; | Ar=4-BrCgHy-, 90%;

f Ar=2,4-diFCgH3-, 88%); m Ar=4-O,NCgHy4-, 87%.
g Ar=3,4-diFCgHs-, 87%;

1.20 schema. Karbazolchalkony sintezé

P. Bindu su komanda sujungé acetofenono darinius su chinolino karbaldehidu
esant natrio Sarmui etanolyje, reakcija vyko 0-5 °C temperatiiroje per naktj (1.21
schema). Gauti j ]ungmlal 73-88 % iSeigomis [105].

NaOH EtOH
0-5 OC 16 val.

54

o
N
|<,°SZ

a Ar=Ph-, 85%; e Ar=4-CICgH4-, 85%;

b Ar=4-MeC6H4-, 87%; fAr=4-BrCeH3—, 88%;

¢ Ar=4-MeOCgHgy-, 80%; g Ar=4-O,NCgHy-, 80%;

d Ar=4-HOCgHy4-, 82%; h Ar=4-MeHNCgH;-, 73%.

1.21 schema. Chinolinochalkony sintezé

Chalkonai su A ir B heterocikliniais ziedais taip pat yra tiriami. Pastebéta, jog
kai kurie i§ Zemiau aptariamy junginiy pasizymi biologiniu aktyvumu. Zemiau
pateikiamos pastaruoju metu atliktos heterocikliniy chalkony hibridy sintezés
reakcijos.

S. Sweetingo moksliné grupé susintetino pirolil-tianilchalkono hibridg (1.22
schema). Gauto junginio struktiira buvo jrodyta rengeno kristalografijos metodu [92].

o)
NP, Q s koHEOH N s
\_/ H \/ kt,30min. NI | 4
14 35 56 (23%)

1.22 schema. pirolil-tianilchalkono sintezé

S. Sinha su kolegomis in vitro tyrinéjo potencialius antilipoksigenazés
inhibitorius ir susintetino pora tiazolilfurilchalony hibridy jprastomis Claiseno ir
Schmidto kondensacijos sglygomis (1.23 schema) [96].
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NaOH, EtOH S = (0]
ArOCHN
q’* *Q t 2t OO

58

a Ar=Ph-, 81%;
b Ar=4-FCgHy-, 97%.

1.23 schema. Tiazolilfurilchalony sintezé

B. Bandgaras ir kt. taip pat gavo karbazolchalkony hibridus, A ziedo padétyje
jterpdami piridin-il- arba tien 2- ilpakaitus (1.24 schema) [104].

O
k t., 24-36 val. N\

59 50

a Ar=piridin-2-il-, 78%;
b Ar=tien-2-il-, 77%.

1.24 schema. Karbazolchalkony sintezé

V. Desai su komanda ieskojo naujy ACP (enoyl-acyl carrier protein) reduktazés
inhibitoriy ir susintetino nauja piridil-chinoksazolilchalkono hibrida (1.25 schema)

[75].
0* ”r o G

62 (65%)
1.25 schema. piridil-chinoksazolilchalkono sintezé

A. Mallikas ir kt. nustaté, kad kondensuojant vieng ekvivalenta acetono ir
keturis ekvivalentus pirol-2-karbaldehido 20 % KOH tirpale susidaré nejprastas
pirolizinilpirolilchalkonas maza (32 %) iSeiga, kartu susidaré ir Salutinis
acetilpirolizino darinys 17 % iSeiga (1.26 schema) [103].

)K )&\(17 KOH, EtOH
k. t., 72 val.

63

65 (17%)
1.26 schema. Pirolizinilpirolilchalkono ir $alutinio junginio 65 sintezé

M. Alidmatas su kolegomis ieskojo naujy priesvéziniy molekuliy ir susintetino
tris heterociklinius bischalkony hibridus. Chalkonams gauti jie naudojo vienpakope
(angl. one-pof) sintezés metodika (1.27 schema). Nesimetrinj bischalkono
hibridg gavo lygiomis dalimis sukondensave 4-formilbenzenkarbaldehida su 1-(2,5-
dichlortien-3-il)etan-1-onu ir 1-(5-chlortien-2-il)etan-1-onu metanolyje naudodami
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kalio Sarma kambario temperatiiroje per 24 valandas. Sintetinant simetrinius
bischalkony hibridus buvo naudojami 2 ekvivalentai atitinkamo ketono vienam
ekvivalentui 4-formilbenzenkarbaldehido. Junginiai gauti apie 70 % iSeigomis [106].

SX\©/C|

2 mol.
KOH, MeOH, k. t., 24 val.
o o ¢
O_H S._cl , g
\ /) _
1 mol. 1 mol.Cl
KOH, MeOH, k. t., 24 val.
O” H o Cl
1 mol. g
66 _
2 mol.Cl

KOH, MeOH, k. t., 24 val.

69 (74%)
1.27 schema. Bischalkony hibridy 67-69 sintezé
H. Chenas ir kiti ieSkojo naujy fotoiniciatoriy, kuriuos galéty pritaikyti
spausdinimui 3D formatu. Jie susintetino kelis bischalkony hibridus, kurie
potencialiai gali patekti i rinka. 4,4°-diacetilbifenilo ir 2-formiltiofeno kondensacija
buvo vykdoma metanolyje panaudojant 40 % vandeninj kalio Sarmo tirpalg kambario
temperattroje 16 val., gaunant produkta 67 % iSeiga (1.28 schema) [69].

(0]
OS . . 20 . S.  KOH, MeOH
H - k. t., 16 val.

70 n 12 (67%)

1.28 schema. Bischalkono hibrido 72 sintezé

X. Zhao ir kiti tyrinéjo plauciy vézio lasteliy augimo inhibitorius ir susintetino
bisfenilchalkong sujungdami 1,2-diacetil-3-metilindola su benzenkarbaldehidu.
Reakcijos iseiga buvo 60 % (1.29 schema) [107].

o 0 0
Y4
>_?/\/|© . HJ\© NaOH, EtOH QMN O
o N 24 val. )
o >
(60%)

n 74 (60%

N
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1.29 schema. Bisfenilchalkono 74 sintezé

A. Asiras su H. Marwani panaudojo ultragarsu inicijuota reakcijg ir susintetino
bistienil- ir bisfurilchalkony hibridus. Reakcijai jvykti pakako 5 min ir 30-35 °C
temperatiiros (1.30 schema) [108].

o
X
\ H NaOH, EtOH
+
0 O ultragarsas
H 30-35 °C, 5 min.

75 66 76
a X=S, 75%;
b X=0, 72%.

1.30 schema. Bistienil- ir bisfurilchalkony hibridy sintezé

K. Abdel-Azizas kartu su kitais tyringjo prieSuzdegiminiu poveikiu
pasizymincig chalkono hibrido strukttira 79 ir susintetino aStuonis Sios struktiiros
analogus (1.31 schema). Reakcijos vyko 5 min. mikrobangy reaktoriuje etanolyje
naudojant 10 % kalio Sarmo tirpala 60 °C temperatiiroje. ISeigos svyravo nuo70 % iki
93 %. Gauti rezultatai buvo palyginti su jprasta Claiseno ir Schmidto kondensacija
(vandeninis kalio Sarmo tirpalas, kambario temperatiira, 12 val., 54-80 % iSeigos).
Mikrobangose reakcijos vyko greiciau ir geresnémis iSeigomis [109].

o A
NaOH, EtOH r
N ' ultragarsas

30-35 °C, 5 min.

7 8
a R=-H, Ar=Ph-, 70%; e R=Me-, Ar=4-MeOCgH4-, 93%;
b R=-H, Ar=4-MeOCgH,-, 78%; f R=Me-, Ar=4-CICgHy4-, 79%;
¢ R=-H, Ar=4-CICgHy4-, 75%; g R=-H, Ar=2-furil-, 70%;
d R=Me-, Ar=Ph-, 88%; h R=Me-, Ar=2-furil-, 80%.

1.31 schema. Bischalkony hibridy 79 a-h sintezé

1.3.1.2. Claiseno ir Schmidto kondensacija bazinémis salygomis
naudojant Zaliosios chemijos principus

Remiantis Zaliosios chemijos principais vykdant cheminius procesus siekiama
sumazinti toksiniy atlieky ir Salutiniy produkty, kurie gali kelti neigiamg poveikj
aplinkai ir zmoniy sveikatai, susidaryma [110]. Stengiantis tai jgyvendinti sintezé
planuojama taip, kad biity gaunama kuo daugiau norimo produkto i§vengiant Salutiniy
reakcijy, vengiant pavojingy tirpikliy naudojimo ar reakcijas vykdant be tirpiklio.
Chalkony sintezei taip pat buvo taikomos betirpiklinés salygos, pavyzdziui, reakcijas
vykdant sutrinant reagentus arba naudojant mikrobangy reaktorius. Trynimo metodo
pavyzdziy galime aptikti N. Ratebo ir X. Liu tyrimuose. N. Ratebas ir kt. aprasé
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metoda, kai, naudojant natrio hidroksida, sutrintg su aldehidu ir ketonu, gaunamas
chalkonas 80 % iSeiga [111]. X. Liu ir kiti pademonstravo, kad trynimo sglygomis
panaudojant KF—AL,O; kaip baze, jmanoma susintetinti nitrochalkong per labai
trumpa, 5 min., laiko tarpa ir labai gera reakcijos iSeiga (94 %) [112]. Kiti
mokslininkai tyrinéjo reakcijas mikrobangy reaktoriuje. Pavyzdziui, P. Kulkarini su
kolegomis pademonstravo ekologiska betirpikli metoda, kaip gauti chalkonus
naudojant kieta kalcio oksida ir mikrobangy iniciacija [113].

Nemazai mokslininky, panaudodami Zaliosios chemijos principus, susintetino A
ziedo padétyje heteroaromatinius Ziedus turincius chalkonus, tokius kaip piridino,
furano, tiofeno, kondensuotus pirazolpiridino ar karbazolo. Pavyzdziui, E. Mubofu ir
J. Engbertsui pavyko sukondensuoti 2-acetilpiriding su benzenkarbaldehidu reakcija
vykdant 4 °C temperatiiroje 10 % natrio Sarmo vandeniniame tirpale 24 valandas.
Gautas chalkonas puikia (93 %) iSeiga (1.32 schema) [114].

0 o)
R’\‘j)\ . HJ\© ‘NaOH, H,0_ O)‘\/\@
_ 4°C, 24 val.

2

(93%)

13

1.32 schema. Claiseno ir Schmidto kondensacija bazinémis salygomis reakcijg
vykdant 10 % natrio Ssarmo vandeniniame tirpale

X. Jiangas su kolegomis gavo (E)- 3-fenil-1-(furan-2-il)prop-2-en-1-ong ir (E)-
3-fenil-1-(tien-2-il)-prop-2-en-1-ong  kiekybinémis iSeigomis, sujungdami 2-
acetilfurang ar 2-acetiltiofeng su benzenkarbaldehidu vandeniniame 2 mol % natrio
Sarmo tirpale, reakcija Vykdyta 24 val. kambario temperatﬁroj e (1.33 schema) [115].

k t., 24 val.

1.33 schema. Claiseno ir Schmidto kondensacija bazinémis salygomis reakcija
vykdant vandeniniame 2 mol % natrio Sarmo tirpale

M. Ritteris su kolegomis sujungé 2-acetiltiofeng su atitinkamais
benzenkarbaldehidais naudodami glicerolj ir natrio Sarmg vykdydami reakcijg
kambario temperatiiroje 16 valandy. ISeigos buvo gautos 78-96 % (1.34 schema)
[116].
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0 0 0

S HJ\GR wa@)\/\@
k. t., 24 val.

82b 84 83b, 85

83b R=H-, 78%; d R=4-Cl-, 91%;

a R=4-MeO-, 80%; e R=4-Me-, 90%;
b R=4-F-, 92%; f R=3-MeO-, 89%.
¢ R=4-Br-, 96%;

1.34 schema. Claiseno ir Schmidto kondensacija bazinémis salygomis reakcija
vykdant glicerolyje

S. Khanas ir A. Asiri panaudojo 3-acetiltiofeng ir atitinkamus
benzenkarbaldehidus tam, kad gauty SeSis naujus tienilo chalkony darinius. Reakcijos
buvo vykdytos mikrobangy reaktoriuje, tirpikliu pasirinktas etanolis, o baze — natrio
Sarmas. Reakcijos netruko né minutés, o produkty iSeigos virsijo 82 % (1.35 schema)
[117].

o 0 o)

@)K . HJ\©~R NaOH, EtOH (/E)\/\@R
S MW (210 W) s

86 87 30-50 s. 88

a R=2-OH-, 88%; d R=2,4,5-triMeO-, 88%;
b R=2-Me-, 88%; e R=4-(4-Me,NCgHy)-, 86%;
¢ R=3,4-diMeO-, 82%;R=4-(4-O,NCzH,)-, 89%.

1.35 schema. Claiseno ir Schmidto kondensacija bazinémis salygomis naudojant
mikrobangy reaktoriy

E. Polo ir kiti pademonstravo, jog ultragarso iniciacija gali biti pritaikoma
vykdant pirazolopiridinchalkony sinteze (1.36 schema). Sie mokslininkai palygino
ultragarsu inicijuoty (63-91 %) ir jprasty bazinémis salygomis katalizuojamy
Claiseno ir Schmidto kondensacijos (65-81 %) reakcijos produkty iSeigas. Pastebéeta,
jog ultragarsu inicijuotos reakcijos yra efektyvesnés, nes gaunamos geresnés iSeigos
per trumpesnj laikg [118].

o (@]
SOL L, e
NN H™ “Ar ultragarsas (47kHz) N NG
o 5-20 min. Ph

89 90 A

a Ar=4-morfolinoCgHy-, 82%;

b Ar=4-MeCgHy-, 72%;

¢ Ar=3,4,5-triMeOCgH4-, 91%;

d Ar=1,3-benzodioksol-5-il-, 63%;
e Ar=4-02NCGH4-, 75%.

1.36 schema. Claiseno ir Schmidto kondensacija bazinémis salygomis naudojant
ultragarsa

37



Pritaikant Zzaliosios chemijos principus ir Claiseno ir Schmidto bazinés
kondensacijos metodg jmanoma gauti chalkonus su B heterocikliniu Ziedu, reakcijas
vykdant betirpiklémis salygomis mikrobangy ar ultragarso reaktoriuose ar taikant
mechaninj susmulkinima.

D. Ashoko moksliné grupé palygino tradicing Claiseno ir Schmidto
kondensacijos strategija su betirpiklémis salygomis mikrobangy reaktoriuje ir
pastebéjo, kad mikrobangy reaktoriuje atliktos reakcijos jvyko daug geresnémis
iSeigomis per gerokai trumpesnj laikg (1.37 schema) [119].

OH O o OH

R I O R
— O
‘©i‘\ KOH
N ultragarsas (47kHz) N
Et

Et 5-20 min.
92 93 94

a R=-H, 88%; f R=5-Cl-, 4-Me-, 94%;
b R=5-F-, 84%; ¢ R=3,5-diCl-, 86%;

¢ R=5-Cl-, 92%; h R=4-MeO-, 82%;

d R=5-Br-, 88%; i R=4-EtO-, 78%.

e R=5-Me-, 92%;

1.37 schema. Claiseno ir Schmidto kondensacija bazinémis salygomis naudojant
ultragarsg ir betirpiles salygas

A. Bhattas ir kiti palygino furilchalkono sintez¢ tradiciniu biidu (iSeiga 71 % per
7 val.)) ir veikiant ultragarsu (iSeiga 80 % per 25 min.). Ultragarso bangomis
veikiamos reakcijos metu chalkonas gautas geresne iSeiga ir per trumpesnj laikg (1.38
schema) [120].

OH O OH O
0 =
O, NaOH, EtOH \ o
* H T\ / %t uragarsas /
HO k. t., ultragarsas o
20-25 min.
95 57 96 (80%)

1.38 schema. Claiseno ir Schmidto kondensacija bazinémis salygomis naudojant
ultragarsg kambario temperatiiroje

Z. Kudlickova su kolegomis chalkony su pakeistu B Ziedu sintezei pritaiké
mechanocheminj susmulkinimo procesg, kuris truko 30 min. Jie gavo desimt indoilo
chalkono dariniy, kuriy i§eigos svyravo nuo 28 % iki 70 % (1.39 schema) [121].

@)\ ?\J@ 'NaOH, EtOH_
k t., 30 min.

a R=-H, 71%; f R=4-MeO-, 67%;

b R=4-Br-, 79%; g R=3,4,5-triMeO-, 58%;
¢ R=2-F-, 59%; h R=2,5-diMeO-, 48%;

d R=4-F-, 78%; i R=2,6-diMeO-, 28%;

e R=4-F3C-, 64%; j R=2,4,6-triMeO-, 29%.
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1.39 schema. Claiseno ir Schmidto kondensacija bazinémis salygomis naudojant
mechanocheminj susmulkinimo procesa

M. K. Saglani ir H. D. Joshi susintetino chinolino fragmenta turincius
hibridinius chalkonus pasitelkdami ultragarso metodika. Jy panaudotas Zaliosios
chemijos metodas pranasSesnis uz jprasta chalkony gavimo biida tuo, jog reakcijos
trukmé nevirSijo 15 min. Gauty junginiy iSeigos svyravo nuo 63 % iki 83 % (1.40
schema) [122].

o 0 Q
HNF NaOH, EtOH/H,0 1:1 NS
. R : 20 T; | R
cl \N ultragarsas (100 W), Cl N/
100 101 10-15 min. 102

a R=-H, 73%,; f R=6,7-diMeO-, 78%;
b R=6-Me-, 79%; g R=6-OH-, 63%;

¢ R=6-Br-, 76%; h R=6-O,N-, 83%;

d R=6-Cl-, 80%; iR=8-Cl-, 81%.

e R=6-F-, 75%;

1.40 schema. Claiseno ir Schmidto kondensacija bazinémis saglygomis naudojant
ultragarsg 15 min.

Paskutiniu metu publikuotoje literatiiroje Zzalioji Claiseno ir Schmidto
kondensacija gaunant heteroaromatinius chalkonus su A ir B heteroaromatinias ciklais
susilaukia nemazai démesio.

IeSkodami naujy antibakteriniy agenty K. S. Kumaras su kolegomis panaudojo
tekmés reaktoriy ir susintetino deSimt furilo tiazolilo chalkono dariniy. Reakcijos
truko tik 15 min., o produktai buvo gauti labai geromis iSeigomis (84-90 %) (1.41
schema) [123].

0 0 Q
N N )\\C{.N KOH, EtOH O Z N,N
\_/ Ho \{  60-65°C. 10-15 min. \! L
Ar Ar
16 10 104

a Ar=4-FC5H4-, 89%; fAI’=4-M6006H4-, 86%;
b Ar=4-CICgH4-, 88%; g Ar=2-MeOCgHy-, 88%;
c Ar=4-BrCgHy-, 90%; h Ar=4-F3;CCgHy-, 89%;

d Ar=CgHs-, 90%; i Ar=4-HOCgH4-, 84%;

e Ar=4-MeCgHgy-, 86%;j Ar=4-O,NCgHy-, 84%.

1.41 schema. Claiseno ir Schmidto kondensacija bazinémis sglygomis naudojant
tekmés reaktoriy

A. Usta su komanda taip pat ie$kojo naujy antibakteriniy agenty ir susintetino
porg pirolo piridilochalkono dariniy panaudodami jprasta metoda ir mikrobangy
reaktoriy (1.42 schema). Palyging reakcijy rezultatus pastebéjo, kad panaudojant
mikrobangas reakcija jvyko per 3 min., o iSeigos sieke iki 90 % [124].
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@) (0]

o =
N S N
\Nﬁgk » H7O X NaOH, EtOH "™ X
— Y MW (300W), =Y
3 min.
10 1 107

a X=N, Y=CH, 89%;
b X=CH, Y=N, 90%.

(3
(o]

H
N
1.42 schema. Claiseno ir Schmidto kondensacija bazinémis salygomis gaunant pirolo

piridilochalkono darinius mikrobangy reaktoriuje

S. Khanas ir A. Asiri susintetino porg chalkony hibridy, kuriuos testavo kaip
antibakterinius agentus. Junginiy sintez¢ buvo vykdyta mikrobangy reaktoriuje ir
truko 45 sekundes. Gauty junginiy iSeigos buvo 89—90 % (1.43 schema) [117].

o) o)
o)
M . H NaOH, EtOH a 7 O O
5 / N MW (210W), 45s. S N
Et Ph
86 108 109
o) o)
% D NaOH, EtOH
% o N
S N, MW (210W), 45 s.
Ph
86 11

1.43 schema. Claiseno ir Schmidto kondensacija bazinémis salygomis reakcija
vykdant labai trumpg laikag mikrobangy reaktoriuje

S. Sarveswari ir V. Vijayakumari taip pat tyrinéjo galimus antibakterinius
chalkony agentus ir susintetino chinolino chalkony hibridus mikrobangy reaktoriuje.
Palyging gautus sintezés rezultatus tarp mikrobangy reaktoriuje ir jprastai vykdyto
chalkony gavimo metodo jie pastebéjo, kad iSeigos labai nesiskyré. Taciau reakcijos
mikrobangy reaktoriuje vyko nepalyginti greic¢iau (1.44 schema) [125].

Ph O Ph O
N H™ "Ar  Mw (240W), 5 min. N
112 113 14

a Ar=3-piridil-, 78%;
b Ar=4-piridil-, 56%;
¢ Ar=2-piridil-, 61%;
d Ar=2-tianil,- 90%.

1.44 schema. Claiseno ir Schmidto kondensacija bazinémis salygomis reakcija
vykdant mikrobangy reaktoriuje
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1.3.1.3. Claiseno ir Schmidto kondensacijos reakcija rugstinémis
salygomis

Claiseno ir Schmidto kondensacijai atlikti kaip rtgstiniai katalizatoriai gali biiti
naudojamos Bronstedo rtgstys [87, 126] ar Liuiso riigStys [127-129]. Naudojant
etanolj ir Bronstedo riig§ties prisotinta HCI, rezultatai yra menkai sékmingi, tik su
10—40 % iSeigomis. Aliuminio chloridas (AICl;) taip pat naudojamas kaip Liuiso
rugstis chalkony sintezei. Vienam acetofenono moliui reaguojant su vienu
benzenkarbaldehido moliu, chalkonai gaunami gera 70 % siekiancCia iSeiga [129].
2007 m. T. Narenderis su kolegomis panaudojo BF;—Et,O ir gavo 15 chalkony, kuriy
iSeiga svyravo nuo 75 iki 96 %, o reakcijos trukmé nevir§ijo 3 valandy [127].
O. Petrovas ir kiti pranesé, kad susintetino 16 chalkony didele iSeiga (73—96 %).
Mokslininkai sintezei panaudojo SOCl,/etanolio sistemg. SOCl, buvo naudojamas
kaip patogi alternatyva dujinio biivio HCIl pakeisti. Chalkony sintezéje HCI
buvo generuojamas in situ reaguojant SOCIl; su absoliuciu etanoliu [130].

Pasitelkus rugstines salygas taip pat jmanoma gauti chalkonus su A ir AB
heteroaromatiniais fragmentais. D. Adnanas ir kiti pademonstravo Zaliosios chemijos
metodg gaunant tienil- ir ditienilchalkonus nenaudojant tirpiklio, o pradines
medziagas susmulkinant $iltoje gristuvéje esant p-toluensulfono riigsciai (PTSA)
(1.45 schema) [66].

50

PTSA
M 50-60 °C 5min. m
115 116 (85%)
PTSA
<_;7/4\ '50-60 °C, 5min. <V:TJL\/A\X:q>
117 118 (84%)

1.45 schema. Claiseno ir Schmidto kondensacijos reakcija riig§tinémis salygomis
1.3.2. Chalkony sintezé naudojant gerai Zinomas strategijas

Claiseno ir Schmidto kondensacijos metu kartais susidaro sunkiai atskiriami
Salutiniai produktai, todél, norint gauti tikslinj chalkong, tenka pasitelkti kitus gerai
zinomus sintezés kelius, tokius kaip Suzuki reakcija, Hecko reakcija, Julia-Kocienski
reakcija, Wittigo reakcija, Friedelio ir Craftso acilinimas ar foto-Fries persigrupavimo
reakcija.

1.3.2.1. Chalkony sintezé naudojant Suzuki kryZminio jungimo reakcija

Zinoma, kad Suzuki kryZminimo jungimo reakcija vyksta tarp boro riigi¢iy ir
organohalogenidy ir yra katalizuojama paladzio kompleksu. Vadovaudamiesi Sia
logika, S. Eddariras su kolegomis aprasé chalkony gavima Suzuki kryZminio jungimo
budu. Mokslininkai tyrinéjo du sintezés kelius, kaip gauti tikslinj produkta (1.46
schema). Vykdant reakcija A metodu, tarp cinamoilchlorido ir jvairiy fenilboro
rigs¢iy panaudojant THF tirpiklj ir PdClx(PPhs),/PPh; katalizatoriy, tikslinis
produktas nebuvo gautas. Vykdant reakcijag B metodu reaguojant benzoilchloridui ir
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fenilvinilboro riigé¢iai buvo gautas produktas 121a 93 % iseiga. Sios reakcijos metu
tirpiklis buvo toluenas, o katalizatorius Pd(PPhs)s, bazé — cezio karbonas [131].

OH 0 o)
©B‘0H . Cl)‘\/\© THF O Z O
A F>dc|2yrfr§)<PPh3
119 120 121
Ry O OH Ry O

|
R2;©)\Cl + HO’B = toluenas R2
B
R Pd(PPh3)4‘ CSQCO3 R1

a R1=R2=R3=-H, 93%;

b R1=R3=H, R2=-CF3’ 77%;

Cc R1=R2=H, R3=-CF3, 90%;

d R1=R3=H, R2=-N02’ 68%;
e R2=R3=H, R1=MeO-, 87%;
fR3=H, R1=R2=MeO-, 80%.

—
N
-
N
(38}
-
—

1.46 schema. Chalkony sintezé naudojant Suzuki kryzminio jungimo reakcijg
1.3.2.2. Chalkony sintezé naudojant Hecko reakcija

Hecko reakcija, arba dar kitaip vadinama Mizoroki ir Hecko reakcija, vyksta
tarp nesotaus halogenido ir alkeno katalizuojant paladziu. 2010 m. M. Belleris ir kiti
publikavo darba, kuriame pirma karta buvo aprasytas Hecko reakcijos pritaikymas
chalkonams gauti (1.47 schema) [132]. Mokslininkai pirmiausia kaip pradines
medziagas naudojo lengvai prieinamus aril- ir alkeniltriflatus ir susintetino deSimt
chalkono dariniy, kuriy iSeigos buvo 68-95 %.

(0]
Pd katalizatorius,
R oTf + 7 R CO, toluenas R O = 0 R
! 2 TEA, 100°C, 20 val. ' 2

124 125 126
a R4=Ry=-H, 71%; f R4=-H, Ry=4-tret-butil-, 72%;
b R1=4-Me-, R2=-H, 80%; g R1=-H, R2=4-Me-, 95%;
¢ R1=2-Me-, Ry=-H, 68%; h Ry=-H, Ry=4-MeO-, 92%;
d R4=3,5-diMeO-, Ry=-H, 79%; i R1=-H, Ry=4-Cl-, 74%;
e R4y=4-Cl-, R,=-H, 80%; j R4=-H, Ry=4-F-, 88%.

1.47 schema. Chalkony sintezé naudojant Hecko reakcija

1.3.2.3. Chalkony sintezé naudojant Wittigo reakcijg

Wittigo reakcija, arba Wittigo olefinacija, yra dar vienas buidas gauti chalkonus.
Pirmieji bandymai sintetinti chalkonus §iuo bidu buvo atlikti dar 1957 m. Tuomet
mokslininkai F. Ramirezas ir S. Dershowitzius naudojo trifenilbenzoilmetileno
fosforang ir benzenkarbaldehida, reakcija vykdé benzeno virimo temperatiiroje 72
valandas [133]. 1962 m. mokslininkai H. J. Bestmannas ir B. Arnasonas vykdé Wittigo
reakcija su tokiais pat reagentais, bet tirpiklj pakeité § THF. Jiems pavyko sutrumpinti
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reakcijos laika iki 30 valandy [134]. Abiem mokslininky grupéms reakcija jvyko
vidutine 70 % iSeiga. Vélesni tyrimai rodo, kad reakcijos greitis gali biiti smarkiai
padidintas naudojant mikrobangy reaktoriy. Pavyzdziui, X. Huangas ir kiti prane$é
apie jvairiy chalkony sintez¢ naudojant keturis aromatinius aldehidus.
Buvo gautos geros iSeigos (> 80 %) su visais tirtais substratais, o reakcija uztruko 5—
6 min. naudojant mikrobangy reaktoriy (1.48 schema) [135].

0] 0] 0
©)J\;Pph3 . HJ\©>R Si,0 O % O "
MW, 5-6 min.
127 128 129
a R=H-, 86%;
b R=4-Cl-, 82%;

¢ R=4-Me-, 90%;
d R=2-MeO-, 96%.

1.48 schema. Chalkony sintez¢ naudojant Wittigo reakcija

H. Saikachi ir H. Muto publikavo savo darba, kuriame démesys buvo sutelktas j
bis-Witigo reagenty linkeriy, tokiy kaip benzenas, bifenilas, difenileteris,
difenilmetilenas ir difeniletilenas, jungima su furan- ar tienilkarboksilatais (1.49
schema). Mokslininkai reakcijas vykdé sausame benzene virimo temperatiroje 24
valandas. Gauty bisheteroaromatiniy chalkony iSeigos buvo 45-99 %. [136].
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PhsP= *PPhg v. t, 24 val.

PhsP= *PPhg v. t., 24 val.

/\:\/ /\:\/ BuOH
7pph3 v. t, 24 val.

, Z=CH,, 55%;
02 Z= CH2 96%);
,Z CHy, 77%,;
H, 81%;
NOZ, 96%;
=NO,, Z=0, 45%;
=O, Y=N02’ Z=CH2CH2’ 99%.

[ L L I [}
NP OO
OO-”<-”<-“<
-“<-”<IZI

(/)
.<

1.49 schema. [vairiy kondesuoty chalkony sintezé
1.3.2.4. Chalkony sintezé naudojant Julia-Kocienski olefinacijg

A. Kumaras su kolegomis pademonstravo, jog yra jmanoma chalkonus gauti
pasitelkus Julia-Kocienski olefinacija (1.50 schema). Mokslininkai geriausius
reakcijos rezultatus gavo panaudoje (benzo[d]tiazol-2-ilsulfonil)(fenil) etanona,
benzenkarbaldehida, THF tirpiklj ir DBU bazg. Reakcija vykdé 16 val. ir gavo 81 %
iSeiga [137].

O O o)
&0
\V/N L H THF, DBU
S\G -78°C 16 val.
137 2 3 (81%)

1.50 schema. Chalkony sintezé naudojant Julia-Kocienski olefinacija

1.3.2.5. Chalkony sintezé panaudojant Friedelio ir Craftso acilinimo
salygas
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R. G. Shotteris ir kiti 1978 m. aprasé metoda [138], kaip panaudojant Liuiso
ragst] (AICl3) sujungti aromatinj eterj ir (2E)-3-fenilprop-2-enoilchloridg gaunant
chalkonus vidutiniSkomis iSeigomis (1.51 schema). Esant paprastesnéms

ir greitesnéms  metodikoms, Sis metodas nebuvo pladiai naudojamas
chalkonams gauti.

(0] (0]
/@ + Cl)‘\/\© AlCly O 7 O
R 89 OC, 6 val R
138 139 140
a R=-F, 60%;
b R=-Cl, 5%;
¢ R=-Br, 2%.

1.51 schema. Chalkony gavimas naudojant Friedelio ir Craftso acilinima
1.3.3. Chalkony sintezé naudojant kitas reakcijas

Siekiant gauti atitinkamus chalkonus M. Al-Masumas ir kiti panaudojo
benzoilchloridy ir kalio stiriltrifluoroboraty kryZzminio jungimo reakcija,
panaudodami PdCl,(d'bpf) kaip katalizatoriy ir K.COj; kaip bazg, reakcija vykdydami
mikrobangy  reaktoriuje.  Siomis  salygomis buvo  susintetinti  aStuoni

chalkonai, gaunant geras ir puikias iSeigas (56—98 %) (1.52 schema) [139].
(0]

o, KFSBW\@—R PdCl,(d'bpf) R
Ri1 2 K,CO3, dioksanas 2

MW, 140 °C, 30 min.

141 142

a Ry=Ry=-H, 89%; e R4=3,4-diCl-, Ry=4-CF3-, 92%;
b Ry=4-MeO-, Ry=4-Me-, 96%; f Ry=4-Me-, Ry=4-Cl-, 64%;

¢ Ry=4-Me-, Ry=4-CF3-, 97%; g R4=4-F-, Ry=4-Cl-, 56%;

d Ry=4-Me-, Ry=-H, 98%; h Ry=-H, Ry=4-CF3-, 83%;

1.52 schema. Benzoilchloridy ir kalio stiriltrifluoroboraty kryZzminio jungimo reakcija

Dar viena sukurta chalkony sintezés strategija yra paladziu katalizuojama
jungimo reakcija vykstant 4-fenil-4-oksobut-2-eno riigsties dekarboksilinimui (1.53
schema) [140]. Y. Unohas ir kiti publikavo darbg apie chalkony dariniy sinetezg
reaguojant (E)-4-fenil-4-oksobut-2-eno riig§¢iai su arilboro rugStimis arba
arilhalogenidais esant paladzio katalizatoriui ir vario druskos oksidatoriui
(Cu(OAc)2'H20) [141].
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Q |'3 Pd(OAc),,
Z SCO,H , HO’ Cu(OAc), H,0 O = O
r K2CO3 DMF R

120°C, 5 val.
144 145 146

a R=Me-, 87%; f R=tert-butil-, 66%;
b R=-H, 83%; 9 R=-F, 79%;

¢ R=MeO-, 89%: h R=-Cl, 71%;
d R=-NMe,, 70%; R=-CO2Me, 19%.

e R=-NPh,, 79%:

1.53 schema. Paladziu katalizuojama jungimo reakcija

Sidabru katalizuojama dvigubo dekarboksilinimo ir kryZzminio jungimo reakcija
yra dar vienas budas gauti chalkonus. N. Zhangas ir kiti susintetino chalkonus i$ a-
keto ruigséiy ir cinamono rugsciy (1.54 schema), esant sidabro nitratui (AgNQO3), natrio
tiosulfatui (Na»S,0gs) ir kalio karbonatui (K>COs3) Svelniomis saglygomis vandeninéje
terpéje, ir gavo geras iSeigas (62-92 %) [142].

0]
H
COOH ooc = AgNO3 Nazszog =
+ R2 * R»] R2
KoCO3, H,0
[o]
148 100 °C, 24 val. 9

R1

3.

-
~

a R1=Ry=-H, 62%; e R1=4-MeO-, R,=3-MeO-, 86%;

b Ri=-H, R,=4-Cl-, 68%; fR=2,4-diMeO-, R,=3-MeO-, 90%;

¢ Ry=-H, Ry=4-MeO-, 75%; g R1=2,4-diMeO-, R,=3,4,5-triMeO-, 92%.
d R1=4-OMe-, Ry=-H, 80%;

1.54 schema. Sidabru katalizuojama dvigubo dekarboksilinimo ir kryzminio jungimo
reakcija

J. Zhou su komanda atliko paladziu katalizuojama arilriig§¢iy jungimg su 1-
fenilpropan-1-onu (1.55 schema). Geriausi rezultatai, 79 % iSeiga, buvo pasiekti
naudojant  katalizatoriy Pd(OAc)»/PCps-HBF4  (Cp-ciklopentilas), bazg
nBuwNOAc-HOAC (tetrabutilamonio diacetatas) ir tirpiklj DMF, reakcija vyko 90
°C temperatﬁroje 24 valandas [143].

0
HOOC
\© Pd(OACc),/PCps-HBF, O = O R
nBuyNOAc-HOACc,
0,
150 151 DMF, 90 °C, 24 val. 152

a R=-H, 79%;

b R=2-NO»-, 4-Me-, 68%;
¢ R=2-NO,-, 5-Me-, 61%;
d R=2-NO,-, 4-MeO-, 75%;

1.55 schema. Chalkony gavimas katalizuojamas paladziu, panaudojant arilrigstis ir 1-
fenilpropan-1-ona
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A. Obara su kolegomis publikavo keleta darby apie fenil- arba
hidroksifenilcinamaty foto-Fries persigrupavima susidarant chalkony molekuléms.
Pradinés medziagos buvo istirpintos benzene inertinéje azoto aplinkoje apSvitinant
auksto slégio gyvsidabrio lempa (450 W). Gauty produkty iSeigos buvo mazos (10 %)
[144]. Véliau V. T. Ramakrishnanas ir kiti patobulino A. Obaros metodika ir pastebéjo,
jog, pakeiciant tirpiklj i metanolj, etanolj ar chloroforma, galima pasiekti 50 % ir
didesnes iSeigas (1.56 schema) [145].

@\ o} o}
OJ\/\© hvIN, O = O
MeOH/EtOH OH
153 154

1.56 schema. Chalkony gavimas panaudojant foto-Fries persigrupavima

P. Yadavo grupé sujungé aromatinius aldehidus ir fenilacetilenus panaudodami
piperiding ir vario pagrindo siliciu padengta magnetini nanokatalizatoriy
(Cu@DBM@ASMNPs). Reakcijos vyko 110 °C temperatiroje 10 min. Gauti
hibridiniai chalkonai su heterociklais A Ziede 49-94 % iSeigomis (1.57 schema).
Svarbu paminéti, jog $is katalizatorius gali biiti sugrazinamas naudojant magneta.
Pastebéta, jog katalizatorius islieka aktyvus iki septyniy reakcijos cikly [146].

(0]
X
(o) A
P \©\ Cu@DBM@ASMNPs AHK/\@\
Ar” H R Piperidinas, 110 °C, 10-30 min. R
155 156 157
a Ar=2-piridil-, R=-H, 94%; f Ar=2-(4-Clpiridil)-, R=tert-butil-, 56%;
b Ar=2-piridil-, R=tert-butil-, 90%; g Ar=2-(4-Clpiridil)-, R=Me-, 49%;
¢ Ar=2-piridil-, R=Me-, 76%; h Ar=2-(4-Clpiridil)-, R=-F, 71%;
d Ar=2-piridil-, R=-F, 55%; i Ar=2-piridil-, R=-H, 75%.

e Ar=2-(4-Clpiridil)-, R=-H, 94%;
1.57 schema. Chalkony gavimas jungiant aldehidus ir fenilacetilenus

Y. Li su kolegomis tyrinégjo alkoholiy ir ketony
kondensacijos galimybes ir atrado paprasta ir efektyvy biidag gauti chalkonus (1.58
schema). Reakcija vyko CrO; dalinai iStirpinant acetofenone ir Iétai sulaSinant
atitinkamg alkoholj. Reakcijos miSinys buvo maiSomas 56 °C temperatiroje 10
valandy. Gauti i§gryninti produktai 65-98 % iSeiga [147]

(0] (0]
/©)J\ . HO/\© CrO3 O = O
(o]
R 56 °C, 10 val. R
158 159 160
a R=-H, 91%;
b R=Me-, 65%.

1.58 schema. Chalkony gavimas jungiant ketonus su alkoholiais
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1.34. Z-chalkony sintezé

K.Yoshizawa ir T. Shioiri ieSkojo stercoselektyvaus metodo Z-
chalkonams gauti ir susintetino 12 junginiy 54-83 % iSeigomis (1.59 schema).
Reakcija  buvo  vykdoma inertingje azoto  aplinkoje  1,3-difenil-2-
propiniltrimetilsilileter] istirpinant THF, j iki =78 °C atvésintg miSinj buvo sudétas
kalio tret-butoksidas. Po 10 min. konc. H,SO4 1,2-dimetoksietane (DME) sulaSinta j
reakcijos mi$inj, maiSoma 10 min. —78 °C temperatiiroje. Gauti E- ir Z-chalkony
miSiniai santykiu ~10:90. Véliau junginiai buvo gryninami standartiniais organinés
chemijos gryninimo biidais [148].

I I
Sig, si.

O N t-BUOK, THF @@ H,SO, DME
O -78 °C, 10 min. -78 °C, 10 min.
H
161 162 16

()

1.59 schema. Z-chalkony sintezé

L. Devi su kolegomis pademonstravo nestandartinj btidg gauti Z-chalkonus su
heteroaromatiniu B Ziedu. Mokslininkai panaudojo vienpakope¢ (one-pot) bazine 1,3-
dipoline prijungimo reakcija tarp elektronakceptoriumi pakeisty diazo junginiy ir tri-
pakeisty pirilio drusky, gauti pirazolo hibridiniai chalkonai (1.60 schema). Dalis
junginiy buvo gauti kaip gryni Z-produktai, deja, kita dalis junginiy buvo
neatskiriamuose miSiniuose su dominuojanciu Z-chalkono produktu [149].

PO(OMe),

R,
N PO(OMe) Ra
B e 2 DBU, MeCN
R1 O@ R1 N2 k. t. 2-6 val. R1 R1
BF,
164 165 166

a Ry=R,=Ph-, 72%;

b R4=Ph-, Ry=4-MeCgH-, 69%;

¢ R4=Ph-, R,=4-MeOCgHy-, 64%;

d Ry=Ph-, Ry=4-CICgHj-, 50%:

e R1=Ph-, R2=4-BFC6H4-, 48%;

f R1=Ry=4-MeOCgHy-, 61%;

g R1=4-MGCGH4-, R2=4-M€OCGH4-, 67%.

1.60 schema. Pirazolo Z-chalkony sintezé

P. Tanas ir S. R. Wangas taip pat panaudojo pirilio Ziedo atidarymo
reakcijg gaudami furano Z-chalkonus. Kaip ir L. Devi atveju dalis produkty buvo
kaip gryni Z izomerai, kita dalis — £- ir Z-chalkony miSiniai (1.61 schema) [150].
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N R4 \
o o , /@ P(NMep); MeCN &\ ~~R,
>\ ’< R3 O@ R4 k.t. 2 val.
Ri Rz BF, R3 =
167 168 169
a R1=R2=R3=R4=Ph-, 70%; fR1=R2=4-MeC6H4-, R3=R4=Ph-, 69%;

b R{=R,=Ph-, R3=R4=4-M€CGH4-, 62%;9 R1=R2=4-BrCsH4-, R3=R4=Ph-, 53%;
C R1=R2=Ph-, R3=R4=4-BTCGH4-, 62%; h R1=R2=4-C|CGH4-, R3=R4=Ph-, 44%;
d R1=R,=Ph-, R3=R;4=4-CICgH,-, 63%; i R1=R,=4-FCgH4-, R3=R4=Ph-, 64%.
e Ry=R,=Ph-, R3=R4=4-FCgHy-, 63%;

1.61 schema. Furano Z-chalkony sintezé

14. Chalkony cheminés savybés
1.4.1. Chalkony oksidacija
1.4.1.1. Algaro, Flynno ir Oyamados oksidacija

Chalkonus oksiduojant seleno dioksidu aukstoje temperatiiroje gaunami
flavonai, o juos veikiant vandenilio peroksidu esant Sarminei aplinkai susidaro
flavonoliai [151]. Alternatyvus oksidacijos biidas flavonams gauti yra chalkonus
veikiant jodu DMSO tirpiklyje aukstoje temperatiiroje (1.62 schema) [152, 153].

H,0, Na/KOH Ol Ar
/ R OH
_ Se0, ©,
160- 17000\\
\U2.DMSO___ m
72

170

a Ar=Ph-, R=-H;

b Ar=3-OHC6H4-, R=-H;

¢ Ar=3,4-diMeOCgH4-, R=-H;
d Ar=Ph-, R=CH3CONH-.

1.62 schema. AFO reakcija

1.4.1.2. Chalkony epoksidacija

R. Bernini ir kiti publikavo darba apie chalkony, chromony ir izoflavony
epoksidacijg joniniuose skysciuose (1.63 schema). Geriausi rezultatai buvo gauti, kai
reakcijai buvo naudojamas vandenilio peroksidas, natrio Sarmas ir 1-butil-3-
metilimidazolo tetrafuorboratas (bmim)BF4 [154].
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H202 NaOH R
[bmlm]BF4

1.63 schema. Chalkony epoksidacijos reakcija

1.4.2. Chalkony prijungimo reakcijos
1.4.2.1. Michaelio prijungimo reakcija

T. Bako ir kiti paskelbé, jog chalkonus kaip pradinj junginj panaudojo Michaelio
prijungimo reakcijoje. Mokslininkai sékmingai susintetino 11 junginiy naudodami
chiralinj azakrauneterj (CAE) kaip katalizatoriy, natrio fret-butoksida ir toluena.
Gauty produkty iSeigos svyravo nuo 26 % iki 75 % (1.64 schema) [155].

Arz N >7N02 CAE, NaOtBy  Ar; Ar,

toluene
175 176
a Ari=Ar,=Ph-, 53%; e: Ary=Ph-, Aro=4-MeCgHy-, 75%;
b Ary=4-CICgH4-, Arp=Ph-, 75%;  f: Ary=Ph-, Ar;=4-NO,CgHy-, 67%;
¢ Ar=4-MeCgHy-, Aro=Ph-, 49%; g: Ary=Ph-, Ar,=3,4-diMeOCgH4-, 26%;
d Ary=4-MeOCgHg4-, Aro=Ph-, 38%; h: Ary=4-FCgHy-, Ary=4-CICg¢Hy4-, 70%.

1.64 schema. Chalkony Michaelio prijungimo reakcija
1.4.2.2. Brominimo reakcija

Chalkony dvigubagjj rysj galima brominti grynu bromu [156], naudojant NBS
[157-159], ar TBATB mikrobangy reaktoriuje [160]. B. Allimenla su kolegomis
ieSkojo saugesnio betirpiklio metodo brominimo reakcijoms atlikti mikrobangy
reaktoriuje. Mokslininkams pavyko susintetinti bromintus darinius, jskaitant ir
chalkono darinj, panaudojant TBATB. Gautas 2,3-dibrom-1,3-difenilpropan-1-onas

87 % iSeiga, o reakcija truko 50 s (1.65 schema).
0} O Br

7 TBATB
MW, 50 s. Br
177 178 (87%)

1.65 schema. Chalkono brominimo reakcija

1.4.2.3. Dielso ir Alderio reakcija

Sios reakcijos pavyzdj chalkony molekuléms galima rasti R. Kamakshi ir B.
Reddy darbe. Chalkono molekulé buvo istirpinta toluene, pridéta ciklopentadieno ir
katalinis kiekis AICls, reakcija vyko kambario temperatiiroje 72 valandas. Ta pati
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reakcija buvo vykdyta ir mikrobangy reaktoriuje. Abiejy reakcijy iSeigos buvo labai
panasios, 50—60 %. Taéiau reakcija mikrobangose jvyko per 90 s (1.66 schema) [161].

AICI3 25°C COCH;s
CHJ\/\ (0]
@ )
AICI3 MW
181

1.66 schema. Dielso ir Alderio reakcija dviem skirtingaias metodais
14.2.4. Jungimas su aminotiofenoliais ir fenilendiaminais

Yra Zzinoma, kad chalkono molekulé gali reaguoti su o-aminotiofenoliais
sudarydama benzodiazepinus [162]. O. Prakashas ir kiti pateiké galima reakcijos
mechanizmg chalkonams reaguojant su o-aminotiofenoliais. Mokslininkai mano, kad
reakcija prasideda -SH 1,4-Michael prijungimu prie dvigubojo anglis-anglis rySio,
toliau vyksta NH» kondensacija prie karbonilgrupés (1.67 schema) [163].

@
w HZND @E L

1.67 schema. Chalkono jungimas su o-aminotiofenoliais

Y. Du ir kiti pademonstravo, kad jungiant chalkonus su o-fenilendiaminais
rigstiniuose joniniuose skysCiuose yra gaunami 1,5-benzodiazepiny dariniai.
Reakcijos vyko kambario temperatiiroje naudojant 1-butilpiridino hidrosulfato tirpala.
Gauty benzodiazepiny iSeigos buvo nuo 43 % iki 88 % (1.68 schema) [164].

Rz

185 186 m

Ri
a Ry=R,=-H, 87%: e Ry=-H, Ry=-Cl, 90%:
b Ry=-H, Ry=Me-, 89%; fR{=-H, R,=MeO-, 88%:
Cc R1=-H, R2=-N02’ 95%; g R1=-Br, R2=-H, 92%.
d R1 =-N02’ R2=-H, 93%;

1.68 schema. Chalkono jungimas su o-fenilendiaminais
1.4.2.5. Chalkony jungimas su chlorbenzenu
S. Singhas ir kiti panaudojo (2F)-1,3-bis(4-chlorfenil)prop-2-en-1-ong tam,
kad gauty 2-[2,2-bis(4-chlorfenil)etil]-2-(4-chlorfenil)-tiazolidin-4-ong, kurj tyré dél
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citotoksinio poveikio devynioms zmoniy vézio lasteliy riiSims: leukemijos, plauciy,
storosios Zarnos, CNS, melanomos, kiausidziy, inksty, prostatos ir kriities. Produktas
buvo gautas per dvi sintezés stadijas. Pirmoje stadijoje pradinis chalkonas buvo
jungiamas su chlorbenzenu esant bevandeniam AICl; kambario temperatiiroje,
reakcija vyko 90 min. Antroje stadijoje 1,3,3-tris(4-chlorfenil)propan-1-onas buvo
tirpinamas sausame benzene ir kondensuojamas su tioglikolio rigstimi (TGA) ir
amonio karbonatu, reakcija vyko verdant reakcijos misinj 40 valandy. Gauto produkto
iSeiga sieké 58 % (1.69 schema) [165].
Cl

O benzenas
HN S
O (0 e (0
Cl kt Cl VII't Cl
189

90 min. 40 val. 190 (58%)

1.69 schema. Chalkony jungimas su chlorbenzenu
1.4.2.6. Chalkony jungimas su natrio cianidu

S. Nielsenas su kolegomis pademonstravo, kad, veikiant (2E)-3-(2,4-
dimetoksifenil)-1-{4-[(prop-2-en-1-il)oksi]fenil } prop-2-en-1-ong natrio cianidu ir
AICls, DMF tirpiklyje 100 °C temperatiiroje 20 min., galima gauti -cianoketonus. Si
ciano grupés prijungimo reakcija smarkiai iSplecia galimybes prijungti pakaitus prie
chalkono alfa- ir beta-anglies atomy (1.70 schema) [166].

NaCN, AICl,

(0] , , O CN
\/\O \O O/ \/\O \O O/
191 192

NaH, toluene, t °C

1.70 schema. f-cianoketono sintezé
1.4.2.7. Chalkony jungimas su tiocianatais
L. Yadavas ir kiti atliko S-tiocianoketono sinteze¢ (1.71 schema). Reakcija vykdé
maiSydami joninj 1-N-butil-3-metilimidazolio tiocianato ([bmim]SCN) tirpala su
(2E)-1,3-difenilprop-2-en-1-onu kambario temperatiiroje dvi valandas. Gauto
produkto, 1,3-difenil-3-okso-propiltiocianato, iSeiga sické 91 % [167].

\ N
®£‘® o) o s
/
N"© = k. t. 2 val.
SCN + —_—
193 194 195 (91%)

1.71 schema. f-tiocianoketono sintezé

1.4.3. Redukcijos reakcijos
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A. Charlesas ir kiti atliko chalkony redukcijos reakcijas (1.72 schema).
Mokslininkai hidrinimui panaudojo rutenio katalizatorius CpRu(PTA)(PPh3)H,
CpRu(PTA),Cl, IndRu-(PTA)(PPh;3)CI ir DpRu(PTA),Cl, acto riigstj, natrio formiata
ar natrio karbonata izopropanolyje. Chalkono 196 molekuléje redukcija galima
dviejose junginio padétyse: prie dvigubojo rysio ir karbonilgrupés. Naudoti skirtingi
katalizatoriai daveé skirtingus produktus. Pavyzdziui, bazingje aplinkoje naudojant
CpRu(PTA),Cl katalizatoriy buvo gauti junginiai 197 ir 199, bet naudojant kitus
katalizatorius buvo gauti junginiai 197, 198 [168]

CpRu(PTA)(PPh3)H
o arba CpRu(PTA),ClI o
O Z O arba DpRu(PTA),Cl O O
196 197

CpRu(PTA)(PPh3)H arba

IndRu-(PTA)(PPh3)CI arba

DpRu( PTA)ZCI

-~

CpRu( PTA)2CI‘

OH

W2

\
W,
O
W,

1

©

8

|
©
©

1.72 schema. Chalkony redukcijos reakcijos
1.4.4. Kondensacijos reakcijos

M. Raghavendra ir kiti pademonstravo, kad chalkony darinius galima
kondensuoti su 4-amino-5-feniltriazolo-3-tioliu mikrobangy reaktoriuje kaip
katalizatoriy naudojant PTSA. Gauty produkty iSeigos buvo 83-90 % (1.73 schema)
[169].

N2
PTSA

+ Hs< N _ph PTSA
\(lil—l?/ MW, 10 min.

200 201
a R1=R2=R3=R4=-H, 830/0, f R1=-CH3, R2=-Br, R3=R4=-H, 84%,
b R1:R2:-Br, R3:R4:-H, 85%; g R2:-Br, R1:R3:R4:-H, 86%;

¢ Ry=-Cl, Ry=Br, Ry=R,=-H, 85%;  h Ry=-Cl, Ry=R3=R,=-H, 90%;
d Ry=-OH, Ry=Br, R3=R,=-H, 85%; i Ry=R,=Rs=-H, R,;=-CHj, 89%;
e R1=MeO-, R2=BF, R3=R4=-H, 87%; J R1=R4=-CH3, R2=R3=-H, 86%.

1.73 schema. Chalkony dariniy kondesacija naudojant mikrobangas
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1.4.5. Ciklizacijos reakcijos

Flavanonus galima pavadinti chalkony izomerais. Jie dazniausiai susidaro
chalkonus veikiant 1-2 % riig§ciy ar Sarmy tirpalais [170]. Kaip bazinis katalizatorius
dazniausiai yra naudojamas 1,5-2,5 % natrio Sarmo tirpalas [171]. Kaip riigstiniai
katalizatoriai gali buti naudojami sieros ruigstis etanolyje, praskiesta druskos rugstis
[171] ir fosforo rugstis etanolyje [172]. Taip pat S. Saravanamuruganas ir kiti
publikavo darba apie chalkony ciklizacija naudojant H-ZSM-5 (Zeolite Socony
Mobil-5), Mg-ZSM-5 ir Ba-ZSM-5 katalizatorius. 1.74 schemoje pavaizduota, kaip
buvo gautas flavanonas per dvi stadijas i§ benzenkarbaldehido ir 2-
hidroksiacetofenono 140 °C temperatiiroje panaudojant minétus katalizatorius [173].

o 0 o
@\)\ HJ\© H, Mg, Ba-ZSM-5 O _ O
+
OH OH
203 2 204
o) o)

N
B
o

o
T

= E H, Mg, Ba-ZSM-5

1.74 schema. Chalkony ciklizacija naudojant ZSM-5 katalizatorius

204

1.5. Literatiiros apZvalgos apibendrinimas

Taigi, chalkony sintezé¢ paprastai atlickama naudojant Claiseno ir Shmidto
kondensacijos reakcija, kai katalizatorius gali biiti stipri bazé ar ruigstis. Paprastai $i
reakcija uztrunka 24—48 val., kol susidaro tikslinis produktas. Taip pat Siuvo metodu
dazniausiai yra gaunami junginiai su heterociklais chalkony A, B ar AB padétyse.
Keiciant reakcijos salygas jmanoma sutrumpinti reakcijos laikg. O pasinaudojus
zaliosios chemijos metodais, pavyzdziui, reakcijas atlickant mikrobangy reaktoriuje,
reakcijos laika galima sutrumpinti nuo valandy iki minuciy.

Claiseno ir Shmidto kondensacijos reakcija néra vienintelis buidas sintetinti
chalkonus. Paladziu katalizuojamos reakcijos, tokios kaip Suzuki, Hecko, Julia-
Kocienski ir Wittigo reakcija, gali puikiai pasitarnauti atliekant chalkony sintezg
ir gaunant produktus geromis iSeigomis. Kiti metodai, tokie kaip Friedelio ir Craftso
acilinimas ir foto-Fries persigrupavimas, taip pat gali buti pritaikomi chalkonams
sintetinti, taciau Sie metodai néra plac¢iai naudojami.

Chalkono strukttra gali biiti panaudojama jvairiy sudétingesniy junginiy
sintezéje pritaikant oksidacijos, redukcijos, prijungimo ar ciklizacijos reakcijas.

Si literatiros apzvalga trumpai apima naujausius sintetinius chalkony metodus
ir chalkony panaudojima tolimesngje sintezéje. Surinkta informacija padeda geriau
suprasti tema ir palengvina tolesnius tyrimus kuriant chalkony molekules.
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2. TYRIMU REZULTATAI IR JU APTARIMAS
2.1. Fenil-pirazolo chalkony sintezé

2.1.1. 1-fenil-1H-pirazol-3-ilacetato ir 1-(1-fenil-3-hidroksi-1H-pirazol-
4-il)etan-1-ono sintezé

Tiksliniy chalkony — (£)-1-(1-fenil-1H-pirazol-4-il)-3-(hetero)arilprop-2-en-1-
ony sintezei kaip pradiné medziaga buvo naudojamas per keleta stadijy i§ 1-fenil-1H-
pirazol-3-olio (1) gautas  1-(1-fenil-3-hidroksi-1H-pirazol-4-il)etan-1-onas (3).
Pirmoje stadijoje junginys 1 reagavo su acto rigsties anhidridu (2.1 schema).
Isbandyta keletas reakcijos salygy, kaip acilinantys agentai pasirinkti acetilchloridas
(2.1 lentele, nr. 1 [174]) arba acto rtgsties anhidridas (2.1 lentelé, nr. 2 [175], 3 [176]),
tirpikliai — chloroformas arba toluenas bei skirtingos bazés — TEA arba NaHCO; (2.1
lentelé). Geriausi rezultatai gauti reakcijg vykdant su acto riigsties anhidridu toluene,
naudojant NaHCOs, susidaré produktas 1-fenil-1H-pirazol-3-ilacetatas (2) 92 %
iSeiga (2.1 lentelg, nr. 3).

(0]

>\.,_

HO, )

39

Reakcijos salygos: i) Ac,0,
NaHCOj toluenas, 24 °C, 16 val.

2.1 schema. 1-fenil-1H-pirazol-3-ilacetato sintezé

2.1 lentelé. 1-fenil-1H-pirazol-3-ilacetato sintezés sglygy parinkimas

Nr | Acilinantis Tirpiklis Baze Temperatiir Rea.kcuo ISeig
agentas a s laikas a

1 ;\cetllchlorlda Sloroforma TEA 24 °C | val. 559,

o | Acte TUZUES | ppienas [ —a 100 °C 0,5val. |75 %
anhidridas

3 |Adto 1UgStes | gy enag | NAHCO o400 16val. | 92%
anhidridas 3

Antrojoje sintezés stadijoje atlikta 1-fenil-1H-pirazol-3-ilacetato (2) Frieso
persigrupavimo reakcija naudojant bevandenj AICl; (2.2 schema) [177]. 1-(1-fenil-3-
hidroksi-1H-pirazol-4-il)etan-1-onas (3) gautas 83 % iSeiga.
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N— 0

on | HO>/._§\

N —_— N
2

Reakcijos sglygos: i) AICI3 CSy,
50 °C, 5 val.; HCI, 0 °C iki k. t., 16 val.

zZ
z

2.2 schema. 1-(1-fenil-3-hidroksi-1H-pirazol-4-il)etan-1-ono sintezé

2.1.2. (E)-1-(1-fenil-3-hidroksi-1H-pirazol-4-il)-3-(hetero)arilprop-2-en-
1-ony sintezé

1-(1-fenil-3-hidroksi-1H-pirazol-4-il)etan-1-onas (3) toliau naudotas Claiseno
ir Schmidto reakcijoje su jvairiais benzenkarbaldehidais ir heteroaromatiniais
karbaldehidais (2.3 schema). Kondensacija vyko klasikinémis salygomis, t.y. tirpikliu
pasirinktas etanolis, baze - NaOH. Reakcija buvo vykdoma 55 °C temperatiiroje 3—4
valandas. Chalkonai 4-18 gauti 25-95 % iSeigomis. Buvo pastebéta, kad
reakcija geriausiai vyko su furan-3-karbaldehidu, naftalen-2-karbaldehidu bei 4-
(pirolidin-1-il)benzenkarbaldehidu, produktai 12, 13 ir 16 gauti 94-95 % iSeigomis.
Maziausiomis iSeigomis gauti chalkonai etanono 3 reakcija vykdant su
izonikotinkarbaldehidu ir 4-(dimetilamino)benzenkarbaldehidu. Atitinkami produktai
9 ir 10 susidaré 36 ir 25 % iSeigomis.
4 R=Ph-; 5 R=chinolin-3-il-; 6 R=4-MeOPh-;

Q 0 Q. /R 7R=4-CIPh-; 8 R=piridin-3-il-; 9 R=piridin-4-il-;
HO HO
PR 10 R=4-(CH3),NPh-; 11 R=tiofen-2-il-;
Ny R H 12 R=furan-3-il-; 13 R=naftalen-2-il-;

N i N 14 R=2,4-diMeOPh-; 15 R=3,4-diMeOPh-;
Ph Ph 16 R=4-(pirolidin-1-il)Ph-;
3 4-18 (25-95% ) 17 R=4-(piperidin-1-il)Ph-;

Reakecijos salygos: i) NaOH, EtOH, 55 °C, 3-5 val. 18 R=4-(morfolin-4-il)Ph-.

56



13 (94%) 14 (75%) 15 (67%)

@) @) O /\
Y, NQ Y, NQ / N
HO HO HO \\/O

/ / !

N N N
N N N
Ph Ph Ph
16 (94%) 17 (47%) 18 (75%)

2.3 schema. (E)-1-(1-fenil-3-hidroksi-1H-pirazol-4-il)-3-(hetero)arilprop-2-en-1-ony
sintezé

Vykdant 1-(1-fenil-3-hidroksi-1H-pirazol-4-il)etan-1-ono (3) reakcija su 4-
fluorbezenkarbaldehidu pastebéta, kad, be tikslinio Claiseno ir Schmidto reakcijos
produkto, susidaré ir Salutinis produktas 3-(4-etoksifenil)-1-(1-fenil-3-hidroksi-1H-
pirazol-4-il)prop-2-en-1-onas (20) (2.4 schema). Manoma, kad susidariusio chalkono
19 4-FPh ziedas toliau dalyvauja SyAr reakcijoje. Jos metu etoksido jonas kaip
nukleofilas atakuoja benzeno Zziedo 4-C atoma, turintj dalinj teigiamag kriivj.
Prisijungus etoksido pakaitui, nuo neigiama krtivj turin¢io tarpinio junginio atskyla -
F ir sistema atgauna aromatiskumg [178].

Norint i§vengti Salutinio produkto 20 susidarymo, vykdant etanono 3 reakcija
su 4-fluorbenzenkarbaldehidu tirpikliu naudotas dioksanas, natrio hidroksidas
tirpintas nedideliame kiekyje vandens, reakcija vykdyta 16 val. 65 °C. Gautas
produktas 19 70 % iSeiga. Analogiskos salygos naudotos ir junginio 21 sintezei.
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o) o) OEt
R
HO)_?—/\@ HO>_§\—//_Q
i 7\ + I
— N. N.
(0] N N
Q dﬁ 1Ps? R=-F (28%) 53 (24%)
HO R °
7\

N. o
R
Ph HO /
3 i ]
L N
N
Ph

19 R=-F (70%);
21 R=-OCF3 (58%).
Reakcijos salygos: i) NaOH, EtOH, 55 °C, 3-5 val.; ii) dioksanas, NaOH, H,O, 65 °C, 16 val.

2.4 schema. Salutinio junginio 20 ir tiksliniy junginiy 19, 21 sintezé

Papildomai atlikta (£)-1-(3-alkoksi-1-fenil-1H-pirazol-4-il)-3-(hetero)arilprop-
2-en-1-ony 22-30 sintezé (2.5 schema). Claiseno ir Schmidto kondensacijos produktai
4-7, 11, 12, 19 buvo naudojami O-alkilinimo reakcijoje su metil-, propil- ir 2-
metoksietilhalogenidais. Baze naudotas NaH (60 % miSinyje su mineraline alyva),
tirpiklis — DMF. Gauti produktai 43—96 % iSeigomis.

22 R=Ph-; R1=Me-;
23 R=chinolin-3-il-; R{=Me-;

o R o R 24 R=4-CIPh-; R;=Me-:
HO R0 25 R=4-FPh-: R=Me-;
a i — 26 R=4-MeOPh-: R,=Me-:
N‘N - N‘N 27 R=tiofen-2-il-; R=Me-;
Fl’h F|>h 28 R=furan-3-il-; Ry=Me-;
4-7,11, 12, 19 22-30 (43-96%) 29 R=Ph- Ry=MeOCH,CHy-;

30 R=Ph-; R4=CH3CH,CH,-.
Reakcijos sglygos: i) NaH, DMF, 0 °C, alkilhalogenidas, 40 °C, 1 val.

0
_0 /
!
N
N .
Ph Ph
22 (69%) 23 (72%) 24 (80%)
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0] (0]
0 / F 7\ |
I\ \
"y . ‘N
Ph Ph Ph
25 (43%) 26 (48%) 27 (60%)
0] @)
/ o v
. N
) \ N
Ph Ph Ph
28 (77%) 29 (50%) 30 (96%)
2.5 schema. (E)-1-(3-alkoksi-1-fenil-1H-pirazol-4-il)-3-(hetero)arilprop-2-en-1-ony 22-30
sintezé
2.1.3. (E)-1-aril-3-(3-benziloksi-1-fenil-1H-pirazol-4-il)-prop-2-en-1-ony

sintezé

Siekiant praplésti chalkony bibliotekg 1-fenil-1H-pirazol-3-olis (1) buvo
naudotas (E)-3-(3-benziloksi-1-fenil-1H-pirazol-4-il)-1-fenilprop-2-en-1-ony
sintezei (2.6 schema). Produktai 33-37 gauti per tris reakcijos stadijas. Pirmoje
stadijoje 1-fenil-1H-pirazol-3-olis (1) buvo veikiamas NaH (60 % miSinyje su
mineraline alyva) ir benzilchloridu dimetilformamide (DMF) esant inertinei aplinkai
60 °C temperattroje 1 valanda. [179]. Susidares 3-(benziloksi)-1-fenil-1H-pirazolas
(31) dalyvavo Vilsmeierio ir Haacko formilinimo reakcijoje. Tarpinis produktas 32
buvo gautas fosforo oksichloridag maisant su DMF, sudarant Vilsmeierio reagentg ir j
ji sulaSinant junginj 31 iStirpinta DMF tirpiklyje, reakcija vykdant 70 °C
temperattroje 1 valanda. [180]. Trecioje stadijoje junginys 32 dalyvavo Claiseno ir
Schmidto reakcijoje ir reagavo su jvairiais 4’-pakeistais acetofenonais etanolyje kaip
katalizatoriy naudojant natrio Sarmg, reakcija vykdant 55 °C temperatiiroje 30 min.
[181]. Gauty produkty 33-37 iSeigos buvo 66-97 %.
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(@]
HO BnO BnO  CHO Bno. 33 R=_H-
7 i 7 i 7 ii 7 = -
N. y_ T, N. Vo N. \g LIS 34 R=MeO-;
N [\Ij [\Ij \ 35 R=-Cl;
Ph Ph Ph Ph 36 R=-F;

1 31 (95%) 32 (78%) 33-37 (66-97%) 37 R=-N(CHs),.

Reakcijy saglygos: i) NaH, DMF (abs.), ir 0 °C; benzilchloridas, 70 °C, 1 val.; ii) POCIl3 DMF,
-10 °C iki 70 °C, 1 val.; iii)) NaOH, EtOH, 55 °C, 30 min.

/ /
(0] Cl K —N
(0] (0] (0] (0] (0]
BnO ) BnO ) BnQO \ BnO ) BnO )
7\ A\ 7\ I\ A\
N. N. N, N. N.
N N N N N
Ph Ph Ph Ph Ph

33 (66%) 34 (68%) 35 (97%) 36 (79%) 37 (85%)

2.6 schema. (E)-1-aril-3-[(3-benziloksi)-1-fenil-1H-pirazol-4-il]Jprop-2-en-1-ony
sinteze
Gauti (E)-1-aril-3-[(3-benziloksi)-1-fenil-1H-pirazol-4-il]prop-2-en-1-onai 33-
36 buvo papildomai apdoroti trifluoracto riigstimi toluene ir gauti (E)-1-aril-3-(1-
fenil-3-hidroksi-1H-pirazol-4-il)prop-2-en-1-onai  38-41, geromis iSeigomis (36—
83 %) (2.7 schema) [179].
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38 R=Ph-;
39 R=4-MeOPh-;

R R
o} 0
o} ) HO \
7\ i I\
N‘N ! N‘N
© © 40 R=4-CIPh-;

33-36 38-41 (36-83 %) 44 R=4-FPh-.
Reakcijos saglygos: i) TFA, toluenas, k.t., 24 val.

/
(0] Cl E
(@] (@] (@] (@]
HO_ ) o ) HO_ ) HO_ )
A\ A\ I\ A\
N. R N. R
N "N N "
Ph Ph Ph Ph

38 (60%) 39 (36%) 40 (83%) 41 (67%)

2.7 schema. (E)- 1-aril-3-(1-fenil-3-hidroksi-1H-pirazol-4-il)prop-2-en-1-ony sintezé

Pradedant nuo 1-fenil-1H-pirazol-3-olio pradinio junginio ir jungiant jj su
jvairiais karbaldehidais ir acetofenonais pritaikant Claiseno ir Schmidto
kondensacijos reakcija bei kitas reakcijas, buvo susintetinta nedidelé¢ jvairiy
pirazolchalkony dariniy biblioteka.

2.14. Pirazol-chalkony dariniy BMR analizé

Naujai gauty junginiy struktiiros buvo patvirtintos BMR, MS, HRMS ir IR
spektroskopijos metodais. (2E)-3-fenil-1-(1-fenil-3-metoksi-1H-pirazol-4-il)prop-2-
en-1-onas 22 pasizyméjo stipriomis tolimosiomis sgveikomis 'H-1*C HMBC, 'H-1*C
H2BC ir 'H-"N HMBC spektruose, kurie kartu su duomenimis i§ 1,1-ADEQUATE
eksperimento leido pateikti aiSkius poslinkiy priskyrimus 'H, "*C ir "N BMR
spektruose (2.1 pav.). Pavyzdziui, pirazolo 5-H protonas (singletas, & 8.42 m. d.) ne
tik pasizyméjo tolimosiomis sgveikomis su 1H-pirazol-4-ilfragmento '*C BMR
signalais, bet ir stipria sgveika su toliausiai pasislinkusiu '*C rezonanso signalu, kuris
priskiriamas karbonilgrupés anglies atomui (8 183.3 m. d.). Sie priskyrimai kartu su
1,1-ADEQUATE eksperimento duomenimis leido priskirti gretimos anglies signalg
ties 124.3 m. d., kuris rodo vienintele¢ saveika su prie§ tai minétu karbonilgrupes
anglies atomo signalu. Be to, protonizuotas anglies atomas taip pat spektre rodo
sgveikg su gretima olefinine anglimi, kuri rezonavo ties 6 142.6 m. d. Turint $ig
informacijg ir 'H-"*C HSQC spektro duomenis buvo galima identifikuoti olefininius
protonus H, (8 7.63 m. d.) ir Hy (& 7.82 m. d.), kurie spektre buvo matomi kaip AB-
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sukinio-sukinio sistema dviejy dublety pavidalu (CJuam = 15,7 Hz). Analizuojamo
junginio 'H-'H NOESY spektre buvo pastebétos NOE sgveikos tarp fenilgrupés
2"(6")-H protony ir abiejy olefininiy Ha ir Hy protony signaly, taip pat H, protonas

turéjo NOE saveika su pirazolo 5-H protonu, patvirtinant junginio 22 konformacijg.
7.64-7.66

Hy XY 730743

7.82

4.16 7.39-7.43
H;C~
7.39-7.43
e 5N/)’ N Ha J>4—7 66
> N2 7.63
\ 8.42',"4/1
—1814 N ~ 2%
S/ 7.69 :
7.69 - 3JHa,Hb =157 Hz 1186 118.6
7.46 7.46 22 129.5 129.5
7.31 126.9
£~ NOE /7~ X 'H-BcHMBC === 1,1-ADEQUATE

277N HBNHMBC 4 - THA13C H2BC

2.1 pav. Junginio 22 cheminiai poslinkiai *H BMR (kursyvas), *C BMR ir 15N BMR
(parySKkintasis) ir atitinkamos 'H-*C HMBC, *H-13C H2BC, *H-N HMBC, 'H-'H NOESY
ir 1,1-ADEQUATE sgveikos

(2E)-3-[3-(benziloksi)-1-fenil-1H-pirazol-4-il]-1-fenilprop-2-en-1-ono 33
struktlirai nustatyti buvo panaudoti H-*C HMBC, H-*C H2BC, H-*C HSQC ir
'H-15N LR-HSQMBC spektry duomenys (2.2 pav.) Sio junginio atveju pirazolo 5-H
protono signalas (singletas 6 7.99 m. d.) buvo lengvai nustatytas, nes jis turé¢jo ne tik
ilgasias HSQMBC saveikas su gretimais N-1 ,pirolo (6 -184.3m.d.) ir N-2
,»piridino* (6 —118.0 m. d.) azoto atomais, bet ir HMBC sgveikas su ketvirtinémis C-
3(5162.8m.d.) ir C-4 (5 107.4 m. d.) anglimis. *H-3C HSQC spektro duomenys
parodé vieno rySio sgveikg tarp pirazolo 5-H protono ir C-5 (6 129.0 m. d.) anglies.
Spektry duomenimis patvirtintas 1H-pirazol-4-ilfragmento rySys su gretimu 1-
fenilprop-2-en-1-ono fragmentu, kurio Ha olefininis protonas HMBC spektre turéjo
ilgasias sgveikas su pirazolo Ziedo anglies atomy signalais. E-konfigiiracija C =C
dvigubo rysio atveju vienareikSmiskai jrodyta i§ sgveikos konstantos tarp olefininiy
protony Ha (8 7.77 m. d.) ir Hy (8 7.74 m. d.), kurie spektre buvo matomi kaip AB-
sukinio-sukinio sistema dviejy dublety pavidalu (*Juaps = 15,4 Hz). Kaip ir tikétasi,
'H-13C HMBC spektre buvo matomos atskiros tolimosios sgveikos tarp $iy olefininiy
protony ir fenilgrupés 2"(6")-H protony signaly (6 7.96—7.97 m. d.) su charakteringu
karbonilgrupés anglies atomo signalu (5 190.4m.d.). *H-'H NOESY spektro
duomenys parod¢ saveikas, kurios identifikavo protonus, esancius arti vienas kito
erdvéje. Siuo atveju buvo pastebétos aiskios saveikos tarp pirazolo Ziedo protono 5-
H ir olefininio protono Ha, 0 fenilgrupés 2"(6")-H protonas saveikavo su olefininiu
protonu Hp. Sie duomenys patvirtino junginio 33 konformacija. Benziloksifragmento
CH; protonai (& 5.50 m. d. singletas) H-3C HMBC spektre saveikavo su pirazolo
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ziedo C-3 anglimi ir fenilo ziedo C-2"'(6"") anglimis (3 128.0 m. d.). Visy kity
hibridiniy pirazolo-chalkony grupés junginiy struktiros nustatytos ir jrodytos
analogiskai.

7.56 748 1326 4287

7.48

7.96-7.97
7.46 (
7.74

7.40 7.58-7.59
Hp
7.46 300

7.96-7.97

7.58-7.59 i/b 128_0\7;3 162.8
~118.0 H /X 'H-"C HMBC
-184.3 7.99
. 4N 'H-8c H2BC
7.65 17.65 .
+77X 415N LR-HSQMBC
7.44-7.47 7.44-7.47 4~ NOE 129.7 129.7

7.27-7.29 126.4

2.2 pav. Junginio 33 cheminiai poslinkiai *H BMR (kursyvas), 3C BMR ir 5N BMR
(parySkintasis) ir atitinkamos 'H-*C HMBC, *H-13C H2BC, *H-N LR-HSQMBC ir 'H-'H
NOESY saveikos

2.2. Pirazolo-chalkony panaudojimas pirazoliloksazolo dariniy
sintezéje

Chalkonai dél prop-2-enono fragmento reaktingumo su nukleofilais yra
naudingi kaip pradiniai junginiai jvairiems azoto heterocikliniams junginiams gauti.
Atliekant pirazolo-chalkony pritaikymo sudétingesniy heterocikliniy sistemy sinteze
tirta chalkony ciklizacija gaunant pirazolizoksazolo darinius. Pradzioje buvo atlikti
bandymai chalkono 22 prop-2-enono dvigubajj anglis-anglis rysj veikiant brominaciu
agentu (NBS) ir gautg dibromketona [42] veikiant hidroksilamino hidrochloridu (2.8
schema). TaCiau jau pirmoje stadijoje gautas produktas tik 16 % iSeiga, o po
ciklizacijos produkto 43 iSeiga sieké tik 18 %[182]. Bendra dviejy stadijy iSeiga
nesieké 3 %.

Br.
(0] (0]
o/ y/ o/
N Ny E
iN) @
22 [42] (16%) 43 (18%)

Reakcijy saglygos: i) NBS, ACN, 80°C, 2 val, ii) NaOH, NH,OH HCI, EtOH, nuo 60°C, 6 val.

2.8chema. Junginiy [42] ir 43 sintezé
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Kitame tyrimo etape, siekiant tikslinj junginj gauti per vieng stadijg, buvo atlikti
junginio 43 sintezés bandymai pradiniu junginiu naudojant chalkong 22 (.2.2 lentelé¢).
Vykdant eksperimenta su junginiu 22 ir hidroksilamino hidrochloridu baze naudojant
piriding 2-propanolyje buvo gautos iki 5% siekiandios iseigos [183]. Si ir kitos
bandomosios reakcijos buvo atlieckamos dviem biuidais. Nenaudojant natrio sulfato ir
reakcijos metu susidariusiam vandeniui pasalinti naudojant bevanden] natrio sulfata
(2.2 lentelg, eil. nr. 1,2). Baze pakeitus natrio acetatu, o tirpiklj — DMSO, tikslinis
produktas nesusidaré (2.2 lentelé, eil. nr. 3,4 [184]). Vykdant kitas optimizacijos
reakcijas baze naudotas natrio arba kalio Sarmas, o tirpikliu — etanolis. Bandymy metu,
kai baze naudotas kalio Sarmas, produktas buvo gautas 20 % iSeiga (2.2 lentel¢, eil.
nr. 8). Reakcijoje, kai bazé buvo natrio Sarmas, susidaré junginys 43 30 % iSeiga (2.2
lentelé, eil. nr. 5 [185]). Reakcijos metu, kai buvo naudojamas bevandenis natrio
sulfatas, buvo gauta iki 9 % didesn¢ iSeiga (2.2 lentel¢, eil. nr. 6). Bandymai
analogiSkomis sglygomis buvo atlikti ir su chalkonais 4, 7 ir 22, 24, isoksazolai 43-46
susidaré mazomis iSeigomis (2.9 schema). Manoma, kad maZzas produkty iSeigas lémé
Salutiniy izoksazoliny susidarymas.

2.2 lentelé. Junginio 43 sintezés salygy parinkimas

O, N
-0 / o M
7\ 7\
5 &
22 43
Eil. | Bazé Tirpiklis Temperatiira, | Laikas, | Na;SO4 | ISeiga, %
Nr. °C val.
1 Pyr 2- v.t. 6 - 3
propanolis
2 Pyr 2- v.t. 6 + 5
propanolis
3 CH3COONa | DMSO 120 6 - 0
4 CH3COONa | DMSO 120 6 + 0
5 NaOH EtOH V.t 16 - 30
6 NaOH EtOH V.t 16 + 39
7 KOH EtOH V.t 16 - 12
8 KOH EtOH V.t 16 + 20
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R4
N ‘
N
43 R1=MeO-, Ry=-H, 39%;
44 R,=MeO-, Ry,=-Cl, 25%;
45 R=-OH, Ry=-H, 25%;
4,7, 22,24 43-46 46 R4=-OH, R,=Cl, 12%.

Reakcijos saglygos: i) NaOH, NH,OH HCI, Na,SO4 EtOH, v.t., 16 val.

2.9 schema. Junginiy 43-46 sintezé

Toliau buvo ieskoma selektyvesnio ir naSesnio pirazolilizoksazoly sintezés
biido. Veikiant chalkong 22 N-hidroksi-4-toluensulfonamidu ir NaOH etanolio-
vandens misinyje 9/1 [186—189], regioselektyviai buvo gautas 3-fenil-5-(1H-pirazol-
4-il)-1,2-oksazolas (47), iSeiga 37 %. Regioselektyvus 1,2-oksazolo susidarymas gali
biti siejamas su didesniu TsSNHOH grupés azoto atomo nukleofiliSkumu [189].

Regioselektyvus pirazol-isoksazolo susidarymas buvo patvirtintas BMR
tyrimais. Neabejotinas 1,2-oksazolo (isoksazolo) grupés susidarymas buvo nustatytas
i§ 'H-'"’N HMBC spektro duomeny. Siame spektre buvo matomos ilgyjy rysiy
saveikos tarp isoksazolo 4-H protono (6.77 m. d.) ir N-2 azoto atomo rezonansés —
18.6 m. d. ir tai puikiai sutampa su literatiiroje pateiktais duomenimis [190]. 2 Hz
optimizuoti "H-'"N HMBC spektrai patvirtino $ig struktiira, nes fenilo dalies protonai
2"(6")-H (8 7.88 m. d.) turéjo tolimgsias sgveikas su 1,2-oksazolo azotu. Be to, 'H-
13C HMBC spektre tie patys fenilo dalies protonai 2(6")-H (8 7.88 m. d.) sagveikavo
su C-3 anglimi (162.8 m. d.), o pirazolo 5-H protonas (singletas 8.24 m. d.) saveikavo
su isoksazolo ziedo C-5 anglimi, kurios rezonans¢ buvo 162.9 m. d.

dy7.88 m. d.

(O
N
J2RN

N

dy-18.6 m. d.

2 Hz optimizuotas
"H-"SN HMBC

TN
47 (37%) "H-3C HMBC
2.3 pav. Junginio 47 saveikos

Siekiant iSvengti bet kokio neaiSkumo, jrodant §ig strukttirag buvo susintetinti
ISN-zyméti pirazolizoksazolai 48 ir 49 (2.10 schema), analogiskai kaip ir junginys 43.
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Chalkonui 22 reaguojant su '°N-hidroksilamino hidrochloridu susidaré neatskiriamas
regioizomery 48 ir 49 miSinys santykiu 9:1. Zyméto "N atomo jterpimas j
azaheterociklus yra svarbus metodas tyrin¢jant molekuliy struktiiras ir smarkiai
iSple¢éia BMR metody naudojimo galimybes [191]. '"N-Zymétoms aromatinéms
heterociklinéms struktiiroms daznai yra biidingos gerai i$siskirian¢ios "H-'"N (Jun) ir
BC-N (Jen) saveikos konstantos ir 1D 3C BMR ir 1D 'H BMR spektruose
atitinkamy signaly i$skaidymas [192, 193].
2otz =711 Hz 2Jcang = 8.40 Hz

8JcoNa = 2.28 Hz 8 Jcanz = 1.92 Hz
3Jcsnz = 1.47 Hz

3Jcanz = 0.66
H3C-O H3;C-O

i R 1Jcanz =2.25 Hz
N245 N2+ 2 " 2=1.11 Hz
2215NH20H HCI N N™ 2Jcen = 1.52 Hz

NaOH @

49
pagrindinis regioizomeras minorinis regioizomeras

2.10 schema. >N zyméty 1,2-oksazoly 48 ir 49 sintezé ir sgveikos

N-Zyméty pirazol-izoksazoly 48 ir 49 atveju '"H-'SN (Jun) spektro duomenys
nepateiké reik§mingos informacijos *Jus-n2 ry$io konstanty atzvilgiu, jos buvo 1,23
Hz ir 1,31 Hz atitinkamai pagrindiniam ir minoriniam regioizomerui. Kaip ir tikétasi,
regioizomeriniy 1,2-oksazoly vienareik§miskas strukttiros priskyrimas buvo pasiektas
atidziai analizuojant 3C-"*N (Jcn) rySio konstantas, kurios buvo gautos i§ *C BMR
spektro. *C-""N sukinio-sukinio (angl. spin-spin) saveika buvo pastebéta pagrindinio
regioizomero 1,2-oksazolo grupés C-3’ (Jesno = 2,89 Hz), C-4° CJcanz: = 1,23 Hz)
ir C-5" (3Jcs N2 = 1,39 Hz) signaluose, taip pat 2Jcn ir >Jon sgveikos su gretimu fenilo
ziedu. Minorinio regio izomero atveju duomenys buvo panasiis. Cia 'Je rysio
konstanta buvo didesné negu 2Jon rySio konstanta 1,2-oksazolo grupéje, C-3” ("Jcs-
N2 = 2,25 HZ), c-4 (2-]C4’—N2’ = 1,11 HZ) ir C-5 (2JC§’_N2’ = 1,52 HZ), ir §1e duomenys
koreliuoja su literatiiroje pateiktais duomenimis [194]. Be to buvo pastebéta 2Jen ir
3Jon sgveikos su signalais i§ pirazolo feagmento. Sios '“C-"N (angl. spin-spin)
sgveikos su gretimu fenilo ir pirazolo grupémis buvo papildomas kriterijus
patvirtinti galutines pirazol-izoksazoly 48 ir 49 struktiiras.

2.3. Flavonoliy analogy sintezé
2.3.1. Pirano|2,3-c]pirazol-4(2H)-ony sintezé

Vélesniame tyrime buvo taikytas Algaro, Flynno ir Oyamados (AFO) reakcijos
metodas naujiems pirano[2,3-c]pirazol-4(2H)-ono darinams gauti. AFO reakcija yra
stadijomis vykstantis procesas, kuriame chalkonai oksidacingje ciklizacijoje
paverciami flavonoliais naudojant vandenilio peroksidg Sarminéje terpéje [66]. AFO
reakcijos rezultatas priklauso nuo bazés pasirinkimo, todél chalkonas 4 buvo
naudojamas reakcijos salygoms optimizuoti. Buvo naudojamos skirtingos organinés
ir neorganinés bazés (NaOH, KOH, NaOAc, TEA ir NaHCOs) etanolio / vandens

66



misiniuose, taip pat buvo tiriama, ar skirtingas vandenilio peroksido kiekis turi jtakos
produkto susiformavimui (2.3 lentel¢). Naudojant bazes natrio acetatg, natrio
hidrokarbonata, natrio karbonata ir natrio hidroksidg vandens ir etanolio miSinyje ir 5
ekvivalentus H>O,, produktas buvo gautas tik naudojant natrio hidroksido bazg, ir
iSeiga sieké 24 %, naudojant kitas bazes produktas nesusidaré. Naudojant TEA baze
ir etanolj su 5 ekvivalentais H,O, produktas taip pat nebuvo gautas. Atliekant
bandymus su natrio ir kalio hidroksidu etanolyje pastebéta, kad naudojant 5
ekvivalentus H>O, reakcija geriau vyksta su natrio hidroksidu gaunant daugiau nei 3
kartus geresne iSeigg. Mazinant H,O» ekvivalenty kiekj iki 2,5, kai naudojamas natrio
hidroksidas, pastebimas iSeigos sumaz¢jimas iki 49 %, o naudojant iki 10 ekvivalenty
H,0, iSeiga drastiskai krenta iki 19 %. X. Shenas su kolegomis bandé ciklizuoti
chalkong (2FE)-1-(2-hidroksi-6-metoksifenil)-3-(4-metoksifenil)prop-2-en-1-ong ir
pastebéjo, kad, AFO reakcijos metu naudojant didesnius ekvivalentus bazgés ir H,O»,
susidaré 4-metoksibenzenkarbaldehidas ir 2-hidroksi-6-metoksibenzoiné rtigstis [68].

2.3 lentelé. Junginio 50 sintezés salygy parinkimas

OH
o) _
Ho>_§\—//_© of o)
N . N
<N) iN)

4 50
Eil. Bazé (5 eq) Tirpiklis H>0: (eq) ISeiga (%)
Nr.
1 NaOAc EtOH/H,0, 2:1 |5 0%
2 NaHCO; EtOH/H,0,2:1 |5 0%
3 Na,CO; EtOH/H,0, 2:1 |5 0%
4 N(Et)3 EtOH 5 0%
5 NaOH EtOH/H,0, 2:1 |5 24 %
6 NaOH EtOH 5 58 %
7 NaOH EtOH 2.5 49 %
8 NaOH EtOH 10 19 %
9 KOH EtOH 5 17 %

Geriausi rezultatai buvo gauti naudojant NaOH etanolyje ir pridedant 5
ekvivalentus H>O,, pasiekta 58% iSeiga. Atrinktos reakcijos salygos taikytos ir kity
flavonoliy sintezei. Chalkonus 4-9, 11-13, 15 maiSant su vandenilio peroksidu
Sarmingje etanolio terpéje -25 °C temperatiiroje 2 val., véliau kambario temperatiiroje
16 val., buvo gauti flavonolio analogai 50-59, kuriy iSeiga svyravo nuo 21 % iki 85 %
(2.11 schema). Pirano[2,3-c]pirazol-4(2H)-onai 54, 56 ir 59 buvo gauti maziausiomis
iSeigomis (21-32 %), kai chalkonai su naftalen-2-il-, furan-3-il- arba chinolin-3-
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ilfragmentasi (atitinkamai 13, 12 ir 5) AFO reakcijai buvo naudojami kaip pradinés
medziagos. Deja, bandant atlikti AFO reakcija su chalkonais 16-19, tiksliniy
pirano[2,3-c]pirazol-4(2H)-ony buvo gauti tik pédsakai.

50 R = Ph-;
o R R _ OH 51 R = 4-CIPh-;
HO / d o 52 R = 4-MeOPh-;
. 53 R = 3,4-diMeOPh-;
N i N 54 R = naftalen-2-il-;
N N 55 R = tiofen-2-il-;
56 R = furan-3-il-;
57 R = piridin-4-il-;
58 R = piridin-3-il-;
4-9,11-13, 15 50-59 (21-85%) 59 R = chinolin-3-il-.

Reakcijos salygos: i) NaOH, H,0,, -25 °C, 2 val, ir k. t., 16 val

cl MeO MeO
OH OH OH
o} o O 0 o o)
! ! /
N N N
N N h . .
Ph Ph Ph Ph Ph
50 (58%) 51 (63%) 52 (51%) 53 (67%) 54 (32%)
o)
|
7 on
o} o)
/
N \
| N | | |
Ph Ph Ph Ph Ph
55 (62%) 56 (30%) 57 (53%) 58 (85%) 59 (21%)

2.11 schema. Junginiy 50-59 sintezé

Remiantis moksline literatira [66—68] pateikiamas galimas 2-fenil-6-
(hetero)arilo-5-hidroksipirano[2,3-c]pirazol-4(2H)-ony 50-59 susidarymo i$ (£)-1-(1-
fenil-3-hidroksi-1H-pirazol-4-ilo)prop-2-en-1-ony, mechanizmas (2.12 schema).
Junginio 50 susidarymas i§ 4 naudojamas kaip pavyzdys. Pagal X. Sheno ir kt.
pasitlyta metodg [68], pirmiausia vykstant AFO reakcijai formuojasi epoksidas A
(2.12 schema, kelias A), kuris pereina j 2,6-difenil-5-hidroksi-5,6-dihidropirano[2,3-
c]pirazol-4(2H)-ong B ir oksiduojasi ] tikslinj 2-fenil-5-hidroksipirano[2,3-c]pirazol-
4(2H)-ong 50. Alternatyviai, kaip pasitlyta D. Ferreiros su kolegomis darbe [195],
pirazolo-chalkonas 4 gali biiti pirmiausia ciklizuojamas iki 2,6-difenil-2,6-
dihidropirano[2,3-c]pirazol-4-olato C (2.12 schema, kelias B), kuris atakuojamas
vandenilio peroksido oksiduojasi iki 50.
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2.12 schema. Tikétinas AFO reakcijos mechanizmas
2.3.2. Hidroksipirano[2,3-c]pirazol-4(2H)-ony alkilinimo reakcijos

Gautas  2,6-difenil-5-hidroksipirano[2,3-c]pirazol-4(2H)-onas  (50) buvo
naudojamas O-alkilinimo reakcijoje (2.13 shema). Junginj 50 veikiant metilo jodidu,
cezio karbonatu dioksane 40 °C temperatiiroje reakcija uztruko 3 valandas. ISgryninto
junginio 2,6-difenil-5-metoksipirano[2,3-c]pirazol-4(2H)-ono (60) iSeiga sieke 79 %.

Ph OH Ph Oo—
Ozj?zo (e} (6]
Y i Y
- N

50 60 (79 %)
Reakcijos sglygos: i) Cs,CO3 Mel,
dioksanas, 40 °C, 3 val.

2.13 schema. Junginio 60 sintez¢

Flavonoliai 57 ir 58 taip pat buvo naudojami alkilinimo reakcijoje. Siy junginiy
atveju susidaré cviterjoniniai pirano[2,3-c]pirazolo dariniai (61 ir 62, 2.14 ir 2.15
schema). Galimas junginio 61 susidarymo mechanizmas, pateiktas 2.14 schemoje.
Tikétina, kad pirmiausia su metilo jodidu reaguojant piridinilpakaita turiniam
junginiui 57,, susidaré metilpiridinio jodido druska (63). Tai buvo jrodyta junginj 57
alkilinant be bazés, tuomet druska 63 gauta 78 % iSeiga. Paveikus §ig druska baze
susidaré metilpiridinio hidroksidas Y, o atskilus vandens molekulei buvo gautas
atitinkamos struktiiros 61. Si struktiira egzistuoja kaip rezonuojantis cviterioninis A ir
neutralus B molekulés hibridas. S. K. Patas ir kiti tyrinéjo dviejy fotony absorbcijos
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(angl. two-photon absorption (TPA)) procesa 4-chinopirano dariniuose. Jie pastebéjo,
jog neutralioje molekul¢je anglis-anglis rySys, jungiantis piridino ir pirano[2,3-
c]pirazolo fragmentus, yra dvigubasis, o esant cviterioninei biisenai $is rySys yra
viengubasis [196].

OH 1, Mel, C82C03
dioksanas, 40 °C
O 16 val.

2. H,0

57 . Mel, dioksanas
40 °C, 24 val.

63 (78%)

2.14 schema. Galimas junginio 61 susidarymo mechanizmas

Ph
58

Reakcijos sglygos: i) Cs,CO3 Mel,

dioksanas, 40 °C, 16 val.

2.15 schema. Junginio 62 sintezé

24. Flavonolio dariniy sintezé pritaikant Pd katalizuojamas reakcijas

Tolimesniame etape buvo atliekamas 5-pakeisty pirano[2,3-c]pirazol-4(2H)-
ono dariniy sintezeés tyrimas. 2,6-difenil-5-hidroksipirano[2,3-c]pirazol-4(2H)-onas
(50) buvo veikiamas trfluormetansulfonriig§ties anhidridu DCM tirpiklyje, baze
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naudojant TEA. 2,6-difenil-4-o0kso-2,4-dihidropirano[2,3-c]pirazol-5-
iltrifluormetansulfonatas (64) susidaré 74 % isSeiga ir toliau buvo naudojamas Pd-
katalizuojamose reakcijose jvairiai 5-pakeistiems dariniams gauti (2.16 schema).
Junginys 64 dalyvavo Suzuki kryZminio jungimo reakcijoje su heteroarilboro
rugstimis, gauti produktai 65-70 geromis (39-95 %) iSeigomis. Naudotos standartinés
reakcijos salygos, t.y. Pd(PPh;)s naudotas kaip katalizatorius, bevandenis kalio
fosfatas kaip baze, o tirpikliu pasirinktas dioksanas. Reakcijoje taip pat buvo
naudojamas kalio bromidas, kuris, kaip Zinoma i§ literatiiros Saltiniy [197], slopina
katalizatoriaus skilimg konvertuojant fosfonio druskas j paladzio bromida.

Hecko reakcijos metu junginys 64 reagavo su tret-butilakrilatu, susidaré tret-
butil (E)-3-(4-okso-2,4-dihidropirano[2,3-c]pirazol-5-il)akrilatas (71) maza iSeiga
(24 %). Atlikus junginio 64 Sonogashiros kryZminio jungimo reakcija su
fenilacetilenu, buvo gautas produktas 72, kurio iSeiga buvo 71 %. Si reakcija vyko
iprastomis sglygomis, kaip katalizatoriai naudoti bis(trifenilfosfino)paladzio(I)
dichloridas ir vario jodidas, bazé — TEA, o tirpikliu — DMF. A. Kumaras ir kiti savo
tyrimuose turéjo panaudoti net tris kartus didesn] arilinancio agento triarilbismuto
kiekj tam, kad gauty 3,4-diarilpirazolus ir 4,5-diarilpirimidinus i§ atitinkamy triflaty
[198]. K. Dahlénas ir kiti aprasé sintezés strategijg, kaip gauti 2,3,6,8-tetrapakeistus
chromony darinius taikant Stille jungima 4-0kso-4H-chromen-3-
iltrifluormetanesulfonatams. Darbe pazymima, jog 3-iosios pozicijos modifikavimas
taikant Hecko reakcijos salygas nebuvo sékmingas [199].

OH OTf R
o_ 0 [ 0 O iiarbaiii 0
/ 7 arba iv
N. \ N. \ N.
N A N
Ph Ph Ph
50 64 (74%) 65-72 (95-23%)

65 R=Ph-; 66 R=4-MePh-; 67 R=4-MeOPh-; 68 R=4-CIPh-; 69 R=tien-3-il-;
70 R=tien-2-il-; 71 R=tret-butl-COOCHCH-; 72 R=feniletinil-.
Reakcijy salygos: i) DCM, TEA, Tf,0, 24 °C, 16 val. ii), K3PO4 KBr, dioksanas,
atitinkama (hetero)arilBoro rigstis, Pd(PPh3)4, 90 °C, 16 val. (junginiams 65-70);
iii) TEA, tret-butilakrilatas, DMF, Pd(PPh3)2Cl 100 °C, 72 val. (junginiui 71); iv)
TEA, Cul, DMF, fenilacetilenas, Pd(PPh3),Cl, 65 °C, 1 val. (junginiui 72).
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Ph
70 (39%)

Ph
71 (24%) 72 (71%)

2.16 schema Junginiy 65-72 sintezé

Vykdant junginio 64 reakcijg su anilinu susidaré neplanuotas produktas 73 (2.17
schema). Reakcija vykdant dioksane, baze naudojant KO7Bu, ligandg X-phos ir
katalizatoriy Pd(OAc),, 130 °C temperatiiroje 16 val., produkto susidarymas vyko
pagal aminy nukleofilinio prijungimo mechanizmg, todél tikslinis 5-pakeistas
pirano[2,3-c|pirazolo darinys nesusidaré.
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Ph
64 73 (23%)

Reakcijos sglygos: i) anilinas, KOtBu, dioksanas,
X-phos, Pd(OAc),, 130 °C, 16 val.

2.17 schema Junginio 73 sintezé
2.5. Flavonoliy ir jy dariniy BMR tyrimas

6-(hetero)aril-2-fenil-5-hidroksi-pirano[2,3-c]pirazol-4(2H)-ony S50-59 ir jy
dariniy 60-62, 63, 64 bei 65-73 susidarymas buvo patvirtintas iSsamiai analizuojant jy
BMR spektroskopinius duomenis. Junginiy struktiirai iSaiSkinti svarbi informacija
buvo gauta naudojant standartines ir pazangias BMR spektroskopijos technikas ir
eksperimentus, tokius kaip 'H-'*C HMBC, 'H-"*C LR-HSQMBC, 'H-""N HMBC, 'H-
BC HSQC, 'H-'3C H2BC, 'H-'H COSY, 'H-'H TOCSY, 'H-'"H NOESY ir 1,1-
ADEQUATE. Kadangi populiarios BMR prognozavimo programos, tokios kaip
CSEARCH, ACD C+H prognozavimo programa, taip pat BMR cheminio poslinkio
duomeny bazés naudojamos struktiiriniam atkartojamumui. O §is priklauso nuo
aukstos kokybés duomeny su aiskiai priskirtomis rezonansémis, todél buvo atlikti
BMR tyrimai su gautais junginiais, siekiant kuo tiksliau visiskai priskirti visus 'H, *C
ir "N BMR signalus [200]. Prie$ tai minéty naujy junginiy reprezentatyviy atstovy
atitinkami BMR duomenys pateikti 2.4 ir 2.5 pav.

Gavus flavonolius 50-59 pirmiausia buvo palyginti jy BMR spektrai su pradiniy
junginiy, chalkony, BMR spektrais. Chalkono 4 ir flavonolio 50 atveju 'H BMR
spektry palyginimas aiSkiai parodé, kad iSnyko charakteringi olefininiai protony
signalai (8 7.63 ir 7.75 m. d.) i§ prop-2-enono grupés. Tolimesné 50 junginio *C BMR
ir DEPT, kartu su "H-"*C HSQC spektroskopiniy duomeny analizé parodé, kad yra du
nauji ketvirtinés anglies atomy signalai (6 139.16 ir 144.4 m. d.) ir nebéra olefininiy
anglies atomy signaly. Sie duomenys leido daryti prielaida, jog oksidaciné ciklizacija
jvyko ir susidaré nauja flavonolio molekulé. Pirano[2,3-c]|pirazol-4(2H)-ono Ziedy
sistema, kuri turi fenilpakaitus N-2 ir C-6 padétyse, toliau buvo analizuojama
naudojant 'H-'H NOESY spektro duomenis. Sie duomenys leido jvertinti saveikas
erdvéje. Aiskios NOE sgveikos buvo identifikuotos tarp pirazolo ziedo 3-H protono
signalo (singletas, 6 9.38 m. d.) ir Salia esancios fenilo ziedo grupés 2'(6")-H protony
signaly (8 8.01-8.03 m. d.). Sios saveikos patvirtina pirazolo ir fenilfragmenty artuma
erdvéje. Pirano[2,3-c]pirazol-4(2H)-ono fragmento 3-H protono signalas buvo
lengvai identifikuotas, nes jis turéjo tolimgsias HMBC saveikas su Salia esanciais
,»pirolo“ N-2 (6 -167.7 m. d.) ir ,,piridino* N-1 (6 —117.0 m. d.) azoto atomy signalais,
taip pat buvo identifikuotos HMBC sgveikos su ketvirtinémis C-3a (6 108.3 m. d.) ir
C-7a (6 161.2 m. d.) anglimis. Ketvirtinés anglys C-5 (8 139.16 m. d.) ir C-6 (6
144.4 m. d.) buvo priskirtos lyginant tolimasias sgveikas, gautas i§ 'H-"*C HMBC ir

73



'H-13C LR-HSQMBC eksperimenty. Labiausiai nutolusi ir smarkiai i$platéjusi 'H
spektro rezonansé & 9.44 m. d. buvo priskirta hidroksilo grupei, nes neturéjo jokiy
saveiky HSQC spektruose. Galiausiai atmetimo biidu toliausiai '3C spektre esanti
rezonans¢ buvo uZztikrintai priskirta karbonilgrupés anglies atomui, taip baigiant
pirano[2,3-c]pirazol-4(2H)-ono fragmento identifikavimg. ISsami 50-59 junginiy
BMR duomeny analizé parodé, jog cheminio poslinkio vertés buvo labai panaSios
Sios grupés junginiuose. Pirano[2,3-c]pirazol-4(2H)-ono fragmento cheminio
poslinkio vertés 50-59 junginiuose pateiktos 2.4 lenteléje.

2.4 lentelé. ReikSmingi 6-(hetero)aril-2-fenil-5-hidroksipirano[2,3-c]pirazol-
4(2H)-ony 50-59 'H ir *C BMR spektro duomenys DMSO-ds (8 m. d.) tirpiklyje

50 51 52 53 54 55 56 57 58 59
Atomo
padétis oy Oc oy Oc oy Oc oy Oc oy Oc Oy dc oy Oc Oy dc o oc oy Oc
3 9.38 126.6 9.38 126.3 9.36 126.0 9.35 126.0 9.41 126.1 9.35 126.1 9.36 126.1 9.42 126.4 9.41 127.0 9.47 126.4
3a - 108.3 - 107.9 - 107.9 - 107.8 - 107.8 - 108.1 - 108.2 - 107.8 - 108.5 - 109.2
4 - 171.8 - 171.3 - 171.2 - 171.1 - 1713 - 170.4 - 170.3 - 171.2 - 1716 - 171.8
5 - 139.16 - 139.1 - 137.8 - 137.9 - 139.0 - 136.5 - 136.9 - 140.9 - 1409 - 140.1
6 - 144.4 - 142.7 - 1444 - 144.3 - 143.8 - 1419 - 144.0 - 140.5 - 140.6 - 143.4
Ta - 161.2 - 160.6 - 160.7 - 160.6 - 160.7 - 160.2 - 160.2 - 160.5 - 161.1 - 161.6
5-OH 9.44 - 9.70 - 9.27 - 9.28 - 9.59 - 10.12 - 9.86 - 10.13 - 10.12 - 9.38 -
1.48 1.48
7.49 7.55-7.58 7.56-7.61  7.56-7.61 7.51-7.67 1.51-1.57 HsC_ CHs
7.96-7.98 CH3;
7.55-7.58 8.12-8.15 7.56.7.61 251757 0 1.48
OCH
8.12-8.15 9.44 7.96-7.98 3?77 768 7.31
(6] (6]
Jra i = 15.9 Hz
/ ’ 9.34 4\
-1677, ~ —1680/ ~ - 1688, N\ .~
8.01-8.03 ' 807ﬁ 8.00 ‘ 7.79 | 7.79
7.58-7.61 7.58-7.61 7.56-7.61 7.56-7.61 7.52-7.56 @ 7.52-7.56
745 7.45 7.42
7 283 283
H;C CH
1300 129.0 1316 1288 8 8
: CH3
1287 283
128.2 1304
129.8 129.8 130.0 130.0
128.1 128.6
77X\ 8 Hz optimizuotas 'H-'3C HMBC "H-13C H2BC *TTX L1 HMBC
»~"X\ 2 Hz optimizuotas 'H-13C LR-HSQMBC — 1,1-ADEQUATE 4 = NOE
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2.4 pav. Reik§mingos junginiy 50 (DMSO-ds), 60 (DMSO-ds) ir 71 (CDCls-ds) 'H-1C
HMBC, 'H-'3C LR-HSQMBC, 'H-'3C H2BC, 'H-'>’N HMBC, 'H-'H NOESY ir 1,1-
ADEQUATE saveikos, taip pat ir 'H BMR (kursyvas), *C BMR ir >N BMR (pary$kintasis)
cheminiai poslinkiai

Hidroksilo grupé, esanti penktoje padétyje, leido 50 junginj panaudoti O-
metilinimo ir O-triflatgrupés jvedimo reakcijose sudarant 60 ir 64 junginius.
Struktiiros 60 nustatymas buvo atliekamas vadovaujantis ta pacia logika, kaip ir
junginiy 50-59. Papildomai buvo pastebétos NOE sagveikos tarp metoksigrupés
protony signalo (6 3.77 m. d.) ir Salia esanciy fenilgrupés 2"(6")-H protony signalo (8
7.96-7.98 m. d.). O-triflato 64 darinio susidarymas aiskiai buvo identifikuotas i§ *C
BMR spektro, kuriame -CF3rupé buvo pastebima kaip kvartetas & 118.2 m. d. (q,
IJer =320,8 Hz). Be to, ’F BMR spektre -CF5 grupés cheminis poslinkis buvo & —
74.0 m. d., o tai gerai sutampa su literatiiroje pateiktais duomenimis [175, 201].
Tarpinis junginys 64 dalyvavo Pd-katalizuojamose reakcijose, ir buvo gauti 65-73
junginiai, kuriy struktiiros taip pat buvo aiskiai nustatytos. Pavyzdziui, junginys 71
buvo gautas kaip E-izomeras. Vicinaliniai olefininiai protonai Ha (6 7.35 m. d.) ir Hy
(0 7.31 m. d.), kurie spektre buvo matomi kaip AB-sukinio-sukinio sistema dviejy
dublety pavidalu CJuamy = 15,9 Hz), neabejotinai patvirtino anglis-anglis dvigubojo
rySio E-konfigiiracija. Olefininiai protonai buvo lengvai identifikuoti, nes tik protonas
H. turéjo tolimasias 'H-"*C HMBC sgveikas su Salia esan¢iomis ketvirtinémis C-4, C-
5 ir C-6 anglimis (2.4 pav.). Junginio 57, turincio piridino zieda 6 padétyje, BMR
spektry duomenys parodé labai panaSius cheminius poslinkius pirano[2,3-c]pirazol-
4(2H)-ono dalyje, kaip ir 50-59 grupés junginiai. '"H-""N HMBC spektre buvo matomi
,pirolo® N-2 (6 —166.9 m. d.) ir ,,piridino® N-1 (6 —117.1 m. d.) azoto atomai i§
pirazolo fragmento, be to, buvo matoma nauja >N rezonans¢, esanti ties —62.2 m. d.
Junginys 57 dalyvavo alkilinimo reakcijoje ir naujai susidariusios metilpiridinio
druskos (junginys 63) struktiira buvo patvirtinta pasitelkus 'H-""N HMBC ir 'H-'H
NOESY spektry duomenis. Juose buvo pastebétos NOE sgveikos tarp metilo grupés
protony (6 4.39 m. d.) ir Salia esanciy piridino ziedo 2"(6")-H protony (6 9.03 m. d.).
Sie protonai taip pat turéjo stiprias ilgasias saveikas su metilpiridinio Ziedo azoto
atomu (6 —183.3m.d.), Sios sgveikos gerai sutampa su literatiroje pateiktais
duomenimis [202]. Junginio 61 atveju, kuris gali egzistuoti dviejose formose, 'H-N
HMBC spektras parodé nauja >N rezonansés padétj & —214.4 m. d. Taip pat buvo
pastebéti 'H ir °C signalai 2", 3", 5" ir 6" padétyse, kurie $iuo atveju buvo i$platéje.
Pagrindiné informacija nustatant 57, 61 ir 63 junginiy struktiiras buvo gauta i§samiai
analizuojant tolimgsias sgveikas 'H-'C HMBC, 'H-*C H2BC ir 'H-C LR-
HSQMBC spektry duomenis [203].
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3.95 -~ 2144 4.39 - _183.2
622 874877 ®\ ¥ 8.12-820 @\ Y~ 003
7 N= N N
874- / 8.04-8.07
877 OH
8.04-8.07 10.13

09
N H
-166.9 , N\ 7
! 8.00-8.03
8.00-8.03
7.56-7.61 7.56-7.61
7.46

57

129.6 129.6 130.3 130.3
127.6 128.9
77\ 8 Hz optimizuotas 'H-'3C HMBC 'H-"3C H2BC “TTAIHA5N HMBC
2 Hz optimizuotas 'H-'3C HMBC — 1,1-ADEQUATE 4 > NOE

»""\ 2 Hz optimizuotas 'H-'3C LR-HSQMBC

2.5 pav. Reik§mingos junginiy 57 (DMSO-ds), 61 (DMSO-ds) ir 63 (DMSO-ds) 'H-
13C HMBC, 'H-"3C LR-HSQMBC, 'H-'3C H2BC, 'H-'>"N HMBC, 'H-'H NOESY ir 1,1-
ADEQUATE sgveikos, taip pat ir "H BMR (kursyvas), *C BMR ir '"’N BMR (pary3kintasis)
cheminiai poslinkiai

Papildomai buvo atliktas eksperimentas su junginiais 57 ir 61 25 °C
temperatiroje TFA-d tirpale (2.18 schema), siekiant S$iuos junginius paversti
atitinkamai piridinio ir metilpiridinio acetatais 74 ir 75. Spektriniai "N BMR
duomenys patvirtino tai, jog junginiy konversija pavyko, nes buvo pastebéti
,,piridinio* tipo '*N signalai & —189.2 m. d. 74 junginio atveju ir 3 —183.5m.d. 75
junginio atveju. Sie duomenys gerai sutampa su 61 junginio 'SN signalu. Be to,
junginio 75 atveju nebuvo pastebéti iSplatéje 'H ir 1°C signalai 2”, 3", 5" ir 6" padétyse.
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2.18 schema. Junginiy 57 (DMSO-ds), 61 (DMSO-ds), 74 (TFA-d) ir 75 (TFA-d) PN
BMR (paryskintasis) cheminiai poslinkiai

2.6. Rentgeno spinduliy difraktometrijos tyrimas

Junginio 61 asimetriné molekulés struktiira pateikta 2.6pav., a. Monokristalas
yra sudarytas i§ junginio 61 ir jsiterpusiy metanolio molekuliy. Metanolio molekulé
su junginio 61 O(15) sudaré vandenilinj ry$j (H O atstumas yra 1.917 A, priedas 1,
P1 lentelé). Intramolekulinis vandenilinis rySys taip pat pastebimas tarp O(15)
enoliato deguonies ir C(17)-H(17) vandenilio atomy (HO atstumas yra 2,207 A).
Pagrindiné junginio 61 pirano[2,3-c]pirazolo dalis yra plokscia su fenil- ir piridin-4-
il- pakaitais atitinkamai N(2) ir C(6) padétyse. Sie pakaitai yra Siek tiek iskreipti nuo
pagrindinés dalies plok§tumos. Fenilo Ziedas yra pasuktas apie 10°, o piridino Zieas —
apie 6° prie§ laikrodzio rodykle zitrint nuo pirano[2,3-c]pirazolo dalies. N-
metilpiridino grupés N(19)-C(22) rysio ilgis yra 1,4737(14) A (3 priedas, P3 lentel¢),
0 C(17)-C(18) ir C(20)~C(21) rysiy ilgiai yra atitinkamai 1,3721(15) ir 1,3633(16) A,
ir tai sutampa su zinomais N-metilpiridino drusky rysiy ilgiais [204]. Visi piridino
dalies atomai yra toje pacioje plokStumoje, kaip ir duomenys, pateikti literatiiroje
[205].

Junginio 61 rysiy ilgiai ir kampai yra pateikti 3 priede, P3 lenteléje, ir 4 priede,
P4 lenteléje. Pirano-4-ono C =0 rySio ilgis yra 1,2265(14) A, tai yra biidinga
ketonams [206]. C(5)-O(15) rysio ilgis [1,2723(13) A] yra trumpesnis nei jprastas C—
O viengubas rysys (~1,43 A) [207], bet ilgesnis nei jprastas C = O dvigubas rysys
(~1,23 A) [208]. Reikia paminéti, kad C(6)-O(7) rysio ilgis [1,4135(12) A] yra
ilgesnis nei O(7)-C(7a) [1,3387(12) A]. N(1)-N(2) ir N(2)-C(3) rysio ilgis yra
atitinkamai 1,3839(12) ir 1,3458(14) A ir sutampa su zinomais pirazolio junginiy
rySio ilgiais [209-212]. Kampy suma tarp kovalentiniy rySiy aplink N(2) atoma
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sudaro 360°, kas nurodo, kad sp? hibridizuotas azoto atomas yra trigonalinéje
ploksciojoje geometrijoje (angl. trigonal planar). Kristale esancios molekulés yra
i§sidésciusios stulpeliais, sudarytais i§ asimetriniy vienety ir sujungty vandeniliniais
rysiais (2.6 pav., b).

(b)

2.6 pav. Junginio 61 ORTEP vaizdas: (a) asimetrinis vienetas; (b) kristaliné gardelé ir
vandeniliniai rySiai

2.7. Flavonoliy UV tyrimas

Per paskutinius 20 mety literatiiroje pastebimas didesnis susidoméjimas
flavonoliy  (3-hidroksiflavony)  biologiniu  aktyvumu ir  pastebimomis
fluorescencinémis savybémis [213, 214]. Fotofiziniu pozitriu susidoméjimas Siomis
molekulémis susikoncentruoja j tai, kad jose gali vykti protony pernasos procesas
(ESIPT), kuris lemia dviejy formy susidaryma esant suzadintai biisenai [39, 215].
Todél vykdant chemines reakcijas buvo nuspresta dalj fluorescuojanciy flavonoliy
patyrinéti i§ fotofizikinés pusés, analizuojant pakaity ir tirpikliy jtaka elektrony
absorbcijai, protony pernasos procesui, fluorescencijos kvantinei iSeigai ir stokso
poslinkiui.

2,6-difenil-5-hidroksipiro[2,3-c]pirazol-4(2H)-ony 50-57 optinés savybés buvo
tirtos naudojant UV—vis spektroskopijg jvairiuose tirpikliuose, tokiuose kaip poliniai
protolitiniai (MeOH), poliniai aprotoniniai (THF, DMF) ir nepoliniai (toluenas) (2.7
pav., a, ir 2.9 pav.,, b, 2.5 ir 2.6 lentelés). Taip pat buvo atlikti fluorimetriniai
matavimai (2.7 pav., b, ir 2.9 pav., b, 2.5 ir 2.6 lentelés). Junginiy 50 ir 51 UV—vis
elektrony absorbcijos spektrai parodé, kad Siems junginiams budingi absorbcijos
maksimumai buvo ties 337 nm ir 341 nm bangos ilgio (2.5 lentelé, jrasai 1 ir 2).
Elektrony donoriniai pakaitai, esantys fenilo Ziedo para padétyje 52 ir 53 junginiuose,
léme absorbcijos juosty batochrominj poslinkj link ilgesniy bangy. Strukttroje 52
esantis 4-metoksifenilpakaitas pasistiméjo Amax link ilgesniy bangy per 18 nm, o
struktiiroje 53 esantis 3,4-dimetoksifenilpakaitas — per 24 nm, palyginti su 50 (2.5
lentelé, jrasai 3 ir 4). Batochrominis poslinkis Amax, €santis ties 353 nm, taip pat buvo
pastebétas naftaleno ziedg turincio junginio 54 atveju (2.5 lentel¢, jrasas 5). Lyginant
junginj 50 su analogais, turinéiais heterociklinius pakaitus, tokius kaip tiofen-2-il-,
furan-3-il- ir piridin-4-il-, vietoje fenilo ziedo buvo pastebétas reikSmingas
batochrominis poslinkis. 55, 56 ir 57 junginiy spektruose buvo pastebimos intensyvios

78



absorbcijos juostos Amax atitinkamai ties 365, 360 ir 355 nm bangos ilgio (2.5 lentelé,
jrasai 6, 7, 8).
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2.7 pav. (a) Junginiy 50-57 UV—vis absorbcijos spektras metanolyje (MeOH); (b)
junginiy 50-57 fluorescencijos emisijos spektras (Aex = 380 nm) metanolyje (MeOH)

2.5 lentelé. Junginiy 50-57 absorbcijos (Aas absorbcijos maksimume ir €),
fluorescencijos emisijos (AN em, AT em, santykis In+/I7+ ir kvantiné iSeiga @;) parametrai
ir Stokso poslinkiai metanolyje (MeOH) (*Aex = 380 nm)

. e x 10 N - Stokso
il: Jung. (f:r:) (dm? mol™! ?nne;; ?m:;; In«/Iy+  poslinkis ($f)
) cm) (nm) ’
337sh 70,89 145
1 50 311 78,45 482 582 0,102 245 59,3
341sh 112,50 87
2 51 317 119.51 428 586 0,009 245 42,7
355 93,74 91
3 52  320sh 66,27 446 582 0,161 277 13,4
240 54,91
361 43,82 118
4 53 311 34,60 479 580 0,406 219 52,7
261 23,65
353 70,76
321sh 60,39 %2
5 54  310sh 57,42 435 591 0,043 38 76,1
293 56,73
245sh 55,59
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365 80,34

6 55 317sh 59,96 438 582 0,046 27137 55,8
266 41,23
360 138,88 75
7 56 317 116,75 435 575 0,054 215 42,6
260 53,16
355sh 49,99 138
8 57 329 61.54 493 611 0,031 256 13,1

Junginiy 50-57 fluorescencijos spektruose metanolyje buvo pastebétos dvi gerai
i8siskiriancios fluorescencinés juostos mazdaug ties 440 ir 590 nm ( 2.7 pav., b, 2.5
lentel¢). Literatiroje zinoma, kad 3-hidroksiflavony fluorescenciniai spektrai
pasizymi dviguba emisija dél suzadintos biisenos intramolekulinés protony pernasos
(ESIPT) [216-224]. Panasiai ir junginiuose 50-57 gali jvykti protony pernasos
procesas (ESIPT), kuris lemia dviejy formy susidaryma esant suzadintai biisenai:
normaligja (N*) ir tautomering (ESIPT produkta, T*) formas. Pavyzdziui, N-50
formos suzadinimas sukelia suzadinta normaligja forma N*, kuri dél protony pernasos
pereina j produkta T* (2.8 pav.).
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2.8 pav. ESIPT proceso iliustracija junginyje 50

ESIPT efektu pasizyminCiuose junginiuose N* ir T* juosty intensyvumo
santykio Iy+/Ir+ matavimai naudojami santykiniam (ratiomeriniam) aptikimui. 50-57
junginiy grupéje pastebima pakaity jtaka Iy+Ir« fluorescencijos intensyvumo
santykiui. Junginys 51 su 4-chlorfenilpakaitu, palyginti su atitinkamu nepakeistu
junginiu 50, turéjo apie 11 karty sumazejusj santykj Iv+/Ir (2.5 lentelé, jrasas 2). O
junginiai 52 su 4-metoksifenilpakaitu ir 53 su dimetoksifenilpakaitu turéjo
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padidéjusius Iy+/Irsantykius, atitinkamai ~1,6 ir ~4 kartus, palyginti su junginiu 50
(Lentelé 5, jrasai 3, 4). Be to buvo pastebéta, kad atitinkami junginiai 54-57, kuriuose
naftaleno-2-il-, tiofen-2-il-, furano-3-il- ir piridin-4-ilgrupés pakeité fenilgrupe
junginyje 52, sumazino Iy+/Irsantykj apie 2—3 kartus (2.5 lentelé, jrasai 5-8).

Junginiy 50-57 fluorescencijos kvantinés iSeigos (@) tirpikliuose buvo
iSmatuotos integruotos sferos metodu. Uzfiksuotos kvantinés iSeigos priklausé nuo
junginiy struktiiros. Junginio be pakaity 50 kvantiné iSeiga sieké 59,3 %. 52 junginio
su 4-metoksifenilpakaitu kvantiné iSeiga buvo maza ir nesieké 14 %. Auksciausia @y
reikSmé (76,1 %) buvo uzfiksuota 54 junginio, turinCio naftalen-2-ilpakaita.
Heterociklus tiofen-2-il-, furan-3-il- ir piridin-4-il- turinéiy junginiy 55, 56 ir 57
kvantinés iSeigos atitinkamai buvo 55,8 %, 42,6 % ir 13,1 %. Svarbu pazymeéti, kad
3-hidroksiflavono molekulé nepasizyméjo didelémis kvantinémis iSeigomis
metanolyje (@ =3 %) ir DMF (&, = 1,3 %) [219].

Toliau buvo iSmatuoti junginiy 50-57 elektrony absorbcijos spektrai poliniame
aprotoniniame, THF, tirpiklyje. Gauti duomenys parodé, kad absorbcijos juosty
maksimumas buvo tarp 339-362 nm (2.9 pav., a, 2.6lentelé, jrasai 1-8). Siy junginiy
fluorescencijos spektrai (*Aex =380 nm), panaSiai kaip ir metanolyje, parodé dvi
emisijos juostas apie 441 nm ir 591 nm (2.9 pav., b, 2.6 lentelé 6, jrasai 1-8). Taciau
50 junginio atveju THF aprotoniniame tirpiklyje, buvo pastebéta, kad N* juosta buvo
labai silpna, palyginti su T* juosta. Junginiai 52-56, ypa¢ tie, kuriuose yra
metoksigrupés, THF tirpaluose, palyginti su metanolio tirpalais, turéjo smarkiai
sumazéjusius Iy+Ir santykius, nors 4-chlorfenilpakaitg turintis junginys 51 iSlaiké
panasy [Iy+/Ir santykj. ESIPT reakcijos slopinimas protiniais tirpikliais 3-
hidroksiflavonuose siejamas su tarpmolekuliniy vandeniliniy rySiy formavimusi,
kuris slopina biitingjj intramolekulinj vandenilio rySio migravimg ESIPT reakcijoje
[217, 222]. Taciau junginys 57, kuriame yra piridinpakaitas, turéjo padidéjusj Iy+/Ir
santykj (0,221), palyginti su duomenimis, gautais i§ metanolio tirpalo (0,031). Tai gali
reiksti, kad molekuléje atitinkamas protonas peréjo j piriding, o ne j karbonilgrupe.
Siuo atveju piridin-4-ilpakaitas slopina protony pernagos procesa (ESIPT).

Junginio 50 fluorescencijos spektras poliniame aprotoniniame DMF tirpiklyje
taip pat turéjo dvi fluorescencijos juostas, kurios buvo ties 428 nm ir 589 nm. Siy
juosty Iy+/Irsantykis buvo 0,009 (2.9 pav., b, 2.6 lentelé, jrasas 9). O tolueno tirpiklyje
§is junginys taip pat turéjo dvi fluorescencijos juostas, esancias 430 ir 589 nm ruoze
ir turéjo kiek mazesnj Iy+/Ir santykj 0,004 (2.9 pav., b, 2.6 lentelé, 10 jrasas).
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2.9 pav. (a) Junginiy 50-57 UV—vis absorbcijos spektras aprotoniniuose tirpikliuose (*
THF, » DMF ir € toluenas); (b) junginiy 50-57 fluorescencijos emisijos spektras (Aex =380
nm) aprotoniniuose tirpikliuose (* THF, ® DMF ir © toluenas)

2.6 lentelé. Junginiy 50-57 absorbcijos (Aws absorbcijos maksimume ir g),
fluorescencijos emisijos (AN em, A em, santykis In+/I1« ir kvantin¢ iSeiga @;) parametrai
ir Stokso poslinkiai aprotoniniuose tirpikliuose (* THF, ® DMF ir © toluenas)
("Aex =380 nm)

Eil. g EXAC e e Stokso
Nr Jung. (nm) (dm® mol™ (am)  (am) In+/Iv=  poslinkis  @r (%)
’ cm) (nm)
_ 339sh 58,67 127
1 50 315 69.15 466 588 0,014 249 59,2
339 49,24 89
2 51* 317 53,74 428 590 0,019 751 75,5
240 22,777
353 69,71 75
3 52* 318sh 52,84 428 591 0,005 238 19,2
260 30,30
362 58,61 67
4 53* 311 44,19 429 594 0,006 232 39,6
268 23,99
352 63,18
. 334sh 59,61 64
5 54 295 46.02 416 598 0,012 246 50,6
283 45,73
357 35,90 66
6 55 327sh 28,75 423 593 0,023 236 41,2
266 15,87
352 82,58 69
7 56° 317 75,99 421 584 0,020 232 55,0
262 32,57
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351sh 40,75

8 57% 335sh 5739 442 610 0221 29519 30.1
319 64.62
338sh  64.22 90
b s
o s0b NN Jig 4 589 0009 o 45,5
357sh 4331 s
10 50 338 5748 430 581 0,004 > 67.7

322 62,27

Junginio 60 su metoksipakaitu penktoje padétyje elektrony absorbcijos spektras
buvo labai panasus j jo analogo 65 spektra. Absorbcijos maksimumas junginio 60
atveju buvo ties 306 nm, o junginio 65 buvo ties 302 nm (2.10 pav., a). Fluorescencijos
spektre junginys 60 turéjo dvi emisijos juostas ties 475 ir 582 nm, taciau kvanting
iSeiga buvo artima 0 (@, < 0,1 %). Ormsonas ir kt. pranes¢, kad 3-hidroksiflavony
kvantiné iSeiga yra daug didesné negu atitinkamy metoksipakaita turin¢iy analogy, be
to, pastebéta, jog ir fluorescencijos gyvavimo trukmé taip pat buvo ilgesné [225].

Buvo istirti ir 5-pakeisty 2,6-difenilpirano[2,3-c]pirazolo-4(2H)-ony 65, 71, 72
UV-vis absorbcijos ir fluorescencijos emisijos spektrai THF tirpale (2.10 pav., 2.7
lentelé). Junginiy 65, 71, 72 absorbcijos maksimumas buvo diapazone nuo 297 iki 302
nm. Suzadinus 65, 71, 72 junginius THF tirpale 340 nm bangos ilgiu fluorescencijos
emisijos maksimumas (Aem) buvo apie 593—603 nm, nors fluorescencija buvo silpna
(2.10 pav., 2.7 lentelé). 2,6-difenilpirano[2,3-c]pirazol-4(2H)-ono gauto junginio 65,
turin¢io S-fenilpakaitg, fluorescencijos kvantiné iSeiga buvo maza (®@; =1 %) (2.7
lentelé, jrasas 2). Junginiy 71 ir 72 @, reikSmés buvo artimos 0 (2.7 lentelé, jrasai 3,
4). Visi 65, 71, 72 junginiai turéjo labai aukstas Stokso poslinkio vertes, apie
Av =300 nm.

—=—60 1.0 —=—60
—e—65
—a—T71
v—72

T T T T s h T — 1 T T T T T T T T 1

250 300 350 400 450 500 400 450 500 550 600 650 700 750 800
Bangos ilgis A, nm Bangos ilgis A, nm
(a) (b)

2.10 pav. (a) Junginiy 60, 65, 71 ir 72 UV—vis absorbcijos spektras tetrahidrofurane
(THF); (b) junginiy 60, 65, 71 ir 72 fluorescencijos emisijos spektras (Aex = 340 nm)
tetrahidrofurane (THF)
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2.7 lentelé. 7. Junginiy 60, 65, 71 ir 72 absorbcijos (Aabs absorbeijos maksimume
ir €), fluorescencijos emisijos (AN em, A em ir kvantiné iSeiga @) parametrai ir Stokso
poslinkiai tetrahidrofurane (THF) (*Aex = 340 nm)

Bil. g A X100@mmol e p?)gl)ill(lslgis &,
. 1 -1 o

Nr. (nm) cm™) (nm) (nm) (%)

475 169

1 60 306 62,75 522 276 <0,1
2 65 302 110,31 593 291 1

3 71 302sh 28,02 593 291 <0,1

4 72 297 118,62 603 307 <0,1

Taip pat buvo istirti ir junginiy 61 ir 63 UV-vis spektrai. Abiejy medziagy
absorbcijos maksimumai THF tirpiklyje buvo vienodi, ties 528 nm (2.11 pav., 2.8
lentelé). Pirano ir cviterjoniniy chromofory jvairiy dariniy universalumas sintezéje ir
pritaikant medziagas yra gerai dokumentuotas [226-228].
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Bangos ilgis A, nm
2.11 pav. Junginiy 61 ir 63 UV—vis absorbcijos spektras tetrahidrofurane (THF)

2.8 lentelé. Junginiy 63 ir 65 absorbcijos (Aas absorbeijos maksimume ir €)
tetrahidrofurane (THF)

X 3 3

Eil. Nr. Jung. Aaps (NM) ?;noll‘? cfﬂf'l‘)
528 0,55
499 0,48
1 61 346 0,39
299 0,42
261 0,30
528 0,54
2 63 499 0,49
348 0,52
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297 0,49
261 0,37

2.8. Tyrimuy ir jy aptarimo apibendrinimas

Tyrimo rezultaty ir jy aptarimo dalyje pateikiama, kaip i§ 4-formil- arba 4-acetil-
1-fenil-1H-pirazol-3-oliy ir atitinkamy acetofenony arba karbaldehidy, panaudojus
Claiseno ir Schmidto reakcijos salygas, buvo susintetinti nauji heterocikliniai
chalkonai. Panaudojus jvairius BMR analizés metodus nustatyta, kad visi susidarg
junginiai buvo E konfigiiracijos. Taip pat negincijamai jrodytos (2E)-3-aril-1-(1-fenil-
3-hidroksi- 1 H-pirazol-4-il)prop-2-en-1-ony, (£)-1-aril-3-[(3-benziloksi)-1-fenil-1H-
pirazol-4-il]prop-2-en-1-ony ir jy analogy konformacijos.

Susintetinti heterocikliniai chalkonai tolesniame etape buvo panaudoti
reakcijose su hidroksilaminu ir suformuotos atitinkamos ciklinés struktiiros. O
vykdant (2FE)-1-(1-fenil-3-metoksi-1H-pirazol-4-il)-3-fenilprop-2-en-1-ono reakcija
su N-hidroksi-4-toluensulfonamidu, buvo gautas regioselektyvus produktas 5-(1-
fenil-3-metoksi-1 H-pirazol-4-il)-3-fenil-1,2-oksazolas. Nustatant pirazol-oksazoly
struktirg buvo atlikta reakcija su zyméta azoto atoma turin¢iu hidroksilamino
hidrochloridu.

Tolimesniuose tyrimuose naujai susintetinti heteroaromatiniai chalkonai
dalyvavo Algaro, Flynno ir Oyamados reakcijoje, ir buvo gauti nauji pirano[2,3-
c]pirazolo dariniai. 6-(hetero)aril-2-fenil-5-hidroksipirano[2,3-c]pirazol-4(2H)-ony
5-padétyje esanti hidroksilo grupé leiduo Siuos junginius panaudoti tolimesnése
reakcijose. Vykdant alkinimo reakcijas su 2-fenil-5-hidroksi-6-(piridin-4-
il)pirano[2,3-c]pirazol-4(2H)-onu ir 2-fenil-5-hidroksi-6-(piridin-3-il)pirano[2,3-
c]pirazol-4(2H)-onu susidaré nauji cviterioniniai pirano[2,3-c]|pirazolo dariniai.
Tiksliai 2-fenil-6-(1-metilpiridin- 1-i0-4-il)-4-okso-2,4-dihidropirano[2,3-c]pirazol-5-
olato struktiirai nustatyti buvo atliktas rentgeno spinduliy difraktometrijos tyrimas.
Véliau vykdant Pd-katalizuojamas reakcijas per tarpinius 2,6-difenil-4-okso-2,4-
dihidropirano[2,3-c]pirazol-5-iltrifluormetansulfonatus, gauti nauji jvairiai S-pakeisti
pirano|2,3-c]pirazol-4(2H)-onai.

Literatiiroje ~ yra  zinomas falvonoliy gebéjimas  fluoresuoti,  todél
pastebéjus gerai fluorescuojancius flavonolius darinius buvo atliktas fotofizikiniy
savybiy tyrimais skirtinguose protoniniuose ir aprotoniniuose tirpikliuose.
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3. EKSPERIMENTINE DALIS

Visos cheminés medziagos ir tirpikliai buvo jsigyti i§ komerciniy tiekéjy.
Difrakcijos duomenys buvo gauti naudojant Rigaku, XtalLAB Synergy, Dualflex,
HyPix difraktometrg. Renkant duomenis kristalai buvo laikomi 150,0(1) K
temperatiroje. Kristalo struktiira buvo nustatyta naudojant Olex2 ir ShelXT
programas. 'H, *C ir ’N BMR spektrai buvo uZrasyti naudojant CDCls ar DMSO-ds
tirpiklius 25 °C temperattiroje spektrometru Bruker Avance 111 700 ('"H 700 MHz, '*C
176 MHz ir '*N 71 MHz) arba Bruker Avance III 400 ('"H 400 MHz, '3C 100 MHz,
5N 40 MHz), kaip vidinis standartas pasitelktas tetrametilsilanas (TMS). Cheminiai
poslinkiai § skaléje iSmatuoti milijoninémis dalimis (m. d.). '°F BMR spektrai (376
MHz) buvo uzrasyti su spektrometru Bruker Avance III 400. FT-IR spektrai buvo
uzrasyti naudojant ATR metoda su Bruker Vertex 70v spektrometru, kuris turi
Platinum ATR priedg. Lydymosi temperatiiros nustatytos atvirame kapiliare su Buchi
M 565 aparatu ir nekoreguotos. Masés spektrai buvo gauti naudojant Shimadzu
LCMS-2020 (ESI+) spektrometrg (Shimadzu Corporation, Kiotas, Japonija). Aukstos
raiSkos mases spektrai (HRMS) buvo matuojami naudojant Bruker MicrOTOF-Q 11
(ESI+) prietaisg (Bruker Daltonik GmbH, Bremenas, Vokietija). Visos reakcijos buvo
atliktos i8dziovintose stiklinése kolbose su magnetiniu maiSymu. Reakcijos eiga
stebéta plonasluoksnés chromatografijos analizés metodu, naudojant Macherey-
Nagel™ ALUGRAM® Xtra SIL G/UV254 ploksteles, kurios ryskintos UV Sviesa
(bangos ilgiai 254 ir 365 nm). UV—-vis spektrai buvo uzrasyti naudojant Shimadzu
2600 UV/vis spektrofotometra. Fluorescenciniai spektrai buvo uzrasyti naudojant
Edinburgh Instruments FL920 fluorescencinj spektrometrg. Fotoliuminescencijos
kvantinés iSeigos buvo nustatytos i§ praskiesty tirpaly naudojant integruotos sferos
metoda suzadinant ksenono lempa. Visi optiniai matavimai buvo atlikti kambario
temperatiiroje esant normalioms salygoms.

Junginiai 2 ir 3 buvo gauti laikantis literatiiroje pateikty aprasymy [176, 177].

Junginiy 4-20 bendrasis gavimo biidas (A)

Etanolyje iStirpinamas 1-(1-fenil-3-hidroksi-1H-pirazol-4-il)etan-1-onas (3)
(2.02 g, 10 mmol), NaOH (2 g, 50 mmol) ir atitinkamas karbaldehidas (20 mmol).
Reakcija vykdoma 55 °C temperatiiroje 3-5valandas. Tuomet reakcijos misinys
atvésinamas iki kambario temperatiiros ir neutralizuojamas naudojant 6N HCI iki pH
7. Susidariusios nuosédos nufiltruojamos, praplaunamos vandeniu, $altu metanoliu ir
eteriu. Gauti kristalai perkristalizuojami i§ acetonitrilo.

Junginiy 19 ir 21 bendrasis gavimo budas (B)

Dioksane iStirpinamas 1-(1-fenil-3-hidroksi-1H-pirazol-4-il)etan-1-onas (3)
(2,02 g, 10 mmol), NaOH (2 g, 50 mmol) ir atitinkamas karbaldehidas (20 mmol).
Reakcija vykdoma 65 °C temperatiroje 16 valandy. Tuomet reakcijos miSinys
atvésinamas iki kambario temperatiiros ir neutralizuojamas naudojant 6N HCI iki pH
7. Susidariusios nuosédos nufiltruojamos, praplaunamos vandeniu, $altu metanoliu ir
eteriu. Gauti kristalai perkristalizuojami i§ acetonitrilo.
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(2E)-3-fenil-1-(1-fenil-3-hidroksi-1H-pirazol-4-
il)prop-2-en-1-onas (4)

Susintetintas pagal bendrajj gavimo buada A
panaudojant 1-(1-fenil-3-hidroksi-1H-pirazol-4-il)etan-1-
ong (3) (2,02g, 10 mmol), NaOH (2 g, 50 mmol) ir
benzenkarbaldehidas (2,12 g, 20 mmol). Balti kristalai,
iSeiga 88% (2,56 @), lyd. t. 222-223 °C, Rs =0,22
(EtOAc/Hex 1/4, viv). *H BMR (700 MHz, DMSO-dg) Sn
7,33 (m, 1H, NPh 4-H), 7.43-7.45 (m, 1H, CPh 4-H), 7.45-7.49 (m, 2H, CPh 3,5-H),
7,52 (m, 2H, NPh 3,5-H), 7,69 (d, J = 15,7 Hz, 1H, C(O)CHCH), 7,75 (d, J =15,6
Hz, 1H, C(O)CHCH), 7.76-7.80 (m, 2H, C-Ph 2,6-H), 7.85 (m, 2H, N-Ph 2,6-H), 9.16
(s, 1H, Pz- 5-H), 11,22 (s, 1H, OH). **C BMR (176 MHz, DMSO-ds) &¢c 111.1 (Pz- 4-
H), 118.0 (NPh C-2,6), 124.3 (C(O)CHCH), 126.5 (NPh C-4), 128.4 (CPh C-2,6),
129.0 (CPh C-3,5), 129.6 (NPh C-3,5), 130.4 (CPh C-4), 131.7 (Pz C-5), 134.7 (CPh
C-1), 138.8 (NPh C-1), 141.4 (C(O)CHCH), 162.0 (Pz- C-3), 182.6 (C = O). HRMS
(ESI*): [M+Na]* rasta 313.0947 [CisH14N.O-+Na]*, apskaiciuota 313.0948. MS
(ESY): m/z (%): 291 ([M+H]", 95). IR (vmax, cm™): 3075, 3058, 3026, 1654 (C = O),
1584, 1511, 1448, 1217, 1062, 746, 735, 693, 678.

o 2\ (2E)-3-(chinolin-4-il)-1-(1-fenil-3-hidroksi-1H-

HO 4 N pirazol-4-il)prop-2-en-1-onas (5)
Susintetintas pagal bendrajj gavimo bada A
N panaudojant 1-(1-fenil-3-hidroksi-1H-pirazol-4-il)etan-
N l-ong (3) (2,02 g, 10 mmol), NaOH (2 g, 50 mmol) ir
© chinolin-3-il-karbaldehida (3,14 g, 20 mmol). Oranziniai

kristalai, iseiga 63 % (2,159), lyd. t. 240-241°C,

Rf = 0.24 (DCM/MeOH 100/3, v/v).'H BMR (700 MHz,

DMSO-ds) dn 7.35 (m, 1H, NPh 4-H), 7.51-7.55 (m, 2H,
NPh 3,5-H), 7.75 (m, 1H, Chin 6-H), 7.85-7.87 (m, 2H, NPh 2,6-H), 7.87-7.90 (m,
1H, Chin 7-H), 7.95-7.99 (m, 2H, C(O)CHCH, Chin 3-H ), 8.13 (d, J = 8,0 Hz, 1H,
Chin 5-H), 8.36 (d, J =8,2 Hz, 1H, Chin 8-H), 8.39 (d, J =15,6 Hz, 1H,
C(O)CHCH), 9.04 (d, J =4,5 Hz, 1H, Chin 2-H), 9.22 (s, 1H, Pz- C5-H), 11.43 (s,
1H, OH). **C BMR (176 MHz, DMSO-dg) 8¢ 111.0 (Pz- C-4), 118.1 (NPh C-2,6),
118.5 (Chin C-3), 123.8 (Chin C-8), 125.8 (Chin C-4), 126.7 (NPh C-4), 127.7 (Chin
C-6), 129.1 (Chin C-5), 129.6 (NPh C-3,5), 130.2 (Chin C-7), 131.0 (C(O)CHCH),
132.2 (Pz- C-4), 134.8 (C(O)CHCH), 138.7 (NPh C-1), 140.7 (Chin C-4a), 147.5
(Chin C-8a), 149.9 (Chin C-2), 161.9 (Pz- C-3), 181.8 (C =0). HRMS (ESI*):
[M+H]*, rasta 342.1237 [C21H1sN3O2+H]*, apskaiciuota 342.1237. MS (ES*): m/z
(%): 342 ([M+H]*, 95). IR (vmax, cm™): 3111, 1654 (C = 0), 1574, 1507, 1441, 1221,
1050, 746, 730, 684, 669.
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(2E)-1-(1-fenil-3-hidroksi-1H-pirazol-4-il)-3-
O  (4-metoksifenil)prop-2-en-1-onas (6)

\ Susintetintas pagal bendrajj gavimo buda A
panaudojant 1-(1-fenil-3-hidroksi-1H-pirazol-4-
il)etan-1-ong (3) (2,02 g, 10 mmol), NaOH (2 g,
50 mmol) ir 4-metoksibenzenkarbaldehida (2,69 g,
20 mmol). Rudi kristalai, iSeiga 80 % (2,57 g), lyd. t.
200-201°C, R = 0,14 (EtOAc/Hex 1/4, v/v)."H BMR

(700 MHz, DMSO-ds) on 3.82 (s, 3H, CH3), 7.01-7.05 (m, 2H, CPh 3,5-H), 7.31-
7.35 (m, 1H, NPh 4-H), 7.49-7.54 (m, 2H, NPh 3,5-H), 7.60 (d, J = 15,6 Hz, 1H,
C(O)CHCH), 7.66 (d, J = 15,6 Hz, 1H, C(O)CHCH), 7.71-7.76 (m, 2H, CPh 2,6-H),
7.82-7.86 (m, 2H, NPh 2,6-H), 9.13 (s, 1H, Pz- C5-H), 11.11 (s, 1H, OH). '*C BMR
(176 MHz, DMSO-ds) &c 55.4 (CH3), 111.1 (Pz- C-4), 114.5 (CPh C-3,5), 118.0 (NPh
C-2,6), 121.8 (C(O)CHCH), 126.5 (NPh C-4), 127.3 (CPh C-1), 129.6 (NPh C-3,5),
130.3 (CPh C-2,6), 131.5 (Pz- C-5), 138.9 (NPh C-1), 141.4 (C(O)CHCH), 161.2 (Pz-
C-3), 162.0 (CPh C-4), 182.8 (C=0). HRMS (ESI"): [M+Na]" rasta 343.1053
[CioH16N205+Na]*, apskaiciuota 343.1053. MS (ES*): m/z (%): 321 (IM+H]*, 96). IR
(Vmax, cm'): 3110, 3071, 1653 (C = 0), 1586, 1509, 1457, 1219, 1172, 1049 (C =C,
C-N, C-0-C), 818, 769, 743, 679.

(2E)-3-(4-chlorfenil)-1-(1-fenil-3-hidroksi-
Cl 1H-pirazol-4-il)prop-2-en-1-onas (7)

Susintetintas pagal bendraji gavimo buda A
panaudojant 1-(1-fenil-3-hidroksi-1H-pirazol-4-
iletan-1-ona (3) (2,029, 10 mmol), NaOH (2g,
50 mmol) ir 4-chlorbenzenkarbaldehida (2,81 g,
20 mmol). Geltoni kristalai, iSeiga 77 % (2,51 g), lyd.
t. 354-355°C, Ry =0,17 (EtOAc/Hex 1/4, viv). *H

BMR (700 MHz, DMSO-dg) o1 7.15 (m, 1H, NPh 4-H), 7.37-7.41 (m, 2H, NPh 3,5-
H), 7.46 (d, J =15,9 Hz, 1H, C(O)CHCH), 7.49 (m, 2H CPh 3,5-H), 7.74 (m, 2H,
CPh 2,6-H), 7.77 (m, 2H, NPh 2,6-H), 8.27 (d, J = 15,2 Hz, 1H, C(O)CHCH), 8.66
(s, 1H, Pyr C5-H).*C BMR (176 MHz, DMSO-dg) 8¢ 114.5 (Pz- C-4), 117.3 (NPh C-
2,6),124.5 (NPh C-4), 127.7 (C(O)CHCH), 128.9 (CPh C-3,5), 129.0 (Pz- C-5), 129.0
(NPh C-3,5), 129. 7(CPh C-2,6), 133.7(CPh C-1), 134.8 (CPh C-4), 136.2
(C(O)CHCH), 139.8 (NPh C-1), 171.4 (Pz- C-3), 183.1 (C = 0).HRMS (ESI*):
[M+Na]* rasta 347.0558 [C1sH13CIN.O-+Na]*, apskaiciuota 347.0558. MS (ES*): m/z
(%): 325,5 ([M+H]*, 95). IR (vmax, cm™): 3110, 3071, 1654 (C =0), 1586, 1511,
1456, 1325, 1218, 1094, 1062, 815, 745, 709, 681, 497.
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(2E)-1-(1-fenil-3-hidroksi-1 H-pirazol-4-il)-3-
(piridin-3-il)prop-2-en-1-onas (8)

Susintetintas pagal bendrajj gavimo btudag A
panaudojant  1-(1-fenil-3-hidroksi-1H-pirazol-4-il)etan-1-
ong (3) (2,02 g, 10 mmol), NaOH (2 g, 50 mmol) ir 3-
piridinkarbaldehidg (2,14 g, 20 mmol). Geltoni kristalai,
iSeiga 48% (1,40¢g), lyd. t. 230-231°C. Rr =0,21
(DCM/MeOH 100/3, v/v). '"H BMR (700 MHz, DMSO-ds)
ou 7.32-7.36 (m, 1H, NPh 4-H), 7.49-7.51 (m, 1H), 7.52
(m, 2H, NPh 3,5-H), 7.70 (d, J = 15,8 Hz, 1H,), 7.82 (m, 1H), 7.83—7.85 (m, 2H, NPh
2,6-H), 8.20 (m, 1H), 8.62 (m, 1H), 8.96 (m, 1H), 9.19 (s, 1H, Pz- C5-H), 11.22 (s,
1H, OH)."*C BMR (176 MHz, DMSO-ds) 8¢ 111.0 (Pz- C-4), 118.1 (NPh C-2,6),
124.0, 126.1, 126.6 (NPh C-4), 129.6 (CPh C-3,5), 130.6 (NPh C-3,5), 131.9 (Pz- C-
5), 134.8, 137.9, 138.8 (CPh C-1), 149.8, 150.7 (CPh C-1), 161.9 (Pz- C-3), 182.1
(C=0). HRMS (ESI"): [M+H]", rasta 292.1081 [C7Hi3N3O,+tH]*, apskaiciuota
292.1080. MS (ES"): m/z (%): 292 (IM+H]", 96). IR (Vmax, cm™): 3115, 3026, 1656
(C =0), 1583, 1510, 1455, 1320, 1216, 1061, 800, 748, 703, 678.

(2E)-1-(1-fenil-3-hidroksi-1 H-pirazol-4-il)-3-
N  (piridin-4-il)prop-2-en-1-onas (9)
Susintetintas pagal bendrajj gavimo buda A
panaudojant  1-(1-fenil-3-hidroksi-1H-pirazol-4-il)etan-1-
<N) ong (3) (2,02g, 10 mmol), NaOH (2 g, 50 mmol) ir 3-

piridinkarbaldehida (2,14 g, 20 mmol). Geltoni kristalai,

iSeiga 36 % (1,05 g), suskilo esant 221-222°C. Ry =0,19

(DCM/MeOH 100/3, v/v). 'H BMR (700 MHz, DMSO-ds)
ou 7.35 (t, 1H NPh 4-H), 7.51-7.56 (m, 2H, NPh 3,5-H), 7.62 (d, J = 15,8 Hz, 1H),
7.73 (d, 2H, CPh 3,5-H), 7.84 (d, 2H, NPh 2,6-H), 7.90 (d, J = 15,8 Hz, 1H), 8.68 (d,
2H, CPh 2,5-H), 9.19 (s, 1H, Pz- C5-H), 11.33 (s, 1H OH). 3C BMR (176 MHz,
DMSO- dg) 6¢ 111.0 (Pz- C-4), 118.1 (NPh C-2,6), 122.3 (CPh C-2,6), 126.7 (NPh C-
4), 128.6, 129.6 (NPh C-3,5), 132.1 (Pz- C-5), 138.4 (CPh C-1), 138.7 (NPh C-1),
142.2, 150.2 (CPh C-3,5), 161.9 (Pz- C-3), 182.0 (C = O). HRMS (ESI"): [M+H]",
rasta 292.1081 [C7Hi3N3O,+H]", apskai¢iuota 292.1081. MS (ES"): m/z (%): 292
(IM+H]", 95). IR (vmax, cm™): 3397, (OH), 3115, 3068, 1658 (C = 0), 1585, 1509,
1453, 1318, 1216, 808, 748, 720, 675.

(2E)-1-(1-fenil-3-hidroksi-1H-pirazol-4-il)-

/ 3-[4-(dimetilamino)fenil] prop-2-en-1-onas (10)

\ Susintetintas pagal bendrajj gavimo biidg A
panaudojant 1-(1-fenil-3-hidroksi- 1 H-pirazol-4-
il)etan-1-ong (3) (2,02 g, 10 mmol), NaOH (2 g,
50 mmol) ir 4-dimetilaminobenzenkarbaldehidg
(2,98 g, 20 mmol). Tamsiai raudoni kristalai, iSeiga
25% (0,84 g), lyd. t. 203-204°C. Ry =0.23
(DCM/MeOH 100/3, v/v). 'H BMR (700 MHz,
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DMSO-de) oy 2.99 (s, 6H, CHs), 6.75 (m, 2H, CPh 3,5-H), 7.32 (m, 1H, NPh 4-H),
7.43-7.53 (m, 3H), 7.58-7.65 (m, 3H), 7.84 (m, 2H, NPh 2,6-H), 9.10 (s, 1H, Pz- C5-
H), 11.02 (s, 1H, OH). '*C BMR (176 MHz, DMSO-ds) 6¢ 39.7 (CH3), 111.0 (Pz- C-
4), 111.8 (CPh 3,5-C), 118.0 (NPh C-2,6), 118.3 (C(O)CHCH), 121.9 (CPh C-1),
126.4 (NPh C-4), 129.6 (CPh C-2,6), 130.3 (NPh C-3,5), 131.0 (Pz- C-5), 138.9 (NPh
C-1), 142.7 (C(O)CHCH), 151.9 (CPh C-4), 162.1 (Pz- C-3), 183.1 (C = O). HRMS
(ESI"): [M+Na]" rasta 356.1369 [CH;9N3O,+Na]*, apskaiéiuota 356.1369. MS
(ES): m/z (%): 334 (IM+H]", 97). IR (vumax, cm™): 3111, 1635 (C = 0O), 1586, 1505,
1426, 1354, 1160, 1034, 808, 750, 687, 668.

(2E)-1-(1-fenil-3-hidroksi-1H-pirazol-4-il)-3-(tien-
o) S 2-il)prop-2-en-1-onas (11)

HO J \ / Susintetintas pagal bendrgji gavimo buda A
7 panaudojant 1-(1-fenil-3-hidroksi-1H-pirazol-4-il)etan-1-
R \ ong (3) (2,02 g, 10 mmol), NaOH (2 g, 50 mmol) ir tiofen-
2-ilkarbaldehidag (2,24 g, 20 mmol). Geltoni kristalai, iSeiga
88 % (2,61mg), lyd. t. 196-197°C. R; = 0,54 (DCM/MeOH
100/3, v/v). '"H BMR (700 MHz, DMSO-ds) dn 7.18 (m, 1H,
Th. C5-H), 7.31-7.34 (m, 1H, NPh 4-H), 7.46 (d,J =154
Hz, 1H, C(O)CHCH), 7.49-7.52 (m, 2H, NPh 3,5-H), 7.59 (dt, J = 3.6, 0,9 Hz, 1H,
Th. C3-H), 7.74 (dt, J =5,1, 1,0 Hz, 1H, Th. C4-H), 7.83-7.89 (m, 3H, NPh 2,6-H,
C(O)CHCH), 9.08 (s, 1H, Pz- C5-H), 11.31 (s, 1H, OH). *C BMR (176 MHz, DMSO-
ds) dc 111.0 (Pz- C-4), 118.1 (NPh C-2,6), 122.7 (C(O)CHCH), 126.5 (NPh C-4),
128.7 (Th. C-5), 129.5 (NPh C-3,5), 129.8 (Th. C-4), 131.6 (Pz- C-5), 132.9 (Th. C-
3), 134.5 (C(O)CHCH), 138.8 (NPh C-1), 139.9 (Th. C-2), 161.7 (Pz- C-3), 182.2
(C =0). HRMS (ESI"): [M+Na]" rasta 319.0512 [CisH12N>O,S+Na]", apskaiciuota
319.0512. MS (ES"): m/z (%): 297 (IM+H]", 98). IR (Vmax, cm™): 3104, 3067, 1647

(C=0), 1582, 1509, 1457, 1322, 1217, 1062, 967, 825, 699, 685.

(2E)-1-(1-fenil-3-hidroksi-1H-pirazol-4-il)-3-

Y, 7 0 (furan-3-il)prop-2-en-1-one (12)
= Susintetintas pagal bendrgjj gavimo biuda A
panaudojant 1-(1-fenil-3-hidroksi-1H-pirazol-4-il)etan-1-

N N ong (3) (2,02 g, 10 mmol), NaOH (2 g, 50 mmol) ir furan-
3-ilkarbaldehidg (1,92 g, 20 mmol). Balti kristalai, iSeiga
95 % (2,67 g), lyd. t. 195-196°C. R = 0,62 (DCM/MeOH
100/3, v/v). '"H BMR (700 MHz, DMSO-ds) du 6.68 (m,

1H, Fural. C5-H), 7.01 (d, J =3.,4 Hz, 1H, Fural. C4-H),
7.33 (m, 1H, NPh 4-H), 7.48-7.54 (m, 4H, NPh 3,5-H, C(O)CHCH), C(O)CHCH),
7.84-7.88 (m, 2H, NPh 2,6-H), 7.90 (d, J = 1,7 Hz, 1H, Fural. C2-H), 9.05 (s, 1H,
Pz- C5-H), 11.36 (s, 1H, OH). 3C BMR (176 MHz, DMSO-ds) 8¢ 111.6 (Pz- C-4),
113.5 (Fural. C-5), 117.2 (Fural. C-4), 118.5 (NPh C-2,6), 121.6 (C(O)CHCH), 127.0
(NPh C-4), 128.6 (C(O)CHCH), 130.0 (NPh C-3,5), 132.0 (Pz- C-5), 139.2 (NPh C-
1), 146.3 (Fural. C-2), 151.6 (Fural. C-3), 162.1 (Pz- C-3), 182.7 (C = O). HRMS
(ESI"): [M+Na]" rasta 303.0740 [CisH2N2Os+Na]’, apskai¢iuota 303.0740. MS
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(ESY): m/z (%): 281 ([M+H]", 97). IR (vamax, cml): 3111, 3071, 1653 (C = O), 1587,
1511, 1458, 1322, 1219, 1063, 1156, 727, 680.

(2E)-1-(1-fenil-3-hidroksi-1H-pirazol-4-il)-
3-(naftalen-2-il)prop-2-en-1-onas (13)
Susintetintas pagal bendrajj gavimo biuda A
panaudojant 1-(1-fenil-3-hidroksi-1H-pirazol-4-
il)etan-1-ong (3) (2,02 g, 10 mmol), NaOH (2 g,
50 mmol) ir naftalen-2-ilkarbaldehidg (3,12 g,
20 mmol). Oranziniai kristalai, iSeiga 94 % (3,20 g),
lyd. t. 257-258°C. Ry =0,43 (DCM/MeOH 100/1,
v/v). '"H BMR (700 MHz, DMSO-ds) ou 7.33-7.37
(m, 1H, NPh 4-H), 7.52-7.56 (m, 2H, NPh 3,5-H), 7.56-7.60 (m, 2H, Naph. 4,8-H),
7.84-7.88 (m, 4H, NPh 2,6-H, C(O)CHCH), C(O)CHCH), 7.95-8.02 (m, 4H, Naph.
3,5,6,7-H), 8.25-8.27 (m, 1H, Naph. 1-H), 9.21 (s, 1H, Pz- C5-H), 11.19 (s, 1H, OH).
BC BMR (176 MHz, DMSO-d;) 8¢ 111.1 (Pz- C-4), 118.1 (NPh C-2,6), 123.8 (Naph.
C-6), 124.5 (C(O)CHCH), 126.6 (NPh C-4), 126.9 (Naph. C-4), 127.4 (Naph. C-8),
127.8 (Naph. C-3), 128.5 (Naph. C-5), 128.6 (Naph. C-7), 129.6 (NPh C-3,5), 130.4
(Naph. C-1), 131.8 (Pz- C-5), 132.3 (Naph. C-4a), 133.0 (Naph. C-2), 133.8 (Naph.
C-8a), 138.8 (NPh C-1), 141.4 (C(O)CHCH), 162.0 (Pz- C-3), 182.6 (C = O). HRMS
(EST"): [M+Na]" rasta 363.1104 [CxHisN2O>+Na]’, apskai¢iuota 363.1104. MS
(ESY): m/z (%): 341 (IM+H]", 97). IR (Vimax, cm™): 3117, 3056, 1650 (C = O), 1586,
1509, 460, 1322, 1216, 1062, 847, 806 754 732 680.

(2E)-1-(1-fenil-3-hidroksi-1H-pirazol-4-il)-
O  3-(2,4-dimetoksifenil)prop-2-en-1-onas (14)

\ Susintetintas pagal bendrajj gavimo buda A
panaudojant 1-(1-fenil-3-hidroksi- 1 H-pirazol-4-
iDetan-1-ona (3) (2,02 g, 10 mmol), NaOH (2 g,
50 mmol) ir  2,4-dimetoksibenzenkarbaldehida
(3,32 g, 20 mmol). Oranziniai kristalai, iSeiga 75 %
(2,63 g), lyd. t. 217-218°C. Ry = 0,18 (DCM/MeOH
100/3, v/v). '"H BMR (700 MHz, DMSO-d;) Ju 3.84

(s, 3H), 3.90 (s, 3H), 6.65 (s, 2H), 7.30-7.35 (m, 1H), 7.49-7.53 (m, 2H), 7.62 (d,
J =15,8 Hz, 1H), 7.72-7.75 (m, 1H), 7.82-7.86 (m, 2H), 7.92 (d, J = 15,8 Hz, 1H),
9.07 (s, 1H), 11.10 (s, 1H). *C BMR (176 MHz, DMSO-ds) 8¢ 55.5, 55.8,98.4, 106.4,

111.2, 115.9, 118.0, 121.4, 126.5, 129.4, 129.6, 131.3, 136.2, 138.9, 159.8, 161.9,

162.9, 183.1. IR (Vmax, cm™): 3098, 3000, 1568 (C =0), 1503, 1453, 1271, 1207,

1065, 1029, 812, 476 676. MS (ES"): m/z (%): 351 ((M+H]+, 97)
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(2E)-1-(1-fenil-3-hidroksi-1 H-pirazol-4-il)-
O 3-(3,4-dimetoksifenil)prop-2-en-1-onas (15)
Susintetintas pagal bendrajj gavimo buda A
O—  panaudojant 1-(1-fenil-3-hidroksi-1H-pirazol-4-
il)etan-1-ona (3) (2,02 g, 10 mmol), NaOH (2 g,
50 mmol) ir  3,4-dimetoksibenzenkarbaldehidg
(3,32 g, 20 mmol). Oranziniai Kristalai, iSeiga 67 %
(2,35 09), lyd. t. 225-226 °C. Rs = 0,20 (DCM/MeCOH
100/3, v/v). *H BMR (700 MHz, DMSO-dg): 64 m. d.
3.82 (s, 3H, 4-OCHs), 3.84 (s, 3H, 3-OCHs), 7.05 (d, J = 8,1 Hz, 1H, CPh 5-H), 7.33
(t,J =7,4Hz, 1H, NPh 4-H), 7.34-7.37 (m, 2H, CPh 2,6-H), 7.52 (t, J = 7,9 Hz, 2H,
NPh 3,5-H), 7.57 (d, J =15.6 Hz, 1H, C(O)CHCH), 7.66 (d, J =15,6 Hz, 1H,
C(O)CHCH), 7.84 (d,J = 7,8 Hz, 2H, NPh 2,6-H), 9.12 (s, 1H, Pz 5-H), 11.07 (s, 1H,
OH). $*C BMR (176 MHz, DMSO-dg): dc m. d. 55.6 (4-OCHs), 55.7 (3-OCHj3), 111.0
(Pz C-4),111.3 (CPh C-2), 111.8 (CPh C-5), 118.1 (NPh C-2,6), 121.8 (C(O)CHCH),
122.7 (CPh C-6), 126.6 (NPh C-4), 127.5 (CPh C-1), 129.6 (NPh C-3,5), 131.5 (Pz
C-5), 138.9 (NPh C-1), 142.0 (C(O)CHCH), 149.0 (CPh C-3), 151.1 (CPh C-4), 162.0
(Pz C-3), 182.9 (C = 0). N BMR (71 MHz, DMSO-ds): on m. d. —182.3 (Pz N-1),
—118.3 (Pz N-2). HRMS (ESI*) [M+Na]* rasta 373.1162 [CxHisN2Os+Na]*,
apskai¢iuota 373.1159. MS (ES*): m/z (%): 351 ([M+H]", 99). IR (Vmax, cm™): 3118,
2932, 1652 (C = 0), 1586, 1510, 1451, 1218, 1026, 977, 742, 679.

(2E)-1-(1-fenil-3-hidroksi-1H-pirazol-4-
il)-3-[4-(pirolidin-1-il)fenil|prop-2-en-1-one
16)

Susintetintas pagal bendrajj gavimo biidg A
panaudojant 1-(1-fenil-3-hidroksi-1H-pirazol-4-
il)etan-1-ong (3) (2,02 g, 10 mmol), NaOH (2 g,
50 mmol) ir 4-(pirolidin-1-il)benzenkarbaldehida
(3,50 g, 20 mmol). Oranziniai kristalai, iSeiga
94 % (3,38 g), lyd. t. 190-191 °C. Rr =0,30
(DCM/MeOH 100/1, v/v). 'H BMR (700 MHz, DMSO-ds) én 1.95-1.99 (m, 3H),
3.29-3.34 (m, 4H), 6.60 (d, J =8,8 Hz, 2H), 7.32 (t, J =7,4 Hz, 1H), 7.44 (d,
J =15,4 Hz, 1H), 7.49-7.54 (m, 2H), 7.58-7.60 (m, 2H), 7.62 (d, J = 15,5 Hz, 1H),
7.83 (d, J =9,7 Hz, 1H), 9.09 (s, 1H, Pz 5-H), 11.00 (s, 1H, OH). '3C BMR (176
MHz, DMSO-ds) 6c 24.95, 47.30, 111.01, 111.80, 117.62, 117.95, 121.37, 126.41,
129.58, 130.54, 130.95, 138.94 (NPh C-1), 143.02, 149.36, 162.13 (Pz C-3), 183.11
(C=0). MS (ES"): m/z (%): 360 ((IM+H]", 95). IR (Vmax, cm™"): 3266, 3106, 2959,
2853, 1636 (C=0), 1597, 1519, 1527, 1110, 1036, 980, 810, 749, 615.
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(2E)-1-(1-fenil-3-hidroksi-1H-pirazol-

4-il)-3-[4-(piperidin-1-il)fenil|prop-2-en-1-
one (17)

Susintetintas pagal bendrajj gavimo biida

A panaudojant  1-(1-fenil-3-hidroksi-1H-

pirazol-4-il)etan-1-ong (3) (2,02 g, 10 mmol),

NaOH (2g, 50mmol) ir 4-(piperidin-1-

il)benzenkarbaldehida (3,79 g, 20 mmol).

Oranziniai kristalai, iSeiga 47 % (1,76 g), lyd. t.
225-226 °C. R¢= 0,43 (DCM/MeOH 100/1, v/v). '"H BMR (700 MHz, DMSO-ds) du
1.57-1.61 (m, 7H), 3.29-3.33 (m, 2H), 6.95-6.98 (m, 2H), 7.31-7.34 (m, 1H), 7.47—
7.54 (m, 4H), 7.58-7.61 (m, 3H), 7.82-7.85 (m, 2H), 9.11 (s, 1H, Pz 5-H), 11.04 (s,
1H, OH). *C BMR (176 MHz, DMSO-ds) 8¢ 24.0, 25.0, 48.2, 111.1, 114.4, 118.0
(NPh C-2,6), 119.2, 126.5, 129.6, 129.6, 130.3, 131.2, 138.9 (NPh C-1), 142.3, 152.6,
162.1 (Pz C-3), 183.1 (C = O). MS (ES"): m/z (%): 374 (IM+H]", 95). IR (Vinax, cm™):
3268,3106,2934, 2855, 1640 (C = 0), 1545, 1427, 1228, 1179, 1125, 1036, 813, 751,
586.

(2E)-1-(1-fenil-3-hidroksi-1 H-pirazol-

4-il)-3-[4-(morfolin-4-il)fenil]prop-2-en-1-
one (18)

Susintetintas pagal bendrajj gavimo biida

A panaudojant  1-(1-fenil-3-hidroksi-1H-

pirazol-4-il)etan-1-ona (3) (2,02 g, 10 mmol),

NaOH (2g, 50mmol) ir 4-(morfolin-4-

il)benzenkarbaldehida (3,82 g, 20 mmol).

Oranziniai kristalai, iSeiga 75 % (2,82 g),

suskilo esant 198-199 °C. R; = 0,35 (DCM/MeOH 100/1, v/v). '"H BMR (700 MHz,

DMSO-ds) ou 3.22-3.26 (m, 4H), 3.73-3.75 (m, 4H), 6.99-7.02 (m, 2H), 7.31-7.35

(m, 1H), 7.50-7.55 (m, 3H), 7.60-7.65 (m, 3H), 7.82-7.85 (m, 2H), 9.12 (s, 1H, Pz

5-H), 11.06 (s, 1H, OH). '*C BMR (176 MHz, DMSO-ds) 8¢ 47.2, 65.9, 111.1, 114.3,

118.0 (NPh C-2,6), 120.0, 124.7, 126.5, 129.6, 130.1, 131.3, 138.9 (NPh C-1), 142.0,

152.5,162.0 (Pz C-3), 183.0 (C = 0). MS (ES"): m/z (%): 376 ([M+H]", 95). IR (Vmax,

cm): 3268, 3109, 2954, 2832, 1638 (C = 0), 1544, 1508, 1434, 1227, 1179, 1023,

925, 814, 750.

(2E)-3-(4-fluorfenil)-1-(1-fenil-3-hidroksi-
1H-pirazol-4-il)prop-2-en-1-onas (19)
Susintetintas pagal bendrajj gavimo buda A ir B
panaudojant 1-(1-fenil-3-hidroksi-1H-pirazol-4-
il)etan-1-ona (3) (2,02g, 10 mmol), NaOH (2 g,

N 50 mmol) ir 4-fluorbenzenkarbaldehida (2,48 g,
20 mmol). Oranziniai kristalai, iSeiga A gavimo budu
28 % (0,86 g) ir iSeiga B gavimo biidu 70 % (2,15 g),

lyd. t. 239-240°C. Ry =0,46 (DCM/MeOH 100/1,
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v/v).*H BMR (700 MHz, DMSO-de) n 7.29-7.36 (m, 3H, NPh 4-H, NPh 3,5-H),
7.49-7.56 (m, 2H), 7.68 (s, 2H), 7.80-7.91 (m, 4H), 9.14 (s, 1H, Pz- C5-H), 11.20 (p.
s, 1H, OH).2*C BMR (176 MHz, DMSO-ds) 8¢ 111.1 (Pz- C-4), 116.24 (m, 2] = 22,0
Hz, 4FPh C-3,5), 118.0 (NPh C-2,6), 124.2 (NPh C-4), 126.6 (Pz- C-5), 129.6 (NPh
C-3,5), 130.7 (d, 3J = 8,6 Hz, 4FPh C-2,6), 131.4 (d, 4] = 2,9 Hz, 4FPh C-1), 131.7
(NPh C-1), 138.8 (C(O)CHCH), 140.1 (C(O)CHCH), 161.9 (Pz- C-3), 163.2 (d,
1] =248,6 Hz, 4FPh C-4), 182.5 (C = 0). HRMS (ESI*): [M+H]*, rasta 309.1034
[C1sH13FN,02+H]*, apskaiciuota 309.1026. MS (ES*): m/z (%): 309 ([M+H]+, 95).
IR (vimax, cm%): 3360, (OH), 3111, 2978, 1646 (C = 0O), 1583, 1505, 1359., 1326, 821,
747, 673, 505.

(2E)-3-(4-etoksifenil)-1-(1-fenil-3-hidroksi-1H-
pirazol-4-il)prop-2-en-1-onas (20)
Susintetintas pagal bendrajj gavimo buda A
panaudojant 1-(1-fenil-3-hidroksi-1H-pirazol-4-
il)etan-1-ong (3) (2,029, 10 mmol), NaOH (2 g,
50 mmol) ir 4-fluorbenzenkarbaldehidg (2,48 g,
20 mmol). Geltoni kristalai, iSeiga 24 % (0,60 g), lyd.
t.216-217°C. Rf = 0,28 (DCM/MeOH 100/1, v/v).*H
BMR (700 MHz, DMSO-ds) on 1.34 (t, J =7,0 Hz, 3H, CHz3), 4.05-4.12 (m, 2H,
CHy), 6.99-7.04 (m, 2H), 7.28-7.40 (m, 1H), 7.47-7.54 (m, 2H), 7.60 (d, J = 15,7
Hz, 1H), 7.65 (d, J = 15,7 Hz, 1H), 7.72 (d, J =8,8 Hz, 2H), 7.77-7.89 (m, 2H), 9.12
(s, 1H, Pz- C5-H), 11.19 (s, 1H, OH). *3C BMR (176 MHz, DMSO-ds) ¢ 15.0 (CHs),
63.8 (CH.), 111.6 (Pz- C-4), 115.3, 118.5 (NPh C-2,6), 122.2, 126.9 (Pz- C-5), 127.6,
130.0, 130.7, 131.9, 139.3 (NPh C-1), 141.8, 160.9, 162.6, 183.3 (C = O). MS (ES"):
m/z (%): 335 ([M+H]", 95). IR (vmax, cm™?): 3111, 3069, 2944, 1655 (C = O), 1585,
1505, 1325., 1217, 1062, 977, 822, 746, 680.

(2E)-1-(1-fenil-3-hidroksi-1H-pirazol-4-
il)-3-[4-(trifluormetoksi)fenil| prop-2-en-1-onas
21

Susintetintas pagal bendrajj gavimo biida B
panaudojant  1-(1-fenil-3-hidroksi-1H-pirazol-4-
il)etan-1-ong (3) (2,02 g, 10 mmol), NaOH (2 g,
50 mmol) ir 4-
(trifluormetoksi)benzenkarbaldehida (3,80 g,
20 mmol). Geltoni kristalai, iSeiga 58 % (2,21 g),
lyd. t. 148-149°C. R; = 0,49 (DCM/MeOH 100/1, v/v). 'H BMR (400 MHz, DMSO-
ds) ou 7.34 (m, 1H, NPh 4-H), 7.46 (m, 2H, CPh 2,6-H), 7.52 (m, 2H, NPh 3,5-H),
7.66—7.78 (m, 2H, C(O)CHCH, C(O)CHCH), 7.84 (m, 2H, CPh 3,5-H), 7.91 (m, 2H,
NPh 2,6-H), 9.15 (s, 1H, Pz- 5-H), 11.24 (s, 1H, OH). *C BMR (101 MHz, DMSO-
ds) dc 111.0 (Pz- C-4), 118.1 (NPh C-2,6), 121.4, 125.4 (C(O)CHCH), 126.6, 129.6,
130.3, 131.8, 134.1 (Pz- C-5), 138.8, 139.6, 149.4 (C(O)CHCH), 161.9 (Pz- C-3),
1824 (C=0). HRMS (ESI'): [M+Na]® rasta 397.0770 [CioHi3F3N,O3+Na]",
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apskaiciuota 397.0770. MS (ES"): m/z (%): 375 (IM+H]", 99). IR (Vinax, cm™): 3110,
3071, 1657 (C = 0), 1599., 1583, 1525, 1506, 1214, 1146, 977, 925, 825, 745.

Junginiy 22-30 bendrasis gavimo biidas (C)

DMF (3 ml) tirpiklyje iStirpinamas atitinkamas junginys 4-7, 11, 12 arba 19
(1 mmol), NaH (60% suspensija mineralinéje alyvoje, 0,04 g, 1 mmol) ir atitinkamas
alkilhalidas (1,1 mmol). Reakcija vykdoma kambario temperatiroje 1-2 valandas.
Tuomet praskiedziama vandeniniu KHSO,4 (10 ml) tirpalu ir ekstrahuojama EtOAc
(3%10 ml). Organinis sluoksnis surenkamas, plaunamas vandeniu (4x20 ml),
iSdziovinamas  natrio  sulfatu,  nufiltruojamas ir  sukoncentruojamas.
Likutis gryninamas  kolonélinés  chromatografijos budu (SiO», eliuentas:
heksanas/etilacetatas 9/1).

(2E)-1-(1-fenil-3-metoksi-1H-pirazol-4-il)-3-
fenilprop-2-en-1-onas (22)

Susintetintas pagal bendrgjj gavimo bida C
panaudojant junginj 4 (0,29 g, 1 mmol), NaH (60%
suspensija mineralinéje alyvoje, 0,04 g, 1 mmol) ir Mel
(0,16 g, 1,1 mmol). Geltoni kristalai, iSeiga 69 % (215
mg), lyd. t. 163-164°C, Rr = 0,78 (DCM/MeOH 100/3,
v/v). 'H BMR (700 MHz, CDCls) du 4.17 (s, 3H, CH3),
7.29-7.33 (m, 1H, NPh 4-H), 7.39-7.44 (m, 3H, CPh 4-H,
CPh 3,5-H), 7.45-7.49 (m, 2H, NPh 3,5-H), 7.65 (m, 3H, CPh 2,6-H, C(O)CHCH),
7.67-7.71 (m, 2H, NPh 2,6-H), 7.82 (d, J = 15,7 Hz, 1H, C(O)CHCH), 8.42 (s, 1H,
Pz- C5-H). *C BMR (176 MHz, CDCl3-d) 8¢ 57.0 (CH3), 112.4 (Pz- C-4), 118.7 (NPh
C-2,6), 124.4 (C(O)CHCH), 127.0 (NPh C-4), 128.6 (CPh C-3,5), 129.0 (CPh C-2,6),
129.7 (NPh C-3,5), 130.3 (CPh C-4), 131.4 (Pz- C-5), 135.3 (CPh C-1), 139.3 (NPh
C-4), 142.8 (C(O)CHCH), 162.7 (Pz- C-3), 183.4 (C = O). HRMS (ESI): [M+Na]*
rasta 327.1104 [Ci9H1¢N2O,+Na]", apskai¢iuota 327.1104. MS (ES"): m/z (%): 305
(IM+HT*, 99). IR (Vmax, cm™): 3118, 3089, 1652 (C = 0), 1550, 1498, 1408, 1308,
1217, 756, 731, 685, 672.

(2E)-3-(chinolin-4-il)-1-(1-fenil-3-metoksi-1H-
pirazol-4-il)prop-2-en-1-onas (23)

Susintetintas pagal bendrajj gavimo buda C
panaudojant junginj 5 (0.34 g, 1 mmol), NaH (60%
suspensija mineralinéje alyvoje, 0,04 g, 1 mmol) ir Mel
(0,16 g, 1,1 mmol). Geltoni kristalai, iseiga 72 % (256
mg), suskilo esant 168-169 °C, Rs=0,6 (DCM/MeOH
100/3, v/v). *H BMR (700 MHz, DMSO-d6) J1 4.06 (s,
3H, CH3), 7.37 (m, 1H, NPh 4-H), 7.52—7.57 (m, 2H, NPh 3,5-H), 7.72 (m, 1H, Chin
7-H), 7.84 (m, 1H), 7.86-7.92 (m, 3H, Chin 6-H, NPh 2,6-H), 7.95 (d, J = 4,5 Hz,
1H), 8.10 (m, 1H, Chin 5-H), 8.31 (m, 1H, Chin 8-H), 8.36 (d, J =155 Hz, 1H,
C(O)CHCH), 9.01 (m, 1H, Chin 2-H), 9.34 (s, 1H, Pz- C5-H)."*C BMR (176 MHz,
DMSO-ds) 8¢ 56.6 (CHs), 111.1 (Pz- C-4), 118.2 (NPh C-2,6), 118.5 (Chin C-3),
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123.6, 125.7, 126.9, 127.5, 129.6 (NPh C-3,5), 129.7, 129.8, 130.7, 133.4 (Pz- C-5),
135.1 (C(O)CHCH), 138.7 (NPh C-1), 139.8 (Chin C-4a), 148.3 (Chin C-8a), 150.3
(Chin C-2), 162.7 (Pz- C-3), 181.0 (C = O). HRMS (ESI*): [M+H]" rasta 356.1394
[C22H17N3O2+H]*, 356.1394 apskaiéiuota. MS (ES™): m/z (%): 356 ([M+H]", 96). IR
(vmax, cm1): 3120, 3091, 1654 (C = 0), 1596, 1556, 1500, 1414, 1309, 1218, 834, 749,
726, 682.
(2E)-3-(4-chlorfenil)-1-(1-fenil-3-metoksi-

1H-pirazol-4-il)prop-2-en-1-onas (24)

Susintetintas pagal bendrajj gavimo biidg C
panaudojant junginj 7 (0.35 g, 1 mmol), NaH (60%
suspensija mineralinéje alyvoje, 0,04 g, 1 mmol) ir
Mel (0,16 g, 1,1 mmol). Geltoni kristalai, iSeiga
80% (272 mg), lyd. t. 173-174°C, R;=10,69
(DCM/MeOH 100/1, v/v). 'H BMR (700 MHz,
DMSO-ds) ou 4.04 (s, 3H, CHs), 7.34-7.37 (m, 1H,
NPh4-H), 7.51-7.55 (m, 4H, NPh 3,5-H, CPh 2,6-H), 7.61-7.68 (m, 2H, C(O)CHCH,
C(O)CHCH), 7.81-7.84 (m, 2H, CPh 3,5-H), 7.87-7.89 (m, 2H, NPh 2,6-H), 9.27 (s,
1H, Pz- C5-H). *C BMR (176 MHz, DMSO-d) 8¢ 56.5 (CH3), 111.2 (Pz- C-4), 118.1
(NPh C-2,6), 125.1 (C(O)CHCH), 126.7 (NPh C-4), 129.0 (CPh C-2,6), 129.6 (NPh
C-3,5), 130.2 (CPh C-3,5), 133.1(Pz- C-5), 133.7 (CPh C-1), 134.8 (CPh C-4), 138.7
(NPh C-4), 140.0 (C(O)CHCH), 162.6 (Pz- C-3), 181.2 (C=0). HRMS (ESI"):
[M+Na]" rasta 361.0714 [Ci9H,sCIN,O,+Na]", apskaiciuota 361.0714. MS (ES"): m/z
(%): 339,5 (IM+H]", 96). IR (vimax, cm™'): 3122, 3069, 1659 (C = O), 1597, 1560, 1490,
1403, 1329, 1222, 813, 744, 683, 638 497.

(2E)-1-(1-fenil-3-metoksi-1H-pirazol-4-il)-3-
F  (4-fluorfenil)prop-2-en-1-onas (25)

Susintetintas pagal bendrajj gavimo buda C
panaudojant junginj 19 (0.31 g, 1 mmol), NaH (60%
suspensija mineralingje alyvoje, 0,04 g, 1 mmol) ir
Mel (0,16 g, 1,1 mmol). Oranziniai kristalai, iSeiga
60% (193 mg), lyd. t. 151-152°C. Rs=0,46
(DCM/MeOH 100/1, viv).*H BMR (700 MHz,

DMSO-ds) on 4.04 (s, 3H), 7.31 (t, J = 8,81 Hz, 2H), 7.36 (t, J = 7,37 Hz, 1H), 7.51—
7.57 (m, 2H), 7.61 (d, J = 15,66 Hz, 1H), 7,66 (d, J = 15,65 Hz, 1H), 7.85-7.91 (m,
4H), 9.27 (s, 1H).*C BMR (176 MHz, DMSO-ds) 6c 54.9, 109.6, 114.32 (d,
2) =21,70 Hz, 4FPh C-3,5), 116.5, 122.64, 125.1, 127.9, 129.11 (d, 3J =8,51 Hz,
4FPh C-2,6), 129.72 (d, *J = 3,12 Hz, 4FPh C-1), 131.4, 137.1, 138.5, 160.9, 161.58
(d, 1J =248,29 Hz, , 4FPh C-4), 179.6 (C =0). HRMS (ESI*): [M+Na]* rasta
345.1010 [Ci9H1sFN2Os+Na]*, apskaiCiuota 345.1010. MS (ES*): m/z (%): 323
([M+H]*, 95). IR (vmax, cmt): 3116, 3049, 1656 (C = 0), 1597, 1586, 1559, 1500,
1408, 1221, 1060, 978, 820, 746, 505.
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(2E)-1-(1-fenil-3-metoksi-1H-pirazol-4-il)-
3-(4-metoksifenil)prop-2-en-1-onas (26)
Susintetintas pagal bendrajj gavimo buda C
panaudojant junginj 6 (0,32 g, 1 mmol), NaH (60%
suspensija mineralinéje alyvoje, 0,04 g, 1 mmol) ir
Mel (0,16 g, 1,1 mmol). Oranziniai kristalai, iSeiga
48% (160 mg), lyd. t. 156-157°C. R¢=0,25
(EtOACc/Hex 1/4, viv). 'H BMR (400 MHz, DMSO-
ds) on 3.82 (s, 2H), 4.04 (s, 3H), 6.99-7.06 (m, 2H),
7.31-7.38 (m, 1H), 7.50-7.56 (m, 3H), 7.63 (d, J = 15,6 Hz, 1H), 7.72-7.77 (m, 2H),
7.86-7.91 (m, 2H), 9.23 (s, 1H, Pz- C5-H). *C BMR (101 MHz, DMSO-ds) 8¢ 55.4
(CHs3), 56.5 (CHs), 111.4,114.4,118.1 (NPh C-2,6), 122.0, 126.6, 127.3, 129.6, 130.3,
132.8, 138.8 (NPh C-1), 141.4, 161.1, 162.5, 181.4 (C = O). HRMS (ESI*): [M+Na]*
rasta 357.1210 [CxoH1sN2Os+Na]*, apskai¢iuota 357.1210. MS (ES*): m/z (%): 335
([M+H]*, 96). IR (vmax, cm™): 3112, 3044, 2937, 1647 (C = 0), 1570, 1510, 1492,
1463, 1214, 1168, 1022, 990, 819, 758, 516.

o) S (2E)-1-(1-fenil-3-metoksi-1H-pirazol-4-il)-3-

—0 / \ ’ (tien-2-il)prop-2-en-1-onas (27)
; Susintetintas pagal bendrajj gavimo budg C
N \ panaudojant junginj 11 (0.30g, 1 mmol), NaH (60%
N suspensija mineralinéje alyvoje, 0,04 g, 1 mmol) ir Mel
(0,16 g, 1,1 mmol). Geltoni kristalai, iseiga 60 % (186
mg), lyd. t. 131-132°C. Rs= 0,37 (EtOAc/Hex 1/4, vIv).
'H BMR (700 MHz, DMSO-ds) 1 4.05 (s, 3H, CHs), 7.18
(m, 1H, Th. C5-H), 7.31-7.39 (m, 2H, NPh 4-H, C(O)CHCH), 7.51-7.54 (m, 2H, NPh
3,5-H), 7.59-7.61 (m, 1H, Th. C3-H), 7.75 (m, 1H, Th. C4-H), 7.84 (d, J = 15,3 Hz,
1H, C(O)CHCH), 7.88-7.92 (m, 2H, NPh 2,6-H), 9.21 (s, 1H, Pz- C5-H). **C BMR
(176 MHz, DMSO-dg) dc 57.1 (CHa), 111.6 (Pz- C4-H), 118.6 (NPh C-2,6), 123.3
(C(O)CHCH), 127.1 (NPh C-4), 129.1 (Th. C-5), 130.0 (NPh C-3,5), 130.2 (Th. C-
4), 133.2 (Pz- C-5), 133.3 (Th. C-3), 135.0 (C(O)CHCH), 139.2 (NPh C-1), 140.3
(Th. C-2), 162.8 (Pz- C-3), 181.4 (C = 0). HRMS (ESI*): [M+Na]* rasta 333.0668
[C17H14aN20,S +Na]*, apskaic¢iuota 333.0668. MS (ES*): m/z (%): 311 ([M+H]*, 99).
IR (vmax, cmt): 3127, 3096, 1664 (C = 0), 1560, 1502, 1410, 1399, 1225, 1014, 943,

750, 685, 669, 505.

/0 (2E)-1-(1-fenil-3-metoksi-1H-pirazol-4-il)-3-
/ —I1  (furan-3-il)prop-2-en-1-onas (28)

Susintetintas pagal bendrajj gavimo buda C

panaudojant junginj 12 (0.28 g, 1 mmol), NaH (60%

N suspensija mineralinéje alyvoje, 0,04 g, 1 mmol) ir Mel

@ (0,16 g, 1,1 mmol). Geltoni kristalai, iSeiga 77 % (227

mg), lyd. t. 136-137°C. Rs = 0,34 (EtOAc/Hex 1/4, vIv).
'H BMR (700 MHz, DMSO-ds) d14 4.05 (s, 3H, CH3), 6.68
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(m, 1H, Fur- 4-H), 7.01 (m, 1H, Fur- 5-H), 7.32-7.36 (m, 1H, NPh 4-H), 7.40 (d,
J =15,4 Hz, 1H, C(O)CHCH), 7.47-7.54 (m, 3H, NPh 3,5-H, C(O)CHCH), 7.88—
7.93 (m, 3H, NPh 2,6-H, Fur- 2-H), 9.16 (s, 1H, Pz- C5-H). **C BMR (176 MHz,
DMSO-dg) dc 56.6 (CH3), 111.3 (Pz- C-4), 113.0 (Fur- C-4), 116.8 (Fur- C-5), 118.1
(NPh C-2,6), 121.2 (C(O)CHCH), 126.7 (NPh C-4), 128.3 (C(O)CHCH), 129.5 (NPh
C-3,5), 132.7 (Pz- C-5), 138.7 (NPh C-1), 145.9 (Fur- C-2), 151.1 (Fur- C-3), 162.2
(Pz- C-3),181.1 (C = O). HRMS (ESI*): [M+Na]* rasta 317.0897 [C17H14N203+Na]*,
apskai¢iuota 317.0897. MS (ES*): m/z (%): 295 ([M+H]*, 99). IR (Vmax, cm™): 3122,
3063, 1658 (C = 0), 1558, 1501, 1461, 1404, 1220, 1014, 742, 681, 631, 595.

(2E)-3-fenil-1-[1-fenil-3-(2-
metoksietoksi)-1H-pirazol-4-il]prop-2-en-1-
onas (29)

Susintetintas pagal bendrajj gavimo budg C
panaudojant junginj 4 (0,29 g, 1 mmol), NaH
(60% suspensija mineralingje alyvoje, 0,04 g,
1 mmol) ir MeOEtOBr (0,15¢g, 1,1 mmol).
Geltoni kristalai, iseiga 50 % (175 mg), lyd. t.
133-134°C. R¢ = 0,43 (DCM/MeOH 100/1, v/v). *H BMR (400 MHz, DMSO-dg) Jn
3.39 (s, 3H, CHs), 3.76-3.81 (m, 2H, CHs3(O)CH:CH), 4.47-4.52 (m, 2H,
CH3(0)CH2CHy), 7.35 (m, 1H, NPh 4-H), 7.42-7.56 (m, 5H, NPh 3,5-H, CPh 4-H,
CPh 3,5-H), 7.63-7.70 (m, 1H, C(O)CHCH), 7.73-7.81 (m, 3H, C(O)CHCH, CPh
2,6-H), 7.86-7.92 (m, 2H, NPh 2,6-H), 9.19 (s, 1H, Pz- 5-H). **C BMR (101 MHz,
DMSO-ds) 6¢c 58.3 (CH3), 68.5 (CH3(O)CH2CH?>), 70.2 (CH3(O)CH2CHy), 111.5 (Pz-
C-4), 118.2 (NPh C-2,6), 124.5 (C(O)CHCH), 126.7 (NPh C-4), 128.4 (CPh C-2,6),
129.0 (CPh C-3,5), 129.5 (NPh C-3,5), 130.4 (CPh C-4), 132.7 (Pz- C-5), 134.7 (CPh
C-1), 138.7 (NPh C-1), 141.3 (C(O)CHCH), 161.7 (Pz- C-3), 181.5 (C = O). HRMS
(ESI"): [M+Na]* rasta 371.1366 [C21H20N20s+Na]*, apskaiciuota 371.1366. MS
(ESY): m/z (%): 349 ([M+H]*, 96). IR (vmax, cm™): 3114, 3089, 1656 (C = 0O), 1596,
1556, 1493, 1468, 1371, 1220, 766, 750, 686, 677.

(2E)-3-fenil-1-(1-fenil-3-propoksi-1H-
pirazol-4-il)prop-2-en-1-onas (30)

Susintetintas pagal bendrajj gavimo biidg C
panaudojant junginj 4 (0,29 g, 1 mmol), NaH (60%
suspensija mineralinéje alyvoje, 0,04 g, 1 mmol) ir
EtOI (0,19 g, 1,1 mmol). Geltoni kristalai iSeiga 96 %
(320 mg), lyd. t. 131-132°C. Ry= 0,77 (DCM/MeOH
100/1, v/v). '"H BMR (400 MHz, DMSO-ds) on 1.05
(t, J =7,4 Hz, 3H, CH3), 1.85 (h, J =7,1 Hz, 2H,
CH;CH,CH>), 4.33 (t, J =6,5 Hz, 2H, CH3CH,CHy), 7.34 (m, 1H, NPh 4-H), 7.42—
7.56 (m, 5H, NPh 3,5-H, CPh 3,5-H, CPh 4-H), 7.62-7.72 (m, 2H, C(O)CHCH,
C(O)CHCH), 7.72-7.80 (m, 2H, CPh 2,6-H), 7.89 (m, 2H, NPh 2,6-H), 9.20 (s, 1H,
Pz- 5-H). “C BMR (101 MHz, DMSO-ds) 8¢ 10.4 (CHs), 22.0 (CH3CH,CHb>), 70.6
(C(O)CHCH), 111.5 (Pz- C-4), 118.1 (NPh C-2,6), 124.5 (C(O)CHCH), 126.7 (NPh
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C-4), 128.3 (CPh C-2,6), 129.0 (NPh C-3,5), 129.5 (CPh C-3,5), 130.4 (CPh C-4),
132.6 (Pz- C-5), 134.7 (CPh C-1), 138.7 (NPh C-1), 141.3 (C(O)CHCH), 161.9 (Pz-
C-3), 181.5 (C=0). HRMS (ESI*): [M+Na]" rasta 355.1417 [CyHxN20,+Na]",
apskai¢iuota 355.1417. MS (ES"): m/z (%): 333 (IM+H]", 99). IR (Vimax, cm™): 3118,
3082, 1657 (C = 0), 1597, 1561, 1491, 1447, 1349, 1330, 1222, 761, 746, 681, 638.

Junginiy 33-37 bendrasis gavimo biidas (D)

Etanolyje (5 ml) iStirpinamas 3-(benziloksi)- 1-fenil- 1 H-pirazol-4-karbaldehidas
32 (278mg, 1 mmol), NaOH (200 mg, 5 mmol) ir atitinkamas acetofenonas
(1,1 mmol). Reakcija vykdoma 55 °C temperatiiroje 30 min. Tuomet reakcijos
misinys atvésinamas, praskiedziamas vandeniu ir ekstrahuojamas EtOAc (3x10 ml).
Organinis sluoksnis surenkamas, i§dziovinamas su natrio sulfatu, nufiltruojamas ir
sukoncentruojamas. Likutis gryninamas kolonélinés chromatografijos biidu (SiO.,
eliuentas: heksanas/ctilacetatas 6/1).

(2E)-3-|3-(benziloksi)-1-fenil-1 H-pirazol-4-il]-1-
fenilprop-2-en-1-onas (33)

Susintetintas pagal bendrajj gavimo biida D

O  panaudojant 3-(benziloksi)-1-fenil-1H-pirazol-4-

\ karbaldehida 32 (278 mg, 1 mmol), NaOH (200 mg,

O S mmol) ir acetofenong (132 mg, 1.1 mmol). Geltoni

7\ kristalai, iSeiga 66 % (253 mg), lyd. t. 168169 °C. R,= 0,36

N N (EtOAc/Hex 1/4, v/v). 'H BMR (700 MHz, CDCls): dy m. d.

5.50 (s, 2H, CH»), 7.27-7.29 (m, 1H, NPh 4-H), 7.39-7.41

(m, 1H, CH,Ph 4-H), 7.44-7.47 (m, 6H, CH,Ph 3,5-H,

C(O)Ph 3,5-H, NPh 3,5-H), 7.54-7.56 (m, 1H, C(O)Ph 4-

H), 7.58-7.59 (m, 2H, CH,Ph 2,6-H), 7.65-7.66 (m, 2H,

NPh 2,6-H), 7.74 (d, J =15,5 Hz, 1H, CHCHC(O)Ph), 7.77 (d, J =15,4 Hz, 1H,

CHCHC(O)Ph), 7.96-7.97 (m, 2H, C(O)Ph 2,6-H), 7.99 (s, 1H, Pz 5-H). *C BMR

(176 MHz, CDCL3): 6c m. d. 71.2 (CH), 107.4 (Pz C-4), 118.3 (NPh C-2,6), 120.8

(CHCHC(O)Ph), 126.4 (NPh C-4), 128.0 (CH,Ph C-4), 128.3 (CH,Ph C-4), 128.5

(C(O)Ph C-2,6), 128.6, 128.7, 129.0 (Pz C-5), 129.7 (NPh C-3,5), 132.6 (C(O)Ph C-

4), 133.5 (CHCHC(O)Ph), 136.9 (CH2Ph C-1), 138.6 (C(O)Ph C-1), 139.5 (NPh C-

1), 162.8 (Pz C-3), 190.4 (C = O). ’N BMR (71 MHz, CDCls): ny m. d. —184.29 (Pz

N-1), —117.99 (Pz N-2). HRMS (ESI"): [M+Na]" rasta 403.1416 [C2sH20N>O>+Na]",

apskaiCiuota 403.1417. MS (ES"): m/z (%): 381 (IM+H]", 96). IR (Vmax, cm'): 3063,
3029, 1654 (C=0), 1591, 1567, 1504, 1359, 1005, 970, 779, 680.
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/ (2E)-3-[3-(benziloksi)-1-fenil-1 H-pirazol-4-il]-1-(4-
metoksifenil)prop-2-en-1-onas (34)

Susintetintas pagal bendrajj gavimo biida D

panaudojant 3-(benziloksi)-1-fenil-1H-pirazol-4-

karbaldehidg 32 (278 mg, 1 mmol), NaOH (200 mg,

O 5 mmol) ir 4-metoksiacetofenong (165 mg, 1,1 mmol).

o \ Geltoni kristalai, iSeiga 68 % (279 mg), lyd. t. 164-165 °C.

I\

R/=0,34 (EtOAc/Hex 1/4, v/v). 'H BMR (700 MHz,
CDCls): 8y m. d. 3.88 (s, 3H, CHs), 5.50 (s, 2H, CH>), 6.92—

N 6.93 (m, 2H, C(O)Ph 2,6-H), 7.27-7.28 (m, 1H, NPh 4-H),
7.39-7.41 (m, 1H, CHPh 4-H), 7.44-7.47 (m, 4H, CH,Ph
3,5-H, NPh 3,5-H), 7.58-7.60 (m, 2H, CH,Ph 2,6-H), 7.64—
7.66 (m, 2H, NPh 2,6-H), 7.74 (s, 2H, CHCHC(O)Ph), 7.96—

7.97 (m, 2H, C(O)Ph 3,5-H), 7.98 (s, 1H, Pz 5-H). *C BMR
(176 MHz, CDCl;): dc m. d. 55.6 (CHs), 71.2 (CH,), 107.5 (Pz C-4), 113.8 (C(O)Ph
C-2,6), 118.2 (NPh C-2,6), 120.7 (CHCHC(O)Ph), 126.3 (NPh C-4), 128.0 (CH,Ph
C-2,6), 128.3 (CH2Ph C-4), 128.7 (CH2Ph C-3,5), 128.9 (Pz C-5), 129.7 (NPh C-3,5),
130.8 (C(O)Ph C-3,5), 131.6 (C(O)Ph C-1), 132.7 (CHCHC(O)Ph), 137.0 (CH,Ph C-
1), 139.6 (NPh C-1), 162.7 (Pz C-3), 163.3 (C(O)Ph C-4), 188.8 (C = O). SN BMR
(71 MHz, CDCL3): dx m. d. —184.44 (Pz N-1), —117.93 (Pz N-2). HRMS (ESI"):
[M+Na]" rasta 433.1525 [C2H2»N2Os+Na]", apskaiciuota 433.1523. MS (ES"): m/z
(%): 411 (IM+HT", 97). IR (vimax, cm'): 3064, 2928, 1652 (C = 0), 1502, 1417, 1221,
1169, 1010, 972, 826, 700.

cl (2E)-3-[3-(benziloksi)-1-fenil-1H-pirazol-4-il]-1-(4-
chlorfenil)prop-2-en-1-onas (35)

Susintetintas  pagal bendrgjj gavimo buda D

panaudojant 3-(benziloksi)-1-fenil-1H-pirazol-4-

o karbaldehida 32 (278 mg, 1 mmol), NaOH (200 mg,

5 mmol) ir 4-chloracetofenong (170 mg, 1,1 mmol). Geltoni

0 \ kristalai, iSeiga 97 % (411 mg), lyd. t. 192-193 °C. R,= 0,56
I\

(EtOAc/Hex 1/4, v/v). 'H BMR (700 MHz, CDCls): 6y m. d.
5.49 (s, 2H, CH»), 7.28-7.30 (m, 1H, NPh 4-H), 7.40-7.42
(m, 3H, CH,Ph 4-H, 4CIPh 2,6-H), 7.44-7.48 (m, 4H,

i CH,Ph 3,5-H, NPh 3,5-H), 7.57-7.58 (m, 2H, CH,Ph 2,6-

N

~

H), 7.65-7.66 (m, 2H, NPh 2,6-H), 7.68 (d,J = 15,4 Hz, 1H,

CHCHC(O)Ph), 7.77 (d, J = 15,4 Hz, 1H, CHCHC(O)Ph),

7.87-7.89 (m, 2H, 4CIPh 3,5-H), 7.99 (s, 1H, Pz 5-H). 13C
BMR (176 MHz, CDCl3): dc m. d. 71.3 (CH), 107.3 (Pz C-4), 118.3 (NPh C-2.6),
120.1 (CHCHC(O)Ph), 126.5 (NPh C-4), 128.1 (CH,Ph C-2,6), 128.4 (CH,Ph C-4),
128.7 (4CIPh C-2,6), 128.9 (CH,Ph C-3,5), 129.1 (Pz C-5), 129.7 (NPh C-3,5), 129.9
(4CIPh C-3,5), 134.1 (CHCHC(O)Ph), 136.9, 137.0, 139.0 (4CIPh C-1), 139.5 (NPh
C-1), 162.8 (Pz C-3), 189.0 (C = 0). ’N BMR (71 MHz, CDCls): 6y m. d. —183.94
(Pz N-1), —117.85 (Pz N-2). HRMS (ESI*): [M+Na]" rasta 437.1028
[C2sH19CIN,Os+Na]”, apskaiciuota 437.1027. MS (ES*): m/z (%): 416,5 ([M+H]",
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95). IR (Vmax, cm™): 3033, 2916, 1600 (C = O), 1501, 1409, 1365, 1215, 1003, 973,
823, 740.

R (2E)-3-[3-(benziloksi)-1-fenil-1H-pirazol-4-il]-1-(4-
fluorfenil)prop-2-en-1-onas (36)

Susintetintas pagal bendrgjj gavimo biida D

panaudojant 3-(benziloksi)-1-fenil-1H-pirazol-4-

Q o karbaldehida 32 (278 mg, 1 mmol), NaOH (200 mg,

5 mmol) ir 4-fluoracetofenong (138 mg, 1,1 mmol). Geltoni

0 \ kristalai, iSeiga 79 % (318 mg), lyd. t. 145-146 °C. R;= 0,54

T (EtOAc/Hex 1/4, v/v). 'H BMR (700 MHz, CDCls): 6y m. d.

5.49 (s, 2H, CH»), 7.09-7.12 (m, 2H, 4FPh 3,5-H), 7.27-

~

N 7.30 (m, 1H, NPh 4-H), 7.41-7.42 (m, 1H, CH,Ph 4-H),
7.44-7.48 (m, 4H, CH,Ph 3,5-H, NPh 3,5-H), 7.58-7.59 (m,
2H, CH,Ph 2,6-H), 7.65-7.66 (m, 2H, NPh 2,6-H), 7.70 (d,
J = 15,4 Hz, |H, CHCHC(O)Ph), 7.76 (d, J = 15,4 Hz, 1H,

CHCHC(O)Ph), 7.95-7.98 (m, 2H, 4FPh 2,6-H), 7.99 (s, 1H, Pz 5-H). *C BMR (176
MHz, CDCls): 6c m. d. 71.3 (CH,), 107.3 (Pz C-4), 115.7 (°J = 21,7 Hz, 4FPh C-3,5),
118.3 (NPh C-2,6), 120.3 (CHCHC(O)Ph), 126.4 (NPh C-4), 128.1 (CH,Ph C-2,6),
128.4 (CH,Ph C-4), 128.7 (CH2Ph C-3,5), 129.1 (Pz C-5), 129.7 (NPh C-3,5), 131.1
(3J =9,1 Hz, 4FPh C-2.6), 133.7 (CHCHC(O)Ph), 135.0 (*J = 3,0 Hz, 4FPh C-1),
136.9 (CH,Ph C-1), 139.5 (NPh C-1), 162.8 (Pz C-3), 164.2 ('J = 253,7 Hz, 4FPh C-
4), 188.7 (C = 0). "N BMR (71 MHz, CDCls): dy m. d. —184.26 (Pz N-1), —118.00
(Pz N-2). HRMS (ESI"): [M+Na]" rasta 421.1323 [CsHi9FN2O5+Na], apskai¢iuota
421.1323,. MS (ES"): m/z (%): 360 ([M+H]", 96). IR (vmax, cm™): 3033, 2944, 1654
(C=0), 1596, 1500, 1411, 1364, 1002, 973, 826, 685.

/ (2E)-3-|3-(benziloksi)-1-fenil-1 H-pirazol-4-il]-1-[4-
(dimetilamino)fenil]prop-2-en-1-onas (37)

Susintetintas  pagal bendrgjj gavimo bidg D

panaudojant 3-(benziloksi)-1-fenil-1H-pirazol-4-

karbaldehida 32 (278 mg, 1 mmol), NaOH (200 mg,

Q/ O Smmol) ir 4-(dimetilamino)acetofenong (179 mg,
O \
I\

—N

1,1 mmol). Geltoni kristalai, iSeiga 85 % (376 mg), lyd. t.
179-180 °C. Ry= 0,15 (EtOAc/Hex 1/4, v/v). '"H BMR (700
MHz, CDCls): 6u m. d. 3.06 (s, 6H, CH3), 5.50 (s, 2H, CH,),

Ny 6.64-6.66 (m, 2H, (CHs),NPh 3,5-H), 7.24-7.26 (m, 1H,
NNPh 4-H), 7.38-7.40 (m, 1H, CH,Ph 4-H), 7.43-7.46 (m,
4H, CH,Ph 3,5-H, NNPh 3,5-H), 7.60-7.61 (m, 2H, CH,Ph
2,6-H), 7.64-7.65 (m, 2H, NNPh 2,6-H), 7.72 (d, J = 15,4

Hz, 1H, CHCHC(O)Ph), 7.78 (d, J =154 Hz, 1H,
CHCHC(O)Ph), 7.94-7.96 (m, 3H, (CH3),NPh 2,6-H, Pz 5-H). *C BMR (176 MHz,
CDCL): dc m. d. 40.2 (CHs), 71.0 (CH,), 107.7 (Pz C-4), 110.9 ((CH3);NPh C-3,5),
118.1 (NNPh C-2,6), 121.1 (CHCHC(O)Ph), 126.1 (NNPh C-4), 126.4 ((CH:),NPh
C-1), 127.9 (CH,Ph C-2,6), 128.1 (CH,Ph C-4), 128.5 (Pz C-5), 128.6 (CH,Ph C-3,5),
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129.6 (NNPh C-4), 130.8 ((CH3):NPh C-2,6), 131.2 (CHCHC(O)Ph), 137.1 (CH,Ph
C-1), 139.6 (NNPh C-1), 153.3 ((CH3):NPh C-4), 162.6 (Pz C-3), 188.0 (C = O). "N
BMR (71 MHz, CDCls): ox m. d.—325.44 (N(CH3),), —185.23 (Pz N-1), —118.32 (Pz
N-2). HRMS (ESI"): [M+Na]" rasta 446.1842 [Cy;HsN3O2+Na]*, apskai¢iuota
446.1839. MS (ES"): m/z (%): 424 (IM+H]", 98). IR (Vmax, cm™): 3102, 2918, 1564
(C=0), 1434, 1404, 1358, 1166, 1028, 977, 809, 742.

Junginiy 38-41 bendrasis gavimo biidas (E)

Toluene (3 ml) iStirpinamas atitinkamas 33-36 junginys (1 mmol) ir TFA (3 ml).
Reakcija vykdoma 24 °C temperatiroje 24 valandas. Tuomet rotacinio
vakuuminio garintuvo pagalba i§ reakcijos miSinio pasalinamas toluenas ir TFA.
Likutis perkristalizuojamas i§ acetonitrilo.

(2E)-1-fenil-3-(1-fenil-3-hidroksi-1 H-pirazol-4-il)prop-2-
en-1-onas (38)

Susintetintas pagal bendrajj gavimo biida E panaudojant 33
O junginj (380 mg, 1 mmol) ir TFA (3 ml). Geltoni kristalai, iSeiga
\ 60 % (208 mg), lyd. t. 257-258 °C. R;= 0,2 (EtOAc/Hex 1/4, v/v).
HO 'H BMR (700 MHz, DMSO-de): oy m. d. 7.27-7.29 (m, 1H, NPh 4-
A\ H), 7.49-7.51 (m, 2H, NPh 3,5-H), 7.56-7.59 (m, 2H, CPh 3,5-H),
N\N 7.64-7.66 (m, 3H, CPh 4-H, CHCHC(O)Ph), 7.73-7.74 (m, 2H,
NPh 2,6-H), 7.99-8.00 (m, 2H, CPh 2,6-H), 8.89 (s, 1H, Pz 5-H),
11.48 (s, 1H, OH). '*C BMR (176 MHz, DMSO DMSO-ds): c m. d.
106.5 (Pz C-4), 117.3 (NPh C-2,6), 118.8 (CHCHC(O)Ph), 125.9
(NPh C-4), 128.0 (CPh C-2,6), 128.8 (CPh C-3,5), 129.5 (Pz C-5),
129.6 (NPh C-3,5), 132.7 (CPh C-4), 134.3 (CHCHC(O)Ph), 138.1 (CPh C-1), 139.0
(NPh C-1), 161.9 (Pz C-3), 189.0 (C = O). "N BMR (71 MHz, DMSO-d): éx m. d.
—183.51 (Pz N-1). HRMS (ESI"): [M+Na]" rasta 313.0948 [CisH4sN,O,+Na]",
apskaiCiuota 313.0947. MS (ES"): m/z (%): 291 (IM+H]", 99). IR (Viax, cm™): 2922,

2852, 1655 (C=0), 1593, 1573, 1504, 1416, 1020, 974, 751, 684.

(2E)-3-(1-fenil-3-hidroksi-1H-pirazol-4-il)-1-(4-
metoksifenil)prop-2-en-1-onas (39)

Susintetintas pagal bendrajj gavimo biida E panaudojant 34

junginj (410 mg, 1 mmol) ir TFA (3 ml). Geltoni kristalai, iSeiga

36 % (116 mg), lyd. t. 250-251 °C. R,= 0,13 (EtOAc/Hex 1/4, v/v).

O 'H BMR (700 MHz, DMSO-ds): du m. d. 3.86 (s, 3H, CH3), 7.09—

\ 7.10 (m, 2H, CPh 2,6-H), 7.27-7.29 (m, 1H, NPh 4-H), 7.49-7.51

HO (m, 2H, NPh 3,5-H), 7.62 (d, J = 15,4 Hz, 1H, CHCHC(O)Ph), 7.67

7\ (d, J =15,4 Hz, 1H, CHCHC(O)Ph), 7.72-7.73 (m, 2H, NPh 2,6-

N\N H), 8.00-8.01 (m, 2H, CPh 3,5-H), 8.87 (s, 1H, Pz 5-H), 11.43 (s,

© 1H, OH). °C BMR (176 MHz, DMSO-ds): c m. d. 55.5 (CHs),

—0

106.6 (Pz C-4), 114.1 (CPh C-2,6), 117.3 (NPh C-2,6), 118.7
(CHCHC(O)Ph), 125.8 (NPh C-4), 129.3 (Pz C-5), 129.6 (CPh C-
3,5), 130.3 (CPh C-3,5), 130.8 (CPh C-1), 133.2 (CHCHC(O)Ph),
139.1 (NPh C-1), 161.9 (Pz C-3), 162.9 (CPh C-4), 187.1 (C = O). SN BMR (71 MHz,
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DMSO-de): ox m. d. —183.85 (Pz N-1), —118.86 (Pz N-2). HRMS (ESI*): [M+Na]*
rasta 343.1054 [C1oHi6N>Os+Na]*, apskai¢iuota 343.1053. MS (ES"): m/z (%): 321
(IM+HT", 98). TR (Vimax, cm'): 3097, 2935, 1655 (C = 0), 1593, 1504, 1246, 1173,
1023, 972, 829, 753.

Cl (2E)-1-(4-chlorfenil)-3-(1-fenil-3-hidroksi-1H-pirazol-4-
il)prop-2-en-1-onas (40)

Susintetintas pagal bendrajj gavimo btidg E panaudojant 35

junginj (415 mg, 1 mmol) ir TFA (3 ml). Geltoni kristalai, iSeiga

o 83 % (270 mg), lyd. t. 290-291 °C. R,= 0,26 (EtOAc/Hex 1/4, v/v).

N\ "H BMR (700 MHz, DMSO-ds): ou m. d. 7.28-7.30 (m, 1H, NPh 4-

H), 7.49-7.51 (m, 2H, NPh 3,5-H), 7.61-7.68 (m, 4H, CPh 3,5-H,

I CHCHC(O)Ph), 7.72-7.73 (m, 2H, NPh 2,6-H), 8.00-8.01 (m, 2H,

CPh 2,6-H), 8.89 (s, 1H, Pz 5-H), 11.51 (s, 1H, OH). *C BMR (176

N MHz, DMSO-ds): dc m. d. 107.0 (Pz C-4), 117.8 (NPh C-2,6), 118.8

(CHCHC(O)Ph), 126.4 (NPh C-4), 129.4 (CPh C-3,5), 130.1 (NPh

C-3.5), 130.1 (Pz C-5), 130.3 (CPh C-2,6), 135.2 (CHCHC(O)Ph),

137.2 (CPh C-4), 138.1 (CPh C-1), 139.4 (NPh C-1), 162.4 (Pz C-

3), 188.2 (C=0). "N BMR (71 MHz, DMSO-de): dxm. d. —183.15 (Pz N-1),

—118.69 (Pz N-2). HRMS (ESI"): [M+Na]" rasta 347.0557 [CisHi3CIN,O,+Na]",

apskaiciuota 347.0558. MS (ES"): m/z (%): 326,5 ((M+H]", 97). IR (Vimax, cm™): 3068,
2928, 1655 (C=0), 1509, 1416, 1217, 1093, 1040, 971, 827, 742.

(2E)-1-(4-fluorfenil)-3-(1-fenil-3-hidroksi-1H-pirazol-4-
il)prop-2-en-1-one (41)

Susintetintas pagal bendraji gavimo biida E panaudojant 36

junginj (398 mg, 1 mmol) ir TFA (3 ml). Geltoni kristalai, iSeiga

67 % (207 mg), lyd. t. 279-280 °C. Ry= 0,25 (EtOAc/Hex 1/4, v/v).

O 1HBMR (700 MHz, DMSO-ds) ou 6.93—6.98 (m, 1H), 7.00-7.04

HO \ (m, 1H), 7.29-7.33 (m, 1H), 7.34-7.41 (m, 2H), 7.49-7.54 (m, 2H),

7.71-7.75 (m, 2H), 8.11-8.16 (m, 2H), 9.31 (s, 1H, Pz 5-H), 11.37

N/ \ (s, 1H, OH). 3C BMR (176 MHz, DMSO-ds) 8¢ 106.0 (Pz C-4),

°N 115.7 (d, 2J =21,62 Hz, 4FPh C-3,5), 116.7, 117.9 (NPh C-2,6),

126.1, 129.7, 130.3, 131.0 (d, °J =9.21 Hz, 4FPh C-2,6), 132.2,

1354 (d, *J =2,62 Hz, 4FPh C-1), 139.1, 163.4, 163.7 (q,

IJ =254,85, 251,13 Hz, 4FPh C-4), 188.2 (C = O). HRMS (ESI"):

[M+Na]" rasta 331,0854 [C13H1sN2O>+Na]", apskaiciuvota 331,0853.

MS (ESY): m/z (%): 309 (IM+H]", 98). IR (Vmax, cm™): 3108, 2930, 1656 (C = 0),
1610, 1597, 1503, 1416, 1216, 1151, 972, 827, 749, 669.

103



Junginio  2,3-dibrom-1-(3-metoksi-1-fenil-1H-
0 pirazol-4-il)- 3-fenilpropan-1-ono [42] gavimo biidas
Acetonitrile (15 ml) iStirpinamas junginys 22 (304

—© 5 mg, 1 mmol) ir NBS (374 mg, 2,1 mmol). Reakcija
N/ \ r vykdoma 80°C temperatiiroje 2 valandas. Tuomet
°N reakcijos misinys atvésinamas, praskiedziamas vandeniu

(50 ml) ir ekstrahuojamas EtOAc (3x20 ml). Organinis
sluoksnis surenkamas, iSdziovinamas natrio sulfatu,
filtruojamas ir koncentruojamas. Likutis gryninamas
kolonélinés chromatografijos btudu (SiO», eliuentas:
heksanas/etilacetatas 3/1).
Balti kristalai iSeiga 16 % (84 mg). MS (ES"): m/z (%): 465 ([M+H]", 95).
Platesni struktiiros tyrimai neatlikti, nes visas junginys sunaudotas kitame sintezés
etape.

Junginiy 43-46 bendrasis gavimo btuidas (F)

Etanolyje (25 ml) istirpinamas atitinkamas junginys 4, 7, 22 arba 24 (1 mmol),
NaOH (240 mg, 6 mmol), hidroksilamino hidrochloridas (209 mg, 3 mmol) ir Na;SO4
(130 mg, 0,9 mmol). Reakcija vykdoma 79 °C temperatiroje 16 valandy. Tuomet
reakcijos miSinys atvésinamas, praskiedziamas vandeniu (50 ml) ir ekstrahuojamas
EtOAc (3x20 ml). Organinis sluoksnis surenkamas, iSdZiovinamas natrio sulfatu,
filtruojamas ir koncentruojamas. Likutis gryninamas kolonélinés chromatografijos
budu (SiO., eliuentas: heksanas/etilacetatas 3/1).

3-(1-Fenil-3-metoksi-1H-pirazol-4-il)-5-fenil-1,2-
oksazolas (43)

Etanolyje (10 ml) istirpinamas 2,3-dibrom-1-(3-
metoksi-1-fenil- 1 H-pirazol-4-il)-3-fenilpropan-1-onas 42
(84 mg, 0,181 mmol) ir miSinys uzverdamas. Vandenyje
iStirpinamas  hidroksilamino hidrochloridas (25 mg,
0,362 mmol) ir NaOH (36 mg, 0,90 mmol). Vandeninis
tirpalas supilamas j verdantj etanolj. Reakcija vykdoma
kambario temperatiiroje 16 valandy. Tuomet reakcijos
miSinys  praskiedziamas vandeniu (20 ml) ir
ekstrahuojamas EtOAc (3x10 ml). Organinis sluoksnis surenkamas, iSdziovinamas
natrio sulfatu, filtruojamas ir koncentruojamas. Likutis gryninamas kolonélinés
chromatografijos biidu (SiO., eliuentas: heksanas/etilacetatas 3/1). Geltoni kristalai,
iSeiga 18 % (10 mg).

Susintetintas pagal bendraji gavimo btida F panaudojant junginj 22 (304 mg,
1 mmol), NaOH (240 mg, 6 mmol), hidroksilamino hidrochloridas (209 mg, 3 mmol)
ir NaxSO4 (130 mg, 0,9 mmol). Geltoni kristalai, iSeiga 39 % (124 mg); lyd. t. 162—
163 °C; Ry= 0,66 (EtOAc/Hex 1/4, v/v). 'H BMR (700 MHz, CDCl3): dym. d. 4.16
(s, 3H, CH3), 6.93 (s, 1H, 4-H), 7.27-7.28 (m, 1H, NPh 4-H), 7.43-7.50 (m, SH, NPh
3,5-H, CPh 3,5-H, CPh 4-H ), 7.68-7.69 (m, 2H, NPh 2,6-H), 7.85-7.86 (m, 2H, CPh
2,6-H), 8.33 (s, 1H, Pz 5-H). *C BMR (176 MHz, CDCl5): dc m. d. 56.6 (CH3), 98.4
(Ox C-4), 98.8 (Pz C-4), 118.1 (NPh C-2,6), 125.9 (CPh C-2,6), 126.03 (Pz C-5),
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126.06 (NPh C-4 ), 127.6 (CPh C-1), 128.9 (NPh C-3,5), 129.5 (CPh C-3,5), 130.1
(CPh C-4), 139.7 (NPh C-1), 155.4 (Ox C-3), 162.3 (Pz C-3), 169.6 (Ox C-5). °'N
BMR (71 MHz, CDCls): oy m. d. —184.8 (Pz N-1), —120.0 (Pz N-2), —19.6 (Ox N).
HRMS (EST"): [M+Na]* rasta 340.1061 [C19H;sN3O>+Na]", apskai¢iuota 340.1056.
MS (ES*): m/z (%): 318 (IM+H]", 96). IR (Vmay, cm’): 3098, 2953, 1595, 1525, 1420,
1249, 1220, 1173, 950, 830, 752, 633.

Cl 3-(4-Chlorfenil)-5-(1-fenil-3-metoksi-1H-
pirazol-4-il)-1,2-oksazolas (44)

Susintetintas pagal bendrajj gavimo btuda F
panaudojant junginj 24 (339 mg, 1 mmol), NaOH
(240 mg, 6 mmol), hidroksilamino hidrochloridas
(209 mg, 3 mmol) ir Na,SO4 (130 mg, 0,9 mmol).
Geltoni kristalai, iSeiga 25 % (88 mg), lyd. t. 183-184
°C. Ry=0,62 (EtOAc/Hex 1/4, v/v). '"H BMR (700
MHz, CDCls) 61 4.16 (s, 3H, CH3), 6.74 (s, 1H), 7.27—
7.31 (m, 1H), 7.43-7.49 (m, 4H), 7.66-7.70 (m, 2H),

7.80-7.84 (m, 2H), 8.25 (s, 1H, Pz 5-H). 3C BMR (176 MHz, CDCl;) 8¢ 56.9 (CHs),
97.4,98.9, 118.4 (NPh C-2,6), 125.7, 126.5, 127.3, 127.9, 128.3, 129.3, 129.7, 136.0,
139.6, 161.2, 162.0, 163.3. MS (ES*): m/z (%): 352,5 (IM+H]*, 95). IR (Vimax, cm™):
3109, 2935, 1666, 1611, 1583, 1505, 1410, 1235, 1141, 833, 745, 672.

1-Fenil-4-(5-fenil-1,2-oksazol-3-il)-1H-pirazol-3-
0 olis (45)

N\ / Susintetintas pagal bendrajj gavimo buda F
HO panaudojant junginj 4 (290 mg, 1 mmol), NaOH (240 mg,
I\ 6 mmol), hidroksilamino hidrochloridas (209 mg, 3 mmol)
N, ir Na,SO4 (130 mg, 0,9 mmol). Geltoni kristalai, iSeiga
N 25 % (77 mg), lyd. t. 250251 °C. Ry= 0,28 (EtOAc/Hex
1/4,v/v). "H BMR (400 MHz, DMSO-ds) 61 6.99 (s, 1H, 4-
H), 7.25-7.31 (m, 1H, NPh 4-H), 7.45-7.56 (m, 5H), 7.81—
7.85 (m, 2H, NPh 2,6-H), 7.90-7.96 (m, 2H), 8.93 (s, 1H,
Pz 5-H), 11.61 (s, 1H, OH). *C BMR (101 MHz, DMSO-ds) 8¢ 97.0 (Ox C-4), 98.1
(Pz C-4), 117.5 (NPh C-2,6), 125.8, 126.5, 126.7, 128.7, 129.1, 129.5, 130.1, 139.1,
159.6 (Pz C-3), 162.1 (Ox C-3), 163.4 (Ox C-5). MS (ES"): m/z (%): 304 ((M+H]",
99). IR (Vmax, cm™): 3295, 3101, 2942, 1656, 1610, 1597, 1523, 1401, 1232, 1120,

964, 835, 771, 620.
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4-[5-(4-Chlorfenil)-1,2-oksazol-3-il]-1-fenil-
1H-pirazol-3-olis (46)

Susintetintas pagal bendrajj gavimo btuda F
panaudojant junginj 7 (325 mg, 1 mmol), NaOH (240
mg, 6 mmol), hidroksilamino hidrochloridas (209 mg,
3 mmol) ir NaxSO4 (130 mg, 0,9 mmol). Geltoni
kristalai, iSeiga 24 % (81 mg), lyd. t. 271-272 °C.
@ R¢=0,25 (EtOAc/Hex 1/4, v/v) '"H BMR (700 MHz,

DMSO-ds) 8y 7.02 (s, 1H, 4-H), 7.26-7.31 (m, 1H,

NPh 4-H), 7.48-7.51 (m, 2H, NPh 3,5-H), 7.57-7.60
(m, 2H, CPh 3,5-H), 7.81-7.85 (m, 2H, NPh 2,6-H), 7.95-7.98 (m, 2H, CPh 2,6-H),
8.94 (s, 1H, Pz 5-H), 11.63 (s, 1H, OH). *C BMR (176 MHz, DMSO) ¢ 97.0 (Ox C-
4),98.0 (Pz C-4), 117.5 (NPh C-2,6), 125.9 (NPh C-4 ), 127.6 (CPh C-1), 128.5 (CPh
C-2,6), 129.2 (CPh C-3,5), 129.6 (NPh C-3,5), 134.8 (CPh C-4), 139.1 (NPh C-1),
159.6 (Pz C-3), 161.2 (Ox C-3), 163.7 (Ox C-5). MS (ES*): m/z (%): 338 ([M+H]",
98) TR (Vmax, cml): 3298, 3096, 1656, 1614, 1594, 1523, 1486, 1397, 1217, 1107,
1057, 760, 570

Junginio 5-(1-Fenil-3-metoksi-1H-pirazol-4-il)-3-

fenil-1,2-oksazolo (47) gavimo biidas
Etanolio ir vandens miSinyje (9/1, 25 ml)
iStirpinamas  N-hidroksi-4-toluensulfonamidas (1.49 g,
8 mmol), NaOH (0,4 g, 10 mmol) ir junginys 22 (0,339 g,
1 mmol). Reakcija vykdoma maisant 40 °C temperatiiroje
48 valandas. Po to pridedama papildomai NaOH (0,4 g,

10 mmol) ir reakcija toliau vykdoma 55 °C temperatiiroje
24 valandas. Tuomet reakcijos miSinys atvésinamas,
praskiedziamas etilacetatu (30 ml) ir plaunamas vandeniu
(3%30 ml) ir sociu natrio chlorido tirpalu (30 ml). Organinis sluoksnis surenkamas,
iS8dziovinamas natrio sulfatu, filtruojamas ir koncentruojamas. Likutis gryninamas
kolonélinés chromatografijos budu (SiO, eliuentas: heksanas/etilacetatas 3/1).
Geltoni kristalai, iSeiga 37 % (117 mg), lyd. t. 162-163 °C. R;=0,63
(EtOAc/Hex 1/4, v/v). "H BMR (700 MHz, CDCls): du m. d. 4.16 (s, 3H, CH3), 6.77
(s, 1H, 4-H), 7.27-7.29 (m, 1H, NPh 4-H), 7.45-7.49 (m, 5H, NPh 3,5-H, CPh 3,5-H,
CPh 4-H), 7.67-7.69 (m, 2H, NPh 2,6-H), 7.88-7.89 (m, 2H, CPh 2,6-H), 8.24 (s, 1H,
Pz 5-H). *C BMR (176 MHz, CDCl;): dc m. d. 56.7 (CHs), 97.5 (Ox C-4), 99.0 (Pz
C-4), 118.2 (NPh C-2,6), 125.6 (Pz C-5), 126.3 (NPh C-4), 126.9 (CPh C-2,6), 128.9
(CPh C-3,5), 129.3 (CPh C-1), 129.6 (NPh C-3,5), 129.9 (CPh C-4), 139.5 (NPh C-
1), 161.1 (Pz C-3), 162.8 (Ox C-3), 162.9 (Ox C-5). ’N BMR (71 MHz, CDCls):
onm. d. —183.9 (Pz N-1), —118.8 (Pz N-2), —18.6 (Ox N). HRMS (ESI"): [M+Na]"
rasta 340.1059 [C1oHisN3O»+Na]", apskai¢iuota 340.1056. MS (ES*): m/z (%): 318
(IM+HT*, 96). IR (Vmax, cm™): 3138, 2916, 1592, 1528, 1506, 1393, 1359, 1220, 948,
899, 752, 685
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Junginiy  3-(1-Fenil-3-
metoksi-1H-pirazol-4-il)-5-
fenil-'>N-1,2-oksazolo (48) ir
5-(1-fenil-3-metoksi-1H-
pirazol-4-il)-3-fenil-'>N-1,2-
oksazolo (49) gavimo biidas.
Etanolyje iStirpinamas
5N hidroksilamino
hidrochloridas (139  mg,
2 mmol), kalio hidroksidas
(160 mg, 4 mmol) ir chalkonas
22 (304 mg, 1 mmol). Reakcija buvo vykdoma maisant 80 °C temperatiroje
3valandas. Po to miSinys atvésinamas, skiedziamas vandeniu (30 ml) ir
ekstrahuojamas EtOAc (3x50 ml). Organinis sluoksnis surenkamas, iSdZiovinamas
natrio sulfatu, filtruojamas ir koncentruojamas. Likutis gryninamas kolonélinés
chromatografijos btudu (SiO,, eliuentas: heksanas/etilacetatas 3/1). Gautas
neatskiriamas junginiy 48 ir 49 miSinys, kuriy iSeiga yra 23%, o santykis 9:1.
Geltoni kristalai, iSeiga 23 % (73 mg), '"H BMR (700 MHz, CDCl5): Ju m. d.
4.15 (s, 3H, CHj3 minorinis regioizomeras), 4.16 (s, 3H, CHj; pagrindinis
regioizomeras), 6.77 (d, J = 1,23 Hz, 1H, Ox 4-H pagrindinis regioizomeras), 6.93
(d, J = 1,31 Hz, 1H, Ox 4-H minorinis regioizomeras), 7.27-7.29 (m, 1H, NPh 4-H
abu regioizomerai), 7.45-7.49 (m, 5SH, NPh 3,5-H, CPh 3,5-H, CPh 4-H abu
regioizomerai), 7.67-7.69 (m, 2H, NPh 2,6-H abu regioizomerai), 7.84—7.86 (m, 1H,
NPh 2,6-H minorinis regioizomeras), 7.87-7.89 (m, 2H, CPh 2,6-H pagrindinis
regioizomeras), 8.24 (s, 1H, Pz 5-H pagrindinis regioizomeras), 8.33 (s, 1H, Pz 5-H
minorinis regioizomeras). *C BMR (176 MHz, CDCls): écm.d. 56.62 (CH;
minorinis regioizomeras), 56.73 (CH; pagrindinis regioizomeras), 97.51 (d,
2Jen = 1,23 Hz, Ox C-4 pagrindinis regioizomeras), 98.45 (d, 2Jcy = 1,11 Hz, Ox C-
4 minorinis regioizomeras), 98.82 (d, 2Jcn =8,40 Hz, Pz C-4 minorinis
regioizomeras), 98.96 (d, *Jcn = 0,66 Hz, Pz C-4 pagrindinis regioizomeras), 118.12
(NPh C-2,6 minorinis regioizomeras), 118.20 (NPh C-2,6 pagrindinis regioizomeras),
125.53 (Pz C-5 pagrindinis regioizomeras), 125.88 (CPh C-2,6 minorinis
regioizomeras), 126.03 (d, *Jcy =1,47 Hz, Pz C-5), 126.06 (NPh C-4 minorinis
regioizomeras), 126.27 (NPh C-4 pagrindinis regioizomeras), 126.91 (d, *Jcy =2,28
Hz, CPh C-2,6 pagrindinis regioizomeras), 127.59 (CPh C-1 minorinis
regioizomeras), 128.85 (CPh C-3,5 pagrindinis regioizomeras), 128.94 (NPh C-3,5
minorinis regioizomeras), 129.28 (d, *Joy =7,11 Hz, CPh C-1 pagrindinis
regioizomeras), 129.50 (CPh C-3,5 minorinis regioizomeras), 129.54 (NPh C-3,5
pagrindinis regioizomeras), 129.89 (CPh C-4 pagrindinis regioizomeras), 130.06 (CPh
C-4 minorinis regioizomeras), 139.51 (NPh C-1 pagrindinis regioizomeras), 139.68
(NPh C-1 minorinis regioizomeras), 155.35 (d, 'Jcn = 2,25 Hz, Ox C-3 minorinis
regioizomeras), 161.09 (Pz C-3 pagrindinis regioizomeras), 162.27 (d, *Jcy =1,92
Hz, Pz C-3 minorinis regioizomeras), 162.77 (d, 'Jcn = 2,89 Hz, Ox C-3 pagrindinis
regioizomeras), 162.84 (d, 2Jey =1,39 Hz, Ox C-5 pagrindinis regioizomeras),
169.61 (d, 2Jcy = 1,52 Hz, Ox C-5 minorinis regioizomeras). "N BMR (71 MHz,

pagrindinis regioizomeras minorinis regioizomeras
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CDCl3): onm.d. —184.8 (Pz N-1 minorinis regioizomeras), —184.5 (Pz N-1
pagrindinis regioizomeras), —119.9 (Pz N-2 minorinis regioizomeras), —119.7 (Pz N-
2 pagrindinis regioizomeras), —19.5 (Ox N minorinis regioizomeras), —18.6 (Ox N
pagrindinis  regioizomeras). HRMS (ESI'): [M+Na]® rasta 340.1061
[C1oH;5'°NN,O,+Na]", apskai¢iuota 340.1056. MS (ES"): m/z (%): 319 ((M+H]*, 95).

Junginiy 50-59 bendrasis gavimo budas (G)

Etanolyje (5 ml) iStirpinamas atitinkamas chalkonas (1 mmol), supilamas
vandeninis natrio Sarmo tirpalas (20%, 1 ml, 5 mmol) ir miSinys atvésinamas iki —25
°C temperattros. Tuomet létai sulasinamas H,O, 30% (0,51 ml, 5 mmol). Reakcija
vykdoma 2 val., tuomet miSinys suSildomas iki k. t. ir toliau reakcija vykdoma 16
valandy. Susidariusios nuosédos nufiltruojamos, praplaunamos vandeniu, Saltu
metanoliu ir eteriu. Gauti kristalai perkristalizuojami i$ acetonitrilo.

2,6-Difenil-5-hidroksi-pirano[2,3-c]pirazol-4(2H)-onas
(50)

Susintetintas pagal bendrajj gavimo biida g panaudojant
junginj 4 (290 mg, 1 mmol), NaOH (20%, 1 ml, 5 mmol) ir H,O»
30% (0,51 ml, 5 mmol). Smélio spalvos kristalai, iSeiga 58 % (177
mg), lyd. t. 183-184 °C. Ry= 0,23 (EtOAc/Hex 1/4, v/v). 'H BMR
(700 MHz, DMSO-ds): 6u m. d. 7.46 (t,J = 7,4 Hz, 1H, NPh 4-H),
7.49 (t,J =7,4 Hz, 1H, 6-CPh 4-H), 7.55-7.58 (m, 2H, 6-CPh 3,5-
H), 7.58-7.61 (m, 2H, NPh 3,5-H), 8.01-8.03 (m, 2H, NPh 2,6-H),
8.13-8.14 (m, 2H, 6-CPh 2,6-H), 9.38 (s, 1H, 3-H), 9.44 (s, 1H,
OH). *C BMR (176 MHz, DMSO-d): dc m. d. 108.3 (C-3a), 119.9
(NPh C-2,6), 126.6 (C-3), 127.9 (6-CPh C-2,6), 128.5 (NPh C-4), 129.0 (6-CPh C-
3.,5), 130.0 (6-CPh C-4), 130.2 (NPh C-3,5), 131.8 (6-CPh C-1), 139.16 (C-5), 139.19
(NPh C-1), 144.4 (C-6), 161.2 (C-7a), 171.8 (C-4). "'N BMR (71 MHz, DMSO-ds):
onm.d. —167.7 (N-2), —=117.0 (N-1). HRMS (ESI"): [M+Na]" rasta 327.0740
[CisH12N20s+Na]", apskaiciuota 327.0740. MS (ES*): m/z (%): 305 ((M+H]", 99). IR
(Vmax, cm™): 3110, 3062, 2920, 2850, 1679 (C = 0), 1568, 1489, 1199, 1110, 913, 832,
761, 696.

6-(4-Chlorfenil)-2-fenil-5-hidroksipirano[2,3-c]pirazol-
4(2H)-onas (51)

Susintetintas pagal bendrajj gavimo biida g panaudojant
junginj 7 (325 mg, 1 mmol), NaOH (20%, 1 ml, 5 mmol) ir H,O»
30% (0,51 ml, 5 mmol). Geltoni kristalai, iSeiga 63 % (213 mg),
lyd. t. 262-263 °C. Ry= 0,16 (EtOAc/Hex 1/4, v/v). "H BMR (700
MHz, DMSO-ds): 6n m. d. 7.45 (t,J = 7,3 Hz, 1H, NPh 4-H), 7.58
(t, J =7,8 Hz, 2H, NPh 3,5-H), 7.62 (d, J = 8,6 Hz, 2H, 6-CPh
3,5-H), 8.01 (d, J =7,9 Hz, 2H, NPh 2,6-H), 8.15 (d, J = 8,6 Hz,
2H, 6-CPh 2,6-H), 9.38 (s, 1H, 3-H), 9.70 (s, 1H, OH). '*C BMR
(176 MHz, DMSO-ds): dc m. d. 107.9 (C-3a), 119.5 (NPh C-2,6),
126.3 (C-3), 128.1 (NPh C-4), 128.6 (6-CPh C-3,5), 129.1 (6-CPh C-2,6), 129.8 (NPh
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C-3,5), 130.2 (6-CPh C-1), 134.1 (6-CPh C-4), 138.7 (NPh C-1), 139.1 (C-5), 142.7
(C-6), 160.6 (C-7a), 171.3 (C-4). 'SN BMR (71 MHz, DMSO-de): ox m. d. —167.5 (N-
2), —117.2 (N-1). HRMS (ESI*): [M+Na]" rasta 361.0350 [CsH,;CIN,Os+Na]",
apskaiciuota 361.0350. MS (ES*): m/z (%): 339,5 ([M+H]", 97). IR (Vmax, cm’™): 3348,
3289, 3100, 1645 (C = O), 1576, 1495, 1442, 1098, 825, 752, 679.

2-Fenil-5-hidroksi-6-(4-metoksifenil)pirano[2,3-
c]pirazol-4(2H)-onas (52)

Susintetintas pagal bendrajj gavimo biida g panaudojant
junginj 6 (320 mg, 1 mmol), NaOH (20%, 1 ml, 5 mmol) ir
H>0, 30% (0,51 ml, 5 mmol). Geltoni kristalai, iSeiga 51 %
(171 mg), lyd. t. 263-264 °C. Rr= 0,13 (EtOAc/Hex 1/4, v/v).
'H BMR (700 MHz, DMSO-ds): du m. d. 3.85 (s, 3H, 6-CPh 4-
OCH3), 7.12-7.13 (m, 2H, 6-CPh 3,5-H), 7.45 (t, J =7,4 Hz,
1H, NPh 4-H), 7.57-7.60 (m, 2H, NPh 3,5-H), 8.00-8.02 (m,
2H, NPh 2,6-H), 8.09-8.12 (m, 2H, 6-CPh 2,6-H), 9.27 (s, 1H,
OH), 9.36 (s, 1H, 3-H). *C BMR (176 MHz, DMSO-ds):
dc m. d. 55.3 (6-CPh 4-OCH3), 107.9 (C-3a), 114.2 (6-CPh C-
3,5), 119.4 (NPh C-2,6), 123.6 (6-CPh C-1), 126.0 (C-3), 128.0 (NPh C-4), 129.2 (6-
CPh C-2,6), 129.8 (NPh C-3,5), 137.8 (C-5), 138.8 (NPh C-1), 144.4 (C-6), 160.2 (6-
CPh C-4), 160.7 (C-7a), 171.2 (C-4). "N BMR (71 MHz, DMSO-ds): ox m. d. —168.3
(N-2). HRMS (ESI"): [M+Na]" rasta 357.0841 [CioHi4N,O4+Na]", apskaiciuota
357.0846. MS (ES+): m/z (%): 335 ([M+H]", 98). IR (Vimax, cm"): 3286, 3134, 1642
(C=0), 1580, 1509, 1441, 1256, 1108, 821, 748, 680.

2-Fenil-5-hidroksi-6-(3,4-dimetoksifenil)pirano[2,3-
c]pirazol-4(2H)-onas (53)

Susintetintas pagal bendrajj gavimo buda g panaudojant
junginj 17 (350 mg, 1 mmol), NaOH (20%, 1 ml, 5 mmol) ir
H>0: 30% (0,51 ml, 5 mmol). Oranziniai kristalai, iSeiga 67 %
(245 mg), lyd. t. 252-253 °C. R¢= 0,11 (EtOAc/Hex 1/4, v/v).
'H BMR (700 MHz, DMSO-ds): du m. d. 3.84 (s, 3H, 6-CPh 3-
OCHs), 3.85 (s, 3H, 6-CPh 4-OCH3), 7.15 (d,J = 8,7 Hz, 1H, 6-
CPh 5-H), 7.45 (t, J =7,4 Hz, 1H, NPh 4-H), 7.58 (t, J =8,0
Hz, 2H, NPh 3,5-H), 7.71 (d, J =2,1 Hz, 1H, 6-CPh 2-H), 7.78
(dd, J =8.6, 2,1 Hz, 1H, 6-CPh 6-H), 8.02 (d, J = 7,7 Hz, 2H,
NPh 2,6-H), 9.28 (s, 1H, OH), 9.35 (s, 1H, 3-H). 3C BMR (176 MHz, DMSO-d):
oc m. d. 55.6 (6-CPh 3,4-OCH3), 107.8 (C-3a), 110.7 (6-CPh C-2), 111.5 (6-CPh C-
5), 119.4 (NPh C-2,6), 121.3 (6-CPh C-6), 123.7 (6-CPh C-1), 126.0 (C-3), 128.0
(NPh C-4), 129.8 (NPh C-3,5), 137.9 (C-5), 138.8 (NPh C-1), 144.3 (C-6), 148.3 (6-
CPh C-3), 150.0 (6-CPh C-4), 160.6 (C-7a), 171.1 (C-4). >N BMR (71 MHz, DMSO-
ds): onm.d. —168.2 (N-2), —117.3 (N-1). HRMS (ESI"):[M+Na]" rasta 387.0953
[C20H16N20s+Na]", apskaic¢iuota 387.0951. MS (ES™): m/z (%): 365 ([IM+H]", 96). IR
(vmax, cm™): 3281, 2963, 1632 (C = 0), 1583, 1515, 1439, 1106, 754, 657.
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2-Fenil-5-hidroksi-6-(naftalen-2-il)pirano[2,3-c]pirazol-
4(2H)-onas (54)

Susintetintas pagal bendraji gavimo btida g panaudojant
junginj 15 (340 mg, 1 mmol), NaOH (20%, 1 ml, 5 mmol) ir H>O,
30% (0,51 ml, 5 mmol). Geltoni kristalai, iSeiga 32 % (113 mg),
lyd. t. 256-257 °C. Ry = 0,13 (EtOAc/Hex 1/4, v/v). '"H BMR (700
MHz, DMSO-ds): dum. d. 7.46 (t, J =7,4 Hz, 1H, NPh 4-H),
7.59-7.63 (m, 4H, NPh 3,5-H and Naph 6,7-H), 7.99 (d, J =7,8
Hz, 1H, Naph 5-H), 8.04 (d, J = 7,9 Hz, 2H, NPh 2,6-H), 8.06—
8.09 (m, 1H, Naph 4-H), 8.09-8.10 (m, 1H, Naph 8-H), 8.27 (dd,
J =8.7, 1,8 Hz, 1H, Naph 3-H), 8.71 (s, 1H, Naph 1-H), 9.41 (s,
1H, 3-H), 9.59 (s, 1H, OH). '*C BMR (176 MHz, DMSO-ds):
ocm.d. 107.8 (C-3a), 119.3 (NPh C-2,6), 124.3 (Naph C-3),
126.1 (C-3), 126.7 (Naph C-7), 127.38 (Naph C-1 and Naph C-6),

127.44 (Naph C-5), 127.82 (Naph C-4), 128.01 (NPh C-4), 128.76 (Naph C-8), 128.79
(Naph C-2), 129.7 (NPh C-3,5), 132.4 (Naph C-8a), 132.9 (Naph C-4a), 138.7 (NPh
C-1), 139.0 (C-5), 143.8 (C-6), 160.7 (C-7a), 171.2 (C-4). "'N BMR (71 MHz,
DMSO-ds): onm.d. —167.7 (N-2), —117.4 (N-1). HRMS (ESI"): [M+Na]" rasta
377.0908 [CxHisN,Os+Na]*, apskaiciuota 377.0897. MS (ES"): m/z (%): 355
(IM+H]", 95). IR (vmax, cm™): 3240, 1629 (C = 0), 1576, 1564, 1441, 1386, 1216,

1096, 753, 685.

2-Fenil-5-hidroksi-6-(tien-2-il)pirano|2,3-c]pirazol-4(2H)-
onas (55)

Susintetintas pagal bendrajj gavimo biidg g panaudojant
junginj 12 (296 mg, 1 mmol), NaOH (20%, 1 ml, 5 mmol) ir H>O,
30% (0,51 ml, 5 mmol). Geltoni kristalai, iSeiga 62 % (193 mg), lyd.
t. 187-188 °C. R¢= 0,09 (EtOAc/Hex 1/4, v/v). 'H BMR (700 MHz,
DMSO-ds): oum. d. 7.29 (dd, J =5.0, 3,8 Hz, 1H, Th 5-H), 7.44—
7.46 (m, 1H, NPh 4-H), 7.57-7.60 (m, 2H, NPh 3,5-H), 7.87 (dd,
J =3.8, 1,2 Hz, 1H, Th 3-H), 7.88 (dd, J =5.0, 1,2 Hz, 1H, Th 4-
H), 8.00-8.02 (m, 2H, NPh 2,6-H), 9.35 (s, 1H, 3-H), 10.12 (s, 1H,
OH). *C BMR (176 MHz, DMSO-ds): dc m. d. 108.1 (C-3a), 119.3

(NPh C-2,6), 126.1 (C-3), 127.66 (Th C-3), 127.70 (Th C-5), 127.9 (NPh C-4), 129.6
(NPh C-3,5), 130.4 (Th C-4), 132.3 (Th C-2), 136.5 (C-5), 138.6 (NPh C-1), 141.9
(C-6), 160.2 (C-7a), 170.4 (C-4). "N BMR (71 MHz, DMSO-ds): ox m. d. —168.6 (N-
2), —117.2 (N-1). HRMS (ESI"): [M+Na]" rasta 333.0309 [CicHioN2O3S+Na]*,
apskaiCiuota 333.0304. MS (ES"): m/z (%): 311 (IM+H]", 96). IR (Vmax, cm™): 3259,

3113, 1629 (C =
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2-Fenil-5-hidroksi-6-(furan-3-il)pirano[2,3-c]pirazol-
4(2H)-onas (56)

Susintetintas pagal bendraji gavimo buda g panaudojant
junginj 14 (280 mg, 1 mmol), NaOH (20%, 1 ml, 5 mmol) ir H,O»
30% (0,51 ml, 5 mmol). Smélio spalvos kristalai, iSeiga 30 % (89
mg), lyd. t. 228-229 °C. Ry= 0,09 (EtOAc/Hex 1/4, v/v). '"H BMR
(700 MHz, DMSO-ds): dum. d. 6.78 (dd, J =3,4, 1,7 Hz, 1H,
Furanil 5-H), 7.23 (d, J = 3,4 Hz, 1H, Furanil 4-H), 7.45 (t,J = 7,4
Hz, 1H, NPh 4-H), 7.59 (t, J =7,9 Hz, 2H, NPh 3,5-H), 8.00 (d,
J =7,8 Hz, 2H, NPh 2,6-H), 8.02 (d, J = 1,0 Hz, 1H, Furanil 2-H),
9.36 (s, 1H, 3-H), 9.86 (s, 1H, OH). 1*C BMR (176 MHz, DMSO-ds): dc m. d. 108.2
(C-3a), 112.7 (Furanil C-5), 114.5 (Furanil C-4), 119.3 (NPh C-2,6), 126.1 (C-3),
127.9 (NPh C-4), 129.7 (NPh C-3,5), 136.9 (C-5), 138.0 (Furanil C-3), 138.6 (NPh
C-1), 144.0 (C-6), 144.9 (Furanil C-2), 160.2 (C-7a), 170.3 (C-4). "N BMR (71 MHz,
DMSO-ds): onm.d. —168.4 (N-2), —117.1 (N-1). HRMS (ESI'): [M+Na]" rasta
317.0534 [Ci¢HioN2O4tNa]*, apskaiciuota 317.0533. MS (ES"): m/z (%): 295
(IM+HT, 95). IR (Vmax, cm): 3246, 3138, 2957, 2856, 1633 (C = 0), 1576, 1483,
1221, 1124, 934, 845, 755, 681.

2-Fenil-5-hidroksi-6-(piridin-4-il)pirano[2,3-c|pirazol-
4(2H)-onas (57)

Susintetintas pagal bendrajj gavimo biida g panaudojant
jungini 9 (291 mg, 1 mmol), NaOH (20%, 1 ml, 5 mmol) ir H,O,
30% (0,51 ml, 5 mmol). Geltoni kristalai, iSeiga 53 % (163 mg),
lyd. t. 298-299 °C. Ry = 0,03 (EtOAc/Hex 1/4, v/v). '"H BMR (700
MHz, DMSO-ds) ou 7.45-7.48 (m, 1H, Ph 4-H), 7.56-7.61 (m,
2H, Ph 3,5-H), 8.00-8.03 (m, 2H, Ph 2,6-H), 8.04-8.07 (m, 2H,
Pyr 3,5-H), 8.74-8.77 (m, 2H, Pyr 2,4-H), 9.42 (s, 1H, 3-H), 10.13
(s, 1H, OH). "*C BMR (176 MHz, DMSO-ds) 8¢ 107.8 (C-3a),
119.4 (Ph C-2,6), 120.6 (Pyr C-3,5), 126.4 (C-3), 128.1 (Ph C-4),
129.7 (Ph C-3,5), 138.45 (Pyr C-4), 138.53 (Ph C-1), 140.5 (C-6),
140.9 (C-5), 150.0 (Pyr C-2,6), 160.5 (C-7a), 171.2 (C-4). "N BMR (71 MHz,
DMSO-ds): onm. d. —166.9 (N-2), —117.1 (N-1), —62.2 (Pyr N). HRMS (ESI"):
[M+H]" rasta 306.0871 [Ci7H1oN3Os+H]", apskai¢iuota 306.0873. MS (ES"): m/z (%):
306 ([M+H]", 95). IR (Vmax, cm™): 3112, 3087, 1648 (C = 0), 1571, 1500, 1442, 1228,
1026, 834, 754, 629.

2-Fenil-5-hidroksi-6-(piridin-3-il)pirano|2,3-c|pirazol-4(2H)-onas (58)
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Susintetintas pagal bendrajj gavimo buda g panaudojant
junginj 8 (291 mg, 1 mmol), NaOH (20%, 1 ml, 5 mmol) ir H>O»
30% (0,51 ml, 5 mmol).Geltoni kristalai, iSeiga 85 % (260 mg), lyd.
t. 251-252°C. Ry= 0,02 (EtOAc/Hex 1/4, v/v). '"H BMR (700 MHz,
DMSO-ds) on 7.43-7.47 (m, 1H), 7.55-7.60 (m, 2H), 7.80—7.84 (m,
1H), 7.98-8.02 (m, 2H), 8.67-8.71 (m, 1H), 8.76 (d, J = 6,61 Hz,
1H), 9.34-9.37 (m, 1H), 9.41 (s, 1H, 3-H), 10.12 (p. s, 1H, OH). 1*C
BMR (176 MHz, DMSO-ds) 6c 108.5 (C-3a), 119.9, 125.4, 127.0
(C-3), 128.7, 129.3, 130.3, 138.0, 139.1, 140.6 (C-6), 140.9 (C-5),
145.8, 147.4, 161.1 (C-7a), 171.6 (C-4). MS (ES"): m/z (%): 306
(IM+H]", 97). IR (Vmax, cm™"): 3240, 3095, 1620 (C=0), 1577,
1446, 1108, 759, 614.

6-(Chinolin-4-il)-2-fenil-5-hidroksipirano[2,3-c]pirazol-4(2H)-onas (59)

Susintetintas pagal bendrajj gavimo btidg g panaudojant
junginj 5 (341 mg, 1 mmol), NaOH (20%, 1 ml, 5 mmol) ir
H>0, 30% (0,51 ml, 5 mmol). Geltoni kristalai, iseiga 21 %
(76 mg), lyd. t. 230-231°C. Rf = 0,19 (EtOAc/Hex 1/4, v/v).
'H BMR (700 MHz, DMSO-ds) 61 7.46 (t, J =7,3 Hz, 1H),
7.59 (t,J =7,7 Hz, 2H), 7.68 (t, J =7,5 Hz, 1H), 7.80-7.88
(m, 2H), 8.00 (dd, J =24.0, 8,1 Hz, 3H), 8.16 (d, J =8,4 Hz,
1H), 9.09 (d, J =4,1 Hz, 1H), 9.38 (s, 1H, OH), 9.47 (s, 1H
3-H). **C BMR (176 MHz, DMSO) &¢ 109.2 (C-3a), 120.0,
123.0, 125.1, 126.4 (C-3), 127.0, 127.8, 128.7, 130.0, 130.3,
130.3, 137.1, 139.2, 140.1 (C-5), 143.4 (C-6), 148.5, 150.6,
161.6 (C-7a), 171.8 (C-4). HRMS (ESI*): [M+H]* rasta
356.1030 [C21H12N303+H]*, apskaiéiuota 356.1030. MS ES®): m/z (%): 356 ([M+H]",
98).IR (vmax, cm): 3030, 2925, 1641 (C = 0), 1574, 1506, 1443, 1372, 1229, 810,
752, 683.

Junginiy 60-62 bendrasis gavimo budas (H)

Dioksane (30 ml) istirpinamas 50, 57 arba 58 (1 mmol), Cs>CO3, (650 mg,
2 mmol) ir Mel (0,07 ml, 1,1 mmol). Reakcija vykdoma 40 °C temperatiiroje 3 val.
(16 val. junginiams 61, 62). Reakcijos miSinys partig§tinamas KHSOj tirpalu iki
pH=15 ir ekstrahuojamas EtOAc (3x50 ml). Organinis sluoksnis surenkamas,
iSdZiovinamas natrio sulfatu, filtruojamas ir koncentruojamas. Likutis gryninamas
kolonélinés chromatografijos budu (SiO, eliuentas: heksanas/etilacetatas 3/1).
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2,6-Difenil-5-metoksipirano[2,3-c]pirazol-4(2H)-onas
(60)

Susintetintas pagal bendrajji gavimo btida H panaudojant
junginj 50 (304 mg, 1 mmol), Cs,COs, (0.65 g, 2 mmol) ir Mel
(0,07 ml, 1,1 mmol). Balti kristalai, iSeiga 79 % (251 mg), lyd. t.
220-221 °C. R¢= 0,15 (EtOAc/Hex 1/4, v/v). '"H BMR (700 MHz,
DMSO-ds): ou m. d. 3.77 (s, 3H, 5-OCH3), 7.45 (t,J = 7,4 Hz, 1H,
NPh 4-H), 7.56-7.61 (m, 5SH, NPh 3,5-H and 6-CPh 3,4,5-H),
7.96-7.98 (m, 2H, 6-CPh 2,6-H), 8.00 (d, J = 8,0 Hz, 2H, NPh 2,6-
H), 9.34 (s, 1H, 3-H). '*C BMR (176 MHz, DMSO-ds): dc m. d.
60.1 (5-OCHs;), 109.8 (C-3a), 119.5 (NPh C-2,6), 126.5 (C-3),
128.1 (NPh C-4), 128.2 (6-CPh C-2,6), 128.7 (6-CPh C-3,5), 129.8
(NPh C-3,5), 130.4 (6-CPh C-1), 130.7 (6-CPh C-4), 138.7 (NPh C-1), 140.8 (C-5),
154.1 (C-6), 160.8 (C-7a), 172.1 (C-4). "N BMR (71 MHz, DMSO-ds): ox m. d.
-168.0 (N-2), —1159 (N-1). HRMS (ESI): [M+Na]" rasta 341.0899
[C1oH14N20O5+Na]", apskaiciuota 341.0897. MS (ES"): m/z (%): 319 (IM+H]", 99). IR
(Vmax, cm™): 3101, 2936, 1640 (C = 0), 1578, 1554, 1443, 1351, 1134, 764, 753, 682.

2-Fenil-6-(1-metilpiridin-1-io-4-il)-4-okso-2,4-
dihidropirano[2,3-c]pirazol-5-olatas (61)

Susintetintas pagal bendrajj gavimo biida H panaudojant
junginj 57 (305 mg, 1 mmol), Cs>COs, (0,65 g, 2 mmol) ir Mel
(0,07 ml, 1,1 mmol). Raudoni kristalai, iSeiga 59 % (264 mg),
suskilo esant 255-256 °C. Rr= 0,03 (EtOAc/Hex 1/4, v/v). 'H
BMR (700 MHz, DMSO-ds) ou 3.95 (CH3), 7.42 (m, 1H, Ph 4-H),
7.56 (m, 2H, Ph 3,5-H), 7.98 (m, 2H, Ph 2,6-H), 8.12-8.20 (m, 2H,
Pyr 2,6-H), 9.14-9.20 (m, 2H, Pyr 3,5-H), 9.41 (s, 1H, 3-H). 13C
BMR (176 MHz, DMSO-ds) dc 44.5 (CHs), 109.4 (C-3a), 112.9
(Pyr C-5), 114.6 (Pyr C-3), 119.1 (Ph C-2,6), 126.7 (C-3), 127.6
(Ph C-4),129.6 (Ph C-3,5), 134.8 (C-6), 138.7 (Ph C-1), 140.9 (Pyr
C-6), 141.6 (Pyr C-2), 143.3 (Pyr C-4), 161.2 (C-7a), 164.1 (C-5), 176.1 (C-4). "N
BMR (71 MHz, DMSO-dg): on m. d. —214.4 (Pyr N); —170.1 (N-2), —120.2 (N-1).
HRMS (EST"): [M+Na]" rasta 342.0852 [CisH14N303+Na]", apskaiéiuota 342.0849.
MS (ESY): m/z (%): 320 ([M+H]*, 98). IR (Vmax, cm™): 3089, 2920, 2852, 1629
(C=0), 1569, 1488, 1465, 1382, 1189, 756, 689.
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2-Fenil-6-(1-metilpiridin-1-io-3-il)-4-okso-2,4-
dihidropirano[2,3-c]pirazol-5-olatas (62)

Susintetintas pagal bendrajj gavimo btida H panaudojant
junginj 58 (305 mg, 1 mmol), Cs>COs3, (0.65 g, 2 mmol) ir Mel
(0,07 ml, 1,1 mmol). Raudoni kristalai, iSeiga 65 % (291 mg),
suskilo esant 256-257 °C. R¢= 0,03 (EtOAc/Hex 1/4, v/v). 'H
BMR (700 MHz, DMSO-ds) ou 4.49 (s, 3H, CH3), 7.48 (m, 1H,
Ph 4-H), 7.61 (m, 2H, Ph 3,5-H), 8.01 (m, 2H, Ph 2,6-H), 8.28
(m, 1H, Pyr 6-H), 9.03 (m, 1H, Pyr 4-H), 9.18 (m, 1H, Pyr 5-
H), 9.48 (s, 1H, 3-H), 9.57 (s, 1H, Pyr 2-H). *C BMR (176
MHz, DMSO-ds) dc 48.6 (CH3), 108.1 (C-3a), 119.5 (Ph C-
2,6), 127.0 (C-3), 127.7 (Pyr C-6), 128.4 (Ph C-4), 129.9 (Ph C-3,5), 131.4 (C-6),
137.6 (Pyr C-1), 138.6 (Ph C-1), 141.6 (C-5), 142.0 (Pyr C-5), 143.4 (Pyr C-1), 145.0
(Pyr C-4), 160.5 (C-7a), 171.1 (C-4). MS (ES"): m/z (%): 320 ([M+H]", 95). IR (Vnax,
cm1): 3570, 3285, 3097, 1640 (C = 0), 1578, 1504, 1444, 1201, 1171, 1127, 1028,
849, 571.

Junginio 4-(2-Fenil-5-hidroksi-4-okso-2,4-
I’ dihidropirano[2,3-c]pirazol-6-il)-1-metilpiridin-1-io jodido
(63) gavimo biidas.

Acetonitrile (15 ml) iStirpinamas flavonolis 57 (305 mg,
1 mmol) ir jpilama metilo jodido (1 ml, 16.1 mmol). Reakcija
vykdoma 40 °C temperatiiroje 2 valandas. Tuomet miSinys
praskiedziamas DMF (15 ml) ir 1étai lasinamas | Saltg eterj.
Susidare kristalai nufiltruojami ir praplaunami nedideliu kiekiu
metanolio ir eterio.

Oranziniai kristalai, iSeiga 78 % (348 mg), suskilo esant
277-278 °C. R= 0,03 (EtOAc/Hex 1/4, v/v). 'H BMR (700
MHz, DMSO-de) o 4.39 (CHs), 7.47 (m, 1H, Ph 4-H), 7.58 (m,
2H, Ph 3,5-H), 7.97 (m, 2H, Ph 2,6-H), 8.63 (m, 2H, Pyr 3,5-H), 9.03 (m, 2H, Pyr 2,6-
H), 9.45 (s, 1H, 3-H), 11.49 (p. s, IH, OH). *C BMR (176 MHz, DMSO-ds) &¢ 48.0
(CH3), 108.4 (C-3a), 119.9 (Ph C-2,6), 123.8 (Pyr C-3,5), 127.4 (C-3), 128.9 (Ph C-
4),130.3 (Ph C-3,5), 146.1 (Pyr C-4), 138.8 (Ph C-1), 137.5 (C-6), 145.4 (C-5), 145.9
(Pyr C-2,6), 160.7 (C-7a), 171.4 (C-4). "N BMR (71 MHz, DMSO-ds): ox m. d.
—183.2 (Pyr N); —165.7 (N-2), —117.1 (N-1). HRMS (ESI"): [M+H]" rasta 320.1032
[CisH14N30s+H]", apskaiciuota 320.1030. MS (ES"): m/z (%): 320 ([M+H]", 95). IR
(vmax, cm™1): 3135, 3066, 1646 (C=0), 1575, 1497, 1441, 1388, 1232, 1197, 1109,
761.
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Junginio  2,6-Difenil-4-okso-2,4-dihidropirano[2,3-
c]pirazol-5-iltrifluormetanesulfonato (64) gavimo biidas.

DCM tirpiklyje (30 ml) iStirpinama 50 (304 mg,
1 mmol),  iki 0 °C atvésintg tirpalg 1étai sulasSinama TEA (0,7
ml, 5 mmol) ir Tf,0 (0,34 ml, 2 mmol). Reakcija vykdoma
24 °C temperatiiroje 16 valandy. Reakcijos miSinys
praskiedziamas DCM (100 ml) ir plaunamas so¢iu natrio
chlorido tirpalu (100 ml). Organinis sluoksnis surenkamas,
iSdZziovinamas natrio sulfatu, filtruojamas ir
koncentruojamas. Likutis gryninamas kolonélinés
chromatografijos biidu (SiO», eliuentas: heksanas/etilacetatas

6/1).

Smeélio spalvos kristalai, iSeiga 74 % (323 mg), lyd. t. 200201 °C. Ry= 0,52
(EtOAc/Hex 1/4, v/v). '"H BMR (700 MHz, CDCl3): 6y m. d. 7.46 (t,J = 7,3 Hz, 1H,
NPh 4-H), 7.55-7.58 (m, 4H, NPh 3,5-H ir 6-CPh 3,5-H), 7.62 (t,J =7,3 Hz, 1H, 6-
CPh 4-H), 7.78 (d, J = 8,0 Hz, 2H, NPh 2,6-H), 7.87 (d, J = 7,5 Hz, 2H, 6-CPh 2,6-
H), 8.59 (s, 1H, 3-H). *C BMR (176 MHz, CDCl3): dc m. d. 109.4 (C-3a), 118.2 (q,
Jer =320,8 Hz, CF3), 120.3 (NPh C-2,6), 125.5 (C-3), 128.4 (6-CPh C-1), 129.0 (6-
CPh C-3,5), 129.1 (NPh C-4), 129.2 (6-CPh C-2,6), 130.1 (NPh C-3,5), 132.6 (6-CPh
C-4), 134.6 (C-5), 138.9 (NPh C-1), 158.2 (C-6), 161.3 (C-7a), 168.8 (C-4). "'N BMR
(71 MHz, CDCl3): ox m. d. —165.8 (N-2), —112.7 (N-1). HRMS (ESI"): [M+Na]" rasta
459.0235 [CioH11F3N,OsS+Na]", apskaiciuota 459.0233. MS (ES"): m/z (%): 437
(IM+HT, 97). IR (Vmax, cm™): 3105, 2918, 1658 (C =0), 1594, 1553, 1425, 1208,
1134, 1019, 897, 757, 686, 600.

Junginiy 65-70 bendrasis gavimo budas (I)

Dioksane (15 ml) iStirpinamas junginys 64 (436 mg, 1 mmol), K3PO4 (634 mg,
3 mmol), KBr (131 mg, 1,1 mmol), atitinkama (hetero)arilboro riigstis (2,5 mmol) ir
Pd(PPhs)s4 (69 mg, 0,06 mmol). Reakcija vykdoma 90 °C temperatiiroje 16 valandy.
Tuomet reakcijos miSinys atvésinamas, praskiedziamas vandeniu (80 ml) ir
ekstrahuojama DCM (3x15 ml). Organinis sluoksnis surenkamas, iSdziovinamas
natrio sulfatu, filtruojamas ir koncentruojamas. Likutis gryninamas kolonélinés
chromatografijos biidu (SiO., eliuentas: heksanas/etilacetatas 6/1).

2,5,6-Trifenilpirano|2,3-c|pirazol-4(2H)-onas (65)

Susintetintas pagal bendrgjj gavimo bida I panaudojant
junginj 64 (436 mg, 1 mmol), K3PO4 (634 mg, 3 mmol), KBr (131
mg, 1,1 mmol), fenilboro riigstis (305 mg, 2,5 mmol) ir Pd(PPh3)4
(69 mg, 0,06 mmol). Geltoni kristalai, iSeiga 95 % (346 mg), lyd.
t. 265-266 °C. R¢= 0,23 (EtOAc/Hex 1/4, v/v). '"H BMR (700
MHz, CDCl): oy m. d. 7.20-7.21 (m, 2H, 5-CPh 2,6-H), 7.24—
7.25 (m, 2H, 6-CPh 3,5-H), 7.28-7.33 (m, 4H, 5-CPh 3,4,5-H and
6-CPh 4-H), 7.39 (d, J =7,6 Hz, 2H, 6-CPh 2,6-H), 7.42 (t,
J =7,4 Hz, 1H, NPh 4-H), 7.53 (t, J = 7,9 Hz, 2H, NPh 3,5-H),
7.80 (d,J = 8,0 Hz, 2H, NPh 2,6-H), 8.55 (s, 1H, 3-H). 1*C BMR
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(176 MHz, CDCl3): dc m. d. 109.7 (C-3a), 119.9 (NPh C-2,6), 123.0 (C-5), 124.7 (C-
3), 127.7 (5-CPh C-4), 128.0 (6-CPh C-3,5), 128.24 (NPh C-4), 128.29 (5-CPh C-
3,5), 129.78 (6-CPh C-2,6), 129.83 (NPh C-3,5), 130.0 (6-CPh C-4), 131.4 (5-CPh C-
2,6), 132.8 (5-CPh C-1), 133.0 (6-CPh C-1), 139.2 (NPh C-1), 160.8 (C-6), 162.4 (C-
7a), 175.5 (C-4). >'N BMR (71 MHz, CDCls): oy m. d. —=169.5 (N-2), —115.3 (N-1).
HRMS (EST): ([M+Na]*) rasta 387.1107 [C2sH;6N20,+Na]*, apskai¢iuota 387.1104.
MS (ESY): m/z (%): 365 (IM+H]", 99). IR (Vmax, cm™): 3093, 2922, 1642 (C = 0),
1578, 1561, 1493, 1349, 1224, 1056, 755, 730, 694, 683.

2,6-Difenil-5-(4-metilfenil)pirano|2,3-c]pirazol-4(2H)-
onas (66)

Susintetintas pagal bendrgjj gavimo buda I panaudojant
junginj 64 (436 mg, 1 mmol), K3PO4(634 mg, 3 mmol), KBr (131
mg, 1,1 mmol), 4-metilfenilboro rtgstis (340 mg, 2,5 mmol) ir
Pd(PPhs)4 (69 mg, 0,06 mmol). Balti kristalai, iSeiga 62 % (235
mg), lyd. t. 256-257 °C. R¢= 0,19 (EtOAc/Hex 1/4, v/v). '"H BMR
(700 MHz, CDCl3): 6u m. d. 2.34 (s, 3H, CH3), 7.08 (m, 2H, 5-
CPh 2,6-H), 7.11 (m, 2H, 5-CPh 3,5-H), 7.24-7.27 (m, 2H, 6-CPh
3,5-H), 7.32 (m, 2H, 6-CPh 4-H), 7.40-7.43 (m, 3H, 6-CPh 2,6-
H, NPh 4-H), 7.53 (m, 2H, NPh 3,5-H), 7.78-7.81 (m, 2H, NPh
2,6-H), 8.55 (s, 1H, 3-H). *C BMR (176 MHz, CDCls): éc m. d.
21.3 (CH3), 109.7 (C-3a), 119.8 (NPh C-2,6), 122.9 (C-5), 124.6 (C-3), 128.0 (6-CPh
C-3,5), 128.2 (NPh C-4), 129.1 (5-CPh C-3,5), 129.6 (5-CPh C-1), 129.7 (6-CPh C-
2,6), 129.8 (NPh C-3,5), 129.9 (6-Ph C-4), 131.2 (5-CPh C-2,6), 133.1 (6-CPh C-1),
137.4 (5-CPh C-4), 139.2 (NPh C-1), 160.5 (C-6), 162.3 (C-7a), 175.7 (C-4). N
BMR (71 MHz, CDCl3): oxm.d. —169.7 (N-2), —115.3 (N-1). HRMS (ESI"):
[M+Na]" rasta 401.1262 [C,sHisN>O»>+Na]*, apskaiciuota 401.1260. MS (ES*): m/z
(%): 379 (IM+H]", 99). IR (Vmax, cm™'): 3098, 3023, 1649 (C = O), 1578, 1565, 1348,
1181, 1021, 755, 742, 732, 683.

\ 2,6-Difenil-5-(4-metoksifenil)pirano[2,3-c]pirazol-
O 4(2H)-onas (67)

Susintetintas pagal bendrajj gavimo buda I panaudojant
junginj 64 (436 mg, 1 mmol), KsPO4 (634 mg, 3 mmol), KBr (131
mg, 1.1 mmol), 4-metoksifenilboro ragstis (380 mg, 2,5 mmol) ir
Pd(PPhs)4 (69 mg, 0.06 mmol). Balti kristalai, iSeiga 77 % (304
mg), lyd. t. 236-237 °C. Ry=0,18 (EtOAc/Hex 1/4, v/v). 'H
BMR (700 MHz, CDCls): 6u m. d. 3.80 (s, 3H, CH3), 6.85 (m,
2H, 5-CPh 3,5-H), 7.12 (m, 2H, 5-CPh 2,6-H), 7.24—7.28 (m, 2H,

6-CPh 3,5-H), 7.32 (m, 2H, 6-CPh 4-H), 7.40-7.44 (m, 3H, 6-

CPh 2,6-H, NPh 4-H), 7.54 (m, 2H, NPh 3,5-H), 7.80 (m, 2H,
NPh 2,6-H), 8.54 (s, 1H, 3-H). >*C BMR (176 MHz, CDCl5):
dcm. d. 55.2 (CHs), 109.7 (C-3a), 113.9 (5-CPh C-3,5), 119.8
(NPh C-2,6), 122.5 (C-5), 124.6 (C-3), 124.8 (5-CPh C-1), 128.0 (6-CPh C-3,5), 128.2
(NPh C-4), 129.7 (6-CPh C-2,6), 129.8 (NPh C-3,5), 129.9 (6-Ph C-4), 132.5 (5-CPh
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C-2,6), 133.2 (6-CPh C-1), 139.2 (NPh C-1), 159.1 (5-CPh C-4), 160.5 (C-6), 162.3
(C-7a), 175.8 (C-4). "N BMR (71 MHz, CDCl3): dny m. d. —169.7 (N-2), —115.6 (N-
1). HRMS (ESI"): [M+Na]" rasta 417.1208 [CsH;sN.Os+Na]*, apskaiciuota
417.1210. MS (ES"): m/z (%): 395 ([M+H]", 98). IR (Vimax, cm): 3102, 3024, 1650
(C=0), 1598, 1567, 1335, 1241, 1167, 1023, 748, 686, 549.

5-(4-Chlorfenil)-2,6-difenilpirano[2,3-c]pirazol-4(2H)-
onas (68)

Susintetintas pagal bendrajj gavimo btida I panaudojant
junginj 64 (436 mg, 1 mmol), K3;PO4 (634 mg, 3 mmol), KBr
(131 mg, 1,1 mmol), 4-chlorfenilboro rugstis (391 mg,
2,5 mmol) ir Pd(PPhs)s (69 mg, 0,06 mmol). Balti kristalai,
iSeiga 44 % (176 mg), lyd. t. 255-256 °C. Ry= 0,25 (EtOAc/Hex
1/4, v/v). "H BMR (700 MHz, CDCl;): 6y m. d. 7.14 (m, 2H, 5-
CPh 2,6-H), 7.27-7.31 (m, 4H, 5-CPh 3,5-H, 6-CPh 3,5-H), 7.35
(m, 2H, 6-CPh 4-H), 7.39 (m, 2H, 6-CPh 2,6-H), 7.43 (m, 1H,
NPh 4-H), 7.54 (m, 2H, NPh 3,5-H), 7.80 (m, 2H, NPh 2,6-H),
8.55 (s, 1H, 3-H). 1*C BMR (176 MHz, CDCl3): dc m. d. 109.5
(C-3a), 119.9 (NPh C-2,6), 121.8 (C-5), 124.7 (C-3), 128.2 (6-CPh C-3,5), 128.4 (NPh
C-4), 128.6 (5-CPh C-3,5), 129.7 (6-CPh C-2,6), 129.8 (NPh C-3,5), 130.3 (6-Ph C-
4), 131.3 (5-CPh C-1), 132.7 (6-CPh C-1), 132.8 (5-CPh C-2,6), 133.7 (5-CPh C-4),
139.1 (NPh C-1), 161.00 (C-6), 162.32 (C-7a), 175.2 (C-4). "N BMR (71 MHz,
CDCl3): on m. d. —169.1 (N-2), —115.0 (N-1). HRMS (ESI"): [M+Na]" rasta 421.0711
[C24H15sCIN2O>+Na]’, apskai¢iuota 421.0714,. MS (ES"): m/z (%): 399,5 ([M+H]",
99). IR (Vmax, cm™): 3206, 3105, 1650 (C = 0), 1568, 1422, 1348, 1211, 1135, 757,
731, 686.

2,6-Difenil-5-(tien-3-il)pirano|2,3-c]pirazol-4(2H)-onas
(69)

Susintetintas pagal bendrajj gavimo biidag I panaudojant
junginj 64 (436 mg, 1 mmol), KsPO4(634 mg, 3 mmol), KBr (131
mg, 1,1 mmol), tien-3-ilboro riigstis (320 mg, 2.5 mmol) ir
Pd(PPhs)4 (69 mg, 0,06 mmol). Smelio spalvos kristalai, iSeiga
80 % (297 mg), lyd. t. 265-266 °C. Ry=0,23 (EtOAc/Hex 1/4,
v/v). 'H BMR (700 MHz, CDCl3): 6y m. d. 6.88 (m, 1H, Th 4-H),
7.20 (m, 1H, Th 2-H), 7.24 (m, 1H, Th 5-H), 7.31 (m, 2H, 6-CPh
3,5-H), 7.37 (m, 2H, 6-CPh 4-H), 7.42 (m, 1H, NPh 4-H), 7.44 (m,
2H, 6-CPh 2,6-H), 7.54 (m, 2H, NPh 3,5-H), 7.80 (m, 2H, NPh
2,6-H), 8.54 (s, 1H, 3-H). 3C BMR (176 MHz, CDCl;): dc m. d. 109.6 (C-3a), 118.1
(C-5), 119.9 (NPh C-2,6), 124.6 (C-3), 124.7 (Th C-5), 126.4 (Th C-2), 128.1 (6-CPh
C-3,5), 128.3 (NPh C-4), 129.8 (Th C-4), 129.5 (6-CPh C-2,6), 129.8 (NPh C-3,5),
130.2 (6-Ph C-4), 131.9 (Th C-3), 132.2 (6-CPh C-1), 139.1 (NPh C-1), 160.8 (C-6),
162.2 (C-7a), 175.3 (C-4). "N BMR (71 MHz, CDCl;): 6x m. d. —169.4 (N-2), —115.2
(N-1). HRMS (ESI"): ([M+H]") rasta 393.0669 [C:.H1sN>O>S+H]", apskaiciuota
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393.0668. MS (ES"): m/z (%): 371 ((M+H]*, 97). IR (Vmax, cm™): 3100, 1644 (C = 0),
1577, 1564, 1441, 1328, 1218, 753, 739, 685.

2,6-Difenil-5-(tien-2-il)pirano[2,3-c|pirazol-4(2 H)-onas
(70)

Susintetintas pagal bendrajj gavimo biidg I panaudojant
junginj 64 (436 mg, 1 mmol), K3PO4 (634 mg, 3 mmol), KBr (131
mg, 1,1 mmol), tien-2-ilboro rugstis (320 mg, 2,5 mmol) ir
Pd(PPh3)s (69 mg, 0,06 mmol). Balti kristalai, iSeiga 39 % (146
mg), lyd. t. 238-239°C. R¢= 0,29 (EtOAc/Hex 1/4, v/v). '"H BMR
(700 MHz, CDCls) dn 6.85-6.86 (m, 1H), 6.95-6.96 (m, 1H), 7.32—
7.34 (m, 2H), 7.36-7.40 (m, 2H), 7.42-7.44 (m, 1H), 7.51-7.55 (m,
4H), 7.79-7.81 (m, 2H), 8.56 (s, 1H). '*C BMR (176 MHz, CDCls)
dc 109.5, 116.8, 120.0, 124.9, 126.9, 127.5, 128.3, 128.5, 129.6,
130.0, 130.1, 130.5, 133.1, 133.2, 139.2, 161.7, 162.2, 174.9. HRMS (ESI"): [M+Na]"
rasta 393.0671 [C»H1sN,O,S+Na]", apskai¢iuota 393.0668. MS (ES*): m/z (%): 371
(IM+H]*, 98). IR (Vimax, cm™): 3104, 1650 (C = 0), 1578, 1562, 1442, 1217, 1133, 755,
686.

Junginio tret-Butil (2E)-3-(2,6-difenil-4-0kso-2,4-dihidropirano|[2,3-
c]pirazol-5-il)prop-2-enoato (71) gavimo biidas.
DMF tirpiklyje (10 ml) iStirpinamas 64 (436 mg,
% 1 mmol), TEA (0,28 ml, 2 mmol), tret-butil akrilatas (0,29
Q g > ml, 2mmol) ir Pd(PPhi:Cl (35 mg, 0,05 mmol),
Reakcija vykdoma 100 °C temperatiiroje 72 valandas.
Tuomet reakcijos miSinys atvésinamas, praskiedziamas
vandeniu (100 ml) ir ekstrahuojamas EtOAc (3x50 ml).
Organinis sluoksnis surenkamas, iSdziovinamas natrio
sulfatu, filtruojamas ir koncentruojamas.
N Likutis gryninamas kolonélinés chromatografijos btdu

(Si0,, eliuentas: dichlormetanas).
Balti kristalai, iSeiga 24 % (99 mg), suskilo esant

312-313 °C. Ry=0,25 (EtOAc/Hex 1/4, v/v). 'H BMR

(700 MHz, CDCls): oim. d. 1.48 (s, 9H, C(CHs)s), 7.31
(d, J =159 Hz, 1H, CHCHCOOC(CH:);), 7.35 (d, J =158 Hz, 1H,
CHCHCOOC(CHs)3), 7.42 (t,J = 7,4 Hz, 1H, NPh 4-H), 7.52-7.56 (m, 5H, NPh 3,5-
H and 6-CPh 3,4,5-H), 7.68 (d, J = 6,8 Hz, 2H, 6-CPh 2,6-H), 7.79 (d, J = 8,0 Hz,
2H, NPh 2,6-H), 8.54 (s, 1H, 3-H). 3C BMR (176 MHz, CDCLs): dc m. d. 28.2
(C(CHs)3), 80.3 (C(CHs)3), 110.0 (C-3a), 115.9 (C-5), 120.0 (NPh C-2,6), 125.0 (C-
5), 125.5 (CHCHCOOC(CHs)s), 128.6 (NPh C-4), 128.8 (6-CPh C-3,5), 130.0 (NPh
C-3,5), 130.2 (6-CPh C-2,6), 131.6 (6-CPh C-4), 132.1 (6-CPh C-1), 135.3
(CHCHCOOC(CH3)3), 139.2 (NPh C-1), 161.7 (C-7a), 166.0 (C-6), 167.1
(CHCHCOOC(CHs)s), 175.2 (C-4). "N BMR (71 MHz, CDCls): dx m. d. —168.8 (N-
2) , —114.4 (N-1). HRMS (ESI*): [M+Na]" rasta 437.1473 [CasHxN,O4+Na]",
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apskaiCiuota 437.1472. MS (ES"): m/z (%): 415 (IM+H]", 99). IR (Vmax, cm'): 3106,
2971, 1647 (C=0), 1584, 1554, 1445, 1290, 1149, 753, 688.

Junginio 2,6-Difenil-5-(feniletinil)pirano|2,3-c|pirazol-4(2 H)-ono
(72) gavimo biidas.

DMF tirpiklyje (10 ml) iStirpinamas 64 (436 mg,
1 mmol), TEA (0,28 ml, 2 mmol), Cul (19 mg, 0,1 mmol),
fenilacetilenas (0,16 mL, 1,5 mmol) ir Pd(PPh3),Cl, (42 mg,
0,06 mmol). Reakcija vykdoma 65 °C temperatiiroje 1 valanda.
Tuomet reakcijos miSinys atvésinamas, praskiedziamas
vandeniu (100 ml) ir ekstrahuojamas EtOAc (3x50 ml).
Organinis sluoksnis surenkamas, iSdziovinamas natrio sulfatu,
filtruojamas ir  koncentruojamas.  Likutis gryninamas
kolonélinés chromatografijos biidu (SiO,, eliuentas:

dichlormetanas).
Balti kristalai, iSeiga 71 % (276 mg), lyd. t. 222-223 °C.

R¢= 0,20 (EtOAc/Hex 1/4, v/v). '"H BMR (700 MHz, CDCl;):

oum.d. 7.31-7.34 (m, 3H, C=CPh 3,4,5-H), 7.42 (t, J =7,4
Hz, 1H, NPh 4-H), 7.49-7.50 (m, 2H, C=CPh 2,6-H), 7.52—7.57 (m, 5H, NPh 3,5-H
and 6-CPh 3,4,5-H), 7.79 (d, J = 8,1 Hz, 2H, NPh 2,6-H), 8.25 (d, J = 7,9 Hz, 2H, 6-
CPh 2,6-H), 8.55 (s, 1H, 3-H). *C BMR (176 MHz, CDCls): 6c m. d. 82.0 (C=CPh),
97.9 (C=CPh), 107.7 (C-5), 108.8 (C-3a), 120.0 (NPh C-2,6), 123.3 (C=CPh C-1),
124.8 (C-3), 128.3 (6-CPh C-3,5), 128.4 (C=CPh C-3,5), 128.6 (C=CPh C-4 and NPh
C-4), 129.4 (6-CPh C-2,6), 130.0 (NPh C-3,5), 131.66 (6-CPh C-4), 131.71 (C=CPh
C-2,6), 132.3 (6-CPh C-1), 139.1 (NPh C-1), 161.9 (C-7a), 165.1 (C-6), 174.2 (C-4).
5N BMR (71 MHz, CDCl;): éx m. d. —168.6 (N-2), —114.3 (N-1). HRMS (ESI"):
[M+Na]" rasta 411.1101 [CasHi6N2O>tNa]*, apskaiciuota 411.1104. MS (ES"): m/z
(%): 389 ([M+H]", 99). IR (Vinax, cm™): 3094, 3057, 1649 (C = O), 1577, 1542, 1442,
1361, 1264, 1118, 750, 684.

Junginio (4E)-2,6-difenil-4-(fenilimino)-2,4-
dihidropirano[2,3-c]pirazol-5-olis (73) gavimo biidas.

Dioksane (20 ml) iStirpinamas 64 (436 mg, 1 mmol),
anilinas (102 mg, 1,1 mmol), KOtBu (179 mg, 1,6 mmol), X-
phos (143 mg, 0,3 mmol) ir Pd(OAc)2 (23 mg, 0,1 mmol).
Reakcija vykdoma 130 °C temperatiiroje 16 valandy. Tuomet
reakcijos misinys atvésinamas, praskiedziamas vandeniu (50
ml) ir ekstrahuojamas DCM (3x25 ml). Organinis sluoksnis
surenkamas, iSdziovinamas natrio sulfatu, filtruojamas ir
koncentruojamas. Likutis gryninamas kolonélinés
chromatografijos btidu (SiO, eliuentas: heksanas/etilacetatas

6/1).

Balti kristalai, ieiga 23 % (88 mg), lyd. t. 237-238 °C. R¢= 0,20 (EtOAc/Hex
1/4, v/v). '"H BMR (700 MHz, CDCls) 51 7.02-7.05 (m, 3H), 7.24-7.28 (m, 1H), 7.29—
7.34 (m, 1H), 7.38-7.44 (m, 3H), 7.44-7.53 (m, 6H), 8.24-8.28 (m, 2H). 13C BMR
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(176 MHz, CDCL3) 8¢ 101.2, 119.5, 120.5, 124.4, 124.5, 127.3, 127.7, 128.3, 128.8,
129.6, 129.7, 131.8, 135.5, 138.5, 139.0, 147.8, 151.0, 160.0 (C-7a). SN NMR (71
MHz, CDCls) 8y -172.24, -118.78, -116.80. MS (ES*): m/z (%): 380 ([M+H]", 95). IR
(vmax, cm!): 3104, 3095, 1678, 1603, 1550, 1448, 1391, 1184, 1065, 761, 692.

120



4. PAGRINDINIAI REZULTATAI IR ISVADOS

1.

Atliktos 4-formil- arba 4-acetil-1-fenil-1H-pirazol-3-oliy ir atitinkamy
acetofenony arba karbaldehidy reakcijos panaudojus Claiseno ir Schmidto
salygas. Nustatyta, kad:

a. visi naujai susidarg junginiai buvo £ konfigiiracijos;

b. naudojant BMR metodus, tokius kaip 'H-*C HMBC, 'H-3C H2BC,
'H->'N HMBC, 'H-'"H NOESY ir 1,1-ADEQUATE, galima nustatyti
(2E)-3-aril-1-(1-fenil-3-hidroksi-1H-pirazol-4-il)prop-2-en-1-ony ir
jy analogy bei (E)-1-aril-3-[(3-benziloksi)-1-fenil-1H-pirazol-4-
il]prop-2-en-1-ony ir jy analogy konformacija.

Atliktos (E)-1-(3-hidroksi-, metoksi-1-fenil-1H-pirazol-4-il)-3-
(hetero)arilprop-2-en-1-ony prijungimo reakcijos su hidroksilaminu. Gauti
nauji junginiai 5-(1-fenil-3-metoksi-1H-pirazol-4-il)-3-fenil-4,5-dihidro-1,2-
oksazolas ir 4-(5-alil-1,2-oksazol-3-il)-1-fenil-1H-pirazol-3-oliai ir 3-(4-
aril)-5-(1-fenil-3-metoksi-1 H-pirazol-4-il)-1,2-oksazoliai. Nustatyta, kad:

a. heteroaromatiné chalkono strukttira gali biiti panaudota prijungimo
reakcijose su hidroksilaminu suformuojant atitinkamas ciklines

struktiras;
b. atliekant reakcija su (2F)-1-(1-fenil-3-metoksi-1H-pirazol-4-il)-3-
fenilprop-2-en-1-onu ir N-hidroksi-4-toluensulfonamidu

jmanoma gauti regioselektyvy produkta 5-(1-fenil-3-metoksi-1H-
pirazol-4-il)-3-fenil-1,2-oksazola;
c. panaudojus Zymétg azoto atomg turintj 'N-hidroksilamino
hidrochloridg susidaré neatskiriamas regioizomery misinys santykiu
9:1. Sios reakcijos produktai padéjo nenuginéijamai identifikuoti
susidariusias pirazol-izoksazoly struktiiras.
Nustatyta, kad (£)-1-(3-hidroksi-1-fenil-1H-pirazol-4-il)-3-(hetero)arilprop-
2-en-1-onai gali buti naudojami AFO reakcijoje gaunant naujus 6-
(hetero)aril-2-fenil-5-hidroksipirano[2,3-c]pirazol-4(2H)-onus geromis
iSeigomis. IStyrus naujai gauty junginiy savybes, nustatyta, kad:
a. pirano[2,3-c]pirazol-4(2H)-ono 5-padétyje esanti
hidroksilo grupé gali buti panaudota junginiui modifikuoti. Tokiu
btidu buvo gautas naujas junginys 2,6-difenil-5-metoksipirano[2,3-
c]pirazol-4(2H)-onas. O atliekant reakcijg su junginiais 2-fenil-5-
hidroksi-6-(piridin-4-il)pirano[2,3-c]pirazol-4(2H)-onu ir 2-fenil-5-
hidroksi-6-(piridin-3-il)pirano[2,3-c]pirazol-4(2 H)-onu susidaré
nauji cviterioniniai pirano[2,3-c]pirazolo dariniai.
Atliktas junginio 2-fenil-6-(1-metilpiridin-1-io-4-il)-4-okso-2,4-
dihidropirano[2,3-c]pirazol-5-olatui rentgeno spinduliy difraktometrijos
tyrimas, kurio metu nustatyta, kad:
b. monokristalas yra sudarytas i§ minéto junginio ir jsiterpusiy
metanolio molekuliy;
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pagrindiné pirano|2,3-c]pirazolo dalis yra plokscia su fenil- ir
piridin-4-ilpakaitais atitinkamai N(2) ir C(6) padétyse. Sie pakaitai
yra Siek tiek iSkreipti nuo pagrindinés dalies plokStumos;

fenilo ziedas yra pasuktas apie 10°, o piridino ziedas—apie 6° prie$
laikrodzio rodykle zitirint nuo pirano[2,3-c]pirazolo dalies;
N-metilpiridino grupés N(19)-C(22) rysio ilgis yra 1.4737(14) A.

4. Susintetinti 8 nauji 5-pakeisti pirano[2,3-c]pirazol-4(2H)-onai ir nustatyta,
kad 6-aril-2-fenil-5-hidroksipirano[2,3-c]pirazol-4(2H)-onai gali dalyvauti
Pd-katalizuojamose reakcijose per tarpinius 2,6-difenil-4-okso-2,4-
dihidropirano[2,3-c]pirazol-5-iltrifluormetansulfonatus.

5. [Istirtos 5-hidroksi-2,6-difenilpirano[2,3-c]pirazol-4(2H)-ony, 5-pakeisty 2,6-
difenilpirano[2,3-c]pirazolo-4(2H)-ony ir junginiy 2-fenil-6-(1-metilpiridin-
1-i0-4-il)-4-0kso-2.,4-dihidropirano[2,3-c]pirazol-5-olato ir = 4-(2-fenil-5-
hidroksi-4-okso-2,4-dihidropirano[2,3-c]pirazol-6-il)-1-metilpiridin-1-io
jodido fotofizikinés savybés ir nustatyta, kad:

a.

d.

5-hidroksi-2,6-difenilpirano[2,3-c]pirazol-4(2H)-onams budingi
absorbcijos maksimumai buvo 337 nm ir 341 nm bangos ilgio. Taip
pat Siems junginiams budingos dvi gerai iSsiskiriancios
fluorescencinés juostos mazdaug ties 440 ir 590 nm dé¢l suzadintos
busenos intramolekulinés protony pernasos (ESIPT). Stokso
poslinkiai Siems junginiams buvo mazdaug 220 nm ir 250 nm bangos
ilgio;

ESIPT efektu pasizyminc¢iuose junginiuose N* ir T* juosty
intensyvumo santykis, Iy+Ir+, priklauso nuo pakaity fenilo zZiede.
Didziausig santykj turéjo 2-fenil-5-hidroksi-6-(3,4-
dimetoksifenil)pirano[2,3-c]pirazol-4(2H)-onas lyginant su 2,6-
difenil-5-hidroksi-pirano[2,3-c]pirazol-4(2H)-onu metanolio
tirpiklyje;

fluorescencijos spektre junginys 2,6-difenil-5-metoksipirano[2,3-
c]pirazol-4(2H)-onas turéjo dvi emisijos juostas ties 475 ir 582 nm,
taciau kvantiné iSeiga buvo artima 0.

junginiy 2,5,6-trifenilpirano[2,3-c]pirazol-4(2H)-ono, tret-butil
(2E)-3-(2,6-difenil-4-o0kso-2,4-dihidropirano[2,3-c]pirazol-5-
il)prop-2-enoato ir 2,6-difenil-5-(feniletinil)pirano[2,3-c]pirazol-
4(2H)-ono absorbcijos maksimumas buvo diapazone nuo 297 iki
302 nm. Suzadinus minétus junginius THF tirpale 340 nm bangos
ilgiu, fluorescencijos emisijos maksimumas (Aem) buvo apie 593—
603 nm bangos ilgio.



5. SUMMARY
INTRODUCTION

Chalcones are compounds found in nature. They belong to the flavonoid family,
and are present in vegetables, fruits, and other plants [1]. Most literature sources, by
using the term ‘chalcone’, refer to compounds with an a,f-unsaturated ketone system.
Compounds from the chalcone family are characterized by a wide structural diversity,
but their structure can be divided into two groups: simple or classical chalcones and
chalcone hybrids. Compounds from the chalcone family are of interest not only due
to synthetic or biosynthetic possibilities but also because of their biological activity.
Their therapeutic use dates back thousands of years, with plants and their extracts,
ointments, and mixtures being used for treating inflammation, diabetes, and even
cancer [2-5]. Over the last 40 years, a significant number of natural chalcones have
been discovered, exhibiting anticancer [6—9], antimalarial [10, 11], antibacterial [12—
14], anti-inflammatory [15, 16], antiretroviral [17], anti-hyperglycemic [18], and
tyrosine kinase inhibitory properties [19].

Since the beginning of this millennium, and especially in the last decade, the
synthesis of heteroaromatic hybrid chalcones has become more prominent. An
increasing number of new molecules are being created; they demonstrate a wide range
of applications in medicine and industry. In the literature, it has been noted that
chalcones with heteroaromatic fragments, such as pyrazole, pyridine, oxazole,
thiophene, indole, and others, may serve as potential pharmaceutical agents.
Additionally, the chalcone structure can be adapted for the synthesis of more complex
compounds. The introduction of heteroaromatic rings into the chalcone structure can
enhance their biological properties. Many existing pharmaceutical molecules on the
market incorporate heterocycles into their structure and exhibit anticancer, anti-
inflammatory, antipsychotic, H2 receptor agonist, and other properties [20-26]. The
pyrazole ring is one of the main heterocyclic rings used in the pharmaceutical field as
a building block [27]. Celecoxib, Rimonabant, and Sildenafil are well-known drugs
containing a pyrazole ring in their composition. Of course, this heterocycle has also
been adapted for use in other fields, such as agrochemistry [28], polymers [29], or
ligand development [30]. Molecules containing the pyrazole ring can also exhibit
fluorescent properties [31, 32].

Heteroaromatic chalcones are also being investigated as the starting compounds
for the synthesis of more complex derivatives. One such group is flavonols. These
compounds are found in nature as biosynthetic products derived from chalcones.
Flavonols belong to the flavonoid group and are responsible for colors and UV
protection in plants [33]. Scientists are exploring the application of flavonols in the
field of medicine, by using them to develop anticancer [34, 35], neuroprotective [36],
and cardiovascular compounds [37, 38]. The fluorescent properties of flavonols are
also being studied [39, 40].

The aim of this work is the synthesis and the investigation of the properties of
(E)-3-(hetero)aryl-1-(3-hydroxy-1-phenyl- 1 H-pyrazol-4-yl)-prop-2-en-1-ones and 6-
(hetero)aryl-5-hydroxy-2-phenylpyran[2,3-c]pyrazol-4(2H)-ones when using 1-
phenyl-1H-pyrazol-3-ol as a starting material.
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The proposed tasks to achieve the above stated aim were as follows:

1. To apply the Claisen—Schmidt reaction conditions to synthesize new
heterocyclic chalcones from 4-formyl- or 4-acetyl-1-phenyl-1H-pyrazol-3-
ols and the corresponding acetophenones or carbonyl compounds.

2. To investigate the reactions of the obtained heterocyclic chalcones with
hydroxylamine and to determine the structure of the resulting compounds.

3. To use the obtained heterocyclic chalcones under Algar—Flynn—Oyamada
reaction conditions to obtain pyrano[2,3-c]pyrazole derivatives.

4. To apply Pd-catalyzed reactions with intermediate 2,6-diphenyl-4-0x0-2,4-
dihydropyrano[2,3-c]pyrazol-5-yl trifluoromethanesulfonates to obtain
various S-substituted pyrano[2,3-c]pyrazole-4(2H)-ones from 6-aryl-2-
phenyl-5-hydroxypyran[2,3-c]pyrazol-4(2H)-ones.

5. To investigate the photophysical properties of the synthesized compounds.

Scientific novelty:

For the first time, new 6-(hetero)aryl-2-phenyl-5-hydroxypyrano[2,3-
c]pyrazole-4(2H)-ones were synthesized through four reaction stages when using
readily available 1-phenyl-1H-pyrazol-3-ol. In this synthesis, (E)-1-(3-hydroxy-1-
phenyl-1H-pyrazol-4-yl)-3-(hetero)arylprop-2-en-1-ones were employed in reactions
with hydroxylamine to obtain pyrazole-isoxazoles. Additionally, a 15N-labeled 3/5-
(3-methoxy-1-phenyl-1H-pyrazol-4-yl)-5/3-phenyl-15N-1,2-oxazole was
synthesized. The introduction of the "N isotope into azaheterocycles is an important
method for studying molecular structures, thereby significantly expanding the
possibilities of using NMR methods. O-alkynylation reactions of 5-
hydroxypyrano[2,3-c]pyrazol-4(2H)-ones were performed to obtain 2,6-diphenyl-5-
methoxypyrano[2,3-c]pyrazol-4(2H)-one, 2-phenyl-6-(1-methylpyridin-1-ium-4-yl)-
4-0x0-2,4-dihydropyrano[2,3-c]pyrazol-5-olate, and 2-phenyl-6-(1-methylpyridin-1-
um-3-yl)-4-ox0-2,4-dihydropyrano[2,3-c]pyrazol-5-olate. By performing Pd-
catalyzed reactions with 5-trifluoromethanesulfonate, the corresponding new 5-
alkenyl-, 5-alkynyl-, and 5-arylhydroxypyrano[2,3-c]pyrazol-4(2H)-ones were
obtained. The crystal of the obtained compound, 2-phenyl-6-(1-methylpyridinium-4-
yl)-4-0x0-2,4-dihydropyrano[2,3-c]pyrazol-5-olate, was grown, and X-ray diffraction
analysis was performed. The compound was assigned the CCDC-2287991 code in the
CSD database. The newly synthesized compounds contribute to the library of organic
chemistry compounds which are potentially applicable in the creation of more
complex molecules and which are subject to biological activity investigations. The
photophysical studies of the compounds showed the ability of pyrano[2,3-c]pyrazole-
4(2H)-ones to exhibit dual-emission fluorescence with a large Stokes shift. The
structures of these compounds can be further explored for potential applications as
biomarkers.

Main statements to be defended:

1. 1-phenyl-1H-pyrazol-3-ol as the starting compound can be utilized in the
synthesis of heteroaromatic chalcones such as (2F)-3-aryl-1-(3-hydroxy-1-
phenyl-1H-pyrazol-4-yl)prop-2-en-1-ones and their analogues, as well as
(E)-1-aryl-3-(3-hydroxy- 1-phenyl-1H-pyrazol-4-yl)prop-2-en-1-ones and
their analogues.
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2. The structure of (2E)-3-aryl-1-(3-hydroxy-1-phenyl-1H-pyrazol-4-yl)prop-
2-en-1-ones is well-suited for obtaining pyrano[2,3-c]pyrazol-4(2H)-ones
by applying the Algar—Flynn—Oyamada reaction conditions.

3. 6-aryl-5-hydroxypyran-2-phenyl-[2,3-c]pyrazol-4(2H)-ones can be utilized
in Pd-catalyzed reactions to obtain various S-substituted pyrano[2,3-
clpyrazol-4(2H)-ones through intermediates of 2,6-diphenyl-4-oxo0-2.,4-
dihydropyrano[2,3-c]pyrazol-5-yl trifluoromethanesulfonates.

RESULTS AND DISCUSSION

5.1. Synthesis of phenyl-pyrazole chalcones
5.1.1 Synthesis of 1-phenyl-1H-pyrazol-3-yl acetate and 1-(3-hydroxy-1-
phenyl-1H-pyrazol-4-yl)ethan-1-one

The  target hybrid chalcones, (£)-1-(1-phenyl-1H-pyrazol-4-yl)-3-
(hetero)arylprop-2-en-1-ones, were synthesized by using a starting material which
was obtained from 1-phenyl-1H-pyrazol-3-ol (1) after several stages, resulting in 1-
(3-hydroxy-1-phenyl-1H-pyrazol-4-yl)ethan-1-one (3).

In the first stage, compound 1 was reacted with acetic anhydride (Scheme 5.1).
Various reaction conditions were tested, including the use of acylating agents such as
acetyl chloride (Table 5.1, entry 1 [174]) or acetic anhydride (Table 5.1, entry 2 [175],
3 [176]), solvents like chloroform or toluene, and different bases like TEA or NaHCO3
(Table 5.1). The best results were obtained when the reaction was being carried out
with the use of acetic anhydride in toluene and NaHCOj3 as the base, which resulted
in the product 1-phenyl-1H-pyrazol-3-yl acetate (2) with a yield of 92% (Table 5.1,
entry 3).

-
(0]

HO

39

Reaction conditions: i) Ac,0,
NaHCOg, toluene, 24 °C, 16 h.

Scheme 5.1. Synthesis of 1-phenyl-1H-pyrazol-3-yl acetate

Table 5.1. Optimization of the synthesis of 1-phenyl-1H-pyrazol-3-yl acetate

Entry. Acylating Solvent Base Temperature Reactlon Yield
agent time

1 acetyl Chloroform | TEA | 24°C 1h 55%
chloride
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2 acetic Toluene 100 °C 0.5h 75%
anhydride

3 acetic Toluene NaHCO; | 24 °C 16 h 929
anhydride

In the second stage of the synthesis, the Fries rearrangement reaction of 1-
phenyl-1H-pyrazol-3-yl acetate (2) was performed by using AICl; as a base (Scheme
5.2) [177]. The resulting product was 1-(3-hydroxy-1-phenyl-1H-pyrazol-4-yl)ethan-
1-one (3), obtained with a yield of 83%.

0]

— o)

o Ho%fu
@ @

Reactlon conditions: i 082
AICl3, 50 °C, 5 h.; HCI, 0 °C to
r. t., 16 h.

Scheme 5.2. Synthesis of 1-(3-hydroxy-1-phenyl-1H-pyrazol-4-yl)ethan-1-one

5.1.2. Synthesis of (E)-1-(3-hydroxy-1-phenyl-1H-pyrazol-4-yl)-3-
(hetero)arylprop-2-en-1-ones

The compound 1-(3-hydroxy-1-phenyl-1H-pyrazol-4-yl)ethan-1-one (3) was
further utilized in the Claisen—Schmidt reaction with various benzaldehydes and
heteroaromatic carbonyl compounds (Scheme 5.3). The condensation was carried out
under the classical conditions, with ethanol as a solvent and NaOH as a base. The
reaction was conducted at 55 °C for 3—4 hours. Chalcones 4-18 were obtained with
the yields ranging from 25% to 95%. It is noteworthy that the reactions performed
best with furan-3-carbaldehyde, 2-naphthaldehyde, and 4-(pyrrolidin-1-
yl)benzaldehyde, yielding products 12, 13, and 16 with 94-95% yields. The lowest
yields were obtained for chalcones from the reaction of ethanon 3 with
isonicotinaldehyde and 4-(dimethylamino)benzaldehyde, which resulted in products
9 and 10 with the yields of 25-36%.

(0} (@) /R 4 R=Ph-; 5 R=-chinolin-3-il; 6 R=4-MeOPh-;
HO I HO 7 R=4-CIPh-; 8 R=piridin-3-il-; 9 R=piridin-4-il-;
I R™H I 10 R=4-(CH3),NPh-; 11 R=tiofen-2-il-;
N. N .

N i N 12 R=furan-3-il-; 13 R=naftalen-2-il-;
lé’h Ph 14 R=2,4-diMeOPh-; 15 R=3,4-diMeOPh-;
3 4-18 (25-95%) 16 R=4-(pirolidin-1-il)Ph-;

17 R=4-(piperidin-1-il)Ph-;
18 R=4-(morfolin-4-il)Ph-.
Reaction conditions: i) the corresponding carbaldehyde, NaOH, EtOH, 55 °C, 3-5 h.
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4 (88%)
o)
HO 4 Cl
/
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N
Ph
7 (77%)
o) /
HO / N, HO
/
N ) N
N
Ph
10 (25%)

Ph Ph
13 (94%) 14 (75%)
0 0
0 3 s S0
/ /
N N
N N \
Ph Ph Ph
16 (94%) 17 (47%) 18 (75%)

Scheme 5.3. Synthesis of (E)-1-(3-hydroxy-1-phenyl-1H-pyrazol-4-yl)-3-
(hetero)arylprop-2-en-1-ones

During the reaction of 1-(3-hydroxy-1-phenyl-1H-pyrazol-4-yl)ethan-1-one (3)
with 4-fluorobenzaldehyde, it was observed that, in addition to the intended Claisen—
Schmidt reaction product, a side product — 3-(4-ethoxyphenyl)-1-(3-hydroxy-1-
phenyl-1H-pyrazol-4-yl)prop-2-en-1-one (20) — was formed (Scheme 5.4). It is
believed that the formed chalcone 19 undergoes a further SnAr reaction, where the
ethoxide ion, acting as a nucleophile, attacks the 4-C atom of the benzene ring which
carries a partial positive charge. Upon attachment of the ethoxide ion, the system loses
F-, and the aromaticity is restored [178].

To avoid forming the side product 20, the reaction of ethanon 3 with 4-
fluorobenzaldehyde was carried out by using an aprotic solvent, dioxane, and sodium
hydroxide dissolved in a small amount of water. The reaction was conducted for 16
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hours at 65 °C, yielding the product 19 with a 70% yield. Similar conditions were
employed for the synthesis of compound 21.

o} o} OEt
R
HO / HO /
i 7\ + 0\
o —— N N
2 Q)LH ’:DQhR=-F (28%) ZQ (24%)
HO>_§\\ R °
; AN
N.N\ o
‘ R
Ph HO /
3 i 7
LN \
N
Ph

19 R=-F (70%);
21 R=-OCF3 (58%).
Reaction conditions: i) NaOH, EtOH, 55 °C, 3-5 h.; ii) dioxane, NaOH, H,O, 65 °C, 16 h.

Scheme 5.4. Synthesis of compounds 19-21

Additionally, the synthesis of (E)-1-(3-alkoxy-1-phenyl-1H-pyrazol-4-yl)-3-
(hetero)arylprop-2-en-1-ones 22-30 was performed (Scheme 5.5). The products of the
Claisen—Schmidt condensation 4-7, 11, 12, 19 were used in the O-alkylation reaction
with methyl-, propyl-, and 2-methoxyethylhalides. The products were obtained with
yields ranging from 43% to 96%.

(o) / R (o) / R 22 R=Ph-; R{=Me-;
HO R1O 23 R=chinolin-3-il-; R{=Me-;
7,—§J i 7/—§J 24 R=4-CIPh-; R;=Me-:
N. ~ Ny 25 R=4-FPh-; Ry=Me-;

N
Ph Ph 26 R=4-MeOPh-; Ry=Me-;
4-7,11, 12,19 22-30 (43-96%) 27 R=tiofen-2-il-; Ry=Me-;

28 R=furan-3-il-; R{=Me-;

29 R=Ph-; Ri=MeOCH,CHj-;

30 R=Ph-; R4=CH3CH,CH>-.
Reaction conditions: i) NaH, DMF, 0 °C, alkylhalide, 40 °C, 1 h.
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Ph Ph

23 (72%) 24 (80%)
26 (48%) 27 (60%)
0
o / ’\fo
/
Ph
28 (77%) ( 0%) 30 (96%)

Scheme 5.5. Synthesis of compounds 22-30
5.1.3. Synthesis of (E)-3-(3-benzyloxy-1-phenyl-1H-pyrazol-4-yl)-1-arylprop-
2-en-1-ones

To expand the library of chalcones, (£)-3-(3-benzyloxy-1-phenyl-1H-pyrazol-
4-y1)-1-phenylprop-2-en-1-ones (Scheme 5.6) were synthesized by using 1-phenyl-
1H-pyrazol-3-ol 1. The products 33—37 were obtained through three reaction stages.
In the first stage, 1-phenyl-1H-pyrazol-3-ol 1 was treated with benzyl chloride and
NaH (60% mixture in mineral oil) in dimethylformamide (DMF) under inert
conditions at 60 °C for 1 hour [179]. The resulting 3-(benzyloxy)-1-phenyl-1H-
pyrazole 31 participated in the second stage by undergoing Vilsmeier—Haack
formylation. The intermediate product 32 was obtained by reacting compound 31 with
phosphorus oxychloride in DMF at 70 °C for 1 hour [180]. In the third stage,
compound 32 reacted with various 4'-substituted acetophenones in ethanol, catalyzed
by sodium hydroxide, at 55 °C for 30 minutes [181]. The yields of the obtained
products 33-37 ranged from 66% to 97%.
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o)
;i \ i 7_/\/ i >—/</ ii M A
Ns \ . Ns \ - . Ns \ N/, \ 34 R—Meo-,
N N N N 35 R=-Cl;
Ph Ph Ph Ph 36 R=-F:
1 31 (95%) 32 (78%) 33-37 (66-97%) 37 R=-N(CHs),.

Reaction conditions: i) NaH, DMF (dry), and 0 °C; alkylhalide, 70 °C, 1 h.; ii) POCl; DMF,
-10 °C to 70 °C, 1 h.; iii) NaOH, EtOH, 55 °C, 30 min.

/ /
(0] Cl R —N
(0] (0] (0] (0] (0]

BnO ) BnO \ BnO \ BnO \ BnO )
! ! ! ! !

N. ) N. ) N. \ N. \ N. )
N N N N N

Ph Ph Ph Ph Ph

33(66%) 34 (68%) 35 (97%) 36 (79%) 37 (85%)
Scheme 5.6. Synthesis of (E)-3-(3-benzyloxy-1-phenyl-1H-pyrazol-4-yl)-1-arylprop-2-en-1-
ones

The obtained (£)-3-[3-(benzyloxy)-1-phenyl-1H-pyrazol-4-yl]-1-arylprop-2-
en-1-ones 33-36 were additionally treated with trifluoroacetic acid in toluene to yield
(E)-3-(3-hydroxy-1-phenyl-1H-pyrazol-4-yl)-1-arylprop-2-en-1-ones 38—41 with
good yields (36—83%) (Scheme 5.7) [179].

o) HO
N/_ ) ! N/_ )
N — N
38 R=Ph-;
39 R=4-OMePh-;
40 R=4-CIPh-;
33-36 38-41 (36-83 %) 41 R=4-FPh-.

Reaction conditions: i) TFA, toluene, r.t., 24 h.
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(@] (0] (0] (@)
Ho_ ) HO_ ) HO_ ) o )
I\ I\ I\ I\
N. X N. .
N Ny N "y
Ph Ph Ph Ph
38 (60%) 39 (36%) 40 (83%) 41 (67%)

Scheme 5.7. Synthesis of (E)-3-(3-hydroxy-1-phenyl-1H-pyrazol-4-yl)-1-phenylprop-2-en-
1-ones

5.2. NMR Analysis of Pyrazole Chalcone Derivatives

The structures of the newly obtained compounds were confirmed by using
NMR, MS, HRMS, and IR spectroscopy methods. For example, (2E)-1-(3-methoxy-
1-phenyl-1H-pyrazol-4-yl)-3-phenylprop-2-en-1-one 22 exhibited strong long-range
interactions in the 'H-3C HMBC, 'H-"*C H2BC, and 'H-"’N HMBC spectra. These
interactions, along with data from the 1,1-ADEQUATE experiment, allowed for clear
assignments of 'H, *C, and "N NMR resonances (Figure 5.1). For instance, the
pyrazole 5-H proton (singlet, § 8.42 ppm) showed not only long-range interactions
with the entire 1H-pyrazol-4-yl moiety but also a strong interaction with the furthest-
shifted *C resonance undoubtedly belonging to the carbonyl carbon (8 183.3 ppm).
These assignments, along with the 1,1-ADEQUATE experiment data, enabled the
assignment of the adjacent carbon signal at 124.3 ppm, thereby indicating the sole
interaction with the aforementioned carbonyl carbon. Additionally, the protonated
carbon also interacts with the adjacent olefinic carbon resonating at § 142.6 ppm. With
this information and the data obtained from the 'H-'*C HSQC spectrum, it was
possible to identify the olefinic protons Ha (6 7.63 ppm) and Hy (8 7.82 ppm) which
appeared as an AB-spin-spin system of two doublets (*Juam» = 15.7 Hz) in the
spectrum. In the analyzed compound 1H-1H NOESY spectrum, NOE interactions
were observed between the phenyl group 2"(6")-H protons and both olefinic H, and
Hp proton signals. Additionally, the H, proton exhibited NOE interaction with the
pyrazole 5-H proton, thus confirming the conformation of compound 22.
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Fig. 5.1. Relevant *H-3C HMBC, *H-13C H2BC, *H-*N HMBC, *H-'H NOESY and 1,1-
ADEQUATE correlations and *H NMR (italics), **C NMR and >N NMR (bold) chemical
shifts of compound 22

For the determination of the structure of (2E)-3-[3-(benzyloxy)-1-phenyl-1H-
pyrazol-4-yl]-1-phenylprop-2-en-1-one 33, data from 'H-'*C HMBC, 'H-"*C H2BC,
'H-13C HSQC, and 'H-'N LR-HSQMBC spectra was utilized (Figure 5.2). In the case
of this compound, the pyrazole 5-H proton (singlet 6 7.99 ppm) was easily identified
due to its long-range HSQMBC interactions with the adjacent N-1 "pyrrolic" (8 —
184.3 ppm) and N-2 "pyridinic" (5 —118.0 ppm) nitrogen atoms, as well as HMBC
interactions with the quaternary C-3 (6 162.8 ppm) and C-4 (6 107.4 ppm) carbons.
'H-1*C HSQC data showed that the pyrazole 5-H proton was attached to the C-5
carbon (6 129.0 ppm). This data confirmed the connection of the 1H-pyrazol-4-yl
fragment with the adjacent 1-phenylprop-2-en-1-one fragment whose H. olefinic
proton in the HMBC spectrum showed long-range interactions with the carbons of the
pyrazole ring.

The E-configuration of the C=C double bond was unambiguously determined
from the vicinal couplings between the olefinic protons H, (6 7.77 ppm) and H (6
7.74 ppm), which appeared as an AB-spin-spin system of two doublets (*Juau, = 15.4
Hz). As expected, in the 'H->C HMBC spectrum, there were separate long-range
interactions between these olefinic protons and the phenyl group’s 2"(6")-H protons
(8 7.96—7.97 ppm) with a characteristic carbonyl carbon signal (5 190.4 ppm).

The 'H-'H NOESY spectrum data revealed interactions identifying protons
located close to each other in space. In this case, clear interactions were observed
between the pyrazole ring proton 5-H and the olefinic proton H,, while the 2"(6")-H
proton of the phenyl group had interactions with the olefinic proton Hy. The CH,
protons of the benzyloxy fragment (8 5.50 ppm, singlet) in the 'H-'*C HMBC
spectrum showed interactions with the C-3 carbon of the pyrazole ring and the C-
2""(6"") carbon of the phenyl ring (6 128.0 ppm).
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Fig. 5.2. Relevant *H-3C HMBC, *H-'3C H2BC, 'H-**N LR-HSQMBC and *H-'H NOESY
correla-tions and *H NMR (italics), **C NMR and >N NMR (bold) chemical shifts of
compound 33

5.3. Utilization of Pyrazole Chalcones in the Synthesis of Pyrazolylisoxazole
Derivatives.

Chalcone cyclization to obtain pyrazole-isoxazole derivatives was explored in
more detail. Initially, experiments were conducted by treating chalcone’s double bond
with a brominating agent (NBS) followed by hydroxylamine hydrochloride (Scheme
5.8). However, in the first stage, the obtained product did not exceed a yield of 17%,
whereas, after cyclization, the yield reached 18% [182]. The overall two-stage yield
did not exceed 3 percent.

.

[42] (16%) 43 (18%)
Reaction conditions: i) NBS, ACN, 80°C, 2 h. ii) NaOH, NH,OH HCI, EtOH, 60°C, 6 h.

Scheme 5.8. Synthesis of compounds [42] and 43

In the next stage of the study, experiments were conducted on the synthesis of
compound 45 from chalcone 22 in order to obtain the target compound in one step
(Table 5.2). When the experiment was carried out with compound 22 and
hydroxylamine hydrochloride by using pyridine as a base in 2-propanol, yields of up
to 5% were obtained [183]. This and other test reactions were carried out in two ways.
Without using sodium sulfate and removing the water formed during the reaction
using anhydrous sodium sulfate (Table 5.2, entries 1 and 2). By replacing the base
with sodium acetate and the solvent with DMSO, the target product was not formed
(Table 5.2, entries 3 and 4 [184]). However, 5-phenyl-3-(1-phenyl-3-methoxy-1H-

133



pyrazol-4-yl)-2,5-dihydro-1,2-oxazole was isolated with a yield of 25%. This
compound was attempted to be oxidized, but the desired product was not obtained. In
further optimization reactions, sodium or potassium hydroxide was used as the base
and ethanol as the solvent. During the experiments, when potassium hydroxide was
used as the base, the product was obtained with a yield of 20% (Table 5.2, entry 8). In
the reaction where sodium hydroxide was used as the base, compound 45 was formed
with a yield of 30% (Table 5.2, entry 5 [185]). During the reaction, when anhydrous
sodium sulfate was used, a yield of up to 9% higher was obtained (Table 5.2, entry 6).
Similar experiments were conducted with chalcones 4, 7, and 22, 24, where isoxazoles
43—46 were formed with low yields (Scheme 5.9). It is believed that the formation of
side isoxazoline products led to low product yields.

Table 5.2. Optimization of compound 43

Entry | Base Solvent Temperature, | Time, | Na,SO4 | Yield, %
°C h.

1 Pyr 2- 83 6 - 3
propanol

2 Pyr 2- 83 6 + 5
propanol

3 CH3;COONa | DMSO 120 6 - 0

4 CH;COONa | DMSO 120 6 + 0

5 NaOH EtOH 79 16 - 30

6 NaOH EtOH 79 16 + 39

7 KOH EtOH 79 16 - 12

8 KOH EtOH 79 16 + 20
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R1
]
N

4,7,22,24 43-46
43 R{=-OMe, R,=-H, 39%;
44 R,=-OMe, R,=-ClI, 25%;
45 R1=-OH, R2=-H, 25%;
46 R4=-OH, R,=-Cl, 12%.
Reaction conditions: i) NaOH, NH,OH HCI, Na,SO,4, EtOH,
b.p., 16 hours.

Scheme 5.9. Synthesis of compounds 43—46

After obtaining the results of optimization, it was decided to search for a more
selective and efficient way to obtain pyrazole-isoxazole products. Treating chalcone
22 with N-hydroxy-4-toluenesulfonamide (TsNHOH), NaOH in an ethanol-water
mixture (9:1) [186—189] resulted in the regioselective formation of 5-(1H-pyrazol-4-
yl)-3-phenyl-1,2-oxazole (47) with a yield 37%. The regioselective formation of 1,2-
oxazole can be attributed to the enhanced nucleophilicity of the nitrogen atom in the
TsNHOH group [189].

The regioselective formation of pyrazole-isoxazole was confirmed through
NMR studies. The unequivocal formation of the 1,2-oxazole (isoxazole) group was
identified from the 'H-'N HMBC spectrum data. In this spectrum, long-range
interactions were observed between the isoxazole 4-H proton (6.77 ppm) and the
resonance of the N-2 nitrogen atom at -18.6 ppm, which is consistent with the
literature data [190]. 2 Hz optimized 'H-""N HMBC spectra confirmed this structure,
as the phenyl part protons 2"(6”)-H (6 7.88 ppm) exhibited long-range interactions
with the 1,2-oxazole nitrogen. Furthermore, in the '"H-'3C HMBC spectrum, the same
phenyl part protons 2"(6")-H (6 7.88 ppm) displayed interactions with the C-3 carbon
(162.8 ppm). The pyrazole 5-H proton (the singlet at 8.24 ppm) interacted with the C-
5 carbon of the isoxazole ring whose resonance was at 162.9 ppm.
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—~ 2 Hz optimized
__ 'H-®NHMmBC

TN s
47 (37%) H-'"C HMBC
Fig. 5.3. Correlations of compound 47

To avoid any ambiguity in proving this structure, '"N-labeled pyrazole
isoxazoles 48 and 49 were synthesized like 43. Reacting chalcone 22 with 'N-
hydroxylamine hydrochloride resulted in an inseparable mixture of regioisomers 48
and 49 in a ratio of 9:1 (Scheme 5.10). The introduction of a labeled "N atom into
azaheterocycles is an important method for investigating molecular structures, thereby
significantly expanding the possibilities of using NMR methods [191]. Aromatic
heterocyclic structures labeled with "N often exhibit well-resolved 'H-">N (Jun) and
BC-BN (Jen) coupling constants, allowing for clear resolution of corresponding
signals in 1D *C NMR and 1D 'H NMR spectra [192, 193].

2Jcrinz = 711 Hz  2Jcqno = 8.40 Hz

SJoznz =228 HZ 30, 0= 1.92 Hz
%Jcsng = 1.47 Hz

HaC-O HaC-0 ([’
. ! »=2.25Hz
N »=1.11 Hz
55 “NHZ0H HCI N “Josnz = 1.52 Hz
NaOH ©
49
major regioisomer minor regioisomer

Scheme 5.10. Synthesis and correlations of '°N -labeled 1,2-oxazoles 48 and 49

In the case of *N-labeled pyrazole isoxazoles 48 and 49, the 'H-'SN (Jin)
spectroscopic data did not provide significant information regarding the *Jusn>
coupling constants which were 1.23 Hz and 1.31 Hz for the major and the minor
regioisomers, respectively. As expected, the unambiguous assignment of
regioisomeric 1,2-oxazoles was achieved by carefully analyzing the “C-"*N (Jcn)
coupling constants obtained from the *C NMR spectrum. Spin-spin interactions
between the 3C-'"N nucleus were observed for the major regioisomer in the C-3’
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("Jeyno = 2.89 Hz), C-4° (Jcanr = 1.23 Hz), and C-5’ (JJes-n2: = 1.39 Hz) signals of
the 1,2-oxazole group, as well as %Jen and *Jon interactions with the adjacent phenyl
ring. Similar data was observed for the minor regioisomer where the 'Jon coupling
constant was larger than the 2Jcn coupling constant in the 1,2-oxazole group, C-3’
(YJerne = 2.25 Hz), C-4 ((Jean2 = 1.11 Hz), and C-5" (3Jcsn2: = 1.52 Hz), which
correlates with the literature data [194]. Additionally, the interactions of 2Jen and *Jen
with signals from the pyrazole fragment were observed. These '*C-'*N spin-spin
interactions with the adjacent phenyl and pyrazole groups provided additional criteria
to confirm the final structures of pyrazole isoxazoles 48 and 49.

5.4. Synthesis of Flavonols
5.4.1. Synthesis of pyrano[2,3-c]pyrazol-4(2H)-ones

In a subsequent study, the Algar—Flynn—Oyamada (AFO) synthetic chemical
reaction method was applied for the synthesis of new pyrano[2,3-c]pyrazol-4(2H)-
ones 50-59. The AFO reaction is a stepwise process in which chalcones are converted
into flavonols through oxidative cyclization using hydrogen peroxide in an alkaline
medium [66]. The outcome of the AFO reaction depends on the choice of the base;
therefore, chalcone 4 was used for optimizing the reaction conditions. Various organic
and inorganic bases (NaOH, KOH, NaOAc, TEA, and NaHCO3) were investigated in
different ethanol/water mixtures, and the influence of different amounts of hydrogen
peroxide on the product formation was studied (Table 5.3). When using sodium
acetate, sodium bicarbonate, sodium carbonate, and sodium hydroxide in a mixture of
water and ethanol with 5 equivalents of H»O,, the product was obtained only with
sodium hydroxide as the base, and yielding 24%. No product was formed with the
other bases. Using TEA as the base and ethanol with 5 equivalents of H,O; did not
yield the product, either. Experiments with sodium and potassium hydroxide in
ethanol revealed that the use of 5 equivalents of H,O» resulted in a better reaction with
sodium hydroxide, thus giving a more than-3-times-higher yield. The reduction of the
amount of H>O, equivalents to 2.5 when using sodium hydroxide led to a decrease in
yield to 49%, while using up to 10 equivalents of H,O, dramatically reduced the yield
to 19%. X. Shen and colleagues attempted to cyclize chalcone (2E)-1-(2-hydroxy-6-
methoxyphenyl)-3-(4-methoxyphenyl)prop-2-en-1-one and observed that the AFO
reaction with higher equivalents of the base and H»>O, led to the formation of 4-
methoxybenzaldehyde and 2-hydroxy-6-methoxybenzoic acid [68].

Table 5.3. Table of optimization for compound 50

OH
@) —
HO / o 0
f f
N. ) — > N. )
4 52
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No. Base (5 eq) Solvent H>0s (eq) Yield (%)
1 NaOAc EtOH/H,0, 2:1 |5 0%

2 NaHCOs EtOH/H,0, 2:1 |5 0%

3 NaxCOs EtOH/H,0, 2:1 |5 0%

4 N(Et)3 EtOH 5 0%

5 NaOH EtOH/H,0, 2:1 |5 24%

6 NaOH EtOH 5 58%

7 NaOH EtOH 2.5 49%

8 NaOH EtOH 10 19%

9 KOH EtOH 5 17%

The best results were obtained by using NaOH in ethanol and adding 5
equivalents of H>O,. Chalcones 4-9, 11-13 and 15 when stirred with hydrogen
peroxide in alkaline ethanol at -25 °C for 2 hours, followed by room temperature
overnight, yielded flavonol analogs 50-59 with yields ranging from 21% to 85%
(Scheme 5.11). Pyrano[2,3-c]pyrazol-4(2H)-ones 54, 56, and 59 were obtained with
the lowest yields (21-32%) when chalcones with furan-3-yl or naphthalen-2-yl
substituents (13, 12, and 5, respectively) were used as the starting materials for the
AFO reaction. Unfortunately, when attempting the AFO reaction with chalcones 16—
19, only traces of the desired pyrano[2,3-c pyrazol 4(2H) ones were obtained.

50 R = Ph-;
51 R = 4-CIPh-;
HO Q /R qd 52 R = 4-MeOPh-;
53 R = 3,4-diMeOPh-;
N/_ \ N/ \ 54 R = naftalen-2-il-;
N N 55 R = tiofen-2-il-;
56 R = furan-3-il-;
57 R = piridin-4-il-;
58 R = piridin-3-il-;
4-9,11-13, 15 50-61 (21-85%) 59 R = chinolin-3-il-.

Reaction conditions: i) NaOH, H,0,, -25 °C, 2 hours, and r. t., 16 hours.

cl MeO MeO  OMe
OH OH OH OH

0 o O 0 0 0 o

/ / / /

N N N N

N N N N

Ph Ph Ph Ph

50 (58%) 51 (63%) 52 (51%) 53 (67%) 54 (32%)
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0
]
N
| N | I |
Ph Ph Ph Ph Ph
55 (62%) 56 (30%) 57 (53%) 58 (85%) 59 (21%)

Scheme 5.11. Synthesis of compounds 50-59

Based on the reaction mechanism studies presented in the literature [66—68], the
formation of 6-(hetero)aryl-5-hydroxy-2-phenylpyrano[2,3-c]pyrazol-4(2H)-ones
from (E)-1-(3-hydroxy-1-phenyl-1H-pyrazol-4-yl)prop-2-en-1-ones, by using the
AFO reaction conditions, can proceed through two different pathways, as illustrated
in Scheme 5.12, using the transformation of 4 into 50 as an example. According to the
method proposed by X. Shen et al. [68], epoxide A is initially formed (Scheme 5.12,
pathway A), which then transforms into 5-hydroxy-2,6-diphenyl-5,6-
dihydropyrano[2,3-c]pyrazol-4(2H)-one B and is oxidized to the target 5-hydroxy-2-
phenylpyrano[2,3-c]pyrazol-4(2H)-one 50. Alternatively, as suggested in the work by
D. Ferreira et al. [195], pyrazole-chalcone 4 can first undergo cyclization to form 2,6-
diphenyl-2,6-dihydropyrano[2,3-c]pyrazol-4-ol C (Scheme 5.12, pathway B) which
can then be attacked by hydrogen peroxide and subsequently oxidized to form 50.

\ Ph  OH Ph  OH
o) Ph —
HO / A (0] (6] (e} (0]
>/_§j NaOH, H,0, ~ ;:;: [0] ;
NN\ E— Ph Hg-OH N_N\ — NN\
q Qb <JINe
A\
N.
4 /

Scheme 5.12. Probable reaction mechanism of AFO
5.4.2. Alkylation Reactions of Hydroxy Pyrano|2,3-c]pyrazol-4(2H)-ones

The obtained 5-hydroxy-2,6-diphenylpyrano[2,3-c]pyrazol-4(2H)-one (50) was
used in an O-alkylation reaction. Compound 50 was treated with methyl iodide in
dioxane in the presence of cesium carbonate at 40 °C for 3 hours (Scheme 5.13). The

139



yield of the purified compound, 5-methoxy-2,6-diphenylpyrano[2,3-c]pyrazol-4(2H)-
one (60), was 79%.

Ph  OH Ph  O—
o;?:o i o 0
/N /N

N
50 60 (79%)

Reaction conditions: i) Cs,COj3;, Mel,
dioxane, 40 °C, 3 hours.

Scheme 5.13. Synthesis of compound 60

Flavonols 57 and 58 were also used in an alkylation reaction (Mel, Cs,COs3,
dioxane, 40 °C). In the case of these compounds, zwitterionic pyrano[2,3-c]pyrazole
derivatives (61 and 62, Schemes 5.14 and 5.15) were formed. A possible mechanism
for obtaining compound 61 is presented in Scheme 5.14. It is likely that, initially,
when reacting the pyridine-containing compound 57 with methyl iodide, the
formation of the methylpyridinium iodide salt (63) occurred. This was confirmed
when compound 57 was alkylated without using a base, and salt 63 was obtained in a
78% yield. The subsequent action of this salt with a base led to the formation of
methylpyridinium hydroxide Y, which, upon removal of a water molecule, resulted in
the formation of the corresponding structure 61. This structure exists as a resonating
hybrid of zwitterionic A and neutral B molecules. S. K. Pat and others investigated
the two-photon absorption (TPA) process in 4-quinopyran derivatives. They observed
that, in the neutral molecule, the bond connecting the phenyl and pyridine fragments
is double, while, in the zwitterionic state, this bond is single [196].
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OH 1. Mel, Cs,CO4
dioxane, 40 °C

Q O 16h.
2. H,0
iNJ
57 . Mel, dioxane 61 (59%)

\fo °C, 24 h. ! 'H|20 }
@ — J—

: Me ® o

N=
oH” ML oH
\© of o)
/

N. \

<NJ
63 (78%) L Y _

Scheme 5.14. A possible mechanism for the formation of compound 61

Ph Ph
58 62 (65 %)
Reaction conditions: i) Cs,CO3 Mel,
dioxane, 40 °C, 16 h.

Scheme 5.15. Synthesis of compound 62
5.4.3. Synthesis of Flavonol Derivatives by Applying Pd-Catalyzed Reactions

In further studies, modification of pyrano[2,3-c]pyrazol-4(2H)-ones to the -OH
group was performed (Scheme 5.16). The hydrogen of the 5-hydroxy-2,6-
diphenylpyrano[2,3-c]pyrazol-4(2H)-one (50) -OH group was replaced with a triflate
group. This was achieved by conducting the reaction at room temperature in DCM as
a solvent, TEA as a base, and trifluoromethanesulfonyl anhydride (Tf,O) as the triflate
group source. Later, the intermediate compound 4-0x0-2,4-dihydropyrano[2,3-
c]pyrazol-5-yl-trifluoromethane sulfonate 64 participated in palladium-catalyzed
Suzuki, Heck, and Sonogashira reactions. Thus, triflate 64 in the Suzuki cross-
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coupling reaction was coupled with heteroaryl boronic acids, and products (65-70)
were obtained in good yields (39-95%). The reaction conditions can be described as
standard, where palladium tetrakis(triphenylphosphine) (Pd(PPhs)s) was used as a
catalyst, anhydrous potassium phosphate (K;PO4) as a base, and dioxane was the
solvent. Potassium bromide (KBr) was also used in the reaction, which, as known
from the literature [197], inhibits catalyst decomposition by converting phosphonium
salts into palladium bromide.

During the Heck reaction, compound 64 reacted with zert-butyl acrylate to form
tert-butyl (E)-3-(4-oxo-2,4-dihydropyrano[2,3-c]pyrazol-5-yl)acrylate (71) with a
low yield (24%). In the Sonogashira cross-coupling reaction, the reaction of
compound 64 with phenylacetylene resulted in product 72, with a yield of 71%. This
reaction proceeded under standard conditions, where the catalyst in use was
bis(triphenylphosphine)palladium(Il) dichloride (Pd(PPh3).Cl,) and copper iodide
(Cul), TEA was used as the base, and DMF was the solvent. A. Kumar and others had
to use even three times the amount of triaryl bismuth as an arylating agent to obtain
3,4-diarylpyrazoles and 4,5-diarylpyrimidines [198]. K. Dahlén and others presented
a synthetic strategy to obtain 2,3,6,8-tetrasubstituted chromones by applying Stille
coupling while modifying the third position of 4-oxo0-4H-chromen-3-yl
trifluoromethanesulfonates. It is noted in their work that the modification of this
position by using the Heck reaction was unsuccessful [199].

OH OTf
0 0 i 0 O iioriii
7\ 7\ oriv
N. N,
| N |
Ph Ph Ph
50 64 (74%) 65-72 (95-23%)

65 R=Ph-; 66 R=4-MePh-; 67 R=4-MeOPh-; 68 R=4-CIPh-; 69 R=thiophen-3-
yl=; 70 R=thiophen-2-yl-; 71 R=tert-buthyl-COOCHCH-; 72 R=phenylethinyl-.
Reaction conditions: i) DCM, TEA, Tf,0, 24 °C, 16 hours; ii) K3POy4, KBr,
dioxane, the corresponding (hetero)arylboronic acid, Pd(PPhs)4, 90 °C, 16 hours
(for compounds 65-70); iii) TEA, tert-butyl acrylate, DMF, Pd(PPh3),Cl,, 100 °C,
72 hours (for compound 71); iv) TEA, Cul, DMF, phenylacetylene, Pd(PPh3),Cl,,
65 °C, 1 hour (for compound 72);

Ph Ph Ph
65 (95%) 66 (62%) 67 (77%)
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Ph
71 (24%) 72 (71%)
Scheme 5.16. Synthesis of compounds 65-72

During the reaction of compound 64 with aniline, the unintended product 73
was formed (Scheme 5.17). When the reaction was carried out in dioxane, while using
KOrBu as a base, ligand X-phos and catalyst Pd(OAc),, at 130 °C for 16 hours, the
formation of the product proceeded according to the nucleophilic coupling mechanism

of amines. Therefore, the target S-substituted pyran|[2,3-c]pyrazole derivative was not
formed.

Ph
64 73 (23%)
Reaction conditions: i) aniline, KOtBu, dioxane,
X-phos, Pd(OAc),, 130 °C, 16 hours.

Scheme 5.17 Synthesis of compound 73
5.4.4. NMR study of Flavonols and their Derivatives

6-(hetero)aryl-5-hydroxy-2-phenylpyrano[2,3-c]pyrazol-4(2H)-ones 50-59 and
their derivatives 60-62, 63, 64, and 65-73 were confirmed by detailed analysis of
their NMR spectroscopic data. Information essential for elucidating the structures of
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the compounds was obtained by using standard and advanced NMR spectroscopy
techniques and experiments, such as 'H-'*C HMBC, 'H-"*C LR-HSQMBC, 'H-'*N
HMBC, 'H-1*C HSQC, 'H-"*C H2BC, 'H-'H COSY, 'H-'H TOCSY, 'H-'H NOESY,
and 1,1-ADEQUATE. Since popular NMR prediction programs, such as CSEARCH,
ACD C+H NMR prediction software, and NMR chemical shift databases for
structural assignment, rely on high-quality data with clearly assigned resonances,
NMR studies were performed with the obtained compounds to accurately assign all
'H, 13C, and '’N NMR signals [200].

Representative NMR data for the mentioned new compounds is provided in
Figures 5.4 and 5.5. After obtaining flavonols 50-59, their NMR spectra were first
compared with the NMR spectra of the initial compounds, chalcones. A comparison
of the '"H NMR spectra of chalcone 4 and flavonol 50 clearly showed that the
characteristic olefinic protons (6 7.63 and 7.75 ppm) from the prop-2-en-1-one group
had disappeared. Further analysis of the *C NMR and DEPT spectra of compound
50, together with the analysis of 'H-3C HSQC spectroscopic data, showed the
presence of two new quaternary carbon atoms (6 139.16 and 144.4 ppm), and there
were no longer olefinic carbon atoms. This data suggested that oxidative cyclization
had occurred, and it resulted in the formation of a new flavonol molecule.

The pyrano[2,3-c]pyrazol-4(2H)-one-ring system, which has phenyl
substituents in the N-2 and C-6 positions, was further analyzed by using 'H-'H
NOESY spectroscopic data. This data allowed the evaluation of spatial interactions.
Clear NOE interactions were identified between the 3-H proton of the pyrazole ring
(a singlet, 6 9.38 ppm) and the 2'(6")-H protons of the nearby phenyl ring (& 8.01-8.03
ppm). These interactions confirmed the proximity of the pyrazole and phenyl
fragments in space.

The 3-H proton of the pyrano[2,3-c]pyrazol-4(2H)-one fragment was easily
identified because it had long-range HMBC interactions with the nearby "pyrrolic" N-
2 (6 —167.7 ppm) and "pyridinic" N-1 (6 —117.0 ppm) nitrogen atoms. HMBC
interactions with quaternary C-3a (6 108.3 ppm) and C-7a (& 161.2 ppm) carbons were
also identified. Quaternary carbons C-5 (& 139.16 ppm) and C-6 (5 144.4 ppm) were
assigned by comparing long-range interactions obtained from '"H-"*C HMBC and 'H-
BC LR-HSQMBC experiments. The most shielded and significantly broadened
resonance in the 'H spectrum at § 9.44 ppm was assigned to the hydroxyl group, as it
had no interactions in the HSQC spectra. Finally, by a process of elimination, the
furthest resonance in the '3C spectrum was confidently assigned to the carbonyl
carbon atom, thus concluding the identification of the pyrano[2,3-c]pyrazol-4(2H)-
one fragment.

Detailed analysis of the NMR data for compounds 50-59 showed that the
chemical shift values were very similar for these compounds. The chemical shift
values of the pyrano[2,3-c]pyrazol-4(2H)-one fragment for compounds 50-59 are
presented in Table 5.4.

Table 5.4. Relevant 'H and 1*C NMR spectral data of 6-(hetero)aryl-5-hydroxy-
2-phenylpyrano[2,3-c]pyrazol-4(2H)-ones 50-59 in DMSO-ds (6 in ppm)
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50 51 52 53 54 55 56 57 58 59
Position &y &8¢ &y ¢ Oy O Sy dc &y O Sy dc By dc oy o Oy dc &y Oc
3 9.38 126.6 9.38 126.3 9.36 126.0 9.35 126.0 9.41 126.1 9.35 126.1 9.36 126.1 9.42 126.4 9.41 127.0 9.47 126.4
3a - 108.3 - 107.9 107.9 - 107.8 - 107.8 - 108.1 - 108.2 - 107.8 - 108.5 109.2
4 - 1718 - 171.3 - 171.2 - 171.1 - 1713 - 170.4 - 170.3 - 171.2 - 1716 - 171.8
5 - 139.16 - 139.1 - 137.8 - 1379 - 139.0 - 136.5 - 136.9 - 140.9 - 1409 - 140.1
6 - 144.4 - 1427 - 144.4 - 1443 - 1438 - 1419 - 144.0 - 1405 - 140.6 - 143.4
7a - 161.2 - 160.6 - 160.7 - 160.6 - 160.7 - 160.2 - 160.2 - 160.5 - 161.1 - 161.6
5-OH 9.44 - 9.70 - 9.27 - 9.28 - 9.59 - 10.12 - 9.86 - 10.13 - 10.12 - 9.38 -
1.48 1.48
7.49 7.55-7.58 7.56-7.61  7.56-7.61 7.51-7.57 7.51-7.57 H3C CHs

CHj;

1.48

7.96-7.98
7.56-7.61

K 73 & / = % - S
71677, ~._ —1580{ ~- s N_ -
8.01-8.03 f
8.01-8.03 ‘ 8.00 ‘ - -
7.58-7.61 7.58-7.61 7.56-7.61 7.56-7.61 7.62-7.56 7.52-7.56
7.46 7.45 7.42
71 283 283
128.8 H3C CH
1300 129.0 131.6 1 3 3

302 O, 803)—CHj3

28.3

128.7 128.8

120.0 120.0
129.8 129.8 130.0 130.0
128.1 128.6
77X\ 8 Hz optimized 'H-'3C HMBC 'H-3C H2BC TTRAY5N HVBC
+7"X 2 Hz optimized 'H-3C LR-HSQMBC ~ — 1,1-ADEQUATE 4 = NOE

Fig. 5.4. Relevant '"H-'*C HMBC, 'H-"*C LR-HSQMBC, 'H-"*C H2BC, 'H-"*N HMBC,
'H-"H NOESY, and 1,1-ADEQUATE correlations, as well as '"H NMR (italics), '*C NMR, and
SN NMR (bold) chemical shifts of compounds 50 (DMSO-ds), 60 (DMSO-ds), and 71
(CDCLy)

The hydroxyl group in the fifth position allowed compound 50 to be used in O-
methylation and O-triflation reactions to form compounds 60 and 64. The
determination of the structure of compound 60 was performed following the same
logic as for compounds 50-59. Additionally, NOE interactions were observed
between the methoxy group protons (8 3.77 ppm) and the nearby phenyl group 2"(6")-
H protons (6 7.96-7.98 ppm). The formation of the O-triflate 64 derivative was
identified from the '3C NMR spectrum, where the -CF; group was observed as a
quartet at & 118.2 ppm (q, 'Jer = 320.8 Hz). Furthermore, the '"F NMR spectrum
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showed a chemical shift of 6 —74.0 ppm for the -CF3 group, which is in good
agreement with the literature data [175, 201].

The intermediate compound 64 participated in Pd-catalyzed reactions, and
compounds 65-73 were obtained. The structures of these compounds were also clearly
determined. For example, compound 71 was obtained as the E-isomer. The olefinic
protons H, (6 7.35 ppm) and Hy, (6 7.31 ppm) of the vicinal bond, which appeared in
the spectrum as an AB-spin-spin system of two doublets (*Ji., mw = 15.9 Hz),
confirmed the E-configuration of the C=C double bond beyond reasonable doubt. The
olefinic protons were easily identified, as only proton H, showed long-range HMBC
interactions with the nearby quaternary carbons C-4, C-5, and C-6 (Figure 5.4).

The NMR spectroscopic data of compound 57, which has a pyridine ring in the
6-position, showed very similar chemical shifts in the pyrano[2,3-c]pyrazol-4(2H)-
one part as in the compounds of the 50-59 series. In the 'H-'>’N HMBC spectrum, the
"pyrrolic" N-2 (8 —166.9 ppm) and "pyridinic" N-1 (6 —117.1 ppm) nitrogen atoms
from the pyrazole fragment were observed, and a new >N resonance at —62.2 ppm
was also observed. Compound 57 participated in an alkylation reaction, and the newly
formed methylpyridinium salt (compound 63) was confirmed by using 'H-""N HMBC
and '"H-'H NOESY spectral data. NOE interactions were observed between the methyl
group protons (6 4.39 ppm) and the nearby pyridine ring 2"(6")-H protons (6 9.03
ppm). These protons also had strong long-range interactions with the
methylpyridinium ring nitrogen atom (6 —183.3 ppm), and these interactions are in
good agreement with the literature data [202].

In the case of compound 61, which can exist in two forms, the '"H-"N - HMBC
spectrum showed a new "°N resonance position at 8 —214.4 ppm. Signals for 'H and
BC were also observed at positions 2", 3", 5", and 6", which, in this case, were
broadened. The main information for determining the structures of compounds 57, 61,
and 63 was obtained by thoroughly analyzing long-range interactions in 'H-"*C
HMBC, 'H-'*C H2BC, and 'H-'*C LR-HSQMBC spectral data [203].
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/ 8.04-8.07
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N
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H
-166.9 , N~ _ 7
! 0-8.03
8.00-8.03
7.56-7.61 7.56-7.61

8.0
7.46

57

127.6 128.9
7\ 8 Hz optimized 'H-13C HMBC 'H-13C H2BC “TTX1HU15N HMBC
2 Hz optimized "H-'3C HMBC — 1,1-ADEQUATE 4 = NOE

»""X\ 2 Hz optimized "H-"3C LR-HSQMBC

Fig. 5.5. Relevant 'H-'*C HMBC, 'H-"*C LR-HSQMBC, 'H-"*C H2BC, 'H-"*N HMBC,
'H-"H NOESY, and 1,1-ADEQUATE correlations, as well as 'H NMR (italics), *C NMR, and
SN NMR (bold) chemical shifts of compounds 57 (DMSO-ds), 61 (DMSO-ds), and 63
(DMSO-ds)

The experiment with compounds 57 and 61 was additionally conducted in TFA-
d solution at 25 °C (Scheme 5.18) to convert these compounds into pyridinium and
methylpyridinium acetates 74 and 75, respectively. The SN NMR spectral data
confirmed that the conversion of the compounds was successful, as "pyridine" type
15N signals were observed at § —189.2 ppm for compound 74 and at § —183.2 ppm for
compound 75. This data aligns well with the '*N signal of compound 61. Moreover,
in the case of compound 75, no broadened 'H and/or '3C signals were observed at
positions 2", 3", 5", and 6".

147



o
Me ® cF,co0
-183.5 N=

Scheme 5.18. "N NMR (bold) chemical shifts of compounds 57 (DMSO-dg), 61 (DMSO-
ds), 74 (TFA-d), and 75 (TFA-d)

5.5. Single-Crystal X-ray Diffraction Analysis

The asymmetric molecular structure of compound 61 is presented in Figure 5.6a.
The monocrystal consists of compound 61 and incorporated methanol molecules. A
hydrogen bond is formed between the methanol molecule and O(15) of compound 61
(H...O distance is 1.917 A; see Appendix 1, Table P1). An intramolecular hydrogen
bond is also observed between the enolate oxygen O(15) and the hydrogen atoms
C(17)-H(17) (H...O distance is 2.207 A). The main part of compound 61, the
pyrano[2,3-c]pyrazole moiety, is planar with phenyl and pyridin-4-yl- substituents at
N(2) and C(6) positions, respectively. These substituents are slightly twisted from the
main part’s plane. The phenyl ring is tilted by about 10°, and the pyridine ring about
6° in the clockwise direction when viewed from the pyrano[2,3-c]pyrazole moiety.
The N-methylpyridine group’s N(19)~C(22) bond length is 1.4737(14) A (Appendix
3, Table P3), and the C(17)-C(18) and C(20)-C(21) bond lengths are 1.3721(15) and
1.3633(16) A, respectively, which is consistent with known bond lengths in N-
methylpyridinium salts [204]. All atoms of the pyridine moiety lie in the same plane,
as reported in the literature [205].

The bond lengths and angles of compound 61 are provided in Appendix 3, Table
P3, and Appendix 4, Table P4. The carbonyl C=0 bond length of the pyrano-4-one is
1.2265(14) A, which is typical for ketones [206]. The C(5)-O(15) bond length
[1.2723(13) A] is shorter than a typical C—O single bond (~1.43 A) [207] but longer
than a typical C=0 double bond (~1.23 A) [208]. It is worth noting that the C(6)-O(7)
bond length [1.4135(12) A] is longer than O(7)—C(7a) [1.3387(12) A]. The N(1)-N(2)
and N(2)-C(3) bond lengths are 1.3839(12) and 1.3458(14) A, respectively, which is
consistent with known bond lengths in pyrazole compounds [209-212]. The sum of

148



the angles around the N(2) atom is 360°, which indicates that the sp? hybridized
nitrogen atom adopts a trigonal planar geometry. The molecules in the crystal are
arranged in columns composed of asymmetric units connected by hydrogen bonds
(Figure 5.6b).

(a)
Fig. 5.6. ORTEP view of compound 61: (a) asymmetric unit; (b) crystal cell and
hydrogen bonds

5.6. UV Study of Flavonols

Over the past 20 years, a greater interest has been observed in the biological
activity of flavonols (3-hydroxyflavones) and their noticeable fluorescence properties
[213, 214]. From a photophysical perspective, the interest in these molecules focuses
on the fact that they undergo an Excited State Intramolecular Proton Transfer Process
(ESIPT), which results in the formation of two forms in the excited state [39, 215].
Therefore, in the course of conducting chemical reactions, it was decided to explore
some fluorescent flavonols from a photophysical perspective, by analyzing the
influence of substituents and solvents on the electron absorption, the proton transfer
process, the fluorescence quantum yield, and the Stokes shift.

The optical properties of 5-hydroxy-2,6-diphenylpyrano[2,3-c]pyrazole-4(2H)-
ones 50-57 were investigated by using UV-vis spectroscopy in various solvents,
including polar protic (MeOH), polar aprotic (THF, DMF), and nonpolar (toluene)
solvents (Figures 5.7a and 5.9a, Tables 5.5 and 5.6). Fluorimetric measurements were
also conducted (Figures 5.7b and 5.9b, Tables 5.5 and 5.6).

The UV-vis electron absorption spectra of compounds 50 and 51 showed
characteristic absorption maxima at wavelengths of 337 nm and 341 nm, respectively
(Table 5.5, entries 1 and 2). The electron-donating substituents in the para position of
the phenyl ring in compounds 52 and 53 led to a bathochromic shift of the absorption
bands towards longer wavelengths. In compound 52, the 4-methoxyphenyl substituent
caused a shift of Amax by 18 nm, whereas, in compound 53, the 3,4-dimethoxyphenyl
substituent caused a shift by 24 nm compared to compound 50 (Table 5.5, entries 3
and 4). A bathochromic shift with Amax at 353 nm was also observed for compound 54
containing a naphthalene ring (Table 5.5, entry 5). Comparing compound S0 with
analogs containing heterocyclic substituents such as thien-2-yl-, furan-3-yl-, and
pyridin-4-yl- in place of the phenyl ring, a significant bathochromic shift was noted.
Compounds 55, 56, and 57 exhibited intense absorption bands with Amax at 365, 360,
and 355 nm, respectively (Table 5.5, entries 6, 7, 8).

149



117 —=— 50

o o
IS 12
L I

Abs.oorplion,OD
b

Normalized fluorescence

T T T T T 1 T T T T T T 1
250 300 350 400 450 500 400 450 500 550 600 650 700 750

Wavelength A, nm Wavelength A, nm
(a) (b)

Fig. 5.7. (a) UV-vis absorption spectra of compounds 50-57 in MeOH; (b) fluorescence
emission spectra (A = 380 nm) of compounds 50-57 in MeOH

Table 5.5. Absorption (Aas of the absorption maxima and €), fluorescence emission
(AN"em, AT em, ratio In+/It+ and quantum yield &) parameters, and Stokes shifts for
compounds 50-57 in MeOH (*Aex = 380 nm)

ex 103

. - Stokes
Entry Comp. Jus(nm) @ Aen  Aen o TGin b (%)
mo!] (nm) (nm) (nm)
cm )
337sh  70.89 145
1 50 311 78.45 482 582 0.102 245 59.3
341sh  112.50 87
2 51 317 11951 428 586  0.009 245 42.7
355 93.74 01
3 52 320sh  66.27 446 582 0.161 297 13.4
240 54.91
361 43.82 118
4 53 311 34.60 479 580  0.406 219 52.7
261 23.65
353 70.76
321sh  60.39 %2
5 54 310sh  57.42 435 591 0.043 738 76.1
293 56.73
245sh  55.59
365 80.34 73
6 55 317sh  59.96 438 582 0.046 217 55.8
266 41.23
360 138.88 75
7 56 317 116.75 435 575 0.054 15 42.6
260 53.16
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355sh  49.99 138
8 57 329 61 54 493 611 0.031 256 13.1

In the fluorescence spectra of compounds 50-57 in methanol, two well-
distinguished fluorescence bands were observed at approximately 440 and 590 nm
(Fig. 5.7b, Table 5.5). It is indicated in the literature that the fluorescence spectra of
3-hydroxyflavones exhibit dual emission due to the Excited-State Intramolecular
Proton Transfer (ESIPT) [216—224]. Similarly, in compounds 50-57, a proton transfer
process (ESIPT) could occur, leading to the formation of two forms in the excited
state: the normal (N*) and tautomeric (ESIPT product, T*) forms. For example,
excitation of the N-50 form induces the excited normal form N*, which, through
proton transfer, transforms into product T* (Fig. 5.8).

*

-

O-H
Nvaps :
. 9 N_5©  EspT
hVN* N/\ \

N

AN =480 nm
max
(methanol)

hvs
Vy T*.50

AT =583 nm

max
(methanol)

Fig. 5.8. Depiction of the ESIPT process in 50

The measurements of the intensity ratio of /y+//r+ (Excited State Intramolecular
Proton Transfer) in compounds 50-57 exhibiting ESIPT effects were used for relative
detection. The substitution effect on the fluorescence intensity ratio Iy+/Ir+ was
observed within the group of compounds 50-57. Compound 51 with a 4-chlorophenyl
substituent, compared to the corresponding unmodified compound 50, showed a
In+/I7+ ratio reduced by about 11 times (Table 5.5, entry 2). Meanwhile, compounds
52 with a 4-methoxyphenyl substituent and 53 with a dimethoxyphenyl substituent
exhibited increased Iy+Ir- ratios, by approximately 1.6 and 4 times, respectively,
compared to compound 50 (Table 5.5, entries 3, 4). Additionally, it was observed that
the respective compounds 54-57, where the phenyl group in compound 50 was
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replaced with naphthalene-2-yl-, thien-2-yl-, furan-3-yl-, and pyridin-4-yl- groups,
reduced the Iy+Ir+ ratio by about 2—3 times (Table 5.5, entries 5-8).

The fluorescence quantum yields (@) of compounds 50-57 in various solvents
were measured by using the integrating sphere method. The obtained quantum yields
depended on the structure of the compounds. The compound without substituents, 50,
had a quantum yield of 59.3%. Compound 52 with a 4-methoxyphenyl substituent
exhibited a low quantum yield which did not exceed 14%. The highest @, value
(76.1%) was recorded for compound 54 which contains a naphthalene-2-aryl-
substituent. Compounds 55, 56, and 57, containing thien-2-yl-, furan-3-yl-, and
pyridin-4-yl- groups, respectively, had quantum yields of 55.8%, 42.6%, and 13.1%.
It is important to note that the molecule of 3-hydroxyflavone did not exhibit high
quantum yields in methanol (@,= 3%) and DMF (@&,= 1.3%) [219].

Furthermore, the electronic absorption spectra of compounds 50-57 in a polar
aprotic solvent, THF, were measured. The data showed that the maximum absorption
band was between 339-362 nm (Fig. 5.9a, Table 5.6, entries 1-8). The fluorescence
spectra of these compounds (*Aex = 380 nm), similar to those in methanol, displayed
two emission bands at around 441 nm and 591 nm (Fig. 5.9b, Table 5.6, entries 1-8).
However, for compound 50 in THF, aprotic solvent, it was observed that the N* band
was very weak compared to the T* band. Compounds 52-56, especially those with
methoxy groups, in THF solutions, compared to methanol solutions, showed
significantly reduced In+Ir+ ratios, while compound 51 with a 4-chlorophenyl
substituent maintained a similar In+/It= ratio. The suppression of ESIPT reactions in
protic solvents in 3-hydroxyflavones is associated with the formation of
intermolecular hydrogen bonds which inhibit the necessary intramolecular hydrogen
bond migration in the ESIPT reaction [217, 222]. However, compound 57, containing
a pyridine substituent, had an increased Iy+/Ir+ ratio of 0.221 compared to the data
obtained from a methanol solution of 0.031. This may indicate that the proton in the
molecule shifted to pyridine instead of the carbonyl group. In this case, the pyridin-4-
yl substituent suppresses the proton transfer process (ESIPT).

The fluorescence spectrum of compound 50 in a polar aprotic solvent, DMF,
also had two fluorescence bands at 428 nm and 589 nm. The Iy+Ir+ratio of these bands
was 0.009 (Fig. 5.9b, Table 5.6, entry 9). Meanwhile, in toluene, this compound also
exhibited two fluorescence bands at 430 and 589 nm and had a slightly lower Iy+/1Ir=
ratio of 0.004 (Fig. 5.9b, Table 5.6, entry 10).
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Fig. 5.9. (a) UV—vis absorption spectra of compounds 50-57 in aprotic solvents; (b)
fluorescence emission spectra (hex = 380 nm) of compounds 50—57 in aprotic solvents (* THF,
" DMF, and © toluene)

Table 5.6. Absorption (Lus absorption maxima and ¢), fluorescence emission (AN e,
AT em, 1atio In+/It+, and quantum yield @) parameters, and Stokes shifts for 50-57 in
aprotic solvents (* THF, ® DMF, and °toluene) ("lex = 380 nm)

3 N* T Stokes
Entry Comp. Aas (nm) 1(1(11;1_1 ?m::)l ?m:l")' Ix+/Iv=  shift @y (%)
. (nm)
cm™)
a 339sh  58.67 127
1 50 315 6915 466 588 0.014 249 59.2
339 49.24 39
2 51¢ 317 53.74 428 590 0.019 51 75.5
240 22.77
353 69.71 75
3 52¢ 318sh 52.84 428 591 0.005 238 19.2
260 30.30
362 58.61 67
4 53¢ 311 44.19 429 594 0.006 230 39.6
268 23.99
352 63.18
a 334sh  59.61 64
5 54 295 46.02 416 598 0.012 246 50.6
283 45.73
357 35.90 66
6 552 327sh  28.75 423 593 0.023 136 41.2
266 15.87
352 82.58 69
7 56 317 75.99 421 584 0.020 232 55.0
262 32.57
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351sh  40.75

8 57 335sh  57.39 442 610 0.221 29519 30.1
319 64.62
b 338sh 64.22 90
9 50 315 7589 428 589 0.009 250 45.5
357sh  43.31 73
10 50°¢ 338 57.48 430 581 0.004 224 67.7
322 62.27

The electronic absorption spectrum of compound 60 with a methoxy substituent
in the fifth position closely resembled the spectrum of its analogue, compound 65.
The absorption maximum for compound 60 was at 306 nm, while, for 65, it was at
302 nm (Fig. 5.10a). In the fluorescence spectrum, compound 60 exhibited two
emission bands at 475 and 582 nm, but the quantum yield was close to 0 (@,< 0.1%)).
Ormson et al. reported that the quantum yield of 3-hydroxyflavones is much higher
than that of the corresponding methoxy-substituted analogs, and they also observed a
longer fluorescence lifetime [225].

The UV-vis absorption and fluorescence emission spectra in the THF solution
were investigated for 5-substituted 2,6-diphenylpyrano[2,3-c]pyrazole-4(2H)-ones
65, 71, and 72 (Fig. 5.10, Table 5.7). The absorption maximum for compounds 65, 71,
and 72 ranged from 297 to 302 nm. Upon exciting compounds, 65, 71, and 72 in THF
solution at a wavelength of 340 nm, the fluorescence emission maximum (Aem) Was
around 593-603 nm, although the fluorescence was weak (Fig. 5.10, Table 5.7).
Compound 62, obtained from 2,6-diphenylpyrano[2,3-c]pyrazol-4(2H)-one with a 5-
phenyl substituent, had a low fluorescence quantum yield (@,= 1%) (Table 5.7, entry
2). The & values for compounds 65 and 72 were close to 0 (Table 5.7, entries 3, 4).
All compounds 65, 71, and 72 exhibited very high Stokes shift values, approximately
Av =300 nm.
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Fig. 5.10. (a) UV-vis absorption spectra of compounds 60, 65, 71, and 72 in THF solvent; (b)
fluorescence emission spectra (Aex = 340 nm) of compounds 60, 65, 71, and 72 in THF
solvent
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Table 5.7. Absorption (4abs absorption maxima and €), fluorescence emission (Aem, and
quantum yield @) parameters, and Stokes shifts for 60, 65, 71, and 72 in THF solvent

(“lex = 340 nm)

ex10° y) Stokes
3 - em (1)
Entry Comp. Zubs (nm) (cllzmlﬂ;) ! (nm)  shift (nm) s (%)
475 169

1 60 306 62.75 537 276 <0.1
2 65 302 110.31 593 291 1
3 71 302sh 28.02 593 291 <0.1
4 72 297 118.62 603 307 <0.1

The UV-vis spectra of compounds 61 and 63 were also investigated. The
absorption maxima for both compounds in THF solution were identical at 528 nm
(Fig. 5.11, Table 5.8). The versatility of pyrano and zwitterionic chromophores in
various derivatives is well-documented in synthesis and material applications [226—
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Fig. 5.11. UV-vis electronic absorption spectra of compounds 61 and 63 in THF

Table 5.8. Absorption (1.bs absorption maxima and €) of compounds 63 and 65 in THF

< 103 3
Entry Comp. Aabs (NM) Smoll‘(l) cgﬁflll)
528 0.55
499 0.48
1 61 346 0.39
299 0.42
261 0.30
528 0.54
499 0.49
2 63 348 0.52
297 0.49
261 0.37
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5.7. Summary of Results and Discussion

In this study, it has been reported that new heterocyclic chalcones were
synthesized from 4-formyl- or 4-acetyl-1-phenyl-1H-pyrazol-3-ols and corresponding
acetophenones or carbonyl compounds by using the conditions of the Claisen—
Schmidt reaction. Various NMR analysis methods were employed to determine that
all the resulting compounds had the £ configuration. Additionally, the conformations
of (2E)-3-aryl-1-(3-hydroxy-1-phenyl-1H-pyrazol-4-yl)prop-2-en-1-ones, (£)-1-aryl-
3-[(3-benziloxy)- 1-phenyl-1H-pyrazol-4-yl]prop-2-en-1-ones, and their analogues
were indisputably demonstrated.

The synthesized heterocyclic chalcones were then used in reactions with
hydroxylamine to form the corresponding cyclic structures. Furthermore, conducting
the reaction of (2E)-1-(3-methoxy-1-phenyl-1H-pyrazol-4-yl)-3-phenylprop-2-en-1-
one with N-hydroxy-4-toluenesulfonamide yielded a regioselective product, 5-(3-
methoxy-1-phenyl-1H-pyrazol-4-yl)-3-phenyl-1,2-oxazole. To determine the
complete structures of pyrazole-oxazoles, a reaction with hydroxylamino
hydrochloride bearing a labeled nitrogen atom was performed.

In further studies, the newly synthesized heteroaromatic chalcones participated
in the Algar—Flynn—Oyamada reaction by yielding new pyrano[2,3-c]pyrazole
derivatives. The hydroxyl group at the 5-position of 6-(hetero)aryl-2-phenyl-5-
hydroxypyran[2,3-c]pyrazole-4-(2H)-ones allowed these compounds to be used in the
subsequent reactions. Conducting alkynylation reactions with 5-hydroxy-2-phenyl-6-
(pyridin-4-yl)pyrano[2,3-c]pyrazole-4(2H)-one and 2-phenyl-5-hydroxy-6-(pyridin-
3-yl)pyrano[2,3-c]pyrazole-4(2H)-one resulted in new zwitterionic pyrano|2,3-
c]pyrazole derivatives. Precise determination of the structure of 2-phenyl-6-(1-
methylpyridin-1-ium-4-yl)-4-oxo0-2,4-dihydropyrano[2,3-c]pyrazol-5-olate was
carried out by using X-ray diffraction analysis. Subsequently, conducting Pd-
catalyzed reactions via intermediates of 2,6-diphenyl-4-oxo0-2,4-dihydropyrano[2,3-
c]pyrazol-5-yltrifluoromethanesulfonates yielded variously 5-substituted pyrano[2,3-
c]pyrazole-4(2H)-ones.

Finally, studies of the photophysical properties were conducted on well-
fluorescent flavonol derivatives in various protonic and aprotic solvents.
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MAIN RESULTS AND CONCLUSIONS

L.

Reactions were conducted by using Claisen—Schmidt conditions with 4-
formyl- or 4-acetyl-1-phenyl-1H-pyrazol-3-ols and the corresponding
acetophenones or carbonyl compounds. It has been determined that:

a. all newly formed compounds exhibited the £ configuration. Utilizing
NMR methods such as '"H-*C HMBC, 'H-"*C H2BC, 'H-'>N HMBC,
'"H-'"H NOESY, and 1,1-ADEQUATE allowed for the determination
of the conformation of (2E)-3-aryl-1-(1-phenyl-3-hydroxy-1H-
pyrazol-4-yl)prop-2-en-1-ones and their analogs, as well as (E)-1-
aryl-3-[(3-benzyloxy)-1-phenyl-1H-pyrazol-4-yl]prop-2-en-1-ones
and their analogs.

Reactions were performed for the coupling of (£)-1-(3-hydroxy-, methoxy-1-
phenyl-1H-pyrazol-4-yl)-3-(hetero)arylprop-2-en-1-ones with
hydroxylamine. New compounds 5-(1-phenyl-3-methoxy-1H-pyrazol-4-yl)-
3-phenyl-4,5-dihydro-1,2-oxazoles and 4-(5-allyl-1,2-oxazol-3-yl)-1-phenyl-
1H-pyrazol-3-ols, as well as 3-(4-aryl)-5-(1-phenyl-3-methoxy- 1 H-pyrazol-
4-yl)-1,2-oxazoles have been obtained, and it has been determined that:

a. the heteroaromatic chalcone structure is a suitable precursor in
coupling reactions with hydroxylamine to form the corresponding
cyclic structures.

b. during the reaction, a regioselective product 5-(1-phenyl-3-methoxy-
1 H-pyrazol-4-yl)-3-phenyl-1,2-oxazole is formed between (2F)-1-
(1-phenyl-3-methoxy-1H-pyrazol-4-yl)-3-phenylprop-2-en-1-one
and N-hydroxy-4-toluenesulfonamide.

c. by employing nitrogen-labeled '*N-hydroxylamine hydrochloride, an
inseparable mixture of regioisomers was formed at a ratio of 9:1. The
products of this reaction unequivocally facilitated the identification
of the formed pyrazole-isoxazole structures.

It has been determined that (£)-1-(3-hydroxy-1-phenyl-1H-pyrazol-4-yl)-3-
(hetero)arylprop-2-en-1-ones can be utilized in the AFO reaction to obtain
new 6-(hetero)aryl-5-hydroxy-2-phenylpyran-[2,3-c|pyrazole-4(2H)-ones in
good yields. Upon examining the properties of the newly obtained
compounds, it has been found that:

a. the hydroxyl group at the S-position of pyrano[2,3-c]pyrazol-4(2H)-
one can be used for compound modification. In this manner, a new
compound, 2,6-diphenyl-5-methoxypyran[2,3-c]pyrazol-4(2H)-one,
has been obtained. Furthermore, by reacting with compounds 5-
hydroxy-2-phenyl-6-(pyridin-4-yl)pyrano[2,3-c]pyrazol-4(2H)-one
and 5-hydroxy-2-phenyl-6-(pyridin-3-yl)pyrano[2,3-c]pyrazol-
4(2H)-one, novel zwitterionic pyrano[2,3-c|pyrazole derivatives
have been formed.
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The compound 6-(1-methylpyridin-1-ium-4-yl)-4-oxo0-2-phenyl-2,4-
dihydropyrano[2,3-c]pyrazol-5-olate was subjected to X-ray crystallography
analysis. The analysis revealed that:

b. the monocrystal consists of the above mentioned compound and
intercalated methanol molecules.

c. the main part of pyrano[2,3-c]pyrazole is flat, with phenyl and
pyridin-4-yl substituents at positions N(2) and C(6), respectively.
These substituents are slightly distorted from the plane of the main
part.

d. the phenyl ring is turned by approximately 10° and the pyridinyl
ring for approximately 6° counterclockwise when looking outward
from the pyrano[2,3-c]pyrazole moiety.

e. the bond length of the N(19)-C(22) bond in the N-methylpyridine
group is 1.4737 (14) A.

4. Eight new 5-substituted pyrano[2,3-c]pyrazol-4(2H)-one derivatives have

been synthesized, and it has been determined that 6-aryl-2-phenyl-5-
hydroxypyran|[2,3-c]pyrazol-4(2H)-ones can participate in Pd-catalyzed
reactions via intermediates of 2,6-diphenyl-4-ox0-2,4-dihydropyrano[2,3-
c]pyrazol-5-yl trifluoromethanesulfonates.

The photophysical properties of 5-hydroxy-2,6-diphenylpyrano|2,3-
c]pyrazole-4(2H)-ones, 5-substituted 2,6-diphenylpyrano[2,3-c|pyrazole-
4(2H)-ones, 2-phenyl-6-(1-methylpyridin-1-ium-4-yl)-4-oxo0-2,4-
dihydropyrano[2,3-c]pyrazol-5-olate and 4-(5-hydroxy-2-phenyl-4-oxo0-2,4-
dihydropyrano[2,3-c]pyrazol-6-yl)-1-methylpyridin-1-ium iodide have been
investigated. It has been revealed that:

a. 5-hydroxy-2,6-diphenylpyrano[2,3-c]pyrazole-4(2H)-ones exhibited
absorption maxima at 337 nm and 341 nm. Additionally, these
compounds showed two well-distinguished fluorescence bands at
approximately 440 nm and 590 nm, attributed to Excited-State
Intramolecular Proton Transfer (ESIPT). The Stokes shifts for these
compounds were around 220 nm and 250 nm in wavelength.

b. in compounds exhibiting the ESIPT effect, the fluorescence intensity
ratio of the N* and T* bands, Iy+Ir+, depends on the substituents on
the phenyl ring, and the highest ratio was determined for 5-hydroxy-
2-phenyl-6-(3,4-dimethoxyphenyl)pyran[2,3-c]pyrazol-4(2H)-one
compared to 5-hydroxy-2,6-diphenyl-pyrano[2,3-c]pyrazol-4(2H)-
one in the methanol solvent.

c. the fluorescence spectrum of the compound 2,6-diphenyl-5-
methoxypyran[2,3-c]pyrazol-4(2H)-one exhibited two emission
bands at 475 and 582 nm, although the quantum yield was close to
0.



d.

compounds of 2,5,6-triphenylpyrano[2,3-c|pyrazol-4(2H)-one, tert-
butyl (2E)-3-(2,6-diphenyl-4-0x0-2,4-dihydropyrano[2,3-c]pyrazol-
5-yl)prop-2-enoate, and 2,6-diphenyl-5-(phenylethynyl)pyrano[2,3-
c]pyrazol-4(2H)-one exhibited absorption maxima in the range of
297 to 302 nm. Upon excitation of these compounds in THF solution
at 340 nm, the fluorescence emission maximum (A.m) Was around
593-603 nm.
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c3 lc3A 138420140 e lc12 13877(17) |
c3A lc4 441114 lc12 lc13 [1,3900(15) |
C3A lc7A l1,4017(14)  |Ic16 lc17 [1.4152(15) |
[ lcs [1,514014)  |lc16 lc21 [1,4174(16) |
c4 014 [1,2265(14)  |c17 c18 [1,3721(15) |
c5 lce [1,4047(15)  |c18 IN19 [1,3498(15) |
C5 015 12723(13)  |[N19 lc20 [13557(15) |
Ic6 07 |1.4135(12)  |N19 22 11.4737(14) |
6 c16 [1,4308(14)  [c20 lc21 [1,3633(16) |
07 lc7a 1,3387(12)  Jlcim  Jloim  [1,4010016) |




4 priedas
P4 lentelé. Junginio 18b rySiy kampai

Atomas |Atomas ||[Atomas |Kampas/® ||Atomas | Atomas ||Atomas ||Kampas/°
C7A N1 N2 102,23(8) (|07 C7A C3A 125,04(9)
C3 N2 N1 113,26(8) ||C9 C8 N2 119,50(9)
C8 N2 N1 119,35(8) |(|IC13 C8 N2 119,65(10)
C8 N2 C3 127,39(9) ||IC13 C8 C9 120,85(10)
C3A C3 N2 106,46(9) [|IC10 C9 C8 119,09(10)
C4 C3A C3 134,37(10) ||C11 C10 C9 120,73(11)
C7A C3A C3 104,07(9) [|C12 Cl11 C10 119,32(10)
C7A C3A C4 121,56(9) ||IC13 Cl12 Cl11 120,87(10)
C5 C4 C3A 113,86(9) ||C12 Cl13 C8 119,05(10)
014 Cc4 C3A 125,15(10) ||IC17 Clé6 C6 123,19(10)
014 C4 C5 120,99(10) ||C21 Clé6 C6 120,88(10)
Cé6 C5 C4 119,08(9) |[|IC21 Cl6 C17 115,93(10)
015 C5 C4 116,91(9) |[|C18 C17 Clé6 120,50(10)
015 C5 Cé6 124,01(10) [N19 C18 C17 121,54(10)
o7 C6 Cs5 123,66(9) [|C20 N19 C18 119,75(9)
Cl16 Coé C5 125,60(10) ||C22 N19 CI8 120,18(10)
Clé6 C6 o7 110,74(9) [|C22 N19 C20 120,07(10)
C7A o7 Co 116,70(8) ||C21 C20 N19 121,26(11)
C3A C7A N1 113,97(9) [|C20 C21 Clé6 121,00(11)
o7 C7A N1 120,98(9)
5 priedas

PS5 lentelé. Junginio 18b vandenilio atomy koordinatés (Ax10%) ir izotropinio poslinkio

arametrai (A?x10%)

Atomas X % z U(iso)
H3 1473,5(10) 3394,3(9) 4060,6(8) 23,0(3)
H9 857,2(10) 7104,8(9) 3768,8(8) 25,6(3)
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H10 357,4(11) 7865,3(10) 2117.8(9) 29.4(3)
HI1 202,7(11) 6740,0(10) 655,7(9) 31,6(3)
HI12 676,0(11) 4866,0(10) 841,9(8) 30,4(3)
H13 1319,4(10) 4112,2(9) 2476,1(8) 26,3(3)
H17 3104(14) 3713(14) 9527(12) 28(4)

HI8 3669,3(11) 4565,0(10) 11078,0(8) 27,6(3)
H20 3400,2(12) 7498,1(10) 9721,4(9) 33,1(3)
H21 2856(16) 6701(15) 8115(13) 40(4)

H22a 3637(9) 6164(4) 12086,5(12) 43,6(4)
H22b 4853,2(17) 6747(8) 11680(4) 43,6(4)
H22¢ 3470(8) 7346(4) 11547(3) 43,6(4)
HIMa 5414(7) 31(8) 8752(2) 54,1(5)
HIMb 4854(11) 1108,3(13) 9242,1(18) 54,1(5)
H1Mc 3928(4) 72(8) 8950(4) 54,1(5)
HIM 3818(19) 1465(18) 7804(14) 50(5)
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PADEKA

Disertacijos autorius labiausiai dékingas prof. habil. dr. A. Sadkui uz naudingus
patarimus rengiant $j darbg ir uz suteiktg galimybe dirbti jo tyrimy grupéje.

Autorius nuoS$irdziai dékingas vadovei dr. Sonatai Krikstolei ir konsultantei dr.
Eglei Arbaciauskienei uz konsultacijas, palaikyma, padrasinima ir vertingas pastabas.
Be Jiisy pagalbos §i kelioné per doktorantiiros metus biity nejmanoma.

Sios disertacijos autorius dékoja Aurimui Bieliauskui (Kauno technologijos
universiteto Organinés chemijos katedra) uz NMR matavimus ir analize, Sauliui
Burinskui (Kauno technologijos universiteto Sintetinés chemijos institutas) uz HRMS
matavimus ir dr. Sergey Belyakov (Latvijos organinés chemijos institutas, Ryga,
Latvija) uz rentgeno spinduliy difraktometrijos tyrimus ir analizg.

Autorius taip pat yra dékingas draugams ir kolegoms i§ Kauno technologijos
universiteto Organinés chemijos katedros ir Sintetinés chemijos instituto uz jy
palaikyma, dziugesj ir draugyste.

Galiausiai nuogirdziausias ACIU $eimai ir draugams uz kantrybe ir parama per
ilgus studijy metus.

184



185



UDK 547.057+547.972](043.3)

SL.344. 2024-04-22, 00 leidyb. apsk. 1. Tirazas 14 egz. Uzsakymas 24-0069.
Isleido Kauno technologijos universitetas, K. Donelai¢io g. 73, 44249 Kaunas
Spausdino leidyklos ,,Technologija“ spaustuvé, Studenty g. 54, 51424 Kaunas

186



